Milan, August 25t 2015

EHBC

2®15

MILANO

In-field use of wearable magneto-inertial sensors
for sports performance evaluation

Speaker: Valentina Camomilla

J\ Interuniversity Centre of Bioengineering of the Human

Je Neuromusculoskeletal System,

BOHNES
University of Rome Foro {talice; Rome, ltaly

37TH ANNUAL INTERNATIONAL CONFERENCE OF THE
IEEE Engineering in Medicine and Biology Society

performance evaluation

Coordination  Motor skills
——

Technique

t ¢ | Technlcal
psychical skills \ = / cognltlve ab|l|ty
Athlete’s

Predlsposmon, / \
constitution, Social skills

performance
health factors t

Performance/capacity

Force Rapidity Resistance Flexibility

(Weineck)

MIMU in-field use for sports performance evaluation — Valentina Camomilla BOHI\TE(S:




Sport performance evaluation
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performance evaluation

Technique analysis

Spatio-temporal parameters

. Inter-segmental coordination
Joint mechanics
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performance evaluation

Match analysis & performance monitoring

Player load

§ Performance
indicators

: Assessment of illegal actions
Scoring
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What to analyse?

Phase analysis
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What to analyse”

Phase analysis

STANCE PHASE
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What to analyse?

Phase analysis

FLIGTH PHASE
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What to analyse”

Time and frequency parameters

SF (step frequency)
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at to analyse?

Kinematic quantities

d (com progression displacement)

==

-SL (steplength)

S
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at to analyse?

Body segment orientations

B (trunk inclination)
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What to analyse?

Kinetic quantities

| =FAt
(braking impulse)
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What to analyse”

Kinetic quantities

I=FAt

(propulsive impulse)
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What to analyse?

* Phase analysis

» Temporal parameters (e.g. foot contact timings,
stride/step/stroke duration and frequency)

* Kinematic variables  (e.g. step length, mean velocity, acceleration peak)
* Absolute or relative body segment orientation
(e.g . joint angles, angular velocities)

* Dynamic variables (e.g- momentum, stiffness)

» Work and power
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Inertial sensors
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Systematic review

guidelines
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Systematic review

Inclusion criteria

* motor tasks of a sport context
Publfed

« athletes

 using inertial sensors

eventually, dealing with:

 motor capacity assessment T {rr———

+ assessment of performance indicators | w—
l TDlscg

with Full Text|

* intensity measures for match analysis

MIMU in-field use for sports performance evaluation — Valentina Camomilla




Systematic review

Exclusion criteria

Excluding works: Pubmed v

» performing measures of workload

+ estimating metabolic cost and activity

monitoring

 exclusively dealing with risk of injury

Search Web of Sciance™ Core Collection

|SPORTDIscud
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Systematic review

Initial search
| 322 | [ 288 | [ 302 | [ e7
|
Journal papers
(194 | [ 267 || 212 || 72
l
Duplicate
removal
661
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Systematic review
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TRENDS
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Duplicate
removal
661
selected /
based on abstract full text evaluation
77 58
‘ Included | | Consensus Excluded
7 43 8
!
Included
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Systematic review

Pubblication year
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Systematic review

m J Strength Cond Res

m J Sport Sci
Sports Eng

m Sports Tech

Int J Sports Physiol or
mJ Appl Biomech
J Sci Med Sport
m Med Sci Spo r
Sensors
J Biomech \

_—
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Systematic review

Athletes’ level

m Elite
m Sub-elite 65%
m Mixed

Recreational
not specified } 35%
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Systematic review

Setting

min field
m competition [~ 61%
laboratory

39%
not specified
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Systematic review

Sports

rugby
baseball
Australian
football
cricket
soccer
ice hockey
basketball
field hockey
netball

o |

9
6
5
2
2
2
1
1
1
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Other individual

| Cyclic sports | Winter sports

4
2 . .
: I

sports
tennis 4 distance running 24
golf 3 swimming 10
shooting 1 rowing 7
fencing 1 cycling
bowling 1 kayaking
boxe 1 sprint running
diving 1
shot-put 1
karate 1

alpine skiing 5
ski jumping 4

snowboarding 4

weight training 13
jumping 8
wheelchair sports 3
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Other individual

| Cyclic sports | Winter sports
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Sports’
classification

testing
13%

cyclic sports
i 43%
g team sports
16%

winter

other S1p522$
individual
sports
7%
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running
19%

weight training
4%

team sports
12%

swing
7%

winter sports
15%
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Systematic review

Motor capacity assessment

» Average and peak
power, force and velocity
(eccentric and/or concentric)
* Jump height

Spatio-temporal
parameters

Houel et al, 2011
Picerno et al, 2011
Rowlands & Stiles, 2011

Jidovtseff et al, 2006
Vingren et al, 2011
Crewether et al,2011

Pansiot et al, 2011
Starrs et al,2012
Bergamini et al, 2015
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Systematic review

Technique analysis

Object
kinematics

Bergamini et al., 2012 Spatio-temporal
Lee et al., 2012 parameters

King et al.,2008
King et al., 2011
Villasefior et al.,2006

Davey et al.,2008
Fulton et al.,2009

MIMU in-field use for sports performance evaluation — Valentina Camomilla

16



Systematic review

Technique analysis

Spatio-temporal Object
parameters kinematics

Llosa et al.,2009
Schaffert and Maites, 2011
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Systematic review

Technique analysis

Body segments Kinetics
orientation

Sagawa et al.,2009
Ghasemzadeh et al.,2009
Kruger et al.,2009

Zhang et al., 2013
Sbriccoli et al.,2010

Anderson et al., 2007
Chardonnens et al.,2012,2013
Nakano et al., 2014
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Systematic review

Match analysis & performance monitoring

Player load
Boyd et al., 2013 b
Gabbett et al., 2013
- Performance
indicators
Chardonnens et al.,
2012 & 2013

Automated
scoring ;
Harding et al.,2008

Assessment of
illegal actions

Wixted et al.,2012
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Systematic review

BACK VIEW
ORI i D2R® Sensors
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Systematic review
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Trends summar

» Current trend is to increasingly investigate élite and
sub-élite athletes on the competition and training field

* Individual sports are more frequently analysed, in
particular cyclical sports

» The motor tasks mainly investigated are: running,
throwing, swing, jumping, rowing and swimming

» The derived parameters are prevailing used for motor
capacity assessment and for technique analysis
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ISSUES
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Signal storing o

running
19%

swimming
12%

winter sports
15%
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Waterproof devices and fixing

\\ S
i 12%
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Wobbling due to high intensit

team sports
12%
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Output quality and calibration

Technical literature is rich of examples of specific
guidelines (e.g. Bergamini et al., 2014), however in
the analysed literature...

* spot checks are rarely used to assess the )
quality of the original/embedded calibration @J@
o P

» sensors calibration is rarely performed (the
most used technique is the six-point method ﬁ
of Lai et al. 2004)
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Output quality and calibration

To relate the output variables to the anatomy, only very few
studies performed an anatomical calibration

functional or point-based aligned with gravity during a
for joint kinematics. neutral standing posture
(pelvis and trunk)
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Fixing

Different indications regarding the fixing technique and
position were given depending on the analysed sport.

In running mainly on the foot (onto Nno consensus on
rigid and non-deformable parts of preferred positioning in
the shoe) and on the trunk. swimming

In general, sensor fixing was chosen mainly to avoid
restricting the range of movement, while possibly limiting
the oscillations between the body and the device.
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Data processing

Gravity removal } 120, Drift compensation
CY
AP 0
"8
i 60
30 -

— Real movement

——— Gyroscopic measurement

Low-pass filtering + rarely acknowledged

» compensated mainly by
subtracting average trend curves
f » orrelying on embedded sensor
¢ fusion algorithms

ﬂm

BOHNES
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Ferromagnetic problems

Ferromagnetic disturbances were generally ignored
although of course not relevant in outdoor conditions.
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Ferromagnetic problems

Ferromagnetic disturbances were generally ignored
although of course not relevant in outdoor conditions.
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Validation is carried out mainly in methodological
contributions.

60
= IMU

. /

Trunk inclination [deg]

Time [s]

Often no information is provided about validity and
reliability of the estimated parameters.
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What can we reliably analyse with MIMUs?

» Phase analysis

» Temporal parameters (e.g. foot contact timings,
stride/step/stroke duration and frequency)

 Kinematic variables  (e.g. step length, mean velocity, acceleration peak)
« Absolute or relative body segment orientation
(e.g . joint angles, angular velocities)

« Dynamic variables (e.g. momentum, stiffness)

» Work and power
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GUIDELINES
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Guidelines for MIMU use in sports performance

Quality assessment

1. Avoid ferromagnetic disturbances
no iron or magnetic fields

2. Perform spot check
to assess MIMU accuracy

3. Report accuracy of the analysed curves or parameters
or refer to previous validation
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Guidelines for MIMU use in sports performance

Calibration

1. Perform sensors re-calibration
to improve poor accuracy

2. Perform anatomical calibration
for data interpretation and
comparison within and between subjects
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Guidelines for MIMU use in sports performance

Fixing

1. Take care for MIMU fixation
to limit the movement between body and device (avoid tape)

2. Avoid cumbersome devices and elastic belts for fixing

for tasks entailing impacts

3. Avoid areas with “wobbling” soft tissues (fat or
muscles) and areas close to joints
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Guidelines for MIMU use in sports performance

Data processing

—

Correct the gyroscope static bias

2. Filter electronic noise

3. Use ad hoc algorithms
to compensate for numerical integration drift

4. |Interpret data within the limits set by the quality
assessment!!
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