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by Andrea Farabbi and Luca Mainardi . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50

Room Mediterranean 1 - HEALTHINF . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51
Complete Paper #2: A Systematic Review and Recommendation of Software Architectures for SARS-CoV-2 Monitoring,

by Kay Smarsly, Yousuf Al-Hakim, Patricia Peralta, Silvio Beier and Claudia Klümper . . . . . . . . . . . . . 51
Complete Paper #12: Development and Application of Regional Level Complete Inspection Management Platform, by

Jin Zhao, Guocheng Wang, Daguo Huang, Yue Teng, Yichu Bai, Xudong Gao and Yi Zhou . . . . . . . . . . 51
Complete Paper #33: Technical Realization and First Insights of the Multicenter Integrative Breast Cancer Registry

INTREST, by Thomas Ostermann, Sebastian Unger, Michaela Warzecha, Sebastian Appelbaum, Daniela
Recchia, Holger Cramer and Heidemarie Haller . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51

Complete Paper #53: Bed Management System Development, by Flannagán Noonan, Juncal Nogales, Ciarán Doyle,
Eilish Broderick and Joseph Walsh . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51

Complete Paper #64: Analysis of Driving Behavior by Applying LDA Topic Model at Intersection Using VR Simulator, by
Hyeokmin Lee, Hosang Moon, Jaehoon Kim, Jaeheui Lee, Eunghyuk Lee and Sungtaek Chung . . . . . . . . 52

Complete Paper #77: A Profile Recognition System Based on Emotions for Children with ASD in an Interactive Museum
Visit, by Nicolás Araya, Javier Gomez and Germán Montoro . . . . . . . . . . . . . . . . . . . . . . . . . 52

Keynote Lecture (17:00 - 18:00)
Room New York - BIOSTEC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52

Academia and Industry: Partners in Leveraging Engineering, Science and Medicine for Clinical Translation, by Elazer
Edelman . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52

Friday Sessions: February 17

Oral Presentations (Online) 3 (09:00 - 10:15)
Room BIOINFORMATICS Online - BIOINFORMATICS: Systems Biology . . . . . . . . . . . . . . . . . . . . . . . . . . 55

Complete Paper #5: MRQPMS: Design of a Map Reduce Bioinspired Model for Solving Quorum Planted Motif Search
for High-Speed Deployments, by Aditi Durge and Deepti Shrimankar . . . . . . . . . . . . . . . . . . . . . 55

Complete Paper #8: A Formal Probabilistic Model of the Inhibitory Control Circuit in the Brain, by Elisabetta De Maria,
Benjamin Lapijover, Thibaud L’Yvonnet, Sabine Moisan and Jean-Paul Rigault . . . . . . . . . . . . . . . . 55

Complete Paper #15: SAT-Based Method for Finding Attractors in Asynchronous Multi-Valued Networks, by Takehide
Soh, Morgan Magnin, Daniel Le Berre, Mutsunori Banbara and Naoyuki Tamura . . . . . . . . . . . . . . . 55

Room BIODEVICES Online - BIODEVICES: Health Monitoring Devices . . . . . . . . . . . . . . . . . . . . . . . . . . . 56
Complete Paper #27: An Analysis of IoMT Vital Signs Measurement Devices for Practical and Secure Remote Clinical

Monitoring, by Kerry Fang, Quoc Trieu, Heidi Bjering, Steven Thomas, Jim Basilakis and Jeewani Ginige . . . 56
Abstract #40: Hypoglycemia detection and prediction using a wearable device, by Giordana Di Berardino, Enrico

Fornito, Federico Boscari, Angelo Avogaro and Fernanda Irrera . . . . . . . . . . . . . . . . . . . . . . . . 56

Session 3 (09:00 - 10:15)
Room Mediterranean 4 - BIOIMAGING: Medical Imaging and Diagnosis . . . . . . . . . . . . . . . . . . . . . . . . . . 57
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Complete Paper #1: Particle Tracking with Neighbourhood Similarities: A New Method for Super Resolution Ultrasound
Imaging, by Andrew Mobberley, Georgios Papageorgiou, Mairead Butler, Evangelos Kanoulas, Julian Keanie,
Daniel Good, Kevin Gallagher, Alan McNeil, Vassilis Sboros and Weiping Lu . . . . . . . . . . . . . . . . . 57

Complete Paper #9: Prediction of Thyroid Malignancy Using Contextual Semantic Interpretability from Sonograms, by
Ahana Choudhury, Radu Mihail and Sorin Chiriac . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57

Complete Paper #19: Foreground Extraction in Histo-Pathological Image by Combining Mathematical Morphology
Operations and U-Net, by Jia Li, Junling He, Jingmin Long, Chenxu Wang, Jesper Kers and Fons Verbeek . . . 57

Room Mediterranean 3 - BIOSIGNALS: Pattern Recognition & Machine Learning for Biosignal Data . . . . . . . . . . . . . 57
Complete Paper #27: Speech-Based Supervised Learning Towards the Diagnosis of Amyotrophic Lateral Sclerosis, by

Ricardo Cebola, Duarte Folgado, André Carreiro and Hugo Gamboa . . . . . . . . . . . . . . . . . . . . . 57
Complete Paper #28: Automated Detection of Decision-Making Style, Based on Users’ Online Mouse Pointer Activity,

by Marcus Cheetham, Catia Cepeda, Hugo Gamboa, Christoph Hoelscher and Seyed Valizadeh . . . . . . . 58
Complete Paper #47: Reflecting on the Status Quo of Nonverbal Human-Machine Interaction, by Fábio Barros, António

Teixeira and Samuel Silva . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58
Room Geneva - HEALTHINF: eHealth Applications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58

Complete Paper #38: On the Problem of Data Availability in Automatic Voice Disorder Detection, by Dayana Ribas,
Antonio Miguel, Alfonso Ortega and Eduardo Lleida . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58

Complete Paper #71: A Survey on Technologies Used During out of Hospital Cardiac Arrest, by Gaurav Rao, David
Savage, Vijay Mago and Pawan Lingras . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59

Doctoral Consortium on Biomedical Engineering Systems and Technologies (BIOSTEC_DC) - Session 1
(09:00 - 10:15)
Room Mediterranean 2 - BIOSTEC_DC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59

Complete Paper #5: A Tailored Internet of Things Lighting Solution to Support Circadian Rhythms and Wellbeing of
People Living with Dementia, by Kate Turley . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59

Complete Paper #6: Implementation and Optimization of Explainable and Trustworthy Artificial Intelligence Algorithms
for the Analysis of Radiological Images, by Camilla Scapicchio . . . . . . . . . . . . . . . . . . . . . . . . 59

Complete Paper #7: Characterizing Intraoral 3D Scanners: Phenomenological Model Approach, by Mykolas Akulauskas 60
Complete Paper #8: Stress or No Stress? This Is the Question: Life-Like Stress Detection in Different Domains Using

Different Hardware Solutions, by Josefine Welk . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60

Keynote Lecture (10:30 - 11:30)
Room New York - BIOSTEC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60

Machine Learning Applied to Electronic Health Record Data: Opportunities and Challenges, by Riccardo Bellazzi . . . . 60

Session 4 (11:45 - 13:00)
Room Mediterranean 4 - BIOIMAGING: Image Processing Methods . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60

Complete Paper #2: SalienceNet: An Unsupervised Image-to-Image Translation Method for Nuclei Saliency
Enhancement in Microscopy Images, by Emmanuel Bouilhol, Edgar Lefevre, Thierno Barry, Florian Levet,
Anne Beghin, Virgile Viasnoff, Xareni Galindo, Rémi Galland, Jean-Baptiste Sibarita and Macha Nikolski . . . 60

Complete Paper #17: Retinal Image Segmentation with Small Datasets, by Nchongmaje Ndipenoch, Alina Miron,
Zidong Wang and Yongmin Li . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61

Room Mediterranean 5 - BIOINFORMATICS: Algorithms and Software Tools . . . . . . . . . . . . . . . . . . . . . . . . 61
Complete Paper #9: Local Forward-Motion Panoramic Views for Localization and Lesion Detection for Multi-Camera

Wireless Capsule Endoscopy Videos, by Marina Oliveira and Helder Araujo . . . . . . . . . . . . . . . . . . 61
Complete Paper #6: Intelligence-Based Recommendation System for Critical Stroke Management in Intensive Care

Units, by Luis García Terriza, José Risco-Martín, José Ayala and Gemma Roselló . . . . . . . . . . . . . . . 61
Complete Paper #16: NP-BERT: A Two-Staged BERT Based Nucleosome Positioning Prediction Architecture for

Multiple Species, by Ahtisham Fazeel, Areeb Agha, Andreas Dengel and Sheraz Ahmed . . . . . . . . . . . 61
Room Mediterranean 3 - BIOSIGNALS: Detection and Identification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62

Complete Paper #21: Deep Minutiae Fingerprint Extraction Using Equivariance Priors, by Margarida Gouveia, Eduardo
Castro, Ana Rebelo, Jaime Cardoso and Bruno Patrão . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62

Complete Paper #38: Hallucinated Heartbeats: Anomaly-Aware Remote Pulse Estimation, by Jeremy Speth, Nathan
Vance, Benjamin Sporrer, Lu Niu, Patrick Flynn and Adam Czajka . . . . . . . . . . . . . . . . . . . . . . 62

Complete Paper #9: Machine Learning Algorithm Development and Metrics Extraction from PPG Signal for Improved
Robustness in Wearables, by Pedro Veiga, Rui Varandas and Hugo Gamboa . . . . . . . . . . . . . . . . . 62

Room Geneva - HEALTHINF: Pattern Recognition and Machine Learning . . . . . . . . . . . . . . . . . . . . . . . . . . 63
Complete Paper #30: Novel Distributed Informatics Platform to Support Machine Learning Discovery of Metabolic

Biomarkers in Hypoxia Predisposition, by Anthony Stell, Vedant Chauhan, Sandra Amador, Felix Beuschlein,
Judith Favier, David Gil, Philip Greenwood, Ronald de Krijger, Matthias Kroiss, Samanta Ortuno, Attila Patocs
and Axel Walch . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63

Complete Paper #5: Fall Prediction Amongst the Elderly Using Data from an Ambient Assisted Living System, by Philip
Branch, Divya Sridharam, Andre Ferretto and Tim Carroll . . . . . . . . . . . . . . . . . . . . . . . . . . . 63
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Complete Paper #58: A Gait Analysis Tool Based on Machine Learning to Support the Rehabilitation Strategy of Post-
stroke Patients, by Nicoletta Balletti, Gennaro Laudato and Rocco Oliveto . . . . . . . . . . . . . . . . . . . 63

Oral Presentations (Online) 4 (11:45 - 13:00)
Room BIOIMAGING Online - BIOIMAGING: Image Processing Methods . . . . . . . . . . . . . . . . . . . . . . . . . . 64

Complete Paper #15: LipoPose: Adapting Cellpose to Lipid Nanoparticle Segmentation, by Semanti Basu, Peter Bajcsy,
Thomas Cleveland, Manuel Carrasco and R. Bahar . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64

Complete Paper #16: Skin Tone via Device-Independent Colour Space, by Leah DeVos, Gennadi Saiko and Alexandre
Douplik . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64

Doctoral Consortium on Biomedical Engineering Systems and Technologies (BIOSTEC_DC) - Session 2
(11:45 - 13:00)
Room Mediterranean 2 - BIOSTEC_DC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64

Complete Paper #9: Simulation of Medical Shock Waves and Research on the Safety of Shock Wave Application on
Contraindicated Tissue, by Hannah Janout . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64

Complete Paper #10: Canine Lymphoma Categorization Using Deep Learning and Advanced Image Processing, by
Andreas Haghofer . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 64

Complete Paper #11: 3D Microtumours by Microfluidics: Fabrication and Applications, by Xingyun Yang . . . . . . . . 65

Special Session on Wearable HealthCare (WHC) - Session 1 (11:45 - 13:00)
Room BIOINFORMATICS Online - WHC: Wearable Healthcare . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65

Complete Paper #6: Data Acquisition System for a Wearable-Based Fall Prevention, by Raul Kaizer, Leonardo Sestrem,
Tiago Franco, João Gonçalves, João Teixeira, José Lima, José Carvalho and Paulo Leitão . . . . . . . . . . 65

Complete Paper #7: On a Real Real-Time Wearable Human Activity Recognition System, by Hui Liu, Tingting Xue and
Tanja Schultz . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65

Complete Paper #5: A Serious Game Development and Usability Test for Blood Phobia Treatment - PHOBOS, by João
Petersen, Vítor Carvalho, João Oliveira and Eva Oliveira . . . . . . . . . . . . . . . . . . . . . . . . . . . 65

Session 5 (14:30 - 16:00)
Room Mediterranean 3 - BIODEVICES: Wearable and Mobile Devices . . . . . . . . . . . . . . . . . . . . . . . . . . . 66

Complete Paper #19: Simulating the Effects of Melanin and Air Gap Depth on the Accuracy of Reflectance Pulse
Oximeters, by Miodrag Bolic . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66

Complete Paper #13: Ultra-Low Power Electronic Circuits Inspired by Biological Genetic Processes, by Ilan Oren,
Raghd Abu-Sinni and Ramez Daniel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66

Complete Paper #18: Towards an Intelligent Triage Bracelet: A Conceptual Study of a Semi-Automated Prehospital
Triage Algorithm and the Integration of Blood Pressure Measurement, by Lorenz Grünerbel, Ferdinand Heinrich,
Oliver Zett, Kristjan Axelsson and Maximilian Schumann . . . . . . . . . . . . . . . . . . . . . . . . . . . 66

Complete Paper #22: Enhancing Men’s Health Management at Home with an Easy-to-Use, App-Connected Prostate
Self-Testing Device, by Elisabeth Benke, Simone Gschaidmeier, Olivier Gentsch, Hannes Deittert, Sina Martin,
Alexander Preis and Jörg Franke . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66

Room Mediterranean 5 - BIOINFORMATICS: Data Mining and Machine Learning . . . . . . . . . . . . . . . . . . . . . . 67
Complete Paper #12: Efficient Representation of Biochemical Structures for Supervised and Unsupervised Machine

Learning Models Using Multi-Sensoric Embeddings, by Katrin Bohnsack, Alexander Engelsberger, Marika
Kaden and Thomas Villmann . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67

Complete Paper #22: DT-ML: Drug-Target Metric Learning, by Domonkos Pogány and Péter Antal . . . . . . . . . . . 67
Complete Paper #32: Predicting Moonlighting Proteins from Protein Sequence, by Jing Hu and Yihang Du . . . . . . . 67

Room Geneva - HEALTHINF: Application of Health Informatics in Clinical Cases . . . . . . . . . . . . . . . . . . . . . . . 67
Complete Paper #32: Development, Implementation and Validation of a Stochastic Prediction Model of UICC Stages

for Missing Values in Large Data Sets in a Hospital Cancer Registry, by Sebastian Appelbaum, Daniel Krüerke,
Stephan Baumgartner, Marianne Schenker and Thomas Ostermann . . . . . . . . . . . . . . . . . . . . . 67

Complete Paper #43: Extended Head Pose Estimation on Synthesized Avatars for Determining the Severity of Cervical
Dystonia, by Roland Stenger, Sebastian Löns, Feline Hamami, Nele Brügge, Tobias Bäumer and Sebastian
Fudickar . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68

Complete Paper #60: A Correlation Network Model for Analyzing Mobility Data in Depression Related Studies, by Rama
Thelagathoti and Hesham Ali . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68

Complete Paper #90: A Multi-Modality Approach to Medical Case Retrieval for Alzheimer’s Disease, by Katarina Dineva,
Ivan Kitanovski, Ivica Dimitrovski, Suzana Loshkovska and Alzheimer’s Disease Neuroimaging Initiative . . . . 68

Oral Presentations (Online) 5 (14:30 - 16:00)
Room HEALTHINF Online - HEALTHINF: Health Informatics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69

Complete Paper #29: Facilitating SNOMED-CT Template Creation by Targeting Stopwords, by Rashmi Burse, Michela
Bertolotto and Gavin McArdle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69
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Complete Paper #70: Perceptions on Telemedicine in Portugal During Sars-Cov-2 Pandemic: A Mixed-Methods Study,
by Ana Dias, Sandra Duarte, Joaquim Alvarelhão and Conceição Cunha . . . . . . . . . . . . . . . . . . . 69

Complete Paper #79: Contrast Set Mining for Actionable Insights into Associations Between Sleep and Glucose in a
Normoglycemic Population, by Hoang Nhung and Zilu Liang . . . . . . . . . . . . . . . . . . . . . . . . . 69

Complete Paper #84: Deep Learning Assisted Plus Disease Screening of Retinal Image of Infants, by Vijay Kumar,
Vatsal Agrawal, Shorya Azad and Kolin Paul . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69

Oral Presentations (Online) 5 (14:30 - 16:00)
Room BIOSIGNALS Online - BIOSIGNALS: Medical Signal Acquisition and Processing . . . . . . . . . . . . . . . . . . . 70

Complete Paper #4: Machine Learning Algorithms for Mouse LFP Data Classification in Epilepsy, by Antonis Golfidis,
Michael Vinos, Nikos Vassilopoulos, Eirini Papadaki, Irini Skaliora and Vassilis Cutsuridis . . . . . . . . . . . 70

Complete Paper #42: Estimation of Fluid Intake Volume from Surface Electromyography Signals: A Comparative Study
of Seven Regression Techniques, by Iman Ismail and Ernest Kamavuako . . . . . . . . . . . . . . . . . . . 70

Complete Paper #17: Comparison of the Electrophysiological Myoelectrical Activity Evolution in Induction of Labor
with Pharmacological and Mechanical Methods, by Alba Diaz-Martinez, Yiyao Ye-Lin, Rogelio Monfort-Ortiz,
Javier Garcia-Casado, Iria Rey-Ferreira, Felix Nieto-del-Amor, Vicente Diago-Almela, Jose Martinez-de-Juan
and Gema Prats-Boluda . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 70

Complete Paper #33: Content Based Image Retrieval Using Depth Maps for Colonoscopy Images, by Md Rahman,
JungHwan Oh, Wallapak Tavanapong and Piet C. de Groen . . . . . . . . . . . . . . . . . . . . . . . . . 71

Tutorial (14:30 - 16:00)
Room Mediterranean 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71

Open Reproducible Respiratory Electromyogram Analysis, by Candace Moore and Walter Baccinelli . . . . . . . . . . 71

Poster Presentations (Online) 2 (16:00 - 17:00)
Room BIOSTEC Online - BIOSTEC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71

Abstract #14: Pedestrian Traffic Light Detection and Recognition Systems for Blind People, by Eduardo Pinos, Francisco
Coronel-Berrezueta and Maria Cordero-Mendieta . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71

Room BIOSTEC Online - BIOINFORMATICS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71
Complete Paper #19: Prediction of Antimicrobial Peptides Using Deep Neural Networks, by Ümmü Söylemez, Malik

Yousef and Burcu Bakir-Gungor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 71
Complete Paper #27: Formal Analysis of Rewriting System Representing RNA Folding, by Krishnendu Ghosh and Julia

Goldman . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72
Complete Paper #33: Ongoing Work to Study the Underlying Statistical Patterns of Oesophageal Chromothripsis, by

Jack Fraser-Govil and Zemin Ning . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72
Room BIOSTEC Online - HEALTHINF . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72

Complete Paper #50: Pharmaceutical Audit Trail Blockchain-Based Microservice, by Stefano Loss, Lucas Cardoso,
Nélio Cacho and Frederico Lopes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72

Complete Paper #55: Intelligent Provision of Tailored, Easily Understood, and Trusted Health Information for Patient
Empowerment, by Marco Alfano, John Kellett, Biagio Lenzitti and Markus Helfert . . . . . . . . . . . . . . . 72

Poster Session 2 (16:00 - 17:00)
Room Mediterranean 1 - BIODEVICES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73

Abstract #5: Particle Tolerance of Micropumps for Automated Cell Culture, by Agnes Bußmann, Nivedha Surendran
and Martin Richter . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73

Abstract #17: Label-Free Single Cell Classification via Machine Learning and Optical Cell Signature Analysis, by David
Dannhauser, Paolo Netti and Filippo Causa . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 73

Abstract #20: Label-Free Sperm Classification Using Machine Learning Based Tracking in Microfluidics, by Luigi Fausto
Canonico, David Dannhauser, Maria Isabella Maremonti, Claudia De Clemente, Paolo Netti and Filippo Causa 74

Abstract #43: Manipulation of Virtual Objects Using Five-Finger Pressure of Handheld Haptic Controller in Virtual
Reality Environment, by SangHun Nam . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 74

Abstract #47: Evaluation of Electromagnetic Susceptibility of Biopotential Electrodes for Long Term Monitoring, by
Tiago Nunes, Ferran Silva, Mireya Fernández Chimeno, Marcos Quílez and Hugo Silva . . . . . . . . . . . . 75

Room Mediterranean 1 - BIOIMAGING . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75
Abstract #36: Effect of Ibuprofen on Red Blood Cells Studied Using Label-Free Digital Holotomography., by Talia

Bergaglio and Peter Nirmalraj . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 75
Room Mediterranean 1 - BIOINFORMATICS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76

Abstract #10: Using Prior Knowledge to Convert Raw Data into Images and Classify Them: The DPIX Algorithm -
Application in a Biomedical Context, by Nathan Foulquier, Alain Saraux, Jacques Olivier Pers and Pascal Redou 76

Abstract #15: BiomiX: A User-Friendly Bioinformatic Tool for Automatized Multiomics Data Analysis and Integration, by
Cristian Iperi, Álvaro Fernández-Ochoa, Jacques Olivier Pers, Divi Cornec, Anne Bordron and Christophe Jamin 76

Room Mediterranean 1 - BIOSIGNALS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76
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Complete Paper #7: Comparison of Machine Learning Algorithms for Human Activity Recognition, by Hassan Ashraf,
Olivier Brüls, Cédric Schwartz and Mohamed Boutaayamou . . . . . . . . . . . . . . . . . . . . . . . . . 76

Complete Paper #25: Multimodal Stress Classification Based on Biosignals Extracted from Smart Devices and
Electromyography, by Maria Justino, Phillip Probst, Daniel Zagalo, Cátia Cepeda and Hugo Gamboa . . . . . 77

Complete Paper #45: A Rank Aggregation Algorithm for Performance Evaluation in Modern Sports Medicine with NMR-
based Metabolomics, by V. Vigneron and H. Maaref . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 77
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Abstract #33: The Association of Blood Cadmium with Glycated Hemoglobin in Population-Based Cross-Sectional

Study: Insights from KNHANES Big Data, by Kisok Kim and Hyejin Park . . . . . . . . . . . . . . . . . . . 77
Abstract #48: Automated Classification of Movement Quality in the Single Leg Squat Using Convolutional Neural

Network Model, by Kyue-Nam Park, Sihyun Kim and Sihyun Kim . . . . . . . . . . . . . . . . . . . . . . . 78
Complete Paper #68: LifeSeniorProfile: A Multisensor Dataset for Elderly Real-time Activity Track, by Maicon Much,

Julio Sieg, Ayalon Moraes Filho, Vanessa Bartoski, Guilherme Schreiber and César Marcon . . . . . . . . . . 78
Complete Paper #73: Development of Learning System to Support for Passing Steps of Wheelchair, by Kotone

Sakiyama, Yukie Majima and Seiko Masuda . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78
Complete Paper #75: Effectiveness of Reflexology for Premenstrual Syndrome (PMS) and Other Health Difficulties

Specific to Women, by Ayame Inoue, Yukie Majima, Seiko Masuda and Takeshi Matsuda . . . . . . . . . . . 79

Keynote Lecture (17:00 - 18:00)
Room New York - BIOSTEC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79

Ground-Truthing in the European Health Data Space, by Mireille Hildebrandt . . . . . . . . . . . . . . . . . . . . . . 79
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Oral Presentations (Online) 6 (09:30 - 11:15)
Room HEALTHINF Online - HEALTHINF: Medical Informatics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83

Complete Paper #16: Predicting Comorbidities in Diabetic Patients and Visualizing Data for Improved Healthcare, by
Giridhar Krishnan and Waqar Haque . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83

Complete Paper #14: Benchmarking Disease Modeling Techniques on the Philippines’ COVID-19 Dataset, by Christian
Pulmano and Proceso Fernandez . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83

Complete Paper #22: Recommender System for Alarm Thresholds in Medical Patient Monitors, by Denise Schmidt,
Jonas Chromik and Bert Arnrich . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83

Complete Paper #40: Benchmarking the BRATECA Clinical Data Collection for Prediction Tasks, by Bernardo Consoli,
Renata Vieira and Rafael Bordini . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 83

Complete Paper #65: Federated Health Recommender System, by Sarah Pinon, Simon Jacquet, Colin Bulcke, Edouard
Chatzopoulos, Xavier Lessage and Raphaël Michel . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84

Room BIOIMAGING Online - BIOIMAGING: Image Processing Methods . . . . . . . . . . . . . . . . . . . . . . . . . . 84
Complete Paper #3: Improving Mitosis Detection via UNet-Based Adversarial Domain Homogenizer, by Tirupati

Chandra, Sahar Nasser, Nikhil Kurian and Amit Sethi . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84
Complete Paper #7: Automatic Spine Segmentation in CT Scans, by Gabor Revy, Daniel Hadhazi and Gabor Hullam . 84
Complete Paper #18: Simulating Ultrasound Images from CT Scans, by Sahar Nasser and Amit Sethi . . . . . . . . . 84
Abstract #60: Determination of Polarization Correlations of Gamma-Rays from Positronium Annihilation and

Implications to Positron Emission Tomography, by Ana Marija Kožuljevic, Tomislav Bokulić, Damir Bosnar, Ivica
Frišcic, Zdenka Kuncic, Siddharth Parashari, Luka Pavelić, Petar Žugec and Mihael Makek . . . . . . . . . . 85

Session 6 (09:45 - 11:15)
Room Mediterranean 4 - BIOINFORMATICS: Simulation and Modeling . . . . . . . . . . . . . . . . . . . . . . . . . . . 85

Complete Paper #4: Condition for Sustained Oscillations in Repressilator Based on a Hybrid Modeling of Gene
Regulatory Networks, by Honglu Sun, Jean-Paul Comet, Maxime Folschette and Morgan Magnin . . . . . . . 85

Complete Paper #7: Building a DNA Methylation Aging Clock Model on Less Labelled Data Using Item Response
Theory, by Keiji Yasuda, Miyuki Nakamura, Masatoshi Nagata and Masaru Honjo . . . . . . . . . . . . . . . 85

Room Mediterranean 3 - BIOSIGNALS: Wearable Sensors and Analysis of Real World Data . . . . . . . . . . . . . . . . 86
Complete Paper #6: AI and IoT Enabled Sleep Stage Classification, by Dimitrios Zografakis, Panagiotis Tsakanikas,

Ioanna Roussaki and Konstantina-Maria Giannakopoulou . . . . . . . . . . . . . . . . . . . . . . . . . . 86
Complete Paper #10: Annotation-Based Evaluation of Wrist EDA Quality and Response Assessment Techniques, by

E. Pattyn, E. Lutin, A. Van Kraaij, N. Thammasan, D. Tourolle, I. Kosunen, D. Tump, W. De Raedt and C. Van Hoof 86
Complete Paper #26: Analysis of Postural Variability of Office Workers Using Inertial Sensors, by Fábio Mendes, Phillip

Probst, Eduarda Oliosi, Luís Silva, Cátia Cepeda and Hugo Gamboa . . . . . . . . . . . . . . . . . . . . . 86
Complete Paper #31: Fall Risk Assessment Using Wearable-Based Turn Detection: Comparison of Different Algorithms

During Real-World Monitoring, by Jose Albites-Sanabria, Pierpaolo Palumbo, Stefania Bandinelli, Luca
Palmerini and Lorenzo Chiari . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86

Room Geneva - HEALTHINF: Usability and UX of Healthcare IT . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87
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Complete Paper #81: How Different Elements of Audio Affect the Word Error Rate of Transcripts in Automated Medical
Reporting, by Emma Kwint, Anna Zoet, Katsiaryna Labunets and Sjaak Brinkkemper . . . . . . . . . . . . . 87

Complete Paper #6: Designing Personalised Gamification of mHealth Survey Applications, by Paulina Adamczyk,
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Complete Paper #78: Improvement Potential of Business Models and Usability of Fitness Apps: Results of Expert
Interviews and a User Study, by Leon Griesch and Kurt Sandkuhl . . . . . . . . . . . . . . . . . . . . . . . 88

Tutorial (09:45 - 13:00)
Room Los Angeles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88

Graph Neural Networks and Their Applications in Bioinformatics, by Dong Xu . . . . . . . . . . . . . . . . . . . . . 88

Session 7 (11:30 - 13:00)
Room Berlin B - BIODEVICES: Biomedical Electronics and Devices . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88

Complete Paper #3: Low Profiled Angiographic Catheter with Enhanced Pushability and Flexibility: A Novel Design,
Fabrication, and in-Vitro Analysis, by Hafsa Inam, Murtaza Ali and Aimen Arshad . . . . . . . . . . . . . . . 88

Complete Paper #6: Physico-Mechanical and Performance-Based Testing of a Semi-Compliant Polyamide-Based
Angioplasty Balloon Catheter, by Murtaza Ali, Heinz Schade, Jessica Schade, Azhar Kayani, Muhammad
Aslam, Haris Ali and Zunaira Qureshi . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 88

Complete Paper #1: On the Application of Short-Term Heart Rate Variability Indices to Track Changes in Cognitive
Arousal, by Mahtab Mohammadpoor Faskhodi and Miquel García-González . . . . . . . . . . . . . . . . . 89

Complete Paper #8: Analysis of a Simple Method to Change the Wettability of the PDMS Surface for Biomicrofluidic
Applications, by Inês Gonçalves, Diana Pinho, Andrea Zille, Hirokazu Kaji, Graça Minas, Rui Lima, Patrícia
Sousa and Ana Moita . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 89
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Haghofer, Marian Fürsatz, Hannah Janout, Sylvia Nürnberger and Stephan Winkler . . . . . . . . . . . . . . 90
Complete Paper #10: EGFR Mutation Prediction of Lung Biopsy Images Using Deep Learning, by Ravi Gupta, Shivani

Nandgaonkar, Nikhil Kurian, Tripti Bameta, Subhash Yadav, Rajiv Kaushal, Swapnil Rane and Amit Sethi . . . 90
Complete Paper #13: Mathematical Morphology Based Volumetric Analysis of Bone Density Around Implant in

Post-Operational Follow-up of Per-Trochanteric Fractures, by Robertas Petrolis, Vėtra Markevičiūtė, Šarūnas
Tarasevičius, Deepak Raina, Lars Lidgren, Saulius Lukoševičius and Algimantas Kriščiukaitis . . . . . . . . . 90

Room Mediterranean 4 - BIOINFORMATICS: Sequence Analysis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91
Complete Paper #13: Fast Exact String to D-Texts Alignments, by Njagi Mwaniki, Erik Garrison and Nadia Pisanti . . . 91
Complete Paper #21: GediNETPro: Discovering Patterns of Disease Groups, by Emma Qumsiyeh, Miray Yazıcı and

Malik Yousef . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91
Abstract #54: Insights from Analyses of Low Complexity Regions with Canonical Methods for Protein Sequence

Comparison, by Patryk Jarnot, Joanna Ziemska-Legiecka, Marcin Grynberg and Aleksandra Gruca . . . . . . 91
Complete Paper #25: System Modeling and Machine Learning in Prediction of Metastases in Lung Cancer, by Andrzej

Swierniak, Emilia Kozłowska, Krzysztof Fujarewicz, Damian Borys, Agata Wilk, Jaroslaw Smieja and Rafal
Suwinski . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91

Room Geneva - HEALTHINF: Pattern Recognition and Machine Learning . . . . . . . . . . . . . . . . . . . . . . . . . . 92
Complete Paper #9: Context Discovery and Cost Prediction for Detection of Anomalous Medical Claims, with Ontology

Structure Providing Domain Knowledge, by James Kemp, Chris Barker, Norm Good and Michael Bain . . . . . 92
Complete Paper #45: A Question of Trust: Old and New Metrics for the Reliable Assessment of Trustworthy AI, by

Andrea Campagner, Riccardo Angius and Federico Cabitza . . . . . . . . . . . . . . . . . . . . . . . . . 92
Complete Paper #82: Using Balancing Methods to Improve Glycaemia-Based Data Mining, by Diogo Machado, Vítor

Costa and Pedro Brandão . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 92
Complete Paper #44: Concept for General Improvements in the Treatment of Femoral Shaft Fractures with an

Intramedullary Nail, by Finn Siegel, Christian Buj, Ralf Schwanbeck, Andreas Petersik, Ulrich Hoffmann,
Jakob Kemper, Frank Hildebrand, Philipp Kobbe, Jörg Eschweiler, Johannes Greven, Ricarda Merfort, Christian
Freimann, Astrid Schwaiger and Frerk Aschwege . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93

Room Mediterranean 3 - BIOSIGNALS: Pattern Recognition & Machine Learning for Biosignal Data . . . . . . . . . . . . . 93
Complete Paper #15: Impact of Body Position on Imaging Ballistocardiographic Signals, by Alexander Woyczyk and

Sebastian Zaunseder . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93
Complete Paper #8: Spontaneous Cardiac-Locomotor Coupling in Healthy Individuals During Daily Activities, by Aurora

Rosato, Matilda Larsson, Eric Rullman and Seraina Dual . . . . . . . . . . . . . . . . . . . . . . . . . . . 93
Complete Paper #16: Spectral Analysis of Cardiogenic Vibrations to Distinguish Between Valvular Heart Diseases, by

Ecem Erin and Beren Semiz . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93
Complete Paper #52: Parkinson and REM Sleep Behaviour Disorder: HRV Difference During Polysomnography, by

Parisa Sattar, Giulia Baldazzi, Nicla Mandas, Elisa Casaglia, Michela Figorilli, Monica Puligheddu and Danilo
Pani . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94
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Special Session on Machine Learning and Deep Learning for Preventive Healthcare and Clinical Decision
Support (Cognitive Computing for Healthcare) - Session 1 (11:30 - 13:00)
Room Mediterranean 2 - Cognitive Computing for Healthcare: Machine Learning and Deep Learning for Preventive Healthcare

and Clinical Decision Support . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 94
Complete Paper #7: Knowledge Graph Based Trustworthy Medical Code Recommendations, by Mutahira Khalid, Asim

Abbas, Hassan Sajjad, Hassan Khattak, Tahir Hameed and Syed Bukhari . . . . . . . . . . . . . . . . . . . 94
Complete Paper #12: An NLP-Enhanced Approach to Test Comorbidities Risk Scoring Based on Unstructured Health

Data for Hospital Readmissions Prediction, by Tahir Hameed, Haris Khan, Saad Khan, Mutahira Khalid, Asim
Abbas and Syed Bukhari . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95

Complete Paper #9: Personalized Semantic Annotation Recommendations on Biomedical Content Through an
Expanded Socio-Technical Approach, by Asim Abbas, Steve Mbouadeu, Tahir Hameed and Syed Bukhari . . . 95

Session 8 (14:30 - 16:15)
Room Mediterranean 4 - BIODEVICES: Biomedical Sensors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95

Complete Paper #10: A Novel Multi-Modal Sensing System Prototype for Cardiovascular and Cardiopulmonary
Monitoring, by Yusuf Hayirlioglu and Beren Semiz . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 95

Complete Paper #11: A Novel Microfluidic Pressure Sensor for Traditional Chinese Medicine (TCM) Pulse Data
Collection and Analysis, by Hong Zhu, Liutong Lin, Jui Pin Er, James Wong and Lingling Sun . . . . . . . . . 96

Complete Paper #17: Bioimpedance Simulations for the Monitoring of Fluid Overload in Heart Failure Patients, by
Alejandro Prenda, Alberto Olmo, Alberto Yúfera, Santiago Scagliusi, Pablo Pérez and Gloria Huertas . . . . . 96

Abstract #38: Wearable Device for Home Sleep Apnea Screening, by Fernanda Irrera, Alessandro Manoni, Daniela
Pellegrino, Alessandro Gumiero, Luigi Della Torre and Paolo Palange . . . . . . . . . . . . . . . . . . . . . 96

Room Mediterranean 3 - BIOSIGNALS: Medical Signal Acquisition, Analysis and Processing . . . . . . . . . . . . . . . . 97
Complete Paper #32: Event-Related Desynchronization Analysis During Action Observation and Motor Imagery of

Transitive Movements, by Stefania Coelli, Alessandra Calcagno, Federico Temporiti, Roberto Gatti, Manuela
Galli and Anna M. Bianchi . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 97

Complete Paper #19: Description of PD Phonation in Terms of EEG-Related Frequency Bands, by Pedro Gómez, Jiří
Mekyska, Luboš Brabenec, Patrik Šimko, Irena Rektorová, Andrés Gómez and Victoria Rodellar . . . . . . . 97

Complete Paper #5: Stylohyoid and Posterior Digastric Measurement with Intramuscular EMG, Submental EMG and
Swallowing Sound, by Adrien Mialland, Ihab Atallah and Agnès Bonvilain . . . . . . . . . . . . . . . . . . . 97

Room Geneva - HEALTHINF: Medical Informatics . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 98
Complete Paper #28: An Easy-to-Use and Robust Approach for the Differentially Private De-Identification of Clinical

Textual Documents, by Yakini Tchouka, Jean-François Couchot and David Laiymani . . . . . . . . . . . . . . 98
Complete Paper #10: Daily Pain Prediction in Workplace Using Gaussian Processes, by Chetanya Puri, Stijn Keyaerts,

Maxwell Szymanski, Lode Godderis, Katrien Verbert, Stijn Luca and Bart Vanrumste . . . . . . . . . . . . . 98
Complete Paper #18: IT-Structures and Algorithms for Quality Assurance in the Medical Advisory Service Institutions in

Germany. Step 2: To err is Human. Consensus-Conferences, by Vera Ries, Klaus-Peter Thiele, Bernhard van
Treeck, Sarah Schroeer, Christina Witt and Reinhard Schuster . . . . . . . . . . . . . . . . . . . . . . . . 98

Complete Paper #31: (ε, k)-Randomized Anonymization: ε-Differentially Private Data Sharing with k-Anonymity, by
Akito Yamamoto, Eizen Kimura and Tetsuo Shibuya . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99

Demo #1: Auto-ALS: A Platform for Antropodidactic Learning in Emergency Care, by Vadim Liventsev . . . . . . . . . 99

Oral Presentations (Online) 8 (14:30 - 16:15)
Room BIOSIGNALS Online - BIOSIGNALS: Physiological Processes and Machine Learning . . . . . . . . . . . . . . . . 99

Complete Paper #50: Using Sparse Representation of EEG Signal from a Shallow Sparse Autoencoder for Epileptic
Seizure Prediction, by Gul Khan, Nadeem Khan, Wala Saadeh and Muhammad Altaf . . . . . . . . . . . . . 99

Complete Paper #2: Constrained ALS for Estimation of Human Upper Limb Synergies, by Rabya Bahadur and Saeed
Rehman . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99

Complete Paper #34: Correlating EEG Signals and Electrode Locations by Means of Multidimensional Scaling, by Lucía
Rodríguez-Giraldo and Juan Ugarte . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100

Room BIOINFORMATICS Online - BIOINFORMATICS: Data Mining and Machine Learning . . . . . . . . . . . . . . . . . 100
Complete Paper #18: Skin Lesion Segmentation Using Attention-Based DenseUNet, by Anwar Jimi, Hind Abouche,

Nabila Zrira and Ibtissam Benmiloud . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100
Complete Paper #24: PUMP: An Underspecification Analysis Tool, by Jonathan Tang, McClain Kressman, Harsha

Lakshmankumar, Belle Aduaka, Ava Jakusovszky, Paul Anderson and Jean Davidson . . . . . . . . . . . . . 100
Complete Paper #23: GPTree: Generator of Phylogenetic Trees with Overlapping and Biological Events for Supertree

Inference, by Aleksandr Koshkarov and Nadia Tahiri . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 100
Abstract #24: MODEC: An Unsupervised Clustering Method Integrating Omics Data for Identifying Cancer Subtypes,

by Yanting Zhang and Hisanori Kiryu . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 101
Complete Paper #28: Intrinsic-Dimension Analysis for Guiding Dimensionality Reduction in Multi-Omics Data, by

Valentina Guarino, Jessica Gliozzo, Ferdinando Clarelli, Béatrice Pignolet, Kaalindi Misra, Elisabetta Mascia,
Giordano Antonino, Silvia Santoro, Laura Ferré, Miryam Cannizzaro, Melissa Sorosina, Roland Liblau, Massimo
Filippi, Ettore Mosca, Federica Esposito, Giorgio Valentini and Elena Casiraghi . . . . . . . . . . . . . . . . 102

26 16th International Joint Conference on Biomedical Engineering Systems and Technologies

C
ontents



FINAL PROGRAM AND BOOK OF ABSTRACTS: SESSIONS BIOSTEC 2023

Special Session on Machine Learning and Deep Learning for Preventive Healthcare and Clinical Decision
Support (Cognitive Computing for Healthcare) - Session 2 (14:30 - 16:15)
Room Mediterranean 2 - Cognitive Computing for Healthcare: Machine Learning and Deep Learning for Preventive Healthcare

and Clinical Decision Support . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102
Complete Paper #5: Integration of a Deep Learning-Based Module for the Quantification of Imaging Features into

the Filling-in Process of the Radiological Structured Report, by Camilla Scapicchio, Elena Ballante, Francesca
Brero, Raffaella Fiamma Cabini, Andrea Chincarini, Maria Evelina Fantacci, Silvia Figini, Alessandro Lascialfari,
Francesca Lizzi, Ian Postuma and Alessandra Retico . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102

Complete Paper #6: A Convolutional Neural Network Model for Prediction of ICU Performance Metrics: Time Series
and Image Transformation Approaches, by Ömer Karahan, Yasin Ulukuş and Çiǧdem Erdem . . . . . . . . . 103

Complete Paper #8: Short-Term and Long-Term Readmission Prediction in Uncontrolled Diabetic Patients using
Machine Learning Techniques, by Monira Mahmoud, Mohamed Bader and James McNicholas . . . . . . . . 103

Poster Presentations (Online) 3 (16:15 - 17:15)
Room BIOSTEC Online II - BIOSTEC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103
Room BIOSTEC Online II - BIODEVICES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103

Complete Paper #28: Smartphone Sensors to Measure Individual Sleeping Pattern: Experimental Study, by Doaa
Alamoudi, Ian Nabney and Esther Crawley . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103

Room BIOSTEC Online II - BIOSIGNALS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103
Complete Paper #43: An RFID Based Localization and Mental Stress Recognition System Using Wearable Sensors,

by Mhd. Raed, Semih Yön, Ali Güneş, Igor Kotenko, Elena Fedorchenko and Anna Polubaryeva . . . . . . . . 103
Complete Paper #51: Redundancy and Novelty Between ECG Leads Based on Linear Correlation, by Utkars Jain,

Adam Butchy, Michael Leasure, Veronica Covalesky, Daniel McCormick and Gary Mintz . . . . . . . . . . . . 104
Room BIOSTEC Online II - HEALTHINF . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 104

Complete Paper #11: Launcher50+: An Android Launcher for Use by Older Adults, by Craig Leamy, Bilal Ahmad, Sarah
Beecham, Ita Richardson and Katie Crowley . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 104

Complete Paper #57: The Use of Machine Learning to Predict Hospitalization of Covid-19: A Case Study in the State
of Minas Gerais - Brazil, by Gerda Rodrigues de Oliveira and Cristiane Nobre . . . . . . . . . . . . . . . . . 104

Complete Paper #62: GASTon: A Graph-Exploration System for Indexing, Annotating and Visualizing PubMed Articles
to Enhance the Analysis of Social deTerminants of Health, by Simone Bottoni, Alberto Trombetta, Flavio Bertini,
Danilo Montesi, Francesca Bonin, Alessandra Pascale, Martin Gleize and Pierpaolo Tommasi . . . . . . . . . 105

Room BIOSTEC Online - BIOSTEC . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105
Room BIOSTEC Online - BIOIMAGING . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 105

Abstract #32: Radioimmunomodulating Property of Super-Paramagnetic Iron Oxide Nanoparticle (SPION) in vitro Used
as Alternative Contrast Agent for MRI-Guided Liver Stereotactic Body Radiotherapy (SBRT), by Alexander
Kirichenko, Michael Shurin, Galina Shurin and Aishvarya Godla . . . . . . . . . . . . . . . . . . . . . . . 105

Room BIOSTEC Online - BIOINFORMATICS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 106
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Complete Paper #9

In Vitro Flow Study in an Intracranial Aneurysm
Biomodel Manufactured by Additive

Manufacturing

Andrews Souza1,2,3, Diana Rodrigues1, Maria Souza4,
Conrado Ferrera5, João Ribeiro3,4, Rui Lima1,2 and Ana

Moita6,7
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Abstract: The hemodynamics of Intracranial Aneurysm (IA)
involves complex phenomena that influence its growth and
rupture. The progress of additive manufacturing techniques has
allowed the development of biomodels suitable to perform in vitro
flow experiments. Hence, this work presents the manufacturing
process to fabricate flow biomodels by using the additive manu-
facturing technique known as Fused Deposition Modeling (FDM).
The biomodels obtained through the proposed technique has
proved to be suitable for in vitro flow experiments using imaging
techniques and for validation of numerical studies.

Oral Presentations (Online) 2 BIOINFORMATICS
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Bioinformatics Models, Methods and Algorithms

Complete Paper #11

Hemodynamics of Convergent Cavopulmonary
Connection with Ventricular Assist Device for

Fontan Surgery: A Computational and
Experimental Study

Qiyuan Wu1, Vincent Cleveland2, Seda Aslan1, Xiaolong
Liu1, Jacqueline Contento2, Paige Mass2, Byeol Kim1,
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Laura Olivieri2,4 and Axel Krieger1
1 Department of Mechanical Engineering, Johns Hopkins University,
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2 Sheikh Zayed Institute of Pediatric Surgical Innovation, Children’s

National Hospital, Washington, DC, U.S.A.
3 Department of Pediatric Cardiac Surgery, M Health Fairview University of
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4 Division of Cardiology, Children’s National Hospital, Washington DC,

U.S.A.

Keywords: Convergent Cavopulmonary Connection, Ventricular
Assist Device, Single Ventricle Heart Disease, Computational
Fluid Dynamics.

Abstract: Fontan surgery is the clinical standard for single ven-

tricle heart disease, with total cavopulmonary connection (TCPC)
as the current preferred configuration. Mechanical circulatory
support (MCS) is often desired to improve hemodynamics and
reduce post-surgical complications. Convergent cavopulmonary
connection (CCPC) was recently proposed to solve the difficulty
of integrating MCS in TCPC. In this study, we investigated the
hemodynamics of the CCPC conduit with a ventricular assist
device (VAD) integrated and explored indexed power jump (iPJ)
and time-averaged wall shear stress (TAWSS) by computational
fluid dynamics (CFD) with assistance from flow loop experiments.
Positive time-averaged iPJ was observed in the cases with limited
cardiac output, and regions with non-physiologic low TAWSS
were significantly reduced for all cases. These results could
strengthen the feasibility of this novel CCPC Fontan configuration
as a solution for MCS integration.

Complete Paper #17

Ontology-Powered Boosting for Improved
Recognition of Ontology Concepts from

Biological Literature

Pratik Devkota1, Somya Mohanty1 and Prashanti Manda2
1 Department of Computer Science, University of North Carolina,

Greensboro, NC, U.S.A.
2 Informatics and Analytics, University of North Carolina, Greensboro, NC,

U.S.A.

Keywords: Named Entity Recognition, Automated Ontology
Curation, Deep Learning, Biological Ontology.

Abstract: Automated ontology curation involves developing
machine learning models that can learn patterns from scientific
literature to predict ontology concepts for pieces of text. Deep
learning has been used in this area with promising results. How-
ever, these models often ignore the semantically rich information
that’s embedded in the ontologies and treat ontology concepts as
independent entities. Here, we present a novel approach called
Ontology Boosting for improving prediction accuracy of automated
curation techniques powered by deep learning. We evaluate the
performance of our models using Jaccard semantic similarity – a
metric designed to assess similarity between ontology concepts.
Semantic similarity metrics have the capability to estimate partial
similarity between ontology concepts thereby making them ideal
for evaluating the performance of annotation systems such as
deep learning where the goal is to get as close as possible to
human performance. We use the CRAFT gold standard corpus
for training our architectures and show that the Ontology Boosting
approach results in substantial improvements in the performance
of these architectures.
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Güneş, A. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 103
Gupta, R. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90

Habibi, I. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40
Hadhazi, D. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84
Hager, B. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 50
Haghofer, A. . . . . . . . . . . . . . . . . . . . . . . . . . 64, 90
Håkansson, A. . . . . . . . . . . . . . . . . . . . . . . . . . . 37
Haller, H. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51
Hamada, M. . . . . . . . . . . . . . . . . . . . . . . . . . . . .108
Hamami, F. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68
Hameed, T. . . . . . . . . . . . . . . . . . . . . . 94, 95, 112
Hamza, F. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34
Haque, W. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .83
Hartwig, M. . . . . . . . . . . . . . . . . . . . . . . . . . . 35, 36
Havlica, J. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .108
Hayden, O. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
Hayirlioglu, Y. . . . . . . . . . . . . . . . . . . . . . . . . . . . 95
He, J. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57
Hecker, P. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35
Heer, S. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 31
Heim, D. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
Hein, A. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87, 111
Heinrich, F. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 66
Helbling, J. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 39
Helfert, M. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .72
Hellmers, S. . . . . . . . . . . . . . . . . . . . . . . . . . . . .111
Hering, A. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36
Hildebrand, F. . . . . . . . . . . . . . . . . . . . . . . . . . . . 93
Hildebrandt, M. . . . . . . . . . . . . . . . . . . . . . . . . . . 31
Hiraga, C. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107
Hoelscher, C. . . . . . . . . . . . . . . . . . . . . . . . . . . . .58
Hoffmann, U. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93
Holdenrieder, S. . . . . . . . . . . . . . . . . . . . . . . . . . 41
Honjo, M. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .85
Hotta, K. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35
Hu, J. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67
Huang, D. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 51
Huertas, G. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96
Hullam, G. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84
Hwang, J. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 110

Ikedo, R. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 35
Inam, H. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .88
Inoue, A. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 79
Iperi, C. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 76
Irrera, F. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 56, 96
Ismail, I. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .70
Istrate, D. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 111
Iuchi, H. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .108

Jacquet, S. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84
Jain, U. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 104
Jakusovszky, A. . . . . . . . . . . . . . . . . . . . . . . . . 100
Jamin, C. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .76
Jamora, R. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 37
Janout, H. . . . . . . . . . . . . . . . . . . . . . . . . . . . 64, 90
Jarnot, P. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91
Javaski, E. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 49
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Kuś, M. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .87
Kwint, E. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87

L’Yvonnet, T. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55
Labda, W. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34
Labrousse, C. . . . . . . . . . . . . . . . . . . . . . . . . . . 111
Labunets, K. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87
Laiymani, D. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .98
Lakshmankumar, H. . . . . . . . . . . . . . . . . . . . .100
Lambusch, F. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38
Lapão, L. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38
Lapijover, B. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55
Larsson, M. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93
Lascialfari, A. . . . . . . . . . . . . . . . . . . . . . . . . . . 102
Laudato, G. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63
Laviolette, F. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .47
Le Berre, D. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55
Leamy, C. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 104
Leasure, M. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 104
Lee, E. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52
Lee, H. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52
Lee, J. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 52
Lee, S. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 110
Lefevre, E. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60
Leistner, T. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 45
Leitão, P. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65
Lella, L. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 106
Lengl, M. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
Lenzitti, B. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .72
Lercher, M. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
Lessage, X. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84
Levet, F. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60
Li, H. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .106
Li, J. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57
Li, Y. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61
Liang, Z. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 69

114 16th International Joint Conference on Biomedical Engineering Systems and Technologies

A
uthor Index

conrado
Resaltado



FINAL PROGRAM AND BOOK OF ABSTRACTS: AUTHOR INDEX BIOSTEC 2023

Liblau, R. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102
Licata, I. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 106
Lidgren, L. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 90
Lihoreau, T. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 40
Lima, J. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 65
Lima, R. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44, 89
Lin, L. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 96
Lingras, P. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 59
Lins, C. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .87
Lins, S. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .87
Lisowska, A. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 87
Liu, H. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .65
Liu, X. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .44
Liventsev, V. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 99
Lizzi, F. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 102
Lleida, E. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .58
Loke, Y. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 44
Londral, A. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 38
Long, J. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57
Löns, S. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 68
Lopes, F. . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48, 72
Lopez, G. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 42
Loshkovska, S. . . . . . . . . . . . . . . . . . . . . . . . . . . 68
Loss, S. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 72
Lu, W. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 57
Luca, S. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 98
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In Vitro Flow Study in an Intracranial Aneurysm Biomodel 
Manufactured by Additive Manufacturing 
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Abstract: The hemodynamics of Intracranial Aneurysm (IA) involves complex phenomena that influence its growth 
and rupture. The progress of additive manufacturing techniques has allowed the development of biomodels 
suitable to perform in vitro flow experiments. Hence, this work presents the manufacturing process to fabricate 
flow biomodels by using the additive manufacturing technique known as Fused Deposition Modeling (FDM). 
The biomodels obtained through the proposed technique has proved to be suitable for in vitro flow 
experiments using imaging techniques and for validation of numerical studies. 

1 INTRODUCTION 

Intracranial Aneurysm (IA) is a disease associated 
with weakening of the arterial wall, which causes 
local dilation (Rodriguez-Régent et al., 2014). This 
pathology has a high mortality rate of around 60% 
after rupture (Amenta et al., 2012). Studies have 
shown that changes in flow induce endothelial cell 
responses, thus causing disease (Chiu & Chien, 
2011), but the cause of development and disruption of 
IAs are still not well understood (Tromp et al., 2014). 
Therefore, to better understand IAs, it is important to 
analyze the local hemodynamic, and how it affects the 
vessel wall (Saqr et al., 2019). 

Although there are non-invasive in vivo studies 
capable of performing flow measurements using 
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imaging techniques such as Phase Contrast Magnetic 
Resonance Imaging (PC-MRI), Magnetic Resonance 
Angiography (MRA), these have difficulty in 
visualizing the flow due to lack of resolution in small 
vessels only underestimate wall shear values, have 
low reproducibility and are expensive (Szajer & Ho-
Shon, 2018)(Roloff et al., 2018). 

As an alternative to in vivo studies, in vitro tests 
with transparent flow phantoms (biomodels) make it 
possible to visualize the flow through the monitoring 
of suspended tracer particles. It is possible to employ 
different techniques for measurement, such as 
Particle Image Velocimetry (PIV) (Yamaguchi et al., 
2022), Particle Tracking Velocimetry (PTV) and 
image microscopy (Souza et al., 2020). Another 
advantage of in vitro studies is the possibility of 
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validating numerical simulations. The disadvantage 
of this type of study is the difficulty of manufacturing 
biomodels suitable for tests, as these flow phantoms 
must be transparent, they must reproduce the 
anatomical geometry, and the lost core material must 
not interact with the biomodel material. In recent 
years, the aid of Additive Manufacturing (AM) 
techniques has enabled the proper fabrication of IA 
biomodels. Souza et al (Souza et al., 2020) combined 
AM processes and lost core casting with glycerin-
based soap, and Doutel et al (Doutel et al., 2015) used 
caramel (melted sugar) as the lost core material. 
Although these processes have been shown to be 
adequate, they have many steps in their manufacture. 

In this work, a biomodel manufacturing process is 
presented, which uses AM techniques to directly print 
the model of the lost core (vessel lumen), which is 
coated with a transparent, biocompatible silicone, 
which is Polydimethylsiloxane (PDMS). One of the 
advantages of this silicone is its ease of manufacture, 
when compared to models made of glass (Yu & 
Durgesh, 2022). The biomodels were tested for their 
transparency and high-speed video microscopy tests 
were performed for qualitative analysis of flow 
behavior and quantitative analysis of flow velocity. 

2 BIOMODEL 
MANUFACTURING PROCESS 

The geometry used was previously created in the 
SolidWorks 3D CAD Software, using the average 
dimensions of real intracranial aneurysms (Parlea et 
al., 1999). The geometry was saved in STL format 
and then converted to G-code, a format used in 3D 
printers. The spherical geometry was chosen, because 
according to the study by (Philip et al., 2022) that 
compares through numerical studies the idealized and 
patient-specific geometries that the physics of the 
flow inside the aneurysm sac is better predicted in this 
type of geometry.  

The Biomodels were manufactured using an 
additive manufacturing technique, Fused Deposition 
Modeling (FDM). The geometry was printed in 
PolySmooth (chosen material) in the Ultimarker 3 3D 
printer. After obtaining the model, it was positioned 
in the Polysher machine for a surface treatment with 
isopropyl alcohol, this treatment took place for a 
period of 20 minutes, way that the lines of the 
outermost layers of geometry are smoothed. With the 
surface treatment completed, the mold was placed in 
an acetate box and then the PDMS was poured by 
gravity. PDMS was prepared in a ratio of 10:1 and its 

curing process took place in 48 hours. After the 
PDMS had completely cured, the lost core material 
was removed with isopropyl alcohol. The process 
steps are illustrated in Figure 1. 

 
Figure 1: (a) PolySmooth geometry, (b) biomodel with lost 
core material and (c) final biomodel. 

3 EVALUATION OF THE 
OPTICAL TRANSPARENCY OF 
THE BIOMODEL 

To evaluate the issue of optical distortion caused by 
solid-liquid interaction, two fluids with different 
physical properties were tested. At first, a fluid with 
a refractive index similar to that of PDMS and was 
used, a mixture of 61% glycerol and 39% distilled 
water (w/w) and 0.06% suspended particles of 
Polymethylmethacrylate (PMMA) with 60 μm (in 
diameter). The second fluid considered was just 
water. It is important to mention that the application 
of this technique, to evaluate the optical transparency 
of the biomodel under study, was based on the work 
carried out by Hopkins et al (Hopkins et al., 2000). 
The physical properties of the materials used in the 
present study are shown in Table 1 (Souza et al., 
2020).  

Table 1: Physical properties of materials used in the 
evaluation of the optical transparency of biomodels. 

Material Refractive 
index

Viscosity 
(Pa.s) 

Density 
(kg/m3)

Water 1.333 0.920 × 10-3 997
Glycerin 
mixture

1.412 1.290 × 10-2 1153 

PDMS 1.412 - - 

In the tests, a sheet with a rectangular structure 
was used in which each rectangle has dimensions of 
2.4 ×3.9 mm and under which the biomodel was 
placed with the different fluids. Figure 2 shows the 
images of the transparency tests, with image (a) 
referring to the biomodel in which the injected fluid 
was water and image (b) corresponding to the 
situation in which the glycerin-based solution was 
injected. 
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Figure 2: Evaluation of the optical transparency of the 
biomodel with the fluid: (a) water and (b) glycerin-based 
solution. 

4 EXPERIMENTAL TEST OF 
FLOW VISUALIZATION 

The main objectives of this test were: to evaluate the 
appearance of the fluid recirculation phenomenon as 
a function of the flow rates used, through the 
observation of the particle trajectories and; evaluate 
the velocities in different zones of the biomodel. 

For this, an experimental setup was used, 
consisting of a set of equipment, namely: an ultra-
high-speed camera (Photron FASTCAM SA3), 
coupled to an inverted microscope (IX71, Olympus, 
Japan) and an objective (N-Achroplan 2.5x/0.07). At 
first, the PDMS biomodel was fixed to the 
microscope and a syringe pump was used to pump the 
working fluid at a constant flow rate. Two different 
flow rates were used: 5 ml/min and 20 ml/min.  

4.1 Qualitative Analysis of Flow 
Behavior 

The recorded images, using the Photron FASTCAM 
visualization software, were later processed in the 
ImageJ software, where the particle trajectories and 
velocities were obtained using the Z Project plugin 
and the MTrackJ plugin, respectively. The image 
processing of the two flows studied are shown in 
Figure 3. 

 
Figure 3: Trajectories of the PMMA particles for a flow rate 
of: (a) 5 ml/min and (b) 20 ml/min. 

Observing the previous figure, it can be concluded 
that, for a flow rate of 5 mL/min, the phenomenon of 
fluid recirculation still does not occur. However, it is 
possible to verify that for the flow of 20 mL/min, the 
phenomenon of fluid recirculation occurs. Although 
the flow rates used are lower than those found in 
cerebral arteries, the technique demonstrates the 
potential of observing the different phenomena that 
occur within IAs with an increase in the flow rate. 
Thus, characterizing and visualizing the vortex zones, 
which is a characteristic related to IAs growth and 
rupture (Saqr et al., 2019). 

4.2 Quantitative Analysis of Flow 
Velocity 

To study the velocities, the images were processed 
with the ImageJ software with the MTrackJ plugin. 
Velocity was evaluated in 5 zones: at the inlet, at the 
outlet and at three locations in the center of the 
biomodel, for both flows. Figure 4 shows the 
trajectories where the velocities for the different flow 
rates were obtained. 

 
Figure 4: Trajectory of the marked particles, for the flow 
rate of (a) 5ml/min and (b) 20 ml/min. 

With the trajectories traced, it was then possible 
to calculate the velocities in each of the marked areas. 
Therefore, the results obtained for the velocity in the 
study with flow rate of 5 ml/min are found in Table 2 
and Table 3 shows the results for the flow rate of 20 
ml/min. 

Table 2: Velocities obtained considering a flow rate of 5 
ml/min. 

Track Velocity
m/s

1 Red Inlet 0.0120
2 Yellow Outlet 0.0156
3 Light green Center 0.0061
4 Dark blue Center 0.0040
5 Pink Center 0.0008 
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Table 3: Velocities obtained considering a flow rate of 20 
ml/min. 

Track Velocity
m/s

1 Red Inlet 0.0595
2 Yellow Outlet 0.0659
3 Light green Center 0.0327
4 Light blue Center 0.0137
5 Dark blue Center 0.0039 

With the velocity profiles traced, we observed that 
the velocities of the fluid inside the aneurysm sac for 
both studied flow rates are lower than the inlet and 
outlet flows. At the flow rate of 20 ml/min where 
recirculation occurs, the flow velocity decreases even 
more as it approaches the upper part of the aneurysm 
head. Although the flow rates used in our tests are 
lower than the real values, the behavior of the 
velocities found corresponds to previous studies 
(Philip et al., 2022)(Cebral et al., 2011), where the 
velocity decreases in the vortex zones. 

5 CONCLUSIONS 

Intracranial aneurysms are severe diseases that 
require deeper understanding for a better diagnosis 
and treatment of this kind of pathology. In vitro 
hemodynamic studies are a promising way to improve 
our understanding about the beginning, development, 
and rupture of intracranial aneurysms. The obtained 
experimental flow results have shown that the 
polysmooth material that was used by FDM printing 
technique was proved to be suitable for the 
manufacture of biomodels, with good dimensional 
accuracy, high quality flow visualizations and ease to 
remove the material from the lumen. Through the 
visualization tests, it was possible to identify the 
recirculation regions at the highest flow. In addition, 
it was possible to observe that at the central region of 
the aneurysm, where the recirculation occurs, the 
velocities are much lower when compared to the inlet 
and outlet velocities. 

For future work, it is intended to use fluids with 
rheological properties closer to blood (blood 
analogues), but with the same refractive index as 
PDMS. In addition to using flow rates obtained from 
medical examinations for a more realistic approach. 
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