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Abstract: Two-linked robot arm is a popular model in both laboratory and actual industry. This is a MIMO system which
has the same number of inputs and outputs. Because of the interactions between variables, normal SISO control
algorithms, such as PID algorithm, do not prove their effectiveness in process of operation. In this paper, we propose
using a method of sliding algorithm to control two-linked robot tracking expected trajectories. Results of controlling are

proved to be successful through Matlab/Simulink.
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1. Introduction

The robotic arm is a highly applicable object, often
used in laboratories as well as in industrial practice [1].
The PID algorithm controlled the above system [2].
However, in this MIMO system, the interaction between
state variables is significant. Therefore, decomposing this
MIMO object into the form of separate SISO systems and
applying the PID to each separated approximated system
is mathematically unstable. Studies which upgrade PID
control also did not solve the problem of a mathematical
guarantee for the system [3]. In [5], the authors present a
sliding method to control this system. However, the
survey of the trajectory of each joint has not been
mentioned in above study; only the beginning and end of
the impact have been investigated. In addition, the system
response is not mentioned. In the study [6], the authors
mentioned a new way to design the sliding surface.
However, the above authors stopped at the control at the
specified set value. Based on this paper, we present the
extended development of the upper sliding control
algorithm to successfully control the robot arm following
the trajectory as well as stabilizing in the desired state.

The robotic arm system applied in this paper is a
two-order system. Control results are examined on
Matlab/ Simulink.

2. Dynamic Equations

According to [4], mathematical model of robot arm
has the form shown in Figure 1, and the system of
dynamic equations of the system has the form shown in
expressions (1) and (2).
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Fig. 1. Mathematical model of a two-linked robot arm.
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where, m1 (kg), m; (kg) are the weights of links 1 and 2, acting on the arm, respectively, caused by the DC motor;
respectively; I1 (m) and I, (m) are the lengths of links 1 si=sin HI (i=12): cizcosei (i=12); slzzsin((91 +(92)
and 2, respectively; the angles 91 (rad) and 92 (rad)

are angles between link 1 and 2 with horizontal direction, Equations (1) and (2) are calculated and converted to the

form:
respectively; 7; (Nm) and 7, (Nm) are the torques

x=F+Gu, + Hu, )

i ) Al T T T
Where,X=[X1 X, X X4] =[t91 b 0 92} =l 5] F=[x, R x F] =[x2 F(x) x, Fz(x)J;

G=[x, G x GJ =[x G(x) x, Gz(x)]T;H:[x2 Hox HJ =[x H(x) x, Hz(x)]T
Through Matlab comput%tion, we have:
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3. Sliding Control
The structure of the traction tracking controller is shown in

Fig. 2.

System state variables (arm angle, arm angular velocity...)
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Fig. 2. Traction control structure of the sliding controller

We define the errors that need to be controlled —y — —y _ (10)
to 0 as follows: e1 X de; e3 X3 = Xy
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where, X, Xy are the reference signals that link 1 and

link 2 must track. In the case of tracking control, x14 and
Xsq are functions of time, respectively. In the case of a
fixed-position control, X1 and Xaq are constants. The
control so that x; and X3 follow Xi4 and Xsq successfully,
corresponding to the errors in (10) to 0, is to ensure that
the arm system works to follow an expected trajectory or
position.

Derivative of both sides of the expressions in
(10), we obtain

€ =X — Xy =% — X (11)
é3=)'(3—)'(3d:X4—)'(3d (12)

The sliding surfaces are defined as follows:

Sl S, (13)

S, S3

C6 +Ce

C,€; +C,€,

For valuesC (with i=1, 2, 3, 4) that are positive

constants that need to be selected first. The control of ey,
es to zero will be through the control.

Derivative of both sides of (13), we get:

) S g (14)
S = 'l = '1 =
S, S,

C€ +C,E
C,8; +C,E,
We substitute (11), (12) and the corresponding

derivative on both sides of (11), (12) into (4). Then, we
substitute (3) in the result we just found. We obtain:

_ CX =Cky + ] 15)

e f () + 0, (X)u, +]
§] +hy (x)u,
S.z CSXA _C3X3d t

- szm

fz(x)+gz(x)u1+ )
4 _C4X3d
+h2(x)u2

We proceed to choose Uy, U, such that S; has the

opposite sign of Si . The selection of the control signal is

S, |_[ -msign(s,) (16)
S, | |-msign(S,)
With uy, us satisfying expression  (16), we see:

- When the sliding surface S; > 0, we have Si < 0. The
sliding surface is pulled around the value 0

- When the sliding surface S; < 0, we have Si > 0. The
sliding surface is pulled around the value 0

Thus, the value of the sliding surface S; will be
made by the controller to oscillate only around the 0 point,
but not too far away. From there, the system will be stable.
However, due to the reciprocal oscillation, which has no
decision component, the output will get closer and closer
to 0, so chattering will occur in this control method

Identifying  (16) and (15), we get:

C X, —C Xy + (17)
f(x)+9g,(x)u, +
+C, 1() 91( ) ' _szld
+h, (X)u,
=-n,sign(s,)
CaXy —CyXgy + (18)
f,(X)+9,(X)u, +
! +h, (x)u,
=-1,5i9n(S,)

Solving two equations an), (18)
according to two unknowns uz and u, we get the control
signal by sliding method as:

+C —C, Xy

Uy = Ny (X, %, Xy, %y, K ) (19)
Uy = Ny (%, X, X, Xy, %q) (20)
where, X, :[de X3 ]T and x are defined in (3).

Applying Matlab calculation, the control signal
in(19), (20) is calculated as follows:

ul = (cl*c4*11"2*ml*x1d dot - c4*11"2*m2*nuyl*sign(cl*x1l + c2*x2 - cl*x1ld - (21)
c2*x1d dot) - c4*12”2*m2*nuyl*sign(cl*xl + c2*x2 - cl*x1ld - c2*x1d dot) -
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c2*127°2*m2*nuy2*sign(c3*x3 + c4*x4 - c3*x3d - c4*x3d dot) - cl*cd4*11"2*ml*x2 -
cl*cd*1172*m2*x2 = cl*cd*1272*m2*x2 — c2*c3*12"2*m2*x4 -
c4*1172*ml*nuyl*sign(cl*xl + c2*x2 - cl*xld - c2*x1ld dot) +
cl*c4*1172*m2*x1d dot + cl*cd*12"2*m2*x1d dot + c2*c3*12"2*m2*x3d dot +
c2*c4*1172*ml*xld 2dot + c2*cd4*1172*m2*x1ld 2dot + c2*c4*1272*m2*x1ld 2dot +
c2*cd4*1272*m2*x3d_2dot + c2*c4*g*12*m2*sin(xl + x3) + c2*cd4*g*ll*ml*sin(x1l) +

c2*cd*g*1ll*m2*sin(x1l) - 2*c4*11*12*m2*nuyl*sign(cl*xl + c2*x2 - cl*xld -
c2*x1d dot) *cos (x3) - c2*11*12*m2*nuy2*sign(c3*x3 + c4*x4 - c3*x3d -
c4*x3d dot)*cos (x3) - c2*c4*11*12*m2*x4"2*sin(x3) -
2*cl*cd*11*12*m2*x2*cos (x3) - c2*c3*11*12*m2*x4*cos (x3) +

2*cl*c4*11*12*m2*x1d dot*cos(x3) + c2*c3*11*12*m2*x3d dot*cos (x3) +
2*c2*cd4*11*12*m2*x1d_2dot*cos (x3) + c2*c4*11*12*m2*x3d_2dot*cos (x3) -
2*c2*cd*11*12*m2*x2*x4*sin (x3) )/ (c2*c4)

22
uz2 = (12*m2* (cl*c4*12*x1d dot - c2*c3*12*x4 - cl*c4*12*x2 + c2*c3*12*x3d dot + ( )
c2*cd4*12*x1d 2dot + c2*c4*12*x3d 2dot + c2*cd*g*sin(xl + x3) -
c4*12*nuyl*sign(cl*xl + c2*x2 - cl*xld - c2*xld dot) - c2*12*nuy2*sign(c3*x3 +
cd*x4 - c3*x3d - c4*x3d dot) - c4*ll*nuyl*sign(cl*xl + c2*x2 - cl*xld -
c2*x1d dot) *cos (x3) + c2*c4*11*x272*sin(x3) - cl*c4*1ll*x2*cos(x3) +
cl*c4*11*x1d dot*cos (x3) + c2*c4*11*x1ld 2dot*cos (x3)))/ (c2*c4)

3. Simulation Results ' ' ' ' ' ' ' ' —
(a == =y |
3.1. Simulation Conditions 1 —
]
We select the initial parameters as follows: 051 ]
N

ml=5; m2=2; 11=0.34; 12=0.34; (23)
g=9.81; 0 |

Initial state values of the system:

(24) 0 5 10 15 20 25 30 35 40 45 50

%1 init=0.01; x2 init=0.02; .
— - Time {s)

x3 init=0; x4 init=0;
Fig. 3. Comparison between angle of link 1 and

The control parameters (from the sliding surfaces .
reference trajectory (rad)

in (13) and the 1 values at (16) are selected as follows:

c 1=1;c 2=1;c 3=1;c 4=1; (2&
v
3.2. Sine Trajectories ’ i _
We choose sine trajectories for two arm. These 5 : |
trajectories are described as: 1t — 1
. I — i3
X, =0.2sin(0.3t)(rad) (26) 15, L
af J
X.. =0.3sin (0.3t)(rad) (27) 0 5 10 15 20 25 30 38 40 45 50
3 Time (s)
The control results are shown from Fig. 3 to Fig. Fig. 4. Comparison between angle of link 2 and
6 corresponding to n1=n2=1, from Figure 7 to Fig. 10 reference trajectory (rad)
corresponding to n1=n2=0.1. We see that, with the basic 20 . . . . . ; ; ; ;

sliding surface values as in (25) but not yet optimized, the
sliding controller has successfully controlled the two-step
machine arm. When the value of nl, n2 increases, the
system responds faster (link 1 angle is established after 5s
in Fig. 3, link 2 angle is established after 8s in Fig. 4.
Comparison between angle of link 2 and reference
trajectory (rad) compared to link 1 angle is established
after 15sin Fig. 7, link 2 is established after 23 seconds in
Fig. 8. However, with increasing values of nl, n2, Fig. 5. Control signal ul (Nm)
chattering is also bigger with control signal fluctuations.

The chattering in Fig. 5 and Fig. 6 is more severe than in

Fig. 9 and Fig. 10.

] 5 10 15 20 25 30 A5 40 45 50
Time (s)
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] 5 10 15 20 25 30 35 40 45 50
Time (s)

Fig. 6. Control signal uz (Nm)
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Fig. 7. Comparison between angle of link 1 and
reference trajectory (rad)
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Fig. 8. Comparison between angle of link 2 and
reference trajectory (rad)
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Fig. 9. Control signal ul(Nm)
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Timss [5)

Fig. 10. Control signal u2 (Nm)
3.3. Stabilization at a Specified Location

With n1=n2=1, we choose 14=X34=0.2 (rad), the
simulation results are presented from Fig. 11 to Fig. 14.
We see, with the stable case in place - the special case of

tracking control. trajectory, the slide controller shows
successful stabilization results. The establishment time of
the two joints is 6s (Fig. 11 and Fig. 12). However,
chattering still exists (Fig. 13 and Fig. 14). The solution
to reducing chattering is to reduce the nu value. However,
this will also correspondingly increase the setup time.
The above results strengthen the conclusion and stability
of the system at the working position determined by the
sliding controller.
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Fig. 11. Comparison between angle of link 1 and
reference trajectory (rad)
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Fig. 12. Comparison between angle of link 2 and
reference trajectory (rad)
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Fig. 14. Control signal u2 (Nm)
4. Conclusion

In the paper, the authors have extended the
results from the article [6] to be able to apply to orbital
tracking. The trajectory in this paper is a sinusoidal orbit.
The verification of the nuy component to reduce
chattering, as well as the disadvantages of making
corrections to reduce chattering, were also re-examined
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in-situ stability control. Successful control results are
proven through Matlab/Simulink testing.
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