313l

Jue
o
fu

7]
st A E EH@Blob)e.Z X A3 34 Ztyt = E(Extended Kalman Filter, EKF) W o2 ANAE F3
st
7]

H|383| =X Ex{2|ets| FASrewE 3| =2F M[193 25 (2012, 11)

e-mail: hujima@gmail.com

Real-time People Counting System
Using Multiple Depth Cameras

YongSub Lee”, Namee Moon™
Dept. of Convergence Engineering, GSV, Hoseo University

juii)
o
2
[
0,

i
o oa

e
NI

b e
ey AzgolAe
& B304 549 A

oiﬂ lO ¥
0,

N
jutal
k1
N

RLM(Range Laser Method)E % -83}3, %
7F-Al9F &3 E 9 (Gaussian Mixture Model)S 483 AA QAo st AT =5 =20} &
H.

A SE ey Asgole AA dE 2 AN U AFEE FYAL 5 doe

1. M8 2. BH o7

HE 7He8 A=dS fF A9e gobs) HE 74, z71e 3F 7" A"l o A= [4]9F 2ol
Fhegats Alzgolth 9Z Jhe" Alzgle] BEAe A AZEA ARE Abgehe el 2HE FAT Foll AT
gt A qolA] AR 5 Atshs A otk ©ed F ol A [1][2][3][5]> AlztA Axet A F3h4 dRE &
YRS A= Aol okl Ae AbEE FE8AL ol & gstol AAE AAet= WS Agsdrh 53] [1]e0A
FAH T deb, EA s A g &adE, A t 9AS 6x129 BEoR ol 7 BEo gt
g ol ol - A= ARE S F AuHI] Abghel A71E v Ests ARl Fol HolE® AFEte =

71Ee AHE Holzl T AiuEtE o] &3 HF I Aol Z7lE ddets WS Aekste] 320 ool FA
g Alz=dolAe] EAder, EqfHsA o)Fste 254 o @ WellA FHele A9 BEEE 907MU%E F
thEol Abshe] B, AdAle AR HAAY 7 A AN H
ol 12 Eo] As "rH2l [11[2][3][5] A< &&E Ao WwHoz ¢ d9

2 =RdAe A9 e 9d gvetA 2dEe i gt S o] 838 W3] =(Overhead) AlH ol 712ke] 7]
A A A v s 28 IE I FAE wse] Abe] He Feol dig mdg o] g3t
S® A" AT ol AW, A e F Aol Abgbe FEska vk &g [6]e] AT E &
& AHgske Aoz 3 die] ghegtelld LAEE T g ekl A ZheARE EF RE S ARt dA AA
Zhelep Alz=gle] H3 B 7hd @Al digk 246l B g F%39, A ZE(CAMSHIFT) B & o] &8 Alg <l
et 5 gl 28 34 e Hgsta ol

Ed, dwHor was f RGBT ofd = A% el Aod ANE gAS 24 Q14 A
74l 2F(Depth Camera)E& €8&3o=n, x4 & 74 W 2 oH2 9 Gz Ax 7x] 7% wrAn A Az
shol] ZatuA Ax AuE gt AA ke AwE AE i Ets o] &% AFEe] WA Utk 53],
A2el] Wt FEg AA A4 B FHo] fold AL ol ZAlE vho] AR A X E (Microsoft)AFe] 71HE A4
g AT = Azbel AE spetEA, AxtoR o] An il

olJel RGBAAY B2 34 Ang Ay 7ue

AMzHE Aes= delB(zle], RGB, ¥4 #14))9] Al

- 652 -



o rlr

H|383| et=T EX2(5tE| FAstewEle| =28 H[192 22 (2012, 11)

W wa el g WA Ags A7

S FF, Aol dig AA 27 AAE AT ok
5 ]

TG, [7]M = A9l AME AREEE RGB-D(D: Depth)

Al Akel A A5 g vk Sl

M
HE AeE AgE L At 2Y BRe
2t

Camera #1

Camera #1 50

T e Fheete AstE A9S FAC YR g
g de AR WA EHY, g5% J4Es 4T 7
oz oF #4499 ROI Region Of Interest)E A 4 3k
Ak et Al 53 J4ES Hol AHE ol&, =
ZYdro® WAL &9 mdy v}
.
depth(l(z,j)
by (i) = — ?
Ak At A & @ MBS (2" 29 2 (a)
7ol 3 4, (b= Wi o] ik zlo] F4
2,94 27s 98 AE "o

Adol A depth (i) = 1th 7ol d7el o Al(pixel)
(i,j) otk GolA zlo] AHRE o|&s FFH WAL
2} A Ak (Background Subtraction)[5]13 7F$-A1¢F £3F =
g4 yiHez wiA AA L AAE A A &

g w9 ge tel 2ol ged 4 vk

~—

=

K
P(VV;) = Z Wi, X n(ma/‘i,tvzi’t

=1

N7ol g wd JFFS ol&ste 72 g4 ¥H=

MOG(Mixture of Gaussian) Wl 93] 3= wj4& =

a5 sl Ha 44 42 KA 7S £ExE

A ETh A7 We 489, pe 3 283 ) =

RS e (2" 3)2 Az
|

M= ok W

(ol A w7 27k MOGE ol &3 A4 AA &
g gelt.

(k)

(2" 3) AA += 3

o

(b)

A FhvEke] AT wA AR e ghv eke) 2ol
RGBY 47 do] AnE ol g3 w4 AA 7187

Zhol kel A Ze]
1o} RLM[5I[7]1E A}
AE Y A2 Ad 3o
s AHgdE AGE AMdsE W
H, (19 4)9] (A& AE AA
7 G4s e, (e (@) Ui dx 3|~E 13

oo
gl:l
—r
> g
lo,
Y
A
=2
_ra
=
>
A (R
=
=

- 053 -



H|383| St=™M X258 FAstaw g =28 M193 25 (2012, 11)

o

kel AW ghrete] d% S| AETH [8] I. J. Cox and Eds G. T. Wilfong, “The Kalman
A A FwHo] 7153t Filter: An Introduction to Concepts Autonomous Robot

Vehicles”, Springer—Verlag, 1990.

off :L
ol F'E
_\ri.(_‘

Mr Ao
2 K
tjo

ol
==

>

iy T

i

A= F U Ax FHuEE AHES IF 7
2glo giaiA At ST A AAME FAT
i etE AFE o RN, FA% ZHAME AAsHH
@ Fhul et v)uke] 9 F Fhe® Al="le A o] w©hxQl
ojuf Zhglell diEiM = =Ho] sbwatrt shA|EE, 7
A M EE AME et ThE A X9 ofE gl i,
AA T Fheete] G Ao F ol o]l
W GPU(Graphic Processing Unit) 7]
Ay ZRaggoe] B3 Ao=w o HArt.
E bR Alz"ee AA AE H Q14

y slo32 Y H.

Ml e
N~

> Mo

A1

Tk o2 2 oo
Ermi&—u@:izu

ot

ok i off

e o
Ry
r1r

A
L

oX 2
o rlo
k

i

0

2
>

N

&

2

(1] =3 s8], o3+, AA3], “EF 7|9 AN AT A=
] ARt =i A, A43¢9 A, A5%, 2006.09.

[2] Lim Eng Aik, Zarita Zainuddin, “Real-Time People
Counting System using Curve Analysis Method”,

=3
Sp

International  Journal of Computer and Electrical
Engineering, Vol.1, No.1, 2009.04.

[3] Jae-Won Kim, Kang-Sun Choi, Byeong-Doo Choi,
Sung-Jea Ko, “Real-time Vision-based People Counting
System for the Security Door”, International Technical
Conference on  Circuits/Systems  Computers  and
Communications, pp.1416-1419, 2002.

[4] A.C. Davies, J. H. Yin, and S. A. Velastin, “Crowd
Monitoring Using Image Processing”, Electronic &
Communication Engineering Journal, pp.37-47, 1995.

[5] D. Hernandez, M. Castrillon, J.Lorenzo, “People
counting with re-identification using depth cameras”,
Imaging for Crime Detection and Prevention 2011 (ICDP
2011), 4™ Tnternational Conference on, pp.1-6, 2011.

[6] Fahad Fazal Elahi Guraya, Pierre-Yves Bayle,
Faouzi Alaya Cheikh “People Tracking via a Modified
CAMSHIFT Algorithm”, International Symposium on
Distributed Computing and Applications to Business,
Engineering and Science, pp.1-5, 2009.

[6] Lu Xia, Chia-Chih, J. L. Aggarwal, “Human
Detection Using Depth Information by Kinect”,
International Workshop on Human Activity
Understanding from 3D Data in conjunction with CVPR
(HAU3D), Colorado Spring, 2011.06.

[7] K. Khoshelham, “Accuracy Analysis of Kinect Depth
Data”, In ISPRS  Workshop Laser Scanning,
Vol XXXVII, 2011.01.

- 654 -





