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Formation motion control for multiple mobile robots based on
switching control between two reference points
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Abstract: A model of formation is developed by considering the relative position and the orientation between two robots.

On the basis of the traditional leader-following schema, the idea of switching control is introduced into the formation control

for multiple mobile robots. There are three controllers between the leading robot and the following robots. Two motion

sub-controllers, which control the relative position and the orientation between the leading robot and the following robots,

are designed corresponding to two reference points on the axis of the following robot chassis. The switching condition of

the two sub-controllers is based on the sign of the linear speed of the following robot when the system reaches the state of

equilibrium. Therefore, the queue constituted by multiple mobile robots can converge to the desired formation. The results

of simulation show that the queue constituted by multiple mobile robots performs the desirable uniform movements, and

the formation of the queue is performed smoothly in the course of movement.
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2 (Problem formulation and

definition)
( )

;

;

.

[9∼13] , 1 ,

a, b, c . b

, , a, b

,

. c Ri Rj

Rj Ri( vj = −vi ).

,

, .

,

. 1 ,

R1, R2, · · · , Rn, lij Ri Rj

; αij Ri

,

; θi Ri ; Cij = (θj − θi) ∈

[−2π, 2π) Rj Ri .

, i, j ∈
{1, · · · , n}, i �= j.

1

Fig. 1 Formation of robot queue

1 R1, R2, · · · , Rn,

FB(t) = {lij(t), αij(t), Cij(t)|ij ∈ B}
t , B .

1 B , B = {ij, jk,· · ·}, ij Rj

Ri . Ri Rj ; Rj Ri

. , .

1 lij, αij, Cij(

) .

, ,

a, b, c, ,

,

.

,

. 2 ,

M , ,

N , P, |MN | = d1, |MP | = d2.

M , N , P , M j

j M .

,

u = [v, ω]T,

, u

. [13]

, ,

|v| � vM, |ω| � ωM, vM, ωM > 0
.

,

, 1 ,

, ,

, FB → F ∗
B.
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2 leader-following

Fig. 2 Leader-following formation control

3 (Design of formation

control)
3.1 leader-following (Leader-following

control schema)
XOY , Ri

Mi(xi, yi) , θi−−−→
MiNi , Ri [xi, yi, θi]T.

X iOiY i Ri , Mi

,
−−−→
MiNi Xi . Mi Nj , Pj

lN, lP, lN, lP Xi, Yi

lNX, lNY, lPX, lPY.

. F ∗
B = {l∗ij, α∗

ij, C
∗
ij} l∗ij, α

∗
ij

M ,

, M

N l∗N, α∗
N,

: lN → l∗N, αN → α∗
N, Cij →

C∗
ij . ,

,

lNX → l∗NX, lNY → l∗NY, Cij → C∗
ij ,

[13]:⎧⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎩

lNX = −(xi − xj − d1 cos θj) cos θi−
(yi − yj − d1 sin θj) sin θi,

lNY = (xi − xj − d1 cos θj) sin θi−
(yi − yj − d1 sin θj) cos θi.

(1)

:

eNX = l∗NX − lNX,

eNY = l∗NY − lNY,

eθ = C∗
ij − Cij,

(I)

⎧⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎩

ėNX =ωieNY−vj cos Cij +ωjd1 sin Cij−
ωil

∗
NY + vi,

ėNY = −ωieNX − vj sin Cij−
ωjd1 cos Cij + ωil

∗
NY,

ėθ = ωi − ωj.

(2)

eNX, eNY ,

ėNX = −k1eNX,

ėNY = −k2eNY,

k1, k2 > 0, :

vj = (k1eNX + ωieNY − ωil
∗
NY + vi) cos Cij −

(−k2eNY + ωieNX − ωil
∗
NX) sin Cij. (3)

ωj = [(−k1eNX − ωieNY + ωil
∗
NY − vi) sin Cij −

(−k2eNY + ωieNX − ωil
∗
NX) cos Cij]/d1. (4)

3.2 (Stability analysis of motion)
(

M , N ), (I)

( ) ,

. (3)(4) (2), (I)

ė = [−k1eNX − k2eNY f ]T,

: e = [eNX eNY eθ]T, f = ωi − ωj . (I)

ė = Ae, A =

⎡
⎢⎢⎣
−k1 0 0
0 −k2 0

∗ ∗ ∂f

∂eθ

⎤
⎥⎥⎦

e=e0

,

e0 [0 0 0]T [0 0 π]T .

,

.

1) . ωi = 0.
∂f

∂eθ

∣∣∣∣
e=e0

= −vi cos(C∗
ij −

eθ)/d1, C∗
ij = 0,

vi > 0, eθ = 0
∂f

∂eθ

< 0, [0 0 0]T

; eθ = π
∂f

∂eθ

> 0, [0 0 π]T

. ,

[0 0 0]T. ,

ṽj , ṽj = vi cos C∗
ij ,

∂f

∂eθ

∣∣∣∣
e=[0 0 0]T

= −ṽj/d1,
∂f

∂eθ

ṽj

.

2) . ωi �= 0. Δt → 0
, v, ω , ,
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vi = ωiri, |ri| . 3 , lM =
|MiMj| Xi, Yi lMX, lMY, |MjNj|
= d1, |MiNj| = lN.

∂f

∂eθ

∣∣∣∣
e=e0

=
1
d1

[(ωil
∗
NY − vi) cos Cij −

ωil
∗
NX sin Cij]. (5)

l∗MX = l∗NX − d1 cos C∗
ij, l

∗
MY = l∗NY − d1 sin C∗

ij

(5), eθ = 0
∂f

∂eθ

∣∣∣∣
e=[0 0 0]T

=

1
d1

[−vi cos C∗
ij + ωi(l∗MY cos C∗

ij − l∗MX sin C∗
ij] =

ωi

d1

(−ri cos C∗
ij + |AMj|) = −ωi

d1

rj. (6)

, ωi = ωj ,
∂f

∂eθ

∣∣∣∣
e=[0 0 0]T

ṽj . eθ = π ,
∂f

∂eθ

∣∣∣∣
e=[0 0 π]T

=

ωi

d1

rj , eθ = 0 .

3

Fig. 3 Distance between two robots

, e = [0 0 0]T

, .

,

, , .

3.3 (Design of switching con-

troller)
,

N P ,

, .

, ṽj . (3)

ṽj = vi cos C∗
ij + ωil

∗
ij sin(C∗

ij − α∗
ij). (7)

ṽj > 0 , Rj Nj

I, uj1 = [vj1 ωj1]T, :

vj1 = (k1eNX + ωieNY − ωil
∗
NY + vi) cos Cij −

(−k2eNY + ωieNX − ωil
∗
NX) sin Cij,

ωj1 = [(−k1eNX − ωieNY + ωil
∗
NY − vi) sin Cij −

(−k2eNY + ωieNX − ωil
∗
NX) cos Cij]/d1.

ṽj < 0 , Rj Pj

II, uj2 = [vj2 ωj2]T, :

vj2 = (k1ePX + ωiePY − ωil
∗
PY + vi) cos Cij −

(−k2ePY + ωiePX − ωil
∗
PX) sin Cij,

ωj2 = [(k1ePX + ωiePY − ωil
∗
PY + vi) sin Cij +

(−k2ePY + ωiePX − ωil
∗
PX) cos Cij]/d2.

k1, k2 > 0. ṽj < 0 , vi = 0, ωi =

0, ,

. , ê

, ( ),

. ,

:

uj =

{
uj1 + Δu, ṽj > 0,

uj2 + Δu, ṽj < 0.
(8)

:

Δu =

{
[vM ωM]T, e = ê,

0, .

4 (Simulation)
3 . R1

, R2, R3 . :

vM = 1 m/s, ωM = 0.5π rad/s,

d1 = 0.1, d2 = 0.2, k1 = k2 = 1.5.

R1, R2, R3 [0 0 π/2]T, [−0.4

− 0.5 5π/6]T, [1 − 0.2 7π/4]T.

(FRP) (DRP) ,

R1, R2 ,

.

1

F ∗
B = {(l∗12, α∗

12, C
∗
12), (l

∗
13, α

∗
13, C

∗
13)} =

{(1, 2.5, 0), (1,−2.5, 0)}.
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R1 v1 = −0.5 m/s, ω1 = 0 rad/s

, ,

4(a) . R1, R2

(0.85, 2.36,−π) , .

, , ṽj < 0,

P , 4(b)

. R1, R2 (1.00, 2.50, 0.00),

.

, .

(a) (FRP)

(b) (DRP)

(c) l12

(d) α12

(e) C12

4

Fig. 4 Simulation result about movement of robot queue and

formation parameters

2 ,

,

F ∗
B = {(l∗12, α∗

12, C
∗
12), (l

∗
13, α

∗
13, C

∗
13)} =

{(1, 2.89, 0.51), (0.79,−2.23, 0.51)},
R1 v1 = −0.6 m/s, ω1 = 0.4 rad/s,

10 s;

F ∗
B = {(l∗12, α∗

12, C
∗
12), (l

∗
13, α

∗
13, C

∗
13)} =

{(1, 2.64, 0), (0.79,−2.48, 0)},
R1 v1 = 0.6 m/s, ω1 = 0 rad/s 6 s, ,

.

5(a)

. R1, R2 (0.85,

2.74,−2.74), ;

, , R1, R2

(1.00, 2.64, 0.00), .

, ,

ṽj < 0, P , II ; ṽj



8 : 1035

< 0, N , I,

5(b) . R1, R2

(1.00, 2.89, 0.51), (1.00, 2.64, 0.00),

.

, 10∼13 s ,

, l12 , l12

.

(a) (FRP)

(b) (DRP)

(c) l12

(d) α12

(e) C12

5

Fig. 5 Simulation result about movement of robot queue and

formation parameters

5 (Conclusion)
,

, ,

.

, ,

,

.

,

, .

leader-following ,

. ,

,

,

, .
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