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Presenter
Presentation Notes
Name is…
Currently doing my phD
Thank you for giving me an opportunity..



Background 
• Flow-density relation (Fundamental 

Diagram) 

• Nagel-Schneckenberg CA model (1992) 

• Wide-scattering of flow-density states 

• Three-phase theory (Boris Kerner, 2000s) 

• KKS Model (2012) 

• Average Space Gap Model - JF Tian 
(2012) 

• Defensive Driving Model - JPL Neto 
(2012) 
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Presentation Notes
Wide variety of question to answer in traffic studies
One such question - Flow-density
Empirically, it have been measured as..
Which have been interpreted in the NaSch to have a form..
Difference between that and empirical FD - which looks like this - is smth we call wide scattering
While many attributes this difference to measurement noise, according to 3PT…
2 phase does not capture, formulated the KKS model
while this model captures many empirical.. does not highlight
However, as andreas have mentioned earlier.. 
This drives current research in working towards simpler model which demonstrates the physics in these complex systems





Conceptualisation 
• Lack of understanding of wide-scattering 

• Study using Nagel-Schreckenberg 
Cellular Automata (1991) 

 

 

1. Success in describing mechanism of 
jam formation 

• Corresponds to Sugiyama (2008) 

Proposing an elementary mechanism 
which captures wide-scattering  
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The problem we are addressing in this study is the lack of the mechanical understanding of the dynamics which leads to wide-scattering, at least in CA models
The approach of the study is through the NaSch in 1991, and why do we use?
Two reasons
To describe this is a single sentence, at high density, interactions leads to enhancement of fluctuations… 
This mechanism corresponds to the observation proposed with NaSch model in 1991
This highlights that the success of this model that at such simplicity, it accurately captures the spontaneous emergence of congestion inhomogeneous traffic flow




 

2. Preliminary studies: 

• Congestion under bottlenecks 

 

 

 

Verify using wide-scattering captured by NaSch model under 
bottlenecks  
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Presentation Notes
In our preliminary studies, we found that by subjecting traffic flow to bottlenecks, there were some evidence of wide-scattering
By systematically vary the width of scattering
Verify the mechanism we propose



Numerical Model 
• Quantifying width of scattering 

• Average number of flow data point per density 
 

• Propose methodology which varies the width of scattering 
systematically in the NaSch model using bottlenecks 

• Lane probability = [0 , 0.5] 
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Topology of bottleneck is what we called a road bottleneck
How wide is wide… Draw lines on the resultant flow density data
With and without bottleneck, we only have 2 data points.. 
With that, our tuning parameter in the form of this lane probability..



Hypothesis 
• Wide-scattering is due to the 

variability of cluster formation 
in congested traffic state 

• Congested traffic - clustering 
of random sizes 

• Quantifier: Time series of 
cluster count 
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In congested state, vehicles bunches up randomly, forming clusters of different sizes
Variable to quantify clustering could be cluster count
So how do we define cluster count. We define cluster as…
Since the hypothesis involves the variability, our objective function will then be.. 




• Variability = Std deviation of cluster count fluctuation 

 

 

 

• Underlying Physics 

7 

Presenter
Presentation Notes
which can be visualised by a histogram of the cluster count time series
What is the underlying physics behind this hypothesis? why do we propose that the variability of flow density states?
Due to the fundamental interaction of the traffic in NaSch model… 



Numerical Results 
• Objective function: Std dev of 

cluster count 

• Tuning parameter: Lane 
probability in roadBN 

• Relationship between 
scattering width and 
standard deviation of 
cluster count 

• Numerically: Variability 
of cluster formation 
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To reiterate, the objective function… tuning parameter… which adjusts the width of scattering
The relationship which supports our hypothesis.. 
This systematic relation between supports our hypothesis, and that the mechanism behind… is variability of clusters



Analysis on Existing TCA 
Models (I) 
• Wide-scattering in TCA models 

• JF Tian (2011) average space gap 
model 

• Three phase traffic 

• Competition due to Slow-to-start rules 

• Anticipation due to Velocity 
synchronisation 
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Overly ambitious to claim whether the wide-scattering observed is the same observed in other TCA models..
Use the same measure.. 
To do so, we will apply JF Tian’s ASGM…  formulated in association 



Analysis on Existing TCA 
Models (II) 

• Width increases with cluster variation ~50%  

• Normalised standard deviation: 0.13 vs 0.50 
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The results are as follows..
Lack of tunable parameter to vary wide-scattering
Qualitative discussion on the propose mechanism 




Qualitative Analysis 
• Speed adaptation 

• Assessing speed of preceding vehicles 

• Synchronises vehicle speeds 

• Many single vehicle clusters 

• Slow-to-start rule 

• Favours large cluster -> slow speed 

• Additional ASGM mechanism 

• Favouring statically unfavourable cluster configurations 
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Summary & Future Works 
• Elementary mechanism which leads to wide-scattering in 

TCA models 

• Variability of cluster formation in congested traffic 

• Described physical mechanism 

• Checked with tuneable scattering using road bottlenecks 

• Check for theoretical coherence with three-phase models 
(AGSM) 

• Further numerical analysis can be done with TCA models 
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Presentation Notes
Based on current traffic flow theories, there are contradictory views on the nature and formation of traffic congestions. 
One of these contradictions is the occurrence of wide scattering of flow-density states in congested traffic. Possible mechanism: Heterogeneity of cluster formation in congested traffic flow
Described the physics why it could lead to multiple flow-density states microscopically
Presented a numerical analysis using the macroscopic quantities of the simulation using varying bottleneck



QUEK Wei Liang - s130019@e.ntu.edu.sg 

Thank you! 
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• NaSch CA model - Discrete and stochastic 

• 4 evolution rules: Acceleration, Systematic deceleration, 
Random deceleration, Movement 

• Periodic boundary condition 

• Modification: Road bottlenecks 

 

 

Model (I) 
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Bottleneck which occurs when there is merger of lanes
Rules at the interfaces
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