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1. INTRODUCTION

It is well known that robot manipulators are highly nonlinear, dynamically coupled and time-varying
systems which are extensively used in industries. The robotic manipulators are generally subjected to
uncertainties [1]. Because of these uncertainties and nonlinear behavior, it's a challenging task to control the
motion of robot manipulator at accurate position. For the accurate work any robot has to follow predefined
trajectories as close as possible. Which makes trajectory tracking control a most important task in control of
robotic manipulator [2].

Looking to the above control requirement of robotic manipulator, researches have been reported on
robotic control methods such as proportional-integration-derivative (PID) control [3],PD control, PI
control[3], feed-forward compensation control [4], adaptive control [5], variable structure control [6],
computed torque control[4].In recent years, much attention has been paid to the use of PID control and
computed torque control individually for robotic manipulators.

Two degree of freedom robot manipulator acts like human arms. Though human arm is a 7 DOF but
to understand the complexity of human arms it's very easy to take example of two degree of freedom robot
manipulator movement [7] initially and then attach gripper with it to make it like human arm. The total
energy which is sum of kinetic energy and potential energy of the two link system are defined and used to
form Lagrangian equations. Finally to define the torque applied on each link these equations are used [8,9,10]
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2. DYNAMICS OF TWO-LINK MANIPULATORS
Here for the analysis purpose we had used two degree of freedom planer robot manipulator shown in
Figure 1. Let us introduce the following notations:
gi - The joint angle of the joint i,
m; - The mass of link i,
I - The length of link i,
g - The gravitational acceleration.
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Figure 1. Two Degree of Freedom Robot manipulator

The forward kinematics equations for 2-DOF robotic manipulator have been derived as [8]:
x =1, *cosq; + 1, *cos(q; + q,) (8]
y =l *sing; + 1, *sin(q; + q) )

In order to simplify we assume that the center of mass of each link is right at the middle of the link.
We will also assume that the gravitational force acts in the negative direction of the Y axis. Let us choose q=(

g, 9, )" as the generalized coordinates and denote T the kinetic energy, P the potential energy and L=T—P

the Lagrangian function. Using the notations above and taking into account the assumption that we have
made, the kinetic energy and potential energy of the system can be expressed as follows:

KE =T = %(m1 + mz)lffhz + %mzlgqg + my,li15G1G, cos(q; — qz) 3)

PE =P = mygl; sinq; + myg(l; sing; + I, sing,) 4

The equations of motion for this manipulator are,

a(oL\ oL _ -_
E(a_m)_a_m_fi wherei=1,2 ®)

Substituting P and T in the formula of L the dynamics equation of the two-link robot manipulator [9]:
T = mpl3(dy + §2) + my Ll (24, +
G2) + (my + my) 3Gy — mylyl,s5,45 — (6)
2myli158,41Gz + Mylyqsy, + (my +
my)ligs, + viqs + ky
T, = mpl3(dy + G2) + my Ll (4y) + mylilys,G7 + mylygS12 + V2G4, + ks (7)

where ¢,=c0s(q1) , S1 =sin(qy), S12= sin(g1+qy), €= €0s(d.) , S» =sin(qy)
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Which can be rewritten as [10],
M(@q+v(g,q)q+G6(q) =7 ®)
The parameters v; and k; are viscous and Coulomb friction coefficients, respectively.
The equation can be written in the form of
T=Mi+Vq+ Fq+G+14 )
where
_ Mll MIZ]
My, = myl2 + my[l2 + 12 + 2141, cos(qy)]
My, = My, =m, L1, cos(q,) + myl3

— 2
My, =myl;

V= [_}ZZZ _hqlo_ hq2]7 with h =m, [;1, sin(q,)
F. VG,
F= ] = o]
F, V242
G = G1] _ [m1l19 cos(qy) + mpg[l; cos(qy + q;) + Ly cos(q,)
G, mylyg cos(qy + qz)

_ [%a1] _ [kisgn(qy)
= [sz] B [kZSgn(qz)

3. DESIGN STEPS FOR PID COMPUTED TORQUE CONTROL OF ROBOT MANIPULATORS
Any mechanical system having translation motion is described as below shown in Figure 2.

J;

—

="

’///g///

Figure 2. Mechanical system with translational motion

Open loop dynamic equation for such type of system will be given by following equation,

f = mx" + bx + kx (10)

step 1

Assuming that we don't know value of m, b, k.

In model based control method m, b, k are calculated using real time calculations. Thus system will be
simplified to mass only system. Applying model based control law to equation (10) become,
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f = mf; + bx' + kx
where f; = x-, which is new input to system as shown in Figure 3 on next page.

m f=mx"+bx +kx

Figure 3. Structure of computer torque control

Step 2

Apply any classical control law like PD, PI, PID.

If we apply servo control law to above equation, it will get converted into computed torque control system.
To improve the accuracy we will use feedback control. Computed torque control along with PID feedback
control is known as PID computed torque control method. Total system block diagram is shown below in
Figure 4.
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Figure 4. PID feedback loop computed torque controller

thus total control law is defined as,
T=M(q)(Gq + kqé + kpe + kie) +V(q,q) + G(q)

where (t) is integral of tracking error e(t) and kg, kp, kiare control gain.

4.  SIMULATION AND RESULTS
For simulation purpose following values are taken in MATLAB Programming.
Total Simulation Time = T1 = 10 sec and T2= 120 sec;
Sampling Time = T = 0.002sec;
mass = m = [2;2] unit;
11 =1 unit;
12 =1 unit;
grav = 9.8 unit;

Gains:

Kd = [1000 0;0 1000];
Kp =[100 0;0 100];
Ki=[100;0 10];
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Simulation is done to confirm the results of the proposed control scheme. Simulation is done for first 10 sec
and then for second time 120sec, and at every 0.002sec the sample reading was taken to plot the graphs.
Figure 5 shows the position errors for joint 1 and joint 2 for 10 sec and Fig.6 shows the velocity errors for
joint 1 and joint 2 for 10 sec.
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Figure 5. Position errors for joint 1 and joint 2 Figure 6. Velocity errors for joint 1 and joint 2
for 10 sec for 10 sec

Figure 7 and Figure 8 shows the comparison for derived and predicted position for link 1 and link 2
respectively for 10 sec. Figure 9 shows the torque required for joint 1 and joint 2 for control purpose for 10
sec.
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Figure 9. Torque required for joint 1 and joint 2 for 10 sec.

Figure 10 shows the position errors for joint 1 and joint 2 for 120 sec and Figure 11 shows the velocity errors
for joint 1 and joint 2 for 120 sec.
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Figure 10. Position errors for joint 1 and joint 2 Figure 11. Velocity errors for joint 1 and joint 2
for 120 sec for 120 sec
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Figurel2 and Figurel3 shows the comparison for derived and predicted position for link 1 and link 2
respectively for 120 sec.
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Figure 12. Comparison of derived and predicted Figure 13. Comparison of derived and predicted
position for link 1 for 120 sec. position for link 2 for 120 sec.

Figure 14 shows the torque required for joint 1 and joint 2 for control purpose for 120 sec.
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Figure 14. Torque required for joint 1 and joint 2 for 120 sec.

5. CONCLUSION

In this paper we aimed to introduce a new controller system with the help of two conventional
controller PID and Computer torque control. The simulation results show the validity of the proposed method
and give the possibility of a PID computed torque control for 2 DOF robot manipulator. Position errors and
Velocity errors are coming to be less than 1%. And even after few seconds those are getting almost around
zero as shown in simulation graphs. Simulations graphs also shows that error between derived and predicted
position for link 1 and link 2 is almost around zero.
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