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1. Optimization based on the traffic physics (OBELISC)

• Space-time physics of traffic

• Exploiting the physics of road traffic 
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• Efficient neural representation and control
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Huawei’s Traffic Solution - TrafficGO 





Optimization based on the traffic physics 

Source: https://www.youtube.com/watch?v=6uf2QNtYpII



Space-time physics of traffic

Axenie et al. , OBELISC @ ECML 2021



Exploiting the physics of road traffic 



Oscillator-based modelling and nonlinear control

Internal 
properties

Network coupling External coupling



Oscillator-based modelling and nonlinear control



Oscillator-based modelling and nonlinear control



Oscillator-based modelling and nonlinear control

Regularizing control law
Internal 

properties
Network coupling External coupling

Sliding Mode Control



Oscillator-based modelling and nonlinear control



Efficient neural learning



Efficient neural learning
Learning in spiking neural networks

Neural Engineering Framework (NEF)



Experiments & Results

The experiments and evaluation use the SUMMER-MUSTARD (Summer season Multi-cross Urban 

Signalized Traffic Aggregated Region Dataset) real-world dataset, which contains 59 days of real urban 

road traffic data from 8 crosses in a city in China*

* http://doi.org/10.5281/zenodo.5025264

http://doi.org/10.5281/zenodo.5025264


Observations

OBELISC
Oscillator-Based Modelling and Control using Efficient Neural Learning for Intelligent Road Traffic Signal Calculation

• Traffic control is a multi-dimensional problem to be optimized under deep uncertainty.

• A system using a network of oscillators capturing the (periodic) spatial and temporal interactions 

among different crosses in a road traffic network.

• A control mechanism that strengthens the adaptation capabilities towards global consensus under 

high-magnitude traffic disruptions.

• A lightweight learning system that exploits the coupling interactions among different controlled 

oscillators.

• An end-to-end system (modelling, control, inference) with proven potential for real-world 

deployment.

Axenie et al. , OBELISC @ ECML 2021



Optimization based on traffic causality

Source: https://www.youtube.com/watch?v=6uf2QNtYpII



Exploiting causality in road traffic control

Axenie et al. , TRAMESINO @ AALTD 2021



High-dimensional vector algebra for associative memories

High-dimensional vector representation and computation



Experiments & Results

The experiments and evaluation use the SUMMER-MUSTARD (Summer season Multi-cross Urban 

Signalized Traffic Aggregated Region Dataset) real-world dataset, which contains 59 days of real urban 

road traffic data from 8 crosses in a city in China* reproduced in SUMO simulator.

* http://doi.org/10.5281/zenodo.5025264

http://doi.org/10.5281/zenodo.5025264


Experiments & Results

Traffic Key Performance Indices (KPI) evaluation



Experiments & Results
Run-time performance evaluation



Experiments & Results
Encoding/decoding accuracy of TRAMESINO memories



Observations

TRAMESINO
Trainable Memory System for Intelligent Optimization of Road Traffic Control

• The highly non-linear and unpredictable real-world road traffic situations need timely actions.

• A system that models only relevant causal action-consequence pairs within traffic data (i.e. green 

time – traffic count).

• A memory mechanism to store traffic patterns and retrieve plausible decisions.

• A lightweight learning system encoding and manipulating traffic data encoded in high-dimensional 

vectors using spiking neural networks.

• An end-to-end system that learns temporal regularities in traffic data and adapts to abrupt changes, 

while keeping computation efficient and fast.

Axenie et al. , TRAMESINO @ AALTD 2021
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