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Abstract

This thesis presents the design and development of a smart headset aimed at
enhancing the learning experience for students. Conducted as a client project
for TechAmigos during an internship at Dominix Global Design, the project
focuses on integrating Al and camera technologies into a sleek, ergonomic
wearable device. The design process adopted a human-centered approach,
incorporating user feedback to identify essential features and address specific
needs, such as solving complex problems and providing quick access to
information during study sessions.

The product architecture was meticulously crafted, comprising two
main components: a front section housing the camera module and shutter
button, and a rear compartment containing the processing unit and battery.
Adjustable Velcro straps facilitated a comfortable fit for a diverse range of head
sizes, ensuring usability for various users. Prototyping involved both PLA for
initial testing of ergonomics and ABS for the final product, showcasing different
finishes as per client specifications.

User testing revealed strong performance in core functionalities,
while also highlighting areas for improvement, such as compatibility with
eyewear. Looking ahead, the project outlines potential enhancements, including
the integration of speakers and microphones, as well as considerations for
advanced materials and mass production. Overall, this work contributes to the
growing field of smart wearable technology, emphasizing the importance of

thoughtful design in creating effective educational tools.
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1.Introduction

1.1.  About the company

Founded in 2016, Dominix Global Design is a forward-thinking multidisciplinary design
studio founded by Dhruva Paknikar to change the way we think about design. The studio sits
at the intersection of product design, interaction design, and graphic design, which leads to a
holistic approach to solving complex design problems. Dominix is a forward thinking house
of designers, constantly pushing the boundaries of what is possible in web design, while

keeping an eye on the usability and the end user experience.

Dominix Global Design is one of the best in Building Products That Deliver Great
Experiences along with Functionality in Product Design. With experience in everything from
conceptualization to prototyping, the studio creates products that are as inventive as they are
functional. From consumer goods to technology devices to industrial products, Dominix’s
product designs are designed not just to solve real-world problems but also heighten the

presence of the brand in the marketplace.

Dominix's interaction design division specializes in crafting connected experiences. The
studio designs interactions that feel innate and engaging, from mobile applications and
websites to complex digital interfaces. Their efforts make it so that users can use technology

seamlessly, which makes everything more usable and accessible.

As an example; In graphic design, Dominix uses visual storytelling to develop compelling
brand identities, marketing materials, and digital content. From branding to social media, the
studio's graphic designers fuse art with strategy to deliver messages resonant to audiences

that position brands strongly and across platforms.

Dominix Global Design - Established by Dhruva Paknikar, Dominix Global Design has
established itself as a recognized name in the design space, working with clients across
various sectors. The studio’s approach across multiple fields enables holistic, impactful
design solutions, and positions the studio as a leader in creating experiences that integrate

beauty with utility.
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1.2.  About TechAmigos

TechAmigos is a UK based Cloud computing to a smart IT solutions provider with a focus on
performance, security, and stability. Using its knowledge of artificial intelligence, they have
developed an excellent project for a smart device aimed at improving students' learning by
integrating Al technology. They're all about doing no more than 20% of crucial design
decisions, which get you 80% of the way to the end-result — performance, security, etc. —

and saving the more complex decisions for down the line.

TechAmigos follows an outcome-based approach to cloud engineering to address cloud
complications for its clients. Whether a business is exploring the cloud market, scaling up or
needing to update their technology stack, the company provides a clear path forward. From
AS-IS deep dives to tech capability mapping to business strategies, target state blueprints,
and step-by-step migration road maps, they provide a holistic view for all your architecture
needs. They also focus on slower transitioning complex monolith applications to manageable

microservices.

What sets TechAmigos apart is the focus on empowering clients to grow on their own.
Instead of tying clients into multi-year contracts and withholding information — they have
been open and accessible, establishing solid foundations, to enable clients to advance their

cloud transformation internally.

1.3.  Objective

This project was primarily focused on building a smart headset from the ground-up which
was customized for improving the study experience of students. In particular, the objective
was to design a device that would not only appear modern and stylish, but would also be
comfortable to use for extended periods of time. For wearer comfort, the design had to be
lightweight, ergonomic and fit closely so that it didn't get in the way of a student trying to
learn in a classroom space for hours on end. We needed to make sure the headset would fit
organically into a student’s everyday life and would seamlessly integrate Al and camera

technologies to provide assistance as they studied in real time.
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The components, including the Raspberry Pi and a camera, were selected based on their

affordability and availability, allowing the final product to be both affordable and scalable.

13



2. Literature Review

2.1. Wearable Technology in Education

Education is one of those spaces where wearable tech has huge potential to make a difference
in how students learn and interact with information. Through real time access to data and
enhanced hands on experiences, these devices work to boost the overall learning experience
while also facilitating personalized learning. Hirei, reinserting the theory of creativity from
Kelly Papad et al. and Luhmann & Luhmann et al. as the coming of the future of wearable

and learningness.

Smartwatches are one of the most common examples of wearable technology in
education. So, schools including many use smartwatches in classes to monitor student’s
activity, to remind them, and even to provide information about health metrics like heart rates
that would be useful for physical education programs. It allows students to develop the habit
of time management which will, in turn, help them stay organized and allow them to study

productively.

A second example is virtual reality (VR) headsets. And it is important here, then
again, here, and yet again. Students can learn about historical events, conduct in-depth
science experiments or take virtual field trips to far-off places all in the comfort of their
classroom. Learners are able to visualize concepts that are hard to do with traditional methods

but with this technology they become more real.

In education, augmented reality (AR) glasses are also becoming popular. These
glasses will make it possible to digitally overlay the content in front of you on the physical
world, allowing students to interact with their subjects in geography, biology, mathematics,
etc. For example, AR apps enable students to cut open a 3D replica of a frog or see the solar

system from their classroom.

Schools are using, or could use, fitness trackers as a means of promoting health and
wellness, particularly within physical education. Smartwatches, which can monitor student
activity level, sleep patterns, and total fitness (and thus student health), are another interesting

tool for educators.
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2.2. Al Integration in Wearable Devices

Al integration in wearables is reshaping human engagements with technology in various
fields, including healthcare, education, fitness, and personal productivity. Now, Al-powered
wearables are more than just sophisticated data collectors, and they can process complex
information, provide personalized insights, and adapt to users' real-time needs. The
integration of AI with wearable devices is leading to the development of smarter, more
intuitive machines that can anticipate user needs, learn from patterns, and recommend custom

solutions to improve everyday life.

Al-integrated wearables have progressed remarkably in the health and medical sector.
Portable gadgets for smartwatches, fitness trackers, and health monitors that not only monitor
heart rate, oxygen level, and physical activity but also use Al algorithms to analyze and
identify potential health problems. At the same time, devices made by companies like Fitbit
and Apple Watch can now track when users might be experiencing irregular heartbeats and
even predict when they might have a cardiac problem, alerting them to seek out a doctor. The
shift to preventative measures will allow individuals to take action to prevent their conditions

from worsening.

The fitness industry is also one that Al in wearables is revolutionizing. These days,
many fitness trackers do more than just count steps. Using artificial intelligence, they analyze
workout patterns, suggest deviations from that course and develop customized training logs
based on the user’s performance history. Devices from Garmin and Whoop take things a step
further, employing machine learning to learn a user's fitness levels over time, track their
recovery, and recommend optimum training regimes. Al-powered feedback like this provides
enhanced performance while helping people catch up with healthier habits, which can lead to

an injury risk reduction.

Breaking ground: Transforming Education — With Smart Wearables(scanner-based)
Smart glasses and other wearables can come to the rescue for students with learning
disabilities by using artificial intelligence to interpret and disassemble information in a way
that suits a student’s needs. For instance, Al-powered wearables can transcribe classroom
lectures, translate text to speech for students that are visually impaired, or provide real-time

translations for students that speak another language. They enable students to interact with

15



learning material in ways that suit their individual learning styles, offering a more inclusive

and supportive learning environment.

An exciting further application of Al in wearables is in mental health monitoring.
Smartwatches and headbands are just a few devices that are being engineered to monitor
stress, mood changes, and sleep patterns to pick up on early symptoms of anxiety or
depression using Al algorithms. One example is the Muse headband, which utilizes artificial
intelligence to offer real-time analysis of brain activity to help users self-regulate stress and
improve concentration via guided meditations. The functions of Al are trained based on the

data till October 2023.

In the workplace, Al-infused wearables are also making inroads. Al-based smart glass
devices can allow experts in professions such as manufacturing, engineering, logistics, etc.
These include real-time data, increased productivity, and safety through an ability to detect
potential hazards before they happen. Some, for example, Al-enabled smart glasses that can
superimpose digital instructions over complex physical tasks to help workers perform them

efficiently.

One of the biggest advantages of Al in wearables is the power of learning and
evolution. Traditional devices can only operate according to the instructions that are
programmed into them; Al wearables can understand behavior, anticipate future requirement,
and adapt to new circumstances. That makes them more useful and personal, providing

answers that feel custom-focused for the user.

2.3. Ergonomics in Wearable Devices

You will learn how ergonomics matter to wearable devices. Wearable technology is becoming
more and more integrated into our daily lives (for better or worse) and designing wearables
ergonomically can only enhance the user experience. Ergonomics, the science of how
products should be designed to fit the user's physical and psychological needs, is critical in

making portable devices effective, user-friendly, and sustainable.

Wearable device, like smartwatches, fitness bands, augmented reality glasses, are

designed to be used regularly and for long durations. Hence, their design emphasizes the
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user's comfort not to lead to skin issues, strain, or discomfort. It uses ergonomics in wearables
that are designed perfectly so that they will be however very light, their fittings will be
adjustable and they will be gentle on your skin. This is especially true for devices that are

worn on sensitive parts of the body, like the wrist or neck.

For instance, they had a device they wear on their forehead, which they've optimised
with ergonomic design in mind. For example, smart glasses with computer vision processing
capabilities would allow a user to experience a smooth experience with essential functions
such as real-time feedback, augmented reality applications, or health monitoring. Overall, the

worldwide data was collected until 2023 October.

There are several ergonomic considerations to take into account when designing a
forehead-worn wearable. First, it must be lightweight so that one does not strain or feel
discomfort after extended use. They often incorporate adjustable straps or mounting systems
to ensure a secure fit without applying excessive pressure on the forehead. The materials that

make up the structure are chosen for their softness and breathability to reduce skin irritability.

Besides, the device should be designed for weight distribution. An unbalanced
wearable also makes for headaches or discomfort, especially since it sits on the forehead, a
sensitive spot on the human body. By incorporating cushioning and padding in specific areas
of the shoe, Altra is able to disperse the weight evenly, preventing major pressure points and

increasing comfort.

Just like the device design, even the interface and control mechanisms of a
forehead-mounted device also contribute to ergonomic design. It should be user-friendly,
without strange turns or a lot of dial turning. This can include designing intuitive touch
controls, or implementing voice-activated functions, allowing users to seamlessly operate the

device while it is on their body.
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3. Methodology

3.1. Research Approach

In order to cover as many challenges, user needs, and functional requirements, the research
strategy to design and develop the smart headset was divided into several phases. This target
was to develop an outdoor wear that would be integrated into the educational mode of
students by making the best use of technology yet is practical and within reach. Each stage of
the research pathway provided the design team with herds of user-centric information that
would shape the design process, allowing them to take an inclusive, holistic approach with an

end product that would suit the needs of both the user and the client.

3.1.1. Need Identification

3.1.1.1. User Needs

The first step was learning the exact needs of students — the end users of the headset.
Comfort was another of the main considerations, because the device would be worn for hours
at a time while studying. Ergonomics was paramount to design: the headset needed to be
lightweight, well balanced, and comfortable to wear for potentially hours on end. In addition,
the device would have to be easy to use for students of all ages -- including schoolchildren

and college students -- without any prior technical knowledge required.

Functionally, the headset had to have features that would better aid students through
their studies. It involved help with reading, research and school work. The design also
considered factors such as real-time feedback, intuitive interaction, and responsiveness. The
solution needed to work and be simple enough to incorporate into students’ existing routines

without requiring additional complexity.
3.1.1.2. Client Needs

While TechAmigos needed new design innovation, he also had to have one that was
affordable to develop and manufacture. You are also looking for a scalable product that
demonstrates a potential for growth from an client standpoint. Finally, we needed to keep the
manufacturing cost low enough that the headset would be affordable to educational

institutions or to individual students.
18



While being practical and budget, collaboration with smart technology was one of the
main areas of focus. The client wanted a scalable solution that would be future-proof as
technology evolved over time, with the possibility to add more design enhancements without

breaking the core of the design

3.1.2. Key Challenges to Address

3.1.2.1. Comfort and Ergonomics

One of the main challenges was creating a design they could wear comfortably for long
periods. The headset needed to be light enough to not cause strain but sturdy enough to
support necessary components. Because the device would sit on the users head for a larger
proportion of the time they used it, the weight had to be evenly distrubuted to balance the

device on the users head without causing discomfort.

3.1.2.2. User-Friendliness

Since the target audience included students of various ages and technological proficiencies,
the headset had to be simple and intuitive to use. Complex interfaces or setup procedures
were to be avoided, ensuring that the product could be easily used by students with minimal

technical knowledge.

3.1.2.3. Battery Life

Extended use demanded a reliable power source. The challenge here was designing the
device in a way that would provide adequate battery life without making the headset bulky or

uncomfortable. A balance between battery capacity and weight had to be achieved.

3.1.24. Durability and Portability

Durability was also a major consideration, as the headset would be used every day, often for
hours on end. The device needed to be durable enough to withstand normal wear and tear, but
still be lightweight and portable. Building a physical device students could haul around in any

classroom or home environment meant ensuring it was tough but not unnecessarily weighted.

3.1.2.5. Affordability

Budget constraints were an important consideration. The product had to be affordable enough

for mass production and widespread use in educational institutions. At the same time, cutting
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costs should not compromise the overall performance and user experience. The challenge was

finding the right balance between functionality, design, and cost.

3.1.2.6. Technological Integration

While the device needed to incorporate advanced features, such as real-time Al-powered
assistance, the challenge was to ensure that these technologies did not overwhelm the design.
The system’s processing capacity had to support Al operations efficiently, without adding

complexity or significantly increasing production costs

3.1.3. Feature Prioritization and Constraints

Based on user and client needs, a prioritized list of key features was established to guide
development. The result is a grouping of key features into three buckets: those that users want
(and need) to have, those features that would be nice to have, and those that users would be
best to avoid. By prioritizing which problems to tackle, this ensured that the design tackled

all necessary challenges without introducing complexity that was not needed.

3.1.3.1. Must Have Features

Comfortable and Lightweight Construction: Making sure that the headset was comfortable
enough for long periods of time was a big consideration. It needed to be ergonomic,

distributing weight correctly to avoid strain, especially during long study periods.

Ease of Use: The device needed to be easy to use and intuitive, requiring minimum setup,

with a user-friendly interface that students will be able to quickly understand and navigate.

High Efficiency: The headset must support long use with a low amount of recharging. A

compromise had to be made between reasonable battery life and a lightweight device.

3.1.3.2. Good to Have Features

Customizability: Features such as adjustable head straps, or padding can increase comfort and
attractiveness, enabling students to customize their experience and tailor the fit of the headset

to their needs as an individual.

Future-Proofing: One of the big considerations was that we wanted the kind of features that
could be tacked on later. A lot of our decisions were based around bigger, more advanced
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features that might come at a later date without us having to rip apart the entire device. Now,
you probably don't need to do anything with this in the first round of design - but plan your
system for future evolution - IoT devices tend to have upgrades: more sensors, more

speakers, etc.

3.1.3.3. Features to Avoid

Over-complex features: Must avoid features that would confuse or overwhelm the user,
making it unviable. It must serve its purpose, and not add unnecessary extraneous features

that could make it more complicated to use.

Weight Excess: Although advanced technology and robust components were required, the
device needed to be lightweight and compact. It was imperative not to have big or heavy

components that would sacrifice comfort.

3.1.4. Addressing Budget Constraints

Budget considerations informed the design and layout process so that the final product would
do everything needed without incurring unnecessary expense. The idea here was to select
low-cost and readily available off-the-shelf components and materials to minimize costs.
Furthermore, in the prototyping and testing phases I emphasized the efficient utilization of
materials and components to decrease much material waste while keeping the production cost

low.

Nevertheless, it was mandatory to balance cost efforts with quality and performance,
in order not to have a product which is not long-lasting, not functioning, and not reliable. The

task was to deliver quality without exceeding the budget provided by the client.

3.2.  Design Process Overview

Human-centered approach was adopted in the design process of smart headset as there will be
users (students) using the headset and thus, initial design should align with needs and
preferences of target users. This approach was centered around empathizing with students
and teachers to understand what some of the challenges they may face, and using that

understanding to create a working and comfortable design. This process involved three key
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stages: establishing user personas and initial design concepts using sketches and 3D models,

and then progressing to prototyping and usability testing.

3.2.1. Defining User Persona

Part of the process involved creating a user persona, to explore the needs and behaviors of a
typical student who would benefit from the smart headset. We developed a detailed persona

for a 16-year-old student, Arjun, which guided the design decisions throughout the project.

User Persona: Arjun, 16 years old

And only a few years ago, Arjun was a normal high school kid obsessed with science and
math. He is highly motivated to work hard academically and gain admission to a top
university. His home is where he spends a lot of his study time, and is also the place where he

faces difficulties with difficult subjects.

Challenges:

Complex Problems (Arjun has difficulty in math and physics, sometimes he takes hours to

solve a problem without somebody helping him)

Requirement of Instant Solutions: While studying alone, Arjun struggles to search for
answers or explanations online or in textbooks, which is burdensome and time-consuming at

times, particularly when he requires an instant solution to continue working on it.

Feeling Physical Discomfort After Studying for a Long Time: Arjun has one of those
study styles where he studies for way long, so there are times when he experiences

discomfort in his eye and fatigue from staring at the digital screens.

Frequent Disruptors: After using his smartphone or computer to research some information,

Arjun tends to be distracted by unrelated content, which can break his continuity and focus.

Needs and Goals:

The Issue in Real Time: Arjun requires one for that can offer him immediate, as-required
assistance regarding numerous challenging concepts. He mentioned an example of studying

for a math problem where he would love hints coming up to him in real time or step-by-step
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guides to keep him going with studying efficiently without getting off track looking for the

answer.

More Efficient Study Sessions: Any device that minimizes the time spent searching for
information is ideal for Arjun’s productivity. Just by scanning a question or topic, it should

provide immediate feedback and explanations.

Comfort And Long-Term Wearability: Arjun spends numerous hours studying, hence the
device should be lightweight and comfortable to wear for prolonged periods. Also there is no
hands free, easy to use experience to help him study without managing a device to face his

study materials.

Sleek Potable Design: As a Gen Z, Arjun loves a gut product, something that he could

reflect his style on, something that looks cool and is easy to use

Understanding these specific needs allowed the design team to create solutions that catered to
students who faced similar obstacles, by first defining Arjun’s persona. This persona was a
reference point the design team continually revisited as it worked through various aspects of
the design process, helping to ensure the product’s form and functionality resolved real-world

student challenges.

3.2.2. Creating Initial Sketches and 3D Models

Once the needs of the target user were established, the design team started sketching possible
concepts for the headset. The initial sketches were concerned with making the product look
nice, and that the product would sit nicely in your hand and do everything it needed to do —

but also remain comfortable over prolonged use.

Such as, this phase took into consideration some design elements:

Aesthetics: The design team wanted to build a product which was both sleek and futuristic,
feeding his expectations of modern technology. To be attractive to students, the product had

to look hip.
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Since these headsets would be worn over the long term, ergonomics was a design priority.
Weight placement was also taken into account, so that the device wouldn’t dig into the

student’s thighs during long stretches of individual study.

Functionality The team thought about how to make all the vital parts — the camera, sensors,
processing unit, etc. — work while not making the device too bulky or heavy. The challenge
was to also make sure the finished product remained convenient to wear and use, all while

still hitting the target technical capabilities.

3.2.3. Prototyping and User Testing

A key part of the design process was created prototypes to see the concepts in action and test
the headset in real situations. Designs were 3D-printed for early prototypes, allowing for
rapid iteration on design ideas based on early-stage feedback. Learning from these prototypes
in terms of physical design and user experience then helps refine the product before final

production.

In the user testing phase students such as Arjun were supplied the prototype to test in their

daily study habits. Reviews were taken on numerous components of the headset, such as:

Comfort And Fit: The design was put through tests on long study sessions to achieve
maximum comfort. Test users provided feedback on the headband's design, weight
distribution, and long-term wearability, and along with their final look, were all fine-tuned in

the net protocols to improve wearability over time.

Ease of Use: We evaluated the user interface and controls to determine if they were intuitive
and easy to use. That feedback was valuable for keeping the product mission streamlined, and

allowing students to get the most out of a device without an intense learning curve.

Functionality: The core functionality of the headset — in terms of assisting with
problem-solving and delivering instant information — was tested to be accurate and provide
responsive information. Users remarked on the accuracy of the device with its ability to fulfil
their requirements while studying particularly when it comes to working through intricate

problems or wanting a real-time explanation.
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3.3.  Material and Component Selection

Material and component selection for the smart headset emphasised practical use, user
experience, and future adaptation. The team went tricky but relatively inexpensive by using
off-the-shelf components instead of custom-built parts that would require a clean-room
facility. Such design decision helped accelerate the development process, the working

prototype could be made in much less time and would allow upgrades in later versions.

The objective was to take a widely available technology that could be seamlessly
integrated into the product with minimal impact on performance. A prime consideration was
that the combination of components had to facilitate the product’s core functions without
rendering the device unwieldy or difficult to wear. By using off-the-shelf components such as
a basic microprocessor, standard batteries, and commonly available sensors, the team was the
able to funnel their energy and attention into honing in on the headset’s design, comfort, and
ease of use, as opposed to getting bogged down by unnecessarily complicated custom

electronics.

Material choice was critical externally as well. Comfort was a priority, since the
headset could be worn for long hours of study. The frame uses lightweight plastics, finding a
balance between use and comfort. Soft padding was added around pressure points such as the
forehead and ears to allow users to wear the headset without discomfort for a long period of
time. This not only made it easy to use, but also more comfortable to wear since adjustable

straps were included in the design to get the device to fit a variety of head shapes and sizes.
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4. Product Conceptualization and Design

The process of creating the smart headset for TechAmigos required a thoughtful, step-by-step
approach. Starting from the initial brainstorming sessions, through the refinement of design
attributes, to the development of the product's architecture, each phase was carefully planned

to ensure the final outcome was both innovative and practical.

4.1. Ideation Phase

The first stage of the design process is the ideation phase, where ideas and potential solutions
to the smart headset were formulated. It started out with figuring out the primary needs of the
students who will use the device — things like challenges in having access to quick answers,
helping to solve complex problems, and being able to wear the device comfortably for
extended periods of time. Some of these are illustrated in Figure 1, and present a range of
rough sketches produced during this phase that started to visualize potential designs. Several
aspects were considered in these sketches, ranging from functionality to visual aesthetic, as
well as how the device would be implemented in real-world use. Students needed to be able

to seamlessly incorporate this into their daily studies without disruption.

Figure 1 Initial Sketches

The design process kicked off with brainstorming and sketching of ideas, focusing on both

minimalistic designs and more feature-rich alternatives. Each design was evaluated on how
26



well it satisfied these needs, resulting in a clearer indication of which way the final product
should go. The sketches provided a foundation for further refinement and exploration. (Cross

2008)

Figure 2 Redefined sketches as per the client inputs

4.2.  Defining Design Attributes

Once those initial ideas were explored, the design characteristics of the headset: So these
characteristics shaped product development so that it not only did its job but looked good and
felt good in the hands of the user.” (Norman 2013)

Smooth: It had to look sleek, with clean lines and a minimalist profile. This was key to

keeping the headset looking modern and stylish while being unnoticeable when in use.

Futuristic: Inside was the latest technology. The design had to show that. It took cues from
components for modern wearable tech and futuristic designs, reinforcing the notion that the
headset is a forward-thinking, pioneering object. It was important to communicate that this
was a product with advanced capabilities without making people feel daunted or

overwhelmed.
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Ergonomic: The device needed to be comfortable, as it would be worn at all times by
students. Its design included lightweight materials, and strategically-placed padding, allowing

the headset to be suitably worn for long study periods without discomfort.

Figure 3 final Form

4.3. Design Architecture

With the design attributes established, focus on internal architecture turned to the product.
The internals required for housing all the needed components — like the processing chip and
camera — while keeping the slender and ergonomic outside. This needed to be done without

compromising both the look and feel of the headset, and the function of the hardware.

The architecture was purposely segmented into various domains to achieve balance,

practicality, and usability.

e Processing unit & Battery compartment: The processing unit and batteries were
situated at the back of the head. The rationale for this positioning is to maintain the
weight of the device balanced and to keep it steady while using, as seen in Fig 4. Not
only was the placement determined by weight distribution, but the idea was also to

place those bulkier components out of the user’s immediate field of view.
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Figure 4 rare part and front part

Camera and Headband Assembly: The camera was mounted on the forehead, at the
front of the headset, where it could line up with the user’s ocular view. The design of
the headband is depicted in figure 5 and was made for comfortable usage having a

design that enables the strap to adjust to give a firm fit and good comfort.
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Figure 5 front headband design
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Velcro Belts and Leather Sleeves: Instead of traditional straps, Velcro was used to
join the different headset parts together, making the device adjustable and easy to take
apart and attach. Figure 6 shows the Velcro connections as well as the leather sleeves
that were used to cover up any exposed wiring, giving the device a polished and

professional appearance.

Figure 6 velcro strap

Padding and Comfort Features: Added padding in vital places — like around the
back compartment — made it so the headset could be worn for extended periods of
time without discomfort. Illustrated in Figure 7, this padding allowed comfort to the

individual to not only maintain the device in place.

31



Figure 7 cushioning / padding

Concept, product definition, design attributes, and thoughtful architecture all contributed to
the creation of the smart headset with a focus on both form and function. It's a slim, futuristic

and ergonomic device marking the marks for students and future facets.
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5. Ergonomics Study

Developing wearable devices demands a nuanced comprehension of the ergonomics
considering a heterogeneous user population. Here was a challenge: designing the smart
headset for TechAmigos with ergonomic considerations for comfort and usability for a wide
range of users. The headset — designed mostly with students in mind — needed to be

functional as well as comfortable for long periods.
5.1. Ergonomic Considerations for Wearable Devices

Initial research was dedicated to building insight from Indian anthropometric data to make
sure to address the ergonomic aspects specific to the target market. In the Indian context, this
dataset is important aspect of an understanding of variability in possible user head sizes and
shapes. Using this anthropometric data, the design team aimed to design a headset that would
not only be comfortable, but that would also optimize the experience of students from both

socio-economic groups.

The anthropometric values perform a broader frame of head measurement, from
circumference, length to head width. These measurements play a vital role in the formation of
product design and manufacturing, especially for products that would have been in use for
long periods of time, as they would help determine the contours of the device itself.
Designers used this data to determine the most prevalent head sizes and shapes to ensure a

good fit for the target market. (Chakrabarti 1997)

The anthropometric measurements that guided the design process are shown in Figure
8. This image shows the biggest dimensions considered and gives little hints on how the
design is built up and why. And by starting with strong data, the project sought to get rid of
guesswork and instead use the knowledge to very deliberately make decisions about what the

product’s specs would be. (Kaur 2021)
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Figure 8 Indian anthropometric dimensions for ergonomic design practice

The emphasis on understanding the specific ergonomic needs of users was crucial.
The objective was not merely to create a functional product but to enhance the user
experience significantly. Comfort and usability must be prioritized, especially in a device
intended for educational purposes, where students may wear it for extended study sessions.

(Sanders 1993)
5.2. Comfort and Wearability

The comfort of a wearable device is paramount, especially when users are expected to wear it
for long durations. Furthermore, the render of the smart headset also focuses on wearability,
not distracting the students with any sort of discomfort while studying. With this focus on
comfort, thought had to be given to different aspects of design that would contribute to a

greater user experience. (Sanders 1993)

Knowing that no two heads are the same, the headset featured Velcro adjustable straps. This
allows the user to adjust the fit of the device to their specific head measurements. With an
adjustable strap system in place, the headset can be fitted for a broad spectrum of users, from
younger students to older teens. As seen in figure 9, this is also a customizable component of

the belt.
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Velcro Strap

Figure 9 Velcro Strap
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The headset's lightweight build only makes it easier to wear. Carrying the gear can be
tiring, especially if worn for long periods. Infusing lighter materials, the headset reduces
pressure on the user's neck and head, meaning that it can be used for long hours of study. The
aim was to develop an apparatus users would be able to don comfortably for hours -- so, the

plan went, they could concentrate on their studies without being weighed down.

In addition, the design of the headset took into account how evenly balanced the
weight is throughout the device. Want to know more, ask them about how they balance
wearables technology? The installation of the internal hardware was also precisely arranged,
keeping the weight balanced and preventing discomfort associated with pressure points. The

overall weight distribution of the design is highlighted in Figure 10.
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Figure 10 Weight distribution

Another principle to achieve comfort was to add cushioning to the design. From the
non-slip, padded contact points to the comfy fit, the headset is built for comfort. The padding
was aptly shaped to contour the users head, which resulted in an even better user experience.
A user-friendly design that promotes allowing your hands for long periods with strategically

placed cushioning that's provision of open straps and light-weight materials.
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5.3.  Cushioning and Weight Distribution

Cushioning and Weight Distribution: The more the suspension absorbs force, the less transfer
is sent into the body. The smart headset designed with careful touch on how these elements
affect user comfort and usability. Students in the northern hemisphere often struggle with
ergonomic fit issues as they usually sit in a specific region of the world for long hours, which

is when the design came into play. (Chakrabarti 1997)

They also added cushioning to the headset, which was used in some of the areas that
contacted the head. Such carefully considered positioning ensures weight is distributed
evenly and prevents discomfort. Devices lacking sufficient cushioning can be uncomfortable
to wear over long periods, a fact that can result in user fatigue. The objective was to try to
ensure that students could keep the headset on while studying without being distracted or in

pain.

The headset that was chosen was also built for the 75th percentile head, the average size for
the target demographic based on the data up to October 2023. But because head shapes and
sizes vary, the design made sure they can be adjusted +10 mm. Providing all this flexibility

means that the headset fits a wider range of people, covering the 50th to 95th percentile.

Figure 11: The pressure distributions and adjustable feature of the headset are shown to
enhance its comfort. The idea was to make a product that caters to a very wide sample of the

population while ensuring that each user enjoys a very high degree of comfort.
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Padding

Figure 11 Padding

In addition to padding, ensuring an even distribution of weight was a crucial design goal of
the headset. This stable design structure ensures that the internal logic board and components
are balanced and well-placed. That steadiness and maintain a place prevents the headset from

transferring about or slipping, which may also be distracting through examine classes.

By focusing on user comfort and usability, the ergonomic study behind the smart headset was
capable of producing a better headset design. The goal was to improve comfort, but also the
distribution of weight when a product would be carried -- through the anthropometric data
analysis, attempt measures comfort features at the design stage and produce something that
students would be able to carry -- greatly improving the learning experience. These
characteristics not only fulfil the functional expectations of a wearable but can also satisfy the
physical and psychological expectations of users, providing the necessary environment for

learning.

39



6. Hardware and Component Integration

The integration of hardware components is a fundamental aspect of the smart headset
designed for enhancing students' learning experiences. This section discusses the critical
components used, focusing on the Raspberry Pi Zero W, battery selection, camera

positioning, and future-proofing considerations.

6.1. Raspberry Pi Zero W and Its Role

At the heart of the smart headset, we have a Raspberry Pi Zero W, a perfect blend of
capability and size. Unlike other models in the Raspberry Pi family, like the Raspberry Pi 3
and Raspberry Pi 4, the Zero W is lightweight, and draws only little power. Although the
Raspberry Pi 3 is powerful, it is too bulky and consumes too much power for a wearable
device. The Raspberry Pi 4, conversely, is a more powerful but far bulkier option that may

lead to a degradation of the headset's comfort and portability.

Another pre-defined platform to use was the Raspberry Pi Zero W for its compact form
factor, on-board wireless capabilities, and sufficient processing power for my intended
applications. Its architecture allows it to perform tasks like real-time data processing and
connectivity, but does not require an inordinate amount of energy. Fig. 12 shows the

Raspberry Pi Zero W, and its small size as it sits integrated in headset design.
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Raspberry pi zero W Raspberry pi 4 Raspberry pi 3

Figure 12 Raspberry Pi comparison

6.2.  Battery Selection and Placement

One of the most important aspects of the headset was which battery to choose, so that it could
perform correctly without adding weight. We chose a 1500 mAh lithium-ion battery due to
this sweet spot of power capacity and power density. This battery size is capable of supplying
the necessary energy for the use of the Raspberry Pi Zero W and its peripherals for extended
periods, which makes it optimal for students who may have to wear the device on long study

sessions.

A Type-C charging module was integrated into the design for ease of charging. Offering both
fast charging and Type-C technology adherence, it is a contemporary charging solution. Made
sure to place the battery in the back of the headset in a way that helps balance the weight for a
more comfortable experience. The battery is positioned inside the body in the headset as you

can see infig 13 below explaining its role in the overall architecture.
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Figure 13 Battery Placement

A step-up converter was also included in the design to match the battery output with the
power input requirements of the Raspberry Pi Zero W. This converter is essential for
maintaining a stable power supply, ensuring that the device operates smoothly without

interruptions, even under varying load conditions.
6.3. Camera Module and Positioning

We're using a specific camera module that's compatible with the Raspberry Pi Zero W to
attach to the headset. It's this tech that enables high-quality imaging and video capture —

critical features for a device aimed to be educational.

Borrowing from the trenchcoat megapixel video approach, the camera module sits on the
front of the headset, over the wearer's forehead. This positioning allows for a comfortable
line of sight, enabling students to easily video record their study resources or an event. The
Camera Module: As shown in Figure 14, this is the position of the camera module, showing

the integration of the camera module into the MLB design for a more effective operation.
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Camera Module

Figure 14 Camera Placement

For easier interactions, a camera shutter button was located on the right side of the device,
just above the ear. This makes it easier for users to take pictures or videos without needing to
move the headset around. It also employs an on/off switch from the back, which is where the

Raspberry Pi and battery are stored, for easy access.

6.4. Future-Proofing: Provisions for Speakers and Microphones

The design also allows for remotely adding speakers, microphones and other enhancements
in the future. With its future updates, this foresight makes sure the device can also grow with

the advancement of technology and user needs.

Audio feedback created by combining an audio device by special speakers providing a
physical area with precise feedback reflecting the WTC contents. Adding a microphone
would allow for voice commands and audio recording, giving the headset even more use

cascs.

The reason is these are so-called future-proofing features to enable easier upgrades without a
need for a complete redesign. The designated areas for speakers and microphones are
illustrated in Figure 15, which shows how these components can be incorporated into the

existing building design while preserving the streamlined aesthetic.
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Figure 15 (B) Microphone placement (C) speaker placement

Considering both current and emerging technologies like this is a clever move towards
future-proofing the headset. With the increasing adoption of Al and voice interaction
technologies, the device is well-positioned to leverage these innovations, to ensure that it
continues to meet the needs of students and educators in a rapidly changing environment.
Moreover, these changes make the headset a practical learning tool for today's students but
also a dynamic platform that can gain in sophistication over time as new methods of learning

and technologies are developed.

Not only does the design implement these proposed improvements, but it also embraces
forecasts for market demand and uptake, as smart wearable technology moves to the
mainstream of education. We might see greater demand for devices that support
voice-assisted learning, personalized audio feedback, and interactive study aids. In this way,
this foresight not only ensures that the headset will remain competitive in a fast-moving

marketplace, but also that it will deliver long-term value to its users.

Most recently and perhaps most significantly, these forays in to the integration of speakers
and microphones are also providing many new opportunities for collaboration tools in the
educational arena as well. Audio-based interactions could be configured for group study
sessions, where many streams can simultaneously connect on the headset to work together.
The headset could also come in handy for online learning platforms, in which students log in

to virtual lectures and use the microphone to ask questions in real time.

This design prepares the device for those future developments not only serving its core
purpose of providing more effective study sessions but also accommodating the ever-growing

and multifaceted direction of education technology.
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7. Product Architecture

7.1.  Structural Layout

The mechanical structure of the device includes two parts: the anterior part thatlies on users
forehead and the posterior part that contains processing elements. This configuration allows
for even weight distribution throughout, which can lead to discomfort with a more central

design.

The front of the headset is rather small and compact, housing the camera module. The
camera, arranged precisely above the user Peercasting the display systems, captures images
and videos from the flying wearer’s perspective. The shutter button has been placed along the
side of the front module close to the ear so the user doesn't have to take the iHead off or
disrupt their workflow as can be seen in figure 16. We chose to position the button here
because its ergonomic accessibility allowed the user to find and press the button without

having to awkwardly move their hand around.

Figure 16 Camera shutter Button

Most of the processing units and the power supply is located on the back side of the
device. This compartment sits comfortably on top of the back of the head and holds the
battery, Raspberry Pi Zero W, and a charging module. As shown in figure 17, a Type-C
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charging port is suitably positioned at the bottom of the rear compartment, so the user can
charge the device without any inconvenience. The on-off switch is on the top of this rear
section, undoubted there for easy access shown in figure 18. The rearward, balanced position
of the components not only means that the weight of the device is evenly distributed across
the head, thereby minimizing fatigue, it also ensures that it can be used for extended periods

of time without discomfort.

Figure 17 Type C Port for Charging
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Figure 18 ON OFF Switch placed at Back

7.2. Compartmentalizing Processing Units and Batteries

Standarded a "sandwich" design, the inner workings are layered in the back compartment.
This compartmentalization is essential for effective space management and temperature
regulation, so that the device operates when it is meant to but the parts are kept as closely

compressed as feasible.

The charging module is located at the most rear side of the rear housing, and handles
the power input, including a power regulator and power management to the Type-C charging
port. A small and low weight 1500mAh battery is put forward this module. The battery
choice was made to allow the headset to run for extended periods while ensuring it was small
enough to fit in the limited space of the rear compartment. For one, the Raspberry Pi Zero W
is located in the front of this housing, which brings the connection to the camera module

significantly closer, thus requiring less extended wiring.

The outer layer is useful for separating the components of the item and preventing
breakage during normal use. To enhance the robustness of theV2 headset, the Raspberry Pi
and battery are physically separated from the charging module to avoid overheating as well as

electrical interference.
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7.3.  Velcro and Leather Integration for Wire Management

One of the main challenges when creating the headset design itself was creating
connections between the front and back of the device without visibly running wires between
the two. This was accomplished by incorporating flexible enthusiast friendly any way you
need to adjust the fit Velcro straps between the front and rear parts of the headset. The Velcro
straps, therefore, spread the commands to the two sides and also represent adjustable belts
that give the user the option to the fit the device according to the head size as shown in Figure

19.

Figure 19 velcro Strap

A headset incorporated some wire gear by using a leather sleeve on the right hand
side. In hiding the wires that link the front-facing camera module with a Raspberry Pi at the
back and other components stored inside it, this sheath serve two purposes. By putting the
wires inside, it enriches the overall appearance of the headset, which seems both stately and
fashionable. It not only beautifies the headset, but the leather sleeve will also protect its
contents from wear and tear. Thus the wires can continue to function over time. Through this
design choice, practicality mingles with a touch of elegance to give the hardware a sleek,

futuristic flavor as you can see from Fig. 20.
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Figure 20 Sleeve for wire management

Straps were Velcro; the system that's managing the wiring is leather and the selection of
materials was purposeful—durability and flexibility were key. Velcro strength on one hand is
enough to hold the device tight while on the other for easy detachment and modification so
head sizes are not a limitation for this headset. With leather not only introducing a layer of
sophistication but allowing the flexible and resilient yet tough construction that the wiring

needs on an everyday basis while also being comfortable against the skin.
7.4. Cushioning for Comfort

Comfort is key for any wearable device design, but even more so design for one intended for
all-day, extended wear, like this headset. To counter this, the rear compartment, where the
system's heaviest elements are situated, is padded to keep it sitting comfortably atop the user's

head, and avoid pressure points or discomfort. (Norman 2013)

It has soft, durable foam padding fully covered with faux leather which makes it more
comfy and beautiful. Well-padded separate cushions are used to cushion between the harder
structures inside the device and the user's head, and distribute the weight of the headset fairly,

so that the head is not loaded in one place, as can be seen in Figure 21.
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Padding

Figure 21 Cushioning

This aspect is especially pertinent when it comes to the rear part of the headset, home to the
battery and the Raspberry Pi. Otherwise, these components might dig into the user’s head,
especially if the device is used for lengthy periods. This padding also ensures that the device
does not start feeling uncomfortable to wear after long periods of usage, something which
proves beneficial to students who would need to put on the headset during extensive study

sessions or while completing assignments for hours on end.

Not only does the faux leather covering give the headset a more aesthetic appeal, but
it also makes it easy to clean and maintain. This is essential for a wearable, as it will likely be

exposed to sweat and other elements that could otherwise warp the material over time.
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8. Prototyping

The prototyping stage is one of the most crucial phases in developing any product where
designs come to the physical models. Not only does this process allow for design
examination, but it also affords valuable feedback regarding ergonomics, fit, and overall
function. For this project, two prototypes were created: an initial prototype with PLA and a
later prototype from ABS plastic. Through each stage of prototyping, we received invaluable
feedback to elevate the quality of our design to make the final product truly fit the user's

needs.
8.1. In House 3D Printing Techniques

The in-house 3D printing process was an essential part of the development, allowing rapid
turnaround cycles. The team quickly and efficiently printed prototypes using the bmbu labs
PIS (figure 22), a benefit that reduced both lead times and costs by eliminating outside
manufacturing. The suitable resolution, coupled with material adhesion capabilities of the

printer, ensured that the prototypes adhered to the design in precision. (Gordon 2016)

Figure 22 3D Printer BambuLabs P1S

Additionally, allowing adjustments to be made based on the specific needs of the
development at each stage, the Bambu Labs slicer, used for slicing the prints, provided a fine
level of control over the printing parameters. This adaptability became beneficial in the
prototyping phase, allowing for quick changes based on user feedback and testing results.
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3D printer not only developed the wingtip, but demonstrated the value of agility
during product development through the iterative nature of the prototyping process enabled
by advanced in-house 3D printing techniques. The purpose was to combine user perspectives
with technical and design parameters building up the final version of the prototype on the
previous ones. By applying this all-encompassing methodology, the final output was as much

original and practical as it was customized to properly serve its users.

8.2. Initial Prototype with PLA

PLA (Polylactic Acid) The initial prototype was produced with PLA, a popular thermoplastic
known for its ease of use and biodegradability. (Gordon 2016) I used an excellent, high-res,
and highly-reliable in-house 3D printer for this project, the Bambu Labs P1S. 3D Printing
Process 3.1 Slicing An important aspect of the CAD models is the ability to be used with a
3D slicer for turning a CAD into a 3D print model and so before any 3D printing could take
place the design needed to be sliced for printing and this was accomplished using the Bambu

Labs slicer which would single out parts of the model to export to 3D printing, (Figure 23).

Figure 23 1st Prototype in PLA

This first prototype was meant to test ergonomics, comfort, and overall fit. The prototype was
useful to carry out preliminary user testing because it was built with all necessary elements
—including the Velcro strips. In this way a prototype was created to evaluate how all the
ports matched and if there was enough space for the entire component. It was important to
see how the device conformed to the user’s head shape and if there were places that the

design would need to be modified. (Gibson 2021)
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Hands-on testing sharpened my sense of where material could be cut, or new features
added. One of the key purposes of the early PLA prototype was to use it as a beacon for
providing prototype feedback with respect to identifying some key ergonomic and functional
issues. In product design, the importance of this test and iteration process is paramount to

deliver a final product that is functional and ergonomic in all of its intended forms of use.
8.3.  Final Prototype with ABS Plastic

The final version of the headset is made of ABS (Acrylonitrile Butadiene Styrene) plastic as a
result of learning from the PLA prototype. The ABS material is stronger than PLA, with
higher durability and heat resistance which is perfect for a wearable device that could take on

a lot of wear over time. (Chen 2020)

The design was iteratively improved at this stage based off user feedback and testing
results from the initial prototype. Whereas initial prototypes were purely functional in
purpose, the final ABS prototype also needed to aestheticise in the eyes of the target
audience. Alongside creating visual impact, a separate focus on CMF was brought in for the

device.
8.3.1. Color, Material, and Finish (CMF).

The client had specified 4 variations, 2 based on matte and 2 based on gloss from black to
white color. The models came in a matte white, matte black, gloss white, and gloss black
design (Figure 24). Every variant was purposely designed to uphold modern aesthetic without

compromising their common point of function.
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Matte White Gloss White Matte black Gloss Black

Figure 24 Finished 3D printed prototypes in ABS

These prototypes, complete with coloration, were then developed by Autocluster, a
Pune-based company well known for its capabilities in 3D printing. The finish needed to
match the professional looks and functinality of the prototypes at that stage of production

which meant they were the ideal partners.
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9. Assembly and Fabrication

Assembly & fabrication is the part of the process where we take the idea and move from the
design towards a working prototype. All the electronic and non- electronic parts were
assembled in-house at this stage via a well-designed process and oriented to ensure each part
is properly aligned, functional, and aesthetically pleasing. Multiple sub-processes, working in

conjunction, made progress from individual components to a unified end product.
9.1. In-house Assembly Process

The assembly started by prepping the different electronic component. We used a sandwich
method to stack the core electronics: the charging module, battery, Raspberry Pi Zero W, and
step-up converter. They wanted to compress everything behind the device, without losing

access to controls or other functions.

DC/DC converters.

L

A

+ E603450 7B20
E7B02-D60-1
+ 1000mAh 3.7V

Figure 25 Electronics architecture

Jumping to the back of the device, the charging module was at the lower end of the unit with
the Type-C charging port facing downwards for easy charging. The battery was connected on
top, powered by the Raspberry Pi and the step-up converter. The rest of the assembly was

locked in the rear casing making the whole thing a compact, space efficient toolbox. An

55



on/off switch was also provided at the top of the rear casing for the user to control the device,

thus completing the functional integration of the power supply.

They mounted the camera module in front and positioned it in a way that will work
best for the device. Engineers had placed the camera in center, in direct line with the user's
face, and shielded it with a small piece of acrylic that both protected the fragile camera lens,

as well as lent a shiny, seamless look to the front of the device.

9.1.1. Soldering and Wiring Process

The soldering of all electronic components was one of most important steps of the assembly.
All connections had to be soldered and soldered properly so that it would not break off and
they would function each time. Each of the charging module, battery, Raspberry Pi and
step-up converter were connected using precision soldering. The solder joints themselves

were also taken care of, being bigger and much cleaner than necessary to minimise the

chance of a loose joint developing as the years went by.

Figure 26 Soldering and Wiring Process

They even added an integrated shutter button on the right side of the device,

positioned slightly above the ear for easy access. Running the wiring for the camera module
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and shutter button through the right side of the device, he then stated, would minimize the
interruptive process for the user. These wires were packaged as to not ruin the aesthetic of the
product. The camera was connected via a cable to the Raspberry Pi, with the rest of the

wiring organized nicely and positioned correctly so nothing got in the way.

9.1.2. Velcro Belts and Leather Sleeve Integration.

The Velcro belts were vital to the device for both functionality and ergonomics. These belts
were sewn and secured to connect the front and rear portions of the headset, tightly holding
the apparatus together. Not only were the Velcro belts used to connect the two pieces, they
also functioned as custom straps that the wearer could adjust for head size. This made the
headset I was using adjustable enough to fit anyone's head as the likelihood of anyone

wearing it were vast.

Figure 27 stitching of velcro belts and leather sleeve

To create a polished look and handle the wiring properly, they sewn leather sleeve on the

right side of the device. Not only did the leather sleeve add a nice touch to the overall look of
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the product and made it feel more premium, it also hid the cables that connected the camera
module to the shutter button. By avoiding tangling and exposed wiring, this clever wire

management kept the device looking sleek and professional.

9.1.3. Cushioning for Comfort

Assembly was done with this in mind, specifically that this is a wearable device. The back
part of the headset, where the bulk of the electronics was, got a small “cushion” added to it.
This ensured the user could wear the device for long periods of time comfortably. Juxtaposed
against the stiff electronics for insulation against the pressure points that form against the

user’s head.

We covered the padding with a faux leather, further enhancing the cushioning. This
had a two-fold effect: it not only improved comfort, but also improved the general look of the

headset. Also, leather felt more durable and resistant to wear and tear due to prolonged use.

9.2.  Challenges Faced During Assembly

Over the course of the assembly, there were still some struggles. The main challenges faced
were to pack the different parts in the limited space of the narrow back housing, but still so
the parts were below the housing a bit for future exchanging. This "sandwich" layout needed
to be carefully planned in order to allow each component to connect without overcrowding

the area around it or causing issues with overheating. (Chen 2020)

One part of the soldering that gave me some trouble, as you'd expect, was attaching
the thin wires from the camera and the shutter button. The wiring had to plug/weld in and be

placed out of the way.

In addition to this, achieving some degree of adjustability of the Velcro belts without
sacrificing the structural integrity of the device was another challenge. The challenge was to
achieve an optimum mix of freedom and robustness, where the belts stayed firmly in place

yet easy to get on.
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9.3. Final Product Validation

Once assembled, the device was subjected to a validation scheme to demonstrate compliance
to all design inputs and functional requirements. In this phase, both internal tests and users’
remarks were exploited. The purpose was to confirm the device was not just comfortable and

attractive, but ensured it was fully functional across all its expected use cases.

This involved several user testing sessions, with a range of head sizes testing the fit,
comfort, and functionality of the device. The straps made of Velcro were modified and tested
for their ease of use as the position of the camera,/shutter button was checked for
accessibility. Those trials established that the device could work for a variety of users without

compromising its ergonomic intent as it was designed.

Haylo Al-assisted

Learning

No phones. No apps. No fuss. Just talk to it.

Explore

Figure 28 Final Product
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10. Results and Discussion

This report covers the entire process of performance, user testing, feedback, and prototype
improvements in its results and discussions section. This stage is the culmination of the
design, assembly, and validation stages and highlights the devices strengths weaknesses, and

what is learned from the interaction with the user.
10.1. Performance of the Prototype

The initial performance assessment of the prototype was centered around three primary
factors: functionality, ergonomics, and durability. Each of these areas was crucial to ensuring
that the product not only met the intended specifications but also delivered a seamless user

experience.
10.1.1. Functionality

The protoype's main goal was to validate that all features of the prototypeworks as expected.
This consisted of the camera module that needed to provide high resolution, high frame rate
images and videos; the Raspberry Pi Zero W that worked as the main processing unit; and the
power supply that guaranteed that all components were working properly and were correctly
supplied with energy. The camera functioned normally"; Bad photography--the camera
performed as expected, images exhibited casa and precision; The step-up converter did an
excellent job at managing the power distribution from the battery to the main board, while a

Raspberry Pi Zero W processed everything.

The shutter button that lives on the right-hand side of the product lets users take either
a still image or start filming video on command. This interface was super simple yet effective
in improving the experience of users who were looking for instant camera function. Users
could charge the device easily with a Type-C charging port located at the bottom of the rear

compartment.
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10.1.2. Ergonomics

The success of the prototype highly relied on ergonomics. Since the device was intended to
go on the head, user comfort was also critical. Special mention needs to be made of the
Velcro straps that kept the front and rear sections of the device adhered to the wearer, as they
were super simple to either tighten or loosen to fit almost every head size. The rear padding,
which was covered in a faux leather material, offered extra comfort, especially after extended

use (Figure 29).
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Figure 29 prolong usage

This is felt during testing where the device weight asymmetry was well weighted. Even

though it contained many elements, the device was not felt to weigh on your forehead or

62



head. Users who wore the device for long periods of time appreciated the cushioning, as it

prevented pressure points and discomfort.

10.1.3. Durability

Testing of durability of the prototype was performed by exposing it to different conditions for
normal use. The ABS housing that was 3D-printed was tough, and the unit suffered no visible
damage from my habitual minor drops and impacts. Except the camera lens, the camera
module had the acrylic cover above it which not only protected the lens itself, but also, did

not allow dust or dirt to settle on the lens, which helped keep the camera clean and running.

The Velcro straps, withstood wear and tear from frequent tightening and loosening,
which analytics showed is the normal process as the ECP is put in and taken out of bags again
and again. The leather itself, which helped cover some of the wiring on the right side of the

device, added to the overall durability, keeping the cables from fraying.

10.2. User Testing and Feedback

User testing played a vital role in refining the prototype. A diverse group of individuals,
varying in age, head size, and familiarity with wearable technology, participated in the testing
phase. The primary focus of this phase was to gather feedback on comfort, ease of use, and

functionality.

10.2.1. Comfort

However, reviewers generally gave it good ratings for its wearing comfort. Once properly
adjusted using the Velcro straps, users felt that the device was comfortable indeed and due to
this design they could make adjustments based on their own particular cranial size until
feasible for them to wear The majority of users did find the device comfortable even after
extended wear (which is attributable in no small part to cushioning at back), thought one still

had to endure a measure of discomfort.
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Figure 30 User Testing

Nevertheless, some users think the padding should have been even thicker - Albeit only a
particularly small number, suggestions have been made by this tiny minority that people with
more sensitive skin, and people who will carry it with them over longer periods of time. This
led to a new round of meeting to talk about how we can make pad just a little bit more

comfortable with lighter and or more resilient materials.

10.2.2. Ease of Use

The mildness of the design was popular, particularly the position of the shutter button along
with the on/off switch. The camera and its controls were intuitive for users, especially those
familiar with similar wearable devices. As the second sentence indicates, image and video
capture was praised for responsiveness and clarity, making it a good candidate in the

always-quick visual format.
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Figure 31 LED Light Indicator

One of the points that came through in user feedback was the importance of feedback fro the
user. A couple of you had suggested adding a small LED indicator light to let the user know
when the device was powered on and when the camera was turned on. This would give the
users visible confirmation that the device was working properly and not inadvertently

powered down, or missed taking a photo (Figure 31).

10.2.3. Functionality

Users are mostly satisfied with how the device’s core functions (such as the camera and
processing speed overall) perform. Consistent with our observations in the field, users who
wore glasses report no interference between the device and the arms of their glasses; the
placement of the Velcro straps was designed to avoid such an issue. The straps are placed
strategically for all users, even those with glasses, to have a comfortable experience, as no

part of it gets in their way, allowing them to go about their business without hesitation.

In terms of power consumption, the battery was reported as being acceptable for typical use,
but people suggested the possibility of low-power mode and optimizing the consumption

further by extending the time machine that feeds the time between the charges. This feedback
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came in particularly handy for people who planned to use the device to record long sessions

without interruption for several hours.
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11.  Future Scope

The product design process doesn’t end with the creation of a functional prototype. In fact,
the current iteration of the smart headset marks just the beginning. Future developments will
focus on integrating new technologies, refining material selection, and exploring mass
production scalability. With rapid technological advancements, it is crucial to plan ahead and
identify areas where this wearable device can be further enhanced to meet evolving needs and

expectations

11.1. Integration of Additional Features (Speakers, Microphones)

While the current version of the device is very functional and user-friendly, much progress
can be made in improving and refining it in future versions. The most apparent area where
this growth is occurring is through speakers and microphones. Currently, the device requires
external earphones for audio feedback and input. Although this approach works, it can be

improved by employing an internal speaker and microphone to enhance user experience.

Incorporating speakers would provide users with immediate audio feedback without
needing an external hardware, adding to the convenience. A speaker system could enable
auditory feedback to help students when they engage in certain tasks such as problem solving
or receiving instructions from the device. The speakers might be placed closer to the ears, but
built into the design in a way that doesn’t break the slick, minimalist look of the existing

headset.

Likewise, a microphone would offer a means of two-way communication (between
the device and its user). At present, there is no built-in microphone so anyone who wants
voice input will have to use earphones with an inbuilt mic. Adding a microphone would make
it easier for users to communicate with you for things that need voice commands/feedback
like answering questions or searching. In addition, this would enable more advanced features
like teaching-based voice triggers, voice recognition, and even dictation features to make the

device more versatile.

The integration challenge is preventing the addition of speakers and microphones
from impacting the comfort, weight and battery life of the device. Here, caution will be
required to select lightweight, energy-efficient components. The positioning of such elements

should be ergonomic, so that it does not come in the way of the users overall experience.
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Future design iterations will also need to find an appropriate balance with the external noise

from the environment while ensuring the audio remains clear.

Aside from hardware requirements, the presence of speakers and microphones enables
richer software experiences. Voice controlling, for instance, can be enhanced with integrated
microphones, rendering the device extra instinctive and user-friendly, specifically for students
who require quick bronze when studying at residence. Suppose this device had features like
giving real-time voice feedback through the solving process to process it more interactively.
With continuous developments in Al and voice recognition, this would also allow for more
advanced capabilities such as NLP and real-time translation, greatly expanding the device's

use cases in educational environments.

11.2. Advanced Materials for Manufacturing

Another major avenue of future work for this device will be investigating advanced sick
materials fabrication. The finished version will probably be made of ABS plastic for its final
version, due to its durability, low weight, and affordability. But as the hardware expands and
new features are added, to know more about the natural materials that would deliver better

performance and aesthetics with sustainability.

Biodegradable polymers are another possible material. As sustainability becomes a more
important issue, many manufacturers are opting for eco-friendly materials. Biodegradable
polymers have the potential to be a more sustainable alternative to conventional plastics and
mitigate the environmental implication of large-scale manufacturing. It uses eco-friendly
materials that would not only create an environmentally-conscious device but also play into

the hands of the consumers who care about the planet.

11.3. Scaling for Mass Production

Transitioning from prototype to mass production, a number of issues must be resolved to
keep the design scalable whilst also assuring quality and effectiveness of the product. Some
of the grand challenges of mass production include optimizing the manufacturing process

either to reduce cost with no impact on quality or performance. The production process is
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represented in Figure 38, showing the evolution of small-scale assembly and manufacturing

versus mass production. (Cross 2008)

Choosing the Right Manufacturing Methods: The first step in scaling High-quality
parts may be manufactured relatively easy with the help of a rigorous injection moulding
process to produce the plastic components in bulk (Gibson 2021) This technique helps to
maintain quality assurance in mass production runs, and reduces the production time per unit.
More advanced materials, such as biodegradable polymers, may need to be processed using
specialized manufacturing processes, for example, using automated layup or compression

molding, depending on the material properties.

Quality control will also be key during scaling. To ensure that every device meets
high-performance standards and durability requirements, automated testing processes could
be introduced. Testing the essential functionalities, including camera performance, battery
life, and how well the device fits into our lives. Testing every unit to ensure it meets those

standards as production scales up will preserve the brand's reputation for quality.

The cost of the device will also significantly influence how it is scaled. The first
prototype used off-the-shelf component to speed development, but future versions will need
to use custom components to bring down the cost and improve performance. By designing its
custom processors or camera modules specifically for the device, it could better integrate the
components, reducing manufacturing costs over the years. Similarly, they could improve
performance and lower production costs even more by designing proprietary battery systems

specifically tailored to the device’s power consumption needs.
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12. Conclusion

A detailed design process that integrated both advanced technology with human-centered
design principles, materials and manufacturing practices resulted in the development of the
smart wearable device. Beginning with the concept and leading to the completion of the
prototype, the device experienced several stages of research, ideation, prototyping, and

testing, all focused on refining its operation, comfort, and user experience throughout.

Once we realized the need for wearable that can facilitate students in learning with the
help of Ai and camera for scanning the surrounding objects. Well, the idea at the heart of it
was about creating a device that would visually capture any and everything, and then auditory
feedback would allow students to help read, study and take in information. What emerged
was a device that not only needed to be sleek and ergonomic to use, but capable of integrating
next-generation technologies that could positively transform the way educators and students

interact with the learning process.

Initial pages of sketches and designs considered various shapes and arrangements and
how to package the required media—the camera, processing workhorse, and battery—into a
compact, light-weight encapsulation. The front part of the device, which would hang up on
the user's forehead, was designed to hold the camera module, and the back chamber housed
the Raspberry Pi Zero W, battery, and other necessary electronics. Ergonomics and comfort
were also prioritized in the design, ensuring that padded Velcro straps fitted users of most

shapes and sizes.

Prototyping was an essential component of the process. The first prototype was
3D-print using PLA (Polylactic Acid) to test ergonomics, fit and overall alignment of ports
and components. The first prototype informed where improvements could be made — an area
of material could be reduced, or added in some areas, for comfort and for all the components
to fit properly. After testing and feedback cycles were completed, a working prototype was
built using ABS plastic, a much tougher material and was further developed through

iterations based on real user feedback.

The focus throughout was on wire management, looks and utility. The Velcro straps
not only helped the front and rear parts adjust to the user's head size but also enhanced the

device's sleek and modern look. A leather sleeve covered the wires, making it look nice and
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clean. Behind you, they added an upholstered cushion covered in faux leather (to add comfort
for longer use) All these elements played a role in achieving a balanced functional and

aesthetic design.

The design process from concept to final product was about finding balance between
aesthetics, technology and practicality. Ensuring the perfect user experience after rigorous
testing, iterative improvements, and focusing on the challenges faced during the development

phase.

12.1. Future Prospects for Smart Wearable Devices

This specific smart wearable device is just one example of the many innovations that can be
made in the area of wearable technology, more specifically in the educational sector. With
progress in technology, this prospect of smart wearable devices becoming the transformative
tools in many sectors begins with new possibilities. It should be noted that there are several

promising regions for the additional development of such devices in the future.

The integration of more advanced features is one of the most exciting prospects for smart
wearable devices. The existing device uses some pair of earphones for audio input and
feedback, however in future versions, we could use built-in loudspeakers and microphones
(see Future scope). This would improve the hands-free experience and smartly interact with
the device without an external accessory. As artificial intelligence and machine learning
continue to progress, the device would be equipped with voice recognition, natural language
processing, and real-time translation capabilities, allowing the device to teach for many

different contexts. (Kaur 2021)

And there is another area with a lot of potential: the application of advanced materials to
manufacturing. As mentioned before, the use of materials such as or biodegradable plastics
could significantly enhance the device’s durability, weight and environmental sustainability.
Such new materials would not only enhance device comfort and wearability but also appeal
to increasing interest in sustainable products. Merging with advanced materials will be key as
wearable technology goes mainstream and users expect products that are both

high-performance and sustainable.
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Another significant aspect for smart-wearables is the scalability of the production itself. As
demand for such devices increases, especially in educational and professional settings,
manufacturers will have to optimize their production process for such demand. As a mass
production process will necessitate the use of advanced manufacturing methods, such as
injection molding and robotic assembly, these have been shown to enable the efficient and
economical production of high-quality devices. As schools, universities, and corporate
settings adopt the technology, and usage increases in numbers, this scalability will be crucial

for enabling broader access.

Last but not least, uses of wearables go far beyond the context of learning. Smart wearables
have the potential to touch several sectors, including healthcare, sports, and entertainment, as
they continue to gain popularity. In the field of healthcare, for example, wearable devices can
be created to monitor vital signs, deliver real-time health data, or help people with
disabilities. Though the educational examples in this project could also be applied to other

use cases, including workplace training or even remote collaboration in professional contexts.

Smart wearables of the future will also depend on the continued evolution of connectivity
technologies like 5G and Wi-Fi 6. The availability of faster and more reliable internet
connections will allow wearable devices to connect to cloud-based services, stream data in
real-time, and communicate seamlessly with other smart devices expanding the possibilities
of their usage. Wearable technology will be increasingly adopted, enabling greater flexibility
and natural integration with the surrounding environment, such as smart classrooms or Al

systems.

As wearable devices continue to advance, privacy of users and safety of data will be vital. As
such, ensuring that these devices protect user data while still providing customized and
personalized experiences, will be paramount in their widespread adoption. Future designs
must be subject to this type of scrutiny, with strong security measures and written transparent

data management practices.
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