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Collision Avoidance in Multi—-Robot Environment based on Local Communication

Yoshikazu Arai*!, Teruo Fujii*2, Hajime Asama*3,

Sho’ji Suzuki*!, Hayato Kaetsu*® and Isao Endo*®

In this paper, we propose a new collision avoidance method among multiple autonomous mobile robots. Generally,
it is difficult to apply conventional collision avoidance methods to robots in multi-robot environment because those
methods are only applicable to a single robot environment. For this problem, we propose a new method using the
LOCISS (LCcally Communicable Infrared Sensory System) by which a robot is able to communicate with other
robots locally to exchange information necessary for their mutual collision avoidance. To realize the collision avoid-
ance based on these information, we introduce a learning method by which a robot is able to acquire the behavior
adaptively and autonomously. A learning curriculum is divided into multiple layers to reduce a number of situation
for the learning. Finally, we implemented this system to execute acquired behaviors, so that robots can avoid other
robots and obstacles at the same time. It is confirmed by conducting experiments that this method is effective in

the multi-robot environment.

Key Words: Collision Avoidance, Local Communication, Reinforcement Learning, Multi-Laycred Learning, Infrared
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Fig. 1 Recognition of surrounding situation
Receiver

Emitted infrared light

Transmitter

Fig.2 Infrared communication unit
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Direction of
robot's motion

No.0
No.1 No.7

No.2 No.6

No.3 No.5
No.4
B : Transmitter / Receiver
No.X : Sensor No.

Fig.3 Configuration of sensor units and sensor number
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a : width of a pluse

Pa : Sync pulse
Ry : Data pulse
P: : Detection pulse

Fig.4 Pulse coding of transmission data
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Fig.5 Experimental environment of performance evaluation
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Detection ratio

0 1 2 am)
Distance between transmitter and receiver

(a) Detection of reception status by one to one

Status of Recalving
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o wrong data
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Detection ratio

Distance between transmitter and receiver

(b) Detection of interference

Fig.6 Result of data exchange experiments

0, 09 5§ 80%AFi# (Interference) & L TIEL < #H
EhTwad, BOYOHA%EI 7L —LI—E L THE SN,
LO0[m] LLEER 2 &, T BEIH 0% h->Tidwa b
DD, No3 AREL T — 75 60%DWETIEL (Z{ET
ETWAZLENFERTES.

Ky AFLTRIAOL HIZADD RSBy PEOFy
POWEEICEBL TWAZESRS, OF v DIZZLHAIC
MLTLEEN#HEROL I LREATETHL, T/, BEYD
fitic BV TR RO R FHL TOW A 0@ 5ATREL,
oy b OISR TRETRERMA 0 & 2 5 [12).

Phlds, mytEuEiE+L s 2 A7 4 LOCISS O dEAikfe &
LT, S0 RartEsR & I T ilo Bl & & O &g kiE o 4
MNATEBIOTiEChH A Z EAENDO LT,

3. BFOTHEEEL LHRME)E

MRETHE~X/Z LOCISS #Rlw A Z L2 LY, fMooH v b
EfFpkEmE Ry, 25ii0F y bOTIE EE L 2-dizem e
FEBTE2A, SITEHIT, T RETLIENNL L, »
20Ky FHOBEMFEEESIIMBT A2 45T E S 2 H1
DHREEEEZOWT, HoPLOHEREDOL -V EEHKT S
eI LN EETHERET AMUEER S, ERIZIE, L—
M DTESRT MIELT H72di2, W0 H A EEETTH) O #RNLAH I

JRS] Vol. 19 No. 1

PR3 & W -

—a8—

I 4 oW OR AN & E b
Sensor No, : Sq
0l i1l2l3lals]al7
omLy t vyl
NSRBI VL]t
F.KZ Sl trjprjieftr]s
Bal Fl [ ]o] i ]]E
4F1Lprfrfrprefrg ;
T(R) : Turning right
S|FJF[ UV U]U] 1] T : Tumingleft
5  :Stopping
6S|S|IH1]1]t1]t1]1 F  :Following
7ls|s|tft] vt :ignoring
(a) Rule matrix
Robot-1 Robot-2

Direction of
robot-2's motion
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(b) Example of detection

Fig. 7 Collision avoidance rule for robot
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Fig. 8 Definition of avoiding behaviors
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SensarNo_* Sa T(R) : Turning right
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TR L[ 0] 1] 0| T ignoring

(a) Rule vector

Direction of
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Raobot Obstacle

(b) Example of detection

Fig.9 Collision avoidance rule for obstacle
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Fig. 10 Result of rule based collision avoidance for robot

Applying
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Fig. 11 Result of rule based collision avoidance for obstacle
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. Update |  Evaluation of ®
: avoiding behavior
: .
HE I Leaming ©
based on reward
. |
Learming is
accomplished

Fig. 12 Procedure of adaptive behavior acquisition
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Fig. 13 Parameters for recognition
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Fig. 15 Evaluation of avoidance behavior
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Fig. 18 Concept of multi-layered learning
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Cgy : Controller for movement toward goal
Cai: Controller for avoidance of single object (i1=0-7)
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with sensor group J
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Fig.19 Structure of multi-layered learning controller
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Fig. 21 Structure of learning controller for single object avoid-
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Fig. 24 Omni-directional mobile robot and LOCISS
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