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Abstract

In the aeornautical domain, simulation is becom-
ing more and more important in the development and
validation of systems, as well as for its usage in pilote
training.

Generally speaking, a simulation of a Cyber-
Physical System is an aggregation of models belong-
ing to the physical world (for instance, the flight dy-
namic), and models belonging to the discrete world
(for instance, controllers). Those models being inter-
conected.

Irrespective of the quality of the models simulated,
their executions and interactions must reflect the real-
ity sufficiently well to be considered representative.

The goal of this paper is to introduce an extension
to the ROSACE case study by taking into account con-
trollers redundancy. We named this new case study
R-ROSACE (R for redundant). R-ROSACE will allow
a deeper study on communication and execution of
simulated embedded systems, as well as their interac-
tions with the simulated physical world.
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1 Introduction

1.1 The original ROSACE case study

ROSACE (Research Open-Source Avionics and Control
Engineering) is a case study covering different steps from
the conception to the implementation of a baseline flight
controller. Originally, the ROSACE case study started with
the flight controller developed in Matlab/SIMULINK, ending
with a multi-periodic controller executing on a multi/many-
core target[1]. The case study itself is a longitudinal flight
controller, designed to be used as a benchmark, and to illus-
trate the translating of Matlab/SIMULINK specifications to
multi-threaded code executing on multi/many-core.

A major challenge on designing ROSACE controller is
the need of interactions between control and software engi-
neers. Control engineering and computer science does not
consider the same problems in design, as these two disci-
plines are technically and culturally separated. For instance,
computer science does not consider physical system require-
ments, such as stability, while control engineering ignores
important computing limitation, such as tasks schedulabil-
ity and network resources. This issue is peculiarly prevalent

when designing CPS[2], endorsing our willingness to base
our study upon a CPS, the ROSACE case study.

The ROSACE case study objective is to validate the real-
time aspect, thus the properties analyzed are linked to the
time and the errors. In the sequel, those properties are
named:

P1 Settling time

P2 Overshoot

P3 Rise time

P4 Steady-state error

1.2 Original operational scenarios

An operational scenario is a set of events that includes the
interaction of a system with its environment and its users.
Operational scenarios are taken into account in the original
case study, in the following cases:

case 1 The pilot set a new value to the inertial vertical speed
(Vz). V z : 0m.s−1 → 2.5m.s−1

case 2 The pilot set a new value to the true air speed (Va).
V a : 230m.s−1 → 235m.s−1

case 3 The pilot wait for t = 50s then set a new inertial altitude
(h). h : 10000m → 11000m, with V z =−2.5m.s−1

case 4 The pilot regularly set a new inertial altitude. h :
10000m → 10500m → 11000m → 11500m → 8000m,
with V z =−2.5m.s−1

All of them are while in cruise flight, at equlibrium.

Cases 1 and 2 also have the following requirements:

case 1 P1 Settling time V z ≤ 10s

P2 Overshoot V z ≤ 10%

P3 Rise time V z ≤ 6s

P4 Steady-state error V z ≤ 5%

case 2 P1 Settling time V a ≤ 20s

P2 Overshoot V a ≤ 10%

P3 Rise time V a ≤ 12s

P4 Steady-state error V a ≤ 5%
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1.3 Context and objectives

This work is part of a CPS (Cyber-Physical System) simu-
lation PhD thesis supported by Airbus, and the ISAE Supaéro.

The main objective of this PhD thesis is to define a for-
malism to express schedulings linked to a CPS simulation,
following on from works from the ISAE supéaro on real-time
distributed simulation[3], and from Airbus on Cyber-Physical
System simulations framework analysis[4]. For this purpose,
we decided to implement a case study, with both Airbus and
ISAE simulation technologies, respectively DSS and CERTI
HLA[5]. This case study is ROSACE, introduced in the pre-
vious section. In order to study some scheduling aspects, we
decided to extend the original case study, by adding a mecha-
nism to introduce and correct error on the controllers results,
that complexify communications between models.

This paper introduces this extended case study, with its
Matlab/SIMULINK modelling.

2 R-ROSACE case study

The original ROSACE case study introduced in subsec-
tion 1.1 was extended by adding redundant controllers.

We created tree versions of R-ROSACE:
— A discrete R-ROSACE, from the original case study

available in the ROSACE repository[6].
— A continuous R-ROSACE, from the continuous model

provided by the ROSACE team.
— An hybrid R-ROSACE, from the two precedent ver-

sions.

As wanted to have a simulation with the most relevant
behavior, arbitrarily choose a component breakdown that
seems to be the closest to a real Aircraft. Avionic systems,
which are discrete, are represented by discrete models, and
physical components, such as the engine, are represented
by continuous models. The choice of discrete or continuous
model in the hybrid R-ROSACE depends on these constraints,
and are illustrated in Table 1.

R-ROSACE model A/C controllers

Discrete Discrete Discrete
Continuous Continuous Continuous
Hybrid Continuous Discrete

Table 1 – Mapping of model types for R-ROSACE models

Nevertheless, even if the hybrid R-ROSACE is the closest
to a real CPS, we will not be able to reimplement this version
with our simulation frameworks.

Thus, in our further works, we will create simulations
close to the discrete R-ROSACE, but the hybrid versions run-
ning on Matlab/Simulink will be used as reference.

The discrete R-ROSACE might eventually be used in our
future works, as it is close to the future implementations, but
the continuous one might not. The continuous R-ROSACE
has been created to generate the hybrid R-ROSACE, and we
do not see reasons that might lead us to reuse this version.

2.1 From controllers to redundant FCCs

2.1.1 Controllers packaging in FCC

The Flight Control Computers (FCC) correspond to the
controllers. Three controllers already exist in the original
case study (inertial vertical speed controller, true air speed
controller and inertial altitude controller). We regroup them
in a system, and add the monitoring smartness.

When in command mode, the FCC takes filters values,
references and flight mode as inputs, and calculates the delta
elevator command, and delta throttle command, similarly to
what did the controllers in the original case study.

When in monitor mode, the FCC takes the same inputs,
plus the output of a monitored FCC in command mode. After
comparing its own calculated values with the ones from the
monitored FCC, it outputs a command for a relay for each
value. We will discuss about this relay in the next subsec-
tion. Ultimately, there could be multiple monitors for mul-
tiple commands. The monitor will also share with each other
information in order to determine the master in law.

It has to be noted that the mode does not define the im-
plementation of an FCC, and vice-versa. Depending on its
inputs, an FCC determines its mode, in runtime.

This extension is illustrated in figure 1.

Figure 1 – Design of the FCC from controllers of original case
study

2.1.2 Making FCC redundant

When using multiple FCCs, it must be determined which
one will provide commands to the actuators. From the last
subsection, relays from monitor were introduced. From the
Airbus experience, we know that we have suficiently infor-
mation to determine the command, using those relays, but
we have to introduce another component that will take all
the FCCs’ outputs, and selecting the commands using the
relays[7].

This component is a simple wiring model, containing
switchs.

In R-ROSACE, we will consider a couple of FCCs, each one
being composed of a command, and a monitor. We will also
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add the wiring model between this couple of FCCs, and the
actuators.

Figure 2 illustrates the placement of the identified com-
ponents in the redundant ROSACE case study, with the
wiring. Moreover, the nature of each component is high-
lighted (continuous or discrete), which will be discussed
later.

Figure 2 – The R-ROSACE case study components view

2.1.3 Injecting errors

To test the redundancy, we have to implement error in-
jection in the models.

As for now, there is no redundant filters, plus, in R-
ROSACE, we only handle a unique error. This error injection
mechanism is illustrated in figure 3.

Figure 3 – Simple view of the implementation of redundancy
and error injection

2.2 Discrete to cyber-physical models

Two more models are introduced in R-ROSACE. One with
continuous models, from a continuous ROSACE provided by
the ROSACE team, and one called “hybrid”. The hybrid model
uses continuous models for physical components, and dis-
crete model for cyber components, as illustrated in Table 1.
This last model will be used as reference for further studies in
CPS simulations.

The mapping of cyber and physical components is ex-
plicted in figure 2. Depending on their belonging worlds,
components are implemented with continuous or discrete
models in hybrid R-ROSACE.

2.3 Test cases

In order to prove that the new case study can be used as
reference for further works, we need to test that requirements
from the original case study are still meet with the extended
version.

Due to the multiple addings to the original case study, we
cannot browse all the test in this paper. We will limit the con-
sidered case to the first one of the original case study, pre-
sented in subsection 1.2.

Redundant controllers This test aims to check that the
adding of redundant FCC in the discrete models does
not impact the results.

Discrete to cyber-physical model This test allows verify-
ing that the manipulation of discrete and continuous
models is still valid in regard with the requirements in
subsection 1.2.
The goal of this test is to verify that the CPS simula-
tion, called “hybrid”, still meet the original ROSACE
requirements.
We compare the 3 main results, true air speed, inertial
vertical speed and inertial altitude, from the discrete
R-ROSACE case study, with the ones from the hybrid
R-ROSACE case study.

Error injection . The test consists in two injections:
— From t = 10s to t = 20s: add 0.001 rad to delta_e_c

from FCC1;
— From t = 30s to t = 40s: add 0.001 rad to delta_e_c

from FCC2.
When the error is detected on FCC1, FCC2 become
the master, and when the error is detected in FCC2, as
FCC1 is no longer in error, FCC1 become the master.

3 Results

3.1 Redundant controllers

Figure 4 shows the results of the comparing of the original
ROSACE case study with the R-ROSACE one. The difference
between the original ROSACE case study and the R-ROSACE
one for Va, Vz and h is always equal to zero.

We can consider the R-ROSACE model as equivalent to
the original ROSACE model.
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Figure 4 – Comparing of R-ROSACE results with original
ROSACE

3.2 Discrete to cyber-physical models

Figure 5 shows the results of the comparing of discrete R-
ROSACE with hybrid R-ROSACE.

We can notice in the left side of this figure that these two
models does not have the same results. However, the differ-
ences are negligible, and original ROSACE case study require-
ments are still meet (subsection 1.2). These differences are
due to the use of solver by Matlab when simulating the com-
ponents with continuous models.

Nevertheless, we can consider the hybrid models as suffi-
ciently correct, and we can use it as reference for the redun-
dant ROSACE case study.

Figure 5 – From discrete to cyber-physical models

3.3 Error injection

As we want to use the hybrid model as reference, we will
only show results with this model. However, introduction of
redundance in the other models (discrete and continuous) R-
ROSACE does not change the output of the system neither.

Figure 6 shows the error injection on delta_e_c from FCC1
and FCC2, their detection by the FCCs MON (traducted by
toggling relays), and the swapping of master in law.

The FCC1 relay is correctly toogle on when the error start,
and off when it ends. Ditto for FCC2.

When an error is injected on FCC1 commands, FCC2 be-
come the new master in law. When the error stops on FCC1
commands, FCC2 still the master in law, until an error occurs
on FCC2 commands. Then FCC1 is master in law again, as
expected.

Figure 7 shows the impact on true air speed, inertial ver-
tical speed and inertial altitude values. There are no differ-
ences between the hybrid R-rosace] model with errors injec-
tion, and the one without errors injection. We can conclude
that the redundancy mechanism works correctly.
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Figure 6 – Error injection on delta_e_c, and its detection

Figure 7 – Impact of the error injection on h, Vz and Va

4 Conclusion

In this paper, we introduced an extension of the ROSACE
case study considering controlers redundancy and Cyber-
Physical System simulation.

We also shown that those extensions does not impact sig-
nificantly the simulation results, that still meet the original
case study requirement.

For the next phases of our works, we will use the redun-
dant ROSACE. We will implement it with different distributed
simulation frameworks, using the hybrid models loop as ref-
erence for our study of Cyber-Physical System simulations
with HLA CERTI and DSS.
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