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ABSTRACT 

Embedded systems for space applications should be 
tested with methods that may not necessarily match the 
traditional computer approaches, due to some especial 
requirements for such systems. This paper presents an 
Integrated Design and Simulation Environment (IDSE) 
for the verification and validation of onboard 
computers, using a hardware-in-the-loop platform.  
 
1. INTRODUCTION 

The especial requirements of embedded systems 
demand careful attention to the verification and 
validation process. For example, the whole system must 
be tested concurrently to have meaningful results [1]. 
This might become an unbearable workload when 
exhaustive testing is needed as in the case of space-
qualified components. This paper addresses the problem 
of embedded system development by presenting a 
framework that does not treat the design process 
independently from the validation and verification 
process. Validation is typically performed by artificially 
inducing failures, and confirming that the system 
responds properly. In contrast, the verification process 
consists of conducting individual tests for each 
particular task, and recording the evidence showing the 
task is accomplished in the way it was described [2]. In 
particular, simulations can be used for the verification 
of embedded systems as in [3]. Such simulations can 
additionally integrate hardware as part of their 
simulation blocks in what is known as a Hardware-in-
the-Loop Simulation (HILS). 
 
Hardware-in-the-loop simulations for space systems 
have been traditionally limited to certain applications, 
due to the difficulties of integrating a complete system 
in a single test bench. Particularly, embedded systems 
for space applications have been mostly tested with a 
focus on Guidance, Navigation, and Control (GN&C) 
purposes [4][5][6][7]. The Integrated Design and 
Simulation Environment (IDSE) proposed in this paper 
is not limited to GN&C. Instead, IDSE aims at the 
simulation of the complete spacecraft. All subsystems 
can concurrently participate in the simulation in the 
form of virtual or actual hardware parts.  
 
This paper will first provide the design and test 
methodology using the proposed IDSE. The paper 
continues with the architecture and implementation of 
IDSE, followed by the description of the simulation. 
The paper finalizes with a discussion of the work done, 

and the expected improvements of the project.  
 
2. METHODOLOGY 

The proposed design and testing approach for embedded 
systems is based on the Behavior-Driven Development 
(BDD) methodology. The BDD methodology is an 
iterative process where the whole implementation is 
tested before adding new functionality to the design [8].  
 
The behavior of such embedded systems can be 
captured systematically from their requirements, which 
are collected in human language following the given-
when-then format, as in [8]. With such requirements, we 
are able to make all test cases in a two-step automatic 
process. First, requirements are systematically turned 
into UML/SysML functional models. Next, test cases 
are synthesised from different representations of the 
model, such as use case diagram, state machine 
diagram, activity diagram, and sequence diagram 
[9][10][11]. Requirement diagrams are not necessary 
since BDD already imposes a format for such 
requirements.  
 
The development process leads to a model simulation as 
a first step. Such a simulation represents the 
parametrization and structure of the whole system. In 
this framework, the simulation is developed following 
the BDD methodology. For every iteration, the whole 
simulation is tested against the functional models. As 
the design is getting more mature, new parts can be 
gradually implemented and integrated in the simulation, 
now in the form of a hardware-in-the-loop simulation. 
Eventually, the whole system has been integrated and 
tested in its qualification configuration. In this case, all 
subsystems have been developed and tested 
concurrently.  
 
The workflow of the proposed methodology is 
presented in Figure 1. Note that tests are first conducted 
before developing any new functionality to see if they 
fail. Otherwise, it would not be possible to know 
whether or not the test of a new functionality will pass. 
Moreover, hardware is implemented only when the 
software simulation is complete. It is very expensive to 
modify hardware compared to the cost of modifying a 
virtual design.  
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Figure 1. Flowchart of the design and test process 

3. ARCHITECTURE AND IMPLEMENTATION 

The primary use of IDSE is for the concurrent 
engineering of small satellites, although the focus is 
currently on the verification and validation of a space 
qualified onboard computer (OBC). The OBC interacts 
with signals coming from the remaining spacecraft 
components, as it would operate in orbit. Such 
spacecraft components can be either hardware 
components interfaced through the platform or other 
subsystems emulated by the simulation computer.  
 
The IDSE architecture is shown in Figure 2. Starting 
from the right-end of the figure, there is the 
programming computer, which is connected to the OBC 
through dedicated Ground Support Equipment (GSE). 
The simulation server is connected to the OBC in three 
different ways to cover all the possibilities of interacting 
with the test unit, i.e., CAN bus port, SpaceWire port, 
and power inlet.  
 
In parallel, the simulation includes the models of 
various subsystems, such as sun sensors and reaction 
wheels. The simulation computer can interface with a 
camera that is utilized during the simulation as a 
Navigation Camera (NavCam). Additionally, the 
simulation computer interfaces wirelessly with a 
demonstration satellite.  
 
Such a demonstration satellite was originally conceived 
as a classroom satellite. The demonstration satellite is a 
simplified version of a real satellite. In a package of 
19×19×22 cm, such a satellite includes a functioning set 
of the most common subsystems present in actual 
orbiting spacecraft, such as an attitude determination 
and control system [12]. These attributes make such a 
nanosatellite a good candidate for simulating missing 
components for demonstration purposes.  
 
Further, the orbital dynamics of the demonstration 
satellite can be simulated, since it is mounted on a 
floating-base, five-degree-of-freedom air-bearing stand. 
This kind of simulation is desirable because even if in 
our case we want to test an OBC, the dynamics of the 
spacecraft are still part of the behavior of the whole 
system. The demo satellite can then use the reaction 
wheel on board to execute pointing, tracking, and 
stabilization scenarios. In this particular case, we can 
evaluate the performance of the OBC by measuring its 
time response in any of these control scenarios.  
 
In conclusion, the reaction wheel, or any other 
subsystem present in the demonstration satellite, can be 
controlled by the OBC through the simulation computer. 
The simulation can become more sophisticated by 
including additional instruments, such as the emulated 
sun sensors and reaction wheels or the simulated 
navigation camera.  
 
 



 

4. SIMULATION 

The simulation computer executes all the software from 
a Matlab/Simulink™ environment. The simulation 
front-end is divided into two main sections, as shown in 
Figure 3.  
 
On the left-side of the model, data are taken from the 
demonstration satellite, and sent to the OBC. 
Particularly, the demonstration satellite sends wireless 
telemetry to a transceiver connected to the simulation 
computer via USB. Communications with such 
transceiver are performed through serial port (COM4). 
If the simulation detects any message coming from the 
serial port, the whole string is dumped into a processing 
block. The final display is used to check in real time the 
speed of the reaction wheel inside the demonstration 
satellite.  
 

On the right side, commands are received from the OBC 
via the CAN bus, and sent to the demonstration satellite. 
Alternatively, the demonstration satellite can be 
controlled through a slider without the need for the 
OBC to send commands. The CAN bus interface is 
implemented with an Arduino module and a CAN 
shield. The Arduino board is connected to the 
simulation computer through USB. Communications 
with the CAN interface are performed through serial 
port (COM3). For this version of the software, the 
simulation computer and the OBC are connected only 
via CAN bus. In order to have SpaceWire connectivity, 
the simulation must include an Ethernet port rather than 
a serial COM port. At this point, the message is 
formatted in a matrix of 4×24 cells, each cell containing 
a telemetry measurement from different subsystems.  
 

Figure 2. Architecture of the current simulation 

 
Figure 3. Matlab/Simulink™ model: user interface 

 



 

5. DISCUSSION 

To evaluate the functions and performance of the OBC, 
and possibly modify the design to enhance the 
performance, an IDSE, including a hardware-in-the-
loop platform, was developed based on 
Matlab/Simulink™. The developed IDSE allows for the 
implementation of formal verification and validation 
methods, and the outcome software can also be exported 
to a C++ code for deployment on the OBC.  
 
The OBC needs to run some minimal application 
software to make use of all its potential functionality 
during the tests. Such application software interacts with 
the operating system and the drivers that simultaneously 
control the hardware. We first implemented a simplistic 
application software to check the basic functionality, 
such as the communication protocols. An upgrade to the 
application software was then planned with a real-time 
controller algorithm for the reaction wheel of the 
demonstration satellite. This would show the full 
capability of IDSE and the performance of the 
application software working in a real-time scenario. 
 
Further, the only set of data that the demonstration 
satellite is programmed to send by default is 
housekeeping telemetry. Additionally, telemetry can 
only be configured to send messages in time intervals as 
short as 2 seconds. This is not the straightest way to 
communicate to the demonstration satellite, and by no 
means enough to conduct real-time experiments with 
the included subsystems. Since the design of the 
demonstration satellite is proprietary, we will need a 
parallel wireless system with direct access to the 
communications bus.  
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