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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 (Problem description)
2.1 (Modeling of mobile

robot formation)
n ,

N . i

pi ∈ R
N xi ∈ R

N ,

i = 1, 2, · · · , n. [3,7,9,11,12]

,

:⎧⎪⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎪⎩

ṗi = xi,

ẋi = f(pi, xi) + c1

n∑
j=1

aij(k) · h1(pj)+

c2

n∑
j=1

aij(k)h2(xj),

i = 1, 2, · · · , r.

(1)

f(pi, xi) i ,

i . ,

f(pi, xi):

f(pi, xi) = am(v(t) − xi), i = 1, 2, · · · , n. (2)

: f(pi, xi) , v(t) .

(1) , c1, c2 > 0 , h1

h2 ,

i .

A(k) = (aij(k)) k( k > 0)
: i i ,

aij(k) = 1; aij(k) = 0, i �= j. , aii(k) =

−
n∑

j=1,j �=i

aij(k)=−di(k), di(k) k

i . i .

Ne(i) i ,

Ne(i) � {j|aij = 1} ⊆ {1, 2, · · · , n}. (3)

, i .

.

1 :

.

2 : .

, hi

h2 ,

ẋ(t) = f(pi, xi) + c1

n∑
j=1

aij(k) · (pj − qij) +

c2

n∑
j=1

aij(k)xj, i = 1, 2, · · · , r. (4)

: qij = pd
j − pd

i j i

, pd
j j ( ) .

, , Q = {pd
i |i = 1, 2, · · · , n}.

,

:

Fm =
n∑

i=2

‖(pi − p1) − (pd
i − pd

1)‖2. (5)

[13]. Fm

, .

K [14]

, K, di �
K, i = 1, 2, · · · , n, , 1 4

, K = 3, 4, 6 8.

1 4 K

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

formation

2.2 (Topology

analysis for robot network with failed robots)
,

Δ(0 < Δ � 1), .

[3,7,15] , A λ2

. λ2

. ,
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λ2 = 0 ,

. , (1)

.

,

.

Arf ∈ R
n×n Ãrf ∈ R

(n−[Δn])×(n−[Δn])

n [Δn]
. , [Δn]

Δn . λ2rf λ̃2rf Arf Ãrf

. Ãrf

Arf ,

( [3,15]).

,

. , ,
[3], λ2 = 0. ,

,

.

2.3 (Self-healing ability and

its performance metrics)
,

, .

,

1 .

2 :

,

; ,

.

1) .

,

T =
n∑

i=1

di. (6)

, .

,

.

2) .

,

, λ2 �= 0.

3) .

,

(6) , .

4) .

, tr.

, .

5) .

4 :

. 3 ,

, . ,

,

α ,

Pi =
∑

j∈Ne(i)

βqα
ij. (7)

: Pi i , β

. α , 2 5 .

,

.

, .

,

P =
n∑

i=1

Pi. (8)

,

( )

( ).

, ,

.

3 (Switched topology

control for network)

,

.

3.1 (Principles of self-healing de-

sign)
[15] , Δ(0 < Δ �

1), , n � 1,

, di < d0, i = 1, 2, · · · , [Δn],

λ̃2rf ≈ λ2rf . (9)

,

. K

n � 1, (9)

,

, di � K, i = 1, 2, · · · , n.

(9) K

. n = 1089
, K = 6. ,

λ2 : 1

( 2 ), 2

( 2 ). 2 , 1

, 2 .
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2

Fig. 2 Second-largest eigenvalue of coupling matrix vs.

failure ratio

3.2 (Recursive self-healing)

,

.

, ,

, .

.

3

Fig. 3 Processes of recursive self-healing and direct one
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3.3 (Topology control algo-

rithm)
,

. A(1)= Ãrf

. if , Ne(if) if
.

.

1( )

j ∈ Ne(if), if , dj � dif ,

if ,

Ca(if) � {j|dj � dif , j ∈ Ne(if)}. (10)

2( ) Ca(if)
if , , is.

3 Ca(if)
,

is.

3

,

, M . ,

, M = qisif .

i′s, qi′sis , i′s ∈ Ne(is). , i′s
is ,

j ∈ Ca(is) .

, i′s ,

2 . ,

,

.

4 (Individual control)
,

,

.

4.1 (Distributed algorithm de-

sign)
,

. 3 ,

1 ,

. 2 ,

. k(k > 1) ,
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k − 1 ,

,

, T ,

. 1

, ,

,

, ,

.

,

1 , W .

,

W , 1 ;

, .

4.2 (Individual control algorithm)
,

, .

i , .

:

Step 1 i if ,

T , Step 5; W ,

Step 7; , Step 1.

Step 2 1, i

dif , ,

Ca(if); , Step 1.

Step 3 i ,

Ca(if) ,

.

Step 4 i , 2

3 is.

Step 5 i , is = i,

,

T , W .

Step 6 is
Ne(if) , Ne(is)

, :⎧⎪⎪⎪⎨
⎪⎪⎪⎩

aisj(k) = 0, j ∈ Ne(is),

aisj(k) = 1, j ∈ Ne(if),

aii(k) = −
n∑

j=1,j �=i

aij(k).

(11)

Step 1.

Step 7 i is :⎧⎪⎨
⎪⎩

aiis(k) = 1,

aii(k) = −
n∑

j=1,j �=i

aij(k).

Step 1.

5 (Stability analysis of

topology control)
(1) ,

x1(t)=x2(t)= · · ·=xn(t)→v(t), t→∞, (12)

v(t) ∈ R
N ,

(2) . (1)

,

.

, , c = c1 = c2, (1)

[
ṗi

ẋi

]
=

[
xi

f(pi, xi)

]
+

c
n∑

j=1

aij(k)

[
0 0
IN IN

][
h1(pj)
h2(xj)

]
,

n=1, 2,· · ·, n, k=1, 2,· · ·, ks. (13)

IN N .

yi = [pi xi]T ∈ R
2N , F (yi) =

[
xi

f(pi, xi)

]

H(yi) =

[
0 0
IN IN

][
h1(pi)
h2(xi)

]
, i = 1, 2, · · · , n,

(13)⎧⎪⎨
⎪⎩

ẏi = F (yi) + c
n∑

j+1

aij(k)H(yj),

i=1, 2, · · · , n, k=s(t), A(k) ∈ Ω.

(14)

yi A(k)
, A(k)

Ω ∈ {A(k), k = s(t)}. s(t) : R�0 → ΛΩ

, ΛΩ ⊂ ℵ Ω

.

(12) ,

. qi = pd
i − pd

1

i 1 . p′
i = pi − qi,

p′
i :

p′
1(t)=p′

2(t)= · · ·=p′
n(t)=p1(t), t→∞. (15)

Y (t) = [p1(t) v(t)] ∈ R
2N y′

i = [pi − qi xi]T ∈
R

2N . , (14)

y′
1(t)=y′

2(t)= · · ·=y′
n(t)=Y (t), t→∞. (16)

qi ,

(14).

,

A . , A
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[9]:

0 = λ1 > λ2 � λ3 � · · · � λn, k = s(t). (17)

ωi(t) = yi(t) − Y (t), i = 1, 2, · · · , n,

Y (t) (14) , [9]{
ω̇i = [DF (s) + cλi(k)DH(s)]ωi,

i = 2, · · · , n, k = s(t).
(18)

DF (s) DH(s) F (s) H(s) s

Jacobian . (14)

(18) Lyapunov [16] .

λi(k), i = 2, · · · , n, k = s(t), (18)

Lyapunov λi(k) ,

Lj(λi(k)), j = 1, 2, · · · , N .

, .

3 [17],

tdi, i =
1, 2, · · · , ks .

1 (14).

, .

,

Lj(λi(k)) < 0, i = 2, · · · , n, k = s(t). (19)

, λi(k),

i = 2, · · · , n, k = s(t), Lj(λi(k)) [11],

Lj(λi(k)) < 0, i = 2, · · · , n, k = s(t).

(1)(2) (4) , DF (s) = −am <

0 DH(s) = 1. 1 2, : λi(k) �
0, i = 2, · · · , n, k = s(t).

, Lj(λi(k)) < 0, i = 2, · · · , n, k =
s(t).

,

Ω , , .

6 (Simulation)
MATLAB

. R
2. 0.05 s.

K , K = 6. ,

.

n = 36 . t = 1.0 s

22 .

(2) (4), am = 1 v(t) = 0.

, Lyapunov 0,

c > 0, . 6 s.

4∼7

4 , (a) (b) [4]

, x

, · ,

, .

[−5, 5]
, [−2.5, 2.5]

. .

( ) ,

36

. , 5

( )

( ),

(5). (7) , α = 2. 6

,

( )

( ),

.

(a)

(b)

4

Fig. 4 Simulation results of formation generation for direct

self-healing and recursive one



3 : 295

5

Fig. 5 Formation function vs time

6

Fig. 6 Total power consumption of network vs time

7

, ( )

( ) ,

3 . , ,

.

7

Fig. 7 Second-largest eigenvalue of coupling matrix vs time

7 (Conclusion)
,

, ,

,

,

.

. ,

,

.
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