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A method for analysing traffic safety without relying on traffic
accident data by identifying safety critical events (or near-
misses) in traffic.

Surrogate safety analysis
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Specific indicators can be used to identify a near-miss:

• Time to collision (TTC)
– Minimum time to collision

– Time to accident

– …

• Post-encroachment time (PET)
– Predicted PET

• T2

Surrogate safety indicators
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Specific indicators can be used to identify a near-miss:

• Time to collision (TTC)
– Minimum time to collision

– Time to accident

– …

• Post-encroachment time (PET)
– Predicted PET

• T2

Prediction of the future path 
and speed of the road users 
is required.



A situation involving one or more vehicles where there is
imminent danger of a collision if the vehicle (or other road user)
movements remain unchanged.

Surrogate safety analysis
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Amundsen, F. H. and C. Hyden (1977). Proceedings: First workshop on traffic conflicts. 

First workshop on traffic conflicts, Oslo, Norway.



• How can we estimate the planned movements of a road user?

• How does different prediction methods affect the 
identification of near-misses in traffic?

This presentation
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1. Physics-based motion models
1. Constant Velocity (CV) 

2. Maneuver-based motion models
1. Prototype trajectories

3. Interaction-aware motion models

Prediction methods
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Lefevre, Stephanie & Vasquez, Dizan & Laugier, Christian. (2014). A survey on motion 
prediction and risk assessment for intelligent vehicles. Robomech Journal. 1. 
10.1186/s40648-014-0001-z. 



Movements remain 
unchanged from the road 
users planned behaviour 

Vehicle movements remain 
unchanged 
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1. The most common method is constant velocity 
combined the future path of the road user

2. Other physics-based motion models have also
been tested

Prediction methods for Surrogate
Safety Analysis
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Mohamed, M. G. and N. Saunier (2013). "Motion Prediction Methods for Surrogate Safety 

Analysis." Transportation Research Record: Journal of the Transportation Research 

Board(2386): pp 168–178.

speed



Prediction using constant velocity
Barcelona
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The quality of the prediction is dependent on both the
manoeuvre and the layout of the infrastructure.

Prediction using constant velocity
Barcelona
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TTC value in 40%
of all meetings

TTC value in 60%
of all meetings



Manoeuvre-based motion models
Barcelona trajectories
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• Prototype trajectories (typical trajectory)

– Weighted based on “similar” trajectories

• Typical movement in different areas

– Vector field

• Probabilistic approach based on “similar” trajectories

Manoeuvre-based motion models
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Prototype trajectory 
(typical trajectory)
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• Calculate the “average” trajectory with a specific weight for
each trajectory

• The weight depends on the physical difference and the speed
distance between the baseline trajectories and the relevant
road user



Prototype trajectory 
(typical trajectory)
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Typical movement in different areas 

21/05/2018 No. 15www.indev-project.eu

• Calculate the “average” movement in different areas of the
intersection

Ferreira, N. , Klosowski, J. T., Scheidegger, C. E. and Silva, C. T. (2013), Vector 

Field k‐Means: Clustering Trajectories by Fitting Multiple Vector Fields. Computer 

Graphics Forum, 32: 201-210. doi:10.1111/cgf.12107

https://doi.org/10.1111/cgf.12107


Typical movement in different areas 
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• Allow a relevant trajectory to be ”replaced” by similar
baseline trajectories

Probabilistic approach
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Probabilistic approach
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+ Speed



Problem with maneuvere-based
motion models
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Davis, G. A., J. Hourdos, H. Xiong and I. Chatterjee (2011). "Outline for a causal model 

of traffic conflicts and crashes." Accident Analysis & Prevention 43(6): 1907-1919.



Finding the moment of evasive
action
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Finding the moment of evasive 
action
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• Accurately identifying the moment of evasive action
– Difficult to find the difference between planned behaviour and

emergency behaviour

• Estimating the severity based on predictions from multiple
trajectories
– Instead of having one interaction with a certain value, we get several

potential interactions that have different values

• Prediction after moment of evasive action?

Remaining problems
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Thank you very much for your attention!

This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 635895

Visit us on www.indev-project.eu

Carl Johnsson
Phd Student, Lund University
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𝑖𝑛𝑓 𝑖𝑛𝑓 2.1
1.4 3.2 𝑖𝑛𝑓
𝑖𝑛𝑓 𝑖𝑛𝑓 𝑖𝑛𝑓

Three vehicle trajectories and three bicycle trajectories creates
9 potential interactions

TTC =
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Manoeuvre-based motion models
Barcelona trajectories
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