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“There is simply no substitute for knowing what you’re doing” Jeff Case 
 

Digital Sensors in Environmental 
Test Systems – A Challenge?  
Michael Mende 
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The Analogue World of Today 
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Analogue Reference  
Accelerometer Vibration Controller with  

analogue input channels and 
integrated signal conditioning 

Analogue Vibration Test Stand 

Innotesting 2018 
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Product Groups of SPEKTRA 

Calibration Solutions 
 
 
 
 
 
 

Device Testing Structural Testing Engineering Solutions 
 
 
 
 
 
 
 

Calibration Systems 
 Vibration 
 Shock 
 Acoustics 
 Force 
 Pressure 
 
Calibration Exciter and 
Components 
 
Calibration Service in our 
accredited laboratory 

Device Characterisation 
Systems 
 Vibration excitation 
 Shock excitation 
 Acoustic excitation 
 Magnetic sensitivity 
 Temperature sensitivity 
 
MEMS Sensor Final Tester 
 
Metrological Studies and 
Measurement Services 
 

Modal Test and Vibration 
Excitation Systems 
 
Long stroke ball bearing 
Vibration Exciter 

Customized Test Stands  
and Engineering Solutions 
 Mechanical Design 
 Electronic Design 
 Software Development 
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Why use Digital Sensors  
in Vibration Test Stands? 
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Transducers with a digital output 
are used in many products today 

 
 Mobile phones 
 Control devices of cars 
 Medical devices 
 Embedded electronics 
 … 

 
 
 

Digital Sensors and the Internet of Things (IoT) 
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High Volume Production  
of MEMS Sensors 

 
 Consumer devices 
 Automotive industry 
 … 

 
 
 

Digital Sensors and the Internet of Things (IoT) 

Innotesting 2018 
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Will digital transducers be used 
for laboratory applications? 
 
 Digital sensors are much cheaper 

than analog sensors 
• High volume production 
• Less external electronics needed 

(no external analogue electronics) 

 Easier setup due to self configuration 
information stored in sensor 
 

 Digital transducers will surely be 
used for laboratory applications 

Digital Sensors for Laboratory Use? 
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Example: Sensors with Kistler DTI Interface  
(Automotive Crash Test  In-Dummy Application) 

© Kistler Instrumente GmbH 

Digital Bus Interface 
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Example: Sensors with DTI Interface  
(Automotive Crash Test  In-Dummy Application) 

Innotesting 2018 

AD-Converter and  
Signal Conditioner Module 

Regular Analogue Transducer Digital Transducer Interface 
(Bus Type Interface) 

Data Recorder 
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Example 1: MEMS Accelerometer Sensor with SPI / I2C Interface  
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12-bit ADC 

© Analog Devices 

Signal Conditioner 

Analog Devices ADXL372 
• ±200g measurement range 
• 200 Hz to 3200 Hz user-selectable bandwidth 
• Adjustable high-pass filter  
• Acceleration sample synchronization via external trigger 
• SPI digital interface and limited I2C interface 
• 12-bit output at 100 mg/LSB scale factor 
• Wide temperature range: -40°C to 105°C 
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Example 1: MEMS Accelerometer Sensor with SPI / I2C Interface  
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© Analog Devices 

“Cheap MEMS sensors are just customer devices. 
They are not good for laboratory applications.” 
 
Really? 
+ ±200g measurement range 
+ adjustable high-pass filter 
+ sample synchronization via external trigger 
+ wide temperature range: -40°C to 105°C 

 
- only 200 Hz to 3200 Hz user-selectable bandwidth 
- small and sensitive package 
- only 12-bit output at 100 mg/LSB scale factor 

 
 

 Restricted bandwidth is mainly due to application in 
low energy devices; can be improved easily 

 Package can be changed by OEM manufacturer 

Packaging by 
OEM manufacturer 
possible 
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Example 2: MEMS Accelerometer Sensor with SPI / I2C Interface  

Digital resolution 16 bit 
Resolution (in ±2g range) 0.06 mg 
Measurement ranges (programmable) ±2 g, ±4 g, ±8 g, ±16 g  
Sensitivity (calibrated) ±2 g: 16384 LSB/g 

±4 g:  8192 LSB/g 
±8 g:  4096 LSB/g 
±16 g:  2048 LSB/g 

© Robert Bosch GmbH 

Bosch BMA 456 

 Resolution is increasing from  
sensor generation to sensor generation 

Innotesting 2018 
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Example Bosch BMX 055 

• Integration of Accelerometer, Gyroscope, Magnetometer 
in one sensor package 
 
 
 Allows new online monitoring capabilities  

during a vibration test 
• Measure acceleration locally at critical points 
• Measure torsion-modes locally 
• Measure local magnetic field locally  

(e.g. magnetic stray field of shaker) 
 

 Easy to handle: One wire, 9 measurement channels !! 
 

Example 3: Integrated MEMS Sensor with SPI / I2C Interface 

© Robert Bosch GmbH 
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And the Vibration Controller? 
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Actual Vibration Controller - Hardware  

• Many vibration controllers are 
available with signal conditioners 
for analogue sensors 

but 

• There is no controller on the 
market that can handle digital 
sensors 

Innotesting 2018 
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Outlook – Generic Support of Digital Interfaces 

Innotesting 2018 

Universal Interface Board (UTB)  
for SPEKTRA SRS Controllers 

– I2C 
– SPI 
– CAN 
– SENT 
– … 

 
 

 Flexible hardware configuration  
based on FPGA 

 Approved design from SPEKTRA 
MEMS production test systems 
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Actual Vibration Controller - Software  

• Software architecture is designed 
for analogue sensors with signal 
conditioners 

• Only one software driver for all 
input channels required 

• Switching between signal 
conditioners and measurement 
ranges is the only challenge 

Innotesting 2018 
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A Controller for Transducers with Digital Interface? 

Innotesting 2018 



www.spektra-dresden.com 

• A completely new software 
architecture with flexible driver 
management is required 

• Generic drivers for the different 
hardware interfaces (SPI, CAN, 
I2C, etc. ) are not sufficient 

• Digital transducers have to be 
configured 
 Measurement range 
 Bandwidth  
 Filters 
 … 

• ‘Logical’ drivers for any type of 
sensor (maybe even revision of a 
type) are required 

A Controller for Transducers with Digital Interface? 

Innotesting 2018 
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A Controller for Transducers with Digital Interface? 

Innotesting 2018 

The Universal Interface Board  
has a real time µC on board 
• The required hardware interface 

will be downloaded into the FPGA 
(generic hardware layer) 

• The ‘logical driver’  will be 
downloaded into the µC 

• The PC software will control the 
download of both programs 

• The PC software will send 
configuration parameters for the 
sensor 

• The µC will handle the data traffic 
between sensor and PC 
automatically 
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And how do I Calibrate  
such  Digital Sensors? 
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• SPEKTRA‘s analogue CS18 calibration 
systems will be equipped with a  
Universal Interface Board (UTB) 

• The reference sensor is an analogue 
sensor 

• Closed loop control of the shaker 
movement with the analog branch 

• Data streaming from the digital DUT via 
UTB 

 
 Analogue branch and vibration 

control is traceable to PTB 

 Calibration of DUT will be traceable 

Analogue Calibration System with Digital Input Channels 
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Vibration controller and calibration system 
with digital interface  
 
will be available in 2019 from SPEKTRA 

Analogue Calibration System with Digital Input Channels 
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• Transducers with digital interface are cheaper than 
analogue sensors and easier to handle 

• Currently such sensors are not often used for 
measurements in laboratories but there is no good 
reason why this will not quickly. 

• Transducers with multiple sensor elements inside can 
expand the monitoring capabilities during a vibration test 
significantly (additional benefit) 

• Currently there are no vibration controllers known on the 
market that support digital transducers generically. 

• New concepts for vibration controllers and calibration 
systems for digtal transducers are on the way 

  2019 will be an exciting year for a step forward in 
vibration testing 

Conclusions 

Innotesting 2018 
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