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A Study on Fast Motion Estimation Techniques Based on Partial
Distortion Elimination in Video Coding

Tae Kyung Ryu
Department of Electronic Engineering, The Graduate School,
Pukyong National University

Abstract

Video compression is an essential tool for video data storage and visual
communication. The basic principle of video compression is to remove data
redundancies, including spatial, temporal, statistical, and spectral redundancies.
Motion estimation 1s an indispensable technique to reduce the temporal
redundancy. In the motion estimation techniques for video sequence compression,
the block matching method is the most popular in current international video
coding standards such H.261, H.263 and MPEG-1/2/4 due to its simplicity and
good error performance.

Full search(FS) in the block-matching algorithm(BMA) based on the
translational motion model finds the location with the minimum value of
matching errors of all candidate displacements within a given search range. It
has been popularly used in video coding applications because of its simplicity
and easy hardware implementation. However, its heavy computational load for a
large search range can be a serious problem in real-time video coding
applications. Many fast motion estimation algorithms to reduce the computation
of the full search have been studied in the last decade. We can classify these

fast motion estimation methods into two main groups: The former is lossy

- viil -



motion estimation group has degradation of predicted images compared with the
conventional FS, and the latter is lossless motion estimation group has no any
degradation of predicted images compared with the conventional FS algorithm. A
big problem of the lossy fast motion estimation algorithms can be falling into a
local minimum, which is not optimal motion vector. The remaining limitation of
the lossless fast motion estimation algorithms is low computational reduction
ratio compared with the lossy ones.

In this thesis, we propose fast motion estimation algorithms based on
partial distortion elimination(PDE) to improve computational reduction ratio and
speedup computational time of conventional PDE algorithm. Our algorithms are
composed of three parts. The first algorithm identifies computational matching
order from initial calculation of matching differences. According to the
computational order identified, matching errors are calculated based on partial
distortion elimination method. The proposed algorithm takes about 8~20% of
computations for block matching error compared with conventional FS algorithm.
The second algorithm is based on selective matching scan and elimination of
unlike candidate blocks from initial matching error. According to the obtained
matching order, we proceed to calculate matching errors and remove unlike
candidate vectors based on PDE method. Our algorithm takes about 4~10% of
computations for block matching error compared with conventional FS algorithm.
The third algorithm is based on the prediction of threshold of sub-blocks
regarding with the information of 3 neighbors block adaptively. We proposed a

new block matching algorithm by sorting square sub—block and applying refining

,iX,



adaptive threshold for each block while keeping the same prediction quality
compared with the original FS algorithm. Our algorithm takes about 2~5% of
computations for block matching error compared with conventional FS algorithm.
If we cascade the successive elimination algorithm(SEA), multi-level successive
elimination algorithm(MSEA) or hexagonal based search(HEXBS) algorithms to
our proposed algorithm, we can further remove only unnecessary computation.
Thus our algorithm will be useful to real-time video coding applications using

MPEG-4 AVC or MPEG-2 video coding standards.
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4x4 QB 2o Yol td ud Aol AdE AE o] 5
QYA FEG AL Hx REAS WE £ A% 0w

Avg&eckmg Ro'eman with 10Hz
7.5
o —>%—PDE( sequential) —E—PDE(proposed)
¢ —X— SEA+PDE(sequential) —o— SEA+PDE(proposed)
65 —+— MSEA+PDE(sequential) ~—&—MSEA+PDE(proposed)
60
55
£
o 50
o
245 |
X
2 40 |
° 35
S 4
30
25
20
15
10 R R R R
0 10 20 30 40 50 60 70 80 90 100
Frame Number

Y 4.1 10Hzol A “foreman” F Ao A9 HAx REAS
H A H S 83 HJa P9
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—>— PDE( sequential) —B— PDE(proposed)
—%—SEA+PDE(sequential) ~—*—SEA+PDE(proposed)
—+— MSEA+PDE(sequential) —A— MSEA+PDE(proposed)

29 42 10Hz914 “car phone’ 3 HeI A8 Az #2A
S uTH e §83 » -

—%— PDE( sequential) —5—PDE(proposed)
—&— SEA+PDE(sequential) —+—SEA+PDE(proposed)
—— MSEA +P DE(sequential) T —©&—MSEA+PDE(proposed)

I

1% 4.3 10Hzo A “grand mother” G A Hx
EAS HaHE J8% Ha P9 5

_57_



¥ 413 F 42¥ 30 Hz, 10 HzY 2E G4 Al 2oA A8 B2
tha] thke WMol £=akH el WHIE Hxo] FHESAM HHE

=9 SAD#E VI=or 3 H454 wiH 2oew Avtd Hv 3o &

T
2
AN
v
2
r o
ro
ok
)
rlo
N
i
o,
=
12
i)
1
ol
)
2,
I
:(!)L_t‘
g
7
<o)
N\
X
o,
)
[
ol

® 4130 Hz 94 AB20l4 Az B2A%5 Madge 8¢ 97
B9 5

Algs. o5y Foreman pgjrie Trevor | Claire | Akio | Grand
Original FS 16.00 16.00 16.00 16.00 16.00 16.00
PDE(sequential) 413 391 3.21 4.04 1.72 3.65
PDE (proposed) 2.86 3.16 2.43 3.26 1.36 3.45
SEA+PDE(sequential) 2.48 2.51 1.77 1.57 0.78 2.39
SEA+PDE(proposed) 1.55 1.72 112 1.24 0.56 1.85
MSEA+PDE(sequential) 1.42 1.66 1.01 112 0.59 1.82
MSEA+PDE(proposed) 1.19 143 0.85 1.03 0.57 1.71
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¥ 4210 Hz 94 AB204 Az BEAS Madge 8% 97
B9 5

Algs. Seqs. Foreman pgc?rl;e Trevor | Claire | Akio | Grand
Original FS 16.00 16.00 16.00 16.00 16.00 16.00
PDE(sequential) 511 4.67 4.68 4.65 2.19 4.23
PDE(proposed) 3.64 3.75 3.53 3.54 1.54 3.80
SEA+PDE(sequential) 3.12 2.98 2.75 1.88 1.07 2.80
SEA+PDE(proposed) 2.10 2.12 1.84 1.44 0.69 2.10
MSEA+PDE(sequential) 1.88 1.99 1.60 1.29 0.71 1.99
MSEA+PDE(proposed) 1.58 1.71 1.32 1.16 0.63 1.83

43 7] dAA ¥lE 3 1< PDE ¢ndF HE&

% 44, 19 45% 10 Hz9 “foreman”, “car phone”34F Ao A A B
EZ9 g3 g Her AdE $AA o A Hxe R EE9

SAD#S 7oz 3 A34 ujd 27log Ay Ht P 5 Ho] F
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—%— PDE(sequential)

—&— PDE(proposed algorithm)

—+— MSEA+PDE(sequential)

—&— MSEA+PDE(proposed algorithm)

19 44 10Hz

HEE A

—»— PDE(sequential) A
—B8— PDE(proposed algorithm) “ o
—— MSE, +PDE($6§}u,ent|gU' - A "}w
_A_MSEAwDEmmgosegLa%E Mtn o

19 45 10Hz th=191A “car phone” §d Z7]|UA X
HHS AEe A9 ALdd Ha P9 5
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E 43 10Hz, th=19 W 94 AAzdA 27 AR B8 53
3% Ade BF B9 %

Seqs. Car 1 3 .

Foreman Trevor | Claire Akio Grand

Algs. phone
Original FS 16.00 16.00 16.00 16.00 16.00 16.00
PDE(sequential) 2.63 2.45 2.40 1.68 1.40 2.18
PDE(proposed) 1958, 1.50 1.43 1.15 1.14 1.40
MSEA+PDE(sequential) 1.37 1.36 1.16 0.79 0.70 1.28
MSEA+PDE (proposed) 1.05 1.03 0.89 0.69 0.63 0.98
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16.00
411
3.15
1.99
1.87

Grand

16.00
1.78
1.29
0.75
0.69

Akio

QA A
Claire
16.00
3.83
2.80
1.28
1.21

71

x=
16.00
3.85
2.72
1.48
1.30
45~4.62 30Hz, th=1, 414 <]

Trevor

16.00
4.32
3.04
1.94
1.70

Car
phone

16.00
4.20
2.87
1.80
1.59

Foreman

Seqs.
87~92%2] Ax

o

3

4.3~4.4990 4 A

S92 7

¥ 4.4 10Hz, th=4d = F& A|H22A

A% Ave B 49 F

MSEA+PDE (sequential)
MSEA+PDE (proposed)
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¥ 45 10Hz, th=1¥ =

7 ¥7%4¥ BT PSNR

Seqs) Car . .

Algs. Foreman phone Trevor | Claire | Akio | Grand
Original FS 29.50 31.54 28.64 37.51 38.66 39.01
PDE(sequential) 29.24 31.18 28.25 37.23 38.55 38.84
PDE(proposed) 28.79 30.67 21.74 36.94 38.14 38.68
MSEA+PDE(sequential) 29.24 31.18 28.25 37.23 38.55 38.84
MSEA+PDE(proposed) 28.79 30.67 21.74 36.94 38.14 38.68
¥ 4.6 10Hz, th=49 9 Z FA4¥E F T PSNR

Algs. Ve Foreman pg(?rie Trevor | Claire | Akio | Grand
Original FS 29.50 31.54 | 2864 37.51 38.66 39.01
PDE(sequential) 29.50 31.54 28.64 37.51 38.66 39.01
PDE(proposed) 29.51 31.56 28.64 37.50 38.66 39.01
MSEA+PDE(sequential) 29.50 31.54 28.64 37.51 38.66 39.01
MSEA+PDE(proposed) 29.51 31.56 28.64 37.50 38.66 39.01
44 J& F& dAA 45L& ¥ £ PDE ¢ng&

2 4

=)

Y 46~4.82 10 Hzel “trevor”, “car phone”, “clair’ 37 Al 2ol A A

BEol oje) vhere

0w A9W w47

gl
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—e— PDE(sequential) —*—proposed
—&— Hexagon Search —>—Hexagon+proposed

proposedf h

&1+p é’éd
.-r""* -

I8 4.8 10Hzo A “clair” g A FHE BEYAX
S e Hd Po| 4
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o] At A4S B3 HEXBSW W 88 49 7]<&<2 HEXBSHWHHE T}
49~61%9 AL FAE AS5S E 5 AAY ¥ 48~49% 30Hz, 10HzN A
71E9] Wy Aoket WHo A 9] PSNRo|th PSNRe| zpol&= AHgHo=z <

¥ 47 30Hz 3% AB2AA HE FEAAA BEE A8 Ha I

Seqs. Car . .

Foreman Trevor | Claire Akio Grand
Algs. phone
Original FS 16.00 16.00 16.00 16.00 16.00 16.00
PDE(sequential) 4.04 424 3.18 3.94 1.71 418
PDE (proposed) 1.86 1.91 1.35 1.21 1.08 1.66
Hexagonal 0.90 0.89 0.85 0.83 0.83 0.85
Hexagonal +PDE(proposed) 0.35 0.32 0.21 0.17 0.14 0.22

L 48 10H: 9% RSN A& FEIAN BUE A8 AT 9
o &

Seqs. Car . .

Foreman Trevor | Claire Akio | Grand
Algs. phone
Original FS 16.00 16.00 16.00 16.00 16.00 16.00
PDE(sequential) 481 4.87 451 4.45 2.09 4.66
PDE(proposed) 3.60 2.83 2.35 1.41 1.15 1.86
Hexagonal 1.08 0.97 0.93 0.84 0.84 0.86
Hexagonal +PDE(proposed) 0.64 0.49 0.39 0.22 0.16 0.27
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¥ 49 30Hz 9% AF2dA H§ FEAAA FHS FE&3F PSNR

Seqs. Car . .

Foreman Trevor | Claire Akio | Grand
Algs. phone
Original FS 32.85 34.04 34.06 4298 4415 43.45
PDE(sequential) 32.85 34.04 34.06 4298 4415 43.45
PDE(proposed) 32.85 34.03 34.06 4298 4415 43.45
Hexagonal 32.12 33.63 33.89 42.94 4411 4342
Hexagonal +PDE(proposed) 3L 33.61 33.88 42.94 4411 43.42

¥ 410 10Hz 94 AB2oA AL HEAX HHS HL3 PSNR

Seqs) Car J .

Foreman Trevor | Claire Akio Grand
Algs. phone
Original FS 29.50 1.4 28.64 37.51 38.66 39.01
PDE(sequential) 29.50 31.54 28.64 3751 38.66 39.01
PDE (proposed) 29.50 31.54 28.63 37.51 38.66 39.01
Hexagonal 28.39 31.13 28.34 37.24 38.48 38.86
Hexagonal +PDE(proposed) 28.39 31.12 28.34 37.24 38.48 38.86
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