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Abstract

In an autonomous multi-mobile robot environment, optimal path planning without collision which connects the beginning and
ending point is essential and primary important. Many mobile robots should move autonomously without prior or given
information about obstacles which are stationary or dynamic. Collision free optimal path planning for multi mobile robots is
proposed in this paper. The proposed approach is based on a potential field method and fuzzy logic system. First, a global path
planner using potential field method selects the shortest path from each robot to its own target. Then, a local path planner
modifies the path and orientation from the global planner to avoid collisions with static and dynamic obstacles using a fuzzy
logic system. To verify performance of this method, several simulation-based experimental are done and their results are
discussed. These results show that the path planning and collision avoidance strategies are effective and useful for multi-mobile
robot systems.

Keywords : Multi-mobile robot systems, collision avoidance, potential fields, fuzzy logic.

I.M &

OJTERF HYH ATFA FAA EZFE U
o FRE] Sl BAANM 27 AAGH BEHARNA
o= 2R Z2E AR UL WS o4

" A3, A FAAENE Y AR
(Dept. of Digital Electronics, Inha Technical
College)

% o] =EE 200089 E USFTLHREGTY AT
WXl ojsted AdFHNE.

A494: 201084926, A Sw A 20103697Y

(126)

T3 2R X5g Fo9 g BAHNA A&
Z 8% T 5 s Jds] dEd A&EA 3
FEo g Be A7} olFoAL Utk F§ 2R
3 F d3te ZRPAA HH HFEE F3 F9
Aol AL AFHoE HHY A2E Ve F
27 FE qlol W2A ojFIe Rel FEH &
g olg Y3 EAAA dAHEA =2 £ e
H2E ZE AZ AYo] o]Fo] Aok 3, FAEY
gelo] wel A974E A¥(global path planning)
Y72 A8(ocal path planning) &2 W4 ¢ vk



20104 68 HAIBEL =2K A 47 HIEHAH 2 2 67
AN T2 215 A2 4o $740] 43A ) €& 205 F Utk AR FoQ @A Bt
gz SHAAA ] dHE F2E ALY §F Aok UHA z257¢ ﬁﬁﬁom }5EE S Foke] Fo
AT A A e ZRo] FAY | HRAe B £ Aol dud B2 =AY Adspe] g2
A2 ¥ AR7} FoiAA ¢7] HZe ol& HAs 013%301] AsHA do. $eEE usols 28 (BH =
7] Reg F9] -?}73011 wet g ggol o) &E I Hhd 280 gt 2@ RET UFols 2R
QoY gutg oz olzaye daje YNERY 2 e AzAYs pEste] FAG ATFANTTH »
HAANA o587 l Asl ol FIHI de FAES Pz ot [ b B3 BN dgE F
51-\40}051 Ha) At avEE 42E 27 dF EH’&’. Aol MYH o AR A5 "é"‘a By

/‘}%o}i Atk ol& A o]FREo] FeEo) ole] AE EY Fer} ik ¥ FERHY
é‘l; F, AvA 2= whige] Frtste & &%8}04 el g FEHA € FES AYste A
i 01%6P01 FE3Y AYL AU A% 2 olF X #¥d AT7FA FAA A HAH

e gdgs ERgeR s A uE ue
4 4 ddeHe 7Hd 28] FasA HU
EI VTEL] BRE ERHo)L S0l FlEH F
ESAY S5F A ol2A] Rk ©@io] sl webA
Folg oo g adAd dxngFel glole A
AR AZL o]FfA7] ofg e ARl FojBE
< AHolAY, B& FHoE FHAY £ FA
¥ ol P FIHLE olF
ERH FolF Afole] FEo] flo] AT + e B
27} #4449 Azrh @k #2d A&
ol 2o wA&7 @47 #dd A2AY Pn
gue|Fol g A7E AP ok RiAE
AY3} #dd T2 FAZ bt 7z A A
25 Awstded, BldAe Zeledt 71EX7 Fo
A Ao tste] olFehs 2Rl ST Aud
HHe A2 AL Fol ALHAY 7Hg FL w)
42 Ad 328 3 ZiSE gkl F3qA 9
olF BXY AT Az A dF LmeFol
(614 At et 3 HaO?] g 28 J=g o)
3ol 324 87 &M A A EAlA W
BAE AY L FE [7IA ALHALE w29 87
oM @ 2R g F FHA FojEiy U
A7 W2 [8lM ALHA L, HEg Ao of
3 HEE olgsle FE2 Wt FAEL AAY &
e A7t [GlAM AgHReH, AH71HA el
dest AX A ojgdtel gd TR H2ZAY &
Aol gt A77F (10114 AFHAch wheba] 7]E
G2 Rl thate] FolE FHio| g AP FE3
ofFojA I girt. Zjug o] ¥ Aol HH
 BAHERRE o] Fo) FAHAA o]F o] o]Folrtd
HHe FEY 2 Fe ZA AY A48 o

7K BE BFE

o
\—-n\%-\_

A=,

R

azn

A e B geoln, 2 MIHEE 83+
3 olgrol7|E Bttt A HEE Tt Fold
FRste AL St T4 SHoR sk
o olFgaie ARE HAze= AL AL Yol
o Zztel 2R BAL Y& 2R olH FHole
Folge] du % olFAdY B¥d B9 g5eE ¢
ste] ol Aok 7] HEot & =EdNE AHE
FEY AeHer S0l ¥y Eupd 2R E
8 TRAE d= S A FHE 0|83 BEAH
dueFS Mddhs Aol FHojth HAagel Hlge
2 FHANA 717 A% Xd"—“‘. 32 Hd ¥4 ¥
= o] ol &H Rl e, FEARE Hehr] A8 HA
A7 Alxgo] A9 F2 AGE e AR

]

=

T3 SUsAt B2Y AN A2 ARE 99
B O 4% IoUolEE AeT B kR

FAe gEd 2ok DAINE 424 0F 0|52
2o} Foig 39 2 A2 AL BAW 8] /)&
He, MAAE Agdolde 3 27SAH of2)
AET} o Foj2T) EF FF H@sojof T YORY
Al dete] AuEch BARoR VAN FEL
nﬂ.‘:.);}

O. XXl HE| ZHiY 2R AlLE

I7gelA= de 2utd 2Xo] 2& flof of¥A =
2 st BAAMA FH49 5 S 7HE BATL
HAEZZ SAE ¢ AHgd 2 e 294 4=
i AdAE gAaE A HARA Aade] Ve
drt. EAT #HM $AeA7E 52 $24E dHs
71 S8 2&A FH2A7) (EHdlelH) B3 7
g} 94 Jled W& AgdoldE B8t A&



68 HAANAYT ZHY LEE 08

4el We] wuld 2Rl $450) 589 w3} 3
52 9% 4 JPt AL HaEY,

7. HE| ZHIY 2R AL #Y

Y 2rld 2R Aladge Ogd 87 seAM ge
EXF] 7% TS T FoI 4L F +IY
T JEE AAHAY. ANE ol gsto F9 #Ad
et ARE dS F Jolok 22 AME 9
olf S Aa”lo] Eutd X FAE e glojof &
o []AAM FAH HERatd 2RA LY 34
A WeS 34 + ok 29 12 AYE FE B}
d 2R A2"e 524 dFFIAF L AF 29
vojd #4& Jehiz iok Z4zhe} 2RelAe 27)
AR BRG] FolAH, 7t 2RE BREA @A
371 fal Az 2A73 AXE HPE F Yok v
ERo] QA RF Fole g vhdttd FE 75T o
HE] st FRE AFse HA Fo 7]wate]
AY Z2E AT ¢ U ERY dARdGAME a4
o] 2R g Aoy e 52 FAE
nejsior et olwf 19 1o B §¥zAY] (29
HlolB)e 715& olgdte] FH4AEse] & A9
A Hu F9 823 234 W}E} Zzre] 28] PF
sHA 8ot 9 wet o] g3y, 589, A2 AY 53
e Fd vAdo] od 54F 2RI o9 BHE
e 2RAA U2 AA HoHE 7vter 423
71l o3 et

INFTIALIZATIONS SENSOR READIN PRIORITY

START | ~ Robotscondition N
Enviropment
- Map

- Mavigation
. entification
- Detection

iority action
& procseding

WEIGHT

N
nce fogepf;
o
H

a8 1.
Fig. 1.

SHEHI|e =
Architecture of action coordinator.

Lt EEE Eoo HA 2R AAH
Z94 9= Pgeld 28e Yol wAE 3
A9 wdgez S0

ztoll A
A2 BFEHE, G
EH 2R Aole] ANAQ] whiE g wEo] HRZh

[e]
TES

g 5 =g gt § ¥dd gs g 2l

s o52%Y &

(128

E30 FHY=E A7

A go] HXE JHA 2R S 3 Hor
o} 7|4, & Hel I& Feta de FEE YAFA
P Fol B AF NG EFERRE 2RE H
g olFAIY. EXE e AT BojEole § ¢
Y Foe TEo UE v, B2 49 £ & A
Az wAzE oM, 2R $3YL F A 3,
Foi(g)=Fp(g)+ ?"ep(qt) ol 9t F71€
Yo Aoz PHA A V‘}%U}m E =3dAe 2
e 0x @ Fojo oA BEE 234 (x y)
I 7bARE, A (2% o] REE

o2}

Fou (‘It) ko1,
rep (qt {krepz (

)np v if dlgp) <dy

, otherwise

d(Qt’pj dO

@D

A71H, Ky S K,opE 2 B0l B 5Eoln %
NE p, o o] G| HXE Azl dy, A =
2ol HAE g, 1, o5, E WA 22 AR2R
B 2729 929 Fhge] tg AXE 22
BhE $UEE Beod. 29 204 T4 g=
ol 8 $39 Wl U A olo) mE 73@

g BASS 2RES § £, & 7K vYds
ol@rlE W Foge wad £ S WS wm
4249 Y F,, & 399 @ 7b% $44 5
agpolth, Xeld PE Mol g TAMA U
AnBAB 04 43 BT & Yok,
NA2A N2 e FH duEe AA
BN Aolyd e 2R Erdldy ZEE A
o5t Pz dutyolch B =RoAE LEAA &

L.

flo rir

Target

/:
4

/

/

Target

Robot

g 20 ZHAM ool o/st 83 %‘QI’»} HEHER
Fig. 2. Direction by potential field and final trajectory.



201013 68 TXBEE =X M 47 A IEB M 2=

(\ ‘ Sensordeta < Colfision avoidance

* {bstacke detection . ¢ Steering angle collection
plannin s :

O3 3 HX|gErg AlAHE o|8ste xidez
SE8 F0E = AUs dielFel vy
Fig. 3. Collision avoidance algorithm using fuzzy rules.

7 FE3Y] 84S 8 Hx) A7
SEHA FoEel did A3y o
ML 27 3914 Jehiio,

g dlolE ARE 2RI FfE Alo]9] A
g9} Ztmoln, ol AR & F /Y ¥4 Wsz %
# Jhsett. Aglel #ug AW wA 3
Alzge lggez AgH 39 AR Y&
“far”, “near”, “very near” & 7}At} ©}E A W49)
e 5749 M2 T& gk “left big”, “left small”,
“zero”, “right big”, “right small”, & 7}8 #A A&
2o & oe gEgez Atk HA Az g
Hikel At A2 HuE ool 2R 2¥7E
t 24E & grk #HA Aade) EYAA 2342
5709 WA A4 4 “left big”, “left small”, “zero”,
“right big”, “right small”, & 73t} olo] tf& W5
3t gvigd 49 gee [1ldA dse £ g

. AlE01d 7|8t AEA

2539 $49 TAUE /A 3¢ 79 Fg 2y}
d 2% dudeldel Be4T 444¢ W) 9
) AEUOR B4 gsidon Pe mulg 2
o sl Aol Mol e chdet AW PsAT A7)
M, RE 2Re BU% 2YE 29l 443y 59
2 JHHom 2 Z9e 874 A4 A8 4y
AN FREQGD S e eE gl @
AL HFEG Crr Z2IYTY AojE Agsigon, 2
2ol ARG, AHA BelBel 94X, 7 2R 2wy
B} EEY ¢ Y92 ER5A AT 4 Ao

29 49 5904 BN FhE Te] 2RE BA}
stk AR e AHA Foj2 e W=
Ao) Ze 37 Yol ZE 39 Ex 47t H2E $
Hole 53X Q22 mstEA Fojn EAR7A
2% glo] Fgst= AYeleolt. AHx AdAzs
Asted 3cje] 2RE W2o] WA Hu, A9 @ 7}

(129

69

g 4

ZE2o| Jt2dloM FE0 &8 M oiel 2
2 95

Trajectory of three robots exposed to collision in
the middle of path. ‘

Fg. 4

So AART Qe $HA FAEE Aste AR F
o =250 goh 1Y FEING WA HAY
2R JEHeE & AT 7 219 2]
9, LR, B8, 182 a9 43D
A pojdut # 2Re BFYd A 2deg 2
Bub #2 o} #3 2RE A=Y VI HA #1 2R vE
A 7bsRe AT Yt (38 4$).

#2 ZRE 4 2RO e E A& AT F 4%
o2 Pt 2HAE ¥ A% Y W, 3 2

& 2EA7A A g2 FeHA 4 2R 2R
Fooz M7} #3 2R Abol9] FEPFL 18 2A
Asieh meby shdahAl Azel B2 98] dFe
2 ogrel AR AYY F AR A =g
ATt (27 43H). FHoE 309 2R ofrd
ZE o] 2EAd =28 4 I

2% 504 B AAY 2¥ 309 49428 B4
Q Fojgo] 7l2otm gk E TE ALE TANA
o 23] 27) Ut FABo] 1Y 59} 2ol 7
AEo] e BE TR # #, #3%t A9 HAFH

gL



70 HAAAEY ZHY EEE 0j88 OF 0|SERS 58350 ¥FI=Z A7 015% 9

a8 5 FRe Ji2dM Fofgole] 80 =EH A ag 7. dze JiulM HofEne HE0 mEE U
el 2Fols 222 AN el 23ol= 22o AH
Fig. 5. Trajectory of three robots exposed to colfision Fig. 7. Trajectory of four robots exposed tfo collision
obstacle in the middie of the path. obstacle in the middle of the path.
U
o] ]
. ’
a8 6 F2of JIRHA &30 =& ul e 23 a8 8 HAol MojeEe u}l Fuésts 2R HH
‘ ol 289 W Fig. 8. Trajectory of wall following robot (along the
Fig. 6. Trajectory of four robots exposed to collision in static obstacle).

the middle of the path.

(130



20108 68 HX383E =2X M 47T HIEHH 2 2

o—-

O,

38 9. 3% 8ol Heol z&e clE Heleo| FaHYH
Fig. 9. Different trajectory of wall following robot shown
in Fig. 8 (along static obstacle).

2E 7t2etn Qe AdEs Jd4s9y. agez 7
Aol AARB2E FAHUT 4, #2, 43 2R o E
e} FEA Bojvazt qZ o7 24z}
JHBAT (2 5(9). AL R # 2RI 3 2
Rol A EAA Y =Eglon # ZEL o537
3% 397428 24 F Zuye =As9tHaY
53). 28 63 7oME 4o 2RE HAFm gl
o 28 6EAA 2 AAY, 2 2R 27 A
7 AAREAT 42 2Ho] #3 2ROE rla e
2 #3 2E2 A3S Ut wAsd AF 2442 ¢
77t Yom AA =R AT #3 2R HZ 2 2R
o] EEYog A HoY tda FHIA =G
#l 2E3 4 2R EZANHEAA TEAGo #2 2R
o] oln] ExHe =3 & A& dAsta o|9te
ZFES Ystua 9Z o8 WIe uFol # 2R
dHAYE FrI{PeH, Mo Qe ZFA
g =4 =9S¢ F 90 (3¥ 6(5-3).
I 1EHAY, 49 ZRE ¢ B99 nriR =
AR TN FejETY T =EHAUL. 2 2
Rol BR9 FYol AXNT FUZE AYFn 2EF
o2 A3y Blojy & stof & A& whel A

4% 2 EF,

== [«
TES

(13D

7

&34 APt} wA Loz 41 2ERT 9A A
A B =3} 4 2RE BB} FEE
a3 9% 02 WS v FFAF R AL
A FYPsGTh #4 2RL dF o g7 IHsq &
FAHOE A% Ayggon #£2 2Xo| AYAR )
e A& 43 A 9% 02 3Hste HF XA
=3P 2 F 43 2R Yol FefEo] Qe RE
Q1A% ¥ sl FEAM HoAYa ALEHA F2
g ute} 23R =2ddtt (28 7(5-3tD). ol
3 AAE BE ZEL 449 BHAY Y 2L F
el FAERY FE Qo] & EAPYRS & F Yo
8 mEl S0l T olF R Yo E UE
F88 7)ol WA o sk B =EAA Bt
g 8w FHole AL FNES Iste AR
ok ol Wg AAstE A&ols 2R dHAA
W o2 2Ee 4 oo webd ¥ o Fele A
L 53 & =FdA ALE 0|89 A5 AFsn
A& 3UE F Ak
E A% 29 194 293 zodleld dXld
o8 ERE A A 2R PFo] 2HE F U
ot ¥ 8% 9ol HHA AeAEQ] HE w} FY3}
23 AAE & 5 vk 27 2R AAY we}
A7t A8 gE A & F Aot 1Y owdt F$
= ¥e g F FY3te FIAAA] A =
A3HE 4 4 gtk

o
o op

v.2 g

=M gE 2o 2R A2d9e AT 58
FE3y gaFol A¢HANL ol g 2
EEeGh Add e F2 ¥Od 9=
A A 37 Al2gd 208 Fa gl A%
B e 1847 84S 8Ud] A3 v =
£& ol&dte tFd Adgo] ojFoNL 1 HAHE ¥
Attt gEAA B 87 SM tFolF 229
Aol g e g d7E e FHHI 2HE e
Wor Fofge dig 2 Y AFA HE HF o
e g HA% B BAXHY olSFH HAFH A4
o] Bgg dux 6709 & AAg 16749 HA
At o838ttt Az o F3dA g 43¢
FYglon, Zzhe] FpdA ZE 2R AU ol
B3 FHYU FAERY FE ol FEAYA s}

Mo
B 2 o



72

I AFHes =AY, oz AAE B B
B 2rld 2R Al2g)o2 B dFE FAstn oE
Brtske Aol Basi

#

a8
[11S. S Ge and Y. J Cui, “New potential
functions for mobile robot path planning,” IEEE
Trans. Robotics and Automation, vol. 16, no. 5,
pp. 615-620, 2000.

R. C. Arkin, Behavior Based Robotics, MIT press,
1998,

AR, 343, AP%, 9718, “‘HHid =g o]
43 olF ZRe AE AY) FZHUAREAG
3] 2006 #A%ste 3], pp. 701-706, 2006
wFE, olA%Y, 3, ‘A2 ¥4 U= g
o] &% Aol TR HAAHZAYY” 2003 AR
2 Al &3], pp. 11-14, 2003,

G. E. Jan, K, Y. Chang, and I Parberry, “Optimal
Path Planning for Mobile Robot navigation,”
IEEE/ASME Trans. Mechatronics, vol. 13, no. 4,
pp. 451-460, 2008.

T. C. Hu, A. B. Hahng, and G. Robins, “Optimal
Robust Path Planning in General environments,”
[EEE Trans. Robotics and Automation, vol. 9, no.
6, pp. 775-784, 1993.

(2l
(3]

14

5]

6]

of & 5(RI4

19953 B3 AA-3 33}
F kA

1990 ~1991'4  gh=ARHE 4
dTL A7

2005 ~d A thgH A3 83
o)A}

19943 ~ @A AstFFAERE A AApah
g

<FHAEF I NI A >

HAANAHY ZHY WEE 0188 OF 0|SRRS 5831 AHAZ ¢

o A A

(132

2
opi
fop

[71 Y. K Hwang, and N. Ahuja, “A Potential Field
Approach to Path Planning,” IEEE Trans. Robotics
and Automation, vol. 8, no. 1, pp. 23-32, 1992.
C. P. Wy, T.T. Lee, and CR. Tsai, “Obstacle
avoidance motion planning for mobile robots in a
dynamic environments with moving obstacles,”
Robotica, vol. 15, pp. 493-510, 1997.
K P. Valavanis, T. Hebert, R. Kollury, and N.
Tsourveloudis, “Mobile Robot Navigation in 2-D
Dynamic Environments Using an Electrostatic
Potential Field” IEEE Trans. Syst. Man and
Cybern.—part A, vol. 30, no. 2, 2000
[10]N. C. Tsourveloudis, K P. Valavanis, and T.
Hebert, “Autonomous Vehicle Navigation Utilizing
Electrostatic Potential Fields and Fuzzy Logic,”
IEEE Trans. Robotics and Automation, vol. 17, no.
4, pp. 490~497, 2001. ’
(11] A%4, o1$3, “FE39 873049 oA 4 7]
B HE] 2ol 2R AJ2€ Ao, 2R, AJ2gd
3 =84, A 164, 3%, pp. 233-238, 2010
[12] ¢b3 8, &9, “de] Zutd 2R A 2de] $E3]
3 A2 A8 29, 4713083 =84 (JAF)
[13]1B. Siciliano, O. Khatib, Springer Handbook of
Robotics, Springer, 2008. '
[14] RB. Tilove, “Local obstacle avoidance for mobile
robots based on the method of artificial potentials,”
IEEE Int. Conf. Robot. Autom., pp. 566-571, 1990.

(8]

9

Z & AFID)-aAAA
20073 nEUstn ArEEy
' Fahakal,
74~12¢ 313433?1“511 &
qrle AFA HAIIT
4 9 At
12€ ~2008d 12¢
University of California
Berkeley, ¥AtE AF¢
Prof. Zadeh®] BISC
Group
2009 1€ ~2009d 84€ University of California
Davis, Research Fellow
20099 9€~EA JtFFATAE
gAg Az 24
<FRHEor: 2REA D aFAAN2Y, AT
2R 9 22A% AXE AEY dndE>

2007d

2007



