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~1~~~#~1Z~~*~~*~m~ 
AdaBoost A.Mt1~ iJ11 zbJf 3t 

A Mt 1Jt ~JlIJ (Face Detection) 1t; ~ "fh 1b A Mt m1~ ~ jJt (Automatic Face 
Recogni tion System, AFRS)~ I * ijtl IJ.tJ.! iV~W ~ Viola ~ Jones ~ 2004 if0 

~):!J~4f AdaBoost ~1i.ik;,tm~AMt1Jt~Jl'Jjt~1~~Ji~a~~ti-1t, 1!iif-* 'f§nM~1E 

f ~ I~{*"tt;,tm ~ PJ ~~~ a~4~1ii~~t ~ AdaBoost ~1i.ik ' 1t~"tJlr~*-~~r,~fY{* 

"tt 1f JJIJ ~ § ij;J ~ ~A F31 t~ 1i ~~ 1f -! ~ 1~ 'f ~ t! ' * ~~ ill -1~ J:A £ ~ 7t 7t*Jt 
(Principal Component Analysis, PCA) 1t; £ ~ ~ tt*(Negative Examples) 8~ 3! 
~1i.ik' T7t*'Jm"t)II~~'fa~iEt!*(PositiveExamples)' i)}&pA.Mt~1~' J:A PCA 
~iLillAMt~ra'~t~~ '1±-1t1f-!~1~F31#l~t!8~' T7t7t~4f~1~~qFAMt~1~ 

{t~.f-AMt~ ra' 'f 3t,}t<..~AMt~ ra' 'f ,(; J5~jE~ , {i~*{tJtjE~*. ttl t~ ~ 

tt*" ~ AMt ~ ra' ~#l ~m ' -kot~t~~m/J'~ fl~ m( threshold) JlIJ ~G ~ t!*r J:A%"*, ~JlIJ~4f~~JXJA1t;~lr~*-~~~tt*'f 3!3&*~PJT~1iik~1~~1ttt*~' f0 

1t;~~*IJ1t;AMt~qFAMt~1~ .,~t~a~ , *~PJT~~1iik1if1f~tff1~ AdaBoost0 

~~tt*t**'J~(False Positive Rate, FPR) , j£1if1tm,~Yiti~"tJI[~*~' i! 
mJ it!'J j;t13!~ f 3&*£~ § a~ 0 
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ABSTRACT 

Face Detection is a critical processing step for automatic face recognition 
system(AFRS). Since the Viola and Jones successfully applied the AdaBoost algorithm 
on face detection and got promising results in 2004. Recently, a lot of methods have 
been proposed to improve the AdaBoost by different feature types or modified the 
learning algorithm. But the discussions of training data are very rarely. Distinct from the 
randomly generating negative examples, in this paper, an approach for negative 
selection which is based on principal component analysis (PCA) has been proposed. 
The positive examples, i.e. the face images, will be used to model the face space by 
PCA. When randomly select negative examples, i.e. the non-face image, the selected 
inlage will be projected to the face space and calculate the distance from the center of 
face space. Then the probability of the image belong to face space can be calculated. If 
the probability is less than the threshold, the image will be dropped and selects new one. 
Otherwise, the image can be included in the negative examples of the training set. By 
the proposed approach, the negative examples in the training set can be seen as inlages 
that will be thought as faces more likely. Experiment results show that the proposed 
method can reduce the false positive rate effectively and the Adabbost algorithm can 
also be boosted by using fewer training examples. 

Keywords : Face Detection, Principal Component Analysis, AdaBoost 
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~~~R{>rr:R:i~.ffil~'/EJrrj:f±~n{1~r=h~.ffilftlrA~m~-lli:::(L , ~RG<iliSmi;A A iil~hm+r-7 ~ PJf!13 ~!l[2SJlJ3Cr=l.!a./" j~'i/,~~~~ :J~}.3t/" )<.)(J3~/I\Y'--S 1):EJ I ~n[§j'I!7IJ~JJ ~ /\..1JSX;~~Jj K-})~ 

m~*~~¥U~i± 'l£*~f§~J!!mtp, §IJJ1tA~¥1¥~(Automatic Face Recognition, 
AFR)f§g1Xf*J-@[~1i1fjtB~~F~±~ A~1~~~U(Face Detection)~§IJJ1tA~fJ¥~0 

~*fE(Automatic Face Recogl1ition System, AFRS)Zm~§fJfi:~!J.~Jij~ A~1~~~UB~Ff=f~0 

~QJmillb~*~~-~{3:~~1~ , !J.f~B~A~1~~~U~15~~1~tp~§JEUif~~ctfjpJT~ A 
~(E Hjelmas., 200l)(MH Yang, DKriegn1an, NAhuja., 2002) 0 

lli1f* ' 8~§t~g15~A~1~~~UB~1xf;ftJ1i1f~~~~~ , ~tpf~mB~7J1!*~meQJ 

7t ~ tl t& tt ~t (Template Matching) .. ~j t$ *~ ~ R~ (Neural Network) .. ~j ~ 1~ 1~U 

(Color-Based Approach) .. f$.1JJ1~¥~U(Motion-Based Approach) .. £[Z;Ji~.1!(GA)~ E80 

15~A~~fl~~t11H*B~~~ , 1~1~U~fjtpft1i1Fii7fl*fEii/fUi}EB~~* ' 19UtlO7¥: 
*~fYj'it .. 1=r~~j~ .. A~{lLfi: .. A~*/J\ .. A~ft3IlB~~~ .. ~g:~~~~~~frjrflQ(!} 

II .. ~H&l .. ~~fi)~ , ~~~¥U1~~~UB~JEUi~ J!~§ffif~1~tpH~fOJB~1~~~U~{lLA~ ,0 

4ij1@JA~Bffi~~~H~~~~¥Um:1&*5* 0 

§ ViolaWJones(P Viola, MJ Jones., 2004)(H Jin, QLiu, X Tang, HLu., 2005)fflGJ}]H~ 

AdaBoost i~.1!~m15~A~1~~~U1ft111~t#j~B~2!x:~1& ' lli1f* ' f§~mU1f~~~m 

l1~f~s\f~m/ffOJ~~B~~~~(T Mita, TKaneko, Osamu Hori., 2005)~2!x:.m AdaBoost i~ 

.1!(C Zhang, Z Zhang., 2010) , {B~tll~~~B~pJTt*mB~~Jrr*~~1~~~P!¥Yf~s\f ~0 

5jUll~ § §fJ~ ~~~t~7J~11~1=r~~1~tpJf~tl ' *)(~tfj-{@J~~±fflG7t7ttJT(Principal 

Con1ponent Analysis, PCA)~±z~tl*(Negative Examples)gffi~i~.1! ' 1§)tfrjm~Jrr 

*~~tpB~IEtl*(Positive Examples) , ?JF~PA~~1~ , ~~ PCA ~JLtfjA~~Fs~Zf.l 

~ , 1£~11=r~~1~~~Jf~tlB~ , 1§)t)tH~Jf~tl1&Z~FA~~1~1~~¥A~~Fs~tp 

1ft*.WA~~Fs~ tp JG\~~ZR§]tI ' f~~1~tJi~RE•••tfj5~~tl*Jlij15~A~~Fs~ 

zt~~1[! , tl05~~~1[!/J\11~~1[!(threshold)~UlI:t~tl*T ~~:&~ , ~~UH~Z*fJgA~ 

IDrr**~z~tf*tp ~~*)(PJT~7J1!Jf~{~z~tl*~ , ~~~§~*U~A~Z~F0 

A~~1~ .Js~mfYj , *)(PJT~z7J1!QJ~J~~~1~ AdaBoost z~tf*5~*U~(False0 

Positive Rate, FPR) , 1ftQJf~m~Y~;'Z~Jrr*~m ' ~ffijjl¥U1JD~~~~fjz § B~ 0 

-'±J1X7t?tflT 
l£*fE§t~tp , ±fflG7t7ttJT(principal con1ponents analysis, PCA)~~fl*9~t1~~lt, 

1t~fJiB~1Xf;ftJ ' tfg~~~,'~¥U~1@J*HB~~f~~*fEtp , '8mgJJll~-{@JJEx~~ 

(orthogonal transfom1) , H~~5t ;'f§gB~)]{roJ;"'1tfflGW~7t ;'/ff§~mB~-{@1*HroJ 

;. , ~l£{~~L~7f\~H~roJ;'B~tbb7J~~§~'(covariance matrix)~~fflG~1ft3~§~' ' 1£ 
~WL~7f\~~)]{~~~~~fflG~~JEX~~~~,mml£~R7tm"~R&~" 
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~~~lE~JHti&B'9A~~{~ , :ETI[:t*~~{~fJ¥~B'9~~ , 1t1tW;f§~~B'9B~F03~ , 
~~~~.~~.~~~~~~-M.~m,m~~~~~~.~~~.m 
(dimension reduction)B'9lhfF ' ¥Hj£i§:®~{~B'9*tm ' .ePPfT§~B'9~~~F03~(feature 

space) , 1f)Ztf:HOO~B'9~~~~~t){i;1R*~B'9.~ ftrn PCA B'9:n1tPJT)~~-~.~q·0 

~~~~.~~~~,m~~.Mliffi~~~.ttm~*«~~.~,@.ttm 

~Ji¥rf*B'9~~JJ'[B'9~~JJ~~.*4~~.t~*B'9ff~{J} , ~g{~ -~.*4~J3!te~* 

B'9{~5jIJ~~ PCA ~mD~A~~~5jU;f§IUJ~~f~~~~rn Sirovitch fD Kirby (L. Sirovich,0 

M. Kirby., 1987)pfTmte ' ffiH&*lrn Turk fD Pent1and(M. Turk, A. Pentland., 1991)mte 
B'9~~~(Eigenfaces)~lJfflG:m~~{i;1Rt1W~Ji:m{~mB'9:n1t 0 

Wl§~~ M*lE~JHti&B'9A~WII*'*tt* ' :te:~Mtt*~fflG*/J\:m mxn B'9j§~ , 
~~~-*tt*t))7U$:t*(row concatenate)B'9:nA~[:)7UfflG*/J\:m Nx1 B'9rPJ~ r ' N = 
mxn ' .L-~r~J~JTmim!A~tt* ' pel lI! 2-1 pfT7f\ 0 

m 
,."""",_J.".;::;;;;"""~_,,__,,,__, 

r- [ I \ I "" I .. 

~-'-----"'~-~-

Ibee image r fuec image vector r E R", l\' = rnxn. 

~WII*,*~~B'9~-*A~tt*1!m1tijB!¥ll-{~ r ' tlJm M M r §t~teZPfS] 
rPJ~ 'II! : 

'P =_1 Ir; (1) 
M ;=1 

ZPfS]rPJ~ 'II! i:QJf,x~ZPfS]~(mean face) , 1R7f\PfT~A~~~B'9ff~1J} , pOll! 2-2 0 
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(a) 

(~) 

II! 2-2 ' (a)~)I\**~ , (b)ZP~~ 0 

m~~M*A~$~~~$IDm~'~~EA~M~~~$ID'~.lli~

*A~WZP~~z~~~1~(difference image)rtD£~ : 

cD; =r - 'P (2)i 

Wlg9:m~, A =[<1>I,<1>2;",<1>M] , g~J§~'*/j\~ N2xM ' ~IJwll**~$ptr~A~~1~s"J~ 

~~m~'(covariance matrix) C~: 

C=_lfcDicD; =AAT (3) 
M ;=1 

~Nm~, c *~~¥¥~1@(eigenvalue) AiW~~~rtD£(eigenvector)ul~7G~ : 

CUi = A;U; (4) 

E!3D~ A ~-1lID*1t~*/j\~ NxMS"JJ§~ , ptrL-jm~ c ~-1lID Nx Ns"JJ§~' ' 
L-j~*~1~*/J\~ 128x128 ~1§U ' ~um~ c z*l§t~ 16384x16384 ' 1tiD~~D1rtm* 

S"JJ§~' ' ~§t.lliA¥¥~1[iW¥¥~rQ]£~*§'M*U~S"JI1t ' 1~t~ Turk fD PentlandO 
ptrmlliS"J7J1! ' ft1=r§t.m~, ATA ' M~m~'*t§t~~¥ MxMillZ.*~¥¥~rQ]£ Vi: 

[Zg~ C =AA
T 

, PtrL-jM~L~~5mj}.AHI~*L-jm~Q}1%¥U : 

(AAT)Av; = f.1;Av; (6) 
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rzgl/:t)tffjmJ:t(5)*te~~rQ];' VI' ¥}1~~,ijJ:t(8)~~fflG~~rQ];'UI' pJT*teBJ ui~IJ~ 

~~~~(eigenface) , pOA(9)pJT7G a 

M 

U j = I <J) j V ij (9) 
j~1 

#~4ij1~A~f*:2~qQJ;' , 1~~,ij§t~1~3WBJ~~1@S3*ilJ/J\1wj~FF.f ' #~pJTtt~BJ 

~~rQ];'*J3.iffffifflG~~@F""~(feature space) , *:t:tfr~~~@F""~BJm£rQ];' W ' PIJ(9) 
APJT7G : 

Q =uT(r-'I')=uT<J) 
I I I (0) 

{ W = [QI' Q 2"",QM] 

m:1&#~4ij1~A~wll*,*fl*r i ' i =1, "', M ' 5t3UmAAOO)CPBJ r ' j;)*teA~fr 

*f~@F""~1.1BJm£rrciJ;' Wi ' PJT*~P~~II\*,*7'GfflGBJA~~1~Jff-'~~ a 

='A~M~ITW~f.lL 

A~~lm~~~ffZ~~~~~'fr~~~~m~~~~~~~~~,~ 

~~g~iU frfl:ft~m~ 1~~~11 illzk1lzA1m:, rzg l~tt* mJj(~§~1~* 1~~~1J te A~BJ ~~ 

151' ~~7~g~~Y~11-5~-;~gltj;)tJD~§t~~~~Z1i-, ~8~tg)m~yrzg~J!5~~R.~ 

1t~fflGBJ~5%*U a 

*:z:t>Rm Viola WJones pJTm:teBJ~1! ' 1~m Haar-like BJJ§ID*¥fF~~'r@ a 

~7t~(~§t~~§ID*f~1@ , ~mpJT§~BJfl5t~1~(lntegral Image)J;)JI9c~§t~~1~cp 

1f~J§IDBJfl5t1@ , .L-~fJf¥BJJ§ID*f~tJDJI9c1~~~IJBJ~N a illzm~m Adaboost BJWII 
*,*~~~II\*'*te1~1!!UA~BJ5t~~j;)~iU~gfrfl:ft~m~ 1~~~lJillz~ 1lzA~BJ § BJ a 

~m~§ID~~~rzg~ttA~*5m5tifJT8~ , ~~~BJSJ38i~~~-J.&£~BJ*1j3U 

rzg* ' fffifrABJ~~~ , §.N§~~~1511ftc~gJH'f~5t~~8i® , ~mF""~BJ~~151m1ftc~ 

§.N~7C® a §®*f~PJ.Um~§IDBJ~~~*~7G ' P01lil2-3 pJT7G ' ABJ~§.N~~5ttc~ 

[§j.T~tlli:BJ~~5t~8i ' rzg.li:tffjm§~£~~~ , ~7~gff:l~~~BJ*~H~~~5tte* 

j;)11- ' J§ID~~mttfJf¥*5mBJ*~1t*(line) , J§(edge) , ftl(comer)~*f~~~~BJf!t~ 

~J~L[~~~~§ID~~1~~~l1te* a J§ID~~BJ§t~if§tt1J~1~*BJ§t~ , ~~JI9c~ 

BJ1J:~~ , Viola WJones 1~m 7 ~fifJf¥~~ID~~~PDIIil 2-4 a 
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ii(x,y)= I i(x',y') (1) 
x':::;;x,.v'o::::;.v 

Aqu:P ii(x, y)~fl7t~{~ , i(x, y)~J]3J~~{~$B~*~*{~*@: {~Jtlrt:(2);fD(l3).t!IJ0 

~~~*lli~.$ff~~~~~~~fl.*~o 

s(x,y)=s(x,y-l)+i(x,y) (2) 

ii(x,y)=ii(x-l,y)+s(x,y) (3) 

s(x,-l)=O (4) 

ii(-l,y)=O OS) 

A$ s(x, y)ftkJ]U~~{~(x, y)~M~JU~fl;fD(cumulative row sum) 0 

'Wl~~~{~B~*/J\~ mxn' §t~Afl7t~{~~~tfflm-1X' ~t~ 2mn 1X1l!~* 

lli~~~{~B~fl7t~{~{&! *lli~~~{~B~fl7t1iil1~, ~{~ $ B~{3:{PJ~§f0;fD pJ.L-~m0 

4 {lm~~{@~t~lli* ' tz01iil2-5 ' ~~ 1 ~mf0 A B~{~**J~{@, ~~ 2 ~ A+B B~{~*~v~ 

{&! ' ~~ 3 ~ A+C ~{~**~{@ , ~~ 4 ~ A+B+C+D B~{~**~{@ 0 lZ9ll:tB~*lli D B~{~ 

*~v~{@ , ~~~t~ 4 +1-(2+3) .~P~ 0 

-37



-----------

f~ it f-4 7c ~ ¥&} 
m5 Wl ' ~~ 100 4- 6 }'j 
Yu Du Academic Journal 
Yol.5, June 2011 

··· A B I 

-----------[]': 
C 0 

111§~~{~*;j\~ 24x24 ' ~IJ*l@~lf~~ 160,000 {~~ID~~ , OO!lt~~tzDli:[Jft 

*B"J~~ , ~tzD{PJtJttt\!ltfJ¥~~:a~A~lfpffMfiJJB"J~~ , Adaboost()~{~1IH~il 

B"J:JJi! 0 

1EtlX7t~B"J~F8~ep , 1115E1~¥~-{~*~iI17t~Jiggj~ h ' 1~1~ h B"J~~~*~I&/J\ , Ire 
~7t~JiB"J § B"J 111tzo h B"J7t~5&5W:::fftIJ.~~ , 1*1*xtc~mjf!3i~~~~~f-~~ , ~IJ0 

~{r~m h ~-{~~~7t~Ji~(weak classifier) Boosting ~~~1!~--f.I7t~Ji~~~i!B"J~0 

m' ±~fflt$~1E~~fi11t!p'r~~~7t~Ji~B"J*Jlil ' *IDJ1X-{~5~7J'-~~(strong 
classifier) Adaboost ~pffmtt\B"J-f! § ~ii[1(Adaptive) Boosting ~~~1! ' Adaboost ~~0 

~i!1E~iltt\5~7t~~B~::fw~$)lcni5E~ff¥iJJ1X5~7t~Ji~B"Jj;~~U' ffiJ~B3f¥iJJ1X5~ 

7t~~epB"J~~7t~~iI1~g*ij(5Ej;~fllJ ' lZ9li:c Adaboost If¥tc Boosting ~~~i!~~f 
B"JiI1~g 0 

-{~~~7t~ lXx, f, p, B)~B3~~rng~ j- ~1@: fl j;}R:.~m~::f~5Jft:JJrf1JB"Jp pff*J3. 
J1X, ~rngA5E~tzITf: 

h(X,f,B,P)={l ifpf(x)<pB (16) 
o otherwise 

j;}T ~ Adaboost B"J~~~i! : 
• *ilT-~*B"J§)II**~{~(Xl, yl), ... , (Xn, yn) , ~ep Yi =1 ~7G~lEfl*CA~)&Z Yi 

=0 ~1J~~fl*(?FA~) 0 

• *JJ~i:t1tmm 

1 1 
• wl,i = 2m ' 2/ (17) 

7t53lJfiJ!! y; =OWl B"J'I'~15L ' ~ep m R:.17t531J~~ fl*R:.lEfl*B"J@~ 0 

• For t=l to T: 

1. ~~mmlEj;~JIJ: 
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(18)
 

3-§:f* W[.t!P~lE~jf*~tm~5tft!J 0 

2.	 ~t4ij1~~~~ j' ~)II**~f~5t~J[~1L' l!t5t~~~t~~1'@1~~~ , ffiJ.lrt5t~J[~BJ 

~11I5!~J~JIU~ W,§t~pff1~jUBJ 

&j = LW;\hj(x;)-Y;1 (19) 

3.	 ~m~:I&/J\~11I5J!~&[BJ7t~~ hr 0 

4.	 ftff J:t]j!~J~fffffm-.: 

P 
l~e 

vI)	 = W ' (20)1+1,i t,i 1 

M ei= 0 ~7Gff* x4~lE1ltBJ7t~ , fiftU ei= 1 ' H
 

PI =~ (21)
 
1-&1 

. :I&*~BJ5$5t~J[~~OT: 

TIT 

La,h,(x)~-La,C(X)=t 1=1 2 ,=1 (22) 

otherwise 

1 
a, = log- (23)

P, 

*:)(~tB-f~tJ±fflG5t5tifJT(Principal Component Analysis, PCA)~±~]Hf* 

(Negative Examples)§fP~~~~~t ' 1§)'GfljmIDl[**~epBJlEff*(Positive Examples) , W\ 
.t!PA~~f~ , tJ PCA ~:lLtBA~@F~~~f"l~ , :t±fi~~~f~\lItmIf:XffB~ , 1§)'G)'G 
M~If:Xff1&~::fF A~~f~f~~ ~A~@ F~~ ep illz*~WA~@ F~~ ep {A~~b~Jtg~ , :t~~ 

{:Kf~~Jtg~~~tB~t<~ ff*J1fl~'S'A~@F~~~tm~f@ ,~D~~~-r@/J\~'S'~t~H@(threshold) 

ftUtt~ff*TtJ*~ , fiftUM~~*P'JA~IDl[**~~~ff*ep ~~*:)(pff~:1J~tIf:X0 

1~~~ff*~ , ~~~5**U~AJl~~::fFA~~f~ 0 

®§~~'II**~ep~f~*/J\~~ wxhH w=h'~ep~~m~~f**Wl~lEff*o 

4J X ~7G~pff~lEff*(A~)pff7BfflG~~g., X ={Xl, X2, "', XI} 'ffiJ Xi~~f~f~*tJ 

37U*~(row concatenate)BJ:1JJ:tpff:t1F37UfflG*/J\~ Ml B"JrQ]~ , N= wxh 0 pff~lEff* 

~zP: Y=j rQ] ~qrr:fJ E!3 TJ:t*~ : 
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1 I 

'I' =- L>i (24)
I i=l 

.~~l~A~$~~~$ffi~~'~~EA~M~~~$ffi'~~lli~-~A~ 

WZP::f!:::]~zi't:W~{~(differenceimage)[Qj~~ : 

<D i =Xi - 'I' (25) 

l~j§~J§~ A = [<1>1,<1>2,"',<1>1] , ~m~**!J\~ Nxl' ~U~II**~$pJT~A~~{~81~~ 

:wm~(covariance matrix) C~: 

C=_1 I<Di<D~ =AAT (26) 
M i=1 

~J C 3if'J PCA 7ttfTf& ' A~81~~~~ra~(face space)~UE!3pJT~JJJ!M d {@J*f~{[l1[:i&* 

z*f~[Qj~ u pJTIDfflG ' #~PJT~A~~{~f!i~iU~~~~ra~{& ' mlf)l.1~~Jff!n'S';fr*f~ 

*HJz7t~*!J\n ' ~JER~DT : 

~§g#~~f~~~*U~A~z~tt*§g~~81§ffl~lli* ' #~PJT~lEtf*f!i~¥A 

~*f~~ra~PJTIDm~Jff!n'S';fr~~,ffiz5t~*!J\nff~~n'S'§~~ra~$81-{@J~~' ~UPJT~ 

~~¥~ZP::f!:::]~M1fEEIW5t{fIJ ' {:&~${A'iJj~NJEl!mIDfflG-~~JT(Gaussian)t~~ lEtt0 

*n'S'A~~~~ra~$ZZP::f!:::]~~~~(~*tNdZ[Qj~raJE!3T:rt*~ : 

z =~ ini (28)
I i=1 

.~~:rtQ~*~lliM~lE.*~A.*f~~M$ffilWZP::f!:::]~z~:rtffilWo 

d i =Iini - z112' i = 1, ... , I (29) 

(j = 1~(idi2J-;'i (31)VI 1 i=1 

*1~fEElWpJTIDm81~~JTt~~~1)(1& ' mJERlli1J.W{@Jtoo{[l1[ , dminW dmax ' .lrc1J.Wtoo{[l1[ 
mJE~t)~~$I~\ , ~tc:tl*ftJE-{@J~~i'tpJT~Jff!zm$W~{[l1[ 0 
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