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ABSTRACT DESIGN PROGRESSION TESTING

JHT uses Delsys Trigno sensors to collect data on a runner’s center of mass and step force. To do 5 3 PR 5 A Phase One: Phase Two: Sensor Marker

® The Straps:

so, they use the sensor’s inertial measurement unit to collect acceleration data and convert it

into force using the subject’s mass. The current method of attaching the sensors to the back of Fioure 1: This | g \
igure 1: This image shows the Y , Sensor

/ Marker
Shoe Reference
Points

the shoe with athletic tape often causes the sensor to move and the tape to roll up. This is less S ' —— ' O [ progression of the straps ‘
: ’ ' design and how placement of , Initial

than ideal since the sensor movement adds excess noise to the data making it harder to process | v P e RO s ’ 5 the cord holder changed. - Position

and the tape rolling up can be uncomfortable for the runner. One chest strap and two different 2 — e ONO o : e PO;?;On

shoe holders were created and tested for stability. In addition to reducing extraneous

Figure 8: Testing set-up to determine which straps

design is better Figure 9: Screenshot of the shoe sensor holders being evaluated via motion capture

movement, factors including comfort and ease of use must be considered before selecting the e The Clip:

“Wires” run directly over

the heel of the shoe CHANGE IN SENSOR POSITION (CM) CHANGES IN THE CHEST BAND
Pipe cleaners run beneath OF STRAP DESIGNS SENSOR POSITION (CM)

7 the insole of the shoe Figure 2: The first model developed
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final shoe holder design to continue to improve.

design. Pipe cleaners were run

Sensor mimic

2 - , directly over the heel of the shoe
Accelerometers can be used to determine forces and velocities of body segments [1]. : . and under the insole. o

Ground reaction forces and step rate data can be used to assess injury risk [1]. " 5 .
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JHT has no reusable method for attaching the sensors to the heel of users shoes.

JHT needs sensor holders that are easily applied, stable, reusable, and will not impede on , N , _ , _
Figure 10: Phase 1 results: change in position of the sensor after one minute Figure 11: Phase 2 results: change in of the sensor throughout of the trial

. of running. for the chest sensor holder
the runners natural gait.

Better sensor holder will increase the accuracy of the data collected. The Ch : : . AVERAGE CHANGE IN DISTANCE (CM) Table 1: The statistical analysis of the shoe sensor holder phase

: ‘ two results
) .. Gopper wire / steel wire PER FRAME OF VIDEO
- Shaped SO that the portlon Of the wire in the B Copper Wire 1 M Copper Wire 2 M Steel Wire 1 ™ Steel Wire 2 M Straps 1 M Straps 2 p-Value p-Value

Back Side

shoe runs up the side rather than the back. ST w— R — Py

BACKGROUND RESEARCH 18 gauge copper wire model: Rubber-coated l~ | ¢ ‘ ‘. : ‘ " 5 - | Copper 1 0.004 0.342

Copper 2 0.007 0.253
Steel 1 0.028 0.226
shoe and attaches to a duct tape sensor holder rdR ’ ~ 2 @ § 3 Steel 2 7.75x10* 0.296

; sensor holder o
Can output data wirelessly and be processed externally [2]. (Figure 3a). I I ’ H B Straps 1 0.250 0.270

copper wire runs beneath the insole of the W scnser

The sensor is an electromyography and accelerometry device [2].

Acceleration data can be converted to step rate and force per step. Figure 3a and 3b: These images show the copper wire model (3a) and the steel wire model BACK PERSPECTIVE SIDE PERSPECITVE Straps 2 0.141 5.87x10*

16 gauge steel wire model: Steel wire runs

(3b) out of the shoe. Each consists of one continuous wire for easy transfer between shoes. Figure 12: Phase 2 results: average change in distance of the sensor on the
shoe per frame for the three final designs in two different perspectives

o Addition of center of mass data can yield more accurate data for total body beneath the insole and attaches to a polyester

movement. sensor holder (Figure 3b).

to minimize user discomfort

_
o Sensors can be placed at other areas of interest. The Straps

i g ~a v
Newton’s second law can be used to find various forces exerted on the runner [3]. Latex band creates downward force on sensor that is opposed < . \ ' ' (/‘ DISCUSSION & FUTURE WO RK

Forces can be combined with joint angle and loading rate to characterize running

by the shoelace in the cord holder to ensure stability of the - | | ' Sources of Error Future Testing

technique [4]. SENSOr. _ : e Change in foot angle e More trials with better

JHT can characterize a runner’s gait and determine injury risk across different et shoelace goes — 1om e Low camera quality cameras
through eyelet

environments. ~N = Vaks ' e Kinovea losing the marker Trials designed for specific

Figure 4: Both Clip designs applied to running shoes. The 18 gauge rubber-coated movements

copper wire on the left, and the 16 gauge steel wire on the right.

Future Design Modifications e Filter out the changein Xand Y

DESIGN SPECIFICATIONS ] st = G e

band crosses ; : . . rotation of the foot Figure 13: A screenshot of one of the videos used
under the shoe " o Combine designs

Must weigh < 0.5 lbs. Shoe Sensor Holder: Chest Sensor Holder:

for motion capture. The markers are blurred
Test the chest band over P

O Add side wires making it hard for the software to follow and

. L . . = . -
Two sets of sensor holders Held on the heel L Fita chest different types of ClOthlng difficult to manually place the tracker.

Cost less than $5 00. ® Fit shoes sizes 21.6 cm to 28.6 circumference Figure 5: The final design of the straps design consists of a latex band that is crossed under the

Reusable and easily cm [5] arch of the foot and tied on top of the laces to ensure a wider range of adjustability. i :
. between 80 and 150 &elastic band : . = 26.85mm
The Chest Band e S R
sterilized. Withstand up to 4 kN of force cm [6][7]. EFERENCES

Figure 6: A close up view of the pocket holding the sensor. It is held in
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Dr. Puccinelli Al‘rlngton Polman - Maximum length unStretChed 129 cm Figure 7: This first prototype of the chest band sensor holder. The center features the pocket for the sensor [7] “SizeUK: Average Measurements for Men & Women,” [Online] Humanics, 2020.

Uw Makerspace Staci Quam . and the clip would be on the users back. [8] D. Leiberman, M. Venkadesan, A. I. Daoud, and W. A. Werbel, “Biomechanical Differences Between Different Foot Strikes,” Harvard University,
- Maximum stretched length ~240 cm Cambridge, MA, United States.

Sensor displacement
runner or cause injury. Displacement less than 0.5 cm
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e Accelerometers can be used to determine forces and velocities
of body segments [1].

e Ground reaction forces and step rate data can be used to
assess injury risk [1].

e JHT has no reusable method for attaching the sensors to
the heel of users shoes.

e JHT needs sensor holders that are easily applied, stable,
reusable, and will not impede on the runners natural gait.

e Better sensor holders will increase the accuracy of the
data collected.




¥ Background Research “BME.-...

College of Engineering
UNIVERSITY OF WISCONSIN-MADISON

e The sensor is an electromyography and accelerometry
device [2].

e Can also output data wirelessly and be processed externally |2].

e Acceleration data can be converted to the step rate and force per step.

e Newton's second law can be used to find various forces exerted on the
runner |3].

e Forces can be combined with joint angle and loading rate to characterize
running technique [4].

e JHT can characterize a runner’s gait and determine injury risk across

different environments.
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Chest Sensor Holder:
e it a chest

e Must weigh < 0.5 lbs. Shoe Sensor Holder:

® Two sets of sensor e Held on the heel.
circumference

between 80 and 150

holders. ® it shoes sizes 21.6 cm

® Costless than $500. to 28.6 cm [5].

e Reusable and easily e Withstand up to 4 kN of - |

. ® Sensor displacement
sterilized. force . P

. . less than 2.0 cm
e Does notinterfere e Displacement less than

with the runner or
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Figure 1a. The back of the two straps prototypes. Demonstrates
the difference between the cord holder placement.

Figure 1b. The latex bands

cross under the arch of the
shoe. Figure 1c. The force created by the

shoelace in first prototype has a
downward angle and an upward
angle in the final design.
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“Wires” run directly over
the heel of the shoe

Figure 2a. The first model

Pipe cleaners run beneath developed to test the

f{ 10 Insoi af'ine snoe feasibility of the Clip design.
Pipe cleaners were run directly
over the heel of the shoe and
under the insole.

Sensor mimic

Figure 2b. The two prototypes for
the Clip design. The one on the left
uses copper wire and the one on
the right uses steel wire.

sensor

sensor holder
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shoelace goes
through eyelet

band ties
on top

shoelace

band crosses
under the shoe

B .

Figure 5: The final design of the straps design consists of a latex band that is crossed under
the arch of the foot and tied on top of the laces to ensure a wider range of adjustability.
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Wires run up the sides of the shoe
to minimize user discomfort
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copper wire

' 4

Polyester sensor holder 1 cm

Duct tape sensor holder

sensor

Figure 4: This image shows both Clip |
designs applied to running shoes. The 18 N ensor holder

gauge rubber-coated copper wire is on _ _
Figure 3a and 3b: These images show both the

copper wire model (3a) and the steel wire
model (3b) outside of the shoe. Each consists of
one continuous wire to make transfer between
shoes simpler.

the left, and the 16 gauge steel wire is on
the right.
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plastic
buckle

elastic
strap

spandex
pocket

Figure 7: This first prototype of the
chest band sensor holder. The center
features the pocket for the sensor and
the clip would be on the users back.
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Figure 6: A close up view of
the pocket holding the
sensor. There is no zipper or
fastener. It is held in place
solely by the spandex pocket
with the flap overtop.
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https://docs.google.com/file/d/1wWEE2xmBxdIVpZV8-nz8OiahyDLBx82O/preview
https://docs.google.com/file/d/1UX0EsBx-BLYMq7ykTJ9NN7fAgnSO7NJy/preview
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Phase 1 Procedure-

Initial
Position

Final
Position

The shoe with lines indicating
the positions of the sensor
pre- and post-run

Testing Procedures

"BME
PESISTI

Phase 2 Procedure-

Sensor Marker

Sensor
. Marker
Shoe Reference
Points

Screenshot of a back-view
clip testing video that was
analyzed in Kinovea

Screenshot of a side-view
straps testing video that
was analyzed in Kinovea
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Preliminary Strap Prototypes Testing

CHANGE IN SENSOR POSITION (CM)
OF STRAP DESIGNS Initial Design Updated Design

B Updated Prototype M Initial Prototpe

3 shoelace &

n
i
n
S o
H
= 8 2 -
. B ° -
—

TRIAL 1 TRIAL 2 TRIAL 3 TRIAL 4 *NO UPPER
STRAP

Figure 10: Phase 1 results: change in position of the sensor after one minute of running.
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Chest Holder Results

CHANGES IN THE CHEST BAND
SENSOR POSITION (CM)
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Figure 11: Phase 2 results: change in of the sensor throughout of the trial for the chest sensor holder
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Shoe Sensor Holder Results

AVERAGE CHANGE IN DISTANCE (CM)
PER FRAME OF VIDEO
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Figure 12: Phase 2 results: average change in distance of the sensor on the shoe per frame for the three final designs in two different perspectives

Table 1: The statistical analysis of the shoe sensor holder phase two results

p-Value p-Value
Back Side
desired value 1.0 cm 0.2 cm
Copper 1 0.004 0.342
Copper 2 0.007 0.253
Steel 1 0.028 0.226
Steel 2 7.75x10™* 0.296
Straps 1 0.250 0.270
Straps 2 0.141 5.87x10™*
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e Possible sources of error: e Future Testing:
o Change in foot angle o More trials with better cameras
o Low camera quality o Trials designed for specific movements
o Kinovea losing the marker o Filter out the change in Xand Y
e Future Design Modifications: distances that are due to the rotation of
o Add additional support the foot
e Combine designs o Test the chest band over different types
e Add side wires of clothing

e Add pocket to the straps design
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