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(CN) 1. (CT) Javaand ItsPromise

In this chapter we introduce the reader to Java' s good points, its bad points and its really
ugly points. The overview we provide for Java must discuss the Java language
specification and the Java language programming environment. The language and
environment are, collectively called Java technology. The Javatechnology can include
hardware, as well as software.

This chapter isdivided up into 5 main sections.

Thefirst section, “What is Java and where did it come from”, introduces the Java
technology. We show that the term Java has come to mean both the Java programming
language and the technology needed to support that |anguage.

The second section, “The Big Idea, WEBOS’ describes the current state of the art in Java.
An overview is given of the picoJavatechnology, the core of the Java chips which Sun
intends to release soon. We also describe what the effect may be when inexpensive Java
appliances become embedded in our society.

In the third section, “ Java: the good, the bad, and the ugly”, we tell it likeit really is. Java
has some really good points, but it also has problems. This section outlines both. Please
keep in mind that we really like Java (No, REALLY?). Still, we do not pull punches here.
Every programming language has problems, and Javais no different. Y ou, the reader,
should put your best foot forward when stepping into Java, but watch where you are
putting it!

The forth section, “The HTML Model vs. the Java Model” describesthe HTML model
which has formed the basis of the world wide web and the current problems with the
diverse nature of data representations. We also speak about the big idea behind the Java
model and how it may help to reduce the decoding problems that our web browsers
currently face.

(CD-ROM icon) The fifth section, “ The Java Developer Environments” gives a summary
of how the reader can get started using the book’ s software. (END CD-ROM icon) A few
software products are reviewed and some are actually useful. There are several products
which are only just out and appear to consume more time and money than they are worth.
The reader is advised to select a programming tool with care. Often this means budgeting
for more than one compiler, and testing it yourself!
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(A-heading) What is Java and where did it come from?

Javais a name which represents both a language and a technology for the support of the
language. When we speak of the Java programming language we are talking about an
object-oriented language devel oped by Sun Microsystems. This language has syntactic
similarities with several other languages. It has the braces *{* of C, C++ and Objective C.
It has the exception model of Zetal isp, aflavors-based Lisp that ran on Lisp Machines.
Thisis the same exception handling that has been proposed by Bjarne Stroustrup for use
with the ANSI C++ standard [Spuler].

When we speak of the Javatechnology, we are talking about the Java programming
language and its support systems. These systemsinclude alarge library of classes, called
the Java class libraries. Java technology also includes a specification on run-time
behavior, achieved using a Java machine specification. The Java technology provides that
the Java machine may be implemented in any combination of software or hardware.
When the Java machine is implemented in software it is called the Java virtual machine.
Java started life as alanguage called Oak. It was designed to incorporate the best features
of past languages into a single new language. Just as important, the design of the Java
programming language would leave out features which were thought to make the
language less reliable. In the balance between speed and reliability, the Java designers
chosereliability. Thisisadesign criterion that is inherently different from C++, for
example, with C++, features were added to the language, without any features being
removed. Further, it was an important design feature that C++ run asfast asC
[Stroustrup].

A design objective of Javaisthat it be useful for distributed computing. In the distributed
computing model, code can be downloaded for execution on demand in a secure fashion.
Security became an important issue in the design criterion. If the code source was not
trusted, the code itself had to be treated as potentially harmful to both the user’ s data and
the computer hardware. The danger to the users data could include access to and
distribution of sensitive information, like credit card numbers, bank account numbers,
and other proprietary data.

The Java machine specification is a Java language support technology that has become an
integral part of the language. The tight integration of the Java language with the Java
machine specification is probably one of the main contributions of Javato the computer
science community. The Java virtual machine achieves a layer of isolation between the
running Java program and the underlying hardware. This isolation provides security and
portability. The Java virtual machine provides security by optionally creating a security
manager. The security manager can keep a program from performing those tasks
considered a security risk. The Java virtual machine provides portability in that the virtual
machineitself can run on several hardware platforms.
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(A-heading) The Big Idea, WEBOS

If we consider all the web servers on the internet as being part of alarge computer
system, then the web is the largest operating system in the world. In fact, the web’'s
programming language is Java and so, from this point of view, Javais an operating
systems programming language. Sun is planning to rel ease Java machines which are not
virtual. This means that the Java machines will be implemented in hardware. The
operating system for these machines will be written in Java. No longer will people have
to write cryptic C code to modify the kernal of an operating system, they will be able to
writein Java. Javawill truly become an operating systems programming language. When
this happens Javawill probably spread into embedded system design until every
appliance on the planet supports Java, even our toasters!

Consider, if you will, the telephone. When unplugged from the network, the telephone is
a useless piece of plastic, not worth the $20 it costs to buy. The value added by the
telephone is the network into which it is plugged. The same may be said of embedded
systems on the internet. A toaster on the net can download operational parameters (when
to turn on, for how long, etc.) and can use the network to communicate issues regarding
its state (sorry to interrupt your net surfing, but the toast is done!).

Java chips are going to greatly reduce the price of an embedded Java controller.
Dedicated chips will give embedded controllers speed and price advantages over their
non-specialized hardware counter-parts. Sun is targeting the consumer market with mass
sales of cheap chips.

Some devices targeted include TV set-top boxes, cellular telephones, pagers, digital TV,
smart VCR’s, PDAS, printers, copiers, etc. In short, anywhere we find an embedded
computer, Sun wants that computer to run Java. These chips will run byte code natively
hence there will be no need for ajust-in-time compiler. Such devices may not have a
display, much memory or no connection to a network. As aresult, the APl targeted for
such embedded controllersis stripped down to a bare minimum. Thisminimal APl is
called the Java Embedded API. As of thiswriting, there has been no published standard
for the Java Embedded API.

Sun Microelectronics, the Sun semiconductor division, callsitsfirst chip architecture
Java One. Sun plans to release two families of chips; microJava and ultraJava. MicroJava
isalow-cost (<$25) chip intended to target the embedded controller market. UltraJavais
a higher-cost (<$100) chip intended to target the workstation market. At the heart of the
technology is a super-scalar stack-based RISC machine called picoJava. PicoJavais
super-scalar because it implements a 4-stage pipeline which enables different parts of the
processor to work on 4 different tasks at once. It is RISC (Reduced Instruction Set
Computer) because it executes most instructions in asingle clock cycle.
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Computing in a super-scalar pipe-lineislike using an assembly line. Datais passed from
one worker to the next, and a processis applied to it. Figure 1.1 shows a sketch of the
pipeline which, when filled, will permit picoJavato fetch, decode, execute & cache and
then write-back its results [Varhol].

Figure 1.1. Four-stage picoJava pipeline
During the fetch operation, picoJavawill load a4 byte cache lineinto its processing
stack. The stack consists of 64 32-hit registers implemented on-chip. After the on-chip
storage is exceeded, RAM is used to implement the stack.
In addition to using ultraJavato target the workstation market, Sun will attempt to use
ultraJavato penetrate the network computer market. The network computer is a stand-
alone computer connected to an enterprise's network infrastructure. The primary market
consists of companies that want to centralize administration by maintaining afew servers.
This simplifies the deployment of applications, by permitting them to be automatically
downloaded over a network [Madany ].
The proposed picoJava system shortens the path between the Java programs and the
hardware, by implementing the Java machine in hardware. This cuts out the adapter layer
and uses a special operating system that is designed for the picoJava machine, called
Kona. Thisisshown in Figure 1.2.
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Figure 1.2. The picoJava Kona system
The reader should keep in mind that picoJavais still in development. No silicon has been
built yet and so there have been no benchmarks run.
(A-heading) Java: The Good, the Bad, and the Ugly

Javais spreading through the computer science and engineering community like wildfire;
yet, thereis cause for caution. People are asking hard questions. |s Java suitable for
engineering? Is Java suitable as a first programming language? Can Java be used
throughout the computer science and engineering curriculum? I's Java suitable for writing
large programs? What are the drawbacks in being an early adopter of the Java
technology?

Thereis great hype in the mediatoday, as result objective answers to these questions are
not easy to come by. In fact, Java may not be suitable for writing large programs and
there may not be enough textbooks to use Java across the curriculum. Beta software is
enough of adrawback to make any early adopter of atechnology cringe. Being a beta
tester of acompiler is not everyone' sidea of agood time!

In this chapter, we attempt to balance our view of the language with alist of Java' s good
points, its bad points, and yes, its really ugly points. We owe it to you, the reader, to say
that being an early adopter of this technology comes at a cost.
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This cost comes from the time spent reading many Java books, writing custom libraries,
buying new software, using beta compilers and being the first (and sometimes only) Java
programmer on the block. For us the cost has well been worth it, but you, the reader, must
make your own decision. Use your judgment!

(B-heading) The Good

In this section we describe the good points about Java. Sometimes a good point about a
language is also a bad point! For example, we cite garbage collection as both a good point
and a bad point about the language. It is good because it permits the programmer to forget
about memory management during the programming task. Garbage collection simplifies
design and eliminates a source of errors. The garbage collection is bad because it takes
system resources and could make Java unsuitable for low-level embedded control, atask
for which it was intended.

(C-heading) Javaisa strongly-typed language

Javais astrongly-typed language. All class names are treated as types and used to check
any reference to a class when passed as an argument to a method. Most modern languages
have this feature although the old style of C avoidsit.

(C-heading) Javais small

Javais based on a small byte code interpreter. Including the self-contained microkernal,
the byte code interpreter plus supporting classesis 215k bytes. Thisis aremarkable
achievement. It means that byte code interpreters can reside on small ROMs and provide
micro-controllers a means of running Java programs.

(C-heading) Javaisportable

Javais amulti-platform language. In Java, the model is that you “Write Once, Run
Anywhere” ™, Because there is only one virtual machine specification Java can provide a
standard, uniform programming interface to applets and applications on any hardware.
The Java Platform is therefore ideal for the Internet, where one program should be
capable of running on any computer in the world. When you compile Java source, you
obtain byte codes. Byte codes are output by the Java compiler and form instructionsto a
Java virtual machine. Javais said to be a portable language in that it can run on any
hardware on which the Java virtual machine can run. Byte codes are stored into class
files. Class files are downloaded to a Java virtual machine that contains a byte code
interpreter. Thus Javais a“Write Once, Run Anywhere’ ™ type language. Thisislike the
Pascal P-code concept of 20 years ago (which required a P-machine to execute the P-
code) [Bowles]. So, when we speak of Java as a multi-platform language, we mean that it
will run wherever thereis
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an implementation of a Java virtual machine. A sketch of the relationship between the
Java program and the hardware is shown in Figure 1.3.

Figure 1.3 A Sketch of the Java Model
The multi-platform nature of Javais one of its strongest selling points. This can have a
profound impact on how we judge our computing resources. For the first time, we can
bench-mark precompiled code on awide variety of platforms. This enables usto ignore
compiler optimization for a specific machine. If we have a Java virtual machinethat is
optimized for the hardware on which it runs, we should have a good measure of the
machine’ s relative speed when running Java. Optimizing a Java virtual machine for
specific hardware is not an easy task, however. At present, for example, there are no Java
virtual machines optimized for multi-processor systems [Oaks et a.]. Thus a threaded
Java program cannot take advantage of the existence of more than one CPU. When this
changes, Java will be a portable concurrent programming language.
(C-heading) Javaisobject-oriented
Javais an object-oriented programming language. In an object-oriented paradigm, an
instance of an object contains both data and the algorithms needed to manipul ate the data.
Thisisheld in contrast to the programming languages that pass data as arguments to
procedures. There are no functions in Java, unlike Pascal, C, FORTRAN or C++. In Java
all methods must reside in classes. C++ is alanguage with object-oriented extensions.
This means that non-object oriented programs can still be writtenin C++. Thisis
generaly not true in Java.
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(C-heading) Java has no pointers
Javais amore crash-proof language than C, C++, and Pascal. Thisisavery good feature,
indeed! One reason why isthat Java does not provide a mechanism for directly
manipulating pointers. Thus there is no way for the programmer to obtain a memory
address. Further, there is no pointer arithmetic and there are no pointer operations. Java
eliminates the possibility of overwriting memory and corrupting data.
In C or C++ you may dereference aNULL point using

*ptr
When ptr isNULL, this causes a“ segmentation fault” error on UNIX, or an immediate
crash, on some other machines. Some times pointersin C or C++ are pointing to illegal
locations in memory. When these locations are accessed, this too can cause a crash. This
type of error is called adangling reference. Another type of error is called a memory leak.
Thisis created when data that has been discarded is not reclaimed. This can create an out
of memory error which will crash the program (or computer) if it is not tested for
[Spuler].
There are many ways in which incorrect pointer use can crash a computer or program.
Thereis simply not enough space to list them all. We can be thankful that Java has no
pointers.
(C-heading) Java has no multipleinheritance
Multiple inheritance, asit was known in C++, has been eliminated in Java. Multiple
inheritance is the ability to have two or more direct base classes. In 1966, multiple
inheritance was rejected as afeature in Simula by Ole-Johan Dahl. The rationale for the
rglection isthat it would complicate the garbage collection. Also Smalltalk does not
support multiple inheritance [ Stroustrup 94].
The problem with multiple-inheritance is that duplicate class variables and method names
must override each other, according to some policy. This policy becomes a part of the
language, and can often be forgotten by the programmer. Elimination of multiple
inheritance reduces the possibility of programmers getting confused about which method
isin effect. It also limits the kinds of inheritance which can be performed. Javawill only
permit an A-Kind-Of (AKO) type taxonomy of class inheritance. Figure 1.4 shows a
sample of an AKO class inheritance.
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Figure 1.4. Example of an AKO inheritance
In Java, an animal class may be extended to create a mammal sub-class, thereby
indicating that amammal is akind of animal. Since a student and a professor are both
humans they also inherit traits from mammals. In most other object-oriented languages,
two or more AKO inheritance chains may be mixed. Figure 1.5 shows an example of
multiple inheritance.

Figure 1.5. An Example of Multiple Inheritance.
With multiple inheritance, the attributes associated with the stream class, may be
inherited by both the input-stream and the output-stream. When these two classes are
joined by athird class, the input-output-stream we have multiple inheritance. Multiple
inheritance is alanguage feature which enables the programmer to reuse the data-
structures and methods from two parent classes.
The multiple inheritance controversy is alanguage feature discussion that appears to lack
practical evidence. Thereis no doubt that method name ambiguity must be resolved,
either at compile-time or at run-time. Also, since Java must load libraries dynamically, it
seems that the ambiguity would have to be resolved by the class loader. Thus we suggest
that one reason Java eliminated multiple inheritance was not because of the language
feature controversy, but because of implementation simplicity.
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The removal of multiple inheritance is a design trade-off. The decision to remove
multiple inheritance probably helped the code become more reliable, smplified garbage
collection and simplified the class loader. Multiple inheritance is probably missed by all
who are used to having it.
(C-heading) Java has no gotos
There are no goto’sin Java. It is possible, however, to perform a multi-loop break using
the break <label> feature. Thisis agood thing because it will probably lead to more
structured code and eliminate a fruitful source of bugs.
(C-heading) Java has no global variables
There are no global variables in Java. Instead, there is access control to classes that have
variables and methods . Access control enables the programmer to create policy about
visibility. Visibility restrictions permit public access. When access control is applied to a
classthat has a static class variable, it could be argued that the variable is global to all
other classes through the class name. The variable is accessed by
className.variableName. For example Math.PI is a global reference to a class variable.
(C-heading) Java has no macros
Thereis no preprocessor in Java, no macro language (like in RatFOR, C and C++). There
are no compiler directives. It is not possible, asin C to create |language extensions, for
example:

#def i ne i Begi n
islikely to confuse editors and allow people to create an ALGOL or Pascal like style for
code blocks. Thisis not permitted in Java.
C/C++ macro facilities permit confusing function calls errors. For example:

#define cube(x) x * x * X

X = cube(x+1);
expands into

X=x+1*x+1%* x + 1;
Thus x becomes 3*x +1 and not x*x*x.
(C-heading) Java has only object oriented structures
There are no structures or union operations in Java. All of the types are implemented as
classes. Thisis probably a good thing, since the data manipulation methods can be built
into the data structures.
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(C-heading) Java has gar bage collection

Java has automatic storage operations, these include a garbage collection mechanism.
Garbage collection enables the Java virtual machine to reclaim storage used by discarded
instances. The garbage collector may be explicitly invoked by using the gc method of the
System class. The Javavirtual machine will perform garbage collection without explicitly
invoking System.gc(). The garbage collector is the only mechanism available to free
storage in Java. To get an instance to be reclaimed by the garbage collector, you must
remove all references to the object, then, either invoke the System.gc() or wait for the
garbage collector to come and reclaim the storage. The existence of the garbage
collection mechanism in the Java virtual machine means that the programmer will never
have to worry about keeping track of storage.

(C-heading) Java has standard classlibraries

Java has standard libraries that include an Abstract Window Toolkit (AWT). The AWT
enables object-oriented Graphic User Interface (GUI) based programs to be portable.
Others have tried thisin the past, but have not had much commercial success [Watson).
The class libraries have eight major packages, and this number is growing. Thereisan
input-output package, java.io, that enables a user to perform input and output stream
manipulations. The intention is that this makes file and network data I/O manipulations
into stream manipulations. Further, that these stream mani pul ations work without direct
involvement with the source of the stream. This provides a layer of abstraction which
makes /O programming much easier to perform in a more general manner.

Thereis anetwork package, java.net, that enables socket and Universal Resource L ocator
(URL) manipulations. The network package provides a standard, built-in method for
turning sources and sinks of network data into streams. Once this occurs, the I/O package
can be used to manipulate the streams.

Thereis autilities package, java.util, that contains severa features held standard in
operating systems. Features like getting the date, time, random numbers, etc.

These packages are a starting point upon which, Java programmers may build portable
programs. Any packages that build upon these core Java packages will be portable. Also,
the core Java packages are typically built into the systems that support Java. As aresult,
the core packages do not have to be downloaded every time a Java program needs
something in a package. This makes the Java programs faster to download and it makes
the byte code files more compact.

(C-heading) Java has boolean types

Java uses a conditional statement that takes a boolean as an argument, whereas languages
like C or C++, permit an integer to be used as an argument to a conditional .
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For example, in C, or C++ it is possible to write:

if (1) {fprintf(stderr, “1 is not a boolean”)};
In Javathe argument to a conditional must be of boolean type. Using an integer as an
argument can create confusion between assignments and tests for equality. For example:

if (a=0) {fprintf(stderr, “this will never be printed’)};
isabug, since awill be assigned to the value 0. In fact the ‘==" operator is needed so
that:

if (a==0) {fprintf(stderr, “this mght be printed”)};
With the use of Java, the assignment-test confusion becomes a bug of the past.
(C-heading) Java has security
Thereisaclass of programs called "applet viewers'. Applet viewers have their own Java
virtual machines. Java enabled browsers have built in applet viewers.
Secure viewers protect the system by making an instance of the security manager. Most
Java-enabled browsers make an instance of the security manager.
Some applet viewers will typically permit the running of Java programs without making
an instance of the security manager. Thus applets and applications are subject to the same
security procedures.
The security manager can disable operations that are considered dangerous (e.g., filei/o,
creating consoles, or running native methods).
A Java program that makes an instance of aframe when an instance of the security
manager isin-place will get an “untrusted Java Applet” label on the windows. This alerts
the user not to type sensitive data into the applet.
(C-heading) Java has exceptions
Java has aform of control structuring known as exception handling. Exception handling
isaprovision for handling those abnormal circumstances which can prevent execution
from successfully continuing. For example, subscript boundary violation, division by
zero, overflow, 1/O errors (from unavailable files, or insufficient disk space) etc. Java's
exception handling mechanism can prevent a program from terminating abnormally.
Exception handling is not a new idea and has been widely available in some languages
(i.e,, Ada, COBOL, C++, Delphi (http://www.borland.com), PL/I, and Zetal isp) but not
in others (i.e., Basic, FORTRAN, Pascal, C) [Goodenough]. The Java exception handling
is closer to Zetal isp than to any other language. Exceptions are subclassed in Javaand so
are treated in an object-oriented fashion (as opposed to Ada, COBOL or PL/I).

11:18 AM—Page 12 Chapter 9: Image Processing in Java



Digital Signal Processing Recipesin Javae Lyon and Rao April 13, 2000

The Java language specification identifies compile-time and run-time errors. For
example, accessing an array index out of bounds is arun-time error, according to the Java
Specification [Gosling et a.]. In C, the effect is dependent on the operating system. For
example, in Solaris (the Sun operating system) this causes a segmentation fault, and a
core file is dumped. On the Windows 3.x/95 or MacOS the computer crashes. Windows
NT may handle the error with alittle more grace. But Java emits the following message:

j ava. | ang. Arrayl ndexCQut Of BoundsException: 10

at Trivial Applet.test(Trivial Appl et.java: 18)

at Trivial Appl et. mai n(Trivial Appl et.java: 12)
Thisisreally pretty civilized, compared with crashing the computer.
(C-heading) Java hasthreading
Threading isabuilt-in feature of Java. A thread is alow-overhead context switch which
enables a processor to change from one task to another very quickly. All the threadsin
Java could execute in paralldl, if the Javavirtual machine existed which could take
advantage of multiple processors. Thisis not the case, however, and so only one thread
can run at agiven time. Threading is ahigh-level concurrent programming facility.
Besides Java, several other languages provide a high-level concurrent programming
facility. Examples include Concurrent C, Concurrent C++, Concurrent Pascal, Concurrent
Euclid, Modula-2 and Ada [ Gehani].
In the past multiple threads were programmed using support from the operating system.
Java abstracts this relationship with the operating system by specifying how the virtual
machine will behave when threading. There is nothing in the Java threads API that
requires any operating-system involvement. In fact, the thread library of Solaris, on the
Sun workstation, is unused in Java 1.0.
(C-heading) Java has a uniform floating point specification
Java uses the |EEE 754-1985 floating point specification as a part of its language
definition. Thus round-off errors can be predicted in a platform independent manner.
(C-heading) The compilers are getting fast
The compiler technology isimproving for Java. For example, there are now “ Just-in-
Time” compilers which permit the compile once-run anywhere model of Javato be just as
fast as compiled native code. The just-in-time compilers take the Java byte codes and
compile them to native machine language. Our benchmark indicated an 18x speed-up
over interpreted byte codes!
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This comes at a cost, however. There may be longer start-up time, though we could not
verify this. Also, the JIT compiler is supposed to take more RAM, though we could not
verify this, either. The overall 18x speed up more than made up for any initial start-up
costs on the DiffCAD program. Our benchmark was performed with a Metrowerks
compiler running under MacOS. JIT compilers are not available on al platforms. If they
were they would probably replace the interpreter model.
(C-heading) Strings ar e fir st-class obj ects
Strings are not character arrays, they are instances of the Sring class. Thus, you must
access them via method invocation and not like the array of charactersin Pascal, C or
C++. Thisisamuch cleaner way to manipulate strings and leads to better code.
(C-heading) I dentifiers have unlimited length
According to the Java language specification, identifiers may have an unlimited length.
We have verified this for some very large values, at |east. For example:
i nt
Thi sl sAVer yLongNanel nJavaW t hMor eChar act er sThanOneWul dTypi
cal | yUseYouMayUseNunber s1234567890But NoQper at or s=0;
i nt

Thi sl sAVer yLongNanel nJavaW t hMor eChar act er sThanOneWul dTypi

cal | yUseYouMayUseNunber s1234567890But NoQper at or sAndTheyAr eU

ni que=1,

System out. printl n(Thi sl sAVer yLongNanel nJavaW t hMor eChar act
er sThanOneWbul dTypi cal | yUseYouMayUseNunber s1234567890But NoO
per at or s+

Thi sl sAVer yLongNanel nJavaW t hMor eChar act er sThanOneWul dTypi
cal | yUseYouMayUseNunber s1234567890But NoQper at or sAndTheyAr eU
ni que

The unIiml)ted identifier length should apply, in theory, to class names. Some
development systems require that public classes be stored into files that have names that
match the class name. For these systems, it is not possible to have a public class identifier
that exceeds file-name length limitations. These are implementation dependencies and not
limitations imposed by the Java language specification.

(B-heading) The Bad

Sometimes the best features of Java are some of the bad features of Java. For example,
garbage collection has both good points (hence its listing in the previous section) and its
bad points (see below).
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(C-heading) Sometimes gar bage collection isarotten business
The draw-backs of garbage collection are:

* The garbage collector can lead to non-deterministic program run times.

* For large systems, garbage collection can use a significant amount of CPU time.
For example, during atime-critical interrupt, the Java virtual machine could sense that it
istime for garbage collection. This could result in the loss of data, property or even life!
Asfar aswe know, thereis no way to turn off the garbage collection from within the Java
program. Some Java interpreters (like the Metrowerks javai) have flags which disable
asynchronous garbage collection. For example:

j avai -noasyncgc

Keep in mind, however, that just because asynchronous garbage collection is turned off,
doesn’t mean you can stop worrying about it. In fact, quite the opposite is true. Turning
off garbage collection means you must invoke it yourself (or running out of memory).
As anyone who has some experience in programming large garbage-collection based
systems (like Lisp Machines) knows, finding garbage is no easy task! The Lisp Machine
had a gc-immediate() function. When run, gc-immediate() started the garbage collection
(just like Javas' System.gc()).
Garbage collection in virtual memory typically causes a condition known as thrashing.
Thrashing occurs when virtual memory is accessed in a non-sequential fashion. Thrashing
causes different parts of the memory to be continually swapped in and out of the disk.
Keep in mind, RAM access time (measured in nanoseconds) is six orders of magnitude
faster than disk access time (measured in milliseconds) so that thrashing can cripple even
the fastest of machines.
(C-heading) Javaisnot a pure object-oriented language
Javais not a pure object oriented language. Y ou cannot make an instance of any basic
datatype. The basic data typesin Java are boolean, int, long, float, double, char and byte.
Compare this situation with Smalltalk, in which even the basic data types are classes.
(C-heading) We want our overloaded operator s!
Java does not permit the creation of overloaded operators. Contrast this with C++, which
allows a programmer to give operators a context dependent
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meaning. For example, in C++, the **’ operator can take two arrays as arguments and
then multiply the arrays together. The Java designers did not appear to trust programmers
to use the overloaded operator feature without writing cryptic code. (WARNING) To add
insult to injury, the Java language designersfelt it would be OK for them to overload
operators as a part of the language. In Java, the ‘' +' operator is overloaded to concatenate
strings. For example:

int x =2; int y=3; String z = "4";
Systemout.println( x+z+y );
will treat X, y, and z as string objects and output
243
But
int x =2; int y=3; String z = "4";

Systemout.println( x+y+z );
will treat x and y as numeric objects, add them, then convert the result to a string,
concatenate the string with z, then output

54
Thus, the overloaded operators have become argument dependent and have permitted the
kind of cryptic code the Javadesigners’ wanted to avoid. (END WARNING)
(C-heading) The API ismissing alot of stuff
Javais missing key features from its supporting API (Application Programmer Interface).
For example, you cannot write to a seria port (despite the fact that nearly every computer
has one). Y ou cannot (as of thiswriting) output to a printer from within a Java program.
Thisis due to the newness of the Java language. Since features are missing from the AP,
Java may not be easy to use for some applications.
(C-heading) No native method support for C++
Y ou may like to extend the features of the API by programming in another language.
Unfortunately the choice of language is currently limited to C.
Thereisno way, at present, to link between Javaand C++. Thisisdue, in part, to the
problem of name-space mangling. In C++, the function identifier in source is mapped
into a different function name for the linker. This mapping is called name-space
mangling. Functions are typically mangled
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according to their argument type. Different compilers may have different mangling
schemes. Since Java has no way to know how functions will be mangled, the functions
cannot be invoked.
The Java native language interface is not complete (as of thiswriting) but that islikely to
change soon. When it is done, circumstances are likely to get better.
(B-heading) The Ugly
No language is perfect, but Java does have its design flaws. In this section we cover the
design flaws of Javathat probably will not go away. Some are just harmless and ugly.
Others, like the fragile base class problem, could cripple Javafor large software system
devel opment.
(C-heading) Arrays can be allocated with two styles
Java supportsthe “C” and “Java’ style of array allocation. In fact, the two styles of array
allocation are supported within the same statement. Thus,

int [][] 1 =newint[3][3];

int j[][] = newint[3][3];

/1 and now we put the Ug in Ugly!
int [] k [alb = new int[3][3];
are three, syntactically acceptable ways of specifying atwo-dimensional array of ints.
(C-heading) Java hasfragile base classes
Java suffers from the fragile base class and interface problem. In Java, an interface can be
used to store constants and to permit class and method specifications. For example, in the
DiffCAD program (used as a central example in this book) thereis an interface called
Constants that contains alist of commonly held constants. One line in Constantsis:
final double Pi_on_2 = Math. Pl/2;
Suppose another line were added, say
final double Pi_on_4 = Nath. Pl/4;
Thisrequires that every source code file that refersto Constants, (in Diff CAD’s case, 7
files) to be recompiled. Including the linking phase, the recompilation takes 56 seconds
on the authors' machine: a PowerMac 8100/100 Mhz with a PowerPC 601 and 72 MB
RAM. As another example, thereis
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an abstract base class called Computation. When Computationis altered, 5 files require
recompilation and, including the linking phase, 70 seconds €l apse before the program
begins to run. Thus, when programs become large, the fragile base class and fragile
interface can cripple the programmers’ productivity [Lewis].

(C-heading) “ Appletcations’ are confusing everybody

The Javalanguage has led to a source of continuous confusion regarding the difference
between an Applet and an Application. There is a package of classes in the core Java API
called the java.applet package. Thisis avery unfortunate naming convention. Within the
java.applet package, there is a class called the Applet class. The Applet classis extended
to create subclasses. Instances of Applet subclasses are called Applets.

Definition 1.1: An applet instance is an instance of a class that extends the Applet class.
Definition 1.2: An application instance is an instance of a class that contains a main().
Lemma 1.1: To run aJavaapplication it is necessary and sufficient to both have amain()
and invoke the main().

Corollary 1.1: Having amain() in a Java program is a necessary, but not sufficient
condition for running a Java application.

Lemma 1.2: To run aJavaapplet it is necessary and sufficient to extend the Applet class,
implement the init() and invoke the init().

Corollary 1.2: Subclassing the Applet classin a Java program is a necessary, but not
sufficient condition for running a Java appl et.

Note that Corollary 1.1 follows directly from its parent, Lemma 1.1. Similarly, Corollary
1.2 follows from its parent, Lemma 1.2. Definitions do not follow the construction of the
lemmata, Pronounce the ‘a in lemmata short, like “what’s amadda?’.

In common use, the term applet has come to mean “a small Java application run from
within a browser”. We class such definitions as strictly
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incorrect. The reader will see in the following code, a segment of alarge application,
called DiffCAD, which dispatches alarge number of different applets from within a Java
application.
if (arg.equal s("benchmark")) {
Appl et Frane w = new
Appl et Fr ame(" Benchmar kAppI et ");
String title ="BenchmarkAppl et"”
String args[] :{""}
w. st art Appl et (" Benchrmar kApplet",title,args);
}

if (arg.equal s("surface")) {
Appl et Frane w = new Appl et Frane("surface");
String title = surface"'
String args[] —{ '}
w. st art Appl et (" surface" ,title,args);

}

if (arg.equal s("search yahoo")) {
Appl et Frane w = new Appl et Frane("Wa hoo!");
w. st art Appl et (" Sear chYahoo",titl e, args);

In fact, the applet isjust akind of Frame. It runsin its own thread and has its own applet
context. The point is that alarge program can run many applets. A Javaapplicationis
typically a program which contains a main. For example:

public class Trivial Application {

public static void main(String args[]) {
Systemout.printin( "Hello World!'" );

isan application. An applet is an instance of an Applet subclass. For example:
i mport java.aw.*;
i mport java. appl et. Appl et ;

public class Trivial Appl et extends Appl et

public void init() {
repaint();

public void paint( Gaphics g ) {
g.drawsString( "I aman Applet”, 30, 30 );
}
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One popular Java reference states that a class becomes an applet by subclassing the
Applet class and, that an applet is an “embeddable window” [Chan and Lee]. No wonder
even seasoned Java programmers misuse the applet term!
To top off the example, we present the Application-Applet that is both an extension of the
Applet class AND contains amain! Thisis shown in the following listing

i mport java.aw.*;

i mport java. appl et. Appl et ;

public class Trivial Appl et extends Appl et
{
public void init() {
repaint();

public static void main(String args[]) {
System out. println("An Appletcation");
}

public void paint( Gaphics g ) {
g.drawsString( "Hello World!'", 30, 30 );

ThI}S code may be called as an applet or as an application. When called as an applet, the
init() method will be invoked and the “Hello World” will be drawn. When called as an
application, TrivialApplet classis loaded, the main will be invoked and

~An Appl et cati on o _
will be emitted to the screen. TrivialApplet is asubclass of an Applet class, but may be
used as an applet or an application, depending on context! This permits the formulation of
lemma 1.3 and corollaries 1.3aand 1.3b.

11:18 AM—Page 20 Chapter 9: Image Processing in Java



Digital Signal Processing Recipesin Javae Lyon and Rao April 13, 2000

Lemma 1.3: Applets are run by invoking init(), applications are run by invoking main().
Corollary 1.3a: The difference between an applet and an application is the invocation
and not necessarily the content.

Corollary 1.3b: Applets do not automatically run their main's. Applications do not
automatically run their init's.

(C-heading) File name class name matching

Some compilers, like JDK, J++ and the Symantec products, require that the file name of
the Java source code matches that of the public class name contained in thefile. Thisis
not a part of the language specification [Gosling et al.]. It isarestriction imposed by the
compiler implementation. Thisrestriction is not uniformly imposed. For example, the
Metrowerks CodeWarrior IDE for MacOS and Windows 95/NT does not impose thisfile
name - class name conformance.

The non-uniform restrictions make the porting of source code from one compiler to
another atime consuming task. Anything that prevents Java from being ported is a very
bad feature indeed. Thankfully, this bug is an artifact of the implementation of the
compiler products and not of the language specification. It is unfortunate that the bug has
become so widespread in the compiler community as to become an accepted limitation of
the language. It is our hope that Sun will correct this bug in their own compiler soon.

It is much easier to distribute one file with several small classes. The alternativeisto
make several small sourcefiles.

(C-heading) No validation system

At present, there is no validation system for a Java compiler, or supporting Java
technology. Thisisacritical need, since there are so many products which appear to
violate the compile-time and run-time specifications as laid out by Sun.

A validation system would include series of test programs that would generate known
compiler errors and known run-time errors. Such programs should elicit specific kinds of
behavior from the Java Class Libraries. This has not been done, as far as we know. For
example, the return of the date and time on J++ includes a mention of daylight savings
time. Thisis not the case with any other Java environment that we know of. A run-time
validation suit should detect such an error.
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Bugsin the J++ compiler, which are described in the “ Getting Started in Windows 95
with J++” section, could have been caught and corrected, had a compiler validation suite
been applied. This must be atop-priority item, if the quality of the Javatools availableis
to be maintained.

(A-heading) TheHTML Modé vs. the Java Model

The HTML (HyperText Markup Language) model is one which permits a document to
make references to filesin other formats. The responsibility of a browser isto read the
references to the HTML files and dispatch them to a decoding program. For example, if
the fileis compressed, a decompression program may automatically be started by the
browser.

The fatal flaw in thismodel isthat browsers (and their supporting applications, known as
helper apps) can grow without bound. One browser, called Netscape, for example,
recommends 16 MB of RAM. As the applications become large and bloated, they also
tend to slow down, even for ssmple tasks.

In this section we compare the HTML model with the Java model. In the Java model,
code is compiled into class files and then downloaded, over the net, into an applet viewer.
The applet viewer is used to decode the data stream which follows. The theory is that
Javawill become the language for decoding a wide range of data and that all a browser
will have to do is support an applet viewer. For this model to work, the data must point to
Java decoders that can be downloaded on demand.

(B-heading) The HTML Model

On the internet, there are computers that run programs called Hyper-Text Transfer
Protocol (HTTP) servers. HTTP servers typically send data in response to aweb browser
request. Generdly, the data can be in any format, the HTTP server typically does not
decode the data. Asaresult, HTTP servers of the internet provide awide variety of
interesting and wonderful data formats to various browser-based clients. New formats
appear al the time. Browserstypically understand some variant of HTML and this has
led to the HTML model.

In the HTML model, raw datais embedded in the HTML document by a hypertext
reference (known as the href tag). In order to assist the browser with the decoding of the
wide and growing number of data formats, browsers use helper applications. In order to
map the data to the correct helper application, browsers have a protocol that looks at the
Multipurpose Internet Mail Extension (MIME) that the HTTP server transmits with the
data. Based on the MIME extension, alookup table determines how to decode and
present the data. Figure 1.6 shows a screen capture of a presentation of one such table,
known as the helper window (Netscape 3.01).

Figure 1.6. The Netscape Helper Window
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For each data type supplied by the HTTP server, there is a corresponding hel per
application or plugin. When this application is not present, the browser will typically ask
if the user wants to save the file format. One of the authors has over 77 itemslisted in the
Netscape helper applications window. Naturally, these do not represent all the possible
dataformats which a browser can handle. A browser can be customized to handle any
dataformat, by launching a helper application. Thus, there are no limits to the number of
data formats which may be present on the web or handled by a browser.

The same content will often be presented to the user in avariety of electronic forms, a
veritable electronic tower of Babel. Suppose, for example, a Microsoft Word document is
to be supplied viathe WEB. One could supply it as aword document, but Word 5 on a
Mac cannot read Word 6 or 7 documents. So we could supply it asan RTF (Rich Text
Format) file, so that Word 5 will understand most of it. The drawbacks in distributing
Word documents using RTF to a variety of Word versions are that some formatting will
be lost, and some people will not have Word available as a viewer.

Word documents are often converted to HTML. HTML can be viewed by browsers the
world over. Unfortunately, current versions of HTML can only represent equations and
vector graphics as GIF images (a popular raster file format). Further more, HTML does
not maintain the page layout of the original document. We could use PostScript, which
will enable users to download and print the document. Unfortunately users may not be
able to edit the document and not all PostScript will print to al printers. Adobe has
stepped in with Portable Document Format (PDF). At least with PDF, you can view the
document on the screen and print it to al printers (as long as you have Adobe Acrobat).
The problem however is that the user may still not be able to edit the PDF document.
The above example is designed to show the rationale for awide variety of different
formats being present on the web server. Having to have a different hel per application for
decoding each of these formats is cumbersome. Further, having to have so many copies
of the same content in different formats is wasteful.

(B-heading) The Java M odel

The Javamodel is ableto fix some of the problems with the HTML model. The Java
model has yet to gain full acceptance.

In Java, compiled byte-codes are stored in classfiles. Class files are fileswith a.class
suffix. The class files are downloaded to the client’s class loader. After averification
phase, the Java Virtual Machine (JVM) will interpret the byte codes. The role of the Java
compiler isshownin Figure 1.7.

Any browser with aJVM is able to load data decoders on demand. Imagine that you have
a new image sequence compression scheme based on head-and-shoulders video. Nobody
has your algorithm for decoding this new image format.

11:18 AM—Page 23 Chapter 9: Image Processing in Java



Digital Signal Processing Recipesin Javae Lyon and Rao April 13, 2000

Figure 1.7 Therole of the Java Compiler
With Java, an algorithm for decoding a new data format may be downloaded on-demand.
This means that the web has become object oriented in the sense that both the data and
the program needed to manipulate the data may be joined. The Javamodel is a vast
improvement over the current state-of-affairs, which requires that we have a wide variety
of decoders on our hard-drives. The role of the Java model on the network is shown in
Figure 1.8.

Figure 1.8. Therole of Java on the network.
(A-heading) The Java Developer Environments

As of thiswriting, there are several alternatives available for the development of Java.
These include Sun products (Java Workshop, Java Developers Kit (JDK)), Metrowerks
CodeWarrior, Symantec products (Visual Café, Visual Café Pro, Café), Natural
Intelligence Roaster, Microsoft J++, Asymetrix SuperCede and others.
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See http://www.javasoft.com/products/JDK/, ftp://ftp.metrowerks.com/publ/,
http://www.metrowerks.com/, http://www.symantec.com,
http://www.roaster.com/roaster/ and http://www.microsoft.com/javal for more details.
These products vary in quality, price, platform and availability. For example, J++ is
available only for Windows 95/NT. Workshop is available only for Solaris and Windows
95/NT. Roaster is available only for MacOS. Symantec products and CodeWarrior are
available for MacOS and Windows 95/NT. The SuperCede product is available only for
Windows 95/NT. JDK isone of the few products available on al platforms (MacOS,
Windows 95/NT and Solaris). We will cover afew of these productsin the following
sections.

Feedback from students, and the authors' personal experience, has led to the conclusion
that a good compiler isavery worthwhile investment. Free tools (like JDK) are good to
have around too, no question about it! Some of the more expensive products are,
however, much better than the JDK (being both easier to use and faster to run). Also, plan
to purchase more than one compiler. Many compilers out today still have several bugs
(e.g., the J++ compiler).

Some programmers have code which they would like to use that has been writtenin C. As
far as we know, the only compiler which supports linking to C is Metrowerks
CodeWarrior. Also, CodeWarrior comes with C, C++, Pascal and Java. CodeWarrior is
the only IDE we know of that directly supports native method programming.
(B-heading) Getting Started on the Mac with CodeWarrior

(CD-ROM) The CD-ROM which comes with this book has several example tools. The
reader is encouraged to try them out. The software of the book is called DiffCAD.
DiffCAD is aJava application which resides in several files. Upon opening the CD, the
Mac user should look into the Mac folder to find a self-extracting archive, like the one
shown in Figure 1.9. (END CD-ROM)

Figure 1.9. The DiffCAD self extracting archive

When you double-click on the Diff CAD.seaicon, you will be prompted with a standard-
file-save dialog box. Thisis shown in Figure 1.10.
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Figure 1.10. The Standard File Dialog Box
Once the self-extracting archive is expanded into the Diff CAD folder, you should double-
click on the DiffCAD folder and find the CodeWarrior folder, shown in Figure 1.11.

Figure 1.11. The CodeWarrior Folder
Within the CodeWarrior folder is a project, prebuilt with CodeWarrior 11 (the current
version). If you double-click on the CodeWarrior folder, you will find a project file called
CW.11, shownin Figure 1.12.

Figure 1.12. The CodeWarrior Project.
Double-click on the CW.11 project file and you will start the CodeWarrior IDE
(Integrated Devel opment Environment). Upon launch, you will be presented with a
project window, shown in Figure 1.13

11:18 AM—Page 26 Chapter 9: Image Processing in Java



Digital Signal Processing Recipesin Javae Lyon and Rao April 13, 2000

Figure 1.13. The Project Window
After the project window is displayed, you should be able to type moth-r (on the Apple
keyboard, the moth key has an [1 logo, as well as an icon which looks like a moth). After
the project beginsto run, you will be presented with a display which looks like the one
shown in Figure 1.14.

Figure 1.14. Screen Shot of the DiffCAD program.

The DiffCAD is a custom program upon which the book is based. Diff CAD isa Java
program which has been used by industry to help design diffraction rangefinders.
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(B-heading) Getting Started on Windows 95/NT with Metrowerks CodeWarrior

As of thiswriting, Metrowerks has DR1 (Developer Release 1) of an IDE for the
Windows 95/NT environment. It comes with Pascal, C, C++ and Java. Thisfirst release
required a patch to work. After the patch is applied, we found that the “ batch” files
created by the IDE were defective. The Metrowerks technical support is“aware” of the
problem. They indicated that the batch files could be modified by hand to permit the IDE
to begin working. After the modifications, we found the tool was able to compile the
DiffCAD program.

(CD-ROM) The project onthe CD isin afile called CW-WIN.ZIP. When uncompressed,
the file will place the Diff CAD folder on your hard drive. Double click on the Diff CAD
CodeWarrior project file, Diff CAD.cwp, and the project window should appear. Thisis
shown in Figure 1.15. (END CD-ROM)

Figure 1.15. Metrowerks CodeWarrior Diff CAD Project on Windows 95.
There are three points which work the CodeWarrior IDE’ s favor:
1.  CodeWarrior isthe only IDE for Window 95/NT that is also able to compile
Pascal, C, C++ and Java.
2. CodeWarrior IDE for Windows 95/NThas the same look and feel as the MacOS
version.
3. Metrowerks states that they intend to release a version of CodeWarrior for
Solaris, the Sun Unix operating system.
If the Metrowerks plan is completed, the CodeWarrior IDE would work on the Solaris,
MacOS and Windows 95/NT platforms. Our endorsement for CodeWarrior running under
Windows 95/NT comes with the condition that the release be later than the DR1 release.
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Thisis primarily due to the operational bugs in the program (which we were able to work
around). The DR2 releaseis due in April of 1997, and thisiswell after the book is out, so
itisunlikely that the reader will be using a DR1 release.

(B-heading) Getting Started on Windows 95 with J++

In this section we give instructions on compiling the Diff CAD project on a Intel 486DX2
- 66MHz computer, running Windows NT 4.0 OS, and Microsoft Visual J++ Professional
Edition.

(CD-ROM) Using an application called WinZip, we open and uncompress the
DIFFCAD.ZIP file on the CD-ROM. Thisisshown in Figure 1.16. (END CD-ROM)

Figure 1.16. WinZip 6.2 Showing alist of fileswithin DIFFCAD.ZIP.
WinZip was used to expand the files into the D:\work\DiffCAD directory. J++ provides a
means to insert filesinto a project. All of the filesin the DiffCAD folder must be inserted
into the J++ project.
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Figure 1.17. Creating a new project workspace in J++
Create a new project workspace of type “Java Workspace” in the Diff CAD directory.
Thisis shown in Figure 1.17. From the Insert menu, select “Filesinto Project...” and add
al of thefilesin the Diff CAD directory to the project. Thisis shown in Figure 1.18.

Figure 1.18. Inserting the files in the util package into the project
This must be done in several passes as there are too many files to add in one pass (a
limitation of this version of Developer Studio). Add the source files in the Raytracer, and
util directoriesto the project.
From the Build ... Settings menu selection, select the “ Java’ tab and set the warning level
to none. Build and execute the project.
There are two subprojects assigned to the main DiffCAD project : util and Raytrace.
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Figure 1.19. Starting the jview.exe on the MAIN class.
Figure 1.19 shows the jview.exe being invoked automatically by the J++ project manager.
There were some problems with J++ version 1.0, and thisisto be expected witha 1.0
product. We found that local scoping of variables within a method did not work properly.
Thisisalanguage feature that is a part of the Java language specification and we had to
rewrite our code to work around this bug. This indicates that the compiler is not fully
compliant with the language specification, a problem we hold as serious.
(B-heading) Getting Started on the Mac with JDK 1.02
(CD-ROM) In this section we describe the use of the Java Developers Kit, JDK 1.02,
located on the CD-ROM. The reader is cautioned to try adifferent product, asthisis
freeware and is missing key features of some of the commercial products. (END CD-
ROM)
First double-click on the JDK.sea icon and expand it to your hard drive. Y ou will create a
folder which looks like the one shown in Figure 1.20.

Figure 1.20. The expanded JDK on disk.
Inside the JDK folder you will find the Java Compiler, along with the 4 other items
shown in Figure 1.21.
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Figure 1.21. The contents of the JDK folder
Make an aias to the Java compiler and place it on your desktop (thiswill make it easier
to use). The Java compiler has a drag-and-drop interface, having an alias will be of direct
assistance in its use. Figure 1.22 shows how to find the alias command on the Mac.

Figure 1.22. Finding the alias command on the Mac.

Once the Java compiler is on the desk-top, Uncompress the DiffCAD directory. An image
of the DiffCAD self extracting archive is shown in Figure 1.9.
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Your first step isto compile the packages in the Diff CAD directory. There is no support
for aUNIX-like Makefile in the JDK version of the MAC-OS, and so this must be done
by hand. Find the two foldersin the Diff CAD directory, Raytracer and util. These are
shown in Figure 1.23.

Figure 1.23. The two foldersin the DiffCAD directory.
Double-click on the Raytracer folder and drag the Java source code to the Javac Compiler
alias. Package compilation will create a Raytracer class folder near the Raytracer.java
file, shown in Figure 1.24.

Figure 1.24. The Raytracer class folder.
Move the class files from the Raytracer class folder into the parent folder (also called
Raytracer). Repeat this for the util package. Then, from the DiffCAD folder, select al the
source files and drag them to the Java Compiler alias. Y ou may find that you run out of
memory during the compile. Thisis normal. Just view the files by name and drag the files
with no corresponding classfile, afew at atime, onto the Javac Compiler alias. Thisis
time consuming and error prone. If you miss afile, your program will fail to load (a
compelling reason not to use JDK on MacOS!). After all the files are loaded, launch the
Applet Viewer in the JDK 1.0.2/Applets directory. Theicon for the Applet Viewer is
shown in Figure 1.25.

Figure 1.25. Theicon of the Applet Viewer
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Select the file:propertiesin the Applet Viewer and set the class access to unrestricted, as
shown in Figure 1.26.

Figure 1.26. Class access must be unrestricted

The unrestricted setting will enable Diff CAD to perform otherwise forbidden operations,
like opening afile and saving changes. The default class accessis restricted and this will
cause a security manager exception to be thrown during normal DiffCAD usage. As of
thiswriting, JDK 1.0.2 cannot turn off its restrictions on class access. This means that
files cannot be opened with the MacOS version of the JDK and so the version 1.0.2 of the
JDK is not recommended for MacOS. It is our hope that this will change in future version
of the JDK.
(B-heading) Getting Started on the Mac with Symantec Café
In this section we describe a product called Symantec Café 1.5 for the PowerPC/MacOS
(current release). The Integrated Development Environment (IDE) consistently emitted an

Error: java.lang. Qut O MenoryError
condition. This error occurs, despite the allocation of 26 MB to the IDE. The IDE
supports the Sun Java compiler as well as the Symantec compiler. Switching to the Sun
Java compiler within the Symantec Café caused the program to hang.
As aresult we cannot recommend Symantec Café for this books software (which
currently resides in over 100 Java source files).
(A-heading) Summary

In this chapter we compared Javas' good points with its bad points. Javais probably a
successful technology because it specifiesaVirtual Machine. The Java
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language depends upon atightly integrated Virtual Machine, and probably could not exist
without it. Once the Javalanguage and Virtual Machine were specified, flexibility
depended on the Java class libraries. As soon as we transgress the boundary of the class
libraries and virtual machine, Java becomes unsafe and non-portable. Java s growth
depends on a growing set of portable class libraries. For those elements which are not
portable (like serial port support) the programming community must depend on Sun for
API growth. Thisis quite a drawback!

This chapter also looked into the Java model as a means of creating decoders for web
browsers. Again, the Java class libraries lacked the richness needed to support awide
variety of formats. Further, Sun was cited for not advertising the APl needed to
manipulate an audio data stream. The Java language has so many demands, Sun cannot
possibly support them all!

In this chapter we reviewed afew tools for developing the software in this book. It seems
that some products represent immature technology, as of thiswriting. The reader is
cautioned to try these products before buying them (if possible). Some tools, like
Metrowerks on the Mac, were a pleasure to use, but only on the Mac. On the Window
95/NT systems, we were able to review the J++, CodeWarrior and JDK. The DR1 of
CodeWarrior had problems, but we were able to work around them. As of thiswriting we
favor CodeWarrior on both the Mac and the Window 95/NT platforms. The J++ version
1.0 from Microsoft seems to work OK on the Windows 95/NT platforms, but there are
bugs in the compiler that we consider serious.

(WARNING)AII software manufacturers appear to have a phone jail system. This can
leave you on hold for long periods of time. Thus, we prefer e-mail technical support. Sun,
Natural Intelligence, Symantec and Microsoft did not respond to our e-mail requests.
They may yet respond, but it has been a month. (END WARNING)

(NOTE) Metrowerks is the hands-down winner. Metrowerks has also said that it will be
developing an IDE for the Sun workstation. If this occurs, and if Metrowerks can iron out
its Windows problems, it may rise as a premier development tool for all the major
languages. On afinal note, the Metrowerks technical support isfirst-rate. They have
helped us with some tricky requests and generally respond within 24 hoursto e-mail.
(END NOTE)

This chapter showed the basic attributes of Java; that Java has no header files, macros,
pointers, multiple inheritance, integer arguments to conditionals, structures, union, or
operator overloading. The language is portable, provides built-in garbage collection, a
GUI library, array index checking, security features, threading, exception handling and
relies on the IEEE 754-1985 floating point specification.

(SHORTCUT) One of the big early drawbacks, that the byte-code interpreter isslow, is
currently being addressed. The JI'T compilers blow away the byte-code interpreters. It
may be the case that byte-code interpreters are better for embedded systems, due to a
smaller RAM foot print. Even so, on desktop development systems, the JI' T compiler
technology is a break through. (END SHORTCUT)

The language has applet/application confusion, mixed mode array declaration, confusing
operator overloading for strings, fragile base classes, an inability to call C++, an
impoverished API and is not a pure object-oriented language. The APl is generally
improving, but the other drawbacks may be hard to fix.

No hype, and no hyperbole; Javaisatool, and like any tool, it isrealy only useful for
some applications.
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|s Java suitable as afirst programming language? As a teaching tool, we could say that
Javais better than C or C++, but that would damn Java with faint praise! Many first
courses in programming are taught with C or C++ and thisis almost certainly because of
industrial demands. Now that industry appears willing to accept Java, introductory
courses are switching to Javain mass.

Asatool for delivering cross-platform software, Java dominates any other technology
that we have seen. When we attempted to write portable programs in the past, we
attempted to use only the features supported by ANSI standards. Even under these
circumstances, the porting of GUI based code was
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tricky, at best. DiffCAD, aprogram with 155 class files, ported to Java virtua machines
running under MacOS, Solaris and Windows 95/NT, without recompilation.

|s Java suitable for engineering? That really depends on the application. At thiswriting
(March 1997) there is no support for serial ports. If the application involves data
acquisition and processing via unsupported hardware (like the seria ports, or the video
digitization cards) then the answer could be no. Writing drivers for these devices, with
interfaces to Java programs is not easy. Perhaps after native methods become easier to
write, thiswill change.

Can Java be used throughout the computer science and engineering curriculum? Probably
not yet. There are few college-level textbooks for Java able to target specific coursesin
the computer science and engineering curricula. We see a market for new books here.

Is Java suitable for writing large programs? The problem is the fragile base class
problem. Imagineif an includefile, like <stdio.h> had to be changed. Makefiles across
the UNIX operating system would have to recompile a large percentage of the code.
Perhaps if developed libraries can be held stable during the course of development, then
yes, the writing of large programs can occur. Their maintenance, however, may prove
impractical.

What are the drawbacks in being an early adopter of the Java technology? How can we
begin on atrek into a new technological frontier without being willing to invest blood,
sweat and code? Programming is a humbling process. We have been writing code for
many years. Programming in Java has meant recoding any of our previous work that we
wanted to use. It also meant having to deal with buggy beta compilers and many long and
frustrating hours trying to get the answers to simple questions. It meant being the first on
the block programming in a new language. In some sense, this may isolate workers from
each other. We have seen some in industry take our Java courses and attempt to transfer
the technology back to the company. Management can be slow on its feet, and some
people are resistant to change. Perhaps the greatest drawback of being an early adopter of
Javaisthe drawback of being a boat-rocker. Go ahead and rock away!

In this chapter we saw coverage of the Java model vs. the HTML model. The basic
guestion is: “which will win?’. Asof thiswriting, the jury is out. Few, if any decoders
exist in pure Java. There are several reasons for this. Foremost is that the Java APl is
impoverished. It is able to read only one audio format (monophonic, 8 KHz, 8-bit, Sun
AU files). Thisisavoice grade audio file with about 48 dB of signal-to-noiseratio (SNR)
and a maximum frequency response of 4 KHz. Compact disc recordings (CDs) are
typically stereo 44.1 KHz with 16 bit samples (22.05 KHz cutoff with 96 dB SNR). The
Java APl does not have a method for saving AU files. Further, Sun does not advertise an
API for manipulating
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the data stream that results from reading the AU files (something which this book
addresses).

The Java APl, asit currently stands, cannot process image sequences. The Sun APl does
not have a method for saving image files, something el se which this book addresses.

In fact, Sun has stated that there will be amultimedia API in the future, but has not said,
as of thiswriting, when. We have had to write agreat deal of support code to make up for
the areas where the API is currently lacking.

In this chapter we reviewed afew tools and their use for the purpose of developing the
software in this book. Sometools, like Metrowerks were a pleasure to use. On the
Window 95/NT systems, we were able to review the J++, CodeWarrior and JDK. The
J++ version 1.0 from Microsoft seemsto be buggy. The JDK interface appears to be
command line based, and was judged to be generally poor for general development work.
CodeWarrior IDE is the hands-down winner. It isthe only IDE that permits Windows and
MacOS development using several languages. Metrowerks has also said that it will be
developing an IDE for the Sun workstation. If this occurs CodeWarrior may rise asa
premier development tool for all the major languages. The latest version of this tool
summary is at http://lyon.bridgeport.edu/
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(CN) 2. (CT) Java programming-the basics

“1 don’t know what the programming language of the year 2000 will look like,
but | know that it will be named FORTRAN” — Tony Hoare, 1984

This chapter introduces the reader to Java. We assume that the reader is a strong
programmer, in some structured language (like C or Pascal) or that the reader has had
some background in object-oriented programming. We divide the subject of the Java
language into two parts, the syntax and the semantics. The material presentation of Java
takes a different path from that presented in the Java specification. The Java specification
presents the material organized by package. We present the material organized by
concept. Thus, we place the wrapper classes (Boolean, Character, Integer, Long, Float
and Double) into asingle wrapper class subsection that resides in the data-types
subsection. We have found that the package, java.lang, does not present functions for
maximum clarity of organization. For example, we prefer not to present threads and
integers in the same subsection, as these are basically unrelated topics, though they reside
in the same package.
This chapter is divided up into four main sections.
The first section, describes the MBNF notation. To assist us with the presentation of the
syntax of the Javalanguage, we have devised alanguage for describing grammar. The
grammar language is alanguage for describing languages and so is called a meta-
language. We base our meta-language on a Backus Naur Form, with some modifications.
Therefore we refer to our version of the Backus Naur Form as Modified Backus Naur
Form (MBNF).
The semantics of the Java language are discussed after the MBNF is presented. Semantics
are shown by example. Often we will present several incarnations of in-context Java
usage. These incarnations are taken from working programs.
The second section, covers the simple syntax of Java. Simple syntax includes those
structures that are already familiar to the C or C++ programmer. Y ou may feel
comfortable skipping or skimming this section.
In the third section, we detail the datatypesin Java. The coverage includes both the
object oriented and the non-object oriented data types of Java.

11:18 AM—Page 39 Chapter 9: Image Processing in Java



Digital Signal Processing Recipesin Javae Lyon and Rao April 13, 2000

The fourth section covers threads and provides several examples of multi-threaded Java
programs.
(A-heading) MBNF Notation

In this book we use MBNF (Modified Backus Naur Form) to describe the syntax of Java.
We use the trandlate functor of Prolog, ‘->*, as the digraphic symbol meaning, “can be
written as” [Clocksin]. People who study formal languages will refer to the *->* symbol
as a production. Java does not use the ‘->' symbol, since it has no pointers. We have
found that the standard notation, as used in the Java Specification, to be hard to match on
the blackboard during lectures. We wanted a compact notation that would have a typeset
appearance that does not deviate significantly from the hand-written appearance. This
meant no bold or italic font could be used in the syntax definition.

The meta-symbols of BNF are:

Met a- Synbol Meani ng

-> can be witten as

(X'Y) grouping alternatively, Xor Y

< > syntactic construct, non-term nal synbol neta identifier
[ X] O or 1 instance of X

{X} 0O or nore instances of X

“u term nal

: . end of production
As an example, we show MBNF in MBNF:

synt ax -> { production }.
production -> identifier "->" expression “.”
expression -> term{ "|" term}
term -> factor { factor }
factor -> identifier |
guot edSynbol |

"(" expression ")" |
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"[" expression "]" |
"{" expression "}" .
identifier -> Ietter { letter | di git }
quot edSynbol -> """ %Char acter e
The syntax of alanguage will permltt e formulation of a statement that compiles.
However, the syntax does not describe the meaning of the statement, nor does it describe
the common usage. For this, we use examples and prose.
The MBNF rules of Javafollow. These are used in the following sections and chapters.
They will, when used, aways refer back to their numbers. Sometimes the MBNF will be
refined beyond the basic MBNF given here. When this occurs, it will not be preceded by
the numeration.
compilationUnit ->
[packageStatement] < importStatement > < typeDeclaration > .
packageStatement ->
"package" packageName ";
importStatement ->
"import” ( ( packageName "." "*" ) |
( className ||nterfaceName) )
typeDeclaration ->
[docComment] ( classDeclaration |interfaceDeclaration)
docComment ->
CpEETOTtext L MR
classDeclaration ->
<modifier > "class' identifier [ "extends' className] [ "implements"
interfaceName < "," interfaceName >] "{" <fieldDeclaration> "}" .
interfaceDeclaration ->
<modifier > "interface" identifier [ "extends' interfaceName < ","
interfaceName>] "{" <fieldDeclaration> "}" .
fieldDeclaration ->
( [docComment] ( methodDeclaration | constructorDeclaration |
variableDeclaration) ) |staticlnitializer | ";" .
method_declaration ->
<modifier > typeidentifier "(" [parameterList] ")" < "[" "]" > (
statementBlock | ";" ) .
constructorDeclaration ->
<modifier > identifier "(" [parameterList] ")" statementBlock .
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statementBlock ->
"{" < statement > "}"
variableDeclaration ->
< modifier > type variableDeclarator < "," variableDeclarator > ";"
variableDeclarator ->
identifier < "[" "]" > ["=" variablelnitializer] .
variablelnitializer ->
expression | ( "{" [variablelnitidizer < "," variablelnitializer > [","]]

staticlnitializer ->
"static" statementBlock .

parameterList ->
parameter < "" parameter > .

parameter ->
typeidentifier < "[" "]" > .

Statement ->
variableDeclaration | (expression ";" ) | ( statementBlock) | (
ifStatement ) | ( doStatement ) |(Wh|IeStaIement) |(for_statement) |
(tryStatement) |(9N|tchStatement) | (" synchronlzed (" expron
")" statement ) |( ‘return” [expron] ) | (' throw expression’
) |(|dent|f|er " statement) |( break [|dent|f|er] ") | (
"continue" [|dent|f|er] ) | ("

if Statement ->
if" "(" expression ")" statement [ "else" statement] .

doStatement ->
"do" statement "while" "(" expression ")" ;"

whileStatement ->
"while" "(" expression ")" statement .

forStatement ->

"for" "(" (variableDeclaration | (expresson ";" ) | ";" ) [expression]
;" [expression] ;" )" statement .

tryStatement ->
"try" statement < "catch" "(" parameter ")" statement > [ "finaly"
statement] .

switchStatement ->
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"switch" "(" expression ")" "{" < ( "case" expression ":" ) | ( "default”
M) | statement > "}

expression ->
numericExpression | testingExpression |
logicalExpression | stringExpression | bitExpression | castingExpression |
creatingExpression |
IlteraIExpron | "null" | "super" | "this" ||dent|f|er |( "
expron ) ) |(expron (( (" [arglist] )" ) | ([T expron

) | ( "."expression ) | ( "," expression ) | ( "instanceof"

cIassName||nterfaceName) ) ) )

numericExpression ->

( (" | "+ | =" ) expression) |
(expression ( "++" | --
(expression ( "+" | "+=" | "
| "= et | ME % | "%=" ) expression ) .
testingExpression ->
(expression ( ">" | "<" | ">=" | "<=" | "==" | "I=" ) expression ) .
logicalExpression ->
( "I"expression) | (expression ( "&" |"&=" [|"[" | "]F" | "™ |
= ("&&T ) | IET | %t | "%=" ) expression ) | (expression
"?' expression ":" expression) | "true" | "false" .
stringExpression = (expression ( "+" | "+=" ) expression ) .
bitExpression ->
( "~"expression) | (expression ( ">>=" | "<<" | USS" | ">>>")

expression ) .
castingExpression ->
"(" type ")" expression .
creatingExpron ->
new ((cIassName (" [arglist] ")" ) | (type_specifier [ "[" expression
_ "I <"" "1 >) | ("(" expression *)" ) ) .
IlteraIExpron ->
integerLiteral |floatLiteral |string |character .
arglist ->
expression < "," expression > .
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type ->
typeSpecifier < "[" "]" > .
typeSpecifier ->
"boolean” | "byte" | "char" | "short" | "int" | "float" | "long" |
"double" |className |interfaceName .
modifier ->
"public* | "private" | "protected” | "static* | "fina" | "native" |
"synchronized" | "abstract" | "threadsafe" | "transient” .
packageName ->
identifier | ( packageName "." identifier) .
className ->
identifier | ( packageName "." identifier) .
interfaceName ->
identifier | ( packageName "." identifier) .
integerLiteral ->
(("L.9" <"0.9">) | <"0.7" >|
"0" "x" "0.9a.f" < "0.9a.f" >))["I"] .
floatLiteral ->
(decimalDigits "." [decimalDigits] [exponentPart] [floatTypeSuffix] ) |
( "." decimalDigits [exponentPart] [floatTypeSuffix] ) | ( decimalDigits
[exponentPart] [floatTypeSuffix] ) .
decimalDigits ->

"0..9" < "0.9" > .
exponentPart ->

"e' ["+" | "-"] decimalDigits .
floatTypeSuffix ->

"] tdt .
character ->

"based on the unicode character set" .
string ->

" < character > """

identifier ->

"a.z,$, " < "a.z$,_,0..9,unicode character over 00CO" > .
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(A-heading) Simple Syntax

This section covers the aspect of Javathat should be trivial to an experienced
programmer. In all probability, the experienced C/C++ programmer will be tempted to
skim or skip it. For the C/C++ programmer, the differences are small: documentation
comments, and an extension to the for loop. Y ou will probably do fineif you just read
these two sections, then skip to data types. (NOTE) The MBNF of the last section will be
reintroduced, and sometimes extended, on agradual basis, as new syntactic features are
covered.
(END NOTE)
(B-heading) Comments
There are three types of commentsin Java:
1. C style comments that begin with /* and end with */,
2. C++ style comments that begin with // and end at the end of aline and
3. javadoc style comments that start with /** and end with */ .
Commentsin Javaare just like those of C++. For example:
/1 This is a comment
/* and so is
this
*/
There are good rules of style to be followed when using comments. For example, use C
style comments when you have multiple lines because C++ style comments require the
“/I" in front of every line. For example:
/* This is a multi
i ne coment
it is easier to type
because you don't need a
/1 in front
of every line.
*/
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The C++ style comment is excellent for writing quick comments, since the end of the line

denotes the end of the comment, you don’t have to worry about the terminating */.

Javadoc comments start with a/** and end with a*/. The MBNF for the doc comment is

docConment -> "/**" " __ text ..." "*[" |

(CD-ROM icon) The JDK javadoc tool reads Java source code and scans for the javadoc

comments. When they are encountered, javadoc emits HTML. These documentation

comments are typically included before a class declaration, class member or constructor.

Code will work without them, but it is good practice to include them. They are not

supported by all development tools and, more specifically, are not supported by

Metrowerks CodeWarrior. As aresult we do not make use of the javadoc commentsin

this book. We have, as an aternative, built a custom documentation generator that comes

on the CD-ROM that comes with this book. (end CD-ROM icon)

(B-heading) Identifiers

Anidentifier starts with a letter and then contains letters or digits. It may not contain a

keyword. Identifiersin Java may be of unlimited length! Recall rule 47:

identifier ->
"a.z,$, " < "a.z,$,_,0..9,unicode character over 00C0O" > .

The MBNF for the keyword follows:

keyword -> “abstract” | “default” | “if” | “private” | “throw” | “boolean” | “do” |
“implements” | “protected” | “throws” | “break” | “double” | “import” |
“public’ | “transient” | “byte” | “else” | “instanceof” | “return” | “try” | “case” |
“extends’ | “int” | “short” | “void” | “catch” | “final” | “interface” | “static” |
“volatile” | “char” | “finaly” | “long” | “super” | “while” | “class’ | “float” |
“native”’ | “switch” | “const” | “for” | “new” | “synchronized” | “continue” |
“goto” | “package’ | “this’.

We were quite impressed when
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i nt
t heUnl i m t edLengt hConstrai nt Of The_Java |l dentifiers_can_brin
g_1234Interesting_Variabl es_i nto_your_code = 90;
compiled and ran!
We were also surprised when goto was listed as one of the keywords. Java does not
support goto, but reserves the goto keyword so that it may not be used as an identifier.
(Begin Note)
Operators are not permitted as a part of the identifier. Operators are discussed in the
following section. Identifiers are used in several placesin Java, as discussed in the
following sections.
(End Note)
(B-heading) Operators
In Javathere are assignment operators that are just like those of most other languages.
There are also the shortcut operators of C and C++. A typical assignment operator with
the shortcut version, common in C, C++ and Java follow:
=1 + 1
i ++;
Both versions have the same effect. The “+” operator is a binary operator, since it takes
two arguments. The “++” operator is a unary operator, since it takes only one argument.
Unary_operators-> “+"| “=" | “++" | “--" | “~" | “I" .
unary operators group right-to-left, so that:
-1
means the same as:
-(ri).
The MBNF for the Java operators follows:

Opermor > “ :u “ >u | “ <u | “!n | “w_n | “ ?1 | “ :1! | “ ::“ | “ <:u | “>:u u!:u | “&&11 | “ ”H |
“ ++11 | “_m | u+n | “w_n | [{ER1] | “/11 | u&" | 113 |n | 1.\ | 1] %H | 1] <<u | 113 >>u | “ >>>u
“ +:“ | “ _:u | u*:u | “/:u | u&:u | “ |:u | “ /\:u | “ %:u " <<:u .

In Java, you may have either prefix unary operators:
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++i
or postfix unary operators:
i ++;

April 13, 2000

Unary operators work just like their C counter-parts. The order of precedenceislisted

below, along with the MBNF.
postfix_operators->

T |4 <parameters> )" | "4+ [

unary_operators ->

R R At R el R
creation_operators->

“new |*(* <type>")".
multiplicative_operators->

g n | H/” | “%”.
additive_operators ->
n +II | 113 _” .

shift_operators ->

" US> | >,
relational_operators ->

"S> <=" | "instanceof" .
equality_operators ->

M= ="
bitwise AND_operator ->

II&" .
bitwise XOR ->

nan

bitwise OR ->
logica_AND >
"&&" .
logica_OR ->
conditi ond_opémor ->
R
assignment_operators ->

||:|| | ||+:|| | n _:u | ll*=ll | ll/=II | ll%=ll II>>=II ll<<=ll II>>>=II | ll&=ll | II/\=II |
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It isapart of the C idiom that assignment operators be augmented with other operators.

We shall give some examples of the augmented operators, "+=", " -=" , "*=" "/="
u%_u ||>>_|| ||<<_u ll>>>_ll ll&_ll ll/\_ll and |||_|| aSWEH % the COﬂdItIOI’] Operator
as these are the most commonly misused by our students.

For example:

i f (theCowsConmeHone) {System out.println("mo");}
el se Systemout.printin("no mlk for you!");
isthe same as
System out . printl n(
t heCowsConeHone ? "nmoo" : "no mlk for you!")
So the conditional_operator requires a boolean type expression followed by an expression
to return if truewith a™:", and then an expression to return if false.
Some examples of the augmented operators, with their non-augmented counterparts,
follow:
*= 10; // is the sane as:

=i * 10;
+= 10; // is the sane as:
=i + 10;
=i [/ 10;

>>= 3; // is the sane as:
=i >> 3; // aright shift with sign in the extension
>>>=9; // is the sane as:

i =1 >>>9; // aright shift with zeros in the extension
The following code example will reverse the bitsin an int. Bit reversal code is used to
perform transforms such as the Fast Hartley Transform (FHT) and the Fast Fourier
Transform (FFT):

int bitr(int j) {
int ans = O;

[
[
[
[
i /=10; // is the sanme as:
[
[
[
[
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for (int i =0; i< nu; i++)
ans = (ans <<1) + (j &1);
jo=i>>L

}

return ans;

The variable nu is declared as an int and is equal to the number of bitsto be processed. It
is common to replace bit shifting code above with look-up tables that group the bitsinto 8
or 16 bit groups. Thiswill be discussed when FFT agorithms are introduced.
(B-heading) Flow of Control
This section describes Java' s features for altering the flow of control. We note that Javais
strongly typed and so if , for, and while statements require boolean expressions as
arguments. In fact, all flow of control statements require boolean expressions, with the
single exception of the switch statement, which permits an integer type expression.
(C-heading) Expressions
Central to the use of the flow of control is the notion of a boolean type expression. Java
will not accept an expression that is of integer type, like C and C++ languages do. The
following MBNF defines the expression statement in Java, along with the testing
expression and the logical expression:
expression ->
numericExpression | testingExpression |
logicalExpression | stringExpression | bitExpression | castingExpression |
creatingExpression |
literalExpression | "null" | "super" | "this" |identifier | ( "("
expression ")" ) | (expression ( ( "(" [arglist] ")" ) | ( "[" expression
"1") | ("."expression ) | ( "," expression ) | ( "instanceof" (
className | interfaceName) ) ) )
numericExpression ->
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(" |t ]t expression) |

(expression ( "+ |"-"7))

(expresson ( "+" | "+=" | "-"

| "=t e E ] %t | "%=" ) expression ) .
testingExpression ->

(expression ( ">" | "<" | ">=" [ "<=" [ "==" | "I=") expression ) .
logicalExpression ->

( "I"expression) | (expression ( "ampersand’ | "ampersand=" | "|"

Y | A | thst (M ampersand ampersand” ) | MIIE | "% |

"00=") expression ) | (expression "7?' expression ":" expression) |
"true" | "false”" .

stringExpression = (expression ( "+" | "+=" ) expression ) .
bitExpression ->
( ll~ll expron) | ( expron ( ll>>:ll | II<<II | II>>II | ll>>>ll

expression ) .
In the following sections we give examples of expressions being used to ater the flow of
control.

(C-heading) If
The if statement in Java requires a boolean type expression
if Statement ->

"if" "(" expression ")" statement [ "else" statement] .
i f (type.conpareTo(" ConstantValue") == 0) {
if (i >= out.length) {
if (e.target == saveSound m) {
if (e.target == graphSound_m)
The then part of theif may take the shape of any valid statement, no ‘{}’ are required:
if (Math.abs(return_val) < 0.99)
return return_val;
el se return O;
An extended clause is often indented to indicate when the clause has ended. Sometimesiit
isgood style to indicate the end of the clause with a comment. For example:
if (interfaces == null) dos.witeShort (0);
el se {
dos.witeShort(interfaces.|length);

11:18 AM—Page 51 Chapter 9: Image Processing in Java



Digital Signal Processing Recipesin Javae Lyon and Rao April 13, 2000

for (int i =0; i <interfaces.length; i++)
dos. witeShort (
Const ant Pool | nf 0. i ndexO (
interfaces[i], constantPool));

/'l end el se

Thisis parti culgrly good to do when the beginning of a clauseis off the programmers
screen. Poor use of indentation and comments can make code hard to read. Consider the
following example:

if(x1 < datarect.x) x1 = datarect. x;

el se

if(x1 > datarect.x + datarect.w dth )

x1 = datarect.x + datarect.w dth;

if(yl < datarect.y) yl = datarect.y;

el se

if(yl > datarect.y + datarect. hei ght )
yl = datarect.y + datarect. hei ght;

Now compare the above code with the code below:
if (x1 < datarect.x) x1 = datarect.Xx;
else if (x1 > datarect.x + datarect.width )
x1 = datarect.x + datarect.w dth;

if (yl < datarect.y) yl = datarect.y;
else if (yl > datarect.y + datarect. hei ght )
1 = datarect.y + datarect. hei ght;
(BEGIN NOTE%I

Else-if isused asaword pair. This significantly cleans up and shortens the code.
(END NOTE)
Hereis another example, along if-else chain:

i f(xm nText.equal s(e.target)) {
xmaxText . request Focus() ;
return true;

} else

i f(xmaxText . equal s(e.target)) {
ym nText . r equest Focus() ;
return true;

} else

i f(ym nText.equal s(e.target)) {
ymaxText . r equest Focus() ;
return true;

} else

i f(ymaxText . equal s(e.target)) {
xm nText . request Focus() ;
return true;
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Now converted into the else-if style:
i f(xm nText.equal s(e.target)) {
xmaxText . request Focus() ;
return true;

} else if(xmaxText.equal s(e.target)) {
ym nText . request Focus() ;
return true;

} else if(ymnText.equal s(e.target)) {
ymaxText . r equest Focus() ;
return true;

} else if(ymaxText.equal s(e.target)) {
xm nText . request Focus() ;
return true;

Sugh long dispatches are common in Java.
(C-heading) While and do statements
The syntax of the while statement is given by the following MBNF:
whileStatement ->
"while" "(" expression ")" statement .
The while statement must have a boolean type expression, just like the if statement. Also,
the expression and following statement will be evaluated as long as the boolean
expression returns true. If the expression returns false, the statement will not be executed.
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If the statement throws an exception, the while statement will throw one too. The while
statement always evaluates the expression first, before evaluating the statement. To
change this order use the ‘do’ statement. The MBNF for the ‘do’ statement is:

doStatement ->

"do" statement "while" "(" expression ")" ;" .
The do statement will always evaluate the statement at least once, before evaluating the
while statement. The do-while structure of Javaisjust like the repeat-until structure of
Pascal. It is acompile-time error to pass a non-boolean type expression to the do-while.
To make an infinite loop, just make the boolean expression a constant true, asin:
while (true) {

draw() ;

try {Thread. sl eep(1000);}

catch (I nterruptedException e) {}

}
It is common to embed assignments in the boolean expression given as an argument to
the while statement. For example:

whil e ((next = tokens.nextToken()) != tokens. TT_ECF) {
Note the required use of the parentheses, a compilation error would result if

whil e (next = tokens. next Token() != tokens.TT_ECF) { //BUGQ
were written instead. Thisis due to the assignment operator taking lowest precedence.
The "tokens.nextToken()" sets the next int to a value and, checks the value against the
tokens. TT_EOF class variable, an action that returns a boolean.
(C-heading) Switch
The switch statement transfers control to one of severa statements depending on the
value of an expression. It isacompile-time error if the expression is not constant or one
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of char, byte, short, or int. The following is the MBNF for the switch statement:
switchStatement ->
"switch" "(" expression ")" "{" < ( "case" expression ":" ) | ( "default”
"") | statement > "}t .
The use of the switch statement generally involves a Break.. For example:
switch (expression) {
case const_1:
st at enent 1,
br eak;
case const_2:
st at enent 2;
br eak;
defaul t:
st at enent 3;
br eak;

If you leave out the break any remaining branches are executed. There may only be one
default branch in the switch statement. It istypical in Javato have long switch statements
when dispatching keyboard events. For example:
publ i c bool ean keyDown(Event e, int key) {
switch (key) {
case '0':
openAudi oSt reant() ;
return true;
case 'v':
saveAs();
return true;
case 'p':
play();
return true;
case 'n':
normal i ze();
return true;
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case

case

case

case

case

case

case

case

case

case

case
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m

an() ;
return true;
Ifl:

f();
return true;
I/\I:
sawave() ;
return true;

e':

April 13, 2000

ul awbat a=Audi 0. encodeU aw( doubl eDat a) ;

return true;
"1

ffe();
return true;
t2'

ifft();
return true;
'3

dft ();
return true;
"t

ti meDel ay();
return true;
graphSound() ;
return true;
td

doubl eData =
return true;
's'

si neWave();
return true;
squar eVave() ;
return true;

Audi 0. decodeU aw( ul awbat a) ;
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case 'T':

tri angl eWave();

return true;

Ir.l.

ul awbat a = Audi 0. reverse(ul awbat a) ;
return true;

‘u'

graphU aw() ;

return true;

case

case

Keyboard} shortcuts are very popular with the more experienced users of an interface. It is
unfortunate that the switch statement can only take scalar values. The sametest is
typically performed for menu-item instances, with lengthy code as the result.
(C-heading) For

The for statement is 10 times more common than the while statement in the DiffCAD
program. The MBNF for the for statement follows:

forStatement ->

"for" "(" (variableDeclaration | (expression ";" ) | ";" ) [expression]
";" [expression] ";" )" statement .

variableDeclaration ->
<modifier > type variableDeclarator < "," variableDeclarator > ";"
variableDeclarator ->
identifier < "[" "]" > [ "=" variablelnitializer] .
variablelnitializer ->
expression | ( "{" [variablelnitidizer < "," variablelnitializer > [","]]
Typically the for statement takes the form:
for (initialization; test; update) statenent.
The test must be a boolean type expression, or a compile-time error results. If thetest is
not satisfied, the statement will not execute. The statement does not have to execute, even
once. Some examples of the for statement follow:
for (i=1; i <99; i++) {
}; /1 null statenent
for (;;) {// aninfinite |oop
if (expression) { break}
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/'l nore junk here

}
for (int i =99; i < 50; i++)
System out printl n("I never printed");
The*“,” is permitted in the initialization and increment section of the for loop. For
example
for (i=0, j=10; i < 100; i++, | +=2) {
/I nmore stuff here

If t%e initializations or update parts of the for loop throw an exception, then the for loop
will throw an exception. The for loop is the only statement in Java that uses the comma as
a separator.
(C-heading) Continue
The continue statement in Java aborts out of an iteration. It is a compile-time error to
have a continue in something other than awhile, do, or for statement. A continue
statement with no label identifier proceeds to the next enclosing iteration. A continue
statement with alabel identifier proceeds to the next enclosing labeled statement. The
MBNF for the continue statement follows:
continue_statement ->

"continue" [identifier]

For example:
foo: for (int i =1; i <5; 1 ++) {
for (int j=1; j <5; j++) {
if (i %) ==

Systemout. println("continue");
conti nue foo;

}
Systemout.print(i*j +" ");

Systemout.println();
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The above code will output:

1234

2 4 continue

3609 12

4 8 12 16

A more typical usage is shown below
for (int i =1; i < constantPool.length; i++) {
if (constantPool[i] == null)
conti nue;

[/ nore stuff foll ows

Here continue will proceed to the next i without finishing the rest of the loop.
The labeled continue appears to be less popular than the unlabeled continue. In DiffCAD
there is not a single use of the labeled continue.
(C-heading) Break
The break statement appears much more often in the Diff CAD program than the continue
statement (345 times vs. 15 times). The MBNF for the break statement is given by:
break statement ->
"break" [identifier] ";"

It isa compile-time error not to enclose break within a break target. Valid break targets
are labels, switch, while, do or for statements. Break may be used with or without an
identifier label. Break causes control to pass to the innermost enclosing break target. The
break target completes normally. Compare this to a continue statement in a loop.
Continue will continue with the loop, break will break out of it.
The following example permits the for-loop to terminate normally for two reasons. The
first isthe for-loop expression, n < 2*Math.PI, that is only tested at the top of the loop,
the second is the (i >= out.length) expression, that is tested at the bottom of the loop.

done: for (double n = 0; n < 2*Math.Pl; n = n + step) {
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out[i] = in[i]* Math.sin(n);
i ++;
if (i >= out.length) { break done;}

In the following case, the break is removed by adding a more complex test in the for-
statement.
for (double n = O;
(n <2*Math.Pl) &% (i < out.length);
n += step, i++) {
out[i] = in[i]* Math.sin(n);

Sometimes the break statement is essential, like in a switch statement.
(C-heading) Return
The return statement in Java takes an optional expression. It transfers control to the
invoker. The MBNF for the return statement follows:
return_statement ->
"return” [expression] ;"
When the expression is omitted, void is returned.
(A-heading) Data Types

Datatypesin Java are divided into two basic categories, the reference types and the
primitive types. The reference types consist of 3 sub-types, class types, interface types
and array types. We defer discussion of interface types and array types until later. The
following two subsections describe the primitive types and the class types.

(B-heading) Primitive Types

Java has severa primitive types. Primitive types can store primitive values, each of which
needs a specific number of bits of storage and has a specific precision.
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The primitive data types of Java are sometimes also called scalar types. There are two
kinds of scalar types, boolean and numeric. Boolean types may have two predefined
values, true or false. Numeric types may be sub-classed into two sub-types, integer or
floating point. There are five kinds of integer types and two kinds of floating point types.
Figure 2.1 shows the taxonomy of the primitive typesin Java.

Figure 2.1 Taxonomy of primitive typesin Java.
Each of the primitive data types is assigned a specific amount of storage. Its value and
range are shown in Figure 2.2.

Figure 2.2 Values and ranges for primitive data types.
All variables in Java are held as undefined until set.
For example, in the following code:

public class Trivial Application {

public static void main(String args[]) {
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int X;
Systemout.printin( x );

avariable, x , was declared, but not initialized before being accessed. Thisis acompile-
time error in Java and the compiler emits:

Error : Variable x may not have been initialized.

Trivial Application.java line 7 Systemout.println( x );
All integer data types (byte, short, int and long) are signed. All charactersin Java are
Unicode. Unicodeis an international standard [Unicode]. The character typeis defined as
a 16-bit unsigned unique code values. For example:

char ¢ = ‘a’;

It is possible to assgn anumeric literal to a character-typed variable and a character
literal to an integer variable:

char theChar = 48;

I nteger thevalue = *a’;

All reals are stored as single precision floating point numbers, called floats, or double
precision floating point numbers, called doubles. Javareals use the |EEE 754-1985
format [|EEE]. The smallest and largest positive non zero values for floats range from
1.40239846e-45 to 3.40282347e+38 (Float. MIN_VALUE and Float. MAX_VALUE).
The smallest and largest positive non zero values for doubles range from
4.94065645841246544e-324 to 1.79769313486231570e+308 (Double MIN_VALUE and
Double MAX_VALUE).

Now for areality check. Using the Metrowerks CodeWarrior we discover the floating
bugsin the Javafloating point libraries:

class fp_error {
public static void main(String argv[]) {
float fmn = Float. M N _VALUE;
float frmax = Fl oat. MAX_VALUE;
doubl e dm n = Doubl e. M N _VALUE;
doubl e dmax = Doubl e. MAX VALUE;
String b =" ",
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/'l bug in FP
Systemout.printin(fmn + b + frmax +
b +dmn + b + dnax);

}

The above outputs:
1.4013e-45 3.40282e+38 2. 22507e-308 1.79769e+308

Please note that round(1.40239846e-45) = 1.4024e-45 not 1.4013e-45, as CodeWarrior
indicated. It has output:

3.40282e+38 instead of 3.40282347e+38

2.22507e-308 instead of 4.94065645841246544e-324

1.79769e+308 instead of 1.79769313486231570e+308
Note that the 2.22507e-308 is off from 4.94065645841246544e-324 by 16 orders of
magnitude! The problem with the output from printin is also documented in the language
gpecification (20.10.15). In short, it saysthat “it renders finite values in the same form as
the %g format of the printf function in the C programming language, which can loose
information because it produces at most six digits after the decimal point.” In fact, our
search of the println source code shows the implementation depends upon acall to a
String class conversion method called toString. This explains why the error existsin the
toString method as well as in the System.out.printin.
Finally, the wrong value for the MIN_VALUE variableis actually Sun's fault. If you look
at the source for Double.java (for the Mac and Windows versions of the 1.0.2 API), it
declares MIN_VALUE as 2.225..e-308 instead of 4.94..e-324:

public static final double M N VALUE =

2.2250738585072014E- 308;

We have verified this with cross platform testing (Solaris, Windows 95/NT and MacOS).

The HTML docs, however, show the correct value (as do all books we have seen on
Java)! The 1.1 sources should correct this problem.
The following program shows how to code the escape sequences into Java:
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package stringUilities;

public interface Char {

char backspace = "\b';
char horizontal Tab = "\t';
char newLine = '\n';

char fornfFeed = '\f"';

char carrageReturn = "\r"';
char doubl eQuote ="\"";
char singleQuote ="\"";
char backSl ash = "\\"';
char maxCctal = '\ 377" ;
char mnCctal = '\000';
char maxUni code = '\ uFFFF' ;
char m nUni code = '\ u0000';

}

(B-heading) Named Constants
Constants are values that remain unchanged during their life. For example

static final double Pl = 3.14159265358979323846;
The term, static is known as amodifier. It indicates that thereisto be only one
incarnation of thefield; PI. Final indicatesthat Pl cannot change during the life of the PI
variable. Assignment of afina field isacompile-time error. You may, if you like, restrict
the visibility of the static final field by using a modifier prefix. Y ou may perform
computations with knowns on the right-hand side of the equals sign. For example:

private final double pi_2 = Math.Pl * 2;

Here we see that the field, pi_2 hasa private visibility. This meansthat the pi_2 nameis
not visible outside of the class (a discussion which we defer until later). Any valid type
specifier may follow the final modifier. The MBNF for thisis:

typeSpecifier ->
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"boolean" | "byte" | "char" | "short" | "int" | "float"™ | "long" |
"double" |className |interfaceName .
The following are examples of the final modifier:
static final int HORI ZONTAL = O;

static final String version = "1.0";
public static final int ACC PUBLIC = Ox1,;
static final float twoPl = (float) (2*Math.Pl);

public static final char NOT_CODE = (char) 12;
private static final long UNIT = 1000;
Note the use of the "0x1". Thisis used to denote hexadecimal code. Also note the use of
the cast operators " (float)" and "(char)". Casting is run-time type conversion. Casting is
discussed in more detail later in the chapter.
(B-heading) Classes
This section introduces a reference type known as a class. A classis a combination of
code ( methods ) and data ( variables) joined together into asingle entity. A classis
essentially a description of how to make an instance of an object. Thisiswhat makes Java
object oriented. Every instance has a class which is used to determine how to create the
instance, what variables the instance will contain, and what messages the instance will
respond to. Instances of classes are of reference type. In Javaareferenceisjust likea
pointer, only no pointer arithmetic is permitted.
The following is a summary of the MBNF needed to declare a class:
classDeclaration ->
<modifier > "class" identifier [ "extends' className] [ "implements"
interfaceName < "," interfaceName >] "{" <fieldDeclaration> "}" .
modifier ->
"public* | "private" | "protected” | "static* | "fina" | "native" |
"synchronized" | "abstract” | "threadsafe" | "transient”
identifier ->
"a.z,$,
className ->

< "a.z,%$,_,0..9,unicode character over 00C0Q" >

identifier | ( packageName "." identifier) .
interfaceName ->
identifier | ( packageName "." identifier) .

fieldDeclaration ->
( [docComment] ( methodDeclaration | constructorDeclaration |
variableDeclaration) ) |staticlnitializer | ";"
In Javaaclassisan entity that is able to define both the data structure and the a gorithm
for manipulating the data structure. The class name consists of an identifier (which may
be of any length), and the class may extend another class. In Java, classes are able to form
an AKO (A-Kind-Of) taxonomy, as described in Chapter 1.
public cl ass Appl et Franme extends Frane {}
Aninstance of aclass has atype. The new operator is used to make an instance of aclass.
For example:
cl ass point {
public double x,yvy;
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poi nt pl = new point();
pl. x 1
pl.y

11;

In order to gain access to the Java class libraries, the programmer must import them. This
is done with an import statement. For example:

i mport java.awt.*;

i nport java. appl et. Appl et
Import is described in more detail later in this chapter. To build on the methods and data
structures of a parent class, a subclassis constructed that extends the parent class. For
example:

public class Appl et Frame extends Franme {
In this case, the AppletFrame class extends the Frame class. This means that the
AppletFrameis akind of Frame. Sometimes we would like to have a class that can never
be instanced, only extended. When this occurs, we would declare the class as abstract.
For example:

abstract class AppletUi |
AppletUtil isan abstract class. A reason we might like to keep AppletUtil abstract is that
it contains some combination of methods and fields that are to be inherited or overridden
by a subclass. For example:

I mport java. applet.*;

i mport java.aw.*;

abstract class AppletUil {
static Franme appl etFrame = new Frame();

static void run ( Applet applet) {

appl et Frane. addNot i fy();
appl et Frane. add(" Center", appl et) ;

appl et Frane. r esi ze( 400, 400) ;

applet.init();
appl et Frame. show() ;
applet.start();

}

In this case, we can never make an instance of the AppletUtil class, because it is abstract.
However, we can access the appletFrame variable and we can even invoke the run
method, without ever making an instance. For example,

AppletWil.run(a);
will run an instance of the Applet class, called a. This hasintroduced the basic concept of
amethod. Classesin Java have two possible members, fields and methods. For example:
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public class | Hat eHel | oWor | dExanpl es {
public static void main(String args[]) {
Systemout.println("hello world");
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Above we see aclass called IHateHelloWorldExamples . A Java application,
|HateHelloWorldExamples contains a main method that isinvoked at run-time. This
causes the "hello world" string to be printed on the console. The following, more
elaborate example shows several numbered lines. The line numbers are for reference
only. Lines 1 and 2 are used to import the Java classlibraries.

1. i mport java.util.*;
2. I mport Ijava.awt.*;
Line 3 shows one class subclassing (also known as extending) another. Line 4 shows a

class method with no return, not even void. This class method has the same name as the
class and is called the constructor. The constructor returns an instance of the class when
new isinvoked.

class Canera_grating_li
Canera_grating_line() {

color =
Col or. bl ue;

}.o..

The Camera_grating_line classis akind of Shape. It contains one method and no fields.
The color field is stored in the Shape base class.

ne extends Shape {

No o hw

(C-heading) Overloaded Methods

As mentioned before, in Java there are no functions, only methods. Methods provide the
algorithm for manipulating data that is stored in the class member variables. The
constructor is amethod. If no constructor is specified then a default constructor is
provided. The default constructor takes null as an argument. The default constructor is
overridden when another constructor is specified. For example:

class Lanp {
bool ean on;
int Wattage;
Lamp (int w) {
Wattage = w

}
Lanp () {

Wat t age = 100;
}

11:18 AM—Page 68 Chapter 9: Image Processing in Java



Digital Signal Processing Recipesin Javae Lyon and Rao April 13, 2000

The Lamp constructor has been over loaded with two versions. The first version will
support:
Lanp di m = new Lanp(40);
While the second version supports the constructor invocation:
Lanp bright = new Lanp();
Javarequires that the methods have difference signatures. The signature of the method is
determined by the number of arguments and their compile-time types.
(C-heading) Static Methods
Classes that contain static fields have only one copy (or instance) of the static member
variable. The static member variable is therefore global to all instances of the class. For
example:
i mport java.awt.*;
I mport java. appl et. Appl et ;
cl ass apple {
static int nunber O Appl es = 0;
appl e() { nunber O Appl es++ ;}

Every time anew apple instance is made, the number OfApples member will be

incremented. Further, al instances of the apple class will be able to access the same

number OfApples field. Thus, the number OfApplesint is stored in only asingle placein

memory.

Static members are instantiated when the classis initialized. They may not throw an

exception without creating a compile-time error. Also, they may not refer to variables that

have not been defined. So, for example:

public class Lanp {

static int wattage
static int voltage

vol t age*current;
110;
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static int current = 1;

Results in acompile-time error:

Error . Can't nake forward reference to voltage in class
Lanp.
Lanp.java line 2 static int wattage = voltage*current;

On the other hand, if power is computed by a method, then no such check is performed,
but perhaps it should be. For example:
public class Lanmp {

static int wattage = power();
static int voltage = 110;
static int current = 1;

static int power() {
return voltage * current;

public static void main(String argv[]) {
Lamp i = new Lanp();
Systemout.println("The power is "+ i.wattage);

}

Wih print:

The power is O
Why should the power be zero? Power is current times voltage. Both are set to non-zero
values. Yes, it does compile and run. So what gives? The answer is the order of
dependency. The power method isinvoked first. The values for voltage and current are
unset (and default to zero). Thus power is set to the proper 110 watt answer, only if both
current and voltage are defined first. For example:

public class Lanmp {

static int voltage
static int current

110;
1;
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static int wattage = power();

static int power() {
return voltage * current;

public static void main(String argv[]) {
Lamp i = new Lanp();
Systemout.println("The power is "+ i.wattage);

}

Wih print:
The power is 110 . . ' .
So there are two points we learned from this example; 1. static variables must be defined

in the order of independent first, dependent second, 2. static methods cannot be used to
avoid constraint 1.

(C-heading) Null
One of theliterals of Javais null. Null is what you get when nothing has been created.
For example:
if (sone_object !'=null)
Systemout. println(“Cbject Exists!”);

Nuh has a null type and is the default value for any type that has not been created. For
example:

class test {
int i[99];

test foo = new test();
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At this point, foo.i isequal to null. It is not until the memory is allocated for the array
contained in the foo instance of the test class, will thei field be non-null. For example:
foo.i = newi[99];
Will set thei array, and i will no longer be null in value.
(C-heading) Casting
Type conversion in Javais called casting. When casting is performed, it isarun-time
operation. Casting is able to convert only between compatible types and always resultsin
avalue, not avariable.
Sometimes the only way to know for sure when types are compatible is to run the
program. If a ClassCastException is thrown at run-time, then the type conversion failed.
It isalways correct to cast an instance from a subclass to its super class. For example:
1. for (int i=0; i < v.size(); i++)
2. s = (Shape) v.elenmentAt(i);
3. s.print();
4

Inline 1, an instance of aVector, v is accessed for size. The elementsin the vector are
accessed using line 2. Note that each element in the vector is a class that extends the
Shape class. It is always correct to cast the subclass of the Shape class back into the
super-class. This enables print() method invocation on each shape in the vector instance.
(C-heading) Subclassing and Super

One feature of the Java classisthat it can intrinsically represent taxonomic structures
(like those described in Chapter 1). The taxonomic structures are formed by Java classes
when a sub-class extends a super class. Thistype of extension is called direct inheritance.
Thus, in terms of knowledge representation, Java classes can represent the AKO (a-kind-
of) relationship. In addition, Java classes can represent the has-a relationship using the
class member variables. For example, we can represent the statement: “A student is a-
kind-of human” by creating a student class that extends the human class. We can also
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represent the statement: “The student has-a pencil” by placing a class member variable of
pencil class type into the student class construct. In the following section we present the
syntax of Java and its relationship to the semantics of Java.
A class may be used to provide a container for an instance variable of any primitive type.
For example:

class Lanp {

bool ean on;
}

Lamp | = new Lanp ( );
| .on = true;
A Javaclass may be used to store a reference to named constants:
class Constants {
static final double Plon2 = Math.Pl / 2;

No%i ce that these class examples have no methods. When one class extends another, we
are sub-classing a super class. The sub-class will inherit the member-variables, and
methods, of the super-class. In the case of a name conflict, the sub-class implementation
always over-rides the super-class implementation. For example:
class Lanp extends Constants {
doubl e power = 100 / Plon2; // watts
bool ean on = true;

(BEGIN IilOTE)
The power in the Lamp classis set using a Plon2 constant that is inherited from the
Constants class. In this case, it is not strictly correct to say that the Lamp is a-kind-of
Constants and thus the extends is being used as a programming convenience, not a means
for knowledge representation.
(END NOTE)
On the other hand:

cl ass Student extends Human {

Penci | p;
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class Human {
bool ean bald = fal se;

NO\}N we represent the statement that “Doug is a bald student with a pencil”:

St udent doug = new Student ();

doug. p = new Pencil ();

doug. bal d = true;
Super is akeyword that permits a subclass to call-upon the instance variable or method of
the super class. For example:

1. public class O osabl eFrane extends Frane {

2. |/ constructor needed to pass windowtitle to class
Fr ame

3. public O osabl eFrame(String nane) {

4. /1 call java.awt.Frane(String) constructor

5. super ( name) ;

6.

7. /Il needed to allow w ndow cl ose

8. publ i ¢ bool ean handl eEvent (Event e) {

9. /'l W ndow Destroy event

10. if (e.id == Event.W NDOW DESTROY) {

11. di spose();

12. return true,

13. }

14. /Il it's good formto let the super class |ook at
any unhandl ed events

15. return super. handl eEvent (e);

16. } // end handl eEvent ()

17. % /1 end class d osabl eFrane
Line 15 of class ClosableFrame invokes super.handleEvent because the event that was
passed, e, may not have been a Event. WINDOW_DESTROY event. In that case, it may
be that the super classis able to decode and handle the event properly. A frame that
extends the ClosableFrame will inherit the ability to handle the
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Event WINDOW_DESTROY events by invoking super.handleEvent(e).
(C-heading) Abstract Classes and M ethods
An abstract classis aclass that can never be instanced. It is a compile-time error to
attempt to instantiate an abstract class. An abstract class must be extended before it can
be instantiated. A class may become abstract in several ways. One way isto declare the
class as abstract. Another way is to declare a method within the class as abstract. Y et
another way isto extend an interface or abstract class without providing an
implementation for the abstract methods in the interface or superclass.
(BEGIN NOTE)
A class should be declared abstract only if the intent is that subclasses can be created to
complete the implementation.
(END NOTE)
Abstract classes are used to create super classes that have to be extended. This situation
typically involves the implementation of some, but not al methods. Methods without an
implementation are declared abstract. Abstract methods must be implemented by a
subclass before the subclass may be instanced. If a subclass does not implement the
abstract methods, then the subclassis al'so an abstract class, eveniif it is not explicitly
declared as abstract. Java supports polymorphism by casting instances into their common
super classes. The super classes will typically have abstract methods that are
implemented by the subclasses. For example, in Diff CAD there is an abstract class called
shape:

abstract cl ass Shape extends conputation {

' abstract void draw Gaphics g);

There are many different kinds of Shapesin the DiffCAD program. They are all stored in
avector instance called drawnShapes. Polymorphism is performed when the shape
subclass instances are accessed in the drawnShapes vector, cast into their Shape super
class and then used as the target of the draw method. For example:

Shape s;

for (int i = 0; i < drawnShapes.size(): i++) {

11:18 AM—Page 75 Chapter 9: Image Processing in Java



Digital Signal Processing Recipesin Javae Lyon and Rao April 13, 2000

s = (Shape) drawnShapes. el enment At (i) ;
s.drawm g);

Shape polymorphismis possible for any of the methods (even the non-abstract ones) in
the Shape class.
(C-heading) Final Classesand Methods
In contrast with abstract classing, which requires that a class be subclassed to be
extended, thereisfinal classing. A classthat is declared as final may not be extended. It
may be instanced, however. Fields in aclass that are declared as final become constant
throughout the life of the class. (BEGIN NOTE) To prevent afinal class from being
instanced, declare asingle private constructor and never instance the class internally.
(END NOTE) For example:

public final class Audio {

/1l Prevent instantiation

private Audio()
The final modifier will prevent the Audio class from being extended. The private
modifier will prevent the constructor from being visible. Further, the existance of a
constructor will override the default constructor. Thus, if no method within the Audio
classinstantiates the Audio class, the Audio class cannot be instantiated.
Final may also be used as a method modifier. This prevents the method from being
overridden. For example:

public final bool ean keyDown(Event e, int key) {
Ma'y'llead to acompiler optimization, as well as prevent any subclass from over-riding the

keyDown implementation.
When final is used on aclass, type checking can occur at compile time.
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(C-heading) Packages
The package statement is used by the programmer to isolate the class and interface name
space so that only public classes and interfaces will be used by non-package
programmers. This restricts default access of classes and interfaces to package
programmers.
The MBNF for packages follows:
packageStatement ->
"package" packageName ";" .
packageName ->
identifier | ( packageName "." identifier)

In order to build alarge program, it is often to your advantage to divide it into
subsections, each of which reside in a package. Import classes that are declared as public
and have public constructors. For example, Diff CAD has an HTML generator. HTML
stands for HyperText Markup Language and is a common file format that is read by
browsers on the world wide web (WWW). The Diff CAD HTML generator readsin C,
C++ or Java and outputs a colorized version of the source in HTML. The generator,
which consists of 15 difference source files, has a single public class with asingle public
constructor. Anything that is not declared public in the package (i.e., that has private or
default visibility) will not be visible, even after the import statement isissued. The error:

Error : No constructor natching

H m Generator(java.lang. String) found in class

ht m converter. H m Gener at or.

process _nenuitemjava |ine 21 new Ht m Gener at or (" The

HTM. Cenerator");
is emitted when

H m Generator hg =
new Ht m Generator (" The HTML Generator");
hg. mai n(nul | ) ;

is processed by the compiler, because the default visibility is not sufficient for the
package. Only by providing the public accessor for the constructor:
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public Htm Generator(Strierég title) {
can the Html Generator class be instanced.
(BEGIN NOTE)
A package permits a grouping of multiple classes and interfaces into a unit that can be
developed and deployed separately.
(END NOTE)
The declaration of public from within aclassis an explicit advertisement to those who
would import your package. It, in effect, says “you need thisto use my package”.
When classes are written into a source file with no package declaration, they become a
part of the unnamed package. Code that resides in packages should not use code in an
unnamed package. Java has a compilation unit design goal. Packages are the mechanism
that Java provides for creating separate compilation units.
Every class must reside in a compilation unit. An unnamed package is, in effect, an
unnamed compilation unit. It is probably a Java design flaw to permit unnamed
compilation units to compile.
Packaging is essential for writing large programs. Once upon atime, in afit of quick
prototyping frenzy, a programmer decided to write many classes without placing them in
apackage. Of course the sophisticated reader will NEVER do this! Everything worked
just fine, the days were sunny and programmer was productive. Then, one day, the
program got so big and intertwined that even the programmer had trouble sorting out the
interdependencies. “If only packaging had been enforced, then | could have doneiit all
along”, he thought. The sun began to set as the well-intentioned efforts to introduce
packages into alarge system began to fail. The programmer is still trying to grapple with
this massive code block, even today. The programmer’ s productivity has fallen. The sun
no longer shines. He has taken to drinking lots of java. His blood pressure shot up as he
became a Javaholic. Thisled to no-good and he soon began writing books on Java.
Moral of story: Package small, package often!

(C-heading) Imports
Import is areserved keyword in Javathat permits packages to be brought into the name
space. Packages are like libraries in C. Packages are used to organize Java program
libraries and to control type access. For example, aclass or interface typeis only visible
outside of a package if it is declared as public. The required Java packages are java.lang,
java.util and java.io. The MBNF for the import statement follows:
importStatement ->

"import” ( ( packageName "." "*" ":" ) |

( className |interfaceName) ) ™" .
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Extraimports are discarded, but can make compilation take longer. For example:
i mport java.io.*;
i mport java.util.*;

Import all the public classes and interfaces in the java.io and java.util packages. Itis

possible to import asingle class or interface from a package. This may prevent a name

space conflict. For example:
i mport java.io.FilenaneFilter;
i mport java.io.File;

Are generally the only two classes needed to build a FilenameFilter. Y ou can build up a

package by the use of the package statement.

(C-heading) Visibility

Visibility isthe aspect of an identifier that permits access to the name space that contains

the identifier. If anidentifier isvisible, it may collide with another identifier. Thisis

called name-space contention. Further, if amethod is not visible, it may not be invoked.

The MBNF for the modifier is:

modifier ->
"public* | "private" | "protected” | "static* | "fina" | "native" |
"synchronized" | "abstract" | "threadsafe" | "transient” .

The visibility modifier is a subset of the consisting of

visibility_modifier ->
"public* | "private" | "protected” .

1. public — gives the world access to your class, method or field variable. It isrequired for
those types you wish to advertise for use outside of your package. The public
modifier applies to classes, methods and variables.

2. protected — gives access to the class, subclass and package. It may only be applied to
methods and variables.
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3. default — gives package access. Classes that import the package will not be ableto
access types that have default access. To give such access, the type must be
declared as public.

4. private protected - class/subclass access. It may only be applied to methods and
variables. Private protected prevents package access. Private protected isto
be removed with JDK 1.1.

5. private — accessible only within this class. Private access prevents inheritance. It may
only be applied to methods and variables.

It isidiomatic of Javato have a collection of public static methods contained in apublic

final class with a private constructor that is never invoked. The Math package is like this.

So isthefile utility package in DiffCAD, called futil. For example:

public final class futil ({

/ * *
*/ Don't | et anyone instantiate this class.
*
private futil () {}
Access by Access to Inherited
non- Accessto |non- Accessto |Inherited |by
subclass |subclass |subclass |subclass |by subclass
from from from from subclass |in
same same different |different |in asame |different
package package package package package package |w=
private 0 0 0 0 0 0 O
private
protected 0 0 0 0 1 1] 2
default 1 1 0 0 1 0 3
protected 1 1 0 0 1 1] 4
public 1 1 1 1 1 1/ 6
Table 2.1. Visbility Matrix
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Table 2.1 shows the visibility matrix for Java. A ‘1’ in the visibility matrix indicates a
true condition, a 0 indicates a false condition. The row is summed to obtain a*“weight”
for the visibility vector. The weight is shown in the ‘w’ column. For example, private
gives no access outside of the class, so the weight is zero. Public gives you complete
access so the weight is 6. An example of both the use, and abuse, of the visibility
modifiers follows:
public class visible {
public String publicString = "publicString”;
String defaultString ="defaultString";
protected String protectedString = "protectedString”;
private protected String privateProtectedString =
“privateProtectedString”;
private String privateString = "privateString";
/1l What follows is not in the Spec...it just worked
her e.
private public String privatePublicString =
“privatePublic"; //gosh!
public private String publicPrivateString =
"publicPrivate"; //a stranger in a stranger |and...
protected public String protectedPublicString
"protectedPublic"; //can you stand it?
public protected String publicProtectedString
“publicProtected"; //art is what you get away with.
public protected private String
publ i cProtectedPrivateString = "publicProtectedPrivate";

public class invisible extends visible {
String i GetPublicStrings = publicString;
String i GetDefaultStrings = defaultString;
String i GetProtectedStrings = protectedString;
String i GetPrivateProtectedStrings =
privat eProt ectedString;
/1 String iDontGetPrivateStrings = privateString;
String i GetPrivatePublicStrings privatePublicString;
String i GetpublicPrivateStrings publ i cPrivateString;
String i GetProtectedPublicStrings =
pr ot ect edPubl i cStri ng;
String i GetPublicProtectedStrings =
publ i cProtectedString;
String i Get PublicProtectedPrivateStrings =
publ i cProt ectedPrivateString;

}

11:18 AM—Page 81 Chapter 9: Image Processing in Java



Digital Signal Processing Recipesin Javae Lyon and Rao April 13, 2000

(BEGIN NOTE) The public modifier appearsto override private, no matter what the
order. (END NOTE) Thisis not apart of the specification for Java. It just appears to
work. It is probably within the vendors right to declare a private public declaration a
semantic error.
(C-heading) Interfaces
Aninterfaceislike an abstract class with only abstract methods and constant fields. The
interface can hold no method implementations and is defined just like a class except that
it uses the keyword interface rather than class. What follows is the MBNF for the
interface declaration:
interfaceDeclaration ->
< modifier > "interface” identifier [ "extends' interfaceName < "
interfaceName>] "{" <fieldDeclaration> "}" .

fieldDeclaration ->
( [docComment] ( methodDeclaration | constructorDeclaration |
variableDeclaration) ) |staticlnitiaizer | ";" .

interfaceName ->
identifier | ( packageName "." identifier) .

Note that an interface declaration can extend multiple interfaces. The interface can serve
as another reference type, but can never be instanced. Thus classes that implement an
interface can always be cast back to the interface type.

Class identifiers and interface identifiers are aways global to the package in which they
reside. Therefore classes and interfaces in the same package must have different
identifiers. It is redundant to declare an interface as abstract as interfaces are implicitly
abstract. It is redundant to declare the field declarations as public static and final as they
areimplicitly public static and final. All fields must beinitialized. Thereis no primordial
interface (like the Object classis aprimordial class). It is acompile-time error to have
ambiguous inherited fields in an interface. For example:

public interface real dunb {
double PI = 4;

public interface dumconstants {
double PI = 3;
}

public interface m xed up_constants extends dum constants,
real dunb
{doubl e foo=PI;}

Error . Reference to Pl is anbiguous. It is defined in
interface real _dunb and interface dum constants.
constants.java line 17 {doubl e foo=PI;}

The following are some correct uses of interfaces. For the first example we show how
interfaces may be used to group constants together:
public interface constants {
double Pi _on_180 = Math. Pl / 180;
double PI = Math.Pl;
double Pi_on_2 = Math.Pl/2;
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doubl e Pi_on_4 = Math. PlI/4;

Hereis one where thereisalarge array of symbols being stored:
public interface Cpl uspl usText ({
public static String cpluspl usReservedWrds[] = {
"asnt,
"aut 0",
"break",
"case",
"catch",
“char",
"cl ass",
"const",
"conti nue",
"defaul t",
"del ete",
“do",
“doubl e",
"el se",
"enun',
"extern",

11:18 AM—Page 83 Chapter 9: Image Processing in Java



Digital Signal Processing Recipesin Javae Lyon and Rao April 13, 2000

"float",
"friend",
"for",

"got 0",
i,
“inline",
"int",

"1 ong",
"new',
"operator",
“private",
"protected”,
"public",
"register”,
"return",
"short",
"si gned",
"si zeof ",
"static",
"struct",
"switch",
"this",

"t hrow',
try”,
"typedef ",
"uni on",
"unsi gned",
"virtual ",
"voi d",
"volatile",
"whil e"

In the 125} files that make up our Diff CAD program, the interface was never used to
extend multiple interfaces. We find assertions in other books, that the interface gives Java
akind of multiple inheritance, to be groundless. Java has no multiple inheritance for
implementations. Java has multiple inheritance of prototypes viainterfaces. A good use
for multiple inheritance
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of prototypesisasawork-around for Java's strong typing. Strong typing constrains
method invocation. We will see examples of thisin the following chapter.
(B-heading) Wrapper classes
The wrapper classes are used to promote a primitive data type into a reference data type.
After this promotion is accomplished, the reference type permits a series of operations on
the primitive data type that were not otherwise possible. There are somethings that can
only be done with an instance, such as the adding of an element to a vector. Primitive
values cannot be the target of method invocations. All of the wrapper types support a
method invocation that converts them to a string representation. All may be constructed
from a stri ng. All support an
publ i ¢ bool ean equal s(Cbj ect obj)

to check an object for equality of value. Keep in mind that the value of awrapper object
isstored in aprivate class field. When comparing two strings, use equals and never ==.
For example:

if (arg.equal s(“this is right”)
will check the value of the string in arg against the value of “thisis right”. The following
example checks the value of the arg reference with the compile-time constant string
reference. Thisis probably not what the programmer wants:

if (arg == “this is wong”) {...
(WARNING)
Always use the equals method to check value when comparing wrapper instances.
(END WARNING)
(C-heading) Boolean
The Boolean class promotes the primitive boolean type to a reference type. Construction
is overloaded to handle both the primitive boolean type and a string. The string must be
equal to the word “true’, ignoring case, before the Boolean instance will be true. For
example:
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Bool ean b = Bool ean(“true”);

Bool ean b = Bool ean(“ True”);

Bool ean b = Bool ean(“ TRUE") ;
will al lead to b representing true. There are two static conversion methods available for
use in the Boolean class:

public static Boolean valueO (String s) — returns a Bool ean

I nst ance.

Bool ean b = Bool ean. val ueC (“true”); // sets b to true

Bool ean b = Bool ean. val ueC (“yes”); // sets b to fal se
(NOTE)

This different from getBoolean, which has asits’ return, a primitive boolean type. Note
that sections 20.4.9 and 20.4.10 of the Java Specification appear to show both of these
functions returning the primitive boolean, which is an error in the specification.
(END NOTE)

public static bool ean get Bool ean(String nane)

bool ean b = Bool ean. get Bool ean(“yes”); // sets b to fal se
(C-heading) Character
The Character classisawrapper class for the primitive Java char data type. When
embedded in the Java code, the ‘a character is surrounded by single quotes, whereas
strings use double quotes. Any Unicode character is permitted as an argument for the
construction of a Character instance. In addition, there are methods for converting to and
from Character and char. For example:

Character aCharacter = new Character(‘m);

char aChar = 'O ;

a = new Character(aChar);

aChar = aCharacter. charVal ue();
Neither an array of char nor an array of Character constitute a String. The Character class
supports several public static methods that are useful for testing and processing char’s.
All chars are Unicode and so all comparisons are written for Unicode. For example:

public static boolean isD git(char ch)
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return true if chis a Unicode digit
Javaversion 1.0.1 supports ISO-LATIN-1('0through'9’), Arabic-Indic, ExtendedArabic-
Indic, Devanagari, Bengali, Gurmukhi, Gujarati, Oriya, Tamil, Telugu, Kannada,
Malayalam, Thai, and Lao digits.
The Character has a series of public static Char test facilities that return a boolean. For

example:
bool ean aBool ean;
char aChar = '"a';
aBool ean = Character.isDefined(aChar);
aBool ean = Character.isLowerCase(aChar);
aBool ean = Character.isUpperCase(aChar);
aBool ean = Character.isTitleCase(aChar);
aBool ean = Character.isDigit(aChar);
aBool ean = Character.isLetter(aChar);
aBool ean = Character.isLetterO D git(aChar);
aBool ean = Character.isJavalLetter(aChar);
aBool ean = Character.isJavalLetterOr D git(aChar);)
aBool ean = Character.isSpace(aChar);

The Character class also support a series of char conversions that are public and static.
These may be accessed without ever making a Character instance. For example:

aChar = Character.tolLowerCase(aChar);
aChar = Character.toUpperCase(aChar);
aChar = Character.toTitl eCase(aChar);
/'l returns an 'A', hex representation of 10.

aChar = Character.forDi git(10, 16);
// returns 10, the hex value of 'A
int digit = Character.digit(aChar,
int i Character. MN RADI X // i
int i Character. MAX RADI X // i

16) ;

36;
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*\u0000' ;

char aChar = Character. M N VALUE // aChar
= "\uffff';

char aChar = Character. MAX VALUE // aChar
About the only thing you can do with a Character instanceis
Character aCharacter = new Character(‘'1);
String aString = aCharacter.toString();
aBool ean = aCharacter. equal s(aCharacter);
int anlnt = aCharacter. hashCode();
(C-heading) The numeric wrapper classes
Each of the numeric primitive types has an associated wrapper class. In the following
examples let:
int i = 0;
long | = O;
float f = O;
double d = 0;
The name of the primitive numeric type, followed by its constructor wrapper class, is
given below:
Integer | = new Integer(i);
Long L = new Long(l);
Float F = new Fl oat (f);
Doubl e D = new Doubl e(d);
Each of the numeric wrapper classes supports a conversion to a string:

String SI =1.toString();

String SL = L.toString();

String SF = F.toString();

String SD = D.toString();
Each of the numeric wrapper classes supports a conversion from a string to a reference
type:

Integer | = new Integer(Sl);
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Long L = new Long(SL);

Float F = new Fl oat ( SF);

Doubl e D = new Doubl e(SD);
(NOTE) Any string to numeric conversion can throw a NumberFormat Exception. If you
read a string (from a user’ s input or file) you are strongly advised to check the input.
(END NOTE)
Each of the numeric wrapper classes supports a conversion from a string to a primitive
type using a static method invocation:

| = I nt eger. val uedX (Sl);

L Long. val ue (SL) ;

F Fl oat . val ue ( SF) ;

D Doubl e. val ueOr ( SD) ;
An example of the use of the static valueOf method follows:
try {value = Float.val ueO (get Text()).fl oat Val ue();}
cat ch( Nunber For mat Exception e) {

val ue = 0;

The scala}r numeric wrappers (Integer and Long) support an overloaded valueOf and
toString method. The toString method will yield astring in any radix between 2 and 36,
inclusive. For example

SI = Integer.toString(i, 2); // yields a binary string

SL = Long.toString(l, 16); // yields a hex string

| = Integer.valueO(Sl,2); // converts frombinary string

L = Long. val ueO (SL, 16); // converts fromhex strin
To perform string conversions to primitive types, there are a static methods called
parselnt and parselong:

[ I nteger.parselnt(Sl); // converts fromdecinmal string

[ I nteger.parselnt(Sl,2); // converts frombinary string
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| = Long. parseLong(SL, 16); // converts fromhex string
(B-heading) Strings
In Java s java.lang package there is a class known as String. String instances in Java
cannot be changed once they are created. The reason for thisis that once created, a string
instance is added to an internal string pool. The pool is a private a HashTable instance
that speeds string lookup operations. There is no public or private method (that we could
find) for removal of a String instance from the internal hash table. Thus, once created
strings remain unchanged for the life of the virtual machine.
The String class supports a series of public static methods that may be accessed without
ever making an instance of the string class. Suppose the following constants are pre-
defined:

bool ean aBool ean;

char achar;

int anlnt;

| ong alLong;

fl oat aFl oat;

doubl e aDoubl e;

bj ect annj ect ;

String aString;

char[] aChar Array;

int arrayOfset, nunber O El enent sToConvert;

int endlndex; // last position in array - 1;

StringBuffer aStringBuffer = new StringBuffer(100);

Byte [] ASC | Byt eArray;

i nt hi Byte;
The following examples show how to use the String class, given the above, pre-defined
contents:

asString = String.val ued (anChj ect);

asString = String.val ued (aCharArray) ;

asString = String.val ue (aCharArray, arraydfset,
nunber O El enent sToConvert);

asString = String.val uet (aBool ean);

astring = String.val ue (aChar);
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asString = String.val ue (anint);
asString = String.val ue (aLong);
asString = String.val ue (aFl oat);
aString = String.val ued (abDoubl e) ;

The String class constructor is overloaded so that:

asString = new String();

asString = new String(anotherString);

asString = new String(aStringBuffer);

asString = new String(aCharArray);

asString = new String(aCharArray, arrayOfset,

nunber O El enent sToConvert);
The following examples show how to build aString with hiByte in most significant 8 bits,
and ASCIIByteArray elementsin least significant 8 bits (the hiByte is typically 0):

asString = new String(ASClH | Byt eArray, hiByte);

asString = new String(ASC | Byt eArray, hiByte,

array f set, nunber O El emrent sToConvert) ;

The String class has a series of methods that use a string instance as atarget. These
method typically involve extraction or conversion. For example:

asString = aString.toString();

aString = aString.substring(arrayOfset);

asString = aString.substring(arrayOfset, endlndex);
aString = aString. concat (anot her St ri ng)

/I replace ol dChar with aChar in aString

asString = aString.repl ace(ol dChar, aChar);

asString = aString.tolLower Case();

aString = aString. toUpper Case();

/1 Trinms |eading and trailing whitespace

asString = astring.trim);

/1l intern returns a string fromthe private internal
/'l hash table set that will pass the

/1 aString == anotherString test
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aString = anotherString.intern();

aBool ean = aString. equal s(anCbj ect);
anlnt = aString. hashCode();
andlnt = aString.length();
aChar = astring.charAt(anlnt);
/'l get charArray fromaString
aString. get Char s( begi nl ndex, endl ndex,
charArray, arrayOfset);
aString. get Byt es(begi nl ndex, endl ndex,
byteArray, arrayffset)
charArray = aString.toCharArray();
aBool ean = aStri ng. equal sl gnoreCase(anot herString);
CompareTo isamethod that returns-1, +1 or 0. The string comparison is performed
using the underlying Unicode characters.
anlnt = aString. conpareTo(anot her Stri ng)
aBool ean = aStri ng. regi onMat ches( begi nl ndex, anot her Stri ng,
arrayO fset, nunber O El enent sToConvert)
aBool ean = aStri ng. regi onMat ches(
bool ean i gnoreCase, arrayOfset,
anotherString, arrayOfset, nunber O El ement sToConvert)
aBool ean = aString.startsWth(aString)
aBool ean = aString.startsWth(aString, arrayOfset)
aBool ean = aString. endsWth(aStri nq)
There are some string search functions in the String class. When they fail they return -1.
/1 first location of aChar in aString
anlnt = aString.indext (aChar);
/1 first location of aChar in aString starting from anlnt
anlnt = aString.indext (aChar, anint);
/1 first location of aString in anotherString
anlnt = anotherString.indexCf(aString);
/'l first location of aString in
/'l anotherString starting from anlnt
anlnt = anotherString.indexO(aString, anlnt);
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/1 Find the | ast occurrence of a string or char in a string
/'l starting from anlnt

anlnt = aString. | astlndexO(aChar);

anlnt = aString. | astlndexO(aChar, anlnt);
anlnt = aString. | astlndexO (aString)

anlnt = aString.lastlndexO(aString, anlnt);

(B-heading) Arrays

Aninstance of an array is areference-type instance. Thereis avariable that may be
accessed, but not set, called length. The length indicates the number of elementsin the
array. Array elements start at element number zero and end at element number length - 1.
Any access beyond the end of the length of an array resultsin the

ArraylndexOutOf BoundsException being thrown. The method, arraycopy will copy
values between arrays of the same type.

An array may hold any data type, but every element in the array must hold the same data
type. Arrays have fixed length and may be dynamically allocated. It is possible to make
deep arrays. For example:

_ int deep_array[] []1 [1 [1 [] [1 I] [] [1 [1 = new
int [2] [2] [2] [2] [2] [2] [2] [2] [2] [2]

int sum = 0;

for (int i=0; i1<2; i++)

{
deep_array[i] [i] [i] [i] [i] [i] [i] [i] [i]
sum+= deep_ array[i] [i] [i] [i] [i] [i] [i]

Systemout.println("sum=" + sun;

[i] =1,
[i] [i] [i];
}

sum =1

sum =2
Aslong as there is enough memory. As pointed out in chapter 1, there both Java style
arrays and C/C++ style arrays.
(B-heading) Vectors
The Vector isacontainer class that resides in the java.util package. An instance of the
Vector class may be expanded dynamically. A container classis one that is designed to
store reference data types. Vectors are an excellent choice for implementing data
structures of variable length. The Vector class resides in the java.util package. It must be
imported before using. Vectors can hold any combination of objects. For example:

Vector v = new Vector();

Rect angl e a = new Rect angl e( 10, 20);

v. addEl enment (A);
Vectors cannot hold int, float, char, byte or any of the non-reference datatypes. The
following example shows a series of different datatypes al being added to the a Vector
instance:

static public void add_el enents(Vector v) {
for (int i=0; i < nunber_of rays.getValue(); i++) {
v. addEl enent (grating_target _line[i]);
v. addEl eent (canera_grating_line[i]);
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. addEl enment (caner a) ;
. addEl enent (grating);
. addEl enment (wedge) ;
. addEl enment (| aser);
. addEl enment (| aser _wedge_|i ne);

} // add_el enents
Having a collection of different instancesin aVector instance is a good way to
implement polymorphism. With polymorphism, you can cast all the instances stored in
the Vector instance into a common super-class that supports a common method. In the
example below, drawShapes is a Vector that contains severa different instances. All are
subclasses of the Shape class. Thus, all can be cast into the Shape type. Also, the Shape
class has an abstract draw method. Thus, the draw method may be invoked on any
subclass of the Shape class, provided it has been properly cast. For example:

<< <<<

for (int i = 0; i < drawnShapes.size(); i++) {
s = (Shape) drawnShapes. el enent At (i) ;
s.drawm g);

(B-heading) Exceptions
The grammar of alanguage allows the formulation of code that will compile. However,
after compile-time, comes run-time. The Java language specification covers both the
syntax (compile-time) and the semantics (run-time) behavior of the Java environment.
Thus, the specification goes beyond the compiler and describes the behavior of the Java
machine. The Java machine will throw an exception under special run-time conditions.
Thisthrow isanon-local transfer of the flow of control from the area that generated the
exception to a place that can catch the exception.
The MBNF of the try statement follows:
22. tryStatement ->
"try" statement < "catch" "(" parameter ")" statement > [ "finaly"
statement] .
Typically, a statement that can possibly fail is surrounded with the try and catch
keywords. This enables failure in the statement following the try to be intercepted and
handled. For example:
try {
/'l create an instance of your applet class
a = (Applet)
QG ass. f or Nane( cl assNane) . newl nst ance();
} catch (d assNot FoundException e)
System out. println("d assNot FoundException in
Appl et Frane") ;
return;
} catch (Instantiati onException e) {
Systemout.println("lnstantiati onException in
Appl et Frane") ;
return;

11:18 AM—Page 95 Chapter 9: Image Processing in Java



Digital Signal Processing Recipesin Javae Lyon and Rao April 13, 2000

} catch (Il egal AccessException e) {
Systemout.println("lllegal AccessException in
Appl et Frane") ;
return;

Sometimes no error isto be generated at all, we simply want the program to continue
running. For example:
try {
out.wite(buffer);

} catch(Exception e) { }
The programmer can make up exception names at will, just by extending the exception

class. For example:
cl ass Fil eFormat Excepti on extends Exception {
public Fil eFormat Exception(String s) {
super (s);

An overview of the java.lang exception classes is shown in Figure 2.3.

Figure 2.3. An overview of the java.lang exception classes
A zoom in of the java.lang.RuntimeException class hierarchy is shown in Figure 2.4.
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Figure 2.4. An overview of the java.lang.RuntimeException classes
(A-heading) Threads

Threads enable parallelism with a program. Threading provides alow-overhead context
switch. Inthe Diff CAD program, we use threads to display adigital clock in the lower
left-hand corner of the screen. Thisis shown in figure 2.5.

Figure 2.5. The Digital Clock
The Java specification says that threads use a shared memory paradigm to perform inter-
thread communication. Thisisthetypical usage, however threads can use any number of
techniques to perform communication. For example, simulation of a distributed
computation scheme could be performed using threads and another communication
technique, perhapsinvolving the socket API. The Javalanguage specification also says
that “Threads may be supported by having many hardware processors’. In fact thisis not
yet implemented on any virtual machine that we know of, though we expect this situation
to change. Java makes use of the synchronized statement to make sure that a method
contained within athread is executed atomically. Atomic operations appear to happen all
at once. Thus, synchronized methods cannot be interrupted by other threads. To put it
another way, synchronized methods prevent
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other threads from running. If the synchronized method takes longer than the time
provided for sleeping, the method may not be updated frequently enough. The thread
class hierarchy is shown in Figure 2.6.

Figure 2.6 The Thread class hierarchy
Synchronized methods allow only one thread to access data at atime. This can prevent
data corruption. Synchronized methods can also prevent race conditions. Theideais that
different threads may have access to the same variable in an instance. If both threads
access the instance variable at the same time, then it is arace to see which thread will
effect the change first, hence the term, race condition. The solution isto create
synchronized accessor methods for every variable in an instance. Then, any change made
through the synchronized accessor methods will be atomic. If thereis a mix between
synchronized accessor methods and asynchronous accessor methods, then the alterations
to the instance variables value are not atomic and the race condition may still exist.
Threads are run with a round-robin priority-queue driven scheduler. This can be over-
ridden with custom schedulers (whose composition are beyond the scope of this text).
Further if the Java virtual machine iswritten that does take advantage of multiple CPU’s,
task completion on multiple threads will not be predictable.
To make a new thread, subclass the Thread class and implement the run() method.
Instance the thread sub-class and then invoke the start() method on the instance to begin
thread execution.
Another way to make athread isto use the Runnable interface. Any class that implements
the Runnabl e interface must implement the run method. The run method is invoked when
the thread is started. The thread is started when an instance of the runnable class is passed
to the Thread constructor and start is invoked.
The following is a simple thread example called RaceThread. (NOTE) The RaceThread
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class extends the Thread class. To run an instance of the RaceThread, you must make an
instance of the RaceThread and use this instance as the target of arun() invocation. (END
NOTE)

1. class RaceThread extends Thread {

2 public void run() {

3. while (true) {

4. Systemout.printiln("Priority=\t" +
getPriority());
5.

6

¢)

Systemout.println("toString=\t"+toString());
System out. println("get Nane=\t"+

Systemout. println("i sDaenon=\t" +i sDaenon());

8.
Systemout.println("isAive=\t"+isAive());
9. try {Thread. sl eep(10000);}
10. catch (InterruptedException e) {}
11.
12. }

13.
Now, takg agood look at the run method. The run method is at the heart of any threads
activity. Classes that extend the thread class must implement the run method or they will
not run (they compile ok, but upon launch, nothing happens!). Next, have alook at the
while statement on line 3. It isan infinite loop! 1t will run until terminated. This makes
line 9 and 10 real important. Line 9 will put the thread to sleep for 10000 milliseconds
(10 seconds). The argument to Thread.sleep has to be along integer. This makes sense

when you consider that there are 2'%%(1%%"6"60°24) = 526 | |iseconds in aday. Put it
another way, asigned 32 bit integer will overflow in 2** —1 milliseconds, which is just
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over 3.5 weeks. The 64 bit integer will overflow in 292.4 billion years. At this point we

will probably not be using 64 bit integers (or even FORTRAN). To put thisin

perspective, the Suns' coronawill have engulfed the Earth by then. Thus this book will

almost certainly be out of print. To run the RaceThread example, use the following code:
RaceThread r = new RaceThread();

r.start();
The following will be printed every 10 seconds at the console:
Priority= 5
toString= Thr ead[ Thr ead- 2, 5, nai n]
get Nane= Thr ead- 2
I sDaenon= fal se
i SAlive= true

Java makes threading a part of the java.lang package. This means that you can expect
threading to be implemented, even on an embedded picoJava controller. Having threading
described in the Java specification means that multi-threaded Java programs are as
portable as Java.
The following code creates the digital clock in DiffCAD:

1. inport java.util.

2. | mport java.awt.*;

3. i nport java. appl et . Appl et ;
Lines 1, 2 and 3 import the packagesthat DiffCAD needsin the Digital Thread class.

4. |/ Digital Thread nust extend applet to getFontMetrics.
5. public class Digital Threads extends Applet inplenents
Runnabl e {
A class that implements Runnable must provide an implementation for the run method.
Note that the Thread class has a specific type:
6. Thread runner;
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The Java machine will execute threads until they die. A thread is dead when its run()
method returns, or when the stop() method is called.

7. Gaphics g;

8. Frame f;

9. public void start() {

10. if (runner == null) {

11. runner = new Thread(this);
12. runner.start();

13. }

14. }

The stop method allows you to invoke the stop method of athread that has already been
stopped. Stopping athread may be needed in order to avoid a race condition or to make
sure that system resources are made available for other threads. After the stop() method is
invoked, it may be that the thread should be restarted. Hence the reason for lines 9-14.
They enable you to start athread that has been stopped. Y ou may invoke start on a
method that is already started.

15. public void stop() {

16. if (runner !'=null) {
17. runner. stop();

18. runner = null;

19. }

20. }

In line 21, note the use of the synchronized keyword. This makes the draw method
atomic. Draw is one method we do not want to interrupt, particularly with another draw
method. Should this occur, draw could leave the screen in an inconsistent state. The
framefield, fis set by the calling program. On line 25 we see that the date is being
accessed from the java.util API.

21. synchroni zed private void draw) {

22. D nension dim= f.size();

23. i nt height = dimheight - 60;
24. int width = di mwi dth;

25. Date theDate = new Date();

26. String date_string = theDate.toString();
A particularly notable problem with the theDate.toString() method isthat it Is going to
yield different returns on different platforms! For example, on Microsoft’'s J++ compiler,
running under Windows 95/NT we found that the Eastern Daylight Time or Standard
Time (EDT, ST) initials are present. For this graphics routine to work, we must therefore
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guery the graphics context for the font metrics, in order to size a background fill rectangle
properly.
27. int xloc = 10;
28. int yloc —dlmhelght - 60;
The upper left-hand corner of the screenistheoriginin Java. Thus, dim.width,
dim.height are the coordinates of the lower-right hand corner.

29. /'l g.setFont(f);

30. /1l get the string width in pixels.

31. int string_w dth = getFont Metri cs(

32. g.getFont()).stringWdth(date_string);
33. int string_height = getFontMetrics(

34. . get Font ()) . get Hei ght(?1
Line 32 makes use of the grap ics context, g. Thisis set us ng the calling program. Thus
both the graphics context and the frame for the clock must be given before this program
will have adraw target. Line 35 draws afilled clear rectangle under the string so that the
string can be seen clearly, even if there is clutter on the screen.

35.
g. cl ear Rect (xl oc, yl oc, string _wi dth, string_height);
36. g.drawString(date_string,
x| oc, hei ght +xl oc) ;
37. }

On line 38 we see the run method. Thisis required of classes that implement the run
method. Note that the only synchronized method, draw, isinvoked on line 40. This gives
us areturn within a second, which is the sleep time for this thread, as see on line 41.

38. public void run() {

39. while (true) {

40. draw);

41. try {Thread. sl eep(1000);}

42. catch (InterruptedException e) {}
43. }

44. }

45. '}
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Start the Digital Threads class by making an instance, setting the frame and graphics
variables, then invoking the run method. Thisis shown in the code below:

1. public static Digital Threads

2. clock_thread = new Digital Threads();

3. voi d start _cl ock()

4. cl ock_thread.g = get Gaphics();

5 clock _thread.f = main_framneg;

6 clock thread.start();

7.
Note how In line 4 the graphics context was obtained from the local graphics context.
Thisis assuming that the graphics context for the instance of the class exists. Further note
how amain_frame variable was available for usein line 5. In fact the clock could be
place on any frame and graphics context. Notice that the clock will update the main
frame, even if it becomes hidden by other frames. The clock thread does not check when
itsframe is hidden.
(B-heading) Thread Groups
One of the issues facing the programmer who wants to create many threads is that of
limited system resources. CPU time is alimited resource and the programmer would like
to keep an eye on the CPU usage and space requirements of the started threads. Thisis
critical information, that is needed by both the program designer and by the program
itself. The designer requires this information in order to engineer a program that reacts
well to the changing load on a system.
Every thread belongs to a thread group. The Thread groups are arranged in a thread
group hierarchy. At the root of this hierarchy isthe System Thread Group. The System
Thread Group consists of 4 threads : the GarbageCollector, clock handler, idle thread and
finalizer thread. The main group is achild of the system thread group. The main group
has the default thread that starts at the main() method. When windows are started, new
threads are added to the main group. These threads include, but are not limited to, the
AWT-Input thread, AWT-Toolkit thread and the ScreenUpdater thread.
(B-heading) The Thread M anager
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In this section shows how to write a program that will enable the display of the various
running threads on a system. At the heart of the thread management concept is the idea
that we need to access the System Thread Group (i.e., root thread) and then list all of the
children. The procedure is to create a thread and then traverse up the parent groups until
reaching the root group. The root group isidentified by its null parentage.

Thr ead. current Thr ead()
Will return areference to the current thread. and

Thr ead. current Thread() . get Thr eadG oup()
returns areference to the group that the current thread belongs to. The referenceis of
ThreadGroup type. Once we have an instance of the current thread group, we can obtain
the parent of the current thread group, which is also athread group. We continue this
traversal until the parent of the current thread group is null.
The following routine returns the SystemThreadGroup:

publ i ¢ ThreadG oup get Syst enThreadG oup() {

Thr eadG oup syst enThr eadG oup;
Thr eadG oup par ent Thr eadG oup;

syst enirhr eadG oup =
Thr ead. current Thread() . get ThreadG oup() ;

while ( ( parent ThreadG oup =
syst enirhr eadG oup. get Parent ()) != null)
syst eniThr eadG oup = par ent Thr eadG oup;

return systenThreadG oup;

}
The following code returns the groups of the system in an array of groups. We note that
the number of groupsisincrease by 1 so that the root group may be added onto the end of
the array:

1. public ThreadG oup[] get ThreadG oupsArray() {
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2. Thr eadG oup systenThreadG oup =
get Syst enThr eadG oup() ;
3. i nt nunber O G oups
syst eniThr eadG oup. acti veG oupCount () +1;
4. ThreadG oup t hreadG oupsArray[] = new
5. Thr eadG oup[ nunmber O G oups] ;
6. syst eniThr eadG oup. enuner at e(t hr eadG oupsArray) ;
7. t hr eadG oupsArray[ nunber O G oups] =

syst enirhr eadG oup;

8. return threadG oupsArray;

9.

}
When group_instance.enumerate(ThreadGroup list[]) iscaled, al the thread group
instances and their descendants are place into the list. It does not include the
group_instance, itself, however. Thisiswhy it is added to the end of the array online 7.
Another form of enumerate is associated with athread instance,
group_instance.enumerate(Thread list{}) returns an array of threads in this thread group
and all descendant thread groups.

j ava. | ang. Thr eadG oup[ nane=syst em nmaxpr i

Thread[ Fi nal i zer thread, 1, systenj
Thread[ I dl e thread, 1, systen]
j ava. | ang. Thr eadG oup[ name=nmai n, maxpri =10]

Thr ead][
Thr ead]
Thr ead]
Thr ead]
Thr ead]
Thr ead]
Thr ead]
Thr ead]
Thr ead]
Thr ead|

mai n, 5, mai n]

Thr ead- 2,5, main]

AW - macos, 5, mai n]

Thr ead- 3, 5, mai n]

| mage Fet cher 0, 8, nmai
| mrage Fetcher 1, 8, nai
| mage Fetcher 2,8, nai
| mage Fetcher 3 8, rral
Screen Updater, in
Audi o Pl ayer, 10, maj n]

n]
n]
n]
n]
]

=10]

The entire thread, called RaceThread (the new and improved version) appears below:
cl ass RaceThread extends Thread {

public void run() {
while (true) {

11:18 AM—Page 105

Chapter 9: Image Processing in Java



Digital Signal Processing Recipesin Javae Lyon and Rao April 13, 2000

print ThreadG oups() ;
try {Thread. sl eep(10000);}
catch (InterruptedException e) {}

}

publ i ¢ ThreadG oup get Syst enThr eadG oup() {

Thr eadG oup syst enThr eadG oup;
Thr eadG oup par ent Thr eadG oup;

syst enithr eadG oup =
Thr ead. current Thread() . get ThreadG oup() ;

while ( ( parent ThreadG oup =
syst eniThr eadG oup. get Parent ()) != null)
syst eniThr eadG oup = par ent Thr eadG oup;

return systenThreadG oup;

public ThreadG oup[] get ThreadG oupsArray() {

Thr eadG oup syst enThreadG oup =
get Syst enThr eadG oup() ;

int nunber & G oups =
syst eniThr eadG oup. acti veG oupCount () +1;

ThreadG oup t hreadG oupsArray[] = new
Thr eadG oup[ nunmber O G oups] ;

syst eniThr eadG oup. enuner at e(t hr eadG oupsArray) ;

t hr eadG oupsArray[ nunber O G oups] =
syst enirhr eadG oup;

return threadG oupsArray;
}

public Thread [] getThreadsArray() {

Thr eadG oup syst enThreadG oup =
get Syst enThr eadG oup() ;
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Thread t hreadsArray[] = new
Thr ead[ syst enThr eadG oup. acti veCount ()] ;
syst eniThr eadG oup. enuner at e(t hr eadsArr ay) ;

return threadsArray ;

}

public void printThreadG oups() {
get Syst enirhr eadG oup() . i st();

public void printThreads() {
Thread [] threadsArray = get ThreadsArray();
for (int i =0; i < threadsArray.length; 1++)
Systemout. println(threadsArray[i]);

}

public void printThreadsAndG oups() {
Systemout.println("The threads are:");
print Threads();
Systemout. println("The groups are:");
print ThreadG oups() ;

}
(A-heading) Summary

This chapter introduced some of the Java programming basics. A great deal of Javawas
not covered. The Java APl was hardly touched and generally fills alarge reference book.
It isthe case that several excellent reference books on Java already exist, and we

wholeheartedly suggest that the reader obtain afew of them.
Roasting Y our Own Java

Yield: 1/4 LB of the finest French Roast | ever had.

Place 113 GMs (about 1/4 LB) of Kenya AA green coffee
into a Presto PopCornNow ™ Plus Air Popper.

For a French Roast, roast for 5 minutes.

(WARNING)

Never leave roaster unattended.

Always roast outdoors as roasting makes a heavy blue smoke.
Replace the plastic hood with a

7.6 cm (3 inch) diameter by 20.3 cm (8 inch)

long metal stove pipe to prevent melting and discoloration of the hood.
Stove pipes are available in Home Centers.

Roasting with a hot-air popper violates the warranty

and makes popcorn taste funny.

(END WARNING)

(CN) 3. (CT) The Graphic User Interface
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This chapter provides an overview of the GUI (Graphic User Interface) in Java. Central to
the look and feel of the Java GUI isthe AWT (Abstract Window Toolkit). The AWT
consists of a collection of classes, some of which are extended 6 levels deep or more. For
example, a programmer who extends an Applet class inherits the methods and instance
variables from Object, Component, Container and Panel super classes. This means that
for complete coverage of the Applet class, we would have to describe the four base
classes, in addition to the applet class. Thorough coverage can lead to adry presentation,
and is better left to references like [Chan and Lee]. Our approach is to cover the material
that is essential to understanding how to write digital signal processing programs. The
AWT isrich with many GUI options and widgets. We shall cover only those that are
essential to the task of digital signal processing. Many of the finer points of the AWT are
better left to book dedicated to the task, like [Geary and McClellan].

The first section isthe Color class. We then lead directly into the graphics class. For the
purpose of digital signal processing we need to learn how to draw aline, draw a disk,
draw astring and draw an image. We aso want to learn how to set colors and set fonts.
The Graphics class is degp and we do not attempt to give complete coverage of it.
(A-heading) The Color Class

The Color classisapublic final classthat is based on an RGB color model. The Color
class has several public final static colorsthat are predefined. An instance of the Color
class may be specified using two variants of the additive color synthesis system, RGB
(red, green and blue) or HSB (hue, saturation or brightness). The additive color synthesis
system is based on the premise that black is the absence of color and that white isthe
combinations of all colors. For example, when red green and blue are combined in equal
amounts, the resulting color iswhite. Thisis consistent with electronic displays that emit
light. The subtractive synthesis color system, is based on the premise that black isthe
combination of all colors and that white is the absence of al colors. Thisisaresult of
light absorbing pigments that are applied to a white background. The subtractive
synthesis color primariesare CMY (cyan, magentaand yellow). The AWT does not
support subtractive synthesis.
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(B-heading) Class Summary
public final class Color {
public final static Color white
public final static Color |ightGay
public final static Color gray
public final static Col or darkG ay
public final static Col or black
public final static Color red
public final static Color pink
public final static Col or orange
public final static Color yellow
public final static Color green
public final static Col or nmagenta
public final static Color cyan
public final static Color blue
public Color(int r, int g, int b)
public Color(int rgb)
public Color(float r, float g, float b)
public int getRed()
public int getGeen()
public int getBlue()
public int get REB()
public Color brighter()
publ i c Col or darker()
public int hashCode()
publ i ¢ bool ean equal s(Cbj ect obj)
public String toString()
public static Color getColor(String nm
public static Color getColor(String nm Color v)
public static Color getColor(String nm int v)
public static int HSBt oRGB(float hue, float saturation,
float brightness)
public static float[] REGBtoHSB(int r, int g, int b, float[]
hsbval s)
public static Col or get HSBCol or (float h, float s, float b)

(B-Leading) Class Usage
Suppose that the following variables are defined:
Col or c, cl;
int r, g, b;
float rf, gf, bf;
int anlnt;
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Then to access the built-in color names use:
Col or . whi t e;
Col or. gray;
Col or. i ght G ay;
Col or. darkG ay;
Col or . bl ack;
Col or. red;
Col or. pi nk;
Col or . or ange;
Col or. yel | ow,
Col or. green;
Col or. magnet a;
Col or. cyan;
Col or. bl ue;
To construct anew color use
c = new Color(r, g, b);
The AWT assumes that ther, g, and b quantities range from 0..255. Truncation results if
the range assumption isviolated. In fact, the color istypically apacked int consisting of a
blue component in bits 0-7, a green component in bits 8-15, and ared component in bits
16-23. To instantiate a new color from an existing instance:
cl = new Color(c);
To instantiate a new color from red, green and blue componentsin the range from 0..1,
inclusive use:
c = new Color(rf, gf, bf);
To get the components of a color use:
r c.getRed();
r c get Green()
et Bl ue(?
To get a24 it RGB color packed into an int and typed as an int:
anlnt = et RGB?)
To brighten or dar en acolor:
c.brighter();
c. darker();

OO0O0O0OO0O0O0O0O00O0O0O0
L e 1 e O O A I T 1 R

(@]
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To obtain the color hashCode (implemented as getRGB()):
anlnt = c. hashCode();
To compare color values:
aBool ean = c. equal s(c2);
To convert to string:
str = c.toString();
If nmisavalid color property name, the Integer class can use the getlnteger method to
map the property name into a color. Thisis done with the following static methods:
cl = Col or. get Col or(nm;
To return acolor if the property name is undefined:
cl = Col or. get Col or (nm aCol or);
To return a color based on a 24 bit RGB color int, if name is undefined:
cl = Color.getColor(nm anint);
(BEGIN NOTE)
Color properties must be set by the Java application, they are not predefined.
(END NOTE)
To convert afloating point description of hue, saturation and brightness to the RGB
model (with a24 bit int) use:
/'l ranging fromO..1 inclusive
fl oat hue, satuation, brightness;
anlnt = Col or. HSBt oRGB( hue, saturation, brightness);
To convert from RBG to HSB, there are two methods to choose from:
float hshbval s[];
int r, g0 b; // r, g and b range fromO.. 255
hsbval s = Col or. R@BtoHSB(r, g, b, null);
Col or. RGBt oHSB(r, g, b, hsbvals);
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Both return 3 values in the hsbvals array.
To make an instance of a color from an HSB floating point triplet use:

Col or aCol or = Col or. HSBt oR&(h, s, b);
(A-heading) The Graphics Class

The graphics classis used to draw lines, shapes, images and characters. The Graphics
classresidesin the java.awt package and is an abstract base class. Since the Graphics
classis abstract, it may never be created by the invocation of new. Instead, it is created by
an instance of a Component. The graphics class has a default coordinate system, as
shown in Figure 3.1.
Figure 3.1 The Default Coordinate System of the Graphics Class

(B-heading) Class Summary

public abstract class G aphics {

public abstract G aphics create()

public Gaphics create(int x, int y, int width, int height)
public abstract void translate(int x, int y)

public abstract Col or get Col or ()

public abstract void setCol or(Col or c)

public abstract void setPai nt Mode()

public abstract void set XORwvbde( Col or c1l)

public abstract Font getFont ()

public abstract void setFont(Font font)
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public FontMetrics getFont Metrics()

public abstract FontMetrics getFontMetrics(Font f)

public abstract Rectangle getd i pRect ()

public abstract void clipRect(int x, int y, int width, int
hei ght)

public abstract void copyArea(int x, int y, int width, int
hei ght, int dx, int dy)

public abstract void drawLine(int x1, int yl, int x2, int

y2)
public abstract void fillRect(int x, int y, int width, int
hei ght)

public void drawRect (int x, int y, int wwdth, int height)
public abstract void clearRect(int x, int y, int width, int
hei ght)

public abstract void drawRoundRect(int x, int y, int wdth,
int height, int arcwWdth, int arcHeight)

public abstract void fillRoundRect(int x, int y, int width,
int height, int arcWwdth, int arcHeight)

publ i c void drawdDRect(int x, int y, int width, int height,
bool ean rai sed)

public void fill3DRect(int x, int y, int width, int height,
bool ean rai sed)

publ i ¢ abstract void drawOval (int x, int y, int width, int
hei ght)

publ i c abstract void fillOval (int x, int y, int width, int
hei ght)

publ i ¢ abstract void drawArc(int x, int y, int width, int
hei ght,int startAngle, int arcAngle)

publ i c abstract void fillArc(int x, int y, int width, int
hei ght,int startAngle, int arcAngle)

public abstract void drawPol ygon(int xPoints[], int
yPoints[], int nPoints)

public void drawPol ygon(Pol ygon p)

public abstract void fillPolygon(int xPoints[], int
yPoints[], int nPoints)

public void fill Polygon(Polygon p)

public abstract void drawString(String str, int x, int y)
public void drawChars(char data[], int offset, int |ength,
int x, int vy)

public void drawBytes(byte data[], int offset, int |ength,
int x, int vy)

publ i ¢ abstract bool ean drawl mage(lmage ing, int x, int vy,
| mmgeCbserver observer)

publ i c abstract bool ean drawl mage(lmage ing, int x, int vy,
int wdth, int height, |nageCbserver observer)

publ i c abstract bool ean drawl mage(lmage ing, int x, int vy,
Col or bgcol or, | nageCbserver observer)
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publ i c abstract bool ean drawl mage(lmage ing, int x, int vy,
int wdth, int height, Color bgcolor, |ImageCbserver
observer)

public abstract void dispose()

public void finalize()

public String toString()

(B-Leadi ng) Class Usage
The Graphics class supports a simple raster graphics package. Suppose the following
constants are predefined:
Col or aCol or;
G aphi cs g;
Rect angl e aRect angl e;
int x, y, x1, y1, x2, y2;
Bool ean rai sed;
int height, width, arcHeight, arcwdth, nPoint;
int xArray[], YyArray[];
char charArray[];
int nunber O I t eniToDr aw, of f set| nt oArray;
byte byteArray[];
| mage i ny;
| mmgeCbser ver anl mageCoserver
To create a graphics instance use:
G aphics gl = g.create(x, y, width, height);
There are color methods for getting and setting the foreground color of the graphics
instance:
aCol or = g.getCol or();
g. set Col or (aCol or);
There are paint methods for setting the graphics instance to overwrite in xor paint mode:
g. set Pai nt Mode() ;
g. set XCRvbde( aCol or);
There are clipping methods for shrinking and for getting the clipping rectangle:
aRectangle = g.getd i pRect();
g.clipRect(x, y, width, height);
The Graphics class supports a method for painting a rectangle with the background color:
clearRect(int x, int y, int wdth, int height);
To tranglate the coordinates of the Graphics instance use:
g.transl ate(x, Yy);
To get and set the fonts of the Graphics instance:
aFont = g.getFont();
g. set Font (aFont) ;
To get the font metrics for a graphics instance or for afont:
t heFont Metrics = g.get Font Metrics();
t heFont Metrics = g.get Font Metri cs(aFont);
To get the clipping rectangle:
aRectangle = g.getd i pRect();
To shrink the clipping rectangle:
g.clipRect(x, y, width, height);
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To copy and trandlate a rectangular area of the screen by dx, dy:

g. copyArea(x, y, width, height, dx, dy);
To draw aline between x1, y1 and X2, y2:

?. drawLi ne(x1, yl1, x2, y2);
To fill arectangle with the current color:

g. fill Rectﬁx, , Width, height);
To draw arectangle outline with with the current color:

g.drawRect (x, y, wi dth, height);
The drawRect method is currently implemented with a series of four draw-lines.
Hopefully thiswill change as the AWT becomes more optimized.
To clear arectangular area of the screen, the Graphics class draws a rectangle with the
current background color:

g.clearRect(x, y, width, height);
The Graphics class provides rounded shape drawing. When a rounded shape is drawn, the
arcWidth and arcHeight are used. The arcWidth and arcHeight are the width and height
of an ellipse used to draw the rounded corners. To draw the outline of arectangle with
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rounded corners, using the current color:
g. drawRoundRect (x, y, width, height, arcWdth, arcHeight);
To draw afilled rectangle with rounded corners, using the current color:
g.fill RoundRect (x, y, width, height, arcWdth, arcHeight);
To draw a highlighted 3-D rectangle using two colors:
g. drawdDRect (x, y, width, height, raised);
If raised is true, the rectantle appears raised. Thisis currently implemented using darker
and brighter colors to create hi-lights. The same rectangle may also be drawn filled:
g.fill3DRect(x, y, width, height, raised);
To draw an oval outline or afilled oval use:
g.drawOval (x, y, w dth, height);
g.fillOval (x, y, width, height);
To draw an arc inscribed in arectangle, starting at a startAngle and ending at
startAngle+arcAngle, use:
g.drawArc(x, y, width, height, startAngle, arcAngl e?;
Angles are in degrees. Zero degreesis parallel to the X-axisand positive angles are
measured in a counter-clockwise direction. For the filled form of the arc:
g.fillArc(x, y, width, height, startAngle, arcAngle);
To draw a polygon using an array of (X,y) coordinates:
g. drawPol ygon(xArray, yArray, nPoints);
To draw a polygon using an instance of the Polygon class:
g. dr awPol ygon( aPol ygon) ;
The drawPolygon method is implemented with a call to
dr awPol ygon( aPol ygon. xpoi nts, aPol ygon. ypoi nts,
aPol ygon. npoi nt s) ;
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To fill the polygon with the current color
g.fill Polygon(xArray, yArray, nPoints);
There must be more than 3 points or the polygon call is |gnored Further, if the polygon
has overlapping parts the even-odd fill rule is used. The even-odd fill rulelstyplcally
implemented using a scanline that is drawn from left to right. If the scanline crosses the
edge of the polygon an odd number of times, the pixels are inside the polygon and will
be filled, otherwise they fall outside of the polygon. Thisis atypical approach to filling
concave polygons.
g.fill Pol ygon(aPol ygon
To draw astring starti ng at (x, % usi ng the current font and color:
String str = "Java is fun"
g.drawstring(str, X,y);
To draw acharacter or byte array darti ng at (X,y), using the current font and color:
g. drawChar s(char Array, offsetlntoArray, nunber CfltenmToDraw,
X, Y);
g. drawByt es( byt eArray, offsetlntoArray,
nunber O Char act ersToDraw, X, Y);
The drawBytes method assumes that the bytes reprwent the least significant 8 bits of the
Unicode characters. To draw an image at X,y and notify anlmageObserver:
aBool ean = g.drawl ma % ny, X, Yy, anlnmageCbserver);
To draw an image inside a rectangle (with optlonal scallng)
aBool ean = g.draw nmage(ing, x, y, wdth, height,
anInagerserver)
To draw an image with a background color:
aBool ean = g¢.drawl nage(ing, x, y, aColor,
anInagerserver)
To draw an image with a background colorandina rectangle
aBool ean = g¢g.draw nmage(ing, x, y, wdth, height, aColor,
anInagerserver)
To dispose of the graphics context (before the garbage collector does):
g. di spose();

11:18 AM—Page 117 Chapter 9: Image Processing in Java



Digital Signal Processing Recipesin Javae Lyon and Rao April 13, 2000

The Graphics class overrides Object.finalize() with a dispose call:

g.finalize();
To convert the Graphics instance into a string:

g.toString();
The following sections give practical examples for the use of the methods in the Graphic
class.
(B-heading) How to draw a grid
In this section you will learn how to write a class that can draw a grid into a Graphics
instance. Consider the following code for drawing a grid:

1. i nport java. appl et : *;

2. inport java.util.

3. i mport java.aw.*;
Lines 1-3 are used to import packages into your program. Line 4 declaresthe classas a
final class. This prevents other programmers from subclassing the draw class.

4. final public class draw {

5. [/ prevent instantiation

6. private draw() i
Line 6 declares the constructor for the draw class to be private. This prevents the draw
class from being instanced by programmers who develop outside of the draw class. Line
7 isthe grid method. The grid method takes an instance of a Graphicsclass. The
dimensions of the clip rectangle are extracted from a Rectangle instance using the width
and height members of the rectangle class. The width and height are stored as integers
and in units of pixels.

7. static void grid(Gaphics g) {

8. Rectangle r = g.getCdipRect(),
The Geometry classis a custom class used by the DiffCAD program to store global

instances. Grid_spacing is an int that has units of pixels.
9. int grid _spacing = Geonetry.grid_w dth. getVal ue();
10. int w=r.wdth;
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11. int h =r.height;

12. for (int x =0; x <w X =X + grid_spacing)
13. {g.drawLi ne(x, 0, x, h);}

14. for (int y =0; vy <h; y=y + grid_spacing)
15. {g.drawLi ne(0,y,wYy);}

16. }

17. }
(A-heading) The FontMetrics Class

The FontMetrics classis a public abstract class in the java.awt package. Font metrics are
based on dimensions that are special to fonts. Font dimensions include the baseline,
ascent, descent, leading and height. Distances are generally given in pixels (when they are
returned by the FontMetrics attribute methods). The font metrics Dimensions are shown
in Figure 3.2

Figure 3.2 Font Metrics Dimensions
The leading is the space between lines. The name comes from the lead strips that were
inserted between slugs by a compositor. A slug isaline of cast type that is assembled by
acompositor. A compositor may be manual or automatic. An automatic compositor is
called atypesetting machine. The first practical typesetting machine, the Linotype
machine, was first used in 1886 by the New Y ork Tribune [Mertle]. Nomenclature has
passed down from this era, essentially unchanged. Typical font metrics are in units of
points (at 72 points per inch). The raster orientation of the java.awt describes all the font
metricsin units of pixels. The number of pixels per inchis called the display's pitch.
Thus, there is no display independent way to automatically relate the font metrics of the
AWT to the font metrics of traditional typesetting. An automatic means would have to
have the ability to detect the pitch of the display before the traditional fontmetrics could
be computed.
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(B-heading) Class Summary
package j ava. awt ;
public abstract class FontMetrics {

public Font getFont()
public int getLeadi ng()
public int getAscent()
public int getDescent()
public int getHeight()
public int getMaxAscent ()
public int getMaxDescent ()
public int getMaxDecent ()
public int get MaxAdvance()
public int charWdth(int ch)
public int charWdth(char ch)
public int stringWdth(String str)
public int charsWdth(char data[], int len)
public int bytesWdth(byte data[], int len)
public int[] getWdths()
public String toString()

(B-Leading) Class Usage
Suppose that the following constants are defined:
G aphics g

Font Metrics theFont Metrics = g. get Font Metri cs();

Font aFont;

i nt di stancel nPi xel s;
char ch;

char charArray[];
byte byteArray[];

int offset, length

To get the instance of the Font class upon which theFontMetrics are based:

afont = theFont Metrics. getFont();

To get the standard leading (line spacing between descent and ascent):
di st ancel nPi xel s = t heFont Metri cs. get Leadi ng() ;
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To get the ascent, descent and height:
di st ancel nPi xel s = theFont Metri cs. get Ascent () ;
di st ancel nPi xel s = theFont Metri cs. get Descent () ;
di st ancel nPi xel s = theFont Metrics. get Hei ght () ;
To get the maximum ascent, and descent for afont:
di st ancel nPi xel s = t heFont Metri cs. get MaxAscent () ;
di st ancel nPi xel s = t heFont Metri cs. get MaxDescent () ;
To get the maximum height for afont, add the maximum descent and ascent. To get the
width of acharacter in the font
di stancel nPi xel s = t heFont Metri cs. char Wdt h(ch);
To get the width of astring in the font:
di stancel nPi xel s = theFont Metri cs. stri ngW dt h?st r);
To get the width of an array of charactersin the font, starting at the offset and proceeding
for length characters:
di st ancel nPi xel s = t heFont Metri cs. charsWdt h(char Array,
of fset, |ength);
To get the width of an array of bytesin the font, starting at the offset and proceeding for
length characters (characters come in as bytes and are converted to 16 bit characters):
di st ancel nPi xel s = t heFont Metri cs. byt esWdt h( byt eArray,
of fset, length);
To get the width of the first 256 charactersin the font:
di stancel nPi xel s = theFont Metri cs. get Wdt hs();
To get the string repreﬁentatl on of the FontMetrics:
str = theFontMetrics.toString();
(B- headlng) How to Draw a String with a Background
Often the user will wish to draw a string that has a background imposed. Thisis
important if the string isto be changed dynamically. In the
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following example we show how to draw the date and time. The clearRect call will erase
apart of the display so that the string does not over-write itself. An example of the string,
with filled background in place, is shown in Figure 3.3.
Figure 3.3 String With Filled Background
synchroni zed private void draw() {
D mension dim= f.size();
int height = dimheight - 60;
int width = di mwidth;
Date theDate = new Date();
String date _string = theDate.toString();
int xloc = 10;
int yloc = di mheight - 60;
int string_w dth = getFont Metrics(
g.getFont ()).stringWdth(date_string);
int string _height = get FontMetrics(
g. get Font ()). get Hei ght () ;
g. cl ear Rect (xl oc, yl oc, string wi dth, string_height);
g.drawString(date_string, xloc,height+xloc);

(B-Leading) How to Draw a Vertical String
The following method takes a string and draws it vertically (something the AWT does not
normally do):
public void drawertical String(Gaphics g,String str,int
X,int y) {
int str_height = g.getFontMetrics().getHeight();
(str_height*str.length())/2;
for (int i =0; i<str.length(); i++) {
int char_width =
g.get Font Metrics().stringWdth(str.substring(i,i+1));
g.drawsString(str.substring(i,i+1),x-char_w dth/2,y);
y+=str_hei ght;
} // end for
} // end drawvertical String
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An example of the use of the vertical string is shown in Figure 3.4
Figure 3.4 An example of the Vertical String, The Histogram
(A-heading) The Menultem Class

An instance of the Menultem classis typically added to a Menu instance. When an event
in posted by a component, an instance of the Menultem class may be passed in the target
member of the Event instance. Thus, it istypical to write handleEvent methods that will
compare targets with Menultem instances, to see what the user has selected. The event
handler routines are discussed in more detail later in this chapter.
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(B-Heading) Class Summary

public class Menultem extends java. awt. MenuConponent {

/* Instance Variables */
bool ean enabl ed;
String | abel;

/* Met hods */
public void Menulten{(String | abel);
public synchroni zed void addNotify();
public String getLabel ();
public void setlLabel (String I abel);
publ i ¢ bool ean i sEnabl ed();
public void enabl e();
public voi d enabl e(bool ean on);
public void disable();
public String paranttring();

(B-Leading) Class Usage
The Menultem class is a subclass of the MenuComponent and is used to store a string
item that represents a menu choice. Assume that the following variables are predefined:
Menultemifft _m = new Menulten("[2] |IFFT");
String | abel;
bool ean on;
To get and set the string contained in the Menultem instance, use:
str = ifft_m.getlLabel ();
ifft_m.setLabel (I abel);
To get and set the enabling on the Menultem instance:
on = ifft_m.isEnabled();
ifft_m.enable(); // always enables
ifft_m.enable(on); // conditionally enables
ifft_m.disable(); // always disables
To obtain "label=" + ifft_mi.getLabel () use:
| abel = ifft_m.parantString();
(BEGIN NOTE)
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The Menultem class has a specia “-” |abel that is used has a separator. An example of the
separator’ s appearance in the menu is shown in Figure 3.5
(END NOTE)
Figure 3.5 The Separator is shown between SendMail and Is.
(A-heading) The Event Class

The Event classis areference data type that is a direct descendent of the java.lang.Object
class. The handleEvent method is invoked with an instance of the Event class whenever
user input is detected. Components are said to post events.
(B-heading) Class Summary

public class Event {

public static final int SH FT_NMASK

[
public static final int CTRL_MASK
public static final int META MASK
public static final int ALT_MASK
public static final int HOVE
public static final int END
public static final int PGJP
public static final int PGN
public static final int UP
public static final int DOMN
public static final int LEFT
public static final int R GHT
public static final int F1
public static final int F2
public static final int F3
public static final int F4
public static final int F5
public static final int F6
public static final int F7
public static final int F8
public static final int F9
public static final int F10
public static final int Fl1
public static final int F12
public static final int WNDOW DESTROY
public static final int WNDOWEXPOSE
public static final int WNDOWI CON FY
public static final int WNDOWNDEI CONI FY
public static final int WNDOW MOVED
public static final int KEY_PRESS
public static final int KEY_RELEASE
public static final int KEY_ACTI ON
public static final int KEY_ACTI ON RELEASE
public static final int MOUSE DOMNN
public static final int MOUSE UP
public static final int MOUSE MOVE
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public static final int MOUSE ENTER
public static final int MOUSE EXIT
public static final int MOUSE DRAG
public static final int SCROLL_LINE UP
public static final int SCROLL_LI NE_ DOMN
public static final int SCROLL_PAGE UP
public static final int SCROLL_PAGE DOM
public static final int SCROLL_ABSCOLUTE
public static final int LIST_SELECT
public static final int LIST_DESELECT
public static final int ACTI ON_EVENT
public static final int LOAD FILE
public static final int SAVE FILE
public static final int GOI_FOCUS
public static final int LOST_FOCUS
public Object target;

public | ong when;

public int id;

public int x;

public int vy;

public int key;

public int nodifiers;

public int clickGCount;

public bject arg;
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public Event evt;
/* Met hods */

public Event (Cbhject target, |long when, int id, int X,
int y, int key,int nodifiers, Cbject arg)

public Event (Cbhject target, |long when, int id, int X,
int y, int key, int nodifiers)

public Event (Cbject target, int id, Object arg)

public void translate(int x, int y)

publ i ¢ bool ean shi ft Down()

publ i ¢ bool ean contr ol Down()

publ i ¢ bool ean et aDown()

protected String paranString()

public String toString()

(B-Leadi ng) Class Usage
Suppose the following constants are pre-defined:

bj ect target;

| ong when; // a creation tinme stanp

int id; // the event type

int x, y; // event |ocation

int key;

int nodifiers;

bj ect arg;
Thetarget is the instance of the Component class that posted the event. The when
member holds a creation time stamp, measured in milliseconds. The id permits decoding
of the event type with the use of a switch statement. The location of the event is
contained in (X,y). The state of the modifier keys is encoded into the modifiers parameter.
Arg istheinstance of the classthat is to be associated with the event. The Event class
constructor is overloaded so that we can write:

Event evt = new Event(target, id, arg);

Event evt = new Event(target, when, id, X, y, key,

nodi fiers);
Event evt = new Event(target, when, id, x, y, key,
nodifiers, arg);

Typicaly, itistheusers job to write code to decode the events. Unfortunately the
services provided by the AWT lead to an ad-hoc approach for event handling that causes
poor software engineering. Asapreview, we will see that the AWT assumes that
keyboard events and menu choice events should be handled in different parts of the
source code. Often keyboard short-cuts are a means for speeding menu selections. Thus,
having menu selections processed in a different part of the source code from that of the
keyboard event leads to duplication of code. Further, it requires additional development
effort to add keyboard short cuts. A remedy for this design flaw in the AWT is discussed
in the following section.
There are several public variables associated with the Event class. Some of the public
variables are key-masks designed to help with decoding. An example of thisis shownin
the Component section:
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KEY_EVENT, SH FT_MASK, CTRL_NMASK, META MASK, ALT_MASK, HOVE,
END, PGUP, PGDN, KEY_PRESS, KEY_RELEASE, KEY_ACTI ON,
KEY_ACTI ON_RELEASE
The arrow keys are decoded with:
UP, DOM, LEFT, RIGHT
The function keys are decoded with:
F1, F2, F3, F4, F5, F6, F7, F8, F9, F10, F11, F12
The window events are decoded with:
W NDOW EVENT, W NDOW DESTROY, W NDOW EXPCSE,
W NDOW | CONI FY, W NDOW DEI CONI FY, W NDOW MOVED,
W NDOW EVENT
The mouse events are decoded with:
MOUSE_EVENT, MOUSE DOMN, MOUSE_UP, MOUSE MOVE, MOUSE_ENTER,
MOUSE_EXI T, MOUSE_DRAG
The scrolling events are decoded with:
SCROLL_EVENT, SCROLL_LINE _UP, SCROLL_LI NE_DOWN,
SCROLL_PAGE_UP, SCROLL_PAGE_DOMAN, SCROLL_ABSOLUTE
The list events are decoded with:
LI ST_EVENT, LIST_SELECT, LI ST DESELECT
There aré a series of eventsthat are classified as miscellaneous events:
M SC_EVENT, ACTI ON_EVENT, LOAD FI LE, SAVE FI LE, GOT_FQOCUS,
LOST_FOCUS
The processing of Event instancesis discussed in the following section.
(B-heading) Event Handling
The AWT model for handling events can lead to poor software engineering. Thisis due,
in part, to the event modularization policy that has been adopted by the AWT designers.
The designers sought to map mouse events, keyboard events and menu selection events
using a preprocessing
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facility built into the component class. Thisis based on the assumption that the
relationship between event production and code invocation isisomorphic. Thisisa
fallacious assumption because multple events can often be used to trigger a single task.
Often there will be a menu choice that has a keyboard short so that both a menu event and
akeypress event can trigger the same processing.

(B-heading) The Keyboard

To handle keyboard eventsin the AWT, aclass that extends the Component class will
typically have its keyDown method invoked. In the following code fragment, the
AudioFrame class extends the Frame class (which is two generations removed from the
Component super class):

publ i ¢ class Audi oFrane extends Frane {

publ i c bool ean keyDown(Event e, int key) {
switch (key) {
case '2':
ifft();
return true;

Systemout. println("Unknown key function:"+ key);
return true;

(B-Leadi ng) The Target
To handle the passing of an instance, the Event class supports a target member that is of
Object type. To process this event a method must be written called handleEvent:

publ i ¢ class Audi oFrane extends Frane {
Menu m = new Menu( " Audi o Menu");

Menultemifft m = addliten("[2] | FFT");
public Menultem addliten(String itemNane) {
Menultem m = new Menul ten(itenNane);
m add(m ) ;
return(m);

public void init_menu() {

[l nmy menu itens
MenuBar nenuBar = new MenuBar () ;
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I/ Initialize the nenu bar
set MenuBar ( menuBar) ;
nmenuBar . add(m ;
publ i ¢ bool ean handl eEvent (Event e) {

if (e.target == ifft_m) {
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ifft();

}

One observation that the astute reader may have made is that the keyboard event called
the same code as the handleEvent. This is because the Menultem instance (which appears
in the main menu bar) has a keyboard shortcut. Keyboard shortcuts are typically provided
as a convenience to the user. The duplication of keyboard and menu event processing is
typical of AWT event processing code. It is also unsound software engineering. The
reason is that parallel maintenance must be performed in both the keyboard and menu
event processing code. A more sound software engineering practice appears in the
following section.
(B-heading) The Evt Class
The Evt classis apublic static class that contains a series of methods that address the
software engineering problem cited in the previous section. The basic assumption is that
several different event combinations can cause a single result, the example being a
keypress event or amenu item event. The solution involves the creation of an overloaded
match method:

cl ass Evt {

return true;
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public static bool ean mat chKey(Event e, int key) {
return ((e.id == Event. KEY_PRESS) && (e.key==key));

public static boolean match(Event e, int key, String
str) {
return (matchKey(e, key) || e.arg.equal s(str));

public static boolean match(Event e, int key, bject
target) {
return (matchKey(e, key) || e.target.equal s(target));

The Evt class gives the immediate benefit of giving atwo-way match between keyboard
and menultem events. In the AudioFrame class, the keyDown method is eliminated and
replaced with the more powerful:

publ i ¢ bool ean handl eEvent (Event e) {

if (BEvt.match(e,'2",ifft_m)) {
ifft();
return true;

}

This single convention eliminates 60 lines of code in the AudioFrame keyDown event
handler. In order to add another level of automation to the event processing, we make the
assumption that the keyboard short cut will be encoded into the string representation of
the menultem, as it appears in the main menu bar. Figure 3.6 shows a sample main menu
bar from the AudioFrame in the DiffCAD program:
Figure 3.6 Sample AudioFrame Main Menu Bar Pop-Up Menu
One feature of the AudioFrame keyboard short-cuts is that they conform to a convention.
The convention states: if akeyboard short-cut exists, it isencoded by a‘[* followed by a
single character. Tognazzini reports that $50 million dollars of research led to the
conclusion that 1. users say keyboard shortcuts are faster and 2. the stopwatch shows that
mouse choices are faster. Tognazzini produced a guildline that states that visual interface
construction should not have its resources sapped by the keyboard interface [Tog]. Asa
result of this suggestion (common sense?) we have combined the following check into a
single method called match:
public static boolean nmatch(Event e, (bject target) {
int ¢ = getKeyboardShortCut(e, target);
return match(e, c, target);

}
In the following code, getKeyboardShortCut assumes that, if a keyboard short cut is
embedded in the target that: 1. the target will be an instance of a Menultem, 2. that the
first character of the label will bea‘[* and 3. that the second character of the label will be
the keyboard shortcut character.
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public static int getKeyboardShort Cut (Event e, bject
target) {
if (target instanceof Menultem {
Menultemm = (Menultem target;
String str = m . getLabel ();
int index = str.indexO'('[");
if (index == 0) { return str.charAt(1);}

return -1;

This leads to a more consistent interface (keyboard shortcuts are always encoded visually
and consistently), an easier to use API (only one call, instead of two) and better software
engineering (centralization of interface changes with fewer lines of code). Keyboard and

menu item events are now handled as follows:

publ i ¢ bool ean handl eEvent (Event e) {

if (Evt.match(e,ifft_m)) {
ifft();
return true;

}

It takes no more effort to encode and process a keyboard short cut:
Menultemifft_m = addlten("[2] |FFT");

than to process and set-up a visual interface, hence fufilling Tognazzini’ s basic guideline.
(B-heading) The Mouse
Any pick device may generate mouse events (i.e., track-ball, pen-light, touch-pad, tablet,
etc.). The Java AWT only supports asingle pick device and, no matter what the pick
deviceis, it issaid to generate mouse events. To handle the mouse events, the AWT
Component class provides a suite of call back methods.
When mouse button is depressed:

publ i ¢ bool ean nmouseDown(Event evt, int x, int y)
When mouse button is depressed and mouse is moved:

publ i ¢ bool ean nouseDrag(Event evt, int x, int y)
When mouse button is rel eased:

publ i ¢ bool ean nmouseUp(Event evt, int x, int y)
When mouse is moved:

publ i ¢ bool ean nouseMove(Event evt, int x, int y)
When mouse is over a component:

publ i ¢ bool ean nouseEnter (Event evt, int x, int y)
When mouse |eaves the component:

publ i ¢ bool ean nouseExit(Event evt, int x, int vy
For the programmer to implement a mouse event requires that either the above events are
over-ridden or that a switch statement be used to process the Event.id. The choice
between switch statement and method is a question of preference, policy and good
software engineering practice. The switch statement is more flexible and permits more
“combination” events (like a shift-click for extending a selection). (BEGIN CD-ROM)
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In the following code fragment taken from GUI.java, a handleEvent method is
implemented with a switch statement. (END CDROM)

1. public bool ean handl eEvent (Event e) {

2. switch (e.id) {
On line 3, the Event. MOUSE_UP indicates that the mouse button was released. When
this occurs, the processMouseUp method isinvoked. This causes an object to change its
appearance.
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case Event. MOUSE _UP: {

String objectNane = nouse_choi ce. get Sel ectedltem();
pr ocessMouseUp( obj ect Nane, e.x, e.y);

repaint();

Noohkow

On line 8, the Event. MOUSE_DOWN triggers arecording of the location of the mouse
cursor. The anchor point is used to provide relative mouse motion.

8. case Event. MOUSE_DOM:

9. anchor = new point( e.x, e.y);

10. } /] switch
(A-heading) The Component Class

The component classis an abstract class. Subclasses of components are used to make
instances that are able to be displayed on the screen. Examples of such component
subclasses include the Button, Canvas, Checkbox, Choice, Container, Label, List,
Scrollbar and TextComponent. Figure 3.7 shows the component hierarchy

Figure 3.7 Component Hierarchy
The Component class resides in the java.awt package. It implements the ImageObserver
interface. A component instance supports services that includes drawing support, event
handling, font control, color control, image handling, size and position control. These
services are provided by a series of methods and instance variables.
A suite of methods are available that support event handling. They are handleEvent,
mouseEnter, mouseExit, mouseMove, mouseDown, mouseDrag, mouseUp, keyDown and
action.
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The Component class provides a mechanism for invoking the specialized event handlers.
This mechanism is based on a switch statement that calls methods that are to be
implemented by subclasses. The methods are implemented in the Component.java class
by returning false. A return of false signals that the event was not processed.
(BEGIN NOTE)
Some components are used for input, some for output and some function as both input
and output. In alater section we will see an example of a Button Component which is
used only as an input. We will also see an example of a Label Component, which serves
only as an output. Later will will also see the Scrollbar Component. This can serve as
both an input and an output Component.
(END NOTE)
(B-heading) Class Summary

public abstract class Conponent inplenments |nageCoserver {

publ i ¢ Contai ner get Parent ()

publ i ¢ Conponent Peer get Peer ()

public Tool kit get Tool kit ()

publ i ¢ bool ean isValid()

publ i ¢ bool ean isVisible()

publ i ¢ bool ean i sShow ng()

publ i ¢ bool ean i sEnabl ed()

public Point |ocation()

public D nmension size()

publ i ¢ Rectangl e bounds()

publ i ¢ synchroni zed voi d enabl e()

publ i c voi d enabl e(bool ean cond)

publ i ¢ synchroni zed voi d di sabl e()

publ i c synchroni zed void show()

public void show bool ean cond)

publ i c synchroni zed voi d hide()

publ i ¢ Col or get Foreground()

publ i ¢ synchroni zed voi d set For eground( Col or c)

publ i ¢ Col or get Background()

publ i ¢ synchroni zed voi d set Background( Col or c)

publi c Font getFont ()

publ i ¢ synchroni zed voi d set Font (Font f)

publ i ¢ synchroni zed Col or Model get Col or Model ()

public void nmove(int x, int y)

public void resize(int wdth, int height)

public void resize(D nension d)
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public synchroni zed void reshape(int x, int y, int wdth,
I nt hei ght)
public D mension preferredSize()
publ i c D mension m ni munsSi ze()
public void | ayout ()
public void validate()
public void invalidate()
publ i c G aphics get G aphics()
public FontMetrics get Font Metrics(Font font)
public void paint(Gaphics g)
public void updat e(G aphics Q)
public void paintAl (Gaphics g)
public void repaint()
| ong tn)
[
I

t(
public void repaint(lo

public void repaint(int x, int y, int width, int height)
public void repaint(long tm int x, int y, int width, int
hei ght)

public void print(Gaphics g)

public void printAl (Gaphics g)

publ i ¢ bool ean i mageUpdate(lmage ing, int flags,int x, int
y, int w int h)

public | mage creat el mage(| mageProducer producer)

public I mage createlmage(int width, int height)

publ i ¢ bool ean preparel mage(l mage i mage, | nmageCbserver
observer)

publ i ¢ bool ean preparel mage(l mage i mage, int width, int
hei ght, | mageCbserver observer)

public int checkl mage(l mage i mage, | nageCbserver observer)
public int checklmage(lmage image, int width, int

hei ght, | mrageCoser ver observer)

publ i c synchroni zed bool ean inside(int x, int vy)

publ i ¢ Conmponent |ocate(int x, int y)

public void deliverEvent (Event e)

publ i ¢ bool ean post Event (Event e)

publ i ¢ bool ean handl eEvent (Event evt)

publ i ¢ bool ean nouseDown(Event evt, int x, int y)

publ i ¢ bool ean nouseDrag(Event evt, int x, int y)

publ i ¢ bool ean nmouseUp(Event evt, int x, int y)

publ i ¢ bool ean nouseMove(Event evt, int x, int y)

publ i ¢ bool ean nouseEnter (Event evt, int x, int y)

publ i ¢ bool ean nouseExit(Event evt, int x, int y)

publ i ¢ bool ean keyDown( Event evt, int key)

publ i ¢ bool ean keyUp(Event evt, int key)

publ i ¢ bool ean action(Event evt, (bject what)

public void addNotify()

publ i c synchroni zed void renoveNotify()

publ i ¢ bool ean got Focus(Event evt, (bject what)

publ i ¢ bool ean | ost Focus(Event evt, (bject what)
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public void request Focus()

publ i ¢ voi d next Focus()

public String toString()

public void list()

public void list(PrintStream out)

public void list(PrintStreamout, int indent)

}

(B-heading) Class Usage

In the following we use the term "peer” to indicate the parallel that existsin the native
implementation of the component. For example, FileDialog classis a subclass of a
Component that has a different implementation on every platform. Java provides an API
that looks the same on all platforms. Thisis accomplished by the creation of a peer class
that provides the services needed to allow the API to function properly. This means that
the open dialog box created on a Mac is the standard file open dialog box that is supplied
by the operating system. Also, that the open dialog box on awindows system is the load
file dialog box that is native to windows. Peers are the mechanism by which Java
achieves a portable operating system interface.

Suppose the following variables are defined:

Bool ean aBool ean;
int flags, indent;
| magePr oducer anl nagePr oducer ;
To get the parent of the conponent:
parent = component.getParent();
To get the peer of the conponent:
componentPeer = component.getPeer();
To get the tool kit used by the component (see the toolkit class):
toolKit = component.getToolkit();
To seeif the peer is known to the component and if the component is properly laid out:
valid = conmponent.isValid();
To seeif the Component is visible (the hide method can make this return false):
vi si bl e = conponent.isVisible();
Visible components may not be showing,
vi si bl e = conponent . i sShowi ng();
Enabled components can generate events:
aBool ean = i sEnabl ed();
To unconditionally enable a component:
conponent . enabl e() ;
To conditionally enable a component:
conponent . enabl e(cond) ;
To disable acomponent:
conponent . di sabl e() ;
To get the location of the component relative to the parents' coordinates system:
aPoi nt = conponent. | ocation();
To get the dimensions and bounds of the component:
aD nmensi on = conponent. si ze();
aRect angl e = conponent . bounds() ;
To show the component:
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conponent . show() ;

To conditionally show the component:
conponent . show( cond) ;
To hide the component:

conponent . hi dep ;
To get the components foreground color (or that of its parent):
aCol or = conponent . get For eground() ;
To set the components foreground color:
conponent . set For egr ound( aCol or) ;
To get the components background color (or that of its parent):
aCol or = conponent . get Background();
To set the components background color:
conponent . set Backgr ound( aCol or) ;
To get the font from a component, or that of its parent if the component does not have
one set:
font = conponent. get Font();
To set the font of a component:
conponent . set Font (font) ;
To get the ColorModel used for display:
col or Model = conponent . get Col or Model () ;
To move the Component using the parents’ coordinate system:
conponent . nove(Xx, VY);
To resize the Component:
conponent . resi ze(w dt h, height);
conponent . resi ze(aDi nmensi on) ;
To reshape (resize and move) a component, in the parents coordinates:
conponent . reshape(x, y, w dth, height);
To get the preferred or minimum dimensions for the component:
aD mensi on = conponent. preferredSi ze();
aD mensi on = conponent . m ni nunsi ze() ;
To layout the component (typically, validate is used):
conponent . | ayout () ;
To layout the component and make the component valid:
conponent . val i date();
To invalidate a component and its parents (marking for layout):
conponent . i nval i date();
To get a Graphics context for the component (and to return null isthereis no peer):
conponent . get G aphi cs();
To get the font metrics for the components peer, if available, otherwise returning the
fontmetrics for the component:
conponent . get Font Metri cs(font);
To paint the component:
conponent . pai nt ( gr aphi cs);
To update the component (typically called by repaint):
conponent . updat e( gr aphi cs);
To paint the component and the subcomponents:
conponent . pai nt Al | (graphi cs);
To scf?e%ule aca Ipto update: (grap )
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conponent . repai nt () ;
To schedule a call to update for a specific interval:
conponent.repaint(mlliseconds);
conponent.repaint(x, y, width, height);
To schedule a call to update for a part of the component in a specific time:
conponent.repaint(mlliseconds, x, y, width, height);
To paint the component on the graphics context (typically overridden):
conponent . pri nt (graphi cs);
To invoke print on the component and subcomponents:
conponent. print Al |l (graphics);
To repaint the component after the Image has been delivered, typically called by an image
observer, returns false if image has no changed:
aBool ean = conponent. i mageUpdat e( anl mage, flags, X, v,
wi dt h, height);
Creates an image from the image producer see ImageProducer for more information:
anl mage = conponent. cr eat el nage( anl nagePr oducer) ;
To create an off-screen image for double buffering:
anl mage = conponent. creat el nage(w dt h, hei ght 2];
To prepare an image for for display on the component. This starts a thread see the
ImageObserver:
conponent.preparelnageﬁanlnage, anl mageCbser vser) ;
To prepare the image with a particular width and height:
conponent . pr epar el mage(anl mage, wi dth, height,
anl mageCbser vser) ;
To obtain the status of the screen representation of an image:
statuslnt = conponent. checkl mage(anl mage, anl mageCbserver);
See ImageObserver to decode statusint. To get the status for an image to be scaled:
statuslnt = conponent. checkl mage(anl mage, w dth, height,
anInaqubserver);
To seeif alocation isinside a components borders, relative to the coordinate system of
the component:
aBool ean = conponent.inside(x,Yy);
To get the component containing a location:
conponent = | ocate( X, Y);
To post an event:
conponent . del i ver Event (anEvent); // the sanme as
post Event (anEvent)
To call handleEvent with an event on a component (or, if the component does not handle
it, the parent of the component):
conponent . post Event (anEvent) ;
See the event class of the previous section for a description of the events and how to
handle them. The component provides call back methods:
publ i ¢ bool ean nmouseDown( Event evt, int x, int y)
publ i ¢ bool ean nouseDrag(Event evt, int x, int y)
publ i c bool ean nmouseUp(Event evt, int x, int y)
publ i ¢ bool ean nmouseMove(Event evt, int x, int y)
publ i c bool ean nouseEnt er (Event evt, int x, int vy)
publ i c bool ean nouseExit(Event evt, int x, int y)

11:18 AM—Page 140 Chapter 9: Image Processing in Java



Digital Signal Processing Recipesin Javae Lyon and Rao April 13, 2000

publ i ¢ bool ean keyDown(Event evt, int key)
publ i c bool ean keyUp(Event evt, int key)
public bool ean action(Event evt, Cbject what)
publ i ¢ bool ean got Focus(Event evt, (Cbject what)
publ i ¢ bool ean | ost Focus(Event evt, Cbject what)
Aninvocation of show or pack will call addNotify (the programmer typically does not).
AddNotify will make the component invalid and will cause a peer to be created:
conponent . addNot i fy();
To dispose a components peer:
conponent . renoveNot i fy();
To get the keyboardsfocus (i.e., key strokes stream into your component):
conponent . r equest Focus()
To advance the keyboard focus to the next component:
conponent . next Focus()
To make a string repreﬁentatlon of the component:
conponent. toString();
Toinvoke the list method on System out:
conponent . list();
To invoke the list method on a PrintStream:
conponent. i st(aPrintStrean);
To call toString and print on the component ‘and all its, with indentation: children:
conponent. list(aPrintStream indent);
(A-heading) The Container Class

The Container classis an extension of the Component class that can hold Component
instances. The instances that are added to an instance of the Container classes are called
children. The Container class that holds the children is called the Parent. Since a
Container may hold other Containers, thereis a possibility of along line of descendents.
A parent is able to arrange the appearance of the children using a layout manager. Each
child has its own layout manager. If a container (or its children) are not properly laid out,
the layout is said to beinvalid. A parent will layout the children and all their descendents
during the layout process. Containers that are valid will not be laid out needlessly.
From a knowledge representation point of view, the class structure is that of an AKO (A-
Kind-Of) taxonomy. Thisis different from the Container hierarchy. With the Container
hierarchy there is a has-arelationship. For example, a Frame has-a Panel that has-a
Checkbox. Both a Frame and a Panel are kinds-of Containers. Containers always have an
add method that provides the implementation for adding either components, or other
containers to the has-a hierarchy. A Container instance may handle events with its own
handleEvent implementation. Recall that getParent is inherited by any sub-class of
Component (i.e., the Container class).
(B-heading) Class Summary
public abstract class Contai ner extends Conponent

public int countConponents()

publ i c synchroni zed Conponent get Conponent (int n)

publ i c synchroni zed Conponent[] get Conponent s()

public Insets insets()

publ i ¢ Conmponent add( Conmponent conp)

11:18 AM—Page 141 Chapter 9: Image Processing in Java



Digital Signal Processing Recipesin Javae Lyon and Rao April 13, 2000

publ i c synchroni zed Conponent add(Conponent conp, int
pos)

public synchroni zed Conponent add(String nane,
Conponent conp)

public synchroni zed voi d renove( Conponent conp)

public synchroni zed void renoveAll ()

publ i ¢ Layout Manager get Layout ()

public void setlLayout (Layout Manager ngr)

public synchroni zed void | ayout ()

public synchroni zed void validate()

public synchroni zed D nension preferredSize()

public synchroni zed D nmensi on m ni munti ze()

public voi d pai nt Conponent s( G aphi cs @)

public void printConponent s( G aphics @)

public void deliverEvent (Event e)

publ i c Conmponent |ocate(int x, int vy)

public synchroni zed void addNotify()

public synchroni zed void renoveNotify()

public void list(PrintStreamout, int indent)

(B-Leadi ng) Class Usage
Suppose that the following variables are already defined:
Conponent conp, conpArray|[];
Cont ai ner cont;
I nsets insets;
i nt nconponents, i;
String |layoutNanme; // the name of a | ayout nanager.
Layout Manager | ayMan;
G aphi cs gc;
int Xx,y;
Print Stream printStream
int indent;
To get the number of components:
nconponent s = conp. count Conponent s() ;
To get the nth component:
conp = cont. get Conponent (i) ;
To get al the components:
conpArray = cont. get Conponent s();
To get the insets (rectangular dimensions, in pixels from the edges):
insets = cont.insets();
i nsets. bottom
i nsets.top;
insets.left;
i nsets.right;
To add a Component to a Container:
cont . add(conp) ;
To add a Component to a Container in agiven order (-1 means end of list):
cont . add(conp, i);

11:18 AM—Page 142 Chapter 9: Image Processing in Java



Digital Signal Processing Recipesin Javae Lyon and Rao April 13, 2000

To add a Component to a Container using alayout manager:
cont . add( | ayout Name, i);
To remove a Component from a Container:
cont. renove(conp);
To delete all Components:
cont.renoveAl | ();
To get and set the layout manager:
layMan = cont.getLayout();
cont . set Layout (1 ayMan) ;
To perform layout on the Container but not the descendents:
cont. | ayout ();
To perform layout on the Container and all descendents:
cont.validate();
To get the preferred and minimum dimensions:
Di mensi on dim = cont. preferredSi ze();
di m cont. m ni nunsti ze() ;
To paint or print the Components onto a Graphics instance:
cont . pai nt Conponent s(gc);
cont . pri nt Conponent s(gc) ;
From within a Container (like a Frame) one may write:
pri nt Conmponent s(get G aphi cs());
pai nt Conponent s(get G aphi cs());
To post an Event to a Component, located at (e.x, e.y):
Event e;
cont. del i ver Event (e);
To locate a component at (X, y):
conp = cont.locate(x, y); // null returned if conpoent
unf ound
To send the addNotify message to all descendents and the super class:
cont.addNotify(); // this creates peer descendents
To send the removeNotify message to al descendents and the super class.
cont.renoveNotify(); // this del etes peer descendents
To print out alist of the descendent:
cont.list(printStream indent);
The indent is the indentation used during generation traversal. For example, (BEGIN
CDROM) in AudioFrame.java, a Menultem event is handled by:
if (Bvt.match(e,print_m)) {
val i date();
l'ist(Systemout,5);
return true;

This emits acomponent list, including 4 scrollbars, a Panel, a Label and an IntLabel:
| yon. Audi oFr ane[ 0, 0, 550x385, | ayout =j ava. awt . Bor der Layout , ti
tl e=/ hd/ current/Java%20book/ code/ au/ ah. au]
java. awt . Scrol | bar[ 0, 0, 550x16, val =14, vi s=t r ue, m n=0, nax=24,
hor z]
java. awt . Scrol | bar[ 0, 354, 550x16, val =0, vi s=t r ue, m n=0, max=34
69, hor z]
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java. awt . Scrol I bar[ 0, 23, 16x331, val =0, vi s=t r ue, m n=-
300, max=300, vert]
java. awt . Scrol | bar[ 534, 23, 16x331, val =8, vi s=t r ue, m n=0, max=1
1, vert]
j ava. awt . Panel [ 0, 0, 550x23, | ayout =j ava. awt . Fl owLayout ]
j ava. awt . Label [ 206, 5, 101x13, al i gn=I ef t, | abel =Nunber of
Sanpl es: ]
| yon. I nt Label [ 312, 5, 32x13, al i gn=l ef t, | abel =3469]
This can be useful for debuggl ng purposes. The Frame instance may be seen in Figure
3.8, the Digital Oscilliscope.
(A-heading) The Frame Class

The Frame class is descendent of the Window class (which in-turn descends from the
Container and Component classes). As an extension of the Window class, it add the
features of atitle bar, menu bar, border, cursor and an icon image. The Frame implements
the MenuContainer and so a Frame may contain MenuComponents.
(B-heading) Class Summary

package java.aw ;

public class Frane extends W ndow i npl enents MenuCont ai ner

public static final int DEFAULT_CURSOR
public static final int CROSSHAI R CURSOR
public static final int TEXT _CURSOR

public static final int WAI T _CURSOR
public static final int SWRESIZE CURSOR
public static final int SE _RESIZE CURSOR
public static final int NWRESIZE CURSOR
public static final int NE_RESIZE CURSOR
public static final int N _RESIZE CURSOR
public static final int S RESIZE CURSOR
public static final int WRESIZE CURSOR
public static final int E_RESIZE CURSOR
public static final int HAND CURSOR
public static final int MOWE_CURSOR

public Frane()

public Frane(String title)

public synchroni zed void addNotify()

public String getTitle()

public void setTitle(String title)

public I mage getlconl mage()

public void setlconl mage(l mage i mage)

publ i c MenuBar get MenuBar ()

public synchroni zed voi d set MenuBar ( MenuBar nb)
publ i c synchroni zed voi d renove( MenuConponent m
public synchroni zed voi d di spose()

publ i ¢ bool ean i sResi zabl e()

public voi d set Resi zabl e( bool ean resi zabl e)
public void setCursor(int cursorType)
public int getCursorType()
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(B-Leading) Class Usage
Suppose that

Frame f = new Frame("Title of Frame");
is predefined. The Frame constructor is overloaded. Y ou may either pass a string (which
becomes thetitle of the frame) or you may leave the frame untitled:

Frane foo = new Frane();

Frame titledFrane = new Frame("Here is a title");
Frame instances always start life as being invisible and with alayout c led
BorderLayout. To get and set the title of aframe use:

String title =f.getTitle();

f.setTitle("My title");

To get and set theframeﬁ icon image:

I mage icon = f.getlconlmage();

f.setlconl rrage(l con);
To get and set the frames menu bar:
MenuBar nb = f. get MenuBar () ;
f.set MenuBar ( nb) ;
The getMenuBar metho returns null if no menu bar was set.
To remove the menu bar:
f.renmove(ny;
To dlspose of the frame:
f.di spose;
To seeif the frameis resizable:
aBool ean = f.i sResizabl e();
To set the resuzablllty

f. set Resi zabl e( aBool ean) ;

The cursor is set using constants that are end with  CURSOR. To set the cursor to one of
the preset cursors, use one of
. set Cur sor ( DEFAULT_CURSOR) ;
. set Cur sor ( CROSSHAI R_ CURSCR) ;
. set Cur sor ( TEXT_CURSOR) ;
.set Cursor (WAl T_CURSOR) ;
. set Cur sor (SW RESI ZE CURSCR)
. set Qur sor ( SE_RES| ZE_CURSCR) ;
. set Cur sor (NW RESI ZE_ CURSCR) ;
. set Qur sor ( NE_RES| ZE_CURSCR) ;
. set Cursor (N_RESI ZE_ CURSCR) ;
. set Cursor (S_RESI ZE CURSCR) ;
. set Cur sor (W RESI ZE_ CURSCR) ;
. set Cur sor (E_RESI ZE_ CURSCR) ;
. set Cur sor (HAND_CURSOR) ;

. set Cur sor (MOVE_CURSOR) ;
To get the cursor:

anlnt = f.get CursorType();

Itistypical for event handling to be performed within aframe. It isalso typical for
speciality framesto exist that are able to handle specific events. As an example, we show
the ClosableFrame.

—h —h —h —h —h —h —h —h —h —h —h —h —h —h
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(B-heading) The ClosableFrame Class
The ClosableFrame is an extension of the Frame class that handles the close window
event. We have found that it is often desirable to have windows that respond to the close
event and that this event istypically handled with the following code fragment:
if(eid == e WINDOW_DESTROY) {
hide();

return true;

Rather than repeat the same code in every event handler of every Frame instance, we
have devised the ClosableFrame class. The ClosableFrame is given in the following code:
package | yon. gui ;
| mport java.aw.*;
public class O osabl eFrane extends Frane {
/'l constructor needed to pass windowtitle to class
Fr ame
public O osabl eFrame(String nane) {
/1 call java.awt.Frane(String) constructor
super ( name) ;

/'l needed to all ow wi ndow cl ose
publ i ¢ bool ean handl eEvent (Event e) {
/'l W ndow Destroy event
if (e.id == Event.W NDOW DESTROY) {
di spose();
return true;

}

/Il it's good formto |let the super class |ook at
any unhandl ed events
return super. handl eEvent (e);
} /1 end handl eEvent ()
/1 end class d osabl eFrane
Any Frame that extends the ClosableFrame will inherit the ability to handle the
WINDOW_DESTROY event, provided the subclass returns super.handleEvent.
To take advantage of the ClosableFrame we extend the ClosableFrame as Follows:

publ i c class Audi oFrame extends C osabl eFrame {

publ i ¢ Audi oFrane(String nane) {
super ( name) ;

(BEGIN NOTE)
The constructor of the super classis called with the invocation of super(name). Thisisso

the call to the java.awt.Frame(String) will eventually be made.
(END NOTE)
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(A-heading) The Panel Class

The Panel classis a generic extension of the Container class. It is often used to orgainize
the layout of components into structured sub-parts. For example, in Figure 3.10, we see
an example of the HTML Generator Panel. The Panel instance has several components,
including buttons, pop-up menus and labels. These components are arranged to give the
user afunctional presentation of the input and output components. The Panel Class
represents alow-overhead Container with its own layout manager instance. Further, a
Panel can contain its own event handler. This permits a more object oriented approach to
the event handling.

(B-heading) Class Summary
public class Panel extends Container ({

public Panel ()
public synchroni zed void addNotify()

(B-Leading) Class Usage
The default LayoutManager for the panel is the FlowLayout. Suppose the following
variable is predefined:

Panel p = new Panel ();
To create a peer for the Panel use:

p. addNoti fy
Beyond the addNotify "and constructor (with default layout), the Panel inherits all of its
methods and properties from the Container Class.
(B-heading) Building a Panel
In the following code we see several components (some of which will be discussed later)
being added to a panel. (BEGIN CDROM) These are in the TargetControl Panel .javafile,
apart of the HTML Generator interface: (END CDROM)

package htm converter;

| mport java.aw.*;

public class Target Control Panel extends Panel {

Choi ce c;
Tar get Cont rol Panel () {
¢ = new Choice();

.addltem("Java");
. addlterr("C');
.addlterr( C+H+");
c.sel ect("Java");
set Layout ( new i dLayout (1, 3, 10, 10));
add(new Label ("Target: ", Label . LEFT))
add(c);

OO0

}

(A-heading) The Checkbox Class

The Checkbox class extends the Component class. As such, it is one of the many
interface widgets that may be added to any Container subclass. Typically, a Checkbox
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instance is added to a Panel or a Frame. The state of the Checkbox instance becomes true
if it is checked, otherwise it isfalse. The nice thing about a Checkbox instance s, you do
not have to handle the Checkbox event. Checkbox instances may be incorporated directly
into Java programs.
Checkbox instances may be grouped into another instance called a CheckboxGroup. The
common name for a CheckboxGroup is a radio button. Radio buttons are a paradigm of
the push-button favorite station selection feature available on some car radios. The
favorite stations were typically assigned to the buttons. The user would select one station
with the push of the button. The basic rule of the radio button interface is that you may
select only one button out of the many. Another feature is that the act of selecting one
button, deselects the others. Further, there is always one button selected.
(B-heading) Class Summary
public class Checkbox extends Conponent {

publ i ¢ Checkbox()

publ i ¢ Checkbox(String | abel)

publ i ¢ Checkbox(String | abel, CheckboxG oup group, bool ean

state)

publ i c synchroni zed void addNoti fy()

public String getLabel ()

public void setlLabel (String | abel)

publ i ¢ bool ean get State()

public void set State(bool ean state)

publ i ¢ CheckboxG oup get CheckboxG oup()

public void set CheckboxG oup( CheckboxG oup @)

(B-Leading) Class Usage
Suppose the following variables are predefined:
String | abel;
CheckboxG oup group;
bool ean state;
Checkbox cb;
To make an instance of an unchecked Checkbox without a label, group:
cb = new Checkbox();
To make an instance of an unchecked Checkbox with alabel and no group:
cb = new Checkbox( | abel);
To make an instance of a Checkbox with alabel, group and known state:
cb = new Checkbox(| abel, group, state);
To make the peer of a Checkbox:
cb. addNotify();
To get and set the |abel of a Checkbox:
| abel = cb. get Label ();
cb. set Label (| abel );
To get and set the state of the Checkbox:
state = cb.getState();
cb. set State(state);
To get and set the group of the Checkbox:
group = ch. get CheckboxG oup();
cb. set CheckboxG oup( group);
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(B-heading) Adding Checkboxesto Frames

(BEGIN CDROM) In GUI.java, the checkboxes for the Diff CAD Frame are placed into
an array of checkboxes. The array is used to manipulate the checkboxes with fewer lines
of code. The checkboxes may be seein Figure 3.9, The Diff CAD MainFrame.

(END CDROM)

1. ...

2. Checkbox ap_cb = new Checkbox("Aut o-pan”, nul |, true);
3. Checkbox order_cb = new Checkbox("-order", null,true);
4. Checkbox i 3 _cb = new Checkbox("-i3");

5. Checkbox r3 cb = new Checkbox("-r3",null,true);

6. Checkbox x3 cb = new Checkbox("-x3",null, fal se);
(BEGIN NOTE) To use a Checkbox with a known state and no Checkbox group, you
must place anull, as a place holder, into the group parameter. (END NOTE)

7. Checkbox checkboxes[] = {

8. ap_chb,

9. order _cb,
10. i 3_cb,
11. r3_cb,
12. x3 _chb};

To add the checkboxes to aframe, we use a method called addCheckBoxes:
public voi d addCheckBoxes( Checkbox checkboxes[]) {

for (int i=0; i < checkboxes.length; i++) {
add( checkboxes[i]);
}

To perform computation with a Checkbox, you need only get its state. For example:
if (x3 _cb.getState()) {
p.x _data[i] = p.x_data[i] * -1;

It is possible to make the Checkbox event trigger computation. In some cases, this may be
the preferred mode; however, if computation is going to lag behind the users input rate,
then feedback to the user will be required and the program may seem sluggish [Tog].
Since there are severa checkboxes, the approach taken by the Diff CAD program isonly
to update the screen with a recomputation during arepaint. This policy permits the
embedding of Checkbox states directly into equations.

(A-heading) The Scrollbar Class

The Scrollbar classis acomponent subclass. It is generally added to a Container class
instance and is used to obtain a numeric quantity from the user. The scrollbar excels at
permitting a user to scroll data, such as an image or a graph, in awindow of limited size.
In the digital oscilloscope example (see Figure 3.8) there are 4 scrollbars, top, bottom,
left and right. Their functions will be described in the Class Usage section. The box that
slides aong the scrollbar istypically called the elevator. Taking the elevator up isthe
same as clicking and holding on the box while dragging the pointing devices' cursor to
the top of the scrollbar.
(B-heading) Class Summary

public class Scroll bar extends Conponent {

public static final int HORI ZONTAL
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public static final int VERTI CAL

public Scroll bar()

public Scrollbar(int orientation)

public Scrollbar(int orientation, int value, int visible,
int mninmm int maximn

publ i ¢ synchroni zed voi d addNoti fy()
public int getOientation()

public int getVal ue()

public void setVal ue(int val ue)
public int getM nimn()

public int getMaximn()

public int getVisible()

public void setLinelncrement(int |)
public int getLinel ncrenent ()
public void setPagel ncrerment (int 1)
public int getPagel ncrenent ()

public void setValues(int value, int visible, int mninmm
I nt maxi mum

(B-Leading) Class Usage
Suppose that the following variables are predefined:
int orientation;
int visible;
int mninum maxi num
int val ue;
To construct a Scrollbar instance, you
Scrollbar sb;
The constructor defaults to a vertical scrollbar:
sb = new Scrol |l bar();
int orientation;
The orientation, one of: Scrollbar.HORIZONTAL or Scrollbar.VERTICAL.
sb = new Scrol |l bar(orientation);
int val ue;
int pageSi ze, m ni mum nmaxi mum
To make a Scrollbar instance with given orientation, value, visibility, minimum and
maximum range:
sb = new Scrol |l bar(orientation, value, visible, mninmm
maxi munj ;
To make a peer for the Scrollbar instance:
sb. addNoti fy();
To get the orientation of the Scrollbar:
orientation = sh.getOientation();
To get and set the value:
val ue = sb. get Val ue();
sb. set Val ue(val ue);
Valueisclipped to Maximum or Minimum if it is not between them.

To get the minimum and maximum of the scrollbar:
val ue = sb. getM ni mun() ;
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val ue = sb. get Maxi muny) ;
To get the amount visible, in pixels:
val ue = e?etv sible();
To set and get the ator increment for an arrow click:
sb. set Li nel ncrenent (1);
| = sb. getLinelncr emant)
To set and get the elevator increment for apageclick:
sb. set Pagel ncrenent (1);
| = sb. get Pagel ncremant()
To set the values (value |scI|pped if It exceeds the valid range):
sb. set Val ues(val ue, visible, mninmm naximn;

(B-h}eading) Adding Four Border Scrollbars
In this section we show how to construct the four border scrollbars shown in Figure 3.8,
The Digital Oscilloscope generator. An oscilloscope is atest instrument used to graph
wave forms. The digital oscilloscope isintended to have some of the features of the
traditional instrument (which can typically be purchased at significant cost). The
following code illustrates how to add scrollbars to the AudioFrame (which is used to
display the digital oscilloscope):

1. public class Audi oFrane extends O osabl eFrame {

2. ...
In lines 3-6 we create the horizontal and vertical scroll bars both (bottom, top) and (left,
right).

3. Scrollbar sbHorzBottom = new

Scrol | bar (Scrol | bar. HORI ZONTAL) ;

4. Scroll bar sbHorzTop = new

Scrol | bar (Scrol | bar. HORI ZONTAL) ;

5. Scrollbar sbVertLeft = new

Scrol | bar (Scrol | bar. VERTI CAL) ;

6. Scrollbar sbVertR ght = new

Scrol | bar (Scrol | bar. VERTI CAL) ;
For our digital oscilloscope, we want soVerfLeft to trandate the wave form vertically.
The scrollbar, sbVertRight, will scale the wave form in height. The scale factors for the
wave form are given in millivolts per division. We want divisions in millivolts to reflect
the steps of the physical instrument (from 5 voltsto 1 millivolts). These steps become our
y-scale factors. We also want the x-scale factors to ater the number of seconds used per
division. To reflect the physical instrument we proceed in steps from 0.05 microseconds
per division to 5 seconds per division. This models the steps and range of a circa 1969
dual-trace 150 Mhz bandwidth Tektronix model 7704 portable oscilloscope. The 7704
weighs over 50 Ibs and is portable by virtue of having two handles.

7. private int dx = 0O;

8. private int oldDx = O;

9. private int dy = 0;

10. private int oldDy = O;

11. private final double xScal eFactors[] = {50000, 25000,

10000, 5000, 2500, 1000,

12. 250, 100, 50, 25, 10,

13. 2.5, 1, .5, .25, .1,
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14. .025, .01, .005, .0025, .001,

15. . 0005};

16. private final String xSFLabels[] = {"0.05 u", "0.1 u",
"0.25 u",

17. "0.5 u", "1 u", "2.5 u",

18. "5 u", "10 u", "25 u",

19. "50 u", "100 u", "250 u",

20. "500 u", "1 nf, "2.5 nt,

21. "5 nf, "10 ni', "25 ni,

22. "50 ni', "100 n¥, "250 ni,

23. "500 nf, "1 ", "2.5 ", "5 "};

24. private final int xsfStartlndex = 14;
25. private doubl e xScal eFactor =

xScal eFact or s[ xsf Start | ndex] ;

26. private doubl e ol dXScal eFactor =
xScal eFact or s[ xsf Start | ndex] ;

27. private String xSFLabel = new
String(xSFLabel s[ xsf Start | ndex]);

28. private final double yScal eFactors[] = {500, 200, 100,
50, 20, 10,
29. 2, 1, .5, .2, .1};

30. private final String ySFLabels[] = {"1 nf, "2.5 nf, "5
ml , n 10 ml ' n 25 ml , n 50 ml ,
31. n 100 ml , n 250 ml , n 500 ml , n 1 n , n 2. 5 n , n 5 ll} ;

32. private final int ysfStartlndex = 8;
33. private doubl e yScal eFactor = 1;

34. private double ol dYScal eFactor = 1;
35. private String ySFLabel = new

Stri ng(ySFLabeI s[ysf Startlndex]);

36.

37. public bool ean handl eEvent (Event e) {

38. ...
During the handling of the event, we may check to see if the event target contains the
same reference as one of the components. Thisisdonein line 39.

39. if(e.target == sbHorzTop) {

40. int i = sbHorzTop. get Val ue();

41. xScal eFact or = xScal eFact ors[ i];
For line 42, we check to seeif the scale factor has changed, if it has not we do not call
repaint. Repaint is computationally expensive.

42. i f (xScal eFactor != ol dXScal eFactor) {
43. xSFLabel = xSFLabel s[i];

44. repaint();

45. ol dXScal eFact or = xScal eFact or;
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46. }
47. return true;
48. }

In order to make the scrollbars border the AudioFrame, we use a layout manager called
BorderLayout:
publ i ¢ Audi oFrame(String nane) ({

set Layout (new Bor der Layout ());
add("North", sbHorzTop);

add( " Sout h", sbHorzBotton;
add("West", sbVertlLeft);
add("East", sbVertRight);

© NoohkwhE

/1 openAudi oStreamwi || set the fil eName

9. // and audi oStream vari abl es.

10. openAudi oStream);

11. // Set top scrollbar characteristics

12. sbHor zTop. set Val ues(xsf Startlndex, 0, 0, 24);

13. ...
(A-heading) The Label Class

The Label is asubclass of the Component class, and as such is generally added to a
container. Labelsaretypically not generators of useful events. A label may be updated
dynamically to reflect the state of an underlying variable. For example, in the (BEGIN
CDROM) DiffCAD program in the GUI.javafile there are both static labels and dynamic
labels. Dynamic labels are discussed in alater section. (END CDROM)
(B-heading) Class Summary
public class Label extends Conponent {

public static final int LEFT

public static final int CENTER

public static final int R GHT

public Label ()

public Label (String | abel)

public Label (String |abel, int alignment)

public synchroni zed void addNotify()

public int getAlignnent()

public void setAignnent(int alignnment)

public String getText()

public void setText(String | abel)

(B-Leading) Class Usage
Suppose the following variables are predefined:
Label I;
String narneg;
int alignment;
Alignment is set to one of:
Label . LEFT, Label.RI GHT, Label . CENTER
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public class Label extends Conponent ({
To construct an empty Label:
| = new Label ?)
To construct a named |abel:
| = new Label fnama);
To construct a named label with known alignment:
| = new Label (nane, alignnent);
To make the label peer
| . addNotify();
Toget and set allgnment
aI ignment = |.getAignnment();
.SetAli nrrent(all nment ) ;
To get and set the string that t e label$ contains:
nane = |.getText();
| . set Text (name) ;

}

(B-heading) Adding L abelsto Frames
To add labelsto a Frame, you need onIy invoke:
add(new Label ("Gid:"
No event handler code isrequired. Also, any extension of the Container class can add
components. For example
(A-heading) The Choice Class

The Choice Component class provides a pop-up menu of string choices. The currently
selected string becomes the title of the string menu. In many ways, the Choice
Component is like a main menu bar selection that continue to read out its last selection.
Pop-up menu examples may be seen in Figure 3.9, The Diff CAD Main Frame and Figure
3.10, The HTML Generator Panel.
(B-heading) Class Summary
public class Choi ce extends Conponent {

publ i ¢ Choi ce()

public synchroni zed void addNotify()

public int countltens()

public String getlten(int index)

public synchroni zed void addltem(String item

public String getSel ectedltem()

public int getSel ectedl ndex()

public synchroni zed voi d sel ect (int pos)

public void select(String str)

}

(B-heading) Class Usage
Thereis only asingle constructor for the Choice Component. Suppose the following
variables are predefined:

Choi ce choi ce = new Choi ce();

int i;

String str;
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To create the peer:

choi ce. addNot i fy();
To find the number of stringsin choice:

i = choice.countltens();
To get the String at location i:

str = choice.getlten(i);
To add a String:

choi ce. addl ten{str);
To get the selected String:

str = choi ce. get Sel ectedl ten();
To_getthelocatlon of the String in the list:

i = choi ce. get Sel ect edl ndex() ;
To select a String, by position or name, thereby making it visible:

choi ce. sel ect (i);
choi ce. sel ect(str);

}
(B-heading) Adding Choicesto a Frame

April 13, 2000

In this example, we show how to add a Choice menu to a Frame. (BEGIN CDROM) The

code is excerpted from the Diff CAD program in GUI.java.(END CDROM) The basic

ideaisthat a graph object may be selected by choosing it from the Choice instance.
public class GJ extends Applet inplenents constants {

Choi ce nouseChoi ce;

String objectPropertiesStr = new String(" bj ect

Properties")

String cameraStr = new String("canera");

String laserStr = new String("laser");

String laserAngleStr = new String("laser angle");
String gratingStr = new String("grating");

String graphPvsXStr = new String("graph p vs x");
String graphDLvsXStr = new String("graph DL vs x");

String all Str = new String("all");

String nmouseChoiceltens[] = {
obj ect PropertiesStr,
caneraStr, laserStr, |aserAngleStr,
graphPvsXStr, graphDLvsXStr, all Str

gratingStr,

To assist in the creation of Choice menus, thereis graphics utilities classthat isin the

caled Guitils:
public class Quitils {

static public Choice addChoi ceMenu(String itens[],

Cont ai ner cont) {
Choi ce choice = new Choice();

for (int i =0; i <itens.length; i++) {

choice. addlten(itens[i]);

cont . add( choi ce) ;
return choice;
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GUL.j ava}makes use of the Guitils.addChoiceMenu method in create_gui:
public void create gui () {
set Backgr ound( Col or. white);
Quitils.addCheckBoxes(checkboxes, this);
nouseChoi ce = Quitils. addChoi ceMenu( nouseChoi cel t ens,
this);
Since the Frame class is a subclass of the Container class, the usage of this simple passes
the Frame, with automatic type casting, into the Guitils.addCheckBoxes method. The
Guitils.addCheckBoxes method did not keep a reference to the Choice instance, choice,
because the Container instance will storeit.
To handle the choice, we have adopted the policy of waiting for the mouse to be rel eased.
Once this occurs, we can process the choice:
1. public bool ean handl eEvent (Event e) {
2. switch (e.id) {

3. case Event. MOUSE_UP: {

4, String object Nane =

nouseChoi ce. get Sel ectedl ten();

5. processl\/buseUp( obj ect Nane, e.x, e.y);
6. repaint();

7. }

8. case Event. MOUSE_DOMN:

9. anchor = new point( e.x, e.y);

In line 9, we store the mouse down event so that we can compute the relative mouse
motion when the mouse is released.
10. return super. handl eEvent (e);
11. } /] switch
The invocation of the processM ouseUp method causes a sequence of if-then-else methods
to befired:
1. public void processMuseUp(String object_nane, int x,
int y) {
The rmove point instance in line 2 is used to compute the relative mouse motion. The
upside down nature of the coordinate system, imposed by the AWT designers, requires
that we negate the (y - anchor.y) displacement. The use of an upside-down coordinate
system was probably an unfortunate design choice.
2. poi nt rnove = new point(x-anchor.x, anchor.y - vy);
3. /'l rnmove is the relative notion of the nouse.
It is much faster to compare strings using a check between references. Thisis safe,
because the strings were added to the Choice instance by reference. 1t isNOT safe to use:
/1 if (object_nanme == “canmera”) // <--- this is NOI safe
Also, it is bad software engineering pratice to embed string literals thoughout the code,
since typos can result in hard-to-find bugs:
/1 if (object_nane.equal s(“canmera”) // <--- this is bad
engi neeri ng!
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The best way isto allow the compiler a chance to check for type correctness. Thisway, if
thereisatypo, the compiler will emit a syntax error, rather than require run-time
debugging. Further, the reference comparison, using == isvery fast.

4. if ( object _nane== caneraStr) {

5. Canera ¢ = (Canera) Ceonetry. canera;

6. c.auto_pan = ap _ch.getState();

7. c. change_confi g(rnove);

8. Ceonetry. conpute_rays();

9. } else if ( object _nane== |aserStr) {

10. Laser | = (Laser) Ceonetry.| aser;
11. | . change_confi g(rnove);

12. Ceonetry. conpute_rays();

13. } else if ( object _nane == gratlngStr) {
14. Gating g = (Gating) Geonetry.grating;
15. g. change_confi g(rnove);

16. Ceonetry. conpute_r ays() ;

17. } else if ( object_name == graphDLvsXStr)
18. make _graph_dl ();

19. else if ( object_name == graphPvsXStr)

20. make _graph_p();

21. else if (object _nane == | aser Angl eStr) {

22. Wedge w = (Wedge) Ceonetry. wedge;
23. w. change_confi g(rnove);

24. Ceonetry. conpute_rays();

25. return;

26. } else if (object _name == all Str) {

27. Xf orm rnove(rnove) ;

28. return;

29. }

(A-heading) Summary

This chapter introduced some of the basic classesin Java needed to perform basic AWT
programming. In the following chapters we will present a series of subclass that extend
the component class. (BEGIN CDROM) On the CDROM we have a program, called
DiffCAD, that allows usto present severa types of components in various
conflguratlons In later chapters we will address the creation of some of these interfaces.
As asample, we show an image of adigital oscilloscope (shown in Figure 3.8), an optical
raytracer for designing diffraction rangefinders (shown in Figure 3.9), an HTML , ableto
read batches of Java, C and C++ files, transforming them into HTML (shown in Figure
3.10).
(END CDROM)
Figure 3.8 The Digital Oscilloscope
Figure 3.9 The Diff CAD Main Frame
Figure 3.10 The HTML Generator Panel
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(CN) 4. Futil Recipesfor Feudal Times

From cooking meals for hungry hired men
And washing dishes after them
-Robert Frost
Resistance is Futile
- Borg
(BEGIN ON CDROM) This book comes with a package called futils. (END ON
CDROM) The futils package is a collection of file utilities that s mplify the writing of
user-friendly GUI-based code. The java.io package is responsible for enabling all input-
output (1/0) operations from Java. Due, in part, to the number and variety of operations
that java.io isresponsible for, java.io has grown to 31 different classfiles. Eventualy, the
programmer will want to learn them all. However, even a seasoned programmer will want
to develop a set of useful tools that are less general and are therefore easier to use. The
premiseisthat simplicity isinversely related to generality and that “simplicity ” isa
feature! Thus, the futil package presents an elementary set of simple tools pragmatically
designed to be both easy to use and to make compact code that is easy read.
File utilities are, by their very nature, considered to be “unsafe’. File utilties can rename,
copy, list and even deletefiles! Thisisall the more reason why there should be a
centralized package of well-tested and well-understood classes for file manipulation.
Futher, due to security manager restrictions, classes in the futil package will generally not
run within a browser.
The futil package has severa public final classes, each of which has several static
methods. To gain access to these methods, type:
in‘Rort futils.*;
at the head of your Java source.
The Futil classisapublic final class that residesin the futils package. The Futil class
contains a single private constructor that is used to prevent instantiation of the class. The
Futil classis dependent on the java.io package.
(A-heading ) The Dialog Class

Aninstance of aDialog classis like alow-overhead Frame instance. A Dialog instance
may be resizable. A Dialog instance has atitle, aborder and alayout.
A Dialog instance has amodal property. If a Dialog instance is modal, then the user is
forced to interact with it. If a Dialog instance is hon-model, then the user may choose
other Window instances (like Frame instances). The default layout is BorderLayout.
(B-heading) Class Summary
public class D al og extends W ndow {
public D al og(Franme parent, bool ean nodal)
public D al og(Frane parent, String title, bool ean

nodal )

public synchroni zed voi d addNoti fy()

publ i ¢ bool ean i sMdal ()

public String getTitle()

public void setTitle(String title)

publ i c bool ean i sResi zabl e()

public void set Resi zabl e(bool ean resi zabl e)
}
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(B-heading) Class Usage
Suppose the following variables are predefined:
String title;
bool ean resi zabl e, nodal ;
Di al og di al og;
Frame parent;
To make an (initialy invisible) instance of a Diaog:
di al og = new Di al og(parent, nodal);
To make an (initialy invisible) instance of a Dialog with atitle:
dialog = new Di al og(parent, title, nodal);
To create a peer:
di al og. addNot i fy();
To seeif aDiaog instanceis modal:
nodal = di al og. i sMdal ();
To get and set thetitle:
title = dialog.getTitle();
di al og.setTitl eﬁtitl e);
To get and set the resizabl e property:
resi zabl e = di al og. i sResi zabl e();
di al og. set Resi zabl e(resi zabl e) ;
(A-heading) The FileDialog Class

April 13, 2000

The FileDialog class is a subclass of the Dialog class. Instances of the FileDialog class
are used by the futils package to obtain file and directory information from the user. An
instance of the FileDialog class will block the invoking thread when shown. The

FileDialog classis always modal.
(B-heading) Class Summary
public class FileD al og extends D al og

public static final int LQAD
public static final int SAVE
public FileD al og(Frane parent, Strin
public FileD al og(Frane parent, Strin
public synchroni zed void addNotify()
public int getMde()
public String getD rectory()
public void setDirectory(String dir)
public String getFile()
public void setFile(String file)

public FilenaneFilter getFilenaneFilter()

g ti
g ti

i nt node)

public void setFilenaneFilter(FilenameFilter filter)

(B-Leading) Class Usage
Suppose the following variables are predefined:
FileD al og fileD al og;
Franme parent;
String title, path;
i nt node;
FileNameFilter filter;
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Mode must be one of FileDialog.LOAD or FileDialog.SAVE
To create aFileDialog instance for reading afile:
fileD alog = new Fil eDi al og(parent, title);
To specify amode during instantiation:
fileDialog = new FileDialog(parent, title, mode);
To get the mode:
node = fil eDi al og. get Mode();
To get and set the directory:
path = fileDi al og.getDi rectory();
fileD al og.setDirectory(path);
To get the file name:
path = fileDi al og.getFile();
To set the default file name before the dialog is shown:
fileD al og. setFil eﬂpat h) ;
To get and set the FilenameFilter:
filter = fileD al og. getFilenaneFilter();
fileDi al og.setFilenaneFilter(filter);
(B-heading) Futil.getReadFileName
The Futil.getReadFileName is a static method that creates afile open dialog box. The
dialog box is used by the user to select afile. Once thefileis selected, the
Futil.getReadFileName returns an absol ute path name to the file as a String instance. An
example of the standard file open dialog box is shown in Figure 4.1.

Figure 4.1. The Standard File Open Dialog Box
The appearence of the file open dialog box will be platform dependent.
public static String getReadFil eNanme() {
FileD al og dialog = new Fil eDi al og(new Frane(), "sel ect
file");
di al og. show() ;
String file_name = dialog.getFile();
String path_name = dialog.getD rectory();
String file_string = path_name + fil e_nane;
Systemout.println("Qpening file: "+file_string);
di al og. di spose();
return file_string;

}
(BEGIN NOTE)The parent field of the dialog is set to new Frame() so that the user does
not need to pass a Frame instance into the getReadFileName parameter list. This
simplifies the getReadFileName call at the expense of efficiency. The path name for the
fileis explicitly concatenated into the file_string before the return. (END NOTE)
Typically a programmer would prompt the user to select afile by using:

String inputFileNane = Futil.get ReadFi | eNane();
(B-heading) Futil.getWriteFileName
To get afile name for write, the mode of the FileDialog must be set to FileDialog.SAVE.
A sample of the save file dialog box is shown in Figure 4.2.

Figure 4.2. Save File Dialog Box
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Thisis done in the following code:
public static String getWiteFil eNane() {
FileD al og dialog = new Fil eDi al og(new Frane(), "Enter
file name", Fil eD al og. SAVE) ;

di al og. show() ;
String fs = dialog.getDirectory() + dialog.getFile();
Systemout.println("Qpening file: "+fs);
di al og. di spose();
return fs;

}
To ask the user for afile string, with afully qualified path name, use:
String witeFile = Futil.getWiteFileName();
(A-heading) The File Class

The File classresidesin the java.io package. An instance of the File class keeps track of
severa filerelated properties, including: a path to the file, information on whether the
path is relative or absolute and a series of static constants that indicate the path separator.
It is unfortunate that on some systems (i.e., DOS, Windows, etc.) the path name separator
is represented by a back-dlash ('\"), whereas on other systems (i.e., Macintosh and Unix
variants) the path name separator is represented by aforward-slash (/).
The File class makes use of FilenameFilter instance. These are introduced in the
following section on FilenameFilters.
(B-heading) Class Summary

public class File {

public static final String separator
public static final char separatorChar
public static final String pathSeparat or
public static final char pathSeparatorChar
public File(String path)

public File(String path, String name)
public File(File dir, String nane)
public String getNane()

public String getPath()

public String getAbsol ut ePat h()

public String getParent()

publ i ¢ bool ean exi sts()

publ i c bool ean canWite()

publ i ¢ bool ean canRead()

publ i c bool ean isFile()

publ i c bool ean isD rectory()

public native bool ean i sAbsol ute();
public long |astMdified()

public long | ength()

publ i ¢ bool ean nkdir ()

publ i ¢ bool ean renaneTo(Fil e dest)
publ i ¢ bool ean nkdirs()

public String[] list()

public String[] list(FilenaneFilter filter)
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publ i ¢ bool ean del ete()

public int hashCode()

publ i ¢ bool ean equal s(Cbhj ect obj)
public String toString()

(B-Leading) Class Usage
Suppose the following variables are predefined:
String absPath = Futil.get ReadFi | eName();
I/ The fileNane is relative and
/| does not include absPath
String fil eNane;

String dirNanme; // absolute path to directory

File dirFile; // dir File instance
File destFile; // a destination file
bool ean abool ean, successful ;

int i;

long tinmelnMIIliseconds; // relative tine.

l ong bytes; // size of the file
String path; // relative or absol ute
String fileNanes[];
FileNameFilter filter;

To make an instance of the File class:

file = new Fil e(absPat h);
file = new Fil e(dirName, fil eNane);
file = new File(dirFile, fil eNane);

fileNane = fil e.get Nane();
To get the path to the file:
path = fiIe.getPathg);
To get the absolute path to the file:
absPath = file. get Absol utePath();
To get the name of the parent directory:
dirNane = file.getParent();
Toseeif afileexists:
abool ean = file.exists();
To seeif afileiswritable:
abool ean = file.canWite();
Toseeif afileisreadable:
abool ean = file.canRead();
To seeif aFileinstanceisafile or adirectory:
aboolean = file.isFile();
aboolean = file.isDirectory();
To seeif getPath isrelative:
abool ean = file.isAbsol ute();
To get the relative time since modification:
timelnMI1liseconds = file.lastMdified();
To get the size of the filein bytes:
bytes = file.length();
To invoke mkdir and return true if successful:

April 13, 2000

11:18 AM—Page 162 Chapter 9: Image Processing in Java



Digital Signal Processing Recipesin Javae Lyon and Rao April 13, 2000

successful = file.nkdir();
To rename to a destination file:
successful = file.renameTo(destFile);
To make all directoriesin this path:
successful = file.nkdirs();
Tolist thefilesin adirectory:
fileNanmes = file.list();
To use afilter to list thefilesin adirectory:
fileNanmes = file.list(filter);
To delete afile:
success = file.delete();
To compute a hashcode:
i = file.hashCode();
To seeif two files are equal:
abool ean = file.equal s(destFile);
To get the path string:
ath = file.toString();
(B-heading) L s.getDirName
In Unix type operating systems there is a command called Is. We have modeled the ls
command in the futils package using a class called Ls. The Ls class has static methodsin
it and is declared as public and final. Ls.getDirName will open a standard file dialog box
and ask the user to select afile (thereis no way to select adirectory, asfar as we know).
Oncethefileis selected, adirectory name isreturned (it is the directory that contains the
file)
static public String getD rName() {
FileDalog fileD alog =
new Fi | eDi al og(new Frane(), "sel ect
file");
fileD al og. show();
String dirNanme = fileDi al og.getD rectory();
di al og. di spose();
return dirNane,

(B-heagling) Ls.deleteFile
The Ls.deleteFile method takes an absol ute path name (a string) convertsit to aFile
instance and then deletes the file, with error reporting to the console.
static public void deleteFile(String absPath) {
File fil eToDel ete = new Fil e(absPat h);
Systemout.print("deleting file " + absPath);
if (fileToDel ete.exists()) {
Systemout.println(" deleted!'");
fileToDel ete. del ete();

el se
Systemout.println(" does not exist");

}
(B-heading) Futil.getReadFile Futil.getWriteFile and Futil.getDirFile
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The static method, Futil.getReadFile() opens a dialog box for the user and returns aFile
instance, whereas Futil.getDirFile works by getting afile based on the Ls.getDirName
method:
public static File getReadFile() {
return new Fil e(get ReadFi | eName());

}
public static File getWiteFile() {
return File(getWiteFi | eNanme(fs));

}
public static File getDirFile() {
return new Fil e(Ls. getDi rNane());

(A-headl}ng) The FilenameFilter interface

The FilenameFilter is an interface reference data type that requires that an accept method
be implemented. Once the FilenameFilter instance is created, it may be passed to utilities
that will determineif afile name should be allowed on alist.
(B-heading) Class Summary
public interface FilenameFilter

boolean accept(File dir, String name);

(B-heading) Class Usage
The best way to illustrate the usage of the FilenameFilter is to show some examples. All
the examples are taken from the futils package.
Typicaly, amore efficient approach isto keep al file namesin File instances. It isthe
case, however, that there are reasons for maintaining lists of files as arrays of String
instances. Thisis particularly efficient when attempting to trade space for time. For
example, the storage of a String instance is based on a dictionary that assumes the String
isimmutable. This permits the reuse of substrings. Therefore redundancy in absolute path
name storage should not be too memory inefficient, as the String storage facility has been
highly optimized. By emphasizing the storage of absolute path namesin String instances,
we have gained a space efficiency. However, having to create and dispose of many File
instance creates a CPU inefficiency. Questions concerning the quantitative aspects of this
trade-off remain open.
(B-heading) DirFilter
The DirFilter takes afile name and returnstrue if the fileisa directory. It does this by
first making an instance of the File class, using the file name, then targeting the instance
with an isDirectory() invocation.

package futils;

I mport java.io.*;

i mport java.util.*;

public class DirFilter inplenents FilenameFilter {

publ i ¢ bool ean accept(File dir, String nane) {
return new File(dir, name).isDrectory();
}

(B-Leading) The FileFilter Class
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The FileFilter class, just like the DirFilter Class, is used to determine if the dir+name
constitutes avalid file by creating atemporary File instance.

package futils;

I mport java.io.*;

i mport java.util.*;

public class FileFilter inplenents FilenaneFilter {

publ i ¢ bool ean accept(File dir, String nane) {
return new File(dir, name).isFile();

}

(B-Leading) The WildFilter Class
The WildFilter class contains the suffix string of the file name string that the programmer
islooking for. Once the WildFilter isinstanced, the suffix is unchangable (due to the
private visibility of the suffix class variable).
package futils;
I mport java.io.*;
i mport java.util.*;
public class WIdFilter inplenents FilenaneFilter {
private String suffix;
WIldFilter (String suffix ) {
suffix = suffix_;
}

publ i c bool ean accept(File dir, String nane) {

return name. endsWth(suffix);

}

(B-h}eading) L s.getWildNames
The Ls.getWildNames() static method brings up a standard file open dialog box. After a
user selection, all the names are returned in a String array, with the absolute path name.
static public String[] getWI dNames(String wild) {
File dir = Futil.getDirFile();
String absPath = dir. get Absol ut ePat h() ;
String[] fileNames = dir.list(new WIdFilter(wld));
System out. println("get WI dNanes: " +absPat h) ;
for (int i=0; i < fileNames.length; i++) {
fileNanmes[i] = absPath+fil eNanes[i] ;

return fil eNames;

} .
(B-heading) Ls.wildToConsole
The Ls.wildToConsole provides the service of listing all the files to the standard output
device. Thisis equivalent to the Unix ‘Is*.wild’', or the DOS “dir *.wild'.
static public void wildToConsol e(String wild) {
String[] files = get WI dNanmes(wi | d);
Systemout.printin(files.length + " file(s):");
for (int i=0; i < files.length; i++)
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Systemout.println("\t" + files[i]);

(B-headi%g) Ls.deleteWildFile

Now for the really dangerous stuff. A method that deletes all the filesin adirectory,

without confirmation!

(BEGIN WARNING) Use this method with caution.

(END WARNING)

static public void deleteWldFiles(String wild) {

String[] files = get WI dNanmes(wi | d);
Systemout.printin(files.length + " file(s):");
for (int i=0; i < files.length; i++)
deleteFile(files[i]);

(B-Leading) LsWordPrintMerge
The Ls.WordPrintMerge gets all the files that end with a“PICT” suffix and creates
Microsoft Word print merge commands that will include the pict filesinto a single word
document. In fact, thisisthe utilitie that helped create the figure manuscript for chapter 1
of this book.
static public void WrdPrintMrge() {
String wild = "PICT";
String[] files = get WI dNanmes(wi | d);
Systemout.printin(files.length + " file(s):");
int fileNunber;
for (int i=0; i < files.length; i++) {

fileNunber =i + 1;
Systemout.print("Figure *."+
fileNunber +

«I NCLUDE hd: current: Java
book: chapter |:batch 1 revl:picts:");
Systemout.printin(files[i]+"»");
}

(B-H}eading) L slower FileNames
(BEGIN WARNING)
Now for the really dangerous (and fun!) stuff. The Ls.|lowerFileNames takes aFile
instance and recursivly traverses the file system converting ALL file namesto lower
case!(END WARNING). Thereis no single command in most computer operating
systems for doing this (for obvious reasons). The purpose of Ls.|lowerFileNamesisto
maintain web sites that have file names that do not match the case of the file namesin the
hypertext references. Thisis particularly painful for web masters who port web sites from
one file system to another. For example, on a DOS system, the file names may appear as
upper case. On aMac or Unix file system, files are mixed case.
public void | owerFil eNanmes( File thePath ){

String[] fileNames = thePath.list();

String pathstr = thePath. getPath();

for( int i=0;

fileNanmes !'= null & i< fileNanes.length; i++ ) {
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String aFil eName = fil
String newFil eNane = a
FIetheFlle: ew Fil

’|

f_ eNames[ i ];
|_:
[ (theFllelsFll e()
to
i+
ne
(

Fi | eNane. t oLower Case() ;
e( pathstr, aFil eName );
{

0

//rename theFile
System out . print(
t heFil e. renaneTo(
System out . printl|
} el sef

//case theFile is Dir, inthe Dr,

/'l repeat sane procedure

Systemout.printin( "Dr:"+aFi | eName );

| ower Fi | eNanes( new Fil e( pathstr+aFil eNane ));

}
}

return;
}/ 11 ower Fi | eNanes
(A-heading) The FileOutputStream Class

The FileOutputStream class resides in the java.io package. Instances of the
FileOutputStream class are used as targets of the close method. When an instance of a
FileOutputStream is made, the file is opened for write.
Since the creation and closing of a FileOutputStream instance can throw an | OException,
operations involving the use of a FileOutputStream are surrounded by atry and catch.
(B- heading) Class Summary

public class Fil eQutputStream extends Qutput Stream {

public FileQutputStrean(String nane) throws | CException

wew cases
" + aFileNane );
File( pat hstr, newFileNanme ) );

n ==>\t " +newFi | eNane );

public FileQutputStrean(File file) throws | CException
public FileQutputStrean(FileDescriptor fdQbj)
public native void wite(int b) throws | CException;

public void wite(byte b[]) throws | OException

public void wite(byte b[], int off, int len) throws

| OException

public native void close() throws | CException;

public final FileDescriptor getFD() throws | CException

(B-Leading) Class Usage
To open afile, using a standard file save dialog box, define a FileOutputStream instance
by using the Futil.getWriteFileName()

Fi | eQut put St ream out put _stream = new

Fi | eQut put Strean(get Wi teFileNane());

Suppose the following variables are predefined:

String fil eNane;

File file;

Fi | eDescriptor fd;

byte b, bytes[];

int offset, |ength;
Then to open afile for write (remember to use try and catch):
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fos = new Fi | eQut put St rean( nane) ;
To open afile using a Fileinstance:
fos = new FileQutputStrean(file);
To open afile using a FileDescriptor instance:
fos = new Fi |l eCQut put Strean(fd);
To write a byte of data:
fos.wite(b);
To write an array of bytes:
fos.wite(bytes);
To write asubarray of bytes:
fos.wite(bytes, offset, length);
To close the FileOutputStream:
fos. cl ose();
To get the file descriptor:
fd = fos.getFIX);
(B-heading) Futil.getFileOutputStream
A simple way to get afile output stream, by prompting the user with afile dialog box and
intercepting the possible resulting exceptions, is given below. The
Futil.getFileOutputStream method will return null if the output file is unable to be made.
public static FileCQutputStreamgetFileQutputStrean() {
Fil eQut put Stream fos = nul | ;
try {fos =
new Fil eQut put Strean{getWiteFil eNane());

}
catch (I Oexception e) {
Systemout.println("futil:Could not create
file");

return fos;

}

(B-heading) Futil.closeOutputStream
As with the getFileOutputStream, there is a closeOutputStream method. (BEGIN NOTE)
Any subclass of the OutputStream (i.e., the FileOutputStream) will be automatically cast
into an OutputStream instance during the call. Thus, there is no need for a
Futil.closeFileOutputStream method (END NOTE)
public static void cl oseCQut put Strean{Qut put Stream os) {
try {os.close();} // end try

catch (I Oexception exe)

{Systemout. println(

“futil: could not close outputstreani);}

}
(A-heading) The PrintStream Class

The PrintStream class resides in the java.io package. An instance of the PrintStream class
existsin System.out and has been introduced, informally using:
Systemout.printin("Hello Wrld");
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A PrintStream instance may be explicitly flushed. When flushed, the buffered output will
be written. A newline can be used to trigger aflush.
(B-heading) Class Summary
public class PrintStreamextends FilterQutputStream{
public PrintStrean(QutputStream out)
public PrintStream QutputStream out, bool ean aut of | ush)
public void wite(int b)
public void wite(byte b[], int off, int |en)
public void flush()
public void close()
publ i ¢ bool ean checkError()
public void print(Cbject obj)
synchroni zed public void print(String s)
synchroni zed public void print(char s[])
public void print(char c)
public void print(int i)
public void print(long I)
public void print(float f)
public void print(double d)
public void print(bool ean b)
public void println()

synchroni zed public void println(Cbject obj)
synchroni zed public void println(String s)
synchroni zed public void println(char s[])
synchroni zed public void println(char c)
synchroni zed public void printIn(int i)
synchroni zed public void println(long I)
synchroni zed public void println(float f)
synchroni zed public void println(double d)
synchroni zed public void println(bool ean b)

(B-Leadi ng) Class Usage
Suppose the following variables are predefined:
Qut put St r eam os;
Print Stream ps=new Pri nt Strean(os);
bool ean aut of | ush;
byte b, bytes[];
int offset, |ength;
bool ean abool ean;
(bj ect obj ect;
String string;
char aChar, charArray[];
int i;
long I|;
float f;
doubl e d;
To make a PrintStream instance from any OutputStream instance:
ps = new PrintStrean{os);
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To specify the automatic flush:
ps = new PrintStrean{os, autoflush);
To write abyte:
ps.wite(b);
To write asubarray:
ps.wite(bytes, offset, |length);
To flush the stream:
ps. flush();
To close the stream:
ps. cl ose();
To flush the print stream with output stream error messages and areturn true if an error
ever occured during the life of the PrintStream:
abool ean = ps. checkError();
To print anewline:
ps.println();
To print an object or an object+newline:
ps. print (obj ect);
ps. println(object);
To print a String or a string+newline:
ps.print(string);
ps.println(string);
To print achar or an array of char:
ps.print(aChar);
ps. print(charArray);
To print anint, long, float or double:
ps.print(i);
ps.print(l);
ps.print(f);
ps. print(d);
To print anint, long, float or double + newline:
ps.println(i);
ps.println(l);
ps.println(f);
ps. println(d);
To print aboolean or boolean + newline:
ps. pri nt (abool ean);
ES. printl n(abool ean);
(B-heading) Futil.makeTocHtml
In this section we show a method for reading all the documentsin a directory and creating
atable of contents, in HTML. The user is prompted for the input directory and for the
location of the output file. It is beyond the scope of this book to explain HTML.
The Futil.makeTocHTML uses Futil.getDirFile to create a standard file open dialog that
prompts the user for an HTML file.
1. public static void nakeTocH m () {
2. File dir = getDirFile();
3. String[] files =dir.list(new FileFilter(
4. I e(

));
Systemout.printin(files.length + " fi s):");
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In line 5, the Futil.getFileOutputStream is used (without exception handling, since this
has been handled at alower level).

5. Fi |l eQut put Stream fos = get Fi | eQut put Stream);

6. PrintStream ps = new PrintStrean(fos);

7. ps. println("<HTM.>");

8. ps. println("<BODY>");

ps. printl nﬁ" <ul >");

On Ilnes 10 and 11, the file names are written asapart of the HTML. Note that file
instances were never needed, asthisis asimple text output program. The href isa
hypertext reference that shows the file with arelative path name.

10. for (int i=0; i < files.length; i++)

11. ps.println("<LI><a href =\"" + files[i]+"\">"+

12. files[i]+"</a><P>");

13. ps.println("</ul>");

14. ps. println("</BCODY>");

15. ps. println("</HIM>");

16. cl oseQut put St rean( fos);

17. }
The browser output of makeTocHtmlI (after being run on the futils package) appears

below:
Cat.java
DrFilter.java
FileFilter.java

Fi nd. j ava
Futil.java

Ls. java
WIdFilter.java

When any of the underlined links are clicked on, a plain-text file of the source codeis
shown.
(A-heading) TheFilelnputStream Class

The FilelnputStream class resides in the java.io package. It may be constructed from a
file name or File instance. The FilelnputStream is a subclass of the InputStream class.
The FilelnputStream keeps a private copy of the FileDescriptor reference.
The read methods always block if there are no more bytes to read. When a read method
blocks, it will stop execution of the thread. This indicates that I/O bound tasks should
probably be placed into their own threads. If, on the other hand, afile will open quickly,
then placing the file I/O in its own thread may needlessly complicate the program. Thus,
the decision to use threaded I/O depends upon the application.
(B-heading) Class Summary
public class FilelnputStream extends | nputStream {

public FilelnputStrean(String nane) throws

Fi | eNot FoundExcepti on

public FilelnputStrean(File file) throws

Fi | eNot FoundExcepti on

public FilelnputStrean(FileDescriptor fdQbj)

public int read() throws | CException;
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public int read(byte b[]) throws | CException

public int read(byte b[], int off, int len) throws

| OException

public long skip(long n) throws | OException

public int available() throws | CException

public void close() throws | OException

public final FileDescriptor getFD() throws | OException

} o
(B-heading) Class Usage
Suppose the following variables are predefined:
String fil eNane;
FilelnputStreamfis;
File file;
Fi | eDescriptor fd;
byte b bytes[];
int length, offset;
i nt anount Read;
int n, nunber Ski pped;
To make an instance of the FilelnputStream class from a file name, File instance or
FileDescriptor instance:

fis = new Fil el nput Strean(fil eNane) ;
fis = new Filelnput Strean(file);
fis = new Fil el nput Stream(fd);

Toread a byte of data (-1 returned at end of stream)

b = fis.read();
To read an array of bytes( 1 returned at end of stream):

amount Read = fis. read(bytes);
To read asubarray of bytes:

amount Read = fis.read(bytes, offset, |ength);
To skip n bytes:

nunber Ski pped = fis. skip(n);
To find out how many bytes can be read (used to test the length of thefile):

n = fis.avail abl e();
To close the stream

fis.close();
To get the file descriptor:

= fis.getFI)

(B- headlng) FuU?getFllelnputStream
In order to localize the exception handling within the Futil class, a static public method
has been devised called Futil.getFilel nputStream. As seen below, getFilelnputStream is
overloaded to either take an absolute path name, or no argument at all. When no
argument is passed, a standard file dialog box is presented to the user for file selection.
After avalid fileis selected the getFilelnputStream calls the overloaded version of itself
that takes a string. Should the user cancel out of the dialog box selection, an exception
causes an error message to be printed and program execution continues.

public static FilelnputStream getFilel nputStrean() {

return getFil el nput Strean(get ReadFi | eNane());
}
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public static FilelnputStreamgetFil el nputStrean(String

nane) {
FilelnputStreamfis = null;
try

{fis = new Fil el nput Strean(nane);}

catch (I Oexception e)
{Systemout.println("futil:Could not open file");}
return fis;

}
Recall that FilelnputStream also has a constructor that works with a File instance:
public static FilelnputStreamgetFilelnputStrean(File file)

FilelnputStreamfis = null;

try
{fis = new FilelnputStrean(file);}

catch (I Oexception e)
{Systemout.println("futil:Could not open file");}
return fis;

(B-headi%g) Futil.available
The Futil.available method is a static public method that permits a fast file check to see
how many bytesarein afile. Thisisavery specific operation that was developed for the
recursive futils.DirList class (which appears in the next section).
/'l Open the file, return -1 if file cannot be opened
/'l otherwi se return the size in bytes
public static int available(File file) {
FilelnputStreamfis = null;
int sizelnBytes = -1,
try {
fis = new FilelnputStream(file);
sizelnBytes = fis.available();
fis.close();

}

catch (I Oexception e)
{Systemout.println("Futil:Could not open file");}
return sizel nBytes;

(B-Leading) The futils.DirList class-Recursive File Lister (Is-al */* >fo0)

The DirList classresides in the futils package. If DirList.main isinvoked, a standard open
dialog box is presented to the user. The user selects afile and DirList builds alist of all
filesin the directory and al subdirectories. Invocation of DirList.main islike the Unix
command ‘Is-al */* >foo’ in that DirList opens each file, prints the size, in bytes, and
stores the File instances, the total number of files visited and total number of bytes. A
classinstance variable called history is of Vector type and holds instances of all files
visited.
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(BEGIN WARNING) The power of recursive file management is fraught with danger.
Do not attempt to write recursive file deletes as this is a serious time bomb. (END
WARNING)
package futils;
| mport java.aw.*
i mport java.io.*;
i mport java.util.*
i mport java.l ang. *;
public class DirList {
String startDir;
public Vector history = new Vector();
int total Bytes = 0;
int total Files = 0;
public static void nmain(St
DirList dl = new DirLi
dl .printStats();

ring args[]) {
ist();

}

DirList() {
startDir = Ls.getD rNane();
startAtThisDir(startDr);

}

public void printStats() {
Systemout.println("Saw " +
total Files +
" files with a total size of " +
total Bytes +

" bytes");
}
e R T T PP
/'l Recursive function that given an anchor directory
/1 will walk directory tree
/1
e

public void start AtThisDir(String anchorDir)

FileFilter files = new FileFilter();

DirFilter dirs = newDrFilter();

File f1 = new File(anchorDir);

File f2;

Fil el nput Stream fis;

int i;

String[] Is;

int bytes;

Systemout.printin("Selected -> " + anchorDr);
Systemout.println("F | es inthis Directory: ");
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/'l Loop through all the filenanes in the current
directory
/1l and store themin history:
I e R
for (Is =fl.list(files), i=0;
s '=null & i < Is.length; i++) {
total Fi |l es++;
f2 =new File(fl, Is[i]);
bytes = Futil.avail abl e(f2)
total Bytes += bytes;
Systemout.printin(f2 +
" has "+
bytes + " bytes");
hi st ory. addEl enent (f 2) ;

}

e R
/1l This loop recurses on all directory names in

/'l the current working directory.

I e R

for (Is =fl.list(dirs),
i=0; Is!=null & i < Is.length; i++)
start At ThisDir(anchorDir + Is[i] + f1l.separator);
}

(BI%GI N NOTE) The use of the Ls.getDirName and Futil .avail able methods enabled the
elimination of the try-catch structure that generally characterizes Javal/O code. Asa
result, the code for the DirList class has fewer nested code blocks. Since the exception
handling is occuring at alower level, some of the complexity is hidden from the
programmer and the code appears easier to read. (END NOTE)

(A-heading) The Datal nputStream Class

The Datal nputStream class resides in the java.io package. The Datal nputStream classis a
byte stream reader. The Datal nputStream provides high-level methods that supply
reading and casting services from a stream of bytes into various primative data types.
Thisis useful when attempting to decode binary files (like the audio files in the following
chapter).
The Datal nputStream is a subclass of the FilterInputStream and implements the
Datal nput interface. When aread is performed and no bytes are available, the thread will
block (cease to execute).
(B-heading) Class Summary

public class Datal nput Stream extends Filterl nputStream

I mpl enent s Dat al nput {

publ i ¢ Datal nput St rean{ | nput Stream i n)
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public final int read(byte b[]) throws | CException
public flnal int read(byte b[], int off, int len) throws
| CExcepti o

public flnal voi d readFul | y( byt
public final void readFul | y(byt
t hrows | CExcepti on

e b[]) throws I CException
e b[], int off, int len)
h

public final int skipBytes(int n) throws | CException
public final bool ean readBool ean() throws | CException
public final byte readByte() throws | CException

public final int readUnsi gnedByte() throws | OException
public final short readShort() throws | OException
public final int readUnsi gnedShort() throws | CException
public final char readChar() throws | CException

public final int readlnt() throws | CException

public final |ong readLong() throws | CException

public final float readFl oat() throws | OException
public final double readDoubl e() throws | CException
public final String readLine() throws | OException
public final String readUTF() throws | CException

public final static String readUTF(Datal nput in) throws

| CException

(B-Leadi ng) Class Usage

| nput Stream i s;

byte b, bytes[];

int length, offset;

char c;

int i;

long I|;

float f;

doubl e d;

String string;
Suppose that the following variables are predefined:

| nput Stream i s;

Dat al nput St ream di s;

i nt nunber Read,
To create an instance of the Datal nputStream class.

dis = new Dat al nput Strean(i s);
To read datainto a byte array or subarray:

nunber Read = di s. read(bytes);

nunber Read = dis.read(bytes, offset, |ength);
To read bytes.length into bytes from byteg[Q]:

di s. readFul | y(bytes);
To read bytes into a subarray:

di s. readFul | y(bytes, offset, length);
To skip bytes:

nunber Ski pped = di s. ski p(nunber ToSki p) ;
To read aboolean (asingle byte that is non-zero for true to be returned):
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abool ean = di s. readBool ean();
To read abyte:

b = dis.readByte();
To read the byte into an int:

I = dis.readUnsi gnedByte();
To read a 16 bit signed or unsigned short:

= di s. readShort();

i = di s. readUnsi gnedShort 0);

To read a 16 bit char:
= di s. readChar();

To read a 32 bitsinto an int:

I = dis.readlnt();
To read 64 bitsinto along:

| = dis.readLong();
To read 32 bitsinto afloat:

f = dis.readFl oat();
To read 64 bitsinto a double:

d = dis.readDoubl e();
To read aline, stopping at the end of the stream, \n', \r' or "\r\n'

string = dis.readLine();
To read aUnicode Transfer Format (UTF string):

string = dis.readUTF();
To read UTF from an InputStream:

string = Datal nput Stream readUTF(i s);
(B-heading) Cat.fileT oStream and Cat.javasT oFile
The futils package has afacility that works like the cat command of Unix. The basic idea
isthat we would like Java to perform the ‘ cat *.java >file’ sequence. That is, list al the
filesin the present directory into asinglefile.
Online 2 we build alist of fileswith the * .java’ suffix. Lines 6 and 7 pass the file name
and printstream of each file to the Cat.fileToStream method.

l.static public void javasToFile() {

2.String[] files = Ls.getWIdNanes("java");
Fil eQutput Stream fos =
Futil.getFileQutputStream);
PrintStream ps = new PrintStrean(fos);
for (int 1=0; i < files.length; i++)
fileToStrean(files[i], ps);
Futil.cl oseQut put Strean(fos);

©COND OIS W

}
10. stati c public void fileToStrean(String fil eNane,
PrintStream out put) {
11. Systemout.println("cat: "+fil eNane);
12.FilelnputStreamfis =
Futil.getFil el nputStrean(fil eNane);
13. String line;
The mapping is that %ere may be many input files, but only a single output stream. This
requires that we open and close the FilelnputStream many times....on severa different
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files. (BEGIN NOTE) Thereisatry and catch surrounding lines 15-17. Thisis dueto the
| OException that line 16 might throw. (END NOTE)

14. try {

15. Dat al nput Stream di s = new Dat al nput Streanm(fis);
16. while ((line = dis.readLine()) '= null)

17. output.println(line);

18. Y} I otry

19. catch (Exception exe)

20. {Systemout.println("cat:Error on input file");}

21. Futil.cl oselnput Strean(fis);

22. }
(A-heading) The DataOutputStream Class

Like the Datal nputStream class, the DataOutputStream class resides in the java.io
package. The DataOutputStream class is a byte stream writer. The DataOutputStream
provides high-level methods that supply writing services from various primative data
types into a stream of bytes. Thisis useful when attempting to encode binary files (like
the audio filesin the following chapter).
The DataOutputStream is a subclass of the FilterOutputStream and implements the
DataOutput interface.
A DataOutputStream instance keeps track of the number of bytesthat it has written. This
is kept in protected storage. All output performed with blocking is blocked until the data
isfinally written. If the output does not say "with blocking" then the output may be
buffered and flushed either manually or automatically.
A UTF-8 format is used to write strings in a machine independent manner. Chars from 1-
127 are written as a single byte. Chars from 128-2047 and 0 are written by a pair of bytes.
Chars from 2048-65535 are written by 3 bytes. The actual bit format is given in [Gosling
and Ydlin].
(B-heading) Class Summary
publ i c cl ass DataQut put Stream extends FilterQutputStream
I mpl enent s Dat aQut put

publ i ¢ Dat aQut put St rean{ Qut put St r eam out )

public synchroni zed void wite(int b) throws | CException

public synchroni zed void wite(byte b[], int off, int len)

public void flush() throws | CException

public final void witeBool ean(bool ean v) throws

| OException

public final void witeByte(int v) throws | CException
public final void witeShort(int v) throws | CException
public final void witeChar(int v) throws | CException
public final void witelnt(int v) throws | OException
public final void witeLong(long v) throws | CException
public final void witeFl oat(float v) throws | CException
public final void witeDoubl e(double v) throws | CException
public final void witeBytes(String s) throws | Oexception
public final void witeChars(String s) throws | Oexception
public final void witeUTF(String str) throws | OException
public final int size()
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}
(B-heading) Class Usage
Suppose that the following variables are predefined:
char c;
String string;
Qut put St r eam os;
short s;
int i, offset, |ength;
long I|;
float f;
doubl e d;
byte b;
byt e byt es[];
To construct a new DataOutputStream instance:
Dat aQut put St r eam dos = new Dat aQut put Strean{i s);
Towritea byte with blocking:
dos.wite(b);
To write asub-array of bytes:
dos.wite(bytes, offset, length);
To flush the output stream:
dos. fl ush();
To write aboolean (as a0oralbyte):
dos. wri t eBool eanﬁabool ean) ;
To write abyte to an underlying 8 bit representation:
dos. witeByte(b);
To write ashort to an underly| ng 16 bit representation with the high-byte first:
dos. witeShort(s);
To write achar to an underlyi ng 16 bit representation with the high-byte first:
dos. witeChar(c);
Towritean int to an underlyi ng 32 hit representation with the high-byte first:
dos.witelnt(i);
Towritea Iong toan underlyl ng 64 bit representation with the high-byte first:
dos. witeLong(!
To write afloat to an un erIyl ng 32 bit representation with the high-byte first:
dos. witeFl oad(f);
To write adouble to an underlyi ng 64 bit representation with the high-byte first:
dos. wri t eDoubl e(d);
To write a String as a sequence of bytes (this casts each char as a byte, then writes the
byte). Thiswill write s.len bytes:
dos. writeBytes(s);
To write a String as a sequence of 16 bit chars. Thiswill output 2 * s.len bytes:
dos. writeChars(s);
To write a string in a machine independent UTF-8 format:
dos. witeUTF(s);
To get the number of bytes written:
i = dos.size();
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(B-heading) Java, C, C++->HTML, TheHTML Converter

Formats! Y ou want formats? We got formats! Formats for browsers (HTML). Formats
for Word processors (RTF). Formats for computer languages (Java, C, C++). Formats for
images (JPEG, GIF, PPM). Formats, you can't live with ‘em, you can’'t live without ‘em!
In this section we address the conversion of Java, C and C++ into formatted and colorized
HTML (Hyper Text Markup Language).
(BEGIN ON CD) One of the packages included with the DiffCAD program is called the
htmlconverter package. (END ON CD) The htmlconverter package contains the support
systems for the HtmlGenerator class, a Java, C and C++ source code conversion program
that generates formatted and colored HTML files. The following code was converted to
HTML by the HtmlGenerator. The HTML was then converted into RTF (Rich Text
Format). RTF isthe format that Microsoft Word is able to read. The conversion from
HTML to RTF was performed using a program called MacLinkPlus [DataViz].
1. package ht m converter;
2. I mport java.io.*;
The JavaStream extends the Datal nputStream and, as such, is able to inherit the
Datal nputStream methods.
public class JavaStream ext ends Dat al nput St ream
i mpl enent s JavaText, CText, Cpl usplusText {
JavaHtm String nai nText = new JavaHt m Stri ng() ;
JavaHtml String conmments = new JavaHtm String();
JavaH m String strings = new JavaH m String();
JavaHtm String keywords = new JavaHtm String();
Dat aCut put St r eam dos;
10. public static String[] reservedWrds =
j avaReser vedWor ds;
The JavaStream constructor takes an | nputStream

©CoNoG kW

11. JavaSt r ean{ Dat al nput St ream s0, Dat aCut put Stream s1)
{

12. super (s0);

13. dos = s1;

14. }

15. public void convertToHt m () {

16. i nt index;

17. bool ean i sCormment edQut = fal se;

18. bool ean i sQuoted = fal se;

19 bool ean i sSi ngl eQuoted = fal se;

The basic idea behind the convertToHtml method is that a stri ng of characters should be
read using the readln method. Since JavaStream is a subclass of the Datal nputStream,
JavaStream inherits the readin method.

1. String line;

2. String strl, str2;
3. try {
4. while (true)
Line 5 reads until the end of aline and places the charactersinto the line String.
5. I ine = readLine(); /1l get aline
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6. if (line ==null) { Il if lineis
nul |

7. br eak; /1 break
this | oop

8.
After aline of text isread, a series of seach an replaces are performed. For example:
1. for (int counter = 0; counter < line.length();
count er ++)
Recall, from Chapter 2, that to find anString starting from anlnt we use:
anlnt = anotherString.indexOf (aString, anint);
So in line 2, we start from the counter position and ook for the less than character.
2. index = line.indexO("<", counter);
3. if (index < 0) break;
4. |/ if <is not found then break this | oop
We then insert the string at the index point, replacing the *<' with ‘&It’. This replacement
is performed because HTML representsthe ‘<* character as‘&It" and hold ‘<* as
reserved.

5. line = line.substring(0, index) + "&t;"

6. + line.substring(index + 1, line.length());
7. Il replace <to &t;

8. counter = index + 4;

9. // update counter

10.

This search and replace is continued until all the replacements are performed. At that
point the line is written to the DataOutputStream instance using a write bytes.
(A-heading) StreamT okenizer

The StreamTokenizer classresidesin the java.io package. It is used to convert an
InputStream instance into a stream of tokens. We refer the reader to [Gosling and Y ellin]
for amore complete description of the StreamTokenizer. Bytes are read from the
InputStream instance and are treated as unsigned shorts that range from 0-255.
A StreamTokenizer instance is an instance of a parser. The parser settings may be altered
to recognize C-style comments, C++ style comment, line terminators, and to convert
tokensto lower case.
The StreamTokenizer is ahigher-level Stream than the Datal nputStream.
(B-heading) Class Summary

public class Streanflokeni zer {

public int ttype

public static final int TT_ECF

public static final int TT_EQL

public static final int TT_NUVBER

public static final int TT_WORD

public String sval

publ i ¢ doubl e nval

public Streanflokeni zer (InputStream]l)
public void reset Syntax()

public void wordChars(int low, int hi)
public void whitespaceChars(int low, int hi)
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public void ordinaryChars(int low, int hi)

public void ordi naryChar (int ch)

public void conmment Char (i nt ch)

public void quoteChar(int ch)

public void parseNunbers()

public void StreaniTokeni zer: eol I sSi gni fi cant (bool ean
flag)

public void Streanilokeni zer: sl ashSt ar Comrent s( bool ean
flag)

public void sl ashSl ashComment s(bool ean fl ag)

public void | ower CaseMbde( bool ean fl)

public int nextToken() throws | OException

public void pushBack()
public int |ineno()
public String toString()

(B-Leadi ng) Class Usage
Suppose the following variables are predefined:
String sval
doubl e nval ;
| nput Stream i s;
int low, hi, ch, token, |ineNunber;
String s;
St r eaniTokeni zer st;
To make an instance of a StreamTokenizer:
st = new StreanmTokeni zer (is);
The StreamTokenizer has several constants held as public static final ints. They are used
by case statements to determine the token type. They are the end-of-file and end-of-line
token:
St r eaniTokeni zer. TT_ECF
St r eanfokeni zer. TT_EQL
To determine if the token is a number(valuein nval):
St r eanirokeni zer. TT_NUVBER
To determine if the token isaword (valuein sval):
St r eanirokeni zer. TT_WORD
To make all characters ordinary:
st.reset Synt ax();
To cumul ativly specify the Unicode characters to be used for words:
st.wordChars(low, hi);
To spec the white space chars:
st. whi t espaceChar s(| ow, hi);
Ordlnary chars are returned by nextToken. To spec the ordinary chars:
st. ordi naryChars(low, hi);
To add an ordi naryChar:
st. ordi naryChar (ch);
Toaddas ngle line comment char (al charsto end of line are comment chars and
tokenizer skips them:
st. conmment Char (ch);
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To spec the quote char to delimit a string:
st. quot eChar (ch) ;
To spec that numbers should be parsed:
st. par seNunbers();
To make TT_EOL be returned by nexttoken:
flag = true;
st.eol IsSignificant(flag);
To select '/*' comments:
st. sl ashSt ar Corment s(fl ag) ;
To select '//' comments:
st. sl ashSl ashConment s(fl ag) ;
Tosdectif TT _WORD are converted to lower case:
| ower Casel\/bde(f 1) ;
To parse atoken, returning ttype
ttype = st.net Token();
To push atoken back into the stream:
st . pushBack() ;
Toget the current line number:
i = l'i neno();
To convert the Stream T oken to a stri ng:
s = st.toString();
(B- headlng) Futil. readDataFile
In order to save the state of our Diff CAD program, we write several key parametersinto a
file. These parameters are stored with keywords and values so that a human with a text
editor (perhaps a non-programmer ) is able to alter the data. A sample datafile follows:
Data format is order dependent |yon. Laser Rot at i on=

34. 4198 6.47311 -36. 7812 | yon. Canera r ho=
18.4931 pc= 125. 3 -102. 35 A= 4.8 F=
3.6 | yon. Wdge pl = -403.685
591. 244 ' yon. Grating Pl= 6651 P2= 2261 L= 81

The readDataFile metho dlsmthefutllspackage It is used to take afile name and read
datainto an array of doubles. To perform this task we use a StreamT okenizer instance
called tokens.
1. public static void readDataFile(String file, double
data[]) {
Systemout. println("processing:\t" + file);
FilelnputStreaminputFile =
getFilelnput Stream(file);
St r eanifokeni zer tokens = new
St r eanokeni zer (| nputFile);
int next = O
int num= O;
Note that the tokens, nextToken() must be nested in atry-catch block.
8. try {
9.

GENAYN

NOo

whil e ((next = tokens.nextToken()) !=
tokens. TT_ECF) {
10. switch (next)

11. case tokens. TT_WORD:
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12. br eak;
Lines 11 and 12 indicate that words are ignored (they are for humans!!). Only numbers
matter, and since people are warned not to change the order of the parameters, future
versions of the datafile may only add numbers to the end of the file. They may not insert
numbers!

13. case tokens. TT_NUMBER
14. dat a[ nunj = (doubl e)
t okens. nval ;
15. Systemout. println(num": "+
dat a[ num ) ;
16. num = num + 1,
17. br eak;
18. case tokens. TT_EQL:
19. br eak;
20. }
21. }
22. }
23. catch (Exception exe)
24.
{Systemout.printin("listFilteredHrefFile:er!");}
25. cl osel nput Strean(i nputFile);

26.
Creation of the file is a simple matter. In the following code, we open afileasa
PrintStream instance, write out the data, then close thefile:
public static void save() {
Fi | eQut put Stream os =
Futil.getWiteFil eQutputStrean();
Print Stream out put = new Print Strean(os);
output.printin("Data format is order dependent”);
CGeonetry. print (out put);
Futil.cl oseCQut put Strean{os);

The G}eometry.pri nt is a public static method that uses the Print class in the futils
package, which is described in the following section.
(B-heading) Futil.Print
To ease the implementation of output to files and the console, the futils package provides
itsown Print class. The Print classis apublic final class with a private constructor, to
prevent instantiation. The key point about the Print classisthat it stores an instance of the
PrintOutputStream in a settable variable. Thus, output may be directed to afile or, by
default, to the console. The trick is that the change of the PrintOutputStream is
centralized, and all methods that make use of the Print class benefit from this
centralization. For example, in the Geometry class we write:

1. static public void print(PrintStream out)
We setPrintStream in the Print class, execute our print, then reset the stream.

2. Print.setPrintStrean( out);

3. print();

4. Print.setPrintStream System out);

5. } /] print
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Every shape knows how to print (using the Print class) and so will make use of the new
output stream when printing. if the print method of line 6 isinvoked without line 2 being
executed then the output will be directed to the console.

6. static public void print() {

7. | aser.print();

8. canera.print();

9. wedge. print();

10. grating.print();

11. Systemout. println("Lanbda = "+

| anbda. get Val ue() ) ;

12. Systemout.println("s =" + s());

13. } /1 print
The code for the futils.Print follows:
package futils;
i mport java.util.*;
i mport java.io.*;
public final class Print {
/'l prevent instantiation
private Print() {}
private static PrintStreamoutput = System out;
public static void setPrintStreanm(PrintStream ps) {
out put = ps;

CoNOOThwWNE

11. public static PrintStreamgetPrintStrean() {
12. return output;

}
14. public static void d(double i)
15. {Print.output.print(i+"\t");}
16. public static void I n(double d)
17. {Print.output.println(d);}
18. public static void In(String str)
19. {Print.output.println(str);}
20. public static void print(String str)
21. {Print.output.print(str);}
22. public static void print(double d)
23. {Print.output.print(d);}
24. public static void print(int d)
25. {Print.output.print(d);}
26. public static void classNanme(Qoj ect 0)
27. {Print.output.print(o.getd ass().getNanme() +

(B-heading) Futil.writeFilteredHrefFile

A buggy web authoring tool (like Netscape 3.01 Gold), will produce HTML that has
hrefs (hyper-text references) with embedded spaces. The APl documentation shows an
href on line 8. The space between “API” and “Documentation” is a bug. Browsers will
stop reading the href name after the first space. To get browsers to recognize the space,
we must replace spaces with their hexidecimal equivalent, %20.
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<ht m >

<head>

<title>
APl User's Quide

</title>

</ head>

<body>

<a href= "APlI Docunentati on/packages. htm " > Java

APl </ a>
The corrected version of line 8 follows:

<a href= "API %20Docunent at i on/ packages. htm " > Java API </ a>
To perform this transform, we build a custom tokenizer that 1ooks for quoted strings and
replaces all spaces that they contain with a %20. This has the bug of transforming the
spaces in non-href strings to %20 too (a bug we have been able to live with).

ONohwNE

1. public static void witeFilteredHrefFile(String

i nput Narre, String out put Nane)

2. Systemout.printin("Filtering:\t" + inputNane

+"\t >\t " +out put Nane) ;

3. try {
Lines 4-7 make an input stream and a StreamTokeni zer instance.
FilelnputStreamis = new Fil el nput Strean{i nput Nane) ;
St reanTokeni zer tokens = new Streanmlokeni zer (i s);
Fi | eQut put Stream os = new Fi | eQut put St r ean( out put Nane) ;
Print Stream out put = new Print Strean(os);
int i;
int next = 0;
The interesti ng bitisline 10, recall that resetSyntax will make all characters ordinary.
Thisthat there are no comment characters.

10. tokens.reset Syntax();
Line 11 saysthat al characters are word characters. Line 12 identifies the only character
of interest, the quote character. Recall that nextToken will read until the quoteCharacter,
setting sval to the value of the body of the string contained in quotes.

11. tokens.wordChars(0, 255);

12. tokens.quoteChar('"');

13. while ((next = tokens.next Token()) != tokens.TT_ECOF) {

LN O

14. switch (next) {
15. case '"':
16. output.print(""'

We now output a quote, then we scan the string 'for aspace. If aspaceisfound, output a
“9%20" otherwise output the character.

17. for (i=0;i<tokens.sval.length();i++)

18. if (tokens.sval.charAt(i) ==" ")

19. out put. print ("9%0");

20. el se

21. out put. print (tokens. sval .charAt (i));
22. output.print('"");

23. br eak;
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In al other cases we simply output the string read. Thisis really nice because we only
read upto the point at which adelimiting character occurs.

24. case tokens. TT_WORD:

25. out put. print (tokens. sval +* ");
26. br eak;

27. case tokens. TT_NUMBER

28. out put. print (tokens. nval +* ");
29. br eak;

30. case tokens. TT_EQL:

31. output.println();

32. br eak;

33. } // end switch

34. } /1 end while

35. is.close();

36. os.close();

37. } Il end try

38. catch (Exception exe)

39. {Systemout.printin("witeFilteredHrefFile:er!");}

40.
(A heading) Exercises
The astute reader will note that we did not perform local handling of exceptions for the
StreamTokenizer. We suggest the development of a StreamTokenizer with local handling
of exceptions as an exercise for the reader.
Another topic for exploration includes the adding of features onto the futils.DirList class.
One nice feature might be to include a constructor that takes a String instance for a suffix.
DirList could then construct a WildFilter instance to form alist of only those files that
have an ending that matches the suffix string.
A topic of exploration, that we have not seen in any book (yet) isthe creation of a Unix
like command line interface to Java. Then commands like“Is*.java> foo” could be
typed into the command line reader. This could be an excellent way to employ piping and

to write a series of data processing type tools.
(A-heading) Summary

In this chapter we covered the Dialog and FileDialog classes as the widgets to use to get
file names from the user. The Futils.getReadFileName and Futils.getWriteFileName both
had embedded calls to the FileDialog constructor. As aresult, there is no reason to embed
afile nameinto afilein the Java source code. The futils package contained alist of
classes that are used on adaily basis and save several line of source code each time that
they are used.

From a design viewpoint, the programmer might object to handling exceptions locally, as
the futils classes attempt to do. This generally does not appear to be a problem. In short,
we have found the local handling of exceptions to be the correct approach in all cases that
we have encountered so far.

This chapter introduced a number of new classes that are unigue to this book. The Ls
class has the ability to list batches of filesusing the ‘Is *.<suffix>* and place the results
into internal data structures. The Ls class provides the ability to recursively traverse the
directory tree structure using aform that islike the UNIX ‘Is-al */*’. The Cat class takes
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the output of Ls and liststhe filesinto asingle file. Batch processing was aso used by the
HtmlGenerator classto input C, C++ or Java and output colored and formatted HTML,
with a hyper-linked HTML index.

(CN) 5 Digital Audio Processing

Thy voice sounds like a prophet's word;
Andinits hollow tones are heard
- Fitz-Greene Halleck. 1790-1867.
(A-heading) What is Digital Signal Processing?

Sound is a pressure wave that traverses a medium. Sound pressure wavesin air are the
objective cause of human hearing. Sound will not travel through avacuum, but it will
travel through various phases of matter (solid, liquid and gas).

A transducer is adevice that takes power from one system and supplies power to another.
For example, amicrophoneis atransducer that takes sound power and supplies electrical
power. The electrical power supplied by the microphone forms asignal that isanaog. An
analog signal is continuous.

Digitization is aprocess that converts a continuous signals into a digital form.
Digitization (also known as analog to digital conversion) is performed by sampling and
guantization. Sampling is the process of converting a continuous signal into a set of
voltages. Quantization is the process of converting the sampled voltages into a countable
set of digital values. Analog data that is converted to digital datais said to be PCM
encoded. PCM stands for Pulse Code Modulation and is a broad term that can refer to any
type of digital encoding of analog data. Figure 5.1 depicts a PCM encoder.

Figure 5.1. Block diagram of a PCM encoder
A low-passfilter (caled an anti-aliasing filter) istypically set to attenuate frequencies at
or above one-half the analog to digital converters sampling rate (thisis known as the
Nyquest frequency).
To transform the PCM signal back into the analog domain, we couple a digital-to-anal og
converter with another low-passfilter. A block diagram of the PCM decoder is shown in
Figure 5.2.

Figure 5.2. Block diagram of a PCM decoder
Digital signal processing isakind of data processing that operates on PCM data. Thus,
broadly speaking, audio, image and image sequence processing are 1-D, 2-D and 3-D
digital signal processing.
In common usage, the term digital signal processing refers to one dimensional signals,
V(t). In image processing we often speak about two dimensional signals, 1(x,y). This
chapter deals only with one dimensional digital signal processing in Java.
(A-heading) Why do we need digital signal processing?

A digital signal stream may come from any energy (i.e., sound, measurement,
temperature, speed, pressure, radiation, etc.). There also exist non-physical phenomena
that can produce adigital stream of data (i.e., financial data, statistical data, network
traffic, etc.).

In short, digital signal processing may be performed on any recordable event. Digital
signal processing isjust akind of data processing.
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In this chapter we treat only the restricted domain of audio digital signal processingin
Java. There are several reason for this;

1. Java can dready play audio files.

2. The techniques may be extended to other types of data.

3. We can hear the results.

4. 1tisfun!
(A-heading) What isthe spectrum of a signal?

The harmonic content of asignal is called the spectrum of the signal. The spectrum of a
signal consists of a series of sin and cosine waves. Spectra isthe plural form of spectrum.
A French mathematician, Jean Baptist Joseph de Fourier (1768-1830), showed that
harmonic waves (i.e., sSine and cosine waves) may be summed in a seriesto form any
periodic waveform. The summation (called the superposition principle) failsto
approximate a waveform when the equations governing the waveform are non-linear (i.e.,
shock waves, turbulence, chaos, etc.) [Halliday]. The serieswas first formulated by, and
isused in, harmonic analysis (also called Fourier analysis). Harmonic analysisisthe
process that determines the harmonic components of acomplex wave. The series may be
written as

v(t) = a, + (g cost + b sint) + (a, cos2t + b, sin2t)+K (5.1)
where a,,a,,b,,a,,b,K are constants called Fourier coefficients.
For example, a sawtooth wave may be computed by letting k in
2 & (-)" P sin(nrx)

f==% -

n=1

go to infinity. When k=5, the waveform of Figure 5.3 results:

Figure 5.3. Sawtooth waveform with k=10
When k=100, the waveform of Figure 5.4 is produced.

Figure 5.4. Sawtooth waveform with k=100
When the waveform to be approximated is not periodic, the summation is replaced by
the Fourier transform:

V(f) = F[v(t)] = }v(t)e‘”“dt (5.2)

v(t) = FV(f)] = }V(f)ez””‘dt
o (5.3)

Where €° isgiven by Euler’ sidentity:

€ =cosf+isiné (5.4)
Euler’ sidentity can lead to severa equivalent representations for the Fourier series. For
example there is the Sine-Cosine Representation

x(t) = i a, cos(2mmf ;t) + i b, sin(2mmf ;t)
n=0 n=1
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where f, = frequency and nf, = nth harmonic of f,. The constants, known as Fourier

coefficients, are found by correlating the time dependent function, x(t), with a Nth
harmonic sine-cosine pair:

-1 Mt
%—?Lﬂ)
a = % J’OTx(t) cos(2mmf jt)dt .

2 T
b, =T J’Ox(t)sn(ZT[nfot)dt

Another common representation of the Fourier series is the amplitude-phase
representation. Thisisalso aresult of the Euler’s identity:

X(t)=c, + z c,cos(2tf t + 6.)
n=1

1.7
= [, Xt

C, =2 +hy
_1Dbn|:|

6, = —tan %E

In general the usage of the representation of the Fourier transform is a matter of
preference, as the various representations are equivalent. There are some interesting
properties of the Fourier transform, and while it is beyond this scope to state them all (or
to prove any of them), we do give some of them here.
A Fourier transform representation of an aperiodic signal has discrete spectral
componentsat f, and nf ;, as shown by (5.1). An aperiodic signal as a continuous and
infinite spectrum, as shown by (5.2) and (5.3). This means that time-limited signals
(which are, by definition, aperiodic) have infinite bandwidth.
The effective bandwidth of asignal isthe width of the spectra which contains the most
1 L2 2
X(t).

C1, J. X

To compute the average power in aperiodic signal, whose period is T, we use

P= % IOT|x(t)|2dt. The PSD (Power Spectral Density) isthe power at a specific

power. The average power in agiven interval of timeis computed by P =

frequency, §(f) . Chapter 6 will discuss the computation of the PSD in more detail, but a
sample PSD may be seen in Figure 5.6.

The Fourier transforms are important because they permit computation in either the time-
domain or in the frequency domain. Some relations with Fourier transforms follow:
Superposition state that linear combinations in the time domain become linear
combinations in the frequency domain:

aV,(f) +aV,(f) = Flay(t) +a,v(1)] (5.5
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Delay in the time domain causes a phase shift in the frequency domain:

V(f)e?™ = F(v(t-t,)) (5.6)
Scale change in the time domain causes a reciprocal scale change in the frequency
domain:

of O_
V F(v(at)),a #0 5.7
Vg0 F@) (5.7)
The convolution theorem state that multiplication in the time domain causes convolution
in the frequency domain:

V*W(F)=F(v(t)w(t)) (5.8)
Where convolution between two functions of the same variable is defined by:
V*W(f)= J’V(A YW(f -A)dA (5.9)

For proofs of these results, see [Carlson]_.oo
(A-Heading) What does sampling do to the spectrum of a signal?

The digitization process, as depicted in Figure 5.1, starts with the process of sampling.
The sampling-reconstruction process does not have to perform digitization, and yet is still
responsible for the introduction of additional harmonic content into the reconstructed
signal. The sampling-reconstruction processis shown in Figure 5.5.

Figure 5.5. The Sampling-Reconstruction process
Figure 5.5 shows a continuous signal, v(t) being sampled at arate of f, using an
electronically controlled switch. The output of the switch isfed into an amplifier that has
again of R. Mathematically, the sampling function may be expressed in terms of a Dirac
delta function multiplied by v(t) in the time domain. The Dirac delta function, d(t), isa
generalized function that is defined by:

j’a(t)dt =1 (5.10)

Where ¢ isarbitrarily small. Thus the Dirac delta function is a unit impluse that occurs at
time t=0. We can make the Dirac delta function fire at any time, t,, by using the form

o(t—t,). (5.11)
Further, we can model the sampling function as an infinite sum of Dirac delta functions:

s(t) = Zé(t—n/f) (5.12)
The switching function multiples s(t) by v(t) The sampled function is represented by

V() = V(D)S(t) = v(t) Z 3(t-n/f) (5.13)

n=—o0

Recall that multiplication in the time domain is convolution in the frequency domain:
Vi (f) = Flv,()] = V(f)* Xf) (5.14)

The Fourier transform of an impulse trainisaso an impulse train
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V,(f) = V(F)* ifsé(f - nf,) (5.15)

Finally we see that sampling asignal at arate of f causes the spectrum to be reproduced
a f,intervals.

V (f)=f, ZV(f -nf,) (5.16)
A sample of this spectrum replication is sr;(;\;\;on in Figure 5.6.

Figure 5.6 Spectrum replication due to sampling
Equation (5.16) is called the aliasing formula.
(A-heading) Audio Files

In this section we describe how to read, play, graph and write audio files. The current
Java API can open an audio file and play it. Thereis no support for decoding the audio
file. Thus, the code that we present in this chapter extends and builds upon the existing
Java API.

The reader will find a collection of sound utilities for the Mac at:
http://wwwhost.ots.utexas.edu/mac/pub-mac-sound.html. There are also a collection of
sound utilities on the book CD-ROM. These are quite useful for recording and
resampling audio files.

(A-heading) The sun.audio Package

AudioData, AudioDataStream, AudioPlayer, AudioStream, AudioStreamSequence and
ContinuousAudioDataStream are public classes that reside in the sun.audio package.
(BEGIN WARNING) Code that makes use of classesin the Java sun.audio package does
so in an undocumented and unsupported way. When the Java sun.audio package changes,
code that depends on the classes in the sun.audio package may not work. (END
WARNING).

(BEGIN NOTE) A trick of the Javatrade isto take alibrary of files (like the classes.zip
file that comes with some applet viewers) and unzip the file. Unzipping creates alarge
number of classfiles (446 for JDK 1.0.2) and it isavery good ideato perform this
operation on a copy of the classes.zip (don’t break your applet viewer!). Using aclass
browser (like the class dumper included with Diff CAD) you can list the fields of the
class. Thisiscalled hacking.(END NOTE)

A clip of audio data, contains u -law encoded 8-bit, 8000 sample rate data. This data can
be used to construct an AudioDataStream instance. The getAudioData method gets an
audio clip out of the cache. The AudioStream is an input stream used to play AudioData.
For more documentation on the sun.audio package see
http://www.cdt.luth.sef/java/doc/sun/shared/Package-sun.audio.html.

(BEGIN NOTE)

Current implementations have been tested with the book software on Mac OS System
7.5x, Windows 95/NT and Sun Solaris operating systems. The sound player software
cannot make audio output on awintel platform that lacks a sound card. Further, some
sound cards do not get driven properly by the current Java sound drivers. Sound blaster
compatible cards seem to work with this books software.

(END NOTE)
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We have guessed how classes in the sun.audio package might work. Thereisno
documentation upon which to base a solid code foundation. However, the code that we
present in the following section does work, at present.

(A-heading) The AudioStream Class

The AudioStream class resides in the sun.audio package. It is used to Convert an
InputStream to an AudioStream. The AudioStream extends the Filterl nputStream class.
As asubclass of the FilterlnputStream, the AudioStream class inherits all the methods
and attributes of the FilterlnputStream.
(B-heading) Class Summary
Since we cannot reverse engineer the software that makes up the AudioStream, we
reproduce the raw class dumper output from the DiffCAD program
package sun. audi o
i mport java.l ang. Thread;
i mport java.io.| CException;
/ *
* This class has 1 optional class attributes.
* These attributes are:
* Attribute 1 is of type SourceFile
* SourceFile : AudioStreamjava
*/

public class Audi oStream extends FilterlnputStream {
public void Audi oStrean(java.io. | nputStream a);
public int read(byte a[], int b, int c);

publ i ¢ sun. audi o. Audi oDat a get Dat a();

public int getLength();

(B-Leading) Class Usage
Suppose the following variables are pre-defined:

| nput Stream i s;

i nt position, |ength;

byte bytes[];

Audi oDat a ad;

To construct an Instance of the AudioStream class (throws | OException):
Audi oStream as = new Audi oStrean(is);
To construct an instance of an AudioStream from aURL:

Audi oStream as = new Audi oStrean(url.openStrean());
To read an array of bytes from the input stream starting at position and proceeding for
length bytes (throws | OException):

as.read(bytes, position, |ength);

To find the length of the AudioStream instance:

| ength = as. getLength();

To get the AudioData from an AudioStream instance:
ad = as.getData();
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(A-heading) The AudioData Class

The AudioData class resides in the sun.audio package. An instance of the AudioData

classisoften called a clip of audio data. The AudioData instance consists of 8-bit p-law
encoded, 8000 Hz sample rate data. An instance of the AudioData stream is used to
construct an instance of an AudioDataStream. An instance of an AudioDataStream can be
played to the speaker of audio capable machines.
(BEGIN WARNING)
Asaresident of the sun.audio package, the interface is subject to change without notice.
The class summary was derived from the Diff CAD class dumper.
(END WARNING)
(B-heading) Class Summary

public class Audi oData extends java.l ang. Obj ect {

public void Audi oData(byte a[]);

(B-Leading) Class Usage
Suppose the following variables are predefined:
Audi oSt r eam as;
byte bytes[];
To make and instance of the AudioData:
ad = new Audi oDat a( byt es) ;
To get datafrom an AudioStream:
ad = as.getData();
(A-heading) The AudioDataStream Class

The AudioDataStream resides in the sun.audio package. It extends
ByteArraylnputStream. An AudioDataStream instance provides an input stream to play
AudioData.
(BEGIN WARNING)
Asaresident of the sun.audio package, the interface is subject to change without notice.
The class summary was derived from the DiffCAD class dumper.
(END WARNING)
(B-heading) Class Summary
publ i c cl ass Audi oDat aStream ext ends Byt eArrayl nput St ream {
publ i c voi d Audi oDat aSt r ean( sun. audi 0. Audi oData a);

(B-Leading) Class Usage
The AudioDataStream has only one public method, its constructor.
Suppose the following variables are predefined:

byte ul awbDat a[ ] ;

Audi oDat a audi oData = new Audi oData ( ul awDat a);
To make an instance of the AudioDataStream:

audi oDat aSt r eam = new Audi oDat aSt r eam (audi oDat a) ;
(B-heading) Reading and Playing an AU File
The following code fragment, from the (BEGIN ON CDROM) UlawCodec class (END
ON CD ROM) shows how to read datafrom a Sun AU file. Thisis used to make and play
an AudioDataStream instance:

package | yon. audi o;
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i mport java.io.*;

i mport sun. audi 0. *;

i mport futils.Futil;

public class U awCodec inplenments Runnable {
private byte ul awbatal];

private doubl e doubl eArray[];

private Audi oDat aStream audi oDat aStream = nul | ;
private Audi oStream audi oStream = nul | ;

publi c ReadAUFi | e(String nane);
This constructor can be used to acquire the audio
npl es

froman AU file

\\\m e e
\\\QJ e e

public void readAUFi |l e(String fil eNane){
/1l force reconputation
/'l of the doubleArray, as it is invalid
doubl eArray = null;
try {
audi oSt ream = new Audi oSt r eam new
Fil el nput Strean{(fil eNane));
/'l Audi oSt ream constructor expects data stream from AU
file as input
ul awbDat a = new byt e[ audi oSt ream get Length()];
audi oSt ream read(ul awbDat a, 0, audi oStream getLength());
}cat ch(Exception e){}

}

public void readAUFi | e() {
String fileNane = Futil.get ReadFi | eNane();
readAUFi | e(fil eNane);

}
(A-heading) The AudioStreamSequence Class

The AudioStreamSeqguence resides in the sun.audio package. An instance of the
AudioStreamSequence can be used to convert a sequence of input streamsinto asingle
InputStream. Thisistypically used to play two audio clipsin sequence.
(BEGIN WARNING) As aresident of the sun.audio package, the interface is subject to
change without notice. The class summary was derived from the DiffCAD class dumper.
(END WARNING)
(B-heading) Class Summary

public cl ass Audi oSt reanBequence extends

java.io. |l nputStream {
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public void Audi oStreanSequence(java. util.Enunmeration a);
public int read();
public int read(byte a[], int b, int c);

(B-Leading) Class Usage
Suppose the following variables are predefined:
Audi oSt ream asl, as2;
Vector v = new Vector();
v. addEl enment (asl);
v. addEl enent (as2) ;
int |enght Read, |ength, position;
byte bytes[];
To make anew instance of the AudioStreamSequence:
Audi oSt r eanSequence ass = new
Audi oSt r eanequence(v. el enents());
To play the AudioStreamSequence instance:
Audi oPl ayer . pl ayer. start (audi ostreamn;
To read from an instance of the AudioStreamSequence and flip to the next stream if an
EOF is encountered (throws |OException):
| engt hRead = ass.read(bytes, position, |ength);
| engt hRead = ass. readﬁ);
(A-heading) The AudioPlayer Class

The AudioPlayer class resides in the sun.audio package. This class provides an interface
to play and instance of the AudioStream.
(BEGIN WARNING) As aresident of the sun.audio package, the interface is subject to
change without notice. The class summary was derived from the DiffCAD class dumper.
(END WARNING)
(B-heading) Class Summary
i mport java.io.PrintStream
i mport java.l ang. System
public class Audi oPl ayer extends java.lang. Thread {
public static final sun.audio. Audi oPl ayer pl ayer;
private void Audi oPl ayer();
public synchroni zed void start(java.io.lnputStreama);
public synchroni zed void stop(java.io.|nputStream a);
public void run();

(B-Leading) Class Usage

Suppose the following variables are pre-defines:
Audi oSt ream as;
AudoData ad = as.getData();

To play an audio stream use:

Audi oPl ayer . pl ayer. start (as);
To stop playing an audio stream use:

Audi oPl ayer . pl ayer. stop(as);
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(A-heading) The u-law CODEC concept

In this section we show how to use a software CODEC (COder-DECoder) to decode a
Sun AU audio file and play it. The Java API usesa u -law (pronounced mu-law)
compression technique for playing audio files. The supported u -law format consists of
logarithmically companded, 8 khz sample rate, byte-quantized, voice-grade audio. The
word compandor is a contraction of “compressor” and “expander” [BTL]. The sample
time for an 8000 samples per second system is 1/8000 = 0.000125 second = 125 us. Such
aformat generates an 8000 sample/second * 8 bits/ sample = 64 kbps data stream and is
common in telephony. Also, the peak bandwidth of such acompression format is

Bandwidth = 2Pling Rate _ .\

: (5.17)
The International Telecommunication Union (ITU) formerly CCITT, has created a
specification called, G.711. There are two PCM algorithms defined within the G.711
standard, “A-Law” and u-law. In both the“A-Law” and u-law format, the sample rate
is8 khz. In alinear PCM system there are uniform voltage quantization steps [Bates].

A copy of the G.711 specification is available for sale at http://www.itu.int/itudoc/itu-
t/rec/g/g700-799/g711 27434.html (it is 20 Swiss francs, last we checked). The Sun
reference implementation is on the CD, along with awealth of other audio information.
The u-law encoding formulais given by:

In%ﬁ “XE
= F(x) = sign(x)V, _ 0 Vb
y max ln(1+/~1)
where (5.18)

V. x S XSV,

max —

The“A-law formulais given by:
A Ox O x| 1

= < —
Y remalv BV A
and (5.19).
i W
y= 3000 5 EAXEEL | x|y
1+InA max max
Typical values of the compression parameters used in (5.18) and (5.19) are:

=100 and 255 (5.20)
A=87.6

A graph of (5.18), with V., =1, and u = 255 isshown in Figure 5.7. The value of

U =255 isused for North American telephone transmission. The value of A=87.6 is used
for European telephone transmission. The rationale for companding is that the human ear
has an inability to differentiate between amplitudes of sound waves as the amplitude
increases [Embreg].
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Figure 5.7 Graph of the p-law transfer function, with p=255.
One metric of PCM performance is the ratio of the signal power to quantization noise
power (signal-to-quantizing distortion ratio). The basic idea behind “A-law” and u-law
companding is that alogarithmic curve may be used to improve the signal-to-quantizing
distortion ratio at low signal levels.
Binary PCM will have a number of quantization levels given by:
N, = 2" (5.21)

where

N, = the number of quantization levels

N, = the number of bits per sample
The signal power variesfrom 0to 1, inclusive, and is given by:

sgfo...]
The signal voltage, x, variesfrom:
“V, o S XSV, (5.22).
For ssimplicity we assume that
V=1 (5.23)
The uniform quantizer divides the signal voltage evenly among the number of
guantization levels. The uniform quantizers quantization error voltage is given by:
1 1
o <g< o
where (5.24)

& = Quantization error voltage
The average quantization error is 0, but the root-mean-square (RMS) value of the
guantization error is the mean sguare quantization noise power. The term “root-mean-
square” refersto the fact that the computation is performed by taking the square-root of
the mean of error voltage squared [Carlson and Gisser]. Recall that for a continuous

probability distribution function, the expectation is taken by E[ X] :J'jo xf, (x)dx and the

variance istaken by o%(t) = E[|X(t)|2]. The variance expandsto % (t) = I_m x> f (x)dx.
N
The reader may also recall that for a discrete random variable, E[ X] = mean = %Z X,
=1
N
and o2 (t) = variance = E[|X(t)|2] = % > (x - E[X])".
=1
Thus, we compute the RMS error by integrating the square of the quantization error
voltage over the range in (5.24), assuming a zero mean:
5 _ 1 UN, 2 1

o (Tl\lq).r—l/mqg de = 3N, (5:29).
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When the maximum signal voltage is constrained, asin (5.22) and (5.23) we compute the
signal-to-quantization noise power as.

SNR, =10l0g,(3x2*" S

NR, =10log,, 3+ 20N, log,, 2S,
Where the signal power isgiven by S. If the signal power is equal to 1, then the range on
the upper bound for the signal-to-quantization noise power is.

NR, <4.8+6N, (5.27).

With the 8-bit PCM system and uniform quantization, the best we can hope for isa SNR
of 52.8 dB. Note that the SNR (in dB) falls off linearly as a function of the power in
(5.26). It can be shown that the companding equations of (5.18) and (5.19) will provide
an improvement in the SNR when the signal power falls below -20 dB.
It must also be mentioned that for signal powers above -20 dB, companding degrades
performance, relative to uniform quantization, assuming that the PDF (Probability
Distribution Function) of avoice signal has a Laplace distribution of the form

(5.26)

[Carlson].

The compression parameter values given in (5.20) are based on an assumed PDF of an
input signal. The PDF assumption is required for telephony applications. However, in the
instance of audio files that are stored on static media (such as CD ROM, or web server
hard drive) the computation of the PDF can be performed off-line. For such a system, the

SNRis
_S _3NSS
NR. = =X
R o’ K,
where (5.27)
Kz =2 ' p(XZ)
°[v]

computing the derivative of (5.18) with respect to x, and substituting into (5.27) yields
1

4

P(X) (Vimax + K )4 In(1 +p)

TRAVAC

0 (5.28)
Once the PDF, p(x), is computed, the companding parameter can be precomputed using a
criterion of optimality based on the bit rate budget. For example, a bit rate budget of 16
kbps might require a4 bit sample with a4 khz sampling rate. Such a system might be
used to stream audio (transmit in real time) via alow data-rate phone connection. Ideally,

a server should be able to resample and compand the audio before transmission, in
response to the bit rate budget.

dx

~
N
1
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(A-heading) The UlawCodec Class

The UlawCodec classis a public class that resides in the lyon.audio package. (BEGIN
ONCDROM) The UlawCodec class performs the u -law CODEC function, in addition to
providing file save and open services.(END ON CD ROM) Javacan, in principle, process
any file format. The basic problem, however, isthat Java' s present APl isonly ableto
play an AudioDataStream that is u -law encoded. Thus, while Javais able to read,
process and write any audio data format file, an intermediary u-law encoding is required
to play the audio, at present.
(B-heading) Class Summary

public class U awCodec inpl enents Runnabl e {

public U awCodec()

public U awCodec(String nane)

public U awCodec(short |inearArrayt Short[])

public U awCodec(doubl e |inearArrayC Doubl e[ ])

public U awCodec(byte ul awArrayO Byte[])

public void readAUFi I e(String fil eNane)

public void readAUFi | e()

public void witeAUFil e(String fil eName)

public void witeAUFi | e()

public void playSync()

public void playAsync()

public byte [] getU awDat a()

public void set U awDat a(byte ul awArrayCf Byte[])

publ i c doubl e[] get Doubl eArray()

public int getlLength()

publ i ¢ doubl e getDuration()

public void reverseU aw)

public static void main(String argc[])

(B-Leading) Class Usage
The UlawCodec has several constructors, each has, asit main goal, to construct a i -law
encoded byte array in a private storage area. The only way to obtain access to this storage
areaisviathe getUlawData and setUlawData methods. Thisis due, in part, to a series of
parallel data structures that must maintain their consistency. For example, when you
invoke the getDoubleArray method, a check is performed to seeif the internal
DoubleArray isnull. If the array isnull, it is set using computations involving the
ulawData. The consistency maintenance mechanism isinvisible to the programmer.
Suppose the following variables are pre-defined:

U awCodec ul c;

String fil eNane;

byte ul awArrayOr Byte[];

short linearArrayt Short[];

Doubl e |inear Arrayd Doubl e[ ];

int |ength;

doubl e ti nmel nSeconds;

String args[];
Toread inaSun AU file, using a standard file open dialog box:

11:18 AM—Page 200 Chapter 9: Image Processing in Java



Digital Signal Processing Recipesin Javae Lyon and Rao April 13, 2000

ul ¢ = new U awCodec();
ToreadinaSun AU file, using afile name:
ul ¢ = new U awCodec(fil eName);
To construct a UlawCodec instance from a 16 bit linear data array:
ul ¢ = new U awCodec(Il i near ArrayX Short);
To construct a UlawCodec instance from a linear double array:
ul ¢ = new U awCodec(Il i near ArrayO Doubl e) ;
To overwrite the internal data and read in anew AU file, given afile name:
ul c. readAUFi | e(fil eNane);
To prompt the user for aread file name and overwrite the internal data:
ul c. readAUFi | e();
To writethe internal dataasnew AU file, given afile name:
ul c. witeAUFi | egfi | eNane) ;
To prompt the user for afile name, then write a Sun AU file:
ulc.witeAUFi le();
To play synchronously, returning only after the sound is played:
ul c. pl ay&mc(s? ;
To play asynchronously, returning right away and playing the sound in the background:
ul c. pl ayAsync();
To get the raw companded byte data:
ul awArrayOf Byte = ul c. get U awbat a() ;
To set the raw companded byte data:
ul c. set U awbDat a( ul awArrayf Byt e) ;
To get the data as an array of linear doubles:
| i near ArrayCf Doubl e = ul c. get Doubl eArray();
To get the number of samples:
| ength = ul c. getLength();
To get the play time in seconds:
timel nSeconds = ul c. getDuration();
To reverse the Ulaw data, forcing recomputation of the DoubleArray:
ul c. reversed aw() ;
To test the read play and write methods:
U awCODEC. mai n( ar gs) ;
(B-heading) Reading and writing u-law
The following example, excerpted from the UlawCodec.javafile, shows how the main
method is implemented:
1. public static void main(String argc[]){
2. U awCodec ul ¢ = new U awCodec();

3. ulc.playSync();
4. ulc.witeAUFi le();

5.
(BEGI I\}l ON CDROM) Line 2 shows the default constructor for the CODEC. The default
constructor opens the standard file dialog box in order for the user to select a AU file.
(END ON CDROM) Line 3 plays the sound and does not return until the sounds has
completed playing. The writeAUFile opens a dialog box and the user must typein afile
name to save the AU file.
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(A-heading) The Oscillator Class

The Oscillator classis apublic classin the lyon.audio package and is independent of all
other packages. Several instances of the Oscillator class may be made to create banks of
Oscillators. The Oscillator class makes use of double precision data arrays and can make
very low-distortion waveforms. The weak link in the chain is the Java API’ s voice grade
audio realization. To combat this limitation (before Sun does) would require the
development of Java native methods for playing audio on al platforms. Such a
development effort requires many hours of skilled labor.
(B-heading) Class Summary

public class Gscillator {

public Gscillator(double frequency, int |ength)
publ i c doubl e[] getSi neWave()

publ i c doubl e[] get Squar eVave()

public doubl e[] get Sawave()

public doubl e[] getTriangl eWave()

publ i ¢ doubl e getDuration()

public int getSanpl eRate()

publ i ¢ doubl e get Frequency()

public void set Modul ati onl ndex(doubl e I)
public void set Modul ati onFrequency(double fm
public double[] get FM)

public double[] get AM)

}

(B-heading) Class Usage
The Oscillator class has a number of private properties that are accessed via get and set
methods. An Oscillator instanceis created for afixed carrier frequency and number of
samples. All waveforms vary from -1 to 1. Suppose the following variables are
predefined:

doubl e frequency = 440;

doubl e I ength = 2000; // the total nunber of sanples

Csci |l |l ator osc;

doubl e audi oDat a[];

doubl e ti mel nSeconds;

int sanpl eRat e;

doubl e i ndexOF Modul at i on;
Then to make an instance of an Oscillator:

osc = new Gscillator(frequency, |ength);
To get sine, square, saw tooth and triangle waves:

audi oDat a = osc. get Si neWave() ;
audi oDat a = osc. get Squar eWave() ;
audi oDat a = osc. get Sawave() ;

audi oDat a = osc. get Tri angl eWave() ;

To get the time the wave form will last, In seconds:

ti mel nSeconds = osc. getDuration();
To get the samplerate, in Hz:

sanpl eRat e = osc. get Sanpl eRat e()
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To get the frequency, in Hz:
frequency = osc. getFr equencyg)
To set the index of modulation of the FM oscillator:
osc. set Modul at i onl ndex(i ndexOf Modul ati on);
To set the modulation frequency of both the AM and FM oscillators:
osc. set Modul at i onFr equency( f requency);
audi oData = osc. get FM)
audi oData = osc.(?etAl\/()
The index of modulation and the modulation frequency are topics that are covered in
more detail in Chapter 6.

(B-heading) Class Examples
The AudioFrame classis able to generate a series of waveforms using the Oscillator class
and the UlawCodec class.
public cl ass Audi oFranme extends O osabl eFrane {
private U awCodec ul c;
private Gscillator osc =
new Gsci | | at or (440, 4000) ;

public cl ass Audi oFranme extends O osabl eFrane {
private U awCodec ul c;
private Gscillator osc =
new Gsci | | at or (440, 4000) ;

bﬁblic voi d play() {
ul c. pl aySync();

public void sineWave() ({
ul ¢ = new U awCodec(
osc. get Si neVave());

play();

public void squareVWave() {
ul ¢ = new U awCodec(
osc. get Squar eVave()) ;

play();

public void sawave() ({
ul ¢ = new U awCodec(
osc. get Sawave());

play();

public void triangl eVave() {
ul ¢ = new U awCodec(
osc. get Tri angl eVave());

play();
public void am() {
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osc. set Modul at i onl ndex( 0. 5d);
osc. set Modul at i onFr equency(200d) ;
ul ¢ = new U awCodec(

osc. get AM)) ;
} play();

public void fm()
osc. set Modul at i onl ndex( 0. 5d);
osc. set Modul at i onFr equency(200d) ;
ul ¢ = new U awCodec(

osc.getFM));

} play();

(B-heading) Class | mplementation
An Oscillator is able to generate repeated waveforms by constructing a single cycle of the
waveform into a wavetable. The wavetable is copied repeatedly into an array of double
data known, internally as audioData.
The Oscillator classisimplemented with a series of private class variables:

1. package | yon. audi o;

2. import futils.utils.Conputation;

3. public class Gscillator {

4. private doubl e audioData[];

5. private doubl e waveTabl e[];
Lines 4 and 5 show that the audioData waveTables are unallocated until the constructor is
invoked. Line 6 shows the sampleRate. The constructor could be overloaded to take other
sample rates, but 8000 Hz is the default for Java’ scurrent API.

6. private int sanpl eRate = 8000;
Line 7 shows the frequency, in Hz. For a sine wave, thisis the number of wave table
cycles that must be clocked out, per second. Lambda is the number of secondsin the
period of one cycle. Line9 shows the number of samplesin asingle cycle of the wave
table, if this were computed with precision. Keep in mind that the length of awave table
isaways an integer and the samplesPerCycle must be converted as aresullt.

7. private doubl e frequency;

8. private doubl e | anbda;

9. private doubl e sanpl esPer Cycl e;
Oscillator construction requires that the carrier frequency and number of cycles be
known. Line 3 show the memory allocation for the audioData.

1. public Gscillator(double frequency , int length) {

2. frequency = frequency_;

3. audi oData = new doubl e[| ength];
Once the period of the waveform is computed, on line 5, we are able to compute the
number of samplesin acycle of the wave table. Thisis the samplesPerCycle variable,
cast into an integer. Given the integral approximation, the computation for the actual
frequency at which the wave table is clocked out is:
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f.a = S@MpleRate/ waveTable.length (5.29)
With the wave table length being:
waveTable.length = round(sampleRate/ f) (530)

To compute the error in the digital oscillator instance, we subtract the frequency that we
wanted from the rate cycles are clocked out of the wave table.

fe = f - factual
For example, for afrequency of 440 Hz, waveTable.length = 18 sampleRate = 8000
audioData.length = 4000 and the actual frequency = 444.444 Hz. Exact frequencies may
be had when the frequency desired is an exact multiple of the sampleRate. For example,
400 will be reproduced with precision because 8000/400 = awaveT able.length of 20.

4. //the period of the wave formis

5. | anbda = 1/frequency;

6. //The nunber of sanples per period is
7. sanpl esPerCycle = sanpl eRate * | anbda;
8. delta freq = 1/ sanpl esPer Cycl e;

9. waveTabl e =

10. new doubl e[ (i nt) sanpl esPer Cycl €] ;
11. }

(B-heading) Building the WaveT able
The AudioDataFromTable method in the Oscillator classis used to turn asingle cycle of
athe WaveTableinto along array of audio data. A constraint on the audioData array is
that it must have an absolute value that is strictly less than 1 (due to the companding
formulas).

1. private doubl e[] Audi oDataFronTabl e() {

2. int kK = 0;

3. for (int i =0; i < audiobData.length; i++) {
Line 4 builds the audioData from the waveTable. While the indexes, i and k both begin at
0, lines 6 and 7 reset k, while index i increments on.

4 audi oData[i] = waveTabl e[ k];

5. K++;

6. if (k >= waveTabl e. | engt h)

7. k = 0;

8. }

9. Systemout. println("\nl anbda="+l anbda+

10. "\'nfrequency = "+frequency+

11. "\ nwaveTabl e. | ength = "+waveTabl e. | engt h+
12. "\ nsanpl eRate = "+sanpl eRat e+

13. "\ naudi oDat a. | engt h = "+audi oDat a. | engt h+
14. "\'nactual frequency = "+actual Frequency());
15. return audi oDat a;

16. }
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In the getSineWave method, the waveTable is computed for asingle cycle. To make sure
that the absolute value of the amplitude of the sine wave isalwayslessthan 1, it isfirst
multiplied by 0.98, on line 20.

17. public double[] getSi neWave()

18. for (int i=0; i<waveTable.length; i++)

19. waveTabl e[i] =
20. 0. 98*Mat h. si n(twopi * i/waveTabl e. | ength);
21. return Audi oDat aFronirabl e();

22. }
To build awave table for a saw wave, we set the initial voltage to -1, then compute a

change in voltage, dv using the length of the wave table, L so that V, = -1,dv = % then,

after L-1 intervals, the final voltage will reach avalue of 1-dv. The following code
implements the getSaw\Wave method:
1. public double[] getSawave() i

Inline 2, theinitial voltage is set to avaluethat is alittle higher than 1.0. Thisisdueto
the constraint on the CODEC’ sinput. Also, in line 4, the check is i<waveTable.length
rather than i <= waveTable.length. Thus the saw wave will end at (v-dv), rather than at
1.0 volts.
double v = -0.99;
double dv = 2.0 / (double) waveTabl e. | engt h;
for (int i=0; i<waveTable.length; i++){

waveTabl e[i] = v;

v += dv;

CoONOORWN

System out. println("Sawave ends at:"+(doubl e)(v-dv));
. return Audi oDat aFronirabl e() ;

10. }
The saw wave output is shown in Figure 5.8.

Figure 5.8 The saw wave output

(A-heading) The DoubleDataProducer Interface

The DoubleDataProducer interface is a public interface that resides in the lyon.audio
package. The purpose of the DoubleDataProducer interface is to isolate the OscopeFrame
class (see next section) from application specific code needed to obtain an array of data.
Classes that implement the DoubleDataProducer interface must provide methods whose
signature is consistent with lines 3 and 4:

1. package | yon. audi o;

2. public interface Doubl eDat aProducer {

3. double [] getDoubl ebData();
4. void openDataFile();
5.

}
For an example of usage, see the following section.
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(A-heading) The OscopeFrame Class

The OscopeFrame class is a public abstract class in the lyon.audio package. The
OscopeFrame may be extended in order to add an oscilloscope type feature to any frame.
The OscopeFrame has its own paint method, so the user must be careful to call
super.paint if apaint method isimplemented in the subclass.

The OscopeFrame has four private scrollbars whose events are handled locally. Thus, any
subframe that handles events must be sure to call super.handleEvent at the end of the
handleEvent method. Also, the OscopeFrame has a main menu bar setting. This may be
overridden by the subclass, though doing so will remove the main menu bar features.

The OscopeFrame extends the PictFrame class. The PictFrame class implements afeature
in the main menubar that enables the OscopeFrame to save a copy of itself asapict file.
The vector part of pict file format is used so that the OscopeFrame has a vector output
that may be edited with any draw program (including MS Word' s draw utility). Figure
5.10 isan example of avector output that the OscopeFrame is able to generate. An
example of the main menu bar that the OscopeFrame sets up is shown in Figure 5.9.

Figure 5.9. The OscopeFrame SaveMenu Permits the saving of Vector Output

Figure 5.10. An example of the vector output from the OscopeFrame
The OscopeFrame implements the DoubleDataProducer interface. As aresult, the
programmer must implement the getDoubleData and openDataFile methods, or the
subclass will be abstract. When openDataFile isinvoked, the subclass must respond by
invoking setDoubleData.
An example of the OscopeFrameis shown in Figure 5.11.

Figure 5.11. The Triangle Wave in the OscopeFrame
Scroll bar adjustments permit translation and scaling of the waveform, both in the time
domain and in the amplitude domain. Another view of the triangle wave of Figure 5.11 is
shown in Figure 5.12.

Figure 5.12. Another View of the Triangle Wave in the OscopeFrame
1From Figure 5.12 we can visually measure ten 250 micro second divisions cyclesin the
waveform. This corresponds to a frequency of 1/(2500 micro seconds) = 400 Hz. Thisis
exactly what was specified for the oscillator (a multiple of the 8000 Hz sampling rate).
(B-heading) Class Summary
package lyon.audio;
import java.awt.*;
import futils.utils.Draw;
import futils.Futil;
import lyon.dclap.PictFrame;

publ i c abstract class GscopeFrane
extends PictFrane inpl ements Doubl eDat aPr oducer {
public OGscopeFrane(String title)
public void set Doubl eDat a(double [] d)
public void setGidCol or (Col or c)
public void paint (G aphics g)
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publ i ¢ bool ean handl eEvent (Event e)

(B-Leading) Class Usage
Since the OscopeFrame implements the DoubleDataProducer interface, the subclass must
implement the getDoubleData and OpenDataFile methods. The AudioFrame subclasses
the OscopeFrame, as shown in the following code:

package | yon. audi o;

I mport java.awt.*;

i mport qui.*;

i mport grapher. *;

i nport observers. *;

import futils.utils.*;

i mport futils.bench. *;

i mport futils.Futil;

i mport | yon. dcl ap. Pi ct Frane;

public class Audi oFrane extends OscopeFrane {

U awCodec ul c;

The AudioFrame constructor shows the name of the Frame being passed to the
OscopeFrame
publ i ¢ Audi oFrame(String nane) {
super ( name) ;

The getDoubleData and OpenDataFile methods are defined, to keep the AudioFrame
class from being abstract:
public double [] getDoubl eData() {
return ul c. get Doubl eArray();

}
public void openDataFil e() {
ul ¢ = new U awCodec();
set Doubl eDat a(ul c. get Doubl eArray()) ;
ul c. pl ayAsync();

While no paint method was defined in the AudioFrame, there were events. Thus, at the
end of the event handler, we are careful to call super.handleEvent, so that the
OscopeFrame events are processed:
publ i ¢ bool ean handl eEvent (Event e) {
if (BEvt.match(e, saveSound m)) {
saveAs();
return true;

}...

}

(B-heading) M odifying the OscopeFrame

Once the user starts to use the OscopeFrame, there may be a need to add features to the
OscopeFrame class, without altering the existing API. One way this can be accomplished
is by adding to the pre-existing menubar. In the following code, we demonstrate how to

return super . handl eEvent (e) ;
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add the feature of turning the OscopeFrame grid on and off using a menu item in the main
menu bar. The OscopeFrame extends the PictFrame, and, in doing so, inherits an existing
menu bar. To add an item to the menu bar, we add the following instance variables to the
OscopeFrame class:

private bool ean draw&aid = true;

private MenuBar nb = get MenuBar () ;

private Menu m = new Menu(" Scope Menu");

private Menultemdraw@id m =
new Menulten{"[d]raw grid");
Theideaisthat, when the “d-key” is depr , or when the user selectsthe “[d]raw grid”
item from the main menu bar, we want to turn off the drawing of the grid. Thisis
accomplished in two places. Thefirst place is the handleEvent method:
publ i ¢ bool ean handl eEvent (Event e) {
if(BEvt.match(e,dranwGid m)) {
drawGid = ! draw@i d;
return true;

b
The second place that requires modification isin the drawTrace method:
private void drawlrace(G aphics g) {
doubl eDat a = get Doubl eDat a() ;

double limt = (double)(doubl ebData.length *
xScal eFact or) ;

dim = size();
hei ght = di m hei ght;
w dth = di mwi dt h;
In the following line, we check the status of the drawGrid variable to seeif agrid should
be draw.
if (drawGid)
Draw. grid(20, g, gridColor);

(B-heading) How does the OscopeFrame do the scaling labels?
One of the unique features of the OscopeFrameisthat it automatically switchesto a next
logical range when the user clicksin the time-scale or voltage-scale scrollbars. Thisisan
interface hack that is cleaver enough to warrant some explanation.
The OscopeFrame has a series of pre-defined scale factors, with corresponding labels, for
both the time-scaling (y-scale) and the voltage-scaling (x-scale). These are held as private
class variables and are described as follows:

1. private final double

2. xScal eFactors[] = {50000, 25000, 10000, 5000, 2500,

1000,

3. 250, 100, 50, 25,
10,
4. 2.5, 1, .5,
. 25, 21,
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5. .025,
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6. ;
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.01, .005, .0025,

7. private final String xSFLabels[] = {"0.05 u", "0.1 u",

"0.25 u",

8 "0.5

n .2. 5 uu’
9.
n 25 uu’

", "2.5 ",
15

"1 u",
"5 u", "10 u",
"50 u", "100
"500 u", "1
"5 n, "10 nt,
"50 nt, "100
"500 nf, "1

II5 n

Note that the xsfStartindex indicates the default start point for both the scale factor and
the label for the corresponding scale factor. This has a direct correspondence with the y-

scale factors, shown in line 32.

16. private final int xsfStartlndex = 14,

17. private doubl e xScal eFactor =
xScal eFact or s[ xsf Start | ndex] ;

18. private doubl e ol dXScal eFactor =
xScal eFact or s[ xsf Start | ndex] ;

19. private String xSFLabel = new
String(xSFLabel s[ xsf Start | ndex]);

20. private final double

21. yScal eFactors[] = {
22. 200, 100, 50, 20, 10,
23. 2, 1, .5, .2, .1};

24. private final String

25. ySFLabel s[] = {

26. "1, "2.5 nt,
27. "5 m, "10 nt,
28. "25 m', "50 nt,
29. 100 nt, "250 ni,
30. "500 nt', "1,
31. "2.5 ", "5 "}

32. private final int ysfStartlndex = 8;
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33. private double yScal eFactor = 1;
34. private doubl e ol dYScal eFactor = 1;
35. private String ySFLabel = new
String(ySFLabel s[ysfStartlndex]);
Now, the clever bit isthat the top and bottom scrollbar instances return integers that can
be used to index into the label and scale arrays. Thisis shown in the following code,
excerpted from the handleEvent method:
if(e.target == sbHorzTop) {
int i = sbHorzTop. get Val ue();
xScal eFact or = xScal eFactors[i];

i f (xScal eFactor != ol dXScal eFactor) {
xSFLabel = xSFLabel s[i];
repaint();

ol dXScal eFact or = xScal eFact or;

return true;

The Scrol%bar characteristics are set so that they will only return avalid range for an
index into the scale factors and scale |abels:

/'l Set top scrollbar characteristics

sbHor zTop. set Val ues(xsf Startl ndex, 0, 0, 24);

/1l Set right scrollbar characteristics

sbVert R ght . set Val ues(ysf Startlndex, 0, 0, 11);
(A-heading) The DoubleGraph Class

Some programmers will not want to bother extending the OscopeFrame class, mentioned
in the previous section. There are afew reasons for this. Some programmers may find the
implements interface difficult to implement properly. Other may wish for asimpler API,
which, though less general, does make the code easier to both write and understand. The
DoubleGraph class will make an OscopeFrame and handle all the scrollbar events and
interface implementations for you.
The DoubleGraph class resides in the lyon.audio package, but is so generally useful, that
it could appear in a utilities class.
(B-heading) Class Summary
public cl ass Doubl eG aph extends GscopeFrane {

Doubl eG aph(doubl e d[],String title)

publ i ¢ doubl e[] get Doubl eDat a()

public void openDataFil e()

(B-Leading) Class Usage
The AudioFrame class has a public method called graphSound. It shows the typical usage
for the DoubleGraph class instance:
public void graphSound() {
new Doubl eG aph(ul c. get Doubl eArray(), " Sound");

}
The act of instantiation displays the OscopeFrame, with scrollbars. (BEGIN NOTE) To
avoid added complexity, there are no features for altering an existing DoubleGraph
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frame. Just make another. The old frame will be collected by the garbage collector when
all referencesto it are removed. Y ou may note that the DoubleGraph instance has alife
that ends after the graphSound method returns. The DoubleGraph instance will thus be a
temporary one. It would be hard to build asimpler API for graphing an array of doubles.
(END NOTE)

(A-heading) Summary

This chapter has covered alot of ground. Much of it was covered quickly and without
rigor. The basic objective isto give the reader just enough background to understand the
basic results of Fourier analysis so that the code of Chapter 6 may be better understood.
A great deal of complexity is hidden from the user in the classes just presented. Code is
reproduced, where appropriate to the exposition of the book. However, to get areal 1ook
at the code, the programs on the CD-ROM can make excellent reading.

Adding features to the classes presented in this chapter can be afruitful source of
exercises for the reader. For example, turning off the grid is just one feature that may be
added to the OscopeFrame. There are so many others. Coloring a grid, extending the
OscopeFrame to make a Dual TraceOscopeFrame, creating an X vs. y plot in the
OscopeFrame, etc.

(CN) 6 Digital Audio Transform Recipes

...then thus he cried,
When | the process have in memory,
How thou hast wearied me on every side...
William Wordsworth, 1838
This chapter covers some of the finer points of one-dimensional digital signal processing.
The last chapter showed some of the mathematical basis for the Fourier transform and
pointed out some of its properties. This chapter addresses how to implement the Fourier
transform using uniformly sampled audio. We start with a description of the DFT
(Discrete Fourier Transform) and IDFT (Inverse Discrete Fourier Transform). We show
how the computation of the DFT and IDFT may be performed in Java and show why
such operations are typically held as slow. A speed up of the DFT and IDFT is discussed
using aclass of algorithms known as the FFT (Fast Fourier Transform) and the IFFT
(Inverse Fast Fourier Transform).
Asthe DFT and FFT are covered, we demonstrate the computation of the psd (Power
Spectral Density) mentioned in the previous chapter. The remaining portion of the
chapter is dedicated to applications of these transforms. The applications include filtering,
windowing, pitch-shifting and the spectral analysis of resampling.
(A-heading) The Discrete Fourier Transform
Let
v,,j 0[0...N-1] (6.2)
be the sampled version of the waveform, v(t) where N is the number of samples.
(BEGIN NOTE) Equation (6.1) numbers from zero, rather than one, to reflect the start

point of arraysin Java.
(END NOTE) Recall that the Fourier transform of v(t) was given by
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V() = F[v(t)] = }v(t)e‘z””‘dt (6.2).

(BEGIN NOTE)
V(f) can only existsif v(t) is absolutely integrable, i.e.

[t < +o0

(END NOTE)
Recall also, that the inverse Fourier transform of V(f) was given by

v(t) = F‘l[V( f )] = J’V( f)e*™dt
o (6.3).

In order to compute (6.2) for the sampled waveform of (6.1), we must perform a discrete

time Fourier transform called the DFT (Discrete Fourier Transform). The DFT isgiven

by

EN 27‘n]k/N (6 4)
N Z 4).
Recall, from Chapter 5, Euler’ srelation,
€ =cosf+isiné (6.44).
This permits the alternate formulation of the kernal of the transform in (6.4) as:
g 2MikIN = cos(—2njk/ N) +isin(—2m'k/ N) (6.4b).

Recall that an even function is one that has the property that f(—x) = f(x). Also, that an
odd function has the property that f(—x) = —f(x). Since sin(-8) = —sin@, sineis an odd
function. Also, since cos(—60) = cos@, cosineis an even function. Using the odd-even
function properties of sine and cosine, we rewrite (6.4b) as:
e?N = cog(2mik / N) —isin(2rjk / N) (6.40).
Substituting (6.4c) into (6.4) we obtain the form of the DFT used in the Java
implementation:
1< : y :
V, =—)) (cod2mk/ N)—isin(2rgk/ N))v. 6.5).
= 2, (cos2rik! N) -isin(zrik/ )y, (69
When implementing the Java program we compute the real and imaginary parts of (6.5)
using:
for(int j =0; j <N j++) {
t woPi | KONN = twoPi KOnN * j;
r data[k] += v[j] * Math.cos( twoPijkOnN );
i _data[k] -= vVv[j] * Math.sin( twoPijkOnN );

}

r data[k] /=N

| _data[k] /=N
The complete routine for the DFT is given at the bottom of the section. Recall that the
above loop is executed N times. The index, k isvaried from 0...N-1. Why? Because the
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DFT divides the spectrum into N parts. Each spectral division is accessed using the
frequency index, k. The frequency, f,, iscomputed from k using:

k
f=— 6.6),
<= NAT (6.6)
where the sampling period, At, isgiven by:
At =1/ f, (6.7).

An examination of (6.5) and (6.6) shows that the spectrum is described by integral
harmonicsof f_/ N. For example, suppose that the sampling rate, f, is8000 Hz and
that the number of pointsis 2048; then the smallest change in frequency that can be

detected isgivenby f, = ﬁaooo = 4Hz. Therefore, integral harmonics of 4 Hz will

be used to approximate v(t).
The psd (Power Spectral Density) gives the power at a specific frequency index, psd, .
We compute the power at any f, by summing the square of the real and imaginary
components of the amplitude:

psd, = real?(V, ) +imaginary®(V,) (6.8).
The amplitude spectral density is given by the square root of the power spectral density.

(BEGIN ON CDROM)
An implementation of the DFT is shown below.

1. package |yon. audi o;

2. I mport java.io.*;

3. i mport java.aw.*;

4. i mport grapher. G aph;

5. public class FFT extends Frane {
6. double r_data[] = null;

7. double i_data[] = null;

8

"public doubl e[] dft(double v[]) {
int N=v.length;

double t _ing, t_real;

doubl e twoPi kOnN;
doubl e twoPi j KONN;

/1 how many bits do we need?

N=I 0g2(N);

[/ Truncate input data to a power of two
/'l length = 2**(nunber of bits).

N = 1<<N

double twoPiOnN = 2 * Math.Pl / N
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/[l W truncate to a power of two so that
/'l we can conpare execution times with the FFT.
/| DFT generally does not need to truncate its input.

r data new double [N ;
i _data new double [N ;
doubl e psd[] = new doubl e[ N ;

Systemout. println("Executing DFT on "+N+" points...");
for(int k=0; k<N, k++) {
t woPi KONN = twoPi OnN *k;

I3
B th.cos( twoPijkON );
i _dat th.sin( twoPijkOnN );
}

r_datal k
i _datal k

psd[ k] =
[k] * T ]
i _data[k] * i _data[Kk];

}
return(psd);

(END ONCDROM)
(B-heading) Bit Computationsand a L og Review
We have notice that some students are confused by the use of logs in the following code:
1. // how many bits do we need?
2. N=l 0g2(N) ;
3. //Truncate input data to a power of two
4. |/ length = 2**(nunber of bits).
5. N = 1<<N
If lines 2 and 5 are obvious, the reader should probably skip to the next section.
Otherwise, please read on! Logs are pretty basic things, but people do seem to forget
them.
Thelog function is defined by:

if x=a’theny=log, x

For example, if x =2'° then 10 = log, x.
The following are known as the laws of logarithms:
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log, (xy) =log, x +log, y
log,(x/y) =log, x-log, y
log, X" = nlog, x

For example, to find log, 4096 use:

4096 = 27
In4096 = yIn2
In4096:y:12
In2
So,
|og X:In_x
27 In2
Also, tofind logg X use:
Inx _ log,, X
logg x=—— = —1%— 6.9
%X e log,, B (69

S0, based on (6.9), line 2 computes the number of bits needed, rounding down, via
truncation, the integral number, N. To compute (6.9) to the base 2, we use:
public static int log2(int n) {
return (int) (Math.log(n)/Mth.log(2.0));

Thus, line 2 replaces N, the number of itemsin thelist, plus one, with the log of N to the
base 2, rounded down (also known as the floor function) to the nearest integer.

2. N-=log2(N);
Finally, line 5 creates a number which is an integral power of two:

S. N = 1<<N
(BEGIN NOTE)
DFT does not need to truncate the length of the data to be a power of two. We will see,
however, that there are implementations of the FFT (Fast Fourier Transform) that do
require this truncation. To fairly compare the performance of the DFT implementation
against the FFT implementation, we must perform the same truncation for both
algorithms.
(END NOTE)
(A-heading) Thefutils.Timer Class, Benchmarking the DFT

Benchmarking is a craft that permits the measurement of hardware and software
performance. One of the remarkable things about Javais that the compile-once-run-
anywhere attribute enables the same bytes codes to be executed on different
implementations of the Java machine. In addition, we have similar Java virtual machines
that are implemented on different hardware platforms. This enables a base-line
comparson of different hardware platforms when executing the byte codes. One use of
benchmarking is to measure the effect of the implementation of an algorithm on the
execution time. Also of interest isthe measurement of two different algorithm’s
execution time for the same data.
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(BEGIN NOTE) Thereis a difference between the performance measurement of various
algorithmic implementations and the performance measurement of various algorithms.
Better algorithms are generally combined with better implementationsto yield
performance improvement.
(END NOTE).
(B-heading) Class Summary
package futils. bench;
I mport java.io.*;
public class Tiner {
public Tiner()
public void mark()
public void record()
public float el apsed()
public void report(PrintStream pstrean)
public void report ()

}

(B-heading) Class Usage
Suppose the following variables are pre-defined:
Timer t1,
PrintStream pstream
To make an instance of a Timer class (with the elapsed time set to zero) use:
tl = new Tiner();
To mark the time (like resetting a stop-watch):
t1l. mark();
To add the elapsed time to the total elapsed time since the record method was | ast
invoked:
tl.record();
To return the elapsed time in seconds:
t1l. el apsed();
To print the elapsed time, in seconds, to the PrintStream instance pstream:
t1l.report(pstream;
To print the elapsed time, in seconds, to System.out:
tl.report();
(B-heading) BenchMarking the DFT method
In this section we show how to use the Timer class to measure the execution time of the
DFT. This serves both as an example of how to use the DFT and how to benchmark a
method. Benchmarking showed that executing the DFT on 2048 points took 55 seconds
on a100 Mhz PPC 601, without aJIT compilier. The following example of how to use
the DFT in the lyon.audio package is contained in the AudioFrame class;

public void dft() {

FFT f = new FFT();
doubl e [] doubl eData = ul c. get Doubl eArray();
doubl e [] psd;
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/] Time the fft
Timer t1 = new Tiner();
t1l. mark();

psd=f. df t (doubl eDat a) ;

/'l Stop the tinmer and report.
tl.record();
Systemout.printIn("Time to performDFT:");
tl.report();
f.graphs();
new Doubl eG aph( psd, "psd");
}

(A-heading) Thelnverse DFT
Recall also, that the inverse Fourier transform of V(f) was given by

v(t) = F‘l[V(f)] = IV(f)ez”‘“dt

e (6.3).
In order to compute (6.3) for the sampled waveform of (6.1), we must perform an inverse
discrete time Fourier transform called the IDFT (Inverse Discrete Fourier Transform).
The IDFT isgiven by

N-1
V, = § e Ny (6.10).
k ]ZO j

(Begin NOTE)
Recall that in (6.4):

N-1
1 Z e—ZT‘n]k/N (6.4).

the summation result is multiplied by JJN Thls isnot the casein (6.10). In some

expositions, both (6.10) and (6.4) are multiplied by 1/+/N , in order to keep the DFT and
IDFT symmetric. We abandoned such an approach during development because it both
complicates the presentation of the PSD and requires slightly more computation.

(END NOTE)
Recall, from Chapter 5, Euler’ srelation,
€’ =cosf+isin@ (6.4Q).
Substituting (6.4a) into (6.10) resultsin:
N-1
=Y [cos(27ik / N) +isin(27k/ N)]V, (6.12).

1=0
Recall that when two complex numbers are multiplied together, zz, the result may be
expressed as.

2z, = (X +iy) (%, +iy,) = XX, =y, + i(lez + Y1X2) (6.11a)
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Based on (6.11a) we conclude that the real part of zz, isgiven by:

real(zz) = X%, ~ .Y (6.11b)
and the imaginary part of zz, isgiven by:
imaginary(zz,) = XY, + ¥, (6.11c).

We are interested in areconstruction of areal signal. Therefore we do not need to
compute the result in (6.11c). Substituting (6.11b) into (6.11) yields:

N-1
real(v,) = Z[cos(ank/ N)real (V) —sin(27ik / N)imaginary(V, )] (6.12).
J:
Computing only the real part of the IDFT saves 2N multiplies and N additions for each
frequency index, k computed in (6.12) thanin (6.11). A comparison of (6.12) with (6.5),
1\ . . :
V, =N]ZO(COS(2TI]|(/ N) —isin(27ik/ N))v, (6.5)
shows that both take about the same amount of time to compute (something that our
experiments confirm).

The following code implements the IDFT shown in (6.12):
/1l assume that r_data and i _data are
/'l set. Al so assune that the real
/1 value is to be returned
public double[] idft() {
int N=r_data.length;
double twoPiOnN = 2 * Math.Pl / N,

doubl e t woPi KOnN;
doubl e twoPi j KOnN,

doubl e v[] = new doubl e[ N;
Systemout. println("Executing | DFT on "+N+" points...");
for(int k=0; k<N, k++) {
t woPi KONN = twoPi OnN *k;
for(int j =0; j <N j++) {
twoPi | KONN = twoPi KOnN * j;
v[k] += r _data[j] * Math.cos(twoPijkOnN )
- i_data[j] * Math.sin(twoPijkOlN );

}

return(v);
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(A-heading) Numeric Check of the DFT and IDFT

A numeric check should be an integral part of every class. The FFT class contains a
method called testDFT whose sole job it is to verify the correctness of the DFT and IDFT
implementation. With the number of samples set to 8, the testing method is able to print
the input and output points for human comparison.

public static void testDFT() {

int N=8;
FFT f = new FFT(N);
doubl e v[];

doubl e x1[] = new doubl e[ N ;
for (int j=0; j<N j+4)
X1[j] =1;

/1l take dft
f.dft(x1);

v = f.idft();
Systemout.println("j\txd[j]\tre[j]\tinfj]\t v[j]");
for (int j=0; j <N |++)

Systemout. println(

JH\NtT+

(Beg}in NOTE) We print the intermediate DFT results to permit a detailed check against

variations in implementation. Full data disclosure allows a base-line comparison between

different implementations of the DFT. Aswe shall see in the following section, thisisa

comforting data result, particularly when compared with the FFT data. (END NOTE)
Executing IDFT on 8 points...

I x1[j] re[]] | i j ] vii]

0 o0 3.5 0 - 3.10862e- 15
1 1 -0.5 1.20711 1

2 2 -0.5 0.5 2. 00000

3 3 -0.5 0.207107 3

4 4 -0.5 0 4

5 5 - 0. 500000 -0.207107 5

6 6 - 0. 500000 -0.5 6

77 -0.5 -1.20711 7

While the input is not quite the same as the output, it is quite close.
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(A-heading) The FFT

The Fast Fourier Transform (FFT) isafamily of algorithms designed to speed the
computation of the DFT:

v, =L Nfe‘“"l’““v (6.4)

k N £ j
Direct computation of the DFT takes O( N?) complex multiplications while the FFT takes
O(NlogN) complex multiplications. In this section we show an FFT algorithm known as
the decimation in time, radix 2 FFT algorithm (also known as the Cooley-Tukey
algorithm). The Cooley-Tukey algorithm is probably one of the most widely used of the
FFT algorithms. The radix 2 property means that the number of samplesto be
transformed must be a power of two. The decimation in time means that the algorithm
performs arecursive subdivision of the input sequence into its odd and even members.
We are able to perform this subdivision as aresult of the Danielson-Lanczos Lemma:

V, = %[VE +whve] O
Proof of the Danielson-Lanczos Lemma:

KC[OKN-1]

Let
et w=g?"N (6.13)
S0
Wik = WiwikD
Substitute (6.13) into (6.4) to obtain
N-1
V, :% Wiy, (6.14).

J =
Separate (6.14) into its odd and even components. Thisis done by altering how the
samples are indexed.

v, =L D/flwzikv + N/zz_i/v(“”WV B (6.15)
k N DJ:0 2j £ 2J+l|]
Where (6.15) shows summations operating over the odd and even indices. For example, if
1=0123.,

then
2)=0,2,4,6... and 2j +1=135....
Factoring the exponentsin (6.15) yields

V, =3%N§1W2"kv + Nfi/vzikwkv | E
k N D]:O 2j & 2]+1D
The W¥ term in the right most summation is not afunction of the index, so that:
1 Vw21 N/2-1 0
V, = N 0y W2y, + W ZWZ”‘VZMD (6.16).
[11=0 i= U

To reflect the odd and even summations, (6.16) is rewritten as
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V, = %[v; +whve] O (6.17).

KC[OKN-1]

Q.E.D.

The implications of (6.17) are that we can divide the sequence into odd and even
numbered samples. Thus the Danielson-Lancoz lemma enables a divide and conquer
algorithm to recursively split the sample sequence in half. The computational result of the

Danielson-Lancoz lemmais that the O(N*) DFT may be computed in O(NlogN) time.
The Danielson-Lancoz lemma shows that a sequence must be divided up into its odd and
even subsets. That these subsets must in-turn be divided into their subsets. This continues
until we have only two members per subset. Anillustration of this subdivision, for N=8,
isshown in Figure 6.1. Thisis called decimation in time.

Figure 6.1 Decimation in time.
It is natural to implement the decimation in time using recursive calls with odd and even
sets. It has been shown, however, that a recursive implementation is six times slower than
anon-recursive implementation [Gonzalez et a.]. To avoid arecursive approach to
decimation, a bit-reversal algorithm is used to perform the decimation in time. Thisis
called the Cooley-Tukey agorithm.
The Cooley-Tukey FFT algorithm performs decimation in time by using a bit-reversal,
thisis shown in Figure 6.2.

Figure 6.2. An Example of how to decimate by bit reversal
To arrive at the bit reversal, we implement a Java method in the FFT class:
int bitr(int j) {
int ans = O;

for (int i ’:0; i< nu; i++4)
ans = (ans <<1) + (j&1);
j = i>>1

}

return ans;

The Litr method works by linking together two software shift-registers, as shown in
Figure 6.3.

Figure 6.3. Thej and a registers are linked with the + operator.
After the decimation in timeis performed, the balance of the computation is optimization

hacks and house-keeping. For example, a simplification results from V, being periodic in

N sothat V,,, =V,.
Proof:
Recall that the DFT is given by:

—ZTﬁjk/NV' (6.4)

so that
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1E 27ij (k+N)/N
Vi =— ) ey,
expanding the exponents and simplifying using
- 1'% —27ijk/ N o-278jN/ N
Vien = N ]ZOe € v,
with €2 = cos(-27j) +isin(-27j) = 1. Thus
N-1
Vk+N :% e—znijk/NVj
=0
with Vien = Vi (6.18)
Q.E.D.
In addition, it can be shown that
WN2Z = Wk 0<k<N/2 (6.19)
Proof:
Recall (6.13) isgiven by
W =g27/N (6.13)
So that
e 2NN = cog(—2m(k+ N/ 2) / N) +isin(-27(k + N/ 2)/ N)
with

cos(—271m(k+ N/ 2)/ N) =cos(27k / N + 11) = —cos(27Kk / N)
sin(-2m(k+ N /2)/ N)=sin(2rk/ N+ ) = —sin(2rk / N)

this naturally leads to:
WKNZ = oWk 0<ksN/2

Q.E.D.
A further efficiency may be had by the use of the recurrence relation
ij = Wiwi(k-l)

Proof:
W = 2N = cog(-27k / N) +isin(-2rjk / N)
W = cos(-2rk / N) +isin(-2ik / N)
W =[cog(~27j / N) +isin(~275 / N)|

E[cos(—an(k—l)/ N)+isin(-2mj(k-1)/ N)]

WK = Wiywik-D

Q.E.D.

Thereal and imaginary parts of (6.22) are given by

real(zz) = XX — Vi,
so that

erk - WrJ'Wri(k—l) _VViJ'VViJ'(k-l)

(6.20)

(6.21).

(6.22)

(6.11b)

(6.23)
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and the imaginary part of (6.22) is given by:

imaginary(zz,) = Xy, + y,X, (6.11c).
so that

WK = Wi k=D i k=D (6.24).
Equations (6.23) and (6.24) form the basis of the recurrance relationships that enables the
quick computation of the next W' based on the previous W*. An implementation of
(6.24) follows:

1. /1l (eq 6. 23) and (eq 6.24)
Wk

2. W enp
3. Wk_r Wr*Wkr W i Wki
Wr*Wk|+V\yi*vvce

4. Wk i
Line 2 shows the introduction of wiemp, atemporary variable that enab esthe
computation of the multiplication of the two complex numbers.
(A-heading) The FFT Class

The FFT classisapublic class that resides in the lyon.audio package. It depends on the
grapher.Graph package for performing graph function, as well as the futils.bench.Timer
class, for performing the benchmarking functions. If these packages are not needed, they
may be removed, along with their invocations. Such a situation might arise if this code
were to be used in another program.
The grapher package provides a simple interface to make an automatically scaled graph.
Generadly only asingle method isinvoked. Thisis best shown by the following example:
public void makeHanni ng() {
doubl e wi ndow |;
wi ndow = nmakeHanni ng(256) ;
G aph. graph(w ndow,
"The Hanni ng wi ndow', "f");

} o . :
Where the “The Hanning window” string appears along the x-axis and “f” appears on the
y-axis. The Graph.graph may be invoked directly because the graph method is static.
Also, it only graphs an array of type double.
(B-heading) Class Summary
package | yon. audi o;
i mport java.io.*;
i mport java.awt.*;
i nport grapher. G aph;
import futils.bench. Tiner;
public class FFT extends Frane {
public FFT(int N)
public FFT()

public void graphs()

public void graphs(String t)

public void setTitle(String t)

public static doubl e get MaxVal ue(double in[])
public static int log2(int n)

public static double[] arrayCopy( double [] in)
public double [] conmputePSD ()
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public double[] dft(double v[])

public doubl e[] idft

public double [] getReal ()

public double [] getlnaginary()

public void forwardFFT(double in_r[], double in_i[])
public void reverseFFT(double in_r[], double in_i[])
public void printArray(double[] v,String title)
public void printArrays(String title)

public void printReal (String title)

public static void main(String args[])

public static void tinmeFFT()

public static void testFFT()

public static void testDFT()

}

(B-heading) Class Usage
The FFT class maintainsinternal data arrays that are stored as doubles. These arrays are
private and are used to assist computations. Further, the in-place Cooley-Tukey algorithm
employed for the fast transform is destructive for the original data. The FFT classin the
lyon.audio package uses doubles for all computations. This classisfor 1-D (audio)
transforms.
Suppose the following variables are predefined:

FFT f;

int N=8;

doubl e i nput Array|[];

String title ="M data title";

doubl e aDoubl eArray[];

double in_r[];

double in_i[];
To make a new instance of the FFT class, and allocate two internal arrays of double, each
of length N:

f = new FFT(N);
To make a new instancé of the FFT class, with no memory alocation:

f = new FFT();
To graph the real and imagi nary data arrays.

To graph tﬁe real and imaginary data arrays with atitle:
f.or ap_hsgt itle);
To set thetitle for the graphs
f.setTitle(title);
To get the maximum value of an iNnputArray:
FFT. get MaxVal ue(i nput Array) ;
To computethefloor of the Iog of anint to base 2;
int nunberOBits FFT.10g2(N);
To copy an array of double:
aDoubl eAr r;}/ FFT. arrayCopy(i nput Arr ay) ;
To compute the psd (power spectral density) of the last dft or fft;
aDoubl eArray = f.conput ePSD() ;
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To non-destructively compute the dft of an input array and return the psd:
aDoubl eArray = f.dft (i nputArray);
(BEGIN NOTE) DFT, IDFT, FFT and IFFT alter the internal data structuresin an
instance of the FFT class.(END NOTE)
To get the real part of the last transform:
aDoubl eArray = f.getReal ();
To get the imaginary part of the last transform:
aDoubl eArray = f.getl nmagi nary();
To take the idft of the internal dataand return the real part:
aDoubl eArray = f.idft();
To take the forward ft on two input arrays, destructively:
f.forwardFFT(in_r, in_i);
To take the inverse FFT on two |nput arrays, destructively
f.reverseFFT(in_r, in_i);
To prl nt an array of double, with atitle:
pri ntArrza/(aDoubI eArray, title);
To prl nt the interna real and |mag| nary arrays, with atitle:
.printArra aYs(tltl e)
To prl nt the internal real array, with atitle:
f.printReal (title);
To test the DFT, IDFT, FFT and IFFT:
FFT. mai n() ;
Totimethe FFT:
FFT. ti meFFT();
Totest the FFT:
FFT. test FFT() ;
To test the DFT:
FFT. t est DFT() ;
(B-heading) Testing the FFT and IFFT
The FFT class has a static method that permits the testing of the DFT, IDFT, FFT and
IFFT. It aso performs timing for atransform of 2048 doubles. To run thistest, you must
invoke
FFT. mai n() ;
The code for the FFT.main method fol lows:
public static void main(String args[]) {
test DFT();
ti meFFT();
test FFT();

The %St methods are run on an 8 point input array consisting of alinear ramp. Thisisto
provide a short sequence of input data that can be verified by printing. Thetiming is
performed on 2048 samples stored in two arrays of 2048 doubles each (real and
imaginary). The output of the main method follows:

Executing DFT on 8 points...

Executing I DFT on 8 points...

iox1j] refj] infj] vii]
0 0 3.5 0 -3.10862e-15
1 1 -0.5 1.20711 1
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2 2 -0.5 0.5 2. 00000
3 3 -0.5 0. 207107 3
4 4 -0.5 0 4
5 5 - 0. 500000-0. 207107 5
6 6 - 0. 500000 -0.5 6
7 7 -0.5 -1. 20711 7
fft: bit reversal

Time for 2048point fftTime 0.178000 sec
fft: bit reversal

Time for 2048point ifftTime 0.164000 sec
Starting 1D FFT test...

fft: bit reversal

fft: bit reversal

i x1[j] refj] inij] v[i]
0 0 3.5 0 0
1 1 -0.5 1. 20711 1. 00000
2 2 -0.5 0.5 2. 00000
3 3 -0. 500000 0.207107 3. 00000
4 4 -0.5 0 4
5 5 -0.5 -0. 207107 5
6 6 -0.5 -0.5 6
7 7 -0.500000 -1.20711

7
The reader will see that the input and output are highly correlated for both the DFT and
FFT. The surprising thing is how accurate these two radically different algorithms and
implementations are. Also, recall that the execution times for the DFT was benchmarked
at 55 seconds. The FFT implementation is run in 0.178 seconds, a 308 times speed up.
Keep in mind, at 8000 samples per second, the 2048 sampl es represent 0.256 seconds of
data. Also, on alimited data rate connection (such as a 28.8 kbps modem) the time to
transmit the data is 2048* 8 bits /28800 bits/sec = 0.56 seconds. We suggest that many
dial-up users experience a slower connection than the maximum their modem permits.
Thus, there is awindow of opportunity for devising areal-time codec (IN JAVA!!) able
to perform FFT based compression algorithms. An algorithm based on transform
compress typically takes the original data, performs the forward transform, selects
coefficients, quantizes and then transmits. Data is recovered by taking the coefficients
and performing an inverse transform. Very Low Bit Rate Voice Compression (VLBRVC)
isarich and growing field that lies beyond the scope of this book. See
http://www.bdti.com/fag/dsp_fag.htm for an FAQ that relates to this and other DSP
topics.

(B-heading) Implementing the FFT.testFFT

The following code shows how to use the FFT classto perform aforward and inverse
FFT. The static nature of the testFFT method indicates that invocation may be performed
without making an instance of the FFT class.

Line 3 makes an instance of the FFT class, without performing any allocation for the
internal data structures. Thus the allocation and copying of arraysis performed outside of
the forwardFFT methods. Thisisdue, in part, to the destructive nature of the in-place
Cooley-Tukey FFT algorithm. The trade-off is that the programmer must keep track of
the datathat is being processed by the forwardFFT. The aternative is to automatically
copy arrays, perform the in-place forwardFFT, then return the copies. Our findings
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indicate that the dynamic alocation of memory (particularly during the image processing,
seen later in this book) can slow performance by up to 100 times! Thus, the house
keeping chores performed by the programmer are warranted by aleap in performance.

1. public static void testFFT()

2. Systemout.println("Starting 1D FFT test...");

3. FFT f = new FFT();
Line 4 may be altered to any number of samples, N, but alarge N will result in alarge

printout.
4. int N=8;
5. int nunBits = f.log2(N);

Lines 6-8 set up the input data to be aramp that varies from O to N.
6. doubl e x1[] = new doubl e[ N;

7. for (int j=0; j<N, j++)

8. x1[j] = §; . . . : .
Now the housekeeping. The programmer, interested in keeping copies of the original
data, the result of the forward FFT and the result of the inverse FFT, must allocate four
arrays! Thisisan unusual case, asit requiresthat all intermediate results be kept for
checking purposes. Normally, production code would not have to keep al intermediate
results.

9. doubl e[] in_r = new doubl e[ N;

10. doubl e[] in_i = new doubl e[ N ;
Thein_randin_i arrays are copies of the input data, with the imaginary component equal
to zero. Real data (like audio data) often has a zero imaginary component. There are
algorithms that can save significant time by taking advantage of the zero imaginary part
of the input data. Thisrequires adifferent FFT implementation.

11. doubl e[] fftResult _r = new double[N;
12. doubl e[] fftResult i = new double[N;
13. /'l copy test signal.
14. in_r = arrayCopy(x1);
Line 14 copies the input dataintoin_r.
15. f.forwardFFT(in_r, in_i(};
Line 15 replacesin_r and in_i with'the forward FFT results.
16. /'l Copy to new array because | FFT will
17. /| destroy the FFT results.
18. fftResult r = arrayCopy(in_r);
19. fftResult i = arrayCopy(in_i);
20. f.reverseFFT(in_r, in_i);
21. Systemout.printIn("j\tx1[j]\tre[jI\tinfj]\tVv[j]");
22. for(int i=0; i<N i++) {
23. System out . printl n(
24. i+ "\t 4+
25. x1[i] + "\t" +
26. fftResult r[i] + "\t" +
27. fftResult _i[i] + "\t" +
28. inrf[i]);
29. }
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30. }
(A-heading) PSD Computations

To compute the psd of the FFT output, we use the computePSD method in the FFT class.
The psd is computed by squaring the real and imaginary parts of the output of the FFT
and placing them into anew array. The code for the computePSD method follows:
public double [] conputePSD () {
double [] psd = new doubl e[r_data.l ength];
for (int k =0; k <r_data.length; k++) {

psd[ k] =
r data[k] * r_data[k] +
i _data[k] * i_data[K];

return psd;

}
To test the psd, there is a private method in the FFT class called testPSD
private static void testPSD() {
FFT f = new FFT();

int N=8;

int nunBits = f.log2(N);
doubl e x1[] = ne W doubl e[l\ﬂ
for (int j=0; j<N |j++)

x1[j] =1;
doubl e[] in_r new doubl e[ N ;
doubl e[] in_i new doubl e[ N|
/| copy test signal.
in_r = arrayCopy(x1);
f. for\/\ardFFT(ln r, in_i);
f.printArrays(" After the FFT" );
doubl e psd[] = f.conput ePSD();
FFT. print Array(psd, "The psd");

The output of the test method appears below:
After the FFT

=(3.5,0)

=(-0. 5 1.20711)

: 5, 0.5)

.5,0.207107)

.5,0)

. 500000, - 0. 207107)

. 500000, - 0. 5)

. 500000, - 1. 20711)

- \‘..@..U"..HUQ.'\J..'—‘..O
NQOOOOOO!

NEO®

< < < g
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. 292893
.25
. 292893
. 500000
=1. 70711
Conpl et ed( 0)
The reader can readlily verify that the psd is indeed the sum of the squares of the real and
the imaginary parts of the spectra.

OO0

v[ 3]
v[ 4]
v[ 5]
v[ 6]
v[ 7]

Figure 6.4. The psd of a 2048 Sampled Waveform
The implementation of the psd computation and the graphing are shown in the following
section.
(B-heading) mplementation of the Transformsin the AudioFrame
In the AudioFrame class, we assume that we will be taking the FFT of areal signal. A
real signal, like audio, has no imaginary part, only asingle value that varies from sample
to sample. Thus, we construct a complex input to the FFT, setting the imaginary part of
the input equal to zero.
When taking the IFFT, asignal that starts as being real will, end up asareal signal. The
exception to this occurs when a spectral modification introduces terms that do not null
out in the imaginary plane. This could happen, for example, if we add the spectrafrom
real and imaginary signals.
Figure 6.5 shows the part of the Audio menu in the MainMenuBar in the AudioFrame
that contains the transform fragments for performing the FFT manipulations. The
keyboard shortcuts are shown in brackets (i.e., ‘[1]’).

Figure 6.5. The Transform Fragment of the AudioFrame
The menu items are initialized at the head of the AudioFrame class using the following
code fragment:
Menultem fft_m
Menultemifft _m
Menultem dft _m
Menultemidft _m
Menul t em gr aphPSD _m

addMenul tenm{m " [ ;
addMenulten{m"[2] | FFT");

addMenul ten{m " ")
addMenulten{m "[ 4] |DFT");
addMenulten{m "[5] Gaph PSD, R and

")
The event handling is performed in the handleEvent method, using the Evt class to detect
the keyboard shortcuts. This enables rapid processing by the user:
if (Bvt.match(e, fft_m)) {
fre();
return true;

}
if (Evt.match(e,ifft_m)) {
ifft();
return true;

}

if (Bvt.match(e, dft_m)) {
fftinstance = dft(
return true;

),
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}
if (BEvt.match(e,
idft(f
return

idft_m)) {
t I nst ance);
true;

}

if (Evt.match(e, graphPSD m)) {

gr aphPSD() ;
return true;

}
A class variable, called the fftinstance is used to pass the complex data results from
method to method. The fftinstance is declared right after the Oscillator and UlawCodec
instances

public cl ass Audi oFranme extends QOscopeFrane {

private Gscillator osc =
new Gsci | | at or (400, 4000) ;

U awCodec ul c;
FFT fftlnstance;
In the following DFT and IDFT code, we include facilities for benchmarking the
execution of the DFT on long sequences. Thisis because we find the DFT and IDFT to
be so slow as to be of interest only for timing purposes. Also, as atwist on the
implementation possibilities, we show the dft method returning an instance of the FFT
class. Thisis used to replace the fftinstance class variable in the handleEvent method.
public FFT dft() {
doubl e doubl eArray[] = ul c. get Doubl eArray();
doubl e [] psd;
FFT f = new FFT();
Timer t1 = new Tinmer();
t1l. mark();
psd=f. dft( doubl eArray);
/1 Stop the tinmer and report.
tl.record();
Systemout.printIn("Time to performDFT:");
tl.report();

f.graphs();
return f;

The handFeEvent passes the fftlnstance to the idft method for processing. Thus, this
method is overwriting the fftinstance variable (sinceit is passed, like all instances, by
reference). The IDFT method follows:
public void idft(FFT f) {
doubl e doubl eArray][];
Timer t1 = new Tinmer();
t1l. mark();
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doubl eArray=f.idft( );

/'l Stop the tinmer and report.

tl.record();

Systemout.printIn("Time to performIDFT:");
tl.report();

f.graphs();

In the following fft method, the fftinstance is overwritten. Data is obtained from a
getTruncatedDoubleData method that truncates the input data to the nearest integral
power of two. We have elected to perform this truncation explictly, as some users might
prefer to pad their input data with extra samples. Consider, if the input data consisted of
2049 samples, such a practice would pad the input datato 4096 samples. Thisisa
doubling of the processing time. Asthe loss of data may well be objectionable to some,
we have elected to perform the truncation, or padding, outside of the FFT class. The
programmer must be careful (BEGIN WARNING) if the input to the FFT isnot an
integral power of two, the forwardFFT and reverseFFT method will produce WRONG
results as no check is performed! (END WARNING)

public void fft() {

fftlnstance = new FFT();

double[] r_d get Truncat edDoubl eDat a() ;
double[] i1 _d new doubl e[r _d. |l ength];
fftlnstance. forwardFFT(r_d, i _d);

ul c. play();

(BI%GI N NOTE) The UlawCodec instance, ulc, is played after the fft. (END NOTE) The
audio data AudioFrame class is not shortened or altered by the fft invocation. The play
simply signals when the fft is complete.
The audio data is copied before truncation occurs. It is not overwritten until after the ifft
method is invoked. The getTruncatedDoubleData truncation method follows:
doubl e [] get Truncat edDoubl eDat a() {
doubl e[] tenp = FFT. arrayCopy(get Doubl eDat a()) ;

int trunc = 1 << FFT.log2(tenp.|ength);
Systemout.println("Truncated size: " + trunc);
doubl e[] truncArray = new doubl e[trunc];

for (int i=0; i < trunc; i++)
truncArray[i] = tenp[i];

return truncArray;

}
Performing an FFT is sometimes called analysis. After the analysis, there may be a
frequency domain based pattern recognition (i.e., what note was played) or a spectral
modification (i.e., filtering, pitch shifting, etc.). The IFFT is sometime called synthesis
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because the time-domain waveform is resynthesized from the frequency domain
description. The implementation of the ifft method in the AudioFrame follows:
public void ifft() {
doubl e real I nput[] =
FFT. arrayCopy(fftlnstance.getReal ());
doubl e i magi narylnput[] =
FFT. arrayCopy(fftlnstance. getlmagi nary());
fftlnstance.reverseFFT(real | nput, i magi naryl nput) ;
ul ¢ = new U awCodec(real | nput);

ul c. play();

} . o
(BEGIN NOTE) Theifft method throws away the imaginary part of the reverseFFT
methods output. For real input signals, the imaginary part is zero, in theory. We have
found, however, that there is some small near-zero imaginary part that has been attributed
to round-off error. (END NOTE)
The graph of the psd is performed using graphPSD

public void graphPSD()

G aph. graph(fftlnstance. conmput ePSIX),
"PSD of truncated wavefornt, "ar2");

For exampl’e, suppose that a saw wave is used as an input.
The sawwave and psd are shown using the OscopeFrame and graph methods on the left
and right in Figure 6.6.

Figure 6.6. SawWave and Spectral output from the graphPSD method.
(BEGIN NOTE) Real signals aways have a spectrathat is symmetric about its center.
(END NOTE)
(B-heading) A Noisefilter usingthe FFT
The basic idea of providing a noisefilter is that you take a signal, with added noise,
perform and FFT on the signal, remove all spectral harmonics that have a psd below
some threshold, then take the IFFT. Selecting the psd threshold for noise can be tricky.
What works well on a synthetic sound might turn a sampled sound into silence.
There are limits to the amount of noise that can be filtered out. A block diagram of the
process appears in Figure 6.7. The code for adding noise to the waveform stored in the
AudioFrame instance is shown below:

public void addNoi se() {
double r_d[] = get Doubl eDat a();
for (int i =0; i<r_d.length; i++)
rdfi] r d[i] + 0.1*(Math.randon() -0.5);
ul ¢ = new U awCodec(r_d);

Figure 6.7. The Noise Filter
The Math.random method returns a random value between zero and one. Thus, the
sampled data is summed with time-domain uniformly distributed noise (also known as
white noise) that varies from -0.10 to 0.10. The following code performs a psd based
cutoff, after taking the FFT of the sound samples:
public void renoveNoi se() {
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doubl e noi sePower Cut of f = 0. 05;

fftlnstance = new FFT();
doubl e r_d[] = get Truncat edDoubl eDat a() ;
double i _d[] = new double[r_d.Iength];
fftlnstance. forwardFFT(r_d, i _d);
doubl e psd[] = fftlnstance. conputePSI);
for (int i =0; i < psd.length; i++) {
if (psd[i] < noi sePowerCutoff) {
r_dfi] 0;
i _d[i]

0;

fftlnstance.reverseFFT(r_d,i _d);
ul ¢ = new U awCodec(r _d);

ul c. play();

The removeNoise and addNoise methods are placed under interactive user control viathe
main-menu bar entries:
Menul t em addNoi se_m
Menul t em renmoveNoi se_mi
Noi se") ;
Theinitia waveform is asine wave of 400 Hz. A graph of the sinewave with psd is
shown in Figure 6.8.

addMenulten{m "[ A] Add Noi se");
addMenulten{m "[ Rl Renove

Figure 6.8. Graph of the Sine Tone at 400 Hz with psd
Figure 6.9 shows the sinewave after noise is added.

Figure 6.9. Sinewave after the addition of noise
The psd of the sinewave plus noiseis shown in Figure 6.10.

Figure 6.10. The psd of the Sinewave plus Noise
(BEGIN NOTE) Figure 6.10 shows the clean spectral break between the noise and the
sinewave. The removal of noise from such awaveform is performed with atrivial
frequency-based amplitude detector. (END NOTE)

Figure 6.11. The Reconstructed Waveform and its psd
(A-heading) Spectral L eakage of the DFT

Recall that in equation (6.6)

f, =NLN (6.6),
we may compute the frequency of the kth sample of a spectrum. For example, when the
number of samples, N = 2048, the smallest change in frequency is 8000/2048 = 3.9 Hz.

For the spectrum shown in Figure 6.5, the central point is given by N/2 = 2048/2 = 1024.
By (6.6), therefore, we compute the highest frequency that may be represented by 2048
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samples (with 8khz sampling rate) as (8000/2048) * 1024 = 4000 Hz. Also, we may
solve for any sample using (6.25):

K=Nf,/f, (6.25).
Thus, for the 400 Hz sawwave spectrum shown in Figure 6.8, we expect the maximum
amplitudeto occur at k = Nf, / f_ =2048* 400/8000 =102.4. How can the FFT (or
DFT, for that matter) represent energy at k = 102.4? The answer isthat the energy is
spread around k=102, and 103. Often the kth array element in the frequency domain is
referred to as afrequency bin. Since the 400 Hz tone isin both bins 102 and 103, the
phenomenon is called spectral leakage. The problem with spectral leakageisthat it is
different for different frequencies. For example, at 390.625 Hz, k = 2048* 390.625/8000 =
100, exactly. Thus, thereis no spectral leakage for some frequencies, where there may be
agreat deal of spectral leakage for others. Thisis the frequency-domain rationale for
spectral |eakage.
The time-domain rationale for spectral leakage is that, for awaveform that is not periodic
in time, the temporal effect of the sample window becomes visible in the Fourier
transform [Walker].
A procedure known as windowing predistorts the input samples so that the spectral
leakage is evened out (spreading on-bin signals more and off-bin signals less).
Windowing is acommon procedure. It istypically performed with one of a variety of
possible filters (Cesaro, hanning, Hamming, Parzen, Welch, etc.). It is beyond the scope
of thisbook to cover all the filters. The hanning filter is a popular windowing filter, and is
applied in the sample domain by a complex multiplication. In the case when the input
signa isreal (asin audio) only asingle multiplication is required. The equation for the
hanning filter is:

1 02m
WJ—EQ, cos —EEJD[O N-1] (6.27)

Figure 6.12 shows a 256 sample version of the hanning window, in the frequency
domain, generated by the DiffCAD program.

Figure 6.12. The hanning window
The main point of windowing isthat it reduces the amplitude of the samples at the
beginning and end of the window. The following code, from the AudioFrame class, will
make and graph the hanning window:
public voi d makeHanni ng() {
doubl e wi ndow[ ] ;
wi ndow = nmakeHanni ng( 256) ;
G aph. graph(w ndow,
"The Hanni ng wi ndow', "f");

Thé method returns an array of doubles that may be stored for later use. This permits
reuse of the window for production code.
publ i c doubl e[] makeHanni ng(int n) {
doubl e wi ndow[] = new doubl e[ n];

double arg = 2.0 * Math.Pl/ (n - 1);
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for (int i =0; i

< n; i++)
windowfi] = 0.5 -

0.5 * Math.cos(arg*i);

return w ndow,

To ]ta\pply the window to the samples, we have devised a windowArray method in the
AudioFrame class:
public void mul t Hanni ng() {
doubl e[] r_d = get Truncat edDoubl eDat a() ;
doubl e[] w ndow = makeHanni ng(r _d. | ength);

wi ndowAudi o(r _d, wi ndow, "hanning");

}

public void wi ndowArray(doubl e wi ndow ], double r_d[]) {
for (int i =0; i < wndowlength; i++) {
r_dli] *= windowi];

The primary difference between one window and the next is the way it tapers off at the
ends of the samples. One window, called the Bartlett window, is alinear window that is
described by:

(6.28)

Figure 6.13. The Bartlett Window
Figure 6.13 shows a graph of the Bartlett. The Bartlett window is generated by the
method makeBartlett, shown below:
public doubl e[] makeBartlett(int n) {
doubl e wi ndow] = new doubl e[ n];
double a =2.0/ (n - 1);

for (int i =0; i <n/2; i++)
windowi] =i * a;

for (int i =n/2;, I <n; i++)
windowi] =2.0 - i * a;

return wi ndow,

We propose awindow that is zero at the sample end-points and also has zero first and
second derivatives at both the end-points and the center. Such a window may be
formulated with two fifth-order polynomials (called quintics). We present, for your
interest, some Maple code for deriving a quintic-based window.

Maple is a symbolic manipulator that can help with some math problems. In Maple, we
let dy and ddy be the first and second derivatives of the polynomial with respect to the
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dilation parameter u. The dilation parameter will be varied between zero and one,
inclusive. The amplitude of the qunitic will vary from y0 to y1l. Maple's optimize routine
can output a procedure for computing quintics in minimum CPU time. What followsisa
Maple procedure for generating the Lyon window. See [Lyon 91] for more information
and an application of the quintic to maneuvering.

restart;y: =a5*u*5+a4*u*4+a3* ur3+a2* ur2+al* u+a0:

> dy: =diff(y,u):
> ddy —dlff(dy u):
>
> a1: —sol ve(yl=subs(u=1,y),al):
> a2: =sol ve(0=subs(u=0, dy) a2):
> a3::solve(O:subs(uzl,dy),aS):
> a4: =sol ve(0=subs(u=0, ddy), a4):
> ab: =sol ve(0=subs(u=1, ddy), a5):
> readlib(Q):
> Jy, optl mzed);

t2 =

t3 = t2*t2;

t11 = (6.0*y1l-6.0*y0)*t 3*u+(-
15. 0*y1+15. 0*y0) *t 3+( 10. O*y1- 10. 0*y0) *t 2* u+y0;
The following code makes the Lyon window
publ i ¢ doubl e y5(doubl e y0, double yl, double u) {
double t2 = u*u;
double t3 = t2*t2;

return
6 * yl - 6*y0) * 13 %y +
(-15 * y1 + 15 * y0) * t3 +
(10 * y1 - 10 * y0) * t2 * u + y0;
}
%u5-15u“+10u3 :_l 5) 10
N - 2 E
W = (6.29)
: 21 1-N N - 0
leu® +15u* -10u° +1 u=="———" j O .N-1
H N-1 H2 =

The easier way to formulate (and compute) the dilation parameter, u, is by incrementing it
by 2/N asin:
publ i c doubl e[] makeLyon(int n)
doubl e wi ndow[] = new doubl e[ n];

double u = 0. 0;
doubl e du = 2.0/ n;

for (int i =0; i <n/2; i++) {
wi ndowi] = y5(0,1.0,u);
u += du;

}

u=0;
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for (int i =n/2; i <n; i++) {
wi ndowfi] = y5(1.0,0.0,u);
u += du;

return w ndow,

Figure 6.14. The Lyon and hanning windows compared
The Lyon and hanning windows are shown in Figure 6.14. (BEGIN NOTE) More study
is needed to elaborate on the design trade-offs between the Lyon window and other
popular windows. About the only remarkable thing about it isthat it has a zero first and
second derivatives at the center and end-points. The Lyon window also has more taper at
the side-lobes than the hanning window and so may reduce aliasing error more. (END
NOTE)
(A-heading) The Hi-passfilter

One very simple way to design a hi-passfilter is to take an FFT on the input samples,
then multiply the spectrum by the filter envolope. For example, to make a hi-pass filter,
we may zero out the low frequencies using a rectangular pass-band function, like the one
shown in Figure 6.15.

Figure 6.15. A passband shown spectral harmonics to admit
Figure 6.16. The Sawwave and its psd

Figure 6.17. The Hi-pass filtered Sawwave and its psd
(Begin Note) For the psd depicted in this chapter, the higher frequencies are toward the
center of the graph. (end Note) For the determination of the performance of the various
windows, we follow [ Embree] and plot the windowed waveform along side the log (in
dB) of the psd. We use the dB log and zoom into the first 200 samples of the psd to make
smaller details clear. We are computing the graph using:
public void graphPSD() ({

doubl e psd[] = fftlnstance. conput ePSD();

doubl e shortPsd[] = new doubl e[ 200];

for (int i =0 ; 1 < shortPsd.|length; i++)

shortPsd[i] = 10*Math.l og(Math.sqrt(psd[i]));

G aph. graph(short Psd, "spectral nag","a dB");
Figure 6.18. A Rectangular window and spectral dB log.
Figure 6.18 shows a sinewave with arectangular window. The sine wave is 400 Hz with
8000 Hz sampling. Thisis often expresed as arelative frequency of 400/8000 = 0.05.
Figure 6.19 shown the hanning window with the spectral log magnitude.

Figure 6.19. The hanning windowed data with the FFT result.
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The triangular windowed input of the Bartlett window is shown in Figure 6.20, along
with the psd.

Figure 6.20. The Bartlett windowed data and the psd

Figure 6.21. The Lyon window and psd
Figures 6.20 and 6.21 show that the Lyon window has somewhat better side lobe
performance than the Bartlett window (lower spectral leakage). Also that the main lobe in
the Lyon window is narrower than the Bartlett window (lower noise bandwidth).
Figure 6.22 shows the spectrafor the Lyon and hanning windows on the left and right, for
comparison.

Figure 6.22. Spectra of Lyon vs. hanning windows
The Lyon and hanning windows appear to be very close spectrally. The Lyon window
appears to have afew dB better side |obe performance over the hanning window. The
main lobe is slightly wider, however, and so has a dlightly larger equivalent noise
bandwidth. For more information on windowing see [Mitra].

(A-heading) Frequency shifting using the FFT

To shift the pitch of atime-domain signal, we take the FFT, perform the high-pass
filtering, shown in the previous section, shift the spectrum lower, and then perform the
IFFT. Recall that the FFT produces areal and a complex output. Also recall that the
fftinstance is aclass variable in the AudioFrame class. Thus, we design our pitch shifter
as just one of many possible spectral modifications that may be performed by the user
before the IFFT istaken. The plan isto work on bins 0..N/2 first, then to copy the bins
about the N/2 point in the spectrum, assuming that the left and right-hand sides are
symmetric (asis aways the case for real signals). The code for the pitch shift follows:
public void pitchShift() {

fftlnstance = new FFT();

doubl e[] r_d = get Truncat edDoubl eDat a() ;

int N=r_d.length;

doubl e[] 1 _d = new doubl e[ N;

int Non 4 = N4;

fftlnstance. forwardFFT(r_d, i _d);

/1 shift data down

for (int i 0; I < Non 4; i++) {
rodfi] r d[i + N.on_4];
i_d[i] i _d[i + N.on_4];

%or (int i= Non 4, i <N2; i++) {
rodfi]
i d[i]

ool

}

/'l reflect about center, assum ng a real signal
int i,j;

11:18 AM—Page 239 Chapter 9: Image Processing in Java



Digital Signal Processing Recipesin Javae Lyon and Rao

for (i=0,j=N-1; i
=r
=i

fftlnstance.reverseFFT(r_d,i_d);

ul ¢ = new U awCodec(r _d);

ul c. play();

April 13, 2000

The result for synthetic tones, rich in harmonics, isto filter out some of the lower

frequencies and to lower the upper harmonic content.
Figure 6.23. The Squarewave and its psd
Figure 6.24. The pitch-shifted square wave and its psd.
(A-heading) Resampling and the FFT

Resampling a 1-D waveform is a common way to perform time-compressed speech. One
very easy way to perform the resampling isto perform Fairbanks sampling and throw

away every other sample [Fairbanks].

The resampling method performs a 2:1 subsampling in the time domain. The code for the

resample method follows:
public void resanple() {
doubl e[] r_d = get Truncat edDoubl eDat a() ;
int N=r_d.length;
doubl e [] resanpl ed = new doubl e[ N 2] ;
for (int i=0; i < NZ2; i++)
resanpled[i] = r_d[2*i];

ul ¢ = new U awCodec(resanpl ed) ;
ul c. play();

}
Figure 6.25 shows a sawwave and its psd. Compare Figure 6.25 with 6.26 that shows the

sawwave and psd after the 2:1 subsampling algorithm has been applied.
Figure 6.25. The sawwave and psd before the subsampling

Figure 6.26. The sawave and psd after subsampling

From figures 6.26 and 6.25 we can clearly see that the 2:1 subsampling has doubled the

pitch of the harmonics, and halved the number of available samples.
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(A-Heading) Centering the FFT

There are a great many books that show how the lowest frequency is toward the center of
the psd when taking an FFT. Thisis due to the process of centering the FFT. Centering
the FFT is accomplished by replacing the sample data with a value that is changing from
positive to negative when the sample value goes from zero to one. This may be described
by the formula:

v, =V (-)" (6.30)
For the real sample on input. After the IFFT (or IDFT) the formulamust be applied again
[Myler].

Figure 6.27 A Pulse with A Centered psd.
The centered psd for a pulse is shown in Figure 6.27. One can modify the forwardFFT in
the AudioFrame to perform this method by using:
public void forwardFFT(double in_r[], double in_i[]) {
int id;

int local N

double wenp, Wk r, Wk i, W r, W i;
doubl e theta, tenpr, tenpi;

int ti, tj;

int nunBits = log2(in_r.length);
if (forward) {
centering(in_r);

Where ce}nteri ng is amethod that computes equation (6.28) on the real part of the sample
data. Centering may be implemented as follows (in the FFT class):
private void centering(double r[] ) {
int s = 1;
for (int i =0; i <r.length; i++) {
S = -5;
* —

rfi]

S,

}

} . . o
The reverseFFT implements centering after the IFFT isfinishing up:
public void reverseFFT( double in_r[], double in_i[]) {
forward = fal se;
forwardFFT(in_r, in_i);
forward = true;
centering(in_r);

Figure 6.28. An Uncentered psd
Without centering the psd is shown with the lowest frequencies on the edges. Thisisthe
convention that we have adopted for the 1-D psd display (except when explicitly marked
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otherwise). We are amazed that so few books speak about the uncentered magnitude
Fourier spectrum and how to correct it. Left uncentered, the FFT and DFT produces
results that can match the outputs of other FFT and DFT implementations (like [Moore]).
Asaresult, we felt it best to leave the spectrum uncentered, at least for the 1-D FFT.
(A-heading) Summary

The close of this chapter isasad time! Just as things were getting fun, we move on to the
image processing section of the book (which will, hopefully, be even more fun!!). The
ideathat a pitch shifter be combined with aresampler to compress speech is not new. In
fact, it may be used to help perform skimming on recorded speech (atopic of current
research) [Arons].

The introduction to the DFT, IDFT, FFT and IFFT is not new either. Also, it is probably
the case that the FFT is not the fastest. For the fastest fourier transform in the west, see
http://theory.lcs.mit.edu/~fftw. It may well be the fastest, but it may also rank as one of
the most complex of implementations. It isstill O(N log N) but it has a very low constant
time. Thislink also has pointers to public domain software for performing FFTs
(including amixed radix FFT).

The derivation of the Lyon window, using Maple, is new, asfar aswe know. The Lyon
window (two quintics with flat ends) is not new, though its application as a window for
signals probably is. In the past the quintic was viewed as a curvature controlled trgjectory
for maneuvering a car [Lyon 90]. We make no claim as to the suitablity of the Lyon
window for signal processing since the window has not been throughly investigated and
this poses atopic of future research.

(CN) 7. An Introduction to | mage Processing

From her whole frame--an atmosphere which quite
Arrayed her in its beams, tremul ous and soft and bright.
The Revolt of ISlam. A Poem in Twelve Cantos.
Canto Eleventh
Peter Packed a Pickled Pixel
Its color was that of hash
for every program that displayed
This pixel it would crash
-D. Lyon
Image processing isakind of digital signal processing that occurs on a2-D array of
sampled data. For example, it has been shown that image processing techniques may be
used to compress DEM (Digital Elevation Map) data[Franklin]. DEM data consists of a
2-D array of ranges, sometimes called arange image.
Often, the input image is acquired by a sensor able to detect energy. Typically the energy
to be detected is light energy. For the purpose of this chapter, we shall make the
assumption that we will sample an image using a uniform grid over which we perform the
gpatial sampling of the energy.
When we speak about the resolution of the image, we talk about the size of the array used
to store the significant image data. For example, an array with 640 columns and 480 rows
may contain double precision floating point numbers, but if only 8 bits of information is
significant, then we say that the image resolution is 640x480 by 8 bits per pixel.
Image processing has applicationsin the areas of art, science, industry, government, and
space [Holzmann] [Pratt]. Branches of image processing (like digital image warping)
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have found applications in remote sensing, computer vision, specia effects, and computer
graphics [Wolberqg].

(B-heading) Video Cameras and Scanners

Energy used to form an image typically starts as an analog signal (just like the 1-D DSP
case). The primary difference isthat the 2-D transducer is able to detect both the power in
the incident energy and its relative direction.

Several techniques are commonly used to determine the relative direction of energy. A
mechanical scanning technique (like RADAR) can physically move a sensor in order to
obtain arange image. Some flat-bed scanners have a mechanical arm, called a platten,
that contains alinear solid-state array. The platten is moved over an illuminated image.
Another example of amechanical scanner is called a drum scanner. The drum scanner
(typically a high-end scanner used in pre-press applications) physically spins a drum with
mounted art-work.

Electronic scanning is performed by electron-beam deflection. The deflectionis
accomplished via an electric or magnetic field. The electron beam scans the
photosensitive surface which in turn alters the beam current. The current changeis
proportional to the incident light. Tube cameras are an example of systems that perform
el ectronic scanning. The semiconductor industry has produced solid state alternatives to
tube cameras that dominated both in cost and in performance specificationsin al but
niche markets. As aresult, tube cameras have fallen out of favor (both professional and
consumer users typically favor solid state cameras).

The primary solid state camerain use today isthe CCD (Charged Coupled Device)
camera. The CCD camerawas invented by Willard S. Boyle and George E. Smith at Bell
Labsin the early 1970s. For semiconductor-based sensors, likethe CCD cameras, a
scanning array will have individual sensing elements, each of which correspondsto a

pixel. The size of the elements ranges around 7-14 um. Recall that 1 um (also called a
micron) is 1x107° meters. The wavelength of a He-Ne laser (ared light) is 638 nm (nm =
nanometers = 1x10™° meters.

Figure 7.1. A Stepped Gray wedge and the Output of alinear scanning array.
Figure 7.1 shows an image with an increasing gray level and a single white line that has
been resampled from its center.

Flatbed scanners typically have high-resolution linear CCD elements with a mechanically
deflected platten that gives them higher resolution than hand-held cameras. For this
reason, people will often take a picture with afilm camera, then scan the image to obtain
a high resolution scan. Film rangesin quality from common to laboratory grade.
Common grade film has agrain size that is able to yield 100 lines per mm (10,000 nm) ,
(i.e.,, 35 mm Kodak 5369). Laboratory grade file yields about 1000 lines per mm (1,000
nm) [Kodak]. The high-end 35 mm digital slide scanners are able to yield 2048x3072
pixels with 36 bits per pixel (see http://www.davidmyers.com.au/rfs2035.htm for an
example). Thisis about 6.2 million pixels per image. Electronic still cameras have CCDs
that have 850x984 pixel resolution (for example
http://www.kodak.com/daiHome/pdf/dc120.pdf). Video cameras (image sequence
digitization cameras) typically operate with CCDs that have resolutions of 640x480 24 bit
pixels ( for example, http://www.kodak.com/daiHome/pdf/dvc300.pdf).
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While filmis 100 to 1000 times higher in resolution than the CCD cameras, per unit of
imaging area, another factor istotal size. While the common size for film is 35 mm, there
are larger format negatives available for special applications (i.e., 70 mm movie film, 127
mm portrait cameras, large format x-ray film, panorama cameras, etc.). These large
formats can make an enormous jump in the number of pixels available. The other factor
in the equation is cost. The price of digital still image cameras appears to be dropping
quickly. Also, it isnot clear that people need the high resolution that film hasto offer. We
have found that students really have no idea how much data can be produced by a high-
resolution scan of alarge image. For example, a 3x5 inch color photo will, when scanned
at 24 bits per pixel and at 1200 pixels per inch, produce 3* 5* 1200* 1200* 3 = 64 MB of
data (MB = MegaByte, Mb = Megabit). We have found students turning up the virtua
memory to 450 MB when running Photoshop, so that they can scan 8 * 10 photos at 1200
pixels per inch (8*10* 1200* 1200* 3 = 345 MB). Some students have even said that they
need such images for their home pages (No, Redlly)!

(A-heading) The Observer Interface

While it may seem out of place to put the observer interface here, it is acentral class for
understanding how the Image class works. Also, we have put off covering the Observer
interface until now. The Observer interface resides in the java.util package. It isused to
require implementation of methods that are needed to maintain consistency in an object-
oriented environment. The relationship between the class that implements the Observer
interface and class that extends the Observable class is the relationship between a view
and amodel (sometimes called the model-view relationship). An example of the model-
view relationship is that between the gas tank of acar and afuel gauge. If the amount of
fuel in the tank changes, the fuel gauge readout changes. In Java, the ssimulation of afuel
tank notifies the fuel gauge readout so that the screen is consistent with the underlying
simulation of the fuel tank.

Thereis adirected flow of information between an instance of a class that extends
Observable and the instance of the class that implements Observer. The Observable
instance keeps an instance of a vector that lists all the Observer instances that have
registered an interest in the state of the Observable instance. Whenever the Observable
instance changes, it broadcasts an update message to each of the Observer instances that
have registered. Thisrelationship is shown in Figure 7.2.

Figure 7.2. The Observable uses the update method to transmit data to the Observer.
A class that implements the Observer interface supports an update method that takes an
Object-typed argument.
(B-heading) Interface Summary

package java.util;

public interface Chserver {
voi d updat e( Cbservabl e o, Object arg);

For usage see the next section.
(A-heading) The Observable Class

The Observable class resides in the java.util package. An instance of the Observable class
makes use of an instance of alist of the observer instances that have registered
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themselves. Thelist is called an ObserverList and resides invisibly within the java.util
package.
(B-heading) Class Summary
package java.util;
public class Cbservable {
publ i c synchroni zed voi d addCoser ver (Cbserver 0)
public synchroni zed voi d del et eCbserver (Cbserver 0)
public void notifyCbservers()
public synchroni zed void notifyCbservers(Cbject arg)
public synchroni zed voi d del et eCbservers()
publ i c synchroni zed bool ean hasChanged()
public synchroni zed i nt count Coservers()

(B-Leading) The NamedObservable
The NamedObservabl e class provides a mechanism to associate a String instance with the
Observable instance. The code for the NamedObserver follows:

package observers;

I mport java.util.*;

/| The NaneCbservable is just |ike an Cbservabl e

/1 only it has a name property associated with

/'l every Cbservabl e instance.

public abstract class NanedCbservabl e extends Cbservabl e {

private String nane;

publ i c synchroni zed void setNane(String nn) {
nane = nm
}

publ i c synchroni zed String getNanme() {
return nane;
}

(BI%GI N NOTE) The get and set methods in the NamedObservable class are
synchronized, to prevent contention problems from occuring during multi-threaded
operation. It is common to see class variables, such as the name string as being accessed
only through synchronized method (as discussed in Chapter 2). Thisisthe reason for
declaring the name string private. (END NOTE)
(B-heading) The ObservableDouble Observer-Observable Example
The Diff CAD program depends on the model-view paradigm and so has a package called
observers. One of the classesin the observers package is called ObservableDouble.
When the setV alue method is invoked on an instance of the ObservableDouble class, the
setChanged method is invoked and the notifyObservers method causes an update method
to be broadcast to all the interested Observer instances.

package observers;

I mport java.util.*;
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public class Cbservabl eDoubl e ext ends NanmedCbservabl e {

/'l The val ue of interest
private doubl e val ue;

publ i ¢ Cbservabl eDoubl e(doubl e newal ue, String nm {
val ue = newval ue;

set Nane(nm ;
}
publ i c synchroni zed voi d set Val ue(doubl e newal ue) {
if (newval ue != value) {
val ue = newval ue;
super . set Changed() ;
super . noti fyCbservers();
}
}

publ i ¢ synchroni zed doubl e get Val ue() {
return val ue;
}

}
(B-Heading) DoubleDialog and the IntDialog
As part of the observers package there are DoubleDialog and IntDialog classes. When an
instance of the IntDialog is made, adisplay is generated like the one shown in Figure 7.3.

Figure 7.3. IntDialog with an Embedded Observable on display

Thevalue of theint ininitially used for the display in the text field. When theint is
altered, by the user, the setValue method causes the observers to be updated. This
dynamically atersthe text field in the dialog box. The IntDialog class follows (the
DoubleDiaog is almost the same except that the DoubleDialog contains an
ObservableDouble rather than an Observablelnt):

package observers;

I mport java.aw.*;

i mport java. appl et.*;

i mport java.io.*;

i mport gui.*;
public class IntDi al og extends O osabl eFrane {

Label | abel 1;
IntTextField textfield;

Butt on okButton;
Butt on cancel Button;

Cbservablelnt i;
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private static int offset = 25;

public I ntD al og(

String dialog_title,

String | abel,

Cbser vabl el nt sanple_int) {
super(dialog_title);
init( dialog title, |abel);
set (sanple_int);
set For eground( Col or. white);
set Backgr ound( Col or. white);

}

voi d set(CbservabIeInt sanple_int) {
i = sanple_int;

textfield = new I nt TextField(i);
add("Right",textfield);

textfield. reshape(89, 25, 64, 16);
cancel Button = new Button("Cancel ");
add( cancel Button);

cancel Button. reshape(13, 175, 88, 28);

okButton = new Button("K");
add( okBut t on) ;
okBut t on. reshape(130, 175, 63, 29);

pack() ;
show() ;

}
public void init(String dialog title, String |abel) {
set Layout (new Fl owLayout ());
resi ze(250, 250);
reshape(of fset, offset,
250, 250);
offset = offset + 15;
set Resi zabl e(f al se);

/llnitialize conponents

| abel 1 = new Label (| abel);
add("Left", |abel1);

| abel 1. reshape(5, 19, 86, 23);

}

voi d ok() {
Systemout. println("O"
String s = textfield. getText();
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Integer i _Integer = new I nteger(i.getValue());
/| default val ues
try {
i _Integer = Integer.val ued(s);

i .setValue(i_Integer.intValue());

}
catch (Nunber For mat Exception e) {
System out . printl n(
"IntDi al og: ER Not a nunber, using
defaul ts");
/'l pick a reasonabl e default

}

return;

}

private void cancel () {
System out. println("Cancel!");

publ i ¢ bool ean handl eEvent (Event event) {
if (BEvt.match(event, 'o', okButton))
ok();

else if (Evt.match(event, 'k', cancel Button))
cancel ();
return super. handl eEvent (event);

}

(BI%GI N NOTE) We realize that the user may like to make the cancel method perform a
different task other than print cancel. This would be a good spot to send an application
specific message or restore avalue. (END NOTE)
An example of the use of the IntDialog may be found in the AudioFrame class. The
example follows:
IntDi al og spDi al og = new I ntD al og(
"start Position O Sanples To G aph dial og",
"Enter start position:",
start Posi ti onOf Sanpl esToG aph

)

private Cbservabl el nt startPositionO Sanpl esToG aph;
is declared in the AudioFrame as a class variable.
(B-heading) Dialogsin the ImageFrame
The ImageFrame class resides in the lyon.ipl package. It is used to hold instances that
contain image data and display them It is also used to dispatch events and manage dialogs
that prompt the user for parameters. The dialogs all contain instances of Observable

Where
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classes. What followsis alist of the Observable class variables in the ImageFrame and
the Dialog instance creation that depends on them:
We seethat in lines 1 and 2 there are two ObservableDouble instances, each provided
with alabel (because they are named) and a value.
private Cbservabl eDoubl e nul t Konst = new
Gbservabl eDoubl e(1. 0, "mul t:");
private Cbservabl eDoubl e addKonst = new
(bser vabl eDoubl (0. 0, "add: ") ;
private Cbservabl el nt threshhol dKkonst = new
Gbservabl el nt (128, "Threshol d:");
private Cbservabl el nt scal eKonst = new
bservablelnt (1, "Scale:");
private Doubl eDi al og mul t D al og = new
Doubl eDi al og("Mul tiply D al og",
"* k", multKonst);
private Doubl eD al og addDi al og = new Doubl eD al og(" Add
Di al og",
"+ of fset", addKonst);
private IntD al og threshD al og = new
Int D al og(" Threshol d D al og",
"Threshol d constant™, threshhol dKonst);
private IntD al og scal eKonstD al og = new
Int D al og("Scal e D al og",
"I nteger Scale constant", scal eKonst);
When an instance of the ImageFrame class is made, the IntDialog and DoubleDialog
instance appear on the screen. At that point, the user may over-ride the defaults in the
dialog boxes and click “OK”. When this occurs, the image processing operation in
invoked will use the updated values. For example:
public void IinearConb() {
pp. | i near Conb( mul t Konst . get Val ue(), addKonst . get Val ue())

updat eDi spl ay(pp) ;
}

(A-heading) The Image Class

In Java, an image is stored in an instance of the Image class. The image classresidesin
the java.awt package and is designed with the intention that images are produced by 1/0
bound systems (i.e., networked based systems). The Image class has provisions to take
ImageObserver instances in many of its methods. The ImageObserver instanceis
registered for notification after an image becomes available.

(B-heading) Class Summary

package java.awt;

import java.awt.image.lmageProducer;

import java.awt.image.lmageObserver;

public abstract class Inmage {
public abstract int getWdth(lnageCoserver observer);
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abstract int getHeight(lnageCoserver observer);
abstract | nageProducer get Source();

public abstract G aphics get Gaphics();

public abstract Cbject getProperty(String nane,

| mageCbser ver observer);

public static final Coject UndefinedProperty = new
Cbj ect () ;

public abstract void flush();

(B-heading) Class Usage
The Image class uses the observer-observable model. The Image classis an abstract class
and so may not be instanced. Recall from Chapter 3 that every Component implements an
ImageObserver. This means that we can pass an instance of the Component to the
image.getWidth invocation to obtain a call-back. The call-back will occur in the form of
an imageUpdate method invocation on the interested |mageObserver instance.
Suppose the following variables are predefined:

| mage i mage;

| mmgeCbserver i nmageCbserver;

| magePr oducer i mageProducer;

int height, wdth;

G aphi cs graphi cs;

String nameg;
To get the width of the image use:

w dth = i mage. get Wdt h(i mageCbser ver) ;
(returns -1 if image 1s not ready and notifies the observer when the image becomes

ready). . .
To get the height of the image use:
hei ght = i mage. get Hei ght (i mageCbser ver) ;
(returns -1 if image is not ready and notifies the observer when the image becomes

r :
To get the instance that produces the image pixels:

i magePr oducer = i nmage. get Source();
To get agraphicsinstance for an off-screen image:

graphi cs = i mage. get G aphi cs();
To get an image property, by name, use:

obj ect = i mage. get Property(nane, imageCbserver);
If the Image is not available, the getProperty returns null and notifies the imageObserver
later. Image.UndefinedProperty is a static final Object instance that is returned when the
property is undefined.
To destroy all the resources used by an image that will not be likely to be used for awhile
use:

i mage. fl ush();

(A-heading) The I mageObserver

The ImageObserver is an interface that resides in the java.awt.image package. Every
Component implements the ImageObserver and Components are typically used to make
instances of Images. An instance of a class that implements the ImageObserver interface
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registers as having an interest in the contents of an ImageProducer instance. When the
contents is altered, the ImageObserver instance is notified by the ImageProducer instance,
using the imageUpdate method invocation.
(B-heading) Summary
package j ava. awt . i mage;
| mport java.aw . | mage;
public interface |ImageCbserver {
publ i ¢ bool ean i nageUpdate(l mage ing, int infoflags, int
X, int y, int wdth, int height);

public static final int WDITH = 1;
public static final int HEl GHT = 2;
public static final int PROPERTIES = 4;
public static final int SOVEBITS = 8;
public static final int FRAMEBI TS = 16;
public static final int ALLBITS = 32;
public static final int ERROR = 64;
public static final int ABORT = 128;

(B-Leading) Image I nstancing in the | mageFrame
In the ImageFrame class, we have a getlmage method that prompts the user for an input
file, then proceeds to open the image file, waiting until the image file isread and the
resources needed to store the Image instance are allocated. Thisis a design pattern that
we have decided to defeat to ssimplify the programmers’ job when reading an image. We
find the code to be harder to understand, write and teach and prefer asimpler API for
reading an image. To defeat the call-back routine, we make atemporary ImageProducer
that is invoked with the method getlmage. Methods such as getimage greatly simplify
user code, but make the assumption that the image resides on alow latency storage device
(i.e., the hard disk). The fileName and the image variables are both class variablesin the
ImageFrame class. The getlmage method follows:
public void getlmge() {
/1l Qpen up the image, by file nane and wait for it!
fileName = Futil . get ReadFi | eNane();
Systemout.println("Get inmage:"+fil eNane);
try {
i mage = getTool kit ().getlmage(fileNane);
wai t For | mage(t hi s, i mage);

catch (Exception e) {
Systemout.println("Get Inmage coul d not open
n +e);

/'l nmove the inmage, change its dinmensions
reshape( 100, 100,
i mage. get Wdth(this), inmage.getHeight(this));

//set image title
setTitle(fil eNane);
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show() ;

The waitForImage method permits avoidance of the call-back method and will have the
thread stop before the getlmage method returns. The paint method for the ImageFrame
invokes the drawlmage method on the Graphics instance, g.
public void paint(Gaphics g) {
g. drawl mage(i nmage, 0,0,thi s);

(A-}heading) The PixelPlane Class

The PixelPlane class resides in the lyon.ipl package and is used to give the user a high-
level interface to pixel-based operations. The intention of the PixelPlane classisto permit
the processing of an array of data, without having to follow ImageProducer-
ImageConsumer design pattern. This makes the software much easer to teach, write and
understand. We have found that Java programmers prefer the ssmpler array model for
manipulating images. An instance of a PixelPlane class storesits pixelsin al-D array of
int. A PixelPlane instance does not do image processing. It isjust a handy way to access
pixels and allocate Image instance memory.
The basic ideais that we do not need to keep an instance of an Image around. All of the
image processing will occur on and between instances of the PixelPlane class. Should we
need an Image instance (for display) we can always make one from an instance of the
PixelPlane class. The approach of making Image instances on-demand represents a
space-time trade-off that istypical in computer science. An Image instance takes up so
much space, that dynamic allocation can free up enough space during processing to make
otherwise infeasible operations feasible (from a memory usage point-of-view).
Since Java does not have (as of thiswriting) any notion of row-major or column-major
order, we cannot use doubly-nested for-loops to access 2-D arrays. To do so might cause
thrashing to the disk (thisis particularly slow and is typical when memory is accessed in
anon-sequential fashion). To ease the burden of thrashing, a single-dimensioned array is
stored internally in the PixelPlane instance. The 2-D array isimplemented by multiplying
the row index by the column index. Methods are aso provided that permit linear indexing
into the array, for slightly higher speed of some image processing operations.
(B-heading) Class Summary

package |yon.ipl;

I mport futils.*;

inmport futils.utils.*;

I mport java.aw.*;

i mport java.aw .image. *;

I mport java. appl et. Appl et ;

public class Pixel Pl ane {

public int pels[]

public Pixel Plane(int w, int h)
publ i ¢ Pi xel Pl ane(doubl e x, doubl e y)
publ i c Pi xel Pl ane copy()

publ i c | mage makel mage()

public int getlLength()

public int getHeight()

public int getWdth()
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public bool ean inrange(int x, int y)

public int getRed(int i)

public int getGeen(int i)

public int getBlue(int i)

public int getRed(int x, int vy)

public int getGeen(int x, int y)

public int getBlue(int x, int vy)

public int getA pha(int x, int y)

public int MakePixel (int r, int g, int b, int a)
public void setPixel (int x, int y, int r, int g, int b,
int a)

public void setPixel (int x, int y, int pel)
public int getPixel(int x, int y)

public int getPixel(int i)

public void printSize()

}

(B-heading) Class Usage
Suppose The following variables are predefined:
Pi xel Pl ane pp, ppCopy;
int wdth, height;
doubl e w, h;
int pixel Array[];
| mage i mage;
bool ean aBool ean;
int X,y;
int i, c, eP
Then to make an mstance of aPlx Plane that |SW|dth by height:
p = new Pi xel Pl ane(w dth, hei ght
The Pixel Plane constructor is overloaded to be used Wlth double-type dimensions:
pp = new Pi xel Pl ane(w, h);
To get at the internal pixel array (thisis not suggested, but permitted to maintain
erX|b|I|ty)
pi xel Array = pp.pels;
To make a copy of the PixelPlane (this uses the System.arraycopy method, so it should be
pretty quick):
Co co
To ILr)rl?ake%%r/ld Imgge mst%r/é:%from afile (makes a standard file open dialog box) use:
i mge = Pi xel Pl ane. openl rrage()
openlmage is a static method, so you don’t need to make a Pixel Plane instance. To get
the total number of plxelsmthe PlerPIanelnstance use:
i nt nunber O Pi xel s = %et Lengt h() ;
To get the width and height, in plxels rom the PixelPlane instance, use:
hei ght = pp. get Hei ght () ;
w dth = pp. getWdth();
To seeif two X,y coordinates are in range, use:
aBool ean = inrange(Xx,y);
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To get acolor stored into an int from alocation in the PixelPlane instance (using the
Iinear array)
pp. get Red(i);
The color value, c, alwaysvarl%fromo .255.
= pp.getGeen(i);
= pp. get Bl ue(i);
To get the same color values, using the (x,y) coordinates:
C = pp.getRed(x, P/
Each accessinto the plxel plane costs one multiply. After Sun releases an APl that stores
multidimensional arrays, in known order, the multiply can be eliminated, speeding pixel
access.
c
c

pp. get G een(x, Y);

pp. get Bl ue(x, y);
get Al pha(x, y)'

A plxel is stored in apacked in, 4 bytes per pixel, ARGB format. To pack apixel:
pel = pp. MakePi xel S , 0, b, a);

To set apixel at location (x y
pp. set Pi xel ( x, g, b, a);

To set apixel equal to the packed peI at location (x,y):

pp. set Pi xel (x, v, pelz
To get a packed pixel at location (X, Y):
pel = pp. get Pi xel Y);

To get apacked pixel fromt e linear array at locationi:
pel = pp. getPl xel (i);
To prl nt the Pixel Plane instance’s size to the console:
pp. printSize();

(A-heading) The ProcessPlane Class

The ProcessPlane class resides in the lyon.ipl package. It consists of an extension to the
Pixel Plane class. By creating instances of the ProcessPlane class, we add methods to the
Pixel Plane instance that provide for elementary image processing services. The services
themselves are not profound, but how they are implemented in Javais of interest. A class
summary appears below.
(B-heading) Class Summary

package |yon.ipl;

| mport java.aw.*;

public class ProcessPl ane extends Pi xel Pl ane {

publ i c ProcessPl ane (double x, double y)

public ProcessPlane (int x, int y)

public void cornergray() {

public ProcessPl ane scal e(int scale) {

public void threshol d(int konst)

public void diagGay()

publ i c ProcessPl ane edge()

public void |inearConb(doubl e konstD, doubl e akD)
public voi d Subi nage(ProcessPl ane pp)

public void makeG ay()
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public void randResanpl e()
public void shadow()
public void negate()

(B-Leading) Class Usage
Suppose the following variables are predefined:

ProcessPl ane pp, pp2;

int height, wdth;

doubl e hei ghtD, wi dthD, a, b;

int scale, konst;
To make an instance of a ProcessPlane that allocates internal pixel storage for a
heightxwidth by 32 color, RGBA (Red, Green, Blue and Alpha) image:

pp = new ProcessPl ane( hei ght, wi dt hP ;
To make an instance of a ProcessPlane that uses doubles for size and casts the doubles to
int before allocating storage:

pp = new ProcessPl ane(hei ght D, wi dt hD);
To make an image of the previous images size, but fill it with a cornergray test pattern, as
shown in Figure 7.4:

pp. cornergray();

Figure 7.4. The cornergray method output
To scale an image by a postive integer using pixel replication:
p. scal e(konst) ;
To threshold an image using a integer value that ranges from 0 to 255, as shown in Figure
7.5
pp. t hreshol d(konst) ;

Figure 7.5. Effect of threshold on aimage
To make adiagonal test pattern using the existing images dimensions, as shown in Figure
7.6

pp. di agG ay();

Figure 7.6. The effect of the diagGray method
To make a single pixel-width wide edge from the left-most edge on the image, at the
center of athick bright stripe, as shown in Figure 7.7, use:

pp. edge() ;

Figure 7.7. Effect of the edge method
The edge method uses a domain-specific edge detector that is useful for range-finding via
diffraction. See the following section for more information about the implementation.
(BEGIN NOTE) This edge detection method will produce unsatisfactory results when
applied to images outside of the intended domain. (END NOTE)
To perform the operation p =ap, +b O, O[i = 0...number OfPixels where
p = ithimage pixel :
pp. I i near Conbﬁa, b); _ _
To subtract pp2 from pp, leaving the result in pp (i.e., pp = pp - pp2):
pp. Subi mage( pp2);
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To make pp agray image by copying the red plane to the green and blue planes:
pp. makeG ay() ; . . . -
To perform a stocastic resampling, of theimage, an effect illustrated in Figure 7.7:
pp. randResanpl e() ;

Figure 7.8. The effect of randResample
To perform a shadow mask on the image (as shown in Figure 7.9) use:

pp. shadow() ;

Figure 7.9. Effect of the shadow method
To negate the image (as shown in Figure 7.10) use:

pp. negat e() ;

Figure 7.10. Effect of the negate method
This section showed a collection of image processing services performed by instances of
the ProcessPlane class. While all the images are shown as gray-scale images, thisisa
limitation of the printing process. All the operations are 24 bit color operations.
(B-heading) Class | mplementation, The negate method
None of the image processing operations shown in this section are remarkable. Perhaps
the more interesting question is that of how the operations are implemented. We start
with the ssimplest of the image processing operations, the negate method:
public void negate() {
int r,g,b,a;
for (int y=0; y < getHeight(); y++)
for (int x =0 ; x < getWdth(); x++) {

r = getRed (Xx,Y);
g = getGeen(x,Yy);
b = getBlue (x,Y);
a = get Al pha(x,y);
set Pi xel (x, y, 255 - r,255 - g,255 - b, a);

}

Thgz negate method is added to the ProcessPlane class to enable any instance of a
ProcessPlane to be able to negate itself. (BEGIN NOTE) Since we extend the PixelPlane
class, we inherit all the methods from that class. Also, we do not negate the a pha plane,
since that would make the image black. (END NOTE)
Within the ImageFrame class, we have a Menultem instance called negate_mi:
Menul t em negat e _m = addlten{"[ n] negate");
Where the addltem method adds the Menultem instance to the main menu bar:
public Menultem addlten(String itemNane) {
Menultem m = new Menulten{(itenmNane);
m add(m ) ;
return(m);

Finally, we handle the event using the Evt’s match method to select either the keyboard
event or the menu selection event:

publ i ¢ bool ean handl eEvent (Event e) {
if (BEvt.match(e, negate m)) {
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negat e() ;
return true;

(B-headi%g) Class Implementation, The Shadow method
The Shadow method is afilter that moves a 2 by 2 pixel window, one pixel at atime,
across an image. It replaces the pixel at the upper left corner of the window with the
value of the pixel minus one-half the value of the pixel at the lower-right corner.
public void shadow() {
int r,g,b,a;
for (int y=0; y < getHeight()-2; y++)
for (int x =0 ; x < getWdth()-2; x++) {

r = getRed (Xx,Y);

g = getGeen(x,Yy);

b = getBlue (x,Y);

a = get Al pha(x,y);

rr=r + (127 - getRed (x+2,y+2));
g =g + (127 - getGeen(x+2,y+2));
b =Db+ (127 - getBlue (x+2,y+2));
set Pi xel (x,y,r, g, b,a);

}

(B-heading) Class | mplementation, The edge method
The edge method is probably one of the more complex image processing methods in the
ProcessPlane class. The edge method runs through the following steps:
Conpute the average intensity, a, for pixel row V.
Find the pixel, xr, that exceeds a.
Find the very next pixel, xl, that does not exceed a.
Conput e the average of xr and xI and call it xa.
Store xa,y as an edge point.
I ncrenment vy.
I f > | mageHei ght then stop, else goto 1.
This type of ad-hoc algorithm will always find the left-most bright edge for awell
defined stripe. At the same time, it finds the centroid of the stripe. As the stripe gets
closer to the left of the image, the program runs faster (since it has to search fewer pixels
to find the stripe). Thus, good lighting and camera positioning are needed to make this
algorithm run fast. The Javaimplementation of the edge method follows:

publ i c ProcessPl ane edge() {

ProcessPl ane pp = new ProcessPl ane(get Wdth(),
get Hei ght () ) ;

NogkwNE

int r,a;
int average; // average intensity
for (int 'y =0; y < getHeight(); y++)
new |ine: {
average = 0O;
for (int x =0 ;: x < getWdth(); x++)
average = average + getRed (X,Y);
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average = average / getWdth();
for (int x =0 ; x < getWdth();
r = getRed (X,Y);
a = get Al pha(x,y);
if (r > average) {
int start=x;
for (int i=x;i < getWdth(): i++) {
r = getRed (i,y);
if (r < average) {
pp. set Pi xel (
start + (i - start) / 2,
y, 255, 255, 255, a) ;
break new |ine;

}

x++) {

}

return pp;

}
(CN) 8 (CT) Digital Images and I mage For mats

"Thisisthe Wild West of the
Information Age" -
Bart Kosko

(A-heading) The DataBahn

Asthe Internet connects the world together, and as more users cram to get onto this
information thoroughfare, we find that it can take along time to get data from point A to
point B. Never before as now do we need to squeeze information content down in size
before it is exchanged or transferred. Luckily the enormous size of digital images have
aready motivated the creation of a number of space saving image and file formats.
Consider this: an uncompressed digital bitmap image of 640x480 pixels with 256 colors
takes up 307 KB, or 1/3 MB. It can be frustrating to watch an image file of this size load
into your browser from aweb site.

In this chapter, you will find a discussion of the what and why of image formats - there
arealot of them! You will learn some of the latest and greatest formats for the Internet.
Finally, you will see details of the formats that are supported in Diffcad.

(A-heading) A Bird's Eye View of Image Formats

There are three broad categories of image formats: vector formats, bitmap formats and
other formats.
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(B-heading) Vector and Bitmap formats

In describing an image, you can resort to several levels of detail. In the lowest level of
abstraction, you may describe each and every element (pixel) of the image. An image that
is described in this manner is referred to as bitmapped, since the end result is a map of
bits (or pixels). A bitmap image and its associated data are shown in Figures 8.1a and
8.1h.

Figure8.1a A bitmap format image Figure 8.1b Bitmap format data
Thisis ultimately, how images are represented for display on monitors and viewed. A
computer monitor or television has an addressable array of physical pixelsor dots. The
dot has position , and color information. Color will be talked about further very shortly.
Bitmap images are difficult to scale from their original resolution (without DSP!). They
can be bulky and hence cumbersome to transport. Y ou can mitigate the size problem with
compression (covered soon), but only at the expense of increased time to decode and
render.

(B-Heading) Vector formats

Now we consider away to represent images with a higher level of abstraction. Suppose
you store endpoints of line segments to compose a representation of an image. This may
be useful to render a CAD drawing for example. Y ou store coordinates for the starting
point, adirection and alength and maybe some color information. The rest of the screen
that does not have line segments will be a background color. Thisis asimple vector
image file format, and is a good compact format for line drawings. Vector formats are
quick to read and are compact, for the types of images they are intended to represent.
Vector formats typically store not only line primitives, but also some 2D shapes, such as
circles and squares and curved lines, which are higher levels of abstraction. These shapes
could be used to compose jet planes or integrated circuit layouts, for example. Figures
8.2aand 8.2b show an example of a simple vector image and its associated data.

Figure8.2a Vector format image Figure8.2b Vector format data

Y ou could continue on using higher and higher levels of abstraction going to 3D objects
as primitives, and Avatars (3D computer puppets) in virtual worlds.

One advantage of avector format image, isthat it isrelatively easy to scale the image
without loss of detail. Many clipart collections are stored as vector format files so that
they can be scaled easily. A disadvantage of vector formatsisthat it is hard to store very
detailed image information such as photographs, where you may need to vary color
information on a pixel by pixel basis.

(C-heading) Conversion between vector and bitmap formats

Converting from a vector format image to a bitmap format is easy and straightforward; in
fact, this conversion will be very common, since most display output devices are
bitmapped. For a very detailed vector format image, it isimportant to choose a high
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enough resolution for the destination bitmap, otherwise, some artifacts will appear in the
image, such asjagged lines (" the jaggies') instead of straight lines.

Converting from a bitmap format image to avector image is difficult. In Chapter 9, you
will meet this formidable challenge with DSP routines for edge and outline detection.
Another issueisthe possible loss of color information when you go from arich bitmap
representation to a (possibly) poor vector representation.

(B-heading) Other types of formats

[Murray et al.] describe several other types of formats for digital images. These are

deSCI‘I bed briefly as follows:
Scene - A scene format file has a condensed representation of animage. It is
sometimes hard to tell the difference between this format and a vector format.
Metafile - A metafile can store both vector format elements and bitmap format
elements. Examples of this type of format file are the PICT format and the CGM
format. Because of their versatility, these files are often used to cross the bridge
between different hardware or software platforms.
Animation - Animation formats come in many flavors. The simplest type just stores
adjacent frames of an animation sequence in one file for playing. Another type stores
not only images but along with them color maps for the images. Changing the color
map can give theillusion of motion. Finally, a more sophisticated animation format
will store frame difference information along with key frames. This techniqueis used
to store motion video also and exploits the fact that in any given movie or animation,
from frame to frame there is on average not alot of changed information. Thereis
usually alarge chunk of the background or features that are static. If you store the
data that changes, instead of all the data, you save alot of space.
Multimedia - Multimediaformats allow you to store all kinds of different data types
and formats together; you could have video information, text information and sound
information coexisting peacefully.
3D - 3D formats not only support descriptions of lines, shapes and 3D geometries, but
also textures, reflections and anything else a rendering program would need to
reconstruct a 3D image or world. Objectsin a 3D file are sometimes called scene
elements. Many existing vector file formats have been extended to support 3D. Such
formats, such as Autodesk's DXF format, are referred to as extended vector formats.
VRML isalittle more than a 3D format, since it includes support for HTML style
linking to other URLs on the World Wide Web.
Font(bitmap, stroke, outline) - Fonts are special graphic files. They comein their own
subsets of types based on bitmap formats or on vector formats (stroke, outline). One
additional constraint usually imposed on font filesis that they must be very quick to
index into. So there is usually a database index associated with the font data placed in
aheader or footer of thefile.
PDL - PDL, or Page Description Language formats are usually textual programmeatic
descriptions of how to render graphics and text. An example of thistype of format is
the ubiquitous Postscript format. This format is more akin to source code rather than
just graphics data, and hence requires a sophisticated program in order to be able to
create output.

(B-heading) Color Depth, Palettesand Transparency
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Before getting to a monitor, an image, regardless of the format it is stored in by an
application, isusually represented by a bitmap in a special memory known as aframe
buffer. (The exception would be for arandom scan display monitor - a vector image
display monitor.) The frame buffer stores the image that isto be displayed asit isbeing
scanned by the graphics processor that feeds a CRT monitor for viewing. En route to the
monitor, the graphics processor may be commanded by the host processor (CPU) to
manipul ate the stream of pixels before they are displayed. One example of processing is
to convert color depth information by using a color look-up table (CLUT), aso known as
acolor palette. Color depth refers to the number of bits that are used to represent one
pixel, or bits per pixel (bpp). For acolor depth of 1, you represent a black and white
image; a 1 turnson apixel (white) and a0 turns off a pixel (black). A color depth of 8
bpp, means that you have 256 (=2s) possible values for a color.

A CLUT isatable of color values with an index. Use of this table can allow for some
image size reduction. Y ou essentially form an indirect addressing scheme. Say you have
256 possible values for acolor (indexes). You may store 24 bit per pixel color valuesin
each entry of the CLUT since your hardware supportsit. Y ou achieve some data
compression since your image data may reference 8 bit CLUT indexes, instead of 24 bit
color data. Y our image data must also include the CLUT too however. The total datafor a
640x480 image is (640x480x8 + 256x24)/8 = 308K bytes. If the CLUT was not used, the
total data would be (640x480x24)/8 = 922K bytes. In this example the use of aCLUT
resultsin asavings of 2/3infilesize.

A CLUT doesn't always make sense to use. If you use alarge number of colorsin an
image, then it may be more space-efficient to store the full pixel value directly.
Generaly, for images with more than 256 colors, it is better to store literal or absolute
format, because the overhead of avery large CLUT is not worth the space. In fact the size
of the CLUT may approach the size of the image itself.

(C-heading) Transparency

In the television world, you often see live video being overlaid onto a static image (like a
weather map). In the bitmap world, thisis like overlaying two bitmaps onto each other
and specifying portions of one bitmap to be transparent, in certain areas, to allow the
background image to show through. Similarly, you could use transparency characteristics
to do afade from one video source to another. In this case, there would be degrees of
transparency (not just on or off). Transparency is often described in bitmaps on a pixel by
pixel basis. Here, transparency information is appended to pixel value information. The
TGA format for example uses 5 bits each for R, G, B (red, green, blue) and 1 extrabit for
transparency, for atotal of 16 bits. When the transparency bit is on, the display hardware
must ignore that particular pixel, so that any background image may show through. A 32-
bit variant of the TGA format specifies 8 bits for transparency, called the alpha channdl.
Here each of R, G and B use 8 bits and alpha uses an additional 8 bits to specify the
degree of transparency (O=completely transparent to 255=completely opaque).

(A-heading) Graphics Formats Menu

This section will give you adirectory of some of the more popular image formats and
some of their traits. Below, Table 8.1 shows alist of many different formats along with

11:18 AM—Page 261 Chapter 9: Image Processing in Java



Digital Signal Processing Recipesin Javae Lyon and Rao April 13, 2000

their type (adapted from [Murray et al.]) Diffcad uses a subset of these formats, namely:
GIF, JPEG, VEC, PICT and PPM.

Later in the section, you will read about general characteristics of graphics formats, such
as file organization, compression and progressive display.

Table8.1 I mage formats and type (adapted from [Murray et al.])
Format Type

Autocad DXF Vector

Autodesk 3D Studio Scene description
BMP (Windows) Bitmap

CGM Metefile

FLI Animation

GEM Raster Bitmap

GEM VDI Metefile

GIF Bitmap

Harvard Graphics Metafile

IFF Bitmap

Intel DVI Multimedia
JPEG File Interchange Bitmap

Format

Kodak PhotoCD Bitmap

MPEG Multimedia

PCX (Windows) Bitmap

PICT (Mac) Metefile

Pixar RIB Scene Description
PNG Bitmap

POV Vector

PPM Bitmap
QuickTime Multimedia
Rayshade Scene Description
SPIFF Bitmap

Sun Raster Bitmap

TIFF Bitmap

TTDDD Vector and Animation
Utah RLE Bitmap

VEC Vector

WMF (Windows) Metafile

Most graphic formats support some form of data compression. In the next section you
will see adiscussion of compression methods.

(B-heading) Compression Methods : M aking Bits of Bits

There are compression methods that are used on digital information (not just image data),
and other methods specifically suited for image data and other special classes of data.
First we look at four methods of general data compression: RLE, LZW, Huffman
encoding and Arithmetic encoding. Later in this section we look at a compression
method that is well suited for image data: DCT or transform based compression.
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Compression can be lossy, or can be perfect. Lossy compressors discard information,
albeit information that is considered to be the least relevant in a particular application.

Y ou will read more on this shortly.

Compression can be symmetric; that is the process of compressionisvery similar in
complexity, time and methodology to decompression. On the other hand, asymmetric
compression is a situation where a more complicated process is needed for one direction
over the other; an exampleisthe original Intel DVI video format, where a parallel
supercomputer is used to compress a video sequence, while atiny amount of microcode
in avideo DSP chip is used to decompress the sequence. Thisis highly asymmetric.

For Bitmap format files, normally only the bitmap data is compressed. Any other
information in the file (header, footer) is left uncompressed for easy reading. For Vector
format files, there is usually no compression. Thisis because Vector formats are
inherently compact being a higher level of abstraction than a bitmap. Also rendering a
vector format file takes alot of time to begin with and adding decompression would
further slow down applications that use vector format files.

Start NOTE

In the discussions below, encoding is usually discussed. The decoding processisjust the
set of reverse operations to that of encoding.

End NOTE

(C-heading) Run Length Encoding (RLE)

Run length encoding is a general compression method that takes sequences or runs of a
particular character, and encodes it more compactly as a number and the character.

For example:

AAAAAAAAAABC
could be coded as: 10A1B1C

The number 10 is the run count and the following letter A isthe run value. If each ASCII
character takes up 1 byte of storage, then the original uncompressed string takes up 12
bytes, while the compressed string takes up 7 bytes. Notice that even arun length of 1
requires aminimum of 2 characters.

For binary character encoding, there are several choices. Y ou can encode on a bit basis
(looking for runs of bits), on abyte basis or on a pixel basis, where a pixel may take up
multiple bytes. The overhead of storing arun length for each run value may in some cases
cause afileto be larger than the original, which is termed negative compression. One
method to minimize the effect of the run length code for small runsisto encode a bit at
the beginning of each block that enables run length interpretation for that block. In other
words, if the enable bit is set to 1, the block is interpreted as run length encoded. If it is
set to O, then the following data is interpreted as unencoded or literal data.

With 2D bitmap data, you have freedom to encode data along rows, which are also
referred to as scan lines, or along columns, or along some other sub-block partitioning of
the data.. Y ou could choose some of the options discussed to achieve the best
compression.
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(C-heading) Lempel, Ziv, and Welch Compression (LZW)

A very widely used algorithm for data compression was invented by Lempel, Ziv and
Welch and isknown as LZW. Actually there are several algorithms: LZ77, LZ78 and
LZW are all patented; use of these may be subject to licensing fees and alot of legal
headaches. It is possible to adapt LZ77 so that you do not infringe on its patent (see
PKZIP below). Unfortunately, several widespread programs and formats made use of
these patented algorithms, like the Compuserve GIF file format. As a backlash against
having to pay for what used to be in the public domain and hence free, several
aternatives to the patented LZW algorithms were devel oped and offered to the public.
The popular archiving compressor, PKZIP replaced the origina LZW compressor with a
compressor based on an adapted non-infringing variation of the LZ77 agorithm. GIF is
still oppressed with infringement problems. The world is still full of GIF images
however. There are many freeware utilities to convert GIF filesto other formats, such as
PPM. The PNG graphics format was created specifically as an alternative to GIF and
again is also based on a non-infringing variation of the LZ77 agorithm.

How does LZW work ? The LZ family of compressors are dictionary-based encoding
algorithms. Asdatais read by a compressor, atable or data-dictionary , is built that has
entries for patterns that occur in the input data stream. If new datathat isread, is not in
the dictionary, then a new entry is made in the table for it. When data that has a dictionary
entry isread in, then the entry, which has a smaller size than the original data, is copied to
the output (compressed) data stream. A key feature of LZW is that the dictionary does not
need to be stored for the decoder; the decoder will be able to reconstruct the dictionary
because of the way that the datais organized. This can save alot of overhead and space.
LZW isalossless compression scheme.

(C-heading) Huffman Encoding

Like LZW, Huffman encoding is based on code words. Here, shorter codes are chosen to
represent the most commonly occurring sequences in a data stream, while longer codes
are used for less frequent sequences. The letter A, if used very frequently in some input
text, may be coded with 2 bitsinstead of the usual ASCII 8 bits, while the letter Q, which
occurs very infrequently may be coded with 12 bits, as an example. The dictionary used
for encoding is required for the decoder to do its work. There is no on-the-fly
construction of adictionary as you saw in the LZW compressor. The data stream that is
produced from Huffman Encoding has a subtle requirement: Each code word should not
be the prefix of any other code word. Thiswill allow a decoder to uniquely determine
each entry of the table based on a sequential read of the data stream. An improvement on
Huffman Encoding is Arithmetic Encoding, which is discussed next. Both Huffman
Encoding and Arithmetic Encoding are |ossless compression schemes.

(C-heading) Arithmetic Encoding

Arithmetic Encoding, or entropy coding, improves on Huffman Encoding in a couple of
ways:. (1) you can have fractional codes, that is you can have a4.18 bit long code (thisis
defined in astatistical way) and (2) more complex statistics are used that ook at context
information to derive a code for an input pattern - aU may be assigned a long code
because it does not occur too often, while a U following a Q may be assigned a short
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code, sinceaU isvery likely to follow a Q. A brand of Arithmetic Encoding, called a Q-
coder is patented by IBM and AT& T and is subject to licensing considerations. An
extension of the JPEG compression standard uses the Q-coder.

(C-heading) DCT based or Transform based Compression

The Discrete Cosine Transform (DCT) converts image data to the frequency domain,
much like the DFT, the Discrete Fourier Transform which is discussed at length in the
next chapter. The DCT isaspecial case of the DFT [see Netravali et al.]. The transform
yields a set of values that correspond to magnitudes of frequency components. The
human eye cannot distinguish very high frequency color changes, and this information
may be discarded without a great loss in detail of an image. Also, transform values which
are zero or close to zero may be effectively compressed with alossless compression
scheme such as Huffman encoding as may be done in JPEG. The overal JPEG
compression method is lossy.

(B-heading) Progressive Display and the I nter net

For users of the Internet and the WWW, it is very useful to alow for progressive display
of graphicsimages. This means that when a user is navigating the Web and goesto a new
destination, if graphics datais loaded for display, it is shown whileit isloading, so the
user can immediately recognize the image, instead of waiting for the entire imagefileto
load before seeing anything. A few formats allow for this: GIF and its patent-free
successor, PNG, and JPEG. In GIF, there is an option to store graphics data with every
eighth line of data, then every fourth line, then every second line and finally every line,
for atotal of four passes over the data. Y ou can see a preview of an image with only one-
eighth of the complete datain this scheme. This storage option is called the interlaced
option for GIF. The non-interlaced storage option just stores rows sequentially and does
not allow for progressive display.

Figure 8.3 Interlaced and Non-interlaced storagein GIF

The PNG format goes one up on GIF. PNG has an interlaced format, where every eighth
pixel of every eighth line isfirst transmitted. This allows an image to be viewed with only
1/64 of the full image data.

JPEG data streams have an option for progressive display. Rather than being based on
scan lines, the image is sent in progressively more detailed layers. That is,
approximations of the original image are sent in sequence, so that the viewer sees the
whole image right away, and the quality of the image improves with time. Each scan of
progressive JPEG takes afull JPEG decompression cycle to display, which can be CPU
intensive however. Another extension of JPEG provides for hierarchical storage of the
same image at multiple resolutions, where a complete image is available at different
resol utions to match the resolution of the display or print hardware.
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(A-heading) Details of several formats

In this section you will read about details of some file formats, including those that are
used by DiffCAD. Note that the Sun Java AWT class library provides built-in support for
reading and writing JPEG and GIF image files. Diff CAD provides wrapper classes for
some of thisfunctionality. See the classes: WriteGIF, ReadGIF and V SImage.

(B-heading) GIF

GIF isafile format that uses the LZW compressor, as mentioned previously. There are
two versions, GIF87a, the original and GIF89a. GIF89a may be incompatible with
software that reads only GIF87aimages, so most modern readers are expected to be able
to read both formats. The formats are similar but GIF89a has further extensions. Thefile
layout is shown below for both formats in Figure 8.4, and this highlights the differences:

Figure 8.4 GIF87a and GIF89a file layout
There are several piecesto the file format which are discussed in detail below:

Header - the header is 6 bytesin size. Thefirst 3 bytesare“GIF” to identify the
format as GIF. The next three bytes are the version “87a” or “89a’.

Logical Screen Descriptor - Thisis afixed size group of bytes that contain
information about the minimum screen resolution (height and width), and color
information to reproduce the image. If the screen is smaller than the screen
parameters, then some scaling will need to be performed by the application to display
the image.

Global Color Table- Thisisan optional section that containsa CLUT of up to 256
entries.

Local Image Descriptor - This section has characteristics of the image data that
follows including, where on the display the image should start and the image
resolution and color information.

Local Color Table - GIF is expandable to be able to include more than one image,
though thisisrarely used. Thereistherefore the provision to include a color table
(termed “local”) for each of the images. Thisis an optional table for specifying a
CLUT for theimage data that follows. Thistable, if present, supercedes, the Global
Color Table.

Image Data - Image data when compressed by LZW usually comes out as a stream of
data that must be read from beginning to end. GIF splits the data into a series of sub-
blocks. Each sub-block starts with a count byte, which can range in value from 1 to
255. The count byte value specifies the number of data bytes that will follow. At the
end of the sub-block a byte of value zero is used to terminate the sub-block.

(B-heading) JPEG/JFIF
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The JPEG standard leaves some ambiguities that make it an incomplete file format
standard. C-Cube Microsystems created a file format called JPEG File Interchange
Format (JFIF) that fillsin the gaps. It is completely based on the baseline JPEG standard.
JPEG is generally best applied to high-resolution full color (24bpp) images. Thisis
because the transform-based coding will have more latitude for compression with more
color information. Keep in mind that sharp edges, such as those created by overlaid text,
can become blurry. When compressing with JPEG, an application usually presents a
quality setting that you may change to trade off compression to quality. For high
frequency detail in your source image, you may want a high quality setting. This will
result in lower compression however. The tradeoff between quality and compressionisa
thorny and persistent issue for JPEG.

A JPEG encoder uses the following steps:

1. Create header information

2. Read in the source image datain RGB

3. Transform datato YUV color space - Y is black and white intensity information, and
the U and V channels have color information. Thisis done with alinear
transformation (see Chapter 9 for color space conversion).

4. Subsamplethe U and V channels - that is throw away some color information because
it should be imperceptible to the viewer; use fewer samples of U and V for every
sampleof Y.

5. Performthe DCT ontheY, U and V data.

6. Quantize the resulting coefficients into different bins (this performs some
compression by reducing the number of different possible values, more aggressive
guantization is used for the color components).

7. Huffman encode the quantized data and produce an output data stream.

Both araw JPEG file and a JFIF file start with the the bytes 255 and 232 to signify the
start of image marker. For a JFIF file, you will see the bytes 255 and 240 followed by the
characters “JFIF”, and information about the image. Data that follows the first block is
standard JPEG data as defined by the specification. For detailed information, obtain the
specification from the American National Standards Institute [see ANSI].

(B-heading) PPM

PPM is abitmap format that is used as an intermediate format when converting from one
system or file format to another. There are a set of portable freeware utilities written by
Jeff Poskanzer that convert to and from PPM to many other graphic file formats. For
example, ppmtogif converts from the PPM format to GIF.

Thefile organization is extremely simple for PPM. Y ou start with an ASCII header, and
the bitmap datafollows as either ASCII data or binary data. No compression is used. Data
elements are separated by white space (space, tab, carriage return or linefeeds).

The PPM header looks like the following:
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MagicVaue P3= ASCII data, P6= binary data

ImageWidth  Width of image in pixels (ASCII decimal value)
ImageHeight Height of image in pixels (ASCII decimal value)
MaxGrey Maximum color value (ASCII decimal value)

The MaxGrey value specifies the maximum value for a color component. Each pixel is
specified by three values for R, G and B components.

Hereis an examplefile:

# example of a3 x 3 bitmap

P3
33
255
000 000 00255
00128 070 01 89
900 099 000

Comments may be included in afile starting with the # character. The bitmap isfor 3
pixelstal by 3 pixels across. The third pixel of the second row has RGB values of
(0, 1, 89).

Because PPM is asimple format, the entire source code is shown below in listing 8.1
-how DiffCad implements a PPM reader.

Listing8.1 Readingthe PPM format: The ReadPPM class

/**

* ReadPPM is aclass that reads an image from
* aPPM format file.

* Victor Silva (victor@cse.bridgeport.edu).
*/

import java.io.*;
import java.awt.image.*;

public class ReadPPM
public ReadPPM (InputStream in)

}

private int type;
private static final int PBM_ASCII = 1;
private static final int PGM_ASCII = 2;
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private static final int PPM_ASCII = 3;
private static final int PBM_RAW = 4;
private static final int PGM_RAW =5;
private static final int PPM_RAW = 6;

private int width = -1, height = -1,
private int maxval;

/1l Subclasses implement this to read in enough of the image stream
// to figure out the width and height.
void readHeader(InputStream in) throws |OException

char cl1, c2;

cl = (char) readByte( in);
c2 = (char) readByte( in );

if (c1!="P)

throw new | OException( "not a PBM/PGM/PPM file" );
}
switch(c2)

case'l"
type= PBM_ASCII;
break;

case 2"
type=PGM_ASCII;
break;

case'3":
type=PPM_ASCII;
break;

case'4:
type= PBM_RAW,;
break;

case'b'"
type = PGM_RAW;
break;

case'6'”
type=PPM_RAW;
break;

default;
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throw new | OException( "not a standard PBM/PGM/PPM file" );
}
width = readint(in);
height = readInt( in);
if (type!=PBM_ASCII && type!=PBM_RAW))
maxval = readint(in);
}
}
int getWidth()

return width;

}
int getHeight()

return height;

void readRow( InputStream in, int row, int[] rgbRow ) throws |OException
{

intcol, r, g, b;
intrgb=0;
char c;

for(col=0; col<width; col++)
switch(type)
case PBM_ASCII:
c =readChar(in);
if (c=="1")
rgb = Oxff000000;

se

~ Q-

if (c=='0")
rgb = Oxffffffff;
}

ese

throw new |OException( "illegal PBM bit" );
}

}
break;
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case PGM_ASCII:
g = readint(in);
rgb = makeRgb(g, g, 9);
break;

case PPM_ASCII:
r=readint(in);
g=readint(in);
b=readint(in);
rgb = makeRgb(r, g, b);
break;

case PBM_RAW:
if (readBit(in))

rgb = Oxff000000;
}

else
{
rgb = Oxffffffff;

}
break;
case PGM_RAW:
g =readByte(in);
if (maxval 1=255)

g = fixDepth( g);
rgb = makeRgb( g, 9, 9);
break;
case PPM_RAW:
r =readByte(in);
g =readByte( in);
b =readByte( in);
if (maxval 1=255)
r = fixDepth( r);
g =fixDepth( g );
b = fixDepth( b);
}
rgb = makeRgb(r, g, b);
break;
default:
break;

}
rgbRow([col] = rgb;
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private static int readByte(InputStream in) throws | OException

int b =in.read();
/l'if end of file
if (b==-1)

throw new EOFException();

}
return b;
}

private int bitshift = -1;
private int bits;

private boolean readBit( InputStream in ) throws |OException

{
if (bitshift==-1)
bits = readByte( in);
bitshift = 7;
}
boolean bit = ( ( ( bits >> bitshift) & 1) !=0);
--bitshift;
return bit;

}

/I Utility routine to read a character, ignoring comments.
private static char readChar( InputStream in ) throws |OException
{

char c;

¢ = (char) readByte( in);
if (c=="#)

do
{ ¢ = (char) readByte( in);

while(c!="n"&& c!="\r");
}

return c;

}

/Il Utility routine to read the first non-whitespace character.
private static char readNonwhiteChar( InputStream in ) throws |OException

{
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char c;

do

{ c =readChar(in);
while(c==""|lc=="\t"||c=="\n"||c=="\");

return c;

}

/Il Utility routine to read an ASCII integer, ignoring comments.
private static int readint( InputStream in ) throws | OException

{

char c;
inti;

¢ = readNonwhiteChar( in);
if (c<'0'||c>"9)

throw new |OException( "junk in file where integer should be" );

}

i=0;
do

i=i*10+c-'0;
c =readChar(in);

}
while(c>="'0'&& c<='9");

returni;

}

/Il Utility routine to rescale a pixel value from a non-eight-bit maxval.
private int fixDepth(int p)

return (p* 255+ maxval / 2) / maxval;
/1 Utility routine make an RGBdefault pixel from three color values.
private static int makeRgb( intr, intg, intb)

return OxffOO0000 | (r<<16)|(g<<8)|b;

}
}

11:18 AM—Page 273 Chapter 9: Image Processing in Java



Digital Signal Processing Recipesin Javae Lyon and Rao April 13, 2000

(B-heading) VEC

The VEC format is a simple native vector file format used by DiffCad. Datain thefileis
integer ASCII data. There are no other markersin the file. There are two types of usein
the format: POINT and VECTOR. First hereisthe POINT type:

Points are stored as ASCII decimal numbers and are comprised of two coordinates, x and
y that are separated by spaces or tabs. Points are separated by newlines (linefeeds). Here
isafiledescribing a 3 pixel square.

Storing separate points can be useful to describe shapes and objects. Edge detection (see
Chapter 9) of an image can create this sort of output. Also, thisformat may be used for
computer vision and vector display applications.

The VECTOR type of datais specified in asimilar manner, except that two points are
defined per line asfollows:

x1ylx2y2
x3y3x4vy4

Here (x1, y1) definesthe tail of avector and (x2, y2) defines the head:
(x1, y1) (x2,y2)

Begin NOTE
Diffcad has aroutine to convert from xy points to vectors.
End NOTE

(B-heading) PICT

The PICT format is a Macintosh metafile format. It can incorporate both bitmap and
vector data. Diffcad can write PICT vector data only (the reader is referred to the
savepict.javaclass)The PICT format isafairly complex format and few details will be
shown here. PICT can use two different forms of compression: JPEG and PackBits.
PackBitsis an RLE type of encoding scheme.

(A-heading) Summary

Digital image file formats are defined by several characteristics: the type of file format it
is (vector, bitmap or other), the size efficiency based on the compression technology it
uses, the number of colorsit can handle and the resolution of images that it supports.
Another factor useful for Internet based graphicsis progressive display, which isthe
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display of apartial image as a graphicsfile is downloaded. Three formats have specific
provisions for this: GIF, PNG and JPEG. Although the universe of graphic file formatsis
very large thereis agreat deal of similarity between formats of the same type. One
bitmap format is likely to be as capable as another. Metafile formats provide the
capability for vector and bitmap representationsin a single format. Higher levels of
abstraction are available in vector formats ultimately leading to representation of 3D
objects, scenes and worldsin 3D formats. DiffCad supports GIF, JPEG, PPM, VEC, and
asubset of PICT.

(CN) 9. Image Processing in Java

The worth of abook isto be measured by what you can carry away from it.
-James Bryce
Save the mandrills, collect the whole set.
-DL
This chapter covers the computation of the histogram of an image. We follow thiswith a
derivation of the basis for the 2D fast Fourier transform (2D FFT) and asummary of a
class that implements the 2D FFT. We show how to use the FFT to perform high and low
pass filtering.
The high-pass filtering of the FFT is used to create edges. These edges are linked using a
raster to vector converter. The raster to vector converter inputs an edge-detected image
and outputs a series of line segments that may be drawn to the screen and saved as a pict
file.
Finally we cover color-space conversions and elementary 2D rotation and scaling.
(A-heading) The Histogram

The histogram of an image is the probability mass function (PMF) of the pixel intensities.
The probability mass function shows the statistical frequency of occurance for an event.
Thus, the computation of the PMF is obtained by counting the number of times an event
(aparticular intensity) occursin the data, then dividing by the total number of pixelsin
the image.
For example, suppose an image consists of a 1-D array given by:

[255 255 128 64 9.1)
The PMF is computed by counting the total number of times a particular event occurs,

then dividing by the total number of elements. The array is then expressed as an event
with its associated PMF number:

event PMF[]
0 0
Je4  1/48
0128 1/40
Hoss  1/2H ©2)

(BEGIN NOTE) The PMF is adiscrete probability distribution function (PDF). Like the
PDF, the PMF numbers will always sum to one. (END NOTE). Naturally, the image
arrays are much larger than that given in (9.1). Further, the array list shownin (9.2) is
typically shown as abar chart. An example histogram is shown in Figure 9.1.

Figure 9.1. An Example Histogram
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The histogram of Figure 9.1 is shown for 255 intensitiesin red, green, blue (RGB) and
intensity (1). Theintensity is computed by averaging the RGB components and truncating
to the nearest integer. The Histogram frame extends the PictFrame, and in doing so, is
able to save the histogram as a pict file (for editing). An exampleis shown in Figure 9.2.

Figure 9.2. A section of the Histogram frames’ pict output.

(BEGIN NOTE) Once the histogram is saved as pict, the fonts may be changed so that
they are no longer bit-mapped. In this case, they are selected as Times Roman. (END
NOTE)
A code fragment from the Histogram class in the lyon.ipl package shows how to
implement the display of Figure 9.1:

package |yon.ipl;

| mport java.aw.*;

i mport java.aw.inmage. *;

i mport gui.*;

i mport |yon. dcl ap. *;

cl ass Hi stogram extends PictFrame {

public int red[] = new int[256];
public int green[] = new int[256];
public int blue[] = new int[256];
public int intensity[] = new i nt[256]
The constructor for the Histogram class takes a Pixel Plane instance as an argument,
publ i c H stogram Pi xel Pl ane p) {

Histogram uses the RGB values to act asindiciesinto three arrays of 256 integers.
for (int i=0; i<tp; i++) {
red[ p. get Red(i)] +=1;
green[ p. getGreen(l)] 1
bl ue[ p. get Bl ue(i)] +=1

The Histogram constructor then computes the intensity by taking the truncated average of
the three colors.
for (int i=0; i<intensity.length; i++)
intensity[i] = (red[i]+green[i]+blue[i])/3;

}
Therest of the code is devoted to normalization and display. (BEGIN CDROM) The full
source code is available on the book’s CDROM. (END CDROM)
(A-Heading) The 2D DFT

Recall the 1D DFT from chapter 6:

1 N-
Nz 2m1k/N (64)
and that the inverse DFT is given by: )
N-1
vi=y e” Ny, (6.10).
k=0
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Suppose that we have a 2D array of uniformly sampled and quantized data:
f(x,y)

x 0[0..W~-1],y O[0..H -1]
The terms W and H are the width and height of the image, in pixels.
The 2D discrete fourier transform (2D DFT) is given by
1 e —2 /W+vy/H
F(uv)=— f(x, y)e 2 w/wrwiH) (9.1)
i 2,2
Theinverse 2D DFT (2D IDFT) isgiven by:
H-1w-1 .
- z Z F(U,V)ezm(UX/W+W/H) (92)

v=0 u=0
(BEGIN NOTE) The (/WH) term is not present in the IDFT. Nor is the negative sign in
the exponent. (END NOTE) We introduce a notation (following [Gonzalez et al.]), that
uses a symbol called the double arrow, to shorten the expressionsin (9.1) and (9.2) to:

f(xy) = F(uv) (9.24)

where

In order to turn the 2D DFT into a2D FFT, we use the separability property to break the
2D DFT into two fast 1D FFTs. The exponential functions separability is due to the laws
of exponents, namely, e*e® = (@),

To employ the separability property we factor (9.1) into:

1 O
F(U,V) - f X, y -2 7iux/W -2 rivy/H (93)
iyl 5
Similarly, we factor the 2D IDFT from (9 2) into:
Z 2n|ux/W %Znivy/H (9 4)

The separability property meansthat the 2D DFT may be computed by finding the 1D
DFT on the rows of the image, then finding the 1D DFT on the columns. This means that
we can use our 1D DFT (and FFT) code from Chapter 6 to help perform our 2D FFT.
Our implementation of (9.3) transforms each row, placing the outcome in a complex
array whose dimensions match that of the original image. Then we transform each
column of the complex array. Thus, the 1-D DFT is performed on each row, then again
on each column.

Recall the centering of Chapter 6 that used

v, = v (-1)* (6.30)
to cause a shift in the psd. This comes about as a result of the time-shift theorem that

states that in the frequency domain, spatial translation causes an added linear phase with
slope proportional to the shift so that

f(X ~ XY~ yo) - F(U,V)e_zm(XOUIW+y0V/H) (95)
Thedual of (9.5) is

FU=Uy,V—V,) = f(x,y)e e/ WrovH) (9.6)
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Where the left-hand side of (9.5) is the Fourier transform of the right-hand side (using
double arrow notation). Thus, a positional shift in the input plane causes a phase shift in
the output plane. To put it another way, a positional shift in the time domain causes a
phase shift in the frequency domain. This makes sense if we think of a sine wave being
shifted in time. Relative to the unshifted sine wave, the shifted sine wave has a different
phase. We represent a phase shift by multiplying by the complex exponential. To center
the frequency on the 2D DFT, we shift the frequency bins by W/2 and H/2. Thus, (9.6)
becomes:

F(u—%,v—%) - f(x y)e2ni(Wx/(2W)+Hy/(2H)) (9.7)
which simplifiesto
F(u- v_zv,v - %) = f(xy)e" ) (9.8)
by Euler'srelation, €° = cos@ +isin8, and since x,y are integers, we get:
e"*") = cos((x +y)) +isin(m(x +)) = (-1)*" (9.9)
Substituting (9.9) into (9.8) resultsin:
F(u ‘%'V'%) = fxy)(-1)" (9.10)

All 2D FFT’ s (described in this book) are centered using (9.10). A proof of the time-shift
theorem for the 1D continuous case follows.

Fv(t-t,)] = }v(t —t,)e"?"dt
lety =t -t and dt = yso that
FIv(t-t,)] = [V(y)e" ™"y
o that h

Flv(t-t,)] =e™"™ Ju y)e ' *"dy

Q.E.D.
We can take a similar approach in the 2D discrete time domain to prove (9.5):
f(X_Xoyy_yo) - F(U,V)e_zm(XOUIW+y0V/H) (95)
Invoking the definition of the continuous Fourier transform (9.5) yields:
FOF(X= %Y = ¥0)) = [[ F(x = %5,y = yo )™ Meixdly 9.7)
Let
X=X-X,andY=y-y, (9.8
so that

dX =dxanddY =dy
By substitution we obtain
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F( i (X — X,y - yo)) — II f(X’Y)e—Zni(u(x+x0)/W+v(y+y0)/H)dde

F(f(x- Xo,Y — yo)) — e-2ni(ux0/W+vy0/H)J]- f (X,Y)e—Zni(ux/W+vy/H)dde
from which

f(X— Xo;y_yo) - F(U,V)e_zm(XOU/W+YOV/H) (95)
follows.
Q.E.D.
Further usage and optimization details are discussed in the following section.
(A Heading) The FFTPlane Class

The FFTPlane class resides in the lyon.ipl package. It provides an object-oriented 2D
color FFT and IFFT service. An instance of the FFTPlane class may be created from an
instance of the PixelPlane class. The FFTPlane class treats all images as color and is not
smart about conserving memory when working with achromatic images. The FFTPlane
class makes a copy of the pixelsin the Pixel Plane instance. The copy is stored internally
using complex red, green and blue arrays of float type.
(BEGIN NOTE) It isimportant to set an FFTPlane instance to null in order to reclaim the
memory used when an FFTPlane instance is done. (END NOTE)
The FFTPlane class has the ability to multiply each of itsinternally complex numbersin
the frequency domain by real numbers stored in a PixelPlane instance. This enables the
implementation of 2D filters.
(B heading) Class Summary
package | yon.ipl;
I mport java.awt.*;
I mport java.aw .image. *;
I mport java.io.*;
I mport gui.*;
I mport VS. *;
public class FFTPl ane {
publ i c FFTPI ane( ProcessPl ane ppl n)
public void mult( ProcessPl ane ppln)
public void fft()
public void ifft()

33 heading) Class Usage
Suppose the following variables are predefined:
FFTPl ane fftp;
ProcessPlane pp; // pp is a 2**n by 2**n i nage
ProcessPl ane filter;
Then to make an instance of the FFTPlane, use:
fftp = new FFTPI ane( pp);
(BEGIN NOTE) The ProcessPlane instance is altered by the methods in the FFTPlane
instances. (END NOTE)
To perform an in-place FFT on the instance of the fftp:
fftp. fft();
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The results of the ffit method are | eft in internal data-structures. The ProcessPlane instance
is altered to show the log of the psd.
To perform amultiplication, pixel by pixel, from the real pixelsin filter, replacing the
complex pixelsin the fftp instance:

fftp.mult(filter);
(BEGIN NOTE) Thefilter instance should be the same dimensions as the fftp. Also, the
pixels should vary from 0 to 255. They will be divided by 255 (so as not to increase the
magnitude of the fftp result) before they are multiplied. The multiplication works with
color filters (i.e., any ProcessPlane that has colorsinit). (END NOTE)
To invoke the an IFFT on an instance of the FFTPlane and place the result in the original
ProcessPlane instance, pp:

fftp.ifft();
(BEGIN NOTE) This destroys the original ProcessPlane instance, pp. (END NOTE)
In the following section, we show how to retro-fit the ProcessPlane class so that any
instance of the ProcessPlane can support the fft(), mult(pp) and ifft() invocations.

(B heading) The ProcessPlane implementation
We have retrofitted the ProcessPlane class with an fft method. We hold that thisis the
preferred way to perform a 2D FFT, leaving the FFTPlane defined for those who would
like the ability to extend the FFTPlane’ s abilities. The ProcessPlane is retrofitted as
follows:

private FFTPl ane fftp;

public void fft() {

Systemout. println("Running the FFT...");

fftp = new FFTPl ane(this);

fftp. fft();

public void nult FFT(ProcessPl ane pp_ ) {
if (fftp == null) {
fft ().

el se {
| fftp.mult(pp);

}
public void ifft() {
Systemout.println("Running the i FFT...");
if (fftp == null) {
Systemout. println("You nust take the FFT
first!");

el se
fftp.ifft();

} . N :
The ImageFrame class has been updated to permit multiplication by images that are
stored in the childFrame. The update for the ImageFrame class follows:

public void fft() {
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pp. fft();
updat eDi spl ay(pp) ;

public void mult FFT() {
pp. mul t FFT( chi | dFr ame. pp) ;
updat eDi spl ay(pp) ;

public void ifft() {

op. i fFt():
updat eDi spl ay(pp) ;

}

(B heading) Diff CAD and the Example 2D FFT’s
Some examples of Fourier Transform pairs are shown in the following Figures. On the
left isf(x,y). On theright is F(u,v). The results are obtained using the Diff CAD program.
To improve the visibility of the psd, we auto-scale and invert the psd. Figure 9.3 shows
one and two squares painted with a bit-mapped paint program called Debabelizer
[Debabelizer].
Figure 9.3 A Square and Its psd.
Figure 9.4 shows a black ring (which acts as a notch filter) with its psd.
Figure 9.4. A black ring and its psd
These are used asinput. To have alittle more control than existsin most paint programs,
we have retrofitted the PixelPlane class with a dot method. It permits the generation of a
filled circle (like that shown in Figure 9.5) with a specified radius.
Figure 9.5 A black dot with its psd.
The code for the dot method follows:
public void dot(int xc, int yc, int r) {

0;
0;
getwWdth();
get Hei ght () ;
=r *r;
r (int x = x1; X <x2' X++)
for (int y =vyl, vy <y2;, y++) {
if (((x-xc)*(x-xc) + (y yC) (y-yc)) <r2)
set Pi xel (x,y, 0,0, 0, 255);

Q
—
-
NI

el se
set Pi xel (x, Yy, 255, 255, 255, 255);
}

To }synthesi ze diffraction gratings (aresearch goal of the Diff CAD program), we add a
lines method to the ProcessPlane whose prototypeis given by:
public void Ilines(Rectangle r, int increnent)
Figure 9.6 shows an odd shaped circle, with its psd.
Figure 9.6. An odd-shaped circle with its FFT
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Figures 9.7 to 9.10 show psds multiplied by bi-level images. After the multiplication is
performed, an IFFT istaken. This enables the construction of images that can be used as
filtersin the frequency domain.

Figure 9.7. Atriangle, with its FFT

Figure 9.8. mandrill, Its FFT

Figure 9.9., A filter that removes some of the low frequencies from the mandrill and the
IFFT
Figure 9.10. A filter that removes some of the high frequencies from the mandrill and the
IFFT
Another neat trick we can perform with the FFT, is Fraunhofer diffraction. Fraunhofer
diffraction is a special case of Fresnel diffraction and occurs when either the distance
from the grating is large or when the rulesin the grating are close together. Fraunhofer
diffraction is used when performing X-ray diffraction for studying underlying crystal-like
structures (like DNA). The DiffCAD program uses Fraunhofer diffraction to perform
diffraction-based rangefinding [DeWitt and Lyon]. The following formula (whose
derivation appears in [Walker]) shows the relationship between the DFT and Fraunhofer
diffraction:

1 ~gu v i
I(uv,D)=|—A5—,— 911
( ) ‘/\D (AD }\Da (011)

Where A isthe wavelength of light, I(u,v, D) istheintensity from Fraunhofer

diffraction, and D is the distance between the target and the grating. A isthe 2-D Fourier
transform of the aperture (i.e., the grating):

A(U,v) = [fAx y)e 2 W vy (9.12)

Figure 9.11, with its associated FFT, is offered as an example of afar field diffraction
image computed by taking an FFT.
Figure 9.11. A grating with associated FFT
An increment paramter is input using the scale dialog box, and indicates the number of
pixels to be skipped between lines. An example of the ProcessPlane being used is given
in the ImageFrame class:
public void lines() {
pp. | i nes(bounds(), scal eKonst . get Val ue());
updat eDi spl ay(pp) ;

}
A variable inter-rule width grating (called a chirp grating) can give aradically different
diffraction pattern from afixed with grating. An example is shown in Figure 9.12.
Figure 9.12. A chirp grating with FFT

(BEGIN NOTE) For the diffraction images shown, A D = 1. If A =638 nm (about the
wavelength of aHe-Nelaser) thenD = 1/A = 1.5 million meters.(END NOTE) Based on
the assumption that the light isfar, the FFT can assist us directly in the computation of
(9.12). At modest distance and with a small aperture, relative to D, we can use the Fresnel
diffraction formula:
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w07 +(v-y)?]

I(u,v,D) = ‘%H A(X,y)erP

Developing code to solve (9.13) is beyond the scope of this book. A numeric solution of
(9.13) may be found in [Baker].

2
dydx‘ (9.13).

(A Heading) Raster to Vector Conversion

In this section we show how to take an edge detected image and turn it into alist of line

segments. We take an ad-hoc approach to the conversion that runsin O(N?) time. For

small numbers of N the quadratic growth does not appear to be a problem. We do not
address refinements to the algorithm.

Converting alist of point coordinates into vectors (i.e., line segments) has applicationsin
the graphic arts, CAD and computer vision. In the graphic arts we use the vectors to form
an editable outline of an image. The outline may be reproduced without the jaggies
inherent in bit-mapped images. In CAD we use the vectors to help construct a geometric
model. In computer vision, we use the vectors to obtain geometric features that can be
used in recognition. Another application for raster to vector conversion isin the output of
line data using a vector-based device. For example, a pen plotter that uses a mechanical
arm to deflect a pen must have the raster data converted to vector for efficient operation.
Vector display systems (like laser-based mirror deflection systems) form another class of
devices where the raster to vector conversion process is needed. In fact, in addition to
converting from raster to vector, we must also order the vectors end-to-end. Ordering the
vectors end-to-end will speed plotting on a mechanical pen plotter by minimizing the
pen-up time. A pen plotter will typically lift a pen off of the drawing surface before
attempting to draw. A vector display device (like an oscilliscope or laser) will typically
use blanking signal to turn off the beam. If the vector list is not retraced frequently
enough, the human visual system will experience the sensation of flicker. Ordering the
vectors will maximize the number of vectors to be displayed without flicker.

The process of traversing the vector list in minimum timeis asimilar problem to that
faced by amail carrier starting out from a post office and delivering letters to each block
with minimum walking. Thisis called the Chinese postman problem. See [Roberts] for a
discussion of the Chinese postman problem.

Finally, one application that would appear to be of critical need in this day and age of
network communications is in data compression. If we could transmit a geometry faster
than a bit-mapped rendering of the geometry, then we could render the geometry at any
resolution using a Java program running on the client. For example, suppose that we
wanted to distribute a popular test pattern (like color bars). We could render the test
pattern at various resolutions and then download them over the net, but this would be
very wasteful of bandwidth and local data storage. Color bars consist of 11 rectangles of
various sizes and colors. A 640x480 image of color bars could take over 300 k bytes of
memory. The program needed to store and display 11 rectangles takes less than 100 bytes
of memory (and is much more flexible!).

Before the raster to vector conversion process can start, we assume that we have good
edges. Edge detection is atuff problem and may be accomplished in one of severa ways.
We have aready seen how to perform edge detection using a high-pass filter created with
an FFT. In Chapter 7 we saw how a domain-specific edge detector can find the centroid
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of athick edge. Sometimes we need to combine methods, like the auto-scale and negate
methods with athreshold. In this section, we assume that a good edge-detected image is
used as input. The goal isto take the edge detected image and create a vector description
of the image. Figure 9.13 shows the output of the edge detector, and the result of araster
to vector conversion. The file was saved as line segments to a pict file.
Figure 9.13 Raster to Vector converter

The basic idea behind raster to vector conversion isthat alist of integer coordinates of the
form:

x1 yl

X2 y2

Should be used as input. The output consists of a series of vectors of the form:
x1 yl x2 y2
x3 y3 x4 y4

Theideaisthat the points used as input will exhibit intra-frame coherence. We exploit
this coherence by connecting the dots (the white-pixels). The success of the algorithm
depends on many points satisfying a criterion of adjacency. The criterion of adjacency is
used to determine when two points are next to one another.

Typicaly, we say that two points are next to one another if they lie within a circle whose
radius is one pixel. If two points are next to one another, then they can be used to form a
line segment that is exactly two pixelslong. The line segment consists of a head, atail
and a slope. The compression ratio depends on the quality of the image edge detection,
the amount in intra-frame coherence and the criterion of adjacency. Using a randomly
selected GIF image, found on the net, we were able to take 1314 points (edge detected
pixels) and create 51 editiable lines (a 25:1 compression ratio). When converting an
image with linesin it (like a diffraction grating) the compression ratio goes up to 132:1.
Further, our slope tolerance was very tight, so there was no introduced distortion. Our
experience with different images indicates that it is difficult to generalize about the
expected compression ratios.

(B Heading) A raster to vector algorithm

In this section we present an agorithm that runsin O(N?), where N is the number of
input points. We start with aset of pointsin apoint list, pl. Our objective isto create a set
of vectors, v. The following code is excerpted from the Xy2vec classin the lyon.ipl
package:
public static void main(String args[]) {
Vector v = new Vector();
Poi ntList pl = new PointList();
Xy2vec x = new Xy2vec();
Thetollowing line will read the points from an input file and place the data into the point
list, pl:
X. readPoi nts(pl);
The point list istreated like a stack, where the popPoint method returns a point from the
top of the stack:
Points p = pl. popPoint();
Pointsis apoint list datatype aclassmthelyon ipl package that we cover in alater
section. In the following while loop, we check to make sure that the point list is not

11:18 AM—Page 284 Chapter 9: Image Processing in Java



Digital Signal Processing Recipesin Javae Lyon and Rao April 13, 2000

empty. Our objective isto place the point in one of alist of vectors. If we cannot, we
make a new vector:
while (p !'=null) {
bool ean poi nt_not _stashed = true;
/'l Enpty vector ?
if (v.size() == 0) {
The Vec classis another classin the lyon.ipl package. An instance of aVec consists of a
head, atail and aslope. When aVec instanceisfirst created the tail isnull. To keep track
of this, we provide an flag called, tail_is empty. We set thisto true whenever we make a
new Vec instance. To complicate matters somewhat, the list of Vec instancesis stored in
an instance of the Vector class, v.
Vec W= new Vec(p);
Wtail _is enpty = true;
v. addEl enent (W ;
poi nt _not _stashed = fal se;
el se {
For each Vec instance in the list of vectors, v, we test to see if the point is adjacent to the
Vecinstance. If itis, wetest to seeif the slope iswithin atolerance. If the point is
adjacent to the vectors end-points and the slope is within tolerance, we grow the vector by
one point. We then declare that the point is placed in the list of vectors and move on to
the next point. If we cannot place the point, we create a new vector with the orphaned
point at the head.
for (int i=0;
(i<(int)v.size())&&poi nt_not _stashed;i ++) {
Vec new = (Vec)v.element At (i);
i f (newV. head. i sAdj acent (p) &
newV. i sSl opeAccept abl e(p)) {
newV. addHead( p) ;
poi nt _not _stashed = fal se;

/1l Put new point to tail
if (point_not_stashed) {
if ((new.tail _is enpty &&
newV. head. i sAdj acent (p)) | |
("'new.tail _is _enpty &&
newv. tail .isAdjacent (p) &&
newV. i sSl opeAccept abl e(p))) {
newv. addTai | (p);
if (new.tail _is_enpty) {
new.tail _is enpty = fal se;
newV. get Sl ope() ; }
poi nt _not _stashed = fal se;

}

}
Y}/ for
/1 Put new point to head
i f (point_not_stashed) {
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Vec nv = new Vec(p);
nv.tail _is _enpty = true;
v. addEl erment (nv) ;
poi nt _not _stashed = fal se;

After we are dor}1e with the point, we proceed to the next point;
p = pl.popPoint(); // Get new point
Y1 while
X.printQutData( v);
We say that the algorithm is O(N?) because in the worst-case, we will be able to create
vectorsthat are one pixel long. Thisis a pathologic case create by an advisary and occurs
when there is no pixel adjacency. This hardly ever happens. In fact it might be better to

consider an average case of O(V?) whereV is the expected number of vectors.
Computing the average case is probably only practical when the image domain is known
in advance (i.e., compression ratio for text images).

(B heading) The Slope class

There are two parameters that are central in controlling the behavior of the raster to
vector algorithm. The first, known as the slope tolerance, is stored in the Slope class
(seen below). The second, known as the radius squared of a circle about the vector end-
pointsis described in the next section. The following code resides in the lyon.ipl package
and is contained in the Slope.javafile:

package |yon.ipl;

class Sl ope {

publ i c doubl e dx, dy;
The slope of avector is represented by the changeiny divided by the changein x. Aswe
attempt to extend an existing vector, we will add to a vector’s endpoint only if the slope
changes by less than some &€ amount. The value for € will depend on the desired
compression ratio and the tolerance for loss in the compression. Lower valuesfor € will
result in a higher compression ratio with greater 10ss.

public static double eps = 0.001;

Sl ope() {};

Sl ope(doubl e dx_, double dy_) {
dx = dx_;
dy = dy_;

}
The isEqual method checksfor ¢ difference in the slopes between the existing slope and
aproposedslope
publ i ¢ bool ean i sEqual (SI ope s) {
if (s.dx == 0 && dx == 0
return true;
if ((s.dx !'=0) &&( dx '=0))
return (Math. abs((s.dy/s.dx) - (dy/dx)) < eps);
el se

11:18 AM—Page 286 Chapter 9: Image Processing in Java



Digital Signal Processing Recipesin Javae Lyon and Rao April 13, 2000

return fal se;

L // cl ass Sl ope
(B heading) The Points class
The Points class resides in the lyon.ipl package and is used to store alist of pointsthat are
used as input to the Xy2vec algorithm. A central parameter that controls the loss in the
output as well as the compression ratio is the radius of acircle about a vector endpoint
that determines adjacency.
To determine if two points are adjacent, we use a boolean method called isAdjacent
which we embed into the Points class:
package | yon.ipl;
class Points {
doubl e Xx,vy;
The sguare of the radius of the distance between two points that are judged adjacent is
caled dr
double dr = 1.0;
Poi nt s(doubl e px, double py) {
X = pX;
y = py;
}

To decide if two points are adjacent we check the distance between them, in pixels. This
distance is compared with dr. We can adjust dr to be a number greater than one, but it
will introduce some geometric distortion:
publ i c bool ean i sAdj acent (Points p) {
doubl e dx = x-p.x;
double dy =y - p.y;
double r = dx * dx + dy * dy;

return r <= dr;
} /1 isPointsAdjacent

} // class Points

(A Heading) Color Models

Light energy isaform of electromagnetic radiation. As Maxwell said, It consists of
waves propagated through an electromagnetic field according to electromagnetic laws
[Banerjee]. A light source may radiate energy with several spectra components. To
determine the spectra of alight source, an instrument called a spectrometer is used. A
typical light source (like atungsten filament in an incandescent lamp) will be heated to a
temperature that causes a phenomena known as radiancy. Radiancy is defined as the rate
per unit surface area at which energy isradiated into the forward hemisphere [Resnick].
Radiancy istypically given in watts per centimeter squared and is found by integrating
the spectral radiancy. The spectral radiancy isfound by using a spectrometer to measure
the amount of energy which falls over an area at a particular wavelength.

A cavity radiator is an idealized heated solid that emits aradiancy that is given by:
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R =0T" (9.14)

Where T isin degrees Kelvin and 0 =5.67x10°W / m’K* is the Stefan-Boltzmann
constant. A typical cavity radiator is made of a block of metal (i.e, tantalum, tungsten or
molybdenum). The cavity is created by drilling asmall hole. Radiancy istypically
measured when temperatures are typically in the 1500-7000 K range. It isimportant to
realize that the radiancy at the surface of different materialsis a material property but that
the radiancy of all cavity radiators is governed by (9.14) and is independent of the
material.

Another attribute of the cavity radiator (which is also known as a black-body radiator,
full radiator or Planckian radiator) is the spectral radiancy. Spectral radiancy for the
Planckian radiator is given by

M, = ﬁ (9.15)

where ¢, = 3.74183x10**Wn»*, and ¢, =1.4388x10*mK and M, isin W/ m® [Hunt].

(BEGIN NOTE) Cavity radiators all have the same spectral radiancy.(END NOTE)

To summarize, light is energy that has a spectral radiancy. We can compute the psd for
light just like we do for sound. To reconstruct the light we must therefore duplicate the
spectral radiancy. Such an effort may be exceedingly impractical if the objectiveisto
build a computer display for the purpose of human vision. For the rest of this section we
discuss how to reconstruct the spectral radiancy of light for the purpose of human
perception. This assumption enables the construction of practical computer display
systems.

The human perception of the spectral radiancy of light is called color vision. For the
purpose of discussion, we shall use the term color to mean the human perception of color.
Our goal isto describe a color model that can assist in reconstructing colors for humans
to see.

When the objective is to reconstruct light for the purpose of the human perception of
color then color becomes a psychophysical quantity. The known relationships between
the psychological color experience and physical light stimulation has given rise to several
conflicting theories about how the human nervous system works [ Teevan].

Color sensation in the human eye is produced when light of various wavelengths fall
upon the eye. Most of the color models that are in common use today are based upon the
tristimulus theory of color perception. The theory is based on the physiologica approach
that attempts to explain the eyes’ behaviour in terms of its components. The eyeisa
photosensitive sensor that contains optical elements and photoreceptor cells. There are
two types of photoreceptor cells, rods and cones. These enable a spectral response for
human vision. The spectral response of human vision not only varies from person to
person, but also as an individual ages. Age alters the spectral response of the human eye
because age causes a progressive yellowing of the lens of the eye. Thus, thereisno
general agreement on the spectral sensitivities of the human visual system [Cowan et al.].
Rods are responsible for low-light imaging and do not play a part in normal color vision.
The rods have varying amounts of a photosensitive pigment, called rhodopsin. Rhodopsin
absorbs light most strongly in the blue-green part of the spectrum.

Cones are divided into three types, R, G, and B. It has not yet been possible to isolate the
pigments in cones [Hunt]. The cones have been found to have alogarithmic response.
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Also, the spectral response for each of the cones differsin central-frequency, peak-
amplitude and bandwidth [Faugeras].
The tristimulus theory of color perception says that we only need three color primaries to
create the gamut of visible color. Also, an examination of the spectral response curves
should enabl e us to approximate the colors for which the cones have a peak spectral
response. These happen at about 444 nm (b), 526 nm (g) and 645 nm (b) [Cohen et al.].
(Begin NOTE) The red and green cones have a similar spectral sensitivity.(END NOTE)
Typical range in the human visual system isfrom 380 to 770 nm. So, the RGB monitors
(and systems for the storage of image data) hasits roots in the human visual system.
Further, the perceptual system islogarithmic in response (for both vision and hearing!).
This accounts for the popularity of the logarithmic companding techniques discussed in
Chapter 5.
The tristimulus theory leads to a color model that consists of a 3D color space. A color
model provides aframework for color specification. There are two kinds of color
synthesis, additive synthesis and subtractive synthesis.
The additive synthesis color model adds light created viaradiance. The RGB color model
isacommon example of an additive synthesis color model. With the RGB color model,
red, green and blue light are added in equal amounts to create various shades of gray.
When red, green and blue light are combined in equal amounts, at maximum intensity
(on, for example, acomputer monitor) the color is called white.
The subtractive synthesis color model removes light energy via absorbtion. The cyan,
yellow and magenta pigments are applied in equal amounts to make varying shades of
black. Figure 9.14 shows the relationship between the RGB system and the CMY system.
When colors are combined in equal amounts, the color-space points lies on the main
diagonal between the white and black points on the color cube.

Figure 9.14. Additive vs. Subtractive Color Synthesis

(B Heading) The HLS System
One of the color spaces held in common use is the hue, luminance and saturation model
(HLS). Thismodel uses acylindrical coordinate system. In acynlindrical coordinate
system, you specify the magnitude of a vector as a function of the height and angle. The
height is used to represent luminance. The angle is used to represent hue. The magnitude
of the vector represents the saturation. The basic idea behind the conversion isthat red is
assigned a hue angle of 0 degrees, blue 240 degrees and green 120 degrees. Luminance
and saturation vary from zero to one, while the hue varies from zero to 360 degrees.
The ImageFrame class has been modified to perform the RGB to HLS and HLS to RGB
conversions. These facilities are built into the ProcessPlane (pp) instance. Their
invocation follows:

public void rgb2hls() {

pp. rgb2hl s();
updat eDi spl ay(pp) ;

}
public void hls2rgb() {

pp. hl s2rgh();
updat eDi spl ay(pp) ;
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These are methods in the ImageFrame. The ProcessPlane instance is stored in pp. Menu
items have been added to the ImageFrame to make the invocation of the conversions
automatic. Figure 9.15 shows the color menu from the ImageFrame.

Figure 9.15 The Color Menu in the ImageFrame
One complicating aspect of color-space computation is the use of floating-point numbers
in the transformation matricies. Recall that in the ProcessPlane class, we store an image
as apacked array of 32 bit ints. Such an array is unsuitable for the storage of floating-
point computations. The reason why is that round-off error will build rapidly when only 8
bits are used to represent each color. To mitigate the effect of round-off error, and to
facilitate other floating-point computations, we have elected to store the images as 3
arrays of float. This presents the programmer with the burden of setting instances of the
color conversion classes to null in order to reclaim memory. Further, it requires that the
garbage collector be explictly invoked if out-of-memory errors occur. We have found
that thisis hardly ever needed as we have associated these instances with windows that
are under the users' control. When a user disposes of an ImageFrame instance, all image
data isreclaimed. Thus, memory errorswill occur if there are too many windows open.
The user must, as aresult, close some windows before proceeding.
(B Heading) ThelYQ System
The 1Y Q system was invented for color television transmission. The symbol | stands for
In-phase, Y for lumenance and Q for Quadrature. The I'YQ color spaceis used in severa
analog color television transmission systems including PAL (Phase Alternating Lines),
NTSC (National Television Systems Committee) and SECAM (Sequentiel Couleur avec
Memoire). NTSC is used in the United States, Canada, Mexico and Japan. SECAM is
used in France, the former USSR and eastern Europe. PAL is used in western Europe.
The lYQ system is based on the idea that the human visual system requires crisp outlines,
but that it can tolerate lower color bandwidths. This system reduces color bandwidth by
low-pass filtering the | and Q color components. Further, because the eye is less sensitive
to magenta than to orange, the | color component (orange-cyan) is given more bandwidth
than the Q color component (green-magenta). Thus there are compelling human visua
reasons for using the I'Y Q system (even in non-analog video compression systems)
[Inglis].
To transform the RGB color into the I'YQ color, a 3x3 matrix multiplication is required.

YO 0.299 0.587 0.114 TRO

DI - %) 596 -0.274 0. 322%3D (9.16)
@g@ M.211 -0.522 0.311 FBH

To convert back from the 1Y Q space we use:
RO [0.299 0.587 0.114 0 0Y0

al _ 200 G O
o= 10596 -0.274 -0.3223 H o (9.17)

MBH ®.211 -0.522 0.311 5 @F
For reasons of computational precision, we do not evaluate the matrix inverse expressed
in (9.17). Some books will give the matrix and itsinversein print, with 3 significant
figures of resolution [Rogers]. We can get a much more precise answer if we allow Java
to perform the inverse using the precision of afloat or adouble. Thisis particularly
important since we will be using afloating-point format to store our pixels.
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Some images (like X-rays, MRI, and Hubble tel escope pictures) contain more than 8 bits
of color information per color plane. A floating-point format isideal for storing this type
of image. While we cannot help the fact that display buffers will only show 8 bits per
color, we certianly do not have to introduce that limitation into our computations or our
datafiles.

(A Heading) The Floatl mage class

The Floatlmage class resides in the lyon.ipl package. The purpose of this classisto turn a
ProcessPlane instance into 3 arrays of floats. The floats are needed in order to perform
high-precision image processing. A reference to the ProcessPlane instance that is used to
create the Floatlmage is kept, in internal private storage.
(B heading) Class Summary

package |yon.ipl;

I mport java. net. URL;

i mport java. appl et. Appl et ;

i mport java.aw.*;

i mport java.aw.inmage. *;

import futils.utils.*;

public class Floatlmge {
public float r[];
public float g[];
public float b[];
public Floatlmge(int |)
publ i c Fl oat | mage( ProcessPl ane pp_)
publ i c ProcessPl ane nmakeProcessPl ane()
public int getlLength()
public int getHeight()
public int getWdth()
public float getRed(int i)
public float getGeen(int i)
public float getBlue(int i)
public float getA pha(int i)
public float getRed(int x, int y)
public float getGeen(int x, int vy)
public float getBlue(int x, int y)
public float getA pha(int x, int vy)
public void setPixel (int x, int y, float r_, float g_,
float b))
public void setPixel (int i, float r_, float g , float
b_)
public void printSize()
public float max(int i)
public float mn(int i)

}

(B heading) Class Usage
Suppose the following variables are predefined
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Fl oat | mage fi;

ProcessPl ane pp;

doubl e red[];

doubl e green[];

doubl e bl ue[];

int |;
To get and set the color components from a Floatl mage instance:

red = fi.

green = fi | g

bl ue = f i . Db;
(BEGIN NOTE) after great deliberation, we have decided to make the rgb data structures
public. The alternative isto fill code with getArray accessor methods. At thistime, we are
still not sureif this was the right design choice. Typically, accessor methods are used to
keep threads synchronized. We have abandoned this approach. The result is code that is
unsuitable for multi-threading, but is smaller, faster and easier to understand. (END
NOTE)
To make an instance of a Floatlmage with | pixels:

fi = new Fl oat | mage(l);
To make an instance of a Floatlmage by making a copy of a ProcessPlane instance:

fi = new Fl oatlmage(P p) ;
(BEGIN NOTE) Operations performed on the Floatlmage instance do not alter the
ProcessPlane instances data. All elements in the ProcessPlane instance were copied and
type-converted during the copy process.(END NOTE)
To turn aan instance of a Floatlmage into an instance of a ProcessPlane:

pp = fi.nmakeProcessPl ane();
To get the number of pixelsin the Floatl mage instance:

| = fi.getLength();
To get ( the hei ght and width of the Floatl mage instance:

int h =fi.getHeight();

int w= fi.gethth(a?;
To get the red, green, blue and al pha components in the Floatlmage instance, treating all
the arrays as 1D arrays:

int i;
float r = fi.getRed(i);
fl oat g:f| getGeen(i);
float b = fi.getBlue(i);
float a = getAlphau
(BEGIN NOTE) The phachannel is never kept in the Floatlmage instance. Instead, the

alpha channel is converted from the ProcessPlane on demand. The reason is that no
Floatlmage methods alter the alpha channel, so no floating-point version of the alpha
channel is needed. (END NOTE)
To get the red, green, blue and alpha components in the Floatlmage instance, treating all
the arrays as 2D arrays.
int x, y;
float r
float g
float b

fi.getRed(Xx, Yy);
fi.getGeen(x, y);
fi.getBlue(x, y);
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float a = fi.getAl pha(x, y);
To set afloating-point pixel, using 2D coordinates:
float r, g, b;
int x, vy;
fi. setPler( y, r, g, b);
To set afloating- p0|nt pixel, using the 1D internal order:
fi.setPixel (i, r, g, b);
To print the size of the array to the System out:
fi.printSize();
To find the minimum and maximum amplitude color components located at position i in
the 1D internal order:
float intensity = fi.max(i);
float intensity = fi.mn(i);
(A Heading) The Color Converter class

The ColorConverter classis an abstract class that resides in the VS package. The
ColorConverter classis extended with implementations required for methods that convert
from and to the RGB color space. Internally, the ColorConverter class provides a storage
areafor the Floatlmage and ProcessPlane instances.
(b heading) Class Summary
package VS,
i mport java.awt.*
i mport java.io.*;
import lyon.ipl.*
public abstract class Col orConverter {
publ i c ProcessPl ane pp;
public Floatlnmage fi;
publ i ¢ Col or Converter (ProcessPl ane pp_ )
public abstract int[] fronRGE();
public abstract int[] toRGB();
public Fl oat| mage get Fl oat | nage()

(b %eading) Class Usage
A class that extends the ColorConverter class must implement the methods fromRGB()
and toRGB(). A class that extends the ColorConverter classis used to convert a
ProcessPlane instance (an RGB image) into an another col or-space encoded Floatlmage
instance. ThelYQ classis an example of aclass that extends the ColorConverter class:
package |yon.ipl;
I mport VS. *;
public class |YQ extends Col or Converter {
Recall that the RGB to I'Y Q conversion requires a matrix multiplication given by (9.16):

YO [0.299 0.587 0.114 TRO

Jg=10.5% -0.274 0. 322%% (9.16)

@g@ @.211 -0.522 0.311 HBH

An implementation of (9.16) follows:

double A[][] = {
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{ 0.299, 0.587, 0.114},
{ 0.596,-0.274, -0.322},
{ 0.211, 0.522, 0.311}

To create instances of amatrix that knows how to invert itself and multiply itself by other
matricies we use the Mat3 class. We shall discuss the Mat3 class in the following section.
Mat 3 rgb2i ygvat = new Mat 3(A);
Performing the matrix inversion in Javais done at instantiation. The results are much
more premsethan those found i |n most publlcatlons
Mat 3 iyq2r ?bl\/at = rgb2iyghat.invert();
The constructor calls the super c ass, ColorConverter, which copies the ProcessPlane
instance into a new Floatlmage instance. This constructor is required of any classthat is
to extend the ColorConverter.
public 1YQ ( ProcessPlane pp_ ) {

super (pp_);

The following two methods are typical of any that implement a color-space conversion
using a 3x3 matrix multiplication. This happens to be quite common with color-space
conversions, but there are several that do not perform the matrix multiplication of (9.16)
(i.e., polar coordinate color systemslike HVYS and HLS).

public int[] fronREB() {

doubl e pel [];
float r, g, b;
f or (“nt i=0; i < fi.getLength(); i++) {
e =
rgb2|thh£ mul tiply(fi.r[i],fi.g[i],fi.b[i]);
fi.r[i] = (float) pel[0];
fi.g[i] = (float) pel[l];
f| b[i] = (float) pel[2];
.setPixel (i, (int) pel[0], (int) pel[1],
(|nt)pfl[2] 255) ;
return(pp. pel s)
public int[] toRGB() {
doubl e pel [];
for (int i=0; i < fi.r.length, i++)
pel = iyq2rgbMat.multiply(fi.r[i],fi.g[i],
fi.b[i]);
fi.r[i] = (float) pel[0];
fi.g[i] = (float) pel[l],
fi.b[i] = (float) pel[2];
set Pi xel (i, (int) peI[O] (int) pel[1],

(mt)p;:l[g] 255) ;

return(pp. pel s);
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Yoo o
(A Heading) The Mat3 Class— Maple, the Java Gin Joint

The Mat3 classis apublic class that resides in the lyon.ipl package. The purpose of the
Mat3 class is to provide an optimized way to multiply non-sparse 3x3 matricies. It also
acts as atest-bed for experiments in using Maple (a symbolic manipulator) to generate
optimized Java code.
We have found that the code generated by Maple is both human readable and optimized
for speed of execution. When used correctly, the code is also found to be error-free.
Maple is able to ease the programmer’ s burden but only in some cases. In genera the
code that Mapl e generates requires human-manipulation before it becomes usable as Java.
(B heading) Class Summary
package |yon.ipl;
public class Mat3 {
public Mat3 (double af
public double [] [] ge
public Mat3 invert()
public Mat3 multiply(Mat3 bmat 3)
public double[] nultiply(double vl, double v2, double v3

)
public void print()

111)
tArr

(B Leading) Class Usage
Thereis an example of classusageinthelYQ class. The Mat3 classis a public class that
resides in the lyon.ipl package. It is an optimized class designed for multiplying 3x3
matricies by each other or by 3x1’s. It is designed for color-space conversion, but is
generally applicable to other tasks. The Mat3 class also supports afast 3x3 matrix
inversion. Suppose that the following variables are pre-defined:

double A[][] = {

{ 0.299, 0.587, 0.114},
{ 0.596,-0.274, -0.322},
{ 0.211, 0.522, 0.311}
I

Mat 3~ nB:

Mat 3 nBi nver se;
To make anew instance of Mat3 use:
nB = new Mat 3(A);
To find the inversion of an instance of Mat3:
nBi nverse = nB.invert();
To get the double precision 3x3 array stored in a Mat3 instance:
A = nB.get Array();
To multiply two Mat3 instances:
Mat 3 identity = nB. multiply(nBinverse);
(BEGIN NOTE) Foating-point error prevents the Mat3 instance of the identity matrix
from being exact, but it isclose. (END NOTE)
To multiply the 3x3 in Mat3 by a 3x1 to obtain a 3x1 array of double (also optimized),
use:
double r, g, b;
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double v3[] = nB.multiply(r, g, b);
To print aMat3 mstance to the System.out Pri ntStream:
nB. print();
(B heading) Maple The Java Gin Joint
Maple is alanguage for symbolic manipulation [Char et al.]. Maple V was used to
generate optimized Java code for implementing Matrix manipulation in the Mat3 class.
Thisisan interesting twist in Java that we have not seen in any other Java books.
The cotton gin is one of the symbols of the beginning of the industrial revolution. Before
the industrial revolution, al work was perfomed by hand, and assembly-line methods
were unknown. Perhaps, software isin its preindustrial-revolution days too. We have yet
to fomulate automatic methods for the generation of software, except in special cases.
The area of matrix manipulation is one of those cases (and there are few others).
In Maple, the following code will generate the Java source needed to generate atime-
optimal 3x3 matrix inversion:
with(linalg):
readli b(C:
a =array(0..2,0..2,[]):
b =array(0..2,0..2,[]):
b =inverse(matrix(a)):
C(b, optim zed);
The lines are numbered for reference only. Line 1 reads in the linear algebra package into
Maple. Line 2 reads in the C-language generator. Lines 3 and 4 create arrays whose index
starts at zero. Line 5 converts the a array into a matrix type, forms the inverse
symbolically and sets the answer to b. Line 6 outputs the following code:
public Mat3 invert() {
double b[] [] = new double [3][3];

O aAWNE

double t4 = a[0][0] *a[ 1] [1];
double t6 = a[0][0] *a[ 1] [ 2];
double t8 = a[0][1]*a[1][0];
double t10 = a[0][2]*a[1][0];
double t12 = a[0][1]*a[2][0];
double t14 = a[0][2]*a[2][0];
double t17 =

1/ ( - t4*a[2][2]+t6*a[2][1]+t8*a[2][2] t10%a[ 2] [ 1] -
e

b[O][0] = -(a[1][1]*a[2][2]-a[1][2]*a[2][1])*t17;
b[O][1] = -(-a[O0][1]*a[2][2]+a[O][2]*a[2][1])*t17;
b[O][2] = (-a[O][1]*a[1][2]+a[O][2]*a[1][1])*t17;
b[1][0] = (a[1][O]*a[2][2]-a[1][2]*a[2][0])*t17;

b[1][1] = (-a[0][O] *a[ 2] [ 2] +t 14)*t 17,

b[ 1] [ 2] :-(-t6+t10)*t17

b[2][0] = (-a[1][0]*a[2][1]+a[1][1]* a[2][0]) tiz;
b[2][1] = -(-a[O][O] a[2][1] +t12)*t 17

b[2][2] = (-t4+t8)*t 17,

return new Mat 3(b);
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oo . . .
We find this pretty handy. Maple can automatically unwind for-loops, generate auxiliary
variables and save alot of typing. The declaration of double for the temporary variables
(tnn) that Maple generates must be done by hand.

The technique of using Maple extends well into other matrix operations. In Maple, for
example, we can unwind the for loops in a multiplication using:

C(mul tiply(matrix(b), matrix(a)),optim zed):

The optimized output is reformatted, annotatted and appears below:

public Mat3 multiply(Mat3 bmat3) {

double WWV[][] = new doubl e[ 3][3];

double b [][] = brmat3.getArray();

VWYO][0] =
a[ 0] [0]*b[0] [O]+a[ O] [ 1] *b[ 1] [O] +a[ O] [2] *b[ 2] [ O] ;

a[O][0]*b[0][1]+a[0][1]*b[1][1]+a[0][2]*b[2][1]:
a[O][0]*b[0][2]+a[0][1]*b[1][2]+a[0][2]*b[2][2]:
a[1][0]*b[0][0]+a[1][1]*b[1][0]+a[1][2]*b[2][0]:
a[1][0]*b[0][1]+a[1][1]*b[1][1]+a[1][2]*b[2][1]:
a[1][0]*b[0][2]+a[1][1]*b[1][2]+a[1][2]*b[2][2]:
a[2][0]*b[0][0]+a[2][1]*b[1][0]+a[2][2]*b[2][0]:
a[2][0]*b[0][1]+a[2][1]*b[1][1]+a[2][2]*b[2][1]:

a[2][0]*b[0][2]+a[2][1]*b[1][2]+a[2][2]*b[2][2];
return (new (WY ) ;

The process of generating Javais not totally automatic. Some human intervention is
required. The method entry points and returns must be added. Most of the hard work is
done by Maple. The following Maple code will generate Java code, like the above, for
any N, where N is an integer greater than one:

readl i b(linalg):

readli b(C:

multn := proc(N)
ocal a, b, c, v;

I

a.:array(O..N,O..N);

b :=array(0..N 0..N);

c :=array(0..NO0..N);

v :vector([seq(vec[l] i=0..N]);

print(v);

c .= rrultlply(rratrlx(a) matri x(b));

print( " Mult Nby Ntimes Nby N); print(N+1);

N
C(c, optim zed);
N

print( Mult Nby Ntimes Nby 1); print(N+1);
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c :=multiply(matrix(a),v);

C(c, optimzed);

c :=inverse(matrix(a));

print('inverse' ); print(N;

C(c, optimzed);

end;
The amount of time Maple takes to perform the multn procedure increase quadratically
with increasing N. Therefore, this technique will not be practical for all sizes of N. Also,
we have not optimized for specially sparse matricies, like rotation matricies that occur in
computer graphics and robotics.
(A heading) Image Geometry

In this section we cover the derivation and implementation of elementary 2D image
transformation using matrix multiplication. We will cover the operations of trandation,
rotation, scale and shear, using 3x3 matrix multiplications. To perform these operations,
we shall make extensive use of the Mat3 class, derived in the previous section.

(B heading) 2D trandation

To tranglate a point, p, whose coordinates are ( p. X, p. y) plane by an amount, t, whose
offset isgiven by, (t.x,t.y), use:

p=(p.x+tx,py+ty) (9.17)
In Java notation
pPrinme = p.add(t);
An implementation of this may be found in the point class, which resides in the lyon
package:
public class point extends Conputation {
doubl e x
double y

0;
0;

public point add(point t) {
return new point(x +t.x, y +t.y);
}

Thisisa particularly slow implementation, because a new point is allocated every time an
addition is performed. We use such code for illustration, only.
(B heading) 2D scaling

To scale apoint, p, whose coordinates are (p. X, p. y) plane by an amount, t, whose scale
isgiven by, (s.x,s.y), use:
p=(p.x*sxp.y*sy) (9.18)

To scale about a point, t, first trand ate to the origin, perform the scaling, then translate
back. This may be represented by:

pP=((pX=t.X)* sx+t.X(p.X-t.y)* sy+t.y) (9.19)
In Java, we can express (9.19) and (9.18) by overloading a method in the point class:

public point scale(point s) {
return new point(x * s.x, y * s.y);
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In the following implementation of (9.19) we scale about point t.
public point scale(point s, point t) {
return new point((x - t.x) * s.x +t.x, (y - t.y)*

s.y+t.y);

Since (9.18) scales about the origin, the point will move relative to the origin. Further, if
scaling were uniform, the amount of scaling in each dimension would be equal.
(B heading) 2D rotation
An example of rotation about the center of an image is shown in Figure 9.16.

Figure 9.16 Lenarotated about the center of the frame
To rotate about the center of an image, first trandate the center to the origin, rotate, then
trand ate back.

To rotate a point, p, whose coordinates are (p. X, p. y) plane by an amount, 8, about the
origin use:

p =(p.xcos6 - p.ysinG, p.xsind + p.ycosH) (9.20)
To rotate about a point, t, first tranglate to the origin, perform the rotation, then trandate
back. This may be represented by the column vector:

[ p.x —t.xX)( p.xcosO — p.ysin @) +t.x0

p= ( . ) 0 (9.21)
p.x—t.y)(p.xsin@ + p.ycos6) +t.yH

Positive angles are measured counter clockwise. As an exercise, you should be able to

reformulate the rotational transformations for negative angles. Use the identities:

cos(-6) = cos6
sn(-0)=-sin6
Proof of p'=(p.xcos6 - p.ysin®, p.xsing + p.ycosH):
Suppose that a complex number of magnitude r representsp sothat p = re'?, Then
rotation, with respect to the origin, by an amount of 8, can be had by multiplication via
another complex number, p, = €° so that
P = pp, = re’e’ =re®? (9.22)
by Euler’ srelation, €° = cosf +isin@ we obtain:
e*? =r[cos(6 + ) +isin(6 + ¢)] (9.23)
We then invoke the double angle formulas for sine and cosine to obtain:
60 §°S¢C°j°’6 ~sngsing+ . (9.24)
(cosgsin@ +singcosb)
Recall that p =re? is, by Eularsrelation:

p=re? =rcos@+irsing=p.x+ip.y (9.25).
Substituting (9.25) into (9.24) yields
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. .XCos@ - p.ysin@ +
p=re® = = _ Py B (9.26)
(p.xsin@ + p.ycos8)
From (9.26), it follows directly that rotation about the origin is given by:
p =(p.xcos6 - p.ysinG, p.xsin 6 + p.ycosH)
Q.E.D.
(BEGIN NOTE) An display of the amplitude vs the phase of a waveform can be rotated
by the introduction of adelay.(END NOTE)
In the Shape class we implement the point rotation about any point using atranslation to
the center, followed by arotation, followed by atrandation back. The Shape class resides
in the lyon package. This code modifies the original point so that time does not have to be
spent allocating and disposing of new point instances.
public void pointRotation(point p, point pc, double theta)
{
/1 rotate point p about pc an anount of theta radians
/1 return the nodified point
doubl e c_theta = Math. cos(theta);
double s theta = Math.sin(theta);
double tx = pc.x + (p.x - pc.x) * c_theta - (p.y -
pc.y) * s_theta,
double ty = pc.y + (p.y - pc.y) * c_theta + (p.x -
pc.X) * s_theta,
p.Xx = tx;

p.y =ty

The point rotation may be applied to images or to graphic objects. Figure 9.17 shows a
pin-hole camera used for simulating a diffraction rangefinder in the DiffCAD program.
Asthe camerais repositioned, it automatically pans to point toward the center of a
diffraction grating.

Figure 9.17. A pin-hole camerarotated about its center of focus.

X

homogeneous coordinate transformsin 2D
So far we have see that trandlation, scaling and rotation are:

p=(p.x+tx,py+ty) (9.17)
pP=((p.X=t.X)* sX+t.X(p.X-t.y)* sy+t.y) (9.19)
and
[{p.X —t.X)(p.xcos8 - p.ysin6) +t.x[J

= 9.21
P 5p.x—t.y)(p.xsin6+ p.ycose)+t.y5 (2.21)

In order to concatenate several transforms into a single computational entity, we
introduce homogeneous coordinates. Thiswill speed the computation of combinations of
servera transformations by creating a single matrix against which points will be
multiplied. For this discussion, we follow [Foley et al.].

With homogeneous coordinates we use tuples in 2D; (x,y,w). Also, one of the coordinates
must be non-zero (typically w is non-zero).
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Iff
i

Pz%m

EwE

P'=aP (9.27)
then P and P represent the same point. That is, alinear combination of P does not alter
the position of the original point. The proportionality factor, a, iseliminated by
computing the Cartesian coordinates of the homogeneous point:

Cartesian coordinates = (x/w,y/w,1) (9.28)
The XYW homogeneous coordinate space, with the w=1 plane and point P(x,y,w)
projects onto the w=1 plane.
Homogeneous coordinate transformations in 2 space require a 3x3 matrix multiplication.
(BEGIN NOTE) If al you want to do is trandlate, you are doing 3 multiplies and 2 adds
for nothing!(END NOTE)
The matrix form for the trandlation is:

P.xO0 @ 0 t.Xxp.xO

Py L tyapyg

H18 B 0 LHLE (9.29)
Whichisjust like

p=(p.x+tx,py+ty) (9.17)

with the exception of the w variable. (BEGIN NOTE)Multiplication by zero in (9.29)
takes the computer as long to do as the multiplication by a non-zero (unless we intercept
this special case) (END NOTE)
Some graphics text books premultiply rather than postmultiply by the column vectors. To
convert between the forms, use transposition:

[p'.xﬂ [p.xﬂD. 0 t.xgd

EP'.yE = EPVB g) 1 t.y% (9.30).

B1H B180 0 10
Expanding (9.30) resultsin:

0l 0 0O
[p.x p.y 1=[px py ]}EO 1 OB (9.31)
Hx ty 1

The Java implementation of (9.29) may be found in the translation method in the Mat3
class of the lyon.ipl package:
public Mat3 translation(point t) {

a = new doubl e[ 3][ 3];
a[0][0] = 1;

a[1][1] = 1;

a[2][2] = 1;

a[0][2] =t.x;
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a[1][2] =t.y;
return new Mat 3(a);

Suppose we write:
public static void main(String args[])
Mat 3 trans = Mat3.transl ati on(new point(2,3));
trans.print();

Thg:n the output is:

102

013

001
Now we can perform the homogeneous coordinate transformations using matrix
multiplications. We use this ability to concatenate many transformationsinto asingle
matrix representation. For example:

public static void main(String args[]) {

Mat 3 transl = Mat 3.transl ati on(new point(2,3));
Mat 3 trans2 = Mat 3.transl ati on(new point(1,2));
Mat 3 trans3 = transl. multiply(trans2);

transl. print();
Systemout.println("™ * " );
trans2.print();
Systemout.println(" =");
trans3.print();

| *
= O or o or o
R O1TWw PN P WwWN

OoOFrr OOFr oOOoPRrY

00
Thisis aconcatenation of two transformations, transl and trans2, into asingle
transformation matrix, trans3. The matrix product is also called compounding, catenation,
concatenation or composition. Once the transform is formulated, it may be applied to all
points in the scene. Several policy issues must be resolved in order to implement matrix
compounding:

We have alocated the memory for atransformation matrix using a static method in the
Mat3 class. The memory allocation is dynamic and possibly wasteful. This might be OK,
however, since the number of transformation matricies may be small, relative to the
number of points that require transformation. When we are done with the transformation
matrix, we should set it to null so that the garbage collector can reclaim the storage.

It is probably good policy to keep a copy of the master object and apply the composite
transform to al the points each time. Incrementally transforming the points on an integer
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coordinate system (like an image plane) will distort the image. For example, suppose that
| wanted rotate an image by 50 degrees in 10 degree increments. The progression of the
image is shown in Figure 9.18.

Figure 9.18. Incremental rotation in an integral coordinate system.
Figure 9.18 shows that when the result of arotation is used to supply datafor the
transform input, the result gets distorted and that error accumulates through the
transforms. To reduce the distortion, we start with the original data and recompute the

transformation matrix. The same 50° rotation can be had, without accumulating
distortion, as shown in Figure 9.19.

Figure 9.19. Non-incremental rotation in an integral coordinate system
An interesting aspect of the distortion is the aesthetic quality of an image after the

incremental rotation. Figure 9.20 show what happens to the poor mandrill after a 360°
rotation is accomplished in 18 steps of 20° each.

Figure 9.20. Mandrill after 18 incremental rotations of 20° each.
The matrix form for the scaling is:

p.x0 ».x 0 Op.xO

B.yg=H0 sy Opyp (9.32)

1 3 g0 0 1149
The Java implementation of (9.32) is:

public static Mat3 scal i ng(point s)
e mM][] = new doubl e[ 3]][3];

}
Successive scalings are multiplicative, just like successive translations so that:
public static void main(String args[]) {

Mat 3 transl = Mat 3. scal i ng(new point(2,3));
Mat 3 trans2 = Mat 3. scal i ng(new point(1,2));
Mat3 trans3 = transl. nul tiply(trans2);

transl.print();
Systemout.println("™ * " );
trans2.print();
Systemout.println(" =");
trans3.print();

P
Resultsin:
20

ooy oo
ONO OWw
OO OO
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200
060
001
Figure 9.20 shows the mandrill with a 3:1 zoom out followed by a3:1 zoom in. This
effect wasfirst done optically by systems like the Blockpix processor [Manning]. Our
empirical test show that the color gamut produced by Blockpix processors has awider
range than that produced by color monitors.
Figure 9.20. Original mandrill, Zoom out 3:1, then Zoom in

The matrix form for the rotation is:
p. xD [cos@ -sin@ Om:pxm

ao %m@ cos6 0%) yD (9.33)

g1 @ g0 0 1091 H
The Java implementation of (9.33) follows:
public static Mat3 rotation(double theta) {
double n{][] = new doubl e[3]][3];
doubl e cas = Math. cos(theta);
doubl e sas = Math.sin(theta);

nO0][0] = cas;
n1][1] = cas;
nMO0][1] = -sas;
nM1][0] = sas;
return new Mat3(rr)

(BI%GIN NOTE)
The Math.sin and Math.cos functions in Java use radians for input.
(END NOTE)
As an example:
public static void main(String args[]) {
Mat 3 trans3 = Mat3.rotation(90 * pi On180);
trans3.print();

produces:

0-10

100

00O
The rotation and tranglation transforms are rigid-body transformations since they do not
distort the object. Scale is not arigid body transformation since scaling inthex and y
directions may be different.
Affine transformations consist of sequences of rotation, translation, scale and shear
operations. Affine transformations preserve the parallelism of lines, but not lengths or
angles.
Shear can go in the x or y-direction. For example:
The shear transform in the x-direction is given by:
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P.xO0 @ sh.x OIp.xO
PyrE® 1 ogpyg
BE18 ® 0 110 (9.34).

The shear transform in the y- direction isgiven by:
xD 01 0 Op. XD

EP =dhy 1 Ogpy yD (9.35).
g1 @ O 0 11 A
An implementation for the construction of a shear matrix follows:
public static Mat3 shear (point sh) {
doubl e nf] [] = new doubl e[ 3] [ 3] ;
0

nf0][0] =

n1][1] = 1;
n2][2] =1,
nO0][1] = sh.x;
n1][0] = sh.y;
return new Mat 3(m;

The following shows an example of the shear method being invoked:
public static void main(String args[]) {
Mat 3 transl = Mat 3. shear (new point(1,2));
transl.print();

The output follows:
110
210
001

(B heading) Applications of affine transforms
In this section we show some examples of the use of affine transformsin the Diff CAD
program for manipulating image data. In all the cases, the ProcessPlane class has been
modified to permit the use of a 3x3 matrix transform to process the output coordinates of
the image. The output coordinates are multiplied by the matrix transform, centered on the
image coordinates. The result of the multiplication is used to resample the input image.
No filtering is performed, so we can expect aliasing effects. The heart of the
transformation is a method called xform:
public void xforn(Mat3 transformnm {

int w= getWdth();

int h = getHeight();

int xc = w 2;

int yc = h/2;
We see that the xform method takes a precomputed tranformation matrix in the form of
an instance of the Mat3 class. The height and width are obtained from the input image.
The output image is stored in an instance of the ProcessPlane, pp:

ProcessPl ane pp = new ProcessPl ane(w, h);
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The result of the 3x3 matrix multiplication by a3x1isa3x1. Theresult isstoredin an
array called p:
doubl e p[] = new double [3];
int pixel;
i nt xp. YD; . . .
We follow the idea of [ Expeset] and start to scan the output image using coordinates that
bias the center of the image toward the origin. This permits rotation about the center of
the image, rather than the origin (the upper left corner of the image in the Java AWT).
for (int x = -Xc; X < XC; X++)
for (int y=-yc; y <yc;, y++) {
p=transformmultiply(x,y,1);
xp = (int) p[0O]+xc;
yp = (int) p[1]+yc;
if ((xp <wW && (yp < h) && (xp >= 0) && (yp >= 0)) {
pi xel = getPi xel (xp, yp);
pp. set Pi xel (x+xc, y+yc, pi xel );

}
pel s = pp. pel s;

The xform method permits implementation of any of the transforms by creating a 3x3
matrix and calling xform. For example, the ProcessPlane method, turn:
public void turn(doubl e degrees) {
doubl e pionl180 = Math. Pl / 180. 0;
doubl e theta = degrees * pionl80;
xform(Mat 3. rotation(theta));

Another example is the ProcessPlane method, zoom:
public void zoon(doubl e percentage) {
xf or m( Mat 3. scal i ng( new poi nt ( per cent age, percentage)));

Finally we implement the shear in x and y using:
public void shearx(doubl e shx) {
xf or n( Mat 3. shear (new poi nt (shx, 0)));

public void sheary(doubl e shy) {
xf or ( Mat 3. shear (new poi nt (0, shy)));

Thg results of ashear in x and ashear iny are shown in Figure 9.21.
Figure 9.21. Shear in x and shear iny.

Instead of making a new image, we can use the input image as the canvas for out output.
We can then reprocess the image, using the result. Thisis known as afeedback 1oop.
Many cool effect are based on feedback. Figure 9.22 shows zoom being used with
feedback. The only modification that we need to make is to add a new xform method to
the ProcessPlane, called xformfeedback. The xformfeedback method isjust like the
xform method except for one important difference:

for (int X = -XC; X < XC; X++)
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for (int y=-yc; y <yc;, y++) {
p=transformmultiply(x,y,1);
Xxp = (int) p[0O]+xc;
= (int) p[1] +yc;
it ((xp <w & (yp < h) && (xp >= 0) & (yp >= 0)) {
pi xel 3et Pi xel (xp, yp);
A thisthis poi nt in the code, xform would set the pixel on a ProcessPlane
instance...instead xformfeedback usesits own.

set Pi xel (x+xc, y+yc, pi xel);
}

} Figure 9.22. Many cool effects are based on feedback
Orginally analog feedback was obtained by pointing two mirrors at one another. People
who frequent barbershops are typically placed in chair that have amirror in front and a
mirror behind them. The images are scaled in size and place inside one another. This
feedback appears to go on forever. Electronically, the feedback may be performed by
pointing a video camera at a monitor that outputs what the video camera scans. This type
of processing permits video synthesizers to be placed into the loop. Now a days
companies like Quantel and Ampex produce video equipment that is able to produce
effects like thisin real-time [Schwartz et a.]. Figure 9.23 shows L ena after rotational
feedback is performed (the process of evolution into the form shown is actually more
interesting than the final form itself). To implement the feedback effect, we simply
invoke the feedback version of the xform method:

public void turnfb(doubl e degrees) {

doubl e pion180 = Math. Pl / 180.0;

doubl e theta = degrees * pi onl80;

xf or nf eedback(Mat 3. rotation(theta));

We can combine effect sequentially, without any modification to Diff CAD. Figure 9.24
shows zoom feedback applied to the result of rotational feedback.
Figure 9.24 Rotational and zoom feedback (sequentially applied)
With a small modification, we can create a composite transform matrix that can yield
composite transform feedback. The following method (called shearyfb) shows how
multiplication of severa transform matricies can create a concatenated transform matrix:
public void shearyfb(double s) {

Mat3 t = I\/at3.shear(new point(.5,.5));

poi nt tp = new point (1.4, 0.9);

t.multi p y(Mat 3. scaling(tp));

t.multiply(Mat3.rotation(20*Math. Pl/180));

xf or nf eedback(t);

}

Theresult of this effect is shown in Figure 9.25.

Figure 9.25 Composite transform feedback
As afinal thought, we propose a theory that allows for the clear distinction of visual
computer art. We claim that art is a language of communication and that, like any
language, art forms have grammar. For example, camera grammar might be; dolly, pan,
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tilt and rotate. Thus we claim that computer art is different from other art formsin that it
contributes new effects for image manipulation (i.e., the affine feedback transform).

(A Heading) Summary

In this chapter we showed how to take a histogram, perform an FFT, IFFT and to use
these transforms to filter an image. One application that we explored was the creation of
diffraction in the far-field. This was made possible by some simplifying assumptions that
made far-field diffraction computationally identical with the FFT.

We also introduced an algorithm for raster to vector conversion. Thisis an essential first
step in extracting linear features from an image. The vectors still require ordering (the
Chinese Postman problem). Space and time do not permit us to explore a solution, though
we do have one [Lyon 85].

In this chapter we have explored affine transformsin there typical use, take an input
image, process it, place it in an output frame. We showed how to make a ssmple variation
on the affine transform by using feedback.

This simple variation on the use of the affine transforms makes for a wonderfully rich
asthetic exploration (i.e., eye candy). The rotational feedback about the center has a
polor-coordinate symmetry appears to leads to decentralized eye-movement. Such
patterns appear to have an aimost mandala-like effect. We theorize that decentralized eye
movement assists the mind in achieving the meditative state. Time did not permit usto
develop anice interface to our image manipulation system. This might be a topic of
future exploration. One aspect of the 2D image effects, that we have not been able to
convey in the figures, is the asthetic aspects of the image evolution. During small
incremental steps, intermediate results have been saved to create fascinating experimental
animations that permit an exploration into the grammar of affine feedback.

As another whirlwind chapter comesto a close, it is doubly sad, asit marks the end of the
book and there is so much left to do! To explore image warping further, the reader is
guided to [Wolberg]. To further research into 2D image effects, [Holtzman] provides a
unique perspective.

Image processing is an huge topic and there are so many good books to choose from. We
have been looking to [Pratt] and [Myler] for inspiration and guidance.
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Subimage(pp2) 434
Subimage(ProcessPlane pp) 431
threshold(int konst) 431
turn(double degrees) { 546
xformfeedback. The xformfeedback method isjust like the xform method except for
one important difference 548
zoom(double percentage) { 547

ProcessPlane Class 431

Progressive Display 455

Prolog 51

protected 109

PSD 300

PSD Computations 377

psychological 510

psychophysical 510

public 109

Pulse Code Modulation 296

Quadrature 514

Quantel 548

Quantization 296

RaceThread 135

RADAR 407
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Radiancy 509

range image 406

raster to vector algorithm 502
Raster to Vector Conversion 499
RatFOR 13

readAUFile 310
readBoolean 270, 272
readByte 270, 272

readChar 270, 272
readDataFile 286
readDouble 270

readFloat 270, 272
readFully 270, 271

readint 270, 272

readlib 529

readLine 270

readL.ong 270, 272
readShort 270, 272
readUnsignedByte 270, 272
readUnsignedShort 270, 272
readUTF 270, 273
real-time codec 374

rea _dumb 113

rectangular window 398
recurses on all directory names 268
Recursive File Lister 265
red 149

removeNoise 388
removeNotify 188
requestFocus 188
Resampling 401

reshape 186

Resnick 509

reverseFFT 371

RGB 148

rgb2hls 513

rgb2iygMat 522
RGBtoHSB 150

RLE 450, 451

Robert Frost 232

Roberts 500

rods 511

Rogers 515

rotation 532

RTF 33, 278

Run Length Encoding 451
sampling 301

saturation 513
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sawtooth 298
scaling 531
scaling labels 339
Scanners 407
Schwartz 548
Scrollbar 184
Scrollbar Class 215
SECAM 514
select 225
separability 487
setBackground 186
setCheckboxGroup 212
setColor 154, 157
setFont 154, 186
setForeground 186
setlconlmage 204
setlabel 169, 212
setLinelncrement 216
setMenuBar 204
setPagel ncrement 216
setPaintM ode 154, 157
setPrintStream 289
setResizable 205
setState 212
setTitle 204
setUlawData 319
setValue 215
setXORMode 154, 157
SE_RESIZE_CURSOR 203
shear 544
show 186
Simula 1l
skip 272
skipBytes 270
Slope

isEqual(Slope s) { 507
Slope class 505
SNR 317
Sound 295
Sound blaster 305
Spectra 298
Spectral Leakage of the DFT 389
spectral radiancy. 509
spectrum 298
startAtThisDir 267
statement 54
statementBlock 54
staticlnitializer 54
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Stefan-Boltzmann 509

stop() 136

StreamTokenizer 281, 282, 294
commentChar(int ch) 282
eol I sSignificant(boolean flag) 283
lineno() 283
lowerCaseM ode(boolean fl) 283
nextToken() throws |OException 283
ordinaryChar(int ch) 282
ordinaryChars(int low, int hi) 282
parseNumbers() 283
pushBack() 283
guoteChar(int ch) 282
resetSyntax() 282
slashSlashComments(boolean flag) 283
slashStarComments(boolean flag) 283
StreamTokenizer. TT_EOF 284
StreamTokenizer. TT_EOL 284
toString() 283
TT_EOF 282
TT_EOL 282
TT_NUMBER 282
TT_WORD 282
whitespaceChars(int low, int hi) 282
wordChars(int low, int hi) 282

string 58

stringExpression 56

stringWidth 165, 166

Stroustrup 3, 11

subsampling 402

sun.audio 304

switchStatement 55

SW_RESIZE_CURSOR 203

syntax 49, 60
additive_operators 63
assignment_operators 65
bitExpression 68
bitwise AND_operator 64
bitwise OR 64
bitwise XOR 64
Break 80
break statement 80
Comments 59
conditional_operator 64
continue 80
Continue 78
continue_statement 79
creation_operators 63
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equality_operators 64
expression 67
Expressions 67
Flow of Control 66
For 77
forStatement 77
identifier 61
Identifiers 61
If 68
if Statement 68
keyword 61
logica Expression 67
logica_AND 64
logica OR 64
MBNF 59
multiplicative_operators 63
numericExpression 67
Operators 62
postfix_operators 63
relational_operators 64
Return 81
return_statement 81
shift_operators 64
stringExpression 68
Switch 73
switchStatement 73
Syntax 59
testingExpression 67
unary operators 62
unary_operators 63
variableDeclaration 77
variableDeclarator 77
variablelnitiaizer 77
While and do statements 72
systemThreadGroup 142, 145
S RESIZE_CURSOR 203
Tamil 119
TargetControl Panel 210
Teevan 510
television 441
Telugu 119
testDFT 359
testingExpression 56
testPSD 378
TextComponent 184
TEXT_CURSOR 203
Thai 119
The FontMetrics Class 163
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theDate 137
theDate.toString 167
theFontMetrics 167
ThreadGroup 142, 143, 145
threadGroupsArray 142, 145
Threads 132

Timer 353
tokens.nextToken() 287
tokensTT_EOL 287
tokensTT_NUMBER 287
toLowerCase 120

Tony Hoare 49

toString 120, 188
toTitleCase 120
toUpperCase 120
traditional typesetting 164
transformation matricies 514
Transforms in the AudioFrame 379
trandate 154, 158
tranglation 530
Transparency 445, 446
tristimulus 511

tristimulus theory 511
tryStatement 55, 130
turbulence 298

type 57

typeDeclaration 53
typeSpecifier 57
ulawArrayOfByte 319
UlawCodec 309, 319, 325
UlawCodec Class 318
Unicode 273

USSR 514

UTF 273

validate 186

validation 30
variableDeclaration 54
variableDeclarator 54
variablelnitializer 54

VEC 447, 480

Vector formats 441

vector formats, 440
VERTICAL 215

Very Low Bit Rate Voice Compression 374
Video 407

Visibility 110

Visibility 108
visibility_modifier 109
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VLBRVC 374

V'S package 520
WAIT_CURSOR 203
Walker 390, 497

Watson 15

wave table length 329
WaveTable 330

WEBOS 1, 4

Welch 390, 452
whileStatement 55, 72
white 149

width 137

William Wordsworth 344
windowAudio 392
windowing 390
WINDOW_DESTROY 208
Wolberg 407, 551
wrapper class 50
writeAUFile 319, 322
writing M -law 322
W_RESIZE_CURSOR 203
xScaleFactors 219
Xy2vec 502

yellow 149
yScaleFactors 220
Zetalisp 2

Ziv 452
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