XRT Telemetry Data Formats XRT-PSU-028

XRT TELEMETRY DATA FORMATS

XRT-PSU-028

Author: David Burrows

Version 4.6

Date: 2 November 2000
Rev: 14 October 2002

Version 4.6 Page 1 of 102 14 October 2002



XRT Telemetry Data Formats

XRT-PSU-028

Approved by:

Sgnaure

Date

David Burrows, PSU
XRT Lead

Robert Klar, SWRI
SWRI XRT Software Lead

John Nousek, PSU
Narrow Fidd Instruments Lead

Margaret Chester
MOC Lead

Richard Fink
SDC Software Support

Frank Marshdl
Ground Systems L ead

Version 4.6

Page 2 of 102

14 October 2002



XRT Telemetry Data Formats XRT-PSU-028
REVISION SUMMARY
REV | RELEASE DATE BRIEF DESCRIPTION/REASON FOR CHANGE AFFECTED
1.0 | 02 November 2000 | Initia release. All
1.3 | 15 December 2000 | Updated to include MSSL comments
14 Small changes
15 1 March 2001 Changed definition of Postage Stamp message, added content, All
including Mode Change message, new RT messages requested
by SwRI, and science data formats
16 15 March 2001 Changes suggested by Rob Klar, SwRI. All
1.7 21 March 2001 Updated entire document, added T/M |I/F Test Message, added All
CCD Frame Headers
2.0 23 March 2001 Revisions based on SWRI meeting: added XRT State, Changed
XRT Mode flag values, deleted some CUBIC status HK that are
no longer relevant, etc.
21 3 April 2001 Changed definition of tertiary headers to match proposal from All
Louise Bashar.
22 10 April 2001 Changed definition of Science Observation Header structure, All
deleted severd telemetry formats. Major update
3.0 21 April 2001 Revised to match new ACS Telecommand format and to permit 8-13,15,21,
Science Data to be sent to S/IC asit is collected instead of as 25,27,29,35,
37,46,48,49,
51-52,55,58
3.1 15 May 2001 Added support for TRDRSS HK messages
3.2 7 August 2001 Corrected errors identified by Rich Fink; updated for CDR; up- | Too many to
dated for new Target 1D definition; revised science data formats ligt
to smplify flight software
3.3 10 August 2001 | Revised data formats to smplify flight software All
34 2 October 2001 Cleaned up, release version All
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1 OVERVIEW

This document defines the data formats for the Swift X-ray Telescope (XRT). All XRT data are
transferred as GQCSDS packets across the MIL-STD-1553 data bus. All XRT telemetry data are
formatted as Swift Telemetry Protocol Data Units (ST_PDUs), which are defined in section 4.8
of the Swift 1553 ICD (document 1143-EI-S19121). The forma of an ST _PDU is shown in
Figure 1 (taken from Figure 46 of the 1553 ICD). An ST_PDU begins with a 2 byte Transfer
Request Counter, which is incremented whenever new data are presented on the 1553 data bus.
This is followed by exactly 958 bytes of data, formatted as one or more CCSDS packets (also
referred to as CCSDS Path Protocol Units, or CP_PDUs). CP_PDUs may not be split across

ST PDUs. As shown in Figure 1, ST-PDUs are zero-filled following the end of the last

CP_PDU (shown as a packet header and telemetry data pair in Figure 1).

1
|4— word —v| Instrument Telemetry Packet
;;anus:ztr Packet | Telemetry [ Packet | Telemetry | Packet | Telemetry Zero-filled Trailing
a Header Data Header Data Header Data ; Bytes
Counter F
Instrument RT 32 words 32 words 12 * 32 words 32 words _’|
SA 11 SA 12 SA13-SA24 SA 25

(SA11) 32 TIm words 4—:_’_’_’//
(SA12) 32 Tlm words
(SA13 - SA24)

12 * 32 Words

(SA 25) 32 TIm words

Figure 1. Swift Telemetry Protocol Data Unit structure

1.1 CCSDSPath Protocol Data Unit

Fgure 2 illugtrates the structure of the Swift CCSDS telemetry packet, which is described in de-
tall in the following paragraphs (quoted verbatim from the Swift 1553 ICD).

CCSDS PACKET HEADER APPLICATION DATA FIELD
PACKET SEQUENCE SECONDARY /W
PACKET IDENTIFICATION CONTROL HEADER
VERSION|TYPE| SEC. |APPLICATION | spouencH SEQUENCE [ PACKET | paTA cOLLECTION APPLICATION
NUMBER HDR. [PROCESS FLAGS COUNT LENGTH [ 1jmMESTAMP SUB- DATA
FLAG |ID SECONDS SECONDS
3 1 1 11 2 14 16 32 16 /\/\/
16 BITS 16 BITS 16 BITS 48 BITS (VARIABLE)

Figure 2: CCSDS Telemetry Packet Structure
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1.1.1 Primary Header Format
The CCSDS Primary Header shdl congst of 6 bytes subdivided into the following fields shown
inTablel. [CCSDS 701.0-B-2 (Blue Book), Section 3.3.3, page 3-12].

Table 1: CCSDS Primary Header Format

Field Name Sub-Field Name #Bits #Bytes
Packet |dentification Version Number 3

Type 1

Secondary Header Flag 1

Application Process ID 11 2
Packet Sequence Control | Sequence Flags 2

Packet Name or Sequence Count | 14 2
Packet Length 16 2
TOTAL 48 6

1.1.2 Packet |dentification Field
The packet identification shdl be two bytesin length and shal consst of 4 fidds.

1.1.2.1 Version Number Sub-field
The Verson Number sub-field shal be set to 000B, signifying the Verson 1 CCSDS Packet.

1.1.2.2 Type Sub-field
The Type Sub-fidd bit shdl be sat to the vdue OB for tedlemetry packets, and 1B for telecom
mand packets.

1.1.2.3 Secondary Header Flag Sub-field
The Secondary Header Flag sub-field shall be set to 1B indicating that a secondary header exisis.

1.1.2.4 Application Processor Identifier Sub-field
The Application Processor Identifier sub-field shall be used to address commands to different
subsystems of the spacecraft and identifies different telemetry packets. Assgnments of Applica
tion Process Identifier (APIDs) for the Swift XRT are shownin Table 4.

1.1.3 Packet Sequence Control Field.
The Packet Sequence Control fied shal be two bytes in length and shal contain a Sequence Flag
subfield and a Sequence Count subfield.

1.1.3.1 Sequence Flags Sub-field.
For telemetry, the Sequence Flags sub-fidd shdl be set according to the type of data contained in
the telemetry Packet Data field. These flags may be et to indicate that the telemetry Packet Data
field isasegment of alarger set of gpplication data.

The encoding of the Sequence Flagsis asfollows:
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00 = Packet Data field contains a continuation segment of application data.
01 = Packet Data field contains the first segment of application data.

10 = Packet Data field contains the last segment of application data.

11 = Packet Data field contains unsegmented application data.

For tdemetry packets, the S/IC will ignore the Sequence Hags sub-fidd and route the telemetry
packet unaltered to the appropriate destination, based on the telemetry packet's APID. The
ground shdl have the respongbility of recondructing the larger, unsegmented tdlemetry packet
from multiple segmented tdlemetry packets. The maximum length of a recondructed telemetry
packet is 64K, which is the maximum alowable by CCSDS standards. The insrument sets the
packet header Packet Sequence Flags sub-fidd to control the recongtruction of the larger teleme-
try packet. To transfer alarge telemetry packet, an ingrument shal:

a) appropriately set the Sequence Flags sub-field in the header of each segmented packet;

b) transmit al segmented packets using the same APID;

c) increment the Packet Sequence Count sub-field in the header of each segmented packet

Although any tedemetry packet may be segmented, the ground syslem may not be able to cor-
rectly decomutate segmented telemetry data for red-time display. Therefore, for dl red-time te-
lemetry, the Sequence Hags sub-fidd shdl be st to 11B to indicate that the data fidd is unseg
mented.

1.1.3.2 Packet Sequence Count Sub-field
For telemetry packets, the Packet Sequence Count sub-fidd shdl contain a draght sequentid
count (modulo 16384) which numbers each CP_PDU generated on a particular APID. This field
must be used for segmented tdecommands. This fidd can be ignored for unsegmented telecom:
mands.

1.1.4 Packet Length Fied

The Packet Length fidd shdl contain the length (in bytes) of the remainder of the data Structure
that is enclosed between the first bit of the Application Data fidd and the lagt hit of the Packet
(i.e, the last bit of the Application Data fied).

Thefield is expressed asfollows.

Packet Length = {(Number of Bytesin Application Data Field) — 1} .

1.2 Standardized Swift Telemetry Secondary Header

Every tedemetry packet shal contain a secondary header conssting of the time a which the te-
lemetry packet is transferred to the C&DH system via the 1553 bus. This secondary header con
dgts of a 32-hit big-endian seconds fidd, and a 16-hit big-endian sub-seconds fidd. Each incre-
menta count in the sub-seconds field represents 20 microseconds, and after one second the count
rolls over from 49999 to 0. Figure 2 illustrates the structure of the telemetry packet.
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1.3 Standardized Swift Telemetry Tertiary Header

Every XRT dandard tdemetry packet shdl contain a tertiary header conssting of the Observa-
tion Number, data collection time and UTC updates (dl unsigned integers). The Observation
Number consigts of a 24 hit Target ID and an 8 bit Observation Segment, as defined by Frank
Marshdl's TargetlD document and the Swift Instrument Telemetry Format Standards.  The for-
mat of the Tertiary Header isshown in Table 2.

Table2: XRT Telemetry Tertiary Header For mat

ITEM Size (bytes) | Comments

Observation Segment 1 Observation Segment ID assigned by FoM
Target ID 3 Unique ID of this Target, assigned by FoM
SC Time Sec 4 Spacecraft Time of Data Collection

SC Time Subsec 2 XRT Timein subsec (units of 20 )

UTC Ddta Sec 4 UTC Caorrection of packet creation time
UTC Ddta Subsec 2 UTC Caorrection of packet creation time

Version 4.6
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Graphicaly, this sructure is shown in Figure 3.

CCsbs Tertiary Data Checksum
Har Header
(! 4 L

-

Obser -
vation ~ Target

Segment ID Seconds Subseconds  Seconds Subseconds
3 8 8 3 g 8
Bytes Bytes <« Bytes  Bytes , o Byts = Bytes,
Start Science Time UT Correction
k (SIC Time) _’/

Swift Standard Tertiary Header

Figure 3: Standard Telemetry Products Format
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1.4 LargeDataProducts

Standard telemetry products can accommodate up to 64 Kbytes of data, usng segmented CCSDS
packets. Larger data products require the use of the Swift Large Data Products protocol.

The XRT utilizes the Swift Large Data Products Format to telemeter its science data. We m+
plement the Large Data Products (LDP) as described in the Swift Insrument Telemetry Format
Standards (410.4-SPEC-0030). The format of the LDP is shown in Figure 4. For the XRT, each
Observation Buffer, which contains dl of the science data for a sngle Observaion of a given
Target, is telemetered as a single LDP of up to severd Megabytes in sze. Within each ST_PDU,
the LDP gructure consigts of a four byte LDP Header followed by TBD bytes of data. The LDP
Header format, shown in Table 3, uniqudy identifies the location of each ST _PDU within this
data stream.

Product No Page No
CCSDSHdr l l File Header File Data Checksum
] a g l g
g E 4 |
£ >
g |
2 P P  —
L e e ————}
& T
I I ?:
| |m+1| 2
iociiliel ?
Page 3 —
Page 4 —>| 3
Pagen-1 — [ }
Page n — | |
Figure 4. Large Data Product structure (overview)
Table 3: XRT Large Data Structure Header For mat
ITEM Size (bits) | Comments
Product Number 16 Unique ID # for thisLDP
Page Number 16 Sequential Page # within this LDP
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Each large data product can be referred to as a file, which begins and ends with a header (the
second copy is for redundancy). The header begins with a standard header format consisting of
the number of pages in the file followed by the Swift Tertiary Header. This standard header may
be followed by a nongtandard, instrument-specific header. The XRT tdlemetry formats use the
nonstandard header for all LDPs. The File Header format is shown in Figure 5.

Standard Non- Standard
4—p <

\{

Total ~ Obser-

Pages Vvation Target

In Eile Segment ID Seconds Sub Seconds Seconds Sub Seconds

+ 8 4 g g g g g
2Bytes 1Byte  3Bytes 4Bytes 2 Bytes 4 Bytes 2 Bytes
Start Science Time Start Science Time
\ (SIC Time) (UTCF) _/
Standard Tertiary Header

Figure5: Large Data Product File Header Format
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1.5 XRT AP_ID assignments

XRT data packets are identified by AP_IDs in the range 0x480 - Ox59F (from 1143-El-
S19121, Swift 1553 ICD, Table 42). There are three fundamental data types produced by
the XRT: TDRSS packets, Red-time Tdemetry packets, and Solid-State Recorder (SSR)
packets. These are identified by their AP_Ids, as shown in Table 4. We describe each in

turn.

Table 4: XRT Ap_ID Assgnments

Data Type APID Range # APIDs
Real-time telemetry 0x480 — Ox4DF 96
TDRSS tdlemetry Ox4EO0 — Ox53F 96
SSR telemetry 0x540 — Ox59F 96
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XRT Red-Time Tdemetry data packets are identified by AP _IDs in the range 0x480 - Ox4DF
(from 1143-EI-S19121, Swift 1553 ICD, Table 4-2). There are severd didtinct types of XRT
Redl- Time Telemetry Data Packets, each with adifferent AP _ID, asshownin Table5.

Table5: XRT Real-Time Telemetry Packets

APID Message Type Message Size (bytes)  # Packets
0x480 XRT Sartup 230 1
0x481 XRT Memory Status 108 1
0x482 XRT Task Status 230 1
0x483 XRT ErrordEvents 230 1
0x484  XRT Andog HK 230 1
0x485  XRT Periodic Processing 108 1
0x486 XRT Mode Change 60 1
0x487  XRT Memory Dump Vaiadle 1
0x488 XRT Command Statigtics 230 1
0x489 XRT Command Echo 94 1
Ox48A XRT Telemetry Test 230 1
0x48B XRT Tube Heater Control 230 1
0x48C XRT CCD Interface 90 1
0x48D XRT TEC PS Status 120 1
0x48E XRT Baffle Heater Control 80 1

These messages are routed to the S/IC C&DH system for inclusion in the SC Red-Time Tdeme-
try. During ground contects, these data are available in red time. These messages ae a0
placed in the Solid-State Recorder by the Swift C&DH subsystem as part of its housekesping

data. Each of these messagesis described further in the following sections.

All RT Telemetry Peackets can aso be transmitted through TDRSS. See Section 3.6 for more

information.

All multi-byte fields in XRT telemetry records are in big-endian order: MSB,LSB for two byte

fields; MSB(3), Byte2, Byte 1, LSB(0) for four-byte fields.
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21 XRT Startup Message

The XRT initigtes a Built-In Test (sdlf-test) on startup and produces a diagnostic message to 1le-

port the results. The structure of this messageis shown in Table 6.

Table 6: Contents of XRT Startup Message

ITEM

Size (bytes) Comments

CCSDS Header Packet ID

CCSDS Header Seg. Cntrl
CCSDS Header Packet L ength

2

0x0C80 (See Section 4.1.1 and Figure 4-7 of the
1553 I1CD. AP_ID = 0x480)

TIXXXXXXXXXXXXXXB

Ox00DF

CCSDS Secondary Header

Time of CCSDS packet formation

Observation Segment

Target ID

S/C Clock Time at Last Boot
UTC Delta

Observation Segment assigned by FoM
Unique ID of this Target, assigned by FoM
S/C Clock Time at Last Boot

UTC Correction

Boot Configuration Index
Boot Count

LE Task ID

LE Vector Number

LE Stack Pointer

LE Vector Offset

LE Errno

LE Data Access Register

LE DS Interrupt Status Registel

Boot Configuration Index

Boot Count

Last Exception Task ID

Last Exception Vector Number

Last Exception Stack Pointer

Last Exception Vector Offset

Last Exception Errno

Last Exception Data Access Register

Last Exception Data Storage Interrupt Status Reg.

LE FP S& C Register
LE External Interrupt Mask 0O
LE External Interrupt Mask 1

Last Exception Floating Pt. Status and Control Reg.
Last Exception External Interrupt Mask Register 0
Last Exception External Interrupt Mask Register 1

Skip BIT Flag
Cleared Memory Size
CPU Bus Speed

AP DMAELAEAEDMDDDMNOO®WER|IOOINMDN

Skip BIT Flag
Cleared Memory Size
CPU Bus Speed
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Table 6: Contents of XRT Startup Message (cont.)

Checksum of BCO (Stored)
Checksum of BCO (Calculated)
BC1 start address

BC1 end address

BC1 copy address

BC1 entry address

Checksum of BCL1 (Stored)
Checksum of BC1 (Calculated)
SCA Checksum (Stored)

SCA Checksum (Calculated)
ACA Checksum (Stored)

ACA Checksum (Calculated)

Ngbb#b#b#bhhhhhhhbhbh

ITEM Size (bytes) Comments

BCO start address Beginning Address of BCO in EEPROM

BCO end address Ending Address of BCO in EEPROM

BCO copy address Addressin DRAM to copy BCO on boot

BCO entry address Addressin DRAM to begin execution of BCO

Checksum of BCO (Stored)

Checksum of BCO (Calculated)

Beginning Address of BC1 in EEPROM
Ending Address of BC1 in EEPROM
Addressin DRAM to copy BC1 on boot
Addressin DRAM to begin execution of BC1
Checksum of BC1 (Stored)

Checksum of BC1 (Calculated)

System Config. Area Checksum (Stored)
System Config. Area Checksum (Calculated)
Application Config. Area Checksum (Stored)
Application Config. Area Checksum (Cal cul ated)

EEFS Checksum (Stored) EEPROM File System Checksum (Stored)

EEFS Checksum (Cal cul ated) EEPROM File System Checksum (Cal cul ated)
Summary of BIT results Summary of BIT results

DRAM BIT results 1 bit per 256K B block, 0-128MB

Checksum

Total 230
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XRT Memory Status M essage

The XRT continuoudy scrubs DRAM to correct bit-errors caused by SEUs.  Scrubber Statistics

are reported at a low rate (nomina period of 254 seconds).

The dructure of the message is

shownin Table 7.
Table 7: Contents of Memory Status M essage
I TEM Size (bytes) Comments
CCSDS Header Packet ID 2 0x0C81 (See Section 4.1.1 and Figure 4-7 of the
1553 1CD. AP_ID = 0x481)
CCSDS Header Seg. Cntrl 2 TIXXXXXXXXXXXXXXB
CCSDS Header Packet Length 2 0x0065
CCSDS Secondary Header 6 Time of CCSDS packet formation
Observation Segment 1 Observation Segment assigned by FoM
Target ID 3 Unique ID of this Target, assigned by FoM
S/C Clock Time at Last Boot 6 S/C Clock Time at Last Boot
UTC Delta 6 UTC Correction
RSC Single-Bit Error Count 4 RSC Single-Bit Error Count
Last 2 RSC Single-Bit Errors 8 Last 2 RSC Single-Bit Error Locations
RSC Multiple-Bit Error Count 4 RSC Multiple-Bit Error Count
Last 2 RSC Multiple-Bit Errors 8 Last 2 RSC Multiple-Bit Error Locations
Double Words read 4 Cumulative count of double-words read by scrubber
EDACTCB 22 EDAC Memory Scrubber Task Control Block
Log TCB 22 VxWorks® Log Task Control Block
Spares 6
Checksum 2
Total 108
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XRT Task Status Message

The XRT will monitor the satus of the Hight Software (FSW), and will produce a low-rate
packet describing the FSW task status (at a nominal period of 254 seconds). The dructure of the

messageisshown in Table 8.

Table 8: Contents of XRT Task Status M essage

I TEM Size (bytes) Comments

CCSDS Header Packet ID 2 0x0C82 (See Section 4.1.1 and Figure 4-7 of the
1553 1CD. AP_ID = 0x482)

CCSDS Header Seg. Cntrl 2 TIXXXXXXXXXXXXXXB

CCSDS Header Packet Length 2 0xO00DF

CCSDS Secondary Header 6 Time of CCSDS packet formation

Observation Segment 1 Observation Segment assigned by FoM

Target ID 3 Unique ID of this Target, assigned by FoM

Data Collection Time 6 S/C time of data collection

UTC Delta 6 UTC Correction

Exception Handler ID 4 Exception Handler Task Control Block - Task ID

Exception Handler Status 1 Exception Handler TCB - Status

Exception Handler Stack Pointt 4 Exception Handler TCB - Stack Pointer

Exception Handler Program Cr 4 Exception Handler TCB - Program Counter

Exception Handler Delay 4 Exception Handler TCB - Delay

Exception Handler Priority 1 Exception Handler TCB - Priority

Exception Handler Errno 4 Exception Handler TCB - Errno

PPTCB 22 Periodic Processing Task Control Block

CCM TCB 22 Command and Control Task Control Block

SCUI TCB 22 SCU Interface Task Control Block

DCCTCB 22 Data Collection Control Task Control Block

CCD TCB 22 CCD Interface Task Control Block

ERP TCB 22 Event Recognition Processor Task Control Block

TAM TCB 22 Telescope Alignment Monitor Task Control Block

Shell TCB 22 VxWorks® Shell Task Control Block

Spares 2

Checksum 2

Total 230
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24  XRT Errors/Events M essage

The XRT will generate an XRT ErrorgEvents Message when one or more errors is detected
in one of the running tasks or an event (such as a memory upload) completes. The message
can be generated at a high rate (nominal period of 10 seconds). The structure of the message
isshownin Table9.

Table 9: Contentsof XRT ErrorsgEvents M essage

I TEM Size (bytes) Comments

CCSDS Header Packet ID 2 0x0C83 (See Section 4.1.1 and Figure 4-7 of the
1553 1CD. AP_ID = 0x483)

CCSDS Header Seqg. Cntrl 2 TIXXXXXXXXXXXXXXB

CCSDS Header Packet Length 2 0x00DF

CCSDS Secondary Header 6 Time of CCSDS packet formation

Observation Number 1 Observation Number assigned by FoM

Target ID 3 Unique ID of this Target, assigned by FoM

Data Collection time 6 Spacecraft time when error occurred.

UTC Delta 6 UTC Correction

Current Error Count 4 Count of Errorg/Eventsin this Packet

Cumulative Error Count 4 Cumulative Count of Errors/Events

Last 48 Error/Event Numbers 192 Last 48 Error/Event Numbers
Checksum 2
Total 230
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The XRT will monitor 120 andog input channds with 12-bit precison with a commandable
sampling frequency. The structure of the messageis shown in Table 10.

Table 10: Contentsof XRT Analog HK M essage

ITEM Size (bytes) Type Comments
CCSDS Header Packet ID 2 Ul 0xOC84 (See Section 4.1.1 and Figure 4-7 of
the
1553 1CD. AP_ID = 0x484)
CCSDS Header Seg. Cnirl 2 Ul TIXXXXXXXXXXXXB
CCSDS Header Packet Length 2 Ul OxOODF
CCSDS Secondary Header 6 Time of CCSDS packet formation
Observation Segment 1 Ul Observation Segment assigned by FoM
Target ID 3 Ul UniqueID of this Target, assigned by FoM
Data collectiontime 6 S/C time of data collection (or error)
UTC Ddta 6 UTC Correction
RA 4 FP RA (J2000) of pointing direction (degrees)
Dec 4 FP Dec (J2000) of pointing direction (degrees)
Roll 4 FP Roll angle (degrees)
Bilevel ACS Status:
Bit0: IS_SETTLED (LSB)
ACSFlags 1 BY Bit 1: IS_IN_10_ARCMIN
Bit 2: IN_SAA_FLAG
Bit 3: IN. SAFE MODE
XRT State;
XRT State 1 By  Oxdl:Auto
0x22: Manual
0x44: Red
XRT Readout Mode For Last CCD Frame:
1 =Null 6 = Windowed Timing
2 = Short Image 7 = Photon-Countin
XRT Mode Flags 1 BY 3 =Long Imagge 8 = Raw Data ’
4 = Piled-up Photodiode 9 = Bias Map
5 = Low Rate Photodiode 10 = Stop
XRT Waveform 1 BY CCD Waveform ID
Count Rate 4 FP Count Rate measured by ERP
Andog HK 180 120 channels of 12 bit housekeeping data
Checksum 2 Ul
Total 20 pBy=Byte FP=Floating Point
Ul = Unsigned Integer
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2.6 XRT Periodic Processing M essage

This message includes information about the Periodic Processng software.  The message is nor-
mally only sent by diagnostic command. The dructure of the messageis shown in Table 11.

Table 11: Contents of XRT Periodic Processing M essage

ITEM

Size (bytes) Type Comments

CCSDS Header Message ID 2 Ul 0x0C85 (See Section 4.1.1 and Figure 4-7 of
the

CCSDS Header Seq. Cnitrl 2 Ul TIXXXXXXXXXXXXXXB

CCSDS Header Message Leng 2 Ul  0x0065

CCSDS Secondary Header 6 Time of CCSDS Message formation

Observation Segment 1 Ul Observation Segment assigned by FoM

Target ID 3 Ul Unique ID of this Target, assigned by FoM

UTC_SECONDS #1 4 Ul UTC Timein seconds

UTC_SUBSECONDS #1 2 Ul UTC Subsecondsin units of 20 us (0-49999)

UTC Delta Sec 4 Ul UTC Correction

UTC Deta Subsec 2 Ul UTC Correction

Range Table Address 4 Ul Address of table for range checking

Health Table Address 4 Ul Address of table for task checking

Anaog HK Table Address 4 Ul Address of Analog HK data structure

Error Count 4 Ul Cumulative count of Errors/Events

Send Test Message 1 BY Boolean - Send Test Data

Send to TDRSS 1 BY Boolean - Echo Messagesto TDRSS?

Use Tertiary Header 1 BY Boolean - Add tertiary header?

Use Hard Defaults 1 BY Boolean - Were hard-coded defaults used?

TEC Rate 2 Ul Ratein seconds

TEC Offset 2 Ul Offset in seconds

THC Rate 2 Ul Ratein seconds

THC Offset 2 Ul Offset in seconds

BHC Rate 2 Ul Rateinseconds

BHC Offset 2 Ul Offset in seconds

TAM Rate 2 Ul Rateinseconds

TAM Offset 2 Ul Offset in seconds

Startup Message Rate 2 Ul Rateinseconds

Startup Message Offset 2 Ul Offset in seconds

Memory Status Msg Rate 2 Ul Ratein seconds

Memory Status Msg Offset 2 Ul Offset in seconds

Task Status Rate 2 Ul Ratein seconds

Task Status Offset 2 Ul Offset in seconds
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Table 11: Contents of XRT Periodic Processing M essage (cont.)

Error/Event Message Rate 2 Ul Ratein seconds
Error/Event Message Offset 2 Ul Offset in seconds
Anaog HK Message Rate 2 Ul Ratein seconds
Anaog HK Message Offset 2 Ul Offset in seconds
Command Statistics Msg Rate 2 Ul Ratein seconds
Command Statistics Msg Offs. 2 Ul Offset in seconds
THC Message Rate 2 Ul Ratein seconds
THC Message Offset 2 Ul Offset in seconds
Periodic Processing Msg Rate 2 Ul Ratein seconds
Periodic Processing Msg Offs. 2 Ul Offset in seconds
CCD Message Rate 2 Ul Ratein seconds
CCD Message Offset 2 Ul Offset in seconds
X _DUMP_RATE 2 Ul Ratein seconds
X_DUMP_OFFSET 2 Ul Offset in seconds
Spares 2
Checksum 2
Total 108 BY =Byte

Ul = Unsigned Integer

FP = Floating Point
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The XRT will generate an XRT Mode Change Packet whenever it changes observ-
ing/reporting modes. The structure of the messageis shown in Table 12.

Table 12: Contents of XRT Mode Change M essage

ITEM Size (bytes) Type Comments
CCSDS Header Packet ID 2 Ul 0x0C86 (See Section 4.1.1 and Figure 4-7 of the
1553 ICD. AP_ID = 0x486)
CCSDS Header Seq. Cnitrl 2 Ul TIXXXXXXXXXXXXXXB
CCSDS Header Packet Length 2 Ul 0x0035
CCSDS Secondary Header 6 Time of CCSDS packet formation
Observation Segment 1 Ul  Observation Segment assigned by FoM
Target ID 3 Ul UniqueID of this Target, assigned by FoM
Data Collection time 6 S/C time of mode change
UTC Delta 6 UTC Correction
RA 4 FP  RA (J2000) of pointing direction (degrees)
Dec 4 FP  Dec (J2000) of pointing direction (degrees)
Roll 4 FP Roall angle (degrees)
Bilevel ACS Status:
Bit0: IS_SETTLED (LSB)
ACSFlags 1 BY Bit 1: IS_IN_10_ARCMIN
Bit 2: IN_SAA_FLAG
Bit 3: IN SAFE MODE
XRT State:
XRT State 1 BY Ox11: Auto
0x22: Manual
0x44: Red
Current XRT Mode:
1=Null 6 = Windowed Timing
XRT Mode 1 BY 2 = Short Image 7 = Photon-Counting
3 =Long Image 8 = Raw Data
4 = Piled-up Photodiode 9 = Bias Map
5 = Low Rate Photodiode 10 = Stop
XRT Waveform ID 1 Ul  UniquelD of XRT Sequencer Waveform
XRT Count Rate 4 FP  Count rate determined by ERP
Spares 10
Checksum 2 Ul
Total 60 BY =Byte
Ul = Unsigned Integer
FP = Floating Point
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28 XRT Memory Dump Message

This Red-Time telemetry packet permits the XRT to dump any desired smdl section of memory.
Itisinitiated by specid tdecommand. The output detaformat isgivenin Table 13.

Table 13: Contents of XRT Memory Dump Message

ITEM Size (bytes) Comments

CCSDS Header Packet ID 2 0x0C87 (See Section 4.1.1 and Figure 4-7 of the
1553 ICD. AP_ID = 0x487)

CCSDS Header Seqg. Cntrl 2 LIXXXXXXXXXXXXXXB

CCSDS Header Packet L ength 2 O0xXO00DF

CCSDS Secondary Header 6 Time of CCSDS packet formation

Starting Address 4 Address of first word of dump

Bytes Transmitted 2 Cumulative bytes transmitted

Bytes Requested 2 Total bytesin dump

Data Width 1 Datawidth (1,2, or 4 bytes)

TypelD 1 TypelD

Block Number 1 Block Number

Data Dump 205 Data dump from memory

Checksum 2

Total 230

NOTE: Memory dumps can also be transmitted through the science data channd via
AP_ID 0x0547. See Section 5.1 for details.

Version 4.6 Page 29 of 102 14 October 2002



XRT Telemetry Data Formats

2.9

This packet is usad to telemeter datistics related to command execution.

out a low-rate when not in contact with Mdindi.
can beincreased. Theformat is shown in Table 14.

Table 14: Contents of XRT Command Statistics M essage

XRT-PSU-028

XRT Command Statistics M essage

It normaly comes

When in command contect, its frequency

Data Collection Time
UTC Delta

ITEM Size (bytes) Type Comments

CCSDS Header Packet ID 2 Ul 0x0C88 (See Section 4.1.1 and Figure 4-7 of
the 1553 ICD. AP_ID = 0x4388)

CCSDS Header Seq. Cnitrl Ul LTIXXXXXXXXXXXXXXB

CCSDS Header Packet Length Ul  OxOODF

CCSDS Secondary Header Time of CCSDS packet formation

Target ID Ul UniqueID of this Target, assigned by FoM

Observation Number Ul  Observation Number assigned by FoM

S/C Time of Data Collection
UTC Correction

CCM Command Received
CCM Command Executed
CCM Command Rejected
CCM Last Regect Fcodes
PP Command Statistics
THC Command Statistics
BHC Command Statistics
DCC Command Statistics
ERP Command Statistics
TAM Command Statistics
TEC Command Statistics
XRT Command Received
XRT Command Executed
XRT Command Rejected
XRT Last Reject Headers
SC Command Received
SC Command Executed
SC Command Rejected
SC Last Regject Headers
FoM Command Received
FoM Command Executed
FoM Command Rejected
FoM Last Reject Headers

O~ PA,ODSAPEPLALOOD,IEDIDOCOOKLMOOOOGBOBLOWONDNNDNOODNDIODNDN

Cumulative Count of Received
Cumulative Count of Executed
Cumulative Count of Rejected

Last Rgject Function Codes

Same information as CCM

Same information as CCM

Same information as CCM

Same information as CCM

Same information as CCM

Same information as CCM

Same information as CCM

Cumulative Count of Received
Cumulative Count of Executed
Cumulative Count of Rejected

Headers of Last Rgjected XRT Command
Cumulative Count of Received
Cumulative Count of Executed
Cumulative Count of Rejected

Headers of Last Rejected SC Command
Cumulative Count of Received
Cumulative Count of Executed
Cumulative Count of Rejected

Headers of Last Rgected FoM Command
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Table 14: Contents of XRT Command Statistics M essage (cont.)

SITIMETONE Received 4 Cumulative Count of Received
SITIMETONE Executed 4 Cumulative Count of Executed
SITIMETONE Rejected 4 Cumulative Count of Rejected
Last SCLK_SECONDS 4 SCLK_SECONDS from Last SITIMETONE
Echo Lower AP_ID 2 Lower Bound for Command Echo
Echo Upper AP_ID 2 Upper Bound for Command Echo
RED AP_ID 2 Application ID for Red State
RED Function Code 1 Function Code for Red State
XRT State 1 XRT State
SCUI Poll Rate 4 SCUI Poll Rate
SCUI Buffer Rate 4 SCUI Buffer Rate
SCUI Low Priority Buffer Size 4 Low Priority Queue Size in Bytes
SCUI High Priority Buffer Size 4 High Priority Queue Size in Bytes
SCUI Low Priority Buffer Dept 4 Current Bytes on Low Priority Queue
SCUI High Priority Buffer Dep 4 Current Bytes on High Priority Queue
SCUI Bytes Sent 4 Bytes Transmitted since last Report
SCUI STPDU Sent 4 STPDUs sent since last Report
SCUI Commands Received 2 Cumul ative Commands Received
SCUI Commands Rejected 2 Cumulative Commands Rejected
Spares 16
Checksum 2
Total 230 BY =Byte

Ul = Unsigned Integer

FP = Floating Point
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2.10 XRT Command Echo Message

The XRT will generate an XRT Command Echo Message when a tdlecommand is received
and Command Echo isenabled. The dructure of this message is shown in Table 15.

Table 15: Contents of the XRT Command Echo M essage

ITEM Size (bytes) Type Comments
CCSDS Header Packet ID 2 Ul 0x0C89 (See Section 4.1.1 and Figure 4-7 of
the 1553 ICD. AP_ID = 0x489)

CCSDS Header Seq. Cnitrl 2 Ul 1IXXXXXXXXXXXXXXB
CCSDS Header Packet Length 2 Ul 0x0057
CCSDS Secondary Header 6 Time of CCSDS packet formation
Observation Segment 1 Ul Observation Segment assigned by FoM
Target ID 3 Ul UniqueID of this Target, assigned by FoM
Data Collection time 6 S/C time of mode change
UTC Ddlta 6 UTC Correction
Echo Telecommand 62 Telecommand
Rejected Flag 1 BY TRUEIf rejected, FALSE if executed
Spares 1 BY
Checksum 2 Ul
Total 94 BY =Byte

Ul = Unsigned Integer

FP = Floating Point
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2.11 Telemetry Interface Test Message

The Telemetry Interface Test Message is desgned to provide a Smple way of verifying the cor-
rect operation of the Swift/XRT Tdemetry Interface. This message is sent via tedlecommand
/X _HK_TEST _EN, which disables the norma andog HK message a 0x0484. An ncrementing
byte count is transmitted in this packet to verify that the tdemetry interface is working correctly
(tarting with 0).

Table 16: Contents of the XRT Telemetry Interface Test M essage

ITEM Size (bytes) Type Comments

CCSDS Header Packet ID 2 Ul OxOCB8A (See Section 4.1.1 and Figure 4-7 of
the 1553 ICD. AP_ID = 0x48A)

CCSDS Header Seqg. Cnirl 2 Ul IIXXXXXXXXXXXXB

CCSDS Header Packet Length 2 Ul OxOODF

CCSDS Secondary Header 6 Time of CCSDS packet formation

Observation Segment 1 Ul Observation Segment assigned by FoM

Target ID 3 Ul UniqueID of this Target, assigned by FoM

Data collection time 6 S/C time of data collection (or error)

UTC Ddta 6 UTC Correction

RA 4 FP RA (J2000) of pointing direction (degrees)

Dec 4 FP Dec (J2000) of pointing direction (degrees)

Roll 4 FP Roll angle (degrees)

Bilevel ACS Status:
Bit 0: IS_SETTLED (LSB)
ACSHags 1 BY Bit 1: IS_IN_10_ARCMIN
Bit 2: IN_SAA FLAG
Bit 3: IN SAFE MODE

XRT State;
XRT State 1 BY Ox11: Auto
0x22: Manual
0x44: Red
XRT Readout Mode For Last CCD Frame:
1=Null 6 = Windowed Timing
XRT Mode Flags 1 BY 2 = Short Image 7 = Photon-Counting
3 = Long Image 8 = Raw Data

4 = Piled-up Photodiode 9 = Bias Map
5 = Low Rate Photodiode 10 = Stop

XRT Waveform 1 BY CCD Waveform ID
Count Rate 4 FP Count Rate measured by ERP
Subtotal: 48
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Table 16: Contents of the XRT Telemetry Interface Test M essage

(cont.)

ITEM Size (bytes) Type Comments

Test Byte O 1 0x00

Test Byte 1 1 0x01

Test Byte 2 1 0x02

Test Byte 3 1 0x03

Test Byte 4 1 0x04

Test Byte5 1 0x05

Test Byte 6 1 0x06

Test Byte 7 1 0x07

Test Byte 8 1 0x08

Test Byte 9 1 0x09

Test Byte 10 1 Ox0a

Test Byte11 1 Ox0b

Test Byte 12 1 0x0c

Test Byte 13 1 Ox0d

Test Byte 14 1 O0x0e

Test Byte 15 1 OxOf

Test Byte 16 1 0x10

Test Byte 175 1 Oxae

Test Byte 176 1 Oxaf

Test Byte 177 1 Oxb0

Test Byte 178 1 Oxbl

Test Byte 179 1 0xb2

Test Byte 180 1 Oxb3

Checksum 2 Ul 0x45e4

Total 230 By=Byte FP=Floating Point
Ul = Unsigned Integer
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2.12 XRT TubeHeater Control M essage

This message includes information about the Tube Heater Control software. The Sructure of the
messageisshown in Table 17.

Table 17: Contents of XRT Tube Heater Control Message

ITEM Size (bytes) Type Comments

CCSDS Header Packet ID 2 Ul 0x0C8B (See Section4.1.1 and Figure 4-7
of the 1553 ICD. AP_ID = 0x48B)

Ul TIXXXXXXXXXXXXB

CCSDS Header Seg. Cntrl

CCSDS Header Packet Length Ul OxO00DF

CCSDS Secondary Header Time of CCSDS packet formation
Observation Segment Ul Observation Segment assigned by FoM
Target ID Ul UniquelD of this Target, assigned by FoM
Data collection time S/C time of data collection (or error)

UTC Ddta UTC Correction

Forward Heater #1 On Point
Forward Heater #1 Off Point
Forward Heater #16 On Point
Forward Heater #16 Off Point
Forward Heater #3 On Point
Forward Heater #3 Off Point
Forward Heater #14 On Point
Forward Heater #14 Off Point
Forward Heater #5 On Point
Forward Heater #5 Off Point
Forward Heater #12 On Point
Forward Heater #12 Off Point
Forward Heater #7 On Point
Forward Heater #7 Off Point
Forward Heater #10 On Point
Forward Heater #10 Off Point
OBIF Heater #1 On Point
OBIF Heater #1 Off Point
OBIF Heater #4 On Point
OBIF Heater #4 Off Point
Rear Heater #1 On Point

Rear Heater #1 Off Point

Rear Heater #16 On Point
Rear Heater #16 Off Point

Ul  Set Point In Counts
Ul Set Point In Counts
Ul  Set Point In Counts
Ul Set Point In Counts
Ul Set Point In Counts
Ul  Set Point In Counts
Ul Set Point In Counts
Ul Set Point In Counts
Ul Set Point In Counts
Ul Set Point In Counts
Ul Set Point In Counts
Ul Set Point In Counts
Ul Set Point In Counts
Ul Set Point In Counts
Ul  Set Point In Counts
Ul Set Point In Counts
Ul  Set Point In Counts
Ul  Set Point In Counts
Ul Set Point In Counts
Ul  Set Point In Counts
Ul Set Point In Counts
Ul Set Point In Counts
Ul  Set Point In Counts
Ul Set Point In Counts

NNDNDNDNDNDNNPNDNDNNDNDNDNDNDDNNNDNDNDNNDNNDNNDDNDNDDNDDNOO O WERIOIN N
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Table 17: Contents of XRT Tube Heater Control M essage (cont.)

Rear Heater #3 On Point
Rear Heater #3 Off Point
Rear Heater #14 On Point
Rear Heater #14 Off Point
Rear Heater #5 On Point
Rear Heater #5 Off Point
Rear Heater #12 On Point
Rear Heater #12 Off Point
Rear Heater #7 On Point
Rear Heater #7 Off Point
Rear Heater #10 On Point
Rear Heater #10 Off Point
Forward Heater #2 On Point
Forward Heater #2 Off Point
Forward Heater #15 On Point
Forward Heater #15 Off Point
Forward Heater #4 On Point
Forward Heater #4 Off Point
Forward Heater #13 On Point
Forward Heater #13 Off Point
Forward Heater #6 On Point
Forward Heater #6 Off Point
Forward Heater #11 On Point
Forward Heater #11 Off Point
Forward Heater #8 On Point
Forward Heater #8 Off Point
Forward Heater #9 On Point
Forward Heater #9 Off Point
OBIF Heater #2 On Point
OBIF Heater #2 Off Point
OBIF Heater #3 On Point
OBIF Heater #3 Off Point
Rear Heater #2 On Point

2

NDNDNDNDNDNDNDNDNDNDNDDNDNNNDNNDNDNDNDNDNNDDNNDDNDNNDNDNDNNDDNDNDNNDNNDNDDNDNDDNDDN

ul
ul
ul
ul
ul
ul
ul
ul
ul
ul
ul
ul
ul
ul
ul
ul
ul
ul
ul
ul
ul
ul
ul
ul
ul
ul
ul
ul
ul
ul
ul
ul
Ul

Set Point In Counts
Set Point In Counts
Set Point In Counts
Set Point In Counts
Set Point In Counts
Set Point In Counts
Set Point In Counts
Set Point In Counts
Set Point In Counts
Set Point In Counts
Set Point In Counts
Set Point In Counts
Set Point In Counts
Set Point In Counts
Set Point In Counts
Set Point In Counts
Set Point In Counts
Set Point In Counts
Set Point In Counts
Set Point In Counts
Set Point In Counts
Set Point In Counts
Set Point In Counts
Set Point In Counts
Set Point In Counts
Set Point In Counts
Set Point In Counts
Set Point In Counts
Set Point In Counts
Set Point In Counts
Set Point In Counts
Set Point In Counts
Set Point In Counts
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Table 17: Contents of XRT Tube Heater Control Message (cont.)

Rear Heater #2 Off Point 2 Ul Set Point In Counts
Rear Heater #15 On Point 2 Ul Set Point In Counts
Rear Heater #15 Off Point 2 Ul  Set Point In Counts
Rear Heater #4 On Point 2 Ul Set Point In Counts
Rear Heater #4 Off Point 2 Ul Set Point In Counts
Rear Heater #13 On Point 2 Ul  Set Point In Counts
Rear Heater #13 Off Point 2 Ul Set Point In Counts
Rear Hesater #6 On Point 2 Ul Set Point In Counts
Rear Heater #6 Off Point 2 Ul Set Point In Counts
Rear Heater #11 On Point 2 Ul Set Point In Counts
Rear Heater #11 Off Point 2 Ul  Set Point In Counts
Rear Heater #8 On Point 2 Ul Set Point In Counts
Rear Heater #3 Off Point 2 Ul Set Point In Counts
Rear Heater #9 On Point 2 Ul  Set Point In Counts
Rear Heater #9 Off Point 2 Ul Set Point In Counts
Power Limit 1 BY Limitin Watts
Heaters Limit 1 BY Maximum number of heaters on
Manud Control 1 BY Boolean - Tube Heaters are under Manua Control
Use Bus Voltage Flag 1 BY Boolean - Use Bus Voltage/Power Limiting
Mask All #1 2 Ul Mask of dl heater used, bank 1
Mask All #2 2 Ul Mask of al heater used, bank 2
Mask All #3 2 Ul Mask of al heater used, bank 3
Mask On #1 2 Ul Mask of dl heater on, bank 1
Mask On #2 2 Ul Mask of dl heater on, bank 2
Mask On #3 2 Ul Mask of dl heater on, bank 3
Power Sum 2 Ul  Computer Total Heater Power (hundredths of Waits)
Round Robin Index 1 BY Current index of sart heater for algorithm
Heaters Currently On 1 BY Number of heaters currently on
Needs Hesat Array 36 Boolean - TRUE if heater needs heat
Checksum 2 Ul
Total 230 BY = Byte
Ul = Unsgned Integer
FP = Hoating Point
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This message includes information about the CCD Interface software. The gructure of the mes-

sageisshownin Table 18.

Table 18: Contentsof XRT CCD Interface M essage

ITEM Size (bytes) Type Comments
CCSDS Header Packet ID 2 Ul OxOC8C (See Section 4.1.1 and Figure 4-7 of
the 1553 ICD. AP_ID = 0x48C)
CCSDS Header Seq. Cnitrl 2 Ul TIXXXXXXXXXXXXXXB
CCSDS Header Packet Length 2 Ul  0x004F
CCSDS Secondary Header 6 Time of CCSDS packet formation
Observation Segment 1 Ul  Observation Segment assigned by FoM
Target ID 3 Ul  Unique ID of this Target, assigned by FoM
Data Collection time 6 S/C time of mode change
UTC Delta 6 UTC Correction
Mode Control Table Address 4 Ul Base Address of Mode Control Table
DAC Table Address 4 Ul Base Addressof DAC Table
Count Rate 4 FP  Count Rate measured by ERP
Reports Processed Count 4 Ul  Reports Processed since entering Auto State
Reports Rejected Count 4 Ul Reports Rejected since entering Auto State
Mode Changes Count 4 Ul  Mode Changes since entering Auto State
XRT State:
XRT State 1 BY Ox11: Auto
0x22: Manual
0x44: Red
XRT Readout Mode For Last CCD Frame:

1 = Null 6 = Windowed Timing

2 = Short Image 7 = Photon-Countin
XRT Mode 1 BY 3 =Long Imag?e 8 = Raw Data ’

4 = Piled-up Photodiode 9 = Bias Map

5 = Low Rate Photodiode 10 = Stop
Sequencer ID 1 BY Sequencer ID
Number of Modes 1 BY Number of Nodesin Mode Control Table
Number of Test Nodes 1 BY Number of Test Nodes
Spares 3
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Table 18: Contentsof XRT CCD Interface M essage (cont.)

Ring Buffer Address 4 Ul Baseaddress of Data Buffer
End-Of-Line Count 4 Ul  Cumulative count of lines since last reset
End-Of-Frame Count 4 Ul  Cumulative count of frames Snce last reset
Hardware End-Of-Line Count 4 Ul Count of line currently in hardware FIFO
Error Number 4 Ul Last CCD Error
APMI Status 2 Ul Last APMI Status Word
Pixels Per Line 2 Ul Number of pixels per linefor current mode
Lines Per Wake 1 Ul  Linesper wake
Frame Mode Flag 1 BY Boolean - TRUE if in frame mode
EOF Fag 1 BY Boolean - EOF detected
Reset Flag 1 BY Boolean - interface has been reset
Checksum 2 Ul
Total 90 BY =Byte

Ul = Unsgned Integer

FP = Hoating Point
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2.14 XRT TEC Power Supply Status M essage

This message includes information about the status of the TEC Power Supply control software
(task TEC). The structure of the message is shown in Table 19.

Table 19: TEC Power Supply Status M essage

I TEM

Size (bytes) Type Comments

CCSDS Header Packet ID 2 Ul OxOC8D (See Section 4.1.1 and Figure 4-7
of the 1553 ICD. AP ID = 0x48D)
CCSDS Header Seq. Cnitrl 2 Ul Ik B
CCSDS Header Packet Length 2 Ul OxOODF
CCSDS Secondary Header 6 Time of CCSDS packet formation
Observation Segment 1 Ul Observation Segment assigned by FoM
Target ID 3 Ul  Unique ID of this Target, assigned by FoM
Data collection time 6 S/C time of data collection (or error)
UTC Delta 6 UTC Correction
Auto Cool Interval 2 Ul Interval in Seconds
Auto Cool Max Voltage Change 2 Ul Maximum Allowable Voltage Change in Counts
Auto Cool Set Point 2 Ul Temperature Set Point in Counts
Auto Cool Hysteresis 2 Ul Temperature Hysteresis in Counts
Auto Cool Ramp Rate 2 Ul Temperature Ramp Rate per Interval in Counts
Auto Cool Temp Sensor Sel 2 Ul Focal Plane Camera Temperature Sensor Selected
Auto Heat Interval 2 Ul Interval in Seconds
Auto Heat Max Voltage Change 2 Ul  Maximum Allowable Voltage Change in Counts
Auto Heat Set Point 2 Ul Temperature Set Point in Counts
Auto Heat Hysteresis 2 Ul Temperature Hysteresis in Counts
Auto Heat Ramp Rate 2 Ul Temperature Ramp Rate per Interval in Counts
Auto Heat Temp Sensor Sel 2 Ul Focal Plane Camera Temperature Sensor Selected
Auto Heat Timeout 2 Ul Timeout, in Seconds, since last Heating Command
Manual Cool Interval 2 Ul Interval in Seconds
Manual Cool Setpoint 2 Ul Voltage Set Point in Counts
Manual Heat Interval 2 Ul Interval in Seconds
Manual Heat Setpoint 2 Ul Voltage Set Point in Counts
Manual Heat Timeout 2 Ul  Timeout, in Seconds, since last Heating Command
TEC Control Mode 2 Ul 0= Power Off;

1 = Automatic Cooling;

2 = Automatic Heating;

3 = Manual Cooling;

4 = Manual Heating;

5,6,7,8 = Ramping to Power Off

Subtotal

66
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Table 19: TEC Power Supply Status M essage (cont)

ITEM Size (bytes) Type Comments
Current Interval 2 Ul  Current Interval in Seconds
Current Max Voltage Change 2 Ul  Current Maximum Allowable Voltage Change in Counts
Current Set Point 2 Ul  Current Set Point in Counts
Current Hysteresis 2 Ul  Current Hysteresis in Counts
Current Ramp Rate 2 Ul  Current Temperature Ramp Rate per Interval in Counts
Current Temp Sensor Sel 2 Ul  Current Focal Plane Camera Temp. Sensor Selected
Current Timeout 2 Ul  Current Timeout, in Seconds, since last Heating Cmd.
Current Output Voltage 2 Ul  Current TEC Power Supply Output Voltage
Current Output Current 2 Ul  Current TEC Power Supply Output Current
Current Cold Finger Temp 2 Ul  Current Cold Finger Temperature
Current Interval's CCD Temp 1 2 Ul  Current CCD Temperature 1 in Counts
Current Interval's CCD Temp 2 2 Ul  Current CCD Temperature 2 in Counts
Current Interval's CCD Temp 2 Ul Current CCD Temperature from the selected sensor
Previous Interval's Voltage 2 Ul TEC Voltage in Counts
Previous Interval's CCD Temp 1 2 Ul CCD Temperature 1 in Counts
Previous Interval's CCD Temp 2 2 Ul CCD Temperature 2 in Counts
Previous Interval's CCD Temp 2 Ul  Previous CCD Temperature from the selected sensor
Cumulative Pot Increments 2 Ul  Count of increments to TEC supply's potentiometer
Cumulative Pot Decrements 2 Ul  Count of decrements to TEC supply's potentiometer
TEC Supply Primary Power 2 Ul 0=0ff,1=0n
Heating Relay Primay Power 2 Ul 0=0ff,1=0n
TEC Switcher Status 2 Ul 0= Shutdown, 1 =0n
Heating Relay Status 2 Ul 0= Off, 1 =Heating on
Heating Timeout Remaining 2 Ul  Seconds of Heating Remaining
Elapsed Interval 2 Ul Number of elapsed seconds in the current interval
Spares 2
Checksum 2 Ul
Total 120 BY = Byte
Ul = Unsigned Integer
FP = Floating Point
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2.15 XRT Baffle Heater Control Message

This message incdludes information about the Béffle Heater Control software. The structure of the

message is shown in Table 20.

Table 20: Baffle Heater Control Message

ITEM

Size (bytes) Type Comments

CCSDS Header Packet ID 2 Ul OXOCB8E (See Section 4.1.1 and Figure 4-7
of the 1553 ICD. AP ID = 0x48E)
CCSDS Header Seq. Cntrl 2 Ul IIxooooooooaooaaB
CCSDS Header Packet Length 2 Ul 0x0050
CCSDS Secondary Header 6 Time of CCSDS packet formation
Observation Segment 1 Ul Observation Segment assigned by FoM
Target ID 3 Ul  Unique ID of this Target, assigned by FoM
Data collection time 6 S/C time of data collection (or error)
UTC Delta 6 UTC Correction
Control Heater #1 On Point 2 Ul  Set Point In Counts
Control Heater #1 Off Point 2 Ul  Set Point In Counts
Control Heater #1 Sensor 1 BY Assigned Sensor Index
Control Heater #2 On Point 2 Ul  Set Point In Counts
Control Heater #2 Off Point 2 Ul  Set Point In Counts
Control Heater #2 Sensor 1 BY Assigned Sensor Index
Control Htr #1 Redundant On Pt. 2 Ul  Set Point In Counts
Control Htr #1 Redundant Off Pt. 2 Ul  Set Point In Counts
Control Htr #1 Redundant Sensor 1 BY Assigned Sensor Index
Control Htr #2 Redundant On Pt. 2 Ul  Set Point In Counts
Control Htr #2 Redundant Off Pt. 2 Ul  Set Point In Counts
Control Htr #2 Redundant Sensor 1 BY Assigned Sensor Index
Manual Control 1 BY Boolean - Baffle Heaters are under Manual Control
Mask All 2 Ul  Mask of all heaters used (all are in bank 2).
Mask On 2 Ul  Mask of all heaters on.
Heaters Currently On 1 BY Number of heaters currently on
Control Heater #1 ID 1 BY Power distribution system index
Control Heater #1 Needs Heat 1 BY Boolean - Heater should be turned on (Auto Mode only).
Control Heater #2 ID 1 BY Power distribution system index
Control Heater #2 Needs Heat 1 BY Boolean - Heater should be turned on (Auto Mode only)
Control Heater #1 Redundant ID 1 BY Power distribution system index
Control Heater #1 Rd. Needs Heat 1 BY Boolean - Heater should be turned on (Auto Mode only)
Control Heater #2 Redundant ID 1 BY Power distribution system index
Control Heater #2 Rd. Needs Heat 1 BY Boolean - Heater should be turned on (Auto Mode only)
Spare 16
Checksum 2 Ul
Total 80 gy-pye
Ul = Unsigned Integer
FP = Floating Point
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3 TDRSSTELEMETRY PACKETS

XRT TDRSS data packets are identified by AP_IDs in the range Ox4EO - Ox53F (from 1143-
El-S19121, Swift 1553 ICD, Table 4-2). There are severd digtinct types of XRT TDRSS
Data Packets, each with adifferent AP_ID, as shown in Table 21.

The XRT produces the following types of data packets for transmisson to the ground via
TDRSS:

Table 21: TDRSS M essages

APID Message Type Message Sze  # Packets
(bytes)

Ox4E0  XRT Podgtion 64 1

Ox4E1  XRT Spectrum 2230 3

Ox4E2  XRT Image 2800 3

Ox4E3 XRT  Spectrum Message 2230 1

after Leve O processng

Ox4E4 XRT Image Message after 2800 1
Level O processng

Ox4F0  XRT Centroiding Error 60 1

0x500  XRT Emergency 958 1

Each of these messages is described further in the following sections

All multi-byte fields in XRT telemetry records are in big-endian order: MSB,LSB for two byte
fields; MSB(3), Byte2, Byte 1, LSB(0) for four-byte fields.
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This message is a high priority tdemetry message degtined for the TDRSS link and is aso
sent as an RT-t0-RT command for the other instruments. It provides the XRT postion of the
centroid of a new burs. The TDRS tdemetry message occupies a single ST _PDU and shdll

conss of the following datafidds

Table 22: Contentsof XRT Position M essage

I TEM Size (bytes) Type Comments

CCSDS Header Packet ID 2 Ul  OxOCEO (See Section 4.1.1 and Figure 4-7 of
the 1553 ICD. AP_ID = 0x4EQ)

CCSDS Header Seq. Cnitrl 2 Ul TIXXXXXXXXXXXXXXB

CCSDS Header Packet L ength 2 Ul  0x0039

CCSDS Secondary Header 6 Time of CCSDS packet formation

Observation Segment 1 Ul  Observation Segment assigned by FoM

Target ID 3 Ul UniquelD of this Target, assigned by FoM

Data Collection time 6 S/C time of CCD Frame start

UTC Delta 6 UTC Correction

RA 4 FP  Burst location RA (J2000) (degrees)

Dec 4 FP  Burst location Dec (J2000) (degrees)

Flux 4 FP  Integrated signal in target in one CCD Frame

Significance 4 FP  Floating Point Detection Significance

TAM X1 4 FP X Position of TAM Image 1

TAM Y1 4 FP Y Position of TAM Image 1

TAM X2 4 FP X Position of TAM Image 2

TAM Y2 4 FP Y Position of TAM Image 2

Amplifier Number 1 UB  Amplifier number for readout

Waveform 1 UB  Waveform number of readout

Checksum 2 Ul

Total 64
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The XRT Spectrum Message contains a 1024 channd raw spectrum of the burst, collected by
the ERP once the source count rate drops low enough to use timing mode. This message is
sent usng a ssgmented tedemetry message  utilizing three ST _PDs. This message uses
AP_ID Ox4E1 in the raw telemetry (as shown below) and Ox4E3 following Leve O process-

ing. This message shdl consg of the following detafidds:

Table 23: Contents of XRT Spectrum M essage

ITEM Size (bytes) Type Comments
CCSDS Header Packet ID 2 Ul OxOCE1l (See Section 4.1.1 and Figure 4-7 of
the 1553 ICD. AP_ID = Ox4E1)
CCSDS Hdr. Seg. Control 2 Ul OLXXXXXXXXXXXXXXB
(first packet of segmented message)
CCSDS Hdr. Packet Lengtl 2 Ul 0x03B7
CCSDS Secondary Header 6 Time of CCSDS packet formation
Observation Segment 1 Ul Observation Segment assigned by FoM
o Target ID 3 Ul UniqueID of this Target, assigned by FoM
1w |Spectrum Start Time 6 Ul  Start time of first CCD framein spectrum
G |UTC Delta 6 Ul UTC Correction
O Packet Number 2 Ul 0x0001
RA (J2000) 4 FP  RA of image center (pixel 25,25) (degrees)
Dec (J2000) 4 FP  Dec of image center (pixel 25, 25) (degrees)
Spectrum Stop Time 6 Ul  Stoptimeof last CCD frame in spectrum
Spectrum 900 Ul  Spectral Channels 1-450
Livetime ** 4 FP  Exposuretime for spectrum
Spares 8
Checksum 2 Ul
Total 958

** NOTE: cdculated by adding up the exposure times for each individua frame collected.
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Table 23: Contents of XRT Spectrum M essage (cont.)

ITEM Size (bytes) Type Comments
CCSDS Header Packet ID 2 Ul  OxOCE1 (See Section4.1.1 and Figure 4-7
of the 1553 ICD. AP_ID = Ox4E1)
CCSDS Hdr. Seq. Control 2 Ul OOXXXXXXXXXXXXXXB (continuation packet)
CCSDS Hdr. Packet Lengtt 2 Ul  0x03B7
~ CCSDS Secondary Header 6 Time of CCSDS packet formation
¥ [Observation Segment 1 Ul  Observation Segment assigned by FoM
g Target ID 3 Ul  Unique D of this Target, assigned by FoM
§ Spectrum Start Time 6 Ul  Start timeof first CCD framein spectrum
UTC Delta 6 Ul  UTC Correction
Packet Number 2 Ul 0x0002
Spectrum 900 Ul  Spectral Channels451-900
Spares 26 Spare bytes
Checksum 2 ul
Total 958
CCSDS Header Packet ID 2 Ul OxOCE1 (See Section4.1.1 and Figure 4-7
of the 1553 ICD. AP_ID = Ox4E1)
CCSDS Hdr. Seg. Control 2 Ul 20xxxxxxxxxxxxxxB (final packet of segmented mess
CCSDS Hdr. Packet L engtt 2 Ul 0x03B7
- CCSDS Secondary Header 6 Time of CCSDS packet formation
¥ [Observation Segment 1 Ul  Observation Segment assigned by FoM
E Target ID 3 Ul Unique D of this Target, assigned by FoM
§ Spectrum Start Time 6 Ul Starttime of first CCD frame in spectrum
UTC_Delta 6 Ul  UTC Correction
Packet Number 2 Ul 0x0003
Spectrum 248 Ul Spectral Channels901-1024
Spares A Spare bytes
Checksum 2 Ul
Total 314
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3.3 XRT Postage-Stamp | mage M essage

The XRT Image Message contains a 51 x 51 pixd 8bit image centered on the source cen-
troid pogtion. It shdl condst of a ssgmented tedemetry message utilizing three ST _PDUs.
This message uses AP_ID Ox4E2 in the raw tdemetry (as shown below) and Ox4E4 follow-
ing Leve 0 processing. It contains the following datafidds:

Table 24: Contents of XRT Image M essage

ITEM Size (bytes) DataType Comments
CCSDS Header Packet ID 2 ul OXOCE2 (See Section 4.1.1 and Figure 4-7
of the 1553 ICD. AP_ID = 0x4E2)
CCSDS Hdr. Seq. Control 2 ul OIXXXXXXXXXXXXXXB
(first packet of segmented message)

CCSDS Hdr. Packet L ength 2 Ul 0x03B7
CCSDS Secondary Header 6 Time of CCSDS Packet creation
Observation Segment 1 Observation Segment assigned by FoM
Target ID 3 Unique ID of this Target, assigned by FoM
Data Collection time 6 S/C time of CCD frame start
UTC Delta 6 UTC Correction

o Packet Number 2 Ul 0x0001

1 | CCD Frame Counter 4 Ul Sequential CCD Frame Counter

E RA (J2000) 4 FP RA of image center (pixel 25,25) (degrees)
Dec (J2000) 4 FP Dec of image center (pixel 25, 25) (degrees)
Roll 4 FP Roll angle (degrees) of image
RAWX 2 ul X coordinate in CCD pixels of image center
RAWY 2 Ul Y coordinate in CCD pixels of image center

Inverse gain (data were divided by this value)

Gain 1 Byte (1, 2,4,8,0r 16)
Image 867 Byte Rows 1-17 of image
Centroid X 4 FP Floating point centroid position in RAWX coorc
Centroid Y 4 FP Floating point centroid position in RAWY coorc
Spare 30
Checksum 2 Ul
Total 958
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Table 24: Contents of XRT Image M essage (cont.)

ITEM

Size (bytes) Comments

CCSDS Header Packet ID 2 OXOCE2 (See Section 4.1.1 and Figure 4-7
of the 1553 ICD. AP_ID = Ox4E2)
CCSDS Hdr. Seg. Control 2 OOXXXXXXXXXXXB (continueation packet)
CCSDS Hdr. Packet Length 2 0x03B7
CCSDS Secondary Header 6 Time of CCSDS Packet creation
Q Observation Segment 1 Observation Segment assigned by FoM
1 |Target ID 3 Unique ID of this Target, assigned by FoM
;Té Data Collection time 6 S/C time of CCD Frame Start
O |uTC Ddta 6 UTC Correction
Packet Number 2 0x0002
CCD Frame Counter 4 Sequentid CCD Frame Counter
Imege 918 Rows 18-35 of image
Spare 4
Checksum 2
Total 958
CCSDS Header Packet ID 2 OXOCE2 (See Section 4.1.1 and Figure 4-7
of the 1553 ICD. AP_ID = 0x4E2)
CCSDS Hdr. Seg. Control 2 10X00X0XXXXXB (final packet of segmented message)
CCSDS Hdr. Packet Length 2 0x036D
CCSDS Secondary Header 6 Time of CCSDS Packet creation
@ Observation Segment 1 Observation Segment assigned by FoM
o |Target ID 3 Unique ID of this Target, assigned by FoM
‘gé Data Collection time 6 S/C time of CCD Frame Start
A |UTC Ddta 6 UTC Correction
Packet Number 2 0x0003
CCD Frame Counter 4 Sequentid CCD Frame Counter
Imege 816 Rows 36-51 of image
Spare 32
Checksum 2
Total 884
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34 XRT Centroiding Error Message

If the XRT is unable to caculate a rdiable centroid, ether due to lack of an identifiable
source in the FOV (insufficient photons), because the agorithm did not converge within the
specified number of iterations, or due to source confusion (standard deviation larger han ex-
pected for the PSF), it will generate an error message through TDRSS to notify the ground
(An RT-to-RT command is aso generated to ro-
tify the other indruments of this error.) The format of the TDRS tdemetry message is shown
inTable 25. It occupies part of asingle ST_PDU.

that no fine pogtion will be forthcoming.

Table 25: Contents of XRT Centroid Error Message

ITEM Size (bytes) Type Comments
CCSDS Header Packet ID 2 ul OXOCFO (See Section 4.1.1 and Figure 4-7 of the
1553 ICD. AP_ID = 0x4F0)
CCSDS Header Seqg. Cnitrl 2 ul TIXXXXXXXXXXXXXXB
CCSDS Header Packet Length 2 ul 0x0035
CCSDS Secondary Header 6 Time of CCSDS packet formation
Observation Segment 1 ul Observation Segment assigned by FoM
Target ID 3 ul Unique ID of this Target, assigned by FoM
Data Collection Time 6 S/C time of Frame Start
UTC Ddta 6 UTC Correction
RA 4 FP RA (J2000) of pointing direction (degrees)
Dec 4 FP Dec (J2000) of pointing direction (degrees)
2 byte indication of reason for error condition:
1 =no source found in image
Error Flag 2 2 = dgorithm did not converge
3 = standard deviation too large
ul OXFFFF = general error
Spare 20
Checksum 2 Ul
Total 60
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3.5 XRT Emergency Message

An XRT Emergency Message is sent to TDRSS if the XRT encounters a condition that requires
immediate ground intervention. The format of this message follows in Table 26.  The format is
the same as the Analog HK Message except that the header now uses a TDRSS Packet ID.

Table 26: Contents of XRT Emergency Message

I TEM Size (bytes) Comments
CCSDS Header Packet ID 2 0x0DO0O0 (See Section 4.1.1 and Figure 4-7
of the 1553 ICD. AP_ID = 0x500)
CCSDS Header Seq. Cntrl 2 LTIXXXXXXXXXXXXXXB
CCSDS Header Packet Length 2 OxO00DF
CCSDS Secondary Header 6 Time of CCSDS packet formation
Observation Segment 1 Observation Segment assigned by FoM
Target ID 3 Unique ID of this Target, assigned by FoM
Data collection time 6 S/C time of data collection (or error)
UTC Delta 6 UTC Correction
RA 4 RA (J2000) of pointing direction (degrees)
Dec 4 Dec (J2000) of pointing direction (degrees)
Roll 4 Roll angle (degrees)
ACS Flags 1 ACS Flags: slewing, 10 arcmin, settled, SAA
XRT State:
0x11: Auto
XRT State 1 0x22: Manual
0x44: Red
XRT Readout Mode For Last CCD Frame:
1=Null 6 = Windowed Timing
XRT Mode 1 2 = Short Image 7 = Photon-Counting
3 = Long Image 8 = Raw Data
4 = Piled-up Photodiode 9 = Bias Map
5 = Low Rate Photodiode 10 = Stop
XRT Waveform 1 CCD Waveform ID
Error Number 4 Error Number
Analog HK 180 120 channels of 12 bit housekeeping data
Checksum 2
Total 230
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XRT Red-Time Telemetry Packets can be echoed down the TDRSS link. TDRSS Housekeep-
ing Tdemelry packets are identified by AP _IDs in the range 0x530 - Ox53F, and are exact dupli-
These packets are summarized in

cates of the corresponding Red-Time Tdemetry formats.

Table 27.
Table 27: TDRSSHK Telemetry Data Packets
CCSDS APID Message Type Message Size  # Packets
Header ID (bytes)

OxOD30 0x530 XRT Startup 230 1
0xOD31 0x531 XRT Memory Status 108 1
0x0D32 0x532 XRT Task Status 230 1
0xOD33 0x533 XRT ErrorgEvents 230 1
0x0D34 0x534 XRT Andog HK 230 1
0xOD35 0x535 XRT Periodic Processing 108 1
0xOD36 0x536 XRT Mode Change 60 1
Ox0D37 0x537 XRT Memory Dump Peacket Vaiddle 1
0x0OD38 0x538 XRT Command Statistics 230 1
0x0OD39 0x539 XRT Command Echo 9 1
OXOD3A O0x53A XRT Tdemetry Test 230 1
OxOD3B 0x53B XRT Tube Heater Control 230 1
0xOD3C 0x53C XRT CCD Interface 90 1
OxOD3D O0x53D XRT TEC PS Status 120 1
OxOD3E Ox53E XRT Baffle Heater Control 80 1

Please refer to Section 2 for details on packet formats.
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4 RT-TO-RT TELECOMMANDS

The XRT can generate telecommands to send to other insruments or to the spacecraft to provide
information to them. Thelig of XRT-generated RT-to-RT Tdecommandsisgivenin Table 28.

Table 28: XRT Generated RT-to-RT Telecommands

Dedingtion  APID Function Message Type Message  # Packets
Code Size (bytes)

Broadcast 0x705 0 XRT Pogtion Message 60 1

Broadcast 0x705 1 XRT Pogtion Error 56 1

When the XRT is first pointed a a new GRB, it atempts to find the postion of the burst by per-
forming a centroid computation on the X-ray image recaived. If it is successful, it sends an XRT
Postion Message to the TDRSS link and an XRTPOSITION telecommand to the other indru-
ments as a broadcast RT-to-RT tdecommand. If it is unable to locate the burst within 30 sec-
onds, it sends an XRT Centroid Error Message to the TDRSS link and an XRTCENTROIDERR
telecommand to the other instruments as a broadcast RT-to-RT telecommand. The formats of
the RT-to-RT telecommands are described below.

All multi-byte fields in XRT telemetry records are in big-endian order: MSB,LSB for two byte
fields; MSB(3), Byte2, Byte 1, LSB(0) for four-byte fields.
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41 XRTPOSITION Teecommand

This is an RT-to-RT command broadcast to dl other ingruments. It provides the XRT paosition
of the centroid of anew burst.

Table 29: Contents of XRTPOSITION Telecommand

ITEM Size (bytes) Type Comments

CCSDS Header Packet ID 2 Ul Ox1FO05 (See Section 4.1.1 and Figure 4-7 of
the 1553 ICD. AP_ID = 0x705)

CCSDS Header Seg. Cntrl 2 Ul 1100000000000000B

CCSDS Header Packet Length 2 Ul 0x0035

CCSDS Secondary Header 1 Ul 000000008

Type + Reserved
CCSDS Secondary Header 1 Ul 0x00 (Function code for XRTPOSITION)

Function Code

Observation Segment 1 Ul  Observation Segment assigned by FoM
Target ID 3 Ul UniqueID of this Target, assigned by FoM
Data Collection time 6 S/C time of CCD Frame start

UTC Delta 6 UTC Correction

RA 4 FP  Burst location RA (J2000) (degrees)

Dec 4 FP  Burst location Dec (J2000) (degrees)

Flux 4 FP  Integrated signal intarget in one CCD Frame
Significance 4 FP  Floating Point Detection Significance
TAM X1 4 FP X Position of TAM Image 1

TAM Y1 4 FP Y Position of TAM Image 1

TAM X2 4 FP X Position of TAM Image 2

TAM Y2 4 FP Y Position of TAM Image 2

Amp Number 1 UB  Amplifier Number of readout

Waveform 1 UB  Waveform number of readout

Checksum 2 Ul

Total 60
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4.2 XRTCENTROIDERR Telecommand

If the XRT is undble to cdculate a rdiable centroid, ether due to lack of an identifiable source in
the FOV or due to source confusion, it will broadcast an RT-to-RT command to the other in-
sruments. The format of the TDRS telemetry message is shown below:

Table 30: Contentsof XRTCENTROIDERR Te&ecommand

ITEM Size (bytes) Type Comments
CCSDS Header Packet ID 2 ul Ox1F05 (See Section 4.1.1 and Figure 4-7 of
the 1553 ICD. AP_ID = 0x705)
CCSDS Header Seq. Cntrl 2 ul 1100000000000000B
CCSDS Header Packet Length 2 Ul 0x0031
CCSDS Secondary Header 1 ul 00000000B
Type + Reserved
CCSDS Secondary Header 1 Ul 0x01 (Function code for XRTCENTROIDERR)

Function Code

Observation Segment 1 Ul Observation Segment assigned by FoM

Target ID 3 Ul Unique ID of this Target, assigned by FoM

Data Collection Time 6 S/C time of Frame Start

UTC Deta 6 UTC Correction

RA 4 FP RA (J2000) of pointing direction (degrees)

Dec 4 FP Dec (J2000) of pointing direction (degrees)
2 byte indication of reason for error condition:
1 = no source found in image

Error Flag 2 vl 2 = source confusion - cannot identify target
3 = standard deviation too large

Spare 20

Checksum 2 Ul

Total 56
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5 Solid-State Recorder Telemetry Packets

XRT data packets stored in the XRT partition of the Solid-State Recorder (SSR) are assigned
AP_IDs in the range 0x540 - Ox59F (from 1143-EI-S19121, Swift 1553 ICD, Table 42). In
practice, only two of these AP_IDs are used. Memory Dump Messages can be transmitted
via AP_ID 0x547 (see Table 31 for format of this message). All XRT science data packets
will use AP_ID 0x540.

5.1 SSR Memory Dump Packets

Memory dumps can be made to the Solid-State Recorder (SSR), which permits larger dump sizes

than permitted by the RT-to-RT packets. The format for SSR Memory Dump packets is shown
in Table 31.

Table 31: Contents of SSR Memory Dump Telemetry Packet

I TEM Size (bytes) Comments

CCSDS Header Packet ID 2 0x0D47 (See Section 4.1.1 and Figure 4-7 of the
1553 1CD. AP_ID = 0x547)

CCSDS Header Seg. Cntrl 2 TIXXXXXXXXXXXXXXB

CCSDS Header Packet Length 2 0x03B7

CCSDS Secondary Header 6 Time of CCSDS packet formation

Starting Address 4 Address of first word of dump

Bytes Transmitted 2 Cumulative bytes transmitted

Bytes Requested 2 Total bytesin dump

Data Width 1 Datawidth (1,2, or 4 bytes)

Type D 1 TypelD

Block Number 1 Block Number

Data Dump 933 Data dump from memory

Checksum 2

Total 958
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5.2 XRT Science Data

The science data contains a number of different data formats and record types within it. In
order to use our telemetry bandwidth efficiently, we pack the science data into CCSDS pack-
es with maximum filling, and unpack the data usng specid purpose ground processng
software, rather than having ITOS separate the data packets. We use the Swift Large Data
Structures protocol to pack the datainto CCSDS packets.

For the purposes of this document, we will refer to each XRT data product as a Data Record.
Each Data Record begns with a header containing a unique Record ID (also referred to as a
Header ID), which is usudly followed by data Some Data Records have fixed format. In
others, the number of bytes in a Data Record is variable, depending on the amount of data
generated during the time interva covered by the Data Record. There are severd distinct
types of XRT Data Records, each identified by a unique Header 1D, as shown in Table 32.

Table 32: XRT Science Data Record Types

Header ID Name Header
Size (bytes)

OXFECO7B92  Snapshot Header 48
0x807353E0 Image Mode CCD Frame 158
0x8073819B  Piled-up Photodiode Mode CCD Frame 158
0x8073B918 L ow-Rate Photodiode Mode Frame 158
Ox8073FOAA  Windowed Timing Mode CCD Frame 158
0x8073AB6F  Photon-Counting Mode CCD Frame 176
O0x80730FOF  Raw CCD Frame 158
0x8073FOF0  CCD BiasFrame 158
OxEO19B74A  Bad Pixd Table TBD
OXFEC029B7  Sngpshot Trailer 5118
OXED94037F  Snapshot Trailer End Marker 4
Ox4E074EQ07  EOT Marker 4

Each of these Data Records is described further in the following sections.

All multi-byte fields in XRT telemetry records are in big-endian order: MSB,LSB for two byte

fidlds; MSB(Byte3), Byte2, Bytel, LSB(Byte0) for four-byte fields.
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5.3 Science Data Format

The Swift misson is event-driven: the misson schedule is determined by the random occurrence
of gammaray bursts (GRBs). Because of our observational condraints (Swift cannot point
within 30 degrees of the Earth) we can never observe a single target for an entire orbit. Our
norma mode of operations, therefore, will be to “ping-pong” between severa (typicaly 34) tar-
gets per orbit in order to avoid violating the observing condraints. A new burst can occur a any
random time during the observation of an “old” GRB/afterglow.

On-board schedule Actual observing
before GRB schedule after GRB
Target 1, Snapshot 3 Target 1, Snapshot 3

Target 2, Snapshot 5
Target 2, Snapshot 5

NEW GRB:
Target 4, Snapshot 1

Target 3, Snapshot 2
Target 3, Snapshot 2

Target 1, Snapshot 4 Target 1, Snapshot 4

Target 2, Snapshot 6

Target 2, Snapshot 6

Target 4, Snapshot 2

Target 3, Snapshot 3 Target 3, Snapshot 3

Figure 6: Typical Swift Observation Sequence

A typicd observation sequence, therefore, might look something like Figure 6. We are usng the
following terminology:
Snapshot: a single continuous observetion of a given target
Observation Segment: a series of sngpshots of a single target, taken over a period of ~ 1-2
days. Observation segment numbers are stored in the Tertiary Header.
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The on-board schedule kept by the Figure of Merit process is shown schematicaly in the left-
hand column, and congsts of severd observations of previoudy observed recent GRBs. During
this observing sequence, a new GRB occurs (an Automated Target), resulting in the modified
schedule shown in the right-hand column. The new GRB occurs during Snagpshot 5 of Target 2,
resulting in a truncated snapshot of this target. The GRB Automated Target observation (Snap-
shot 1 of the new Target 4) continues until terminated by an impending condraint violation. The
schedule then reverts to Snapshot 2 of Target 3, which is now shorter than origindly planned.
Snapshot 6 of Target 2 is even shorter than Snapshot 5, because the FOM schedules an observa
tion of the new Target 4 as soon as it becomes vishle.

Each target is therefore observed multiple times, with the same Observation Segment Number
assigned to each sngpshot of the same target. These multiple observations of each target must be
recombined during ground processing to obtain the complete data set for a given target.

The XRT Scence Daa flow is shown schemaicdly in Figure 7. Each Snapshot is aganized as
a group of data records beginning with a Snapshot Header and ending with a Snapshot Traller.
The science data are packed into CCSDS packets, with up to 942 bytes of science data in each
packet, usng the Swift Large Data Structures protocol (the first 10 data bytes of each packet are
taken up with header information as shown in Fgure 7). The observation is terminated with a
Snapshot Traller, followed by a copy of the Snapshot Header from the current sngpshot. This re-
dundant header helps to recongtruct the science data should the playback of the snapshot be split
across two downlink passes. The next sngpshot begins with a new Snapshot Heeder in the fol-
lowing CCSDS packet. Whole CCSDS packets are combined by the SCUI software module into
960-Byte ST_PDU packets, for transmission over the spacecraft’s 1553 bus.

Within a snapshot the data are organized as a series of Data Records. Data Records may
condg of either a fixed-s9ze Record, or a fixed-sze Header followed by a variable number of
Records. For example, a Postage Stamp is a fixed-size Data Record containing image data,
while a Photon-Counting Mode CCD Frame record has variable length, with the length given
in the fixed-length header. The various Data Record formats are described in the remainder
of this section. In generd, the Data Record headers are trangmitted as a single CCSDS
packet, while the accompanying data are split between multiple packets.

The tables in the following sections show the entire data structure as transmitted by the XRT
to the spacecraft C&DH system, including both CCSDS headers (shown in gray) and LDP
headers (shown in blue). The CCSDS headers and LDP headers will be stripped off by soft-
ware a the SDC, leaving just the actua LDP structures to be processed into FITS files for
further anayss
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CCSDS Primary Header
CCSDS Secondary Header
LDP header (Produce |D/Page #)

Snapshot Header #1
(fixed size)

# Pagesin File (2 bytes - 0x0000)
CCSDS Tertiary Header

Snapshot Header 1D (4 bytes)
Snapshot Counter (4 bytes)
EOT Marker (4 bytes)

Data Record 1 Header (fixed size)

Data Record 1 Data (variable size)

Data Record 2 Header (fixed size)

Data Record 2 Data (variable size)

Data Record 3 Header (fixed size)

Data Record 3 Data (variable size)

Cme XIRT Observadion

Snapshot Trailer ID (2 bytes)
Observation Segment # (1 byte)
Target ID (3 bytes)

Snapshot Trailer Contents

Snapshot Trailer End 1D

Snapshot Trailer
(fixed size)

CCSDS Primary Header
CCSDS Secondary Header
LDP header (Produce ID/Page #)

Snapshot Header #1
(redundant copy)

CCSDS Tertiary Header

# Pagesin File (2 bytes - actual size)

Snapshot Header 1D (4 bytes)
Snapshot Counter (4 bytes)
EOT Marker (4 bytes)

CCSDS Primary Header
CCSDS Secondary Header
LDP header (Produce ID/Page #)

Snapshot Header #2
(fixed size)

# Pagesin File (2 bytes - 0x0000)
CCSDS Tertiary Header

Snapshot Header 1D (4 bytes)
Snapshot Counter (4 bytes)
EOT Marker (4 bytes)

XRT-PSU-028

LDP Header

} Standard File Header

} Nonstandard File Header

} CCSDS Packet
Boundaries

Each CCSDS Packet

CCSDS Primary Header
CCSDS Secondary Header
LDP header (Produce | D/Page #)

/

File Contents

Checksum

Figure 7: Science Data Telemetry Format
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5.4

The Snapshot Header marks the beginning and end of a sngpshot.

Snapshot Header

XRT-PSU-028

(It is the LDP header.) The

format is shown in Table 33. The Snapshot Header Counter is a unique 4byte identifier that in-

crements through the mission for each new snapshot (resets at reboot).

Table 33: XRT Snapshot Header

# | OFF- |DESCRIPTION # OF FORMAT COMMENT
SET BYTES
0 CCSDS Header Packet ID 2 0x0000 <= Value <= OxFFFF 0x0D40 (See Section 4.1.1 and Figure 4-7 of
E,‘ the 1553 ICD. AP ID = 0x540)
i 2 CCSDS Header Seq. Cntrl 2 0x0000 <= Value <= OxFFFF TIXXXXXXXXXXXXXXB
8 2 CCSDS Header Packet 2 0x0000 <= Value <= OxFFFF 0x0029
8 Length
6 | CCSDS Secondary Header 6 Time of CCSDS packet formation
Product Number 2 Unsigned Integer Unique ID # for this snapshot LDP (least
Ly 12 significant 16-bits of Snapshot Count)
— I
14 Page Number 2 Unsigned Integer Sequential Page # within this snapshot LDP
S Total Pages in File 2 Unsigned Integer Total number of pages within snapshot LDP
K 16 (will be zero for Snapshot Header at
Z beginning of LDP, but filled in for Snapshot
% Header Copy at end of LDP)
= 18 Observation Segment 1 0x00 <= Value <= OxFF Observation Segment assigned by FoM
?u 19 Target ID 3 0x000000 <= Value <= OxFFFFFF Unique ID of this Target, assigned by FoM
?u 22 Data Collection time 6 4 bytes S/C seconds, 2 bytes subseconds S/C time of header creation
n 28 UTC_Delta 6 4 bytes S/C seconds, 2 bytes subseconds UTC Correction
1 34 Snapshot Header ID 4 OXFECO07B92 Indicates Beginning of Snapshot
2 38 Snapshot Count 4 0x00000000 <= Value <= OXFFFFFFFF Sequential Number of this Snapshot
3| a EOT Marker 4 0x00000000 End Of Transmission Marker (zero for
Snapshot Header at beginning of LDP
46 Checksum 2 0x0000 <= Value <= OXFFFF Sum of all Bytes in packet excluding
TOTAL 48
SIZE INK (K = 1024) 0.05
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5.5

Image M ode CCD Frame Record

XRT-PSU-028

The Image Mode CCD Frame Record is the format used to store the data from an Image Mode
CCD frame. An Image Mode Frame Record conssts of a fixed-format Image Mode Frame
Header followed by a varidble number of pixd vdues, for those pixes exceeding the Lower
Leve Discriminator threshold.

551

I mage M ode Frame Header
The format of the Image Mode CCD Frame Header is shown in Table 34.

Table 34: Image M ode Frame Header

# | OFF- DESCRIPTION # OF FORMAT COMMENT
SET BYTES
_ _ 0x0D40 (See Section 4.1.1 and Figure 4-7 of the 1553
g 0 CCSDS Header Packet ID 2 0x0000 <= Value <= OxFFFF ICD. AP ID = Ox540)
i 2 CCSDS Header Seq. Cntrl 2 0x0000 <= Value <= OxFFFF LIXXXXXXXXXXXXXXB
[a)
8 4 |CCSDS Header Packet Length 2 0x0000 <= Value <= OXFFFF 0x0091
O
6 CCSDS Secondary Header 6 Time of CCSDS packet formation
. Unique ID # for this snapshot LDP (least significant 16
o .
9 % 12 Product Number 2 Unsigned Integer bits of Snapshot Count)
14 Page Number 2 Unsigned Integer Sequential Page # within this snapshot LDP
1 16 CCD Image Mode Frame 4 0x807353E0 Indicates Start Of CCD Frame Header
Header ID
2 20 CCD Frame Counter 4 Unsigned Long Integer Sequentially Number Each CCD Frame
3 o Observation Segment 1 OX00 <= OBSID <= OXFE Unique Qbsgrvatlon Segment number for each target
observation interval
4 25 Target ID 3 0x000000 <= ID <= OxFFFFFF |Unique ID for each target
5 28 RA (J2000) 4 IEEE Floating Point Right Ascention of this Frame
6 32 Dec (J2000) 4 IEEE Floating Point Declination of this Frame
7 36 Roll 4 IEEE Floating Point Roll angle of this Frame
ACS Status For This Frame:
Bit 0: IS_SETTLED (LSB)
8 40 ACS Bilevel Flags 1 0x00 <= Value <= OxFF Bit 1: IS_IN_10_ARCMIN
Bit 2: IN_SAA_FLAG
Bit 3: IN_SAFE_MODE
XRT State:
_ _ 0Ox11: Auto
9 41 XRT State Flags 1 0x00 <= Value <= OxFF 0x22- Manual
0x44: Red
XRT Readout Mode For Last CCD Frame:
1 =Null 6 = Windowed Timing
10 | 4 XRT Mode Flags 1 0x00 <= Value <= OXFF 2 = Short Image 7 = Photon-Counting
3 =Long Image 8 = Raw Data
4 = Piled-up Photodiode 9 = Bias Map
5 = Low Rate Photodiode 10 = Stop
11 43 CCD Waveform ID 0x00 <= Value <= OxFF Unique ID of CCD Waveform used
12 a4 Count Rate 4 IEEE Floating Point Count rate determined by ERP
Subtotal: 48
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Table 34: Image M ode Frame Header (cont.)

# | OFF- DESCRIPTION # OF FORMAT COMMENT
SET BYTES
13 48 TAM X1 4 IEEE Floating Point X Position of TAM Image 1
14 52 TAM Y1 4 IEEE Floating Point Y Position of TAM Image 1
15 56 TAM X2 4 |EEE Floating Point X Position of TAM Image 2
16 60 TAM Y2 4 |EEE Floating Point Y Position of TAM Image 2
17 64 CCD Temperature 2 0x0000 <= Value <= OxOFFF CCD Temperature for this Frame
18 66 Vodl 2 0x0000 <= Value <= OxOFFF (0/+33 V) Output Drain Voltage for Amp 1 (left amp)
19 68 Vod2 2 0x0000 <= Value <= OxOFFF (0/+33 V) Output Drain Voltage for Amp 2 (right amp)
20 70 Vrdl 2 0x0000 <= Value <= OxOFFF (0/+25 V) Reference Voltage for Amp 1
21 72 Vrd2 2 0x0000 <= Value <= OXOFFF (0/+25 V) Reference Voltage for Amp 2
22 74 Vogl 2 0x0000 <= Value <= OxOFFF (0/+12 V) Output Gate Voltage for Amp 1
23 76 \og2 2 0x0000 <= Value <= OxOFFF (0/+12 V) Qutput Gate Voltage for Amp 2
24 78 1Rpl 2 0x0000 <= Value <= OxOFFF (0/+12 V) Serial Register clock phase 1 (left half)
25 80 'Rp2 2 0x0000 <= Value <= OxOFFF (0/+12 V) Serial Register clock phase 2 (left half)
26 82 1Rp3 2 0x0000 <= Value <= OxOFFF (0/+12 V) Serial Register clock phase 3 (left half)
27 84 1pR 2 0x0000 <= Value <= OxOFFF (0/+12 V) Reset Gate Clock, amp 1
28 86 2pR 2 0x0000 <= Value <= OxOFFF (0/+12 V) Reset Gate Clock, amp 2
29 88 2Rpl 2 0x0000 <= Value <= OxOFFF (0/+12 V) Serial Register clock phase 1 (right half)
30 90 2Rp2 2 0x0000 <= Value <= OxOFFF (0/+12 V) Serial Register clock phase 2 (right half)
31 92 2Rp3 2 0x0000 <= Value <= OxOFFF (0/+12 V) Serial Register clock phase 3 (right half)
32 94 Var 2 0x0000 <= Value <= OxOFFF (0/+25 V) Guard Ring Bias Voltage
33 96 Vsub 2 0x0000 <= Value <= OxOFFF (0/+12 V) Substrate Bias Voltage
34 98 Vbackjun 2 0x0000 <= Value <= OxOFFF (0/+25 V) Back Junction Bias Voltage
35 | 100 Vid 2 0x0000 <= Value <= OxOFFF (0/+25 V) Input Diode Bias Voltage
36 | 102 Ipl 2 0x0000 <= Value <= OxOFFF (0/+12 V) Image Area Parallel Clock Phase 1
37 | 104 Ip2 2 0x0000 <= Value <= OxOFFF (0/+12 V) Image Area Parallel Clock Phase 2
38 | 106 Ip3 2 0x0000 <= Value <= OxOFFF (0/+12 V) Image Area Parallel Clock Phase 3
39 | 108 Spl 2 0x0000 <= Value <= OxOFFF (0/+12 V) Framestore Area Parallel Clock Phase 1
40 | 110 Sp2 2 0x0000 <= Value <= OxOFFF (0/+12 V) Framestore Area Parallel Clock Phase 2
41 | 112 Sp3 2 0x0000 <= Value <= OxOFFF (0/+12 V) Framestore Area Parallel Clock Phase 3
42 | 114 pIG 2 0x0000 <= Value <= OxOFFF (0/+12 V) Input Gate Clock
43 | 116 Vbaselinel 2 0x0000 <= Value <= OXOFFF (0/+5 V) Baseline voltage for Signal Chain A
44 | 118 Vbaseline2 2 0x0000 <= Value <= OxOFFF (0/+5 V) Baseline voltage for Signal Chain B
45 | 120 Readout Start Time 6 2 gv?e{;ezf(;zl‘f':'csjgzgzgr?as S/C Time at end of first CCD row readout
46 | 126 Readout End Time 6 2 ﬁv?e{;ezf(;z:':'csjgggzgsé!s S/C Time at end of last CCD row readout
47 | 132 Nominal (_‘}(i:mDeExposure 4 2 Eﬁéf;i:{.ijggg?g;&s Nominal Exposure Time of Image Area
48 | 136 N_pixels 2 Unsigned Integer Number of pixel records following the header
49 | 138 |Lower Level Discriminator 2 0x0000 <= Value <= OxOFFF Pixel Threshold used for this Frame (DN)
50 | 140 | Number Of Pixels > LLD 4 Unsigned Long Integer # pixels above the LLD
51 | 144 Not Used 2 N/A ULD (not used)
52 | 146 Not Used 4 N/A Not used (slows down processing)
53 | 150 Amp 1 Byte Amp Number (1 or 2)
54 | 151 Spare 1 Byte Spare byte
55 | 152 NCOLS 2 Unsigned Integer Number of columns in image
56 | 154 NROWS 2 Unsigned Integer Number or rows in image
57 | 156 Checksum 2 0x0000 <= Value <= OXFFFF Sum of all previous bytes in packet
TOTAL 158
SIZE INK (K =1024) 0.15

See Appendix A for details of the CCD pixd layout. See Appendix B for interpretation of Read-
out Times The “count rat€’ in this mode is defined as N_pixds divided by the nomind expo-

suretime, where N_pixes is the number of pixels abovethe LLD.
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I mage Mode Data Packet Format

XRT-PSU-028

The Image Mode Header is followed by one or more CCSDS data packets, each containing up to
235 32-hit undgned integer data words, one for each pixel above the threshold. The structure of

the CCSDS data packetsis shown in Table 35.

Table 35: Image Mode Pixel Data Packet For mat

DESCRIPTION # OF
BYTES

H*

FORMAT

COMMENT

CCSDS Header Packet 1D 2

0x0000 <= Vaue <= OxFFFF

0x0D40 (See Section 4.1.1 and Figure 4-7 of the

§ 1553 1CD. AP ID = 0x540)
T | CCSDSHeader Seq. Cnitrl 2 0x0000 <= Value <= OxFFFF LIXXXXXXXXXXXXXXB
§ CCSDS Header Packet 2 0x0000 <= Value <= OxFFFF 0x000D - 0x03B7 (20 - 958 Bytes)
8 Lenath
CCSDS Secondary Header 6 Time of CCSDS packet formation
A (2 Product Number 2 0x0000 <= Value <= OxFFFF Unique ID # for this snapshot LDP (least
34 significant 16-bits of Snapshot Count)
Page Number 2 0x0000 <= Value <= OxFFFF Sequential Page # within this snapshot L DP
1-235|1 - 235, 32-bit pixel data words| 940 Unsigned Long Integer 32-bit unsigned long integers containing pixel data
Checksum 2 0x0000 <= Value <= OXFFFE Sum of all Bvtes in packet excludina Checksum
TOTAL 958

Only data for pixels above the Lower Leve Discriminator (LLD) are telemetered. The number
of pixel records following the Image Mode Frame Heeder is given in the Frame Header (Item 48:
N_pixds). The size of the last data packet depends on the number of pixes telemetered (it is not
padded after the last data vaue).
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5.5.3 CCD Pixd Format for Image Mode Data Packets
Each data word contains a 12-hit pixd vaue in the low 12 bits and 20 bits of postion informe-

tion, packed into a 32-bit undgned integer. The bit assgnment for the CCD pixd data in Image
Modeisshownin Table 36. The bit packing sequence for each pixd isshownin Table 37.

Table 36: Image Mode CCD Pixel Bit Assignment

ITEM # Bits
CCD Column (RAWX: 0-599) 10
CCD Row (RAWY': 0-601) 10
Pixel Value (DN) 12

Total 32

Table 37: Image Mode Pixel Bit Packing Sequence

Bit7 | Bit6 | Bit5| Bit4 | Bit3 | Bit2 | Bit1| BitO
(MSB) (LSB)
ByteO | X9 X8 | X7 | X6 | X5 | X4 | X3 X2
Bytel | X1 X0 | YO | Y8 | Y7 | Y6 | Y5 Y4
Byte2 | Y3 Y2 | Y1 | YO | P11 | P10 | P9 P8
Byte 3 P7 P6 | P5 | PA | P3 | P2 | P1 PO

Where X represents the pixdl RAWX coordinate  (0-599), Y represents the pixd RAWY
coordinate (0-601), and P represents the pixe vaue in DN. (See Appendix A for definition of
RAWX/RAWY coordinates.)
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56  Piled-up Photodiode Mode CCD Frame Record

The Piled-up Photodiode Mode CCD Frame Record is the format used to store the data from a
Photodiode Mode CCD timing “frame” for which more than 50% of the pixels exceed the LLD.
Although data taken in Photodiode Mode have no inherent frame gructure, for convenience we
break the tdemetry data into frames conssting of a Photodiode Mode Frame Header followed by
event data.

the “count rate’ is re-evaluated.

5.6.1 Piledup Photodiode Mode Frame Header
The format of the Filed-up Photodiode Mode CCD Frame Header is shown in Table 38.

It takes about 8 seconds to complete one of these frames. At the end of the frame,

Table 38: Piled-up Photodiode Mode Frame Header

# | OFF- DESCRIPTION # OF FORMAT COMMENT
SET BYTES
= 0x0D40 (See Section 4.1.1 and Figure 4-7 of the 1553
(] = —
= 0 CCSDS Header Packet ID 2 0x0000 <= Value <= OXFFFF ICD. AP ID = 0x540)
I 2 CCSDS Header Seq. Cntrl 2 0x0000 <= Value <= OXFFFF TIXXXXXXXXXXXXXXB
(%)
8 4 |CCSDS Header Packet Length 2 0x0000 <= Value <= OxFFFF 0x0091
Q
O 6 CCSDS Secondary Header 6 Time of CCSDS packet formation
. Unique ID # for this snapshot LDP (least significant 16
o .
9 % 12 Product Number 2 Unsigned Integer bits of Shapshot Count)
14 Page Number 2 Unsigned Integer Sequential Page # within this snapshot LDP
1 16 Piled-up Photodiode Frame 4 0x8073819B Indicates Start Of CCD Frame Header
Header ID
2 20 CCD Frame Counter 4 Unsigned Long Integer Sequentially Number Each CCD Frame
3 24 Observation Segment 1 0X00 <= OBSID <= OxEF Unique C_)bsgrvatlon Segment number for each target
observation interval
4 25 Target ID 3 0x000000 <= ID <= OxFFFFFF |Unigue ID for each target
5 28 RA (J2000) 4 IEEE Floating Point Right Ascention of this Frame
6 32 Dec (J2000) 4 IEEE Floating Point Declination of this Frame
7 36 Roll 4 IEEE Floating Point Roll angle of this Frame
ACS Status For This Frame:
Bit 0: IS_SETTLED (LSB)
8 40 ACS Bilevel Flags 1 0x00 <= Value <= OxFF Bit 1: IS_IN_10_ARCMIN
Bit 2: IN_SAA_FLAG
Bit 3: IN_SAFE_MODE
XRT State Flags for this frame:
0x11: Auto
<= <=
9 41 XRT State Flags 1 0x00 <= Value <= OxFF 0x22- Manual
0x44: Red
XRT Readout Mode For Last CCD Frame:
1= Null 6 = Windowed Timing
10 | 42 XRT Mode Flags 1 0x00 <= Value <= OXFF 2 = Short Image 7 = Photon-Counting
3 =Long Image 8 = Raw Data
4 = Piled-up Photodiode 9 = Bias Map
5 = Low Rate Photodiode 10 = Stop
11 43 CCD Waveform ID 1 0x00 <= Value <= OxFF Unique ID of CCD Waveform used
12 44 Count Rate 4 IEEE Floating Point Count rate determined by ERP
Subtotal: 48
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Table 38: Piled-up Photodiode M ode Frame Header (cont.)

# OFF DESCRIPTION BYTES FORMAT COMMENT

13 48 TAM X1 4 IEEE Floating Point X Position of TAM Image 1

14 52 TAM Y1 4 IEEE Floating Point Y Position of TAM Image 1

15 56 TAM X2 4 IEEE Floating Point X Position of TAM Image 2

16 60 TAM Y2 4 IEEE Floating Point Y Position of TAM Image 2

17 64 CCD Temperature 2 0x0000 <= Value <= OxOFFF CCD Temperature for this Frame

18 | 66 Vodl 2 0x0000 <= Value <= 0XOFFF (0/+33 V) Output Drain Voltage for Amp 1 (left amp)

19 | 68 Vod2 2 0x0000 <= Value <= OxOFFF (0/+33 V) Output Drain Voltage for Amp 2 (right amp)

20 70 Vrdl 2 0x0000 <= Value <= OXOFFF (0/+25 V) Reference Voltage for Amp 1

21 72 Vrd2 2 0x0000 <= Value <= OxOFFF (0/+25 V) Reference Voltage for Amp 2

22 74 Vogl 2 0x0000 <= Value <= OxOFFF (0/+12 V) Output Gate Voltage for Amp 1

23 76 Vog2 2 0x0000 <= Value <= OxOFFF (0/+12 V) Output Gate Voltage for Amp 2

24 78 1Rpl 2 0x0000 <= Value <= OxOFFF (0/+12 V) Serial Register clock phase 1 (left half)

25 | 80 IRp2 2 0x0000 <= Value <= OxOFFF (0/+12 V) Serial Register clock phase 2 (left half)

26 | 82 1Rp3 2 0x0000 <= Value <= 0xOFFF (0/+12 V) Serial Register clock phase 3 (left half)

27 84 1pR 2 0x0000 <= Value <= OXOFFF (0/+12 V) Reset Gate Clock, amp 1

28 86 2pR 2 0x0000 <= Value <= OxOFFF (0/+12 V) Reset Gate Clock, amp 2

29 38 2Rp1l 2 0x0000 <= Value <= OxOFFF (0/+12 V) Serial Register clock phase 1 (right half)

30 90 2Rp2 2 0x0000 <= Value <= OxOFFF (0/+12 V) Serial Register clock phase 2 (right half)

31 | 92 2Rp3 2 0x0000 <= Value <= OXOFFF (0/+12 V) Serial Register clock phase 3 (right half)

32 | 94 vagr 2 0x0000 <= Value <= OxOFFF (0/+25 V) Guard Ring Bias Voltage

33 96 Vsub 2 0x0000 <= Value <= OXOFFF (0/+12 V) Substrate Bias Voltage

34 98 Vbackjun 2 0x0000 <= Value <= OxOFFF (0/+25 V) Back Junction Bias Voltage

35 | 100 Vid 2 0x0000 <= Value <= OxOFFF (0/+25 V) Input Diode Bias Voltage

36 | 102 Ipl 2 0x0000 <= Value <= OxOFFF (0/+12 V) Image Area Parallel Clock Phase 1

37 | 104 1p2 2 0x0000 <= Value <= OxOFFF (0/+12 V) Image Area Parallel Clock Phase 2

38 | 106 Ip3 2 0x0000 <= Value <= OxOFFF (0/+12 V) Image Area Parallel Clock Phase 3

39 | 108 Spl 2 0x0000 <= Value <= OxOFFF (0/+12 V) Framestore Area Parallel Clock Phase 1

40 | 110 Sp2 2 0x0000 <= Value <= OxOFFF (0/+12 V) Framestore Area Parallel Clock Phase 2

41 | 112 Sp3 2 0x0000 <= Value <= OxOFFF (0/+12 V) Framestore Area Parallel Clock Phase 3

42 | 114 pIG 2 0x0000 <= Value <= OxOFFF (0/+12 V) Input Gate Clock

43 | 116 Vbaselinel 2 0x0000 <= Value <= OxOFFF (0/+5 V) Baseline voltage for Signal Chain A

44 | 118 Vbaseline2 2 0x0000 <= Value <= OxOFFF (0/+5 V) Baseline voltage for Signal Chain B

45 | 120 Readout Start Time 6 4 bytes of S/C seconds, S/C Time at end of first CCD row readout in "frame"

2 bvtes of XRT subseconds

46 | 126 Readout End Time 6 2 2\%;9;(;:1/%3;2223:&5 S/C Time at end of last CCD row readout in "frame”

48 | 136 Spare 2 0x0000

49 | 138 Lower Level Discriminator 2 0x0000 <= Value <= OxOFFF Pixel Threshold used for this Frame (DN)

50 | 140 N>LLD 4 Unsigned Long Integet Number Of Pixels Greater Than LLD (not used)

51 | 144 Upper Level Discriminator 2 0x0000 <= Value <= OxOFFF Upper Level Discriminator (DN)

52 | 146 N > ULD 4 Unsigned Long Integet Number of Pixels Greater Than ULD (not used)

53 | 150 Amp 1 Byte Amp Number (1 or 2)

54 | 151 Spare 1 Byte Spare byte

55 | 152 N_Pixels 4 Unsigned Long Integer Number of pixels following header
Checksum 2 0x0000 <= Value <= OxFFFF Sum of all previous bytes in packet

TOTAL 158

See Appendix A for details of the CCD pixd layout. See Appendix B for interpretation of Read-
out Times See XRT-PSU-037 for detailed description of how to caculate event arriva times.
The “count rate’ in this mode is defined as N_Pixels divided by the nomind exposure time,
where N_Pixds is the number of pixes following the header. All pixels are tdemetered

(N>LLD and N>ULD are caculated but are not used in this mode).

Version 4.6

Page 66 of 102

14 October 2002




XRT Telemetry Data Formats XRT-PSU-028

5.6.2 Piled-up Photodiode M ode Data Packet For mat

The Riled-up Photodiode Mode Frame Header is followed by 379,862 16 hit integers data words,
organized as 602 “rows’, each “row” contaning 631 pixds. (There is no inherent row/column
sructure to photodiode mode data, but the pixels do have End of Line and End of Frame bits set
as shown in Table 40). The data words are broken up into multiple CCSDS packets as needed.
Up to 470 16-bit datawords will be formatted into each CSSDS packet as shown in Table 39.

Table 39: Piled-up Photodiode M ode Pixel Data Packet For mat

# DESCRIPTION # OF FORMAT COMMENT
BYTES
5 CCSDS Header Packet ID 2 0x0000 <= Value <= OxFFFF 0x0D40 (See Section 4.1.1 and Figure 4-7 of the
§ 1553 ICD. AP ID = 0x540)
T | CCSDSHeader Seq. Cntrl 2 0x0000 <= Value <= OxFFFF LIXXXXXXXXXXXXXXB
é CCSDS Header Packet 2 0x0000 <= Vaue <= OxFFFF 0x000D - 0x03B7 (20 - 958 Bytes)
9 Length
CCSDS Secondary Header 6 Time of CCSDS packet formation
A G2 Product Number 2 0x0000 <= Vaue <= OXFFFF Unique ID # for this snapshot LDP (least
2E significant 16-bits of Snapshot Count)
Page Number 2 0x0000 <= Value <= OXFFFF Sequential Page # within this snapshot L DP
1-470|1 - 470, 16-bit pixel data words| 940 0X0000 <= Value <= OXFFFF 16-bit unsigned integers containing pixel data or
Checksum 2 0x0000<=Value<=OxFFFE | Sum of all Bvtes in packet excludina Checksum |
TOTAL 958

The pixels are arranged in the same order that they are read out of the camera, except that MET
data words are discarded. The fird pixe of the firg frame of data in this mode is a garbage pix-
el. The next five are the guard pixels and contain no sky sgnd. (The exposure time for the first
gx pixes of the firg “frame’ is zero) The next 602 pixes are from the Framestore Area of the
CCD and dso have zero exposure to the sky but have monotonically increasing exposure to
background events (from Framestore Ared). Pixels 608 — 1807 have monotonicaly incressing
exposure for both sky and background. The ret of the pixds in the firgt frame (and dl of the
pixels in subsequent frames) have constant sky exposure and constant background exposure. See
XRT-PSU-037 for details.
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The format of the 16-bit data words is shown in Table 40. Each 16-bit data word contains a 12-
bit pixd vaue in the high 12 bits and 4 tag bits in the leest dgnificant bits. The last pixel in each
“row” will be marked with an end of line tag; the last pixe in the last “row” of the frame will be
marked with both an end of line and end of frame tag.

Table 40: Piled-up Photodiode M ode Pixel Data Bit Format

BI5 | B14 | B13 | B12 | BLL | B10 | B0o9 | BO8 | BO7 | B06 | BO5 | B04 | BO3 | BOZ | BOL | BOO Dose
msb Isb )
D 5 5 5 5 5 5 5 5 5 5 5 T 0 0 0
A A A A A A A A A A A A
T T T T T T T T T T T T Normal Pixel
A A A A A A A A A A A A Data Format
1 1 0 0 0 0 0 0 0 0 0 0
1 0 9 8 7 6 5 4 3 2 1 0
5 5 5 5 5 5 5 5 5 5 5 5 T T T 0 ,
A A A A A A A A A A A A fv'i)tflEDnagif
T T T T T T T T T T T T e
A A A A A A A A A A A A Eng of
1 1 0 0 0 0 0 0 0 0 0 0 End o
1 0 9 8 7 6 5 4 3 2 1 0
5 5 5 5 ) 5 ) 5 5 5 ) 5 T T 0 i
A A A A A A A A A A A A biel b
T T T T T T T T T T T T oelam
A A A A A A A A A A A A L
1 1 0 0 0 0 0 0 0 0 0 0
1 0 9 8 7 6 5 4 3 2 1 0
5 ) 5 o) 5] 5 ) 5 D 5 ) 5 T 0 T 5
A A A A A A A A A A A A ol
T T T T T T T T T T T T \FA’/'I;‘rf E?ﬁt%f
A A A A A A A A A A A A e
1 1 0 0 0 0 0 0 0 0 0 0
1 0 9 8 7 6 5 4 3 2 1 0
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L ow Rate Photodiode M ode CCD Frame Record

The Low Rate Photodiode Mode CCD Frame Record is the format used to store the data from a
Photodiode Mode CCD timing “frame’ for which fewer than 50% of the pixels exceed the LLD.
Although data taken in Photodiode Mode have no inherent frame gructure, for convenience we
break the tdemetry data into frames conssting of a Photodiode Mode Frame Header followed by
event data. Each “frame’ contains the events from 379,862 CCD pixds.

5.7.1 Low Rate Photodiode Mode Frame Header
The format of the Low Rate Photodiode Mode CCD Frame Header is shown in Table 41.

Table 41: Low Rate Photodiode M ode Frame Header

# | OFF- DESCRIPTION # OF FORMAT COMMENT
SET BYTES
= 0x0D40 (See Section 4.1.1 and Figure 4-7 of the 1553
[} = =
- 0 CCSDS Header Packet ID 2 0x0000 <= Value <= OxFFFF ICD. AP ID = 0x540)
2 2 CCSDS Header Seq. Cntrl 2 0x0000 <= Value <= OxFFFF LLXXXXXXXXXXXXXXB
(%)
9) 4 |CCSDS Header Packet Length 2 0x0000 <= Value <= OXxFFFF 0x0091
Q
O 6 CCSDS Secondary Header 6 Time of CCSDS packet formation
) Unique ID # for this snapshot LDP (least significant 16-|
% % 12 Product Number 2 Unsigned Integer i o e )
14 Page Number 2 Unsigned Integer Sequential Page # within this snapshot LDP
1 | 16 | LowRate Photodiode Frame | 080738918 Indicates Start Of CCD Frame Header
Header ID
2 20 CCD Frame Counter 4 Unsigned Long Integer Sequentially Number Each CCD Frame
3 o Observation Segment 1 0X00 <= OBSID <= OXEF Unique Qbsgrvaﬂon Segment number for each target
observation interval
4 25 Target ID 3 0x000000 <= ID <= OXFFFFFF |Unique ID for each target
5 28 RA (J2000) 4 IEEE Floating Point Right Ascention of this Frame
6 32 Dec (J2000) 4 IEEE Floating Point Declination of this Frame
7 36 Roll 4 IEEE Floating Point Roll angle of this Frame
ACS Status For This Frame:
Bit 0: IS_SETTLED (LSB)
8 40 ACS Bilevel Flags 1 0x00 <= Value <= OxFF Bit 1: IS_IN_10_ARCMIN
Bit 2: IN_SAA_FLAG
Bit 3: IN_SAFE_MODE
XRT State Flags for this frame:
0x11: Auto
9 41 XRT State Flags 1 0x00 <= Value <= OxFF 0x22: Manual
0x44: Red
XRT Readout Mode For Last CCD Frame:
1=Null 6 = Windowed Timing
10 | 42 XRT Mode Flags 1 0x00 <= Value <= OXFF 2 = Short Image 7= Photon-Counting
3 =Long Image 8 = Raw Data
4 = Piled-up Photodiode 9 = Bias Map
5 = Low Rate Photodiode 10 = Stop
11 43 CCD Waveform ID 1 0x00 <= Value <= OxFF Unique ID of CCD Waveform used
12 44 Count Rate 4 IEEE Floating Point Count rate determined by ERP
Subtotal: 48
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Table 41: L ow Rate Photodiode M ode Frame Header (cont.)

# OFF DESCRIPTION BYTES FORMAT COMMENT

13 48 TAM X1 4 IEEE Floating Point X Position of TAM Image 1

14 52 TAM Y1 4 IEEE Floating Point Y Position of TAM Image 1

15 56 TAM X2 4 IEEE Floating Point X Position of TAM Image 2

16 60 TAM Y2 4 IEEE Floating Point Y Position of TAM Image 2

17 | 64 CCD Temperature 2 0x0000 <= Value <= OXOFFF CCD Temperature for this Frame

18 | 66 Vodl 2 0x0000 <= Value <= OXOFFF (0/+33 V) Output Drain Voltage for Amp 1 (left amp)

19 68 Vod2 2 0x0000 <= Value <= OXOFFF (0/+33 V) Output Drain Voltage for Amp 2 (right amp)

20 70 Vrdl 2 0x0000 <= Value <= OxOFFF (0/+25 V) Reference Voltage for Amp 1

21 72 Vrd2 2 0x0000 <= Value <= OxOFFF (0/+25 V) Reference Voltage for Amp 2

22 74 Vogl 2 0x0000 <= Value <= OxOFFF (0/+12 V) Output Gate Voltage for Amp 1

23 76 \Vog2 2 0x0000 <= Value <= OxOFFF (0/+12 V) Output Gate Voltage for Amp 2

24 | 78 1Rpl 2 0x0000 <= Value <= OxOFFF (0/+12 V) Serial Register clock phase 1 (left half)

25 80 'Rp2 2 0x0000 <= Value <= OxOFFF (0/+12 V) Serial Register clock phase 2 (left half)

26 82 1Rp3 2 0x0000 <= Value <= OxOFFF (0/+12 V) Serial Register clock phase 3 (left half)

27 84 1pR 2 0x0000 <= Value <= OxOFFF (0/+12 V) Reset Gate Clock, amp 1

28 86 2pR 2 0x0000 <= Value <= OxOFFF (0/+12 V) Reset Gate Clock, amp 2

29 | 88 2Rpl 2 0x0000 <= Value <= OxOFFF (0/+12 V) Serial Register clock phase 1 (right half)

30 | 90 2Rp2 2 0x0000 <= Value <= OxOFFF (0/+12 V) Serial Register clock phase 2 (right half)

31 | 92 2Rp3 2 0x0000 <= Value <= OxOFFF (0/+12 V) Serial Register clock phase 3 (right half)

32 94 \Vgr 2 0x0000 <= Value <= OxOFFF (0/+25 V) Guard Ring Bias Voltage

33 96 Vsub 2 0x0000 <= Value <= OxOFFF (0/+12 V) Substrate Bias Voltage

34 98 Vbackjun 2 0x0000 <= Value <= OxOFFF (0/+25 V) Back Junction Bias Voltage

35 ] 100 Vid 2 0x0000 <= Value <= OxOFFF (0/+25 V) Input Diode Bias Voltage

36 | 102 Ipl 2 0x0000 <= Value <= OxOFFF (0/+12 V) Image Area Parallel Clock Phase 1

37 | 104 Ip2 2 0x0000 <= Value <= OXOFFF (0/+12 V) Image Area Parallel Clock Phase 2

38 | 106 Ip3 2 0x0000 <= Value <= OxOFFF (0/+12 V) Image Area Parallel Clock Phase 3

39 | 108 Spl 2 0x0000 <= Value <= OxOFFF (0/+12 V) Framestore Area Parallel Clock Phase 1

40 | 110 Sp2 2 0x0000 <= Value <= OxOFFF (0/+12 V) Framestore Area Parallel Clock Phase 2

41 | 112 Sp3 2 0x0000 <= Value <= OxOFFF (0/+12 V) Framestore Area Parallel Clock Phase 3

42 | 114 plG 2 0x0000 <= Value <= OxOFFF (0/+12 V) Input Gate Clock

43 | 116 Vbaselinel 2 0x0000 <= Value <= OXOFFF (0/+5 V) Baseline voltage for Signal Chain A

44 | 118 Vbaseline2 2 0x0000 <= Value <= OXOFFF (0/+5 V) Baseline voltage for Signal Chain B

25 | 120 Readout Start Time 6 ) svtt)é/tsezfc;zs_/rcsjg(szzggias S/C Time at end o.TfIlariie(iCD row readout in

26 | 126 Readout End Time 6 ) gvl:t)é/tsezfcis_/rcsjg(szzggias S/C Time at end o.flflre;sr;gF:D row readout in

47 132 Nominal Exposure Time 4 2 bytes of geconds, 2‘bytes of subseconds | Nominal CCD frame time for this mode, used to

(units of 20 microseconds) calculate count rate

48 | 136 Spare 2 0x0000 spare bytes

49 | 138 Lower Level Discriminator 2 0x0000 <= Value <= OxOFFF Pixel Threshold used for this Frame (DN)

50 | 140 N>LLD 4 Unsigned Long Integer Number Of Pixels Greater Than LLD

51 | 144 Upper Level Discriminator 2 0x0000 <= Value <= OXOFFF Upper Level Discriminator (DN)

52 | 146 N> ULD 4 Unsigned Long Integer Number of Pixels Greater Than ULD

53 | 150 Amp 1 Byte Amp Number (1 or 2)

54 | 151 Spare 1 0x00 Spare byte

55 | 152 N_Pixels 4 Unsigned Long Integer Number of pixels following header
156 Checksum 2 0x0000 <= Value <= OXxFFFF Sum of all previous bytes in packet

TOTAL 158

See Appendix A for detals of the CCD pixd layout. See Appendix B for interpretation of Read-
out Times See XRT-PSU-037 for detailed description of how to caculate event arriva times.
The “count rate’ in this mode is defined as N_Pixds divided by the nomind exposure time,
where N_Pixes is the number of pixels> LLD and £ ULD.
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The Low Rate Photodiode Mode Header is followed by one or more CCSDS data packets, each

containing up to 235 32-hit unsigned integer data words, one for each pixe above the threshold.

The structure of the CCSDS data packetsis shown in Table 42.

Table 42: Low Rate Photodiode M ode Pixel Data Packet For mat

# DESCRIPTION # OF FORMAT COMMENT
BYTES

5 CCSDS Header Packet ID 2 0x0000 <= Value <= OxFFFF 0x0D40 (See Section 4.1.1 and Figure 4-7 of the

§ 1553 ICD. AP_ID = 0x540)

T | CCSDS Header Seg. Cnitrl 2 0x0000 <= Value <= OxFFFF TIXXXXXXXXXXXXXXB

§ CCSDS Header Packet 2 0x0000 <= Value <= OxFFFF 0x000D - 0x03B7 (20 - 958 Bytes)

9 Length

CCSDS Secondary Header 6 Time of CCSDS packet formation
a @2 Product Number 2 0x0000 <= Value <= OxFFFF Unique ID # for this snapshot LDP (least
34 significant 16-bits of Snapshot Count)
Page Number 2 0x0000 <= Value <= OxFFFF Sequential Page # within this snapshot L DP

1-235|1 - 235, 32-hit pixel data words

940

Unsigned Long Integer

32-bit unsigned long integers containing pixel data or
Mission Elapsed Timer data

Checksum

0x0000 <= Value <= OXFFFF

Sum of all Bvtes in packet excluding Checksum |

TOTAL

958

Only data for pixds above the Lower Level Discriminator (LLD) and below the Upper Leve
Discriminator (ULD) are tdlemetered.  The number of pixd records following the Low Rate Pho-
todiode Mode Frame Header is given in the Frame Header (Offset 152: N_Pixds). The sze of

the last data packet depends on the number of pixels tdemetered.
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5.7.3 Low Rate Photodiode Mode Pixel Data Format

If the fraction of pixds exceeding the LLD is less than 50%, it is more efficient to tranamit the
individud pixes ingead of the entire frame. The pixd format for this case is shown in Table 43.
It requires four bytes per event. The bit sequence is shown in Table 44, where the bytes are
numbered in the order in which they gppear in the telemetry stream (most Sgnificant byte firs).

Table 43: Low Rate Photodiode M ode Pixel Bit Assignment

ITEM # Bits
Pixd Offset from Frame Header 20
Pixel Vaue (DN) 12

Total 32

Table 44: LR Photodiode Mode Pixel Bit Packing Sequence

Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bit1 | BitO

(MSB) (LSB)
ByteO(MSB) | 019 | O18 | O17 | O16 | O15 | O14 | 013 | 012
Byte 1 Ol11 |0O10| 09 | 08 | O7 | 06 | O5 | O4
Byte 2 O3 | 02| OL | O0 |P1L | PIO| P9 | P8
Byte3(LSB) | P7 | P6 | P5 | P4 | P3 | P2 | PL | PO

The pixels a the beginning of the first “frame’ of Photodiode mode data are not quite the same
as the rest of the pixels. The firgt pixel received in this mode (at offset O) contains garbage. The
next five are the guard pixels and contain no sky sgnd. So the exposure time for the first Sx
pixels of the firg “frame’ is zero. The next 602 pixels are from the Framestore Area of the CCD
and dso have zero exposure to the sky but have monotonically increasing exposure to back-
ground events (from Framestore Areq). Pixels 608 — 1807 have monotonicaly incressng expo-
aure for both sky and background. The rest of the pixds in the firg frame (and dl of the pixds
in subsequent frames) have congtant sky exposure and constant background exposure. See XRT-
PSU-037 for details.
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Windowed Timing Mode CCD Frame Record

The Windowed Timing Mode CCD Frame Record is the format used to store the data from a

Windowed Timing Mode CCD “framée’.

Although data taken in Windowed Timing Mode have

row sructure but do not inherently have any frame dructure, for convenience we break the &
lemetry data into “frames’ conssting of a Windowed Timing Mode Frame Header followed by
event data from 600 rows per “frame’.

5.8.1 Windowed Timing Mode Frame Header

The structure of the Windowed Timing Mode Frame Header is shown in Table 45.

Table 45: Windowed Timing M ode Frame Header

# | OFF- DESCRIPTION #OF FORMAT COMMENT
SET BYTES
& 0x0D40 (See Section 4.1.1 and Figure 4-7 of the 1553
() = =
3 0 CCSDS Header Packet ID 2 0x0000 <= Value <= OXFFFF ICD. AP ID = 0x540)
£ 2 CCSDS Header Seq. Cntrl 2 0x0000 <= Value <= OxFFFF TIXXXXXXXXXXXXXXB
(%)
8 4 |CCSDS Header Packet Length 2 0x0000 <= Value <= OXFFFF 0x0091
Q
O 6 CCSDS Secondary Header 6 Time of CCSDS packet formation
. Unique ID # for this snapshot LDP (least significant 16
é é 12 Product Number 2 Unsigned Integer bits of Snapshot Count)
14 Page Number 2 Unsigned Integer Sequential Page # within this snapshot LDP
1 | 16 | Windowed Timing Mode 4 0x8073F0AA Indicates Start Of CCD Frame Header
Frame Header ID
2 20 CCD Frame Counter 4 Unsigned Long Integer Sequentially Number Each CCD Frame
3 | 24 Observation Segment 1 | 0x0000 <= OBSID <= oxFFFF [Unidue Observation Segment number for each target
observation interval
4 25 Target ID 3 0x0000 <= ID <= OXFFFF _]Unique ID for each target
5 28 RA (J2000) 4 |EEE Floating Point Right Ascention of this Frame
6 32 Dec (J2000) 4 |EEE Floating Point Declination of this Frame
7 36 Roll 4 |EEE Floating Point Roll angle of this Frame
ACS Status For This Frame:
Bit 0: IS_SETTLED (LSB)
8 40 ACS Bilevel Flags 1 0x00 <= Value <= OxFF Bit 1: IS_IN_10_ARCMIN
Bit 2: IN_SAA_FLAG
Bit 3: IN_SAFE_MODE
XRT State Flags for this frame:
9 | & XRT State FI 1 0x00 <= Value <= OXFF Ox11: Auto
ate Flags X = value <=0x 0x22: Manual
0x44: Red
XRT Readout Mode For Last CCD Frame:
1 =Null 6 = Windowed Timing
10 | 42 XRT Mode Flags 1 0x00 <= Value <= OxFF 2= Short Image 7= Photon-Counting
3 =Long Image 8 = Raw Data
4 = Piled-up Photodiode 9 = Bias Map
5 = Low Rate Photodiode 10 = Stop
11 43 CCD Waveform ID 0x00 <= Value <= OxFF Unique ID of CCD Waveform used
12 44 Count Rate 4 |EEE Floating Point Count rate determined by ERP
Subtotal: 48
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Table 45: Windowed Timing Mode Frame Header (cont.)

# | OFF- DESCRIPTION # OF FORMAT COMMENT

SET BYTES
13 48 TAM X1 4 IEEE Floating Point X Position of TAM Image 1
14 52 TAM Y1 4 IEEE Floating Point Y Position of TAM Image 1
15 56 TAM X2 4 IEEE Floating Point X Position of TAM Image 2
16 | 60 TAM Y2 4 IEEE Floating Point Y Position of TAM Image 2
17 | 64 CCD Temperature 2 0x0000 <= Value <= 0XOFFF CCD Temperature for this Frame
18 66 Vodl 2 0x0000 <= Value <= OxOFFF (0/+33 V) Output Drain Voltage for Amp 1 (left amp)
19 68 Vod2 2 0x0000 <= Value <= OxOFFF (0/+33 V) Output Drain Voltage for Amp 2 (right amp)
20 70 Vrdl 2 0x0000 <= Value <= 0xOFFF (0/+25 V) Reference Voltage for Amp 1
21 72 Vrd2 2 0x0000 <= Value <= 0xOFFF (0/+25 V) Reference Voltage for Amp 2
22 74 Vogl 2 0x0000 <= Value <= 0xOFFF (0/+12 V) Qutput Gate Voltage for Amp 1
23 76 \Vog2 2 0x0000 <= Value <= OxOFFF (0/+12 V) Qutput Gate Voltage for Amp 2
24 78 1Rpl 2 0x0000 <= Value <= OxOFFF (0/+12 V) Serial Register clock phase 1 (left half)
25 80 'Rp2 2 0x0000 <= Value <= OxOFFF (0/+12 V) Serial Register clock phase 2 (left half)
26 82 1Rp3 2 0x0000 <= Value <= 0xOFFF (0/+12 V) Serial Register clock phase 3 (left half)
27 84 1pR 2 0x0000 <= Value <= 0xOFFF (0/+12 V) Reset Gate Clock, amp 1
28 | 86 2pR 2 0x0000 <= Value <= OxOFFF (0/+12 V) Reset Gate Clock, amp 2
29 | 88 2Rpl 2 0x0000 <= Value <= OxOFFF (0/+12 V) Serial Register clock phase 1 (right half)
30 | 90 2Rp2 2 0x0000 <= Value <= OxOFFF (0/+12 V) Serial Register clock phase 2 (right half)
31 92 2Rp3 2 0x0000 <= Value <= OxOFFF (0/+12 V) Serial Register clock phase 3 (right half)
32 94 Var 2 0x0000 <= Value <= OxOFFF (0/+25 V) Guard Ring Bias Voltage
33 96 Vsub 2 0x0000 <= Value <= 0xOFFF (0/+12 V) Substrate Bias Voltage
34 98 Vbackjun 2 0x0000 <= Value <= 0xOFFF (0/+25 V) Back Junction Bias Voltage
35 | 100 Vid 2 0x0000 <= Value <= OxOFFF (0/+25 V) Input Diode Bias Voltage
36 | 102 Ip1 2 0x0000 <= Value <= 0xOFFF (0/+12 V) Image Area Parallel Clock Phase 1
37 | 104 Ip2 2 0x0000 <= Value <= OxOFFF (0/+12 V) Image Area Parallel Clock Phase 2
38 | 106 Ip3 2 0x0000 <= Value <= OxOFFF (0/+12 V) Image Area Parallel Clock Phase 3
39 | 108 Spl 2 0x0000 <= Value <= 0xOFFF (0/+12 V) Framestore Area Parallel Clock Phase 1
40 | 110 Sp2 2 0x0000 <= Value <= OxOFFF (0/+12 V) Framestore Area Parallel Clock Phase 2
41 | 112 Sp3 2 0x0000 <= Value <= 0xOFFF (0/+12 V) Framestore Area Parallel Clock Phase 3
42 | 114 plG 2 0x0000 <= Value <= OxOFFF (0/+12 V) Input Gate Clock
43 | 116 Vbaselinel 2 0x0000 <= Value <= 0XOFFF (0/+5 V) Baseline Voltage for Signal Chain A
44 | 118 Vbaseline2 2 0x0000 <= Value <= OxOFFF (0/+5 V) Baseline Voltage for Signal Chain B
45 | 120 Readout Start Time 6 2 éﬁgf;ii:.{_ijggggg:&s S/C Time at end of first CCD row in "frame"
46 | 126 Readut End Time 6 5 éﬁé;ezfzzs.:_iiﬁgg‘[‘g:as S/C Time at end of last CCD row in "frame"
47 132 Nominal Exposure Time a q“hqigﬁf‘z (()ij ;econds, 2 'bytes of Nominal CCD frame time for this mode, used to
48 | 136 N_Pixels 2 Unsigned Integer Number of pixels following header
49 | 138 Lower Level Discriminator 2 0x0000 <= Value <= OxOFFF Pixel Threshold used for this Frame (DN)
50 | 140 N>LLD 4 Unsigned Long Integer Number Of Pixels Greater Than LLD
51 | 144 Upper Level Discriminator 2 0x0000 <= Value <= OxOFFF Upper Level Discriminator (DN)
52 | 146 N> ULD 4 Unsigned Long Integer Number of Pixels Greater Than ULD
53 | 150 Amp 1 Byte Amp Number (1 or 2)
54 | 151 Spare 5 0x00 Array of spare bytes

156 Checksum 2 0x0000 <= Value <= OXFFFF Sum of all previous bytes in packet

TOTAL 158

See Appendix A for details of the CCD pixd layout. See Appendix B for interpretation of Read-
out Times See XRT-PSU-037 for detailed description of how to cdculaie event ariva times.
The “count rate’ in this mode is defined as N_Pixds divided by the nomind exposure time,
where N_Pixes is the number of pixels> LLD and £ ULD.
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5.8.2 Windowed Timing Mode Data Packet For mat
The Windowed Timing Mode Header is followed by one or more CCSDS data packets, each

containing up to 235 32-hit undgned integer data words, one for each pixel above the threshold.
The gtructure of the CCSDS data packets is shown in Table 42.

Table 46: Windowed Timing Mode Pixel Data Packet For mat

# DESCRIPTION # OF FORMAT COMMENT
BYTES
5 CCSDS Header Packet ID 2 0x0000 <= Value <= OxFFFF 0x0D40 (See Section 4.1.1 and Figure 4-7 of the
§ 1553 1CD. AP ID = 0x540)
T | CCSDSHeader Seq. Cnitrl 2 0x0000 <= Value <= OxFFFF LIXXXXXXXXXXXXXXB
g CCSDS Header Packet 2 0x0000 <= Value <= OxFFFF 0x000D - 0x03B7 (20 - 958 Bytes)
8 Lenath
CCSDS Secondary Header 6 Time of CCSDS packet formation
A (2 Product Number 2 0x0000 <= Value <= OxFFFF Unique ID # for this snapshot LDP (least
34 significant 16-bits of Snapshot Count)
Page Number 2 0x0000 <= Value <= OxFFFF Sequential Page # within this snapshot L DP
1-235|1 - 235, 32-bit pixel data words| 940 Unsigned Long Integer 32-bit unsign&ilsti)gr? iEr:;eiirrsi f:r?:qt:rir;ig?apixel data or
Checksum 2 0x0000 <= Value <= OXFFFF Sum of all Bvtes in packet excludina Checksum
TOTAL 958

Only data for pixels above the Lower Leved Discriminator (LLD) and below the Upper Leve
Discriminator (ULD) are tdemetered. The number of pixd records following the Windowed
Timing Mode Frame Header is given in the Frame Header (Offset 136: N_Pixds). The dze of
the last data packet depends on the number of pixels telemetered.
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5.8.3 Windowed Timing Mode Pixel Data Format

In order to conserve telemetry, only pixels aove the LLD (Event Threshold) and below the Up-
per Levd Discriminator (ULD) are stored for tedlemetry. Each pixd telemetered is represented
by a four byte packed record containing X, Y, and DN, as shown in Table 47. The bit squence
is shown in Table 48, where the bytes are numbered in the order in which they appear in the &
lemetry stream (most Sgnificant byte fird). Pixe podtions are given in raw coordinates (see
Appendix A).

Table 47: Windowed Timing Mode Pixd Bit Assignment

ITEM # Bits
CCD column (RAWX, 0-599 10
Row since Header (Y, 0-599) 10
Pixel Value (DN) 12

Total 32

The number of pixd records is given in the Windowed Timing Mode Header (Offsst 136:
N_Pixds).

Table 48: Windowed Timing Mode Pixel Bit Packing Sequence

Bit7 | Bit6 | Bit5| Bit4 | Bit3 | Bit2 | Bit1] Bit0
(MSB) (LSB)
ByteO(MSB) | X9 | X8 | X7 | X6 | X5 | X4 | X3 | X2
Byte 1 XL | X0 | YO | Y8 | Y7 | Y6 | Y5 | Y4
Byte 2 Y3 | Y2 | YL | YO |[PIl|PI0O| PO | P8
Byte3(LSB) | P7 | P6 | P5 | P4 | P3| P2 | PL| PO
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5.9 Photon-Counting Mode CCD Frame Record

The Photon-Counting Mode CCD Frame Record is the format used to store the data from a CCD
frame taken in Photon-Counting Mode. A Photon-Counting Mode Frame Record consists of a
fixed-format PhotonCounting Mode Frame Header followed by a variable number of X-ray
event records.

Photon-Counting Mode employs a basdine row subtraction to correct for basdine levels and a
bias frame subtraction in order to improve the spectral resolution. This caculaion is done in
floating point arithmetic. In order to obtain valid 12-bit unsgned data values &fter these correc-
tions, a Basdine Offset vadue is added to each pixd vaue. This Basdine Offsst must be sub-
tracted from all pixe vaues during ground processng. The Basdine Offsat used for each frame
is given in the Photon-Counting Mode Frame Header. The amounts by which pixds underflow
(<0) and overflow (>4095) the 12-bit data word after the Basdine Offsat is added ae teleme-
tered in the frame header. These numbers should be monitored to determine whether the Base-
line Offset value needs to be adjusted.

5.9.1 Photon-Counting Mode CCD Frame Header
The format of the Photon-Counting Mode CCD Frame Header is shown in Table 49.
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Table 49: Photon-Counting Mode CCD Frame Header

# | OFF- DESCRIPTION # OF FORMAT COMMENT
SET BYTES
= 0x0D40 (See Section 4.1.1 and Figure 4-7 of the 1553
(3] = =
3 0 CCSDS Header Packet ID 2 0x0000 <= Value <= OXFFFF ICD. AP ID = 0x540)
I 2 CCSDS Header Seq. Cntrl 2 0x0000 <= Value <= OXFFFF TIXXXXXXXXXXXXXXB
(%)
9) 4 |CCSDS Header Packet Length 2 0x0000 <= Value <= OxFFFF 0x0091
Q
O 6 CCSDS Secondary Header 6 Time of CCSDS packet formation
. Unique ID # for this snapshot LDP (least significant 16
% é 12 Product Number 2 Unsigned Integer i ) S e e L
14 Page Number 2 Unsigned Integer Sequential Page # within this snapshot LDP
1 | 16 |Photon-Counting Mode Frame | 0x8073AB6F Indicates Start Of CCD Frame Header
Header 1D
2 20 CCD Frame Counter 4 Unsigned Long Integer Sequentially Number Each CCD Frame
3 24 Observation Segment 1 0x00 <= OBSID <= OXEF Unique (_)bst_ervatlon Segment number for each target
observation interval
4 25 Target ID 3 0x000000 <= ID <= 0XxFFFFFF |Unique ID for each target
5 28 RA (J2000) 4 IEEE Floating Point Right Ascention of this Frame
6 32 Dec (J2000) 4 IEEE Floating Point Declination of this Frame
7 36 Roll 4 IEEE Floating Point Roll angle of this Frame
ACS Status For This Frame:
Bit 0: IS_SETTLED (LSB)
8 40 ACS Bilevel Flags 1 0x00 <= Value <= OxFF Bit 1: IS_IN_10_ARCMIN
Bit 2: IN_SAA_FLAG
Bit 3: IN_SAFE_MODE
XRT State:
_ _ 0x11: Auto
9 41 XRT State Flags 1 0x00 <= Value <= OxFF 0x22- Manual
0x44: Red
XRT Readout Mode For Last CCD Frame:
1=Null 6 = Windowed Timing
10 | 42 XRT Mode Flags 1 0x00 <= Value <= OXFF 2 = Short Image 7 = Photon-Counting
3 = Long Image 8 = Raw Data
4 = Piled-up Photodiode 9 = Bias Map
5 = Low Rate Photodiode 10 = Stop
11 43 CCD Waveform ID 1 0x00 <= Value <= OxFF Unique ID of CCD Waveform used
12 44 Count Rate 4 IEEE Floating Point Count rate determined by ERP
13 48 TAM X1 4 |EEE Floating Point X Position of TAM Image 1
14 52 TAM Y1 4 |EEE Floating Point Y Position of TAM Image 1
15 56 TAM X2 4 |EEE Floating Point X Position of TAM Image 2
16 60 TAM Y2 4 |EEE Floating Point Y Position of TAM Image 2
17 64 CCD Temperature 2 0x0000 <= Value <= OXOFFF CCD Temperature for this Frame
18 66 Vodl 2 0000 <= Value <= OxOFFF (0/+33 Output Drain Voltage for Amp 1 (left amp)
19 68 Vod2 2 0000 <= Value <= OxOFFF (0/+33 Output Drain Voltage for Amp 2 (right amp)
20 70 Vrdl 2 0000 <= Value <= OxOFFF (0/+25 Reference Voltage for Amp 1
21 72 Vrd2 2 0000 <= Value <= OXOFFF (0/+25 Reference Voltage for Amp 2
22 74 Vogl 2 0000 <= Value <= OxXOFFF (0/+12 Qutput Gate Voltage for Amp 1
23 76 Vog2 2 0000 <= Value <= OxOFFF (0/+12 Output Gate Voltage for Amp 2
24 78 1Rpl 2 0000 <= Value <= OxOFFF (0/+12 Serial Register clock phase 1 (left half)
25 80 1Rp2 2 0000 <= Value <= OxOFFF (0/+12 Serial Register clock phase 2 (left half)
26 82 1Rp3 2 0000 <= Value <= OxOFFF (0/+12 Serial Register clock phase 3 (left half)
Subtotal: 84
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Table 49: Photon-Counting Mode CCD Frame Header (cont.)

# | OFF- DESCRIPTION # OF FORMAT COMMENT
SET BYTES
27 | 84 1pR 2 0x0000 <= Value <= OxOFFF (0/+12 V) Reset Gate Clock, amp 1
28 | 86 2pR 2 0x0000 <= Value <= OXOFFF (0/+12 V) Reset Gate Clock, amp 2
29 | 88 2Rpl 2 0x0000 <= Value <= OxOFFF (0/+12 V) Serial Register clock phase 1 (right half)
30 | 90 2Rp2 2 0x0000 <= Value <= OXOFFF (0/+12 V) Serial Register clock phase 2 (right half)
31| 92 2Rp3 2 0x0000 <= Value <= OxOFFF (0/+12 V) Serial Register clock phase 3 (right half)
32| 94 Var 2 0x0000 <= Value <= OxOFFF (0/+25 V) Guard Ring Bias Voltage
33| 96 Vsub 2 0x0000 <= Value <= OxOFFF (0/+12 V) Substrate Bias Voltage
34| 98 Vbackjun 2 0x0000 <= Value <= OxOFFF (0/+25 V) Back Junction Bias Voltage
35 | 100 Vid 2 0x0000 <= Value <= OXOFFF (0/+25 V) Input Diode Bias Voltage
36 | 102 Ipl 2 0x0000 <= Value <= OxOFFF (0/+12 V) Image Area Parallel Clock Phase 1
37 | 104 Ip2 2 0x0000 <= Value <= OXOFFF (0/+12 V) Image Area Parallel Clock Phase 2
38 | 106 Ip3 2 0x0000 <= Value <= OxOFFF (0/+12 V) Image Area Parallel Clock Phase 3
39 | 108 Sp1l 2 0x0000 <= Value <= OXOFFF (0/+12 V) Framestore Area Parallel Clock Phase 1
40 | 110 Sp2 2 0x0000 <= Value <= OxOFFF (0/+12 V) Framestore Area Parallel Clock Phase 2
41 | 112 Sp3 2 0x0000 <= Value <= OXOFFF (0/+12 V) Framestore Area Parallel Clock Phase 3
42 | 114 pIG 2 0x0000 <= Value <= OXOFFF (0/+12 V) Input Gate Clock
43 | 116 Vbaselinel 2 0x0000 <= Value <= 0XOFFF (0/+5 V) Baseline Voltage for Signal Chain A
118 Vbaseline2 2 0Xx0000 <= Value <= 0XOFFF (0/+5 V) Baseline Voltage for Signal Chain B
44 | 120 Readout Start Time 6 2 sv?gtsejf%‘\’s'll'csjgggsg:as S/C Time at end of first CCD row
45 | 126 Readout End Time 6 2 év?ey;ejf(;::'{'csjgggggsas S/C Time at end of last CCD row
46 | 132 Nominal qr?n?eExposure 4 P Ev?ey;e:fcis‘{'ijszggg:as Nominal exposure time of CCD Image Area
47 | 136 Number of Events 2 Unsigned Integer Number of Events following header
48 | 138 | Lower Level Discriminator 2 0x0000 <= Value <= OxOFFF Event Threshold used for this Frame (DN)
49 | 140 N>LLD 4 Unsigned Long Integer Number Of Pixels Greater Than LLD
50 | 144 | Upper Level Discriminator 2 0x0000 <= Value <= OxOFFF Upper Level Discriminator (DN)
51 | 146 N > ULD 4 Unsigned Long Integer Number of Pixels Greater Than ULD
52 | 150 Split Threshold 2 0x0000 <= Value <= OxOFFF Threshold for splits in 3x3 neighborhood (DN)
53 | 152 Outer Ring Threshold 2 0x0000 <= Value <= OxOFFF Threshold for vetos in 5x5 outer ring (DN)
54 | 154 # Single 2 Unsigned Integer Number of Single Pixel Events
55 | 156 # Split 2 Unsigned Integer Number of Singly-Split Events
56 | 158 # Triples 2 Unsigned Integer Number of Three Pixel Events
57 | 160 # Quad 2 Unsigned Integer Number of Four Pixel Events
58 | 162 Window Half-Width 2 Unsigned Integer Half-Width (X), in Pi\)/(\::z:\:‘VCentered Detection
59 | 164 Window Half-Height 2 Unsigned Integer Half-Height (Y), in Pixgls, of Centered Detection
Window
60 | 166 Amp 1 Byte
61 | 167 Baseline Offset 2 Unsigned Integer Offset added to each pixel value (DN)
62 | 169 Pixel Overflow 2 Unsigned Integer Amount by which brightest pixel overflows 4095
63 | 171 Pixel Underflow 2 Unsigned Integer Amount by which faintest pixel underflows 0
64 | 173 Spare 3 0x00 Array of spare bytes
176 Checksum 2 0x0000 <= Value <= OxFFFF Sum of all previous bytes in packet
TOTAL 178

See Appendix A for details of the CCD pixel layout. See Appendix B for interpretation of Read-
out Times. The count rate in this mode is defined as N_Events divided by the nomind exposure
time.
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5.9.2 Photon-Counting Mode Data Packet Format
The Photon-Counting Mode Header is followed by one or more CCSDS data packets, each cont

taining up to 58 128-bit data records, one for each X-ray event. The structure of the CCSDS data
packetsis shownin Table 50.

Table 50: Photon-Counting M ode Pixel Data Packet For mat

# DESCRIPTION # OF FORMAT COMMENT
BYTES

5 CCSDS Header Packet ID 2 0x0000 <= Value <= OxFFFF 0x0D40 (See Section 4.1.1 and Figure 4-7 of the

§ 1553 ICD. AP_ID = 0x540)

T | CCSDS Header Seg. Cnitrl 2 0x0000 <= Value <= OxFFFF TIXXXXXXXXXXXXXXB

g CCSDS Header Packet 2 0x0000 <= Value <= OxFFFF 0x000D - 0x03B7 (20 - 958 Bytes)

8 Lenath

CCSDS Secondary Header 6 Time of CCSDS packet formation
A (2 Product Number 2 0x0000 <= Value <= OxFFFF Unique ID # for this snapshot LDP (least
34 significant 16-bits of Snapshot Count)
Page Number 2 0x0000 <= Value <= OxFFFF Sequential Page # within this snapshot LDP.
1-58 | 1 - 58, 128-bit event records 928 128-bit data record X-ray event neighborhood (3x3)
Checksum 2 0x0000<=Value<=OxFFFE | Sum of all Bvtes in packet excludina Checksum |
TOTAL 946

Only data for events that pass the Photon-Counting Event Recognition Algorithm are telemetered
(see XRT-PSU-037 for a description of this dgorithm).  The number of event records following
the Photon-Counting Mode Frame Header is given in the Frame Header (Item 47: Number of
Events). The size of the last data packet depends on the number of events telemetered.
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5.9.3 Photon-Counting M ode Event Data For mat

In order to conserve telemetry, we define X-ray event records containing the information related
to pixds containing vdid X-ray events, only the event records are included in the telemetry data
dream. The conditions defining vaid X-ray events are discussed in connection with the X-ray
Event Recognition Algorithm in PSU-XRT-037. Each event is represented by a 16-byte packed
record containing (X, Y) of the centrd pixd in RAWX/RAWY coordinates (see Appendix A),
and DN vaues of the 3x3 neighborhood centered on this pixd. The format is shown in Table 51,
where X represents the RAWX pogtion of the central pixel of the (3x3) neighborhood (0-599), Y
represents the RAWY postion of the centra pixd (0-599), and A-J represent the nine neighbor-
hood pixels, arranged in order as shown in Table 51 and Figure 8. Pixd E is the centra pixd of
the X-ray event. The bit sequence is shown in Table 52, where the bytes are numbered in the
order in which they appear in the tdlemetry stream (most Sgnificant byte firs).

Table 51: Photon-Counting M ode Event Bit Assignment

ITEM # Bits
X position (RAWX: 0-599) 10
Y position (RAWY': 0-599) 10
DN for pixel A (X-1,Y-1) 12
DN for pixel B (X,Y-1) 12
DN for pixel C (X+1,Y-1) 12
DN for pixel D (X-1,Y) 12
DN for pixel E (X,Y) 12
DN for pixel F (X+1Y) 12
DN for pixel G (X-1,Y+1) 12
DN for pixel H (X,Y+1) 12
DN for pixel J(X+1,Y+1) 12
Total 128

The number of event recordsis given in the Photon-Counting Mode Header (item 47).

G H J
D E F
A B C

Figure 8: Pixd Labeling Sequence for X-ray Event Neighborhood
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Table 52: Photon-Counting Mode Event Bit Packing Sequence

Bit7 | Bit6 | Bit5| Bit4 | Bit3 | Bit2 | Bit1 | Bit0O
(MSB) (LSB)
ByteO(MSB) | X9 | X8 | X7 | X6 | X5 | X4 | X3 | X2
Byte 1 XI | X0 | YO | Y8 | Y7 | Y6 | Y5 | Y4
Byte 2 Y3 [ Y2 [ YL | YO |AIL|AI0| A9 | A8
Byte 3 A7 | A6 | A5 | Ad | A3 | A2 | AL | AO
Byted Bil | B10| B9 | B8 | B7 | B6 | B5 | B4
Byte5 B3 | B2 | BL | BO |Cl1|Cl0| C9 | C8
Byte 6 C7 | C6| C5| Ca| C3|C2]| CL| CO
Byte 7 DI1 |D10| D9 | D8 | D7 | D6 | D5 | D4
Byte 8 D3 | D2 | D1 | DO | E11 | EI0 | E9 | EB
Byte 9 E/ | E6 | B5 | B4 | B3 | E2 | EL | EO
Byte 10 F1I1 |F1I0| FO | F8 | F7 | F6 | F5 | F4
Byte 11 F3 | F2 | F1 | FO | G11| GI0| G9 | G8
Byte 12 G/ | G6 | G5 | G4 | G3 | G2 | GL | &0
Byte 13 HI1 |HI0O| H9 | H8 | H7 | H6 | H5 | H4
Byte 14 H3 | H2 | HL | HO | J11 | J10 | 9 | 38
Bytel5(LSB) | &7 | b | b | A | B | 2 | | 0

Bad pixds are tagged with TBD vaues.
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The XRT has a diagnogtic mode in which it tdemeters an entire rawv CCD frame on command.
The data are stored as a header followed by a complete CCD frame, induding guard pixes,
overclocked pixels, and MET words.

5.10.1 Raw Image Mode Frame Header

The header for raw image modeis shown in Table 53.

Table 53: Raw Image Mode CCD Frame Header

# | OFF- DESCRIPTION #OF FORMAT COMMENT
SET BYTES
5 5 CCSDS Header Packet 1D 2 | Ox0000 <= Vaue <= OXFFFF | 0xOD40 (See Section 4.1.1 and Figure 4-7 of the
E 1553 ICD. AP _ID = 0x540)
£ 2 | CCSDS Header Seq. Cnitrl 2 0x0000 <= Vaue <= OxFFFF TOOOXXXXXXXXX B
§ , | CCSDS Header Packet 2 | 0x0000 <= Value <= OXFFFF 0x0097
9 Length
6 | CCSDS Secondary Header | 6 Time of CCSDS packet formation
0l 12 Product Number 2 Unsigned I nteger Unique ID # for this snapshot LDP (least
ag significant 16-bits of Snapshot Count)
14 Page Number 2 Unsigned Integer Seguential Page # within this snapshot LDP
1 16 Raw CCD Frame Header ID 4 0x80730F0F Indicates Start Of CCD Frame Header
2 20 CCD Frame Counter 4 Unsigned Long Integer Sequentially Number Each CCD Frame
3 2 Observation Segment 1 0X00 <= OBSID <= OXEF Unique Qbseﬂation Segment number for each target
observation interval
4 25 Target ID 3 0x000000 <= ID <= OxFFFFFF [Unique ID for each target
5 28 RA (J2000) 4 IEEE Floating Point Right Ascention of this Frame
6 32 Dec (J2000) 4 IEEE Floating Point Declination of this Frame
7 36 Roll 4 IEEE Floating Point Roll angle of this Frame
ACS Status For This Frame:
Bit 0: IS_SETTLED (LSB)
8 40 ACS Bilevel Flags 1 0x00 <= Value <= OxFF Bit 1: IS_IN_10_ARCMIN
Bit 2: IN_SAA_FLAG
Bit 3: IN._SAFE_MODE
XRT State:
0x11: Auto
9 41 XRT State Flags 1 0x00 <= Value <= OxFF 0x22- Manual
0x44: Red
XRT Readout Mode For Last CCD Frame:
1 =Null 6 = Windowed Timing
10 | 42 XRT Mode Flags 1 0x00 <= Value <= OXFF 2 = Short Image 7 = Photon-Counting
3 =Long Image 8 = Raw Data
4 = Piled-up Photodiode 9 = Bias Map
5 = Low Rate Photodiode 10 = Stop
11 43 CCD Waveform ID 1 0x00 <= Value <= OxFF Unique ID of CCD Waveform used
12 44 Not Used 4 IEEE Floating Point Count rate is not calculated for Raw mode
Subtotal 48
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Table 53: Raw Image Mode CCD Frame Header (cont.)

See Appendix A for details of the CCD pixel layout. See Appendix B for interpretation of Read-

out Times.

Version 4.6
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# | OFF- DESCRIPTION #OF FORMAT COMMENT

SET BYTES
13 48 TAM X1 4 IEEE Floating Point X Position of TAM Image 1
14 52 TAM Y1 4 IEEE Floating Point Y Position of TAM Image 1
15 56 TAM X2 4 |EEE Floating Point X Position of TAM Image 2
16 | 60 TAM Y2 4 IEEE Floating Point Y Position of TAM Image 2
17 | 64 CCD Temperature 2 0x0000 <= Value <= 0XOFFF CCD Temperature for this Frame
18 66 Vodl 2 0x0000 <= Value <= OxOFFF (0/+33 V) Output Drain Voltage for Amp 1 (left amp)
19 68 Vod2 2 0x0000 <= Value <= OxOFFF (0/+33 V) Output Drain Voltage for Amp 2 (right amp)
20 70 Vrdl 2 0x0000 <= Value <= 0xOFFF (0/+25 V) Reference Voltage for Amp 1
21 72 Vrd2 2 0x0000 <= Value <= 0XOFFF (0/+25 V) Reference Voltage for Amp 2
22 74 Vogl 2 0x0000 <= Value <= OxOFFF (0/+12 V) Output Gate Voltage for Amp 1
23 76 Vog2 2 0x0000 <= Value <= OxOFFF (0/+12 V) Output Gate Voltage for Amp 2
24 78 1Rpl 2 0x0000 <= Value <= OxOFFF (0/+12 V) Serial Register clock phase 1 (left half)
25 80 1Rp2 2 0x0000 <= Value <= OxOFFF (0/+12 V) Serial Register clock phase 2 (left half)
26 82 1Rp3 2 0x0000 <= Value <= OxOFFF (0/+12 V) Serial Register clock phase 3 (left half)
27 84 1pR 2 0x0000 <= Value <= OxOFFF (0/+12 V) Reset Gate Clock, amp 1
28 86 2pR 2 0x0000 <= Value <= OXOFFF (0/+12 V) Reset Gate Clock, amp 2
29 | 88 2Rpl 2 0x0000 <= Value <= OxOFFF (0/+12 V) Serial Register clock phase 1 (right half)
30 | 90 2Rp2 2 0x0000 <= Value <= OxOFFF (0/+12 V) Serial Register clock phase 2 (right half)
31 92 2Rp3 2 0x0000 <= Value <= OxOFFF (0/+12 V) Serial Register clock phase 3 (right half)
32 94 \Vgr 2 0x0000 <= Value <= OxOFFF (0/+25 V) Guard Ring Bias Voltage
33 96 Vsub 2 0x0000 <= Value <= OxOFFF (0/+12 V) Substrate Bias Voltage
34 98 Vbackjun 2 0x0000 <= Value <= OxOFFF (0/+25 V) Back Junction Bias Voltage
35 | 100 Vid 2 0x0000 <= Value <= OxOFFF (0/+25 V) Input Diode Bias Voltage
36 | 102 Ipl 2 0x0000 <= Value <= OxOFFF (0/+12 V) Image Area Parallel Clock Phase 1
37 | 104 1p2 2 0x0000 <= Value <= OxOFFF (0/+12 V) Image Area Parallel Clock Phase 2
38 | 106 Ip3 2 0x0000 <= Value <= OxOFFF (0/+12 V) Image Area Parallel Clock Phase 3
39 | 108 Spl 2 0x0000 <= Value <= OxOFFF (0/+12 V) Framestore Area Parallel Clock Phase 1
40 | 110 Sp2 2 0x0000 <= Value <= 0xOFFF (0/+12 V) Framestore Area Parallel Clock Phase 2
41 | 112 Sp3 2 0x0000 <= Value <= OXOFFF (0/+12 V) Framestore Area Parallel Clock Phase 3
42 | 114 pIG 2 0x0000 <= Value <= OxOFFF (0/+12 V) Input Gate Clock
43 | 116 Vbaselinel 2 0x0000 <= Value <= OxOFFF (0/+5 V) Baseline Voltage for Signal Chain A
44 | 118 Vbaseline2 2 0x0000 <= Value <= OxOFFF (0/+5 V) Baseline Voltage for Signal Chain B
45 | 120 | Readout Start Time 6 2 Sv?g;e(ffgl?s‘ll'csjsgggc?:cyls S/C Time at end of first CCD row
46 | 126 Readout End Time 6 2 Sv?g;e(ffgl?s‘ll'csjsgggc?:cyls S/C Time at end of last CCD row
47 | 132 Nominal (_:r(itnl?eExposure 4 2 sv?g;e(ffgl?s‘ll'csjsgggc?:cyls Nominal exposure time for CCD Image Area
48 | 136 Spare 4 0x00
49 | 140 Number of Pixels 4 Unsigned Long Integer Number of 16-bit Pixel Values following header
50 | 144 NCOL 2 Unsigned Integer Number of columns in CCD image
51 | 146 NROWS 2 Unsigned Integer Number of rows in CCD image
52 | 148 Spare 2 0x00 Array of spare bytes
53 | 150 Amp 1 Byte Amp Number (1 or 2)
54 | 151 Spare 5 0x00 Spare bytes

156 Checksum 2 0x0000 <= Value <= OXEFEEE Sum of all Bvtes in packet excludina Checksum |

TOTAL 158
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The Raw Image Frame Header is followed by (nomindly) 382,270 16-bit unsgned integer data

words (exact number specified in the Frame Header).

These data words are broken up into

CCSDS packets as required. Up to 470 16-hit integers will be formatted into a CCSDS packet as

shownin Table 54.

Table 54: Raw Image M ode Pixel Data Packet For mat

HH*

DESCRIPTION # OF
BYTES

FORMAT

COMMENT

CCSDS Header Packet 1D 2

0x0000 <= Vaue <= OXFFFF

0x0D40 (See Section 4.1.1 and Figure 4-7 of the

% 1553 1CD. AP ID = 0x540)

T | CCSDS Header Seg. Cnitrl 2 0x0000 <= Value <= OxFFFF TIXXXXXXXXXXXXXXB

A CCSDS Header Packet 2 0x0000 <= Value <= OxFFFF 0x000D - 0x03B7 (20 - 958 Bytes)

§ Length

CCSDS Secondary Header 6 Time of CCSDS packet formation
A G2 Product Number 2 0x0000 <= Vaue <= OXFFFF Unique ID # for this snapshot LDP (least
38 significant 16-bits of Snapshot Count)
Page Number 2 0x0000 <= Value <= OxFFFF Sequential Page # within this snapshot L DP

1-470|1 - 470, 16-bit pixel data words| 940 16-bit unsigned integers congalnlng pixel data or

Checksum 2
TOTAL 958

0x0000 <= Value <= OxFFFF

The 382,270 data words are organized as 602 rows, each row containing 631 pixds followed by
4 MET vaues (for a total of 635 data words per row). The pixes are arranged in the same order
that they are read out of the camera. The fird pixd of the data array is therefore the guard pixe
dosest to the output amplifier (either the lower left pixe for Amp O or the lower right pixd for
Amp 1). This is followed by the next pixe in the first row until dl 635 data words from the first
row have been ncluded, after which the first pixel of the second row appears. Each row contains
5 guad pixds (not pat of the image aray), 600 imaging pixels, 5 more guard pixels, 21 over-
clocked pixels, and 4 MET daa words with time tags for the row (giving the spacecraft time at
which the last pixel of the row is read out). See Appendix A for a description of the CCD pixd
layout.
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5.10.3 Raw Image Mode Pixel Bit Format

The format of the 16 bit data words in the Raw Image Mode Data Packets is shown in Table 55.
Each 16-bit data word contains a 12-bit pixd vaue or a 12-bit Misson Elgpsed Time (MET)
vadue in the high 12 bits and 4 tag hbits in the leest dgnificant bits. The lagt pixd in each row is
marked with an end of line tag; the last pixel in the last row of the frame is marked with both an
end of line and end of frametag. Other tags will mark the MET vaues as shown in the Table.

Table 55: Raw Image M ode Pixel Data Bit For mat

BI5 | B14 | B13 | B12 | BLL | B10 | B0o9 | BO8 | BO7 | B06 | BO5 | B04 | BO3 | BOZ | BOL | BOO Dose
msb Isb )
D 5 5 5 5 5 5 5 5 5 5 5 T 0 0 0
A A A A A A A A A A A A
T T T T T T T T T T T T Normal Pixel
A A A A A A A A A A A A Data Format
1 1 0 0 0 0 0 0 0 0 0 0
1 0 9 8 7 6 5 4 3 2 1 0
5 5 5 5 5 5 5 5 5 5 5 5 T T T 0 :
A A A A A A A A A A A A fv'i)tflEDnagif
T T T T T T T T T T T T e
A A A A A A A A A A A A Eng of
1 1 0 0 0 0 0 0 0 0 0 0 End o
1 0 9 8 7 6 5 4 3 2 1 0
5 5 5 5 ) 5 ) 5 5 5 ) 5 T T 0 i
A A A A A A A A A A A A bixel b
T T T T T T T T T T T T oelam
A A A A A A A A A A A A L
1 1 0 0 0 0 0 0 0 0 0 0
1 0 9 8 7 6 5 4 3 2 1 0
5 ) 5 o) 5] 5 ) 5 D 5 ) 5 T 0 T 5
A A A A A A A A A A A A ol
T T T T T T T T T T T T \FA’/'Ifﬁ E?%‘i)f
A A A A A A A A A A A A B
1 1 0 0 0 0 0 0 0 0 0 0
1 0 9 8 7 6 5 4 3 2 1 0
[SB | 1SB | (S8 | 5B | LS8 | [SB | S8 | IS8 | S8 | S8 [ S8 [ SBE | 0 0 0 T | 12 LSBs of
11 10 | o9 08 | o7 06 | o5 04 | 03 02 o1 | oo 24 LSBs of
MET
[SB [ 1SB | (S8 | LS8 | LS8 | [SB | 0S8 | IS8 | S8 | S8 [ S8 [ SBE | 0 0 T T | 12 MSBs of
23 2 | 21 20 | 19 18 | 17 16 | 15 14 13 | 12 24 LSBs of
MET
MSE | MSE | MSB | WSE | MSB | WMSB | MSB | MSE | MSB | WMSBE | MSE | MSB | 0 T 0 T 17 [SBs of
11 10 | o9 08 | o7 06 | o5 04 | o3 02 o1 | oo 24 MSBs of
MET
MSE | MSE | MSB | WSE | MSB | MSB | MSE | MSE | MSB | MSE | MSE | MSB |0 T T T | 12 MSBs of
23 2 | 21 20 | 19 18 | 17 16 | 15 14 13 | 12 24 MSBs of
MET
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CCD Bias frames can be tdemetered on command, and conss of a Bias Frame Header followed
by bias frame pixd data

5.11.1 BiasFrame Header

The header for bias framesis shownin Table 56.

Table 56: CCD Bias Frame Header

# | OFF- DESCRIPTION # OF FORMAT COMMENT
SET BYTES
= 0x0D40 (See Section 4.1.1 and Figure 4-7 of the 1553
[} = =
- 0 CCSDS Header Packet ID 2 0x0000 <= Value <= OXFFFF ICD. AP ID = 0x540)
£ 2 CCSDS Header Seq. Cntrl 2 0x0000 <= Value <= OxFFFF T IXXXXXXXXXXXXXXB
(%)
9) 4 |CCSDS Header Packet Length 2 0x0000 <= Value <= OXFFFF 0x003F
O
O 6 CCSDS Secondary Header 6 Time of CCSDS packet formation
. Unique ID # for this snapshot LDP (least significant 16
% é 12 Product Number 2 Unsigned Integer bits of Shapshot Count)
14 Page Number 2 Unsigned Integer Sequential Page # within this snapshot LDP
1 16 | CCD Bias Frame Header ID 4 0x8073F0FO0 Indicates Start Of CCD Frame Header
2 20 CCD Bias Frame Counter 4 Unsigned Long Integer Sequentially Number Each CCD Bias Frame
3 24 Observation Segment 1 0x00 <= OBSID <= OxFF Unique Qbst_ervatlon Segment number for each target
observation interval
4 25 Target ID 3 0x000000 <= ID <= 0xFFFFFF|Unique ID for each target
5 28 RA (J2000) 4 IEEE Floating Point Right Ascention of this Frame
6 32 Dec (J2000) 4 IEEE Floating Point Declination of this Frame
7 36 Roll 4 IEEE Floating Point Roll angle of this Frame
ACS Status For This Frame:
Bit 0: IS_SETTLED (LSB)
8 40 ACS Bilevel Flags 1 0x00 <= Value <= OxFF Bit 1: IS_IN_10_ARCMIN
Bit 2: IN_SAA_FLAG
Bit 3: IN SAFE MODE
XRT State Flags for this frame:
_ _ Ox11: Auto
9 41 XRT State Flags 1 0x00 <= Value <= OxFF 0x22- Manual
0x44: Red
XRT Readout Mode For Last CCD Frame:
1 =Null 6 = Windowed Timing
10 | 42 XRT Mode Flags 1 0x00 <= Value <= OXFF 2 = Short Image 7 = Photon-Counting
3 = Long Image 8 = Raw Data
4 = Piled-up Photodiode 9 = Bias Map
5 = Low Rate Photodiode 10 = Stop
11 43 CCD Waveform ID 0x00 <= Value <= OxFF Unique ID of CCD Waveform used
12 44 Spare 4 0x00 Spare bytes
Subotal: 48
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Table 56: CCD Bias Frame Header (cont)
# | OFF- DESCRIPTION #OF FORMAT COMMENT
SET BYTES
13 48 TAM X1 4 IEEE Floating Point X Position of TAM Image 1
14 52 TAM Y1 4 |EEE Floating Point Y Position of TAM Image 1
15 56 TAM X2 4 |EEE Floating Point X Position of TAM Image 2
16 | 60 TAM Y2 4 IEEE Floating Point Y Position of TAM Image 2
17 | 64 CCD Temperature 2 0x0000 <= Value <= 0XOFFF CCD Temperature for this Frame
18 66 Vodl 2 0x0000 <= Value <= OxOFFF (0/+33 V) Qutput Drain Voltage for Amp 1 (left amp)
19 68 Vod2 2 0x0000 <= Value <= 0xOFFF (0/+33 V) Output Drain Voltage for Amp 2 (right amp)
20 70 Vrdl 2 0x0000 <= Value <= 0xOFFF (0/+25 V) Reference Voltage for Amp 1
21 72 Vrd2 2 0x0000 <= Value <= 0xOFFF (0/+25 V) Reference Voltage for Amp 2
22 74 Vogl 2 0x0000 <= Value <= OxOFFF (0/+12 V) Output Gate Voltage for Amp 1
23 76 Vog2 2 0x0000 <= Value <= OxOFFF (0/+12 V) Output Gate Voltage for Amp 2
24 78 1Rpl 2 0x0000 <= Value <= OxOFFF (0/+12 V) Serial Register clock phase 1 (left half)
25 80 1Rp2 2 0x0000 <= Value <= OxOFFF (0/+12 V) Serial Register clock phase 2 (left half)
26 82 1Rp3 2 0x0000 <= Value <= 0xOFFF (0/+12 V) Serial Register clock phase 3 (left half)
27 84 1pR 2 0x0000 <= Value <= OxOFFF (0/+12 V) Reset Gate Clock, amp 1
28 86 2pR 2 0x0000 <= Value <= OXOFFF (0/+12 V) Reset Gate Clock, amp 2
29 | 88 2Rp1l 2 0x0000 <= Value <= OxOFFF (0/+12 V) Serial Register clock phase 1 (right half)
30 | 90 2Rp2 2 0x0000 <= Value <= OxOFFF (0/+12 V) Serial Register clock phase 2 (right half)
31 92 2Rp3 2 0x0000 <= Value <= OxOFFF (0/+12 V) Serial Register clock phase 3 (right half)
32 94 \Vgr 2 0x0000 <= Value <= 0xOFFF (0/+25 V) Guard Ring Bias Voltage
33 96 Vsub 2 0x0000 <= Value <= OxOFFF (0/+12 V) Substrate Bias Voltage
34 98 Vbackjun 2 0x0000 <= Value <= OxOFFF (0/+25 V) Back Junction Bias Voltage
35 | 100 Vid 2 0x0000 <= Value <= OxOFFF (0/+25 V) Input Diode Bias Voltage
36 | 102 Ipl 2 0x0000 <= Value <= OxOFFF (0/+12 V) Image Area Parallel Clock Phase 1
37 | 104 1p2 2 0x0000 <= Value <= OxOFFF (0/+12 V) Image Area Parallel Clock Phase 2
38 | 106 Ip3 2 0x0000 <= Value <= OxOFFF (0/+12 V) Image Area Parallel Clock Phase 3
39 | 108 Spl 2 0x0000 <= Value <= OxOFFF (0/+12 V) Framestore Area Parallel Clock Phase 1
40 | 110 Sp2 2 0x0000 <= Value <= OxOFFF (0/+12 V) Framestore Area Parallel Clock Phase 2
41 | 112 Sp3 2 0x0000 <= Value <= OXOFFF (0/+12 V) Framestore Area Parallel Clock Phase 3
42 | 114 pIG 2 0x0000 <= Value <= OxOFFF (0/+12 V) Input Gate Clock
43 | 116 Vbaselinel 2 0x0000 <= Value <= OxOFFF (0/+5 V) Baseline Voltage for Signal Chain A
44 | 118 Vbaseline2 2 0x0000 <= Value <= OXOFFF (0/+5 V) Baseline Voltage for Signal Chain B
45 | 120 Readout Start Time 6 42?5?5500285/11%::53:3:’ SI/C time at end of first row of first bias frame
46 | 126 Readout End Time 6 42?5?:30;85{1%:558:3: S/C time at end of last row of last bias frame
47 | 132 |Number of Bias Frames 4 Unsigned Long Integer Total (cumulatl\;(;)lcnut:;itz)ir;f;ishl/l::;mes included in
48 | 136 Amp 1 Byte Amp Number (1 or 2)
49 | 137 Spare 9 0x00 Spare bytes
146 Checksum 2 0x0000 <= Value <= OXFEEE Sum of all Bvtes in packet excluding Checksum |
TOTAL 148

See Appendix A for details of the CCD pixd layout.
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5.11.2 BiasFrame Data Packet For mat

The Bias Frame Header is followed by 360,000 16-bit sgned integers, organized as 600 rows,
each row containing 600 pixels. Only the image area pixes are ncluded in the bias map (it does
not include guard pixds, overclocked pixels, or MET data words). These data words are broken
up into CCSDS packets as required. Up to 470 16-hbit integers will be formatted into a CCSDS

packet as shown in Table 54.

Table 57: Bias Frame Pixel Data Packet For mat

DESCRIPTION # OF FORMAT COMMENT
BYTES
5 CCSDS Header Packet ID 2 0x0000 <= Value <= OxFFFF 0x0D40 (See Section 4.1.1 and Figure 4-7 of the
§ 1553 ICD. AP ID = 0x540)
T | CCSDSHeader Seq. Cnitrl 2 0x0000 <= Value <= OxFFFF LIXXXXXXXXXXXXXXB
é’) CCSDS Header Packet 2 0x0000 <= Value <= OxFFFF 0x000D - 0x03B7 (20 - 958 Bytes)
S Length
CCSDS Secondary Header 6 Time of CCSDS packet formation
a @2 Product Number 2 0x0000 <= Value <= OxFFFF Unique ID # for this snapshot LDP (least
38 significant 16-bits of Snapshot Count)
Page Number 2 0x0000 <= Value <= OxFFFF Sequential Page # within this snapshot L DP
1-470|1 - 470, 16-bit pixel data words| 940 0x0000 <= Value <= OxFFFF 16-bit signed integers containing pixel data
Checksum 2 0x0000 <= Value <= OXFFFF Sum of all Bvtes in packet excludina Checksum
TOTAL 958

The pixels are arranged in the same order that they are read out of the camera The firgt pixe of
the data array is therefore the imege pixd dosest to the output amplifier (either the lower left
pixe for Amp 1 or the lower right pixd for Amp 2). This is followed by the next pixd in the
firg row until dl 600 data words from the fird row have been induded, after which the firgt
pixel of the second row appears. Each row contains 600 Image Area pixels.
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5.12 Bad Pixel Table

TBD
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5.13 Snapshot Trailer

The Snapshot Traller indicates the end of a snapshot in the telemetry data stream. The Snapshot
Trailer conssts of six sequential CCSDS packets. The format of the Sngpshot Traller is shown in
Table 59 through Table 64. It begins with an ID word followed by a counter that sequentialy
increments throughout the misson. This is followed by the Observation Segment Number and
Taget ID. The res of the information in the Snapshot Traler is diagnodic information giving
average housekeeping values and characteridtics of the indrument setup. These are designed to
be used by the quick-look andysis to verify ingrument sstup parameters.

5.13.1 Snapshot Trailer End ID

The Snapshot Traler End ID is a two byte vaue that indicates the end of the Snapshot Trailer.
This is usad to verify the header end in case the header is corrupted in the middie and bytes are
logt.
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Table 59: Snapshot Trailer (packet 1)

# OFF- DESCRIPTION #OF FORMAT COMMENT
SET BYTES
0 CCSDS Header Packet 1D 2 0x0000 <= Value <= OxFFFF 0x0D40 (See Section 4.1.1 and Figure 4-7 of
g the 1553 ICD. AP _ID = 0x540)
o 2 | CCSDS Header Seq. Cntrl 2 0x0000 <= Value <= OxFFFF TIXXXXXXXXXXXXXXB
5 , | CCSDSHeader Packet 2 0x0000 <= Value <= OXFFFF 0x03B7
g Length
o 6 CCSDS Secondary Header| 6 Time of CCSDS packet formation
o o 1 Product Number 2 Unsigned Integer Unique ID # for this snapshot LDP (least
ga significant 16-bits of Snapshot Count)
14 Page Number 2 Unsigned Integer Sequential Page # within this snapshot L DP
1 16 Snapshot Trailer ID 4 OXFEC029B7 Used To Indicate Start Of
Snapshot Trailer
. Sequentially Number Each
2 20 Snapshot Counter 4 Unsigned Long Integer Snapshot
3 24 Observation Segment 1 0X00 <= OBSID <= OxFF Unique Observation Segment number for each
taraet observation interval
25 Target ID 3 0x000000 <= ID <= OxFFFFFF Unique ID for each target
5 28 S”ap(ssfje(:fosnt;; Time 4 0x00000000 <= Clock <= OXFFFFFFFF | S/C Clock Time of Snapshot Start in Seconds
6 32 S”aps(';ﬁgssetz‘)” Time 2 0X0000 <= Clock <= OXFFFF XRT Clock Time of Snapshot Start in Subsec
7 34 UTC Delta_Sec 4 0x00000000 <= Delta. <= OXFFFFFFFF UTC Correction for Snapshot Start Time
8 38 UTC_Delta_Subsec 2 0x0000 <= Delta <= OXFFFF UTC Correction for Snapshot Start Time
9 40 Snapshot End Time 6 4 bytes S/C seconds, 2 bytes subseconds S/C Clock Time of Snapshot End in Seconds
10 46 UTC Delta_End 6 4 bytes S/C seconds, 2 bytes subseconds UTC Correction for Snapshot End Time
11 52 RA (J2000) 4 IEEE Floating Point Right Ascention of Target Direction
12 56 Dec (J2000) 4 IEEE Floating Point Declination of Target Direction
13 60 Roll 4 IEEE Floating Point Roll angle
14 64 CCD Temperature Set Point 2 0x000000 <= Value <= OxFFFFFF In DN units for RTD HK output
15 66 Spare 2 0x00 spare
16 68 128 Hou\s/ealrl?:splng Max 256 0x0000 <= Value <= OxOFFF Max Value during Observation of each HK Channe|
17 324 128 Hou\s/ekeeplng Min 256 0x0000 <= Value <= OxOFFF Min Value during Observation of each HK Channel
18 580 [First 94 Housekeeping Sums| 376 IEEE Floating Point (F1234) Sum of all samples for each HK Channel
956 Checksum 2 0x0000 <= Value <= OxFFFF Sum of all Bytes in packet excluding Checksum
TOTAL 958
SIZE INK (K =1024) 0.94
Version 4.6 Page 92 of 102 14 October 2002




XRT Telemetry Data Formats

XRT-PSU-028

Table 60: Snapshot Trailer (packet 2)

# OFF- DESCRIPTION # OF FORMAT COMMENT
SET BYTES
. CCSDS Header Packet 1D 2 0x0000 <= Value <= OXFFFF | 0x0D40 (See Section 4.1.1 and Figure 4-7 of
g the 1553 ICD. AP_ID = 0x540)
5 2 CCSDS Header Seg. Cnirl 2 0x0000 <= Value <= OxFFFF TIXXXXXXXXXXXXXXB
i CCSDS Header Packet 2 0x0000 <= Vaue <= OxFFFF 0x03B7
Il 4
7 L ength
3 5 CCSDS Secondary Header| 6 Time of CCSDS packet formation
e 1 Product Number 2 Unsigned Integer Unique I D # for this snapshot LDP (least
a % significant 16-bits of Snapshot Count)
14 Page Number 2 Unsigned Integer Seguential Page # within this snapshot LDP
1 16 Last 34 Housekeeping Sums| 136 |EEE Floating Point (F1234) Sum of all samples for each HK Channel
2 152 128 Housel;ejnaigg Squared 512 |EEE Floating Point (F1234) Sum of Squares of all samples for each HK Chan.
3 664 HK Summation Loop 4 Unsigned Long Integer Number Of HK Samples S‘ummed During This
Counter Observation
4 668 Bias Row #1 200 0x0000 <= Value <= OXOFFF Mean Row used for baseline subtraction
(central 100 pixels)
5 868 Spares 88 0x00 spare bytes
956 Checksum 2 0x0000 <= Value <= OXFFFF Sum of all Bytes in packet excluding Checksum
TOTAL 958
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Table 61: Snapshot Trailer (packet 3)
# OFF- [DESCRIPTION # OF FORMAT COMMENT
SET BYTES
0 CCSDS Header Packet ID 2 0x0000 <= Value <= OXFFFF | 0x0D40 (See Section 4.1.1 and Figure 4-7 of
g the 1553 ICD. AP_ID = 0x540)
o 2 |CCSDS Header Seq. Cntrl 2 0x0000 <= Value <= OxFFFF TIXXXXXXXXXXXXXXB
5 , | CCSDSHeader Packet 2 0x0000 <= Value <= OXFFFF 0x03B7
g Length
o 6 CCSDS Secondary Header| 6 Time of CCSDS packet formation
o o 1 Product Number 2 Unsigned Integer Ur?iqge. ID #for this snapshot LDP (least
ga significant 16-bits of Snapshot Count)
14 Page Number 2 Unsigned Integer Sequential Page # within this snapshot LDP
1 16 Spares 312 0x00 Spare bytes
2 328 BR #1 ULD 2 0x0000 <= Value <= OXOFFF Upper Level Disriminator used for Bias Row #1
3 330 BR #1 RML 2 0x0000 <= Value <= Ox00FF Running Mean Length used for Bias Row #1
4 332 BR #1 Column Offset 2 0x0000 <= Value <= 0x04FF Start of Bias Row in RAWX coordinates
5 334 BR #1 Length 2 0x0000 <= Value <= Ox00FF Bias Row #1 length (100)
6 336 BR #1 Amp 2 0x0000 <= Value <= 0x000F Amp (1 or 2) used for Bias Row
7 | 3s8 Bias Row #2 200 0x0000 <= Value <= OXOFFF e RO el 100 ety "
8 538 Spares 400 0x00 Spare bytes
9 938 BR #2 ULD 2 0x0000 <= Value <= OXOFFF Upper Level Disriminator used for Bias Row #2
10 940 BR #2 RML 2 0x0000 <= Value <= 0x00FF Running Mean Length used for Bias Row #2
11 942 BR #2 Column Offset 2 0x0000 <= Value <= Ox04FF Start of Bias Row in RAWX coordinates
12 944 BR #2 Length 2 0x0000 <= Value <= Ox00FF Bias Row #1 length (100)
13 946 BR #2 Amp 2 0x0001 or 0x0002 Amp (1 or 2) used for Bias Row
14 948 Current BR Bias Row 2 0x0001 or 0x0002 Bias Row being used in Bias Row Mode
15 950 Current WT Bias Row 2 0x0001 or 0x0002 Bias Row being used by Windowed Timing Mode
16 952 WT Event Limit 2 0x0000 <= Value <= OxFFFF WT Mode Event Limit
17 954 WT Column Offset 2 0x0000 <= Value <= 0x04FF First column of WT row in RAWX coordinates
956 Checksum 2 0x0000 <= Value <= OxFFFF Sum of all Bytes in packet excluding Checksum
TOTAL 958
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Table 62: Shapshot Trailer (packet 4)

# OFF- DESCRIPTION # OF FORMAT COMMENT
SET BYTES
. CCSDS Header Packet ID 2 0x0000 <= Value <= OXFFFF | 0x0D40 (See Section 4.1.1 and Figure 4-7 of
g the 1553 ICD. AP_ID = 0x540)
3 2 |CCSDS Header Seq. Cntrl 2 0x0000 <= Value <= OxFFFF LIXXXXXXXXXXXXXXB
i CCSDS Header Packet 2 0x0000 <= Value <= OxFFFF 0x03B7
Il 4
7] Length
3 5 CCSDS Secondary Header| 6 Time of CCSDS packet formation
Product Number 2 Unsigned Integer Unique ID # for this snapshot LDP (least
o x 12 o .
a % significant 16-bits of Snapshot Count)
14 Page Number 2 Unsigned I nteger Sequentia Page # within this snapshot LDP
1 16 WT Mode Columns 2 0x0000 <= Value <= Ox00FF Number of columns in WT Mode
2 18 Spares 50 0x00 Spare Bytes
First 444 bins of 1024 Bin . . Cumulative Histogram (1024 channels) of
3 68 Event Histoaram 888 024 x 16 Bit Array of Unsigned Intege All Events in Snapshot
956 Checksum 2 0x0000 <= Value <= OXFFFF Sum of all Bytes in packet excluding Checksum
TOTAL 958
Table 63: Shapshot Trailer (packet 5)
# OFF- DESCRIPTION #OF FORMAT COMMENT
SET BYTES
0 CCSDS Header Packet 1D 2 0x0000 <= Vaue <= OXFFFF | 0x0D40 (See Section 4.1.1 and Figure 4-7 of
g the 1553 ICD. AP ID = 0x540)
3 2 |CCSDS Header Seq. Cntrl 2 0x0000 <= Vaue <= OxFFFF LIXXXXXXXXXXXXXXB
3, CCSDS Header Packet 2 0x0000 <= Value <= OxFFFF 0x03B7
I 4
%) L ength
8 5 CCSDS Secondary Header| 6 Time of CCSDS packet formation
. 1 Product Number 2 Unsigned Integer Unique ID # for this snapshot LDP (least
54 significant 16-bits of Snapshot Count)
14 Page Number 2 Unsigned Integer Sequential Page # within this snapshot LDP.
Middle 470 bins of 1024 Bin . . Cumulative Histogram (1024 channels) of
1 16 Event Histogram 940 024 x 16 Bit Array of Unsigned Integer| All Events in Snapshot
956 Checksum 2 0x0000 <= Value <= OxFFFF Sum of all Bytes in packet excluding Checksum
TOTAL 958
SIZE INK (K =1024) 0.94
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Table 64: Shapshot Trailer (packet 6)

# OFF- DESCRIPTION #OF FORMAT COMMENT
SET BYTES
. CCSDS Header Packet 1D 2 0x0000 <= Value <= OxFFFF 0x0D40 (See Section 4.1.1 and Figure 4-7 of
g the 1553 ICD. AP _ID = 0x540)
3 2 |CCSDS Header Seq. Cntrl 2 0x0000 <= Value <= OxFFFF LIXXXXXXXXXXXXXXB
i CCSDS Header Packet 2 0x0000 <= Value <= OxFFFF 0x013B
? 4 Length
3 5 CCSDS Secondary Header| 6 Time of CCSDS packet formation
0o 1 Product Number 2 Unsigned Integer Upiqge_ ID #for t_his snapshot LDP (least
a % significant 16-bits of Snapshot Count)
14 Page Number 2 Unsigned I nteger Sequential Page # within this snapshot LDP
1 16 Last é&gn?lﬂfs?;;gﬁ Bin 220 1024 x 16 Bit Array of Unsigned Integer Cumulatxltle :\;Ztr]cigrimo(;.se%;?;nnels) of
2 236 First CCD Frame Number 4 Unsigned Long Integer Number of first CCD frame in dump
3 240 |First CCD Frame Start Time 6 zi\?ty;SgTCjﬁ?a:gias Start time of first CCD frame in dump
4 246 Last CCD Frame Number 4 Unsigned Long Integer Number of last CCD frame in dump
5 250 | Last CCD Frame Start Time 6 2‘:)5?/; ':?(Fsi{rcsii?szzgias Start time of last CCD frame in dump
6 256 Sum of TAM X1 4 IEEE Floating Point Sum of all TAM X1 samples in observation
7 260 Sum of TAM Y1 4 IEEE Floating Point Sum of all TAM Y1 samples in observation
8 264 Sum of TAM X172 4 IEEE Floating Point Sum of squares of all TAM X1 samples
9 268 Sum of TAM Y172 4 IEEE Floating Point Sum of squares of all TAM Y1 samples
10 272 Sum of TAM X2 4 IEEE Floating Point Sum of all TAM X2 samples in observation
11 276 Sum of TAM Y2 4 IEEE Floating Point Sum of all TAM Y2 samples in observation
12 280 Sum of TAM X272 4 IEEE Floating Point Sum of squares of all TAM X2 samples
13 284 Sum of TAM Y22 4 IEEE Floating Point Sum of squares of all TAM Y2 samples
14 288 Number of TAM samples 4 Unsigned Long Integer Number of TAM samples in observation
15 292 Boresight X correction 4 IEEE Floating Point Boresight correction in X or RA (TBD)
16 296 Boresight Y correction 4 IEEE Floating Point Boresight correction in Y or Dec (TBD)
17 300 Spare 16 0x00
18 316 Snapshot Trailer End ID 4 O0XED94037F
320 Checksum 2 0x0000 <= Value <= OxFFFF Sum of all Bytes in packet excluding Checksum
TOTAL 322
SIZE IN K (K = 1024) 0.31
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As shown in Figure 7, the data for a given Snapshot ends with a copy of the Snapshot Header.
This redundant copy has the correct number of pages inserted, and has the EOT fidd filled. The
format of the redundant copy is shown in Table 65.

Table 65: Redundant Snapshot Header

# |OFF-|DESCRIPTION #OF FORMAT COMMENT
SET BYTES

o 0 CCSDS Header Packet ID 2 0x0000 <= Value <= OxFFFF 0x0D40 (See Section 4.1.1 and Figure 4-7 of

[a) the 1553 ICD. AP_ID = 0x540)

5) 2 | CCSDS Header Seq. Cntrl 2 0x0000 <= Value <= OXFFFF T IXXXXXXXXXXXXXXB

8 4 CCSDS Header Packet 2 0x0000 <= Value <= OXFFFF 0x0029

8 Length

6 |CCSDS Secondary Header 6 Time of CCSDS packet formation
Product Number 2 Unsigned Integer Unique ID # for this snapshot LDP (least

&) 12 significant 16-bits of Snapshot Count)
-t 14 Page Number 2 Unsigned Integer Sequential Page # within this snapshot LDP
o 16 Total Pages in File 2 Unsigned Integer Total number of pages within snapshot LDP
3 5| 18 Observation Segment 1 0x00 <= Value <= OxFF Observation Segment assigned by FoM
% -gs 19 Target ID 3 0x000000 <= Value <= OxFFFFFF Unique ID of this Target, assigned by FoM
;% Il 22 Data Collection time 6 bytes S/C seconds, 2 bytes subsecond S/C time of header creation
n 28 UTC_Delta 6 [ bytes S/C seconds, 2 bytes subsecond UTC Correction

1| 34 Snapshot Header ID 4 OXFEC07B92 Indicates Beginning of Snapshot

2 | 38 Snapshot Count 4 Unsigned Long Integer Sequential Number of this Snapshot

EOT Marker 4 Ox4EQ74E07 o
3 42 End Of Transmission Marker
46 Checksum 2 0x0000 <= Value <= OxFFFF Sum of all Bytes in packet excluding
TOTAL 48
SIZEINK (K =1024) 0.05
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APPENDIX A: XRT CCD PIXEL LAYOUT

The design of the XRT CCD isilludrated in

Figure 9. Instrument coordinates are indicated on the figure for orientation. There are two an
plifiers: Amp 1 and Amp 2. Either one can read out the entire CCD by clocking the readout reg-
iger in the appropriate direction The output amplifier is selected by sdecting the appropriate
CCD readout waveform. The telecommand that sets up the waveforms includes an Amp Num:
ber parameter, but this parameter actudly has no effect on the hardware, and is only used to put
the Amp Number into the telemetry. Therefore it is possble for the Amp Number to be incor-
rect, if it does not correspond correctly to the readout waveform.

3 24 mm 5|

Image Section
600 + 2 Pixel Rows

24 mm < |f2

600 Pixel Columns
40 x 40 micron Pixel Size

+Y
+/
x

Store Section o sf
& Guard Pixel 600 + 2 Pixel Rows S Sf2
Hard Fix 600 Pixel Columns 0 Sf3

39 x 12 micron Pixel Size

R . | . .
Amp 1 T T s | T 1 JAmp2

300 + 5 Pixels Readout 300 + 5 Pixels

le [T AT

0OS1 OD1 RD1 fR1 Rf3: Rf2 RfL Rf Rf2 Rf3: fR2 RD2 OS2 OD2

Figure 9: XRT MAT-22 CCD Layout, with Instrument Coordinates indicated
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The XRT uses severd different detector coordinate systems, defined as follows:

CHIPX, CHIPY: coordinates used interndly by some of the on-board software (e.g. pho-
ton-counting mode). Pixels are numbered (0:634, 0:601) as shown in Figure 10 and are
relative to the output amplifier (in other words, the first pixd to reach the output amp is
number 0). Pixes labded “U” are not used. (The data in these pxes actudly come from
the previous row due to the pipeined architecture of the ADC.) Pixds labded “G” are
guard pixels and contain no charge. Pixels shown with “X” are used in Photon Counting
mode for the 5x5 pixel event recognition. The overclocked pixels and the guard pixels on
the right sde of the image aray are only used in Photon Counting mode. Columns 630
633 contain the Misson Elgpsed Time (MET) time tag words (marked “T”). (In Win
dowed Timing mode, the MET pixels occur immediate after image pixel 353.)

RAWX, RAWY: detector coordinates of the image area. Pixels are numbered (0:599,
0:601) and are relative to the output amp. The converson from CHIP to RAW coordsis:
RAWX = CHIPX — 6 for (6 £ CHIPX £ 605)
RAWY = CHIPY
This is the coordinate system reported by the FSW in Image Mode, Low-Rate Photodi-
ode Mode and Windowed Timing Mode.

DETX, DETY: foca plane coordinates of image area in pixels, numbered (1:600, 1:602)
S0 they can be compared with pixel numbers from image display software like ds9. Pix-
els are numbered relative to physica location on the CCD, not to amp readout. The con-
verson from RAW to DET coordinatesis.
o Ampl
DETX =RAWX +1
DETY = RAWY +1
o Amp2
DETX = 600 - RAWX
DETY = RAWY +1

FOCX, FOCY: focal plane coordinates in mm from the center of the detector. The con
verson from DET to FOC coordinatesis
FOCX = A + K*DETX
FOCY =B + K*DETY
where
K =0.0400 = pixel scaein mm/pixd
A =-300.5* K = pixd offsetin mm
B =-3005* K = pixd offsetinmm

The numbering of CCD pixels in the CHIPX, CHIPY coordinate system is shown in Figure 10.
Pixel (0,0) is dways the pixd that is read out first, no matter which amplifier is used. These are
therefore logicd CCD pixd numbers rather than physicad CCD pixel numbers.  Due to a quirk
of the anadlog to digital converter, the first pixel in each row is garbage and is ignored in al proc-
essing. The next five pixels are “guard’ pixds, indicated by “G’, which are pixels tha exid in
the readout register but not in the imaging array (see
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Figure9). There are 5 more guard pixels at the end of the row, which are followed in turn by

Pixel Map
O 4 N MM < 1D © I 0 O O - O d N M < 1D © I 0 O O +d « O O 4 N M <
O O O O ©O O O O O O d d O O O O O O O O O O d d d .. N M M M M M
o O O O O O O O o o o o © © © © © © © © © © O © © © © © © O ©
60L(U|G|G|G|G|G| 1] 1|1 |[1]T1]]1 {111} 1{r{c|{Gc|Gc|G|{G|O|O O|T|T|T|T|O]|601
600(U|G|G|G|G|G| 1] 1|{L|[1]T1]]1 L{rfr]1r]r{r{c|Gc|Gc|G|{G|O|O O|T|T|T|T|O]|600
59| U[G|G|G|G|G G|G|G|G|G|O|O O|T|(T|T|T|O|599
508|U[G|G|G|G|G G|G|G|G|G|O|O O|T|(T|T|T|O|598
597|U[G|G|G|G|G X X[ X[X X X|[X]|X G|G|G|G|G|O|O O|T|(T|T|T|O|597
56| U[G|G|G|G|G X[X|X]|X X|X|[X]|X G|G|G|G|G|O|O O|T|T|T|T|O]|59
505(U|G|G|G|G|G X[X]X]|X XX |[X]|X G|G|G|G|G|O|O O|T|T|T|T|O|59
504(U|G|G|G|G|G X[X]X]|X XX |[X]|X G|G|G|G|G|O|O O|T|(T|T|T|O |59
503|U[G|G|G|G|G X[X]X]|X X X[ X]|X G|G|G|G|G|O|O O|T|T|T|T|O|593
592|U[G|G|G|G|G X[X]X]|X XX |[X]|X G|G|G|G|G|O|O O|T|(T|T|T|O|592
009|U[G|G|G|G|G X X[ X[X X X|[X]|X G|G|G|G|G|O|O O|T|(T|T|T|O]|009
008|U[G|G|G|G|G X|X|[X[X X|X|[X]|X G|G|G|G|G|O|O O|T|T|T|T|O]|o008
007|U[G|G|G|G|G X|[X]|X]|X X X[X|X G|G|G|G|G|O|O O|T|T|T|T|O]|o007
006|U[G|G|G|G|G X[X]X]|X X X|[X]|X G|G|G|G|G|O|O O|T|(T|T|T|O]|006
005|U[G|G|G|G|G X[X]X]|X XX |[X]|X G|G|G|G|G|O|O O|T|T|T|T|O]|005
004|U[G|G|G|G|G XX XX X X[ X]|X G|G|G|G|G|O|O O|T|(T|T|T|O]|004
003|U[(G|G|G|G|G X | X[ X[X X X|[X]|X G|G|G|G|G|O|O O|T|T|T|T|O]|003
002|U[G|G|G|G|G X | X[ X[X X X|[X]|X G|G|G|G|G|O|O O|T|T|T|T|O]|002
001|U[G|G|G|G|G G|G|G|G|G|O|O O|T|(T|T|T|O]|o001
000|U[G|G|G|G|G G|G|G|G|G|O|O O|T|T|T|T|O]|000
O 4 N MO S O © I 0 O O « O o4 N MO & 1O © I 0 O O 1 «N O O 4 N M <
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G = Quard Pi xel
| = Charge Injection Pixel
O = Overcl ocked Pi xel
T = Ti mestanp
U = Unused Pi xel
X = Pixel tested as a Center Pixel of the 5 x 5 Event W ndow

Figure 10: XRT CCD CHIPX/CHIPY Pixel Numbering Scheme

20 overclocked pixds that are used to establish the basdine leve for the row. The last pixd in
the row generates an “End of Ling sgnd to the hardware, which inserts the current spacecraft
time into the data stream as atimestamp that occurs just before this fina overclocked pixd.

As shown in Fgure 10, the firg row is numbered O, and the first pixel read out in each row is
numbered zero. The actud image area of the CCD occupies CHIPX/CHIPY pixds (6,0) to
(605,601). These image pixels are numbered (0,0) through (599, 599) in the RAWX/RAWY -
ordinate system for telemetry purposes.

The portion of the CCD image andyzed by the event recognition processor for vaid X-ray
events in photortcounting mode is indicated by the “X” symbols. Photons ariving in the outer
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two rows and columns are ignored, as these pixels are used as a “veto layer” to remove cosmic
ray events from the data stream. The 5x5 pixel event recognition neighborhood for pixd (8,2) is
shaded.

The orientation of the CCD in the XRT ingrument is indicated by the arows on Figure 9 show-
ing the drections of the XRT Y and Z axes. The XRT axes are digned with the spacecraft axes.
The +X axis (which points from the detector through the mirror to the sky) is out of the paper in
Figure9.
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APPENDIX B: XRT CCD READOUT TIMES

The XRT dectronics hardware time-tags the end of each CCD readout line with the current
gpacecraft time from the XRT Redtime Clock. Because these times are directly measured by the
hardware with high precison the flight software uses them to time-tag the XRT data frames.
However, some additiona caculations must be performed on the gound to convert the Readout
Times from the CCD frame headers to the actud start and stop times of the frames, or in the case
of Timing Mode data, to time-tag each pixd.

Figure 11 shows the time sequence of a norma CCD readout (used for image and Photon-
Counting modes and Raw Mode). The N image is exposed during readout of frame N-1. Dur-
ing the subsequent frame transfer the N'" frame is shifted into the framestore portion of the detec-
tor. Although this process is very rapid, strong sources will produce vertica stresks across the
image during the frame transfer. Following the frame transfer, the N+1™" frame is exposed while
the N frame is read out. At the end of each row, the Mission Elapsed Time (MET) is read from
the XRT Red-Time Clock and is inserted into the data stream. This time tags the end of each
row. The MET associated with the first row of each frame is placed into the Elemetry header of
that frame as the “Readout Start” time. The MET associated with the last row is placed into the
header as the “ Readout Stop” time.

START_N STOP N
EXPOSE N streak EXPOSE N+1
READOUT N-1 XFER READOUT N
lof af2fsfaf-]-[-[-[-]-11]-|od Lo af2afa[-[-[-[-|-[-]] leod
Readout Readout Readout Readout
N-1 N-1 N N
START STOP START STOP

Figure 11: CCD Readout Timing (not to scale)

Because of the staggered timing of exposures and readouts, the Readout Stop time for the N
frame actually corresponds to the end of the N+1™" exposure. The actua exposure start and stop
times for Frame N can be caculated from the following sequence of equations:

Row_Time= (Readout N_STOP — Readout N_Start) / (NROWS-1) » 4.2 ms

XFER Time=(Readout N_START — Row_Time— Readout N-1_STOP) » 9 ms

Expose Time= Readout N_STOP —Readout N_START + Row_Time» 25s

Start N = Readout N_START — Row_Time— XFER Time— Expose Time

Stop_N = Readout N_START —Row_Time— XFER Time
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The timing modes work quite differently. Each “frame” corresponds to readout of 379,862 CCD
pixes, treated as though they were 602 rows of 631 pixds each, with an end-of-line tag on the
last pixd of each “row”. At the end of each group of 631 pixds, the Misson Elapsed Time
(MET) is read from the XRT Red-Time Clock and is nserted into the internd data stream (but
not into the tdlemetry stream). This time tags the end of each “row”. The MET asociated with
the firg “row” of each “frame” is placed into the €lemetry header of that “frame” as the “Read-
out Stat” time. The MET associated with the last “row” is placed into the header as the “Read-
out Stop” time.

Thetimeto trandfer asingle pixd of datain thismodeis
Pixd_Time = (Readout N_STOP — Readout N_Start) / (631 x 601) » 21.55 ns

The deals of cdculaions for time-tagging photons in photodiode mode are given in XRT-PSU-
037.

In Windowed Timing mode, each “frame’ corresponds to readout of 600 CCD rows, with an
end-of-line tag on the last pixel of each row. However, only events above threshold are actualy
gored in telemetry. At the end of each row, the Misson Elgpsed Time (MET) is read from the
XRT Red-Time Clock and is insarted into the internd data stream (but not into the telemetry
dream). This time tags the end of each row. The MET associated with the first row of each
“frame” is placed into the tdemetry header of that “frame” as the “Readout Start” time. The
MET associated with the last row is placed into the header as the “ Readout Stop” time.

The time to transfer a row of data in Windowed Timing mode, which corresponds to the time
resolution (since one output row of data in this mode covers the Haf-Power Diameter of the mir-

rors), isgiven by
“Row”_Time = (Readout N_STOP — Readout N_Start) / (599) » 1.19 ms

Details of time-tagging photonsin Windowed Timing mode are given in XRT-PSU-037.
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