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Autonomous vehicles (AVs) must be both safe and trustworthy to gain social acceptance and become
a viable option for everyday public transportation. Explanations about the system behaviour can in-
crease safety and trust in AVs. Unfortunately, explaining the system behaviour of AI-based driving
functions is particularly challenging, as decision-making processes are often opaque. The field of
Explainability Engineering tackles this challenge by developing explanation models at design time.
These models are designed from system design artefacts and stakeholder needs to develop correct
and good explanations. To support this field, we propose an approach that enables context-aware,
ante-hoc explanations of (un)expectable driving manoeuvres at runtime. The visual yet formal lan-
guage Traffic Sequence Charts is used to formalise explanation contexts, as well as corresponding
(un)expectable driving manoeuvres. A dedicated runtime monitoring enables context-recognition
and ante-hoc presentation of explanations at runtime. In combination, we aim to support the bridging
of correct and good explanations. Our method is demonstrated in a simulated overtaking.

The research leading to these results is funded by the German Federal Ministry of Education and Research under grant agree-

ment No 16MEE044 (EdgeAI-Trust) and by the Chips Joint Undertaking under grant agreement No 101139892 (EdgeAI-Trust).

1 Introduction

To deploy autonomous vehicles (AVs) in public road traffic and to gain societal acceptance, they must be
safe and trustworthy. Achieving these properties in road traffic is difficult for two main reasons. First,
the inherently dynamic and open-world nature of road traffic introduces uncertainty, as AVs must operate
under constantly changing and only partially predictable conditions. Second, the black-box character
of many AI-based solutions limits transparency and interpretability, making it difficult to assess their
correctness, especially crucial in safety-critical situations. In combination, these challenges make the
specification of a complete formal behaviour model of AVs infeasible.

On the regulatory level, the upcoming European AI Act [1] mandates transparency, human oversight,
and traceability for high-risk AI systems, including AVs. Moreover, studies such as [26] and [3] reveal
that social acceptance of AVs remains limited, mainly due to a lack of trust. Consequently, there is an
urgent need for reliable explanation methods in autonomous driving, even in the absence of a complete
formal behavioural model.

The field of Explainability Engineering addresses this challenge by developing methods and tools
to systematically design explanation models from system descriptions, stakeholder needs, and require-
ments at design time. The goal is to build a foundation for developing explanations that are both correct
and good [29]. Research in this field enhances trust, facilitates safety validation, and fulfils regulatory
requirements by making AI decisions interpretable, traceable and understandable for different stake-
holders. Empirical research provides guidance on which explanations are effective in increasing trust.
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Meta-studies indicate that while system performance is important, trust in autonomous systems is signif-
icantly enhanced by behavioural explanations [5]. Explaining expectable manoeuvres helps stakeholders
build confidence in an AV ’s reliable and plausible operation [5]. Conversely, explaining unexpectable
manoeuvres is crucial for maintaining trust in safety-critical situations [27]. For this work, we refer to
(un)expectable driving manoeuvres as behaviour that is (not-)permitted according to an AV ’s explanation
model. Rather than (un)expected, the term (un)expectable emphasises model-based admissibility instead
of compliance with predefined requirements, while also capturing runtime uncertainties of the domain
and AI-based driving functions.

Furthermore, explanations are most effective when provided before an AV executes a manoeuvre [17].
We refer to such explanations as ante-hoc, meaning that information about (un)expectable behaviour is
available prior to execution. Prior work also shows that, to be effective, trustworthy, and meaningful,
explanations of AV behaviour must consider the surrounding traffic and environmental conditions [12,
23, 25]. We refer to explanations that include such factors as context-aware.

While frameworks such as MAB-EX [11] describe how explainability can be achieved at runtime,
and literature in Explainability Engineering defines properties and requirements for good and correct
explanations [29], concrete methods to operationalise these concepts for AVs are still lacking. In this
work, we present a method to specify context-aware explanations of (un)expectable driving manoeuvres
and to provide such explanations ante-hoc at runtime.

We use Traffic Sequence Charts (TSC) [15] to formally specify the explanation context (or short con-
text), i.e., the traffic situation in which an explanation should be provided. TSC allow the specification of
spatio-temporal properties, particularly of traffic scenarios, in both visual and formal form. Using TSC
for context specification is beneficial for stakeholder needs, such as comprehensibility and goodness.
For example, psychologists can assess both properties by investigation of the visual part of TSC without
needing to understand the formal semantics. Further, we use TSC runtime monitoring [32, 20] to recog-
nise the specified explanation context at runtime and trigger the ante-hoc presentation of an explanation.
Finally, we show how (un)expectable driving manoeuvres can be specified with TSC.

Therefore, we address the challenges of (i) formally specifying explanation contexts for AVs, (ii)
enabling ante-hoc explanations at runtime, and (iii) enabling different forms of an explanation about
(un)expectable driving manoeuvres.

Outline. The paper is organised as follows: Section 2 provides preliminaries for our work. Section 3
discusses related work. Section 4 presents the formalisation of an explanation context using TSC. Sec-
tion 5 presents TSC runtime monitoring for context-recognition and ante-hoc explanations at runtime.
Section 6 presents the visual yet formal specification of (un)expectable driving manoeuvres in a context-
aware manner using TSC. Section 7 demonstrates our approach within a simulated overtaking. Section 8
contains the conclusion and discusses future work.

2 Preliminaries

In this section, we give a brief introduction to the field of Explainability Engineering, including a char-
acterisation of explanations and describe how our approach aligns with the MAB-EX Framework [11].

Explainability Engineering In [24], explainability was characterised as a non-functional requirement.
With its recent classification as a requirement also at the regulatory level, explainability has become an
engineering task for AI-based systems such as AVs. Presenting pure information without context does
not provide the necessary explainability that creates traceability, transparency and comprehensibility of
system behaviour [25]. As shown in [30], stakeholder-specific explanation models for such complex
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systems need to be created systematically at design time. Explainability Engineering (EE) directly ad-
dresses this need for transparency and traceability at both regulatory [1] and societal levels [26, 3] for
high-risk AI systems.

While methods in eXplainable AI (XAI) primarily aim at generating explanations for trained, com-
plex AI models, these explanations are typically tied to a specific model and often remain interpretable
only to experts [31]. In contrast, EE pursues the broader goal of creating explanations for the behaviour
of entire AI-based systems or systems of systems, such as AVs.

An explanation model EM may be defined as a behavioural model of the system that captures causal
relationships between events and system reactions. This enables the identification of possible causes for
behaviours that require explanation [11]. Such models provide a conceptual foundation for delivering
explanations to diverse stakeholders, from engineers needing technical traceability to passengers seeking
intuitive justifications and regulators requiring formal evidence of compliance. In [30], Schwammberger
and Klös showed how to derive explanation models in the context of autonomous agents. In this paper,
we assume the existence of an EM that contains relations between traffic situations and corresponding
(un)expectable driving manoeuvres.

Explanations in Explainability Engineering In our work, we use the following characterisation of
explanations given by Schwammberger et al. as an extension of Bohlender and Köhl (see [12]):
Characterisation 1 (Explanation [31]). An explanation E is characterised by (i) explananda X, or “phe-
nomena”, of the system of interest, (ii) a context C, (iii) a stakeholder group G for E, (iv) the goal θ of
E for a stakeholder group G, and (v) the means M for producing E.

In our approach, the explanandum X of an explanation E is which driving manoeuvres of an AV
are (un)expectable in the current context C, where the context represents the AV ’s current traffic situa-
tion. Using TSC with dedicated runtime monitoring, both the context C and the context-aware, ante-hoc
presentation of explanations E can be formalised in the same specification language. Thus, for the ex-
planation means M, we leverage the visual yet formal form of TSC to specify driving manoeuvres.

This setup is deliberately modular. The TSC-based specification of context C and its runtime moni-
toring can be replaced by any other context-recognition method. The TSC-specified driving manoeuvres
continue to serve as the explanation means M. Conversely, the TSC-based context and monitoring can
trigger context-aware, ante-hoc presentation of any other explanations. Regarding our method, the goal
θ is to increase trust in AVs across different stakeholder groups G. However, explanation goodness [29]
needs to be investigated by future empirical studies.

MAB-EX Framework In EE, the MAB-EX framework [11] (depicted in Fig. 1) provides a theoretical

Figure 1: MAB-EX Frame-
work [11] (concretised for soft-
ware systems in [31]).

foundation for creating self-explanatory capabilities of systems at run-
time. Our approach can be aligned with the four phases Monitoring,
Analyse, Build, and EXplain.

The system considered in this work is an AV interacting with its
environment. The explanation model captures the causal factors un-
derlying the AV ’s behaviour. Within MAB-EX, a learning mechanism
for the explanation model is foreseen, which can iteratively improve
the AV ’s explanation model for different stakeholders using operational
data from the dynamic and uncertain automotive domain. Both the
design of the explanation model and any model learning remain out
of scope. In this work, we primarily operationalise the four runtime
phases for context-aware, ante-hoc explanations of (un)expectable driving manoeuvres. The TSC run-
time monitoring corresponds to the Monitoring phase, where surrounding traffic and the environment are
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continuously observed. The subsequent context recognition, based on the TSC specification, maps to the
Analyse phase, where the observed data are checked for the phenomenon to be explained (the explanan-
dum X). The TSC specification of traffic situations and corresponding (un)expectable manoeuvres, along
with their runtime selection, belongs to the Build phase, where explanations are developed from an ex-
planation model. Finally, the visual or formal presentation of (un)expectable manoeuvres corresponds to
the EXplain phase, communicating system behaviour in an interpretable and comprehensible way.

3 Related Work

Formal specification of spatio-temporal properties has already been used in the automotive domain to
specify, e.g., system requirements based on languages such as LTL [28, 18] and STL [33, 4], as well
as for complex system requirements with TSC [32, 20]. Since no language has emerged as standard,
we employ TSC for context and manoeuvrer specification, whose visual and formal syntax may be able
to address multiple stakeholder groups. Visual or formal XAI presentations of explanations, such as
saliency maps, heatmaps, or decision-tree paths [2], target domain experts and require further interpre-
tation. In contrast, TSC-based specifications allow for deciding in advance what to communicate, how,
and to whom, tailoring the explanation to the need, context and goals. This aligns with Explainability
Engineering principles of designing correct and good explanations [29].

Runtime Monitoring (RM) is a technique used to check whether a system’s runtime behaviour com-
plies with formally specified properties [8]. Particularly in safety-critical domains, RM ensures the
correctness and safety of complex systems such as AVs. RM continuously observes system behaviour to
detect deviations from specifications [9], complementing offline verification and allowing timely iden-
tification of unsafe states [22]. For this work, we use and adapt an already developed TSC runtime
monitoring [20, 32] for recognising an explanation context specified using TSC.

Schwammberger et al. [30] demonstrate a possible derivation method for explanation models that
considers different stakeholder groups and present a case study where a timed automaton models a cross-
ing protocol for urban intersection turn manoeuvres. Their case study discusses the MAB-EX phases
and explanation forms abstractly for multiple stakeholder groups. In a recent extension of the MAB-EX
framework [31], the authors introduce the concept of an explanation history to support the recognition
of recurring contexts and dynamically adapt explanations accordingly. This approach enables the gener-
ation of global explanations that generalise across a variety of similar contexts.

This work can be seen as the first concrete operationalisation of MAB-EX runtime phases to pro-
vide context-aware, ante-hoc explanations of (un)expectable AV manoeuvres at runtime. Complement-
ing prior work on deriving explanation models for different stakeholder groups [30] and on extending
the MAB-EX framework with an explanation history [31], our approach focuses on implementing the
runtime phases in a context-aware manner. Together, these perspectives form a coherent research trajec-
tory: stakeholder-specific explanation models provide the conceptual foundation, our operationalisation
demonstrates runtime applicability, and extensions like explanation history enable adaptive refinement
of explanations.

4 Traffic Sequence Charts for Context-Aware Explanations

In the following, we show how TSC can be used to formalise an explanation context to enable context-
recognition at runtime and specify context-aware explanations.

Recall that we assume the existence of an explanation model EM that contains relations between
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traffic situations and corresponding (un-)expectable driving manoeuvres, created by system and domain
experts at design time. Considering the characterisation of an explanation (see Char. 1), we define the
context C of an explanation E about the behaviour of an AV as the specification of a traffic situation.
A traffic situation of an AV consists of the surrounding environment (e.g., lanes, markings, road signs)
and traffic participants which interact with the environment. Traffic participants are constrained by be-
havioural and physical rules in the environment, and have attributes such as speed and position. Func-
tional descriptions of traffic situations or a context C for our explanation E can be as follows:

Example 1 (Context). AV is driving towards a slow driving vehicle (slower than the speed limit) in its
lane on a two-lane carriageway. There is no other vehicle on the adjacent left lane of AV . The distance
between AV and the other vehicle is less than 25 metres.

We refer to a concrete instance of context C, in which an explanation E of AV is to be presented,
as a concrete traffic situation. A concrete traffic situation captures the spatial relations between traffic
participants and the environment at a specific point in time, including the fixed state of object attributes.

To formalise the concrete traffic situation as context C of an explanation E, we model the traf-
fic environment of AV , its traffic participants and their respective attributes in an object model OM =

(T ,C,F,Pred), where T is a set of basic types, C is a set of object types (or classes), F is a set of typed
function symbols, and Pred is a set of typed predicate symbols. With attr(C), we describe the finite set
of typed attributes for each object class C ∈ C. Now, given an object model OM, we define a concrete
traffic situation as a function σ ∶ ID → attr(C)→D, where ID denotes the finite set of object identities
(i.e., the traffic objects involved in the situation), attr(C) the attributes of the context, and D the domain
of valid, type-consistent values.

In the following, we briefly introduce TSC and show how they can be used to formalise an explana-
tion context C as traffic situation specification. Such a specification characterises not a single, but a set
of concrete traffic situations that an AV might encounter, as in our example context.

4.1 Traffic Sequence Charts

TSC is a visual and formal language for specifying spatio-temporal properties in traffic environments.
The simplest chart, a Basic Chart, contains a single invariant node. Each node encapsulates a Spatial
View (SV), the core visual formalism, expressing spatial relations (e.g., distances) and object-attribute
predicates (e.g., velocity, acceleration), combined with Boolean operators.

Given the underlying time model T of TSC with continuous time semantics, any constraint holds for
a non-empty time interval. Therefore, a Basic Chart, i.e. an invariant node containing an SV, specifies
propositional constraints that hold invariantly over an interval [b,e] ⊂ T with e > b.

TSC can be used to formalise the context C as a traffic situation specification, i.e., a set of well-typed
predicate logic formulae defined over an OM. Together with the aforementioned time model T, TSC
allow the specification of so-called abstract traffic situations S.

A so-called symbol dictionary is essential for the visual syntax of SV. Object symbols from the
symbol dictionary can be placed on a rectangular canvas, which exists within the corresponding invariant
node. Each object symbol is assigned to exactly one object type C from OM and may have unique logical
object variables, often associated with an object’s id ∈ ID. Anchors are always required and necessary for
expressing spatial properties. Each object symbol has at least one anchor, e.g. in the centre of the symbol.
Each anchor is linked to a position attribute pos∈R2 of an object type instance, which is always required.
Exceptions are the so-called line anchors, which are fixed in one dimension on the 2-dimensional canvas.
These can be used, for example, to logically specify the boundaries of a carriageway. Thus, by placing
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the symbols on the canvas, spatial relations of objects can be expressed via predicate logic formulae.
The anchors form the basis for further elements such as distance lines (constraining the distance between
two objects), nowhere-boxes (excluding object types in a specific area), or somewhere-boxes (defining a
specific area in which an object can be). Predicate logic formulas for TSC specifications can be derived
by the algorithms presented in [15]. In the following, we provide a detailed description of both the visual
and formal specification of the functional described traffic situation, i.e., our exemplary context (see
Ex. 1).

4.2 Specifying Traffic Situation Si ∈ S

The specification of our exemplary traffic situation as an abstract traffic situation using TSC is shown
in Fig. 2. It defines the described traffic situation with a Basic Chart (Fig. 2c) over an OM (Fig. 2a)

(a) Object model OM defining
two classes, their attributes ac-
cording to our example.

(b) Symbol Dictionary defining
object symbols and anchors ac-
cording to our example.

(c) Basic Chart describing the spatial relations
and constraints on object attributes according
to our example.

Figure 2: TSC Basic Chart of the example with an object model OM (a), a corresponding symbol dictio-
nary (b), and an invariant node encapsulating one spatial view (c).

and a symbol dictionary (Fig. 2b). The AV (blue car symbol, named ego) is placed left of the slower
driving (constraint on velocity between both symbols) car (red car symbol, named other) on the 2D
canvas, expressing that ego is driving towards other. The described distance between ego and other is
expressed by a distance line connecting symbol anchors and annotated with the distance constraint. Both
car symbols have one anchor, while the two-lane road has three anchors for the three lane boundaries.
This enables the specification of all described spatial relations. A so-called somewhere-box around ego
and other defines that any lateral position of the cars in their lane (between DoubleLane’s anchors yR
and yM) is valid. A nowhere-box with a car symbol on the left lane (between DoubleLane’s anchors yM
and yL) defines the described situation, that there is no other car on the adjacent left lane.

In addition, the OM has a function called inRange(). The nowhere-box can be mapped to this function
so that ego can determine how many other objects of the class Car exist in the range (e.g., adjacent lane
sensor range of a real car’s lane change assistant (LCA)) of ego in the left lane.

B1 = ego.pos.y > lane.yR∧ ego.pos.y < lane.yM (1a)

∧other.pos.y > lane.yR∧other.pos.y < lane.yM (1b)

∧ego.pos.x+25 ≤ other.pos.x (1c)

∧ego.v > other.v (1d)

∧ego.inRange(le f t) =∅ (1e)

The derived predicate logical formula
(supported by the algorithms presented in
[15]) for the specification in Fig. 2 is
shown in Eq. 1. In Eq. 1a, the spatial re-
lation between ego and the DoubleLane is
defined over OM. In Eq. 1b the spatial re-
lation between the other car and the Dou-
bleLane is defined. Eq. 1c expresses the distance constraint between ego and other, and Eq. 1d the
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difference in velocity. Eq. 1e expresses the constraint for the (car) empty adjacent left lane of ego.
By specifying the exemplary traffic situation as an abstract traffic situation S using TSC, a whole set

of concrete situations is covered. Thus, in any concrete situation satisfying the abstract traffic situation,
the same explanation will be applied. This allows for capturing infinitely many traffic situations with a
finite number of explanations.

The formalisation of a traffic situation as TSC formalises the context C, which is important for the
interpretation, traceability, and comprehensibility of an explanation E. Such traffic situation specification
S also serves as the formal specification for the construction of a TSC runtime monitor. In Section 5 we
describe our use of TSC runtime monitoring for recognising the entering or being of AV in a concrete
traffic situation σ , which corresponds to traffic situation specification S, i.e., σ ⊧ S. Hence, S is a formal
foundation for context-aware and ante-hoc presentation of any explanations for context C.

5 Context-Recognition and Ante-hoc Explanation at Runtime

To enable context-aware, ante-hoc explanations of the behaviour of an AV , we need to recognise which
concrete traffic situation σ the AV is currently in. The goal is to trigger the presentation of a context-
aware explanation E, corresponding to the traffic situation σ . We use the term ante-hoc explanation (of
(un)expetable driving manoeuvres) to denote explanations that are presented before an AV behaves as ex-
plained. The term ante-hoc explanations is often used in the context of white-box AI models. However,
here we use the term for explanations stemming from explanation models, that are designed using system
design artefacts and stakeholder needs. Providing such explanations requires rapid recognition of the AV
entering or being in a context C, as well as timely presentation. With this work, we contribute the tech-
nical capability for context-aware, ante-hoc explanations. Aspects such as optimal presentation duration
or alignment with passengers’ cognitive load [7] are beyond this work’s scope. In Section 7, we demon-
strate the feasibility of providing context-aware, ante-hoc explanations of (un)expectable manoeuvres at
runtime.

In Section 4, we showed how a described context C of an explanation E can be formalised as abstract
traffic situations S using TSC. Such a specification defines spatial relations and constraints for a set of
object types, attributes, and predicates over a shared OM.

To determine whether an AV is currently in a concrete traffic situation σ corresponding to a TSC
context specification S, we use runtime monitoring. A dedicated TSC runtime monitoring for scenario-
based testing has been developed previously [32, 20]. Here, we adapt it to enable context-recognition
and trigger ante-hoc explanations. Concretely, we check at runtime whether σ ⊧ S and, if so, present the
corresponding explanation E.

5.1 Matching Concrete Situations with Context Specifications

Let σ denote a concrete traffic situation, provided from sensor data at runtime. We assume the existence
of a valuation function ρ that maps each traffic object identity id ∈ ID to its observed attribute values
ρ(id)(a), where a ∈ attr(C) and C ∈ OM. Given the specification of S as an abstract traffic situation
using TSC, such a specification can be interpreted as a set of well-typed logical predicates P(S) over OM
(see Eq. 1). A concrete traffic situation σ corresponds to a specification S if σ ⊧ S ⇔ ρ ⊧ P(S), i.e.,
the current traffic environment and the states of all participating agents satisfy the constraints defined by
the predicates in S under the valuation ρ .

This evaluation relies on a semantic interface that maps the AV to a runtime monitor based on S.
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Specifically, sensor data and other relevant information (e.g., from V2X communication) must be mapped
in a type-consistent way to the attributes defined in the OM used by S. For each object attribute in Eq. 1
(e.g., ego.velocity in m/s), an appropriate input from the AV ’s available data must be provided according
to the corresponding OM (see Fig. 2a). Only then can the runtime monitor deliver a meaningful verdict
on whether σ ⊧ S.

5.2 Monitor Verdicts for Explanation Selection

We first consider a single traffic situation specification S. For this specification, we define a runtime
monitor MS that evaluates whether the concrete traffic situation σ where AV is in, corresponds to S:

MS(σ) ∶= {⊤ if σ ⊧ S
⊥ otherwise

(2)

Since an explanation model EM describes an AV ’s behaviour across many traffic situations, it re-
quires multiple explanations Ei with their respective contexts Ci, formalised as TSC specifications Si. We
therefore construct a monitoring system comprising a runtime monitor MSi for each Si ∈ S, where S is
the set of all traffic situation specifications defined for EM.

We define a function V that, given the current traffic situation σ and a set of explanations E, returns
all explanations Ei ∈ E whose monitors MSi evaluate to ⊤:

V(σ ,E) ∶= {
{Ei ∈ E ∣MSi(σ) =⊤} if ∃Ei ∈ E ∶MSi(σ) =⊤,

∅ otherwise.
(3)

The function thus returns all explanations which correspond to σ , or ∅ if none correspond. Hav-
ing multiple explanations apply to the same situation can be useful, e.g., during development. To
avoid ambiguities for other stakeholders, such as passengers, E can be required to be well-formed, i.e.,
∀Ei,E j ∈E, i≠ j ∶ ¬∃σ (MSi(σ)=MS j(σ)=⊤). For TSC specifications, this can be verified through
consistency analysis introduced in [10].

If all runtime monitors MSi(σ) return ⊥, two cases may occur:
(i) AV is in a traffic situation σ for which no context specification Si was defined at design time, e.g.,

an unconsidered or potentially unsafe scenario.

(ii) The traffic situation σ is covered by AV ’s explanation model EM, but the set of explanations E is
incomplete, missing an Ei for this context.

This distinction is important for validation and trust: case (i) can guide extensions of the explanation
model, while case (ii) reveals gaps in the existing explanations. Additionally, a ⊥ verdict can trigger
runtime data logging, indicate sensor or perception issues, or activate a safety fallback in unsafe, uncov-
ered situations.

In conclusion, the goal is that for every concrete traffic situation σ that AV might encounter and is
described in an explanation model EM, there exists an Ei ∈ E for each σ ⊧ Si. If this is not the case, the
⊥ verdict acts as a meaningful diagnostic property for incompleteness of explanations, system failures,
or domain violations.

With the presented runtime monitoring based on traffic situation specifications Si linked to ex-
planations Ei, we can recognise at runtime whether an AV is in a situation requiring an explanation.
This enables the context-aware presentation of (ante-hoc) explanations, in this work concretely about
(un)expectable driving manoeuvres. Recall that combining TSC-based context C formalisation and a
dedicated runtime monitoring can be used to trigger any explanations. Regarding the MAB-EX Frame-
work [11], this combination instantiates the Monitoring and Analyse phase for triggering context-aware
explanations at system runtime.
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6 Specification of (Un)expectable Driving Manoeuvres

In the following, we present the specification of driving manoeuvres with Traffic Sequence Charts (TSC),
that can be used to specify ante-hoc behaviour explanation of AVs. We define a driving manoeuvre as
a purposeful change in the state of attributes of AV over time, taking into account the environment and
other traffic participants. We define the annotation expectable and unexpectable to a driving manoeuvre
as follows.

Definition 1 ((Un)expectable Driving Manoeuvre). Given a concrete traffic situation σ , we call an evo-
lution π ∶ T → ID → attr(C) → D starting in σ = π(0) an expectable (resp. unexpectable) driving
manoeuvre if and only if, AV may (resp. may not) continue from σ with π .

As introduced in Section 1, the term (un)expectable is used to describe manoeuvres that are permit-
ted or not according to an AV ’s explanation model. Unlike strict requirement compliance, this notion
captures model-based behaviours while considering domain and AI-based uncertainties.

Referring to our exemplary context C of an AV (see Ex. 1), a functional description of an expectable
and an unexpectable driving manoeuvre can be as follows:

Example 2 ((Un)expectable Driving Manoeuvres). Given this close distance between AV and the other
vehicle (≤ 25 meters) and a free adjacent left lane, an expectable manoeuvre is to initiate an overtaking
by activating the left indicators and changing lanes. At least in Germany, an unexpectable driving
manoeuvre is to initiate an overtaking on the right side (as this violates the traffic rules).

Hence, a traffic scenario specification is also a (valid) combination of consecutive traffic situation
specifications Si, where each Si specifies, e.g., a phase of a driving manoeuvre.

The specification in TSC provides a formalised and context-aware explanation E ∶= (S,FE ,FV ) of
(un)expectable driving manoeuvrers, where S is the traffic situation specification, i.e. the context C of
E, FE is a non-empty set of specified expectable driving manoeuvrers, and FV is a non-empty set of
specified unexpectable driving manoeuvrers.

6.1 Visual and Formal Specification of Driving Manoeuvres using TSC

In TSC, invariant nodes can be connected consecutively over the same OM and same symbol dictionary
(for a brief TSC introduction see Section 4.1). This enables the connection of traffic situation specifi-
cations resulting in abstract traffic scenario specifications. Such specifications can formally represent
driving manoeuvres, satisfying our goal of specifying (un)expectable behaviour of AVs.

By applying available operators of TSC such as sequence, negation, choice or concurrency, invari-
ant nodes can be composed into more complex chart structures (compared to a Basic Chart). When
composed using the time model T of TSC, it allows the specification of abstract traffic scenarios, i.e.
structures that semantically combine sets of well-typed predicate logic formulae over a given OM using
the above operators. Formally, these scenarios can be regarded as expressions using operators over sets
Φi of well-typed predicate logic formulae, i.e. expressions of the form O(Φ1,Φ2, . . . ,Φn), where each
Φi is a set of formulas over OM and O denotes an n-ary operator from the set of available operators in
TSC. For this work, we only consider sequences of invariant nodes. The conditions of each invariant
node Ni (such as Eq. 1) are conjugated. The semantics of a sequence chart SC containing two nodes N1
and N2 is defined as [b,e] ⊧ SC ∶⟺ ∃t ∈ [b,e] ∶ [b, t] ⊧ N1∧ [t,e] ⊧ N2, where [b,e] is the time
interval of evaluation. Further details on composed charts can be found in [15, 32]. Fig. 3a depicts a
sequence chart with two invariant nodes.

In the first phase, a car changes to the left lane behind another car. The second phase completes the
lane change. This sequence specifies our exemplary expectable manoeuvre. Similarly, Fig. 3b shows
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(a) TSC Sequence Chart specifying an exemplary ex-
pectable manoeuvrer Fi ∈ FE of AV initiating an over-
taking of the other vehicle on the adjacent left lane.

(b) TSC Sequence Chart specifying an exemplary unex-
pectable manoeuvrer Fi ∈FV of AV initiating overtaking
of the other vehicle on the right side.

Figure 3: Formalisation of exemplary (un)expectable manoeuvres for our context-aware explanation
E ∶= (S,FE ,FV ), specified as abstract traffic scenarios using Traffic Sequence Charts [15].

a lane change to the right and its completion, representing our exemplary unexpectable manoeuvre.
Both charts use the same OM and symbol dictionary as Fig. 2, with added boolean attributes for ego’s
indicators and corresponding visual features (yellow blobs).

Predicate logical formulas of the specifications in Fig. 3 can be derived with the support of algorithms
in [15]. For brevity, and because we focus on the visual part of TSC-based manoeuvres as explanation
means M at runtime, only the visual representations are shown. To illustrate the formal semantics of
one invariant node Ni, we provide predicate logical formulas for two context specifications in detail (see
Eq. 1 and Fig. 4), as needed for constructing runtime monitors (see Section 5). For completeness, the
formal semantics for Fig. 3 can be found in the appendix (see Tab. 3).

According to our concept, an explanation E is a tuple E ∶= (Si,FE ,FV ), where Si ∈ S specifies the
context C and explanandum X , FE is the set of expectable manoeuvres, and FV is the set of unexpectable
manoeuvres, defined by the AV’s explanation model EM. By specifying our exemplary context C (see
Fig. 2) and the (un)expectable manoeuvres (see Fig. 3), we have all components for an explanation E
using the visual yet formal TSC language. Given that FE and FV are correctly associated with Si ∈ S in
the explanation model EM of AV , the explanation E = (Si,FE ,FV ) becomes context-aware. Using the
same OM and symbol dictionary, the abstract traffic situation specification Si of the explanation context
C determines when an explanation is required, while the associated manoeuvre sets FE and FV define
what is to be communicated. In Section 7, we show a possible way of presenting such an explanation E.

In contrast to common XAI approaches, our method enables consistent alignment of context and
explanation content already during design. This may benefit a variety of stakeholders: Testing engineers
can validate that decision-making in specific traffic situations aligns with the formalised (un)expectable
manoeuvres. Passengers or safety assessors may be informed why a specific manoeuvre is being (or not
being) executed, increasing transparency and trust.

By combining explanation context and content specification using TSC with a dedicated runtime
monitoring, we operationalise the loop between formal specification, runtime monitoring, and context-
aware explanations, as conceptualised by the MAB-EX framework [11]. Hence, this approach supports
the development of trustworthy autonomous driving systems.

7 Application of Context-aware, Ante-hoc TSC-Explanations

In this section, we demonstrate the applicability of our approach for presenting context-aware, ante-
hoc explanations of (un)expectable driving manoeuvres and validate its runtime capability. Concretely,
we specify multiple explanations Ei using TSC. Each explanation comprises an explanation context Ci,
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formalised as an abstract traffic situation Si ∈ S, together with the corresponding (un)expectable driv-
ing manoeuvres (FE and FV ). We then construct runtime monitors MSi(σ) for each context Ci and
embed them into a simulation. Finally, we provide a visual yet formal, ante-hoc presentation of the
(un)expectable manoeuvres. Our approach is demonstrated in a simulated overtaking scenario of an AV.

To this end, Section 7.1 describes the experimental setup. In Section 7.2, we present the specified
explanations Ei, each linking an abstract traffic situation Si to individual phases of an overtaking manoeu-
vre: approaching, closing the gap, changing lanes, and overtaking. Section 7.3 then shows the runtime
monitoring results and the ante-hoc explanations of (un)expectable manoeuvres. Finally, Section 7.4
discusses our method.

7.1 Experimental Setup

The hardware specification is reported to ensure reproducibility, comparability, and to provide a context
for later runtime results. The hardware consists of 192GB of RAM, an Intel® Xeon® Silver 4215R CPU
(16 cores @ 3.20GHz), and an NVIDIA® Quadro RTX 6000 GPU. CARLA [16] (version 0.9.15) was
used as simulation environment for simulating the overtaking scenario. In the simulated traffic scenario,
an AV (car, red) drives towards a slower-moving vehicle (van, grey) in the right-hand lane of a two-lane
carriageway. At a certain distance, the AV initiates an overtaking manoeuvre, passes the vehicle to be
overtaken and initiates the final lane change.

The runtime monitors were implemented in Python and connected to the CARLA simulation via
the ROS2–CARLA Bridge [14]. Data were continuously transmitted at a frequency of 20 Hz during
simulation runtime. We do not use CARLA’s Python API directly, but rather ROS 2 as the communi-
cation protocol for AV data, as many real-world systems utilise ROS 2 for data transmission. This has
enabled TSC runtime monitoring to be successfully deployed in a maritime context [6], directly from the
simulation onto a real vessel.

Since our runtime monitors are constructed from abstract traffic situation specifications Si ∈ S defined
using TSCs, each monitor relies on the corresponding OM of the TSC specification. The object type
instances and their respective attributes defined in the OM were mapped via an interface to suitable,
available data provided by the CARLA simulation. Recall that only through appropriate mapping of
objects and their attributes to suitable system data and signals can runtime monitoring deliver meaningful
verdicts. Once a runtime monitor yields MSi(σ) = ⊤ (see Eq. 2), indicating that the AV is in the
corresponding traffic situation σ , the related explanation Ei for expectable (FE) and unexpectable (FV )
manoeuvres is presented. The function V(σ ,E) (see Eq. 3) that returns context-aware explanations
for the concrete traffic situation σ of the AV was implemented in Python. It selects and triggers the
presentation of corresponding explanations Ei. A video of the case study is provided in [21].

7.2 Defined Explanations

To demonstrate and validate our context-aware, ante-hoc explanation method, we decomposed the simu-
lated overtaking into distinct phases. Each phase describes a context and its corresponding (un)expectable
manoeuvres, which are visually and formally specified using TSC. Hence, the specification of each phase
serves as our explanation in a tuple E = (Si,FE ,FV ). The following distinct phases of the considered
overtaking are incorporating our example introduced earlier in Section 4 and Section 6 (here Phase 2 -
Closing Gap):

Phase 1 - Approaching. The AV is driving towards a slower driving vehicle in its lane. There is no
other vehicle in the adjacent left lane of ego. The distance between ego and the other vehicle is greater
than 25 metres. Given the moderate distance in this traffic situation, an expectable manoeuvres are (i) to
initiate an overtaking by activating the left indicators and changing lanes, or (ii) to adapt to the speed of
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the leading vehicle and stay behind at a safe distance. An unexpectable driving manoeuvre is to initiate
an overtaking on the right side (e.g., because of violating the traffic rules of German traffic law).

The specification of the abstract traffic situation Si for Phase 1 as TSC, as well as the derived predicate
logical formula, is depicted in Fig. 4.

(a) Specified Basic Chart

S1 =ego.pos.y > lane.yR∧ ego.pos.y < lane.yM

∧ other.pos.y > lane.yR∧other.pos.y < lane.yM

∧ ego.pos.x+25 > other.pos.x

∧ ego.v > other.v

∧ ego.inRange(le f t) =∅
(b) Corresponding predicate logical formula

Figure 4: TSC specification of described traffic situation of AV in Phase 1 - Approaching, using the
object model OM Fig. 2a and symbol dictionary Fig. 2b

The visual specifications of described (un)expectable driving manoeuvres for Phase 1 are depicted in
Fig. 5.Readers interested in the formal semantics of the visual specifications are referred to the appendix
(seeTab. 2).

Figure 5: Representation of (un)expectable
driving manoeuvres (FE1 ,FE2 ,FV1) of an ex-
planation Ei ∈ E for Phase 1 - Approaching
(see Sec. 7.2), specified as abstract traffic sce-
narios using TSC [15].

For presentation at runtime, we embedded the spec-
ifications of driving manoeuvres in a colored frame.
This is just one possible way of presenting our expla-
nations.

We chose a blue frame to communicate the case of
more than one expectable driving manoeuvre. If there
is only one expectable driving manoeuvre, we choose a
green colored frame. We choose a red frame for every
unexpectable driving manoeuvre.

Phase 2 - Closing Gap. AV is following a slower
driving vehicle (slower than speed limit) at a distance
≤ 25 meters. Given this close distance between AV and
the other vehicle (≤ 25 meters) and a free adjacent left
lane, an expectable manoeuvre is to initiate an over-
taking by activating the left indicators and changing
lanes. An unexpectable driving manoeuvre is to initiate
an overtaking on the right side (e.g., because of violat-
ing the traffic rules in the German StVO).

The specified explanation E2 of Phase 2 using TSC
has already been conducted in Section 4. The colour-
coded version for the presentation in simulation of
the (un)expectable driving manoeuvres is depicted in
Tab. 1 Readers interested in the formal semantics of the visual specifications are referred to the appendix
(see Tab. 3).

Phase 3 - Lane Change. AV is initiating an overtaking of a slower driving vehicle (slower than speed
limit) by changing lanes with active left indicators. An expectable driving manoeuvre is to reach the
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adjacent left lane and begin passing the slower-moving vehicle. An unexpectable driving manoeuvre,
given to the free target lane, is to abort the lane change, driving slower, and then driving behind the
other vehicle at a safe distance.

The explanation context of Phase 3, specified as abstract traffic situation S3, along with the colour-
coded explanation E3 showing the (un)expectable manoeuvres, is depicted in Tab. 1. Readers interested
in the formal semantics of the visual specifications are referred to the appendix (see Tab. 4).

Phase 4 - Overtaking. AV is driving on the left lane of a two-lane carriageway and is about to overtake
a slower driving vehicle (slower than the speed limit) on the right lane. An expectable driving manoeuvre
is to initiate a lane change to the right lane and in front of the vehicle to be overtaken. An unexpectable
driving manoeuvre is to drive slower than the other vehicle and to abort the overtaking by a lane change
to the right behind the other vehicle.

The explanation context of Phase 4, specified as abstract traffic situation S4, along with the colour-
coded explanation E4 showing the (un)expectable manoeuvres, is depicted in Tab. 1. Readers interested
in the formal semantics of the visual specifications are referred to the appendix (see Tab. 5).

7.3 Runtime Detection and Explanation Timing

For runtime monitoring in the simulation, the class instances and attributes from the defined OM (Fig. 2a)
were directly mapped to available simulation signals. A reliable interface between vehicle sensor data
and runtime monitors is essential: We converted measurements (e.g., bounding boxes, speeds) into typed
OM attributes (position ∈ R2, velocity ∈ R, lane ID, etc.). Corresponding to the four overtaking phases,
we constructed four runtime monitors, each evaluating a predicate formula P(Si) derived from TSC
specifications of contexts Ci. When ρ ⊧ P(Si), the associated explanation Ei is selected and presented
ante-hoc, i.e., before execution. For each Ei ∈ E, the corresponding runtime monitor MSi(σ) is embed-
ded in the simulation, as detailed in Section 7.1.

Fig. 6 visualises the evolution of relevant attributes in the simulated overtaking over time. It also out-
lines at what point in time which monitor MSi(σ) recognises a corresponding concrete traffic situation
σ , i.e. MSi(σ) =⊤ (blue-ish/grey-ish frames). The indexing of the monitors corresponds to the phases
described, i.e. MS1(σ) is the runtime monitor constructed from the abstract traffic situation specification
S1 and Phase 1 - Approaching (see Fig. 4).

The runtime monitors MSi(σ) were able to recognise the corresponding explanation contexts, i.e.,
evaluate σ ⊧ Si, in under 1 ms after the AV entered the respective traffic situation σ in the simulation.
This shows that TSC-based runtime monitoring can reliably detect σ ⊧ Si. It also enables the context-
aware presentation of explanations, effectively operationalising the Monitoring and Analysis phases of
the MAB-EX framework [11].

Fig. 6 also shows which explanation Ei was presented and for how long. Since each explanation
Ei for an abstract traffic situation Si is correctly associated with its (un)expectable driving manoeuvres,
it demonstrates that the context-aware explanation Ei was always presented when the AV was in a cor-
responding concrete traffic situation σ ⊧ Si. Hence, this demonstrates the operationalisation of phases
Build and EXplain of the MAB-EX framework [11]. Since the respective explanation Ei was presented
immediately after MSi(σ) =⊤, and every respective traffic situation is present for more than 2 seconds
in the simulation, our explanation of (un)expectable driving manoeuvres is ante-hoc.

7.4 Discussion

Our demonstration validates in a simulated overtaking that our approach is able to provide (i) context-
aware, ante-hoc triggering of explanations, and (ii) visually yet formally specified (un)expectable driving
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Table 1: Overview of context specifications Ci and corresponding (un)expectable driving manoeuvres
(Ei ∈ E) for the consecutive phases 2-4 of the overtaking scenario. Each context is specified as a TSC-
based traffic situation specification. The corresponding explanation is specified as an abstract traffic
scenario according to the object model OM (Fig. 2a) and symbol dictionary (Fig. 2b).

Phase Context (Un)expectable Manoeuvrers

Phase 2 –

Closing Gap

Phase 3 – Lane

Change

Phase 4 –

Overtaking

manoeuvres before an AV is manoeuvring. The explanations were specified in a visual yet formal manner
using TSC, designed to be context-aware, and combined with a dedicated runtime monitoring.

By implementing our approach in the simulation environment CARLA, we have demonstrated its
capabilities. Explanations can be triggered ante-hoc (before a manoeuvre is executed), based on the con-
crete traffic situation σ in which the AV is currently in and which corresponds to a formal explanation
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Figure 6: Important attributes (distance between AV (ego) and the van (other), blue graph; y-position
of AV (ego), red graph; and y-position of the van (other), green graph) of the simulated overtaking
scenario presenting the decomposed phases with images of the simulation above and length, marked
with brackets over the time dimension. The blue-ish and grey-ish frames describe the time at which the
respective monitors MSi(σ) recognised a corresponding concrete traffic situation σ , as well as which
explanation Ei was subsequently presented. The dashed vertical lines describe the time at which another
runtime monitor recognises the corresponding traffic situation.

context specified as an abstract traffic situation Si. Regarding the scalability of our approach, there is tool
support for the creation of TSC specifications and the generation of predicate logic formulas [13]. Exe-
cuting several runtime monitors in simulation is not a limiting factor. The demonstration was restricted
to a controlled and simulated overtaking and did not include testing in more complex environments. The
simulation setup also relied on idealised sensor data and environmental models, without accounting for
factors such as sensor noise. Further, to investigate whether a TSC-based explanation is indeed able to
fulfil the goal of increasing trust, empirical studies need to be conducted with stakeholder groups. Hence,
for now, we can not provide any empirical statement if an explanation E specified by TSC is “. . . a piece
of information (or evidence) that makes the explanandum X understandable by G with respect to the goal
θ .”[31]. However, we believe that the combination of visual syntax and rigorous formal semantics based
on predicate logic allows the same TSC explanation to address different stakeholders. For example, the
visual representation of E could address passengers of AV , while the formal semantics could address
developers or test engineers.

8 Conclusion and Future Work

This work aims to increase trust in autonomous vehicles (AVs) by enabling context-aware, ante-hoc ex-
planations at system runtime to support the bridging of correct (by rigorous formal semantics) and good
(by both visual and formal means) explanations. Within the field of Explainability Engineering, we
present a formalisation of explanation contexts, i.e., a traffic situation of an AV where an explanation
is meant to be presented, using Traffic Sequence Charts (TSC). In combination with a dedicated TSC
runtime monitoring, we can observe the current traffic situation of AVs, evaluate if it corresponds to
the formalised explanation context, and trigger the presentation of explanations. Additionally, we show
how TSC can formalise (un)expectable driving manoeuvres in a context-aware, visual yet formal way,
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enabling the same explanation to be used for different stakeholders. In a simulated overtaking scenario,
we demonstrate and validate our contribution of context-aware explanations of (un)expectable driving
manoeuvres, and show that we were able to present ante-hoc explanations, i.e., before an AV is manoeu-
vring, at system runtime. This work aligns with the MAB-EX framework [11] and is the first concrete
operationalisation of key phases that demonstrates the runtime applicability for context-aware, ante-hoc
explanations.

To enhance the applicability and impact of our approach, several extensions are envisaged. Fu-
ture work may expand the approach to various and more complex driving scenarios, incorporating
uncertainty-aware runtime monitoring techniques (cf. [19]). This may include empirical studies with
diverse stakeholders, designing multimodal explanations (e.g., textual annotations or audio cues), and
evaluating feasibility on automotive-grade hardware. Furthermore, we see a potential in combining TSC
specifications of explanation contexts with the explanation history extension of the MAB-EX frame-
work [31], as such abstract specifications can generalise over several explanation contexts.
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Annex

Table 2: Specified (un)expectable driving manoeuvres (FE1 ,FE2 ,FV1) and their corresponding predicate
logical formulas for Phase 1 - Approaching of the overtaking scenario. The manoeuvres are represented
as abstract traffic scenarios using TSC [15], according to the object model OM Fig. 2a and symbol dic-
tionary Fig. 2b (except that we added indicatorsle f t attribute for class Car, and a visual feature (yellow
blobs) in the symbol dictionary for the indicators). The corresponding context C1 and formula are intro-
duced in Fig. 4. The semicolon separates the invariant nodes, indicating the temporal partitioning of the
time interval [b,e] over which the sequence chart is evaluated.

Specified Manoeuvrers Predicate Logical Formula

FE1 = ego.pos.y > lane.yR∧ ego.pos.y < lane.yL

∧ other.pos.y > lane.yR∧other.pos.y < lane.yM

∧ ego.pos.x < other.pos.x

∧ ego.v > other.v

∧ ego.indicatorsle f t = 1;

ego.pos.y > lane.yM∧ ego.pos.y < lane.yL

∧ other.pos.y > lane.yR∧other.pos.y < lane.yM

∧ ego.pos.x < other.pos.x

∧ ego.v > other.v

FE2 = ego.pos.y > lane.yR∧ ego.pos.y < lane.yM

∧ other.pos.y > lane.yR∧other.pos.y < lane.yM

∧ ego.pos.x+ sa f edist < other.pos.x;

ego.pos.y > lane.yR∧ ego.pos.y < lane.yM

∧ other.pos.y > lane.yR∧other.pos.y < lane.yM

∧ ego.pos.x+ sa f edist < other.pos.x

∧ ego.v ≤ other.v

FV1 = ego.pos.y > lane.yM

∧ other.pos.y > lane.yR∧other.pos.y < lane.yM

∧ ego.pos.x < other.pos.x

∧ ego.v > other.v;

ego.pos.y < lane.yR

∧ other.pos.y > lane.yR∧other.pos.y < lane.yM

∧ ego.pos.x < other.pos.x

∧ ego.v > other.v
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Table 3: Specified (un)expectable driving manoeuvres (FE1 ,FV1) and their corresponding predicate log-
ical formulas for Phase 2 - Closing Gap of the overtaking scenario. The manoeuvres are represented
as abstract traffic scenarios using TSC [15], according to the object model OM Fig. 2a and symbol dic-
tionary Fig. 2b (except that we added indicatorsle f t attribute for class Car, and a visual feature (yellow
blobs) in the symbol dictionary for the indicators). The corresponding context C2 and formula are intro-
duced in Eq. 1. The semicolon separates the invariant nodes, indicating the temporal partitioning of the
time interval [b,e] over which the sequence chart is evaluated.

Specified Manoeuvrers Predicate Logical Formula

FE1 = ego.pos.y > lane.yR∧ ego.pos.y < lane.yL

∧ other.pos.y > lane.yR∧other.pos.y < lane.yM

∧ ego.pos.x < other.pos.x

∧ ego.v > other.v

∧ ego.indicatorsle f t = 1;

ego.pos.y > lane.yM∧ ego.pos.y < lane.yL

∧ other.pos.y > lane.yR∧other.pos.y < lane.yM

∧ ego.pos.x < other.pos.x

∧ ego.v > other.v

FV1 = ego.pos.y < lane.yM

∧ other.pos.y > lane.yR∧other.pos.y < lane.yM

∧ ego.pos.x < other.pos.x

∧ ego.v > other.v;

ego.pos.y < lane.yR

∧ other.pos.y > lane.yR∧other.pos.y < lane.yM

∧ ego.pos.x < other.pos.x

∧ ego.v > other.v
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Table 4: Specified context C3 and (un)expectable driving manoeuvres (FE1 ,FV1), and corresponding
predicate logical formulas for Phase 3 - Lane Change of the overtaking scenario. The specifications are
based on the object model OM Fig. 2a and symbol dictionary Fig. 2b (except that we added indicatorsle f t
attribute for class Car, and a visual feature (yellow blobs) in the symbol dictionary for the indicators).
The semicolon separates the invariant nodes, indicating the temporal partitioning of the time interval
[b,e] over which the sequence chart is evaluated.

Specified Context & Manoeuvrers Predicate Logical Formula

C3 = ego.pos.y > lane.yR∧ ego.pos.y < lane.yL

∧ other.pos.y > lane.yR∧other.pos.y < lane.yM

∧ ego.pos.x < other.pos.x

∧ ego.indicatorsle f t = 1

FE1 = ego.pos.y > lane.yM∧ ego.pos.y < lane.yL

∧ other.pos.y > lane.yR∧other.pos.y < lane.yM

∧ ego.pos.x < other.pos.x

∧ ego.v > other.v;

ego.pos.y > lane.yM∧ ego.pos.y < lane.yL

∧ other.pos.y > lane.yR∧other.pos.y < lane.yM

∧ ego.pos.x ≥ other.pos.x

∧ ego.v > other.v

FV1 = ego.pos.y > lane.yR∧ ego.pos.y < lane.yL

∧ other.pos.y > lane.yR∧other.pos.y < lane.yM

∧ ego.pos.x < other.pos.x

∧ ego.v < other.v;

ego.pos.y > lane.yR∧ ego.pos.y < lane.yM

∧ other.pos.y > lane.yR∧other.pos.y < lane.yM

∧ ego.pos.x+ sa f edist ≤ other.pos.x

∧ ego.v ≤ other.v
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Table 5: Specified context C4 and (un)expectable driving manoeuvres (FE1 ,FV1), and corresponding
predicate logical formulas for Phase 4 - Overtaking of the overtaking scenario. The specifications are
based on the object model OM Fig. 2a and symbol dictionary Fig. 2b (except that we added indicatorsle f t
attribute for class Car, and a visual feature (yellow blobs) in the symbol dictionary for the indicators).
The semicolon separates the invariant nodes, indicating the temporal partitioning of the time interval
[b,e] over which the sequence chart is evaluated.

Specified Context & Manoeuvrers Predicate Logical Formula

C4 = ego.pos.y > lane.yM∧ ego.pos.y < lane.yL

∧ other.pos.y > lane.yR∧other.pos.y < lane.yM

∧ ego.pos.x ≤ other.pos.x

∧ ego.v > other.v

FE1 = ego.pos.y > lane.yM∧ ego.pos.y < lane.yL

∧ other.pos.y > lane.yR∧other.pos.y < lane.yM

∧ ego.pos.x > other.pos.x

∧ ego.v > other.v;

ego.pos.y > lane.yR∧ ego.pos.y < lane.yL

∧ other.pos.y > lane.yR∧other.pos.y < lane.yM

∧ ego.pos.x > other.pos.x

∧ ego.v > other.v

∧ ego.indicatorsright = 1

FV1 = ego.pos.y > lane.yM∧ ego.pos.y < lane.yL

∧ other.pos.y > lane.yR∧other.pos.y < lane.yM

∧ ego.pos.x < other.pos.x

∧ ego.v < other.v;

ego.pos.y > lane.yR∧ ego.pos.y < lane.yL

∧ other.pos.y > lane.yR∧other.pos.y < lane.yM

∧ ego.pos.x < other.pos.x

∧ ego.v ≤ other.v
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