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The Robot Platform

Hardware: Compute:
- Skid steer Robot - Powered by Nvidia Jetson Orin
- Odrive S1 motor controllers Nano / SSD for storage
(CAN) - ing OS JetPack
_Intel RealSense RGB-D running OS JetPac

6.2(Ubuntu 22.04)
- IMU Adafruit BNO085
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The Robot Platform

2
TUDelft 5.6-2024 5


https://docs.google.com/file/d/1GqEoEdmZ3AZC93PHqc0CPottbifHNDMD/preview

The Robot Platform

Exploded wheel view with gearbox assembly
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https://docs.google.com/file/d/1NA7urFtQBCD9NJ-bRj_PXPoVC8_cDwp0/preview

Current system
02 Implementation and

practical challenges
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Current Implementation pipeline

LiDAR (front + rear) State Estimation Mapping Control
IMU = | RF20/LiDAR odom [msh| Currently using |m=| NAV2 Stack | == | ROS2Diff drive
RGB-D + EKF cartographer ODrive CAN
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What works so far ?

Teleoperation

LiDAR odometry working

ROS2 Integration

Navigation Stack running

Robot able to move autonomously
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https://docs.google.com/file/d/1Ng4oe_7Y7DN6wacfQFmzb4WY9kRdwm54/preview

Practical Difficulties Encountered

Problems:

Hardware challenges

- ODrive instability at
high loads

- Unreliable odometry

Fix:
ODrive Faults

- Controller tuning and
fault analysis

]
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Perception challenges
- LIiDAR occlusions
- Sensor drift

LiDAR occlusions
- AIRY LIiDAR +
FAST-LIO-2

Navigation challenges

- Local planner instability

- Difficulty navigating
narrow spaces

Unreliable Odometry
- LiDAR inertial odometry
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Casing to accommodate new LIDAR
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Literature Review

03
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Literature Review

- Interest in sampling based stochastic optimal control methods for robot navigation

- Model Predictive Path Integral Control as a promising approach for handling uncertainty and
dynamic environments.

- Currently Studying work on 3D aware MPPI, which incorporates environment structure into
trajectory sampling.

- Integrate with LIDAR based perception (FAST LIO + Point cloud map)

- Compare with classical controllers and planners.
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Research Direction

- Begin and complete the literature review on MPPI based navigation (target: April - May)

- Secured long term access to the robot platform (~1 year)

- Develop a real world testing environment near RoboHouse

- Address networking and communication constraints during outdoor experiments

- Aim for a practical and socially relevant autonomous navigation system

- If the current platform becomes unavailable due to some technical issues, can we conduct
experiments on the clearpath Husky UGV, and also is it okay to close the thesis with a
simulation ?

- Also interested in exploring reinforcement learning

- Open for suggestions
- Am | heading in the right direction ?
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Research Direction

Ideally what | would love to do if everythings goes well
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http://www.youtube.com/watch?v=aKMwEO9wfJ4
http://www.youtube.com/watch?v=1AR2-OHCxsQ
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Introduction:

- Msc Robotics 2nd year
- Sofware Engineer @ Robohouse
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Name
+ Surname

& dummyemail@tudelft.nl
] +316 000 000 00

Lorem ipsum dolor sit amet, consectetur adipiscing elit sed
do eiusmod tempor incididunt ut labore et dolore magna
aliqua. Ut enim ad minim veniam quis nostrud exercitation
ullamco laboris nisi ut aliquip ex ea commodo consequat.

2
TUDelft 5.6-2024 20



Introduction | 12x
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Pause
max. 2 lines
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dolor sit amet,
consectetur adipiscing elit,
sed do elusmod
incididunt ut labore.

%
TUDelft 5.6-2024 23



F &, ;

Consectetur adipiscing Consectetur adipiscing Consectetur adipiscing
elit sed do eiusmod elit sed do eiusmod elit sed do eiusmod
tempor incididunt ut tempor incididunt ut tempor incididunt ut
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Text + image | 3x

Sit amet consectetur Sit amet consectetur Sit amet consectetur
adipiscing elit, sed do adipiscing elit, sed do adipiscing elit, sed do
eiusmod tempor incididunt eiusmod tempor incididunt eiusmod tempor incididunt
ut labore et dolore magna ut labore et dolore magna ut labore et dolore magna
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Text + image | 5x

Sit amet Sit amet Sit amet Sit amet Sit amet
consectetur consectetur consectetur consectetur consectetur
adipiscing elit adipiscing elit adipiscing elit adipiscing elit adipiscing elit
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Text + image | 8x

Lorem ipsum dolor Lorem ipsum dolor Lorem ipsum dolor Lorem ipsum dolor
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Did you know...
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dolor sit amet,
consectetur
adipiscing elit,
sed do
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Lorem ipsum dolor sit amet consectetur
adipiscing elit sed do eiusmod tempor

Lorem ipsum dolor sit amet consectetur /”//
adipiscing elit sed do eiusmod tempor 2

Lorem ipsum dolor sit amet consectetur
adipiscing elit sed do eiusmod tempor
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Bar graph

Lorem ipsum dolor sit amet

3 4 5 6 7 8 9
"Subject “®subject " Subject " Subject “Subject ®Subject
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Line graph

Lorem ipsum dolor sit amet
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Diagram + text

Lorem ipsum dolor
Sit amet consectetur
adipiscing elit sed do

eiusmod tempor

Lorem ipsum dolor
Sit amet consectetur
adipiscing elit sed do

eiusmod tempor

Lorem ipsum dolor
Sit amet consectetur
adipiscing elit sed do

eiusmod tempor
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Lorem ipsum dolor
Sit amet consectetur
adipiscing elit sed do
eiusmod tempor

Lorem ipsum dolor
Sit amet consectetur
adipiscing elit sed do
eiusmod tempor

Lorem ipsum dolor
Sit amet consectetur
adipiscing elit sed do
eiusmod tempor
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Diagram | 3x
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Chart | 2x

Lorem ipsum dolor sit amet Lorem ipsum dolor sit amet
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Lorem ipsum dolor sit amet, consectetur adipiscing elit sed do eiusmod tempor incididunt ut
labore et dolore magna aliqua. Ut enim ad minim veniam quis nostrud exercitation ullamco
laboris nisi ut aliquip ex ea commodo consequat.
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Table

2019 40% 55% 40% 55%
2020 7% 80% 7% 80%
2021 20% 26% 20% 26%
2022 69% 31% 69% 31%
2023 82% 85% 82% 85%
2024 89% 92% 89% 92%
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Table | 2x

2019 40% 55% 40% 2019 40% 55% 40%
2020 7% 80% 7% 2020 7% 80% 7%
2021 20% 26% 20% 2021 20% 26% 20%
2022 69% 31% 69% 2022 69% 31% 69%
2023 82% 85% 82% 2023 82% 85% 82%
2024 89% 92% 89% 2024 89% 92% 89%
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dlijn | 10x

Lorem ipsum Lorem ipsum Lorem ipsum Lorem ipsum Lorem ipsum
Dolor sit amet Dolor sit amet Dolor sit amet Dolor sit amet Dolor sit amet
consectetur consectetur consectetur consectetur consectetur
adipiscing elit adipiscing elit adipiscing elit adipiscing elit adipiscing elit

sed do eiusmod sed do eiusmod sed do eiusmod sed do eiusmod sed do eiusmod

Lorem ipsum Lorem ipsum Lorem ipsum Lorem ipsum Lorem ipsum
Dolor sit amet Dolor sit amet Dolor sit amet Dolor sit amet Dolor sit amet
consectetur consectetur consectetur consectetur consectetur
adipiscing elit adipiscing elit adipiscing elit adipiscing elit adipiscing elit

sed do eiusmod sed do eiusmod sed do eiusmod sed do eiusmod sed do eiusmod
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Process | 5 steps

8O @ 3 0

A
Step 1 Step 2 Step 3 Step 4 Step 5
Lorem ipsum Lorem ipsum Lorem ipsum Lorem ipsum Lorem ipsum
Dolor sit amet Dolor sit amet Dolor sit amet Dolor sit amet Dolor sit amet
consectetur consectetur consectetur consectetur consectetur
adipiscing elit sed  adipiscing elit sed adipiscing elit sed adipiscing elit sed adipiscing elit sed
do eiusmod do eiusmod do eiusmod do eiusmod do eiusmod

2
TUDelft 5.6-2024 40



Process | 7 steps

Lorem ipsum

Lorem ipsum

Lorem ipsum

@ Lorem ipsum

Lorem ipsum

Lorem ipsum

Lorem ipsum
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Circle diagram | 6x

Lorem ipsum dolor
Sit amet consectetur
adipiscing elit sed do

eiusmod tempor

Lorem ipsum dolor
Sit amet consectetur
adipiscing elit sed do

eiusmod tempor

Lorem ipsum dolor
Sit amet consectetur
adipiscing elit sed do

eiusmod tempor
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Lorem ipsum dolor
Sit amet consectetur
adipiscing elit sed do
eiusmod tempor

Lorem ipsum dolor
Sit amet consectetur
adipiscing elit sed do
eiusmod tempor

Lorem ipsum dolor
Sit amet consectetur
adipiscing elit sed do
eiusmod tempor
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Pyramid

Lorem ipsum dolor
Sit amet consectetur adipiscing elit sed do eiusmod tempor
Lorem ipsum dolor
Sit amet consectetur adipiscing elit sed do eiusmod tempor
Lorem ipsum dolor
Sit amet consectetur adipiscing elit sed do eiusmod
Lorem ipsum dolor
Sit amet consectetur adipiscing elit sed do
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Organogram

Name
Job title

Name Name Name Name Name
Job title Job title Job title Job title Job title

Name Name Name Name Name
Job title Job title Job title Job title Job title

Name Name Name Name Name
Job title Job title Job title Job title Job title
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Organogram + photos
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Notebook + text

]
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Lorem ipsum dolor
Sit amet consectetur
adipiscing elit sed do
eiusmod tempor

Lorem ipsum dolor
Sit amet consectetur
adipiscing elit sed do
eiusmod tempor

Lorem ipsum dolor
Sit amet consectetur
adipiscing elit sed do
eiusmod tempor
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Text + notebook

Lorem ipsum dolor
Sit amet consectetur
adipiscing elit sed do
eiusmod tempor

Lorem ipsum dolor
Sit amet consectetur
adipiscing elit sed do
eiusmod tempor

Lorem ipsum dolor
Sit amet consectetur
adipiscing elit sed do
eiusmod tempor
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Text + smartphone

&

b

Lorem ipsum dolor

Sit amet consectetur adipiscing elit sed do
eiusmod tempor incididunt ut labore

et dolore magna aliqua

Lorem ipsum dolor

Sit amet consectetur adipiscing elit sed do
eiusmod tempor incididunt ut labore

et dolore magna aliqua

Lorem ipsum dolor

Sit amet consectetur adipiscing elit sed do
eiusmod tempor incididunt ut labore

et dolore magna aliqua
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Rocket + icons

&

]
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Lorem ipsum dolor
Sit amet consectetur
adipiscing elit sed do
eiusmod tempor

Lorem ipsum dolor
Sit amet consectetur
adipiscing elit sed do
eiusmod tempor

Lorem ipsum dolor
Sit amet consectetur
adipiscing elit sed do

eiusmod tempor

Lorem ipsum dolor
Sit amet consectetur
adipiscing elit sed do

eiusmod tempor

’Q
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Steps | 4x

1

2

5

A

Lorem ipsum
dolor sit amet
consectetur
adipiscing elit sed
do eiusmod
tempor incididunt

]
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Lorem ipsum
dolor sit amet
consectetur
adipiscing elit sed
do eiusmod
tempor incididunt

Lorem ipsum
dolor sit amet
consectetur
adipiscing elit sed
do eiusmod
tempor incididunt

Lorem ipsum
dolor sit amet
consectetur
adipiscing elit sed
do eiusmod
tempor incididunt
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Text + isometric

Lorem ipsum dolor sit amet, consectetur
ut labore et dolore magna aliqua ut enim.

Laboris nisi ut aliquip ex ea
* Duis aute irure dolor in reprehenderit

* Excepteur sint occaecat cupidatat

Doloremque laudantium totam

1. Eaque ipsa quae ab illo inventore

2. Nemo enim ipsam voluptatem quia

2
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Infographic | 3x

Sit amet consectetur
adipiscing elit, sed do
eiusmod tempor incididunt
ut labore et dolore magna

]
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Sit amet consectetur
adipiscing elit, sed do
eiusmod tempor incididunt
ut labore et dolore magna

0 9

Sit amet consectetur
adipiscing elit, sed do
eiusmod tempor incididunt
ut labore et dolore magna
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Document #1

Lorem ipsum dolor sit amet, consectetur adipiscing
elit, sed do eiusmod tempor incididunt ut labore

]
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et dolore magna aliqua.

Lorem ipsum dolor sit amet, consectetur

adipiscing elit, sed do eiusmod tempor
incididunt ut labore et dolore magna aliqua

- Name + Surname

Lorem ipsum dolor
sit amet consectetur

Adipiscing elit, sed do
eiusmod tempor incididunt
ut labore et dolore magna
aliqua. Ut enim ad minim
veniam, quis nostrud
exercitation ullamco laboris
nisi ut aliquip ex ea
commodo consequat.

Duis aute irure dolor in
reprehenderit in voluptate
velit esse cillum dolore eu.

Lorem ipsum dolor
sit amet consectetur

Adipiscing elit, sed do
eiusmod tempor incididunt
ut labore et dolore magna
aliqua. Ut enim ad minim
veniam, quis nostrud
exercitation ullamco laboris
nisi ut aliquip ex ea
commodo consequat.

Duis aute irure dolor in
reprehenderit in voluptate
velit esse cillum dolore eu.
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Document #2

Lorem ipsum dolor sit amet consectetur

Adipiscing elit, sed do eiusmod tempor incididunt ut labore et dolore magna aliqua.
Ut enim ad minim veniam, quis nostrud exercitation ullamco laboris nisi ut aliquip ex ea
commodo consequat. Duis aute irure dolor in reprehenderit in voluptate velit esse cillum dolore

eu.

2
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Document #3

Lorem ipsum dolor
sit amet consectetur

Adipiscing elit, sed do
eiusmod tempor incididunt ut
labore et dolore magna
aliqua. Ut enim ad minim
veniam, quis nostrud
exercitation ullamco laboris
nisi ut aliquip ex ea
commodo consequat.

Duis aute irure dolor in
reprehenderit in voluptate
velit esse cillum dolore eu
fugiat nulla pariatur.

Excepteur sint occaecat
cupidatat non proident, sunt
in culpa qui officia deserunt
mollit anim id est laborum.
Sed ut perspiciatis unde.
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Lorem ipsum dolor
sit amet consectetur

Adipiscing elit, sed do
eiusmod tempor incididunt ut
labore et dolore magna
aliqua. Ut enim ad minim
veniam, quis nostrud
exercitation ullamco laboris
nisi ut aliquip ex ea
commodo consequat.

Duis aute irure dolor in
reprehenderit in voluptate
velit esse cillum dolore eu
fugiat nulla pariatur.

Excepteur sint occaecat
cupidatat non proident, sunt
in culpa qui officia deserunt
mollit anim id est laborum.
Sed ut perspiciatis unde.

2019 40% 55% 40%
2020 7% 80% 7%
2021 20% 26% 20%
2022 69% 31% 69%
2023 82% 85% 82%
2024 89% 92% 89%

Lorem ipsum dolor
sit amet consectetur

Adipiscing elit, sed do
eiusmod tempor incididunt ut
labore et dolore magna
aliqua. Ut enim ad minim
veniam, quis nostrud
exercitation ullamco laboris
nisi ut aliquip ex ea
commodo consequat.

Lorem ipsum dolor
sit amet consectetur

Adipiscing elit, sed do
eiusmod tempor incididunt ut
labore et dolore magna
aliqua. Ut enim ad minim
veniam, quis nostrud
exercitation ullamco laboris
nisi ut aliquip ex ea
commodo consequat.
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Lorem ipsum dolor
sit amet consectetur

Adipiscing elit, sed do
eiusmod tempor incididunt ut
labore et dolore magna
aliqua. Ut enim ad minim
veniam, quis nostrud
exercitation ullamco laboris
nisi ut aliquip ex ea.

]
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Lorem ipsum dolor
sit amet consectetur

Adipiscing elit, sed do
eiusmod tempor incididunt ut
labore et dolore magna
aliqua. Ut enim ad minim
veniam, quis nostrud
exercitation ullamco laboris
nisi ut aliquip ex ea.

Lorem ipsum dolor
sit amet consectetur

Adipiscing elit, sed do
eiusmod tempor incididunt ut
labore et dolore magna
aliqua. Ut enim ad minim
veniam, quis nostrud
exercitation ullamco laboris
nisi ut aliquip ex ea.

Lorem ipsum dolor
sit amet consectetur

Adipiscing elit, sed do
eiusmod tempor incididunt ut
labore et dolore magna
aliqua. Ut enim ad minim
veniam, quis nostrud
exercitation ullamco laboris
nisi ut aliquip ex ea.
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Document #5

Adipiscing elit, sed do eiusmod tempor
incididunt ut labore et dolore magna aliqua.
Ut enim ad minim veniam, quis nostrud
exercitation ullamco laboris nisi ut aliquip
ex ea commodo consequat.

Duis aute irure dolor in reprehenderit in
voluptate velit esse cillum dolore eu fugiat
nulla pariatur.

%
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Document #6

Lorem ipsum dolor
sit amet consectetur

Adipiscing elit, sed do eiusmod tempor
incididunt ut labore et dolore magna
aliqua. Ut enim ad minim veniam, quis
nostrud exercitation ullamco laboris
nisi ut aliquip ex ea commodo
consequat.

Duis aute irure dolor in reprehenderit
in voluptate velit esse cillum dolore eu
fugiat nulla pariatur.

Excepteur sint occaecat cupidatat non
proident, sunt in culpa qui officia
deserunt mollit anim id est laborum.
Sed ut perspiciatis unde omnis iste
natus error sit voluptatem accusantium
doloremque laudantium, totam rem
aperiam, eaque ipsa quae ab illo
inventore veritatis et quasi architecto
beatae vitae dicta sunt explicabo.

]
TUDelft

Lorem ipsum dolor sit amet
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mSubject

2
mSubject
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mSubject
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Text

Lorem ipsum dolor sit amet, consectetur adipiscing elit, sed do eiusmod tempor incididunt
ut labore et dolore magna aliqua. Ut enim ad minim veniam quis nostrud exercitation ullamco

Laboris nisi ut aliquip ex ea commodo consequat
* Duis aute irure dolor in reprehenderit in voluptate velit esse cillum dolore eu fugiat nulla

* Excepteur sint occaecat cupidatat non proident sunt in culpa qui officia deserunt mollit

Doloremque laudantium totam rem aperiam

1. Eaque ipsa quae ab illo inventore veritatis et quasi architecto beatae vitae dicta sunt

2. Nemo enim ipsam voluptatem quia voluptas sit aspernatur aut odit aut fugit sed quia

2
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Image (M) + text
| light mode

Lorem ipsum dolor sit amet, consectetur adipiscing elit, sed

do
ut labore et dolore magna aliqua. Ut enim ad minim veniam

Laboris nisi ut aliquip ex ea commodo consequat
* Duis aute irure dolor in reprehenderit in voluptate velit esse

* Excepteur sint occaecat cupidatat non proident sunt in

Doloremque laudantium totam rem aperiam
1. Eaque ipsa quae ab illo inventore veritatis et quasi

2. Nemo enim ipsam voluptatem quia voluptas sit aspernatur
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Lorem ipsum dolor sit amet, consectetur adipiscing elit, sed
do
ut labore et dolore magna aliqua. Ut enim ad minim veniam

* Duis aute irure dolor in reprehenderit in voluptate velit esse

* Excepteur sint occaecat cupidatat non proident sunt in

1. Eaque ipsa quae ab illo inventore veritatis et quasi
2. Nemo enim ipsam voluptatem quia voluptas sit aspernatur

5-6-2024 63




Image (M) + text
| light mode

Lorem ipsum dolor sit amet, consectetur adipiscing elit, sed

do
ut labore et dolore magna aliqua. Ut enim ad minim veniam

Laboris nisi ut aliquip ex ea commodo consequat
* Duis aute irure dolor in reprehenderit in voluptate velit esse

* Excepteur sint occaecat cupidatat non proident sunt in

Doloremque laudantium totam rem aperiam
1. Eaque ipsa quae ab illo inventore veritatis et quasi

2. Nemo enim ipsam voluptatem quia voluptas sit aspernatur
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Image (M) + text
| light mode

Lorem ipsum dolor sit amet, consectetur
ut labore et dolore magna aliqua ut enim.

Laboris nisi ut aliquip ex ea
* Duis aute irure dolor in reprehenderit

* Excepteur sint occaecat cupidatat

Doloremque laudantium totam
1. Eaque ipsa quae ab illo inventore

2. Nemo enim ipsam voluptatem quia
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Image (M) + text
| blue mode

Laboris nisi ut aliquip ex ea

Doloremque laudantium totam




Image (L) + text
| dark mode

Lorem ipsum dolor sit amet, consectetur
ut labore et dolore magna aliqua ut enim.

Laboris nisi ut aliquip ex ea
* Duis aute irure dolor in reprehenderit

* Excepteur sint occaecat cupidatat

Doloremque laudantium totam
1. Eaque ipsa quae ab illo inventore

2. Nemo enim ipsam voluptatem quia
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Image (M) + text
| light mode

Lorem ipsum dolor sit amet,
ut labore et dolore magna aliqua.

Laboris nisi ut aliquip ex ea
* Duis aute irure dolor in

* Excepteur sint occaecat

Doloremque laudantium
1. Eaque ipsa quae ab illo

2. Nemo enim ipsam
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Image (L) + text
| blue mode

Laboris nisi ut aliquip ex ea

Doloremque laudantium




Image (L) + text
| dark mode

Lorem ipsum dolor sit amet,
ut labore et dolore magna aliqua.

Laboris nisi ut aliquip ex ea
* Duis aute irure dolor in

* Excepteur sint occaecat

Doloremque laudantium
1. Eaque ipsa quae ab illo

2. Nemo enim ipsam
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Lorem ipsum dolor sit amet

Lorem ipsum dolor sit amet
ut labore et dolore magna aliqua.

Duis aute irure dolor in

Excepteur sint occaecat

Eaque ipsa quae ab illo

Nemo enim ipsam voluptatem ,
®Subject ™Subject "Subject "Subject “Subject “Subject

%
TUDelft 5.6-2024 71




Graph

Lorem ipsum dolor sit amet
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Lorem ipsum dolor sit amet
ut labore et dolore magna aliqua.

Duis aute irure dolor in

Excepteur sint occaecat

Eaque ipsa quae ab illo

Nemo enim ipsam voluptatem

]
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2019 40% 55% 40%
2020 7% 80% 7%
2021 20% 26% 20%
2022 69% 31% 69%
2023 82% 85% 82%
2024 89% 92% 89%
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