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Notations

CAD { Computer Aided Design
CoB { Center of Buoyancy
CoG { Center of Gravity
DP { Decision Point
GUI { Graphical User Interface
HIL { Hardware In the Loop
ISY { Link�oping University department of Electrical Engineering
LiU { Link�oping University
ROV { Remotely Operated Underwater Vehicle
ROS { Robot Operating System
RPi { Raspberry Pi 3



1 Introduction

This protocol contains a record of the tests that has been performed to evaluate how the project results
compare to the requirements set in the requirement speci�cation[1]. Some requirements have been easier
to test together and they have therefor been treated under the same sections in this protocol. To make
this clear, the requirements that are investigated in each test are stated in the beginning of the test
description.

The protocol setup is as follows:

Test: The name of the test.

Date yy-mm-dd: Date on the format yy-mm-dd.

Requirement(s) The requirement(s) that is investigated in the test.

Purpose: Why the test is performed and what it aims to verify. Often lifted directly from the requirement
speci�cation.

Execution: How the test was carried out.

Responsible: The people that were most involved in the speci�c test.

Results: A summary of the results from the test. Accompanied by a short discussion about the purpose.
If the purpose was met, what in the test supports that claim, if it was not met what are the possible
reasons.

Some requirements have been veri�ed using video. These videos should be attached to this document. If
not, they can be found on the project website, in the git repository or if all else fails they might still be
available on this google drive: Test Videos.
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2 Requirement specification tests

Tests are based on the requirement speci�cation[1] and are also numbered the same.

Some of the requirements regarding the GUI are put into the model section, this is because of some of
the test are connected to each other when testing and so if you verify one of the requirements you also
verify the other.

2.1 Skipped requirements

Requirement(s): 18, 24 Low priority requirements

2.2 Model

For testing, the small pool and manual mode with the Xbox controller has been used. The ideal conditions
for the following tests would be using the Ljungsbro pool and utilizing the path-planning mode to secure
a higher degree of consistency. Unfortunately the path planner mode has not shown to be reliable and
was therefor disregarded in veri�cation. Due to the corona pandemic, access to the Ljungsbro pool has
not been possible either and the sub-optimal method had to be used.

Test: Distance performance

Date: 20-11-25

Requirement(s): 1

Purpose: Verify that the ROV’s simulated movement in a straight line from a point A to a point B does
not di�er more than �20% when real world steer-inputs are used.

Execution: Analyze and compare a manual run straight ahead with the simulated path. The simulated
path is obtained by gathering xbox controller inputs from the manual run and then feeding those through
the simulator. The simulated result is then plotted and the euclidean distance travelled is compared with
the real world distance travelled.

Responsible: Olof Mlakar & Axel Malmberg

Results: Comparing the video ("4th distance test.AVI") with the simulator plot in �gure 1, there is
some deviation in the y direction and in yaw. This might be because of the way Xbox-mode works.
When starting up the engines the Xbox-mode causes the ROV to give full output in yaw to align itself
with some external reference, possibly the magnetometer. It is easily managed by the user but might
cause the simulation to attain a yaw state that deviates from the real world in the beginning of the run.

Distance wise however, the result is more promising. The euclidean distance traveled in the plot isp
0:62 + 1:42 � 1:52 m, this can be compared with the distance traveled in the pool which was measured

to 2 m. This test was carried out 7 times and the consistency varied a bit. The results can be seen in
table 1.

There is a clear outlier on test one which is assumed to be faulty. A user error in the ROS-topic viewer
can lead to strange data collections where the data gathering is paused and then resumed for a little
bit, this is probably what happened. The other collections however are quite coherent and an over all
mean, with the outlier ignored, of 1:54 can be found. This is an error of 23 % of the real world distance
travelled. The simulation performance of straight line movement is then not within the margin of error
set at the beginning of the project, it is however very close.
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Figure 1: ROV’s Simulated movement on the above subplot in X and Y direction and the lower subplot
in roll, pitch and yaw

Table 1: Measurements of distance travelled in

Test number real world, [m] simulated, [m]
1 2 5.38
2 2 1.31
3 2 1.39
4 2 1.52
5 2 1.56
6 2 1.56
7 2 1.94

Test: No input

Date: 20-11-27

Requirement: 2

Purpose: Verify that the ROV:s orientation when acting upon the simulated sensor data does not deviate
more than 45 degrees after 5 seconds when the reference signals are constant

Execution: A manual run with Xbox-mode active is �rst performed. No inputs are given by the user.
This makes the ROV hover at constant depth while drifting forward slightly. This zero input is then also
fed through the simulation for comparison.

Responsible: Nibras Musa

Results: Throttle data could not be fed through Simulink, the rest of the simulation crashed and the
test could not be completed.

It was however possible to feed a zero input signal in Xbox mode through the simulation and that
resulted in the behaviour presented in �gure 2. The di�erence between this behaviour and the real world
observation is the tiny movement forward that is unfortunately lost in simulation. The angles behaves
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Figure 2: The simulated behaviour in Xbox mode with zero input. The plot "v" is the speed in the
x, y and z directions. The plot "p" is the position in the x, y and z directions. The "Omega" plot is
the angular velocities for pitch, roll and yaw. The plot "Theta" is the angles pitch, roll and yaw. It is
therefor the "Theta" plot that is intresting for this test and even if the roll varies a bit in the beginning
it is of the order 20 degrees, well within the error margin.

similar to what can be observed in the video ("static input thruster forward.AVI") and after 5 seconds
no deviation greater than 45 degrees can be observed in any angle.

Test: Noise

Date: 20-05-26

Requirement(s): 3

Purpose: Verify that the simulator can include noise/uncertainty to sensor signals.

Execution: Simulate the ROV’s movement with and without noise. Then verify by plotting the two
cases that the performance of the regulation of movement is signi�cantly worse with the introduction of
noise.

Responsible: Nibras Musa

Results: There are parameters added to the sensor models which modi�es white noise that is then added
to the sensors’ simulated values. Varying these parameters will a�ect the simulation similar to �gure 3.
This test was made with very large variance in noise so that it is clear that it a�ects the simulation.
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