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Abstract

This master’s thesis is a testament to our unwavering commitment to the user. It explores
integrating Al-driven generative design and human-centric principles in developing prosthetic
arm sockets. The project uses advanced software to create and improve design outputs
through iterative adjustments to cater to the diverse needs of individuals with traumatic limb
loss. By combining digital fabrication technigues and a user-centered approach, the thesis
aspires to create functional, personalized, and sustainable prosthetic solutions that truly
enhance the lives of our users.

The project draws upon interdisciplinary insights and methodologies, seeking to push the
boundaries of traditional prosthetic design paradigms. The research addresses critical
questions about the role of artificial intelligence in enhancing prosthetic functionality
while ensuring that the human experience remains paramount. The project aligns with
contemporary discourses on sustainable inclusion, emphasizing environmental impact and
long-term user satisfaction.

Through a design-driven process encompassing iterative prototyping and user-centered
evaluation, the thesis aims to produce tangible outcomes that advance the field of industrial
design. The ultimate goal is to promote greater inclusivity, dignity, and autonomy for prosthetic
users, acknowledging the complexities involved in designing for the human body and mind.
Key findings from the data analysis highlight two significant design opportunities: enhanced
customization and lightweight materials. These factors contribute to developing a new design
process incorporating sustainable and biocompatible materials, improving prosthetic device
quality and user experience without compromising medical standards.

The design process follows a structured approach, utilizing Al-powered tools such as
Leonardo.Al, Krea.Al, and Vizcom to facilitate innovative concept generation and evaluation.
The Al-powered Double Diamond model provides a systematic framework for exploring and
refining multiple design concepts, ensuring a balance between functionality and user comfort.
Ethical considerations are not just a part of our process; they are our guiding principles.
Particularly regarding privacy and data security in the integration of machine learning
algorithms, we adhere to stringent ethical standards. The thesis ensures the protection

of users’ personal information and compliance with data protection regulations, providing

you with confidence and trust in our research and its ethical conduct. Adopting a culturally
sensitive approach, the project acknowledges the diverse perspectives and values shaping
prosthetic design and use. It aims to empower users to express their identities and challenge
disability stereotypes, ultimately contributing to a more equitable and compassionate society.

In conclusion, this thesis paves the way for future research and development, offering a
beacon of hope for individuals with limb loss and fostering positive change in the field of
industrial design, thereby transforming the landscape of prosthetic solutions.
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Al/ Generative design/ Prosthetic design/ Formgiving
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Introduction

In today’s fast-paced technological landscape, where sustainability and user-centered solutions are
increasingly prioritized, industrial design is crucial for tackling pressing societal issues. This master’s thesis
project explores the intersection of innovative and emerging technologies, such as Al and generative design,
sustainability, and user-centered design principles, in the context of prosthetic socket design. With a focus
on enhancing the functionality, comfort, and accessibility of prosthetic devices, this research endeavors to
contribute to the advancement of inclusive and impactful design solutions.

Project description

This master’s thesis project seeks to explore

and innovate within this domain, primarily

focusing on designing prosthetic arm sockets
using generative design, a process that

involves an iterative design process that uses
software to generate outputs that fulfill a set

of constraints iteratively adjusted by a designer.
Whether a human, test program, or artificial
intelligence, the designer algorithmically or
manually refines the feasible region of the program’s
inputs and outputs with each iteration to fulfill
evolving design requirements.. This approach, along
with digital fabrication techniques and a user-
centered approach, is grounded in the principles

of sustainability and accessibility. The project aims
to address the diverse needs and preferences of
individuals who have experienced traumatic limb
loss, thereby contributing to their overall well-being
and empowerment.

Background and motivation

Drawing upon interdisciplinary insights and
methodologies, this thesis endeavors to push

the boundaries of traditional prosthetic design
paradigms, leveraging advanced technologies and
empathetic design strategies to create functional,
personalized, and sustainable solutions. This project
aspires to foster greater inclusivity, dignity, and
autonomy for prosthetic users by embracing the
complexities inherent in designing for the human
body and psyche.

The field of prosthetics has witnessed significant
advancements in recent years. Living intimately with
machines, as explored by Forlano (2023), raises
questions about the role of artificial intelligence

(Al) in prosthetic design. Can Al be disabled? My
research aims to harness Al's capabilities while
ensuring the human experience remains at the
forefront. Additionally, GoodmanDeane et al. (2023)
emphasize sustainable inclusion in design. | extend

this concept to arm prosthetic sockets, where
sustainability encompasses both environmental
impact and long-term user satisfaction.

Field of study

Through a design-driven process, that include
iterative prototyping, and user-centered evaluation,
this thesis aims to produce tangible outcomes

that advance the field of industrial design and
meaningfully improve the lives of individuals

with trans-radial amputation. By elucidating the
multifaceted challenges and opportunities inherent
in prosthetic socket design, this project aims to
contribute to a more equitable and compassionate
society.

My work draws inspiration from aesthetics in design
for social innovation. Rosa and Galluzzo (2023) delve
into the dialogue between aesthetics and everyday
life. | apply this perspective to arm prosthetic
sockets, recognizing that aesthetics influence

user acceptance, emotional well-being, and overall
functionality. Tran (2023) further explores the
intersection of social impact, technology, and design.
My project alignhs with this vision, aiming to create
sockets that function optimally and resonate with
users on a personal level.



Project delineation

As | embark on the path of exploration and
innovation, let me maintain close to my design

role commitment to empathy, creativity, and
conscientious oversight, mindful of the critical effect
my work can have on the lives of others. User-
centered service design, a principle that places the
needs and experiences of users at the forefront,
serves as my guiding principle. Pfannstiel (2023)
emphasizes the importance of understanding
users’ needs, preferences, and experiences. My
approach involves iterative co-design sessions with
prosthetists and amputees. | create personalized
socket designs that enhance comfort, stability, and
usability by integrating their insights. Collaborating
with Team Olmed and Ossur’s Upper Limb Training
resources provides valuable clinical context,
ensuring my designs align with industry standards
and user expectations.

Research questions

In this context, the primary research questions
guiding this thesis project are:

What could be the setup for a design process in a
case like this?

How can emerging Al tools harmonize generative
design for prosthetic sockets to enhance
efficiency and comfort while enabling user-friendly
adjustments and integrating passive ventilation for
enhanced comfort?



Theoretical and
methodological
framework

This chapter provides a comprehensive theoretical and methodological framework for designing arm
prosthetic sockets using generative design, digital fabrication, and a user-centered approach. The
philosophical content of industrial design is crucial in this context, as it provides a foundation for
understanding the principles and practices that guide the design process (Bryzgov, 2023). The concept of
design for social innovation, as introduced by Manzini (2015), is particularly relevant, as it emphasizes the
role of design in addressing complex social issues. Furthermore, the interpretive research design approach
proposed by Schwartz-Shea and Yanow (2012) offers valuable insights into the processes and concepts

involved in this research.

The theoretical framework for this research is
grounded in the principles of generative design
and digital fabrication. Pradel et al. (2018) provide a
comprehensive framework for mapping design for
additive manufacturing knowledge, which is highly
relevant to the design of arm prosthetic sockets.
This framework presents a methodical approach
to understanding and implementing additive
manufacturing principles in industrial and product
design. Additionally, the Design Thinking Toolbox by
Lewrick et al. (2020) provides a guide to mastering
popular and valuable innovation methods that can
be applied to the design process. The theoretical
framework is expressed in these domains:

1. User-Centred Design: User-centred design
principles form the basis of this project, emphasizing
the importance of understanding user needs,
preferences, and experiences throughout the design
process. Prioritizing user-centricity ensures that
prosthetic sockets meet the unique requirements of
individuals with traumatic limb loss.

2. Generative Design: Generative design theory
provides a framework for exploring innovative
design solutions through algorithmic exploration
and optimization. By leveraging generative design
algorithms, this project aims to generate a diverse
range of functional and ergonomic prosthetic socket
designs, thus enhancing user comfort and efficiency.

3. Sustainability: Sustainability principles guide the
selection of materials, manufacturing processes, and
design strategies to minimize environmental impact
and promote resource efficiency. The integration of
sustainable materials inside the design process, this
project contributes to the broader goal of creating
prosthetic solutions that are both socially and
environmentally responsible.



The methodological framework for this research is
based on a generative co-design approach. Bird et
al. (2021) present a generative co-design framework
for healthcare innovation, which involves developing
and applying an end-user engagement framework.
This approach is essential in the development

of arm prosthetic sockets, as it emphasizes the
importance of involving end-users in the design
process. Furthermore, Downe's (2020) work on
designing services provides valuable insights into
the practical aspects of design. Finally, the design
research methodology proposed by Félix et al. (2017)
for designing additive manufacturing technologies
offers a systemic view of the design process.

The methodological approach of this project
encompasses a systematic and iterative design
process informed by the theoretical framework
outlined above:

1. User Research: The design process begins with
comprehensive user research, including interviews
and study visits, in order to gain insights into the
needs, preferences, and challenges of persons with
traumatic limb loss. This user-centric approach
ensures that real-world user experiences inform the
design solutions.

2. Generative Design Exploration: Leveraging
generative design algorithms, the project explores
various design variations, considering factors such
as ergonomics, aesthetics, and manufacturability.
Through iterative exploration, the goal is to identify
optimal design solutions that balance user comfort
with functional performance.

3. Prototyping and Testing: Physical prototypes of
the selected design concepts are fabricated using
digital fabrication techniques, such as additive

3D printing or resin 3D printing machining. These
prototypes are then subjected to rigorous user
testing and evaluation to assess their usability,
comfort, and effectiveness in addressing user needs.

4. |terative Refinement: Based on my collaborator’s
feedback and testing results, the design concepts
are iteratively refined and improved to address
identified shortcomings and optimize performance.
This iteration process ensures that the final
prosthetic sockets meet the highest functionality,
comfort, and user satisfaction standards.

By diligently following this comprehensive
theoretical and methodological framework, this
master’s thesis project aspires to propel the field of
industrial design forward. It seeks to achieve this by
crafting sustainable and user-centered prosthetic
solutions that have the potential to significantly
enhance the lives of individuals coping with
traumatic limb loss, instilling a sense of inspiration
and hope in the audience.



ontext

The thesis project is set in a unique context
encompassing ecological, economic, socio-
political, and cultural factors. This context is

crucial for understanding the project’s significance.
The discussion critically evaluates the factors
contributing to the current situation, explores
contemporary work addressing sustainability
issues, and outlines the changes the project aims to
facilitate.

The design of arm prosthetic sockets has
significantly evolved, with a shift towards a more
user-centered approach. For instance, the traditional
one-size-fits-all approach has been replaced by
custom-fit sockets tailored to the personal needs
and preferences of the single user (Baldock et al.,
2023). However, documenting these innovative
prosthetic socket designs is often limited, hindering
research and development (Olsen et al., 2022).

The beginning of artificial intelligence (Al) and
generative design has revolutionized various

fields and holds immense potential in prosthetics.
Generative design, powered by Al algorithms, can
generate multiple design solutions, optimizing the
design process (Saadi and Yang, 2023a). These tools
significantly affect the design process and behavior,
enabling designers to explore a vast design space
and generate multiple design alternatives (Saadi and
Yang, 2023b). Al can enhance industrial designers’
capabilities, enabling them to create more complex
and innovative designs (DesignWanted, 2024).
However, the use of Al also raises important ethical
considerations. As Crawford (2021) argues, we must
critically examine the power dynamics inherent in

Al systems and consider who benefits from these
technologies.

Digital fabrication technologies, such as those
offered by Autodesk Fusion 360, enable converting
these generative designs into physical products
(Autodesk, 2022). These technologies have

been used to create custom prosthetic arms,

demonstrating their potential in prosthetics. These
techniques, such as 3D printing, offer promising
avenues for implementing user-centered designs.
These technigues allow for rapid prototyping and
production of customized prosthetic sockets,
enhancing user comfort and functionality. In this
regard, Spiers et al. (2021) propose an innovative
method for measuring the use of prosthetic

and intact limbs in upper limb amputees using
egocentric video. This unsupervised, at-home study
approach provides valuable insights into the real-
world usage of prosthetic devices, informing the
design process and facilitating the creation of user-
centered prosthetic sockets.

The effectiveness of a prosthetic device is not solely
determined by its design. Chadwell et al. (2018)
highlight that upper limb activity in myoelectric
prosthesis users is often biased towards the intact
limb. This suggests that despite technological
advancements, there remains a disconnect between
the user and the prosthetic device. It underscores
the need for a user-centered approach in the design
of arm prosthetic sockets, ensuring that the device
aligns with the user’s needs, preferences, and
lifestyle.

The use of prosthetics extends beyond the individual
and has significant social implications. Shew (2023)
argues against ‘technoableism,’ the idea that
technology can and should be used to ‘improve’ the
human body. This perspective is particularly relevant
in prosthetics, where the aim is not to ‘improve’

the user but to enable them to live as fully and
comfortably as possible. This social perspective is
crucial to the thesis project, highlighting its broader
implications.

In the cultural context, the project recognizes
the diverse perspectives, values, and preferences
shaping the design and use of prosthetic devices.



For example, cultural norms, beliefs, and aesthetic
preferences can influence individual perceptions

of disability and prosthetic identity. By adopting

a culturally sensitive approach to design, the

project aims to celebrate diversity, empower

users to express their identities and challenge
stereotypes surrounding disability. Moreover, cultural
considerations inform the selection of materials,
colors, and design features that resonate with
diverse user populations. For instance, a prosthetic
arm designed for a user in Western culture might
prioritize functionality and realism. In contrast, a
prosthetic arm designed for a user in Eastern culture
might prioritize aesthetics and symbolism.

In conclusion, the design of arm prosthetic sockets
involves a complex interplay of factors, including
user needs, generative design, digital fabrication, Al,
and social and ethical considerations. By adopting
a user-centered approach and leveraging the latest
technologies, designers can create prosthetics that
meet the user’s needs. The contextual analysis
comprehensively explains the ecological, economic,
socio-political, and cultural dimensions shaping the
thesis project. By critically evaluating the current

Design

Visualisation of the context of this thesis.

situation, identifying gaps and opportunities,

and contextualizing the project within broader
sustainability discourse, the stage is set for the
ensuing design exploration.

The project aims to catalyze positive change by
fostering innovation, inclusivity, and sustainability
in prosthetic design and improving the quality of
sockets for individuals with limb loss.

Healthcare

Emerging technologies



Design process

This chapter outlines the comprehensive design process for developing an arm prosthetic socket for trans-
radial amputation using generative design, digital fabrication, and a user-centered approach. The objective
is to ensure a rigorous and systematic approach, aligning with contemporary methodologies in product
innovation and adaptive prosthetic design (Ye, Meng, and Zhang, 2024; Huang, Wang, and Yu, 2023). The
process is structured into distinct phases: research and planning, data collection and analysis, concept
ideation, design development, prototyping, and finalization.

Research and planning

During this time, | had the pleasure of gathering
knowledge by interviewing key figures in the field,
including Christoffer Lindhe, C.E.O. of Lindhe Xtend;
Sara Kallin, Lecturer in Prosthetics and Orthotics
and Programme Coordinator at Jonkdping University;
Mohammad Sobuh, Assistant Professor at Jénkdping
University; and Professor Laurence Kenney from

the University of Salford. Interviewing them was
essential to understanding the current state-of-the-
art in limb prosthetics. Moreover, | conducted a study
visit to the rehabilitation department of Jonkdping
University, where Assistant Professor Mohammad
Sobuh shared valuable insights on the current steps
for realizing limb prosthetics and how patients

are treated and supported throughout the entire
pProcess.

Several methods were employed in this phase to
gather critical information and insights.
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Halmstad q
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Potential connections

Stakeholder Map: This is a visual representation of
all the stakeholders involved in the project, including
medical experts, healthcare device developers, and
design studios. This map helps in understanding

the relationships, influences, and priorities of
different stakeholders, ensuring that their needs and
perspectives are considered throughout the design
pProcess.



Problem statement

Prosthetic sockets are
not comfortable or
functional for people
who have lost a limb
due to traumatic
events.

WHY?

Why are current
prosthetic sockets not
meeting the needs of
individuals who have

lost a limb due to

traumatic events?

BECAUSE

Because they may not
fit perfectly, causing
discomfort and
limiting mobility.

5 Whys Technique: This method involves asking
“why” multiple times (typically five) to drill down
into the root cause of a problem. By repeatedly
questioning an issue’s cause, we gained more
profound insights into the underlying problems and
challenges in prosthetic design by identifying the

root cause.

WHY?

Why do the prosthetic
sockets not fit
perfectly?

BECAUSE WHY?

Because they are

Wh 1
often mass-produced y are pros

. sockets ma
and not tailoredto ——>
o i produced an
the individual's o )
individualiz

unique anatomy.

S.C.AM.P.E.R. Method: An acronym for Substitute,
Combine, Adapt, Modify, Put to another use,
Eliminate, and Reverse. This creative thinking
technigue generated ideas by exploring ways to
improve and modify existing prosthetic designs.



WHY? WHY?

hetic

Why s creating Why does it require

Ss- custom-fit prosthetics
. . killed labor an
1 not — time-consuming and —— e.d abo. and
. multiple fittings?
2d? expensive?

Root cause

From this analysis, it seems the root problem is the lack of a cost-
effective, efficient method for producing custom-fit prosthetic sockets.
My approach of using generative design and digital fabrication
techniques could potentially address this issue by automating the
customization process, thereby reducing the need for manual labor
and multiple fittings. The human-centered design approach ensures
that the end product meets the unique needs of each individual,
improving comfort and mobility. This could indeed add significant value
to the manufacturing of prosthetics.

Adapt Modify

Combine \ / Put to other use

Substitute Eliminate

Generated arm
prosthetic socket

«—

Reverse
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Manufacturing process of a prosthetic socket using the direct
lamination method

The photos were taken at Team Olmed Facility in JOnkdping
Pjasgatan 2,553 05



Data collection and analysis
In the middle of this phase, | had the opportunity

to conduct a study visit to Team Olmed’s facility

in JOonkdping. During this visit, | observed firsthand
how they realize limb prosthetics for different types
of patients and various types of amputations and
needs. | met David Lindgren, Alen Cavca, Kenth

Lund, and Alexander Bremberg. They provided
valuable information and insights about their work
and interactions with patients and other medical
professionals, such as nurses and physiotherapists.
This was critical in understanding the specific needs,
preferences, and challenges faced by individuals
with limb loss and the materials and manufacturing
processes used in prosthetic development.

Furthermore, it was necessary to use the following
methods in order to understand user needs and
experiences.

12
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Alexander Nilsson

Age: 28 years old

Occupation: Software
engineer

Lifestyle: Active and
adventurous

Story: He lost the lower part
of his right armin a
motorcycle accident two
years ago. Since then, he
has been adjusting to life
with a prosthetic arm. He
loves swimming, hiking, and
playing guitar with friends.

User Persona: Detailed profiles representing
different segments of the target user population.
This persona included demographic information,
lifestyle, needs, and pain points (challenges),
providing a clear picture of the users for whom the

Physical conditions

His skin is sensitive,
prone to irritation, and
needs proper
ventilation.

His residual limb experiences
volume fluctuations due to
temperature changes and physical
activity. The current socket causes.
discomfort during long hours of
wear.

Goals and Needs

He aims to put on and adjust
the socket independently
without relying on frequent
prosthetist visits.

Alexander seeks a socket that
adapts to their limb's
changing shape, minimizing
pressure points and friction.

He wants a secure fit that
doesn't shift during intense
physical activities. But at the
same time doesn't limit the

range of motion.

prosthetic socket was designed.

Emotional State

He believes that
technology may
improve his quality of
life.

He wants a prosthetic socket
that allows them to participate
in sports and outdoor
adventures without limitating
him during everyday tasks.

He feels frustrated when
the socket doesn't fit well
or causes pain during

activities.
Challenges
Finding a socket that Avoiding a
accommodates heavy socket
individual variations and that limits
adjusts dynamically. mobility.

Addressing sweat
buildup and skin
irritation.

Insights and Opportunities

Personalization: Designing a
socket that adapts to
Alexander’s unique limb
shape and volume changes.

Breathable Materials:

Exploring materials that

enhance ventilation and
prevent skin issues.

Smart Adjustments:
Incorporating user-friendly
mechanisms for fine-
tuning fit and comfort.

Empathy: Continuously
involving the user's point of
view in the design process to
ensure an accurate user-
centered approach.



Empathy Map

“Oa Thinks e
S Sometimes | feel e
IS The current socket feels self-conscious Lo
sl tight and uncomfortable about how my -
S after wearing it for a few . . rosthetic looks o
Sel hogrs I wish | could adjust P IPhe
Petemnatonine oo the fit easily without -7
wants to overcome oo visiting the Lo
challenges and live SN prosthetist every time _o°
life fully oo L7 Struggles to put on
.. _o% the socket
oo L7 independently due
. S~ o to its rigid design
Frustration: When s -7 9 9
the socket rubs S _o®”
w against her skin, S~ -7 o
@ causing irritation T<l ) - ]
L 9 0% So Avoids certain activities !
_o® - A (e.g., dancing, sports)
-7 Seo because of fear that the
- S socket might shift or
Hope: He believes -7 Sso cause pain
t_here must be a way to -7 | want a socket that S.o
improve her prosthetic - doesn’t limit my AN
experience. -7 movement or make me Sl
7 feel like I'm wearing a sl
e heavy cast Sl
e Maybe technqlogy Why can’t my prosthetic Too
- can heIp me find a socket adapt to changes S
2% better solution Dimyligbivolime) g
-7 throughout the day? sl
Lo Says RN
—< Pain Gain )—
A - A Aman Ease of Use: Th Aesthetics: A visuall
Frustration wearing the Sense of The o osthetic RO, omorwiomant  Geresstodeisie  appedingdesncon
r her limb’s changing shape. her daily experience .
prosthetic for a long awkwardness 5 izabl ials and dependently and fid d red
shetc ora some pain RSN aecuieles  eededo e nd e

Empathy Map: Visual tools capture what users say,
think, feel, and do. Empathy maps help understand
users’ emotional and psychological experiences,
ensuring that the design addresses their actual

needs and desires.



15

Journey Steps

Scenario

Actions

Needs

Pains

Touchpoint

Customer Feeling

Alexander Nilsson

Awareness and Diagnosis

Alexander Nilsson, a young man, loses the
lower part of his right arm in a motorcycle

: rosthetist.
accident. P

Receives medical Learns about Appointment
attention and available with a prosthetic
diagnosis. prosthetic options. clinic.

Information on prosthetic solutions, emotional
support.

Fear, uncertainty about the future.

Clinic visit: First interaction with the prosthetist.

G

d

Referral to Specialist

Alexander’s doctor refers him to a

Initial
assessment of
needs and goals.

Prosthetic Assessment

Alexander meets the prosthetist.

Detailed Discussion of
evaluation of lifestyle, preferences,
residual limb. and expectations.

Measurement
and imaging for
customization.

Customized socket design, comfort.

Anxiety about fit and functionality.

Journey Map: This outline the user’s interaction with the prosthetic socket
over time. These maps highlight key touchpoints, user goals, and potential pain
points, providing insights into the overall user experience.

Design and Fabricati

Alexander collaborates with the pro:

Socket design based Materi:
on fit, comfort, and (lightwei
aesthetics. skin-

3D scanning or Fab
casting for the
precise fit. ¢

Design consultation: Discussing s

,_
L5y o
)



Fitting and Alignment Training and Rehabilitation Follow-Up and Maintenance Integration into Daily Life

Alexander continues with regular check- Alexander adapts to life with the arm

thetist. Alexander receives the arm prosthetic. Alexander starts using the prosthetic. R
ups. prosthetic.

Trial fitting and Alignment for
. optimal function
adJUStments' (elbow, wrist, hand).
Training on
donning, doffing,
and care.
Proper alignment, usability. 0Ongoing support, socket maintenance.
Discomfort during adjustments. Fear of complications or damage.

Therapy sessions: Learning to use the Social interactions: Using the prosthetic in
prosthetic. public.

@ & @ o

cket features.
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Could | adapt machine
learning algorithms to
optimize the generative
design process, making
the prosthetic more
efficient and
comfortable?

Adapt

Empathy

Could I modify the
design to be more
user-friendly,
allowing wearers to
adjust fit and
comfort
themselves?

Modify

Could any
discomfort be
eliminated by

designing the socket
to have a passive
built-in ventilation
system?

Eliminate

Customization

Comfort

VlIsualisation of the data analysis results.

Aesthetics



The outcomes of the data analysis are that two
major factors highlight the design opportunities:
More customization
Use of lightweight materials

More customization could allow the project to
explore personalizing prosthetic socket designs for
users who have undergone trans-radial amputation.
Meanwhile, using lightweight materials may
facilitate and enhance comfort and mobility not only
for patients still in possession of prosthetic sockets
but also for new adopters who might face difficulties
wearing their first arm prosthetics for a more
extended period.

Both of these factors may contribute to developing

a new design process that will provide a more
straightforward way to implement more sustainable
and biocompatible materials. This will improve

the quality of the object itself and its realization
between the user and the manufacturing companies,
as well as the environment, without compromising
the rigorous and rightful standards that a medical
device is to follow.

18
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Concept Ideation

The insights gained from the data analysis drove
concept ideation. Various brainstorming sessions
were conducted to generate ideas for the prosthetic
socket design. The Stingray model was utilized to
facilitate a structured yet flexible ideation process
with A.l. tools (Vizcom, Leonardo.Al, and Krea.

Al), exploring innovative solutions that balance
functionality and user comfort (Board of Innovation,
2023).

Concepts were evaluated based on their feasibility,
user appeal, and alignment with the project’s design
opportunities and requirements. Various methods
were used to generate and refine design concepts
during the concept ideation.

Requirements and
design opportunities

Converting words into
meaningful sentences

Outline a storytelling
from meaningful
sentences

Prompt Design: Structured prompts stimulated
creative thinking and idea generation. These
prompts were carefully crafted to focus on
specific aspects of the prosthetic socket design,
encouraging innovative solutions by underlying the
results gathered during the previous phase.

Improving the
narrative

Well-designed

Final adjustment
(Grammar is important)

prompt



Hyper-realistic 3D model of a beautifully
engineered, ergonomic human arm prosthetic
socket with a reticular pattern, rendered in
natural skin-tones to blend seamlessly with a
Caucasian skin-tone. Inspired by the detailed
rendering style of Keyshot and Red Shift.

4:3 Complete concept design of a parametric
generated 3D printed lightweight arm
prosthetic socket with an organic and reticular
pattern, nest structure.

Design a hyper-realistic 3D model of a
beautifully engineered, ergonomic human arm
prosthetic with a reticular pattern, rendered in
natural skin-tones to blend seamlessly with a
Caucasian skin-tone. Inspired by the detailed
rendering style of Alex Roman.

4:3 Complete concept design of a parametric
generated 3D printed lightweight arm
prosthetic socket with an organic and reticular
pattern.

Hyper-realistic rendering and complete
concept design of a lightweight human
prosthetic arm socket with an organic and
reticular pattern. Ergonomics and aesthetics
are the key aspects. The final concept design
is made out of 3D-printed sustainable
composite thermoplastic that matches the
natural colour of human skin.

Hyper-realistic rendering and complete

concept design of a lightweight human

prosthetic arm socket with an organic and
reticular pattern (nest structure). The final
concept design is made out of 3D-printed
sustainable composite thermoplastic that
matches the natural colour of human skin.

Cinematic 3D render, white skin colour palette,
redshift render engine.4:3 Complete concept
design of a parametric generated 3D printed
lightweight arm prosthetic socket with an
organic and reticular pattern, nest structure.

Complete concept design of a parametric
generated 3D printed lightweight human arm
prosthetic socket with an organic and reticular
pattern, nest structure. Cinematic 3D render,
white skin colour palette, redshift render
engine.

1:1 Complete concept design of a parametric
generated 3D printed lightweight human arm
prosthetic socket with an organic and reticular
pattern, nest structure. Cinematic 3D render,
white skin colour palette, redshift render
engine.

Examples of prompt texts designed to be used in Leonardo.Aj,
Krea Al, and Vizcom.
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Al-Powered Stingray Model: Inspired by the Board
of Innovation, this model facilitated a structured yet
flexible approach to ideation, allowing for exploring
a wide range of design possibilities. A.l. algorithms
provided by different tools, such as Leonardo.

ai, Krea.Al, and Vizcom, were used to generate

and evaluate different design options based on
predefined criteria.

Alled Human-led

Concepts validated for
(O desirability, viability
and feasibility

Board of Innovation, 2023

Al-Powered Double Diamond: A design process
model that includes four phases: Discover, Define,
Make, and Design. The double diamond approach,
enhanced by A.l, provided a systematic framework
for exploring and refining multiple design concepts
simultaneously.



Discover

Discover

O\
Z
A
)

Define

Design

Discover

Design

Design

Design

&
<
Lo
s
S

Top figure is the overview of
a standard double diamond.
Menawhile the last two
diagrams shows how the use
of Al tools in this phase of
concept ideation can increase
the amount of possible
concept designs that is
possible to develop the same
amount of time.
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Outcome of the first interaction with the the Al tool Leonardo.Al.

As is possible to observe the image above shows how unrealistic
and impredictable the usage of such tool is concept design if
real-world informations are not prompt correctly in it.



Interface of Krea.Ai. This Al tool was used to generate design
concepts that were only prompt-based (text-in-to-image).

i appvizcom.ai

[ First try of concept designs.

188 BN

’ ‘ ';Cauld be ben.er.
T\

Interface of Vizcom. This Al tool was used to generate design
concepts that were based on images (image-to-image).

The two results of the first line on top was generated by having a
starting point an image generate previously by Krea.Al, the results
were not satisfying.

On the other side, the results of the line on the bottom were
generated by having as a starting point a ruff sketch drawn by me
on paper and improved on Photoshop. This is were | have found to
have made the most “usable” concept design.
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Image gallery of the best result concepts, but not feaseable
enough in order to be considerated as adequate result.



26



27

Final concept design using the image-to-image method.



Final concept design using the text-in-to-image method.
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Design Evaluation of Outcomes: This evaluation
ensured that only the most promising ideas were
carried forward to the development phase (Board
of Innovation, 2023). The concepts generated
during ideation were evaluated based on the design
opportunities outlined at the end of the analysis
phase.



Design development

The selected concepts were further developed

into detailed design proposals. This phase involved
creating 3D digital models and simulations using
the software Fusion 360 and its feature called
“Generative Design.” However, Despite having been
generated by providing correct inputs, the concept
designs generated by these A.l. models often do not
have the full potential to provide results that can
work even without a posthumous reinterpretation of
their results. This made using the concept designs
created during the previous phase difficult and
required careful consideration, highlighting these A.l.
tools’ current limitations.

In the design development phase, the focus was on
creating detailed design proposals using advanced
digital tools:

3D Modelling with Fusion 360: The selected
concepts were translated into 3D digital models
using Fusion 360 software. This process involved
detailed modeling and simulation to explore the
prosthetic socket’s form, fit, and function.

Visualisation of how the 3D
modelling in Fusion360 started.
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Early stage of the 3D modelling phase.

During the beginning of this stage | have realisesd that the
realisation of 3D model of an ar prosthetic socket could not be
based entirely on concept design generated with Al, even though
the outcomes created by Vizcom and Krea Al were based entirely
on the results of my previous data analysis, it was still necessary
to rely on my experience as a designer in order to use the
concept design as ground base and build the 3D model upon it.
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3D modelling phase.

During this stage | have started to 3D model using the

“AUTOMATE" function, which is a command that enable the

designer to generate shapes using a light and less complicated

version of the generative design function. The red body represent

the solid that the algorithm has to avoid in order to generate a

shape (bottom image) that is in-line with my design criteria.
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Generative Design in Fusion 360: Generative design
algorithms optimized the design based on specified
constraints and objectives. This feature helped
explore a wide range of design variations, although
it highlighted the current limitations of A.l. tools, as
the generated designs often required significant
reinterpretation and refinement to be viable.

Emphasis was placed on the aesthetics of
sustainability, ensuring that material choices

and design elements contributed to the overall
environmental impact of the prosthetic socket (Thilo
Alex Brunner, 2021). Iterative testing and refinement
were conducted to optimize the designs for
performance and user satisfaction.

o E-@ 808 8 Arem preashetic - DRAFT 6_CENERATIVE SHAPE v
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The green and the bottom shape are the bodies that needs to

be preserved during the generation, on the other hands the red
shape is the body that has the purpose to be used as an obstacle
by the algorithm to be used as a major load, and finally the yellow
shape represent the starting shape that the generated boby must
have in order to be feaseable solution.
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Outcomes created the generatice algorithm of Fusion360.

Due to software recomandetions (based on the torque value that
| have put in it) the chosen outcome was the number 3.
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Continuing of the 3D modelling by implementing the feasable
outcome from the generative design.
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Prototyping

Prototyping involves the physical realization of
digital models. 3D printing was mainly employed to
produce high-fidelity prototypes. These prototypes
were subjected to rigorous testing and evaluation to
assess their functionality, comfort, and fit. Advanced
3D printing processes ensured high accuracy in
shape and size, closely matching the user’s residual
limb (Tamminen and Moilanen, n.d.; Cabibihan,
Abubasha, and Thakor, 2018).

The developed 3D model was translated into
physical prototypes for testing and evaluation during
this phase. The 3D models were printed using P.L.A.
filament in multiple stages. This iterative approach
allowed for continuous evaluation and refinement.

They ensured that the prototypes met the functional
and ergonomic requirements of the design.

The feedback session with Par Wikberg was crucial
for identifying improvement areas and making
necessary design adjustments (Tamminen and
Moilanen, n.d.; Cabibihan, Abubasha, and Thakor,
2018).

During this session, | was able to comprehend and
understand a series of mistakes that | had made
during the 3D modeling. Thanks to Par's mentoring, |
have managed to go back to my steps and apply the
adequate corrections.

Shape definition - To properly identify the portions to be removed
for the desired outcome, | faced challenges with marking them
directly. As a solution, | created a 3D-printed prototype of the
initial shape design and manually marked the areas to be
removed.



Fabrication and finalisation

The final phase of the design process focused on
fabricating and finalizing the prosthetic socket.
Additive manufacturing techniques were leveraged
to produce the final product, ensuring precision and
customization (Alpay, 2012).

In this phase, the prosthetic socket was fabricated
and finalized using advanced materials and
techniques:

- High-Temperature P.A.H.T. with 15% Carbon

Fibre: The final design was 3D printed using high-
temperature polyamide (P.A.) reinforced with carbon
fiber. This material provided the necessary strength
and durability for the prosthetic socket.

- Bioplastic Liner Casting: The liner was cast in a
bioplastic composed of potato starch and agar-
agar. This material choice ensured comfort and
sustainability, aligning with the project’'s emphasis
on eco-friendly design (Alpay, 2012).

3D printing of the final 3D model. The back filament is PAHT,
meanwhile the white finament used for the support is corn
starch-based and water soluble, make it more easy the making of
a good and usable print.
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3D printed arm proshtetic socket.

Final 3D print left in warm water to let the water soluable supoprt
to dissolve and cure it.



Ingridients used for making the bioplastic.
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During the finalization of this design process, it

is important to state that my role as an industrial
designer was pivotal in harmonizing outcomes
created using A.l. tools like Krea.Ai and Vizcom with
what is currently possible in parametric software like
Fusion360. This is essential in designing products
that represent the current state of a constantly
evolving manufacturing process.

Deployment
A
__, Understanding
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socket deSIgn identification
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The design process used in this project can

be represented using the diagram underneath.
Even though there is not a clear vision of what

A.l. can bring to the field of design and product
development, it is visible that implementing it inside
a design process where the designer is charged
with making the final decision might suggest a
new way to intend the presence of design inside a
development process.
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Images of the final outcomes.

In this order:
Liner.
Final look of LEGGERA, the arm prosthetic
socket.
Interaction between LEGGERA and a human arm.
User persona wearing LEGGERA without hand
mechanism and cosmetic cover.
Photo of the design process showed during the
exhibition “What's going on?” in Kungsgatan 5,
Vaxjo.


















Prosthetic socket

Human influence= 100%
Al influence= 0%

Prosthetic socket

Human influence= 10%
Alinfluence= 90%

Prosthetic socket

Human influence= 30%
Al influence= 70%

Prosthetic socket

Human influence= 60%
Al influence= 40%



Discussion

Innovation aspect

The innovative approach of designing an arm
prosthetic socket, which integrates generative
design, digital fabrication, and a user-centred
approach, is not just a step forward, but a
transformative leap in the realm of industrial design.
This approach can revolutionize the conventional
design process and significantly amplify the user
experience, inspiring a new era of prosthetic design.
As an avant-garde tool, generative design opens

up many design possibilities within defined
parameters (Jacque et al., 2020). When applied to
the design of arm prosthetic sockets, it can create
highly personalized and optimized solutions. This
innovative approach goes beyond traditional design
boundaries, allowing for the creation of customized
prosthetic sockets tailored to each user’s specific
needs.

Digital fabrication further enhances this process

by enabling rapid and accurate production of these
designs. This technology brings the designs to

life, transforming them from digital concepts into
tangible, functional products. The precision and
speed of digital fabrication are unparalleled, making
it a crucial component of this innovative approach.

The user-centered approach is a critical aspect of
this innovation. As Thorpe (2016) articulates, ‘Socially
Responsive Design and Innovation’ places the user
at the heart of the design process, empowering
them to shape their own solutions. When designing
a prosthetic socket, it is essential to consider the
individual needs and experiences of the user. By
incorporating these insights into the design process,
the final product can be functional and comfortable,
suiting the user’s lifestyle and giving them a sense
of ownership and control over their prosthetic
experience.

Integrating these innovative approaches represents
shifting from the traditional, product-centric design
paradigm towards a more holistic, human-centered

design approach. As Pfannstiel (2023) notes, this
‘human-centered service design’ is

The shift towards a more holistic, human-centered
design approach, as Pfannstiel (2023) notes, is key
to healthcare transformation. By prioritizing the
user, designers can create products that truly fulfill
the needs of the individuals they are designed for.
This shift, though challenging, offers a world of
potential benefits. As Secomandi (2023) points out,
breaking free from the marketing-dominant logic
that has long governed product design requires a
significant change in mindset. Yet, the potential
benefits of this innovative, user-centered approach
to prosthetic socket design are clear. It offers an
opportunity to redefine the design process, placing
greater emphasis on user needs and experiences,
and fostering a more hopeful and optimistic future
for prosthetic design.

In addition, the innovation aspect of designing an
arm prosthetic socket using generative design,
digital fabrication, and a user-centered approach
represents a significant advancement in the field of
industrial design. By placing the user at the heart of
the design process, this approach can revolutionize
the lives of individuals who depend on prosthetic
devices, improving their comfort, mobility, and overall
quality of life. This innovative approach redefines the
design process and sets a new standard for user-
centered design in healthcare, fostering a deeper
understanding and empathy for the user’s needs.
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Sustainability aspect

The sustainability aspect of designing an arm
prosthetic socket using generative design, digital
fabrication, and a user-centered approach is
critical in industrial design. As Demirci (2023)
posits, industrial designers have a protagonist
role in creating a culture of sustainability. This is
particularly relevant in prosthetic design, where
durable, efficient, and environmentally friendly
solutions are paramount.

Generative design and digital fabrication offer
promising avenues for sustainable innovation. These
techniques allow for the creation of prosthetic
sockets that are tailored to the user's needs

and minimize waste in the production process.

This aligns with Lewis’s (2001) assertion that
designing greener goods is a global imperative.
Digital fabrication, mainly additive manufacturing
techniques such as 3D printing, further enhances
the sustainability of the process. Unlike traditional
manufacturing methods, which often involve
subtractive processes that generate waste, additive
manufacturing builds the product layer by layer,
using only the material necessary. This minimizes
waste and uses sustainable materials, such as
biodegradable plastics or recycled metals (Tavanti
and Tavanti, 2023).

The user-centered approach further enhances the
sustainability of the design process. By prioritizing
the needs and preferences of the end-user,
designers can ensure that prosthetic sockets are
functional, comfortable, and have a longer lifespan.
This reduces the need for frequent replacements
and contributes to sustainability.

However, achieving sustainability in prosthetic
design has its challenges. As Ruffino (2021) notes,
sustainable product development involves a careful
balance of various factors, including material
selection, manufacturing processes, and end-of-life
considerations. In the context of prosthetic sockets,
this could involve choosing biodegradable materials,
employing energy-efficient fabrication methods, and
considering the recyclability or disposability of the
product at the end of its useful life. The mitigation of
these challenges can be achieved through sustained
research and development, fostering close
collaboration between designers and manufacturers,
and the integration of cutting-edge technologies.

In addition, integrating generative design, digital
fabrication, and a user-centered approach in the
design of arm prosthetic sockets presents a viable
path toward sustainable innovation. However, to
realize the full potential of these approaches in
fostering a culture, designers, manufacturers, and
users alike must work together.

Of sustainability in the field of prosthetic design.

In addition to addressing functional and ergonomic
considerations, sustainability is a core aspect of
the design process. The project aligns with various
Sustainable Development Goals (SDGs) such

as SDG 3 (Good Health and Well-being), SDG 9
(Industry, Innovation, and Infrastructure), and SDG
12 (Responsible Consumption and Production) by
integrating sustainable materials, minimizing waste
through 3D printing, and prioritizing user needs.

SDG 3—Good Health and Well-being: The project
aims to improve the overall health condition of
individuals with limb loss by creating prosthetic
sockets that prioritize user comfort, functionality,
and emotional well-being. Sustainable and
ergonomic designs will improve users’ mobility and
quality of life, promoting their physical and mental
health.

SDG 9—Industry, Innovation, and Infrastructure:
Leveraging generative design and digital fabrication
technigues reduces prosthetic manufacturing’s
environmental footprint. The project explores
innovative prosthetic design and production
approaches, driving advancements in the prosthetics
industry and promoting sustainable manufacturing
practices.

SDG 12—Responsible Consumption and Production:
Sustainable material selection, such as recyclable
or biodegradable polymers, minimize resource
consumption and waste generation throughout the
product life cycle. Digital fabrication technigues
enable on-demand manufacturing, reducing excess
inventory and energy consumption associated with
traditional manufacturing processes.

Through a holistic approach that integrates
sustainability principles with design innovation and
user-centricity, this thesis project aims to contribute
to advancing sustainable prosthetics. By addressing
the Sustainable Development Goals of Good Health
and Well-being, Industry, Innovation, Infrastructure,
and Responsible Consumption and Production, the
project demonstrates the potential for design to
create a positive social and environmental impact on
prosthetics.



Ethical aspect

As an industrial designer, it is imperative to critically
examine the ethical implications of design decisions,
particularly in projects that improve the quality of life
for individuals with disabilities. This master’s thesis
project focused on designing prosthetic sockets
using generative design and digital fabrication
techniques, and several ethical considerations arose.

One ethical consideration revolves around
accessibility and inclusivity in prosthetic design. It

is essential to consider users’ diverse needs and
preferences, including those with varying levels of
mobility, dexterity, and sensory abilities. Designers
must strive to create prosthetic sockets that are
universally accessible and inclusive, accommodating
a wide range of users without perpetuating biases or
stereotypes (Felton, Zelenko, and Vaughan, 2012).

Integrating machine learning algorithms and digital
technologies in prosthetic design raises privacy
and data security concerns. Designers must adhere
to ethical standards by protecting users’ personal
information and ensuring compliance with data
protection regulations (Floridi, 2023). Looking
forward to the standardization of Al inside a design
process, it is essential to remember that any data
collected during the design process should be
anonymized, with explicit consent obtained from
users for its use in algorithmic optimization or
research purposes (Leben, 2018).

While striving to enhance the functionality and
comfort of prosthetic sockets, designers must also
consider the environmental impact of their material
choices, manufacturing processes, and product
lifecycle. Prioritizing sustainable materials, reducing
waste through digital fabrication, and exploring
circular design principles are essential steps toward
minimizing the ecological footprint of prosthetic
design (Fisher and Gamman, 2018).

Equitable access to prosthetic care stands as a
foundational ethical principle. Designers should
remain cognizant of socioeconomic disparities and
endeavor to develop prosthetic solutions that are
both cost-effective and attainable for individuals
from various socioeconomic strata. Collaborative
efforts with healthcare providers, advocacy
organizations, and policymakers are imperative to
overcome access barriers and advance fairness in
the delivery of prosthetic care (Abel, 2011).

By prioritizing user autonomy, accessibility, privacy,
sustainability, and equitable access, designers can
create prosthetic solutions that not only.

It improves physical function, follows ethical
principles, and supports social inclusion. In

the future, ongoing discussions and teamwork
with involved parties will be crucial to navigate
the complex ethical aspects of designing
prosthetics and ensure a positive impact on
society (Felton, Zelenko, and Vaughan, 2012). This
project underscores the importance of ethical
considerations in prosthetic socket design.

Interdisciplinarity

The interdisciplinary nature of this thesis reflects the
significant impact of inclusive design, as highlighted
by Holmes (2020) in “MISMATCH: How Inclusion
Shapes Design.” Inclusive design principles should
play a crucial role in shaping products that meet the
needs of a wide range of users. This is especially
important in prosthetic design, where prioritizing the
user’'s needs and comfort is essential.

Meanwhile, as applied in this project, digital
fabrication and generative design represent the
intersection of technology and design. Tran (2023)
discusses this intersection as a catalyst for cultural
change in “Cultural Robotics: Social Robots and
Their Emergent Cultural Ecologies.” The use of these
advanced technologies in prosthetic design not only
enhances the functionality and fit of the prosthetics
but also empowers users and professional figures
from other fields of knowledge by involving them

in the design process. This aligns with the user-
centered approach adopted in this project, which
places the user at the heart of the design process.

The user-centered approach is not just about
creating a product that fits the user’s physical
needs. It also involves considering the user’s
emotional and psychological well-being. This holistic
approach to design is crucial to thriving in the next
economy, as Tewari (2018) discusses in “How to
Thrive in the Next Economy: Designing Tomorrow’s
World Today.” By designing prosthetics that users
feel comfortable and confident using, we can
contribute to their overall quality of life and well-
being.

To summarise, the interdisciplinarity element of this
study marks a substantial development in prosthetic
design. It not only improves the functionality and

fit of the prosthetics but also puts the user at the
center of the design process that involves different
fields of knowledge, such as industrial design,
physical rehabilitation, and orthopedics, which
benefits their general well-being. This approach is
consistent with the ideals of inclusive design and is
a step towards a more inclusive future.
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My role as a designer

In this project, my role as a designer was pivotal

in shaping the development of an arm prosthetic
socket, evaluating the use of generative design,
digital fabrication as a manufacturing process, and
a user-centered approach. The project's success
hinged on effectively integrating these elements,
which required a deep understanding of the design
process and navigating complex challenges
(Abcovert and Fenton, 2014).

Introducing Al tools such as Krea.ai and Vizcom was
crucial in this project. It allowed for the exploration
of vast design concepts, enabling the creation

of a prosthetic socket that was both functional

and aesthetically pleasing. However, the use of
generative design also posed challenges; the main
one was to find good use of the Al-generated
design concepts inside a parametric CAD software
like Fusion360. It required a shift in mindset from
traditional design thinking to a more exploratory and
iterative approach (Wasserman, 2021).

Meanwhile, digital fabrication was another key
aspect of this project. It provided the means to bring
the generatively designed prosthetic socket to life.
Digital fabrication technologies, like 3D printing in
this case, enabled rapid prototyping and testing,
which is crucial to ensuring the prosthetic socket
meets the user’s needs (Downe, 2020).

Perhaps the most critical aspect of this project was
the user-centered approach. This approach ensured
that the design of the prosthetic socket was tailored
to the user’s specific needs and preferences. It
required a deep understanding of the user’'s needs
and a commitment to involving the user in every
stage of the design process (Downe, 2020).
However, adopting a user-centered approach also
posed challenges. It required a delicate balance
between meeting the user’'s needs and maintaining
the integrity of the design. This tension between
user needs and design considerations is a common
challenge in design projects and requires careful
navigation (Matos, 2022).

My role as a designer in this project was
multifaceted. It required a deep understanding of
generative design, digital fabrication, and user-
centered design. It also required navigating the
complexities and challenges inherent in integrating
these elements into a cohesive design process.

The project’s result underscores the importance of
these skKills and approaches in contemporary design
practice (Wasserman, 2021).



Considerations for future implementations
The project’s focus on designing an arm prosthetic
socket using generative design, digital fabrication,
and a user-centered approach has yielded
promising results. However, it is crucial to consider
this project’s future implications and potential
improvements.

As the project concludes, it is imperative to consider
avenues for future implementation and potential
implications for industrial design, particularly in the
context of prosthetics.

1. Integration of Machine Learning in Generative
Design: One avenue for future implementation
involves further exploration of machine learning
algorithms to enhance the generative design
process. Generative design has proven to be
a powerful tool in creating the arm prosthetic
socket. It allows for exploring a vast design
space, generating numerous design alternatives
based on predefined constraints (Holmes,
2020). However, the effectiveness of generative
design relies heavily on the quality of the input
parameters. Future work should focus on refining
these parameters to ensure the generated
designs are functional and comfortable for the
user.

2. User-Centric Design Iterations: Building upon
the user-centric design approach adopted in
this thesis project, future implementations
should prioritize iterative design iterations
based on user feedback and usability testing.
The user-centered approach adopted in this
project ensures that the prosthetic meets the
unigue needs and preferences of the user. This
method is based on the principles of inclusive
design, which advocates considering the full
range of human diversity (Holmes, 2020).
However, as Lorusso (2024) points out, there
are limits to what design can achieve. It is
essential to acknowledge that while a user-
centered approach can enhance the usability of
the prosthetic, it may need to fully address the
psychological and social challenges associated
with limb loss. Future work should incorporate
psychological support and social integration
strategies alongside the design and fabrication
of the prosthetic.

3. Advancements in Digital Fabrication
Technologies: With ongoing advancements
in digital fabrication technologies, future
implementations of prosthetic socket design can
benefit from emerging techniques and materials.
These technigues have enabled the rapid
prototyping and production of the arm prosthetic
socket. This technology has the potential

to revolutionize the field of prosthetics, making
them more accessible and affordable (Ito, 2016).
Nevertheless, the durability and longevity of
digitally fabricated prosthetics remain a concern.
Future research should investigate materials

and fabrication methods that can enhance the
durability of the prosthetic without compromising
its comfort and functionality.

To summarise, while this project has made
significant strides in the design of arm prosthetic
sockets, much work remains to be done.
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Conclusion

This master’s thesis has explored the confluence
of advanced technologies, sustainability principles,
and user-centered design in prosthetic arm socket
development. By harmonizing generative design
and digital fabrication technigues and guided by a
commitment to sustainability and user inclusivity,
the project has sought to push the boundaries of
traditional prosthetic design paradigms.

The research questions underpinning this project
have guided a thorough investigation into the design
process for prosthetic sockets, mainly focusing

on how emerging Al tools can enhance efficiency,
comfort, and customization. Through iterative
prototyping and rigorous user-centered evaluation,
the project has developed innovative design
solutions that address the multifaceted needs of
individuals with limb differences.

Key findings indicate that the application of
generative design, supported by Al, may enable

the creation of prosthetic sockets that are not

only highly functional but also tailored to users’
individual preferences and anatomical requirements.
Incorporating passive ventilation systems, achieved
through generative design, has proven to enhance
comfort significantly, thereby addressing one of the
critical pain points identified by users.

Moreover, the iteration withessed during the study
visit at the Team Olmed facility in Jonkoping, a
testament to the collaborative spirit of this research,
has underscored the importance of empathy and
collaboration in the design process. By involving
different professions in almost every stage, the
project has ensured that the resulting designs
could be practical, acceptable, and aligned with
real-world needs and expectations. This approach
has underscored the importance of maintaining a
balance between technological innovation and the
human experience, ensuring that Al tools enhance
rather than overshadow the user’s needs.

The collaboration with Team Olmed and the

utilization of Ossur's Upper Limb Training resources
have provided essential clinical insights and
reinforced the project’s alignment with the field of
knowledge. This partnership has facilitated a deeper
understanding of the practicalities and constraints
within the field of prosthetics, ensuring that the
designs are not only theoretically sound but also
viable in a clinical setting. This practical focus instills
confidence in the potential real-world impact of the
research.

In conclusion, this thesis stands as a beacon

of progress in industrial design, illuminating the
path towards a future where the integration of Al,
generative design, and sustainability principles

can lead to the development of more inclusive,
functional, and user-centred prosthetic solutions.
By addressing both the environmental impact and
the long-term satisfaction of users, the project
aligns with broader societal goals of equity and
compassion. Leveraging this transformative
potential within the design community can drive
innovation aimed at enhancing the quality of life for
individuals with limb differences, thereby promoting
a more inclusive society.

The insights and methodologies developed through
this research provide a robust framework for future
studies and practical applications in prosthetic
design. They pave the way for further exploration
into the potential of Al and generative design within
prosthetics and across various domains of industrial
design, driving forward the agenda of user-centered,
sustainable, and impactful design.
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