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ABSTRACT

Navigation Algorithm of
Autonomous Mobile Robot Using Neuro — Fuzzy

Noh youn hee
Advisor : Prof. Choi, Han Soo Ph. D
Dept. of Control and Instrumentation Eng.

Graduate School of Chosun University

while the majority of an industrial robot fiend, a manipulator robot field,
has been studied to be appropriate for a fixed working environment, an
autonomous driving robot has been studied to be operated in an
environment with a lotof uncertainties that has to be taken account, which
was the most difficult thing for me. In the "Autonomous Driving Robot"
research field, there are mony fields such as position ~ tracking, the
shortest route searching, route planning, avoiding clashing into a hurdle,

trace control, integration of Sensors information and etc.

This paper is regarding a research on planning an area route among the
methods for route planing and a design on algorithm of an apparatus that
can decide the route direction,(mobile robot), and consider input
information, which is on an external network, from Sensors by using a

neural network.



The simulation and implementation results of the Autonomous Driving
Robot shows that the Autonomous Driving Robot can be opperated in a
similar way as experts actually manipulate while perceiving the
neighboring environment. And it can be adapted to be changed

environment without any special manipulation

Keyword :
Mobile Robot (o] % &%) Autonomous Mobile Robot(A}& o] =2 1)
Position Tracking($] %] 574]), Obstacle Avoidance (5 & 3] 3])

Navigation Algorithm (F3 <1z F)
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Table 1. Constant of The Algorithm
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Fig 3. Basic Structure of fuzzy controller
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D. A A 3} (Fuzzifier)
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R : IF e is PB and ce is NS THEN co is PM

A e A S dz Bl Aot e B oce= Ao e] JHWF
), coE YW Folty. 1¥lal PB, NS, PM¥} o] BistA v dojAdl

PB : Positive Big, PM : Positive Medium, PS : Positive Small,
Z0 : Zero
NB : Negative Big, @NM : Negative Medium, NS : Negative Small
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Table 3. The example of the discrete type fuzzy variable

A NB NM NS Z0 PS PM PB
LEVEL

-6 1.0 0.3 0.0 0.0 0.0 0.0 0.0
-5 0.7 0.7 0.0 0.0 0.0 0.0 0.0
-4 0.3 1.0 0.3 0.0 0.0 0.0 0.0
-3 0.0 0.7 0.7 0.0 0.0 0.0 0.0
-2 0.0 0.3 1.0 0.3 0.0 0.0 0.0
-1 0.0 0.0 0.7 0.7 0.0 0.0 0.0

0 0.0 0.0 0.3 1.0 0.3 0.0 0.0
1 0.0 0.0 0.0 0.7 0.7 0.0 0.0
2 0.0 0.0 0.0 0.3 1.0 0.3 0.0
3 0.0 0.0 0.0 0.0 0.7 0.7 0.0
4
5
6

0.0 0.0 0.0 0.0 0.3 1.0 0.3
0.0 0.0 0.0 0.0 0.0 0.7 0.7
0.0 0.0 0.0 0.0 0.0 0.3 1.0

2. %23} (Quantization)
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Table 4. Nonlinear Quantization Step

*2Ls A e, ce FA g grol tleF Aare] WMo
-6 X = -5.00
-5 -5.00 < X = -0.75
-4 -0.75 < X £ -0.5
-3 -0.50 < X = -0.30
-2 -0.30 < X = -0.15
-1 -0.15 < X = -0.05
0 -0.05 < X = +0.05
1 +0.05 < X = +0.15
2 +0.15 < X = +0.30
3 +0.30 < X = +0.50
4 +0.50 < X = +0.75
o +0.75 < X = +5.00
6 +5.00 < X

Aol 7o dH gl telA Aarstd dAF Gl AT el =

g dE@tel o5& w3 F ess dAHTA wFAT

E A2 7183 FE

1. Aol 3

AA A} 7)o Aol e AEskel Aot APl oslA defrir). F
Ze F - THEN' 9402 FAs0] o7 wie d87te 293 242

d

AAAo 2 AHES £ AA Sk nAY AoFH A e 2o

R1 : IF e is PB and ce is PS THEN co is PB
R2 : IF e is PB and ce is ZO THEN co is PB

Rn : IF e is ZO and ce is ZO THEN co is ZO

10
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lco'(co) = Max-Min(ug(e’), nee(ce’), Heol(co’))
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Table 6. The General Look—-up Table

AERROR

-1
-4
-3
-3
-2
-2
-1
-1

-1

-1
-1

-2
-1
-1

-2
-2
-1
-1

-3
-2
-2
-1
-1

-3
-3
-2
-2
-1
-1

-2
-4
-4
-3
-3
-2
-2
-1
-1

-3
-5
-4
-4
-3
-3
-2
-2
-1
-1

-4
-5
-5
-4
-4
-3
-3
-2
-2
-1
-1

-5
-6
-5
-5
-4
-4
-3
-3
-2
-2
-1

-6
-6
-6
-5
-5
-4
-4
-3
-3
-2

-6
-5
-4
-3
-2
-1
0
1
2

~
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Fig 4. Input - Output of Fuzzy controller
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32
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Fig 6. Input Parameters of Path Tracking Behavior
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a7 Fel= 3y 49 ey
Fig 7. Input Parameters of Obstacle Avoidance Behavior

253 Wy Alo]o] Ztmeo] g A ¥ AE5TST+ RB(right big),
RM(right midium), RS(right small), ZO(zero), LS(left small), LM(eft
midium), LB(left big), °]t}.
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23 zgzZe LB, LM, LS, ZO, RS, RM, RB9} 2ol 771#1 ¢ 7

STk 4R HAA A ) Aol Wit gL 2y

OA(Obstacle Angle) = OLB(left big), MA(medium)
ORB(right big)
OD(Obstacle Distance) = NE(near), ME(medium)
FA(far)
RS(Robot Speed) = SL(slow), MD(medium), FT (fast)
SA(Steering Angle) = LB(left big), LM(left medium),
LS(eft small), ZO(zero), RS(right small),
RM(right medium), RB(right big)
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Table 7. Linguistic expression for obstacle distance

Distance Range
NE 0 - 0.5
ME 0.3 - 0.8
FA 0.5 -1.0
1
NE MD FA
0.3 0.5 0.8

g% 8. o= A
Fig 8. Obstacle Distance
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%8 golE ZE ddofxQl K

Table 8. Linguistic expression for obstacle angle

Obstacle Angle Range
OLB -30
MA 30 - =30
ORB 30 -
oLB MIA ORB
-30 30

a9 9. FhEI A%
Fig 9. Obstacle Angle
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® 9. 2P SE0 dojHe EH

Table 9. Linguistic expression for robot speed

Speed of robot Range
SL 0-20.3
MD 0.1 - 0.5
FT 0.3 -

SL MD FT

a8 10, 2E &=
Fig 10. Robot Speed
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%10, 2%79] ojHQl

Table 10. Linguistic expression for steering angle

Steering angle Range
LB -60 - -30
LM -40 - -20
LS -30 - 0O
ZA 0
RS 0- 30
RM 20 - 40
RB 30 - 60

LB LM A LS YV ZA A RS Y\ RM RB

-40 -30 -10 O 10 30 40

a9 11, =37}

Fig 11. Steering Angle
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¥ 11. 274 AAA7]E A% & o] 2 (case 1 : Robot Speed : SL)
Table 11. Rulebase for steering angle fuzzy controller(case 1 : Robot Speed : SL)

. Obstacle Angle
Steering Angle
OLB MA ORB
NE RM RM LM
Obstacle
) ME RM RM LM
Distance
FA RS RS LS

FHRAGANAM 2F4S 2He7] AT HAAA ] 2 IF-THENH A o=
U 2ol yedn
- IF OA(Obstacle Angle) is LB(Left Big) and OD(Obstacle Distance) is
NE and VS is SL,
THEN SA is RS.
- IF OA(Obstacle Angle) is LB(Left Big) and OD(Obstacle Distance) is
NE and VS is MD,
THEN SA is RS.

B oERA 2974e A4S 98 AAAA A AgE FHe BT
27747 o] o},

AFe] Felz Y AHEAS AT AAAA A AEH FE2WHEE
Mamdaniell o3 At HA-HaWMS AHGstdo. F281 g2 2A Al
Aol dgor AMGHEY] s WEE gor wA s vHAs} s A
Aop gt ¥ =ZolMe= FATAMEE AMEete] RS A s S e

25
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m— \White paper

3 (Reflective ratio:90%)

) ===== (GGray paper
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0
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Distance to retlective object L (cm)

a3 14. PSD AlA <] &9
Fig 14. Output of PSD Sensor

a9 149k 2 Aol g ANl 9 gho] MAaF Ao e ol A
w2} B oo A= CurveExpert 1.32] T2 IS AFE3lo] gyt sl
Zhop AlA o] gholl Wigh Agts ArtskAH.(1H15)

[ Power Fit [m=1ES) Model Information - [Power Fitl E‘
A ] s oo P o e T ossearter [ oy | Cavaterce | skt | Corment |
>
> Power Fit Coefficients
2 gi WUEBT5420523422
Z b .
= —
y=ax
: A% 7
08 The parameters for the above model equation are
given to the right in the cosfficient list,
o8 T T T T T
07 15.1 206 4.0 58.4 729 873
X Axis (units) Close cow | Help
3 15. CurveExpert T2 1S o] &3 AA =9 34

Fig 15. Sensor Output Function Using the CurveExpert Program
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a9 17, daElE e 34

Fig 17. Procedure for Algorithm
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E3% Adolutt 744 U B3, B4
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I3 18. DCEHO 9
Fig 18. Figure of DC Motor
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BowRoq Algss BH Selolui HEYA H2E 4Aan otk 19
199 32+ HBridge3 29 d& RT3 el EHE AFET o A

4 F e A7 EAY TdY FAE AT 7 e FEEo|th

NAl¥Y FETE IRF540, PAlY FETE IRF9540S2 AF&3EAth. IRF540
Max Voltage”} 100V, Full Scale Current 7} 28A= FH o] oF 150We] A& &
29A g = v} IRF9540& Max Voltage”} -100V, Full Scale Current”}
“23AR Hd °oF MOW A=HE =4F & + v

= =]

a9 19. H BgA 322 AL&3F 2y F59
Fig 19. Example of Motor Operation Using the H bridge Circuit
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Fig 20. Block Diagram of 1298

L298¢] % wrAlS Amxw™ C=High, D=Low °¢]W AL A =1
C=Low, D=Highel® F2& &A A}, 2811 C& Do zto] #ud AAES
St FERE FHol U5 ot 2921 oA Hola 3t

Wy
& F
Wan -
LY W—1 L
% 'O
) o
L ek | ‘E mipe Inputs Function
Wen=H C=H:D=L Forward
?: " 'y C=L;D=H Reverse
s C=D Fast Motor Stop
WVen = C=X;D=X Free Running
Ls | Toonre i Motor Stop
2 L298N L=Low H =High X =Don't care
L Gven
(] L] 1
e L i

1 TO D&: 1A FAST RECOVERY DNOOE (t, $200ns)
L2

g% 21,0 L2989 Ul F FE =
Fig 21. Inside Implementation of L298
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|4 Abed mxol mae oy 28 25263 72t}

a9 25, 249 9)Y
Fig 25. The shape of robot

a3 26. CPU H=
Fig 26. CPU Board
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®OAY 1
# 13, HHFEH 2odd 1
Table 13. Computer Simulation 1
Obstacle Angle OLB
Obstacle Distance NE
Robot Speed FT
Steering angle RM

FEEM EINW ESEH)

- Sensar: The angle and distance of the obstacles.
C Sensor | CSemsor @ € Sensor 3

{C Sensor 4  Sensor &  Sensor 6

Steering Angle
~Paraneter

Obstacle dnale[ oB @
Obstacle Distance |  ME i

Fobat Speed FT

Steering Anale ]

Force Viewer : Robot 1

[ Mo

a7 28, AFE BAY 1

Fig 28. Computer Simulation 1

of AddolM= HlEde A=(o]F OA)S UZH(OLB)ol Fi &ofet

- 3L

o AL (e]F OD)= 7HAANE) ZH e £Xk(o]% RS)= WEAFT)Z 8§t

o 4YL AT BRE WE SRR o

ol zol Hstol Aoz 395 A
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I 14, A5FE oA F2

Table 14. Computer Simulation 2

Obstacle Angle MA

Obstacle Distance NE

Robot Speed FT

Steering angle RM

gD EIW ESEH)

3
£/

=

- Sensar: The angle and distance of the obstacles.
C Sensor | CSemsor @ € Sensor 3

© Sensor 4 © Sensor & Sensor 6
Steering dngle

~Paraneter ™
Obstacle dnale[ W& @
Obstacle Distance | W | ¥
Fobot Speed Fl
mw

Steering Anale

IR IR

Force Viewer : Robot 1

[ Mo

a9 29, AFH 2AE 2

Fig 29. Computer Simulation 2

AP = OAE MAo T3 ODE NE, RSE FTE 3l 2385

44



i,

¥ 15, H¥FYH 2gAd 3

Table 15. Computer Simulation 3

Obstacle Angle ORB
Obstacle Distance NE
Robot Speed FT
LM

Steering angle

7N
N

L4

- Sensors

 Sensor | € Sensor 3

{ Sensor 2

The angle and distance of the obstacles.

45

 Sensar 4  Sensor & " Sensor B
Steering Angle
- Paraneter
Obstacle dnale[ o @
Obstacle Distance | W | %
obot Soee
mz:n;fn-g,2|+ TR R
- Force Viewer : Robot 1
[N
% 30. A 2oAF 3
Fig 30. Computer Simulation 13
OAE ORB, OD+= NE, RS+ FT=Z 3l A¥S 39y, =282
AR REde F9¢ . ®el vEd AT Po] 2R
& HolWA Hel=s 3 9s] vzt



¥ 16. H¥FEH 2gAd 4

Table 16. Computer simulation 4

Obstacle Angle OLB

Obstacle Distance ME

Robot Speed

Steering angle

RM

st
m2E) AESD EIY ESTH
O

=
1
72N
=1
- Sensors The angle and distance of the obstacles.
€ Sensor 1  Sensor 2 € Sensor 3
{C Sensor 4  Sensor &  Sensor 6
Steering dnale
~Paraneter 7
Obstacle Anale ORB
Obstacle Distance ME ¥
Fobat Speed FT
Steering matel M AN RN RN AT AR
_ Force Viewer : Robot 1
L

% 31, ASH ZejAd 4

Fig 31. Computer Simulation 4

of AgoM = Fejz=tel AelE MER st 49

& NEZ 3t3ds vut vs R F3& 3
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¥ 17. HAFY 24d 5

Table 17. Computer Simulation 5

Obstacle Angle MA
Obstacle Distance ME
Robot Speed FT
Steering angle RM

%
m2E) AESD EIY ESTH

=
i
4
- Sensors The angle and distance of the obstacles.
€ Sensor | € Sensor 2 Sensor 3
C Sensor 4 C Sensor & Sansor B
Steering Angle
~Paraneter b
1
Obstacle Anale Wi ¥
Obstacle Distance WE
Fobat Speed FT |
Steering Anale ] ‘
Force Viewer : Robot 1

[
a9 32, AFH 2eAY 5

Fig 32. Computer Simulation 5

olfl APl OAE MA°l Fi OD+ NE, RS FT® st A

sach. FhEtel dre FAAEOF

&), ZelEe] Ads 4205,
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Table 18. Computer simulation 6
Obstacle Angle ORB
Obstacle Distance ME

Robot Speed FT
Steering angle LM

gD EIW ESEH)

- Sensar: The angle and distance of the obstacles.
C Sensor | CSemsor @ € Sensor 3
C Sensor 5 Sensor B

 Sensor 4
Steering Angle

~Paraneter
Obstacle dnale[ o
Obstacle Distance | W |
Fobot Speed ¥
(ULl
Force Viewer : Robot 1

FT
]
[ Mo

Steering Anale

1% 33, ASFH Zejdd 6

Fig 33. Computer Simulation 6

o] A& OAZ ORBel F1 ODE ME, RSE FT=® 3o A3 S
L FAo =S HE75]

st el Aga FAE AAF wRolE 2

9 s A
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Table 19. Computer simulation 7

Obstacle Angle OLB
Obstacle Distance FA
Robot Speed FT
Steering angle RS

st
m2E) AESD EIY ESTH
O

- Sensors The angle and distance of the obstacles.
€ Sensor | Sensor 2 Sensor 3
CSensor 4 Sensor5  C Sensor 8
Steering dngle N
Paraneter

Obstacle knate [  oB @ ¥
Obstacls Distance )

nbo 2E| FT
S e p— I
_ Force Viewer : Robot 1
L
a9 34, HAFH 2Ad 7
Fig 34. Computer Simulation 7
o] AgoAE OAE OLBe Fi ODE FA=Z wWEste AgS st

& "ozl Al vE o975 AN FEHE RS dds = 9

Z
Lt
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Table 20. Computer Simulation 8

Obstacle Angle MA

Obstacle Distance FA

Robot Speed FT

Steering angle RS

st
m2E) AESD EIY ESTH
O

- Sensar: The angle and distance of the obstacles.
C Sensor | CSemsor @ € Sensor 3

CSensor 4 CSensor 5 Sensor B
Steering Angle
~Paraneter o

Obstacle Angle e X

Obstacle Distance Fi

Fobot Speed FT
& T AR T ERNTATATTTIOR

Force Viewer : Robot 1

[ Mo

Steering Anale

a9 35, AFEH 2gAF 8

Fig 35. Computer Simulation 8
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Table 21. Computer simulation 9
Obstacle Angle

ORB
Obstacle Distance

FA
Robot Speed

FT
Steering angle

LS

(D EIY) ESEH)

- Sensors The angle and distance of the obstacles.
€ Sensor | € Sensor 2 Sensor 3
C Sensor 4 C Sensor & Sansor B
Steering Angle
~Paraneter

Obstacle Anale ORB

Obstacle Distance Fi

Fobat Speed Gl

Steering Anale =]

TRV RN TIAR

Force Viewer : Robot 1

[
4 36. AFH EAY 9

Fig 36. Computer Simulation 9

F1 ODE FA, RSE FT=® 3l 23S
SEATh Frdd FyS BT S g
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F 22, A5FE ZA4d 10

Table 22. Computer simulation 10

Obstacle Angle OLB
Obstacle Distance NE
Robot Speed SL
Steering angle RM

7 st
m2E) AESD EIY ESTH
0

- Sensar: The angle and distance of the obstacles.
C Sensor | CSemsor @ € Sensor 3

© Sensor 4 © Sensor & Sensor 6
Steering dngle

- Paraneter .
Obstacle ngle[ o8 @ X
Obstacls Distance [ W
Fobot Speed s
[ m

R

Steering Anale
Force Viewer : Robot 1

[ Mo

a9 37, AFH 2eAY 10

Fig 37. Computer Simulation 10
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Table 23. Computer simulation 11

Obstacle Angle MA

Obstacle Distance NE

Robot Speed SL

Steering angle RM

st
m2E) AESD EIY ESTH
O

@V}
- Sensors The angle and distance of the obstacles.
€ Sensor 1  Sensor 2  Sensor 3
€ Sensor 4  Sensor &  Sensor 6
Steering Angle
Paraneter b
Obstacle Anale [}
Obstacls Distance WE ¥
Fobot Speed Fl
o TR
Force Viewer : Robot 1

[ Mo

19 38. AHFH EoAdY 11

Fig 38. Computer Simulation 11

A2 oMo =3 nA R R T3S Pkl
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Table 24. Computer simulation 12

Obstacle Angle ORB

Obstacle Distance NE

Robot Speed SL

Steering angle LM

st
m2E) AESD EIY ESTH
O

- Sensors The angle and distance of the obstacles.
€ Sensor | € Sensor 2 Sensor 3
C Sensor 4 C Sensor & Sansor B
Steering Angle
Paraneter €
Obstacle dnale[ o @
Obstacle Distance | W |
Fobat Speed s *
Steering Anale LN i

Force Viewer : Robot 1

[ Mo
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Fig 39. Computer Simulation 12
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Table 25. Computer simulation 13
Obstacle Angle

OLB
Obstacle Distance

ME
Robot Speed

SL
RM

Steering angle

gD EIW ESEH)

- Sensors The angle and distance of the obstacles.
€ Sensor | € Sensor 2 Sensor 3
C Sensor 4 C Sensor & Sansor B
Steering Angle
~Paraneter
1
Obstacle Anale OFB X
Obstacle Distance WE
Fobot Speed s
Steering Anale ]

RN TR T

Force Viewer : Robot 1
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Fig 40. Computer Simulation 13
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Table 26. Computer simulation 14

Obstacle Angle MA

Obstacle Distance ME

Robot Speed SL

Steering angle RM

st
m2E) AESD EIY ESTH
O

7N
N

- Sensar: The angle and distance of the obstacles.
C Sensor | CSemsor @ € Sensor 3

CSensor 4 CSensor 5 Sensor B
Steering Angle
Paraneter g
Obstacle dnale[ W& @ X
Obstacle Distance | W |
Rabot Speed Y
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R

[0ttt Ly

Force Viewer : Robot 1
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Fig 41. Computer Simulation 14
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Table 27. Computer simulation 15
Obstacle Angle ORB
Obstacle Distance ME

Robot Speed SL
Steering angle LM

(D EIKY) ES%H)

- Sensors The angle and distance of the obstacles.
€ Sensor | € Sensor 2 Sensor 3
C Sensor 4 C Sensor & Sansor B
Steering Angle

- Paraneter
Obstacle dnale[ o
Obstacle Distance HE
—
N P T
Force Viewer : Robot 1
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Steering Anale

g% 42, A5H 2oy 15
Fig 42. Computer Simulation 15
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Table 28. Computer simulation
Obstacle Angle OLB
Obstacle Distance FA
Robot Speed SL
Steering angle RS
LF(F) S(D oY) ZEEH
0=
- Sensors The angle and distance of the obstacles.
 Sensor 1  Sensar 2 { Sensor 3
 Sensar 4 o Sensor § " Sensor B
Steering dngle [TTEYI 8
- Paraneter
Obstacle dnale[ o @ X
Obstacle Distance |  FA
Fobot Speed sL
Steering Angle FE {111l
Force Viewer : Robot 1
T
9 43, AFH 29AE 16
Fig 43. Computer Simulation 16
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Table 29. Computer simulation 17

Obstacle Angle

MA

Obstacle Distance

FA

Robot Speed

SL

Steering angle

RS

)
>

s

B

m

st
m2E) AESD EIY ESTH
O

- Sensors The angle and distance of the obstacles.
€ Sensor | € Sensor 2 Sensor 3

C Sensor 4 C Sensor & Sansor B

Steering Angle

~Paraneter

Obstacle Anale [ W&
Obstacle Distance Fh

O

nbot Speer
mz:mfﬂ,z - ettt
Force Viewer : Robot 1
[
9 44 ASFH 299 17
Fig 44. Computer Simulation 17
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Table 30. Computer simulation 18

Obstacle Angle ORB

Obstacle Distance FA

Robot Speed SL

Steering angle LS

(D EIKY) ES%H)

- Sensar: The angle and distance of the obstacles.
C Sensor | CSemsor @ € Sensor 3

{C Sensor 4  Sensor &  Sensor 6

Steering Angle

~Paraneter
Obstacle dnale[ o @
Obstacls Distance [  FA
Fobot Speed b
—

EN
LS

ottt e b ottt

Force Viewer : Robot 1

[ Mo

Steering Anale

19 45, AFH oAy 18

Fig 45. Computer Simulation 18
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The angle and distance of the obstacles.
CSensor | CSensor2 O Sensor 3
ClSensor 4 CSensor§  CSensor 6
Steering Angle
Paraneter
Obstacle Angle i ¥
Obstacle Distance W ¥
Fobot Speed LS
Steering Angle ]
Force Viewer : Robot 1
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Fig 46. Computer Simulation 19
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Fig 47. Computer simulation 20
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