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Improved Method of H. 264 Fast Motion Estimation Using Predictive Motion Vector

Guo Jichang, Qiu Linyao,Zhang Xue
(School of Electronic Information Engineering, Tianjin University, Tianjin, 300072, China)

Abstract: An improved algorithm is proposed based on unsymmetrical cross multi-hexagon grid search
(UMHexagonS) , which is a fast motion estimation algorithm recommended by H. 264. In the prediction
link for initial search points, predictive vector sets are established, and the follow-up search strategy is
determined according to the length of prediction vector sets. In the global search link, the correlation be-
tween prediction motion vectors is used to skip some search steps, and some templates are replaced. In
addition, the block of zero coefficients is detected to terminate the motion estimation process in advance,
according to characteristics of integer transform and quantization. Experimental results show that, when
the quantization step size is 28, the proposed algorithm reduces the motion estimation time by 34. 80%
compared with the UMHexagonS algorithm, while maintaining the performance. Finally, the algorithm
can adapt to video sequences with different motion intensity under different quantization steps, which is a
fast motion estimation algorithm with fast speed and good performance suiting for H. 264.

Key words: video coding; motion estimation; predicted motion vector (PMV); H. 264; unsymmetrical

cross multi-hexagon grid search
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HAT H. 264 b5 #E757 % 0 s iz g0 Al Rk R AR X FR -+ 5 8 2 2 O B A i K (Unsym-
metrical cross multi hexagon grid search, UMHexagonS) & i | 7B ¥ B — R E & 9 15 3 R, A1 %t 4
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(a) Search pattern of (b) Search pattern of (c) Search pattern of (d) Search pattern of (e) Search pattern of
unsymmetrical cross 5X5 spiral square multi large hexagon small hexagon small diamond

Kl 1 UMHexagonS 5 148 R AR
Fig. 1 Search patterns of UMHexagonS algorithm
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Fig. 3 Flow chart of improved algorithm

XP, FH -G R Visual Studio 2010, M I EAF S H. 264 ARifER 2% K g LA JM10. 2, B0 53 1
CHHH M. dmfdaic & R M IM10. 2 19 F 28500, FZ g S50 E W 4% 80 i, WAy 30 fps, fiff
RE WS I8 F AR 4 LG8 B Al TR KBRS 16, 25 Wiy 5 i, 8 2 B 28 B 0 CABAC, W26 74 )y IBPBP, H Ath 2
Bomhg ik E ., LI T News(QCIF), Foreman(QCIF) , Coastguard (QCIF) 1 Waterfall (CIF) 4
AN FY SUAE g 4 i g 10 4 Ao Horh News ({312 302 3 )57 3] . Foreman {{3% 81z 3l 7 471 , Coast-
guard fUR A 12 3l 5 51, Waterfall £33 B J7 0142 ) 18 K T 0K - J5 18] iz 3l 19 A & #iz 3 751 .
3.2 MAERESDH

438 & (Full search) fijic & FS, UM HexagonS 8 ¥ f&iic &y UMHS, f&j fk i) UM HexagonS(Simpli-
fied-UMHexagonS) 5 ik fif id 4 SSUMHS, A SCHGH S fir 44 4 IMP, FE o] — M PR B8 T L xfix 4 Fh 5
BT, g5 BNk 1 pron . 3 1 1, QP (Quantization step) {8 F 4L 2 K ; PSNR (Power signal-to-
noise ratio) X W f5 M 1 . BR(Bit rate) {8 2 [0 4% % . ENT (Encoding time) £ 3 4 i i} [i] . MET ( Mo-
tion estimation time) fUEZ S THAGI ] . R 1 AT LI W Jo g xd T 3, op 3R B 32 2 )7 4] 38
SEXT T AR T BB 3 P 81 AR SCRVE AR [ UMHS 53035 249 B8 6% R i 152 1t v 20 2t 055 BF [ L5 Sl Ay 1 B 1]

2 BARSCFEAMX T FS T LK SUMHS 5k 801600, 3 2 nI A A T FS 3, A S
SL¥EAE PSNR P28 /0 0. 022 dB 9550 F P58 T 79, 6200 I8 S il iE M. AR SSUMHS &
B AR SCRE R T AENE Bz 3 P 81 bz s Ak i A i Ak A A R 51 o Sl Al i RS AR
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PR R M RRAR . 3R 3 AR SCR A X UMHS 538k 19 A2 A0 5 0 LA B SCRR L9 13086 A X UMHS 55 32
MR O . H 2 3 AT, AR T UMHS 833 SClRCO 3R P 2998040 T 23,16 6 (138 Sl Al 1 B i), A SCH
YRR T 34, 800 i35 B A v L AE T SCRRCO 15 B . B AN SCHR [958 15 M H UMHS 55 3% 76
PSNR i gl AR (e K 0. 05 dB) WA SCRETE IX 5 TR £ 1 8045 O PERE .
x1 ZWHERIEF(QP=28)
Tab.1 Experimental result records (QP=28)

35 41 ] 328 13 FS UMHS S-UMHS IMP
PSNR/dB 37.89 37.89 37. 88 37. 88
News BR/ (kbit/s) 179.58 179. 46 179. 47 179. 45
ENT/s 123.918 58. 468 47. 689 49.411
MET/s 89. 683 21.577 12.779 15.189
PSNR/dB 37.05 37.04 37. 04 37.03
Fore man BR/ (kbit/s) 190.18 189.76 189. 90 189. 31
ENT/s 128. 626 68. 064 57.782 53.296
MET/s 95. 257 33.169 23. 834 20. 530
PSNR/dB 34.75 34,74 34.73 34,71
Coast guard BR/ (kbit/s) 277.91 276.91 276. 21 275. 85
ENT/s 152. 999 73.862 63.062 59. 390
MET/s 110. 956 38.013 25.916 23.274
PSNR/dB 36. 00 35. 99 35. 98 35.98
Water fall BR/ (kbit/s) 807. 29 805. 87 806. 38 806. 62
ENT/s 498. 987 260. 640 227.920 218. 467
MET/s 357. 310 117.018 85. 389 78.753

*®2 AXHKE FS,S-UMHS H ik i) 4 79 14 BE LL 5 (QP=128)
Tab.2 Comparison of coding performance between the proposed algorithm and FS,S-UMHS algorithms

ARLHEE FSHYE IR SR AICF LS SUMHS J ¥k L8453
L7 51 ZE AR/ LfH AR/ N
PSNR/dB BR/(kbit+s ') BR MET PSNR/dB BR/(kbit+s ') BR MET

News —0.01 —0.13 —0.072 —83. 06 0 —0.02 —0.011 +18.86
Foreman —0.02 —0.87 —0.457 —78.45 —0.01 —0.59 —0.311 —13.86
Coastguard —0.04 —2.06 —0.741 —79.02 —0.02 —0.36 —0.130 —10.19
Waterfall —0.02 —0.67 —0.083 —177.96 0 +0. 24 +0.030 —7.77
Average —0.022 —0.933 —0.338 —79.62 —0.008 —0.183 —0.106 —3.24

®3 ANEESXEMIIIE E %D IR LB (QP=28)

Tab.3 Comparison of coding performance between the proposed algorithm and the algorithm in Ref. [9]

AR UMHS 509 He B 4 SCHRL9 ]S UMHS 53k P 45 2R
Wi R 31 2fH LI I ZAH AR/
PSNR/dB BR/(kbit+ s™')  BR MET PSNR/dB BR/(kbit + s™')  BR MET
News —0.01 —0.01 —0.006  —29.61 —0.04 —0.06 —0.226  —13.66
Foreman  —0.01 —0.45 —0.237  —38.10 +0.01 +0.77 +0.882  —20.07
Coastguard ~ —0.03 —1.06 —0.383  —38.77 +0.05 —0.13 —0.070  —27.72
Waterfall ~ —0.01 +0.75 +0.093  —32.70 +0.03 —8.35 —1.421  —31.20

Average —0.015 —0.193 —0.133 —34.80 +0.013 —1.942 —0.209 —23.16
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— &t IMP F1 UMHS 535 1) 1 8 , 3% BUZ 8 38 )8 5/ News 3 81 Fz 2 3 )2 5 K Coastguard
FEA 5 A BB #E R ) Ak 4 K (QP=24,28,32,36 F1 40) T 4 4 i 80 T, 43 5] 22 11 33 W 4 7% 91~ 5
i 595 1 % 5% 3L (Rate-distortion, R-D) PERE M 2 Bl . W1 &1 5,6 Fin . A AT LU L JE i X F News
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Fig. 4  Comparision of UMHS, Fig. 5 Rate-distortion curve of Fig. 6 Rate-distortion curve of
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tion estimation time
N
£
4 -Q-:lgl:gﬁln

15 H. 264 Zi 85 b iz Al T H 2 oA I BOPR Y 2 — 158 52 2% 32 Tl 2 1) 2000 3 1) i s A 96
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