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Lab 2: Modeling Longitudinal Motion

Exercise 1. (Examining the Team Repository)
In this exercise, TEAMREPO corresponds to the root of the repository.

a) Examine the file TEAMREPO/cpnav/cpnav/hlc_node.py. It is the ROS 2 node that
wraps around your High Level Controller (HLC) and communicates with the lab.

b) Examine the files in the directory TEAMREPO/cpnav/cpnav/internal_types. It con-
tains the type definitions that are used in the code.

c) Examine the file TEAMREPO/cpnav/cpnav/hlcs/interface_hlc.py. It is the interface
for each HLC. Understand the inputs and outputs for a HLC and how it is triggered.

d) Examine the file TEAMREPO/cpnav/cpnav/utils/outer_lane_path.py. It contains
the definition of the path the vehicle should track.

Exercise 2. (Path Tracking Basics)
In this exercise, you will learn about path tracking and try out the basic example we provide.

a) In path tracking mode, the vehicles' steering is adjusted by the Stanley controller [1].
Glance through the referenced paper. What kind of speed controller runs on the lab
vehicles? What are the benefits of having the speed controller on the vehicle?

b) Start the lab simulation. Simulate vehicle 1, but remove the corresponding tick for the
internal HLC in Rviz2 and start the simulation with the reduced map.
In a second terminal in your workspace, run the example HLC from the lab exercise code:
ROS_DOMAIN_ID=1 ros2 launch cpnav planner.launch.py vehicle_ids:=[1]. You
may want to quote the argument if you are using other shells than bash to prevent the
shell from interpreting the brackets as glob patterns, i.e.,
ROS_DOMAIN_ID=1 ros2 launch cpnav planner.launch.py 'vehicle_ids:=[1]".

The vehicle should start driving around the map with a constant velocity.

Checkpoint 1

Get a tutor to check your work. You should be able to
» submit a signed copy of the Ordnung fiir Studierende we handed you out

= state how the path looks and the requirement on the first and last point of a closed
path so that the interpolation along the path's distance works correctly

= explain the functions on_first_timestep and on_each_timestep located in the
InterfaceHlc class

= show the path tracking example running in the CPM Lab Simulation



RWTH

Control and Perception in
Networked and Autonomous Vebhicles “ nformatik 11
WS 25/26, B. Alrifaee, J. Xu, S. Schafer Embedded Software

Exercise 3. (Longitudinal Model)

The goal of this exercise is to create a state-space model of the longitudinal vehicle motion
along a path in path tracking mode with the input speed v;,, and the outputs s and v, which
are the position and the speed, respectively.

a) The function measure_longitudinal in TEAMREPO/cpnav/cpnav/utils/measurement_
transformer.py returns the one-dimensional position and speed of the longitudinal mo-
tion. Draw a sketch that relates the coordinate system in which the position is measured
to the reference path on the map. Where is the origin of the one-dimensional coordinate
system?

b) Decide on a model that could be used to describe the dynamics between input and
output speed.

c) Draw a block diagram of your model for the longitudinal vehicle motion.

d) Write down the state-space model for the longitudinal vehicle motion.

Checkpoint 2

Get a tutor to check your work. You should be able to
= show a sketch of the coordinate system for your model
= show a block diagram of your model

» show the state-space model you created
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