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Abstract: In order to design a suitable controller which can
achieve accurate trajectory tracking and a good control
performance, and guarantee the stability and robustness of a
robot system due to external disturbances error and internal
parameter variations, an adaptive switching control strategy is
proposed. The proposed scheme is designed under the
condition of bounded distances and consists of an adaptive
switching law and a PD controller. Based on the Lyapunov
stability theory, it is proved that the proposed scheme can
guarantee the tracking performance of the robotic manipulator
and is adapted to varying unknown loads. Simulations are
carried out on a two-link robotic manipulator, which illustrate
the feasibility and validity of the proposed control scheme and
the robustness for variational payloads.
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he trajectory tracking of robot control is an impor-
T tant issue in robotics because of its nonlinear, pow-
erful coupling and time-varying systems. Many control
schemes have been presented in the past decades'' ™.
Generally, in the process of operating robotic manipula-
tors, there are many uncertainties and disturbances, such
as the nonlinear friction and variational payloads, which
can cause the robot system to be unstable and deteriorate
the system performance. In order to cope with the param-
eter uncertainty of the robotic system, the adaptive meth-
oo for the

traditional adaptive control, it is usually with the assump-

od for robot control is proposed' However,
tion that the uncertain parameter must be constant. Practi-
cally, robots must pick up or lay down some objects and
the load, due to the manipulator, is not constant. There-
fore, parameter jumping is present in this system. So, it
is difficult for the traditional adaptive control to solve the
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above problem. It is well known that a system with a
jumping parameter can be viewed as a switched system
whose subsystems differ from each other only by parame-
ters. In order to deal with the above problem, there are a
few works that combine the adaptive control with the
switched system'”™
simple and effective control methods,
widely used in the field of industrial robots. However, it
is shown that a very large initial output requirement for
the driving mechanism is a limitation for extending the
application of linear PD control'"” .

In this paper, an adaptive switching controller with PD
parameters for a serial n-joint robotic manipulator is dis-
cussed. By the common Lyapunov function method, the
adaptive updated laws and the switching signals have been
developed to guarantee that the closed-loop system is as-
ymptotically Lyapunov stable and the position of the
manipulator’s joint can follow any given desired signal.
Finally, a simulation example of the robotic manipulator
is given to illustrate the proposed method.

. Linear PD control is one of the most
which has been

1 Problem Formulation

Considering an n-link robotic manipulator:

D(9)§+C(q.4)4+G(q) =7+w (1)

where g e R", g e R", § e R" are the vectors of joint an-
gles, velocity and acceleration, respectively; 7 € R" is
the torque input vector; w e R" is the disturbance input
and errors; D(gq) € R"*" is the symmetric positive definite
inertial matrix; C(q, §) € R" is the vector of centripetal
and Coriolis torques; and G(q) e R" stands for the vector
of gravitational forces.

Some properties'®
listed, which is useful in the following stability analysis.

Property 1 D(gq), C(q,q), G(q) of the dynamic
model (1) can be linearly parameterized as

D(q)G+C(q.4)4+G(q) =W(q.4.§)0  (2)

and assumptions of the robot (1) are

nxm

where W(q, ¢, §) € R"™" is the regression matrix on the
vector of joints, and @ is the unknown constant vector on
the load of the robotic manipulator.

Assumption 1 The desired vector of joint position,
joint speed and joint acceleration are denoted by g,(1),
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G,(0, G, (1) eR", which are bounded.
Assumption 2 The disturbance input and errors w sat-
isfy

lol <d +d,llell +d, el (3)

where d,, d,, d, are all positive constants; and e =q — ¢q,
is the tracking error.

Considering the payload variation, we use the follow-
ing switched model of the robotic manipulator for subsys-
tems:

D (¢9)i+C.(q,.49)4+G (q) =7+w=W(q.4,§)0,
(4)

where o(#): [0, + ©)—>A ={1,2, ..., N} is the switc-
hing signal dominated by the load.

2 Design of Adaptive Switching Controller

This section introduces the adaptive switching control-
ler applied to the robotic manipulator. Our purpose is to
design a robustly stable controller to ensure system stabili-
ty and improve tracking performance. For the dynamic
model of robot (4), the proposed controller is as follows:

r=-Ké-Ke+W(q.4.§)0, +u (5)
where u = {u,, u,,...,u,}"; u, = —(d, +d, | el +d,||¢é]) -
sgn(e,) ; the positive-definite matrices K, and K, are the
proportional and derivative gain matrices, respectively; 6,
is the estimation of §,. Only when the i-th subsystem is
active, will §, work on it. The presented adaptive law is

0 =-¢Wiq,4,§)I" o=i
} (6)

0 ;=0

oFI

where 0, =0, - 0,.

Theorem 1 For robotic system (4 ), the adaptive
switching controllers (5) and (6) can guarantee global
convergence of the tracking error. That is lime(t) =0.

Proof Combining Eq. (4) with Eq. (5), we can ob-
tain

~Ké-Ke+W(q,4,§)0, +u+o=W(q,4,§)0,

Ké=-Ke+W(q,4.§)0, +u+w (7)

Choose a Lyapunov function candidate ;

V(e,H) :%[eTKve +tr(H'TH) ]
where H' = [0, 0, 0,] and I'=diag(I,, I, -,
r,) withI,>0,i=1,2,--- N.

Taking the time of derivative of V (e, H) and using
Egs. (6) and (7), we have

V(e H) =¢'K.é+ 8 'I"9, =

e'(-Ke+W(q,4,§i)0, +u+w)+ 0 I,0, =
-e'Ke+e'u+ew+(eWq,gq+0 I)0, =
-e'Ke+e'u+e'w

Based on Assumption 2, we have

n

eu=73el[-(d +d el +déll)sgn(e)] =

i=1

S(-d -d el -aléll)le | <
i=1

n
Y (—loll -le
i=1

Since e"w< | e" | -

) == llel -llell

Hw || R e'u +eTwSO,

V(e,H)s—eTer<0 Ve+#0 (8)

It means that V (e, H) is a non-increasing function
over time ¢t. Hence, Vt=0,V(e(t) ,H(t))<V(e(0),
H(0) ), which implies that V (e, H) is bound for the
signals e and H. Integrating both sides of (8) over [0,
+ o0 ) leads to

f:eTedt < AliJ'zeTerdt =

min

S(V(0) = V(=) < 1V(0) (9)

min min

The above (9) implies e € L,. It can be seen that ¢, ¢,
g are all bounded by Assumption 1 and the boundedness
of e. According to Property 1, the boundedness of W(gq,
G,q) can be ensured. Therefore, from Eq. (7), ée L.
Using Barbalat’s lemma, we have }irsrole(t) =0. So far,

the proof has been completed.
3 Simulation

In this section, the proposed adaptive switching strate-
gy is applied to control the robotic manipulator to demon-
strate feasibility and effectiveness. Without loss of gener-
ality, simulations are carried out for a two-link planar
manipulator whose load is constantly changing. The link-
age is composed of two rigid beams with actuators mount-
ed at the joints. The load can be considered as the part of
the second link. The parameters of the dynamic model
(1) are as follows.

The length and mass of robot are: r, =1, r, =0.8; m,
=0.5, m,=0.5 (oc=1), m,=1 (o =2).

The disturbance input and errors, given reference traj-
ectory, and the initial state of system are

w:d1+d2||e||+d3“é” d]:2, d2:3,d3:6

4 0.1

. . 9, 0

4, =sin(2mt) , q,, =sin(2mt) , 7 = 0.1
q. 0
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The control parameters are
K, = diag(50,50) , K, =diag(180,180) , I'=diag(5,5)

The switching signal is shown in Fig. 1. The curves of
the 9, estimate value are shown in Fig.2. Fig.3(a) de-
notes the tracking error performance of two links. In or-
der to show the advantage of the adaptive switching con-
troller, the tracking error using the PID controller is ob-
tained in Fig.3(b). Comparing Fig.3(a) with Fig.3(b),
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we can see that the proposed controller is superior to the
PID controller apparently in terms of convergence speed
and tracking accuracy. The bounded control input for the
two-link of robotic manipulator is given in Figs.4(a) and
(b). From the above description, it can be seen that the
proposed control scheme provides the better control per-
formance. Similar to the claims of Theorem 1, Fig.3(a)
shows that the tracking errors converge to zero.
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Fig.4 The control input for two links. (a) Link 1; (b) Link 2

4 Conclusion

In this paper, an adaptive switching control approach is
investigated for the robotic manipulator with changing
loads. When the corresponding subsystem is activated,
the proposed adaptive update law works. Based on the
Lyapunov stability theory, it is shown that the proposed
control scheme can guarantee the tracking performance of
the robotic manipulator system. Simulation results show
that the satisfactory tracking performance can be ob-
tained. In the text, the proposed scheme is obtained un-
der the condition of Assumption 2 which shows that the
supremum of the bounded disturbance for robot manipula-
tor is known. In our future work, we will consider the
case without knowing the supremum.
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