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Intelligent Robot Design: Intelligent Agent Based Approach
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Abstract

In this paper, a robot is considered as an agent, a structure of robot is presented which consisted by multi-subagents
and they have diverse capacity such as perception, intelligence, action etc., required for robot. Also, subagents are
consisted by micro-agent(pagent) charged for elementary action required. The structure of robot control have two
sub—agents, the one is behavior based reactive controller and action selection sub agent, and action selection
sub-agent select a action based on the high label action and high performance, and which have a learning mechanism
based on the reinforcement learning. For presented robot structure, it is easy to give intelligence to each element of
action and a new approach of multi robot control. Presented robot is simulated for two goals: chaotic exploration and
obstacle avoidance, and fabricated by using 8bit microcontroller, and experimented.
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(2) WA E(Reactivity):
(3) Pro—activeness:
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Function: Bottom Sensor-y -Agent(sensor data)
Function: Odometer Sensor—-y -Agent(sensor data)
Output: sensor data

Function: Side Sensor-i1 —~Agent(sensor data)
Input: sensor data
State: i=1:8
S(1)=1€T<8.823ms
S(D)=0€otherwise
Output: sensor data S

Function: Bottom Sensor—-y -Agent(sensor data)
Input: sensor data
State: i=1:4
Sb(1)=1€T<8.823ms
Sh(i)=0€otherwise
QOutput: sensor data Sb

Function: Odometer Sensor-u —Agent(sensor data)
Input: sensor data
State: i+ +
SR++, SL++
i=iMax
SR€0, SL€0
Qutput: sensor data SR, SL

a3 6. Al 4kt
Fig.6. Direction of Sensor

2) EEAS
Z7te) PE & AN gol mel $5ulAe) el B
Bee) %7 w2 29 8 & Y selo ¥k
ANE 2EE 79 5oz FAEY 74 PFS
SAEHd v AAAS A5H FAAFTY dToR
e,
2ER4e 3 49 A3old Sl wusw
Hspedor gek 2 AtelAe) BE B Azks 0(4B)
e 1@ E 298y o] @2 319 AN ZASHE
& F3h
Function: Goal 4 (sensor data, Vr, V1)
Input: sensor data
State: Goal€True
Vr€0, Vi€0
Goal€False
Vr, V1l
Output: velocity Vr, V1



ZollE sve ¥4 P Wi(potential field method:
PFM)3 dejd= W(vector field method: VFM) 5o°]
F2 dATHY $X F23FFH T4 FH2i(ocal
minima)ell #a g7} ok ek 2 =FEde ¥ad
dejgde I S5l 9Jdte BN AR WS
A A st

e I YT AN ASE o]8dtd FAHE F
stk dejel Al Asrt lold ERE 1AMt
Ak i Wz FHORE oot I FHF
Y5 72t PFo Foz FIE F gtk AE B 1
73 22 P2 YR 2Rl HR3HA HE 4E AT
BE AME 1o Hu ol 2Xo] P 3Jlool d=
whgke. gulsto] gtk & RE dhAL Fo dE gL 471
gk ol VEMA fAMGE WHos T4 Hiel whd &

lom & B2E EdeA Rad oH@ ZAS
A2a7) Slgel B RN AFEA} 2R A2
BE 2% PEe AN AASEE T 22

ZRiIAE B9 32 o5 2o
F=F,+F+F+F,+F,+F +F+F+F,

A (Dol AM7E ZHE e e A
ZAHA e 3L 0otk A (DF} Zo] o=z
P& 2HO) 5 &= WBEook 31 F 19
A% FE B

A7}
T
HES

-t =

B1. 58
Table 1. Velocity

F Ve, Vi F V. Vi

Fo =V+& | -V+§ Fy [ V+84 | V-84
F V+8 V-5, Fs | Vt& | V-3
Fs V+3, V-8, Fg | V+8 | V-8
Fs V+83 V-38; F, | V+&; | V-

B 1949 st A9 Ame] ejste] Fael
AW o WA AFE E 1 skl wssW z2e|
&7t 71ESELT AN BEel BTN Bas
AF%E Astel AHWE

_ T
W =[wg, wy, Wy, Wy, Wy, W,, W;, W, W;]

Zw,:l

rtste ¥ F

(2)

% s

F, =w.F. +wFy + wF + w,F, + wF, + w,F, + wF, + w F, + w,F,

=V +w, 8, + wo, +w,0, + w,0, + w,F, + w0, + w8, + w,0,
(3
S Bk olY w & MA A BT lold %
e ZA o 001‘4 2 ()¢ ¥ AR Eﬂo}‘x] 74
He Wz sk e grh
[RFXJ I:VWFCOSGJ [VIEW,.COSO,}
= +
"F, | |Vwgsin@ | |V wsin,

(4

XS2%: A& OoINEE J(22 3 HI2YUH

2 @elA 6, AN Z=2A [180° -135°, -90°, -45°,

0°, 45° 90° 135°1°c1% @=0° ot} ueby =ZERo]
Aasfelok b Wae, &
RF ]
9, =tan™ —
ZW sind, (5)
= wF+2w c0s6,
Faed A A1EAE AMEs) gakd A 6B

w, tanGd—Zw,.(sine,.—tanedcosei)=0 (6)

0 BAE T 5 A A O A HHoz g Lo)

tan@,
tan@, cosf, —sin6,
0=W'S =[w,, w,, -, (N

w,]| tan@, cos, —sinb,

tan@, coso,

A DM w, & wy= A2 DU &E2 AAEH,
0 AX7F ZAEH w, =0, w, =008 FAHA Fow

W— -

~siné,

wp 20, w, =0tk ~HA AT A A 4 (7)&
A tang,
0
0=W'S =[w,,0,- (8

--,0 1{ tanB, cos O, —sin b,
0

o] HH olwfl A w,, w i w,=12 T2 2 6)2

olg3te] w 2 FEY w, + w =lo] Hu= s

gozA AN F k. BA T A olael A7}

BAY A9 AFAE 29 Ade AFAE 12 Fa

delal ANl AlEAE PR Fel AHEse TE 4

gtk oE 5o 0Wlx Pﬂ A7} BAHE w, =0 o]
A9 w =12 F3 ow & 7% Fol 4t she] 7
ol MM M H+e (0—)1—)7—)6—)2—)3—)5

> HE FE 2R 52 7R A% vjgiAe] FHol
PFMelu}t VEMel Ml 22 2% EAE 83 & 4 Aok

Bg mE SRS B dudE 8 Yol 99
FAR Wos THE 4 Qo 23 JYRE 4, T
g} g 20 1Y 8 @F xR 1 o)
23 $2d Hol A3 AgdlE 6, =009 2% 8
(DF 29 Ho] 92 Auo] AN} 2ol o|Esfolo}
3= Wkeke F Hlsto|t)

F 24 FelE et BHE mEpb] A% =229
IPAEE Btk TAlO o AM7F AAE Al
22X APA e 7FEREE R 7y 3 gl <sio

BAS gge 2R A9t AAe] sy
AHreward)® + H(+penalty), —#(-penalty)S 35t

461



HX R X SALHEE =F2X 2004, Vol. 14, No. 4

dd W 2RAYWFEE B 29 4xEd Wg B 2. AAd ®& 2% 1Y 4=
71E-gez st +HY doe -l A0 & Uy Table 2. Angle of robot movement for detected
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0 -7 /2
1 /4 /4
2 /6 0
3 /9 -7 /6
4 0 n/2
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Fig. 7. Escape from concave obstacle
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Fig. 9. Obstacle avoidance at wall
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Fig. 10. Obstacle avoidance at coner
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V:=60+ 20cos(4pi(rand(1)-0.5))
Vi=60+ 20sin(4pi(rand(1)-0.5))

Function obstacle avoidance
Input€sensor signal
Qutputévelocity, performance value

Force€sensor signal

Net force€ Sum forces
Velocity 1€ Net force
Performance€sensor signal

Function Wall Following
Inputé-sensor signal, previous velocity
Output€velocity
Force€sensor signal
Net force€ Sum forces+ previous force
Velocity2éNet force

Function Goal
Inputésensor signal for goal(bottom sensor)
QOutput€1, or 0
0<€found goal

XNSER: XS OOINEE 7|z2 &t HZ

1€not found goal

Function Action Selection
Input€&performance, velocityl, velocity2, goal
Output€Action velocity
Action velocity=(goal performance) *velocity1
€ Performance =1
Action velocity=(goal performance) *velocity2
& Performance =0

O3 1. 2XRA]Y] fAkA=

. 11. Pseudo code for robot control

a8 12. g4 A3 (a)
Fig. 12. Exploration Result (a)

I8 13. 34 23 (b)
Fig. 13. Exploration result (b)
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Fig. 15. Exploration result: wall following and obstacle
avoidance

o) APe SRS FF BEE FE 39 39
g8ale 9% chaose ASS EXE vk I™ 16as
2AAY B9 27) DA bt BolE FY Avolth
Fopge 47 712 A27t 10 cmg) BAZ ARsige
be] oW 1P Aol AR ke Hdsisich aFelH
A, B, CARAA AolEL 3gistan J&S RojES I
172 & A7 #A Ho PEd 9XE Fadl
Jehglew be o2 3xges Jehigith ok bellA
FSARES AAG otk AR BAXE we} Zo)
w3 14 AjEe & AFsD YFe & F vk =R
a9e) & FdolAst Tol gAole EAg 1 A9
% AdE & AW Wz Yok 2¥ 18 F o
2¥o) o)Eg A HH oI

43 A

Aol s 2B differential drive FeHS %
3oz Atk 8 A A AMek 5XE
wEs] g4 4e AHAH AME wiEE ek
nazoion Fojg wlojaR FEEHZE Atmel}é
ATR9C2051% AHealArh. 29 192 A% ZAsjolrh
ageld BoAE wel go) ¥g o WAsd
2Eol{(D)} Be AYsin e PF=2{D), 3,
@) AT & F vk



vd B

B sRdMe A%E JodEE 7oz e 22X
AolFze g2 dig F2E Ao s
35} chaotic® BHME H=F Ik AXNE 2R
og] F-dejdEER *% gFolelE  AzEeln
ztztel B deldEER VR % AFY o
u-doldEER TAEH 2XY AsH e lvd
b -dP]HEET o3 F-dojREEC] g e
Asg 7HES 3 7]Ee AT 2XRG GG 4A
g+ gich

s s . L s ) .
o 2 L4 © =g 100 120 140 160

(a) 2 APRA

B

TR TTE m e W e e

(b FhE 39 A%
a8 16, 2e4dE 87 2 PE s
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Fig. 19. Experimental result(up) and fabricated
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