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Introduction

➢ The SHOW project aims at developing shared 

automation operating models for worldwide 

adoption.

➢ Real-life mass transit Autonomous Vehicle (AVs) 

demonstrations are taking place in 20 cities across 

Europe.

➢ The project vision is to investigate the integration 

of AVs into various transport aspects.

➢ The present study aims to examine the safety 

effects of different shuttle bus service speeds in 

various future mobility conditions.
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➢ One such demonstration site of the project is the 

Madrid site of Villaverde, which comprises a dense 

urban traffic network.

➢ The network is simulated in the Aimsun Next 

software. 

➢ In order to provide impacts of AV operation that 

could not feasibly be measured in reality, the 

microscopic simulation method was used.

➢ The simulated network consisted of 365 nodes and 

668 sections, featuring vehicle O-D matrices of 

30×30 centroids.

Study area

30×30 OD matrices

365 nodes

668 road segments

Villaverde district 

(Madrid, Spain)
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➢ An autonomous shuttle bus line was implemented, 

operating along with the existing 23 public transport lines

➢ Cycle route frequency: 15 min

➢ Total capacity: 60 passengers & 25 seated passengers

➢ 3+1 simulated operational speeds of the service:

15km/h, 30km/h, and 45km/h + baseline (no shuttle)

➢ Eleven simulated traffic mixes: 0%-100% (10% increments)

Market Penetration Rate of AVs in general traffic

➢ Thus, (3+1) x 11 = 44 simulated scenarios in total

AV operation & integration

Autonomous electric bus – 

Irizar

SAE L4

Villaverde Bajo Cruce

La Nave
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➢ Traffic conflicts serve as Surrogate Safety Measures (SSMs) from the microsim analysis 

to gauge safety levels proactively (as crashes are not simulated)

➢ Conflicts are registered when time-to-collision (TTC) <0.5s and 

post-encroachment time (PET) <5.0s for AVs.

➢ A database comprising 638,163 conflicts was extracted from the SSAM add-on software

Traffic conflicts: Surrogate Safety Measures

https://www.fhwa.dot.gov/publications/research/safety/08050/08050.pdf
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Modelling scope

➢ Traffic conflicts are maneuvers describing 

physical movement of the vehicles. 

➢ Classification of conflict types supported by 

geometrical, network and traffic variables.

➢ Mixed-Effects Multinomial Logit Regression 

(ME-MLR) models are fitted.

➢ For the best model, the constant varies across 

MPR percentages.

➢ ME-MLR models outperform fixed-effects 

MLR models (lower residual Deviance).
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ME-MLR model

➢ Crossing conflicts are the 

reference category for 

multiclass classification.

➢ Almost all variables are 

statistically significant

➢ A lot of information to unpack, 

an interpretation mechanism 

will help…



Apostolos Ziakopoulos, Safety evaluation via conflict classification during automated shuttle bus service operations

Modelling results (1/3)

Interpretation via Odds Ratios (ORs):

➢ OR>1 (Blue) contributes towards 

examined category

➢ OR<1 (Red) contributes towards 

reference category
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Modelling results (2/3)

➢ Lane change and rear-end conflicts are more 

likely to occur when:

➢ PET increases

➢ MPR, overall lanes and higher maximum 

speed difference decrease

➢ Road type is not Primary

➢ More rear-end conflicts during 15 km/h 

and 30 km/h operational speed

➢ Different control types and no control type 

exist instead of the ‘Give way’ control type 

(but not always in ‘Stop’)

    … and more…
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Modelling results (3/3)

➢ Random effects are statistically 

significant.

➢ Each MPR value provides a unique 

constant component to the model 

(in addition to the entire variable).

➢ Random effects fluctuate more: 

In lower MPR values for rear-end 

conflicts and…

In higher MPR values for lane change 

conflicts.
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Probability predictions

➢ The overall probability predictions 

are plotted for each conflict 

category.

➢ Sharper curves: 

More concentrated density, 

indicating higher certainty in 

predictions.

➢ Present model performance 

appears quite satisfactory.
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Conclusions

➢ The quantification of safety impacts is critical to 

enable stakeholders for the deployment and 

operation of automated services.

➢ A large array of geometric, network and traffic 

variables influence conflict type classification.

➢ MPR, describing the automated traffic mix, 

strongly governs conflict type generation and 

frequency.

➢ Surrogate Safety Measures offer insights in 

uncharted scenarios before crashes occur; 

nonetheless, validation is required.
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