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Motion Estimation Method Based on Correlations of
Motion Vectors for Multi-view Video Coding

Hyo-Sun Yoon*,hM—Young Kim'"

ABSTRACT

Motion Estimation which is used to reduce the redundant data plays an important role in video
compressions. However, it requires huge computational complexity of the encoder part. And therefore
many fast motion estimation methods has been developed to reduce complexity. Multi-view video is
obtained by using many cameras at different positions and its complexity increases in proportion to the

number of cameras. In this paper, we proposed a fast motion estimation method for multi-view video.
The proposed method predicts a search start point by using correlated candidate vectors of the current
block. According to the motion size of the start search point, a search start pattern of the current block
is decided adaptively. The proposed method proves to be about 2 ~ 5 times faster than existing methods
while maintaining similar image quality and bitrates.

Key words: Motion Estimation, Video Compression, Motion Vector, Multi-view Video

offt >

12 of
0%

N
of
)

)

g 2 A
i

o
i ox
::I,

2
ox
T

fo Lo 2 M dp oy
>

2

Ao
oy
o of

i
!

mlmﬁH”OZi

N

o
¥ o

E

)
o

& o o2 H

o du |o

et
o
R

o
at
e
O
[
S

o
v}
o
2
o)
o
:Oé
i)
of
ol
N

N
g
o
X

. ©
i
32
)

%
to
2
i
N
N
™
)
=2
>

3 ild
oX
o

B~ oy A
N

2y

&l+= Local Minimum Problem-&

D3 oo
Y

SIS

)

o
!
d

2 o
v
rlr

4

N2 ojo By oo
ot

A

52
rlo

o
2
X o

o) of
o
£
=%
o
u
N,
o
o
iy
e L

X o

ot
(o,
e
i)
&
o
i
o |

¥ Corresponding Author: Mi-Young Kim, Address:
(57337) 152 Juknokwon-ro, Damyang-gun, Jeollanam-
do, TEL: +82-61-380-8651, FAX: +82-61-380-8628,
E-mail : kimmee@dorip.ac.kr

Receipt date : Jul. 30, 2018, Revision date : Jul. 29, 2018

Approval date: Aug. 16, 2018

" Dept. of Computer Science, Chonnam National University
(E-mail : eatheryoon@hotmail.com)

" Dept. of Health and Medical, Jeonnam State College



]

AR

[e)

B4 g el A A
A WA 71 2 ol B

g 7He FAA WA 24E AT
o) 91A Aolg §29 W

CEENER-D!

o]
=4

= Z]
&

=

o

(2018.10)

=

of A QMO ARE &

| ==X M21& X10

=]
==}

K

Eif=)

\J

Al
o

E}
=

F

3

2EIOITIOf

o] ARt ATH12-15]. [3-1517]
B A A Gael A ALLEAY A

=

1132
s
o

7]

o

—

w

)

dees AgHE,

20

e
B2E g

9]

]

7

3

s

_%_
AR T2 7|&e dHE ke e u| o] Zl

=5 AHEAA AT 5 UA A

(S]]

1

A
=]

e}
=3

U
fill

KO
__A_n

oll

oo
4r

e g G WolA 7hg Aae

gAY vt et o Aol

o gl a7

ot

el
K

29
Slete SA o shite] 3349 %

=

E}

o] Al t= ATH3-15,19-21]. 34|

=
=

71Rela, MZ& 39A 71H[4]

20

1Wolt} 22kl =71

719

A 71 [3]&

sk 7

]_

W g} 7}

°l-&

I

%
k)

]

A
19[22] ol At [20-21171:E2

A
=

tod HlolE 2]

s, o2 Al

S

o]

o v

2~
T

oH16-19]. THAIA HIY

sz
]_

ks]
o

p

.

Sm A MY

S

A4S Aty B |
TZ 71H[20], TZH 71H[21] 183 &

Nes 8T

L

AA T, A5

A

9/]

L

Ho= AgAAA Yolel NHE AT
5

3l

P
%ol 27}

3}
71l

o~
T

bt

S

H}

il

i

7

IvNO
_ZT

o

o

T

A
-

2 A

M=
Z1Wgoltt o

4lE] 7} ol

T

3k 719 o) o, 4GHA &AM 71H (6]

A

)

7
tedo] 7

S

E}FAY

-

Is]
o

15

gl

Z] 0]
o

tod Fig. 1(a)9] &4 &

o

o ANFE Be
o1&

H

pul

g ol g
olobE g4l ZII781E &

Ho=

e

ol&

N
el
o

~

Az
d, A93 HasEAE 2

o
L

o

ﬂmo
_z_l

oR

o
)
%
¢
ol

Fof Al k= A

I

o

[e)

A3 & HE Arolel A

)

T

71 [11]

Rl

E} A0
A
o)

=

67
o] g5te] gy

H[9,10]

el

oo
"
el

S

B

o gy

Ao} 270w} @A) B2

)

L

& A

=

71 [13]

714[12]
AR

F e

ddols a4 &

3T

Sl

S

o o

=
=

A 71

W

]

X
B

oju
il
iy
2

0

o
o

o
™
H

N

el

o
=0

i
el
%0
N

0

oln

o
A

el
Ho°
a
)
R
o

=

)

L

s

Ul
pal

RO
Kt

ol

Ot

4r
ﬂ

™

5249 9y 2= 28 71[14]

83 o

]

Eilll

7ol
s

KO

mr
]



[wl
=
0x
=
o
10

I
for
ol
i
10
o
00
1A
0o
1=
o
min
1o
0
i
0z
o
j=
]
o
0o
1A
0o
1

8 7Y

1133

2 N : 5

a 15

A

(a) Diamond Search pattern

Fig. 1.
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(a) Initial grid search pattern of TZ (stride length 8), (b) Initial grid search pattern of TZh (stride length 8),

(c) Raster search pattern (raster length=3)

Fig. 2. Search patterns of TZ and TZH methods,
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Fig. 3. Start search patterns of Proposed method.
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Table 1. Correlations of Motion Vectors

Sequence C=P=M C=pP C=M

Akiyo 97.34% 98.04% 98.03%
Carphone 34.41% 46.94% 49.03%
Claire 85.77% 87.66% 91.41%
Foreman 20.63% 30.78% 25.27%
Mother 81.85% 87.69% 86.01%
Salesman 93.18% 95.94% 94.70%
Suize 44.13% 58.63% 54.21%
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Fig. 4. Refinement search patterns of Proposed method.

Mvz2 My3
{dxz, dyz) {dxs, avs)
MVao MV MVa4
(dxo, avo) (s, i) (ches, dlys) Currant higck
=2 frame t=1 frame t frame

MVO: the motion vector of the block at the same posi—
tion as the current block in t - 2 frame

MV1: the motion vector of the block at the same posi—
tion as the current block in t - 1 frame

MV?2: the motion vector of the block in upper-left block
of the current block in t frame

MV3: the motion vector of the block in upper block of
the current block in t frame

MV4: the motion vector of the block in left block of the
current block in t frame

Fig. 5. Candidate vectors,
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Table 2, Motion Vector Distribution

Sequence within 1pixel within 2 pixel within 3pixel within 4pixel within 5pixel
Akiyo 98.53% 98.65% 98.69% 98.70% 98.78%
Carphone 56.68% 60.40% 61.62% 62.31% 62.87%
Claire 91.81% 91.97% 92.04% 92.12% 92.41%
Foreman 36.90% 44.88% 49.35% 51.53% 52.25%
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Table 3. Experiment Conditions

Quantization the number
Search area
Parameters of frames
22, 27, 32, 37 [-96, +96] 100
4. A dut

A FdoZ 640x480 =719 Exit, Ballroom,
Racel, Flamenco22} 1024768 =7] 2] ULE A-&-3}h
T}, Exit, Ballroom, Racel, Ulit 129 v o] &

Table 3¢ YERH ATH24-27].

At 71¥, TZ 71 183 TZH 714 B+ 3}
Z 3} B4 BitRate2 Table 40 YER A 2, Aok 7]
W, TZ 71 283 TZH 7189 239 34 Ake
Table 5, 18] 22 BDPRNR(Bjontegaars Delta PRNR)
#} BDBR(Bjontegaars Delta BitRate)< Table 6l
A A8kt Exit, Ballroomol A A¢k 71H-& TZ 7]

A F4 NS oF 50% FAaAHT F
|4 At 713 FAFSER ow) EA H]
ol oA <F TKbps, 4Kbps Zt7 5718 T

] Aol Racelol A Aet 7B TZ
] A NS FBI%FAAOR
A ool wEA gAY WEE 8T ¢ YARE 32
Holl A ¢F 0.89(dB) A3tE B HAY v EF] )
o] A ¢F 23Kbps F7Fstth Ulidl A A F 7142
TZ 71 Bt} 249 F4 AREE oF 75% 4aAH
I 34 AoA TZ 713 vl =8k AR 3 HE
ol oA 0.9Kbps F7F3tA T Flamenco2ol A
A FA ALE F 5% T Ao BZH 2]
HEHE MEA 48 ¢ UYL FEE TZ 713
H =3 A 9, HAY I EFF] Qlo] A 3Kbps F718}
A, Exit, Uli, Ballroom, Racel, Flamenco2oll 4 A
b7 TZH 71 Bo w3 F4 A3ke 50%
o) TAaANHIL I M HelA TZH 718 H
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Table 4, Simulation Results —image quality and bitrates

TZHI TZ Proposed method

Sequence | QP Bitrates PSNR_Y Bitrates PSNR_Y Bitrates PSNR_Y
(kbps) (dB) (kbps) (dB) (kbps) (dB)

22 797.09 39.84 794.72 39.85 809.21 39.84

) 27 340.29 38.02 337.60 38.03 348.76 38.02
Exit 32 179.06 36.39 177.44 36.44 191.30 36.34
37 107.05 34.11 105.36 34.17 115.61 34.12

22 4154.02 38.98 4148.45 38.99 4159.70 38.99

] 27 2202.02 36.96 2197.35 36.97 2211.32 36.96
Ul 32 1225.13 34.42 1215.34 34.40 1220.70 34.41
37 675.33 31.60 667.83 31.62 677.12 31.61

22 1504.70 39.05 1494.35 39.04 1511.80 39.05

Ballroom 27 758.73 36.80 751.27 36.82 775.70 36.80
32 407.38 34.25 402.10 34.28 418.30 34.25

37 230.66 31.56 226.70 31.56 239.50 31.55

22 1230.89 39.90 1204.80 39.92 1364.11 39.80

27 603.72 37.24 582.93 37.30 686.53 37.08

Racel 32 314.07 34.56 29858 34.63 350.78 34.41
37 187.63 31.81 174.83 31.95 210.51 31.55

22 1773.05 41.25 1759.47 41.26 1783.25 41.25
Flamenco? 27 973.98 38.39 962.37 38.42 981.32 38.41
32 52856 35.37 521.85 35.39 541.72 35.38

37 284.36 32.36 278.78 32.38 290.12 32.38
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Table 5. Comparision values of total encoding time
T7H Proposed T7 Proposed
Sequence QP method AT(%) method AT(%)
(sec) (sec) (sec) (sec)
22 82615 38486 0.53 77122 38486 0.50
Exit 27 75471 35056 0.53 69999 35056 0.50
32 70484 32763 0.53 64453 32763 0.49
37 64855 31018 0.52 60665 31018 0.49
22 204897 98563 0.52 386955 98563 0.75
Ui 27 188061 89940 0.52 355760 89940 0.75
32 177220 82637 0.53 324375 82637 0.75
37 160546 74709 0.53 298839 74709 0.75
22 88437 43123 0.51 83309 43123 0.48
Ballroom 27 82561 40298 0.51 78003 40298 0.48
32 78475 38038 0.51 72337 38038 0.47
37 73980 35412 0.51 67215 35412 0.47
22 98219 40962 0.58 215806 40962 0.81
Racel 27 89408 37758 0.58 199540 37758 0.81
32 78869 33252 0.58 176361 33252 0.81
37 67291 30263 0.56 154004 30263 0.80
22 54598 24321 0.56 69597 24321 0.65
Flamenco? 27 52245 22857 0.56 65944 22857 0.65
32 49548 21183 0.56 61253 21183 0.65
37 47157 20937 0.56 60091 20937 0.65
Table 6. BDPSNR and BDBitrate
BDPSNR(dB) BDBitrate(%)
Sequence TZ vs. TZH vs. TZ vs. TZH vs.
Proposed method Proposed method Proposed method Proposed method
Exit -0.175 -0.269 7.034 8.314
Uli -0.037 -0.016 0.909 0.406
Ballroom -0.161 -0.102 4.087 2.553
Racel -0.896 -0.667 23.59 16.546
Flamenco?2 -0.147 -0.060 3.066 1.246
Kbps, 0.4Kbps 2.5Kbps, 16.5Kbps 1.2Kbps Z}2 = 9] £2]qJo] & A% W AE A giyS AFR5H]
7+t At 24 G Al A FEe wixste] HH 9
=2 do] wE g4 RacelolA At 71Re] TZ 2 e 3t & TZ 71M3 TZH 71H-S 24
713 TZH 71 Btk G4 st oA fzte) 514 P Mo & HEL wixEto HA o g &
Ashs Heoled, ole TZ 7IM 3 TZH 71 s = AQ3tE R 2 o] wE G RacellA At 7]
7l Z2de g4 S A E59 3 2714 HEo 94 shzo] ofF 0.667~0.893(dB) EAIT &
BAetA A F4 27 B2 Y9 A Hol gAY < B HES AHESHY 22 HHE FAER
HAEE A & HA] A HE 23 A EF g ALtEs aFgt B2 AL BRER s
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