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 In H.264/MPEG-4 AVC, the entropy coder, Context-based Adaptive Binary Arithmetic 
Coding (CABAC), plays an important role and can save significant bit rate in typical 

broadcast applications. The design and implementation of the CABAC is difficult due 

to its inherent bit-serial nature. In this paper we investigate the complexity of the 
algorithm for the arithmetic coding in the new H.264 and propose an optimization 

technique for the hardware implementation.  We also propose a reduced memory 

requirement and efficient memory organization for easy integration with other blocks.  
This proposed hardware accelerator will give high performance Context based Adaptive 

Binary Arithmetic decoding (CABAC) used in H.264/AVC.  We also developed control 

block so that the design will give one decoded bits for every clock cycle.  This 
hardware will support two regular decoder and two by pass decoder to improve the 

speed. The clock gating and dynamic voltage scaling is adopted to reduce the power 

consumption of the proposed unit. The results show that minimum and maximum 
power consumption of 8% and 10% respectively. The proposed design is coded using 

VHDL language and its functionality is verified by Modelsim. The hardware 

architecture is implemented in FPGA platform using Xilinx EDA tool and the 
experimental results shows that the design is sufficient to decode 30 frames per second. 
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INTRODUCTION 

 

 In present days, there is large number of 

consumer products such as broadcast and streaming 

of standard definition TV, Personal Digital 

Assistants, digital cameras, video telephony, portable 

DVD player as well as storage are common practice. 

All those applications which are mentioned above 

demand efficient management of large amount of 

video data.  This motivated large number of 

researches in academia and industry to develop an 

advanced video coding to take care of need of the 

people. H.264/AVC [Thomas Wiegand, 2003] video 

coding standard is the latest international standard 

developed by the ITU-T/ISO/IEC.  The standard is 

jointly developed by ITU-T Video Coding Experts 

Group and the ISO/IEC Moving Picture Experts 

Group. 

 The new developed standard provides gains in 

compression efficiency of up to 50% compared with 

the former standards with same video quality over a 

wide range of bit rates and video resolutions. This 

standard has the  decoder complexity is about four 

times that of MPEG-2 and two times of MPEG-4 

Visual Simple Profile. In H.264/AVC includes 

variable block sizes, Hadamard transform, RD 

Lagrangian optimization, B-frames, 1/4 displacement 

vector resolution, increasing search range and 

reference frame number and this will contribute 

computational complexity.  It employs many 

innovative technologies such as multiple reference 

frame, variable block size motion estimation, in-loop 

deblocking filter and context-based adaptive binary 

arithmetic coding (CABAC). Many new methods are 

proposed but CABAC is considered a significant 

revolution.  

 The more efficient traditional entropy coding is 

CABAC and it is better than any other coding. The 

CABAC is comparatively much more complex than 

traditional entropy coding.   Due to the complexity 

no hardware architecture has been proposed in the 

open literature.  For simple profile, H.264/AVC 

employs a simpler entropy coding method named 

context-based adaptive variable length coding 

(CAVLC). CAVLC can save 10% of computation 

time at the expense of 7% increase in bit-rate 
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compared with CABAC [Pan et al., 2003]. Many 

implementation results of CABAC show that it 

consumes about 10% of total decoding time.  It 

makes the designer to accelerating the CABAC 

decoding with hardwired implementation for high-

performance and with low power 

implementation[Sullivan et al.,2005].  There are 

several hardware works are proposed with fast 

multiple bin-per-cycle arithmetic encoding/decoding 

architectures, none of them takes system design 

issues into consideration. Due to data and control 

dependency, it is very difficult to keep the arithmetic 

decoding engine highly utilized.  First we analyze the 

numbers of cycles needed to decode each type of 

syntax elements in a macroblock.   

 In this paper we propose a parallel decoding 

method to reduce number of clock cycles required 

for decoding Coded block flag syntax elements 

(SEs), decoding coefficient SEs a two-bin-per-cycle 

and  a context table re-arrange method for decoding 

Significant &Last significant pair SEs. The rest of 

this paper is organized as following. In Section 2, we 

present our CABAC algorithm. In Section 3, we 

present CABAC decoding architecture. In Section 4, 

we propose parallel architecture.  In section 5, we 

propose low power design techniques. The 

experimental result is shown in Section 6. Finally, 

we discuss the conclusions and future work in 

Section 7. 

 

II. Cabac Algorithm: 

 The CABAC decoder [Schwarz et al., 2003] 

reads in bit stream and outputs meaningful 

information. The H.264/AVC standard defines this 

meaningful information as syntax element (SE).  The 

basic block diagram is shown in figure 1.   CABAC 

defines three variables namely codlOffset, codlRange 

and MPS. 

 

 
 

Fig. 1: A basic block diagram of CABAC decoding. 

 

 (the most probable symbol). The CABAC 

decoder determines the value of output bit according 

to the values of codlOffset and codlRange. For 

example, when codlRange is larger than codlOffset, 

the value of output bit will be equivalent to that of 

MPS. 

 
 

Fig. 2: Arithmetic decoding engine for one bin. 

 

 The H.264/AVC standard defines there are five 

tables namely five tables: context table, initial table, 

qCodIRangeIdx table, transIdxLPS table and 

transIdxMPS table used for the CABAC decoder. 
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From the initial table the context table is constructed 

and is indexed by the variable context. Each entry of 

the context table contains two variables: pStateIdx 

and MPS [J. Kneip et. al., 1999]. The higher the 

value of pStateIdx is, the more probable the output 

bit equals to MPS. During the decoding process, we 

update codlRange by looking up the qCodIRangeIdx 

table and update the corresponding entry in the 

context table by looking up the transIdxLPS table 

and the transIdxMPS table. The flow chart of 

CABAC decoding is shown in Figure 3.  

 

 
 

Fig. 3: Flow Chart of CABAC. 

 

 At the beginning of a new slice, we build the 

context table from the initial table. Using the first 

two bytes of the bit stream codlOffset and codlRange 

are initialized at the beginning.  After initialization 

one macrobalock is decoded.  In the macroblock 

layer, the CABAC decoder should first decide which 

syntax element (SE) to be decoded. Secondly the 

decoder calculates context by referring to the syntax 

elements of the left, top, or current macroblock 

[Rijkse, 1996]. The decoding process is now divided 

into three stages: normal decoding process, bypass 

decoding process and terminal decoding process. 

 The flow chart of the bypass decoding process is 

shown in Figure 4. It directly reads one bit from the 

bit stream. If codlOffset is larger than codlRange, it 

will output a “1”; otherwise, it output a “0.” 

 
Fig. 4: Bypass Decoding Process. 

 

 The flow chart of the normal decoding process is 

shown in Figure 5. It takes the variable context as its 

input and produces one bit as its output before going 

to renormalization process. The renormalization 

process may consume multiple bits of the bit stream. 

 The flow chart of the terminal decoding process 

is shown in Figure 6. It will output a “1” and finish 

decoding the current slice if codlOffset is larger than 

codlRange; otherwise, it will output a “0” and finish 

the decoding of the current macroblock. 

 Either the normal decoding process or the 

bypass decoding process will continue to decode the 

bit stream until it finishes decoding the current 

syntax element. 
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Fig. 5: Normal Decoding Process. 

 

 
Fig. 6: Terminal Decoding Process. 

 

III Cabac Decoding Architecture: 

 The following is the Hardware Architecture of 

CABAC decoder which is shown in figure 7.  This 

architecture consists of 8 logic blocks and 4 memory 

blocks [Chen et al., 2005]. The initial table memory 

is stores the initial value and it contains 1,484 word 

entries.  To built the context table from initial table is 

done by the build context table module. The 

transIdxLPS table and the qCodlRangeIdx table are 

implemented in using combinational circuits. The 

CABAC datapath module is responsible for the 

CABAC decoding process and is controlled by the 

CABAC finite state machine module. The 

neighboring syntax elements are got from the 

maroblock memory using GN module and writes 

data back to coefficient memory.   The memory 

requirement is more in this implementation. 

 

 
 

Fig. 7: Hardware Architecture of CABAC decoder. 

 

 Figure 8 is the existing CABAC decoder 

architecture. At the beginning of slice-level 

decoding, the decoder gets parameters from the 

parameter memory and uses the Build table module 

to build a new context table by reading in the initial 

ROM [Sullivan et al., 1998]. For the macro block 

layer, the Se select module determines the type of the 

syntax element to be decoded and receives 

neighboring data for context modeling from the Get 

neighbor module. Then, the Context model module 

calculates context as the index to the context table. 

The Se decode module determines how to decode 
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each bin of the syntax element. Finally, the 

Arithmetic engine (AE) module performs arithmetic 

decoding and consumes the bit stream [Wiegand et 

al., 2003]. 

 

 
 

Fig. 8: Hardware Architecture of CABAC decoder. 

 

 We propose a parallel decoding method to 

reduce clock cycles for decoding in the next section 

and we also considering different schemes to reduce 

the power 

 

IV Proposed Cabac Parallel Architecture: 

 The bottleneck for efficient CABAC decoder 

implementation is context model maintenance and 

the binary arithmetic decoding process. Context 

model maintenance demands lots of memory access. 

For each bin decoding, the corresponding context 

model has to be loaded and the renewed value will be 

updated. The critical path delay is due arithmetic 

decoding engine. To achieve higher speed several 

engines are concatenated together, the critical path is 

nearly several times of the delay of one such engine. 

The optimization of the structure of multi-engine is 

done in this section.  The context module is stored in 

the “Context Model RAM”. The group of registers 

are used to maintain loading of context models from 

RAM, updating the models and writing back the 

value to RAM.   There is a Selector which selects the 

correct context model dependent on the neighboring 

macroblock information. The decoded bins are post-

processed and reorganized to reconstruct the syntax 

elements in the output module. 

 The syntax elements are classified in two groups 

after exploring the binarization modes of different 

syntax elements and their occurring frequency during 

the decoding process. The syntax elements in the first 

class contain a few bins and occur only once or a few 

times in one MB; while the syntax elements in the 

second class contain several bins and occur tens or 

hundreds of times in one MB. Syntax elements of the 

first class contribute only a small part to the 

arithmetic decoding workload, so in our architecture, 

one bin is processed per cycle for such kind of syntax 

elements to decrease the complexity and hardware 

cost.  

 
 

Fig. 9: Parallel decoding architecture. 

 

 In order to accelerate decoding of the syntax 

elements in the second class, we propose a new 

architecture that can decode two regular bins together 

with one bypass bin in one cycle is proposed. The 

syntax elements which belongs two second class are 

abs_mvd, significant_coeff_flag, 
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last_significant_coeff_flag and 

coeff_abs_level_minus1.  

 Another character of CABAC is that bins 

encoded by bypass mode only appear in two cases, 

either as sign or as Exp-Golomb (EG) code. The EG 

code can only appear as suffix or prefix.  So there is 

no need to specifically accelerate the decoding 

process for bypass bins. Based on those 

characteristics of CABAC decoder which is 

described above, the proposed architecture has  two 

regular decoding unit and a two-hierarchy decoding 

tree for decoding two bypass bins which is shown in 

figure 9. 

 The concatenation of two bypass bin decoding 

engines is similar but much simpler without context 

models. In practice, we instantiate totally four 

elementary decoding engines for one bin: two for 

regular bins and two for bypass bins. To realize the 

sharing of those four elementary engines, a set of 

control signals is defined and it is coordinate by 

control block. 

 

V Low Power Implementation: 

 We can use two low power techniques for the 

CABAC decoder.  Using clock gating whether the 

bin is using regular decoder or bypass decoder or 

termination block.  The circuit which is used by the 

current clock is enabled by the gated clock and other 

circuits are disabled by using gated clock.  By using 

this method we can achieve 8 to 10 % power saving 

approximately and it is shown in figure 10.    

 Due to different path delay of the various blocks 

in CABAC, we can use dynamic voltage scaling in 

order to reduce the total power consumption.  

Different block will have different voltage level.  The 

maximum delay path will be operated at the 

maximum voltage and other circuits will operate with 

lesser voltage.  The following is the block diagram 

for clock gating and dynamic voltage scaling. 

 

RESULTS AND DISCUSSION 

 

 The proposed CABAC decoder architecture is 

implemented in VHDL. The simulation result is 

shown below 

 The above architecture is synthesized using 

Xilinx CAD tool and the result is shown below 

 The device utilization summery is shown below. 

 

 
 

Fig. 10: Voltage scaling and clock gating. 

 

 
 

Fig. 11: Simulation result of Overall block. 
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Fig. 12: Synthesized result of Overall block. 
 

Table 1: Device utilization summary: Selected Device : 4vlx200ff1513-11. 

Sl.No Description Used Available %  Utilization 

1 Number of Slices 154 89088 <1 % 

2 Number of Slice Flip Flops 190 178176 0<1% 

3 Number of 4 input LUTs 240 178176 <1% 

4 Number of bonded IOBs 95 960 9% 

6 Number of GCLKs 5 32 15% 

7 Maximum path delay     4.31ns 

 

VII Conclusion and Future Work: 

 We have proposed hardware architecture for 

Context based Adaptive Binary Arithmetic decoding 

in H.264/AVC. We also proposed an efficient 

memory system and presented the finite state 

machine of our design. The implementation results 

show that the proposed design is adequate for real-

time decoding video at 30 frames per second. 

Another interesting possibility for further research in 

this area opens via the ability of modern FPGAs to 

dynamically reconfigure parts of their logic fabric 

while the rest remains active. This means that the 

CABAC coder and decoder engines could share the 

same portion of the FPGA fabric while the context 

memories and control logic remain statically 

configured. The future work of the project to 

implement using ASIC to support a more complex 

system achieving energy savings and a lower 

production cost. 
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