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Development of an Intelligent Security Robot System
for Home Surveillance
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Abstract : A security robot system named EGIS-SR is a mobile security robot through one of the new growth engine project in
robotic industries. It allows home surveillance through an autonomous mobile platform using onboard cameras and wireless security
sensors. EGIS-SR has many sensors to allow autonomous navigation, hierarchical control architecture to handle lots of situations in
monitoring home surveillance and mighty networks to achieve unmanned security services. EGIS-SR is tightly coupled with a
networked security environment, where the information of the robot is remotely connected with the remote cockpit and patrol man. It
achieved an intelligent unmanned security service. The robot is a two-wheeled mobile robot and has casters and suspension to

overcome a doorsill. The dynamic motion is verified through ADAM

S™ simulation. For the main controller, PXA270 based

hardware platform based on linux kernel 2.6 is developed. In the linux platform, data handling for various sensors and the
localization algorithm are performed. Also, a local path planning algorithm for object avoidance with ultrasonic sensors and

localization using StarGazer ™
implemented.

is developed. Finally, for the automatic charging, a docking algorithm with infrared ray system is

Keywords : security robot system, mobile robot, home surveillance, security network, EGIS-SR
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Fig. 1. Scenario of an unmanned security system.
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Fig. 3. Network viewer at command center.

19 9Ae] 9% A 4 2l 23 o) B B

& ook, E3, Map ARE ol§3iel Bax] 22S 9

N FE Y %Laﬂswu}

szede 39 xwoﬂ Ea8e @ 39 30 Hebd o)
8

2 ok g

¢t #o| EGIS-S A
B8 AUAE C} °Wo}7ﬂ 747%6‘ 55 1711 Hoh 2E A
2 483 To| A2 UL EGIS-SRE AHE H 7l=
& 0|83ty %t} Fefell A SAE 3P, A&H Bl 4

EGIS- SR2 7}*401]/\1.4 3ol tiu)sle] akA A A
ME —‘:’rz}é a1 glod, AN T FALE SHAREA]
Az WAR Ado] spsshe 9AX)e] 3He st
EGIS-SRol| F-&E]o] 9l& 2372 o] &3ste] 3hA7} ZAy3H
Y7 o]Zale 7] IS AANE 4 JEE I
oo} & A9 1¥ 30 ek dAA Y] V5E o183

o FRBALY EALY] B F BA) WL DA
AN TR,

IIL | 28 1=

74H] ZX EGIS-SRE] 3l=dlojs 7|79 AlojF-E Ly
of 7|&3EE Sk 7|7 542 O 40 vpehd ket
o] 2% e TE WS AEEgleH, g F T
S asle A% e ALE EES 7L Ydon 5
3] A4 H7}7FR](Co-axis swing-type suspensmn mechanism)E ©]
g3ty Ho] 40mme] £EHE WS 7 vk oo #E2 7E
& % 49} o] 3p EdF o2 AA Hich

O3 49 ol AAE BE 7T 7XEY 93
& ADAMS™E ©] 83 AlE ol d S Fote] AN
FGEA AlETe] S F3 40mm ol FETH A
g F3 wiAYS] A A
31t Holl A 4 /\Eﬂ ]’F‘_ ek T AAH

B3ted 28 A9 FHde =7 #AE

5]'“1 Aoz A ool BE 27E AATAA
#sloict. ol2idt 3D RER I 55 °
BE FEREBA FYsH olFHom, E =EeMe A
A AL Qefeles gk

EGIS-SRe] AoJH= oA A 715& 7387 S8t

AZHoR FE=o] 9lom, g 59} o] Tl Bt &
W¢l Ao} ZE, SID 2E, AA EE, 3¢ EE, FIY ZH

282 AR itk 4749 st=sdols RESE B3

£ Jn

ot o o wo N ox

p

QL'

Mo - Is3- A28 ==2X H 13 &, M 8 & 2007.8

MAH 2E

Swing-type HIFEXI

B

O 4 78R TR A
Fig. 4. Structure of driving mechanism.

Network
U P S SID Ko
wireless T
Security Extinguisher Y Extinguisher )| RF Card Stereo
Sensar Tilt Motor A\ Fire Motor /|Reader B/D m Vision
Wireless wireless . Image
o i Bu:{:&&B/D SBCUTEY B0 {pt] Vgéz‘te;f }-e—-1 Processing
tion B/0 (xScale B/0

¥

28

F HoE
,M“'“[xcsc'c':‘"e"]' BOL comt com2 Cw:l come CoMS ] Console || Ethemet
L‘ — s 2
mcallza //KTuna:\ PR us\\‘ Sensor Power Motor
o /| urem Control B/D Control B/D
,,,,,,,,, S
e R N o
7 Fome wone Y psn\> /IH> <u-\ @mny( Die "
A AT Ry o \ MotorJ
HM Yo HH Ho= EERE

a8 5. A Fael i) 23 SEde] BE tholol 13,
Fig. 5. Block diagram of the hardware based on hierarchical
architecture of the security robot.
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Fig. 6. Sensors of the security robot.
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Fig. 8. Map information save and data form.

AR A% o dlely g4

HFHow RAYS Azeld 1Y g3 L2 oy T
Zol] oste] W 7‘11‘5}3’— 2E FA1E o|83t] PDAY]
ARE 37 W AR Auzie] Av) 52 d4sA B
th PDAS °|8% 373 § 2EP2 1—% 1 folgt=sE 7

&4

HEgen], B3 A9l 913 Fol o Au)zel
247z o)g5lE Aol olsF gl E; 2 97 o139
ool taji 2851 o183l 214 2 s3] @w
el oiFelAn g 2He MRS Brks)

V. gu| 2R FY =73

Zu|23e] F3Y T2 WL pOSIX AT=F o] 8ste] X
239 .08, StarGazer™, 253 AlA 1El1 el Al
A 5 A dolEeE Y BAlg o838t MeEital o] 1
OJHES AHE FFE o3t Aoz I AH
2R X 4 F% ] YR E TR It

a7 9ol Az R HAHRA T8 daeFS VERSL
t}. Motion scheduler SRl A= -G48 Al A g, XI-OHg_,]
frel e 2A A" a8 51 A3 =2 g
3 gt FolEe] fFol wte 2AH Mg i%hl ol
B Atole] AT} escape dist(30cm)BE T} 2HE -9 escape
obstacle =2 1 3HA] At} Follow point method 4ol A
@A fRCA BE AR H2E s B

RobotForce=StraightForcetRotationForce 1)

Straight foree’= 23 4 27 A Aol whlA@A Im¥-
B as Ashaie] F5 a deie] wlaase oAl oysh

Ho - NE8E - AIARZS =X H 13 &, M 8 = 2007. 8
START
(Target Set)
Motion scheduler |*
Yes
@ READY
No l
Bonsnel el Yoo
< Escape Dist
} Escape Obstacle
Follow Poirt (wall following)

¥ 9. 73 gus
Fig. 9. Flowchart of navigation algorithm.

a1 el Ewte] Azle] whlal(HH gollEae] A7} 80cm
alRkQl A4 & AlZhEth FE 3] F(escape obstacle) Fal
24y 52 o}t FJojES WHA] AAE o] &3t

S F9shs ¢uEES vehdth12] Aol E 39
g 24 *W(IRM*H‘})% o] &3 ol 8 A
glusfol & Zte 9 3 v Ak B
3 WL FeliEd 259 A2V 4 #@le=
ZE Aolgtt &, HAS wehA Hd A &
FAE w2} ke WAelth B3 X|(follow poin)E 5]
A 25 F8 et 2Re] Al AN R A
Z e 4 5g vuski, 55 #]Y(escape obstacle) REZ
A7) A 22 X9 B AHE e 3] des 2
Ro] B A9 A=A Ak

CE:
rlo

0>4
Iy
m{u
ml

O}m o_?i
é

=

N o o @ W
Moo ax
2 o rlo

o
o2

o
)

VI ASET AlAH

7S AR ERE AFAL gl Agel A0lE e =
Holmng AeFd A&HE 7MY $8% 75 F shutolth
B =R 7ME AH2RAA AMeE AEEA AlEE
A7fskarz} gich

B =R AEd A8 SarGazer™, ZS1 AlA,
PSD A4, IR Ax¢}t &4 ——Eﬂ"]’di :rL dect. 7Hd&
ZAu| 252 3] A AHE TSt dYo] RS H
A e FP T ZHeo ]/d.,] ﬁ A= AR}
PDAE o]&3] W& B & u XAs AGgch 2R
& WA dA XA BegE Fd o) 2o g
o]E3tdol sh=d] olv StarGazer™e] AGFAEE o]83}h]
% 103} o] parking zone7hA] ©]F gt} Parking zone %
A 2Eo)Ae FAoZ w 1m el FHolt} StarGazer™
o] 9= 10cm AEolW £ 2wolAd] $IX3F R &4l
Kol AASHE 4lse] M7l 60em =] Aol ZHA
AR A9 HAZAY eAl et NS 2zt A
A9l 7HAl 49 19 109 2ol 743tk

o] 2= I 13} 2] StarGazer™<} FHof 2jEF o]
A g3 FA 2HolAdA Ve s ZEFH IR 4lEe oE



Journal of Control, Automation, and Systems Engineering Vol. 13, No. 8, August 2007 815

H
i
i
B
i
i
3
H
i
H
H
H
H
3‘_ Docking Zone
.
B
B
H
H
H
H
H
’

a9 10. 2F S A T4
Fig. 10. Automatic recharging station.

Parking Zone OIS

+
SHUHA 2Ul=
D=EE M2
HZ 2|

I9 1L A 54 daEs
Fig. 11. Automatic recharging algorithm.

3l ZAL a3t M8 Au|ERe] Ade) 223d R
FAR e 7= RASE AAS) Parking zone 4]
F=3tE RASE 239 AW F&4 579 RFARES
SRt R1AIEH HH 282 parking zonedl] A UERAS-S
wogic) O & 258 g9 R 315 AA s7NC-®)7t
BT ASE JAEEE s olFitt 2Xe|
Holde g &g A o|F3h= dHdA e Fztd
Z53 AlXe PSDEES A HEAH A 30emdl| SH
ZzHlojAo] dtia W x| T 180° FAHL A =k
Jg)3, FAxgHelMoR E78kA "r) 9k, parking zone
ol Z=glE IRASE QIXEHA] K3 7ol 222 90°
AL o AT om¥ FYSPHAM FHURFEH AEE
SIS SR Jict 229 FadolA 90° $1Ald = R 4
K AQ@D) ol Alert FEER AdER =7aede

g3t IR TNl 257}t &R @ 4ol parking
zone 2 2 A ojF-& 3HA "l

R AR AME 252 ot g ZAA%S 5
o A3 AGE Asle] o2 2¥o} AAdAFE tE
FES 43} s R FAE A= 92k -] 9
glo] 7loj=g RASIth R 415 AlMe 229 9ue
el -2 00, 6°, 11°, 90°o YAI3HA el 00, 6°, 11°0]] 9
X MAE docking 23S 913 So|w, 90l Hxg Al
A parking zone XY olZA] AL 93 Forh R 41
5 AlAe fX= SRzl ol23E u Aot}
A= Ag HAA7]7] felt).

VIL dE

AugAelME FRIZRE o83 Au] AlLwe] ue
ST F52 28 AM9 3F 9 4 o2 dd &
o4 233TE AaResA e 47, Yz
TR Al Adske wET Qe XTeRA U4,
A w89 "zto] A= e} Bu Anzste] A B 7]
AlER TFE B BAS A dtk

B =i ols e 2aARRE UEA)] Slsle, Z1E
o] Aul=3 AlaHle] g AuldlA Auatete] AF3
3] WMz FHTE BAsta FH| A2HE TEe
ATE s AT T Au AaEE AYFes
A FHIER, T4 BRI 2P 22.99] #7148 7AH|
A28 BES AAFOR FA BT TEAHY AlXEe §
T AL Hosh B3, v = AAgE B 73
22X SRES Al Au] 22X Fgs dds 2
33, PDAE o83 &4Y 2499 9 F9 ¢udES F
Y FYAERE AL ol § JH] BEE Ajbsta
WEFezA 48381 PeE B3I

B A7l Yol A9RBARE AlFshe AMY F3
At & 7HAe] FAE A2 e BT deds =4
o o] EAIE AT AHzRe A&t v trbd
T A Fok 323 Abs SAAARE AR 7
HERe] dddee] 283 UtE 2SIt

-

il

=
o,

Hu2s

(1] FAFE 9 352, A A58 A4 7)%, Jinhan
M&B, 2006.

R] AL, “xXvd 2RI MY AFEE T
5], 5.2004,

[B] °oldF, WMEE, o34, “AREbdE Hg AHES VI
& 5% dAFEsA] A 33 A A 7 F, pp. 761-770,
July, 2006.

[4] A. Birk and H. Kenn, “RoboGuard, a teleoperated mobile
security robot,” Control Engineering Practice, vol. 10, pp. 1259-
1264, 2002.

[5] Shimosasa Y, Kanemoto J, Hakamada K, Hori H, Ariki T,
Sugawara Y, Koijo F, Kimura A, and Yuta S, “Some results of
the test operation of a security service system with autonomous
guard robot,” 26th Annual Conference of the IEEE on Industrial
Electronics Society, 2000(TECON 2000), vol. 1, pp. 405-409.

f6] A.T.P Soand W. L. Chan, “LAN-based building maintenance

P



816
and surveillance robot,” dutomation in construction, vol. 11, pp.
619-627,2002.

7] *2%1_ HH5 °ol-&3% olF

 <AAE QT 2

=4F T Ao - AFeE - Al AE
:{‘i Xﬂ 2 3, pp. 194-200, 2. 2006.

[8] S.Y.Yiand B. W. Choi, “Autonomous navigation of indoor
mobile robots using a global ultrasonic system,” Robotica,
Cambridge University Press, vol. 22, pp. 369-374, 8. 2004.

[9] H. Tamini, H. Andreasson, A. Treptow, T. Duckeet, and A. Zell,
“Localization of mobile robots with omnidirectional vision using

=2 o
=
58], A 12

Uy s

2006\3 AEUER 7|4 E R|o]FER
Z4. 2006\ 3~ A MG dEw A7
Fekat gkl AMARE. BARoke
W)= A]2®) RTOS, Aol 7%,

?ET

199511 BAStn 7| A A Tk &
. 1997d =5y Z1AEst
gt AL A e dAlEAL
2002\3-2006K1 LGAAKF) DASTA
ERALVE ALET9. 20069~ A
FhHEHa 93 ASREAGE

AT, ARk olsHAUS A, T4 a4, o
HH = AJ&E, A8, A58 Auls 2R

As8H

19853 AF#disty A3t £4.
1987'd A AolFdka g
& XAk 1987:3~1989d (FHLGAA F
oA FAATY. 198913-2004d LG
AAE) FLATA FYATL. 2004
~AA) (FerlelA drad dEok
TAA], AR Al2H AFTE A¥|a 2R

Mo - S8t AIARBE =241 M 13 &, M 8 & 2007. 8

Particle File and iterative SIFT,” Robotics and Autonomous
Systems, vol. 54, pp. 758-765, 9. 2006.

[10] R. Siegwart, Introduction to Autonomous Mobile Robots, A
Brdford Book, pp. 258-290, 2004.

[11] M. Adams, “SLAM-algorithmic advances, loop closing,
measurement  classification and outdoor implementations,”
Robotics and Autornomous Systems, vol.55, pp. 1-2,2007.

[12] 8%, olgR, WEE, AFH A BHoIH A
2RE FY A&E) dd2ReeE =54, A1 A
Al 2 3, pp. 117-124, 12. 2006.

s

2006\ AENE R 7)A 9 o] T
£, 20063~8 A A&atdist A7)
516]—“,} 1;]}6]—0_] M/\]-J,]-Z-l /g Of =
duts Al~E" fulFE s FAFE,
A58 AEls 2R

HEgH

19908 AMgietn A7)z &4,
19939~1998 LGAHA(F) F4AT4
FIATY. 1998 3~FA (F)FAFER
ATL FAHATYL. TRl BA
Ao, AMtis A|2~E 253 AH| A
235

ES-:
Aol - A3} AlaEFE =2A A 12 E A2 3 R



