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Fast Motion Estimation Using Local Statistics of Neighboring Motion Vectors
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Abstract

In this paper, we propose a variable step search fast motion estimation algorithm using local statistics of neighboring motion
vectors. Using the degree of correlation between neighboring motion vectors, motion search range is adaptively adjusted to reduce
unnecessary search points. Based on the adjusted search range, motion vector is obtained by variable search step. Experimental
results show that the proposed algorithm has the capability to dramatically reduce the search points and computing cost for motion
estimation, comparing to fast full spiral search motion estimation and other fast motion estimation.

Keywords: variable step search, motion estimation, local statistics, H.264, adjusted search range
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Fig. 1. H.264 encoder complexity comparison
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Table 1. PSNR comparisons as a function of Quantization index (unit: dB)

QP
Sequence Method 16 2 2 20

FFSS 4501 | 38.61 | 33.06 | 28.04

ASRD 4501 | 38.60 | 33.02 | 28.05

F(‘gec’:‘:)“ 6StepSearch | 44.95 | 3857 | 32.99 | 27.99

Ref. [12] WA | 44.99 | 3856 | 32.99 | 27.98

HotEVSS | 45.00 | 38.58 | 32.98 | 27.98

FFSS 45.00 | 38.60 | 33.11 | 27.85

_ ASRD 4500 | 38.58 | 33.07 | 27.83

C?g‘é‘;)er 6StepSearch | 44.99 | 38.60 | 33.00 | 27.84

Ref. [12] 24| | 44.99 | 38.60 | 33.07 | 27.82

HotEVSS | 45.00 | 3857 | 33.06 | 27.80

FFSS 2458 | 3750 | 30.62 | 24.76

ASRD 4457 | 37.49 | 3058 | 24.73

(Sct;éffF") 6StepSearch | 4455 | 37.43 | 3054 | 24.70

Ref. [12] A | 4455 | 37.43 | 3054 | 24.72

HOIEIVSS | 4456 | 37.43 | 30.53 | 24.70

FFSS 47.00 | 4112 | 3529 | 30.31

Claire ASRD 4700 | 4115 | 3527 | 3029

(QCIF) 6StepSearch 47.00 | 41.11 35.28 | 30.25

Ref. [12] &4l | 47.00 | 41.11 | 3525 | 30.26

HHEVSS | 47.00 | 4112 | 3526 | 30.27

(d)

2! 5. MEol ARBE FA; (a) QCIF Foreman, (b) QCIF Container, (¢) QCIF Stefan, (d) QCIF Claire
Fig. 5. Video sequences used for experimental evaluation : (a) QCIF Foreman, (b) QCIF Container, (¢) QCIF Stefan, (d) QCIF Claire
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B 2. UA3 QlEA S50l m}2 Bit rate H|E (S kbits/sec)

Table 2. Bit rate comparisons as a function of quantization index (unit;
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Table 4. Search points comparisons as a function of Quantization index

kbits/sec)
S Method ap
equence einoi
Sequence Method m N QP > 0 16 24 32 40
FFSS | 1,255,943 | 995,656 | 619,282 | 338,983
;;23 ::g'; 1222 :2'; 13‘2 ASRD 172,070 | 147,655 | 105,731] 68,716
Foreman(Q : : : : Foreman (oo epSearch | 21,815 | 20,556 | 17,862 | 14,128
6StepSearch | 3427 | 1302 | 483 | 193 (QCIF)
CF) e G2 ox 3387 1280 T 480 o5 Ref. [12] &A1 | 17,136 | 16,037 | 14,753 | 12,517
' — : : . ' Hlote! 160 | 11,07
MOIEVSS | 3339 | 1272 | 478 | 201 ItEIVSS 81442'789; 61342'337; 31832 67% = 36%
FFSS 2036 | 548 | 146 | 52 FFSS ' S e
Conta ASRD 2032 | 550 | 146 | 52 Container ——oR0__| 77.928 | 65730 | 45, '
on aII:er( 6StepSearch | 2034 | 527 | 146 52 ol | 6StepSearch | 19,083 | 17.231 | 13824 | 1049
QCF)  Ret 21 %4 | 2035 | 527 | 146 | 52 Ref. [12] %A | 13,250 | 12,887 | 10617 | 8,518
AoEvss | 2034 | 552 | 1a6 | &2 HotEVSS | 11,422 | 10,670 | 9,311 | 7,587
FFSS 7012 | 3328 | 1254 | 424 FFSS | 1,356,658 | 1,217,454 | 940,924 | 584,357
ASRD 6944 | 3299 126.9 44 .1 ASRD 198,638 | 185,073 (159,738 | 116,992
Stefan(QC| Stefan I epSearch | 21,803 | 20,783 | 19,116 | 16,554
H 6StepSearch | 719.2 | 3514 | 1353 | 472 (QCiF) | BStepSearc , , , ,
Ref. [12] 2A | 7159 | 3473 | 1345 | 471 Ref. [12] 2A] | 19,870 | 18.907 | 17.231 | 14,725
HotElvss 708.3 | 3422 | 1322 | 479 HotElVSS 17,072 | 16,408 | 15,323 | 13,703
FFSS 847 | 285 | 93 35 FFSS 485,966 | 409,060 | 269,165 | 138,753
, ASRD 847 | 285 | 94 35 ASRD 48643 | 45039 | 32,261 | 16,714
Claire(QCl Claire
F) 6StepSearch 854 28.9 95 3.6 (QCIF) 6StepSearch | 14,799 13,973 | 11,504 | 8,558
Ref [12] 9] | 853 | 287 94 36 Ref. [12] %A | 10,522 | 9,909 | 8,758 | 6,867
HotElvss 84.5 285 93 3.6 HotElvss 9,906 9,563 8,271 | 6,571

I 3. oAt oldlA S0 IESADMB |

Table 3. SAD/MB comparisons as a function of Quantization index

QP

Sequence Method 16 2 2 20
FFSS 21034 | 2406.9 | 2552.9 | 2486.3
ASRD 2130.3 | 2432.3 | 2541.0 | 24475
F°’%’F;)”(Q 6StepSearch | 2232.9 | 2425.6 | 2472.9 | 2513.6
Ref. [12] 24| | 2224.7 | 2480.8 | 2576.6 | 25791
HOIEVSS | 2188.3 | 2412.4 | 25296 | 25604
FFSS 11442 | 1176.3 | 1451.0 | 1933.2
_ ASRD 1137.5 | 1179.2 | 1449.0 | 19453
C°”g':f“° 6StepSearch | 1138.0 | 1171.4 | 1457.4 | 19331
Ref. [12] WAl | 11511 | 1190.9 | 1466.7 | 1947.7
HOIEVSS | 1142.6 | 1184.3 | 1443.1 | 1944.8
FFSS 4646.7 | 4914.7 | 58814 | 6229.3
ASRD 48467 | 50985 | 6022.4 | 6129.4
Stefa“)(QC'F 6StepSearch | 5691.0 | 5761.0 | 6111.2 | 5986.0
Ref. [12] 4] | 5628.9 | 5834.0 | 6106.7 | 6086.6
HOIEVSS | 5569.4 | 5656.6 | 6098.8 | 6087.2
FFSS 601.5 | 802.2 | 10357 | 1356.2
‘ ASRD 6043 | 801.8 | 10457 | 1373.4
C'a're)(QC'F 6StepSearch | 6224 | 8115 | 10309 | 13651
Ref. [12] %4/ | 609.8 | 8102 | 10359 | 1372.8
HlotEvss 609.4 | 808.2 | 1034.4 | 1375.9

F 1% 200 7 o) FAEE A9 A o)l tEIPSNR
R HES XS YT FY HIES 71F22ASRD
£ FFSS} fARSE A5 Byom, A VSS w26
step search ¥ 71 VSS W43} FAIR A5S HYS &
A% & YAk T Stefanst 7o %14%101 2 9739
73, FFSS¢t vt T HELAA H) 0.06 dB A
29 03t WA FAT £ AT 4719 o] §3
Qo] & 01/\}0] 7g_<1>_ 1A BEE259 L3¢ HE 9 233}
E5 289 Y AAFAV A FoEA FAY F
A FYelM L577F BAEA H, o= s FAY B
G334 Ao} AT e A gho] AdF
OS2 AAA Hol 4F &g Zart dAEA B

39 F53 gR e} B2 BE 709 299 U
A 848 Yel= SAD(Sum of Absolute Difference) &
LHeR 211:}. E 30 Yehd niob o] ASRD= FFSS9H #

ALgE A5E Hold, AI¢E VSS 71H-26StepSearcho}
AMgH A 5& Holm, 7]& VSS vl w sty <kzhe) s o]
Vg A F Atk ol A et wro] 7]e} Wz
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