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Overall Study Goals

* Prepare a software package that calculates
head trajectory in a global reference frame

from onboard sensors

» Application: THOR ATD in Oblique
— Other applications: other tests, other body regions
o Additionally:

— Evaluate potential and magnitude of error in calculated 3D
trajectory from test procedure and sensor related errors
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Algorithm coding (backend code)

INPUT:
XYZ Local XYZ Local OUTPUT:
Acceleration Angular Rate
e 4 Algorithm s <
Locat1ons

o Step 1: Translating acceleration from sensors to point of interest

« Step 2: Time History of Local/Global Transformation (7 methods
identified)

« Step 3: Transformation of local acceleration to global frame and
double integration

NHTSA



THOR ATD
Tests



® [l AKX

Validation Simulations
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Validation Simulations

| Algorithm

coded
correctly

NHTSA



THOR ATD
Tests



® M A

P [ /s N
Multiple sensors including ARS
& linear and angular ACC Reference
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Simplified Head Testing
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Simplified Head Testing

t

X-Pos. wrt IRF [mm]
Y-Pos. wrt IRF [mm]

100 15 50 100 150
Time [ms] Time [ms]

m— \ficon
Endeveo 7290E + DTS 2000Hz
Error

~
(]

[o}]

Error:
Absolute Error (Vicon-Calculated)

Z-Pos. wrt IRF [mm]

100 150 200 250 300
Time [ms]

NHTSA



THOR ATD
Tests









® [l AKX

THOR ATD tests

100 3000

o
8
wrt IRF [mm]
=}

4]

Error [mm]

X-Pos. wrt IRF [mm]
w s
2 8

Y-Pos

Head Impact at 116-120 ms

€
E
W
o
£
=
@ .
g,
Q-
M

Error:
Absolute Error (Vicon-Calculated)

Time [ms]

NHTSA



THOR ATD
Tests



=] Y

Error Effects Modeling

Exrrors considered:

e Initial orientation

e Initial position

 Noise level

e Sensitivity error (multiplicative error)
 Debias error (offset error)
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Error Effects Modeling
 Bounds identified

e FEach error:
— 15 values within the bounds
— Spaced equally (assuming 15 values)

 Implemented one at a time (univariable analysis)

e Compared to baseline (assumed "ideal")
response
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Error Effects Modeling

’ Error hierarchy | Error type | Max difference after 250ms (mm) ‘
ACC Debias 750 (for debias error of 2g)
ARS Debias 210 (for debias error of 50deg/s)
ACC sensitivity 50 (for sensitivity error of 4%)
Orient 30 (for Yaw error of 1deg)
ACC Noise 17 (for noise scaled up)
ARS Noise 6.6 (for noise scaled up)

ARS sensitivity 6.4 (for sensitivity error of 1%)
ACC CG location 4.5 (for ACC CG location error of 1Imm)
Head CG initial location 2.5 (for ACC CG location error of 2.5mm)
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Error Effects Modeling
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Final software

INPUT:

XYZ Local XYZ Local

Acceleration  Angular Rate .
-—'_* i

Locations

Graphical User Interface

Backend code
(MATLAB
based)

OUTPUT:

*.xlsx files
(Acc, Vel,
Pos, Check,
Orientation)
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Graphical User Interface

4 Dummy Head Tracking

Screen 1. Sefect # of bodies for an.

Select number of bodies for which the trajectory will be calculated:

Body 1: THOR Head
Acceleration data (in "g")

Angular rate data (in "deg/s")

+ Body 2: (Optional)
Acceleration data (in "g")

Angular rate data (in "deg/s”)

Qutput Directory

First screen

Browse

Browse

Browse

Browse

Browse

4 Dum my Head Tracking
Sereen 5. C: lation & results

Label for Body 1: Head
Label for Body 2: Body2

# of data points used for debiasing:

# of points prior to t=0 based on the input data:

Not Calculating

Last screen
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