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A Study on Monitoring System for Pedestrians at Crosswalks

Student: Chi-Cheng Chiang  Advisor: Dr. Sheng-Fuu Lin

Institute of Electrical and Control Engineering
National Chiao-Tung University

Abstract

Real-time pedestrian detection using video sequences has myriad applications in the
intelligent transportation system such as traffic monitoring and traffic signal control. Many
methods have been proposed for the .detection of pedestrian. However, as the number of
pedestrian and the amount of their occlusion-increases, the system performance degrades.
According to the properties of pedestrians at crosswalks we propose an approach to efficiently
detect and track pedestrians in the crowdedsituation at crosswalks.

Generally, the pedestrian will_pass through theroad from one side to another side of the
crosswalk. Therefore we only detect pedestrians on the both sides. Once a pedestrian has been
detected, the system will start to track the pedestrian. Then we can know the location of the
pedestrian at any time, and the computation complexity can be reduced. In addition, we set up
the camera with the direction perpendicular to the road. In this way an advantage is that the
pedestrian's image will be about symmetrical. This characteristic will be used for recognizing
the pedestrian. For detecting pedestrians the system searches human head shape in the edge
image first and then uses the fuzzy inference system which combines several pedestrian’s
characteristics to judge whether it is human head. That in some situations edges are not
apparent makes the above method inactive but the isolated pedestrian can be detected by human
shape contour. For tracking pedestrians the system exploit the color histogram match. The next
position of every pedestrian can be predicted by infinite impulse response filter. The
experimental results show that if the light is not too dim and the crosswalk is not to long, then

the proposed method has good performance on detecting and tracking pedestrians.
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PR bAp T A T ARE B A7 e e BALY R BRI A BP0 2
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A AEATARE S 6 e BAE IR LY - BB A P S
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TLM G LGP F ARG RO TR P pE, R E KNG (FA S R AR
R P AR R AR R TR AT A FARE e

T AL kg G TR0 3F

Ryp 3t - BIrEafgidai A 74

ok

SHR e LT PRI AR RN E O F L FAFEOEORARG A
MR A 0 D Pl - R R A2 R BT A R A TR
W o BB AR L Awa P 74 TARE A AL L ehAT
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Boahe FIE &3 PoT e @0 Tl - BB USRI 2 o
GAmEAS - R R R FATARE A GRS RN AYZ 2R
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B AR AT R B

AT @ DR RJTHTI R B A k- Bt R S Emp > A
Pk et ARG R - TR D AR A T AR 74 T ks F A
FOR G RIS T AL AR A e D S e o - BC
FIH LA FERE T LA A

- RS cdp M B A 201 & (R wlEAcit o ol kAL g B 2.2 17

H g o

¥ e e

¢ $5 2 B @ & (imaging geometry) ~ :f % ¥ Bl - & 53 B 3% (color space
conversion) ~ 14 2 A} fi B e T AD B HATHR- € Bt SR o doie BAp i R T

BRI E R Y R hz B > HEFE BB 2 s T T E £ &

0 S TR P o LR AR ISl el T D A SR
Fas o FRERT I RS DA o I F U FEET L E Iy D
B Aom st o A EEEE T 45 I F A i o

SHAPEE A2 SFE F SRR 212 B D2 B A 213

SaE 0 S A 214 HFmp o
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211 &GS

B H adp s R IZE * 4434 4P #8653 (pinhole camera model) & PP [25]

v - fﬁﬂﬁﬁ?)fﬁ%’ﬁ:i] » hofE) 2.1 ° ;%EJ 0= ﬁ-_l]j IRV E SN [ ?"a’ﬁ,ﬂf.‘j—iﬁ,ﬁ

it

$e(world coordinate system, WCS)£? 4p 4 ¥ L & (image plane) i 182 & chbf % » 4o
Bl 22 Bk- Bz aRiEgi(xy,2) @

Bt 6 RS y) 0 R
Zar MR R G AR T

2.1)

v,y
A
U, X
¥t 5

& ‘-} SN
LA S
(u’ V) //

W 2.1 $3tdp ) -

£ §E ~

PRESSNEL

.//]

FE AN,

B 2.2 4pin= &2547] -
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AP T (camera calibration)sni & 1 (T8 & 35 D Ap S ~ o 30 L o PN

S ¥ d 5 AP ch & FE ~ 3 & Bh(principal point) ~ & &L 4 #ic(skew coefficient) ~ 1 % £

\

B[25] i Sdcie dpRpr £ T T IR Sdiee 7 WCS 2 498 & % % $i(camera
coordinate system, CCS)z fF ei>#4 % *xif » o S HEE " TFAP L 3
e e 2 E - Az BFald 7 d - B 3x4 i AR P L (perspective
transformation matrix)M % 5= > £ m;~my~m3 5 M= B7w g 0 £ P=[x y z 1]
% WCS ¢ - ghev = J f&(homogeneous coordinate) e £ 355% » B v A8 HT &

B AR LRV
u=(m -P)/(m;-P),

v=(m,P)/(m,-P). 22)

ME- Bd L - Bipip FBoTA- e > At 4 S - B RCEI[26] 0 B R H
= BAPES Sl BEE S A B BE p(uo, vo) o T #(pan)sdk B a ~ BWR(tl) & B B
T (yaw)ihk By ~ 1 E Co¥ 0 2 BepEdt H, > yoB) 2.3 “777 » B3k sui ¥
A 4RI AR A T A ERE E MR E 2B > £ CCS(E R A tRdh Cy~ Cy»
A Cpenh gk Co(Trig s ? )iz WCS(aE LR EFh X~ Y~ 112 2)en i 8 O
L S B R ,T&{Co w Y bt HRTXT T g AP AL T 5 (ground plane)
Mo FHFYMEFETEDLER SR HFXWMEFGRE LR y S HEFZ

PhE AR A B o M AL S

0 u, O
welo 7ol [F 7]
0 0 I 0 01
n, 1n, 1| [ca-cy+sa-sPosy —cB-sy —sa-cy+ca-sf-sy
R=\r, n, r;|=|ca-sy—sa-sf-cy cf-cy —sa-sy—ca-sP-cy|, (2.3)
By Ty ] | sa-cff sp ca-cp

T:[tl 2 t3]T =[0 H, 0T,
He ca~sa~cB~sp~cy~11% sy ulitdcos(a) ~ sin(a) ~ cos(B) ~ sin(fB) ~

cos(y) ~ 14 % sin(y) °
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C
’N‘CZ

Cr He Cx
A X
‘\‘///v 3D ¢
0 BTG
v
Y

B 23 WCS 2 CCS erfp¥i=% o

Jfr:;}fgi[26] y A E T U E I e B S AR e

- AEWCSY hiEz - B3P FHE REBLP BT 6 nf g £l

=

W- Bx P BAE WP BB G U P i) & BR(vanishing point) ¢ d 5t

FQ22)M 2 (23) v EI A B AR T e AR

[f.rlla‘l'rlzb"'rnc_,_ f.”21a+rzzb+rzsc+v0j’ (2.4)

b AL b
1310 gD 1 8 1310 + 1D+ 13C

A [a b c]iizeT 78> » »E (direction vector) o 3K ' 711 WCS

HZ BD A XY E ZANELZ BT FRG B p R W

It

£ e BlabclA W E[100]-[010]~ 22[001] RI= B ) 4

B Vo Vs 10E Vod 3 Q4T AN ]G

V.= ,v,) [ i L truy, 21Jrvoj,

31

Vy:(uVy’vV)) ( 12 +u r22 +v0], (25)

32

_ s N3
Vz_(”V__’VV ( — T Uy, +V0],

33

AP B AR TARD X i) A g
TNz BIALER _rf’J,ﬂ =3 f—'&é’—»fi i’n#,,?;‘!’—'qj &Iz & ﬂ} v H e (Qrthocenter)"f'l" %

iR B o) 24(b) T o
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FRZ D AWCS? Zd-Ta I dF i el mam B4 ge aigTe b
Aj - R E S FE G4 M (vanishing line) o de % gkt T FRAT {70 T
B0 B A5 ) 2 LG # T M (horizon line) > 4o ] 2.4(b) T o

BHr KT RE W TR (B 240)H0)E N T Hehi By o

@ — (®)
Bl 2.4 417 % s i mwﬁ%%ﬁmwf (a) RASE 5 (b) B i) % g s

BE S UE B TR o ” -'.

LTRSS A R B fﬁ#g%gﬁmﬁﬁ?'
HF- I WCS ¥ chz w3 Ap T (74 KA Z BT AP 2 ) % B Vs
Vi~ 10E T o
HE- Ll b B R BAE
BBz o P BN T Rgt Ry

HIE L hek y EAF 0 d X3 (23)0 2 (2.5)F

= f-cot(a)/cos(f) +u,, (2.6.1)
v, =—f-tan(f)+v,, (2.6.2)
w, =u, (2.6.3)
y (2.6)
= f-cot(f) + v, (2.6.4)
u, =—f-tan(a)/cos(B)+u,, (2.6.5)
v, =—f-tan(f) +v,, (2.6.6)

483262112 (2.64) KT 5
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S =0, =)y, =), @.7)
d N FQR62)12 Q27 REBLE
B =tan" (v, ~v,)/ ), (2.8)
# N3 (2.61) Q27 1% Q2.8) KiFa i
a=cot” ((u, —u,)cos(B)/ f), (2.9)
124k 2 2 L 7 %44 (cross ratio invariance)[27] > ¥ 2 {8 7]
H . d(.0)-d(x,v)

=1 , (2.10)
H. d(x,c)-d(x',v)

[&

YeBl 25 2 vy E LB Tg 3oy A HE 4524 WCS a3
Bod)s s B a2 B aged d 83 Q2.10)7 £ H. 4ok y 2 30 F
PRI GEF R B ey & & KT RJer TMRI Ap T 7 I
ATRGT R A TS F B wald W A BT S s ug vy al s fs
y'=0 -2 H > pERWE Gend@ic s f=f" >~ u,=ujcosy—vysiny

1o ' s —_ _ N _ "
Vo =Uysiny —vycosy s a=a ~p=p vy=y ~ 112 H =H)

B25 35 E3RaOTLE -

2.1.2 B4R
G A - BRBLF e PR E I o < F B Sk R oD

FARE
AALEIA* HRGFE 3 @ 5[28] B 2.6 3P T2 BA o B 2.6(a)d - B
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F_*

B4 BT R e o B 2.6(b) L0 F kT gy S 1216 B W 2.6(c)

21

ﬁm
=1

Blen- Fp e b- P EEHR DR T NG arh o

FieiE

_‘m“ 230
i:f‘
» ™
* 210! ';S
|
¥ iz ¥ s
(a) (b) (c)

B 26 - BR* BT L 3 TR 5K PIOGF o (@) WFFR T (b) s F KT HF
Fo RO FER 5 B 5 () AP o Blen— P o

Whad ¥y - A% 7 FFigik(spatial filtering) K F 3 - 7 Fipk £ 3 FiER
(spatial mask) & B g2 P G * (eI @ & > EEH E o S8 gl B) >
mEE AP F L 2 Bk B(spatialfilter) o 5 B jaik BF A 8E A AR B 2L
AR E > RIRA B AR LR B o B T e Ry
GE AR I 278 - B H3x3EY CE* g, g, . g E Y
T R ARy RISUEE Y AL

Res, =w, g, +w,g, +--+W,g,, (2.11)

B 2.7 24 = d thlicen— B 3x3EL o

BRI R ¢ Bk % k Rk 2 £F B (gradient) 0 ¥ - B Sk

Sy fry) iR TR - B £
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G)C %
W:LJ: | (2.12)

IVf|=[G>+G,*1", (2.13)

D) RS RN RS R R N T

Vf]=1G,1+1G, |, (2.14)

PRV, Ly ™ w d o d o 8447 4o

a(x,y) = tanl(%), (2.15)

y

e g b Efpfox g & o 283 (2.12)¢ BT T b5 sk
T KT AE T Y Sobel % ik E o Sobel E B G A EEG £
Fx Tk RE o B MO A % St Sobel W F i i vkl ik B

Ul B4 sl 4o B 2.8) 5T BAfR S 20 2, A Sobel i ¥ i Hc L

G, =+ 2z +25) (2, + 22, +z,), (2.16.1)

2.16
G, = (z7h 22, # 25y =2, +22, + z,), (2.16.2) (2.16)

B 2.8(b)11 & 2.8(c)A W] 5 x 11 & y i Sobel B ¥

y Z 2 23 -1 -2 -1 -1 0 1

7 Zg | Zg 1 2 1 -1 0 1

(a) (b) ()
Bl 2.8 — B 3x3 R T o Sobel Y o (a) FEFE (b)) * k7 E G

EE (o) * kPE G Y -

i

bk e R A G R B R R A PR

LS AR B 298 - BERRRSHT o B 29@) LR B
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B 2.9(b) £_® 2.9(a)## = % Ff {6 e > B 2.9(c)EF|* Sobel g ¥ 5 I i %

oo B 2.9(c)BE 7 & A Bfid Wifr b E B R ARRI N K > B Ed 0

P S AR e 0 LB B A T o 50 R enff 4R > & JF - Sobel
WY AW RG~ R Bend 537 o d 0k R A R R 7 AP
B0 P RBE RG22 B K A B E IO g RE A £ s

BE At LG - A R S A A B29]50 2 F A TR

Gr, Gr,
J=|Gg, Gg, |=[C] C], (2.17)
Gb, Gb,
He
Gr, —g—R,
o (2.18)
oR
Gr,=—,
oy
FR¥ 8 Gg, ~ Gg, ~ Gb, ~ A Gh, > B R 1 o % LT 5503
tan(20) 2445°C, (2.19)
an = , .
AP -IcC, P

PR xR T NS
m® =|| C, |F cos’(@)+2-C, -C, -sin(#)cos(0)+]| C, |I* sin*(0), (2.20)

B 2.9(d) 2 494E[29] 17 chifl 5 B (e o

== n

(a) (b)
B 2.9 " fhRlFES o (@) R4 Bios (b) ARG (©) AP E ik
184 1 (d) ¢ BB o
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213 ¢ $i7 B
57k endid AR E R F B D 03

~ L d BT L IF S
RGB ~ HSV ~ 17 2 YCbCr[28] > mv K€ i % T _RGB ¢ 4203 4% 5] HSV

11 % YCbCr & 34 end 477 B a4k -
B B Eid v%d v WE EFF P RGB I

RGB /¢ #:3| L4 = 46 ¢

¢ HA A AR &
& 48 & < i (charge coupled device, CCD)H#f 5~ 18 3| 232 . £_% RGB 454 7] -

% % ¥u(Cartesian coordinate system) » 4c ] 2.10 - — 4 d g

(0,0,1)

4 (1,0,0)

01,0 (33
G

B 2.10 RGB %% ¢ 127 -

‘4}

HSV 24 3l & A it - fBgpd s Flo At - fligpd 004 B
(hue) ~ 4#{ & (saturation) ~ ™1 % 3 & (brightness) k 2 77 « A B &2 ¢ * T & V U

2 Arfok S TR AT L

V=(R+B+G)/3, (2.21.1)
. (2.21)
= -min(R, G, B), (2.21.2)
(R+B+G)
YCbCr 7 ¢ $ioA)H#-d 42F 3 4 3! % & (luminance) £ 4% & (chrominance) vY
wRBE CbME CrEa BB E %7~ B RGB %z P 1‘“%}% CCIR601 & & e
TR TAHY ~Ch ~1E Crawd T8 54
Y=0.299-R+0.587-G+0.114- B, (2.22.1)
Cb=-0.172-R-0.339-G+0.511- B+128, (2.22.2) (2.22)
Cr=0511-R-0428-G—-0.083-B+128, (2.22.3)
PR G R BRA A S S E LR ST (A ] B R $][0,255]
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2.1.4 754
EE28]F 5 LN LB ET I K AILE R AR B e B iE
H % ho (BB o &4 (erosion) 2 W ¥k(dilation) S fE K A iF Y o TR
(opening) % B & (closing)if & §_iZ4 2 WIRiEA BiF F chut ¥ > ipw BE Y £ At
FEERP > T rhd g3 R RBU 2 G A B BTRP o
HAANE-BRAATE KA BEZ P a BEE > s 005
a=(an,a)) ™ % b=(by,by) > Bl A T #% x=(x1,x2) > * (A % 7w 2 » L& 5

(4), ={c|lc=a+x, ae 4}, (2.23)
BenF it * Bh w2 TH S

B={x|x=-b, be B}, (2.24)

A it g E

—HAATs &

4 =1{x]ve 4 ] (2.25)

‘f["Bmgﬁ_-g:Z\/ ,‘»AB k%t:f"‘ =
A B {x|xeA erB}

(2.26)
=ANB.
B - BB LA 2 F - BHAEPEL LB R AKB REE
ASB > T_&
4 ©B={x|(B), c 4}, (2.27)

B 211 - B &aap)3 > B 2.11@)7 % d s LR GenE & 4 B 2.11(0b)° %

dnAa EE A S B B211(c)" A d MirEiRasag s o

» b

@) (b) (c)
W20 R8EE (1) ReBBi (0) B0 BB E.
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BR-FGDELEL A2 F - FmE e B Rl A4 B BEE G
A®B > TE G
A®B={x|(B), A= ®d}, (2.28)

LR il & B B 21200)° & ¢ WM AR Pl & o

LA

E:

@) (b) ©)
212 WEEE - (@) WEDH S (0) FHEAA (0 WREE

Pt @y L) ne @y 2 »;g,%g B o SREE T A
A | 1 o bt

A i (A@ B)@B' (2.29)
;1 'g»f77§£ £°B ég. J‘*ﬁl '% T 5§ fT“E,:\a ﬁ -2 '§»9kA§‘ g x4 is 4l W o

%%ﬁ%?uwidfﬁﬁxmm%<1ﬁmo
FLEEMFEUMETLNF > 07 LRS!

AeB=(A®B)O B, (2.30)

jud

Y AZRGenE £ BERHEAF VAL DAL FH A GE R L B o
PEEET v R p g L2 BT

- BRGDEEATEREE F f(A) E T2 FILEHRER A

-

1~
FE L BBEE A RS Afer enzBz BFeni b T

p(A)=4-(4 © B), (2.31)
Bl 2.13 - B A HIHe|F 0 B 2.13(@)° A 4 N4 X FGenE & 40 B 2.13(b)

PR A LSRR EE B R 213(0)F A AR R o
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K] L

[T EH L

(a) (b) (©)
B 213 AP (a) B4Rl (b) BH~ %5 () #Fafd f o

BERpME2 gIARGFE AP hifF > 4ok 5 - EHp Pl g RS > H i
F23d AV hif RS s B pE g b AY Rl H AP hiE R fE po
BppBELPA? DG FREEFLATREL T c BRY AT 3EE AP
B sg > XET Y- BEpe MR g R NBD Y rg Ag

X, =(X,,®B)n4, k=123.., (2.32)
27 Xy=pBE- @Aim*f#’w* ax Pﬁm@xi ISR ER® T F B 4ok

Xk_Xkl > Ejla?-nlz‘ﬂ(ff{’ T A= X
\ f‘

2.2 fR iR, 4 kL
W dash b sie RSy s BNSREME o dop B gl MA 0 E ik

KA R AT A BAEPBEI ¥ - BERELT 2R HAEOESE A

FZBREET B A L REDABE S T A b o - BRI O kAR
ik A B OB 2.14 f7F > F UL G w B A E i K[30] Pl et

4 (fuzzifier) 5 2) #5k LRI E (fuzzy rule base) 5 3) #ioi a3 31 & (fuzzy inference
engine) ; 14 2 4) & Hoks 1 4 (defuzzifier) o Hioks 1 4 enat it 3 MM FE B
NERE A EE E AN T ER R B KR MR AT G ehar
2R ol AR 5 BRI AR 607 SRR A e R 1 R 6
R AL S 2 e R G Ao e TR N aio T w b R oh

R o v w B R (A (S -
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(x)
——f HoH s

H1(y) B Ay
3 1 B E—

A 4

ik fi 051 OF

ot ]

Bl 214 Hos & seenfk k%4 o

2.2.1 HoH

Bk 1 457 CARAL S - AP SE o d PR 2 2 PRSI B B £

R [30] = #% 7 ¥ 12 %_3& 7% 38 (universe of discourse)U ¥ - B Hks B & (fuzzy
set)d & :

Az{(x,,uA(x))|er}, (2.33)
He u ) AW E & 4 mﬁfi‘:‘% & #ie(membership function) » g, (x) & #®BU » ~
FxHER R ANFRAR AN R BE L4008 12/ = By Lih
i g, (x) ~ pp(x) ~ 1 E e (x) 3o B 2,15 0 3 R g A0 T

L ZAFE s

1, if x<x,,

U, (x)= x—xua, if x,<x<x,,

Xo—X,

(2.34)
0, if x>x,

#ij ~ 5 x, P* ehig s @ (membership value) 5 g1, (x) =1 » 4§ 2.15(a)

0, if x>x, or x<x,,
X=X, .

Hp(X) =952, i x, Sx<x, (2.35)
X=X,

—x
Yo~ Xq

if x,<x<x,

B9 g (x)) =1 4B 2.15(b)#7 ©
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3. Sﬂ']ﬁj—?%ﬁrﬂ{ .

0, if x<x,,
Ho(x) = %, if x, <x<x,, (2.36)
1, if x>x,,

B p.(x)=1> 4@ 2.15(c)#77% o

Hy Hp Hc
A A A
1 1 1
» X » X » X
0 xo xa 0 Xb xo xa 0 ‘xb xO
(a) (b) (c)

W 215 i Bl e[ @Z A0z £ (S

222 i RPE

WA LR B §.d — %02 IF-THEN 2558 cnichs 2R #r e 2 o 33 e fops 2] &
Mgk S o S B R[30] 0 5T P R ARR] D L RAF AN REK
(linguistic variable) : (x, U, {T", T?, ..., T*}, {u', 1*, .., f}) > B9 x E S 2
s U L@ # 0 I L% L % &kaF L & (linguistic value) » £
T(x)={T', T°, ., T"} » BIT(x) f- 5 x 3@ & (termset) 5 o/ AAp > T mﬁr’?@;ﬁ
Hoodok X AUR A wE U LE0,60]0 R ET HAT()={M, &7, §} -

Bd L RPN 7 2 FA SRR s B EORRR s
Tsukamoto fofs P » T A Rh < @ % G3E 2 N H AR

R:IF x is 4,..,AND y is B, THEN z is C,, i=1, 2, ..., n, (2.37)

. Gl . s D
';t‘! ¢ Xy e Y Az T“'\F\:' :& }\A%ﬁ'{’ TEIREET] B,' R Q’E\#E?‘f‘&x; () y'lj‘ 5z mé_\:‘?: &
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Boox, ., YR AP AN EU, .,V ILEW o
223 ks dms &
PR dash s | & A0k k Stenfhe > v E *ﬁ" e S ok e (71
Bl dagh Ak O T R R A AL AR [30] 0 T Y - B by
TP o e B AT
ﬁi%l)\lxisAandyisB

WP R IFxis 4 ANDyis B, THENz is C

Hoks LR R* 1 IF x is 4,, AND y is B,, THEN z is C, (2.38)

@?J iz is C
Bk ﬁﬁj »enficks B & 0 E ok 3 Bh(fuzzy singleton) o & 1B ks 2R s
R (firing strength) ¥ 12 & ] 4 7 5 i

o = Hy (%) st (V) and
a, =ty (X)) A g (V)

(2.39)
1395 Mamdani #74% ! e98 -] E483% 73 (minimum implication rule) » & {3 &3 & HoH
REC  Hpphods

1.(2) =y A i, (DIV [ A i (2], (2.40)
WMFEIAE VAR, LB R ABE Y Z R BFY o O hiE A

] 2.16 -

224 % Hop i B4
R AR E PR B AL DR ER L - PR E g AR

[30] < # * 3 o cohch AL > dedh Ak B R AR 6 7 0 LS HOR ARG



Wim FRrap I RS S I- i e A Land it 282 wa fi2
(center of area defuzzifier, COA)4 % & + T 33/% (mean of maximum defuzzifier,

MOM) > & Jy i * ¥ a2 0§ s 5 BLacp > AP iEd 0T st

N
z _ Zl_=1,LlC(Zi)'Zl.
coA~ N
Z[=1'uc(zl')

HY N4 ﬁi%l d1 e g i #e(quantization level) » z, R & % i BE B > 1 E pu.(z)

(2.41)

o R B E CHlFRE

g 2p] R
Ay Ay,

o 2R RZ

‘ ‘f '{,1'3 A
4,

< ¥

X

B 2.16 - BB ILHEL D] F o
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T A R EBREANE LD EARTHAE > 5 - R E T o B

RS Ry SRR B L AR SR R AR R R g
FARBEENE A TRESR A L 2 L7 G FP Ak R
BiF A Zd ki ¥ g oand BTGl 3 e R F P o

BR3P § PRt B A T Pkt Azt RIZ o A 32 &9 ¢ 4 Sapis
R = % o 533 & ¢ FHPRAEE AR T2 - 3459 € 4588 BRE
(color correction) » % 3.5 & ¢ FfE® KA E L enfiohdadh « o & 3.6 &3 p

Bh T A R A Lo (74 L_’f”lﬁw 3.7 &kt o

@31é54§&3&%#ﬁ’§%3&%ﬁﬂ?u9$%@ﬁ%oﬁ%—§

R 1% 745 AR AT R bR @I R S

FEBREERC {3 E - BEA TGS R T o AP REF RS S -
o BEREATI ARG MR E RS ERTT R ap ISl dad
= ‘hﬁ%: AR T R A B eiER A B % o AR F g d m B R

=R RE N RS LA R RS 4 SRR E R B
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s

FAIE 18 T

m
7‘#
IR
F_*
F
_
=
3
3
>~
),

oy
fs
>~
)
Ry
S
fo
-k
I
3
10
s
Qo
NEN
:;-
Pt
=
Qo

BIE GBS (T A EEG Bl o d BB P D a7 - A E 0 B
Frw T ARET UFREENE L NAR ERARLARH Y - BELE AP
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=

TR ApauE vl TR E R
Ib, (u,v) = median(I\” (u,v)), i =0, 1, 2, ..., n—1, (3.4)

He k& rad gi b~ %% RGBA 3%3‘1‘ R~ G~ 2 B4 £27 @F Ib,(u,v)

SRR SRS 2 N
(u,v) Btz d bk & £5% F A n L 20k PP
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L if [[{(u,v)=Ib(u,v)||> 7,

. (3.5
0, otherwise,
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1 (u,v) —Ib(u,v)||=\/(1r (u,v) = 1b,(u,v))* + (1, (u,v) = b, (u,v))* + (I, (u,v) = Ib, (u,v))*, (3.6)
90 7, £~ i § fpR E(threshold) » 3+ G5k & Ly #» B+ A%

i (u,v) Binde Bc(norm) < v % - §Rft B0 RIGZEE R W R 0 TRt 5 10 - BEE

FEY P FAH I B 3.6977 od Im¥ LEDDF [phE H4oT !
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p(u.v) {NA, otherwise, S
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J(Gr.(u,v)) +(Gg, (u,v))* +(Gb, (u,v))*,
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(3.8)

Gb,(u,v) * % §E (u,v) » 8 R~-G~ 12 B d {5 PGk T o i, &
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A B AR eEE S e Flo T d 23 (2.16.1) %7 B 3.7(2)4d F 3.6(a)
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0, otherwise,
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1, '(u,v) =1, (u,v)-(W/G), (3.13)
1,'(u,v)=1,(u,v)-(W/B),
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2R B g B 3.01(c) AW 3.11()i5d 5 (13T E @k @I i T L E 5§ ¢4
s AR 0 LR R R R LA S D401 RGB
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% » B CDH=0.481 > %i&d B 5]+ ¢ X g CDH B2 g CDH &+ o

Bl 3.14 %’ﬁ'—’&”‘f_r?l fé’"ﬁ?‘]}fﬁ_ﬁ e ) -
¥ ElEENA %

Ity N
" 1 -

P

18 19 20

9 01
R

(a)

20 20
w s
- -
&, =,
s s I
1.2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 nﬂ 1.2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 18 20

(A

(©) (d)

-

<

B 3.15 4 :F"_l;’ﬁ_ﬁ_"’ ]%]/WJ—;- o (a) ﬁ%)\?ﬁfﬁ@/?qﬁﬁg ;ﬁ%ﬁ,,ﬁ : (b) #}f_]}ﬂ]]\ 2R
ECE (o) Rz RT i > B (d) R RS R > @ e

3-15



i p

9 10
R

(a) (b)

dep
#

s
2 Z I
‘ 1 I II
- I PR S PN , ; l s o , I
1.2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 oﬂ 12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
"
¢ g

() (d)
B 3.16 2 EEchE > B3 o () @‘])\ﬁ [ = rﬁgjfal?] (b) #FFIN Rz
*@%Qﬁ@ﬁWWWWWE(Q%ﬂ“M@WW1@
E|&
=) 1

1
1

Bk RO R, T 4 oL méwL* L IR R R L R
Bk %ﬁﬁ‘Tamﬁwg%@’ﬁ&%%Tﬁ§%$3W%ﬁ3H®P
#0013t 5 CDH #1E = end > Bl AR TR DRGSR v » BB &
AP~ Bl BEART F 3] (VS D s
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(b)
B 3.17 AR AT A PengEd b o (a) T A s (b) B A o

3.5.1.2 E R 5
Bk (up, vi) B4 B o (up v)E_F A r B T 5 adE > Bl A

B2 B RGG AR FA LIS B R FAA BT Fatd 2 ARk

LR R
AR ST
= il s 2. F o R
i s =5 pL? L e
' o

, if N /2>N,, (3.16)

/= if N,/2<N,
Ho Nb{_!’ - j/fﬁa}r{%}{ll} - L i j/c}ﬁ%{%ﬁ F e 12»7% ﬂ}ﬁi’ B 3.18 ‘:’f"’% 4 T
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Rl 3.18 ¥ Mirixcm LB o

3.51.3 R PRREAR IR
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(A BELARITPE 7 A L Men )t LN LB F A g (4o B] 3.19) 0 FI Aok &
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B 3.19 CEET 3 244 et LW e

SOEEWRAESE T 24 A Rlai R IE 0 AR i 3.5.1.1

&1 2 B E 2 TR R PRIXEL AP 02 & (texture similarity of clothes, TSC)4r ™
N .

TSC =%, min(H, (k), H,,(k)) [(3-n), (3.17)

7 Htl(k) » %'}ﬂ—r G IRECBYEB @ rﬂxj;% % #c > Htr(k) 4 ﬁ{f—]}ﬂ—r = LB

CEEABAOGFE B ST Z RIS LR T 2 LR kAR 2 WD
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G ERBE > NLE>BROpOBE AFGINHTLELE S BE > Bla fn
AES O RIEE AR~ TSC A TSC b A EE#F2 4A BE B2
g METSC=1 3 BESBR2AIIER ISC=0 25 - =B %
B4 * B—G~G-R~™M%2 B+G+R >N=20- ¢ 35.1.1 &4k > B 3.19 &7 ¥
FIT 2 2R 2 R EFEF R T > 2R/ F¢ 240 0 RT 2 LR %
4 RN > A BEiment gk o B9 hpl%i’ 333 T &R o

% 3.5.1.1 &0 CDH #0203 > X8 § 85T TSC ehig § s > 9710355 TSC

;?

e U RS SEE R A s (WIS SR S S

3514 5 ¢ &

B (up, vi) AN ERR @»m" s T 2T AR FELER o R (un, vi) B Y B R

%ﬁr

It BT 6 &r% TE‘I/P m#’?ﬂ”/é‘ﬂ higd g g5t i

2R ’ﬁ v H_A g o #“3}7‘% lIx" #ff l“°L 5\' *F“ ii )* 3‘ ¥ (quantity of skin pixels, QOS)

F7T G A DT R a%z—kr‘f _:.‘,"1"“‘.-‘;-.:«‘.

QO0S = “ﬁ?fﬂf mf f L (3.18)
i tﬂsj SENIT N F

A % P AE o] 3.20 Gz d 1 A5 B (uy, v) BRI T pER Y 0 B #1333 &

NEEAF o

B 3.20 A % HRdE o LB o

50 BRI B R 4 chifck Blo e AR 2 - B E S ¢ B 195[37]
dritdh o F 6 Y YODCr & DA A 7 AR AER BT E F B Rt
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K ¢ b YCbCrengad At g 85— B2 535 4ol 3.21(a)7 7 - B 3.21 £5 i ¢
* 10055 & p B B gtz 2 ¢ b YCOCr 3 B enpgd 2%
F AL - BAKY R apgEd & YCOCr 7 B ehig » 2V @ % = B4 58 r 4

¢ tYCbCr ¢ 453 B enfe Rl » 4o 7] 4777

Y-16>0, (3.19.1)
Y -235<0, (3.19.2)
10-Ch—7-Cr—130> 0, (3.19.3) 5.19)
10-Ch—7-Cr—460<0, (3.19.4)
Ch+Cr—242>0, (3.19.5)
Ch+Cr—270<0, (3.19.6)

Bl 3.21(b)¢ chm (52 8y ya oy MRy A u 5 R 3 (3.19.3)~ (3.19.4) ~ (3.19.5) ~

2% (3.19.6)0 L4 R o
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100 fmee e y4 rrrrrrrrrrrrrr f
0] SRS yj -------------- _
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Bl HP w iZ B Ry, vy MRy, DT XL R 321(b)e I 0 Bl 3.22(a) ¢ E R
¢ aF g BRG] 3.21(b) ) £ Cr @t @ Cb @] » Bl 3.22(b)R1 H_« % it % d
A S AT B m D My sy 1 E e B E 321D o
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cb cb

(a) (b)
BI3.22 A%gmd &1 d fherbl 5o (a) £ ¢ BB T i %gnd & CbCr ¢ 5% B4

Foenat i (b) § DRESeh A B CbCrd 7% BB ehs # o

= Dla L > % 4 %
352 ek AR
1P b St enis L A S 2 e ek SL U PER T A 0 d VBB T
(FAMBEM B BFEREE A i o TR AP AR A BERRS

Boo - BEBRITERT A FRER R E 3521 WP o ¥V - BERRRE T A

3.5.2.1 HAPITHE 1T A FEB R L

Wk T2 7 A 8k Si(fuzzy near pedestrian recognition system, NPR)#_& 5%
W BT R AT ARG T A ST B L HFRF o o
EEFBRIAGTES > FptmER* P QOS> L EAPT .u;{gﬁ 7AFIE 2
Xty TSC £ 2 NPR m@?]» » NPR % 7 = f@;@?—]» A - w;—]:«: = Mi%]% &
CDH(ig3* 5 [0,1]) ~ RUL(Te%* 5[0,1]) ~ 12 2 TSC(ie#* 5 [0,1]) > v&E- mﬁsl ik

#2 & (pedestrian level, PL)(E 3 & [0,100]) © 4o % CDH ¢hid fg ~ » i & i ip| 3] 0¥ [F]

3-21



MRS RE R ApEd LRRA A RIZIERAT A LA 5 4ok RUL hiE g+

RE BRI T RIGT T g FAPEM O PRZEE 7 T LF A S Aok

TSC shig i+ » R & BRI ERHZTE LT ORREAA AR LE 0 PR §

2

4T AR A PL Y K|S AT BRI T RSB S 7 A h A E

dod PL A0 48 AR B F T A o o M BIER AR B D o BoR-P R i~ ph
SIHRP R AR 2 B D S Rk R e ] 3.23(a) ~ 3.23(0)
2R 323(c) R o iy P S R 4o ] 3.23(d) 0 B B 5 Bies Rk R R AR £

K F ARG G b o AP R S BRSNS UF D Sl 2 A M D

K LR o

T T
Small

T T T T
Middle Large

T T
Small

T T
Large

1 1
kS kS
06 06
i i
i T
& &
04r 04t
02f 02f
o o
i} 01 02 03 04 05 06 07 08 09 i} 01 02 03 04 05 06 07 0B 09 1
COH RUL
(a) (b)
T T T T T T
Small Large Srall Middle Lafge
1 1
08 08
06 06
i i
& &
04t 04t
02 02
0 0
u] 0.1 0z 0.3 0.4 0.5 08 0.7 0.8 09 u] 10 20 30 40 50 a0 a0 100
TSG PL

(©)

(d)

B 3.23 NPR =i » 12 % i 81 50k s fic = (a) CDH #9§f Jp 3 8ic 5 (b) RUL <i1§f fy

#c  (c) TSC i i i dic

; (d) PL mﬁr‘?}i‘}

S fic -



Hoks 830 & SLPeas 7 A gy Bt O AP B ek 3t 0 — B S L el
PR Rl F A4 T 557550 [38] ¢
R': IF X, is 4 AND ... AND X, is 4 THEN Y is LY’, (3.20)
M AR R F LR S B R UNPR G B v = B o Y -
TG EBRFLE TS BT ANG S BELE R NPR & § 3x2x2=12
EROR AR o - BTG F RO AR R R 32 2 A A * 3 AR 5 (don’t
care)[38] > 4T F|enAs 5N ¢
R': IF X, is 4 AND X, is NC AND ... AND X, is NC THEN Y is LY, (3.21)
HY NCHRAFARFI R hB#HcE 233X AT UHE LT 407
R: IF X, is 4 THEN Y is LY", (3.22)
SR BT LR R R D A Y RT Y T BT A il
TR A FG22)ES T E U AR e B R E KPR A AR

RIE &R & Z 913 apfein > "ENPROABIRIE & & 2 12 BR% o 134502 F ki a

7 AR F B EE B B85m i RR NPR £ 3 7 B RP] 7] 4o

R': IF CDH is Small THEN PL is Small, (3.23)

R*: IF RUL is Small THEN PL is Small, (3.24)

R’ : IF CDH is Middle AND RUL is Large AND TSC is Small (3.25)
THEN PL is Small,

R*: IF CDH is Middle AND RUL is Large AND TSC is Large (3.26)
THEN PL is Middle,

R’: IF CDH is Large AND RUL is Large THEN PL is Large, (3.27)

NPR {e4 4346 % ¢h= 72 5 Mamdani s @302 > 2 ks &= 2 5 COA -

3522*3_7}?91?%11 ,(wer B ‘ 4,
Hok ik 2 7 A FE & Yi(fuzzy far pedestrian recognition system, FPR)-#_& 38

R RENTAT ARE 7 A > B DE A iR A EFHEE o APT

3-23



WORIA R 4 TS ks 7 A il « AT QOS 1F L FPR g~ 0 7 i
FPR £ 7 f & 4k % TSC e 5 4 » > F15 B 7 A BEMEELET + ik > 1 2402 68 {74
Eref € 4 o FPR £ 5 = fws]» A - fwg?]:". = fw:]» % CDH(E% %
[0,11)~RUL(i&.3 5 [0,11)~ 14 2 QOS(iE8 5 [0,1])>#&— 0y 1 5 PL(1E3 5 [0,100])¢
2 NPR #23 » 4e% CDH g fj+ > RIFZIFR 7 i &4 5 > 4% RUL hiE §
Ao RGEEE AT T ALA A Aok QOS i g % 0 & BRI PO L S ¢
Gk g S PRI G T AL 5 PL Y k28T ASLET B iRl B enifrf] ) 8
GATLE AN Aok PL AT A2 R AR T4 0 2 BE Stk

A ul4eF 3.24(a) ~ 3.24(b) ~ 122 3.24(0)4T A+ By P 3R] o ) 3.24(d) °

T T T T T T T T T T T
Small Large Small Large
1
kS R kS
06 q 06
i i
] ]
& &
n4ft 1 n4ft
02f R 02f
o o
i} 01 02 03 04 05 06 07 08 09 1 i} 01 02 03 04 05 06 07 0B 09 1
COH RUL

(a) (b)

T T T T T T T T T T T T T T T T T T
Srnall Large Srall Middle Lafge
1 1
08 0.8
06 0.6
i i
& &
04t 0.4
02 0.2
0 0
u] 0.1 0z 0.3 0.4 0.5 08 0.7 0.8 09 1 u] 10 20 30 40 50 B0 70 a0 a0 100
Qo5 L

() (d)
B 3.24 FPR s » 12 2 3 0 e o Bic o (a) CDH #0ff e 5 (b) RUL i

S 5 () QOS e i 5 (d) PL eafi Jfy S0 o

3-24



SRR I R (T A B s F SRR ~ 1 E [38] A 3T R AR

FPR £ 4 I @44 28] 5] 4o

R': IF CDH is Small THEN PL is Small, (3.28)
R*: IF RUL is Small THEN PL is Small, (3.29)
R’ : IF QOS is Small THEN PL is Small, (3.30)
R*: IF QOS is Large AND RUL is Large THEN PL is Middle, (3.31)
R’: IF QOS is Large AND CDH is Large THEN PL is Large, (3.32)

FPR s da 2 e £ 5 Mamdani 0| B8 % > 2 it a3 2 5 COA -

3.6 # 5t ehis & 1R

w b ehis A RS A WRIRR B G SR R ORI AT S

\vr:

bR AT R A (Ae Rl 3.25()) ) BRI B R g A po KA R A
2T A B ARG WA il A BRI A b ] e i B(4o Bl 3.25(b)) 0 194

TR UIEL IR T A Rk Be o B u B il g L A e E A Rk s e

(a) (b)
B13.25 T A QDB bl o (a) B B () AP (0 FHP o

YIS BR S AN ARk sed B FARR[8]eh 2 TR ek 0 K AL AR Bl
B 3.26 < B — i F Rl A 33,1 & @ GP > d WA ST A R L SRR
3.5 &eih o Bk 6331 § @ Pl B B RS Ip o PlA R B35 e g iRl
I FFIVEEOE A §E D RThw F R dp (4o R 3.27(b)) o I HLETH 2
R A | wa.agmﬁ MELT d N FQ229)% S 0 FEAE LT F and
(T

EFAF LR R FPL APPSR ITER L B S

F7d A FQR30)=F 0 d RERT kg R TR 0 R FERP RITRE

-~

3-25



EH(UcB 3.27(c) Az A A HP I X3 Q3INT @R B R R L (4
Bl 3.27(d)) » # Fpw A5 N Fh ol il A 3 FHEse(4oB] 3.27(e) 0 B A PR
i R gt A Apad) o AU S Q32)EF BER THRe e T A A T
fechif v A Al R sl o H AT S A QFRwE o §ASEIE e 7 3]
WhY RHE - TSR Bl doB 3.27(0)EF 0 Q Ak £
B 3.28(a)h7F LB > B (s, v) 5 A TR B R2 R e B by BT 300w
81 RI R e ey BHRT 002 R3 B i By BART $0e L JEIRE /30
0.14:h, 12 2 0.2:h, 2. & > % g P s e (up, vi) B E > (g, v40.100y) 5 18 3 e 4 A4
Bd - 2 EGFAPER R BRES BEE] HELFA - B2 Z_RUL(T

3512 R RUL)GIER A 0.5 RAAGFT S § LMehs g 7 - BiFe L

CE b R ik R 3.28(b)ih 42 S ik o A &1 25% 0 i
L5004 d g R Arig S L AR o

i HBe

LA R e

B 326 M i A A Rk g o

3-26



(d) (e) ()
327 v s AT 4 BR SDR Bl (a) B~ B (D) B R R (o)
R2Pepaligsd EARGSE Fh &R (D) FAR2BIDLHE? o

u . (dlts V[)
;qg;hp
0.06:h | |

i IR 1IR3

(a) (®)

B13.28 2|8 ALER 07 LW o (@) A BERHHES 2T RE S (D) S

s R

3.7 17 A GE B
FAASERRINRZE - BFAHF - B AP RS TERC BN 2
a7 Rl A0 HIe P B RTOP R ) 56

370 WM o B P ep A R TR PP R T KPR B

3-27



FlE RS T RS S FERGR RS2 (TR ST RERT K

i o FERIhS 2 R E IR AL BIETR B 2 6 A 3T2 ERP o

3.71 P R ¥
G EHRARd - BRI G e g @, v g
BB TR BT R PR (v o - B S ) - B

BRI P dr B FEB-Flengd finid P o B i? @RI P R BT

-

BACT W S R Ed AP A TR AT AT A T AR T el (A
BBl Tt A g A Y - B 5 en Y o = (Y, v D)
Plengped p R Bend g o, v BIE BREBR (0R 329 o

2R o PR o) AR - T A S 0.1 FiAr A B R a B R AP a2

f‘;’,\c’ A

NN

Pt Bhend & 5 UO )i @i pegledt A B Tt o 05 A p g

BE Y ET R o

<@, D 1, @D
owﬁfw Vi)

B 3.29 T4 ¥ ,uﬁqxf\zﬂﬂ%@ .

FI* PP g d FaT FEBRERDS 2> d N F LA 2L LR
TS P EE T A N BT b et d (R AL g e L 7 A
AFRERPREES AR AR Y S ERTIEE T AL € A BT A L5 Fp A
R A SF e TS A 1 L d St A g A B B At F (£ B 3.8)
W 7 SEMLALETARIT £ A TR 0 TN R g Rl A b o B A
T R EPE Ak o @ 2 AW RIER

B A A R A e o R T A T AR g R ek 5

el 5w v Bl mREEAC @, nO) s FE 50068, 50 =

3-28



P)chE - BT R e BRlLITE At LRSS AT LA 0 BTG
S ARENS NUAA S SRR SRR § S S B SR U ICRES £
BpFd end S B P R B AR 330 0k ¢ 5 A Loshe B RN (6

£ % 008h) 2@ B @B ruiH O H O H Oz g O, 5

BN TEEHEY B-G~G-R~11% B+G+R > N=20> & 351.1 &4pk o

PP H RS b & m& g? s i,« B ke o ek (Y, v %

__P—s,E—g,.z.\t’ &ggt’,bmlf_i’,‘ , E]JAF’F":J'\»%"’[‘F‘ B oww o U(Z)m%@F\(‘ﬁf'
Bl 3.29) > 1 UVeha - BLiF 5 Bk aTen A B w faE = B pp e B3 S R
Hbuc (i)‘ Hbmc (i)‘ Hblc (i)‘ rE Hbrc ® ’ %’_{/ﬂ\ QJ'EE Hbu (i_l)‘ Hbm (i_l)‘ Hbl (i_l)‘ Y4z Hbr D

AR IR PRI A RIR AR A G TR AT AP R RGEE S AP
R A EEnR e UYo 50478 BE S B op iR AP Rk Sk D
47T

D=>"" min(H,(k), H,(k))/(3-n), (3.33)
B BRBPOL S RAURFHD IR 0T 4 2 EEEF T A ARTA G
30 senm e a R - B U ek - BRE e o WplLm i 4 et X
M85 & ™ LA B G (A% i 2 4 4o P 5 B (u, v, ) £ L1250
Flow B gt pE R gt LR85 > FRIF G T LR E%) 0 BIE AT B
ol v E R E LA B B S PRl G Edok srd LA

3-29



bR D LG AN AR E R AT sl (), v E R B B

7

D 4rds K dok ninE o Aok i A B Y 35 P R b R hETen A BE Y i

B v BT FTe BRBSE S B {375 S BowE 2 doT
<">(k)=(1—/1,m)-H “’”(k)+ ,m(’)(k) i=12,3,..,
bm(l)(k) (1 ﬂ'bm) Hbm(l 1)(k)+/1 (1)(k) l=1, 2’ 3’ ce

, " , ) (3.34)
Hbl( )(k) =(1-4,) Hbl( 1)(k)+/1b1 ble( )(k) i=1,23,..,

Hbr(i)(k):(l_/lbr).Hbr(l 1)(k)+ br bre(l)(k) l=1, 2’ 3’ e
~H

bme

He H

bue

(ONN H,, D .y z H,. (i){%rTﬁ,,/\ o (uh(i)’ vh(i)) ik > o B
BenE S Bl AEhe A, MR A RS 020 A, 0E A R 5 0.1 B RS R
WA ERoR S S Ar % A A AP BB B IR it A Y 2 F R

#* 372 &AL 2IERIFTOATEY o AP m R RT iy o e EE =]

Pl E il - BRG AW P NN A ET A8 8L X RSB I g B
Boi 2 P oav el H? WL ¥ U EREREE > F L A Ijl‘ﬁz;zkfp’n’v 7 iEfTie

3.7.2 7B T IE R

i&g{(uh(i—l)’ vh(i'l))ﬁ b RP R AERY g o BIEP P DR FrenA
e i b (), ) & # D, i) S WES k(x2S
bo b SFRR|ENEE 4P B A B RERE PP H 4 & WCS iR (x, H .z, £

P i 9 i g (', ") o RGP BB RERT d T A TIR ik BARE

(D _ o (-2) =9
(o= T | | = (3.35)
. A=2,)-L + A, - (x, " =x ), i=3,4,5, .,

z (i-1) (i-1) (i-2) -
_ﬂ’lz 'lzl +ﬂ’lz.(zpl _Zpl )7 1_37 4755 sees

(i-1) (i-2) .
[0 % TE | | i=2, (3.36)
(I1-4.)

A A S A T 3 SRR AR SRR 2 i

Bodhe thA 1A A R 5 0208 SR F U i ok TR B o B WCS



9y D vy oz = g =
chx, iz z W d

7

52

\

X

Zp

P

Fo17 xp"') " E Zp(") s Tw

w9 -

F F®7

@) _ . G- (@)
=x, "+,

@ _ , G @)
=z, "+,

Frey i BR

i=2.,3.,4, ..,
i=2.,3.,4, ..,

3-31



Bt R Y B EHE N T AT AR (T A TR AT A MR i ik
oo Al &P E WP RGP K SRR TR Y R KB 4280 €T
Bechigh 0 43 E Y EHF KRS KT
=5
4.1 F ¥+

sowe s ey
BLRE I )

z

FERAEE ~RB > L ERIREY SRR A6 410 Sk kTR kA
g h 412 Fmp .
4.1.1 F =X H

Aipenim A AR (7 A FF kA gd
Pentium 4 1.8G Hz =B 4

R g
i

CHAEMFFIRT &Y L gl F 5

BRI kel ~ S F 45 10 3R B 7]
By~ B o] & 320x240 ficd 0 CCD %3040 8 4o 3.3 -

10

BRI S BHER o AU SR R MR ARG BT 28
BREE > AR P B E R BE T L ATRIEE > 5T REE
ARG PRGA T B RBGA LA A RN 7 AR

g4

ETE SRR TN S RN P SE LTSRN TR
LR e rpwme P R B4 PIE AL AR RRE T
A WiE 2

4-1



% 41 FHRBRBE DO -

FeF £

BEsE P gy N SR
p R envl env4 env7
2 B env2 env>s env8
£ env3 env6 env9

F 42 BT AN

P B A T AR E ~ B
p R envl-1, envl-2 env4-1, env4-2 env7/-1, env7-2
£33 env2-1, env2-2 env3-1, env5-2 env8-1, env8-2
e i env3-1, env3-2 env6-1, env6-2

env9-1, env9-2

(e) envS ; (f) env6 ; (g)env7 ; (h) env8 ; (i) env9 o

4-2

(@)
Bl 4.1 2 @ BB TEZDF F B o (a)envl; (b)env2; (c)env3; (d) env4 ;




SARAPLR R T A RS BA RPN 0 - BEGFA GRS ¥ - BIER

AR 50 E R R A A R AP A A RS R

Y SR 3

IE‘/?'J I FE {7 A B P+ A4 TR ] e0fF A
WO E FE T A Gl

ORI T FE T A DB + IR T 4E 3T A el P

Sx100%, (4.1)

7 A WRHFRERE =

x100%, (4.2)

WRIDIEAEE A R AP NABEE § BT A EE o dok R T g 32

bar

{

AEEA R RN EH R A RIDIGE T A o T A MRS A E Y 100%
AT EhiT A IR R BRI T 0§ 7 A TR AR B0 100% 1 & AT R D] 0
Fo ,ung{J_ FEE A 0 — BIT T A P A AL E (T A BB R F IR FA
RIMFE R FR4AT 100% © (7 4 3 i 37 R Y 1T Sk

TE R N
7 A S B s /“U“'k I mf, HeF x100%, (4.3)
BRIEI AT FE T A fp

AP AL ed FAFE FRAEARGERE - B A Aag BaE A Bkl o

42 F% %%

GRS R N R L

LRI F AR AR AR R KRR B R TSR g i
ARIRFF S TAMROERR I E FAEBE S 7AW RINT RS
24397 0 FARHIPHRE S Aod 44 9T > I T A A D 0 DFEF A
BT A IR AP PNFA YD e REHFREEDEL 0 F L LA AEFAT
ARFITH B R FRTHEFER R FAFTARE DFL > S o IR
AdmTEFAL R FHFREF DT A « BRAF RIS - L& P2 YRR
Yol 42 3 410 o 0 B BARE B 2 OF T B U hihEL Y (TA B o 195 T %

S % s 2t F B P T 30K S B ORI PERF 5 0.045 ) 0 @ bk 8 5B ok



TERER 5 0.078 450 [ 3% 0.1 50 Flt A ek it & fy AL L R B Y i R o

% 43 R XTGBT A gty e
B % Pl | WRDIE A | AAGRIE] | ORI P 7 AR 7 A iR
kB B 7 7 A e p T A Hep 7 A chlicp = 7 % (%) HFE R (%)
ey |envl-l 9 3 0 84.21 100
envl envl-2 7 0 0
ey | envl-l 13 2 S 88.46 79.31
envl-2 10 1 1
ey [env2-l 21 3 2 88.89 92.31
env2 env2-2 3 0 0
ey |env2-1 17 4 6 84.38 81.82
env2-2 10 1 0
ipep | env3-l 10 2 1 84.62 91.67
env3 env3-2 1 0 0
ey | env3-l 18 1 3 86.96 86.96
env3-2 2 2 0
(g [envé-l 3 0 0 80 100
enva env4-2 1 1 0
ey |envé-l 8 3 3 76.19 84.21
env4-2 8 2 0
(g | envs-l 17 6 0 78.13 100
envs envs-2 9 1 0
ey |envs-l 23 4 7 83.87 78.79
envs-2 3 1 0
ey |envé-l 4 3 0 7222 100
envé env6-2 9 2 0
ey | envé-l 6 4 1 64.70 84.62
env6-2 5 2 0
irey [envZ-l 7 2 2 85.71 85.71
v env7-2 5 0 0
ey LenvZl 5 2 0 72.73 88.89
env7-2 3 1 1
o env8-1 9 1 0 92.86 92.86
envs env8-2 4 0 1
ey eyl 3 0 1 77.78 87.5
env8-2 4 2 1
ipey [envO-l 4 1 0 83.33 83.33
envO env9-2 1 0 1
B env9-1 5 4 1 61.54 80
env9-2 3 1 1

4-4




% 4.4 i KL BT A gk o

7% Bl | BRIPIDAE | EBS PG| 7 A EHL
5 %5 B 7 7 A H#cp 7 A #p 2 7 % (%)
i envl-1 9 9 100
envl envl-2 7 7
e envl-1 13 12 91.30
envl-2 10 9
T env2-1 21 20 95.83
env2 env2-2 3 3
E env2-1 17 16 92,59
env2-2 10 9
] env3-1 10 10 100
env3 env3-2 1 1
Ee env3-1 18 17 95
env3-2 2 2
e env4-1 3 3 100
envd env4-2 1 1
e env4-1 8 7 93.75
env4-2 8 8
ﬁ Zr# envS=l 17 15 92
envs envy-2 9 9
& o envy-1 23 19 84.62
envy-2 B 3
] envbh-1 4 4 931
envé env6-2 9 8
B envo6-1 6 5 727
env6-2 5 3
sy el ! 6 91.67
env7 env7-2 5 5
] env7-1 5 4 75
env7-2 3 2
T env8-1 9 7 R4.62
envs env8-2 4 4
E env8-1 3 2 71.43
env8-2 4 3
] env9-1 4 3 20
env9 env9-2 1 1
B env9-1 5 3 6.5
env9-2 3 2

4-5




(d) (e) (®
Bl 4.2 envi-1 fp) 2 if BicraR > &% ijeo (a) # 225 (b) # 795 (c) 142 ;

oL AT,

Aariles,

(d) # 232 (e) # 328 (f) #.562- L
bfﬂ-_‘r' ‘.r.‘ , _:_,.ﬁ.\‘. s

(d) (e) (H
Bl 4.3 env2-1 i Bl 2 S B 2 % Hihee (a) W 525 (b) 1095 (c) # 202 ;

(d) # 310; (e) # 361 ; () # 463



0 © (0
B 4.4 onv3-1 i RI% (BRGNS Bt (a) 405 (b) # 825 (c) M 136 ;

AR BEEE
'.:-.a'.‘, F PR

(d) # 190 : (e) # 253 : (D) H.307- &
Sl F I.'_'

(d (©) o
Bl 4.5 envA-1 i ip) 2 3 BN % B o (a) 2623 (b) #4215 (c) HE 463

(d) 526 ; (e) H 622 ; () # 700

47



(d) (e) ®

Bl 4.6 env5-1 1 jB) 2 if BiraR > B % B oo () H 645 (b) H 1305 (c) #f 199 ;

(d) #2445 (e) # 322 (D +;§,j,4o"'é-'ﬂo

(d) (e) (H
Bl 4.7 enve-1 B2 E Bern > 2 % Bifeo (a) 73 (b) # 304 (c) f 484 ;

(d) 613 ; (e) # 877 ; () i 982

4-8



(d) (e) (H
Bl 4.8 env7-1 i Bl 2 i Bih2® 0 B % B ihee (a) M 615 (b) 1455 (c) # 271 ;

(d) # 382 (e) # 505 (f) #f

(d ©) (H
Bl 4.9 env8-1 1 ip) 2 if Bichak > % B ijco (a) #5205 (b) #f 2475 (c) #f 337 ;

(d) 514 ; (e) H 634 ; () # 727

4-9



(d) (e)

(D
W 410 V-1 i 1% SE BN 3 Fo e (@) 41793 (0) H 2445 (0) 4 496
() # 613 ; (c) H 856 () +g 1060 7 .

4.3 F &~ T !nﬁﬁ 5=ﬁ

d 4437 F N0 AR 2 AR T g w v i
ST R BLe(T A (B P e # AR A

33 70%14 F »o@m (7 A ORI AR TG R R 7

PRIR A T0% 0 0 d £ 447 g ) f’i<i%&ﬂ&wfﬁiﬁ‘itf%ﬁﬂ&f\fﬁiﬁ\i§

—\

—‘Yr#

BN R B R NS 0 Bl T AT BT A A S
e 80%r4 o 50 AT RIRE T A T ARE KR Tk kil en o A

FREDIREEUE A REFR DT REE A B FEH - B 411(2THE 4

Rl 7 g LDl R 0 BESUGE o SUE R N SUE SR ahd SR EE iR T
R ITHEA BRI S F A L LEEEE B 411(b) 7 A R R

BREEEE M AE BT DT E A GRHAER 2T 2 2 EERS B 4.12(a)

]
AR A WP S FEPFE O GR ZRE e RE U E AREHFR AR

F'&F’é’:«ﬁ)»m.f«\%f" A 'g ,?-j:,\.;:é &%i %] 4. 12(b)'¢‘f§—% = A 1;* /?Hé: PE’F%-F;

4-10



G R BT R EA GRERER D S XEFEOPE ) B 4.13(a)fiTH
FABRIAHFEEAFTARELBROMGR > FrifsgFmL dpasbFBiEs
ARG £ R TR AR B 413(D)RaTHh T 4 R AR & 7 4 T AR £ R
B BT A BRI RAS FATAREERZR NS M R
4147 A BRI S S FEFAFTAREER DY GB BT NEFFL T
AP R R RE R EA RSP FREHL R 4140 LR 7 L R RA
BEAGTAREE RO R BT R E A LR RERAL A TARE L R T
TR G ARRE S B 415 EiF A HRoka B pEECAORE TR 0 BT AU 2 N L o
FREFLRER[RATALEPSH T ERETLHL 0 B 416 L7 EBOTR B R
A?ﬁﬁéﬁm%ﬁ@’@ﬁ%¥ﬁ&?%ﬁﬁéﬁ%éﬁ4ﬁﬁﬁﬂ$%@@

Ao UG 3T WS B BTN YRR SN L L T AR g

..C_

PLgsheni « 5 2 o G 3 RS ASE 5 D13 hig R e
(FAGERS # F PR g g Tt old R4 E 44 T g T enT A R

fi]‘jﬁf‘?’ki&ﬁ_{,’f\g\;;é{?:_"t( JF’KLLj’"‘;Umrg R



100

90

a0

70

B0

50

EEPN =t e

40

Eul

20

Bl 4.11 i1

MR

EE BR =
[

(a)

TS ANERER

S F A BRI BN % o (a)

(RPN CF: ot

B 4.12 2
AR o

i

BFE

(a)

RN = e

f&

T T e
—
o ; e FE

Bl 4.13 iT=4 (7 4 pPRi 2 (7 4 TARE £ AP %o (a)

ERE e T
i

(a)

7AW RIEFRR -

3

LR

1T,

AR Rl R 2 L SIBETA S (a)

3

LR

1T,

100

&0

70

B0

50

4

30

20

El i E]
W

(b)

FA MR F S (b) (74 R

B

EE Fﬁ e

(b)

FA MR F S (b) (74 R

: : ==
TER
7"*& o TR M

i TR
82

T

(b)

7AW RE T (b)



17 Bl s

" [+ om H
B
o |

EeE

B 4.14 Zxpi7 A

7 AR RER

AR HE
hf s

BRI 27 A TARE L R M o (2) 74 R A 5 (b)

1 M BHRThEE

B

®l 4.15

R &
[y

(a)

100 : 5 j — A H
— F
a0 - A H
B0
70 4
i
& 60
§
L] &0
é 0
30
20
10
Y TRE THE

® 4.16

7 A Bk

TE
£2

(2)

4-13

R

N A

17

FTABHERTEE

T A BHRTh=E

100

a0

80

70

B0

a0

40

30

20

R A T

—

" [=8m
-
o T |

R TR
£2

(b)

R

(7 43 goci RO TeT(@) T (b) B e

BT R =
[

‘ ' =
-}
= 7 |

EEES TiRE AR
i

(b)



SRBRA N FA AR T LS BEF AT RS APITHEF A (ArB
4.17(a)) ; 2) HH G 7 A P FE A (GoB 4.17(b) 5 3) L F BRE K A F T A
Bldr £ & ehiF A (doB] 4.17(c)) 0 MR B DE A AR FLF R - BRI
Foo k BLUR) I g R T A B EHASETIL (T A g 2 Gldefs B B L (4o ) 4.18(a)
S5 54) 0 T AR KPR F NI EE A 0 ¥ - AT A RIS T R AE
7 A PR (Ao B 4.18(b)inMhEE 12 11 2 4.18(c)iPMhEE 6) o if Biehitiy » JI IR
BAPChFAS ARG 28 ]) FARERL XX blrF A RABFS LRAE
(el 419 shhEL 16) 5 2) EHLY i AR E U w B F R (AR 4.20 L
61);3) KRS+ % » BEEHD DT AGES F 5 X ERE B pr(de® 4.21
Bl 5) o R BRGRET A BRI NS - BAERFLD AL
i 0 B R R FIR G EBR A v B R 2 BRI L 5 0 LT
BA A TARE T AT I ksl ORI R gt 0 A ko SRR 4 R 2

B AR 4 X0 R R TR I G U R 2] R R Ul

4-14



Bl 4.17 A58 3 hiF X o (a) 20 B FAEES ApTNF A S (b) TG 74

BT A 5 (c) R OBIME K A F (T A o

4-15



Bl 418 % Seifl ipld e 37 4 o (a) 482 ShL (%3 54) 5 (b) T4 4702 7 4

SR (S5 12) 5 () ) % 410 17 4 SPFI3E (S5 6) -

4-16



Bl 419 74 R AL ERE A EBA Foip 5 (%3 16) o (a) # 139 (b) #

163 ; (c) ™ 187 -

4-17



B 4.20 E B 7 A E T H BB EERE A LB Rt T (I 61) -

(a) #1786 ; (b) # 1816 ; (c) # 1870 -

4-18



(©)
B 421 X R% L+ X HRE A EHL FAe]F (%5 S (a) # 598;(b) # 619;

(c) ™ 667 o

4-19



STHFNPROFEAEPREEHD T A FHNETATAREHFF 0 AP
BORERERAMDI FEAR RN DD T S B E AN ARG
R 28] 2 U Ed L A#H A E[9] A H e S - S AL 8 &E%])xﬂ %
BORIEE A o L FEd AR AR e ~ R HT ORI EREE X TET e 2 GBI Bt kS
WA R AP F A BRI E BT RAP R B EE AR
F A niE A fplis % o B 4.22() SR oy~ Bl 174 WR] e RI(T
AERAT R B )R ESRZT o H P BRIPN T A HP £ 29 4 5 B 422(b) A
Am2 NP FDEE I FE MR 2P EHENEE RS RDERE
Aenficp A 21 A o WRIFIAEIET A BB 5 2 A 5 B 4.22(c) A B Br G A A
S S BRI AT A B P 56 A BRI T4 T A P 50 4 B 4.22(d)
K¢ 5 A ZenS % > WRFITAEGE A Dl 5 4 4 HRITIEFDF
AEcP A1 A o R 422(0)7 B D UERAR 5 A A RS G A Rl A A b 2
LR B v w B AR fE A o A ot B G A 2 )
FAGEA PRI T A > ipthDF A RIS B A AR BT A N F 3R T A
BB 422(d)¢ T o A ¢ SR e R R R A WG F AR LR 0T 4 o
ek (7 AR P R AR ¢ SRR BLPE g IR T i § A
MOERGAIEZ BRI A > F b B i AR g A PREES &
& ARITRE » PR AR 2R A2 s T EE T X ARF A 0
BIAA L d B 422 ehB| 3T L RS AR 2 B F§ G e

FRER AT B A BB BRED 7 ARG L TR

"S

4-20



[ Y .-I‘l.-'ullll
4 e T

PR G e i [8]5(d) M EF AR 9]

4-21



ZhH A R E
\\P Fm 7\

TR (T A R AR Pl EARATRAL B R B3 S ip Y
R E A EEEY AT AKD R DA A D EFFARD LR (T A

EEAR R e 0 7 A BRI g i > WO A BB E T A T AR

~

FHERAZTRLE P REIT A PR EATAAF L FADEE ARG R
- B ET UG ook RS EEGTAIT ARG AT A 0 AP AT AT AR
FRTHE R RT A o - Eefd ABRI TN B AsE BT A o Aot T OB e T A

fefg PR X T GRS B R T T DR E S SR

Gk d o FADR GG L EA 0 7L BRI 2 A R a0 % B A
T EETE SR R RS o = P PR S
HABE 0 IR (7 A BV 4] FA TR RIFA @ 7 AEERE
FA X Eaqgrd > Ft g %#}tﬁ%ﬁ"fo FRREEE T AMH RN DE A FTARY (7
AEpe hkianiT A RIS H F LR T AP AT &“i’iP‘FK 70%12 +F > @ 7 A

>
Bes # R A 80% 4 b oo § KA B N wa P T A FARE A A S RO T &

{.

SenE A R R G ER et R 2 s end & o
- HBERWLRFHFEEF AR G 4 BAL > 7R 2 RER LG
GELIEE A MR E L A AN R T L R AT AT AR A i'r?n'fa"g#
KHERB Y AR R EHEIHENETA > TR HRRLR S DB Ao T

VR N EFATARELR S E A R AR RE LA PR ARG AR

LRI ek g BT A T H S SR 5 il RIE AR - A K

5-1



;‘\"fadé— s \‘,/5'/ ,— e N2 s — 2 2%, e 2
P I NPT A TARE (A E g SR

TP ES N S

5-2



>

4%’4’/]?%

[1] F. Y. Wang, P. B. Mirchandani, and N. Zheng, “Advances and Trends in Research
and Development of Intelligent Transportation Systems: An Introduction to the
Special Issue,” IEEE Trans. on Intelligent Transportation Systems, vol. 5, no. 4, pp.
222-223, Dec. 2004.

[2] B. Maurin, O. Masoud, and N. P. Papanikolopoulos, “Tracking All Traffic:
Computer Vision Algorithms forsMonitoring Vehicles, Individuals, and Crowds,”
IEEE Trans. on Robotics & Automation, vol.x12,no. 1, pp. 29-36, March 2005.

[3] L. Y. Deng, N. C. Tang, D. L. Lee; C. T. Wang, and M. C. Lu, “Vision Based
Adaptive Traffic Signal Control” System Development,” Int’l Conf. Advanced
Information Networking and Applications, vol. 2, pp. 25-30, Taipei, Taiwan, 2005.

[4] J. E. Naranjo, C. Gonzalez, J. Reviejo, R. Garcia, and T. Pedro, “Adaptive Fuzzy
Control for Inter-Vehicle Gap Keeping,” IEEE Trans. on Intelligent Transportation
Systems, vol. 4, no.3, pp. 132-142, Sept. 2003.

[5] A. Escalera, J. M. Armingol, J. M. Pastor, and F. J. Rodriguez, “Visual Sign
Information Extraction and Identification by Deformable Models for Intelligent
Vehicles,” IEEE Trans. on Intelligent Transportation Systems, vol. 5, no. 2, pp.
57-68, June 2004.

[6] S. Hongeng and R. Nevatia, “Multi-Agent Event Recognition,” Proc. Int’l Conf.
Computer Vision, vol. 2, pp. 84-91, Vancouver, Canada, 2001.

[7] 1. Haritaoglu, D. Harwood, and L. S. Davis, “W4: Real-Time Surveillance of



People and Their Activities,” IEEE Trans. on Pattern Analysis and Machine
Intelligence, vol. 22, no. 8, pp. 809-830, Aug. 2000.

[8] T. Zhao and R. Nevatia, “Tracking Multiple Humans in Complex Situations,” /IEEE
Trans. on Pattern Analysis and Machine Intelligence, vol. 26, no. 9, pp. 1208-1221,
Sept. 2004.

[9] Y. Hori, K. Shimizu, Y. Nakamura, and T. Kuroda, “A Real-Time Multi Face
Detection Technique Using Positive-Negative Lines-of-Face Template,” Int’l Conf.
Pattern Recognition, vol. 1, pp. 765-768, Cambridge, UK, 2004.

[10] J. H. Jean and R. Y. Wu, “Adaptive Visual Tracking of Moving Objects Modeled
with Unknown Parameterized Shape Contour,” [IEEE int’l Conf. Networking,
Sensing and Control, vol. 1, pp. 76-81, Taipei, Taiwan, 2004.

[11] D. B. Yang, H. H. Gonzalez, and L. J. Guibas, “Counting People in Crowds with a
Real-Time Network of Simple Image Sensots,”-Proc. IEEE Int’l Conf. Computer
Vision, vol. 1, pp. 122-129, Nice,:Erance,-2003,

[12] L. Zhao and C. E. Thorpe, “Stereo-and Neural Network-Based Pedestrian
Detection,” IEEE Trans. on Intelligent Transportation Systems, vol. 1, no. 3, pp.
148-154, Sept. 2000.

[13] F. Xu, X. Liu, and K. Fujimura, “Pedestrian Detection and Tracking with Night
Vision,” IEEE Trans. on Intelligent Transportation Systems, vol. 6, no. 1, pp. 63-71,
March 2005.

[14] D. Comaniciu, V. Ramesh and P. Meer, “Kernel-Based Object Tracking,” IEEE
Trans. on Pattern Analysis and Machine Intelligence, vol. 25, no. 5, pp. 564-577,
May 2003.

[15] D. Koller, K. Daniilidis, and H. H. Nagel, “Model-Based Object Tracking with
Monocular Image Sequences of Road Traffic Scenes,” Int’l Journal Computer

Vision, vol. 10, no. 3, pp. 257-281, 1993.

II



[16] T. Cham and J. M. Regh, “A Multiple Hypothesis Approach to Figure Tracking,”
IEEE Conf. Computer Vision and Pattern Recognition, vol. 2, pp. 2239-2245, CO,
USA, 1999.

[17] M. Isard and A. Blake, “Condensation-Conditional Density Propagation for Visual
Tracking,” Int’l Journal Computer Vision, vol. 29, no. 1, pp. 5-28, 1998.

[18] C. Sminchisescu and B. Triggs, “Kinematic Jump Processes for Monocular 3D
Human Tracking,” Proc. IEEE Conf. Computer Vision and Pattern Recognition, vol.
1, pp. 69-76, Wisconsin, USA, 2003.

[19] A. C. Davies, J. H. Yin, and S. A. Velastin, “Crowd Monitoring Using Image
Processing,” Electronics and Communication Engineering Journal, vol. 7, pp. 37-47,
Feb. 1995.

[20] C. S. Regazzoni, A. Tesei, .and V. Murino, “A Real-Time Vision System for
Crowding Monitoring,” Proc. [ECON Int'l Conf. Industrial Electronics, Control,
and Instrumentation, vol. 3,pp. 1860-1864, Tokyo, Japan,1993.

[21] A. N. Marana, S. A. Velastin, L. E. Costa;-and R. A. Lotufo, “Estimation of Crowd
Density Using Image Processing,” IEE Colloquium Image Processing for Security
Applications, pp. 11/1-11/8, 1997.

[22] T. Coianiz, M. Boninsegna, and B. Caprile, “A Fuzzy Classifier for Visual Crowding
Estimates,” IEEE Int’l Conf. Neural Networks, vol. 2, pp. 1174-1178, Nagoya, Japan,
1996.

[23] S. Y. Cho, T. W. S. Chow, and C. T. Leung, “A Neural-Based Crowd Estimation by
Hybrid Global Learning Algorithm,” IEEE Trans. on Systems, Man and Cybernetics,
vol. 29, no. 4, pp. 535-541, Aug. 1999.

[24] S. F. Lin, J. Y. Chen, and H. X. Chao, “Estimation of Number of People in Crowded
Scenes Using Perspective Transformation,” /EEE Trans. on Systems, Man, and

Cybernetics, vol. 31, no. 6, pp. 645-654, Nov. 2001.

III



[25] D. A. Forsyth and J. Ponce, Computer Vision: A Modern Approach, Upper Saddle
River, NJ: Prentice Hall, 2003.

[26] F. Lv, T. Zhao, and R. Nevatia, “Self-Calibration of a Camera from Video of a
Walking Human,” Proc. Int’l Conf. Pattern Recognition, vol. 1, pp. 562-567,
Quebec, Canada, 2002.

[27] A. Criminisi, I. Reid, and A. Zisserman, “Single View Geometry,” Int’l Journal
Computer Vision, 40(2), pp. 123-148, 2000.

[28] R. C. Gonzalez and R. E. Woods, Digital Image Processing, Upper Saddle River, NJ:
Prentice Hall, 2002.

[29] A. Koschan and M. Abidi, “Detection and Classification of Edges in Color Images,”
IEEE Trans. on Signal Processing Magazine, vol. 22, no. 1, pp. 64-73, Jan. 2005.

[30] C. T. Lin and C. S. George Lee; Neural Fuzzy-Systems: A Neuro-Fuzzy Synergism to
Intelligent Systems, Upper Saddle River, NJ: Prentice Hall, 1996.

[31] S. M. Bhandarkar and X. Luo,:“An Efficient Background Updating Scheme for
Real-Time Traffic Monitoring,” fEEE Int - Conf. Intelligent Transportation Systems,
vol. 3, no. 6, pp. 859-864, Parma, Italy, 2004.

[32] R. A. McLaughlin, “Randomized Hough Transform: Better Ellipse Detection,” Proc.
IEEE TENCON. Digital Signal Processing Applications, vol. 1, pp. 409-414, WA,
Australia, 1996.

[33] Y. Jie, N. Kharma, and P. Grogono, “Fast Robust GA-Based Ellipse Detection,”
Proc. Int’l Conf. Pattern Recognition, vol. 2, pp. 859-862, Cambridge, UK, 2004.

[34] H. K. Lam, O. S. Au, and C. W. Wong, “Automatic White Balancing Using
Standard Deviation of RGB Components,” Proc. Int’l Symposium, Circuits and
Systems, vol. 3, pp. 921-924, Vancouver, Canada, 2004.

[35] M. Swain and D. Ballard, “Color Indexing,” Int’l Journal Computer Vision, 7(1), pp.

11-32, 1991.

v



[36] S. Birchfield, “Elliptical Head Tracking Using Intensity Gradients and Color
Histograms,” Proc. IEEE Conf. Computer Vision and Pattern Recognition, pp.
232-237, Santa Barbara, California, 1998.

[37] R. L. Hsu, M. Abdel, and A. K. Jain, “Face Detection in Color Images,” IEEE Trans.
on Pattern Analysis and Machine Intelligence, vol. 24, no.5, pp. 696-706, May
2002.

[38] P. Carmona, J. L. Castro, and J. M. Zurita, “FRIWE: Fuzzy Rule Identification with

Exceptions,” IEEE Trans. on Fuzzy Systems, vol. 12, no. 1, pp. 140-151, Feb. 2004.



