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Motivation and Outline e S BAN
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» Hardware for infrastructure-free 3D indoor localization

Y 3D self-calibration-method

} GUM - measurement uncertainty

» Contributing parameters and input values

» Uncertainty budget /- .
» Results
What tells us
the sensor?
> Test results with active calibration and map
projection
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3D inertial navigation system ...z >4 BAM
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} Infrastructure-free 3D indoor localization and Testing Methods

» 3D accelerometer, 3D magnetic field sensor, 3D gyroscope, air pressure
> GPS » Gas sensor, CO

» Humidity and temperature » Vital signs, heart rate

> Wireless data communication

BodyGuard BodyGuard BodyGuard
Version 1.0 Sensor Version 2.0 SensorEvalBoard 2.0
4
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The procedure | e Y BAM
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Model of the measurement data | o e e

>

Y Filtering and approximation of the measured values
» Calibration of the sensors 3 = [(&) dt
>
>

Motion algorithm s = f(ﬁ’) dt
" L §=ff(&)dt dt
Position determination

|
|
Free 3D motion 3D accelerometer 3D magnetic field sensor
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Magnetic field
sensor

Accelerometer
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Four layer model = M BAM
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Y Structured collection of measurement uncertainty ] Sensors, Measurement
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components of hybrid measurement systems

/r/—x

— All external influe_nces,
rules and regulations are detected
with the “Guide to the Expression of
Uncertainty in Measurement” (GUM)

Consists of the
performance of the
system, with mutual
support and redundancies.

System accuracy
(1ISO 10360, VDI/VDE 2617 Part 6.x)

All additional effects that
may occur through the
integration of multiple
sensors or measurement
systems are considered.

Sensor integration accuracy
(SIS*¥)

T

The sensor or an individual
involved measuring system is
considered.

Sensor accu racy
(DIN 32877)

*  Dimensional Measuring Interface Standard
**  Sensor Interface Standard
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“Guide to the Expression of Uncertainty in Measurement" (GUM)

» Type A evaluation of measurement uncertainty

Evaluation of a component of measurement uncertainty by a statistical
analysis of measured quantity values obtained under defined
measurement conditions.

» Type B evaluation of measurement uncertainty

Evaluation of a component of measurement uncertainty determined by
means other than a Type A evaluation of measurement uncertainty.

LB852014
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GUM principle e Y BAM
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Estimates of L
input quantities ‘ Determination of
of sensor X, . expanded

Analysis of uncertainty

Measurement O standard according to GUM
data of all uncertainties (combination of
sensor X; (input of input standard
qdantity) estimates x; uncertainties incl.
correlations)
o
4
27.11.2014 E”ngmg LBS 2014 - Vienna, Austria E. Kbppe 9

Ltwsrustarsnutisutisinal



Contributing parameters and input > BAM
values (quantity, measurand)

/
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sensor

environmental conditions

temperature Iinearity

altitude (gravitation) orientation

local magnetic fields supply voltage VCC

measurement

o

result

guantity,

measurand
reference voltage Vi

digitalization k-factor (Scaling)

analog to digital convection

calibration

> Measurement result of one sensor x; and the input quantity X including all
corrections leading to the final measurement result Y = f(x;), with i=1..n (sensors)

LB852014 . .
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Contributions to uncertainties ...z Y4 I3AM
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Magnetic field
sensor

Sensor: Accelerometer Gyroscope

;
e D -

Uncertainty

o Type 1 — Type 6
contributions : P P

Measured variable: U [mV] > a [m/s?] U [mV]=> B [uT] U [mV] =2 w [°/s]
Calibrated variable: [earth gravity field, 19] Direction of the earth‘s Angle velocity of the calibrated
Sensitivity factor: g/mV magnetic field vector accelerometer and magnetic field sensor
uT/mv °/siImV
L@C.% Emﬁ . .
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Type 1: Resolution of the digitalization Type 4: Temperature drift
e.g. at 3,3 Vg and 12 Bit ADU

Sensors, Measurement

and Testing Methods
Type 5: voltage fluctuation
1 Digit = 0,8056640625 mV _ supply voltage
1,272467V 16 12 10 8Bit
e Type 6: voltage fluctuation
+——————————— 63h £ 1,276171875 V
. 18Bh 2 1,27294921875 V - reference voltage
: =+ e Type 7: fluctuations
4— 62B7h £ 1,27249603271484375 V
+—62B6h 2 1,2724456787109375 V - Local magnetic fields
——o628h 2 1,2721435546875 V
e 18Ah 21,2697265625 V
E - 62h £ 1,2632815 V

-9

Type 2: Sensor noise

¥ 4
0g ’
|
=5 .
£ { Typ 8: Sensor drift
600,00
500,00
. 400,00
Type 3: Scaling error 30000
%20000
5
; 100,00

+200,00

300,00 -

400,00
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Uncertainty Budget D BAM

> Uncertainty estimationu (s(tInt )) including (systematic) time basis error At

4

U (st ) = u”(v(t)) (5t + At )" + zuz(a(t))[wt 5 J
2

> By numerical integration approximation (one space coordinate) for

displacement calculation interval t

- n- (ot + At )

2

2

n ” St+ At )
St ) (Z i— 1V(ti—1))° (5t + At ) + Z i=1(a(ti)+ a(ti—l)) | (( < J

t

- n-(ot+ At )

where

u (v (t)) > uncertainty contribution concerning determination of actual velocity

u (a (t)) : uncertainty contribution concerning determination of actual acceleration

At : highly correlated interval deviation

LB852014
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> BAM

Input quantities - measurand
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Summary and Outlook e Y BAM
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> Reduction of the uncertainty estimation with the
3D self-calibration-method

> Acquisition of contributing parameters and input values (quantity,
measurand)

> Application of type A for uncertainty determination

> Building of all uncertainty budgets for all sensors of the hybrid
sensor systems according to GUM

> Improvement of the long-term stability and determination of the
"working time" of 3D inertial navigation system without
infrastructure, BodyGuard-System

LB852014
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sensor data: sensor data: sensor data:
accelerometer magnetic field sensor gyroscope

Sensors, Measurement
and Testing Methods

Kalman filtering Kalman filtering
suppress noise suppress noise
Determination of the
Calibration by the Calibration by the resting point using the
approximation of approximation of Totmann circuit
an ellipsoid an ellipsoid

Calibration by the
Approximation of a

straightline
—»
v
Low pass filtering Low pass filtering Low pass filtering
Approximation of the sensor orientation using the gravitation
field and the magnetic field
\ 4 \ 4

Adjustment of the sensor orientation to determine the calibration of the gyroscope
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