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Abstract. The sliding-mode variable structure control strategy is employed to control the Robot
system. Firstly, the research work is emphasized on the description of the sliding mode surface and
sliding mode condition. Then, the stability of the control system is ensured by Lyapunov method.
Finally, simulation result is given to prove the validity of the variable structure controller.

Introduction

Since the formation of variable structure control theory to the short decades, now has become an
important branch of control theory. Variable structure control method has been widely used in robot
control system. The basic idea of variable structure control is that how to find a hyperplane to make
all state trajectory converge to zero of the hyperplane in the state space of error system. Then, the
state of the error system can reach the plane and go along the sliding plane to the origin through the
continuous switching structure of the controller. Good robustness is an important advantage of
variable structure control, which is mainly manifested in the invariance of the sliding mode motion
equations for disturbance. As long as the selection of the large enough control signal is correct, under
any disturbance, no matter from which an initial state, the state trajectory can reach the sliding mode
in a reliable way. It is based on the advantages of sliding mode variable structure control method,
which can be well used in robot control.

Robot Dynamic Equation

The robot dynamic equation based on Lagrange kinematics is:

M(@)§+C(q,9)G+G(a)=7 (1

In the equation, q and ¢ are respectively the position and velocity of each joint of the robot, 7 is
driving moment vector.

M, C, G, respectively, is determined by the concrete structure of the robot of nxn, nxnand nx1
order function matrix, y is nx1 order moment vector.

A robot is a highly nonlinear system, its dynamics has some important features, which has
considerable effect to reduce the calculation for measuring tool. The main conditions have the
following several conditions:

(1) The positive definite symmetry: for any matrix g, M(q)is positive definite symmetric.

(2) Boundedness: matrix function M(q) and C(q,q) for all matrix, @ and { are uniformly
bounded.

(3) Oblique symmetry: matrix function M (q)—2C(q,q) for any g, §is skew symmetric. For an

arbitrary vector &, there is:

&"(M(a)-2C(q,4))¢ =0 2

Sliding mode controller design and Lyapunov stability analysis

The basic steps include two relatively independent parts when the sliding mode variable structure
controller is designed:
(1) The design of the switch function S(X) , which make it sure that the sliding mode is

asymptotically stable and have good dynamic quality;

© 2016. The authors - Published by Atlantis Press 1104



(2) The design of sliding mode control lawu™(X), which make conditions are met, thus form

sliding mode area on the surface of the switch.

Once the switching function and sliding mode control law is got, the sliding mode control system
can be fully established.

Using the low-pass filter in sliding mode controller output, can effectively filter the high frequency
chattering control signal. A robotic sliding mode control system based on filter structure is shown in
figure 1.
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Fig. 1
Using low pass filter as follows:
A
Q(s) = 3)
S, + 4,

In the equation A4, >0

It can be got from available figure 1:

T+ A7 =Au 4)

Among the equation: A =diag(4,,4,,A ,4,), 4, >0, i=L2,A,n, n is the number of the
input control signal

Will Eq. 1 into Eq. 4

M& + Mg +Ctj+Cd+G + AM§ + ACG+ AG = Au (5)
Setting up instructions ¢, (t) for the ideal location, the tracking error is following:

e(t) =q(t) - g, (1) (6)
The sliding mode function can be designed as following:

s(t)y=E+AE+Ae (7)

In the equation
A, =diag(A;,ApA LA, Ay >0, 1=12,7=12,A ,n.

Stability is a basic structure characteristic of the system and the stability problem is an important
hot topic in the field of system control theory. More than a century ago, Russia's mechanics
A.M.Lyapunov published the thesis of the general problem of motion on the stability in 1892, the
general theory of all movement stability is put forward firstly. This theory described by ordinary
differential equations of dynamics system stability analysis is divided into two different essentially
kinds of methods, now known as the Lyapunov's first method and the second method. Lyapunov
method is applicable to linear systems and nonlinear systems, the time-varying system and time
invariant system, continuous time systems and discrete time systems at the same time.

The Lyapunov's first method also known as the Lyapunov indirect method, belonging to the
stability analysis method of a small scale. The discussions of the stability in the classical control
theory is based on the basis of Lyapunov indirect method.

Lyapunov second method also known as the Lyapunov direct method, the method is presented
internal stability directly based on the system structure. The second method directly used in the
nonlinear systems, established the corresponding conclusion of judgment on the stability system, and
is based on the introduction of Lyapunov function and the analysis with generalized energy attribute
set number of Lyapunov function derivative.
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Since the Lyapunov second method was introduced into system control theory, it shows its
importance in theory and application, and become o the main tools in the study on the stability of the
modern system control theory. The stability analysis of the system based on Lyapunov second
method is followed.

Define the function as

V= lST Ms (8)
2

Then

% :%(S'TMS+STI\/'IS+STMS')

Combining with several main characteristics of robot system, there is available:

V=5"M$+s'Cs=5"(M§+Cs)=s"[M (G-, +A,E+A,8)+C(E+AE+AL)]

It can be obtained from the Eq. 5:

M = Au— Mg — AMG —Cg—Cq— ACG—G — AG

=Au—(M +AM)§ - (C +AC)4— (G + AG)—C(

Then:

V =s"[Au—(M +AM)§—(C +AC)G— (G +AG)—Ci+M (-0, +AE+AE)+C(E+AE+A0)]a
nd, last

= s"(Au + H)
In the equation:

H=MAE+AE-G,)+C(AE+Ae—d,)—(M+AM)§—(C+AC)4—(G+AG) 9)
According to the structure type of the robot in the reference [3], H can be written as
H :F(taq:qoq‘:qd:qdoqd‘q‘d)¢ (10)

Then \V&=sT(Au+T¢)

Designing the sliding mode control law for:

u=-A" ("¢, + (ff) sgn(s)+ ¥ sgn(s)] (11)

, ¥ =diag(¥,,¥,,A ,¥,),

In the equation:I'¢, = H,, H,is the accurate object of H , ﬁj = ‘Fij
Y, >0, i=12,A,n, sgn(s) =[sgn(s,)sgn(s,)A sgn(s,)]. Then
= '[T(p — ¢,) — (TE) sgnls) — Psgn(s)] = s'[Tg — (TE) sgn(s) — W sgn(s) ]

= i{si (Tg); —|s,|(T&)} —s"Wsgn(s) < —s"Wsgn(s) = —i(‘%ﬂ s)<0

We assume 7 = ' & + ¥, the control law can write to again:
u=-A"[Tg, +nsgn(s)] (12)

Matlab Simulation and Analysis

The dynamic equation of the single input single output of the single joint robot is following:

M ()6 +C(a,d)q+G(a)+d(t) =7 (13)

M, C, G, respectively, is determined by the specific structure of the robot, d(t)is not sure part of
the object modeling. In order to simulate, we assume that M(Q)=0.1+0.05cos(q) ,
C(qg,4) =0.02sin(q), G(q) =0.1cos(q), d(t) =sin(27t), and we also assume that g, = sin(st), the

initial state of system is [0.5 0], there is one control input signal, which is n =1, we assume that
A =4, =5A,=4,=50,A =1=20, and control parameter is 7 =1.5.
Then u=-A"[H, +7sgn(s)]

1106



In the equation:

H,=M (A1é+Azé—Q'd)+C(A1é+A2e—C|'d)—(M +AM)G—(C +AC)G— (G +AG)

The method of Variable-step, ode45(Dormand-Prince) is used in the simulation. The simulation
results is shown in following figures.

) Scope tol E‘@l@l

g8 LrpR aBE

Fig. 2 location tracking Fig. 3 input signal u Fig. 4 input signal 7
It is visible shown that, using low pass filter can significantly weaken chattering, and the

simulation results namely verified the feasibility and effectiveness of the proposed algorithm.

Conclusion

Sliding mode variable structure control has a characteristic of good robustness, simple algorithm and
easy to implement online waiting of the nonlinear uncertain factors, the study on its application also
received considerable attention in recent years, especially in robotics, spacecraft and motor control.

In order to realize the sliding mode variable structure control algorithm, there is also need to do a
lot of work. Although some algorithm is very perfect in theory, there are still difficult problems in the
application, which are that the feedback of the quantities involved whether can been measured or
estimated, computing time whether can meet the requirements of online control and so on. The
application of sliding mode variable structure control research is still in exploring stage, it is urgent
need to carry out the system of practical application.
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