
Concretization of Abstract Traffic Scene Specifications 
Using Multi-objective Optimization

Aren A. Babikian

aren.babikian@mail.mcgill.ca

Supervisor
Dániel Varró



Autonomous Vehicles (AVs) have safety issues
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Scenario-based safety assurance approaches
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Current (scenario-based)
safety assurance approaches: 

(1) Obtain challenging traffic 
scenarios for AVs

(2) Simulate the scenarios and
evaluate AV safety

Often represented at
an abstract level

(i.e. in safety standards)

Exact numeric values 
are required for 

simulation

We need a scene 
concretisation approach to 

handle this transition

Lane Change Scenario

Autonomous 
Vehicle



Defining scenes at 3 abstraction levels

Logical Scene Concrete Scene

Abstract Repr. Simulation-ready

Contributions at the functional (abstract) level
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C1: Car

uses
Qualitative abstractions

C2: Car
aheadOf

[Menzel, et al.; IVS 2016]

Functional Scene

• Distance:
• close, medDist, far

• Visibility:
• canSee

• Positional:
• left, right, ahead, behind

• …

Abstract relations to 
represent arbitrary scene

Partial model 
semantics

Natively handles 4 truth values:
• True, False, Unknown, Error



Contributions at the logical level
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Abstract Repr.

Logical Scene
uses

Qualitative abstractions
uses

Intervals and regions

Simulation-ready

Functional Scene Concrete Scene

C1: Car C2: Car
aheadOf



Contributions at the logical level
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Logical Scene
uses

Intervals and regions

Concrete Scene

Abstract Repr. Simulation-ready

𝜃!
0

�⃗�". ℎ
�⃗�". 𝑥, �⃗�". 𝑦

∃𝑟! ≥ 0, �⃗�". ℎ − 𝜃# ≤ 𝛼! ≤ �⃗�". ℎ + 𝜃#:
�⃗�$. 𝑥 = �⃗�". 𝑥 + 𝑟! cos 𝛼! ∧ �⃗�$. 𝑦 = �⃗�". 𝑦 + 𝑟! sin 𝛼!

Functional relations

Numeric constraint

A road-map-independent
abstract-to-numeric constraint mapping

aheadOf(oB, oA)

must be in hereo*



uses
Exact numeric values

Contributions at the concrete (numeric) level
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Abstract Repr.

Logical Scene
uses

Qualitative abstractions
uses

Intervals and regions

Simulation-ready

Functional Scene Concrete Scene

C1: Car C2: Car
aheadOf



uses
Exact numeric values

Contributions at the concrete (numeric) level
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Abstract Repr.

Logical Scene
uses

Qualitative abstractions
uses

Intervals and regions

Simulation-ready

Functional Scene Concrete Scene

C1: Car C2: Car
aheadOf

We define custom optimization functions 
(𝑂𝐹)

Derived through Multi-objective optimization

𝜃!
0

o*

𝑂𝐹 = small

o*

𝑂𝐹 = 0

o*

𝑂𝐹 = big

Graceful Degradation:
Approximate solution 

provided when no exact 
solution can be derived.



Towards safety assurance of AVs
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Current (scenario-based)
safety assurance approaches: 

(1) Obtain challenging traffic  
scenarios for AVs

(2) Simulate the scenarios and
evaluate AV safety

What makes scenarios 
challenging?

How to evaluate safety 
of an AV?


