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Summary:
This study presents a comprehensive theoretical and experimental examination of Raman spectra for 
prevalent pesticide metabolites in Danish groundwater. The objective is to facilitate sensor development 
and enhance chemical identification processes by creating a database for the Raman spectra of ter-
buthylazine metabolites using three excitation wavelengths.

Keywords: groundwater, terbuthylazine, metabolites detection, Raman spectroscopy, Density Func-
tional Theory.

Background, Motivation, and Objective
Climate change significantly impacts hydrocli-
matic events across Europe, leading to an in-
crease in the frequency and intensity of extreme 
weather phenomena such as heavy rainfall, pro-
longed droughts, and heat waves. These hydro-
climatic events play a crucial role in influencing 
the behavior and distribution of pesticides in the 
environment [1]. They can substantially affect 
the transport, degradation, and persistence of 
pesticides, often resulting in increased contami-
nation levels in both surface water and ground-
water. Understanding the relationship between 
hydroclimatic conditions and pesticide dynamics 
is essential, especially as climate change is ex-
pected to intensify extreme weather events. 
Many pesticides lack established Environmental 
Quality Standards (EQS) due to insufficient data 
on their concentrations and ecological effects. 
[2]. Collecting pesticide occurrence data will help 
standardize EQS and safeguard water quality 
within the EU's evolving regulatory frameworks. 
In Denmark, many banned or restricted pesti-
cides still appear in groundwater, often exceed-
ing the 0.1 μg/L threshold. For example, ter-
buthylazine, banned since 2008, has its break-
down products detected at frequencies up to 
70% and concentrations ranging from 0.01 ng/L 

to 9.7 μg/L. The highest concentration was found 
for terbuthylazine-TP MT23 (LM5) while the low-
est was for terbuthylazine-TP MT24 (LM1) [3]. 
This persistence underscores the need for im-
proved detection methods.

Raman spectroscopy is an effective analytical 
technique for detecting pesticides, offering dis-
tinct spectra for identification and quantification. 
Its main advantage is efficiency, with analyses 
often completed in minutes, enabling rapid 
screening of large sample sets, crucial during 
contamination events or routine monitoring. Sur-
face-Enhanced Raman Spectroscopy (SERS) 
has been effectively used to analyse different 
pesticide classes. Its miniaturization on a chip al-
lows for compact sensors that enable sensitive 
on-site analysis [4]. This study examines the Ra-
man spectra of common metabolites found in 
Danish groundwater. The objective is to facilitate 
sensor development and enhance chemical 
identification processes by creating a database 
for the terbuthylazine metabolites Raman spec-
tra using three excitation wavelengths.

Simulation and detection
Density Functional Theory (DFT) calculations 
were carried out using Gaussian 16 to simulate 
the Raman spectra of the target compounds. 
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The calculated spectra were compared with ex-
perimental Raman data to validate the vibra-
tional modes and identify characteristic peaks. 
Each prominent spectral feature was analyzed in 
terms of the corresponding vibrational motion 
and the specific part of the molecule responsible. 
Theoretical insights provided by the DFT simula-
tions enhanced the interpretation of the experi-
mental spectra, enabling accurate assignment of 
functional groups. 

The samples of metabolites prepared for Raman 
analysis were created using gold-coated silicon 
substrates, which were structured with defined 
spotting areas to ensure structural integrity 
through the application of pressure-sensitive ad-
hesive (PSA). Following the drop-casting of 7 μL 
of the metabolite solution, the samples were cov-
ered with a glass substrate to serve as a protec-
tive layer. The prepared solutions consisted of 
various terbuthylazine metabolites, which were 
diluted in water to concentrations of 10-3,10-4

mM, starting from a stock solution of 10 mM that 
was prepared in ethanol, which subsequently 
was evaporated, and the compounds were dis-
solved in distilled water.

Raman spectra for 532nm and 633nm were ob-
tained utilizing a Horiba LabRAM HR Evolution 
Spectrometer, employing a 50x objective lens at 
maximum power (17 mW). The spectra were rec-
orded by directing the laser through glass onto 
the metabolite crystallites present on the ana-
lyzed substrates, with an acquisition time of 5’’ 
and 5 accumulations, with a total time of 4’56’’ 
per sample. Raman spectra for 785nm excitation 
wavelength were collected using BWS465-785S 
i-Raman Plus spectrometer. The spectra were
collected for 240’’, 2 accumulations and 306mW
of power.

Fig.1. Terbuthylazine-TP MT23 (LM5) simulated Ra-
man spectra using DFT calculation

Results
For all the involved metabolites, we extracted
and compared the simulated spectra with the ex-
perimental Raman spectra. For instance, in the 
case of terbuthylazine-TP MT23 (LM5), which is 
the most abundant metabolite, the spectra are 
presented in Fig. 1 and 2. The experimental 

spectra have been normalized for better clarity.
We chose the LM5 metabolite not only for its 
frequent detection but also because its spectra 
vary significantly with the excitation wavelength.

Fig.2. Terbuthylazine-TP MT23 (LM5) experimental 
Raman spectra 
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Summary:
Many state-of-the-art flowmeters are based on ultrasonic time-of-flight measurements. To enable an easy, fast and 
low-cost clamp-on mounting with an appropriate signal level, the materials and geometries must be tailored accord-
ingly. Within this study, various materials for coupling wedges and matching-layers were evaluated with respect to 
acoustic impedance and transmission performance using the finite element method (FEM). Additionally, the inci-
dence angle between the transducer and the fluid interface was optimized to maximize energy transfer and to 
minimize reflections. The simulation results were then compared with experimental measurements, showing im-
proved signal quality and consistency across different setups. In future work these highly accurate measurements 
will be used for an AI-based leakage detection. 

Keywords: Ultrasound coupling, FEM Simulation, clamp-on flowmeter, leakage detection, AI algorithm

Introduction
Ultrasonic (US) based flowmeters are state-of-the-art 
for accurate flow measurements [1]. Due to high im-
pedance differences between solids and liquids, cou-
pling conditions are critical for high-precision flow 
measurement, especially using clamp-on flowmeters. 
These systems can be based on externally mounted 
ultrasonic transducers transmitting acoustic waves 
through a coupling wedge, a matching-layer and fi-
nally the pipe wall into the fluid without direct contact
to the fluid. Energy losses occur at interfaces between 
transducer, wedge, matching-layer, and the target 
fluid, primarily due to impedance mismatches and 
suboptimal geometrical alignment.

Within this study, several strategies for optimization of 
US coupling setups were investigated to overcome 
these limitations. The optimized setup will be used to 
develop an AI-based algorithm for leakage detection.

Simulation and Experimental Setup
The ultrasonic wave propagation in the clamp-on flow-
meter setup is simulated using a two-dimensional fi-
nite element model in COMSOL Multiphysics. The 
simulation approach is based on a time-explicit transi-
ent analysis using the discontinuous Galerkin finite el-
ement method (dG-FEM). The elastic wave propaga-
tion in solids and acoustic wave propagation in fluids
(water in this case) is modelled in a coupled frame-
work. The dG-FEM is chosen due to its robustness 
and accuracy in handling material interfaces with high 
impedance contrasts - particularly critical at the solid-
fluid boundary - and its suitability for transient high-
frequency (MHz) simulations [2]. The 2D mode re-

duces the model size significantly and lowers calcula-
tion time while maintaining sufficient physical accu-
racy. The calculation time would be prohibitively high 
for full 3D simulations, especially for transient simula-
tions in the MHz regime.

The geometry consists of two ceramic PZT (lead zir-
conate titanate) piezoelectric transducers, each of 
which is attached to a coupling wedge with a match-
ing-layer, mounted on the same side of a water-filled 
pipe. The transducers, coupling wedges and matching 
layers are identical in size and are arranged in a mir-
ror-symmetric configuration (see Figure 1).

Figure 1: Geometry of the FEM model and a simulated pres-
sure field (30 µs after excitation)

One transducer acts as the transmitter (Tx) and the 
other as the receiver (Rx). The acoustic waves emitted 
by the transmitter pass through the wedge and match-
ing-layer into the fluid through the pipe wall. These 
waves then reflect off the lower wall and return on a 
mirrored path to be received by the Rx transducer. Ad-
ditionally, structure-borne sound propagates directly 
through the pipe wall and reaches the receiving trans-
ducer before the fluid-borne reflection arrives. This 
early-arriving signal is relevant for the interpretation of 
the received waveform (cf. Figure 2). The coupling 
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wedge with the attached Rx transducer is always 
placed centrally at the point on the pipe where the im-
pinging sound waves generate the highest acoustic 
pressure. To prevent reflections from the domain 
boundaries, absorbing layers were added to both pipe 
ends of the FEM model. Simulations were carried out 
on pipes made of steel, copper, and PVC, with outer 
diameters and wall thicknesses conforming to DIN 15
standards.

Various coupling wedge materials (e.g., PMMA, POM-
C, PTFE) and matching-layer materials (e.g., PU-
tape, silicone-tape, silicone grease) were tested. Sim-
ulations were carried out with various wedge geome-
tries at different angles between the transducer and 
the pipe wall to determine the optimum angle of inci-
dence at the matching-layer/pipe-wall interface for to-
tal internal reflection of longitudinal waves while max-
imising the coupling of transverse waves. Suppress-
ing unwanted longitudinal modes prevents signal cor-
ruption and enhance primary shear wave transmission
[3]. A unipolar square-wave burst of 10 pulses with an 
amplitude of 5 V, a duty cycle of 50 % and a frequency 
of 2MHz is used as the excitation signal. For each 
case, the electrical voltage at the receiving transducer 
is evaluated to assess the efficiency of the ultrasound 
coupling. 

Results
Figure 2 shows a direct comparison of simulated and 
measured waveforms. The shapes of the time-domain 
waveforms and their arrival times match closely, vali-
dating the simulation model. However, the simulated 
amplitudes are around 40 % smaller than the meas-
ured values. A possible explanation for this is that the 
literature values of the material damping ratios used in 
the simulation differ slightly from the actual damping 
ratios.

Figure 2: Comparison of simulated and measured time-do-
main voltage waveforms (DIN 15 steel pipe)

Figure 3 illustrates the experimentally determined 
waveforms, using different wedge- and matching-
layer materials. Among all tested configurations, 
PMMA as the coupling wedge material combined with
a silicone grease matching-layer yielded the highest 
received signal amplitude and -integrity.

Figure 3: Measured waveforms for different wedge- (a) and 
matching-layer materials (b) (DIN 15 steel pipe)

Figure 4 presents the simulated waveforms at differ-
ent incidence angles for a DIN 15 steel pipe. The best 
sensitivity and waveform integrity for the steel pipe is 
achieved at a coupling angle of 35°. For copper and 
PVC pipes of equivalent dimensions, the optimal an-
gle shifts to 40°, where similar improvements in sensi-
tivity and signal coherence are observed. These an-
gles thus represent the optimal configurations for each 
pipe material and the given geometry.

Figure 4: Simulated waveforms for different incidence angles
(DIN 15 steel pipe)

Conclusions
This study shows the optimization of ultrasonic trans-
mission of clamp-on transducers into liquid-filled pipe 
systems. Signal integrity and sensitivity can be signif-
icantly improved by optimizing the geometry and ma-
terial configuration of coupling elements. Finite ele-
ment simulations and measurements were conducted
to evaluate various wedge and matching-layer materi-
als, as well as to determine the optimal incidence an-
gle for efficient energy transfer. The simulated wave-
forms closely match the experimental data, validating 
the model approach. The high-quality US measure-
ment enables the application as leakage sensor. In 
further research an AI based algorithm will be devel-
oped to detect leakage in pipe systems.
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Summary:
In this work, we performed analytical and numerical studies of a nanowire array field-effect biosensor. 
The concept of the electrical double layer is applyed in conjunction with a nanowire junctionless FET 
model. The model accounts for biosensing dynamics, and the sensor's sensitivity is evaluated for 
femtomolar variations of biomolecule concentration within the analyte solution. The signal-to-noise ratio 
(SNR) is also estimated, providing a lower bound on the detectable concentration.

Keywords: Nanowire array, biosensing, FET, sensitivity

Introduction

Nanowire (NW)-based biosensors have gained 
significant attention in recent years due to their 
exceptional sensitivity to low concentrations of 
biological analytes and the relative simplicity of 
their fabrication processes. For sensing 
applications, the surface of a semiconductor 
nanowire is usually functionalized with molecular 
receptors that are selectively designed to bind to 
target biomolecules. This surface modification 
enables the specific immobilization of biological 
entities—such as proteins, nucleic acids, or 
pathogens—onto the nanowire surface. These 
surface-bound biological charges then modulate 
the current through the NW FET; thereby, the 
biological event is converted into a measurable 
electrical signal. Understanding and simulating 
the complex physical and chemical interactions 
occurring in these biosensors is vital for 
improving their performance and optimizing their 
design.

Design-oriented analytical and numerical 
models have been developed for single-NW-
based biochemical sensors [1,2]. The developed 
models predict sensor sensitivity even when the 
biomolecule concentration is in the femtomolar 
range. While single-NW devices offer simplicity 
and scalability, sensor architectures based on 
arrays of nanowires present distinct advantages. 
Specifically, NW array FET biosensors 
demonstrate enhanced sensitivity and improved 
signal stability [3]. This is largely due to the 
increased surface area for molecular binding and 
the statistical averaging effect provided by the 
multiple sensing elements within the array.

Methodology
In this work, we generalize the biosensor model 
from [2] and apply it to a silicon NW array 
biosensor. The system under study is illustrated 
in Fig. 1. The Si NW array is immersed in an 
analyte solution, which replaces the 
conventional metallic gate in NW FETs. The
‘gate voltage’ is applied via a reference electrode 
immersed in the solution. The source and drain 
potentials are applied directly to the bottom and 
top of the nanowires, as in regular FET devices
(see Fig. 1a). We consider n-doped Si NWs
covered with an array of y-shaped nanopillars 
designed to detect biomolecules (see Fig. 1b).
Antibody-antigen binding is a spontaneous 
chemical reaction which is enthalpy driven,
meaning that no external energy is required to 
enable the binding. The formation of 
paratope/epitope molecular interfaces results in 
a creation of a charged area very close to NW,
which modulates NW FET current. The diffusion
charge of ions in the solution is also considered.
The concept of electric double layer is applied in
the analyte solution and NW junctionless FET 
analytical model [4] is used to model the
transducer part of the sensor. We assume that 
the functionalized layer on the NW has low 
permeability and that the ion partitioning from the
solution is negligible. Under these conditions, the 
biological charges are separated from the NW
surface by the insulating layer with (teff)
thickness, see Fig. 1b, consisting of the
functionalized layer and the oxide. Then we
consider that each NW in a cylindrical volume is
surrounded by an analyte solution of thickness
(l), see Fig. 1b. The symmetry boundary 
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Summary: Molecular intercalation holds significant implications for utilizing 2D materials in applications like gas
detection and catalysis, yet it remains unexplored. Using density functional theory (DFT), this study investigates the
intercalation of CO and CO2 into MoS2 and the role of sulfur vacancies. CO intercalation is unfavorable in pristine
MoS2, while CO2 intercalation is marginally favorable at high coverages. Sulfur vacancies enable selective CO in-
tercalation by incorporating CO into vacancy sites, facilitating catalytic CO-to-CO2 conversion without affecting CO2
intercalation. This highlights the potential of defect engineering in MoS2 for gas detection and catalytic applications.

Keywords: Carbon monoxide conversion, CO, CO2, Single-atom vacancy doping, Density functional theory

Introduction
The strategic manipulation of interlayer spaces
in two-dimensional (2D) materials via molecu-
lar intercalation offers compelling routes for tai-
loring electronic, catalytic, and sensing proper-
ties [1, 2, 3]. Molybdenum disulfide (MoS2),
a prototypical transition metal dichalcogenide,
stands as a prime candidate for such functional-
ization, particularly concerning interactions with
small gas molecules relevant to environmental
monitoring and catalysis, such as carbon monox-
ide (CO) and carbon dioxide (CO2). However,
a fundamental understanding of the thermody-
namics governing intercalation and the influence
of intrinsic defects remains crucial for realizing
practical applications.

Methodology
This study investigates the intercalation of car-
bon monoxide (CO) and carbon dioxide (CO2)
into bilayer molybdenum disulfide (MoS2) using
first-principles Density Functional Theory (DFT)
simulations within the QUANTUM ESPRESSO
framework. The calculations employed the
projector augmented-wave (PAW) method with
the Perdew-Burke-Ernzerhof (PBE) exchange-
correlation functional, incorporating Grimme’s
D3 van der Waals corrections (PBE+D3) to accu-
rately describe weak interactions. Bilayer MoS2
models were constructed using 3×3, 4×4, and
5×5 supercells to examine a range of molecu-
lar coverages (0.462 to 10.272 molecules/nm2).
Both pristine MoS2 bilayers and systems con-
taining single-atom sulfur vacancies were simu-
lated to assess the impact of defects.

Results
This contribution presents a comprehensive the-
oretical investigation, into the intercalation be-
havior of CO and CO2 within bilayer MoS2. We

systematically evaluate the energetic favorabil-
ity of intercalation for both molecules in pristine
MoS2 structures and, critically, assess the impact
of introducing sulfur vacancies on this process.

Our calculations reveal distinct behaviors for
CO and CO2 in pristine MoS2. Intercalation
of CO is found to be energetically unfavorable
across the range of molecular coverages stud-
ied, suggesting limited interaction within the van
der Waals gap of defect-free bilayers. In con-
trast, CO2 intercalation demonstrates marginal
thermodynamic favorability, but only becomes
notable at higher molecular concentrations within
the interlayer region.

The introduction of sulfur vacancies introduces
a profound selectivity into the system. We
demonstrate that vacancies act as potent facil-
itators for CO intercalation, significantly lower-
ing the intercalation energy, rendering the pro-
cess energetically favorable, as seen in Fig-
ure 1a. The mechanism involves the incorpora-
tion of a CO molecule directly into the vacancy
site within one of the MoS2 layers, which signif-
icantly lowers the system’s energy and renders
the overall intercalation process favorable. Fur-
thermore, our results suggest a potential path-
way for vacancy-enabled catalytic conversion of
CO to CO2 within the intercalated structure (Fig-
ure 2e). Strikingly, the presence of these same
sulfur vacancies has a negligible effect on the
thermodynamics of CO2 intercalation compared
to the pristine system.

These findings highlight the pivotal role of de-
fect engineering in modulating the gas interac-
tion properties of MoS2. The demonstrated abil-
ity of sulfur vacancies to selectively promote CO
intercalation, while remaining relatively inert to-
wards CO2, offers significant implications for the
development of advanced MoS2-based materi-
als. Potential applications include enhanced sen-
sitivity and selectivity in combustion gas sensors,
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Summary:
This paper focuses on the design of a magnetic MEMS micromirror featuring linear and non-contact 
actuation, low-power, and compact size with respect to state-of-the-art magnetic micromirrors. The pro-
posed device operates in the low-frequency regime and finds application in satellite and optical commu-
nications. The results show that it is possible to realize a compact micromirror exhibiting performance
surpassing the state-of-the-art micromirrors employed in similar application fields.

Keywords: Magnetic MEMS, micromirrors, fast prototyping, satellite communications, quasi-static ap-
plications

Introduction and motivation
Nowadays, magnetic MEMS are used for a wide 
range of applications, including micromirrors, ac-
celerometers, gyroscopes, torsion sensors and 
gradiometers [1, 2]. Usually, magnetic MEMS in-
cluding permanent magnets and micro-coils of-
fer functionalities like sensing, actuation and en-
ergy harvesting and are employed in several ap-
plication fields such as automotive, biomedical, 
space, and IoT [3-4]. This work focuses on the 
design of a magnetic MEMS micromirror. On one 
hand, state-of-the-art magnetic MEMS micro-
mirrors feature low power consumption, fast re-
sponse times and large scan angles. On the 
other hand, the integration of permanent micro-
magnets suitable to produce the magnetic fields 
required for the generation of large electromag-
netic actuation forces remains a critical chal-
lenge that makes most of the magnetic MEMS 
micromirrors bulky and expensive compared 
with their counterparts based on piezoelectric, 
electrostatic and thermoacoustic transduction 
mechanisms [5]. Here, the Authors propose a 
magnetic micromirror featuring low power con-
sumption, large scan angles, downscaled size,
and highly linear response. Such a device is suit-
able for space applications like optical or satellite 
communications, where state-of-the-art micro-
mirrors rely on bulky structures and an actuation 
mechanism based on high-power electric mo-
tors.

System description
The system includes an array of permanent 
magnets as well as micro-coils fabricated on the 

suspended micromirror plate around the reflec-
tive area (see Fig. 1).

Fig. 1. Schematic representation of the magnetic 
MEMS micromirror together with its critical compo-
nents and the corresponding cross-section.

The MEMS micromirror exploits the Lorentz 
force arising from the interaction of the electrical 
current through the micro-coils with the magnetic 
field generated by the permanent magnets to ac-
tuate and control the motion of the suspended 
region. The system and its critical components
are described by the following parameters: mag-
net width (a), length (b) and thickness (c), and
magnetization vector (mx, my, mz); number coil
turns (nw), coil wire thickness (wz), width (wx) and 
length (wy), electric current flowing across the 
coils (i). For the envisioned application, the re-
flective area has in-plane dimensions of 5 x 5 
mm2 while the size of the entire suspended re-
gion including the coil system is 9 x 9 mm2. The 
system is designed to fulfill the following target 
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Summary: 
The use of polybutadiene thin-film coating on quartz crystal microbalance sensors is explored for meas-
uring butyric acid concentration in an aqueous solution. Experiments show polybutadiene has a higher 
absorption rate of butyric acid. The fabricated sensor demonstrates an insensitivity to acetic acid and a 
low sensitivity to propionic acid. Therefore, progress is made towards selectively measuring butyric acid 
in aqueous solutions containing volatile fatty acids. 

Keywords: QCM sensor, liquid sensing, butyric acid, rumen monitoring

Introduction 
Methane (CH4) is a well-known greenhouse gas 
with a reported potency of 20-85 times greater 
than carbon dioxide (CO2). The impact of dairy, 
non-dairy, and other bovine species are the 
source of ≈22% of all global CH4 emissions [1]. 
Using well-established systems, such as Green-
Feed or respiration chambers, the CO2 and CH4 
emissions can be measured. However, these ex-
ternal measurements don’t provide complex in-
formation on the health status of the cattle. 
Measuring the concentration of volatile fatty ac-
ids (VFAs) in the rumen is of interest as it can be 
correlated to the production of CH4, provide 
more comprehensive health statistics of the ani-
mal, and assist in preventing acidosis [2, 3]. 

Of the VFAs, acetic, propionic, and butyric acids 
are of most interest. However, these VFAs have 
similar molecular structures and are notoriously 
difficult to differentiate. We aim to measure these 
three acids in a small formfactor device capable 
of being swallowed by the cattle. Towards this 
goal we have implemented a quartz crystal mi-
crobalance (QCM) sensor. A QCM is a small and 
cost-effective resonator capable of measuring 
incredibly small quantities of molecules. By ap-
plying a thin film to the surface of a QCM, it is 
possible to capture molecules of interest and 
measure the change in mass on the surface of 
the sensor [4]. 

Materials and Methods 
Prior to sensor fabrication, the presence of poly-
butadiene (BR) in aqueous solutions containing 
VFAs is investigated. Each sample has 0.05 M 
of a single VFA in DI water. "VFA + BR" samples 

have 0.8 g of BR beads per 5 ml of solution. 
Measured molar concentrations of VFA samples 
are measured by liquid chromatography after 2 
hours (Table 1). 
Tab. 1: Butyric acid (Bu), Propionic acid (Pr), and 
Acetic Acid (Ac) molar concentration in samples. 

Sample Bu [M] Pr [M] Ac [M] 
VFA #1 0.052 0.046 0.045 
VFA #2 0.052 0.046 0.045 

VFA + BR #1 0.042 0.045 0.045 
VFA + BR #2 0.042 0.045 0.045 

Samples with BR present show a higher absorp-
tion of butyric acid compared to the other VFAs. 
From this result we believe that BR coating may 
provide a higher selectivity to butyric acid. 

Fig. 1. i) structure of device with the positioning and 
composition of sensor and polytetrafluoroethylene 
(PTFE) packaging. ii) 20 MHz resonant QCM sensor 
with a  5 mm sensing area. iii) packaged sensor. 
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A Shunt Based Low Frequency Current Sensing Approach at an
Earthing Switch for Power Grid Applications

A. Elsässer 1, M. Neumayer 1, B. Schweighofer 1, T. Bretterklieber 1, F. Grubinger 1,
P. Schachinger 2 and H. Wegleiter1

1 Institute of Electrical Measurement and Sensor Systems, Inffeldgasse 23/II, A-8010 Graz, Austria
2 Austrian Power Grid AG, Wagramerstraße 19, A-1220 Vienna, Austria
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Summary: Low frequency currents (LFCs) in the power grid, typically caused by geomagnetic disturbances or
man-made sources, can lead to transformer saturation and grid instabilities. This work presents a shunt based
measurement approach using an existing earthing switch as a sensing element. Due to the low and temperature-
dependent resistance of the switch, an inline calibration method is introduced to determine the shunt sensitivity
during operation. A custom test bench simulates realistic current signals and validates the concept. The resulting
system achieves an estimated measurement uncertainty of 20 mA, primarily limited by thermoelectric effects. This
approach offers a robust and low-complexity alternative for monitoring LFCs in high-voltage environments.

Keywords: low frequency currents, quasi-DC, shunt based measurement, inline calibration, earthing switch

LFC Currents and Measurement Approaches
The power grid, a backbone of modern infras-
tructure, carries not only the expected 50 Hz cur-
rent but also low-frequency quasi-DC currents.
These low frequency currents (LFCs), typically
in the range of 0.1 mHz to 0.1 Hz [1], are gain-
ing importance due to increasing grid utiliza-
tion. They are usually caused by geomagnetic
disturbances such as solar flares and coronal
mass ejections, but also by man-made sources
like public transportation systems [2]. LFCs
can lead to half-cycle saturation of transform-
ers, resulting in harmonic generation, elevated
reactive power demand, and voltage instabilities
[1, 2]. Reported measurement systems mostly
use closed-loop zero flux current transducers to
measure LFCs [3]. However, this method comes
with disadvantages such as: nonlinearities of the
magnetic approach, requirement of offset com-
pensation in regular, frequent intervals and it is
also unclear wether they can withstand a short
circuit event. In this work we introduce the shunt
based LFC measurement approach, which is de-
picted in figure 1, as well as concepts that deal
with the challenges involved.

Shunt Based Measurement Approach
Figure 1 illustrates the proposed shunt based
measurement concept, where the existing earth-
ing switch connecting the transformer neutral
point to ground is used as a shunt. The main
current components flowing through the switch
are:
• iac: residual 50 Hz current, typically a few hun-

dred mA,
• Ilfc: usually below 1 A, up to 330 A globally [4],
• iref: a low frequency sinusoidal reference sig-

nal with no DC or LFC components, amplitude

up to a few amperes. This current is required
for the inline calibration method, which is intro-
duced later in this work.

Fig. 1: Shunt based LFC measurement with
schematic illustration of the three current components

The voltage signal across the switch is measured
using 4-wire-technique and amplified to obtain
the signal x(t). While this approach is concep-
tually simple, it introduces several practical chal-
lenges:
• low, temperature-dependent shunt resistance,
• thermoelectric voltages at junctions,
• offset voltages from electronic components,
• electrical noise, particularly at low frequencies.
The first major challenge is the low resistance
of the earthing switch, typically around 500 µΩ,
which varies depending on the switch design,
mechanical connections and environmental fac-
tors such as temperature. To compensate for
this, we introduce an inline calibration method
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Fully Integrated Sensor Platform for Remote Respiratory 
Biomarker Monitoring 

Simon Schlapansky1, Federico Burisch1, Ryan Rusch1, Andreas Güntner1 
1Human-centered Sensing Laboratory, Department of Mechanical and Process Engineering, 

ETH Zürich, Switzerland 
schlsimo@ethz.ch 

Summary: 
Space exposes astronauts to extreme environmental conditions, which can induce significant physio-
logical changes. While current systems primarily track basic vital signs, prolonged missions will neces-
sitate monitoring complex physiological changes. This work introduces a fully integrated sensor platform 
for selective detection of molecular breath biomarkers. Depositing highly sensitive porous nanoparticle 
gas sensing films directly onto microelectronic circuitry provides access to low power, miniaturized sen-
sor systems suitable for portable or wearable applications. 

Keywords: Astronaut health monitoring, Breath analysis, Wearables, Chemoresistive sensors, Nano-
particles 

Background, Motivation and Objective 
Astronauts face extreme environmental stress-
ors in space, including microgravity, radiation, 
disrupted circadian rhythms, and altered diets. 
[1] These factors induce significant physiological
changes, affecting metabolism [2], the microbi-
ome [3] and the musculoskeletal system [4]. Cur-
rent health monitoring aboard the ISS relies on
intermittent, crew-intensive sampling methods
(e.g. blood tests, microbiome swabs), which are
unsuitable for long-duration missions.

To address this, real-time, non-invasive monitor-
ing technologies are needed. [5] Wearable sen-
sors offer continuous, autonomous tracking but 
are currently limited to basic vitals. [6] Extending 
this to molecular level biomarkers, however, re-
quires novel sensor platforms. Breath analysis 
offers a unique, non-invasive approach to ac-
cess real-time information of metabolic, muscu-
loskeletal and microbiome-related changes.[7]  

While past technologies like NASA’s PUMA [8] 
and ESA’s RSS [9] focus on basic gases (COϜ, 
OϜ), breath contains a vast array of informative 
volatile organic compounds (VOCs) in the ppb–
ppt range. Acetone, for instance, reflects fat me-
tabolism and nutritional state [10]; isoprene cor-
relates with muscle activity and circadian rhythm. 
[2,4] Commercial sensors, however, often lack 
the necessary selectivity to detect these ana-
lytes. 

Recent advances in nanotechnology, on novel 
semiconducting metal-oxide (SMOx) sensors, 
such as silicon-doped WOϝ and palladium-

doped SnOϜ, allow sensitive, and selective de-
tection of acetone and isoprene in breath at ppb 
levels. [10,11] To realize their potential for space 
applications, further system integration into port-
able, low-power platforms is needed.  

Description of the New Method or System 
Results 
In this work, we present a miniaturized chemo-
resistive sensor platform incorporating molecule-
selective sensors fabricated via flame aerosol 
deposition. This approach enables the formation 
of nanoparticle-based sensing films directly on 
commercial micro-hotplate substrates with high 
spatial precision. 

The sensing films are deposited within the active 
area of the interdigitated electrodes (d = 300 
ɛm), as verified by SEM imaging (Figure 1b). A 
shadow mask is employed to shield the contact 
and heater pads, ensuring clean deposition ex-
clusively in the sensing region. Flame aerosol 
deposition, driven by thermophoresis, results in 
the formation of highly porous, nanostructured 
films. These structures are subsequently me-
chanically stabilized through post-deposition an-
nealing and wire-bonded onto leadless chip car-
riers. 

The employed micro-substrates consist of a sus-
pended membrane with an integrated micro-
heater that precisely controls the temperature of 
the sensing film. Thanks to an optimized chip de-
sign, the heaters maintain high thermal effi-
ciency, operating at temperatures up to 300 ÁC 
with a power consumption of only ~60 mW. 
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