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# # 5470250821 : MAJOR COMPUTER ENGINEERING

KEYWORDS: VEHICLE MATCHING / VEHICLE DETECTION / VEHICLE TRACKING
NITIPAT = SIRIKUNTAMAT: VEHICLE MATCHING FROM  MULTIPLE NON-
OVERLAPPING ~ CAMERAS.  ADVISOR:  ASST.  PROF.  DR. THANARAT
CHALIDABHONGSE, CO-ADVISOR: DR. SUPAKORN SIDDHICHAI, 55 pp.

Recently, many traffic surveillance cameras have been installed along the
roads and highways to monitor the traffic, detect the accidents, as well as to analyze
the traffic flows for effective traffic management. However, the current systems still
require a lot of personnel in monitoring these videos manually which is very difficult
to do it effectively at all time. Therefore, if we can develop an automatic system that
be able to track vehicles from these videos in real-time, the traffic monitoring will be
done more effectively and efficiently. However, the traffic surveillance cameras
typically are installed apart from each other to cover large area. This makes their field
of views not overlapping. This leads to a challenge that is how these cameras being
able to handover the information of the vehicles being tracked among each other to

continue the tracking.

This thesis proposes a method for matching vehicles from multiple non-
overlapping cameras by classifying model and color of the vehicles as well as their
appearance timings in those videos. The proposed method is consisted mainly of
5 steps: vehicle segmentation, vehicle tracking within the field of view of each camera,
vehicle's models classification, vehicle's color classification, and vehicle matching using

model, color and temporal information.

To evaluate the effectiveness of the method, we tested with videos captured
by 2 cameras installed on 2 pedestrian overpasses which are about 1 km. apart along
a hishway. The experimental results show that the proposed method vyields 68%
accuracy. The matching correctness is considered the similarity in vehicle’s model and

color only.
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Field of Study: Computer Engineering Advisor's Signature
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Workshop on Advanced Image Technology (IWAIT), 2014, pp.253-257.

3. N. Sirikuntamat, S. Satoh and T. H. Chalidabhongse, “Vehicle Tracking in Low
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Engineering (JCSSE), 2015.(To be published)
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e UINg dnusatull

2.1 ngefingItes

ludqullaznanfwmguiiiieadesdaduainuiiugiuiidfgvoseuided §

Y <9

C a v

Usznaulumenisauainuasainainiasiag n1sfianuingniglundesdaiag wagn153an
NANVRYING
2.1.1  msauaInrasuulsuaalanie3sn1si3ediiuazn1snsiaduen (Adaptive
Statistical Background Subtraction and Shadow Detection)

Bnsavarnudawuuusumlaneisn1sdeifnagnisnsaduen wse ASBGS 1du
USUUT938N15aURIN U385 N 1L 89 AnaEn15m 5937 ULa7 (Statistical Background
Subtraction and Shadow Detection) %38 SBGS #8115 fitN15a5194UU3180921N74
U5udala (Adaptive Modeling) Taeldinatinn1sussuiualsegruiuuLIninosd
(Approximated Color Median Filtering)

ASBGS ag911n158519a1nnd s gmalian15Ussunuedseg1u (Approximated
median filter) vuU3il RGB S‘i"faLﬂumia%’mmﬂwé’ﬂﬁaéwLLﬁ,Jué’ﬁImEJ"LaJG’TmﬁmﬁusﬁayJamw
damthuarliifinsavaunaiianainvesdoya Jaainndsiainsazinsuuusailesiganm
1o 9 Tunmgndaduanudaveann

N33 UNUTELANYBITANIN awiinsduimaiaudadeavesainuaiing
(Brightness Distortion) wazAAudndenvesd (Chromatic Distortion) iiewildmAnde
wuslunisduunyszinnuesganm Feganimazuuseanidu 4 Uszian léun ainnds
(Background) 191 (Shadow) lala (Highlight) wazainwiin (Foreground) ”ﬂgﬂﬁ 14 A
asauuuTanInuaIwuUUsUAla (Adaptive background modeling)

nsadranuuiassnrdanuuususildzsuanaistmualdanlusmsuusnidy
amitunds Inefigadlunnitundsazysudadimandlunmidunind Fsanmdalunis

USudazauegiumai ()
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E.=((R.G, B,) Juganmuuninainvdslagiu
< PN !
i, = (I’i’n , gi,n,bi,n) uganmdidnunln

Ei,n+1 = (Ri,n+1’ G

i,n+1?

NNSANUIUANANUTLVBIPANTNULAINRIN VA TLL]

Ri,n+1 = Ri,n +ﬁR,i
G i=Gi,+ 5,
Bi,n+1 = Bi,n +ﬁB,i
Lﬁl@
Tin R for Hlin—Ein £0
Bri = Hli,n -E, Y '
0 for otherwise
9in =G gy e =
Bsi = Hli,n aLBig | ’
0 for otherwise
b —B
—— for I, —E,[|=0
ﬁB,i = Hli,n - Ei,n

0 for otherwise

[ [y 1
B, 1.1) {Tuannmuunimainvadlysl
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JUN 2-1 wuudneesnsuszunuaiiseguuul3Qia RGB

2111 arautaleavaeauEdng (Brightness Distortion)
AANUDALTEI198IALETINN 3D o muIlAaInauns 20 a9l I unuA1IAIM

duvesganmlunmaqiu B unudanuduvesannndafigann |

o, =argmin_ (I, - oE,)’ 27

2.1.1.2 AN UNLU8Ya9d (Chromatic Distortion)

A1rudalenvesd wie CD Ao szaziwInszningan niuduidveddadu

fknuaINad tngmwinlaanaunis

CD, =||I, - E| (2.8)
G

A

Foreground

Shadow

\J

JUN 2-2 MITUUNUTANVRIFANIN [5]



2.1.2 N1SAANININEAEMANALANTNYT (CAMShift)

9
WANTNN [6] tTUATANMUINIINTUTUA (Mean Shift) B dudunauisnlenig

[
=1

AUINNIIANEAMUTUILIUYRITaYAgINan tAslSUAINNITAINUANUNAUNT (Search

1
=

window) 3NNUULANTNT LS UAUA UM AR N8 TuNURALUNN T8 USUNUNAUMIANN
JoyanlafgauninveilsserinasenineganinaavesituiarumiuALadefnIfn g
LADNATLAUILALIUINVDINUTNAUIN

(Search window)
g3

° ! a X Ay
AuIALRaY (Mean) MeluiunAum

TsunisAnadedugannalaves
o .
Wunaum iy

ANUIVUNIN YDA AUIN LAY

1%

MF1UNTITEELINTENINANINANAY
ARRYAINIIANTALUINITLA

o
Y

'g‘uﬁ' 2-3 Junoun1TYineuYes CAMShift

(% '

a ¢ & [y aday Yo a o Y k% [y aa
wanBN A utunewIsnlesumutisnlunisiiunussendldiunisauming lun1mia

LY 6 o aa o L3 % 1 = d‘ -] b4 a 1 1%
viend Iagianidaviaduudasiviegluseuud HSV tieuwnadagalninsuveeriaudy
299 H 91n1u98n158519010015058 1881989111198 JU (Probability distribution

Image) o Judayatndrdmsuuan@nsilunismasunsess
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Y |

U 2-4 §798719015%19UVDILANTNA

€N

2.1.2.1  mswUasiuszuud (Color conversion)

TunsnadueIunInuensanIsAan e unIvuy ssuudlinnudiAglunisey
Fumisvaserumnuglunwiaviad vielunisdauenseninsingiiaulasuniniiunds 3
awitldanndesidvimiazifunnitoglussuud RGB luvaeiiszuud HSV anunsadiay
wUsuenldszrinmaudesdndn (Hue) Anudusivesd (Saturation) LAZANILAIINVDS
3 (Value) Favinlaunsardenfiansanlaanizidedvosnimlunsdianindadinng

WagULUaIaN LAY tnevinNswUassyuua [7] el

R'=R/255 (2.9)
G'=G/255 (2.10)
B'=B/255 (2.11)
M =max(R',G",B") (2.12)
m=min(R',G',B") (2.13)

C=M-m (2.14)
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ANSANUIUAIAINULIUVDIENAN

-

6O(G;Bj if M=R'
C
H=1:120+60 %) if M=G' (2.15)
240 + 60 ﬁ} Jif M=B’
| C
H=H+360 ,if H<O (2.16)
ﬂﬁﬁwmmmmadwwm?{
(2.17)
V=M
NIALIAN DL VRE
CHéa
— if C=0 (2.18)
S=<:V
0 ,otherwise

2.1.22  asAgalnunsy (Histogram)
a o o 294 o & = 2 O v .:4'
galnunsu 3o g L luknuiiuis Tnsunuauduaiud waswnuueulududeyaiaula (u)

Aananslugui 2-5 FannsAwluaNdvestudeyaansaAalAaINaNnIs

g, =ZN:5|:I(X:)—UJ (2.19)

5[A]= 1 for A=0 (2.20)
10 for A=#0 '

dl * U L% ¥ dl o 1 *
ge 1(X,) Wuranuduvesgadoyanmisdumis X,

* ] P a
X, Wusadauaning

| a U

funds (X, Y)

@ o a S v =
g, ‘duannumnuavesruveyan U
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4 anud
3
2
1
> I1UIUTUTOYA
1 2 3 N

Y 1

JUN 2-5 feeeBalninsy

2.1.23  n1sR19naudalnunsy (Histogram Backprojection)
o a & ° | = | Y a I3
mimﬁlﬂaU‘é’JﬁIVILLﬂi@JLUUﬂ’]’iWU’JNﬂ’NﬂJu’F\]zL‘U'LJ“UENW]WNSJLGUWUENQWIHWW\]SL‘U'LJ
1 = a A a 1 Id a ¥ . <
drunilsvasnintning (target) Ined R}, Aogalnunsuanuinaziiuiainuey j sy
1 =3 [~ a [y ¢ al YA = 1 1 v 1
drunilavasn imdunune Inefinaansntamanin (H) NUVIUAITDILARZINNTNATLAIAI N

sty

R =—_1 (2.21)

(%
[

e R; Wurhdalnunsuiitudeya ]

o I a A v H
M ; Wurgalnunsuvesamidmanefitutoya |

Qe

v

3 I a Ay ‘:4'
|, Durdalnunsuvesnmitdumiitudoya J

H,, =min(R,, ,,1) (2.22)

ly)?

Rea, ) =R, - (2.23)

Ixy)

gle H, y Hurmshazdulusiumis X, Y vesnwitdum

X,y

l, g Huranudulusumia X, Y vesamdidum
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1'%

2.1.2.4 ASANUIUNIAILRULYUNTOALASYUINVDINUTI AU
WX, Y, Jugasunsass W durwiauny X veaiufidum uaz | Juvuaunu

& dy
Y U9anuUNAUMm

M

X, =—2 (2.24)
MOO
M

y, =—2 (2.25)
|VIOO

do My, \ulausiusiandui o

Moo =2 D 1(xY) (2.26)
Xy

M., Wulnamdddui 1 vee X

My ZZZI(X’ y)- X (2.27)
Xy

[ o o a
M, Wuluansdiddui 1 ves Y

Mg =D > 1(X,y)-y (2.28)
Xy

ASANUIVUNINYDINUA AU

_ (@+¢)—yb* +(a—c)’ 229
2
o ((a+c)+\/b2+(a—c)2 2.30)
2
a=Max _ X’ (2.31)
MOO
M
b:2-(M—2°—xC-yc) (2.32)
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—Ye (2.33)

il M., Duluaudansud 2 ves X
2
My =2 D 1(X ) x (2.30)
Xy
< fo o A
M, \Dulsisiusiandun 2 ves y

Moz = ZZ (X, y)- y2 (2.35)
X oy

2.1.25 Speeded Up Robust Features (SURF)

SURF [8] 1udgnsildlunisarwiamaudnuuzdrfgyaosgaaulalunmiioldly

=

= = = o )~ ! 2 =
n1sUSeuWisunsokenkeyIng BalaununIudenITvyy N1swae wsen1siudsundas
=& W a 14 o [ 2 X [ a a o
ANNLES FaRmuInia1n SIFT Welraiunsavinanulasiasiiu lnenisadreninduinga
(Integral Image) PNAMNAULUULNDAALIATIUAITUTENIANE NNUUAUIUAFASTLUUAVDY
18138 (Hessian Discriminant) a1niaieumn3ng (Hessian Matrix) wivelduaningataduge
dula lngfansaunanAfwmesinuugd (Determinant) UaLal@oulun3ng A1AIAWSILUUAT

Anthuanagiliien q duiidgeandsdedugniiauls gareviinisesunesgaaulavesnin
FENMIMIHATINYE Haar wavelet (SURF descriptor) iitelvimngaaula (key point) lunm
fiflvunnenafiu (scale invariant) 1 Feviinsauginisfineuavesiinges (filter) 194013
Uszanameseyiussusuassveanddousiiiiang (0) fe3s scale space representation

Tnensuusandenmnn (Octave) sonilu 5 doawn wagldvuiavesiinses 4 suwamagy
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@ 27 51 | 75 |99
>
8
8 15 27 | 39 |51
9 15 | 21 |27
1 2 4 8
Scale

JUT 2-6 fpgemananazuuadinsedtuudazdenmi (8]
2.1.2.5.1 awduinia (Integral Image)

a o A

ANBUANTAaADNITAT N INTLARLZIANINILTANNITURNATINAIVDITANINAIUA

sawnis (1,1) 2uds (a, b) duq

x<a y<b

P(x'y) =2 > 1(xy) (2.36)

x=1 y=1

POC, v7)

2z 1 q 2 2 3 7 9
5 2 3 i 7 10| 17 | 23
e
2 a4 1 2 9 16 | 23 | 30
q 1 2 2 13 | 21| 28 | 37
ANAULUY Mauiinga

dl U 1 ¥ a a U
E‘U‘VI 2-7 A38819NITATINATNNLUUBUNNTA

2.1.2.5.2 @Fauunsng (Hessian Matrix)
wdsunIng Ao Iansultlunmsmaudnuazanie (key point) vesnm@siiaiy
NN sUasuwlaan MILINDY WU YUIR w3e N1svy Wudu Fan1sAuiune

WEUNNINGNANIN X FzAunlaaInaunis
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L, (Xx,0) L,(x0)
L,(x,0) L,(X0) (2.37)

die L, (X,0) fe aeuligdusznitseyiusduduassvennidideou (The

H(X,o0)=

convolution of the Gaussian second order derivative) ﬁuqmmw X
D

o ddeulunwiuny X, X-Y uag Y sudmudsianslugy

T . -
! | . | |
'

o Dy war D Ao nspeulagdiuseniteganin X v aysiussuduans

) p— s {

(n)

)

v v fv

JUN 2-8 auiiusduduasaundideulasien O = 1.2 () MsUszanaveseyiussuiuass

q q

YauMdey (1) synussuduassatnAdsulukunny Y way X-Y auddu (8]

NUUAUIUMIANPNDTARUUA VDT ULINS NFANNANNT

det(H rox) = Dy Dy, —(0.9D,,)? (2.38)

approx
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2.1.2.53 nsunnaaaula

n1simungaaulavilanieisnisvdnalduiniiga (Non-maxima suppression)

=

lngiUTeuliiuiuann nseud1auazann1nsaudsluanangendImwaza1ng Bea1niud

a

Agaanvziioigan niiudugaaula (key point) Asgua 2-9

A AT TP, P

JUN 2-9 msiUSeuiiguagann [9]

2.1.2.5.4 N1395UNUAMANYULIANIZYDININ
lun1seiuneRuaNvuERNIEYRINWINLAlABNITNINATINYDY Haar wavelet H4ay
Llasuuwdasmunisvyu (rotation) ¥3ansiudsuwasuuinvesnn (scaling)

nsAnaarAwItIINIRaulalunmenisassiunavisuseunaulazug 20

[ '
T~ a

v & Ao ! & = 1 1 [ & o
O LaghUINUNANNA1IBoNUUNUNGDEVUIR dx4 1198 16 199888 NRIINUUITNINITADY

[ 1 '
% = =

11gn381319 Haar wavelet (U9 2-10) Auiiufigasusaziiui lnsagldiduniameinesuie

eaulananaInuaung

v:[ZdX,Zdy,Z|dx|,Z‘dy‘] (2.39)

U7 2-10 #2989 Haar wavelet Aldluntsduan (8]
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213 N1333797875 Bag of words
MaNMTaUIBINNTEEe S Bag of words fie arsatenansuils q waflewdy
galdganils lnsdlialaddurdendnhieinsalla 9 whadsnnmesinuivesdiiuing
Tuenansiu ndurhmaisuifieuiudoyamuifldGeuslineu Tnefinmsuszgndldnng

[

198339 UNUAIUAN 9 viatea WU syuudesiy spam w38 1153919019 ( Object

Calle

recognition) LHuRAy

2131 MsInnguuuulaiiy (K-mean clustering)

(%
[y

nmsvanguuuuaiiuduisnisdauiadeyaidunguiedsnisuuenu (Partitioning) &
NINTNIINTLEENNTENINANINAN (Centroid) Vosnguiuteya Inedldunausiail

1. Wendunungudeyaineanisuiaiy K nguuazinvungnninaiasuau
2. muwngannadlagldriademunis (Mean)
3. mwusversEningateyaliuiulninaisdeyaiiaiuanguuedoya

4. vgve 2 aunseneldiinsifsundasnguiaya v3e ATUAINTIUIUTOUT

ANAUA

2132  mswngannaslmivasngudaya

i
X.
— : (2.40)

C,, =
‘ N
N
iz_:‘ 4 (2.41)
C, = N

e C, j Wugaisnansdeyalmifishumis X Tundu ]

Cy | \Dugaianansdeyalvsifisiumis Y Tundu

X Jusumidhuunu X vesdeyai | lundudeya

Y, ushumisluunu Y vesdoyail 1 Tungudeya
2.1.3.3  {WNaSALIAMBILUYTY (Support Vector Machine)

funesannnesuuiu wie SVM Wumediafldlunisuiaenngudeyamenisusu

nauteyalieglunuiinadnuaed1Ay (feature space) nsomsudastoyailiiduigaduly
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Judeyanegluguuuuiianuisansnuezlddioaunisidudu 9nduiinisnudusus
(hyperplane) 7ilszgrineaniduveauveINgulayauInyan

ASANUIUNIANUNINIYDIEUTDU (M)

2
STINT] (2.42)
wi
AUNSLEUYIUYBINGNTRYA
indeyaeglungy y=+1
w-X+b>yy=+1 (2.43)
ideyaeglungu y=-1
w-X+b<y,y=-1 (2.49)
il Yy fio nautoya (+1, -1)
W fie A
X fio AdnwazdAay
b fie Anns
N
izzll = (2.45)
o o o dudsyAvdennsil
N fie I1uIudoya
oo max, __,(w-x )+min, _(w-X)
2 (2.46)

aun1snlivindeyalvaleglundudoyals

y=W-X+Db (2.47)
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v

w-x+b w-x+b

U 2-11 F19819N1591191UY89 SYM

ol

2.2 UIeNNgIv99
NAdeNNgITesiuNTRan N U MU lngn1sTuRTY wusdurdendnls 3 duu

LAELHINNTATINTUL LN UL ABAIENITANNAMENBULIAUYBILIUNINUE WazgavnuAe

Y

NSARMNEIUNTUEIAENTTURUN UL TENINABIAYIAY

2.2.1 ANINTIVVIUYIUNINUE

31NN1581539UTTENLAMWALITITUNITNTIITUTAIINANIATAUTINDS

[

Adengnnanflunsd53uIdelay G. Wang, D. Xiao wag J. Gu [2] uag K. Wu Lay
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indoulnvesing wagnsfunmasinssEninansude tned Y. Liu uag P. Payeur [11] ¢
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2.2.1.1.2 358dlnunsy (Histogram Method)
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S v a
U939
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ATV TUNTULUUEM 1821 (Ratio histogram) LNOAANANTENUANANUNTOU & NUN
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