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ABSTRACT

Design and Implementation of an Autonomous
Navigation System for Wheeled Mobile Robots

Sang-Gi Yang
Advisor : Prof. Jae-Hong Shim, Ph. D.
Department of Computer Science

Graduate School of Chosun University

A mobile robot has to have a map in order to reach a target point fast and
safely. Its autonomous navigation system sets up the optimal path to the target
point using the map. This allows the robot to avoid fixed obstacles during
navigation. In this thesis, an obstacle avoidance algorithm 1is proposed by
improving the conventional Braitenberg algorithm and applying a fuzzy control
mechanism, in which obstacles are detected by infrared sensors and a
navigation map is then created. Using nine infrared sensors, the robot detects
obstacles and creates a map while moving in accordance with the improved
Braitenberg algorithm in indoor environment. Based on the created map, the
robot sets a navigation path by pinning down intermediate pass-through points.
Using the proposed fuzzy control algorithm, the robot reaches a target point
avoiding fixed obstacles during navigation. For the evaluation of the proposed
algorithm, many practical experiments have been carried out with the Kheperalll
mobile robot. The experiment results shows that the proposed algorithm creates
a contour map for a navigation path efficiently and reaches the target point

successfully avoiding fixed obstacles.
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ANEE It EF: A8 A7) AarE 2 (normalization module) @ Ao} 7] &¥
S AHA AFololE/EHES] WMEdAd BF= vA 78 =& (denormalization
module)©] i o] g o] 7]F R E(functional module)5°] 4% ddH AR

AA st &@HESE g dolHE AlFsh= volHH ol A7t )l

2. MAA] A FEuy

HAA = TG Aol L FE Aol W] wge] AEiel W AR X, Yo
FAo W3 JH Z Aleole HA AAZ xFI HA A duYFe e 2
2 [F-THEN Z&FEo 2 FoHY. & XVl 2 YV| 29, Zz= F3koly), XU}
A3 Y7F F3bol¥, ZE AUA Y e,

ol 5% HA A FA(fuzzy control rule)e]gt st o] FA 9] IFES A3z
(antecedent). 'THEN'#& 7Z#(consequent)o] &} s} Unka oz W4 Xof YE
ggolat s z& Zolg strh. ‘Frpel ‘AryE ¥A H4E X Yo e 3

AgrozA HAHFe R FAAY HA=gA 7= olE HAA Ao FH] Hk
om TN HA dHo] Fold uf, g2 HAFE ot ALtH

HAFES HAA =Y ZAsk=d AN ARFE e st n5HEHo] 487 A

Qo= 7hdkek wlo] o] 8H Ul WA A o] /oA Al REtE FES HA(HA YA
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o71e] A d=E)7F HAgho] ofd RFo] Ak AoA AP A HAFEH
= gay. AHFgsto Aol AAIFH (production rule)d £ H-opoA Al EH =

FHET HAACI S 2 RoplA AgatE e Fad FolWe FAEL 19

A F8 AAEDL gt AdE A FF duAeE Helth 4 sAw

-

o= afel 2% F4vb Y s gel el

'
(]
'
=
=]
=
(=]

I 13, HAAHF] &

i

oy M
&

#1e] 19 1394l NH, NS, ZO, PS, PH= 27t & &9 #k(negative high), %
< 29 F(negative small), 9 (zero), 22 &2 Fk(positive small), & 49 #
(positive high)E¢] ¢|v]|& YEelUY o]E E5F F1H-2, 219 A HEHF(HA
T)E e

HAA o1 A Foluk &9 #E M A= 4E #Mae 28 e 99

& BT [-2, 2|17 AarstEe ko] f@s zbe Aeols 10, 217 Aarstd

rl

w}
BA 2A9Y Q4B EYHY BE Wsse W AAWFZ A8 & vt

O

[12].
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3. A5

WA (fuzzy numben)@ TR CRAL, AU, ‘Bl Fo mAS ol FAAY
FolA ueEd Ade) $ue vEdE, 284 o

- 23 RAolrh ‘oF 10cm’
TAF S F£AE £ oY, 10cmE TAHoE I Asle] dolE ofus}

rir

A b7 STk olsk gol ‘o 10em'E ol Aol WF, AANFORA A1%5

A A7 A5

oot ¥ 149 #Zo] AAddd AXsE A AA S (triangular fuzzy
number)2} &t}

al X a2 as R
g 1447 A

27 149 @)= A @26)3 2o e 9l

_30_



N le—a)/(a-a) a<z<a ,
pale) = (ag— )/ (as—ay), ay <z < ay (26)
0 as <z

5. N ¥ X 5}7]

\:l

NEEEFES

data)S d+& WG A ot} HHAg7]e] FHA= FAFSH H(center of gravity

173 goz FTAHE HAFeZRY AgFY(crisp number
method), &% A (center of sums method), 3 °] % (height method), W2 F4
H(center of largest area method), 3 Z ¢k "W (first of maxima method), # tH
2] ¥ 3 (middle of maxima method)% ©] At}

B =FoAi= 7heFayd FA 54 W (simplified center of gravity method)& AF-&

Zzre] HAFH Rel o SAFEAT B/S A @De] COGEHoR

AA A g v A s FEEAHE S A 282 Aot

u = (28)
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A71A] ki AR NFE Re] AFwolth HeFakE COG o)A

.

AF falso’& A o2 Ageod Ao oFd = glow, of W #

of A olefel Fde] fv= ol Uk

Distance (cm) Error angle(e)

VN : Very near (0~5) NB : Negative big (-15~-45)

NS : Negative short (0~-45)
NE : Near (0~10)

77 . Zero (-15~15)
FA : Far (5~15)

PS : Positive short (0~45)

VF : Very far (10~15) PB : Positive big (15~45)
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Membership

08k

=
[7]
T

=
.
T

02

Distance (cm)

H 15 Al i &% g
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diysiaguialy

Error angle

ol

WL

diysiagquiagpy

Yelocity output {emfs)

o
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5

6. 9= vhle] B Aol

Fuzzy input Fuzzy output
Distance Delta Left motor velocity Right motor velocity
VN NB ME VS
VN NS MS VS
VN 77 VS VS
VN PS VS MS
VN PB VS ME
NE NB ME MS
NE NS ME MS
NE 77 MS MS
NE PS MS ME
NE PB MS ME
FA NB ML ME
FA NS ML ME
FA 77 ME ME
FA PS ME ML
FA PB ME ML
VF NB VL ME
VF NS VL ML
VF 77 ML ML
VF PS ML VL
VF PB ME VL
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A1A o]F =R AojA ¥ 1A
L olg=ie AA =

g FY AaEE Fdste] AEshr] Adl AP 2R 2 Swiss K-TEAM
ALYl Kheperalll 25802 149 2E Aol U FaAz =4, v}
1

2e AAE B

Ol

¢

=78, A7 Fel g detection T &R AT B el A3 e &
Edlojs} stdlolz FAE ol vk ¥ 182 :&e] WA Apzlelr)

=

3

{

Z1g 18. Keperalll &4 A5

7 uAE SgAo Aod & 2t A% 5% (differential type)olth. o] Fx
o] A

o]+ Z3+= Intel Xscale PXA255(400MIz) ¢t DsPIC 30F5011 EZAAE Ab



ot

43t} 18] O/SE Embedded Linux 24.xo)t), A&l AL&H o5z Rol F

E 79 2ok

rlo

4

% 7. Kheperalll %9 114

Size Diameter: 130 mm, Height: 70 mm

Weight Approx 725 g

Payload Approx 2000 g

Power Swappable Lithium-Polymer battery pack(1400 mAh)

~8 hours, moving continuously, using DsPIC
Autonomy PXA255 board power consumption: Idle: 500mW, Max:
1200mW

Speed Max 0.5 m/s

Wheels

. 40 mm

Diameter

Kheperalll 252 & 11708 #Held AA7E AAH o) Qv o] gz 5ol Al

Aw g 199 2,

o g zLo] ol W v AwE Fofde Wy I AT & JnF
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dueFE ol&ste] #F ¥wls we AiAY 5 dHE meb o]sskA Hrh

E3 o)FEHA AN AMEEE FHofjZel thi A dxmy AMEREEH &
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happing
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obstacle
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