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S ' m m e r Using Shimmer technology to evaluate potential impact

DISCOVERY IN MOTION of sensor fraining systems on professional golf coaching.

Aoife Marsh, a student of ME in Electrical Engineering of University College Dublin, recently developed a Shimmer based application
to evaluate potential impact of sensor training systems on professional golf coaching.

. Background & Objectives

Similar to other sports that require a technical range of movements, the complicated
tfechnique of golf requires years of muscle conditioning before a professional standard
can be reached. Traditionally those attempting to aftain this standard did so with with
the guidance of a professional sports coach. However, advances in fechnology and
the demand for a quicker leaming curve have led o the development and availability
of professional fraining sensor systems.

Body worn sensors allow in-situ monitoring of both biophysical and kinematic data of a
practicing golfer without hampering the subjects freedom of movement. Their
non-invasive nafure makes them a perfect fit for applications such as sports
performance analysis.

This Shimmer based project used inertial and biophysical sensor signals to provide high
quality training feedback focused on identifying the four key features of a golf swing;
human grip, tempo, plane of motion, and swing angle upon impact. It also developed
algorithms for more accurate feature extraction and classification, and explored the
most effective data fusion fechniques for a professional golf training system.

System Development

inderies of Inc orect and Comect Data
- _i__—i‘_l 1. Signal Analysis and Sensor Positioning
S Focus on data collection, data fusion, sensor positioning, signal analysis using
Welch's method and power spectral density analysis - amongst ofhers.
2. Signal Processing
Noise reduction through filtering, identification and exiraction of key features
using Dynamic Time Warping.
3. Machine Leaming
Feature classification using Linear Discriminate Analysis.
4. Analysis of Results and Further Algorithm Development

42 0 k] i 8 1 12 Creation of thresholds for incomrect grip pressure, calculatfion of emror rates for
AccelX Data (m/s<)

AccelY Data (m/s?)

. - . classification of features, improvements to feature extraction and data fusion
*Decision Boundary model used for classification during

the prediction stage of the machine learned alorithm olgorifhms.

Integrating Shimmer

For this application it was essential to record movement and Electromyography (EMG)
data from multiple critical sources on the body simultaneously in order to identify all key
features of a golf swing. Shimmer's Multi-Shimmer Sync software created a simple solution
for this, which significantly increased the rate of development. Its built-in signal-processing
feature noticeably reduced the amount of post-capture filtering on the acquired data.

In addition to the above, it was noted that the Shimmer sensor units and their compatibility
with  MATLAB through the Shimmer MATLAB Instrument Driver allowed rapid data
processing and integration. In this instance the data was saved in CSV format, which via
an included verified .m script allowed for easy loading of data directly info Matlab. A
program was also written to automatically import the data info MATLAB, where the signals
were further filtered and processed.

Both EMG and accelerometer sensors were necessary to detect a number of features of
a swing. As both sensors were contained in a single Shimmer device, the number of
sensors the user needed to attach was minimised. Shimmer's lightweight nature meant the

users naftural movements were not impeded in any way by the sensors.
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~ System Evaluation and Testing

A number of novel techniques were established and analysed to determine their effectiveness of a sensor based training
system. The most notable of these was an algorithm that calculated the approximate displacement and velocity of the sensors
using integration techniques. From the results, the transfer of kinetic energy from the torso to the club head during a shot was
quantifiable. From this, the double-pendulum system that is commonly used to model a golf swing was proven accurate.
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*Kinetic Energy of the club and the arm during a swing. The kinetic
energy of the club was maximised just before impact with the ball
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*Stages of the swing estimated using the club's displacement, which was
calculated by double integrating the accelerometer data.
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*Difference in amplitudes between correct and
incomrect grip pressure during a swing
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*EMG threshold values for the detection of incorrect
grip pressure on a club during a swing

Conclusions and Future Research Research

The signals were filtered and the key features of a shot identified using Dynamic Time
Warping. A number of classification models were developed using Linear Discriminate
Analysis from which specific errors in the swing could be identified. The error rate was
significantly reduced by taking advantage of data fusion techniques, which reduced it
to approximately 9.69%.

A number of threshold values were presented for use with the EMG sensors in order to
detect incorrect grip pressure. This involved analysis of the standard deviation of the
signal throughout the shot, as well as the amplitude of the signal itself.

The complicated fechnique of golf requires years of muscle condifioning before a high
standard can be reached. In the past this was reached with the guidance of a
professional sports coach. However, advances in technology and the demand for a
quicker leaming curve have led to the development of professional fraining systems.

A comprehensive algorithm was developed which forms the foundation of a training
system. In the future this could be used as a basis for a system that incorporates more
athlete data or can be used in a mobile coaching scenario.
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Shimmer is based in Dublin, Ireland, at our worldwide manufacturing and sales headquarters. The company continues to pioneer
wearable wireless sensing development at our Boston R&D office, with our world class feam of hardware and software engineers.
If you're interested in working with us or wish fo further discuss your research idea please get in touch at any of the below

channels.

Shimmer International Offices:
Europe - Dublin, Ireland

USA - Boston, MA.Innovation House

Asia - Kuala Lumpur, Malaysia
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