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1. Theoretical background

- Internship at CGI (november 2022 – march 2023)

- iAMLAB

- SPIN

- Systeem Planning en Informatie Nederland
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How can mathematical models, specifically the 
combination of traffic models and machine 

learning algorithms, be used to improve estimates 
of the effect of road work on traffic?
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1.1 Different traffic models
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1.1 Different traffic models

09-10-2020 6

Kesting, Arne et al. “Agents for Traffic 
Simulation.” Multi-Agent Systems (2008).



1.2 LWR model
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M. J. Lighthill and G. B. Whitham, On kinematic waves. ii. a theory of traffic flow on long crowded roads, Proceedings of the 
Royal Society of London A: Mathematical, Physical and Engineering Sciences, 229 (1955), pp. 317-345

P. I. Richards, Shock waves on the highway, Operations research, 4 (1956), pp. 42-51



1.2 LWR model
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Conservation law



1.2 LWR model
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Conservation law
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1.2 LWR model
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Conservation law

Fundamental relation



1.3 Fundamental relations
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1.3 Fundamental relations



1.3 Fundamental relations
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Dirk Helbing. “Derivation of a fundamental diagram for 

urban traffic flow”. In: The European Physical Journal B 70 

(2009), pp. 229–241.
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1.4 The Godunov scheme
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1.4 The Godunov scheme
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https://www.sciencedirect.com/science/article/abs/pii/S030

9170812000760

▪ Finite volume method

▪ Conserved implicitly

▪ Shockwaves stay intact



2. Combining ML and FR
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2. Combining ML and FR

09-10-2020 21

Dirk Helbing. “Derivation of a fundamental 

diagram for urban traffic flow”. In: The European 

Physical Journal B 70 (2009), pp. 229–241.
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2. Combining ML and FR
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2. Combining ML and FR

Traffic forecasting using graph neural networks and LSTM 

(keras.io)

https://keras.io/examples/timeseries/timeseries_traffic_forecasting/
https://keras.io/examples/timeseries/timeseries_traffic_forecasting/


2. Combining ML and FR

Alqudah, Nour, and Qussai Yaseen. "Machine learning for 

traffic analysis: a review." Procedia Computer Science 170 

(2020): 911-916.



3. Planning
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4. Results
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4. Results
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Godunov Scheme for a shock solution at T = 2 (left) and Rarefraction at T = 1 (right). k = 0.001.

Numerical Solutions of Traffic Flow on Networks (ntnu.no)

https://ntnuopen.ntnu.no/ntnu-xmlui/bitstream/handle/11250/259317/730608_FULLTEXT01.pdf?sequence=3&isAllowed=y


4. Results
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Godunov Scheme for a shock solution at T = 2 (left) and Rarefraction at T = 1 (right). k = 0.001.



4. Results
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Subquestions
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1. What is a measure of performance of different traffic models 
and ML algorithms in terms of their ability to accurately 
estimate the effects of road work on traffic? 

2. How can macroscopic traffic models be used as a framework 
to estimate the effect of road work on traffic using ML?

3. How can we use ML algorithms to identify and predict the 
impact of road work based on historical data? 

4. How can the insights gained from the traffic model be used to 
improve the efficiency of road work planning processes?



FEM around shock waves

Figure 6.2.1: Exact and numerical solutions for the inviscid Burger equation using the upwind scheme(6.2.2)(left) and 
the Lax-Friedrichs scheme(6.2.3)(right). k = 0.001.

https://ntnuopen.ntnu.no/ntnu-

xmlui/bitstream/handle/11250/259317/730608_FULLTEXT

01.pdf?sequence=3&isAllowed=y



FEM around shock waves

https://ntnuopen.ntnu.no/ntnu-

xmlui/bitstream/handle/11250/259317/730608_FULLTEXT

01.pdf?sequence=3&isAllowed=y



Pseudocode for the Godunov scheme



Pseudocode for the Godunov scheme



2.1 NDW data
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▪ Loopdata

▪ Incidents instead of (planned) road work



1.4 The Godunov scheme
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Clawpack documentation — Clawpack 5.9.x 

documentation

http://www.clawpack.org/
http://www.clawpack.org/


1.4 The Godunov scheme
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