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APPROVAL PROJECT BRIEF

To be filled in by the chair of the supervisory team.

chair Nicole van Nes date - - signature

CHECK STUDY PROGRESS

To be filled in by the SSC E&SA (Shared Service Center, Education & Student Affairs), after approval of the project brief by the Chair.
The study progress will be checked for a 2nd time just before the green light meeting.

Master electives no. of EC accumulated in total: EC . all 1*tyear master courses passed

Of which, taking the conditional requirements
into account, can be part of the exam programme EC missing 15" year master courses are:

List of electives obtained before the third
semester without approval of the BoE

name date - - signature

FORMAL APPROVAL GRADUATION PROJECT

To be filled in by the Board of Examiners of IDE TU Delft. Please check the supervisory team and study the parts of the brief marked **.
Next, please assess, (dis)approve and sign this Project Brief, by using the criteria below.

e Does the project fit within the (MSc)-programme of M) APPROVED[) NOT APPROVED )

the student (taking into account, if described, the

activities done next to the obligatory MSc specific ) APPROVED r) NOT APPROVED )
courses)?

¢ |s the level of the project challenging enough for a
MSc IDE graduating student?

e |s the project expected to be doable within 100
working days/20 weeks ?

¢ Does the composition of the supervisory team
comply with the regulations and fit the assignment ?
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Designing predictable behaviour for autonomous delivery robots project title

Please state the title of your graduation project (above) and the start date and end date (below). Keep the title compact and simple.
Do not use abbreviations. The remainder of this document allows you to define and clarify your graduation project.

start date 16 - 03 - 2023 03 - 08 - 2023 end date

INTRODUCTION **
Please describe, the context of your project, and address the main stakeholders (interests) within this context in a concise yet

complete manner. Who are involved, what do they value and how do they currently operate within the given context? What are the
main opportunities and limitations you are currently aware of (cultural- and social norms, resources (time, money....), technology, ...).

space available for images / figures on next page

Autonomous vehicles are on the rise therefore it is important to properly understand how this will influence behaviour
in traffic. Delivery robots and autonomous vehicles are facing the same challenges when it comes to safe traffic. For
this project the focus will be on the delivery robots but the research can be extended to autonomous vehicles.

These delivery robots can be used in different settings such as food delivery, package delivery, hospital delivery and
room service. | will focus on delivery robots that take part in traffic, thus the food and package delivery robots. The
biggest challenges these delivery robots face are [1] technological and operational challenges, [2] humans could be
uncomfortable with- and unaccepting towards autonomous vehicles, and [3] every country has their own legislative
framework that the robots have to comply to, which makes integration difficult (LMAD, 2022).

The social acceptance of the robots is related to the uncomfortable feeling people have concerning safety. This project
will focus on this uncomfortable feeling in traffic when interacting with an autonomous robot. If people feel
comfortable with delivery robots in traffic, they will be more accepting and this can be the stepping stone to people
accepting autonomous vehicles in the future.

The delivery robots mainly drive on the pavement and will therefore primarily interact with pedestrians, however the
robots will also cross the street at times and will then interact with other road users (cars and bicycles) as well.
Pedestrians will be the main focus group, but other road users will be taken into account, this combination will be
referred to as ‘traffic participants’.

Current traffic participants don't have any experience with autonomous vehicles which makes the robots
unpredictable which can lead to an uncomfortable feeling and even to unsafe traffic interactions for traffic
participants. This unpredictability has its foundation in the way of communicating with the other traffic participants.
When traffic participants encounter each other they communicate that they've seen each other and about how they
will pass each other. This communication consists of non-verbal (or textual) communication like eye-contact
(connection), pre-sorting (movement) or changing posture (body-language/hierarchical-status). This behaviour
provides feedback and enables them to make a prediction of the others movements so they can pass each otherin a
safe and efficient way. The current delivery robots do not have a clear non-verbal communication technique and
makes them therefore unpredictable which causes this uncomfortable feeling. Another thing to take into account is
that the interaction between the robots and the traffic participants has to be intuitive, because there won't be a
manual available.

My research explores what makes traffic participants (un)predictable and how a design intervention can influence the
communication and interaction between delivery robots and traffic participants. When the communication is
executed in a desirable way, the robot’s behaviour will be more predictable and the traffic participants will feel more
safe during their interaction in traffic.

This project will help stakeholders (such as the RDW and companies that want to use delivery robots in their delivery)
set constraints for legalisation of delivery robots to keep traffic safe.

If we create a comfortable interaction between traffic participants and delivery robots by ensuring better predictable
behaviour we can create higher acceptance and trust in autonomous vehicles.
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image / figure 2. __Schematic overview of the design process
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PROBLEM DEFINITION **

Limit and define the scope and solution space of your project to one that is manageable within one Master Graduation Project of 30
EC (= 20 full time weeks or 100 working days) and clearly indicate what issue(s) should be addressed in this project.

ASSIGNMENT **

State in 2 or 3 sentences what you are going to research, design, create and / or generate, that will solve (part of) the issue(s) pointed
out in “problem definition”. Then illustrate this assignment by indicating what kind of solution you expect and / or aim to deliver, for
instance: a product, a product-service combination, a strategy illustrated through product or product-service combination ideas, ... . In
case of a Specialisation and/or Annotation, make sure the assignment reflects this/these.

The main problem is that pedestrians (and other road users) don't know what to expect and therefore they can't
predict and anticipate the robot’s next moves. | will create an understanding about the foundation of communication
in traffic and will translate this into the delivery robot situation. | will bridge the communication between delivery
robots and humans to ensure safe traffic through a more predictable behaviour from the delivery robot.

| will start with researching what makes behaviour (un)predictable, from this research | will gather the key findings and
identify the key aspects that make behaviour (un)predictable. After a phase of ideation and testing this will eventually
lead to a design proposal on how to handle these unpredictabilities in delivery robots. The final design discussed in
the proposal will be an iteration of the final prototype which was validated with users. This design proposal will
contain an example of a solution (and therefore not the only solution) for the unpredictable behaviour of self-driving
robots.

I will also look into the core of traffic communication and ways how to translate this into the new situation. | will do
research into the communication ways of other traffic vehicles, such as cars and motor cycles, and gather information.
All this will be converted into insights | can use to design better predictable behaviour for autonomous delivery robots,
which will be concluded in the final design proposal. The research and results can be extended to other autonomous
vehicles because all these vehicles face similar challenges. If the behaviour of the robot is more predictable than the
communication between the two parties will be better which will help with the acceptance of autonomous vehicles in
traffic.

will be validated throuqh user testing and can potentlallv be apphed to other autonomous veh|c|es

Research: this will be a combination of desk research and field research (prototyping and testing, interviewing and
observing). I will dive into the communication between humans in traffic, the communication between humans and
robots in general, and what the differences are between that and human-human communication. The insights of that,
together with an understanding of the problems with autonomous robots today, will help me with designing clear
communication techniques for the delivery robot. The understanding of pedestrian behaviour will also be the starting
point of figuring out what makes behaviour (un)predictable in traffic. By looking at existing examples of how vehicles
communicate | can visualize the key communication aspects which can help during the design process. Additional
research will be done to get a clearer understanding of (un)predictable behaviour (interviews, literature research) and
these insights will be tested with rapid prototypes to be able to conduct an observational test in context.

Prototyping + testing: the results of the research will be tested by making quick prototypes and testing these
hypotheses accordingly (trying to replicate the real situation as much as possible).

Design proposal: after testing the prototypes | will combine the results in one final prototype which will be tested
again and after that | will come with a final design proposal (which is substantiated with the results of the test) that will
give an example of how delivery robots can communicate better to make their behaviour more predictable. This
proposal can be a starting point for autonomous vehicle-concepts that focus on better communication. | will also
create a recommendations-file concerning design insights/criteria/guidelines on pedestrian-delivery robot interaction.

IDE TU Delft - E&SA Department /// Graduation project brief & study overview /// 2018-01 v30 Page 5 of 7
Initials & Name  N.A. Knorringa Student number 4553276

Title of Project _Designing predictable behaviour for autonomous delivery robots




z
TUDelft
Personal Project Brief - IDE Master Graduation

PLANNING AND APPROACH **
Include a Gantt Chart (replace the example below - more examples can be found in Manual 2) that shows the different phases of your
project, deliverables you have in mind, meetings, and how you plan to spend your time. Please note that all activities should fit within

the given net time of 30 EC = 20 full time weeks or 100 working days, and your planning should include a kick-off meeting, mid-term
meeting, green light meeting and graduation ceremony. lllustrate your Gantt Chart by, for instance, explaining your approach, and
please indicate periods of part-time activities and/or periods of not spending time on your graduation project, if any, for instance
because of holidays or parallel activities.

startdate 16 -3 - 2023 3 - 8 - 2023 end date

Month | March ‘ April May June | Jduly | August

Calender week 7 12 |13 |1 |15 | 16 | 17 | a8 | 19 | 20 | 21 Wl | 2 | 25 |2 |7 |28 |25 |0 | : |@m

Project week 1 2 | 3 | a | s 6 7 |8 8 1w 11| 12 |13 | 1 15 16 17 18 19 20 21 22 2 Totaldaysoff
Days off | ‘ | 1 1 1 1 1 s 10

Kick-off | 16th of March | |

Midterm | | thofMay | I
‘Green light ~Gth of July |
Defence = [ b | - 3rdofAugust |

Analysis a
Literature research | | | | | k

Interviews with experts | | \ ]

White insights interviews
Prepare for ohservational research | il 1
Rapid prototyping | |
‘Observation tests |
| |

Wiite set-up = resulfs test

Define the unknown unknowns | | | |
Define needs

Brainstorm | | | |

Rapid prototyping

Teeing _ =
Wiite set-up for tesfing (+ what & why ) ]
Prepare for midterm | A i
lterate + process insights | |
Define direction

White process of iterafion

Conuamu_llisaliull 8evaluation | | |

Final ideation |

Create final prototype | | | | | | |
|

Test final prototype

Wiite test-pian | |
Process insights | | | b
Develop design proposal | i 1
Prepare for greenlight ]
ing and prepari ion Sy Y — [— | LT T 7 IS

I will have weekly meetings with my mentor Jered and every other week my chair Nicole will join these meetings.

My project is divided into three main parts: Analysis, I[deation and Conceptualisation & evaluation.

1. Analysis, during this phase | will get familiar with the topic by doing literature research and interviewing experts. At
the end of the analysis phase | will prepare for an observational research in which | will do some low-fidelity tests with
rapid prototype(s). After these tests | can define the unknown unknowns and define the needs for the stakeholders.

2.|deation, through brainstorming | will be able to make new rapid prototypes based on the results of phase 1. These
prototypes will again be tested and an iteration process will begin which is based on the insights gained from the
tests. At the end of this phase these results of the iteration process will be refined into one final design direction.

3. Conceptualisation & evaluation, from the design direction there will be another ideation and this will lead to the final
prototype. A test plan will be created to test this final prototype and the results and insights will be processed and
visualised as a design proposal.

Every phase | will write my decisions and the reasoning behind them. These phases can be found in the planning in
ltalic (and in light teal), and at the green light meeting 60%-80% of the writing will be done.
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MOTIVATION AND PERSONAL AMBITIONS
Explain why you set up this project, what competences you want to prove and learn. For example: acquired competences from your
MSc programme, the elective semester, extra-curricular activities (etc.) and point out the competences you have yet developed.

Optionally, describe which personal learning ambitions you explicitly want to address in this project, on top of the learning objectives
of the Graduation Project, such as: in depth knowledge a on specific subject, broadening your competences or experimenting with a
specific tool and/or methodology, ... . Stick to no more than five ambitions.

This is a super relevant topic because we're living in a world that is becoming more and more digital. The COVID-19
pandemic definitely had a huge impact on shopping behaviour and according to the Food Industry Association (2020)
77% of the participants is shopping groceries online. These smart, autonomous delivery robots are already driving and
delivering packages around the world and it is only a matter of time before they reach us.

Having autonomous vehicles in traffic will have a big impact on everyone which means that a well thought out design
can benefit a lot of people too. This is one of the reasons | am super motivated to grab this challenge with both hands
and | hope my master thesis can help companies, such as the RDW, to enable autonomous vehicles in traffic in a safe
and comfortable way for the other traffic participants.

| think as a interaction designer the strength you have is to analyse a current situation and by observing, testing,
interviewing and literature research you're able to pick out the biggest challenges in a situation. These challenges will
be the starting point of the ideation. In DFI we learned that user tests are super important if you want a user friendly
product (learned a lot about this in UXAD) and if the goal is to fuse a new technology in the routine of people (who
didn't ask for this change) it has to be user friendly. This way | believe it will be accepted earlier and this will lead to a
safer traffic situation.

| feel like this graduation topic allows me to do the full circle of an interaction designer process, which is something I'm
very excited about. | love doing research and finding the main aspects that can make or break an innovation and using
prototypes to test these hypotheses and in the end create a user-friendly design that can benefit a lot of people.

During the past years | have learned a lot about myself. | have encountered certain challenges in which I've discovered
my strengths and weaknesses. My personal ambition is to grow in these weaknesses:

- Throughout the bachelor and the master at IDE we have plenty of moments in which we are thrown into the deep
end but | haven't done anything like this before. | will be the only one who is fully responsible for the course of this
project and that scares me a little. | can work good under pressure but | can also easily overwork myself. | have to learn
to cope with the responsibility and to keep the balance between working hard and taking breaks.

- I also have to learn not to get tunnel vision. | have experienced in other projects that | can get super excited about
one idea and | get hyper focussed on that. But there might be other solutions buried in my insights that | should take
into account.

- lam not great in visualizing things, | usually make something too chaotic. | would really love to learn how to visualise
something that communicates clearly what you want to get across.

- | want to learn more about the non-verbal and non-textual communication we use in traffic and how a vehicle can
replicate that.

- I want to learn to make rapid prototypes but still be able to reciprocate the real situation as much as possible and get
high quality test-results.

FINAL COMMENTS

In case your project brief needs final comments, please add any information you think is relevant.

LMAD (2022, December 5). The Future of Autonomous Delivery: Challenges & Obstacles.
https://www.Imad.eu/news/the-future-of-last-mile-av-adr-obstacles/
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Design proposal: after testing the prototypes I will combine the results in one final prototype which will be tested again and after that I will come with a final design proposal (which is substantiated with the results of the test) that will give an example of how delivery robots can communicate better to make their behaviour more predictable. This proposal can be a starting point for autonomous vehicle-concepts that focus on better communication. I will also create a recommendations-file concerning design insights/criteria/guidelines on pedestrian-delivery robot interaction.
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My project is divided into three main parts: Analysis, Ideation and Conceptualisation & evaluation. 

1. Analysis, during this phase I will get familiar with the topic by doing literature research and interviewing experts. At the end of the analysis phase I will prepare for an observational research in which I will do some low-fidelity tests with rapid prototype(s). After these tests I can define the unknown unknowns and define the needs for the stakeholders. 

2. Ideation, through brainstorming I will be able to make new rapid prototypes based on the results of phase 1. These prototypes will again be tested and an iteration process will begin which is based on the insights gained from the tests.  At the end of this phase these results of the iteration process will be refined into one final design direction. 

3. Conceptualisation & evaluation, from the design direction there will be another ideation and this will lead to the final prototype. A test plan will be created to test this final prototype and the results and insights will be processed and visualised as a design proposal. 

Every phase I will write my decisions and the reasoning behind them. These phases can be found in the planning in Italic (and in light teal), and at the green light meeting 60%-80% of the writing will be done.
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	Project Motivation: This is a super relevant topic because we’re living in a world that is becoming more and more digital. The COVID-19 pandemic definitely had a huge impact on shopping behaviour and according to the Food Industry Association (2020) 77% of the participants is shopping groceries online. These smart, autonomous delivery robots are already driving and delivering packages around the world and it is only a matter of time before they reach us. 
Having autonomous vehicles in traffic will have a big impact on everyone which means that a well thought out design can benefit a lot of people too. This is one of the reasons I am super motivated to grab this challenge with both hands and I hope my master thesis can help companies, such as the RDW, to enable autonomous vehicles in traffic in a safe and comfortable way for the other traffic participants. 

I think as a interaction designer the strength you have is to analyse a current situation and by observing, testing, interviewing and literature research you’re able to pick out the biggest challenges in a situation. These challenges will be the starting point of the ideation. In DFI we learned that user tests are super important if you want a user friendly product (learned a lot about this in UXAD) and if the goal is to fuse a new technology in the routine of people (who didn’t ask for this change) it has to be user friendly. This way I believe it will be accepted earlier and this will lead to a safer traffic situation. 
I feel like this graduation topic allows me to do the full circle of an interaction designer process, which is something I'm very excited about. I love doing research and finding the main aspects that can make or break an innovation and using prototypes to test these hypotheses and in the end create a user-friendly design that can benefit a lot of people.
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- Throughout the bachelor and the master at IDE we have plenty of moments in which we are thrown into the deep end but I haven’t done anything like this before. I will be the only one who is fully responsible for the course of this project and that scares me a little. I can work good under pressure but I can also easily overwork myself. I have to learn to cope with the responsibility and to keep the balance between working hard and taking breaks. 

- I also have to learn not to get tunnel vision. I have experienced in other projects that I can get super excited about one idea and I get hyper focussed on that. But there might be other solutions buried in my insights that I should take into account.   

- I am not great in visualizing things, I usually make something too chaotic. I would really love to learn how to visualise something that communicates clearly what you want to get across. 

- I want to learn more about the non-verbal and non-textual communication we use in traffic and how a vehicle can replicate that. 

- I want to learn to make rapid prototypes but still be able to reciprocate the real situation as much as possible and get high quality test-results. 
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