
 

 
Abstract—H.264 video decoder is a good choice for embedded 

instruments because of its higher compression ratio than MPEG2, 
as well as its higher requirements of run-time computational 
resource. Multi-core system is the future of the embedded 
processor design for its power efficiency and multi-thread 
parallelization, and can be used to fit well with the requirements 
for this decoder. To simulate and evaluate the performance of 
such application-specific multi-core systems effectively, a method 
based on the combination of TLM language (SystemC) and 
shared-memory parallel programming model (OpenMP ) is given, 
and experiments show that it can effectively simulate the system 
in a short time and more importantly, it can be used to help 
analyze the efficiency of each task-parallelization strategy. After 
optimization, the speedup ratio for each slice decoding can get 
about 3.06 on average under 4-core multi-core systems. 

I. INTRODUCTION 
Since the video processing algorithm is becoming more and 

more complex, the processing capability requirement is also 
on increase [1], it has reached at about 100 GOPS [2].For such 
processing capability requirement, embedded multi-core 
processor is one appropriate choice for its multi-thread 
parallelization and the flexibility, as well as the power 
efficiency, which matches well with the characteristics of 
video processing [3]. 

To design and simulate such multi-core video processing 
systems, the first thing to do is to model the total system as 
fast as possible to make the early choice for the task allocation 
onto each core. TLM (Transaction Level Modeling) is always 
used for this step [4], and is regarded as the golden tool for 
system-level SoC designs [5]. However, considering the 
complexity of the multi-core systems, the time cost of code-
writing for the task-level parallelization is huge and the design 
will need very careful writing since one sentence is activated 
earlier or later will affect the tasks running on the other cores, 
so the debug work is trivial. Therefore, it will not fit well with 
the fast system-level modeling. From the software engineer’s 
view, shared memory parallel programming model is used to 
model the software running on the multi-core systems and is 
proved to be successful [6]. However, such methods can’t 
model the timing behavior of the system accurately. To cope 
with such problems, a new method based on the combination 
of these two methods is proposed to model the multi-core SoC 
for video processing. 

The contributions of this paper are as follows: 
1, A system-level design methodology based on the 

combination of SystemC and OpenMP is given for such multi-
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core video processing systems [10] [11]. 
2, A system-level design of h.264 video decoder is given 

with the proposed method.  

II. PROPOSED DESIGN METHODOLOGY 
The total system design flow is shown in Fig. 1. Taking 

h.264 video decoder as an example, the h.264 bitstream is put 
into the system, and simulated by the system model, through 
the basic task analysis and the iterative system evaluation for 
the time and power cost, the best task allocation strategy can 
be obtained at last. 

 
Fig. 1 Proposed Design Methodology 

Particularly, the detailed system model is shown in Fig. 2. 
The main processor acts as the main controller, the shared 
memory is the common memory space used by these 
processors. For this multi-bus multi-core system, the number 
of the buses is the same as the number of the cores. To make 
this model more accurate, a cycle-accurate AHB bus model is 
referred to here(Based on the AMBA 2.0 Specification [12]), 
which is designed at the transactional level and used in my 
previous paper [13].For the modeling of these , both SystemC 
and OpenMP are used to realize the modeling of the 
parallelized tasks. All these together are integrated into the 
total system-modeling framework.  

 
Fig. 2 System Architecture Based on the Proposed Methodology 
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III. SIMULATION RESULTS 
Based on this proposed architecture, the total multi-core 

h.264 video decoder is simulated. Through the macro-block 
level parallelization, the best speedup ratio and power 
efficiency can be obtained by the optimization of   various 
task-allocation strategies. The time is calculated by the 
counting of the running cycles and the power is calculated by 
the annotation of each function using the Wattch toolset [14].   
And finally the simulation results for different video test 
sequences are shown in Fig. 3 and Fig. 4. Although the 
simulation results for different test sequences are not the same, 
the same conclusion can be drawn that 4 core will be the best 
choice. 

 
Fig. 3 Speedup Ratio Versus the Number of the Cores 
 
 

 
Fig. 4 Power Cost Versus the Number of the Cores 
 

Simulation time cost of this methodology in comparison 
with other methods for the same h.264 video decoder is shown 
in table I. It shows that the simulation time for the RTL code 
using Modelsim is about 773s per frame, and with the 
Simplescalar toolset this cost is about 84s per frame [15], the 
proposed methodology has the least simulation time cost 
which means that it will be the best choice for the initial 

system-level simulation. Meanwhile, the code size is also the 
least, which can be used for fast prototyping of such complex 
systems. 

TABLE I 
COMPARISONS FOR SIMULATION TIME COST AND CODE SIZE 

 Modelsim Simplescalar SystemC+Open
MP (Proposed) 

TimeCost 773s/frame 84 s/frame 30.26 s/frame 
CodeSize 58838 Lines 52521 Lines 26496 Lines 

IV. CONCLUSION 
An effective transaction-level design methodology based on 

the combination of SystemC and OpenMP is given in this 
paper, and a TLM model of multi-core h.264 video decoder is 
implemented under this framework as a case study to show its 
efficiency. Since this will be much faster than other relative 
methods, it can be used for the system-level fast prototyping 
of such multi-core systems, especially for industrial product 
prototyping. 
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