
EE/BIOE 125 Lab 3

Control and Dynamics of a Two Link Robot

Issued: November 21; Due December 1

1 Introduction

The purpose of this lab is to explore the Proportional-Integral-Derivative (PID) Controller and the
Computed Torque (CT) Controller by simulating the controllers on a dynamic model of a two link
robot. We use a provided Matlab script to simulate the robot with discrete versions of the two
controllers. We then change parameters in the controllers and record the simulation response

In the first section, we simulate the robot with a CT controller. We first command the robot to
a set point and record the response. We then use the CT controller to track a “figure-eight” in joint
space. We then explore the effects of changing the update rate of the CT controller. The effects
of modelling errors are examined and we demonstrate the use of integral control to compensate for
the errors.

In the next section, we use a PID controller to control to a set point and to track a trajectory.
We vary the parameters in the PID controller and record the effects. We also change the controller
update rate and record the response.

2 Dynamic Model and Controller Description

We model a two link robot as two point masses at the center of the links. The length of the first
link, l1, is 4.0m and the length of the second link, l2, is 3.0m. The mass of the first link is 2.0Kg
and the mass of the second link is 3.5Kg. Gravity is taken to be 9.81 m

s2 . The joints are labeled θ1

and θ2. The positive angles are shown in Figure 1. The torque for the CT controller is given by

τ = M(θ)
(

θ̈ − Kv ė − Kpe
)

+ C(θ, θ̇)θ̇ + N(θ, θ̇)

and when we modify it to add an integral term, the torque is given by

τ = M(θ)

(

θ̈ − Kv ė − Kpe − Ki

∫

e

)

+ C(θ, θ̇)θ̇ + N(θ, θ̇).

The torque for the PID controller is given by

τ = −Kv ė − Kpe − Ki

∫

e.

3 Matlab Simulation Script

There are several files used to simulate the controlled system. The files will be accessible from
webct. Copy the files to your directory. The following files are needed:

1. corio.m - calculates the Coriolis matrix
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Figure 1: Two Link Robot

2. coriotd.m - calculates the Coriolis vector

3. mass.m - calculates the mass matrix

4. potfor.m - calculates the potential forces

5. robotsim.m - calculates the differential equation

6. simurobot.m - simulates the controlled system and generates response plots

Typing >>help simurobot at the Matlab prompt reveals

>> help simurobot

SIMUROBOT: Simulates a controlled two link robot

[t,y,tor,error] = simurobot(tf,ic,gains,constep,contype,conparam,trajflag)

t - time vector

y - state vector

tor - torque vector

error - controller errors at each update interval

tf - final time for simulation in seconds

ic - initial conditions = [theta 1;theta2;theta 1 dot;theta 2 dot]

gains = [Kp,Kv,Ki], a 2x6 matrix where Kp,Kv,Ki are 2x2 gain matrices

constep - controller update step size(seconds)

contype - controller type: 1-Computed Torque, 2-PID, 3-Augmented PD

conparam = [l1;l2;m1;m2;grav] - Controller Parameters

trajflag = Trajectory Flag: 1-step, 2-sinusoid

Jeff Wendlandt, 10/12/94

>>

The simurobot.m program takes as input the final time, the initial conditions, the controller gains,
the controller update interval, the type of controller, and the trajectory specification. The program
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then simulates the controlled system, creates the response graphs and outputs the time, state,
torque, and error vectors.

In this lab, we vary the input to this function and examine the results. It is recommended that

you create your own matlab script which varies the parameters and calls the simurobot function.

Save all of your simulation responses and include them in your lab writeup. The controller type,
gain matrix, and the controller update interval are recorded in the lower right corner of the graphics
output. The initial conditions should be set to zero.

4 Computed Torque Controller

Choose the 2 x 6 gain matrix to be

[

11 0 6 0 0 0
0 11 0 6 0 0

]

and the controller parameters to be equal to the robot parameters. Choose the update interval to
be 0.05s (20Hz) and simulate the system for the step response. Choose the simulation time to be
3.0s. Save the plots of the responses and include them in your lab writeup. You can print out the
graphics by typing >>print -Pprinter-name. Notice the difference between the trajectory in joint
space and the trajectory of the end effector.

Now track a sinusoidal trajectory in joint space by changing the trajectory flag to a 2. Increase
the simulation time to 5.0s. Simulate the system with the same parameters and save the response
graphs.

Q1. Does the system converge to the desired trajectory? If not, why do you think
it doesn’t?
To see the effects of increasing the update interval, change the interval to 0.25s (4hz), set the
trajectory flag to 1 so that we control to a set point, and simulate the system for 3.0s.

Q2. What are the effects of decreasing the controller rate? How does the response
differ from the controller running at 20Hz?
We now examine the effects of modelling errors in the computed torque controller. Change the
update rate back to 20Hz and change the controller parameters to [4;3;2.4;3.9;9.81]. These
new parameters correspond to errors in the mass measurements. Simulate the step response again
and save the response graphs.

Q3. What is the effect of the modelling error?
We attempt to correct for the modelling errors by adding an integral term to the CT controller. To
add an integrator, change the gain matrix to

[

11 0 6 0 0.5 0
0 11 0 6 0 0.5

]

and simulate the system for 3.0s.
Q4. What was the effect of adding the integrator?

5 PID Controller

Change the gain matrix to

[

3200 0 400 60 10 0
0 700 60 100 0 1

]
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and change the controller to the PID controller. Also, change the update interval to 0.01s (100Hz).
This will slow down the simulation time by a factor of 3 to 4. Simulate a step response. Note that
the value of the controller parameters vector, conparam, has no effect on the PID controller.

Q5. How does the response differ from the corresponding CT controller (20Hz, no
integral term, correct conparam vector) response?
Simulate the PID controller tracking a sinusoidal trajectory.

Q5. How does the response differ from the corresponding CT controller response?
We now modify the gain matrices for the PID controller and observe the effect on the simulation
responses. Increase the Kp gain matrix by a factor of 2.0, Kp = 2.0 ∗ Kp, keep the Kv and Ki

matrices the same, and simulate the system tracking a step response for 3.0s. Restore the gains to
the original gain matrix for the PID controller. Now, increase the Kv gain matrix by a factor of 2
and simulate the step response. Finally, restore to the original gain matrix and then change Ki to
a zero matrix. Simulate the step response again and save the graphs.

Q6. What was the effect of each of these changes to the response of the system?
Finally, change back to the original gain matrix and change the update interval to 0.02s (50Hz).
Simulate the step response for the system for 3.0s and record the response.

Q7. What was the effect of decreasing the controller rate for the PID controller?
Q8. Compare and contrast the PID and CT controllers. What are the advantages

and disadvantages of the two controllers?

6 Writeup

Answer the eight questions and provide the results for the eleven simulations.
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