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Abstract

We investigate a rigorous simulation and testing-based validation method for autonomous driving systems that
iIntegrates an existing industrial simulator and a formally defined testing environment. The environment includes
a scenario generator that drives the simulation process and a monitor that checks at runtime the observed
behavior of the system against a set of system properties to be validated. The validation method consists in
extracting from the simulator a semantic model of the simulated system including a metric graph, which is a
mathematical model of the environment in which the vehicles of the system evolve. The monitor can verify
properties formalized in a first-order linear temporal logic and provide diagnostics explaining their non-
satisfaction. Instead of exploring the system behavior randomly as many simulators do, we propose a method to
systematically generate sets of scenarios that cover potentially risky situations, especially for different types of
junctions where specific traffic rules must be respected. We show that the systematic exploration of risky
situations has uncovered many flaws in the real simulator that would have been very difficult to discover by a
random exploration process.

The Validation Framework RvADS

Scenario Generator

O The Scenario Generator drives the simulation RvADS
process. It generates scenarios as the coordinated
sequences of actions executed by the agents in Scenario L
the Simulator. Generator
Simulator ﬂscenario
&= The Simulator executes an ADS model obtained Extended verdict for
&=~ as the composition of the world model and the IEnee —> Monitor > each run and
behavior model Simulator semantic
: - property
. model
Monitor
The Monitor observes the system behavior as
sequences of global states and gpplies a runtime Property
verification method of the properties Specification
Semantic Model Property Specification
The system is modeled as a semantic model Properties for a stop junction J: | | -
with a well-defined notion of System state as the p1: If a vehicle is in the junction, then no other vehicle can be in the junction:

C . : : VaVa'.O[[aQ) A a # a’] > —a’ Q)]

distribution of vehicles and ObjeCtS on a map po: If a vehicle arrives at the same time as another vehicle, the vehicle on the right has the right-of-way:

with all their kinetic and time attributes. Vj.enVj.en’ YaVa'. O[[a@Qj.en A a’@Qj.en” A a.wt = awt’ A jen right-of j.en’] — [[N a’@j.en’] U a@)]]
p3: The vehicle that arrives first at the entrance will pass before other vehicles:

. Vj.en.Vj.en’ YaVa’'.0[[aQj.en A a’@Qj.en” A a.wt < a’.wt] — [[N a@j.en] U a’@)]]

Properties for a traffic light junction j:
pa: Any vehicle facing a red light must stop until the traffic light turns green, unless the vehicle is turning right.
vy (It green) Vjy.enVa.Vit. O[[a@j.en A [tQj.en A lt.cl = red A —take(a, j.en,right)] — [aQj.en U lt.cl = green]]
v4 (It): red) p5: If a vehicle facing a red light is turning right, then the vehicle should wait until there is no vehicle on the left.
a1:82(-, 110.05) Vj.enYj.en’ YaVa' Vit. O[|laQj.en A a’@Qj.en” A (j.en right-of jen’) A [tQj.en A (It.c]l = red) A take(a,j.en right)] —
Q9: Sa(-, 95.01) [[N a@j.en] U a’@)]]
(3:82(- 35.13) pe: If two vehicles arrive at the entrances of a junction opposite each other and the traffic lights are green, the vehicle turning left
a4:82(";30'12) must give way to the other.
Vj.enVj.en’ YaVa'.O[[aQj.enAa’@j.en’ Aj.enopposite j.en’Atake(a, j.en, left)A—take(a’, j.en’, left)] — [[Na@Qj.en] Ua'@)]]

84: 2919

s3: 24.29

So: 117.72

Scenario Generation Examples of Property Violation

We define structurally equivalent abstract scenarios by simply rotating
the inputs and preserving the symbolic directions based on the
assumption that the traffic rules do not particularize the inputs of the
junction according to their positions.

It is sufficient to apply one test case per equivalence class for the
system that is assumed to be consistent. If equivalent test scenarios
differ in the properties tested, it means that test process is inconsistent.
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