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Abstract: We propose a method for enabling agents to autonomously divide the given environment into
the subareas for the individual responsibilities through negotiations between local agents in the environment
where communication range is limited. Recent advance in robot and computer technologies expands the
range of robot activities, but if we consider the requirement such as the size of environments and the re-
quired workload, and the limitation such as communication range and battery capacity, cooperation among
robots becomes inevitable. Along this line, we formulated a continuous cooperative patrol problem by mod-
eling robots as agents, and proposed the method by which agents can identify their responsible subareas of
environments so that their workloads are fair and balanced. However, if the communication range is limited,
their divided subareas contained so many redundant parts, and thereby, lowering the entire performance. In
this paper, we propose a novel method in which agents not only reduce the redundant parts, but also use the
redundant activities to help the busier neighboring agents. We experimentally show that our method can
reduce the unnecessary redundancy and can improve the higher entire performance than that in the previous
method that are assumed that communications are always available.
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TAHEREIIEEICHRSSH Y, hox—Y x v FOIEME
TBRPIEL N WEREETH Y, K [3] OFEFR2 S EMfE%
BHaE ORIEEON LW LI L > THRICTTEMSE
FNRETE2HEL LT o7, FD720, DRl
BT — 2 = v FOERSE LN WIGEEOF LR ERET
HICTHAT 5.

3.5 ¥R T LOFHEIEE

Ky AT L OFFIE, 5 [t,t] IZBITHE —F
V OTIOHFAERDEHOFHME Dy, (V) L, LT
A TET.

Dot (V)= 3 Li(V)/(te — ta + 1) (12)

COfli% % B NKME RO EDPRIFEDOHN TS
b, ZOEFDPDH, TIPWESINDS (L) Ik
RIOHERMEE LTI N FO3EZ E L) B
Bwe, Dy (V) IKREL D, Tz, HEEBEY 10
BIRO720120F, FHLFIHY —ITHRm S NL LN
PF L. FD7D, Dy (V) ISZ, FHL5EEIC B
5T IO R ((FNROEE) L(V)) OrfZfbs, #
MR D7 b FHlixT S & T 5.
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4. RBEFE
REFHETIE, T—V b FEBILKICHZ- T,
BEAETF: (3] CEFE LI,y TR, BETERVE
Br—Yzr FoERRREHERL, 2RIk WLK
AW S 2 LT, HBEROERDFEDOM L2 M- T
Wa, LT, FEHICHT 5.

4.1 BEFERCHIZBECHELOEH
KFETE, ==Yz b EHE2—EDHHEANDO T —

TV MeDRWBETELLEMET S, =TV g P

PAE L 7o 1B Im < A5 #PH % A deomm (deomm > 0)

LR &§ 5. AL ORETHEIIBIT 5 EHEBELICHET 2

ZHOWMIITOEBY) THS.

(1) BEETHEOMHE (Hello A vt—2) ¥z —
T Mg, B Ny SEICT—V 22 b g, (38E
DWERD A v — V% %%, Hello A vt —JIIHT
BRENL—V x> ba; bdholcld, a3V E
BHEDIKTT & = £(i,t) % aj ICEET 5.

(I1) HEEBHHROZE WAt I —Y 2 v ba; i, a
EDIFBEDS deprmm AT D & & q; L#ENTE, Hello
Ay — I ORER, HUE LK % Z T,
LT oifEz47) .

(1) BEHEHFAEE Viertap = V/ NV LT 5.
Vovertap = 0 OB &, MAETHT T 5. a5 13,
a; DK & ZskdT 5.

(2) Voveriap #0755, a; 13, a; DILKITE EHD
DK E(G,t) ZHELT B, DL EGL) > & B D
&, aj 1 a; ITIRIEGR X Y =2 & LT Viyeriap &
& =E0G,t), V/ %ETH. bLEGH <& RS
&, a; FEBEHEIRO / — PS5 SHIBR L,
ai \ZZHERA 9 =T LT Vaperiap & & = €0, )
BLOBELE V] 2%ET5.

(III) a; da; ODIKIER A v £ — TV & 2fE L72GE,
F0)— PR Vi pHHRET 5.

FRo—#HoMEEIE, 1 BB TETI5b0 L L.

BBIOEE, T—=Vxrbaka;ld, HHREHLIM

FOPKII & & & 27 - BHL, 510 a; I3BER —

FOES B & a; QML V] OSSR Bl 2-AET 5.

B, WEFHHEN (5 VILBEIRAE  EF 2 #E 4

TEZVEE) T, HBOFEIIL R,

4.2 REFEIIH DI AHES

WREFEIIBIT IR, BHEL—Y =~ F ol
R ZB L TIERTE ) — FOEST ZUTD LI
WETH, 4B, MErL—Vor M EEOBEND L
I—VxybTHY, BEOLWVWI—Y Y MZOWTIE
EZE LV, BELL e OBEI—-Y 2 POESE KT

55



BIRNIBZ ARG FEEEFEESAE Vo1 No.2 50-62 (July 2018)

EBL.

(1) TRTCOBEHETL—Y x> baj € KIZHLT, £(6,t)
ERFFLIEG L, bLE > 6,1 26T,
B=B\B!t5%. ZZTBI, 343 HTRD/H
FAHIRTH 5.

(2) a; & BOHHRSAGOER v, 55T VIHIC
kinc D/ — FORETH S I, ZiEAE.

(3) /—VNI,, LZhOLOME/ —FOEEDI L, V)
L& > E(t) 22T Bl OMEICEIT N RVLO%
'35,

I' OB FHEE S L7z A5 VIR, &g s
T4, B, PREKERICEBEOT—-Y v b E@EET
5 LIEBES 2w,

5. FHMEEER

5.1 RERENTE

REFEOUR LT EREZBL THLNIZT S, E
BCHWAL -V xy FERBEOBRELR LIIRT. 45
DIL—T v+ A={ar,az,a3,a4} ETXTRHECEREE T
5. KEBOEREIIRK 2 IORT L), =—T ¥ FANE
BRATO WM G EHEE DIZ51I D2 RTE7 ) v M EL,
<~ Ny Y U EATA, TV g 3K AD
FowEHE ol (K2 TIEHFAAHTTES) 55 KHY
IV ORMFERZIT . FLAEROREE TR, =—
Vv MWD E ORI THEIITE W
DT, LEATBEFEITDRVE LT,

REIHENRLT SORY 2F8 572010, TIDHE
MERE L Tp,=2x107%, pp,=2x1072, py=2x1076
DIONHY, M2OLHICEELA. BEL (Env. 1)
X TARDFESAPTFHNTH L5, BES (Env. 3) &
HBFIRDOBTF & RUb I B AT 12 FEAFER O 8 WA D
D, b5, B2 (Env. 2) CTREER LGN,

x 1 FERRE
Table 1 Experimental setting.

INT A —F fili
e AN |A]| 45
R a 5x 1072
PEREME 24T 720D DI A — % Ry 0.7
Ry 0.7
~ 300
PREMEDHIH ST X — 5 Eine 15
(BEEFLEOA) Eavoid 7
Ny T ) Barain 1
Ny T ) R Biazx 900
FEEENZ B R O H i 2 % kcharge 3
JEAS 25T fE 70 i P dcomm 10
I 24 S o i dini 5
JHAE bR Neom 1
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HMEWTEERE COREMEIMAMETH 5.

(1) &/ — FOITIDFERE O Dy (V) (LLF
D(V) LWFET 5)

(2) HHLFEHOLE |V

(3) HIHLFEBIZBIF S T3 DFEE D(V))

%8B, UTIRTTF—41%, Filo%EEZ 100 0147 - 7-
FHETH 5.

HBFRE LTk 3] TRELBAGAFELRHAT 5.
BEAET:CId, 3.4.3 JH TR 2L K iE © 1H 24 I8 %
KL, ROBEWER Y A I 7 TFOMHEED % b
J5. ROBEDY A I 7 E T, B LHEND DA
BHOL—2 =2 v FSERT A 2 L AKRIERMET 2V,
72, DRICEEDNTRETSH 5 LIE Lz Tk 2] b, Mk
DIDIZ—HMR 5. ZOFLeERBETRRTEE LT
kT 5. ABSEL LT, K3 ICHEE1ICBITAIH45H
WoAFy Foay bERT. 22T, KO, R FiE
FNENhT— T =y PHMOHYTIETH Y, HIZEhZ
NOHYB OB & % EHEEEZRT.

5.2 FEEER

MO, H—LBRETH S 1 OKEERT. 3T
HEODWV) OB ER 4 12, BAETEERETRO |V
DB ER 512, L(V)) OERBER 6 1IR7. K455,

® @
LBy
2 @ 2
P P
[ 7 ]
4 o
(a) BREE 1 (b) Eiki 2
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[
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P
S
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(c) Bithi 3
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Fig. 2 Experimental environments.
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n 20 —I—Tzvh2—
10 ‘ —I—TIb3
200 ——I—JIUh4
= 180 0 . : : : :
g@g 160 —— 0 200000 400000 600000 800000 1000000
% 140 | iy - oo B (R7v7)
# 120
H =] ¥
Emo - - (b) *E%q‘:(f
S gl  —mmFs B
i . -~ B 6 HYFEIRO T I OFREOIMRE (BiEE 1)
A ;
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Fig. 7 Accumulating existence duration of dirt (Env. 2).
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FE0 D(V) 0B %, B 8 ITRETH: L BETED |V
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Fig. 5 The sizes of the responsible area (Env. 1).
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Fig. 8 The sizes of the responsible area (Env. 2).
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Fig. 9 Remaining dirt in responsible area (Env. 2).
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3)

Accumulating existence duration of dirt (Env. 3).
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Fig. 11 The sizes of the responsible area (Env. 3).
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Fig. 12 Remaining dirt in responsible area (Env. 3).
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I—Y v b1, 205EE 3, 4 OHEBEOEN DL L,
I EENEHTETVDLZ L0 5.
CHEBEOE, B —Y b3, 40EMOEHD
FICTHENR T WA D 2 720, O % X 0 5 <
T&72ZEIck B, BE 2 T3, SHYLHEBOE R E
(1 3 2M) 1B T WiEEId R, L L, #E0E
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L 72 RATE 247 ) RETF TR, Z ORI THEE
DI—T 2 bDEDITHERT 2EBEHEIRE 25,
RERELT, T—Y 2y b3, 40BMORERD, M
HOHENR T VHIBIC T ICETFTE hnizo, 1EERE
PWETFTTAHEEZONL, HEBETRTEE OKD &
OFEL ITEETHERS.

fi 5 B8 3 Cl, BEREBIIHENRRTVWHEEBLNS L. £
DFEIIFESICHNHERETH Y, O -V v b
MERT 52 L ARERIFEOR LIZo %055, FEED
WZONTIT—Y =¥ MITIOFENE S L 2 O
R LT K2 ), ZOHE, SBETE2HEED &<
%%, WEHRIHENOLE L ZORFIT OV TILRE T
AT 5.

5.3 EEMEEOIL S &ERERIIEDLE

INFE TOERKBRI, REFEPBRAFEICHTE
EAMOBE S, HLMHEEE L)AL, ke LT
DROMESELIENTELIEZRLTWES, HRIC
RFEFEIRFEL FIF-ERE LT, HAHEBOTLEED
WA, BETRERY A IV VT OREDN L, 7 Eh%EE S
N5, LTTlE, TNS0EHZHET 5.

9, FFECBIT 2 HYFIROIL S DOH suma,ca| V|
#E 13(a), (b), (¢) 2R T. &b, EHEHBOL S &
51 x 51 = 2601 THVY, ZOEPEHEEHE %S, 013
2o ELLOFETHILELREEHEAEA L TV 5B,
FTRTOBEBRIC BV THAFTE L) RETHEOT R
I—Yxy bEDEHEBOREZIZ HNZ &0 55
. F7o, LA KT L L, RETHETIIEE1,
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Fig. 13 Sum of the size of each responsible area in Envs. 1, 2,
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W, BEOMT ELBERIIOMERL NS, L, K
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Fig. 14 Success rate of communication with adjacent agent

(proposed method).
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xR 2 BEEAEKROTIDKREDIHT

Table 2 Variance of remaining dirt in each environment.

BREE Fk S HUE
B 1 BEfFFREE | 5.67
FEFE | 243
bi 2 BEAFFEE | 84.98
EETHE | 36.81
&3 WEAFTFE | 13.83
REFE | 849

WCHIEZ M ESETBY, TOHEHOFEBICIZE 5125
DERLBHDHZEDREEND.
5.4.2 REBOESY . SREE & EAEROMEREE

E20%N (EW2) & LT, *OBRBEOMICLSH
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RTINS L ERE S ICEELTCWA. ALz X )
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