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DISCOVERY IN MOTION

Case Study

Using Shimmer Sensors fo Provige
Biofeedback in Resistance ITraining

Marfin O'Rellly, a student at the Nafional University of Ireland, Galway, has recently developed a Shimmer- and LabVIEW-

based virtual assistant to aid users with their training.

Background & Objectives

Resistance training has many benetits including increased muscular strength, power
and hypertrophy, and fat loss. Often when training, self-observation is prone to error,

leading to increased risk of injury, poor progress towards fraining goals, and incorrect
fechnique. These issues, coupled with the high cost of a personal trainer, create a need

for real-time feedback while training.

The biofeedback application uses inertial sensor signals and algorithms developed to
provide high quality resistance fraining biofeedback including tempo of movement,
range of movement of critical body segments, rep and set counts, weight recording,
and detection of dangerous movements for injury prevention. The first release of the
application focusses on three core exercises - squat, deadlift, and benchpress.
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System Development \

1. Signal Analysis & Sensors
Data collection, sensor posifioning, and determining ideal sensor set for
exercise analysis

2. Algorithm Development
Cdlculating joint angle using matrices, fempo of movement, range of
motion and rep and set countfing

3. In Gym Exercise Analysis
Detect dangerous movements in data, determining rep count and
range of motion thresholds

4. Final Application Development
Real-ime bioteedback whilst fraining, long-term progress viewable in o
popup Widget, saved as an installable application available for al
Windows computers

~ Integrating Shimmer & LabVIEW

.

Martin had a extensive experience in the area of personal fraining in advance of deliv-
ering this system. However, it was noted that the Shimmer hardware and its use with Lab-

VIEW made building the system less challenging and allowed it to be delivered in a short

fime perod.

The Shimmer sensors provided the motfion data and access

0 the Shimmer LabVIEW In-

sfrument Driver allowed this data to be quickly and etfective

nised that the graphical programming method was very intuitive and allowed him to

fest ideas faster using visuals. It was also noted that the calibratfion of the Shimmer sen-

sors was made easy by using the Shimmer 9DoF Calibration Application. A steady rou-

y infegrated. Marfin recog-

fine of charging the units and ensuring they had been cdlibrated produced the desired

data output for the project.

The system needed fo be useable across a range of athletes and across mulfiple exer- :>
cises as Martin aimed fo create a technology solution which would remove the need

for a personal frainer, focussing on live feedback for the user. Using the available library
resources and inserfing front panel objects and PNG images delivered an attractive Ul.
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:f System Evaluation and Testing

The system was evaluated on 20 subjects: 10 elite athletes and 10 inexperienced subjects. Thelr fechnique was compared
with and without the feedback system. Results are shown below.

Barbell Deadlift: Dangerous Movements Back Squat: Dangerous Movements

Percentage Error From Ideal Concentric Contraction Timing of 2 Seconds

. |
Squat No Squat With | Deadlift No | Deadlift With :n 1:52
Feedback Feedback Feedback feedback - i 137

Group 1A 37.30% 16.00% 44.88% 15.38% = &6/

Group 1B 39.84% 9.76% 42.00% 21.16% g o

Group 2A 33.22% 9.44% 45.00% 22.34% 60 1101

Group 2B 36.24% 18.80% 38.42% 18.44% 55 6061

Whole Group 36.67% 12.89% 40.79% 19.33% 50 %-
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Percentage Error From Ideal Eccentric Contraction Timing of 2 Seconds 80
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Minmber of Dangerons Fnee and Back Positions

Number of Dangerous Knee and Back Positions

Squat No Squat With Deadlift No Deadlift With 33

Feedback Feedback Feedback feedback J 10 60 1
Group 1A 28.78% 12.40% 39.40% 12.28% 254 50
Group 1B 30.66% 9.08% 41.42% 14.60% 201 40-
Group 2A 26.80% 10.12% 45.00% 19.70% 13 301
Group 2B 37.52% 20.10% 33.72% 18.02% 10 201
Whole Group 30.94% 12.94% 38.66% 16.15% ; S
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Feedback from Application
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Conclusions and Future Improvements '

The system provides comprehensive and accurate biofeedback for re-
sisfance fraining. The system has been evaluated and is confirmed to

aid and improve a user’s fraining fechnigue. Currently, the system is only

offered through LabVIEW but future improvements include a focus on

the following elements:

* Development for Smartphones

e Server optimisafion for cloud data storage

 Aurdl feedback integration

* More exercises and more goal parameters to be added

* Integrafion of additional sensing parameters — EMG for muscle
fatigue, GSR for stress of athlefe

e Development of an elite athlete system for more targeted body

buillding and strength fraining exercises

e Development of a system for mobillity improvement in seniors

e Design of body worn garments incorporating the sensors

 Contact Us -

Shimmer is based in Dublin, Ireland, at our worldwide manufacturing and sales headquarters. The company continues 1o pioneer
wearable wireless sensing development at our Boston R&D office, with our world class feam of hardware and soffware engineers.
If you're interested in working with us or wish to further discuss your research idea please get in fouch aft any of the below chan-
nels.
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