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Abstract

Rock climbing has become increasingly popular in recent years and has
garnered a lot of attention in the media especially after its debut in the

Tokyo 2020 Olympics. Climbing as a sport offers full body activation and

mental benefits. However, due to the nature of the sport, those with physical
impairments are unable to fully experience everything that climbing has to offer.

4

Current products and technologies such as traditional harnesses and climbing
walls are primarily targeted for able-bodied users, but there is little innovation
towards those with physical disabilities. At its core, climbing is an individual
sport. Those with physical impairments lack the ability to be independent. How
can we make the climbing experience more independent for these users?
Overall, how can we further enhance the sense of accomplishment for those
feeling inadequate about their lack of mobility?
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1.1 Problem Definition

Rock climbing is an incredible sport boasting a full-body workout and an
inclusive community. In addition to the physical benefits, research has
shown that there are many psychological and mental health benefits as well.
Being able to control and develop your body to achieve complex physical
challenges can provide boosts to one’s confidence and self-esteem.

Individuals with paraplegia are severely limited when it comes to participating
in the sport. Without mobility of the lower limbs, the upper body must
compensate for this lack of balance, posture, and support that the legs
provide. As such, the breadth of climbs available are limited. With full
functionality to only half of their body, the types of climbs they are able to
ascend must be fairly linear, systematic, and accommodating for upper body
strength utilization. These can become repetitive and uninspiring for the
casual intermediate climber.

1.2 Rationale & Significance

Senior level thesis is a unique design project. From problem definition to a
planned idea/concept, it a full encompassing proposal that is the culmination
of the four-year industrial design program. With the thesis, there are four
essential criteria pillars to be followed:

1) Enhancement of human lifestyle

2) Full-bodied human interaction design (FBHID)

3) Full-bodied ergonomics and human factors design
4) Sustainability and social responsibility

These four pillars provide the basis for which all research and subsequent
sections strive to understand and provide information for in order to
propose a design solution on an evidence-based approach.




1.3 Background & Social Context

Just in the past decade there has been a surge of popularity with the sport

of rock climbing. According to the Climbing Business Journal “the commercial
climbing industry grew 6.9 percent in 2016, 10 percentin 2017, and 11.8
percent in 2018" (Olhorst, 2020). Furthermore, numerous climbing gyms have
been opening up in North America that offer a climbing experience known as
bouldering. Bouldering refers to rock climbing without the use of a harness or
rope. This style of rock climbing is known for being fairly inexpensive to join,
which has only added to the increased popularity of the sport. Rock climbing
has even garnered the attention at the Olympics; the sport being featured in
the Tokyo 2020 Olympics for the first time (Olhorst, 2020).

Paraclimbing or adaptive climbing is a branch of climbing that is dedicated to
those with disabilities. Often heralded for the beginnings of adaptive climbing,
Hugh Herr is an adaptive climber who lost his legs to frostbite, but adopted
prosthetics in order to pursue his passion for climbing (Moja Gear, 2020). The
beginnings of what adaptive climbing is today is often traced back to his efforts.

Products currently being used on the market for adaptive climbing purposes
are being developed by Mark Wellman; an incomplete spinal patient but an

avid rock climber before his accident. Even after his injury, he made many
accomplishments as an adaptive climber. Now he dedicates his time to showing
others that their injury or disability does not define them and that anyone can
enjoy what climbing has to offer. Wellman has created a brand of adaptive
climbing equipment that makes it so a wide variety of individuals can ascend

a rope using a pullup ascender. Other products that Wellman has developed
include seat harnesses that provide more support to physically limited
individuals (Fengel, 2019).

The benefits of rock climbing for both typical users and those with disabilities
has always been noted to be extremely high. For users with physical limitations,
the sport is a great representation of the struggles that these users have to
face everyday. Engaging in the sport allows them to foster a mindset of solving
difficult problems and never giving up. These alone are invaluable to users that
have had their life changed due to traumatic injury. In addition to these mental
aspects, rock climbing is a great community to join and meet other like-minded
individuals providing improved social well-being (XSA, 2017).
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Chapter 2 - Research

2.1 User Research
2.1.1 User Profile - Persona
2.1.2 Current User Practice
2.1.3 User Observation - Activity Mapping
2.1.4 User Observation - Human Factors of Existing Products
2.1.5 User Observation - Safety and Health of Existing Products
2.2 Product Research
2.2.17a Benchmarking - Benefits and Features of Climbing Harness
2.2.2a Benchmarking - Functionality of Climbing Harness
2.2.3a Benchmarking - Aesthetics and Semantic Profile of Climbing Harness
2.2.4a Benchmarking - Materials and Manufacturing of Climbing Harness
2.2.5a Benchmarking - Sustainability of Climbing Harness
2.2.1b Benchmarking - Benefits and Features of Climbing Shoes
2.2.2b Benchmarking - Functionality of Climbing Shoes
2.2.3b Benchmarking - Aesthetics and Semantic Profile of Climbing Shoes
2.2.4b Benchmarking - Materials and Manufacturing of Climbing Shoes
2.2.5b Benchmarking - Sustainability of Climbing Shoes

2.3 Summary of Chapter




Interested in learning
to rock climb or
improve their
climbing experience.

O

Motivated to show
that their disability
does not define them.

Live a healthy lifestyle
and remain social
among their friends
and community.

2.1.1 User Profile - Persona

Paralysis is a condition that affects 1.7 percent of the United States population. (Reeve,

2013). The main causes of paralysis are stroke, and spinal cord injury. Focusing in on
spinal cord injuries, the main causes are motor vehicle accidents and physical labour
(Reeve, 2013). According to World Health Organization, every year between 250, 000
to 500, 000 people suffer from a spinal cord injury (WHO, 2013). Furthermare, the
ratio between men and women with spinal cord injury is 2:1 (WHO, 2013). Finally, the
average age range for those with spinal cord injury is between 20-29 and older than
70 for men and between 15-19 or older than 60 for women (WHO, 2013). In terms
economic factors, households with those living with paralysis are generally lower
income. 28 percent of households with a paralyzed individual make less than $15,
000 a year (Reeve, 2013). 15.5 percent of these individuals are employed and 41.8
percent of those with paralysis are unable to work (Reeve, 2013). From the following
demographic data, a persona is created attach the solution to a targeted user.

19
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2.1.3 Activity Mapping - indoor

An activity map or journey map is an important tool to empathizing with the target user. and
fully understand their journey, pain points, and potential opportunities for design solutions.
The steps that the user took in an indoor climbing setting are as follows:

Step 1: User is lifted out of the wheelchair and onto the wall

Step 2: The belayer moves the wheelchair away from the user while holding their weight
Step 3: User begins to climb with a mechanical assistance of thirty percent

Step 4: Full use of the upper body to support their weight and climb

Step 5: User reaches the top using their own body

Step 6: User is lowered onto their wheelchair after finishing their climb

2.1.3 Activity Mapping - outdoor

The activity map on the bottom shows a user with complete spinal injury climbing outdoors
for the first time. It outlines the struggles of climbing without the use of their legs and the
struggles that they might experience. The steps of this particular activity mapping are as
follows.

Step 1: User puts on a full-body harness and leg chaps for protection from the rocks
Step 2: Another climber situated on the wall is used as a counterbalance

Step 3: User grabs onto the rocks to start climbing

Step 4: Inability to use their legs for balance causes them to spin backwards on the wall
Step 5: After reaching the top, user is in high spirits

Step 6: User is lowered onto their wheelchair after finishing their climb

27



2.2 Product Research - Adaptive Climbing Products

Below are three different adaptive climbing products currently being used. Each product in this
category are generally repurposed products for the specific application of adaptive climbing. Other
products benchmarked throughout this section include climbing harnesses and climbing shoes.

Petzl Volt LT
$499.95

Designed for industrial use
Commonly used in adaptive
climbing applications

Bulky

Solid construction
Unnecessary safety features
for adaptive climbing

Wellman Pullup Bar
$350.00

Adaptive Climbing equipment
Allows the user to perform pullups
to ascend a rope

Applies to a large range of
disabilities

Takes out the “rock climbing” aspect
Grip is not very ergonomic

Not a largely manufactured product

Miasty Mountain ARC Full Harness
$718.00

Adaptive climbing equipment
Seated harness that securely straps
user

Provides comfort and support
unique to the needs of physically
limited users

Lack of interaction with the wall




2.2.0a Benchmarking - cClimbing Harness

Arc'teryx AR 395a
$200.00

Arc'teryx FL 365
$113.93

Black Diamond Zone Petzl Sama
$119.95 $89.95

2.2.1a Benchmarking Benefits & Features - Harness

The first product of interest is climbing harnesses. The gateway to top rope climbing, climbing harnesses
are an important piece of equipment to keeping the user safe. Numerous different climbing harnesses
at different price points were examined for their benefits and features. After compiling the product
specifications, a list of key words was tabulated to create a word frequency count to highlight common
benefits between different harnesses.

The main common benefits for climbing harnesses are: comfort, support, safety, flexibility, durability, and
performance. Some of the differences in features between different price points include: more or less
gear loops, lighter and thinner material, and brand recognition.

25
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2.2.2a Benchmarking Functionality - Harness

Climbing harness are highly scrutinized for manufacturing quality and safety regulations. Before
the time of harnesses, ropes would be tied around the user’'s waist which evolved into preliminary
designs known as the Swami belt. The first harnesses sold roughly fifty years ago. Compared

to military and commercial harnesses that are strictly regulated, there is no specific external
legislation that regular harnesses must pass. Most climbing brands have developed their own
standards that follow the UIAA and EN standard of withstanding 15kN of force (Sanders, 2018).

A climbing harness functions by wrapping fabric around the legs and waist to distribute the
weight of the individual when falling from considerable heights. As such, each component

must be solid enough to withstand the forces applied to it. In addition to the three loops, the
connection point between them and the belay loop must be able to withstand the force of a
falling individual. As such key importance is placed in the strength of stitching and the belay loop
that connects the main components.



28

2.2.3a Benchmarking Aesthetics - Harness

Here is a linear scale of climbing harnesses based on their price points from least expensive to the
most expensive. The goal is to examine the aesthetic and semantic profile of products currently on the
market in order to appeal to different consumer grades. This will help develop the aesthetic approach
of the proposed final solution. Harnesses that are below the one-hundred-dollar mark tend to use
minimal colouring and accents in their construction. Visually, there are quite a few grey and black
harnesses. In addition, material is often limited to a single colour for different components.

As the price increases, especially above the one-hundred-dollar mark, there is a shift in the design
language as well as the form. The three main loops of the harness now consider using two tone colour
palettes as well as thinner materials to reduce the weight. In addition to the shift in colour, the form

of the harness also changes to have more complex geometries. This is meant to conform the user’s
curves more accurately and provide freedom of movement when climbing. Finally, products that
exceed the two-hundred-dollar mark such as the Arc'teryx AR 395a generally incorporate all of the
previous changes, however the brand name acts as a premium that is used justify the price difference.

29
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2.2.4a Benchmarking Manufacturing - Harness

Climbing harnesses are made from a mix of textiles, foams, and metals (Dennis, Eco-friendly &
sustainable climbing harnesses 2021). Textiles create the outer shell of the harness while the foam is
used in the padding of the waist and leg loops. Finally, the metal is used for the buckles that hold the
adjustability straps. The load bearing loops of the climbing harness are made from a bonded nylon

or a bonded polyester (Sailrite Enterprises, Inc, 2021). Polyester threads are used for more outdoor
application due to their strong UV resistance. Nylon is typically used for indoor use due to its increased
elastic strength when compared to polyester. The specific stitch patterns used depends on the
maximum strength of the material. Generally, the number stitches required will depend on the material
used such that the mode of failure happens with the webbing material as opposed to the stitches.




2.2.5a Benchmarking Sustainability - Harness

Bluesign technologies is private company that tracks the supply chain of raw sustainable textiles
all the way to the consumer market. It is the number one measure for sustainability of textiles

in climbing and outdoor gear. They generate certification and evaluate areas in a manufacturing
process that can be improved or should be avoided due to their harmful effects to the
environment. The three main certifications of Bluesign technologies are: materials, products, and

companies. “A Bluesign material is one that uses nontoxic chemicals and processes in its creation.

Meanwhile, a certified Bluesign product contains at least 90 percent Bluesign-certified materials”
(Dennis, How green is climbing gear? 2017).

The challenge of creating a sustainable climbing harness comes from the absence of sustainable
options. Currently there are over 330 different harnesses, but only about ten of those harnesses
are Bluesign certified. Harnesses are made from a combination of textiles, foam, and metal. The
foam and metal components found in harnesses currently have no sustainably certified material
as a substitute. The first Bluesign certified harness was created by Edelrid shown in Figure 4.
Currently, Edelrid is the only brand to continue to strive for Bluesign certified products however
other brands such as Black Diamond have incorporated Bluesign material in their product
(Dennis, Eco-friendly & sustainable climbing harnesses 2021).
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2.2.0b Benchmarking - climbing Shoes

L3

Scarpa Furia S
$238.95

“ ;s, &NX’\“&‘WV

La Sportiva Otaki : Evolv Geshido
$209.95

Scarpa Vapor V
$188.95

$219.95

2.2.1b Benchmarking Benefits & Features - shoes

Numerous different climbing shoes at different price points were examined for their benefits and
features. Compiling the product specifications into a excel spreadsheet provided the data to do a
word frequency analysis. The most common benefits and features among climbing shoes is as follows:

The main common feature for climbing shoes is their downturned profile. The more aggressive the
shoe, the higher the performance; a more downturned angle allows for more precise power on small
footholds. comfort, support, and the type of material all play a role in the performance of the shoe.
Finally, the colour choice as well as the type of lacing system are key features that consumers look at
when purchasing a climbing shoe.
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2.2.2b Benchmarking Functionality - shoes

The climbing shoe is a key piece of equipment that can really impact the performance of the
user. The sticky rubber provides high levels of traction while climbing rough surfaces. Climbing
shoes also tend to fit snugly to the user’s foot. This is to provide a greater feel when climbing
on uncertain footholds. The variety of climbing shoes varies from brand to brand. Some
aspects such as the toebox may be wider for one brand, while narrower for another. Brands
with specific technologies may also play a part in boosting performance. Overall, all climbing
shoes that are sold to consumers dramatically increase the user's confidence when climbing.
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2.2.3b Benchmarking Aesthetics - shoes

Here is a linear scale showing different climbing shoes at different price points. It is also broken
up in to men and women specific shoes. The goal is to examine the aesthetics of climbing
shoes and develop a semantic profile that could be used for the proposed design solution.

At lower price points the amount of colourations present is simpler. There are less elements
and each shoe generally use two colour accents along with the black from the climbing rubber.
As the price increases the number of small details that are added such as accent graphics is
more present. Other small details and such as vent holes and more angular lines becomes
more apparent. At a higher price point, the aesthetics of the shoe accentuate the aggressive
downturned toe along with more intricate strap detail.
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2.2.4b Benchmarking Manufacturing - shoes

Known for their aggressive and tight-fitting reputation, climbing shoes are synonymous

with the sport. Anyone who has worn a pair of rental climbing shoes versus a new pair can
immediately feel the difference in the performance. There is no question that climbing shoes
play an important role in improving an individuals overall climbing performance. Climbing
shoes are constructed with a combination of glue, textiles and rubber. Using a unique last
specific for climbing, the insole and midsole are constructed as one piece. The rubber is added
to the shoe with adhesive and heat in order to mould the shoe into the desired shape. This
also helps provides structure to the shoe and improves its performance.

The common types of climbing shoe rubber are made by Vibram and are specifically designed
to resist the abrasion of rock while remaining sticky for optimal grip. (Dennis, How climbing
shoes are made 2021). After applying the rubber to the sole of the shoe, a craftsman expertly
grinds down any excess rubber and shapes the final product. Technology has allowed climbing
shoes to become much more elaborate with their designs with the presence of intricate flat
patterns for the insoles and 3-D molded rubber to reduce the amount of excess rubber that is
removed (Dennis, How climbing shoes are made 2021).




2.2.5b Benchmarking Sustainability - shoes

The main sustainability initiatives being used in climbing shoe products are: eco-leather,
: recycled rubber, hemp footbeds, water-based glues, and 3-D moulded rubber components.
b The main textile of the shoe can be made from recycled fabrics such as repurposed fishing

. nets. Eco-leather is alternative material used in some climbing shoe uppers; tanned leather
1} without the use of heavy metals. The second major component of sustainability is the rubber.
I F Normally these rubber pieces are stamped from large sheets and the excess is discarded.

La Sportiva is using the leftover material to be re-melted and made into FriXion Eco Rubber.
' One sheet of this Eco rubber can be recaptured from five sheets of Vibram rubber. Even
after the climbing shoe has been sold, the consumer is able to resole the rubber, significantly
lengthening the lifespan of the shoe (Dennis, Sustainable eco-friendly climbing shoes 2021).
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Chapter 2 - Summary

Chapter 2 outlines the preliminary research into the proposed problem
definition. The three main categories to consider are: the user, the
environment of use, and product benchmarking.

The user defined in this section has three main goals. The first is a passion
to enjoy and pursue rock climbing. The second is the drive to become more
independent. Finally, wanting to cultivate a fulfilling social experience.

The activity mapping helps outline the entire journey of the user. Both
indoor and outdoor scenarios are considered to understand their
differences and similarities. Ultimately, the indoor setting was chosen due
to its increasing popularity and accessibility to the user.

Product benchmarking of both climbing harnesses, climbing shoes, and
adaptive climbing products put the level of detail and design thinking into
perspective.

By understanding the user’s Interaction points, pain points, and

opportunities to improve in addition to the available products and
competitors, a new innovative design solution can be achieved.

ire= )
.‘J‘: |  (a ' m II




46

Chapter 3 - Analysis
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fierarchy of Needs - o &
Climbing Harness .«

Lack of Independence

The second need that is lacking from climbing harnesses is very similar to the first as it
relates to having more dedicated equipment for users without the ability to move their

legs. The lack of independence for the user to don and takeoff the product by themselves
proves difficult and can have negative impacts to their self-awareness. Rental harnesses are
able to accommodate this issue with straps that can be undone, however this poses other
challenges. These challenges include: being more of a burden, the time it takes to don a
harness increase, and the aesthetic profile of these harnesses being sacrificed as a result.

Climbing Culture

The third need, not met by current adaptive climbing products, is the idea of climbing culture
and how current products are marketed and styled. Looking at the aesthetics of different
products, climbing equipment is colourful and the style of the equipment tend to be a
reflection of the personality or persona that each individual view themselves with. Adaptive
equipment currently is still in a phase of function. Often times, equipment used in adaptive
climbing is meant for other applications. For example, chainsaw chaps are commonly used as
legs chaps for those with paraplegia to prevent skin from scraping the wall. By incorporating
stylistic aspects of traditional climbing equipment, the goal is changing the perception on
adaptive equipment as simply just a means, but more of a statement of the individual.

Improved Climbing Experience

The final need, not met by current adaptive climbing equipment, is the lack of depth in

the experience that a person with paraplegia can partake in. Adaptive climbing equipment
currently supports the climber as they ascend, but does nothing in terms of augmenting the
experience. Due to the lack of mobility in the user’s legs, the contact points that can support
them on the wall is limited to two. This aspect severely cripples the type of routes available
3 to them to climb in an indoor setting. The main goal of the proposed design solution is to
A create this third point of contact to fully enhance and change the way complete spinal injury
: individuals climb.

3.1.1 Needs/Benefits Not Met By - Harness

The above table corresponds to an evaluation of user needs based on the level of importance
according to Maslow's hierarchy of needs around climbing harnesses. This study corresponds
to five models of psychological human needs ranging from survival needs to self-actualization.

Comfort/Ergonomics/Aesthetics

The first need that is not completely met with traditional climbing harnesses is the comfort
and ergonomics for those without disabilities. The needs of an individual with paraplegia can
vary significantly. The types of pressure points and extra support that is required is something
that traditional harnesses are not well equipped for. The research advisor for this project

has mentioned that the products that they use for harnesses are in fact meant for industrial
applications. As such, features that are normally used by construction workers tend to not be
useful and provide extra weight to an adaptive climber. In summary, there is a desire for more
. dedicated adaptive climbing equipment designed for users with physical limitations.
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3.1.2 Latent Needs

The Latent needs of the primary user are closely related to the needs mentioned previously
regarding current product solutions however looking more specifically at the actions that
they take to climb. These needs are as follows: Adaptive equipment that can support them,
encouragement from others, more interesting climbs, and ergonomic equipment.

Adaptive Climbing Equipment

The first latent need of the user is having access to adaptive climbing equipment. Most
climbers with a complete spinal cord injury that would like to partake in rock climbing must
do so through organizations that provide services to allow them to rock climb. Comparatively,
typical users are able to purchase all their equipment at an athletic co-op store. This gap in
climbing products availability is a big part of why those with paraplegia are not often seen in
the sport of climbing.

Encouragement while Climbing

The sport of climbing is a fulfilling individual sport that challenges one to push their limits and
conquer adversity. Even though climbing is an individual sport, the community and culture has
always been about support and inclusivity. As such the second latent need for the primary user
is increased amounts of encouragement. Due to their condition, self-esteem and confidence is
lower than typical climbers. As such, more encouragement while climbing and especially when
they are not climbing can help break the barrier of entry for users with paraplegia.

More Interesting Climbing Routes

This third latent need was discovered through user observations. As an avid climber, the
different combinations of moves and body positions that one can maneuver is vast and keeps
the sport of climbing very interesting. Due to paraplegia, the primary user is unable to access
these types of routes and is generally forced to climb straightforward up and down climbs with
large holds. The latent need that these users experience is the hunger for more challenging
and interesting climbing routes.

Ergonomic Equipment

The final latent need experience by the user is lack of ergonomic equipment for their specific
limitation. Without feeling or movement below the waist, it becomes more important the
primary user remains upright. As such full-body harnesses are preferred for these users
however, most climbing harness companies do not design or manufacture full-body harnesses.
Turning to other harnesses for different applications, this provides a mismatch of features
needed for rock climbing.

3.1.3 Categorization of Needs

The thesis project is based around the ideas of human-centered design and evidence-based
design. The above figure outlines the needs of the user based on the research conducted. It is
divided into their immediate needs, latent needs, and wants/wishes.

The immediate needs of the user are accessibility of equipment, increasing their physical
strength to compensate for their lack of leg mobility and the assistance they need to put on
equipment and maneuvering in and out of the wheelchair.

The latent needs of the user are adaptive tools to support them in climbing, encouragement
instead of judging eyes from their peers, and overall, a better climbing experience.

Finally, the wants and wishes of the user are to improve their skills as a climber, physical
strength and mental well-being.
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3.2.1 Journey Map + User Experience - indoor

Journey mapping and user experience mapping are key analysis tools for designers that shed
understanding on the user and their environment. The journey map and user experience
map shown above represents the journey of an indoor climber with paraplegia as they
ascend and descend a route. By outlining each action taken by the user in a detailed manner

and breaking them down into their core components, new insights can be obtained.

Some of the key takeaways for this journey map and user experience map is how much
extra work the belayer is required to do. Furthermore, the amount of extra physical exertion
that the climber must exert due to the immobility of their legs. For a new climber, this
overexertion can lead to injuries that prevent them from climbing more which can lead to
other health complications. Finally, there is a lack of independence with the user which can
bring down their self-esteem.
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3.2.1 Journey Map + User Experience - outdoor

The journey map and user experience shown above represents the journey of an outdoor
climber with paraplegia as they ascend and descend a route. Some of the different steps
compared to an indoor climbing route include getting to the outdoor location as well as putting
on more gear due to difference in infrastructure present.

Some of the key takeaways from an outdoor climbing perspective is how can the setup time

as well as the number of individuals helping the user be decreased? Overall, the experience of
outdoor climbing has factors such as the environment playing a big role in the user’s enjoyment
unlike the more controlled space of an indoor gym. Generally speaking, the physicality of indoor
and outdoor climbing is very similar and a such the proposed design solution could plausibly
work in an outdoor setting.
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3.3 Ergonomic Profile & Configuration
Diagram

The human ergonomic study performed has provided some very key insights into the

feasibility of the design as well as the problems that some initial design iterations have.
Overall, the learning outcomes from this study created a far better understanding of
how the design will move forward. Some key aspects of the design that stemmed from
the ergonomic analysis include the major touchpoints of the perineal area and the inner
portion of the limbs.

The limitations encountered with this study include the lack of adjustability incorporated
into the scale mock-up. Other aspects of the design that were difficult to pin down are the
security of the connection to the user. For future human studies, a user more aligned with
the end user should be tested to get a better understanding of what they can and cannot
feel in terms of how secure the product is attached.
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3.4 Aesthetic & Semantic Profile

Climbing culture and the look of what it means to be climber has many different aspects,
but its distinguishing features can be seen by anyone. The idea of being a climber or being
someone invested in the outdoor field is synonymous with certain brands and a particular
look. These collections of images portray the aesthetic profile of what it means to be a
climber. The type of gear includes clips, ropes, harnesses, shoes, etc. The specific patterns
and colour schemes present within these products is also quite appealing with bright and
vibrant colours. The goal of the final design is to create a product that can fit within this
aesthetic profile and become part of what represents the aesthetics of climbing.
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3.5 Sustainability - safety, Health and Environment

Due to the nature of climbing and application of wearable robotics, safety is a big concern for
how the product interacts with the user. With respect to the ergonomic study, the proposed
design solution would be a wearable piece of technology that improves the wearer's ability to
climb. In this case, the user is an individual that has paraplegia.

For the proposed design it is crucial that the product does not impede the user or cause
injury. This is especially important due to the fact that the user is unable to feel touch or pain
in the lower part of their body. In the likely even that the activity must be stopped, the product
should remain in a neutral position that does not compromise the user's ability to abort the
activity safely. Furthermore, users will typically be wearing other climbing gear. Specifically,
climbing harnesses are to be considered in the overall design and as its function must remain
uncompromised; The harness’ ability to safely support the full weight of the individual.

The user's physical and mental health are also big components to the success of the proposed
design. Rock climbing is a very social sport and a has a great community aspect associated with
it. Those with disabilities also face a lower mental state as compared to the average individual.
As such with regards to the sustainability of the final product, it is important to take the
aspects of mental health along with physical considerations. Firstly, the product must be able
to enhance, but not take over the user’s ability to rock climb. The ultimate goal of the product
should not be to make rock climbing easier, but to make it more interesting and enjoyable.

Allowing those with paraplegia the ability to use control a third contact point while on the
climbing wall is the short-term goal. With regard to the mental health of the individual,
the product should make them feel empowered. Visually, the products should not look
out of place, and be seamless in its execution to create exciting conversations, instead of
conversations of abnormality.

The final aspect of sustainability is the environmental impact of the product. Overall, the
sustainable sourcing of materials and manufacturing processes mentioned in section 2.2.4 and
2.2.5 are perfect examples of incorporated considerations that should be taken into account.
Sustainable textile materials and understanding of plastics and their environmental impact are
important to consider for the final design.
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Problem: |
Why
why:
Why:

Why:

3.6.1 Innovation Opportunity

The above diagram is of a prioritization grid divided into feasibility and importance to the
user. It takes all of the previous insights into the user needs and organizes them according
to their priority. The key needs represented in the diagram are in the upper right corner

represented by the yellow box. The needs of interest include: improving independency

of the user, allowing the user to create more interesting climbs, and adding a third point
of contact for users with paraplegia. These specific needs have high value in terms of
opportunities for innovative thinking. It also strays away from traditional products and can
open up the path to paradigm shifting products.

3.6.2 Desirability, Viability, Feasibility

Following the ideology of IDEO and human-centered design, there are three aspects that direct
design thinking and create opportunities for true innovation. These categories are: desirability,
feasibility, and viability.

Desirability

Desirability is the part of design that represents what the user needs and wants are. For a
product to be desirable it has to fulfill the user's needs. As a commercial product, this is how
the decision to purchase or leave behind a product at the store is rationalized by the consumer.
The desirability of this project stems from the idea of the unknown and challenges how users
understand and participate with adaptive climbing. This is the basis for which the design
solution stems from.

Feasibility

Feasibility represents the physical and logistical challenge of creating a functioning product.
If a product is not feasible, then it is nothing but a concept or a pipe dream. Feasibility is
determined mainly by the comparison of similar products that help prove the concept. Other
aspects include the manufacturability of the design and the function of its components.
However, the biggest limitation to how feasible a product may be is the technology involved.
The more advanced the technology, the greater chance there is for innovation.

Viability

Viability is the final category that defines the business model of the product. How does the
product sell, and how what user groups does this product appeal to? These are questions that
define a products viability in the market. Furthermore, what type of user is going to use this
product? How long is the product going to last? These questions stem from what happens to
the product during its lifespan with the user.

Innovation Opportunity

By combining these three aspects, the innovation opportunity for this thesis project comes
from a niche market that has seen significant growth in both the popularity of climbing and the
increasing number of individuals who experience some form of paralysis. As such, is the hope
that with the project and application of innovative thinking that it will inspire others to continue
and push the concept of adaptive climbing equipment further.
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3.7 Design Brief

The goal of this design thesis it to improve the climbing experience for those
living with paraplegia. The design brief will serve as the framework throughout the
concept development stages keeping the following ten objectives in mind while
consolidating the final design solution.

Safety — Must not interfere with existing safety products and regulations
Ergonomics - Ergonomic consideration and Human Interaction
Intuitive - Indicate feedback between the wall and product
Aesthetics - Improve the aesthetic appeal of traditionally designed equipment
Versatility - Multiple modes of activation
Sustainability - Full product life cycle consideration
Comfort - Mitigate stress/anxiety from negative perceptions
New Technology - Incorporate or create new applications of technology
Experience - Increase the depth of challenging/interesting climbing routes

O Enhance - Create Opportunity for users to engage in a more active lifestyle
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Chapter 4 - Design Developement

4.1 Initial Idea Generation
4.1.1 Aesthetics, Approach & Semantic Profile
4.1.2 Mind Mapping
4.1.3 Ideation Sketches
4.2 Concepts Exploration
4.2.1 Concept One
4.2.2 Concept Two
4.2.3 Concept Three
4.3 Concept Strategy
4.3.1 Concept Direction & Product Schematic One
4.3.2 Concept Direction & Product Schematic Two
4.4 Concept Refinement & Validation
4.4.1 Design Refinement
4.4.2 Detail Development
4.4.3 Refined Product Schematic & Key Ergonomic
4.5 Concept Realization
4.5.1 Design Finalization
4.5.2 Physical Study Models
4.6 Design Resolution
4.7 CAD Development
4.8 Physical Model Fabrication
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4.1.2 Mind Mapping

The above mind map represents potential areas of interest in terms of
product categories, types of actions to achieve, the feeling and thoughts of
the user, and current solutions on the market currently.

Writing these down helps organize the thoughts and brainstorm what
areas are untouched in terms of current technology and products.

4.1.1 Aesthetics, Approach & Semantic Profile

Including the semantic profile developed for the existing products, this mood board of inspiration
is meant to provide a starting platform to start from. Taking inspiration from some of these
technologies is a great way to move forward and come up with some ideas that could lead to
innovative solutions. Some of the important images include the wearable technologies. The mix
between textile cushions and hard plastic has a sense of sophistication and technology that
would be great to incorporate into the proposed design solution. In addition, the 3D printed
technologies and forms help remove any limitations that traditional manufacturing practices may
have that could ultimately affect the overall form of the design.
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4.1.3 Ideation Sketches
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4.2.2 Concept Exploration 2
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4.3.1 Concept Direction 1
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4.3.1 Product Schematic 1

77



/8

4.3.2 Concept Direction 2
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4.3.2 Product Schematic 2
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4.4.1 Concept Refinement
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4.4.2 Detail Development
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4.4.3 Refined Product Schematic
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4.5.1 Design Finalization
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4.5.2 Physical Study Models

The physical study model is a revised version of the ergonomic study. This model aims to
consolidate some of the detail development changes to the original design and bring them
into a three-dimensional space before the final design resolution and CAD phase.

This model was made from pink foam and gave a shaped a majority of the details particularly
in the upper portion of the design. This model was paramount in understanding the

saddle and its position in between the user’s legs. Having a 1:1 scale model was also key in
understanding the surfaces and form required of the product.

Some of the key takeaways from the model include the overall functionality of the product as
well as what works and what does not in terms of design features. For example, the bulkiness
of the lower half of the model still requires some thinking to reduce its overall weight in
appearance.
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4.6 Design Resolution

The lower section of the design has gone through many different changes form the previous
section. The biggest change in the use of a carbon fibre blade on the lower portion of the
product in order to both reduce the weight and simplify the overall design. This removes the
need for the design to be attached to the calves and allows for less restriction.

A lot of attention was also made towards the adjustability of the product. An important aspect
is its ability to adjust to a variety of dimensions. Understanding the mechanisms while not
compromising the overall design aesthetic was very challenging. Overall, the design has some
interesting design elements. The more detailed upper portion and the slimmed down lower
portion helps provide a tapering effect similar to that of an arm or a leg.
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4.7 CAD Development

The first stages of the CAD involved modelling the saddle
and upper portion of the design. Using projected curves
and reference from the physical model study, the overall
form was relatively simple to create. Keeping the bodies
separate helped ensure that parts would fit together
smoothly later on.

Moving forward with the preliminary blocks, cuts, sweeps,
and surfaces were used to shape the form. Aspects

such as the handle on the backseat as well as the piston
mechanism were also modelled. Filets were also added to
help give the form some softness to its edges.

Moving onto the mid section, the body was modelled.
Using measurements from the revised product
schematic, the bodies were moved into the correct
position in the part file. Other parts sections such as
the motors, connection points were modelled as well
as minor fixes and cleanup of existing parts.

Where simple reference lines are inadequate,
reference sketches of the product with human
interaction were inserted to help visualize the sizing
of certain parts in order to be accurate with respect
to anthropometric data. The blade of the model was
constructed using surfaces to get the correct profile.
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The majority of the pieces are modelled. The next step is
to model the smaller pieces such as the straps and the
buckles that attach to the user’s legs. This is achieved by
using surfaces to outline the shape and cut the profile
when viewed from different angles. Making sure to keep
the bodies separate for 3D printing later on.

The foot section of the model used a reference sketch
to help outline the foot when creating the straps.
Additional changes to the lower portion include an
extendable foot. In addition to the changes, the overall
model was polished for the final assembly.
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Going back through the model, filets were added to
all edges. In addition, key importance was made in the
tolerances of meshing parts to make sure that they
would fit smoothly. The tolerance added for each part
was 0.3mm gaps.

A =y

LM CL P e PRSTRY o SR A ST
- ek g n Ty a1

kil = Peteae [ hisid e 1

R
ook o n ity = g W |
- Pt S L
e e L N
T -

The final phase of the CAD model was to import all the solid
bodies into separate parts. This is important for being able
to print the parts separately. Importing these parts into

one assembly file and mating them to their corresponding
connection the full model was complete. Appearances were
added to the surfaces to prepare for rendering in Keyshot
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4.8 Physical Model Fabrication

The physical model was created using PLA 3D printed on an Ender 3. The average printing
time for each part was between 1-5 hours and the total number of parts printed was
twenty-seven (27). Using Bondo and a collection of low to high grit sand paper, the models
were smoothed to remove the printing lines and painted with a high-quality filler primer.
After which, the part was inspected for hidden imperfections and subsequently sanded
again to remove any minor scratches.
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Chapter 5 - Final Design

5.1 Summary

5.2 Design Criteria Met
5.2.1 Full Bodied Interaction Design
5.2.2 Materials, Processes and Technology
5.2.3 Design Implementation

5.3 Final CAD Rendering

5.4 Physical Model

5.5 Technical Drawings

5.6 Sustainability




5.1 Summary

ZETA is an original concept aimed at pushing the boundaries of adaptive climbing equipment and
accessibility among persons with disabilities. Designed specifically for those with paraplegia, ZETA
offers a unique opportunity to create functional maobility in the user's legs in the context of rock
climbing. ZETA is a wearable piece of technology that gives those with paraplegia a third point of
contact on a climbing wall. This improves the user's balance and strength distribution while climbing.

ZETA blends the distinction between medical device and adaptive sports equipment. Taking
inspiration from exoskeletons and climbing gear, ZETA aims to blend aesthetic appeal with functional
assistance. The distinctive orange accents represent various touchpoints and moving components.
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BACKSEAT

SADDLE

/ MAIN HOUSING
MOTOR (HIPS) THIGH STRAPS
PULL STRAP

MOTOR (KNEE) ——o

i
BLADE
FOOT STRAP
RUBBER FOOT

Primary Operation

STEP 1:

The user will begin
climbing by positioning
their hands on initial
starting holds.

STEP 2:

Activating ZETA through
the “up” command
provides mechanical
assistance in lifting the
user’s legs. Placing the
dedicated foot provides
support and balance to
the user.

STEP 2:

The “push” command
Creates leg drive to
otherwise immobile
limbs allowing for a
more diversified
climbing experience.

105



5.2.1 Full Bodied Interaction Design

ZETA features full adjustability for a 5th percentile female all the way to 90th

percentile male. The key points of adjustability are in the waist depth, thigh
length, calf length, and foot size. Paraplegia is indiscriminatory to whom it affects.
As such, filling a large range will help ZETA accommodate any type of user.
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Interaction Points

Orange accents on ZETA represent
the different touchpoints as well as
movement components.

Backseat and Front portion have
orange accents to show that

the user is able to grasp these
touchpoints

Front button unlocks the
adjustability of the waist
depth slider.

Thigh straps lock the user’s thighs to
contoured main housing. The straps
use a ratchet system to tighten and
loosen the with a single hand.

Pull strap allows for manual activation
of the product while climbing for
more advanced climbers that require
quicker more responsive control.

Simple velcro foot straps help keep
the user’s feet in place preventing
them from dangling around.

Adjustability

Waist depth can be adjusted via
the frontal button. The hand hols
allow for easy maneuvering of waist
depth position for a snug fit.

Thigh length can be adjusted for

taller individuals. This is crucial to
keeping the motor placed at the

knee for optimal rotation.

Calf length can be extended or
retracted to make sure that the foot
is placed exactly onto the footrest.

Foot size can be lengthened in order

to keep the false foot in line or in front
of the user’s toes. This helps avoid toes
hitting the climbing wall while climbing.
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5.5.2 Materials, Proceses

and Technology

Saddle is constructed with an injected
moulded plastic frame with a thin layer

of silicone to provide a small amount of
cushioning to the user. Silicone is chosen for
its versatility and durability.

The main bulk of the design is constructed
out of injected moulded plastic to have

a premium feel while still being strong
enough. The specific type of plastic used
is HDPE for its high impact resistance and
good tolerance.

The small fasteners and buckles

are made from thin steel that is
stamped to shape. This material and
method are chosen for its low cost.

Aluminum is used for the motor covers as it
is lightweight and recylable. This section uses
stamped blanks which are drawn into the
desired shape as its manufacturing process.

All the fabrics on the product are made from
recycled nylon. Since the straps are not
responsible for any safety aspects of climbing, the
strength of the fibres does not play a key role. As
such, more sustainable options can be justified as
well as lowering the overall cost.

Carbon fibre is used on the lower leg portion.
Specifically, the blade and foot rest are

comprised of carbon fibre to reduce the
weight, increase the strength, and improve the
longevity of the product. Sustainable initiatives
can include the use of off cut carbon fibre from
aerospace or automotive application.
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ITEM NO. PART NUMBER | MATERIAL | MANUFACTURING

| Estimate Cost/Each | ary.
1 Locking Housing HDPE Injection Moulding | § 5.00 | 1
2 |locking Mechanism HOPE Injection Moulding | 5 500 1
2 |Blade Cover | HDPE Injection Moulding | § 800 1
4 Blade Housing HOPE Injectlon Moulding | & 10.00 ] 1
5 Main Housing | HDF‘E Injection Moulding | S 20,00 1
6 Motor Disk HOPE Injection Moulding | 5 000, 2
7 |PullStrap | Mylon | sewing | 3§ 225 1
8  |Backseat | HOPE Injection Moulding | L L
9  Motor Shroud Aluminum Stamped + Drawn | § 5.00 i 2
10 Front Seat . HDPE Injection Moulding | 5 10.00 ] 1
1 Hedp, | HOPE | injection Moulding | 5 w3
12 Hip Motor Mount HOPE Injection Moulding | % 20.00 | 1
13 |Saddle | silicone | Injection Moulding | & s00] 1
14 Piston HOPE Injection Moulding | $ 5,00 | 1
15  [Thigh Buckle Steel Stamped [ 5 200 2
16 Thig'h Strap . MNylon Sewing S 225 | 1
17  |ZigZag Strip pp Injection Moulding | $ 100 2
18  |Rubber Foot | Vibram Rubber Adhesive + Heat | 5 15.00 | 1
19 Blade Carbon Fiber Epoxy + Heat | 510/lb | 1
0 Foot Extension Carbon Fiber Epoxy + Heat 510/1b i 1
21 |Foot Strap Nylon Sewing |5 225| 2
2 .I%QI_F St rap .F_aste_nf;r . ';_ff_\el Aftermarket {5 EGD | 1
23n Tﬁtéh 'Strap ﬁf:ar_ir.et ] Aluminum Stamped [ 5 Jﬂﬂi 2

5.5.3 Design Implementation

The table above shows a preliminary bill of materials outlining each part in the
assembly as well as their material, manufacturing method, quantity, and estimated
cost of that part. The biggest factor in the cost of ZETA is the carbon fibre which can

be quite pricey. In addition, the large amounts of injection moulding can also add
up in terms of price.

Due to the adjustable nature of the product and its tentative business plan, the
price of the product should be justifiable within reason.
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5.4 Physical Model
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5.6 Sustainability

Sustainability of the final proposed design is considered through three different aspects:
business model, material processes, and technology.

Business Model

The business model of the proposed design is a consumer product that affect a very niche
market. Those with paraplegia are the main users. As such, the product itself does not cater
to the mass market. Instead, its focus is solely on these individuals. Being a small production
product, the higher cost of the product can be justified given that its end user sees a complete
paradigm shift in the way they rock climb. Furthermore, the longevity of the product would

be designed to last to the end of the user’s lifespan. Potentially being passed on to a second
or even a third user. With this in mind, the design uses modern material and manufacturing
processes as well as technology to fully achieve this business model.

Material Processes

The second aspect of the final design's sustainability are the manufacturing processes and
materials used. The nature of the product must be able to support the user's weight and

be light to not overburden the user. The manufacturing process of the main housing of the
product will use additive manufacturing. This allows the reduction of wasted material as well as
the opportunity to incorporate recycled material. Carbon fibre infused nylon printed parts are
one such example that could be used. Textile fabrics used in the product can be selected from
a list of Bluesign certified fabrics. This will mainly be incorporated into the straps that secure the
product to the user’s legs. Finally, the saddle padding could be 3D moulded silicone for comfort,
durability, and flexibility.

Technology

The final aspect of sustainability is the technology incorporated into the product. Given the
increase in technologies such as voice activation and Al machine learning, the product will focus
on voice activation inputs in order to actuate the device. This will alleviate the need to physical
buttons in and touch activation freeing up their hands to focus on rock climbing.
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Chapter 6 - Conclusion
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6.0 Conclusion

ZETA is a unique design that aims to change how adaptive
climbing is practiced. Although fairly coherent, the design
presented is far from a full consumer product. As a unique
concept, there are still many questions left unanswered.
The biggest question being, how a working prototype would
function and feel? Would it be able to handle the loads
associated with a user?

The goal of ZETA as a concept is to inspire others to think
in this direction. Pushing the boundaries of what adaptive
climbing means, and what a person living with paraplegia is
really capable of.
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Appendix A - Discovery

Rock Climbing popularity has surged in the past
couple of years

Industry grew 6.9% 2016, 10% 2017, 11.8% 2018
Full-body excercise

Mental Activity

Social commitment and teamwork

Requires knowledge of equipment

Modern Paraclimbing traced to Hugh Herr 1982

Developed protheses to climb even harder before

amputation

Height adjustments are some of the benefits that
using a prosthetic has provided

Jim Gorn was the first amputee rock climber

Mark Wellman, pioneer of adaptive climbing
equipment

Climbing using a pullup mechanism

First paraplegic ascent of Half Dome

Runs a company called “No Limits” that supports
people with dissabilities

Ambassador for adaptive athletes

Physical benefits, full-body workout

Mental benefits, improved self-esteem and
confidence

Social community and uplifting atmosphere

Classification

Appendix B - Contextual Research (User)

250,000 - 500,000 suffer from a spinal cord injury
Majority of spinal cord injuries are from sudden
injury

Spinal cord injury often requires a person dependent
for the rest of their lives

20-30% of people with spinal cord injury

Negativity and physical barriers result in exclusion

Classification of Paraclimbing categories

Physical Limitations

Muscle Deficiencies

Full medical documentation for all athletes to be
reviewed by a panel in order to classify the athlete

Climbing is not limited by your dissabilities
Number of climbers with disabilities have gone to
achieve qualifications which enable them to lead
others

Supportive community

Cerebral Palsy

Adaptive Climbing community based in Vancouver
Aim to make climbing accessible

Create opportunities for individuals living with
barriers to benefit from climbing

131



Appendix B - Contextual Research (User)

Video documents the Canadian Adaptive Climbing
Association bringing a couple of new individuals with
disabilities to an outdoor climbing route in Squamish
@

The individual of interest was the one with paraplegia

Lai Chi-Wai is a paraplegic athlete

He has won four times in the Asian rock climbing
competition

A traffic accident left him paralyzed from the waist
down

Climbed lion rock with a wheelchair

Video documents Chelsea Donelon, a parplegic
climber and their journey of climbing in an indoor
route from beginning to end

Shows the struggles and the challenges faced by
both the user and the dependents

Hanna Baldwin, world champion paraclimber
Hannah has he ability to use one of her legs

Video descirbes her journey to climbing and the
empowerment and inspiration it provided her with

Appendix C - Field Research (Product)

Rifton profuct demo of a piece of assistive
equipment

Provides a maneuverability option for moving people
in and out of chairs

Training video on use of adaptive equipment systems
5:1 Pulley

Pullup Ascender

Wheelchair transfer system

Products shown are mainly Wellman products

Wellman Custom ARC 4:1 Climbig system product
demo

Shows all the neccessary components as well as a
demonstration of the adaptive climbing equipment
User is in a floating chair that can ascend via
consecutaive pullups

Introduction video to Mark Wellman

Pioneer of adaptive climbing equipment

Goes to local events with a transportable climbing
wall to promote rock climbing accessibility
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Appendix D - Result Analysis
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LINK Harness?*colou Harness?colour=GRY(0 Harness?oolour=SPRO3 Harn ArvUBnOBaRdBlaAmpkEAL W weB hamess/ .50
PICTURE
BRAND Black Diamond Petzl Black Diamond Arc'teryx VEVOR ISOP Mark Weliman Mark Weliman Treehog
NAME Solution Sama Zone AR 3553 Safety Climbing Harness Harness Orion 3 Swami TH3000
PRICE 585 530 5120 5200 590 335 5600 — 8332
WEIGHT 330g 385g-475g 1307g 295¢g 241kg 699 g — — -—
TYPE Seat Harness Seat Harness Seat Harness Seat Harness Full-body Harness Seat Harness Fuli-Body Harness Seat Harmess Seat Harness
BENEFITS ergonomic supportive sleek all-around high strength inexpensive acessibilty acessibilty support
comfort comfort comfort performance durability durable comfort comfort ‘comfort
performance flexible versatility lightweight safety adjustability safety accomodation ErZONomIc
cushy convenience miinimilist supple comfort neccesities accomodation safety protection
flaxible organized flexible comfarms adjustability quality targeted design support safety
out of the way snug soft comfort protection multipurpose sturdy durability
convenience durability powerhouse compact ease of use support
breathable performance convenient flexibility
lightweight versatility reliability
breathable
low profile
support

Benchmarking Harnesses
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Appendix D - Result Analysis

Work Frequency Benefits and Features - Climbing Harness

Empathy Map - Climbing Wall Designer

Empathy Map - Individual with Paraplegia

a9 50 E{ a9 50 5D 5
Hipsit 189 M2 o lssmM2 183 M6 000 1197=2
Upper Thigh to Crotch 143 1262 10000 1353WE 134 18 Dees 10LEES
Crotch Height 3% =B 3asam 331 B9 - 17377
Calf Length 18 185 0o 17.319 164 151 0ot 1a177ER
ankle Height 7 3.2 o0 3473001 a3 29 o0 261631
waist 138 na oo 12em2 17 9 o eoen| 7794067
Front Thigh Width BAS 7.1 0| 7837102 B2S 7.3| 0405475
Front Calf width 4s 3.9 0o 422761 41 3.5 0050ooe 30747
Space Between Calf a3 4 0ot 4le3E01 51 5 000 4929063
side Thigh width 7.6 63 - 7009802 77 6.1 © 0 - 4965004
side Calf Width 53 46 00t 4982301 15 42 o0 381631
Foot Length 17 E5 - 102471 17 9.5 0oico 7939381
Knee Height 245 77 o IS 224 B9 © oo 1R12657
Knee Buttock Siting 85 BZBE o m1ms 53 Z6 - 205432
‘Rock Climbing Reach Bant Am Standing 8287  7AEZ - 7Rl 7555 6314 © 0 645932
‘Rock Climbing Reach Sitting 6447 5812 - ELSEML &7 BL5 0 5759815
Rock Climbing Reach Standing 921 B2 o EEOSM2 B39 79 - mict 7193439
Arm Length s ®s 0 ;1m4 285 35 00 2508126

*all dimensions are in inches

Anthropometric Data Conversion
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Appendix J - Approval Forms & Plans

Humber ITAL / Faculty of Applied Sciences & Technology
Bachelor of Industrial Design / FALL 2021
Catherine Chong / Sandro Zaccolo

IDSN 4002/4502

SENIOR LEVEL THESIS ONE AND TWO

THESIS TOPIC APPROVAL (TOPIC DESCRIPTIVE SUMMARY):

Student Name: Patrick Hui

Topic / Problem Definition: | How may we enrich the rock-climbing experience for the physically challenged?

Abstract

Rock climbing has become increasingly popular in recent years and has garnered a lot of attention in the media especially
after its debut in the Tokyo 2020 Olympics. Climbing as a sport offers full body activation and mental benefits. However, due
to the nature of the sport, those with physical impairments are unable to fully experience everything that climbing has to
offer. Current products and technologies such as traditional harnesses and climbing walls are primarily targeted for able-
bodied users, but there is little innovation towards those with physical disabilities. At its core, climbing is an individual sport.
Those with physical impairments lack the ability to be independent. How can we make the climbing experience more
independent for these users? Overall, how can we further enhance the sense of accomplishment for those feeling
inadequate about their lack of mobility? The goal of this thesis topic is to change the conversation and explore innovative
thinking through in-depth user research and a full understanding of the ergonomics of physically challenged individuals.
Interviews with primary users who are impaired is crucial to understanding the challenges that they go through and the
barriers that they experience as a climber. User research into secondary and tertiary users will also be conducted to get the
full picture and scope of the problem. Creating one-to-one models of interaction points will aid in establishing correct full-
bodied human interaction and an adherence to appropriate ergonomics. A design solution will be developed for physically
challenged individuals to elevate the climbing experience to new heights.

Humber ITAL / Faculty of Applied Sciences & Technology
Bachelor of Industrial Design / WINTER 2022
Catherine Chong / Sandro Zaccolo

IDSN 4502

SENIOR LEVEL THESIS TWO

Student Name: Patrick Hui

Topic / Thesis Title: ADAPTIVE CLIMBING EQUIPMENT

THESIS PROJECT - DESIGN APPROVAL FORM

Design is reviewed and approved

to proceed for the following: CAD Design and Development Phase

Comment:  _ |njtial CAD started reasonably as of week #7/February 22nd, continue with detailing and refinement.
- Refinement and development coming along as of week #8/March 8th.
- Need to continue development and refinement for detailing.
- Advised completion latest by week #9 (March 17th).

Design is reviewed and approved Model Fabrication Including Rapid Prototyping
to proceed for the following: / 3D Printing and Model Building Phase

Comment: . Cannot approve of model fabrication until CAD development at 90% completion of all components
> advised completion latest by week #9 (March 17th).
- Once CAD is completed, can move forward to model fabrication from week #10 onward.

Student Signature(s): Instructor Signature(s):

2

Instructor Signature(s):

Date: 22nd March, 2022

Date: 09/26/2021 Date: 01 October 2021

Chong, Kappen, Thomson, Zaccolo

Chong, Kappen, Thomson, Zaccolo
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Appendix J - Approval Forms & Plans

ST

e ame e

_;%;..r

ws

=Ty
LT

A

l';!"l;:_lg;_i"

PANEL ON

RESEARCH ETHICS TCPS 2: CORE

Navigating the ethics of human research

Certificate of Completion

This document certifies that

Patrick Hui

has completed the Tri-Council Policy Statement:
Ethical Conduct for Research Involving Humans
Course on Research Ethics (TCPS 2: CORE)
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Appendix K - Advisor Agreement Forms

IDSN 4002 /4502

SENIOR LEVEL THESIS ONE & THESIS TWO

™' HUMBER

Faculty of Applied Sciences & Technology
Bachelor of Industrial Design / FALL 2021 &

INFORMATION LETTER "

Conditions of Participation

V
¥

+

| understand that | am free to withdraw from the study at any time without any conseguences.

| understand that my participation in this study is confidential. (i.e. the researcher will know but will not disclose
my identity)

My identity will be masked.

| understand that the data from this study may be published.

X

| have read the information presented above and | understand this agreement. | voluntarily agree to
take part in this study.

Brent Goodman m “W;j ﬁm‘oef 1'31261

Participant's Name Participant's Signature Date

Project Information

Thank you very much for your time and help in making this study possible. If you have any queries or wish to know
mare about this Senior Level Thesis project, please contact me at the followings:

Phone: 647 588 8672

Email:

Patrick. hui@mail.mcgill.ca

My supervisors are:
Prof. Catherine Chong, catherine.chong@humber.ca
Prof. Sandro Zaccolo, sandro.zaccolo@humber.ca
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Appendix K - Advisor Meetings

Patrick Hui 0:00

Great. Um, so | guess 'l just, you know, | can introduce sort of what my project is and sort of what I'm trying to
do for my thesis. So | am studying industrial design or product design, and if that's what you want to think. And
basically, I'm trying to try to enrich sort of the rock climbing experience for those with with physical limitations,
pretty much I'm trying to, you know, either design a product that can solve sort of that issue, make it easier for
them, or, you know, completely changed the game, basically. And, yeah, | sort of found you on the Adaptive
Climbing Canada. | didn't really know about the term Adaptive Climbing until | started this project. So it was
really cool to find, oh, there's some certain initiatives that's happening in Canada, as opposed to, you know,
somewhere in the states where it's a lot harder for me to contact people.

Brent Goodman 1:02
Do you have any initial ideas based on kind of your initial research? Or are you just kind of, you know, that's why
you're reaching out is because you're not really sure what the need is.

Patrick Hui 1:18

| have some ideas, but it's like really like rough ideation, like nothing consult consolidated at all. And | hadn't
really been able to speak with anyone who's either either has a limitation or is involved with sort of the people
that, that do this kind of stuff. So it's a sort of great to find you. And I'd love to hear your, your experience
working with them, and what kind of challenges they might have and what you see as someone whao's, you
know, involved in that sort of field.

Brent Goodman 1:56
Okay, well, | want to keep it kind of science, because there's so many directions. So | guess, just to clarify, are
you are you an engineering? Like? Are you in an engineering school?

Patrick Hui 2:14

It's a it's a design school? So it's, it's, it has, it has similarities, but it's definitely not as you know, it's not meant
to be fully, you know, well thought out, like, ready for production kind of thing. It's more of, you know, get the
concept and have it, you know, realistic and be tested with, it could be sort of creating idea that could feasibly
be be produced, sort of that sort of that direction.

Brent Goodman 2:45
Sorry. And also, do you have? Are you specializing in any particular material? Nope, there's

Patrick Hui 2:53
no, no limit on on that.

Brent Goodman 3:05

So | think, I don't want to like to give you ideas, but I'll kind of give you like, | guess an overview, and then. And
then I will kind of share a few things like in terms of tools that we use that we've come up with. That worked
for some people, not everyone. But just a quick overview, | kind of started out as kind of identifying a potential
linkage between therapeutic climbing, and just the positive effects that | was seeing, having worked in adaptive
recreation. We had started a little climbing Friday, climbing thing, Victoria on | work there. Every Friday, | had a
really broad group of people, you know, through all the autism Down syndrome, acquired brain injury and all
kinds of different situations. Each one kind of requires a different level of care, some more than others. Some
were kind of, you know, what we were kind of finding those different situations from those unique narratives.
We're gaining different forms of therapy. In terms of, there's four functional domains and kind of therapeutic
directors like emotional, social, physical, and cognitive. And so depending on you know, who you are, is what
happened earlier in the day. He kind of can end up with different effects, right in terms of what what one of
those or more of those might get touched. During a climbing social trend, so everyone seems to be coming
out with different, different needs. And leaving it with me as well. So anyway, | started seeing that therapy and
climbing and how beneficial it could be. So | started doing research, like you're kind of doing a little bit, there's

lots of states, there is some hair climbing. So it is, you know, kind of growing right now, which is pretty cool in
terms of competition climbing, but it's still got a long way to go. And anyway, | went to Colorado and | followed
around sports. Every single program that they offer, | got to get in on a training that they did at a climbing gym
for guys. And | got to see indoor climbing and climbing, which is pretty great. So when | came back, | know, |
had a good idea of what what | didn't want to do, from what | saw from sports, | really wanted to make sure
that I was trying to build a toolkit that allows for people to actually interact with the rock, and not just end up

in a howling situation. When you Google adaptive recreation, or adaptive climbing, a lot of hauling systems
where people are basically set up on a static line, and they're in a chair, and they just kind of ascending the rope
independently. And | didn't want to be any part of that. So use that tool on a few occasions. But I'm really trying
to eliminate that, if at all possible, just to make sure that people are interacting with the rock. So as soon as you
start creating a situation where people are kind of potentially dragging their legs across the rock are, you know,
trying to hold on to hold when they don't have a lot of good dexterity, or they have arthritis, or you know, bone,
bone or ligament issues. There's all kinds of tools that we have to start incorporating in order to take weight,

eliminate strain, and protect their bodies. So we've been kind of working. Since | started on just trying to figure
out those three things. And, you know,

really, without a budget, just trying to you know, it's been, it was really effective living in Squamish because

I'm surrounded by a really nice climbing community. And a lot of those climbers also work like an industrial
rigging, and search and rescue. So | have had access to all these great people who work with ropes for a

living in various ways, either in recreational or otherwise, so. So we've kind of incorporated into a lot of people
to quantity. But the missing pieces became evident in terms of, you know, eliminating strain from muscles,
ligaments, and you know, those kinds of things to small muscles in your hand and shoulder and wrist. There's
a lot of strain involved. If you're, you know, you can't stand on your feet. So that was the thing that we've kind
of continued to work on. And then the other piece, of course is like protecting the body. Especially outdoor
climbing, protecting the body from from skin damage, basically. So the project that you might have seen on the
website with Hannah, last year was to design like a technical pants that would kind of provide protection for
mostly chair chair users. But it will definitely come in handy in lots of different use cases because because we
put padding kind of a key area like on the knees, in various places where we saw lots of wear points. We were
using chainsaw chaps before that, and they work and they definitely they do the trick but they really ugly and so
eventually, | can lose you and | was just gonna say I'll leave you in. If this kind of is something there's something
that resonates you know. Kevin is here in Exeter, who kind of helped me he kind of took me under his mind.
Kind of a better design of the chainsaw chops and kind of made a custom version with more early material
climbing rubber, if they're pretty hands actually. And then Canada kind of took that design in her consideration
of her own design of a path. So we've been kind of going through all kinds of experiments, it's always room

for improvement, because | think one of the things that I've noticed that, you know, every person is slightly
different. And I think that's where the issue might might arise for you is like trying to come up with something
that is universal, pretty difficult, is taking a lot of effort to come up with something like, the pants, for example.
That might work for a broad range of people, you know, because almost like, each person might need a custom
design of a pan, like in terms of length or have like how high it fits on the body, or what kind of needs it might
need, like, we're hoping that she comes up with kind of a couple of different iterations in the past. So it'l kind of
meet different needs in terms of like, whether it's full spinal cord, impairment, like full, full impairment, or if it's
partial, because we have like, great. Some people can utilize sort of like, so like, for example, using Kevin, Kevin
can stand on his feet. He has, he has use of his legs to a certain extent. Whereas Paulo, some of the photos

on the website, like he doesn't have any uses, it's like, he can't, he can't, he can't wrap the body on his way. And
also, the difference between how Kevin uses a pair of pants as designed, and Paulo is totally different. Like he
needs, he needs them to stay. You know, for example, a quick example would be like, under the bottom of the,
of the path, there's the | can't remember the right terminology, but like, it's like a little band that you put kind of
under your foot to kind of keep,

keep the pants like in place. Because when Paulo climbs, as soon as he's like, lifting himself up with his upper
body, the pants tend to he'll move around in his heart. And then the pencil will kind of drip some fillet. If he
doesn't have that. Whatever it's called. And, whereas Kevin, Kevin can, like reach down and adjust those hands,
so it's not like not as important because he's actually like, every now and then standing on Steam, and then

it kind of it still is an issue, but it's not as big of an issue. So these little details, you know, can really make a
difference. One thing | was just thinking, though, is like one thing that we played around with photos, | can
send you as well as we've come up with like a solution for people who don't have dexterity or fine motor skills.
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We utilize this. It's actually like a weightlifting wristband that goes around the wrist and it has like a hook. And
what it does is it allows for people who maybe have maybe they had a stroke, or do they have good, good, fine
motor skills in their, in their one hand, but not less, for example, like one, right? Oh, totally fine. And there’s a
left hand, like Virgina here in Vancouver, and she has that where she has one good hand, and then the left end,
just because of her sort of Republic, she can really do a lot more effort to open the hand, it's almost always
clenched. So sometimes, depending on the client, she can wear that wrist.

And they're not really perfect. You know, you can look online at them. They're kind of like weightless.

Strap things or whatever. | don't know what they're called. Find a link. But that will keep in mind when you were
kind of describing what kind of what kind of course you're doing and stuff like that. The materials involved

to make something work for that will be fairly straightforward. It's just a matter of keeping. One of the things
we find is the material on the arrow. won't, they're usually like a flat surface, as opposed to maybe being like
concave. And, and the hook itself doesn't always stay in position. And also the risks, the risks have kind of
moved on person to risk, so it doesn't stay in place very well. So sometimes it works, and sometimes it doesn't.
And balance came to mind, because that could hurt, you know, quite a few people, that tool has become really,
really key. The reason it's really amazing is because if you have, say, only one, one, the use of one arm, in one
side of your body, like the stroke victim, or something, where you have good use of one side of your body,

but not the other, you end up in a climbing position where you're always kind of leaning to one side, kind of
like you're kind of you're not valid. The key to to, like good climbing form is to always be kind of like facing the
wall, you know, especially with the hardest ones that we use, we try really hard to use, like industrial artists to
the key people in an upright position. So they have to, if they're in a tough position, they're kind of like square
to the climbing holes, then, then they're going to have much more success, they're going to be able to reach
fire, they're going to be able to stay with their body kind of close into the wall. So they're programmed to be a
lot better, a lot faster, and they're going to have more enjoyment. So for those situations, when they are kind
of imbalanced, so to speak, like that little one tool can be a real game changer from like their ability to make
progress. So | was wanting that project could easily be pulled off, I'd say fairly quickly.

Patrick Hui 17:19

Yeah, it's interesting to hear some of these these projects that you've been, you've been describing this, it's
good to know that, you know, | am thinking sort of similar pathways. So it's, it's nice to see that a monkey
dilemma alone. And that's different, it's a little hard because, um, our specific thesis, there, there are a couple of
limitations that make it much more difficult than | would say other other schools with similar programs. One of
those is being sort of full by design. So the idea that it has to, it has to touch at least three different touch points
of the human body. So whether it be you know, head, like, waist or something, for example, then, you know, it's
not just limited to smaller products, you know, it can be a whole system designed together, it could be the wall
itself can also be part of the whole project. So that's also sort of some of the directions of magnitude. I'm also
really interested in the people that you've mentioned, Paulo was one. And also Kevin, who, you know, that I'm
assuming they have some either incomplete or complete spinal injury on the lower half of their body. And just
the idea of someone who's having to use a wheelchair and sort of that aspect of, you know, the frustration of
going to injure climbing gym and having to deal with that wheelchair, sort of one of the areas that | was | was
looking towards. So | mean, if you have any experiences or you know, stuff that you could tell me about working
with someone who's got incomplete or complete spinal injury, I'd love to hear about that.

Brent Goodman 19:15

Mostly what we're focused on, right, we're focused on more physical and cognitive injuries, because | kind of
made a decision early on that, like, the tools require basically like, the kind of this decision was like, Okay, if we
can get people with like, complete spinal cord injuries, cerebral palsy, visual impairment, like those kinds of
more challenging, you know, parameters, we could get them on a wall and climate successfully, then everything
else can be super easy, right? Like every, all the other kinds of like, leg amputations or what Ever, like, those

are all pretty easy comparisons, who cares, right? Like, they almost don't even need us. You know, they can

just show up like their, their level of accessibility and inclusion, there's quite a lot easier, in my opinion versus
someone in a power chair, coming to a rock climbing champion. So definitely like, you know, your perspective of
accessibility is really a big part of why why we're still trying to do this thing, because there’s a lot of work still to
be done, right. Like in terms of in terms of, like a training that we do at a climbing gym, for example, a big part
of it is doing like accessibility audits, you know, walking around the gym, looking, making the managers aware of
things that they might want to consider, you know, thinking about in the future, right? how the entrance looks

like how easy it is for public transit? How hard is it to open the front door? Is there stairs, up the door, you know,
up to the door? Like, how hard is the door to open? Like, you know, when you come to the desk? Like how, like,
how much in a way, is someone in a wheelchair? You know, is there enough room for them to roll over to the
change room in the changing room big enough? Like? Do they have accessible bathrooms? And then like, when
you actually come on to the climbing area, you know, is there stairs going down into the climbing area, or how
soft is the mat and it's even possible to get onto the mat and the mat, like, you know, can you roll on the mat,
like, there's so many pieces to it, like we had a gym and dirt that we went to. And to get people in the gym, we
had to lift. First of all, they had used the back door, because the desk is actually up a set of stairs. And then to
g0 back to the gym is down a set of stairs the back door. And we use like a shitty old table. Like an old like table
if they probably used to like parties or something, we use that as a ramp. And we put like a yoga mat down and
then the power chair users would like roll up the friggin old table into the back door. And then when we wanted
to get the end of the climbing area, there was a stakeholder in that and we had to get a bunch of people to
help us list up this old. It's like never been moved for like 20 years. And we have to lift it up so that they could
roll through into the into the gym. But you know, like Henry was willing to a lot of fun there for free. So it's like,
Okay, well we're going to use but, you know, it was like 20 years and stuff underneath that. And people had it.
Right, we were like well so yeah, | think some potential solutions to | mean, obviously there's routes, like here

in BC and and Ontario. More specifically, there are lots of, you know, accessibility audits available. We haven't
really utilized those too much in Ontario and like reaching out to a third party to ask for assistance in terms of
an accessibility audit like Rick Hansen Foundation, for example, here in BC those really good accessibility audits.
There are groups in Ontario that do do kind of accessibility audits but specifically to climbing and get some of
the solutions. | can just touch on a few other examples downtown Toronto | know that there was a guy that was
still so base camp

in con Medina or whatever strict that is they there's a there was a dude that walked around door to door and
was selling ramps that are ever seen that there's little ramps that people have at their front door because the
all the entrances have a little step off the sidewalk. And so he went around and sold these little ramps and he
built like custom for each each little step and they just keep them by the door and that's like a great example
of a small little accessibility solution. So Basecamp actually has one of those little Medina location Martin says
right at the door so someone could knock on the window and come out with a little ramp and people become
and it's pretty sweet so like little ramps are kind of a key solution actually inside the gym as well. You know
some gyms have and some some gyms have thought about some gyms. They haven't at all, you know like the
boulders mento because they definitely have thought about those times. Snakes are really good

people, we mostly work with true north. And | don't actually know what's part of true north climbing. And you
know, we've worked with them for like, three or four years now. So they're definitely on top of things. I'm not
sure how you know how accessible the play is, in comparison to others, |

know that the folders in Soho is probably the best one that I've seen in terms of good accessibility. But | think
thinking about those things is, might be a great way to approach this in terms of hitting all the points that you're
describing. Because, you know, simple solution, like building a ramp, or, you know, getting actually onto the
floor, for example, to get to the ropes is a pretty easy thing that will hit a bunch of points. And the other thing
that is a potential solution I've seen in the past, for example, or some older Tim's like the default product, where
we actually had to bring like, like, we had to bring, like, we had to pull plywood out. In order for the power chair
users to get across the map, because the maps were so soft, that they just, they stopped. So we have to create
like, like basically like, like a toadstool type, like, we have to build basically like a road across the mat to get to
the spot where we have to climb setup, and we had to have a ramp onto is just like a total disaster, because the
masks are so soft. In order to get people actually on, we had to like stack to fly with that wouldn't break under
the weight of our chair. So you know, just thinking that out loud, right? I'm wondering if there's a way to come up
with some solution for specific gym that

has an issue, but they want to address it, it might be some kind of industrial outlook on a solution that is, you
know, maybe not permanent.

But allows, allows the gym staff to quickly and easily kind of, you know, roll it out or whatever the case is. But
other than that, I mean, without going into details on the artists, which | think might be, you know, a real, like, |
wanted to work with our parents on designing
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basically like a harness that is specific for what we're doing. You know, without going into those kinds of details,
like

you know, if |, if | said you were in Vancouver, | would say that would be the project that | would want to focus
on. That's those next, like, we actually have kind of gotten a job with our tariffs, I'm really hoping that we speak in
there in the next year, and start working on a prototype design for a Technical Harness that isn't so ridiculously
heavy and early, because we're tech, we're using a pestle industrial work harness. And it's an amazing part is
that petal has, | just noticed this, in the last six months, they've changed the design of the one that finally was
amazing for our use, but it's still very, you know, quite heavy and a little bit too over the top. And it would be
really amazing the design of harvest specific to,

to kind of what | think is, you know, three sizes or four sides, we can come up with a harness that kind of low,

low weight, lightweight, versatile and does all the things that we needed to do. But | think that might be a good
project to take on, I'm not sure.

Patrick Hui 29:26

| would say it's too big, just it's not it's obviously wouldn't be able to, you know, go into the most technical of, you
know, safety requirements with a harness and you know, kind of testing that kind of stuff. But in terms of you
know, creating a design or being thinking about the user and understanding what their issues are and creating
something that works is within the realm of the scope of the project.

Brent Goodman 29:56
| would be keen on the design for sure

Patrick Hui 29:59

enough And you said with the harness there were there were some, | think, like features, | guess, with the pencil
thing that that worked for your your specific needs as as you know, adaptive climbing equipment, could you go
into more detail? What do you mean by what what features it has that works for you? The other computer, yeah.

Brent Goodman 30:26
So there's two sections. There's the sport and then the professional

Nubian vault,

the vault. So a standard climbing harness, right. And two leg lifts, and they're connected by one. One control
little belay loop, they call it the issue with these harnesses, even see, in these professional grade ones, they're
big and thick in the way, the ones that say, they're full body harnesses, like just do it. By themselves, it's a big,
something to be worn all day, hung in for long periods of time, right? People are sitting in their furnace, you
know, for four hours, five hours at a time, right? So they have to be they have to be, there can't be any pressure
points. You know, so that's why there's so in the, in the legs, especially around so they can be worn all day long.
There's lots of, there's lots of padding. But in addition to that, like in the work part, there’s, there's a deal with
time points, right. And that's, that's designed for longevity, because you're working in lots of different scenarios,
right, you might be in an acidic environment or you might be in like confined space, or you might be you know,
in various locations where these hard like | work for the rope act like these guys have come back the furnaces of
the freaking destroyed after like, you know, say a hydro inspection or some kind of confined space where they
just got the hardest destroyed from like, maybe an iron ore, all or something. So you can see the harness, really
early metal clients in various places. One, like the two on the shoulders is the full body one, and then one, two in
the front, usually one of the chaps one of the steps. And then there’s also two sides one side for your, for your
loss or clause that attach really fast. So there's a lot of different weird specific time points and we don't need
any of them. We don't need like all we need basically is an equivalent of a basically the design of a phone. And
the design is a new set of both made and you can see like the specifics of the different videos capsules all over
the website. They will show you like specifically why they're built where they are. The one thing that stands out
between Sport harness and a professional artists is that when you fall, you fall on an upgrade. And especially
so in the bullpen the bullpen is built to be worn for people who are doing maintenance or whatever on on wind
turbine. So on a wind turbine, you're in a very small state. Sometimes you can climb up through the two there's
like a ladder in the center. And so for people climbing up that too, they fall, they don't have a lot of space to fall.

So that's the hardest is actually built so that you fall, kind of not in a sitting position, like you would in a climbing
harness but you fall into kind of a upgrade, so to speak. And we've tested these harnesses and it's absolutely
true. You just don't, your knees don't lift when you fall, you kind of stays the kind of stay in like standing position
so to speak, you actually have to make an effort to to sit in a sitting position. So | really like that design. And it's

a real game changer, because what it does is one, it eliminates the potential for people that fall sideways, or
backwards, because you have a full, you have that full support. But you also for someone away from the wall
when they fall, so we have three normally climbing on a static rope. And there's sometimes there'’s, you know,
there's a counterweight system attached, taking like, say a third of their weight away. So when they fall, they
don't lose progress. So wherever they fall is where they fall, they don't like there's not a rope stretch involved. So
they're not losing like two inches or three inches or whatever.

They're not falling technically away from the wall, when they fall, they kind of fall like kind of where they are,
and they don't get kicked back. So when someone has mobility issues, they're trying to reach forward with their
knees in front of them. And they're trying to reach for the wall. And they have limited mobility. That's like really
frustrating, right, so but if you're falling in an upright position, you're kind of all ready to go. But you can just
grab the hole that's right in front of and then you know, get your feedback on something and start over again,
it's a, it's been a real game changer. The only limitation is that the new harnesses change the previous version,
or sorry, of the vaults, the previous version of the old was actually like a, it was more like a bat. So as opposed
to the one you're looking at now it's almost three straps, right? Like the back strap to shoulder strap, but the
previous version one, and you can probably see the previous versions that are more like lower profile. And it's
an amazing artist, there's nothing else like it on the market that works for what we're trying to accomplish. So

| want to build basically a full party. So without all of the work. Except, you know, all the extra pieces that are
involved, right, | want to make it a low profile,

| don't want it to be flashy, | don't want any pressure points, | still want it to be in a status or in a standing
position. | still need those two tie points on one of the one of the hips and then one of the chest. And then

and then possibly fold string. tie in point is behind, like kind of the small of the back on the heart. But other than
that, | think you know, everything else will be pretty much the same the paddy within the same park terrace
house. You know, they are inbuilt harnesses. So, in order to make one, it wouldn't be that much of a stretch

for them, they already have the technical material is just a matter of design, it's a matter of just designing
something based on the whole and how it functions.

And I'll just share one final thing, the reason | came up with it came about from lots of different services that we
you know, we experimented with just the normal, you know, we're you know, just like without a chest or without
a/

it's not a full body, right, just like just the normal one. Like a single hip one with a chest harness attached

and those are just so uncomfortable and just knocking it they don't cut it for most people. They're to

the infrastructure to and you're comfortable. And they just they're not comfortable. They're really, really
uncomfortable. And then we tried a | got my hands on a zipline partner. And we've ever done any ziplining but
the zipline harnesses has this like It's like basically like fabric seats. Because | can show you a picture | think |
think it's actually still in Ontario somewhere. Figure out where it is, but | think it's still | think last time it was a
big camp I'm not sure exactly where it is. But on my tablet anyways basically has these like if you Google like
unzip lanterns | don't even know what company was coming In California that makes these awesome supplies
harnesses, but they basically like old fabric, all over the hips, under the bomb, under the leg, and the strap kind
of comes up and over the back from the back of the play clips, you know, so it's like, you actually are sitting
down fully, it's really, really comfortable, harder, it's got a full chest comes over, to basically goes on like, like,
you know, you put your leg, you put your arms in the front, and then and then there’s like, you know, you kind
of sitin, kind of like, from the back to the front flips on, like the three clips. And just a quick aside, you can see
these work harnesses they can play on. So you can do it while you're you can do it while you're standing, right,
you don't have to actually like, put it on your leg, you can just like, put it over your shoulders, and then click on
the on the leg. That's a key feature of the tricep harness, the problem that | came was, the difference was that
the people would get, like | was mentioning earlier, people would get socks off the wall in that same position,
and then they couldn't get back on. They hadn't, it was too much of a seated position, even though in all the
parameters of eliminating pressure points. And being really comfortable, it was easy to get on and off, you
know, from a wheelchair user, right, you have to lift someone up and put it underneath them that that hardest
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was perfect. And we have still use it in like extreme cases, because it is very comfortable. And it's easy to get

on. But the trade off is that people are very much in a seated position. So it limits the potential it would be, it's
almost like the perfect scenario harness for when we're hauling someone up. Like when they can't, when they
have almost no mobility. And they're in a situation where they just have such a limited capacity to lift themselves
up that part is does work really well. So that's why we've kept it. But it's a very rare situation when we're actually
hauling so much. So that's why | went to the artists afterwards, | bought one, we experimented, it was like holy
shit, this thing’s totally amazing. It's way better than way lighter. It's definitely the best one out there.

Patrick Hui 42:47

For like good information. Now it's especially the hardest thing | guess it's nice to hear what what you're using
in the industry and using it for your own purposes, sort of, you know, taking something that's not really meant
for this, but it works for it. Definitely a lot of areas to to, you know, work with in terms of you know, working with
design and that kind of stuff.

Brent Goodman 43:17

For you to collaborate on this project, like in terms of, like, | got you in, you know, with various people, like
some of our climbers, as well as Hannah, I'm not sure, like, Anna has the capacity right now to like, potentially
collaborate with you on the design, but that's something that could be reduced.

Patrick Hui 43:39

| think for this project or for the thesis in general, it's, it's more of individual design thinking as opposed to you
know, being influenced by by others. And then, you know, at that point, it doesn't become your project at that
point. So in that sense, | can see why why the collaboration would be really, really good. And, you know, if that
wasn't an issue for the criteria of my project, I'd probably be totally cool with that.

Brent Goodman 44:14
But the only the only reason I'm mentioning your design, say it was the designer was like holy cow. Okay,

this is gonna work like, you know, you all in that side. Right. So, moving forward. You know, for our parents, for
example, who want to get involved. We have to have some kind of an agreement, right or like a legal agreement.
Moving forward, right to actually take that implement design into a prototype. Right.

Patrick Hui 44:52

Yeah, that's something | have to really discuss the my process because | have no idea to be honest about all of
that kind of have implications and stuff. And | think | think the project as a whole at the end sort of belongs to
the school.

Brent Goodman 45:12
Which, you know, it's, it's, it's a bit weird in that sense to,

Patrick Hui 45:18

I'm sure, though I'm sure there have been pieces projects that have done some collaboration and could have
potentially gone to some sort of market at some point. But I'm not too sure about that aspect. So I'd have to get
back with you in that.

Brent Goodman 45:38

Yeah, | would, | would. | just based on my experience with working with Hannah, she went to school here, she
did a technical apparel, through KPU, the Wilson schools design. And we had to come up because Kevin's initial
design iteration, we actually came up with a three way, basically a four way agreement that was signed by myself
and Kevin and Hannah and the school. It's a fairly technical document saying who has who has the rights of
design, right. In the end, you know, Kevin maintains his design for his, you know, the initial design that we came
up with, Hannah maintains the design of the pants that she came up with, with the agreement from the EU
that she can hold that, you know, design moving forward. So there's definitely legal, you know, parameters that
would be important, | think, for me, having learned through that experience, because, you know, my end game
is to make a harness, that is going to work. So if you end up with a situation where you actually work on that,
and you come up with a design that actually makes sense, that would work, then | would want to make sure
that we can move forward. Because like, for example, I'm currently working on turtles. If | get charitable status,

there's going to be it's going to be way easier to fundraise for say, Hey, we're going to build this prototype,
with our characters, our characters on board, we're going to put in $20,000, you know, there's going to be an
opportunity there moving forward. And | would hate for it to be stuck in the legal. Black Hole.

Patrick Hui 47:36
Yeah, for sure. | understand where you're coming from.

Brent Goodman 47:42
Especially seeing that the old terms have changed design.

Patrick Hui 47:50
Yeah, for sure.

Brent Goodman 47:56

You can look into it. | mean, obviously a legally binding document, that | could share the documents that,
you know, when it comes to that | can definitely share the documents that we all signed here. If they're like,
Oh, we've never had that situation before I can, you know, | can share with whoever it is a copy of the signed
documents, just to kind of give them context for how an agreement could work. Yeah.

Patrick Hui 48:32

It's also very dependent on whether or not like, the harnesses the way that that that the end, the end goal
becomes just, you know, there are other opportunities to explore. And that's also dependent on how my profs
feel about it. But yeah, for sure if it if it does sort of go in that direction.

Brent Goodman 49:00
| just wanted to say, like, just come and surprise, like, 'm gonna do, and then I'm like, well, we're not doing it.

And then it might just talk about it now, because I'm learning each, each project is so unique, right? Like we
worked with OT, like, our last project was with occupational therapists up, you know, in that situation, it's so
much simpler. She just joined you know, does some research comes to our programs, you know, it's not as, not
as evolved as something like what we work with Hannah, right? Like she actually came up with a design iteration.
That is hugely scalable, right, like, we could show up to all the carrot climbing competitions over the next five
years, and she could sell those people, you know, so like, all over the world, like it's actually a scalable product of
the real We'll work on together. So now that | saw that in, | see like where she is headed. You know, | kind of see
the potential now for a hardest for us, that is totally game changing in mind. So, if you're, if that's the project that
you want to pursue, you know, | just want to make sure that, you know, I'm definitely a disrupter, as you might

hear. And | don't want any, like, | wouldn't want any legality to slow down the disruption, you know?

Patrick Hui 50:37
Yeah, for sure. | totally, | totally get it.

Brent Goodman 50:43

I've already, I'm actually dealing right now. Totally off topic, but I'm dealing with the county’s issue that | didn't
even know was an accounting issue. The account that | was using from 2018 totally screwed us over for the last
three years. And, like, 'm now paying another account to fix all the problems that the guy created, specifically
with the CRA. And so now, I'm just like, I'm a little bit on their heads, you know? Like, what the hell, like he didn't
submit T to first season T submitted name correctly do into those names. As a for profit, instead of a nonprofit.
And then, because of that, apparently, we owed money. But then | wasn't ever informed. | never looked at the
theory accounts we had. We had an accountant who was doing it for me. And then he didn't submit to iTunes
for the next previous two years, even though he told me so now, so now, | hope | Oh, series three, T two. And
apparently money. Like, oh my God, but so anybody that counts on it is like way too much money, but I'm
learning now in my older age is like, there's a fine balance between disruption. And like, you know? Any other
anything | can send? Like, to give you more information.

Patrick Hui 52:38
Yeah, | would love to, | would love to speak with Kevin or Apollo, those who seem pretty good insights in terms
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of just the users themselves and just unseeing the perspective from from their side of the story.

Photos are, um, and | guess like, if you have any locations in Toronto that | could visit that unless unless there’s
no like real sort of office in a terminal that you have it just more like an organization thing that just you go to the
specific gyms you have, or any people in Toronto, | think, on their website, there's Cade. | would love to. Yeah, |
would love to speak with her as well, that that'd be really awesome. So like, mostly contacts with people is great,
because I've been struggling to find contacts.

And | mean, | guess the last thing, | guess, is really cool talking to you. Do you think you'd be willing to become
sort of an advisor for our project? It doesn't require any time commitment at all, it's all you basically need to do
is just answer any questions that | might have. And fill out sort of as participation consent.

Brent Goodman 54:14

Ya know, for sure. Yeah. And yeah, of course, and, you know, my focus is on the equipment side of things. They
have Kate, Kate is really she's definitely not as technical. Like she's trained as a guide and, like, | trust her 100%.
But her focus is not necessarily on the system. But you know, because she’s in Toronto, if that becomes an
issue, for whatever reason, because I'm in BC, and you need to advise her that in Ontario, because | have had
that situation before. Yeah, of course, would be your go to person. So maybe just clarify that before. Before that
comes
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Stable muscle atrophy
in long-term
paraplegics with

complete upper motor

neuron lesion from 3-
to 20-year SCI - Spinal
Cord
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Study on muscle atrophy in long-term paraplegics
Long-term patients force and size of thigh muscles
were slightly different compared to mid-term
patients

Muscle fibres mainained striated appearance of
normal skeletal fibers

Up to 40% of muscle loss in the first three years

Study on muscle atrophy in long-term paraplegics
Long-term patients force and size of thigh muscles
were slightly different compared to mid-term
patients

Muscle fibres mainained striated appearance of
normal skeletal fibers

Up to 40% of muscle loss in the first three years

Anatomy of the spine

Definitions of Paraplegia and Quadriplegia
Different vertebrae that affect the parts of the body
causes of spinal cord injury

s there a cure?

Paraplegia is almost always the result of damage to
brain, sprinal cord, or both

Incomplete paraplegia

complete paraplegia

Hereditary or Spastic Paraplegia

Appendix M - Topic Specific Data

When sitting normally, the sit bones support the
body's weight

Dynamic riding positions change the contact point
slightly along the sit bone

Pressure maps of differnt types of saddles

Large blood vessels and nerves travel through the
perenial region

Bike seats are saddles, not seats

Saddle is not meant to carry your full weight
Narrow nose allows for clearance of the movement
of a rider’s thighs

Harder, firmer seats are designed for experienced
rider's because they are able to hold proper riding
form for longer

Flat saddles are good for upright riding postures
Waved saddles are good for leaned forward riders
with minimal flexibility

Moderately waved saddles is a mixture between flat
and waved

Convexity dissallows sliding from left to right
T-shaped has more comfort while pear-shaped
provide more support while the body moves

Pointy noses help the rider steer the bicycle

Design also plays a factor into the design of the nose
of the saddle

Rider's who ride on steep terrain will use the front of

the saddle more often
Rails can be made from steel, titanium, carbon fibre
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