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An Effective Early Termination Motion Estimation
Method for Multi-view Video Coding

Hyo-sun Yoon*, Mi-Young Kim'"

ABSTRACT

Multi-view video is obtained by capturing one three-dimensional scene with many cameras at different
positions. Multi-view video coding requires high computational complexity. To reduce computational
complexity and maintain the image quality, an effective early termination motion estimation method is
proposed in this paper. The proposed method exploiting the characteristic of motion vector distribution
uses a hierarchical search strategy. This strategy method consists of multi-grid square search pattern,
modified diamond search pattern, small diamond search pattern and raster search pattern. Experiment
results show that the speedup improvement of the proposed method over TZ search method and FS(Full
Search) method JMVC (Joint Multiview Video Coding) can be up to 1.7 ~4.5 times and 90 times faster
respectively while maintaining similar video quality and bit rates.
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a2l 1. TZ 71¥e| MM ZiBE. (a) Initial grid search pattern (stride length 16), (b) Raster search pattern
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[FA2] : 7] 28)= & (Initial Grid search)

Z7] B A AH S g d¥og x7] OFE
A S ARGt 27] 2= B4 A8 stride
length®] W= 1, 2, 4, 8, 16, 32, 640t} 18 1(a)=
stride length7} 16¢] 7] a28lE &A1 sjgdolt} 1
g 1(a)9} 2& Hoz A Hoo & JES
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0 0 0
1 1 23 1
2 2 2
i § ol || | ||
5 5 5
6 6 6
7 7 7
8 8 8
8-76-54-32-101234 5678 8-7-6-54-3-2-101234 5678 8-76-5-4-32-101234 5678 . . . .
(a) (b) (c) (d)
a8 2. Metst 7|8 e| B miElE . (a) Multi-grid Square search pattern, (b) Small Diamond search pattern,
(c) Modified Diamond search pattern, (d) Raster search.
1. 23 #HE 22 FA g
1 pixel | 2 pixel | 3 pixel | 4 pixel AEA TZ B4 71 e Aad A2 uiBest
olul ol ol ol Distance”} 0°] € wj7}# %7] 28 8 ggS
akiyo 98.53% 98.65 98.69 98.70 HHE Fasl=g), o] w EE Q3 gA JES A
carphone | 56.68% 60.40 61.62 62.31 3l AALZTE o]8 gk EA AL s dstr] 95t A
claire 91.81% | 91.97 92.04 92.12 ok €219 A 7Me 19 2h)9k e Fe tho]
foreman 36.90% 44.88 49.35 52.53 ol=r Bl mE = 19 (o)} Zo] B goo)
mother 87.83% 88.75 89.29 89.44 AHE A 02 W 2514 oo A< wEs}
salesman | 95.27% 95.44 95.52 95.54 BExE gEo] oF 56%(E=2] £2Qo] Z JA)~
stefan 40.19% 44.85 48.14 50.72 98% (B2 £29lo] Ze JAH)[7,17]0] = A
suzie 61.71% 66.27 68.45 69.57 S 0]43t $AH thololZt B JElS Al
Aote &2 F4 7|He E5 2249 A7
HE 7 g go o] FAFE Hol Exgth= A we} 4gHoz g sEeS Aggozn 224
g o] 83t 22 F4 7)o B 99| F4 FA AMdFE AT AGE 22AY F4 71He
R g =& wjxste] 223 HEE AT I%8 29 o AAEEA i, 19 2(h)9] &L
ozZM Aol e EZoA mEZA 2 HEH Tholol2 = &2 si§l 9 2(c)9] FAE ool
E F4T & Uk & At v A E g2 g™ = g giY agla a9 2(d)Y RasterZF 5 #H 2~
S 229l FA Z7]o] & FYo YdHE FAHoR B & gEHog 7"‘5‘%4. A} A FAH7H
494 oo B HE& wjxste] 2 HEE o daElE AEE 3¢t 23 g3 22
FAToEZN A QYo] F EEA 274 &3 dugEFS T 2AY WHE FAHSAH
d FAHL 283 4 9 iRaster+19] B4 49 Y
ol &l HES HjxFo R FEE B HE [SAI1] 229 M ¢Z(Motion Vector Prediction)
FE EYoZ AMdEe 90 Hoet A= Je BEE o] 83 oF, o)A 3
2ol E FAAME thF AH4E 84 " o g E5E o] 8% dF, o] 3 FE S o
& 7Y% T Y2y 24 fHS AEEe 232 |3 S-S ARSI 2] B4 AR S A gt
FAE Fdste, AdE AL FA I AA [@A12] o5 AH2E 24 s ' (Multi-grid Square
AHEshE 9 29 HE 2 wEe 7]EY Search)
g 28 A 78 9] jRaster(2] 28 #4129 &4 Z 3% 29 tF ALY 24 gEHE o] 83k
o]: 3)Z iRaster+2& Z7}A#H ). iRasterE 58 = z27] g AZH F90 2 AES X g &
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22 4" =A
Sequence Quantization Parameter (QP) Search area The number of frames
Exit 22,27, 32, 37 +96 100
Ballroom 22, 27, 32, 37 +96 100
Uli 22, 27, 32, 37 +96 100
Flamenco?2 22, 27, 32, 37 £96 100
Racel 22, 27, 32, 37 +96 100
¥ 3. Adzn - sEn d|ER
TZH 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 39.85 838.78 39.83
. 27 340.29 38.28 337.60 38.30 372.25 38.24
Fxit 32 179.06 36.39 177.44 36.44 201.44 36.34
37 107.05 34.11 105.36 34.17 122.95 34.00
22 4154.02 38.98 4148.45 38.99 4185.33 38.99
Ui 27 2202.02 36.96 2197.35 36.97 2223.23 36.96
32 1225.13 34.42 1215.34 34.40 1236.36 34.43
37 675.33 31.60 667.83 31.62 683.47 31.63
22 1504.70 39.05 1494.35 39.04 1652.13 39.05
Ballroom 27 758.73 36.80 751.27 36.82 804.72 36.79
32 407.38 34.25 402.10 34.28 440.53 34.23
37 230.66 31.56 226.70 31.56 254.09 3151
22 1230.89 39.90 1204.80 39.92 1398.69 39.70
27 603.72 37.24 582.93 37.30 705.56 36.91
Hacel 32 314.07 3456 29858 3463 367.85 3431
37 187.63 31.81 174.83 31.95 224.82 31.30
22 1773.05 41.25 1759.47 41.26 1802.53 41.25
Flamenco? 27 973.98 38.39 962.37 38.42 998.04 38.39
32 528.56 35.37 521.85 35.39 544.89 35.37
37 284.36 32.36 27878 32.38 296.97 32.38
BD-BitRateE & 4ol AA&ATE ALe 71, TZ Zanzl oz of 33u) maA F2Y AHE
LA ° > o

I8a TZH B4 7199 239 4 AIbE & 5
el 1t} Ballroom¥} Exitell Al A9+ 7[HL TZ
2 ZIHET A FAH Y ALEFE oF 45% A
Azth 97 std-& 747} 0.372(dB), 0.24(dB) A3}
g Holx A HEFS 7#74 10.02Kbps, 11.33
Kbps &7Fgtth UlidlAl Ale 719 & TZ &4 7]
HET F 22 ¢ 0.05(dB) A3}, HEZFS
1.25Kbps S7FeFAI9E 229 4 AlLbFL oF 70%

4.6Kbps

HE

=
T AATh Flamenco2ell Al AI<Her 712 TZ
ZIMEG I 3242 ¢ 02(dB) A3t HIE
F7VeHAI R oF 250 A%
FA3t). 18] 3 Racel ol A Ak 71H-L TZ

w27 Q)

oﬁ, ol ox
& rlo = o

O

gl R GAaF 31d e oF 1.2(dB) A3 HEZ
<2 3057Kbps F7F8FA T ¢k 450 A= wEA 32

o WEE FHh

Exit, Ballroom, Flamenco2, Racel 123 Uliol



CINIE HICI2
¥ 4. BDSNRZ} BDBitrate
BDPSNR(dB) BDBitrate(kbps)
Sequence TZ TZH TZ TZH
VS. VS. VS. VS,
A7 | ALY | A7 | A7
Exit -0.24 -0.343 11.339 12.723
Uli -0.052 | -0.031 1.256 0.752
Ballroom | -0.372 | -0.314 | 10.029 8.408
FlamencoZ | -0.219 -0.133 4.605 2.758
Racel -1.207 | -0.986 | 30.570 | 23.001
A AL 19 B $ ALTE 005 B
Zo 7 TZHEA 71HRT} ofF 26 WA $-2¢) M)

HE 4 ?F]-T?]- Exit, Ballroom, Flamenco2, Racel
a8 Uliol A AIEe 718 TZH B4 71H 2o
Z+7} 0.3(dB), 0.3(dB), 0.1(dB), 0.9(dB), 0.03(dB) 3}
A A3E Heola HEZS 747 12.72Kbps, 84
Kbps, 2.7Kbps, 23.0Kbps, 2.7Kbps Z7}38tt}.

2SS 218t A0l XD B2 83 =3 Iy 339

Exit, Ballroom, Flamenco2, Racel 18] 1 Uli
ol A Akt 7| TZ &4 7 TZH &
71 BT} oF 2~330) wWEA &2 ﬁ“Ei F4s
ol ]:]]/\25]- O:l)\]— p:].zh,]_ H]—Ag tl]E E_O]U]-

QP 37¢ w Ballroom %-d-oll A1 xﬂ%i 713} FS

719 sk, v ER Al A% 4 AIE
6ol et AT At 71 FS 7IMEY 94
s} 2 9F 0.13(dB) A3}, PIE#E2 oF 2884Kbps &
ZFetAIRE A Y A AEFES oF 98% A2

2 of o0u] A WA £2Y WHE SR

_.~J>;”= oR

5]

el

5.8 E

5 fA% B B 2 FE 5HY 34
PEE AT Ak e SAY WE Y ®
Z o Z

X EAE o8 ATAHL B HeE g A

N

I 5. Comparison values of total motion estimation time

seence | ap | T | oo | ap 17 o ot
(sec) (sec) (sec) (sec)

22 82615 42676 ~0.48 77122 42676 ~0.45

_ 27 75471 38846 ~0.49 69999 38846 ~0.45

Exit 32 70484 36667 ~0.48 64453 36667 ~0.43

37 64855 35111 ~0.46 60665 35111 ~0.42

22 204897 114850 ~0.44 386955 114850 ~0.70

_ 27 188061 107416 043 355760 107416 ~0.70

i 32 177220 101272 043 324375 101272 ~0.69

37 160546 96332 ~0.40 298839 96332 ~0.68

22 88437 46297 ~0.48 83309 146297 ~0.44

I 82561 42901 ~0.48 78003 42901 ~0.45

32 78475 40491 ~0.48 72337 40491 ~0.44

37 73980 37978 ~0.49 67215 37978 043

22 98219 47606 052 215806 47606 ~0.78

27 89408 44019 ~0.51 199540 44019 ~0.78

Racel 32 78869 40716 ~0.48 176361 40716 ~0.77

37 67291 38502 ~0.43 154004 38502 075

22 54598 27472 ~0.50 69597 27472 ~0.61

I 52245 26334 050 65944 26334 ~0.60

32 49548 24961 050 61253 24961 059

37 47157 23518 ~0.50 60091 23518 ~0.61
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¥ 6. Ballroom &&Z3 (QP:37)

FS(Full Search) Proposed method
Balloom | PSNR(dB) ?Ii{fsg egfrf’ec(i;g PSNR(dB) ?gg;e egfr?g(i;‘)g
0 view 32.11 295.15 417191 32.05 305.51 4523
1 view 31.24 156.54 434363 31.07 188.27 4883
2 view 32.18 245.80 427006 32.12 275.06 4601
3 view 31.24 153.23 436203 31.02 188.80 4896
4 view 31.54 268.89 428528 31.46 299.80 4622
5 view 31.76 171.95 434723 31.49 206.66 4914
6 view 31.89 265.47 428527 31.83 291.74 4674
7 view 31.17 244,94 430623 31.08 276.83 4865
3 2 g, g2E 2 ", A E ol = frame Image Coding,” IEEE Trans. on
2 gje 183 Ze tjojolE e HEAl O Z o] Fof Communications, Vol. 29, No. 12, pp. 1779-1808,
=g 1981.
B =FollA] At 71 435S TZ 71, TZH [6] L.M. Po and W.C. Ma, "A Novel Four Search
719 283 FS 719 A5 vlustds o, 94 Algorithm for Block Motion Estimation,”
4 F& IEEE Transactions on Circuit and Systems

323} v EFS v 24 Y F4 At
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