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Abstract

This paper mainly discusses the rectangular agents, which is not often considered in other papers. Coordinate trans-
formation is used to describe the location relationship between two agents. Obstacle potential function between agents,
obstacle function between agents and obstacles are designed to ensure no collisions. The distributed control protocol
is designed to achieve desired formation with no collisions and communication maintenance between agents. Stability

analysis proves the effectiveness of the algorithm.
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1. Introduction

With the progress of science and technology, especially
the unprecedented development of robots, sensors, artifi-
cial intelligence, the coordinated control system of multi-
agent system has also become a research hotspot in the
field of automatic control*3,

In the application scenario of coordinated control of
multi-agent system, due to the limited communication
and measurement range of a single agent, it is necessary
to use multi-agent system to form a specific formation to
achieve the maximum coverage and detection, such as
seabed exploration and disaster search and rescue or in
some military exercises and operations. Due to the rich
application prospect and the challenge of group coordi-
nated control, formation control has become one of the
multi-agents coordinated control*®.

In the process of formation or other tasks, designing ob-
stacle avoidance strategies between agents and between

agents and environmental obstacles is the prerequisite for
the safe and reliable operation of multi-agent system. Ar-
tificial potential function is often used to solve formation
problems’. Formation and obstacle avoidance of first-or-
der rectangular multi-agent systems have been studied®.
Formation Maneuvering with collision avoidance and
communication maintenance is also studied®

This article mainly solves two problems: For second-or-
der rectangular multi-agents system

(i). How to design the control law to make the system
reach the desired formation and avoid collision?
How to design the control law to make the system
reach the desired formation, avoid collision and
maintain communication?

Notation. The length of the rectangle agent i is I;, the
width of the rectangle agent i is wi. L, denotes the La-
placian matrix of sensing graph. L, denotes the Lapla-
cian matrix of communication graph.

(ii).
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2. Preliminaries and Problem Statement

2.1. Graph theory

A directed graph G(v,¢) consists of a node set
v={L2,---n} and a set of edges &£ —vxv. If the edge
(j.i) isinedge ¢, jis the in-neighbor of agent i and i
is the out-neighbor of agent j.

For a directed graph, if there exists a path from node g2
to node g1, we say that node ¢ is reachable from node
qe. If there exists a node g1, which is reachable from any
other node q;, we say the directed graph is rooted. Sup-
posed existing a non-singleton subset of nodes Q:{Q,
Q2, ..., Qn}, if the exists a path from nodes {Q1, Q, ...,
Qn} to q; after removing any node in Q, we say q; is 2-
reachable from Q. If there exists a subset of two nodes,
which is 2-reachable from any other node, we say the
directed graph is 2-rooted.

2.2. Coordinate transformation

Consider two rectangle agents 1 and 2 and one obstacle
(obs) as shown in Fig. 1, where the coordinate of center
of rectangle 1 (O3) is denoted by (x1, y1) and vertex P11
(X11, y11) is denoted by P11 in the frame OXY, the coor-
dinate of the center of rectangle 1 (O,) is denoted by
(x%4, y11) and vertex P1; (X411, y*11) is denoted by Py in
the frame O1X1Y1.

Denote P, = [X‘J,Plk = [X“J in the frame OXY, and

1 1k

Pl = {XllkJ in the frame O1X1Y1 for k=1,2,3,4,

Yik
P =R(a) (R —R) 1)

cos(¢,) Sin(%)J

where R(cfa){_sm(%) cos(¢,)

The distance between two agents is defined as follows.

1 | L]t |

q (p )_ Xy, _El’ if (X, >El

X1 2k )] —

0, otherwise

1 Wl R 1 W1

-—, if >

dyl(ka): Yok 2 Yok 2
0, otherwise

dl( Pax ) = \/dxl(ka )2 +dy1( Pax )2
We define the distance between of agent 1 and agent 2

is d, = min(mkin (d, (Py ). mkin(dz ( Py ))) .

o X

Fig. 1. Coordinate transformation between agents and obsta-
cles

2.3. Collision and connection region

We define two different areas for obstacle avoidance
(W¥?) and maintaining communication state (¥ ).
e = {j eCir, <|d;| < Ra} is safe range of obstacle

avoidance. If |dy|| < r, , obstacle avoidance may occur.

ge ={j eC:r, <|ldy]|< Rm} is range of maintaining
communication state. If ||d; | = R, , agents will lose con-
tact.

2.4. Desired formation

Given a desired relative position formation £ :
{0,5,,---, 8.}, B €C, if the final position can be ex-
pressed as !im pt) =@, f+w,l +vitl, @,@,cC,

We say the target formation is formed.

3. Control Design

We consider a system with n agents, and the dynamic
model is as follows:
pi =V
{ )

vV, =4q
where p e C donates the position, v e C donates the
velocity, a € C denotes the acceleration.

Now we consider the problem (i).
The control protocol is designed as follows:

U =U +U,i=1...,n ®)

ic?
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where u, is for formation maneuvering and uy is for
collision avoidance.
u, is obtained from the following equation:

bi:_zsij(pj_pi)_aﬁi (4)
jeNt

Ug == D siPi+ 2 ;P +V -V,
jenr jenr

where p; is an auxiliary variable which is used to
achieve the desired formation, V, is an auxiliary varia-
ble which is used to make the velocity synchronize.

M, is the neighbor of agent i in communication graph,
N, is the in-neighbor of agent i in sensing graph, N,

is the out-neighbor of agent i in communication graph.
a; can be any positive real number, s; e C satisfies

>.5;(¢;—¢)=0,fori=1..,n.

jeNT

The value of variable « satisfies
1+42,, (L'L) -1
2

a>

Proof.
Donate

p:[plv Pyiee pn]T vVZ[Vsz"”Vn]T ) r):[r)lv ﬁzx”' r)n]T’

0o I, 0 0
v=[V,%, 0] K=l0 -1, L [K=[I,]
LL 0 -al, 0
o-l=p—\7tln,0'2=v—\71n,o-3=\7—\71n,\7=C;¥](_0)
Then the system can be described as:
pl o 1, 0 07p
v [0 -1, —-L 1 v
Bl IL 0 —al, 0p
V] |0 0 0 LJV]
We transform this system into a cascade system
L p p
V=—L0|>® ||V =K |V |[+Ky7
p p

By analyzing the asymptotic convergence of the zero in-
put system, we can solve the range of « .

We design a potential function ®; :

Formation control for rectangular

14
p-pf
b B  ifp, e¥?
®, = 2
\/tan:ul(|pi - pj| _raj
0, otherwise
where g is a constant.
00;
g=- a—” i=1..,n U, =(|u|+)son(9)(5)
pje‘l’ia pi
O

where u, is a constant.

Theorem 1. Using control protocol in Eq. (3)(4)(5), the
system can achieve the desired formation and avoid col-
lision.

Proof’. The proof is similar to Theorem 3.1. |
Now we consider the problem (ii).
The control protocol is designed as follows:

U, =U, +U.+U,,i=1...,n (6)

We design a potential function A; :

2
2 ) .
A, = [\/tanuz(|pi—p,-| —rnfD , ifp, e

0, otherwise
where u, is a constant.
OA; .
g :_p%‘,’?ﬁ_pilv I=1...nu, :(|uif|+/u4>sgn(§i)

()

where g, is a constant.

Theorem 2. Using control protocol in Eq. (4)(6)(7), the
system can achieve the desired formation, avoid collision
and maintain.

Proof. The proof is similar to Theorem 3.1. O

4. Conclusion

This paper solves two problems for second-order rectan-
gle agents: communication maintenance and collision
avoidance. We use the coordinate transformation of dif-
ferent coordinate systems to obtain the distance infor-
mation between agents. We design the potential func-
tion to keep the agents at a corresponding distance from
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each other. The corresponding control law is designed
to achieve the desired goal.
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