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Abstract. In the advanced Audio Video coding Standard (AVS), many efficient 
coding tools are adopted in motion compensation, such as new motion vector 
prediction, direct mode matching, variable block-sizes etc. However, these 
features enormously increase the computational complexity and the memory 
bandwidth requirement and make the traditional MV predictor more 
complicated. This paper proposes an efficient MV predictor architecture for 
both AVS and MPEG-2 decoder. The proposed architecture exploits the 
parallelism to accelerate the speed of operations and uses the dedicated design 
to optimize the memory access. In addition, it can reuse the on-chip buffer to 
support the MV error-resilience for MPEG-2 decoding. The design has been 
described in Verilog HDL and synthesized using 0.18μm CMOS cells library 
by Design Compiler. The circuit costs about 62k logic gates when the working 
frequency is set to 148.5MHz. This design can support the real-time MV 
predictor of HDTV 1080i video decoding for both AVS and MPEG-2. 

Keywords: Motion compensation, Motion vector prediction, AVS, MPEG, 
VLSI architecture. 

1   Introduction 

Chinese Audio Video Coding Standard [1] is a new national standard for the coding 
of video and audio which is known as AVS. The first version of AVS video standard 
[2] has been finished in Dec. 2003. AVS defines a hybrid block-based video codec, 
similar to prior standards such as MPEG-2 [3], MPEG-4 [4] and H.264 [5]. However, 
AVS is an application driven coding standard with well-optimized techniques. By 
adopting many new coding features and functionality, AVS [6] achieves more than 
50% coding gains over MPEG-2 and similar performance with lower cost compared 
with H.264. 

The traditional block-based motion compensation (MC) is improved in the AVS 
standard. In the prior video standard, the simple MV prediction schemes are applied. 
For example, in H.264 [5] the predicted MV is just equal to the median value selected 
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from three decoded MVs of the spatial neighborhood. However, for AVS, the 
complicated algorithm based on the vector triangle which consists of a series of 
multiplier and division operations is adopted, as further described in section 2.2. 
Besides, AVS supports variable block sizes, new motion vector (MV) prediction, 
multiple reference pictures, direct and symmetric prediction modes etc. All new 
features require higher calculation capacity and more memory bandwidth which 
directly affect the cost effectiveness of a commercial video decoder solution. For 
HDTV 1080i application, the time budget is so tight that pure software 
implementation cannot provide real-time decoding if just depending on a simple or 
low-end CPU. So for the high-end application such as Set Top Box etc., it is 
necessary for the dedicated hardware accelerators. In [7], [8] some kinds of dedicated 
MC architectures had been proposed which were based on prior specific video 
standards. However AVS is a new standard, its own features associated with the new 
requirements make the old designs unsuitable. 

In this paper, we propose an efficient MV predictor architecture which can fully 
support the MV prediction algorithms of both AVS and MPEG-2. The proposed 
design employs the pipelined structure to exploit the parallelism for the AVS’s special 
median prediction algorithm, adopts the line buffer to store the neighboring motion 
data and uses the specific FIFO to smooth the memory accessing. For AVS, the data 
of the line buffer are used in the spatial prediction. For MPEG-2, the on-chip line 
buffer is reused and can provide the neighboring motion data to help conceal the 
error. 

The remainder of the paper is organized as follows. The MV prediction algorithms 
applied by AVS and MPEG-2 are described in Section 2. Section 3 describes the 
details of the implemented architecture. Simulation results and VLSI implementation 
will be shown in Section 4. Finally, we draw a conclusion in Section 5. 

2   MV Prediction Algorithm 

The aim of MC is to exploit temporal redundancy to obtain the higher coding 
performance. The prediction for an inter-coded macroblock (MB) is determined by 
the set of MVs that are associated with the MB. Since significant gains in efficiency 
can be made by choosing a good prediction, the process of MV prediction becomes 
quite complicated. In this section, some special functional blocks of the MV 
prediction algorithm will be explained. 

2.1   Temporal Prediction of AVS 

AVS can support rich MB coding schemes with more than 30 kinds of MB types and 
tree structure MB partition (16×16 to 8×8). The predictive modes include intra, skip, 
forward, backward, spatial direct, temporal direct and symmetric. AVS adopts its own 
particular way to specify the symmetric and direct mode [2]. 

For the symmetric prediction, only the forward MV is transmitted for each 
partition. The backward MV is conducted from the forward one by a symmetric rule. 
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For the direct prediction, both the forward and backward MVs are derived from the 
MV of the collocated inter-coded block in the backward reference picture.  

To support the temporal direct MV prediction, all MVs in the latest P-picture need 
to be stored in the memory as the collocated MV buffer. However, for AVS 1080i 
video the total bits of all motion data in one picture is about 118KB. It is so huge that 
all data must be stored to the external memory rather than the on-chip one. 

2.2   Spatial Prediction of AVS 

For the spatial prediction, AVS employs a novel median selector. The edge with the 
median length is selected from the vector triangle [2]. The scaled MVs make up of the 
triangle which is illustrated in Fig. 1. 
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Fig. 1. MV spatial prediction 

Firstly, calculate the scaled MVA, MVB and MVC using equation (1).  
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X denotes the block A, B or C and mv for the origin MVs of the neighboring block. 
BlkDist is the distance differences between the reference pictures of the neighboring 
blocks. The vectors with double arrow are the scaled MVs in Fig. 1. 

Secondly, calculate the spatial distances between two scaled MVs. M and N denote 
the block A or B or C. 

VMN = Abs(MVM_x–MVN_x) + Abs(MVM_y–MVN_y) 

Thirdly, the temporary parameter FMV is given by the median of the 
corresponding spatial distances. The dashed line denotes the FMV in Fig. 1. 

FMV=Median (VAB, VBC, VAC).  

Finally, obtain the MVP using the scaled value from the corresponding vertex. For 
example, if the FMV is the VAB, thus the MVP is the MVC. 
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Three vertexes (see Fig. 1) need to be calculated so as to get only one MVP value 
which totally needs 3 divisions, 12 multiplications and 15 additions. Furthermore, 
AVS can support the 8×8 partition thus the maximum number of MVP value in one 
MB is 5 (three blocks with unidirectional prediction and one block with spatial direct 
prediction). The special method needs to be applied to accelerate the process which is 
described further in the subsection 3.2. 

In addition, because the motion data from the upper and left neighbor are required, 
a specific buffer is involved to store all relative neighboring data. 

2.3   Concealment MVs of MPEG-2 

MPEG-2 can support the concealment MVs [3] which are carried by intra MBs. For 
the normal decoding, these MVs are useless and can be discarded. However, when the 
data errors occur in the MB which lies vertically below the intra MB, these MVs can 
be used as the candidate MVs to conceal the visual error.  

Because the neighboring MBs have high correlation, it is reasonable that the lost 
block is very likely to have similar movement in the spatial domain. The more correct 
data are provided, the better quality can be achieved through the error-concealment. 
So the motion data from the neighboring MB should be stored including the 
concealment MVs of the intra MB and the real MVs of the inter MB. 

3   MV Predictor Architecture 

MV predictor module is responsible for generating all motion data (MVs and 
reference picture indices). The module consists of the Input/Output Interface, the 
Main Controller, the public Line Buffer, the MPEG sub-module and the AVS sub-
module. Fig. 2 shows the implemented architecture of the MV predictor. The real 
lines indicate the data flow, and the dash lines for control messages.  
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Fig. 2. MV Predictor block diagram 
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Main controller unit firstly parses the commands sent by MIPS which contain the 
stream type and the MB information such as mb_type, the available flag for 
neighboring MBs etc. Then the controller invokes the corresponding sub-module 
working according to the current MB mode. For example if the controller finds the 
mb_type is equal the AVS symmetric mode, the Symmetric Prediction module will be 
activated through the handshake protocol.  

For the AVS side, the Spatial and Temporal Predictions perform the spatial and 
temporal MV predictive operations respectively. The motion data from or to the 
external memory are stored to the MV FIFO firstly to avoid trivial memory accessing 
request. The MV data read from MV FIFO are used by the Direct Prediction as the 
reference motion data. Output controller manages the final motion data to output to 
the reference fetch module and updates the Line Buffer whose data is used in the 
spatial prediction. Besides, in order to support the variable prediction blocksize, the 
MV predictor unit transfers all block modes to the uniform 8×8 block which is the 
minimum blocksize to simplify the operations in the downstream stages. 

For the MPEG-2 side, the MVs are generated in the MV Calculation unit according 
to the motion type and the MB type. The final motion data each MB is stored into the 
Line Buffer. The firmware can read back all motion data in the Line Buffer through 
the Register Interface when the error occurs. Then the firmware can use some specific 
error concealment algorithms to select or re-calculate the MVs and send them to the 
CMD FIFO. These special MVs will directly be outputted as the final MVs to the 
downstream stages (See the Mux unit in Fig. 2). So the MV predictor can provide the 
error concealment scheme. 

Due to the limit space, only the spatial prediction, the MV FIFO and the Line 
Buffer units are described in detail. 

3.1   MV FIFO 

Direct mode needs to use the reference MVs from the backward reference picture. It 
is known that the motion data in a reference picture must be stored into the DDR 
SDRAM according to the previous analysis. The straightforward way is to access the 
memory once the decoder finds the direct prediction mode in the process of current 
MB decoding. However, it’s awful to request the DDR controller frequently and 
irregularly. Because the DDR controller has to serve multiple clients and guarantee 
the schedulability of all critical tasks, i.e. the display feeder, it is probable that the 
request for the motion data in the current MB decoding period could not be 
acknowledged in time and the irregular request will also impact the services for other 
clients. So a dedicated FIFO is built to improve the efficiency of the memory access. 
In the P-picture decoding, the MV FIFO works as a cache. Motion data are written 
into the MV FIFO after each MB is decoded. When the MV FIFO is half full, the 
writing request is send out to inform the DDR controller and then the data are read 
from the MV FIFO successively. At the same time, send them to DDR SDRAM 
through the DDR interface. In the B-picture decoding, the MV FIFO pre-fetches  the 
motion data from the DDR SDRAM. The data flows are shown in Fig. 3. 
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Fig. 3. Data flows for the MV FIFO 

3.2   Pipelined Spatial Prediction 

The algorithm is described in section 2.2. The pipelined architecture for the spatial 
MV prediction is shown in Fig. 4. It contains 5 stages for FMV calculation. 
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Fig. 4. Pipelined spatial prediction 

S1. Division and 1st multiplication; 
S2. 2nd multiplication,  

successive addition and shift; 
S3. Absolute value 
S4. Addition 
S5. Median value 

The 10b/9b division costs 2 cycles in our design. So it takes only 15 cycles to 
finish all operations for the calculation of one MV prediction including preparing the 
input data. So for the worse case the total cycle is 15×5 = 75 cycles. 

Because the scaling technique is also applied to the direct and symmetric 
prediction in the AVS standard, the similar pipelined structures are implemented in 
the temporal prediction unit (see Fig. 2).  

3.3   Line Buffer 

All motion data which had been decoded are stored to the Line Buffer which is 
illustrated in Fig. 5. There are n MBs in the horizontal direction and bx,y denotes the 
MB with (x,y) coordinates. E is the current MB with bold block edge and the MBs 
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with gray background are decoded MB. The AVS spatial prediction for MB bx,y need 
the motion data from bx-1,y-1, bx,y-1, bx+1,y-1 and bx-1,y. These neighboring motion data are 
also important for the MPEG-2 error concealment. The Line Buffer is composed of 
motion data from B MB bx, y-1 to A MB bx-1, y. 

bx-1,y-1 bx,y-1 bx+1,y-1 bx+1,y-1 bn,y-1
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Fig. 5. Data flow for the Line buffer 

After finished the MV calculation for one MB, the data flow is beginning as shown 
in Fig. 5. The old D is discarded and the old B became the new D. So do C and others. 
The current motion data of MB E are written to the Line Buffer. 

For the MPEG-2, the same scheme is adopted which can provide more useful 
motion data than one specified by the standard [3]. For the intra MB, either the 
existed concealment MVs or the zero MVs are written to the buffer based on the 
bitstream syntax. For the inter MB, the final MVs are also recorded. Once the motion 
data is lost in the current decoding MB, the firmware can look up the buffer for any 
positions and get more neighboring motion data which can help the decoder make 
better decision. 

4   Implementation Results 

We have described the design in Verilog HDL at the RTL level. According to AVS 
verification model [9] and MPEG2 reference codec [10], a C-code model of MV 
predictor is also developed to generate the simulation vectors. By testing with 52 HD 
(including AVS and MPEG-2) bitstreams, Synopsys VCS simulation results show that 
our Verilog code is functionally identical with the MV prediction module of the 
verification model for two standards. 

The validated Verilog code is synthesized using TSMC 0.18-μm CMOS cells 
library by Synopsys Design Compiler. The circuit totally costs about 62K logic gates 
exclusive the SRAM when the working frequency is set to 148.5MHz. Table 1 is our 
 

Table 1.  Synthesized Results 

Technology TSMC 0.18μm 
Working Frequency 148.5 MHz 
Gate Count (without SRAM) 62K 
SRAM 34K 
Cycles/MB Max. 310 

Processing Capacity 1920×1088,HD interleave, 60 field/s 
AVS Jizhun Profile 6.2, MPEG-2 MP@HL 
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synthesized result. The logic gates for SRAM are about 34K. The line buffer occupies 
18K logic gates which can store the 1,830 Bytes for the maximum 1920 pixel width. 

The implemented architecture costs at most 310 cycles to perform the MV 
calculation operation for each MB, which is sufficient to realize the real-time MV 
prediction process for AVS Jizhun Profile 6.2 bit streams. The proposed design can 
also meet the real-time requirement of MPEG-2 MP@ HL bit streams. 

5   Conclusion 

In this paper, we contribute an efficient VLSI architecture for MV predictor of AVS 
and MPEG-2 standard. Firstly, we described the algorithm of MV prediction. Then 
the architecture was proposed. Our main idea is to employ the pipelined structure to 
accelerate the process for the new median prediction algorithm and use the dedicated 
MV FIFO to smooth the memory accessing. Besides, the special line buffer is adopted 
to store the motion data which can provide either the neighboring motion information 
for AVS or the error concealment MVs for MPEG-2. Finally, we gave out the 
simulation results. The architecture was synthesized using TSMC 0.18μm CMOS 
cells library. The synthesized results show that our design can support the real-time 
MV prediction calculation of HDTV 1080i AVS and MPEG-2 video. The proposed 
design can easily embedded into the AVS and MPEG-2 CODEC SoC. 
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