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In the field of HumafRobot Interaction (HRI), the appearance of rolplesys animportant role as it
influences dza S Mdic€ptions and expectations of theibehaviouy shaping the overall user
experience. This research profezxplores the potential of geerative artificial intelligencéAl)as a
design tool to assist robot designers in making informed decisions about robot face .dékign
central research question addressed in this studydtitow to create a tool thasimplifiesimage
generation to geneate robot faces to assist robot designers in tlieicisioamaking?e

To answer this question, the project examines ways to integratdridén image generation
models into robot face desigto enhance the overall design process. Additionally, the project
investigates the potential value of these tools in educational and design confExés.research
methodology comprises a background research phase, including a literature reviegsential
factors in designing robot faceas well as a examination of tke latest advancements in digital
decisionmaking and Al too]gathering new insights for incorporating ingonoveltool. The research
further utilisesthe creative technology design method.

As part of the ideation phasey stakeholder analysis wanducted to understand the
perspectives and needs of users.eTdnalysistogether with the background researclserved as a
foundation for brainstorming and ideation, of which two concepts were chosen for further
development into prototypesThefirst prototype is an interactive software solution that guides users
through setting up their own image generation model, with a specific focus on robotrétated
imagery. This solution is implemented as a Jupyter Notebook, offénmgersatilityto run the file
on cloud servers, given the resouritgensive nature of image generatiohe second prototype is
an informative guide presented as a poster, providing insights and guidelinesddwé robot face
design. This guide is tailored to beginners ie #il field and is compatible with various existing
imagegeneration tools, enabling easy sharing on social media platforms for increased accessibility.

While the prototypes show potential, further user testing is required to validate their
effectiveness inenhancing the robot face design process. The study aims to contribute to the
advancement of HumaRobot Interaction and Adriven design tools, facilitating more efficieand
creative decisionmaking processes in the field of robotics.
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The rapid advancements in robotics have been widetpgnisedand continue to stimulate growth

in variousfields, ranging from manufactung to healthcare, education, and entertainmefit]. In
certain areas, the increasing use of robotics means the need for robots to interact with humans
naturally and intuitivey is becoming more pressing. To enhance HuwRahot interaction the
appearane of a robot is a significant factor. From the sleek and minimalistic designs of industrial
robots to the cute and expressive features of social robots, the look of a robosigaificarly
influence how we perceive and interact with [R]. Part of desgning an appearance can be the
inclusion of a faceDesigners are needed to design these robot faeesl with that comes the need

for design tools. As a bachelor project in 20Eva Velt created a database callddt KS w2 0 2
Facebook édnsisting of 10Zanalysedrobot faces[3]. The robot Facebook has been set up as a
collectionbased design tool for (education of) the future generation of social robot designers.

The field of Artificial Intelligence (Al) has also made tremendous strides in recent times. Large
language models Like GBT4] and image generation models like DAL[5] and Stable Diffusiof6]
have set new standards for whegchnology can achiee. These tools might offer a radically different
approach to robot design and designers

This project aims to explore how generative Al can be used as a design tool in the field o Human

Robot Interaction, perhaps trained by a data seich as the Robot Facebook. Furthermore, this

project will explore where and how such tools might have value for education and design. The
research questiodiHow to create a tool thasimplifiesimage generation to generate robot faces to

assist robot degners in their decision making®ill be usedto guide the project and will be

supported through the use of the following subsearch questionsd 2 KI & G22f & OdzZNNB Yy (
terms of digital (design) decision mak@ég&i 2 KI & A& (KS LIS RdEsthgldehera®s 2F O
tools?, a g K G LI NF YSGSNE | NB AYLR2NIIyHyY havhaOdediaa A RS NJ ¢
format can a tool that simplifies image generationuseful?¢

The first sulresearch questiond 2 KI 4 G 22f & OeaNsNG dfigitdl Besignl dedision A y
making?e will be answeredisingan internet and literature survey, focused on thate-of-the-art of

existing tool mechanisms used for decisioaking in different fields. To answer the second -sub
research questiond 2 K lis the performance of current existing generation t@6la software
evaluation will be performed byasseswg the performance and suitability of differenimage
IASYSNI GA2Y Y2RSta oLDaQao® ! £ AGSNF ( dzSearthS OA S &
question OWK I & LI N} YSUGSNE FNBE AYLERNIFyYy(d .The lasD8uwa A RS NJ
research questiondin what media format can a tool that simplifies image generatiomeul 2€ will

be used during the ideatioand specification phaseeventuallyresulting in a prototype of a tool to

simplify image generation tayenerate robot faces to answer the main reseacglestiona | 2 ¢ i 2
create a tool thatsimplifiesimage generation to generate robot faces to assist robot designers in

their decisioY' I {1 A Yy 3 K€

This report aims to providenaoverview of the development process for a tdol simplify image
generation technigas to generate robot face The report begins by detailing the background
research that informed the development of the tool @hapter2. To guide this researcihe first

three subresearch questions introduced previously will be used as the main aim of the background
research Following thebackground research resujtthe final subresearch question aneventually

main research question is answered through thalizationof atool in the subsequent chapters.



Chapter3 provides an overview of the methods and techniques usedreatea tool, while
Chapter4 outlines the potential stakeholders of the final product. Chagielelves into thedeation
processkickstartingthe development. Chapte6 then outlines the process of forming the final
specifications of the tool. Chapt@rdetails the process of realizing a tool, while Chagtéwcuses on
results andtesting to determine if the tool satisfies the specifications outlined in Chatein
Chapter9, the overall process and the results of the testing phase are discussed, this chapter also
explores theresearch limitationsand suggestions for future work. The report concludes in Chapter
10 by comparing the final result to the main research questiensuringit has been successfully
answered Followedby the appendix and references used throughout the research process.



Background researcghguided by three suguestions was conductedto lay a foundation for the
project The first subquestion focuses on current digital decisioraking tools available and will be
looking at the stateof-the-art of related projects and tools that can serve as inspiration aecision
making mechanisms used in various fields.answer the second sutuestion, a software evaluation
of different image generation models will be condedtto determine their performance and
suitability for the project.Finally, a literature review will be conducted to answer the third-sub
guestion, which focuses on identifyiegsentiafactorsto consider wherdesigning robot faces

Albased generative design tools have been making waves in various fields by offering a novel
approach to creating and enhancing content using artificial intelligence. Megsatile toolscan be

used for digital imaging, graphic design, wddsditing, marketing, 3D modeling, and much marhis
sectionexplorescurrently available generative design totisat may serve as sources of inspiration

for the project. These design tools have been identified through online searches using ligems
"generative design tools" and "Abwered design tool® ¢

Adobe Firefly is a family of creativgenerative Al models that can generate new content from text
prompts, imagesor mood boardslt can createnew images, text effects, vectardrushes, textures,

and more fora wide variety otreative purpose$§7]. Currently in beta, Adobe Firefly will eventually

be integrated into Adobe's popular creative suite of products such as Photoshop, Illustrator, Express,
and Experience Manager. iShintegration will offer generative Al tools specifically designed for
creative use cases, workflows, and neggls Unlike other Al models such as Midjourney and ‘Ball
Adobe Firefly is transparent about the data its models have been traingéllofhe first beta model

of Firefly has been trained on a mix of Adobe Stock images, ofieatysed content, and public
domain content that is no longer protected by copyright. As a result, the content generated through
Firefly can be used commercialfyreators can enhance the capabilities of Firefly by training it with
their own works[8]. Adobe showcases sever@iliture) use cases for Firefly on its website, ranging
from generating entirely new content through a text prompt to producing variations etifip
content within an imager a combination of the twseamlesshand efficiently [7]. Figurel shows

one of the use cases of adobe firefly.
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Figurel: AdobeFrefly Betaprompt generatiorSource[9]

Ansys is a leading company in providing engineering simulation software for various industries and
applications, coering a wide range of physicsuch as aerospace, automotive, electronics, energy,
healthcare, and manufacturing.heir softwaresolutionsenaldle engineers and designers to create,



test, and optimize products faster and more accuratgl®]. However, the traditional simulation
process can béighly time-consuming and computationally expensiwehich limits the number of
designs that can be evaluate@insys is incorporating Al and machine learning methods to overcome
this challenggo enhancesimulation performanceBy training neural networks via dataiven and
physicsinformed methods, Ansys can use augmented simulation to spedtaipprocesgsby 100
times [11]. This simulation technologgmpowersengineers to optimize designs for femmance,
cost, weight, and sustainability by enabling thémngenerate and evaluate design alternatives with
greater accuracy quickly

For instance, Ansys Discoveoyie of the products Ansys offerases Generative Design to
explore design alternativesmpidly based on material properties and constraintsutilizes topology
optimization to iterate quickly and influence product development at the start of the design process.
The product offers regime viewing of resultsminimizing downtime and freedesigners to focus on
engineerind12]. An optimized part by Agys Discovery can be seerFigure2.
i =
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2.2 (digital) decisiormaking mechanisms

In our daily lives, we are constantly faced with various decisions, ranging from mundane tasks such as
grocery shopping and choosiag outfit to more complex decisions such as selectinghaversityor
contemplatinga job offer. These decisions often requisignificanttime and effort, which could be

better spent on other taskdMany companies have recognized this need and have developed tools to
streamline the decisiomaking processsuch aonline dating platforms ocomparison websites like
Independer[14]. This sectiorexplores the different decisiemaking approacheand their distinct
mechanisms.

2.2.1 Onlinedating

To illustrate effectivalecisionmakingtools, online dating is a relevant and intriguing examjaléth

the proliferation of available dating app®day, individuals have access to an unprecedented number
of potential matchesWith this abundance of options comes the need for effective decisiaking.
Online dating applications can be viewed as decisiaking tools where users must evaluate and
make choices based on the information presented to th&ime design of these applications is critical
to the decisioAamaking process. For instancthe layout and presentation of user profiles can
significantlyinfluence how users perceive and evaluate potential matdhé% Additionally, features
such as swiping, filtering, and matching algorithms all contribute to the oedfaditiveness of online
dating applications.
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In 2012, Tinder disrupted the online dating industry with its simple syss&ripe right if you
are interested, swipe left if notit allowed users to quickly browse through potential matches and
make decisionbased on their initial impressionasseen inFigure3. The effectiveness of this design
can be attributed to theWestern cultural associations of the right sidéth righteousness and the
left side with anything flaweL6]. Numerous other dating apps have since adopted this conargt
even extended to other areas such as the job and housing market.

Corey, 26 '
2B instagram r

Figure3: Decisim-making mechanisrof TinderSource:[17]

Video games arermther field where decisiormaking is of great importance, as most games require
players to make choices that can impact the gameplay and .sBome video games, likBetroit:
Become Humand®e designed entirely around the concept of decisimaking,with players making
choicesin-betweencinematic sequences that can affect thell 2 NBE Q &, asBedniiFgures. The
decisionmaking process in such games can be highly complex, as choices made by the player can
lead to vastly different outcomes.

THE HOSTAGE a [

ccccc

Figure4: flowchart of a sequence Detroit become human Sourcg:8]

Another examplevery applicable to this research ke process otharacter creatiorwithin
games This process liows the player to create avirtual character thatsatisfiesthe LJt | @ SNR &
preferences.Some games only present simple choices fie color of a piece of clothingwhile
other gamespresent the playerwith complete control ofthe look of their character down to
individual facial featuresDecisioamaking here is usually done in the form wértical slidersas
displayed irFigure5, whereleft and right are the extremes @ particulardecision for example eye
width. Gther choicescanbe madethroughthe use of a item meny as shown irFigure6, offering



different options and often a preview of thehosendecision think of diversehairstyles.While this

vast array of choices cammovide players witla lot of freedom, it can also b®/erwhelming for some,
leading to decision fatigue and frustratio®ffering too many options can be counterproductive, as
players may feel overwhelmed and unable to make a decision. On the other hand, providing too few
options may not offer enough crea# control, leading to a lack of engagement. Thus, striking the
right balanceregardingthe number and variety of choices presented to playengeiy importantin
creating a positive and engaging gaming experience.
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One way to limit the number of choices a player needs to make is by usigdamized
option. Usually, this option randomizes a value for a specific highlighted factor, but this
randomization can also be applied to all availaddkementsat once. Creativéakes on the randomize
FSFEOGdzZNBE A& GKI G WdkAlikeBfcaturd) asydisghyeR #Fig@rev A8Qsad 9. The
Nintendo Wii game console allows playe2sst ONB I S LISNE 2yl f FA3IdzNBa OI f €
a multitude of games available on the \Wi]. A Mii can be created from scratch, allowing the user
to choose from a select number of facial features the Mii can be created via a€dl ft £ SR W[ 2 21
£ A1 SQ Y Seledigths Kpfiofi, the player is greeted with a sizable grid that includes a
variety of faces with widely different features. Whtre player chooses one of the presented faces
a new gid is generated based on the previousklectedface. The new grid shows less vation in
the range of options, only varying in a limited set of featupes option This waythe player can
LAY LR2AYG SEIFOGfe 6KIFG GKSeéviodslk ghSséh vérsoR unt h&ya@ i  f A |
fully satisfied.

FefeeEer)e
QORI )
WENOREOEG
BLEEOEE-E
= )@@ ) 2

Figure7: Starting screen Loeklike featureSource[22]
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Figure9: Followup specification screen LodWike featureSource[22]
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2.2.3 Guess Who?

Wuess WheQQ[23] is a popular boardgame that has been played for decades. It is a game of
deduction and decisiomaking The board(s), displayed inFigure 10, consists ofseveral faces
mirrored for two players. Thesawo players take turns asking yes or no questidoseliminate
potential options untilone player correctly guesses the other player's selected fa¢hile it may
seem like a simple gaméhe 3 Y S Q& caR Beaisken s a pretiynique but effective tool for
decisionmaking One of the key aspects thatakeWuess Whi §land out is its focus on the process
of elimination. Players must ask strategic questidaseliminate as many potential options as
possille, as the opposite player may only answer with yes or attimately leading to the
identification of a specific charactefhis binary system is a simple yet powerful tool for decision
making, as it allows individuals to systematically eliminate optiomd they arrive at the desired
outcome. The board is designed to effectively hide specific faces that geua player have
eliminated as a potential target. Because of this mechantbe board only shows characters that
the player has yet to decide tveeen. The boardemembers the eliminated and nesliminated
characters for the player and onilydicatesthe non-eliminated characters to the player, allowittge
player to come up with more targeted questions to potentially eliminate more characters thhem
raster.

2.2.4 Conclusion

In various aspects of our lives, decisimaking plays a significant rol®ur day begins with a
decision ends with adecision and many more are made in betwedbesiging something meansp
essencemaking decisions aimeward a specificgoal. As suchthere are many different takes on
tools that aim to streamline the decisiomaking process.in online dating the layout and
presentation ofuserprofilesgreatly influence users' perception and evaluation of potential matches.
The use of swiping left or right to make a decision is a widely adapted mechanism today, mainly
because it is easy to understarid.video games, players must make decisions that impact gameplay
and story these decisionscan appear invariousforms. Depending on the amount presented to
players, these decisions can lead to a positive or negative gaming expekeagiling the option to
randomize certain choices can be beneficial to achieve a baldree Nintendo Wii'sPookAlikeQ
feature for Miis is an example of a creative take on the randomize optiastly the popular board
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game Buess WhaQalso is an interesting take on decisiemaking where througha process of
elimination, players strategically ask yesno questions to narrow down a list of potential
candidates and ultimately arrive at the correct answékaminingthese existing toolssome with
unique designs andnechanismshas been avaluable source of inspiration for creating a tool that
facilitates the design process.

In the context of the project, various image generation models (IGMs) axaakiatedto determine a
model that could potentiallyoe usedfor the projector perhapsexpandedwith a personablatabase
These IGMs werassessedased on different performancendicators such as their accuracy in
responding to the provided prompt, quality of the generated image, generation spe, of use

and ease of integration into other projects. Another key consideration in selecting these Al models
was their use of tokes or other means of regulating and monetizing their use.

The first Image generation model that wasaluatedwas called DAEE DALLE is an Al system
developed by OpenAhat can create realistic images and art from a description in natargjuage.

It uses a version of the GBTTransformer model to interpret natural language input and generate
corresponding images. It can combine concepts, attributes, and styles in nove[5j/a@penAlis
currently providing itsnewest version called BLLE 2 this version is supposedigore realistic and
accuratethan its predecessaand can generate imagegth 4x greater resolutioffi24].

From the tests performedn DALLE the conclusion could be made that threodel is very
advancedA simple request liké NP 0 2éitake® thétSol around 8 secondthe results are shown
in Figure 11. When reviewing the results from this request becomes cleaithat DALLE can
generate an abundance of styles, some mosefulthan others. It is thusssentiako be precise with
your request, the inclusion of terms likie LJK 2 { 2 3 Mid GIKEB B fdedsiioAgerierate robot
faces thatare closer to realife designs rather than drawings or cartooridldza & Kappedrsto
make sure the robot facés captured from the front and fully visibleyhich was considered the
optimal framing for testing purposesermslike & y 2 @M FRéiributed to this same goal. The
improved results can be seenkigurel2.

Besides generating images from text prompts, DBldan generate iages based on other
images This functionality can be likened to the 'Ledkke' feature mentioned earlier, as both
present the user withvariations on a previous iteratiorfo test out this featurethe first picture
shown inFigurel2 was used as an input for this feature, the results can be se€igimel3. Lastly
DALLE offers a tool callet®utpaintind2which allows users to highlight sections in an image they
want to be regenerated while the rest of the image stays the same, the resiilisi® can be seen in
Figurel4, where the neck and left eye of the original robot have been highlighted fgereration.



@ DALLE History Collections

Edit the detailed description Supriseme  Upload -3

t face Generate

Figurell: DALLE interface and results for "robot face"

1 )

Figurel4: DALLE "Overpainting” feature

A downside to DALE is its token systermJsers are given 15 tokens each mqraghd each
generation costs one tokerthey can buy more tokens if theyant to perform more generations.
OpenAlcurrently offers an APlor its modelswhich includests image generation model DAH_but
alsoits language modal like ChatGPT and GRT The use of this API is alsoonetized for their
image modelprices range fron$0.016to $0.020per image[25]. TheAPI also has a rate limit fosit
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various modelsfor image generation specificaltitis comes down to 50 images per minJ@s].
Regarding the feasibility of utilizing this image made practical tool for robot designers, its token
systemcould represent a limitationFor the purpose of research in this projelsbwever, this can
potentially be overlookeds OpenAlprovides$5 worth of free credit that can be utilized within the
initial three months of using their AR25].

2.3.2 StableDiffusion

StableDiffusion was the second Image Generation model evaluated a product of Stability Al, a
company that developspen-sourceAl models for various domains such as image, language, audio,
video, 3D and biology[27]. Stability Al also provides a tool called DreamStudio, which gives access to
their hosted image generation models, including Stable Diffusion. However, thisigesh credit
system Alternatively, Stable Diffusion can be used asogpensource model without any credit
system, but it needs to be hosted on the user's own system. To test the model, some wehsites

as Sablediffusionweb[28] offer dfrees versiors of Stable DiffusianThis website uses demo model
from Huggingface[29], a community platform for Al enthusiasts that offers a variety of models,
datasets, and guides for hosting themTo test out Stable Diffusipnthe demo moded on
Sablediffusionwebwere used There are multiple demo models available on the website, but they all
seem to be based on Stable Diffusion and supported by Google TRC pragresgramthat offers
usage ofD 2 2 3 Te@dQraProcessing Usitfor research purp@s in machine learnind30]. The
promptd w 2 6 2 (wasfube® & starting point in testing each model.

The first modelidentified was provided by CompViswho host public weights foLatent
Diffusion and Stable Diffusion mod¢®l]. It waslater identified to beStable Diffusion version The
model generated the images in 10 seconasd theresultsare shown inFigurel5, Figurel6, and
Figurel7. The modekeemed torequirea similar text prompt input as DAHand similarly produced
images with diverse style¥he model also had some parameters that could be changedhlese
were not directly accessihldhe seeharameterchanged every time the website was reloaded, but
it did notseem toaffect the final resultas shown irfFigurel5andFigurel6.

robot face Generate image [obot face Generate image

Advanted o e
.

Share to Share to
Aranced opn & 5 o
d community
Image: 1 Stog 15 4 Steps 5

Advanced seflings are tempararily unavaiabie Advanced selngs ang lemporanly undvailale

1 A5BpaT2E Guidance TS5 Sead 2015082832

Figurel5: Two generations performedlith different seedsising Stable Diffusiohby CompVis
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Figurel6: Two generations performed withe sameseed using Stable Diffusidby CompVis

¢2 (GSald K2g GKS Y2RSt ¢2dZ R NI a pdidraphiota a LISOA
robot face, mugshadt ¢l a dzASR® ¢ KS RGgBraldzTiedermaNRIzZI&E Wlldhy A Y
mostly ensured that the image generated showed the robot's face from theulsless up, also
seemed toadd someother features that are typical of a mugshois a mugshousuallyis a term
used for a picture taken after an arreshe generated images seemed to include itesogh as a
letter boardand a height meter Figurel8 is included for referenceThemodel also seemetb use
specific lighting anaolor aspects that are common in a mugshtis conclusioncould befurther
supported by thesimilar styling forthe pictures generated bthe previous modeDALLE in Figure
12.

photograph of a robat facs, mugshot Generats image photograph of a rbot face, mugshot Generate image photograph of a robal face, rgshet Generate image

Advanced setiings are temporarlly unavallabie

= 75 Seed  4B311GET Guidmcs 75 Seed  4B3NG6TI Gudance 7§ Seed 483116673

sl

Figurel7: Threegenerations performed witthe promptéphotograph of a robot face, mugshot dz&tabje Biffusiord by
CompVis
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POLIGE DEPRRTHENT

. BAD BOY

Figurel8: stylized recreation of items typically included in a mugSmairce[32]

A second model offered on theebsitemade use of two different prompt fieldss can be
seen inFigurel9, a positive and negative prompthis could cause the result to potentially be more
accurate. The model is provided by StabilityAl, the creators of the original stable diffusion. The model
was identified as Stable Diffusion 2.1, a newer version than the previous model. Generation took
around 60/80 seconds per prompt, most likely due to the higher interest as it is an improved version
over the last modelthe results are presented Figure20. Unlike the previous model, there are less
advanced settings available. The only advanced setting available for this model was the guidance
scale, however, unlike thprevious model it was adjustablé higherguidance scalas shown in
Figure2l, caused for the generated image to lgeainierand the model seemed tetruggle more
overall with the generationas one of the generations only presented 3 result
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The third Image Generation Model evaluated was Midjourney. Midjoursaleveloped and hosted
by Midjourney, Inc., an independent research lab based in San Fraf@$3celuch like the previous
two models, Midjourney can generatimages of various typeand styles, such as landscapes,
portraits, animals, abstract art, and mor&.big difference with thgrevious models lies in the fact
that the modelis only accessible througtihe social media platform Discorg84]. This Discord
channel is accessible wiae main website of Midjournegnd only requires a Discord account to be
setup. The Discord channallows users to interact with thenodel by typing in promptsn specific
chat roomsand receiving thumbnails or fujuality images in returnthe system isupposediybuilt
upon an AP| however this APl has not been made public (y85). Midjourney allows users to
generate up to 25 images for free, after whittey are required to purchase a membership starting
from 10 dollar a month for 200 images.

Attempts have been made to test the model via the Discord platform. Howeliese
attempts were met with a message indicating that the modehs currently unavailale due to high
demand. The message prompted to either purchase a subscription or try again later. Despite this, the
available chat rooms displagl results of other users whavere testing the model and from these
requests, itwasapparent that the qualityof the generated images is exceptionally high, surpassing
the quality of the previouy analyzedmodels.Figure22 displays some pictures generated by other
usess as a referencelt should be noted, however, that this assumption is based on requests from
other users who may havlhad more experience with the tool and are able to generate more
complex requestss a result The available chatroomfurthermore includeddiscussions about the
structure of text prompts and potential improvements to create better prom@ecause ofits
dependency onthe Discord platformand lack of APlaccessthe model itself maypose some
problems when it comes to implementing it in aofwtype, however, the surrounding community
could be a valuable resource.



Figure22: Images generated by Midjourney as a refereBoarce[36]

RoboHasH37] is a web service that allows users to generate unique robot images from any text
input. Unlike the other tools described before, RoboHash is not based @onglex image
generation model, but rather on a small dataset of different robot faciatuies. Every new
"generation” chooses a randomized feature from this dataset to create a new unique rdiet.
website offersvarious small datadises designed bydifferent artists,this causeghe robots that are
generatedto all havea cohesive look thatvorks well, but the amount of generatable robot faces is
limited. The generated robot is alseemly randornas the input does not seem to impatie output

in a meaningful waygther than the fact thathe same input generates the same outptihe input is
most likely hashedand the resulting value is used to generate an image, resulting in a unigue robot
face that is consistent every time the same input is provided. The name RoboHash likely refers to this
process of hashing the input to generate a robotic image.

HERE ARE FIVE ROBOTS, RANDOMLY GENERATED, JUST FORYOU!

Figure23: some robots generated using RoboH8shirce[37]

When it comes to human appearances, our attention is usually drawn to the face first. The human
brain is wied in such a way that we are especially adept at recognizing faces, to the extent that we
may even perceive them in inanimate objeciEhis cognitive tendency is referred to as Face
pareidolia and it arises from the brain's natural inclination to seekpaiterns in our surroundings

[38], [39] Some things that have come increasingly in these surroundings in recent years, are robots.
From the Robotic arms used in the automotive industry to-delfing dinner trays delivering food at



your local restaurant, robots can be identifiedore and more inour daily lives, and they are
advancing rapidly. While there might be a debate if robmts specifically inanimate objects, it is a
fact that this phenomenon does apply to them, some of the instances incidental and some of them
on purpose.

The intentional inclusion of faces socialrobot designs is becoming increasingly common
and can bedone in a variety of waysSrategically positioning cameras to resemble eyes
incorporating speaker grills that mimic a mouwthmolding the surrounding plastic to include a nose
are some examples. To simplify the process to include these factors in debign, tools are being
considered. To be able to design such a tool one must get themselves familiar with the field of
(robot) face designAs such the objective of this literature review is to look at the factors that must
be considered when designingrabot face. These factors may include specific facial features but
might also shed light on underlying concepts why certain decisions are made. By closely analysing
these factors, this review aims to pinpoint the key criteria that robot designers needhéor
consideration.

Thissectionconsists of three maisub-sections To start off the firssub-sectionemphasizes
and identifies the importance of a robot face, followed by the secsmdsection,which dives into
the different characteristics that maka robot face qualify as a robot face. The thgub-section
explores the impact of robot faces in different contexts, such as educational or healthcare settings,
and how this affects their desigA finalsub-sectionconcludes the review summarizing thiadings
and discussing future work.

To determine the relevant factors to consider when designing a robot face, it is beneficial to first
examine the significance of the robot faceveral sources were reviewed to exploreeaieght ideas
regarding robot face desig These sources revealed a wide range of concepts, but also highlighted
areas of overlapMost sources agree that robots with (familiar) facial features improve interaction
with humans because they make tmebots more enjoyable, efficient, naturalistic, expressive and
recognizable.DiSalvoet al. [2] starts off with the idea that interaction with robots should be
enjoyable as well as efficient if they are going to becantelligent social productielpingusin our
daily lives Goetz et al. [40] suggest thateffective robot assistants should require little to no
learning/effort from the user and should exhibit appropriate emotions and naturalistic behavtour. |
is therefore not hard to assume that a gobdmanrobot interaction should ideally include elements
that humans are already familiar witkvith many social robotsaking on ahumanoid or animalike
form [41].

Based on the research of Breazeal, Bleiwal. explainthat an understood focal point for
interaction is the faceby & G I U A yespressi&ns are axwidely used feedback mechanism and are
Srairte dzyRSNRG22R 0@ [42, Kdgvurifiermort,BI8wNst aD statethat aldl NIy S
faceisabletop@ Sy i @Aadza t OdzSa GKIG OFy KSft LM2ZAThisi KS NB
idea is supported bheshert al.g K 2 S E LINBNER30 20iKtal Fa4I0S yR o62Re&  LISH
emotional expressiohand adding to that concludes that the face¥arks (or unmarks) distinct
ateftAalA0T GSOKYAOItsE ISYRSNBR FYR NIOAFfAASR AF
[43, p. 95] As such, a robot face can be seen as a key fattoreating a positive and effective
humanrobot interactionand should be designed A 1 K O NB FyR FiGSydAazy (2
and expectations.

Understanding the importance of the robot face is only part of the equaitiois equally important
to define thecharacteristics that make a robot face qualify as a fad¢essub-sectionexplores the
key facial features and properties that make a robot face look like a Ea@amining the literature on



this topic alloved for the identification of the essential eleents that define a robot face, ultimately
aiding in understanding the factors that must be considered when designing a robot Taee.
presence of facial features isnamportant factor in shaping human perception of robots, as
highlighted byDiSalvoet al. [2]. The studyidentified six key features of robot faces that influence
their perception eyes, eyelids, eyebrows, nose, mouth, and ears. Among these, the nose, eyelids,
and mouth increasa the perception of humanness the mogidditionally, the study revealethat
designed features have a greater impact on the perception of humanness as compared to suggested
features The same applieshenincreasng thenumber of designed features on a mtts face.

In a different study, performed by Phillips et 4], the perceived presence of different
robot componentsis examine® ¢ KA & A& AYLERNIIFIyYyd o0SOFdzaS Al &aK2
robot are influenced by the specific features of eatimponent.The authors categorized the robot
into four dimensions Surface, Body, Facial, and Mechanical (locomotion). The results indicated that
face and head were the most important components in the Facial category, followed by eyes and
mouth. The Surfee category, which included several facial features such as eyelashes, head hair,
skin, nose, eyebrows, and genderedness, was also found to be of high importance. Genderedness
NEFSNER G2 GKS RSAINBS (G2 66KAOK | ychargtiRolce affhdin £ Q& L.
gender[45].

In addition to facial features, some sources suggest design spaces that can facilitate the
design of robot facesChesheret al. [43] discusgs a scale to robot faces that includes two ends
humanlike and symboli@lowet al.[42] proposesii KS dzaS 2F {0240 a O/ f 2dzRQa
for cartoon faces, whiclincludesthree ends: realistic, cartoon, and stylized. This design space can
also be applied to robot faceShere is some ovkap between the two sources, as the humanlike end
of the scale could correspond to the realistic end of the triangle, while the symbolic end of the scale
could match the cartoon and/or stylized ends of the triangle.

The previoussub-sectionshighlighted the importance of a robot's face fmmanrobot interaction

and have shown thassome facial featuresre more important than others. However, what if the

same robot face is used in different environments, such as healthcare or entertainment8uibhis

sectionaims to investigate how different tasks or contegtauldimpact the design of a robot's face.

The literature reviewd in this sub-section suggests that designing robots for specific tasks or

contexts mayrequire specific changes in their desigtowever, the implementation of such changes

may prove challenging, as thegly in part on an individual's subjective percept of the given task

or context.Both Joosset al. [46] and Spatolat al. [47] suggest that people tend to unconsciously

attribute personality traits to technology, including robofosseet al. [46] found that the type of

personality people prefer in a robot depends on the robot's intended role, and what people

stereotypically expect from that role. Essentially, robots should be designed to match people's

expectations of what kind of personality and behavior is appropriate for thatiBpdask or job,

rather than complinenting tothe users' personalitySpatolaet al.[47] state thatanthropomorphism,

the process of attributing human physical and/or mental characteristics telmwnan entities, is a

central part of humarobot relatons However,the level of anthropomorphism varies between

individual& whiere some see only a plastic assembly, others naturally see social agehts. 12]
Where Phillipset al. [8] previously highlighted the importance of considergenderedness

in robot designKuchenbrandet al.[48] and Bernotatet al. [49] also emphasize the significance of

gender roles and attributes when developing and designing robotspecific environments

Kuchenbrandet al. [48] point out that societal gender roles have an impact on how robots are used

and perceived by users during humeobot interactions.emphasizinghe role of gender stereotypes

in shaping users' expectations afobotQ abilities and humaiike qualities. Bnilarly, Bernotatet al.

[49] found that the societalbeliefsof participantsabout appropriate personality traits for men and



women, as well as their attitudes towards technology, influenced their perception of robots'
gendered characteristics.

Designhg a robot's face for specific tasks or contexts requires considering the users'
expectations and societal beliefs about appropriate personality traits and gender roles.
Anthropomorphism also plays a central role in hunmabot relations, but the level oft varies
between individuals. Despite the challenges of designing robots to match users' expectations, the
literature reviewed in thissub-section suggests that specific changes in robot design may be
necessary for optimal humarbot interaction.

The objective of this literature review was to review factors, characteristics and contexts that must
be considered when designing a robot face. Sources presented a range of factors which make a robot
face of importance. It is widg accepted that incorporating familiar facial features into robots can
improve humanrobot interaction by making them more enjoyable, efficient, naturalistic, expressive,
and recognizableThe face is a crucial focal point for interaction agribvides visual cues to
NEO23IyATS I NRo20Qa OFLIOAEtAGASE YR SY20A2yI f§
creating a positive and effective humaobot interaction, requiring careful design that considers
users' preferences and expations. To design a well perceived robot face, certain characteristics are
defined that makeit qualify as a faceStudies have identified six key facial features, including the
nose, eyelids, and mouth, which increase the perception of humanfesthemore, facial features
such as eyelashes, head hair, skin, eyebrows are also of high imporenaEhots can be utilized in
different areas such as education or health care, their corresponding faces require a clear design to
portray their taskDesigningobots for specific tasks or contexts may require specific changes in their
design, which can be challenging as they rely on an individual's subjective perception of the given
task or contextAnthropomorphism and societal gender roles also play a signifirole in shaping
users' expectations and perceptions of a robot's abilities and hulikanqualities.The literature
suggests that designing a robot's face for specific tasks or contexts requires considering the users'
expectations and societal beliefsbout appropriate personality traits and gender roles, however
despite it being a challenge specific changes in robot design may be necessary for optimal human
robot interaction.

The findings of this literature review provide valuable information that lsamsed to design
a tool that cangenerateaccurate robot faceslo enhance this tool's capabilities, it would need to be
able to simplify the user's workload by learning and applying knowledge based on the user's
requirements, thereby reducing the needrfextensive user input.

For future research it can be of use itovestigatemore articlesregarding the appearances
and appeals of real human faces, as those mid$o provide useful feedback for the researds of
now only articles about specificallpbot faces where used, but research shows factors of real
human faces can also apply for robot faces. Furthermore, there is no clear design guide to designing
robot faces, most articles found referred to design processes of different fields.

In this section, a conclusion will be provided based on the background research that has been
conducted. The background research was guided by three-resgarch questionsthese will be
answered basedn the findings described in thishapter Additionally, noteworthy findings that

have emerged during the research process will alsadoessed

RQ1:What tools currently exist in terms of digital (design) decision m&king
Based on the findings presented in section,22well a®.1 and 2.3, it can be inferred that a
wide range of digital decisiemaking tools existThese tool€ncompas various domaingrom online
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datingto video gamego traditional board games. The primary objective of these tools is typically to
streamline the decisiommaking process by simplifying interactions or breaking down decisions into
manageable sections. feemscommon for most decisiomaking tools to provide instantaneous
feedback on the outcomes, although certain tools may defer tlepldy of outcomes until later
stages.Design is, in essence, a process of decision makmigthus these tools form valuable
inspirationfor creating a tool that facilitates the design process.

Section 2.1showsthe prevalence of tools that simfyf decison-making processes and the
design workflowusing Al While tools such as Adobe Firefly are still in #aly stages of
development, solutions like those offered by ANSYS have @xistéonger. This however does not
mean that! b { , tdol@ areby any meansutdated or less advancedontinuous enhancements are
made tokeeptheir capabilitiesup to date

In order to handle the computational requirements demanded by these Al tools, tw
approachesseem tobe the most common One approach involvesfftbading the computational
workload to large servers owned by the tool providers, who often charge a fee for utilizing their
services. Conversely, certain tools can be executed on the client side, necessitating powerful and
costly machines or workstatiortspable of handlinthe substantial workloads.

RQ2:What is the performance of current existing generation teols

Currently, the performance of existing generation models varies depending on the level of
training and the intended purpose of the model. Some large models such asDAtdble Diffusion,
and Midjourney perform exceptionally well, but these models comi¢h vihigher performance
requirements due to their extensive trainingss such most of theseodels are hosted by the
associatios that own them, they often use a monetary system such as paying with credits per
generation. Some modebre open source and care replicated and hosted by individudts free,
but this means the individual has to fill thebeavy hardware requirementfhiemselves Stability Al
offers its own hosted versioaf Stable Diffusion with aredit system, but alsmffers its solution as
open sourceFor theopensourceversion,Hugging Face, a community for Al enthusiasts, provides
guides on setting up models amden explaingools that canreduce the amount of RAM needed
the cost of generation speed

When sedcting a generation tool, it isnportant to consider its purpose, as the capabilities
of certain models may not be suitable for evarge case Although the capabilities of generation
tools are continually improvingt is valuablgo evaluate the suitaliity for the intended purpose, as
sometimesmuchsimpler models can be more effective.

RQ3:What parameters are important to consider when designing a face?

In section24 a literature review is performedo answer whatthe important factors to
considerare when designing robot face¥he revienemphasizes the significance of the robot face in
creating a positive and effective humaobot interaction and identifies the key criteria that robot
designers need to consider when designing a robot face.

Thereview is divided into three main sections. The first section examines the importance of
the robot face, which is critical in enhancing the interaction between robots and humans, making the
robots more enjoyable, efficient, naturalistic, expressive, andogmizable. The second section
explores the characteristics that make a robot face qualify as a face. The review identifies six key
features of robot faces that influence their perceptiand increases the perception of humanness
including eyes, eyelideyebrows, nose, mouth, and ears. The third section examines the impact of
robot faces in different contexts, such as educational or healthcare settings, and how this affects
their design.



3. Methods andechniques

This chapterserves as ahort descriptionand explains the approach takeor the development of a
design toolsimplifyingthe generation ofrobot facesusing generativéAl. The Creative Technology
design method, adefinedby Mader and Egginlk0], was utilized as a guideline for the projeeith
modifications made where necessady.generigorocessutilizing tHs method is visually represented

in Figure24, and canroughly be broken down into four stages: ideation, specification, realization,
and evaluationThe process is designed with cyclic loopsiltow the return to previous stages, for
instance to incorporate newly obtained knowledge or to create multiple iterations of a product.
this report, a separate chapter is dedicatedh@ user analysis
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Figure24: AgenericCreative Technology Design Procegsrasented by Mader and Eggink Souf66]
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Chapter4 focuses on user analysis and emplaystakeholder analysts gain insights into the target
audience and stakeholdersheandysis includes atakeholder identification, where stakeholders for
the robot face generation tool are categorized into grougsd a power influence graph to visualize
and prioritize stakeholders based on their interest and influence levElse chapter further contains
personagieveloped tohelp better understandthe userQ goals and behaviousshen interacting with

a potentialtool, The chapter concludes by establishimglpninary requirements which are derived
from the stakeholder analysis amuportant when it comes taneeting user and stakeholder needs.

Chapter 5 delves intthe ideation phasewhich allows forgenerating multiple designonceptsand
establishing project requirementsfor the design tool.To come up with these conceptshe
background researcltonducted inChapter 2is taken into consideration.With this background
researchin mind, brainstorm sessions i be heldto generate avariety of ideasThese sessions are
aimed atgeneratng a large number of ideasithin a shorttimeframeandcan be done using various
approachesThe ideation proceswill conclude with a list of preliminamequirements that wilheed
to be consideredvhen proceeding to the next stages

In the specification stag&hapter 6the final requirements for the end product are determined. This
stage involves merging the preliminary requirements detifrom the user analysis and ideation
phases. To ensure a comprehensive evaluatibthese requirementsthe artificial personasrom

and environmentsChapter 4are taken into account whenexamiring the requirements. This
evaluation process may lead to iterations, prompting a return to the ideation phase, or may
necessitate additional background research to address any identified gaps or areas of improvement.

In Chapter 7the realizationphase the final requirementsconcluded uponfrom the specification
phase will baused to create finalancepi(s)which will be realizedénto prototypes This will be in the
form of a hifi prototype.

In Chapter 8the evaluationphasefocuseson assessinthe prototype developedin the realization
chapter. It involvesselfevaluationand conducting an experimenwith the target group. The results
from the self-evaluationwill be leading in the conclusiaf whetherthe tool hassuccessfully fulfilled

its purpose ofprovidingassistanceThe evaluation willultimately determinethe effectiveness oAl
asa useful technology ithe domains ofducation and desigms suchthe insights and conclusions
drawn from the evaluation phaswill ultimately shape the overall assessment of the tool and its
impact.

An experiment has been conducted with the target group of this project to evaluate the effectiveness
of existing image generation models and the prompt use of the taggetip within these models.

The participants were (student) social robot designers from thHdniversity of Twente and the
experiment has been performed during a lecture on social robot design, a course which is given by
the supervisor of this projectt wasoriginally plannedor the experimentto be a user evaluation of

the prototypes designed during the evaluatiddowever, a prototype was not available at the time

of the experiment which led to an alternative approaadlsing existing image generation models
instead



To design something for a target audience, it is important to ktfmvusers and other stakeholders

of this project. A stakeholder analysis will help gain insighto their identities needs and
requirements. This analysis continues by making a power influence graphassesseach
stakeholder's level of influencd. KA & 3INI LK LX | OSa |ttt GKS Ay@2f @SR
WA y i Siongits @@k. pdrsonas are developed thelp better understandthe userQ goals and
behaviourswhen interacting with thetool, ensuring that usecentric decisions guide the project's
development. With all stakeholdersdentified and userslaid out together with their needs and

values, a list gpreliminary requirements is set up.

A stakeholder analysis helps to understand all the involved stakeholders, what their part is in the
development process, giving a clear image of their interests and influehlse. sakeholder
identification aims to identify the different stakeholderigvolved in the processfollowing upa
power interest graph is used tasualiseghe interests and influence of each of these stakeholders.

The stakeholders of The Robot facengration tool can be divided infive groups The first
stakeholdes are(social) robot designerhey are envisioned tanake out most of the end users of
the tool, asthey would seem most in need for a tool simplifying robot face deditye. secondare
the end users of the robots designed by these desigveniie they do nonhecessarilyget to interact
with the tool directly they might receive a result that is heavily influenced by the tadle third are
the owners and researchers behind the usednddel while most certainly unknowinghey can
alter the course of the project heavily do they decidectangefor example the waythe interaction
with the tool is doneThe fourth stakeholder is the developer of the tolblis up to them how they
interpret all the requirements and needs e&ch of theother stakeholdersFinally,The supervisor of
this project, Edwin Dertienacts both as a supervisor and client for this projade helps the
developer by providing structure and guidance throughout th@cesswhile also acting as
potential client for the final product

For the sake ofsimplicity, the end users of the tool are generalizesd (social) robot
designers, but in actualifghe end users could sparvary largedomain To break this domaidown,
two types of differentiatorswill be used One differentiates between those who have prior
knowledge of robot facial design and those who do not. The other one differentiates between users
who are familiar withAl and those who are noftThis gives ufour types ofendsusers Users with
knowledge of facial robot design and no knowledge of Al, users with knowledge of facial robot design
and knowledge of Al, users with no knowledge of facial robot design and no knowledge of Al and
users with no knowledgof facial robot design and knowledge of Al.

A stakeholder analysis aims to identify and prioritize stakeholders according to their level of interest
and influence on the project. The interest level indicates how much a stakeholder cares about the
project outcomes and how they will be affected by teThe influence level indicates how much
power a stakeholder has over the project decisions and resources. A power interest graph is a useful
tool to visualize the stakeholder analysis results. It divides the stakeholders into four quadrants
based on theiinterest and influence levels: high interdsgh influence (key players), high interest

low influence (keep informed), low interekigh influence (keep satisfied) and low interésiy
influence (monitor)[51]. Thedkey playeré are the most importantstakeholders who should be
involved in the project closely and consulted reguladlyy S S LJ A gtakehdldérS Rré those who

have a high interest in the project but little power to affect it, as such they should ideally be updated



frequently on the pragct progress and feedback.Y S S L) & dtakiehoid@rdi afeRhose who have a
high influence on the project but low interest in it. They should be managed carefully to avoid any
negative impact on the project. Thonitor€ stakeholders are those who hal@w interest and low
influence on the project. They should be informed occasionally about the project status and
outcomes.The power interest graph for this project is visualize&igure25. The numbers placed in

the graph represent all the identified stakeholders.

1. (Social) robot designers
2. BEnd users of robots
3. Owners / researchers of Al models
4. Developer
5. Supervisor
High
- )
g Keep Satisfied Manage Closely
Q
= ©)
Ry
£
=
o
e
Q
3 :
O il Keep Informed
& (Minimum effort) P
Low

Low High
Level of Interest

Figure25: Power interest graph including stakeholders from the project. basefbah

4.2 Personas
To helpbetter understand the user's goals and behaviours when interacting withtdloé some
personas are thought ofPersonas are a way dafreating fictional characters that represent the
potential users of the final productWhen it comes to potential userst has been previously
mentioned that here are two types of differentiators. One differentiates between those who have
prior knowledg of robot facial design and those who do not. The other one differentiates between
users who are familiar with artificial intelligence and those who are not. All these users may have
different expectations and preferences when using the product, and fbesét is useful to describe
them separately. For example, usemay have different motives for using the tool, such as
commercial or personal use. Furthermore, the inclusion of sisdno are already familiar with
generative technology will provide valueabinsights into important features of the tool fanore
experienced users.

The personas were created using a User Persona template of X{BBkinput is generated
with the help of ChatGP[®] and verified and adapted by the researcher. All thedgesmused within
the personas are not real and are generated by stable diffugpthe images have been generated
with separate text prompts however the same negative prompt has been used each time, This
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included on a variety of images test its performancg53].
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limbs, disfigured, deformed, body out of frame, bad anatomy, watermark, signature, cut off,
low contrast, underexposed, overexposedd art, beginner, amateur, distorted face, blurry,
RN} FGX 3INrAyes INBeaolft Sé

4.2.1 Persona 1: nprior experience, not familiar witAltool

RITA BRUNSENDI

S “ S

GOALS

« Creating visually pleasing designs
« Effectively communicate messages through designs
« Designing a product to meet the clients needs

CHARACTER FRUSTRATIONS

Age: 47
Work: Graphic Designer

Family: Husband, Two
children

Location: Nijmegen
Character: Social Worker

« Unfamiliar with the newest technologies
« Hates reading long academic papers
« poorly designed products

PERSONALITY in art and techn ard to keep up with all the
ked her to some robot faces for a new project th
Introvert Extrovert and empathy. H d that the robot faces should be re
[ | | tool that can create robot faces just
Analytical Creative y ious and excited to try out this tool, but also felt nel
| overwhelmed. She did not know how to use the tool e ly, and decided that it would be best to
) read up on how to use Al to this one. She had s ome po: floating around on LinkedIn that
Laoyal Fickle _ . . -~ _ =
supposedly explained how to create good text prompts to give to the Al
| She hoped that her designs will be engaging and educational for the children, and that they will also
Passive Active reflect her own creativity and style.
|

Figure26: Persona 1, Haomprior experience and not familiar with an Al tool

For thebiography the following text prompt was usedthin ChatGPT4]: & feate a persona of a
person with no prior knowledge of social robot design that will end up using an image generation ai
tool to generate robot faces® Ly NBf | A2y tiGhatGPK ®as &iskel.Fo fill olit §& G
goals of this persona, and finally ChatGPT was asked to use the available information to generate 4
character traits. The information gathered from these interactions have been adapted to fit the
format of the templateand to fit better with the vision of the researcher. The image used is
generated by Stable diffusidie] dza A y 3 (i K PortraiiNaBowgplY of & person,inkedld ™ o
generation.

LINE
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Lisa van Meer

4.2.2 Persona 2prior experience, not familiar witAltool

CHARACTER

Age: 26
Work: social robot design

student

Empathetic m Collaborative Detail-oriented

GOALS

+ Incorporate expressive and appealing robot faces
« Cultivate her own creative style and original designs
« Collaborate with multidisciplinary teams

FRUSTRATIONS

» Scary/uncanny looking robots
« Complicated computer programs with a steep learning curve
« Time constraints and project deadlines

Family: Fiancé
Location: Enschede
Character: Robot fanatic

=] (0]

Lisa is a social robot design student who is currently working on a project where she has

PERSONALITY to create a robot that can interact with humans in natural and empathetic ways. One of
Introvert Extrovert the challenges she faces is how to design robot faces that are expressive and appealing,

[} but not too human-like or uncanny. Her professor has offered her a tool that can generate
O —— robot faces using artificial intelligence, she has heard about all the hype around ChatGPT

™ and seen these fake videos float around but she is worried that the tool might be too
) advanced for her. She does hope that the tool can help her explore different styles and
S - Lol features of robot faces, and also inspire her to create her own original designs.
Passive Active
|

Figure27: Persona2, Has prioexperience and not familiar with al tool

For the biography the following text prompt was usetéthin ChatGPT4]: & feate a persona of a
social robot designer student that will end up using Brage generation ai tool to generate robot
faces ® Ly NBflFGA2z2Yy (G2 GKS FANARG GSEG LINRYLIZ
and finally ChatGPT was asked to use the available information to generate 4 character traits. The
information gathered from these interactions have been adapted to fit the format of the template
and to fit better with the vision of the researcher. The image used is generated by Stable dif@jsion
dza A y 3 { K SortrailpEoddraiphyof aidesigner student, persorf generation.
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4.2.3 Persona 3: nprior experience, familiar witAltool

Jonathan Martins

Tech savy m Curiosity Perseverance

GOALS

« Create reliable software
« design programs that are both easy to use and advanced in capabilities
« Foster innovation and push boundaries of Al technology

FRUSTRATIONS

+ Bug ridden (computer) programs
« extremely surface level explanations
+ Lack of collaboration and knowledge sharing

CHARACTER

Age: 34
Work: Software engineer

Family: Wife
Location: Alkmaar
Character: Tech guru

BIO

Jonathan is a software engineer who has been working on various Al projects for the past few years.

PERSONALITY Jonathan h rience with natural language proces nd machine |
has never d 't he is researching the state
[EEE Eboey of the art when i n Al tool that can
[ | generate robot fac b of writing text
Analytical Creative prompts for A d useful robot faces specifici for the field of
| social robot d rching something that can explain to him how to create text

Loyal - prompts that are ly designed to create robot faces.

| He hopes to learn more about the principles and challenges of social robot design through this process.
Passive Active

Figure28: Persona3, Has no prior experience and is already familiar with an Al tool

For the biography thdollowing text prompt was usedvithin ChatGPT ¥ Oreate a persona of a

person with no prior knowledge of social robot design but is familiar with ai in general that will end

dzLJ dzaAy 3 +y AYLF3IS 3ISy SNI i A 2nfelatioh to theigtitextip@mpa Sy S NI
ChatGPT was asked to fill out the goals and frustrations of this persona, and finally ChatGPT was
asked to use the previous information to generate 4 character traits. The information gathered from

these interactions have been adapted fit the format of the template and to fit better with the

vision of the researcher. The image used is generated by Stable diffi@iasing the prompt:

dportrait photograph of a techsavy persdrinkedig St generation.
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4.2.4 Persona 4prior experience, familiar witAltool

David Mornes

CHARACTER

Age: 27
Work: social robot

designer

Family: Single

Location: London
Character: Robot fanatic

- ip"nary

GOALS

« Merge his skills from his background in computer science with his aspriations as
a social robot designer

« Keeping up with the latest developments in Al and robotics

« Develop robots that can interact with humans in natural and engaging ways

FRUSTRATIONS

« Finding the right tools and resources to help him with his work
» Technological solutions not allowing for the same freedom as his imagination
+ People using outdated methods for their work that waste precious time

BIO

David is a social robot designer with a background in computer science and psychology. he has

PERSONALITY been working on developing robots that can interact with humans in natural and engaging ways.
r— O he is interested in how artificial intelligence can enhance the capabilities and personalities of
. ' social robots. One of the challenges he face is creating realistic and expressive faces for my
i u i robots. That is why he is locking for a an image generation Al tool that can potentially generate

Analytica Creative robot faces that suit different contexts and preferences. David is familiar with general prompt

[ | generation for certain generative models like DALL-E and Midjourney. While he knows how to
Loyal Fickle describe different types of robots and can name some of their specific characteristics, he

[ ] struggles with getting the same robots he has in his imagination, as an actual image.
Passive Active
|

Figure29: Persona 4has prior experience and is already familiar with an Al tool

For the biography the following text prompt was usetithin ChatGPT :4& feate a persona of a

person withprior knowledge of social robot design and is familiar with ai in general that will end up

using an image generation ai tool to generate robot facdgs Ly NBf A2y (2 GKS
ChatGPT was asked to fill out the goals and frustrations of thisopa, and finally ChatGPT was

asked to use the previous information to generate 4 traits. The information gathered from these
interactions have been adapted to fit the format of the template and to fit better with the vision of

the researcher. The imagesed is generated by Stable diffusif®] dza A y 3 (i K $ortiaiNR Y LIG Y
photograph of a techsavy persdankedlg St generation.

4.3 Interaction scenarios

Interaction scenarios describe fictional situations in which personas interact wititeatial product

from the project. These scenarios are made up, but attempts have been made to keep the
interactions as authentic and realistic as possible. These interaction scenarios show how each of the
different personas might interact with the produbelping to better understand the interests and
needs of each user.

4.3.1 Scenario: persona 1

Rita's boss informs her about a new project that aims to teach children about emotions and empathy
using robot faces. Hemphasiseshe importance of realistic, exprewe, and diverse robot faces for

this project. To assist Rita in designing the robot faces, her boss provides her with access to a new Al
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tool called DALE,which can generate robot faces based on text prompts. He explains that Rita can
create robot face simply by explaining what she wants in text. Rita becomes curious and excited
about this new design tool. However, Rita also feels a sense of nervousness and being overwhelmed
by the prospect of using new technology. As she has not used such advanbadlogges before,

she acknowledges the need to learn how to utilize the tool to its full potential.

1. Rita searches onlinr what Al actually is and finds a lot of different news and social media
articles explaining different things. She thinks she evditugets what the technology is
capable of but is still confused about all the different ways it is described.

2. Like her boss told her, the articles mention that using Al technology is like talking like a

KdzYly ¢AGK I O2 YLzl S NEortopdificik 2oyhputer ldaguanss. G2 £ S| 1

3. wAlGl GNARSa (G2 AYyGSNIOG éAGK GKS (22t G2 0GSal
gAGK | aYAtSe FFLOS¢ 2NJ aNRo62d0 6AGK | &aFR Tl
creates.

4, ¢ KS A Yl 3Say likeSgHadiin rBire Ihédsélf, and some looked better than others,
but the images definitely help her with being able to come up with her own designs much
easier.

5. Halfway through her task, her boss sends Rita a guide explaining how to create effedtive te
prompts for Al specifically for robot faces, to help her in her task. Rita reads through it and
find the information very helpful.

6. Rita is now even more amazed by the tool, getting to know that the images are all created by
the Al and not just taken fra the internet.

7. She also tries to use the tool again with all the interesting information she now knows like
being able to change the style of the image of the robot and she creates a few different sets
of robots with emotions in different art styles faur.

8. Some of the images generated by the tool look so good that Rita feels like she can just hand
in the images the tool generated, and as such she hands in a few pairs of generated images
alongside her own creations.

9. wAllIQa o062adaa Aa OSNER LI SIFaSR gA0K (GKS NBadzZ (a

10.! FGSNI wAldl SELXFAya GKFEG &a2Y$8 2F (GKS AYl 3Sa
that even though they look quite good, they should not use theetause of potential
copyright problems. Something that Rita did not know before that.

11. Rita is pleased with the results and intends to use the tool more often for other projects too
that might not necessarily require robot faces.

Lisa $ assigned a project that requires her to design a social robot capable of interacting with
humans in natural and empathetic ways. She recognizes the importance of creating robot faces that
strike a balance between being expressive and appealing, withogsing into the uncanny valley.

Lisa's professor offers her access to an Al tool that can generate robot faces using artificial
intelligence. This tool presents an opportunity for Lisa to explore different styles and features of
robot faces, potentially mhancing her design process and inspiring her own original creations.
Despite her enthusiasm, Lisa feels a sense of apprehension about using the Al tool. She has heard
about the hype surrounding ChatGPT and has seen fake videos circulating online, naking h
guestion the tool's complexity and whether it might be too advanced for her to effectively utilize.
However, Lisa maintains a hopeful mindset and recognizes the potential of the Al tool.

1. Lisa starts by coming up with some ideas for a social robot ligwgleat components are
needed, how should the robot look etc.



o

10.

Eventually Lisa runs out of ideas, but instead of calling it a day and continuing tomorrow, Lisa
decides to ask the Al tool for some inspiration.

{KS Falta T2NJ I aa2 Odr kybs, aNdpeakrigrillamioutrkanda fridrdly S NI Q 2
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everything she asked for. She must be doing something wrong, the pictures on the internet
all lookso real and convincing.

Lisa decides to call it a day and come back to her research another time.

The next day Lisa sees a post floating around on her social media about creating robot faces
using Al technology, exactly what she needs!

Lisa reads througthe post and gets a lot of good new energy to try and work with the Al
tool. The post has given her some confidence and a lot of interesting ideas to test out.

The new images that Lisa is able to produce with the Al tool already look a lot better, they
ind dzZRS Y2aid 2F KSNJ ARSIFazX IyR AF (KSe& R2y Qi a
0KS NBadz 6a FNByQl LISNFSOG SOSNE GAYSO®

The tool ends up speeding up the design process for Lisa a lot, and while she still needs to go
over the details, she now hasrough shape of how she wants the robot to look, partially
thanks to the generated images.

Lisa intends to make the tool part of her design cycle from now on as it can definitely help
her come up with some interesting or just funny ideas that might getdus of a creativity

block.

Jonathan is introduced to a new project that requires him to delve into the state of the art when it
comes to generative technology in specific fields. Jonathan starts testing out different Al tools but
needs a benchmark to test how well each tool is compared to the others. A friend of Jonathan is a
robot designer and as such Jonathan got the idea to let the tool generate robot faces and let his
friend decide how convincing the faces looked. Although Jonatizena solid foundation in writing

text prompts for Al, he finds it challenging to create robot faces that meet the requirements of being
both realistic and detailed in the context of social robot design. He recognizes that creating effective
text promptsis crucial for the tool to generate the desired outcomes. Considering the difficulties he
faces; Jonathan seeks resources that can guide him in creating text prompts specifically tailored to
generating robot faces. He is determined to learn more aboutptieciples and challenges of social
robot design, with the aim of refining his approach and producing better results.

1.

W2yl GKFyYy FANRID GNR Sa 2dzi KA& dza dz ¢ GdSE LJIN
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possible.
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quite sure what mee he can add to the prompt.

To learn more about creating robot faces with Al, Jonathan starts looking on the internet for
articles about the topic.

Sadly, robot face specific prompt guides are a scarcity on the web and are not easy to find.

He tries to ead some articles about robot design in general and finds some interesting
details he could specify in the prompts, but because he is not a robot design expert he is not

sure what to do with all the information presented.

Eventually Jonathan comes acrossimage of a poster on a blog, at first, he is sceptical
62dzi GKS LI2adSNI Fa Ad R2S8SayQid asSSy SEGNBYS
nothing and he reads through it anyways.



7. After reading through the poster, Jonathan is happily surprisedut the usefulness of the
information. Of course, some academic papers will go through the topic in greater detail, but
aSSAy3 a (K2a$ LI LISNE R2yQi &aSSy (2 SEAalG @
8. Jonathan takes some of the tips and keywordsspgnted in the poster and adds them to his
prompts. The quality of the images increases, and Jonathan is happy with the results.
9. Jonathan shows the results to his robot designer friend and his friend is surprised with the
quality of the generated imagedonathan shows him the poster he found and encourages
his friend to read through it and maybe use it in his own process.

David, a social robot designer with a background in computer science and psychology, is passionate
about developingobots that can engage with humans in natural and captivating ways. He recognizes
the potential of artificial intelligence and wants to start using Al in his own workflow. He imagines
that using Al in his design process could seriously speed up his pamog<ould let him spend time
on other important aspects of the design like the realization of a physical version of a robot face for
example.
1. David starts looking around for Al tools that can specifically generate realistic and useful
robot faces, howesr he cannot find such tools.
2. David then turns to the conventional tools like DALAnd stable diffusion to generate some
faces with.
3. David can create some very specific prompts with his knowledge of both robot design and Al
prompting and as such is alile get some pretty interesting results.
4. He does run into some minor problems however that cause him to have to run a lot of
different iterations of his prompts.

5, ¢KAA&a AayQild SEIOGteé& | LINE o6 tERdCoudt auitklyaning dqutof RA T T
credits, and he slightly prefers DAElover stable diffusion.
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shows him a poster he had heard about from another friend.

7. The poster shows information about using Aldenerate robot faces and is exactly what
David has been looking for.

8. The poster looks cool and has some interesting information containing it. most of it was
already clear to David, but after reading the poster, some things just felt like they slid into
place fully.

9. David was now able to more effectively use terms to convey his ideas, and while the images
are not as realistic as his own drawings can be, he is able to generate them a lot faster and in
much higher quantities.

10. David seems to think the toolko be a useful addition to his design process and he might
start telling more friends about using Al when designing.

The list of preliminary requirements is a set of features and functions that the projeatdspoovide

to meet the needs and expectations of the users and other stakeholders. The requirearents
derived from the stakeholder analysis results, as well as filmenexisting documentsnd sources
related to the project scope and objectives. The reguments should be clear, concisand
consistent. They should also be prioritized according to their importance and urgency for the project
success.

1. The tool should be designed with usétiendliness in mind to avoid discouraging
inexperienced designersam using Al in their design process.



The tool shouldnclude warnings regarding potentiallyndesirable outputsand copyright
infringementand emphasize the need for caution when using the tool.

The tool should be designed to have something interesting for everybody, so that even
advancedusers might still learn a thing or two from using the tool.

The tool should allow fopersonalizationof the generationprompt, to adapt the image to

the ideas @the robot designeandtheir client.

Thetool should not rely exclusively on online image generation models and ideally should
have the capability to be stored and executed logalhis to avoid dependence on the
owners and researchers behind a used Al model.

The tool should be cosffective, strifng to minimize expenses for both designers and
developers, while maintaining its functionality and quality.



As stated in thanethodologythe ideation phase is the firgihasein the Creative Technology design
method. In this phasenew conceptsand ideas get generated, thesmencepts and ideasire built
upon the knowledge gained from the background research performethapter 2 and take into
account requirements set in thaser analysisin the end, the preliminary requirements will be
revisited and passed on to the specification phasnd two selected concepts wile further
developed during the realization phase

The graduation project'sinitial conceptemergedfrom an early brainstorming session. The initial
proposal presented a broad and flexible framewahkowingthe researcher to shape ésthey saw

fit. Thebrainstorming sessioresulted inthe development of an initial conceptvhichinfluencedthe
researcher's choice othe topic. The envisioned goal of the project was to develofully selfbuilt

and trainedAl systemthat could generate robot faces with varying characterisbesed on user
input, the level of user input requiredvould depend on theexperience of the userThe user
interface waslater envisioned to resemble &pecific Wii-style character selection processas
described inrmore detail inChapter 2 with distinct optionsthat could be accessed via an advanced
menu. Additionally, the Al system would incorporate an "eraser tool" feature, which resembles the
functionality of OpenAl DALH, to allow for the regeneration or removal of specific facial features.

This approach a ideation can be seen as technoledsven, where technology more
specifically Alserves as thestarting point and motivating forcdor generating new ideasThis
methodology is in line with the principles of 'tinkering’, as described by Mader andkH&@ih
Tinkering refers tdhe process of taking existing technology and coming up with novel applications
for that technology.

During several meetings with the project supervisor, various ideas were genegatddhe initial
concept wasadjusted to align with the project timeline and available resouréddirst, the idea of
utilizing the Robot Facebook database was encourabgesvever, after researclvas conductedn
developing personalized Image Generation mledi was realized that this taskould most likely
exceedthe scope of the project.Training a model from scratchould bevery time-consuming and
adapting an existing model with new photdsad its own limitations that required further
investigation. Considering the ambitious plans for the user interface of the tool, it became evident
that this approach wouldhus not be feasible Additionally, given the remarkable advancements in
various Al technologg during the project's timelineit was observed that the performance and
guality of content generated by existing image generation modedsild far surpas a viable
alternative.

As suchthe idea of a selbuilt andor trained Al system was put on lowgriority and
alternative approaches wereonsidered A new approacttonsisted ofreplacing thed & -dilt¥and
NI Ay SR Iwlth aa &raadySegistingimage generation modehnd excludingadvanced
functionalitylike an eraser tool function The new approach would dig deeper into #mgineering of
a text prompt as these prompts are the main way of interacting wattistingimage generation
models.

With this new approach came new ideas for an end ltessthe focus of the projectvas no longer
specificallyon creatinganimage generation model itself, but rathendhe way one interacts witan
image generation modello structure these new ideasrather brainstorming session was heéd
the resultsdocumented



One of the concrete concepts generatedsan adaptation of the initial concept of the project. This
concept involves an application with several qpregrammed options, such & 3 Sy SaNcaré S
roboté, & 3 Sy S Nskciiri® roboté, & 3 Sy S NdaiterSrobdg, and an advanced option. These
options generate a text prompt for the user that is sent to an existing image generation model. The
generated text prompts contain pserogrammed text, such a¥photograph of', "realistic rolot

faceg, "no painting", "no drawing’, and "no art". These preprogrammed prompts ensure that the
user obtains realistic robot faces that are helpful in the design process rather than solely aesthetically
pleasing but functionally inaccurat@ther preprogrammed prompts will make sure thathen the

user asks for a waiter robot, specific features of a waiter robot are included in the prdimgt
however, posesa challenge that emerged during background reseavbich was that the optimal

look of a robot ina particular environment depends heavily on the user's perception and expectation
of that environment. Therefore, this approach might require a setup screen where the user can input
their preferences or their target audience's preferencagjusting futue prompts to the key features

the user liked more.

generate a generate a generate a generate a
waiter robot security robot waiter robot security robot

generate a advanced generate a advanced
care robot options care robot options.

Figure30: A simple version obacept 1 visualized within Figma

A more advanced feature that could be addedhe tool isimageTolmage AlUnlike Text

Tolmage, which is used in thieitial concept, Imagelolmage allowausersto select a generated
image and use it as input to generate new images #ere similarities. This feature can potentially
result inmore accurate end resulthat align clsely with the user's preference$o implement this,
a Wii-style characterselection processanbe envisionedoffering users amfinite selectionof robot
faceswith varyingsimilarities.Users can exithis process at anyoint and further customizethe
robot face to their liking usinhenus and slidersChis would represent theameadvanced optioras
canbe chosen at the stardf the tool.

Thisadvanced option would be eharacter creatiorstyle menuwhere adjustmentscan be
made using dropdown menusnd slidersThese sliders wouldrade different keywordsrelated to
image generation prompten scalesuch agnasculinity, friendlinessand familiarity. Thedropdown
menuswould offerdifferent image stylesr use-casescenarios for furthecustomization.



A second concefs similar to the first concept but proposes the usfean image generation model
that is expanded by the databagsthe robot facebook This is instead of annghangedexisting
model as in ti first concept.As said beforgtraining an existing image generation moaéth new
photos haits own limitations that required further investigatiows such this approach would mean
limiting the time that can be spent on the design of the tool asilitge deeper into the mechanics.

For this approach, Huggingface offerstarting pointwhen it comes to resources that can be

utilized Huggingface provides gusl on how touse andrain image generation models.

A third concept isin the form of aguide that assists a designer in us{egisting)image generation
models. This guide can be created either generallyitr a specific image generation modelmind

The guidewill explain the creation of a text prompiat isused as inpufor thesemodelsand guides

the user in selecting the right words and terms to ensessy andaccurate image generation.
Compared to the first two conceptshis guide may make the process more challenging for
inexperienced designsrand potentially discourge them from using Al in their design proceas
using an existing tool like DAELor Stable Diffusion can seem very dauntidg the other handit
allows for more freedom in image generation and eliminates the need for a setup screen to
personalize theprocess for a specific usess users are still required to phrase the text prompts
themselves, making &asier to give their own spin on the prompt.

In conclusionthere are still a lot obpenendedconceptsfor the project sdfar, but they do indicate
a series ofequirementsthat should not be forgotten when designing a prototype

1.

2.

The tool should enable and/or simplif the generatbn of robot faces with varying
characteristics based on user input.

Thetool should use existing image generation models instead of building ebsiifand
trained Al system, to ensure the quality and performance of generated coato save

time to spend onthe user experienceHuggingFacean help in the integration of these
models.

The tool should speed up the process of using an image generation model and coming up
with an effective prompt.

The tool should allow the user taseits preferences or the preferences others as input to
adjustthe prompts and get more persalized results.

Some optional requirements not set in stonetbcould help as guideline specific

prototypesinclude

1.
2.

The user interfaceouldresemble a specific Wiityle character selection process.

Thetool couldincorporate an "eraser tool" featurto allow for the regeneration or removal

of specific facial features.

Thetool couldinclude an advanced feature that allows the user to select a generated image
and use it as input to generate new images that might be similar.

Thetool couldassist a designer in using image generation models by explaining the creation
of a text prompt and guiding the user in selecting the right words and terms to ensure
accurate image generation.
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Within the specification phasethe preliminary requirements from the previous chapterare
reviewed once more and then transformed into the actual specificationsefittal prototype(s) for
this project

During the user analysis and ideation phases lidtpreliminary requirements @re established.n
the specification phase, these requiremeritave beenreviewedby the researcheto assess their
feasibility, importance, and ability to meet the needs of potential usfiise personas and their
scenariosassisted irevaluating whether the requirements align with potential uQeaicenarios and
to determine their level oimportance Additionally as anterative processthe results from the user
experiment were used to adjust the importance levels of the requiremérdsprovide a systematic
overview ofthe determined mportance and relevance of each requirement, MoSQaiMeégorization
is used. MoSCoWategorizationcategorizes requirements into mubave, shoulehave, coulehave,
and wilknot-have, allowing for prioritizatiofb4].

To distinguish betweemust-have andshould-have requirements, the criticality and impact
of the requirements on the project's core functionality and goals were considdvhdgst-have
requirements were identified as features that are fundamental to achieving the project's primary
objectives. Should-have requirements were identified as important features that significantly
enhance the user experience and project outcomast are not as important as thenusthave
requirements. By distinguishing betwedhese two requirements, the focus could b&id on
delivering the core functionalities first, ensuring that the primary objectives are met. If time and
resources permit, theshould-Have requirements could be implemented to further enhance the
product'squality. The couldhave requirements were tan directly from theideation requirements
and were already categorized.

Requirements MoSCoW

1. The tool must be designed with uskiendliness in mind to avoi( Must have
discouraging inexperienced designers from using Al in their dé
process.

2. The tool must include warnings regarding potentialhydesirable outputs Must have
and emphasize the need for caution when using the tool.

3. The tool must allow the user to use its preferences or the preferenceg Must have
others as input to adjust the prompts aiggt more personalized results.

4. The tool must assist a designer in using image generation mode Must hawe
explaining the creation of a text prompt and guiding the user in seleq
the right words and terms to ensure accurate image generation.

5. The tool should enable and/or simplify the generation of robot faces |\ Should have
varying characteristics based on user input.

6. The tool should be easily sharable to reach as many potential usg Should have
possible and make them aware of the capabiliti€é\b

7. The tool should be cosffective, striving to minimize expenses for bg Should have
designers and developers, while maintaining its functionality and qual

8. The tool should be designed to have something interesting¥erybody,| Should have
so that even advanced users might still learn a thing or two from using
tool.

9. Thetool should not rely exclusively on online image generation mo( Should have
and ideally should have the capability to be stored and executed Ip¢
this to avoid dependence on the owners and researchers behind a us




model.

10.

The tool should speed up the process of using an image generation 1
and coming up with an effective prompt.

Should have

11.

The tool could incorporate an "eraser tooleature to allow for the
regeneration or removal of specific facial features.

Could have

12.

The tool could include a feature that allows the user to select a genet
image and use it as input to generate new images that might be si
using a specific Wstyle character selection process.

Could have

13.

The tool could utilize a selfuilt and trained Al system instead of relyi
on an existing image generation model. This approach would oftee
control over the output of the model and the potentit generate more
accurate results.

Could have

14.
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Could have

Tablel: Requirements




During the realization phase, several prototypes were developed for the project. These prototypes
were based on thdinal requirements derived from the previous chapter. Multiple iterations were
necessary to refine and improve the prototypes before argwvamthe final result.

The first prototype is based on the first concept generated during the ideation phase. This concept
wasaimed to utilize an existing Al model for image generation and provide it through driesatly
platform, loweringthe entry barriers for users tdry generative technology. To implement this
concept, Python was initially chosen as the programming language for developing-fiarsdy
application capable of running and accessangxisting image generation mod@&ython uses simple
syntax and has a wide range of opswurce libraries which can besed within projectsgreatly
expandngthe language's capabilities.

One of themain challenges of image generation models is that tlemy be extremely
computationallyintensive Most modelscanrun onsimplehardware, but to be able to generateew
imagesfast, a beefy graphics card is needed wiitigh amounts of VRAMSome companies, such as
OpenAl and Stability Al, offer online access to their models throgpblication Programming
Interfaces (API3. These models are being run wary capable serverand thus these companiezan
provide the requirements needed fdast image generatiortlowever, accessing these APIs comes at
a cost, as users are required to pay through token systaiizen it comes to acosteffective
solution this is not a veryavourableoption. As suchalternative approaches were explored, such as
running the program on a local systetdowever, running the model on a local system does not
resolve the issue of resourdgetensive imageyeneration models, as they would either run slowly or
not at all on a local machine.

Eventually the decision was made to utilizeweb service called JupyterLab, provided by the
University of Twente. JupyterLab is a wedsed interactive development emgnment for
notebooks, code, and data. Its flexible interface allows users to configure and organize workflows for
various applications, including data science, scientific computing, computational journalism, and
machine learnind55]. By utilizing JupyterLab, the image generation model can be executed on a
remote server withgreatercomputational power and memorgompared toa typical local machine
as can be seen iRigure31. Importantly, JupyterLab is available free of charge for students at the
University of Twente.

Server Options

Select your desired host/gpu: |take me to a random server V|

take me to a random server

GPU: Nvidia Tesla T4 / CPU: 48 cores/96 threads / 256 Gb memory
GPU: Nvidia A10 / CPU: 56 cores/112 threads / 256 Gb memory
GPU: Nvidia A16 / CPU: 72 cores/144 threads / 256 Gb memory

Figure31: Hardware options available on JupyterLab
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Figure32: Typical JupyterLab environment

JupyterLab primarily utilizes Jupyter Notebook files, which allow for code execution in small
blocks with explanatory text accompanying $ee blocks This format also supports running
notebooks on ther platforms like Googl€ollah another free online service for running Jupyter
notebooks. This allows users who are not affiliated with the University of Twente to utilize the
programas well.

When it comes to thehoice of @ image generatiomodel,an online community called HuggingFace
offers a wide range of different models and methods for interacting with thielost of the models
provided by HuggingFace are open source and do not require any credits to beHugggingFace

also provides a Python library that includes pipelines, among other features, which simplifies the
process of using various models, includimgexamplediffusion models.

' Hugging Face Models Datasets Spaces Docs Solutions  Pricing login  SignUp
Models . sort: Trending
stabilityai/stable-diffusion-x1-base-8.9 i baichuan-inc/Baichuan-138-Chat

& THUDM/chatgla2-6b + stabilityai/stable-diffusion-x1-Tefiner-6.9
# Open-Orca/OpenOrca-Previent-138 Wi baichuan-inc/Baichuan-138-Base
tiiuas/falcon-40b @ £0708/chatgla- £itnass-RLHF
® ll1yasvisl/ControlNet-vi-1 B runwaynl /stable-diffusion-vi-s
£ nonster-labs/control_vip_sd15_grcode_monster = tiiuae/falcon-28b-instruct
Tob
= tiiuae/falcon-7b moka-ai/m3e-base
omversat
® Lmsys/vicuna- 330-v1.3 © bigcode/starcader
extaText
Fill ask e S
stabilityat/stable-diffusion-2-1 = tiiuae/falcon-7b-nstruct
nudio Classification @ openat/whisper-large-v2 1 baichuan-inc/Baichuan-78

Figure33: Showcase of the different models available, 26 1i®8®8elsacross different categories

HuggingFace, along with other online sources, provide guides on how to use these pipelines
and specit models.However, as the technology isxtremelynew and ever evolvinghese guides



canquickly become outdatedAs a result, a variety of different guides have been utilized to ensure a
comprehensive antllly functional outcome.

For this project, thestable Diffusion model from Hugging Face was chosen. This decision was
based on the model's popularity, as it is the most downloaded model on the website. Additionally,
many other models available on the website are built upon versions of Stable Diffégiother
reason for selecting this model is its transparency in terms of training methodology, data usage, and
an estimate of CO2 emissions, which are all provided in the model card available on Hugging Face
[56].

The result is dupyter Notebook that users can download and open in any environment that supports
the ".ipynb" file format.In the context of this project, the file will most likely be opened in the
JupyterLab environment provided by the University of Twente. The notebbtdudes explanations

of its purpose, the technologies it utilizes, and provides a basic understanding of how these
technologies workAdditionally, it provides stepy-step instructions on how to use the notebook
effectively.

Figure34 shows the introduction of the tool, providing some context how the toolcame
to be, followed by an explanation of how the image generation model woilkse explanation is
written is su@ a way that unexperienced users can still grasp of what is going on behind the scenes.

Robot Face Generator Tool

Written by: Jasper Bosschart

Context

This is a tool that can generate robot faces using Image Generation Artificial intelligence (Al).

The tool is built around the HuggingFace € library. This library can be used to access a wide variety of diffusion Al models available on the HuggingFace @

tool uses an Image Generation Model called iffu 1-5" by runwayml. The tool is still a work in progress and is subjected to change. It is currently built within Jupyter
Notebook using Python, as this allows the file to be ran off a remote location easily. This is necessary as the tool requires large amounts of computational power, something a
simple laptop is not able to output. Future development might enable for a standalone application.

How does it work?

For this tool, a diffusion model is used to generate images, the model works as follows:

It starts out with an image completely filled with Gaussian noise, static basically, what you would see on very old TV's. From this initial {static) image, a diffusion model starts de-
noising the image. This process gets repeated many times over until a "new" image starts to form. The noise reduction patterns that a diffusion model uses to de-noise an image
are related to a text prompt that you give it at the start. But how does it know how a pattern and a text prompt are related? This is done through training, A diffusion model is first
trained on a large data set of labeled images. these labeled images gradually get more noisy over time and the diffusion model is tasked to remove the noise each time. As such it

learns how to de-noise images and it can link these de-noising patterns it starts to develop to the labels that the images have.

Fill in questionnaire

Please fill in the questionnaire below before using the tool:
ht i Q

Figure34: Introduction to the tool

Following the introduction, atep-by-stepprocess is written out explaining what to do to get
the tool to work. The first stepexplains that for the program to worlseveral libraries need to be
installed The mostimportant library is the"diffusers"library, Additionally,libraries such astorch”,
"transformers’, "accelerate"and others from HuggingFace are also necesshrythe second step,
users are instructed to import these librariego the current sessiomnd run a code snippet that
introduces the "image grid" fustion. This function allows for the creation of a grid consisting of
multiple pictures merged into a single frartager on These two steps are display@dFigure35, the

users are asked to run each of the grey boxes underneath the explanations



How To Generate?

Step 1:

Jupyter Notebook is basically a better looking python file, where you can add fully formatted text around and in between snippets of code. It might look quite confusing and a little
scary at first, but don't worry, you will be guided through the whole process as long as you keep reading the step accompanied with each code snippet. As mentioned before, we
will use a library called diffusers to be able to install our image generation Al. for this diffusers library and our Al to work well, we need some other Libraries too. to download all the

necessary libraries for the tool to work, run the code snippet below:

pip install xformers

pip install torch—-1.13.1+cu116 torchvision--8.14.1:cul16 torchaudio--8.13.1 --extra-index-url https://download.pytorch.org/whl/cul16
pip install -U diffusers

pip install -U accelerate

pip install -U transformers

Step 2:

Now that we have downloaded the necessary libraries for the tool we need to import them into our current session, something which is not done automatically:

Some more code is added to this snippet to be able to create a grid of images later on in the file.

torch

nPipeline

w, h
grid Image.ne

grid_w, gr‘id_h

Figure35: Sep 1 and 2 from the generative Al tool

In the third step, visible inFigure37, the stable diffusion model is downloaded using the
.from_pretrained() function from the diffusers library. The "StableDiffusionPipeline" is a specific
pipeline designed for stable diffusioimcorporating the necessary components to run the model
pipeline simplifies the process of using an image generation model like stable diffussostable
diffusionconsists of multiple interconnected parts

To provide a brief explanation, the simptform of the pipeline consists of a UNet model
and a Scheduler. The UNet model is a neural network architecture specifically designed for denoising
images. Its name comes from itssbaped structureas displayed irFigure 36, consisting of an
encoder and a decoder. The encoder compresses the input image, extracting important features,
while the decoder reconstructs the image by expanding this compressed represantgtadually
improving its quality and reducing noife7].

B4 64

128 2
in|
imapgl—leI output
tile | segmentation
| map

= conv 3x3, RelLU
copy and crop

§ max pool 2x2

4 up-conv 2x2
= conv 1x1

Figure36: UNet architecturéSource[57]



The Scheduler manages the denoising process. The pipeline is initialized with a
predetermined number of steps, and the Scheduler generates a schedule based on thesésteps.
each scheduled step, the UNet model processes a portion of the image and prasfucatput. This
iterative process continues, with each output being fed back as input for the subsequent step. By
following this scheduled approach, the denoising process is systematically exemakithg sure
that the noise reduction in the imagie dore effectively.

The .to("cuda™) command ensures that the entire process is performed using available
graphics card(s), significantly accelerating the computational speed.

Step 3:

Now it is time to download the Image Generation Model, This can take some time so don't worry if it does not immediately finish. As you can see in the code snippet above, we
specifically imported StableDiffusionPipeline from diffusers. This function basically does most of the hard work for us, it generates an initial noise image, it creates time intervals for
multiple iterations and so forth.

To make sure all of this is done on a graphics card .to("cuda”) is added, without that the generation of an image will take 30 minutes instead of 30 seconds.

pipe = StableDiffusionPipeline
"ru

Figure37: Sep 3 from the generative Al tool

Figure38 contains the interactable section of the notebook fids, it is the section where the
user can write their own prompt and negative promgietsection explains whahe terms mean and
where to find more information abouformulating effective prompts The prompt is the input
provided to the image generation model, specifying the desired characteristics or attributes of the
generated image. Itan include details such as the appearance, style, or context of the irihge.
negative prompt is an optional input that allows users to specify what should not be included in the
generated image.

Step 4:

In this step it is time to let your creativity roam free, you need to create a text prompt of something you want to have generated. As you can see there are two prompts to fill in, a
normal prompt and a neg_prompt or negative prompt. The normal prompt allows you to write whatever you want from the diffusion model, while the negative prompt allows you to
write whatever you don’t want.

You want an image of a robot, without arms?
prompt="photograph of a robot"
neg_prompt="arms”

some good ki

and a more comprehensive guide can be found here

hi fus t-guide/

Some possible prompts you could use to increase the quality of your images and limit the negative aspects:
prompt = “robot portrait, intricate, elegant, highly detailed, digital painting, artstation, concept art, smooth, sharp focus, 8k”

neg_prompt = "human features, painting, drawing, disfigured, uncanny valley, tiling, out of frame, disfigured, deformed, bad anatomy, watermark, signature, cut off, low contrast,
underexposed, overexposed, bad art, beginner, amateur, distorted face”

prompt
neg_prompt

Figure38: Sep 4 from the geneative Al tool

In Figure 39, the core processing takes place. This is where the prompt and negative prompt are
combined with the actuadiffusion model. fien the calculation occurs and the duration of this
process depends on the hardware being used. It can range from 30 seconds to 30 minutes or even
longer. The variablecnum_imageé allows for the generation of multiple images, while the
dmage_grid function ensures that the generated images are displayed in a visually appealing grid
format. Finally cdisplay(gridg is used to show the generated images, completing the pro&ep 5

also includes avarning messagwhich advises users toercise cautionThis warning acknowledges



the potential of encounteringuncomfortable or inappropriate images as well as the possibility that
the generated images may be subject to copyright.
Step 5:

You are almost there, you just need to run the following code snippet and wait for approximately 30 seconds, don't sweat it if it take a little longer, the
server might be busy. the code snippet currently creates 2 images, computational limitation, using the same text prompts from step 4 and runs it through
the pipeline. Afterwards they get saved within images and by using grid you are displaying them.

If the generation takes longer then 5 min, maybe ask for help, you might be running your program without a graphics card.

Warning!

Please be cautious when generating images using this tool. The generated images are a result of an Al model trained on a large database of scraped
images, which may include content that is uncomfortable, inappropriate, and potentially infringing on copyrights. The models often use scraped data
without regard for the copyright status, potentially including copyrighted material without permission. it is strongly advised to use the generated images
for inspiration and creative exploration purposes only. If you intend to use the images commercially or distribute them without authorization, it is your
responsibility to obtain proper permissions and respect the rights of artists and content creators. Please use this tool responsibly, and be aware of the
ethical implications involved.

num_images = 2
Multi_prompt = [prompt] * num_images
Multi_prompt_N = [neg_prompt] * num_images

images - pipe(prompt-Multi_prompt, negative_prompt-Multi_prompt_N).im

grid - image_grid(images, rows-1, cols=2)
display(grid)

Figure39: Sep 5 from the generative Al tool

Figure40 Shows some images that have been generated by the tool using the promv® 6 2
T I Othé generation process was conducted on the JupyterLab environment provided by the
University of Twenteutilizing the Nvidia A10 server, as showrFigure31. It took approximately 30
seconds per image, resulting in a total generation time of 2 minutesther generabn was
performed without the .to("cuda”jn step 3 This caused the generation process to run on the CPU
instead of the graphics card, resulting in significantly slower performance. It took approximately 30
minutes to generate a single image.

Figure40: Images generated by the generatioel

Sadly the images presented iRigure40 represent a limited set of generated images due to various
challenges encountered during the development of the tool. Throughout the development process,
numerous bugs were identified and w@ged. However, a persistent error continued to resurface, as
depicted inFigure41l, the errorindicatd that the graphics card had insufficient memory.

Efforts weremade to try and resolve the error, including rerunning the notebook file,
resetting the environment, switching servers, and reinstalling used libraries. Additionally, two friends
of the researcher, both computer science graduates, offered their assisteloveever, it was found
that, due to the shared nature of the environment, there was a limit placed on the amount of access
an individual user could have. As a result, certain measures like resetting the graphics sianglypr
updating drivers were not pagble.As a result, a solution to the error could not be found.



The situation was made even more frustratingthe error messagewas notconsistent
Sometimes the tool would work fine and sometimes néthile the tool worked fine during pre
testing a daybefore the planned experiment, it failed to function on the day of the experiméhis
technical difficulty severely impacted the ability to conduct the experiment as intended, as there was
uncertainty about whether the tool would wor(keliably) or not.

CUDA out of memory. Tried to allocate MiB (GPU ©; GiB total capacity; GiB
already allocated; MiB free; GiB reserved in total by PyTorch) If reserved memory is »> allocated memory

try setting max_split size mb to avoid fragmentation. See documentation for Memory Management and
PYTORCH_CUDA ALLOC_CONF

Figure4l: Error messagabout a lack of memory for the tool

As a result, the originally outlined experiment, as described in the research methodology,
could not be executed as intended. Consequently, an alternatiperarent had to bedevisedlast
minute to meet the research objectives within the given constraints. This adjustment allowed for the
continued progression of the project while working around the limitations imposed by the
unresolved error.

Due to the challenges encountered with the first prototype, the decision was made to retain the
existing progress of the project and shift the focus towards another aspect: the usability and user
friendliness of an image generation modilwasinitially envisioned by the researchénat working

with an image generation model could be intimidating for the average WAfile a user may be
familiar with navigating the interface of a particular model, theight face difficulties in effectively
interacting wth the model itself.

Togenerateeffectiveand desiredrzisualsmodel,a userisrequired to form a text prompt that
accurately describes their intended imag&hen a descriptiorbecomesless precise, it gives the
model greater freedom to introduce its elements irdoimageto completeit. As such its important
for a userto strike a balance between providing enough specificithawethe generated imagée
related to their project while perhapsalsoleaving room for the model to generate inspiring and
interesting variations that may not have been previously considerEdis is especiallimportant
whenconsideringmage generation models amtentialinspirational tools during desgn phase

With this inmind, it is not hard to imampe that a user mighget very overwhelmed byvhat
and what not to include in their text promptAs such, aother concept generatedduring the
ideation phasevasdeemed valuable for furtheexploration the development of a guide on how to
design an effective text prompihe primary objective of this guideould beto provide users with
the necessary assistance in navigating the complexities associated with generating meaningful
prompts. Byoffering insights, recommendations, and best practices for optimal interaction with the
image generation modelthe guide aims to alleviate user confusion and enhance their overall
experience.

Defining what constitutes a guide is not anpie task, as guides can come in various forms and
lengths. They can range from comprehensive bosranninghundreds of pages, covering every
possible variation for solving a specific problem, to concise-syegtep instructions on a single sheet
of pape.

In the realm of image generation models, several guides already exist on the internet,
addressing different aspects and techniques for achieving desredore accurateesults.Most of
these guides offer insights into framing effective text prompssinFigure42.
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Figure42: Whe only ChatGPT guide you'll ever f@kedIn posSource[58]

Specific guides on prompengineering for image generation modeli&ke from ‘Stable
diffusion artQ[59] emphasize that a wephrasedtext prompt consists of multiple components,
including the main subject, lighting conditions, surrounding elements, desired style, and more.
Additionally,someimage generation models support the use of negative prompts, enabling users to
specify what should not be included in the generated imaage such guides exist on this topic too
[60]. While these guides serve gseatresources for creating more effective text promptise field
of prompt engineering is constantly improving atiere isalwaysroom for further exploration and
refinement.

In the development o& guidefor designing an déctive text prompt, it is important to build
upon the existing knowledge and insights while providing additional value to users. The guide should
not just replicate the information found in existing resources but shoalkb aimto enhance the
understanding and practical application of designing text promptsthe case of this project, the
guidemustinclude how to specifically address this existing information in the context of robot faces,
and the guide will also include findings made during the cowfsthe project alreadylt should
explore the unique considerations and challenges that arise witaasing prompts togenerae
robot faces using image generation models.

To integrate the existing information, project findings, and specific considegafimmrobot
faceseffectively, the guide should be structured in a coherent and organized manner. It can begin by
providing an overview of the key concepts and principles of designing text prompts for image
generation modeldn general Following up it should delve into the nuances and considerations
specific to robot faces, drawing upon the relevant literature and pregpetcific insights. The guide
can incorporate practical examples, stbpstep instructions, and visual aids to facilitate
understandingand application.

With this information in mind, the next step was to design a guide. After careful
consideration of various guide formats, the decision was made to create a poster as the chosen
format. The poster serves as a concise and visealjaging tool to convey information effectively.
is also easily shareable, allowing it to reach a wide audience and inform as many people as possible
about generating robot faces using Ab create the poster, the tool Canva was ugednva is a user
friendly graphic design platform that offers a range of templates and customization options, making
it ideal for creating visually appealing postgg$].

The title of the guide was selected as "Generate Robot Faces UsiagdAtie content ofthe guide
is divided into several sections, covering different aspects of the image generation process. For a



comprehensive view of the guide, please refer to Appendix A, where the full poster is available for
reference.

The firstsectionof the poster includes twdlocks also displayed ifrigure43, covering the
basics of Al, image generatioand prompt engineering. Téisection is includetb givethe user
some basiaunderstanding of terms and the topic general

What is AI?

What is a text prompt?

Figure43: First section of the guide, explaining Al and the purpose of the goatla ctionexplainingtextprompts

Following this section, avarning message is providedighlighing the potential risks
associated with using image generation modaesdsdisplayed ifrigure44. These models are trained
on large amounts of scraped data and, although efforts are made to filter inappropriate content,
errors can occur due to the autonomous nature osfrocess. Additionally, it is often uncleahat
specific data different image generation models are trainagh and whether the training data
includes unauthorized use of artists' work. Therefore, there is a risk of generating images that
infringe on copyright and raise ethical concermss thusemphasized that these images should only
be used as sources of insgtion and not for commercial purposes. It is important to respect the
rights of artists and be aware that the legal landscape surrounding generated images is still limited
and unclear,resulting in potential legal consequences such as lawsuits or fineaufion is not
exercised.

Figure44: Warning message

After the warning messages small introduction is provided on how to write a text prompt.
This section, displayeith Figure45, outlines the basic structure of a text prompt and offers some
basic considerations when creating oné&lot every single component of a prompt needs to be
included, as users have the flexibility to choose which elements they want to incorporate while still
achieving interesting results.



















































