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Dear Colleagues,

We are pleased to announce that the "Global Summit on Electronics & Electrical Engineering 
(GSEEE2021)", which will be held on November 08-10, 2021 as virtual conference, is a premiere and 
one of the highest level international academic conferences in the field of electronics and electrical 
engineering.

The objective of GSEEE2021 is to provide a unique forum for discussion of the latest developments, 
refresh your knowledge and will offer plenty of networking opportunities, providing you a chance to 
meet and interact with leading researchers as well as most influential minds in the field of electronics 
and electrical engineering.  

The conference offers a diverse scientific program covers the latest, cutting-edge developments 
which can change the course of science to benefit the human society. The conference consists of 
excellent plenary talks, keynote talks, technical sessions and workshops along with industry tech 
talks. Leading experts get together in this international forum to present their research and share 
knowledge.

The Young Researchers Forum provides a great opportunity for PhD students and young postdocs 
to meet up in a friendly, informal and international atmosphere to discuss and exchange ideas, to 
get feedback on their work from leading scientists in the field.

We look forward to welcoming you to GSEEE2021.
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Joao Gama

University of Porto, Portugal 

Real-Time Data Mining
Abstract
Nowadays, there are applications in which the data are modeled best not as persistent tables, but 
rather as transient data streams. In this keynote, we discuss the limitations of current machine 
learning and data mining algorithms. We discuss the fundamental issues in learning in dynamic 
environments like learning decision models that evolve over time, learning and forgetting, concept 
drift, and change detection. Data streams are characterized by huge amounts of data that introduce 
new constraints in the design of learning algorithms: limited computational resources in terms of 
memory, processing time, and CPU power. In this talk, we present some illustrative algorithms 
designed to take these constraints into account. We identify the main issues and current challenges 
that emerge in learning from data streams and present open research lines for further developments
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Mohd Ridzuan Ahmad
 
Division of Control and Mechatronics Engineering, School of Electrical Engineering, Faculty of 
Engineering, Universiti Teknologi Malaysia, 81310 Skudai, Johor, Malaysia. 

 

Microfluidics as a Platform for Non-Invasive 
Measurement for Single Cell Analysis 
 
Abstract
Microelectromechanical system provides an excellent platform to perform single-cell analysis often 
known as lab-on-chip (LoC) microfluidic devices. LoC offers several advantages in single-cell analysis 
from the ability to manipulate small fluid volumes (µL, nL, pL) to provide efficient high throughput 
experimentation. However, depending on the analysis task that needs to be performed, microfluidic 
devices normally face two challenges, i.e. complex operational control and chip design. Our works 
have been focusing on developing simple yet functional microfluidic devices. The simplicity of the 
device is very important especially to the developing countries where there are limited resources 
and facilities. Furthermore, in terms of the manufacturing aspect, a simple design can enable low-
cost microfluidic devices. Our requirements for a simple microfluidic device are a single layer and a 
single channel. Based on these requirements, we have designed and fabricated several microfluidics 
devices for several single-cell analysis tasks. Here, we present three examples of our works in 
single-cell analysis, i.e. single-cell mass (SCM) determination, single-cell trapping, and single-cell 
sorting. Firstly, in SCM determination, drag force and Newton’s law of motion were used to determine 
the mass of single cells. This approach of measuring SCM was calibrated using known mass (77.3 
pg) of a polystyrene particle of 5.2 diameters. Furthermore, we used Saccharomyces cerevisiae 
baker's yeast cells of different sizes for SCM measurement. Mass of 4.4 diameters of single yeast 
cell was measured as 2.12 pg which is in the range of previously reported single yeast cell mass 
(2-3 pg). Besides, we also studied the relation between SCM and single-cell size. Results showed 
that single yeast cell mass increases exponentially with the increase of single-cell size. Secondly, 
in the single-cell trapping, a T-channel trapping chip was proposed to provide single-cell trapping 
and consequently could be a platform for cell treatments and manipulations. A demonstration for 
cell trapping in the T-channel model was presented in the simulation analysis and experimental 
work using HUVEC cell aggregate. The T-channel was found to be able to trap a single cell via 
the hydrodynamic resistance (Rh) concept using an appropriate channel geometry and RhMain/
RhTrap ratio. Lastly, in single-cell sorting, we reported a tapered microfluidic device for passive 
continuous separation of microparticles by utilizing the hydrodynamic principle. By exploiting the 
hydrodynamic properties of the fluid flow and physical characteristics of microparticles, effective 
size-based separation was demonstrated. The tapered microfluidic device has widening geometries 
to a specific taper angle which amplifies the sedimentation effect experienced by particles of different 
sizes. A mixture of 3 μm and 15~20 μm polystyrene microbeads were successfully separated 
using 20° and 25° taper angles. The results obtained were in agreement with three-dimensional 
finite element simulation. Moreover, the feasibility of this mechanism for biological separation was 
demonstrated by using polydisperse samples consists of 3-μm polystyrene microbeads and human 
epithelial cervical carcinoma (HeLa) cells. 98% of the sample's purity was recovered with a flow rate 
of 0.5 – 3.0 μl/min. We believe our works will be beneficial to enabling technology particularly in the 
point of care diagnosis tools.



November 08, 2021

GSEEE2021

Page- 9

Global Summit on Electronics & Electrical Engineering

Keywords
Microfluidics, Single Cell Analysis, Non-Invasive Diagnosis
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Pierluigi Siano
 
University of Salerno, Italy

 

Distributed Parallel Optimization for Energy 
Communities 
 
Abstract 
Modern power systems are evolving from a centralized paradigm, according to which electrical 
energy was mainly generated by large power plants at the transmission level, to a new model 
where Distributed Generation (DG), often based on Renewable Energy Sources (RES) represents 
a relevant portion of the produced electrical energy. In this new model, the provision of ancillary 
services to the Transmission System Operator (TSO) should take into account the possible flexibility 
furnished by new distributed resources, such as dispersed and small generators, also based on 
RES, and frequently endowed with small batteries. In particular, distributed Battery Energy Storage 
Systems (BESSs), also of small scale, that were mainly used to decrease the uncertainty due 
to RES and to increase the energy self-consumption for the end-user, can be also managed to 
provide energy flexibility to the TSO. A novel scalable and privacy-preserving distributed parallel 
optimization that allows the participation of large-scale aggregation of prosumers with residential 
PV-battery systems in the market for the ancillary service (ASM) is proposed in this presentation. 
To consider both reserve capacity and reserve energy, day-ahead and real-time stages in the ASM 
are considered. A method, based on hybrid Variable Neighbourhood Search (VNS) and distributed 
parallel optimization is designed for the day ahead and real-time optimization. Different distributed 
optimization methods are compared and designed and a new distributed optimization method 
based on Linear Programming (LP) is designed that overcomes previous methods based on integer 
and Quadratic programming (QP). The proposed LP-based optimization can be easily coded up 
and implemented on microcontrollers and connected to a designed Internet of Things (IoT) based 
architecture. As confirmed by simulation results, carried out considering different realistic case studies, 
both day-ahead and real-time proposed optimization methods, by allocating the computational effort 
among local resources, are highly scalable and fulfil the privacy of prosumers.
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Ahmed A. Kishk
 
Concordia University, Canada 

 

Efficient Design of Large Finite Array Antenna and its 
Feeding Network 
Abstract
An efficient procedure is proposed to predict large finite planar array performance from the measured 
or computed small planar array of a similar lattice. The analyses are based on ports measurements 
of the mutual admittance matrix. The mutual admittance depends on the element type, frequency of 
operation, polarization, and arrangement lattice. From the small array mutual admittance matrix, the 
larger array mutual admittance matrix is constructed. Such admittance ignores the mutual coupling 
between the elements beyond the small array domain. Once the admittance matrix has been 
constructed for the largearray, the array elements active (effective) input impedance under different 
scenarios can be predicted easily. Also, from the effective voltage terminal of the elements, an 
array factor, including the mutual coupling, can be computed to predict the array gain and radiation 
patterns. The proposed method's efficiency comes from dealing with matrices of order equal to the 
array number of elements. With the correspondingadmittance matrix, one can study the array's 
performance under several scenarios. The effective impedance of the elements can be used to 
design a feeding network based on the elements' effective input impedance that considers the 
mutual coupling. Also, it is possible to perform feeding network optimization.

Here, to illustrate the procedure, an example of an air micro strip patch antenna excited by 
a hook-shaped probe is considered as an array element. The results obtained using the 
present method are verified by the full-wave numerical analysis of the sizeablefinite array. 

Also, the gap waveguide technology conceptis presented through an example of the feeding network 
design at millimetre-wave frequencies for an array of magneto-electric dipoles. A procedure is 
presented to reduce the number of optimization parameters for the sizeable parallel feeding network. 

Biography 
Ahmed A. Kishk is a Professor at Concordia University, Montréal, Québec, Canada (since 2011), 
as Tier 1Canada Research Chair in Advanced Antenna Systems. He was an Associate Editor 
of Antennas & Propagation Society Newsletters from 1990 to 1993, a distinguished lecturer for the 
Antennas and Propagation Society (2013-2015), an Editor of Antennas & Propagation Magazine 
(1993-2014), an editor of the ACES Journal during 1997, an Editor-in-Chief of the ACES Journal 
from 1998 to 2001, the chair of the Physics and Engineering Division of the Mississippi Academy 
of Science (2001-2002), a Guest Editor of the special issue on artificial magnetic conductors, soft/
hard surfaces, and other complex surfaces, in the IEEE Transactions on Antennas and Propagation, 
January 2005, and a co-guest Editor in IEEE Antennas and Propagation and Wireless Letter on the 
special cluster on “5G/6G enabling antenna systems and associated testing technologies.”Dr. Kishk 
was a the general chair of the 2020 IEEE AP-S Symposium on Antennas and Propagation and CNC/
USNC-URSI joint meeting and a technical program committee member for several international 
conferences. He was a member of the AP-S AdCom (2013-2015) and the 2017 AP-S president.
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Prof. Kishk research interest includes the areas of millimeter-wave antennas for 5G/6G applications, 
Analog beamforming network, Dielectric resonator antennas, microstrip antennas, small antennas, 
microwave sensors, RFID antennas for readers and tags, Multi-function antennas, microwave 
circuits, EBG, artificial magnetic conductors, soft and hard surfaces, phased array antennas, 
reflect/transmitarray, wearable antennas, and Feeds for Parabolic reflectors. He has published 
over 385-refereed journal articles and 510 conference papers. He is a co-author of four books and 
several book chapters and the editor of four books. He offered several short courses in international 
conferences.
 
Prof. Kishk and his students received several awards. Hewon the 1995 and 2006 outstanding 
paper awards for papers published in the Applied Computational Electromagnetic Society Journal. 
He received the 1997 Outstanding Engineering Educator Award from the IEEE Memphis section. 
He received the Outstanding Engineering Faculty Member of the Year in 1998 and 2009, Faculty 
research award for outstanding research performance in 2001 and 2005. He received the Award 
of Distinguished Technical Communication for IEEE Antennas and Propagation Magazine's entry, 
2001. He also received The Valued Contribution Award for outstanding Invited Presentation, “EM 
Modeling of Surfaces with STOP or GO Characteristics – Artificial Magnetic Conductors and Soft 
and Hard Surfaces” from the Applied Computational Electromagnetic Society. He received the 
Microwave Theory and Techniques Society, Microwave Prize 2004. He received the 2013 Chen-To 
Tai Distinguished Educator Award of the IEEE Antennas and Propagation Society. In recognition, 
“For contributions and continuous improvements to teaching and research to prepare students for 
future careers in antennas and microwave circuits, Kishk is a Fellow of IEEE since 1998, Fellow 
of Electromagnetic Academy, and a Fellow of the Applied Computational Electromagnetics Society 
(ACES). He is a member of the Antennas and Propagation Society, Microwave Theory and Techniques, 
Sigma Xi Society, Senior member of International Union of Radio Science, Commission B, Phi 
Kappa Phi, Electromagnetic Compatibility, and Applied Computational Electromagnetic Society.
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Bowen Zhang1, YunHui-Mei1, Chuantong Chen2

1School of electrical and electronic engineering, Tiangong University, Tianjin, 300387, China.
2The Institute of Scientific and Industrial Research, Osaka University, Ibaraki-shi, Osaka 567-0047, 
Japan.

Development of Anti-Oxidation Ag Salt Paste for 
Large-Area Pure Cu-Cu Bonding with Ultra-High 
Bonding Strength
Abstract
In order to maintain the effective operation of wide-bandgap (WBG) semiconductors in harsh 
environments, the die-attach materials that form interconnections between substrates are required 
to have high performances to avoid the reliability degradation and interface peeling during high-
temperature applications.To overcome comprehensive problems such as shear strength and capital 
investment, a novel Ag salt paste was proposed to achieve robustly and large-area (35x35 mm2) Cu 
to Cu bondingunder a low sintering pressure of 0.8 MPa and a low sintering temperature of 300 °C 
in air atmospheric conditions.The thermal behaviors and microstructure evolution of the silver paste 
under different sintering temperature was obtained to investigate the decomposition of silver paste 
and interface bonding mechanism. After that, the cross-section and corresponding EDS mappings 
results of the bonding layer was obtained to understand their bonding pattern and shear strength. 
In addition, the fracture behaviors of sintered Agsalt after the mechanical test were systemically 
evaluated by their microstructure evolution. The development of novel Ag salt paste successfully 
addressesthe energy-intensive process and low bonding strength faced by large-scale sintering, 
which greatly promotes the high-temperature applications of power device.
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Jie Hu 
PhD, Research Professor, University of Electronic Science and Technology of China, China 

 

Coding and Modulation Design for Simultaneous 
Wireless Information and Power Transfer 
 
Abstract 
Statement of the Problem: In order to satisfy the power-thirst of the IoT devices and thus extend 
their lifespan, the radio frequency (RF) signal aided wireless power transfer (WPT) is exploited 
for remotely charging. Carefully coordinating both the WPT and wireless information transfer 
(WIT) yields an emerging research trend in simultaneous wireless information and power transfer 
(SWIPT). However, the SWIPT system designed by assuming Gaussian distributed input signals 
may suffer from a substantial performance degradation in practice, when the finite alphabetical input 
is considered. In this talk, we will provide a design guide of the coding controlled SWIPT and study 
the modulation design in both the single-user and multi-user SWIPT systems. We hope that this 
guide may push the SWIPT a step closer from theory to practice.

Methodology & Theoretical Orientation: By controlling the output codeword of an unary coding 
based encoder and by controlling the output symbols of a modulator, we are capable of shaping the 
corresponding waveforms sent in air by a SWIPT transmitter. A theoretical performance analysis 
and the optimal design have been conducted for improving the SWIPT performance.

Findings: The impact of both the coding and the modulation on SWIPT performance and the 
rationale behind have been firstly revealed. From the information theoretical perspective, the WIT 
and WPT are conflicted parties. Our design is capable of harmoniously coordinating both the WIT 
and WPT in the same spectrum.

Conclusion & Significance: Due to the divergent characteristics of hardware, WIT and WPT have 
different requirements on RF signals emitted by SWIPT transmitters. Efficient coding and modulation 
approaches are designed for shaping RF signals so as to improve attainable SWIPT performance.
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Recent Publications  
Yizhe Zhao, Jie Hu*, Kun Yang and Kai-Kit Wong, “Unary Coding Design for Simultaneous 
Wireless Information and Power Transfer with Practical M-QAM”,IEEE Transactions on Wireless 
Communications, vol. 20, no. 5, pp. 2850-2862, May 2021.
1. Yizhe Zhao, Jie Hu*,Anna Xie, Kun Yang and Kai-Kit Wong, “Receive Spatial Modulation Aided 
Simultaneous Wireless Information And Power Transfer With Finite Alphabet”, IEEE Transactions 
on Wireless Communications,vol. 19, no. 12, pp. 8039-8053, December 2020
2. Jie Hu, Mengyuan Li, Kun Yang, Soon Xi Ng and Kai-Kit Wong, “Unary Coding Controlled 
Simultaneous Wireless Information and Power Transfer”,IEEE Transactions on Wireless 
Communications, vol. 19, no. 1, pp. 637-649, January 2020
3. Yizhe Zhao, Jie Hu, Zhiguo Ding and Kun Yang, “Joint Interleaver and Modulation Design For 
Multi-User SWIPT-NOMA,” IEEE Transactions on Communications, vol. 67, no. 10, pp. 7288-7301, 
October 2019.
4. Jie Hu, Yizhe Zhao and Kun Yang*, “Modulation and Coding Design for Simultaneous Wireless 
Information and Power Transfer,”  IEEE Communications Magazine, vol. 57, no. 5, pp. 124-130, 
May 2019.

Biography 
JIE HU [S’11, M’16, SM’21] received his B.Eng. and M.Sc. degrees from Beijing University of Posts 
and Telecommunications, China, in 2008 and 2011, respectively, and received the Ph.D. degree from 
the School of Electronics and Computer Science, University of Southampton, U.K., in 2015. Since 
March 2016, he has been working with the School of Information and Communication Engineering, 
University of Electronic Science and Technology of China (UESTC), China. He is now a Research 
Professor. He has been elected into UESTC’s Fundamental Research Program for Young Scientists 
since 2018. He also won UESTC’s Academic Young Talent Award in 2019. Now he is supported 
by the “100 Talents” program of UESTC. His research now is mainly funded by National Natural 
Science Foundation of China (NSFC). He is an editor for both IEEE Wireless Communications 
Letters and IET Smart Cities. He serves for IEEE Communications Magazine, IEEE/CIC China 
Communications and ZTE communications as a guest editor. He is now an active member of 
IEEE Wireless Communications Technical Committee and IEEE Technical Committee on Green 
Communications and Computing (TCGCC). He is a program vice-chair for IEEE TrustCom 2020 and 
workshop chair for IEEE SustainCom 2020. He also serves as a technical program committee (TPC) 
member for several prestigious IEEE conferences, such as IEEE Globecom/ICC/WCSP and etc. He 
has one the best paper award of IEEE SustainCom 2020. His current research focuses on wireless 
communications and resource management for B5G/6G, wireless information and energy provision 
as well as integrated communication, computing and sensing.
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Tianfu Sun
1Shenzhen Institute of Advanced Technology,Chinese Academy of Sciences, Shenzhen, China. 

 

Efficiency Optimized Control of Interior Permanent 
Magnet Synchronous Machine (IPMSM) Drives
Abstract
Due to its high efficiency, high power density, high reliability, and good field-weakening performance, 
the interior permanent magnet synchronous motors (IPMSM) as an important type of motor are 
increasingly being used in a variety of applications. The output torque of IPMSMs is constituted by 
two components, i.e., the magnet torque and the reluctance torque. By proper selection the ratio of 
the two torque components, the efficiency of such kind of motor can be increased. One of the most 
adopted efficiency optimized control is called maximum torque per ampere (MTPA) control, which 
controls the motor with minimum current amplitude to reduce copper loss and heat generation. 

Due to the machine parameters are highly nonlinear, the accurate MTPA control of IPMSM is difficult 
to achieve. For decades, several methods are proposed for theMTPA control, However, all of these 
control schemes have disadvantages, and the MTPA control is still an attractive  topic in motor and 
control area. 

In this presentation, the classification of the state-of-the-art MTPA control will be introduced, the 
advantages and disadvantages of each kind of MTPA control scheme will be analyzed. The speaker’s 
recent work in this area will also be introduced. 

Keywords 
interior permanent magnet synchronous motors (IPMSM), maximum torque per ampere (MTPA) 
control

References
[1] F. Tinazzi, S. Bolognani, S. Calligaro, P. Kumar, R. Petrella, and M. Zigliotto, “Classification and 
Review of MTPA Algorithms for Synchronous Reluctance and Interior Permanent Magnet Motor 
Drives,” in Proc. ECCE Europe, 2019, pp. 1–10
[2] T. Sun, J. Wang, M. Koc, and X. Chen, “Self-Learning MTPA Control of Interior Permanent Magnet 
Synchronous Machine Drives Based on Virtual Signal Injection,” IEEE Trans. Ind. Appl., vol. 52, no. 
4, pp. 3062–3070, 2016
[3] T. Sun, L. Long, R. Yang, K. Li, and J. Liang, “Extended Virtual Signal Injection Control for MTPA 
Operation of IPMSM Drives with Online Derivative Term Estimation,” IEEE Trans. Power Electron., 
accept, 2021
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Chuantong Chen 
Osaka University, Japan 

Micro-Flake Ag Particles Sinter Joining for High 
Temperature Power Modules in a Low Temperature 
Pressure Less Conditions
Abstract
Ag sinter paste is becoming an important interconnection technology for die attach in power 
electronics. It exhibits superior process ability, high-temperature resistance and long-time durability 
to traditional connection methods such as solder joining or conductive adhesive joining. Massive 
works have demonstrated Ag sinter paste is capable of achieving a robust and reliable die attach 
with the Ag finished substrate under a mild sintering condition (pressure-less, low temperature and 
atmospheric sintering). However, Ag sinter paste only on the Ag surface metallization is inadequate 
since there are industrial demands of different surface metallization layers for specific applications 
or cutting fabrication costs. Currently, few works have realized robust die attach on different surface 
metallization layers via Ag sinter paste under the mild sintering condition, and there is still a lack 
of the systematic investigation on the bonding quality and thermal aging reliability of die attach 
with Ag sinter paste on different metal metallization layer, such as on Ag, Au, Cu and Al surface. In 
this presentation, the bonding quality, thermal aging reliability, and bonding mechanism Ag sinter 
paste on different metal interface were introduced for a comprehensive understanding of SiC power 
modules by Ag sinter paste joining in high temperature applications.

Biography 
Chuantong Chen received the M.S. degree in mechanical engineering in 2012 and Ph.D. degree in 
mechanical engineering from Nagoya Institute of Technology, Japan, in 2015. From 2015 to 2016, 
he was a Postdoctoral fellow at Institute Scientific and Industrial Research (ISIR), Osaka University, 
Japan; and Assistant Professor at the ISIR since 2016. He is currently an associate professor in 
Osaka University. His research interest includes Lead-free-soldering, Ag sinter joining, mechanical 
properties, power electronics packaging, printing ink technology and power devices design. 

Dr. Chen was a recipient of some awards and honors including the Best Paper of the Japan Society 
of Mechanical Engineers and the IEEE CPMT Japan Chapter Young Award in 2017.
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Y. Liu, C. Chen*, and K. Suganuma

Flexible 3D System Integration Laboratory, Osaka University. 8-1, Mihogaoka, Ibaraki, 
Osaka 567-0047, Japan 

Reinforcement of DBA Substrate for Fatigue-Resistant 
Ag-Au Joining in SiC Power Modules
Abstract
The study was carried out to develop a highly reliable Ag-Au sintering joint in SiC/DBA power modules. 
The DBA substrate was strengthened by anelectroless nickel/electroless palladium/immersion gold 
(ENEPIG) metallization layer. ENEPIG plated DBA substrate was modified to possess superior 
mechanical strengthby thickening the Ni layer to 20µm.In the caseDBA with a normal Ni metallization 
layer (7µm), severe plastic deformation occurred at the Ag-Auinterface. By thickened ENEPIG layer, 
the Ag-Au interfacial deformation derived from Al plastic deformation was successfully suppressed 
even after 2000 cycles.

Figure. (a)Cross-section images of SiC/DBA module with 7µmNi plating. (b)Schematic and cross-
section images of SiC/DBA modulewith thickened Ni plating.

Keywords 
Ag-Ausinteringjoint, deformation resistance, ENEPIG layer, thermalshock cycle

References
[1] S.T. Chua, K.S. Siow, J. Alloys Compd., 687, 486-498(2016).
[2] D. Kim, C. Chen, S.-J. Lee, S. Nagao, K. Suganuma, J. Mater. Sci. Mater. Electron., 31(4) 3715-
3726 (2020).
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On the mechanics of energy storage for coiled multi-
walled carbon nanotube yarns: Experiments and 
modeling
Abstract
Coiled multi-walled carbon nanotube yarn structures are a promising system with extremely high 
energy harvesting performance during mechanical loadings. In this study, a model is suggested to 
quantify the change in the intersitial area experienced by the yarn system under stretching. The effect 
of cross-sectional structure in nanoscale on the physical properties of the overall system isexamined 
from a mechanical point of view.The validity of the model proposed is verified by measuring the in-
plane thermal conductivity of the yarn structure by experiments.
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simulation
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Exhaled  CO2 Measurement Tool for Monitoring 
Severity of Asthma

Abstract
A portable and patient independent respiratory CO2 monitoring device for early screening of asthma 
is presented. The proposed device was developed by using an infrared CO2 sensor, Arduino 
Mega2560, and a high-resolution display (2.8”). Furthermore, two rechargeable batteries (7.6V, 
0.99A) and a secure digital card with a capacity of 16GB were incorporated to increase the portability 
and usability of the device. Preprocessing and data processing algorithms were implemented to 
measure standard features, namely, inspired CO2 (ICO2), end-tidal CO2 (EtCO2), and respiratory 
rate (RR). The features of 15 healthy subjects and 23 asthmatic subjects were recorded by using the 
developed prototype and the standard capnography device (CapnostreamTM20 Model CS08798). 
Validation was performed with Bland–Altman plots. Findings revealed that most of the differences 
among device measurements across all features fell within the 95% limits of agreement. Thus, the 
developed device may help manage asthma conditions in and outside of a hospital setting.
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Transient Erasing Behavior in a ReRAM Memory Cell 
due to Vibrating Cu Atoms in a Cu Nano-Filament 

Abstract
When a ReRAM memory cell experiences frequent write/erase cycles, significant amount of joules 
heating can be deposited in that vicinity of ReRAM cell, which can propagate to nearby cells 
through thermal crosstalk between cells arranged in a crossbar array provided that there exists 
some continuous conduction path from the source cell to the affected ReRAM cells. This can lead 
to permanent or transient erasure of the programmed state of the ReRAM cell. Transient erasure 
of programmed cells by a neighboring cell is a special scenario where both the filament size and 
joules heating need to be perfectly matched within a narrow window and can be explained by a 
temperature dependent 3D resistor network having the unit of quantum conductance. This transient 
erasure phenomenon of a programmed ReRAM cell is followed by the spontaneous recovery of 
electric conductivity of the conductive filament (CF) and can be attributed to the diminution of Cu 
atom vibrations in the CF. As the temperature increases, average tunneling distance between the 
vibrating Cu atoms increases as a proportional to the square root of the absolute temperature. 
At high temperatures, the average tunneling distance increases, causing sharp decrease of the 
tunneling probability and hence increase in transient resistance. The thermal cross-talk is the key 
mechanism to transfer heat from a neighboring cell to the target cell in a controllable means. The 
heating of the neighboring cell can be accomplished by application of frequent write/erase cycles, by 
selecting the level of compliance current level, and/or by setting a low voltage ramp rate during write/
erase cycles. Here, the transient behavior or a ReRAM memory cell is demonstrated experimentally 
with appropriate selection of switching parameters; filaments size or shape controlled by limiting 
current and write/erase cycles. The spontaneous recover is explained by 3D resistor model of the 
CF, where identical resistors having Ro=1/Go, where Go is Landauer Go=(2e2/h)×t, where t is the 
tunneling transmission probability between two neighboring Cu atoms. The tunneling probability t 
depends exponentially on the local temperature T of the CF and explains the restoration of the initial 
resistance of the CF after the filament has cooled off. high a thermal conductivity.

[1] M. Al-Mamun, and M. Orlowski, Scientific Reports,11:7413, 2021;  [2] M. Al-Mamun, and M. 
Orlowski, J. Appl. Phys. 129, 055107, 2021;  [3] M. Al-Mamun, M. Orlowski,Electronics, 9. 127, p. 
2-11, 2020
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Novel Magnetic Position Systems Based on Direct 
Field Inversion 
Abstract
Magnetic position and orientation (MPO) sensor systems, consisting of permanent magnets that 
move relative to magnetic field sensors, are widely used in industrial applications for motion tracking 
of mechanical systems in the range of millimeters. Design of MPO systems is mostly based on 
experience and educated guesses jointly with FEM simulations for layout testing and optimization. 
A general efficient method, based on analytical magnetic field computation [1], was developed in 
[2] and applied to the continuous motion tracking of a three-axis magnetic joystick [3]. Here, this 
formalism is used for the design of a novel realization of the three-axis magnetic joystick in which the 
magnet position can be tracked in the presence of external stray fields.  The sensor system includes 
a single cubic permanent magnet and two 3D magnetic field sensors allowing for differential field 
measurements, as shown in fig.1. Additionally, a read-out scheme based on the direct inversion has 
been developed and tested for a specific range of observables of interest. These results show the 
potential of this general formalism for the optimal design of stray-field-compensated MPO systems. 
Future work will be devoted to investigating the effect of mechanical tolerances and to develop 
tolerance-stable systems.

Figure 1: Sketch of the three-axis magnetic joystick and its components.
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Surface Kinetics Studies on Chemoresistive Gas 
Sensors: Operando DRIFT Investigation 
 
Abstract
This work deals with the experimentation of a new ambient chamber for the use in diffuse reflectance 
Fourier infrared spectroscopy studies on chemoresistive gas sensors in operando condition. This 
system can support the study of gas-solid phase reactions at the sensor’s surface during their 
operation, providing a reliable characterization tool that can be easily re-produced, implemented and 
adapted for several types of gas sensing devices. A deepened investigation was carried out: design 
of the chamber and the coupled acquisition system with temperature and humidity monitoring, 3D 
modelling, fluid dynamics study via residence time distribution analysis and temperature gradient 
evaluation. Then, the system was validated in the case of a SnO2 sensor exposed to hydrogen 
gas flow. The new developed low void-volume gas sensing system is easy to machine, to use, to 
maintain and it can be employed with solid-state gas sensors with an active area of 1 mm2 and 
operating temperatures up to 650°C. To improve and facilitate the spectra acquisition, the system 
is equipped with precision staging and alignment, and it is fully compatible with Harrick Scientific’s 
diffuse reflectance [1]. In addition, in situ oxidation of Silicon Carbide-based gas sensor and a novel 
setup for photoactivation mode in operando condition will be discussed.

Keywords 
chemoresistive gas sensors; FTIR spectroscopy; surface chemistry; gas detection mechanism
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Semiconducting Oxide Gas Sensors: from Powder 
Design to Monitoring Devices in Real Applications 

Abstract
Gas sensors are essential in many areas, from environmental monitoring to quality and safety control 
of industrial processes, food and healthcare. Those based on metal oxides semiconductor (MOX) 
provide a versatile solution to detect many different gases with low costs, small dimensions, easy 
to install and use. On the other hand, sensor performances depend on many factors, first of all the 
selection and the design of the nanostructured functional material. 

The most used oxides are SnO2,TiO2,ZnO andWO3, although many strategies could be introduced 
to increase sensing performances of the functional materials such as the use of  solid solutions 
characterized by higher performances with respect to the single oxides. The system TixSn1−xO2,with 
Ti molar ratio x = 0.1, 0.2, 0.25, 0.3, 0.5, 0.7, 0.9), is very attractive because the two pristine oxides, 
SnO2 and TiO2, show several similarities in crystalline structure as well as in electronic properties 
and thus can easily form a solid solution. On the other hand, they exhibit some differences, such as 
electrical transport properties and gas sensing behavior.

This work represents a complete study in the field of MOX gas sensing. It starts from the design of 
the sensitive material, then the study of their propertiesfrom a fundamental point of view, concluding 
with two real successful real applications (CO detection in air quality monitoring and analytes 
concentrations monitoring in hydraulic fluid headspace).
 
Keywords: Thick film gas sensors, Nanostructured semiconductor oxides, (Ti,Sn) solid solution, 
UV-Vis-NIR and FT-IR spectroscopies, Hydraulic fluid ageing, Air quality monitoring
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An Overview of  Numerical  Modeling Techniques for 
Thermal  Management  in  Power Electronics
Abstract
Electronicscooling, althoughsubject of studiessince the first semiconductordevicesdawn, are still 
of greatinteresttoday, especially for the miniaturization of components and power modules. The 
power densityincreasing and the frequentlyneededhigh reliability lead to search new solutions with 
new tools.They are importantbecausethe thermal managementis a key point of power converters, 
because itinfluencesperfomancedeterminingheat flow and temperature cycling.
 
Thus, an overview of coolingtechniques for power electronicsand tools to simulate the heatspreadingwill 
be shown in this presentation,focusing on different numerical analysis based on multiphysics Finite 
Element Analysis and compact thermal models (e.g., Foster and Cauer networks) which can be 
useful for SPICE-like electro-thermal simulations.

The aim is to show howcoupledmultiphysicsmodels can be used for the cooling system design.
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Micro and Nanotechnologies Aiding the Optimisation 
of Gas Sensing Systems
Abstract
Nowadays, the detection of gaseous molecules has become crucial in several applications, including 
medical screening, air quality monitoring and precision agriculture. Analytical instrument The most 
widely used tools for the gas analysis are analytical instrumentations which allow for high reliability, 
such as gas chromatographs, mass spectrometers and analyzers based on chemiluminescence 
or FT-IR. Despite their good performances, these tools are expensive and cumbersome, limiting 
their sustainable widespread use. As a result, in the last few years an ever- higher effort has been 
focused in the investigation of innovative smart gas sensors, with the aim of develop low-cost and 
portable devices that can be used in application in which a high spatial- temporal resolution is 
required. Among the various technologies developed, the most studied are chemoresistive gas 
sensors because of their great versatility. These sensors are particularly low- cost, small, highly 
sensitive and have shown the advantage of higher throughput and the possibility of large-scale 
integration [1]. However, their low selectivity and lack of long-term stability limited the use of this 
sensor type in many applications, representing a boost for the investigation of innovative approaches 
aiding to overcome these drawbacks. This presentation is focused on the working principle of the 
chemoresistive gas sensors, as well as micro and nanotechnologies recently used at FBK towards 
the optimization of their production process and the improvement of their sensing performance. 
Results collected on the deployment of the developed devices for the environmental monitoring will 
be also presented, with a glance of an innovative approach to foster the selective detection of H2.

Keywords
Chemoresistive gas sensors; nanostructured semiconductors; micro/nanofabrication processes; 
low-cost devices; environmental monitoring
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Optical Configurations for Light Uniformity 
Improvement in Luminescent Solar Concentrators 
Abstract
The global need for electric energy is increasing and buildings represent a significant energy-
consuming sector [1], Building Integrated PhotoVoltaics (BIPV) represent a valuable set of 
technologies which can satisfy some of the electrical energy need and also reduce the load on the 
power network moving some of the energy production closer to the location of consumption.

The integration of PV technologies in the transparent surfaces of buildings represents a significant 
challenge and the available transparent PV technologies follow two main concepts [2].

The first is the use of common bi-facial silicon solar cells assembled in glass-to-glass panels 
arranged with a spacing between the cells, another approach is the use of semi-transparent thin film 
technologies reducing the thickness of the film to achieve the desired transmittance level [3].

Both these approaches have aesthetic limitations while Luminescent Solar Concentrator (LSC) 
panels are perfect to achieve a clear view through the PV device, because continuous transparent 
surfaces can be obtained as well as a wide range of transmittance values [4].

In this work we investigated how the application of reflective surfaces on the LSC edges can improve 
the light uniformity on the solar cells reducing their current mismatch, hence, increasing efficiency 
and reducing the amount of solar cells needed for each panel.

The reflective surfaces can also help to mitigate the effect of shading on the panels: a common issue 
in BIPV applications, which has also been investigated.

Keywords 
BIPV, LSC, Photovoltaics, Shading
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Micro Inverters for Photovoltaic Energy Injection to the 
Power Grid: Current Trends
Abstract
The use of renewable energies sources (RES) is gaining importance due to the high demand of 
electrical energy and the decrease in the use of fuels fossils worldwide. Within the RES, the electricity 
generation through photovoltaic panels is taking a lot interest due to the reduction of installation 
costs and the rapid advance of the development of new technologies.

In this scenario, the microinverters are a promising solution in photovoltaic systems, due to its high 
efficiency Maximum Power Point Tracking and high flexibility. However, there are several challenges 
to improve the reliability and conversion efficiency of microinverters, that depend on the adequate 
design of the power converter topology and its control strategy. 

Current trends look for extending the capabilities of the state-of-the-art microinverter topologies 
for PV energy injection to the grid, incorporating embedded energy storage devices, as well as 
comprehensive multi-objective control algorithms to provide power-quality services to the utility grid.

The implementation of a multi-objective control strategies for these microinverter topologies, to cope 
with power quality issues in the grid, is one of the most challenging issues that must be addressed. 
Distributed operation of the microinverters must properly respond to grid requirements, so advanced 
hierarchical control algorithms should be proposed.

This talk presents a review of different power topologies for microinverters that incorporate energy 
storage systems, as well as several control strategies for different applications. The revision is 
complemented with a systematic comparison based on stability, dynamic response, topologies, and 
control objectives.
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The Industry Future with Augmented Reality
Abstract
Immersive technologies have seen tremendous progress in the recent years.  Augmented reality 
(AR) is a transformative technology which has the potential to disrupt all of the industry and it 
can fundamentally change how we connect the digital world with the real world. By superimposing 
information and visuals on top of real world, AR technology does not aim its users to be blind to their 
surroundings, but rather, they can be more responsive to the environment around them while at the 
same time interacting with virtual objects. This opens doors for many applications for AR technology 
in the field of manufacturing, healthcare, construction, advertising, education, etc. In anticipation for 
large growth in this area, several world-leading companies are building dedicated AR headsets and 
haptic devices. With basic problems already solved, the focus has shifted on advanced topics in 
AR, such as, cloud computation with high speed communication, artificial intelligence to understand 
the real world around you, sensor fusion to interact with the digital world, etc.  This presentation will 
introduce the technology behind AR, where it is going, and its many applications in the industry.

Keywords 
Immersive Technologies Augmented Reality, Human Machine Interface, Haptic Devices.
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Cyber-Physical DER Control Algorithms for Smart 
Distribution Grid
Abstract
This presentation focuses on the development of cyber-physical gradient-based optimization 
algorithms for grid-interactive Distributed Energy Resource (DER) control to enable two features of 
Virtual Power Plants (VPPs) dispatch and grid voltage regulation, considering the communication 
and security impacts. We first recap the combined DER dispatch and voltage regulation as a real-
time gradient-based optimization problem. Thereafter, we consider a probabilistic traffic model to 
characterize packet delays and loss in a communication network, and study how the delays enter the 
process of information exchange among the grid measurement units, local DER controllers and the 
grid control center that coordinately execute this control algorithm. Then, a strategy combining delay 
threshold and modified message update rules is proposed to immune the asynchrony resulting from 
the communications network traffic and it avoids possible numerical instabilities and sensitivities of 
the tracking and regulation capabilities, resulted as cyber-physical DER control algorithms. Further, 
their convergency is theoretically proved. By implementing the proposed cyber-resilient algorithms 
on the IEEE 37 system, we demonstrate the effectiveness of the proposed method in VPP tracking 
and voltage regulation problem for power grids with high penetration of DERs. 
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On the Tracking Control of a Class of Port Hamiltonian 
Systems

Abstract
In spite of the fact that several solutions have been proposed to regulation, output-feedback, 
adaptive and disturbance rejection control problems, among other, tracking control and observer 
design are topics that require further analysis.
 
In this talk, the control problem for a class of Port-Controlled Hamiltonian systems is approached. 
This class corresponds to nonlinear systems that exhibit nonlinearities given by the products 
between components of the state vector, i.e., quadratic nonlinearities are considered. This structure 
corresponds to a special property of the interconnection matrix that is exploited to propose both 
a control law that solves the tracking control problem and a dynamical observer that guarantees 
asymptotic estimation of the complete state vector of system. Interestingly enough, the proposed 
control and estimation schemes can deal with under-actuated systems which are fully characterized 
via classical controlability conditions while the required output for the observer design is defined by 
also classical observability conditions.  
 
Regarding the stability analysis, the structure of the approached class allows the formulation of 
the control error dynamic so that, using well-known results from the perturbed systems theory, it is 
possible to obtain asymptotic stability properties for the closed-loop system. 

The usefulness of the contribution is illustrated by solving the speed tracking control problem and 
the design of a full-order observer for the Permanent Magnet Synchronous Motor.

Keywords 
Passivity, Hamiltonian systems, Tracking control, Observer design
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