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Abstract

The European Space Operations Centre (ESOC) provides operations support for the
European Space Agency (ESA) missions, and also for non-ESA missions. One of the
vital tools used prior to, and during, this support is an operational simulator that is
developed as part of the mission Ground Segment. Over the past few years VEGA
has developed many of the simulators for the ESA/ESOC missions, for example
Artemis, XMM, Rosetta, MARS Express, and the Behavioural Model Test Tool
(BMOTT). VEGA are currently developing the operational simulator for the CryoSat
mission. This development draws on the experience from previous simulator
developments. However, there are some features of the CryoSat simulator
development that make it different, and that should hopefully ensure that it is not “just

another operational simulator”.

The aim of this paper is to present the CryoSat simulator, not in general terms, but to
focus on areas where it builds on previous simulators, and also the areas that make it
different from previous simulator developments. The following paragraphs list and
describe some of the main areas of interest.

Satellite Features

The CryoSat satellite itself has features that make it different, and also interesting,
from a modelling point of view. For example, the main data handling bus is a Mil-Std
1553B, as opposed to the ESA OBDH used on many of the recent ESA missions.
Also, the processor type used for executing the onboard data handling and attitude
control software is the ERC32. The ERC32 replaces the use of the 1750 processor
that has been used for all the recent missions. This then requires the use of an

ERC32 processor emulator at the core of the simulator.
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1. Applying Re-use

Re-use has been achieved, and is expected, throughout all the different
development phases of the CryoSat simulator, from requirement specification

through to testing.
2. Supporting re-use.

Future re-use was taken into consideration during the architectural design of the
CryoSat simulator. This concept has also flown through into the detailed design
phase. The use of the Unified Modelling Language (UML) and C++ during the

development increase the potential re-usability of the models.
3. Configurability:

The CyroSat simulator will be designed to support the use of two different
ERC32 emulators, TSIM by Gaisler Research, and the ESOC ERC32
emulator. The simulator architecture contains a common interface to the
ERC32 emulator. This allows the use of the ESOC or TSIM ERC32 emulator
with no impact on the rest of the simulator. This common interface could also

be used to support an interface to a SHAM®6 card.

Use of script-based models in supports run-time changing of model behaviour,
i.e. scripts can be modified and re-loaded without need for modify/build/test
iterative cycles. This mechanism also better supports the concept of user-

maintenance of certain models.

XML files used to configure the simulator with TC and TM definitions. The
XML files are generated from the CryoSat Spacecraft Database. (C-SDB)).
Changes in the TM/TC definitions can be integrated into the simulator by re-
generating the XML files, and the re-loading the files into the simulator, i.e.

minimal or no impact on the simulator models.

Test Interface Simulator (TIS) — this initial simulator delivery will be used to
test the interfaces between the simulator and the CryoSat mission Control
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System (C-MCS). The TIS is a low-fidelity simulator that accepts
telecommands and produces telemetry. The simulator is configured using the
TM/TC XML files described above. The modelling of the telecommands
handling is performed by a series of Java-script files. The default handling for
a received telecommand is set to any related verification telemetry values.
The TIS is therefore a highly configurable simulator that can support closed-
loop testing of the C-MCS. It is, however, possible to extent the script files to

support more detailed modelling if required.

4. Onboard Software integration

The core of the Cryosat simulator is the ERC32 emulator running the real onboard

software. The simulator will support the ability to connect the GDB debugger to

the

onboard software while it is executing in the simulator. This provides the

ability to perform source-level debugging of the software in the high-fidelity

simulator environment. This facility will be extremely beneficial tot he simulator

developers during integration of the simulator, emulator and onboard software. It

could also prove useful for the flight control team at ESOC.

Definition of Terms

BMOTT

C-MCS

C-SDB

ESA

ESOC

TIS

UML

Behavioural model Test Tool

Cryosat mission Control system

Cryosat Spacecraft Database.

European Space Agency

European Space operations Centre

Test Interface Simulator

Unified Modelling Language.



