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Dear reader,

In the following report, you are going to read my final delivery for my master thesis report. 
Here I described my story of designing for the world of people who are both visually and mo-
bility impaired. The idea for this project started taking shape in the fall of 2024, when I knew I 
wanted to align my graduation project with my ambitions as a designer. 

From the moment I began my studies in Delft, I wanted to do meaningful work, something that 
would allow me to apply my skills in a way that contributes to the world. What better way to 
give something back than doing what I love and what I’m good at?

Initially, I found a company whose mission aligned closely with my personal ambitions to work 
on a project with a positive impact. It felt like the perfect opportunity to contribute to a product 
that could improve the lives of thousands.
 Unfortunately, due to contractual complications, we had to make the difficult decision to part 
ways right before the midterm presentation. While this was a stressful and uncertain time, it 
led me to develop a more independent, user-centred and flexible design, one that I believe is 
best for the envisioned user.

Throughout the entire project it remained a wonderful and interesting topic to design for. I felt 
a lot of enthusiasm, not only from me, but from everyone I told about my thesis. I am honestly 
very excited about my work and hope you are too.

I hope you will enjoy reading my thesis,

Karlijn Borremans 

Delft, June 2025

Preface
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In the interest of transparency, I would like to mention the AI tools I used throughout this pro-
ject to support ideation, writing, and prototyping:

ChatGPT (OpenAI) – for writing support, technical explanation, brainstorming ideas, and gener-
ating code in Python (e.g., for object detection prototyping).

Napkin – for creating quick visual sketches and diagrams.

DeepL – for accurate and natural translation between Dutch and English.

I used these tools thoughtfully and responsibly. Every design choice, analysis, and program-
ming decision was made by me. ChatGPT was used to support and speed up the process, not 
to replace critical thinking. I used it not only for writing or generating code, but also to help me 
understand how the code works. When using AI-generated scripts, I made sure to review and 
adapt them carefully, often cross-referencing with documentation and trusted sources to verify 
accuracy and ensure that I understood what I was implementing. Any code was tested and 
iterated upon in the context. I ensured that no user data or sensitive content was shared, and I 
remained the sole author of all submitted work.

Tools and AI usage
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Abstract

This thesis explores the development of a product-service system that supports independent 
mobility for individuals with both visual and mobility impairments (MVIPs). These individuals 
face unique challenges, as existing mobility aids do not adequately address the combined limi-
tations of impaired vision and restricted physical movement. The project aims to bridge this gap 
by integrating environmental sensing and tactile feedback technologies into a rollator-based 
system. The design approach follows a human-centered and iterative process, combining desk-
top research, stakeholder interviews, user testing, and prototyping.

The final outcome, VAMO, consists of modular components that can be mounted on an existing 
rollator and paired with a digital interface. The system provides users with real-time spatial 
awareness via vibration feedback, facilitating safer navigation. The project evaluates the effec-
tiveness of the feedback system through user testing and expert reviews. While the solution 
is not universally applicable due to user diversity, it demonstrates the potential for inclusive 
design to improve quality of life and autonomy for MVIPs. The thesis contributes to the field of 
assistive technology by proposing a scalable and adaptable mobility aid that aligns with current 
trends in modularity, personalization, and accessibility.
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ADL: Activities of daily living

AI: Artificial intelligence

LLM: Large language model

LiDAR: Light detection and ranging

MIP: Mobility impaired person

MVIP: Mobility and visually impaired person

NLP: No light perception

Radar: Radio detection and ranging

Rollator vs walker: In this project the type of mobility aids, walkers on wheels, will be referred 
to as rollators, walkers without wheels, and thus with legs, will be referred to as walkers. 

*Disclaimer: This distinction is not defined and in other papers different definitions could’ve 
been used.

SLAM: Simultaneous localization and mapping

TDU: Tongue display unit

ToF: Time of flight

UI: User interface

UX: User experience

VIP: Visually impaired person

Glossary
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Introduction

Before the kick-off of this graduation project, preparatory work was 
done to ensure a smooth and efficient start. In this Assignment and 
Approach section of the report all the framework is provided for an 
intuitive, but intentional process. First and foremost, the project part-
ners are presented and acknowledged. Necessary project background 
and context is laid out and the domain of this project is defined. The 
challenges and opportunities that come with this framework are set 
up and discussed throughout the report. Using a scope, a problem 
statement and several objectives the direction and intentionality of 
this project are emphasized. In the end, the assignment description is 
put forward, considering all the aforementioned preparation and the 
general approach for the project is explained.

1.1
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Project partners

TU Delft

The Delft University of Technology, 
commonly known as the TU Delft, 
is the academic foundation for this 
graduation project. This graduation 
project marks the final phase of the 
master Integrated Product Design 
(IPD) at the faculty of Industrial 
Design Engineering (IDE), one of the 
eight faculties that the TU Delft is 
home to. 

Role in the Project

The university provides access to 
facilities, academic resources, and 
expert supervision, ensuring that 
the project adheres to high academ-
ic standards. Faculty members offer 
guidance on research methodolo-
gies, design processes, and techni-
cal development, contributing to the 
project’s overall success and rele-
vance in the field of assistive tech-
nology. The project is guided by the 
TU Delft via two IDE staff members. 
In addition to guiding the project, 
the project supervisors will also 
assess this project on its quality. 

1.2
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Domain and scope1.3

Context

Mobility is a fundamental aspect of 
independence, yet for mobility and 
visually impaired persons (MVIPs), 
navigating daily life is a grand chal-
lenge. Traditional rollators, support 
canes or wheelchairs offer stability 
and support for people with walking 
difficulties, while mobility aids like 
white canes, guide dogs or even ar-
tificial intelligence (AI) assisted apps 
can assist individuals with visual 
impairments. 

However, there is currently a lack 
of solutions that effectively com-
bine these functionalities, leaving a 
critical gap in assistive technology 
(see Figure 1). This project aims 
to bridge that gap by developing a 
solution specifically designed for 
MVIP’s, ensuring a safer and more 
intuitive navigation.

No impairment VIP

???MIP

Visual impairment 
(high)

Visual impairment 
(low)

Mobility impairment 
(low)

Mobility impairment 
(high)

Figure 1: Assistive technology matrix 

1.3.1 Context and project background
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Domain

The domain of this project oversees 
assistive technology, human-centred 
design, and smart mobility solu-
tions. With the rapid advancements 
of today in sensor technology, haptic 
feedback technology, AI and digital 
connectivity, mobility aids are be-
coming increasingly intelligent and 
adaptable. Many smart mobility de-
vices focus on wheelchair users or 
independent navigation for visually 
impaired individuals, but few directly 
address the unique needs of MVIPs. 
By exploring how technologies such 
as obstacle detection, tactile feed-
back, and adaptive controls can be 
integrated into a rollator, this project 
seeks to enhance user autonomy 
and safety in various environments.

Additionally, this project is also ap-
proached from an inclusive design 
perspective. By looking at physical, 
cognitive and emotional barriers 
in the lives of MVIPs, the aim is to 
develop a solution that fully res-
onates with the user and is made 
for use in the ‘real’ world. Engaging 
with different stakeholders, like the 
user, physiotherapists, experts from 
knowledge institutions etc., will 
provide valuable insights into how 
current mobility aids fall short and 
what features would improve daily 
experiences. 

Ultimately, this project contributes 
to the broader goal of creating more 
inclusive urban environments, in 
line with the European directive to 

make products and services more 
accessible for people with disa-
bilities as well as the sustainable 
design goals (SDGs), where individu-
als with complex mobility needs can 
navigate public spaces with greater 
confidence and independence (Min-
isterie van Algemene Zaken, 2022) 
(Goal 10 | Department of Economic 
and Social Affairs, n.d.).

Opportunities and challenges

The integration of feedback tech-
nology into mobility aids presents 
both opportunities and challeng-
es. Feedback has the potential to 
improve user experience by offering 
real-time, tactile guidance. However, 
ensuring intuitive and non-intrusive 
feedback, ergonomic comfort, and 
seamless integration with existing 
mobility aids poses technical and 
design challenges. Other challenges 
could be ensuring safety for this 
vulnerable target group. 

In the analysis phase key points in-
cluding opportunities and challeng-
es will be summarized after each 
sub chapter starting from chapter 2 
Analysis & immersion. 
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1.3.2 Scope

To make this thesis manageable, a 
scope for this project was devised, 
which is shown in Figure 2. This 
visual describes seven different 
aspects of the project. The different 
layers describe the level of impor-
tance of different subject matters 
within the aspects of the project. 
The centre of the circle indicates 
the most important subject mat-
ters and the most outer layer the 
least important. The red outer layer 
contains the things that will be ex-
cluded from this research. The goal 
of this visual is to provide a clear 
overview of the relevance of the 
matters, guide the project into the 
desired direction and protect it from 
addressing less relevant subjects 
and thereby losing valuable project 
time. 

The most pressing scope bounda-
ries are the target group consisting 
of people that have visual impair-
ments as well as difficulty walking 
to the extent that they would need 
to use both visual support tools 

as well as walking aids, therefore 
creating a problem where they are 
not able to use both at the same 
time and hence are unable to walk 
independently. In this instance the 
term ‘independent’ is defined as 
without the help of another person. 
This project will focus on develop-
ing a solution that integrates with 
an existing walking aid, rather than 
designing a new one from scratch. 
While the outcome may be modu-
lar or adaptable for broader use, 
some testing during this thesis 
will be carried out using a specific, 
commercially available rollator . 
The scope is therefore limited to 
designing complementary parts for 
that rollator. It is also important to 
note that there will be an emphasis 
on the workings of the product, how 
technologies are integrated with 
each other will be explained but as 
they make use of widely accepted 
and used technologies, will be dis-
cussed less intensively. 
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Figure 2 : Scope visual
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1.3.3 Preliminary problem statement

Mobility and visually impaired indi-
viduals, especially those who are 
completely blind, face a paradoxical 
problem when it comes to mobility 
aids: they cannot effectively use a 
visual aid like a white cane while 
also operating a walking aid like a 
rollator, yet they may be unable to 
walk safely without one. As a result, 

‘Mobility and visually impaired 
people struggle to find a mobility 

solution that provides both support 
and environmental awareness, lim-

iting their independence, general 
health and safety.’

This project aims to bridge that 
gap (Figure 1) by enhancing the 
functionality of a walking aid with 
sensory feedback, allowing visually 

impaired users to receive real-time 
navigation and obstacle information 
without relying on additional visual 
aids. By integrating this technology, 
the walking aid becomes a more 
viable and attractive option, reduc-
ing the barriers to adoption and 
increasing mobility opportunities.

Users gain greater independence 
and safety, caregivers experience 
reduced concerns about safety and 
physiotherapists can recommend a 
more adaptive mobility aid. Address-
ing this issue within the given time-
frame will focus on confirming proof 
of concept, guaranteeing increased 
safety, accurately conveying feed-
back and visualized concept form.

1.3.4 Preliminary objective

The preliminary objective of this 
thesis is to:

‘Create a product service system 
for mobility aids to improve inde-

pendent mobility and safety for vis-
ually impaired users in daily life.’

This goal is aimed at improving 
MVIPs quality of life. The objective is 
to reach this goal within the scope 
as visualized in Figure 2, hereby 
ensuring a focused approach that 
combines desirability, viability and 
feasibility. 
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Project approach1.4

Assignment

The project will follow an adaption 
of the Double Diamond method (The 
Double Diamond, n.d.), with therein 
two Basic Design Cycle iterations 
(Roozenburg & Eekels, 1996). The 
first cycle will focus on research 
and defining design requirements 
and implications (discover and 
define), while the second will em-
phasize refinement, prototyping, and 
validation (develop and deliver). The 
overall structure of the approach is 
visualised in Figure 3.

First phase

In the first phase, desktop research, 
literature review, market analy-
sis and stakeholder interviews to 
identify product requirements will 
be conducted. Additionally, exist-
ing walking aids will be analysed, 
and the customer journey will be 
mapped, synthesizing insights into 
design requirements. This phase 
will include a highly detailed anal-
ysis report and a look ahead for 
the second phase. At the midterm 
evaluation will be determined what 
the further, more detailed course of 
the project will entail.

Second phase

The second phase will be another 
design cycle, this starts with refin-
ing the starting values and possibly 
adding additional analysis material. 
This phase focuses on prototyping, 
testing and validation, ensuring the 
design meets usability, safety and 
feedback effectiveness goals.

There will be weekly meetings with 
the academic supervisors to ensure 
alignment.
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Figure 3: General Project Approach
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Analysis & 
immersion

This phase involves gaining a thorough understanding of the project 
issues at hand, by delving deeper into the world of MVIPs. The combi-
nation of literature review, market analysis and stakeholder conversa-
tions and interviews is discussed in this chapter. To ensure the read-
ability of the following text a structure was made. The analysis begins 
with an examination of the target group, followed by a comprehensive 
market and domain analysis. Next, the current state of the MVIP world 
is visualised and examined. Finally, the various stakeholder perspec-
tives are explored before the analysis concludes with key findings and 
next steps for the remainder of the project. In Figure 4 an overview of 
the subject matters is visualised.

2.0
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Figure 4: Overview of analysis subject matters
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Target group2.1

This section touches upon the prevalence, causes, and challenges asso-
ciated with visual impairments and separately also with mobility impair-
ments. It highlights the barriers MVIPs face in areas such as navigation, 
daily activities, employment, and independence. Additionally, it examines the 
unique difficulties encountered by those who experience both impairments 
simultaneously (MVIPs), emphasizing the need for specialized assistive 
technologies. These findinvgs were acquired from literature review as well 
as outcomes from conversations with stakeholders.

2.1.1 Blindness and vision impairments

Definitions

Blindness and visual impairment 
can be categorized based on two 
main criteria:

•	 Functional:  Based on the 
degree of disability and its 
impact on daily life.

•	 Medical: Measured through 
visual acuity (VA) and visual 
field assessments.

The most widely accepted defini-
tion of blindness, often used for 
determining eligibility for disability 
benefits and pensions, describes it 
as having a central visual acuity of 
6/60 (20/200) or worse, in the better 
eye with the best corrective lens-
es. Alternatively, a person may be 
classified as blind if their visual field 
is restricted to 20 degrees or less, 
severely limiting peripheral vision 
(see Figure 5) (WHO Expert Commit-
tee on Health Statistics & Organiza-
tion, 1952).
 
A broader definition includes “eco-
nomic blindness”,  which refers to 
vision loss that prevents individuals 
from performing essential work 

tasks, even if their condition does 
not meet strict medical criteria for 
blindness. This definition shows the 
socio-economic impact of severe 
visual impairments, emphasizing 
the need for accessibility and fit-
ting support systems (WHO Expert 
Committee on Health Statistics & 
Organization, 1952).

Prevalence

Worldwide approximately 2.2 billion 
people had a form of visual impair-
ment (including blindness) in 2019 
(Fricke et al., 2018; World Health 
Organization, 2019). More than 
250,000 people in the Netherlands 
have a serious visual impairment. 
That number is increasing rapidly, 
due to an aging population and the 
increase in the number of people 
with diabetes (‘Visuele beperkingen’, 
2023).

Total blindness describes those 
who have a complete lack of light 
perception, officially described as no 
light perception (NLP). Only about 
15% of people with eye disorders 
have total blindness, the majority of 
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Figure 5: “Classification of severity of vision impairment based on 
visual acuity in the better eye” (World Health Organization, 2019)

Figure 6: Disability in sight (Plasmans et al., 2024)

Figure 7: Age-group specific prevalence estimates for (any) 
age-related macular degeneration (World Health Organization, 
2019)
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Leading causes

Globally, the primary causes of 
blindness in individuals aged 50 and 
older include:

•	 Cataract: 15.2 million cases
•	 Glaucoma: 3.6 million cases
•	 Under corrected refractive 

error: 2.3 million cases
•	 Age-related macular degen-

eration: 1.8 million cases
•	 Diabetic retinopathy: 0.86 

million cases (Steinmetz et al., 
2021). 

In Figure 8 an overview of the prev-
alence of these causes is given. This 
visual reveals that the vast majority 
of visual impairments are caused 
by cataracts, fortunately cataract 
surgery is possible and a safe and 
effective procedure (Cataracts - 
Symptoms and Causes, n.d.). Unfor-
tunately the second most prevalent 
eye condition, glaucoma, is not 
reversible and can cause visual im-
pairment and even blindness if left 
untreated (Glaucoma - Diagnosis 
and Treatment - Mayo Clinic, n.d.). 
There is a wide diversity in condi-
tions and in symptoms of VIPs. 

Figure 8: “Global estimates of numbers of people affected by 
selected eye conditions that can cause vision impairment” (World 
Health Organization, 2019)

Challenges for VIPs

Due to their conditions VIPs can 
face various challenges in their 
day-to-day lives. With suffering from 
different types of visual impair-
ments, different types of challenges 
arise, it is important to keep in mind 
that visual impairment is an um-
brella term for a range of different 
conditions or disorders. In Figure 9 
a few of these different conditions 
are visualised. 

These conditions and visual impair-
ments can, among others, cause the 
following challenges:

those with visual impairment have 
some level of vision (Lee et al., 2025; 
Vashist et al., 2017). In the figure 
below (Figure 6) the percentage 
of people in the Netherlands with 
visual impairments is shown per 

age group (women and men apart). 
Another interesting to see is how 
the prevalence of macular degener-
ation (the third most common eye 
condition, see Figure 8) increases 
with age as shown in Figure 7.
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Figure 9: “Common eye conditions that can cause vision impairment including blind-
ness” (World Health Organization, 2019)

•	 Navigation: Navigating to 
certain places can get diffi-
cult without being able to see 
(clearly), especially in less 
accessible situations. For 
example trying to take public 
transit where information is 
mainly communicated visually 
(Azenkot & Fortuna, 2010). 

•	 Daily living: Visual impairment 
interferes with daily living, 
activities such as reading, 
driving, and watching TV (Lee 
et al., 2025).

•	 Employment: There are a lot 
of misconceptions about the 
ability of VIP’s to work, there-
fore it can get difficult getting 

a job, while VIP’s can be just 
as valuable in a company as 
a sighted person, especially 
with the right support (Dubay, 
2023).

•	 Acceptance: Visually impaired 
or blind individuals often face 
challenges in accepting their 
disability, which can impact 
their self-esteem and social 
interactions (Vernon, n.d.).

•	 Independence: Achieving 
independence can be hindered 
by environmental barriers 
and societal attitudes, limiting 
their ability to perform daily 
activities and participate fully 
in community life (Remillard et 

al., 2023).

37

Target group



2.1.2 Mobility impairment 

Definitions

Mobility is defined as the ability of 
an individual to purposively move 
about her environment (Rosso et 
al., 2013). There are various types of 
mobility impairments, each leading 
to different degrees of disability.

The initial project brief defined mo-
bility impairment as individuals who 
fall within the range of people that 
either should, could, or currently do 
use a rollator or walker. However, 
the brief was rewritten to include 
different mobility aids for MIPs that 
inhibit the free use of their hands.  
So, in this thesis the group of MIPs 
that will be referred to are all MIPs 
that use mobility aids that inhibit the 
free use of their hands

Prevalence

Approximately 1.3 billion people, or 
16% of the global population, experi-
ence significant disabilities, many of 
which include mobility impairments 
(Y. Shimizu, 2023).

In the Netherlands, mobility impair-
ments are particularly prevalent 
among adults. Data from a 2024 
study indicated that 9.3% of the 
population aged 12 and above, expe-
rienced mobility limitations in 2023. 
This prevalence increases with age, 
with nearly one-third of women over 
75 reporting mobility impairments. 
Additionally, 11.2% of people aged 
55 and above face difficulties with 

activities of daily living (ADL), such 
as moving in and out of chairs or 
beds, and climbing stairs. These 
ADL limitations are most common 
among women over 75 as seen in 
Figure 10 (Plasmans et al., 2024).

Although in the Netherlands the 
percentage of the amount of people 
with hearing, visual and mobility dis-
abilities decreased (Plasmans et al., 
2024), it is expected that the overall 
number of people with disabilities 
will rise (Ageing and Disability | 
Division for Inclusive Social Devel-
opment (DISD), n.d.). This will likely 
be because of the growing elderly 
population.
The global market for walkers and 
rollators was valued at $1.96 billion 
in 2024 and is projected to reach 
$3.23 billion by 2033, growing at 
a compound annual growth rate 
(CAGR) of 5.69% (Straits Research, 
2024). This market growth suggests 
a solid and increasing number of in-
dividuals who currently use or could 
benefit from rollators. 

However, specific data on the exact 
number of rollator users worldwide 
is limited. The increasing market 
size indicates a growing demand 
for such mobility aids, reflecting 
their importance in enhancing the 
quality of life for those with mobility 
challenges. As the market expands, 
it presents opportunities for innova-
tion and the development of ad-
vanced rollators that better meets 
users’ needs.
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Figure 10: Limitations in mobility 2023 (Plasmans et al., 2024) 

Leading causes

Mobility impairments arise from 
a variety of conditions that affect 
an individual’s ability to move 
freely and comfortably. Neuro-
logical disorders (such as cere-
bral palsy, muscular dystrophy, 

Charcot-       Marie-Tooth disease, 
ataxia-telangiectasia, spinal mus-
cular atrophy, peroneal neuropathy 
and microvascular white-matter 
disease) can lead to gait disabilities. 
Electrolyte imbalances (including 
hyponatremia, hypokalemia and 
hypomagnesemia) may disrupt 
neuromuscular function, resulting in 
gait disorders. Vitamin deficiencies 
(particularly in folate, vitamin B12, 
vitamin E and copper) can cause 
neurological dysfunctions that pre-
vent proper gait. Other contributing 
factors are pain, vascular issues, 
traumatic injuries, autoimmune 
conditions, inflammatory diseases, 
metabolic disorders, neoplastic con-
ditions, paraneoplastic syndromes, 
and tabes dorsalis (Ataullah & 
De Jesus, 2025). Additionally, the 
prevalence of mobility impairments 
increases with age, thus making this 
target group extra relevant in an 
aging population (see Figure 11).

Figure 11: Immobility increases with age (Cummings et al., 
2014; Freiberger et al., 2020)
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Leading causes

Mobility impairments arise from a 
variety of conditions that affect an 
individual’s ability to move free-
ly and comfortably. Neurological 
disorders (such as cerebral palsy, 
muscular dystrophy, Charcot-       
Marie-Tooth disease, ataxia-telan-
giectasia, spinal muscular atrophy, 
peroneal neuropathy and micro-
vascular white-matter disease) can 
lead to gait disabilities. Electrolyte 
imbalances (including hyponatrem-
ia, hypokalemia and hypomagne-
semia) may disrupt neuromuscular 
function, resulting in gait disorders. 
Vitamin deficiencies (particularly in 
folate, vitamin B12, vitamin E and 
copper) can cause neurological dys-
functions that prevent proper gait. 
Other contributing factors are pain, 
vascular issues, traumatic injuries, 
autoimmune conditions, inflamma-
tory diseases, metabolic disorders, 
neoplastic conditions, paraneoplas-
tic syndromes, and tabes dorsalis 
(Ataullah & De Jesus, 2025). Addi-
tionally, the prevalence of mobility 
impairments increases with age, 
thus making this target group extra 
relevant in an aging population (see 
Figure 11).

Challenges for MIPs

Individuals with mobility impair-
ments face a multitude of challeng-
es that affect various aspects of 
their lives:

People with mobility impairments 
deal with all kinds of challenges 
that affect their daily lives as well 
as independence as overall well-be-
ing. In the following section these 
challenges will be discussed to gain 
better insight into the world of mo-
bility impaired persons (MIPs).

•	 Physical barriers: these could 
include all types of hindrances 
on the road, like stairs and 
rough or slippery terrains

•	 Transportation limitations: 
when being less mobile, inde-
pendent travel could become 
more of a challenge. This 
could be because people can-
not operate vehicles or have 
a hard time entering public 
transportation due to gaps for 
instance.

•	 Social barriers: some people 
experience negative percep-
tions and biases from others 
that could lead to discrim-
ination, social exclusion, 
which could eventually im-
pact self-esteem and mental 
health.

•	 Health concerns: the issues 
MIPs face could lead them 
to secondary health issues 
like obesity, pain and a higher 
prevalence of mental health 
conditions like depression and 
anxiety (Iezzoni et al., 2001).

•	 Financial implications: due to 
the lack of access to suitable 
job opportunities and expen-
sive assistive devices that 
cause additional costs, MIPs 
could struggle with getting 
their finances in order.

•	 Education: Inadequate educa-
tional structures could nega-
tively impact the quality of life 
for MIPs. This could be in the 
form of physical inaccessibility 
(stairs, no lift or ramps, long 
walking distances between 
classes) or psychological (e.g. 
awareness, bullying and differ-
ent treatment) (Challenges for 
People with Disabilities, n.d.; 
Zo maak jij de school toegan-
kelijk voor fysiek beperkte 
kinderen, n.d.).
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2.1.3 Having both walking and visual impairments (MVIP)

The target group has both visual 
and mobility impairments 

and therefore experi-
ences the cumulative 
of the challenges 
these groups face 
and more. These 
challenges will be 
further discussed 
in chapter 2.3 Cur-
rent situation.

Prevalence

In Figure 12 the 
number of disabil-
ities (in hearing, 
seeing or mobility) 
per person are 

shown. Because in 
this graph people with 

hearing disabilities are 
also considered, and this is 

not within the scope of this pro-
ject, some clarification is needed. 
It is hard to find the exact number 
of people with both hearing and 
mobility impairments. But what 
can be deduced from this graph is 
that at least 0.6% of people in the 
Netherlands older than 12 years is 
an MVIP, and a maximum people of 
2.2%. What also can be seen is that 
min. 1.8% and max. 6.7% of people 
over 75 years old are MVIP’s. In 
2022 the Dutch population of 12 
years and older is 15.497.063 people 
(Age Distribution, n.d.). That would 
make a target group of about 93.000 
people in the Netherlands alone. If 
we were to take these numbers as 
the same for the world population 
(approximately 6,571,215,000 people 
would be older than 12 years today 
(Population.Io, n.d.)), with a target 
group of about 40 million people 
that are MVIP. 

“Lack of independent and 
safe mobility is ranked as 
the most significant barrier 
depriving individuals with 
visual impairment of a nor-
mal living experience” 

QUOTE

~ (Bujacz et al., 2008; Hakobyan 
et al., 2013).

Figure 12: Amount of disabilities in functioning 2023 (Plasmans et al., 2024) 
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Elderly

The biggest portion of the target 
group is elderly people. Because 
the population is aging it should be 
noted that the target group is only 
getting bigger, and with that the 
need for a solution to help MVIPs 
have access to independent and 
safe mobility. 

Especially elderly people have more 
need for this solution as their chal-
lenges grow bigger with age, chal-
lenges like loneliness and fitness 
for example. This is visualised in 
Figure 13 by showing the limitations 
in ADL.

Figure 13: Limitations in activities in daily life (Plasmans et al., 2024)
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Diversity: 
•	 Important to note is that 

visual impair	 ments and 
blindness can mean very dif-
ferent things from person to 
person. The different condi-
tions can cause tunnel vi-
sion, blurriness, spots and 
more. This diversity should 
be taken into account dur-
ing the design phase.The 
same holds for people with 
mobility impairments. The 
target group has general-
ly the same implications 
but is still very diverse. 
Therefore, a ‘one size all’ 
solution will most likely 
not be the ideal solution, 
as one can still make use 
of useful abilities while 
others can’t. It would be 
nice to let the user use 
these abilities as much as 
possible and 	 only sup-
port them where it is nec-
essary. 

Mobility:
•	 People that need a rolla-

tor will also be more prone 
to have joint problems or 
other conditions that cause 
them not only to be sup-
ported in walking but also 
for instance in gripping 
or supporting their weight 
on the handles (ergonomic 
grips). 

Aging popula-
tion:
•	 During this 

analysis it 
became ap-
parent that a 
vast majority 
of the target 
group consists of 
elderly people. It 
is important to take 
this in mind during de-
signing.

•	 This means symptoms will 
most likely in a lot of the 
cases only worsen, so it 
might be interesting to see 
if the amount of support 
could grow with the user.

•	 Elderly people have various 
conditions, so MVIPs might 
also have a higher like-
lihood to have other con-
ditions that affect their 
hearing or cognitive func-
tions (e.g. dementia).

Secondary conditions:
•	 Finding a good solution 

to the problems that MVIPs 
face in terms of mobili-
ty could prevent secondary 
conditions like obesity and 
social exclusion, as this 
would help them stay active 
and help go outside.

2.1.4 Key points: Target group
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Market and domain 
analysis

2.2

The idea of creating a mobility solu-
tion for MVIPs as well as the neces-
sity for a solution has been around 
for a long time. A substantial body of 
research has already been dedicat-
ed to this specific topic. To visualize 
this work, a timeline was made with 
relevant and related works of other 
people (see Figure 14) (A list of all 
papers can be found in Appendix A: 
Related research).

Reflection on related work

What is striking is that there has 
been extensive research into the 
subject of this thesis, but nowhere 
on the market can   a successful 
solution be found. The question 
is, why not? There seems to be a 
high potential for a solution to the 
problem, the right technology is 
available, there are enough potential 
customers, and the market is grow-
ing towards more luxury products 
in the mobility aid segment. Could 

it be that this project comes at just 
the right time, after the Covid-19 
pandemic, when the right technol-
ogies are affordable and accessible 
enough? This question remains 
unanswered, but perhaps  it will 
become clearer as the project pro-
gresses.

What is interesting to see is that the 
LEA robot, a very advanced prod-
uct that gained a lot of attention, 
awards and subsidies (LEA Lean 
Empowering Assistant Care Robot, 
n.d.), went bankrupt in 2020. This 
was because they neglected some 
of the prime user requirements, like 
weight and cost. The product cost 
an astonishing 9980 euros or with 
a lease 237 euros per month. Not 
only was the product very expensive 
it was also quite heavy (43 kg) and 
because of all the functionalities the 
product had a high cognitive load 
(Jongejan, 2018, 2022). 

2.2.1 Related work
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Figure 14: Timeline of related work
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Sensing technologies

To ensure the user gets the right 
message it is important that the sys-
tem has an accurate enough under-
standing of the possible obstacles 
on the user’s path. Here the most 
promising and/or most used tech-
nologies for sensing the environ-
ment will be discussed. 

•	 Ultrasonic sensor (Bhatla-
wande et al., 2012; Chaccour 
et al., 2015; Geol Kim et al., 
2016; Mazhari & Paramytha, 
2023): Ultrasonic sensors emit 
high-frequency sound waves, 
these bounce back to the 
sensor and the system meas-
ures how long it takes for the 
sound to reflect back on the 
sensor. This technology is 
very effective at short ranges. 
This technology does have 
some complications, It cannot 
necessarily detect where the 
object is in the space with a 
single sensor, only if there is 
an object and how close it is, 
this is because of unidirec-
tional distance measuring (Liu 
et al., 2024). The technology 
also presents some difficulties 
when working with multiple 
sensors at once because of 
interference. The sensors are 

also prone to environmental 
conditions, making them diffi-
cult to use outside. 

•	 Infrared sensor: This is an 
electromagnetic wave with 
a wavelength between visi-
ble light and microwaves. An 
infrared sensor system emits 
an infrared beam that reflects 
back to the sensor. This sys-
tem is similar to the ultrasonic 
sensor and consequently has 
similar implications. Infrared 
is just like ultrasonic, a reflec-
tive and unidirectional system 
which makes it difficult to get 
a 3D image of the environ-
ment. 

•	 LiDAR (Light detection and 
ranging) (Kashyap et al., 2018): 
Light detection and ranging 
(LiDAR) is a system working 
with the time of flight princi-
ple, it sends out lots of light 
lasers that bounce back off 
objects. Measuring the time 
it takes for the light to return 
back to the receiver it makes 
an accurate 3D map of the 
world around it. LiDAR has a 
more  detailed output than 
radar for instance. Because 
of this LiDAR is used a lot in 
autonomous vehicles. But, Li-

In the following chapter, technol-
ogies that might be promising 
for this project will be discussed. 
Here technologies for sensing 
the environment, processing the 
information that was gathered, 
and user interface technologies 
are discussed. 

2.2.2 Technology

Figure 15: Data flow
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DAR is expensive and works less 
well in foggy or dusty environ-
ments (What Is LiDAR and How 
Does It Work?, n.d.). On the other 
hand, LiDAR is a rapidly evolving 
technology which could bring 
the cost down very quickly in the 
coming years. There are already 
some advancements going on 
making them significantly cheap-
er (around 200 USD) (‘Exclusive’, 
2024). 

•	 Radar (radio detection and 
ranging): Radar uses the same 
principle as LiDAR but uses radio 
waves instead of light pulses. 
Radar is commonly used in the 
automotive industry for detecting 
obstacles and in adaptive cruise 
control (Engelsman, n.d.). Radar 
provides quite a rough image and 
could have difficulties detecting 
objects not directly reflecting 
back to the receiver. An advan-
tage of radar technology is that 
it works very well in outside 
environments, including in foggy, 
light, dark, or dusty situations. 
Radar technology is also on the 
more expensive side, coming in 
between the cost of LiDAR and 
RGB-D cameras at around 100 - 
400 USD per unit).

•	 Cameras: RGB-D cameras are 
able to collect both colour (RGB) 
and depth (D) information. Us-
ing this spatial data, a map of 
the environment is created. The 
camera captures depth using 
two different cameras apart from 
each other, layering these imag-
es the differences between the 
corresponding pixels is calculat-
ed and with that information the 
depth can be measured. Because 

sometimes these pixels can be 
difficult to identify, for example on 
a white wall, an infrared dotted 
pattern generator can be added 
to overcome this problem, emit-
ting a dotted pattern in the space 
and capturing the size of these 
dots, these problematic areas 
can be mapped as well (Saha et 
al., 2022). A well-known applica-
tion of this technology was the 
Microsoft Kinect camera used 
as an add-on for XBOX gaming 
consoles, making it possible for 
the console to read what move-
ments the users are making. This 
technology is less accurate and 
difficult to use in outside environ-
ments, on the other side is this 
technology much cheaper than 
the other sensor technologies 
(Kinect Sensor Xbox 360, n.d.). 

Though each of these sensors could be 
promising, an outcome using a multi-
tude of these sensors would be prob-
able as in the automotive industry as 
well as similar projects multiple types 
of sensors are used (Kramer et al., n.d.; 
What Is LiDAR and How Does It Work?, 
n.d.). Another thing to consider when 
choosing a sensing technology is that 
ToF- sensors are only able to sense ob-
jects that the signal they send out can 
bounce back from, so a potential hole 
or canal is harder to detect. 
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Processing technologies

To store and transfer all the data 
that is used it is important to have 
the right processing mechanisms. A 
selection of these processing meth-
ods will be discussed here.

To collect, store, translate and 
transfer all data the system needs 
some type of computer(s). Some 
of these technologies described in 
the previous section come from the 
factory with the needed computing 
systems to offer easily readable and 
usable data. 

There are little similar products on 
the market already and a lot of the 
previous work done on the topic of 
mobility aids for MVIPs used tempo-
rary solutions. Laptops and power 
supplies carried in backpacks for 
instance (Orita et al., 2013; Pham 
et al., 2015). Regarding processing 
several approaches can be consid-
ered, mainly differing the distance 
to the product of where the data is 
being processed. Figure 16 gives 
an overview of the different general 
approaches. 

•	 Local storage and processing: 
This is the fastest way of pro-
cessing data, there are direct 
pipelines where data flows 
through and is directly trans-
lated inside of the product 
to usable information for the 
user. This real-time process 
is needed in situations where 
delays can lead to decreased 
effectiveness or missed oppor-
tunities, for instance in au-
tonomous vehicle navigation. 
There are some limitations to 
real-time processing, like limit-
ed support for complex calcu-
lations and higher costs (How 
Much Does Real-Time Data 
Processing Cost for Business-
es?, n.d.; ‘How Real-Time Data 
Processing Revolutionizes 
Autonomous Functions’, 2024).

•	 Edge computing: Edge com-
puting is one step further 
away from the product but as 
close to the product as pos-
sible and still considered to 
be real-time processing. Edge 
computing processes the data 
on local devices or edge serv-

Figure 16: Data flow
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ers (Yeung, 2022). This pro-
cess is considered very fast 
and real-time processing, but 
can be slower than a built-in 
processing unit.

•	 Cloud based processing: 
Cloud computing is a way of 
processing the data in the 
cloud. It is a scalable and flex-
ible approach to processing. 
Cloud computing adoption is 
increasing because of sever-
al reasons including, lower 
initial costs, easy updating and 
reliability. 

Besides the choice of where the 
data is processed, a look can also 
be taken at how this type of data 
can be processed. The most widely 
used method for this is Simulta-
neous Localization and Mapping 
(SLAM). SLAM is a computational 
process or algorithm where a device 
can map the 3D environment that 
it is in while simultaneously deter-
mining where in the environment 
it is positioned. This technology 
can process data from sensors like 
cameras, LiDAR and sonar. Another 
technology that would be able to 
process data is artificial intelligence 
(AI), ready to use object recognition 
algorithms and object databases 
can be used for free (Ustc-Com-
munity/Dfine-Nano-Coco · Hugging 
Face, 2025). 

User feedback technologies

Considering this project the inter-
action between the product and the 
user could be described as the ‘do 
or die’-function of the desired prod-
uct. That is one of the reasons that 
good research for the possibilities 
of this is important. Interfaces are 
mainly visual, this means that most 
of the interfaces available are not or 
less accessible for VIPs. In this sec-
tion alternatives to graphic interfac-
es (GIs) are discussed. Because the 
visual sense is less or unavailable 
for VIPs, the interface will have to 
interact with the other senses of the 
user, mainly concerning the touch 
(haptic) and hearing senses. 

During a brainstorm session (see 
Appendix B: HKJ’s) different ways of 
getting information to the user can 
be categorized. These ways can be 
divided in the different senses that 
are still available to MVIPs. These 
senses are; taste, hearing, smell and

 
touch. Figure 17 shows the estimat-
ed bandwidth of the senses. From 
this figure it becomes clear that the 
second largest amount of data is 
coming in by the touch sense.  

The use of the touch and hearing 
senses are the most common in 
the related research, ranging from 
haptics, texture (braille), sonification, 
speech and even tongue display 
units (TDU) (Azenkot & Fortuna, 
2010; Hakobyan et al., 2013; Khusro 
et al., 2022; Pham et al., 2015; Treml, 
2018).

Vibration patterns to translate 
information to the user. Based on 
dimensions using a natural pattern 
somewhat representing the fitting 
action. These patterns are used in 
a bit pattern based on morse code 
(Khusro et al., 2022). In this paper 
there are three types of feedback 
mediums - voice, sonification and 
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Figure 17: “the bandwidth of senses” (Tor Nørretranders, 2015)

vibration - discussed. Each has their 
pros and cons. Voice feedback is 
not suited for noisy environments 
and has a high level of disturbance. 
It is also privacy sensitive. Sonifica-
tion feedback is the use of sounds 
to convey information. Sonification 
does not have the privacy implica-
tion that audio feedback has but 
is also not suited for noisy envi-
ronments, additionally sonification 
is prone to have a high cognitive 
load. Vibration feedback, a form of 
haptic feedback where information 
is conveyed using vibrations to the 
user, does not have the privacy 
implication as well as the noisy envi-
ronment complication, but vibration 
feedback can also increase the 
chance of high cognitive load. 

Digital support for MVIPs

One of the goals of this project is 
to integrate digital support to offer 
the user a central place to interact 
with the system, similar as what 
was done with the Rollz Rhythm 
(Rollz Motion Rhythm rollator voor 
Parkinson, n.d.). This app could be 
used to change the settings of the 
product, give additional information, 

data storage and processing, user 
history, tracking activity and so on. 
This app could be used by the user, 
caregivers or any other support 
healthcare personnel. 

There are several ways to make an 
app accessible for VIPs. A promis-
ing technique is the Slide Rule, the 
slide rule describes a way for blind 
people to navigate touch screens 
by sliding a finger around on the 
screen and by the app reading aloud 
what ‘button’ the user is hovering 
on, by double tapping anywhere on 
the screen the last read button is 
clicked (Kane et al., 2008). 

Other techniques for eyes free 
interfaces are gestural recognition 
and text to speech (TTS). Where 
gestural recognition is more difficult 
to implement in an app interface 
while TTS is already integrated in 
the Slide rule. 

In an interview with someone from 
the Koninklijke Visio, it became 
apparent that there are people spe-
cialized in app design for VIP’s that 
would be able to assist during the 
development of the app. 
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Artificial Intelligence in mobility 

Like a lot of innovative technologies 
from this decade, today’s world 
without artificial intelligence (AI) 
is unthinkable. As for the develop-
ment for innovative rollators, this 
thesis would be incomplete without 
involving this new type of modern 
technology. For rollator technology 
the most relevant applications of 
AI would be self-driving software, 
(additional) safety, live terrain navi-
gation, self-adjustments and biom-
etrics. Companies like GlüxKind are 
already setting an example of what 
AI technology can mean for stroller 
innovation. They use a mix of navi-
gation and self-driving technologies, 
and aim to make strollers more 
comfortable for busy parents (Glüx-
kind AI Stroller - The Best Smart 
Stroller for Your Family, n.d.).

Some examples of AI implementa-
tions for this project are;

•	 Object recognition, using a 
camera the product could 
sense the environment being 
able to provide the system 
with useful environmental 
data.

•	 Smart connections, while 
using the product the rollator 
learns more about the user 
and adapting its functions to 
best suit their operator

•	 Smart sensors that can scan 
the terrain and can calculate 
routes that the user can take 
around possible obstacles, 
similar to smart driving sen-
sors being able to navigate 
while surrounded by vehicles 
or other obstacles

•	 An integrated smart assistant, 
with abilities like reminders, 
live navigation, holding con-
versations and more

•	 Smart braking systems that 
can take over when the user is 
in danger.

Additional interesting applications of 
AI for this project are discussed in 
the synthesis section later on in this 
report. 

Integrating AI into rollator designs 
for individuals with visual impair-
ments offers potential to enhance 
mobility and independence. Howev-
er, this integration entails various 
design considerations across safety, 
environmental impact, product com-
plexity, and costs.

Safety
One aspect of AI functionalities in 
rollators are the safety considera-
tions. While AI has the potential to 
enhance mobility and independence, 
its application in autonomous nav-
igation systems has encountered 
several challenges. For example, a 
study on smart walkers equipped 
with depth-sensing cameras re-
vealed that while these devices 
could detect obstacles, they also 
produced false positives, leading 
to confusion and slowed reactions 
among users (Feltner et al., 2019). 
Additionally, the complexity of AI 
systems can result in technical 
malfunctions or software errors, 
causing sudden stops or unintended 
movements that pose risks to users. 

Over-relian ce on AI navigation may 
also diminish users’ situational 
awareness, making them vulnerable 
if the system fails. While AI offers 
promising enhancements for as-
sistive mobility devices, the safety 
concerns observed in autonomous 
navigation systems suggest caution. 
Prioritizing user safety calls for 
addressing these challenges before 
fully integrating AI-driven autono-
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my into walking aids. Due to these 
safety implications, the general 
public tends to still be hesitant in 
implementing operational AI in their 
vehicles (Alaniz, 2024).

Environmental 
The effects of AI on the environment 
still remains unclear, but it is cer-
tain has a significant impact (Delort 
et al., n.d.; Digital Economy Report 
2024, 2024). With environmental 
implications becoming more prom-
inent, it is important to keep asking 
the question; ‘Is AI necessary for 
this product to function as intend-
ed?’.

Complexity
Incorporating artificial intelligence 
into rollators introduces increased 
product complexity, including hard-
ware and software components. The 
integration of sensors, processors 
and AI algorithms asks for a highly 
detailed design approach to ensure 
that operation and user interaction 
work as intended. For instance, 
AI powered assistive technolo-

gies require well-structured data 
processing capabilities to analyse 
environmental inputs and to be able 
to provide the user with real-time 
feedback. This complexity can lead 
to challenges in  development, 
maintenance and user training. To 
overcome this challenge luckily 
large language models can also 
help speed the development up (if 
used responsibly) and there is al-
ready a lot of open source code and 
data available to offer a steady base 
(Ustc-Community/Dfine-Nano-Coco · 
Hugging Face, 2025). 

Costs
Considering all these above-men-
tioned topics, costs can pile up fast, 
e.g. safety tests, complex systems, AI 
expertise, (possible) environmental 
charges and a highly elderly target 
group not familiar with technolo-
gy. However, as AI tools become 
more accessible and modular, their 
integration into assistive devices like 
rollators holds great promise for 
affordable and scalable innovation.

Figure 18: Glüxkind AI Stroller (Glüxkind AI Stroller - The Best Smart Stroller for Your Family, n.d.)
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Rising demand for premium rollators

Recent market analyses indicate a 
noticeable shift toward premium 
mobility aids, including high-end 
rollators. The global rollator walker 
market was valued at approximately 
$76.21 million in 2023 and is pro-
jected to reach $126.58 million by 
2032, reflecting a compound annual 
growth rate (CAGR) of 5.8% from 
2024 to 2032 (ltd, 2024).

Similarly, the broader mobility aids 
and transportation equipment mar-
ket is expected to expand from $7.25 
billion in 2025 to $13.23 billion by 
2035, with a CAGR of 6.2% (Mobility 
Aids & Transportation Equipment 
Market 2025-2035, 2025).
This growth is driven by an aging 

population, increased prevalence of 
mobility-related health issues, and 
a rising willingness among consum-
ers to invest in durable, high-quality 
mobility solutions that offer en-
hanced comfort and functionality. 
Consequently, companies are expe-
riencing increased demand for their 
premium rollator designs, as con-
sumers seek products that combine 
luxury with practical support.
Integration of smart technology
Connectivity with other devices 
has become an essential aspect of 
modern mobility aids. Many mobility 
devices and even some rollators are 
now equipped with smart technolo-
gy, enabling integration with smart-
phones and other digital tools (see 

Figure 19: Overview of trends in mobility aid sector

Recent advancements in mobili-
ty aids, including rollators, have 
focused on improving functionality, 
personalization, and accessibility 
for users. Several key trends have 

emerged, shaping the development 
of mobility solutions, though spe-
cialized rollators for individuals with 
visual impairments remain largely 
underdeveloped.

2.2.3 Trends in mobility aid sector
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Figure 20). This connectivity allows 
users to monitor health conditions, 
customize their device settings, and 
enhance safety through real-time 
navigation assistance (The Latest 
Technological Advances in Mobility 
Aids, 2023; Verdezoto et al., 2022). 
Additionally, the implementation 
of touchless input methods, such 
as air gestures, is gaining traction, 
allowing for more seamless interac-
tion with assistive devices (Chiu & 
Stafford, 2024).

The integration of sensors and 
actuators has enhanced the safety 
and functionality of mobility aids. 
These sensors can detect obsta-
cles, assess terrain conditions, and 
provide essential environmental 
data for improved navigation. Earlier 
versions of smart rollators relied 
on traditional input methods like 
touchpads and joysticks, but newer 
designs incorporate onboard sen-
sors, such as force sensors and 
load cells, to determine user intent 
based on how they interact physi-
cally with the device. Some models 

also feature voice control for great-
er accessibility, though cost remains 
a limiting factor. Additionally, mod-
ern rollators employ shared-control 
and autonomous-human operation 
modes to enhance stability and 
adapt assistance to user needs, 
minimizing balance loss and opti-
mizing trajectory support (Verdezoto 
et al., 2022). Adaptive features like 
automatic braking and stabilization 
mechanisms further improve safety 
and user confidence (The Latest 
Technological Advances in Mobility 
Aids, 2023).

Figure 20: Smart app with rollator (Rollz 
Motion Rhythm rollator voor Parkinson, 
n.d.)

Figure 21: ‘Mobility aid devices taxonomy for smart rollators’ (Verdezoto et al., 2022)
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Figure 22: Adaption of Rollz to patient (The Sustainable Rollator | ROLLZ, n.d.)

Use of lightweight and durable 
materials 

The use of lightweight and robust 
materials, like aluminium and 
carbon fibre, has been changing 
the world of mobility aid designs. 
These materials enhance portability 
and ease of use while maintaining 
durability and strength. This shift to-
ward user-centric design prioritizes 
both functionality and user comfort, 
making devices more adaptable to 
different mobility needs (The Latest 
Technological Advances in Mobility 
Aids, 2023).

Customizable and modular designs 
The shift towards a more user-cen-
tric mindset also means that devices 

are increasingly being designed with 
customization and modularity in 
mind. Adjustable seating, ergonomic 
handles, and modular components 
allow users to tailor their devices to 
their specific needs. The devices can 
grow to the user’s needs and grow 
with them during their life. This 
not only extends the lifespan of the 
devices but also enhances overall 
user satisfaction. Rollators can now 
be equipped with modular add-ons 
such as storage compartments, 
navigation assistance systems, and 
even voice controlled features for 
enhanced accessibility (The Latest 
Technological Advances in Mobility 
Aids, 2023; The Sustainable Rollator 
| ROLLZ, n.d.). 
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Development of assistive tech for 
visually impaired people

Innovations in assistive technology 
continue to support individuals with 
visual impairments. Screen-reading 
software, magnification tools, and 
refreshable braille displays are 
improving accessibility. Additionally, 
multisensory developments, such as 
auditory guidance, air gestures and 
haptic feedback, are being integrat-
ed into mobility aids to assist with 
navigation and spatial awareness 
(Assistive Technology Products | 
American Foundation for the Blind, 
n.d.; Chiu & Stafford, 2024).
 

Advancements in wearable tech-
nology

Wearable technology is advanc-
ing, which is improving navigation 
for visually impaired individuals. 
Devices such as smart glasses, 
head-mounted cameras, and mag-
nifying wearables provide real-time 
environmental feedback, helping 
users navigate their surroundings 
more effectively. These technolo-
gies, like the IrisVision headset and 
Orcam MyEye, enhance remaining 
vision and read text aloud, while 
systems like NaviLens offer step-
by-step directions in public spaces 
(Wearable Tech, n.d.). 

Voice-activated and touch-based 
interfaces

The rise of virtual assistants and 
smart speakers creates a new type 
of interface for VIPs. In addition to 
the voice-activated interfaces touch 
based interfaces are also getting 
more attention. For instance, the 
slide rule was developed to allow 
customers to use touch-screen 
devices without needing visual feed-
back (Kane et al., 2008). Because 
of this VIPs can interact with main-
stream devices more intuitively and 
efficiently (A to Z of Assistive Tech-
nology for Low Vision, n.d.). 

Focus on sustainability 

Sustainability has become an im-
portant factor in the development 
of mobility aids. Manufacturers are 
adopting sustainable materials and 
production processes to reduce 
environmental impact. Additionally, 
the second-hand market for mobility 
aids is expanding, allowing individ-
uals to buy and sell pre-owned de-
vices, making them more financially 
accessible while promoting sustain-
ability (The Sustainable Rollator | 
ROLLZ, n.d.). 

This chapter discusses the safety 
and regulations for visually impaired 
individuals in the Netherlands, as 
this is the scope of this project. It 
covers the traffic rules that apply 
to people using white canes and 
rollators, as well as the legal re-
quirements for visually impaired 

individuals operating different types 
of vehicles. In addition, it looks at 
financial support for mobility aids. 
While the focus is on Dutch regula-
tions, there is also a brief compari-
son with laws in other countries to 
provide context.

2.2.4 Safety and Regulations
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Participating in traffic as a VIP

According to the Dutch Traffic Reg-
ulation Article 49, paragraphs 1 and 
2, pedestrians using a white cane 
or those who move with difficulty 
always have the right of way. As a 
driver, you are required to yield to 
pedestrians and operators of disa-
bled vehicles (including those using 
rollators) when they are crossing or 
about to cross at a zebra crossing 
(Burg, 2023). For blind and visually 
impaired individuals, specific cross-
ing techniques have been developed 
(see Figure 23), although these 
techniques are not legally manda-
tory.
In the Netherlands, the term “blin-
denstok” (white cane) refers to a 
recognition or tactile cane featuring 
one or more red stripes. Regard-
ing the operation of vehicles, such 
as walking, cycling, or driving a 
mobility scooter, moped, microcar, 
or a similar vehicle, there are no 
minimum legal vision requirements. 
Visually impaired cyclists are not 
obligated to display an SZ (abbrevi-
ation of visually impaired in Dutch) 
sign. However, for mopeds, micro-
cars, and scooters, an AM driving 
license is required.
Furthermore, if a (visually impaired) 

person wishes to drive a car or 
tractor, they must obtain a B or T 
driving license, respectively. The 
legal provisions governing these 
requirements are detailed in (ap-
pendix C)(Burg, 2023) .

Reimbursement for assistive prod-
ucts 

You can get reimbursements in the 
Netherlands for walking aids from 
‘het basispakket’, you do need a 
medical certificate for this. In the 
case of a guide dog, the purchase 
of a dog is reimbursed, some ‘main-
tenance costs’ are also reimbursed 
in certain situations. A blind cane is 
reimbursed once every three years. 
There is no own contribution (eigen 
bijdrage) but there is a deductible 
(eigen risico)(Ministerie van Volks-
gezondheid, 2016). 

Laws in other countries regarding 
accessibility for VIPs

•	 In Germany people with a 
white cane are exempt from 
the “vertauengrundatz” (trust 
policy). They get right-of-way 
and are not expected to act 
following the regular traffic 
rules (‘White Cane’, 2025).

•	 n England the white cane 
means blind and the red 
bands across the cane indi-
cate that a person is deafblind 
(Getting around – Deafblind 
UK, n.d.). 

•	 In the USA people have to give 
people carrying a white cane 
right-of-way (National Associa-
tion of Guide Dog Users, 2009).

•	 Argentina has passed a law 
that green canes indicate 
people with low vision, white 
canes are for the people that 
are completely blind (PERSO-
NAS CON BAJA VISION, n.d.). Figure 23: Advise for traffic gestures  (Geleidestok - leren omgaan 

met taststok, n.d.) 
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Technology:
•	 Effective feedback can 

be described as hav-
ing three parts; the 
message, the situ-
ation and the risk 
(Khusro et al., 
2022).

•	 -	 The touch sense 
is the second larg-
est informing sense 
in the human body 
making this the most 
probable sense to 
occupy for receiv-

ing additional messag-
es (Tor Nørretranders, 

2015). 
•	 Haptic feedback seems to 

be the most promising type 
of feedback as it does not 
have privacy issues, en-
vironmental implications 
and less stigmatizing vul-
nerability (Khusro et al., 
2022). 

•	 AI has a lot of potential 
because it will keep evolv-
ing and already offers much 
interesting technologies 
such as AI vision/object 
detection. 

•	 -	Considering the fast grow-
ing and evolving AI tech it 
would be wise to keep the 
possibility of (future) AI 
integration into account. 

Trends:
•	 Customizable and modular 

design offers an opportuni-
ty for the highly diverse 
target group as well as for 
making a more repairable 
product. 

•	 Lightweight and durable 
materials would lead to a 
comfortably manageable and 
more sustainable design.

•	 A rise in demand for inno-
vative and premium mobili-
ty aids is predicted making 
this an interesting option. 

Safety and regulations:
•	 A training module would be 

wise to implement in this 
design, to ensure safety 
and the best possible expe-
rience for the user. 

•	 The product should incor-
porate clear visual cues to 
ensure that the users are 
identifiable on the streets, 
by for instance using the 
white colour with red mark-
ings, reflectors or lights. 

•	 There are specific ways to 
alert the environment that 
a person with a cane is 
going to cross the road, 
a similar function in the 
rollator should be consid-
ered.

•	 It could be that this prod-
uct is subject to reim-
bursement under the Dutch 
insurance packages, the 
design should meet standard 
and remain cost-effective to 
ensure it could qualify for 
reimbursement.

•	 Although the current focus 
is on Dutch regulations, 
there could be thought 
about how this product will 
adapt to international 
standards. 

2.2.5 Key points: Market and domain analysis
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Current Situation2.3

MVIPs face numerous obstacles 
daily. These obstacles are not 
only physical as one might initially 
expect, but these are also psycho-
logical barriers and the limitations 
of current tools. This chapter dis-
cusses these obstacles one by one. 

To map out this material, several 
stakeholders were interviewed, and 
desktop and literature research 
was conducted. Daily challenges 
for MVIPs were briefly discussed in 
chapter 2.1 Target group. 

2.3.1 Customer Journey

Figure 24: Customer experience

60

VAMO - Master Thesis



There are several well-known and 
widely used mobility aids to help 
VIPs and MIPs (and even some 
MVIPs) maintain independence and 
safety. However, for MVIPs these 
tools have their limitations that 
affect user experience and effective-
ness. In this section, the constraints 
associated with mobility tools, like 
rollators, support canes, wheel-
chairs and more will be examined 
and discussed. There will also be 
looked at some of their main manu-
facturers. In 142Appendix D: Walking 
aids, a more thorough list of all 
mobility aids is posed. 

Tools for MIPs

Rollators are commonly used to 
provide stability and support for 
individuals with mobility challenges 
(see Figure 25). Traditional rolla-
tors, however, often lack integrated 
features for obstacle detection or 
navigation assistance, which are im-
portant for visually impaired users. 
Although companies like Topro and 
byACRE have developed lightweight 
and durable models, these designs 
primarily focus on physical support 
and do not incorporate additional 
assistive technologies for visual 
impairment.

Support canes (see Figure 26) are 
designed to help maintain balance 
and stability, yet they do not offer 
the environmental feedback needed 
for safe navigation. Their limited 
range and inability to detect obsta-
cles beyond a short distance can 
be a big drawback for those who 
require both mobility assistance and 
greater situational awareness.

Standard wheelchairs (see Figure 
27) are essential for individuals with 
severe mobility impairments but are 
generally not equipped to address 
the navigational challenges that 
visually impaired users face. Oper-
ating a wheelchair independently 
demands accurate spatial aware-
ness and obstacle detection, areas 
where conventional designs fall 
short. Although some wheelchairs 
can be modified with assistive tech-
nologies, these adaptations are not 
widely available and often come at 
an increased cost.

2.3.2 Limitations of current mobility tools

Figure 26: Support cane (Adjustable Clas-
sic Walking Stick - Astro Group, n.d.)

Figure 25: Rollator (Am-
azon.Com: Drive Medical 
10257RD-1 4, n.d.)

Figure 27: Wheelchair (Medline 
Folding Wheelchair with Flip-
Back Arms, Nederland | Ubuy, 
n.d.)
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Tools for VIP’s

White canes, including both identifi-
cation (ID) and probe/tactile canes, 
are the primary aids for individuals 
with visual impairments. They help 
detect obstacles and changes in 
terrain, but their effective range is 
usually limited to about 1.5 meters, 
and they may not detect overhead 
hazards. This limitation can make 
navigating complex environments 
more challenging.

Guide dogs provide both navi-
gational support and compan-
ionship, yet they require exten-
sive training and ongoing care. 
Their availability is limited, and 
not every user may be comfort-
able with or suitable for work-
ing with a service animal.

Hands free tools like Orcam, Arx AI 
and Envision Glasses (see Figure 
30) offer visual assistance, but lack 
the ability to convey environmental 
data in such a way that it can help 
the user navigate their surround-
ings without needing additional 
support. These products also 
sometimes still require operations 
with hands or voice commands to 
perform certain tasks.

There are also supporting apps 
like Envision that can scan envi-
ronments and tell you information 
about it.

Tools for MVIP’s

Currently a solution for MVIPs with 
less serious implications, general 
better mobility as well as better 
sight than the target group for this 
project, is a support cane for visual-
ly impaired users. This is a support 
cane in white with the recognisa-
ble red markings. This adaption is 
cosmetic and does not have any 
additional functionalities.

There are also specialized rollators 
for visually impaired users that are 
distinguished by design features 
such as white frames with red 
stripes. However, these adaptations 
as well are cosmetic, and these 
rollators do not offer additional 
functionalities such as advanced 
obstacle detection or navigation 
assistance.

Figure 28: White 
cane (Promoting 
Inclusion, n.d.)

 Figure 29: Guide dog 
(Guide Dogs, n.d.)

Figure 30: Envision Glasses (Envision Glasses, n.d.)

Figure 32: (‘Rollator Topro Pegasus wit’, n.d.)
Figure 33: (Rollator voor Slechtzienden, n.d.)

Figure 31: VIP support cane (‘Adjustable 
Ambutech Support Cane - Classic Handle’, 
n.d.)
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MVIPs need to be navigated safely past obstacles on their paths. These ob-
stacles can be classified in different detection areas or the navigational task 
that will happen to safely overcome these obstacles. (Khusro et al., 2022) 
describe a taxonomy approach to classifying these obstacles into separate 
groups that represent the information that is needed to guide the user safe-
ly past the obstacle. 

2.3.3 Physical obstacles 

Figure 34: Visualisation of current user scenario
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A list of physical obstacles was de-
vised, although this list is not com-
plete it conveys an image of what 
the obstacles are in general (see 
confidential appendix K).
 
For this project the obstacles were 
classified in the navigational tasks 
that the user will have to perform, 
adapted from the taxonomy de-
scribed by (Khusro et al., 2022). 

Actions adapted from (Khusro et al., 
2022):

•	 Go around right
•	 Go around left
•	 Duck
•	 Step over
•	 Turn around
•	 Walk backwards
•	 Walk forwards
•	 Stop
•	 Walk down stairs
•	 Walk up stairs
•	 Walk forwards carefully/slow
•	 Push/open door

A few of these actions will be diffi-
cult to perform, e.g. walk up/down 
stairs and step over. These actions 
will have to be avoided with possible 
notifications that convey a message 
that says that there is an action 
required that cannot be performed, 
why and that another path must be 
taken. 

Resulting in the list: 
•	 Go around right
•	 Go around left
•	 Duck
•	 Turn around
•	 Walk backwards
•	 Walk forwards
•	 Stop
•	 Walk forwards carefully/slow
•	 Push/open door
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Most people do not like to be seen 
as a disabled person or be defined 
by their disability. For instance, a 
person stops using their cane in 
their town because they do not want 
to start conversations about this 
(Interview 1 with VIP, personal com-
munication, 24 February 2025). 
Especially for people with later 
onset blindness or mobility impair-
ment, it is difficult to accept the fact 
that they are losing their sight and/
or mobility, and with that the ability 
to go about their day as usual. It 
can be exhausting to learn to live 
with visual and/or mobility impair-
ment and learn to do things without 
needing the lost abilities. Losing 
your sight and/or mobility can be 
a grieving process. It is a highly 
emotional experience, e.g. feeling 
anxious, depressed, angry, confused 
and other negative emotions (Road 
et al., n.d.). 

Learning to cope with sight loss 
is mentally tough, people have to 
relearn a lot of things, on the Ken-
nis Visio website alone, under the 
heading of self-study, there are 21 
modules to help VIPs with things 
in their daily life (Training en zelf-
studie, n.d.).

Visually and mobility-impaired 
individuals often encounter psycho-
logical barriers when considering 
outdoor activities, such as running 
errands or engaging in leisure 
pursuits. These challenges can lead 
to increased isolation and reduced 

quality of life. Key psychological bar-
riers include a lot of different sub-
jects, a selection will be discussed in 
this chapter. 

Stigma

Negative societal attitudes and mis-
conceptions about disabilities can 
affect the confidence of visually and 
mobility-impaired individuals. Ex-
periences of pity, overprotection, or 
discrimination can discourage them 
from engaging in public life, fearing 
judgment or misunderstanding. 
The rollators or white canes could 
be described as a body-near stig-
ma-eliciting product, meaning that 
the product has to be close enough 
and in use by the user to provoke 
stigma (Vaes, 2014). The thesis by 
Vaes (2014) introduces a set of 
design interventions to overcome 
stigma in product design.  These 
interventions were taken as inspira-
tion to address stigma in this design 
project. 

Aesthetics 

For many individuals, including 
those who are blind or visually im-
paired, aesthetics plays a vital role 
in self-expression. Despite com-
mon assumptions, people who are 
blind often care deeply about how 
they present themselves (‘Clothing 
Design for the Blind and Visually 
Impaired’, 2015). Just like the sight-

2.3.4 Mental barriers
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ed population, they form a diverse 
group with a wide range of personal 
styles - from bold and fashionable 
to minimalist and practical.

Fashion is not solely about visual 
appearance; it also involves texture, 
shape, and pattern. These sensory 
elements can make clothing and 
accessories more identifiable and 
enjoyable to wear. Many people in 
the blind community use touch to 
explore and select items that reso-
nate with their personality, favour-
ing materials that feel good on the 
body and details that add character 
(Jasmin Ambiong, 2022).
	
While comfort is often prioritized, 
the social expectations around ap-
pearance (such as dressing appro-
priately for formal events) still apply. 
To navigate colour coordination, 
many blind or low-vision individuals 
use a combination of strategies: 
some rely on memory, such as re-
membering which colours suit their 
skin tone, while others ask trusted 
sighted friends or family to help 
curate outfits. In addition, tools like 
colour-recognition apps or tactile 
labels on clothing can aid in select-
ing and combining pieces.

Neutral tones are a common choice 
because they match easily with 
other garments, simplifying outfit 
selection. However, this does not 
mean that style is sacrificed, many 
express themselves through care-
fully chosen accessories, statement 
textures, or signature silhouettes.

Finally, when it comes to assistive 
technology, one of the persistent 
aesthetic concerns is the stigma of 
“yet another medical device.” To mit-
igate this, designers should treat as-
sistive products not as clinical tools, 
but as wearable, expressive items 
(just like any other piece of fashion 
or personal gear). A thoughtfully 
designed product can blend into or 
enhance a person’s overall look, 
empowering users and reducing the 
psychological barrier to adoption.

Acceptance and mourning

The loss of vision or mobility can re-
quire significant adjustments to dai-
ly life, as familiar tasks may become 
more difficult or require a different 
approach. Individuals may need to 
restructure aspects of their routines 
to accommodate these changes, 
often finding new ways to perform 
activities they once did with ease. As 
these abilities decline, the need for 
adaptations increases, which can be 
accompanied by a range of emo-
tional responses. This experience 
can resemble the grieving process, 
involving stages such as denial, 
anger, bargaining, depression, and, 
eventually, acceptance. However, 
not everyone goes through all these 
stages, nor do they always follow a 
linear progression. The process of 
adjusting to these changes is highly 
individual, and some may never fully 
come to terms with their situation 
(Good Mental Health, n.d.). 
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Dependence on assistance

The necessity of relying on others 
for mobility can impact self-esteem 
and feelings of helplessness may 
emerge. While assistive technolo-
gies and guide services are avail-
able, the desire for independence 
may make individuals hesitant to 
seek or accept help, further restrict-
ing their outdoor activities.

Energy and physical health

Being blind or visually impaired 
may cause you to have less energy 
during the day, for instance causing 
fatigue, headaches or itchy eyes. 
This may be because their eyes 
have to work harder and because 
they have to rely more on their 
other senses (Ergo Tips - Je energie 
in balans houden, n.d.). It could also 
be caused by a lack of accessible in-
formation causing a higher cognitive 
load in a day to understand situa-
tions and get access to information 
that is needed.

MIPs could experience increased 
physical strain during the day. 
Moving around takes more energy 
and as people want to exercise the 
general activities of day-to-day life, 
respectively more energy is needed. 

For these reasons MVIPs could 
need more rest and less activities 
during the day, not only disabling 
them directly in their activities but 
also being set back in their long-
term life goals, and overall develop-
ment. 

Social isolation

Limited access to public events and 
recreational activities can result in 
social withdrawal. The lack of inclu-
sive environments that accommo-
date diverse needs often means that 
individuals with impairments miss 
out on social interactions, leading 
to feelings of loneliness and exclu-
sion. MVIPs could shut themselves 
off from the outside world because 
of all the barriers to overcome 
by going out. Therefore, creating 
a downwards spiral as they lose 
social connections and with that, 
reasons to go outside. In addition to 
this problem, they get less stimuli 
which could cause their conditions 
to deteriorate (Interview with occu-
pational and physiotherapists on 
rollator use and visual impairment 
in care homes, personal communi-
cation, 28 March 2025). 

Anxiety

Navigating public spaces presents 
numerous uncertainties for indi-
viduals with visual and mobility 
impairments. MIPs concerns about 
potential hazards or encountering 
inaccessible environments can lead 
to heightened anxiety. This appre-
hension often discourages individu-
als from going outside, limiting their 
participation in community activities 
(Valangst, n.d.).
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Limitations of current mobility 
tools:
•	 It could be an added bene-

fit to research the limited 
detection range of current 
aids and how this range 
could be expanded by using 
extended sensory input.

•	 To ensure visibility cos-
metic changes could be made 
to the design.

Physical obstacles:
•	 Keep in mind that some 

navigational actions 
are difficult or not 
possible to perform, 
like walking up or 
down stairs. 

Psychological barri-
ers:
•	 Stigma is a key 

factor to consider 
when designing a 
rollator for MVIPs. 

Using the stigma design 
interventions proposed by 
Kristoff Vaes should help 
minimise the risk of people 
delaying the procurement of 
aids or never getting help 
at all.

•	 It is important to keep 
in mind that a big part of 
the target group is going 
through a mourning process 
during the moment of pur-
chase or before this mo-
ment. 

•	 Aesthetics still play a 
vital role in how prod-
ucts are perceived, VIPs 
tend to go for neutrals as 
it fits everything, but the 
group is still diverse and 
do have different fashion 
interests and styles just 
like everyone else.

2.3.5 Key points: Current situation
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Stakeholder 
perspectives

2.4

In this chapter the different stakeholder perspectives will be explored. Infor-
mation on these stakeholders was gathered by conducting interviews, desk-
top research and literature review. In the following figure (Figure 35) an 
overview of the different stakeholder functions is made and their relation to 
each other is mapped. During this project, five main stakeholder groups are 
identified and studied, knowledge institutes, designers and manufacturers, 
MVIPs, healthcare providers and the government. 

2.4.1 The MVIP perspective

The following section describes the 
main drivers for MVIPs concerning a 
solution for their mobility and visual 
impairments. Several interviews 

with VIPs, MVIPs and health care 
personnel (HCP) were conducted 
and from those the following needs 
and wishes were noted. 

Figure 35: Overview of stakeholder relations   
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Expenses

This is an interesting and quite 
difficult topic to put real numbers 
with. Because this group is a di-
verse group of people, their budgets 
range from very little to a lot. There 
is a noticeable shift towards a high-
er willingness to spend more money 
on luxury products in the health 
sector (see chapter 2.2.3 Trends in 
mobility aid sector). Another thing to 
note is that this target group has a 
very high incentive to buy this prod-
uct, as their disability is significantly 
limiting and the need for a solution 
is higher for several reasons (stimu-
lation, independence, safety etc.). 

What we can learn from the previ-
ous similar project, LEA, it was made 
clear that this product was too ex-
pensive and for additional reasons 
this project had to be cancelled. 
The LEA was sold for approximate-
ly €10.000,- per unit or €237,- per 
month for a subscription. Compared 
to one of the costliest products in 
the rollator field ls is an electric 
powered rollator wheelchair hybrid 
called the Rollz Motion Electric sold 
a little under €3000,- (Rollz Motion 
Electric - Rollator en Elektrische 
Rolstoel, n.d.). 

Safety

For MVIPs safety is the most lim-
iting factor in engaging mobility 
related activities. If mobility and 
vision limitations did not pose a risk, 

individuals could use a rollator to 
support walking and move around 
in a similar manner to their usual 
routine. Unfortunately, this is not 
the case. The different tasks needed 
to move around can be classified 
in three different categories; static 
obstacles, moving people (operating 
vehicles) and following the route (In-
terview 1 with VIP, personal commu-
nication, 24 February 2025). Sighted 
people can see obstacles and mov-
ing people automatically, because 
of this there is only one of these 
three tasks that needs to be done 
consciously to move safely. For VIPs 
these tasks all become conscious 
when no additional mobility aids 
are used. When using a cane these 
tasks are done (more) automatically 
because of the direct feedback of 
obstacles and people being able to 
recognize VIPs. So, they know and 
can either move out of the way, wait 
or help VIPs and no longer pose as 
a great danger, resulting in one task 
that needs to be done consciously 
again, follow their route.

Psychological implications

This is explained in more detail in 
chapter 2.3.4 Mental barriers. It is 
important to note that MVIPs often 
have difficulties with mental health, 
this should be considered when 
designing a solution. A focus on 
going outside, stimulating the brain, 
reducing stigma, reducing anxiety 
and supporting their mental needs 
as they come and go. 
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Product aesthetics

For a lot of people their image of the 
outside world matters, a lot. When 
functionality is prioritized over 
aesthetics, there is a greater chance 
that the product will create stigma 
and people tend to be more reluc-
tant in device usage. Therefore, it is 
important that the product should 
be considered “good looking” by a 
considerably large part of the target 
group. Some considerations about 
this could include, customizability, 
stylish shapes and colour options, 
look and feel and a fitting human to 
product relation. People are more 
likely to buy a product if they like it 
visually. 

Comfort

The target group is looking for com-
fort, they are mostly elderly people. 
Lots of people suffer from arthritis 
or atherosclerosis that can get sore 
easily. Devices that are heavy, intru-
sive, not ergonomic or non-adjust-
able can cause physical discomfort 
and lead to people being less likely 
to use the product. Ergonomics is 
important for people using the prod-
uct for longer periods. The use of 
smart materials has led to designs 
that are lightweight, fitting, flexible 
and overall comfortable for long 
term use (Zhang et al., 2024). 

Sometimes people do not have the 
ability to open their hands anymore 
and adjustments to the rollator can 
be made, as for instance arm shells 
(Interview with occupational and 
physiotherapists on rollator use and 
visual impairment in care homes, 
personal communication, 28 March 
2025). 

Stimuli

It is often important for MVIPs to 
stay stimulated so that their condi-
tions do not deteriorate any faster. 
When people no longer engage in 
daily activities due to their impair-
ments, their brains quickly become 
less stimulated, which could cause 
their sensory conditions to deterio-
rate and their symptoms to worsen 
rapidly. On the other hand, because 
of their greater dependence on 
other senses, MVIPs will become 
overstimulated more quickly if these 
senses are agitated. So it is impor-
tant to find a balance between not 
too few and not too many stimuli to 
keep the brain healthy (Interview 
with occupational and physiother-
apists on rollator use and visual 
impairment in care homes, personal 
communication, 28 March 2025).
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2.4.2 ‘Kennis Over Zien’ authorities 

Kennis Over Zien is a collaboration 
between the five largest bodies 
for the blind and visually impaired, 
Bartiméus, Koninklijke Visio, Robert 
Coppes Foundation, Oogvereniging 
and MaculaVereniging (Kennis Over 
Zien | Kennisoverzien, n.d.). Kennis 
Over Zien works towards a common 
goal of these bodies, developing 
and sharing knowledge about visual 
impairments. Through the website, 
but also offline, their knowledge is 
transferred. This stakeholder has 
little power over the project process 
but could serve as a very valuable 
knowledge partner. In order to be 
able to include this knowledge in 
this project, an interview was con-
ducted with an experience expert 
from the Royal Visio (R. Habets, 
personal communication, 6 March 
2025) a module on learning to deal 
with people with a visual impair-
ment  (Kennismaken Met Volwas-
senen Met Een Visuele Beperking 
| Kennisoverzien, n.d.) and secret 
information was also obtained, this 
can be read in Confidential appendix 
M.

Knowledge transfer

During these moments of knowl-
edge transfer, some interesting 
things are highlighted. Such as all 
kinds of different tools including 
identification buttons, recognition 
canes, tactile canes, and support 
canes, and explain the limitations of 
each. Visually impaired individuals 
who require a rollator for stability 
often face significant mobility chal-
lenges. This includes difficulties with 
coordination, hand strength, and 
cognitive or hearing impairments, 
making independent navigation 
even more complex. During the 
interview with the expert by experi-
ence past attempts at “smart canes” 
with sensors but highlight issues 
such as high costs, weight, and usa-
bility constraints are mentioned (R. 
Habets, personal communication, 6 
March 2025). They stress the im-
portance of affordability and prac-
ticality, as previous smart mobility 
aids were often too expensive or 
unwieldy.
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2.4.3 Healthcare Providers

The term healthcare providers 
(HCP) includes anyone who directly 
provides care to MVIPs, including 
ergo-/physiotherapists, care shops 
and informal caregivers, among 
others. The aim of this group is to 
support MVIPs and keep them as 
healthy as possible in the long term. 
To become familiar with the world 
of HCP and their requirements and 
wishes, visits were made to a care 
shop and a care home, and informal 
interviews were held with informal 
carers.  

Efficiency 

HCP often face busy schedules and 
full days; this makes efficiency a 
very important part of this process 
for them. This stakeholder advis-
es, gives help with setting up and 
teaches users how to operate the 
products correctly. Interviews with 
these parties also revealed that cur-
rently these current processes are 
already very efficient, rollators are 
easy to understand, easy to learn 
and set up. It is valuable that this 
stays efficient. 

Expenses
 
When a user stays in a home, rolla-
tors from the home itself are often 
used. If a more luxurious rollator 
with extra functionality is desired, it 
is usually purchased privately. How-
ever, homes can also buy rollators 

themselves, for example through 
organisations such as Harting Bank, 
with the costs being covered from 
the care home’s budget and thus 
indirectly by the government. These 
rollators are usually selected on 
price and durability to last as long 
as possible and make efficient use 
of available resources. When pur-
chasing rollators for homes, and 
especially for institutions for the 
visually impaired, it is important to 
consider specific needs and require-
ments of the homes themselves, in 
addition to user requirements (Inter-
view with occupational and physio-
therapists on rollator use and visual 
impairment in care homes, personal 
communication, 28 March 2025). 

Advising role

The purchase path is highly per-
sonal and because of this difficult 
to predict. HCP should be informed 
about the options available as they 
are likely to recommend and will 
have to work with the product that 
the user will end up buying. HCP 
recommending a product could 
have a significant effect on the user 
purchasing pattern. 
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2.4.4 Government

Concerning this stakeholder, please 
refer to chapter 2.2.4 Safety and 
Regulations. This stakeholder has 
the least involvement with the other 
stakeholders but does have strong 
influence on the design process be-
cause of legislation and on the pric-
es of the products as the products 
can either be or not be reimbursed 
by the government. 

Legislation and product compliance

This party only has one very strong 
need and that is that you abide by 
their rules. If the rollator does not 
pass certification, it could be that 
the product is not allowed to be sold 
in the country of this government. 

It is important to keep this in mind 
while designing. In the context of 
medical or assistive devices, this 
includes meeting the required prod-
uct testing standards, CE marking, 
and possibly ISO or EN certification.

Reimbursements 

As for reimbursements, this is in 
the Netherlands currently not a 
possibility. I should be checked if a 
mobility aid for visually and mobility 
impaired people could be reim-
bursed and taken up in the laws. 
This could be a very lengthy and 
complex process so this will be out 
of scope for this project. 

75

Stakeholder 
perspectives



2.4.5 Designers and manufacturers 

This stakeholder group includes 
both design professionals and 
product manufacturers involved in 
the creation, development, and pro-
duction. Their main roles vary from 
early concept development and 
prototyping to the final production, 
assembly, and distribution of prod-
ucts. Interviews and desk research 
were done to identify what is impor-
tant to this stakeholder group.

Technical feasibility

For manufacturers, one of the key 
considerations is whether the envi-
sioned concept can be realistically 
produced at scale. This involves 
practical issues such as material 
selection, availability of components, 
and the integration of electronic 
parts like sensors, batteries, and 
feedback mechanisms. Manufactur-
ing stakeholders are more likely to 
support solutions that use existing 
manufacturing processes or com-
ponents that are readily available 
through existing suppliers. Com-
plexity, weight, durability, and weath-
er resistance are common concerns, 
particularly in the context of outdoor 
mobility aids.

Production costs

The cost of production is a central 
factor in whether a concept can be 
brought to market. If a design in-
cludes custom-made parts or niche 
technologies, it may result in high 
production costs, which in turn af-
fect the retail price and affordability 
for users. For this reason, manufac-
turers tend to favour modular de-
signs that can be adapted or scaled 

across different product lines, and 
designs that reduce the number of 
unique parts. This can help lower 
tooling and assembly costs and cre-
ate the possibility of shared parts 
between products.

Brand alignment and perception

Designers and manufacturers are 
also concerned with how a new 
assistive product aligns with the 
brand identity and existing product 
portfolio. If a product visibly dif-
fers from others in form language, 
material finish, or colour palette, 
it may be seen as inconsistent. On 
the other hand, well-aligned prod-
ucts can strengthen the company’s 
image and support communication 
strategies that highlight innovation, 
inclusivity, or sustainability. For 
companies operating in the health-
care or mobility aid market, aesthet-
ics also plays a role in how products 
are perceived by end-users and 
professionals.

Development resources

The availability of in-house exper-
tise, prototyping tools, production 
facilities, and external partners can 
influence whether a manufacturer is 
able or willing to participate in the 
development of an assistive technol-
ogy product. Smaller manufacturers 
may not have access to the same 
resources as larger companies and 
may require additional support in 
areas such as electronics integra-
tion, app development, or testing 
with user groups.
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Expenses: 
•	 The budget for this product 

can vary widely, there is 
an opportunity here to make 
several different options 
for the different budgets 
people have. 

•	 A subscription to the prod-
uct could offer an interest-
ing way to test the product 
for the user, to be able 
to edit a product package 
as the solution will most 
likely be modular and to 
make the threshold to start 
using this product less 
high.

Safety:
•	 It is important that the 

to be designed product en-
sures this safety as well, 
at least at the level that 
a cane or a dog can ensure 
safety.

Aesthetics:
•	 Involving the target group 

in the design process could 
lead to products that are 
both effective and aestheti-
cally pleasing. 

Touch sense:
•	 During the interview with 

the occupational- and phys-
iotherapists it became ev-
ident that the touch sense 
was for elderly people with 
multiple disabilities, one 
of the senses that worked 
best for the longest while 
other senses start to de-
teriorate over time. This 
could be a reason to choose 
this sense as the main 
sense to present the feed-
back to. 

HCP:
•	 It is important that the 

moments that the new prod-
ucts stays at a compara-
ble level of complexity 
in comparison to the 
currently used rol-
lators and/or white 
canes. 

2.4.6 Key points: Stakeholder perspectives
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Conclusion analysis 
and immersion 

2.5

Based on this analysis, the problem statement was revised to the following 
statement:

‘MVIPs (just like anyone else) need to independently stay active
and go outside and get stimulated, to maintain physical and mental

health. Safety and stigma issues are preventing this today.’

With this new problem statement the project objectives were also reima-
gined: 

‘To design an integrated assistive solution that merges the environmental 
awareness provided by tools like a white cane or guide dog with the physi-
cal support of a mobility aid, empowering individuals with combined mobili-
ty and visual impairments (MVIPs) to move through their environment more 

safely and independently.’

The overarching aim is to develop a product-service keeping the pillars 
shown in Figure 36 in mind.

Safety Mental health Physical healthIndependence

Figure 36: Project objectives based on analysis 
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Synthesis &
Conceptualization

For a product service system to deliver on the objectives put forward 
in the previous chapter, a few different perspectives can be taken to 
shine light on the design task. For this, three different design direc-
tions are described and measured on their desirability, feasibility and 
viability. Once the choice was made for what direction to go with the 
design, an overview of the different subject components was needed 
to get the ball rolling. Using a morphological map, this chapter weighs 
these components against each other and synthesises an outcome 
of a final concept that can be elaborated on and embodied in the next 
phase.

3.0
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Figure 36: Concept direction  “App Based Modularity”

Figure 37: Concept direction “Modular Packages”

84

VAMO - Master Thesis



Concept directions 	

Taking into consideration the existing products, the previous research 
conducted and the hands-on experience of working with a company 
that creates rollator product services for real life scenarios: three dif-
ferent design approaches are put forward that can be used to look at 
the problem statement, the scope and the objectives. 

3.1

3.1.1 App Based Modularity

The first concept is based on 
modular design via an app. The 
specific feedback and settings 
can be changes in the app and 
because of the focus on the 
customization, this feedback will 

be integrated into the seat and 
handles of the rollator. Using the 
app the user can change the type 
of feedback and other settings to 
their personal preference. 

3.1.2 Modular Packages

The second concept has a more 
physical approach to achieve 
modularity and customization. 
The design works with modular 
packages that give the ability to 
customize products around the 
personal needs of the users. 
This concept would be a monthly 
subscription where the user can 
start with a basic package and 

built on that further, the products 
will grow with the user’s wants 
and needs. This will be a more 
service-based concept direction 
and has different points to grow 
on than the other directions. It 
for example could recommend 
certain packages based on user 
data using an algorithm.

3.1.3 Wearables for all

Thirdly, a concept is proposed 
where a wearable for more uni-
versal purposes is designed. A 
reactive wearable together with 
a sensing module - that will not 
necessarily be tied to a rollator -, 
can be intuitively used by us-
ers other than MVIPs needing a 
rollator. 

It will be a modular design that 
is not integrated in a walking 
aid and can be suitable for other 
walking aids. Using the feedback, 
this wearable will have an app 
that can customize the user expe-
rience and specific aid needed.
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Figure 38: Concept direction “Wearables for all”
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Final concept
direction 	

3.2

3.2.1 Design criteria

The three concept directions were 
assessed on the following criteria

•	 Desirability 
•	 Value / need
•	 Ease of use
•	 Aesthetics 

•	 Feasibility
•	 Complexity
•	 Technological availability
•	 Time Horizon

•	 Viability
•	 Risk
•	 Cost effectiveness
•	 Market potential

These criteria are based on the key 
pillars for Industrial Design Engi-
neering at the TU Delft. 

.

3.2.2 Concept direction scores

Based on these criteria, a radar 
graph (see Figure 39) was made 
showing the scores for all three 
concept directions.

3.2.3 Selection

Seeing this graph (Figure 39), it can 
be concluded that “Wearables for 
All” is the most promising of the 
concept directions. It scores highest 
in the most criteria. It for example 
has a higher expectancy for being 

cost effective, since the overall 
product can be more generalized 
than custom parts for a stroller. It 
would also have a higher market 
potential, because it would reach a 
larger target group.
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Figure 39: Scoring of concept directions based on chosen criteria
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Conceptualization3.3

An overview of factors that fit in the 
‘Wearables for All’ design direction 
consists of:

•	 Purchase
•	 Sensing technique
•	 Sensing placement
•	 App
•	 Processing location
•	 Processing technique
•	 Feedback type
•	 Training
•	 End of life

The different components that 
make up this concept direction are 
elaborated on in this chart. For all 
components a couple perspectives 
are taken to how it could be realised 
and the options for these compo-
nents are assessed to eventually 
come to a combination of options 
that would make the most optimal 
design concept. To make this clearer 
a morphological chart was made to 
identify different options and try out 
different combinations. This chart 
can be found in Appendix E: Morpho-
logical chart.

 

Figure 40: Overview of different functions of the chosen concept direction
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Elaboration & 
embodiment 

Following the general structure of the Double Diamond design approach 
(as mentioned in chapter 1.4 Project approach), further elaboration is need-
ed to converge after selecting the concept, in order to refine and narrow it 
down to a final design proposal. This is done by iterating the goals and the 
scope to better specify them in accordance with the new concept direction. 
The specific context and users are also elaborated on. After this, the em-
bodiment of the design concept in question will be manifested. Firstly, by 
looking at what kind of a system will lay the foundation for this product. 
Secondly, the chosen product will need a digital foundation. Looking at the 
functions, the graphic design and readability of the app. Subsequently, the 
physical components are embodied, starting with the wearables and then 
the sensing module. For these two parts, the functions are defined, the 
internal specifications are defined and are tested where necessary. For the 
fastening system, different options are also considered and abstracted. Fi-
nally, the chapter is concluded with an overview of the final design, looking 
at sustainability, lifecycle, user experience, cost, rules and certifications and 
ending with recommendations for future projects.

4.0
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Figure 42: New scope
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Assignment elaboration 	4.1

4.1.1 Scope iteration

Beginning this elaboration phase, 
the scope was adjusted to not only 
include rollators anymore. The goal 
was set to instead look at all avail-
able mobility aids that require the 

use of both hands and use them to 
make the system even more univer-
sal. In Figure 42 the new scope is 
visualised.

4.1.2 User elaboration

With this change in scope and goals 
comes a change in target group. A 
short study was conducted to map 
what types of mobility aids exist on 
the market. This was done to elab-
orate on what kind of users and 
subsequently what types of mobility 
aids the wearable must fit with. This 
research can be found in Appendix 
D: Walking aids. 

What is important to note from this 
research is the physical constraints 
this leaves to where the sensing 
module will have to mount to. 
Although this is mainly round tubes 
a few stand outs were observed 
where the tube is not round but 
more elongated or with oval shaped 
sections.
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System overview4.2

The system for the ‘Wearables for 
All’ design uses components in 
three different zones. These zones 
are the wearable, the sensing unit 
and the app. Those design compo-
nents are shown in Figure 43 and in 
Figure 45. 

Connection is made between the 
three different subsystems to inte-
grate this product into an efficient 
product-service design concept. Be-
cause those three components are 
not dependent on the mobility aids 
that they are used on, it is called a 
modular system. With the wearable 
providing vibrational feedback and 
the app providing auditory feedback, 
it makes mobility for MVIPs more 
accessible. The sensing and de-
tecting components in the sensing 
module are used to increase the 
safety of this guidance. Finally, the 
app allows for the user to interact 
with the whole system and improve 
the use of the physical and digital 
embodiment of the design.Figure 43: Design systems
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4.2.1 What the design offers the user

To enhance the life of MVIPs, VAMO 
was designed. Through a modular, 
user-centred setup, the system 
supports the diverse target group, 
promoting greater independence, 
safety and self-confidence. The sys-
tem works by complementing the 
user’s existing abilities, rather than 
replacing them and by this support-
ing their autonomy. For example, the 
users who still have partial vision 
can rely on their remaining sight 
while receiving subtle assistance 
in the areas they cannot perceive, 
such as obstacles outside their 
visual field. Those with more severe 
impairments can choose from a 
broader subset of support options, 
including auditory cues.

Key features include:
•	 Obstacle and route feedback 

via customized vibration pat-
terns

•	 Personalized user interface 
(UI) settings such as font size, 
contrast and colour schemes

•	 Text-to-speech and optional 
audio guidance for additional 
orientation 

•	 Adjustable feedback intensity 
and modality, to ensure that 
the user can fine-tune the 
system to match their needs 
and preferences. 

Users can fully customize these fea-
tures via the accessible VAMO app, 
allowing them to adapt the product 
to their daily needs, physical condi-
tion and environment. The design 
promotes independence, autonomy 
and aesthetic appeal, empowering 
MVIPs mentally and physically. 

Figure 44: Story board basic use of VAMO
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Figure 45: System function overview
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4.2.2 Brand identity

The product-service system de-
signed in this thesis is called VAMO. 
Which is an abbreviation for Visual 
Assistance and Movement. This 
brand name was chosen because of 
its simple pronunciation and resem-
blance to the Spanish word “vamos” 
which means “Let’s go”. To establish 
this brand identity several words 
connected to values were chosen 
based on the project objectives and 
other key takeaways from 2. Analy-
sis & immersion. 

These words are; 
•	 Healthy 
•	 User autonomy
•	 Customizable
•	 Helpful
•	 Smart
•	 Friendly
•	 Technological
•	 Safe
•	 Independence
•	 Trustworthy

In Figure 46 a part of the process 
of defining the logo is shown. The 
icon in the logo, visible in Figure 
48, represents a vibration pattern 
and resembles the front view of the 
sensing module.  

Figure 46: Logo sketching

Figure 47: Vibration pattern inspiration (Chladni Plates, 2017)
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Figure 48: Branding

vamovamo

vamo

vamovamo

vamo

vamovamo

v
a
m
o

vamo
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4.2.3 Customer customization

4.2.4 Recognizability in public space

One of the key takeaways from the 
research phase is the importance 
of customization to support user 
independence. Since the target 
group includes people with a wide 
range of visual and mobility impair-
ments, their needs and preferences 
vary greatly. Customization allows 
users to tailor the system to their 
specific abilities and daily routines, 
reinforcing their sense of autonomy 
rather than imposing a one-size-fits-
all solution.

By offering flexible settings, the 
system supports different levels of 
assistance. For example, a person 
with tunnel vision may still rely on 
their remaining sight for navigation 
and only need targeted support for 
obstacles outside their field of view. 

To accommodate such differences, 
users can adapt the interface and 
feedback mechanisms to suit their 
individual preferences. These cus-
tomization options (further detailed 
in chapter 4.3.1 VAMO app) include 
adjusting font size, contrast, and 
colour schemes, enabling text-to-
speech, and modifying feedback 
settings such as vibration intensity, 
vibration patterns, and optional 
audio cues. All these settings can be 
configured through the VAMO app.

In chapter 4.5 Final design different 
scenario based on three personas 
are explored to see the different 
outcomes that can be achieved with 
this system.   

For MVIPs, especially those who 
are fully blind, being recognizable 
in public as a VIP is often essential 
for safety (see chapter 2.2.4 Safety 
and Regulations). This is why many 
visual aids use standardized visual 
markers such as white and red 
colour schemes. While the VAMO 
system may include these visual 
cues (when chosen for), its compact 
size may limit visibility on its own. 
It is therefore important that users 
consider how they present them-
selves in public space.

The system respects that not all us-
ers may wish to be visibly marked, 
especially those in earlier stages 
of vision loss or those concerned 
about stigma. VAMO wants to pre-
vent the product not being used 
because of these concerns. As such, 
VAMO supports both visible and 
discreet use through colour options. 
Guidance on making these deci-
sions is provided through the in-app 
coach, which helps users weigh vis-
ibility and personal preference in a 
safe and informed way (see chapter 
4.3.1: Coach function).
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Digital embodiment

4.3.1 VAMO app

The first part of the design is the 
app. This app is the UI of the pro-
ject. The way for the user to com-
municate with the whole system is 

via this app. The design of the app 
stayed very simplistic to not distract 
the user or overstimulate them. 

This section will be used to describe the digital embodiment of the design 
concept. The goal of this section is to clearly define what the digital part of 
the project consists of. 

4.3

Figure 49: App UI mock-up
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App functions

Firstly, defining the functions this 
digital part of the project must 
perform. In the flowchart the app is 
pulled apart from the physical sys-
tem and the relations it has with the 
user and the parts of the wearable 
and the sensing module. The app 

will use Bluetooth to connect with 
the physical system and receive 
feedback through this connection 
to send the impulse to the phone 
speaker, which in turn will make 
clear to the user what is happening.

Figure 50: App function overview
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Graphic design

For the graphic design of the app a 
style is used that is bold, contrast-
ing and very clear. In the mood 
board below, it is visible what is 
meant with this. While not all users 
from the target group can see the 
app, for some that have a partial 
eyesight, this is of the highest im-
portance. 

Without the contrasting and bright 
colours, the user experience would 
be less accessible. Nevertheless, as 
mentioned before, the target group 
is diverse, so diverse that different 
contrasts could be preferred for 
different people, so there will also 
be an option to edit this.

Readability

For the same reasons that the con-
trast needs to be high and custom-
izable, the size of the text and of the 
app will also be adjustable. In Figure 
52 it can be seen how different sizes 
of text and types of fonts can be 
easily adjusted and will improve the 
readability of the app.

Customization

One of the findings from the analy-
sis phase was that the users want 
to be able to do the things that they 
are still able to do. For instance, 
someone who has tunnel vision still 
wants to use that information that 
they can see to move independently 
and only be assisted in the things 
that they cannot see. To accom-
modate this whish, the user can 
customize the system to their own 
wants and needs. They will be able 
to change font size, contrast, colour 
schemes and other UI options like 
text-to-speech, next to that they can 
also change the feedback settings. 
These settings would be the vi-
bration intensity, type of vibrations 
(patterns) and turn on/off optional 
audio, all from within the app.

Figure 51: UI mood board

Figure 52: Example text sizes and fonts (Choosing a 
Font for Print | Plum Grove, n.d.)
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Coach function

The coach function 
is a central compo-
nent of the VAMO 
app, designed 
to guide users 
through learning 
how to use the 
product safely 
and confidently. 
Acting as a digital 
tutor, the coach 
introduces users to 
VAMO’s functional-
ities through clear, 
accessible formats 
(such as a podcast) 

and supports grad-
ual onboarding at the 

user’s own pace.

Beyond functionality, the coach also 
educates users about the implica-
tions of using the product in public 
space. For individuals who are fully 
blind, it is crucial to remain visibly 

recognizable to 
others, for in-
stance, through the 
internationally rec-
ognized white and 
red colour cues 
often used in white 
canes. While VAMO 
may be available 
in these colours, 
its compact size 
means it may not 
always offer suf-
ficient visibility 
alone. The coach 
will therefore guide 
users in making 
informed decisions 
about how to en-
sure their visibility, 
whether by choos-
ing appropriate 

accessories, adapting their primary 
walking aid, or wearing additional 
identifiers as a visibility button. 
At the same time, the coach re-
spects user’s personal preferences 
and acknowledges the stigma some 
may feel around visible markers of 
disability. For those in earlier stages 
of vision loss or who prefer more 
discretion, the system supports 
more subtle use. Ultimately, the 
goal is that as VAMO evolves and 
technology becomes more seam-
less, users may one day navigate 
the world independently without 
needing to be identified as blind 
at all. Until then, the coach helps 
users balance safety, autonomy, and 
self-expression.

App prototype

As part of getting proof of concept 
for VAMO, an app prototype was de-
veloped using Figma to explore the 
digital interface and user interaction. 
Designing an app for people with 
little or no vision presents unique 
challenges, as conventional visual 
elements and navigation patterns 
may not be accessible. This made 
the prototype development especial-
ly interesting, as it required focusing 
on alternative interaction methods 
such as haptic feedback, audio cues, 
and simplified layouts that prioritize 
ease of use without relying on sight. 
The prototype allowed early testing 
of these ideas and helped clarify 
how the app could complement the 
wearable device, providing intui-
tive feedback and control options 
tailored to the needs of users with 
combined mobility and visual im-
pairments. This user-centred ap-
proach ensured that accessibility 
and inclusivity remained at the core 
of the digital design.

“Someone would need a 
good cursus, before going 
outside with the vibration” 

QUOTE

~ Research participant

Figure 53: Figma prototype wireframes
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Figure 54: Wearables (fastening not modelled)

Physical embodiment 	

4.4.1 VAMO wearables

The following section will describe the elaboration of the physical design. 
The goal of this section is to bring the physical design to life, decide on the 
details and specifications and to prototype the design in a way to confirm if 
it can work.

First of all, it is important to keep in mind the functions that this physical 
design needs to perform. To keep a good overview of this, a differentiation is 
made between the wearables and the sensing module. 

4.4

The wearables of this system are 
designed to provide the user with 
intuitive feedback. They play an 
important role in translating the 
environmental information (obtained 
by the sensing module) into accessi-
ble haptic cues. Beyond its technical 

function, the wearable also ad-
dresses key human-centred design 
factors: it is customizable, modular 
and ergonomic, reducing stigma 
through thoughtful aesthetics and 
placement and offering comfort 
across different body types.  
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Wearables functions

To gain a clear overview 
of the functions that 
the wearables should 
perform a function 
chart was made in 
Figure 55. In this figure 
it becomes clear what 
the interactions are 
with the user and with 
the rest of the system. 

Wearable user experi-
ence 

 
To identify where the wear-

ables should be placed a few 
considerations were made; 

•	 Skin sensitivity to vibration
•	 Ease of use (can mobility im-

paired people put it on them-
selves?)

•	 Stigma 
•	 Ergonomics (will the wearable 

stay on and will it be comfort-
able enough?)

Looking at all these different factors 
it was decided to place two weara-
bles directly underneath the users’ 
knees. This will ensure that the user 
can easily put on the wearables with 
two hands while sitting down, that 
they can be worn on or underneath 
clothes and this area is sensitive 
enough to feel the vibrations.
The wearables will be available in 
different colourway to be able to 
style the system to personal prefer-
ences. They will be available in neu-
tral colours to easily match them to 
any outfit, and in more bold colours 
for the people that would like to add 
a statement piece to their wardrobe. 

Figure 55: Wearables function chart

“[I] think the vibrations 
on the knees are perfect 
because your legs are the 
tools that need to walk!” 

QUOTE

~ Research participant
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Wearable prototype

To find out what vibra-
tions could be made 
with a simple coin vibra-
tion motor, a low fidelity 
prototype was made. 
The components of this 
prototype and addition-
al documentation can 
be found in Appendix 
F: Wearable prototyp-
ing components. What 
was interesting to find 
was that the vibration 

motor could produce quite strong 
vibrations, but that the vibrations 
are felt very differently throughout 
the body. A person’s fingers and 
feet are way more sensitive than for 
example their chest. What was most 
important was that the vibrations 
were strong enough to feel on the 
knee area that the wearable would 
be sitting (see Figure 57).

Figure 56: Wearables ideation

Figure 58: Wearable colours (fastening not modelled)

Figure 57: Vibration motor testing
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Wearable form and dimensions

To ensure this wearable can be 
worn underneath clothing the 
design is made to be flat, so it fits 
nicely under the user their clothes. 
The device is quite small as it only 
must receive information from the 
sensing module and give the user 
vibration feedback. The design is fit-
ted underneath the user their knee 
as this gives the user the freedom 
to choose whether they want the 
device to be seen by others or not. If 
not, the user can wear the wearable 
underneath their clothing, reducing 
stigma around wearing the device. 
The dimensions of the product are 
based on similar wearables that can 

generate vibrational feedback like 
the Fitbit (see Figure 60). For ergo-
nomics it is made possible to adjust 
the wearable to the desired size of 
the user, the band can be resized to 
the user’s preference.

Wearable materials and parts

For the materials of the wearable 
there was looked at what other 
similar wearables are made from. 
It was chosen to make the strap 
out of silicone like in Figure 61. The 
hardware will be in a small metal 
encasing. The other parts will be ‘off 
the shelf’ electronics and a small 
metal encasing. The components 
are visualised in Figure 62. 

Figure 59: Form of the wearable (fastening not modelled)

Figure 61: Example of a silicone wearable 
(Amazon.ca, n.d.)

Figure 60: Example dimensions of a Fitbit

Figure 62: Wearable components
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Vibration feedback

To ensure the right kind of feedback 
and to prove that vibration feedback 
can substitute tactile feedback that 
one gets from the white cane, an 
experiment was conducted. This ex-
periment can be found in Appendix 
G: User validation research. In this 
experiment a comparison of vibra-
tion feedback was made to a white 

cane, the participants had to follow 
obstacle courses with the different 
kinds of feedback. 

The results from this experiment 
and the conclusion validated that 
the vibration feedback can substi-
tute the white cane. Further vali-
dation can be found in chapter 5.3 
User evaluation.

Figure 63: Sensing module

4.4.2 VAMO sensing module

The sensing module functions as 
the ‘eyes and brain’ of the system. It 
captures the environment through a 
camera, processes the input us-
ing a compact computer equipped 
with AI-based object detection and 
estimates distances to potential 
obstacles. The module then sends 
relevant information wirelessly to 
the wearables for user feedback. 

Designed to be small, efficient and 
modular the sensing module inte-
grates essential electronics such 
as the camera, AI vision computer, 
power source and distance sensor 
(micro-LiDAR). This section elab-
orates on the components, their 
roles, and how they collectively sup-
port real-time walking assistance. 
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Sensing functions

To gain a clear understanding of the 
functions that the sensing module 
should perform, a function chart 
was created (see Figure 64). This 
chart shows how the sensing mod-
ule interacts with the user, the envi-
ronment and the system. It outlines 
the key steps from capturing visual 
input to processing and sending 
feedback signals to the wearable. 

Sensing electronics

Components
The main components of the prod-
uct are a camera, a specialized 
computer for AI programs for object 
detection and distancing, and a 
power source. 

Camera
To gather suitable visual input for 
this project, a camera module is re-
quired. Various camera types were 
considered. The choice of camera 
depends on what the system needs 
to detect to function as intended. A 
wider field of view allows more of 
the surrounding environment to be 
captured, which may help improve 
obstacle detection and situation-
al awareness. For this thesis, the 
Raspberry Pi Camera Module 3 
Wide was selected. This module 
offers a wide-angle lens that ap-
proximates the natural field of view 
of the human eye, which is consid-
ered appropriate for the intended 
application. Additionally, the module 
is compact in size, which supports 
integration into the physical design, 
and produces a manageable data 
stream, reducing processing com-
plexity for the system.

Figure 64: Sensing function chart
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Object detection and distancing
Distancing can be done with ste-
reo vision with stereo depth map, 
LiDAR or ultrasonic sensors or 
IR ToF sensors. All these sensors 
have similar low prices. They each 
have their pros and cons, but since 
the micro-LiDAR (1) is suitable for 
different light conditions and is very 
small this is the best choice for this 
project. Worth mentioning is the 
possibility to use stereo vision, this 
would be done by using two camer-
as instead of one, just like sighted 
people have a sense of 3D. This 
would also be possible, but this is 
complex to integrate and would be 
more expensive, therefor adding a 
simple ToF sensor would be more 
viable.

Power source
Generally, for these types of applica-
tions a Li-Po battery is used, these 
are rechargeable and reasonably 
sized and priced. So, this is also the 
battery used in this project. 

Figure 65: Example of wide angle view of a camera (5 Mistakes Be-
ginners Make With a Wide Angle Lens & How to Avoid Them, 2015)

Figure 66: Raspberry Pi camera module 3 
wide (1) (Ltd, n.d.)

Figure 68: Time-of-Flight distance sensor Micro-LiDAR 
(1) (VL53L0X Time-of-Flight ToF Afstandssensor, n.d.)

Figure 69: Ultrasonic sensor (2) (Ultrasoon 
Sensor - HC-SR04, n.d.)

Figure 70: Infrared distance sensor (3) (IR afstands-
sensor 10cm tot 80cm - GP2Y0A21YK0F, n.d.)

Figure 71: Li-Po battery (Lithium Polymer (Li-Po) Accu 
- 3.7V 1200mAh, n.d.)

Figure 67: Arducam mini 2mp plus (2) 
(Arducam Mini 2MP Plus, n.d.)
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Sensing prototype

For this module a prototype was 
made testing the electronics and 
the software needed for AI vision 
obstacle detection (see Figure 72). 
A more detailed look at this process 
can be found in Appendix H: Elec-
tronics testing (sensing module). 
Some interesting findings is that it is 
important to have the right comput-
ers that are trained to execute the 
heavy AI vision tasks. A computer 
as the raspberry pi 5 in combina-
tion with the AI Hat will be able to 
do real-time object detection and 
with additional information from the 
micro-LiDAR will be able to distance 
the objects. The computer will also 
need cooling so heatsinks and air 
cooling can be applied. 

Programming and system logic

To operate the sensing and feed-
back module of the system, various 

types of programming are required. 
While the complete setup was not 
fully implemented due to the scope 
of this project, an initial prototype 
was built to test the feasibility of 
integrating AI-based object de-
tection on a compact embedded 
system. This was accomplished 
using a Raspberry Pi 4 model B 
and the DFine Nano COCO model, a 
lightweight object detection model 
well-suited for real time processing 
(Ustc-Community/Dfine-Nano-Coco · 
Hugging Face, 2025).

Prototyped components
In the current setup, the Raspberry 
Pi processes a real-time camera 
input and uses the object detection 
model to identify specific objects. A 
basic object classifier was written in 
Python and the detection results are 
filtered using a predefined ‘list of 
trigger objects’ relevant to safe navi-
gation for MVIPs. The model runs on 
the Pi using the ‘transformers’ and 
‘torchvision’ libraries (Torchvision 
— Torchvision 0.22 Documentation, 
n.d.; Transformers, n.d.). These are 
libraries to support computer vision. 
This code and setup process can be 
found in Appendix I: Code modules.

Code modules 
To explore and test the functionality 
of the sensing and feedback system, 
several code modules were devel-
oped. In addition to the implemented 
elements, a number of additional 
components are required for full 
system integration. An overview is 
provided in Figure 73.

Figure 64: Sensing function chart
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Implemented modules
•	 Object detection pipeline

Loads the DFine-Nano-COCO 
model and continuously pro-
cesses the camera stream to 
identify objects.

•	 Trigger object list
A first list to filter relevant 
detections (can be found in 
Confidential appendix M:)

Modules required for fully imple-
mented system (see Figure 73)

•	 Object distancing logic
Logic to calculate the rela-
tive position and distance 
of detected obstacles using 
integrated micro-LiDAR. This 
module will include distance 
thresholds to determine 
whether feedback should be 
triggered.

•	 Feedback condition rules
A signal logic that determines 
which feedback to trigger 
(vibration pattern, intensity, 
audio cue) based on:
•	 Type of object detected
•	 Direction (left/right/cen-

tre)

•	 Distance threshold
•	 Speed of user movement
•	 Personal preferences set 

in the app
•	 Communication protocol

Bluetooth connection for the 
computer in the sensing mod-
ule to send feedback signals 
to the wearable actuators.

•	 Feedback actuation code
The wearables, via microcon-
troller firmware will interpret 
the signals from the sensing 
module and activate the vibra-
tion motors using PWM or dig-
ital output. A quick prototype 
of this was tested and can be 
found in Appendix F: Wearable 
prototyping components. The 
code used to test this was 
Arduino code from Github 
(ArduinoSapienza/Vibration-
Motor, 2023/2025). 

•	 App integration 
A mobile framework allowing 
users or caregivers to config-
ure feedback parameters such 
as vibration strength, pattern, 
and preferred object types.

Figure 73: Software implementation in function overview
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Sensing aesthetics

The sensing module is designed 
with a sleek, slim profile to ensure it 
remains visually unobtrusive when 
mounted on a mobility aid. Its clean 
form minimizes distraction while 
complementing the overall product 
system. To enhance visibility and 
social signalling, the module could 
be produced in recognizable red 
and white colourway, commonly 
associated with visual impairment, 
making it easier for others to identi-
fy the user as someone who is blind 

or has low vision. This dual focus on 
discretion and recognizability allows 
users to balance personal prefer-
ence with situational awareness.

After reviewing the aesthetics of the 
system after the first form iteration 
in SolidWorks, it was decided that 
the parts should become a family. 
The parts should speak the same 
form language. To do this the same 
pattern found on the wearables is 
translated to the sensing module 
(see Figure 75).

Figure 74: Sensing module ideations

Figure 75: Form family
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Sensing fastening system

To fasten the sensing module 
securely to different walking aids, 
various attachment methods were 
explored. These include magnetic 
fasteners, hook-and-loop fasteners, 
mechanical clamps, plastic clips 
and elastic straps with buttons. 
Each option was assessed based on 
desktop research and prototyping. 
These processes can be found in 
Appendix F: Wearable prototyping 
components. 

While magnetic fasteners such as 
those from Fidlock , offer excellent 
usability and longevity, they rely on 
rare earth materials that are diffi-
cult to recycle. Mechanical clamps 
are durable and recyclable but less 
user-friendly and modular. Plastic 
clips are lightweight yet less sus-
tainable due to their short lifespan 
and because they are made from 
plastic.

Ultimately, hook-and-lop fasteners 
showed the most promise. This 
combination is adaptable to different 
shapes and user needs and can be 
produced using recycled or renew-
able materials (‘Shop VELCRO® 
Brand ECO Collection Industrial 
Strips’, n.d.). For this project, a fas-
tening solution using hook-and-loop 
straps with a non-slip overmould 
was selected for its balance of 
adjustability, reusability and reduced 
environmental footprint (see Figure 
77). Prototyping showed that this 
method is secure and modular, 
making it suitable for various walk-
ing aids. 

Figure 76: Prototyping of fastening systems
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Sensing parts

The sensing module is made up 
out of different parts, the electronic 
components were described in the 
preceding chapter. To clarify the 
workings of this module, Figure 77 
was made. What is interesting to 
note is the ball joint connects the 
main housing to the fastening strap, 
this is done so that the camera can 
be positioned in the most optimal 
way. The strap has a hook and loop 
functionality so it can be fastened 
modularly to different kinds of walk-
ing aids. Room was left open above 
the custom PCB for the cooling 
mechanism.

Sensing assembly

The plastic housing of the sensing 
module is designed to be disassem-
bled for maintenance and repairs. 
However, two components, the ball 
of the ball joint and the strap, are 
permanently fixed through an over-
moulded rubber connection. This 
choice was made to ensure dura-
bility, as the straps are subjected to 
significant mechanical stress during 
use. By overmoulding these parts, 
the risk of loosening or failure over 
time is minimized, contributing to 
the overall reliability of the system.

Figure 77: Sensing section and parts

Figure 78: Sensing section with assembly methods
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Sensing materials

For the materials of this product 
some choices were made, the hous-
ing should be made of a light weight 
material (as to not tug on the strap 
too much) as well as a material 
that can handle some heat from the 
electronics as well as other outside 
factors, because of this a choice was 
made for poly carbonate, which is 
often used in housing for electron-
ics. The rubber overmould provides 
a strong connection between the 
ball and the strap and also has 
a non-slip property so the strap 
does not slip down the tube of the 
walking aid. The strap is made of a 
heavy-duty webbing so it can handle 
some stress. 

Figure 79: Sensing section with materials
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Final design

4.5.1 Overview

The final design presents an in-
tegrated assistive system that 
thoughtfully balances functionality, 
usability, and aesthetics to support 
safer, more independent naviga-
tion for individuals with combined 

mobility and visual impairments. By 
addressing both physical and men-
tal barriers, the solution empowers 
users while blending seamlessly 
into their daily lives.

4.5

Figure 80: System design overview
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4.5.2 Key features and user benefits

Features
Obstacle detection

•	 Real-time identification of obsta-
cles through integrated camera 
and LiDAR

•	 Applies feedback logic for direc-
tional navigation

Intuitive feedback
•	 Dicreet vibration cues on the 

knees for clear spatial aware-
ness

•	 Directional feedback (left, right, 
centre)

•	 Adjustable intensity and pattern 
for individual needs

Customizable UI and UX
•	 App interface allows users and 

caregivers to configure settings
•	 Personalized feedback modes, 

object filters, and notification 
preferences

•	 UI is designed to be accessible to 
visually impaired people

Modular design
•	 Separable components: sensor 

unit, wearable, and app
•	 Compatible with various walking 

aids 
•	 Easy to adapt over time

Guided coaching 
•	 Supports users in learning to 

interpret the feedback
•	 Encourages gradual improve-

ment through practice
Seamless product communication

•	 Bluetooth-enabled link between 
sensing module and wearable

•	 Reliable real-time data transfer 
without physical tethering

Hands-free operation
•	 Eliminates the need for holding 

visual aids
•	 Enhances comfort and confi-

dence during movement
•	 Enables users to carry items or 

interact freely with walking aid

User benefits
Self-reliance
Vamo empowers users to navigate 
their environment without constant 
assistance. It enables independent mo-
bility, increases freedom of movement 
and reduces reliance on other humans 
and visual aids. 
Stimulation
By encouraging users to go outside 
and move with more confidence, the 
system helps maintain cognitive activ-
ity and engagement with the environ-
ment, supporting long-term physical 
and mental health.
Secure
Previously, users had to choose be-
tween a walking aid and a visual aid, 
using both at once was often not possi-
ble. This forced a compromise between 
stability and environmental awareness. 
VAMO removes that trade-off by offer-
ing hands-free obstacle detection and 
clear vibration feedback. It alerts users 
in time when something is in their 
path, reducing the risk of falls and col-
lisions. This not only improves physical 
safety, but also gives users greater 
confidence during everyday movement.
Subtlety
The design is intentionally discreet 
and modern, allowing it to blend into 
daily life without attracting unwanted 
attention. For users who prefer to keep 
assistive devices private, this subtle 
approach helps reduce stigma and 
encourages consistent use in public 
settings. At the same time, the system 
offers visual customization options 
(such as bold colours or worn-over-
clothing placement) for users who 
feel confident expressing their identity 
through the product. This balance 
ensures that the system adapts to 
different comfort levels and personal 
preferences, without compromising 
functionality.
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FleurFleur
Length

Visual
Mobile

Severity

Disability Type:

Blind since childhood, Fleur 
has long navigated the world 
confidently using a white cane. 
A recent accident left her with 
lasting injuries, and she now 
relies on a rollator or 
wheelchair for mobility. The 
combination of blindness and 
temporary mobility loss 
challenges her independence 
in new ways. She’s learning to 
adapt while staying active in 
her creative work and social 
life.

“I want to explore new places without worrying about 
whether I can get around once I arrive.”

AlexAlex
Length

Visual
Mobile

Severity

Disability Type:

“I want to feel connected to my surroundings, through 
sounds, textures, and people, no matter where I go.”

Alex lives with a degenerative 
condition that causes tunnel 
vision and increasing fatigue. 
Currently, they see about 60%, 
but their vision is expected to 
decline further. Their condition 
also affects balance and 
energy, making longer walks 
difficult. Alex is thoughtful 
about pacing their days and 
often uses a cane and 
navigation app to get around 
safely.

TheoTheo
Length

Visual
Mobile

Severity

Disability Type:

“I look forward to hearing the stories of each place 
and feeling the breeze on my face as I walk.”

Theo has had trouble walking 
for many years due to joint 
issues and now also 
experiences age-related vision 
loss. Once an avid gardener 
and traveler, he’s slowed down 
but remains curious and social. 
He uses a walker and recently 
started using a magnifier and 
voice assistant at home. 
Adapting to these changes, he 
values calm environments and 
clear routines.

4.5.3 User scenarios
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SCENARIOS
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4.5.4 Rules and certifications

VAMO contains an assistive weara-
ble and digital application aimed at 
enhancing the independent mobility 
of MVIPs. As a system that includes 
electronic components, wireless 
communication and data process-
ing, VAMO must comply with vari-
ous European Union directives and 
regulations (Directorate-General 
for Internal Market, Industry, Entre-
preneurship and SMEs (European 
Commission), 2015). 

To be placed on the European 
market, the system must have the 
CE mark, demonstrating compliance 
with essential safety, health and 
environmental protection legislation. 
This includes directives for radio 
communication (RED, (Directive 
2014/53/EU RED, 2014)), electro-
magnetic compatibility (EMC, (Direc-
tive 2014/30/EU EMC, 2014) and the 
restriction of hazardous substances 
(RoHS, (Directive 2011/65/EU RoHS, 
2011). Furthermore, because the 

system includes an app that may 
collect personal user data, the gen-
eral data protection regulation must 
also be complied with (Regulation 
(EU) 2016/679 GDPR, 2016). 

In addition to CE marking and 
GDPR, environmental and product 
safety regulations such as the Pack-
aging and Packaging Waste Reg-
ulation (Regulation - EU - 2025/40 
- EN - EUR-Lex PPWR, n.d.) and the 
WEEE Directive (Directive 2012/19/
EU of the European Parliament 
and of the Council of 4 July 2012 
on Waste Electrical and Electronic 
Equipment (WEEE) (Recast)  Text 
with EEA Relevance, 2012) apply due 
to the product’s physical packaging 
and electronic nature.

A full overview of applicable direc-
tives, explanations, and what this 
means for VAMO can be found in 
Appendix L: Regulatory Compliance 
Overview. 
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4.5.5 Cost estimation

To assess the economic feasibility of 
the VAMO system, a production cost 
estimation was developed in collab-
oration with an industry expert from 
Promolding B.V. (Promolding | Cre-
ating polymer solutions | Kunststof 
spuitgietproductie | 3D Printing, 
n.d.). The system consists of one 
sensing module and two wearable 
units. The estimation includes all 
major costs related to moulds, elec-
tronics, assembly, packaging, and 
logistics. Three production scales 

were evaluated: 1,000, 5,000, and 
20,000 units.
Table 4.1 summarises the estimated 
cost per unit and projected sales 
price. The cost per unit decreases 
at higher volumes due to the fixed 
investment for tooling being divid-
ed over more products, and due to 
volume discounts on components.
A detailed breakdown of all costs, 
sources, and methods used can be 
found in Appendix L: Cost Estimation 
Details.

Figure 81: Cost overview of three different scenarios
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Evaluation & 
Validation

In this last chapter, a critical look is taken at the proposed concept. 
The viability, feasibility and desirability of VAMO were assessed through 
a validation and evaluation phase. This chapter describes how the 
design was tested and refined through prototyping, expert consultation 
and user evaluation. Each method contributed to validating different 
aspects of the concept.

Physical and digital prototypes were developed to obtain proof of con-
cept of key design features, such as object detection, feedback mech-
anisms, and fastening systems. Feedback from domain experts helped 
shape the direction of both the technology and user interaction. Addi-
tionally, a user study was conducted to examine whether the vibration 
feedback could effectively replace the functionalities of a white cane. 
These efforts not only supported design decisions but also demon-
strated the concept’s potential. Finally, the chapter concludes with a 
look ahead and a personal reflection.

5.0
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Prototyping5.1

As discussed in the previous chap-
ter (4. Elaboration & embodiment of 
the concept) a lot of different as-
pects of the design were prototyped, 
including:

•	 The AI camera vision
•	 Fastening systems for the 

VAMO sensing module
•	 Vibration feedback 
•	 The VAMO app user interface
•	 3D models of the physical 

parts

These prototypes helped validate 
the design  and gain proof of con-
cept for the more unique solutions 
within the VAMO design. Some 
glimpses of the prototyping process 
can be seen in Figure 82.
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Expert evaluation5.2

Throughout the development of this 
project, expert feedback played an 
important role in shaping key design 
and technical decisions. Multiple 
experts from diverse domains were 
consulted, including occupational 
and physiotherapists, assistive tech-
nology specialists and experts from 
the VR Lab at the TU Delft Library.

Their input guided various aspects 
of the design process. For instance, 
during the early stages of technolo-
gy selection for the sensing module, 
experts at the VR Lab recommended 
using an obstacle detection AI-vision 
system over other sensor setups 
like radar or stereo vision. This 
advice led to the implementation 
of a camera-based object detection 
system using the DFine Nano COCO 
model in the prototype (Ustc-Com-
munity/Dfine-Nano-Coco · Hugging 
Face, 2025), running on a Raspberry 
Pi setup. This approach offered a 
robust yet lightweight way to detect 
environmental obstacles is real 
time and proved to be a technically 
feasible solution during prototyping 

(see Appendix H: Electronics testing 
(sensing module)). 

In addition to technical consulta-
tions, feedback was also gathered 
from healthcare professionals 
regarding the user interaction and 
feedback modality. Experts con-
firmed that tactile feedback (vibra-
tions) is highly suitable for users 
with declining sensory capabilities, 
as touch often remains reliable 
even when vision or hearing decline. 
These insights influenced decisions 
to focus the design around custom-
izable vibration feedback as the core 
information channel for the user. 

This multi-expert involvement 
ensured that the final system is 
not only technically sound, but also 
grounded in realistic user scenari-
os and professional practice. Their 
insights helped bridge theoretical 
design intentions with practical 
execution and usability, contributing 
to the feasibility and acceptability of 
the concept. 
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User evaluation5.3

To validate if the vibration feedback is a sufficient substitute of a white cane, 
an experiment was conducted. The full research report can be found in 
appendix G. 

5.3.1 Feedback research question

5.3.2 Feedback research results

The central research question guid-
ing this study was:

“To what extent is vibration feedback on the knees, compared to the white 
cane, effective in conveying directional and obstacle information for persons 

with visual impairment?”

A total of ten participants took part 
in the study. All were sighted and 
experienced simulated blindness 
through the use of a light-blocking 
blindfold. The results below repre-

sent a selection of relevant findings. 
The full results can be found in 
Additional appendices: Research 
results. 

Figure 84: Time to complete course per participant

“It was clear which side [the 
vibration feedback was on] 
and [the] right amount of 
strength”

QUOTE

~ Research Participant
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Participants were asked to interpret 
directional vibrations and navigate 
through a test setup. Most partic-
ipants could correctly identify the 

direction of vibration and respond-
ed appropriately to the simulated 
obstacle cues. Subjective feedback 
was generally positive.

“Very nice that your hands 
are free”

QUOTE

~ Research Participant

Figure 85: Total collisions and time per feedback type

Figure 87: Preference of feedback type

Figure 86: Confidence of white cane vs. vibration feedback
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5.3.3 Feedback research conclusion

5.3.4 Feedback research discussion

Based on the observed outcomes, 
vibration feedback on the knees 
appears to be an effective method of 
conveying directional and obstacle 
information in the absence of vision. 
Participants expressed confidence in 
using the system, with some report-
ing a preference for it over the white 
cane in specific scenarios.

When asked whether they believed 
vibration feedback (if further de-

veloped) could replace or comple-
ment a white cane, eight out of nine 
respondents answered that it could 
replace the white cane, while one 
participant indicated it could serve 
as a complement.
These findings suggest that vibra-
tion-based navigation has potential 
as an assistive tool for individuals 
with visual impairments, particularly 
if the system is further refined.

The user evaluation showed that 
vibration feedback on the knees 
can support directional and obsta-
cle awareness in situations where 
vision is absent. Most participants 
were able to interpret the signals 
correctly and expressed confidence 
in their ability to navigate with the 
system. Feedback indicated that the 
vibration cues were clear, and that 
the hands-free nature of the set-
up was seen as a positive feature. 
These outcomes suggest that the 
concept has potential to support 
safe and independent mobility.

However, all participants were 
sighted individuals, and vision was 
blocked using a blindfold. While this 
allowed for basic testing, it does not 
fully reflect the experience of people 
who are blind or visually impaired, 
especially those with long-term or 

congenital blindness. The way non-
visual information is interpreted, 
processed, and trusted may differ 
significantly across user groups. 
The current test conditions also 
lacked environmental complexity, 
which may have influenced the ease 
with which feedback was interpret-
ed.

Despite these limitations, the eval-
uation offers useful early insights 
into how vibration feedback might 
be experienced by people with 
limited or no vision. The findings 
can help shape further development 
and inform future testing with the 
intended target group. Additional 
research is needed to explore long-
term use, real-world application, 
and individual differences in tactile 
sensitivity, cognitive load, and user 
preferences.
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Conclusion5.4

This graduation project set out to 
develop a solution for individuals 
with combined visual and mobility 
impairments (MVIPs), a user group 
that is currently underserved by 
conventional mobility aids. Through 
a combination of literature review, 
field research, stakeholder inter-
views, and user-centred prototyping, 
the project resulted in the develop-
ment of VAMO, a modular, app-con-
nected product-service system 
designed to enhance walking aids 
with tactile feedback and personal-
ized digital support.

The foundation of the design was 
built on in-depth research into the 
diverse needs within the MVIP user 
group. This included an exploration 
of functional and emotional barriers 
such as navigation difficulties, social 
stigma, dual-task overload, and 
limited adaptability of existing as-
sistive technologies. In parallel, both 
technological opportunities, such as 
LiDAR, haptic feedback, and comput-
er vision, and contextual constraints, 
including Dutch traffic regulations, 
age-related mobility limitations, and 
sensory processing considerations, 
were examined. These insights in-
formed core design decisions, such 
as the use of modular wearable 
components, app-based personali-
zation, and the integration of cultur-
ally recognizable visual cues, includ-
ing the colour scheme of white with 
red accents.

The design process followed the 
Double Diamond methodology and 
included multiple iterations, from 
ideation and conceptualization to 
prototyping and validation. Each 
stage involved stakeholder input, al-
lowing the design to evolve respon-
sively and inclusively. The outcome, 
VAMO, is not just a technical solu-
tion but a system designed to fit into 
real lives: adaptable, intuitive, and 
respectful of user identity.

The impact of this design extends 
beyond the individual user:

•	 MVIPs gain enhanced inde-
pendence, safety, and dignity. 
With intuitive tactile feedback, 
they are no longer forced to 
choose between a rollator and 
a white cane. This restores 
mobility while reducing social 
stigma and risk of injury.

•	 Healthcare providers (HCPs) 
benefit from having a modular, 
adaptive aid they can confi-
dently recommend, knowing 
it addresses both functional 
and psychosocial needs. VAMO 
can reduce care dependency 
and improve rehabilitation 
outcomes.

•	 Kennis Over Zien and similar 
knowledge institutions receive 
a validated proof of concept 
that supports their mission 
of inclusive living, while also 
contributing new insights into 
combined-sensory impair-
ments.
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•	 The government can see 
VAMO as a step toward fulfill-
ing EU accessibility directives 
and SDGs, promoting aging-in-
place and reducing the need 
for institutional care through 
smarter mobility support.

•	 Designers are encouraged to 
see assistive technology not 
only as a functional tool, but 
as an opportunity to enable 
self-expression, reduce stigma 
and foster emotional well-be-
ing through aesthetics, identi-
ty, and usability.

•	 Academia gains from this 
project a comprehensive case 
study in interdisciplinary, 
inclusive design, showing how 
engineering, policy and human 
values can be woven into a 
coherent, impactful solution.

•	 Finally, society benefits from 
a more inclusive public space. 
When MVIPs are seen, heard, 
and able to participate in-
dependently, communities 
become more accessible, 
empathetic and just.
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Discussion5.5

The final design of VAMO demon-
strates technical feasibility within 
the scope of this graduation project. 
A functioning sensing module was 
prototyped using a Raspberry Pi 
with a wide-angle camera and pre-
liminary object detection pipeline. Vi-
bration feedback was implemented 
and tested via microcontroller-driv-
en wearables. Early user testing 
confirmed that directional haptic 
feedback is interpretable and effec-
tive in simulated low-vision condi-

tions. While full real-time integration 
and long-term testing remain out 
of scope, the chosen technologies, 
such as LiDAR, open-source object 
detection models, and Bluetooth 
communication, are considered 
accessible, scalable, and adaptable. 
Further engineering development is 
needed for robust performance in 
dynamic, outdoor environments and 
integration with commercial walking 
aids, but the core concept has been 
validated.

The solution shows potential to be 
viable from a business and imple-
mentation perspective. By designing 
modular add-ons instead of a new 
rollator, the product can be retro-
fitted to existing devices, increasing 
market accessibility and reducing 
cost. The modular approach also 
aligns with growing trends in the 
mobility aid sector toward person-
alization and flexible upgrades. 
From stakeholder interviews and 
expert feedback, it is evident that 
healthcare professionals are open 

to recommending such products 
if they prove effective, easy to use, 
and reasonably priced. Viability 
could be further improved by pur-
suing insurance reimbursement or 
institutional adoption through care 
homes. A cost estimation was made, 
and off-the-shelf components are 
currently affordable for prototyping; 
future optimization could reduce 
costs even further (read more about 
this is in chapter 4.5.5 Cost estima-
tion).

5.5.1 Feasibility 

5.5.2 Viability
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Desirability was a central focus of 
the design process. The product 
addresses both functional and emo-
tional needs of MVIPs by reducing 
reliance on stigmatized aids like the 
white cane while supporting inde-
pendence and safety. Through in-
terviews and user testing, it became 
clear that discretion, hands-free 
operation, and comfort are key de-

sign drivers. The customizable look 
and feel of the wearables, and the 
app-based configuration, contribute 
to a product that can adapt to per-
sonal preferences and offer a sense 
of ownership. The design considers 
aesthetics, self-expression, and 
mental barriers which are important 
factors in promoting consistent, con-
fident use of the product in public.

Despite promising results, there are 
some limitations to VAMO. 

First of all, in the research analysis 
some numbers are posted about the 
size of the target group. The World 
Health Organization (WHO) reports 
noticeably higher estimates of blind-
ness compared to other sources. 
This discrepancy is likely due to the 
WHO’s extensive research method-
ology, which accounts for unreport-
ed and undiagnosed cases, offering 
a more comprehensive global per-
spective on visual impairment. But 
could be researched further to get 
a better grip on the actual volume 
of the target group for better esti-
mations to for instance calculate the 
batch size of the product. 

Furthermore, user testing was 
conducted with sighted participants 
under simulated blindness, which 
does not fully replicate a compre-
hensive understanding of experienc-
es or sensory adaptation of people 
with long-term visual impairment. 
The sensing module was tested 
in controlled environments, and 
real-world accuracy, responsive-
ness, and robustness remain to be 
validated. Furthermore, the current 
feedback logic is rule-based and 
not yet dynamically adaptive to 
different users or environments. 
Long-term comfort, battery life, and 
real-time performance under daily 
use are also areas requiring further 
development. Finally, while the app 
prototype supports customization, 
the digital interface has not yet been 
tested with users who have signifi-
cant visual impairments.

5.5.3 Desirability

5.5.4 Limitations 
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Recommendations5.6

•	 Add low-light vision capabili-
ties: Implement night vision or 
infrared cameras to improve 
performance in dark environ-
ments.

•	 Integrate light sensors: 
Detect lighting conditions and 
automatically switch to the 
appropriate camera.

•	 Add lights to the sensing 
module: Allow users to turn 

on/off external lights for visi-
bility and safety.

•	 Integrate with online map 
services: Connect to Google 
or Apple Maps to support nav-
igation assistance.

•	 Add podcast-based coaching 
features: Develop auditory 
content to support onboarding 
or user motivation.

•	 Optimize fastening systems: 
Ensure that the fastening sys-
tem can be switched quickly 
and accessibly for users who 
often switch between walking 
aids.

•	 Address lens fogging/water 
issues: Apply hydrophobic 
coatings or protective hous-
ings for rain resistance.

•	 Conduct full user testing: Val-
idate the system with MVIPs in 
real-life scenarios.

•	 Expand user research base: 
Include VIPs, MIPs, and car-
egivers in design iterations.

•	 Material testing: Poly Car-
bonate was deliberately cho-
sen for its material properties, 
but does have weaknesses, 
therefor it would be wise to do 
some additional research into 
this material.  

•	 Develop advanced object de-
tection scripts: Train special-
ized models for differentiating 
obstacle types and user intent.

•	 Enhance pedestrian detection: 
Improve person-tracking ac-
curacy and predict movement 
paths to avoid collisions.

•	 AI recognitions for static 
and dynamic obstacles: Use 
motion tracking and AI to 
distinguish object types and 
behaviours.

•	 Integrate adaptive feedback 
systems: Adjust vibration feed-

back based on user response 
time or stress levels.

•	 Research vibration feedback 
patterns: Study which feed-
back patterns are most effec-
tive for different contexts.

•	 Explore adding alternative 
feedback modes: Consider 
audio, thermal, or other haptic 
technologies.

•	 Collaborate with tactile feed-
back experts: Work with com-
panies like Elitac to implement 
richer tactile communication.

5.6.1 Additions

5.6.2 Improvements

5.6.3 Further development
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2025
•	 Finalize MVP prototype and 

user testing with small groups
•	 Begin collaboration with hard-

ware/software partners (e.g. 
Elitac, camera manufacturers)

•	 Initiate app development (ba-
sic functions + user testing)

•	 Apply for grants or start seek-
ing funding

2026
•	 Expand user testing with larg-

er, diverse populations
•	 Integrate improved object and 

pedestrian detection models
•	 Add map navigation support 

and camera switching
•	 Launch beta version of the 

app
2027

•	 Begin regulatory preparation 
(safety compliance, CE mark-
ing, accessibility checks)

•	 Develop wearable module with 
final materials

•	 Finalize fastening system 
design

•	 Initiate pilot programs with 
assistive organizations

2028
•	 Launch fully functioning 

product-service system in test 
markets

•	 Begin marketing and aware-
ness campaigns

•	 Start collaboration with 
healthcare providers for sys-
tem integration

2029
•	 Refine based on market and 

user feedback
•	 Add AI enhancements (adap-

tive feedback, coaching logic)
•	 Expand to more countries and 

support languages
2030

•	 Full commercial rollout
•	 Begin updates based on re-

al-time usage data
•	 Explore adjacent products (e.g. 

solutions for wheelchair users 
or public space integration)

Figure 86: Vamo development roadmap (2025-2030) 
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Personal reflection5.7

After this intensive half year period 
of graduating, I would like to look 
back on my time as a graduation 
student and my student journey in 
general. 

Coaching and company

My coaches who helped me a lot 
through this project were a great 
help. A lot of sessions were held 
almost weekly to discuss the pro-
gress of my project. Especially in 
the first period of the project there 
was a lot to discuss about the 
company which I initially worked 
with. Because we could not agree 
on a good contract between the 
parties we had to decide to cancel 
this collaboration unfortunately. 
This felt like a big setback for me, 
the decision was finalised quite late 
in the project, during the midterm 
period, and caused me a great deal 
of stress. Fortunately, looking back 
on this change of course, it was a 
chance for me to really fit this pro-
ject to my personal interests. It gave 
me more freedom to do the right 
thing, and I can say I am very proud 
of what I delivered all on my own. 
The moments where I did feel that it 
would have been very handy to use 
the resources and knowledge of the 
company, it would have been more 
convenient and quicker to use those 
when working at a company. But, 
in the end I got all the resources 
and knowledge I needed from other 
places, fortunately I had a project 
subject that not only I am passion-

ate about. So, during that period it 
was nice to have my coaches. I have 
to say, I think that I could’ve gotten 
more out of the coaching sessions, 
in the future I would like to focus 
more on preparing these types of 
meetings to optimally use peoples 
time and expertise. 

Project management

On the topic of project management, 
I think I learnt a lot and also still 
have a lot to learn. After finishing 
my internship, I got the feedback 
that learning project management is 
a very valuable thing and is some-
thing that you learn by doing. Well, 
this graduation project is obviously 
a very good example where good 
project management is essential. 
Project management is also quite 
hard I have learnt, particularly 
when working alone. When there 
is less time pressure, I was more 
likely to postpone the more difficult 
tasks. I would still be productive but 
leave the more challenging tasks 
to ‘tomorrow me’. This finally led to 
the ‘tomorrow me’ being way more 
stressed in the deadline days as 
only the challenging things were left 
(a bit exaggerated). Those challeng-
ing things are often also the most 
effective and valuable tasks, so 
having to skip some of those is also 
more stressful but was sometimes 
necessary as time was running out. 
This is something I will have to keep 
telling myself.
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What is also is true is that I find 
those challenging tasks way more 
challenging when I must do them 
alone. In my head the graduation 
project is something you must do 
on your own, but I learned that that 
doesn’t have to be that way at all. As 
my coaches also told me, you can 
delegate tasks or do them together 
with others. This revelation certainly 
helped me a lot, mostly at the end of 
my project, and I wish I had accept-
ed that though earlier. 

Finally, something that I have strug-
gled with for longer is perfection-
ism. I give myself quite a hard time 
sometimes, sometimes that leads to 
better results and high-quality work, 
which I think I also delivered in this 
thesis, but it sometimes immobilizes 
me as I don’t want to start doing 
things as I only want to do them 
perfectly. What I learnt from this 
graduation project is that things 
don’t always have to be perfect to 
be valuable and 

Work/life balance

Working alone instead of in a team 
is something you don’t do very often 
during the master or Bachelor of 
Industrial Design. This graduation 
project was in a lot of facets ap-
plying knowledge and skills learnt 
throughout the studies but in anoth-
er way a totally new way of working. 
Because working alone you get to 
schedule your own hours it is easier 
to shuffle around a bit more and 

that leads to a less evenly spread 
workload during the project. I found 
it sometimes difficult to keep a good 
balance between work and leisure 
time. Where in the deadline days 
I was working lots of hours and 
having little time to relax. I felt in my 
body that that was not very good for 
me. I aspire to do this differently in 
the future for solo projects although 
I am looking to work in teams.

End of life as a student

Finally, this project concludes my 
life as a student, for now at least. 
It is a weird realization that after 
this last project, I will no longer be 
studying to become a designer, I will 
be a design engineer. That is scary 
and super exciting at the same time. 
As of now, my future is still open 
and I do not know what I will be 
doing in a year from now, again that 
is scary and exciting. This last year 
I have certainly become confident 
in my upcoming role as a designer 
and looking back at my bachelor 
ending project vs my graduation 
project I have progressed a lot. I am 
very proud of this project and so 
very happy to have had the oppor-
tunity to design for this wonderful 
cause. I realized that for me, helping 
people with my work gives me an 
immense satisfaction. I will strive to 
keep on working to better the world. 
With that being said, I would like to 
conclude this thesis where I have 
learned so much from and worked 
so hard on. 
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Appendix A: Related research 
● Late 1990s: "PAMM - a robotic aid to the elderly for mobility assistance and 

monitoring: a "helping-hand" for the elderly" (Dubowsky et al., 2000) 
● (Pre) 2000: "A smart walker for the frail visually impaired" (MacNamara & Lacey, 

2000) 
● Early 2000s: "The Evolution of Guido" (G. J. Lacey & Rodriguez-Losada, 2008)  
● 2010: "Foogue: eyes-free interaction for smartphones" (Dicke et al., 2010) 
● 2012: "Ultrasonic spectacles and waist-belt for visually impaired and blind person" 

(Bhatlawande et al., 2012) 
● 2013: "Usability and Design Guidelines of Smart Canes for Users with Visual 

Impairments" (Kim & Cho, 2013); "Obstacle detection by the Kinect cane system for 
the visually impaired" (Orita et al., 2013) 

● 2015: "Real-Time Obstacle Detection System in Indoor Environment for the Visually 
Impaired Using Microsoft Kinect Sensor" (Cummings et al., 2014); "Vision-Based 
SLAM and Moving Objects Tracking for the Perceptual Support of a Smart Walker 
Platform"(Panteleris & Argyros, 2015) 

● 2016: "c-Walker: A Cyber-Physical System for Ambient Assisted Living" (Rizzon et 
al., 2016) 

● 2017: "ISR-AIWALKER: Robotic Walker for Intuitive and Safe Mobility Assistance 
and Gait Analysis" (Paulo et al., 2017) 

● 2018: "Supporting rehabilitation prescription compliance with an IoT-augmented four-
legged walker" (Zehtabian et al., 2018); "An Autonomous Simultaneous Localization 
and Mapping Walker for Indoor Navigation" (Kashyap et al., 2018); "Wearable Smart 
System for Visually Impaired People" (Ramadhan, 2018);  

● 2019: "Detecting Unsafe Use of a Four-Legged Walker using IoT and Deep Learning" 
(Khodadadeh et al., 2019); "Smart Walker for the Visually Impaired" (Feltner et al., 
2019); "Reinforcement Learning Aided Robot-Assisted Navigation: A Utility and RRT 
Two-Stage Approach" (Garrote et al., 2020) 

● 2021: "A Smart Walker for People with Both Visual and Mobility Impairment" 
(Mostofa et al., 2021) 

● 2018: LEA Robot (Lean Empowering Assistant Care Robot) released by Robot Care 
Systems (Capelle, 2017; CLICKNL, n.d.) 
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Appendix B: HKJ’s 
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Appendix C: Laws of VIP’s in 
traffic 
 

 
(Burg, 2023) 
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Appendix D: Walking aids  
- (Leonard, 2017) 
- Handheld support devices 

- support cane / walking stick 

(Adjustable Classic Walking Stick - Astro Group, n.d.) 
- quad cane (four small legs at bottom for stability 

(‘RG5610 -Quad Cane -Base’, n.d.) 
- hemi walker 

(Hemi Walker - Invacare, n.d.) 
- Framed walking aids 

- standard walker / Zimmer frame (no wheels, lifted up each step) 
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(Lightweight Zimmer Frame - Walking Frames Medium Ultra 
Narrow from Essential Aids, n.d.)  

- Two-wheeled walker (front wheels, back legs with rubber tips) 

(Medline Extra-Wide Two-Button Heavy Duty Wheeled 
Walker, n.d.) 

- Four-wheeled walker (rollator) (with brakes, seat and basket) 

(Amazon.Com: Drive Medical 10257RD-1 4 Wheel Rollator 
Walker With Seat, Steel Rolling Walker, Height Adjustable, 7.5" Wheels, Removable Back 
Support, 300 Pound Weight Capacity, Red : Health & Household, n.d.) 

- Three-wheeled walker (tri-walker) (more maneuverable, less stable than 
rollator) 
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(‘Days Three Wheeled Rollator Walker’, n.d.) 
- Posterior walker (placed behind the user, often used by children with cerebral 

palsy) 

(Nimbo Lightweight Posterior Posture Walker (In Flame Red) 
– Townfield Mobility, n.d.) 

- Upright walker (taller handles to encourage a straighter posture) 

(Upright Walker-Series T - Standing Mobility Support — Vive 
Health, n.d.) 

- Wheeled mobility aids 
- Rollator with integrated wheelchair seat (Rollz Motion) 
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(Rollz Motion 2.1 Rollator Rolstoel | Rolstoel en rollator in 1, 
n.d.) 

- Wheelchair 
(Medline Folding Wheelchair with Flip-Back Arms, Nederland | Ubuy, n.d.)

 
- Knee scooter / knee walker (for lower leg injuries) 

(Knee Walker | Integrant, 2021) 
- Walker with forearm supports / platform walker (for those who can’t grip 

handles) 
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(Heavy Duty Forearm Walker with 2 Castors | Active Mobility, 
n.d.) 
 

- Mobility support devices with additional features 
- Mobility scooter 

(Rent a Mobility Scooter - Rent a Mobility Scooter in the Friesland Area!, n.d.)

 
- Exoskeleton walking aid 

(Hanlon, 2013) 
- Smart walker 
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(Camino, n.d.) 
- Rehabilitation gait trainer 

(‘Gait Training Frame Medical Unweight Walking Training Frame’, n.d.)

 
- Pediatric & specialized aids 

- Crocodile walker (reverse walker for kids) 

(R82 Crocodile, n.d.) 
- Walker with harness / suspension walker 
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(Seat Harness for All Wenzelite Safety Rollers and Nimbo 
Walkers, n.d.) 
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Appendix E: Morphological chart  
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Appendix F: Wearable 
prototyping components 
Part Pic Function Dimensions Amount Price 

Itsy bitsy 

 

Communicat
e with 
Raspberry Pi 

36.0mm x 
17.6mm x 
6.9mm 

1x €17,29 

Bitsy 
expander 

 

Enable grove 
connections 
to Itsy bitsy 

?? 1x €included in 
IDE 
prototyping 
kit 

Grove 
connection 
cable 

 

connect 
modules to 
Bitsy 

200 mm 1x (/2x) €2,36 (5 
pack) 

Grove Haptic 
motor 

Provide 
haptic 
feedback 

+/- 20 mm x 
20 mm x 10 
mm  

1x €2,17 

Grove 
buzzer 
(optional) or 
grove 
speaker 

 

Provide 
audio 
feedback 

+/- 20 mm x 
20 mm x 10 
mm  

1x €1,80 

USB-A to 
Micro-B 
cable  

 

Connect 
battery to 
Itsy Bitsy 

150 mm 1x €1,56 

      

 
** I actually used a Seeeduino Lotus to test the vibration motor. 
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Appendix G: User validation 
research  
Vibration feedback research 
 
Introduction 
One of the goals of this research is that the final product can act as a hands-free substitute 
of the white cane. To validate this the feedback system has to be tested and compared to 
the white cane. In this experiment we try to test this to see what the differences are and how 
the feedback influences people. To test this three (see figure i) obstacle courses were set up 
each with varying obstacles. The participants will blindly navigate all the different courses 
with different aids, one being the white cane, and then two sets of different feedback 
(vibration and audio). For this research we use a vibration collar meant to train dogs to give 
the feedback to the participants, as the system is not fully developed at the time, the 
researcher will look closely at the participant and simulate the feedback real time by 
operating the vibration via the remote.  
 
Research question 
“To what extent is vibration feedback on the knees, compared to the white cane, 
effective in conveying directional and obstacle information for persons with visual 
impairment?” 
 
Materials 

- 2× Sompets® Anti-Bark Collar with Remote Control (No 
Shock) 

- White cane 
- Blindfold (for sighted participants) (during this research a 

Mindfold was used) 
- Obstacles (cardboard boxes and water bottles) 
- Tape (to fix obstacle positions) 
- Tables to fence off courses 
- Stopwatch or timer 
- Observation form (Appendix I) 
- Survey form (Appendix II) 
- Informed Consent form (Appendix III) 
- Optional: Notepad or digital device for observations  

 
Method: 
TBD 
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Setup: 
Three obstacle courses. Boxes taped in random order inside the course. One person 
operating the feedback devices. One person observing, photographing and taking notes. 
One survey after the experiment asking about experience of the feedback and comparing 
the white cane with the vibration device. 
 
 

 
Figure i: Course setup 
 
The survey questions can be found in Appendix II. The measurements done can be found in 
Appendix I. 
 
Tasks (3x): 

- Walk to the end of the course 
- Avoid the obstacles in your way 
- Once using a white cane, once using vibration feedback and once using audio 

feedback 
 
Participants: 

- 10 sighted people 
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Results

 
 
In this chapter some of the results are visualized to find interesting outcomes and see what 
the answer to the research question could be. 
 
In table FIXME it can be seen that the vibration feedback has a higher confidence score than 
the white cane.  
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Appendix I - Observation & data collection Form 
Observation & Data Collection Form - Vibration Feedback Test 
Participant ID: _______ 
 Date: _______ 
 Test Conductor: _______ 
 Observer: _______ 
 Visually Impaired: ☐ Yes ☐ No (blindfolded) 
 Experience with using a white cane: ☐ Yes ☐ No 

 
1. Summary per Condition 

Condition Time 
(mm:ss) 

Number of 
Collisions 

Behavioral Observations (e.g., 
hesitation, stops, wrong turns) 

1. White Cane    

2. Vibration     

3. Feedback with 
audio 

   

 
2. Behavioral Checklist (Tick all that apply) 

Behavior/Observation White 
Cane 

Vibration Audio 

Hesitates at start    

Makes abrupt stops    

Misses a clear signal    

Light contact with obstacle    

Strong collision with obstacle    

Takes a wrong direction    

Reacts appropriately to 
vibration 
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Appears confident    

Delayed response to 
feedback 

   

 
3. Additional Notes and Observations 
Use this space to record anything notable that occurred during the test session (e.g., issues 
with vibration system, participant remarks, unusual behavior). 
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Appendix II - Questionnaire: 
Participant Questionnaire – Vibration Feedback Test 
Participant ID: _______ 
 Date: _______ 
 Test Conductor: _______ 

 
Section 1: Experience and Perception (Likert Scale) 
Please indicate your level of agreement with the following statements. 
 1 = Strongly Disagree | 2 = Disagree | 3 = Neutral | 4 = Agree | 5 = Strongly Agree 

Statement 1 2 3 4 5 

I felt confident navigating the course with the white cane. ☐ ☐ ☐ ☐ ☐ 

I felt confident navigating the course with the vibration feedback. ☐ ☐ ☐ ☐ ☐ 

The vibration feedback was easy to understand. ☐ ☐ ☐ ☐ ☐ 

I was able to react to the vibration feedback in a timely manner. ☐ ☐ ☐ ☐ ☐ 

The vibration helped me understand where to go. ☐ ☐ ☐ ☐ ☐ 

I felt safe using the vibration feedback system. ☐ ☐ ☐ ☐ ☐ 

I would trust a refined version of this system for independent 
mobility. 

☐ ☐ ☐ ☐ ☐ 

I think the Vibration feedback could substitute a white cane ☐ ☐ ☐ ☐ ☐ 

 
Section 2: Preference 

1. Which of the navigation methods did you prefer overall? 
 

○ ☐ White cane 
 

○ ☐ Vibration feedback  
 

○ ☐ *Feedback with audio 
 

○ ☐ No preference 
 
 

2. Which of the navigation methods did you find easier to understand? 
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○ ☐ White cane 
 

○ ☐ Vibration feedback 
 

○ ☐ Feedback with audio 
 

○ ☐ No preference 
3. With which method did you feel most secure? Why? 
4.  
5.  
6.  
7.  
8. Was the vibration feedback confusing at any point? If yes, please explain. 
9.  
10.  
11.  
12.  
13. What would you change to make the vibration feedback more accurate or helpful? 
14.  
15.  
16.  
17.  
18. Do you believe that vibration feedback (if well-developed) could replace or 

complement the tactile feedback of a white cane? Why or why not? 
19.  
20.  
21.  
22.  

 
Section 3: Open Reflection 
Please use this space to share any additional thoughts, ideas, or feedback about your 
experience. 

 
 
 
 
 
 
 
 
 

Thank you for your participation! 
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Appendix III: Informed consent form 
Onderzoek: Creating a product-service system for rollator design: a user-centered approach 
for visually impaired mobility 

U wordt uitgenodigd om deel te nemen aan een onderzoek genaamd “Creating a product-
service system for rollator design: a user-centered approach for visually impaired mobility”. 
Dit onderzoek wordt uitgevoerd door Karlijn Borremans van de TU Delft. 

Het doel van dit onderzoek is meer te weten te komen over het navigeren van blinden en 
slechtzienden in het dagelijks leven en zal ongeveer 10-30 minuten in beslag nemen. U zal 
worden gevraagd verschillende opdrachten te voltooien, waarna u een vragenlijst zal 
invullen. De data zal gebruikt worden voor het genereren van inzichten en inspiratie voor 
een uiteindelijk ontwerp, dit ontwerp zal gepubliceerd worden in de TU Delft repository. U 
wordt gevraagd om vragen te beantwoorden over het leven als blinde of slechtziende. 

Zoals bij elke online activiteit is het risico van een data breuk aanwezig. Wij doen ons best 
om uw antwoorden vertrouwelijk te houden. We minimaliseren de risico’s door de data 
anoniem te verzamelen en te anonimiseren tenzij u anders aangeeft. 

Uw deelname aan dit onderzoek is volledig vrijwillig, en u kunt zich elk moment terugtrekken 
zonder reden op te geven. U bent vrij om vragen niet te beantwoorden of tijdens het 
uitvoeren van de gevraagde taken te stoppen. Na verzameling van de data kan deze 
verwijderd worden, dit zal uiterlijk een maand  na het onderzoek worden verwijderd. 

Contactgegevens onderzoeker: 
Karlijn Borremans 
06 31360355 
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 PLEASE TICK THE APPROPRIATE BOXES Yes No 
A: GENERAL AGREEMENT – RESEARCH GOALS, PARTICIPANT 
TASKS AND VOLUNTARY PARTICIPATION 

    

1. Ik heb de informatie over het onderzoek gedateerd [4/6/2025] gelezen en 
begrepen, of deze is aan mij voorgelezen. Ik heb de mogelijkheid gehad om 
vragen te stellen over het onderzoek en mijn vragen zijn naar tevredenheid 
beantwoord. 

☐ ☐ 

2. Ik doe vrijwillig mee aan dit onderzoek, en ik begrijp dat ik kan weigeren 
vragen te beantwoorden en mij op elk moment kan terugtrekken uit de 
studie, zonder een reden op te hoeven geven. 

☐ ☐ 

3. Ik begrijp dat mijn deelname aan het onderzoek de volgende punten 
betekent; 
- Het geblinddoekt voltooien van 3 obstakel parcours met verschillende 
manieren van feedback over de obstakels. 
- Het invullen van een vragenlijst en een eventueel interview over de 
uitgevoerde taken. 
- Er zullen foto’s genomen worden en observaties worden gemaakt tijdens 
het uitvoeren van de taken. 

☐ ☐ 

4. Ik begrijp dat de studie 11 juli 2025 eindigt.     

B: POTENTIAL RISKS OF PARTICIPATING (INCLUDING DATA 
PROTECTION) 

    

5. Ik begrijp dat mijn deelname de volgende risico’s met zich meebrengt 
zoals tegen obstakels aanlopen of struikelen. Ik begrijp dat deze risico’s 
worden geminimaliseerd doordat er iemand aanwezig zal zijn om te 
voorkomen dat je in gevaar zult komen, verder zullen de objecten niet 
gevaarlijk zijn om tegenaan te lopen. 

☐ ☐ 

6. Ik begrijp dat mijn deelname betekent dat er persoonlijke identificeerbare 
informatie en onderzoeksdata worden verzameld, met het risico dat ik hieruit 
geïdentificeerd kan worden. 

☐ ☐ 

8. Ik begrijp dat de volgende stappen worden ondernomen om het risico van 
een data breuk te minimaliseren, en dat mijn identiteit op de volgende 
manieren wordt beschermd in het geval van een data breuk; 
- De data zal anoniem worden opgeslagen 
- De data zal veilig worden opgeslagen met gelimiteerde bevoegdheid 
- De opnames zullen anoniem worden gepubliceerd en zullen worden 
verwijderd nadat het onderzoek is afgerond. 

☐ ☐ 
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10. Ik begrijp dat de persoonlijke informatie die over mij verzameld wordt en 
mij kan identificeren, zoals naam, woonplaats, niet gedeeld worden buiten 
het onderzoeksteam. 

☐ ☐ 

11. Ik begrijp dat de persoonlijke data die over mij verzameld wordt, 
vernietigd wordt een maand na het einde van het onderzoek. 

☐ ☐ 

C: RESEARCH PUBLICATION, DISSEMINATION AND APPLICATION     

12. Ik begrijp dat na het onderzoek de geanonimiseerde informatie gebruikt 
zal worden voor een publicatie op de TU Delft repository en mogelijke 
quotes in deze publicatie. 

☐ ☐ 

13. Ik geef toestemming om mijn antwoorden, ideeën of andere bijdragen 
anoniem te quoten in resulterende producten. 

☐ ☐ 

14. Ik geef toestemming om mijn naam te gebruiken voor quotes in 
resulterende producten . 

☐ ☐ 

15. Ik geef toestemming om mijn geanonimiseerde foto’s in de publicatie.     
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Signatures 

__________________________        _________________________
________    

Naam deelnemer        Handtekening Datum 

Ik, de onderzoeker, verklaar dat ik de informatie en het instemmingsformulier correct 
aan de potentiële deelnemer heb voorgelezen en, naar het beste van mijn vermogen, 
heb verzekerd dat de deelnemer begrijpt waar hij/zij vrijwillig mee instemt. 

________________________            __________________ 
________    

Naam onderzoeker         Handtekening Datum 

Contactgegevens van de onderzoeker voor verdere informatie: Karlijn Borremans
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Appendix H: Electronics testing 
(sensing module) 

- iteration 1 raspberry pi zero W v1.1 
- This model was too old and not strong enough for the desired scripts to run.  
- Booting this system was already an enormous hassle and resulted in an 

iteration with a stronger, newer and better equipped model. 
 
 
 
 

- iteration 2 raspberry pi 4 model B:  
- got the AI script working with this model 
- findings and recommendations: 

- janky feed: should use a specified computer for this, could use 
raspberry pi 5 with AI top hat (as used by Sam Meech Ward (Sam 
Meech-Ward, 2024)) 

Part Pic Function Dimensions Amount Price 

Raspberry 
Pi 4 model 
B 4gb 

 

Computing, 
execute 
script, 
connect 
with 
wearables 

85 x 56 mm  1x €62,3 

Micro SD 
card with 
reader (with 
raspberry pi 
OS 64 bit) 

 

Storage, 
Contains 
OS 

(goes 
inside 
Raspberry 
Pi) 

1x €9,67 

Raspberry 
Pi Camera 

** Obtain live 
camera 
feed 

113 x 50 x 
24 MM 

1x +/- €18,- 

Camera 
connection 
cable 

 

Connect 
Camera to 
Pi 

200 mm 
long 

1x €1,15 
 

USB-A to 
USB-C 
cable  

 

Connect 
power 
source to 
Raspberry 
Pi 

150 mm 1x €5,80 

Powerbank ?? Provide 
system with 
energy 

?? 1x €?? 
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- cooling system: the process is quite heavy on the raspberry pi, it 
would be better for the durability of the computer and other 
performance factors to have heat sinks or maybe even active cooling. 

The goal of this test was to get an object detection 
program running on the raspberry pi. To do this I first 
installed the right libraries for the camera and checked if 
it was working. After confirming this I had to be able to 
capture a video feed with the camera, when I was able 
to get the camera obtain a live feed it was time to start 
the object detection part. I also again installed the right 
software for this to be able to detect objects. For this 
test I used the COCO-nano database (Ustc-
Community/Dfine-Nano-Coco ꞏ Hugging Face, 2025). 
This database is smaller and will work quicker with my 
less powerful raspberry pi 4. The COCO database also 
have bigger options. 

 
 
  

181

Appendices



Appendices 

154 
 

 
Conclusion 
To answer the research question, “To what extent is vibration feedback on the knees, 
compared to the white cane, effective in conveying directional and obstacle information for 
persons with visual impairment?”, it can be said that vibration feedback on the knees can be 
effective in conveying directional and obstacle information for people with no eyesight.  
 
People are more confident in navigating with the vibration feedback than with the white cane. 
Eight out of nine participants that were asked if they believe that vibration feedback (if well-
developed) could replace or complement the tactile feedback of a white cane responded 
positively about thinking it could replace it while one found it could complement the white 
cane.  
 
Discussion 
The participant group (n=10) was all sighted. Blindness was simulated with a blindfold that 
did not let any light through. This could influence the results of the research. Although it 
would be interesting to see if there is a difference between people that have been visually 
impaired for longer would score different on this research. Testing with this participant group 
is still relevant as the product to be designed is also for the newly blind and slightly visually 
impaired, so their experience could be compared to sighted peoples experiences with a 
blindfold on.  
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Figure 87: DFine-Nano-COCO  

Appendix I: Code modules  
The code from hugging face (Ustc-Community/Dfine-Nano-Coco ꞏ Hugging Face, 2025): 
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Appendix J: fasteners research  
Fastening systems 

(See chapter system for an overview of the mobility aids in the scope of this project) 
 

Criterion Magnetic 
(Fidlock) 

Hook–
Loop 

(Velcro) 

Mechanic
al Clamp 
(Metal) 

Plastic 
Clip 

Elastic 
(Rubber/Silicone) 

Materials Plastics + 
NdFeB 
magnets (rare 
earth) 

Nylon/polye
ster textile 

Steel or 
aluminum 
(+ rubber 
insert) 

Engineeri
ng plastic 

Natural rubber or 
silicone 

Environme
ntal Impact 

High 
(mining/proces
sing rare earth 
& plastics) 

Moderate–
high (petro-
nylon) 

Moderate 
(mining 
metals, but 
recycled) 

Moderate 
(petroleu
m plastic) 

Low-to-moderate 
(rubber renewable; 
silicone less) 

Durability/L
ifespan 

Very high 
(magnets last 
decades) 

High 
(hundreds–
thousands 
of cycles) 

Very high 
(metal) 

Medium 
(can 
crack or 
fatigue) 

Medium–high 
(silicone long, 
rubber moderate) 

Recyclabilit
y 

Very low 
(composite 
item, magnets 
glued) 

Very low 
(mixed 
fibers, no 
local 
recycling) 

High 
(metals 
easily 
recycled) 

Low 
(often not 
collected) 

Rubber – 
biodegradable; 
Silicone – not 
recyclable 

Versatility Limited to 
specific 
mounts/range 

Very high 
(adjusts to 
any size) 

Good 
(adjustable 
range 
within 
design) 

Moderate 
(range-
limited) 

Very high 
(stretches to fit 
many sizes) 

Ease of 
Use 

Excellent 
(intuitive one-
hand 
attach/detach) 

Very good 
(one-hand 
usable) 

Low 
(requires 
two-hand 
tightening) 

Fair 
(varies; 
often 
one-
hand) 

Very good (quick 
one-hand hook-in) 
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Overall 
Impact 

Long-lived but 
high upfront 
cost 
(materials) 

Reusable 
but made of 
plastics; 
eco-
versions 
exist 

Durable 
and 
recyclable, 
but less 
user-
friendly 

Lightweig
ht but 
short-
lived and 
plastic 
waste 

Natural rubber 
option is 
renewable/biodegr
adable; silicone 
lasts long but is 
non-biodegradable 

 
 
Conclusion: Magnetic mounts (Fidlock) shine in ease-of-use and longevity, but use rare-
earth materials and plastics that are hard to recyclefidlock.comhir.harvard.edu. Velcro straps 
strike a balance: they are adaptable and one-hand operablevelcro.com, and when made with 
recycled or natural fibers (e.g. Velcro’s ECO lines) have a reduced 
footprintvelcro.comcitizensustainable.com. Mechanical clamps (metal) are very durable and 
recyclable but bulkier and harder to fasten. Plastic clips are the least sustainable due to 
petroplastics and limited lifespan. Most sustainable/practical choice: Hook-and-loop or 
elastic straps with eco-friendly materials. For example, a Velcro strap made from recycled 
PET and a natural rubber mount offer good grip, adjustability, and relatively low life-cycle 
impactvelcro.comrubbercal.com. Elastic silicone bands also score well on ease-of-use and 
reusability, though they are not biodegradabletreehugger.com. In summary, eco-conscious 
users should favor recycled-textile straps or natural-rubber loops over pure plastic or 
magnet-based mounts whenever possible, trading a bit of convenience for a substantially 
smaller environmental footprint. 
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Fastening prototyping 

 
- hook and loops 
- elastic with button 
- clip mechanism 
- clamp closure 
- bending metal wire 

Conclusion 

The combination of an elastic (not sure if this is necessary, can also do a hole maybe to loop 
the strap through) with anti slip and hook and loops presents promising results. This 
combination is easy to use, modular and reusable.  
Kristoff Vaes, stigma driehoek 
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Scope mobility aids 

As this project aims to solve the problem of needing to different types of mobility aids and 
not having enough hands for this, the product should work on the types of aids that need 
both hands to use.  
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Appendix K: Regulatory 
Compliance Overview 
Overview 

To ensure the VAMO system is legally marketable and safe for consumers within the 
European Union, a range of directives and regulations apply. These cover product safety, 
environmental protection, radio technology, data protection, and general market access. Not 
all of them fall under CE marking, but compliance with each is legally required. 

CE Marking: Product Safety Directives 

The CE mark is required for most consumer electronics in the EU. For VAMO, the following 
directives apply: 

Directive Description Applies to VAMO 
Part 
of 
CE? 

Radio Equipment Directive 
(2014/53/EU) 

Ensures safe and compatible 
use of wireless technologies like 
Bluetooth or Wi-Fi 

 Yes (Bluetooth 
connection to app)  Yes 

Electromagnetic 
Compatibility Directive 
(2014/30/EU) 

Prevents interference between 
electronic devices Yes Yes 

RoHS Directive 
(2011/65/EU) 

Restricts use of hazardous 
substances in electronics (e.g., 
lead, mercury) 

 Yes Yes 

Low Voltage Directive 
(2014/35/EU) 

Applies to electrical products 
with voltage above 50V AC or 
75V DC 

 Not applicable 
(VAMO uses low 
voltage) 

 Yes 

Declaration of Conformity 
+ Technical File 

Required documents that prove 
CE compliance  Yes  Yes 

Non-CE but Mandatory EU Regulations 

These laws are not part of CE marking but are still legally required: 

Regulation / Directive Why It Applies Applies to 
VAMO 

Part 
of 
CE? 

General Data Protection 
Regulation (GDPR) 

Required if your product/app 
collects personal data like location 
or user profiles 

 Yes (VAMO app 
may store user 
data) 

 No 
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Regulation / Directive Why It Applies Applies to 
VAMO 

Part 
of 
CE? 

General Product Safety 
Directive (2001/95/EC) 

Applies to all consumer products to 
ensure basic safety  Yes  No 

Packaging and Packaging 
Waste Regulation (EU 
2025/40) 

Requires eco-responsible 
packaging and labeling 

Yes (physical 
product shipped 
to user) 

 No 

WEEE Directive 
(2012/19/EU) 

Requires proper disposal/recycling 
of electronic waste  Yes  No 

Battery Regulation (EU 
2023/1542) 

If VAMO uses batteries, they must 
be labeled and recyclable  Possibly  No 

Cyber Resilience Act (EU 
2024/2847) 

Applies to digital products with 
security risk; will be enforced from 
~2027 

Not yet, but 
relevant in future  No 

What CE Marking Requires in Practice 

To meet CE marking requirements, VAMO must: 
 Perform conformity assessments (lab testing for EMC/RED) 
 Create a technical file (schematics, risk assessments, user manual, etc.) 
 Draft a Declaration of Conformity (DoC) signed by the manufacturer 
 Affix the CE mark to the product, user manual, and packaging 

The documentation must be kept for inspection but not submitted unless requested by 
authorities. 

GDPR Compliance Checklist 

Since the VAMO app likely collects user data (e.g. for tracking progress), it must: 
 Obtain explicit user consent before collecting data 
 Provide a clear and accessible privacy policy 
 Allow users to delete their data 
 Secure data storage and limit access 
 Keep track of data flows and access logs 

Recommended practice includes data minimization: only collect what you truly need. 

Future Considerations 

If in future VAMO is updated to: 
 Detect falls or monitor health, 
 Predict injuries based on movement data, 
 Include AI-driven diagnostics, 

…then it may fall under Medical Device Regulation (MDR 2017/745). This would require: 
 Clinical validation 
 Registration with a notified body 
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 Post-market surveillance 
Currently, this is not required, as VAMO does not make health claims. 

Conclusion 

While CE marking is your gateway to the EU market, full compliance also includes privacy 
(GDPR), sustainability (Packaging, WEEE), and consumer safety laws. Following these 
ensures not only legal compliance but trust, safety, and scalability, especially for a 
vulnerable group like MVIPs. 
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Appendix L: Cost Estimation 
Details 
This appendix outlines the full calculation of the production costs for the VAMO system. The 
cost per unit consists of the fixed costs for tooling (divided over all units), the price of all 
electronic and mechanical components, and additional operational costs for assembly, 
packaging, and transport. 

Tooling and Moulding Costs 

Injection moulds are needed to produce: 
- The plastic housing of the sensing module 
- The mechanical ball and connection element 
- The two wearable plastic housings 
- Two silicone wristbands 
 
The estimated total investment for all required moulds is €70,000. This cost is divided over 
the number of units produced. 
Tooling cost per unit: 
Pessimistic: €70.00 
Estimated: €14.00 
Optimistic: €3.50 
Plastic part costs per set: 
- Sensing module housing: €0.25 
- Ball and connection piece: €0.25 
- Wearable housings (2×): €0.40 
- Silicone wristbands (2×): €1.20 

Electronics and Mechanical Components 

The electronics and mechanical components needed per VAMO system are: 
- Custom PCBs (main + 2× wearable): €22.00 
- Bluetooth modules (2×): €4.70 
- Micro LiDAR sensor: €22.20 
- Vibration motors (2×): €2.00 
- Batteries (1 medium + 2 small Li-Po): €6.00 
- Camera module (Pi Camera Module 3 Wide): €18.00 
Total component cost (no discount): €74.90 
Component cost per scenario: 
- Pessimistic: €74.90 
- Estimated: €60.00 
- Optimistic: €37.00 
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Operational Costs 

Assembly (manual): €1.00 
Packaging (shared box): €0.12 
Transport and logistics: €1.50 
Total operational cost per unit: €2.62 

Total Unit Cost Calculation 

Pessimistic: €147.50 
Estimated: €76.60 
Optimistic: €43.10 

Sales Price Estimation 

A markup of approximately 3× is applied to cover: 
- App development and maintenance 
- Certification and testing 
- Customer service and warranty 
- Distribution and margins 
 
Sales price per scenario: 
- Pessimistic: €449 
- Estimated: €245 
- Optimistic: €129 

References 

1. Fanstel Bluetooth Modules – https://www.fanstel.com  
2. TF-Luna LiDAR – https://www.robotshop.com  
3. ERM Coin Vibration Motors – https://www.precisionmicrodrives.com  
4. Li-Po batteries – https://www.batteryspace.com / https://www.alibaba.com  
5. Raspberry Pi Camera – https://www.raspberrypi.com/products/camera-module-3-wide/  
6. Packaging carton – https://telecajas.com/en/products/cardboard-moving-box-60x40x40-
cm  
7. PCB quotes – https://jlcpcb.com / https://pcbway.com  
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Appendix N: Project brief
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Lisette Boot 19-02-2025
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Project planning and key moments 

To make visible how you plan to spend your time, you must make a plonning for the full project. You are advised to use a Gantt 
chart format to show the different phases of your project, deliverables you have in mind, meetings and in-between deadlines. 
Keep in mind thot all octivities should fit within the given run time of 100 working days. Your planning should include a kick-off 
meeting, mid-term evaluation meeting, green light meeting and graduation ceremony. Please indicate periods of part-time 
activities and/or periods of not spending time on your graduation project, if any (for instance because of holidays or parallel 
course activities). 

Make sure to attach the full plan to this project brief. 
The four key moment dates must be filled in below 

Kick off meeting 11 Feb 2025 

Mid-term evaluation 8 Apr 2025 

Green light meeting 13 Jun 2025 

Graduation ceremony 11 Jul 2025 

Motivation and personal ambitions 

\ 

In exceptional cases (part of) the Graduation 
Project may need to be scheduled part-time. 
Indicate here if such applies to your project 

Part of project scheduled part-time 

For how many project weeks 

Number of project days per week 

Comments: 

I 

) 

Explain why you wish to start this project, what competencies you want to prove or develop (e.g. competencies acquired in your 
MSc programme, electives, extra-curricular activities or other).

Optionally, describe whether you have some personal learning ambitions which you explicitly want to address in this project, on 
top of the learning objectives of the Graduation Project itself. You might think of e.g. acquiring in depth knowledge on a specific 
subject, broadening your competencies or experimenting with a specific tool or methodology. Personal learning ambitions are 
limited to a maximum number of five. 
{200 words max) 

Motivation: 
During my internship, I realized how important it is for me to create meaningful impact through design. I sought a project 
that aligns with this ambition, leading me to this challenge: improving mobility for visually impaired individuals with limited 
physical abilities, a vulnerable group that is often overlooked. As someone with a mild visual impairment, I can only imagine 
how frustrating it must be to lose the ability to walk independently after having mastered existing mobility techniques for 
the visually impaired. This motivates me to thoroughly understand the problem and contribute to a well-designed solution. 
Ambitions: 
From my internship feedback, I was adviced to gain more experience in project management. Through this project, I want to 
improve my ability to plan effectively, recognize when a design is "good enough," and stay focused on what is within scope. 

Additionally, I aim to develop my skills in app prototyping (e.g., Adobe XD, Figma) by designing an accessible interface for 
blind users or caregivers. 

Lastly, I want to enhance my visual communication skills, ensuring that my sketches, design iterations, and final report are 
both clear and aesthetically compelling throughout the project. 
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