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1.1 Problem Definition 1.3 Background/History/Social Context

1.2 Rational & Significance

Sand dune riding, a globally sought-after recreational experience, entices adventure enthusiast to destinations 
like the USA, Middle East, and Australia. The allure of this experience, however, is not without its challenges 
and considerations. This thesis delves into the multifaceted task of enhancing the sand dune riding experience, 
addressing three pivotal pillars: enhancing accessibility, environmental sustainability, and ensuring user safe-
ty. While the thrill of riding over sandy dunes is undeniable, logistical challenges in reaching these locations 
and the associated need for specialized equipment contribute intricately to the overall experience. More-
over, the environmental impact of sand dune riding on ecologically sensitive areas necessitates conservation 
efforts. Balancing the pursuit of adventure with the preservation of these habitats is crucial for the longevity 
of this riding experience. Additionally, prioritizing user safety becomes paramount, involving improvements in 
navigation, incorporation of advanced safety features in vehicles, and the promotion of safe riding practices. 
This thesis aims to provide innovative solutions to enhance accessibility, mitigate environmental impact, and 
ensure user safety. By delving into these critical aspects, the research seeks to contribute valuable insights to 
the realm of sustainable adventure tourism, enriching the sand dune riding experience for enthusiasts world-
wide.

Sand dune riding, a captivating recreational activity, has a rich background 
intertwined with geographical features, cultural practices, and evolving 
social contexts. Historically, sand dunes have been sites of fascination and 
challenge, with communities in various parts of the world incorporating 
dunes into traditional festivities and rites of passage. In recent decades, the 
popularity of sand dune riding has surged, turning it into a global phenome-
non with enthusiasts seeking the thrill of navigating sandy landscapes.

The rise of adventure tourism has significantly contributed to the growth of 
sand dune riding, transforming it from a niche activity to a sought-after ex-
perience. Destinations like the USA, Middle East, and Australia have become 
hotspots for sand dune riding, attracting tourists from diverse backgrounds. 
The social context of sand dune riding is evolving as well, with an increasing 
emphasis on sustainable and responsible adventure practices.

Statistics on the demographic trends of sand dune riders are limited, but the 
activity tends to draw a varied audience, ranging from thrill-seeking youths 
to families seeking unique recreational experiences. As this form of adven-
ture gains momentum, understanding its historical roots and evolving social 
dynamics becomes crucial for shaping a sustainable and inclusive future 
for sand dune riding. This research delves into the historical, social, and 
cultural aspects of sand dune riding, providing a comprehensive foundation 
for addressing the contemporary challenges and opportunities within this 
dynamic recreational pursuit.
 

Existing research regarding the experience of sand dune riding predominantly centers on the experiential 
aspects and destination allure, often neglecting the nuanced challenges faced by those actively engaged in 
this recreational activity. After an initial exploration through qualitative research, it becomes apparent that 
a critical segment, being the individuals directly involved in this experience of the sand dune riding, remains 
understudied. By investigating user experiences, ergonomic-related problems, and the broader implications 
for enthusiasts, this research seeks to address these difficulties faced by the users. 

1.1 Problem Definition 1.3 Background/History/Social Context
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like the USA, Middle East, and Australia. The allure of this experience, however, is not without its challenges 
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addressing three pivotal pillars: enhancing accessibility, environmental sustainability, and ensuring user safety. 
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with communities in various parts of the world incorporating dunes into
traditional festivities and rites of passage. In recent decades, the popularity of 
sand dune riding has surged, turning it into a global phenomenon with
enthusiasts seeking the thrill of navigating sandy landscapes.

The rise of adventure tourism has significantly contributed to the growth of 
sand dune riding, transforming it from a niche activity to a sought-after
experience. Destinations like the USA, Middle East, and Australia have become 
hotspots for sand dune riding, attracting tourists from diverse backgrounds. 
The social context of sand dune riding is evolving as well, with an increasing 
emphasis on sustainable and responsible adventure practices.

Statistics on the demographic trends of sand dune riders are limited, but the 
activity tends to draw a varied audience, ranging from thrill-seeking youths to 
families seeking unique recreational experiences. As this form of
adventure gains momentum, understanding its historical roots and evolving 
social dynamics becomes crucial for shaping a sustainable and inclusive future 
for sand dune riding. This research delves into the historical, social, and
cultural aspects of sand dune riding, providing a comprehensive foundation for
addressing the contemporary challenges and opportunities within this dynamic 
recreational pursuit.
 

Existing research regarding the experience of sand dune riding predominantly centers on the experiential 
aspects and destination allure, often neglecting the nuanced challenges faced by those actively engaged in 
this recreational activity. After an initial exploration through qualitative research, it becomes apparent that 
a critical segment, being the individuals directly involved in this experience of the sand dune riding, remains 
understudied. By investigating user experiences, ergonomic-related problems, and the broader implications 
for enthusiasts, this research seeks to address these difficulties faced by the users. 

13



CHAPTER 2
RESEARCH

2.1
2.1.1
2.1.2
2.1.3
2.1.4
2.1.5
2.2
2.2.1
2.2.2 
2.2.3
2.2.4
2.2.5
2.3

User Research
User Profile- Persona
Current User Practice
User Observation- Activity Mapping
User Observation- Human Factors of Existing Products
User Observation- Safety and Health of Existing Products
Product Research
Benchmarking- Benefits and Features of Existing Products
Benchmarking- Functionality of Existing Products
Benchmarking- Aesthetics and Semantic Profiles of Existing Products
Benchmarking- Materials and Manufacturers of Existing Products
Benchmarking- Sustainability of Existing Products
Summary of Chapter 2

CHAPTER 2
RESEARCH

2.1
2.1.1
2.1.2
2.1.3
2.1.4

2.1.5

2.2
2.2.1
2.2.2 
2.2.3
2.2.4
2.2.5

2.3

User Research
	 User Profile- Persona
	 Current User Practice
	 User Observation- Activity Mapping
	 User Observation- Human Factors of Existing Products

	 User Observation- Safety and Health of Existing Products

Product Research
	 Benchmarking- Benefits and Features of Existing Products
	 Benchmarking- Functionality of Existing Products
	 Benchmarking- Aesthetics and Semantic Profiles of Existing Products
	 Benchmarking- Materials and Manufacturers of Existing Products

	 Benchmarking- Sustainability of Existing Products
Summary of Chapter 2 15



2.1 User Research

2.1.1 User Profile- Persona

Primary User: The Adventure Rider

Secondary Users Tertiary Users

Responsibilities

The design solution will allow for use of various users. The target user for the design solution is adventure 
enthusiasts aged 18-55 years of age. The users are often tourists experiencing sand dune riding for the first 
time but it is desired to also suit the needs of experienced riders. Users seek the thrill of the open space and 
desire a vehicle which allows for connection with the environment. 

Directly interacts with the product and participates in the sand dune riding experience.

•	 Plan and execute their desired trip or journey
•	 To practice safe riding practices
•	 Ensure proper equipment
•	 Pack and transport belongings

Friends and Family
•	 Help plan dune riding experience
•	 Ensure user has knowledge and equipment necessary 

for a safe riding experience. 
•	 Ensure user is safe and enjoying their experience 

without any unexpected challenges.
Touring Companies
•	 Responsible for providing a pre-planned and fully 

thought-out experience. 
•	 Ensures users are aware of proper vehicle operation 

to ensure rider safety. 
•	 Provides the user with proper equipment and any 

knowledge required to ensure safety

First Aid Workers
•	 Travel long distances and over difficult terrains 

to reach the patient.
•	 Provide proper care and aid for those injured 

during dune riding. 
Environmentalists
•	 Desire to ensure environmental consciousness 

for primary users and those who are traveling 
on or across sand covered ecosystems

The purpose of this chapter is to elaborate on the primary research methods which were used to develop a 
thorough and valuable understanding on the experience of sand dune riding. Benchmarking existing solutions, 
developing user profiles and environments of use allows for preliminary understanding of which areas to focus on 
to enhance the dune riding experience. Surveys and interviews were conducted to gain thorough understanding 
of what the riding experience can truly entail. Results from this qualitative research will aid in development of an 
innovative and strategic solution. 

"A helmet was provided but no other safety equipment."

"I only sandboarded once, it was too exhausting to walk back up the dunes"
"Connecting with nature was the best part of the experience"

"I was worried about not having navigation- what if something happened..."
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2.1.2 Current User Practice
The current user practice varies depending on multiple factors such as, where the user is traveling from to where 
the user is going, the user’s skill and experience level and whether the user is renting equipment or using their own. 
To allow for more individuals to be able to experience sand dune riding, the focus was put on the user experience of 
traveling to a destination where users can rent equipment and participate in the experience within a group.

Difficulties may be regarding navigation issues to the base or on the dunes, lack of room for transportation 
of belongings, heat exhaustion or difficulties with travel.
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Plan and execute plan without fail. Planning 
requires research into the area the user is 
traveling to, methods of transportation, locations 
to stay, essential belongings and more. The user 
should also complete research on the activity 
of sand dune riding to ensure their own safety 
throughout their journey. Users travel to the desired destination. May 

have to transport belongings and equipment 
with them throughout the travel process. May 
also be required to switch or use multiple 
methods of transportation to arrive at the 
destination. Upon arriving, users meet with their tour group 

and will be given a verbal explanation of the 
process. Tour group provides information on 
vehicle operation and safety. They then provide 
the user with essential safety equipment.

The users then get on their vehicle and 
familiarize themselves with operation. They 
will then follow the tour guide in a line, 
across flat, sand covered terrain to practice 
vehicle operationUpon arriving to larger dunes, users now have 

the essential practice required to effectively and 
safely drive on the dunes. The users can travel 
at their own freedom and have the ability to stop 
for breaks and to socialize. This is the chance 
for users to take advantage of the open space 
and enjoy the capabilities of the vehicle, as well 
as take photos and videos.

Often times, tour guides will provide 
opportunity to experience varying forms 
of dune riding such as sand boarding. 
This provides users with multiple unique 
experiences within one trip.

The users will follow the guide back to base when 
done. During this ride back, users should be able to 
take in the scenery one last time and reflect on the 
experience.

Plan & Research

Travel to Destination

Tour Group Info

Vehicle Info & Practice

Ride the Dunes

Sandboard & Relax

Head Back

Challenges & Difficulties

2.1.3 User Observation- Activity Mapping

Both the video observation and the flow chart diagram provide insight on the process of participating in sand dune 
riding. In the video observation, the user books a trip with a tour group, rents equipment from that company and follows 
instructions and safety guidelines provided from tour guides. Other users may book their own trip without a tour guide 
where it will be necessary to either transport their own equipment to the dunes or rent equipment from a tour company. 
Depending on the users experience level, the amount of time required to adjust to riding the vehicle on sandy terrain will 
also vary.

For further understanding and greater empathizing with the primary user, user observation was completed to enhance 
knowledge regarding the process the user goes through. The following diagram contains information and imagery 
featured in ‘A Full Desert Day in Dubai’ on YouTube (Hannah Isobel, 2022). To better understand possible journey tasks, a 
flow chart was also created.
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2.1.4 User Observation- Human Factors of Existing Products 2.1.5 User Observation- Safety & Health of Existing Products

ATVs

Sandboards

Dirt Bikes

All-Terrain Vehicles are multi-functional vehicles capable of handling various tasks on varying terrains. It is most common 
for ATVs to have a seat base without a backrest, where the user will be leaning forward to reach the handles. This leaning 
action is beneficial in improving center of gravity, allowing for users to use body weight to aid in steering the vehicle and 
provide more control over vehicle operation.

Some ATVs feature a roll cage whereas others do not. When riding on sand dunes it’s not uncommon to flip and/or roll 
the vehicle over. The implementation of a roll cage is extremely beneficial in mitigating the risk of serious injury on sand 
dunes. ATVs should have both roll cages and seatbelts when being used on sandy environments

Sandboards do not require any safety equipment but helmets are often encouraged. Users should be using the correct 
size board to increase ease of operation, thus mitigating risk of falling. 

When operating a dirt bike protective gear such as helmets and safety gear should be worn. Dirt bikes are very powerful 
and therefore allow for users to reach high speeds and gain air when driving over dunes. Since the dirt bike itself does 
not feature safety features, the gear will allow for mitigation of injury if the user crashes.

Existing products currently used for sand dune riding are often vehicles which were not designed with the intention of sand 
dune riding, but rather, were optimized or altered to deal with sand. Therefore, challenges may rise when these existing 
products are utilized to travel on and to sand dunes.

Existing products have been designed to ensure user safety during operation but these products lack 
consideration when dealing with sand. 

Sandboards feature a simple design where the intended way of riding is standing shoulder width apart on top of the 
board and keeping center of gravity aligned to mitigate the risk of falling off the board. Some Sandboards feature bindings 
where the user can strap their feet into the correct position, whereas other do not. Users should be using a sandboard 
that is of correct length to ensure optimal control while riding. 

Dirt bikes are also commonly used for sand dune riding. Dirt bikes features a seat base without a backrest as the user 
needs to lean forward to control the bike. Users must use both their body weight and the bike handles to control the 
bike. It is essential that the user is in a position which allows for both body and arm movement for optimal control. 

Existing products have been designed to ensure user safety during operation but these products lack 
consideration when dealing with sand. 
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Conducting product research provided valuable insights into the existing landscape of sand dune riding vehicles. 
Analyzing product and vehicle information found online, this section will outline the benefits, features, functionality, 
and aesthetics of various types of current vehicles used for sand dune riding in the market.

2.2 Product Research

Tracker Off-Road 600 BRP Can-Am Maverick R Yamaha YZ250 Surron Light Bee X Polaris RZR XP Meyers Manx 2.0

Cost
$8,000

Engine Type
Gas

Displacement
600cc / 45hp

Package Size 
86.1" x 50.1" x 47.8"

Cost
$40,000

Engine Type
Gas

Displacement
999cc / 240hp

Package Size 
138.7" x 78.1" x 70.4"

Cost
$10,000

Engine Type
Gas

Displacement
249cc / (25-40)hp

Package Size 
86" x 32" x 50.8"

Cost
$7,000

Engine Type
Electric

Displacement
6000W (≈35hp)

Package Size 
74" x 30" x 40"

Cost
$30,000

Engine Type
Gas 

Displacement
999cc / 114hp

Package Size 
119.5" x 64" x 71.1"

Cost
$75,000

Engine Type
Electric

Displacement
202hp

Package Size 
123.5" x 70.3" x 53.3"

Benefits
•	 Affordable
•	 Versatile
•	 Great for Beginners

Benefits
•	 Powerful
•	 Versatile
•	 Thoughtful Ergonomics
•	 Enhanced Suspension
•	 Stylish

Benefits
•	 Lightweight
•	 Compact
•	 Freedom of Movement
•	 Precise Handling
•	 Versatile

Benefits
•	 Environmentally Conscious
•	 Affordable
•	 Quiet
•	 Compact and Light
•	 Stylish

Benefits
•	 Powerful
•	 Versatile
•	 Enhanced Suspension
•	 Thoughtful Ergonomics

Benefits
•	 Environmentally Conscious
•	 Quiet
•	 Stylish
•	 Powerful

2.2.1 Benchmarking- Benefits & Features of Existing Products
To benchmark existing products, various tables were created to further compare products with one another 
and to allow for understanding of which benefits and features are most common, which features could be 
implemented and to understand advantages and disadvantages of each product.

Insights- Benefits & Features of Existing Products
The main benefits of existing products would be the ergonomics and the comfort that the user experiences while 
operating the product or vehicle. This is crucial in mitigating injury and harm to the user. The power the vehicle can 
provide is also very important in allowing for effective ability to operate on sand. Vehicles that are environmentally 
conscious are sought after since the preservation of sandy terrain and environments is essential. It is also important 
for vehicle to be versatile as this allows for the product to serve multiple purposes and to travel over various terrains.

Both primary users and secondary users benefit from a cost-efficient vehicle and therefore a more affordable dune 
riding experience. Compact size and lightweight vehicles are also important for vehicle storage and transportation. 
Utilizing an electric or hybrid engine over a gas-powered engine is essential in mitigating harm on both the environment 
and ecosystem. Vehicles with ample horsepower will offer the power necessary for operation on sandy terrain. Vehicles 
that feature a large fuel capacity or range are important since users are far from any areas of fuel.

Insights- Benefits & Features of Existing Products

The main benefits of existing products would be the ergonomics and the comfort that the user experiences while 
operating the product or vehicle. This is crucial in mitigating injury and harm to the user. The power the vehicle can 
provide is also very important in allowing for effective ability to operate on sand. Vehicles that are environmentally 
conscious are sought after since the preservation of sandy terrain and environments is essential. It is also important 
for vehicle to be versatile as this allows for the product to serve multiple purposes and to travel over various terrains.

Both primary users and secondary users benefit from a cost-efficient vehicle and therefore a more affordable dune 
riding experience. Compact size and lightweight vehicles are also important for vehicle storage and transportation. 
Utilizing an electric or hybrid engine over a gas-powered engine is essential in mitigating harm on both the environment 
and ecosystem. Vehicles with ample horsepower will offer the power necessary for operation on sandy terrain. Vehicles 
that feature a large fuel capacity or range are important since users are far from any areas of fuel.
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2.2.4 Benchmarking- Materials and Manufacturers of Existing Products

2.2.5 Benchmarking- Sustainability of Existing Products

Metals: Aluminum is a common choice for frames due to their lightweight, highstrength and durability. Common 
manufacturing methods include casting, extrusion and welding.

Metals: Aluminum is 100% recyclable and it can be recycled repeatedly while maintaining properties. Aluminums 
light weight allows for less power required for operation. Aluminum and other metals such as steel are a limited 
resource and inefficient to produce. Aluminum has a higher corrosion resi tance than alternatives. Steel is also 
recyclable but the higher weight makes steel less desired.

Plastics: Body panels and other components are often composed of plastics, more specifically polypropylene and 
polyethylene since both are lightweight and durable. One common manufacturing method would be injection molding, 
some alternatives being blow molding, rotational molding and extrusion.

Plastics: Both polyethylene and polypropylene are recyclable, however, the efficiency of the recycle process is 
poor. Some plastics such as High-Density Polyethylene (HDPE) can be recycled more than other plastics such as 
Low-Density Polyethylene (LDPE). HDPE can be recycled more than polypropylene. Polyethylene and polypropylene  
contain pollutants harmful on the environment. Polyurethane foams also contribute to these environmental issues.

Tires: Tires are composed of a variety of raw materials and include a rubber compound. Rims, spokes, or hubs are made 
up of steel, aluminum or alloys. The manufacturing process of rims typically includes casting, forging or flow forming.

Tires: Tires are a significant source of pollution. They do not decompose and therefore pile up in landfills. Tires 
could be recycled into other products but the majority of them are not. Natural rubber which is just one of the many 
materials in tires is a renewable source, but harvesting the rubber contributes to deforestation.

Fabrics: One common material used for seats is vinyl due to its UV, weather, and temperature resistance as well as 
durability. Some alternatives are synthetics and leathers. Foam internals allow for cushioned seating. To manufacture 
seats, the selected casing material is often stapled or sewn around the foam cushion.

Fabrics: The production of vinyl and synthetics are harmful due to the use of crude oil in production. Crude oil must 
go through a lot of processing, creating pollution. Although crude oil is a natural resource, it is a non-renewable 
resource. Vinyl can be recycled but the recycling process can release toxic gas. Vinyl is not bio-degradable and is 
considered toxic. Some synthetic fibres such as polyester and nylon are also hazardous to the environment. Synthetic 
fibres are also non-biodegradable and are labelled as unsustainable.

Gas Vehicles: Gasoline vehicles have a significant negative impact on the environment. The combustion of gasoline 
releases carbon dioxide (CO2) and other greenhouse gases into the atmosphere, contributing to global warming and 
climate change.

2.2.4 Benchmarking- Materials & Manufacturering of Existing Products

2.2.5 Benchmarking- Sustainability of Existing Products

Metals: Aluminum is a common choice for frames due to their lightweight, highstrength and durability. Common 
manufacturing methods include casting, extrusion and welding.

Metals: Aluminum is 100% recyclable and it can be recycled repeatedly while maintaining properties. Aluminums 
light weight allows for less power required for operation. Aluminum and other metals such as steel are a limited 
resource and inefficient to produce. Aluminum has a higher corrosion resi tance than alternatives. Steel is also 
recyclable but the higher weight makes steel less desired.

Plastics: Body panels and other components are often composed of plastics, more specifically polypropylene and 
polyethylene since both are lightweight and durable. One common manufacturing method would be injection molding, 
some alternatives being blow molding, rotational molding and extrusion.

Plastics: Both polyethylene and polypropylene are recyclable, however, the efficiency of the recycle process is 
poor. Some plastics such as High-Density Polyethylene (HDPE) can be recycled more than other plastics such as 
Low-Density Polyethylene (LDPE). HDPE can be recycled more than polypropylene. Polyethylene and polypropylene  
contain pollutants harmful on the environment. Polyurethane foams also contribute to these environmental issues.

Tires: Tires are composed of a variety of raw materials and include a rubber compound. Rims, spokes, or hubs 
are made up of steel, aluminum or alloys. The manufacturing process of rims typically includes casting, forging 
or flow forming.

Tires: Tires are a significant source of pollution. They do not decompose and therefore pile up in landfills. Tires 
could be recycled into other products but the majority of them are not. Natural rubber which is just one of the many 
materials in tires is a renewable source, but harvesting the rubber contributes to deforestation.

Fabrics: One common material used for seats is vinyl due to its UV, weather, and temperature resistance as well as 
durability. Some alternatives are synthetics and leathers. Foam internals allow for cushioned seating. To manufacture 
seats, the selected casing material is often stapled or sewn around the foam cushion.

Fabrics: The production of vinyl and synthetics are harmful due to the use of crude oil in production. Crude oil must 
go through a lot of processing, creating pollution. Although crude oil is a natural resource, it is a non-renewable 
resource. Vinyl can be recycled but the recycling process can release toxic gas. Vinyl is not bio-degradable and is 
considered toxic. Some synthetic fibres such as polyester and nylon are also hazardous to the environment. Synthetic 
fibres are also non-biodegradable and are labelled as unsustainable.

Gas Vehicles: Gasoline vehicles have a significant negative impact on the environment. The combustion of gasoline 
releases carbon dioxide (CO2) and other greenhouse gases into the atmosphere, contributing to global warming and 
climate change.
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2.3 Summary of Chapter 2
Chapter 2 explores user research methods and user profiles for sand dune riding, focusing on the primary user being the 
adventure rider and incorporating secondary users like friends, family, and touring companies, and tertiary users being 
first aid workers and environmentalists. The tasks associated with sand dune riding, from planning to returning home, 
are outlined, providing a comprehensive understanding of the user journey. Additionally, user observations and activity 
mapping enhance empathy with the primary user's experiences. The chapter also provides insights regarding product 
research, employing benchmarking to analyze existing sand dune riding vehicles. Key insights reveal the importance of 
ergonomics, affordability, power, and environmental consciousness in designing an effective and sustainable solution 
for an enhanced sand dune riding experience. Common materials and manufacturing methods for specific parts, such as 
frames, chassis, body, wheels, and seats, are discussed, along with a sustainability analysis of these materials.
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3.1 Analysis- Needs
The following section will further develop needs analysis on existing research. The analysis 
will be completed through a STEEPV analysis of benchmarked products and user feelings. This 
will provide a needs analysis which will offer insight into opportunities to enhance the users 
experience of sand dune riding. With insights from the needs analysis, further research into 
ergonomics can be completed. Ergonomic studies featuring schematic drawings as well as a 
1:1 mockup provide insight into proper proportion, major touchpoints and human interaction.

3.1.1 Needs and Benefits Not Met by Current Products
The benchmarked products previously researched in chapter 2, provided the following 
understanding regarding needs and benefits not met by current products:

Safety:

Sustainability & Environment:

Experience & Enjoyment

•	 Safety features and accessories not tailored to dune environment
•	 Lack of equipment and features designed specifically for sand dunes
•	 Lack of navigation and concerns regarding getting separated from the group

•	 Customizability and adjustability would improve ergonomics and user-vehicle 
interaction

•	 Not able to communicate with others while riding
•	 Difficult to capture and share experience 

•	 Needs further consideration to mitigate harm on the ecosystem
•	 Tires are damaging on terrain and ecosystem
•	 Gas and fluid leaks are harmful
•	 Lack of connection between the user and the environment
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3.1.2 Latent Needs
To prioritize user needs, a STEEPV analysis was conducted. This analysis categorizes and effectively weighs user 
needs based on factors such as technological, emotional, social, ecological and environmental trends. The process 
of conducting the STEEPV analysis is to first develop user needs, weigh the needs in a matrix, develop prioritization, 
understand strategic prioritization and then synthesis the data and develop action strategies. Following this process 
all user needs were categorized into a prioritization grid to measure importance and feasibility of the needs.
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3.1.3 Categorization of Needs
Previous research was compiled to develop and categorize needs into immediate and latent needs as well as 
the wishes and wants of the user. The categorization of needs allows for development of needs statements 
which will provide a point of focus to develop design solutions based on. 

Immediate Needs

Latent Needs

Wants and Wishes

•	 Needs product with safety considerations and features
•	 Needs a comfortable riding experience
•	 Needs to have full control and enhanced maneuverability of the 

product
•	 Needs reliable performance
•	 Needs to consider ecosystem and environment

•	 Needs customizable riding experience tailored to their preferences
•	 Needs terrain information display to access realtime information 

about landscape
•	 Needs environmental impact resolution

•	 Wants a stress-free experience
•	 Wants to avoid walking up the dunes
•	 Wants enhanced social interaction and communication
•	 Wants adjustable seating and handles for comfort
•	 Wants cutting-edge safety technology
•	 Wants personalized aesthetics 

The categorization and prioritization of needs allows for development 
of a needs statement. Needs statements are beneficial tools to foster 
a user-centric design process, guide decision-making, and ensure 
that the resulting product meets the genuine needs and expectations 
of its users. The needs statements are as follows:

Initial Needs Statements

Revised Statement

Final Needs Statement

•	 The outdoor enthusiast needs improved accessibility to 
arrive at the dunes because it is difficult to arrive at the 
sand dune riding location.

•	 The outdoor enthusiast needs enhanced safety features 
because they are at risk of injury operating vehicles/ 
products on sand dunes.

•	 The outdoor enthusiast needs environmentally friendly 
options because they are concerned with existing vehicles 
/products' harm on the ecosystem of sand dunes.

•	 Sand dune riding is a purposeful activity based on ease of 
functioning (transport) and mastery of the terrain (control). 
Comfort during the ride caters to the fundamental need for 
security. Sand dune riding is also a social activity, involving 
interaction with fellow riders, addressing the need for social 
belonging.

•	 The sand dune rider needs a vehicle that ensures safe 
and easy navigation across sand-based terrains because 
exploring challenging landscapes is a priority, and a vehicle 
that offers reliability and adaptability is crucial.
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3.2 Analysis- Usability
The use of both a journey map and user experience map allow for improved analysis of the process, feelings, and 
emotions the user will go through. Both the journey and user experience maps focus on the process of experiencing 
sand dune riding, from the user planning the journey to when the user finishes the journey and heads back home. This 
analysis of the full process aids in considering all variables the user must go through and how they feel throughout 
the experience. 

Below is a visual representation of the full journey process the primary user must go through.

The journey map provides insights into the emotional journey, the user-vehicle interaction and the user-environment 
interaction.

•	 Anticipation: Significance of maintaining excitement in the design
•	 High Points: Enhance the peaks of the user experience
•	 Challenges: Improve areas of difficulties and frustration

•	 Importance of responsive controls
•	 Quick to understand vehicle operation
•	 Vehicle allows for further appreciation of the environment
•	 User is both safe and comfortable

•	 Balance environmental conservation with user experience
•	 Users want to take time to enjoy their surroundings

Emotional Journey

User-Vehicle Interaction

User-Vehicle Interaction

3.2.1 Journey Mapping

Below is a visualization of the user experience to further analyze the emotions and feelings the user goes through 
throughout the journey process. This user experience map also provides insight into what the desired level of user 
emotions should be achieved.

Throughout the experience, the most common times for users to feel low are due to the stress of planning the 
trip, the long journey traveling to the dunes, walking back up dunes when sandboarding and exhaustion due to 
heat and exertion. Users generally have high adrenaline levels and high levels of excitement, overpowering some 
of the negative emotions. Users should also be able to take time to enjoy their surroundings and the scenery 
while at the dunes. 
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throughout the journey process. This user experience map also provides insight into what the desired level of user 
emotions should be achieved.

3.2.2 User Experience
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These product schematic diagrams show the proportion of the design relative to both a 5th percentile female and a 
95th percentile male. Measurements taken from The Measure of Man and Woman (Tilley, 2022) provide insight into 
the user’s ability to comfortability interact with the product in both standing and seated positions. 

•	 The user requires an adjustable handlebar for maximum comfort and stability.
•	 A seat with proper ergonomic consideration would greatly improve back support.
•	 The rider will likely position between riding styles while operating the vehicle, need to ensure this movement
is accounted for.

3.3.1	Product Schematic – Configuration Diagram

Limitations and Conclusions

3.3 Analysis- Human Factors
To provide user centered design, it is essential to understand the ergonomics and user interaction with the design 
solution. A one-to-one ergonomics study as well as a product schematic were developed to ensure proper proportion 
and interaction with the design solution. Further understanding of the significant touchpoints (the back and seat, arms 
and hands, and feet and legs) were focused on to ensure comfortability and ergonomic design. The development of the 
human factors study will aid in proving feasibility of the design solution. 

•	 The user requires an adjustable handlebar for maximum comfort and stability.
•	 A seat with proper ergonomic consideration would greatly improve back support.
•	 The rider will likely position between riding styles while operating the vehicle, need to ensure this movement
       is accounted for.

Limitations and Conclusions

Product Schematic

3.3 Analysis- Human Factors
To provide user centered design, it is essential to understand the ergonomics and user interaction with the design 
solution. A one-to-one ergonomics study as well as a product schematic were developed to ensure proper proportion 
and interaction with the design solution. Further understanding of the significant touchpoints (the back and seat, arms 
and hands, and feet and legs) were focused on to ensure comfortability and ergonomic design. The development of the 
human factors study will aid in proving feasibility of the design solution. 
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A 1:1 scale ergonomic buck was developed based on results from the schematic diagrams shown in section 3.3.1. This 
1:1 scale buck allowed for further usability and interaction testing between the design solution and the user. Major 
touchpoints were further observed to establish any challenges faced by the user while interacting with the design.

3.3.2	 Ergonomic - 1:1 Human Scale Study This analysis was beneficial in further understanding the process and challenges faced while operating this sand dune 
riding vehicle. Users need to feel safe, secure, and comfortable all without fear of potential injury. The study aimed 
to identify the range of motion, eyesight, body rotation, and dimensional statistics which will allow for full ergonomic 
consideration throughout the design process. Analyzing the three major body areas will allow for continued adaptation 
of the design to benefit the users and their needs.

A 1:1 scale ergonomic buck was developed based on results from the schematic diagrams shown in section 3.3.1. This 
1:1 scale buck allowed for further usability and interaction testing between the design solution and the user. Major 
touchpoints were further observed to establish any challenges faced by the user while interacting with the design.
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riding vehicle. Users need to feel safe, secure, and comfortable all without fear of potential injury. The study aimed 
to identify the range of motion, eyesight, body rotation, and dimensional statistics which will allow for full ergonomic 
consideration throughout the design process. Analyzing the three major body areas will allow for continued adaptation 
of the design to benefit the users and their needs.
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3.4	 Analysis- Aesthetics & Semantic Profile
Based on previous analysis of aesthetics and trends as well as research into the history and social context of 
sand dune riding, the desired aesthetic is aimed to harmonize with the surrounding environment. Retro trends 
feature color schemes and forms which will be suiting of said environment. Aesthetic and semantic profile is 
further analyzed in section 4.1.1.

3.5	 Analysis – Sustainability: Safety, Health and Environment
•	 Material Selection: Selecting materials with high recyclability and lower environmental impact is 

desired. This includes opting for recyclable plastics and considering alternatives that are more easily 
recyclable or biodegradable. Choosing materials that can be recycled or naturally degrade allows for 
reduction in environmental footprint.

•	 Sustainable Sourcing: Sourcing materials such as natural rubber from responsibly managed forests 
and prioritizing suppliers with environmentally friendly practices is desired. Sustainable sourcing ensures 
materials used have minimal negative impact on the environment.

•	 Electric Power: Electric vehicles produce fewer pollutants and less environmental harm compared to 
gasoline-powered vehicles.

•	 Design for Disassembly and Recycling: Components should be designed for easy disassembly and 
recycling at the end of their life cycle. This involves using standardized fasteners and avoiding materials 
that are difficult to separate. Designing for disassembly ensures that valuable materials can be recovered 
and reused.

•	 Lifecycle Analysis: Conducting a lifecycle analysis allows for understanding the environmental impact 
of the vehicle from raw material extraction to end-of-life disposal. This information allows for informed 
design decisions that minimize environmental harm throughout the vehicle's lifecycle.

The use of sand dune riding vehicles presents health and safety challenges. The ergonomic design is crucial 
to users’ comfort, safety, and efficiency. Materials selected for seating, handles, and control interfaces should 
prioritize ergonomics while also considering sustainability initiatives. The materials used in the design solu-
tion must meet safety standards to protect users from physical harm. This includes selecting materials with 
high impact resistance to ensure they can withstand rugged terrain and collisions. Materials with good shock 
absorption properties can reduce the impact of vibrations and shocks on riders. The durability of chosen 
materials is crucial since vehicle breakdowns in remote deserts can be dangerous. Choosing materials with 
high durability and resistance to wear and tear can enhance the reliability and longevity of the vehicle, thus 
redu ing the risk of mechanical failures. The harsh environments also include exposure to moisture, salt and 
other corrosive elements therefore, corrosion resistance in material selection is crucial. Selecting materials 
with inherent corrosion resistance or applying protective coatings can extend the lifespan of components and 
ensure the structural integrity of the vehicle over time. Opting for environmentally friendly materials that are 
recyclable or biodegradable can reduce the vehicle's ecological footprint. Electric vehicles contribute to pollu-
tion reduction, offering a cleaner alternative to traditional gasoline-powered vehicles.
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design decisions that minimize environmental harm throughout the vehicle's lifecycle.

The use of sand dune riding vehicles presents health and safety challenges. The ergonomic design is 
crucial to users’ comfort, safety, and efficiency. Materials selected for seating, handles, and control
interfaces should prioritize ergonomics while also considering sustainability initiatives. The
materials used in the design solution must meet safety standards to protect users from physical harm. 
This includes selecting materials with high impact resistance to ensure they can withstand rugged
terrain and collisions. Materials with good shock absorption properties can reduce the impact of
vibrations and shocks on riders. The durability of chosen materials is crucial since vehicle breakdowns 
in remote deserts can be dangerous. Choosing materials with high durability and resistance to wear 
and tear can enhance the reliability and longevity of the vehicle, thus reducing the risk of mechanical 
failures. The harsh environments also include exposure to moisture, salt and other corrosive elements 
therefore, corrosion resistance in material selection is crucial. Selecting materials with inherent
corrosion resistance or applying protective coatings can extend the lifespan of components and ensure 
the structural integrity of the vehicle over time. Opting for environmentally friendly materials that are 
recyclable or biodegradable can reduce the vehicle's ecological footprint. Electric vehicles contribute to 
pollution reduction, offering a cleaner alternative to traditional gasoline-powered vehicles.
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3.6	 Analysis – Innovation Opportunity
To further understand and address opportunities of innovation various data collection and organization methods 
were utilized. Analyzing user needs allows for developing solutions which provide innovative design elements to 
enhance the dune riding experience.  

An analysis of latent user needs was linked with Mazlow’s Hierarchy of 
Human Needs to gain insight into the importance of individual needs, as 
seen on the right. The development of a prioritization grid, as seen on 
the following page, provides insight into areas of focus which address 
various needs.

3.6.1 Needs Analysis Diagram

3.6	 Analysis – Innovation Opportunity
To further understand and address opportunities of innovation various data collection and organization methods 
were utilized. Analyzing user needs allows for developing solutions which provide innovative design elements to 
enhance the dune riding experience.  

An analysis of latent user needs was linked with Mazlow’s Hierarchy of 
Human Needs to gain insight into the importance of individual needs, as 
seen on the right. The development of a prioritization grid, as seen on 
the following page, provides insight into areas of focus which address 
various needs.

3.6.1 Needs Analysis Diagram

47



The STEEPV analysis developed in section 3.1.2, provides insights and allows for categorizing all user 
needs into a prioritization grid to measure importance and feasibility of each need.

Highest Priority Needs:
•	 Safety Considerations
•	 Proper Safety Gear
•	 Navigation Tools
•	 Negative Waste Production
•	 Ease of Riding
•	 Exhilarating Experience
•	 Intuitive User Interface
•	 Ability to Capture Experience

When designing a sand dune riding vehicle, the focus on innovative features that enhance the user 
experience and push the boundaries of design are favored. Considering IDEO's desirability, feasibility, 
and viability framework from a design perspective aids in the development of an innovative design 
solution:

Desirability:
•	 Explore new ways to make the vehicle more appealing and exciting, such as incorporating safety 

features, customizable options, or interactive elements.
•	 Insights from user research inform the design process and create a solution that resonates with 

users on a deeper level.
•	 Aim to create a vehicle that not only meets but exceeds user expectations, offering features and 

functionalities that are unique and captivating.

Feasibility:
•	 Focus on designing features that are technically feasible and can be implemented using existing 

technology. 
•	 Prototype and test the design to ensure that it can be manufactured and operated safely and 

effectively in a sand dune environment.
•	 Balance innovation with practicality, ensuring that the design is both innovative and functional, 

providing a seamless and enjoyable riding experience.

Viability:
•	 While the focus is on innovation, it's important to consider the long-term viability of the design. 

Evaluate the cost-effectiveness of implementing new features and technologies, and consider 
how these innovations could impact the overall marketability of the product.

•	 Consider scaling and adapting for different markets or applications, ensuring potential of being 
successful in a variety of contexts.

•	 Push the boundaries of innovation while balancing potential to be successful in the market.

3.6.2 Desirability, Feasibility & Viability
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3.7 Summary of Chapter 3
Chapter 3 delves into a comprehensive analysis of user needs, usability, human factors, aesthetics, 
and sustainability for enhancing the sand dune riding experience. The needs analysis emphasizes 
the gaps in current products, unveiling a lack of connection with the environment, limited sand dune 
specific features, and insufficient consideration for ecosystem impact. Latent needs are identified 
through STEEPV analysis, categorizing them into immediate, latent, wishes, and wants. The chapter 
presents needs statements that will guide the user-centric design process. Usability is assessed 
through journey mapping and user experience maps, capturing the emotional and interactive facets 
of the sand dune riding journey. The analysis also encompasses human factors, employing ergonomic 
studies and product schematics to ensure optimal user interaction. Aesthetics are explored with a 
focus on harmonizing with the sand dune environment. This chapter lays the foundation for informed 
design decisions and innovation in sand dune riding vehicles. An analysis of latent user needs linked 
with Maslow’s Hierarchy of Human Needs provides insight into the importance of individual needs, 
while the development of a prioritization grid offers insight into areas of focus addressing various 
needs. The focus on innovative features that enhance the user experience and push the boundaries of 
design is emphasized, guided by IDEO's desirability, feasibility, and viability framework. This approach 
aims to create a vehicle that exceeds user expectations, offering unique and captivating features and 
functionalities.

3.7 Summary of Chapter 3
Chapter 3 delves into a comprehensive analysis of user needs, usability, human factors, aesthetics, 
and sustainability for enhancing the sand dune riding experience. The needs analysis emphasizes 
the gaps in current products, unveiling a lack of connection with the environment, limited sand dune 
specific features, and insufficient consideration for ecosystem impact. Latent needs are identified 
through STEEPV analysis, categorizing them into immediate, latent, wishes, and wants. The chapter 
presents needs statements that will guide the user-centric design process. Usability is assessed 
through journey mapping and user experience maps, capturing the emotional and interactive facets 
of the sand dune riding journey. The analysis also encompasses human factors, employing ergonomic 
studies and product schematics to ensure optimal user interaction. Aesthetics are explored with a 
focus on harmonizing with the sand dune environment. This chapter lays the foundation for informed 
design decisions and innovation in sand dune riding vehicles. An analysis of latent user needs linked 
with Maslow’s Hierarchy of Human Needs provides insight into the importance of individual needs, 
while the development of a prioritization grid offers insight into areas of focus addressing various 
needs. The focus on innovative features that enhance the user experience and push the boundaries of 
design is emphasized, guided by IDEO's desirability, feasibility, and viability framework. This approach 
aims to create a vehicle that exceeds user expectations, offering unique and captivating features and 
functionalities.
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4.1	 Initial Idea Generation

4.1.2 Aesthetics Approach & Semantic Profile

Analyzing the data collected from user research, initial idea generation was developed. The understanding of the 
user experience gained in Chapters 2 and 3, served as a starting point to ensure the design solutions features and 
functionality would be of aid to the user. Analyzing the initial ideations, justification was developed to ensure which 
solutions would be most beneficial to meet and exceed the user’s needs. This initial idea generation would later 
serve as a starting point for ideation sketches and eventually concept development. 

The desired aesthetic approach for a dune riding vehicle is to ensure the vehicle itself has an aesthetically pleasing 
contrast with the surrounding environment. A color scheme of dark grays and vibrant green complement the natural 
environment. The design solutions aesthetic is intentionally aggressive and exciting while seamlessly blending with the 
timeless beauty of dunes and paying homage to the history of sand dune riding. 

4.1 Initial Idea Generation

4.1.2 Aesthetics Approach & Semantic Profile

Analyzing the data collected from user research, initial idea generation was developed. The understanding of the 
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functionality would be of aid to the user. Analyzing the initial ideations, justification was developed to ensure which 
solutions would be most beneficial to meet and exceed the user’s needs. This initial idea generation would later 
serve as a starting point for ideation sketches and eventually concept development. 
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contrast with the surrounding environment. A color scheme of dark greys and vibrant green complement the natural 
environment. The design solutions aesthetic is intentionally aggressive and exciting while seamlessly blending with the 
timeless beauty of dunes and paying homage to the history of sand dune riding. 
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4.1.2	Mind Mapping
Developing mind mapping from research findings allows for a visualization featuring the pains, gains, needs and 
goals of the users who are participating in sand dune riding. The mind map is effective in serving as a key diagram 
featuring essential aspects to be met which ensure user satisfaction from the design solution. 
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4.1.3	 Ideation Sketches
Idea generation consisted of various solutions containing unique features which would be of aid to those who experience 
sand dune riding. These ideas served as starting points to further develop unique solutions. The initial idea generation was 
very focused on features of the design solution rather than the aesthetic or ability of the design itself. 
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4.2	 Concepts Exploration

4.2.1	 Concept One

After analyzing the ideation sketches and providing justification as well as receiving feedback from mentors, 
further concept exploration could be developed. The desired and intended direction to proceed with, following 
ideation sketches was to further develop a concept which is unique and serves as a new and innovative way of 
riding sand dunes.

The intention of concept one is to develop a modular vehicle featuring a continuous track. The continuous track 
would allow for modularity, where the user can manipulate the size and orientation of the track to be used in 
varying ways. After further justification, it was understood that a continuous track which is modular would 
have too many components and these components could malfunction due to sand entering the parts. From 
here, the concept was developed to maintain the form of the vehicle previously developed but instead have 
omni directional textured wheels which would effectively interact and excel when functioning on sand.
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The intention of concept one is to develop a modular vehicle featuring a continuous track. The continuous track 
would allow for modularity, where the user can manipulate the size and orientation of the track to be used in 
varying ways. After further justification, it was understood that a continuous track which is modular would 
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4.2.2 Concept Two 4.2.3 Concept Three

4.3 Concept Strategy

The purpose of concept two is to increase the user’s ability to connect with the surrounding environment. The 
concept features a circular track with gyroscopic technology where the user can be seated inside the product 
and ride up and down the sand dunes. A polycarbonate enclosure allows for users to have a clear view of their 
surroundings while also protecting the user from obstruction of vision due to sand. After further consideration, 
this concept may not be beneficial in that the polycarbonate enclosure in hot climates would increase heat 
inside the unit which could be harmful to the health of the user. 

Concept three was developed after further consideration of the current sandboarding experience. When 
sandboarding, if a user falls- which is common for beginners- their board will travel to the bottom of the sand 
dune. The user will then have to walk to the bottom of the dune to retrieve the board and then walk back up 
the dune to be able to go down again. Even if the user doesn’t fall, they will still need to walk back to the top of 
the dune. Having an electric powered board would allow for the user to ride on the board both up and down the 
dunes, thus enhancing the sandboarding experience for users.

From the previous three concepts, two concepts were further developed. Concept one was chosen due to its 
opportunity of developing an innovative, omnidirectional wheel ideal for sand. Concept three was also devel-
oped due to its strong improvement on existing sandboarding practices and opportunity to reinvent the sand 
dune riding experience.
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4.3.1	 Concept Direction & Product Schematic One
This concept direction was developed from concept one. The use of omnidirectional wheels in partner with a 
two wheeled type ‘bike’ creates an exhilarating vehicle with substantial power to ride around on sand dunes. 
The innovative development of the omnidirectional wheel allowed for an airless sphere wheel with texture 
ideal for sandy environments. This allows for users to travel in any direction, not worry about tire inflation and 
to use a wheel ideal for the properties of sand.

The developed schematic was of aid in determining the correct vehicle sizing as well as a comfortable position 
both 5th percentile females as well as 95th percentile males. After further consideration, it was determined 
that a vehicle this large is further disconnecting the user from the environment which is not desirable as this 
connection is something that should be enhanced. 
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4.3.2	Concept Direction & Product Schematic Two
This concept was further developed from concept three. The inclusion of omnidirectional wheels onto a board 
style product would allow for users to travel up and down dunes while also traveling in any desired direction. 
This would allow for users to carve both up and down sand dunes, providing an experience not yet possible 
and allowing for users to further connect with the surrounding environment. 

A schematic was developed to ensure necessary components of the product would ft inside the housing and to 
ensure both 95th percentile males and 5th percentile females would be able to ride the board in various ways and 
in any position desired by the user. Users would be able to crouch, sit and stand on the board as desired. 
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4.4 Concept Refinement & Validation
The refined concept was developed from concept 2 with the desire to design an innovative and thrill-oriented riding 
experience. Design refinement allowed for exploration of possible solutions to current flaws in the design as well 
as further designing and enhancing key design aspects

4.4.1	 Design Refinement
The refined design consists of a board with one singular wheel at the back. This wheel provides propulsion in 
the sand and allows for users to ride both up and down the dunes. The wheel is airless and has omni-directional 
functionality, further enhancing the unique riding style. A collapsible handle will provide enhanced ergonomics, 
comfort and safety for users who desire the additional support. Cushioned seats also allow for the user to sit on 
the fender of the board. 
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4.4.2	Detail Development
Detail development consisted of designing the mechanics and functionality of the collapsible handle. Further 
detailing was also necessary for the aesthetics of the board. The AR visor integrated helmet was aesthetically 
developed at this stage.

4.4.2	Detail Development
Detail development consisted of designing the mechanics and functionality of the collapsible handle. Further 
detailing was also necessary for the aesthetics of the board. The AR visor integrated helmet was aesthetically 
developed at this stage.
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4.4.3	Refined Product Schematic & Key Ergonomic
Presented below are final schematics which aid in the ergonomic analysis of the design solution.

4.5 Concept Realization
The realization of the concept ensures the design solution has been refined and serves its unique purpose 
effectively. The concept addresses three main goals, safety, accessibility and sustainability.

4.5.1	 Design Refinement
The final design consists of three products, the main board with the wheel, helmet with AR visor and speed 
controller. To further understand and ensure design functionality, revision of product and ergonomic schematics 
were utilized. A physical study model of the main body was developed to better consider and determine physical 
dimension and form.

4.4.3	Refined Product Schematic & Key Ergonomic
Presented below are schematics which aid in the ergonomic analysis of the design solution.
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4.5.2 Physical Study Model
Following refined ergonomic studies, physical study models were utilized to visualize the design solution and 
further refine design dimensions and aesthetics.

4.5.2 Physical Study Model
Following refined ergonomic studies, physical study models were utilized to visualize the design solution and 
further refine design dimensions and aesthetics.
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effectively. The concept addresses three main goals, safety, accessibility and sustainability.
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4.6 Design Resolution
Following the concept development process, a final design solution exists.

The final design is a board with one rear, airless, omni-directional sphere wheel. A collapsible handle allows 
for additional support and comfort. Users can also sit on the fender or sit on the board and lean against the 
cushioned fender. A groove on the side of the board features as an additional handle when carving or sitting. 
Users utilize their body weight and foot position for steering and carving. For enhanced speed and propulsion 
users are advised to sit on the cushioned fender to enhance the wheel’s traction in the sand. When surfing 
down the dunes, users have the ability to ride in any way imaginable. 
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A helmet featuring an AR integrated visor allows for enhanced safety, communication and offers the ability to 
share the experience. Riders are able to view the location of others in their group as well as make calls via 
voice command to emergency services or other riders. The visor displays information such as speed, altitude, 
time, remaining board charge, and navigation. The helmet is breathable and utilizes BOA adjustment. Three 
hi-fidelity cameras allow for capturing video to record the experience.

A speed controller allows for users to adjust speed while riding. The controller is “hands-free”. A strap fits 
around the back of the hand and the controller rests in the palm area of the hand. If a user wishes to use the 
handle, the controller features a concaved back where it rests on the handlebar.
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4.7 CAD Development
Images of the CAD modeling process are featured on the following pages.

4.7 CAD Development
Images of the CAD modeling process are featured on the following pages.
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4.8 Physical Model Fabrication
Images of model fabrication are featured on the following pages.

4.8 Physical Model Fabrication
Images of model fabrication are featured on the following pages.
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5.1 Design Summary
Duun is a groundbreaking sand dune riding vehicle designed to revolutionize the experience of exploring challenging 
landscapes. It features a board with one rear, airless, omni-directional sphere wheel, offering users unparalleled 
maneuverability and control. The collapsible handle provides additional support and comfort, allowing users to sit on 
the fender or lean against the cushioned fender while riding. Duun utilizes body weight and foot position for steering 
and carving, offering a thrilling and customizable riding experience. Safety is paramount, with a helmet featuring an 
AR integrated visor for enhanced safety and communication. The visor displays essential information such as speed, 
altitude, and navigation, enhancing the overall experience. Duun is not just a vehicle; it's a new way to explore and 
enjoy sand dune environments, blending innovation with adventure.

5.1 Design Summary
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5.2.1	 Full-Bodied Interaction Design

This section will explore how Duun meets all design criteria for this thesis project, including its status as a full-bodied 
interaction design and its alignment with all four essential pillars. Additionally, it will assess the feasibility of the design 
based on its materials and manufacturing methods.

Duun is designed as a full-bodied interaction experience, catering to the comfort and engagement of its users. The 
vehicle features multiple touchpoints that support the body in various positions, ensuring a comfortable and secure 
ride. 

The collapsible handlebar allows for additional support and safety as needed. Cushioned seating ensures users can 
ride comfortably in a wide-variety of ways. The hexagonal pattern on the base of the board is intentionally placed in 
areas where users should stand for optimal steering and control. The helmet ensures safety and is adjustable and 
designed specifically for use on sand dunes. The controller is countered to fit comfortably in the palm of the rider’s 
hand, ensuring ergonomics and mitigating strain while using.

These design elements aim to enhance the overall riding experience, allowing users to focus on enjoying the sand 
dunes while feeling supported and in control.

5.2 Design Summary
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5.2.2 Materials, Processes, and Technology

Materials

Technology

Processes

Plastics: High-density polyethylene will be a desirable choice for the main bodies. It will be essential that the product 
functions well in sand dune environments. HDPE glides effectively on sand, has UV and temperature resistance, it is 
also durable, flexible and recyclable. To allow for recyclability, the HDPE body will be easily disassembled from other 
components. AR Visor: The helmet is equipped with an integrated augmented reality (AR) visor that enhances the safety and user 

experience. The AR technology overlays digital information onto the real-world environment, providing users with 
real-time data such as speed, altitude, time, remaining board charge, and navigation. 

Hi-Fidelity Cameras: The helmet is equipped with three hi-fidelity cameras that allow users to capture 
their riding experience in high-quality video. These cameras are strategically placed to provide different 
perspectives, capturing the thrill and excitement of riding down sand dunes. The video footage can be used 
for personal enjoyment or shared with others to showcase the adventure.

Voice-Activated Calling: The helmet features built-in speakers and a microphone that enable 
voice-activated calling for emergency services or other riders. In case of an emergency, users 
can use voice commands to call for help, ensuring a quick and efficient response. This feature 
adds an extra layer of safety and peace of mind for riders, especially when exploring remote 
areas.

Adjustable Speed Settings: The speed controller wirelessly allows users to 
adjust the speed of the wheel rotation to suit their preferences and riding 
conditions. This allows users to customize their riding experience, whether 
they prefer a leisurely ride or a more adrenaline-pumping adventure.

Fabrics: Touchpoints, such as handles, grips, straps, where the user directly interacts with the product will be made 
of hemp organic canvas. Hemp organic canvas is a natural material. It is comfortable, soft, and provides an effective 
grip texture where users will interact with the product. The production of hemp utilizes less water and provides more 
material than alternatives. Hemp is also biodegradable, renewable and has great UV resistance making it a superior 
choice for dune riding environments.

Electric Powered Wheel Rotation: The wheel features an innovative design with an axle that allows each half of the 
wheel to rotate independently. This design enables better maneuverability and control, especially on challenging terrains 
like sand dunes. The electric-powered rotation mechanism ensures a smooth and efficient operation, providing users 
with a seamless riding experience.

Cushioning: The cushioning of the seat and other straps, can be composed of sugarcane-based EVA (ethylene vinyl 
acetate copolymer) foam. Sugarcane is a natural and renewable material. This bio-based EVA foam is recyclable 
and compostable making it a great alternative to existing plastic-based foams. 

Wheel: The desired material for the wheel will be bio-based thermoplastic polyurethane (TPU). TPU is a tough but 
flexible material with properties such as UV, weather and tear resistance, and high durability, which will function 
effectively on sand. This sustainable TPU features bio-based materials with low carbon and sustainable sources 

The desired manufacturing approach will emphasize energy efficiency and waste reduction. Manufacturing processes 
that minimize energy consumption and emissions, such as using renewable energy sources in production facilities 
and optimizing production processes to reduce material waste, will be prioritized. 

The main HDPE body will be manufactured through injection molding as it is effective for larger hollow, flexible parts. 
It is one of the more environmentally friendly methods since it is more material efficient and therefore, produces less 
waste. The bio-based TPU wheel will be manufactured through the process of injection molding. Injection molding TPU 
can allow for the high-performance properties of TPU to be exhibited.
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resulting in an environmentally friendly material

The desired manufacturing approach will emphasize energy efficiency and waste reduction. Manufacturing processes 
that minimize energy consumption and emissions, such as using renewable energy sources in production facilities 
and optimizing production processes to reduce material waste, will be prioritized. 

The main HDPE body will be manufactured through injection molding as it is effective for larger hollow, flexible parts. 
It is one of the more environmentally friendly methods since it is more material efficient and therefore, produces less 
waste. The bio-based TPU wheel will be manufactured through the process of injection molding. Injection molding TPU 
can allow for the high-performance properties of TPU to be exhibited. 91



5.2.3 Design Implementation
The exploded view below correlates to the bill of materials on the next page.
This preliminary bill of materials depicts the material, manufacturing method, 
and quantity of each part.

Letter Part Name Material Manufacturing Method Quantity

A Handle Body HDPE Injection Molding 1

B Handle Cover, 
Moveable

HDPE w/ GreenGrip Grip 
Tape

Injection Molding, Die Cut 1

C Handle Cover HDPE w/ GreenGrip Grip 
Tape

Injection Molding, Die Cut 1

D Board Grip HDPE w/ GreenGrip Grip 
Tape

Injection Molding, Die Cut 1

E Screws Stainless Steel Thread Rolling 8

F Upper Housing HDPE Injection Molding 1

G Lower Housing HDPE Injection Molding 1

H Controller ABS Injection Molding 1

I Battery Aluminum, Lithium-Ion Stamping/Machining 1

J Motor Aluminum, Neodymium Aluminum Die Casting 1

K Lumbar Cushion EVA Foam, Hemp Ogranic 
Canvas

Compression Molding, 
Weaving

1

L Top Cushion EVA Foam, Hemp Ogranic 
Canvas

Compression Molding, 
Weaving

1

M Handle Bar Grip Hemp Organic Canvas Weaving 1

N Handle Bar HDPE Injection Molding 1

O Axle Stainless Steel Machining 1

P Wheel Base TPU Injection Molded 2

Q Innermost Hex 
Layer

TPU Injection Molded 2

R Third Hex Layer TPU Injection Molded 2

S Second Hex Layer TPU Injection Molded 2

T Outtermost Hex 
Layer

TPU Injection Molded 2
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Compression Molding, Weaving 1

L Top Cushion EVA Foam, Hemp Organic
Canvas

Compression Molding, Weaving 1

M Handle Bar Grip Hemp Organic Canvas Weaving 1

N Handle Bar HDPE Injection Molding 1

O Axle Stainless Steel Machining 1

P Wheel Base TPU Injection Molded 2
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T Outtermost Hex Layer TPU Injection Molded 2
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5.3 Final CAD Renderings
Below are final renderings of Duun, the helmet and the speed controller.
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5.4 Physical Model
Below are images of the 1:5 scale model of Duun.

5.4 Physical Model
Below are images of the 1:5 scale model of Duun.
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5.5 Technical Drawings
Below is the technical drawing of Duun.

5.5 Technical Drawings
Below is the technical drawing of Duun.
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5.6 Sustainability
The design solution prioritizes sustainability through material selection and manufacturing 
methods. Key sustainable materials include High-Density Polyethylene (HDPE) for the main 
body, chosen for its recyclability, UV resistance, and durability on sand. Hemp organic canvas 
is used for user touchpoints due to its comfortable grip texture as well as biodegradability 
and renewable nature. The wheel uses bio-based TPU for its UV, weather, and tear resistance, 
as well as its low carbon footprint and sustainable sources. Manufacturing methods focus on 
energy efficiency and waste reduction, with rotational molding chosen for the main HDPE body 
and injection molding for the bio-based TPU wheel. Sustainable initiatives include selecting 
materials with high recyclability and lower environmental impact, opting for electric power, 
designing for disassembly and recycling, and conducting lifecycle analysis. Health and safety 
considerations encompass ergonomic design, selecting materials with high impact resistance 
and shock absorption properties, and prioritizing durability. The design aims to provide a safe, 
comfortable, and environmentally sustainable sand dune riding experience
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CONCLUSION
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DUUN
Duun represents a groundbreaking approach to sand dune riding, addressing the needs and desires of outdoor en-
thusiasts in a comprehensive and innovative manner. By focusing on key aspects such as accessibility, safety, and 
environmental impact, Duun offers a solution that not only enhances the riding experience but also promotes sustain-
ability and user well-being.

Through extensive research and development, Duun has been designed to provide a seamless and enjoyable riding 
experience. The incorporation of an electric power source, along with advanced technologies such as the AR-integrat-
ed helmet and adjustable speed controller, demonstrates Duun's commitment to blending cutting-edge design with 
practical functionality.

Furthermore, Duun's emphasis on sustainability sets it apart as a responsible and eco-conscious product. The use of 
durable and environmentally friendly materials ensures that Duun not only meets the needs of riders but also mini-
mizes its impact on the surrounding ecosystem.

In conclusion, Duun represents a new era in sand dune riding, offering a holistic and forward-thinking approach to 
outdoor recreation. With its blend of innovative design, advanced technology, and environmental consciousness, Duun 
is poised to revolutionize the way people experience and interact with sand dunes.
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enthusiasts in a comprehensive and innovative manner. By focusing on key aspects such as accessibility, safety, 
and environmental impact, Duun offers a solution that not only enhances the riding experience but also promotes 
sustainability and user well-being.

Through extensive research and development, Duun has been designed to provide a seamless and enjoyable riding 
experience. The incorporation of an electric power source, along with advanced technologies such as the AR
integrated helmet and adjustable speed controller, demonstrates Duun's commitment to blending cutting-edge 
design with practical functionality.

Furthermore, Duun's emphasis on sustainability sets it apart as a responsible and eco-conscious product. The use 
of durable and environmentally friendly materials ensures that Duun not only meets the needs of riders but also 
minimizes its impact on the surrounding ecosystem.

In conclusion, Duun represents a new era in sand dune riding, offering a holistic and forward-thinking approach 
to outdoor recreation. With its blend of innovative design, advanced technology, and environmental consciousness, 
Duun is poised to revolutionize the way people experience and interact with sand dunes.
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