This copyprinted at 11 : 33 AM on 12 - May - 00

XMM OPTICAL MONITOR

MULLARD SPACE SCIENCE LABORATORY

XMM - OM USER MANUAL

EXPERIM ENT ON - BOARD SOFT WARE -

I NSTRUM ENT CONT ROL UN IT

Document: XMM - OM/MSSL/ML/0008. 5

Distribution:

XMM - OM Project Of fice A Dibbens Orig.

ESA PX H Eggel

9

CSL P Rochus

S Roose

Los Alamos National Laboratory C Ho 9

UCSB T. Sasseen 9

Royal Greenw ich Observatory R Bingham

R Card 9

M Carter 9

R Chaudery 9

J Fordham

H Huckle 9

R Hunt

Mullard Space Science Laboratory H Kawakami 9

UniversityCollege London T Kennedy 9

D Self 9

P Smith 9

P Thomas 9

MWhillock 9

K Mason

A Smith

Author: Date: 17/06/99 2:09 PM

OM Project Of fice Date:

Distributed: Date:

UNIVERSITY COLLEGE

LONDON

H.E.Huckle, N.R.Bray, R.Card, R.Chaudery, T.E.Kennedy, D.Self,

P.Sheather, P.J.Smith, J. Tandy, P.Thomas, M.C.R.Whillock

XMM - OM User Manual (FM) XMM - OM/MSSL/ML/0008. 5 ii

CHANGE RECORD

Issue Date Comments

Draft 1 Sep`97 Draft Version for Comment

1 22 - Sep - `97 Issue d af ter comments

1onc Input comments from States

8.draf t 23 Jun ` 98 Re - issued as FM User Manual

8.1 3 - July - `98 Issued for FM Delivery.

8.2 30 - Oct - 98 Re - structured f or consistencywith DDD.

8.3 27 - Apr - 99 Corrected Page Header.

Removed `no bar´ comment f rom f/w position table.

Clarified Full and Intermediate modes on mode diagram and table.

Fixed various typographical errors.

Added Mode numbers to mode table.

Added sections on MemoryMapping.

Added section on watchdog operations.

Enhanced summaryof ICU .

Ensured ref erences to other parts of user manual correct.

Corrected/clarified ` purpose and scope´ description.

Added MFN to test command in command summarysection.

Corrected heater description to allow for non - connection of Ref A (NCR 88).

Added additio nal explanation for the mechanisms, includingloss of HK.

Additional Information on time supplied to DPU.

Added summaryof time synchronisation and verification.

Corrected command summaryto be consistent with new release of tc - tm document.

Corrected ICB e xtension value.

Added references to additional documents.

Corrected overview memoryaddresses to FM values.

Removed references to EGSE in MACSbus description as theywere not used.

8.4 31 - Aug - 99 Corrected f/w position in mode table f or saf e mode.

Clarifie d operation of coarse and fine sensors on filter wheel.

Added sections on the TMPSU, DEMPSU and Image Intensifier.

Renumbered sections to reflect DEM / Telescope Module Subdivision.

Added section on flood LED´s.

Added note to the RBI section about NCR 177.

8.5 12 May00 NCR192 ˘ Additional section added describingthe release 10 onwards

modifications that enable automatic focus heater control ˘ see section 2.2.4.6.

ECR088 ˘ Descriptionof modes stating additional safing constraints regarding

filter wheel position.

ECR088 ˘ Descriptionof Modes states that the f/wmust be inblocked position

for anyHV ramp - up.

ECR 086 ˘ It is nowpossible to command a transition to one of Full Safe,

Intermediate Safe, Idle, Science or Engineeringevenif that is alreadyth e current

mode.

XMM - OM User Manual (FM) XMM - OM/MSSL/ML/0008. 5 iii

TABLE OF CONTENTS

1. INTRODUCTION ................................ ................................ ........................... 1

1.1 Pu rpose an d Scope ................................ ................................ ................................ ........................... 1

1.2 Ap plicable Docu men ts ................................ ................................ ................................ .................... 1

1.3 Terms an d Abb reviations ................................ ................................ ................................ ............... 2

2. OVERVIEW ................................ ................................ ................................ ....... 5

2.1 XMM M ission ................................ ................................ ................................ ................................ .... 5

2.2 OM Exp erimen t ................................ ................................ ................................ ................................ 5

2.2.1 Science ................................ ................................ ................................ ................................ .......... 5

2.2.2

Architecture Overview ................................ ................................ ................................ .................... 6

2.2.3 Digital Electronics Module (DEM) ................................ ................................ ........................ 7

2.2.3.1 ICU ................................ ................................ ................................ ................................ ......... 7

2.2.3.2 DPU ................................ ................................ ................................ ................................ ........ 8

2.2.3.3 DEMPSU ................................ ................................ ................................ .............................. 8

2.2.3.4

Interfaces ................................ ................................ ................................ ................................ ... 10

2.2.3.4.1

Serial Synchronous Interface (SSI) ................................ ................................ ..................... 10

2.2.3.4.2

T ime to DPU ................................ ................................ ................................ ...................... 13

2.2.3.4.3

Instrument Control Bus (ICB) ................................ ................................ ............................ 14

2.2.3.4.4

RBI ................................ ................................ ................................ ................................ ..... 17

2.2.3.4.5

DBU ................................ ................................ ................................ ................................ ... 19

2.2.4

T elescope Module ................................ ................................ ................................ ......................... 20

2.2.4.1

T MPSU ................................ ................................ ................................ ................................ ..... 20

2.2.4.2

Detector System ................................ ................................ ................................ ........................ 21

2.2.4.2.1

Camera Head ................................ ................................ ................................ ...................... 21

2.2.4.2.2

High Voltage Control Unit ................................ ................................ ................................ . 22

2.2.4.2.3

Image Intensifier ................................ ................................ ................................ ................. 24

2.2.4.2.4

Detector Processing Electronics ................................ ................................ ......................... 25

2.2.4.3 Mechanisms ................................ ................................ ................................ ....................... 29

2. 2.4.3.1 Filter Wheel ................................ ................................ ................................ ................... 29

2.2.4.3.2 Dichroic Mechanism ................................ ................................ ................................ ... 30

2.2.4.4

Flood LED´s ................................ ................................ ................................ .............................. 30

2.2.4.5

Heaters and T hermistors ................................ ................................ ................................ ............ 31

2.2.4.6

Automatic Focus He ater Settings ................................ ................................ .............................. 32

2.3 Softw are

................................ ................................ ................................ ................................ .......... 33

2.3.1 Modes ................................ ................................ ................................ ................................ .......... 33

2.3.1.1 Off ................................ ................................ ................................ ................................ ........ 33

2.3.1.2 Bootstrap Init ................................ ................................ ................................ ..................... 33

2.3.1.3 Bootstrap Rese t ................................ ................................ ................................ ................. 33

2.3.1.4 Initial/Basic ................................ ................................ ................................ ........................ 33

2.3.1.5 Operational ................................ ................................ ................................ ......................... 34

XMM - OM User Manual (FM) XMM - OM/MSSL/ML/0008. 5

This copyprinted at 11 : 33 AM on 12 - May - 00 iv

2.3.1.5.1

Safe ................................ ................................ ................................ ................................ ...... 34

2.3.1.5.2

Idle ................................ ................................ ................................ ................................ ....... 34

2.3.1.5.3

Science ................................ ................................ ................................ ................................ . 34

2.3.1.5.4

Engineering and Calibration ................................ ................................ ................................ .. 34

2.3.1.6 Wait State ................................ ................................ ................................ ........................... 34

2.3.2 ICU ................................ ................................ ................................ ................................ ............... 37

2.3.2.1

Overview ................................ ................................ ................................ ................................ ... 37

2.3.2.2

Bootstra p Code. ................................ ................................ ................................ ......................... 37

2.3.2.3

Basic and Operational Code ................................ ................................ ................................ ...... 38

2.3.2.3.1

Summaryof Telecommands. ................................ ................................ .............................. 38

2.3.2.3.2

Start TaskManagement Commands. ................................ ................................ .................. 38

2.3.2.3. 3

Stop T askManagement Commands. ................................ ................................ .................. 39

2.3.2.3.4

Load Task Management Commands. ................................ ................................ .................. 40

2.3.2.3.5

Report T askCommands. ................................ ................................ ................................ .... 41

2.3.2.3.6

Mode Change Commands. ................................ ................................ ................................ .. 41

2.3.2.3.7

MemoryManagement. ................................ ................................ ................................ ........ 42

2.3.2.3.8

T elemetryMaintenance ................................ ................................ ................................ ...... 45

2.3.2.3.9

T ime Management. ................................ ................................ ................................ ............. 45

2.3.2.3.10

T est Commands ................................ ................................ ................................ ................ 45

2.3.2 .3.11

Summaryof Telemetry ................................ ................................ ................................ ..... 46

2.3.2.3.12

Main Software Components for Basic and Operational. ................................ .................. 47

2.3.2.3.13

Overviewof Principle MemoryAreas ................................ ................................ .............. 49

2.3.3

DPU ................................ ................................ ................................ ................................ ............... 52

2.3.3.1

Overview ................................ ................................ ................................ ................................ ... 52

2.3.3.2

Global RAM Map ................................ ................................ ................................ ...................... 52

XMM - OM User Manual (FM) XMM - OM/MSSL/ML/0008. 5

This copyprinted at 11 : 33 AM on 12 - May - 00

1

1. Introduction

1.1 Purpose and Scope

This manual gives an overview of the XMM Optical Monitor (OM) hardware so as to give a context to the OM

software. It then gives an overview of the ICU and DPU software, with emphasis on the ICU. Further details

re garding the commands and telemetrycan be found in APP - 3 and APP - 4 (see below). A detailed design description

of the ICU software can be found in XMM - OM/MSSL/SP/0205 (APP - 8). The User Manual for the DPU can be found

in APP - 9. A detailed design description of the DPU software can be found in XMM - OM/UCSB/ML/0013. Where

relevant, additional document references are given.

1.2 Applicable Documents

AP P - 1 P acket Structure Definition RS - P X - 0032

AP P - 2 XMM Operations Interface Requirements RS - P X - 0028

AP P - 3 ICU - DP U P rot ocol Definitions XMM - OM/MSSL/ML/0011

AP P - 4 Telecommand & TelemetrySpecification XMM - OM/MSSL/ML/0010

AP P - 5 User Requirements Specification XMM - OM/MSSL/SP/0030

AP P - 6 XMM - OM Bootstrap Specification XMM - OM/MSSL/SP/0153

AP P - 7 Instrument Controller Design Description RGS - MSSL - IC - 0002

AP P - 8 ICU Detailed Design Document XMM - OM/MSSL/SP/0205

AP P - 9 User Manual Digital P rocessing Unit XMM - OM/UCSB/ML/0012

AP P - 10 DP U Detailed Design Document XMM - OM/UCSB/ML/0013

AP P - 11 Software Setup of the Blue Detector Electro nics XMM - OM/MSSL/SP/0077.02

This copyprinted at 11 : 33 AM on 12 - May - 00

2

1.3 Terms and Abbreviations

ADC Analogu e to Digital Conversion

APID Application Identifier

BCH Blue Camera Head (synonym for Detector Camera Head)

BPE Blue Processing Electronics (synonym for Detector Processing Electronics)

CCA Communications Area

CCD Charge Coupled Device

CRC Cyclic Red undancyCode

DEM Digital Electronics M odule.

DEM PSU Digital Electronics M odule Power Supply.

DBI Digital Bus Interface

DBU Digital Bus Unit.

DMA Direct MemoryAccess

DMAE DMA Enable

D PU Digital Processing Unit

DSP Digital Signal Processor

EM Engineering M odel

ESA European Space Agency

FID Function Identifier

FM Flight Model

ICB Instrument Control Bus

ICU Instrument Control Unit

IO Input Output

ISR Interrupt Service Routine

KAL Keep Alive Power

LSB Least Significant Bit

MACSbus Modular Attitu de Control System bus

MFN Master Function Number

MID Memory Id entifier

MSB Most Significant Bit

MSSL Mullard Space Science Lab

N/A Not Applicable

OBDH On Board Data Handling

OM Optical Monitor

OM1 Synonym for the Telescope Module

OM2 Synonym for the Digital Electronics Modu le

OMIF OM Interface card

PREF Parameter Reference

PROM Programmable Read Only Memory

PSD Packet Structure Document

RAM Random Access Memory

RBI Remote Bus Interface

ROM Read Only M emory

S/C Spacecraft

SCET Spacecraft Elapsed Time

SCI Serial Communications Interface

SIBA Spacecraft Interface Bus Adapter

SID Structure Identifier

SSI Serial Synchronous Interface

TBA To Be Added

TBC To Be Confirmed

TBD To Be Defined/Determined

TBI To Be Implemented

TC Telecommand Packet

TID Task Iden tifier

TM TelemetryPacket

TM Telescope Module

TMPSU Telescope Module Power SupplyUnit

TPN TelemetryPacket Number

VBWL Variable Block Word Length

XMM X - ray Multi Mirror

3

Digital Electronics

Module(Redundant)

Digital Electronics Module

(Prime)

Detector

Filter Wheel

Processing Electronics

Telescope Power Supply

Detector Power Supply

Baffle

Door

XMM Optical Monitor

This copyprinted at 11 : 33 AM on 12 - May - 00

4

X M M - O M : E l e c t r o n i c A r c h i t e c t u r e

( s h o w i n g P r i m e o n l y f o r c l a r i t y )

D E M P S U

I C U

3 1 7 5 0

2 5 6 K b y t e

D P U

4 x 5 6 0 0 1

1 2 . 5 M b y t e

D B I

S S I

I C B

O M 2 - D E M

M A I N P O W E R , S Y N C ,

K A L

M a i n

P o w e r ,

S y n c ,

K A L

P o w e r &

K A L

D A T A C A P T U R E

O M 3

H a r n e s s

T i m e

D B U

P o w e r

B L U E

P R O C E S S I N G

E L E C T R O N I C S

T M P S U

H E A T E R S ( 4 )

F I L T E R

W H E E L

D I C H R O I C

( B E A M

D E F L E C T O R )

D A T A

P o w e r

D r i v e P o w e r

&

C o a r s e

P i c k O f f

D r i v e

P o w e r

O M 1 - T e l e s c o p e M o d u l e

S w i t c h e d

S e c o n d a r y

P o w e r

F L O O D

L E D

F i n e

P i c k O f f

M a i n P o w e r &

S y n c

C A M E R A H E A D

P o w e r

F i n e

P i c k O f f

P o w e r

H I G H V O L T A G E

P O W E R

T

H

E

R

M

I

S

T

O

R

S

C o n t r o l

XMM - OM User Manual (FM) XMM - OM/MSSL/ML/0008. 5

This copyprinted at 11 : 33 AM on 12 - May - 00

5

2. Overview

2.1 XMM Mission

The X - rayMulti - Mirror Mission (XMM) is an ESA spacecraft mission aimed at performing detailed imagingspectro -

photometryof a wide varietyof x - raysources.

It is designed to be a long d uration (~10 years) observatorytype mission, open to the astronomical community.

It is planned be launched at the end of the century(~1999), placed into a 48 hour highlyeccentric inclined orbit and

have continuous ground station contact.

The payload is designed to be a mutuallycomplementarypackage composed of 3 instruments as follows : -

EPIC - E uropean P hoton I maging C amera

RGS - R eflection G rating S pectrometer

OM - O ptical M onitor

2.2 OM Experiment

2.2.1 Science

The OM (Optical Monitor) experiment is design ed to provide optical coverage of astronomical sources simultaneously

with the x - raycoverage provided bythe EPIC and RGS instruments.

Onboard optical observations remove the need for simultaneous ground based observations which are diff icult to

organise, expensive and frequentlyf ail due to bad observing conditions. There is also the added difficultyof

correlating ground event times with those from the spacecraft. Furthermore, a spaceborn optical monitor allows

extension of the wavelength range into the UV.

Such simultaneous optical and x - rayinformation about astronomical x - raysources is veryimportant to

understanding these obj ects and in particular provides : -

· Optical variabilitymeasurements simultaneouslywith x - raymeasurements.

· Astrometry. (e.g. I dentif ication of optical counterparts)

· Broad band colours/ low resolution spectroscopy.

· Improved spacecraft attitude reconstruction f or the x - rayobservations.

· Simultaneous correlation of optical & x - rayevents/periods.

· Optical measurements extending into the UV. (The Hubble telescope is the onlyother wayto provide this

information but will be too heavilysubscribed to perform this function for the XMM mission routinely.)

· Ratio of optical to x - rayflux. (Important for cosmological studies of quasars and g alaxies).

· Studies of optical obj ects which mayhave no x - raycounterparts. (Serendipitous data which maybe used for e.g.

astro - seismologyand micro - variabilitywhich mayprovide insight into the internal structure of such objects.)

XMM - OM User Manual (FM) XMM - OM/MSSL/ML/0008. 5 6

2.2.2 Architecture Overview

The OM Instrument is composed of 3 units as follows:

TELESCOPE MODULE (TM) - OM1 - containing

· An optical/UV Ritchey - Chretian telescope

· A beam def lector and prime and redundant filter wheel, each with 10 f ilter positions and 1 blocked position.

· Heaters to c ontrol the temperature of the telescope tube and modifythe focal length (if required).

· Prime and redundant detector processing electronics and camera head, including high voltage control and

monitoring.

· Prime and redundant TM Power Supplies - the TMPSU´s - see OM3 description for more information.

PRIME and REDUNDANT DIGITALELECTRONICS MODULES (DEM´s) - OM2 - each containing a

· Digital Processing Unit (DPU). It performs basic science data reception and processing including image

accumulation.

· Instrument C ontrol Unit (ICU). The ICU provides the basic instrument control function, housekeeping

monitoring and code up - link for both itself and the DPU. DPU processed data is passed to the Instrument

Control Unit (ICU) processor for reformatting into packets prior to being passed to the spacecraft OBDH

system.

· SSIInterface. The DPU and ICU communicate via a f ull duplex Serial Synchronous Interface (SSI).

· DBI. The interface from the ICU to the spacecraft for data downlink and command up - link will be carried bya

d igital bus interface (DBI). The ICU supports a telemetryrate of up to 8 kbps and a telecommand rate of 2

kbps.

· DEM Power Supply. This provides the conditioned power for the ICU and DPU in the DEM. It provides

latchup protection.

INTERCONNECTING HARNESS MODULE - OM3

· This harness carries power, synchronisation inf ormation, keep - alive line and an Instrument Control Bus (ICB)

between the Telescope Module and the Digital Electronics Modules. The ICB is used bythe ICU to control

and monitor the detector, mech anisms and heaters via the TMPSU. It is based on the MACS - bus standard.

XMM - OM User Manual (FM) XMM - OM/MSSL/ML/0008. 5

This copyprinted at 11 : 33 AM on 12 - May - 00

7

2.2.3 Digital Electronics Module (DEM)

2.2.3.1 ICU

This consists of 5 cards: -

SIBA The Spacecraft Interface Bus

Adapter card. Contains the

RBIchip and bus arbitrator.

Th e RBI provides

- interfaces to the spacecraf t

to provide DMA of telemetry

and telecommand packets

- input of spacecraft time

time signals to be forwarded

to the DPU.

- the watchdog

PROC

The processor card - contains

a 31750 processor running at

8 MHz.

PROMs - 16K 16 bit words -

containing the bootstrap and

basic mode code.

MEM

The memorycard

64k 16 bit words of code

64k 16 bit words of data.

The RAM is radiation

hardened.

EXP

The expansion card -

Contains the Synchronous

Serial Interface (SSI) control

circuitry - the DPU

communication path.

OMIF

The OM Interface card. -

contains

- ICB interface circuitry

- DEMPSU monitoring

circuitry

Note - see section 2.2.5.4.2 about structure

of, and access to, memory.

S I B A

P R O C

M E M

E X P

O M I F

I C B

D E M P S U

M o n i t o r i n g

R B I

B U S

B u s

A r b .

3 1 7 5 0

P R O M

S S I

C O D E

D A T A

D B I

K e e p A l i v e

This copyprinted at 11 : 33 AM on 12 - May - 00

8

2.2.3.2 DPU

The DPU is a hybrid loca l/shared memorymultiple processor computer. It shares the DEM with the ICU and

DEMPSU.

Four Digital Signal Processor (DSP) cards access a global memoryin series via a global bus, with access to the bus

managed byan arbiter card. Each processor is grant ed access to the bus once per millisecond. Each DSP also has local

memory. Each DSP is assigned specific tasks

White Overall Management of the Other Processors via the Serial Command Interf ace (SCI)

ICU communication

Initial field acquisition

Spacecraft drift tracking.

Blue 1 and 2 Data collection and initial processing (e.g. tracking frame image accumulation)

Red Shift and Add Calculation (i.e. summation of image corrected for drift)

The global memoryconsists of 12.5 Mbytes of memory, divided into: -

Small Word Memory 4 Mwords of 16 bit words RAM. Used to store a trackingframe and full frame applications

Big Word Memory 1 Mwords of 24 bit words RAM. Stores accumulated images.

Program Memory 0.5 Mwords of 24 bit RAM and 8k 24 bit words of PROM.

Each DSP card has its own local memory(32k by24 bit words) which can onlybe accessed bythat DSP.

A block diagram illustrating the above is given overleaf.

2.2.3.3 DEMPSU

T his power supplygenerates conditioned power for the DEM sub - systems. When the power is applied fromthe

spacecraft, both the DPU and ICU are supplied, but subject to over - current protection on the output.

Additionallythe PSU receives as an input a signal fromeach of the DPU sub - system PCB´s latchup protection

circuits which cause the P SU to switch of the DPU main power when a latchup is detected. In this event, the ICU

can command on the DPU power.

Secondary Rail Destination

+6V DBU

+5.3V - A DPU main power

+5.3V - B ICU main power

+3.3V - A DPU KAL power

+3.3V - B ICU KAL power

Key:

DB U Data Bus Unit

DPU Data Processing Unit

ICU Instrument controller Unit

XMM - OM User Manual (FM) XMM - OM/MSSL/ML/0008. 5 24

2.2. 4.2.3 Image Intensif ier

V m c p 2 3 * k

G N D C a t h o d e M C P 1

A n o d e

M C P 2 3

F i b r e S t u b

C C D

P h o t o n

e

e e

e

S i n g l e e l e c t r o n E l e c t r o n c l o u d e

e e

e e

e e

e

e

~ 5 * 1 0 6 E l e c t r o n c l o u d e e e

e e M

C

P

1

M

C

P

2

M

C

P

3

A n o d e

C a t h o d e

P h o s p h o r

e e e e

M C P 2 & M C P 3 a r e b u t t e d t o g e t h e r .

XMM - OM User Manual (FM) XMM - OM/MSSL/ML/0008. 5

This copyprinted at 11 : 33 AM on 12 - May - 00

25

2.2. 4.2.4 Detector Processing Electronics

2.2.4.2.4.1 General

T he principal features of the detector processingelectronics are:

Generation of the Detector Head clock sequences to operate the CCD in a fra me transfer mode

Specification of the area (windows) of CCD to be read out.

Event Detection.

Event Centroiding.

Engineering Data.

Construction and transmissionof data to the DPU.

ICB interface for control of the above.

N.B. T he detector processing electr onics is oftenreferred to as the Blue Processing Electronics (BPE). T his

refers to anearlier design which included an additional detector more sensitive to the red end of the spectrum.

T he two detectors were labelled `blue´ and `red´. A block diagram of the detector electronics is given overleaf.

T he remainder of this sectionis abstracted fromAPP - 11.

2.2.4.2.4.2 Window Bi tmap RAM

Before the detector processing electronics maybe used, the windowbitmap RAM must be loaded. The RAM is

64kby4 bits. The information loaded will cause onlythose CCD pixels within the desired windows to be

readout i.e. a clocking sequence is generated for the desired camera format.

For everylocation on the CCD, there is a location in RAM. During a rowreadout, the corresponding RAM

co ntents are interpreted as a windowID. An ID in the range 1 to 15 is a valid windowID and the corresponding

pixel pair is readout, whereas a value of 0 means that it is not in anywindowand will not be readout. Byloading

up the RAM accordingly, the dete ctor area can be thus divided up into a collection of windows of varyingsize.

Note that windows must start on an even number in X and an odd number in Y.

For each pair of CCD rows, there is a location in the RAM that will containa `rowactioncode´. T hi s will

specifywhat to do with the row pair as a whole. T he values and meanings are

0 Performvertical transfer only, i.e. no horizontal readout. T his is used for skipping unwanted rows

2 Readout the row, ignoringwindowIDs, thus dumping unwanted charge b uild - up.

3 Readout the row, takingnote of windowIds and transmitting the event data to the DPU.

8 Complete horizontal readout and skip to the start of frame transfer i.e. skip to end.

T he table is loaded fromthe ICU via the ICB.

2.2.4.2.4.3 Centroid Lookup RAM

Cen troiding is the process of locating the position of an event to an accuracygreater than that of a CCD pixel.

For each event and in both the x and yaxes, the processing electronics produces two 8 bit numbers, labelled m

and n . The division m/n is the frac tional positionwithin a CCD pixel of the event. The range is divided into 8

bins, otherwise known as sub - pixels. Rather than performing this calculation, there are two (64k by4 bit) tables

containing all possible results of the division. The m and n are combined into a single 16 bit address which is

used to lookup the result. The result is in the range 0 - 7.

Preparing the table contents requires two sets of 9 `channel boundary´ values giving the edges of the sub - pixels

in bothx and y. Theyare in the ran ge - 1.00 to 1.00. T hese values are multiplied by1000 for up - linkpurposes.

T he tables are loaded from the ICU via the ICB.

This copyprinted at 11 : 33 AM on 12 - May - 00

26

M A C S b u s

I n t e r f a c e

C a m e r a

H e a d

I n t e r f a c e

& C o n t r o l

C e n t r o i d

C a l c .

W i n d o w

B i t m a p

R A M

C e n t r o i d

L o o k u p

R A M

D a t a

P o w e r

C o n t r o l

I C B

C e n t r o i d L o o k u p T a b l e D a t a

W i n d o w B i t M a p T a b l e D a t a

D E T E C T O R P R O C E S S I N G E L E C T R O N I C S

F / W F i n e S e n s o r

E v e n t S e l e c t

E v e n t H e i g h t

C o a r s e P i x e l P o s i t i o n

E v e n t

H e i g h t

C a l c

E v e n t

D e t e c t

D a t a

M , N

E v e n t

T h r e s h o l d

D a t a

S e l e c t o r

S u b - P i x e l

P o s i t i o n

W i n d o w I D

D a t a

C a p t u r e

I n t e r f a c e

P o w e r

C a m e r a R e a d O u t C o n t r o l

C a m e r a

S t a r t / S t o p

I n t e g r a t i o n E n a b l e d / D i s a b l e d

XMM - OM User Manual (FM) XMM - OM/MSSL/ML/0008. 5 27

2.2.4.2.4.4 Output Data Formats

T he output of the processing electronics to the DPU is a series of 24 bit words, one per event processed. The

format of the word is determined bythe data acquisition mode set via the ICB and is detailed in the figure

overleaf. T here are 4 scientific modes (numbered 0 to 3) and effectively2 engineering modes (numbered 4 to 7).

T he scien tific modes provide event positions in the formof the x and yCCD pixel number, the sub - pixel number

in xand yand the windowID of the windowin whichtheyoccurred. There are 2 full frame modes where the

windowID is replaced bythe most significant bi ts of the x and yCCD pixel counters, thus giving 16 tiles

covering the full detector area.

T he engineering modes provide informationfor setting up and checkingthe detector. Modes 4 or 5 capture

centroiding information in the form of events in which the x and yco - ordinates are replaced with the m and n

values. The two 256 by256 `pseudo images´ thus formed can be used to calculate a newsub - pixel channel

boundaries from which the centroid lookup table can be reloaded. Note that a) modes 4 and 5 are equi valent and

both formats are transmitted at once b) the first X M/N event for eachframe is not transmitted. Modes 6 or 7

gives event height leadingto a 1D image i.e. a histogram. T heyalso produce event energyrecords inwhich the

energyvalue is set to z ero, due to this feature being removed fromthe design. Therefore, all records of this

format should be ignored. Note that mode 6 and 7 are equivalent and bothformats are transmitted at once.

In addition, there are two words of all zeros, the `frame tags ´, transmitted at the start of each frame. T hese are

used for frame counting and timing purposes. This feature is enabled via the ICB. It should be disabled for

engineering modes.

For the full frame modes only, windows should be defined so that the full detector area is covered, even though

the windowID in bits 4 through 1 does not appear in the data. Instead, the high order bits of the CCD pixel co -

ordinates are inserted. Because the DPU will regard these as a windowID, it is thus possible to have an a pparent

windowID of zero (which is impossible for the windowed modes).

For engineering modes, windows of anyID should be defined to cover the area of the detector fromwhich

information is required. T he DPU will again regard bits 4 through 1 as a window ID.

Aheight threshold, set via the ICB, is used to select valid events. T his value should be set low(~8) for

engineering data so as to obtain a full pulse height distribution. Otherwise a value ~30 should be used.

When, as a result of a command, anin tegration is enabled, data is sent on to the DPU at the start of the next

frame.

XMM - OM User Manual (FM) XMM - OM/MSSL/ML/0008. 5 28

Detector Data Transmission Formats

Science or

Engineering

Detector

Mode

23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

y y x x

Science 0 0 YC 6 - 0 2 1 XC 6 - 0 2 1 ID P

Low Resolution, Windowed

y y x x Y Y X X

Science 1 0 0 YC 5 - 0 2 1 0 XC 5 - 0 2 1 C C C C P

7 6 7 6

Low Resolution, Full Frame

y y y x x x

Science 2 0 YC 5 - 0 2 1 0 XC 5 - 0 3 2 1 ID P

High Resolution, Windowed

y y y x x x Y Y X X

Science 3 0 YC 5 - 0 2 1 0 XC 5 - 0 3 2 1 C C C C P

7 6 7 6

High Resolution, Full Frame

Engineering 4 0 0 M value 0 N Value 0 0 0 1 P

Engineering, X M/N Data

Engineering 5 0 0 M value 0 N Value 0 0 1 0 P

Engineering, Y M/N Data

Engineering 6 0 0 0 Event Height 0 0 0 1 P

Engineering, Event Height

Engineering 7 0 0 0 0 0 0 1 0 P

Engineering, Event Energy(contains no meaningful data)

P = Parity(Odd)

XC = X CCD Pixel Co - ordinate modulo 64 (high resolution) or modulo 128 (low resolution)

YC = Y CCD Pixel Co - ordinate modulo 64 (high resolution) or modulo 128 (low resolution)

x = X Sub - Pixel Bit

y = Y Sub - Pixel Bit

ID = Window ID

29

2.2.4.3 Mecha nisms

2.2.4.3.1 Filter W heel

Eleven optical elements are placed at equal angles around the filter wheel. The wheel is driven bya pinion on a 4 -

phase stepper motor shaf t, with a gear ratio of 11 to 1. Thus one revolution of the motor, which requires 200 steps,

moves the wheel from one optical element to another and 2200 steps will completelyrotate the filter wheel. The

following table is based on `Order of the Optical Elements on the Filter Wheel, XMM - OM/MSSL/TC/0047.

Filter Filter Wheel Description Filter Position Sensor Value

Number Station (steps fromdatum) Coarse Fine

0 0 Blocked 1200 False T rue

1 1 V 1400 False T rue

2 2 Magnifier 1600 False T rue

3 3 U 1800 False T rue

4 4 B 2000 False T rue

5 5 White 0 T rue T rue

6 6 Grism2 (Visible) 200 False T rue

7 7 UVW1 400 False T rue

8 8 UVM2 600 False T rue

9 9 UVW2 800 False T rue

10 10 Grism1 (UV) 1000 False T rue

11 3 Bar 2100 False False

The wheel position will normallybe determined in open loop mode bystep counting f rom a known datum position.

Coarse an d f ine position sensors are provided to relocate the datum position should it be lost, verifythe wheel

position during and after everyrotation and to confirm that the centre of anyoptical element has been found, although

the element is not identif ied. T he reflective infra - red coarse position sensor is fitted to the wheel and gives a true

output when the wheel is within about ± 15 ° of the datum position. The inf ra - red fine position sensor, which is used in

transmissive mode, is fitted to the rear end of t he motor. An occulting disk with a small aperture, through which the

sensor looks, is fitted to the rear extension of the motor shaft. It is aligned such that an element will be correctly

positioned when the f ine sensor gives a true reading and the first p hase is energised. Thus it is onlyat the datum

position that both the coarse and fine sensors give a true output (see table above).

Tests indicated that the filter wheel should be rotated at a default pull - in speed of 200 Hz, a cruise speed of 420 Hz

and an acceleration of 2000 Hz/sec. These rates are applied when moving from filter to f ilter or from datum to filter.

However, in order to ensure success when seeking datum, the filter wheel is rotated at a constant 200 Hz until the

coarse sensor is detected and then at 10 Hz until the fine sensor is seen.

The LED that illuminates the coarse sensor is powered directlyf rom the TMPSU. However, the fine sensor LED is

powered and sensed via the detector electronics, which is dependent on the switched secondary power being enabled.

This does not normallyoccur until the OM is in operational mode. Therefore, it is not possible to obtain full control of

the filter wheel until that time.

(See ` Filter Wheel Mechanism Design´, XMM - OM/MSSL/SP/0039 for more detail).

N ote: The f ilter wheel movement is controlled via the ICB. This is also the main channel for acquiring housekeeping

and controlling heaters. It was f ound during testing that activityon the ICB during a filter wheel movement could

introduce erratic motion o f the f ilter wheel and cause occasional failure in locating the fine sensor. Therefore, whilst

the filter wheel is being moved, all other ICB activity(such a housekeeping acquisition and heater control) is stopped.

As a f ilter wheel movement takes between 5 - 10 s, this will result in a loss of an HK telemetrypacket on its expected

10 or 3 sec boundary.

Similarly, activityon the SSIinterf ace, which channels DPU heartbeats and science data, can cause a problem.

Therefore the f ilter wheel is not moved un til after the reception of the next DPU heartbeat. In addition, the normal

science data `handshake´ between the DPU and ICU is suspended f or the duration of the move.

XMM - OM User Manual (FM) XMM - OM/MSSL/ML/0008. 5 30

2.2.4.3.2 Dichroic Mechanism

The dichroic mechanism contains a mirror placed at 45 ° in the path of the incoming beam. The purpose of the

mechanism in the FM is to steer the reflected light beam from one of two redundant detector systems to the other. It

will be rotated f rom one position to the other bypulse counting. The final step will drive the roto r to its stop where it

will be held bya magnetic detent. The dichroic mechanism has to rotate 180 ° between the stops and is driven bya 4

step per revolution motor geared at 14.5:1. Therefore the motor needs to be driven up to 29 steps f rom one position t o

the other. One further step in each direction means that the rotor is driven hard onto its stop. Thus the total number of

steps required is 31. The step sequence has to be reversed to return. As there is no harm in overdriving the system

against this sto p, the motor is always driven the maximum number of steps required in the specified direction. The

default drive frequencyis 2 Hz.

A pulse train must always finish on a particular phase. It is clear that this phase will be different at the two ends of th e

traverse. As there are no sensors in the system, the control mechanism is always open loop.

The following algorithm is used. If we label the 4 phases 1,2,3 and 4, a clockwise rotor drive (viewed from the shaft

end) towards the redundant detector is ach ieved bystepping in a positive direction (e.g. the phases are energised in the

order 1,2,3,4,1�) until the step count is equal to or greater than 31 and the phase is 1. Similarlya counter - clockwise

rotor drive towards the primarydetector is achieved by stepping in a negative direction (e.g. the phases are energised

in the order 4,3,2,1,4..) until the step count is equal to or greater than 31 and the phase is 2.

2.2.4.4 Flood LED´s

In order that the detector maybe calibrated in flight, four flood LED´s are prov ided. Theyare located off - axis

close to the detector. Theyare positioned so that their focused emission falls on the side of the filter facing the

detector. T he filter used would be the blank which then acts as a defocused `screen´ providing the flat fie ld. They

are green LED´s but with emission in the UV range.

T heir intensityis controlled via ICB commands routed fromthe Blue Detector analogue control card to a 4 bit

port. T here are thus 16 possible levels. Theyare driven in such a waythat if one sh ould fail the remaining LED´s

will remain fullyfunctional.

XMM - OM User Manual (FM) XMM - OM/MSSL/ML/0008. 5

This copyprinted at 11 : 33 AM on 12 - May - 00

31

2.2.4.5 Heaters and Therm istors

There are 8 thermistors named and located as follows:

Name Channel Location

Ref A 0 Interface Flange - Not connected - NCR88

Ref B 1 Interface Flange

Ref C 2 Interface Flange

Main 3 Near Main Interface Heater

Forward 1 4 Near Forward Heater

Forward 2 5 Near Forward Heater

CCD 6 CCD

BPE 7 Blue Processing Electronics

( Note : the f ollowing is a summaryof the document `OM Heater Control´, XMM - OM/MSSL/SP/0165)

T he fo ur instrument heaters, and their function, are summarised as follows:

Heater Purpose

M ain Interface Heater

(HTR1)

T his is located close to the interface flange on the telescope tube, and is

intended to control the temperature at the interface bolts to 1 9.5

0.5 ° C using a closed loop algorithm. It has a control thermistor (Main) located close to it and there are 3 monitoring thermistors (Main, Ref B and Ref C) on the interface flange ( Note: Ref A was not connected during assembly therefore Main is used as a monitoringpoint instead - NCR88).

Forw ard Heater

(HTR2)

T his is located at the forward of the telescope tube and is intended to control that area and hence the whole telescope tube to about the same temperature as the main interface heater - the de fault setting are

19.5 1.5 ° C usinga closed loop algorithm. T his should ensure that all of the telescope optical elements are sensiblyisothermal. It is controlled by one of two thermistors (Forward 1 or Forward 2) mounted close to it.

M etering Rod He aters

(HTR3)

T hese are a set of three parallel heaters, one mounted on each of the metering rods. These are used to extend the distance between the primary and secondarymirror bya small amount if necessary. T his is done using an open loop algorithmwhich defines an on - off ratio. It is disabled by default. NCR - 192. T he settings for this algorithmare, as of release 10 of the OM software, automaticallyset upon moving the filter wheel to a specified filter ˘ see next section .

Secondary M irror M ount Heate r

(HTR4)

T his heater is used to shorten the separation of the primaryand secondary mirror. NOT E that therefore this heater and the metering rod heaters will not be powered at the same time during normal operation . T his is done using an open loop algorithm which defines an on - off ratio. It is disabled bydefault. NCR - 192. T he settings for this algorithmare, as of release 10 of the OM software, automaticallyset upon movingthe filter wheel to a specified filter ˘ see next section .

32

2.2.4.6 Autom atic Focus Heate r Settings

Duringearlyoperation , it was determined that the instrument point spread functionwas broader than expected due to a non - optimal focus ˘ NCR - 192 . Investigation indicated that it was a functionof which filter was used. As a result, and as fro mrelease 10 onwards of the OM software, a look - up table of heater settings as a function of filter number was placed on - board. Whenever a filter wheel move is commanded that has been prefaced bythe

`Set Filter Wheel Number´ command (MFN=7604), the table is consulted and appropriate heater settings and sample times automatically set using the on - board equivalent routines of commands MFN=H7677 and

MFN=H7678. For release 10, t his table starts at a base address of 23A4 (hex) in ICU data memory . Its format is as follows:

Base

Address

Offset

(decimal)

Description

0 Pos ition of Filter on Wheel Parameters

1 On Time ( in units of `Sample T ime´) for

2 T otal Cycle T ime (in units of `Sample T ime´) filter

3 Sample T ime (in units of seconds) 0

4 Focus Direction ( +ve = HT R3, - ve = HTR4 powered ; 0 = unpowered ) (Blocked)

5 Parameters for Filter 1 (V)

10 Parameters for Filter 2 (Magnifier)

15 Parameters for Filter 3 (U)

20 Parameters for Filter 4 (B)

25 Parameters for Filter 5 (White)

30 Parameters for Filter 6 (Grism2 - visible)

35 Parameters for Filter 7 (UVW1)

40 Parameters for Filter 8 (UVM2)

45 Parameters for Filter 9 (UVW2)

50 Parameters for Filter 10 (Grism1 ˘ UV)

55 Parameters for Filter 11 (Bar)

This copyprinted at 11 : 33 AM on 12 - May - 00

33

2.3 Software

2.3.1 Modes

The OM instrument has several overa ll modes. An outline of the f unction of these modes is given below. In addition, both the ICU and DPU have 2 different modes, 1) when theyare runningcode present in the ROM (called `basic´ for the ICU or `Boot Idle´ f or the DPU) or 2) theyare running u plinked code (called `Operational´ for the ICU and

`DPUOS´ for the DPU. The characteristics, inter - relationship and required transitions between the modes, including the individual modes of the ICU and DPU, are given in more detail in the diagram and table overleaf.

2.3.1.1 Off

ICU and DPU are not powered. The Bootstrap Init mode is entered autonomouslyafter power on.

2.3.1.2 Bootstrap Init

The ICU is powered and

1. performs a reset of interf aces.

2. copies required ROM to RAM.

3. initialises the sof tware.

4. sets high voltage port s to zero.

5. turns off the secondarypower.

6. resets the DEMPSU.

7. moves the f ilter wheel close to the blank position (i.e. such that the coarse sensor is seen).

The software then autonomouslyenters the Bootstrap Reset mode.

2.3.1.3 Bootstrap Reset

The ICU is powered. The configuration is in a known state.

If entryto Bootstrap Init was from being powered on or as a result of a Cold Start Instruction to RBI, the ICU autonomouslyenters Basic Mode.

Otherwise, the transition to Basic Mode onlyoccurs after receipt of the Start Instruction to RBI.

2.3.1.4 Initial/Basic

This is the first point at which telecommanding and telemetryare possible. It is possible to move to operational mode from here provided the ICU code has been uplinked since the last cycling of the Keep Alive Po wer. It is onlypossible to uplink ICU code in this mode.

This copyprinted at 11 : 33 AM on 12 - May - 00

34

2.3.1.5 Operational

At this point it is now possible to command and receive telemetryfrom the DPU. The secondarypower is now enabled. There are four sub - modes: Full Safe and Intermediate Saf e, Idle, Scie nce and Engineering and Calibration.

As of release 10 of the software (ECR 086) it is possible to request a transition to anyone of these mode s even if it is the current mode. .

2.3.1.5.1 Saf e

T his has two sub - modes, Full and Intermediate.

2.3.1.5.1.1 Full Safe

A transition to this mode will cause the High Voltages to be in a saf e condition. The f ilter wheel is moved to the blocked position. Should the latter operation f ail for anyreason, as from release 10 of the OM software it is not possible to leave this mode unless the fil ter wheel has been commanded to the blocked position (f ilter wheel absolute position 1200).

It is onlypossible to uplinkthe DPU code in this mode. This must be done before it is possible to move to Idle.

2.3.1.5.1.2 Intermediate Saf e

A transition to this mode will cause the High Voltages to be in a condition wherebyonlythe Cathode voltage is ramped down to zero. The filter wheel is moved to the blocked position.

2.3.1.5.2 Idle

In this mode it is possible to control the High Voltages and download previouslyacquired Science or Engineering

Data. However, as from release 10 of the OM software, anyattempt to ramp up anyhigh voltage will f ail unless the filter wheel is in the blocked position.

2.3.1.5.3 Science

In this mode it is possible to acquire a science image. I t is also possible to control the High Voltages and download

Science Data . However, as from release 10 of the OM software, anyattempt to ramp up anyhigh voltage will fail unless the f ilter wheel is in the blocked position.

2.3.1.5.4 Engineering and Calibration

T his is the onlymod e in which it is possible to move the Dichroic mechanism. Engineering images can be acquired. I t is also possible to control the High Voltages and download Science Data . However, as from release 10 of the OM software, anyattempt to ramp up anyhigh voltag e will f ail unless the f ilter wheel is in the blocked position.

2.3.1.6 Wait State

The OM is powered but the ICU processor is in a halt state. It is possible to perform low - level memorydumps from and patches to the ICU. TM and TC Packets are not processed.

This copyprinted at 11 : 33 AM on 12 - May - 00

35

I N I T I A L

( B A S I C )

( 0 )

O P E R A T I O N A L

O M F M M O D E T R A N S I T I O N S

R E S E T

I N I T

O F F

A U T O N -

O M O U S

C O L D S T A R T :

A U T O N O M O U S ,

W A R M S T A R T :

R B I S T A R T

B O O T S T R A P

R U N N I N G

W A I T

S / C R B I

S U S P E N D

S / C R B I

G O

R O M C O D E

W A T C H D O G K I C K S / C I N I T I A T E D

R E S E T

I D L E

( 2 )

E N G

&

C A L I B

( 4 )

S C I E N C E

( 3 )

S / C I N I T I A T E D

R E S E T

S / C I N I T I A T E D

R E S E T

C O M M A N D

C O M M A N D

C O M M A N D

C O M M A N D

G R O U N D

C O M M A N D

F u l l

S A F E

( 1 )

I n t e r - m e d i a t e

S A F E

( 5 )

C O M M A N D

C O M M A N D

C O M M A N D

This copyprinted at 11 : 33 AM on 12 - May - 00

36

FM Model Mode Characteristics

OFF BOOTSTRAP RUNNING WAIT

INIT RESET BASIC OPERATIONAL

Safe Id le Science Eng.

Full In ter

(0) (1) (5) (2) (3) (4)

Main Power Off On On On On On O On On

DEMPSU Keep Alive

Power

On On On On On On On ON On

OM2 Mode

Off In it Reset Basic Operational Operational Operational Operational ICU CPU is halted

(DEM)

ICU Telecommand

Off No No Yes Yes Yes Yes Yes No

Telemetry

Off No No Yes Yes Yes Yes Yes No

DPU Mode

Off From OFF = Boot Idle els e un changed

Boot Idle Boot Idle Boot Idle or

DPUOS

DPUOS DPUOS DPUOS Unchanged

Command able Off No No No Partial Full Full Full No

Data

Acquisition

Off No No No No No Command able Command able Unchanged

Main

Power

O ff On On On On On On On On

Secondary

Power

Off Off Off Off On On On On Unchanged

Detector

High Voltage

Off Off Off Off Off V cathode zero

On On On Unchanged

Electro - nics

Detector

Electronics

Off Unchanged Off Off On On On On Unchanged

OM2 Therm al

Off Unchanged Off HTR1 +

HTR2 on

Clos ed

Loop

Clos ed

Loop

Clos ed

Loop

Clos ed

Loop

Powered

Heaters stayon

(TM) Flood LED Off Unchanged Off Off Off Off Off Command able Unchanged

Position

Off Unchanged Blocked Blocked Blocked Command able Command a ble Command able Unchanged

Mechan - is ms

Filter

Wheel

Coarse

Sens or

Off Unchanged Available Available Available Available Available Available Unchanged

Fine

Sensor

Off Unchanged Unavailable Unavailable Available Available Available Available Unchanged

Dich roic mechanism

Command able

Off No No No No No No Yes No

37

2.3.2 ICU

2.3.2.1 Overview

T he overall instrument function is provided bythe instrument controller. Its main software functions are as

follows: -

· Configuring the instrument.

· Monitoring for breakdown/fai lure conditions (and safing if required).

· Controlling and monitoring status of, the detector, the telescope power supplyand the DPU

· Incorporating newor modified code modules for itself or the DPU

· Collecting and telemetering. instrument housekeeping and e ngineering packets.

· Accepting, reformattinginto packets and telemetering science data fromthe DPU

· Interfacing with the OBDH for data and commands.

· Monitoring and controllingthe thermal environment.

The ICU software consists of 3 programs : -

BOOTSTRAP This resides in ROM and is copied into RAM f or execution. It is responsible for bringing up the

ICU in a known safe state after turn on or spacecraft initiated reset, from either a cold or warm

start. It also copies the basic state software from ROM to RAM .

BASIC This resides in ROM and is copied into RAM f or execution. Basic will be responsible f or loading

the uplinked ICU operational mode code into RAM, housekeeping and basic thermal control.

OPERATIONAL This is uplinked and will reside in RAM. Operatio nal provides the full f unctionalityof the ICU. It

also allows up - linking of the DPU DPUOS code to provide full OM

2.3.2.2 Bootstrap Code.

T he bootstrap code is described in the Detailed DesignDocument, XMM - OM/MSSL/SP/0205.

XMM - OM User Manual (FM) XMM - OM/MSSL/ML/0008. 5

This copyprinted at 11 : 33 AM on 12 - May - 00

38

2.3.2.3 Basic and Operational Code

2.3. 2.3.1 Summary of T elecommands.

Afull descriptionof the telecommands is givenin T elecommand and T elemetrySpecification (XMM - OM/MSSL/ML/0010). In this manual, we will give a overviewof the telecommands available to assist in the readingof that document, and indicat e whether or not theyare supported in basic or operational mode..

2.3. 2.3.2 St art Task Management Commands.

Sub - System TID

(Hex)

Task Function MFN Basic Operat

- tional

10 Load Centroid Table H5100

11 Load W indowTable H5110

12 Load DPU Deduced W indow Tab le (always running) N/A

Detector 13 Start/(Stop) Detector Integration H5130 No Yes

14 High Voltage Ram p - up/down H5140

18 Start/Reset Camera Head Electronics (Contingency only) H5180

A4 Direct DPU Control (always running) N/A

Digital Process ing Unit (DPU) A5 (Start/Stop) Sc ience Data Acquisition H5250 No Yes

A6 (Start/Stop) DPU Heartbeat W atchdog H5760

Instrum ent Control Bus (ICB) 41 Enable ICB Load Port H5410 Yes Yes

RBI W atchog 50 W atchdog Enable H5510 Yes Yes

60 Move Filter W heel H 5600 No

Telescope Module Power Supply 65 Move Dichroic m echanism H5650 No

(TMPSU) 66 Heater Control (Contingency) H5660 No Yes

67 Heater Control H5670 Yes

69 Turn on/off Switchable Secondary Voltages H5690 Yes

DEM Power Supply Unit (DEMPSU) 80 Reset of DEM - PSU Latchup Protection Circuits/ DPU On H5800 Yes Yes

Housekeeping D0 Enable Housekeeping H5700 Yes Yes

XMM - OM User Manual (FM) XMM - OM/MSSL/ML/0008. 5 39

2.3. 2.3.3 St op Task Manag ement Commands.

Sub - System TID

(Hex)

Task Function MFN Basic Operat

- ional

10 Load Centroid Table H6100

11 Load W i ndow Table H6110 No Yes

Detector 13 (Start)/Stop Detector Integration H6130

14 High Voltage Ram p - up/down H6140

Digital Processing Unit (DPU) A5 (Start/Stop) Sc ience Data Acquisition H6250 No Yes

A6 (Start/Stop) DPU Heartbeat W atchdog H6760

Ins trument Control Bus(ICB) 41 Disable ICB Load Port H6410 Yes Yes

RBI W atchdog 50 W atchdog Disable H6510 Yes Yes

60 Move Filter W heel H6600 No

Telescope Module 65 Move Dichroic m echanism H6650 No

Power Supply 66 Heater Control (Contingency) H6660 No Y es

(TMPSU) 67 Heater Control H6670 Yes

69 Turn on/off Switchable secondary voltages H6690 Yes

DEM Power Supply Unit (DEMPSU) 80 DPU Off H6800 Yes Yes

Housekeeping D0 Disable Housekeeping H6700 Yes Yes

XMM - OM User Manual (FM) XMM - OM/MSSL/ML/0008. 5 40

2.3. 2.3.4 Load T ask Management Commands.

Sub

System

TI D

(Hex)

Associated Start Task FID

(Hex)

Load Task Description MFN Basic Operat - ional

10 Load Centroid Table 00 Load Centroid Table Boundaries H7100

11 Load W indowTable 00 Load W indowTable H7110

12 Load DPU Deduced W indow Table 00 Enable/Disab le Verification H7120

00 Set Acquisition Mode H7130 No Yes

Detector 01 Set Single Event Threshold H7131

13 Detector Integration 04 Set Flood LED Current H7134

05 Enable Frame Tag H7135

06 Camera Running/Halted H7136

14 High Vol tage Ram p 00 Load HV Ramp Param eters H7140

DPU A4 Direct DPU Control 00 Þ FF DPU Comm anding see later No Yes

RBI 50 W atchdog Control 00 Reset W atchdog Param eters H7310 Yes Yes

00 Set Coarse Position Sensor LED Current H7600

01 Set Fine Positi on Sensor LED Current H7601

02 Set Step Rate of Filter W heel H7602

03 Reset Filter W heel Position Counter H7603

0 04 Set Filter Num ber H7604

60 Move Filter W heel 05 Set Absolute Step Position H7605 No Yes

TMPSU 06 Set Relative Step Position H7606

07 Set Num ber of Fine Sensor Pulses H7607

08 Set next move to Datum H7608

09 Set next move to Coarse Sensor H7609

65 Move Dichroic m echanism 00 Set Direction of Dichroic Movem ent H7650

01 Set Step Rate of Dichroi c H7651

66 Heater Control (Contingency) 00 Heater Configuration H7660

67 Heater Control 01 Þ 08 Control Param eters H7671 Þ H7678

ICB 41 ICB Load 00 Load ICB Directly H7410 Þ H7426 Yes Yes

XMM - OM User Manual (FM) XMM - OM/MSSL/ML/0008. 5 41

2.3. 2.3.5 Report T ask Commands.

Read ICB Address Directly

TID Sub - FID MFN Description Basic Operational

(hex) system

47 TMPSU 0 H7440 TMPSU Currents and F/W Coarse Sensor Yes Yes

2 H7452 Digital Electronics Status W ord

3 H7453 Digital Bitmap Datum No Unless

58 Detector 4 H7454 Digital Centroid Ta ble Datum Secondaries Yes

5 H7455 ADC Housekeeping, HV Status, Fine Sensor Enabled

6 H7456 Initiate ADC

2.3. 2.3.6 Mode Change Commands.

50

T C P R O C E S S

X M M - O M I C U B A S I C S / W O V E R V I E W

T M Q U E U E

I C B

S S I

D E M P S U H K

T A S K

M A N A G E R

T M

M A N A G E R

M E M O R Y

M A N A G E R

T I M E

M A N A G E R

C o n t r o l l e r s -

D E T E C T O R

M E C H A N I S M S

T H E R M A L

T M P S U

S c i e n c e / E n g . H K

N H K /

V e r i f i c a t i o n

O t h e r D a t a

C o m m a n d /

C o n t r o l

C o n t r o l &

D a t a

T i m i n g I n f o

R B I

XMM - OM User Manual (FM) XMM - OM/MSSL/ML/0008. 5 51

T C P R O C E S S

X M M - O M I C U O P E R A T I O N A L S / W O V E R V I E W

T M Q U E U E

D P U

C O N T R O L L E R

I C B

S S I

D E M P S U H K

T A S K

M A N A G E R

T M

M A N A G E R

M E M O R Y

M A N A G E R

T I M E

M A N A G E R

C o n t r o l l e r s -

D E T E C T O R

M E C H A N I S M S

T H E R M A L

T M P S U

S c i e n c e / E n g . H K

N H K /

V e r i f i c a t i o n

O t h e r D a t a

C o m m a n d /

C o n t r o l

C o n t r o l &

D a t a

T i m i n g I n f o

R B I

52

2.3.3 DPU

2.3.3.1 Overview

APP - 9 should be consulted for full details on the DPU operation. T his document will confine itself to an overview.

T he detector is a photon - counting system. Estimates of the count rate fromthe field (2e5/sec) implythat for a 1024 x

1024 format image, the bit rate would be 4 Mbit/second. T his grosslyexceeds the available data rate for XMM as a

whole.

T o compress this bit rate, the DPU software stores the images in an accumulating memory, for a time compatible

with scientific objec tives (typically1000 seconds). However, the spacecraft attitude maydrift bymore than one

imagingpixel on these time scales and produce image blurring. It is the primarygoal of the DPU software to

compensate for this.

Asecondaryrequirement is to prov ide hightime resolution data of a reduced set of scientific data. For example,

some X - raytargets will have interestingintensityvariations with time - scale much shorter than an image collection

interval. The data is extracted for limited portions of the image ontime scales from milliseconds to seconds. It must

also provide engineering and housekeeping. In addition, the data is also compressed.

All data types are sent to the ICU for reformatting into packets.

T he diagrams overleaf illustrate the main soft ware components in each processor, their functionalityin each DPU

mode (Boot and DPUOS) and their inter - relationships.

2.3.3.2 Global R AM Map

T he global ram is divided as follows: -

start

(hex) end

(hex) description comment

0 7fff PROC

8000 fffff big word memo ry spilt in half for current and previous exposure

100000 3fffff unused

400000 5fffff pin g - pong area for data acquisition and tracking

600000 6fffff small word memory fast mode data store

700000 7fffff compressed data store

800000 dfffff unused

e 00000 ~e10000 white swap unit codes

e30000 ~e31000 RAM program blue cod es

e50000 ~e53000 code area red codes

e70000 ~e73000 white dpuos cod es

e7ff00 e7ffff loader looku p table

f00000 ffffff ROM code area Addresses at the veryhigh end are reserved byMotorola

53

XMM-OM DPU FLIGHT S/W OVERVIEW

White DSP:

BOOT

DPUOS-w

White Tasks

Red DSP:

DPUOS-r

Red Tasks

Blue DSP:

ISRs

Blue Tasks

Each of the 4 processors (DSP) in the DPU (white, red, blue

1/2) has different software complement and funct ionality.

X M M -O M W h it e D S P B O O T

B oot Manag er

ISR:

B us, SSI, Clock,

W atchd og

Mem ory

A ccess

Su pp ort

C omm and

Proce ssor

D PU Hardw are

D ata I/O :

D ata, Alert,

Priority

A t p ow e r-o n a n d re b o o t, th e D PU is in th e W h ite DS P B oo t sta te .

It su p p orts b asi c co m m a n d p ro ce ssin g a n d pro g ram up l oa d .

XMM-OMWhiteDSP, DPUOS-w

Task Manager

ISR:

Bus, SSI, Clock,

Watchdog, SCI

Memory

Access

Support

Command

Processor

DPU Hardware

Data I/O:

Data, Alert,

Priority

White Tasks

Code

Loader

Undernormal operation, the WhiteDSP is in theDPUOSstate

withfull DPUOS functionality. TheWhite DSPenvironment

supports Ccodes.

54

XMM-OM White DSP, White Tasks

Task Manager/

Code Loader

IDLE

ENGINEERING

FINISH_FRAME

COMPRESS_DATA

TRACK_GUIDE_STARS

CHOOSE_GUIDE_STARS

ACQUIRE_FIELD

INIT_EXP

INITIALIZE

ABORT

FLUSH_COMPRESS

The scientific data processing functionality of theWhite DSP

is performed by a complement of tasks in high-level codes.

These tasks can consists of one or more ^swap units.~

XMM-OM B lue DSP S/W Configuration

ISR: Bus

DPU Hardware

Data Buffering

State change

Fast mode processing

Data output

The Blue DSP software consists of a suite of interrupt service

routines and selectable background tasks. The Blue DSP

environment does not support C codes.

ISR: SCI

ISR: Data

Event processing Engineering mode processing

Background tasks:

XMM-OM R ed DSP, DPUOS-r & Red Tasks

Task Manager

ISR:

Bus, SCI

Memory Access

Support

DPU Hardware

IDLE

ABORT INITIALIZE

ACCUMULATE

The Red DSP software consists of an abridged version of the

DPUOS and dedicated data processing tasks. The Red DSP

environment supports C codes.