XMM OPTICAL MONITOR

XMM-OM EXAMPLE COMMAND SEQUENCES

Document: XMM-OM/MSSL/TC/0040.01

Distribution:

XMM-OM Project Office R Hunt

ESA PX H Eggel

CSL P Rochus S Roose

Pennsylvania State University S Horner

Royal Greenwich Observatory R Bingham

University College London J Fordham

Mullard Space Science Laboratory N Bray R Card M Carter R Chaudery A Dibbens H Huckle H Kawakami T Kennedy D Self P Smith P Thomas M Whillock

K Mason A Smith

Author: Date:

OM Project Office Date:

Distributed: Date:

MULLARD SPACE SCIENCE LABORATORY UNIVERSITY COLLEGE LONDON Author: H.E.Huckle

ii CHANGE RECORD

Issue Date Comments draft 28 May �96 Draft Issue for comment

iii TABLE OF CONTENTS

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

1.1 Purpose. .............................................................................................................................................................................. 1

1.2 Scope. .................................................................................................................................................................................. 1

1.3 Acronyms and abbreviations. ........................................................................................................................................... 1

1.4 Applicable Documents. ...................................................................................................................................................... 1

2. DIAGRAM NOTES...................................................................................................................2

2.1 Event Traces ....................................................................................................................................................................... 2

2.2 Event Descriptions ............................................................................................................................................................. 2

3. SEQUENCES...........................................................................................................................3

3.1 Example Pointing. .............................................................................................................................................................. 3 3.1.1 Overall Flow Diagram................................................................................................................................................... 5 3.1.2 Acquisition.................................................................................................................................................................... 6 3.1.3 Choose Guide Stars 1.................................................................................................................................................... 8 3.1.4 Accumulate and Track. ................................................................................................................................................. 9 3.1.5 Choose Guide Stars 2.................................................................................................................................................. 10 3.1.6 Move Filter Wheel to Blocked.................................................................................................................................... 11 3.1.7 Science Data Download. ............................................................................................................................................. 12

1 1. Introduction

1.1 Purpose.

The purpose of this technical note is to aid discussion of the optimum way to command the XMM-OM instrument. As such, it describes a number of command sequences that have a specific goal (for example, acquiring a field). It suggests the ground commands and expected responses that would be necessary and details the command and data flows within the instrument that occur as a result.

1.2 Scope.

This release of the document describes an example pointing, based on the description given in APP-5 (see below). It consists of an acquisition phase followed by two exposures using different filters and detector window settings.

1.3 Acronyms and abbreviations.

DPU Digital Processing Unit

F/W Filter Wheel

ICU Instrument Control Unit

OM Optical Monitor

XMM X-ray Multi-Mirror

1.4 Applicable Documents.

APP-1 Telecommand and Telemetry Specification XMM-OM/MSSL/SP/0061

APP-2 ICU-DPU Protocol Definition XMM-OM/MSSL/SP/0014

APP-3 Software Setup for the Blue Detector Electronics XMM-OM/MSSL/SP/0077

APP-4 TMPSU Electrical Specification XMM-OM/IALS/SP/0002

APP-5 User Requirements Specification XMM-OM/MSSL/SP/0030

2 2. Diagram Notes

2.1 Event Traces

1. �Event Trace� diagrams illustrate each command sequence. They illustrate how events flow from one sub-system to another as a function of time.

2. Time increases down the page. 3. A labelled vertical line represents a sub-system. 4. An �event� is

a) a single command/datum moving from one sub-system to another. It is represented by a labelled horizontal arrow, e.g.

Set Acquisition Mode

b) a block of commands or data sent to achieve a single goal (e.g. moving a filter wheel to a specific position). It is represented by a labelled arrowed rectangle, e.g.

Move Filter Wheel Commands

c) a block of data sent as a response to a block of commands i.e. a �handshake� sequence. It is represented by a labelled double arrowed rectangle, e.g.

Handshake Sequence

2.2 Event Descriptions

All �event� names used here are more fully described (except when stated otherwise) in the following documents.

From To Document Ground ICU APP-1 ICU Ground APP-1 ICU DPU APP-2 DPU ICU APP-2 ICU Filter Wheel APP-4 ICU Detector APP-3

3 3. Sequences

3.1 Example Pointing.

The example pointing here consists of an acquisiton phase followed by 2 exposures. In turn, each exposure consists of a choose guide star phase followed by an accumulation and tracking phase. Science data is not available for downlinking until the end of the first exposure. The status of science data, filter wheel and detector during the course of the pointing is summarised in the following table. This example can be generalised to a n-exposure sequence by repeating the �between exposures� and �Exposure 2� (with suitable changes in the uplinked configuration) phases as often as required.

Pointing Phase Associated Command Sequences

Detector Status Filter Wheel

Science Data Status

Windows Resolution Position Priority Regular Acquisition Acquisition Four abutting windows covering the whole detector Low

V Filter - -

Exposure 1 Choose Guide Stars 1 Observer Exposure 1 Downloading - Accumulate and Track Observer requested + guiding High Requested Between Exposures (time permitting)

Move F/W to Blocked

Off Blocked -

Exposure 2 Choose Guide Stars 2

Four abutting windows covering the whole detector Low Observer Requested

Exposure 2 Downloading Exposure 1 Downloading

Accumulate and Track Observer requested + guiding High Post Pointing Move F/W to Blocked

Off Blocked - Exposure 2 Downloading

The Acquisition, Choose Guide Stars (1 and 2) and Accumulate and Track command sequences are illustrated below in the sections of the same name. The (OM internal) command sequences associated with downloading the regular data from the two exposures is illustrated in the �Science Data Download� section.

Notes.

1. This release of the document has assumed a large involvement of the ground in control of the OM. However, it may be possible for the ICU to assume a higher level of autonomy, e.g. it could decide whether to proceed at the end of the Acquisition or Choose Guide Star phases.

2. In this release, the ICU informs ground of critical points in the exposure by forwarding DPU �alerts� as Non-Periodic HK event packets. It may be more appropriate for flags to be set in the housekeeping instead.

3. All the command sequences described below are �success assumed� i.e. there is no discusion of what to do in the event of failure. 4. N.B. The DPU command and alert mnemonics, togther with the code values - and therefore the Task Function Identifiers (FID) - were revised in June �96 to make them more systematic. This release uses these new names and codes. As all documents have yet to be modified to reflect this, �conversion tables� are given overleaf.

4 DPU Alert and Command Mnemonic Conversion Tables

NEW ALERT MNEMONIC OLD ALERT MNEMONIC NEW COMMAND MNEMONIC NEW FID

                                                                          (Hex)
                                                                                     OLD COMMAND MNEMONIC OLD FID

                                                                                                                (Hex)

DA_BAD_CMD DA_BAD_COMMAND IC_ACQUIRE_FLD 32 IC_ACQUIRE_FIELD 25

DA_BEGOF_EXP DA_BEGOF_EXPOSURE IC_CHOOSE_GS 33 IC_CHOOSE_GUIDE_STARS 26

DA_BOTTOM_WHITEDSP DA_RETURN_FROM_WHITE_DSP IC_ENBL_LOAD_CODE 03 IC_ENBL_L_CODE 23

DA_CLK_SYNCH_ERROR DA_CLOCK_SYNCH_ERROR IC_GEN_BAD_CMD_ID 0A IC_GEN_BAD_CID 11

DA_DONE_FLD_DATA DA_ENDOF_FIELD_DATA IC_INIT_DPU 30 IC_INITIALIZE_DPU 2C

DA_ECHO_ICU_CMD DA_ECHO_ICU_COMMAND IC_LOAD_MEM_WDW 2A IC_LOAD_MEM_WIND 22

DA_ENDOF_EXP DA_ENDOF_EXPOSURE IC_LOAD_SCI_WDW 2B IC_LOAD_SCI_WIND 23

DA_EOS_ABORT DA_DONE_ABORT IC_REPORT_TRK 22 IC_REPORT_TRACKING 15

DA_EOS_CALBGD DA_DONE_CALBGD IC_SEL_RAM_BANK 04 IC_SELECT_RAM_BANK 24

DA_EOS_CALDRFT DA_DONE_CALDRFT IC_SEL_SCI_LNK_TST 0C IC_SEL_SCI_LINK_TEST 0F

DA_EOS_CMPRS DA_DONE_COMPRESSION IC_SEND_SCI_CMD 0B IC_SEND_SCI_COMMAND 28

DA_EOS_DLVRDATA DA_DONE_DELIVERDATA IC_SET_EXP_ID 26 IC_SET_EXPOSURE_ID 2B

DA_EOS_DOWINDOW DA_DONE_DOWINDOW IC_SET_EXP_TIME 25 IC_SET_EXPOSURE_TIME 1A

DA_EOS_ENG DA_DONE_ENGINEERING IC_TRACK_GS 34 IC_TRACK_GUIDE_STARS 27

DA_EOS_GETREF DA_DONE_GETREF

DA_EOS_INIT_DPU DA_DONE_INITIALIZE

DA_EOS_LOCATEGS DA_DONE_LOCATEGS

DA_EOS_MAKEAGS_ID DA_DONE_MAKEGS_ID

DA_EOS_RSTR_STARS DA_DONE_RESTORE_STARS

DA_EOS_SCANBS DA_DONE_SCANBS

DA_EOS_SCANGS DA_DONE_SCANGS

DA_EOT_ACQUIRE_FLD DA_ENDOF_FIELD_ACQ

DA_EOT_CHOOSE_GS DA_ENDOF_CHOOSE_GS

DA_EOT_ENG DA_ENDOF_ENGINEERING

DA_EOT_INIT_DPU DA_ENDOF_INIT

DA_EOT_INIT_EXP DA_ENDOF_INIT_EXP

DA_HBEAT DA_HEARTBEAT

DA_SCI_HBEAT_ERROR DA_SCI_HEART_BEAT_ERROR

DA_SCI_RCVR_ERROR DA_SCI_RECEIVER_ERROR

5 3.1.1 Overall Flow Diagram

ACQUISITION

CHOOSE GUIDE STARS 1

CHOOSE GUIDE STARS 2

ACCUMULATE AND TRACK

MOVE FILTER WHEEL TO BLOCKED

POST POINTING

END OF POINTING

SUFFICIENT TIME

No

MOVE FILTER WHEEL TO BLOCKED

Yes

Yes

No

XMM-OM Example Command Sequences XMM-OM/MSSL/TC/0040.01

This copy printed at 03:14 PM on 17-Jul-98

6 3.1.2 Acquisition.

3.1.2.1 Acquisition - Part 1.

Gro und ICU DP U Detector F/W Com m en ts

TC(5,3) S et Acquisition Mode (TID,FID = 13,0) (Low Resolution Windowed) Set Up MIC for full coverage in low res olution. S et Acquisition Mode TC(5,3) Load Window Table P arams (TID,FID = 11,0) (4 - Whole Detector)

TC(5,1) S tart Load Window Table Task (TID = 11)

TM(4,1) Event Report (Window Table Loaded)

TC(5,3) S et Filter Wheel Number (TID,FID = 60,0) (V Filter) Set up the V Filter

TC(5,1) S tart Move Filter Wheel Task (TID = 60)

IC_LOAD_FILT_CONF .. and inform DP U of filter wheel position. DA_ECHO_ICU_CMD TM(4,1) Event Report (Filter Wheel Moved - not documented in APP -1)

TC(5,3) S et Exposure ID (TID,FID = A4,26) Inform OM of exposure number IC_SET_EXP_ID DA_ECHO_ICU_CMD TC(5,3) Load Reference S tars (TID,FID = A4,28) Load Reference S tar Configuration IC_LOAD_REF_S TARS DA_ECHO_ICU_CMD TC(5,3) S et the DP U Frame Time (TID,FID = A4,24) Set the DP U Frame Time IC_SET_FRAME_TIME DA_ECHO_ICU_CMD TC(5,3) P repare DP U for acquiring low res olution data (not in APP -1). Prepare the DPU to accept low resolution data. IC_INIT_EXP DA_ECHO_ICU_CMD

This Command Sequence continues overleaf.

Load Window Table Commands

Move Filter Wheel Commands

XMM-OM Example Command Sequences XMM-OM/MSSL/TC/0040.01

This copy printed at 03:14 PM on 17-Jul-98

7 3.1.2.2 Acquisition - Part 2.

Gro und ICU DP U Detector F/W Com m en ts

TC(5,1) S tart Detector Integration (TID=13) Start the detector integration

S tart Detector Integration

TC(5,3) Initiate Acquire Field (TID,FID = A4,32)

IC_ACQUIRE_FLD Now commence actual acquisition by DPU

DA_ECHO_ICU_CMD

DP U turns on blue dsp data capture

DA_DONE_FLD_DATA and 10 secs later turns it off.

TM(4,1) Event Report (OK to move Filter Wheel)

TC(5,1) S top Detector Integration Task (TID = 13)

S top Detector Integration Stop the Detector Integration

TC(5,3) S et Filter Wheel Number (TID,FID = 60,0) (Filter for Exposure 1) Position F/W for exposure 1 ...

TC(5,1) S tart Move Filter Wheel Task (TID = 60)

IC_LOAD_FILT_CONF .. and inform DP U of filter wheel choice.

DA_ECHO_ICU_CMD

TM(4,1) Event Report (Filter Wheel Moved - not documented in APP -1)

DP U will have started acquisition processing.

DA_EOT_ACQ_FLD It sends out alert upon completion.

TM(4,1) Event Report (End of Acquire Field)

DP _FAQ DP U now sends the acquisition data to the ICU...

TM(15,4) P riority Science Data (Acquisition Data) ..which ’packetises’ it and forwards to ground.

The next Command Sequence executed is "Choose Guide Stars 1"

Move Filter Wheel Commands

XMM-OM Example Command Sequences XMM-OM/MSSL/TC/0040.01

This copy printed at 03:14 PM on 17-Jul-98

8 3.1.3 Choose Guide Stars 1.

Ground ICU DPU Detector F/W Comments

TM(5,3) Set DPU Frame Time (TID,FID = A4,24) (Units = 0.001 secs) Inform DPU of frame time to be used. IC_SET_FRAME_TIME DA_ECHO_ICU_CMD TC(5,3) Set Exposure ID (TID,FID = A4,26) IC_SET_EXP_ID Inform OM of exposure number. DA_ECHO_ICU_CMD TC(5,3) Load Memory Windows (TID,FID = A4,2A) IC_LOAD_MEM_WDW Set up Memory Windows on DPU. DA_ECHO_ICU_CMD TC(5,3) Load Science Windows (TID,FID = A4,2B) IC_LOAD_SCI_WDW Set up Science Windows on DPU. DA_ECHO_ICU_CMD TC(5,3) Set Exposure Duration (TID,FID = A4,25) (Units = Frames) IC_SET_EXP_TIME Set Exposure Duration. DA_ECHO_ICU_CMD TC(5,1) Start Detector Integration Task (TID = 13) Start Detector Integration Start the Detector Integration.

TC(5,3) Enable Choose Guide Stars (TID,FID = A4,33) IC_CHOOSE_GS Enable Choosing Guide Stars Algorithm. DA_ECHO_ICU_CMD

DA_EOT_CHOOSE_GS DPU sends alert when it completes. TM(4,1) Event Report (End of Choose Guide Stars)

TC(5,1) Stop Detector Integration Task (TID = 13) Stop Detector Integration Stop the Detector Integration

DP_WDW Return deduced guide star windows to ICU. TM(4,1) Event Report (DPU Deduced windows available - not in APP-1) Notify Ground the DPU has deduced windows.

TM(15,4) Priority Science Data (Window Data) Forward Data on Windows to Ground.

The next Command Sequence executed is "Accumulate and Track"

XMM-OM Example Command Sequences XMM-OM/MSSL/TC/0040.01

This copy printed at 03:14 PM on 17-Jul-98

9 3.1.4 Accumulate and Track.

Ground ICU DPU Detector F/W Com m ents

TC(5,3) S et Acquis ition Mode (TID,FID = 13, 0) S et up Detector in High Res olution Mode

S et Acquis ition Mode

TC(5,3) S tart Load DP U Deduced W indow Table Tas k (TID = 12)

Load up Detector with DP U Deduced W indows

(extracted from the DP _W DW record

TM(4,1) Event Report (W indow Table Loaded) - s ee Choos e Guide S tars 1)

TC(5,1) S tart Detector Integration (TID=13) S tart the detector integration again

S tart Detector Integration

TC(5,3) Enable Track Guide S tars (TID,FID =A4,34) Enable Accumulation of Image with drift correction

IC_TRACK_GS

DA_ECHO_ICU_CMD

DA_ENDOF_EXP Now wait for end of expos ure alert

TM(4,1) Event Report (End of expos ure) ... and s end it on

TM(5,2) S top Detector Integration (TID=13) Finally, s top the detector Integration

S top Detector Integration

If we are now at the end of Exposure 1, and there is a time gap before the start of Exposure 2, or we are at the end of the pointing if time permits, we now execute Command S equence "Move Filter Wheel to Blocked".

Otherwise we now execute Command S equence "Choose Guide Stars 2"

Load W indow Table Commands

XMM-OM Example Command Sequences XMM-OM/MSSL/TC/0040.01

This copy printed at 03:14 PM on 17-Jul-98

10 3.1.5 Choose Guide Stars 2.

Ground ICU DPU Detector F/W Com m ents

TC(5,3) Set Filter Wheel Number (TID,FID = 60,0) (Filter for Exposure 2) P osition F/W for exposure 2 ...

TC(5,1) Start Move Filter Wheel Task (TID = 60)

IC_LOAD_FILT_CONF .. and inform DPU of filter wheel choice. DA_ECHO_ICU_CMD TM(4,1) Event Report (Filter Wheel Moved - not documented in AP P-1)

TC(5,3) Set Acquisition Mode (TID,FID = 13,0) (Low Resolution Windowed) S et Up MIC for full coverage in low resolution. S et Acquisition Mode TC(5,3) Load Window Table Parameters (TID,FID = 11,0) (4 - Whole Detector)

TC(5,1) Start Loading of Window Table (TID = 11)

TM(4,1) Event Report (Window Table Loaded)

TC(5,3) Prepare the DPU to acquire low resolution data (not in APP _1) P repare the DPU to accept low resolution data. IC_INIT_EXP DA_ECHO_ICU_CMD

We next execute Command Sequence "Accumulate and Track"

Load W indow Table Commands

We now repeat the Choose Guide Stars 1 S equence substituting the Memory W indows, Science Windows , Exposure ID and Frame Time required for Exposure 2

Move Filter Wheel Commands

XMM-OM Example Command Sequences XMM-OM/MSSL/TC/0040.01

This copy printed at 03:14 PM on 17-Jul-98

11 3.1.6 Move Filter Wheel to Blocked.

Ground ICU DPU Detector F/W Com m ents

TC(5,3) Set Filter Wheel Number (TID/FID = 60,0) (Blocked) Move Filter Wheel to Blocked Position

TC(5,1) Start Move Filter Wheel Task (TID = 60)

TM(4,1) Filter Wheel Moved to Requested Filter (not documented in AP P-1)

If we are not in the post-pointing phase, the next Command Sequence executed is "Choose Guide Stars 2"

Move Filter Wheel Commands

XMM-OM Example Command Sequences XMM-OM/MSSL/TC/0040.01

This copy printed at 03:14 PM on 17-Jul-98

12 3.1.7 Science Data Download.

This command sequence commences automatically at the end of exposure 1.

Ground ICU DPU Com m ents DA_DATA_ALERT DP U informs ICU that DD_xxx data is ready.

IC_REQ_DATA ICU reques ts 1 (TBC) record of DP U data. DD_xxx DP U s ends 1 (TBC) record of data.

DA_DATA_ALERT DP U informs ICU that there is more data still to come. TM(15,x) ICU forwards data to ground. Above s equence repeats until...

TM(15,x) DA_DATA_END DP U s ends a DA_DATA_END ins tead of DA_DATA_ALERT.

TM(15,x) ICU then forwards data as las t of current group. If more data to come from this expos ure...

DA_DATA_ALERT DP U informs ICU that DD_xxx data is ready. IC_REQ_DATA ICU reques ts 1 (TBC) record of DP U data. DD_xxx DP U s ends 1 (TBC) record of data.

DA_DATA_ALERT DP U informs ICU that there is more data still to come. TM(15,x) ICU forwards data to ground. Above s equence repeats until...

TM(15,x) DA_DATA_END DP U s ends a DA_DATA_END ins tead of DA_DATA_ALERT.

TM(15,x) ICU then forwards data as las t of current group. Above repeats until no more DA_DATA_ALERT’s .

S cience Data P ackets (S tart of Group 1)

S cience Data P ackets (Middle of Group 1)

S cience Data P ackets (End of Group 1)

S cience Data P ackets (S tart of Group 2)

S cience Data P ackets (Middle of Group 2)

S cience Data P ackets (End of Group 2)

Command S equence

Command S equence