
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

IEEE Catalog Number: 
ISBN: 

CFP21SEN-POD 
978-1-7281-9502-5 

2021 IEEE Sensors 

Virtual Conference 
31 October – 4 November 2021 

Pages 1-600 

1/2 



 
 
 
 
 
 
 
Copyright © 2021 by the Institute of Electrical and Electronics Engineers, Inc. 
All Rights Reserved 
 
Copyright and Reprint Permissions:  Abstracting is permitted with credit to the source.  
Libraries are permitted to photocopy beyond the limit of U.S. copyright law for private 
use of patrons those articles in this volume that carry a code at the bottom of the first 
page, provided the per-copy fee indicated in the code is paid through Copyright 
Clearance Center, 222 Rosewood Drive, Danvers, MA 01923.   
 
For other copying, reprint or republication permission, write to IEEE Copyrights 
Manager, IEEE Service Center, 445 Hoes Lane, Piscataway, NJ  08854.  All rights 
reserved.   
 
*** This is a print representation of what appears in the IEEE Digital 
Library.  Some format issues inherent in the e-media version may also 
appear in this print version.  
 
 
IEEE Catalog Number:   CFP21SEN-POD 
ISBN (Print-On-Demand):  978-1-7281-9502-5 
ISBN (Online):   978-1-7281-9501-8 
ISSN:                            1930-0395 
  
          
 
Additional Copies of This Publication Are Available From: 
 
Curran Associates, Inc 
57 Morehouse Lane 
Red Hook, NY  12571 USA 
Phone:  (845) 758-0400 
Fax:  (845) 758-2633 
E-mail: curran@proceedings.com 
Web:               www.proceedings.com 
 

 
 



TABLE OF CONTENTS 
 
FLYING ANT ROBOT – AERIAL CHEMICAL TRAIL DETECTION AND LOCALIZATION .................... 1 

Patrick P. Neumann, Paul Hirschberger, Matthias Bartholmai 

PIEZOELECTRIC MEMS FOR MICROPARTICLES DETECTION ................................................................ 5 
Francesco Foncellino, Luigi Barretta, Ettore Massera, Alberto Corigliano 

PLASMONIC REFRACTIVE INDEX SENSOR BASED ON A MULTIPLE D-SHAPED 
AU/FE3O4 NANOWIRE ...................................................................................................................................... 9 

Riadh A. Kadhim, Al-Hemeary Nawar, Jiang Wu 

AN ULTRASENSITIVE FLUORESCENT PAPER BASED ACIDIC GAS SENSING 
PLATFORM ....................................................................................................................................................... 13 

Sachin Kadian, Narendra Chaulagain, Harshitha Rajashekhar, Damini Vrushabendrakumar, 
Gaurav Manik, Karthik Shankar 

FRAUD DETECTION OF BLACK PEPPER USING METAL OXIDE SEMICONDUCTOR GAS 
SENSORS .......................................................................................................................................................... 17 

Hui En Lee, Hong Siang Chua, Zehnder J. A. Mercer, Sing Muk Ng, Mahnaz Shafiei 

MULTI-MODAL SENSOR AND DATA PROCESSING FOR COMPREHENSIVE SKIN 
EVALUATION .................................................................................................................................................. 21 

Song Wang, Ning Xi 

SMARTPHONE SENSOR FOR PESTICIDE MONITORING USING CUO MODIFIED SCREEN 
PRINTED ELECTRODES ................................................................................................................................. 25 

Narat Maraprasertsak, Patamaporn Subpanyadee, Punvinai Vinaisuratern, Chanchana 
Thanachayanont, Porpin Pungetmongkol 

PRESSURE SENSOR WITH NOVEL ELECTRICAL CIRCUIT UTILIZING BIPOLAR 
JUNCTION TRANSISTOR ............................................................................................................................... 29 

Mikhail Basov 

TEMPERATURE MODEL CALIBRATION FOR A RESONANT PIPE VISCOSITY AND 
DENSITY SENSOR ........................................................................................................................................... 33 

S. Clara, F. Feichtinger, T. Voglhuber-Brunnmaier, A. Tröls, B. Jakoby 

DC ELECTRIC METAMATERIAL BEHAVIOUR IN TUNED FUSED DEPOSITION 
MODELLING PRINTS ...................................................................................................................................... 37 

Alexander Dijkshoorn, Thijs Hamstra, Remco Sanders, Stefano Stramigioli, Gijs Krijnen 

RADIO-FREQUENCY-BASED RESONATING SENSOR FOR CONDITION MONITORING 
ON ROTARY EQUIPMENT ............................................................................................................................. 41 

Ali Alshehri, Yip Fun Yeung, Mikio Furokawa, Takayuki Hirano, Kamal Youcef-Toumi 

A NOVEL ENGINE AIR INTAKE SENSOR BASED ON 3D PRINTING AND PCB 
TECHNOLOGY ................................................................................................................................................. 45 

Dimitrios-Nikolaos Pagonis, Grigoris Kaltsas, Tzoulian Koutsis, Antonios Pagonis 

NONLINEAR TACTILE ESTIMATION MODEL USING VIBRATION INFORMATION FROM 
TACTILE SENSOR MEDIATED BY MECHANORECEPTORS’ PERCEPTIBILITY .................................. 49 

Momoko Sagara, Lisako Nobuyama, Kenjiro Takemura 



DESIGN OF OPTICAL WAVEGUIDE CHANNELS FOR 3D DISTRIBUTED TACTILE 
SENSING ........................................................................................................................................................... 53 

Federica De Chiara, Jian Hu, Stephen Wang, Rong Wang, Hongbin Liu 

NEW HETEROSTRUCTURED NI3S2-RGO BASED ROOM TEMPERATURE NH3 SENSOR ................... 57 
B Tlhaole, N J Coville, Ec Linganiso, N Redon, C Duc, J-L Wojkiewicz, T Fagniez 

PLASMONIC NANOPARTICLES BASED FLEXIBLE MICRO STRIPE PATTERN FOR 
CELLULAR BEHAVIOR REGULATION AND LOCALIZED PH DETECTION ......................................... 61 

Xiaoyu Wu, Wencheng Li, Shan He, Kai Yang, Yanyan Wang 

INVESTIGATION OF MEAT CLASSIFYING AND THEIR FRESHNESS ESTIMATING 
PERFORMANCE OF A HEATER-TEMPERATURE-MODULATED METAL OXIDE 
SEMICONDUCTOR TYPE GAS SENSOR ...................................................................................................... 65 

Hyoungkyun Kim, Jangpyo Park, Hee-Jin Park, Yong Won Jeong 

MULTI-MAGNET TRACKING METHOD USING EXTENDED KALMAN FILTER ................................. 69 
Han Ge, Shuang Song, Jiaole Wang, Max Q.-H. Meng 

CHARACTERIZATION OF INDUCED PLURIPOTENT STEM CELLS USING A 
PYROELECTRIC SENSOR .............................................................................................................................. 73 

S. A. Pullano, M. Greco, S. Scalise, E. I. Parrotta, V. Lucchino, G. Cuda, A. S. Fiorillo 

ON THE PERFORMANCE ENHANCEMENT OF CANTILEVER DIAPHRAGM 
PIEZOELECTRIC MICROPHONE .................................................................................................................. 77 

Shao-Da Wang, Yu-Chen Chen, Sung-Cheng Lo, Yi-Jia Wang, Mingching Wu, Weileun Fang 

RADAR-THERMAL SENSOR FUSION METHODS FOR DEEP LEARNING HAND GESTURE 
RECOGNITION ................................................................................................................................................. 81 

Sruthy Skaria, Akram Al-Hourani, Da Huang 

A 9 PS DNL/INL/RMS FPGA-BASED SIGMA ACCUMULATION TDC WITH UNLIMITED 
DYNAMIC RANGE FOR TIME-BASED ANALOG FRONT END APPLICATIONS .................................. 85 

Masayoshi Todorokihara 

FREQUENCY AND QUALITY FACTOR MATCHED 2-AXIS DUAL MASS RESONATOR .................... 89 
Jianlin Chen, Takashiro Tsukamoto, Giacomo Langfelder, Shuji Tanaka 

ENERGY MONITORING USING LORAWAN-BASED SMART METERS AND ONEM2M 
PLATFORM ....................................................................................................................................................... 93 

Shubham Mante, Ruthwik Muppala, D. Niteesh, Aftab M. Hussain 

A COMBINED CAPACITANCE AND RESISTANCE DIGITAL READOUT CIRCUIT FOR 
SENSORY NODES............................................................................................................................................ 97 

Anis Fatema, Abhinav Navnit, Deeksha Devendra, Aftab M. Hussain 

CHARACTERIZATION OF PH SENSORS BASED ON IRIDIUM OXIDE AND GOLD 
ENCAPSULATED POLYPROPYLENE MEMBRANES .............................................................................. 101 

Khengdauliu Chawang, Shih-Cheng Chou, Sen Bing, Pu-Wei Wu, J.-C. Chiao 

INVESTIGATION OF THE EFFECT OF PRINTING ANGLE AND DEVICE ORIENTATION 
ON MICRO-STEREOLITHOGRAPHICALLY PRINTED, AND SELF-INSULATED, 24-WELL, 
HIGH-THROUGHPUT 3D MICROELECTRODE ARRAYS ........................................................................ 105 

Jorge Manrique Castro, Avra Kundu, Adam Rozman, Swaminathan Rajaraman 



HUMIDITY SENSING CHARACTERISTICS AND TRANSDUCTION MECHANISM OF MG2+ 
ADDED BASRTIO3 PEROVSKITES ............................................................................................................. 109 

Hamid Farahani, Rahman Wagiran, Gerald A. Urban 

AMPLITUDE RECOVERY OF SATURATED SINUSOIDAL SIGNALS ................................................... 113 
R Abhishek Shankar, Mohit Singh, Bunghoo Jung 

LASER INDUCED GRAPHENE-BASED GLUCOSE BIOFUEL CELL ...................................................... 117 
Md Faruk Hossain, Gymama Slaughter 

GOLD AND SILVER OXIDE CONDUCTING NANOCOMPOSITE CATHODE FOR 
GLUCOSE BIOFUEL CELL ........................................................................................................................... 121 

Saikat Banerjee, Mathew Nguyen, Gymama Slaughter 

A WEARABLE HUMAN-MACHINE INTERFACE BASED ON TRIBOELECTRIC SENSORS 
TECHNOLOGY ............................................................................................................................................... 125 

Chunkai Qiu, Fan Wu, Mehmet Rasit Yuce 

FLEXIBLE ENZYMATIC SENSORS FOR DETECTION OF HYDROGEN PEROXIDE .......................... 129 
Jacopo Emilio Giaretta, Haowei Duan, Farshad Oveissi, Syamak Farajikhah, Fariba 
Dehghani, Sina Naficy 

AN INTEGRATED FLEXIBLE MULTI-SENSING DEVICE FOR DAILY URINE ANALYSIS 
AT HOME ........................................................................................................................................................ 133 

Xiyu Mao, Shiyi Xu, Shanshan Zhang, Xuesong Ye, Bo Liang 

AUGMENTATIVE AND ALTERNATIVE COMMUNICATION WITH EYE-GAZE 
TECHNOLOGY AND AUGMENTED REALITY: REFLECTIONS FROM ENGINEERS, 
PEOPLE WITH CEREBRAL PALSY AND CAREGIVERS ......................................................................... 137 

Haifeng Zhao, Petra Karlsson, Omid Kavehei, Alistair McEwan 

SOFT-MATERIAL-BASED HIGHLY RELIABLE TRI-AXIS TACTILE THIN-FILM SENSORS 
FOR ROBOTIC MANIPULATION TASKS ................................................................................................... 141 

Kei Tsukamoto, Akira Ebisui, Tetsuro Goto, Yoshiaki Sakakura, Ken Kobayashi, Satoshi Sato, 
Takahiro Kamei, Yutaka Imai, Kazumasa Nomoto 

ON THE INFLUENCE OF HOME APPLIANCES ON THE SMARTPHONE’S INERTIAL 
SENSORS ........................................................................................................................................................ 145 

Shunit Truzman, Guy Revach, Itzik Klein 

NARROWING OF BANDGAP WITH SILVER DOPING ON TIO2 NANOTUBES ARRAYS 
FOR ELECTROCHEMICAL SENSING APPLICATION .............................................................................. 149 

Sarda Sharma, P. N. Siddhartha, Karumbaiah N. Chappanda 

FLUID INDEPENDENT THERMAL FLOW SENSOR USING CONSTANT-TEMPERATURE 
ANEMOMETRY AND THE 3w-METHOD ................................................................................................... 153 

Ralf E. Bernhardsgrütter, Christoph J. Hepp, Katrin Schmitt, Jürgen Wöllenstein 

INTRINSICALLY SELF-POWERED, BATTERY-FREE, AND SENSOR-FREE AMBIENT 
LIGHT CONTROL SYSTEM .......................................................................................................................... 157 

Roberto La Rosa, Mario Costanza, Andreas Burg, Catherine Dehollain, Patrizia Livreri 

ACCURACY EVALUATION OF A CDM-WDM INTERROGATOR FOR QUASI-
DISTRIBUTED FBG SENSING ..................................................................................................................... 161 

Marek Götten, Steffen Lochmann, Andreas Ahrens, Eric Lindner, Johan Vlekken, Jan Van 
Roosbroeck 



LIMITING CURRENT-TYPE MEMS OXYGEN GAS SENSOR INTEGRATED WITH MICRO-
HOTPLATE ..................................................................................................................................................... 165 

Shunsuke Akasaka, Isaku Kanno 

DUAL-MASS RESONATOR WITH DYNAMICALLY BALANCED STRUCTURE FOR 
ROLL/PITCH RATE INTEGRATING GYROSCOPE ................................................................................... 169 

Shihe Wang, Muhammad Salman Al Farisi, Jianlin Chen, Takashiro Tsukamoto, Shuji 
Tanaka 

SMART KNIFE FOR ROBOTIC MEAT CUTTING ...................................................................................... 173 
A. Mason, D. Romanov, L. E. Cordova-Lopez, O. Korostynska 

COMPACT PITOT-STATIC-TUBE-BASED WATERFLOW SENSOR FOR BIOLOGGING OF 
MARINE ANIMALS ....................................................................................................................................... 177 

Takuto Kishimoto, Ryosuke Saito, Hiroto Tanaka, Hidetoshi Takahashi 

AN ORBITAL ANGULAR MOMENTUM MODE ESTIMATION METHOD WITH AN 
UNKNOWN BEAM AXIS .............................................................................................................................. 181 

Gaofeng Shu, Bingxu Chen, Ning Li 

AN LC-TYPE FLEXIBLE WIRELESS HUMIDITY SENSOR WITH ELECTROSPUN 
ISOLATION LAYER ...................................................................................................................................... 185 

Yong Li, Zhenyu Wei, Jianqiu Huang 

EFFECT OF STITCH PATTERN ON THE ELECTRICAL PROPERTIES OF WALE-WISE 
KNITTED STRAIN SENSORS AND INTERCONNECTS ............................................................................ 189 

Pei Zhi Chia, Ujjaval Gupta, Ying Yi Tan, Jun Liang Lau, Alvee Ahmed, Gim Song Soh, Hong 
Yee Low 

MINIATURIZED QUADRUPLE MASS GYROSCOPES: CHALLENGES AND 
IMPLEMENTATION ...................................................................................................................................... 193 

Matteo Gianollo, Valentina Mastri, Valentina Zega, Marco Bestetti, Luca Falorni, Giacomo 
Langfelder 

DETECTION OF ORGANOLEPTIC FAULTS IN WINE BY MICROWAVE SENSOR 
COUPLED WITH MOLECULARLY IMPRINTED SILICA ......................................................................... 197 

Jerome Rossignol, Elias Bou Maroun, Didier Stuerga, Alexis Lasserre, Regis Gougeon, 
Philippe Cayot, Etienne Kayser, Elisabeth Closier 

DETECTION OF ODORANT USING TFT MULTI-ARRAY WITH VARIOUS POLYMERS ................... 201 
Sohee Kim, Hyun Woo Jang, Hyeokjin Kwon, Su Jin Heo, Goeun Pyo, Dong Su Kim, Ji Won 
Chae, Jae Eun Jang 

COMPACT CNN FOR RAPID INTER-DAY HAND GESTURE RECOGNITION AND PERSON 
IDENTIFICATION FROM SEMG .................................................................................................................. 205 

Benjakarn Leelakittisin, Theerawit Wilaiprasitporn, Thapanun Sudhawiyangkul 

ELECTROOSMOTIC PUMP USING A GLASS FIBER FILTER FOR HIGH FLOW RATE 
WATER TRANSPORT .................................................................................................................................... 209 

Rafael Ecker, Andreas Fuchsluger, Bernhard Jakoby 

TOWARDS ALL-POLYMERIC COCHLEAR IMPLANT MICRO-ELECTRODE ARRAYS ..................... 213 
Alberto Miralles-Abete, Paddy J. French 

A LC RESONATOR BASED FLEXIBLE PRINTED RFID FOR WIRELESS POTASSIUM ION 
SENSING ......................................................................................................................................................... 217 

Tianhang Wu, Sharmistha Bhadra 



A METHODOLOGY FOR ANALYZING THE IMPACT OF CROSSTALK ON LIDAR 
MEASUREMENTS ......................................................................................................................................... 221 

Lara Briñón-Arranz, Tiana Rakotovao, Thierry Creuzet, Cem Karaoguz, Oussama El-
Hamzaoui 

DIRECTLY DEPOSITED THIN-FILM STRAIN GAUGES ON CURVED METALLIC 
SURFACES ...................................................................................................................................................... 225 

Rico Ottermann, Daniel Klaas, Folke Dencker, Dominik Hoheisel, Sebastian Jung, Alexander 
Wienke, Jan Friedrich Düsing, Jürgen Koch, Marc Christopher Wurz 

A SCREEN-PRINTED STRETCHABLE BIOELECTRICAL SENSING SLEEVE WITH 
QUASIDRY MICROFLUID-WICKING INTERFACE .................................................................................. 229 

Mingde Zheng, Salvatore Zarra, Bibek R. Samanta 

MODELING OF THE TRANSIENT BEHAVIOR OF A NUCLEAR MAGNETIC RESONANCE 
GYROSCOPE .................................................................................................................................................. 233 

Riccardo Cipolletti, Janine Riedrich-Moeller, Tino Fuchs, Arne Wickenbrock, Dmitry Budker 

PSEUDO-PASSIVE INDOOR TOF SENSING EXPLOITING VISIBLE LIGHT 
COMMUNICATION SOURCES .................................................................................................................... 237 

Faisal Ahmed, Miguel Heredia Conde, Otmar Loffeld 

EXTERNAL LOAD-BASED SENSING OF ELECTRICAL CURRENT DEGRADATION IN 
INDUSTRIAL ROBOTS ................................................................................................................................. 241 

Vinh Nguyen, Jeremy Marvel 

TOWARDS THE DEVELOPMENT OF SOFT FORCE AND PRESSURE SENSORS FOR 
ROBOT SAFETY APPLICATIONS ............................................................................................................... 245 

Jennifer C. Case, Nagarajan Rangarajan, Joseph Falco, Kenneth Kimble 

DEEPTRACKS: GEOPOSITIONING MARITIME VEHICLES IN VIDEO ACQUIRED FROM A 
MOVING PLATFORM ................................................................................................................................... 249 

Jianli Wei, Guanyu Xu, Alper Yilmaz 

FUSION FROM MULTIMODAL GAIT SPATIOTEMPORAL DATA FOR HUMAN GAIT 
SPEED CLASSIFICATIONS .......................................................................................................................... 253 

Abdullah S Alharthi, Krikor B Ozanyan 

A NOVEL CALIBRATION-FREE FULLY INTEGRATED CMOS CAPACITIVE SENSOR FOR 
LIFE SCIENCE APPLICATIONS ................................................................................................................... 257 

Hamed Osouli Tabrizi, Saghi Forouhi, Omid Farhanieh, Sebastian Magierowski, Ebrahim 
Ghafar-Zadeh 

AN ELECTROCHEMICAL IMMUNOSENSOR FOR GLOBAL DNA METHYLATION 
DETERMINATION USING MAGNETIC BEAD-BASED ENRICHMENT AND ENZYMATIC 
AMPLIFICATION ........................................................................................................................................... 261 

Yitao Liang, Bin Zhang, Zexin Xue, Xuesong Ye, Bo Liang 

A 3D MOS2/CARBON NANOFIBER NETWORK FOR ROOM TEMPERATURE METHANE 
SENSING ......................................................................................................................................................... 265 

Chengcheng Xu, Xiaosong Du, Jingjing Yang, Yin Long, Yang Wang 

DC ELECTRIC FIELD SENSOR BASED ON POLYIMIDE SUBSTRATE ................................................. 269 
Tao Chen, Brandon Hill, Sadna Isik, Cyrus Shafai, Lot Shafai 

A TWO-STEP APPROACH FOR PULSE RFI DETECTION IN SAR DATA .............................................. 273 
Zongsen Lv, Hengrui Zhang, Ning Li, Zhengwei Guo 



AN ADAPTIVE IRREGULAR CONVOLUTION U-NET FOR RECONSTRUCTING ANCIENT 
CHANNEL OF THE YELLOW RIVER ......................................................................................................... 277 

Zhishun Guo, Jianhui Zhao, Ning Li, Lin Wu 

ESTIMATION OF LEAK TIME PARAMETER BASED ON FUSION OF LEAK BEHAVIOR 
AND DATA DISTRIBUTION CHARACTERISTIC FROM GAS FLOW SENSOR DATA ........................ 281 

Jing Liang, Shan Liang, Hao Zhang, Li Ma 

A MODEL TO PREDICT MASS SPECTRUM FROM ODOR IMPRESSION USING DEEP 
NEURAL NETWORK ..................................................................................................................................... 285 

Daisuke Hasebe, Takamichi Nakamoto 

MULTI-LAYER TOF: COMPARISON OF DIFFERENT MULTIPATH RESOLVE METHODS 
FOR INDIRECT 3D TIME-OF-FLIGHT ........................................................................................................ 289 

Jonas Gutknecht, Teddy Loeliger 

PHOTOCONDUCTIVITY ENHANCEMENT IN MOS2 AND WSE2 HYBRIDS AIDED BY 
LIGHT-ABSORBING CARBON-BASED ZERO-DIMENSIONAL QUANTUM DOTS ............................. 293 

Kishan Jayanand, Anupama B. Kaul 

A PRELIMINARY STUDY ON FAST CALIBRATION METHOD FOR MAGNETIC 
POSITIONING SENSOR ARRAY .................................................................................................................. 297 

Xiaoyang Wu, Shuang Song, Jiaole Wang 

SIMULINK MODEL FOR AN EXTERNAL SAFETY MECHANISM IN INDUCTIVE 
POSITION SENSORS ..................................................................................................................................... 301 

Gentjan Qama, Josef Janisch, Juergen Kernhof, Angel Karachomakov 

CHARACTERIZATION OF REVERSIBLY-ACTUATING SHAPE MEMORY ALLOY FOILS 
PRODUCED BY PLANAR FLOW CASTING ............................................................................................... 305 

Ling Chen, David Renshaw, Michael Kellam, Ritaban Dutta, Daniel Liang 

QUALITY CONTROL OF ULTRASOUND TRANSDUCERS USING DISTRIBUTION-FREE 
OVERLAPPING COEFFICIENTS .................................................................................................................. 309 

Martin Angerer, Michael Zapf, Martin Koch, Nicole V. Ruiter 

ESTIMATION METHOD OF INTERFACIAL STRESS DISTRIBUTION BY INVERSE 
ANALYSIS OF DEFORMED SHAPE DATA ................................................................................................ 313 

Yoshinao Kishimoto, Yukiyoshi Kobayashi, Feng Jin 

CAPACITIVE PRESSURE SENSING UNIT FOR RACKET SPORTS ........................................................ 317 
Ye-Jin Zheng, Wei-Cheng Wang, Rongshun Chen, Wen-Hsin Chiu, Yi-Yang Chen, Cheng-Yao 
Lo 

SINGLE-PROBE HEAT-PULSE MICROSENSOR FOR WATER TRANSPORTATION 
MEASUREMENT IN PLANT SHOOTS ........................................................................................................ 320 

Fumiya Ino, Wataru Kameda, Kyohei Terao, Hidekuni Takao, Fusao Shimokawa 

SELF-SUPERVISED UNDERWATER SOURCE LOCALIZATION BASED ON 
CONTRASTIVE PREDICTIVE CODING ...................................................................................................... 324 

Xiaoyu Zhu, Hefeng Dong, Pierluigi Salvo Rossi, Martin Landrø 

TWO-DIMENSIONAL CLOSE-PACKED ARRAYS OF POLYSTYRENE MICROSPHERES 
BRAGG GRATING FOR REFRACTIVE INDEX SENSING ........................................................................ 328 

Ling Xi Xiong, Donglai Guo, Minghong Yang 



DIAMOND-LIKE CARBON BASED MICRO-PRESSURE SENSOR WITH ULTRA-THIN 
SENSITIVE MEMBRANE .............................................................................................................................. 332 

Xin Ma, Qi Zhang, Peng Guo, Yulong Zhao, Aiying Wang 

AN UNTETHERED MULTIMODAL HAPTIC HAND WEARABLE .......................................................... 336 
Alexander C. Abad, Manex Ormazabal, David Reid, Anuradha Ranasinghe 

IMPROVING MOSFET PIEZORESISTIVE STRAIN GAUGES LIMIT OF DETECTION USING 
LOCK-IN PRINCIPLE .................................................................................................................................... 340 

Thibault P. Delhaye, Nicolas Roisin, Nicolas André, Laurent A. Francis, Denis Flandre 

NONINVASIVE CURRENT MEASUREMENT IN MULTI-CONDUCTOR CABLES ............................... 344 
Sebastian Böller, Belmin Alic, Andreas Hennig, Anton Grabmaier 

A 125 DBΩ 1.1 GHZ TRANSIMPEDANCE AMPLIFIER FOR 150 MHZ CAPACITIVE MEMS 
DISK OSCILLATOR ....................................................................................................................................... 348 

Hua Chen, Ruiwei Xia, Ke Liu, Zhen Meng, Yuepeng Yan 

EFFECTIVE VERY-WIDE-AREA 3D TOF SENSING ................................................................................. 352 
Alvaro Lopez Paredes, Miguel Heredia Conde, Otmar Loffeld 

AIR-COUPLED ULTRASOUND RESONANT SPECTROSCOPY SENSITIVITY STUDY IN 
PLANT LEAF MEASUREMENTS ................................................................................................................. 356 

Linas Svilainis, Žilvinas Nakutis, Valdas Eidukynas, Dobilas Liaukonis, Arturas 
Aleksandrovas, Andrius Chaziachmetovas, Tomas Gomez Alvarez-Arenas 

HIGH STRENGTH PIEZOELECTRIC MATERIALS FOR EXTREME ENVIRONMENTS ....................... 360 
Tim P. Comyn, Peter I. Cowin, Tim Stevenson 

DESIGN OF A NOVEL BIOSENSOR IMPLANT FOR FARMED ATLANTIC SALMON 
(SALMO SALAR) ........................................................................................................................................... 364 

Eirik Svendsen, Martin Føre, Lise Lyngsnes Randeberg, Jo Arve Alfredsen 

SINGLE MICROCONTROLLER AIR-COUPLED WAVEGUIDED ULTRASONIC SONAR 
SYSTEM .......................................................................................................................................................... 368 

Tim Maier, Gianni Allevato, Matthias Rutsch, Mario Kupnik 

LOW-COST NB-IOT MICROGRID POWER QUALITY MONITORING SYSTEM .................................. 372 
Dmitry Petrov, Konstantin Kroschewski, Ibrahim Mwammenywa, G. Mark Kagarura, Ulrich 
Hilleringmann 

MULTIFUNCTIONAL STRETCHABLE SENSOR FOR DETECTING FLOW, STRAIN AND 
TEMPERATURE ............................................................................................................................................. 376 

Shiqiang Liu, Yuzhong Zhang, Rong Zhu 

S2L-SLAM: SENSOR FUSION DRIVEN SLAM USING SONAR, LIDAR AND DEEP 
NEURAL NETWORKS ................................................................................................................................... 380 

Niels Balemans, Peter Hellinckx, Steven Latré, Philippe Reiter, Jan Steckel 

REAL-TIME DOSIMETRY OF ULTRAHIGH DOSE-RATE X-RAY BEAMS USING 
SCINTILLATION DETECTORS .................................................................................................................... 384 

Shahirah Shaharuddin, Alexander Hart, Daniel D. Cecchi, Magdalena Bazalova-Carter, 
Mark Foley 

WIRELESS SENSOR READOUT SYSTEM FOR BONE INTRAMEDULLARY PRESSURE 
MONITORING APPLICATIONS ................................................................................................................... 388 

Ziyu Chen, Jeong Bong Jb Lee 



A NEW FOUNDRY-BASED OPEN-GATE JUNCTION FIELD-EFFECT TRANSISTOR (OG-
JFET) AS ELECTRONIC SENSING PLATFORM (ESP) FOR LIFE SCIENCE APPLICATIONS ............. 392 

Abbas Panahi, Hamed Osouli Tabrizi, Priyadarshini Mangannavar, Oleg Chebotarev, 
Andrew Fung, Ebrahim Ghafar-Zadeh 

FROM 0.18µM TO 28NM CMOS DOWN-SCALING FOR DATA LINKS IN BODY DUST 
APPLICATIONS .............................................................................................................................................. 396 

Gian Luca Barbruni, Sandro Carrara, Paolo Motto Ros, Danilo Demarchi 

A BEHAVIOR-DESCRIPTIVE MODEL OF LOVE WAVE SENSOR IN LIQUID MEDIUM 
FOR CIRCUIT-DESIGN AND ANALYSIS WITH QUCSSTUDIO .............................................................. 400 

Maxence Rube, Ollivier Tamarin, Simon Hemour, Martine Sebeloue, Asawari Choudhari, 
Idris Sadli, Laurent Linguet, Dominique Rebiere, Corinne Dejous 

PEOPLE COUNTING SOLUTION USING AN FMCW RADAR WITH KNOWLEDGE 
DISTILLATION FROM CAMERA DATA .................................................................................................... 404 

Michael Stephan, Souvik Hazra, Avik Santra, Robert Weigel, Georg Fischer 

FRONT-END ELECTRONICS FOR BETA-CELL FUNCTION MONITORING WITH AN 
INTEGRATED FOPP DETECTOR ................................................................................................................ 408 

Zili Yu, Cor Scherjon, Daniel Brosch, Udo Kraushaar, René Von Metzen, Joachim Burghartz 

AUTOMATIC DISPLACEMENT AND VIBRATION MEASUREMENT IN LABORATORY 
EXPERIMENTS WITH A DEEP LEARNING METHOD ............................................................................. 412 

Yongsheng Bai, Ramzi M. Abduallah, Halil Sezen, Alper Yilmaz 

MOLECULAR UNDERSTANDING OF ELECTROMAGNETIC FIELD-BIOMATTER 
INTERACTION FOR RATIONAL BIO/CHEMICAL SENSING DEVICE DESIGN ................................... 416 

Michal Cifra 

ASSESSING THE ROLE OF TEXTILES IN THE PERFORMANCE OF WEARABLE SCREEN-
PRINTED STRAIN SENSORS FOR BREATHING RATE MONITORING ................................................. 420 

Martina Aurora Costa Angeli, Mallikarjun Madagalam, Mattia Petrelli, Silvia Pogliaghi, 
Alessandra Scarton, Pietro Ibba, Enrico Avancini, Federico Gori, Roberto Biasi, Luisa Petti, 
Paolo Lugli 

ANALYSIS OF THE IMPACT OF THE PROCESSING TIME-DELAY ON THE STABILITY 
OF A DIGITAL GMI MAGNETOMETER ..................................................................................................... 424 

Papa Silly Traoré, Serge Konan, Aktham Asfour, Jean-Paul Yonnet 

PRINCIPAL COMPONENT ANALYSIS AUGMENTED IDENTIFICATION OF VOLATILE 
ORGANIC COMPOUNDS USING A MICROMACHINED AT-CUT QUARTZ RESONATOR-
BASED GAS SENSOR ARRAY ..................................................................................................................... 428 

Jiayuan Zhang, Nishit Goel, Vedant Sumaria, Stephen Bart, Srinivas Tadigadapa 

MICROWAVE SENSORS: IMPLICATION OF LONG-TERM NON-INVASIVE MONITORING 
FOR HEALTH ................................................................................................................................................. 432 

O. Korostynska, B. Dzogovic, A. Mason 

BANDWIDTH EXTENSION TECHNIQUE OF PIEZOELECTRIC MICROMACHINED 
ULTRASONIC TRANSDUCERS FOR AIR COUPLED APPLICATIONS .................................................. 436 

Tingzhong Xu, Lixiang Wu, Mohssen Moridi 

OPTICAL PLASMONIC NANOANTENNA-MWCNT DIODE ENERGY HARVESTER FOR 
SOLAR POWERED WIRELESS SENSORS .................................................................................................. 440 

Patrizia Livreri, Fabrizio Beccaccio 



LEAKAGE-WAVEGUIDE-TYPE PLASTIC OPTICAL FIBER HUMIDITY SENSOR USING 
DYE-DOPED SWELLABLE POLYMERS AS CLADDING ......................................................................... 444 

Yuta Shimura, Yutaka Suzuki, Masayuki Morisawa 

DETECTION OF SKIN RGB COLOR WITH A BATTERY-FREE NFC SKINCARE DEVICE ................. 448 
Syed Muhammad Ali, Wan-Young Chung 

CAHEROS: CONSTRAINT-AWARE HEURISTIC APPROACH FOR ROBUST SENSOR 
PLACEMENT .................................................................................................................................................. 452 

Onat Gungor, Tajana Rosing, Baris Aksanli 

ENFES: ENSEMBLE FEW-SHOT LEARNING FOR INTELLIGENT FAULT DIAGNOSIS 
WITH LIMITED DATA .................................................................................................................................. 456 

Onat Gungor, Tajana Rosing, Baris Aksanli 

IDENTIFICATION AND COMPENSATION OF ANISODAMPING FOR HIGH Q FACTOR 
RESONATOR UNDER WHOLE-ANGLE MODE ......................................................................................... 460 

Jiangkun Sun, Yongmeng Zhang, Sheng Yu, Qingsong Li, Xiang Xi, Xuezhong Wu, Dingbang 
Xiao 

CLASSIFICATION OF TEXTURES USING A TACTILE-ENABLED FINGER IN DYNAMIC 
EXPLORATION TASKS ................................................................................................................................ 464 

Bruno Monteiro Rocha Lima, Thiago Eustaquio Alves De Oliveira, Vinicius Prado Da 
Fonseca 

A SINGLE-CHIP DUAL-TRANSDUCTION GAS SENSOR FOR BTX DETECTION ............................... 468 
Xueyou Sun, Ye Chang, Hemi Qu, Wei Pang, Xuexin Duan 

MULTI-SOURCE DATA FUSION METHOD BASED ON NEAREST NEIGHBOR PLOT AND 
TRACK DATA ASSOCIATION ..................................................................................................................... 472 

Shulian Zhao, Yi Huang, Ke Wang, Tao Chen 

WHY LASERS INJECT PERCEIVED SOUND INTO MEMS MICROPHONES: INDICATIONS 
AND CONTRAINDICATIONS OF PHOTOACOUSTIC AND PHOTOELECTRIC EFFECTS .................. 476 

Benjamin Cyr, Takeshi Sugawara, Kevin Fu 

CHARACTERISTICS OF HETERO-CORE OPTICAL FIBER HYDROGEN SENSOR BASED 
ON AU/WO3/PT THIN FILM .......................................................................................................................... 480 

Yuji Nagao, Koji Yuhashi, Ai Hosoki, Michiko Nishiyama, Shoichi Kubodera, Kazuhiro 
Watanabe 

DESIGN AND FABRICATION OF PAPER-BASED STRETCHABLE SENSOR FOR 
RESPIRATION MONITORING ..................................................................................................................... 484 

Nishith Shivakumar Shagle, Thanh Nguyen, Trung-Hieu Vu, Hung Nguyen, Hoang-Phuong 
Phan, Van Thanh Dau, Pingan Song, Hao Wang, Nam-Trung Nguyen, Dzung Dao, Toan 
Dinh 

EXPERIMENTATIONS AND ANALYSIS ON INDOOR POSITIONING THROUGH FUSION 
WITH INERTIAL SENSORS AND DYNAMICALLY CALIBRATED WI-FI FTM RANGING ................ 488 

Lu Wang, Xiaodong Cai, Liang Cheng, Ke Han, Hemin Han, Lili Ma 

A 14-CHANNEL 7 GHZ VCO-BASED EPR-ON-A-CHIP SENSOR WITH RAPID SCAN 
CAPABILITIES ............................................................................................................................................... 492 

Mohamed Atef Hassan, Tarek Elrifai, Ayman Sakr, Michal Kern, Klaus Lips, Jens Anders 



ELECTRONIC SYSTEM FOR CITIZENS’ AIR QUALITY MAPPING ...................................................... 496 
Sergio Palomeque-Mangut, Félix Meléndez, Jaime Gómez-Suárez, Patricia Arroyo, José-
Ignacio Suárez, Samuel Frutos-Puerto, Jesús Lozano 

LEAKY-WAVEGUIDE-CONVERSION-TYPE POF ALKANE-GAS SENSOR USING 
CARBON-BLACK DYE ................................................................................................................................. 500 

Naoki Yoda, Yutaka Suzuki, Masayuki Morisawa 

EFFECTS OF SENSOR COVER DAMAGES ON POINT CLOUDS OF AUTOMOTIVE LIDAR ............. 504 
Birgit Schlager, Thomas Goelles, Daniel Watzenig 

LOW-COST COLOR SENSOR FOR AUTOMATING ANALYTICAL CHEMISTRY 
PROCESSES .................................................................................................................................................... 508 

Shreya Malkurthi, Kirthi Vignan Reddy Yellakonda, Anushka Tiwari, Aftab M. Hussain 

IONOGEL BASED MATERIAL FOR THE COLORIMETRIC DETECTION OF ∆9-
TETRAHYDROCANNABINOL ..................................................................................................................... 512 

Raquel Catalan-Carrio, Guillermo Moreno-Sanz, Lourdes Basabe-Desmonts, Fernando 
Benito-Lopez 

FALSE POSITIVES AVOIDANCE IN PULSE DETECTION FROM ECG AND PPG SENSOR 
SIGNALS ......................................................................................................................................................... 516 

Hans Herrmann, Hartmut Ewald 

ESTIMATION OF A MAGNETIZATION CURVE OF A FLUXGATE WIRE CORE USING AN 
INVERSE TECHNIQUE ................................................................................................................................. 520 

Mehran Mirzaei, Pavel Ripka, Vaclav Grim 

A SUB-0.1°/H BIAS-INSTABILITY MEMS GYROSCOPE USING RESONANT CONSTANT-
FREQUENCY DRIVING TECHNIQUE ......................................................................................................... 524 

Haibin Wu, Xudong Zheng, Yaojie Shen, Xuetong Wang, Zhonghe Jin, Zhipeng Ma 

ENHANCED GAS SENSING CHARACTERISTICS OF METAL DOPED WS2 
NANOFLOWERS ............................................................................................................................................ 528 

Aanchal Alagh, Fatima Ezahra Annanouch, Eduard Llobet 

A ROBOTIC ELECTROCHEMICAL BIOSENSOR BASED ON KINETIC ELECTRONICS 
TECHNIQUE ................................................................................................................................................... 532 

Shiyi Zhang, Joseph Wang, Kenshi Hayashi, Fumihiro Sassa 

POLARIZATION IMAGE SENSOR-BASED LASER SCANNER FOR REFLECTIVE METALS: 
ARCHITECTURE AND IMPLEMENTATION .............................................................................................. 536 

Jaime Marco-Rider, Lars Tingelstad, Olav Egeland 

A SIMPLIFIED ANALYTICAL DAMPING CONSTANT MODEL FOR PERFORATED PROOF 
MASS STRUCTURE OF MEMS CAPACITIVE ACCELEROMETER BY MULTI-LAYER 
METAL TECHNOLOGY ................................................................................................................................ 540 

Kohei Shibata, Akihiro Uchiyama, Akira Onishi, Shin-Ichi IIda, Toshifumi Konishi, Noboru 
Ishihara, Katsuyuki Machida, Kazuya Masu, Hiroyuki Ito 

SMART CUSHION BASED ON PRESSURE SENSOR ARRAY FOR HUMAN SITTING 
POSTURE RECOGNITION ............................................................................................................................ 544 

Liangqi Yuan, Jia Li 

MAGNETIC POSITION SENSORS REVISITED .......................................................................................... 548 
Markus Roos, Javier Bilbao De Mendizabal 



ANISOTROPIC MAGNETO-RESISTIVE SENSOR EFFECT BASED SENSOR USING DAISY 
CHAIN ON POLYETHER ETHER KETONE SUBSTRATE ........................................................................ 552 

Sascha De Wall, Sebastian Bengsch, Eike Fischer, Folke Dencker, Marc Christopher Wurz 

EVALUATION OF NON-INVASIVE SWALLOWING TEST DEVICE USING HETERO-CORE 
FIBER OPTIC PRESSURE SENSOR ............................................................................................................. 556 

Masanori Maeda, Miyuki Kadokura, Ryoko Aoki, Masaru Kawakami, Yuya Koyama, Michiko 
Nishiyama, Kazuhiro Watanabe 

ULTRASENSITIVE STRAIN SENSOR ENHANCED BY BONDED LIGHT EMITTING 
DIODES ........................................................................................................................................................... 560 

Thanh Nguyen, Toan Dinh, Van Thanh Dau, Abu Riduan Md Foisal, Hung Nguyen, Hieu Vu, 
Tuan Anh Pham, Canh-Dung Tran, Tuan-Khoa Nguyen, Hoang-Phuong Phan, Nam-Trung 
Nguyen, Dzung Viet Dao 

A THERMAL EXPANSION-BASED ANGULAR MOTION SENSOR WITH DETECTION 
LIMIT TOWARDS SUB-DEGREE PER SECOND ....................................................................................... 564 

Huahuang Luo, Mingzheng Duan, Hadi Tavakkoli, Jose Cabot, Yi-Kuen Lee 

DESIGN OF A CUSTOMISED BB8 ROBOT COMPANION ....................................................................... 568 
Mia Innes, Emanuele Lindo Secco 

EVALUATION OF BATTERY-FREE UHF-RFID SENSOR WIRELESS SIGNALS FOR IN-
PIPE ROBOTIC APPLICATIONS .................................................................................................................. 569 

Amal Gunatilake, Karthick Thiyagarajan, Sarath Kodagoda 

AN INTEGRATED TEMPERATURE COMPENSATION METHOD FOR THERMAL 
EXPANSION-BASED ANGULAR MOTION SENSORS ............................................................................. 573 

Huahuang Luo, Jose Cabot, Mingzheng Duan, Yi-Kuen Lee 

CALIBRATION-FREE TARGET DETECTION BASED ON THERMAL AND DISTANCE 
SENSOR FUSION ........................................................................................................................................... 577 

Sanaz Kianoush, Stefano Savazzi, Vittorio Rampa, Leonardo Costa, Denis Tolochenko 

AUTOENCODER-BASED ULTRASONIC NDT OF ADHESIVE BONDS ................................................. 581 
Ivan Kraljevski, Frank Duckhorn, Martin Barth, Constanze Tschoepe, Frank Schubert, 
Matthias Wolff 

OPTICAL FIBER MULTIPOINT LIGHT MEASUREMENT SYSTEM FOR THE 
INVESTIGATION OF PLANT CULTIVATION LIGHT ENVIRONMENT ................................................ 585 

Takumi Kondo, Tadao Matsunaga, Ei Endo, Kotoku Ohmi, Sang-Seok Lee 

DISTRIBUTED OPPORTUNISTIC WIRELESS MAPPLICATIONING SYSTEM TOWARDS 
SMART CITY SERVICE PROVISION .......................................................................................................... 589 

J. Villadangos, F. Falcone, A. Lopez, J. J. Astrain, P. Sanchis, I. R. Matias 

ASSESSMENT OF A NEURAL NETWORK FOR THE CORRECTION OF MEASUREMENT 
ERRORS .......................................................................................................................................................... 593 

Phil Meier, Kris Rohrmann, Marvin Sandner, Marcus Prochaska 

PAPER-BASED CHEMIRESISTIVE GAS SENSOR USING MOLECULARLY IMPRINTED 
SOL-GELS FOR VOLATILE ORGANIC ACIDS DETECTION ................................................................... 597 

Xiao Ye, Tianshu Jiang, Lingpu Ge, Fumihiro Sassa, Chuanjun Liu, Kenshi Hayashi 

SINGLE-SENSOR GAS DISCRIMINATION AND QUANTIFICATION BASED ON NOVEL 
TEMPERATURE MODULATION METHOD ............................................................................................... 601 

Maaki Saeki, Yuki Okura, Takefumi Yoshikawa, Tatsuya Iwata 



MEMBRANE-BASED ARTIFICIAL HAIR SENSORS FOR FLOW SENSING AND HAPTIC 
EXPLORATION .............................................................................................................................................. 605 

Minerva G. Vargas Gleason, Walter Lang 

ALIVE MONITORING SENSOR SYSTEM WITH 2.45-GHZ WIRELESS POWER TRANSFER 
FOR SELF-POWERED WIRELESS SENSOR ............................................................................................... 609 

F. Nishimura, Y. Hirai, A. Kamitani, A. Tanaka, F. Utsunomiya, H. Nishikawa, T. Douseki 

POLYANILINE-ATOMIC AU MODIFIED PLATINUM ELECTRODE WITH IONIC LIQUID 
AS CONFIGURATION FOR ENHANCED ELECTROCHEMICAL SENSING .......................................... 613 

Parthojit Chakraborty, Hiroki Kawakami, Anifatul Faricha, Tso-Fu Mark Chang, Masato 
Sone, Takamichi Nakamoto 

GAS DISCRIMINATION BASED ON FEATURE PATTERNS OF SENSOR TRANSIENT 
EXTRACTED BY MEMRISTOR WITH RESISTANCE-VOLTAGE CONVERTER .................................. 617 

Takehiro Hirota, Takefumi Yoshikawa, Tatsuya Iwata 

IMPLANTABLE SUFFICIENTLY INTEGRATED MULTIMODAL FLEXIBLE SENSOR FOR 
INTRACRANIAL MONITORING ................................................................................................................. 621 

Tiezhu Liu, Pan Yao, Zhou Li, Hongqing Feng, Chengyu Zhuang, Xuan Sun, Chunxiu Liu, 
Ning Xue 

USING REDUNDANCY IN A SENSOR NETWORK TO COMPENSATE SENSOR FAILURES ............. 625 
Nicolas P. Winkler, Patrick P. Neumann, Erik Schaffernicht, Achim J. Lilienthal 

A MICROWAVE MICROFLUIDIC REFLECTIVE-MODE PHASE-VARIATION SENSOR .................... 629 
Paris Vélez, Cristian Herrojo, Xavi Illa, Rosa Villa, Jonathan Muñoz-Enano, Lijuan Su, Pau 
Casacuberta, Marta Gil, Ferran Martín 

SAW-RFID TEMPERATURE AND STRAIN SENSORS ON METALLIC SUBSTRATES ........................ 633 
Prince Mengue, Baptiste Paulmier, Sami Hage-Ali, Cécile Floer, Hamid M’Jahed, Alexander 
Shvetsov, Sergei Zhgoon, Omar Elmazria 

MODELING THE OPTICAL SENSING PRINCIPLE OF THE PAPILLARRAY TACTILE 
SENSOR ........................................................................................................................................................... 637 

Pablo Martinez Ulloa, David Cordova Bulens, Benjamin Xia, Heba Khamis, Stephen J. 
Redmond 

FUNCTIONAL VALIDATION OF AN ADDITIONAL DEVICE TO THE GAS SENSOR FOR 
ARBITRARY CONTROL SENSING PROPERTIES ..................................................................................... 641 

Ryomei Wada, Naho Minowa, Takeru Wada, Manase Mizutani, Yoshihisa Suzuki, Yong-Joon 
Choi, Kazuhiro Takahashi, Kazuaki Sawada, Toshihiko Noda 

TOWARDS A BIO-INSPIRED ACOUSTIC SENSOR: ACHROIA GRISELLA’S EAR ............................. 645 
Lara Díaz-García, Andrew Reid, Joseph Jackson, James F. C. Windmill 

A WEARABLE, MULTIPLEXED SENSOR FOR REAL-TIME AND IN-SITU MONITORING 
OF WOUND BIOMARKERS.......................................................................................................................... 649 

Alina Nietsche Pereira, Tanzila Noushin, Shawana Tabassum 

MULTIPLEXED ELECTROCHEMICAL SENSOR FOR REAL-TIME MONITORING OF 
INFLAMMATORY BIOMARKERS .............................................................................................................. 653 

Tanzila Noushin, Shawana Tabassum 

A POINT OF CARE SENSOR FOR MILK ADULTERATION DETECTION ............................................. 657 
Subhashis Patari, Pallab Sinha Mahapatra 



LIGHTWEIGHT ONLINE SEMI-SUPERVISED LEARNING ALGORITHM FOR 
ULTRASONIC GESTURE RECOGNITION .................................................................................................. 661 

Pixi Kang, Xiangyu Li 

SYNTHESIS OF FLUORESCENT NITROGEN-DOPED CARBON SPHERES FROM 
CORNCOB RESIDUE FOR THE DETECTION OF FE (III) IN AQUEOUS SOLUTIONS ......................... 665 

Lindokuhle P. Magagula, Nosipho Moloto, Siziwe Gqoba, Patricia J. Kooyman, Tshwafo E 
Motaung, Ella C. Linganiso 

DYNAMIC THERMOREGULATORY PHOTONIC CRYSTAL FABRIC FOR PERSONAL 
THERMAL MANAGEMENT ......................................................................................................................... 669 

Mohamed Boutghatin, Yan Pennec, Salim Assaf, Michèle Carette, Vincent Thomy, Abdellatif 
Akjouj, Bahram Djafari-Rouhani 

CLASSIFICATION OF PCG SIGNALS USING FOURIER-BASED SYNCHROSQUEEZING 
TRANSFORM AND SUPPORT VECTOR MACHINE ................................................................................. 673 

Samit Kumar Ghosh, Rajesh Kumar Tripathy, Ponnalagu R N 

A WIRELESS PASSIVE CAPACITIVELY COUPLED CONTACTLESS CONDUCTIVITY 
DETECTION (WPC4D) FOR MICROFLUIDIC FLOW MONITORING ..................................................... 677 

Bao-Anh Hoang, Hang Tran Thanh, Ha Nguyen Thi Ngoc, Thao Pham Ngoc, Kien Do Trung, 
Ngoc-Thanh Le, Tran-Thuy Nguyen, Trinh Chu Duc, Tung Thanh Bui, Loc Do Quang 

ENABLING REAL-TIME ESTIMATION OF BOREHOLE PARAMETERS IN DEEP 
DRILLING ....................................................................................................................................................... 681 

Shanti Swaroop Kandala, Roman Shor 

A DOPPLER-BASED HUMAN ACTIVITY RECOGNITION SYSTEM USING WIFI SIGNALS ............. 685 
Yao Ge, Shibo Li, Minjian Shentu, Ahmad Taha, Shuyuan Zhu, Jonathan Cooper, Muhammad 
Imran, Qammer Abbasi 

SELF-OSCILLATING DC CURRENT TRANSFORMER WITH NANOCRYSTALLINE CORE .............. 689 
Václav Grim, Pavel Ripka 

DEVELOPMENT OF HYSTERESIS-FREE AND LINEAR KNITTED STRAIN SENSORS FOR 
SMART TEXTILE APPLICATIONS .............................................................................................................. 693 

B. Bozali, J. J. F. Van Dam, L. Plaude, K. M. B. Jansen 

PUSHING THE LIMITS OF LINBO3-BASED HIGH TEMPERATURE SAW SENSORS .......................... 697 
Jordan Maufay, Ulrich Youbi, Thierry Aubert, Ninel Kokanyan, Sami Hage-Ali, Michel 
Vilasi, Omar Elmazria 

STRETCHABLE PRESSURE SENSOR USING THERMOPLASTIC POLYURETHANE AND 
CONDUCTIVE INKS ...................................................................................................................................... 701 

Jawad Ahmad, Johan Sidén, Henrik Andersson 

AN ALL-IN-ONE 64-ZONE SPAD-BASED DIRECT-TIME-OF-FLIGHT RANGING SENSOR 
WITH EMBEDDED ILLUMINATION .......................................................................................................... 705 

Fabrice Martin, Pascal Mellot, Adam Caley, Bruce Rae, Colin Campbell, Duncan Hall, Sara 
Pellegrini 

ADDING OBJECT MANIPULATION CAPABILITIES TO SOCIAL ROBOTS BY USING 3D 
AND RGB CAMERAS DATA ........................................................................................................................ 709 

Giovanni Mezzina, Daniela De Venuto 



FIBER OPTIC MONITORING SYSTEM READY FOR 4-20MA INDUSTRIAL CONTROL 
STANDARD .................................................................................................................................................... 713 

Vincenzo Romano Marrazzo, Francesco Fienga, Dario Laezza, Michele Riccio, Andrea Irace, 
Salvatore Buontempo, Giovanni Breglio 

CUFESE2 QUANTUM-DOT BASED INFRARED PHOTODETECTORS WITH 
FUNCTIONALITY IN THE AMBIENT ......................................................................................................... 717 

Tanuj Kumar, Anumol Sugathan, K. L. Narasimhan, Anshu Pandey, Sushobhan Avasthi 

SUB-MILLISECOND VIDEO SYNCHRONIZATION OF MULTIPLE ANDROID 
SMARTPHONES ............................................................................................................................................. 721 

Azat Akhmetyanov, Anastasiia Kornilova, Marsel Faizullin, David Pozo, Gonzalo Ferrer 

SURFACE MICROMACHINED OUT-OF-PLANE ELECTROSTATIC MEMS ACTUATOR 
INTEGRATED WITH DISPLACEMENT SENSOR ...................................................................................... 725 

Seyedfakhreddin Nabavi, Michaël Ménard, Frederic Nabki 

A QUANTUM-INSPIRED BIOTELEMETRY SYSTEM FOR ROBUST AND 
ULTRASENSITIVE WIRELESS INTRACRANIAL PRESSURE MONITORING ...................................... 729 

Minye Yang, Zhilu Ye, Pai-Yen Chen 

RAPID CLASSIFICATION OF RESPIRATORY SYNCYTIAL VIRUS AND SENDAI VIRUS 
BY A LOW-COST AND PORTABLE NEAR-INFRARED SPECTROMETER ........................................... 733 

Weiran Song, Hui Wang, Enayetur Rahman, Judit Barabas, Jiandong Huang, Ultan F. 
Power, Hugh J. Byrne, James McLaughlin, Chris Nugent, Paul Maguire 

OVERSAMPLING HIGHLY IMBALANCED INDOOR POSITIONING DATA USING DEEP 
GENERATIVE MODELS ............................................................................................................................... 737 

Fahad Alhomayani, Mohammad H. Mahoor 

IN-SKIN PRESSURE AND CURVATURE SENSORS FOR SOFT ROBOTS ............................................. 741 
Tzu-Yun Hsu, Amal El-Ghazaly 

SELF-POWERED WIRELESS UV SENSOR WITH INTERVALS OF WIRELESS 
TRANSMISSION ............................................................................................................................................ 745 

Shunta Furumura, Yasuhiro Hiraga, Fumiyasu Utsunomiya, Minoru Sudo, Ami Tanaka, 
Takakuni Douseki 

A FRINGE FIELD SHAPING CMOS CAPACITIVE IMAGING ARRAY ................................................... 749 
Kangping Hu, Christopher E. Arcadia, Jacob K. Rosenstein 

A WEARABLE CUFFLESS BLOOD PRESSURE SENSOR WITH RADIO-FREQUENCY 
TECHNOLOGY ............................................................................................................................................... 753 

Chao-Hsiung Tseng, Tzu-Jung Tseng 

PIEZORESISTIVE 4H-SILICON CARBIDE (SIC) PRESSURE SENSOR ................................................... 754 
Piotr Mackowiak, Kolja Erbacher, Manuel Baeuscher, Michael Schiffer, Klaus-Dieter Lang, 
Martin Schneider-Ramelow, Ha-Duong Ngo 

LEAF-FIT: A WEARABLE LEAF SENSOR FOR IN-SITU AND REAL-TIME MONITORING 
OF PLANT PHYTOHORMONES .................................................................................................................. 758 

Nafize Ishtiaque Hossain, Tanzila Noushin, Shawana Tabassum 



BIOSENSOR FOR RAPID DETECTION OF SARS-COV-2 IN REAL-WORLD SAMPLES ...................... 762 
Michala Forinová, Alina Pilipenco, Ivana Víšová, Jakub Kuncák, N. Scott Lynn, Petr Yudin, 
Jakub Dostálek, Václav Hönig, Martin Palus, Hana Mašková, Filip Dycka, Jan Šterba, 
Markéta Vrabcová, Judita Arnoštová, Monika Spasovová, Chao-Ping Tung, An-Suei Yang, 
Alexandr Dejneka, Hana Vaisocherová-Lísalová 

"SUGAR-CUBE" PLT: A REAL-TIME PEDESTRIAN LOCALIZATION TESTBED 
UTILIZING FOOT-MOUNTED IMU/BAROMETER/ULTRASONIC SENSORS....................................... 766 

Chi-Shih Jao, Austin Parrish, Andrei M. Shkel 

VERTICAL COUPLING INTO A PHOTONIC CRYSTAL WAVEGUIDE USING BAND 
FOLDING DESIGN ......................................................................................................................................... 770 

R. Jannesari, F. Dubois, G. Pühringer, G. Stocker, A. Tortschanoff, T. Grille, B. Jakoby 

SENSOR FOR BILATERAL HUMAN BITE FORCE MEASUREMENTS .................................................. 774 
Sven Suppelt, Romol Chadda, Niklas Schäfer, Robert Sader, Mario Kupnik 

BIODEGRADABLE ADDITIVE MANUFACTURED FERROELECTRET AS MECHANICAL 
SENSOR ........................................................................................................................................................... 778 

Omar Ben Dali, Sergey Zhukov, Claas Hartman, Heinz Von Seggern, Gerhard M. Sessler, 
Mario Kupnik 

AN INTERNET-OF-THINGS ENABLED FLEXIBLE STRAIN SENSOR FOR STEM GROWTH 
MEASUREMENTS ......................................................................................................................................... 782 

Nafize Ishtiaque Hossain, Shawana Tabassum 

ACOUSTIC PARTICLE MANIPULATION ALONG THREE ORTHOGONAL DIRECTIONS IN 
LASER ENGRAVED MICROFLUIDIC CHANNELS ................................................................................... 786 

A. Fuchsluger, M. A. Hintermüller, R. Ecker, N. Cselyuszka, M. Moridi, B. Jakoby 

DETECTING CHARGE SEPARATION IN OPTOELECTRONIC MATERIALS AND DEVICES 
USING PLANAR MICROWAVE RESONATORS: AN OVERVIEW .......................................................... 790 

Md. Masud Rana, Karthik Shankar 

ENHANCED PERFORMANCE OF TRIBOELECTRIC NANOGENERATOR USING CUSTOM 
FABRICATED PDMS ..................................................................................................................................... 794 

X. Zhang, D. He, D. Maddipatla, V. Palaniappan, Q. Yang, B. J. Bazuin, M. Z. Atashbar 

A SMART MANDIBULAR DEVICE FOR INTRA-ORAL ELECTROENCEPHALOGRAM 
MONITORING ................................................................................................................................................ 798 

Shibam Debbarma, Sharmistha Bhadra 

DESIGN AND IMPLEMENTATION OF A MOBILE URBAN LOW-COST ENVIRONMENTAL 
SENSOR NETWORK ...................................................................................................................................... 802 

Alex Cabral, Asta Roseway, Paul Johns 

HYBRIDLY INTEGRATED MEMS-IC RF FRONT-END FOR IOT WITH EMBEDDED 
FILTERING AND PASSIVE VOLTAGE AMPLIFICATION ....................................................................... 806 

Giuseppe Michetti, Gabriel Giribaldi, Michele Pirro, Ankit Mittal, Tanbir Haque, Patrick 
Cabrol, Ravikumar Pragada, Hussain Elkotby, Luca Colombo, Aatmesh Shrivastava, Matteo 
Rinaldi 

ELECTROMAGNETIC WAVE SENSOR FOR PROXIMITY TARGET DETECTION UNDER 
RADIO AND RADAR COEXISTENCE AT 2.4-GHZ ISM BAND ............................................................... 810 

Dae Young Koh, Timothy S. Han, Joseph Zubah 



ASSESSING SOIL SPATIAL HETEROGENEITY USING PROXIMAL SOIL SENSING ......................... 814 
Hella Ellen Ahrends, Antti Lajunen 

RAPID MICRORNA DETECTION USING PAPER-BASED ISOTHERMAL AMPLIFICATION ............. 818 
Jingjing Qian, Qinming Zhang, Joyce C. Lai, Yixuan Wang, Meng Lu 

DEEP LEARNING BASED VOLUME FRACTION ESTIMATION FOR TWO-PHASE WATER-
CONTAINING FLOWS .................................................................................................................................. 822 

Rafiul K. Rasel, Benjamin J. Straiton, Alex Solon, Qussai M. Marashdeh, Fernando L. 
Teixeira 

OPTIMIZING FRINGING FIELD SENSOR PERFORMANCE WITH NON-SPHERICAL 
PARTICLES ..................................................................................................................................................... 826 

Robert N. Dean, Moriah A. Reed, Elizabeth A. Guertal 

DURABLE ICE SENSORS UTILIZING MICROWAVE SRRS COATED WITH PROTECTIVE 
EPOXY FOR DE-ICING CONTROL.............................................................................................................. 830 

Ryan Kozak, Mandeep Chhajer Jain, Jack McClelland, Aaryaman Shah, Mohammad Zarifi 

FEASIBILITY STUDY OF MULTI-WAVELENGTH OPTICAL PROBE TO ANALYZE 
MAGNESIUM IMPLANT DEGRADATION EFFECTS ............................................................................... 834 

Hafiz Wajahat Hassan, Anna Mathew, Haroon Khan, Olga Korostynska, Peyman Mirtaheri 

A LORAWAN-BASED ENVIRONMENTAL SENSOR SYSTEM FOR URBAN TREE HEALTH 
MONITORING ................................................................................................................................................ 838 

Haokai Zhao, Kevin A. Kam, Ioannis Kymissis, Patricia J. Culligan 

EVALUATION OF ENVIRONMENTAL ENCLOSURES FOR EFFECTIVE AMBIENT OZONE 
SENSING IN WRIST-WORN HEALTH AND EXPOSURE TRACKERS ................................................... 842 

Tahmid Latif, James Dieffenderfer, Akhilesh Tanneeru, Bongmook Lee, Veena Misra, Alper 
Bozkurt 

SENSITIVITY ENHANCEMENT OF MEMS TACTILE SENSOR BY REDESIGN OF 
MICROCANTILEVER AND STRAIN GAUGE ............................................................................................ 846 

Ren Kaneta, Takumi Hasegawa, Takashi Abe, Masayuki Sohgawa 

HAUD: A HIGH-ACCURACY UNDERWATER DATASET FOR VISUAL-INERTIAL 
ODOMETRY ................................................................................................................................................... 850 

Yang Song, Jiuchao Qian, Ruihang Miao, Wuyang Xue, Rendong Ying, Peilin Liu 

MONITORING ZEOLITE FORMATION WITH MOVING ELECTRODE CONDUCTOMETRY ............. 854 
Nikolaus Doppelhammer, Nick Pellens, Bernhard Jakoby, Christine E. A. Kirschhock, Erwin 
K. Reichel 

SINGLE-CHAINED FRAGMENT VARIABLE (SCFV) RECOMBINANT AS A POTENTIAL 
RECEPTOR FOR SARS-COV-2 BIOSENSOR BASED ON SURFACE PLASMON 
RESONANCE (SPR) ....................................................................................................................................... 858 

Isa Anshori, Antonius Eko Nugroho, Aminul Solihin Jessika, Muhammad Yusuf, Yeni Wahyuni 
Hartati, Silmina Prastriyati Sari, Taufik Ramdani Tohari, Brian Yuliarto, Gilang Gumilar, 
Lavita Nuraviana, Raih Rona Althof 

VERTICAL INTEGRATION OF PRESSURE/HUMIDITY/TEMPERATURE SENSORS FOR 
CMOS-MEMS ENVIRONMENTAL SENSING HUB ................................................................................... 862 

Yung-Chian Lin, Ya-Chu Lee, Chia-Hung Yang, Weileun Fang 



ELECTROSTATIC-CAPACITIVE MEMS STIFFNESS SENSOR WITH POSITION-
FEEDBACK MECHANISM ............................................................................................................................ 866 

Alessandro Nastro, Marco Ferrari, Vittorio Ferrari 

CAVITY FLOW CONTROLLED WITH AN ARRAY OF MAGNETO-MECHANICAL MICRO-
VALVES .......................................................................................................................................................... 870 

T. Arnoult, C. Ghouila-Houri, C. Leclercq, A. Mazzamurro, R. Viard, E. Garnier, D. Sipp, A. 
Merlen, A. Talbi, P. Pernod 

RESEARCH ON A MINIATURE OPTICAL FORCE ACCELEROMETER ................................................ 874 
Junji Pu, Kai Zeng, Yulie Wu, Dingbang Xiao 

FLEXIBLE ORGANIC ELECTROLYTE GATED FET BIOSENSOR WITH INTEGRATED 
SOFT FLUIDICS FOR CORTISOL MONITORING IN ORAL SAMPLES .................................................. 878 

Roslyn S. Massey, Ravi Prakash 

WAVELENGTH SELECTIVE COLLOIDAL QUANTUM DOT PHOTODETECTORS FOR 
SPECTRAL ANALYSIS ................................................................................................................................. 882 

Carlo Venettacci, Andrea De Iacovo, Federica Mitri, Carlo Giansante, Lorenzo Colace 

A GRAPHENE-BASED COMPOSITE FOR SELECTIVE DETECTION OF ETHYLENE AT 
AMBIENT ENVIRONMENT .......................................................................................................................... 886 

Fowzia Akhter, H. R. Siddiquei, S. C. Mukhopadhyay 

DEVELOPMENT OF A 3D PRINTED GAP GAUGE WITH EMBEDDED FORCE SENSOR 
FOR BALANCING UNICOMPARTMENTAL KNEE ARTHROPLASTY. ................................................. 890 

Dimitrios Kosmas, Hans-Peter Van Jonbergen, Martijn Schouten, Momen Abayazid, Gijs 
Krijnen 

EPOXY/CNT-ZN0.5NI0.5FE2O4 MULTILAYER POLYMERIC NANOCOMPOSITES FOR 
ELECTROMAGNETIC WAVE ABSORPTION ............................................................................................ 894 

Majed Amini, Milad Kamkar, Ahmadreza Ghafarkhah, Saeed Ghaderi, Mohammad Arjmand 

DUAL-PRINTED SOIL SENSORS FOR NITRATE AND MOISTURE MONITORING ............................ 898 
Shenwei Yin, Muhammadeziz Tursunniyaz, Jingyi Huang, Joseph Andrews 

ADVANCED 3D PRINTED CONDUCTIVE POLYMER NANOCOMPOSITES FOR 
ELECTROMAGNETIC SHIELDING ............................................................................................................. 902 

Milad Kamkar, Majed Amini, Saeed Ghaderi, Ahmadreza Ghafarkhah, Amirhossein 
Ahmadian Hosseini, Mohammad Arjmand 

ASRE: ADAPTIVE SPATIAL RESOLUTION WEARABLE EEG ............................................................... 906 
Yongchao Yang, Ye Sun 

DETECTION OF RIGID OBJECT EMBEDDED IN SKIN MODEL USING TACTILE SENSOR 
FOR PALPATION ........................................................................................................................................... 910 

Shu Ogawara, Jun Kido, Takashi Abe, Masayuki Sohgawa 

STRESS EFFECTS IN SEMICONDUCTING METAL OXIDE (SMOX) MATERIALS ON 
MEMS GAS SENSORS ................................................................................................................................... 914 

Vedant Sumaria, Nishit Goel, Stephen Bart 

INVASIVE SPECIES PROSOPIS JULIFLORA DERIVED CARBON BIOMASS/SNO2 BASED 
HAZARDOUS NO2 GAS SENSOR ................................................................................................................ 918 

Vetrivel Sankar, Krishnan Balasubramaniam, Sundara Ramaprabhu 



MAP-AIDED FUSION OF IMU PDR AND RSSI FINGERPRINTING FOR IMPROVED 
INDOOR POSITIONING ................................................................................................................................ 922 

Md Abdulla Al Mamun, Mehmet Rasit Yuce 

AN ULTRA-LOW POWER VOICE INTERFACE DESIGN FOR MEMS MICROPHONES 
SENSOR ........................................................................................................................................................... 926 

Chiao-Teng Jordan Chung, Chih-Cheng Lu, Wei-Shu Rih, Ching-Feng Lee, Cheng-Ming 
Shih, Yu-Li Yeh 

LUMINAIRE-BASED ENVIRONMENTAL SENSING FOR COMFORT MONITORING AND 
CONTROL ....................................................................................................................................................... 930 

Ashish Pandharipande, Martijn Lankhorst, Emmanuel Frimout 

CARBON NANOTUBE AMMONIA GAS SENSOR: A COMPARATIVE ANALYSIS 
BETWEEN IMPEDANCE SPECTROSCOPY AND RESISTIVE MEASUREMENTS ................................ 934 

Ali Douaki, Martina Aurora Costa Angeli, Mukhtar Ahmad, Mattia Petrelli, Bajramshahe 
Shkodra, Sahira Vasquez, Enrico Avancini, Luisa Petti, Paolo Lugli 

A NOVEL LIGHT-TO-FREQUENCY CONVERTER BASED ANALOG FRONT-END FOR 
OPTICAL SENSING APPLICATIONS .......................................................................................................... 938 

Guido Di Patrizio Stanchieri, Andrea De Marcellis, Marco Faccio, Elia Palange, Ulkuhan 
Guler 

MOTOR-IMAGERY EEGNET-BASED PROCESSING ON A LOW-SPEC SOC HARDWARE ................ 942 
Ana Caren Hernandez-Ruiz, Daniel Enériz, Nicolas Medrano, Belen Calvo 

SEEBECK COEFFICIENT IN SIC/SI HETEROJUNCTION FOR SELF-POWERED THERMAL 
SENSOR ........................................................................................................................................................... 946 

Pablo Guzman, Toan Dinh, Thanh Nguyen, Van Thanh Dau, Abu Riduan Md Foisal, Hung 
Nguyen, Hieu Vu, Tuan-Khoa Nguyen, Hoang-Phuong Phan, Huaizong Li, Nam-Trung 
Nguyen, Dzung Viet Dao 

3D PRINTING OF TRANSPARENT PH-MEDIATED HIGH-WATER-CONTENT 
HYDROGELS FOR ELECTROMAGNETIC INTERFERENCE (EMI) SHIELDING .................................. 950 

Saeed Ghaderi, Milad Kamkar, Ahmadreza Ghaffarkhah, Majed Amini, Amir Hosein 
Ahmadian Hosein, Mohammad Arjmand 

NUMERICAL AND EXPERIMENTAL STUDY OF A PHONONIC-FLUIDIC SENSOR USING 
A CUBIC UNIT CELL WITH SPHERICAL VOID ........................................................................................ 954 

Yauheni Belahurau, Jacob Søndergaard Jensen, Frieder Lucklum 

INFLUENCE OF LANTHANUM OXYCARBONATE DEPOSITION ON CARBON DIOXIDE 
DETECTION .................................................................................................................................................... 958 

Fabien Le Pennec, Ludovic Le Roy, Carine Perrin-Pellegrino, Marc Bendahan, Sandrine 
Bernardini 

PULSED UV-IRRADIATED GRAPHENE SENSORS FOR ETHANOL DETECTION AT 
ROOM TEMPERATURE ................................................................................................................................ 962 

Katarzyna Drozdowska, Adil Rehman, Pavlo Sai, Bartlomiej Stonio, Aleksandra Krajewska, 
Grzegorz Cywinski, Maciej Haras, Sergey Rumyantsev, Janusz Smulko, Andrzej Kwiatkowski 

ON AMPLITUDE-GAIN-CONTROL OPTIMIZATION FOR LISSAJOUS FREQUENCY 
MODULATED MEMS GYROSCOPES ......................................................................................................... 966 

Marco Bestetti, Giorgio Mussi, Christian Padovani, Andrea Donadel, Carlo Valzasina, 
Giacomo Langfelder, Andrea Giovanni Bonfanti 



GAUSSIAN PROCESS AS A BENCHMARK FOR OPTIMAL SENSOR PLACEMENT 
STRATEGY ..................................................................................................................................................... 970 

Nalika Ulapane, Karthick Thiyagarajan, Sarath Kodagoda 

EVALUATION OF LOW COST SEALING METHODS TO PROTECT SUSTAINABLE 
PRINTED TEMPERATURE SENSORS AGAINST DEGRADATION DUE TO UV 
IRRADIATION ................................................................................................................................................ 974 

Lukas Rauter, Johanna Zikulnig, Muhammad-Hassan Malik, Sherjeel Khan, Lisa-Marie 
Faller, Hubert Zangl, Jürgen Kosel 

AN APPROACH TOWARDS DEVELOPMENT OF POINT OF CARE DIAGNOSTICS USING 
ELISA ............................................................................................................................................................... 978 

Nidhi Gupta, Saakshi Dhanekar, Sruti Chattopadhyay, Shradha Suman Panda, Harpal Singh 

ESTIMATION OF DISTRIBUTED CONCENTRATION OF MIXED GASES USING AU/AG 
CORE-SHELL 2D LSPR GAS SENSOR ........................................................................................................ 982 

Arata Sawada, Fumihiro Sassa, Kenshi Hayashi 

ACOUSTIC AND ULTRASONIC CHARACTERISATION OF BLOCKAGES AND DEFECTS 
IN UNDERGROUND PIPES ........................................................................................................................... 986 

Alex Towlson, Yicheng Yu, Gavin Sailor, Kirill Horoshenkov, Anthony Croxford, Bruce 
Drinkwater 

RESEARCH ON ONLINE NON-INTRUSIVE LOAD IDENTIFICATION SYSTEM BASED ON 
MULTI-THREADED CUSUM-MLP ALGORITHM ..................................................................................... 990 

Hang Zhao, Guangfen Wei, Chunhua Hu, Qian Liu 

FIBER OPTIC BIOSENSOR BASED ON LONG PERIOD GRATING FOR THE DETECTION 
OF VITAMIN D ............................................................................................................................................... 994 

Flavio Esposito, Lucia Sansone, Anubhav Srivastava, Angela Maria Cusano, Stefania 
Campopiano, Michele Giordano, Agostino Iadicicco 

DESIGN OF AN ARTIFICIAL NEURAL NETWORK CIRCUIT FOR DETECTING ATRIAL 
FIBRILLATION IN ECG SIGNALS ............................................................................................................... 998 

Renee Lerch, Babak Hosseini, Pierre Gembaczka, Gernot A. Fink, Andre Lüdecke, Viktor 
Brack, Furkan Ercan, Alexander Utz, Karsten Seidl 

ORTHOGONAL FLUXGATE SENSOR NOISE DEPENDS ON ANNEALING-INDUCED 
MAGNETOSTRICTION OF THE CORE ..................................................................................................... 1002 

Mattia Butta, Alexander Valeriano Inchausti, Michal Dressler, Michal Janošek 

PASSIVE ULTRASONIC TEMPERATURE MEASUREMENT THROUGH A METAL WALL ............. 1006 
Bibhu Kar, Thomas Schaechtle, Stefan J. Rupitsch, Ulrike Wallrabe 

OPTIMIZATION OF SUSPENDED LADDER BG SILICON SENSORS FOR HIGH 
WAVELENGTH OR AMPLITUDE SENSITIVITY .................................................................................... 1010 

Siim Heinsalu, Yuichi Matsushima, Hiroshi Ishikawa, Katsuyuki Utaka 

CHEMICAL IDENTIFIER FOR PARTICULATE MATTER MONITORING IN 
CONSTRUCTION SITES .............................................................................................................................. 1014 

Javier Nuñez, Robin Koldeweij, Joe Trimboli, Arjen Boersma 

ENHANCED TENG PERFORMANCE BY ENGINEERING THE COMPRESSION MODULUS 
OF TRIBOELECTRIC LAYERS .................................................................................................................. 1018 

V. Palaniappan, X. Zhang, D. Maddipatla, B. B. Narakathu, B. J. Bazuin, M. Z. Atashbar 



ONE-SHOT RADAR-BASED GESTURE RECOGNIZER FOR FAST PROTOTYPING .......................... 1022 
Xiaodong Cai, Haoyang Wu, Jingyi Ma, Hemin Han, Michael Ma 

CARBON NANOTUBES/POLYMER FILMS FOR MICROSENSORS APPLICATIONS ........................ 1026 
Marco Cen-Puc, Tim De Rijk, Minerva Vargas Gleason, Walter Lang 

FLEXIBLE CHEMIRESISTIVE PH SENSOR BASED ON POLYANILINE / CARBON 
NANOTUBE NANOCOMPOSITE FOR IOT APPLICATIONS.................................................................. 1030 

Homa Emami, Shirin Mahinnezhad, Ahmad Al Shboul, Mohsen Ketabi, Andy Shih, Ricardo 
Izquierdo 

A WIRELESS, MULTI-CHANNEL PRINTED CAPACITIVE STRAIN GAUGE SYSTEM FOR 
STRUCTURAL HEALTH MONITORING .................................................................................................. 1034 

Kshama L. Ranganatha, Kaelee Novich, Timothy Phero, Kiyo T. Fujimoto, Doug Litteken, 
Dave Estrada, Brian J. Jaques, Benjamin C. Johnson 

RESISTIVE AND CTAT TEMPERATURE SENSORS IN A SILICON CARBIDE CMOS 
TECHNOLOGY ............................................................................................................................................. 1038 

Joost Romijn, Luke M. Middelburg, Sten Vollebregt, Brahim El Mansouri, Henk W. Van Zeijl, 
Alexander May, Tobias Erlbacher, Guoqi Zhang, Pasqualina M. Sarro 

IOT-BASED RECONFIGURABLE MICROPUMP FOR DRUG DELIVERY APPLICATIONS .............. 1042 
Youssef Kotb, Mariam Hegazy, Kareem Abdelrahman, Zahwa Nour, Mohammed Al-Jebzi, 
Omar Ibrahim, Ahmed Gouda, Mona Abdel-Mottaleb, Mohamed Serry 

SENSOR FOR IN-SITU DETECTION OF BACTERIA IN URINARY TRACT INFECTION .................. 1046 
Wei Yi, Jiachen Liu, Zhongyang Cheng, Tung-Shi Huang, Kenny V. Brock 

AI-BASED FALL DETECTION USING CONTACTLESS SENSING ....................................................... 1050 
Ahmad Taha, Mohammad M. A. Taha, Basel Barakat, William Taylor, Qammer H. Abbasi, 
Muhammad Ali Imran 

FULLY PRINTED PH SENSOR BASED IN CARBON BLACK/POLYANILINE 
NANOCOMPOSITE ...................................................................................................................................... 1054 

Shirin Mahinnezhad, Homa Emami, Mohsen Ketabi, Ahmad Al Shboul, Najet Belkhamssa, 
Andy Shih, Ricardo Izquierdo 

HIGH ELECTRON MOBILITY TRANSISTOR-BASED HYDROGEN SENSOR USING ITO AS 
A SENSING LAYER ..................................................................................................................................... 1058 

Md. Iktiham Bin Taher, Yacine Halfaya, Rouba Alrammouz, Mathieu Lazerges, Aurelien 
Randi, Tarik Moudakir, Nossikpendou Yves Sama, Thomas Guermont, Nicolas Pelissier, 
Thomas Pichler, Médéric Piedevache, Jacques Pironon, Simon Gautier 

INDIVIDUAL AND LONGITUDINAL TREND ANALYSIS OF STAIRWAY GAIT VIA 
AMBIENT MEASUREMENT USING HANDRAIL-SHAPED FORCE SENSOR ..................................... 1062 

Moe Hamada, Koji Kitamura, Yoshifumi Nishida 

A DIFFERENTIAL P-ISFET BASED ON-CHIP PH SENSOR WITH SUBSTRATE BASED 
DRIFT RESET CAPABILITY ....................................................................................................................... 1066 

Vaishak Prathap, Albert H Titus 

CHARACTERIZATION OF 3D PRINTED SHEETS USING MULTI-FREQUENCY 
SCANNING IMPEDANCE MICROSCOPY ................................................................................................ 1070 

Martijn Schouten, Gijs Krijnen 

RACE-TRACK FLUXGATE SENSOR SCALING VERSUS NOISE ......................................................... 1074 
Vojtech Petrucha, Mattia Butta 



WEARABLE SKIN VAPOR SENSING SYSTEM FOR CONTINUOUS MONITORING OF 
VARIOUS HEALTH AND LIFESTYLES .................................................................................................... 1078 

Bongmook Lee, Michael Lim, Veena Misra 

AN IMPLANTABLE UMBO MICROPHONE FOR FULLY-IMPLANTABLE ASSISTIVE 
HEARING DEVICES .................................................................................................................................... 1082 

Benjamin G. Cary, John Z. Zhang, Christopher I. McHugh, Ioannis Kymissis, Elizabeth S. 
Olson, Hideko Heidi Nakajima, Jeffrey H. Lang 

ENHANCING OPEN-LOOP CONTROL OF MEMS USING LINEAR ELECTROSTATIC 
LEVITATION ACTUATORS ....................................................................................................................... 1086 

Mohammad Mousavi, Mohammad Alzgool, Shahrzad Towfighian 

INTEGRATED SENSING IN ROBOTIC SKIN MODULES ....................................................................... 1090 
William R. Johnson, Joran Booth, Rebecca Kramer-Bottiglio 

WEARABLE BIOIMPEDANCE HYDRATION MONITORING SYSTEM USING 
CONFORMABLE AGNW ELECTRODES .................................................................................................. 1094 

Tanner Songkakul, Shuang Wu, Parvez Ahmmed, William D. Reynolds, Yong Zhu, Alper 
Bozkurt 

INVESTIGATING THE POTENTIAL OF A PEDOT:PSS ORGANIC MICROWAVE 
RESONATOR FOR GAS SENSING APPLICATIONS ............................................................................... 1098 

Maryam Moradpour, Mandeep C. Jain, Nicolas R. Tanguy, Mohammad H. Zarifi 

SAPPHIRE LONG-PERIOD GRATING FIBERS FOR POTENTIAL REFRACTIVE INDEX 
SENSING ....................................................................................................................................................... 1102 

Mengchuan Xing, Frederic Surre, James Sharp, Han Cheng Seat 

WIRELESS POWER TRANSFER THROUGH SOIL OVER A RANGE OF MOISTURE 
LEVELS FOR IN-SITU SOIL HEALTH MONITORING ............................................................................ 1106 

Weijie Luo, Aidan Jackson, Jack Sorensen, Archana Dahal, Ramesh Goel, Shad Roundy, 
Cody Zesiger, Darrin J. Young 

RADIOGRAPHIC INSPECTION OF SUBMERGED ARC WELDING USING SEMANTIC 
SEGMENTATION ......................................................................................................................................... 1110 

Yi Zhao, Shiyi Liu, Xiaohui Li 

DEVELOPMENT OF A FLEXIBLE AND CONFORMABLE EEG SENSORS USING 3D 
PRINTING PROCESS ................................................................................................................................... 1114 

Adam Schuhknecht, Evan Fadanelli, Mohit Patel, Anthony J. Hanson, Dinesh Maddipatla, 
Massood Z. Atashbar 

AEROSOL-JET PRINTING OF FLEXIBLE GREEN GRAPHENE HUMIDITY SENSORS FOR 
IOT APPLICATIONS .................................................................................................................................... 1118 

Mohsen Ketabi, Ahmad Al Shboul, Shirin Mahinnezhad, Ricardo Izquierdo 

GEL-FREE WEARABLE ELECTROENCEPHALOGRAPHY (EEG) WITH SOFT GRAPHENE 
TEXTILES ..................................................................................................................................................... 1122 

Ata Golparvar, Ozberk Ozturk, Murat Kaya Yapici 

SMART ARMBAND WITH GRAPHENE TEXTILE ELECTRODES FOR EMG-BASED 
MUSCLE FATIGUE MONITORING ........................................................................................................... 1126 

Ozberk Ozturk, Ata Golparvar, Murat Kaya Yapici 



FABRICATION PROCESS AND STRUCTURAL CHARACTERIZATION OF FUSED SILICA-
ON-SILICON TOROIDAL RING GYROSCOPE ......................................................................................... 1130 

Daryosh Vatanparvar, Doreen Hii, Andrei M. Shkel 

LINEAR PULSE-FREQUENCY MODULATOR ISFET WITH A WIDE SUPPLY RANGE .................... 1134 
Jose Cortes-Guzman, Andreas Tsiamis, David R. S. Cumming, Srinjoy Mitra 

LONG-LASTING LEAF WATER STRESS DETECTOR BASED ON AN INFRARED 
MICROMECHANICAL PHOTOSWITCH AND A SOLAR POWERED SUNLIGHT DIGITIZER .......... 1138 

Antea Risso, Vageeswar Rajaram, Matilde Maria Pavese, Sungho Kang, Sila Deniz Calisgan, 
Zhenyun Qian, Matteo Rinaldi 

TOWARDS CONTINUOUS PLANT BIOIMPEDANCE FITTING AND PARAMETER 
ESTIMATION ................................................................................................................................................ 1142 

Devon Martin, James Reynolds, Michael Daniele, Edgar Lobaton, Alper Bozkurt 

EXPLORING THE POTENTIAL OF CELLULOSE NANOFIBRILS FOR HUMIDITY SENSING 
USING AN ORGANIC MICROWAVE RESONATOR ............................................................................... 1146 

Nicolas R. Tanguy, Maryam Moradpour, Mandeep C. Jain, Ning Yan, Mohammad H. Zarifi 

LOW FREQUENCY NOISE INVESTIGATION OF PT-LEVEL MAGNETIC SENSORS BY 
CROSS-SPECTRAL METHOD .................................................................................................................... 1150 

Michal Janošek, David Novotný, Michal Dressler, Elda Saunderson 

LAMB WAVES SENSOR IN LIQUID MEDIA UTILIZING HIGHER-ORDER QUASI-
LONGITUDINAL S5 AND S6 MODES ........................................................................................................ 1154 

Muhammad Hamidullah, Nassim Rezzag, Céline Élie-Caille, Thérèse Leblois 

DIAGNOSING LUNG AND GASTRIC CANCERS THROUGH EXHALED BREATH 
ANALYSIS BY USING ELECTRONIC NOSE TECHNOLOGY COMBINED WITH PATTERN 
RECOGNITION METHODS......................................................................................................................... 1158 

Benachir Bouchikhi, Omar Zaim, Nezha El Bari, Naoual Lagdali, Imane Benelbarhdadi, 
Fatima Zohra Ajana 

TRACKING LOWER BODY 3D KINEMATICS USING THREE IMUS ................................................... 1162 
Luke Wicent Sy, Nigel H. Lovell, Stephen J. Redmond 

A GRAPH-BASED METHOD FOR INTERBEAT INTERVAL AND HEART RATE 
VARIABILITY ESTIMATION FEATURING MULTICHANNEL PPG SIGNALS DURING 
INTENSIVE ACTIVITY ............................................................................................................................... 1166 

Luffina C. Huang, Ali Akbari, Roozbeh Jafari 

DESIGN AND CHARACTERIZATION OF A LOW-POWER MOISTURE SENSOR FROM 
COMMERCIALLY AVAILABLE ELECTRONICS .................................................................................... 1170 

John Sanchez, Archana Dahal, Cody Zesiger, Ramesh Goel, Darrin Young, Shad Roundy 

A LOW-POWER 54µW ADAPTIVE ANALOG FRONT-END WITH ADAPTIVE INTENSITY 
CONTROL FOR AN ORGANIC PPG SENSOR IN WEARABLE DEVICES ............................................ 1174 

Rajeev Kumar Pandey, Paul C.-P Chao 

A MICRO-WATT ELECTROLYTIC POWER SCAVENGER DRIVEN BY EYE-BLINKING 
MOTION ........................................................................................................................................................ 1178 

Erfan Pourshaban, Mohit U. Karkhanis, Adwait Deshpande, Aishwaryadev Banerjee, 
Hanseup Kim, Carlos H. Mastrangelo 



FLEXIBLE EGAIN LIQUID METAL MICROSTRIP PATCH ANTENNA BASED PRESSURE 
SENSOR ......................................................................................................................................................... 1182 

Sheikh Dobir Hossain, Annatoma Arif, Bhushan Lohani, Robert C. Roberts 

DEVELOPMENT OF A FLEXIBLE WIRELESS MWCNTS-BASED ECG MONITORING 
DEVICE ......................................................................................................................................................... 1186 

Y. Beyene, R. Bahre, F. Mohammed, S. Masihi, A. Hanson, M. Panahi, D. Maddipatla, M. Z. 
Atashbar 

HIGHLY SENSITIVE CONE-STRUCTURED POROUS PRESSURE SENSORS FOR 
RESPIRATION MONITORING APPLICATIONS ...................................................................................... 1190 

M. Panahi, S. Masihi, A. J. Hanson, D. Maddipatla, X. Zhang, V. Palaniappan, B. B. 
Narakathu, B. J. Bazuin, M. Z. Atashbar 

SPATIO-TEMPORAL ANALYSES OF ENVIRONMENTAL MONITORING BASED ON 
WIRELESS SENSOR NETWORKS ............................................................................................................. 1194 

Ryoma Yasutani, Koki Kitazumi, Shusuke Narieda, Takeo Fujii, Kenta Umebayashi, Hiroshi 
Naruse 

INKJET PRINTED 3D GOLD ELECTROCHEMICAL SENSOR ON SHAPE MEMORY 
POLYMER FOR LEAD DETECTION ......................................................................................................... 1198 

Annatoma Arif, Angela Mendez Contreras, Sheikh Dobir Hossain, Robert C. Roberts 

LINEAR ORGANIC TRANSISTOR BASED TEMPERATURE SENSOR BETWEEN 230 AND 
330 K .............................................................................................................................................................. 1202 

Rosalba Liguori, Luigi Di Benedetto, Gian Domenico Licciardo 

RAPID FABRICATION OF HIGH-RESPONSIVITY PHOTODETECTORS UTILIZING 
ALGAN/GAN ON SAPPHIRE ...................................................................................................................... 1206 

Hong-Quan Nguyen, Abu Riduan Md Foisal, Thanh Nguyen, Hung Nguyen, Trung Hieu Vu, 
Jarred Fastier-Wooller, Sadegh Aberoumand, Van Thanh Dau, Hoang-Phuong Phan, Dzung 
Viet Dao 

LOW-POWER STATIC AND DYNAMIC TACTILE SENSING USING IN-SITU FABRICATED 
PVDF-TRFE E-SKIN ..................................................................................................................................... 1210 

Jarred W. Fastier-Wooller, Trung Hieu Vu, Yong Zhu, Hong-Quan Nguyen, Van Thanh Dau, 
Dzung Viet Dao 

A NANO-JOULE BURST-MODE EYE-GAZE ANGLE AND OBJECT DISTANCE SENSOR 
FOR SMART CONTACT LENSES .............................................................................................................. 1214 

Chayanjit Ghosh, Sakthidasan Kalidasan, Mohit U. Karkhanis, Alex Mastrangelo, 
Aishwaryadev Banerjee, Ross Walker, Hanseup Kim, Carlos H. Mastrangelo 

TOWARD SUBCUTANEOUS ELECTROCHEMICAL APTASENSORS FOR NEUROPEPTIDE 
Y ..................................................................................................................................................................... 1218 

Hayley Richardson, Grace Maddocks, Kaila Peterson, Michael Daniele, Spyridon Pavlidis 

A FULLY DIFFERENTIAL PPG READOUT AMPLIFIER WITH A RECONFIGURABLE 
BANDWIDTH FOR POWER MINIMIZATION .......................................................................................... 1222 

Zeqi Zhang, Shuang Song, Tian Yang, Mengyu Li, Zheng Gu, Yizhao Zhou, Menglian Zhao 

MOLYBDENUM DISULFIDE MEMBRANE-BASED ULTRASENSITIVE TEMPERATURE 
SENSOR ......................................................................................................................................................... 1226 

Nishta Arora, Akshay Naik 

RADAR SENSING FOR HUMAN HEALTHCARE: CHALLENGES AND RESULTS ............................ 1230 
Francesco Fioranelli, Julien Le Kernec 



WHERE'S MY CELLPHONE: NON-CONTACT BASED HAND-GESTURES AND 
ULTRASOUND HAPTIC FEEDBACK FOR SECONDARY TASK INTERACTION WHILE 
DRIVING ....................................................................................................................................................... 1234 

Ahmed Farooq, Tomi Nukarinen, Antti Sand, Hanna Venesvirta, Oleg Spakov, Veikko 
Surakka, Roope Raisamo 

PILOT STUDY: A VISUOTACTILE HAPTIC PRIMARY COLORS SENSOR......................................... 1238 
Alexander C. Abad, Manex Ormazabal, David Reid, Anuradha Ranasinghe 

PRINTED CAPACITIVE PRESSURE SENSOR WITH ENHANCED SENSITIVITY THROUGH 
A LAYERED PDMS/BATIO3 STRUCTURE ............................................................................................... 1242 

Wenxin Wu, Kevin Schnittker, Joseph Andrews 

NONCONTACT ELECTROPHYSIOLOGY MONITORING SYSTEMS FOR ASSESSMENT OF 
CANINE-HUMAN INTERACTIONS ........................................................................................................... 1246 

Parvez Ahmmed, Timothy Holder, Marc Foster, Ivan D. Castro, Aakash Patel, Tom Torfs, 
Alper Bozkurt 

DISCRIMINATION OF VOCS ALONG WITH CONCENTRATION CHANGE DETECTION 
APPLYING A COMBINATION OF DWT AND MACHINE LEARNING TOOLS ................................... 1250 

Snehanjan Acharyya, Sudip Nag, Prasanta Kumar Guha 

PASSIVE ACOUSTIC TRANSDUCER AS A FLUID FLOW SENSOR .................................................... 1254 
S. K. E. Yang, M. E. Kiziroglou, E. M. Yeatman, A. S. Holmes 

SIGNAL CLASSIFICATION USING A MECHANICALLY COUPLED MEMS NEURAL 
NETWORK .................................................................................................................................................... 1258 

Hamed Nikfarjam, Amin Abbasalipour, Mehari K. Tesfay, Mohammad H Hasan, Siavash 
Pourkamali, Roozbeh Jafari, Fadi Alsaleem 

WEARABLE TRIBOELECTRIC SENSOR FOR RESPIRATION AND COUGHING 
MONITORING .............................................................................................................................................. 1262 

David F. Vera Anaya, Mehmet R. Yuce 

HIGH-Q NAVIGATION-GRADE FUSED-SILICA MICRO BIRDBATH RESONATOR 
GYROSCOPE ................................................................................................................................................ 1266 

J. Cho, S. Singh, T. Nagourney, J.-K. Woo, A. Darvishian, B. Shiari, G. He, C. Boyd, E. 
Bentley, K. Najafi 

SENSORS FOR SMART PACKAGING IN HEALTHCARE AND FOOD INDUSTRY ............................ 1270 
Olga Korostynska 

LIVE DEMONSTRATION: HIGHLY SENSITIVE HOLLOW-CORE FIBER OPTIC SENSOR 
USING A RING LASER FOR MEASURING MATERIAL THERMAL EXPANSION ............................. 1271 

Angie Torres, Silvia Diaz, Omar Fuentes, Jesús Corres, Ignacio Del Villar, Ignacio R. Matías 

LIVE DEMONSTRATION: DOUBLE SLERP GRAVITY-MAGNETIC VECTOR (GMV-D) 
ORIENTATION CORRECTION IN A MARG SENSOR ............................................................................ 1272 

Neeranut Ratchatanantakit, Nonnarit O-Larnnithipong, Pontakorn Sonchan, Malek Adjouadi, 
Armando Barreto 

Author Index 
 




