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Research on Region Coverage Approach with Swarm Robots
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(1. State Key Laboratory of Robotics, Shenyang Institute of Automation, Chinese Academy of Sciences, Shenyang 110016, China;
2. University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: An auto deployment approach of swarm robots is studied to cover a target region with random shape. The
deployment approach consists of two stages: model generation phase and robot deployment phase. In the model generation
phase, an intelligent optimization algorithm is used to get a point cloud, which can represent the optimal deployment positions
of robots. Then, the point cloud is mapped to a graph model. On this basis, the robot deployment problem is transformed
into a pattern formation problem of swarm robots. A set of behavior laws are designed to drive robots to move according to
the graph model, and to achieve the desired pattern. Simulation experiments are performed to demonstrate that the pattern
formation method can form complex patterns with around 30 robots. And the proposed method is then verified with real

robots.

Keywords: swarm robots; pattern formation control; region coverage; Buzz language; Argos simulator

1 35| (Introduction)

AENLAS N LT 7T o] 2H 2K R AR X ] S A AL
e N 58 ROHL & NN TE VR SE B, B B B AR R] B
EARGERIESS. EREP RIS ARG 2RE
B R R AAT RN, GEE S AR BT A L3
RIS ., R AR R I 7T & T ATy 12
T RS N BEAR B AT 0 MR Z R A L 45 2R,
AT — R E AR, BIEREHLES A
RGUEE BAERYE. USRI RS P L
e N L3 g A LA A 22 U R A 2 B
At GINEERHE R MR, SERsmaE, it
TEARZR AN 22 1], 9 DA IS Bl DL B 38 38 A% SR 45 1
75 14,

AL NEAT X o, TR RS )
B HLES NAMRERT DL o5 — € 2l A 261 R, A
M2 G P& N T OE, A8 H AR X3 B
WP NES. AT, FAZHLE
A H bR KOS AT B 2 7 A R S
AFF 7T o P9 . ARFF S 5 HEOR H b XK
MRS R G L LB NS, AR — E AL
ar N L. KRR SRS IE T R R T
5. BT EX KIS A e e, X
SRS PP L B LA N BB D, HOEH A g
RIRTHEMR R B s (6] HEH] AUV (HEK T
HLES A X H AR IXIRBEAT A 5. SC (7] R A8 R AN
ANBA RE PR SRS 25 5 LAAE S5 R I 1) A7 i s DX O
SC (8] 4 FHEANLXT H AR X S BEAT B . 3C [9] B

HEETH: hERBFAGE PR A4S (CXIT-15M031); H[E [E 5K 243 4.

JEEMES: R4, xhl@sia.cn

Wk /5% /&18]: 2017-03-20/2017-05-24/2017-06-13



3955 5

P, e FELES A XISE ST E T 671

FOIAE S PRGOS 17 o 0 AL RENLES N RFEEE
A T X IR AR AR ZI 4L T 2> — G HLE A
B VE A XSRS A D S A ATIE fE A
WRAESS, MRBTFLEALEIT. HAru e E24E
HAER A FOCE L LS N L isE 75 &%, JE
HAE 73 N TR RE U0 R R U
RL7#E5H% 5 Voronoi EIZE & TTE . 2 HbRKL
THREFIE P SR I S5 ST [15] B
T RUMTER 3 [ 58 35 R AR IR AR . DL [16] 5
JE T HAR XIS A BRI Y. I SCEkBcA wF
TR U0 LA N A L B9 IS B B H bR .
BEXTRENL AR IR E0 2 ) R, B 1R 7 vkl R T
S U718, i 7 i 1 DX 3 D R R 1,
BB SR w R AT RER I X4 0L 3C [21] B T
FRE TR PR RIE R, SC [22] SR A Eh A E
Jrid. AHEA I SEPRBLES N BEAT B8 E.

PR HENLAS NP8 i — 8 X L s A0
WA, A7 E T SEPR AR 5. BInAE K e &
P, 20 DX IR 005 D0 2% A b B, PR R ST I
TS W28 N 52 R AEARARAR N Gt S s (5 H AR 55
FRH AL EL, 325 X R & AR, mT B
WEAAHE A RS, BARRFERENEHEAES R
o FEGPS (BHREMRG) EF4RE s T
AR EE. TP REXHEGR, AmBEbANERE
JRAEAE T R . X AT DO R s LS AN
WAET R EE B N R O i S W
2. 7 RN ARSI T, A DA s
i NIRRT R, DR R B L A% A\ AL 1 K
P2 AT A AL A DX IR
AR B AT DU R I ERRAS. i R AR
LA PR 58 FT RE R 0 4 =) 8 A B I PT 58 AR, fEfE
RIS, ARV, Bl s bl A E
ITAM, LA T IS, WRUR I ik
R R UT R AL 1) 7 EPRE A E T S, A
PRI N 2N 2% 2) F3 2w (X, HIEIR
AR 3) ANRESRIENL 8 AR % 2 REfLfe )1 4)
W SaRr, ARl NLas A B 328 E R 5 X O
ERE AR

BEXS BRI, ASSCER AL N AR E T
e ol B R AR AR LA N B IR e L
AL N B R AL A 2 MR B
HEEM TR, K H AR KU R sl as A
RIEENEN R, R BAOVERRER, £
SRR F, it T BAT ORI, AR A AR A
B B AT 5 BT fLECO s s B A AR B, &

AP HARIX R 5. ] Buzz 24 X il
A SR K g R 1 S ORSE BT TE S0, it 7 %
2R S8 X BT U5 VR AT SAIE. A 0 SR AR A S
BrbLds N SER IR S s ¥, I DL o 25
TCLRIEE W ZR UG 1 REA B SRS AR

2 BN B’ AIBEFE (Deployment ap-
proach of swarm robots)
2.1 [BlREHEA

18— ZH LB AT X35 D #4726, ML
NTTLAE #  X 3k D, A LILE N O 3N r
(O IRITHT. B SRAEFH — ML A B4, X X35 D
AT .

ML N AT R 538 A5 R B A i RE /1, A
B&ERBEMEMGEEH. ST — P2
N, HAEREHAHLARER. HLas A2 A
HiEd e 181 (situated communication) 23! 52
L, BN FALATHLES N, 7E8U RS (5 B TH
B, REBEIRTHE R A FH ML E, BERASH
HAEAE B AR AL KR R B EE S AT ). B
wn, LA i R EINLEE A R B RE R, WL
2N i AT DAERAEAE L i AL BONE AL i Bk
IETT F IR AR 2R, LB j BB HLES N i fOEE
1 dt TEILARAR R T IS 1A ol

BRI CHIXIR D FIRTHRE R, HEHE 4Nl
2N, XX D HEH T .

22 MRRARE

PEH — FhBENL A N E U5 v DU 55 H AR X 8k
WIE 1R, M5 AR AR BRI A N R 5 2
BB TEBIR AR B B (1) MR H AR X SR
W, A R BRI ] DU K AR B 78 25 H AR X
P NI BEES, BRN—1NHE Q%
MW N ENLER BB 3) Wit
AT RFN, AR A AT PSS Y B AR 3% fr A =K.
SR e YN A B A | PN 5
T B 7] .

s
P
1 HE ER

H e [X 1k
Hl /AN
%§ , M °. = '
A e V4
_ELB —— L *
= i SEBRESE

N2 IR YN S B i W RrS

Fig.1 Auto deployment scheme of swarm robots
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Fig.4 Pattern formation process
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