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(Omnidirectional Camera System Design for a Security Robot)

A E S

(Kilsu Kim, Yongtae Do)

Abstract : This paper describes a low—cost omnidirectional camera system designed for the
intruder detection capability of a security robot. Moving targets on sequential images are
detected first by an adaptive background subtraction technique, and the targets are identified as
intruders if they fail to enter a password within a preset time. A warning message is then sent
to the owner's mobile phone. The owner can check scene pictures posted by the system on the
web. The system developed worked well in experiments including a situation when the indoor
lighting was suddenly changed.

Keywords : Omnidirectional camera, Security robot, Adaptive background subtraction, Intruder
detection
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Omnidirectional camera, (b) Robot platform
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Table 1. Camera specifications

g = A%
Size 25mm x 25mm
Image 1/4" color CCD
H. Resolution 380TV lines

Sensitivity 0.5 lux at F1.4

Video Output
Shutter Speed
Power Source

1Vp-p 75 Ohm
1/50~1/100,000sec
DC12V

)
HE o] 83lA WA (foreground)S
A

o] X shelt}. ojuf
o

o Ba, Z FH AAel st 99
gz FHAY 449 540 A4E AAX o
Aola, A A kS HENES A
A o AYRAZ wABE o P FUEY
A AE AR AGANA SR AR 8%
o g2 AHYS B FAT & ok 17 4

Al=Ele] 8 HAE Ko

Y99S FE317] A8 AMEE WA
+AAS HES] A 7120l He wAGdEs 3
2] 7Ee-AIeE BHE B2 spAed, w2kt
Hol tefst Ao A 2 4 J=E 7] 2@
EA1A rdS x&H o2 7JAET) Fujiyoshis A
Ao r MAYGES AT & de B [12]S
o229 A1), (2)¢F o] AStsiAT.

Pr+1= upn+1+(17(¥)p_n (1)

Op+1— a|p7L+l_p71+1|+(l_a)O—_n (2)

Input video

‘ Image conversion toc gray |

]

Background subtraction ]

Foreground image

l Unconcern region delation |

Yes

Waming by SMS

\ Carrection to panoramic image |

Posting Images 1o web | —

Y 4 AAA 2GS Ry AR

Fig. 4. Entire system operation procedures

714 p e A G ZAQelAe gle)
spagkoln], p, & 2 Aitgtelth. & Bl A

92 A4se Agolt EFARL & 74 g
=

o} 2l
Hs HAH AR st TR=E T H
By #Aee ANIEHE A (3.h)F o)

A gahel AADTY [12].

q—. wl-ok }'l} (33)9’]' 71:‘_:]—0] p71,+1o] pn+1iq- k‘O’,
A
[e)

FGC if pyoy—ppiy > ko, (3.a)
FGif stays as FGC for longer than T frames (3.b)

o] 714 FGC (Foreground candidate)= FH %
A3l4olm, FG (Foreground)® AHZHE Z3
st HEAR] AAEGSS YeERdT =, sy FGC

b 9% Zad ol AEHME 4, olE F



of\

A9l T4 9 FGE 48,
Fujiyoshi®] 7|HE& AA 283}
o] Fasttt. fEle HAY af
29} o] okt ‘oA =
0.01~0.97#] ®s}r]7]H
17489 3, agto] 0.04~0.06 ol x
2 gt gAEHE s ' o

B oazke 0.052 Aok o] w g
A& (True)¥ A3 (False)= 25070 ©]Ate]
27F FEE Aol 14T ol A4y
TEIAT ¥ 5 oA T wWyow
S AL oot}

Q
lo,

o)
o

o d
1o,
f & o lo

[0 Edl o
- Sy B

oX, M\

i)
_>|i

[F @ oy O off ox
N

= Ooox

b

o fu b 1o Az o mo = R oM

ox M

K

& 2. agte] A4

Table 2. Determining o value

a gk A agk & A
0.9 False 0.09 False
0.8 False 0.08 False
0.7 False 0.07 False
0.6 False 0.06 True
0.5 False 0.05 True
0.4 False 0.04 True
0.3 False 0.03 False
0.2 False 0.02 False
0.1 False 0.01 False

2k}l A (a) w7 9, (b)

Fig. 5. Intruder detection in an image: (a)
Background image, (b) Current image, (c)
Excluding uninteresting regions, (d)

Binarization by extracting foreground pixels
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Fig. 11. Foreground extraction after sudden
light change (turn on): (a) 5th frame, (b) 8th
frame after turning the light on
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Fig. 12. different
distances to an intruder: (a) and (b) 1m, (¢)

and (d) 2m, (e) and (f) 3m distance case
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Fig. 13. Images for different number of people
at distance=3m: (a) and (b) 2 people, (¢) and
(d) 3 people case

I3 14, PCollA 9] Tz A3

Fig. 14. Program running on a PC

V. d&

B omRd At AUl g ssE A
o] AYAE Engor A, oF A
A ;A & YE A=ES AR CCD
de) Aest WTE ALL gl Az A
A9 AE et HE 0% it el
0 9% FAFANGA, 297 949 PC 9
HAY ZEagor Asde PRI

e A WAAPEE A FAS W
) A E FAMA BT £ QRS £
ool &l AE 2 2Fe] AR el



80 dH|8 EXRS flet due FtHer Zxl MA

41

(a) b

a9 15, AHgAF AR (@) SMSS &3 1.4,
(b) ol FF G A==

Fig. 15. Warning to the owner: (a) Mobile

phone message, (b) Scene pictures loaded

upon internet web
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