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ABSTRACT

This thesis proposes a development of a system for automatic person identification from
videos. The system employs techniques of image/video processing and computer vision to
analyze and extract the detected person’s features such as face region, skin color, gait, clothes
color, and temporal data of his appearance to identify the person. By using multiple cues of a
person, the identification yields better accuracy. The system composes of two main steps. The
first step is to construct the long-term person models. First, the input video is segmented using
background subtraction. Then, face and skin regions are located from foreground pixels. Two
backpropagation neural networks are used for face and skin training. Gait also extracted and
registered in the long-term person model. The second step is to identify the person using trained
neural networks and long-term person models. When person approach the watching area, the
system subtract background from input image. From foreground image, face
detection/recognition, skin detection/ recognition, and gait recognition are processed. If the
person is known before, the system will keep log of his appearance and extract clothes color for
the short-term person model. These short-term person models are used in the case of system
cannot identify person with the long-term person models. If the person is unknown or identified
as a stranger to the system, the system will send an alarm message to an authorized person. We
performed some experiments on 20 persons in our lab using two fixed cameras. The experimental

results show the system with multiple cues yields better results than using single cues.
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S o 4 a i 4 2 v o
4 2 419, aAnuiswesnsulfeundasuinafidumasuyy Fudusinanunsoiald 3e
ansohnlfuuiaesadaonld
91N9IUIV0U09 Cunado et al. (1997) lainmsadrauvusiassveaunn lagldas
A Aa o A Y3 ] 9 PIEY=) 4 o
wdeu Inanfidnvauzmiloudunisunisvesgadu uazl¥is asudassesiuuunain
(Dynamic Hough Transform) lumishezfunuduiivaastsuinaimiuduy lunn 9 am
v v
vnduiItmanmsisideaeadosfiqe (Least Square) w1 ldlumsildannu Tudoeves
[] v ) 4
Foyanidlunnadun unzilumshitagafanamanifaoinns tvvisaesdeuuiaiues
v (] } 4
VINTuhA e UANIAANALLUA 9 MR (Phase-Weighted Magnitude Spectra) 111y
[ ¢ i L)
endnyaiveunn e 19 umssyydyana
INNUITYVDS Yam et al. (2001) TdriuauadsnisInilasidnuaznisidunaz g
a - +4 9 o P=} Add’ll T | A ar
SJanlFdulassadwlumsadeunusiaounn laesonisfidl nmsunisdediosuuunasa
(Dynamic Coupled Oscillator) tWothmn1¥adsuvufraosmandou Tnavesas Tnn duv uaz
Vv
Ie a1 1nUWIHIENMITUGUNUDLIFAIDT (Temporal Template Matching) w114 lunns
9 o ' 9 Y 1 1 Y s 3 9/ ac
Aunyuivygu lsguhedunduendiuais Tasendnvalueann Wuseldenisns wou

v v 1
YUIAANNALU LA MINN A8 1AUAY (Lower-Order Phase-Weighted Magnitude Spectra)

2.22 FEMIUATICHNNTDA (Statistical methods)

oA

Hudtnisfiesuansdednyasmunisadafietuion1sinaoufives
foyanminduliludrvazla

9INIUIS0UBY Murase et al. (1996) Iasiedauisars q luszuulony (Bigen
Space) M1FwaANIHINInasinlseAnTamlunisUssuiaurn  (Gait Estimation)
&9y Hung et al. liuniaunde Taoiu3snsiins sz uuuuusayga (Canonical

. A gy da ' " W P a a A 4
space ana1y51s) lwaclﬂvlﬂWa‘V]3an‘HLUQllUﬂﬂU’N‘]’ﬂmullazuﬂszﬁ‘nﬁﬂ’lwu']ﬂﬂ\'ﬁlu
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aw @ = a ¢ o <
_INNUITUUDS Shutler et al.  (2000) IARMUIITNITNATIEH LUINUARINS 2
: A 3 e . )
(Velocity-moment-based) tielFluniseSuedanisinfiouiivesing vindoyaganiu (image
sequence)
as aa d ' A4 o 4 ' 4 4
Fmsnuadatuez hinuilymnherdudsuaumassrwimifin/douldvesys
Joyanm wazdisvhnmsuldowioufuitmsneadausiaes (Model-based) Hd21353
o aan 3 < £ o o 9 1
Mummeadadunee 1¥nssulunilesn
2.2.3 3BMIUNAT 1zﬁmqmﬂmw (Physical - Parameter — Based methods)
ac dy o ¥V 1 o 9
FEmstezihdeyanismonmeessumeuyudinldlumsadregiuuvves
anvagmsAy 15y daugs, Ssnaslumsdian, avmadielumsdien Judu
91094338984 Bobick et al. (2001) ldausiinmsnezfunidnvaemdulagld
o A a P~ 9 A A 91w 1 a
dnvaemsnaeu Inrvesnmismuuuliuduuuy ez 1 ldardualsuessemelunisiu
b4
1 szezva lunassen e yetaui, ssegrtseniefsueiunseam@insu, sz
sz aiunszeniFansiu uas anunderesmsdiaun idudy
as d" P=1 ﬂ a 3 1 A [ ay 0’: g 03
Bmstszinnuiudaszdeyundss iesnnaidulsnassnisiuszdeaiily
an [ =1 o AY o @ ad A 9 Y1 @ oy
szuyauia ohe lsnmudalidedrdanedimsdssurananivie 149 1dadaul shideenis
(U MINUNUTAUTIUAT ) ¥89519018 (Body-Parts Labeling), A1M8ABALFY (Depth-
Compensation), ~ 019 Weudandes (Camera Calibration), N152UN199AVINANTN (Shadow
[ s .
Removal) iludu uazaidunlsiiunlflums§iniuerese hittoane dnirl) 1 vanud

da o
NUAUIUIUUIN

ad o d A a & a a .
2.24 25nnumswﬁmsmaeu‘lmwawuﬂ itas 19131 ( Spatio -Temporal

Based Methods)

¥ ]
a Ao

9 o Vo 9 A St a '3
dwmsuszuvisyanadromanioulnilasldisnshinsediFaiuiuas
1%91701 (Spatio — Temporal analysis) 92HINITNITBIRAYUSNIINIER M eMSIAREU TN
1 s a zg o aa Ay P y A P
A2 q MR wagszgnimualagszu 3 36 lumewunueziom Taslddeyamsinioun
4
vBIyAAnLY
91N91UIV0UD9 Niyogi et al. (1994) 1A% uaue sTUUMIIAADUA (Translation) tag
) : 4 ; Ve &
(301 (Time) (XT Space) MIATBUAYBIATHUAZ V19T (Pattern) NUANAISTY &
* v ¥ . [
sduvyvesmsinfieunisiozm 18 Tasisuan msAunudunsey (Bounding Box) 194319010
» F 4 [
fduadouln aniunindunsevild lUSvunaldtianummez ausunuuiiaseiuma
(Five-stick model) lngnigaidnyazvsunnainsont ldnnuuudiassyiaysuldwefuuy

} 4
usfuoaladn1uTa (Velocity — Normalized fitted Model) #8391011% Niyogi et al. (1994) 14
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o a Y 4 o Aas a d a -4 a a
MN5ve1ITNIs AT IzHvesaues lai13smsnseiFeiuntaziFaarn 1¥luns
v [ ¥
Aununn naennihmsasiesumsiadon Ina 18udniu Uuuy (Pattern) XYT (2-D space
14 14 [
and 1-D time) vggnUSvvuialdmuizauiy AurauFsiufiuaziFaaar (Spatio-temporal
A .é' a dy < o Y dil di‘ a d’l’ a 1 A
surface) 9 WUHIT9ZUAAIDY NITTIWAUVBIIAWUTHUFMMSAUFA BT NUAIA1S 9 G
] 4 1 4
ansoiunidlumsihdnyasnsnsziinie q iduduiuguls
AMUARIBYBININ (Image  Self -Similarity) Iuszuy XYT ldgninausiay

Benaddelkader et al. (2001) Iagviimsadie Fdar5anden (Similarity Plots, SPs) YB4YA

H
~ o

9/ Ao A Y A aa an < ::’ 9/ 9/ ] [
"uagamwnnmnaae"lmmmmq B HUD1IA NABA u%zﬂsznau"lﬂmwﬂgamq 9 NaAnNgY

o an aan o o {
YOUNN GNYMUSYLITUATA NaDA LaARAIgIN 2.8

51 2.8 G157 nien

HMM-Based (Hidden Markov Model) o 1§ lunisuansenudnuazanunn uazgas
$3unn TagminaueTaw Kale et al. J( 2002) Tavszdhnisidennguueunsunan ( key frames)
d‘ - 13 1 a q’;’ 0 9 L a .
mAavuszrIemsau andudinsudasdeyanmlveglugduvuvesuus (Binary) uae

o o, g v ' °
imanuninlunsdi viiludeyasnds (nput Feature) Funoudause lusgsimsahs

a [Y oo . R [

o3 iauuuesili (Low-Dimensional Measurement Vector) TaoldmsJaszoemauuy
9AAAYY (Buclidean Distance) szninmwnszifssuiisutunguusunsundn (key frames)
1 J 1Y aa { °

Aves mnesn1sTauuufeslid (Low-Dimensional Measurement Vector) 1 14az1i1 11141y
nsEUIMMsISouiues HMM

a g a dy o a 3 9 a n,: a 4{ ci

MIARNEMIFRuALezFa Y aunsedumgaauifveunn Tanudiuiuay
a 4 aa a eday ) s o Y ° °
Fanm F5mMsuasziiliide 1S suegassilinnududeulunisdnnud wosamse
'l 18 lisimin udfeduifie soulnadedisuniu uasanunaiamndoulunis

A
nasulng
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2.3 M35a520901UNIN (Face Detection)

Jd o awv

A 1Y a an o o Y] q’: 9 as ac
Fnsassuuazfamuyanalussuudasiad luilegiiuiu1aidnidy 1awau1is

' H ¥y o ' o v Y ¥ Y
a4 o Punnnue Tagldesnilszneudie q femnsadun ldengadoyanin wu lundh,

Kl
' ]

A =

] [ £
Fmn, $1ame dudu ol lunisiisadui lideenishesnly Imdsuadsnauls Tas
Y- % ¥ = o dw
IBNIATIVUAN 9 UAa]
X% o L) 9/ ]
91n91UITVUDS Rowley et al. (1998) uauaszuvduminmluniilaeldlnseire
é L] ~ 1] t (-3

Uszanidioy Falimsms ¥ lassaiedseamifounats Iasetiesrelunisyiieu Iaseads

MIMNUVRITTUULAALAIFUN 2.9

Topat Inage Pyemid  Extracted Window Histogrem
)

A4 Vv
Preprocesting Dencdon Network Architecture
Router Netwatk

31 2.9 Taseadremsiauvesszuusumnmlundilasld lnssielssamiiion

nngalii 29 luduusniumsuddamamidedugues q TavlAgeiunseds
(54703 (Router) msanluduisziumsthamlondnlszana 1,050 a1l den
vuta Tasfisasimstsunlfouvinann 18 12 g uazalfousumisdaenisgu
Winanmluwihitinisalaountag 15,720 am ﬁ1mw1uﬁﬂuwdnﬂﬂiﬁﬂﬂa"lﬁﬂsqmu
Uszamifisnuuuuwsndy ﬁﬁiﬂsaa%a%u%'ni’l'aga 400 W¥i2u Fuseu 15 miivs uazda
wadng 36 miaw mntumninmiidesmsszdum Idihnmiuumaneuneuinniud
m3BouRasuvienldlasldlasestosunes mnfimsdsunatuldiinsdunmiuld
Sunmmihasuitesz 13 linasouludunoude 1t Tudufiseaiiuduneuvesnisfim
nmlundh Taoidendiuiiin Taseviofum (Detector networks) Foyaiildlunisdives
Tasstheiiszaouludan nmidamluni uaznmit liinmluni Taslfwadndidiy
+1.0 domwiuihunmlundh uagradnidiu -1.0 denmih i lgnmlundh

myhaudegilii 2.9 seideidode deafinmlunihimaumnnieluuds vl

b4

szuuthnun 139 uazdeslinars InsaUioie ¥ 19uLI9N15H191U LazHInN NN IR UM

* 9
lilgnmifinisisnnnou oz ld iawsedumamluniniuld
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3 } 4
Viola et al. (2001) Idhiuausdtms@eadfmelslumsmsfuniiag niuldgn
v t
° [y a o . a yq 9 o o 4
wnnlSulguin@nTay Lienheart et al. (2002) Tag35n15i 1a1Hondnwyalens (Haar-Feature)
@ v @ . £ { aa ]
way dauonilszinnuy i eeReny (Cascade Classifier) B4ogluglveslumaniaada ugae
o d [ o 9 & a ° 9 9 a 9
Tumsusaendnueivesingidssniseanuininnn deneuissi 1y 1$lunsduming1a
3 9 p=} 9 o o =t P N Y] Y [} Y
WuagdesiimsaeuldduenlssaniimsSouidouiidesnsdumiingaiala wu lumih
g 9
saoud Wuduy
o ° ~ 9 9 - Vv e a @
duwnilszanszihnmisSeuinmlundinnglamivinanmiuiomuadeneuies
¥aanausnlunisasrofuuSnandulundld (viola 1¥vuia 20x20 e l¥luns
(Y 9/ [ Q’I’ o A vy . J
752990 1un1) TAenszuIUNITATIVTVUUITHINITLAOUNTBUAUNT (Search window)
vinulaluamifidnuazlndifavsomiiousulundnniige dmsunisduniniwn
9 d'd ] o 0’: o 4’! o e’: =1
Tunihafvuiauandeiuiu asansein lduissnnduentssnmiviianuauiselu
ASHANSDUNY (scale) IiTuo199
¥ & SN, ! K o o
Tnssadsvesszuudusz Mendusiens uaz nquuesdusniszinninosunsdiuiu
P ] Y Q’I‘ 9 A @ 7 a A o J -~ dy
1 Feluudazduendsanmiuez Ifssendnyalifeanasimsasegeuiiusaiiidy
[} o as o n’: [} (] o
Qunihmie liidulunh Tasdnuasveuendnueihiuszegluzlye sy (emplate) A9

weraelugla 2.10

1. Edpe features

1 =R’ 2\

® ® ©@ 6

mwEE SPTY

3. Center-surround features

||
@
510 2.10 uanuendnBaleNS (Haar-like Feature)
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2.4 M3A5IVVAR (Skin Color Detection)

o

s aa M a 9 =y I aAa
11’.1'lﬁiJTfmﬁﬂ‘llfNﬂ’liﬁi'Ji)i]“UﬁN'J 1D ﬂ'li‘ﬂﬁ'l&ﬂiﬂ‘ui’)ﬂ"lﬂ’J'l‘]J'ianlﬂ!.ﬂuﬁ’N’J e
¥

9
L ]

a 1 1aa &£ am a ¢ = ~
umm‘lﬂ"luiamm HIIFNITUATICHUUICUITYUNLIBYAAIU

2.4.1 Msas9dudRlael¥iuudiaeiriinigs (Skin Detection With

Ellipse Model) (Lee et al. 2002)
aq ::’ g aa 9 LY a s o .
emstezidudsnsmsadeluman1snseea1vsaN D VUA S (Parametric
[l } 4
. . . . . o a o
Skin Distribution Modeling) 1% Iumanisnszrrsvesdianadevulivuiadn uazil
oy (Generalize) wagernsainniszanaailuge (interpolate) 14
v Ao Jas v aa aa 1 v oan 9 °
M550 aR 19I5 s AsesuARINIT I N TIATI VAR lag lduuudiass
o ) - &
¥11A295 (Elliptic Boundary Model) TasmsarsTumadaniudnvasiiuassdemsuonuosd

a A s a

i 4 E4 ]
A TaodtHezinSgiid Yober nldlunmsmilasdsgudiezud loilgniludesnnuly
] a 9 = & A A 1 )
puusuvsuganannsznuuylunhwasedalinudaouuilasegansarial ¥alunis
a a - d = Ay d '
NI UIVTNI I UUN09AY52NOUYRIT (CbCr)  Tavaznevdntsznaun1auaaadnegy)

aanaaslugin 2.1

31l 211 mansznedvesSnaidludnues lududds

]
P}

- a ~ aa a ~ aa A ) 1A
*il'lﬂgﬂ‘vl 2.11 ‘USL’JEI!‘VIL‘f‘.]uﬂw&n%zlﬂu‘lﬁnmmﬂuﬁwi HUNUD \“ﬂﬁﬂ CNUINUNT

aszan2ludnyazYe129s dauusnuntluduasfsusnan lulsddl Tasmusoands

o u 9
V1989295 14 lay
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L:AC,+BC,+C=0 (2.8)
L,:BC,+AC, +D=0 (2.9
r n
a_lz b_g =1 (2.10)

Tosfl  L1uaz L2 fsunuenuazinu Inueslss audiay
AB,C uag D snsam ldunaunde uazamanunlsisauswves CbCr

a L8z b Al AWYIVOILAULIDN LAZUAU INYDIIBATNTIAL

¥
Tasmsfnisaniganmlalunmfudfimse lifuawiseinsanidennives

CbCr

Lif enclose withellipse (2.11)

0, otherwise

MSkin(i, j) = {

{ o = i a
Tasf  MsSkinGj) Ao wanvesuSosndudan

.. A o 1 a
ij fn sumuusagad lunin

70925
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L4 14 '
TupniignandmgeiugiuluGesnisdssurananinuazudnnisnia
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a oI o 2 1 e Ay 9/ a a 4
ADUNAUADTIVH S’m"l'ﬂmTﬂiwwﬂizmﬂmUnﬂmm%ﬂu’mmuwumunu

3.1 Nﬂﬁﬂhﬁﬂ]x‘iﬂﬁﬂmﬁﬂg (Mathematical Morphology) (Gonzalez and Woods.

1992)

v Ay Y 4 a gy '
amuesiagh ldvnmsaunudiomiesauny (Scanner) n30 1091nA150 187 WYY
Y an W A o 1Y a Jo’/l a9y -
AdoIATABa (Digital Camera) oW1z uraNaNINAWABUNARDI Y AIwh IdB199gd
o . a 3 & o A a 13 & = 'R a a
dyanmsuniu (Noise) 1Hadu Fdgyarusuniuiinaiufeganini lhineseasdoiuiald
vinnarsa vy a2 ldminavevewaslumsauny aszennnenwlumsaunula
Qy d‘ L=y Qr o/ - ] 1 A o
azea sovilieiifinnnasduda audanatalumsdeiudeya dudu dezhld
q’: o Q’I’ v P o ’ <2 9 =] a o
guamyssnwiuaaas ) duiunsufissimisdszuiananimae lUvsdeslinisdns iz
A’ [ -4 4 d' = 3
ofsadgya s unIunndy
o" a '3 asd o 1Y a 4
w3 W latnendamansifiuiiihndnmsnisndiamnaasionguiiam uldluas
° £ b4 o £ aad ° 9 o @
vinausyduvunielaseadisvesiagluam Femunsaluitfizinnldlunsdia
o ) . 1 =y 3
fyanusununuunAsuaswin Ine (Salt-and-pepper Noise) Miaadununmluuiila Taod
=Y é’ Y @ dy
unilyiioInuasl
° (1,, ﬂ 1 a aa £ 1] v _
fmuald A uaz B iiluwavesganmlu®s 2 48 Falsznoualogann a=(aa,)
uag b= (b,b,) MUAAY
1. N3MAQFU (Translation) NsMIMTUAATUVDL A 1A x = (x,,x,) WoUUNUAWY

d Y o ' a Y] aa v &
(A)x lﬂUﬂ'lifJ']fJﬁ']Llﬂuﬁ%ﬂﬂﬂ’]ﬂﬂﬂgﬁlul“ﬂﬂ A A9UUIA X UHYTUAIU
(A), = {c|c=a+x;a€A} (3.1)

s o ° & o - Y]
2. Sandu (Reflection) MSMISAnduves A  Wouunuals 4 Wumsndy

] E 4
f=3 U

Aundeganmiioglun A Utloasil

;1={x[x=-a;a€A} 3.2)
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= d o a d a
3. ABUWALNUA (Complement) NITNIADNUNALNUAVDIUYH A WEJHLWINF?{’JEJ AC L{]u

] v
msfmuadwrisgan i iy ldeglume A Htowasi
AC={x|xEA} (3.3)

4. Wa@9 (Difference) MINIWANINVOITA A UAZITA B WOULNUAI A — B 15

o w ' £ A aa @ dy
ﬂ'lﬁﬂ'l‘\]ﬂﬂﬂﬂ'lW‘UNﬁ’JUil!L"]fﬁ A msfluqﬂmwmgimw B Wusuadu

A-B=Ax | x €A ; x €B}=ANB" (3.4)

[

@ 3 o =) a o a " oAA
ﬂaﬂmsmamﬂummﬂﬂTatjmaﬂmﬁmﬁm%:wmmmwwﬂquﬁmi‘lumq“lum‘w

3 o=

~ o a v o & ' § @
awi lddmua 13 ufeessrinsaummznguan I ideguuiundsiann nioeeee
a ' 2 ' g v Ao 1 ' A o
WITUURWIENGUANINYIIFIgUUNUNEGITAT Tundaznquyaninenziidyg
a d? = = o v o A a :3 dy ' P °
JUNIUINAYU Nmswumsm'«ma&ywmmmumnmuuﬂaﬂ"lﬂﬂaumzmmw‘lﬂ
4
1 a o ¥ o o o @ Jaa
Uszwanade 1 lumsiosanmshdedgyarmsuniuivizassdinisfmuaansnineson
Jd 3 ' a o v @ Jaa (4 a
WUA (Structure Element) uummﬂiumswmsmw ﬂ'lﬂuﬂiﬂt‘ﬂuﬁﬂiﬂl‘ﬂ@ﬁﬂﬁmuﬁB y

¥
#1081909610 1)1

Center Neighborhood

§ o ' o Jaa o a
3‘1]‘?] 3.1 AIPYNAATNIIDIDUNUAVUIA 3X3 NNLHA

nnfodaninesdamud B daaas luTassadeganmiiiivna 3x3 finea
Tav9z1119ANA19 (Center)  1AZYATOUL1 (Neighborhood) ¥DIAASNINDIDAUUA B 11
fnssswiuiagidueavesganing

miv‘imuiﬂﬂﬁugmﬂumuaﬁwiaﬁﬁ)zﬂszﬂau"lﬂﬁ'w 950%U (Erosion) uaz lamadu

. . 4 o o [ dy
(Dilation) ¥3UNITNINIUAIU
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a a J

A a a 4 o z
lumsiiindse@nsnmvenes W Tadneadiamans a1u15053WMIRINUYDING 2
b 4
[ % o a ad a " a " é s o
Wuguddenu M 1¥Ra35n15 Teinuile (Opening) 1az Inadde (Closing) ¥einsniIau
v
Al
3.1.3 Ternwuila (Opening)

o a @ @ aa J a a @ Y
ﬂ'li'Vl”II?JLWHUQ“UfNL“]m A ﬂﬂﬁﬁiﬂlﬂﬂgﬂﬁmuﬁ B wvmmuﬁ"m A°B ﬁumumﬁ
A°B = (A®GB)®B (3.7)

Wumsinuswsuseniemsiidsodunas lamduaudidy  AvvziSuannisi
9507 U TAvaASIUIUYAN NG ué’mmﬁ’wmsﬁflma%’uIﬂmﬁnﬁmmqﬂmwﬁmﬂﬂiu

v
A IdsusnusouveINISIID oY Feaoe1eso lad

—Erosionj |——Dilation—¢

&0

JUN 3.4 maiilemuris A°B
3.1.4 Inaa4 (Closing)
o a @ @ aa (4 Aaa @ ¥
M3 InaadaveuYn A AUAASNINDI DAINA B WOLINUAIY A « B Hilo1uaAal]

A*B=(A®B)®B (3.8)

WumsimaunisrduasstiusunmsiiTomuiis Taveeilaadunasdsodu
mudwufezisuInmsh landu Taomusmauganmg udamudronsidsedulavan

Ed
$muganmswesnmilimdudwusevvesmsi lamdu dsdaedisde il
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JUn 3.5 mailaoadeA«B

v @ A

1nIeedueisds linseunquualunssedyyrusuniunuunieuasnin Ing

o o

2 a @ o da

v v
M INaIHaansN laanmini Temuiaaz Inaads Tagiimisaeanisninuiiuiiiau
1 v A o a ' 9 9 a - v 9 o
52N UAD 919929 JomuTlanouudIaNAle Inaads nioluneasanuiiy o1vvei lnaa

a 9 9 a o 9 84— Y a a 4?
meﬂauummumﬂiamum ‘ﬂﬂwwaaww"lﬂuﬂizﬂmmwmmm

3.2 uyudlaesa (Color Model) (Gonzalez and Woods. 1992)

wva ) ‘é e “a s Q 4
ddluguauiamemoninedianiisvesiag ifasnmssuidygraluglvesniu

@ 0o
k4
=<

~ J 1w ] [ o 1 '
uasiannszn Ay iuagdedanarhulszaman lldsawes mmiulanlasauiluad
a9 lussvu@eziivuudnesdaisgduuuld@enldmuanumingausu nuusiaes
=) é ° d' ¥ 3 . . .
dxyz Fuihuunpuines@uiasgiuiiwainaulay CIE (Commission Internationale de
v
I'Eclairage) gnl#ifludanarslunisddanazuilaimssniunusiassinanua luau
a 4 o = a o
madumsiuiz ldiudiansd cMyk  lumsuaasnwuunieensunuaeig 14
o ~ Y a s A Ay o = Y a
uuui1aesd RGB luniumsmuneunaneinsminruionundassiitaluduvesfallzey
1Fuvviiaesd HSI wismarsilumsiadruniosiiolunsiadvonaananianisinens

v £
wlFiuudiaesd Lra*b* Wudy luanuidel laumsAnyuuuiaesdae dede il
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(C.I.LE. CHROMATICITY DIAGRAM)

,~— SPECTRAL ENERGY LOCUS
(WAVELENGTH, NANOMETERS)

WARM WHITE |

COOL WHITE —+~

£

DAYLIGHT -';—» »

2

31N 3.6 Tnsuanda laezunsy

3.2.1 uUUS18998 RGB

wuUsianed RGB Wuszuvanldiuni ldeedsenoulUdrouidvan 3 #Aeo uag (R)
- : = é J () = a [ 3 = 1 Y
W97 (G) 1z (B) Famazuddazvuietiy 8 Ja aaiuluanuanvoudazineray
=1 a é ' T a0 3 ' =] [ ;’,' d' ) 9 ay Y2
vy 24 9o Fluuaazuudziinidd 0 89255 aatiuausanszinadealang
256X256x256 11NV 16,777,216 &

HUVS103d RGB ansniuuaaslussuunialsgid (Color Space) lunuw

amned laaegiin 3.7
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Blue=(0,0,1) Cyan{0,1,1)
Magenta={1,0,1) i (o w111
Black=(0,0,0) 1w+ Green={(0,1,0)

Red:(l,o,g)/ Yellow=(1,1,0)

31U 3.7 uupdiaesd RGB

' ] < a aa 9 =\ 1 U A
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AUITHINANTLUACAININLUNUD UL mﬁtluaﬂymzu"luﬂam u‘nu&ﬂﬂmmm UNIT

a d a o
AnsrzuazdIsmsslaeldd

3.2.2 3giidueiunalad RGB (rgb)

9 v
s

a ad [ U a adadv Jd
Tym1vea1/59id RGB Aemssawiuvesnwaded laslsgiuaiiingissassine
@ d ' qy v a aa 3 aa
aannuaulvvesssndszneunnuadnanely Taeninaiganimlulsyiid RGB  Wulld
a @ 1 ' v o o Vo o a ad o o 1
PertuuannuaIeaeiy sggafmuaduni@eriululsgiiduesuua lad RGB Tasusaz

mmusantldain

oy | g (3.9)
(R+G+B)

g NN (3.10)
(R+G+B)

— (3.11)
(R+G+B)

oty 1A lul5Id RGB (0,0,255) inmsuilaslig rgb 92 14(0,0,1)

aQ Aad

2. mluf3id RGB (0,0,100) hmisuiaslalg rgb 9218(0,0,1)

Y

By as £ '

&£ @ Yo = '3 ot e '
cﬁﬂﬁlzﬁuﬂﬁ"lﬂq']ﬂ']cluﬂﬁﬂnﬁqlfNﬁ'J@U'N?JLﬂW']3ﬂﬂﬂﬂ53ﬂ@U‘1]f)Qﬁu‘]Nu&WUQ@U’N
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v

s 1A 9 ' @ A a ad <3 9 o
LAY ITUAITNUNUDILTINTNNU mﬂaﬁNll’tN@“lj’iQZJ’d rgb %Zmu”lﬂ’ﬂfNﬂﬂ‘iZﬂﬂ‘UﬂNLLﬁQ

v v 9 )
wgnazialildais 2 diflusierfudaanalugili 3.8
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RGB(0,0,255) -> rgb(0,0,1)

RGB(0,0,100) -> rgb(0,0,1)

v

3UN 3.8 AnuuananvoudlulFald rgb vzgnagna
3.2.3 uyudraesd HSI
= a la n Y . 3 va £ A
AT (Hue) ANUBNT (Saturation) 1azAMMINT (Intensity) Wluguauianianeg
o 9 a & o A [ ) N Ya J
W ldluntsuand sufluuvuieesdndeanunuislunissuivesuyudldand
1310099 RGB

puuaesd HST annsathuwaaluszyuinalSgiddleniansaniie laaegili

3.9

3UN 3.9 uyvdiaesd HIS

9 Ay &2 A o [ ) 9 Yy A o ' a9
H Glﬁfllﬁﬂﬁﬁﬁu“ﬁﬁﬂﬂ’l\i“] Qﬂu'lll']i]ﬂﬂﬁﬂﬂ'liﬂﬁNl‘ﬂu’Nﬁf)ﬁ Tﬂumwuﬂmﬁmumw

q

v
a

& =l g ' nﬂ' A = Al o A 1 o
FITAIAILA 0 D3 360 DA 1ABN H=0 AoA1duas H=120 AoA1d7 H=240 Asmdiiiu

Fudu
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Yo a a d Y A o a 4? o
S %mmu@mmeuﬂ WUsEAUANUTAYTOANNNUDITUNATVUINAITHEANAY

1 dd' 1 3 9 o o dt:' d' -1 dc; 1] °
53H11Qﬁﬂﬂg¢lﬂ‘1ﬂﬂ1ﬂ’)ﬁﬁﬂﬁ IﬂUixﬂUﬂﬂﬁﬂ'ﬂQﬂﬂﬂﬁ‘ﬂvmgﬂu'lij'mﬁmaﬂ S=1 uag
v ad P A ad o o T 2 & J a 1 9 [y Y
Sxﬂﬂﬁ‘ﬂ‘ﬂNﬂﬁﬂﬁﬂﬂﬂﬁﬂgﬂﬂﬁuﬂuiuﬂﬂﬂ’d’)uﬂix‘iﬂﬂﬂﬁ\‘ii$ﬂ31ﬁﬁﬂﬂﬂﬂiﬁﬂl1uﬂuﬁlu'3\1’ﬁﬂﬁ

U

S=0
Yo A A ' o v a4 1 A A a
I 1ﬂfﬂ1ﬁuﬁﬂ31uuﬂﬂ5EJﬂ’Jmﬁ’JNﬂltNﬁ’ Tﬂﬂi%ﬂ‘ﬂ‘ﬂﬁ’ﬂﬂ'ﬂqmlm‘i’lqﬂﬁﬂﬂﬁ‘vn I=1

@ A A AN Ao
uagszAuNilangausanndnedal 1=0
Tumsuasar@anuuudiased RGB Huuuusiansd HSI awisei1lansaunis

¥
Ao 1il

I=%(R+G+B) (3.12)
g -1 3min(R,G, B) (3.13)
p: R+G+B
1
~[(R=G)+(R-B)]
H =cos™| ——2 (3.14)

JR=-G)? +(R-BYG-B)
o B1nnie G sxfmualst H = 360-H
waglumsudasmnnuuusiaesd BSLiTuuuuiaeed RGB ansai'ld Taguen
asdianua H dero i
Asdif 0°<H < 120°
4o 1 [1+ S cos(H) ]

5B cos(60° — H)
(3.15)
G=\BI-R-B (3.16)
B= ! 1-S (3.17)
—\7—5( -S)
AIET 120°<H < 240"
R=_1;(1_S) (3.18)

0
G=L|:1+Scos(Ho—120 )} (3.19)
3 cos(180° — H)
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B=3I-R-G (3.20)
AsAN 240" <H < 360°
R=+31-G-B (3.21)
G= -L(I—S)
"5 (3.22)

B= (3.23)

1 Scos(H —240°)
—_—y— - 7
NE) cos(300° — H)
3.2.4 3938 YCbCr

aa o

15giid Yeber (Hul3gidasa uasiinsfdmunainasgulas BT.601 1d11n1s

9

o 2 o o & a vy t
udasesddszaoy YoV suiludgygruunueuifen deeziinsinideyavesdeoniv
o ~ 1) o o 9 g - Y o e P o
dnvuzhaeandesiumssudveauyudsuirdulsgl s Taefty Wusedisznounny

L L g 1 A A L -1 o" oy o L
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v 9
a9 ez AuasnuAInNNENMydInulagn Cb uag Cr Aaaaua 16-240 Taslunis

wlaa/Soud RGB uds Yeber hldlan

Y 02568 0.5041 0.0980 | R| (16
Chb|=|-0.1482 -02910 04392 |G |+|128 (3.24)
Cr 04392 -03678 —0.0714] B| (128

uazmsuanduenlighid ycren lig RGB inldTae

R| [1.1643 —0.0018 1.5958 | Y-16
G|[={1.1643 -03914 -0.8135|Cb-128 (3.25)
B| |1.1643 20178 -0.0012|Cr-128

a 3 { A [y
3.3 myinnevesndszneuiiyeuneiuueanIn (Connected Components)

(Lohmann. 1998)
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r ~ T 4 1] .73 1 & ) Q’l‘
fuRnsasaudia (Neighborhoods) 1iMsiendefunielal Feansafinisalanelu 4
a . o . P kY
NANIN (4-connected Neighborhoods) n3olu 8 Niane (8-connected Neighborhoods) <481
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1 if|l,,—-1|>7
I, = L . | (3.26)
0 otherwise
Taofl 1, = sUinuinld
I, = 3t
I,, = 1 anat+

r = avautknimldifamsaouausg
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3.4.2 MIAUNINKAY (Background Subtraction) (Horprasert. 1999)
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(Global Illumination Change) (a2 Nsulasuutasvesuasanunwiz (Local Ilumination
Change)
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XA (-] b d o o ¢§
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ﬂﬂﬂﬁixﬂG‘Uﬂ'liUﬂlﬂﬂu‘u@ﬁﬁﬂuﬂﬂlﬂuﬂﬂﬂlﬂu 2 iNﬂ‘lJigﬂﬂ‘leﬂllﬂ NMIVUALUDUYBITUDY
’3'qu (Choromaticity or Color Distortion) {02013 aiauveeanuadNg (Brightness Distortion)

4 b, L ;
Faenusaudtamii ldandnllud 1ddueded

3.4.2.1 uuud1a098 (Color Model)

Huu§1a837 (Color Model) fiozeluszuud RGB TavilsznouTdan 2 dafidrdy
Srufufio E, uaz I, dsudaslugdd 313 dmuald i unu d1duganin Tae
E, =[E, (i), E, (i), E, ()] unusesd RGB wvsganndii lugmwdrsdanionmduiiu
ainnds Tandu OF, foduiiainaingalessu (Origin) iinge E, Seniunduddiaamsel
(Expected Chromaticity Line) 89U I, = [I NONAONS (i)] UNUA1v03d RGB ‘umgﬁmwﬁ i

Tuginwiudhidideauleed uashidesmsavninudseen

G
[

.k

-]
31U 3.13 uerawwuswesdlugduuy 3 HAluszund RGB
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Av A

lumsinsananuuenassendg 1, wey E, awddedl lddmusnnuiadou
o’: d a Y ' a 3 . . .
Neaesesndszney fee il Ao manudaiouyosnuaIng (Brightness Distortion) Lag

v
AanuLiaiouveed (Color Distortion) 1Al T10azidea lUNITAIUINALL

Brightness Distortion (a )

' a A J A 1 Y Y 4 & " Ao 9
manuiiadisursinnuaig e MUSaTINnm3 (scalar value) Fudumavild

.4

ey 3 YA o 1A a o ° ~ o P
ﬂ']ﬂﬂﬁ f \uﬂﬂ!"uclﬂalﬂUQﬂUﬂ']ﬁ%ﬁ\'ﬁlﬂ\i'Jﬂqﬁlullu‘].]%'langq@ AITUNIIN 3.27
#a,) =, _aiEi)z 3.27

a, o ManuduveInNNAIN (Brightess) NA1IAD @, =192M1DAININATN

. d' o = v 9 - 1o '
(Brightness) voaganmiliuSoufiounuganmsisdaliauiiu d1e, <1 uaasiiganin
c; o =~ & 1 = 9 d‘ o =~ v 1
minnnSoudevsziianiganndrede uasdie, >1 ganmimhwnaSsmisuszainens

ANIND19B

Color Distortion (CD)

= o

fmwiadiouvesd Ao Arszozedaszunemdndunaog (observed color) Adud

Aaans al (Expected Chromaticity Line) AN N 3.28
CD, =|I, - a,E,| (3.28)

3.4.2.2 MITFRNMNUBVS1809R1NHEY (Background Modeling)
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a e -~

auieiiflauuaginanmdadueiai lsiiniswdeuuas (static background)
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msfuuuiinesninnds uuusassninnded idsegmiftulieglugiuuumeada Taoee
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nseifiazyanin Taotmualdudazyanind 4-wple Ao (E,s,,a,5) lay E fio f1

Expected Color, s,#® fniloaiuuuInsgIu (Standard Deviation (SD)) ¥84# g, s Awlsdu

t 4
Yo A

ANUAIN ey b, Ae AwalsAuvesdvesganin fii lay E, amnsontlagadl

E = [/-‘R (), 446 (), g (’)] (3.29)
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Taoft w1, (i), g (Huas 1, @) axidusuniovesid R,GB ﬁqwmwﬁiiﬂﬂﬁmm
vinamnnndsi i N nm ualuanuiuialumsfissmawesganmlugisszoziom
nitsoznuilymfiGenidesuniunie Noise Fadu uazmsfuulsvesnnuanmnunas
fl¥uaeadng Lwi?h‘ﬁﬁuuﬂsmdﬁ{mmmﬁmm"lﬁ'TﬂU“l%’duﬁmmummgm (Standard

Deviation(SD)) luunag Band (S,) 214

R NOROX-N0) (3.30)

Taeih o, (i), 0,0 oz op() Ao A1 SD ¥83A1d R,G,B Ngan i i lasfuanen
ATNRINNAISIUIU N 2N

e’: o o o A ° 1 =) 9

vimiudnisuesvealas wie ¥msaugadaemd@ (Balance Color Band) 9214

gun3AInNNlailouyeIn1a I (Brightness Distortion) Laza1n1udailiouussd (Color

t 4
=1

Distortion) MNFUMSA 3.27 1az 3.28 ﬂsti‘luﬁm

—

Ic(i)—a,uc(i)jz

= min
C=R,G,B( g, (1)

(IR Ot ® | Ie@e@) | Ip()ity (i)J

oz () oa (i) o5 ()

= - - - (3.31)
[uR(i)} +[ﬂc(i)} +[ﬂ3(i)}
Hr(0) M () 15 ()

co = Y (—1‘(i)_af"‘ c(i)Jz (3.32)

: C=RG,B o, (i )

evsandeiusiunnuahaassuysfiuvesd Aifatussniamsadienn
HUUT1ABININNGS ﬂz'vm'51qﬂmwﬁu¢m¢hqﬁmzdawa“lﬁ';ﬁﬂNaﬂﬁﬂizmaﬁuﬂﬂdwﬁ'wﬁafh
404 o oz CD Aauanslugilf 3.14 (3.14a, 3.14b) suhudainnusuiuiesnoudouns
azganinasgnaderiuTasmemandsfuanuadn a, uagawsiuvesd b, Fuily

b4
aneglunuy 4-Tuple  (E,s,a,b)  lavarwesanuudsdutiszgnieaslylunin
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(@ (b)

31 3.4 waasruilsAuANUAIN(e) ez AwlsAuveed(b)

Tay a, AeawlsAunnuaing

a, = RMS(e,) = (3.33)

Taw b, AemusAvusad

b, = RMS(CD,) = (3.34)

3.4.2.2.1 MIUUMBNTHAVBIYANNUAZMTAVYANN (Pixel
Classification and Subtraction Operation)

Tumsneuihszumsimnuminnuandisvemmiduiuuiineminudaiy
awsudnilegiin eéﬁammuﬁﬂ@imﬁguwgmwﬂeamﬂummmﬂth wazmd Tavawise
saar 18 Tanhadausa (Threshold)  Mimsnzaa simsulSoufeusuanudadeuves
manuain (@) uazgarwdadeuvesmd (CD) figanm i szild 18 winnduun
M) Fwadudniwensiiavesanminduuuyla Tasaunsoduunsiavesganin ves
nndlegtins 14&sdt

1. ®INYA3 (Original Background (B)) : ﬁwmwﬁ"‘aamﬁﬁm’m;ﬁ’hmasfhﬁﬁqﬂmw

@fudanundondifuszieganmiuiiuniands
2. 191 (Shades Background or Shadow (8)) : f1iganmlunmiaesiisdndionds

o A

o T 1 ! =y n:' r A
1132 LLﬂﬂ'lﬂ’)'liJﬂ’)'NﬂJﬂ\‘iﬂ']Wﬂ%‘12111.!11 'lﬁﬂﬁﬂ?'lﬂ'lwg'm’E']\‘i‘l’l‘ﬂﬂﬂ1WLafJ’Jﬂu HIVS
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A S & a d‘i‘.] v da ¥ & 1d_]
ﬂm‘ligﬂmwumﬂumnmm URINAAINUUAIV NN UBYITI 901U ULIIN

v 4
ngdu

v v
3. d@auad9 (Highlighted Background (H)) : fnmvsaesiimdiadeadaiuudsn

anuernelunnilegiuganiinmdsds

] ¥
[ o’ A s Y

4. Saghfdunfiouil (Moving Foreground Object (F)) : f1ganinluniwilogiiuiy

A

dd' 1 o Y a
UMANUANANAVNIND B

vinf lananuudiiganmiuandtsdusz i Iinaveanisnszereuseningy

o = 3 v o A = a L or zg (Y
dadeuvesnnuain (o, uazmarudadiouvssd (CD,) Tanuuanasiuiiueyiy

° ' v o 4 4 o q ¥q ¥ 1 e~ ' -~ oA 5 W

Aumnsgann asiuienesihinldadaud (Threshold) figsnfeadmsvyn  gann
o o o 1

Selddhimsuesuealadga , uaz CD, 14

R 2 (3.35)
al
P L40% (3.36)
b,

3.4.2.2.2 msdenm¥auNInednlui@ (Automatic Threshold
Selection)
Taviia Wudamsnssnvessanudadionszgnimualieglugdveamsnszae
HouIMdFeu NemMIRINIAUMIMSAIIN13A5995UTIRIN1S (desired detection rate) r 9
awsasmuasitantidlavldm Ko Tae K Humasiidusuaunh Fasgnimua

1 1 4
Tagr waz o Aol HYAVUNIATYIU (standard deviation) UAINNANIINARBITUIILITI

(A a 1 8 o
QZW‘U’J']ﬂ’lﬂ'Tlll'ljﬂLﬁﬂ‘uﬂﬂﬁﬂ’lﬂlﬁ'nqu'lj‘ﬂuﬂiﬁﬂﬁ‘lﬁ“ﬁ (Normalized Brightness Distortion
n 1 o’l’ o Y d o ~ (34 o A s
(a',) IMUUNUNTATSIIIAAIVULNIN ﬂdllﬁﬂﬂiugﬂﬂ 3.15(a) HANIANNUAIIDUVDITHUY

A
uosuoa'lad (Normalized Color Distortion (CD,)) li'l@fimsasznouvummdidon
[ k4
(Gaussian) Aduaadlugalii 3.150)  AuTudadlidsnisAuramisliaua (threshold) Tnald

HEANSNNADA 1agsunInMshda Inunsuvseainuiadouvesnnuauuuus uoa
7 . . . . A a A o o ¢ .
ladf (Normalized Brightness Distortion (¢;)) (a2 fafiouvesfuuuuesuealad (Nomalized

. . - o« P A =Y q’:
Color Distortion (CD,)) faneralugih 3.15 FaawesdaTnunsuinez lduinnissiusiuge

doyaszninnszurumsadruuusiassninuds Siuaugadeyaii ldselidwawilu Nxy



36

] ' v

o ldlumsadredalnunsy Tashvnavesginimie X xY uaz N fAed1uiunniiamun
A o 4 a o 1 1 9 o wa
M lumsdmon woadredalnunsylddusouds mauiszawisoden 1a Taeda Tuia
‘3 KY 1w o Ay % ‘ 1A Ve o 7 1
TAsAuogAuA19A51N15ATINTVNABING (desired detection rate) 7 IAYAIVALLINAIHTVA
a a 1 4 o 1 a ad 0w o A
anudadouvesd 7, AeAueiuoalagussmanuiaiouussdnaonsiNsasINTui
doans 7 lunsdivesmanuiadouvesnnuaineziimiauiseg 21 Ao 7, way 7,

Taoi 7., AOoATINITATINIUNABINSN () uaz7,, ADAINOATINITATINTUNABINITN

(1-7)

Normalis ed Alph3 Histegram ! Normakized €0 Histagram

- & =28 B0, N8 o 4 {
o s NORANET T
g e T o Bileliiit ‘
- e = st . d
7 7 ITaR \ 3 - -
. [ AN : . K NS
A4 3% 286 A% L OGN A 1B I 80 ‘.‘,} GO0 031 153 IM 3D a0 a4 P 60 TN su
Nermalzed Alp've Value 5: Mermelized (D 1;7‘
@ ®

31 3.15 uerAada Inun sy ¥84A1 Normalized Brightness Distortion (a) ttagsa@Ide Inunsy

v93A1 Normalized Color Distortion (b)

wah Idarnnszuaumsaunnuasdeaaslugla 3.16

31N 3.16 namsmsaURINKAILONIINAIN

3.4.3 MIAAOUNVBINN (Image Flow)

v do

4 { @ d A a g a @
MsndouNYoIUNIW An MINszawYIdaTIANUEIMNATY TaslinnuduRusiy

IS

] ] v v
ddunamsvugala 9 lugdnm Tas msmdeunvesnm wuezilszneulidredeyand

U Y

o w ' a Jd o Aa 4 ~ 4 = o
AnudAgaemsInzinInnasnimandeu vy Tasnimsndouivesnmaunsofimug
b4 [ < ' 4 & aa
Tdandnsnnuisilaouaaseglugiveannmes vunn q  ganmlugdnn #9383

MurmA MandeunveIn s zuIuMswEdandnmssum TnsldgnmnG vy
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o @ o 1 Q’l’ é a { o Y '
Lﬂuamummuﬁmmw w?amﬂmmu m’;‘ﬁmﬁ‘l%mzmuﬂﬁmumtmuﬁmmmum

ponlailu 2 3570

3.4.3.1 Feature-Based Methods
aa o 4 { @ Jd
EMISAIUIUHINS AT UNVRINWUUUNT 1Honanyel  (Feature-Based)
@ [ P 3 o @ 4 1
auru iduvoy, yu Nlsnglunw Tasluduusnazimsnuendnvaimelunmudazain
g o @ '3 v a o o 1 ] @ '
nniuszimsnSouieuendnusinndan lduazdnmssnnummanu lumioudusiee
' an ¥ ' 3 Py A o R ° ] '
ser19n N 18 eg19lsAaulunisfezidenendnyaiiiun luamuisanszii ld lagde

A 1 as dy 9 a d v <1 ] @
lug\iﬂ']ﬂ'n?ﬁﬂ'liuﬂztlﬂ Nam‘flunﬂme‘iE]m'1ﬂ’nmi’mmﬂﬂ§:%ﬂnizmﬂ

3.4.3.2 Gradient Based Methods
v
aa ' @ Y w @ 4
35UV VAIAMUTY (Gradient Based) 111z 19152 Tominnanudunus
v v
LY 1991997 (Temporal) HAZIFINUN (Spatial) Y93 mmm%ummmms%’u (Gradients of
& @ Y] o‘dy o ' .
Intensity) FepnuduRusHaInsninlylumsiaiaien (Segment) Taold Velocity of Points
Wunan
° 9 9 « E | a Yt
Amualininaunduuoazalniw (image intensity)  figalaq vunmidiisuily

E
v @

A~ A A A 3 v 1 Y q’;’ 1 ~
E(x, y,t) uaziilotimsmnaouiiioaudniios Auasn ity o 9aiug) dzIuAAIN AaTiu

dE
—=0 3.37
7 (3.37)
Lﬁﬂi%ﬂg Chain rule 14n1591 differentiation i]zvlél
s Gk O o3
Ox dt 0Oy dt ot
fnuald
dx
=— 3.39
T e
Lo
dy
p=- (3.40
dt )

' v o a § A a ' @ @ ]
IﬂUﬂ']ﬂ’l']llﬁilwu'ﬁTl'NL“]NﬁuﬁllﬁzL“]NL'J'CY]"UfNﬂ']ﬂ'J'HJ"UN uammm’nmn%ﬂé’f

Exu+Eyv+E, =0 (3.41)
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nnaunsh ldna1dua Ex, Ey, Bt awnsadiuianmia 1d Tasassningiaiw
v Ao ' o Ay VoA ~ ~
AUFY NN ) JAVUNN aziidwlseg 2 dan linsum Ao « uag v uazliaumsiiosauns
v 1 '
@e Ms lgdoyavingauugdnwiiesediadoniulimumsomuiumamsnasuives
y & A a ' " A o 3 a '
2w 18 GailuayniiiSond aperture problem  Aa1AD SasnuEgala 9 liswse
[ F% yy ~ ~ =) (=) a A 9 '
fnuald laglddoyanyala q Tunwisagaider Tao lufiauyagiuoua Whanwe
° 1 [ < 4 ' 4
Tagisansadimua lanawnvesdasinnusulasumlasediessiwiuouginm
v L v
moludeauyagiuil nszurumsdrursuadeuivesnin Taol¥zinin 2 s wieunai

Y

v
T sz le

2
U= uaverage - E.\' B (342)
P
V="V eragt — B, = (3.43)
Tauil
A= Exuaverage + Eyvavcrage + El (344)
uay
D=X"+E; +E; (3.45)

{ ' < U o a -4 4
VAN 345 M £, E,, E, uaz 1 naaslimudsmnnudiudenui (spatial
gradient) TUAAMIUAY x HASUAN y AIANNFUITUIAT (tfemporal gradient) HAZAIAINUAIN
o w tﬂ' 9 o o g‘ a dd‘ 9
mudsy Weldnmassnmlumsmuianzdumsiunng 9 vuswdy lunsanld

nangmnmsauIaee 1smn i lumsdiuon

3.5 MsuenaIulszneunid 4 vatynna (Ju et al. 1996)

a 4 o Q’II o @ 3
msaamuMaAdeu Inrvesypdiuszihnsmuouaseudynnanua 39145
MsiuIsMsaamu Tagezihmsaamumsinaeu lnivesdiuilsznouais 9 vesynaa 15u
03 °o_w 9 {I v & v ' & o ‘i-j '
W72 §1d9 91 wag i Wudu e ldnsiuhwazinimesyanaiu 9 Wuediels Tae

o A o ' ¥
ﬂﬁcl"],f'LL‘U‘U%Wﬁﬂ\iuﬂﬂﬁ (Cardboard Model) %QuﬁﬂﬂﬁﬁﬁnlﬂuﬁuﬂZﬂlLl'lﬂ‘llfNiNﬂ1U
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3 o ' o ' @ ~
uuuraesyana Wunuusiassseneuypdlumitu duaadlugdi 3.17 Tasgn

W 1FlumsfmuadumtsvesdInas g veesanme lag msnezuendivlsznoudis

1 4 3 o o 1 o 3 ' o
VUITNNYVOINYBIUY 53‘1]‘1]5]3Sgllﬂxi‘VI']ﬂWif’]INWWHLLﬂu\ﬁJﬂQNH‘HUﬂﬁﬁuﬂlﬁﬂﬂ@u Iﬂﬂ'ﬂ'ﬂﬂu

a = Y U A’f Q. 1 9 ’ 1 @
nsaumwaﬂuaan‘h NUUTLUVIIABIAU IBLIENFINYTEND VA | ’E']’é]f’lllﬂuﬂ1ﬂﬂﬁ\1

TagszuvazihnInugevasnseutazanunsvesnseusn g lunsuendamilsznouais q

¥23319Me Aaadlugiin 3.18

— W —
20%
50%
30%
50% 50% 50%
(@) (b)

31N 3.18 samsdanaulumsuenauilseneuvessisme

A wYo ' oA v o Y Ao 9 Y FAE °
ll]@vlﬂ@nllﬂu\1‘U?JQﬂi@'Uﬁ!ﬂﬁUua@n‘ﬂ’)uﬂﬂaﬂ’JlﬂUﬂWUUSﬂf]lla’) ‘Uuﬂﬂvhjilzﬂ']ﬂ'ﬁ

uonduvessameaiiudi q Tassimsiisnseusemily 2 daumunnugevesnsen dau

7 ] & n ' i v 2
e 50% mg‘l_l‘n 3.18(a) NUUITNINTUVINIBDUFAIUDYU Tﬂﬂ%sumﬂﬂﬂlflu 20% mdilzﬁ‘lu

v v
USNUATYE dIU 30% ﬁmﬁm:tfluummﬁwm HAZNIDUAIUAN 50% ﬁu%ztﬂuummm

E4 v
%Wﬂ‘ﬁ'lfﬂiuiNﬂi?J‘]JfT’Juﬁ’NﬁTMﬂ’J'mﬂ}JlNﬁ’JuﬁZ 50% %zﬁ‘lumnmmﬁmm TUADUNTLUYN

au1lszneVUYeITIMELAAIRIgIUN 3.19
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51 3.19 uaastumeuMIAUMIAIUYSZNEDVBITIINY

& 4'4 o as 9 9 ° I Y a i ﬂ [l U '
cmma‘nmmaﬁmﬁmwuum%mﬂﬁ"lﬂmnmm uaulsznoung ] UUHINNY
] ) & 9 o [ Y d' A @ d‘ Y a q’/’
BYNAI m%mmmmsﬂs‘uﬂgﬂwmumwwaﬂﬂmummm%swmmuﬂszﬂauuu £

@

A o w a { [ o 3 < a o 1 a 3 o
Tﬂm}mmmﬂuusnmﬁgﬂumummu mﬂuuﬂ%zﬁ]umnmmm AAIUUIIUVIUUITN

o

‘ﬂ o Y A Y v oy, o\fl £ 9
L uﬂluﬁﬁ)uflﬂ‘ﬂ1ﬂ mez"lmlmmgﬂmmmﬂﬂwumam ﬂi‘hiuﬂﬁg%1

[ 9
31 3.20 narpsTUAE MY T VYA

3.6 my3alaaly Insavelszamien (Richard O. Duda 2001)

Tnsawlszamiioy (Neural Networks) Ao g1ununisilszyrawad lauuafauein
o 4 a o ' =
msinuvesszuulszamneluauesvaayyd Tasinsiauvedlassislseamines
sifounuumsmauvetaues @y msjsuazswungluuuang msdszuanadyyi
o 9 = 1 J ci o £ '
msmanud lalugnmuazdes - msniuguyuoud  4aq  Tasimseeilv iy
b4
dszamiisuannsoiaumarii ldvzdedi lnssodssamiiounseimsisou  Teo
annsouislszanvesmsisous Il 2 Uszianlngj fie
~ 9 sy . . Aaa & Y o o
1. Ms5ou laslidaou (Supervised learning) 1AENITNITH ZABDINTIUNAANT

° ) 9

Y a ] a _y 3 ° o Jan Y ~ o
L!‘Vlﬂ'i\ﬂlﬂﬂﬂl@naﬂu’]u’lﬁﬂuzlﬁﬂﬂﬂu i]’lﬂuufllzu‘lwaaW'ﬁﬂllﬂ%']ﬂig'UU N]!ﬂ?UUW]UUﬂU

U

v
o @

@ ot Y a [ ' 9 @ ot Y A A [ ot Y a Py
WAANWDNLLNDIN ﬂmmumuﬂi}u"lﬂwaaww‘lﬂammmamuauwaawwumsmmﬂqﬂ
~ v Y . . P =) yqddy [ o Jda
2. N3 UIAYAULIDN (Unsupervised learning) mm‘itsﬂugaﬁu%:"lnmmwaaww

9y a [ 3 9 o =8y T ~ 9 9 -
NI ﬂﬂuuﬂzﬁEN‘VI"IﬂTiPjﬂ’dil‘uIﬂ‘iﬁ‘\ﬂﬂﬂizﬁ'l‘ﬂm&llﬂ’JEJ"UfJ?J”ﬁWﬁ'IﬂﬁI‘HEJg'lJLLU'U Taon

Tnsethedszamifionszihmsutaendeyaseniu Cluster Taodunafiszoznanindoya
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Tuagaguinareves Cluster windidoyait liaunsosadhiy Cluster 118 Tasswlszam
Fouazadaa Cluster Susnlng)

FaluRtiaz 19 Tnseviolszamifonnumumsnsz vodoundy (Back-propagation
neural networks) FefiswaziBuawodalgail

Tasevedseamifsunuuunsnszedounay (Back-propagation neural networks)
cﬁwziﬁﬂiaﬁ%’mmn Multilayer Feedforward Neural Networks Wulnseada ﬁ'mﬁm"lugﬂ'ﬁ

3.21

Input Hidden Output
layer layer layer

§1lﬁ 3.21 Tnseadne Back-propagation neural networks

Yt

Back-propagation neural networks a1313011 114 1aauiymiriiadnen luhezdiy

o

Msiuunagu M msdsyuianadyanaduay dudu

@ ' . A ' o P 9 % Y
HanNN1IAI139 VD9 Back-propagation f1® ‘luszmnmmmﬂug (Learning) 3¢9
v v Vv
WumsiSouduoviidaou deflow Data hgszuy szuvegimsiszulanaliiozdu
oWy ~ e d ~ AN Yo
(layer) 9UN5£94 14 Output YDI5LULN Output layer 1MIUMNMTUToVHBY Output 1@
' F4
Target Waaeinaduvzgnilounduldsvlzem Weight TavezihmsilSuilgsnoonas’y
' v £
L?BU”] NFU Output Layer MDY Input Layer
< 2 o
g‘].h’l 3.21 uaaslaseada Back-propagation neural networks Fa1lsznovluUdae 3 Hu

v v v .
1Uagn1 Weight Tu%u Hidden Layer (¢ Output Layer Taonludu Hidden Layer wuluusag

Node vz1l5znovldreaunsn 3.46

1
sgm(x)=—— (3.46)
l+e
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' v
MNANNITN 3.46 ANTOVoUTUANNISUDS Hidden Node 1@l

h N
”efj =i§ XiWij .i=1{1,2,...,C} (3.47)
H.=f (net}.’ )=sgm(net]?) (3.48)
J J J
Tagil H, #0 Output Y99 Hidden Node

A o

C ADVIUIUVUDI Hidden Node

N ADUUIAYDY Data 1139914 IUVDY Input Node

X o Input Data

)" Aon Weight 3 £¥1719 Hidden Layer N1 Input Layer

i

v
uazludauvos Output Layer v 19aunisaail

0 4
nety = 2, Hjok k= {1,2,0.2/Q} (3.49)
Ty
o
g (net,?)=sgm(net ) (3.50)
Tao# O, fio Output Y83 Output Node

Q A9 IUUDI Output Node
C AD$ NIV Hidden Node
W flom Weight 5 2¥1214 Hidden Layer 1) Output Layer

jk

y @ d o ' 4 ° o 1 r
{10 1dnadn59In Output udd WM Error Rate 1ovz1i111/1/511/79m1 Weight

' £ o ' . : Py a J
luusiog Layer #1m31/5D1/39A1 Weight 409 Back-propagation Hazi/Souiisuanuuanaig

551319 Output 71147 Target Tavaz 14 LMS algorithm tovinmuand1ail
9 2
E(W)= %kz (@~ G:51)

Taoi 0, fo Output U84 Output Node
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931U IUVD9 Output Node
fo Output Nutas (Target)

mM3vSurlgannimin (Update weight) Wuaznszit 1d lag1daunisi 3.52
W(new)=W + AW (3.52)

Taoh W A9A1 Weight

. oF
i AW= - ——
1o n Y% (3.53)

lagn 7] Aedns 155013 (Leaming rate)

d’ & &~ o
mngﬂ'n 3.21 ni‘lugﬂimm%’n Back-propagation neural networks “f4N1UIY Layer
L) o = 1 " A
IMANY 3 Layer Lozl Weight 8¢ 2 %9719 910 Hidden to Output L1210 Input to Hidden 91y

4
%’umuuin%zﬁ'mwmsmmﬂmu Hidden to Output L8Nd1

o
oE 6netk
e ="k o S
Jk Jk
Iﬂtl‘ﬁ W, flom Weight 3 21719 Hidden Layer bl Output Layer
5 &:
4 nerag a.w.
LHUDINN k § | J _]k
J —
0 5 H W
L 2 6netz ]EI .] .]k
JUU oW = o = H] (3.55)
Jk Jk
Iﬂﬂﬁ H; fio Output Y93 Hidden Node

C 9311421 V99 Hidden Node
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uag o, =- £ = (Tk -Ok)f'(netZ) (3.56)

K 6netl(€)

Taeh O, fo Output YD Output Node

T Ao Output ﬁuﬁﬂ?\i (Target)

k

dothaunisn 3.54 | 3.55 uag 3.56 unuad 1 luaunmsn 3.50 sz ldaumsnldlums

ﬂ%ﬂﬂ§3ﬁ1 Weight 910 Hidden Node Taéia Output Node AIAUNIN 3.57

W. (new)=W . +n[(T, -0,)f (net®)H .
Taeh H; fo Output Y93 Hidden Node
O, f19 Output YD Output Node
A A 9 a
;A A Output NNV (Target)
Wi Aof Weight 5 2417719 Hidden Layer A Output Layer
1 #fednsnsiEous (Leaming rate)

4
Q L o ) é o
Tuduasudauniumsilsulgs Weight ludou Input to Hidden #a9zldmdnms

miloufums§uilgs Weight 11d2u Hidden to Output Tavaz1daumisi 3.52 uag 3.53 1y

nan
h
Onet
OF f
W, =j——=50. (3.58)
ST e L A
7 y
Taeh W Ao Weight 3 EATIOR K Input Layer U Hidden Layer
h N
JoLo T
=1
N
3 anetl? 6.2 Xinj
S o =l =X. (3.59)
ow.. ow.. !
y y
Taoit N ADVYUIAVDY Data H5091UIUVDY Input Node

X o Input Data
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Y
wr  6.=—L (3 5W..)f (net™) (3.60)
J 6net}.2 k=1 g J
J
Iﬂﬂﬁ W, Aom Weight &4 114 Hidden Layer 1 Output Layer

§k m'ldanaunsn 3.56

dorhaunisn 3.58 | 3.59 uag 3.60 unuad 1/ luannisn 3.50 a2 ldaumsnldlums

1511/39A1 Weight 910 Input Node 11/89 Hidden Node Agerun15# 3.61

g h
W.(new)=W,.+n( [ X O 1 (net )X ) (.61)
ij =\ 7k A\
Ao o Input Data
1 X p
Wi Ao Weight § 21119 Hidden Layer N Input Layer
5k w1 ldnnawuniin 2.31
Q A991MIUVD4 Output Node
1 fodan5i30u3 (Leaming rate)

3.7 ANANNUE (39U Neaa 1aZd InaN Meen. 2540)

v @ ' . a @
Tumsuaasnnuduiusszninedoyai 1du19nden feanu aunsoudasldlae
{ o ' ' v o
msl¥nsmnsenhaunames laozinsu (Scatter Diagram) 1A OLAAIAIANUTUWNUS
' V@ a v o 2L~ a
synindeya ldninmrdussAnSanduwus (Correlation  Coefficient)  ¥451802190A
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A U U 9) [ J o Y L o . 13 1% Y o o '
wieyaswsznideyailudnyazdeg dldmanzm1dndeyagiuduiuiiuedisls
v o Jdo a & v @ d ' o 1 9
wazdunusiulufieniela Fanuduiusvesnsiamusoutivesndudnyuzaieg 14

v
fago 1l



46

v v o do ' J
3.7.1.1 Yoyadunusiuedsanysel
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v v du J
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vy @ g vy o Y [ m 1R o ﬂ Y
doyadnvazilimyosdoyaniaesazadosmuniuug lidesnuiuduas

nsautieeniii 2 Ysznmsududouuy lumevanuazuuy lumsay

Y
12 4
10
@
8 e o oo
e o .
6 — e o o o
° °
4 — ° °
°
2 < @
0 pr T ‘X
0 20 40 60 80 100 120

317 3.24 nsmuaasanduiuidendiagaiinlnmanin

Y
12 £
10
°
8 - ee o o
° e o
6 e o o o
° °
4 = ° °
©
2 - ®
0 0] T T 1 X
0 20 40 60 80 100 120

v g 9

511 3.25 nsluaasanduiusaeudreguiiulamaeay

3.7.1.3 Yeyadunusiudm

@

;oA 9
ayadnymziiimuesdeyanaesrzadesmuiuios annsauseenilu

e

A

2 dszinmrunuaouuy lunsurnuazuuy lnisay



48

Y
12 1
°
10 — ° ®
° ® ® @
8 - ® e o
o ° ° °
6 — ® ® e o
° ° °
4 e o @ e
°
2 - ° ®
0 T T 1 .
0 20 40 60 80 100 120

51 3.26 nsmuaasamduiusaeudreduiiulumanin

Y
1273
®
10 @ ®
° e o @
8 — e o ) o e
° . e o
o ° 3 ®
° o '
4 - ° e o e o
®
275 e o
0 T T T T T nx
0 20 40 60 80 100 120

511 3.27 auansamduiusaeudisdniiulinmaeay

¥ v o  d o d
3.7.1.4 veyaaunusiugue
v

v o ISY=A) v A v A o
‘11agﬂaﬂymzummlawaga'lmﬂmnmaﬂﬂanizmv'lﬂm%mﬁugﬂaman

Y
12
° °
10 L4 °
° ° °
8 ° ° e o
L] [ ] [ ]
6 - ° ° °
° @ ° °
4 — ° °
° e o °
2 4 [ ] [ ]
©
0 T T l X
0 20 40 60 80 100 120

1l 3.28 nsmluaasenduiusiugud



49

d
o Y] a v o d
3.7.2 msmamanlszansanaunus

Y a v @ d o Y "9 =1 v o do '
ﬂWﬁNﬂizﬁﬂﬁﬁﬂﬁﬂJ‘wuﬁ (r) %zwﬂﬁmmwaga Xuag 'y Mﬂ’ﬂllﬁiJWUﬁﬂumﬂﬂ

TagaumsnesihunlFlunmssnassiuaunsiawsmihdeyadum ¥ lumsduaa 14
Y
Tasdreasse 114
. NY XY->X>Y (3.62)
JOY X -G 0HWNY - r)*

Tas N unudwaudeya
& v
ZX  unuWasIniaruavesdoya X
v
2Y  unuHasIuisHuevesdoya Y
b4
2X' unukasmiiiuavesdoya X uaazdionsidiaed
v
2Y' unmumasminuavesdeya Y uaagdonsidaaes

£
2XY UNunasINimuavestoyn X uay Y gaiuiaass

U



4

=Sh.

Un

and o
NITUIDTNUNTUD

asnnanmdsdunsnnudaguesmsiassuuinvnnulasanouazszumih

o [ aa

v @ wa £ @ Jd ) @
523990 Tulia snnuansalumsszydiyanaandygradansd Wualondnvesszuy
o ' @ @ aa o S =) @ g ' ssyu o
AINA1 S2UVITYAIYARAINTyadanmin lalinswannduneunihilineg 14nsiH
[ o @ < & ] 9 1 a [ 9 oA 9
nanyal laenanyaivie 1wy lunh ey aredue dudu uaitiosnnluaninuadow
9 a :: [l a :/’ 9y A o Y a & ) ¥

1F01m959 veasus lumwnsefaasndesnsoimuadunismsauvesyana o 14 1dnw
a @ @ 4 a 4 @ a a 4 @ dy
Newnsoanaeendnyal idsIMsININITHINeTzYyAyana 14 Inndnusaifuituaue
an o 9 @ o Y} & Y v ° ' o
M lunssesyaayaaalagldnalsenanysiaznatondes inelvndesinusuduluy

o [ S @ 9 ' 9 @ S 9 Yo w
MIszYAINARAvINENaNYAINANA 1A Ny VB wRAzNdB tondnyain 1 luns§ida

a a d @ dy 1 a oA =1 4 [
yanaluaneminusatodl 1dun lundh @2 viudu Fveansoaudime uazdoyanal

;’ ' = =1 A A o Y U 9 o
TuyntisznandesieazPeavenssuisminaue laun msasiiiaeynna uag
o @ d ° ' @ ' ]

mMsiinananniendnuaiaieg saudmainuiuiuszinndes lasszuuuisesnilu
2 @91

1. dauaduuusIaeynna (Person modeling)

o aa o d

nszumsadpiaoyana uaaseglil 4.1 Gudunamsihdaaaiamg
Fuidh s danendivesyanasenanainkdslaeld3smsauninndedei 1dnd1nlu
uni 3 mm‘fuﬁmﬁma%f{Tmmzﬁmwﬂdauﬂwwmqﬂmﬁ'aﬁmmf\"ﬂmmﬂﬁﬂmfuﬂﬂa
18un nlunh @R wisifime fuswonnuau Wudu Weadaldionanyaidanuds fey
dmnatanuuines Taelisasssiieznandely uumi

2. @IusEYAIYAAD (Person identification)

d’mf:ﬁ‘ludauszuﬁmﬂﬂaiﬂmﬂ?wLﬁumaﬂﬁ'ﬂynff‘m"uLmuﬁmmuﬂﬂaﬁ"lﬁ'a?w"l%'
waasdeglii 42 Guduninmaihdgeadanmizd WINNIAAUNTINYDIYAAADDN
NNINNAY mm‘fuv‘hmimnﬂ”mmzﬁmwﬂfhunTwmmuﬂmﬁaﬁmmﬁﬂmmﬂﬁﬂunf
yana T8ud amlunh @i windimesiisuenyiudu ifudu Weasa ldiendnuaimeudy
fzsiudignizuiumsisilaoldiondnuainieg mm‘fuﬁmamsi’ﬁmﬁmﬁmﬁmmm
HAANS gAY °1ua"aumsszuﬁmﬂﬂa5 wfimsadauuuinesdauvesdoiesielums

32YAIYANA



51

nsiFoulumbves

Tasahelszmmiion

>’ msafrauuuiiasslunth }

2
msafauuuiiassdnyurmsiAy ’ > M iFoud
YIAAZIONANYD

. LIV NITUIUMS M3AsIVLAZAALYN
TUMWIANAU | P P e = by >
auAINKA 1endnyel

>} msadraunuiaesdin ’

maisouidnives
Tnsaiolszamidion

H E4
3U0 4.1 uamsiumeumsadruuitansyana

L'}
’ :
aAnhminild
=
nnmsisoud
pAANIONANYY f

¥
1
¥
R P NITVIUMT MsasIduIazAauen |y . Py asdvaouyanalaeldy
FUNMIAYIA [ . [ b | i m:mumsinﬂwm et He O &
aunINNaL endnyel | | PNANYAUIZHTIU
[}
15

> N3ZUIUNIE RN >

y

Armiulyman
PO
Ngaduaunilanag
duAvany

“hili| mIszyAyAna

| nssyaunshdnuuemsiiu >

> mssusnamaiule

p
> idodn - =

> I [ =

H ¥
3UN 42 uaastumpUMIIZYAIYAAD

4.1 uvUaLIYAANA (Person Model)

° aq Y @ ~ a a d @ dy 1
suveesyananldlumsszydyanaiausluinoiinusatiuiimisesnidiu 2
daudaoiu Taoludiuusnendunuusiaesynnaszozo1d (Long-term Person Model) a1
v
apsvunyu$19091)AAas20FU (Short-term Person Model) HazvziinsilSudinasaian

(Adaptive)



52

4.1.1 1UUS1803YAARIZEZEN)
o o [ Y [ o @ t4
wuSaeyanaszozouifunuusiaeandn Usznen ldroendnval 3 tonanval
18un Tunih @/9 uagn i@y uuusiassyanaszezeIvesyanai i ausoonlaas
~
aunsi 4.1
Pt=<F 8,G > (4.1)

Taot £ fe mwveslunhitlFlumsGoudvesTasswdszanmifoudimivis
Tunih
s fo d@Aundvvosyana dmualuguuy cb, o uazldnnmsdouives
Tnssodszamiioniidnn

a =

G Ao manwninlumsingegatadavesynna

4.1.2 WudIRLIYARAITZIZAY

v v H
wpirassyanaszezduiunuuirassynaaiudy dldelunszuiunisdsh
v 4
yanalusranaidugu aelu 1 9u szneudis &idfe uaz JoyarFurar vesynaa
@ [ ] A 9 Y 2 9 o Yo A A @ 9 Y o v R A
aed1awy dondesamialuszuylddmsihynnaniesnaii99n1d uazldhimsuing
v v ¥
Wouaznainyluszuy Tunamenindesiduannsalddoyadina salunszuums

' ' v '
F318 wormun g lunisish Tasuuusaesyanassezduvesynaai i awsodiou

Tadaaunsn 4.2

P’ =<C,, TN (4.2)

Tagh C fio MdemavarganasIvdy ldvesyana fvualugiuuy rg (Normalized

R, Normalized G)

o Yo

Ay =< A v VW o Y
T o ‘U’f)iqliﬁ u‘wﬂnmmamumzmiuszuu 915’)‘1]%1]1!?185%1‘14?’!?1?11?!

v

4.2 M3a31aUVIIABIYAAA (Person Modeling)

Y °
4.2.1 MITINUVVIaNYANAIZUZY
v
o o o @ @ o
Glufniﬁ%HQLLUU%"IZ’I@QHﬂﬂﬁiZUZUTJUN ITUVIEMNTANABNANEHUDDNUININNIN

a o do ' a @ a 4 ] 4 a
Fanaasudn1a un ammluni 887 vazdnvazmaau delddunduluni uag &/7

Y

3 & 1 ' [ @ ° 4 '
WunGouesudniu (Faezaanedisazidoaludiudalil) sxiihdeyain1a ¥ insedw



53

° [ Y a =3
UszanmitowiinisGous ludimvesdnsusmaduzinuiudeyannunhalumsim

gagaluada Awaaslugin 4.3

NSAUNINHAY

NSAALYN

AANY

Long term

Person Model

3UN 4.3 nmunuiinesynnaszeze

Tumsszyayananiiny sglddeyamndnual Tundh &) nazdnsazmsau deeunse

unuldeglugivesaums 143

P :<FI’S:"G1>

Tagn v yYana

P
@ J
F fo wndnyal lunin
A [ daa
S A9 wAANHEMNARD
A @ I's a
G o PAANHAIMIIAY

i flo $uIuyaAa

4.2.2 M3aNWVVT18IYAAAI LY

(4.3)

o a’l‘ 3 =3 @ t4 @ ~ ]
an'UTnﬁaQuﬂﬂaizﬂgﬁuuuQZKﬂU%au“alﬂﬂﬁﬂ‘ﬂmﬂ@quﬂﬂﬁﬁa\ii]']ﬂﬂllg{w‘lu

@ T =] @ o 1
aszuaumsseyiyanandsuiluynaala Tavsginiendnualnifludiuilsznovves

k4 v ' [ v v
yanati iy ddenawld nag namdsinglunSnaiu 9 luvazhszuuhamsvaeun

v v v
yanatiuiuyaaale szuufwdimsatadiuiiludide 13 weszyiuiluyanalaldszuy

gihmaiindoyad T ludamveswuiassyanadiuveie dsaaslugilin 4.4

s NSAALLYN
oy , MIAURINNAGS [P

NANYAL

MITLYAD

1Ana

Short-term
Rerson Mode

' v
31N 4.4 vaaamsiSwaznuusinesszozdu



54

4 3 @ o @ d o @
Lﬁaisz%zmmsszumuﬂﬂassz%zuﬁeuﬂmaﬂaﬂymmmmuinam‘naﬂ ae

13 ' g z& \ d’
uuusmesdveradunlFlumsszydyana Feansounulieglugivesauns #i 4.2

P =(F.5,G)+(C.T) (@

o

1Ana

3) Db

@ o 9
D 1BNANYH IUNTN

[ daa
D BNANHUTNT

o))y

9 1PNANHAMTIAY

E O

=

4
REGIGE)

N QL Q Y m N

I »

2 1991

i o TwIuyYAna

A w d

4.3 MINUMNIANANAIBEL I

o aw do ' a 3 = o w
nsszysynaalasldamnnddimidwuvisvesnmsaanindessziinnudifey
v

A A W ¥ Y o Ay 2 Y a ¥ Y, o R, =& aw
lWﬂﬂ%ziﬂvlﬂ!ﬂﬂaﬂﬂﬂlﬂ’]llﬂﬂﬂ@ﬂ’liiNﬂfNﬁﬂﬂQﬂﬁﬁNul'ﬂuﬁ“lﬁu\?'ﬂ!ﬂll’]gﬁil ‘]Niu»?’]u'mﬂ

Y A vy A a Juy v v & = a g
Tu'ldidenyundosiiazindsld 2 yundes Tasyundosusmivaziluyuiyana@udin
£ ° o o aan d g : a o
ndoe avzi i Idiendnus lundh @/a uag Hide nagluunaesyanaszi@uiudiudie

[ 3

@ o @ Jaa a g @ ~
Tinundeszi I diendnualdnn dnvuzms@u uas fide dweasluzili 4.5 uas 4.6

MNRNY

Y

510 4.5 uaaddIdimivesynaai@udivindes



55

v d a

JUN 4.6 uaasIdimivesynaamuiudenundes

[ ¢ o o
4.4 ranvaMl¥lumszydyana

= @ o o 79 Y ¥ ] =1 a a : 2 9 o
N15NIZATIVTULAZAAUINDNANHD 19 198130 UsZANTN NI UTIdeIiIn1san
a PRy 9 9 @ o o a ~ [ ~ U A 9
usnanlFlunisdunuendnsal laginsavusnaniuninndseen li@denou e ld

v kA v
mAemwzSnunduyaramniugwaasluzii 4.7

i 4
3N 4.7 uamswamsaumnrasluygunmnsaes

d’ 9 a a o gy < o [ [ g 4‘{
mE)"lﬂmwwmnnmﬁ‘lumumaummmmiﬂmwmaﬂaﬂymma ] DDNUIUND

% v

; ; 4 a o d
114 umsisdnanadeli deliswazivoadail

4.4.1 mnlunin
P 2 a ~ @ ° Y] a a ¥
dioyanalsngiuneluvsnuiiithsz S szuvezimsdumuinaidulonih
I @ o s & o . @
Taold35msasresunnluniingle a135-wiees aeldinauelae Viola et al. (2001) Tausia

° - Y 9 ~ [ Y q’: = 1 =< 9
LLUﬂ‘]Ji%LﬂVI%%‘YI'IﬂTiLﬁUHEE’I'IWGI‘]JWLI1%1ﬂ§‘ﬂﬂ1w1’lﬂlu1ﬂm1ﬂu‘ﬂdﬂﬂﬂ Wonouvsvg 1 luns



56

a d' . y @ v

Aurvsnandulunild (viola  19vuia 20x20 e ldlunisasaresulunii) Tae
v 0 '

NIZUIUNITATINIVTUILHINTADUNIDUAUNT (Search window) MUTIlaluni1wnd

@ Y a - A o ] ~ o o v Y Aa '

anvazlndinsansamdounulunihinninga dmsumsauminmlunihnivinauanaig

v ¥ v
fuiiu awsonszi ldilesnndnenilszmnniuianuaiusnlun1snanssvens (scale)

Taiuednad daanslugilii 4.8

3UN 4.8 uamsmsauvnlumih

1ng1lii 4.8 die ldusnaddulundh mwuesluwissgnienoenuiesir1u 141y
Yo A Y v da o dR o q Y 9
ms38 uaziesnniilunisdumamluwhannszvudaimiteh aunevesnmlundly

Y a

1 = Y (LY A W v Y @
ugazn i nivina lindu deyanasgrainndesnmveslumiina iy ldselivuna
a g ' ¥ A Yy 9 4 A a a 9y Y XK o v
mannnmvesluniineylndndes esninyanaiimeamenmsaudinindes st Invuie
W Y o v o A Y Aa
o lnguu Tasvinavesmmlumihnasunnldivezitenvinaniwveslunihndivuia
v
Tngina 20 x 20 yanmn Mnsiuhnmluvdimn q aandSuvualdiivuramiing 20x20
A 3 Yo v ' a y 3
AN iHeInTupoulums i luninaelns siedssaminoy vinavesdoyavudn

Yy a s A o =
wAoIlvIANAINAaDA AuaAlugiN 4.9

31 4.9 uaasdredianmlunih

ami Iz 11 lunmsmsiSeuiveslnssivdszamitsuiearadunuusiaes

CY

o @ a o 4 @
Tuwdhuazdimsadanmlundhanianmisuduneldlunsszydiyana



57

aa
4.42 PNARD
v Aaa yadd'd 1 v Aaa Y [3 a ) s
MsasudR9z 1935 NG ennsns93udnd Taslsuuuitaetiaieg (Elliptic
y 3 aa Ag g v a &
Boundary Model) Tasmsadrsunuirassdiaildlumsasinivdnvaziiunsg dams
Y 4 [
usauez A laasiazsin/igld voever mldlumsmlanlsgidtazud lvilymluGes
A Y A A A a 1 & a
yoauasnannsznuunluniuaziiedadiaulasuulasegaasanar delumsnansanoe
a % L p '
15U UNI09A152n0VVEId (Cb,Cr  Tavaznsesnlszneumanadadniy) lavey
W03y 9 ganwiganmlaiia cb uaz Cr egneluvouvavesisinieli dregnivly
14 ]
YoulwAvedsiuaasnuInaiuiudai eguenveviwaisiuansin lilydds ivens

=2 a ad o d'
uanawavsaninalulsgid RGB Awaaslugiin 4.10

510 4.10 vaasdrg AR lus2UUE RGB

de'ldusnantludiiudl seihmanuinsmiauaay Tasarvesdnineziiil1¥luns

o w

o -] gy 1 o 1 \ o L
Fvyanativzilusmives Cb ey Cr Tasliimeniuadng (v) nldlumsisdyana
Y

nniuiaves Couaz Cr  Aldliiunszuaumsisouivesinssiivlszamiisuie

° aa ° [ an Aa v Jdo v Y
afHafunuuiaseiin uazdmsanadeyadriinnidimisuduieldlumsszydynaa

443 MWANYUTMIAY
o a A o o ¥ ) ¥ P 4'
anpazmsaunldlumsszyiyanatiuszldnnunielumsdnnnunniga lae
o @ A = aa o Y 9 ﬂ ° A A o & 9
nMmssumsndeunvesyanannIaimisudiaiuinieg 60 nmnaeioany deezldom
[ T @ 4 < aa o a o <3 H =
Tumsasaeiv liuinda ieeninanuidrvesnnianmindinisinuiuldaanusan
v ' v ' v
25 M/ aiuhgan i lduiinmsmmanunhelumsdnnunnigamas Tasi
' v v v
manunhelumsdnunnnnigaluaazsaihimsmaunie lasdunsunisninng
k4 v
ahagegaineznanludiuvesmsszydiyanadisanyuzmsau 3UN 4.11 1aaInIwia

o o a o 9
NAUIAUH UV



58

ti @ ' a v 9 @ £
E‘lj'ﬂ 4.11 MNAIBYNNMTAUNUVNNUNADY

' Y Y 3 < T 9 aa o ~
manunhlumsinngegainazinuegdvesdoyanieada awaaslugii 4.12

54 55 56 57 58 59 [1] 61 62 63 64 65 66 67 (1] (1] 70 n n 73 T4 ] kg 78
I I 1 | } | l | I | 1 | | | ] } I | | | Il | | | ]
I T T T T T T I T T T T T T T T T T T T T T T T 1
L 2 P 4 * —oso0 o9 *—20 60—+ —0
15 19
o Seee—0 *—o——0
11 3 20
*o—o—0 S er—00 9 S0 —— 0
13 : J 4
*—————@ o0 " —so——
14 £ 3
12 - 3
W o el )
10
oo
17
s——e—0

31N 4.12 wanadavesnuninlumsdnuesyana 20 au

Tudause livziiludiunaes Aedruvesnsszydynnalaelfiuuiiasyanai
Yy Y uyg 1 . o . Hq v < = 8 4
18adr9 13 ludaunsn uazdrwvewuusnesdivvnsnlFlumsnuendnysifde uaznad

] 9 q" =3 = d"
ﬂlflﬂlmﬁzuﬂﬂﬁ‘lﬁ‘ﬁ?ﬂﬂﬁ Tagsroazivoniinedl

Yo [ o U
4.5 ﬂ]ﬁgﬂ‘l!!ﬁgﬂ]'51'51]1]?\1!“]1]%1@9\311314‘“818

3

9o o Y @ 4 3 o @ Sy Y a 4
1uﬂ155mmuﬂﬂa 5z‘lmil‘;:mmiﬂummﬂaﬂym%muuuuflﬂaﬂumﬂ"lﬂ‘lﬂamiwﬁ

° a a v Y 0 a4 9 Yy & 1 dyy
wazih Wulssuisududeyalunnusiassyananadnld gemnldvninisasssaousy
~ T o 1A a o @ dq’;’ v 3 o
Sonhannuiiule Aedlumhszuuiinnuiulyluwendnusiiu o Jufluyanala smiuh
1 ) { @ o Q’l‘ @ 4 o 1 o {
amanuiulei ldnnendnysinmuausiuiuierhuimaanuiuleswuesyananuin
v ' v ]
fiqe AeuRisyuuzszydnmaasenuyanatiuiiuyanale uaziioszydyana ldudaee
A o J 1 Y o A o V! ° ' A ]
iuenanysiauvne laun fide uaz a1 vesyanaiiv q Bluwuusaesdiwvneine1d

1 ) £ o d‘ \ 3 S = o d’l
tﬂuﬁ’;umuium‘a‘nummm muﬁm"lugﬂ‘n 4.4 Taounazdunouilsiazidoaneil



59

451 myszyMiyananelunin

g

@ 14 9 o _ad Yo Y ' = 9
miizumuﬂﬂamv%ﬂm%zunﬁmsgm 'J'l!ﬂﬂaﬂ'JUIﬂ5\1‘111U1.|5$'€T']‘Vllﬂﬂllw1u1
Helumsihinmlundhveaazyana Tmmwi’fauammuu%wzi‘lumwmaﬁ (gray scale)

A PR aa o ° o a =
mﬂﬂ%1ﬂﬂ1W°ﬂVlﬂM1%1ﬂ5w‘1J‘lJ'Jﬂ1’lﬁu°lf\1'ﬂEJGlu5$‘U‘Uﬁ RGB mﬂmmnmmﬂsmﬂauuisuna

d@onou dwanslugii 4.13

U 413 naanmlundinrmiumsdsod

v

anan1wm°16i’5"1umiLsngmaﬂﬂswmﬂiwm‘wmvnuuvzuﬁwm 20 nqu Tagusay

Qe

9y
U
Q
U 9y Aaa o Y
nquezly 134 ﬁu'lumsssﬂugzLawhmwiuﬂmwu;nam" 10 MW sariudeyanwitldly

msfs'aui’ﬂumszuuiﬂswwﬂizmmmmzumﬁu 200 Foyaniw uazdeyanwiildlums

Haw ¢ _Aav ddaw ¥ 0o q Yay =q 9
NATOUILNINNIATAN 5 IaneI Ianmias 4 Yayan i h IniideyanmilFlunsnadeu
v Ed v
nadu 400 nw azdmualddiuausevvesmsiGeuivesinssiinlssamiiouegh 100

59U Awaadlugn 4.14

s il s T s LNl s i Ml scsssctcsititize. 170,
[Jan k| Face Recognition Using Neural Network (Multilayer Perceptron) °
SEN8 Spdeehow
SR,

INeural network with 2 layers

{400 units in input layer (equal to number of pixels)
160 units in first layer

20 units in output layer (equal to number of classes)

200 images in training set 400 images in test set

ﬂﬁ 4.14 u’dmmmUusﬂmﬂﬂswwﬂsmmmuu

dieszuushmsiSoudiduiGoudeonds szuvzihminageuiidnnnnuianainvesnis

° [ 1 Yo a 4 ] 4 [ 4
Fiufludaswinla $5Aawanannsdl nieluannsoszy18insdl dwaaslugilii 4.15



60

[_fsepis_| Face Recognition Using Neural Network (Multilayer Perceptron)
< asere Recognition Error on test set 24.2% (37 wrong cases on 400 images)

X
Recognition Error on test set 24.2% (37 wrong cases on 400 images)

Misclassification 24.2% (97 face images)
Rejected 0.0% (0 face images)
Training time: 2 min, 30 sec

Green color higlights comedt class or imege, Red color highlights wrong class or image
‘Yellow - image rejected. person considered as unknown
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Neural network with 2 layers

400 units in input layer (equal to number of pixels)
B0 units in first layer

20 units in output layer (equal to number of classes)

200 images in training set 400 images in test set
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R ;] Face Recognition Using Neural Network (Multilayer Perceptron)
stat sideshow | R@cognition Error on test set 24.2% (37 wrong cases on 400 images)
Recognition Error on test set 24.2% (37 wrong cases on 400 images)
Misclassification 24.2% (97 face images)

Rejected 0.0% (D face images)

Training time: 2 min, 30 sec

Green color higlights correct class orimage, Red color highlights wrong class orimage
‘Yellow -image rejected, person considered as unknown
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Face Recognition Using Neural Network (Multilayer Perceptron)
start sideshow | Recognition Error on test set 23.5% (94 wrong cases on 400 images)
_ XBit |

Recognition Error on test set 23.5% (94 wrong cases on 400 images)
Misclassification 23.5% (94 face images)

Rejected 0.0% (0 face images)

Training time: 1 min, 41 sec

Green color higlights correct class orimage, Red color highlights wrong class orimage
Yellow -image rejected, person considered as unknown
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Face Recognition Using Neural Network (Multilayer Perceptron) * m Face Recognition Using Neural Network (Multilayer Perceptron)
Recognition Error on test set 23.5% (34 wrong cases on 400 images) st Sideshow | R@COgNItion Error on test set 23.5% (34 wrong cases on 400 images)
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i) Face Recognition Using Neural Network (Multilayer Perceptron)
st siseshow | R@COgNItion Error on test set 23.5% (34 wrong cases on 400 images)
X Eat

—] Face Recognition Using Neural Network (Multilayer Perceptron)
st Siseshow | R@COgNItion Error on test set 23.5% (94 wrong cases on 400 images)
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raining set for class "Nok" raining set for class "Oat"

est Face Image (class "Nok", test set) est Face Image (class "Oat", test set)

Recognized as class "Park" Recoinized as class "Ann"

IMaximum response 0.99, uncertainty 0.14, rejection threshold 1.00
Recognition result: MISCLASSIFICATION Recognition result: MISCLASSIFICATION

Output of Neural Network. Each bar represents confidence strength for one class:

response 0.99, uncertainty 0.37, rejection threshold 1.00

.{Output of Neural Network. Each bar represents confidence strength for one class:
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Abstract: This paper describes a method for vision-based person identification that can detect, track. and recognize person from
video using multiple cues: height and dressing colors. The method does not require ¢ ined target’s pose or fully frontal face
image to identify the person. First, the system, which is connected to a pan-tilt-zoom camera, detects target using motion detection
and human cardboard model. The system keeps tracking the moving target while it 15 trying to identify whether it is a human and
identify who 1t 15 among the registered persons m the database. To segment the moving target from the background scene, we employ
a version of background subtraction technique and some spatial filtering. Once the target is segmented, we then align the target with
the generic human cardboard model to verify whether the detected target is a human. If the target is identified as a human. the card
board model is also used to segment the body parts to obtain some salient features such as head, torso, and legs. The whole body
silhouette 15 also analyzed to obtain the target's shape information such as height and slimness. We then use these multiple cues (at
present, we uses shurt color, trousers color. and body height) to recognize the target using a supervised self-organization process. We
preliminary tested the system on a set of 5 subjects with multiple clothes. The recognition rate is 100% if the person is wearing the
clothes that were learned before. In case a person wears new dresses the system fail to identify. This means height is not enough to
classify persons. We plan to extend the work by adding more cues such as skin color, and face recogmition by utilizing the zoom

capablity of the camera to obtam high resolution view of face: then, evaluate the system with more subjects.

Keywords: Person Identification. Active Camera, Pattem Recogaition Image Analysis.

1. INTRODUCTION

As the need of intelligent system for security and
surveillance grows rapidly, it becomes more urgent and
important to blish viable methods for ic person
identification that can detect, track and recognize persons in
real-tume. Our goal is to develop a person identification system
that can detect, track, and recognize people from video vsing
multiple cues such as face. shape, clothes, skin color and gender.
The system must not require constramed target’s pose or fally
frontal face image to identify the person Our underlying
motivation is to develop an sutomatic system to guard a
watched area such as offices. dormutories, apartments, etc. The
system is responsible to detect target that approaches the
watched area, then identify the target If the target is known
person, the system put the recognition result and time stamp on
the entry log file. Otherwise, it sends alarm signal to an
authornized person via instant message over the network or SMS
message over the mobile phone.

The main focus of this paper 15 on the person identification
from unconstrained video part. First, the system. which is
connected to a pan-tilt-zoom camera, detects target usmng
motion detection and human cardboard model. . The system
keeps tracking the moving target while it is trying to identify
whether it is a human and ideotify who it 15 among the

gistered p in the database. Ths ¢ identifying
while tracking can provide a significant benefit as ioned in

and body height) to recognize the target using a supervised
self-organization process.

The orgamization of this paper is as follows: Section 2
reviews the literature related to our work. Section 3 describes
our proposed methods in seg ing and identifying person
from images. Section 4 presents the experiments and results.
Finally, we conclude the work and discuss about fature works
in Section 5.

2. LITERATURE SURVEY

In this section, we review existing techmques relevant to the
problem of detecting. tracking, and identifying people in video.
We divide into 3 subsections: first reviews person identification
techniques. second reviews methods in detecting and tracking
human in video, and the last subsection discusses about works
that tracking and identifying human using active camera(s).

2.1 Person Identification
As one of the most successful applications of image analysis
d ding. person identification in video has recently
received significant atteation, especially durmg the past several
years. To identify a person, most of the eardy works focused on
biometrics such as fingerprint, iris. and face recognition
However, fingerprint and iris require the subject to directly
interact with the segsors. This limits the domain of applications

[1] as inuity of idensity. To segment the moving target
from the background sceme. we employ a version of
background subtraction techmque [2] and some spatial filtering.
Once the target is segmented, we then align the target with the
generic human cardboard model to verify whether the detected
target is a human. If the target is identified as a human, the card
board mode! is also used to segment the body parts to obtain
some salient features such as head, torso, and legs. The whole
body silhouette is also analyzed to obtain the target’s shape
information such as height and slimness. We then use these
multiple cues (at present. we uses shirt color, trousers color,

Face recognition seems to be more feasible in the sense that it
uses passive sensor. For exhaustive surveys of face analysis

huiques, the reader is referred to Yang et al [3] for survey on
face detection and Zhao et al. [4] for face recognition survey.
However, most of the typical systems work on static
high lution frontal face images. These are not feasible to
some application domain such as surveillance. In surveillance,
people might not need to know they are observed, and cameras
are usually placed in distance from the subjects. In this
circumstance, obtaimng high-resolution frontal face images are
very difficult. There are typically two approaches solving this
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problem. One uses other cues such as shape and gait [5.6] to
recognizing person. the other trying to model the face n
multiple views [7-9]

2 Human Detection and Tracking

Humzn detection and tracking have been very acm e area of
research in the past two decades. Two compreh e surveys
of computer vision-based human motion analysis have been
published by Gavnla in 1999 [10]. and by Moeslund and
Granum 1n 2001 [11]. More recently. Keataro el al. [12]

d a new lar-based probabilistic p for
msual lnckmg Theu approach, called Metnc Mixture (MI)
comb d ges of lar-based models [13] witha

problb;hsuc framework um'oduced in [14] mto a single

babilistic plar-based paradigm. Sullivan and Carlsson
[lS]pxesentedamzlhodmmognmngmdmckmglnmnm
action. In their approach, view-based activity recogmition
serves as an input to a human body location tracker. By
recognizing the image of a person’s posture as corresponding to
a particular stored key frame, they then map body locations
from the key frames to actual frames using shape matching
algorithm based on appearance similanity.

2.3 Human Tracking using Active Cameras

Recently, many researchers have been workmg on active
and multiple coop This approach takes benefit
of multi-scale imaging. Using wide-angle or stereo cameras to
segment and track target in video. then use active camera(s) to
zoom-in to captuse face region for identification. The works in
this category include work done by Peixoto et al. [16]. They
use a wide-angle camera plus a ground plane assumption to
estimate 3D location of the object. Then, the object is tracked
using a buocular active camera. Anotherv. ork done by Collins
et al. [17] uses multipl to detect. track.
and recognize person. With multi-view images from multiple
calibrated cameras, they can estimate 3D location of the target
using ftriangulation and groundplane assumption The closest
related work in the literature we found is the one proposed by
Hampapur et al. [1]}. Their goal 15 to build a system that can
answer the “who is where” queum'l'hmsynunmes o
static ¢ for wide baseline stereo to est Dp
of the subject’s head using triangulation techmque Then
another set of two Pan-Tilt-Zoom (PTZ) cameras is used to
zoom in on the moving target and catalog the face. However.
they did not mentioned in detail about their method in
identifying.

3. OUR APPROACH

Qur approach use only one PTZ camera connected to the PC.

The camera is mounted and points to the entrance area of the
lab. Once it detects motion. it will keep tracking while
identifying the moving object. Fiz. 1 shows a block diagram of
our system. The processes are dwuled into three phases:
initialization. ion. and identifi phases.

3.1 Initialization Phase

In this phase, personal models and background models are
constructed. To build background model, the camera 1s panned
in certain step while capturing background scene: a simple
pancrama background model is then constructed. Fig.2 shows
the background model. Inthis work, background modeling and

background subtraction technique proposed by Horprasert et al.
[2] 15 used.

[ Building Person Models ]
Initialization ll
[ Lesrming Backgromd

]
L Backgsound Subtraction

11

Tracking Blob

Segmentation [

]
)
i
)

Identification Recognize”

Yes

() [

Fig. 1 Block diagram of our system.

To comstruct initial person models, we capture video seq

of each subject while walking into an observed area. The
system then subtracts the input video from the background
model. Result of the subtraction 1s shown in Fig.3. Then. the
cardboard mode! 15 used to segment body parts (details m next
subsection). The color of torso, color of legs, and height are
then registered as feature of the person. We then iterate the
process, until we register all the kaown subjects.

3.2 Segmentation Phase

This phase concerns with detecting and segmenting the
target. At running mode, the camera is initially set to watch the
entrance area of the room. Whenever, there is a person come i
the scene, the system detects it using background subtraction. A
spatial median filtering 15 employed to clean some erroneous
segmentation. Connected component analysis is then

91



Fig. 2 Background model.

Fig. 3 Subtraction results.

performed. Only big regions remain. A simple cardboard
model [18] is then used to verify whether the segmented region
is person-like. While identifying. the camera keeps tracking the
subject with Pan-Tilt capability. This enhances the identifying
efficiency. The cardboard is also used to segment salient body
parts such as head, torso, and legs. Subject’s height, torso color,
and leg color are then computed, taken as a feature vector for
this subject. Fig 4 shows a result of body part segmentation

Fig. 4 Body past segmentation result

3.3 Identification Phase

To recogmize the subject, we utilize feedforward
backpropagation neural networks At cutrent version. feature
vector composes of 7 values: H, Tp. Tg. T3, Lp, L, L3, where H.
T. and L are height, torso. and leg orderly. R, G. B are typical
color dimension The networks compose of 3 layers with 7
input nodes which comrespond to the feature wector.  The
hidden layer contains hidden nodes that are fully linked to the
input and output nodes. The number of output nodes are N+ 1,
where N is the number of register persons. The other node is for
“unknown person” answer.

4. DISCUSSION

The preliminary system was implemented using C/C++ and
OpenCV library running on a Pentum4 PC. The camera is
Sony EVI-D100 connected to the PC via a frame grabber. To

evaluate the system. we tested it on a set of 5 subjects with
multiple clothes. Fig. 5 shows some of the traming set of data
and the segmentation results. The recogmtion rate is 100% if
the person is wearing the clothes that were leamed before. In
case a person wears new dresses the system fail to identify.
This means height is not enough to classify persons. Other
available collateral information that we can extract from image
such as skin color, gender. face, or speech may be used in
enhancing recognition.

We plan to extend the work as follows:

* Working on more sophisticate background subtraction
method from moving camera video sequence. Example of
works in the literature include Sugaya and Kanatani [18).
and Bartoli et al. [19].

* Adding more cues; skin color and face recogmtion by

utilizing the zoom capability of the camera to obtain

high-resolution view of face.

Evaluating the system with more subjects.
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