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ABSTRACT

A method that is adaptively selecting among previous fast motion estimation algorithms and a newly
proposed fast motion estimation algorithm(UCDS) is presented in this paper. The algorithm named AUDC and a
newly proposed fast motion estimation algorithms are based on the Diamond Search(DS) algorithm and Three
Step Search(TSS). Although many previous fast motion estimation algorithms have lots of advantages, those
have lots of disadvantages. So we thought better adaptive selection of fast motion estimation algorithms than
only using one fast motion estimation algorithm. Therefore, we propose AUDC that is using length of the MV,
Search Point, SAD of the neighboring block and adaptively selecting among Cross Three Step Search(CTSS),
Diamond Search(DS) and Ungraded Cross Diamond Search(UCDS). Experimental results show that the AUDC is

much more robust, provides a faster searching speed, and smaller distortions than other popular fast

block-matching algorithms.
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o7k LDSP F3sta #je] B-24o] FAlel|A] 1
vehtd s5uA|2] SDSPE rallsle] (3,008 AAI 2
o} zela 23 13E v ae R 156 3

A 230,008 FASE 4712 S vwsle] (1,0)
S Agsla 29A4A 4709 Ae Folel Blwsk
o] (1,-DAAT T 270((1,-2),2,-1)8 BE 71
H|wshe 3etAle] 7Ag- 2 s 2,-1)F Adgskar
HAe] B=24LS FAOR LDSPE F3sk= 457
£ & o}s 5] SDSPE Falsle] HEHow
(B,2F AAE= IS HolFa gick

AA|Z MPEG-4 VM <¢lZtiel|A CIF <34+ 100
ZH YL Sl A Aty we dake AH
slo] Algldt Azt ¥ 35 Byl F%le] 2R gt
o]4]:= UCDSe] PSNR”} BBGDS, A3 tlolo}
= B 71, A2 AR delolEx vHY s
3} w8l A=A UCDSe] B2 s
<*Search Point : SP)7} t}2 Lduz]EH}t HL-S
of 4= ik sAIE FA]sle] w2 ditellAle el
o= ehA 7|4 H|sle] PSNRE WolXS oF &
Ak 1EER S-S SAloR sle] JdAE 4y
of MV7E sk gAldde] A2 s E4T
7% UCDSE AH&sh= 7Zlo] felelthes A&

a2 11, 35 792604 gL o

a2 12. MVG3,0)7F AAEE= A

= °
= 76“[‘

- MV(1,-1)

-3

-2 -1

o

0 1 2 3 4 5 6
5

A< % glek ‘
a2 13. MV(3,-2)7F AAEE 45
E 3. CIF 44 100 Z#H%]2] PSNR¥} Search Point
DS BBGDS CDS NCDS UCDS
PSNR Sp PSNR SP PSNR SP PSNR SP PSNR SP
akiyo 36.08 13.17 36.08 9.26 36.08 9.20 36.07 5.32 36.08 5.22
waterfall 30.51 13.11 30.51 9.25 30.51 9.14 30.50 5.33 30.50 5.31
football 33.31 23.50 33.27 21.61 33.27 27.26 33.26 18.81 33.27 18.74
bus 29.30 21.02 29.25 18.20 29.25 21.77 29.24 17.93 29.24 17.04
E 4. CIF %34} 100 Z#3)9] PSNR¥} Search Point
football bus news coastguard foreman silent stefan flower
TsS PSNR 33.29 29.28 33.90 29.71 31.97 32.85 29.56 28.07
SP 25 25 25 25 25 25 25 25
CTSS PSNR 33.29 29.27 33.90 29.71 31.98 32.86 29.55 28.07
SP 21.44 21.53 21.26 21.47 21.39 21.31 21.29 21.13
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4.3 The CTSS(Cross Three Step Search)

3 49} zo] 3uiA A 73} CTSSE s
H PSNR2 H[S8HA] vheAk sha o] 4(SP)
= AdHez F95S & F ok ZEA AldE
el Eelsle 35 ' 7S Al CTSSE&
A

CTSS< 3= &4 713} vy A= 2715k

< H0,0E THeE 8 Aol def S 5
gt Y AL 12714 0% FewiA 25, 3
rﬂ_

AlAe Az Felz 47l 2SS4 Ads
AARE F Ha B5 A oA ARE w4
How ] A& FeR AiE AR o
2 CTSS®] 244 4 WAlE mojErt

1) 43S SR 133 A 494 e
AL 3te) 87 Aell wiell ke Axlete] i
A A= 7P ARS 2ATC

e
i

2wt sl o] 1AM TR Ha B5
A AHE T 15 7Ae] uikel 2 A
oAl Axp del= 4 e A A AAlska
A3 A|3le] WMIE Gl - 1 149} 2o 3%
AR deizba A3k A3le] Wt 9le 7 2H
159} 3] H-eA o2 270 A& A AAska 35

A= dei7il,

3t PRI R 25 Al e FHA £ A
3 o} AHL Aoz 194 "Holzl Alxl e
2 VN S A A AAska A #AHe] w3t
7F & A 23 149F 2o] £219] WEE 44
star A3 AAe] W) 9l& A 2™ 159 %
o] AeAog ZrHod 2/ AL At AAskT
219 WEE ARJgh)

-7 -6 -5 -4 -3 -2 -1 0 1 2 3 4 5 & 7
-7

13

0

L

®

@)
00D 0

&

e

a2 14, MV@,4)7)F AAEE A4S
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2
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0 {IJ} (I )
1
3
: 0,
5
[
7

% 15. MV(5,6)7F 2ARE= 44

ARER SFaelelle AN BAES Ui u
o AEE Ha BE AY 04 A9e AL 9
Aol 2 Hohir] slal, Gl 7pE 54

A w23} o)l BEe] P ARe)

Al EslA s 1eellxlel zEe] FH ESd(left,
above, above right)oll4] o= A=

A 2k AA, A 5 SAD 3k o]gs) o
+ A1),2),3),@ el AHEA1A oH daEs A
eskx]e] FHrlr|Eo] == MV(Motion Vector)2]
Zo], gl e] 4 SAD S AAg) A
AEZo] 7P % $lol S I EES
7P a2 AAsin dAlESe] 7 9l
AAE 74 109 FHESef) S o83k 7}
7} ol SEZE AT A5 2709 FHEE(left,
above) i o]-8-gkc}

MV e MV e
right
My left My current
a2l 16, JAEE FHEE
MVmaX:rnax (MVXM-Vy)(l)
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mE EEAR $49 2L 9% wd B2 A duelEe] 444 e
My length (int){ averge (MV lefi . MV e MV e  right )} @
N - = (int){ averge (Sp lefi . SP e SP e - right )} 3)
SAD e = (n){ averge  (SAD , SAD . SAD .. e )} 3
a2 3709 g 7)1ES 22 2709 Threshold F 5. MV-len 3 why
< o]4-3] Small, Medium, LargeS 3t MV MV-len < TI Small(S)
2] Zo](MV-len)oll & 2712] Threshold:= 13 8 T1 < MV-len < T2 Medium(M)
o4l HoAx= 713t 3ro] MVe] Zeolr} 20]5}e|A] MV-len > T2 Large(L)
£ BBGDS, 6°]Atelld= TSS, 22| 39014 54)¢]
M= DS Few o g Atk EEE H 6. Search-Point hd Hhy
ThresholdS T1=2, T=6% X3} F 5ela] 7o) Search-Point < T1 Small(S)
Small, Medium, Larges 2743kt Tl < Search-Point < T2 | Medium(M)
ehAz] o] x(Search-Point)el] tH&F 2702] Threshold Search-Point > T2 Large(L)
.‘:j_a 360]]/(—] y_o:]x].‘: 7431]. 7Lo] 34}\ F/Muﬂg] 2=
£ 17°]3} BBGDS, 25°|AollA+= 35}74;%?1 7];;3,, £ 7 SAD A b
T12] 3 18¢l14] 24410]ellA] = Tlolop e BRA 7]ulo
PR AARMA R A T
wEl k) 2] gis) WEE huelEEe ALaghe T SAD =12 MedlumD
2 Threshold S T1=10, T=202 AA3}3 % 6ol4]s} SAD = T2 Large()
Z¥o] Small, Medium, LargeS 243}
MPEG-4 VM Ql3tel|x] 3 SAD & whgh MV-len, SP, SAD 37}|¢] b4 7]l we} &
271¢] ThresholdZ T1=1100, T2=2200% w] & A B=E BRE A9 % 8XF 277HK19 A5t
A= 9L 4 gJgdrh 2E]=E  Threshold = veh=d 37 AR vm g odck 28 Al

T1=1100, T2=22002 “dAs}3
Small, Medium, Larges A#3gH}

B 74 2ol

o5l bwelEells & 9o} o] A A%
o vlste] A gA0w A4 dw

¥ 8. Tux Axe
SSe] F 7i o]ide] v SSS, SSM, SMS, MSS, SSL, SLS, LSS
st sal AS- SMM, MSM, MMS
MMeo| = 7l o]Ake _
Y %,]%T Hoeldel v szt Mal 3% MMM
shrt Lal A% MML, MLM, LMM

S, M, Lo] &§=o] 2 A5

SML, SLM, MSL, MLS, LSM, LSM,

LLe] 5 7R o]ido] v 735 SLL, LSL, LLS, MLL, LML, LLM, LLL
E 9. 988 Aseiy 4849 duels
Sse] F 7N olide] & A%
UCDS(Upgraded Cross Diamod Search)
MMe] 7l ol4gela s} sal 4
MMe] F 7 ol4ela sibrk MBS LY 45
— DS(Diamond Search)
S, M, L] &jhle] w2 7%
LLe| 5 7 o]ide] & 739 CTSS(Cross Three Step Search)
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of714] mlek & E-=o] ze|gle] A Wl A

At vk ZPdAtele i

|l EAgle] M2 Ftelshar

T g olnk 3ol el 5 FHESEC

o HE, 2] 4, SADE ol8ste] A9l

A&E gsle] UCDS, DS 12]a CTSS dare
= Tl 7P AAE daelss Addsie] %
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2] 0]
1A

V. Al Zn 9

HI

d
>

Aok daelee] Aes Wkl flske
MPEG-4 VM <lFHS o]8sfe] o] Fojxlrt wi=
3’42 IPPPE 33} Hl3, HIES Alo|(ate
control)= TMS5E A-83l3icl T8l Agel A%
gk %dA}2 CIF(352x288) <34} “football,” “akiyo,”
“waterfall,” “bridge,”

“bus,” “news,” “tempete,”

“coastguard,” “container,” “foreman,” “hallway,”
“mobile,” “paris,” “silent,” “Stefan,” “table,” 2]
2 “flower”E°l sl 2+ 100Z#H YA S tjake
2 Agesl, vl g duelpene 3k @
A7, Az 35l ' 7, 45 71,
BBGDS, tlolelr= v 7|4, S7F w4 7]y
(HEXBS: Hexagon-based Search)[13], 4%} tle]o}
== A 71, AEE AR tlelolE= ' 7Y
a8 Ajk daElES ARSItk CDs,
NCDS 12]ar Aljke kare]sS ARgsisich £
ol Sl AR viaE £52] 7] 16x16 9
Ao, €M odode] we] +7S Aasle] AFS
Ssn, A Bl Wb ReeE o Sl
A5 Jﬂ7}6}7l S8l =t Al S XHMSE: mean
squared error)S ©]£3%F PSNR(peak signal-to-noise
ratio) 5 °]-&3lslon, Ag 2 54 deme A
izt 23] 3KSAD: sum of absolute difference)
3 olasaln war AUsh LvelEe] A5 ¥
S L E L CIEaEs
uelEEs} visslele) B4 duelgel Ave
vy ksl ffsl ARERE 42l MSE$F PSNRS
72t 2(1),2)9F Z2*k

MSE :(M NJZZ O,(x,y)— E,(x, y)]2

x=1 y=1

255 2
PSNR =10 lo Bk ()
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AL ()3} 2)0llx] M3} N2 242 odare] 71z} A
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e, Ey) = 49 o5 g vehdck
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23yt ek
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Al 3)ellA MBE rlaz E52] 7kRe} A2
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Algled el wigh Ag Ax= % 10, & 11 28
a3 12¢]] Z2F vEgich 3 103 3 11elX=
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1 PSNR¥} MSEE 27+ UrEM] R, E 1204=
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AAA 1 \‘41 «l °ﬂ”°ﬂ afja 7]
‘Ji daEls3 ®|58k 72| PSNR¥} MSEE
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“bus,” 12]al “Stefan”¥} 7o] 23Zgjo] W JAk
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= EEA A A AR u B2 A3 daeEy A5H Al
E 10. 71 WhE7}e] % PSNR (dB) HlaL
TSS DS NTSS BBGDS | FSS HEX CDS NCDS A-UDC
football 33.29 33.31 33.28 3327 33.28 33.28 33.27 33.26
akiyo 36.04 36.08 36.09 36.03 36.09 36.01 36.08 36.06 36.08
bus 29.28 29.30 29.24 29.25 29.28 29.28 29.25 29.24 29.28
news 33.90 33.93 33.83 33.88 33.95 33.86 33.88 33.87 33.92
tempete 28.76 28.78 28.74 28.74 28.79 28.76 28.74 28.74 28.76
waterfall 30.51 30.51 30.51 30.50 30.51 30.52 30.50 30.50 30.50
brigdge 35.00 35.01 35.01 35.00 35.00 35.00 35.01 35.00 35.00
coastguard 29.71 29.74 29.71 29.71 29.75 29.74 29.72 29.71 29.72
container 3228 32.32 32.30 3228 32.30 32.26 3231 3228 32.30
forman 31.97 32.02 31.98 31.95 32.13 31.99 31.97 31.96 32.01
highway 34.89 34.91 34.90 34.92 34.93 34.94 34.90 34.91 34.91
mobile 27.30 2727 27.25 27.27 27.28 27.26 27.27 2727 27.28
paris 30.18 30.19 30.13 30.14 30.21 30.23 30.15 30.10 30.17
slient 32.85 32.89 32.86 32.83 32.92 32.89 32.86 32.86 32.89
stefan 29.56 29.61 29.58 29.57 29.60 29.58 29.58 29.57 29.61
table 31.31 31.33 31.26 31.28 31.29 31.27 31.30 31.29 31.29
flower 28.07 28.06 28.07 28.07 28.05 28.08 28.06 28.06 28.07
Average 31.46 31.49 31.45 31.45 31.49 31.47 31.46 31.45 31.47
Ave-proposed -0.01 0.02 -0.02 -0.02 0.02 0.00 -0.01 -0.02 0.00
E 11, 715 wHEe] 7 MSE 8|3
TSS DS NTSS BBGDS | FSS HEX CDS NCDS A-UDC
football 30.48 30.37 30.54 30.60 30.54 30.58 30.61 30.69 30.44
akiyo 16.18 16.02 16.01 1622 15.99 16.28 16.02 16.09 16.02
bus 76.98 76.37 7755 77.34 76.81 76.76 77.26 77.52 76.77
news 26.48 26.32 26.89 26.60 26.18 26.72 26.61 26.66 26.38
tempete 86.52 86.03 86.88 86.93 85.88 86.43 86.91 86.90 86.50
waterfall 57.83 57.76 57.82 57.91 57.88 57.72 57.89 57.95 57.92
brigdge 20.54 20.52 20.54 20.54 20.56 20.55 20.53 20.56 20.56
coastguard 69.45 69.06 69.59 69.55 68.90 69.00 69.30 69.55 69.42
container 38.51 38.13 38.33 38.46 38.33 38.67 38.23 38.50 38.32
forman 41.28 40.83 4121 41.50 39.86 41.15 4132 41.38 40.90
highway 21.09 21.01 21.04 20.95 20.92 20.84 21.02 21.00 21.00
mobile 121.17 121.84 122.57 122.05 121.75 122.21 121.93 122.00 121.72
paris 62.36 62.25 63.16 62.98 62.02 61.61 62.88 63.61 62.57
slient 33.71 33.41 33.63 33.92 33.17 33.44 33.68 33.69 33.43
stefan 71.94 71.06 71.66 71.74 71.26 71.61 71.67 71.82 71.13
table 48.14 47.87 48.67 48.39 48.28 48.54 48.22 48.35 48.36
flower 101.47 101.53 101.31 101.41 101.89 101.26 101.62 101.59 101.45
Average 5435 54.14 54.55 54.53 54.13 54.32 54.45 54.58 54.29
Ave-proposed 0.06 0.15 0.26 0.24 0.16 0.03 0.16 0.29 0.00
Ak 22141 W 34 7 dA4 53 S35l 229 A=E sl UCDS, DS ¥
W 55 37 ARE sk AE Akl I CTSS duEls ol 7 Adet dv=Es
FHEEES] 229 we], Ao 4 SADE °] Aelsle] 2219l A8 FagoTA 229 wE
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E: 71 wETe] £5 9 3 A 4 vl
TSS DS NTSS BBGDS FSS HEX CDS NCDS A-UDC

football 25.00 23.50 29.26 21.61 23.08 16.44 27.26 18.81 17.80

akiyo 25.00 13.17 17.40 9.26 17.16 11.08 9.20 5.32 5.22

bus 25.00 21.02 29.63 18.20 22.27 15.65 21.77 17.93 16.94

news 25.00 13.34 17.64 9.42 17.32 11.19 9.35 5.61 5.47

tempete 25.00 13.73 18.80 10.15 17.53 11.33 10.14 6.45 6.37

waterfall 25.00 13.11 17.45 9.25 17.09 11.01 9.14 5.33 5.31

brigdge 25.00 13.06 17.23 9.04 17.07 11.04 9.02 5.01 5.01

coastguard 25.00 17.03 23.04 13.84 20.74 13.35 14.45 13.15 10.61

container 25.00 13.11 17.34 9.10 17.12 11.06 9.04 5.10 5.07

forman 25.00 16.34 22.42 13.41 20.23 12.89 13.52 10.80 9.49

highway 25.00 14.20 19.29 10.35 18.15 11.66 10.45 6.70 6.24

mobile 25.00 14.33 21.38 11.13 18.00 11.58 10.76 7.80 7.88

paris 25.00 14.03 18.94 10.28 18.02 11.57 10.34 6.80 6.40

slient 25.00 14.19 18.67 10.60 17.83 11.61 10.87 6.88 6.62

stefan 25.00 17.63 24.42 14.63 20.22 13.74 16.35 13.80 12.68

table 25.00 17.22 23.65 14.42 20.94 13.46 1591 12.85 11.20

flower 25.00 15.65 22.04 12.08 19.98 12.59 12.01 10.17 8.69

Average 25.00 15.57 21.09 12.16 18.98 12.43 12.92 9.32 8.65

Ave-proposed 16.35 6.92 12.44 3.41 10.33 3.78 4.27 0.85 0.00
= w08 A S gl gk 45-48, 2001.

AY Adtella] BHE oF 4 glRe] Ak 7S (5] T. Koga, K. linuma, A. Hirano, Y. lijima, and
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