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Fig. 3: Shape calculation of the component from Fig. 1 in phase 1 and phase 2, showing a deflection in Z direction
to the phase 0. Results visualized as heat map with attached sensor network, minimal uncertainty path marked in
red.

Subsequently, the surface shape can be re-
constructed using a two-dimensional polynomial
via a least-squares fit. The positions with the as-
sociated uncertainties are used for the fit calcu-
lation. For position estimation also the angles of
the measuring probes can be used, as the angle
information corresponds to the slope of the sur-
face at the calculated probes position, respec-
tively. This can be realized by extending the fit
algorithm with the first derivative of the polyno-
mial.

Measurement
Figure 3 shows the deformation resulting from
lifting the component’s edge ≈ 6mm generating
a torsional load on the component. The mea-
surement is divided into three phases. Phase 0:
initial shape, structure lies flat on the floor, phase
2: uplift of rear left corner and phase 2: uplift of
front left corner. The two upper graphs show the
calculated shapes of the component in phases 1
and 2 with the sensor networks minimal uncer-
tainty path highlighted in red. The change in the
Z direction with respect to the initial phase 0 is
presented with the color map. Both phases show
similar displacements. Also, the lifting point is
visible on the heat map and shows that the com-
ponent is lifted locally only on at a corner of the
structure. The bottom graph shows the roll angle
to illustrate the different stages in time. At the
end of the measurement process the structure
returns to its original shape.

Results
In this work we demonstrated that a real-time
monitoring of large-scale structures with precise
position and shape specifications is feasible, em-
ploying a wireless sensor network, which has
been mounted on a test structure. Probe po-
sitions and the determination of the structure
shape has been realized using a least-squares
fit algorithm. In a future work the measurement
results are cross-checked with a LASER-based
reference measurement system.
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Summary: 
Wind energy and electromobility have the biggest share each in the production of renewable energies 
and a carbon-free use of them. Essential for very important basis for the transition to a low-carbon so-
ciety the technical side of optical solutions shown in an optimized communication to power analyzers by 
optical remote probes and its versatile advantages with fiber optic technology as well as an optical pan-
tograph monitoring solution for optimization of rolling stock is explained in here. 
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Introduction 
At the end of 2024, the UN Climate Change Con-
ference took place in Baku, Azerbaijan showing 
there is no alternative to a world of 100 % renew-
ables [1]. One of the results was that wind en-
ergy on the one hand and electromobility on the 
other respectively represent most important con-
tributions to securing the global climate.  
To secure further developing progress in these 
new technologies, solutions must be thought, 
better in comparison with current methods. 

Resulting technical requirements 
The Helmholtz Research Field Energy (HRFE) 
sees the task of developing a science and tech-
nology driven roadmap for energy research, to 
which we see ourselves as equally committed 
[2]. In several publications aspects of that pro-
gress has been described in detail. Increasing 
size of by wind turbines, makes torque gener-
ated rise to dizzying heights in the MNꞏm range. 
With the trend to offshore wind turbines the mid-
term horizon is nominal of 20 MNꞏm, necessary 
to be traced back as well [3;4], we offer reference 
standards. In this article now, the signal flow 
from sensors to DAQ should be the special topic. 

Optical solutions vs electrical once 
One of the most significant differences between 
optical interconnects and electrical interconnects 
is the speed and distance at which they can 
transmit data. Optical interconnects use light to 
transfer data, which allows for faster data trans-
mission speeds. At the same time, they consume 
less power than the equivalent electrical inter-
connections and are more suitable for autarch or 

mobile solutions [5]. However, in the following 
solution advantages beyond that come into play. 

Description of the new solution 
In Electric Power Train testing for electromobility 
applications the parameters of the electric motor 
need to be investigated. Voltage measurement 
can be realized quite easily, current measure-
ment needs special attention.  

Current measurement is carried out by using the 
generated magnetic field, what has the specific 
advantage of being a non-contact i.e. isolated 
current measurement, so that the primary circuit 
does not need to be interrupted with the insertion 
of a lossy component like a shunt. 

Fig. 1:  Fluxgate current transducer HBK CTS200ID, 
manufactured by DaniSense, DK, Source: HBK 

In an electric power test stand usually long ca-
bles from the current transducer are exposed to 
high voltage and often EMC problems. In case 
the new fiber optic remote probes feeding sig-
nals it into a power analyzer, this is not the case. 

Fig. 2: Fiber optic remote probes for voltage (a) and 
current (b), for current optionally with integrated 
power supply (c) 
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The compete setup of an Electric Power Train test 
stand with fiber optical fusion probes and yellow opti-
cal cables to the power analyzer is shown below, al-
lowing uncompromised safety and with shorter cable 
lengths to prevent reflections too [6]. 

Fig. 3:  Electric Power Train testing for electromobil-
ity with fiber optical fusion probes, saver and still 
more simple set-up 

Integration into other optical solutions 
The shown remote probes offer all the ad-
vantage of fiber optic technology to optimize 
communication ways to the power analyzer. 
However, their benefits can be further enhanced 
by combining them with other offers, comple-
mentary to other optical solutions HBK offers in 
the applications. So, for many years HBK offers 
already the HBK optical Structural health moni-
toring for wind energy applications [7]. 

Fig. 4: HBK optical Structural health monitoring 
for wind energy applications 

An example of a completely fiber-based meas-
urement chain in electromobility is the newly de-
veloped pantograph optical monitoring providing 
optimized pick-up safety for rolling stock. High-
voltage pantograph overhead-line monitoring 
can acquire optical sensor information in parallel 
to vehicle bus signals and position sensing 
(GNSS) allows you to build a graphical map of 
your infrastructure. 

Fig. 5: HBK Optical pantograph monitoring solution 
for optimization in rolling stock 

Fig. 6: Optical remote probe and optical pantograph 
solutions demonstrated 

Both new optical solutions, the remote probes as 
well as a pantograph live demo have been pre-
sented at “InnoTrans 2024”- the leading interna-
tional trade fair for transport technology, in Sep-
tember 2024 in Berlin, Germany (Fig. 6), and re-
ceived great interest. We have more solutions in 
the pipeline and all the new solutions will be ex-
plained in detail in the oral presentation.  

Conclusion 
It could be shown that new optical solutions are 
not only superior in speed and distance, but it is 
over all the safety with which they are able to 
transmit signals despite of high voltages and 
harsh environments. The advantages will be pre-
sented in detail in the full paper and in the oral 
presentation. 
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