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SECTION #1: FALL TERM
Introduction

Technology is the future. Most people carry mini-computers known as cell phones in their pockets, have
technologically-advanced fitness trackers on their wrists, and might even have self-lacing shoes. Data-driven
design, artificial intelligence, and machine learning allow companies to reimagine how products function for
athletes and how design 1s executed.

If technology is the future, why are athlete’s footwear options not more advanced? Despite the rise of smart
footwear and the use of technology to measure athletes’ biomechanics and kinematics, there are currently no out-
of-laboratory solutions for measuring shear between an athlete’s foot and their shoe or between an athlete’s shoe
and the contact surface. Today, shear forces are measured by force plates mounted to the floor within motion
analysis laboratories (Landsman, 2012). These plates measure both vertical and horizontal forces by shifting an
imperceptible amount when contacted. This measurement technique is expensive and often limits the data
collected to only a stride length. The capability to measure shear stress in an out-of-laboratory would have major
implications for rehabilitation and injury prevention, developing an out-of-laboratory kinematic reconstruction
when used in combination with existing sensor technologies, measuring residual limb tissue health, and
determining prosthetic socket fit.

This paper explores how an innovative method of manufacturing performance training footwear for female
distance runners was engineered in a way that allows for the integration of an optoelectronics-based, multi-axial
shear sensor to analyze the foot-shoe interface.

Professional Interest

I am energized by solving complex problems and believe that great design can always be improved. I believe
that sports products should be advanced through the integration of technology and data-driven design to deliver
performance solutions to all athletes. My work improves existing designs by solving complex problems and
investigating the intersection of technology, engineering, and design. This project will be an innovative, beautiful,
and highly functional footwear solution that incorporates a multi-axial shear sensor to promote running
performance and advance the field of biomechanics and human performance analysis.

I believe that this project will attract future employers and provide me with valuable experience creating
innovative products. Not only will I understand how to design functional running footwear, but I will understand
how to integrate technology into product. Additionally, it will be valuable to work with a team of experts
as almost every career will depend on teamwork.

Personal Strengths

Everyone has key strengths which help them accomplish their goals. According to the StrengthsFinder test,
my top five strengths are belief, strategic, discipline, achiever, and connectedness. These strengths will be part of
the reason I produce a successful capstone thesis project. My “belief” will keep me passionate and motivated
because I know that what I’m doing is meaningful. My “strategic” nature will help me plan for the unexpected,
identify possible obstacles that might block my completion, and help me make decisions that will ensure the
success of my project. My “discipline” and “achiever” strengths will help me efficiently accomplish tasks and
continue with strong work ethic until the project is finished. Finally, my “connectedness” strength will help
me show others how important this project is and convince them of its intent and purpose.
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measure shear at this interface has major implications for investigating the foot’s tissue health as well as
determining proper shoe fit. Additionally, measuring the shear between the athlete and the environment has the
potential to pave the way for calculating the inverse dynamics of the athlete and developing a complete kinetic
model by first utilizing Inertial Measurement Units (IMUs) to determine the kinematics of the athlete. Finally, if
multiple sensors can be integrated into the footwear, this would allow for precise shear analysis at different points
of the foot, such as the first metatarsal head, fifth metatarsal head, and calcaneus. This precise analysis is not
possible using force plates which is the current standard method for measuring shear stress in a laboratory setting
(M. McGeehan, personal communication, October 22, 2021).

History of Running & Running Footwear Technology

While it is difficult to determine the exact origin of running, this research will investigate the beginning of
running as a sport and the use of technology to advance running performance. It is widely accepted that the ancient
Olympic Games commenced in 776 B.C. with a 600-foot stadium race (The History Cf Track And Field. Where
Running Started., n.d.). Before the Olympics were the Tailteann Games, a festival held by the Irish which included
several competitive events. The earliest record of the Tailteann Games is 1829 B.C. in Ireland. These games
included everything from running, high jump, long jump, and spear throwing to sword fighting, boxing, archery,
and chariot racing (Kercher, 2021).

In the United States, track and field athletics were established in the 1860s. The first collegiate race was held
in 1873 by the Intercollegiate Association of Amateur Athletes of America, the nation’s first national athletic
ground. In 1921, the first NCAA national championships were held for men. Women were included in the
Olympic Games’ track and field events in 1928. However, women’s track was not widely accepted until the 1970s
when the sport saw a rise in popularity.

The “Running Boom of the ‘70s” was spurred on by a number of events. Bill Bowerman published his book,
Jogging, in 1967 after observing New Zealand’s cross-country teams. This book sparked many people to pick up
jogging and running. Additionally, Frank Shorter, an American, won the summer Olympics in 1972 which was the
impetus many people in the United States needed to start taking running seriously (“The History of Running,”
2019). Celebrity runners, including Steve Prefontaine, also boosted the appeal of running (Kercher, 2021).

After the “Running Boom,” sports companies began pursuing the use of technology to advance human
performance and sports products. Some ways technology has been employed in sports has been wearables (Li et
al., 2016), such as pedometers, accelerometers, GPS devices, and heart rate monitors, automatic timing systems,
and product manufacturing technologies such as 3D printing or 3D knitting.

Today, wearables are common products for a consumer to own. Measuring number of steps, cadence,
distance, location, heart rate, and blood pressure can all be found in a sports watch or fitness tracker. Additionally,
there are various insole technologies that can measure plantar pressure. However, there are no options for sensors
that can measure shear outside of a laboratory setting.









Next, the clinical market will be determined based on the domestic market. The clinical market consists of
physical therapists, occupational therapists, and university sports science clinics. It is estimated that there are
38,800 physical and occupation therapy clinics in the United States (LaRosa, n.d.). It is known that there are 560
universities across the United States which offer Sports Science degrees and therefore would have a sports science
clinic (560 Institutions C,fering Sports Science Courses In the USA, n.d.). The addition of these two variables
yields the conclusion that the clinical market would contain 39,360 clinics. Also, there are over 1,000 sports
product design companies which may be interested in this product for research purposes.

While the product will be designed for female distance runners, the target market will be broken into three
launches. The first launch, which will be the focus of my thesis, will focus on biomechanists and sports product
design companies which are looking to use this product for research. The second launch would focus on elite
athletes, coaches, and clinicians. The third launch would focus on athletes who are early adopters of technology
and are interested in improving their performance. After these stages roll out, the product line could be expanded.

Sport Environment

The sport environment where the athlete would use the proposed footwear product includes a laboratory,
track, road, and trail. Due to this broad environment, both a road and trail shoe will need to be developed. The
road shoe will be built for running in the laboratory at Bowerman Sports Science Clinic and around the track at
Hayward Field. Both of these are located in Eugene, Oregon. The laboratory is indoors and features a treadmill to
run on. This indoor environment would be 68°F with 35-45% humidity (Stuba, 2014). Additionally, the outdoor
track environment consists of a rubber track surface and the footwear will be tested during spring. The weather
could be dry or raining, and 40-70°F with less than 10% humidity (Eugene Climate, Weather By Month, Average
Temperature (Oregon, United States) - Weather Spark, n.d.). Any shoe suitable for the outdoor track would also
be suitable to run on pavement or asphalt in the Eugene area.

Product Rules

In order to prove that the proposed footwear product is accurate and successful, the entire system will need
to be validated. The integration of the shear sensor into footwear will need to be validated within a laboratory
environment, on a road or track, and on the trail in order to comply with the proposed sport environment. This
validation will be done with the assistance of existing sensors, including but not limited to motion capture
technology, force plates, and IMU sensors.

Additionally, there are two American Society for Testing and Materials (ASTM) standards which should be
applied to the product. The first is ASTM F2333 which is a test method for traction characteristics of the athletic
shoe-sports surface interface. This test measures the effects of athletic shoe outsole design and materials on the
shoe-surface interface during linear translational and rotational motions. It provides information on how to
compare shoes using characteristics of the surfaces on which the shoes are tested. These characteristics include
surface type, material, condition, and temperature. The testing requires the linear or angular velocity of the shoe to
be recorded when subjected to specified loads so that baseline values can be determined, and outsole designs can
be compared (FO8 Committee, n.d.).






device that can connect to a network directly or indirectly and is assigned an internet, Bluetooth, or other
communication protocol address or identifier. The shear sensor which will be integrated into the proposed
footwear product will have a Bluetooth module and therefore will fall into the classification of being a connected
consumer product. Additionally, the product defines safety as being freed from an unreasonable risk of physical
injury or illness resulting from mechanical contact, hazardous energy release, or exposure to hazardous chemicals
from the product. The standards does not include privacy, personal data security, or the safety from physical harm
resulting from privacy or personal data breaches (Subcommittee F08.54 : Published Standards under F08.54
Jurisdiction, n.d.).

Initial Line Plan

The 1nitial line plan for the proposed footwear project includes two trainers, a women’s trail shoe and a
women’s road shoe. The women’s shoes will be built around a last specifically designed based on the female foot
morphology. Both the trail and road versions of the trainer will feature similar midsoles. The outsoles and uppers
will have variations to fit the specific environments they are created for.

All shoes 1n the line will feature aesthetic styles and colorways that highlight the unique models of the
trainer while keeping the collection recognizably similar. Every model needs to be capable of measuring multi-
axial shear stress and record the data via Bluetooth to allow athletes to analyze the lateral force components on
their feet. Additionally, the shoes need to be designed with a breathable upper for all day comfort, ultra-
lightweight cushioning with high energy return, and innovative traction for a confident grip on the ground.

State-of-the-Art Sensor Technology

As technology becomes more advanced, wearable performance devices and sensors become more
accessible to elite athletes and the general population. Wearables allow athletes to “monitor functional
movements, workloads, and biometric markets to maximize performance and minimize injury” (L1 et al., 2016).
Wearable sensors may measure movement, for example pedometers, accelerometers, and global positioning
satellite (GPS) devices, or they may measure physiological metrics, for example heart rate monitors, sleep
monitors, and temperatures sensors (L1 et al., 2016). Of these types of wearable sensors, many have been adapted
to interface with footwear. This section of the paper will examine six of these sensors whose function, design, or
integration into product may provide valuable insight into the proposed footwear product line that this paper
outlines.

The first noteworthy sensor is a plantar pressure measurement insole system called pedar® by novel.de.
The insole system is built to slide into the shoe on top of the existing sockliner. It can be tethered via USB cable,
function via Bluetooth, or use SD card storage. These various data collection techniques allow data to be collected
anywhere and downloaded simultaneously or after the athletic event has been completed. The system features 99
sensors per insole for full-foot coverage. The sensors are flexible and easily conform to the foot’s shape.
Additionally, the insole can interface with any shoe size and can be useful for all athletes. The price for the sensor
system is unlisted (“Pedar- Footwear Pressure Distribution Measurement,” n.d.).

The second sensor worth mentioning is the F-Scan system by Tekscan. This sensor measurement system
captures temporal parameters, pressure, and force so various aspects can be measured simultaneously. All sensors
are high-resolution for accurate data collection, ultra-thin for in-shoe comfort, and durable enough to last multiple
trials. Similar to the pedar® system, the F-Scan system is an insole that built to slide into the shoe on top of the
existing sockliner. The system allows graphs and pressure profiles to be displayed in real time for immediate
processing and analysis. The price for the sensor system is unlisted (F-Scan System, n.d.).

The Smart Insoles by ARION is the third sensor system to examine. Another plantar pressure measurement
insole, the Smart Insoles contain eight pressure-sensitive sensors to measure every interaction between the foot
and the ground in detail. A durable microfiber cover material is utilized to increase the lifespan of the system. The
system is ultra-thin, lightweight, and flexible for minimal affect on athlete performance. Plus, the system has
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SECTION #3: SPRING TERM
Spring term focused on refining the storytelling of the project, finalizing the design, ideating on the
aesthetics of the design, prototyping, testing and validating the design both with athletes and experts, and creating
a presentation to defend the thesis. The following are slides of a process book detailing the work done throughout

the term.
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Direct a sense light beam to an opposing
surface having a spatially variable reflectance
pattern

;

Displace two shearing bodies
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Detect a portion of the beam reflected by the
opposing surface

Determine shear characteristic based on the
detected portion
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