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Abstract

The Mars Express mission represents the successful implementation of ESA’s
“flexible” approach to reduce overall mission programme costs. One of the
components of the ground segment is the simulator. Two key drivers to cost reduction
have been the policy of software re-use and the adoption of a common database
system for the mission. This paper presents real examples of the application of these

ideas in the context of a fixed price simulator development between ESOC and VEGA.
Introduction

The Mars Express simulator has been developed by VEGA under contract to the
Europena Space Agency. The terms of the contract were fixed price and during the
start-up phase particular attention was paid to the system specification in terms of
requirements, identification of areas of re-use of software components and
identification of external components (such as the flight software and spacecraft
database) to reduce risks associated with integration. The development work is now
complete and the simulator has been used to support the pre-launch and post-launch

activities.
SIMSAT-NT
SIMSAT-NT is an infrastructure for running real-time simulations. Based on the

Microsoft Component Object Model (COM), it runs under the Windows NT operating

system and provides a number of features to assist simulator use at run-time.
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white paper Standard SIMSAT features are used for control and visualisation of the simulator

models. Notable enhancements have been:

The scripting capabilities have been extended to allow commands from the real
Mission Control System to be captured as script procedures and played back to

the simulator to ease the set-up of the simulation to a specific point.

Saving and restoring state vectors once a specific point has been reached is
standard, but this needed to be extended to include a snhapshot of the entire
content of the Solid State Mass Memory and the execution status of the emulated

flight software.

Script function scheduling is not a standard facility of the SIMSAT kernel but it has
been possible to introduce script functions to retrieve simulation time and then
schedule themselves at particular execution times. This has been very useful

when propagating the simulation in between ground station passes.

Script functions have been written to allow packet TCs to be assembled based on

common database information.

Standard publication of model data has been extended to publication of common
database information to allow TM parameters to be decoded from packets and
visualised in SIMSAT ANDs.

SIMSAT Models

Models of all equipment at ESA ground stations are standard and include
implementation of uplink and downlink processors. SIMSAT Ground has been
extended to include the CCSDS Space Link Extension (SLE).

The SIMSAT PEM provides a standard set of models. The Mars Express mission
simulations required accurate modelling of Orbits at various phases: eg. Geocentric
for LEOP, Heliocentric for commissioning phases, Mars Centric for Mars Orbit

Insertion.
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The SIMPACK standard models were used for packet TC decoding, and TM frame

encoding for all channels (live telemetry, playback from the SSMM and idle telemetry).

SIM1750 provides an environment to emulate the execution of the real flight software
and link this to the simulator via a scheduling interface and various input/output
handlers. Updates were made specifically to support a hybrid architecture where the
emulation runs on an Alpha card that is slaved to the main simulation process
executing on an Intel processor. It was elected to use the standard SIMSAT schedule
services available and execute the emulator on a cyclic event to execute a certain
time-slice of instructions before handing over to other models executing on other event
cycles. Solutions needed to be found for cases where the emulator called out
asynchronously to other models since there was a danger that phasing differences

would cause problems with data inconsistency.

Support to the loading of new versions of flight software as they became available
from industry was very important during the development. The PROM and EEPROM
models are not part of the standard SIM1750 and in addition the addressing of
EEPROM was different between Rosetta and Mars Express. It was possible on Mars
Express to load one version of flight software into PROM and another in the
EEPROM. The operations procedure to switch from one version to the other was
possible with the simulator and this was used in the real flight to correct flight software

in preparation for the Mars Orbit Insertion.

When integrating new versions of the flight software, care was needed to ensure that
the simulator model of the OBDH bus interrogations was in-step with the programming
of these tables in the flight software. Also, test tools that were developed to inject TCs
and decode TM packets needed to kept up to date with packet definitions propagated

from the common database to the flight software.
C++ Spacecraft Models

The most successful re-use between the Rosetta and Mars Express simulators has
been with C++ models of similar hardware. For example the SSMM code base is
shared between the two simulators. Minor differences in functionality are handled by
compiler switches in the code (eg. The file pointer management wrap-around is

different from Rosetta to Mars Express) and differences in configuration are handled



by having spacecraft specific configuration files (eg. The memory block size and

number of partitions can be read from a spacecraft specific initialisation file).

Models Developed from Graphical Tools

A graphical tool (CAE ROSE) was used to develop a number of the spacecraft models
for Rosetta and these were re-used on Mars Express. The experience was that there
were benefits with re-using standard objects within libraries (batteries, array sections,
valves etc.) but the re-use of a whole schematic was more problematic. It was
required to manually re-link all connections on a copied schematic to ensure integrity

of the code generated.

The ROSE model parser, developed for the Rosetta simulator, was re-used for Mars
Express. This tool generated an SMP compatible adapter that allowed the

visualisation of ROSE objects as part of the simulator run-time public data variables.

JavaScript

JavaScript is used for the Payload models, system test scripts and general utility
functions for controlling the simulator via the SIMSAT MMI. Since there are no
common Payloads between Rosetta and Mars Express re-use of model code was not
possible, but there was complete re-use of the common tools for taking Payload
packet TM and TC information in the common database to generate payload model

definitions files (XML) and initialising the models from these at run-time.

System test scripts were difficult to re-use because even though the approach to
testing a Rosetta unit could be applied to Mars Express, the specifics were invariably
different. In most cases it was better to write a Mars Express test script from scratch
rather than rely on a Rosetta script which may put the simulated spacecraft into an

invalid state, due to minor differences in behaviour.

Re-use was high amongst general utility functions since they are at the lowest level
and are independent of spacecraft differences. For example, all test scripts call
common functions to encode and send a packet TC, check the value of a TM
parameter within a packet and even apply limit checking of parameters against the

expected limits foreseen in the common database.



Common Databases

In the discussion of re-use above a number of references to a common database have
been mentioned. The ground segment requires a common definition (between ESOC
and Industry) of parameters within packets, parameter limits, parameter calibration,
parameter links to OBDH interrogations made by the flight software. This is
fundamental to ensure that the control system and operations procedures are
compatible with the spacecraft. The same common database information needs to be
integrated into the simulator to ensure compatibility with the MCS and the operations

procedures. This leads to the mandatory requirement:

1. The simulator must be able to accept new flight software and database definition

of OBDH interrogations.

Going one step further the simulator should also support the testing without the MCS,

leading to two more requirements:

2. The simulator should support a test tool to be able to accept TC and TM packet
definitions.
3. The simulator should support test scripts based on Operations Procedures and

compatible with the definitions in point 2.

And one further step increases the usability of the simulator standalone from the MCS:

4. TM parameters from packets should be observable in simulator ANDs.

5. TM event packets should be decoded and logged to the SIMSAT logger.

System Testing

The Mars Express simulator now supports all five of the above capabilities. Over the
course of the simulator development, there have been a number of incremental
deliveries of the flight software and spacecraft database and an approach was
adopted where a first rapid integration was performed (1. above) and a simulator
delivery made back to ESOC.



Further testing was then carried out at VEGA using the test tools 2. and 3. and when
problems were encountered more analysis was possible with 4. and 5. The result was
that a later fully validated delivery could be made. The natural progression over time

was to formalise these tests to become part of the standard SVVP/ST.

Conclusions

Re-use has been most successful at component level when applied to the Generic
Infrastructure components (SIMSAT, Ground and Generic Models). At the code
module level the most successful re-use has been with using a common code base
between Rosetta and Mars Express.

The simulator models are heavily dependant on the information in the spacecraft
common database and to avoid spiralling development costs associated with
incremental delivery of these products, sound processes are required for rapid
integration into the simulator and then subsequent testing.
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Definition of Terms

1750 MIL-STD-1750 processor

AND Alpha-Numeric Display

AOCMS Attitude and Orbit Control and Management Software
CcbMU Central Data Handling Unit

COM Component Object Model

DMS Data Management Software

ESOC European Space Operations Centre

MCS Mission Control System

MMI Man Machine Interface

OBDH On-Board Data Handling



PEM
ROSE

SIMSAT
SLE
SMiI
SMP
SSMM

Position and Environment Model

Real Time Object Oriented Simulations Environment (CAE Graphical
Design Tool)

Simulations Infrastructure for Modelling SATellites

Space Link Extension

Simulation Model Interface (Implementation of the SMP)

Simulations Model Portability (ESA Standard)

Solid State Mass Memory



