
Formal Modelling of Cruise Control
System Using Event-B and Rodin Platform

Item Type Conference paper

Authors Predut, S.; Ipate, F.; Gheorghe, Marian; Campean, I. Felician

Citation Predut S, Ipate F, Gheorghe M and Campean IF (2018)
Formal Modelling of Cruise Control System Using Event-
B and Rodin Platform. [Proceedings of the] 2018 IEEE 20th
International Conference on High Performance Computing and
Communications; IEEE 16th International Conference on Smart
City; IEEE 4th International Conference on Data Science and
Systems. IEEE. ISBN: 978-1-5386-6614-2.

Download date 20/11/2018 04:51:04

Link to Item http://hdl.handle.net/10454/16555

http://hdl.handle.net/10454/16555


Formal Modelling of Cruise Control System Using
Event-B and Rodin Platform

Sorina Predut & Florentin Ipate
Faculty of Mathematics and Computer Science and ICUB

University of Bucharest
Bucharest, Romania

Marian Gheorghe & Felician Campean
Faculty of Engineering and Informatics

University of Bradford
Bradford, UK

Abstract—Formal modelling is essential for precisely defining,
understanding and reasoning when designing complex systems,
such as cyberphysical systems. In this paper we present a
formal specification using Event-B and Rodin platform for a
case study of a cruise control system for a hybrid propulsion
vehicle and electric bicycle (e-Bike). Our work uses the Event-
B method, a formal approach for reliable systems specification
and verification, being supported by the Rodin platform, based
on theorem proving, allowing a stepwise specification process
based on refinement. We also use, from the same platform, the
ProB model checker for the verification of the B-Machine and
iUML plug-in to visualize our model. This approach shows the
benefits of using a formal modelling platform, in the context of
cyberphysical systems, which provides multiple ways of analysing
a system.

Index Terms—Event-B, Formal Verification and Validation,
ProB, Visualization, iUML-B

I. INTRODUCTION

Cyberphysical systems integrating a physical system with a
software component represent examples of complex systems,
each of them with sub-systems of different nature and posing
multiple problems from the early specification stage up until
the delivery. Various methods, notations and tools have been
used in the complex process of integrating these components
of such systems through various stages of development.

In the case of interdisciplinary system design and deve-
lopment, coherent harmonization of existing functional and
structural methods are requested [1].

From the perspective of electro-mechanical engineering
domain, [2] provides a comprehensive overview of design
verification and validation across the product lifecycle. Spe-
cific to the automotive industry, the robust engineering design
framework discussed by [3] provides the framework for devel-
oping verification and testing methods and carrying out design
verification.

Verification of cyberphysical systems is attracting interest
from industry, in particular the automotive industry [4], [5],
driven by the increased interconnectedness of vehicles, and
the move towards autonomy. Consideration of uncertainty
in cyberphysical systems test modelling is also becoming a
prominent research and application concern [6].

SysML sequence diagrams are widely used in the repre-
sentation of scenarios of interaction for a system use case.

Recent work includes the development of an Enhanced Se-
quence Diagram [7] and the System State Flow Diagram [8]
function modelling framework. Both methodologies provide
strong support for flow based function modelling of complex
systems with multiple operational model, with rigorous repre-
sentations that facilitate further development of semi-formal
specifications for the system analysed.

Formal modelling is also used for specifying and designing
complex systems, sometimes together with other methods
and notations. Here, we only report some work applying
verification and testing as a complement to some diagrammatic
notations: [9], [10] provide an integrated methodology for
formal verification and model-based testing of automotive
embedded systems. The authors introduce an architectural
description language that is supported by timed-automata
based verification and model-based testing against functional
requirements.

In [11] a combination of formal verification, using NuSMV
and X-machines for specification and testing is used together
with state-based diagrams. The method proposed is then
applied to an electric bicycle (e-Bike) model. In [12] it is
investigated a similar problem, by using the same case study.
In this case a kernel P system formal specification language
is used for defining the model. A tool, called kPWorkbench,
allows the automated translation of the model into a model
checker, NuSMV, that facilitates the formal verification.

An e-Bike (electric bicycle) is a hybrid propulsion vehicle
that uses an electric drive system (including an integrated
rechargeable battery, an inverter and a brushless direct current
electric motor), which provides propulsion assist to the user. A
number of control features can be offered to blend the electric
assist propulsion input with the user actuated pedal drive sys-
tem common to all bicycles. This paper is particularly focussed
on a Cruise Control (CC) feature, which is an advanced driver-
assistance system technology that automatically regulates the
velocity of travel to the target value set by the user. The
technical complexity of the cruise control system is given by
the fact that the velocity of the vehicle is determined by the
balance propulsive forces (given by the combined torque from
the pedal drive system and the electric drive system) and the
resistance forces which include the rolling resistance (deter-
mined by the tyre - ground interface conditions), gravitational
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force (determine by the road gradient), and air resistance.
The control system, typically a PID closed loop controller,
adjusts the electric drive torque at the rear wheel to balance the
effect of variation in the resistance forces as well as variable
input from the user controlled pedal drive system. Given the
multi-vector nature of the propulsion control problem, a cruise
control system for an e-Bike system is much more complex
than the one for a car.

The e-Bike system considered as case study for this paper
includes other propulsion control features including smart
Pedal Assist (PA; the electric drive system provides torque
assist proportional with the user input to the pedal drive
system); Pedal Charge (PC; the electric drive system operates
as a generator, perceived as a retardation force by the user,
who will be using the bike in this mode to exercise to charge
the battery). In relation to the longitudinal dynamics of motion,
the cruise control system also interacts with the brake system
of the e-Bike.

From a system design perspective, the validation of the
operational safety of the system is crucial. Examples of events
that could lead to safety concerns include:

– activation of the cruise control without the user request;
– rolling resistance conditions where the controller error

could leading to dynamic stability issues (for example low
friction conditions e.g. icy road, leading to tyre slip); in
such conditions the system should issue a de-activation
request for the cruise control feature to avoid dynamic
instability.

This paper describes a modelling and verification approach
based on Event-B and Rodin for an e-Bike. We will demon-
strate how different kinds of safety requirements can be
verified or validated using the tools available. To do this we
provide a formal model of the e-Bike, but also an equivalent
one using iUML-B state-machines and a visualisation for
the developed Event-B model. The method proposed here
comes on top of the approach from [11] with a powerful
feature of Event-B, the notion of refinement. Another feature
is the representation of models as traditional hierarchical state
machines.

The rest of the paper is structured as follows. Section II
gives some background on the methods and tools that we use.
The main content of the paper is in Section III describing
the development of the e-Bike cruise control system using
Event-B, verification and validation of its requirements and
design using ProB and iUML-B. Finally, we summarise and
conclude in Section IV. For more information and resources,
we refer the reader to our website: http://fmi.unibuc.ro/macps/.
The website contains the Event-B model.

II. BACKGROUND

A. Event-B
Event-B [13] is a formal method for system development.

Main features of Event-B include the use of refinement to
introduce system details gradually into the formal model.
An Event-B model contains two parts: contexts and ma-
chines. Contexts contain carrier sets, constants, and axioms

constraining the carrier sets and constants. Machines contain
variables, invariants constraining the variables, and events. An
event comprises a guard denoting its enabled-condition and
an action describing how the variables are modified when
the event is executed. A machine in Event-B corresponds to
a transition system where variables represent the states and
events specify the transitions. More information about Event-
B can be found in [14]. Event-B is supported by the Rodin
Platform (Rodin) [15], an extensible toolkit which includes
facilities for modelling, verifying about the consistency of
models using theorem proving and model checking techniques,
and validating models with simulation-based approaches.

B. iUML-B

iUML-B [13] provides a diagrammatic modelling notation
for Event-B in the form of state-machines and class diagrams.

The UML-B [16] tool generates Event-B models correspon-
ding to a UML-B development and the Rodin tool is then used
to discharge proof obligations associated with the generated
Event-B models. A development in classical B or Event-B
is performed through refinement. Refinement is a technique
which is used to relate the abstract model of a software system
to another model that is more concrete while maintaining the
properties of the abstract model. Refinement is an important
technique for managing the complexity of a system being
developed.

The diagrammatic models are contained within an Event-B
machine and generate or contribute to parts of it. For example
a state-machine will automatically generate the Event-B data
elements (sets, constants, axioms, variables, and invariants)
to implement the states while Event-B events are expected to
already exist to represent the transitions. Transitions contribute
further guards and actions representing their state change, to
the events that they elaborate. A choice of two alternative
translation encodings are supported by the iUML-B tools.
State-machines are typically refined by adding nested state-
machines to states. Class diagrams provide a way to visually
model data relationships. For the e-Bike cruise control system
we use state-machine diagrams extensively to model the
sequential processes and exploit both Event-B encodings.

C. ProB

ProB [17] is an animation and model checking tool which
accepts B-models, but is also integrated within the Rodin
platform. Unlike, most model checking tools, ProB works on
higher-level formalisms and so it enables a more convenient
modeling. Properties of an Event-B model can be verified
using either the ProB version within the Rodin platform
or the standalone version, which offers a greater range of
facilities, such as computation of operation coverage or the
possibility to find states satisfying a predicate or enabling an
operation. When the standalone version is used, the model can
be automatically translated in the B language and imported
into ProB. ProB supports automated consistency checking,
which can be used to detect various errors in B specifications.
The animation facilities allow: to visualize, at any moment, the
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state space, to execute a given number of operations, to see
the shortest trace to current state. Properties that are intended
to be verified can be formulated using the LTL or the CTL
formalism.

D. Cruise Control System for an Electric Bicycle

In this paper, we focus on an e-Bike cruise control system.
By controlling the speed of the e-Bike (or other transportation
system), this feature makes the driving experience easier as
the user does not have to use the accelerator or brake. For an
e-Bike system a cruise control feature also assists the user by
improving the control of the journey time and controlling the
level of exercise undertaken [12].

The behaviour of the e-Bike cruise control considered in
this paper is shown in Fig. 1.

Fig. 1. The state machine representing the behaviour of the e-Bike cruise
control system considered in this paper

The system works as follows:
– At any time, the system can be at any of the following

states:
(i) pedal bike (Pedal Only - PO, for short)

(ii) pedal bike with power assistance (Pedal Assist - PA)
(iii) maintain constant speed (Cruise Control - CC)
(iv) pedal to charge battery (Pedal Charge - PC)
(v) brake (Brake - BR)

– CC can be activated from PO or PA.
– If CC is cancelled, the system returns to the state from

where it was activated i.e., PO or PA, respectively.
– Pedal assist can be requested when the user is pedalling.
– Pedal charge can be requested when the user is pedalling.
– When the user brakes from CC mode, the system returns

to PA/PO before going to BR (if brake is still held).
– BR can be reached from PO, PA or PC.
In a previous paper [11], a similar e-Bike case study has

been used to illustrate an integrated approach, combining
software engineering methodologies (verification and model-
based testing) with notations and methods from system en-
gineering. Although the two state machines corresponding to
the e-Bike system (from current paper and from [11]) have
many similarities, the current approach adopts Event-B as

modelling formalism and further illustrates how can be used
for verification and validating an engineering application.

III. E-BIKE WITH RODIN AND PROB

In this section we present the main ideas about how to
build the Event-B model of the e-Bike cruise control system
(Subsection III-A). Subsequently, we use iUML-B to auto-
matically generate our model using state-machine diagrams
and two choices of translation: enumeration and variables
(Subsection III-B). Then we use ProB to validate our model
(Subsection. III-C).

A. Event-B Model for e-Bike Cruise Control

The process is highly sequential with several sub-processes.
The e-Bike cruise control system contains two parts: a top-
level and a low-level control system, working independently.
The top-level control system manages the communication with
the users, and transmits data from/to other modules. The low-
level control system manages the CC feature while interacting
with the top-level control system. Our formal model reflects
this design of the top-level control system. We intend to
develop the low-level control system in the future.

All the states from the state machine from Fig. 1 are
implemented using a variable, called status, with five possible
values: PO, PA, PC, CC and BRAKE. There is also a variable
beforecc that records the state preceding CC activation and
engrun indicating whether the engine is off or running -
with value FALSE when in state BRAKE or PO, and TRUE
otherwise. We have chosen the use of an enumerated set but
variable status could have been of type BOOL.

State transitions in the state machine become events in our
B-machine. We have: INITIALIZATION, PedalOnly, Pedal-
Assist, PedalOnly2CruiseControl, PedalAssist2CruiseControl,
PedalCharge, Brake, BrakeCruiseControl2PedalOnly, Brake-
CruiseControl2PedalAssist. Guards are necessary conditions
for an event to be enabled. When enabled, an event modifies
the variables of the machine accordingly.

The initial model (MACHINE M0) can then be refined
by adding details about the state of the computation. At the
beginning of every step of maximal parallelism, the system is
considered to be in state PO.

In order to know the user action/request we refine (MA-
CHINE M1) the original model by adding a variable userac-
tion which is a function that associate a request with a target
state. The request has seven possible values: pa, pac, cc, pc,
pcc, br and ccc defined in an enumerated set. pa = PA request,
br = Brake request, ccc = CC cancel etc. All the events in the
original model have to be refined.

Using brake lever causes permanent suspension of the
system and this suspension can be resumed by the user. We
refine (MACHINE M2) the original model again by adding
a boolean variable brkLvr to represent the brake lever. The
variable is set to TRUE when lever is pressed and to FALSE
when is released. We defined four events to represent actions
of pressing and releasing the brake lever when the system is
in CC state or not. The events: PressBrkLvr 1,PressBrkLvr 2,

1545



PressBrkLvr 3 updates the variable to TRUE and StopBrkLvr
change the variable to FALSE.

Obviously, the useraction and variable brkLvr could have
been introduced directly in the original model. However, the
use of refinement allows a gradual, more manageable and
natural, construction of the model.

Most of these machines is shown in the Figure 2 (the
parts omitted are the details of events PedalAssist, Pedal-
Assist2CruiseControl, PedalCharge, Brake, BrakeCruiseCon-
trol2PedalAssist, which are similarly defined).

At each refinement step we may introduce new variables
and events (superposition refinement) or replace the abstract
variables with the concrete ones (data refinement), thus in-
corporating more requirements into the model. M1 and M2
machines are superposition refinement of the M0 machine.

Aside from what is shown, there are two contexts c status
and c user action, which introduce the sets used in the deve-
lopment.

B. Modelling Using iUML-B

Modelling Sequential Processes The e-Bike has five
phases: PO, PA, PC, CC, BRAKE. Each main phase is
composed of several sequential steps. Using iUML-B state-
machines, it is straight-forward to model such sequential
processes/sub-processes. Furthermore, the notion of nested
state-machines (which can be naturally introduced via refine-
ment) fits perfectly for refining the processes further into
smaller sequential steps. Figure 3 illustrate how we model the
sequential processes in the abstract B-machine.

Generated code using boolean variables for event PedalOnly
is shown in the Figure 4.

Each Event-B statement is preceded by its label which
describes its purpose.

For each state a type invariant is automatically generated
in the Event-B machine. For example, the type of state PO is
defined in the invariant typeof PO.

For the states, an additional invariant dis-
tinct states in iUML is generated, stating that they are
disjoint. For each transition there is a guard that specifies
an instance source state (labelled as .. isin ..) and actions
that specify its target state (labeled as .. enterState ..) and its
departure from the current state (labelled as .. leaveState ..).

The other events are similarly defined. There is also a
context cruise control added manually, which introduce the
set BEFORECC used in the development.

C. Validating using ProB plug-in

In this section, we check various properties of the e-
Bike model to verify that the model satisfies the system
requirements using the ProB model checker. We also use the
model checker to find counter-example traces and iUML-B
state-machine animation to visualise the obtained traces. The
visualisation helps us to identify the cause of the problems and
how to fix them. For example G ({status = {CC} & useraction
= {CC 7→ br}} => X {status = {BRAKE}}) is false.

Table I shows the verification results of the e-Bike model
(MACHINE M1 from subsection III-A) properties. We ob-
tained the same results for the machine generated using
iUML. The first column shows the property id; the second
column describes the properties informally and shows the
formal properties expressed in Formal Queries (which are then
translated into LTL and CTL in Rodin syntax); and the last
column illustrates the verification result.

The properties from P1 to P3 test different transitions
from/to the CC state. Properties P4 and P5 describe the
behaviour of the system by identifying its states corresponding
to the engine (usage of the battery) being on or off. Properties,
P6 and P7 check the existence/absence of transitions from/to
PC. All properties hold. Property P8, which is false checks
the existence of states (other than PO and PA) from which we
may have direct access to the CC state. However, only PO and
PA can access CC, so the property does not hold. Property P9
asserts that PC can be activated from a state other than PO,
whereas in fact only PO can activate PC. Therefore, it does not
hold. The verified properties validate that the e-Bike system
works as desired.

Other properties can be considered and associated systema-
tically to the requirements listed in Section II and described
by various notations. This will allow us to validate the system
requirements with a formal approach. The Event-B specifica-
tion of the model and the properties verified are available from
http://fmi.unibuc.ro/macps/.

TABLE I
VERIFIED PROPERTIES

Prop. Informal query Result
ID Formal query LTL and CTL

The user should be able to request / activate Cruise true
Control only from PO or PA

P1 G ({status = {PC} or status = {BRAKE}}
=> not X {status = {CC}})
The system should not transit directly from CC true
to brake directly

P2 G ({status = {CC} & useraction = {CC 7→ br}}
=> not X {status = {BRAKE}})
When brake is requested in CC the system returns true
to PA or PO

P3 G ({status = {CC} & useraction = {CC 7→ br}}
=> X {status = {PO} or status = {PA}})
When system is in CC, PA or PC state, the Engine true
is running (engrun is True)

P4 G ({status = {CC} or status = {PA}
or status = {PC}} => {engrun = TRUE})
When system is in PO or Brake state, engrun true
is False

P5 G ({status = {BRAKE} or status = {PO}}
=> {engrun = FALSE})
PA and PC cannot directly activate each other true

P6 G ({status = {PA}} => not X {status = {PC}})
& G({status = {PC}} => not X {status = {PA}})
CC and PC cannot directly activate each other true

P7 G ({status = {CC}} => not X {status = {PC}})
& G({status = {PC}} => not X {status = {CC}})
CC can be activated from a state other than PO or PA false

P8 not {status = {PO} or status = {PA}}
U {status = {CC}}

P9 PC can be activated from a state other than PO false
not {status = {PO}} U {status = {PC}}
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Fig. 2. Event-B machines for e-Bike cruise control system considered in this paper

Fig. 3. State machine diagram for the abstract e-Bike

IV. CONCLUSIONS AND FURTHER WORK

In this paper, we have presented our current work, focusing
on an application of Event-B to modelling and analysing en-
gineering systems. As our initial attempt, we have considered

the cruise control system of e-Bike as our case study. We
have modelled an e-Bike cruise control system using Rodin
platform and validated its behaviour using the ProB tool.

Our case study is part of a category of discrete systems
whose behavior is formalized by discrete models namely
state-transition systems in our case. Our approach can be
generalized so that it can be applied to a category of discrete
systems. If the behavior of a system is described by a state
machine, one can use iUML plug-in to generate a (partial)
formal model and later, depending on the specification, it is
possible to deduce the contexts, axioms and invariants required
for the description complete.

The category of hybrid systems, or cyberphysical systems
whose behavior is continuous require the introduction of
continuous mathematical features for their modeling. We also
investigated on the Rodin capabilities in case of a continuous
domain model of the environment. We modeled the continous
parts of the system using the plug-in Theory [18] integrated
within the Rodin platform. Since Event-B has no inbuilt
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Fig. 4. Event-B abstract machine for e-Bike cruise control system generated with iUML

continuous facilities, a considerable amount of continuous
infrastructure had to be built behind the scenes using this
plug-in of the Rodin tool. We followed the approach to
modelling and reasoning about hybrid systems with the Event-
B method supported by the Rodin toolset [19]. The approach
uses continuous functions over real intervals to model the
evolution of continuous values over time. We still have some
proof obligations undischarged in order to validate our model.

As future work, we are also planning to make a co-
simulation of the closed-loop parts of the controller with a
continuous domain model of the environment using MultiSim
plug-in [20] as we already have the model implemented in
Python.
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