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Editor’s Note

The impact of information technologies is creating a new world yet not fully
understood. The extent and speed of economic, life style and social changes
already perceived in everyday life is hard to estimate without understanding the
technological driving forces behind it. This series presents contributed volumes
featuring the latest research and development in the various information engineering
technologies that play a key role in this process.

The range of topics, focusing primarily on communications and computing
engineering include, but are not limited to, wireless networks; mobile communica-
tion; design and learning; gaming; interaction; e-health and pervasive healthcare;
energy management; smart grids; internet of things; cognitive radio networks;
computation; cloud computing; ubiquitous connectivity, and in mode general
smart living, smart cities, Internet of Things and more. The series publishes a
combination of expanded papers selected from hosted and sponsored European
Alliance for Innovation (EAI) conferences that present cutting edge, global research
as well as provide new perspectives on traditional related engineering fields.
This content, complemented with open calls for contribution of book titles and
individual chapters, together maintain Springer’s and EAD’s high standards of
academic excellence. The audience for the books consists of researchers, industry
professionals, advanced level students as well as practitioners in related fields
of activity include information and communication specialists, security experts,
economists, urban planners, doctors, and in general representatives in all those
walks of life affected ad contributing to the information revolution.

About EAI

EAI is a grassroots member organization initiated through cooperation between
businesses, public, private and government organizations to address the global
challenges of Europe’s future competitiveness and link the European Research
community with its counterparts around the globe. EAI reaches out to hundreds of
thousands of individual subscribers on all continents and collaborates with an insti-
tutional member base including Fortune 500 companies, government organizations,
and educational institutions, provide a free research and innovation platform.

Through its open free membership model EAI promotes a new research and inno-
vation culture based on collaboration, connectivity and recognition of excellence by
community.

More information about this series at http://www.springer.com/series/15427
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Preface

We are delighted to introduce the proceedings of the first edition of the 2018
European Alliance for Innovation (EAI) International Conference on Body Area
Networks (BODYNETS). This conference has brought researchers, developers
and practitioners around the world who are leveraging and developing WBAN
technology for wearable communications and personal health management. The
theme of BODYNETS 2018 was “Technologies providing information from inside
a body as well as on- and off-body devices.”

The technical program of BODYNETS 2018 consisted of 39 full papers. The
conference had a main track and four special tracks. The special tracks were
Track 1—Ultra Wide Band for Body Area Networks (UWBAN); Track 2—Smart
Body Area Networks (SmartBAN); and Track 3—Antenna/Propagation and WiBEC
project (APWIiBEC). Aside from the high-quality technical paper presentations,
the technical program also featured two keynote speeches, three invited speeches,
and one panel. The two keynote speeches were given by Prof. Emil Jovanov
from the University of Alabama, USA, and Prof. William Scanlon from Queen’s
University Belfast, United Kingdom. The invited speeches were presented by Prof.
DK Arvind from the University of Edinburgh, United Kingdom, Prof. Ryuji Kohno
from Yokohama National University, Japan, and Dr. John Farserotu from CSEM,
Switzerland. The title of the panel was “Technological Trends and Challenges for
Future Healthcare.” The panel aimed to enrich our understanding of future trends
the healthcare procedures are nowadays going to, and give insights into their key
challenges.

Coordination with the steering chair, Imrich Chlamtac, and the general chair,
Matti Hamaildinen, was essential for the success of the conference. We sincerely
appreciate their constant support and guidance. It was also a great pleasure to work
with such an excellent organizing committee for their hard work in organizing and
supporting the conference: in particular, the Technical Program Committee, led by
our TPC Co-Chairs, Prof. Jari linatti, Prof. Lorenzo Mucchi, Prof. Carlos Pomalaza-
Raez, and Prof. Daisuke Anzai who have completed the peer-review process of
technical papers. We are also grateful to the conference manager, Radka Pincakova,
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for her support and all the authors who submitted their papers to the BODYNETS
2018 conference and workshops.

We strongly believe that the BODYNETS conference provides a good forum
for all researchers, developers, and practitioners to discuss all science and tech-
nology aspects that are relevant to Wireless BAN. We also expect that the future
BODYNETS conference will be as successful and stimulating as indicated by the
contributions presented in this volume.

Yokohama, Japan Chika Sugimoto
Stockholm, Sweden Hamed Farhadi



Contents

PartI Ultra Wide Band for Body Area Networks

1  Ultra-Wide Band Positioning in Sport: How the On-Body Tag
Location Affects the System Performance ............................... 3
Alessio Martinelli, Marco Dolfi, Simone Morosi, Lorenzo Mucchi,
Matteo Paoli, and Andrea Agili

2 Human Body Effect on Static UWB WBAN Off-Body Radio
Channels...........oo i 17
Timo Kumpuniemi, Juha-Pekka Mikeld, Matti Himildinen,
Kamya Yekeh Yazdandoost, and Jari linatti

3 Reliable and High-Speed Implant Ultra-Wideband
Communications with Transmit—Receive Diversity..................... 27
Daisuke Anzai, llangko Balasingham, Georg Fischer,
and Jainging Wang

4 A Finite Integration Technique-Based Simulation Study
on the Impact of the Sternotomy Wires on the UWB Channel
Characteristics ...ttt 33
Mariella Sdrestoniemi, Carlos Pomalaza-Raez, Timo Kumpuniemi,
Matti Himil4dinen, and Jari linatti

Part II Smart Body Area Networks

5  Joint Throughput and Channel Aware MAC Scheduling
for SmartBAN ... ... 49
Rida Khan and Muhammad Mahtab Alam

6  Neighbour Wireless Body Area Network Discovery Mechanism
for ETSI SmartBAN ... 65
Tuomas Paso and Jussi Haapola

vii



viii

7

Contents

Evaluation of Preamble Detection in ETSI SmartBAN PHY .......... 79
Kento Takabayashi, Hirokazu Tanaka, and Katsumi Sakakibara

Part III  Security and Safety

8

10

11

Security in Body Networks: Watermark-Based
Communications on Air-Gap Acoustic Channel ........................ 89
Simone Soderi

Secrecy Capacity of Diffusion-Based Molecular

Communication SyStems................cooiiiiiiiiieeiiiiiiiieeeaaannn, 103
Lorenzo Mucchi, Alessio Martinelli, Stefano Caputo, Sara Jayousi,

and Massimiliano Pierobon

Towards Efficient and Real-Time Human Activity Recognition

Using Wearable Sensors: A Shapelet-Based Pattern Matching

APProach ... ... 115
Delaram Yazdansepas, Nitin Saroha, Lakshmish Ramaswamy,

and Khaled Rasheed

Opportunistic IoT Service to Support Safety Driving

from Heterogeneous Data Sources..........................ooooiiiin 131
Giancarlo Fortino, Raffaele Gravina, Qimeng Li,

and Claudio Savaglio

Part IV Communications and Networking

12

13

14

15

16

17

Performance Evaluation of Bluetooth Low Energy Technology

Under Interference ................. ..o 147
Heikki Karvonen, Konstantin Mikhaylov, Dinesh Acharya,

and Md. Moklesur Rahman

A Hybrid Optical-Radio Wireless Network Concept for
the Hospital of the Future ......................... i 157
Igrar Ahmed, Timo Kumpuniemi, and Marcos Katz

Signal Transmission with Intra-Body and Inter-Body
Communications: Simulation-Based Models ............................ 171
Doaa Ahmed, Jens Kirchner, and Georg Fischer

Indoor Energy Harvesting for WE-Safe Wearable IoT Sensor

Fan Wu, Jean-Michel Redouté, and Mehmet Rasit Yuce

Learning and Recognition with Neural Network of Heart Beats
Sensed by WBAN for Patient Stress Estimate for Rehabilitation ..... 195
Yukihiro Kinjo, Yoshitomo Sakuma, and Ryuji Kohno

A Machine Learning Based Method for Coexistence State
Prediction in Multiple Wireless Body Area Networks.................. 203
Yongmei Sun, Tingshuo Chen, Jingxian Wang, and Yuefeng Ji



Contents ix

Part V Systems and Applications

18 Private Audio-Based Cough Sensing for In-Home Pulmonary

Assessment Using Mobile Devices ..................coooiiiiiiiiiiiiin.. 221
Ebrahim Nemati, Md. Mahbubur Rahman, Viswam Nathan,
and Jilong Kuang

19 Using an Indoor Localization System for Activity Recognition ....... 233

Andrea Aliperti, José Corcuera, Chiara Fruzzetti, Gianluca Marchini,
Francesco Miliani, Simone Musetti, Andrea Primaverili,
Riccardo Rocchi, Davide Ruisi, and Alessio Vecchio

20 Indoor-Outdoor Detection Using Head-Mounted Lightweight
SEMSOTS ...ttt 245
Tommaso Martire, Payam Nazemzadeh, Alberto Sanna,
and Diana Trojaniello

21 Analysis of Walking Body Using Kinect2 and Application
of Integer Code to WBAN .......... ..o, 255
Hirohisa Kitahara, Hiroyoshi Morita, and Akiko Manada

Part VI Medical Applications

22 InstantRR: Instantaneous Respiratory Rate Estimation
on Context-Aware Mobile Devices ................coooiiiiiiiiiiiiiiinnn, 267
Md. Mahbubur Rahman, Ebrahim Nemati, Viswam Nathan,
and Jilong Kuang

23 Pre-Ejection Period (PEP) Estimation Based on R-Wave
in ECG and On-Body Continuous Wave Radar Signal During

Daily Activities ......... ..o 283
Malikeh Pour Ebrahim, Fatemeh Heydari, Jean-Michel Redouté,
and Mehmet Rasit Yuce

24 Wearable Continuous Blood Pressure Estimation
with Photoplethysmography Sensors Array on the Arm............... 293
Chunkai Qiu, Taiyang Wu, Jean-Michel Redouté,
and Mehmet Rasit Yuce

25 Cuffless Blood Pressure Estimation Based on Pulse Arrival
Time Using Bio-impedance During Different Postures
and Physical Exercises ...............coooiiiiiiiiiiiiiiiiiiiiiiies 301
Fatemeh Heydari, Malikeh Pour Ebrahim, Taiyang Wu, Katie Walker,
Keith Joe, Jean-Michel Redouté, and Mehmet Rasit Yuce

26 Estimation Method of Abdominal Fat Thickness by Microwave...... 309
Nobuaki Tanaka and Takahiro Aoyagi
27 Exposure to RF EMF from 5G Handheld Devices...................... 317

Kamya Yekeh Yazdandoost and Ilkka Laakso



