FEMWEAMNEELRO/ M FEZAVEREBETILFI -0 O
ARREESENFIE

Partitioning Method of Searching Region for Heterogeneous Multi-agent System
using Multiplicatively Weighted Centroidal Voronoi Tessellation
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Abstract — This paper describes a partitioning method of searching region for heterogeneous swarm of unmanned
vehicles using multiplicatively weighted centroidal VVoronoi tessellation. Although recent researches have verified the
effectiveness of swarm of unmanned vehicles at the time of natural disaster etc. and many researches related to them have
been made, most of them are heterogeneous swarm. On the other hand, there are few researches related to heterogeneous
swarm because of their complexity and difficulty of generalizing and formulating models. This paper proposes the method
of generalizing heterogeneous swarm model and partitioning method of searching region which is one of the most possible
missions for them. In this paper, Voronoi tessellation in computational geometry has been applied which is one of the

representative partitioning methods in general.

Key Words: Heterogeneous swarm, Multi-agent, Multiplicatively weighted Voronoi tessellation

1 [FLHIC

BRI B T 2 A ZER (UAV : Unmanned Aerial
Vehicle) , % AH[E (UGV : Unmanned Ground Vehicle)
FIIRBESNDEABOEMAIFERIIIEEL RED D
ORBHY, D OTITERSEICI T DWF9EE R R
Tholeh, S HTIIRAARREREZRZE L Lo KE
Bl CIG M rT e 7ol AMS O ZEBA R A% e ) v 12,
ENBICBIT2ERLABICEA TS, £2, HR
% < DM N\ KDY BLEE f D 3 W ERAE S 96 T d D DTkt
LT, MAMEEOWTNC K DEEDIEZE I T DAL
PEIZLAATON DS X TRV B, fkiZe ZER LIS
TEL DM TON TS, Z 2T, EAKBEOR
12 1% [A) B AE (Homogeneous) 35 X Y B fE
(Heterogeneous) 3 fF7E3 % A%, Homogeneous DHFSE & L
TIX, EWEEH L7 KB b o TiEsl 2 3K EE
PIEIZ K % 2016 FEDERPAL TH DY, F7-, FHEHE
Yialb—ya XM REEEZLHY, REMR
H DL LT UAV BRI X 28], fREEIRRIEE ) &
0, ke 7o AR ES AR X STER[7 8 lCRE L V. ek L
C, Heterogeneous D WFZE =51 1L 320 A fifi F L 72 F2HRIC
DUV TIESCHER[OI0CEE L WS, FHREMY S 21— 3
N X B IFZEEH]IE Homogeneous [ EE T 7p . i3k
H7edif & LT, MREORR L2 ## L7z UAV
REC X D WEmIanta UAV B LY UGV DBk i1

BUER S DN, FEDRMETIZBIT 5 —FFl LV @
B, L0 —Ab LA H 2 B IX
EoTWNRWEW) RN H 5.

AHFFED BHIIE, UAV 3 LV UGV D #E D FLE R
HEAFEDIRAE L7 AR IZB W T, FEDOMTE % %
1TT DB ORFHSE & B ME & ORI DWW T, fE
KOMFETIZHE D BRI N TR MO ER
b, —fbic X 2NAMEOBWEERZIRE L, FHEK
Val—va itV EOEMEHE T HH DT
bbb, B, BARBEOREK I 21— a itk
DHFZEIZ IV TEHE, Homogeneous & 7= 13 Heterogeneous
PO THEZ~LVFZ—V 2 AT ALEIREL
THMNTDZENZWN. 22T, v A F—Yxr b
VAT AL, BEOT—T 2 FAMEEER LR
ORIBHREMNZZERLTHVATLOZ L& ThH Y]
AN RIGR L T HMAMEZIILD, a0 Ba—X
Xy NI—=7, B Ry FU—7, A~v—F7 Uy
K, #HAHE, Wity N —7FEDkkx e AT
ASDIGABHIEEINTWDS., B, =—Yxr b &
X, YV ATLAORBE FICHFEL, HxIcHENES
L, ZNOEENRT D-OICHLERYW 2 ETT 5
REHRZEL, UL AT AL TY 7 by =27 T
HoTmVN—RU 2T Tholzh LA EELAGT
%08l L7275 T, Heterogeneous 7t \f#E 4 ~ LT
T—V 2V N VATAD—EERR LTERE, ==
=Y MIN—RU =T ThLHEA DAL 2 5.



2 MIREERTE

ZIZTIE, AR AEREETET D, e
B, ThUBEAMELS~LTFZ—V 2y hUVAT A
EIRETS.

21 EfEEAMEOTEE

AWFFETIE, FRCEF DIV THIMO AR TIX
BEICERfbEn-ooH 5, FFEHEBROBRR (T & T
D BRI ARSI AT T 5. BRI AR, 2
DEMETHIEHIZE > TUAVRSUGY &\ o= 7'T
v N7 — LB O, Hx OMEREEFIL T AT
MThHY, —BNRERIRETHD.  ZTIHMEE
DI, o DN ERERT DIEREME ) DI b 53
DRTWEREDO LIS THLIHEICHERL, Tb %A —
TIER<HL IR D ERMEEEZX D2 LT
Heterogeneous 72 ME AHERE - 2. $72b b, KREA
=Yy MEIN (NIZ 2B EOEEE) |, =—Y b
i (i=1...N) OHEE% v &7 5 Heterogeneous 72~ /L F
TV NIRRT ALERTS.

22 EHOEH

ABBECB T ==Y MEOEKIE, 21THD &
BOREHEHEOERTHS. 27EL, =—Vxr M
X DR EIR O RBRIEIT S < O R S TR

0, KRB TIRRIRDH T FE, 73V
ALERRBETDHHOTIIRY. 22T, flxox
—V =V ML DOFEICL > T “BR” 2B 5D
ATOBME L LT, fEx o “WHMaEE" 2 3RE L CiTE
DOEEIZOL BERHDH Z LD, 20 “FHY5EE"
DOWREIZOWTHRFTT 5. 7B, —BiOESE LT
BRE” IZoWVTE, K — Vv MRS SER O S
WAEMWLY ETHRRETDIHDL L, FRIERICZ LW
Mo KEBGFIZBNT, BUGRROMKR, AGE oD
MRS L2 EwmT HBEOFEL TS, (Fig.l)

Fig. 1: Brief image of surface search
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Fig. 2: Relation between search time ratio and number of
agents in case of surface search
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Table 1: Simulation condition

Case 1 Case 2 Case 3
Number of Agents (N) 2 3 4
Agent Velocity (vi) 02,04
Square (100x100)

Calculation Region Circle (Diameter: 100)

Triangle (Base: 100, Height: 100)

Calculation Time 800
Case 4 Case 5 Case 6 Case 7
5 6 7 8
0.2,0.4
Square (100x100)

Circle (Radius: 50)
Triangle (Base: 50, Height: 50)
800
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Fig. 3: Agents deployment and each VVoronoi regions in case
of surface search (Case 5)
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Fig. 4: Relation between area ratio and number of agents in
case of surface search
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Fig. 5: Relation between search time ratio and humber of
agents in case of surface search
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