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Abstract Face detection using a boosting based algorithm requires a very large size of face and
nonface data. In addition, the fact that there always occurs a need for adding additional training data
for better detection rates demands an efficient incremental learning algorithm. In the design of
incremental learning based classifiers, the final classifier should represent the characteristics of the
entire training dataset. Conventional methods have a critical problem in combining intermediate
classifiers that weight updates depend solely on the performance of individual dataset. In this paper,
for the purpose of application to face detection, we present a new method to combine an intermediate
classifier with previously acquired ones in an optimal manner. Our algorithm creates a validation set
by incrementally adding sampled instances from each dataset to represent the entire training data. The
weight of each classifier is determined based on its performance on the validation set. This approach
guarantees that the resulting final classifier is learned by the entire training dataset. Experimental
results show that the classifier trained by the proposed algorithm performs better than by AdaBoost
which operates in batch mode, as well as by Learn++.

Key words : Incremental Learning Method, Face Detection, Validation Set, Weighted Majority

Voting

rlo
M
2

i)

Ae QBT o] ofd Fexz T
o7 B5e) FAlolth #A| AAL S8 Thaka

Ae w5 AnFe Hgol AEse] gor} o3

o
£
HE
)

ohgt dZo] opd
4 wrhss. ol

1=3
A ASole 2z B

mlm
2
&
_?L
rr
=
B

o L
(&
)
<
=)

tou g9 Audddtn JRE
jiyp@ece.skku.ac.kr
o FAed - Ao ddictn FREAFE us
jhyi@ece.skku.ac.kr
wEAS 20049 19 209 AdaBoost[1]
ArbetE s 20049 4€ 309

a3

K A

2]
o o
o
g
+ g

ooz 2
o

i o
= o
X o

X,

a

(0]

8.

7

o

=]

o

o

o

j]

o,

2

=

N

Copyright (C) 2005 NuriMedia Co., Ltd.



950 BEAeS =R A X E o] B 3§ A 31 A Al 7 Z(2004.7)

(weak classifier) 2] Z§E& 3l ool ++8 3 B dAydAe €2 dEe AT E771 g5 13
EH71(strong classifier) & AAHHE Welm d2 A G GugFS FE5te] i dolek JF WelA
AEE AT 277 FF0 AETE 45T Avb 2 W AHsE U FUGARFIIE aFHHeR 2F
F9 Hk 2l FozA AF 7719 Hdee dV1HoE Adsidd
EZF HEL AT BF7] 3ol AdaBoost daElE:  ALT WS 1 RV A&FHY A 2Fe
< A8 Ay, e 2FE @A He A9 £F/7 f8 A4 9 J3e dEske A453 Hvalidation
o Ao g Hole e 7 A FFEE L set)S AAskE WS ARSI Learn++ darg]Fol
=tk gge S8l aFHe oA volelke €23 HESAH HAFAPAAY ERF Hes VIEeE 4
o] opd F ZEz] b WaE XFPse W EFVIY IS A(weigh) T AATOZHN HAHo=
& Fo vleletoly olHd ¥4 dAES ¥ st HHSE HS ERVIE AEToEA 5 HE A
o FFdithe A i ol dojth g ARF = S IS F AT TEHA 43S T AAI &
g vl o] dubez ¥ F ©ele] Agte] 288 a1gFo] AdaBoost, Learn++ BT $53 AE A5
o 7 229 548 tEske oS welet e BHYS A
< P BT grs7e of

&8kl WM Ay
ot AEE dHolert F7F 2 wivitk HA doletd]
et AetEs FPske IS v HAE etk
wehA olm] SFE AHe MEE vlolete] < A
£ F1 # de FFHQ F(incremental lear—
ning)®¥4e] Qi) ol AAS S A=

e
Y

A Learn++[3]2he A=) 81 o] H= 275 Urol & F e stde 9 5A(Feature
AT Learnt+i= AdaBoost 2aglZe] AAS S35 A) based)dl 7]uFe E= Woln tE sy AdZe A
BA F18 doleh RUOERE YT Bl of o oomase b oIESE WO K1 A=
) sleE BEole] ATFo=M AdaBooste] HlES ®A 4 PE WPAEC] 895 Utk B ATe
Hel Qg PHE FRAAT: 2o Leamerie 00 ¢ BAS QTEA ZME GPw A
#HE &iteel dolgh AF 4ol yHem 5 ) o TR G A
Ex M=o rlorsl o 5 1EL =
A9 pRAIEE Be AUTeRA AT waol O MU WHEE YT AT A g T
WA dolE WTe) HHE wAT & gle wAge] o o0 TEA wRsh) wEew A agel
Ak AFA FHR doltrel gAL ve azd 4 0 oo AF WE efeEel A wa S v
. o=a= - =

S|
g 124 g 5494 2F/7 AE deole A%
fe) 4ol S WA =S e AL e F

ax Tl 2 AF¢ AW QA9 PAZ TRE A7k A%

5 A duez 34 EE
Sul oA} ol SRA} & o) <) Ez | o EXO mol
Graf[11] ilﬁg 39 W & WA pes 54 j’iiﬂf:{; 3 U 29 gue wel we
= 7% = T Rl
o e | camy |G Lab 2% S04l Swag oz | 4o AuE olgell w4 | %8 4o ZAEge
R 9z 99 WE 92 ¥ e wol e
[<] =
K Crawliz) | 2ES SAEE Al 9Esiew gefat|THcl g0l o we A2, 94, £xef WaE
3 AARE A s 474 2%
Sung and | LAl BRde] ASE BAUE @ 9|4 2Use] UEA dolu| WAL dEse 4F
Poggiold] |¥e] $¥F oz d@w wjg FE | #u A w4y 2F sk | 950 ofele
Qg 7w SEUEAIS GEAAY ] BACEL  a ouae
4% 4% | Rowley(? zféa T BAE FAAS B0 | 0T T g g | DOl BOF FE7E =9
el o =
Viola and | AdaBoost 7|Wte} S5t Cascade T2 | ) 1 iz 10 St5 dlolet 71 Al
A9 o F9xo] B= 2 A dEAE b 2] olEle] AEH
Jones[2] |AHEo= FE&HA 77 T4 A dolele] A g5

Copyright (C) 2005 NuriMedia Co., Ltd.



N

HE&&F FE vlolete] HIH ol 7wke d= AE W 951

Helk olHd A AERRH EF dYde JHEsin 2Ek] ERWAY] A FE STMIHeEA
shgdte e dFe] 545 vE WEE] Astel o AN 42 AEA HEsirlde ARetA ot
Hﬂoi Zdyd Part glonz dx EAS =4
9 ekt BgelN WAT ¢ Ak gew dee zy O U2 AES A BTUA S5 UY
T A 2 Aol A HAA S AHe tFe)
R ojmA 7wk Ao RE NG I WY, o4 sewAe AlgsE dF AEv)e AA6 AT
BE 7N YRR AdaBoostE ol8% LEHET g 92 42 e 99 SRl Bne Q29 92
7Iol stk A7 7k Awelle ASA WAL o) ojd g 7R 3 12e 2= Ao} &)
A7) A% A7 (autoassociative neural network)[5], 2o AlgHE HolEl= tloket wWaE TIel= A
57 A ZAT A7 B 2 (probabilistic decision— G GZo] oy gAr=e HFolth AdaBoost I
based neural network)(PDBNN)[6]5S 283 d& % wpel R 2 Exe oo Z=ubAl(random
A el stk ABEE ol8d A=el dF AS guessing) 9 BRAF(CIN BF BANNE 057 #
M % P HEARD A7 Rowleye] A2HoIR agl gue 2% o9t 2R7159 2#E B ¢
[78]. 250l AR Al=de] 542 o5 A4EH T ymo ngsi= Be REslE 228 2 guks Ao
A Al Elolth dF HHe] HES A AHEE o o] wpae 2 BEagozs oA AFe uie} o]
Ge AZgel A= AND, OR ~elx Votmg”r B o dole gue oeen o) ¥ Y A
& TAAE Tl ERHoE 2E £ QU5E HAT o=z g st 279 AY)EE = 4 9 we
Sung# Poggio= F& HICIERel £X Shirel TN 4 g agdne 92 A% A% S oY@
A AE AL AMATIL gdel 2% pagge neses AdaBoost % WAL B3 T4
W7 FHILEZRE 1Y IS £ExE 47 3 7o BEvl AES BAEE g dugze A
24y 3 & AESTACAME FHdl&s B ZAEHA $351e] BEs)=z 2AsAT
H2E vlojgtet By ®© £33 7S AR HAHo g Zrlsle =S T dolgt Mite] &
oo F 71A oA vk WAEL FHEW oY 2o =g pe ResE pAssd AdE 8 O3
AFWANAE A @] ol AT A2W o Leamo YwelZol Atk ol AdaBoostd
TEo -2 Ealvhs 353 EAdE ox ok oz g ANA s WMoz = dugze w
A2 Violast JonesE HE| ASHE [HF AT = ol Ryl xHoz FA BRIE AYEE T
< ol FAl w2 HE ASE B dA =xo 24e AUl Learnt+: olgist EQL nig
AzEe] A9 A7 we BAe BUH2L °l5e oz 2w awne yolg AL stxaly) 9o
AdaBoost €31 alz[l% dF Aol HABFCEA  agzzort B dAjdiiE AZ A% s|Fe] HE
%20x2404 MR 22 14 2Hdo= $23k= 4 ngr) gde 98 FA9Y SFHAA Lean++ T
& nol Sieh Tt B A aw olag 25 AN s duelEe Atk AF B
HIO]E} A & We] mF FHa] ok BAE yzo 7 golg AW ssAnE 2=
EE oA TN e A8y FUF Holee] B ke w) "ok Ay FmelFEe 24 ¥ dole
1 e AAA Fpdnel dasith A2 olvl A 3t mfe) 540l RAHAY T AVAA JFS
Brel £4 glol MRE HelHERH TN B wa o) gitke MelA J1Ee) W g
—HL% ShEshs ARl Lean++ @atElEe] Ak # a9 12 AL sty gaEe] 7S dehdt
or, 35S BT £F/7] 2HelTE AdaBooste] 5 53 19 (a) B2 tholojade AXAN 52S e
= MEM Leamnt+ St Guelse AAACE FF gg gaxez FoiHe FA do AN
HE 7R delst gHS Agdtel FAA FF Modified Learn++ 2meEe B3 g W3kl A
e s olge] 2o r A BRVIE 2H gm wgs) p,o AARY. Sgol AYHE Bt A
ok e TR WA BT A AT O g gopg X,mg WEs) A3 725 Aol THHG
to e iel sial He o slade g A% AEE JIECR AYHY cleiw 34e Fa A
o 2 EF ]4 A HHst 74 AES % HE B2l EAY 2o AT AZS ol@ 7
Hll0le] ARk 2 AejHos Ah5d e BEs AART a9 19 (b 2 dolg Ao
A A4e S A4 gAse dolet AR wEAe o oo T -

Copyright (C) 2005 NuriMedia Co., Ltd.



952 AEAGI=EA £2ZEH o] F S& A 31 d Al 7 5(2004.7)

MAZE 2 dolet Aol 4 Ane AF LRI

Part1: Input & Initiakze

= Vakdation Set —  Determing Weights a
: - Example images
1 - Tm : the maximum #
1 of weak dassifiers
[}
| Data Set Data Set Data Sel v
i % 5 P . -
: Initiaize weights
: Y \J Y
v
Pari2: Adding weak lksarners
: Maxdified Madified Modified ) ) ing
1 Learr+ Learm+ Learm+ - Normalize the weights - Yas
i
H \J v v = ,  Call WeakLearn to
1 Fy F Fy Draw a training subset generate a hypothesis &,
L v
v v
a The error of i, > 0.57
3 - Process 1o consiruct the
Falba composite hypothesis /1
Na
v v
Non Y -
Strong Classifier = o :dmz::a nu'p‘::;:fs
Update the weights. - o onnsn!, ute # Yes
\J
Face v No v
q) E 7
(a) = % E]'o] 011%} Check on stop conditions WIDCTETE e
True
- - v Parg: Output
I tput
The Final hypothesis
L hs by
L v L]
=) = o =
- - - = a9 2 9F A& 9% Modified Learn++ €18E
- 1 - 1 -
H, H; H; Sv my
AAske Bl AUk
v *Partl: ¢J8 9 %73
Fa

07 Seagel 9doze ¥4 94 A% 5,
WE 55 A selEe 7,00 ATk AR 37
o gole} A%

o A% 2H7] A FHEY @AH €9 APB 22) S,={(x1,y), o0, ., oyt A delE
& Mg =48 & Aotk shfe] 5Qow A 1 E 5, =19 B DFL, y,=0% BF L] o}
ookt 2771 p 8 =S T FH RV B E 9 948 UuNth 7 FAEFIIE AT O3
Agshe e Bt aeld el AR ZF BEs)Y Hd) Ajgoln oE Z Part2¢] wHE 5157}
o] EAEL Viola®}t Jonese AF2]00A At AE "ok B dAFeAe 7,9 %= 305 AMEATh
SHERA TIPS integral imageRHE T pgojg gyge s 7+ A4 x AE BEA W)
Haar $o]&3(wavelet) S7¢]th 7} Y. 2713 g BE Qe =3 s1E
3.1 2TH DS 2l offt 27| 2@ A% AR 1 e dFF g2l oy FYsE 7
a9 28 2¥ 19 (oA YAE S A3 ISE] 3

ks doleke] A kg ol 9

vl
dlo
B
m

o

1 24

T oan
P SEHge 52 Yeit Sange) gEe .
st Qo] ohd £ GAsl Afeln sty gy 0T DT fory =1 0, respecively
_ _ ; (1)
1= ] 1o } 2 BREgl= x5z B2

qA) g Aol AE AT B BRSE A e L o wole 23
F718 ks ol Bxolth duEe AL = o

T oA REe Alde] Hoj® 7 3¢ wES Ea

A7) dolete) R 4G A ok BRr) B FABE A 2
Aesta o5 A e Bl em Al A9 HolElw TAE FAUY Tr,E AGIT

Copyright (C) 2005 NuriMedia Co., Ltd.



He&F T4

D,:w[/zlwt(l)y @ =1,2,..., T, (2)
FHRAFE dA o] EFAA oI dAE AAsE
i @97k He skt A é e BR/7) 23S
213t WeakLearn €18]&29] oz ALEHT: Weak-

3 e Aeolth o %A

t}. WeakLearn?] o}

integral imageZ%E T3+ Haar
TRt Havh He §4 sk
= Viola®} Jones2] AF2]o1A AA=AA w2lo]th
WeakLearn< %3 A=k <kt £77] 5,9 ddels

tlolet At 5,4 4 (3)F 2ol Atk

o

o] HAdxE 043 719 Seroll AREEA 24
HoletEe] A% Hrlel Fgozy Huw ot 5
719 g AFdth ofd RV oyt 055
Z3H FAGge) ddngos Sopyt A2e ¥
Y AFE Y ol BF EAlA I BF
719 AFEE A9y Holgs A flo] FHsH 2
Fote A9 BERFEGO%) oidololor drH14].
o siM I B57) A7 4 MAste 2o
7715 wHEolol sl= AL ol Boosting 714+
Srgalold HE 25771 &l

WeakLearn
Losl g it Fold shtel 54 g9 AR
(threshold) ©ZX-E] st £7/7] p (T FAAZCh
(xe IAZE ZA7E Zte 4=l APdM= 20x20
& Agageh
ho=(] JG@POTAT
2. D O A o) dlBE At

Ek:leilhk(xi)_yil
3. 7k e oleizt ¢, B 2K 2R g, S wEan

2% 3 WeakLearn

(3le] HHE-S E3) A" o3 BRIIELS IFH7
WFA%H weighted majority voting)[15] *H-& A3}
o 34 £77 g E FHE

Copyright (C) 2005 NuriMedia Co., Ltd.

doletel HRA Sl Awa Iz

)
e

el 953

| 3108(1/b) + h ()=
Jb,:ej/(lfe,)

=
&

i
M-

log(1/6 ) 8-,

o} Eo] 289 71SA log
(1/6 )% 7Ivte2 e Fejolch 7| 5 & oF

N

E= 2D MIHx)=yl ®)
5719 16%7} 055 dethd oAl Al
g Al ke BF]
Adests FPoz Solzh
AN BAAEE
247} :an} webd oA AF
olfrZ delet JE s,
Hojol st} dolgr
AAl Zzte] AEHE FHRF
AREEF 2] (6)1) o] Z3AlH
wi()=w,HBYH @B —E.J0-E) (6
21 (B)el] W2W A dHolEt] ANER TS &
L g W WY A 1 3ol FolsW

%&% W AS 5L fARE AAE 7t
EICE Xéﬁi‘r HE2 oleid A

R

feorr e
>

% K

oM o ol mloox

T
XN~
= ¥
=
I
Lo
I

31%4 tﬂ m 71 AT
U, 7A4le] 7)Ee] uiz old w9l ok BRY] sht
o] Aot ojEatke Ho] thzoh

> 1£ Addste] shte] 44 27
= Hge AR Hojsk ks B
9 7,3 B¢ vEEg. 2y e F

(<)
o AgHE Aol T,

o
rlo



954 JRIABS=EA]  ASXE I of
P4 058 23}
2. o FA QS Aesi= 4 EFH9 olHst
052 =3
3. FAEFNY BRI 09 A, 5 ZE He]
B fEEA ERshe A%
AA st HolElE F&d 2 Az = 29 30 3
Fhs A4rh BldE] st 72t EH G JARES
A= g2 L

ojtt. ojuj, 2] 571 ¢ A
ol gelith AhEA ARWe 19 4elMsh 2ol Al
A A2 o} AZel 2 4 v
Casel: uniform weight.
RS SRR S REEE R
[y 5
Case2: local optimum weight. {x, ..., x,}
Xu=log(5-) B, HE KA P e AT e

&

A% 74 g9 e 2 AT ol ghe 44,

E,=3DIF)-y), B,=E,/(1-E,)

{1 SN2 X, AT

012] =1

)

Case3: global optimum weight. W)

yeliel #5 7}

{wl, cees

wm:k)g(JBT), B, = A% A%
A o At 9@ Y

A AR v={(x5.2). ... (x v} E BA Heler
A

& sollM FE3 HolEol BAE g9 vloEl=

ool gtk
A% AYIAY A% A o9 oA % AT A
we 2,

¢ o
E,= 3|F ()= .

7

B,=E,/(1-E})

Copyright (C) 2005 NuriMedia Co., Ltd.

2 &8 A 31 A A7 (20047

Casel 2z Holg} Hst 5,9 ®E HF /7S

o e AFNE FYE Aot FA dole A
e

A
=, X
Case2w 31T £ Ao ERAT wet 7E3E
ARste Wyelth ﬂolE‘r A 5,04 HE 77
F,9 257 degs A Q% 2ok
N
E,=2D)IF,(x)=yl (®)
7VeAe AitstE dE B 1Fo2 2 (99 2
o] AR Hct
= log(éz) 9
o] e ZFEA7E i dHolek J¥e BRSO
T oJE StEE BHIVE &olg vlolet JFLEZRE A
E4o] Atk Casel®

AR A%l

< THEAE Q”S}ﬂi Hop g A
718 710 4 Aok 22y Caseld} 2« &4 HloJg}
Az B/ dol=rt t2AY AFEA F71E tlo]
Bl Fge] olv FE dele [ o]dHA 5A4S
7MW £ AsS AT = gtk 53] Case2°lA
dolzo] ztol7t F A, A
TGoZRE AHdH ERVIES
T S A5s Ashrzit 1Y
A F712 diolete] AAS vy 438 & 9l
z S 717 E delet J%
fro] 4de s A ¥rF ge AL v F

3 EAlolth. Case3 oleld &4l 2L S8 A

oz ¥
]

41 o

fo RIofr £ orr

==
< 77 F,,

Y= 3F () ) (10)
AgAE p,o BRAG gel AFsE o
B2 71Ee% 4 (1DF o] ARH.
— 1
= log( va) (11)



%, 2t BR719 71 #4%5 dolg AR velMe Fol ¥d s 5 AFE F 333087 etk &
BEFAS o8 24=ge Aotk #E dolg A¥e  F 942 FERET ulolghlol~zRE 25s3h 9
S%g QAN AR QR dolele] AwE my Aol AF oo Folo] THA RES AR
g Zeolth. AF AT 749 vlolEty 7H—r K= A (ground truth)el]l A= =F § FY9 HEE 7E2
Aol Aolget #Al Tazol LA tolg 3o 2 Qs Adste 20x209] 27|12 Fts SATh A
A% 4% 12 dolne At K/m7H otk 7 RAR HLA G I A9, W 9 5
dolehEe FUT A SES A dolg W 2 o) AEE Pl A EASe Pue Azoz g
Ze nPUe MU ol A% 1Y AWY wy Atk ASE 2 doleke A4t B9 IF 6000
32 AL 7 dole Puel 24 L AWA 22 A, o124 dels 71 4YL 9 FU IF 4008]
e Aotk 2 FdozRH e i dolgs o th dEe] ofd A dlojet JFL dels T g
92 FEste e vy deolgs Alde AEE] 5% dE& TIEA Fe 999 GFo=RE 6400
& Qe "AF g A BN HE £ de Y BRI st AT
A9 Wolth tgol oleldt AEY 2Tl WP A WA APe B ATl ALsE 9AH st
SR8 A AN ges B 9 W 2d 9t wel A% RE dolnd @ vl sadlt Ada
BR ool W3 9388 H2s & & A6l ©18]  Boostd %S wwaly] 98 Aotk AP ALE
S AT JY 7Nk A AR B OE YHE H de gokdt wEe xdele gdd dE 9y
7 2 dA FE IS osshke AR B FF 600087, Qo] IFo] ofd 94 6,000% ]t o]F
oAzt dolgt A3 HAFT /7 ro AIEE E4d dojelz= 77 500082 dE3 dzo] old o
AP weha REFHQ ol e P Fo] Aol AMEEHUoH FH AMEHA ¥E& IF I
WA M9 T doleh Azez FEskE sE 100043 o] ofd G4 L0008E BlaEe] A1§3
g AR o] Mesith =3, #45 A¥S FIFO Aok &4 %J%‘ﬂr H2E A%S 474 M=z ge 2%
FxE FAH] o] AR wet z+ EFr)e s o2 Adsle & 639 43S W Yt 1Y 55
FA7 3 AFA FUHEE dolele 9ge Wyt Fdo Ae" Xé“* 2= Hlolete dolth
o AE F J=EE sHTh £ 2& A WA 2439 Azolth AdaBoostet HF

) 7 5N B ANE A BRI EFAeS v

4. aagn wegE, T £AE E7 APECOS ovaTh 2

9

9 e T dolehe 9@ IFo] ol EHiE
Zelnael gaelth dael 7l 20x200lW G W (5F 5

a8 5 Fo 220 AW GF oJuXEY 4
¥ 2 AdaBoost®} A Sgiiel 7Nk £7719 AE o8& ¥
B Case 1 Case 2 Case 3 (Global optimum weight)

H2E AdaBoost | (Uniform | (Local optimum

sS4 weight) weight) (200) (400) (600) (1000)
Testl / 535 3.85 2.85 2.45 2.4 24 2.4 2.3

Test2 / 494 5.45 5.3 3.75 39 3.9 4 3.9

Test3 / 456 3.75 3.65 2.6 2.6 25 2.7 2.6

Testd / 514 5.3 5.05 3.95 4.4 4.55 4.2 4.55
Test5 / 471 6.4 5.75 5.75 5.6 5.4 55 5.65
Test6 / 525 4.15 3.05 3.05 3 3 2.95 3

Copyright (C) 2005 NuriMedia Co., Ltd.



956 BRAFHEEA  2ZE ] g & A 31 A A 7 520047

O ATk ok BRVIY WEA APl 318 g9 go gaH sae) AE2x AW W Holg
of A e FEEAE WHdhs Aol M2 O qgte) 27le] W2 oee wWalE U g Zolot
BEE HAE itk AR ofd FR719) S B guye) gog Age 27 adsAl ddE 9 94
Atk 12 ¢ He AT 27719 S AAHN g0gw 9ol ofd @4 200doz TAHN, &
mek Al b wHem et AUSATRG2E 1000099 9ge FAs A8 25309 bt ol
). 6319 A é_‘@@?)r HRA s daPEE A8 oy ag e Hole el 630 A¥ANES
daBoost 35S T3 BAE  wger oW, Case3e A= 13 ulolelrt 40074¢)
Ht $48 45S By ¢ Aok °M1 A5 J1FoE B Aotk Al 71A W BE FH o
= o AHEE &4 dojgle & olete] g7t bl uwel FRHom @yt Ba
Aw dF Golth. olAY 2 dolete Azke) 54
=
A

_?L
du 8
4
ox
=
M
Ju
N
N
>

© A9, Case 1, 2, 30) slgshe 4 BE & T Uk Local optimum weight "3} B
Mo Ao mast zolz moig. UICIEF AR JNTE Ae W A welge} 540
o] Case29} 3¢ HlE] AuHoz = gredo] =] ¥v AV & dElss veEhA 3
o AL & & g=d, o)E EriHE 7} golet Wte g M"Y HFHoE 983 oy 32 Local
Ex0] A wdEA] 29ly] fEolth Case3olA = optimum weight®} Global optimum weight9] 73-%-7}
T Q) Ak AT S ;mab Holete] Ass TABHAIRE 7P Q) A AR Hels e
Global optimum weightZ A}&-3F 74-$-o]t}.

Uem, o] A 7 Je tEste doleg Qe

2 AEge Ae Maw @;u tEgel dolgtel % WA 4L oA Holg WAL F7b At

Al 2GS A e Bl £ 4% 152 2904 e dsusts 2380 9
@ Agelth oA dHelgze ddd dTIYe

o St 3 WA AW B A
e 6709 BRANHM2EL~6¢] Azhol 2k7h 1Y 73}
2ol 60°% 54D AF P4 AL b Shraa
o HAE delgzE R wA AgelAsh mrA
Y U 10009 DFo] ohd G 1000%] AHEs]
sk,

a" 82 old A<l deolet 7Y Frte] wE o
2 9] WMa&S vepdth 26, 27HA Holet S
7oA B doletet Aok 7 oHE&S 63 AF
d#e] Hazk o]tk Local optimum weight 273 9)

= s 0 (0 2 = ozt 7P 4% FUHEE Heled, ol A%
the number of data set

efror rate (%)

Ll

M

a9 6 dolet AT F7b) me sl W

(@) 26914 T 93-S FAskE 60 D d= I

HEETREEC SRR

b) 2788 FA A4S FAE 60 HAH
Y 7 o1 9HQ Hlolet el AL G o

Copyright (C) 2005 NuriMedia Co., Ltd.



&2 £ dolgte ¥X A
71 & g5 doleete] #AIZE A A
gonz o)Al Holety FFol A Frdte A
olth. Uniform weight®] 2-$-ol% dlolel Agte] 54
of WA gomz ezt AW ZE dolet
Aol 71527t LA HFdE =2 Local optimum
weightol] Hl&] dgko] MA3F] Zr}sic) o)9k= 2y
Global optimum weight 2H2 MEA & S
25719 A7 A4 £ AL dEsE gue

AEos HUHnE ofdHel Helw Ao g 7

23 o 3718 WA & om} wy ojel, & A
g7 2o A%, ZW AF dolee g&ye Hel 7}
EEE %%@%%Hé—ﬁr 19 FLEE ¥U &
At
5
== Uniform weight
=== Local optimum weight
48| — Gilobal optimum weight
46/ e -
44 - e < -~
;‘E 42.- """""""""""""""" o f,-"‘
T -
B ¢ e
5 e
L 4

3?'5 2‘5 2‘7
the number of data set

a" 8 o]ZAQ dolgt He Frholl wE o wshs

5. 28 ¥ F=IA|

2 =idAe 9= A&
=S

2

z3]

e AT, FEE AR 2R
Learn++ fag]lEe F2E NAsHY
7} 5ol EB7Fs3E AdaBooste] #AIHS

ERES
ST

o} w3 XEA AEE Modified Learn++WHH-S
Learn++ °ET’_?/]—Z—°] ?}3’_ A {7 A A

Copyright (C) 2005 NuriMedia Co., Ltd.

spgrol 7)urat

o Age *
4w o
= 57} YAEAT} A AR ©

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

g4 HE U

il 4

g O]E‘r—J

ror

Y. Freund and R. Schapire, "A decision-theoretic
generalization of on-line learning and an app-
lication to boosting,” Journal of Computer and
System Sciences Vol. 55, pp. 119-139, 1997.

P. Viola and M. Jones, "Robust real time object
detection,” In' IEEE ICCV Workshop on Statistical
and Computational Theories of Vision, 2001.

R. Polikar, L. Udpa, S. Udpa and V. Honavar,
"Learn++: An Incremental Learning Algorithm for
Supervised Neural Networks,” IEEE Transactions

on Systems, Man, and Cybernetics, Vol. 31, No.
4., pp. 497-508, 2001.
T. Agui, Y. Kokubo, H. Nagashashi and T.

Nagao, "Extraction of Face Recognition from Mono-
chromatic Photographs Using Neural Networks,”
Proceedings of Second International Conference
on Automation, Robotics, and Computer Vision,
Vol. 1, pp. 18.8.1-18.8.5, 1992.

R. Feraud, O.J. Bernier, J.-E. Villet and M.
Collobert, "A Fast and Accurate Face Detector
Based on Neural Networks,” IEEE Transactions
on Pattern Analysis and Machine Intelligence,
Vol. 22, No. 1, pp. 42-53, 2001.

S.-H. Lin, S.-Y. Kung and L.-J. Lin,
Recognition/Detection by Probabilistic Decision—
Based Neural Network,” IEEE Transactions on
Neural Networks, Vol. 8, No. 1, pp. 114-132, 1997.
H. Rowley, S. Baluja and T. Kanade, "Neural
Network-Based Face Detection,” IEEE Trans—
actions onPattern Analysis and Machine Intelli-
gence, Vol. 20, No. 1, pp. 23-38, 1998.
H. Rowley, S. Baluja and T. Kanade,
Face Detection in Visual Scenes,”
Neural Information Processing Systems, pp. 875
881, 1996.

K-K. Sung and T. Poggio, "Example-Based
Learning for View-Based Human Face Detection,”
IEEE Transactions on Pattern Analysis and
Machine Intelligence, Vol. 20, No. 1, pp. 39-51,
1998.

R. Polikar, S. Krause and L. Burd, "Ensemble of
classifiers based incremental learning with dy-
namic voting weight update,” Proceedings of the
International Joint Conference on Neural Net-
works, Vol. 4, pp. 2770 —-2775, 2003.

H.P. Graf, T. Chen, E. Petajan and E. Cosatto,

"Face

"Human
Advances in



958 BEAeS =R A X E o] B 3§ A 31 A Al 7 Z(2004.7)

"Locating Faces and Facial Parts,” Proceedings of
First InternationalWorkshop Automatic Face and
Gesture Recognition, pp. 41-46, 1995.

[12] J. Cai and A. Goshtasby, "Detecting human faces
in color images,” Image and Vision Computing,
Vol. 18, pp. 63-75, 1999.

[13] I. Craw, H. Ellis and J. Lishman, "Automatic
Extraction of Face Features,” Pattern Recognition
Letters, Vol. 5, pp. 183-187, 1987.

[14] R. Duda, P. Hart and D. Stork, "Pattern
Classification,” Znd Ed., New York: Wiley, 2001.

[15] N. [Littlestone and M. Warmuth, "Weighted
majority algorithm,” Information and Computation,
Vol. 108, pp. 212-261, 1994.

[16] R. Ziemer, "Elements of engineering probability &
statistics,” International Ed., Prentice Hall, 1997.

uk A o

2000 AedAdista d7)dx 2 HF
B &R (gAh. 2002d Aoddiga A
71AA 2 AFEF(AAD. 2002\ ~
A Aedosa JREAFTHE i)
4. PRk ZHFEHEE, AG7w
F-2R QEHo|~

HN

o] <

19858 AEtieta H71E8aH(3h. 1987
A The Pennsylvania State Univer-
sity, Department of Electrical Engin—
eering(Ah. 1994 Purdue University,
School of Electrical and Computer
Engineering (F 8L, 1994d ~1995
University of California, Riverside 979, 1995 ~1997
d @aasrled e AddT 19979 ~2001d A
en AZAAREFEFSE Zaa 20013~ A A
gt JRFAFE Rug FARokE AFEMIA V)
Wk HCI

L

Copyright (C) 2005 NuriMedia Co., Ltd.



	대용량 훈련 데이타의 점진적 학습에 기반한 얼굴 검출 방법
	요약
	Abstract
	1. 서론
	2. 관련연구
	3. 얼굴 검출을 위한 점진적 학습 방법
	4. 실험결과
	5. 결론 및 추후과제
	참고문헌
	저자소개


