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Introduction

According to the CDC, one in seven adults in the United States suffer from limited
mobility and have serious difficulty with daily activities such as walking and climbing up stairs
(Centers for Disease Control and Prevention, 2016). These disabilities become more common
amongst the older generation, and tend to target those living in poverty. They can result in
reduced strength and endurance, affecting both the physical and emotional qualities of living.
Recently, many engineers have been developing technologies that aim to allow people with
limited mobility to utilize their joints, as well as boost their strength. Several companies have
developed exoskeletons which are wearable robotic devices that integrate human sensing, an
actuator, mechanical design, and feedback control that provide extra support to a person’s
muscle and enhance physical performance.

Despite the fact that this industry is rapidly growing, there are many unknown variables
when designing these devices, causing an increase in prices which have made them inaccessible
for the average person in the United States. Furthermore, these devices are often times very rigid
and uncomfortable, defeating the overall intention to provide comfort for people that suffer from
mobility disabilities. According to research done by the Wyss Institute, devices that are rigid can,
“impede a wearers’ natural joint movements, thus causing fatigue and exacerbating the very
problems they are attempting to fix”, for people with less severe mobility issues (Wyss Institute,
2019). The technical portion of my capstone project involves designing and producing a soft
upper-limb exoskeleton for Amyotrophic Lateral Sclerosis (ALS) patients to assist them with
raising and lowering their forearms, while lifting a small weight such as a glass of water or a
book. ALS is a progressive neurodegenerative disease that affects the brain and spinal chord,

resulting in the brain losing the ability to initiate and control muscle movements (The ALS



Association, 2021). According to the National Institute of Neurological Disorders and Stroke,
there is no cure for ALS patients to regain this ability, and many of them require rigid joint
support, so we thought they would be a good candidate for our design (National Institute of
Neurological Disorders and Stroke, n.d.). By designing a soft exoskeleton as opposed to a rigid
exoskeleton, my group hopes to allow ALS patients to utilize their elbow joint without causing
discomfort.

As engineers it is important to constantly evaluate the devices created so that there are no
negative unintended consequences that the users have to endure, including both the technical
aspects and the social implications. Closely coupled with the technical portion of my capstone
project, my STS portion will attempt to gain insight on the benefits and risks of exoskeletons by
researching how designers engage with the disability community and the workplace in the design
process. It will explore the development of exoskeletons over time, including the standards that
have been created, as well as the impact that they have had on society.

Technical Portion

As a new era of modern neuromuscular rehabilitation has emerged, exoskeletons have
been utilized as assistive technologies for a variety of uses including medical uses, rehabilitation,
exosuits for hazardous working conditions, and military uses. They have proved to be promising
for allowing patients to perform daily tasks. However, there are many design difficulties
involved because it is challenging to replicate the kinematics and dynamics of a human
musculoskeletal structure, leading to many problems with mechanical design, actuation, and
control strategies. The field of exoskeleton technologies lacks standards and a unanimous
kinematic model for the upper limb due to the design parameters weighing heavily on the

targeted user (Gull et al., 2020).



The two major types of exoskeletons are rigid and soft. The environment, purpose, and
conditions the device is used in greatly impact which type of exoskeleton is used (Tiboni et al.,
2022). Rigid devices are more traditional and they have produced promising results for
horizontal precision tasks and overhead pointing tasks, as found by a study performed by
Harvard University about a soft exoskeleton that assists the shoulders of industrial workers,
however they come with disadvantages (Zhou et al., 2021). They can result in discomfort and
can place a heavy load on the body, producing additional risks. Soft exoskeletons have recently
emerged, presenting an alternative to rigid devices that, “offer the promise of limited mass on the
limb, better comfort, and less kinematic restriction from joint misalignment” (Zhou et al., 2021),
and are more practical to implement due to their flexible nature.

Our capstone group aims to design and produce a soft wearable exoskeleton for ALS
patients. Our goal is to give the device the ability to be used in unstructured environments by
making the device battery powered and fabricating the device with primarily soft components.
When designing a soft upper limb exoskeleton there are many factors that have to be considered
such as the application of the device, number of degrees of freedom, and the types of sensors,
actuators, and controllers utilized. The upper limb has seven degrees of freedom: three in the
shoulder, two in the elbow, and two in the wrist (Gull et al., 2020). Our group aims to achieve
one degree of freedom (DOF) in the elbow, specifically flexion/extension. We will be using a
bowden cable actuator which is a cable consisting of an inner wire surrounded by an outer
housing that stays stationary, creating a push and pull effect (Childree, 2022). This actuator is a
widely employed solution used for designing exoskeletons where kinematic transparency is
required due to its durability, safety, weight, and flexibility (Dihn et al., 2017). In 2006, a

research team concluded that the cables had good force-feedback performance and contact



stability, aligning well with our technical requirements (Schiele et al., 2006). A design that
accomplished seven degrees of freedom with a rigid exoskeleton used a bowden cable actuator,
displaying that it able to achieve high levels of actuation (Herbin & Pajor, 2021). Control
strategies impact how the user and exoskeleton interact. Our design will be passive, meaning the
decisions will be patient controlled and will relieve force even when the actuators are not
engaged (Rehmat et al., 2018).

One of the main challenges that my group will face is that there is a lack of unanimous
standards for exoskeletons because pre-existing industrial robotic metrics do not typically
include humans (Bostelman & Hong, n.d.). Although there are pre-existing designs that
incorporate bowden cables, control strategies are still being developed because there are many
nonlinearities involved such as friction and backlash so we will have to perform a lot of
experimentation to create a working prototype (Hosseini et al., 2020). Our goal is to have a
completed CAD design by the end of the fall semester and will assemble and test the device in
the spring semester.

STS Portion

The first exoskeleton was designed in 1936 and was used as a foot-operated mechanical
feeder for serving food to the user, while remaining attached to a wheelchair (Gopura et al.,
2016). Since then, exoskeletons have evolved immensely over the years, and have been
integrated as medical devices to assist with rehabilitation, in the workplace to prevent injuries,
and in the military. The importance of assistive robotics has increased heavily to assist the
elderly population and those that have experienced neurological injuries. Neurological injuries
do not have a cure, placing immense pressure on exoskeleton devices to help those with limited

mobility regain functionality with daily tasks. Patients with neurological injuries often times



require a caregiver, and exoskeletons have the potential to decrease reliance on them and foster
independence (Gorgey, 2018). In the workplace, industrial exoskeletons aim to reinforce the
performance of workers that have healthy limbs.

Exoskeletons carry a lot of potential for society and they have proved to beneficial,
however due to adoption barriers such as a lack of commercialization, general discomfort, and
added risks, the use of these technologies has been very limited. According to a study performed
with wearable robotics for Spinal Chord Injuries (SCI), there have been improvements in
,“performance, such as balance, walking distance, velocity, and duration”, however only a small
number of patients choose to use these devices because they can be challenging to use (Forte et
al., 2022). Similarly in the workplace, lifting and handling heavy materials accounts for 30% of
all workplace injuries, and exoskeletons are able to alleviate some of the muscle loading;
however, workers have expressed concerns about hygiene, the risks for pressure wounds from
prolonged use, and safety measures (Howard et al., 2019).

Society will not be able to benefit from these technologies if they are not implemented in
an accessible and safe manner. In order to analyze the societal enactment of these devices, I will
determine how designers interact with their intended users during the design process and what
ergonomic and safety metrics they follow. | will research the impacts of rigid and soft
exoskeletons, specifically in the medical field and in the workplace. My research will follow the
devices from their design process to their implementation in society, studying the relationships
between the designers, exoskeletons, and their users.

The deliverable will be a literary analysis which presents awareness towards adoption
barriers and the associated risks and benefits of these devices and will provide solutions from

credible research sources. One of the main limitations of this analysis is that there is a lack of



resources available to research from due to exoskeletons being a relatively novel technology. A
study done in 2019 revealed a number of obstacles with testing exoskeletons due to, “a lack of
tangible testing objectives, too few subjects, [and] a lack of portable evaluation methods”,
demonstrating that there is a need for more research to be done in this field (Howard et al.,
2019). Engineers that work on wearable electronics should be committed to protecting the health
and well-being of the users, so that as many people as possible can benefit from them, and while
it is important to perform ample research on the technical aspects of mechanical design, it is
equally as important to research the social implications of the devices.
Research Question and Methods

I will research the question, “how do designers engage with the disability community and
the workplace in the process of designing exoskeletons?”, which will reveal more information
about design strategies for the development of exoskeletons. These devices will not be beneficial
to their users if the risks outweigh the benefits, so it is important to evaluate the social and
technical impacts that they have on society. The two frameworks that will be compared in my
study are configuring the user by Woolgar (1990) and design justice by Costanza Chock (2022).
Configuring the user establishes an understanding of how devices are created to ‘configure’ their
users and will be used to show how users can contribute to designs and its uses based on their
interactions with them (Woolgar, 1991). Design justice explores the relationship between design,
power, and social justice and shows how universal design principles can erase certain groups of
society (Costanza-Chock, 2022). | will be using this framework to analyze the impact of
exoskeletons on different groups in society and compare it to my findings from configuring the

user.



Wearable robotics is relatively novel field, so most of my research will be performed
using a literary analysis that will compile previous research describing the design process and
implementation of exoskeletons used for rehabilitation, neuromuscular disorders, and injury
prevention in the workplace. Performance and safety standards are still being developed, so I will
carry out a policy analysis that will trace policies about ergonomics and safety, and the success
of their implementation in designs. These methods and frameworks will lay out the foundation of

my research project.

Conclusion

There is a significant lack of soft exoskeletons on the market and research performed in
the exoskeleton field. Creating a device that is fabricated with soft materials, portable, wearable
on a daily basis, and effective at assisting human muscles at low loads will be a crucial step for
the industry and will be able to help patients that need assistance with moving their limbs. Our
current design is focused on ALS patients, however if it is successful it may be implemented to
help other neuromuscular disease patients as well. Along with my technical deliverable,my STS
deliverable will reveal information about how the designers of exoskeletons interact with their
users, the benefits and risks of the devices, and possible solutions for adoption barriers. The
findings from my research can inform designers about concerns and the impacts of their devices,

leading to designs that empower their users.
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