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An Object Tracking System using CUDA Based Parallel CAMshift
Algorithm

Ji-Hoon ]o*, Sang-Gu Lee™
ABSTRACT

In this paper, we implement a real-time robust image object tracking system for PTZ(Pan-Tilt-Zoom) cameras. For image

object tracking, we use the CAMshift algorithm based on the HSV color image distibution of detected moving objects. As
CAMshift algorithm requires much floating-poing computations, image flickering and data bottleneck are sometimes occurred
according to the CPUs. In order to overcome the drawbacks, in the proposed system, we parallelize CAMshift algorithm by
using GPU(Graphic Processing Unit) in the CUDA enviorment. The experimental result shows that the speedup factor has
12~14 times faster as compared as CPU method. This system can be applied to an effective and faster image surveillance
system for continuous object tracking in a wider area.

Key Words : CUDA, Parallel processing, GPGPU, Object Tracking, CAMshift
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CAMshift_tracking( );

kernel = kernel_initialize( );

for image frame = 1: n

features = object_features(image_frame);

repeat

[Mw Mo Mig] = moments(kernel, features);
Cw = centroid(kernel);

Cg = [Mu/MooMio/Mao];
window_shift(kernel, Cg - Cw);
kernel_size(kernel, width(Mu),height(Mu));
|Cg - Cw| <= ¢

until

end



e B P G GE

A8 A A 23 20134 4¢

CAMshift ¢1g|&& AA9 Zy AH, & 2
2 & BEXE o|&3 HA®T ol A 4

E, 277 weA AddA 248 5 oo
AR F2e ARAOR WHFI YEIH
Ae TYOEA o|FoAT 4 I4E Bt A

11]7} 7‘101 5 median HT % morphology s

=2 =

F29 A= E}% =y 11:‘ o] A ¢ ”‘ﬂlﬂ AR A

AHE B3 F4 AR A3 AT AR A

A Ha A #E Fd FeteE ok ol| A

=9 AAY 7Pt F4 AFY 279 gEgH

A7) 2BE 7Y F, FAE HAE TP
<add 2> & CAMshifts A3t AA AAE
Aite A BAEh. @ ¥ 94E, b= A

= o
T =

¢ (Hue), 7 E(Saturahon) 9 F|2EIYW SAE o
Edo

29

& Y,

Wi oAAF

A () SIAETIY AEA
a2l 2. CAMshift =&
Fig. 2 CAMshift tracking

CAMEhift ¢118]%F9] 7-¢ 7]& Meanshift ¥
Sl 2 AU 2], e oK BHE 8
ghate] FAetazl sk AAS A7)7F HekAY &
—‘—7]’ %‘j’]'%_q' o]’ﬂ‘j’}—‘— \_“v;ﬂ?_] ZE‘O] 7]‘%’3}1:]-

l

ll. CAMshift ¢ 12|Z9| 25}

w TEdAMe 28dA A3 CAMshift €1

93 GPUE $4%

O CAMshift ¥iel&
o

3 2E owA mxiE H

V=1 (R+G+B)

3
(R+ G+ B)

%[(R* G)+(R—B)

V(R- @)+ (R-

S=1— [min (R, G, B)]

H=cos"

B)(G-B)

olm A mA
79 49 %
e A, £
A7)

2 RGB-HSV #Wgzy= 2y
Az ok &t7] wEo] Ff
BALE B4 ou|A npxraE

=]

o

Frame(CPU)

GPU(global Memory)

- Ji?’ i
ZLE' 3 RGB - HSV ®&Es
Fig. 3 RGB - HSV conversion parallelization

LT TT
1




CUDA 7|4t W3 CAMshift €1

0% o83 AAFH A 2d

@ ROI U9 HAZd tis|A HuedtWHs F%
33 ROI U9 YAE9 HueztEZo M AL&A7}
A& Thresholdgt& 7FAL 20h(E 239
7§ 08~14k0] 9] Rt 7HA AL §)
® ROIY FAFTAE F38t7] A My, Mo, My
g A4t My, Mo, Me® 7 RO A
E9 % ol7] wEe CPU7L obd CUDAYA

HEZ HYste Aol £ SHAA 2 o5
S 98 F Yo
<18 4>9 o] ROI YollAY 71E4E T3t
% 380

= AA AL dA Med 7
§ ROI W] ZE 4*&4 Mm% Yoﬂ e 7}
3

< Xol o3

shtel gros wrek s
ool &4 shte =¥y l 1ehe ARG o

9 dg wde Hdke 2l

H Z’f% R éﬂi HEse AY
Reduction®] 2} 31, <18 4> 3 <18 5= My
o Yo tf& 7tEAE T 219} BIFHE 9

3] Reduction® YERH Zlojt}.

84

143

— MO1=MO1 +j * (double Ifij))

112

6‘40
O%l 4. My 7FS X ALt
Fig. 4 My moments

Hue 3to| &8 CPUR FE

CPU

3% 5. Reduction A&

Fig. 5 Reduction calulations

® 7MeA ge 73 F, CPUdl gte dEet
ROIS} 7 T4&

41 MQHA|AH! 7S

AHeslE CUDA 3749 #E CAMshift

s rﬂ

duYFE o8 = 01% AR 24 A 2E
Agstr] e AL <x 1>9 2

¥ 1. PC 7ietatd
Table 1. PC developmet environment
N7

CPU : Intel(R)Core(TM)2 2.0GHZ
H/W Memory : 2GB RAM,
Graphic card @ GTX Geforce 560

0S MS Windows XP Professinal SP3

MS Visual Studio 2008

A e CUDA Tool kit 4.2
CUDA Visual Profiler v1.1
A&7t} | SAMSUNG techwin SPD-1000

- 21 -



wEBRRT RS S G

A8 A A 23 20134 4¢

B =249 Atd Al
>9} 2},

Ho feTE <
2
=

(o))

Strat CAM

Move CAM RGB — HSV convert

Background

Image difference Computation

Open, Close
processing

Select largest cluster

CAMshift clustering

Camera Moving
P T, Z value

T2 6 TH AA-S ViR

Fig. 6 System flow chart

<ad 69 Zo] "A Fhuert AAE 45
| HH wAE AA AH ZE YT vlw, go]E
GPUYAl dAZY. GPUE wWAAAY} &g
& 2Z2X A4k, CAMshift A4He £33 %,
éﬂ HlolEE CPUAA oA E8Eth 29
= AAA SH2HY A7) 25008 B
EA] yojof s, MA 7} F3Eo] HH AH Y 22
dol webx mE] AHE Lookup Tables &3
PTZ #& RS48%F4S T3 A28 ¥, PIZ 74w
g $AE PTZ3E B84 24 olA dth
B =59 AgdAes A8 dA SPD - 1000
& 7HiegE AT S EE 640X480
e AF weng A 1%y 45 4%
< A A 1‘%% oy Ay A g n
JM Agdaer. <2y 7> PTZ et Aol A
of AA FA 4 ?f.ﬂ%”lt}.

Xl

> iy =2
©

_I_:ﬂ-_ll

<

°Z}2‘E

a7 7. PTZ7HHERIE ol 88t HA FH
Fig. 7 Object tracking using PTZ camera

(Intel(R)Core(TM)2  2.0GH)°l A el Eﬁ‘l%tﬂw}
GPU(Nvidia Geforce 560)= 52l A< W] 45
AZEE SAT Aot o] W] A 9 S == 640X480 =L
7lolH, 21 30ZHYH Aelstes dA s on,
Z4zre| g fol Ao YA FAHY AoTH8].

¥ 2. CPUS GPUS| & A2t & H|1(mg)
Table 2. Comparison of execution time in CPU and
GPU

mCPU mGPU(CUDA)

163143

12.8759

181 16248 11487
07541 0.2066 01871 :
|
RGB-HSV Histogram  back Projection total
generation

- 22 -



CUDA 7]%t¢]

BE CAMshift duejEe ol &3 AAF2 A7

ook

Ast, 7129 CAMshiftel A 7Hd B2 o
d82 Jd RGB2HSV 94te] 74§ GPUZ
3’Jr 2 SR e U
¥, AR ddshs CPUSs
z *—”1%]:% GPU%9| 28 =59 &3t
| wzol ddds o 174 7tE d5 &
o}, Histogram generation¥ backprojection
A A4 ol AR £= ol 244

o
i) NIO >

=
9
lws]
oo
< >
ﬁrﬂ

re g

ox
RO o o
o o
N

re
1o

2

, CAMishift ¢18]%S GPUZ 38 PS4
of CPURT oF 144 719 %E gigo] 24
ATk

rh
)
Bl
=2
X
rr
(@)
(@
(=)

nE N
9 o
£ ©
> oo

N —t
(> 02 ne

> o o g W
il
o
9#
2
e
=
=
wn
=,
=
-
X

o ne
=l
i)
N d
rlo
l-fO
oxl

R e rS & g e K

O
c
=,
=
il
N
=
|
fru
= O
=
=
w
=.
i
1B e o

ol ol o9 -
ol ox rj}%
T tlo o i N
N
(2 >
o
of
oL
N
rE
rlo
ot
SE

o IN
od,

fo ml & O mx

)
N
N
=
Rl
e T

o

—a

12

[11 M. S. Kim, J. W. Han, "Technical Trends of Smart

Cameras". Electronics and Telecommunications Trends,

Vol..26, No.6, pp.139-153, 2011.

[2] Ebrahim Emami, Mahmood Fathy “Object Tracking
Using Improved CAMShift Algorithm Combined with
Motion Segmentation”,
Processing (MVIP), 2011 7th Iranian, pp 1-4, 2011

[3] https://developer.nvidia.com/category/zone/cuda-zone

Machine Vision and Image

[4] Gary R, Bradski, "Computer Vision Face Tracking For
use in a perceptual User Interface”,
Reseach Lab, 2002

[5]1 J. G. Allen, RYD Xu, J. S. Jin "Object Tracking
Using CamShift  Algorithm and  Multiple Quantized

Microcomputer

Feature Spaces," Pan-Sydney Area Workshop on Visual
Information Processing, pp.3-7, 2003.

[6] http://blog.naver.com/PostView.nhn?blogld=msnayana&
1logN0=80109766471&redirect=Dlog&widgetTypeCall=true

[7] Ji-Hoon Jo, Sang-Gu Lee, "Sobel mask Operations
Using Shared Memory in CUDA Environment". Journal
of The Korea Knowledge Information Technology
Society, Vol.7, No.6, pp.117-123, 2012.

[8] Ji-Hoon Jo, Sang-Gu Lee, “CUDA Based CAMshift
Algorithm ~ for ~ Object  Tracking  Systems”, Recent
Advances in Knowledge Engineering and Systems
Science, pp.219-224, Feb. 2013.

- 23 -



SERAEREE HGE A 8 A A 2 5 2013 49

x| KF 2 7H

ZX|Z (Ji Hoon Jo)

2011 8¢ : dduidtn AFE T

3

e o
2011~ A g
¥ I Bof: A F4,

ol
v
=
o
of Rl

- 24 -



