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ABSTRACT

In this paper, we propose a fast motion estimation algorithm using motion prediction and neural network.
Considering that the motion vectors have high spatial correlation, the motion vector of current block is predicted
by those of neighboring blocks. The codebook of motion vector is designed by Kohonen self-organizing feature
map(KSFM) learning algorithm which has a fast learning speed and 2-D adaptive characteristics, Since the similar
codevectors are closely located in the 2-D codebook, the motion is progressively estimated from the predicted
codevector in the codebook. Computer simulation results show that the proposed method has a good performance
with reduced computational complexity.

LME

TR A5 hEg fleMe d49 =Y
9 Ay FEAS AAsE £ 2 Fasp)
Egdolsh £ wAh ¥ESE ofd X
Wz A9 FANE By, 29
3409 MEIE AHEe] TE A% Bt 4 9
o] Zdisplaced frame difference; DFD)E &
SPhe e PR 449 34 PHe
25 uele) HYE B N9 e 2%

% Wi(block matching algorithm; BMA)3} #}
A @99 EAE FEe A % d3ElE
(pel recursive algorithm; PRA)¢] glrk o4l B
F3lelr= A Al slose] 73] ge)A]
W&o BMAZ} 2 Abgsirk

AY =y B AY wPH{ull search BMA;
FSBMA)ellAl, o)A =)ol A9 24 o9
(search area)ue] %= =W E(search points)el]
tisle] S Psled, Al B3¢ F39de FA
gt o) Wb #HAe| x4 HEHE Y ¢

* JEdetw M= 7|28k (jhchoi @ palgong kyungpook.ac.kr)
E=EE 1 99036-0128, A4 1 1999+ 14 28

1411

www.dbpia.co.kr



2413354 999 Vol.24 No.9A

At g2 Aaleg "9a s gk,

A 4 Lte A WEeE W Fh
o= 71 olddle] B 5 E9leEH
a&e] 2Alq] FAde] 713t 35hA| gAY (three-step
search; TSS) whio] AlatEigich o] e ¢4
g WAACR FA3le WHL=2A, FSBMAER
v} AAbES wol Y 4 qlot, FA #A el
8. H A (local minimum)el W=l we) gt

A E2-F9 S HelE o143l A
5 A53la, oEE 39 el E o2 rlel
2 thiaEq 2L sk whe] Aakw et
o] uhL £2Y o8& o]galed, TSS whgHc}
84 g7t HeiE o e s 98 5
Uitk

2ol Lee 5-2 224 Helo] FAbA AAE
olgsle] &zl WEE Wy R[N vector
quantization; VQ)3He whEe Alareidci. o] w
HelAs, BE B2 dis] FSBMAE a3}
T3 24 HelE Y wWeE F3, LBG ¥4
gzPi®o g ule Saaje] T (codebook)E =
£33, o8 o83l £X4 welE e Y3t
k.

B =il 2R gt A7A HERE o
43¢ 3% 249 4 W& Aok KSFM
AAEE ol83le] AN HElS F=RE TR
AR B gAY HEEEA 45H gAY 4

2 71FeR, 2 ARl 7o) FuBAtelA A1
o2 S HElE gt 5O ) =
g4 FSBMAZ 784l 28] HelEg &
# wE(training vecton) ® F32, 7|& LBG Pl
vja] EgAlzle] FHa, 2aRiA R QA muwE
E{codevectors)Ztel| A2 AadAde 7lAz AR
4 9l KSFM A4 g Abgsle] z=u-g A
sodel o] W ZeS-2- 2314l FefR PR, A
2 vy 229 Wy g zod el s
A8l M= Aelrt 2 529 WS He E
o]x =3k 0131' e 22 2o =R F
Mg olgale], AR "ol A EEERE
53t FemEe g 71EeE Ixgaeld AL
2 39 A8 Peidrh =gt 7 dAlex] AR
S 2Kmatching emor)E- E%A)(threshold)2} H]ar3)
A, &27o] WEEH PAE FE AA|(half stop)3}
et

Akl W] A%g ksl $3le meody
S 533 A, ARk o] TSS whWe) vlsf

1412

o}z Ao Atk AE FSBMA w7 w]£3l A
B2 e o gleg FF 4 sk =3 LBG
£ o]fsled 24y WEHE Wy JRpERE Lee &
o] wpgdel) w)s) A& AddalAE 03 AE
vehiigich

I. 7iEQ 25y FHUY

1. 3 2l BY(TSS) wy®@

Ay @ B85 A WHESBMA)oA=, E4
Aol 2 FAHE sl A Ptnz,
e AU FAHY 5 A B AXEEE
deg gt o] & AMAE] 3, e3Y 4 2
A 2R WREe R g bl RS o
43led, A odHe] o A sy HY
S qgtos AsEre 34 FY 4 dE TSS
Hhgo] AtE ) o] wheAle 2AE Ak
A At= FUZ(reference search point)e] 7HA&
£, A4 APdsiAl 2 dHE A} §
A ofHe 772 TS o, WA B A
theat 3t

step 1; %42 494 A ¢ 42 T, 9% o
9 8709 Az HaHe disle] BE A
e Bl Ax e 4 (SPYE
Aerh (391 =9

sep 2; % WA DAL 22 Fm, P 7
oSS A= WAl el 35 Ay
& A5, Ax o9 BAY (PE 2
ok (@94 4 - 9)

step 3; %% S DAL 12 F7, 5P, 9
o el Bx Aol ok BE A
& saled, Az 2Ae) P (P& B
o SPE HF $49 ez Aguc
(Y3 4 = 8)

TSS Hbgeldes o 859 25709 ghige o)
] BE AYe 8] dZel, B4 99 g
2E A a4 FskE FSBMAS H)s] A
Abgpo] @A Zragick aehd, AR 2 Yol
el S-S Palaz, F Hio] WAl F
AAe] otk B3 224 34 a7} Mg} e
A e g dx el e A 34 2

www.dbpia.co.kr



Y A& A7 A2 o447 I $NY A dRlE

A7k g ARl o] ek $AY et G,
3 el @lg 27 1o vehigch

-7-6-6-4-3-2=-10 1 2 3 4 5 6 7

-7 . -

—gl .. ]

—a _H_w_z\_\ )

-3

_2 ’\ ol

B MV .

0 . e ﬁ%%
. e 1 T

1

. BN

? N

4 J ),

5

6

, [ ] | |

a7 1. 19 wEr) 3, 34 W TSS W) o

2. 29 wEo| WE| obkjs} g

Lee 5-& £49 #eE st whoEA,
a4 W E He oxEisie e Ak
o] HhollE, BE BEe 224 HElE o W
B2 T3, LBG #hjoex HhE sl g23]
wlelo]] i3k FoH-g 9hET, olE ol4dl] £4
9 WelE ofAiglslgict. o] WS FAA ¢
B 5S s g 2k

A RE Eodale] HEE) s FSBMAZ 4
Ao Ay He 5§ 7k v B =
718 molzt P& o, AN T4 Goel| il
ga87 Mg TdEA EEAT I olF AHE
Zv| ZuRe zude g Fo}.

C= {81,848y} 0)]

A714, Cv I, s,.T FSHECTL
(x, ) AHNAe] A ==l 1A =Z#HY
o WgE A sl 09 sl )2 AL,
HA E% sfe

sP ={ sz, (x,9) € block B) 2
o} 73, o)A =AY &4 3 ml v

mlB—l = { 5;—1(x, ., (x,3) € search 3)
region for block B}

3} o] el & ek

mexo olem)l o) clustering AT centroid
2L e eflale] Agll

Clustering condition

Ri={sE, mbyd(s?, mi,s,) < @
d(sf, mi-1,8;), 1<£j<N}

714, d(sf, mE, 8 )E ZEHE g ¢ R
Al B2 o) o oy ml dxe] eAE
ehic}

Centroid condition

8, = ceni(R;) &)

1

o] WhlE, $4E wirA| HHEE A%k LBG
Hpg olgstnE, £y e ks dAA
Axkego] gk ¥ FHYE FAHY o, Z=fe
gede g 55 A% Pslofof Ut

I. S o5 As|2AE 0128 25 £3

1. KSFME 0|83t 22|¢) HE{9| Hig] Uxjst

FLOWER GARDEN ¢34fel] ot $4%] we]e|
el B¥5 ¥ 20 vehigick 28 244
s} o] gAY e 54 Al AFI £
F3HE HF ¢ gla, o8 olddl] A4 HE
& We ofxislsln zmMElo] disledxint oL
sigto 2 Al 22/l 4ol 7hseich

Aokgh HPgell e KSFM AAWE ofga)e]
239 Hee] RS dAE LBG b4
VQ =¥ A wpPlle 2 viwaly} g esl,
3 &rxr) =9y, 27| ek HAF =]
ofelg wgo] glrh ofel Hbs] KSFM A% H=
B AA whge, sy Adaddi e ES At
A gkomg viwe] A &) ¥, SErt w2
v, #F Furo] 27]3}e) JF4L A A Y=
v} mit I wEEe] s WHA R s
224 Hefd] FeBS pAEEE Y HE
Aol stk

a3 3ol KSFM Al F=2& vhehidds
o, <l#H3(nput layen® 23 & 3(output
layer) 2 2 PAJ=lo] gk ey A A Al
dEowRe] mle 2 A4 WE, & dE

1413

www.dbpia.co.kr



HEEAIEE=17] "99-9 Vol.24 NoJA

Number
of events

400
800
1700
600
500
400
300
200

1100
-8 6 -4 2 0 2 4 6 8

2 2. FLOWER GARDEN Al gt g=le) =9
Tl B3E

B Alole] A47kE w0), z‘=1,2,---,
713, JgFellx &
ANt g dejel ZE A4 ‘ﬂJEi"—ﬂ-J 712
AdE sle] #Hi: Azl sle Y A4 dEE
<o Weg 24gsiy, o] o 2xddes d7Ad
F49%5 HeiEe] WHEE AT A8k, shie]
Y wEe dis Felg AA el o]
9 He7iA] oY HeFer ARk ¢ A7k
A g e xel ot gepdelr} ; s AA
Hejald, +1 AZdellA BE 29 WEES

ME& E7|

Wi(t+ 1= Wi (t)+ (NG, N X— W,(8) (6)

of ko] AT Frgg el 94 «()k
e A7 e B2e] AASE ol A7
B W9lE 2Pk B N HE

(t) 0.9 1-%)

TR
NG t) = exp[——zui—o‘é“ﬁ ]

1

)

o ok of7|A, = WA §lY W)y, 7
& 4y wEFelH, il & 1 A7 29et
i 7=lE AR 5 A4 Do) 231 guia)
o A2lE dehdck e(o3z Sa-aEA Aol
7] met 0ox Zadhe el MG
SR ;A e F2e AAlEE o Al
Hele] Wg AAske d2 e FHe] A
gl wzh, e W Az Qe AR Wedrs
ke Ferelth

1414

W

(output layer)

i i § z./% X (input layer)

a7 3. KSFM AlAqe 7=

2. oi™E
= 04I*
AT & ~4 A HHEL

=28 4ElE ols 27 Y

T A

BHE A, 1% olgale] £2e) 24 Fol
1 ) #eel ﬂw 4EE A5 4 Aok

veld A 559 A9 HEE dSs)
7 s,qz'f}oq AHEEL 3709) QY BEES af 49
vehligich

=1[ Gi, Gy, Gg] ™= [1/3,1/3,1/317 (8)

P=1[p, P17 ©

u[ﬁc B 3,GiBul

370 QA E2e] 2alq] weld 4] (8)9] FUg
7EEAE 22 Fled, A 99} 2o A% zghe
2 ogagks e, €4 8359 «lE gy e
2 AHgsRel oldl, BE o Y29 X9 4
Bolil, Fe A BS iz 229 Wy &
gk vhepdr.

(BB, The motion vector of neighboring block
(P,.P,): The current motion vector predicted by neighboring blocks

3B 4. B4 B354 249 e o5

www.dbpia.co.kr



SR d&n 474 H2Rs o4 24 Y 34 duHE

+44Y " VQE o, & :eRox 3=
B1E HAY w, dldg ¥4 B3e gxq) e}
N A=lZb AR meHeg 7] aoHER
Aty 27) Z=MEd) disk] BMAE #s)ed
SAD(sum of absolute difference)d &3} (TH)
o} wiamdte) v SADZE BEA R zhewl wA
& Fslm, 27 ZowHEE WA 22 g
w2 AR} weF saprh Eea|Rch = A
Adez $249 He g Fivk 93 EF5025E
e dEgess, 2] s=Med Y s
9] ¥y} AR As glck

3. HEEQ =S

AR Whloll e, o Aelxe} o] Hz £
2] o5 229 He F 9} 712 kg Arlel 9l
= Fedelg ZoE gGuidae] 7] PR
3ol SADE FEkc}h 9ok saryt BEARc) 2}
om BAe Fhlaly, &) 3oHEE W@ B2
o 49l WER AXYc) "l SAD7F FEHAR
29 gAxeR A W E 7Rk

Aokl whE QA E dwshd o) 2k

Step 1;2] 9% M3l 27] «l& A HE F
Z ik Fel M e ZeMEE
Z27] 243 (Mv) 22 FiL BMAE 83
%, SAD(MV,) = THe] MV & #A|
B A welz el ek
SAD(MV))> TH °|9, Step 2& 33}

Step 2231 B oA MV & FALE 3x
3 A3, & Fgle] 8¢ mewEfe] of
sled BMAS 33l 4 sApe] 2=M
¥ MV,E FUck SAD(MV) < TH °]
W, Mvy& 8A 530 A ez 4
g} 9eF SAD(MVy)> TH ©|9, Step
3E 3tk

Step 3; A ZedEE LY djsix] BMAE
Bysle, 24 SApe] Fede] MVE T
3k, SAD(MVy), SADMV) 2
SAD(MV3) % 7P #& g dA 5
o] gxq] w2 ZAXg)

V. &8 Zn ¥ I&

gk whge] As-g 378l $i8le] FSBMA
wbhd, TS W, 9 Lee 59 w1 wlazsiel
wol] Aysledrl A FALBE 352x240 =)
2] FLOWER GARDEN3} MOBILE Zkz} 703Z#
o4 Abgaigch BEe @) 8x8E gy o
A e 772 Stk g vlaalr] HEed
e HxE2 PSNRE AHESs)

255°
PSNR=10 log = .
. —L—XY é i‘. [ s:(x 9= s,(x,0]1°
=1 y=1

(10)

74, xxve 94 @ zHddel =)ol
si(x,y)E ¢ A =) 1 gk saghol
3, s 2R RAR gake gt
B2 Y HE2E SADE AMSIicH

SAID(i,7)= mi:l gJ S(m, n) (11)
— S (mti,nt+j) |

oj7A, B2 =P MxN °)i, (5,7 °]
A eake] G gele] Bad AR E viehdck
oe]a AAlERe) Asxze BEG BE Y 35
& A3t

70 x#%]e) FLOWER GARDEN ojAtol| ofisiA]
FSBMA 2 #HAe 2494 HeE s o, &
g4 BEal vt BEae] Adlx| 24, & BF
SADQ] WFo] 486.59 o3, TFE WAl ¢ 423
o]i, MOBILE %4 70 Z#9ld)] oty &5
SAD2] W& 55222 o)m, ®BF HAS o 427
olct. z#|mR Akgr HpgdlAe] ¥ (TH)<,
FSBMA = S35 52 SADS] 3 o3l s
FAsHA BEAFA, 200, 300, 400, 500 F 6002
2 53 Agsisich

.
.

-t
oo

1415

www.dbpia.co.kr



5488 27 '99.9 Vol.24 No9A

v

—e—

-

-
R

-

-

y ® #-— . . H

.l ‘ g 4 5§ 6 7

-
T T O A

®)

33| 5. (@) FLOWER GARDEN ¥ (b) MOBILE &
Al tEh 22181 FrhellAle] =

£ =dedMe Fodake 20 F =eele] 43
o] WElEg Fal ez ARgsle] 25709 mow)
HE JHE ZEEe dAslsinh smse) av1g
257 F 7L TSS Wia} A% vlwE $sixch
1% 54 FLOWER GARDEN:} MOBILE <
Aol e TR Z=a-g 249 F2el A
om, ody|4 2t BTHlE] 29 wEjolch

1416

)

7% 6. (a) FLOWER GARDEN <$ledalal (h) FSBMA,
(c) TSS, % (@) F%x 3009) Aakgt whgoz o
g A9 BAdE A g4t

a8 6ellv= 7]E9) Wby Aoyt whge s ¥
349 2R AdAg vehiigld Algker byl
gt ApedAte] FSBMAS] xjejals} 7o) w|43}A)
vehde, TSP Aledaucie fA 9ehe
golg 4= 9lrh

Adgt we] FEHR) ((7TH)E HERE o,
PSNR#} AAbRS vehile 889 22 Ay 34
£ % I, I Jehfigich

£ ToAe} o], okgk WhH-2 FSBMAXCT)
FLOWER GARDEN¢! 9= 0.26~0.37 dBAE,
MOBILE3] #A$¥ 0.11~0.20 dBAE ‘JolalA|gt
TSSHxl= FLOWER GARDENQl 79 269~
2.80 dBA %, MOBILESQ] 7% 1.09~1.18 dBH
52 Z 3P g d vk =R Lee 5
o W o) WM E Eeixe] Wslel izt o]
AL $<0%F PSNRE veliich

JE|m ® TollAde Aabge] oiiis x)ek=
B2 B8 A3 5E SAsigledl, Ayt
#o] FSBMART} 90~95 % AT ztigion,
TSS i =) Lee 20) upy¥ncl 239642 %
A 7Hagrh

L FSBMA 3 TSS whe] 2-%9) wle} A4
HlEss B8 8 u|Er) PaFhd wlaE), Akt
HellA= 5 vlEr Pesier BEg) 3u|E gl
o AF B ESE 2U 4 9k ARRE uhloA
£ 1SS wClae) A% wag 99 3uxe =
718 252 siiE d, wof SH)EL] oj=dx
(address)ell #3832 =7le) Z=E-S AME
e o v g 9E 5 9ok

Akt whgellxe TSS wPlel) wlaly 57)
olxe] VQ =X AdAA At wzels} @
a3l g 229 FgAele TSS P uct

& Axe R o Agg AAE 98 4 vk

www.dbpia.co.kr



FEAEAY E AA H2TL o143 1% Y A YT

R KSFM AEE o]8sle 2219 wlEe]
AEE-F AASE A9 whis) LBGE o|4sle
Lee 59 o] Zug ggxzhg vl ww,
AA L2t FHYEg7Rx] F(training)E ¥H-E-5}
£ Lee 9] whyo] zakgk Wi Br} Suf ol A
Uk
ol o] ZAf=He], £39] oS} KSFM 1737
S o] 47 AMF af A A uhyle] s
WEEch wlEpe A4 o FolwAE,
FSBMA#} |48} 4-3¢] PSNRS %18 & 9l&-2
Heldt 4~ ik

Aakgt el e Fgake] 27| ZHYLE £
Zq) WEle] 2oB-g AMgslr] g, AjzHEel
Aol & B Azl EgAelh 2o
Al A% 9 2ol I EFAE kel s
A A WE Zhe] F71H Ajile] Ha
& Aolrk

# [. 7 uhge] PSNRdB] W)

FSBMA 25.31 23.96
TSS® 2225 2267
Lee’s!" 24.96 23.76

TH=200 25.05 23.85
TH=300 25.04 23.84
Proposed | TH=400 25.02 23.82
TH=500 24.98 23.79
TH=600 24.94 23.76

E O 4w 859 £ A A vln

FSBMA 225 225
TSS™ 25 25
Lee’s™ 25 25

TH=200 17.49 19.03
TH=300 15,16 1622
Proposed | TH=400 12.78 13.64
TH=500 10.72 11.54
TH=600 8.97 9.73

V.d 8

2 sElde 23 WEe d5a A 32
g o183 & A 4 e Aldeisick
T ) ZHGEY A HEE 9H 4
B2 sled, A Hele] ZeiL AAs o]
w Zes A AZle] wiEm, QA Z=HE7|
d#de 73 el KSFM A4 3Ee
olg3lolon, 2% FeXME o7} 2244
e S Adek ARl welixe] 34
FAE, TR A AmdEd s gas
PshA) ek, A B2 Y HHEE¥E ¥
A 59 FAY HEE dFskm, o1F FHe=
FeBabdls A<l F4L daialck

wel Ay Zaf, Ak whge] 7189 wHER
of v Ept AR B ZeldAE, XY 34
W & #Aql FSBMAY] A% PSNRE 44
& UES HAY 4 Sl

128

[1} H. Gharavi, Mike Mills, “Block matching
Motion Estimation Algorithms-New Results,”
IEEE Trans. on Circuits and System, vol. 37,
No. 5, pp. 649-651, 1990.

[2] T. Koga, K. linuma, A. Hirano, Y. liyima and
T. Ishiguro, “Motion Compensated Interframe
Coding for Video Conferencing,” Proc. NTC.
'81, pp. G5.3.1-G5.3.5, New Orleans, LA, Dec.
1981.

[3]1 L. Luo, C. Zou, X. Gaom, “A New Prediction
Search Algorithm for Block Motion Estimation
in Video Coding,” IEEE Trans. On Consumer
Electronics, vol. 43, No. 1, pp. 56-61, 1997.

4 Y. Y. Lee and John W. Woods, “Motion
Vector Quantization for Video Coding,” /IEEE
Trans. on Image Proc. vol 4. No. 3, Mar. 1995,

[5] Y. Linde, A. Buzo, and R. M. Gray, “An
Algorithm for Vector Quantizer Design,” IEEE
Trans. on Comm., vol. COM-28, pp. 84-93, Jan.
1980.

[6] A. Gersho and R. M. Gray, Vector Quantization
and Signal Compression: Kluwer Academic
Publishers, 1992,

1417

www.dbpia.co.kr



P=5A41 85| =FR] '99-9 Vol.24 NoSA

[71] N. M. Nasrabadi and Y. Feng,

“Vector

Quantization of Images Based wupon the
Kohonen Self-Organizing Feature Maps,” IEEE
Int’l. Conf. Neural Network, San Diego, CA,

vol. 1, pp. 101-108, 1988.
| A #(Jung-Hyun Choi)
- BAghE =R AH24d AIBE 3=

0| & #Kyeong-Hwan Lee)
BAleE =4 A24% AIBE =2

Ol ¥ Z|(Bub-Ki Lee)
ZA53 TR Add A1IBE 2F

Y 2 2(Won-Sik Cheong)
EAS T4 A4 AIBE =

Z & THKyoung-Kyoo Kim)
ZA)5}3] =5 A A4 AIBE =z

Z & THDuk-Gyoo Kim)
A8k =R A247 A|IBE 33

1418

3

5

3Ed

www.dbpia.co.kr



