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Program
Opening

Keynote 1
Great Expectations: What's Happening With Talking Cars?

Networking Break
S1: Sensing

Generation Rules for the Collective Perception Service.....T
Keno Garlichs (Technische Universitat Braunschweig, Germany); Hendrik-Joern Guenther (Volkswagen Group of America,
USA); Lars C Wolf (Technische Universitat Braunschweig, Germany)

Cooperative awareness using roadside unit networks in mixed traffic.....9
Manabu Tsukada (the Univerrsity of Tokyo, Japan); Masahiro Kitazawa, Takaharu Oi, Hideya Ochiai and Hiroshi Esaki (The
University of Tokyo, Japan)

Preceding Vehicle State Prediction Using V2V Safety Messages.....17
Ahmed Hamdi Sakr, Vladimeros Vladimerou and Miles Johnson (Toyota Motor North America, USA)

Vehicle Counting and Speed Estimation with RFID Backscatter Signal.....24
Cheng-Hsun Yang and Hsin-Mu Tsai (National Taiwan University, Taiwan)

Lunch
S2: Short Papers 1

Proposal of Adaptive Data Collection Method of On-Vehicle Sensors in the 5G Era.....32
Akihiro Ogawa, Hidenori Yamashita, Katsunori Ushida and Koichi Takayama (Sumitomo Electric Industries, LTD., Japan);
Tomoki Maruko (NTT DOCOMO INC,, Japan); Shinpei Yasukawa (NTT DOCOMO, INC,, Japan); Jun-ichi Abe (NTT Docomo,
inc, Japan)

Markov-modulated Models to Estimate the Age of Information in Cooperative Driving.....36
Daniel Ploger (Hamburg University of Technology, Germany); Michele Segata (University of Trento, Italy); Renato Lo Cigno
(University of Brescia, Italy); Andreas Timm-Giel (Hamburg University of Technology, Germany)

Management of Anomalous Driving Behavior.....40
Seyhan Ucar (Toyota Motor North America R&D, InfoTech Labs, USA); Chinmaya Patnayak (Virginia Polytechnic Institute
and State University, USA); Pratham Oza (Virginia Tech, USA); Baik Hoh and Kentaro Oguchi (Toyota Motor North America
R&D, InfoTech Labs, USA)

Physical signal-driven fusion for V2X misbehavior detection.....44
Van-Linh Nguyen (National Chung Cheng University & College of Engineering, Taiwan); Po-Ching Lin (National Chung
Cheng University, Taiwan); Ren-Hung Hwang (National Chung-Cheng University, Taiwan)

Edge Assisted Misbehavior Detection for Platoons.....48
Xinyue Kan (University of California, Riverside, USA); Akila Ganlath (InfoTech Labs, Toyota Motor North America R&D, USA);
Seyhan Ucar (Toyota Motor North America R&D, InfoTech Labs, USA); Kyungtae Han and Prashant Tiwari (InfoTech Labs,
Toyota Motor North America R&D, USA); Konstantinos Karydis (University of California, Riverside, USA)

A Python Based Testbed for Real-Time Testing and Visualization using Tl's 77 GHz Automotive Radars.....52
Onur Toker and Brent Kuhn (Florida Polytechnic University, USA)



The Chosen One: Combating VLC Interference in Platooning using Matrix Headlights.....56
Max Schettler and Agon Memedi (Paderborn University, Germany); Falko Dressler (TU Berlin, Germany)

Location-Aware Adaptive Physical Layer Design for Vehicular Visible Light Communication.....60
Gokhan Gurbilek, Mertkan Koca, Ali Uyrus, Burak Soner, Ertugrul Basar and Sinem Coleri (Koc University, Turkey)

Empirical Characterization of the NLOS Component for Vehicular Visible Light Communication.....64
Claas Tebruegge (HELLA GmbH & Co. KGaA & Paderborn University, Germany); Agon Memedi (Paderborn University,
Germany); Falko Dressler (TU Berlin, Germany)

Networking Break

S3: Security

SHIELDNET: An Adaptive Detection Mechanism against Vehicular Botnets in VANETs:.....68
Mevlut T Garip and Jonathan Lin (University of California, Los Angeles, USA); Peter Reiher (UCLA, USA); Mario Gerla
(University of California at Los Angeles, USA)

Detecting Injection Attacks on Cooperative Adaptive Cruise Control.....75
Marco Iorio, Fulvio Risso and Riccardo Sisto (Politecnico di Torino, Italy); Alberto Buttiglieri and Massimo Reineri (Italdesign,

Italy)

CAN Radar: Sensing Physical Devices in CAN Networks based on Time Domain Reflectometry.....83
Marcel Rumez, Jirgen Dirrwang, Tim Brecht, Timo Steinshorn, Peter Neugebauer and Reiner Kriesten (Karlsruhe University
of Applied Sciences, Germany); Eric Sax (Karlsruhe Institute of Technology, Germany)

Misbehavior Detection in C-ITS: A comparative approach of local detection mechanisms.....91
Joseph Kamel (IRT SystemX & Télécom ParisTech, France); Ines Ben Jemaa (IRT-SystemX, France); Arnaud Kaiser (Institut de
Recherche Technologique SystemX, France); Loic Cantat (IRT-SystemX, France); Pascal Urien (Télécom ParisTech, France)

A Secure-by-Design Framework for Automotive On-board Network Risk Analysis.....99
Stefano Longari, Andrea Cannizzo, Michele Carminati and Stefano Zanero (Politecnico di Milano, Italy)

Keynote 2

Federated Learning and Analytics in the Automotive Domain

S4: Experimentation, Simulation and Modeling

Experimental Evaluation of Adjacent Channel Interferences Effects on Safety-related V2X Communications.....107
Ahmed Soua, Pierre Merdrignac and Oyunchimeg Shagdar (VEDECOM, France)

Towards Real-Time Interactive V2X Simulation.....114
Dominik S. Buse (Paderborn University, Germany); Falko Dressler (TU Berlin, Germany)

Representing Realistic Human Driver Behaviors using a Finite Size Gaussian Process Kernel Bank.....122

Hossein Nourkhiz Mahjoub (University of Central Florida, USA); Arash Raftari (University of Central Florida & Connected and
Autonomous Vehicle Research Lab, USA); Rodolfo Valiente Romero and Yaser P. Fallah (University of Central Florida, USA);
Syed Mahmud (HATCI, USA)



Networking Break

S5: Control & Localization

Optimizing Vehicle Approach Strategies for Connected Signalized Intersections.....130
Hendrik-Joern Guenther (Volkswagen Group of America, USA); Vivek Vijaya Kumar (General Motors, USA); Shah Hussain
(Ford Motor Company, USA); Kay Sommerwerk and Dennis Bondarenko (IAV GmbH, Germany)

Mixed-Autonomy Traffic Control with Proximal Policy Optimization.....138
Haoran Wei, Xuanzhang Liu, Lena Mashayekhy and Keith Decker (University of Delaware, USA)

Detection of Crossing Pedestrians and Control Support in Autonomous Vehicles using Edge-devices.....146
Yuki Ebizuka (National Institute of Advanced Industrial Science and Technology & Tokyo University of Science, Japan); Yuto
Shimizu (National Institute of Advanced Industrial Science and Technology & TUS, Japan); Shin Kato (The National Institute
of Advanced Industrial Science and Technology, Japan); Makoto Itami (Tokyo University of Science, Japan)

Development of a Precision Index and a Precision Forecast System for RTK-GNSS.....153
Kyosuke Nakaaki, Aastha Sahni and Tomoya Kitani (Shizuoka University, Japan)

Lunch

S6: Security & Privacy

IBRS: An Efficient Identity-based Batch Verification Scheme for VANETs Based on Ring Signature...160
Feng Liu and Qi Wang (Southern University of Science and Technology, China)

Using Implicit Certification to Efficiently Establish Authenticated Group Keys for In-Vehicle Networks.....168
Dominik Pullen (University of Passau, Germany); Nikolaos Athanasios Anagnostopoulos (TU Darmstadt & Universitat
Passau, Germany); Tolga Arul (TU Darmstadt, Germany); Stefan Katzenbeisser (University of Passau, Germany)

Trustworthiness Estimation of Entities within Collective Perception.....176
Christoph Allig (Denso Automotive Deutschland GmbH, Germany); Tim Leinmdller (DENSO Automotive Deutschland GmbH,
Germany); Prachi Mittal (Denso Automotive Deutschland GmbH, Germany & University College London, United Kingdom
(Great Britain)); Gerd Wanielik (Chemnitz University of Technology, Germany)

Practical Anonymous Attestation-based Pseudonym Schemes for Vehicular Networks.....184
Nicolas Desmoulins (Orange Labs, France); Aida Diop (Télécom SudParis & Orange Labs, France); Yvan Rafflé, Jacques
Traoré and Josselin Gratesac (Orange Labs, France)

Ride and Hide: A Study on the Privacy of Ride Hailing Services.....192
Ala'a Al-Momani, Frank Kargl and Christoph Bosch (UIm University, Germany)

Poster & Demo Lightning Talks

Networking Break + Poster/Demo

Poster: JUNIOR, A Research Platform for Connected and Automated Driving.....200
Georgios Varisteas and Raphael Frank (University of Luxembourg, Luxembourg)

Poster: Making Distributed Aggregation Fault-tolerant in Vehicular Networks.....202
Jason Posner (Boston College, USA); Yuning Yang (Duke, USA); Lewis Tseng (Boston College, USA); Takamasa Higuchi
(Toyota Motor North America R&D, USA); Onur Altintas (Toyota Motor North America R&D, InfoTech Labs, USA)

Poster: Effective Frame Configuration of 5G URLLC Using Open-Loop HARQ for Autonomous Driving.....204
Yusaku Shiomitsu and Eiji Okamoto (Nagoya Institute of Technology, Japan); Manabu Mikami (Softbank Corp., Japan);
Hitoshi Yoshino (Softbank Mobile Corporation, Japan)



S7:

Poster: A Vehicular Participant Recruiting Strategy for Improving Sensing Quality in Vehicular Crowdsensing.....206
Joonwoo Kim, Jaewook Lee and Sangheon Pack (Korea University, Korea (South))

Poster: Urban Traffic Monitoring via Machine Learning.....208
Halit B Tulay (The Ohio State University, USA); Frank Barickman and John Martin (National Highway Traffic Safety
Adminstration, USA); Sughosh Rao (The National Highway Traffic Safety Administration, USA); Can Emre Koksal (The Ohio
State University, USA)

Poster: Performance Enhancement of State Feedback Decision Channel Estimation Scheme for IEEE802.11p Systems...210
Yeonji Oh, Seungho Han and Changick Song (Korea National University of Transportation, Korea (South))

Demo: Collaborative Data Storage by a Vehicular Micro Cloud.....272
Seyhan Ucar (Toyota Motor North America R&D, InfoTech Labs, USA); Takamasa Higuchi (Toyota Motor North America
R&D, USA); Onur Altintas (Toyota Motor North America R&D, InfoTech Labs, USA)

Demo: An Optimization Framework to Select Edge Servers for Automotive Connected Services.....214
Yin-Chen Liu (Toyota Motor North America, USA); BaekGyu Kim (Toyota Motor North America, Inc., USA)

Demo: Research on Test Method of Autonomous Driving Based on Digital Twin.....216
Yuming GE (CAICT, China); Yang Wang (Chonging University, China); Rundong Yu (CAICT, China); Qingwen Han (Chongging
University, China); Yuging Chen (Chonging University, China)

Demo: A Software-Defined OFDM Radar for Joint Automotive Radar and Communication Systems.....218
Ceyhun D Ozkaptan and Eylem Ekici (The Ohio State University, USA); Onur Altintas (Toyota Motor North America R&D,
InfoTech Labs, USA)

Demo: Performance Evaluation of IEEE802.11p Channel Estimation Schemes in Vehicle-to-Vehicle Environments Based on
SDR Testbed.....220

Jinsu Park, Seungho Han and Changick Song (Korea National University of Transportation, Korea (South))

Demo: Making It Real - Virtual Edge Computing in a 3D Driving Simulator.....222
Gurjashan Singh Pannu and Jorge Luis Lopez Altet (Paderborn University, Germany); Takamasa Higuchi (Toyota Motor
North America R&D, USA); Seyhan Ucar and Onur Altintas (Toyota Motor North America R&D, InfoTech Labs, USA); Falko
Dressler (TU Berlin, Germany)

Demo: CiThru$ Traffic Scene Simulator.....224
Teo Niemirepo, Juuso Toivonen, Mikko Pitkdnen, Marko Viitanen and Jarno Vanne (Tampere University, Finland)

Demo: Intelligent Vehicular Perception of Non-Line-of-Sight Environment Using Visible Light Communication with Stereo
Cameras.....226

Vignesh Varadarajan, Khadija Ashraf and Ashwin Ashok (Georgia State University, USA)

Short Papers 2

N-Ray Ground Interference: Extending the Two-Ray Interference Model for 3D Terrain Shapes.....228
Alexander Brummer, Lorenz Ammon and Anatoli Djanatliev (University of Erlangen-Nurnberg, Germany)

NeuroWav: Toward Real-Time Waveform Design for VANETs using Neural Networks.....232

Jayson G Boubin (The Ohio State University & KeyW Corp, USA); Aaron M Jones (Air Force Research Laboratory, USA);
Trevor Bihl (Air Force Institiute of Technology, USA)

Using Full Duplex Relaying to Reduce Physical Layer Latency in Platooning.....236
Muhammad Sohaib Amjad (TU Berlin, Germany); Tobias Hardes, Max Schettler and Christoph Sommer (Paderborn
University, Germany); Falko Dressler (TU Berlin, Germany)

Real-time Video Transmission in Multihomed Vehicular Networks.....240
Rui Lopes (Universidade de Aveiro & Instituto de Telecomunicacdes, Portugal); Miguel Luis (Instituto de Telecomunicacoes,



Portugal); Susana Sargento (Instituto de Telecomunicacées, Universidade de Aveiro, Portugal)

Banquet

Keynote 3

Towards a Multi-Technology V2X Ecosystem for Supporting Connected and Automated Driving

S8: Channel & Link Characterization

Multipath Propagation Analysis for Vehicle-to-Infrastructure Communication at 60 GHz.....244
Ales Prokes (Brno University of Technology & Sensor, Information and Communication Systems Research Centre, Czech
Republic); Jiri Blumenstein (Brno University of Technology, Czech Republic); Josef Vychodil (Brno University of Technology
& BUT Brno, Czech Republic); Tomas Mikulasek and Roman Marsalek (Brno University of Technology, Czech Republic); Erich
Z6chmann, Herbert Groll and Christoph F Mecklenbrauker (TU Wien, Austria); Thomas Zemen (AIT Austrian Institute of
Technology GmbH, Austria); Aniruddha Chandra (National Institute of Technology, Durgapur, WB, India); Hussein
Hammoud and Andreas Molisch (University of Southern California, USA)

Visible Light and mmWave Propagation Channel Comparison for Vehicular Communications.....252
Ali Uyrus, Bugra Turan, Ertugrul Basar and Sinem Coleri (Koc University, Turkey)

Effective Prediction of V2I link lifetime and vehicle's next cell for Software Defined Vehicular Networks: A machine
learning approach.....259
Soufian Toufga (LAAS-CNRS, France); Slim Abdellatif (CNRS/LAAS & Université de Toulouse, INSA, LAAS, France); Philippe
Owezarski (LAAS-CNRS, France); Thierry Villemur (LAAS-CNRS, University of Toulouse, France); Doria Relizani (LAAS-CNRS,
France)

Networking Break
S9: UAV, Edge & ICN

On Cooperative Achievable Rates of UAV Assisted Cellular Networks.....267
Yujae Song (Korea Institute of Ocean Science and Technolog (KIOST), Korea (South)); Sung Hoon Lim (Hallym-gil 1 &
Hallym University, Korea (South)); Sang-Woon Jeon (Hanyang University, Korea (South)); Seungjae Baek (KIOST, Korea
(South)); Hui cheol Shin (Korea Maritime and Ocean University, Korea (South))

Unmanned Aerial Vehicles in Logistics: Efficiency Gains and Communication Performance of Hybrid Combinations of
Ground and Aerial Vehicles.....274

Manuel Patchou, Benjamin Sliwa and Christian Wietfeld (TU Dortmund University, Germany)

Fog Seeding Strategies for Information-Centric Heterogeneous Vehicular Networks.....282
Ion Turcanu (University of Luxembourg, Luxembourg); Thomas Engel (University of Luxemburg, Luxembourg); Christoph
Sommer (Paderborn University, Germany)

RapidVFetch: Rapid Downloading of Named Data via Distributed V2V Communication.....290
Zhiyi Zhang and Tianxiang Li (University of California, Los Angeles, USA); John Dellaverson (UCLA, USA); Lixia Zhang
(University of California at Los Angeles, USA)

Lunch

Panel
Where will V2X communication be in 10 years?

Panelists:
Dave Michelson (University of British Columbia, Canada)
Tim Leinmueller (DENSO International Europe, Germany)



S10: Networking-1

Infrastructure-based Networking for Autonomous Transportation Systems Using IEEE 802.11p.....298
Yulia Sunyoto and Izhak Rubin (University of California at Los Angeles, USA)

Infrastructure Support for Contention-Based Forwarding.....306
Bernd Meijerink and Geert Heijenk (University of Twente, The Netherlands)

A Multi-rate Congestion Controller for Pedestrian Communication.....314
Ali Rostami (Rutgers University, USA); Bin Cheng (Rutgers University, WINLAB, USA); Hongsheng Lu (Toyota Motor North
America InfoTech Labs, USA); John Kenney (Toyota InfoTechnology Center, USA); Marco Gruteser (WINLAB / Rutgers
University, USA)

Networking Break
S11: Networking-2

Towards Heterogeneous Communication Strategies for Urban Platooning at Intersections.....322
Tobias Hardes and Christoph Sommer (Paderborn University, Germany)

Clustered Multicast Protocols for Warning Message Transmissions in a VANET.....330
Shashank Kumar Gupta (University of Newcastle, Australia); Jamil Y Khan and Duy T Ngo (The University of Newcastle,
Australia)

A QoS Aware Approach to Service-Oriented Communication in Future Automotive Networks.....338
Mehmet Cakir, Timo Hackel, Sandra Reider, Philipp Meyer, Franz Korf and Thomas C. Schmidt (Hamburg University of
Applied Sciences, Germany)

Closing Remarks





