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Abstract

The way a autonomous delivery vehidiehaves dring anencounterwith apedestrianevokes an
experience comprised of many shtetm emotions, influenceshichbehaviour thapersonwill use
in reaction to the robotln many cases, for both the negative and pesiexperiences, behaviour
emerges thatesults in timeconsuming encounters. This time could be used for deliveriga but
order to have a neutral interactionbehavioural changes required

t NA2NJ g62N] o0& 5SaYSiS YRIA 2Wlatahes MivirthéRResin Be uded to O N2
drive poduct design and shape product experier&gthe sensing capacities and intelligence of our
artefacts are increasing new opportunities arGeuld these micremotions also be used to shape

the experience while aquuct is in use?

We conducted a caséusly on anencounterbetween pedestrians and a small delivery robot. A

Of dZAGSNA Y 3> o aS Renbionshdd expéiichd@seemed/td effdctivély capiu® N2
how they would subsequently respond to the @ab/NVe were able taesign robot behavig from
these®Wmotionclustersthat helpsi 2 A Kl LIS LIS2 LS SQ&a NXB & Lipacthided Yy R
time-efficientneutral encounter Thisconceptopens up the exciting nedesign spacef products

that actively respond to micremotions.

SEL




1. Introduction

Our emotions play a key role in how we experience and react to the world around
us. They can tempt us to throw a mobile device if interacting with it makes us
sufficiently frustrated, or they might cause us to eagerly engage whamwi@o

a robot on thestreetthat makesaus feel curious.

Lastmile celivery robotsare more and moreusedthroughout the world[ref],
where these autonomousgehiclesdeliver orders to customerg-or companies,
this method of deliveringoringslow costsandat the same timet increases the
time-efficiency of deliverieshemselves Because of these benefits fboth
companies and customense foreseeabigincrease in the number of robots that
will join thesidewalksn the nearfuture.
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Atthis moment, delivery robots are designfgt and foremosto interact with themain
stakeholderscompanyemployeestheir customers andhe people who intend talamage osteal

from the robot The robots ardessdesignedor the secondargtakeholdersthe pedestrians on the
streetswho encounter theseobotswithout illegalor harmfulintentions Althoughmostpedestrians
behave similato a robotasto other pedestrianswe noticed many recordings on open platforms, like
YaiTube, where pgestrians get curious or being playful and approach these delivery robots to
interact with them (se&igurel).

Figurel: A pedestrian tries to steal from a delivery robots and teases it in the proces
(https://lwww.youtube.com/watch?v=UPZwnc_Lk2M)

Pedestriansni thesekinds ofsituations getriggeredo @ (G KS NP 6 2whichin tum S K I @A 2 dzNJ
motivates them tcstartaninteraction. These interactions are time consumingthedeforeincrease

therobotQa R Sf ASMEANEmofivatisnSofithepedestrianemerges fromii KS NR 62 1,04 06 SKI
it isthe robot that makesdt worse byrepeatingthe same behaviour. The only solution robots have at

the moment is to wait until the pedestrian loses interest and the interactionlf the robots could

detect andadapt to the pedestrian behaviour, they could inflaethe situationandtherefore end it

sooner, which wouléhcreasdts own time-efficiency.

Tablel shows the categories we ctted to order the different kinds of undesired pedestrian
interactionswhich reduce thd¢ime-efficiencyof the robot. These categories show that undesired
LISRSAGNR LY 0 SKI @kebyaehative gr légal mdtivatiodsaBedahsk tHe3eS NJ
interacions emerges from human behaviour, which is complex, drenmany situations imaginable
where a robot will end up in such a time consuming interaction. Because of this broad range of
possible undesired pedestrian behaviosithie task ofdevelopng adagive robot behaviour very
complex Everysituation requirs aspecific different robot behaiour in order to shape the
pedestrian behaviour intadesired interaction.
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1. Teasing pedestrians 2. Playful pedestrians 3. Unable pedestrians 4. Unaware pedsrians

y N l‘.
AT A ’ o ‘a 3 A

Pedestrian engages a robotto ~ An explorative child wants to pla People with limited capabilities t- People who are occupied and
see their reaction by actions like with the robot. The child in this see or hear their environment R2y Qi y20iA OSR i
standing close to the robot or by situation gets more excited by  have to communicate in differen 6 f 2 01 GKS NRO 2 i
running along with it. These every reaction from the robot ways. accidentally.

actions emerge from this because it seems é&kan
motivation and cause an obstacl invitation to play with it.
for the robot. results in actions
like blockinghe road or running

along.

Because the pedestrian and, therefore, is the robot
experiences some forof unable to just cotinue driving.
curiosity, it will behave this way
until this feeling fades.

For example, a blind person has In these situationsa robot makes
to rely on hearing the robot in  pedestrians aware ats presence
The unpredictability of playful order to avoid a collision. in sucha way that theyill be
behaviour makes it difficult to prepared to clear his path (whict

predict if there will be a collision Frtc)m: tthhe_ perp(ledctlve Oflt.::e could become difficult if they get
robot, this could seem like a upset by the robot).

human that behaves this way on
LJdzN1J2aS @¢KSy il
https://www.youtube.com/watch detected.

?2v=V10G66fX2_4

https://www.youtube.com/watch
?v=ujzjZuhE92g

Tablel: Pedestrians have different activities and motivatiorisehave the wy they do and although the good intentions of
Y2aild 2F GKSY:X GKSe adAiatt ofz201 GKS NRoz2idQa LI (KD

2 KSYy Al AayQd LlRaarof S i 2fisRibpbssiBle/situatdgieétadetoS NP o6 2
enable the robot to detect thepecificsituation and adapt to it. With current technolog@ipossible

to process behavioural data in tfield (seeChapter?2), whichleavesus with the question of how a

delivery robot can detedpecificundesired pedestrian behaviour. Wigl aresearch andreateda

conceptthat enables a robot to do thikn order to develop this concept, we combined our education
(Design for Interactionyith our knowledge about autonomous vehicles.

Designers use micamotions (shorterm emotions mapped over tinj&0] (see Chapter 2}p
measure and shape a prodwexperiencd9]. Seeing that robots esdip in situations with complex
human behaviour, made us think abdwaiw toenable delivery robeatto createtheir own produd
experience that lead to the desired pedestrian behaviour.prbisdedthe question in this thesis
oCouldwe shape pedestrian behaviour based on detected +#@iootions during an encounter with a
delivery robdt éFigure2 visualizes our envisioned concept.
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Figure2: Current (undesired) interactions between delivery robots and pedestrians and therest/isbncept of aapting
to microemotionsi 2 A K LIS | LISRSad NR I ne@ral erBdoitd® NA Sy OS (2 SaidlofAak |

-

Design intervention

Our researclin this thesiss structured by: an exploration of the context in Chapter 1; the theoretical
framework in Chapter;2he developmentsof our methodsncluded in theperformed case study in
Chapter 3; the insights from thaase study are usdd redesign adaptive robot behaviaurChapter

4, whichis evaluated in Chapter 5; and we finish with Chapter 6 where we discdsslgs, draw

our conclusion and discuss our envisioned future developments.

In this chapter, we expre the context of a delivery robot on the sidewalk by an extended overview of
0KS NRo20GQaz 2dzNJ 20aSNBIF GA2ya G20 hdSdd B ddiiméhe ya K2
scope and research questions of this project.

1.1. Benefits of using delivery robots

Delivery robots are used bpmpariesto loadtheir productsandsert it, over the sidewakk towards
their customes (seeTable3) at any moment of the dayl'his approactcompaedto traditional
delivery methodsreduces deliery costsimproves deliveryime andis easily extendable in terms of
delivery capacity by adding more robots.

Table2 shows some&xamples frontompanies thadlreadyuse lastmile delivery robots to transport
orders to their custmers. For every compartyshowsthe robot name, the company, the type of
transport and what th@rimary motivation of theompany to use this robot.
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1. Starship . Kiwi 3. TeleRetail 4. Amazon Scout

&

up :
§‘*-"

CompanyStarship CompanyKiwiBot CompanyTeleRetail CompanyAmazon Company:FedEx

Technolog
echnologs Transportfood Transportpackages Transportpackages Transportpackages

Transportfood Motivation: W[ 2 4 S Motivation: W { | @A Motivation: ! vy S Motivation:Wa I { S

Motivation:WLy a4 RSt A@BSNE O2 vald 6f S A YS(C deliverymethod that has  deliveries flexible and
RSt AOSNEQZ K2dzZNJ RSt A G NJ y &Lk NI iKS alyYS | 02y OSYyASy
https://www.starship.xyz/ https://www.kiwibot.com/ https://teleretail.com/ https://blog.aboutamazon https://www.fedex.com/e
.com/transportation/what n-us/innovation/roxe
s-nextfor-amazonscout deliveryrobot.html

Table2: Various delivery robots that drive autonomously through dti¢se moment

Based orthis analysido companies who use delivemybots, wecanassume thathe main benefits of
this delivery method for companies and customers are the reduction of deliveryticostand
flexibility. These benefitare only achieved whetheir customers accephis delivery method as well.
Customers who receive their order by a delivery robot have tottrasthey protectheir order
during the travehndtrust that they cause nghysical harmThis can be s@&&dn thecurrent robot
dedgns which arefocusedon demandsrom theseg aswe called it main stakeholder&very
adjustmentdeveloped throughout our researcmustenable robosto meet these demands from the
main stakeholders: theompanies, their employees and their customansrd) an interaction.

1.2. Context of a delivery robot

Robot journey

Table3 showsarobot journey, which containmain context of a delivery robot during a delivery. The
journey stars with loading an ordeinto the robot aml sendng itaway, the robot travels the
sidewalks twardsthe customemwho receives the order and sesithe robot back to the company.

1.Loading an order: 2.Driving to a customer: 3. Delivering the order 4. Drivingback: 5. Returninghome:

Table3: Robot journey of delivering an order: 1) loadamgprder, 2) driving towards the customer, 3) handing over the
ordered items, 4) driving back to the company and 5) arriving back at the company.
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The five phases describedTiable3 contain all people who interact with the delivery robot in use.
Here the delivery robot picks up an order (1), drives on the sidewalk toward the deliveonl@@hgti
delivers the order (3) and then drives back (4) to the @mg5).

During their travel on the sidewalks, robots meet different pe@aeh of thenexperiening the
robot differently and, thereforeinteractingdifferently. The robottherefore isrequired different kinds
of behaviour during the different phasekdeliveryin order to optimize its timefficiency.

All stakeholders the robot encounters during its use

Themain stakeholders occur in the phase8 &,5. During the travephases of the delivery (phases 2
& 4) occurdifferent people¢ secondary staholders We distinguished people who used the
sidewalk as pedestrians and people who use the street as diiadie4 shows an overview of all the
stakehotlers we consider relevant.

Journey
Stakeholder: phase: Relevant robot interetions: Encounter location:  Included:

1. Company 15 Sending robot with an order and receiv. At the company itself No
employees the robot once $delivered

2. Pedestrians 2,4 Traveling with the robot: moving arounc On the sidewalk
it, walking next to it; walking betd it;
etc.

3. Drivers Encountering a robot that crosses the  On the streets
streets

4. Company Receiving theobot, taking their order At the delivery location
customers and sending the robot back

Table4: All stakeholders who emerge throughout the rofmirney of a delivery robot in action.

Selecting relevant pedestrians for our research

Pedestriangccuralone, with their families or friesdhandgngaround caring stuff or pulling a buggy
andin manymore variationsThecombinations of these variations result in comigxations
wherein a robot could end uprherobot shouldbe able to deal with all of these situatidnorder to
maintain its timeefficiency To simplifythe situationfor our researctits decided to creatéour
groupsof the main situationgseeTable5).

Single pedestrian Groups opedestrians Sidewalkrehicles Drivers (streetisers)
e ans) A ¢
: € /l (3

Ve

h(/ ‘ N p B

An individual walks on the Young people enjoying fre¢ A family walks around with Some pedestrians crossin
sidewalk towards his/her ~ time, hanging besides the a wagon or buggy. the streets like the robot
destimation. SSVEICH will do and encounter a ca

Table5: An overview of all theifferent kind of the main groups of pedestrians that will encounter a delivery robot and
could have an undesired interaction with it.
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Qur aim is to measure the influence of a robotagredestriaf) Behavour. By complicatinghe
situation of that pedesian, we complicate our measurements, which cdeddito wrong results and
conclusionsTo provide adequate results and conclusiedocus orthe individual pedestrian.

1.3. Desired robot behaviour on sidewalks

Previously we discussevhat is expected from @elivery robot and how pedestrian behaviour
emerges In this sectionve elaborate how we envision an idealistic encounter betwebats and
pedestrianshow pedestrian experiences relatenbicro-emotions and whathe possibilities are for
robotsto influencepedestrianghroughout an interaction.

Neutral sidewalkencountes

Whenhumans encounter each other on sidewalks, they effectively communicate about how they will
pass each otheAt least most of thermin a moment, it is clear for both parties tltmmunication is
needed to avoid walking into each other. This communicatiosists of nofrverbal (or textual)
communication like eyeontact (connectionpre-sorting(movement) or changing posture (body
language/ hierarchicatatus) to share intentian This behaviour provides feedback to the other, who
can react accordinglyn most casethisresults in an encounter where both pedestrians keep their

gl t1 OSt20A0G&8 OAFT GKSNB I NByQil |lye 2o0adl &t Sa G2
sidewalk is most neutral and most tiraficient for all parties.

Just likean encounter with another human on the sidewalk, an encounter with a delivery robot
requires a form of communication about who moves where to pass each other. In most encounters
with a delivery robot, communication is established and the encounter rastiis desired (neutral)
interaction, but in some cases, pedestrians experience a trigger to start-ediraeming interaction.

Pedestrian emotionexperiencesand behaviourateactions

Unfortunatelyfor the delivery robot their current behavionomotivates some pedestrians to behave
non-neutral which resuftin the undesireftime-consuming interactiog In these cases, their path
gets blocked which forces them to slow downmstop completely untilhe pedestrian decides to
step asideTo understand why pedestrians might act this way, we asked oursédiaemotivatesa
pedestrianto behave tle waythey da

Every interaction is influenced by the behaviour ahabllvedparties. All human behaviouah an
internal trigger upfront and so do pedestridra/e Every human behaviour is triggered by an
experience from the situation around thein the field of designing thes#tuationsareinfluenced
by the product interactiondo adequatelydesign product interactions, designers evaluate every
individual event where a user could experience something that is called asmiotion. Combining
all evens shows how the total experientleat is constructed. With the overview of alleghmicro
emotions is it possible to redesitite smallemparts that evoke the undesired mieemotions and
improve the whole experience (sEgure3).

Interaction < Behaviour <Experience <Micro-emotions

Figure3: Buildup from human behaviour that will influence interactions with delivery robots.

If an experience can be reflected afterwards, it sthde possible to predict what experience will
follow by measuring and combining miemotions. For thiseason we asked ourselves the
questionsWhat micreemotions emerge at the beginning of(andesirediencounter2 | WHch &
aspect of the robatould influence those miceanotionsg @
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TheN2 6 2 (i Q& onngufrd elrOyh@IS

Byresearching possibfeatterns between micr@motions and pedestrian behaviour, we intend to
improve the delivery time and therefore not only improve the benefits fonpemies and customers
who use these robots but also improve the communication between robots and pedestritres
sidewalks.

So, why not build a robot that stands up a bit andsgt®ng opiniosto increase its timefficiency?

Why should we dg create nice interactions where robots look like the animated robot&?&lell,
althoughenablinga robot to standup for itself wouldhelp to improve its timefficiency, but it would

also negatively influence the experience from pedestrians who are encountered, which will finally (in
extreme) lead to a terminatdike robot that forces its way to your housebiing food. Besides that

QY LISNBR2YyFfte y20 KIFLWLR G2 SyO2dzyiSN) d4dzOK NRBo 2
like acompany that usethis robots (and what if competitor robots get in a conflict?). So when we

R2Yy Qi ¢ | y {robdisDiNDe Sigelvaiks andl Weltrobots are too kind to be timefficient, we

have to provide the robot with different behaviour to enable it to establish neutral encounters.

Figured: Different kind of robot designs we know from the msvie

(left WaltEandright Terminator) which show how robot behaviour
can be interpreted differently.

| dzY't'y O0SKIF @A2dzNJ AayQid Ftgl ea
purpose. When people want to avoid contactime-

consuming interactions, they will communicate this by
performing defensive belé@ur that could prevent an

encounter completely. A delivery robot as sidewalk

user will experience comparable situations where it

should, in order to keep the same tirafficiency,

prevent or reduce the required time for that giiéc situation. Delivempbots should therefore, just

like humans, perform some form of defensive behaviour.

1.4. Main research questions

In this chapter we explored the context of a delivery robot whickided us the research questions
to answer the mainwpstion:6Could we shapeggestrian behaviour based on detected micro
emotions during an encounter with a delivery rofdi? order to answer this questiam Chapter 6
we have toanswer thefollowing subgquestions

1. dWhat micreemotions emerge at the beginning of(andesired) encountet?
SeeChapter 3 for our case study where a participant encounters a seemingly autonomous robot an
reflects on the experience and mieemotions which are explained in Chapter 2

HO® al 2 ¢ -eRAionyldad i Bertain pedestria®k I FA 2 dzNXK £
See Chapter 3 fdhe analyses of the results from the case study where we have clustered the resulf
explored patterns in the behaviours.

o dWhigh robotaspects could influence those (undesired) r@nTotions?
See Chapter 4 where wedesigned the robot behaviour order to adapt to the measured behaviour. li
Chapter 5 we evaluated our redesigns with an online test with the same participants to get an indic

from the relevance.




2. Theoretical framework

The intraluced concepbf improving the timeefficiency of delivery robots by
looking at micreemotionsis based on existing research in areas like haman
robot-interactions, social signal processing, social cues detection and processing
and society designn thischapter, we connect existingjterature and research

that explores a similar idear supports our concept and enabled us to measure
pedestrianmicro-emotions and experiences. To be sure that our concept is
feasible for a redife situation, we eplored the feasibility as welWith all this
information, we conducted a case study which can be found iGhapter3.
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2.1.  Observing human behaviour around autonomous robots

2 IS4G F 0S30SN dzy RSWEKIE (Y Rad §aaiviiRthailpedBstrigng shanQ | y R
around delivery robots, we drove around with a robot that seemed to be autonamaobserve the
reactionsand participated in an experiment that explored human reactions towards an autonomous
robot. From tlese experiencg we collected many insighte€ appendix) ande selected the most

relevant ones for the researchTiable6. Visuals are added to show the context (and not to connect

an insight to a specific observation).

Keeping a distance Evokel interest Scary robot movements Frustratingly slow robot

Because of the lack of space durit Autonomous robots evoke interes . @ & dzZRRSyYy OKI y 3 This person could not move arou
an over taking this person prefed and some fam of challenge by  driving patterntiscarel the people  the robot when it drove slower. In
to hold on to the table in order to some pedestrians who get who walked behind him. readion, the person got frustrated
avoid any contact with the robot.  stimmulated to test the robot on it
reactions.

Clear communication Dominant human behavioul Intentions in body language Frustrating surprise

By detecting the robot this persor The more this person got familiart By moving his shoulders inthe  The person waited for the robot,

decided to move to the left side of the robot, the more dominant he direction he was heading, this who stopped suddenly. This evoke

the table. Both the robot and the behaved. At this moment, the robc person communicated on whatsid ¥ NHza G NI G A2y 0o @&
pedestrian cald continue. had to wait in ordeto continue. he intenced to pass the robot. path got blockedy the robot.

Table6: Insights gained from our experiences with robot interactions and \adis@n of putting a robot in a crowed.

2.2. Processing micro-emotions

Human behaviour and experience, including emotions, shapes product experience and can be shaped

by it, but how can products be designed with this in mili€ro-emotions have been introducdyy

Desmet to try and capture the emotional aspects of an interaction such that they can inform the

design of products and their behavigil]. His work describes micenotions as internally
SELISNASYOSRNYa8K20H2yaés S@P21S8SR o0é +y S@Syid o6adz0
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