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Lab 3: Position Control
Exercise 1. (Preparation)
For this lab, you should be familiar with

Python’s SIPPY package (also have a brief look at the paper)a)

ModelPredictiveControl class in TEAMREPO/cpnav/cpnav/controllersb)
Quadratic Programs and Python’s CVXPY package used to solve themc)

Exercise 2. (Model Identification)
The goal of this exercise is to identify the model parameters of the state-space model you
created in the previous lab sheet. Recall that the model’s input is the target speed vin and
output is the traveled distance s and the actual speed v.

Conduct an experiment to collect data for model identification. To this end, imple-
ment the IdentificationHlc in TEAMREPO/cpnav/cpnav/hlcs/identification_
hlc.py. Change the placeholder control input to meaningful control inputs suited for
model identification. Save the data (inputs and outputs) to a pickle with Python’s
pickle module.

a)

Analyze the data from your experiment using SIPPY. In TEAMREPO/cpnav/cpnav/

utils, you can find the script system_identification.py to identify the model
parameters and validate the identified model.

b)

Checkpoint 1

Get a tutor to check your work. You should be able to

• show and save your (updated) state-space model for longitudinal motion

• show the plot of b) and interpret the results

1

https://github.com/CPCLAB-UNIPI/SIPPY
https://ieeexplore.ieee.org/abstract/document/8516791
https://www.cvxpy.org/
https://docs.python.org/3/library/pickle.html
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Exercise 3. (Position Control of Path Tracking Vehicle)
The goal of this exercise is that a vehicle follows a reference position on a path using path
tracking mode. Use the HLC pmpc_hlc.py in TEAMREPO/cpnav/cpnav/hlcs/pmpc_hlc.py
for this exercise. Furthermore, use the state-space model of one vehicle with the input vin,
and the outputs s and v, which are the distance traveled and the speed, respectively, that
you created in Exercise 2. The vehicle should follow the reference position sref given as

sref(t) = 1.1 · t + 0.5 · sin t + s0, (1)

where s0 = s(t = 0) is the starting position of the controlled vehicle. For the vehicle control,
the following constraints on the input should be considered:

vmin = 0 m/s, amin = −1 m/s2,

vmax = 1.5 m/s, amax = 0.5 m/s2.
(2)

Convert the constraints on the acceleration to constraints on your input change and complete
the following tasks.

Learn how the identified model is loaded in pmpc_hlc.py .a)

Implement the given reference trajectory as y_ref .b)

Complete the initialization of the ModelPredictiveControl .c)

Change the HLC in TEAMREPO/cpnav/cpnav/hlc_node.py to PmpcHlc .d)

Open a third terminal and run
ROS_DOMAIN_ID=1 ros2 launch cpnav plotting.launch.py 'vehicle_ids:=[1]' ,
which allows you to use the PlotPlatooningNode in TEAMREPO/cpnav/cpnav/plot_

platooning_node.py to plot and save the results.

e)

Checkpoint 2

Get a tutor to check your work. You should be able to

• show a vehicle following the reference trajectory given in Equation 1

• show the plot of d) and interpret the results.
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