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Abstract: In the past few decades, we have been running towards the Digital Age. Telephony networks, 

Internet, satellites, third-generation (3G) wireless networks, these advanced transmission technologies and 

network infrastructure ensure digital information can flood into every corner around us. So, many application of 

digital image processing are enhanced by motion estimation algorithms. In a video Codec such as H264AVC, 

motion estimation (ME) comprises one of the most important compression methods for video communications. 

Since this task is computationally intensive to result in large power consumption, a low-power design is essential 

for portable or mobile systems. In this paper we propose a ME architecture that is adaptive to the TSS (three-step 

search) and the GS (Gradient search) algorithms to support the slow and rapid H264AVC video sequences. This 

architecture is based on parallel processing technique. The proposed design is also suitable for low-cost 

implementation in modern multimedia applications. 

Keywords:  H.264, Fast Adaptive Motion Estimation, Gradient Search, Three step Search, Low Power, Gated 

Clock. 

1. Introduction  

It is widely believed that video coding techniques have always been advancing the multimedia 

technology during the last years. Several applications know more and more exponential development 

and a wide public use, such as video conferencing, DVD players, video security, digital cameras, and 

so on. All these multimedia applications indicate a push through of video coding techniques. 

A several standards has been developed for different multimedia applications, such as H.261 [1], 

H.263 [2], MPEG-1 [3], MPEG-2 [4] and MPEG-4 [5] , and H264[6,7].  

These standards are to meet the requirements of different types of applications in terms of complexity, 

picture quality, bit rate, latency, etc. The new technology also contributed to the development of forms 

of different areas from time to time, for example, education, meteorology, medicine, etc.  

To make, these standards use in addition a fixed technique compression such us a DCT, a system video 

coding by motion estimation. H.264/AVC adopts the motion estimation block. The Operation of motion 

estimation is crucial an encoder video. Indeed, firstly the quality of a motion estimator significantly 

affects the compression performance, and secondly it is the operation which necessitates the addition of 

computing power. The motion estimation reduces the temporal redundancy between the successive 

pictures of a video sequence to obtain a high data compression ratio. According to studies that were 

made in [8], the motion estimation algorithm takes 74.29 % of the computations and 77.49 % of the 

memory accesses for the whole encoder.  
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However, a large number of VLSI architectures for motion estimation have been proposed during the 

last two decades to accelerate the ME process and reduce energy consumption while maintaining video 

quality such us the FSS (Four Step search) algorithm [9], the DS (Diamond Search) algorithm [10], the 

GS (Gradient Search) algorithm [11], the TSS (Three Step Search) algorithm [12], hexagon-based 

search (HEXS) [13], etc.  

 A desirable solution, presented in this paper, is an adaptive motion estimation algorithm (AMEA) 

and its VLSI implementation. The proposed architecture is capable of running the ME in GS who is 

desirable for delivering high quality video service or TSS who is desirable for reducing the execution 

time with a compromise in the compression quality. It based on a stoppable clock for power saving, 

which is integrated in the PE array and the unit control of both algorithms. An important aspect of this 

architecture is that it is able to reuse the results of the previous calculated SAD the SADs(sum of 

absolute differences) in order to compute the actual SAD, deduce the motion vector from neighboring  

macroblocks, and compare all the SADs in a parallel way and with minimal resources. The highest 

level of this VLSI architecture contains 9PEs array to compute the SADs,   comparators to determine 

the minimum SAD and a distributed control unit for economize the power consumption. This paper is 

organized as follows. In Section 2, related work is reviewed. The proposed architecture is discussed in 

Section 3. A distributed control for power saving is proposed in Section 4. The experimental results 

are explained and discussed in Section 5. Finally, Section 6 concludes the paper. 

2. Related work 

According to various proposals, we can adopt various methods to implement a 

best compromise between the execution time and complexity of the motion estimator. Nonetheless 

various algorithms succeeded in accelerating of the ME process and reducing the power consumption, 

but do not give well defined optimal solutions. In [14], Ng Ka Ho presented a new motion estimation 

algorithm called search patterns switching (SPS) algorithm, which uses the error descent rate as 

motion content classifier. An optimum threshold for the SPS algorithm is found. Performance 

evaluations prove that SPS algorithm is very fast and robust for only some video sequences. However, 

the SPS algorithm does not usually give the highly performance quality and uses a minimum of search 

points. In [15], Jinku Choi proposed a reconfigurable approach to motion estimation algorithm that 

supports two block-matching algorithms (TSS and GS). This algorithm determines motion type and 

then selects the well adapted algorithm in order to improve video quality. However, the developed 

architecture duplicates the control and the data path of each algorithm and it is not based on the circuit 

sharing method.  Anand Paul et al.[16]This paper introduces a block based motion estimation 

algorithm based on projection with Adaptive Window Size Selection (AWSS) along with its 

architecture. This projection method is combined with AWSS in which appropriate search window for 

each block is determined on the basis of motion vectors and prediction errors obtained for the previous 

block. However, this method is very fast several times, but does not usually give the highly 

performance. 

3. Proposed design 

In view of the increasing demand for computation power of video coding applications, it is 

increasingly common to use the power of algorithms to speed up processing time and respect real-time 

constraints. So, the main objective is to propose algorithms able to compete with existing standard 

algorithms. For this, an adaptive motion estimation is presented in this article, in order to obtain higher 

frequencies accompanied by the least possible surface cost and to ensure an acceptable image quality. 

The proposed architecture is illustrated in the fig1.   
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Figure 1: Proposed architecture of adaptive ME 

3.1 Motivation  

The design of our motion estimator architecture is based on two observations. 

• Adaptive algorithm: Traditional motion estimation hardware architectures generally use only an 

algorithm. To improve coding efficiency, a desirable solution for portable devices is an adaptive motion 

estimation engine that is able to operate the estimator in two (slow and fast) search modes. 

 • Faster Search Algorithms: Advances in mobile communication technologies have enabled mobile 

devices to run complex multimedia applications such as video processing. In order to speed up the ME 

computation we pipelined the data flow treatment by adopting an adaptive and parallel architecture 

composed by nine processing element (PE). Each PE calculates the SAD of one of nine search points. 

3.2. PE unit  

The processing element unit allows the computation of SAD in the adaptive motion estimator approach. 

The PEs, in the proposed architecture, are working in parallel.  The proposed pipelined processing 

architecture consists of 9 PEs which evaluate matching for the nine candidate locations at time and 

operates on a set of nine motion vectors at an in parallel. 

The PE has two inputs one from the courant MB and one from the reference block. These pixels are 

broad casted to the PE after access to the memories. The distribution of pixels is shown in table1. 

3.3. Comparator array 

 Based on a sharing method, the comparator permits the determination of the MV and its coordinates, 

when the best SAD is extracted with minimum value from several positions of the gradient or three 

steep search algorithms. The position information is again sent to the control unit to select the next step 

search for the current algorithm with another distance, or to select the appropriate algorithm.  

4. Distributed control for power saving  
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The power consumed in the proposed architecture is related to parameters that affect consumption 

such as frequency. 

Energy consumption in ME can reach 70% of the overall H.264 consumption. For this, it is 

necessary to integrate a module of control that reduces the power consumption. Stoppable clock is 

among the techniques that are used to reduce power consumption. The proposed model in this paper is 

based on an FSM which makes it possible to operate the running of the various other modules. 

Therefore, we integrate FSM into the PE and Comparator networks. 

 

Figure2: Gated Clock 

 So, we have developed a hardware architecture based on an FSM model, which is subsequently 

integrated into the adaptive architecture of the estimator. The principle operates of our proposal is as 

follows: 

- The data flow of pixels is pipelined, and there are no pixels that should be processed. Therefore, 

disabling these PEs is necessary in order to minimize the consumed power. 

The clock of each PE will be activated at the instant when it starts to make its calculation during the 

first few clock cycles or during the last cycles. So the 9 PE not run simultaneously all the time. Let us 

use the TSS algorithm for example, the PE0 operates at t = 0, and the other PEs are disabled. At 

t= t +4 is the PE1 that works, at t = t +8 is the PE2 that works. After 56 cycles (i.e. PE2) is 

the EP3 works at t = t +64 and PE4 is operating at t = t+68. At t = t +72 is the PE5 that works. After 

56 cycles (i.e. PE5) at t = t+128 is the PE6 that works. At t = 132 t is the PE7 works and the PE8 works 

for t = t +136. At t= t+256, the PE0 finishes its calculation (disabled), then this is the PE1 which ends 

the calculation at t = t+260, and so on until PE8 ends its calculation. The SAD0 is calculated and PE0 is 

disabled after 256 cycles, and so on. Thus, our idea is to design a module which allows the stopping of 

the each PE clock when this PE is disabled. 

 The flowchart in Fig 3 shows the different steps to obtain a module capable of stopping the clock 

in PE during the time required for the operation of the estimator based on the table 1. 

- The comparator will only be active after the calculation of the 9 SAD. 
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Figure 3: (a) PE estimator FSM , (b) Comparator FSM  Gated Clock 

 

Table 1: Data Flow of TSS algorithm  

 
Mr PE0 PE1 PE2 PE3 PE4 PE5 PE6 PE7 PE8

r(-4,-4) c(0,0),r(-4,-4)

r(-3,-4) c(1,0),r(-3,-4)

r(-2,-4) c(2,0),r(-2,-4)

r(-1,-4) c(3,0),r(-1,-4)

r(0,-4) c(4,0),r(0,-4) c(0,0),r(0,-4)

r(1,-4) c(5,0),r(1,-4) c(1,0),r(1,-4)

r(2,-4) c(6,0),r(2,-4) c(2,0),r(2,-4)

r(3,-4) c(7,0),r(3,-4) c(3,0),r(3,-4)

r(4,-4) c(8,0),r(4,-4) c(4,0),r(4,-4) c(0,0),r(4,-4)

r(5,-4) c(9,0),r(5,-4) c(5,0),r(5,-4) c(1,0),r(5,-4)

. . . . . . . . .

r(6,-1) c(9,3),r(6,-1) c(5,3),r(5,-1) c(1,3),r(5,-1)

r(11,-1) c(14,3),r(11,-1) c(10,3),r(10,-1) c(6,3),r(10,-1)

r(12,-1) c(15,3),r(12,-1) c(11,3),r(11,-1) c(7,3),r(11,-1)

r(-4,0) c(0,4),r(-4,0) c(12,3),r(12,-1) c(8,3),r(12,-1) c(0,0),r(-4,0)

r(-3,0) c(1,4),r(-3,0) c(13,3),r(13,-1) c(9,3),r(13,-1) c(1,0),r(-3,0)

r(-2,0) c(2,4),r(-2,0) c(14,3),r(14,-1) c(10,3),r(14,-1) c(2,0),r(-2,0)

r(-1,0) c(3,4),r(-1,0) c(15,3),r(15,-1) c(11,3),r(15,-1) c(3,0),r(-1,0)

r(0,0) c(4,4),r(0,0) c(0,4),r(0,0) c(12,3),r(16,-1) c(4,0),r(0,0) c(0,0),r(0,0)

r(1,0) c(5,4),r(1,0) c(1,4),r(1,0) c(13,3),r(17,-1) c(5,0),r(1,0) c(1,0),r(1,0)

r(2,0) c(6,4),r(2,0) c(2,4),r(2,0) c(14,3),r(18,-1) c(6,0),r(2,0) c(2,0),r(2,0)

r(3,0) c(7,4),r(3,0) c(3,4),r(3,0) c(15,3),r(19,-1) c(7,0),r(3,0) c(3,0),r(3,0)

r(4,0) c(8,4),r(4,0) c(4,4),r(4,0) c(0,4),r(4,0) c(8,0),r(4,0) c(4,0),r(4,0) c(0,0),r(4,0)

r(5,0) c(9,4),r(5,0) c(5,4),r(5,0) c(1,4),r(5,0) c(9,0),r(5,0) c(5,0),r(5,0) c(1,0),r(5,0)

. . . . . . . . . .

r(10,3) c(14,7),r(10,3) c(10,7),r(10,3) c(6,7),r(10,3) c(14,3),r(10,3) c(10,3),r(10,3) c(6,3),r(10,3)

r(11,3) c(15,7),r(11,3) c(11,7),r(11,3) c(7,7),r(11,3) c(15,3),r(11,3) c(11,3),r(11,3) c(7,3),r(11,3)

r(-4,4) c(0,8),r(-4,4) c(12,7),r(12,3) c(8,7),r(12,3) c(0,4),r(-4,4) c(12,3),r(12,3) c(8,3),r(12,3) c(0,0),r(-4,4)

r(-3,4) c(1,8),r(-3,4) c(13,7),r(13,3) c(9,7),r(13,3) c(1,4),r(-3,4) c(13,3),r(13,3) c(9,3),r(13,3) c(1,0),r(-3,4)

r(-2,4) c(2,8),r(-2,4) c(14,7),r(14,3) c(10,7),r(14,3) c(2,4),r(-2,4) c(14,3),r(14,3) c(10,3),r(14,3) c(2,0),r(-2,4)

r(-1,4) c(3,8),r(-1,4) c(15,7),r(15,3) c(11,7),r(15,3) c(3,4),r(-1,4) c(15,3),r(15,3) c(11,3),r(15,3) c(3,0),r(-1,4)

r(0,4) c(4,8),r(0,4) c(0,8),r(0,4) c(12,7),r(16,3) c(4,4),r(0,4) c(0,4),r(0,4) c(12,3),r(16,3) c(4,0),r(0,4) c(0,0),r(0,4)

r(1,4) c(5,8),r(1,4) c(1,8),r(1,4) c(13,7),r(17,3) c(5,4),r(1,4) c(1,4),r(1,4) c(13,3),r(17,3) c(5,0),r(0,5) c(1,0),r(1,4)

r(2,4) c(6,8),r(2,4) c(2,8),r(2,4) c(14,7),r(18,3) c(6,4),r(2,4) c(2,4),r(2,4) c(14,3),r(18,3) c(6,0),r(0,6) c(2,0),r(2,4)

r(3,4) c(7,8),r(3,4) c(3,8),r(3,4) c(15,7),r(19,3) c(7,4),r(3,4) c(3,4),r(3,4) c(15,3),r(19,3) c(7,0),r(0,7) c(3,0),r(3,4)

r(4,4) c(8,8),r(4,4) c(4,8),r(4,4) c(0,8),r(4,4) c(8,4),r(4,4) c(4,4),r(4,4) c(0,4),r(4,4) c(8,0),r(0,8) c(4,0),r(4,4) c(0,0),r(4,4)

PEs in a slipping mode
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5. Implementation and results analysis 

In this paper we propose an adaptive motion estimation ME architecture that integrate the TSS and 

GS. The proposed design is based on stoppable clock architecture. To evaluate the effectiveness and to 

estimate the power dissipation of the proposed adaptive ME, we have modeled its architecture by 

VHDL. Experimental result of the proposed architecture’s shown in Table 2. From the results in table 

II, the proposed vlsi architecture present a less power consumption and the occupied area then the 

others architecture. It also presents a high clock speed which is 158 Mhz. 

Table 2. Performance Results for Motion Estimator 

 

 Algo PEs 

 

Freq(MHz) 

 

 

Area(kgates) 

 

Total Power 

(mw) 

[18] FSS/GS 9 100 11.98 4.65 

[19] 
TSS/HEX

S 
16 200 14.2 59 

[17] FS/TSS 21 17.6 34.3 1.98 

Our TSS/GS 9 158.5 10.5 3.95 

 

6. Conclusion  

In order to reduce power dissipation and the optimization of the time of execution in a video 

Codec, we have presented in this paper hardware architecture of an adaptive algorithm which 

integrates the GS and TSS using 9 PEs. This architecture is based on a stoppable clock technique that 

allows to shutting down each PE when it is not under running. In this study, we discussed the 

challenges of designing an adaptive architecture such as execution time, reuse of modules, and 

memory access management. So the experimental results lead us to conclude that the goals of the 

experiment were achieved. Indeed, the proposed estimator works with less computing time, less area 

occupied by FPGA and less power dissipated compared to other architectures existing in the literature. 
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