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Deadlock avoidance for robot navigation with potential field method
in an unknown environment

*R. Kubo, K. Yamamoto, and A. Themelis (Kyushu Univ.)

Abstract:

We propose an efficient obstacle and deadlock avoidance strategy for mobile robots in an

unknown environment using a potential field method. A well-known downside of potential field methods
is their tendency to get stuck in deadlock positions, originating because of the balancing between the
attractive force to the destination and the repulsive forces from the obstacle. To account for this short-
coming, we modify the way the robot receives repulsion forces by introducing virtual constraints that fill
in hollow obstacles, and design a strategy for generating temporary intermediate destinations. Numerical
simulations confirm the effectiveness of the proposed methodology.
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Fig. 1: Detection and avoidance range.
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Fig. 2: An active obstacle point (7).
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Fig. 3: An inactive obstacle point (r,).
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Fig. 4: Repulsion according to obstacle shape (7).
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Fig. 5: Virtual obstacles blocking the depression (r4).
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Fig. 6: Direction of travel in deadlock.

3.2.2 FEBO—EBNAGENER

Xz, HHGMICEEY D DIFE T 25500
BEHEE RS, ZOEAER, —RIcHIZZE L
(ERRED SR HTFEERE T 5. B, AFRIC
BWTIE, vRy MBS L HREHIE Y ORI E %
PSR TZ2b0L 3 5. EAMPREELLGEE, Fig 6
WRT X I0E, 7, HEME L BEMEZHEA R
Moo Eh2FHEOEE 51 Ry FOFET S
P K-> THETAHRIERET 2. AP FHICTFEET S
BEEE AN, EEEOBE A mAED.

LITTlX, Fig. 71 ORT X512, EITAMNEICHR
EEXNGEITOVWTHRRS, —RYREHIE, =
Ry bOBEH Y EO B2 AZERRICN L TH
Zrg OFFM EOMHIED 5 BEEVE AL TV
WHTHD, EOHNWHNICER S IEWVWA (KTIEAR x) &
T3, 2B, GFMHOMASETHEEERE L 72
LEX, EITHRMEEICEE TS, 20k, —RR
BN & 2 85l e, & DiEDWGE, BHo M,
AN FEEY D H AU 3D J57E L Rk I — R H i %
ERR L, BEEVDRTIUIED B A& (KT
VEBEEY 2 A

4 2Zal—2avIlLBRE - EE

AETE, REFEOBMEL LS % 72D FUE>
a2l —yavIiIZKOMGEET 5. 4.1 fiTlE, BEEYIE
BEFEICOWT, 4.2H T, EFEEETEICOWTE
NEFNMATLAB > I 21— a YOiERZRT. MY
TTiE, 3.1.1 81, 3.1.2 i, 3.2.14i, 3.2.2HiOREF
Erzhzh@, @, ¢, @ridds 3. BHEFIREC
B335 X —&1%, Table 1 1ITR7.

11

goal

obstacle e .
(g .
ANGY |

. / \ €r
/ Td A .

/" deadlock N
point . :
O start *

Fig. 7: Temporary destination in the case the direc-

tion of travel in deadlock is determined right.

Table 1: Parameters in the simulation.

Maximum velocity of the robot 1.0m/s

Maximum acceleration of the robot 1.0 m/s?

Mass of the robot 1.0kg

Size of the robot 0.21m

Size margins of the robot 0.59m

Detection range of the robot 3.5m

Avoidance range of the robot 1.0m

Number of measurement points 20
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Table 2: Average time and distance over 10 simula-
tions obtained by changing goal and obstacle positions
in the configuration of Fig. 8.

Methods Average time (s) Average distance (m)
@® 25.32 9.25
O+@ 1761 9.30
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Fig. 9: Path with O+®@+®+®) in situation 1.

Table 3: Time and distance in situation 1.

Methods Time (s) Distance (m)
O+®@ uncompleted uncompleted
O+@+B) uncompleted uncompleted
O+@+® 23.2 13.80
O+@+@+® 225 13.46
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Table 4: Time and distance in situation 2.

Methods Time (s) Distance (m)
O+® uncompleted uncompleted
O+@+0G) uncompleted uncompleted
O+@+® uncompleted uncompleted
O+@+B®+® 182 10.55
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