
           

 

Bridging the Sim-to-Real Gap in Traffic Engineering: Integrating Traffic 

Signal Control and Reinforcement Learning 

 
Abstract 
Applying methods developed in simulation to the real world is often limited by the sim-to-real gap, i.e., the 

mismatch between simulations and real-world conditions. This tutorial addresses how the sim-to-real problem 

can be mitigated in the context of traffic engineering. We provide a comprehensive overview of sim-to-real 

foundations, discuss common mitigation methods based on observations, actions, transitions, and rewards, and 

focus on a specific case study on traffic signal control. We also discuss practices from traffic engineering (e.g., 
calibrating datasets to make simulations more accurate to real-world conditions) and draw new perspectives 

from reinforcement learning solutions (e.g., grounding actions, domain randomization, domain adaptation, 

reward 

shaping). The tutorial is designed for traffic engineers, transportation researchers, and machine learning 

practitioners, aiming to improve the reliability of simulation-trained methods, reduce deployment risk, and enable 

more trustworthy methods for intelligent transportation systems. 

 

List of organizers 
1. Hua Wei (hua.wei@asu.edu) is an Assistant Professor in the School of Computing and Augmented Intelligence at 

Arizona State University. His primary research interests include reinforcement learning, data mining, and urban 

computing, with a focus on trustworthy reinforcement learning, multi-agent reinforcement learning, and 

spatiotemporal data mining. His research bridges reinforcement learning and transportation, with an emphasis on 

closing the sim-to-real gap for traffic signal control and multi-agent traffic systems. He has published sim-to-real 

work at venues such as AAAI 2024 on prompt-based sim-to-real transfer for traffic signal control, RLC 2025 on 

grounded action transformation for sim-to-real transfer in multi-agent traffic control, and ICCPS 2025 on 

reproducible, low-cost sim-to-real environments for traffic signal control. He has also contributed communityfacing 

tutorials on traffic-control RL, including ITSC 2020 and ITSC 2023, and delivered a keynote at an ITSC 2024 

tutorial focused on modeling and simulation of mixed-traffic interactions. 

 

2. Xuesong Zhou (xzhou74@asu.edu) is a Professor of Transportation Systems at the School of Sustainable 

Engineering and the Built Environment, Arizona State University. Dr. Zhou's research focuses on developing 

methodological advancements in multimodal transportation planning applications, including dynamic traffic 

assignment, traffic estimation and prediction, large-scale routing, and rail scheduling. Dr. Zhou is the Director of 

the ASU Transportation+AI Lab, where he is the principal architect and programmer for several open-source 

packages, including DTALite, NEXTA, and OSM2GMNS, which have collectively received over 100,000 

downloads and many system deployments at various metropolitan planning agencies and state DOTs. He has 

published over 100 papers in Transportation Research Part B, Transportation Research Part C, and other leading 

transportation journals, with an H-index of 65 and a total of 13,000 citations in Google Scholar. Dr. Zhou has served 

as an Associate Editor of Transportation Research Part C, is currently the Executive Editor-in-Chief of Urban 

Rail Transit, and an Editorial Board Member of Transportation Research Part B. He has also chaired the 

INFORMS Rail Application Section (2016 and 2025) and currently serves as a committee chair of the 

Transportation Research Board Committee on Transportation Network Analysis (AEP13). 

 

3. Longchao Da (longchao@asu.edu) is a fifth-year Ph.D. student in Computer Science at Arizona State University. 

His research focuses on mitigating the sim-to-real gap in reinforcement learning by combining uncertainty-aware 

learning, grounding/transfer mechanisms, and more realistic simulation environments. He has published sim2real-

focused work in venues such as ICLR’26 and AAAI’24 and CDC’23. He advanced sim-to-real infrastructure by 

building an efficient, realistic traffic simulator with embedded ML models (ECML-PKDD 2024), and he 

contributed synthetic datasets derived from traffic monitoring cameras to improve real-to-sim alignment for traffic 

signal control (ITSC 2024). He has organized hands-on tutorials in top venues such as KDD’25, ITSC’23, and 

ICDM’25, which attracted more than 200 participants in total. Ferdous Al Rafi (frafi1@asu.edu) is a first-year PhD 

student in Computer Science at Arizona State University. He earned his BSc in Civil Engineering (Transportation) 

from the Bangladesh University of Engineering and Technology (BUET). His research interests include multi-agent 



           

 

reinforcement learning, traffic signal control, and bridging the sim-to-real gap in transportation systems. He has 

published in venues such as Reinforcement Learning Journal (RLJ), including work on grounding actions in 

multi-agent settings. 
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1) Dr. Hua Wei: Sim-to-real gap in traffic engineering 

2) Dr. Hua Wei: Bridging the sim-to-real gap for traffic signal control: Calibration 

3) Ferdous Al Rafi: Bridging the sim-to-real gap from the perspective of reinforcement 

learning (RL): Methodology and Evaluation 

 
 


