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Development of Active Stereo Surveillance System with the
Human-like Visual Selective Attention

Bum-Soo Jung and Minho Lee'

Abstract

In this paper, we propose an active stereo surveillance system with human-like convergence function. The proposed
system uses a bottom-up saliency map model with the human-like selective attention visual function to select an interesting
region in each camera. and this system compares the landmarks whether the selective region in each camera finds a same
region. If the left and right cameras successfully find a same landmarks, the implemented vision system focuses on the
landmark. Using the motor encoder information, we can automatically obtain the depth information and resultantly
construct a depth map using the depth information. Computer simulation and experimental results show that the proposed
convergence method is very effective to implement the active stereo surveillance system.

Key Words : saliency map, active stereo vision system, surveillance

x
u

Hel B QA Al Azgo] G olsist <l
N3 e AAH Helg Bal ofE By FAS 2
Aok AL Do) W] 4R FL Fel4 A1)
Helsg e Qale) Azt A2go] W, A, $3A
F1RAQ FREe) SHORRE ofd By JAL
Bk 2 Benl Gy Yrs ug 2AAe]

shed o] Al v Btk 2 Q)
3 Zol 17 7158 olgdte] AL
W EEAOR FHGTh e S
ARk 2 ZpA) 3k, 1A ARl u

b3

b

3

%
U 1© oft

e
I

tjo
>

Aau)stn Mz}7)E 3 (School of Electronic and Electrical Engineer-
ing, Kyungpook National University)

‘Corresponding author: mholee@knu.ac.kr
(Received : December 15, 2003, Accepted : January 26, 2004)

£ olggromy 44 ATANE Mg 2UL 5
A 5 e 5 28ee. 74 Alxwe) AEe 9
s QAISt fAKE HEEH 7o) 1F 7152 e B
oY 2l A% T 5 Ak $EHA I A
£ B3l 0k ABH @A ALHL Y G 5 e
sk oh)eh 7)2e) 2Ee L. Bl M 7hg ojel e

Fae

AL AEsA FHzols 22 9 289
2 oot 3 2HE e A 2EL s gl

L 7 etE FA 0 T T e
focusE Z¥HA o2 A ) 12| vhdete] ek
< o ohg o] BUE TESHe whaloZ ek 4
B mdlS A5 e Abbott2} Ahujat focus, cam-
era vergence, stereo disparity?] 5% 23S F3F 33
A AR ATEE o) 8 It 7 g Ee AL
SR, Yamatow Ut 98 24 7]1%5E 7H 2|
Y2 Bl A 2"-S ¢80 layered control system= -
At o] AlEL o e 52 3] sum
of absolute difference(SAD)E ALE$HO ZH o Aol A

— 144 -



o172 )\}sk/q e o) zb}_g Alzk 715

3 2o

i

N
head
")

9e MU, 21E o)z
21 2ol FJukg F917) wEo] A
B ¥9] A7 HArAe] AEeAl A7}
1 wred ) Eat%ih. Peng 52
P RS B g9t 44
51, 22} o] A& HEA
7] S8 WA A Fuekg o g4

fo o3t
O
1
%
e
o
_\__: o

it
0

il IO
i
o

Jm ol o
olje
M
ot

lo
w
:)4_‘_1‘
2
—r‘;&é
__;‘glrol’

|

o
o
oy
tlo

0 K o b &
>
=
2
.
ol
hs

N o
™
ofN
mlo

—u

o2 QA 9| %“5‘1 o] AEsle Tt ARES
s e 8k 25k t). Bernardino$} Victors 1A

o] whute]l 22 7# % log-polar imageES AME-SH
oz gt £ BulE pASIATH. et o] A
282 Qo) Wt 71eek a2 Rt £t
HAE QA H o] FgEo tg e Eo] BEairh
Conradt 5& AEstE ol Az Wl 7|y & &
2 (saliency map : SM)Z ©]&35lo] ~E|E L ¥lA
]/\E\:] 24]0}3}011:} ll“‘t 4y s 5“"45}7]

3,

A~

7, Aol & ’)"‘4" A&
ek 718 g5 &9
fof ofsf g2 o]mRIef|A] YR
g FESIRL 2 B4R
ol Ut Y BREE
et 9 E@% %%“é‘%
o] ze7} &

BE od.é}‘s]'t:

o
1w
)
D)

%ol
k!

] xﬂO}H OEO}
1 T-’] 71‘:1‘6‘ 7] ’% [ JR s
o}"q TAHATH, =5
o]-g-sle] UHHE FHo =2
B & 2553 771 A JRE T
som 4A Gt RIS PE B 2 U A A
28S P
e e e

ﬂl&
=
o
ql
o

e 1

€

2, .'.R
O

jad

XN
PO N i

2
rO
2 o
il
b il

—145-

_Q_
3

Qe 5% 2eEe 74 Azde) A o7

Vistal Redundancy
corteX  reduction

Retina

i %

1.Intensity Inforrnaﬂon
2.t.dge [nformation
3.Color information
(cone opponency)

Lateral genicnlate

& Nucleus

Detecting the shape and pattem
{Symmetry Information}

28 1. 179 yrteriy
1 A7H Ale] A=

Fig. 1. Biological visual pathway from the retina to the
visual cortex.
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Fig. 2. The experimental result of normal NTGST and
weighted NTGST; (a) Original image, (b) The
result of normal NTGST, and (¢) The result of
weighted NTGST.

- 146 -



o) W% A 7%

(b)

% 3. duk NTGSTS} 7H5 NTGST7} 488 2z}e] &
&9 AF 43 () YUY NTGSTZH 388 5
1, (b) 7V NTGST7F A48 &9
Fig. 3. The experimental saliency map result of normal
NTGST and weighted NTGST; (a) The saliency
map of normal NTGST and (b) The saliency map
of weighted NTGST.

U Al 25 vl 2

2 50 o)FAE Ae

e Ate

= Ao & o

2 5 9ok

4. SHE B SEYS 0188
oot 43 2

41. E&H9 MH HE

frotbe] A7) Bt ¥
asle] AL Al 7Hx] <] thE Ao 9
T e AE, 4t E 2 2EEe
AR AT ojej sk Ak 719
28 Q. e AN = @t &
A8l WA s o]z of st g
z}o] gife] 2ol A AHgt e
) &, Zhzfe] FhgollA] S
FE] B, AN, AR 2
T8, TAYE S 79 Ho} &
S '}\—‘E On center off surround 2 A3
, o, A g g EH =
= g;gugzgl B35 ARE 7] 9
A Eacla= —19451 o] “Lz@“ .=y
Qb FH ol ARl ‘3]' -] 2EH Q. v E Al
& F 7l 29 o= g yHEE T 7EERE F
1311/} ZHL‘ olgA uAH wWalog Y N
Je]d o F i ¢ SUE FH o2 AR
g whel 8 A7} o] FojA e ol Het
doln), Aetd daElEoM e EEUE Bo I

77k E&9Y S sk o 2 g 7

= & F ImEE s 3t Zof st
F 7HdEte] £ AEs7] 943 F A2 5
At

Holl o g

Ay

Ol
10
x

A

fr mﬁ‘ rf o gL;
O o
o]
T
o
-

«umﬂm

2!

H
=
=2

[o o T oE o

it Hu

]

24
ey
Chai

01

m;im

O
0 rf e

[¢)

2 &‘2 to L mlﬂ

=2
oy

- 147 -

=O
a

2 55 2 7] AlzEe] s 69

el B Ast 2] Jae H5h] SsiM SEle
Z shdgte] 243 ¥ ete] A% BEHE
7o) y& ¥ 28 vlwsich ok § 7
gle] A&H EEHE F9 shyrt 3 7l €&
A3 4z & 4= A7) wio|t},

%tﬁ«l EEHEC] Z& J9U g g5 fsiM
E&24E 2479 IOR ¥¥9-& vlawgt), vhef
T7WML4mk%@or¥ﬂwa410R%ﬁﬂ71

\__

o AV SeE P £YE ol R AF Bol
402 71500 I0R 99 2242) ¥ 0E e
$2lE 10R Wolo] 7l 94 AES s,

42. oot 23 B8 A2l £
ool Zrio] Al B O & o]Ro)A ol L Az
o th3t HRE AL 2= 9}
421 25 B0l W Sfele] 25
8 4% oot £ o] o]Fo] Z FhEtE oA
v B A Helzh

Wz S-gE 9%, Q8% Jlugl zhzte] A=
olfe 4xg it
FHZo) A 2] Aok A ETLE(F)Q‘r Bl dFe) #a
SUOE 2EPge o ¢ FHE l Ao} A gz
Landmark
distance
L
[
ANRS
4 T :R
Y
J8 4. J #Hol o]Foi7 ﬂﬂﬂ% 14°ﬂf\i 2 a4
L 9% e 249 4, Z: Fhu| e}

_’EJJ z"‘J a: 8% 7]'“113} Z}E, b ik
wigh 7, o Had 18] yHE, s F ke 2
B Alole] 712, 134 2 ; et o] ol F A
Aol ol 923} 022 7)ol Aujert o
£ AA, distance : A4 Ad
Fig. 4. Top view of verged cameras.
L : left camera focus center, R : right camera focus
center, a : right camera angle, b : left camera angle,
¢ : an intercept of the line 1, s : the distance
between the two cameras focus, | and 2 : straight
line from right and left cameras to a landmark,

distance : real distance.

7F

J. Sensors Soc., Vol. 13, No. 2, 2004



70 g% -

He AR HEE D& F Aok A 4= AT @}
(Eye WepiTh. o] Q1= e 4 5914 Bl AN
% So|Hol 4YE et st +HS 2H A
U Bx)yg Addsterl AHEE 4 5914 RE G
2] x% TS VEMSL Te Sold 9] «F X3t
£ vehdith. Sol oz 77t} sgts £ o)7] 9
3 A= (e 4 6ol o) BHAT AH o 7t
ast be 2 601 2Jix] Lojxict,

E = (Fx360°)/U @)
x = ~E+(EXT)/R )
x5 =90° = (RXx)U ©)

55 Zel A e $A50] s Pol
A,

tan(a)-x—s-tan(a) = y @)
tan(b)-x=y (8)
_ tan(a)-tan(b) ©)

Y= tan(a)—tan(d) *

2] 73} 82 71zt Fhd|Eke} BolR Atele] 2ol W
AAe Yerdth 4 98 29 404 Bel yo] AE
A= g Aol

422 A 2ol =4

a9 55 28 49 B AA AE A7) Hg
Al 714 7498 BaFE}y 9of o9} b Zhte] 2t
90% o] FolZt b case 1), AA Are Jxl+y’ o]
ol x=yftan(h)°] 2L x' = yan(®) | + s201tF. Tef ¢
o} b Zbzke] Zbe 7t 90% Kt} 2ht (case 2), AAIA
2 yot AL A "o} 4t o] o]FojA = 2
o] ufjg- 7M7) PFrhH WAsh= @A} vl 2] of
wolth. wHeF q9 b Alol 8] 747t 90k Hr} Zrid
(case 3), 2A AFE Jx+y’ oW o]wf x=yhan(b)

Case 1 [Case 2 Case 3
xlf
]
7 - ~\
/ L R
x’ .
s 5/2 point

38 5. 4 A EE A7) AT A 7K A5
Fig. 5. Three cases of obtaining the real depth information.

A B A #2139 A 2E, 2004

bl or

P 10 1]
ERIIAC

(a) (b)

38 6. 5F ZEEL A AlE" Y st=go] 74,
(a) BE M=, (b) 4% st=go] Alzd

Fig. 6. The hardware construction of active stereo
surveillance system; (a) Block diagram and (b) The
implemented hardware system.

o|3L x"=| yhan(b) | — s/27F Et}.
5. st=lo 7o

4E 5F 2HEL A A"

o Ot THE 55 e 2

$ele F 71e] CCD Fele FivEtE o]n)A] AA
2 AR MIL image grabberS ARE-3led 7)) 2k
Zhztoll A G- A9tk IBM PCeol Visual C++2
ARl TEE B2y Y-S Edle] So)ge 2
°]& RS232C A E 54lS 53l DSP 2E= H43
o}, PID AEEHE F 7SS Aojsly oot =9
& o|F=u AMEE e ditE DC BH 9F
H CcCD FivEte] $1A MM E AR AT

6. & &t

1
=

=2
£ IOR 7]5°] H4d EEWL HAFEY. o] 1y
A Bl AXY F9 F Fietel digt £& ¥4 y
HAF FES A SU3AIT IOR FL th2A v}
Ehdt), oj& g Agol e 5Ye y FE A 9l
= F 7HHEke] o IOR 494 5 7h9El IOR 99
A v ugth 2" 7% (he 244§ FiEiee] F
HA 25 993 IOR 49S BoEr)h 13 (d)s}
(HE vlas] B3-S o) IOR ¥<o] A2 dAsh= A
< B 5 U2 AfEe2 Yot FHE o|FE 5ol
S 4& 5 A Entk

a9 83 92 AAl G ARE 85k Y
HojErl 17 83 994 (aye BIA Al 4

o] (@)% (b= 5 ZivlEke) § Fleloll A ¢

dq7
doe 7hzt vt aElw 29 79 ()9 (e)

o
=
°

— 148 -



9 7o) 1% A 5e =

@)

(d)
a8 7.10R 9
E}Bl

] o) 94?25}
= 99, b F

= 7hH) 3}4 -r HA =

Holde] 45, (a)%‘ 7
7"“’“‘1}‘-’] =& 99, (c)
=% 99, (@) F 7hiee]

IOR ¥, (e) & 7Hullz}e] IOR °ﬂ°3, (f) 5 7l

2o % s 5% 4

Fig. 7. The verification of a landmark by comparing the
IOR regions; (a) The salient region of the master
camera, (b) The salient region of the slave camera,
(c) The second salient region of the slave camera,
(d) The IOR region of salient region in the master
camera, (e) The IOR region of salient region in the
slave camera, and (f) The IOR region of the second
salient region in the salve camera.

@)

Distance of vergeace point is 85.310480cm

Distance of vergence point is 76.626168cm

Distance of vergence point is 73.834283cm
(d)

38 8. AA D] AW B () A 97, o) Al A
e Hol ¥4, (© 48 Az, (d) TR
= 2449 Ag gn

Fig. 8. The depth map formation of real image; (a) real

image, (b) The result of three landmark formation,
(¢) The formation of depth map, and (d) The
measurement of depth information.

©

2 ol7k AR AT S 22k Erie (b=
he] Solge] o} A AL HAZTh EF (of= 2

o Qojzl AL 247t neiFe @k PFHeE
49 ALlE 22t welZn O @9 Aok
4 YL B SAYE A 2 A
AFIQl 7 el e Hl 54
AL B &

2= a e
A A

u

=

— 149~

Wt 5E SEIEL Al AsR e e 71

©

Distance of vergence point is 33.43935%cm

Distance of vergence point is 33.724036cm

Distance of vergence point is 32,38980%cm
(d)
38 9. AR Fdel Al B4 () AR B2, (b) A AR
9] Zold B4, (o) #4898 AW, @) AFHL
= £49 A AR
Fig. 9. The depth map formation of photograph; (a) photo-
graph, (b) The result of three landmark formation,
(c) The formation of depth map, and (d) The
measurement of depth information.

()

(b}

()

(e ®
33 10. A4 FellA 10R B2 vl &gt ol
o A% (@) F 7hliEte] 7HE 229 99, (b)
2 ogtete] 7t EE9 A9, (o) F Tk
A =5 49 (d) = ﬂﬂﬂi‘rﬂ 7V EEE
FHlM 9 OR % 39, () F 7HHizte] A
HolA19] I0R Bt EF FHolA9] I0R B
o, () F Fheete] & HA E& JoAoA 9
IOR %44
Fig. 10. The verification of a landmark by comparing the
IOR regions in occlusion region; (a) The most
salient region of the master camera, (b) The most
salient region of the slave camera, (¢) The second
salient region of the slave camera, (d) The IOR
region of most salient region in the master
camera, (e) The IOR region of occlusion region
and the IOR region of the most salient region in
the slave camera, and (f) The IOR region of the
second salient region in the master camera.

g 10 A4 Qo] A el Yok £ AL
uelEt. 29 10 5 7kl 25 9ol U
Wl 28 10005 ¥ 7hlete] B8 998 R,
Pz Tzl A Go] A AS F el

=
=
T

J. Sensors Soc., Vol. 13, No. 2, 2004



HeF 1 gho] T E S F AplEtelM o T
5% 999 IOR 993 F 7Hvgte] 55 999
Hlwstar 1 gro] AVt E A% Wt &
Aoz 7Wsith 2 10ye 5 et
S BTN IY 10 F 72 #
A G 25 JYolA 2 I0OR YL FA ¢ 2
ik oo B e AXE F 7 Ee] I0R
G} A F9] IOR FGeo| Aelsit. 18 109
MM & T de ZAAE F 7t F HA 85
gojlAie] IOR FHol F FivEte] IOR G} A2
AA IR Eo)H o g 7HES I 109 (o) ©l
g JA L B3 It RS AT 540 #4H
= HH L HAF

74 B

o] EROIHE AR FFY F9 W% A% )5
2 e B 2L B4 AL AT,
Ak BYe QA9 Yo zR A7 FA7kA 9]
AR N7} 2] ARE VIH EFUL AHG3)
Ak, 5F 2HEQ BA Al2Re) SEUS H8siel
Sol7e] ¥4 2 I0R F9& vlastel gk +ol
olfoiE g SEslAth Be A2 Aug Aoy
o= A GIT AR BEe TE 8 F Y A2
We TS FHE A2e Foldl G9S
ASA o 70 B5L U

¥
L
o}
o
of
o
>
>
ol
=2
>~
:(l){:‘
iy,
ol
o
N
o
i
g
= :
o2
12
2l

WS Bt

g A e QA& 843 7)ol
ol thgh A+7F B esit.
Acknowledgment

o] EE-& 2002d% =t FATe] A X
ol 2Jsted AFE-S(KRF-2002-D120303-E00047).

el

i
o

[1] V. Navalpakkam and L. Itti, “A Goal Oriented

Attention Guidance Model”, BMCV 2002, LNCS
2525, pp. 472-479, 2002.

[2] E. Krotkov, “Exploratory Visual Sensing for Deter-
mining Spatial Layout with an Agile Stereo Camera
System”, University of Pennsylvania Ph.D. Dissser-
tation also available as a Tech. Rep. MS-CIS-87-29,
1987.

[3]1 A.L. Abbott and N. Ahuja, “Surface Reconstruction
by Dynamic Integration of Focus, Camera Ver-
gence, and Stereo”, IEEE International Conference
Computer Vision, pp. 532-543, 1988.

[4] J. Yamato, “A Layered Control System for Stereo
Vision Head with Vergence”, IEEE International
Conference. Systems, Man, and Cybernetics, vol. 2,
pp. 836-841, 1999.

[5]1 J. Peng, A. Srikaew, M. Wilkes, K. Kawamura, and
A. Peters, “An Active Vision System for Mobile
Robots”, IEEE International Conference Systems,
Man, and Cybernetics, vol. 2. pp. 1472-1477, 2000.

[6] A. Bernardino and J. Santos-Victor, “Vergence Con-
trol for Robotic Heads Using Log-Polar Images”,
IEEE/RSJ International Conference Intelligent
Robots and Systems, vol. 3, pp. 1264-1271, 1996.

[7]1 J. Conradt, M. Pescatore, S. Pascal, and P. Vers-
chure, “Saliency Maps Operating on Stereo Images
Detect Landmarks and their Distance”, ICANN,
2002.

[8] S.J. Park, J.K. Shin, and M. Lee, “Biologically
Inspired Saliency Map Model for Bottom-up Visual
Attention”, BMCV 2002. LNCS 2525, pp. 418-426,
2002.

[9]1 A. M. Treisman and G. Gelde, “A Feature-Integra-
tion Theory of Attention, Cognitive Psychology”,
vol. 12. no. 1. pp. 97-136, 1980.

[10] C.J. Park, W.G. Oh, S.H. Cho, and H.M. Choi, “An
Efficient Context-Free Attention Operator for BLU
Inspection of LCD”, IASTED SIP., pp. 251-256,
2000.

[11] S.J. Park, K.H. An, and M. Lee, “Saliency Map
Model with Adaptive Masking Based on Indepen-
dent Component Analysis”, Neurocomputing, vol.
49, pp. 417-422, 2002.

[12] F. Thorn, J. Gwiazda, Antonio A.V. Cruz, Joseph A.
Bauer, and H. Held, “The Development of Eye
Alignment, Convergence, and Sensory Binocularity
in Young Infants”, Investigative Ophthalmology and
Visual Science, vol. 35, pp. 544-553, 1994.

AX 8B A A 1378 A 23, 2004

- 150 -



AR F4 AAE 7o 1F AL 5L B

¥d %

+19753 6¢ 2894
#2002 75Ok A1) FFE s
=9 @b

20043 7350 Eka diskl Axg et
A

) LGo|=d] d7-gd

o TR} Q7] e Fo) 1T A7)
7158 ERs 7] A12=Hle g

- 151 -

w5

hid

TE SHE L A A2"e] s 73

o o 3

«AXERR] A 127 A2%] =8 2003-122-
01 pp.65 &=

J. Sensors Soc., Vol. 13, No. 2, 2004



