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Abstract—With people's increasing awareness of life and
the increasing complexity of exploration in unknown
environment, a single robot can not meet the increasing
demand, including the price, flexibility and efficiency of
robots. As a common mechanical control system in
industrial production instead of human production, multi
manipulator system can be applied in complex
environment, multi task and other conditions. In order to
settle the coordinated control fault of multi manipulator
system, we study adaptive coordinated control strategy
with the help of multi-agent research method in this paper,
which can simplify the complexity of the problem and
design an efficient and feasible system control protocol. The
complex items in the multi manipulator system are treated
as non affine systems. Using the design idea of non affine
algorithm, combined with implicit function theorem and
median theorem, the non affine system is transformed into
affine systems, the controller is separated, and a distributed
adaptive control strategy is designed. The results indicate
that manipulator systems can effectively track the active
manipulator system in finite time and the significance of the
algorithm is proven by MATLAB simulation analysis.

Index Terms—Multi Manipulator System, Multi-Agent,
PID control, Variable Structure Control, Position Tracking

I. INTRODUCTION

N recent years, there has not been clear and uniform

definition for “the manipulator of the robot” in the world.
Generally, the manipulator of the robot is an automation device
which can simulate part of the action of human’s hand and arm,
capture, transport or manipulate tools according to
predetermined program, track and other requirements[1]. But a
“manipulator” generally has fixed hand, fixed action program or
simple and variable program and an automation device
generally used to fix station. Because the three kinds of
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automated or semi-automated devices of “the manipulator of the
robot”, “manipulator” and “operating machine” at home and
abroad have certain similarities technically, sometimes it is
difficult to clearly distinguish them. The manipulator is a
dynamic system with complex multiple input and multiple
output, highly nonlinear, time-varying and strong coupling. Its
problem of control has been an active area of research of
robotics[2-3].

As a common mechanical control system in industrial
production instead of human production, multi manipulator
system can be applied in complex environment, multi task and
other conditions[4-6]. From the individual of the system, a
single manipulator has certain local perception ability,
autonomous movement ability and the ability to respond to the
environment. In this way, the multi manipulator system has the
same structural characteristics as the multi-agent system. Here,
we use the multi-agent research method to simplify the
complexity of the problem and design an efficient and feasible
system control protocol.

Multi-agent is a new and cutting-edge complex
interdisciplinary  discipline. Multi-agent discipline has
developed from simple linear, first-order and containing many
constraints to nonlinear, high-order and other research systems
[7-9]. Compared with a single agent, multi-agent has the
advantages of stability and cooperation. At the same time, it also
has the way of distributed control. It can solve the potential
influencing factors such as packet loss, attenuation and
communication failure in many bad situations, and has strong
redundancy. In fact, in production and life, the controlled
objects we get are nonlinear or have more complex forms on the
basis of nonlinearity, so the nonlinear problem is an
unavoidable problem. In addition, the communication between
agents may also be nonlinear. When studying nonlinear
multi-agent, we need to grasp the structure of each agent (i.e.
topological information structure), dynamic equation and the
function of the whole system. Therefore, it is very valuable to
discuss the Adaptive Coordinated Control of distributed
multi-agent nonlinear systems.
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II. THE MATHEMATICAL MODEL OF THE CONTROLLED OBJEC

The system of master slave robotic manipulator investigated
in this paper is linked by two manipulators with the same
structures through electrical signal. master robotic manipulator
is directly controlled by the operator[10-11]. But slave robotic
manipulator directly faces the object to be manipulated. Slave
robotic manipulator gets the information such as position,
posture from master slave robotic manipulator. At the same
time, slave robotic manipulator sends master slave robotic
manipulator part of the environmental information of the scene
such as touch, taste and strength so that the operator has
immersive feeling, thus ensuring the successful completion of
operation.

The master/slave robot with 2-degree of freedom, two-link
and rotary joints are studied in this paper, and the robot model is
shown Figure 1.

VA N

1
O
Fig. 1 The robot model with 2-degree of freedom, two-link and rotary
joints

In Figure 1, |, 1, are the lengths of the two links, M, M, are

the links' mass, (], {, are the joint angular positions of the two

links.

The control of master slave robotic manipulator belongs to
position - force hybrid control. There are two basic control
requirements for it, one is the position of slave robotic

manipulator X, tracks the position of master robotic

manipulator X the other is the grip of slave robotic

'm °

manipulator fs tracks the grip of master robotic

manipulator f so that the operator can operate various

m >
operations of slave robotic manipulator on the scene from a
place far away from the scene by operating slave robotic
manipulator. The dynamic equation of master slave robotic
manipulator can be expressed as

2

MmZQMH%%%:q{+%+dm (1)
2

Msz§+qf§=g-n+¢ )

E-ISSN: 1998-4464

Volume 15, 2021

where M and M| are respectively the moment of inertia of

master and slave robotic manipulator, D_ and bs are

m
respectively viscous friction coefficient of master and slave

robotic manipulator, fm is the grip that is applied to master

robotic manipulator by operator, fS is the reaction of grip that
the objects to be operated applies to slave robotic manipulator,

7, and 7, are respectively the control moment of master

robotic manipulator and slave robotic manipulator, dm and dS

are respectively modeling uncertainties and external
disturbances of master robotic manipulator and slave robotic

d.[< D, D is the set threshold.

The reaction of Slave Robotic Manipulator fs can be

manipulator.

expressed as

S W

f.=h ax, +C, X, ©)
dt ‘

where bw is equivalent damping factor, C, is equivalent
elasticity coefficient.
Replace Equation (3) into Equation (2), the following can be
given
d’x,
*dt’

dx,

M +(b, +h,) "

+c X =7,+d, 4

III. CONTROLLAW
A.Design of PID Control of Master Robotic Manipulator

PID control is with flexible structural change, strong
applicability, and excellent static performance[12]. It is
insensitive to the change of the control object feature, and even
if the mathematical model of the controlled object is imprecise,
good control effect can also be obtained. For most of the control
objects, basically satisfactory results can be achieved by using
PID control.

In the control system of master slave robotic manipulator, the
dynamic equation of Master Robotic Manipulator is Equation
(1). PID control strategy is used to control it. Assuming tracking
error of strength can be expressed as

e, =f —f )
Taking PID control law as
ra=k,e +k [ edt+ke ©)

If there is a theoretical method to determine the PID
parameters in the PID parameter setting, of course, this
condition is the most ideal. But, in practical applications, the
trial and error method is more often used to determine the
parameters of PID. Increasing the proportion factor P will
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generally accelerate the system's response[13]. And if there is a
static error, the static error tends to reduce. But the system takes
a longer time to eliminate static error. Increasing the derivative
time D will make the overshoot reduce and the stability increase
for the system. But system’s capability of suppressing
disturbance weakens. When the trial and error method is used,
the above parameters can be utilized to refer to the impacts and
trends of system’s control process, and the adjustment of the
parameter can perform proportion first, integrate after
performing proportion and then perform differential.

B.Design of Variable Structure Control of Slave Robotic
Manipulator

Variable Structure Control (VSC) is a class of nonlinear
control [14-16]. Its principle is as follows. A phase trajectory is
artificially set crosses the equilibrium point. Through
appropriate design, the state point of the system gradually
stablizes in the equilibrium point along this phase trajectory.
Sliding Mode Control is the most mainstream design method in
VSC, so VSC can be generally named as sliding mode control
(SMC). Sliding mode can be designed, and it has nothing to do
with the parameters of the object and disturbance, it responses
rapidly, it is insensitive to variations of the parameter and
disturbances (robustness), it does not need online recognition
and it is simple to be realized in physics.

Considering the control law of manipulator, this paper uses
the method of sliding mode control. Three elements are
controlled by sliding mode variable structure: The conditions of
accessibility is met, the sliding mode is existential, and the mode
of sliding mode has asymptotic stability and good dynamic
quality.

Taking tracking error of location as

=X, —X, (7
then
E=X, —X, (8)

Design sliding function as

s=ce+6,c>0 9)
Because
E=% —%
=%, —(t, +d, —(b,+b, ) x —c,x)/M, *
then
§=ce+6€
(1

=cé+X, —(r, +d, —(b,+b, )X —c,X ) /M,

Sliding mode control law is designed as
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7, =M (cé+X,)+(b +b, )X +c, x +

(D,+7)sgns (12)
S_=_(DS+77)sgns+dS 13)
MS
Constructing Lyapunov function
vzéf (14)
Then
D, +
s (Btls+ds _ mls o
MS MS

That is, VV < 0, when the condition is achieved, the state point
will approach the switching surface.

C.Simulation

The dynamic equations of master slave robotic manipulator
are  Equation (1) and  Equation (2), taking
M_=10.768 , b,=420.7 M, =0.768 b,=417.5

b,=30,c, =1500,d_=0.2cos(t),d ,=0.2sin(t).

El

Taking command of the strength fm as square wave signal,
control law can be expressed as Equation (6), control
parameters can be taken as K, =30 k=3 k,;=0.5. In the control
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Fig 2. Location tracking curve of Slave Robotic Manipulator
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Fig 3. Strength tracking curve of Slave Robotic Manipulator

It can be seen from Figure 1 and Figure 2 that position and
force signals are able to track the variations of Master Robotic
Manipulator. But the overshoot in Figure 1 is larger and there is
subtle fluctuation in Figure 2.

For the tracking control of Master Slave Robotic
Manipulator, a controller strategy is designed. For Master
Robotic Manipulator, for a classical control method of PID is
mainly used, for Slave Robotic Manipulator, control method of
sliding mode is mainly used. And the Lyapunov function is
designed to validate stability of the designed controller.

IV. DISTRIBUTED ADAPTIVE COORDINATED CONTROL OF
MULTI MANIPULATOR SYSTEM
A.Problem Description

n driven manipulator systems are considered, and the system
model is as follows

Dg+Cg+G =7 (16)
Defining the active manipulator system can be expressed as
Qs =X
At the same time, the position status is defined as
LUl
q =%
and the speed status is defined as
1
Xi = Xi2
then
Xi =(;

‘ 2
qi:Miil(T_Ci q-G;) = Xi a7

B. Design of Distributed Adaptive Coordination Controller

An adaptive controller is designed for the follower agents in
the agent system to solve the synchronization problem between
them and the leader.

For the synchronization problem of multi manipulator
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system, the distributed adaptive coordination controller is
designed as follows

A
5 =—Kr - () + e (18)
d; +D,
where fi(Xi) is the approximation function of the nonlinear
part in the ith manipulator system, K is the feedback gain, and

ef is the speed error of the ith manipulator system.

C. Simulation

In order to prove the correctness of the theory, a kind of two
joint manipulator system is selected as the simulation analysis
object, and the goal is to realize their adaptive coordinated
tracking control. We select the tracking signal of the active
manipulator.

Qq, =1+0.2*cos(pi*t)
Qg, =1+0.2%*cos(0.5* pi *t)

For the driven manipulator system, we select the following
parameters

d, +d,+2d,cos(6,) d,+d,+2d,cos(é,)
Ml(ql):( 1 2 3 2 1 2 3 2

d, +d,cos(é,) d,

: —d gi in(é. —d gi +49i (0
C(g.q=| 2 0esn) ~G(OurOa)sin@,)
—d, 6 sin(6,,) 0
Select @, =10, a,=5, K=50and P, >0, and the

output simulation results of each adaptive controller are as
follows.
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Fig. 4 Control input of the system

The position tracking analysis results of the four manipulator
systems are as follows.
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Fig. 5 The position tracking for pitch 1 of the 4 mechanical arm
system
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Fig. 6 The position tracking for pitch 2 of the 4 mechanical
arm system
Although this kind of system is not a non affine system, we
can adopt the conventional method to deal with nonlinear non
affine problems, which is the median theorem, and then design a
distributed adaptive controller to make the whole system track
our given reference signal. Finally, five two joint robots are
selected, which can only use local information to design
distributed controller. Through Matlab example simulation, the
feasibility of the algorithm is analyzed to verify the position
error and velocity error.

V. CONCLUSION

This paper applies proposed control algorithm to multi
manipulator systems based on the distributed Adaptive
Coordinated Control. Firstly, the tracking problem of
high-order model nonlinear multi-agent system is studied based
on non affine multi-agent system. For high-order affine model,
implicit function theorem and median theorem are introduced.
At the same time, based on the approximation ability of neural
network, a distributed adaptive coordination controller is
designed. For multi manipulator system, we extend the idea of
non affine multi-agent to it. Then, simulation analysis is finished
for two kinds of systems.

1163



INTERNATIONAL JOURNAL OF CIRCUITS, SYSTEMS AND SIGNAL PROCESSING

DOI: 10.46300/9106.2021.15.126

Due to the structural similarity between multi manipulator
system and multi-agent system, multi-agent system has become
a hot spot in modern control field. Rich research results have
been achieved in both theoretical research and practical
application. Their research ranges from simple linear systems to
complex nonlinear systems, from basic first order to deep
second order, and even higher order; Among them, there are
relatively few research results on non affine systems in
nonlinear systems, which still has great potential and is worth
studying. For the multi manipulator system, the dynamic
multi-agent non affine system in the directed communication
topology is considered first in theory, and the distributed
adaptive controller is designed, but all of them are carried out
under assumptions and constraints. On the other hand, we select
the verification of the algorithm under an ideal condition, which
is based on certain assumptions. In view of the shortcomings in
this paper and combined with several contents that the author
thinks have research value, we give the following summary.

Firstly, the theory of a class of multi-agent non affine systems
is studied. In this paper, the knowledge of non affine systems in
some ideal environments is studied, and some results are
obtained. However, this algorithm does not have certain
redundancy. For example, when the system fails or the detection
situation is not ideal, the whole system will have some
unpredictable results. Therefore, for this phenomenon, we can
add fault-tolerant control to the control algorithm. In addition,
in the processing of high-order nonlinear functions, scholars at
home and abroad have many advanced algorithms for these
systems, such as backstepping, fuzzy adaptive control
algorithms and so on. The introduction of these algorithms is
also a challenging and valuable topic.

Secondly, in the application of the algorithm, we introduce an
ideal multi manipulator system, and this system is not a non
affine system, but regards the complex nonlinear part as a non
affine system. A more advanced algorithm can be chosen to
optimize the stability of the system. These are also some
research topics with great potential and practical significance.

Finally, the actual platform is constructed. The distributed
adaptive coordinated tracking control algorithm for a class of
non affine systems proposed in this paper is in the form of
software simulation, but there is no practical application
platform to verify. In practice, there are many unstable
conditions that will limit the effect of our algorithm. Therefore,
we should pay more attention to the research on the construction
of the actual platform, and many practical examples will have

different unknown effects, so that we can improve the algorithm.

This aspect is also of great practical value.
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