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ABSTRACT

As the video resolution increases, high computational complex-

ity of the fractional motion estimation (FME) introduces diffi-

culty to meet real-time constraints in a video coding. In this

paper, we proposed a single-pass FME algorithm and its archi-

tecture with low hardware cost and negligible loss of the im-

age quality. The proposed algorithm directly searches only sur-

roundings of both the predicted fractional motion vector and the

search center. To reduce the hardware cost of processing units in

the proposed FME architecture, bit clipping scheme is applied

to processing units reducing the hardware cost by 25%. Ex-

perimental results show that the proposed algorithm provides

almost the same rate-distortion performance as the full-search

algorithm. The result of hardware implementation shows that a

quad full high definition video (4096×2160) can be processed

in real time (24 frame/sec) using 134k gates when the operating

frequency is 250MHz. Compared with the recent work sup-

porting quad full high definition video [8], the proposed FME

architecture has shown 70% reduction of the hardware cost.

Keywords— H.264/AVC, Fractional Motion Estimation,

Quad Full High Definition, Video Coding

1. INTRODUCTION
Variable block size motion estimation (VBSME) with quarter-

pixel accuracy which consists of integer motion estimation

(IME) and fractional motion estimation (FME) achieves sub-

stantially higher compression efficiency in video coding. IME

performs the search of the integer motion vector for 41 sub-

blocks (IMV) in coarse resolution, and FME refines each of

the 41 integer motion vectors into the quarter-pixel accuracy.

FME is divided into two search passes: fractional motion vec-

tor (FMV) search with the half-pixel accuracy around the best

IMV (first pass) and FMV search with the quarter-pixel accu-

racy around the best half-pixel FMV (second pass). The im-

provement of PSNR due to FME with quarter-pixel accuracy is

significant, i.e., up to 4 dB [1].

H.264/AVC adopts seven block modes for each macroblock

(MB), namely 16×16, 16×8, 8×16, 8×8, 8×4, 4×8, and

4×4. Because FME refines these various block modes with the
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quarter-pixel accuracy, FME occupies over 45% of the compu-

tational complexity of the total encoding process [2]. FME ar-

chitecture based on the full-search [1], which refines each block

mode sequentially, cannot meet the real-time requirement of the

high resolution such as HD1080p or QFHD. For example, the

architecture proposed in [1] must operate at no less than 405

MHz and 1.4 GHz for HD1080p and QFHD video coding, re-

spectively. Because operating frequency is 100MHz in [1], it

is difficult to meet these conditions. Many FME architectures

proposed to overcome this problem have high hardware cost.

To achieve real-time video coding in the high video resolution,

parallel architectures are adopted for FME operation [3] [4].

However, parallel FME architectures are very expensive; they

occupy 43.6% of the whole H.264/AVC encoder in [3].

To reduce the increased hardware cost of FME, single-pass

FME algorithms have been proposed [5] [6] [8]. In [5], the

scheme, which searches directly six quarter pixels, reduces the

hardware cost as the number of PUs is reduced to six. To allow

real-time operation in the HD1080p, additional mode reduction

scheme is utilized in [6]. After the scheme divides seven block

modes into two groups, FME is processed only for the two best

modes of each group. In [8], the use of two-tap finite impulse

response (FIR) filter instead of six-tap FIR filter in the gener-

ation of half pixels leads to high throughput, while the image

quality is degraded despite the increased hardware to handle all

49 quarter pixels in the FME search range.

In this paper, we propose a single-pass fractional motion es-

timation (SPFME) algorithm and its hardware architecture with

low hardware cost and negligible loss of image quality. The

proposed SPFME algorithm, to increase the throughput with

negligible loss of image quality, directly searches ten quarter

pixels as candidates of the best fractional motion vectors. A

bit clipping scheme is employed to reduce the hardware cost of

the proposed FME architecture. Since the difference between

current pixel value and reference pixel value is small, the pro-

posed bit clipping scheme reduces the size of each processing

unit without degrading the image quality.

This paper is organized as follows. Section 2 proposes the

SPFME algorithm and bit clipping scheme. Section 3 explains

SPFME architecture. In Section 4, rate-distortion performance

of the proposed algorithm and the result of hardware implemen-

tation are given, followed by the conclusion in Section 5.
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Fig. 1. The average probability distribution of the location of best frac-
tional motion vector, when it is located at neither predicted fractional
motion vector nor its four neighbors (top, bottom, left, and right) for
the six video sequences: Aspen, sunflower, RushFieldCuts, station2,
pedestrian area, and tractor.

2. PROPOSED ALGORITHM

2.1. Single-Pass Fractional Motion Estimation (SPFME)

There are many fast FME algorithms based on prediction, in-

cluding a hardware-friendly prediction scheme proposed in [7].

In H.264/AVC, the predicted motion vector (pred mv) is de-

fined as the median of three neighboring motion vectors. The

predicted fractional motion vector (pred frac mv) is extracted

from pred mv and the best integer motion vector (mv),

pred frac mv = (pred mv −mv) modulo 4 (1)

where modulo 4 operation is applied to obtain the fractional

component by removing the integer part. The basic idea of

obtaining the pred frac mv according to the equation (1) is

based on the assumption that most of the best fractional motion

vectors (best frac mv’s) lies on either pred frac mv or its

four neighbors (top, down, left and right).

To observe the probability distribution of the best frac mv
when it is located at neither pred frac mv nor its four neigh-

bors (top, down, left and right), we extracted statistics from six

HD1080p video sequences, classified into three groups, over

100 frames when quantization parameter (QP) is 24. The first

group includes Aspen and sunflower sequences with low motion

contents. The second group includes RushFieldCuts and sta-
tion2 with moderate motion contents. The third group includes

pedestrian area and tractor with high motion contents. The av-

erage probability distribution for the six sequences is shown in

Fig. 1, where x-axis and y-axis are in quarter-pixel resolution. It

shows that the distribution of best frac mv, when it is located

at neither pred frac mv nor its four neighbors, is concentrated

at the search center, (0, 0), and its surroundings. Because the

contents without motion like background occupy a substantial

part of the total image, best frac mv can be found at either the

search center, (0, 0), or its surroundings.

We then performed an experiment to observe the ef-

fect of searching (0, 0) and its neighbors in addition to the

Fig. 2. Various search algorithms with candidate locations for the frac-
tional motion vector are shown. (a) denotes Kuo’s algorithm [5], with
the predicted fractional motion vector, its four surroundings, and (0, 0).
(b) denotes the proposed SPFME algorithm, with the predicted frac-
tional motion vector and its four surroundings, as well as (0, 0) and
its four surroundings. (c) is the full search algorithm in the reference
software [9].

Table 1. Prediction ratio and ΔPSNR in Fig. 2 (a) and (b)

Fig 2. (a) Proposed Fig 2. (b)
Sequences Prediction ΔPSNR Prediction ΔPSNR

ratio (%) (dB) ratio (%) (dB)

sunflower 79.2 -0.130 83.4 -0.019

tractor 60.8 -0.122 68.0 -0.049

Average 70.0 -0.126 75.7 -0.034

pred frac mv with its four neighbors on the image quality for

the HD1080p sequences over 100 frames when QP is 24. Fig.

2 shows three different algorithms for fractional motion vec-

tor search. (a) searches pred frac mv, its four neighbors (top,

down, left, and right), and (0, 0) [5]. (b) is our scheme which

additionally searches (0, 0) and its four neighbors in a diagonal

direction. (c) is full search scheme of the reference software

[9]. In Table 1, a comparison of prediction ratio, which de-

notes the probability of the best frac mv being found among

the candidate MV locations and ΔPSNR of Fig. 2(a) and (b)

in comparison with full search in Fig. 2(c) are shown. In

(b) which shows the single-pass fractional motion estimation

(SPFME) algorithm proposed in this paper, 10 candidates are

directly searched. Average PSNR degradation of SPFME algo-

rithm compared to the full search is negligible, i.e., 0.034dB,

while the improvement of image quality of (b) in comparison

with (a) is 0.092dB. Because best frac mv, when it is located

at neither pred frac mv nor its four neighbors, is concentrated

at (0, 0) and its surroundings as shown in Fig. 1, including (0, 0)
with its four neighboring quarter-pixels has proven to be quite

effective. We select the four diagonal neighbors of (0, 0) (left-

up, right-up, left-down, and right-down) as the additional search

candidates to avoid the duplication of search candidates when

pred frac mv is (0, 0).

In the algorithm based on two passes shown in Fig. 2(c), it

is difficult to achieve the HD-sufficient throughput, due to the

large cycle count per MB for FME. The proposed SPFME al-

gorithm reduces the cycle count per MB for FME into approx-

imately half. To additionally suppress the hardware cost, the

so-called bit clipping scheme is proposed as follows.
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Fig. 3. Accumulated probability distribution of residues.

Table 2. ΔPSNR and Gate counts per PU of 3-bit clipping scheme

The number of ΔPSNR (dB) Gate counts
clipped bits Aspen station2 tractor per PU

3-bit -0.001 0.001 -0.002 3026

0-bit 0.000 0.000 0.000 4081

2.2. Bit Clipping Scheme
In [1], the group of processing units (PU’s) occupies 44% of the

gate count of the total FME hardware. In PU, the sum of abso-

lute transformed difference (SATD), which is the evaluation cri-

teria for the decision of the best fractional motion vector, is ob-

tained from the residue. Therefore, the bit length of the residue

directly affects the hardware cost in the FME architecture.

Generally each pixel of an image has a value ranging from 0

to 255 and is represented in eight bits. As the residue is the dif-

ference between current pixel value and reference pixel value

ranging from -255 to 255, nine bits are normally required to

represent the residue. However, the bit length of the residue can

be reduced if the temporal correlation of pixels between cur-

rent and reference frame is exploited. To observe the temporal

correlation of pixels between previous and current frame, accu-

mulated probability distribution of residue values was obtained

from six HD1080p video sequences over 100 frames when QP

is 24, as shown in Fig. 3, where x-axis denotes the absolute

residue and y-axis denotes the accumulated probability. Fig. 3

shows that the probability of absolute residue being less than 32

is close to 100% for all six sequences, i.e., the maximum differ-

ence between current and reference pixel can be represented in

6 bits with almost no loss of information.

The effect of 3-bit clipping scheme on the R-D performance

and hardware cost is shown in Table 2. 3-bit clipping confines

all residues within (−31, 31), while 0-bit clipping maintains the

original residue. 3-bit clipping reduces the gate count per PU by

25% in comparison with 0-bit clipping scheme while ΔPSNR

and Δrate are negligible. Table 2 shows that due to high tem-

poral correlation between current and reference pixels, residue

values are mostly limited to ±31. This 3-bit clipping scheme

helps suppress the hardware cost of the proposed SPFME.

3. HARDWARE IMPLEMENTATION

FME hardware with high throughput can be achieved using a

high degree of parallelism of the interpolation unit. However, it

leads to the increase of cost in the whole FME hardware due to

the increase of interpolation unit. To design FME hardware with

high throughput and minimal hardware cost, the relation be-

tween throughput and the hardware cost according to the degree

of parallelism of interpolation unit needs to be considered. For

a block consisting of n×n integer pixels, n is called pixel width
which is defined as the number of integer pixels in a horizontal

direction simultaneously processed (interpolated) in a clock cy-

cle. Fig. 4 shows the block diagram of half-pixel interpolation

unit and additional hardware elements for the pixel width of 4,

8, and 16. To generate a half-pixel, horizontal finite impulse re-

sponse (FIR) filter uses the values of six integer-pixels. Vertical

FIR filter, which consists of six registers (denoted as squares)

and a 6-tap FIR (denoted as a circle), generates a half-pixel from

the five half-pixels extracted from horizontal FIR filter or from

the six integer-pixels. As the pixel width increases, the half-

pixel interpolation unit requires additional hardware elements,

i.e., horizontal and vertical FIR filters, as shown in Fig. 4. When

the pixel width is four, five horizontal FIR filters and eleven ver-

tical FIR filters are required as denoted by white circles and

white vertical bars, respectively. Table 3 shows the number of

horizontal and vertical FIR’s required for various pixel widths.

The increasing the pixel width leads to an increase of through-

put due to parallelism. However, with the increase of the num-

ber of pixels (n) to be processed, the number of horizontal and

vertical FIR filters are also increasing (n+1 and 2n+3, respec-

tively).

Table 3 also shows the gate count of FME architecture and

the latency for FME processing according to the pixel width
when the operating frequency is 250MHz. In our FME archi-

tecture, ‘block mode culling’ is used. It has four block modes,

i.e., 16×16, 16×8, 8×16, and 8×8 mode instead of seven block

modes of H.264/AVC. Table 4 shows the effect of ‘block mode

culling’ on PSNR for various video resolutions when QP is 24.

As the video resolution increases, the degradation of PSNR re-

duces. Although the reduction of PSNR is significant in low

video resolution, the degradation of PSNR is negligible in the

high resolution. Therefore, we choose four block modes to im-

prove the throughput of FME architecture.

In Table 3, as the pixel width increases from 4 to 8, the cy-

cle count per MB is reduced to half, while the gate count of the

FME architecture roughly doubles. When the pixel width in-

creases from 8 to 16, gate count roughly doubles, but the cycle

count per MB is not reduced to half due to lower utilization of

interpolation unit of 8×16 and 8×8 block mode. Each block

mode is independently processed because it has a different in-

teger motion vector. In 8×16 and 8×8 block mode, nine hori-

zontal half-pixels are generated, while interpolation unit has 17

horizontal FIR filters when pixel width is 16. Therefore, these

two block modes do not need to use eight horizontal FIR filters.

As shown in Table 3, real-time encoding of 1080p video se-

quence is supported when the pixel width is 4, while QFHD res-

olution cannot be supported in real time. When the pixel width
is 8 or 16, it enables real-time encoding in both QFHD and

HD1080p resolution. We chose 8, i.e., the eight-pixel interpola-

tion scheme as a trade-off between the cycle count per MB and

the gate count of the FME architecture to reduce the hardware

cost and support real-time encoding in QFHD.

Fig. 5 shows the number of cycles required for the horizon-
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4 pixels
8 pixels

16 pixels

Horizontal FIR

Vertical FIR

Integer-pixels

Generated half pixels

Register

6-tap FIR filter

Additional elements when pixel_width is eight

Additional elements when pixel_width is sixteen

Fig. 4. The block diagram of half-pixel interpolation unit and additional hardware elements according to increment of pixel width.

Table 3. The number of horizontal and vertical FIR’s, gate count of FME architecture, latency for FME processing, and support of HD1080p
(30 frame/sec) and QFHD (24 frame/sec) according to the pixel width. Maximum latency for HD1080p and QFHD video resolution is 1054
cycles/MB and 301 cycles/MB, respectively.

pixel width The number of The number of gate count latency HD1080p QFHD
(n) horizontal FIR (n+1) vertical FIR (2n+3) (k) (cycles/MB) support support

4 5 11 69 512 Yes No

8 9 19 134 256 Yes Yes

16 17 35 267 150 Yes Yes

Table 4. Effect of ‘block mode culling’ on PSNR for various video
resolutions, as compared to the case of ‘no culling’

ΔPSNR (dB)
Sequences QCIF CIF HD720p HD1080p

Aspen -0.172 -0.123 -0.062 -0.056

sunflower -0.077 -0.087 -0.042 -0.029

RushFieldCuts -0.161 -0.176 -0.146 -0.108

station2 -0.132 -0.122 -0.055 -0.013

pedestrian area -0.223 -0.153 -0.033 -0.019

tractor -0.227 -0.185 -0.026 -0.021

Average -0.165 -0.141 -0.061 -0.048

tal and vertical interpolation of one MB to produce half-pixels

for each block mode. In Fig. 5(a), with the pixel width set at 8,

generation of half-pixels of half of the 16×16 block, i.e., 8×16

block is performed in the vertical direction for 22 cycles. The

identical procedure is repeated twice. As a result, 44 cycles are

required to execute the whole 16×16 block. The procedure of

8×16 block mode is performed in a similar procedure as the

16×16 block mode, which takes 44 cycles. On the other hand,

16×8 and 8×8 block modes are performed in the vertical di-

rection for 14 cycles in Fig. 5(b). As the identical procedure is

repeated four times, 56 cycles are required. After the best block

mode having the least SATD value is selected among the four

block modes, MC is processed for the selected best block mode

in the FME. As the worst case corresponding to 8×16 and 8×8

block mode requires 56 cycles, total required cycle count per

MB is 44 + 56 + 44 + 56 + 56 = 256 cycles.

Fig. 6 shows the proposed FME architecture based on

earlier-mentioned SPFME algorithm. “Half-pixel interpola-

tion unit”, which consists of horizontal and vertical six-tap

FIR filters shown in Fig. 4, generates half-pixels from ref-

erence pixels. According to the predicted fractional motion

(a) (b)

Fig. 5. The number of required cycles per macroblock (MB) in each
mode. (a) 16×16 and 8×16 block mode requiring 22×2 = 44 cycles,
(b) 16×8 and 8×8 block mode requiring (14×2)×2 = 56 cycles. Dark-
shaded region denotes the current sub-macroblock, while the interpo-
lation window denoted as light-shaded region represents a group of
integer pixels used to generate fractional pixels. Arrow denotes the
direction of interpolation.

vector, pred frac mv, decided by (1), the generated half-

pixels are adaptively selected to interpolate 10 quarter-pixels

(pred frac mv, (0, 0), and their four neighbors, respectively).

The quarter-pixels are generated by averaging the value of two

neighboring half-pixels. Because quarter-pixels are directly ob-

tained from reference pixels (integer-pixels), FME with single-

pass can be achieved.

The bit-clipped processing unit (BCPU) generates residues

and extracts SATD for each candidate. Ten BCPUs are divided

into two groups. One group of BCPUs generates residues and

extracts SATDs for pred frac mv and its four neighbors. An-

other group is utilized for residues and SATDs of (0, 0) and

their four neighbors. Fig. 7(a) shows the details of the BCPU
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Half-pixel interpolation

Quarter-pixel interpolation

Best fractional motion vector decision

Best block mode decision

Reference pixelsPred_mvmv Current pixels

Best motion vector Best block mode

BCPU BCPU BCPU

BCPU BCPU

BCPU BCPU BCPU

BCPU BCPU

Fig. 6. Proposed FME architecture based on the SPFME algorithm.
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9 9 9 9
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+ +

+

BCU4 BCU5 BCU6 BCU7

- - - -

2D Hadamard transform
based on 4x4 block

9 9 9 9

6 6 6 6

ABS ABS ABS ABS

+ +

+

+ +

+

10 10 10 10 10 10 10 10

10 10 10 10 10 10 10 10

11 11 11 11

1212

1313

14

1 0
1 0

r7 r6 r5r4 ~ r0r8

Sign bit (r8)

5 5 1 1 1

1

5

r8 r7 r6 r5 r4
Residue (r) = cur - ref

r3 r2 r1 r0

BCU

Clipped
residue

(a) (b)

ref - quarter-pixel in reference MB
cur - integer-pixel in current MB

ref cur ref cur ref cur ref cur ref cur ref cur ref cur ref cur

Fig. 7. (a) Proposed bit-clipped processing unit (BCPU). ABS repre-
sents the operation taking the absolute value. ref denotes the quarter-
pixel in reference MB and cur denotes the integer-pixel in current MB.
The number next to slash denotes the required number of bits. (b) Bit
clipping unit (BCU) architecture.

which is based on two 4×4 blocks to accommodate 8×8 block

because block modes below 8×8 block are culled in our de-

sign. In BCPU, residues are obtained from the difference be-

tween candidates in reference MB and integer-pixels in current

MB. To reduce the hardware cost of the BCPU, we applied

the earlier-mentioned bit clipping scheme to the BCPU. The bit

clipping unit (BCU), which confines the nine-bit residue [-255,

255] within six-bit residue [-31, 31], can be represented as the

simple architecture. In Fig. 7(b), the clipped residue is selected

between the subordinate five bits of nine-bit residue (from r4 to

r0) and 31 according to the value obtained from combination of

r7, r6, and r5. Due to bit clipping scheme, the reduced bit-width

in BCPU leads to the reduction of hardware cost.

The “best fractional motion vector decision unit” selects the

candidate with the minimum value among ten block mode costs

obtained from BCPUs. After motion vector with minimum cost

is decided for each mode, “best block mode decision unit” se-

lects the block mode with the minimum value among the accu-

mulated block mode costs as the best block mode. Finally, MC

for the selected best block mode is performed.

(a)

(b)

Fig. 8. R-D performance curves of conventional, [6], [8], and proposed
FME algorithms. (a) station2. (b) tractor.

4. EXPERIMENT RESULT

4.1. Performance Comparison
The proposed algorithm as well as the algorithm in [6] and [8]

was implemented in JM 14.0, H.264/AVC reference software

[9]. The simulation environment is as follows:

1. main profile,
2. CABAC is enabled,
3. RDO is disabled,
4. motion vector search range is [±64, ±64],
5. the number of reference frames is one,
6. tested QP is from 20 to 32,
7. the total number of frames per QP is 100, and
8. IPPP GOP (Group of Pictures) structure is used.

Fig. 8 shows the comparison of R-D performance curve for

station2 and tractor. The difference of R-D curve between the

proposed SPFME algorithm and full search in reference soft-

ware is negligible, while the R-D curve of [6] and [8] shows sub-

stantial degradation. Table 5 shows the comparison of the algo-

rithms with single pass [6] [8] in terms of the average ΔPSNR

and the average Δrate for five HD1080p sequences when QP is

from 20 to 32. The average ΔPSNR of the proposed SPFME

algorithm is -0.062dB and the average Δrate is -3.29%. On the

665



Table 5. R-D performance of the proposed FME and FME from [6] and [8] for five HD1080p sequences when QP is from 20 to 32

Aspen sunflower station2 tractor RushFieldCuts average
Δrate ΔPSNR Δrate ΔPSNR Δrate ΔPSNR Δrate ΔPSNR Δrate ΔPSNR Δrate ΔPSNR
(%) (dB) (%) (dB) (%) (dB) (%) (dB) (%) (dB) (%) (dB)

Proposed -3.79 -0.062 -3.25 -0.044 -4.54 -0.016 -3.06 -0.093 -1.83 -0.094 -3.29 -0.062
Lin’s [6] -0.19 -0.135 -1.29 -0.190 0.89 -0.121 2.39 -0.187 3.56 -0.157 1.07 -0.158

Tsung’s [8] 4.98 -0.071 9.39 -0.050 -3.15 0.005 4.16 -0.100 6.86 -0.076 5.71 -0.058

Table 6. Comparison of the proposed algorithm with previous works

Lin’s [6] Tsung’s [8] Proposed

Max. resolution HD1080p QFHD QFHD
CMOS tech. (μm) 0.13 0.09 0.13
Gate count 68.9k 448k 134k
Operating freq. (MHz) 128.3 280 250

Latency (cycles/MB) 432/2641) 156 256

Throughput (kMB/sec) 297/4851) 1659 977

TPUA (MB/sec/gate) 4.31/7.041) 3.70 7.29
ΔPSNR (dB) -0.157 -0.058 -0.062

1) The left and the right part of slash are the worst and the best case, respectively.

other hand, average ΔPSNR of [6] is -0.157dB, and Δrate is

1.07%. The average ΔPSNR of [8] is -0.058dB, and Δrate is

5.71%. Compared with the R-D performance in [6], the im-

provement of the proposed algorithm is driven from additional

search of (0, 0) and its surroundings. The R-D performance of

the proposed algorithm is better than that of [8], because the

generation of the fractional pixels is performed by 6-tap FIR

filters compared to 2-tap FIR filters used in [8].

4.2. Implementation Result

The proposed SPFME architecture was implemented in Ver-

ilog, synthesized in TSMC 0.13um technology, and operated

at 250MHz. Table 6 shows the comparison of the proposed ar-

chitecture with previous works with single pass. Our design and

[8] lead to the real-time video coding in QFHD video resolution

due to the high throughput, while [6] supports until HD1080p

video resolution. However, [8] obtains the high throughput at

the expense of the significant hardware cost in comparison to

our design and [6].

Throughput is computed as the ratio of the operating fre-

quency to latency (operating frequency/latency). Thus, through-

put can be increased as reducing latency at the expense of addi-

tional hardware for exploiting parallelism. We make throughput

per unit area (TPUA) as the evaluation criteria to consider both

hardware cost and throughput. The definition of TPUA is as

follows.

TPUA =
Throughput

Gate count
(MB/sec/gate) (2)

In [6], TPUA has minimum and maximum value due to the

variable latency of the selected block mode. Compared with

[6] and [8] in terms of TPUA, our design can achieve the high-

est throughput with low hardware cost. With the proposed de-

sign, real-time constraints can be met in the video resolution of

QFHD as well as HD1080p at the expense of low hardware cost.

5. CONCLUSION

In H.264/AVC coder, FME architecture with the low hardware

cost and the high throughput is significantly important in the

real-time video coding with high resolution. In this paper, we

proposed FME algorithm and its architecture with the low hard-

ware cost and the negligible loss of image quality. Our SPFME

algorithm has the high throughput with negligible loss of image

quality. We also proposed a bit clipping scheme for reducing

the hardware cost of the processing unit (PU) by 25% in the

FME architecture. In our design, the use of block mode over

8×8 leads to substantial reduction of cycle count for MB. Our

FME design has 977KMB/sec throughput with 0.062dB PSNR

degradation. With TSMC 0.13um, total gate count of the pro-

posed architecture is 134K at 250MHz. As a result, our design

can support QFHD video resolution with low hardware cost.
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