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Zhejiang University 2024 SDG Global Summer School Smart City

I. Overview
Do you want to know how to create future cities in science fiction movies? Do you want to get involved in the campaign of making the world a better place? This is the course you have to learn before changing the world. 

Like any smart system, a Smart City is one in which sensor-driven data collection and powerful analytics are used to automate and orchestrate a wide range of services in the interests of better performance, lower costs and lessened environmental impact. To help you grasping the necessary basis, we provide two key sessions--(1) Intelligent Internet of Things & Intelligent Service Robots (2) Intelligent Transportation & Smart Mobility. 16 prestigious experts will share the basic knowledge, the industry trends, and the cutting-edge research in the areas of computer vision, distributed machine learning, robotics, 6G wireless communication, smart infrastructure design for future mobility, smart urban logistics, and smart traffic management. Each speaker promises to wow the audience with their latest thought-provoking insights.

II. Instructors

Organizations

University of Cambridge, Imperial London College, University of Washington, Singapore University of Technology and Design, ZJU-UIUC Institute of Zhejiang University

Instructors

	No.
	Name
	Biography

	1
	David Cebon

Cambridge University
	Dr. David Cebon is a Fellow of the Royal Academy of Engineering and a professor of Mechanical Engineering at Cambridge University. He received his Ph.D. degree from Cambridge University. He leads an active research group concerned with the design and dynamics of heavy vehicle suspensions, road damage and the micromechanics of asphalt failure. He has written numerous papers on the dynamics of heavy vehicles, traffic instrumentation, road damage and materials information management software.

	2
	Jenq-Neng Hwang

University of Washington in Seattle
	Dr. Jenq-Neng Hwang is a fellow of IEEE and the International Programs Lead in the ECE Department of the University of Washington in Seattle. He received his Ph.D. degree from the University of Southern California. He has written more than 400 journal, conference papers and book chapters in the areas of machine learning, multimedia signal processing, computer vision, and multimedia system integration and networking.

	3
	Tony Q.S. Quek

Singapore University of Technology and Design (SUTD)
	Dr. Tony Q.S. Quek is a Fellow of Academy of Engineering Singapore and a fellow of IEEE and the Cheng Tsang Man Chair Professor with Singapore University of Technology and Design (SUTD). He received his Ph.D. degree in electrical engineering and computer science from the Massachusetts Institute of Technology in 2008. His current research topics include wireless communications and networking, network intelligence, internet-of-things, URLLC, and big data processing.

	4
	Xiaoxiang Na

Cambridge University
	Dr. Xiaoxiang Na is currently a Senior Research Associate with the Centre for Sustainable Road Freight (SRF) at Cambridge University Engineering Department. He received his PhD from Cambridge University. His research focuses on developing of tools and methods for measuring, modelling, analysing and understanding energy consumption and CO2 emissions of heavy goods vehicles.

	5
	Der-Horng Lee

Zhejiang University
	Dr. Der-Horng Lee is a QiuShi Chair Professor of ZJU, Dean of ZJU-UIUC Institute, and a Fellow of Academy of Engineering Singapore. He received his PhD degree from the University of Illinois at Chicago (UIC). He ranked as top 1% in the area of Logistics and Transportation in “World’s Top 2% Scientists 2020” published by Stanford University. His research interests including Intelligent Transportation Systems (ITS), Transportation Planning, Transportation Policy, Metro Systems Modeling, Container Port Operations, Traffic Simulation, Public Transportation Systems, AI and Data Analytics in Urban Mobility Research, etc.

	6
	Hao Ma

Zhejiang University
	Dr. Hao Ma is a Professor of ZJU and is served as Vice Dean of ZJU-UIUC Institute. He received the Ph.D. degrees from Zhejiang University in Electrical Engineering. Dr. Ma is served as Vice President of China Power Supply Society, Vice President and Secretary-general of Power Supply Society of Zhejiang Province. His research interests include Advanced Control in Power Electronics, Wireless Power Transfer, Fault Diagnosis of Power Electronic Circuits and Systems, and Application of Power Electronics.

	7
	Hongwei Wang

Zhejiang University
	Dr. Hongwei Wang is a Tenured Professor of ZJU and Vice Dean of ZJU-UIUC Institute. Dr. Wang received his PhD degree from the Cambridge University. His main research interests are in the application of information and computing technologies to the design, analysis, manufacture and maintenance of complex engineering systems. 

	8
	Xiqun (Michael) Chen

Zhejiang University
	Dr. Xiqun (Michael) Chen is a Tenured Professor of Zhejiang University, Vice Dean of ZJU-UIUC Institute, Director of Institute of Intelligent Transportation Systems, Deputy Director of Zhejiang Provincial Engineering Research Center for Intelligent Transportation, and Deputy Director of Zhejiang University & Alibaba Digital Transportation Innovation and Application Center. His research interests include shared mobility on demand, simulation-based optimization, transportation big data analytics, and intelligent transportation systems. He received the B.E. and Ph.D. degrees from the Department of Civil Engineering, Tsinghua University, in 2008 and 2013, respectively. 

	9
	Liangjing Yang

Zhejiang University
	Dr. Liangjing Yang is an Assistant Professor and PhD supervisor at the ZJU-UIUC Institute, ZJU. He received the D.Eng. degree from the University of Tokyo (UTokyo). Before joining ZJUI, he was with the SUTD, and MIT under a joint postdoctoral fellowship award. His research interests are in Robotics and Computer Vision primarily focusing on biomedical applications.

	10
	Simon Hu

Zhejiang University
	Dr. Simon Hu is an Assistant Professor and PhD supervisor at the ZJU-UIUC Institute, ZJU. He earned his PhD in Transport System Engineering from Imperial College London. His research interests including Transportation and Environment, Vehicle Emission Measurement and Modelling, Connected and Autonomous Vehicles, Transportation Planning and Management, Sustainable Urban Transportation Systems etc.

	11
	Gaoang Wang

Zhejiang University
	Dr. Gaoang Wang is an Assistant Professor and PhD supervisor at the ZJU-UIUC Institute, ZJU. He is also an adjunct assistant professor at UIUC. He received a Ph.D. degree from the University of Washington. His research interests are computer vision, machine learning, image and video processing, including multi-object tracking, pose estimation, deep neural networks, active learning, etc. 

	12
	Howard Hao Yang

Zhejiang University
	Dr. Howard H. Yang is an Assistant Professor and PhD supervisor at the ZJU-UIUC Institute, ZJU. He earned the Ph.D. degree in Electronic Engineering from Singapore University of Technology and Design (SUTD). His research interests cover various aspects of wireless communications, networking, and signal processing, currently focusing on the modeling of modern wireless networks, high dimensional statistics, graph signal processing, and machine learning. 

	13
	Zuozhu Liu

Zhejiang University
	Dr. Zuozhu is an Assistant Professor and PhD supervisor at the ZJU-UIUC Institute, ZJU. He is also an adjunct assistant professor at UIUC. He completed his PhD at Singapore University of Technology and Design(SUTD). His research mainly focuses on unsupervised machine learning and AI for healthcare, and he is also interested in various deep learning applications.


III. Course

1. Course List (48 class hours)

	No
	Session
	Course
	Class hours
	Speaker

	
	
	Orientation
	2
	Prof. Der-Horng Lee

Prof. Hao Ma

	
	
	Field Trip / Cultural activities
	2
	

	
	
	Discussion
	3
	

	1
	Intelligent Transportation & Smart Mobility（22 class hours）
	Introduction
	2
	Prof. Simon Hu

	2
	
	Smart urban Transportation for Future Mobility
	3
	Prof. Simon Hu
Prof. Xiqun Chen

	3
	
	Sustainable Road Transportation
	2
	Prof. Xiaoxiang Na

	4
	
	Shared Mobility and demand Responsive Transportation
	3
	Prof. Simon Hu

	5
	
	Smart Urban Logistics
	3
	Prof. Panagiotis Angeloudis

	6
	
	Decarbonisation For Urban Transportation
	3
	Prof. David Cebon

Prof. Xiaoxiang Na

	7
	
	Governing Transportation ​in Smart Cities
	2
	Prof. Der-Horng Lee

	9
	Intelligent Internet of Things & Intelligent Service Robots

(22 class hours)
	Computer Vision
	3
	Prof. Jenq-Neng Hwang, Prof. Gaoang Wang

	10
	
	Human-Computer Interaction
	3
	Prof. Hongwei Wang

	11
	
	Control Systems Design
	3
	Prof. Liangjing Yang

	12
	
	Theory and Applications of Robotics 
	3
	Prof. Liangjing Yang

	14
	
	6G Wireless Communication
	3
	Prof. Tony Quek

Prof. Howard Yang

	15
	
	The Fundamentals of IoT
	3
	Prof. Howard Yang

	16
	
	AI for Healthcare
	3
	Prof. Lequan Yu

	17
	Group Presentation

(2 class hours)
	Group Presentation
	2
	all


2. Session 1- Intelligent Transportation & Smart Mobility

Overview

This session provides an overview of the emerging topics on sustainable transportation and smart mobility. The rapid growing field of smart mobility has brought unprecedented challenges for people’s demand of building smart, autonomous and multimodal transportation infrastructures. Some of emerging topics, such as connected and autonomous vehicles, smart sensors and connected road infrastructure, automatic road condition monitoring, carbon footprint and shared mobility are introduced. 

This class will help students (1) become familiar with latest development in transportation engineering and smart mobility problems in this context and (2) apply the methodologies introduced in this course to solve future transportation challenges. 

Course Outline

Block 1 - INTRODUCTION (2 class hours) 
· Intelligent transportation 

· Smart mobility

· Critical issues

Block 2 –SMART URBAN TRANSPORTATION FOR FUTURE MOBILITY (3 class hours)   

· Introduction to autonomous vehicles

· Autonomous vehicle (perception, positioning, computer vision, motion planning)

· Urban transportation related environmental sustainability
Block 3 –SUSTAINABLE ROAD TRANSPORTATION (2 class hours) 
· Transportation electrification: Electric mobility for cars and trucks

· Infrastructure and economic support

Block 4 – SHARED MOBILITY AND LOGISTICS (3 class hours) 

· Introduction to shared mobility

· Shared mobility solutions (ride-sharing, bike sharing)

· Travel demand prediction for shared mobility

Block 5 – SMART URBAN LOGISTICS (3 class hours) 

· Basic TSP and VRP formulation

· TSP & VRP solution methods

· Multi-echelon supply chain

· Autonomous vehicle food delivery problem

Block 6 – DECARBONISATION FOR URBAN TRANSPORTATION (3 class hours) 

· Vehicle telematics

· E-highway in UK
· Solutions and incentives for green mobility

Block 7 – GOVERNING TRASNPORTATION IN SMART CITIES (2 class hours) 

· Transit Oriented Development (TOD) for smart cities

· Parametric analysis for sustainable cities

· Managing the economic and environmental impact of transportation

Reading list

Papers

1. Yu J, Stettler M, Angeloudis P, Hu S, Chen X (2020). Urban Network-Wide Traffic Speed Estimation with Massive Ride-Sourcing GPS Traces. Transportation Research Part C: Emerging Technologies

2. Hu S., Shu S., Bishop J., Na X., Stettler M. (2021). Vehicle telematics data for urban freight environmental analysis. Transportation Research Part D: Transport and Environment, 102, 103-121

3. Kontou, E., Garikapati, V., & Hou, Y. (2020). Reducing ridesourcing empty vehicle travel with future travel demand prediction. Transportation Research Part C: Emerging Technologies, 121, 102826.

4. Haugen, MJ and Paoli, L and Cullen, J and Cebon, D and Boies, AM (2021) A fork in the road: Which energy pathway offers the greatest energy efficiency and CO2 reduction potential for low-carbon vehicles? Applied Energy, 283. ISSN 0306-2619
Books

1. Sperling, D., & Brown, A. (2018). Three revolutions : steering automated, shared, and electric vehicles to a better future. Island Press.
2. Carlos Daganzo, Yanfeng Ouyang, Public Transportation Systems: Basic Principles of System Design, Operations Planning and Real-time Control, ISBN-13: 978-9813224087
3. Michael G.H. Bell, Yasunori Lida, Transportation Network Analysis,  ISBN:9780471964933
4. Ortuzar, J de O. and Willumsen, L.G. (2001) Modelling Transport, 4rd Edition, John Wiley, Chichester.  

5. Ben-Akiva M. and Lerman, S.R (1985) Discrete Choice Analysis, MIT Press, Cambridge Mass. 

6. Nicholas J. Garber; Lester A. Hoel, “Traffic and Highway Engineering”, 5th Edition,  N.J. Garber, L.A. Hoel, Cengage Learning, 2015, ISBN: 9780534953386

7. Button, K.J. (1993) Transport Economics. 2nd Edition, Edward Elgar, London. 

8. Bo Li, Yuming Ge, “Cooperative Decision-Making and Planning Technology for Connected And Automated Vehicles(李柏，葛雨明，《智能网联汽车协同决策与规划技术》)”，ISBN：978711164687
9. Mokhtar S. Bazaraa, Nonlinear Programming theory and algorithms, ISBN-13: 978-0471486008
3. Session 2-Intelligent Internet of Things & Intelligent Service Robots 

Overview

This session provides an overview of the frontier content of Intelligent Internet of Things and  Intelligent Service Robots, focusing on key issues in the information age. The computer vision, human-computer interaction, theory and applications of robotics, 6G wireless communication, the fundamentals of IoT, distributed machine learning and other courses will help students (1) understand the development of related fields, (2)master the basic knowledge of subjects and classical algorithms, (3)cultivate the ability to analyze and solve related problems, and (4)lay the foundation for subsequent work or academic research.

Course Outline

Block 1 – COMPUTER VISION   (3 class hours) 
The subject of Computer Vision studies the use of computers to realize human visual functions. Its research goal is to enable computers to perceive and understand visual information such as images and videos, through classification, segmentation, recognition, detection, tracking, and decision-making. The subject is important in the field of artificial intelligence with a wide range of potential applications in the field of smart cities and service robots. Through the study of Block 1, students can appreciate the development of computer vision, familiarize with the application of deep learning in the field of computer vision, master the fundamental concepts and classical algorithms, cultivate the ability to analyze and solve related problems, and finally, lay a solid foundation for future academic pursue in the subject.

Block 2  – HUMAN-COMPUTER INTERACTION  (3 class hours)


Human-Computer Interaction is a comprehensive subject that studies the interaction between systems and users. The goal is to develop the appropriate interface between human users and computer systems. Examples of such interfaces include machine consoles, vehicle GPS, mobile phone visual interfaces, and intelligent voice assistants etc. Through the study of this course, students can understand the development and application of human-computer interaction, master the basic knowledge of the subject and classical algorithms, and broaden their perspective in human-computer interaction, hence laying a foundation for future academic pursue in this subject.

Block 3 – CONTROL SYSTEMS DESIGN ( 3 class hours )

Control system design is integral to the development of modern industrial society and future smart cities. Block 3 on Control Systems familiarizes the students with the fundamentals of control theory including topics like system modeling, dynamic response and control design methods using frequency and state-space approaches. By introducing students to these concepts, the block aims to provide the students with a better appreciation of modern control systems and their contribution towards a smart city.

Block 4/5 - THEORY AND APPLICATIONS OF ROBOTICS  ( 3 class hours )

Robotics is a highly cross-disciplinary subject that combines Mechanics, Artificial Intelligence, Computer Science and Engineering. Block 4 on Theory and Applications of Robotics familiarizes the students with the fundamentals of robots, including the mechanics, planning and perception in the subject of robotics. Through the understanding of the fundamentals and introduction to the development of robot applications, the block aims to provide the students with a better appreciation of robot technology and its role in a smart city.

Block 6– 6G WIRELESS COMMUNICATION  ( 3 class hours )

With the large-scale commercial deployment of 5G networks, research institutions as well as industrial begin to study the next-generation mobile communication system, namely 6G. 6G features four salient components: intelligent connectivity, deep connection, holographic communications, and ubiquitous connection, which together constitute the overall vision of "Everything follow your heart". This course will give a comprehensive introduction to 6G networks, including the wireless network architecture, key technologies of wireless access and new concepts such as semantic communications and federated learning. Through the study of this course, students can understand the basic concepts and key issues of 6G networks, cultivate the ability to analyze and solve related problems, and lay the foundation for subsequent work or academic research.

Block 8 – THE FUNDAMENTALS OF IOT  ( 3 class hours )

The Internet of Things (IoT) is a system in which computing equipment, machinery, and digital machines are interrelated. The IoT digitizes the real world with applications span a wide range including transportation and logistics, industrial manufacturing, healthcare, smart environments, individuals and society. Through the study of this course, students can understand the infrastructure, underlying protocols and the latest development of the IoT, grasp the basic knowledge of this subject, cultivate the ability to analyze and solve related problems, and lay the foundation for subsequent work or academic research.
Block 9 – AI for Healthcare  ( 3 class hours )

In recent years, machine learning has achieved unprecedented success in many fields, which has completely changed the development direction of artificial intelligence and triggered the arrival of the era of big data. The application of machine learning to healthcare is often characterized by the development of cutting-edge technology aiming to improve patient outcomes. By developing sophisticated models on high-quality datasets we hope to better diagnose, forecast, and otherwise characterise the health of individuals. This course is designed to help students gain a deeper understanding of the basic frameworks, typical algorithms, theories, and systems in the field of AI for healthcare. The main contents will include basic and advanced machine learning and deep learning algorithms, as well as hands-on practices with real-world medical imaging dataset and clinical applications. Through the study of this course, we aim to help students further grab the interdisciplinarity of machine learning for health and cultivate their comprehensive application ability.

Reading list

Papers

1. M. Kountouris and N. Pappas, "Semantics-Empowered Communication for Networked Intelligent Systems," in IEEE Communications Magazine, vol. 59, no. 6, pp. 96-102, June 2021, doi: 10.1109/MCOM.001.2000604.

2. Li, Tian et al. “Federated Learning: Challenges, Methods, and Future Directions.” IEEE Signal Processing Magazine 37 (2020): 50-60., https://doi.org/10.1109/MSP.2020.2975749

3. Jakub Konecny, H. Brendan McMahan, Daniel Ramage, “Federated Optimization: Distributed Machine Learning for On-Device Intelligence”, arXiv:1610.02527 [cs.LG]

4. Qiang Yang, Yang Liu, Tianjian Chen, Yongxin Tong, “Federated Machine Learning: Concept and Applications”, ACM Transactions on Intelligent Systems and Technology, Volume 10Issue 2March 2019 Article No.: 12pp 1–19, https://doi.org/10.1145/3298981

5. W. Y. B. Lim, N. C. Luong, D. T. Hoang, Y. Jiao, Y.C. Liang, Q. Yang, D. Niyato, and C. Miao, “Federated learning in mobile edge networks: A comprehensive survey,” IEEE Communications Surv. & Tut., vol. 22, no. 3, pp. 2031–2063, Third Quarter, 2020.
6. J. Park, S. Samarakoon, M. Bennis, and M. Debbah, “Wireless network intelligence at the edge,” Proc. IEEE, vol. 107, no. 11, pp. 2204–2239, Nov. 2019.
7. K. B. Letaief, W. Chen, Y. Shi, J. Zhang, and Y. J. A. Zhang, “The roadmap to 6G–AI empowered wireless networks,” IEEE Commun. Mag., vol. 57, no. 8, pp. 8490, Aug. 2019.
8. Wang, G., Hwang, J. N., Wallace, F., & Rose, C. (2019). Multi-scale fish segmentation refinement and missing shape recovery. IEEE Access, 7, 52836-52845.

9. Li, H. Y., Yang, L., & Tan, U. X. (2020). A Control Scheme for Smooth Transition in Physical Human-Robot-Environment Between Two Modes: Augmentation and Autonomous. IEEE Robotics and Automation Letters, 5(4), 5803-5810.

10. Chibani, A., Amirat, Y., Mohammed, S., Matson, E., Hagita, N., & Barreto, M. (2013). Ubiquitous robotics: Recent challenges and future trends. Robotics and Autonomous Systems, 61(11), 1162-1172.
Books

1. David Tse, "Fundamentals of wireless communication"，Cambridge University Press, 2005, ISBN-13: 978-0521845274, ISBN-10: 0521845270
2. Olof Liberg, “Cellular Internet of Things”， Paperback, ISBN: 9780128124581, eBook ISBN: 9780128124598k, Elsevier Ltd, 2017
3. Rodger E. Ziemer, Roger L. Peterson, “Introduction to digital communication”, Pearson; 2nd edition (August 19, 2000), ISBN-13: 978-0138964818
4. James Kurose, "Computer Networking: A Top-Down Approach", Pearson; 7th edition (April 26, 2016), ISBN-10 ‏ : ‎9780133594140

5. Zhouchen Lin, Huan Li, Cong Fang, “Accelerated Optimization for Machine Learning: First-Order Algorithms(林宙辰 、 李欢、 方聪 等《机器学习中的加速一阶优化算法》)”；ISBN：9787111685005

6. Tieyan Liu etc., “Distributed Machine Learning-Theories, Algorithms, and Systems”(刘铁岩等, 《分布式机器学习：算法、理论与实践》). ISBN：9787111609186
7. Richard Szeliski, Computer Vision: Algorithms and Applications, Springer; 2011th edition (October 19, 2010), ISBN-10 ‏ : ‎ 1848829345

8. Gregory D. Abowd, Human-Computer Interaction, 3rd Ed., Alan Dix, Janet E. Finlay, ISBN-10 ‏ : ‎ 9780130461094

9. John Craig,Introduction to Robotics: Mechanics and Control, Pearson; 4th edition (February 23, 2017), ISBN-10 ‏ : ‎ 0133489795

10. Peter Corke, Robotics, Vision and Control: Fundamental Algorithms In MATLAB, Springer; 2nd ed. 2017 edition (May 23, 2017), ISBN-10 ‏ : ‎ 3319544128

Presentation

Each student will demonstrate the content learned in this session for 10 minutes through the presentation of their group project. Students shall form teams and choose 1 topic from the given 3 topics: (1) Design of demand responsive public transit for smart mobility; (2) Intelligent Service Robot for Smart Cities; (3)  Small local IoT network.

IV. Evaluation & Other

Grading Policy

This module includes an evaluation process. In addition to the attendance rate and class discussion, 3 assignments and a team project were designed. Each Student must complete 3 assignments independently, and teamed up freely to complete the final group projects. The score of the presentations will be evaluated through peer review and instructor’s evaluation according to the completeness, accuracy, and innovation of the presentation.

The final score is calculated as follows:

20% Participation

20% Assignment
20% Discussion

40% Group Projects

Supporting

Each session will have sufficient teaching assistants. They will help students in check-in, technical support,  Q&A session, and many other things. 
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