ISSN 1000-9825, CODEN RUXUEW E-mail: jos@iscas.ac.cn
Journal of Software, Vol.19, No.4, April 2008, pp.829-841 http://www.jos.org.cn
DOI: 10.3724/SP.J.1001.2008.00829 Tel/Fax: +86-10-62562563
© 2008 by Journal of Software. All rights reserved.

= {Balpha T BB ML R ARE BN E A
REGY  Thghd gkt

YRR WHENRE SEARR IR Bt 210093)
2L TR NS E R AR LT KE  116029)
(M EE SNV ROR E X TGS L B 210093)

Binary Alpha-Plane Assisted Fast Motion Estimation Scheme of Video Object

SONG Chuan-Ming™?, WANG Xiang-Hai***, ZHANG Fu-Yan'®

!(Department of Computer Science and Technology, Nanjing University, Nanjing 210093, China)

%(College of Computer and Information Technology, Liaoning Normal University, Dalian 116029, China)

3(State Key Laboratory for Novel Software Technology, Nanjing University, Nanjing 210093, China)

+ Corresponding author: Phn: +86-411-82154768, Fax: +86-411-84202626, E-mail: xhwang@graphics.nju.edu.cn

Song CM, Wang XH, Zhang FY. Binary alpha-plane assisted fast motion estimation scheme of video object.
Journal of Software, 2008,19(4):829-841. http://www.jos.org.cn/1000-9825/19/829.htm

Abstract: This paper proposes a fast motion estimation scheme of arbitrarily shaped video object. The instructive
role of the alpha-plane taking part in the motion estimation of video object is discussed, and a weighted binary
alpha-plane matching criterion (WBAMC) is proposed by using boundary extension and boundary mask techniques.
Based on priority search strategy, this paper proposes a fast binary alpha-plane assisted motion estimation (BAAME)
scheme of video object. First, the BAAME uses alpha-plane and the WBAMC criterion to limit the search of
boundary macro-blocks (MBs) into small unimodal area of two starting points so that a conventional fast motion
estimation algorithm can be employed to search the motion vectors (MVs) of boundary MBs. Second, the BAAME
predicts the starting points of opaque MBs by using MVs of neighboring boundary MBs and then employs a fast
motion estimation algorithm to compute the MVs of opaque MBs. The proposed scheme can be combined with
many spatial domain based and frequency domain based different motion estimation algorithms, and be effectively
applied to object-based video codecs. The experimental results show that the BAAME scheme can always reach
high motion estimation accuracy and better subjective quality for standard test video sequences which have different
characteristics respectively. The proposed scheme can achieve 0.1~0.8dB higher prediction quality on average than
DS (diamond search) and PSA (priority search algorithm) (BAAS (binary alpha-plane assisted search)+DS), and a
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little lower PSNR (peak signal-to-noise ratio) than FS (full search). Moreover, the BAAME scheme can speed up
the motion estimation about 20 times in terms of computational complexity when compared with FS.
Key words: video coding; motion estimation; binary alpha-plane; video object; block matching criterion
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WA FIRIE A Bk ARG A B0 A TR T RN A 5 b R0 4 R AW AT T 2 AP KA eh AR K
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DS(diamond search)f= PSA(priority search algorithm)(BAAS(binary alpha-plane assisted search)+DS) % # 0.1dB~
0.8dB, %1% T FS(full search), 422 Hi+ A 4 22 & 5 FS AR LA T 20 42
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PEFITE B 8 I AEAS A 5t — Z2 51 (A6 %51 1 (video object plane, 5 Fk VOP) 4 jalé; 4 AN KA 521 1 £
X %A & (bounding  box) >k & SC, 73 R U EEAE KRN 5 X 3 (¥ alpha - [ (alpha-plane) 5 & 75 #  di i alpha
SV X6 G5 L N S 0 2 T g R 43 A A 2 e (transparent macroblock). 4 i % Bt (opaque macroblock) #1321
J% H(boundary macroblock). > T3 BR BTN ST A B B 1) 042, MPEG-4 R JH 797 eI BLIL L IE 24 iR
X Rk 3 HE T AT Ab B 58, 75 B0K 2 5 VOP Ak T LI 5 4 K A1 045 3% (transparent pixel)iJE47 A S 70
(21 9% 5 R T %2 34 T VG B (polygon  matching)ia 50+ 7 - 3547 5, 7 JTJSAD(sum of absolute differences)if |
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SAD(u,v) = > > [ 1.(i, j)— I, (i+u, j +Vv) | xalpha(i, j) (1)

i=0 j=0
L 2 He K /N R NN LG (,§) R (L) 237 5300 2 s 22 i it 0 2 25 it o AR B 24 (i,5) 1R 15 2548, (u,v) oA 1% 38 52 3)) 1) &
alpha(i,j) 24 i it ot W fr alphaF i (i) s L. 3% £E SADAE I5 /) IRIABIZE ) 5y 24 7 22 e 32 5y 1) 2, R
MV=arg,,yminSAD(u,v),-D<u,v<D (2)
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H TP TTTE 1932 200 A0 T 55 AL e 6ff FE 1 A2 2% JE 2 TR IR B T 34 4 2 M ke fE MPEG-1/2/4,H.263,
H.264/AVC 52 A AAR G i AR E TH R 1S T Bl 0y B AR 1T, 2T B DT T 138 A THBOR AR 7 — S8R 2

T4, L 3 448 2 i (three step search, [ FRTSS). 4 2512 (four step search, fi FRFSS) P Jk T He frybf i
N [% 4% & % (block-based gradient descent search, fij #x BBGDS)M . 35 JF 1 % vk (DS)® . Nl B Rk
(hexagon-based search, & FRHEXBS) -1 5%-25 - /N i1 648 & : (cross-diamond-hexagonal search, {& #xCDHS)!!
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T, HARZ L VU G 2 B VL L3R 22 (1 SAD) I dig /) A T AR 3 Bl i T 55095 B BE 4R B AL (132 3 17)
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(a) Original (b) Motion compensated by full search (c) Macro-Block according to discontinuity
(R L (b) I 444 R AT 2 A a2 (c) I B4t xF 1V (1 7 B

Fig.1 The macro-block with minimum displaced difference will not certainly achieve
the best subjective motion compensated quality
K1 DRRACERZE B/ R P — s BE R A B DO ) WA 5

SAD

o

2 T20 © dow
0 o ) o Wi
0 ] o 40 yort
Horizontal Window

Fig.2 The error surface of the marco-block depicted in Fig.1(c)
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3) alpha T J 415 R B PR RESR =

4) Frids Ao S
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BAMS(u,v) = > D BA(i, j)) ®BA (i+u, j+V) 3)

i=0 j=0
Hodr BAL(,-)FIBA(-,-) 73 3 715 24 1T 72 BRI 5 2% 22 B (¥ alpha T- [T, @ 2% 7 53 BIE 51 AR % Z i ), v] AAS 21 1(c)
F7 Zr S e 3 2R 11 P )R 22 i (an 1) 3 o).
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Fig.3 The error surface of the alpha-plane of the macro-block depicted in Fig.1(c) based on BAMS criterion
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I EL AT AR R 1 B SR (1 3 LR I T A A ). ST (0130 1o x A I 1 S, AR AT T IR R S i
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SR 171600 IR Fralphat1H 51 NIZ B A T, I AN 23 W S48 In iz 3 i 9T s ek A

fe e alphac - I A5 SR ) e 0 S 16 SR IR 34 F R, BIASE 2R 1 A4 25 B ¥ alphac P T DG 0 28 22 fi /s,
FABEPRAEIX A2 UL S VL FC (5 2.1 719 F) SE IR R I WX — o) JU G 2 5 B A (930 FA5 32 80D I I vl UL S
DA AT it L AR AN (aperture problem) o1 (4 SR i 55 JE 475 5L R e T 5 5 4 1 (RARRAE, e FE AR AL L SR
245 B R A B DX ) At X 5 18 X R AR 24 2R A A 2 TR K Ak 2 e I A AR e DL RS R, 4 A 158 B 3 o D i
AR A S AT R alpha A R BEER B AR, A BEE thog 11 .

Zi Lk A2 F) Al vk N M VOP )5 A5 EF alpha ~TA 11 9 DL AC 1% 22, BL alpha P 1 f4 UG AC 4 8 5, 8 52
FEAR B2 2 A I AR 2 A ORI AR ST A T3 1 5 K BR B 3 R 3 4 )= B (L (18 2 )

2 Zf{E alpha ‘FEHBNREIZE G EE

2.1 PSA(BAAS+DS)IRRIZ &N kit HEZM T E

HuiZE AFFT T MPEG-4 I P38 2 BRI L S AN R RS A 2 T — PSS RSB 30 R SR s 11
e is B il +F 5 3% PSA(priority search algorithm)(BAAS(binary alpha-plane assisted search)+DS(diamond
search)) OV B3k ) i A REARUIE: - P 35 2 B A3 B0 5 3 S M 08 B0 2 v P AT S 1 0 R AN I R B SR T B
A) 43 A (98 RS A B AR (starting point pattern, & #X SPP) (W1 B 4(a) T 713 ) Al alpha 1~ i {5 &, TF 50 H 2% 22 B 1)
BAMS(binary alpha-plane matching score)fi /N -3 i {5 i 5t ¥ (¥ SP(updated SPP, & #USPP), Ff ££ USPP 1 48 %
SAD{H /N T 55 — I {E FISP(final SPP, & #XFSPP), i Jri LAFSPPAE & i {45 i M A 8 R 1 R R G ik iz 3
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I B 3 2 AT 4B 3005 2 SR 0 B 1 8, R D2 30 S0 0 T 405 4 21
bRk ISR
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" e
-4 -4
0 0
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+8 FHeH e e e He e He - +8 Teit
+12 +12 o e
*Starting point: SP sStarting point: SP
(a) Uniform pattern (b) The proposed non-uniform pattern
(2) B AR (b) AT H AR 5] 43 A A AR

Fig.4 Starting point pattern
Bl 4 20E R AR

BAAS(binary alpha-plane assisted search)& i AE TS SRR UL, o3& T 52 A5 B as sl Al vk i T
R A R BRSSP AR N IR 5, A AT 18 Bl UE 15 24 R B 1A gy e B AR T, BT R R R 4 R
alpha ~F T DA B 33 37 58 045 B2 1Y) SPP,AF A5 12 5092 A7 A0 — S8 A8 2 X = SR ILAE W 5 T

1) alpha ~F-THI ¥ PC L3R 22 HE U BAMS A5 15 B AH AT AS 2 LAAT 25 500 P AN L AT AN TR alpha TATHIf#) 72 B ]
5(b) A 5(c) /& AR 2 2% 2 B i) alpha P11, 9 EL IR 5, ] 2 3% AN 2 He b5 H bs 22 DL BAMS 15 72 H1AH
7], BT P AN 2 2% 72 W pli kg 2 Jed e A DG TG 7 B (9 MR 23 A F) 190 T AE A D b, 22 2% 72 e 1 s A mT B e ok DT T 2
P SbI WA 225 U (1) SP B4 A & 77, R A A NN USPPAT 2 5 & A T v 5 H bn 22 e 5 225
L) SAD, M2 7% 72 L 2 (1) SAD J& 56 A 5 ZE T R BAMSS DG T 5% 72 fE JU) X BRI 52 137 SP,e 5 AN
% SP K3 iz Bl il v U U IE IR R AE T8 R alpha ST FURFAE.

2) SCHR[LLIE i 2 0 ST 6 B8 v R I, AR AU 21 (132 B i) 2 AT ool LR 1R, 1T BAAS SR 120 43
AT (¥ SPP:—J5 T, 2G 125 Lo AR (1 SP {18 48 2= 1K V354 ) — J T, i o Ak 19 SP U T R R 24 43 A1 i 1 A
T 52 6 B A JRy S5 A, 56 A1k o IR RS T

(a) Current MB (b) Reference MB1 (c) Reference MB2
(@) Hibrzdk (b) %% 1 (c) ZHFEHk2

Fig.5 Two reference macro-blocks of different shape but with the same BAMS
516 TR SR 12 % U AAT A R BAMS {H 75 7 ]

2.2 Z{Halpha‘FER) LB E AN

HeT RIS T AR SCEE T — BB — {4 alpha ¥ 1f UG 0 A5 5 vHE U WBAMC, HAlff i 48 An 45 :1) 34 ST
PR 7 Hobr 5 B 5 22 7 Y Re g ARt s U TG, T8 &, 6 200 57 A0 AR 1 3 38 75 T 3 V9 A 2 B 2 13 IR TR 1) ) e e
WARK;2) 2% 0 H AR 2 i) B g oA v R e B 0 o B PR ok 326 1) 8 18 A 3 B ) ) AT
/N AR A AR SR HE T A SR M AT B R A SR K DU R B T B A VAR v B ) o S A ) e 3k
M.
2.2.1  alpha I [ S AT

7t VO Wiz gl B, 3 VOP (134 FHAT AT Bl IN [) S A B8 20 B/ (K48 4 3 5 AT i 3 O B2 7 75 TR P A 2 B
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THIFR R “MA(masked alpha)F-TH”.MA P A58 T alpha T (1132 S48 15, 3615 A1) 14 40 S0 5 = 9 A~ 72
{3 B R EE L B 6 Ok Stefan J7 41 58 1 Wik 1 S HE S 7R i 1], o, B 6(a) ok It i 5 18] 6() 9 e I 1Ry i 5
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(a) Original boundary (b) Extended boundary
(a) JRahia st (b) ¥ REJF i 5t

Fig.6 The boundary mask of alpha-plane
6 alpha ~F~1fi 4 S 5 B 7R = ]

FRGSUR IS N EUEER N AP T

Step 1. 7EXF G0 [ &, k2 alpha ~FIRIMEE L4715 &,

Step 2. [ ) A7 42 AT AR R WURFEANME 308 34 S5 3R R 245 3= 1 2 A A 00 Bl (G 1) 7 () v 55 2k
FITE) 4 68 Bl e O A 0 PR 45 e A5 R B L TR = (B 7(0) 2 =2 I R BL). B0 R il P N,
PREASPRE 1 MR LTI A o BEE 2 MG R AL SRRSO B, LA S, i o> > (K]
7(C) 7 kM =2 IR O0). B J X 44 alpha P T EIC R AR R I DR REA A,

Step 3. A AL G IOAT Y QIS e, WL N Step 4, WL GG E] R —AT18 3 IR FE N Step 2;

Step 4. 7EXT S AL G 2] alpha “F iP5 1 545 &,

Step 5. [ L1 T4 445 & A5 Step 2 AHIH 177 ¥ vt 5030 FHE D A5 BEANG RAEAT AR & T &
HH T HER, DU AEAT AT AN B HE ) BB 1 D 1% 3R 3 S

Step 6. L H & (W41 T s v, WU RE 2 o 5 49413 30~ — 215 3 IR N Step 5.

Lofofofofafafafefa]  [ofolafalafafafs]s]  [ofolslalalsle[e]s]
F
(a) Boundary pixel and its symmetric axis (b) The extended boundary (c) The boundary mask
() TG ZR B Bkl (b) ¥ &) L gt (c) ZERRI L S HETY

Fig.7 The computation of boundary mask for =2 in one-dimensional case,
where 0 denotes transparent pixels and 1 denotes opaque pixels
K7 HERS 00 oS =2 I T ARG 1 7R e ] b0 RORAMIR A1 ROR N BB R
222 WBAMC /G 2 v )
76 MA P IR B AR SCPR T — o (14 DL O At & E ) WBAMC, 7324 BL R P AN 2 B
1) I BAMC, 3 SR
N-1M-1
BAMC(u,v) = > > MA(i, ) & MA(i +u, j+V) 4)

i=0 j=0

FErR (u,v) D0 132 170 2, N3 531 48 705 2 R 18 i JSE R 55 5 MA () FIMAG (-, ) 20 530 26 7R 2 BT 5 5 RN 2 %5300 5
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FHEIMAY- i, “ &7~ 5 (and) "8 51
2) 5 WBAMC, & X F:
BAMC (u,v)=8x(u|+]|Vv]), (u,v) = (0,0)
WBAMC= BAMC(u,v)+aNZ_le_lBAb(i,j), (u,v) = (0,0) ®)
i=0 j=0
o | |FRoR B4 SHE I 5, S oy LU B R B BA(-, )R 2 i 2 B (¥ alpha T THI.
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AEEHE T — AN AR A 20 A 48 R SRR (non-uniform SPR TR Fk NUSPP) (41 & 4(b) BT %), it i F HE 15
My R0 2,00 T A2 SRR AE R U FC BB 6 78 55 AN R T MOME B Ak SRR D K B 4.
FEICEEA b, o0 DX A N 1A%, LA o DX 3l (1485 22K 2
SEVE I A SR AR 5 NUSPP(non-uniform starting point pattern), v148 H #5id it B 5 44> SP G v [l 2
e (i Y UCRCFLEE e WBAMC {E R, 3 W14 SP 4 4 R B U s (10 w] RENE St i Wi AT SP b ik %
WBAMC g KAH £ SPL, LUK 54— i SP2, H. SP2 Jii /2 :
WBAMCsp,=max{WBAMCsp|[Xsp1—Xsp|+]Ysp1—Ysp|>4} (6)
o X FIY 437278 SP A IR AR bR AT AL bR LA SPL K1 SP2 Sy 48 2 i R S ph i iz sh il v vk Rz
By ) i B AR R
Step 1. #ZHEE 2.2.0 1y a0k AL AT alpha T-1H, 2 5 1AL H A% VOP Fl1Z:2% VOP (134 L1
Step 2. & H#Fr VOP (W43 Fl &0 A 4k — AN R BEATIZ B Ak o8 (130 5 2% B 5 #3056 N Step 3,75 I, B0 45 31
Step 3. MRS 2.2.2 75 A (R U A UE ), VA AR 22 B NUSPP i igAS SPAH Y ) WBAMC 1H;
Step 4. MJITH SP ) WBAMC {i 1 £ $k % K i SPL Al /2 2 (6) 1) SP2;
Step 5. 437 LA SP1 1 SP2 Jyig #lifili v (L 4548 2= al, FIH] DS S5 48 2R SAD H d5z /I mit, 06 L0 BV (1 o)
TEAE R H bR 2 BLRIE 8y i) 2 N Step 2.
2.4 alphaFmEiEENRIE SNt E %
T AR A [R] — S VOP, 232 2 ) 2 R A 5 P 2 b WA S A4 I N ASUAAC B A W 0 22 e D2 501 45 /4R
T IR 3E B e R G, U T K AT 1K) P 388 2 e Wt A7 5 AR R 1) 38 20 AR 6 P TR0 IR ke A S5 98 R s s T
DAAE PR UE M2 0B 1 A4 R B8 I8 Bl A0 T R
AL TR Y A R 5 A O S 2R S AR SO T B alpha T T Al B IO B IR AL S R s
Gk BAAME.Z55€ —A H bi VOP S H Ak F
Step 1. MRS 2.3 A WEE, F e vk S VOP A AT 4 5t R S tig 3 ) &
Step 2. 71 VOP [ G P, A4k — A RIEATIS B0 Al Th IR P 3 2 B 8 .30, MU %G N Step 35745 W), 5092: &5
Step 3. K5 H ARz HAR AR I U238 3l v (T 47 22 B 14932 3 1) 12 A % 17 5:(0,0) (19 73848, 1 4 B
P 2 BRI 1 2Rk A5 B
Vi =avg(u,v) )
b (uv) e {AHAR 2 it iz Bl 1] &, (0,0) }avg 27 SK T34 ME (138 503X A R BAFE 43 R F 32 30 189 225 ) A DG P4 A e
ot BRI, I RE T4 PSA(BAAS+DS) By i 8 2 AN Ik SP (1) SAD 138 5 i;
Step 4. PV, A 25, R DS HA8 R H AR 22 HLU¥ 2 8 [ 5 4 N Step 2.

3 RBERSHH

H T B UEAS ST H A7 BAAME [IE s G THE RE, 20 A B CIF(common intermediate format) ks =X (1) 4 i
MLAT A Foreman, Coastguard Fil Stefan [ 1~90 il 4 ) HEAT T K B 1) SE 56, K S5 40 45 R 5 FS,DS,PSA(BAAS+DS)
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SR H I T A ot AR K AT — WA B o, B 2.4 5 T VEREATIE Sh Al T, 51 T 2 i i B R T
P R B AR bRt e )RR AN e, AT 73 3] E BT 0 f 2.

S R PSA(BAAS+DS) SHLVE I 2 50 B 5 SCIHR[1014H 1R BAAME 2 B0 il o S5 543, 40 3l ok
1=2,0=T,4=3,5=8,0=1/16. 75 Z5 il i tH 11 /2 K5 SRl o o0 8 Al 1/16 1) H 138 A6 T, 15 oFl of ) e i da S n] LU
T B A7 38 S5 R S B 00 4 s S 5 A FS R DS IR % 11340 33x33;4E PSA(BAAS+DS) Al BAAME 5
1%, USPP FIl NUSPP (148 % & [1351 24 33%33, 171 Bl i 1E47 1) DS, 48 236 [l 4 /N 3 8x8. T HA% M 2 Bk /i
E N 16x16.

3.1 WBAMC T EC &2 4 N 49 5 75 i I

ASCHR Y WBAMC ), 301 T alpha P [f i34 FURFAE B B SR PRI )32 2 ) 5 53 A0 L, RE 68 T8 0 Af
HTAN P AL S P R UG T R 18] 8 T o Ay ) T WBAMC HE ) 1&] 1.(c) o T 7 2 B 7 48 22 B 11 A B DG J50 e 3
TEAT 5545 30 1R 23 A1 T (R 90 75 4 tH 0= 1 T WBAMC v JU) T e i e G JC A 58 42 8k, 22 W DG 7 v |
K B, B 1 4341 5 SAD,BAMS HE NI ) 43 A1 T AR 32 (1 525 S8 A A A 17 7 (0 LU A, AR SCORE T A6 [ 43 A A 4
B A R B R I F B A SP AR 1) WBAMC {8, T T 15 1) 22 A8 1% SP AR (A1, BIVAH 4 T3t 5L 46 1) WBAMC
S AT M E % T 180°).

MAX-WBAMC

]
1

]
T H
8 30 e, 2 Wh\w\nﬁ*‘
®ooowm 4T o 0,
Horizontal Window 5 0

Fig.8 The distribution surface of the WBAMC matching criterion (having rotated by 180 degree)
K18 WBAMC DL i fiey 5 4 I 1) 43 A1 it T (38 %% 180°)

XTECE 20 [ 3 A& 8 ml LUK I, WBAMC HENI) 73 A i #5452 BAMS HEN B IN3%1E T SAD HI 43 A #a 3,
IX R R WBAMC %€ T 8 2R AE (1 2. 53 4h WBAMC 43 i (1) 3 1t b e B 58 LA S R 4 HE B 2
AN UER A 1) 5 5, 1 2 e 6 ) PR 50, AL AR B 1 3 R T e (L R B R T LA SPfTaX JLAS SP AR
KIC AT REVERF 23 4T SAD 42 Jad ds D0 A AR -SRL 18 DI Py 08 17 48 oy 17 2 18 Bl ik T S00 98 2R 314 JRy S A0 ) 2 1 v
Tt 5 S 6 2 W], LR Y AN e A A5 BT RT 8 B 5 FS AH 24 (9 Al B R, 1T BAMS T 75 B2 58 22 (1) SP. IR, AR SC 42
1 WBAMC L et v I 2 A 250
3.2 BERfEIHAMERERI LR

h T RAESVE ) E M B, 73 70 ] BAAME SR PSA(BAAS+DS) SLVEXT & 1(a) IR ¥ R SR N E 4T 32
Bl v AR A5 B AT T 9 P i ) LR I, AR ST H R S35 6 06 a2 45 81 SE ISR 48 10 30 S R4 B e 1Y
TR, P U] T WBAMC HEN A7 R

TIA AT B AR B M AT T KRS 5258, 34 B AT MSE(mean square error) FH U {5 1
b 77 8 T Pl 45 ot 1) 5 . 1) 10(a)~ & 10(c) BT 7 23 %) Stefan, Coastguard Al Foreman & 51 4f ] ik 4 Rz ) ik
T AR B AME MSE 1 B 46 A BT DOk B, 5 T 23 TA) 40 1 A2 4% 008 30 53 4% 1 b 4 1 — AT (L
Stefan), LA S 2 [0) 40 15 52 2% JBE v 45 11108 2)) 52 2 PEBLARIK — SRS (U Coastguard),DS SEVETE AL BN Jm il 55 18, 3L
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T MSE 2 /218 K1 PSA(BAAS+DS) Al BAAME H1-T-FH T alpha >F [ FliZ FREAE, BE W5 485 vHE A b P50 30
RIS N Z Al T, AT IRTG T AT DS B2 5 ;5 25 1) 40 745 5% 1 B 1T 08 8l 2 A% 3 I 1y —
FMA(4n Foreman),DS M TR T — CREE 3 R, H 5 PSA(BAAS+DS)IH#M2 i &b T- DS.

(a) By BAAME (b) By PSA(BAAS+DS)
(a) BAAME Hh &5 (b) PSA(BAAS+DS)#M Ji7

Fig.9 The motion compensated Fig.1(a) by BAAME and PSA(BAAS+DS) respectively
K9 K La)&il BAAME f1 PSA(BAAS+DS)1Jiz ol #h i

800 o Fs 1200
700 ry-¢- DS il 1000 & DS
~+PSA(BAAS+DS) 1 + PSA(BAAS+DS)
_ 600 ¢ ' -= Theproposed algorithm ‘| _ The proposed algorithm
S I , | S 800
‘s 500 =
= ] g 600
w 40074 4 p T W AR .
= 300 ¥FTR ofEL, LA Y > 400 T T
7 s A 200 | 4 ) n i
200 it A Mi’lgmu‘,’!u -w'm.,m’“s i 1]
100 0
0 10 20 30 40 50 60 70 80 90 0 10 20 30 40 50 60 70 80 90
Frame index Frame index
(a) The prediction result of Stefan (b) The prediction result of Coastguard
() Stefan J7 51 1) T 45 4 (b) Coastguard J7 1] ff 3 45 5
1207 ¢s

& DS
100+ pSA(BAAS+DS)
The proposed algorlthm

g 80
= W
3, 6of | .
s 40 - ‘~.‘ '-;.J; |
e h'.' x ‘_‘;:.
20 >

0
0 10 20 30 40 50 60 70 80 90
Frame index

(c) The prediction result of Foreman
(c) Foreman J3: 41 ffy T 45 4

Fig.10 Comparison of the motion compensation quality of the proposed motion estimation scheme
with three traditional schemes
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R LA T RA] 4 Pz sl v IriEns 3 AN S 3EAT I8 S A2 I T 43 21 - B I 5 12 B v e R
H S T AN [ P R ALY 51, AR SCEEVE (K A2 i i 5 2 0 T DS A PSA(BAAS+DS) $ ik, HAX IR T FSIX R WA
SCHEHHIRZ B Al VT SR S R 1T A A, JF H WBAMC #E BB L PSA(BAAS+DS) ) BAMS HE I B i 28 1 4t
BT A B s vt
Table 1 The average PSNR motion-compensated by four motion estimation schemes

R 1 AR ITEPTAE R PSNR

Sequence FS DS PSA(BAAS+DS) BAAME
Stefan 23.4 22.2 22.8 23.0
Coastguard 26.0 255 25.8 25.9
Foreman 32.5 31.2 30.4 31#2

33 HREERERLLR

VBRI F) 52 2% 2 2 A B IS Bl i v SR BRI 5 DU SR bR, O T O LU A SO 4 Fas Z Al T VA
TR BEAT T gt SRR VOP P2 0 S A D S 1 24 o B 52 R RE SCRIR[10], A% L2052 K 8 L
SE IR, AR B 2 T — XL is S R LY 16 5.

FS HVL M BT VOP A 5 2 1) 4 it PSA(BAAS+DS) HL i ) 1 47 i A= ZE4E vh #6:1) alpha T [ fr)
ULFC;2) FSPP A5 ;3) DS 8% A LR Y SRR vF 4 £ 24 b 4£:1) alpha P IfI UL AC;2) DS R AL Ge it
T A4 P 5 AR T S BEATIE S G T I P ZE I ik . MU L A as SRRk s BRI R
A~ VOP Jit ifs & Ptz S~ P-4 Ko, 45 R L3 2.

Table 2 Comparison of average computational complexity of four motion estimation schemes
%2 A MBI R T R A 2R B H R

Sequence Operation FS DS PSA(BAAS+DS) BAAME
Addition 9 755 690 193 253 874 921 766 772
Stefan _Abst_)lute 4908 527 97 132 250 553 171 866
Bit-Wise OP 0 0 23071 (369 132/16) 26 940 (431 046/16)
Multiplication 0 0 59 6
Addition 10 244 693 168 009 763 444 1057 056
Coastguard _Absglute 5152 384 84 433 175 929 295 602
Bit-Wise OP 0 0 25 354 (405 656/16) 29 660(474 556/16)
Multiplication 0 0 67 3
Addition 73989198 1389933 2558 885 2275582
Foreman Absolute 37 157 324 697 495 958 263 773632
Bit-Wise OP 0 0 39704 (635 260/16) 46 440(743 039/16)
Multiplication 0 0 110 226
FH R 2 (1S40 s v

1) AT STVE IV S A 2 BE T DS, IX 2 0 AT 5 g IS B Al VAR T BT 2 ¥k DS;

2) P SR SR e Bk BT PSA(BAAS+DS), Il FSPP(final starting point pattern) (1l i Ji 2%
TG W e,

3) AT HII T B0 DR LR A SCAT R M VAT B S M B2 FS BT 20 f%, M2 PSA
(BAAS+DS), I FEAL T 4%.

SR AR SO R D R DA — Pz 3l o R R IR S, 2 B T3 T 0 5 R A S g B 28 b B R
AT LA BUAT 145 Fob 2 1) S bR 3 B 4 1 7 9L B0 2R 4 4 R s AR S5 0T B SRR K L ML R 3 AT LA
55 % PioisiE s A T 7 ik A A D B e LA

4 % g

ALV 73T T alpha SRS T 0N BB S AL T BT A IR T SR I T RO T alpha [T
DU P B U WBAMC. L izl I B Hh 1 34 5 2 B ot da 2 A o 800 e & OB s S 4 1 7
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—Fi alpha P il B i ARSI S DS B A T D7 i S8 45 R W BAAME J5vEPE RERR B 1B B AME T 3
PSNR #; DS #1 PSA(BAAS+DS) =i Ht 0.1~0.8dB, W& A% T~ FS{H & Hit 51 5 22 B 8¢ FS 1K T 20 1%,

alpha VI B 5 TN 4 T35 156 % A4 5 2% TP B Bh Al TR R 9T oA — 2 MBS & L. WBAMC 1 )
A2 P AN 120 F 7 Y UG PR S T i B v DT 119 7

BOs RO IR T LS R R BOR 2 e 2 AR S AR BB B b IR [ 2 AT R R 8, DL K A
SRS R R PR 27 B 4R AR 3 ).
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