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Switched topology control for self-healing of mobile robot formation

ZHANG Fei, CHEN Wei-dong
(Department of Automation, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract: To solve the self-healing problem of mobile robot formation with failed robots, a formation model combining
switched topologies and an interaction dynamics model for mobile robot is established. Based on the analysis of the
network topology with failed robots, we propose a switched topology control using local rules. Furthermore, considering
the distributed information obtained by individual robots, we transform the topology control into an individual control
for recursive self-healing with local interactions. The stability of the system with the individual control is also proved.
Simulation results demonstrate the validity of the switched topology control, and show that the proposed control method

has the advantages of shorter recovery time and lower power consumption over previous methods.
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2 ) B3 IR (Problem description)
21 B VL3S A % B\ 2 B (Modeling of mobile

robot formation)
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Fig. 1 Four typical K-neighbor model of mobile robot

formation
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analysis for robot network with failed robots)
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its performance metrics)
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3 W& Y) # 0 4b #2 Hl(Switched topology
control for network)
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Fig. 2 Second-largest eigenvalue of coupling matrix vs.

failure ratio

3.2 #H BB E (Recursive self-healing)
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Fig. 3 Processes of recursive self-healing and direct one
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3.3 M 4% b 5 il 5 E(Topology control algo-
rithm)

T M 28 40 4, RgnT Ll BB Z R pLgs A
I B A A1) = Ay M HLES N B 2 G I
G HE. 2ie RNtk RHLERN, HEA N, (ir) R HIER
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LA N R IR Bl ok, OF B e B BB E
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Step 1 R MLAS A af550 FLAL e O B 2R A5 5L,
FU R 745 BT, A% 2Step 5; £ EW, W
H3Step 7; A WCRIE B, W 2Step 1.

Step 2 ARHEHLIUL, HLES A ¢ LLECE 1R Sk
RMLAS N dy, BRI, #5081, W& TRis 8 45 A
Cl.(ig); 501, i[7]Step 1.

Step 3 Ml A« I KMEAF R, 5HAL)E T
Co (i)W HLES N LI I I, FF A H — 44 vk
A

Step 4 AT HLAF NP3k 3, 52 A 4 B 02
FH3HRE AL A% N

Step 5 AiHLas NiZSEAMILES A, Rlé, = 4, &
R A8 Ja A5 S T — AL N, IR IEfE
BT, RN A W 4 AL E LA .

Step 6  HLAMLAR A i HERHLEE N AR JE
N (i) ERENLHTIESR, [ DI 5 IR S48 e N, (i) (138
e, [RIIRS G R R AH Y. 1 e 22 A W R AR A

aisj(k) =0,j¢€ Ne(i8)7
aisj(k) =1, j € Ne(ir),

(1)
aii(k) =— >

J=1,j#i
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Step 7 A& AL BAMILAS N 8 VBT IE L

a; (k) =1,
aii(k) = — i

j=Lj#i

a;;(k).

iz[A]Step 1.
5 hIdEHIER e P4 Hr(Stability analysis of
topology control)
BBl NGt DA (1)ik 2 [F) 20 3482, o SR 2
z1(t)=xo(t)=---=z,(t) —v(t), t—o00, (12)
Hrpo(t) € RVA LA A1 BA 3 i A, 52 24 5
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W) BERIR B, AW SR B & 2 iz 3 [
WA EE.
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Di _ Z;
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o Ty 7R N 4 S R R

+
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Yi = F(yi) + ¢ > aij(k)H (y;),
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Jacobianl. i BA(14) 1K) — AN & F S P ) 90 2
KA fﬁ(IS)E'JﬁE!ZLyapunovTa H161 4= oy 71 4. XT?
FEAN(K), i =2, ,n, k = s(t), RA8)T X
[ 1 # Lyapunov ?ET ﬁ IEé Xi(k) 1 pR 2L il A
L;j(N\(k)),j=1,2,---,N.
M AREGw BN F 2 SRR U S T RGRRE
PE, D] i) N5 2 s .
BRIZ 3 G PN U430 0 1A I ) 2 8 K0T,
DR S A5 F G 5550025 b 2 BA A6 9 ¥ 08 I Rty @ =
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6 {fi F(Simulation)
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e N2260 K. A RGAC A VIR S — ANtk
ARG, Hrha, = 1H(t) = 0. WRIPFFEE M
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(s)]wi a8)
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Fig. 4 Simulation results of formation generation for direct

self-healing and recursive one
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Fig. 7 Second-largest eigenvalue of coupling matrix vs time
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