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Abstract — Motion estimation is the most computational 

intensive part of H.264 video coding. The motion estimation of 
H.264 includes integer motion estimation and fractional 
motion estimation. In this paper, a reusable architecture for 
both of them is proposed. This architecture can support 
fractional motion estimation and fast integer motion 
estimation algorithms including diamond search and cross 
search. The complexity of the motion estimation algorithm 
implemented on the proposed architecture can be flexibly 
controlled to meet variable system requirement. Cycle 
allocation is used in the algorithm design so that the cycle 
budget can be fully utilized. Experimental results show that 
this architecture-algorithm co-design can support HD 
(1280x720) video real-time encoding at 30 frames per second 
with 238K logic gates and 117 Mhz operation frequency1. 
 

Index Terms —motion estimation, H.264, reusable 
architecture, complexity-controllable algorithm. 

I. INTRODUCTION 
The video coding standard H.264 [1] provides super coding 

efficiency compared to the previous coding standards with 
much higher computational cost. The motion estimation (ME) 
is the most computational-intensive part of H.264 encoder. 
The ME of H.264 includes two parts: firstly the integer 
motion estimation (IME) is used to find integer pixel motion 
vector (MV), then fractional motion estimation (FME) is used 
to refine the MV to quarter-pixel accuracy. 

In previous work, the IME and FME are implemented 
independently by different hardware modules. For example, in 
[2]-[5], some dedicated architectures are proposed only for the 
IME, [6] proposed a dedicated architecture only for FME. In a 
system level design such as [7], the IME and FME are 
implemented as two independent stages of a pipeline. The 
previous architectures for IME are designed for the full search 
pattern which has huge complexity, and the FME also needs 
substantial computational complexity, so they should be 
processed independently. There have been many fast search 
patterns for IME, such as New three step search (NTSS) [8], 
Block-based gradient descent search (BBGDS) [9], Four step 
search (FSS) [10], Hexagon-based search (HEXBS) [11], 
Diamond search (DS) [12], Enhanced predictive zonal search 
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(EPZS) [13] and UMHexagons [14]. When these fast search 
patterns are used for IME, the complexity of IME can be 
greatly reduced and even lower than FME, furthermore the 
data flow of fast IME is very similar to that of FME, so the 
hardware module for FME can be reused for fast IME. When 
IME and FME are processed by the same module, the 
hardware cost can be saved. 

This paper proposed a reusable architecture for both IME 
and FME. Based on the architecture, the complexity of the 
motion estimation algorithm can be flexibly controlled to meet 
variable system requirement. Cycle allocation is used to fully 
utilize the limited cycle budget to improve the coding 
efficiency. As an example for the flexible complexity-control, 
an algorithm is proposed for HD 720P (1280x720) video 
coding in this paper. This algorithm can support HD 720P 
video coding at 30 frames/s when it is running on the 
proposed architecture. 

This paper is organized as follows. In section Ⅱ , the ME of 

H.264 is reviewed, section Ⅲ  proposes the reusable 
architecture, the complexity-controllable algorithm is 
presented in section Ⅳ, section Ⅴ  presents the experimental 

results and we conclude this paper in section Ⅵ. 

II. ME OF H.264 

A. Integer Motion Estimation 

LDSP SDSP
( a) ( b)

 
Fig.  1.  DS Search Pattern  and CS Search Pattern 

 
Since the full search of IME brings great computational 

burden, there have been many fast search patterns for IME. 
Most of them belong to the local search which uses a compact 
search pattern (such as a diamond). Fig. 1(a) has shown the 
Diamond search (DS) pattern in [12]: the large diamond 
search pattern (LDSP) consists of nine search positions, the 
small diamond search pattern (SDSP) consists of five search 
positions. When the best position is at the center of LDSP, the 
search pattern changes to SDSP, the best position of this 
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SDSP is the final best MV. The local search patterns such as 
DS may be trapped into local minimum when the motion is 
large. To solve this problem, global search which has more 
search points that can cover the overall search window is 
used. The cross search (CS) shown in Fig. 1(b) is one kind of 
global search pattern, the search positions are arranged in a 
cross which can span the whole search window, the center of 
the cross is the initial search point of ME.  The cross search 
can extend the search range so that the search process may not 
be trapped into local minimum. 

B. Fractional Motion Estimation 
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Fig.  2. The FME of H.264 

 
Fig. 2 illustrates the FME process of H.264, the reference 

pixels are obtained by interpolation. The horizontal half pixel 
such as gg is obtained with a 6-tap horizontal FIR: 
     '   - 5 20 20 - 5                                  (1)gg E F G H I J= + + +                                
       ( ' 16) 5                                                          (2)gg gg= + >>                                                    
The vertical half pixel such as kk is obtained with a 6-tap 
vertical FIR: 

 '   5 20 20 5                                  (3)kk A C G M Q S= − + + − +                              
   ( ' 16) 5                                                          (4)kk kk= + >>                                                    

The horizontal-vertical half pixel such as ll is obtained with a 
6-tap vertical FIR: 
      '   5 20 ' 20 5                           (5)ll aa bb gg pp qq rr= − + + − +                        
        ( ' 512) 10                                                       (6)ll ll= + >>                                                   
The aa, bb, pp, qq and rr are obtained in a similar manner 
with 'gg . 
The quarter-pixels are obtained with bilinear filters, for 
example: 

  ( 1) 1                                                        (7)a gg kk= + + >>                                                     
b  ( 1) 1                                                      (8)gg ll= + + >>                                                        
Detailed information for the interpolation of fractional pixel 
can be referred to [1]. 

The search pattern of FME is also shown in Fig. 2. Suppose 
the best integer MV points to G, then eight half-pixel 
positions (cc, dd, ee, ff, gg, jj, kk and ll) around G are 

searched, suppose the best one of the eight half-pixel positions 
is ll, then eight quarter-pixel positions (a, b, c, d, e, f, g and h) 
around ll are searched, the best quarter-pixel position is the 
final best MV. 

C. Analysis 
It can be observed that the search pattern of DS for IME 

and FME are similar: firstly 9 candidate positions are checked 
(including the center point), the best position will be used as 
the center position of the next search pass. This similarity has 
provided chances for designing reusable architecture. 

In both IME and FME, the MV which has the minimal 
Motion_Cost is selected as best MV. 

_ cos * _Motion t SAD MVD Costλ= +                          (9) 
In (9), λ  is a constant parameter, the MVD_cost is the bits 
used to encode the MVD (motion vector difference), the SAD 
(sum of absolute difference) is the difference between the 
current block and reference block. 

, ,

M N

i j i j
j 1 i 1

SAD  O   R
= =

= −∑∑                                                   (10) 

The Oi,j is one pixel of the original block, the Ri,j is the 
corresponding  pixel in reference block. For IME, Ri,j is 
directly obtained from the reference frame, for FME, Pi,j  is 
obtained by interpolation operations. After the fractional 
pixels have been interpolated, the computation of SAD is the 
same for IME and FME, so the hardware unit for calculating 
SAD can be reused for both IME and FME. 

III. REUSABLE ARCHITECTURE 

A. Proposed Architecture 
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MV Compar at or

I nt eger
r ef er ence pi xel

Or gi nal
MB pi xel

Memor y f et ch
r equest

MVD_Cost

Cost
Adder 1

Cost
Adder 8

Fet ch
Engi ne

best  MV
 

Fig.  3. The block diagram of the proposed architecture 
 

The proposed architecture is shown in Fig. 3, it includes 
four parts: fetch engine, data array, cost adder and MV 
comparator. In the proposed architecture, 9 search positions 
can be processed in parallel. The fetch engine fetches the 
needed integer reference pixels and original pixels from the 
memory. The data array provides the needed integer/fractional 
reference pixels for 9 search positions. At each cycle, 9 rows 
of reference pixels are generated by the data array. Since the 
largest width of one block is 16 in H.264, each row contains 
16 reference pixels. Each row is input into one cost adder. 
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There are 9 cost adders in the proposed architecture, each cost 
adder generates Motion_cost in (9) for one search position. 
One cost adder has 16 processing elements (PE) to take 16 
AD operations in parallel (an AD operation is to get absolute 
difference of one original pixel and its corresponding 
reference pixel), thus totally 9*16=144 AD operations are 
processed in parallel. The MV comparator compares the 
Motion_cost of nine positions and selects the best one as the 
best MV. 
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Fig.  4.  The architecture of the data array 

 
The architecture of the data array is shown in Fig. 4, it 

should be configured according to the requirement of FME 
since generating a reference pixel for FME is much complex 
than generating a reference pixel for IME. There are 35*8 
registers in the data array, they can be divided into 4 types: 
type_0 register contains integer pixel, type_1 register contains 
horizontal half pixel, type_2 register contains vertical half 
pixel, type_3 register contains horizontal-vertical half pixel 
(such as pixel ll in Fig. 2). Each register will shift its data to 
the same type register below it at each cycle. In the data array, 
there are 18*6 type_0 registers, 17*6 type_1 registers, 18*2 
type_2 registers and 17*2 type_3 registers. 

At each cycle, one row which contains (3+16+3) integer 
reference pixels is fetched from the memory, the horizontal 6-
tap FIR filters generate 17 needed horizontal half pixels and 
these pixels are shifted into type_1 registers on the top of the 
data array, at the same time 18 needed integer pixels are 
shifted into type_0 registers. The pixels in type_2 registers 
and type_3 registers are obtained by using vertical 6-tap FIR 
filters on the type_0 and type_1 registers at the same column. 

When the data array is performing half-pixel ME, 9 
positions are processed in parallel. For a 16x16 block, totally 
22x22 integer pixels are needed to generate all needed 
reference pixels. Every half-pixel search position has its first 
reference row when seven rows of integer pixels have been 
input. When the data array is performing quarter-pixel ME, 
the data flow is similar to the half-pixel ME. The quarter-
pixels are generated by using bilinear filters on the relevant 
registers. The dashed rectangle encloses 35*3 registers, these 

registers contain the reference half-pixels or the half-pixels 
needed by the bilinear filters to generate the quarter-pixels. 

When performing the integer pixel ME, the data array can 
be reused for different search patterns. The type_0 and type_1 
registers are regarded as the same type which contains integer 
pixels, all the filters are not used, the type_2 and type_3 
registers are not used. Only a subset of type_0 and type_1 
registers is selected to contatin the integer reference pixels. 
The integer reference pixels are input row by row directly into 
the data array, different registers are selected as the input of 
cost adder for different search patterns. 

. . . . . . . . . .

. . . . . . . . . .
20

 
Fig.  5. The configuration of data array for LDSP 

 
Fig.5 shows the configuration of data array for LDSP. At 

each cycle, one row which contains 16+4 integer reference 
pixels are input into the data array. When five reference rows 
have been input into the data array, every search position of 
LDSP has its first reference row. The registers enclosed in the 
dashed rectangle contain the reference pixels needed by the 9 
cost adders. The process of SDSP is similar, but only five 
search positions are involved in SDSP, thus fewer registers 
are selected and only five cost adders are used. 

. . . . . . . . . .

. . . . . . . . . .
24

 
Fig.  6. The configuration of data array for horizontal direction of CS 

 
The data array can also support cross search pattern, for the 

horizontal direction, nine positions along the horizontal arm 
are processed in parallel, so when the length of horizontal arm 
are larger than nine, the search should be divided into several 
passes. For example: if the length of horizontal arm is 27, 3 
passes are needed. At each cycle, one row which contains 
16+8 integer reference pixels is input into the data array. Fig.6 
shows the configuration of data array for horizontal direction 
search of CS, the dashed rectangle encloses the selected 
registers needed by nine cost adders. 
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Fig.  7. The configuration of data array for vertical direction of CS 

 
Fig. 7 shows the configuration of data array for vertical 

direction search of CS, since there are six rows of registers in 
the data array, six vertical positions along the vertical arm can 
be processed in parallel. At each cycle, one row of 16 pixels is 
input into the data array. The dashed rectangle encloses the 
selected registers needed by six cost adders. 
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Fig.  8.  The architecture of the cost adder 
 

The cost adder illustrated in Fig. 8 calculates the 
Motion_cost in (9). To shorten the critical path, the 
calculation is divided into two pipeline stages. At stage 1, two 
Partial_SAD (sum of eight AD) are got. At stage 2, the two 
Partial_SAD together with the MVD_Cost are added to the 
current Motion_cost. The architecture of PE is also illustrated. 
There are 7 block-types (16x16, 16x8, 8x16, 8x8, 8x4, 4x8, 
4x4) in H.264. When the width of block-type is 8 or 4, only 8 
or 4 PEs of one cost adder are involved in the SAD generation, 
the output of other PEs are set to be zero. 

B. Cycle Analysis of Different Search Patterns 
Since the integer reference pixels are input row by row, the 

cycle count for one ME search pattern is relevant to the 
number of needed reference rows for this pattern. Suppose 
one block belongs to the block-type i and the height of block-
type i is Hi, the cycle count for its ME is as follows:  

When performing one LDSP of DS, 4+Hi rows of integer 
reference pixels are needed to cover all the reference pixels 
needed by the LDSP, and 2+ Hi rows are need for one SDSP. 
After each LDSP/SDSP, some cycles are needed for the MV 

comparator to get the best MV of the current diamond to 
decide the position of the next search pattern. 4 bubble cycles 
need to be inserted after each LDSP/SDSP. In the process of 
DS, several LDSP may be needed and only one SDSP is 
needed. Suppose the number of used LDSP is Di, then the 
cycle count for the DS is: 

( )    *(4    4)  (2   + 4)DS i Di Hi Hi= + + + +             (11) 
When performing the CS search pattern of IME, Hi rows 

are needed for one horizontal search pass and Hi + 5 rows are 
needed for one vertical pass. Suppose the horizontal length of 
the cross is X and vertical length is Y, then  / 9X⎡ ⎤⎢ ⎥  search 
passes are needed for horizontal direction and / 6Y⎡ ⎤⎢ ⎥  search 
passes are needed for vertical direction ( X⎡ ⎤⎢ ⎥  is the smallest 
integer which is greater than or equal to x). Similar to DS, 4 
bubble cycles are needed to get the best MV of CS so that the 
starting position of following ME process can be decided. So 
the cycle count for the CS is: 

( )  /9 *( )  /6 *(5  )  4i iCS i X H Y H= + + +⎡ ⎤ ⎡ ⎤⎢ ⎥ ⎢ ⎥                          (12)  

When performing the FME, Hi+6 rows are needed to 
generate all the reference pixels, since the FME is the last step 
of ME, the cycles needed to generate the best MV can be 
overlapped with the IME of the next block, so the cycle count 
for the FME only includes the cycles to fetch the reference 
pixels: 

( )  2 * (6  )FME i Hi= +                                              (13) 

C. Analysis of Memory Bandwidth 
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Fig.  9.  The search area of the proposed architecture 

 
The memory bandwidth of the proposed architecture is 

decided by the search area covered by it. Fig. 9 has illustrated 
the search area of each pattern for one 16x16 block. When DS 
search, CS search and FME are used in turn, the total search 
area of one 16x16 block is also illustrated in Fig. 9, the 
shadowed area covers all the integer reference pixels for the 
block’s ME. The search area of other smaller blocks inside 
one MB (macroblock) can be covered by the 16x16 block’s 
search area. The parameters such as Di, X, Y are defined in 
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Equation (11) ~ (12). Assuming the memory bandwidth is B 
bytes per MB, the B is calculated in the following equation: 

2 2(4 * 21) (4 * 21) * ( ) -16 * ( )i i iB D D X Y D= + + + +            (14) 

IV. COMPLEXITY-CONTROLLABLE ALGORITHM  

A.  Target of the Algorithm Design 
The proposed architecture can support different IME search 

patterns and FME for different block-types, thus we can 
flexibly design the ME algorithm based on it to meet variable 
system requirement. The design of the algorithm should be 
under the real-time constraint; i.e., the cycle count for the ME 
of one MB should be no more than a threshold. 

Suppose the input video sequence has the frame rate of R 
frames per second, the frame size is MxN, the system clock 
frequency is F, the ME for one MB should be finished in no 
more than T_budget cycles, then T_budget is obtained as 
follows: 

_   /( * ( * / 256))T budget F R M N=                             (15) 
There are totally seven candidate block-types for one MB in 

H.264. For example, if the block-type is 16x8, the MB will be 
partitioned into two 16x8 blocks and each block will take its 
own ME and has its own MV. After all candidate block-types 
have finished their ME, mode decision is used to select the 
best block-type as the final block-type for this MB. The total 
cycle count for one MB consists of the cycle count of all the 
candidate block-types. Suppose there are N (N <= 7) 
candidate block-types involved in ME. For block-type i, the 
MB can be partitioned into Pi blocks, the cycle count of one 
block which belongs to block-type i is T(i), then the total 
cycle count T for one MB is obtained as follows: 

 
N

i
i=1

T= P T(i)*∑                                                                 (16) 

The proposed ME algorithm includes IME and FME, the IME 
can take DS and CS as the search pattern, so T(i) can be 
obtained based on (11)~(13): 
 ( )  ( )  ( )  ( )T i DS i CS i FME i= + +                               (17) 

To meet the real-time encoding requirement, the following 
constraint exists: 
   _T T budget<=                                                            (18) 
The target of the algorithm design is to get the best coding 
efficiency under the constraint of (18). Cycle allocation is 
needed to fully utilize the limited cycle budget, more 
computation should be spent to the ME search pattern or block 
type which contributes most to the overall coding efficiency. 
Note that the parameters including Di, Xi, Yi, and N are 
programmable in the proposed architecture, so cycle 
allocation can be implemented by adjusting these parameters 
properly. 

B. Cycle Allocation 
To get the principle of cycle allocation, the following 

experiment 1 is taken. There are three test cases in experiment 
1. Case 1 uses IME only and no FME is used, the IME takes 

full search pattern. Case 2 uses IME and FME, the IME takes 
DS as the search pattern. Case 3 uses IME and FME, the IME 
takes DS+CS as the search pattern. In case 3, the DS is used at 
first, and the best position of DS will be used as the center of 
CS. The vertical/horizontal length of the cross is 64. 

The experiment 1 is done with H.264 reference software 
JM10.1, the encoder is configured as the follows: one 
reference frame is used, non-RDO mode decision is used, the 
entropy coding mode is CAVLC, QP is 30, and the sequence 
format is “IPPPP”, the search range is 32, 150 frames are 
encoded (all the following experiment in this paper will 
follow the above configuration if there is no extra statement). 
Four sequences with different character are tested in 
experiment 1: Night (HD 720P, static camera and fast 
motion), Crew (HD 720P, flickering and scene changing), 
Mobile (CIF, slow and complex motion) and Stefan (CIF, 
very acute motion). The experimental results are as follows: 

TABLEⅠ  
PSNR (DB) RESULTS OF EXPERIMENTAL 1 

 Case1 Case2 Case3 

Night 34.94 35.33 35.35 
Crew 37.08 37.35 37.43 
Mobile 31.31 31.74 31.75 
Stefan 32.66 33.42 33.47 

 

TABLEⅡ  
BIT-RATE (KB/S) RESULTS OF EXPERIMENTAL 1 

 Case1 Case2 Case3 

Night 4553.93 3668.55 3655.52 
Crew 2497.98 1933.30 1940.32 
Mobile 2957.30 1371.79 1376.52 
Stefan 1850.18 1080.05 1004.51 
 

When case 1 and case 2 are compared, it can be seen that 
the coding efficiency will lose greatly without FME even the 
IME adopts full search, so the cycle budget of FME should be 
ensured firstly when cycles are allocated between the IME and 
FME. 

When case 2 and case 3 are compared, it can be seen that 
the performance of CS is obvious for “Stefan” which has 
acute motion, but its performance is not very obvious for the 
other sequences. As a result, CS can be used as an auxiliary 
search step after DS to avoid local minimum when the cycle 
budget is enough. Finally, the priority of cycle allocation is as 
the follows: FME > DS > CS. 

Another issue of cycle allocation is the allocation of cycles 
to different block-types. Among all candidate block-types in 
H.264, only one best block-type will be selected for the MB. 
More cycles should be allocated to the block-type that has the 
largest probability to be selected as the best block-type. 
Experiment 2 profiles the probability distribution of best 
block-type and the results are illustrated in Table Ⅲ . In 
experiment 2, IME+FME is used, the IME takes full search as 
the search pattern. 
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TABLE Ⅲ  
PROBABILITY DISTRIBUTION OF BEST BLOCK-TYPES 

 16x16 16x8 8x16 8x8 8x4,4x8, 4x4 

Night 80.92% 4.86% 4.90% 5.56% 3.75% 
Crew 85.98% 6.39% 4.49% 2.04% 1.06% 
Stefan 61.64% 7.78% 5.35% 12.26% 12.95% 
Mobile 69.6% 5.9% 6.1% 10.1% 8.4% 

 

Although the four sequences have various characters, it can 
be seen that the 16x16 block-type has the largest percentage 
(more than 50%). The percentage of block-types which are 
smaller than 8x8 is relatively small, this trend is more obvious 
in the HD 720P sequences than in the CIF sequences. The 
smaller block-types are very few in HD sequence, so more 
cycles should be allocated to 16x16 block-type and less cycles 
should be allocated to the smaller block-types. 

C. Description of the Proposed Algorithm 
Based on the above principle of cycle allocation, we 

propose the algorithm under the constraint of (18). Suppose 
the target video sequence is HD 720P with the frame rate of 
30 frames per second, the image size is 1280*720, the clock 
frequency of the proposed architecture can be up to 117 MHZ 
with 0.18 mμ technology. According to (15), the T_budget is 
1083, the cycle budget should be less than 1083. 

 

LDSP SDSP CS
Hal f - Pxi l e ME Quar t er - Pi xel  ME

   Fig.  10.  The proposed ME algorithm 
 

The proposed algorithm is illustrated in Fig. 10. In the first 
step, the DS is used. The LDSP will be terminated when the 
best point is at the center of the diamond or the number of 
LDSP has been equal to the pre-defined parameter Di. The CS 
is used as the second step. The center of CS is the best search 
position of DS. At the third step, the FME is used to refine 
motion vector into fractional accuracy. The detailed parameter 
configuration of the algorithm is described as the following 
table: 

TABLE Ⅳ 
 PARAMETER CONFIGURATION OF ALGORITHM 

 Di Xi Yi FME T(i) 

16x16 4 54 18 YES 325 
16x8 3 0 0 YES 90 
8x16 3 0 0 YES 138 
8x8 2 0 0 YES 74 
8x4,4x8,4x4 0 0 0 NO 0 
T 325+90*2+138*2+74*4 = 1077<1083 

 
It can be seen that the block-types which are smaller than 

8x8 are not included into the ME process since they contribute 
little to the total coding efficiency and the cycle budget is 
limited. Only the 16x16 block-type takes CS after DS to avoid 
local minimum since 16x16 block-type is the most important 
block-type, the horizontal length of the cross is larger than the 
vertical length because horizontal motion is usually heavier 
than vertical motion in real-world video. The pre-defined 
value Di constrains the largest number of the LDSP in DS, Di 
is 4 for 16x16 block-type and smaller for other block-types, 
this is because that we find that the actually needed number of 
LDSP seldom exceeds these pre-defined values. As a result, it 
can be seen that the total cycle count T for one MB is 1077 < 
1083, the real-time constraint is met. 

V. EXPERIMENTAL RESULTS 
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Fig. 11.  Comparison of the proposed algorithm and full search algorithm 
 

Two HD 720P sequences “Night” and “Crew” are selected 
to test the proposed algorithm, four QP are selected: 24, 28, 
32 and 36. As a contrast, the full search ME is tested. In the 
full search, FME and IME are both used, the IME takes the 
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search range of [-96, 96], all seven block-types are used. The 
experimental results are illustrated in Fig. 11. It can be seen 
that the coding performance of proposed design is very similar 
to that of full search algorithm. 

We describe the proposed architecture with Verilog HDL 
and synthesize it with 0.18 mμ technology. The total gate 
count is 238K with the clock frequency being 117MHz.   
There have been many hardware architectures for ME of 
H.264 in literature, the comparison between them and the 
proposed architecture is shown in Table Ⅴ . 
 

TABLE Ⅴ  COMPARISONS OF THE PROPOSED ARCHITECTURE AND 

PREVIOUS ARCHITECTURES 
 [3] [4] [7] Proposed 

Target 
application IME IME IME+FME IME+FME 

Algorithm 
for IME Full search Full search Full search DS+CS 

Technology 
(μ m) 0.35 0.18 0.18 0.18 

Frequency 
(MHZ) 66.71 200 108 117 

Gate Count 105.05K 597K 707K 238K 

Cycle Per 
MB 4096 4096 1000 1079 

GCTR  
(106) 

430 2445 707 257 

In previous work, [3] and [4] only support full search 
IME, [7] implements IME and FME by independent 
modules, the IME in [7] uses full search, but pixel 
truncation and sub-sampling are used to reduce the gate 
count. The overall evaluation of performance should include 
coding efficiency, gate count and throughput. In the 
previous paragraph, we have illustrated that the algorithm 
supported by the proposed architecture has nearly the same 
coding efficiency with the full search, so the coding 
efficiency brought by the proposed architecture will not be 
worse than the other architectures. The throughput of the 
architecture is evaluated by the cycle cost per MB. To give 
an accurate comparison, the Gate Count vs Throughput ratio 
(GCTR) is defined as follows: 

  (  ) /  

             (  )* _ _

GCTR Gate Count Throughput

Gate Count Cycle per MB

=

=
                                  (19) 

The lower GCTR indicates higher hardware efficiency. 
From Table Ⅴ , it can be seen that the GCTR of the 
proposed architecture is much lower than [3] and [4] even 
they only support IME. The architecture in [7] has adopted 
pixel truncation and sub-sampling to reduce gate count, but 
the GCTR of the proposed architecture is still lower than 
[7]. The proposed architecture outperforms the previous 

architecture because of two reasons: fast search pattern to 
reduce the complexity of IME and reusable architecture 
design for both IME and FME. 

VI.  CONCLUSIONS 
In this paper, a reusable architecture for both IME and FME 

of H.264 is proposed. This architecture supports fast IME 
search pattern to reduce the complexity, it also makes use of 
the similarity between fast IME and FME to reduce hardware 
cost. The complexity of the proposed algorithm running on 
this architecture is controllable by adjusting some 
programmable parameters. The limited cycle budget is 
properly allocated to get the best coding efficiency. 
Experimental results show that the proposed architecture and 
algorithm can get better overall performance than the previous 
ones. 
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