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1 Introduction

This document will cover how each requirement in the requirement specification will be tested
for validation. The test plan follows a similar structure as the requirement specification where
each individual requirement in each category is listed together with its planned test.

2 System Overview

These are the general requirements of the system.

Table 1: Test plan to be carried out for general system require-
ments.

Req. no. Version Description Priority
G.01 Original In autonomous driving, the car should

be able to run 5 consecutive laps with
all priority 1 requirements fulfilled

1

The car will be tested by simply letting it drive for 5 consecutive laps around
the track. If all priority 1 requirements are fulfilled so is this requirement.

G.02 Original The system should be able to stabilise
the truck and trailer system in back-
wards motion for 2 consecutive laps at
the same time as the car is driving in
the same direction

1

Place the car and truck and trailer at volountary locations on the track and
activate the system. The test is completed when the car has finished its second
lap.

G.03 Original All new code implemented should fol-
low Google’s code standard

1

This requirement is tested and verified by the software responsible continously
during the project, and the final code is thoroughly verified.

G.04 Original Possible problems or error sources for
the camera system should be investi-
gated

1

This will be tested through deliberately provoke shaking and vibrations to the
cameras and investigate the response from different disturbances on the vision
system. These tests will be documented.

G.05 Original Within the boundaries of economy,
the problems with the camera system
should be solved

1

Given that there is sufficient project time left the effects of different distur-
bances on the visual system will be concluded and possible improvements is
to be recommended for the future. If decisions are made that the time is not
sufficient to do this, this requirement will automatically be fulfilled
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3 Motion Planner

Requirements specific for the motion planner are covered here.

Table 2: Test plan to be carried out for the motion planner require-
ments.

Req. no. Version Description Priority
P.01 Original Motion planner should be able to trans-

form Frenet frame states to global
states in a correct way, according to [1].

1

Testing will be done through implementing the transformation in the real sys-
tem and verify proper functionality visually, i.e. that the planner generates
reasonable trajectories. Logging and investigating data can also support that
the state values are reasonable.

P.02 Original The Motion planner should be able to
transform global states to Frenet frame
states.

1

Similar testing as for P.01 will be carried out here. Initial testing will be
done through simulation followed by implementation in the system. Since the
system requires both P.01 and P.02 to be fulfilled in order to work properly
these two requirements are tested simultaneously.

P.03 Original The motion planner should be able to
determine if a collision will occur if the
car continues on its reference trajectory.

1

Since this functionality is already implemented in the system this requirement
can be tested by running the system and allowing the car to drive around
the track and overtake an obstacle 3 consecutive times and visually conclude
that the planner proposes a suitable path when approaching a moving or static
obstacle.

P.04 Original The motion planner should be able to
predict the future position of a moving
obstacle.

2

This requirement can initially be tested in Matlab by simulating an obstacle
moving around a corner relative to the car and based on the obstacles known
speed and trajectory predict its future position at a given time. This can also
be tested on the real system by logging the predicted positions and verify that
these values are reasonable.

P.05 Original The motion planner should be able to
plan more than one Werling planning
step, i.e. a deeper grid search than just
one layer should be used in the motion
planner [1].

2

When the functionality is implemented in the real system data can be logged to
verify that planner is able to calculate several Werling steps when encountering
an obstacle as well as visually conclude that two or more consecutive trajectories
are generated when encountering an obstacle.

P.06 Original The motion planner should be able to
generate reference trajectories for the
car to overtake static obstacles located
in the car’s predefined reference trajec-
tory, if possible.

1
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This functionality already exists in the system and will be tested by allowing
the car to drive around the track with constant speed for 3 laps. When encoun-
tering a static obstacle the planner shall generate a new reference trajectory
that does not lead to collision and enables an overtake.

P.07 Original The motion planner should be able to
generate reference trajectories for the
car to overtake obstacles moving in the
same direction, if possible.

1

The car drives around the track for 3 laps and when encountering a mov-
ing obstacle in the same direction the planner shall generate a new reference
trajectory that avoids collision and enables an overtake.

P.08 Original If an obstacle moving in the same direc-
tion as the car is not possible to over-
take, the motion planner should sug-
gest a trajectory that follows the mov-
ing obstacle until an overtake is con-
cluded possible/appropriate.

2

This is tested by putting the moving car in a situation where it can not
overtake an obstacle at the given time. If the car is able to generate a trajectory
that follows the car until an overtake is possible the requirement is fulfilled.
This requirement is mostly concluded visually but logging data about relevant
information is a good way to further ensure proper functionality.

P.09 Original Given the knowledge about an obsta-
cle’s motion around the track, the mo-
tion planner should, if possible, be able
to suggest a suitable upcoming refer-
ence trajectory in order to avoid future
collisions with obstacles moving in the
opposite direction with respect to the
car.

2

This will be tested on the real system by allowing the car to drive around the
track where it encounters a scenario where the obstacle is approaching around a
corner and the ordinary collision detection is not enough to avoid a collision. If
three consecutive scenarios like this can be avoided the requirement is fulfilled.

P.10 Original The motion planner should choose the
reference trajectory, from a given set
of collision free trajectories, based on
a cost function that minimizes the jerk
together with a additive penalty for the
final state.

1

Since this functionality is already implemented in the system this will be verified
by visually concluding that the planner suggests a reasonable trajectory.

P.11 Original The motion planner should, if possible,
find a reference trajectory that over-
takes static obstacles for 5 consecutive
obstacles placed in the car’s driving
path.

1

The car is driving around the track until 5 obstacles (moving, virtual or static)
are consecutively overtaken. When 5 obstacles have been consecutively been
overtaken the requirement is fulffiled.
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P.12 Original The motion planner should generate
reference trajectories originating from
the cars currently estimated position.

1

This is tested by preventing the car from following the reference during a
driving session (by for example manually position the car against the track wall
during its driving). If the planner is able generate a new reference trajectory
from the cars estimated position in that situation the requirement is fulfilled.

P.13 Original If the car is stuck, the motion planner
should generate a special manoeuvre,
such as a reversing movement, in order
to get the car unstuck.

2

This is tested by placing the car against an object or the track wall in such a
way that it can not get unstuck by steering or applying forward force. If the
planner is able to propose any type of reversing trajectory to get it unstuck
this requirement is fulfilled.

P.14 Original The planner should generate trajecto-
ries from a fixed grid of coordinates
evenly spread across the track.

1

This initially tested in Matlab by generating the coordinate grid on a virtual
track. Further this is tested by incorporating the grid in the visual system and
visually conclude that the planner generates trajectories to these coordinates.

P.15 Original The planner should only generate new
trajectories when encountering an ob-
stacle. When not encountering an ob-
stacle the planner shall deliver the ref-
erence trajectory to the car controller

1

This is tested by letting the car drive alone on the track for 3 consecutive laps
and verify that the planner does not print new trajectories.

4 Car Controller

This section covers the test plan to verify the requirements for the car controller.

Table 3: Test plan to be carried out for the car controller.

Req. no. Version Description Priority
C.01 Original The car should be able to follow the ref-

erence trajectory with maximum longi-
tudinal deviation of 10 mm during 80%
of a lap with a lap time of 10-12 sec-
onds.

1

This is tested by setting the reference speed of the car in such a way that the
lap time interval can be achieved. By comparing the car’s reference positions
with its estimated positions calculations will show if the maximum deviation
limit is kept at 80% of the lap.
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C.02 Original The car should be able to follow the
reference trajectory in such a way that
the maximum instantaneous longitudi-
nal deviation does not exceed 20 mm
with a lap time of 10-12 seconds.

1

Similarily to C.01 this can be tested by comparing the estimated longitudinal
positions with the corresponding reference position. The instantaneous devia-
tion can be found at each time step and if these are kept below the set limit
with a lap time between 10-12 seconds the requirement is fulfilled.

C.03 Original The car should have a deviation in the
lateral direction of less than 10 mm for
80% of a lap at a lap time of 10-12 sec-
onds

1

By comparing data from actual positions and reference positions the lateral
deviation can be found. If the deviation is below 10 mm for 80% of a lap with
a lap time of 10-12 seconds the requirement is fulfilled.

C.04 Original The car should be able to follow the ref-
erence trajectory in such a way that the
maximum instantaneous lateral devia-
tion does not exceed 20 mm with a lap
time of 10-12 seconds

1

This is tested by comparing the actual lateral positions with the corresponding
reference positions. The instantaneous deviation can be found at each time step
and if these are kept below the set limit with a lap time between 10-12 seconds
the requirement is fulfilled.

C.05 The controller for the car should be
based on existing and well proven meth-
ods previously published in academic
papers and journals

1

This is verified continously during the design of the controller and finally veri-
fied by the orderer through approval of the project documents.

C.06 Original The control system should be adaptive
in the sense that the control system
should be able to control the different
cars that are provided for the project,
without manually tuning any parame-
ters.

2

This is verified by evaluating the code and checking that some sort of parameter
update is made during control of the car, either from preset parameters or
through adaptive control. Further all requirements listed with priority 1 shall
be fulfilled for each car.

5 Truck Controller

This section covers the test plan for the truck controller.
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Table 4: Test plan to be carried out for the truck controller

Req. no. Version Description Priority
T.01 Original A model should exist which proves that

the chosen controller makes the closed
loop system asymptotically stable, i.e.
the truck and trailer system converges
to the desired reference path if starting
sufficiently close and without model er-
rors.

1

This is tested by simulating small disturbances to the model to see that the
system actually converges to its reference value.

T.02 Original A working and realistic Matlab model
with time delay, noise and input dy-
namics should exist which simulates the
truck and trailer system while reversing
along a dynamically feasible reference
path.

1

This is verified by applying a suitable input to the system and check the evo-
lution of the states while driving forward (a stable situation). The requirement
is ultimately tested when requirement T.03 is fulfilled.

T.03 Original A controller should be implemented in
Matlab for the model in req. T.04
which keeps the lateral deviation less
than 30 mm along a straight path.

1

By simulating the model with a given reference path the truck coordinates are
compared with the reference coordinates along the straight path to see that
the deviation never exceeds 30 mm.

T.04 Original A dynamically feasible reference path
around the racetrack for the reversing
truck and trailer system should exist.

1

The requirement is fulfilled if a reference path exists and is implemented in
the real system.

T.05 The truck and trailer system should be
able to reverse 80 % of the distance of
the racetrack without deviating more
than 40 mm laterally from the reference
path for 5 laps in a row.

1

The lateral deviation can be found by comparing the truck coordinates with
the reference coordinates. If this deviation is less than 40 mm, 80% of the lap
length for 5 consecutive laps the requirement is fulfilled.

T.06 Original The truck and trailer system should,
while reversing, never deviate more
than 60 mm from the trajectory.

1

The truck will reverse for 5 consecutive laps. If the lateral and the longitudinal
deviation never exceeds 60 mm at any time during the 5 laps the requirement
is fulfilled.

T.07 Original The truck and trailer system should be
able to reverse the full straight part of
the racetrack without deviating more
than 20 mm laterally from the reference
path.

1
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The truck reverses for 2 consecutive laps and if the lateral deviation is below
20 mm during the straight part of the racetrack on both laps the requirement
is fulfilled.

T.08 Original The requirements T.05-T.09 should be
fulfilled for counter-clockwise reversing.

3

The same tests will be performed for counter-clockwise reversing as for clock-
wise reversing for the specified requirements.

T.09 Original The control system should be based on
existing and well proven methods previ-
ously published in academic papers and
journals.

1

This is ultimately verified by the orderer and the supervisor, but the main
responsibility lies with the people responsible for the truck’s control system to
see that the methods chosen are well proven.

6 Delivery

No special testing will be required for the deliveries. Each delivery is connected to its specific
tollgate and is tested by simply verifying that each delivery is delivered at its set date.

7 Finance

Table 5: Test plan to verify the financing requirements.

Req. no. Version Description Priority
G.01 Original Each team member should work at

most 240 hours on the project. Over-
all, the project has 1680 hours to use.

1

The hours are documented in the time report and should not exceed 240 hours
per person and a total time of 1680 hours for the whole project. This is tested
at the end of the project

G.02 Original The total tutoring time is 40 hours and
should not be exceeded.

1

The tutoring time is controlled by the orderer who will limit the turoting time
to 40 hours.
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8 Time Plan for Tests

This section includes the time plan for all the tests. Each test has an expected time and a
planned test week to when the test is carried out. Some tests are not measurable in time and
does not have a specific test week connected to it. These tests are labeled with a "-" to show
that they do not have a set test week or expected time. Some requirements are also connected
to more than one test and are therefore connected to more than one test week. It might be
that some part of the test includes simulation and the other part includes testing on the actual
system. The expected time is in this case the total test time needed to validate the requirement.

Table 6: Time plan for all the tests that are to be carried out.

Requirement Expected time [min] Test week
G.01 20 49
G.02 30 48
G.03 - -
G.04 60 44
G.05 45 49
P.01 60 41
P.02 60 41
P.03 20 44
P.04 60 45, 46
P.05 60 46, 47
P.06 20 44
P.07 20 43
P.08 45 47
P.09 60 46
P.10 30 44
P.11 20 45
P.12 30 48
P.13 30 49
P.14 30 49
P.15 30 49
C.01 20 47
C.02 20 47
C.03 20 48
C.04 20 48
C.05 - -
C.06 45 49
T.01 20 44
T.02 20 45
T.03 15 45
T.04 15 46
T.05 30 49
T.06 20 49
T.07 20 49
T.08 70 49
T.09 - -
O.01 15 50
O.02 15 50

Course name: Automatic Control Project Course E-mail: racetrack16@googlegroups.com
Project group: Reverse Engineers Document responsible: Marcus Almén
Course code: TSRT10 Author’s E-mail: maral637@student.liu.se
Project: LiU Racetrack Document name: Test_Plan_v1.0.pdf



LiU Racetrack 9

References
[1] Moritz Werling, Philipp Reinisch, Michael Heidingsfeld, and Klaus Gresser. Reversing the

general one-trailer system: Asymptotic curvature stabilization and path tracking. IEEE
Transactions on Intelligent Transportation Systems, 15(2):627–636, 2014.

Course name: Automatic Control Project Course E-mail: racetrack16@googlegroups.com
Project group: Reverse Engineers Document responsible: Marcus Almén
Course code: TSRT10 Author’s E-mail: maral637@student.liu.se
Project: LiU Racetrack Document name: Test_Plan_v1.0.pdf


	Introduction
	System Overview
	Motion Planner
	Car Controller
	Truck Controller
	Delivery
	Finance
	Time Plan for Tests

