2018 International Conference on
Indoor Positioning and Indoor
Navigation (IPIN 2018)

Nantes, France
24-27 September 2018

I E E E IEEE Catalog Number: CFP1809J-POD
4 ISBN: 978-1-5386-5636-5



Copyright © 2018 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: CFP1809J-POD
ISBN (Print-On-Demand): 978-1-5386-5636-5
ISBN (Online): 978-1-5386-5635-8
ISSN: 2162-7347

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

proceedings

.com



TABLE OF CONTENTS

CONTINUOUS POSE ESTIMATION FOR URBAN PEDESTRIAN MOBILITY APPLICATIONS

ON SMART-HANDHELD DEVICES ........o oottt bbb bbbt ab e 1
Nicolas Antigny ; Myriam Serviéres ; Valérie Renaudin

ERROR ANALYSIS OF ZUPT-AIDED PEDESTRIAN INERTIAL NAVIGATION.......ccccoiiiiiiiiiee e 9
Yusheng Wang ; Andrei Chernyshoff ; Andrei M. Shkel

COPERNICUS: A ROBUST AI-CENTRIC INDOOR POSITIONING SYSTEM ....cccoiiiiiiiiiiie e 17

Yiannis Gkoufas ; Kostas Katrinis
COMPARING HEADING ESTIMATES FROM MULTIPLE WEARABLE INERTIAL AND

MAGNETIC SENSORS MOUNTED ON LOWER LIMBS ......c.cooiiiiiiiitieee st 25
Chandra Tjhai ; Kyle O'keefe
INTELLIGENT URBAN MOBILITY: PEDESTRIAN AND BICYCLE SEAMLESS NAVIGATION ........ccccoviieee 32

Estefania Munoz Diaz ; Fabian De Ponte Muller ; Eduardo Perez Gonzalez
MOTION CONTEXT ADAPTIVE FUSION OF INERTIAL AND VISUAL PEDESTRIAN

LI YA 1€ AN 1 1 ] SRS P 40
Jesperi Rantanen ; Maija Méakela ; Laura Ruotsalainen ; Martti Kirkko-Jaakkola
FAST LINEAR ATTITUDE ESTIMATION AND ANGULAR RATE GENSERATION.....ccccccviiviiiniiienin e 47

Zeliang Zhang ; Zebo Zhou ; Jin Wu ; Shuang Du ; Hassen Fourati
A PEDESTRIAN POSITIONING SYSTEM INTEGRATED INTO A CYBER-PHYSICAL SYSTEM

FOR EMERGENCY RESPONDERS" MONITORING......ccoii ittt ettt s e s e sata e aneas 54
André G. Ferreira ; Duarte Fernandes ; Jodo Montem ; André P. Catarino ; Ana M. Rocha

3D LOOSE-COUPLED FUSION OF INERTIAL SENSORS FOR PEDESTRIAN LOCALIZATION........cccccue.... 61
Dina Bousdar Ahmed ; Estefania Munoz Diaz

SMILE - SIMULATOR FOR METHODS OF INDOOR LOCALIZATION ......oooiiiiiciee ettt 67
Tomasz Jankowski ; Maciej Nikodem

RECURRENT NEURAL NETWORKS ON DRIFTING TIME-OF-FLIGHT MEASUREMENTS............ccoeevveinnen. 74

Tobias Feigl ; Thorsten Nowak ; Michael Philippsen ; Thorsten Edelh&uBer ; Christopher Mutschler
IMPROVED TIME OF ARRIVAL MEASUREMENT MODEL FOR NON-CONVEX

OPTIMIZATION WITH NOISY DATA . ettt h e b et b et b e st b e b e b e e bn e anesnr e b e 82
Juri Sidorenko ; Volker Schatz ; Norbert Scherer-Negenborn ; Michael Arens ; Urs Hugentobler
SMARTPHONE LOCALIZATION USING ACTIVE-PASSIVE ACOUSTIC SENSING ......ccccooiiiiiiiniciiie s 87

Hiroaki Murakami ; Masanari Nakamura ; Shoma Yamasaki ; Hiromichi Hashizume ; Masanori Sugimoto

EVALUATION OF RANGE ERROR CALIBRATION MODELS FOR INDOOR UWB

POSITIONING APPLICATIONS ...ttt sttt b e st b e b s be e be s be et s bt e be st e et e s bt e e sbe et nneenes 95
Harris Perakis ; Vassilis Gikas

GRAVITY DIRECTION ESTIMATION AND HEADING DETERMINATION FOR PEDESTRIAN

[T N A L€ N I 1 ] USSR 102
Adi Manos ; Itzik Klein ; Tamir Hazan

LOCATION OF PERSONS USING BINARY SENSORS AND BLE BEACONS FOR AMBIENT

F NI I I V4 =S I Y 1 N PSSR 110
A.R. Jiménez ; F. Seco ; P. Peltola ; M. Espinilla
KALMAN-TYPE FILTERS AND SMOOTHERS FOR PEDESTRIAN DEAD RECKONING ........cccocceniiiinninninnns 118

Pavel Ivanov ; Matti Raitoharju ; Robert Piché

SMARTPHONE-BASED USER POSITIONING IN A MULTIPLE-USER CONTEXT WITH WI-FI

AND BLUETOOTH ...ttt bbb bbb e bt e b e b e e a b e bt e b e e b e e e sb e e be b e abb e b nreen 125
Viet-Cuong Ta ; Trung-Kien Dao ; Dominique Vaufreydaz ; Eric Castelli

A LOOSELY COUPLED COOPERATIVE LOCALIZATION AUGMENTATION TO IMPROVE

HUMAN GEOLOCATION IN INDOOR ENVIRONMENTS ..ottt ettt e e enbae e nes 133
Jianan Zhu ; Solmaz S. Kia
FASTGRAPH - ORGANIC 3D GRAPH FOR UNSUPERVISED LOCATION AND MAPPING .......c.cccceevvevnenee. 141

Cristiano Pendao ; Adriano Moreira
ACCURATE FIDUCIAL MAPPING FOR POSE ESTIMATION USING MANIFOLD

OPTIMIZATION L.t bbbt bt e b b e e R e oAb A b £ e s e e b e e R b e b £ e e e b e e bt e b e e b e b b e bt s b e e e b e e bt 149
Xiao Hu ; Jakobsen Jakob ; Knudsen Per ; Wei Jiang

REGISTRATION AND MERGING MAPS WITH UNCERTAINTIES........ocoiiiiee e 157
Martin Larsson ; Kalle Astrém ; Magnus Oskarsson

MOMA: VISUAL MOBILE MARKER ODOMETRY ....oiiiiiiiiiiie ettt st 164

Raul Acuna ; Zaijuan Li ; Volker Willert



A RADIO-INERTIAL LOCALIZATION AND TRACKING SYSTEM WITH BLE BEACONS

L 10 AV SRS 172
Maani Ghaffari Jadidi ; Mitesh Patel ; Jaime Valls Miro ; Gamini Dissanayake ; Jacob Biehl ; Andreas
Girgensohn

SUPERVISED LEARNING FOR YAW ORIENTATION ESTIMATION ...cccoiiiiiieiireiee e see e 180

Tobias Feigl ; Christopher Mutschler ; Michael Philippsen

COMPARISON OF ZADOFF-CHU ENCODED MODULATION SCHEMES IN AN ULTRASONIC

LOCAL POSITIONING SYSTEM .. .oiiii ittt ettt e e e s e e st e teesneeanteessaeesaeesnteenseeenteesneeantaesnaneneennseenses 188
Santiago Murano ; M Carmen Pérez ; JesUs Urefia ; Chris J. Bleakley ; Carlos De Marziani

NLOS DETECTION AND MITIGATION IN DIFFERENTIAL LOCALIZATION TOPOLOGIES

BASED ON UWB DEVICES .......oooi ittt b a1 b e st bbb e st e s b e s e e e be e nb e be e st et e e nee st e e e nbeanean 196
Reza Zandian ; UIf Witkowski

EVALUATION OF INDOOR LOCALISATION SYSTEMS: COMMENTS ON THE ISO/IEC 18305

STANDARD ...ttt ettt e st e aa bt e sbe e e s et e sa e e aa bt e e R et et e e eR b e e b e e eR et e R e eR R e e R e e e R et e eR e e e Re e e Ee e e beenRte e beenreeebee e 204
Francesco Potorti ; Antonino Crivello ; Paolo Barsocchi ; Filippo Palumbo

EVALUATION CRITERIA FOR INSIDE-OUT INDOOR POSITIONING SYSTEMS BASED ON

MACHINE LEARNING ...ttt e et e st e et e st e e te e e s e e steeaabe et e e e s teessteenteesteeesteesnseenteeanneesneenneeenres 211
Christoffer Loffler ; Sascha Riechel ; Janina Fischer ; Christopher Mutschler

AN ANALYTICAL STUDY OF TIME OF FLIGHT ERROR ESTIMATION IN TWO-WAY

RANGING METHODS. ... .ottt sttt s st a1 e bt b e et e a8 b e s b e e b e e ke eh e e s bt e st e ke e ne e s be e b e e abeenbenbeere e beanen 219
Cung Lian Sang ; Michael Adams ; Timm H6rmann ; Marc Hesse ; Mario Porrmann ; Ulrich Rickert

CHARACTERIZATION OF MULTIPATH EFFECTS IN INDOOR POSITIONING SYSTEMS

BASED ON INFRARED SIGNALLS ...ttt sttt st e st e et e s e e st e e saeesnaeanteessaeeteeaneeenseeananesneennseenses 227
A. De-La-Llana-Calvo ; J. L. L4zaro-Galilea ; A. Gardel-Vicente ; D. Rodriguez-Navarro ; 1. Bravo-Mufioz

CDM: COMPOUND DISSIMILARITY MEASURE AND AN APPLICATION TO

FINGERPRINTING-BASED POSITIONING.......ccot ittt ettt et e st e ve et esnae e saeesnaeesneesneeenneeaneas 235
Caifa Zhou ; Andreas Wieser

DELFIN: A DEEP LEARNING BASED CSI FINGERPRINTING INDOOR LOCALIZATION IN

(O I I OO N =) [P U PP RS PRTRPR 242
Brieuc Berruet ; Oumaya Baala ; Alexandre Caminada ; Valery Guillet

A NEW METHODOLOGY FOR LONG-TERM MAINTENANCE OF WIFI FINGERPRINTING

LN I L Y TSRS 250
R. Montoliu ; E. Sansano ; O. Belmonte ; J. Torres-Sospedra

SIGNAL FINGERPRINT ANOMALY DETECTION FOR PROBABILISTIC INDOOR

POSITIONING ...ttt ettt b e st e bt e s et e bt e a e s b e e h e e ke eR b e A bt e b e e b e e R b e eb e e s e e bt e nb e e b e e s e e ke e ae e benbeebeanean 257
Ran Guan ; Robert Harle

SAR-BASED INDOOR LOCALIZATION OF UHF-RFID TAGS VIA MOBILE ROBOT ......cccccvinininiececcie 265
Andrea Motroni ; Paolo Nepa ; Valerio Magnago ; Alice Buffi ; Bernardo Tellini ; Daniele Fontanelli ; David
Macii

VISION-BASED INDOOR POSITIONING OF A ROBOTIC VEHICLE WITH A FLOORPLAN .......cccooinininne 273
John Noonan ; Hector Rotstein ; Amir Geva ; Ehud Rivlin

REAL-TIME LOCALIZATION AND TRACKING USING VISIBLE LIGHT COMMUNICATION...........cccc.... 281
Mark Ratosi ; Gyula Simon

LIGHTWEIGHT LINE FEATURES FOR INDOOR CAMERA POSE ESTIMATION ......ccccoiiiiiiiiiciiieees 289

Amir Geva ; Hector Rotstein
EIRIS - AN EXTENDED PROPOSITION USING MODIFIED OCCUPANCY GRID MAP AND

PROPER SEEDING ... .ooiteiiiite ittt stee et te e st et e ss e e teeaseeesaeessseeseeaseeesseesnse et eeeneeeaneeanteesseeesteennseeseeannneaeennneanees 297
Arup Kumar Sadhu ; Ranjan Dasgupta ; P Balamuralidhar
MODEL BASED DRIFT FREE LOCALIZATION FOR MULTIROTORS .......ooiiiiie et 305

Vishvendra Rustagi ; Mohit Ludhiyani ; Arnab Sinha ; Ranjan Dasgupta
A BAYESIAN APPROACH TO DEALING WITH DEVICE HETEROGENEITY IN AN INDOOR

POSITIONING SYSTEM ...ttt b b bt bbbt bt b et b e bbb en e b e b e 313
Kyle F. Davies ; lan G. Jones ; Jonathan L. Shapiro
NEURAL NETWORK BASED RADIO FINGERPRINT SIMILARITY MEASURE ........ccccocooiiiiineceen 321

Boxian Dong ; Thomas Burgess ; Hans-Berndt Neuner ; Susanne Fercher
UNSUPERVISED DEEP FEATURE LEARNING TO REDUCE THE COLLECTION OF

FINGERPRINTS FOR INDOOR LOCALIZATION USING DEEP BELIEF NETWORKS.........ccccocvvviieieceee, 329
Duc V. Le ; Nirvana Meratnia ; Paul J.M. Havinga
PASSIVE WIFI FINGERPRINTING METHOD.......ccciiiiiiiiiieiise ettt sttt ba e e snean 336

Jaewon Kim ; Dongsoo Han



EXPERIMENTAL EVALUATION OF THE PLANAR ASSUMPTION IN MAGNETIC

L@ ST I I 10 N LRSS 344
David Hanley ; Xiangyuan Zhang ; Augusto S. Dantas De Oliveira ; Daniel Steinberg ; Timothy Bretl
ROTATION-INVARIANT MAGNETIC FEATURES FOR INERTIAL INDOOR-LOCALIZATION................... 352

Konstantin Klipp ; Helge Rosé ; Jonas Willaredt ; Oliver Sawade ; Ilja Radusch
MAGNETIC FIELD AS A CHARACTERIZATION OF WIDE AND NARROW SPACES IN A

REAL CHALLENGING SCENARIO USING DYNAMIC TIME WARPING ......c.cooiiiiiiiieeeei 362
Antoni Perez-Navarro ; Raul Montoliu ; Joaquin Torres-Sospedra ; Jordi Conesa
CROWDSOURCING-BASED MAGNETIC MAP GENERATION FOR INDOOR LOCALIZATION..........c....... 370

Akin Ayanoglu ; Daniel M. Schneider ; Ben Eitel

CHARACTERISING THE ALTERATION IN THE AP DISTRIBUTION WITH THE RSS

DISTANCE AND THE POSITION ESTIMATES ..ottt sttt st aesnean 378
Joaquin Torres-Sospedra ; Philipp Richter ; German Mendoza-Silva ; Elena Simona Lohan ; Joaquin Huerta

RSS-BASED DOA / DOD ESTIMATION USING BLUETOOTH SIGNAL AND ITS APPLICATION

FOR INDOOR TRACKING ... ..ottt bbb e b bt e s b e ab e s bt e e b e e b s bt e s e e b e e e b e e e abeaar s 386
Naoki Honma ; Ryota Tazawa ; Atsushi Miura ; Yusuke Sugawara ; Hiroto Minamizawa

A METHOD OF RADIO MAP CONSTRUCTION BASED ON CROWDSOURCING AND

INTERPOLATION FOR WI-FI POSITIONING SYSTEM ..ottt e 393
Jingxue Bi ; Yunjia Wang ; Hongji Cao ; Hongxia Qi ; Kegiang Liu ; Shenglei Xu

RESPONSE ADAPTIVE MODELLING FOR REDUCING THE STORAGE AND COMPUTATION

OF RSS-BASED VP ...ttt bbb bt b et h bbbt bt b bt bbb et n et e 399
Sander Bastiaens ; David Plets ; Luc Martens ; Wout Joseph
OUTDOOR FINGERPRINTING LOCALIZATION USING SIGFOX.....ccooiiiiiiiieiieit e s 407

Thomas Janssen ; Michiel Aernouts ; Rafael Berkvens ; Maarten Weyn

PASSIVE ACOUSTIC SOUND SOURCE TRACKING IN 3D USING DISTRIBUTED

IMICROPHONE ARRAY'S .ottt ettt h e st e e bt e s b e s b e o1 e e e b e e R b e s b e e b e e b e eR b e eb e e R e e ebeeab e s b e e he e et e enrenbeesnenbeaneas 413
Erik Verreycken ; Walter Daems ; Jan Steckel

ANDROID APPLICATION FOR INDOOR LOCATION USING SENSOR FUSION:

ULTRASOUNDS AND INERTIAL DEVICES .......cooioieiiiie ettt 421
S. Pérez-Bachiller ; D. Gualda ; M. C. Pérez ; J. M. Villadangos ; J. Urefia ; R. Cervigén

ROBUST LOCALIZATION OF MOBILE ROBOT IN REVERBERANT ROOMS USING

ACOUSTIC BEACONS WITH ITERATIVE BAYESIAN FILTERING ......cooiiiiiiceee e 429
Satoki Ogiso ; Koichi Mizutani ; Naoto Wakatsuki ; Tadashi Ebihara

SYNCHRONIZATION-FREE AND LOW POWER TDOA FOR RADIO BASED INDOOR

POSITIONING ...ttt ettt h e bt s e bt e s et e bt e a e s bt e b e e b e eR b e A bt e bt ekt e Rb e eb e e s e ekt e nb e nbe e st e ke e ae e b e nbeebeanean 435
Maximilian Von Tschirschnitz ; Marcel Wagner

UWB RANGING FOR RAPID MOVEMENTS ..ottt sttt ettt neean 439
Tanguy Risset ; Claire Goursaud ; Xavier Brun ; Kevin Marquet ; Fabrice Meyer

ASSESSING A UWB RTLS AS A MEANS FOR RAPID WLAN RADIO MAP GENERATION .......ccocoeveviiiinine 447

Sharareh Naghdi ; Chandra Tjhai ; Kyle O'keefe

IMPLEMENTATION CHALLENGES OF SYNCHRONISATION OF UWB NODES IN TDOA

STRUGCTURES ...ttt b et h e s et b £ e s b e e b £ 21 e e E e e R b oA E £ 2 s e e eb e e R b e Ab £ et e e b e e m b e eh b e bt e b e en b e sbeesnenbeennenbeenes 452
Reza Zandian ; UIf Witkowski

A REAL-TIME UWB MULTI-CHANNEL INDOOR POSITIONING SYSTEM FOR INDUSTRIAL

SCENARIOS ...ttt bttt h et ekt e b e s b £ e btk e oAb e e bt e e e e E e e bt eh e b e e Ee oAb e eh e e Eeeh e e bt ehe e nbeebe e benneennenreen 460
Guido Schroeer

RECURSIVE BAYESIAN FILTERS FOR RSS-BASED DEVICE-FREE LOCALIZATION AND

TRAGCKING ..ot et e et e e e et e e e st et e e ettt e e e s abe e e sabeee e ateeeeesbeeeaabaeeeasseeeeaabeeeaabeeeeasseeeesbeeesntaeeanseeas 465
Ossi Kaltiokallio ; Roland Hostettler ; Neal Patwari ; Riku Jantti
SPECIFIC STUDY OF DELTA RANGE POSITIONING ........oooii ettt ettt ettt 473

Vervisch-Picois Alexandre ; Samama Nel

INFORMATION THEORETIC FRAMEWORK FOR THE OPTIMIZATION OF UWB

LOCALIZATION SYSTEMS ...ttt b et b e bbbt et e b e bbb e b e s b e e bt e bt e nbeebe et e sneenbenbeen 480
Anthony Schenck ; Edwin Walsh ; Jonas Reijniers ; Ted Ooijevaar ; Risang Yudanto ; Erik Hostens ; Walter
Daems ; Jan Steckel

LOCURA: ANEW LOCALISATION AND UWB-BASED RANGING TESTBED FOR THE

INTERNET OF THINGS ...ttt ettt ee et e st e et e e sta e s st e e nteessaeesteeaneeenseeaseeeaseeanteensanentenaneeenneenneen 488
Adrien Van Den Bossche ; Réjane Dalcé ; Nicolas Gonzalez ; Thierry Val

LSTM-BASED ZERO-VELOCITY DETECTION FOR ROBUST INERTIAL NAVIGATION.......ccccceeveivevenee, 494
Brandon Wagstaff ; Jonathan Kelly

ELEVATOR AND ESCALATOR CLASSIFICATION FOR PRECISE INDOOR LOCALIZATION......ccccoevvnen. 502

N. Kronenwett ; S. Qian ; K. Mueller ; G. F. Trommer



CORRECTIVE TRACK FORM MATCHING FOR REAL-TIME PEDESTRIAN NAVIGATION.........ccoceceevneee. 510
P. Peltola ; F. Seco ; A.R. Jiménez ; T. Moore ; A. Catherall

AN INDOOR POSITIONING AND NAVIGATION APPLICATION FOR VISUALLY IMPAIRED

PEOPLE USING PUBLIC TRANSPORT ..ottt sttt ettt bttt sttt abe et be et bt et sbeebesbeenbenbeestennean 517
Thomas Moder ; Clemens R. Reitbauer ; Karin M. D. Wisiol ; Roman Wilfinger ; Manfred Wieser
PEDESTRIAN DEAD RECKONING WITH TURN-BASED CORRECTION .....cccoviiiiiiieieeeeeeeeeese e 524

Yonghao Zhao ; Wai-Choong Wong ; Hari Krishna Garg ; Tianyi Feng

BUILDING INDIVIDUAL INERTIAL SIGNALS MODELS TO ESTIMATE PDR WALKING

DIRECTION WITH SMARTPHONE SENSORS. ...ttt sn e sbe e sneas 532
Johan Perul ; Valerie Renaudin

A SIMULATION-BASED APPROACH TO GENERATE WALKING GAIT ACCELERATIONS

FOR PEDESTRIAN NAVIGATION SOLUTIONS ... .ooi ittt st sttt st nesneas 540
Mahdi Abid ; Valerie Renaudin ; Thomas Robert ; Yannick Aoustin ; Eric Le Carpentier

CLASSIFYING ELEVATORS AND ESCALATORS IN 3D PEDESTRIAN INDOOR NAVIGATION

USING FOOT-MOUNTED SENSORS ...ttt bbbt b bbb e b e nb e e ane s 548
Christopher Lang ; Susanna Kaiser

A NOVEL STEP DETECTION AND STEP LENGTH ESTIMATION ALGORITHM FOR HAND-

HELD SMARTPHONES ... .ottt e et st et e ss e e te e e s eeesseesnteeseeesteeaneeanteeaseeesteeaneeenteeenanesneenneeanees 555
Nicolo Strozzi ; Federico Parisi ; Gianluigi Ferrari

STEP LENGTH ESTIMATION USING UWB TECHNOLOGY: A PRELIMINARY EVALUATION..........ccccu.. 562
Luis Enrique Diez ; Alfonso Bahillo ; Timothy Otim ; Jon Otegui

INDOOR POSITIONING USING OFDM-BASED VISIBLE LIGHT COMMUNICATION SYSTEM .......ccc...... 570
Birendra Ghimire ; Jochen Seitz ; Christopher Mutschler

INDOOR POSITIONING USING REFLECTED LIGHT AND A VIDEO CAMERA ..o 578
Shota Shimada ; Hiromichi Hashizume ; Masanori Sugimoto

SIMPLIFIED CALIBRATION PROCESS FOR A PSD-BASED OPTICAL IPS......cci et 586
D. Rodriguez-Navarro ; J.L. Lazaro-Galilea ; F. Espinosa ; A. De-La-Llana-Calvo ; C. Santos

QADA-PLUS: A NOVEL TWO-STAGE RECEIVER FOR VISIBLE LIGHT POSITIONING ........cccccocviiiiienne 592

Stefanie Cincotta ; Cuiwei He ; Adrian Neild ; Jean Armstrong
UNMODULATED VISIBLE LIGHT POSITIONING USING THE ITERATED EXTENDED

KCALMANN FILTER ..ottt bbbt b 1 bbbt h b4 h e bt b e e b e b b e bt e b e e bt e st e bt ke e bt sneenenbe e 600
Robin Amsters ; Eric Demeester ; Peter Slaets ; Nobby Stevens
GOIN - AN ACCURATE 3D INDOOR NAVIGATION FRAMEWORK FOR MOBILE DEVICES.............c......... 608

Vlad Landa ; Boaz Ben-Moshe ; Shlomi Hacohen ; Nir Shvalb
GEOMETRIC CONSTRAINT MODEL AND MOBILITY GRAPHS FOR BUILDING

UTILIZATION INTELLIGENCQCE.......cc oottt e st e et e e saa e et e e s taeeteesateenteesnneesneesnreennes 616
Thomas Burgess ; Barbara Metzler ; Andreas Ettlinger ; Hans-Berndt Neuner
VLF MAGNETIC POSITIONING IN MULTISTORY PARKING GARAGES.........ccoitiiiiiiient s 623

Maxim Ralchenko ; Mike Roper
CONVOLUTIONAL NEURAL NETWORKS FOR POSITION ESTIMATION IN TDOA-BASED

LOCATING SYSTEMS ...ttt st b ettt e s et e et e e s et e sa e e aab e e b e e e beesa b e e be e e neeenbeeanbeesneeesteenneeantes 631
Arne Niitsoo ; Thorsten EdelhduRer ; Christopher Mutschler

MULTI-ROBOT MAPPING FOR OPTICALLY GUIDED VEHICLES ..ot 639
Preity Gupta ; Jana Jost ; Benjamin Bordihn

RSS-BASED MAP CONSTRUCTION FOR INDOOR LOCALIZATION ......cci ittt 647

Tian Sun ; Wen Fu ; Ao Peng ; Lingxiang Zheng ; Biyu Tang
ACCURATE AND PRECISE DISTANCE ESTIMATION FROM PHASE-BASED RANGING

Yannic Schréder ; Dennis Reimers ; Lars Wolf

EXPERIMENTAL EVALUATION OF A SINGLE ANCHOR MULTIPATH ASSISTED INDOOR

ANGLE OF ARRIVAL LOCALIZATION SYSTEM IN THE 2.4 GHZ AND 5 GHZ BAND........cccccovviveiieniene. 663
Stijn Wielandt ; Bart Thoen ; Lieven De Strycker

A COMPUTATIONALLY EFFICIENT METHOD FOR DIRECTION FINDING WITH KNOWN

TRANSMIT SEQUENQ E ........coii ittt bbbt b e b e s b e be e be et e s bt e be s be et e sbeenbesbeenbeaneenaenreen 670
Ziming Zhu ; Mohammud Z. Bocus

SUNDEW: DESIGN AND EVALUATION OF A MODEL-BASED DEVICE-FREE

LOCALIZATION SYSTEM ...ttt sttt sttt e sa e et et e et e sa b e e be e eseeenbeeanbeesteeeneeennteentes 676
Marco Cimdins ; Mathias Pelka ; Horst Hellbriick

FINGERPRINTING METHOD FOR ACOUSTIC LOCALIZATION USING LOW-PROFILE

MICROPHONE ARRAYS ..ottt ettt s ettt e et e st e e s tee s st e e teeas e e e saeesabeeteeesseesaseenteesseeesteeanseenteesnneesaeennreanres 684
Bart Thoen ; Stijn Wielandt ; Lieven De Strycker



A REVIEW OF MULTIDIMENSIONAL SCALING TECHNIQUES FOR RSS-BASED WSN

I 1O I 47 N I ] SRR 691
Fernando Seco ; Antonio R. Jiménez ; Pekka Peltola

CONVEX POLYGON POSITIONING FOR HOMOGENEOUS OPTICAL WIRELESS

NETWORKS. ... oottt b ettt s e b e a8 e s bt e st e e bt a8 e b e a8 e e b e o8 b e b e e Rt e b e e Rt e bt e st e e bt e n b e s b e e st e e b e e ne e b e nra e bennen 699
Fabian Seguel ; Nicolas Krommenacker ; Patrick Charpentier ; Vincent Bombardier ; Ismael Soto

FUSING MAP INFORMATION WITH A PROBABILISTIC SENSOR MODEL FOR INDOOR

LOCALIZATION USING RF BEACONS ... .ottt sttt sttt sne e s nte e steeanbeesbaeesteesneeaneeaneas 706
Mitesh Patel ; Andreas Girgensohn ; Jacob Biehl

DYNAMIC BEAM SELECTION FOR BEAM-RSRP BASED DIRECTION FINDING IN MMW 5G

LI L AT T 4 S TSRS 714
Elizaveta Rastorgueva-Foi ; Mario Costa ; Mike Koivisto ; Kari Leppanen ; Mikko Valkama

RSS-BASED DOA ESTIMATION USING ESPAR ANTENNA RADIATION PATTERNS SPLINE

INTERPOLATION ..ottt sttt sttt b e sst et b e b e s bt e 4e e bt e b e bt a4 e e b e et e e bt e b b e e n e e bt e b et e et e nbeesbenbean b nbeanes 720
M. Groth ; K. Nyka ; L. Kulas

EXPERIMENTAL PERFORMANCE EVALUATION OF OUTDOOR TDOA AND RSS

POSITIONING IN APUBLIC LORA NETWORK ...ttt ettt s ettt e et e s e eate e e sate e e e eaaeeesnseesenbaaeannes 725
D. Plets ; N. Podevijn ; J. Trogh ; L. Martens ; W. Joseph

BLUETOOTH-BASED INDOOR POSITIONING THROUGH TOF AND RSSI DATA FUSION.........cccccovveviveee. 733
Davide Giovanelli ; Elisabetta Farella ; Daniele Fontanelli ; David Macii

SUPER-RESOLUTION IN RSS-BASED DIRECTION-OF-ARRIVAL ESTIMATION ....cc.cooiiiiiiiice e, 741

Thorsten Nowak ; Markus Hartmann ; Jorn Thielecke ; Niels Hadaschik ; Christopher Mutschler

PERFLOC (PART 2): PERFORMANCE EVALUATION OF THE SMARTPHONE INDOOR

LOCALIZATION APPS ...ttt bbb bt s e bt b e e b eh b e bt b e e b e s b b e e bt e b e e bt ehb e bt e bs e b e aneennenreen 749
Nader Moayeri ; Chang Li ; Lu Shi

REVIEW OF PDR CHALLENGE IN WAREHOUSE PICKING AND ADVANCING TO XDR

CHALLENGE ...ttt ettt e et e st e e te e s ab e et e e e R ee e teesateeateeeseeeseeenbe e teeasseeasseenteeaseeesseesneeenbeennnaenaens 757
Ryosuke Ichikari ; Ryo Shimomura ; Masakatsu Kourogi ; Takashi Okuma ; Takeshi Kurata
DISTRIBUTED COORDINATION, TRANSPORTATION & LOCALISATION IN INDUSTRY 4.0......cccccvvvrnnen. 765

Ruben Van Parys ; Maarten Verbandt ; Marcus Kotzé ; Peter Coppens ; Jan Swevers ; Herman Bruyninckx ;
Johan Philips ; Goele Pipeleers

MOVING OBJECT TRACKING BASED ON HIGH PRECISION OPTO-ACOUSTIC BPSK-CDMA

DISTANCE MEASUREMENT ...ttt ettt bt bt bt he e bt e se e sb e e s e e ebeemb e s bt e seeebe e b e nbeesnesbeannas 773
Dominik Esslinger ; Philipp Rapp ; Oliver Sawodny ; Cristina Tarin

PERFORMANCE COMPARISON OF RSS ALGORITHMS FOR INDOOR LOCALIZATION IN

LARGE OPEN ENVIRONMENTS ... oottt bbbt h bbbt bt abe s 781
Nico Podevijn ; David Plets ; Jens Trogh ; Abdulkadir Karaagac ; Jetmir Haxhibcgiri ; Jeroen Hoebeke ; Luc
Martens ; Pieter Suanet ; Wout Joseph

Author Index





