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IDE Master Graduation

Project team, Procedural checks and personal Project brief

This document contains the agreements made between student and supervisory team about the student’s IDE Master
Graduation Project. This document can also include the involvement of an external organisation, however, it does not cover any
legal employment relationship that the student and the client (might) agree upon. Next to that, this document facilitates the
required procedural checks. In this document:

The student defines the team, what he/she is going to do/deliver and how that will come about.
SSC E&SA (Shared Service Center, Education & Student Affairs) reports on the student’s registration and study progress.
IDE's Board of Examiners confirms if the student is allowed to start the Graduation Project.
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APPROVAL PROJECT BRIEF

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

chair Ir.Ruud van Heur 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 ?

comments
name date - - signature
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Making a Delivery Robot Streetwise using Expressive Behaviour 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 11 - 01 - 2021 22 - 07 - 2021 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

The near constant growth of e-commerce has been a fact since the mid 1990s. During 2020, roughly 15% of global
business-to-consumer retail sales took place online and that percentage is expected to keep growing (Lipsman, 2019).
While delivery companies have largely managed to keep up with our ever increasing shipping demands, the
consequences of a global pandemic have accelerated the shift towards online shopping even more. The results of a
survey by the United Nations Conference on Trade and Development seem to suggest the changes are here to stay.
("COVID-19 has changed online shopping", 2020)

However, even before the pandemic, last-mile delivery robots were starting to see more adoption. From delivering
medicine to hospitals or packages and pizzas to people's doorsteps. Besides being a lot less likely to spread contagious
disease, delivery robots will eventually become more efficient than their human counterparts. Accurately predicting
their time of arrival, working more consistently, and greatly reducing the chances of human error. Being able to
operate day and night, delivery robots will also be highly available and scalable to accommodate customer demands.
While their initial investment may be high, their operation will be cheaper in the long run.

Nevertheless, delivery robots can only reach their full potential when they can execute their deliveries autonomously
and with full confidence. Right now, that's not yet the case. While more and more delivery robots are starting to roll
out. This only happens with near constant supervision. Sometimes this will be done remotely. But more often than not
you will find an (unfortunate) employee walking or cycling behind the robot. The need for this supervision stems partly
from the fact that people, and therefore life on the street, are unpredictable. And if pop-culture has thought us
anything, it's that people and robots don't always get along. In fact, people can be downright abusive. Think TV series
like Westworld, movies like Chappie, or video games like Detroit: Become Human. To be successful, the delivery robot
will need to know how to deal with the difficulties of an urban environment. Among many things, this includes
knowing how to prevent dangerous situations and accidents, how to prevent frustration when navigating confined
spaces, and how to prevent vandalism or theft. In other words, the robot will need to become streetwise.

Figure 1 on the next page shows an overview of the stakeholders that will be involved, they are positioned in the
graph based on their expected interest and influence on this project. The next paragraph will explain the main
stakeholders in more detail.

For this project, the Institute for Advanced Metropolitan Solutions (AMS) has offered to provide access to the Husky
robotic development platform, which is an unmanned ground vehicle capable of a basic capacity to navigate
autonomously. AMS is interested in the potential of delivery robots because they are constantly working on
developing a deeper understanding of the city and on designing solutions for its challenges. In the case of AMS,
particularly for the city of Amsterdam, who is their main source of financial funding. This makes AMS an interesting
stakeholder because their livelihood depends not on whether they make a profit with their solutions but rather on the
amount of researchers they can keep interested in solving the current and future problems of the city of Amsterdam.
However, this shouldn't be a problem, as Amsterdam's municipality will likely be interested in the future possibilities
(and caveats) of an autonomous last-mile delivery robot occupying the pedestrian space of the city.
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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.

During their operation, last-mile delivery robots are bound to encounter undesired interactions with the people they
share a space with. The current solution is to have the robots under constant supervision. This solution is of course far
from ideal as the potential of a delivery robot lies largely in its ability to operate autonomously.

One way to reduce the amount and severity of these undesired interactions between delivery robots and humans
would be to make the robot more streetwise. According to a variety of dictionaries, the general definition of streetwise
describes attributes like the experience, knowledge, skills, attitude, awareness and resourcefulness necessary to deal
with the potential difficulties or dangers of life in an urban environment. (Oxford Dictionary, n.d.; Merriam Webster, n.d,;
American Heritage Dictionary, n.d.) One of the challenges will be to translate these abstract terms into meaningful
functions for a delivery robot.

The current expectation is that "expressive behaviour" will be one of these functions that allow a robot to become
more streetwise. Expressive behaviour is here defined as the ability of robots to non-verbally communicate their
unobservable internal state and intentions to others around them. To keep the project manageable within the allotted
timeframe, the solution space will primarily focus on the specific area of expressive movement. Finally, to verify the
effectiveness of the proposed solution, a method to objectively measure how streetwise the robot has become will
have to be devised and executed.

based on an animated video studv and a Iow fi proof of- concept prototype.

When driving a car, there are explicit rules that everybody is expected to know and follow. When navigating the
sidewalk on the other hand, the rules are implicit. Meaning our behaviour is largely determined by our social norms
and the expectations that come with those. If a delivery robot would do nothing else than to drive straight from point
A to point B, disregarding everybody it encounters, it probably wouldn't end well and lead to many undesired
situations. To define the unwritten rules the first step will be to research the different types of undesired interactions.
This will require in-depth knowledge on the current behaviour of delivery robots and of the people they encounter.
The expected result is a set of recommendations that makes these unwritten rules of behaviour explicit.

Next, to get a better understanding of how the robot should behave during those interactions, research should be
done to establish how the delivery robot can obtain streetwise qualities. Which figurative knobs need to be turned to
makes to robot more streetwise? This will be achieved by defining the meaning of streetwise in terms of its effect on
things like culture, shapes, materials, tempo and most importantly on movement.

Finally, the most promising types of expressive movement will be demonstrated with the help of a video study where
participants are asked to give their opinion on the effectiveness of the proposed solution. To verify the results and to
ground them in reality a physical prototype will demonstrate the most effective solution.
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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 11 -1 - 2021 22 - 7 - 2021 end date
Gantt Chart Part-time 4 days/iweek

Calendar week 20 3] a4 s s 7[ 8 9 w n| 12| 13 14| 15 18| 17 18 19| 20 21| 22] 23| 24 25 26 27 28
Project week [ 1] 2] 3] 4] s s 7] 8] o] 1w m[ | 1] 13[ 14| 18] | 18] 17] 18] 9] 20| 21] 2] 23] 4] 2
Kickoff meeting -

Research

Conceptualization
Digital prototypes
Mid-term evaluation -
User feedback
Physical prototype
Green light meeting

Final test & reporting

Graduation ceremony

Part-time

| will be working on my graduation project for 4 days a week, from Maonday te Thursday. For the past few years | have been tutering highschool
students in Maths and Physics during the weekends, in the past at their homes but these days over the internet. This job has allowed me to the
earn some extira cash to pay my rent. In order to continue tutoring over the weekends. and because of the relatively high workload of a
graduation project, | think it would be beneficial to have one day a week without any obligations.

Deliverables per phase

Research : A list of requirements and how to’s aimed at achieving a streetwise delivery robot

Conceptualization : Expressive behaviour concepis based on the list of requirements and how to's, mestly focusing on movement
Digital prototypes i A set of animations demenstrating the expressive movements from the conceptualization phase

User feedback 5 The results of a user feedback study intended te find the most promising expressive movements

Physical protoype 3 A physical representation of the most promising expressive movement

Test & finalizations I Adjustments to the design and a final test showing the effectivness of the physical prototype

Legend

Evaluation mesting
Working day
Holiday

During the research phase the meaning of streetwise will be defined within the scope of delivery robots in order to
defined the list of requirements and how to's. Extensive desk research will be conducted on topics like human robot
interactions, the problems and solutions of current delivery robots, and the psychology and reasoning behind
pedestrian behaviour and most importantly the design language that can make a delivery robot streetwise.

In the conceptualization phase tools such as mind maps, user observation, function analyses and the previously
defined list of requirements and how to's will be used to achieve different expressive movement concepts. The most
promising findings and design combinations will presented during the midterm evaluation.

With the help of the results from the mid-term, the most promising concepts will be used to execute a video-study to
judge the effectiveness of the expressive behaviour. At the same time the physical prototype will start to take more
shape. After the video study has received the needed user feedback the final weeks will be used to improve the final
design of the physical prototype and to polish the presentation of the expected set of recommendations.

Meetings with my mentor Jered will happen every Thursday (when | have something to discuss) and meetings with
my chair Ruud will happen at least every other week and optionally more often when desired.
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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.

During my search for a suitable graduation project | often found myself (to my surprise) most interested in DFI project
briefs. However, | know from personal experience (and from the fact that | chose to follow the IPD master's program)
that I generally prefer the technical embodiment side of a project. This resulted in the idea to combine my IPD
experience with some DFI elements, focusing on embodiment as well as emotions and interaction.

Secondly, because the Advanced Prototyping minor and the Video for Design elective were two of my favourite
courses from the bachelor I would like to incorporate their themes in my graduation project. Being able to
demonstrate how video and animation can contribute to the exploration and validation of potential design solutions
is definitely something | would like to prove (and of course learn more about)

My further ambitions and goals are to learn:

- how to animate a 3D model in Blender

During my studies at IDE, | have acquired hands-on experience with a variety of 3D creation suites. Right now | am
most comfortable using SolidWorks but | have some basic experience with Rhino, Maya, and Keyshot as well. However,
since these programs are very expensive, if | want to use them after my studies, | am interested in exploring the
capabilities Blender as it is a free and open source alternative.

- how to be (even more) creative

They often say that the first step to becoming more creative is to simply believe that you ARE creative! During previous
design projects | always preferred to spend most time on the embodiment phase of a project because I've always
been a little afraid of the uncertainties present during the ideation and conceptualization phase. At the end of my
graduation project | therefore hope to have more confidence in the early decision making process.

- how to be a better planner / project manager

During my internship at FLEX/design my supervisor told me the best thing | could do to improve myself as a designer
was to spend some more time on project planning. He suggested | should always start something with "the end in
mind" and | should more often try to cut my project up into smaller pieces. By putting this advice intro practice during
my graduation project | hope to experience less deadline stress and to improve my working efficiency.

- how to design with smart connected products

Another thing | noticed during my internship was the great interest product solutions that use data and sensors to
improve an existing function or user experience. Since smart product are also a personal interest of mine | do hope to
learn more about how smart and connected product features will play a role in the field of delivery robots. While
having some basic robotics programming experience with LEGO Mindstorms and Arduino | would love to improve
those skills or to discover new technologies like the HUSKY robotics platform.

FINAL COMMENTS

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