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ABSTRACT

In this paper we proposed an intelligent PTZ camera system which detects, classifies and tracks moving
objects. If a moving object is detected, features are extracted for classification and then realtime tracking follows,
We used GMM for detection followed by shadow removal. Legendre moment is used for classification. Without
auto focusing, we can control the PTZ camera movement by using center points of the image and object’s
direction, distance and velocity. To implement the realtime system, we used TI DM6446 Davinci processor.
Throughout the experiment, we obtained system’s high performance in classification and tracking both at
vehicle’s normal and high speed motion.

.M B 2 A%E A 2909 Aol el e
Agez FANEE TsRe Aladle Bt ol

AFE vl 71eE ol 43led Aol AAE A & ApE 4 71 sidel= WAr) Eoldel wet
Fola AARRe g FAske 71ee 74 FA] Az ol& WRlstal =871 53k e FAolm A
H, Asd 2F Axd F ookt Folella] £ AFEL olv] B AT 23S =53] 483 2
7hestet AA Z1E 2 34 Al2ge ldEe g4 AR ol23ict. §3] FEAaelA 9 2 3] o
<= 43l SHole AAE AEsts, B2 gt 7t 24, 28] 3 o)F AE BME T3 A3

# B Ad7E FEAGY EAEEESS] 27 A bialgle AR 01EAAREFEA) 28 SalE g
* (P BN 2R EgdTa,  §RAES ST MRS Al
wok gty ledign o gt} s 0 B RD
EEHE CKICS2010-12-589, A4} 120104 1249 89, HEl=Ralaadxb: 20119 19 11

78



o
3]

2455 B0l wAE AN A%H Przsbvlel

Azgle] digh - S E5 Pab oy} ‘1]“ A5
& AA AR dlelelE H5star glrk ARelx i
o] $E A 2573710l A5 —Cv’-@ﬂ 4S9}
dehet] Agslee e s Al8s . gicl
AAE FAs AT Fjejellx s 218
Foloh. 1 Folld REALR aviEE weae
e Elx“ AL APsA] e Zzudal EW
X2 Bhattacharyya Aol 9jsir el fAreE
FAsl] Frude] $xE #dEgHon Falshe
ComaniciuEo] A78&F MeanShift” 715} S,
Rangarajan®] 4703} Spatiogram®e] gtk APHEZ
(Prior Distribution), AF5-¥¥(Posterior Distribution)
o} B2 wjojzel 27 gl 7 e F3 gle 7}
FA7} ol A Al o8 HE REE 23
3led MA|E 43 PF(Particle Filtering)” 7]
FX% L. Van Goold) 2is 2=z gt & oA+
A= TIAKS] Davinei DSPE 719ES. & dle] W E$
27} 7Pedk 2mbe Fhleh A 2 PR ubig A
oF 3912, Davinci® 71HEog splelE AdAlsla A
Y 9 Az Agkalde (1 219 @
Tolde AAE FA3h=d $4-4 T3, 319 4]
o] AFellx e stegelz sk £ ok
I 5 4 sltk
2 =EolAE ol F 7R A EES ket
of oeicl= shmde} 7iMke} A% AA 4 s}
Alzel g Fsiglch 71Ee] 4 AlxaEle oy
PC 7]ubel|A] njAAIZEeR Sas]r] ol luc]
= AaglE A el HAge] ofelgol

dglon] Az HE A% 23R Asde 7
ek o) BAPE S50k w8, PIZ FpietE o) 8¢

]
AA F4 A PTZ Alelol Hgk glejsio] 27} So]3}
Z] eghtt weid B =Rl olgk A4S 5
Zsle iz Zuke] AAZE A £5E 7=
F3] Al28lg Fasleich Davinei DSP 3¢ 7juke.
2 gl ARzl AASR Alawls FESh,
ARM ZBAME o]4sled pTZ 7helelE Aoisty]
1‘% DSP _if%}fﬂoﬂ o AAZEeR Aol AA
Fsla ¥53 F, Hske A5 PTZ 7Rt
1&&% %Lfés}%it}.
£ 1o AR oSt 2l 23l A A Al
28 A disl Alslka, Akl Ak AAE
A&l FA sl daEZel deA Ayt 4%
o= Ay Za 2 RS sl oo 53l
e AEE gl

oﬂll

=

. AjAge 7y

2.1 A AlAH”He] 74
B =FolA Ak *l“—“ :!LH & 3 13 7

oh Alagle ZA| AER-e 2 Tk 7&%
Foll B} she AAE 74 EH‘% A7
GMM(Gaussian Mixture Model)ol] <& Hﬂ?éﬂm BJ
He ARgsla, 2HAE AATE 2R AAR
o3akel sl A, AAE st Aol Sl
ghe} ojw) AAlZL E 5 gl A Qoo ARgE
o] AAgch FHslwAL 3= AA} AFEIA A=
AR E FFsle] FAHHel xFne}t BA ARE
AFA "l AR AHE o]43l0] T YA
£ AE st 2Ae] HAE AR Ha, 2
g ¢H 2 ﬂvﬂﬂ— g2lelct. & shdel] chpe] A
A7} A= Aol B 1A e A iM
digh g o] YAFoRN AA F49¢
aYgicl,

[h3
%
X

AT VeV oy

U Dusitad Cison
- Ohiect Fasmues

Backaround Kelirmion
G

Mopholagy
LERTHIGRAM
m AT

a

PsE, TIUT, 2K
orsteck

T8 1. AE Azgel £F deleid

2.2 st=glofe] 74

¥ =Eellde AAE AEste F4s] A8 TI
A}2] Davinei DM6446 Z2AXE AHgstgel*”. 2
% 2% Davinci DM6446 EEZ=F vehd zlolch
Davinci DM6446-2 3 <o)l 315l 2712 Z R A4
& 7Ra gleh 44 91EEE 2IY RE Jov

19



A 88 =54 1102 Vol.36 No2

Vidairns sesi :
&Wmsw‘?&%n Video Processing Subsystem

DSP Front End
Subsystemn

= ARMBIGES.S cesxaMnse
300 MHz B0 MEz
. ma Core

onteal Resnitis (SCRY

% 2. TI Davinci DM6446 £ cleloi1al

ARM subsystemoll4) #AFski 9129, DSP subsys-
temsoll iz TRI® 4158 Melsheg A= glctk
ARM subsystem©l|4]+= RTOS(Real Time Operating
System)Z 7531912, DSP T2 739) T 7)-e ¢
#]4 Code Composer Studio 3.3¥{%3} XDS510
USB Emulatord AR2-3153c).

TIolM = daAle]el] Aadsle] = pAE A3}
A7l 7] #3 gleldelel g AFsla gl &
EEollAle Ak Alagle 7] 98le] Image
library, Vision library, IQ-math library & AFg-8}
o} 9)9] glolrejels DSP B4 ohzl, PC AldllA
& %) slo] AMge] risslEg AlF®,

. ROkt AF 5 gaals

31 A ZHE

3.1.1 TipAet B 2H

AA AL Aixde AN AL 38 ¥ ¥
T 74 ke Al 2AS AL Ao} ek
I FAME A WA ZE DAl = sRAlsE E]
S o8t} TRl £ 2L /AL A
ikernel) & ok E331 o1 AWl 2 sade
7de LA Lxrt FolE ARE olgsle]
3 AR 22, AEshe el ojeidt 7}
FAE £ 2d2 88 FEE ARShe d4 A
Eoblld F-881A AMgsle e g ookt 974
Aol HEE Ze lHde MelE o Eabx]e|ct

ZHRAE B 2ol sk Bas) Bk

80

o) Q] W o) o] foialch wheba] A7kl uwhe}
sha gho] wWisle] sl wle) @AM s Agse

22 7431k dele) Azt ¢ o el ST & 3
a7} X 23 8lm, o) X 7} M e ARSAIS B
232 nEcly b, 7HARE £33 2dE A ()
3} i

—»—-)

M
’ ) ZWmNXI /J’m’ m) Zwm_l (1)

me= ] =1

714 9 7l—rﬂ°’+ £3F 29| slelule] wejg
E - .,,;Wul’ .mm’q’..., o], . 4,]- C
m A 7FAQE B BT T4 etk =
g xS m WA ZRARE XS] ¥ EEAE O
ehdich ¢ & ok ARl 1ol oisl AlEE 3
gk X0+1e] FolA]d 7hg-Alek seiele] mdle A
$A o2 AFA ek AEA Tad t+1049
2d=e okl 4] (2), (3), @ At

A ‘}+a( t)(}(i+l))_;(t)) 193

m m
p:iﬂ) #M+0§z>(}(t+1))(a/7;52))5m 3)
Uz(tﬂ) — U2(t +0(f)(X t+1) )(Q/W t))(égdm_ ) “@

o] o, at= FHE WPEM A VT (T EF
2ol AMEShRe 3l dHolE] & PR FA} ok
o)L Adi(owner) WMFEA 34 o] m ¥R 7}
Aot Bxoll AT & 2R gddich 9dd d,
v}gka}bieH] ~(Mahalanobis)2] #z]E ]85l &4
st 7h-Aler &8 mdle] &3 ks FREth |,
w733} A7 e d dells £ 7ES Sl3
7o) Al vls) E3 1AL o At AR F
A 3-8 7R BAE olsle] Azldol gt o]
g olast A BelE sl AMSEE i RE R
4 A (5)9)

Barg™™( 3 7> (1~ ) )

B% ﬂ%‘% -ﬂul?‘f&v}. -7 Hﬂ?ﬂ 2o Toizl
= 3k gho] el
-eq-v}ﬂl =Helwd A (6)011 —M 2 71H zZ|gle] 7=}
sbd &5 "ok & Fe A2 34 gho] WiEe



2 239w e} Ak zdsls vt
F=log(1-T})/log(1~a) (6)

3.1.2 22K HA

HAE AEshe AN 23 AAY Hele
A= Al 7t glek FAstaat she AAE A8
AR el aExbe) A} Bask) agal
2] {8l ZA A7) 2% AKself shadow)s} S
HaKcast shadow) 27FA7} &g} A28zl
AA zpA 2 SR RAE] AAEE 28R onlsla
FHIYPARE P A Gl o8 AAEE
IYHAE origitl. 71| A9 23RS A
A AAS] $3 7 7ho] w7 9
ZHbrightness distortion) ARl ZH  H=Hcolor
distortion) JRE o] &g},

A (D& ol83e] 8-S AT F dARte
TAE o]43te] 1S AA & 4 gich

BD= argmin (’:m‘e - a—éad»)z o=
BD= Fore = Buack/ Back Q)]
CD= | Fore— aBack |

7] ol 1.0 ool AALE o welrlz W

T8 3. a3 AAE A W19 e AR 3

(@) (®)
38 4. TR AR WEE A8 A9 @AE 1 o)
qg ¥

7] si3te] 1.0 elsteld AL oAk AR
1.02 A3H Al o3 783k
£ =M Amelx Z S 3] AR

#HAgho g Fo)7] gs) 1dle] AL 7l P_i
g319deh. 29 4= 2R} AAE Sabr) A _,,], BN
gt Fo AHE Jepd Zlolrk

3.2 4A 27

MA AL ST F ”’WH"“ AH| P57 whAlelch
B mRolile Teague 7} AN 2Al=2 walE
(Legendre moment) & 5% ?5}0:] k—means ub-g o]
43lo] ©hAl, AL 7IEHE ERShe B8 A4
3t ;g%g}g;}\;]. zZAcE Y= ZT_,‘]ZK}.._ 22
2 o3 A eidicth 13 s AR A o]

A de HSalo] 2AEE vES 2E L F ¥
P

F7 75T BAES el 34goleh. shaklcdA
9 FAhol A, WAAEANE FA)e] Al 54

& el

Feature

Feature

Featute

gl 5 zho) Apgke] makt ‘-';Aé! 2HE 5 @3, m)5H,
(©)14¥ EAl (k. AL, mw )

81



EHEA 88 =4 1102 Vol.36 No.2

2% 5ellxde 63 = EE o]&3 29
hel AL A9 'S‘°1V'] }%Ur 2t} 74A
o] Fo| T2 31, 5, 14WAe] XS o143

ek 2® 6044 747‘«1 $R] el A 7*?4*“—5 A"
HE°| k-means WY& o]83l] BHIES AH3)
7] 9% 7153l oleid 715G F 34 el 9
AL Aghg ol83le] £F 2HE =F3Uct B
12 A9 A#t dlelel & Ak o2 Aelgh slo]x
I 62 AR AR BF 2AE =2Y HE
olc},

R 12 AR A T AHE el el

ol =7} tiekal oJARS Aelsle] AYS zladsiel o
v% a A3 337’1‘24_& 80% ol ¥ AE
hehlgleh 79 6 A8 34E bl 20 @)
© AR EF AR e Sleln o) A%

B AT e el A A5 A

o} gle] SRACE LR YU DL
P S gl 4 glokh Al S 2 delle
71ekg shishy gl Al diside Ags] 2§
sfgirk o7l 259 At EA=E mqlEe] B4
o] A& AE obd BAgHE 27 W2l JiElE B
ke Aelch o]E #AIE 23] A =
eS| B4 ¥ ohet 2] A4S R <+ 9

€ e Bivieke] &gl a7 B =EolMe
=7} B E o83t} EARE shRskich

rO{' J\I m

E 1. k-means® o248 A4 5% Ao vloly
o34k = A4 | 5F A4 254
PETS2006(11) 1128 234 20.7%
PETS2006(14) 1814 132 7.3%
A #g 1 1023 101 9.9%
27 Zd 2 1384 283 20.4%

(a) (b)
% 6. k-means WS o83 HE Fi Ay

3.3 2 FH
o)% AAE ZA4s)7] a4l Spatiogram HWHE

2451517, Spatiograme A4 Hz] Yug o4

82

& ol Meanshifttl Camshifte} 2o} 714 £
Aole dele] b ARE o] 83| Wil 71E2]
s 2 xjelr} itk Hele] 37 HEE o83
ol 7129] whnrl & o 7Ig FHe & F
o)tk Spatiogram< 4] (8)& viepd & 9l

h(b) = (nbw My Zb)

=08 Hy =~ ZT(S 8
121 Z 3b ( )

N

N -

— )z, _l‘b)T

i=1

Z:'1

7
ne bR Wiyl g eiie ot 3=
it wleje} FEAt gHS ofvigicl 919 ARE o]
f3e] HERolM FAstaal 2AE AAe] FAE
&34 =3 o] ARl the dAdelM A=
2 2Ash g} 2 =Relis vhdeben]|s 4}
g wjslglont o) uhye BAEL] 22 I W
stoll T8-81x) Fack webd A (9)eh Ze] 7 Hﬁ%
shehen)s A SRS AHSIaTh

n,n>—2@f

= 5_} Vg @V it 2(Z, + Z))]
g =2vr|Z,+ = , ©)
:2\/27‘(2;1 +Z»b—1)—1£l/~1
B
p= bz N [SN[ZbZ’b|1/4M;Ab;u'b,2(Zb + 3 )
=1

2 (z)dr » -

$& AR 7H$AE Fejelelold, g, @ 7]
29 Alg gesiAl A’ SHerm)olth FALEER
A3 249 AT o4 TR olF 3y

B 2. 29 gl B3 deld

A8k C code 1Q-math 9 4Aig
1 1,589,534 665,230 58.2%
2 1,674,704 589,613 T 64.8%
3 1,543,721 582,575 62.3%
4 1,580,809 574,821 63.6%
5 1,523,811 583,997 61.7%
6 1,569,795 603,390 61.6%
7 1,617,590 619,327 61.7%
8 1,612,165 589,072 63.5%
9 1,613,315 591,143 63.3%
10 1,586,792 616,527 61.1%

B 5 dag 62.4%




2k Ajo] el At FAEE 243 gle]
A Aeexp)st AFTEsq)7t HHEA o g
AREEA "rt weba] o] ol oaf 4l Sxoll
Aloks WA ek Alkshe ubde- DSPellA] A3}
= IQ-math o] Ha{z]E g3l Z 2= $A1=
54 A DSP2] F¥& 33 Ao}, aE= A}
12 & vlxd] & 790l 1Q-math S AH23 A5
7b ok 2% AR1E E Y ) Qo

o

V. A

nek

#a
AL

Z1 BN

B oA ARest AE A E3= Hitron AR 36
v} FASTRAX4 PTZ 7}9gl, HKBDOl #AEEe=
o]-&31irt =3 ITAG XDS510USB® 79} =g
233l Code Composer Studio 3.3-% ARS-slgdox,
2ol Bej2f= TIAM] vision library, IQ-math library
E AH3l9th ARM Hollk] & 720x480 YChCr 234}
53] Z|q] Bizie)] #2He- gch DSP ol
H5H A4S DSP EDMA S o]8-3519 320x240
YCbCr 3Ahe BapsbA €3, Balel 934k vision
library & ¢]-83le Z1&3olAe Bmiedalo @ w3

o]

fe o o

3l A Hollxi= RGB Aoz w3} Al
A AHEE 8 R wAlA, 92
4W3J(connected component labeling), EAT 21

2 oX,
= e
Hofn O b

ofch offe] ]l 7& B =FellA Aok A
5 HeRd ek AE o] & el PTZ 7}
deke dAste] £ 34 daEEs 243 e
A M Hes) Eselat T AT =29

(b)

agl 7. Ad A3 94 A, oA

€ Holx glk E 4 WM AR why 2
S Sz el E21e) sl A2l Flolek 34 4FE Axke Hsl
ARe] BHTH T@)ele AAL o) W] ut Qg3 Asfel] gk Ho) g sla A Aok 24
2 " 24 AoE weiFar glom, Auke) A4 To} Algalic) Ak AARS T1Rl A 2]
(T2 T(b))= Aego] shvllzta e Hojzld ule} = U 31734 odake we] whol 4 obwe]= xpaAlql
717b wistol) we} Felt Folr-g H4s| sk g AR Z 5 7] dEel] Ak Fork o
A AAE A FAFE AL HAF = gtk 23 whe B Al3E Ao AA) 2l oAl
F 32 AR Aol i3t A 3ol AE Ko
Tk & wrelke AA A o BrE s
sl chesh ol ek 2 s mAg  E 3 A A WA
%50-37 =2 Z)ole th‘]_zzUJ 2] AA =A ] =7 . Z7) B
S e 1o Ao o | 0| ek | T ae] TR s
U TR G s k. T
A3har 2/3214 oAl S FAA w230 @l L | 884% L | 835%
o}, npR] ke 2 23] o)Elx] 2xshA| e = 2 | 89.2% 2 | 834%
AR 1ol sRick 34 WrRs A o)kt 3| 889% | AR | 3 | 826% | A
A A 2RE FAIE o) Sl g B AL 4| 878% 4| 838%
sigict 3 334 o] Arlo g ] AFEL 86% 5 | 87% 5 | 858%

83



54133 =F 7] *11-02 Vol.36 No.2

B4 Phy U 9 =

¢

43 g

FAek A7} AR 3E 59

A | FASR AA7L el EAlsk giel
A WA FAske A4S

FHeR AA7} spael EAeht 57

£ 4%

ZAstd AA7L el EAsht e

AN wAElel 25k A

FAaR AL el EAeA o

SHE 2ok FHsE A

okl A g A5

AAsk vAo] FARE AL AP A%

£ Ao A

onl

PN

¢

ANE Zrevhe A F18 4 glglon A o
gAY 2= F94-2 blog.naver.com/boc1023 9141
Elo] 71sslch

V.8 B

£ =72 TI Davinci® A3l AAE &3]
A&7 8l 7heAlSE £3F 5l 3983} Al o
He] H4=gon, AAE BRsbr] S8l 2g=e
R EE o] &3lgict v Z&Q) wic) Al 4% A
EE o] St v o B 34 dwelEe Ak
2w, A FA4 A lellEte] $A]e] H=a)e 23
A& Ze= AlzdlE Akl Mxe sive} 2
£ T3] dolm FRole AA9} dAke) 4w}
o] uhgk Sento gy AAE A F4 Rl
Al AR e de] Aue} Fde 2 ARE
o]-g3le] AAE ] il FAR F#E 7}
A= AR wige] g o AAE X A E
A}, gFole Fe dx] ARE Frlsle] A
£ FHsle Al2"E QAFsor & Aojch

#1228

ree

{1) Comaniciu, D. and Meer, P., “Mean shift alysis
and applications,” In IEEE International
Conference on Computer Vision(ICCV), Vol.2,
pp.1197-1203, 1999.

(2) Stanley T. Birchfield and Sriram Rangarajan,
“Spatiograms versus Histograms for Region-
Based Tracking,” cvpr, Vol.2, pp.1158-1163,

84

(3]

(4]

(5]

(7]

(8]

(10)

(11)

(12)

2005.

K. Nummiaro, E. Koller-Meier and L. Van
Gool, “A Color-Based Particle Filter,” European
Conference on Computer vision, pp.53-60,
2002.

A, “Davinci 7] 2vkE s} A 2
T, AR, SRR HEk, 2007.
PAE, “ohilA] Z2Ax A2 253 @43t
Al sW A 2 7,7 ARSI EE, sA9E
3L tEHs, 2008.

TI, “TMS320C64x C64x+ DSP CPU and
instruction,” Texas Instruments, Dallas, Texas,
2008.

TI, “TMS320C64x+ DSP Megamodule Reference
Guide,” Texas Instruments, Dallas, Texas,
2007.

TI, “IQmath Library Module user’s guide,”
Texas Instruments, Dallas, Texas, Feb., 2008.
TI, “TMS320C64x+ DSP Image/Video Processing
Library Programmer’s Guide,” Texas Instruments,
Dallas, Texas, May, 2008.

TI, “Vision Library Application Programming
Interface Reference Guide,” Texas Instruments,
Dallas, Texas, Nov., 2009,

Chris Stauffer and W.E.L. Grimson, “Adaptive
Background Mixture Models for Real-time
Tracking,” Proc.IEEE Conference on Computer
Vision & Pattern Recognition, Vol.2, pp.246-
252, June, 1999.

Zoran Zivkovic, “Improved Adaptive Gaussian
Mixture Model for Background Subtraction,”
Proceedings of the 17th International Confer-
ence on Pattern Recognition (ICPR), 2004.
http://maleesh.wordpress.com/2010/03/18/shadow-
removing-with-opencv-2

M. Teague, “Image analysis via the general
theory of moments,” J. Opt. Soc., Am. 70,
pp.920 - 930, 1988.



=2 AE BR el AR A2 A% Pzt

8t & 3| (Jong-hwa Park) 5]
2002 2¢ Flgista A7)A
z}ﬂi%ﬂ el
?iM A}
200543 19~20074 10% IDTECK
20072 119 ~8A (FHslolx
EM2E Addel4l
<Al Rol> oAk, DSP

& A 8§ (Ji-hye Jeon) 234

20074 29 A AL
=t At

2009+ 29 LR AT
st Ak

20081 1€ ~&A (FPslel=
i/sx]z\eﬂz c:);fl,g‘:

<FAEop AR, AlEA
2, OCT,

g

ot €} 7| (Tae-ki An) 23

19934 24 ZHENEsL Al
gt At

1996'd 24 A EofstmaAl-E
gz} AAb

2011 29 ATEEw Aap
7| e what

199613 394 ~2010 64 =
iJEJ]/\oJ,:IL%_ A%clo:l;;z\%_

20104 6~ A T T gdTL AsladTd

<Bpop Weluitle] B4, B4R, ABAS

XY E (Byung‘mok Jo) Azl
1982 24 AeufskaE A
a3} sk}

20119 €A Slo] =M AHl2
& FHATLA
<J,L/\l_,_o};> oﬂ/\]—io}/z]/\%’ Al

‘Q‘ F#2], CCTV

»

g 31 ot (Park Goo-Man) ZA13]
: 19843 24 F=ehgoEtal

A3 At

19861 d 29 AAdgaeksd
A Ak

19910 29 AAefshc
Azpgetst what

199113 39 ~1996d 99 AR
A} AlzAe]adri Addrd

19963 9¥~1999x3 7¥¢ Zduistm st
Zu

199913 84~ AEFrledista wfAFtH
Ei

20067 19~20071 8% Georgia Institute of
Technology Dept.of Electrical and Computer

2 e

Engineering, B35
<FlEop Helrjtie] FAl, il AR

S

85



