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A Study on Moving Obstacle Avoidance for an Intelligent
Vehicle Using Fuzzy Controller
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(Iunmo Kim)

Abstract : This paper presents a path planmng method of the sensor based mtelligent vehicle using fuzzyv logic
controller for avoldance of moving obstacles in unknown environments, Generally, it is too difficult and complicated to
control intelligent vehicle properly by recognizing unknown terrain with sensors because the great amount of imprecise
and ambiguous information has to be considered. In this respect, a fuzzy logic can manage such the enormous
information in a quite efficient manner. IFurthermore, it 1s necessary to use the relative velocity to consider the mobility
of obstacles. In order to avoid moving obstacles, we must deliberate not only vehicle’s relative speed toward obstacles,
but also sclf determined acceleration and steering for the satisfaction of avoidance elficiency. In this study, all the
primary factors mentioned before are used as the input elements of fuzzy controllers and output signals to control
velocity and steering angle of the vehicle. The main purpose of this study is to develop fuzzy controllers for avoiding
collision with moving obstacles when thev approach the vehicle travelling with straight line, and for returning to original
trajectorv. The ability and cffectiveness of the proposed algorithm are demonstrated by simulations and experiments.

Keywords : path planning, dvnamic obstacle avoidance, intelligent vehicle, fuzzy logic controller

I ME Kant &1 ol& i B 258 39317] 95t

T 2Est #oolw Fof ol AREEAL Sl -9l wh Greometric Approach& O]J‘lo of RARZE WASH &l

4 Eﬂi}(z\(‘\" Al 2282 w1 7] e adelul yhAL Elo) i AL AR UolAvt £58 55 7HEsle] A o)
Fo ARFTEAORE Fahsto] A]yhe] AeF ¢ E gojEme] FE4 ;}4 statab kot

B 91 9] Z”} A7E Aol o9 e i) g F [Fujimuraé]2]-& ’\] e H7EA1Z] Constructive Solid

A X g 42 2= olE EE(mobile robot)e] ¥R 4Jo] Geometry(CS(G) ’I‘rcc% Bintree® vltojx] o]F 2 Kol
H: Fulslar Aok ole] § FERl AHsAy ol &3 4 e C S Bintree® WHEo] F#%o] Yo}
=3} A

(autonomous navigation vehicle) @] =8 ol] ¥H3F 91715 A A ks FIHE 3o} O]%’ Aol E-& 3 H)skaiat stH )
= A Fo Y HEHY HRE s -o} ’ K\rl(ll\op()ul()\‘_[%4]% ol Aol gitel AgE F4
Z Al (path planning)ell gk Ao} A2 Exjst gt F Aol A ERe] FEL oAFsle Ag@dFE
T e Al EAY SES 3lIste glehz -#51 2] ]| vtEo] FE S 3asie W A s Hh
Tushe At 2 F HE Ak vl ghidslA 3 I;uromnunv—-[m]—— Fellge] 7hAo] 2gu AME A}
i o B317] 98] 1F AAA s S8 v SFHVEER:
A Ee] FE f1g Aol i Fulol] wgh Aqtel X Virtual Force Field)2} Me} 4 3| 2228 (VFIL Vector
A Aol sy ol o] A s|o] Aol Eef of Field Histogram) " & AAsFA Tk o] uhy & A4ba) gt
A mes Aoy} gl zeuh AA B A A o] o delil BHAHRE oln Ll = 714 3ol A
o] ¥gtel wel §) A& ol TH FolEo] EAst ArdlelHE ol B4 E Hilste g daelE
2 ole] FFe] W3k At LHI?‘EIML‘}. olE Aol g ojxxg njA|e] oA e ol FrEe AT Fel-g 9
sty ]Eﬂ(tlmc variant) 8. 0% ¥ 38t we “_31: 3 AR A W o g+ BAssio)
52 987 3t} F o]y Aol O]%;"é | ohEs Ay Fiorini G[71& o] 5ol &3} olg ¥t A&
459} o) o] Fuli: 3] ¢ xgkol sk Al S o] gata] olls ZHo] FEo] oA YL G £
o] EAgtct o]y FE-of 2o f ‘HHL“ o F-gke] o) F HNE7F wd 4 e AAE RAISEAT o] W e o)F
25wl e] 7|srE Ao wlel AFnE EriAgl o Aol Fi} o]y ZHo] Awvl AT ARG AbE]ol
& 3531 stHont dA A= 1] B3 e A FE I 4 e olFREEY HEwWEe 949e A
7wk wejA] o8 FHE Y] fgh e GvF AeE Alate] 71 HAE o] b 01% Wakg A AlehR] &
2 o), QEa1, m 7] B ANE Fie] S o] &5l o) Gt H e
dgkel W w S & e ”o“ﬂ% e 3hA ket
HE A 1000, 8 6., FgehE ¢ 100, 12 6, Chohra'SI8I 2 o) & 25tel Ffds clalets] sl
AF o Qi Eh ’17416’ ha & eo] Holvt Q1 A& AMgSlal 17ke] e



156

%l A4 E o] B3t HA=8(fuzzy logic)E A3t o]
T ANEE Fodnz Ao

Futoshi kobayashig{9]-& Katayamasol] 2|8l A)Ag
fuzzy 713& AHS3 B S PR AP FQ o o) w
AFEE FANNE U B2 A7to] 2893 H3F
HAFES & F o B4 1Y) 9atod HA &
E4-E o|dY XA gAllA AAgct zHE A
ME2HE 9 JHBY ohde} fuzzy AMol7)el £8-& woh
£ dgoz 3o HATFHY 2&5F4E ALl 8}
Atk o] WHELS 25 APH TRAAT 28t o]F
e AFE-E BFAE ANz dafres AL F
Aot dFdo] U,

]377}7(]4 O RE] AfdMe A FyRH Fo
gk FANES o|FAE 7Aete olFaH Al
Pl k% %—E—i’} 1A EA Zam ok B AFdMs ol
T 2T fEo] A 7 2EE 1 E HA)A
o718 TF3tY AAZ FE ¥ EAo) AgFog o
Astarzt gtk o] & s 2SupAIMIE HAtE o F ek
o A&FHE AT HAA 7Y A L 2o 4Y
(simulation)& 4=3)3tm, AA] AAF %S ENEH
AolM e AEg ASst AT Aojr)e FaAAT B
& Yristaz g

& % el TERY SEXE
o £5& s FE u}

WHo] gtk £ AP A= A
PHE AgHAT TRl HHY £ V2 FYa)
2 ok sbgskn 29 19049 2ol 9% ne) &5
2V, LEE WA 52 V2t @ 0 91 232 99

V& Eolv A2 LH9 A £ WAE de Fx 3l
3, FATAY AR wet 23 540 dFE vNE
M7t 282 V& AEATE Ae] gelHolst & &
Ak A= 27) 744 F AL 55 33 T o
Al 7S st Ao £ v, =EEE O] §& F

e S WYAAT olF Fa AAsA A A7
B 5% AL 2F8Y Jdste SEAE FAFUA
Ashe Ztenkg 298 & A Bk

Oy 1. 249 PEE 429 #A.
Fig. 1. Relation between turning angle and wheel
velocity.

MiOt - KISt - AIABIES =2X1 M 6 2 M 2 & 2000. 2

0, B
O

6] 0 see A

=4

29 2 ATy Age =gaA,
Fig. 2. Turing method of intelligent land vehicle.

U TEEY ANEEE 1A 2L 1Y 15 2
o] Yehfol At o714 uiFAE vlme o] gldx 7134
31 7AEE e vt e FE 9 po R A3} o] we]
eoE (1) o] Uehd 4 9tk

_ L( VI+V2) _ L( Vr"dmaxt/z)
T2AVe—Vy) @ max t

(D
S &) 28 Fol ¥ F UE HUINEEE 4,
o FHExol ofF ¥ = ulFe] SR H&AZ AL
tdem ZZ}'{‘I': ?‘Z_]:Oﬂ 1"1 »—% -}‘ 6decg} Z‘]———'—TE% Z}Z} (2), (3)
o2 ved 4

_ !44" a max t — a max tzdec
i @

d0 _ (V= wax 12) _ 't

ar = P 17 (0=t<ty. ) (3)

A% T HEAE QoA KA PR Moz
2 g, ¥ AEEE (4), 59 2o}

_ 0 4 max tdec _ @ max tdectcon
Qo= [ e gy L Cdectom 4)

1
ﬁ,_ Vr“?‘lmaxt A max b

dt 0 L ) ( tdecgtgtmn) (5)

& 3o J:—E‘}E A FHFe e AEE
k& 2719 ZHETEE AHAA =
T tac?t 7FEAZ 1, TF BOIRAER) 000= Ou
¥ 0] ZhEPEE AXE 2719 HE &
th O9 2014 BW A-Be &3,
B—CE %4?—?7&, C—-De 773l AL 53

Fe 6ol W A dojR F gL

o

tlo

%

= yo

o SL
¥ J,Q o

£

‘97‘: ‘9a<'c+ 9(?())1 + Bdec (6)



Journal of Control, Automation and Systems Engineering,

Vol. 6, No. 2, February, 2000

w35 FMEA 7 A7) o vz (7)) o)

2 max ta(’(‘( taC(‘ + tc‘on)
L

07‘: 26arc+ amn -

(7N

P vIEE SE9} PFS AW FANBE o T
ABZN A% G vIR7) Bgo] HAAo}7)el ¢
F ol £58 YHSEL YHs $FHo 8
NA2E YAstAo Bk o] FAFol = VR T 3

gl 2E A HARolre] FH o

==

Aol lvtn w1 &7kel oSk 9jAE
Ao &m, ol FARe ANPLL YELE i F

AN F4 AXE PUX,, Y,)Eal 5, o] 5 A} e
Ho

ahe
)
4
s
=
i
o
o
ul
)
[o%)
2
o
i
L
fuj
oo
£

olFAFH o]F FANETL U &xo A9 L

< th&(8), 9), 10)# o] Jehdt},

—_— —

| Vol=V, | V)=V, , £V,=0,

2V, =tan (Y~ Y)U( X~ X)) =¢

|V, = V=V Vi= Vi=2V, V,cos(g+ 8)

—  — —,, V,sing— V, siné
£(V, = V,)=tan " Vcosz—Vcosé?)

Target poirt

Pe(Xg,Ye)

& Po(X:,Y:)

Obstacle Vo

Po(Xo,Yo)
LY

—F
Start point b

(8)

9)

(10)

3% 3 g JULEE o8F FHHAY,

Fig. 3. Collision avoidance using relative velocity.
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Fig. 4. Schematic diagram of overall ILV system.
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Steering angle range
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Table 2. Linguistic  expression  and  range  for

vehicle velocity.

Velocity range
SS 0~ 03
MM 0.1 ~ 05
FF 03 ~ 08
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Table 3. Linguistic expression and range for error
position.
Position Error range
ENL 25 ~ 0
MMD 05 ~ 05
EPL 0.~ 08

12 HA=2A A 7|e] gl Fo sh] 2&Fze] &
= 14-E}LH o} O.0m/sec & 3‘}'

i€ 30 Aol SN Y
o 2ol 3k elof <<l it el
Ssl AUISE AR, SES BG4 Sl el

AR A% BolH T 2 A E 1o a}c% 4l

o ¥AE + AL Wi Basew

HA A o] 78] g Ee] st qu

2ol Foja AR oy wiEold zhzho] A&



160

4
1
/
NE FA OLF nln)
04 07 12 =30

(a) ZolE el A

(b) gNETHe) 2

403 0 0.2

(d A= 24

ENL W EPL S§

(&) di&x y

1
>/\ /\
LB XLMYLs XZhA XrRs Yrm X RB
\/\ \V4
-30 -10 o

-40 10 30 40

(g) 2% 7t=

23 1L dPASE A% AAWF B
Fig. 11. Fuzzy sets for linguistic variable.

g Wy gt &A&T5E 19 119 JEdide 19
119] (a)~(e)e HAYY HFZA ()9 (h)E 77 2=
ol A el EAA ] Ao} #Ax, ()% ()= 22 Aol
Eoll Wist FEE S xAAE8T y AR, (DE 2 s
ARzttt (), (giv HAEE AL 742 A% &
Zo} &AL ERATH

FYNAGAM &t 22N ZHEY] YT FHA A o
719] 7122 IF-THEN #2402 A 23 o] g}

R: IF (Obstacle distance) is FA and (Obstace angle)
is OLF and (Relative velocity x) is XNF and (Relative
velocity y) is YNF and (vehicle trajectory error) is ENF
THEN (vehicle steer angle) is RS and (Vehicle's
velocity) is MM

o17]4 FA, OLF, XNF, YNF, ENF, RS, MM 7}+7}t<]
AHFT 2 FAA Fg ARSItk £ =&
A &9 27} Alo]E Y3 HA Aolr|of AR Ao
TA L F 3240tk H 4 HA A7 2HASFQ A=

MOt - Aisst - ANAEIES =2K M6 2 i 2 & 2000. 2

o %7l A4 FHF RS =N Roln

E 4 Z2Z3L FHRAAAZIE A 3 Hlo]x

Table 4. Rule base for steering fuzzy controller
(Case 1 : Relative velocity (XNF,YNF),
error position (ENL)).

Obstacle angle

Steering angle
OLB OMD ORB
FA RS RM LS
Obstacle
) MD RM RM LM
distance
NE RM RB LS
el Aol g 3 H 9 AXFEAE T HAA 7]
AHEE FE W2 Mamdaniol]l 913 A tEo] o8 AlA
el HE3t Ax} Azgo] A4 Hrid FHo-Haye
Agstdth FEE ghe 44 AN zge gow A}
E57] 98 Hag gto g upite viHAE s AA

of BTk B RN LA F4ME ol &ale] ¥ A5
#4e FAsg

V. AEdolHd 2 AFH

1. AlE2olM

2 AFoA AgtE HA dauglFe a&4dE #E5s
7] Y3l Aol oA xEFe] T F3 Al EgolAE
etk F3 AlgeeoldE 43837] sl Turbo C++
308 AMEstE R Aol FHsjold AW FAAYE
20mZ AdAsAh Fohze g FP&£To we}
zhago] FEE vIX T WA 18R 22 U Fo A
AL 3Pt &, 2S04 FHE A 93 FLo] 5
AFE RAE RS A8 A ZAE = 30emo] A
3000cmZ A g-etdrt AAZ 25em oWl A 2L THAA
€ AA-o g A%sx] et b & v e A4
259 o) 03m/secE FEA s, AL 06m/
sec® 3G F FEubAT AW} vj118] F(Slip)e]
1 2z rlnyFo] gv FEAE /AL =&

a7 7)o AA xpEe oF 3x7ke)7)
1718 71 & AAEEE FYPIEF P Al E
14 A2 olu] HAdzo] et 232 7)1A3S
. Aol AAFE Ao B Ty G E7tx 2 A
ol A, Bl AL EE Agkela, Ao A ¢
g nosle AFozRE ojgE e 5& HAAANR
datsle] 2FEe, 7} 7459 JRE FAYS £ A
Eaoldel ALg&H HAH o7 Aojae F 32471 ¢]
ot 28 11 @' AAE 1S 04m/sec, FHE 2&
03m/sece] 11402 FHPAZ L uf o] tidt e 3
HAZE Al 3L 53t A& Hijelth Ao
Eo] AM7E 43t AT ohell MY W g
Z&3 A3 71EE A7 ABE Alzeith Aol Eol
A Bt g w 7t4S FA I APES ¢
= 9lth Theof QAR E 2HA Ao Ee ek v £F

A

o

£ 2 B o



Journal of Control, Automation and Systems Engineering, Vol. 6, No. 2, February, 2000 161

LEoh o st flo] F&LHLE Fsvhrl F
NEo] kel FAAHE At A FHoZ HilE
T3 Ay AHez oAl EAZC el Eo] MAREEH
4% 4 e REEE HojudA A4 F% 19
12 (b)e ZoNE 13 2 BF 02m/secd] FEH02 FY3}
© B0l g AlEd el e s Aot 19 12 (o)
ol 1, 2 5 0lm/sec®] M&Ho2 Fahsls 9o Ol
& Alggold Aolx, IY 12 (dE FAE 1S
0.lm/sec?] A& 2 ZAoE 2& 02m/secd] FH05E F
g3l A5 wEf AlgHoldE g Aot Zhzt
(a) Obstacle 1 = 0.4m/s, Obstacle 2 = 0.3nv/s o] ol thsl Ao} St AR RE Y o W
E 1% 139 2% 14904 B Ut} o] 2FZEE g
L57) xpgFe] Pt aka viiuEel A9 we| 3
gt} Aol MFE o o]yt A Aol v g2
WFAFE Apfol 2¥2zte] atte AL & 4 AUk o]
= 22 wEe FHole FojEo] 8 < MM A
Zdd0l U A&HHoR IIE Fokste Ae7t LA
ot kAT AT AE HA YHHFE ALE-Eho
zpeFo] A A3 Fael wA AL U3 olgdle Ao
2RE AT ¢ UdAh

FoEol e &74& FohE 134 2 27 o A

(b)Y Obstacle 1 = 0.2m/s, Obstacle 2 = 0.2m/s

05

o

Position error{m
=
o

time(sec}

a9 13, Zzhe] FYPA|EY ol A MY £Ennl.
(c) Obstacle 1 = 0.1m/s. Obstacle 2 = 0.1m/s Fig. 13. Comparison of ILV's velocity about
several cases during navigation.

WL

P

% 14 72ke] FAEH o oMol K 2 apu]
() Obstacle 1 = 0.1m/s, Obstacle 2 = 0.2m/s o FRAAEHNAM A AR LA

!,
a9 12, Ay 2 FelE3H AlE#E o)A Fig. 14. Comparison of ILV’s position error about
Fig. 12. Simulations for ILV's obstacle avoidance. several cases during navigation.



162

AT 563°2 o|=m Faslw Qi) o] AHozH
B 25m o4 Hofhe B9t YAR BAFES 9o
U 19 149) 93] oxpe] thgt Ao ofahH mE HS-

A tajx ZA BA A7 gloeng JEuezA 3
o] Y1t Algo] AT RS & 7t ok
2 TEAY Zu

kel ol FHNE FFHE T HAA Y HFS
AZF37] At FEE HAAA TS vlgoz HaA|
A AzdlE AFete] FHLFEE AL 8mx
10me] Frell A G Fef & diajM e FYAF S 33
o, A A2 F FfE AANFE 22mE A
TR T3 AHS 0.15m/sE H3FHe 7 dAs 1
HIEEE 0.2n/sE ATt FAHHE TP
Zel B HeoleAHS AEI At # URH o5&
EE 0.05m/secE Ao

-2 s -4 -0.5 o 0.8 1 15 2
x{rm)

a9 15 ATE A FolE3 AYAT
Fig. 15. Experiment result for ILV's obstacle
avoidance.

04

Position error{m;

@6

8

¥ 16. Al o)A AP AT X2 AH|
.

Fig. 16. Comparison of ILV's position error bet-
ween simulation and experiment.

Y 159 A¥ABNN QB0 olFHE PN
2 2

As7 Slsl Age] 9xoz HAss AL L 5
1, FYEEE ZHY AH S22 AZY] B

Aol antke gl WSk £ 29 16904
Qg AEe] ol HHES w AAIRANM The ol
AW FARE A$E ehie oS ES Hadr

KOt - Aisat - NAEIES ==2A1 Kl 6 2 Kl 2 S 2000. 2

VI. 28
2 dFAM e mA 9 BN 2SHAXE o] &8}
othe FNES 33t Foixd AHY HAsY o
2o dFE FYsts ZAE HAXAANE A
of AlgHo)ld 3 H4YE SR e e FES
& F Ak
D A-&Fe g o]F& ol 237 AolE sl 5
A ZolEe] olF W R A I HHEEE vl
HA Aoj71E H &3k, olF FHER AT AlHa v}
EAshz vA8FNAM o 28T el s &8l
AR AoA 28-S FEsY
2) A ]I BEAYGAHANA 233 7} - MG 1A
oz FInte 1H}A F3 ASEAE 93
o ea,E IFAAA LA A5 ok
3) WEES o]FEo| AfFErt 1 MFEHOE
BEAS 2FAAE 7HAE e g 2 =Fdxe o
A 2pgel ZihE s 2FTFEE M Rd g dA43)
o A2t WE AeEE A T AAY Aol &
go] 7}s3irt
5o A7HAE v 2
D 2s4 Apgge] Fdat 28 A v o] njy
oz 3 A B W AL AA EAFER o] F K
A7) g Al ~gjo] Fa st
2) o]l g FURGFE ZA 1A LFE Aot
o} 7t e s er Frkete] Ao AA I 4o
seatan, AA ZejE 9 olFEEE A% wE 4 glen
2 olgl @40 HE&H 5 e ALA YL AT
& olF HolE olFAHE A&HOE ALY
AN e 7bs Aol &olstAl | Zolth
) @AY RG] AT FelES Q3=

#2 2 @A ek o1& sl 2sk7) §l8) Vision Al=H o]
b dleld AN E& W AEsE o] Bas.

EINESN |

[1] 1. K. Kant and S. W Zuker. “Toward efficient
trajectory planning: the path-velocity decom-
position.”, The International Journal of Robotic
Research, vol. 5, no. 3, pp. 72— 89, 1986

[2] K. Fujimura and H. Samet. “A hierachical strategy
for path planning among moving obstacles”, IEEE
Trans. on Robotics and Automation. vol. 8, no. 1,
pp. 61-69, 1989.

[3] K. J. Kyriakopolos and G. N. Saridis. “Distance
estimation and collision prediction on-line robotic
motion planning”, Automatica, vol. 28, no. 2, pp.
389-394, 1992

[4] K. J. Kyriakopolos and ;. N. Saridis. “An inte-
grated collision prediction and avoidance scheme
for mobile robots in non-stationary environ-
ments”, Automatica, vol. 29, no. 2, pp.  309-322,
1993.



Journal of Control, Automation and Systems Engineering, Vol. 6, No. 2, February, 2000 163

[5] J. Borenstein and Y. Koren. "Real-time obstacle proach combining neural networks and fuzzy logic
avoidance for fast mobile robots”, IEEE Trans. on for autonomous mobile robots”, IEEE int
Svstem, Man, and Cybernetics, vol. 19, no. 5, pp. conference on Motion and Vibration Control, vol. 1,
1179-1187, 1989, no. 6, 1996.

[6] J. Borenstein and Y. Koren. “The vector field [9] F. kobayashi F. Arai, T. fukuda, K. shimojima, M.
histogram fast obstacle avoidance for mobile onoda, M. marui, “Sensor fusion system using
robots”, IEEE Trans. on Robotics and Automation, recurrent fuzzy inference”, Journal of Intelligent
vol. 7. no. 3, pp. 278 2887, 1991. and Robotic System 230 201-216, 1993.

[7] P. Fiorini and Z. Shiller. “Motion planning in [10} Polaroid, “Ultrasonic ranging system”, 1993.
dvnamic environments using the relative velocity [11] Polaroid, “Ultrasonic components”, 19955, Arimoto,
paradigm.”, Proc. IEEE int. conference on Ro- “Linear controllable systems,” Nature, vol. 135, pp.
botics and Automation, vol.l pp. 560 536, 1993 18-27, July, 1990.

[8] A. Chohra and A. Farah, “Hybrid navigation ap-

2EQ

19843 Agwad JAEEs #4.
Univ. of Alabama 7)A&&3 XA}
(1989). Univ. of Michigan at Ann
Arbor  #E&$FF8a AAH1939).
Univ. of Alabama 71#&&3) v}A}
(1993). 1993 ~ 19951 414 dlolE]. A28 A2l
1995~ & A Aadistu 7| AE 8y Fag dplEoks
AF Ao, ATd AeEA, B A 2-DCS), ¥
AN FAIA 2H

Fob




