2020 IEEE/ION Position, Location
and Navigation Symposium
(PLANS 2020)

Portland, Oregon, USA
20-23 April 2020

Pages 1-821

I E E E IEEE Catalog Number: CFP20PLN-POD
4 ISBN: 978-1-7281-9446-2

1/2



Copyright © 2020 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: CFP20PLN-POD
ISBN (Print-On-Demand): 978-1-7281-9446-2
ISBN (Online): 978-1-7281-0244-3
ISSN: 2153-358X

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

LLom



TABLE OF CONTENTS

A CHIP-BASED BRILLOUIN LASER GYROSCOPE .......ccoiiirieitrireesee e 1
Yu-Hung Lai, Myoung-Gyun Suh, Jiang Li, Yu-Kun Lu, Bogiang Shen, Qi-Fan Yang, Heming
Wang, Ki Youl Yang, Kerry Vahala

HIGH-G CAPACITIVE ACCELEROMETER ARRAYS WITH LOW BIAS INSTABILITY ..cccoveoviieiieene 9
Gary K. Fedder, Vincent P. J. Chung, Metin G. Guney, Xiaoliang Li, Yi Chung Lin, Suresh
Santhanam, Jeyanandh Paramesh, Tamal Mukherjee

ENVIRONMENTALLY-ROBUST HIGH-PERFORMANCE SILICON TIMU CHIP........cccooeivririeririeinnnns 16
Farrokh Ayazi, Haoran Wen, Anosh Daruwalla, Pranav Gupta

MANUFACTURING TRANSITION OF HIGH-PERFORMANCE MEMS GYROSCORPES.........ccccccoeuenne. 24
Jeffrey DeNatale, Stephane Martel, Francois Dion, Jonathan Lachance

A UAV-BASED ALGORITHM TO ASSIST GROUND SAR TEAMS IN FINDING LOST
PERSONS LIVING WITH DEMENTIA ... ..ottt ettt ettt sttt sts st sttt s sbe et a st e sstesbassbessreesteaneas 27
Dalia Hanna, Alexander Ferworn

INTERCEPTING UNMANNED AERIAL VEHICLE SWARMS WITH NEURAL- NETWORK-
AIDED GAME-THEORETIC TARGET ASSIGNMENT ......coiitiiiiieitsiseinieee e 36
Nicholas G. Montalbano, Todd E. Humphreys

MANEUVER OPTIMIZATION FOR SYNTHETIC APERTURE BASED DOA ESTIMATION
OF GIN S S JAMMER S ... 44
Gerald LaMountain, Pau Closas

MODEL PREDICTIVE CONTROL FOR VISION-BASED QUADROTOR GUIDANCE...........cccceceeiiienine 50
Karsten Mueller, Michael Fennel, Gert F. Trommer

A FAULT DETECTION AND ISOLATION DESIGN FOR A DUAL PITOT TUBE AIR DATA
RS S I =Y TR 62
Kerry Sun, Demoz Gebre-Egziabher

LOW SWAP-C RADAR FOR URBAN AIR MOBILITY ..cooiiiiiieiiiienseeseie s 74
William A. Lies, Lakshay Narula, Peter A. lannucci, Todd E. Humphreys

NAVIGATION ERROR SENSITIVITY OF AUTONOMOUS CARRIER LANDING SYSTEMS
IN GPS-DENIED ENVIRONIMENTS ...ttt et ettt ee et e et e et e st e e s et e e st e e s eaeeseteeseaeesneas 81
Terran Gerratt, Amanda Strate, Randall Christensen

Q-LEARNING APPLIED TO SOFT-KILL COUNTERMEASURES FOR UNMANNED AERIAL
VWEHICLES (UAVS) .ottt ettt ettt ettt sttt bbbttt e bt e e st et e ne et se e nnnnn 91
Douglas L. da Silva, Felix Antreich, Olympio L. Coutinho, Renato Machado

ADAPTIVE COOPERATIVE NAVIGATION STRATEGIES FOR COMPLEX
ENVIRONMENTS .ottt ottt ettt ettt sttt e e e s bt e e bt e e sa e e e ebte e sheeeebeeesbaesabesesbeseabesesbessbesesbessbasssresasrenaas 100
Flavia Causa, Giancarmine Fasano

AUTONOMOUS UAV-BASED FOREST MAPPING BELOW THE CANOPY .....cccccvivriviieierene e e 112
Joakim Rydell, Michael Tulldahl, Erika Bilock, Linnéa Axelsson, Pontus Kohler



REAL-TIME TRAJECTORY OPTIMIZATION FOR COLLABORATIVE SELF-
LOCALIZATION IN RANDOM AIRCRAFT FORMATIONS ..ottt
Jonathon S. Gipson, Christine M. Schubert Kabban, Robert C. Leishman, Juan D. Jurado

DEVELOPMENT CHALLENGES AND PERFORMANCE ANALYSIS OF DRONE
VISUAL/INERTIAL SLAM IN A GLOBAL REFERENCE SYSTEM ....ccccoiiiiiiiinieiie e
Rami Ronen, Anton Jigalin, Zeev Berman

OBJECT CLASSIFICATION AND SEMANTIC MAPPING ...ttt st
Jamal Atman, Gert F. Trommer

COMPARISON OF NONLINEAR FILTERING METHODS FOR TERRAIN REFERENCED
ATRCRAFT NAWVIGATION ...ttt ettt e e ettt e s ettt e s st et e s aat et s e sasaeeessabaeesaabateesaraeaesssbeeesasseeserarees
Burak Turan

VISUAL SERVOING OF MICRO AERIAL VEHICLES WITH THE COOPERATION OF
GROUND VEHICLE ..ottt ettt et b e et n e et r e e nene s
Jiayi Li, Wei Dong, Xinjun Sheng, Sen Xu

SCORPION: A MODULAR SENSOR FUSION APPROACH FOR COMPLEMENTARY

NAVIGATION SENSORS ..ottt bbbt bbb bbbt bbbttt b et b s
Kyle Kauffman, Daniel Marietta, John Raquet, Daniel Carson, Robert C. Leishman, Aaron
Canciani, Adam Schofield, Michael Caporellie

AN INVESTIGATION OF GPS-DENIED NAVIGATION USING AIRBORNE RADAR
LI =TI L I 0T
Colton Lindstrom, Randall Christensen, Jacob Gunther

APPLICATION OF NEURAL NETWORK AND IMPROVED UNSCENTED KALMAN
FILTER FOR GPS/SINS INTEGRATED NAVIGATION SYSTEM ....cociiiiieiiirienireeesse e
Di Zhao, Huaming Qian, Feng Shen

GLOBAL LOCALIZATION OF GROUND VEHICLES USING SELF-DESCRIBING
FIDUCIALS COUPLED WITH IMU DATA . ..ottt sttt sttt nesne s
Justin Whitaker, Randall Christensen, Greg Droge

IDENTIFICATION OF GEOMETRIC DISPLACEMENTS OF ODOMETERS IN A
GNSS/INERTIAL NAVIGATION SYSTEM INSTALLED ON A LAND VEHICLE. ........cococvivviiiiricine,
Nikolay Vasilyuk, Dmitry Tokarev

INFLUENCE OF RECEIVER CLOCK MODELING IN GNSS-BASED FLIGHT NAVIGATION:
CONCEPTS AND EXPERIMENTAL RESULTS ...ttt ettt ettt stta st sbaa e
Ankit Jain, Steffen Schon

PRECISE POSITIONING THROUGH A LOOSELY-COUPLED SENSOR FUSION OF GNSS-
RTK, INS AND LIDAR FOR AUTONOMOUS DRIVING .......ccoi ittt sne e
Andreas Schiitz, Daniela E. Sanchez-Morales, Thomas Pany

STAND-ALONE ORIENTATION SYSTEM BASED ON VISUAL SLAM .....cccoiiiiiiiiense e
Sergey Zotov

GEOMAGNETIC STORM INDUCED MID-LATITUDE IONOSPHERIC PLASMA

IRREGULARITIES AND THEIR IMPLICATIONS FOR GPS POSITIONING OVER NORTH

AMERICA: A CASE STUDY ..ottt ettt sttt sttt e bt se et s e bt st se et eseabebe e aeenas
Zhe Yang, Sebastijan Mrak, Y. Jade Morton



ROBUST MODELING OF TROPOSPHERIC DELAY DYNAMICS FOR SEQUENTIAL
POSITIONING ..ottt sttt ettt et st sebe e et e b et b e e bt e et e s e e et s et n b e s e e et e s e e s e reneee 239
Elisa Gallon, Mathieu Joerger, Boris Pervan

ALTERNATIVE STRATEGY FOR ESTIMATING ZENITH TROPOSPHERIC DELAY FROM
PRECISE POINT POSITIONING .....cotittitiiiiiieiitinie ettt bbbttt b et 247
Jareer Mohammed, Richard M. Bingley, Terry Moore, Chris Hill

CONJUGATE TRANSFER FUNCTION COMPENSATION OF IONOSPHERIC REFRACTIVE
O 1S TP 259
William Krier, Jade Morton

TRIPLE-FREQUENCY GNSS CYCLE SLIP DETECTION PERFORMANCE IN THE
PRESENCE OF DIFFRACTIVE IONOSPHERE SCINTILLATION ...oooiiitiiiieeie et 263
Brian Breitsch, Y. Jade Morton

LOOK AROUND YOU: SEQUENCE-BASED RADAR PLACE RECOGNITION WITH
LEARNED ROTATIONAL INVARIANGCE ......oooi ittt ettt ettt ettt st st sts st st saasera e 270
Matthew Gadd, Daniele De Martini, Paul Newman

TEX-CUP: THE UNIVERSITY OF TEXAS CHALLENGE FOR URBAN POSITIONING .......cc.ccocevvnnenee 277
Lakshay Narula, Daniel M. LaChapelle, Matthew J. Murrian, J. Michael Wooten, Todd E.
Humphreys, Elliot de Toldi, Guirec Morvant, Jean-Baptiste Lacambre

CROSS-MODAL LOCALIZATION: USING AUTOMOTIVE RADAR FOR ABSOLUTE
GEOLOCATION WITHIN A MAP PRODUCED WITH VISIBLE-LIGHT IMAGERY .....cccccocevvivirninnne 285
Peter A. lannucci, Lakshay Narula, Todd E. Humphreys

NEW INTEGRATED NAVIGATION SCHEME FOR THE LEVEL 4 AUTONOMOUS
VEHICLES IN DENSE URBAN AREAS ..ottt bttt 297
Li-Ta Hsu, Weisong Wen

ON ROBOT LOCALIZATION SAFETY FOR FIXED-LAG SMOOTHING: QUANTIFYING
THE RISK OF MISASSOCIATION ...ttt sttt sttt es e sbebe e neanas 306
Osama Abdul Hafez, Guillermo Duenas Arana, Yihe Chen, Mathieu Joerger, Matthew Spenko

A NEW DATA ASSOCIATION METHOD USING KALMAN FILTER INNOVATION
VECTOR PROJECTIONS ... .ctitiietiiteteiisteeststese st tete s tese et te st ssesese st sessssesessssesessasesessesesessasesessesesessesessnsases 318
Mathieu Joerger, Ali Hassani

INTELLIGENT NAVIGATION IN URBAN ENVIRONMENTS BASED ON AN H-INFINITY
FILTER AND REINFORCEMENT LEARNING ALGORITHMS ..ot 328
Ivan Smolyakov, Richard B. Langley

LIDAR LATERAL LOCALISATION DESPITE CHALLENGING OCCLUSION FROM
LI Y o [T UOUSSTI 334
Tarlan Suleymanov, Matthew Gadd, Lars Kunze, Paul Newman

SATELLITE NAVIGATION FOR THE AGE OF AUTONOMY .....cctiiiiiiiiinniee st 342
Tyler G. R. Reid, Bryan Chan, Ashish Goel, Kazuma Gunning, Brian Manning, Jerami
Martin, Andrew Neish, Adrien Perkins, Paul Tarantino

COOPERATIVE SWARM LOCALIZATION AND MAPPING WITH INTER-AGENT
RAINGING. ..ottt sttt s b e s e s e e b e s e s e et e eses e eb e et es s e s e s e s s e b e et e st e sens e st e sen b e s s e s e nte s enentenes 353
Young-Hee Lee, Chen Zhu, Gabriele Giorgi, Christoph Giinther



AN UWB-BASED COMMUNICATION PROTOCOL DESIGN FOR AN INFRASTRUCTURE-
FREE COOPERATIVE NAVIGATION ....ooiiiitiicti ettt sttt st e sttt a s te st s staesteestesstsstssnessnessree e 360
Jianan Zhu, Solmaz S. Kia

MAPLETS: AN EFFICIENT APPROACH FOR COOPERATIVE SLAM MAP BUILDING
UNDER COMMUNICATION AND COMPUTATION CONSTRAINTS......cccoiiiriiiiirinenieeeesieeeeeens 367
Kevin Brink, Ryan Sherrill, Jamie Godwin, Jincheng Zhang, Andrew Willis

MATCHING MAPS OF PHYSICAL AND VIRTUAL RADIO TRANSMITTERS USING
VISIBILITY REGIONS ... ..ottt sttt ettt et e e st e s s b e e st e s st e s sabe s s bessabessbeesabessbessbesssbaesrenans 375
Markus Ulmschneider, Christian Gentner, Armin Dammann

CENTRALIZED UAV SWARM FORMATION ESTIMATION WITH RELATIVE BEARING
MEASUREMENTS AND UNRELIABLE GPS........oo ittt s 383
John Akagi, Randall S. Christensen, Matthew W. Harris

UPDATE ON BEIDOU NAVIGATION SATELLITE SYSTEM AND PNT SYSTEM......ccccoovvvivrvrieriiinns 392
Xiaochun Lu, Xia Guo, Shuren Guo, Xing Li, Kun Jiang, Jade Morton

GPS MODERNIZATION AND BEYOND .....ccoiiieitieiiet ittt sttt st s ss e ss et b s snns 399
Ranwa Haddad, Karl Kovach, Rhonda Slattery, James Gillis

COMPARING THE ‘BIG 4’ - A USER'S VIEW ON GNSS PERFORMANCE .........cccovviiiirinenrinineneseenns 407
Oliver Montenbruck, Peter Steigenberger, André Hauschild

PPP: PERHAPS THE NATURAL PROCESSING MODE FOR PRECISE GNSS PNT ......coocviiiiiiiee e, 419
Sunil Bisnath

ECONOMICAL FUSED LEO GNSS......ciiiiiieiiisieieisiee sttt sss s e s sesessssessssesessssesessnsases 426
Peter A. lannucci, Todd E. Humphreys

EXPLORING THE DESIGN SPACE OF LUNAR GNSS IN FROZEN ORBIT CONDITIONS................... 444
Filipe Pereira, Daniel Selva

A RIGID MESSAGE SCHEDULER FOR SBAS ...ttt sttt sttt ettt sttt sre e e 452
Todd Walter, Andrew Neish, Juan Blanch

AN INTEGRITY MONITORING METHOD FOR MULTI-SENSOR COLLABORATIVE
N TN Ny N [ ] RSP 461
Jun Xiong, Joon Wayn Cheong, Andrew G Dempster, Zhi Xiong

POTENTIAL CANDIDATES FOR NEW SBAS SIGNALS .......ccoiiiiiiririirsieeeee et 469
Axel Garcia-Pena, Rémi Chauvat, Christophe Macabiau, Jaron Samson, Ivan Lapin, Cyrille
Boulanger

OVERBOUNDING GNSS/INS INTEGRATION WITH UNCERTAIN GNSS GAUSS-MARKOV
ERROR PARAMETERS ...ttt bbbt bbbt b et nb ekttt nn s 481
Omar Garcia Crespillo, Mathieu Joerger, Steve Langel

ANALYZING SATELLITE ORBIT ERROR FOR ARAIM OFFLINE MONITORING.........cccccovvvevieeiinenns 490
Jaymin Patel, Boris Pervan

EVALUATING INTEGRITY AND CONTINUITY OVER TIME IN ADVANCED RAIM........cccccoveninnne. 502
Carl Milner, Boris Pervan, Juan Blanch, Mathieu Joerger



FLIGHT TESTING OF ADVANCED RECEIVER AUTONOMOUS INTEGRITY

MONITORING AND DUAL POLARIZED ANTENNA ..ottt 515
Chris Fulton, Chiawei Lee, Dallas Wright, Gregory Eastburg, Josh Rivey, Shawn Whitney,
Tristan Atkins

AIR-TRAFFIC-BASED SYNCHRONIZATION OF GROUND INFRASTRUCTURE .........ccccocvvieiierinnen. 528
Okuary Osechas, Gabriele Giorgi

DEMONSTRATION OF A MULTI-LAYER SPOOFING DETECTION IMPLEMENTED IN A
HIGH PRECISION GNSS RECEIVER ..ottt 538
Ali Broumandan, Sandy Kennedy, John Schleppe

DETECTING GNSS SPOOFING OF ADS-B EQUIPPED AIRCRAFT USING INS........cccccviiiriiinin 548
Birendra Kujur, Samer Khanafseh, Boris Pervan

GNSS SPOOFING MITIGATION USING MULTIPLE RECEIVERS ......occiiiiceiesee e 555
Niklas Stenberg, Erik Axell, Jouni Rantakokko, Gustaf Hendeby

SPOOFING DETECTION BY DISTORTION OF THE CORRELATION FUNCTION .......ccooeiiinieiiieen. 566
Michael Turner, Stephen Wimbush, Christoph Enneking, Andriy Konovaltsev

PROTECTING GNSS-BASED SERVICES USING TIME OFFSET VALIDATION .....cccovvivrireeisieeenns 575
Kewei Zhang, Marco Spanghero, Panagiotis Papadimitratos

MODEL AND OBSERVATION OF THE IMPACT OF JTIDS/MIDS ON GNSS C/Np

DEGRADATION ...ttt ettt e st b bbbt b b e £ s b bR e bk e £ e e b e e ek b e £ s b e b e st e b ket sb et et e b be e et 584
Axel Garcia-Pena, Christophe Macabiau, John Ashley, Dmitri Baraban, Pierre Durel, Mikael
Mabilleau

HIGH-RATE DFT-BASED DATA MANIPULATOR (HDDM) ALGORITHM FOR EFFECTIVE
INTERFERENCE MITIGATION ... ..ottt s et sate et e e s nae e st be e snae e stbeesneeesraeennneennes 596
J. Rossouw van der Merwe, Fabio Garzia, Alexander Rigamer, Wolfgang Felber

ITAR FREE SMART ANTENNA ARRAY FOR RESILIENT GNSS IN AVIATION......cccooievieiiieee 606
E. Pérez-Marcos, L. Kurz, M. Cuntz, S. Caizzone, A. Konovaltsev, M. Meurer

IMPROVED SPATIAL PROCESSING THROUGH HIGH-FIDELITY ANTENNA MODELING.............. 612
John N. Spitzmiller

MITIGATION OF FREQUENCY-HOPPED TICK JAMMING SIGNALS........c.ccooiiiieeceecece e, 624
Daniele Borio, Ciro Gioia

EVALUATING THE URBAN TRENCH MODEL FOR IMPROVED GNSS POSITIONING IN
URBAN AREAS ...ttt sttt ste e s e st e st e e te e e s te e e bt e e s te e e bee e s bee e seeesbeeeabeeesteeeaneeesteeenaeesseeenneeans 631
Lucy Icking, Tobias Kersten, Steffen Schon

EVALUATING GNSS NAVIGATION AVAILABILITY IN 3-D MAPPED URBAN
ENVIRONMENTS ..ottt ettt ettt ettt et bbbt et e e et b e e st et e e bt e e e ete et ene e nnnrn 639
Kana Nagai, Titilayo Fasoro, Matthew Spenko, Ron Henderson, Boris Pervan

GNSS/LIDAR INTEGRATION AIDED BY SELF-ADAPTIVE GAUSSIAN MIXTURE
MODELS IN URBAN SCENARIOS: AN APPROACH ROBUST TO NON-GAUSSIAN NOISE.............. 647
Weisong Wen, Xiwei Bai, Li-Ta Hsu, Tim Pfeifer

OPTIMAL GPS INTEGRITY-CONSTRAINED PATH PLANNING FOR GROUND VEHICLES............. 655
Mahdi Maaref, Zaher M. Kassas



ROBUST VEHICLE LOCALIZATION AND INTEGRITY MONITORING BASED ON
SPATIAL FEATURE CONSTRAINED PF .....ooiiiiiitciisee ettt ettt 661
Jelena Gabela, lvan Majic, Allison Kealy, Mark Hedley, Shenghong Li

NOVEL SNAPSHOT INTEGRITY ALGORITHM FOR AUTOMOTIVE APPLICATIONS:
TEST RESULTS BASED ON REAL DATA .. oottt ettt sttt ettt snaesneesteeneeeneas 670
R. Bryant, O. Julien, C. Hide, S. Moridi, I. Sheret

EFFECT OF WHEEL ODOMETER ON LOW-COST VISUAL-INERTIAL NAVIGATION

SYSTEM FOR GROUND VEHICLES ........ccooitiict ittt sttt st st st 682
Jaehyuck Cha, Jae Hyung Jung, Jae Young Chung, Tae lhn Kim, Chan Gook Park, Myung
Hwan Seo, Sang Yeon Park, Jong Yun Yeo

DEEP LEARNED MULTI-MODAL TRAFFIC AGENT PREDICTIONS FOR TRUCK
PLATOONING CUT-INS ...ttt bbb bbbt b bbbt b et b bt nb et 688
Samuel Paul Douglass, Scott Martin, Andrew Jennings, Howard Chen, David M. Bevly

CONTINUOUS TIME RATE GYRO CALIBRATION AND MONOCULAR CAMERA
MISALIGNMENT ESTIMATION USING A NONLINEAR OBSERVER.........cccccoiviiiieve e 698
Joseph Conroy, Sangjin Han, William Nothwang, Gregory Gremillion

A FAST IN-MOTION ALIGNMENT BASED ON INERTIAL FRAME AND REVERSE
INAV IGATION .ttt bbbkt b bt £ bbb bt b bR e b ket e ekt b ket b e b et b bt nr et 704
Bo Xu, Lianzhao Wang, Tenghui Duan, Kunming Jin, Jiao Zhang

RESEARCH ON FARADAY ERROR OF AXIAL MAGNETIC FIELD BASED ON PHOTONIC
CRYSTAL FIBER OPTIC GYRO ..ottt sttt skttt sttt 714
Zicheng Wang, Guocheng Wang, Yanyan Wang, Weigi Miao, Chao Liu

RESEARCH ON MULTI-MODEL ADAPTIVE HULL DEFORMATION MEASUREMENT
ALGORITHM ...ttt ettt sttt b et et E et a e s se et e R e et e st ss et s e st et ene st ebenessene e nenrs 718
Wang Yanyan, Zhang Ya, Wang Kai, Wang Zhuo, Chang Jiachong, Xu Dingjie

DETERMINATION OF ALLAN VARIANCE COEFFICIENTS USING GENETIC
F N0 i I 1 OSSR 723
Amil Sami Onen, Bagis AltinOz

COMPACT IN-RUN NAVIGATION GRADE IMU BASED ON QUARTZ MEMS.........cccocvvivvnirnnieiennn, 728
Sergey Zotov, Arvind Srivastava, Ken Kwon, Jeremy Frank, Erwin Parco, Martin Williams,
Semen Shtigluz, Kenneth Lyons, Michael Frazee, David Hoyh, Albert Lu

OPTIMAL INNER LEVER-ARM PARAMETERS CALIBRATION METHOD OF HIGH-
PRECISION FOG-IMU BASED ON SINUSOIDAL SWING SCHEME..........cccccoiiiinniineesee s 734
Chang Jiachong, Zhang Ya, Wang Zhuo, Liu Chao, Wang Yanyan

RESEARCH ON THE CALIBRATED METHOD FOR MEMS MAGNETOMETER ARRAYS................ 740
Zetao Guo, Tao Zhang, Xiuli Ning, Xiang Xu

NOVEL APPROACH TO IMPROVE PERFORMANCE OF INERTIAL NAVIGATION
SYSTEM VIA NEURAL NETWORK ..ottt bbbt 746
Evgeniy Pukhov, Haim Israel Cohen

DEDICATED CALCULATION STRATEGY FOR ATOM INTERFEROMETRY SENSORS IN
INERTIAL NAWVIGATION ....ooiiiiiiite ittt sttt sttt teste st te st e st esaebe st esaebesseseabesaesaebessesaabesaereateseeseateneas 755
Benjamin Tennstedt, Steffen Schon



GYRO BIAS ESTIMATION WITH QUASI-STATIC MAGNETIC FIELD IN FOOT-MOUNTED
PEDESTRIAN DEAD RECKONING .....ccociiiiieiistee sttt sttt be s renens 765
Jae Hong Lee, Soyoung Park, Seoung Yun Cho, Chan Gook Park

STOCHASTIC MODELING OF GRAVITY COMPENSATION ERROR IN GNSS-AIDED
INERTIAL NAVIGATION SYSTEMS ... ..ottt sttt en e e sreesaeeneeaneas 770
Timothy G. Needham, Michael S. Braasch

UWB RANGING AIDED PEDESTRIAN GEOLOCATION WITH GPB-BASED FILTERING
FOR LOS AND NLOS MEASUREMENT PROCESSING .......coooiiiiiiiii ittt ettt sres s sras e 781
Jianan Zhu, Solmaz S. Kia

PERFORMANCE VALIDATION AND COMPARISON OF RANGE/INS INTEGRATED
SYSTEM IN URBAN NAVIGATION ENVIRONMENT USING UNITY3D AND PILS......ccccceoiiiirene 788
Eunhak Koh, Gwangsoo Park, Byoungjin Lee, Donggyun Kim, Sangkyung Sung

A CLOSED-FORM ANALYTICAL ESTIMATION OF VERTICAL DISPLACEMENT ERROR
IN PEDESTRIAN NAVIGATION ..o itiiiieiceistee ettt sesa s saesese s sesessesenessesesensnses 793
Chi-Shih Jao, Yusheng Wang, Sina Askari, Andrei M. Shkel

HIGH-SPEED RAILWAY TRACK INTEGRATED INSPECTING BY GNSS-INS
IMULTISENSOR ...ttt bbb bbb et b ket b bbbt bt e s b bt nr b 798
Richie Li, Zhengdong Bai, Bobo Chen, Haohao Xin, Yuhang Cheng, Qiong Li, Fei Wu

MONOCULAR VISUAL ODOMETRY WITH UNMANNED UNDERWATER VEHICLE
USING LOW COST SENSORS ...ttt ettt et et e et e st e et e st e et e st e aeteneeeaeeeseeeaeeesieeeaenens 810
Paolo Dabove, Vincenzo Di Pietra, Marco Piras

INS/LOG INTEGRATED NAVIGATION SYSTEM WITH OCEAN CURRENT VELOCITY
MODEL BASED ON MULTIPLE MODEL ADAPTIVE ESTIMATION .....cccooiiiineeiisenneee e 817
Xinle Zang, Yueyang Ben, Qian Li

DESIGNING A RANGING SIGNAL FOR USE WITH VDE R-MODE ........ccoceiiiiiiniicineecsieeseneens 822
M. Wirsing, A. Dammann, R. Raulefs

REDESIGNED WAVEFORMS IN THE MARITIME MEDIUM FREQUENCY BANDS.........cccocoveninines 827
Lars Grundhofer, Stefan Gewies, Niklas Hehenkamp, Giovanni Del Galdo

MACHINE LEARNING-ASSISTED ANOMALY DETECTION IN MARITIME NAVIGATION
USING ALS DATA ettt ettt e ettt £ e e b et b e be £ s 4 e bt e e b e b e £ s b e b e Rt e b e b et se e b e st et et et eeebeneebebe e neanas 832
Sandeep Kumar Singh, Frank Heymann

TEST AND EVALUATION OF AUTONOMOUS SURFACE VEHICLES: A CASE STUDY ....c.cooveeueee. 839
Brian C. Reitz, Joshua L. Wilkerson

A REVIEW OF POLAR MARINE NAVIGATION SCHEMES ..........coiiiiiiitiiiieee e 851
Wenting Cui, Yueyang Ben, Hanxuan Zhang

AUTOMOTIVE-RADAR-BASED 50-CM URBAN POSITIONING .......cccovvveiiiriseinieee e 856
Lakshay Narula, Peter A. lannucci, Todd E. Humphreys

A NEW APPROACH FOR MODELING CORRELATED GAUSSIAN ERRORS USING
FREQUENCY DOMAIN OVERBOUNDING........coccoiiitiiiieiiiisi sttt snenes 868
Steven Langel, Omar Garcia Crespillo, Mathieu Joerger

GNSS INTERFERENCE SOURCE TRACKING USING KALMAN FILTERS .....c.coiioieiee e 877
Sanat K Biswas, Ediz Cetin



A GRAPH APPROACH TO DYNAMIC FUSION OF SENSORS ......ccooiiiriniiininiee e 883
Xin Zhang, Haipeng Sun

RELATIONAL DATABASE FOR PNT DATA ...ttt st sene e nennes 888
Sean Mochocki, Kyle Kauffman, Robert Leishman, John Raquet

PEDESTRIAN INERTIAL NAVIGATION SYSTEM AUGMENTED BY VISION-BASED
FOOT-TO-FOOT RELATIVE POSITION MEASUREMENTS ......ccoiiiiiiniieiisirie e 900
Chi-Shih Jao, Yusheng Wang, Andrei M. Shkel

LOCALIZATION BASED ON LIDAR AND GNSS FOR CONNECTED VEHICLES..........cccocviiviiennne. 908
Jae-Hoon Ahn, Jong-Hoon Won

GPS POSITIONING IN REDUCED COVERAGE ENVIRONMENTS USING BATCHED
DOPPLER AND PSEUDORANGE MEASUREMENTS ..ottt 915
Joshua Wood, Sterling Thompson, Scott Martin, David Bevly

NAVIGATION AND ESTIMATION IMPROVEMENT BY ENVIRONMENTAL-DRIVEN
NOISE MODE DETECTION ...ttt ettt ettt st eat e st e e et e e s ta e e eae s s sbeesatesessaesssessstesssresssreessrenaas 925
J. Dunik, O. Kost, O. Straka, E. Blasch

RECURSIVE GAUSSIAN PROCESSES AND FINGERPRINTING FOR INDOOR
I TN A L7 1 L] T 933
Tales Imbiriba, Peng Wu, Gerald LaMountain, Deniz Erdogmus, Pau Closas

JOINT TRAIN LOCALIZATION AND TRACK IDENTIFICATION BASED ON EARTH
MAGNETIC FIELD DISTORTIONS. ... ..cittiitittiiseeieesieie sttt ettt st e et 941
Benjamin Siebler, Oliver Heirich, Stephan Sand, Uwe D. Hanebeck

CELESTIAL NAVIGATION - CORRECTING THE FOLKLORE .......cccovviiiirisieienisieesisieesesiee s sessenens 949
Peter F. Swaszek, Richard J. Hartnett, Kelly C. Seals

THE UTILIZATION OF DNN-BASED SEMANTIC SEGMENTATION FOR IMPROVING

LOW-COST INTEGRATED STEREO VISUAL ODOMETRY IN CHALLENGING URBAN

ENVIRONMENTS .ottt bbbk bbb bbbt b bbbt bt b bt ne et 960
Hany Ragab, Mohamed Elhabiby, Sidney Givigi, Aboelmagd Noureldin

QUANTIFYING FEATURE ASSOCIATION ERROR IN CAMERA-BASED POSITIONING .................. 967
Chen Zhu, Mathieu Joerger, Michael Meurer

SMART FEATURES FOR DYNAMIC VISION SENSORS.......ccciiiriieiirieensiee et 973
Zachary P. Friedel, Robert C. Leishman

A HYBRID POSITION ESTIMATION FRAMEWORK BASED ON GNSS AND VISUAL
SENSOR FUSION ...ttt ettt ettt e e e et e et e st e et e s et e et e seteesaeeeseaeesaeeeseeeesaeneseeeesaanesens 979
Sara Baldoni, Federica Battisti, Michele Brizzi, Alessandro Neri

LANDMARK AIDED GPS-DENIED NAVIGATION FOR ORCHARDS AND VINEYARDS. .................. 987
Austin Costley, Randall Christensen

PERFORMANCE ANALYSIS FOR AUTONOMOUS VEHICLE 5G-ASSISTED POSITIONING
IN GNSS-CHALLENGED ENVIRONMENTS ......ociiiiiiie ittt sttt saera st sae e ane e 996
Zohair Abu-Shaban, Gonzalo Seco-Granados, Craig R. Benson, Henk Wymeersch

REINFORCEMENT LEARNING FOR UAVY AUTONOMOUS NAVIGATION, MAPPING AND
LA T = D = 1 = O 1 [ ] RS 1004
Anna Guerra, Francesco Guidi, Davide Dardari, Petar M. Djuri¢



LOCALIZATION BASED ON CHANNEL IMPULSE RESPONSE ESTIMATES .......ccccoooiiiiiiienineins 1014
Zehao Yu, Zhenyu Liu, Florian Meyer, Andrea Conti, Moe Z. Win

MULTIPOINT CHANNEL CHARTING WITH MULTIPLE-INPUT MULTIPLE-OUTPUT
CONVOLUTIONAL AUTOENCODER........c.ooiiiiieiieet ettt sttt n e nnens 1022
Chunhua Geng, Howard Huang, Jack Langerman

WIFI-RTT INDOOR POSITIONING ... ...ttt ettt ettt sttt e st e sa e s st e s st a s s te s saba s satessabessnbeesataas 1029
Christian Gentner, Markus Ulmschneider, Isabel Kuehner, Armin Dammann

METRIC LEARNING FOR FINGERPRINT RSSI-LOCALIZATION .....ccooiiiii ettt 1036
Kevin Elgui, Pascal Bianchi, Olivier Isson, Frangois Portier, Renaud Marty

MOBILE POSITIONING WITH SIGNALS OF OPPORTUNITY IN URBAN AND URBAN
CANYON ENVIRONMENTS.... .ottt sttt sttt bttt b bbbttt b et 1043
Chun Yang, Andrey Soloviev

COMBINING TDOA AND AOA WITH A PARTICLE FILTER IN AN OUTDOOR LORAWAN

NETWORK ....ocoitettitetet sttt sttt sttt sttt et et e e b et e teebe st et e et et et e et e e e b e ebe s e es e e be s e eseebe s s et e ebe st eseebeseeseabeneereatenras 1060
Michiel Aernouts, Noori BniLam, Nico Podevijn, David Plets, Wout Joseph, Rafael Berkvens,
Maarten Weyn

ENHANCED MULTILATERATION METHODS WITH A GLOBAL APPROACH.......ccccovviiiiiiiiiens 1070
Rabih Chrabieh, Mazen Neifer, Ganda Ouedraogo, Ines Ben Hamida, Peter Bagnall, Serdar
Sezginer

SEAMLESS NAVIGATION USING UWB-BASED MULTISENSOR SYSTEM .....cccccoviviiinnneniceenn 1079

Vincenzo Di Pietra, Paolo Dabove, Marco Piras

SOLUTION SEPARATION-BASED FD TO MITIGATE THE EFFECTS OF LOCAL THREATS
ON PPP INTEGRITY oottt ettt ettt e et e e e et e et e et e e e te e e aba e e teeeabseeateeasseeesteeebeeenteeeseeans 1085
Juan Blanch, Todd Walter, Laura Norman, Kazuma Gunning, Lance de Groot

BENEFITS OF MOTION CONSTRAINING FOR ROBUST, LOW-COST, DUAL-FREQUENCY
GNSS PPP + MEMS IMU NAVIGATION ..ottt etee st s s tes st s s stessba s sbassebasssbesssnenans 1093
Sudha Vana, Nacer Naciri, Sunil Bisnath

FROM SINGLE TO PRECISE POINT POSITIONING: THE IMPACT ON TIME RETRIEVAL ............. 1104
Ciro Gioia, Daniele Borio, Eugenio Realini, Andrea Gatti, Giulio Tagliaferro

ASSESSMENT OF REAL-TIME MULTIPATH DETECTION WITH ANDROID RAW GNSS
MEASUREMENTS BY USING A XIAOMI MI 8 SMARTPHONE .......oooiiiiieeeeeeeeeeeee e 1111
Lotfi Massarweh, Marco Fortunato, Ciro Gioia

CYCLE SLIP DETECTION AND REPAIR USING AN ARRAY OF RECEIVERS WITH
KNOWN GEOMETRY FOR RTK POSITIONING........ccecttiiirieiite ettt st sve e sne e 1123
Xiao Hu, Paul Thevenon, Christophe Macabiau

GNSS ATTITUDE DETERMINATION USING A CONSTRAINED WRAPPED LEAST
SQUARES APPROAGCH.........ctiitiiietee sttt ettt ettt se st sete st ettt et se et ere e bese e nsnre e en 1135
Xing Liu, Tarig Ballal, Tareq Y. Al-Naffouri

DEMONSTRATION OF FUSED RTK (FIXED) + INERTIAL POSITIONING USING
ANDROID SMARTPHONE SENSORS ONLY .....oitiiiitiirisieenisiet sttt 1140
Mohamed Bochkati, Himanshu Sharma, Christian A. Lichtenberger, Thomas Pany



DEPLOYMENT AND EVALUATION OF A REAL-TIME KINEMATIC SYSTEM USING
TINC-VPN SOFTWARE .....coiiiietiititsteiste ettt st sa et te st s te st et s e e b e s e st e s ese st e bese st esere s etesessasesessesenens 1155
Xing Liu, Tarig Ballal, Martins Bruvelis, Tareq Y. Al-Naffouri

THEORETICAL AND PRACTICAL EVALUATION OF AN OVERLAY MULTI-BAND
O ] NN I = | 5 PSS 1160
Alexander Riigamer, J. Rossouw van der Merwe, Ifiigo Cortes, Wolfgang Felber

OPTIMIZING SIGNAL PROCESSING KERNELS FOR GNSS SOFTWARE RECEIVERS.................... 1168
Cillian O'Driscoll

ADAPTIVE LOOP-BANDWIDTH CONTROL ALGORITHM FOR SCALAR TRACKING

Ifiigo Cortés, J. Rossouw van der Merwe, Alexander Riigamer, Wolfgang Felber

ROBUST GNSS PHASE TRACKING IN CASE OF SLOW DYNAMICS USING
VARIATIONAL BAYES INFERENCE........cotiieitiieiiisisiei et siste ettt sassesessssesessssenens 1189
Fabio Fabozzi, Stéphanie Bidon, Sébastien Roche, Benoit Priot

HIGH-RESOLUTION CORRELATOR BASED DETECTION OF GPS SPOOFING ATTACKS
USING THE LASSO ..ottt ettt ettt sttt sh et b et b bt bbbt bbbt s bbb eb e ne e bt ebene e bt b e nrebeabe e 1196
Erick Schmidt, Nikolaos Gatsis, David Akopian

ON EFFICIENT AND LOW-COMPLEXITY DECODING OF BINARY LDPC-CODED CSK
SIGNALS FOR GNSS LINKS WITH INCREASED DATA RATES ..o 1202
Rémi Chauvat, Axel Garcia-Pena, Matteo Paonni

DEEP NEURAL NETWORK APPROACH TO GNSS SIGNAL ACQUISITION ......ccccoveiiiiciecece e, 1214
Parisa Borhani-Darian, Pau Closas

A MACHINE LEARNING APPROACH FOR GPS CODE PHASE ESTIMATION IN
MULTIPATH ENV IR ONIMEN T S . oot e e snnnnesssnne e nnnsnnnnnnnnnnnnnnnnnnnnnnnnnnnnns 1224
Mohamad Orabi, Joe Khalife, Ali A. Abdallah, Zaher M. Kassas, Samer S. Saab

REAL TIME RESULTS OF VECTOR DELAY LOCK LOOP IN A LIGHT URBAN SCENARIO .......... 1230
Katrin Dietmayer, Florian Kunzi, Fabio Garzia, Matthias Overbeck, Wolfgang Felber

DESIGN AND IMPLEMENTATION OF A SOFTWARE DEFINED RADIO GNSS RECEIVER
BASED ON OPENC L ... .uieiiiieiie st see sttt sttt stt e te e s e sseesteesseesteesteeneeaneeaseeaseesseeseenseanseasaessensneesseessnanees 1237
Janos Buttgereit, Timo Schwarte, Gotz C. Kappen

ACCURATE POSITION AND ATTITUDE DETERMINATION IN A SEVERE MULTIPATH
ENVIRONMENT USING AN UNCALIBRATED MULTI-ANTENNA-SYSTEM.....cccovovvveiirerneiininns 1247
Soeren Zorn, Christian Siebert, Michael Niestroj, Marius Brachvogel, Michael Meurer

A SUBSPACE-BASED SPATIAL AND TEMPORAL MULTIPATH MITIGATION FOR
MULTI-ANTENNA GPS RECEIVER .....c.ociiiiiiitcti ettt 1256
Xi Hong, Tian Gan, Menghan Lin, Ning Chang, Wenjie Wang, Qinye Yin

SPARSE SPATIAL AND TEMPORAL ESTIMATION FOR MULTIPATH MITIGATION IN
Ning Chang, Wenjie Wang, Xi Hong, Jose A. Lopez-Salcedo, Gonzalo Seco-Granados

A CELLULAR-MODEM-HOSTED LOW-COST SINGLE-SHOT DUAL-MODE ASSISTED-

GNSS RECEIVER FOR THE INTERNET OF THINGS. .......ccoiiiiiiitinicesee e 1273
Matthias Korb, Qiuting Huang, Philipp Stockel, Goetz C. Kappen, Benjamin Weber, Miguel
Garcia



ACOUSTIC POSITIONING AND NAVIGATION SYSTEM FOR GNSS
DENIED/CHALLENGED ENVIRONMENTS .....ciitiiiiiisitsisteie ettt sese s ssesese s ssnsenas 1280
Rohan Kapoor, Alessandro Gardi, Roberto Sabatini

APPROACH FOR AUTONOMOUS ROBOT NAVIGATION IN GREENHOUSE

ENVIRONMENT FOR INTEGRATED PEST MANAGEMENT ......cooiii et 1286
Smita Tiwari, Yuheng Zheng, Michael Pattinson, Maria Campo-Cossio, Raul Arnau, David
Obregon, Ander Ansuategui, Carlos Tubio, Iker Lluvia, Oscar Rey, Jeroen Verschoore,
Vojtech Adam, Joaquin Reyes

A MOTION INDUCED PASSIVE INFRARED (PIR) SENSOR FOR STATIONARY HUMAN
OCCUPANCY DETECTION .....ctiiiieteisisteisieeesistesesessesesessesessssesessssesessssesessssesessssesessssessssssesessssesessssesesenes 1295
Jack Andrews, Meghana Kowsika, Asad Vakil, Jia Li

A POWER-EFFICIENT BLE AUGMENTED GNSS APPROACH TO SITE-SPECIFIC
INAV IGATION ..tttk btk b bt e b bbb ek h £ b ket b e bbb et nb et e st b bt nr et 1305
Zhuangzhuang Dai, Frank J. W. Podd

EVALUATION OF VIRTUAL REALITY TRACKING PERFORMANCE FOR INDOOR

YA T AN N L\ PSS 1311
Rui Wu, Jeevitha Pandurangaiah, Grayson Morgan Blankenship, Christopher Xavier Castro,
Shanyue Guan, Andrew Ju, Zhen Zhu

CENTIMETER-LEVEL INDOOR LOCALIZATION USING CHANNEL STATE
INFORMATION WITH RECURRENT NEURAL NETWORKS .......ccoitiiiirieeieniseesie e sene s 1317
Jianyuan Yu, Hussein Metwaly Saad, R. Michael Buehrer

DEEP LEARNING-AIDED SPATIAL DISCRIMINATION FOR MULTIPATH MITIGATION............... 1324
Ali A. Abdallah, Zaher M. Kassas

SLAM BASED TOPOLOGICAL MAPPING AND NAVIGATION ......cccoivriiririeeienisieie s 1336
Wuyang Xue, Rendong Ying, Zheng Gong, Ruihang Miao, Fei Wen, Peilin Liu

AN ENHANCED INDOOR RANGING METHOD USING CSI MEASUREMENTS WITH
EXTENDED KALMAN FILTER ......oiitiiiietite ettt sttt e sttt te st saesse e sbesaesaasesaesaabesaesassessesesseseas 1342
Jingjing Wang, Joon Goo Park

ADVANCED TOA ESTIMATION FOR MULTIPATH CHANNELS .......ccoovveiiiceereee e 1349
Rabih Chrabieh, Peter Bagnall, Serdar Sezginer, Dirk Slock

IMPROVED TIME-OF-ARRIVAL ESTIMATION ALGORITHM FOR CELLULAR SIGNALS
IN MULTIPATH FADING CHANNELS ..ottt 1358
Pai Wang, Y. Jade Morton

IMPLEMENTATION AND PERFORMANCE EVALUATION OF CELLULAR NB-IOT
OTDOA POSITIONING.....ccottitti ittt e et e et et e et e e s tee e bt e e e teeebeeeateeabeeeataeasseeestaeeseeenteeenreeans 1365
Mauro Salomon, Stefan Lippuner, Matthias Korb, Qiuting Huang

SPARSE SIGNAL BANDS SELECTION FOR PRECISE TIME-BASED RANGING IN
TERRESTRIAL POSITIONING ..ottt ettt sttt sttt s et e e st e e st e s s ate e ssb e s sateesabessabeesaneas 1372
Han Dun, Christian C. J. M. Tiberius, Cherif Diouf, Gerard J. M. Janssen

ALGORITHM FOR THREE-DIMENSIONAL GEODETIC POSITIONING BASED ON

MEASUREMENTS OF AUTOMATIC DEPENDENT SURVEILLANCE-BROADCAST

] L] NN RO 1381
Nicholas A. Baine, Richard A. Gross



NAVIGATION WITH DIFFERENTIAL CARRIER PHASE MEASUREMENTS FROM
MEGACONSTELLATION LEO SATELLITES.....coi ettt ettt sttt ettt st b st 1393
Joe Khalife, Mohammad Neinavaie, Zaher M. Kassas

USING UWB AIDED GNSS/INS INTEGRATED NAVIGATION TO BRIDGE GNSS
OUTAGES BASED ON OPTIMAL ANCHOR DISTRIBUTION STRATEGY ....ccccoviiiinenereneeieen 1405
Rongge Zhang, Feng Shen, Yi Liang, Di Zhao

URBAN WI-FI RSSI ANALYSIS ALONG A PUBLIC TRANSPORT ROUTE FOR
KINEMATIC LOCALIZATION ..ottt ettt ettt ettt es sttt s st e st e s s ba s s bassaba s s bassabassabessabassstaesatas 1412
Guenther Retscher, Aizhan Bekenova

COMPASS AIDED TDOA TRACKING IN LORAWAN NETWORKS. ..o 1420
Nico Podevijn, Jens Trogh, Michiel Aernouts, Rafael Berkvens, Luc Martens, Maarten Weyn,
Wout Joseph, David Plets

SUB-DEGREE-PER-HOUR MEMS GYROSCOPE FOR MEASUREMENT WHILE DRILLING

AT B00°C ettt et e b et bR b et R b £ b e R e bt E e b e R e bt Ee Rt Ee b et R bt bttt nbens 1425
David Lin, Robert MacDonald, Dorin Calbaza, Brian Scherer, Tammy Johnson, Tim Toepfer,
David Shaddock, Emad Andarawis

UNIVERSAL ASIC FOR LOW C-SWAP INS .....ooiiiiiriitntei ettt 1432
Anthony Dorian Challoner, Jeremy Daniel Popp, Peter Bond

LOW COST MEMS BASED SYSTEMS AUGMENTING LOCATION AND NAVIGATION
PERFORMANCE IN CONSUMER AND INDUSTRIAL ELECTRONICS APPLICATIONS................... 1439
Marcellino Gemelli, Ryotaro Sakauchi, Thomas Block, Sergej Scheiermann

LOW-COST VALIDATION FOR COMPLEMENTARY FILTER-BASED AHRS........cccoooveiiiiiieriinns 1444
Pavlo Vlastos, Gabriel Elkaim, Renwick Curry

COMPENSATION OF SYSTEMATIC ERRORS IN ZUPT-AIDED PEDESTRIAN INERTIAL
NN Ny I ] S 1452
Yusheng Wang, Yu-Wei Lin, Sina Askari, Chi-Shih Jao, Andrei M. Shkel

ON THE CALIBRATION ASPECTS OF MEMS-IMUS USED IN MICRO UAVS FOR SENSOR
L0 ] 13N 1N 1 TR 1457
Philipp Clausen, Jan Skaloud

3D DUAL-SHELL MICRO-RESONATORS FOR HARSH ENVIRONMENTS ......ccoiiininereneeee 1467
Mohammad H. Asadian, Danmeng Wang, Yusheng Wang, Andrei M. Shkel

EFFICIENT GPS SCHEDULING IN WILDLIFE TAGS USING AN EXTENDED KALMAN
FILTER-BASED UNCERTAINTY SUPPRESSION STRATEGY ..oooiioiieteeeeeeteeee et 1472
Max Lichtenstein, Gabriel Elkaim

DEVELOPMENT OF GNC FOR OPTIMAL RELATIVE SPACECRAFT TRAJECTORIES.................... 1476
Wyatt Harris, Dax Linville, Joshuah Hess, Richard Cobb

TERRESTRIAL TESTING OF MULTI-AGENT, RELATIVE GUIDANCE, NAVIGATION,
AND CONTROL ALGORITHMS ...ttt ettt st te e st e e sate e s nbe e snneesnbeeanreesnnes 1488
Mark Mercier, Sean Phillips, Matt Shubert, Wenjie Dong

EFFECT OF SENSOR QUALITY ON RELATIVE STATE ESTIMATION OF FORMATION
FLYTNG OF SATELLITES ..ottt ettt ettt ettt ettt e st s st s st st e s st e s st e e saba s s bassabassabeesabassateesaneas 1498
Russell Babb, Trevor Pratt, Brian Merrell, Randall Christensen



PRECISION ONBOARD NAVIGATION FOR LEO SATELLITE BASED ON PRECISE POINT
L0 S I I 1IN 1N TS 1506
Masaya Murata, Isao Kawano, Koichi Inoue

IMPROVE GNSS ORBIT DETERMINATION BY USING ESTIMATED TROPOSPHERIC
AND IONOSPHERIC MODELS........cc ittt re e st e s te e st e e s te e st e e snreesnaeas 1514
Cazabonne Bryan, Maisonobe Luc

LINEAR COVARIANCE NAVIGATION ANALYSIS OF RANGE AND IMAGE
MEASUREMENT PROCESSING FOR AUTONOMOUS LUNAR LANDER MISSIONS...........ccoeeeue.. 1524
Randall Christensen, David Geller, Michael Hansen

CUBESAT-BASED LUNAR MAP REFINEMENT UTILIZING SURFACE BEACONS AND A
MONOCULAR CAMERA ... ottt b et b e bbbt e bt bbbt eb e ne e bt bt e bt ebenneseebennas 1536
Tyler Gardner, Michael Hansen, Natalie Wisniewski, Randall Christensen

AN END-TO-END PROCESS FOR LOCAL SPACE SITUATIONAL AWARENESS FROM
OPTICAL OBSERVERS ..ot iiiiiietie sttt ettt et sttt e sttt se et r e et s e s nre e ee 1547
David Zuehlke, Troy Henderson, T. Alan Lovell, Alex Sizemore

DEMONSTRATION OF LEO OBJECT DETECTION USING GNSS PASSIVE RADAR: A
PROOF OF CONCEPT ..ottt sttt ettt bbbt bbbt b bbbt bbbttt e 1556
Md Sohrab Mahmud, Sana Ullah Qaisar, Andrew Lambert, Craig Benson

PERCEPTION-AIDED VISUAL-INERTIAL INTEGRATED POSITIONING IN DYNAMIC
URBAN AREAS ...ttt ettt h ettt b et b btk b e e b e bt e bt e bt s e e bt eb e s b e bt e b nb e bt ebene et e abe st eneebe e 1563
Xiwei Bai, Bo Zhang, Weisong Wen, Li-Ta Hsu, Huiyun Li

FEATURE ASSISTED DIRECT VISUAL ODOMETRY WITH VIRTUAL WIDE FIELD-OF-
VIEW TRACKING ... .ottt bbbt bbb bbbt b bbb bbbt nb bt eb e 1572
Ruihang Miao, Peilin Liu, Fei Wen, Zheng Gong, Wuyang Xue, Rendong Ying

COMPARISON OF VISUAL SIMULTANEOUS LOCALIZATION AND MAPPING METHODS
FOR FIXED-WING AIRCRAFT USING SLAMBENCH2 .......cccoiiiiiiiiiieee et 1578
Patrick Latcham, Clark N. Taylor

THREE FLAVORS OF RGB-D VISUAL ODOMETRY: ANALYSIS OF COST FUNCTION
COMPROMISES AND COVARIANCE ESTIMATION ACCURACY ....oovivieiieriesisieesisee e 1587
Prashant Ganesh, Kyle Volle, Andrew R. Willis, Kevin M. Brink

TOWARDS COLLABORATIVE OBSTACLE AVOIDANCE USING SMALL UAS IN INDOOR
ENVIRONMENTS .ottt bbb bbb ekt b bt bbbkt e et b bt nr et 1596
Daniel Duran, Matthew Johnson, Richard S. Stansbury

VISUAL SERVOING FOR FINAL APPROACH PHASE OF SPACECRAFT PROXIMITY
OPERATIONS WITH UNKNOWN TARGETS ..ottt saeesae e aneesneenneenes 1606
Wyatt J. Harris, Richard G. Cobb, Clark N. Taylor

ROBUST NAVIGATION UNDER INCOMPLETE LOCALIZATION USING
REINFORCEMENT LEARNING ..ottt bbbttt 1618
Wuyang Xue, Rendong Ying, Xiao Chu, Ruihang Miao, Jiuchao Qian, Peilin Liu

VIRTUAL TRACK: A VISION-BASED INTEGRITY ENHANCEMENT ....oommeeeennaes 1625
Sara Baldoni, Federica Battisti, Michele Brizzi, Alessandro Neri

A UNIFIED METHOD FOR VISION AIDED NAVIGATION OF AUTONOMOUS SYSTEMS. ............. 1635
Liang-Boon Wee, Wei Sheng, Eugene Lee, Haoyong Yu



Author Index





