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July 9, 2003 Appendix A, Appendix B and Appendix C — XRT changes

Appendix A.15
changed the document number from “XRT-PJ-0028' to
“XRT-PU-028

changed the spare byte in position 57to “Waveform Number”

Appendix A.16
changed the document number from “XRT-P3J-0028' to
“XRT-PYJ-028'

RA and Decdescription changed; Waveform Number added

Appendix B.7
changed the document number from “XRT-PJ-0028' to
“XRT-PYJ-028

changed the spare byte in position 61to “Waveform Number”

Appendix B.8
changed the document number from “XRT-PSJ-0028' to
“XRT-PYJ-028'

Changed to 3 unsegmented CCSDS padkets and del eted segment
from description

Appendix B.9
changed the document number from “XRT-PSJ-0028' to
“XRT-PYU-028

changed the spare bytes (38) in padet #1 to
Centroid X: 4 bytes F1234
Centroid Y: 4 bytes F1234
Sigma: 4 bytes F1234 Standard Deviation of Centroid
Spare: 26 lytes
Changed description of RA and Dec;
Increased size of padet 3 by by 70 bytes — added fields
Appendix B.11
Spare bytes al ocated for additional data
Appendix C.4
Padket is sent every time XRT boots
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Added two UV OT telecommand interface messages in

Appendix A UVOTFWSTART and UVOTFWSTOP Released
by CCR 410.4-176
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1.0 Introduction.

This document describes the onboard science operations concept for observing ggmmaray burst targets and
the messages that are passed between the spacecaft, instrument, and ground subsystems relating to target
ohservations. Thisincludes messages generated for the detection and olservation of Gamma Ray Bursts
(GRBs), and for the observation of Pre-planned Targets (PPTs) and Targets of Oppartunity (ToOs). In
addition to the normal TDRSS“GRB Alert Data Products’ asociated with a GRB, this document also
describes the TDRSSemergency/warning messages that are generated by the spacecaft and the
instruments to alert ground operations personnel of onboard anomalies. These emergency/warning
messages are described in Appendix C.

2.0 Purpose and Scope

The purpose of this document is to addressthe operations concept for performing target observations and
the messages asociated with this process Even though there may be some overlap between this document
and the “Mission Operations Concept Document” being written by Omitron, this document is not intended
to supersede information presented in that document. It is meant rather to add alevel of detail more
conducive to meding the needs of the instrument personnel.

3.0 Reference Documents

(1) Swift 1553Bus Protocol InterfaceControl Document; Spedrum Astro, Inc.

(2) Swift Spacecaft to Payload Telecmmmand ICD; Spedrum Astro, Inc.

(3) Figure of Merit Flight Software Requirements Document; John Ong, NASA/GSFC Code 582

(4) Swift FoM Software Pee Review (1/25/01), NASA/GSFC Code 582

(5) Swift TDRSSMessages; Scott Barthelmy, NASA/GSFC Code 661

(6) Swift Mission Requirements Document; Dave Bundas, NASA/GSFC Code 730

(7) BAT TDRSSAlarm Messages, Scott Barthelmy, NASA/GSFC Code 661

(8) Swift Telemetry Format Standards Document, Louise Bashar, NASA/GSFC Code 582

(9) XRT Telemetry Data Formats, David Burrows, Penn State University

(10) Swift BAT Telemetry Formats, Scott Bathelmy, NASA/GSFC Code 661

(12) Swift InterfaceRequirements Document, Dave Bundas, NASA/GSFC Code 4104

(12) Telemetry and Teleammand Formats For The Swift Ultraviolet Opticd Telecsope, Penn State
University

4.0 Acronym List
ACK Acknowledge (positive response message)

ANS American National Standards Institute
APID Application Processldentifier

AT Automated Target
ATS Absolute Time Segquence
BAT Burst Alert Telescope Instrument

BRDC Broadcast

CCSDS  Consultative Committeefor SpaceData Systems

DEC Dedination

F123 ITOS convention for 32-hit floating paint, ANSI/IEEE 754-1984
F123466781TOS convention for 64-bit floating point, ANSI/IEEE 754-1984

FoM Figure Of Merit Software
FOT Flight Operations Team
GRB Gamma Ray Burst

ICD InterfaceControl Document
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IEEE Ingtitute of Eledricd and Eledronics Engineers
ITOS Integrated Test and Operations System
LDP Large Data Product
MRD Misson Requirements Document

MOC Misson Operations Center
NACK Non-Acknowledge (non-positive resporse message)

NFI Narrow Field Instrument

PPT Preplanned Target

RA Right Ascension

S1 ITOS convention for 8-bit signed hig-endian integer
SAA South Atlantic Anomaly

SCP Stored Command Processor

SOT Science Operations Team

SR Solid State Recorder

ST-PDU  Swift Telemetry Protocol Data Unit

ToO Target Of Oppartunity

Ul ITOS convention for 8-bit unsigned hig-endian integer
Uiz ITOS convention for 16-bit unsigned hig-endian integer
uizs ITOS convention for 32-bit unsigned hig-endian integer
uTC Universal Time Code

UTCF Universal Time Corredion Fador

UVOT  Ultraviolet/Opticd Telescope Instrument

XRT X-Ray Telescope I nstrument

5.0 Science Operations Target Observation Concept

The primary goal of Swift isto observe and study Gamma Ray Bursts (GRBS). The observing strategy is
implemented by uplinking a pre-planned stored command sequence (PPT) from the ground to okserve
afterglows of older GRBs, or by autonomously slewing to okserve anew BAT deteded GRB as direded by
the onboard Figure of Merit (FoM) software. The FoM concept is the dedsion processto enable an entirely
automated resporse to unplanned slew requests to okserve aGRB. The FoM flight software aordinates all
Swift observations, including pre-planned and automated target observations. Upon notification by the
BAT of agammaray burst the FoM can preempt a arrent pre-planned observation and dred the
spacecaft to autonomously slew to observe the GRB. The FoM will use an observation “merit value” to
determine observation priority. The FOM uses a series of operations messages (telecommands and
telemetry) to communicate status to the various Swift components.

This sdion describes the science operations concept for observing pre-planned targets and automated
targets resulting from gamma ray bursts and from target of oppartunity requests. The “AT Obs Messaging’
shed of the chart in Figure 1.0 describes the operational sequence of events and the transfer of messages
that take placefor automated target (AT) observations.
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Figure 11.0 Swift Observation Messaging Charts

(Double click on Excel iconto view AT and PPT Observation Messaging Charts)

ObsMessagingChart_
V1.0.xls
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5.1 Automated Target (AT) Observations

Automated targets are targets resulting from BAT’ s detedion of agammaray burst or from a Target of
Oppartunity (ToO) request via ground command.

5.1.1 Gamma Ray Bursts (GRB) Alert and Position M essages

Gamma Ray Bursts (GRBS) are deteded by the BAT flight software. The BAT flight software antinuously
processes event data from the BAT detedorsin order to identify Gamma Ray Bursts (GRBS). When an
event rate increase which satisfiesits burst trigger criteriais deteded, the BAT generates a burst alert
message to notify the ground that it has deteded a potential GRB. The BAT asdgns a unique Observation
Number (Target | D/Observation Segment combination) to the GRB to identify it. The burst alert message
iscdled BAGRBALERT. The format and content of the burst alert message is described in Appendix B.1.

After aburst aert the BAT flight software will then attempt to determine the location of the burst. The
BAT flight software will construct a GRB pasition message (BAGRBPOSITION) and send it to the FoM
and to the ground viaTDRSS The BAGRBPOSITION message will contain a“Solution Status” field to
indicae whether or not the burst location was succes<ully determined. |If the burst location was
successfully determined, this message will contain position information that the FoM will use when
reguesting aslew to the GRB. The format and content of the BAGRBPOSITION message ae described in
Appendix B.2.

It ishighly desirable that the Malindi contad not be interrupted by TDRSSto generate burst messages for
falsetriggers. Therefore, aMalindi and TDRSSversion of the BAGRBALERT and BAGRBPOSITION
NACK (i.e., no burst position determined) messages are generated. During Malindi contacts the TDRSS
version of these messages can befiltered out by the BAT so that the TDRSS link will not be raised. The
BAGRBPOSITION ACK message (i.€e., burst position determined) will always cause the TDRSSIink to be
raised.

BAGRBPOSITION ACK and NACK messages will use different APIDs. The FoM will only processthe
BAGRBPOSITION message with the ACK APID. If aBAGRBPOSITION ACK message is generated for
the burst the FOM accepts the GRB as a candidate AT for observation.

Sunnary of Events for GRB Alert and Position

» BAT detedsburst alert and sends GRB Aert message to groundvia TDRSSIink (or Malindi if
during aMalindi contact). BAGRBALERT (Appendix B.1)

e BAT succesdully determines burst location ard populates GRB Position message with burst
position and ather burst related information, andissues BAGRBPOSITION ACK message

OR

e BAT can't determine burst location and sets“ solution status’ field in GRB Position message
accordingly, and issules BAGRBPOSITION NACK messge

*  BAT sends GRB Position message to FoM andto ground via TDRSSIink (or Malindi if during a
Malindi contact). BAGRBROSTION (Appendix B.2)

*  FoM procesees BAGRBPOSITION ACK message and GRB bemmes a canddate AT.

5.1.2 Targets Of Opportunity (ToO)

The ground may issue mmmands to request observation of a certain target of interest to the science
community. These ToO command requests are uplinked via TDRSS(or optionally viaMalindi if during a
Malindi contact) and forwarded to the FoM for processng. When the FoM receves the ToO request
command it makes it a candidate AT, and performs the same processes asit would for an AT from aBAT
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deteded GRB. The ToO observation request command is called FOTOOREQUEST and its format and
content are described in Appendix A.2.

Summary of Events for ToO Observation Request

e MOC uplinks ToO observation request via TDRSS (or optionally via Malindi if during a Malindi
contact). FOTOOREQUEST (Appendix A.2)

e Spacecraft routes FOTOOREQUEST command to FoM

*  FoM accepts ToO as candidate AT

5.1.3 Automated Target Merit Evaluation

When the FoM accepts the new target (GRB or ToO) asthe candidate AT, it compares the target’s merit
value with the merit of the aurrent target. The FoM cdculates the merit for GRBs by using the 10 merit
value parameters in the GRB position message and a set of merit weights gored onboard. The merit for
ToOsisassgned by the groundand isincluded in the FOTOOREQUEST command message. If the new
candidate AT is of higher merit than the FoM AT, the candidate AT bewmes the FoM AT. If the new FoM
AT isof higher merit than the arrent target, the FoM will attempt to supersede the aurrent target by issuing
adew request to the new FoM AT.

The FoM will generate the TDRSSFOM20BSAT ACK/NACK message indicating whether or not the new
target has become the FoM AT and whether it will /will not observe the AT based on the merit evaluation.
The instruments can request an update to the merit of an AT (GRB type only) and consequently are-
evaluation of the target’ s merit by the FoM by sending the FOUPDMERITVAL command.

Summary of Events for AT Merit Evaluation

*  FoM receives new candidate AT

e FoM calculates merit if AT isa GRB, or gets merit from FOTOOREQUEST if a ToO

e FoM compares merit of candidate AT to merit of current FoM AT

» |f merit of candidate AT is higher than merit of current FOM AT, candidate AT becomes FoM AT

» If merit of candidate AT is higher than merit of current target (PPT or AT), preempt observation
of current target in favor of new target

* FoM generates FOM20BSAT TDRSS message. (Appendix B.4)

* Instruments (optionally) request AT merit value update. FOUPDMERITVAL (Appendix A.14).

5.1.4 The Automated Target (AT) Slew Request

After the FoM deddes that atarget is of sufficient merit to warrant a lew, it begins communications with
the spacecaft to effea a slew to, and observation of, the new AT. To start the slew processthe FoM sends
a SACSLEWREQUEST message to the spacecaft requesting it to slew to the AT. The format and content
of the SACSLEWREQUEST message ae described in Appendix A.3. The spacecaft responds to the FoM
dew request with a FSLEWREQREPLY message indicating whether it is OK/Not OK to slew to the
requested target. If it is OK to slew to the target, the FSLEWREQREPLY resporse message includes the
amount of time that the target will be viewable. If it isNot OK to slew to the target due to aviewing
congtraint, the FSLEWREQREPLY response message mntains the reason for rejeding the slew request
and the amount of time the FoM should wait before making the slew request again. The format and content
of the FSLEWREQREPLY message ae described in Appendix A.7.

The FoM isauesthe FOSC20BSAT TDRSSmessage in response to the FSLEWREQREPLY from the
spacecaft to notify the ground whether the spacecaft will /will not slew to the AT. The FoM generates this
message only for first time dewsto . The FoM also updates the target attitude with attitude information
from the FSLEWREQREPLY message.
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The FOM may query the spacecraft asto its abili ty to slew to a given target before sending the acual
SACSLEWREQUEST message. The dew inquiry is performed by sending a SACSLEWINFO message to
the spacecaft. The spacecaft will not attempt to perform a slew to the target as aresult of receving this
message. It responds with a FSLEWINFOREPLY message which has the same information as the
FSLEWREQREPLY message. The FOM can use thisinformation to determine when to request aslew to
the target. For example, if aviewing constraint is about to be violated whil e observing an AT and the
spacecaft hasto point to another target, the FOM can use the information from the FSLEWINFOREPLY
message to determine when to request aslew badk to the AT. The format and content of the
SACSLEWINFO and FSLEWINFOREPLY messages are described in Appendices A.4 and A.8
respedively.

Summary of Events for AT Sew Request to Spacecraft

*  FoM setsIS NEW_AT_S EWflag to indicate whether or not thisis a first time slew to this AT.
e FoM requeststhat s/c dew to FOM AT. SACSLEWREQUEST (Appendix A.3)
e SCrespondsto AT slew request (OK/Not OK to slew). FSLEWREQREPLY (Appendix A.7)
*  FoM issues TDRSS message indicating whether spacecraft Will/Will Not slew(only for
IS NEW_AT_SLEW=TRUE). FOSC20BSAT (Appendix B.5)
e FoM updates attitude with attitude info from FSLEWREQREPLY
» |f OK to dew, spacecraft sends out slew warning message to all instruments. S S EWWARNING
(Appendix A.11)
» |f Not Ok to slew, spacecraft continues to observe current target
0 Optionally, FoM sends slew inquiry messageto S/C. SACSLEWINFO (Appendix A.4)
0 SCrespondsto SACS.EWINFO message with FSLEWINFOREPLY message. (Appendix
A.8)
O FoM will consider issuing another slew request when the constraint violation expires.

5.1.5 Instrument Safing For Slews

If the spacecaft is able to dew to the requested target it will broadcast a lew warning message notifying
al instruments that a slew is about to begin. The format and content of the slew warning message
(SISLEWWARNING) are described in Appendix A.11.

Upon receving the slew warning message the UV OT safesitself by setting its detedtor cathode voltage to
zeo. It then responds with the SACSLEWSAFEREPLY message notifying the spacecaft that it has
“safed” itself for the lew. The UVOT has VSSLEWWARNTO seoonds to safe itself and respond with the
SACSLEWSAFEREPLY message. VSS.EWWARNTO is a spacecaft flight parameter that can be
changed in flight. The SACSLEWSAFEREPLY message is described in Appendix A.5. The BAT and
XRT instruments are not required to respond to the spacecaft dew warning message and nospedal safing
adionisrequired on their part in preparation for aslew.

If the spacecaft does not receve the notificaion badk from the UVOT within VSSLEWWARNTO
semnds, the spacecaft aborts the slew and broadcasts a slew aborted (SISLEWABORT) message to all
instruments. The SISLEWABORT message is described in Appendix A.12. If the Slew isaresult of a
viewing constraint, the spacecaft will not abort the slew but will power off the UVOT telescope modue
and continue on with the slew.

The“UVOT Slew Safe Messaging” shee of the chart in Figure 1.0 describes the sequence of events and
the transfer of messages between the spacecaft and UVOT when adew is performed.

Summary of Events for Instrument Safing for Sews:

*  SCissues dew warning message to all instruments. S SLEWWARNING (Appendix A.11)
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» UVOT safesitself by setting the detedor cathode voltage to zero.

* UVOTrespondsto SC with a SACSLEWSAFERER.Y message (Appendix A.5) within
VSSLEWWARNTO seconds

e |IfUVOT resporse recaved within timeout period, s/c performs dew to target

e |IfUVOT resporse nat receved in time (and not viewing constraint)
*  YCisaes sew abat messageto dl i nstruments. S SLEWABORT (Appendix A.12)
*  SC continuestracking previous target

e |f UVOT resporse not receved in time (and viewing constraint isimninent)
*  §C powers off UVOT telescope Modue
*  SC continues dew to safe target

5.1.6 The Slew Process

If the spacecaft receves the SACSLEWSAFEREPLY message from UVOT within the required time or if
aviewing constraint is about to be violated, it then beginsthe slew process Asthe spacecraft dews, it
provides “Slewing”, “Within 10 Arcmins of Target”, and “ Settled on Target” slew status information to all
instruments. Thisinformationis provided to the instruments viathe ACS 5 Hertz message
(SISCATTITUDE). The SISCATTITUDE messageis described in Appendix A.10.

After recaving the 5 Hz message indicating that the slew to the target has begun, the FoM sends out
information about the target to all i nstruments in the “Next Observation Information” message
(FONEXTOBSINFO). The instruments use the information in this message to prepare for target
ohservation. This message is also sent to the ground in BAT/FoM housekeeping telemetry to suppat FOT
timeline reconstruction. The FONEXTOBSINFO message is described in Appendix A.13.

When the FoM receavesthe 5 Hz “ Settled on Target” message, it issues an event message so that the
ground can easily determine (in its event timeline) when the spacecaft settled on the target.

Sumnary of Events for the Sew Process

e SCrecaves SACSLEWSAFERERY message from UVOT. (Appendix A.5)

e SCimnediately beginsto dewto target, andsets“ 1S_ETTLED” field in ACS 5Hz message to false
(0). SISCATTITUDE ( Appendix A.10)

FoM isuues FONEXTOBSINFO message to al i nstruments and add packe to BAT/FoM
housekeging telemetry (Appendix A.13)

e Instruments use FONEXTOBSINFO informationto prepare for target observation.

* SCdewstowithin 10 acmins of thetarget and sets“1S_IN_10 ARCMIN” field in ACS 5Hz message
totrue (1). SSISCATTITUDE ( Appendix A.10)

» |ffirst observation o target (i.e.,, IS NEW_AT_S EW=TRUE), UVOT comrences transient mode
observation

* SCsettlesontarget and sets“1S_FETTLED” field in ACS 5Hz messageto true (1). SSSCATTITUDE (
Appendix A.10)

» FoM isales evant message indicating s/c settled ontarget

* Instruments begin okservation of target and generation of required GRB products

5.1.7 Onboard Automated Target (AT) Observation

When the spacecaft is sttled on thetarget it setsthe“IS SETTLED” flag in the ACS 5 Hz message
(SISCATTITUDE) to true (1), and waits for the next slew request from the FoM. The airrent target
observation can be pre-empted by the FoM at anytime in favor of atarget of higher merit.
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The FoM begins acawmulating the amourt of time spent observing the target (PAST_OBS TIME inthe
FONEXTOBSINFO message). FoM also updates the target position with the positi on information from the
XRTPOSITION (Appendix B.7) telecommand message.

All instruments begin target observation and production of their respedive “GRB Data Products’. The
XRT producesthe “XRT Position” TDRSStelemetry product described in appendix B.7. The XRT also
produces the “XRT Spedrum” and “XRT Image” TDRSStelemetry products described in Appendix B.8
and Appendix B.9 respedively.

The UVOT begins colleding Finding Chart Mode data. Once the XRT paosition datais receved, the
“UVOT Finding Chart” data product is produced and sent down via TDRSS The format and contents of
this message are described in Appendix B.10.

The BAT producesthe “BAT Light Curve” message described in Appendix B.6.

Sumnary of Events for AT target observations.

e IS _ETTLED flagin SSCATTITUDE message set to true (1)
e FoM begin accumulating “ time spent observing thistarget” . (Thisinformationis provided to the
instruments as PAST_OBS TIME field in the FONEXTOBSINFO message).
»  SC waitsfor next dew request from FoM
. AII Instruments begin observing target
UVOT begins colleding Finding Chart Mode data
*  XRT produces“ XRT Position” message and sends to UVOT and BAT/FoM, and sends down via
TDRSS
FoM updaes positi on information with pasitioninfo from XRTPOS TION telecommand message
BAT producesthe “L ight Curve’ data product and sends down via TDRSS
BAT startslooking for new bursts and performing sky surveys
UVOT receaves“ XRT Position” message and poduces“ Finding Chart” data product and sends
down via TDRSS
*  XRT produwes“ Spedrum” and “ Image” burst data prodicts
* If newtarget of higher merit recaved, FOM requests dew to new target which pre-empts current target
if lew request isaccepted by S/IC.
»  Observation d current target completed, FoM direds pacecraft to slew to new target

* % * X

5.1.8 Automated Target (AT) Viewing Constraints

When the FoM makes the initial request to slew to the AT the spacecaft may respond that it cannot slew to
the requested target due to aviewing constraint. It may also slew to the target and then while observing the
target determine that a viewing constraint is about to be violated. Viewing constraints that the spacecaft
considers when rejeding a slew regquest are sun, eath limb, moon, and ram viewing constraints. The
spacecaft does not include the SAA initslist of viewing constraint violations. The spacecaft does
however indicate when it isin the polygon defined for the SAA by setting the IN_SAA_FLAG in the
SISCATTITUDE (ACS 5 Hz) telecommand message to true (1).

If in response to the slew request, the spacecaft responds that the AT is constrained the FoM will use the
WAIT_SECONDS parameter to determine when to request the slew again, and the spacecaft will continue
to olserve the aurrent target. If thisisthe first time viewing of a GRB target, the FoM will issue aTDRSS
message indicating that the spacecaft cannot slew to the AT due to viewing constraints.

If the spacecaft determinesthat it is entering a viewing constraint whil e observing an AT it will send a
FVIEWCONSTRAINT telecommand message to the FOM. This message is described in Appendix A.9.
The FoM will send a SACSLEWINFO telecommand message to the spacecaft to determine when the
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viewing constraint will expire. The FOM then requests that the spacecaft slew to a pre-planned target
(PPT) until the AT viewing constraint expires.

For the viewing constraints discussed above, the FoM will safely dired the spacecaft asto where it should
dew. If no FoM input is provided the spacecaft will slew to asafetarget. The instruments sould foll ow
normal slew safing procedures under these cnditions.

Sincethe SAA is not included in the spacecaft’s list of viewing constraints, the instruments must monitor
the IN_SAA FLAG inthe SISCATTITUDE telecommand message (or use their own SAA determination
scheme) to determine when they arein the SAA. Theinstruments will stop olservations while in the SAA.
The BAT will turn off event generation while in the SAA. The XRT operatesin Null mode while in the
SAA whereit clocks the CCD but does not make any reports. The UVOT will set the detector cahode
voltage to zero, move the filter wheel to blocked, and process the target data obtained up to that point and
send it to the SSR.

Sunmnary of events for AT viewing constraint violations:

e FoM sends request to spaceaaft to dew to AT. SACSLEWREQUEST (Appendix A.3)
 SCrespondsto sew request with FSLEWREQRERLY telecommand message (Appendix A.7)
» |f spaceaaft NACK (can't dew dueto viewing constraint)
*  Spaeaaft continues on current target
*  FoM isaues TDRSSmessage indicating that AT is nat viewable at thistime (issued only onfirst
time dlew to target). FOSC20BSAT (Appendix B.5)
*  FoM uses WAIT_SECONDS parameter to determine when to request the dew agan
*  FoM updaes attitude with attitude info from FSLEWREQRERY
» |If spaceaaft ACK (noviewing constraint) follow normal AT observation scenario (Seesedion 51.7).
. If spaceaaft entering viewing constraint whil e observing anAT
S/C sends FVIEWCONSTRAINT telecommand message to FoM. (Appendix A.9)
FoM sends SACSLEWINFO telecommandto determine when viewing constraint will expire
Spaeaaft responds with FSLEWINFORERY message
FoM requests that spaceaaft dewto PPT
When constraint expires, FOM requests paceaaft dew backto AT. Sets
IS NEW_AT_S EW=False(0).
. If entering SAA;
SCsetsIN_SAA FLAG=true(l) in SSCATTITUDE
BAT turns off event generation
XRT operatesin Null Mode
UVOT sets detedor cathode \oltage to zero, filter whed to bocked, and processes data colleded
up to that point and sendsto SSR

* % F X

* o

*
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5.2 Pre-Planned Target (PPT) Observations

Pre-Planned target (PPT) operations involve the ground scheduling and onboard processng of requeststo
ohserve dterglows from recent GRBs and ather targets that are of spedal interest to the science
community. The scheduling of the observationsis done via the Pre-Planned Target Observation Schedule.
Onboard processngis controlled by the Figure of Merit (FoM) flight software.

This sdion describes the pre-planned target (PPT) operations processfrom the ground scheduling of the
PPT by the flight operations personnel up through the adual ohservation of the PPT by the onboard
instruments.

The“PPT Obs Messaging” shed of the chart in Figure 1.0 describes the operational sequence of events and
the transfer of messages that take placefor PPT observations.

5.2.1 Scheduling Pre-Planned Target (PPT) Observations

Observation of Pre-Planned Targets (PPTs) is sheduled viathe PPT Observation Schedule. The PPT
Observation Schedule is a sequence of individual observation request commands constructed on the ground
by flight operations personnel. PPT observation request commands contain target information such as the
ohservation number (target id and observation segment); the relative merit of the target; the right ascension,
dedination, and roll angles of the target; and the configuration mode for ead instrument. Pre-planned
obhservation request commands are mnstructed as Absolute Time Segquence (ATS) commands. Refer to
Appendix A.1 for adescription of the PPT observation request command.

The Misdon Operations Center (MOC) is responsible for managing the Pre-Planned Target Observation
Schedule. The PPT observation schedule contains commands sufficient to observe up to 7 days of pre-
planned targets. This allowsthe MOC to follow a5 day/8 haur weekly operations shedule. The PPT
ohservation schedule may be updated as necessary to observe dterglows of newly discovered GRBS, or to
ohserve newly discovered targets that are of interest to the science mmmunity.

The PPT observation schedule isincorporated into the flight operations mission timeline and is uplinked
during scheduled Malindi ground contads (or occasionally during TDRSScontads). The PPT observation
reguest commands are stored by the spacecaft Stored Command Processor (SCP) as Absolute Time
Sequence (ATS) commands. The spacecaft forwards the command to the FoM at the gpropriate ATS
time.

Summary of Eventsfor PPT Observation Scheduling:

e MOC Mission Planner (in conjunction with science team) determines which targets to observe
e MOC SOT builds pre-planned target observation schedul e of targets to observe
e MOC FOT incorporates pre-planned target observation schedule into observatory timeline and
generates ATS commands
*  MOC FOT uplinks the observatory timeline during Malindi contact
e PPT commands get stored as ATS commands by S'C stored command processor (SCP)
* |If Newtarget of interest (new GRB, new discovery from another satellite, etc.)
*  MOC SOT updates pre-planned target observation schedule with new target
*  MOC FOT re-generates the observatory timeline and associated ATS command load
*  MOC FOT uplinks updated observatory timeline during Malindi contact
*  New ATSload isactivated (SCP commanded to switch buffers)
e SC sends PPT observation request command to FoM

5.2.2 Pre-Planned Target (PPT) Observation Processing

10
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This section describes the processing that is performed by the various onboard subsystems when a PPT
observation request command is sent from the spacecraft to the Figure of Merit (FoM) flight software. The
onboard processing for PPTsissimilar to the AT processing described in the previous sections with the
following exceptions:
¢ No GRB detection and product generation
¢ PPT requests supersede current FoM PPTs regardless of relative merit
¢+ Generally, the PPT observation schedule should provide continuous PPT target coverage
— Thiscould mean 2-3 PPT targets per orbit as all targets will become constrained at some point
each orbit
— Each PPT should be observable from when it is scheduled until the next scheduled PPT target

PPT dew processing is performed much the same asthe AT slew processing described in sections 5.1.4
through 5.1.6. The messages generated for PPT observation processing are described in appendix A.

Summary of Events for PPT Target Observation

e oM receives PPT observation request command (FOPPTREQUEST) from SC. Appendix A.1
»  PPT request supersedes current FoM PPT and becomes FoM PPT
e FoM compares PPT merit to merit of current AT
e If PPT isof sufficient merit, FOM requests a ew to the PPT. SACSLEWREQUEST (Appendix A.3)
*  SCrespondswith FSLEWREQREPLY indicating whether PPT Ig/Is Not viewable
*  FoM updates attitude with attitude info from FSLEWREQREPLY
» If PPT isnot viewable (error condition) ,
*  SC continues to observe current target
*  FoM generates TDRSS emergency/warning message to notify ground that PPT is not viewable.
FOPPTTARGERR (Appendix C.5)
*  FoM waits for view constraint to expire and then will reconsider requesting the slew again
* If PPTisviewable,
*  SCdewsto PPT. See AT dew processing in sections 5.1.4 through 5.1.6.
*  Instruments observe target and perform required PPT target observations. FoM accumulates time
on target.
*  If constraint entered while observing the PPT (error condition), spacecraft sewsto safe target.
See section 5.2.3

5.2.3 Pre-Planned Target (PPT) Viewing Constraints

Two anomalous conditions associated with the viewing of a PPT may occur. First, the spacecraft may
respond that it cannot slew to the requested PPT due to viewing constraints. This means that the ground
made an error by scheduling the PPT at atime when target viewing is constrained. Even though such an
error may raise some doubt asto the overall validity of the PPT request, the FOM will still request aslew at
alater time based on the WAIT_SECONDS time in the FSLEWREQREPLY message. The spacecraft will
continue to observe the current target (if appropriate), and the FoM will issue a TDRSS emergency/warning
message (FOPPTTARGERR) indicating that the requested PPT is not viewable due to constraints.

Secondly, the spacecraft could enter a viewing constraint while observing a PPT. Asin the case above, this
condition also means that the ground made an error in scheduling the PPT. If the spacecraft is entering a
congtraint while observing a PPT, it sends a FVIEWCONSTRAINT message to the FoM prior to the
congtraint violation. This message is described in Appendix A.9. In this case the FoM will check for a
backup target to slew to, and if no backup target exists (which will likely be the case) it allows a timeout on
its response back to the spacecraft. After the timeout (no response from FoM) the spacecraft sends the slew
warning message to al instruments, slews to a safe target, and updates the ACS 5 Hz message to indicate
that it is now pointing to a safe target. The FoM then sends a TDRSS message (FOSAFEPOINT, Appendix
C.9) indicating that the spacecraft isin "safe point". This condition does not cause a spacecraft safehold
condition.

11



410.4-1CD-0006
Revision 1.03

Sumnary of Events for PPT Viewing Constraint

SC returns "Not Ok to slew" (PPT not viewable) resporse to PPT dew request. FSLEWREQRERY
(Appendix A.7)

FoM issues TDRS Semergency/warning message indicating that PPT is not viewable.
FOPPTTARGERR(Appendix C.5)

S/C continues to observe airrent target

S/C entering constraint whil e observing PPT

S/C sends FVIEWCONSTRAINT message to FoM. (Appendix A.9)

FoM checls for backup target to slew to; times out on response to FVIEWCONSTRAINT if no backup
target exixts

S/C does not receve new target information from FoM so it dewsto a s/c determined safe target

SC natifies all i nstruments of safe target pointing condtion via ACS 5Hz message SSISCATTITUDE (
Appendix A.10).

FoM issues TDRSS FOSAFEPOINT message (Appendix C.6) indicating that the spaceaaft is
pointing to a“ safetarget” .

12
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Table 12. Application ID (APID) Notation.

In cases where the APID is arealy assigned, such as gacecaft telecommands from the “S/C to Payload
Telemmmand ICD”, the atual APID is used in this document. Other messages for which the APID is not yet
assgned are defined in this document relative to a base starting address For example, the BAT TDRSS Burst
Position telemetry message APID is defined as BATpx01  If the valid range of addresses for BAT TDRSS
(BAT+p ) messages starts at 0x180, then the APID of the BAT TDRSS Burst Position message is 0x181 (i.e.,
0x180 + 0x01). This notation allows the flexibility of assgning APIDs in this document that can be eaily
redefined at a later date. The APID for messages described in this document can be dhanged by simply changing
the base starting address

APID DESCRIPTION Valid APID RANGE BASE STARTING
NOTATION ADDRESS
BATgy BAT Red-Time housekeeping telemetry 0x120—-0x17F 0x120
BATp BAT/FoM TDRSSTelemetry 0x180— 0x1DF 0x180
BATc BAT Teleoommand 0x620— 0x63F 0x630
FOM gy FoM Red-Time housekeeping telemetry 0x120—-0x17F 0x130
FoM1p BAT/FoM TDRSSTelemetry 0x180— 0x1DF 0x190
FoM ¢ FoM Telecommand 0x620— 0x63F 0x620
UVTp UVOT ICU TDRSSTelemetry 0x3C0 — 0x41F 0x3C0

13
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