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Constructing a trajectory-based indexing system

for a database of surveillance images

Student: Chung-Wei Wu Advisor : Dr. Jen-Hui Chuang

Industrial Technology R & D Master Program of
Computer Science College
National Chiao Tung University

ABSTRACT

The goal of this thesis is to construct a trajectory-based indexing system for a
database of surveillance images. For each image sequence in the database, moving
objects are first identified with a PenPower software; by finding a bounding box for
each object. The object trajectories are then established with proposed tracking scheme
by considering intersections of the bounding boxes between two consecutive image
frames, which also takes into account merging and splitting of trajectories. Accordingly,
the proposed indexing system uses various attributes of the sequence of bounding boxes
associated with a trajectory as searching clues. Finally, a friendly graphic/text user
interface is implemented to facilitate various forms of queries of an object trajectory.
Experimental results show that the proposed indexing system works effectively in terms

of a rough screening of object trajectories in different surveillance environments.



AT EIOBEIR S > f A R R R A g R A SRR T o RE R
TR REF WREA A s (KEA- BFELARTOFELTEARZ

JRANAES 2 o P A FEREHFREHPP P ERET AL > A% RE

Fm
1‘3;37
¥

g
TR E TN H A Boxand e gler > @ AT E] R g T

£ o 4 b i keho &

‘—\w

TR RERIENEF L RSO SHEAY
E o F R A RS PR

bd Eap T RAESE R ME e ¥ RA LY T

o+

- o PR RE PF 54 F Ll PR RERRE ) A 00
AL RS BRI A - LR R PRt A
HZFR o { 300 Bl £ 7 B3 %9 BE T o d 3k Fuhips HE
BB 0 (8 SRR - ASE )R K o

150 B B R A LS A R > 1R g e A R

EREEAN R R LT sty A



B o B B ettt et neers 1
LA, BT 5 B2 Bt 1
AT 2 X = 2
1.3 B TR OTRRRT 3
LA, R B 8 D oottt 4

F2F BEBETHE LA G s 5
N D = I i =G T 5
22, BRI I TN B oo 6
2.3. FEARLEL TN 7 s 9

2.3.1. B LRI AR 9
2.3.2. IRt =00 Wy © s, i 10
2.3.3. B = - N SRR 11

$=% ~ 515 TRACKIN % B+ L Rlw it 3 AAZHEFPP R3] 13
31.  FRE“TRACKIN 47 £ 4| > i% 2 A BV A 13
32, #* REAR FH A ERE R THEF R B, 15

321 B FHE KA Bt ieeeeeesnt e eereseessee e, 15
3.2.2. FI* 5Ed B2 B RB B EH i, 18
3.2.3. B o - TR s SRR 19
3.2.4. SRIAERRLAY 17 S, TR BN el ] =R RS 21
3.3, BRI P A LB Mottt 24
3.3.1. 3230 B (DeteCting NOISE ) .vovveveri i it 25
3.3.2. 7 S5 B8 5 U A B, 26
3.4. BlAj i —*ﬁiﬁ%"fﬁ R B R B N 28
B R R R I e 31
41, FR A BB A 2 EHLE T s 31
41.1. R R o - 2 TR 31
4.1.2. G B B A B oo 32
8.2, GEEEA TR Flooeoroeeeoeeeeeeeeeeseees e ees e ees e s ettt n e 38
O T R B SO PR PSR 39
FI R BB R R I T e 41
%% é)‘?e ....................................................................................................................... 42



WP &

- I - - - S S )

-1 5 ST AR © oottt b e a e be e benraers 3
2-1 L L B 2K T 0 it e b e e e e baeate e nreeaareereeas 5
2-2 1 B0 BB o e e re e 5
2-3 1 A A B R S o e 6
-4 F R TR ﬁfu*ﬁff# .......................................................................... 6
2-53f§’*—‘§1%§€1k‘/¥m° ...................................................................................... 7
2-6 1 RARLIUPN B ARG E R T THEF H A 0 7
2-7T P IEF“F - AP o TIERATHEE N DT - TE o . 7
28 pREF2Z TG (=) - HEVDRIEFITH ~ B NEAK Rl IR
-9 BFREFZFIEAG (20 BARA DAL FATH - oo plEH R 8
PR ICR AR R0 W B 9
2-11 0 = K529 A HB AU N 7 0 e s 11
2-12 1 " B A R AR A B AR I B 0 i e e 12
3-1 : TrackIN g Kmwewn o | oo L m TRERRR o TR 14
3-2 1 TrackIN 18 BB A2 BT S B o it 14
3-3 ¢ $24825(BoUNiNg BOX) ST AL He 38 0 ovvvvveeeesssistee e 15
34 A REVEFERD NP ROB BT o i, 15
35 % ST L] - D L 16
36 H - FMHE R o (O Y AT E 642064 EH G o ... 16
370 % BB TS EE B 36 2% o bt 17
38: 5 B HMAE- L HRE L L LT (A)~(C)A B A B ¢ B 115 139
Fr 210 FB FH B 0 oot et iR e 17
39 % RAE WS A EHE 388% 0 AR ﬁvﬁ%ﬁsﬁwﬁg;ﬂ A 4= o 17
310 - PR AL AR EGPN N KFLZ I E PRl o i, 18
3-11: B (@ (0~ ~@)~d) E-+8HBH > A2 @BFIF ° v, 20
3-12: FBHFRAE T 5 FAR AL o 21
cREREER T U EWAE RIS T TR SR 2 E § I 22
A4 S BHFMBFILE XL EEREAL B EFRI o 22
315 S BHF ML ERABRBEEARZ B FIUF o 23
3-16 ¢ WRIFUEAE T 52 F B RMIT MG B o o 25
3-17 ¢ )5k A 1 AR TrackIN 7 8 Bl I o e 25
3-18 D R & B B 0 i 27
3-1935531431“?%’*—‘5:1’%5/7& O ettt e e e e — e — e e e e a———— e e a it areaanraees 28
3-20: £ 5§ ﬁr’z,}iﬁ“ﬁ%] NEEFE FEIT o s 29
3-21 ¢ Tuser 82 Tap FUF AR DB P B 0 i e 30
4-1: BB - b chpin o (@), (b), ..., (DA S S B¢ 5 1729~ 47 ~ 67

oW E W HEEH S HHS



85 103 78 F B 0 o 31

Bl 420 H - o BA 85 20 3 HEEE T o oottt 32
Bl 4-3: BRI F FRIMZIVE B E o e 32
B 4-4: 5 BRI RS (Casel) - (a), (b), () %58 5° $34 61 75% %
TSP 32
Bl 45: B8 E (Casel) EHETIEE S © e 33
Bl 4-6: 28 d (Casel) M2 F BFRMZIMAZEE © e, 33
B 4-7: % Bi4#d (Case2) - (a), (b), (C)~ %5 H %" % 38-43frd463E %
TSRS 33
Bl 4-8: 2 B8 E (Case2) EHIETIEE S © e 34
Bl 4-9: 2 s d (Case2) Mp|aZF BFRMZIMAZEE °© e, 34
B 4-10: % B au## (Case2) - (a), (b), (C)A % % B % ¢ % 115~ 139 4r 210

- I . L B E 34
B 4-11: 5 B0 (Case2) EHETIFEE o i 35
Bl 4-12: 5 B8P H (Case2) B2 F B FMZIMAEE o v, 35
Bl 4-13: % B84 6 (Case3) - (a), (D), ()~ & - /%7 & 30384533 %
' JECHOR ¢ LN g 3 L) LR T WA T R 35
Bl 4-14: 5 B RS H (Case3) EHITEE T o i, 36
B 4-15: 5 B R (Case3d) BBl s F FFM2 ML L& o i, 36
B 4-16: 5 BiRu 4+ (Cased) (@), (b), (C)A B 2 B 5 ° $ 7224676 % & o
........................................................................................................................................ 37
B 4-17: 5 BB D (Cased) EHATIFEE o it 37
B 4-18: 5 Bl s s (Cased) BRI ZHFBIRAZINARE o 37
B 4-19 : TrackIN 8 |5 F %83 4 B 5035 - (@), (D), ..., ()» % 2 #2577 %

18222252627 232533342 30 358 H B © wilveiivrieiie e 38
B 4-20 0 EHeA RS H- FRMAHLIG = BHBII © 39
Bl 421 B3 A 2 B AT o 39
Bl 4-22 0 LIF33 S cF BT B o e 40
Bl 4-23 1 B2 M IB1 2 BT BE © oot 40

VI



o @ ?%;‘iﬂg/{%?;ﬂﬁ CH R AZEEE XL o R TR ek
ﬁ’y:} 1§ Jﬁ ’ lE\x 7 b=y x“g\rn;ﬁ'{,«—v L) ]% “‘7 ;}’p%ﬁ’)?;}iﬂ ;_ifﬁ‘% ) “?‘;"/;vkrfﬁl ”

il WAL TR R T AR

ARRRTEFREARA DA SRR

P}
|
.
1
oy
RS
o=
R
=
B
s
f
TR

BRPRLE 2 B e ROE P GTH - 2T RRY F s enig * ) T
Bopkpwm= s o - 2 ud R @afd iy 5 A aR0F 2k o id 3
TR AN E IR R 5 A 0 K S 7 A J 4 48 vk 32482 (Bounding

Box)i£i2 ™ » ¥4 A3 B HRT OB R AEEFT AT T RE P HRLRTE

] o

o

ERE R A SRR B R GRTHEDE
BOAKE AR o d RBRL F NG S PEWEHINRT E AT o R

- 1

f

-"%

ERL NATT & E A o Fp ARt £ g @])\@q SHEE G G

B LR EHRE S o £ TR R S T 5 Pl i

N E o Aot - R X G NIRRT K AR
wﬂ@&ﬂwﬁﬁ&@@%ﬂﬁ%%~@%~ﬁ@ﬁwiﬁﬁﬁa%ﬁﬂ%

o VUREZE ZARFFOET ) REBELH T kTG0 ki asdy

%8 14 ¢ (object detection) ~ # %8 i Bi_( object tracking ) ~ i~ %8 » %2 (object

1_

classification) £ ¥ i ¥ (event recognition) ¥ & # it cnigdr[13] o b ¢H B+ &2

H kBiplid % i7— B ¥R *ﬁ“ N E FaE DA BT

Loita MAEH A Eahd KB FE



1.2. A3

HWRGFHEE 3 - &7 A S NE- R e BB PN Ad R
FHEoesnP RN ARIEEE R o n AR T2 ¥ R AN
R MREFAE L o 4ogpd (color) ~ R (texture) fe¢tA; (shape) & » i@ ¥

*HEG R ORI PHEF L HFHE kAP w5 QBIC VisualSEEK ~ PhotoBook
rVirage & [1] » @ ¥ — fER] E 4 48 A pF P do  cnsE 1Y Bl 3 ¥ 10 B end B0 i
¥ (trajectory) % % 7% > @ VideoQ[Z]?‘u{— [ U Cy-is SRt i W r- TR g
FHF 2 FORE ko

GHCEE A duf A T R RR[R][4] s R & 2 [5]% S Apen
BB K R B R A ER TS R TR F 3 el

ABEE S TRE MEABERE ARG] B RFRE LA DY R
BEookfRAEF FOATAGENTE ST R BT EHETEE LR
Faen bR ERFTREY > §APCPRASHEEE N E 4 2 iR 6w
Eoopipaeamtitoe £l FRREBE e R C - Red 8 AP HOH
o ed R [7] AieEEni JHES g J e

i 2R B2 BFAAPHEHFBOB B RPEFCH ENFTHEE LA
Hrs gy o At 4 B E B (duration) ~ B4 % (frame rates) £ pF Y Y BE
(time difference) & F1Z Mg B EVRES S §F AR FR LR - R F 2@
BRREET {2 i A 2P aizd 2 B L R[10] R pot > e gt 2 52 45
P AP e PR E R AP 7 B4R 5 (different frame rates) = 8.7 fe 2P| copF
B /& & (uneven time difference ) ﬁkﬁ E e o bR R @ G ff £ §E o 54 [11]
KA L5 PR R BEE S PR PFR L B 7 4p  (different duration ) ﬁh.i' i# ¥

£ 5 v 4 3] (Hidden Markov Model ) #7 j2 [12] % i& 7 #Lim v ¥ -



1.3. & seimAe

Bl 1-1 5 kSundel e g ARNEHPRFTHEEN s FARATH > LEF
fe o P i BRE 4k S TrackIN @R > 2 24 2w B M RET) > RF e
B BAEAE (TR HE E 2 S B B R R S 0 O P Rge g e
TREFNSFIT PR ES o APPSO BRI BERRE - B
T BB ERE R AGER N - FREL TR EPGFRESE -
B S B EHAT n r FHOF A6 0 Fhd SRR S A o kiR

51

B
2T
£ EEFEF IR R GR TR T AR

W s A 2 ek

Inputing Video User

Y
TrackIN Detection

Building Bounding Boxes Query v
Voo vl T Surveillance Video [* Graphic Search
Tracking Database . Interface
: /'Y Results

BUIIdlng Object Trajectories

A 4

Building Video Indexes

Adding Attributes

Detecting Noises

B 1-1: %% n42M@ -



".
ELN
Exd

I3
4

I3
S+

3
TS
=g
s

—H

".

<

FLHH S R R AT RBATRLE

Jul
8
=
‘_‘2\5:
-
W
=
gz
e
3\
A
5
13

EEEEDD 2 0 R M HATE S SR R B
B T N TR U T RLE S R POy [Eer e S ony ST T
B P E A KRR TREA A N AT - FBE - 5 B
LR RS TS T TSR S E Lt L S

RiSRTIREELITEP AL Ak 27 3w oo



AFRALGAFHRZIEFREAPNMETFRFDEHPRTHEL L8 APk
21 LG AR PR AR K 0 B228 A0 kS AR T 18223
SEP TR RPN E P DR GFREOTHENAE -

2.1, AR

Bk hEd o AR SRR A ) A 3 2 YR A ik
RAEZRE CPCEr R ored (B 2-1) ok 308 L BB ordp &5 gt
AEL G AR SRR TR B2 PC By Ry o B YRR
We 70 - REA DT ERE (B 2-2@) ~#HEE 2L T3P E
P (W 2-2(0) &* ik a3 R Df @B (R 2-3(a) (b))
ARl THRBREURFIEN CZHFR a0 LR FAFE R T E
- AR EE 2k W

(a) CCD Camera (# & § F ) (b) CCTV Camera( & 7 + B-F* ¥ 3p P-i& £ § 4~ 48 )
B 220 459 HB4S o

5



(@) IR Camera KMS-63A3-61T (454 7 )

B 2-3: 2t SRR o

2.2, HAWE LKA G

* % sug 2 Office Acces2003 #ic k8 (T = B3 B » 1 3 (T

-4 S EEPEFHE L AREoR RS 0 EREFT

FE PR R e U A

(b) IR Camera ( *

CFEEE T )

-
L ©°

BB G i T F R

Database of Surveillance Images

, v v ‘
Operation (User ) Video Manage Feature Manage Environment Setup
(Administrator ) (Administrator ) (User ~
I Administrator )
Search Replay Add Delete Modify
Video Video File File File
B 2-41 SRR AT S ek -
B 2-5 & i%'**"ﬁ’l‘é LAFRE ;S T4 e o i%’**'?f £ “E:}‘j’;—giig\?#i
-7 A RFTrF RS XA BENFT AR c m T A G § 5] e
FRFHRNPD TR TGRS o ER Y ';‘fﬁ‘é 39 Pk
L 2 £ A Y L B G Faﬁﬁéi°ﬂﬁf§“‘ﬁiﬁ?i§—ﬁﬁ@i@§ﬁ
i (W 2-6) » fi » 977 & LA fCE WE 2 > TP G NaeW] 27 £

e Bl B o




= B B & & 8
Bkl L B HEw &&=
ZHisals ot ow o® ke

i | Ba (720u30) E 2 F* Bl
H & wlGF~ H o T B [ErEw

2 =2|[=mssrha

oot o |

2 | E = 1M

ZEEEEm

|

Max EliE=Psis| (=80
Min HEDHE|[E8E 0
| = [ & J[ - |[ ® |
B o, 2 & B OB — =i
Tndex | VName [ Coamera | Object [ Scene | Hiew [ Time ~
(] [ CElenEOOL FoB, (7204800 4TA, =A-EJRPFIO RS %5 (= 1Min)
L 2 CEl0B002 F2B (7204800 1TA, EA-EHFIO RS %5 (=< 1Min)
|| 3 CEl0BODZ T 204800 ITA EM-TEEAIO hiR g 5 (= 1Mind
|| 4 CEle0BOD4 FE (F20:800 I TA EAR-EEPIO bR & 3 (= 1Mind
[ 5| CEl0EBO0S FotB (7204800 4T A, =R-EHWPI0  FiR& %3 (< 1Min)
[ 6 CE0EO0G F2B, (7204800 4TA, =A-EHFIO RS %5 (= 1Min)
L 7 CELOEBOO7 FoE (720:480) ITA SR-EHi0 PR % (< 1Min) @
sess: (14 1 [ 1] = 103 < >
B 2-5: i * ?‘fi#ﬁ’?ﬁ\i °
B = & & 8 5 @8 3
g | BmEwEED ~]
e[ vl % #® ® ~]
H & 9l v B % 1 B v
g = o m F B v
EA-EEFIO -
BAEE|=x grrio
FA-TEO
A - EAEPIT
Max HiE|=s-2@ri0
: FH-EEFIO
Min HE = semrn
FEH-EEEFIT v
M K3
B 2-6: AN F OB AE S ACHER S EE # o
= m B & & & 8

| o

= g | [cBeioooor

B | Ee

H & | [FA

2 = [Z=-xmrig

oLt |G

BlraEHEwEE| B

& @ = (L] [EEmt

5 % T Bl

H i ¥ ||

EEEEm

2 B BB | [B i 0Min~30Min)
Max EHEDHE|[RE (=5
Min HEEte| [E55 0
[ = J| & || - || » ]
e = B & 8 8 — B
Index | W Name | Camera, | Object N | Boene | | | e | Time

] 97 CEwOCO03 FE (7203480) 774 =5t <i2fi0 || s E (10Min-30Mi
| 98 CEmnCO04 48, (7205490) T4 =5-stefio || i £ (10Min-30Mi
L 99 CEwCO05 F (720:400) 1TA s=rh-2pa0 || iR £ (10Min~30Mi
| 100 CEwinCO06 F8 (720:480) 774 =5-skiefin || i £ (10Min-30Mi
> 101 CBwilCO07 F8 (720::480) T =rh-#2pi0 || e £ (10Min-30bi

102 CEwinCO02 F518, (720:480) 1A =5t soiefio || i £ (10Min-30Mi

sesg (1] «] 7 [ 1)

28 ERE

B 2-7: ¥F

“i oo %@F’“ r”




rTv,,E‘T""IEJ;%Z ‘i’ﬁﬂ:};’ﬁf%ﬁ\i’ﬁglfbx’%’**ﬁ%:‘:%%%‘m? I3 AR e i

EERTH S BIEH A () 28 B 2-0) 0 MHTHA ke me

%E&?&‘l&cﬁﬂﬂﬂfﬁl

i 1 | BEHEYEEE
2 1 52| cmeosoot | ¥ & 7 (ke
W ms| Ee mon | £ 2 T &
|
|
|

H & | EA H o F B mEEERt
2 =|=mEsro 78 & it|[E=Eme

#H g [rEs EREEEE

R EE|E M | [

Max HiEpRE|ES 0D |
Min HEpaE|Es0 |

(= [ [~ [ * |
E = 2 & =& & — = | H a KN
5 Name [ Caumera [ Object [ Boene [ T igw [ [ Max Amount -
[A}_El-0E001 T (720:480) FTA ER-EHIO0  iRA (= le} BiE )
CEl0BO0Z Fafh (FR0:4800 §T.A EM-EHPIO  PRAE 3 (= 1Min) EiE
CEl0BO03 Fo8 (720=480) 1T.A EMR-EHO  iRA $2 (< 1Min) BEiE )
CEle0BO04 Fofh (720:480) TA EAR-EHAO0  RA £ (< 1Min) A (23)
CEl0B005 Fo8 (720:480) 1TA EA-EHFI0 iR £ (= 1Min) AEE 2~ 3
CEl0BO06 Fof8 (720=480) 1TA EAR-EHIO  iRA 5 (= 1Min) PE 4 ~6)
CEl0BO07 Fofh (720:480) TA EAR-EHAO0  RA £ (< 1Min) ArE @ ~3
s (14 L[ J(er]r#| = 205 < | >

Bl 2-8:FRE2 /iEAG ()= HPLhRILEIN B~ Hpa0 -

e e

Feature

#IM% (?20x480)
b B (1 024:480)
4
- g (4] 1]+ 2z 3
B

Bl 2290 FRF2 BTG (2 ) - HRNDPAE FATH ~ B pIgpai -



23. FHERF

ATORE R ERL P ORSEREFZPETH > 50T - &R
paE)s “Pr” LR EREFHESLETRE BT R4S THERE L e
ARERAEEROR Y o B Y 231 ARP Ao Y LR RS 0 A 232 &

S A BN B I ROR 4 hB i B 233 4 80 W E

230 B¥ LB

FIo 2-10 AR LA H SRR A S TR T MR A 8 R o
AL R ABEBED > C AN B 1 AR E R A2 N
2HR RS REI D ZFAEHR e BV AP oS F oA “BldT Al
AT AP CER AEIARAAEEE 2R BEOES A 0" A AL
HWEe oY om 17 AT ABARM U A ER Y ) HAR SN - 28
A EApRFF IR - B2 RARENTES > 4o “A” 27T E A BT %
APALE o AL R AP TIEE R ARFITR L F - B AR A DR Y R B

5% 3999 o

v

el

wPpal s (G 1)
%% : {Elv.Bld,Lib---}
gL {0~9)

i {A~Z}

v

sl

CElv0B001

L5 B (1~999)

W 2-10 © ARSUH & ALY RS



2.3.2. A
R SRR AT R S AR S e

TR AL B k> TR TORE AN W aniedy o A TR kAL

MBS LF LT A REHT Fap RE o R ELATEE 0 E s

IR A o TR B TR e 2 T B

(1) #2874 (Camera) : 454 (720x480) -~ ‘= ¢ % (320x240) -

(2) P44 (Object) : @A ~Bigm~ A BRE o

(3 #R (Scene) * Fp —5FFr ~FP —THFC ~Fh P~ F

=

B R 2 SREFAERT A AL
(4) 4 (View) iFdh & ~ P 4R & iR & - HAR A 0 “FPr” 3 RIEEF
FREARREAS 4 TARET AP CBRERAAREEST 0 P ARET
I FREESES 34~12 7 “BARLET EFPr 3R GR
d 3T AdpdRE 7 BARFIERE 22 F X 2T B A AFTHE &
B LR A AR R TR KR
(5) 2% & & (Time) : &= (<1Min) >~ * (1Min~5Min) > £ (10Min~30Min) -
(6) Max P &4 #&® (MaxAmount) : % (1) ~ > & (2~3) ~ ¢ & (4~6) -~
<2 (>6) -
(7) Min p £+ #F (MinAmount) : B (1) ~ > & (2~3) ¢ & (4~6) -~
<2 (>6) -
(8) Ao B F F o % 7 P 4 5 & (Initialization) : & ~ 3 (Fo B3 P
o)
(9) *ms it (Light) @ ~ P $i ~ppe i ~ fm o 29 “Pag g’ &L

dado ? G IR P Rk s PHER T Hd 0 X FIBRA BaLFlR

N

FokpEHRLKITA G A a3 AR ES REPERE LT RR

(10) # % + 4 (Shake) : & ~F (FH# & ~HFH#HL)-

10



(11) # & *4 (Noisy) & ~F (FhhEr £ gIgFr % ko F £)o

(12) 7 52 #;% (Behavior) 2 ¥ 7~ B ¥ 72~ fK2ed g -

233, A HBARAFEPR F
BAAPALRIFEATHRE SR i- 08 i p 3 0 B9 L5 F

g R AR 2-11@)~{rF C EP R PP CHER FGL0W S FR -5 B

CHR S IM P E R 3B —RFTEMCHFF LY

4030~ 3 —RBFP o HFF X003~ 34—l Ao g X203

@) 2 —WEEP - 58

€ 4 —FRFC35F

B 2-11: - 495¢ L3 F Guamp g o

11



¥R 2-12 (@)~ (C) AR ch o R B BRI F o B 2 B R e
W4T R P v R (RFEEET) 2253 3 —EE el
BB (AFERT) X353 -~ (4 H7) £ 953 p g
AR EAT LA FRFPATHEE > LB ERLLH "I TR

B R R TR TR L e s AT > P [ e R

(@ =% v FF (AH&ET) (b) T —REIHEFTHF (HAT)

& -
|-
-

B 212 R b E R i) o

12



¥ =% % E TrackIN = B 4~ i ip|#
» RRAZR P R S

hAgY AP E Z TrackIN #25% (] 1 TR B ¢ 5 B 4 > 14
R P REFEHO NEZ RO BRI TL R 2531 & AT ES
P T i “TrackIN AP & 4] 2 B BEE £ 8 W7 TR f 4> 2 00 gtk sien i Rl BT S
A RN BERTEE RS Bt H R 3 By B
(Bounding Box) % £ 77 ° 3 ¥ 3.2 § ¥ defm il ip it th BAEA A A#H S A o
AP TR ME R AR OB B R G TRE SR oA fs o & 33
G- H RSB RARIE > ARAFTRRNERESM e 2L DEFESH
BRUHEBERE BB A BB ERIAARE ATHIL Y SF MK
ik et R FARP AR EEE N B RF o BN 34
g4 pdem BERA R FIOF 4 g o FER T 5 IR G

PEPNE e

15 “TrackKINFTEL 2 BERER A" F 4

05 “TrackIN 4] 2 88 3 BiE 47 37 L8 &% @ kA% 24 (Speed
Dome Camera) -~ ¥ #ici= 4L 45224% (Digital Video Recorder) m = &> p # 8% 1h
EHLA S TR G AEFRE S FAEBE SN o RS AT A BT
PIRE A #5(Analytic Server)z 7w > 4t - B R ERABPIWE - BT IHEDH
(Monitor Cameras)#ri = (4rf] 3-1) o kv id it i L T BB BT R

CLERT RS R G g S TR F 2 BRI RT R4 D ek

A=
e
=1

P 0 PR A AT R W IR R A G s S s

4
beitd
o

b
Tl
%
=
el
A

A IR R 0 I 7 A g 44551 B (Face Metrixa) 0 3% &

Pt SRR 2 AOF S IR R RF LI S R B

13



B 3-1: TrackIN % ,?fc’;ﬁ’f#_ o

% TrackIN # i § 4= W plendir B TR R P 2 50 B &2 > 4o@ 3-2(a)
A% % 4 eheh EFapa5(Bounding Box) ¢ kit & A ip|plenm B 8 o} AT -

Rt o R - pER R et ) 2 30k T 4o ] 3-2(b) o g st i ar i ot
BETTRES S (B 33) ¢

B=(xy,wh)
X0y & HREA 2 b 4 e Rk Ao w sk GAEAOTR B R
ET S S

@) BpDam BFMT BT Pt RaEiEn (b) F- BFRED O RE R EE 2T
B 3-2: TrackIN i pliE Az &% o
ToEY B RS NE R SRR S AP RR T 0 e

S 1 4 g Rl RS B L -

14



(X.¥)e .

>l »
Bl L

w

Bl 3-3: ‘td4E35(Bounding Box) 3 AL 12 54 o

3.2, # % N AR B F R et BB (T U g B

BEAPFLS AP OB B k- KBS PO EHE
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%%%@—%%Rééﬁ@’@%ii@@%%%@%ﬁggﬁg—ﬁ’—
A PIREE R 3R § AR
Case 4 : N2—N1

%%%%—%%%@#gﬁ%@’ﬁ@—ﬁﬁﬁﬁﬁbﬂﬁéﬁﬁoﬁ%&
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FL AR R B RS ORI T A B R Yy o § A LA Wl

(Clx’ iy)=(xi+Wi2_1|yl'+ : ), ]:<l :<N (3_6)

B NGZEgp TN ATe 3 HRAEA N @ Xy cw; ~h LB 3-3° f k3t

B T R e R TiaE e g g oo
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Zcix ZC,y
He = l:lN ! ﬂy = 1:1N (3-7)

1 | 1 |y
x=ﬁ-§C —u, %=ﬁ-§ (3-8)
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e

3.3.2. &“J’? #fgmﬁﬁvﬁﬁ;‘uﬁﬁ%r}
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i=1

26



Direction,, = Z C.,.—-C.)= Cy, —C (3-10)

i+ly iy y

2L BR FBTTEERFRALFAB e R EZFHIBE S B o

N: 67.5°~112.5°
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) 2257 15° ) .
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S:247.5°~292.5°
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7 7l Direction Angle Rate ’E Speed Rate ’ﬁ
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Search Trajectory Mapping| 0> 236, 42)= 10.09° i14.53 6.01 = 3.08 [pixelsfframe
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Bl 3-21 ° Tyser &7 Tap Fi™4p 02 R v o

N
>4
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N

distance ( 3-12 )

BY N Tp Rifgbidde a FJR AP aad B - KPR > 975 BT 1
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| Speed,,, — Speed..,, | <& (3-14)
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33



[
L
= ey ST

(b) & LA ZHET A B2 HBdfupr @ B
=+ 175.75° » # #+ 1 & 12.54 pixel/frame

Bl 4-8: 5 BHaifd (Case2) i Bizri#e % o

(a) % & 33-34 (b) 5 48 ) %% 60

Bl 4-9: 5 BHHBE (Case2) MRl ZFE Pz NAsLE o

AR BHFEREARRMT > L FAE R gk (R 410) 2
5P RG] (B 4-11 - 8 4-12) o

(@ @ $ 2 g% (b) & 4482 ¢ ¥ © AP EiELp A

B 4-10: 5 B4 a6 (Case2) - (a), (D), €A S 2 H 57 5 11513940210 55 % 6 -

34



@ FAZBERF I BH e 48 > B () PRz #E g - Hd S e 30177 5 4
/& 4.58 pixel/frame i# & 4.36 pixel/frame

s
T

B 4-11: 5 BH R H (Case2) i BEETiEE% o

(a) & & 137-141 (b) % & 160 () % & 198

Bl 4-12: % BH b (Case2) Mipl: 4 B ez A L%k o

Case 3 (N1—N2)

FoRR S B BE o BREL X GRINHE B RN EERER A
B Wik Ag 2 N1 N2GR G (S - B a4 & N2 il e (B 4-13) - H i Bk
E4r@ 4-14 977 ANV EDA BEL OB ERE A R AT B naRtixi

BT B 4-15 ¢

@ - Bi i BrHrp o (b) ek 5 BHFMESLTE  (C) LEBLLEHREALR

o

Bl 4-13: 5 B 46 (Case3) o (a), (b), Q)4 % 5+ ¢ % 3038 {53 % 4 &

35



(@) 7 FES *IRZ (7 A fp B L - (b) 3 Fid HIR2 (7 A L 1 HH
% 13.51° » # # 3% & 6.93 pixel/frame w 12.38° » # $ 3¢ & 7.11 pixel/frame

B 4-14: % B a6 (Caseld) EHITHEES o

@) %# 15 (b) 4 & 25-26 (€)% & 40

Bl 4-15: % B4 6 (Case3) Wipl i % Bz A % o

Case 4 (N2—N1)

FEG-BL i BPMIEL A BEooa £ ¢ B E ol
G- BRI A BLER L TAIN2 S NLR G e B & NL
B (B 4-16) > B R R T EE R AR 4-17 9T 0 FlE A A - BB BRI

ﬁ};,gg’ sl Bl Ak 4 RATHEES T A RERERE > B d Rt

i\4
P

38
FAenBikt > B ESAEHFLEHS FaEANALE LD A AL

e
F_‘-

1
PP iE § R B 2 R (R 4-17Q) 0 @ F A hBAIE A2 - BATOB
gtk d s (B 4-17(0)) > @ ¥R S F B RN OING R T AR

4-18 ¢ o

36



(@ A A - BaTEet 2 gffm () A A BRI EEd (€) 2tsm A & p ARl

B 4-16: 5 B 46 (Cased) o (a), (b), ()4 B 5B Y P 572467 %5 -

(@) ~ 2 s & ufr - Hd S e 11.03° - (b) 3 2B d @ b v 7.037
# #3# & 3.43 pixel/frame # ¥ & & 8.93 pixel/frame

(a) % & 10-13 (b) % & 31-32 ©) &5 77

Bl 4-18: % BHM#H (Cased) Wl aF Fremz e 2% o

37



4.2. HHEA HR T

B 4-19 % TrackIN W= 8% 2 B OFT, (@) - AR 857 %
18+22+25+26+27-32-33-34 22 3654 % o d i i ;2§44 TrackIN #7
R Aow B b et B aEa) koEgR o s TrackIN 1 R1E A2 0 R4- B 4-19(c) 7]
FRAFAFR SRS F AL MREVEFMA )3 SRR g # Bl 419(0)
B R 4-19d)pEd B BAR L X ERREEHY o 1 eB] 4-19(0) B & R R
PIFAr AR N ORI » §RR A AREHPEOF MR LA e P BT
Bie @ i B R Tl g g S ho ] 4-20 ST o M EH - PRI TR BT E A2

= B AL DA R R

(h) (i)

18222526~

Bl 4-19 : TrackIN i % B 4 805 4 B 30005 - (a), (D), ..., (.)/,,\ EE TR
ARG ==5e b A= Lk 1 R N

27-32-33-342236%F5 - 27 (c) FIFF A2+ plag 4
AR A (g) & RS BRID] A R A WR] D PR A

38



(@ #u" - (Fw 8-25) (b) #pr- (FHw 26-32) (c) = (#Hw» 33-74)

Bl 4-20: EBA e P H- P HIG = BH &P

4.3. 3230 4 PR RE

A S Pt 2 AR A KRR (TL YR H TR A
B Ry H et RS R AN 2 45 o Rm HRF SRR aodcdE k(R
4-21) Apta s B4R AR R g () 4-22) R o AN (e ensen i R b 4r

3R FEF R oA R AR AR R bl b R SR 7
PR e AR AR B B Dl (] 4-23(2)) 0 @ T - EEIBU A e ig
F R G 0 FF kG S R EF A GARIT R > 4 @ R IT A

B E R g (Bl 4-23(D)) o Flt T PR IR > BB R F osnahiap et

Rk B E A Pl MR AR

u ey

-
|

@ (b) (c)
Bl 4-21: Hidkm ik 2 ¥ Ry -

39



(@ (b) (c)

(8) A dde 2 if B % (b) 73 F %2 i Bk &
Bl 4-23 1 320 0 3P| 2 BY AT o

40



BABEHYY O APHTEEETEERN T - BB R P
7 HHRIEAE P GEBE L RN AR e A Fou
BEVET BFMLPHOBERE cRE-FHUBS - S BFUSHE
P RABEFRIZ  Efp N d HEREA TS A T RS R R G R
PRig— e R R I e A A SRR R e s E R

Sh B BB RELR Y KR ORPEF 46 0 R 3 el 5l

dRAEERA R HAR DTG A REDOTHE G ] L

f%?w‘—iﬁ g)%;ma P F 53 LLL.}\.;FBH 7[‘;}‘;&_{5’1/19:‘,\]L%#%ﬁﬁ%@%ﬁ’]ﬁ&;ﬁ,f%é%
HFHR S TARE R R - BT ALY F 5 o F e ¥R REFT

Y

2T tm e

}§

Pa)
AN
.

Pt T - F L ARFTH AT MR B & i R
VT F R BE E R 0 A PFRTLR Y 2R R AT A o 7R

Pifk PR KRR T A RIRIREY > B a BnE 1 L ngmd ek o b d At ebgg

g

~

VAT e AP BEHEHE FEAKSESFRBBRL O FL ATHRET S

A"

REGH G T R ® > Tipd I3 AP RBGER & B kMo o kLR - B
R RREEOT oo N PG A e HFE -

R AP RS ZEE P PRSBERLE- B oA PR 4R
i%‘j@,f‘g%’}"“ AW AT G TREY AL B IR NP A RERED
R T BEOMAFT A - P B kint R A LER ¥ ¥ MR FES
MPGE RS I X - T B Tl Ao oo R B s SR e 1

oo T B R AL ARMEFTEL  EAPR KRR AT e B AT o

41



[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

4 2

S. Deb and Y. Zhang, “An Overview of Content-Based Image Retrieval
Techniques, ” Proceedings of International Conference on Advanced Information
Networking and Applications, vol. 01, no. 1, p. 59, 2004.

F. Arman, A. Hsu, and M. Chiu, “Image Processing on Compressed Data for
Large Video Databases,” ACM Multimedia, pp. 267-272, 1993.

D. Makris and T. Ellis, “Path Detection in Video Surveillance,” Image and Vision
Computing Journal, vol. 20, no. 12, pp. 895-903, 2002.

I. Junejo, O. Javed, and M. Shah, “Multi Feature Path Modeling for Video
Surveillance,” Proceedings of International Conference on Pattern Recognition,
vol. 2, pp..716-719, 2004.

Z. Fu, W:Hu, and T. Tan, “Similarity. Based Vehicle Trajectory Clustering and
Anomaly Detection,” Proceedings of IEEE International Conference in Image
Processing, vol. 2, pp. 602-605, 2005.

J. Black, T. Ellis, and D. Makris, “A Hierarchical Database for Visual Surveillance
Applications,” Proceedings of IEEE International Conference on Multimedia and
Expo, pp. 1571-1574, 2004.

E. Sahouria and A. Zakhor, “A trajectory Based Video Indexing System for Street
Surveillance,” Proceedings of IEEE International Conference on Image
Processing, pp. 24-28, 1999.

S. McKenna, S. Jabri, Z. Duric, and A. Rosenfeld, “Tracking Groups of People,”
Computer Vision and Image Understanding, no. 80, pp. 42-56, 2000.

M. Swain and D. Ballard, “Colour Indexing,” International Journal of Computer

Vision, vol. 7, no. 1, pp. 11-32, 1991.

42



[10] C. Jaynes, S. Webb, R. Steele, and Q. Xiong, “An Open Development
Environment for Evaluation of Video Surveillance Systems,” Proceedings of
International Workshop on Performance Evaluation of Tracking and Surveillance,
pp. 32-39, 2002.

[11] C. Needham and R. Boyle, “Performance Evaluation Metrics and Statistics for
Positional Tracker Evaluation,” Proceedings of the Third International Conference
on Computer Vision Systems, vol. 2626, pp. 278-289, 2003.

[12] F. Porikli, “Trajectory Distance Metric Using Hidden Markov Model Based
Representation,” International Workshop on Performance Evaluation of Tracking
and Surveillance, 2004.

[13] A. Nghiem, F. Bremond, M. Thonnat, and V. Valentin, “ETISEO, Performance
Evaluation for Video Surveillance Systems,” /EEE International Conference on

Advanced Video and Signal based Surveillance, 2007.

43



