B

UNIVERSITY OF
CANBERRA

N
EEEEEEEEEEEEEE

A WORKLOAD MONITORING SYSTEM
THAT CALCULATES NECK FORCES IN
FAST JET PILOTS
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.. e s . Australian cricket team is using wearable
Sport- Load monitoring T S > lech to keep howlers injury free

¢ What is the neck Workload?
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*  What loads are associated with neck complaints?

Guide to interpreting and applying acute:chronic workload ratio data.

‘Sweet Spot’ ‘Danger Zone’
| injury risk 1 injury risk

Likelihood of subsequent injury (%)

Acute:Chronic Workload Ratio
Tim J Gabbett Br J Sports Med 2016:50:273-280
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UC Neck Forces Study
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Peak Loads?
Cumulative loads?
Effects of Helmet?
Effects of Gz?

Effects of Head
Motion?

Muscle and joint
loads?

Pilot load profiling?
Future directions



Preliminary Task analysis- video

2 pilots- average 176 head rotations in 10 minutes
of flight

Gz profile highly variable... So what is the neck load?

Average Gz
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Head Motion Classifier

matrix for AdaBoost (

ing proportion of predicted)
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38329
41042
28939
89211
40771
39468

277760

Predicted
CheckLeft
Actual CheckLeft 100.0 %
CheckRight 00%
ExtensionHold 00%
Neutral 0.0%
QuadrantLeft 0.0%
QuadrantRight 00%
) 38329
Neutral
Check
Left
Quadrant
Left

Extension
Hold

Check Right

Quadrant
Right

learners:

LR 2.0%

NB 3.2%

kNN 96.8%
Adaboost 100%.

We have built an
algorithm to
accurately
discriminate,
classify, and count 6
head motions

Head motion counter

Classification accuracy of the machine



Head Motion Counter

Head Motion Counts

Checkleft

| Neutral

m CheckRight

Quadrantleft

m ExtensionHold

# QuadrantRight

ChecklLeft

m CheckRight

Reliable head
motion counter

Frequency and
Duration and Type

Duration (mins)

m ExtensionHold ®m Neutral QuadrantlLeft
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~Lsortie- " o Trained and tested

lab d’ MOTION classifier
y Workload Report

Dashboard
Inertial sensor ® Head motion ;
ta COUNTER :
-NI (ff” 4.,.,6 Flight data =
processor ‘__"
Trained and tested &
FORCE predictor =
e 42 videos
B e Inertial sensor data
Dr Phil Newman Dr Wayne Spratford
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OpenSim modelling

Using a musculoskeletal modeled developed at Bath

University for Rugby Scrummaging, trajectory data was
imported into the OpenSim platform

6 Dof - Head&Neck
C7-C1and C1-Head
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3D trajectory data were collected from 20 retro-
reflective markers attached to the helmet, thorax and
upper-arms using a motion analysis system

RAAF pilots performed common aerial combat head
checks while sitting in an F/A-18A ejection seat

- Check Left, Check Right, Extension Hold and Extension Scan
Two helmets were worn, HGU-55/P and JHMCS
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La b M ethOd S e COM and MOI properties were altered within the model to

reflect that of the helmet, before each participants data set
was

—  Scaled and inverse kinematics and inverse dynamics created

The Opensim model has enabled the calculation of neck
forces associated with dynamic head motions.
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Effects of Helmet

#JHMCS

JHMCS is associated with consistently higher neck forces than 55P
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55P JHMCS
JHMCS or 55P

Error Bars: 95% CI
Error Bars: 95% CI

The effect of JHMCS is proportionally greater at C1.

I Sum of all moments at C7 Left Lat Flexion
I Sum of all moments at C4

I Sum of all moments at C1
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Mean Sum of all moments at C1 (Nm)

Effects of G force

. Gz increases neck force linearly at all segments.

. Every 1 unit increase in Gz results in a 10 % increase in neck force
when wearing the 55P.

. Every 1 unit increase in Gz results in a 11 % increase in neck force

when wearing the JHMCS.

Helmet

3000 —E5F
— JHMCS

2000

*  We now have force
predictions for each
cervical segment, (and
muscle forces also
possible)

1000

000
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Effects of Motion Type
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Neck Force Prediction-
Lab to Cockpit?

OpenSim model predicts neck
forces in pilots

Figure 1
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Features

1 Filter
Lab to cockpit e
o pitchd
Force predictor machine learners trained on lab g roll2
yawd
data 0 G
HelmetCondition
o -
& m Do, at. = b;‘: Gt.t:.r‘\
E N N ‘::r EEEEE %%A re; * edktions D pa B
o 46%/ Test & Scor
Target Variable

Save Model

m aux/jnt_r3_moment

5 folds of 75% of Opensim data used to train 3 learners
5 folds of 25% of the data set were tested
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Trained machine learners predict

neck force based on Gz and head co-
ordinates

Excellent fit, error small (0.7-3%)

Method MSE RMSE MAE R2
AdaBoost 11275 1129 0310 0.994
kNN 4054 2.013 0.692 0.981

Linear Regression 99.081 9.9533 7.677 0.333
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Lab to cockpit

Video footage of the pilot
F/A-18A

Head position co-ordinates relative to the
instrument panel

— JHMCS HMD sync’d with video

— 7 pilots

— 11 sorties

— 42 video segments

Calculate (predict) neck forces in flight at C7,
C4,C1

Only input is head-mounted inertial sensor

data and Gz-meter

&

UNIVERSITY OF
CANBERRA




Neutral

Quadrantleft (component of High Aspect Pass)

QuzdrantRight (component of High Aspect Pass)

Frequency
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ExtensionHold
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® QuadrantRight

1
CheckLeft

1 1 1 1
CheckRight ExtensionHold Neutral Quadranti eft
Motion Detector

Distribution of 'Motion Detector’ grouped by 'Motion Detector’

6 head motions accurately classified and
counted from real flights

Dr Phil Newman Dr Wayne Spratford
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e 42 videos
¢ |nertial sensor data

¢ Trained and tested
FORCE predictor

\ . ® Trained and tested
MOTION classifier

e Head motion
COUNTER

Tiasser | 5.8 7470000118 e S = S aEAa00 seees | 5.1

Dr Phil Newman

Dr Wayne Spratford
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Report
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Results- a goldmine

Peak load C7 (Nm) Min load C7 (Nm) Avgload C7 (Nm) Cumulative Load C7 Duration(sec) (mins) Episodes Avg Gz
CheckLeft
CheckRight
ExtensionHold |
Neutral
QuadrantLeft
QuadrantRight |

For example in this pilot;
Most time spent in neutral
Highest peak load in check right

Highest average load and cumulative
load was at C7 , in quadrant left
position [
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Results- peak, cumulative, technique, helmet,
sortie, segment, muscle...... risk

Head Motion Counts Review Sortie
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Summary

This study has shown we can;

efficiently and accurately monitor pilot workload

make technical review and training more feasible
and inform conditioning loads

enable access to immediate post-flight summaries
of workload.

enable prospective calculation of risks associated
with neck forces (further study)

Conduct comparative modelling of new helmet
designs




Future

 We are developing Head mounted sensors and interface
 What is neck force and injury relationship?
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HELMET COMPARISON JHMCS

#55pP +20.44%
F ut u re 3 JHMCS Flexion
 We can now quantify the difference between Loft Lat Flexion Right Lat Flexion
helmets.

 What is best design to reduce neck force?

He — s
Left Rotation Right Rotation
Select all | Next gen Helmet model v3.8 | b Afjjust rqodels according to parameters below and_run Inverse ?
Kinematics and Inverse Dynamics on the selected trials
=1 ~
= M55p

(BT 2,0612,10.572 Gz [ o] Extension
MIDGS L 2,0.552,4.604
IDGs R 2,0.82,5 Skull

=02 Mass 5.62

[s5p

E%E Mass x |oo1s] y | o] z| 03]

=h centre

s :}1"';2‘:;25 o |0057] yy [0650| 2z |.0569]

e

M7 Disk Paths

s Database | Di\Latest Mewcastle OpenSim Data\Modelled\1 Gz |

?0 Output | DHelsim test |

M1

Mz

13
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M7 Test Files Inverse K and D Static Optimisation B Cancel
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Thank you

Air Combat Group — Fighter Fit, WGCDR Carlos Almenara
Dr Adrian Smith- RAAF Institute of Aviation Medicine

Mr James Wallace — Fighter Fit, UCRISE

Ms Amelia Riches- UC Physiotherapy honours

UC students, research assistants, and members of 77 SQN
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