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Figure 1:  

Consistent isolation of the HV environment using FBG technology avoids additional safety measures, qualification 

requirements and costs. (©iStock.com/Firstsignal, imc) 



In product development and verification of typical mechatronic applications, temperatures are 

still among the most important process variables. To acquire these, test engineers use traditional 

electrical sensor types such as thermocouples, RTDs (PT100/1000) or NTCs. These have become 

established and have been safely mastered for decades. However, the current upheavals in vehi-

cle construction – keyword e-mobility – are increasingly calling this established approach into 

question. 

New concepts with sensors based on fiber-optics with interference filters (fiber Bragg grating or 

"FBG"), on the other hand, meet the new requirements of high-voltage environments. Thanks to 

their purely optical measuring principle, they offer a perfect isolation concept against high voltage 

and are completely immune to electromagnetic interference. These advantages point to ques-

tions of handling, occupational safety and liability, which present users with unexpected challeng-

es in the development and production of electric drive trains. 

 What special training and equipment does the personnel involved need during setup and opera-

tion if the cables can be under dangerous voltage when using conventional electrical measure-

ment technology? Can a manufacturer completely instrument entire units such as battery packs 

as test specimens and how can they protect themselves against the fact that these cannot simply 

be deactivated? How are special cables extended? These technical, organizational and also legal 

questions can be defused or even completely avoided by the use of fiber-optic measurement 

technology.

Measurement principle behind the 

sensor 

The physical principle of FBG sensors is 

based on a glass fiber in which an optical 

grating is engraved. This is done by means 

of an high-energy fs-laser which manipu-

lates the refractive index of the material in 

the actively sensitive area at precise inter-

vals. In measurement mode, “white” light 

fed into the fiber from a broadband laser 

source is selectively reflected at this inter-

ference grating. The narrow spectrum re-

turned by the sensor represents the meas-

ured variable corresponding to the charac-

teristic Bragg wavelength λ_B. It is propor-

tional to the strain and temperature of the 

fiber, because these determine the optical 

grating intervals. 

The challenge in sensor development is 

now to clearly separate these two influenc-

ing variables. For strain sensors (“optical 

strain gauges”), this means compensating 

for the influence of temperature. In 

 

temperature sensors, the fiber may only 

react to the inherent temperature expan-

sion α (T) and the refraction behavior of 

quartz glass as function f(T). Therefore it 

needs to be embedded stress-free in order 

to avoid the influence of external expan-

sion or mechanical tension. 

The specially developed FBG sensor tech-

nology offered by imc achieves this by en-

capsulating the fiber in a glass capillary 

with a diameter of only 0.51 mm. Versions 

with additional ceramic and Teflon coatings 

are mechanically even more robust and yet 

only enlarged to 1.0 and 1.5 mm. The ex-

tremely small design and minimal thermal 

mass ensures a correspondingly fast re-

sponse speed with time constants of 

around 100 ms. Such extreme dynamics 

are relevant for start-up tests on electric 

motors. Thus, these processes can be sys-

tematically monitored in order to fully un-

derstand and optimize them. 
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Figure 2: FBG sensors: The fiber Bragg principle (©iStock.com/kynny, imc) 

Analysis method of the measurement device 

To determine the Bragg wavelength of the acquired spectrum, evaluation units, also known as 

interrogators in FBG technology, use various methods. Some measurement devices work with the 

traditional spectrometer method. As a characteristic parameter, the maximum (peak) of the spec-

trum is determined by means of a high-resolution measurement along the wavelength. In prac-

tice, these meters are relatively bulky, energy-hungry, not very robust in terms of the operating 

environment and, not least, very expensive. 

The FBG module from imc, on the other hand, is based on an innovative approach. It measures the 

intensity in conjunction with an “edge filter”. This color filter, comparable to a frequency high-pass 

cut-off filter, attenuates the overall signal along the linear or exactly known filter characteristic. The 

measured intensity corresponds to the integrated narrow-band spectrum of this reflected and fil-

tered signal. The change in intensity allows detection of the exact shifting of the Bragg wavelength 

along this filter characteristic.
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Figure 3: FBG analysis principles: Spectrometer vs. edge filter (©imc) 

Finally, a ratiometric assessment is carried out: The relative ratio of filtered and bypass raw signal 

I_0 is examined. As a result, general transmission losses in the fiber or fluctuations of the laser 

source intensity do not have any effect. 

 

Figure 4: Ratiometric method independent of intensity attenuation (©imc) 
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This concept enables a very compact, robust 

and portable design of the measurement 

device. Opto-electronic chips integrate the 

optical components of the splitters, switches 

and filters together with photodiodes for 

intensity acquisition in the smallest of spaces. 

The subsequent electrical signal conditioning, 

AD conversion, and digital signal processing 

maps the process with corresponding charac-

teristic curves and compensation algorithms, 

and finally results in direct temperature read-

ings. In this way, the fiber-optic measurement 

device achieves the price level and ease of 

handling of conventional HV measurement 

technology. 

Integration into a standard 

mechatronic measurement system 

The fiber-optic measurement module is 

equipped with a CAN interface that delivers 

the digital result data. In testing environments 

of test benches and mobile driving tests, the 

CAN bus is widely used as a universal bus sys-

tem – both as a source of additional meas-

urement and process variables supplied by 

control units (ECU) that need to be synchro-

nously acquired, and also as a system bus for 

networking measurement modules and data 

loggers. With the flex series, the test and 

measurement equipment provider imc has 

developed a modular system in which the 

housings of measurement and digitizing mod-

ules (imc CANSASflex) as well as suitable CAN 

bus data loggers (imc BUSDAQflex) can be 

docked together to form blocks. The units 

formed in this way are both mechanically and 

electrically coupled, in terms of power supply 

and CAN bus “backbone”, both of which are 

directly through-connected. This allows the 

user to flexibly assemble a customized meas-

urement system within seconds to meet the 

current requirements of the testing applica-

tion with its sensors and signal sources. The 8-

channel FBG module for imc CANSAS also fits 

into this concept and extends the possibilities 

to the domain of fiber-optic measurement 

technology. This is particularly important for 

the e-mobility and automotive fields. The 

newly emerging measurement points on HV 

components with their special requirements 

have to be recorded and correlated together 

with a multitude of other sensors, signals and 

ECU process variables. 

Figure 5: Integration into universal CAN-based measurement system for mechatronic testing (©imc)
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In practice

The capabilities of fiber-optic measurement 

systems are many and diverse, with the field 

of e-mobility being one of the major and fast-

est growing applications. This is not limited to 

cars only, but it also applies to the electrifica-

tion of agricultural machines and their previ-

ously hydraulically operated work imple-

ments. In addition to battery systems, many of 

their components and subsystems need to be 

developed and tested, such as charging infra-

structure, cable harnesses, power electronics 

modules, connectors, etc.. The inherent EMC  

robustness of FBG technology also opens up 

new areas of application, such as the direct 

measurement of temperatures inside the 

windings of electric motors. Developers of 

power inverters or power electronics, like 

those with new wide-bandgap semiconductors 

and modern inductive components can also 

benefit from the miniaturized and highly dy-

namic sensors in their development tests: 

Temperature profiles of power electronic 

components under load can be acquired with-

out the results being affected by drastic elec-

tromagnetic interference fields.

Figure 6: Miniaturized, highly dynamic and metal-free sensors (©imc) 

Conclusion 

The measurement approach with mixed opti-

cal and electrical technology solves many diffi-

culties in the area of handling and personnel 

safety. By completely separating the hazard-

ous HV environment from the operator and 

measurement systems through purely optical 

transmission, FBG measurement technology 

can increase productivity and efficiency. This 

applies both to the product under investiga-

tion and to the test processes themselves. 
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Additional information:

imc Test & Measurement GmbH 

Voltastr. 5 

13355 Berlin, Germany 

Telephone: +49 (0)30-46 7090-0

Fax: +49 (0)30-46 31 576

E-mail: hotline@imc-tm.de 

Internet: http://www.imc-tm.com

imc Test & Measurement GmbH is a manufacturer 

and solution provider of productive test and meas-

urement systems. imc implements metrological 

solutions for research, development, service and 

production. imc has particular expertise in the 

design and production of turnkey electric motor 

test benches. Precisely outfitted sensor and telem-

etry systems complement our customer applica-

tions. 

Our customers from the fields of automotive engi-

neering, mechanical engineering, railway, aero-

space and energy use imc measurement devices, 

software solutions and test stands to validate pro-

totypes, optimize products, monitor processes and 

gain insights from measurement data. As a solution 

provider, imc offers their customers an attractive 

and comprehensive range of services. These in-

clude project consulting, contracted measure-

ments, data evaluation, specialist deployment, 

customer-specific software development and sys-

tem integration. imc consistently pursues its claim 

of providing services for “productive testing”. 

If you would like to find out more specific infor-

mation about imc products or services in your 

particular location, or if you are interested in be-

coming an imc distributor yourself, please go to 

our website where you will find both a world-wide 

distributor list and more details about becoming an 

imc distributor yourself: 

http://www.imc-tm.com/our-partners/


