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Acceleration MEMS Sensor Overview

CHARGE
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CONTROL
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SDA/SDO/SDI

SDO/SAQ0

Analog Sensing Element |} Digitalisation

TRIMMING CONTROL LOGIC | — INT 1
SELF TEST REFERENCE CIRCUITS CLOCK
TEMEPRATURE INTERRUPT GEN. | — INT 2
AM10246V1

11S328DQ High-performance ultra-low-power 3-axis accelerometer with digital out-put for industrial applications, STMicroelectronics
(2015), https://www.st.com/resource/en/datasheet/iis328dq.pdf
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Analog Sensing Element

Image source https://www.richis-lab.de/MEMS=02.htm
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Data flow in the Smartup Unit

PIB

12C/SPI Smartup Unit Data receiving \ Metrological agent ﬁﬂ
Sonie, 7 - Data acquisition % o and buffering agent framework s
_ - . : .
Absolut? tlmestaml?lng s T B T e T ot / Data processing agentﬁ
GNNS TIME = conver5|on to S| units - Extract meta information from UDP \
- Stores transfer function © data stream /
Calculation of transfer

Ring buffer for data.
Optional storage of
data on disk as HDF5.

s | U /

function

o _/

Stateless Data and Description Protocol

o
=
o
w
o
c
=
[=]
E

o
o
E g
-
o
(2]
L
)
c
Q
=
=)
-
<

Time

Physikalisch-Technische Bundesanstalt ® Braunschweig and Berlin

National Metrology Institute



Stateless Data and Description Protocol PTB

Stateless data and description protocol Time

Amuenb jeaisAyd *q
uoiIn|osay °'a

ID 123 123

Samplenumber 100 101

Unix time 1594224567 1594224567 Type PHYSICAL_QUANTITY  UNIT RESOLUTION MIN_SCALE MAX_SCALE
Unix time nsecs 123456000 12356012 Description_01 X Acceleration \metre\second\tothe{-2} 65536 -156.914 156.909
Time uncertainty 155 156 Description_02 Y Acceleration \metre\second\tothe{-2} 65536 -156.914 156.909
Data_01 0.234 0.235 Description_03 Z Acceleration \metre\second\tothe{-2} 65536 -156.914 156.909
Data_02 0.125 0.127 Description_04 X Angul loci di d\tothe{-1} 65536 34.907 34.906
Data_03 9.634 9.602 escription_ ngular velocity \radian\second\tothe{-1} -34. d
Data 04 0.005 0.004 Description_05 Y Angular velocity \radian\second\tothe{-1} 65536 -34,907 34.906
Data_05 0.006 0.007 Description_06 Z Angular velocity \radian\second\tothe{-1} 65536 -34.907 34.906
Data_06 -0.005 -0.007 Description_07 X Magnetic flux density \micro\tesla 65520 -5775.43 5775.43
Data_07 =062 St-4c Description_08 Y Magnetic flux density \micro\tesla 65520 -5775.43 5775.43
Data_08 10.12 10.02 pon_ € Y . :
Data 09 2.35 2.00 Description_09 Z Magnetic flux density \micro\tesla 65520 -5775.43 5775.43
Data_10 23.54 23.55 Description_10 Temperature \degreecelsius 65536 -77.208 119.080
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Calibration System for ,,digital Sensors* PTB

Yref |aser
analogue calibration system ref. digital acquisition unit - .
DAU Yrefw (1) = Yierw - SIN (@ - t; — @rerw)
ticlock: unm |generator :
A, "ng 1, rgg?y E:;S YsyneCALw (1) = YsyncCAL.w - Sin (w o ‘PsyncCAL.m)
ADC ADC digital ADC — —
meff. ACS sync Vegme ingput sync AS‘gref—sync ({U) Pref (W) C;OsyncCAL (w)
Ld 7\
T\t T\ e mechanical Qyiu\f ys}n/ . .
exciter Yputw (i) = Ypure - SN (@ - f — ¢puTt,w)

YsyneDAU.w (k) = Ysynepau o - SN (w /3 ‘PsyncDAU.m)

A(j'QDUTfsync((-“-’) = @puT (Ld) - L,¢OsyncDAU (&J)

- =

—~

()
o)

()] = P

A(,O(Lu') = (AQPDUT—sync(w) - A(PDAUADC(M)) - A‘faref—sync(w)

yﬁ_ynnDAU,m (t}c)

YpuT w (tx)

% DAU ADC needs calibration http://dx.doi.org/10.21014/acta_imeko.v9i5.1008
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Calibration System for ,,Digital Sensors*

Laser interferometer system
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Sensor Sample Clock Example @PTB

Temperature dependency of sampling frequency

E — : * Many sensors generate

521001 PR the sample clock

%2050- "‘\\ _—T g internally.

£ 2000 T ‘ -205 ¢ Deviations in the % range

a B 5 are possible.

%%19507 ; . - -40$ * Precise phase evaluation

N g © is not possible without

< 2050 5 knowledge of the sample

e B clock.

;?2000' e N ;‘J In contrast to the FFT,

] 5 T Sy, the IEEE1057 Sine

§1950— ) § :@: Approximation _dqes
24.532 24.534 24.536 24.538 24.540 not require equidistant

Time ins

samples.
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Example Measurements at CEM and PTB @PTB

PTB 10 repetitions
CEM 9 repetitions
Uncertainties were calculated from the weighted repetitions

1.0 { PTB |
f:|‘; b CEM
EIE
2 0.8
%)

Frequency in Hz
0.002. | | | | | ‘ | I } | }
' , { f
0.000+
f f
} | | | } : - | } * | | PTB
—0.002 ' t } | CEM
) ' ' 10"

Frequency in Hz
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Statistical uncertainty one run PTB EEP1B

The uncertainty does not yet include systematic influences such as
. temperature 1S(w)| =
* mounting.

i>DUT(W)
i;;ef w)

The seven cables of the sensor can lead to resonances and other mechanical disturbances.

Uncertainty of the magnitude components PTB measurments
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EPB

Example Measurements at CEM and PTB

PTB 10 repetitions

CEM 9 repetitions
Uncertainties were calculated from the weighted repetitions
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Statistical uncertainty one run PTB EEP1B

The uncertainty does not yet include systematic influences such as

* temperature

* mounting errors.

PTB’s analog reference signal does not have a constant amplitude over frequency.
* source of phase uncertainty.

Ap(w) = (A%ODUT—sync(W) — AWDAUADC(W)) — A(;Gref—sync(w)

Uncertainty of the phase components PTB measurments
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Pulse pressure transducer calibration @PTB
° MG Sensor Analog D|g|ta| Module https://www.mg-sensor.de/de/Aktuell.html

 Time series recording \ N N'\'\
« 20 kHz Sample rate ; gsg E
* 4 wire bridge (4.8 V) SN NNENING:

« times 100 gain
* 16 bit resolution

« P3MBP BlueLine Pressure Transducer,
« 10000 bar/mV/V '

https://www.hbm.com/en/2477/p3mbp-blueline-
high-pressure-transducer-up-to-15000-bar/
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Pulse pressure excitation at Tubitak UME

Comparison of pulse peak values
similar to ISO 16063-21
,Methods for the calibration of vibration and shock transducers”
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Pulse pressure excitation PTB
Facility at Tubitak UME
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pressure pulse excitation @PTB

Control/
Aqusition trigger
generation

'\ trigger

-

g Recording PC

Kistler 6213 1A trigger

HBM P3MBP DTI :
_ g Recording PC
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Timeseries 4970 bar first pulse

PIB

TUBITAK Reference Time series data
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Pressure transducer signal in vV

Full pulses 4970 bar first pulse

PIB

TUBITAK Reference Peaks analyzed 4970 Bar
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Top 20 % 4970 bar first pul

SeE

PIB

TUBITAK Reference Peaks top 20% used for fitting first peak 4970 Bar
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Results

Dé:ig‘lodule bridgevoltage vs. reference amplifyed reference transducer signal

© o o
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Summary @PTB

« With the MetdFoF Smartup unit + software, existing analog calibration
systems can be extended for digital sensors.

* no modification of the analog system required!
 Digital sensors must be treated like measuring chains.

* For evaluation in frequency domain, the sample frequency must be
measured or provided externally.

 If equidistant samples are required (e.g. FFT), interpolation must be
performed

 Digital preasure transducers can be calibrated similar to ISO 16063-21
,Methods for the calibration of vibration and shock transducers”
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ADC Calibration
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ADC transfer function

PIB

Transferfunction ADC1 des Boards mit der ID 0x1fed
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Calibration system in the AgentFramework EEP1B
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