TECHNISCHE UNIVERSITAT

IN DER KULTURHAUPTSTADT EUROPAS

CHEMNITZ

Faculty of Electrical Engineering and Information Technology
Institute for Microsystems and Semiconductor Technology

Professorship Measurement and Sensor Technology

Publications Report

Editor: Prof. Dr.-Ing. Olfa Kanoun
Stand: 31.12.2022




MST Publications Report 2022

Contents
1 PUblications OVEIVIEW ..........coiviiiiiiieeiiiieniiiireenieceeeeeereeeennneeeesssssssesannsssssssssnnns 2
1.1 DOCUMENES DY TYPE....ciiiiiiiiiiiiiiiiiieeeeeeeteeeeeeeeeeeeeeeeeeeeeeeeeeseeeseeseesesesssseeessseseesssssaees 3
1.2  Main Keywords and TOPICS ......cccceeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeseeseeeesesssssssssssssssses 3
1.3 International Co-AuthOorship ........cccccceiiiiiiiieiiiiiiiiiiietteeeereee e 3
2 Impedance Spectroscopy and Measuring Systems..........ccccuuueeiiiiiiiiiiiennnnciiiennnes 4
3 Wireless ENergy-Aware SENSOIS ........ccccceeuuuuuiiiiiiriiiieenmnnieiisiieeeeesssnsssssseeeessnes 15
4 Flexible and Nanocomposite SENSOIS ........cccccuuiiiiieueiiiriieniirnieneceeneenecereennencens 24
5 Electrochemical SENSOFS .......ccouiiiieiuiiiiiiiiiiitiieceeeeereeeeeeneeeeeeeeeeeeennssssessannes 29
6 SMArt Wearables............cooiiiiiiiiiiiiiiiinieeitieecceeeeeeeeeeneeeeeeeeeeeeannssssssssssssssnnnns 40



MST Publications Report 2022

1 Publications Overview



MST Publications Report 2022

11

1.2

13

Documents by Type

Review (2.5%

Editorial (3.8%)

)\‘

— Article (48.1%)

Conference Pape... (45.6%) -

Main Keywords and Topics

Energy Harvesting — Autonomous Wireless Sensors— Piezo Electric Converters — Inductive Power
Transmission — Electromagnetic Energy Converter — Energy Management

Compressive Sensing — Data Aggregation — Low Power Communication— Internet Of Things
Nanocomposite and Filament Sensors based on: Multiwalled Carbon Nanotubes — Graphene —
Polymers — Ceramics

Pressure Sensors — Strain Sensors — Temperature Sensors — Humidity Sensors — Pressure Distribution
Sensors — Temperature Self-Compensated Sensors — High-Temperature Sensors — RFID Sensors
Functional Integration of Sensors in Structures — Materials and Textiles

Nanogenerators — Piezoelectric Nanogenerator — Structural Health Monitoring

Impedance Spectroscopy — Inductance Spectroscopy — Inductive Sensors — Bioimpedance
Spectroscopy — Battery Diagnosis — Cable Identification — Cable Diagnosis — Electric Impedance
Tomography (EIT) —Frequency Domain Analysis

Electrochemical Sensors — Biosensors — Gas Sensors — Volatile Organic Compounds (VOC) — Cyclic
Voltammetry — Electrochemical Impedance Spectroscopy — Electrodes

Wearable Sensors — Gesture Recognition — Hand-gesture Recognition — American Sign Language —
Surface Electromyography — Gait Analysis

Machine Learning — Classification (of Information) — Learning Algorithms — Feature Extraction
Industrial Applications — Industry 4.0 — Automotive applications — Environmental Applications —
Medical Applications — Materials

International Co-Authorship

Tunisia - Italy — Jordan — Brazil — China - Russian Federation - .Canada .- Finland — Netherlands - Saudi Arabia -
United Arab Emirates



MST Publications Report 2022

2 Impedance Spectroscopy and Measuring Systems



MST Publications Report 2022

B "" - - /

‘L“i rd applied sciences ml\DPI ’ Ivl.ff
] = MEASUREMENT AND
SENIOR TECHNOLOGY

| Oven Acomss § Arvce |
Comparative Study of AC Signal Analysis Methods for
Impedance Spectroscopy Implementation in Embedded

Systems 3
by Ahmed Yahia Kallel & 7 Zheng Hu & and Olfa Kanoun " & 3 ¢ %
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Abstract: For embedded impedance spectroscopy, a suitable method for analyzing AC signals needs
to be carefully chosen to overcome limited processing capability and memory availability. This paper
compares various methods, including the fast Fourier transform (FFT), the FFT with barycenter
correction, the FFT with windowing, the Goertzel filter, the discrete-time Fourier transform (DTFT),
and sine fitting using linear or nonlinear least squares, and cross-correlation, for analyzing AC
signals in terms of speed, memory requirements, amplitude measurement accuracy, and phase
measurement accuracy. These methods are implemented in reference systems with and without
hardware acceleration for validation. The investigation results show that the Goertzel algorithm
has the best overall performance when hardware acceleration is excluded or in the case of memory
constraints. In implementations with hardware acceleration, the FFT with barycentre correction stands
out. The linear sine fitting method provides the most accurate amplitude and phase determinations
at the expense of speed and memory requirements.

Keywords: AC signal processing; embedded impedance spectroscopy; impedance spectroscopy;
multisine; Fast-Fourier transform; Goertzel algorithm; curve-fitting
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State-of-Health of Li-ion Battery Estimation Based on
the Efficiency of the Charge Transfer Extracted from
Impedance Spectra

by Ahmed Yahia Kaltel 2 ©_Viktor Petrychenko = and Olfa Kanoun " = &

Appl. Sci. 2022, 12(2), 885
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Abstract

Several studies show thal impedance spectroscopy ks a suitable method for online battery diagnosis and State-ol-
Health (SoH) estimation. However, the most common method is to model the acquired impedance spectrum with
equivalent circuits and focus on the most sensitive parameters, namely the charge-transfer resistance. This paper
introduces first a detailed model of a battery cell, which is then simplified and adapted to the observable spectrum
behavior. Based on the physical meaning of the model parameters, we propose a novel approach for SoH
assessment combining parameters of the impedance spectrum by building the ratio of the solid electrolyte interphase
(SEI) resistance to the total resistance of SE| and the charge transfer. This ratio characterizes the charge-transfer
efficiency at the electrodes’ surfaces and should decrease systematically with SoH. Four different celis of the same
type were cycled 400 times for the method validation, and impedance spectroscopy was performed at every 50th
cycie. The results show a systematic corredation bet 1 the proposed ratio and the number of cycles on individual
cell parameters, which build the basis of a novel onkine method of SoH assessment.

Keywords: electrochemical impedance spectroscopy; Lithium batteries; State-of-Health; charge transfer;
solid electrolyte layer
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Comparative Study of Machine-Learning Frameworks
for the Elaboration of Feed-Forward Neural Networks
by Varying the Complexity of Impedimetric Datasets
Synthesized Using Eddy Current Sensors for the
Characterization of Bi-Metallic Coins

by 13} Ronan Munjsl 2 @, @) sonaid Arit 2. ) Frank Wendier 2 @ and ) 0a Kanoun " 20

Sensors 2022, 22(4), 1312; https://doi.org/10.3390/522041312

Eddy Current
Sensor and
Application

Performance Evaluation
it NN Model Tralning: and Framework Selection:
Frameworks @ Leng Four @t Frameworia

Wi tgual Nomber of Newroes in
wach of the Two dden Layers but

=y R
1B
|
their Varyong betwees § & 64 Madel S2e. Accwracy. Predution .
Comparison Time & Model Trauming Tive LI L !

Abstract

A sultable framework for the development of artificial noural notworks is Important because it decides the level of accuracy, which
can be reached for a certain dataset and incroases the certainty about the reached classScation results. In this paper, we condict
@ comparatve study for the performance of four frameworks, Keras with TensocFlow, Pytorch, TensorFlow, and Cognative Tooikit
(CNTK), for the elaboration of neural networks. The number of neurons in the hidden kayer of the newral networks is varied from 8
10 64 to understand its effect on the performance metrics of the frameworks. A test dataset s synthesed using an analytcal
model and real measured impedance specira by an eddy current sensor coll on EUR 2 and TRY 1 coins. The dataset has been
extenced by using a novel method based on interpolaton technique 10 create datasets with different difficulty levels 1o rephcate
the scenario with a good imitaticn of EUR 2 coins and 1o investigate the limit of the prediction accuracy, It was observed that the
compared frameworks have high acowracy performance for a lower level of dfficulty in the dotaset. As the dfficulty in the dataset
o taised, theto was & drop in the accuracy of CNTK and Keras with TensocFlow depending upon the Lot of 1 nthe
hidden layers. 1t was observed that CNTK has the overall worst accuracy performance with an increase in the difficulty level of the
datasets. Thorofore, the major comparison was confined 1o Pytorch and TonsorFlow, It was observed for Pylorch and TensorFlow
with 32 and 64 neurons In hidden layers that there is 8 minor drop In the accuracy with an increase in the difficulty level of the
dataset and was above 90% until both the coins were 80% closer to each other in terms of electrical and magnetic proporties
However, Pytorch with 32 newons in the hidden layer has a reduction In model size by 70% and 16.3% and predicts the class,
73.6% and 15.6% faster in comparison to TensorFlow and Pytorch with 84 neurons. View Full-Text

Keywords: eddy current sensor; impedance spectroscopy; machine leamning: neural network; comparative study: Keras;
Tensotflow, Pytorch; CNTK
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Self-Calibrated AC Zero Potential Circuit for
Two-Dimensional Impedimetric Sensor Matrices

Zheng Hu" , Dayu Chen, Ahmed Yahia Kalle!“ , Shihao Wang, and Olfa Kanoun"™, Senior Member, IEEE

|EEE Sensors Journal, 2022, doi: 10.1108/JSEN.2022.3147038
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Abstract— Zero potential circuits (ZPC) can be used for reducing — -
cross-talk effects within the two-dimensional matrices. ZPC using  * ", N " N LT TN T
AC excitation signals (AC-ZPC) with different frequencies Inevery .~ " " 0 st
row can address all the sensors in 8 matrix simultaneously, The '~ N=-N P B T
main challenge thereby is the romaining deviations. To analyzethe - | ! 10 O R ‘

roasons for this, an analytical model of the column-side output .=~
voltages Is elaborated, which takes into account the non-ideal *
characteristics of the operational amplifiers, Including the Input - N-8N-N N “NY-Y{-X
Impedance, finite open-loop gain factor, leakage current, output b o ot ot - b ‘
impedance, and load impedance. Based on this model, a novel 0 Ve -V -Ve Vi
method is proposed to realize a higher AC measuroment accuracy R YW

by suppressing the matrix row side impedance through voltage e
followers and compensating the matrix column side non-ideal o AR - ”"L £
amplifiers through reference units. For compensation, one row and Ve fomitils <

one column of given impedimetric units are included in the target

matrix as reference eloments, The measurement doviations are reduced by comparing the output difforences botweon
the targeted sensor and the reference eloments. In a simulation for a 4 x 4 Impedimetric sensor matrix composed of
RC elements from 1.9 k2 || 361.7 pF to 100.4 k12 || 7.3 pF, this new method achieves measurement deviations below
0.1%, which is a significant improvement over previous works that reached deviations above 1%.

Index Terms—Two-dimensional matrix; cross-talk effect; zero potential circult; AC-ZPC; Iimpedimetric sensor;
Impedance spectroscopy.
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Measurement Methods for Capacitances in the Range of 1 pF-1 nF:
A review

Olfa Kanoun , Ahmed Yahia Kallel, Ahmed Fendri
https://doi.org/10.1016/j.measurement.2022.111067
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ABSTRACT

The rising use of capacitive sensors imposes the need of numerous measuring circuits with different character-
istics. Stray fields and conductance losses are thereby key influencing factors that must be taken into account. In
this paper, we provide an actual overview of capacitance measurement circuits considering well-known and
modern measurement methods, such as lock-in amplifier, relaxation methods, and Martin-based oscillators as
well as completely novel classes of capacitance measurement circuits converting the capacitance value directly to
digital signals via sigma-delta and dual-slope converter circuit architectures, We classify the capacitance mea-
surement circuits into six categories and address their properties and implementation aspects and compare their
performance in a wide the capacitance range. The comparison shows that immunity to stray capacitances and
conductive losses is not always given. Capacitance-to-Voltage, Auto-Balancing Bridge, and Capacitance-to-Digital
show the best performance in this aspect and are therefore relevant for use in dielectric spectroscopy.
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Multiple Faults Detection and Location in Bus-Shaped Cable Networks

by Distributed Time-Domain Reflectometry
Dhia Haddad'** ¥, Ahmed Yahia Kallel' ¥, Najoua Essoukri Ben Amara®**, and Olfa Kanoun?"* ©

IEEE Sensors Letters, vol. 6, no. 5, pp. 1-4, May 2022, Art no. 6001604

doi: 10.1109/LSENS.2022.3170645
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Abstract—Cables are the primary transmission media for electnc power and communication in modern systoms. Faults
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in cable networks affect the system’s reliability and have senous consequences, leading to significant interruptions,

failures, and accdents. In this letter, we propose a now method for delecting and locating multiple faults in bus-shaped

cable networks based on distributed time-domain reflectometry. The proposed method can detect multiplo faults oxisting

simutancously within one or more network branches. We use analytical modeling and adicency maltrix to categorze

reflections measured at the lerminations of a bus-shaped network. The proposed method can recognize redundant
reflections by distinguishing the first reflection of each error. It detects the faults and identifies their corresponding network

branchos, The method has boon validated on a notwork with two junctions, ono soft faull, one open croult, and one short

clrcult. it achieves a maximal relative position deviation of 1.05% and a maximal absolute deviabon of 0.98 m

Index Terms—Sensor applcations, complex catie network dagnosis, distrituted refleciometry, multiple faults, time-domain refleciometry

(TOR), transmission ines.
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IEEE Instrumentation & Measurement Magazine ( Volume: 25, Issue: 3, May 2022)
DOI: 10.1109/MIM.2022.9759355

Impedance spectroscopy is a powerful measurement method having decisive advantages in several
application fields. It allows the measurements of non-accessible quantities, supports high measurement
accuracy, and enables simultaneous measurements of more than one quantity. The method provides deep
insights in systems and materials, is non-invasive, and is highly efficient, considering measurement time,
measurement procedures and possibilities for implementation in embedded systems for in-field measurements.
In this contribution, we point out the potential, recent advances and future trends of the method to provide
insight into the powerfulness of the method for future applications.

Spectroscopy, Impedance measurement, Embedded systems,
Market research, Time measurement, impedance
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Real-Time Monitoring of Cables Based on Network

Interface Controllers for Predictive Maintenance

Ahmed Yahia Kallel®, Dhia Haddad®, Member, IEEE, Thomas Keutel®, Member, IEEE,
and Olfa Kanoun®, Senior Member, IEEE

IEEE Transactions on Instrumentation and Measurement, vol. 71, Art 2516008,
DOI: 10.1109/TIM.2022.3197799
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Abstract— Conventional cable diagnostic methods require an
interruption of the communication link and are therefore unsuit-
able for real-time quality monitoring and predictive maintenance.
In this article, we propose a novel diagnosis method, which
can be implemented on regular low-cost network interface
controllers by just implementing dedicated signal acquisition
and processing. The novel method passively monitors the state
transitions between voltage levels, during the running communi-
cation, by undersampling and sorting the collected data into a
histogram. By fitting the collected histogram to a sum of three
Gaussian distribution functions, robust features can be extracted,
having more independence on noise and the transmitted signals.
Based on the extracted features, an early fault detection can
be realized using a linear support vector classifier (SVC). The
novel method has been validated for fast Ethernet cables using
STM32-based microcontroller measurements. Open circuit and
short circuit faults could be accurately identified. Classification
accuracy of 100% could be realized even by k-fold cross-
validation and testing. Furthermore, the proposed method can
casily be applied to other cable types after adaptation to the
corresponding communication signals.

Index Terms— Cable diagnosis, cable faults, Ethernet cables,
impedance spectroscopy, resampling, time-domain method.
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Open Access
Comparative Study of Measurement Methods for
Embedded Bioimpedance Spectroscopy Systems

by () Bilel Ben Atitallah 12" 2O ) Ahmed Yahia Kallel ' @ @, @) Dhouha Bouchaala2 29,
2 Nabil Derbel 2 2 © and 2} Oifa Kanoun ' 20

Sensors 2022, 22(15), 5801; https://doi.org/10.3390/522155801

#cmosin*

GPD

Abstract

Bioimpedance spectroscopy (BIS) is an advanced measurement method for providing Information on impedance
changes at several frequencies by injecting a low current into a device under test and analyzing the response
voltage. Several methods have been elaborated for BIS measurement, calculating impedance with a gain phase
detector (GPD), 1Q demoedulation, and fast Fourier transform (FFT). Although the measurement method has a big
influence on the measurement system performance, a systematical comparative study has not been performed yet.
In this paper, we compare them based on simulations and experimental studies, To maintain similar conditions in the
Implementation of all methods, we use the same signal generator followed by a voltage-controlled current source
(VCCS) as a signal generator. For performance analysis, three DUTs have been designed to imitate the typical
behavior of blological tissues. A laboratory impedance analyzer is used as a reference. The comparison addresses
magnitude measurement accuracy, phase measurement accuracy, signal processing, hardware complexity, and
power consumption. The result shows that the FFT-based system excels with high accuracy for amplitude and phase
measurement while providing the lowest hardware complexity, and power consumpbtion, but it needs a much higher
software complexity, View Full-Toxt

Keywovrds: bioimpedance spectroscopy, bioimpedance; FFT, GPD; 1Q demodulation; embedded impedance
spectroscopy

13
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Homogeneity Characterization of Textile-Integrated
Wearable Sensors Based on Impedance Spectroscopy

by £2) Hanen Nouri, £3} Dhivakar Rajendran . £} Rajarajan Ramalingame and 3} Otfa Kanoun * 2 ©

Sensors 2022, 22(17), 6530; https://doi.org/10.3390/522176530
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Ono of the main challonges during the integration of a carbon/polymer-based Nanocomposito sensor on toxtio substratos is the
fabacaton of 8 homogeneous surface of the nanccomposite-basad thin films, which play a major rolé in the reproducibility of the
sensor, Charactorizations aro therefore roquired in every fabrication step 1o control the quality of the material preparation,
deposition, and curing. As a result, microcharacierization methods are more sultable for laboratory investigations, and electrical
methods can bo easily implemanted for in situ charactorization within the manufacturing process. In this paper, several toxtile-
based pressure sensors are fabncated at an opimized concentration of 0.3 wi % of muliwaliedcarbon nanotubes (MWCNTs)
composito material in POMS. We proposo 10 uso mpodance spectroscopy for tho charactorization of both of the resistive bohavior
and capacitive behavior of the sensor at several frequencies and under different loads from 50 g 10 500 g. The Impedance spectia
aro fitted to & model composed of a resistance in series with a paraliol combination of resistance and a constant phase clomaont
(CPE). The results show that the panting parameters strongly influence the impedance behavior under different loads. The
dowviation of the model paramaoter o of the CPE from the value 1 is strongly dependent on the nonhomogenoity of the sensor
Based on an impedance spectrum measurement followed by parameter extraction, the parameter o can be determined 1o realize
a novel mothod for homogoneity charactorizabion and in-kne quality control of toxtie-intogratod woarable sensors during the
manufacturing process. View Full-Text

Keywords: multiwalled carbon nanotubes; textile sensors; pressure sensof; wearable sensors, impedance spectroscopy,;
constant phase element
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Requirements for Energy-Harvesting-Driven Edge
Devices Using Task-Offloading Approaches

by § Meriam Ben Ammar 123" 2O, G imed Ben Dhaou 48 2O, @) Dhouna EI Houssaln| ' 2O,
2 salwa Satnoun 23 €, @) Anmed Fakhfakh 22 € and ) Oita Kanoun ! 2@

Electronics 2022, 11(3), 383; https://doi.org/10.3350/electronics11030383

Abstract

Energy limitations ramain a key conced in the development of lnternet of Medical Things (IOMT) devices since most of them have
mited energy sources, mainly from batteries. Therefore, providng a and power supply Is essential as it
allows continuous energy sensing, flexbie positioning, less human infervension, and easy mantenance. In the tast few years,
oxtonsive investigations have been conducted 1o dovelop enorgy ¥ for the loMT by implementing onorgy-
harvesting (EH) technologies as a feasle and economically pracical alternative 10 batteries. To this end, various EH-soluticns
have been devoloped for woarables 1o enhance power axtraction efficiency, such as Integrating resonant enoegy extraction circuits
such a3 SSHI, S-SSHI, and P-SSHI connected 10 common energy-sicrage units 1o maintain a stable cutput for charge loads.
These circuts enable an increase in the harvested power by 174% compared 10 the SEH circuit. Ahough loMT devices are
becoming increasingly powerful and more affordable, some tasks, such as machine Jearning algorithms, stll require intensive

computational resources, leading to higher energy consump Officading computing-# ivo tasks from resource-Smited user
devices 10 resource-tich fog or cloud layers can effectively address these issues and oo energy wion, Reink

leaming, in p ' pioys the Q-algonshm, which is an efficient tochnique for hard, imp as well as offioading
tasks fom bles 10 edge dev For example, the lowsst reported power consumption using FPGA technology is 37 mW

Furthermore, the communication cost from wearables 10 fog devices should not offset the energy savings gained from task
migrason. This paper provides a comprehensive review of joint energy-harvessng technologies and computation-officading
strategies for the loMT. Moreover, power supply strategies for wearables, energy-storage lechniques. and hardware
implementation of the task migration were provided. View Full-Text

Keywords: energy harvesting: oMT devices; energy autonomous; woarabies; energy-storage; energy management; fog
cdge computing; task offioading; deep learning; reinforced learning; loMT
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Vibration Converter with Passive Energy Management

for Battery-Less Wireless Sensor Nodes in Predictive
Maintenance

by 2 Sonia Bradal 2@, ) Ghada Bouattour B, €) Dhouha El Houssaini 2@ and £} Otta Kanoun* 2@

Energies 2022, 15(6), 1982; https://doi.org/10.3390/en15061982
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Abstract

Predicth v “ab

gl g In Industry and requires continuous monionng 1o prévent tallures and
mmmmmmm Vibration is often used for fallure detecton and equipment

conditioning as It is well contelated 10 the machine’s operalion and its variation is an inds of p changes. in this 1,
WO Proposo 8 Novel energy-aulonomous wingless sensor systom that is able 1o measure without the use of batleries and
automaticaly deliver alerts once the machine has an anomaly by the varation in acceieration. For this, we designed a wideband
olectromagnetic energy harvestor and realized passive enorgy o 10 supply & wiroloss sensor node. which doos not
need an external enorgy supply. The advantage of the solution is that the designed crcult s able 1o delect the falure without the
use of additional sensors, but by the Analog Digital Converter (ADC) of the Wireless Sensor Nodes (WSN) themseives, which
makes & more compact and have lower energy consumption, The electromagnetic converier can harvest the relevant energy
levels from woak vibration, with an acceleration of 0.1 g for a frequency bandwidth of 7 Hz. Further, the onorgy-management
choust enabled fast recharging of the super capaciior on a maxdimum of 31 5. The designed energy 0 clrout of
@ six-stage voltage multipher circut connected 1o a wide-band DC-DC converter, as well as an under-voltage lock-out (UVLO)
ciroat 1o connect 10 the storage device 10 the WSN, In the fallure condition with a frequency of 13 Hz and an acosleration of 0.3 g,
the supor capacitor recharging me was estimated to be 24 5. The proposed solution was validated by implementing real falure
detection scenaros with random acceleration levels and, allematively, modus. The results show that the WSN can directly
moasure the harvestor's response and docide about the occurrence of falure based on its characteristic threshold voltage without
the use of an additional sensor. View Full-Text

Keywords: energy harvesting; autonomous wireicss sensor; passive enorgy management; weak vibeation;
electromagnetic converter, wideband; planar spring, Q9 lier; rectifier; pr e maintenance, fallure
detection; WSN
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Design study of a nonlinear electromagnetic converter
using magnetic spring

Slim Naifar*@®. Sonia Bradai, and Olfa Kanoun

Eur. Phys. J. Spec. Top. (2022). https://doi.org/10.1140/epjs/s11734-022-00498-6
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Abstract In this paper, an experimental and theoretical study for designing a nonlinear electromagnetic
converter-based magnetic spring is performed. The governing equation of the converter is investigated. A
special focus is given to the magnetic force acting on the moving magnet in dependence of its volume
andd the geomotry of the two fixed magnets, ie,, dise or ring, For the developed analytical and numeri-
cal model, the same converter volume has been used for all conducted investigations. Several parameters
have boen studied that can be used to tune the nonlinearity behavior, Further, the coil axial position
was investigated analytically and experimentally. An energy harvesting prototype consisting of an oscil-
Inting cylindrical magnet levitated between two stationary magnets is fabricated and evaluated through
experiments, The open-circuit voltage obtained through the analytical model has been compared to the
experiment and solutions to tune the harvester resonant frequency while maintaining its output power
density were proposed.
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Abstract

Energy harvesting from flowing water is important for supplying hydrometnc monitoring systems. Nevertheless, it is
challenging due to the chaoltic water flow In only one main direction and the relatively weak energy profile. In this
paper, a novel energy harvester has been proposed, designed, and validated. The converter consists of a pendulum,
a gearbox, two overrunning clutches, a spiral spring, and a generator, By coupling the kinetic energy via an
oscillating mass equipped with a magnetic spring, it is possible to accommodate the power supply, electronics, and
sensors with data transmission in a completely closed, encapsulated, stable housing without an interface to the
outside. In addition, an energy managemenl circuit and a batlery charging circuit were developed that could be
housed in the sealed enclosure. The pendulum transducer prototype was tested with the developed online
hydrometric measurement station, which consists of a multi-channel data logger with a cellular modem and a tipping
bucket rain gauge sensor, The overall system was successfully validated by experimental studies in a river

Keywords energy harvesting, kinetic converter, hydrometric monitoring system; autonomous systoms; wator
flow
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Wearable sensors are gaining attention in human health monitoring applications, even if their usability is limited due
to battery need. Flexible nanogenerators (NGs) converting biomechanical energy into electrical energy offer an
interesting solution, as they can supply the sensors or extend the battery lifetime. Herein, flexible generators based
on lead-free barium titanate (BaTiO3) and a polydimethylsioxane (PDMS) polymer have been developed. A
comparative study was performed to investigale the impact of multiwalled carbon nanotubes (MWCNTs) via
structural, morphological, electrical, and electromechanical measurements. This study demonstrated that MWCNTs
boosts the performance of the NG at the percolation threshold. This enhancement is attributed 1o the enhanced
conductivity that promotes charge transfer and enhanced mechanical property and piezoceramics particles
distribution. The nanogenerator delivers a maximum open-circuit voltage (Voc) up 10 1.5 V and output power of 40
nW, which is two times higher than NG without MWCNTs. Additionally, the performance can be tuned by controlling
the composite thickness and the applied frequency. Thicker NG shows a better performance, which enlarges their
potential use for harvesing biomechanical energy efficiently up to 11.22 V under paim striking. The voltage output
dependency on temperature was also investigated, The results show that the output voltage changes enormously
with the temperature.

Keywords PDMS/BaTiOy nanocomposite; MWCNTSs; flexible piezoelectric nanogenerators; biomechanical
energy harvesting, temperature dependency
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Compact multi-coil inductive power transfer
system with a passive peak detector circuit for
wireless sensor nodes

tm - Technisches Messen, https://doi.org/10.1515/teme-2021-0113

Abstract: In Inductive Power Transfer (IPT) the misalign-
ment between sending and receiving coils is critical and
significantly influences both transfer efficiency and charg-
ing time. It can be compensated by the use of multiple coils
on the sender side. However, by increasing the number of
sending coils, the supply circuit on the sending side be-
comes big, complex and not easy to control compared to
the sending coil size.

In this paper, we propose a compact and efficient
supply circuit for multi-coil 1PT systems, which activates
only the coil under the receiving coil. The receiver detec-
tion is based on a compact passive peak voltage detector
measuring the sending coll voltage variation, The receiver
coil position determination is supported by ms
of the sending coll neighbours voltages, so that a stable
power transfer to battery-free wireless sensor nodes can
be realized. The investigation of the influence of the type,
the shape, and the size of conductive materials between
sender and recefver shows that the system can distinguish
between the receiver coll and different metallic objects
macde of iron, coins, and copper.

Keywords: Coil matrix, multi-coil system, wircless power
transfer (WPT), loT, inductive power transfer (IPT), pas:
sive peak voltage detector, wireless sensor node (WSN),
battery-free, multi-input single output (MISO), multi-input
multi-output (MIMO).
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Zusammenfassung: Bel der induktiven Energiclibertra-
gung (IPT) ist die Fehlausrichtung zwischen Sende- und
Empfangsspulen kritisch und beeinflusst sowohl die Uber-
tragungseffizienz als auch die Ladezeit erbeblich, Sie kann

durch den Einsatz mehreter Spaben auf der Senderseite

! den. Mit h der Anzahl von Sen-
despuk-n wird der Versorgungsschaltkreds auf der Sende-
seite jedoch grofl, komplex und im Vergleich zur Grifle der
Sendespule nicht einfach zu kontrollieren,

Dieser Beitrag befasst sich mit elner kompakten
und effizienten Versorgungsschaltung fiir IPT-Systeme mit
mehreren Spalen, die nur die Spule unter der Emplangs-
spule aktiviert. Die Empﬂnmlmuwng basktl auf ei-
nem kompakten passiven Sp tektor, der
die Smnnumch\znkum der bcmkswlc misst, Die
Positionsbestimmung der Empfingerspule wird durch
Messungen der Nachb n der Sendespule un-
terstiita, sodmelnc sublk Emmieohtmmns zu batte-
riel d rden kann.
Die Untersuchung des Einflusses des Typs, der Form und
der GroBe der leitenden Materialien rwischen Sender und
Empfinger zeigt, dass das System zwischen der Empfin-
gerspule und verschiedenen metallischen Objekten aus El-
sen, Milnzen und Kupfer unterscheiden kann.

Schlagworter: S, rix, Mehrspulensystem, Wire.
k'sstmTrmsfﬂ(\hP'n loT, lndtmh\-MnTnndu
(IPT), p 1 Sp gsdetektor, Wireless Sen-

sor Node (WSN), bmetidos, Multi-Input Single Output
(MISO), Multi-Input Multi-Output (MIMO).
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Abstract

Wireless Sensor Networks (WSNs) represent an interesting technology for designing early waming systems for
landslides as they can ensure realime and continuous monitoring. Through accurate localzation techniques,
changes in the position of installed nodes can be defected even during the early stage of field instabiity. This is
through an accurate detection of nodes position changes independently from systematic deviations resulting from
outdoor environmental conditions. In thes study, we propose an accurate measurement system for distance
measutement between wireless sensor nodes based on an ultra-wideband (UWB) localization method. In particular,
distance measurements at different real weather conditions were performed to identify the impact of weather
changes on distance measurement deviations. A proptotype for a landslide waming system has been developed
reaizing a locaization accuracy of 98%

Keywords: WSN; localization, ultra-wideband; two-way ranging: environment changes, early warning;
landslide; SVM, internet of things

22



MST Publications Report 2022

electronics r;ﬂ\b\"y ‘1‘2.!
O T

) e -

Dynamic Voltage and Frequency Scaling and Duty-
Cycling for Ultra Low-Power Wireless Sensor Nodes
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Electronics 2022, 11(24), 4071; https://doi.org/10.3350/electronics11244071

Abstract

Energy efficiency presents a significant challenge 10 the reliability of Intemet of Things (loT) services.
Wireless Sensor Networks (WSNs) present as an elementary technology of 10T, which has limited resources
Appropriate energy management techniques can perform increasing energy efficiency under variable
workioad conditions. Therefore, this paper aims to experimentally implement a hybrid energy management
solution, combining Dynamic Voltage and Frequency Scaling (DVFS) and Duty-Cycling. The DVFS technique
s implemented as an effective power management scheme to oplimize the operating conditons duting data
processing. Moreover, the dutycyding method is applied fo reduce the energy consumption of the
transceiver. Hardware oplimization is performed by selecting the low-power microcontroller. MSP430, using
expenmental estimation and characterization. Another contribution is evaluating the energy-saving design by
defining the nommalized power as a metric 10 measure the consumed power of the proposed model per
throughput. Extensive simulations and real-world implementations indicate that normalized power can be
significantly reduced while sustaining performance levels in high-data loT use cases

Keywords: loT: wireless sensor networks; WSN; power management; energy saving, DVFS; duty-
cycling; communication
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Potential of flexible and highly sensitive sensors
based on polymer-carbon-nanomaterials
composites: towards a new generation of sensors
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Abstract: Nanocomposite films based on carbonaceous
materials and polymers offer an innovative technological
approach for realizing scalable and flexible sensors with
high sensitivity and low manufacturing costs. This novel
approach leads to sensors; which outperform conventional
sensors and have decisive advantages, e.g., adjustable
measurement range, high sensitivity, high robustness,
flexibility, and scalability, Manifold carbonaceous nano-
materials-based sensors having new principles can be real-
ized for measurands such as temperature, humidity, strain,
and pressure. These sensors can be realized with low costs
without the need for cleanrooms and are affordable even
if only a small number of sensors is produced. Due to
their flexibility and low layer thickness, they can be easily
integrated into materials and structures. In this paper,
we provide a critical survey on the potential of sensors
based on carbonaceous nanomaterials and polymers and

;"-."

GasSensors
and e-Noses

Electrochemical Sensors
2l and e-Tongues

highlight their principles, manufacturing procedures, and
resulting properties. We discuss sensor properties going
much beyond sensors realized with classical technologies,
mainly due to novel principles and outstanding properties
of nanomaterials,

Keywords: carbon nanomaterials; gas sensors; humidity
sensors; ion sensors; pressure and strain sensors; temper-
ature sensors.
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Role of Solvent Polarity on Dispersion Quality and Stability of
Functionalized Carbon Nanotubes

Dhivakar Rajendran ', Rajarajan Ramatingame ', Hanen Nowri |, Anurag Adiraju ' and Olfa Kanoun'*
J. Compos. Sci. 2022, 6(1), 26; https://doi.org/10.3390/jcs6010026

¥ X xi|x
lem £ x|\
o . ;

x 7NN
ol 20
. o RN
- 1§« %||¥ix XISy i
Day7 x ne e
R
S | S YN
"wwent
“ A\ uf? oz
= A uls o= 2 3
1| \ - { e s .
i //—’ L. .‘;_.:. - .
R 4 ol 2T
- < = L) g X
- e [}
- . . e\l
e 3 T

Abstract: Dispersion of carbon nanotubes (CNT) in solvents and/or polymers is essential to reach the
full potential of the CNTs in nanocomposite materials, Dispersion of CNTs is especially challenging
due to the van-der-Waals attraction forces between the CNTs, which let them tend to re-bundle
and/or re-aggregate. This paper presents a brief analysis of the quality and stability of functionalized
multiwalled carbon nanotubes (fIMWCNT) dispersion on polar solvents. A comparative study
of functionalized CNT dispersion in water, methyl, and alcohol-based organic solvents has been
carried out and the dispersion has been characterized by UV-VIS spectroscopy, electrochemical
characterization such as cyclic voltammetry (CV) and electrochemical impedance spectroscopy (EIS).
Visual analysis of the dispersion has been investigated for up to 14 days to assess the dispersion’s
stability. Based on the material characterization, it was observed that the degree of affinity IMWCNT
with -COOH group highly depends on the polarity of the solvent, where the higher the polarity, the
better the interaction of IMWCNT with solvents.

Keywords: carbon nanotubes; polar solvents; UV-VIS analysis; electrochemical impedance
spectroscopy (EIS)
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Enhancement of the performance of flexible
lead-free nanogenerators by doping in BaTiO3
nanoparticles
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ABSTRACT

Barium Titanate (BaTiOy, lead-free ceramic has recently gained attention for the fabrication of nanogenerators.
Herein, lead-free piezoceramics (Ba, Ca) (Zr, Ti)O4 was synthesized using the sol-gel method. In order to improve
the material properties, Ca”* and Zr'* were introduced into the BaTiO; crystal network to replace Ba”* and Ti**,
respectively. Subsequently, three flexible nanocomposites were chemically fabricated by mixing polyvinylidene
fluoride-co-hexafluoropropylene (PVDF-HFP) with the commercial BT, the synthesized BZT and BCZT, using the
solution-casting technique. The microstructure and morphology were characterized by X-ray diffraction (XRD),
Fourier transforms infrared spectroscopy (FTIR), and (SEM). This study illustrates that the combination of both
addition Ca’' and Zr'' in barium titanate is promising for forming the electroactive fi-phase in the nano-
composite. The XRD and FTIR confirmed the formation of the polar {-phase, enhancing piezoelectric properties.
The electrical conductivity of the nanocomposite increased with doping in both sites. A maximum output voltage
(~1.8 V) and power (—1.9 pW) were achieved for composite including BCZT particles. Besides, different sizes
and concentrations of BCZT/PVDF-HFP based nanogenerators were constructed, The optimal performance was
with nanogenerators of size 2 cm x 2.5 cm and 10 wt % of BCZT powders. Biomechanical foot-tapping achieved a
maximum output voltage of 4.55 V, which was high enough to become a potential candidate for a self powered
device in future applications.

Keywords

BT Doped nanoceramics; Biomechanical energy harvesting; Flexible

nanogenerator; Lead-free; Piezoelectric nanocomposites; Sol-gel
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ABSTRACT

Barium Titanate (BaTiOy, lead-free ceramic has recently gained attention for the fabrication of nanogenerators.
Herein, lead-free piezoceramics (Ba, Ca) (Zr, Ti)O3 was synthesized using the sol-gel method. In order to improve
the material properties, Ca®* and Zr** were introduced into the BaTiO, crystal network to replace Ba** and Ti**,
respectively. Subsequently, three flexible nanocomposites were chemically fabricated by mixing polyvinylidene
fluoride-co-hexafluoropropylene (PVDF-HFP) with the commercial BT, the synthesized BZT and BCZT, using the
solution-casting technique. The microstructure and morphology were characterized by X-ray diffraction (XRD),
Fourier transforms infrared spectroscopy (FTIR), and (SEM). This study illustrates that the combination of both
addition Ca** and Zr** in barium titanate is promising for forming the electroactive fi-phase in the nano-
composite. The XRD and FTIR confirmed the formation of the polar f-phase, enhancing piczoelectric properties.
The electrical conductivity of the nanocomposite increased with doping in both sites. A maximum output voltage
(~1.8 V) and power (~1.9 yW) were achieved for composite including BCZT particles. Besides, different sizes
and concentrations of BCZT/PVDF-HFP based nanogencrators were constructed. The optimal performance was
with nanogenerators of size 2 cm x 2.5 cm and 10 wt % of BCZT powders. Biomechanical foot-tapping achieved a
maximum output voltage of 4.55 V, which was high enough to become a potential candidate for a self powered
device in future applications.
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Development of an Efficient Voltammetric Sensor -
for the Monitoring of 4-Aminophenol Based on
Flexible Laser Induced Graphene Electrodes
Modified with MWCNT-PANI
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Abstract

Sensitive slectrodes are of a great importanca for the realizaton of highly performant electrochemical sensors for field appiicaton
In the present work, a laserinduced carbon (LIC) electrode is proposed for 4-Aminophenol (4-AP) electiochemical sensors. The
oloctrode is p d on @ o« Wl low-cost polyimide (Kapton) shoot and functionalized with a mult-waled carbon nanotubes
polyaniline (MWCNT-PANI) composite, reakzed by an in-situ-polymerization in an acidic medium. The LIC clectrode modiied with
MWCNT-PAPNI nanocomposite was investigated by SEM, AFM, and electrochemically in the presence of ferm-fecrocyanide
[Fo(CN)I* 4" by cychie voltammetry and impedance spectroscopy. The results show a significant impeovernent of the electron
transfer rate after the electrode functionalizalion In the presence of the redox mediatorns [Fo(CN)AP‘"’. related drectly 10 the
active surface, which tsolf Incroased by about 18.13% compared with the bare LIG. Tho novel electrode shows a good
reproducibility and a stabiity for 20 cydes and more. It has a signficantly enhanced electro-catalytic activity towards
electrooxidation reaction of 4-AP infernng positive synergistic effects between carbon nanotubes and polyaniine PANI. The
presented electrode combination LICMWOENT-PANI exhidits o detection lmit of 0.008 1M for the determination of 4-AP o
concentrations ranging from 0.1 pM to 55 pM and was succossfully apphed for the monitoring in real samples with good
recoveries

Keywords: laser induced carbon; MWCNT-PANI; electrochemical sensor; 4-Aminophenol
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Abstract

Excessive nitrite amounts haim the environment and put pubiic health at high risk. Therefore, accurate and sansitive detection of
nitrito in surface and groundwater is mandatory for mitigating ts adverse ofocts. Horen, a highly sensitive electrochomical sensor
based on cwbon screen-prinied electiodes (CSPE) surtace-modified with photochemically-made gold nanoparticles (AuNPs, ~12
nm) is proposed for nitrite detection. Scanning electron microscopy. cycic voltammetry, and electrochemical impedance
spectroscopy show that AuNPs undormily cost the CSPE, increase its surface area, and contribule to oxidizing nitrite 1o much
lower potental (+0.5 V vs. AQ/AgCl) and faster rate. Under ocptimized differential pulse voltammetry condtions, the CSPE/AUNPs-
PE! electrode responds linearty (R? > 0.69) 1o nitrite within a wide concentration range (0.01-4,0 M), showing a sensithity of 0.85
pAEM™Tem™? and limit of detection as low as 2.5 nMd. The CSPE/AUNPs-PEI electrode successiully detects nitrite in tap water
oand canned water of olives, showing no influence of those matrices. In addition. the electrode’s rosponse is highly reproducible
ance a relative standard deviaton lower than 10% s cbserved when the same electrode 18 operated In five consecutive
measurements or when eloctrodes of different fabrication batches are evaluated. View Full-Text

Keywords: nitrite detection; goid nanoparticles; carbon screen-printed electrode; differential pulse voltammetry;

electrochemical iImpedance spectroscopy

31



MST Publications Report 2022

S—
MEASUREMENT AND
SENIOR TECHNOLOGY

B biosensors m\p\py

Gold Nanoparticles-MWCNT Based Aptasensor for Early Diagnosis of
Prostate Cancer

by @ Aseel Alnaimi 12" 2@ @ Ammar Al-Hamry 2@ @) Yahia Makableh > @ 2} Anurag Adiraju 2 and

) Oifa Kanoun 2" 20
Biosensors 2022, 12(12), 1130; https://doi.org/10.3390/bios12121130
L
&t —— '::.:.... 2"--- - ol 19 - :::r ) .‘7 il : |'
—
P O | Ao [P
‘ . \\

Abstract

Prostate cancer is one of the most frequently diagnosed male malignancies and can be detected by prostate-
specific antigen (PSA) as a biomarker. To detect PSA, several studies have proposed using antibodies, which are
not economical and require a long reaction time. In this study, we propose to use seif-assembled thiolated single-
strand DNA on electrodes functionalized by multi-walled carbon nanotubes (MWCNT) modified with gold
nanoparticles (AuNPs) to realize a low-cost [abel-free electrochemical biosensor. In this regard, the PSA aptamer
was immobilized via electrostatic adsorption on the surface of a screen-printed MWCNT/AuNPs electrode. The
immobilization process was enhanced due to the presence of Au nanoparticles on the surface of the electrode.
Surface characterization of the electrode at different stages of modification was performed by electrochemical
impedance spectroscopy (EIS), atomic force microscopy (AFM) and Fourier transform infrared spectroscopy
(FTIR) and contact angle for surface tension properties. The resuits showed an increase in surface roughness due
1o the absorbance of the aptamer on the electrode surfaces. The developed sensor has an extended linear range
of 1-100 ng/mL, and a very low limit of detection down to 1 pg/mL. In addition, the reaction has a binding time of
only five minutes on the developed electrodes. Investigations of the biosensor selectivity against several
substances revealed an efficient selectivity for PSA detection. With this approach, low-cost biosensors with high
sensitivity can be realized which have a wide linearity range and a low limit of detection, which are necessary for
the early detection of prostate cancer.

Keywords: aptasensor; prostate cancer; prostate-specific antigen; carbon nanotubes; gold nanoparticies
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QCM Measurements of RH with Nanostructured
Carbon-Based Materials: Part 2-Experimental
Characterization
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Abstract

In this series of two papers, the humidity sensing of a carbon nanotube (CNT) network-based matenial is ransduced and studied
through quartz crystal microbalance (QCM) measurements. To this aim, quartzes functionalized with dfferent amounts of sensing
matenal were realized, exposed to different humidity levels, and characterized. In this second paper, the expenmental results are
presented and discussed. The sensing mechanisms are elucidated expioting the theory presented in the first paper of this series
The presented results show that the investigated matenal functionalization Induces a large response of QCM to humidity in terms
of resonant frequency even at low RH levels, with a sensitivity of about 12 HZ%RH (at RH < 30% and room temperature and 10
ug of deposited SWCNT sclution) and an increase In sensitivity in the high RH range typical of nanostructured film. Regarding the
rospongeo in terms of mobonal resistance, & largo rosponso » obtainod only at r diato and high humidity lovels, confirming

that condensation of water in the film plays an impaortant role in the sensing mechantsm of nanostructured materials, View Full.

Text

Keywords. QCM,; humidity sensors; CNT water absorption; CNT-based humidity sensors; QCM humidity; carbon-based
sonsing film
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Photoinduced flexible graphene/polymer nanocomposites: Design,
formation mechanism, and properties engineering

Anna Lipovka “, llia Petrov *, Maxim Fatkullin *, Gennadiy Murastov *, Alexey Ivanov “,
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graphene photostructuring and
synthesis photochemistry

ABSTRACT

Flexible electronics is a new paradigm with strong implications from healthcare to energy applications,
In this context, electrically conductive polymers are the critical components. Here, we report the design,
formation mechanism, and applications of a polymer nanocomposite obtained by single-step laser
integration of functionalized graphene into a polymer matrix. Laser processing manipulates the physical-
chemical properties of this nanocomposite in a controlled and straightforward way, tuning the electrical
resistance from a dielectric (M2 sq ') to a highly conductive material (2 sq '). We combine experi-
mental and computational approaches to elucidate graphene nanocomposite’s nature and formation
mechanism, evidencing different processes from photothermal polymer melting to shock wave mixing in
a liquid phase within a millisecond time scale. We exploit these fundamental insights on the graphene/
polymer nanocomposite in the design and fabrication of electrochemical sensing and antenna devices,
showing the potential for healthcare and the Internet of Things.
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Surface-enhanced Raman Spectroscopy &
Electrochemistry: The Ultimate Chemical Sensingand
Manipulation Combination

Anna Lipovkas, Maxim Fatkullin®, Andrey Averkiev:, Marina Paviovas, Anurag
Adiraju®, Saddam Weheabby®, Ammar Al-Hamry®, Olfa Kanoun®, Igor Pastic,
Tamara Lazarevic-Pasti¢, Raul D. Rodriguez*s, and Evgeniya Sheremet?

MEASUREMENT AND
SENSOR TECHNOLOGY

DOI: 10.1080/10408347.2022.2063683

Abstract

One of the lessons we learned from the COVID-19 pandemic is that the need for
ultrasensitive detection systems Is now more critical than ever. While sensors’ sensitivity,
portability, selectivity, and low cost are crucial, new ways to couple synergistic methods
enable the highest performance levels. This review article critically discusses the
synergetic combinations of optical and electrochemical methods, We also discuss three
key application fields—energy, biomedicine, and environment. Finally, we selected the
most promising approaches and examples, the open challenges in sensing, and ways to
overcome them. We expect this work to set a clear reference for developing and
understanding strategies, pros and cons of different combinations of electrochemical and

optical sensors integrated into a single device.
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Stability Enhancement of Laser-Scribed Reduced Graphene
Oxide Electrodes Functionalized by Iron Oxide/Reduced
Graphene Oxide Nanocomposites for Nitrite Sensors

Amina Brahem "33+ Ammar Al-Hamry ', Marcos Andriola Gross *, Leonardo G. Paterno *,
Mounir Ben Ali ** and Olfa Kanoun '+

1. Compos. Sci. 2022, 6(8), 221; https://doi.org/10.3390/jcs6080221

° 100 200 0 430 00

Abstract TR

An iron oxide/reduced graphene oxide (ION-RGO) nanocomposite has been fabricated 1o functionalize a low-cost
electrochemical nitrite sensor realized by bight-scribed reduced graphene oxide (LRGO) electrodes on a PET
substrate. To enhance the stability and adhesion of the electrode, the PET substrate was modified by RF oxygen
plasma, and a thin layer of the cationic poly (dialtyl dimethyl ammonium chioride) was deposited. Raman
spectroscopy and scanning electron microscopy coupled 1o energy-dispersive X-ray spectroscopy (SEM-EDX) reveal
that the light-scribing process successfully reduces graphene oxide while forming a porous multilayered structure. As
confirmed by cyclic voltammetry, the LRGO electrochemical response o ferri-ferrocyanide and nitrite is significantly
improved after functionalization with the ION-RGO nanocomposite film. Under optimized differential pulse
voltammetry conditions, the LRGO/ION-RGO electrode responds linearly (R2 = 0,97) to nitrite in the range of 10-400
HM, achieving a limit of detection of 7.2 pM and sensitivity of 0.14 pA/pM. A single LRGO/ION-RGO electrode stands
for 11 consecutive runs. The novel fabrication process leads to highly stable and reproducible electrodes for
electrochemical sensors and thus offers a low-cost option for the rapid and sensitive detection of nitrite. View Full-
Text

Keywords: laser-scribing; reduced graphene oxide; iron oxide nanoparticles; voltammetric sensors; stability;
nitrite
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Machine Learning-Based Multi-Level Fusion Framework
for a Hybrid Voltammetric and Impedimetric Metal lons
Electronic Tongue
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Abstract

Elecironic longues and artfical gustation for crucial analytes in the environment, such as metal ions, are becoming increasingly
Important. In this contribution, we propose & mulll-level fusion framework 101 a hybteid Impedimetnic and voltammetric electronic
tongue 1o enhance the accuracy of K*, Mg?*, and Ca?* detection in an extonsive concentration range (100.0 nM-1.0 mM). The
proposed framework extracts electrochemical-based features and separately fuses, In the first step, iImpedimetric features, which
are characteristic points and fixed frequency features. and the voltammetnic features, which are curment and potential features, for
data reduction by LDA and classification by kNN. Then, in a second siep, a decision fusion s carmied out 1o combine the results for
both measurement methods based on Dempstor-Shafer (DS) evidence thoory. The classification results reach an accuracy of
B0.98% and 81.48% for voltammetric measurements and impedimetric measurements, respectively. The decision fusion based on
DS evdence theory Improves the total recognition accuracy 1o 91.60%, thus realzing significantly high accuracy in comparison to
the state-of-the-arl. In compartison, the feature fusion for both voltammetric and impedimetric features in one step reaches an
accuracy of only 89.13%. The proposed hierarchical framework considers for the first time the fusion of iImpedimetnc and
voltammetric data and features from multiple eloctrochemical sensor arrays. Tho developed approach can be implemented for
severnl further nppllcaimudwmn fusion, €.9., for electronic noses, measurement of environmental contaminants such as
heavy metal lons, pesticides, o s, and it of biomarkers, such as for the defecSion of cancers and diabetes

Keywords™ electronic tongue: metallic lons detection; sensor array fusion: voltammetric sensor array, impedimetric
sensor array. decision fusion; chemometrics; smart agriculture,
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Raul D. Rodriguez,* Maxim Fatkullin, Aura Garcia, llia Petrov, Andrey Averkiey,
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Xin Jia, Chong Cheng, Olfa Kanoun, and Evgeniya Sheremet

Advanced Materials 2022, 34 (43) https://doi.org/10.1002/adma.202206877

rGO-LIBT

GO Sandwich

Glass electronics inspire the emergence of smart functional surfaces. To
evolve this concept to the next level, developing new strategies for scalable,
inexpensive, and electrically conductive glass-based robust nanocomposites
is crucial. Graphene is an attractive material as a conductive filler; however,
integrating it firmly into a glass with no energy-intensive sintering, melting, or
harsh chemicals has not been possible until now. Moreover, these methods
have very limited capability for fabricating robust patterns for electronic
circuits. In this work, a conductive (160 OQ sq') and resilient nanocom-
posite between glass and graphene is achieved via single-step laser-induced
backward transfer (LIBT). Beyond conventional LIBT involving mass transfer,
this approach simultaneously drives chemical transformations in glass
including silicon compound formation and graphene oxide (GO) reduction.
These processes take place together with the generation and transfer of the
highest-quality laser-reduced GO (rGO) reported to date (Raman intensity
ratio Ip/lc = 0.31) and its integration into the glass. The rGO-LIBT nano-
composite is further functionalized with silver to achieve a highly sensitive
(10" m) dual-channel plasmonic optical and electrochemical sensor. Besides
the electrical circuit demonstration, an electrothermal heater is fabricated that
reaches temperatures above 300 °C and continuously operates for over 48 h,
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Paracetamol detection in environmental and
pharmaceutical samples using multi-walled
carbon nanotubes decorated with silver
nanoparticles
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ABSTRACT

Paracetamol (PA) treats mild to moderate pain and fever with a high relative safety factor when administered
properly. However, PA overuse creates harmful metabolites and serious illnesses, Thus, PA must be continually
monitored and measured in environmental, pharmaceutical, and biological samples. In this work, voltammetric
sensing of PA using silver nanoparticles (AgNPs) and carboxylated multi-walled carbon nanotubes (AgNP-
s@HOOC-MWCNT) deposited on screen-printed carbon electrode (SPCE) has been demonstrated, The AgNPs
were prepared through a simple reduction method with an average particle size of 46 nm. Both AgNPs and
modified electrodes were characterized by ultraviolet-visible spectroscopy, Fourier transform infrared spec-
troscopy, Raman spectroscopy, scanning electron microscopy, and energy-dispersive X-ray analysis. The elec-
trochemical behaviour of PA over the modified (AgNPs@HOOC-MWCNT@SPCE) was studied using cyclic
voltammetry (CV). It has been demonstrated that a relatively small quantity of AgNPs results in a considerable
improvement in the active surface area of the modified electrode and an increase in the oxidation current of PA.
In addition, a computational study was performed to complement the experimental work. Using square wave
voltammetry (SWV) under optimal conditions (pH 7.4 and 25 °C), AgNPs@HOOC-MWCNT@SPCE sensor shows
an effective sensing potential with a limit of detection of 0.24 uM in the concentration range of 0.5 to 1000 pM.
The reproducibility and repeatability studies and long-term stability for 60 days were illustrated. Ultimately, the
practical applications of the proposed method for determining PA in environmental and pharmaceutical samples
were demonstrated with satisfactory results,

Keywords:

Silver nanoparticles

Multi-walled carbon b

Electrochemical sensors

Paracetamol
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Hand Sign Recognition System Based on EIT
Imaging and Robust CNN Classification
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Abstract—Hand sign recognition is gaining importance in

human-human and in human-machine communication and |  EiTimaging system for hand sign recognition
interaction. Electrical Impedance Tomography (EIT) is thereby 0 g
very interesting as it provides information on impedance |.....

changes in depth of the section of the arm, which infers mus- [ || e

cle contractions. This paper introduces an EIT imaging system

lorhuﬂdmneognlﬁonmdnmhodnghwhgnmoom $ Em=] ’ ﬁ \‘ﬁ
plexity and including an electronic interface with 8 electrodes | ——
placed on the forearm, a Gauss-Newton coimrcg |

Image reconstruction 3 - @ =
algorithm, a robust CNN based hand sign classification and L
a virtual hand model for visualization. A database has been
collected for EIT measurements in pole mode taken by eight subjects performing the American sign language numbers
tvomow9.mmmmmuwwwmumummmmmmmuwm
in and positions. The correspondence between the reconstructed images and the expected muscle behavior
for the hand signs is investigated. A robust Convolutional Neural Network (CNN) classification algorithm was implemented
and optimized by implementing an Adam optimizer and conducting a dedicated study to avoid overfitting. The results
obtained by CNN are compared to the results by a Support Vector Machine (SVM), and a Softmax classifier. They show
a classification accuracy of 95.94%, 75.61%, and 62.9% respectively. In term of subject dependency, the system using
the CNN model shows a higher performance, as the accuracy decreases only by 0.72% while increasing the number of
Mmﬂﬂm«»wmmHmly.mmmM.nmﬂMhmdeanmdeonwubuwonm

5.

Index Terms— Electrical impedance tomography, EIT, hand sign detection, sign language, regularized Gauss-Newton
algorithm, virtual hand control, convolutional neural network, support vector machine, softmax.
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A genetic algorithm for image reconstruction in
electrical impedance tomography for gesture
recognition

Mariem Hafsa, Bilel Ben Atitallah, Taha Ben Salah, Najoua Essoukri Ben Amara, and
Olfa Kanoun*

Abstract: Electrical impedance tomography (EIT) is an
imaging method for characterizing the inner conductivity
distribution of an object based on the measured bound-
ary voltages resulting from the injection of an AC signal,
followed by an image reconstruction procedure, An algo-
rithm tries to solve an ill-posed inverse problem making
it challenging to reconstruct an accurate image. To over-
come this, we propose a genetic algorithm (GA) for the im-
age reconstruction with a non-blind search method con-
sidering prior knowledge about the possible conductiv-
ity distribution in the initial search space. To validate the
algorithm, experiments have been conducted in a water
tank. The algorithm’s performance was evaluated regard-
ing image quality and processing time, being able to min-
imize the corresponding quality function to 0.0505 with
100 generations using the non-blind search and the uni-

https://doi.org/10.1515/teme-2021-0126
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form crossover/random mutation. Compared to traditional
methods, the GA achieves significantly better image qual-
ity. It has been implemented as an image reconstruction
algorithm for gesture recognition, EIT measurements have
been conducted with six persons performing American
sign numbers (0-9) resulting in 1800 reconstructed im-
ages, They were classihed by a previously developed con-
volutional neural network (CNN), reaching a 92% accu-

racy, which is a very good achievement in the case of mul-
tiple subjects,

Keywords: Electrical impedance tomography, EIT,
impedance spectroscopy, image reconstruction, genetic
algorithm, non-blind search, parallel architecture, ges-
ture recognition.
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Efficient data aggregation technique for medical
wireless body sensor networks
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Abstract: A central issue in Wireless Body Sensor Net-
works (WBSNs) is the large amount of measurement data
for monitoring vital parameters, which need to be continu-
ously measured, immediately processed and timely trans-
mitted. This requires a big storage space and computing
effort leading to a high-power consumption. Reducing the
amount of transmitted data contributes significantly to an
extension of the sensor operation time. In this contribu-
tion, we focus exactly at this aspect. We propose a data
aggregation method based on Artificial Neural Networks
(ANN) combining multiple physiological signals, which
are the ElectroCardioGram (ECG), ElectroMyoGram (EMG)
and Blood Pressure (BP), in one signal before transmis-
sion. The simulation and implementation results reveal a
reduction of energy consumption to 87.32%, ensuring a
high accuracy level (80.53%) and a relatively execution
time (48.47 ms).

Keywords: Accuracy, data aggregation, low energy con-
sumption, WBSN.
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Representativeness consideration in the selection of classification
algorithms for the ECG signal quality assessment

Nesrine Keskes ", Sameh Fakhfakh “", Olfa Kanoun ‘, Nabil Derbel

e T
i 1 st Caseication
| - oo
[ 1.1 |emam artees Serter
» + oo
‘ 1 t3e T e rertat e
b -
1 1 "o
| L L — o
| O i @
| 1 ans - worseth
| SN TS Sese— madees wn e
'L_l 1 s roe .
$
S | o |
Bow oolor: Class 7 %’T
@ Good quabty samole (Puss) em L g | 5%
© Bad quaity sampie (M) o m "
o™ om
om "2

ABSTRACT

Background and Objectives: With the progress of digitalization, electrocardiograms (ECGs) are increasingly
measured by embedded and portable devices, which may lead to significant degradation of signal quality due to
noise and artifacts. This leads to the necessity of signal quality assessment before ECG interpretation. Especially,
if the ECG training database is not balanced between bad and good signals the classification accuracy and the
data distribution on the two classes are affected. In this paper, a comparative study is elaborated between 10 re-
sampling techniques for data balancing, which have been applied with the random forest classifier. Methods:
Based on this study, we propose a novel metric to consider the representativeness of the original data, to
guaranty the closeness of the quality assessment results to the initial classes™ partition. The evaluation of the
classifier's performance is based on two criteria, which are the classifier training performance and the repre-
sentativeness coefficient. It is to note that this novel measure is a complementary metric for classification
evaluation and the classifier performance has the first priority. We refer thereby to a multi-objective optimization
(MOO) method as a tool to reconcile both criteria. Results: The hybrid balancing technique SMOTETomek fulfills
both criteria in a good manner. It reaches a high training performance and maintains the data representativeness.
Conclusion: It is not necessary for a classifier algorithm with the best classification performance to be able to
maintain the representativeness of the data, which affirms the importance of this study. Thus the proposed new
metric should be taken into consideration for the selection of the classification method when dealing with new
resulted data after discarding the bad qualified signals.
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