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(Fast Motion Estimation Using the Statistical Characteristics
of Motion Vector)
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Abstract

In Fast motion estimaion algorithms, they reduce the computational complexity using the
assumption that the matching error increases monotonically as the search moves away from the
global minimum error™ ¥ In this paper, we first investigate the statistical characteristics of motion
vector that the motion vector mostly occures on the side of small MAE (mean absolute error)
between the reference search points when the MAE difference of them i1s large. Therefore, we
propose a fast motion estimation algorithm using this property and can reduce the number of search
points. The computer simulation result shows that the proposed method reduces computational
complexity compared with conventional fast algorithms.

Hald FGd el Exske o8] 7 FEAE

.M &2
ol EAlSRe T FRA, A4 =

(redundancy), & Z#HY W (intrafrmae)®] F4LE A}

A" Ag A2dolA= ARE Ak WY A (interframe)ell EAs= A7 F5A, z2]a HAH-
2 F3le] A AR WA AAs] A 39 B84 FEA & AL T4 dlolE A

dlelelE k&3t HDTV, YA" TV

shpsle] = A AR AL T AR Asudt g4 =)

13
=
59 Eolollds, W oFo @A dlolelE 4E3P) w1 =R A ARAdE o838

49 2 $E3p} Hgele

*IEER, BB ETERTER T3 Faslde $44 —:—7‘3 egs o

(School of Flectronic and FElectrical Engineering, — =le°l ZH8ka BAY o] 98 £5 A3

Kyungpook National University) (block matching algorithm; BMA)el dz] /\}—%Q‘_E]—
B HT  19994E9 A 150, kR 20004E2F 26 H o g BE A3 ub (full search BMA; FSBMA)



22 429 Wee EAN EA4L o4 1% $4Y 34 #FS 5
& gl gdodyle] BT g dls) e P}
roupgoad, £X9 wWeE g & S 9 I exel wejo| EAN =4
A wre AxeRe B g} o eA9) &4
o AxES 72717 98 2 A 22 R (two AR 949 24 u Sy, A 3 24
dimensional logarithmic search) ¥, 33} ¥4 (cross = A Sadox Hodp® o Iyl PEE
search) vp4, %k = (conjugate search) HWHH, 3 ol&sle] BB 27| WAlelME A g 7S
oA =M (three-step search; TSS) WP 59 oje] WAl stz WA} AYLFE 3z S A4S
12 B2 A3 duel5Ee] AkElgder AR ZoiA Se YFoas AN 2 F 9
TSS wrille s, €29] 24 k= el & Th "HAT Aldxe o AR Hx At 2
o weko @ ©hx Aoty Em AA g A e FeE wE g e FHHEST AY
Aol B2 A (reference search point)& Fah  BHsle, o] F A4 o] BAHE $HY HE2
of, TS YRS Az DA AL Fspd AW
A A9 e A7) Po 52 49 wElS] 2T 5 AR ealql 4 we] whxeh gleld Al
A8 o83k 494 B4 (four-step search; FSS) Hpd® 2 € o, A4 03 Fx PAPE SR @
& Felsladct o] WholAs, Todake] o] welyp A A= BAHECMS) A ox =) wel Al
B odole)] A HHoj the] B¥EEE Z7] o = oebdl 938 o &% 4= 9ivk
ol Balske] =718 ol Ao, A5 &
AHA ek
2Rl #7109 e BAR S8 2 n () @ --------- () ~ 77777
T, 0]F o8 A2e 1& #4934 whHe A’
b Al 9ae) 2 wpde] e e A Q:The reference search point in the intermediate step

Sas P of, #Ha o2 3 T4 (minimum
error reference search point) 24k Az B E|
9] A3 22 =)o we), A 2 SHE ASE
4 ook wepd B Qs A 3z sl
A& 932} (matching error)e] Z7]d] W& 23 ¥
Blo] ¥ A4S 2ARIgich 2 A3 ol dAelA
9 i ox x2Sy Pk A Az SRS

o Mg 238 AL T A%, oHT AN Hzx

H
-

o3} Sage] A L3} A UA FE P 2
wellA] el 2hBol, A9 “I"2 viehgeh gk o)Al

WA QA Fx GAEES] AR 2Ae] A o}
F 2R Ao, T wkkel] AHglel A’ 249 A
7} ol A el a8|EE ol9) e £Aq) Hl
B EAA EAo2re]l FERL (threshold)e At
of, Al 71x| B delo® RRIle] AN UL Y7
o224, 71& WSl vls) AFE FAE Al

o=

ehflz, =l VAelA 22 dett

O : The neighbor search point in the last step

a3 1. ex w9 sE BT i) YT A
Fig. 1. The 1-D search to find the probability

distribution of motion vector.

23 1of|A) e} o], oA Al HA 23 EA
A4 PR Fa, ol2%E =4 W9 (search distance)
7} 2 "5k WoiA #H9 A= sAHE S AL L4}

24 &S P, 2 FE Perta 3 o, o7 wAlellA

T

A Sasler & Al S (P, Podel A% £
A% wlmsi, el A% 93} Penth A2 e

B A5 5 ook zeleg, A 2S4S B o),
919 e 8 Aol disix FAEA] wm, HE? T
AL et Aoz, A FA Al
<+ A 4 ik

ok, & EFelie 1A A HEe] 540
Ak 7Pl A eAlE A 2 19] ¢dlE
2 Aom Fegsle], obA% g A oldziA S|
A 23 gz A e dAlelxe] A =)
HEo ok A oAkl x5 FARKICL A 84

(112



2000 38 ETFLLERIGE

N

g\
$

Probability
s

s
S

o
1Y

1 3 5 1 9 1 13 15 17 19 21 23 25 2?7
Difference of MAE (P) and MAE (Py)

(a) MAE(P)-MAE(P)=0

1

|

Probability

S £
&
—]

P ST S ST S T
1 3 5 7 9 11 13 15 17 19 2 23 258 27 29 3t 33

Difference of MAE (P) and MAE (Py)

(b) MAE(P)-MAE(PL) =2

o

-

Probability
e s
< =
\\

bl £
B9
F—]

P ST A R U S e
13 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33

Difference of MAE (F) and MAE (Py)

(c) MAE(P)-MAE(P.)=4

e

g

Probability
£ %

e £
N
—

1 13 15 17 19 b1t n 25 n 29
Difference of MAE () and MAE (Py)

(d) MAE(P)-MAE(PL)=
T8 2. FOOTBALL 44l wd ¢29 #ee &
X
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Step 1 : Coarse search in the middle of the search
area and find P, if ( P,=(00))
fine search aroung P, and find MV
else go to step 2
Step 2 : Coarse search with the search pattern of

Fig 3 and find P, if (MAD(P,)>MAD( P,))
go to step 4

else go to step 3
Step 3 : Coarse search with the search pattern of

Fig 3 and find P, go to step 4

else go to step 3
Step 4 : if (MAD( P3)<MAD(P,))

fine search aroung P; and find MV

else fine search with the search pattern of Fig

4 and find MV

Coarse search : Search with the search distance as 2
fine search : Search with the search distance as 1
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Fig. 5. An example of the proposed motion estima—
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Table 1. The PSNR[dB] comparison of the
proposed and the conventional methods.
(Block size: 8%8).
Sequences |EFSBMA | TSSY | FSS* |Proposed
FOOTBALL | 26.08 22.20 23.26 23.00
T’IT:){;I;IIE 31.02 28.94 29.67 29,12
SALESMAN || 3597 35.58 35.68 35.46
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Table 2. The comparison of the computational
complexity of the proposed and the
conventional methods. (Block size: 8X&).

Sequences JFSBMA | TSS® | Fss® |Proposed
FOOTBALL 225 25 18.84 16.80
TABLE
TENNIS 225 25 1853 1552
SALEMAN 255 25 17.27 14.70
E 3. Alkgk WF 7[E w2 PSNRIABIM]
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Table 3. The PSNR[dB] comparison of the
proposed and the conventional methods.
(Block size: 16X16).

Sequences |FSBMA | T1sS® | pgg® Proposed
FOOTBALL | 22.32 21.87 21.68 21.46
TABLE
TENNIS 29.53 28.12 2853 28.00
SALESMAN | 34.89 34.72 34.74 3458
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Table 4. The comparison of the computational
complexity of the proposed and the
conventional methods. (Block size: 16X
16).

Sequences | FSBMA | TSS® | FSS™ | Proposed

FOOTBALL 225 25 18.11 16.49

TABLE
TENNIS

SALEMAN

225 17.70 15.16

255 16.11 14.81
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