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Introduction

The XMM Mission is the next cornerstone of the ESA scientific programme. It is the
largest scientific spacecraft ever build in Europe. It continues the program of EXOSAT
and ROSAT. The XMM Satellite is a x-ray observatory for astronomers to explore the
hottest and most distant parts of the Universe. As the project is so big, XMM is an
international team effort. The XMM Simulator was developed by VEGA GmbH under
contract with ESOC.

The XMM Mission

The x-ray multi-mirror space telescope mission will make tens of thousands of
observations of astronomical objects including elliptical, starburst and cluster galaxies,
active galactic nuclei and quasars, stellar black holes, neutron stars and binary stars,
over a period of up to 10 years. The telescope carries CCD cameras, which can image
the X-ray sky with very high sensitivity and good angular resolution; simultaneously
the optical and UV emissions can be recorded with the Optical Monitor (OM). The
energy of incoming X-rays can be measured using the Reflection Grating
Spectrometer (RGS) instrument, and again with the OM. Most of the instruments can
be used simultaneously, and most can be operated in a number of modes. This 7m
telescope can be pointed with extreme accuracy towards almost any object in the sky,

and maintain this target for hours without ground control.

The various components of the XMM mission, namely the spacecraft, operations
control centre, science operations centre, mission planning systems and ground
station equipment are all developed in parallel. Figure 1 (page 2) portrays the XMM
orbit.



Figure 1: The XMM orbit

The XMM Satellite

Three scientific instruments have been selected and are being funded on a national
basis. Multi-national teams sharing work and cost have developed all instruments. A
Principal Investigator who has overall responsibility vis-a-vis ESA for the delivery of
the working hardware and associated services heads each instrument team. The

selected scientific instruments are:

European Photon Imaging Camera (EPIC)
Reflection Grating Spectrometer (RGS)
Optical Monitor (OM )

The Science Operation Centre and the Mission Operation Centre

The XMM Observatory consists of a Space Segment and a Ground Segment. The
XMM Space Segment is composed of the XMM satellite and an Ariane launcher and
the Ground Segment is made up of the Control Centre(s) (MOC and SOC), the
Ground Facilities and the Groundstations. The ground segment for XMM in the
operational configuration will consist of two elements: MOC and SOC. The MOC will
be located at ESOC in Darmstadt, and the SOC will be located at Villafranca, while the

location for the Science Survey Center is Leicester (UK) — See figure 2, page 3.



The XMM spacecraft will be operated in a continuous interactive mode from the
Mission Operations Centre (MOC). Contact with the spacecraft will be maintained to
allow housekeeping and scientific data acquisition and experiment control in real-time.
The location of the single ground station, to be used by XMM during its mission life,
shall be chosen such as to satisfy the coverage requirements. Small corrections to the
orbit will be made in order to maintain the apogee of the 48 hr HEO for optimum

coverage.

Figure 2: XMM operational centres

XMM science operations will be conducted from a Science Operations Centre (SOC)
in close interaction with the MOC. The Science Survey Centre (SSC) will perform an
off-line "pipeline" scientific analysis of all observation data under the management of
the SOC. The XMM Archive will be established at the SOC as the repository for all

mission data.

Task and Use of the Simulator

The complexity and demanding specification of the XMM systems means that all
interfaces between the component systems must be tested before integration and
flight to minimise the risk of losing valuable observation time ($1000's per second) or
damaging the spacecraft. However, usually the interfaces between these systems
cannot easily be tested using the final components. The use of simulators has proved
to be the most cost-effective way of achieving this. A science simulator (SCISIM) is

used to test the mission planning system, and the integrated XMM spacecraft



simulator allows full mission scenarios to be tested using all the equipment
components. In this way any problems can be detected and fixed before the systems

are used 'in anger'.

Perhaps most importantly, the integrated real-time mission simulations allow the full
XMM team to train together in a realistic environment, without any risk of losing

valuable observation time or damaging the spacecraft.

The XMM Simulator

The XMM simulator (see figure 3) is a pure software simulator of the XMM satellite
and ground stations. It is designed to run in real time and in closed loop with the XMM
Mission Control System. It constitutes a test and validation tool both for the XMM

Mission Operations Centre (MOC) and the Science Operations Centre (SOC).
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Figure 3: The XMM Simulation Infrastructure
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The simulator was developed and runs using ESOC’s SIMSAT environment. This has

the following advantages:

Standard simulation kernel functions are provided
Spacecraft and environment models are provided
Standard SIMSAT Graphical User Interface (GUI) is provided

Ground Station models are provided

The following are the main constraints imposed by SIMSAT on the simulator :

Coding must be Ada 83
Target platform must be Dec Alpha running Open VMS

To minimise the development cost, there is to be only one XMM simulator, which can

be used in two configurations:

A MOCSIM configuration
A SOCSIM configuration

A pre-requisite for this is that at least three flight processor emulators (a 1750
processor emulator is a standard SIMSAT model), can be run in parallel within the
simulator (CDMU processor + Attitude Control Computer processor + one instrument

controller processor).

The satellite database (SDB) is an external delivery to the XMM simulator. An off-line
utility (the XMM Simulator SDB Conversion Utility) is to be written to convert the SDB
entries into set-up data files that can be read by the simulator at initialisation to
configure the model of the Onboard Data Handling (OBDH) Bus.

The XMM Spacecraft models are developed and run under SIMSAT environment. This
allows model control and commanding via the SIMSAT Graphical User Interface and
also the display of the model vector state. The space to ground interface for TM/TC is
part of the XMM Simulator. A series of Simulator set-up configuration files are used to

define the spacecraft and ground model initial status.



Figure 4 presents an overview of the XMM Service Module Simulator Structure.
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Figure 4: The XMM Service Module Simulator Structure
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The CDMU is the Central Controller of the overall XMM System, having the function of

OBDH Bus management (telecommand decoding and distribution and telemetry

collection and encoding), spacecraft monitoring and timing facilities. The CDMU

System includes the model of a MA31750 processor implementing the MIL-1750A-
STD standard and equipped with ROM, RAM, MMU, EDAC and Watchdog. The
CDMU System also contains models of the XMM TC packet decoder, of the CPDU

and of the Telemetry Module implementing the commanding and telemetry functions,

and of the Bus Controller interfacing with the OBDH Bus.



white paper The Power Generation model models the following functions performed by the

contained components:

Solar Array Wing power generation

Battery charging and discharging

MRU control of battery charging and discharging

MRU regulation of output Main bus voltage to power distribution units
FPA and SVM switching control and power distribution

MTCU switching control and power distribution

PRU firing pulse generation and pulse distribution

The XMM Attitude Control Computer comprises the attitude sensors (sun sensors, star
trackers and inertial measurement units) and actuators (thrusters and reaction wheels)
together with an attitude control computer connected to these sensors and actuators
via a MACS bus.

Failure detection and control electronics units monitor the AOCS and in case of an
anomaly will reconfigure the spacecraft, if necessary, placing it in an Emergency Safe
Attitude.

The Attitude and Orbit Control System of the XMM simulator comprises models of

The Fine Sun Sensors

The Sun Acquisition Sensors

The Inertial Measurement Units

The Control and Actuation Electronics
The AOCS MACS bus

The Failure Detection and Correction Electronics

The OBDH System models the XMM components, which allow the communication
between the CDMU and all XMM bus users. Two OBDH Data Buses, each one
including an Interrogation and a Response line. The buses receive interrogations from
the CDMU and provide responses to the CDMU.



white paper The simulation of the Payload Systems

In the XMM Simulator all scientific experiments are simulated. These models contain a
functional model of the software, an emulator and software simulation of the

Hardware. The ERM is only a functional model (see figure 5).
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Figure 5: The XMM Payload Simulator Structure

The Emulated Models of the XMM Simulator execute the actual satellite On Board
Software. This includes any Start-up ROM, thus allowing a full simulation from cold
start / bootstrap though to main code execution. For many simulation exercises this is
neither required or desirable. In this case user commands allow a Main Memory image

of the Software to be loaded directly.



A design feature of the XMM Simulator is the use of interfaces to DFIL and other

subsystems that are common to both the emulated and functional models.

Science Data

In past simulators “ Dummy TM Packages “ have been used to verify and validate the
Telemetry of the payload instruments. For the XMM Simulator realistic telemetry data
is necessary because XMM will be usable for the Simulation of the MOCSIM and the
SOCSIM.

In order to validate the functionality concepts of the EPIC MOS, EPIC PN and RGS
payload instruments a scientific simulator has been developed at ESTEC. This
simulator is used to produce sets of realistic scientific data. For the OM such data will
be produced with the OM-DPU Simulator of the Pennsylvania State University. For the
XMM Simulator these science data sets will be used to produce realistic science TM.
For that purpose the data have been converted into XMM TM format. In the XMM
simulator, the DFIL System is in principle a file server, which contains these pre-

processed science data.

The DFIL System has specific interfaces to the instrument models for the transfer of

Science Data files into the simulation.

EPIC MOS
EPIC PN
ERM

RGS

OM

Depending on the mode of the Instrument the data can be accessed by the instrument

and then sent down as telemetry to the ground model.

The use of emulators within the XMM Simulator

The use of emulators comprises a faster than real time interpreter of the MIL-STD-

1750A or B instruction set. It provides some benefits, which are essential for the

Simulator:



On the target host (DEC Alpha at 533 MHz) it is capable of 10.0 MIPS using the
Digital Avionics Instruction Set mix (DAIS mix), slightly less if an MMU is
modelled.

For comparison the real XMM processors DAIS mix performances are in the range
0.9 to 1.4 MIPS. The Emulator is written in DEC macro-64, hence is Alpha
specific. Its user interface shell is written in ADA 83.

The emulator can be tailored to match the instruction timing and /O
characteristics of any 1750A or 1750B implementation. Tailoring for four
implementations are currently provided (Pace, MAS281, F9450, and MA31750).
The emulator can be tailored to match the memory configuration required on a
project by project basis. Optional standard 1750 start up ROM and MMU models
are provided, custom MMU models can be used (and is for the RGS simulator).

In practice the performance is lower than the maximum attainable due to the need
to model complex I/O operations, normally done by calling out to Ada procedures.
Big performance gains can be had if "idle loops" in the on-board software can be
recognised as it is not necessary to repeatedly execute such loops, but whether
this is practical depends on the details of the on-board software itself.

A test harness provides interactive debugging facilities allowing for the program
being run on the emulated processor. Single step, instruction trace, disassembly,
examining registers, setting breakpoints etc. are all supported.

The test harness can be used in a stand-alone mode, used during early
development of each emulated system, or can interact with an emulator running
as part of the simulator.

Previous simulators for ESOC have used this or similar emulators (Giotto, ERS-1
and 2, Huygens, Artemis) and it is also being used in the Envisat simulator which,
like XMM, is currently under development and will be used in the Integral

simulator.

Advantages from a Simulator user's point of view are:

It allows the real on-board software to be run, with all its quirks and any bugs
faithfully reproduced.

It allows new versions of the on-board software to be incorporated easily into the
simulator.

It allows arbitrary code and data patches to be made to the on-board software and

for the simulator's behaviour to be properly affected by them.



Provides a high degree of confidence in the models of most complex of the on-
board systems.

Its disadvantage is that it requires large CPU resources.

Conclusion

The XMM Mission is one of the most complex missions ESA ever stared. In order to
train the user and the controllers in the preparation phase a simulator is used. In the
case of XMM some new approaches have been done. The XMM Simulator will be
usable for MOCSIM and SOCSIM. In order to do this a interface has been created to
use the SciSim Data. The Benefit of this is that realistic telemetry can be used in order
to have a realistic SOCSIM.

In the XMM Simulator 8 MIL-STD-1750 emulators will be used. This allows the real
on-board software to be run, with all its quirks and any bugs faithfully reproduced.
Also it allows new versions of the on-board software to be incorporated easily into the
simulator. The Benefit of this is that it provides a high degree of confidence in the
models of most complex of the on-board systems. Its disadvantage is that it requires

large CPU resources.

All in all, the XMM Simulator is a step forward in the simulator technology in order to
make the mission risk smaller and prepare people more efficient. Future missions will
benefit of this.



