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Abstract: A fast motion estimation algorithm used in H. 264, UMhexagonS, is optimized to improve
the efficiency of video compression. Firstly, a stop-search technique is used to judge whether the mo-
tion estimation of current macro block should be stopped after the initial search point is predicted.
Then, the original algorithm is improved in two respects for macro blocks which need further motion
estimation. One improvement is that fewer search points are used in motion estimation by the pro-
posed partition method when multi-hexagon-grid pattern or cross pattern are adopted, and the other
improvement is that the search points of square search pattern and extended-hexagon search pattern
are reduced according to statistical characteristics of motion vectors. Moreover, the rationality of the
partition method is proved. Experimental results show that the average time of motion estimation is
reduced by 15.59% compared with that of the original algorithm, whereas, the Peak Signal to Noise
Ratio (PSNR) and bit rate remain almost unchanged. The proposed algorithm improves the coding

performance and is suitable for various types of video sequences.
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Fig. 1 Mixed search patterns of UMhexagonS

R TR k. AR ) iR
BB A FR A RIS S B X AN TR) ) 2 B 43 ) 2 AL A
ANFHZ 2% Wi, UMhexagonS A DL & 75 >4 i 5
AR RES G L Bkl 56 70 8 R, 4 AT 5 T
HIR AR I8 R
2.2 UMhexagonS 2 T &R LK

i bk UMhexagonS $#% it #2 7] LI 2], 1R
A1 R AT B R R S BOT £ Xt 2
T UMhexagonS (¥ # & . R EEE R — &M
B ) 2% 14 4 /N4 2R 30 TRl R 4 ] LA 28 ok 2 4
E %, BT UMhexagonS R ] T K # (1 55
T PR AT AR R 0502 B % i 1) 6 i A 2
Bh % B 7 I i P N B4 A R S B AR AT T,

DK B B2 T2 68 i L IR R A A% AR R TR A
ZRAUAT LR B B I R A A RO T A R U

F B SOk 4 b ge A5 B A9 iz 3 % i 7K
SR BT 1) 6 i A L R SR Y A e B ik
Wiz 3l < 57 101 40 23 g i 1] 1E o Bl 18] (BRic oy
area;) i 1] 1E y %1 75 1) (BR 00 area, ) i ] 1y
W (BRiC A area,) , Ml 0] 1 2 Bl 5 o] (BRid N are-
a4 ML WA 2 s, I ANz 3
Yy A e 42k Y- T Ky

area=area; Jarea, Jarea, |Jarea, , (2)

Un SRR 2 % BRaE B A T B Y s B R
HiD AN curMV(cur_mvx,cur_mvy) s WiZ iz 5h &
7 1) AT 5 R

cur_mvy
’
cur_mvx

f=argtan (3)

K2 mahkEE 44Xk

Fig. 2 Four areas of motion vectors

FI Wiz 1z 3 Kk i vg A DI TR IR
if(—45°c<C9<45°¢
curMV & area,
elseif (45°c<C<C135°¢)
curMV &€ area,
elseif (135°c<<<<225°)
curMV & area,
elseif(225°c<C9<315°)
curMV & area,
YRR % R 4y O vk A B AR Sl
MVigen Fl M Vs 7% AR X5 area, s area, , are-
assarca, WIHERRIFHNA prspos pss pis 32 N R
7R MV e HU MV s 7 A3 — AR [R] DX I550RS) B0 03 1
G BEHE N, FoRFT Gt RS B4 B4
pi=N,/N, (=1,2,3,4) , (5
PR MVpgen Fll M Vigesr 7 A ] DX B0 B A2 p,
R I

4

p=:Zn, (6)

X L3k #¢ QCIF fil CIF #5319 8 Ft 2 A A

12 Bl 2 R b o K R 8 L AE JMI10. 2 R SR A

baseline 77 343 %1 4 i 57 100 WK 4K p. 9K
INGERRI LSRR 1 TR,

Fz1 MKEEW p E
Tab.1 Test values of p,

QCIF Uiz )7 51 D CIF Wi 7731 D+

News 0.95 Akiyo 0.98
Foreman 0.96 Foreman 0.97
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Fig. 3 Optimized patterns of improved algorithm
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Fig. 4 Flowchart of improved algorithm
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Tab. 2 Comparison of METs of improved
algorithm and UMHexagonS

- R BUEEE EES
MET(s) MET(s) %)
news_qcif 64.936 58. 582 9.785
foreman_qgcif 88.293 77.112 12. 664
mobile_gcif 95. 255 78.510 17.579
coastguard_gcif 108.711  84.015 22.717
akiyo_cif 320.378  303.593 5.239
foreman_cif 423.628 367.875 13.161
bus_cif 538.372  438.170 18.612
football_cif 623.640 468.118 24.938
S B (H 15.59
x3 BHEEE5REEY SEEEEBE (PSNR) LB

Tab.3 Comparison of PSNRs of improved
algorithm and UMHexagonS

- R s PSNR ZE
PSNR (dB) PSNR(dB) fk(dB)
news_qcif 36.70 36.72 +0.02
foreman_qcif 36. 47 36. 48 +0.01
mobile_gcif 33.35 33. 36 +0.01
coastguard_gcif 34.04 34.05 +0.01
akiyo_cif 39.77 39.78 +0.01
foreman_cif 36. 96 36.95 —0.01
bus_cif 34.77 34.77 0. 00
football _cif 36. 48 36.47 —0.01

x4 BHEFZEREEEELER
Tab. 4 Comparison of bit-rates of improved

algorithm and UMHexagonS

SRR D SRR RS

Wi #(kbit/s) % (kbit/s) L CY%)
news_qcif 75.05 75.48 +0.572
foreman_qcif 135. 11 135. 08 —0.000
mobile_gcif 425. 87 426.23 +0. 085
coastguard_gcif 248.70 248.96 +0. 104
akiyo_cif 96. 26 96. 10 —0.167
foreman_cif 403. 50 405. 37 +0.463
bus_cif 1143.77 1 165.34 +1.89
football _cif 1511.27 1531.02 +1.31
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