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1.0 SCOPE
1.1 Purpose
This Full-Sky Astrometric Mapping Expedition (FAME) Interface Control Document (ICD) provides the interface requirements between the FAME observatory spacecraft bus software and the FAME observatory instrument software. This ICD provides specific details of the complete data interchange protocol and data content of the Quad High Speed Serial interface and the 1553 Bus interface.

1.2 Precedence
The order of precedence of documents is as follows: (1) FAME Mission Requirements Document (NCST-D-FM002), (2) FAME Spacecraft Bus to Instrument Interface Control Document (NCST-ICD-FM001) and (3) this ICD. 

1.3 Approval and Change Authority
This ICD shall be approved and signed by authorized representatives of Lockheed Martin Missiles and Space (LMMS) Advanced Technology Center (ATC) (the instrument provider) and the Naval Research Laboratory (NRL) (the spacecraft bus provider) to indicate joint agreement with the provisions contained herein. 

The approved document shall become effective immediately and be binding on the participating organizations until a mutually-agreed revision is released. 

1.4 Items to be Determined or Reviewed
Certain paragraphs or items in this ICD are marked TBD (to be determined) or TBR (to be resolved). These markings indicate requirements or interface items that have not been defined (TBD) or agreed upon (TBR) by either the FAME instrument provider or the FAME spacecraft bus provider. Items so marked are deemed to be resolvable in a timely manner and should not delay the formal agreement on the remainder of the paragraphs in this ICD. TBD and TBR items shall be removed by issuing an approved revision to this document per paragraph 1.3.

1.5 Data Representation Conventions

Unless otherwise specified, the following data representation conventions are applicable for the entire document:

TBD

2.0 APPLICABLE DOCUMENTS
2.1 Government Documents
The following documents of the exact issue shown form a part of this document to the extent specified herein. In the event of conflict between the documents referenced herein and the contents of this document, the contents of this document shall be considered a superseding requirement. Copies of specifications, standards, drawings, and publications required by suppliers in connection with specified procurement functions should be obtained from the contracting agency or as directed by the contracting officer. Documents beginning with the control number “SSD” and “NCST” are program documents controlled by the NRL.

2.1.1 Specifications

Most active military specifications are available on-line from: http://astimage.daps.dla.mil/quicksearch

Number
Title
Referenced in Paragraph No.

















2.1.2 Standards

Most active military standards are available on-line from: http://astimage.daps.dla.mil/quicksearch

Number
Title
Referenced in Paragraph No.

MIL-STD-498
12/05/1994
Military Standard Software Development and Documentation


MIL-STD-1553B
Notice 2
08/21/1978
Aircraft Internal Time Division Command/Response Multiplex Data Bus










2.1.3 Military Handbooks

Most active military handbooks are available on-line from: http://astimage.daps.dla.mil/quicksearch

Number
Title
Referenced in Paragraph No.

















2.1.4 Other Publications
Number
Title
Referenced in Paragraph No.

















2.1.5 NASA Technical Standards

NASA Technical Standards are available on-line from: http://www.hq.nasa.gov:80/office/codeq/doctree/qdoc.pdf
Document Number
Document Title

CCSDS 101.0-B-4
Consultative Committee for Space Data Systems (CCSDS) Recommendation for Telemetry Channel Coding, May 1999

CCSDS 102.0-B-4
Consultative Committee for Space Data Systems (CCSDS) Recommendation for Packet Telemetry, November 1995

CCSDS 200.0-G-6
Consultative Committee for Space Data Systems (CCSDS) Report for Telecommand: Summary of Concept and Rationale

CCSDS 201.0-B-3
Consultative Committee for Space Data Systems (CCSDS) Recommendation for Telecommand: Part 1, Channel Service, June 2000 

CCSDS 202.0-B-2
Consultative Committee for Space Data Systems (CCSDS) Recommendation for Telecommand: Part 2, Data Routing Service, November 1992 

CCSDS 202.1-B-1
Consultative Committee for Space Data Systems (CCSDS) Recommendation for Telecommand: Part 2.1, Command Operation Procedures, October 1991

CCSDS 203.0-B-1
Consultative Committee for Space Data Systems (CCSDS) Recommendation for Telecommand: Part 3, Data Management Service Architectural Specification, January 1987 

CCSDS 701.0-B-2
Consultative Committee for Space Data Systems (CCSDS) Recommendation for Advanced Orbiting Systems (AOS), Networks and Data Links: Architectural Specification, November 1992

2.1.6 FAME Project Documents

Available to registered users at http://www.pxi.com/fame

Number
Title
Referenced in Paragraph No.

LMSS P5873001
FAME Instrument Design Specification


NCST-D-FM001
FAME Science Requirements Document


NCST-D-FM002
FAME Mission Requirements Document


NCST-D-FM003
FAME Error Budget


NCST-D-FM004
FAME Systems Engineering Management Plan (SEMP)


NCST-D-FM005
FAME Product Assurance Plan


NCST-D-FM006
FAME Safety, Reliability, and Quality Assurance (SR&QA) Plan


NCST-D-FM008
FAME Configuration Management Plan


NCST-D-FM009
FAME Preliminary Safety Assessment


NCST-D-FM010
FAME System Safety Implementation Plan (SSIP)


NCST-D-FM011
FAME Failure Modes and Effects Analysis (FMEA)


NCST-D-FM016
FAME Ground Segment Description Document


NCST-ICD-FM001
FAME Instrument to Spacecraft Bus Interface Control Document


NCST-ICD-FM003
FAME Space to Ground Interface Control Document


NCST-ICD-FM004
FAME Instrument to Spacecraft Bus Software Interface Control Document


NCST-ICD-FM005
FAME Spacecraft Controller (FSC) Hardware to Software Interface Control Document


NCST-S-FM001
FAME Spacecraft Bus Design Specification


NCST-SDP-FM001
FAME Flight Software Development Plan


NCST-SDP-FM002
FAME Ground Software Development Plan


NCST-SRS-FM001
FAME Flight Software Requirements Document


NCST-SRS-FM002
FAME Ground Software Requirements Document


NCST-TP-FM001
FAME Test Plan


2.2 Non-Government Documents
The following documents form a part of this document to the extent specified herein. Unless otherwise indicated, the issue in effect on the date of the invitation of bids or request for proposal shall apply. In the event of conflict between the documents referenced herein and the contents of this specification, this specification shall take precedence. Copies of specifications, standards, drawings, and publications required by suppliers in connection with specified procurement functions should be obtained from the contracting agency or as directed by the contracting officer.

2.2.1 American Society of Mechanical Engineers (ASME)
Number
Title
Referenced in Paragraph No.

















2.2.2 Institute of Electrical and Electronic Engineers (IEEE)
Number
Title
Referenced in Paragraph No.

















2.2.3 Institute of Interconnecting and Packaging Electronic Circuits (IPC)
Number
Title
Referenced in Paragraph No.

















Organization
Address
Internet URL

American National Standards Institute (ANSI)
1430 Broadway

New York, NY 10018
http://www.ANSI.org/

American Society of Mechanical Engineering (ASME)
22 Law Drive

Fairfield, NJ07007-2300
http://www.ASME.com/

The Institute of Electrical and Electronics Engineers, Inc. (IEEE)
345 East 47th Street

New York, NY 10017
http://stdsbbs.ieee.org

Institute for Interconnecting and Packaging Electronic Circuits
7380 North Lincoln Avenue

Lincolnwood, IL 60646
http://www.ipc.org/

2.3 Order of Precedence
In the event of a conflict between the text of this specification and the reference cited herein, the text of this specification takes precedence. Nothing in this specification, however, supersedes applicable laws and regulations unless a specific exemption has been obtained.

3.0 INTERFACE REQUIREMENTS

3.1 Quad High Speed Serial (QHSS) Interface
All requirements specified in this section shall be met at the FAME Instrument-to-Spacecraft Bus QHSS interface.  This section describes data protocol and data content of the Instrument to Spacecraft Bus data transfers over the QHSS interface (see Figure 3.1‑1).

The QHSS electrical interface defines a high-speed (4 Mbit/Sec) interface between the FAME Instrument and FAME Spacecraft Controller (FSC).   This interface supports unidirectional data transfers from the FAME Instrument to the FSC.   The FSC Digital Data Recorder (DDR) Interface Module receives and stores the QHSS data transmissions from the Instrument.   The DDR has a storage capacity of 4 Gbits.    The Instrument transmits Consultative Committee for Space Data Systems (CCSDS) Virtual Channel Data Units (VCDUs) prepended with a 4-byte synchronization marker (0x1ACFFC1D).  These Synchronized Instrument Data VCDUs have a fixed length of 448 bytes as shown in Figure 3.1‑2.   The synchronized, non-randomized VCDUs represent the 512-byte downlink Channel Access Data Units (CADUs) without the 64-byte Reed-Solomon check symbols (refer to the FAME Space to Ground ICD for information about the CADU).  When the DDR detects an imminent full condition, the DDR accepts one additional synchronized VCDU while providing an electrical signal to the instrument indicating the full condition.  While the DDR full condition exists, all subsequent data from the Instrument is ignored.

The QHSS interface is used to transmit Instrument science data and Instrument diagnostic data via the Instrument Data VCDUs.  Instrument Data VCDUs are subdivided into Instrument Science Data VCDUs and Instrument Diagnostic Data VCDUs as depicted in Figure 3.1‑2  The VCDUs contain unique Virtual Channel Identifiers to segregate these two data categories.  The detailed definition of the data protocols and data content is outlined in sections 3.1.1and 3.1.2.

The FSC DDR is used to buffer the high speed Instrument data prior to telemetry transmission.   The FSC will not modify the contents of the Instrument Data VCDUs prior to downlink with the exception of populating the VCDU insert zone, appending the Reed-Solomon Check Symbols, and performing randomization.
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Figure 3.1‑1 FAME Instrument to Bus QHSS Interface
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Figure 3.1‑2 Instrument Data VCDU Digital Protocol

3.1.1 Instrument Science Data
(Karlin)
The instrument science data is essentially a bit stream containing video information with interleaved ancillary data.  The bit stream contains three different information structures using four fixed-sized data types.  These three information structures are stored contiguously in the science data field of the Instrument Science Data VCDU specified in section 3.1.1.1.  The first information structure is for Binned Star Data (also known simply as Star Data) and it uses the Star Data First Pixel data type and the Star Data Non-first Pixel data type described in section 3.1.1.2.   The last two information structures use a single data type; the Unbinned Star Data (also known as Guide Star data) is described in section 3.1.1.3 and the Instrument Header Data is specified in section 3.1.1.4.

3.1.1.1 Instrument Science Data VCDU Format

The Instrument Science Data VCDU provides the CCSDS Space Link Subnetwork virtual channel access service as described in CCSDS 701.0-B-2 (AOS).  This service provides efficient use of the virtual channel by allowing a private data unit structure to be formatted into the VCDU data unit zone.  The Instrument Science Data VCDU is depicted in Figure 3.1‑1 and its fields are specified in
Interface Definition 3.1‑1
.

The Instrument science data types are packed contiguously into the science data field defined for the Instrument Science Data VCDU.     An Instrument science data type can be split across two VCDUs. The bit location of the beginning of the first science observation data type in each VCDU is provided to assist with ground extraction.  A flag is provided to indicate whether fill bits (all ones) are present at the end of the science data field.

The science observation data types are each uniquely identifiable using the initial bits of their format.  The Star Data First Pixel type is identified by the first byte being 0xFF and the second byte not being 0xC3.  The Star Data Non-first Pixel type is identified by the first byte not being 0xFF.  The Unbinned Star Data type is identified by the first 3 bytes being 0xFFC307.  Finally, the Instrument Header type is identified by the first 3 bytes being 0xFFC319.

A 16-bit Cyclic Redundancy Code is provided at the end of the VCDU Data Unit Zone.  The UDIM Insert field is assumed to be all zeros for the calculation of this field. 

.
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Figure 3.1‑1 Instrument Science Data VCDU Digital Protocol

Interface Definition 3.1‑1 Instrument Science Data VCDU

Byte Offset
Bit Offset
# of

Bits
Field Name
Data Type
Constraints
Description

0
0
2
VERSION_NUMBER
Constant
1
Identifies the CCSDS Virtual Channel Data Unit.

0
2
8
SPACECRAFT_ID
Constant
0x8A
Identifies the FAME Observatory.

1
2
6
VIRTUAL_CHANNEL_ID
Byte
1 = Science
Identifies the science data virtual channel.

2
0
24
VCDU_COUNTER
Longword
 None
Sequential count (modulo 16,777,216) of the total number of VDCUs for the virtual channel.

5
0
1
REPLAY_FLAG
Byte
0 = Realtime

1 = Replay
Used to discriminate between realtime and replay VCDUs transmitted on a physical channel when they both use the same VCID.

5
1
7
SPARE_1
Constant
0
Spare bits.

6
0
32
UDIM_INSERT
Constant
0
Field updated by the FSC UDIM.

10
0
1
FILL_FLAG
Bit
0 = no fill bits

1 = fill bits 
Indicates whether there are fill bits at the end of the SCIENCE_DATA field.  Fill bits are all 1’s.

10
1
3
SPARE_2
Constant
0
Spare bits.

10
4
12
SCIENCE_DATA_PTR
Word
0-3439


Bit offset into the SCIENCE_DATA field to identify the first bit of a valid mission data structure.

12
0
3440
SCIENCE_DATA
Bits
See Science Data Interface Definitions
Science data structures inserted contiguously.  Fill data containing all 1’s is appended when necessary.

442
0
16
CRC
Word
None.
Cyclic Redundancy Code to detect errors in the previous fields using the polynomial g(x) = x16+x12+x5+1.  The UDIM_INSERT field must be set to all zeroes when validating the CRC because the instrument originally calculates the CRC before the FSC populates the UDIM_INSERT field.

3.1.1.2 Binned Star Data

The Binned Star Data formats include both the Star Data First pixel structure and the Star Data Non-First Pixel structure depicted in Figure 3.1‑1.  The detailed specification is provided in Interface Definition 3.1‑1 and Interface Definition 3.1‑2.  [Details will be modified after updated information is received from Scott Horner – reconstituted window???]
Interface Definition 3.1‑1 Star Data First Pixel

Byte Offset
Bit Offset
# of

Bits
Field Name
Data Type
Constraints
Description

0
0
8
SYNC_PATTERN
Constant
0xFF
Provides synchronization for packed data structure.

1
0
6
CHANNEL_ID
Byte
0 to 47
Identifies CCD half for first pixel.

1
6
12
ROW_ID
Word
0 to 2626
Identifies the row for first pixel.

3
2
10
COLUMN_ID
Word
None.
Identifies the column.

4
4
2
GAIN
Byte
0 to 2
Gain setting of pre-amp.

4
6
10
WINDOW_SIZE
Word
0 = ???

1 = ???
Code to indicate the window dimensions used.

6
0
4
BIN_SIZE
Byte
0 = scheme x

1 = scheme y
Code to indicate the bin scheme used.

6
4
12
PIXEL_DATA
Word
None.
Data for first pixel.

Interface Definition 3.1‑2 Star Data Non-First Pixel

Byte Offset
Bit Offset
# of

Bits
Field Name
Data Type
Constraints
Description

0
0
6
CHANNEL_ID
Byte
0 to 47
Identifies CCD half for pixel.

0
6
12
ROW_ID
Word
0 to 2626
Identifies the row for pixel.

2
2
12
PIXEL_DATA
Word
None.
Data for pixel.

3.1.1.3 Unbinned Star Data

The Unbinned Star Data format is depicted in Figure 3.1‑1.  The detailed specification is provided Interface Definition 3.1‑1.  [Details will be modified after updated information is received from Scott Horner.]
Interface Definition 3.1‑1 Unbinned Star Data (Guide Star)

Byte Offset
Bit Offset
# of

Bits
Field Name
Data Type
Constraints
Description

0
0
24
SYNC_PATTERN
Constant
0xFFC307
Provides synchronization of packed mission data.

3
0
6
CHANNEL_ID
Byte
0 to 47
Identifies CCD half for pixel 1.

3
6
12
ROW_ID
Word
0 to 2626
Identifies the row for pixel 1.

5
2
10
COLUMN_ID
Word
None.
Identifies the column.

6
4
2
GAIN
Byte
0 to 2
Gain setting of pre-amp.

6
6
4
SPARE
Byte
0
Spare bits.

7
2
10
WINDOW_SIZE
Word
0 = ???

1 = ???
Code to indicate the window dimensions used.

8
4
4
BIN_SIZE
Byte
0 = scheme x

1 = scheme y
Code to indicate the bin scheme used.

9
0
200 X 12
PIXEL_DATA
Array of 12 bit unsigned values
None.
Data for pixels.

3.1.1.4 Instrument Header Data

The Instrument Header Data format is depicted in Figure 3.1‑1.  The detailed specification is provided in Interface Definition 3.1‑1.  [Details will be modified after updated information is received from Scott Horner.]
Interface Definition 3.1‑1 Instrument Header Data

Byte Offset
Bit Offset
# of

Bits
Field Name
Data Type
Constraints
Description

0
0
24
SYNC_PATTERN
Constant
0xFFC319
Provides synchronization of packed data.

3
0
8
INSTRUMENT_HDR_COUNTER
Byte
None.
Sequential counter (modulo 256) for the instrument header.



4
FORMAT_ID
Byte
0 = default

15 = 0xDEAD
Identifier for housekeeping format.



58
CLOCK_TIME
LongLong

Counter of 5ns clock pulses.  High bit = 0 for flight, 1 for ground



28
STAR_ID_FOR_CLOCK
Longword
None.
Identifies star for clock pulse above.  Time is clock pulse when the transfer gate opens for the row containing the first pixel of the star.



32
QUATERNION_X
Longword
None.
X vector length with resolution of 1 nradian.



32
QUATERNION_Y
Longword
None.
Y vector length with resolution of 1 nradian.



32
QUATERNION_Z
Longword
None.
Z vector length with resolution of 1 nradian.



32
QUATERNION_ROLL_ANGLE
Longword
None.
Radians with resolution of 1 nradian.



28
CLOCK_REFERENCE_FOR_QUATERNION
Longword
None.
LSBs of clock when above quaternion is valid.



26
ROTATION_RATE
Longword
None.
Calculated rotation rate from on-board algorithm.



20
TDI_RATE
Longword
None.
Number of 5ns clock ticks per row transfer.



8
COMMAND_RECEIVED_COUNT
Byte
None.
Number of valid commands received since previous header.



8
COMMAND_REJECTED_COUNT
Byte
None.
Number of rejected commands received since previous header.



8
COMMAND_RESULT_CODE
Byte
None.
Result code for last command processed before the header.



8
COMMAND_ID
Byte
None.
Identifies the last command processed before the header.



8
COMMAND_SEQUENCE_COUNT
Byte
None.
Number of valid commands received since previous header. (Note same comment as above)



16
EXECUTION_TIME
Word
None.
Execution profile max time in 1/65535 sec units



8
TASK_COMPLETION_STATUS
Byte
None.
One bit per O/S task.



16
INTERFACE_STATUS
Word
None.
One bit per interface.



8
HEALTH_STATUS
Byte
None.
Side ID, reset, watchdog, 1553 info, TDI update, etc.



1048
Housekeeping (TBD)
Bytes
None.
To be determined housekeeping data.



124
SPARE
Constant
0
Spare bits.

Instrument Diagnostic Telemetry
(Cheng)

3.1.1.5 Instrument Diagnostic Data VCDU Format
(Karlin)

The Instrument Diagnostic Data VCDU provides the CCSDS Space Link Subnetwork multiplexing service as described in CCSDS 701.0-B-2 (AOS).  The Instrument Diagnostic Data VCDU is depicted in Figure 3.1‑1 and its fields are specified in Interface Definition 3.1‑1. [CCSDS AOS specifies an optional CRC error control field in a 2 byte VCDU trailer that could be used to provide additional protection for diagnostic VCDUs from the instrument.]
Variable-sized CCSDS packets are multiplexed and packed contiguously into the packet data field per the CCSDS AOS recommendations.  The format of these Version-1 CCSDS packets known as Instrument Diagnostic Application Packets is specified in section 3.1.2.2. 
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Figure 3.1‑1 Instrument Diagnostic Data VCDU Digital Protocol

Interface Definition 3.1‑1 Instrument Diagnostic Data VCDU

Byte Offset
Bit Offset
# of

Bits
Field Name
Data Type
Constraints
Description

0
0
2
VERSION_NUMBER
Constant
1
Identifies the CCSDS Virtual Channel Data Unit.

0
2
8
SPACECRAFT_ID
Constant
0x8A
Identifies the FAME Observatory.

1
2
6
VIRTUAL_CHANNEL_ID
Byte
2 – 7 = tbd
Identifies the virtual channel.

2
0
24
VCDU_COUNTER
Longword
 None
Sequential count (modulo 16,777,216) of the total number of VDCUs for the virtual channel.

5
0
1
REPLAY_FLAG
Bit
0 = Realtime

1 = Replay
Used to discriminate between realtime and replay VCDUs transmitted on a physical channel when they both use the same VCID.

5
1
7
SPARE_1
Constant
0
Spare bits.

6
0
32
UDIM_INSERT
Constant
0
Field updated by the FSC UDIM.

10
0
5
SPARE_2
Constant
0
Spare bits.

10
5
11
FIRST_HDR_PTR
Word
0-431

2046 – Idle data

2047 – No packet header
Byte offset into the PACKET_DATA field to identify the starting location of the first packet header.

12
0
3456
PACKET_DATA
Bytes
See Instrument Diagnostic Application Packet Interface Definitions
Version-1 CCSDS Packets inserted contiguously.

3.1.1.6 Instrument Diagnostic Application Packet Format
(Karlin)

The Instrument Diagnostic Application Packet format is depicted in Figure 3.1‑1 and its fields are specified in Interface Definition 3.1‑1.

Interface Definition 3.1‑1 Instrument Diagnostic Application Packet

Byte Offset
Bit Offset
# of

Bits
Field Name
Data Type
Constraints
Description

0
0
3
VERSION_NUMBER
Constant
0
Identifies the Version-1 CCSDS Packet.

0
3
1
TYPE
Constant
0
Indicates a telemetry packet.

0
4
1
SECONDARY_HDR_FLAG
Constant
1
Indicates the secondary header is used.  The secondary header is the CLOCK_COUNTS field.

0
5
11
APID
Word
 0 to 2031

2032 to 2046 - reserved by CCSDS

2047 – fill packet
Application process identifier.  Identifies the format of the application packet.

2
0
2
SEQUENCE_FLAGS
Bits
0 = Middle

1 = First

2 = Last

3 = Standalone
Indicates whether this packet is a complete structure or a component of a higher layer data structure such as a memory dump.

2
2
14
PACKET_SEQUENCE_COUNT
Word
None.
Sequential counter (modulo 16384) for the application id (APID). Set to all zeros for a fill packet.

4
0
16
PACKET_LENGTH
Word
1 to 4097
Length in bytes of the fields to follow minus 1.

6
0
16
CLOCK_COUNTS
Word
None
FAME Instrument specific clock ticks at packet assembly.  Resolution of 10 msec.

Set to all zeros for a fill packet.

8
0
0 to 32768
APPLICATION_DATA
Bytes
None.
Application specific data.  Set to all zeros for a fill packet. [The maximum length was arbitrarily chosen to be 4K bytes.  This is not a CCSDS limit and could be as large as 65536-2 byte secondary header=65534 bytes]

3.1.1.7 CCD Diagnostics
(Cheng)

3.1.1.8 EEPROM Data
(Cheng)

3.1.1.9 RAM Data
(Cheng)
3.1.1.10 Instrument FSW Diagnostics
(Cheng)

FAME MIL-STD-1553B Bus Interface
All requirements specified in this section shall be met at the FAME Instrument-to-spacecraft bus MIL-STD-1553B interface.  This section describes data protocol and data content of the Instrument to Spacecraft Bus data transfers over the redundant MIL-STD-1553B interfaces (see Figure 3.2‑1 and Figure 3.2‑2).

The MIL-STD-1553B electrical interface defines a standard bus interface between the FSC, the FAME Instrument and the Star Tracker Cameras (STC) (note: the STC utilization of the 1553 bus is still TBD).   This interface supports bi-directional data transfers between the FSC and the FAME Instrument to the FSC and supports bi-directional data transfers between the FSC and the STCs.   For the purposes of this document, the FSC to Instrument data protocols and data interchange will be defined in detail.   The FSC to STC interface protocol will be defined in detail, however, the data interchange description will refer to the STC vendor documentation.

The FSC will implement the MIL-STD-1553B bus using the Aeroflex UTMC UT69151 SµMMITTM LXE/DXE (part number to be verified).  The FSC will be the 1553 bus controller (BC).  The Instrument and the STCs will be Remote Terminals (RT).  The FAME Instrument will use the TBD 1553B chipset.  The STCs will use the TBD 1553B chipset.

The MIL-STD-1553B bus interface will be used to control and load the Instrument, obtain state of health (SOH) and diagnostic telemetry from the Instrument and transmit Spacecraft Bus status to the Instrument.  The data exchange packaging will comply with the CCSDS application packet format.

The MIL-STD-1553B bus interface will be used to implement all required communication protocols and data interchange between the FSC and the TBD STCs.
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Figure 3.2‑1 FAME MIL-STD-1553B Channel A Interface
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Figure 3.2‑2 FAME MIL-STD-1553B Channel B Interface

FAME MIL-STD-1553B Communications Protocol
(Davis)
3.1.1.11 Data transfer Protocol Summary

3.1.1.12 RT Address Assignments

3.1.1.13 Instrument Sub-Address Assignments

3.1.1.14 Mode Codes

3.1.1.15 Status Word

3.1.1.16 Data Wrap Around

3.1.1.17 Redundancy Operations

3.1.1.18 Instrument Fault Handling

3.1.1.19 STC Fault Handling

3.1.1.20 Bus Schedule

3.1.1.21 Data Packaging Template

Instrument Control
(Cheng, Hayden)

3.1.1.22 Instrument Control Command x
3.1.1.23 Instrument Control Command y
Instrument Load
(Cheng)

3.1.1.24 Instrument Stellar Data Base Load
3.1.1.25 Instrument Software Load

3.1.1.26 Instrument Parameter Table Load

3.1.1.27 Instrument RAM Load

Instrument State of Health (SOH) Telemetry
(Cheng)

3.1.1.28 Instrument Status Summary
3.1.1.29 Instrument Command Response
3.1.1.30 Instrument Event
3.1.1.31 Instrument Time Tag Counter
3.1.1.32 State of Health Packet a
3.1.1.33 State of Health Packet b
3.1.1.34 State of Health Packet c
Instrument Diagnostic Telemetry
(Cheng)

3.1.1.35 Diagnostic Packet x
3.1.1.36 Diagnostic Packet y
3.1.1.37 Diagnostic Packet z
Bus Status to Instrument
(Hayden, Cheng)

3.1.1.38 Spacecraft Attitude and Rates
STC Communications
(Davis)

TBD

4.0 Verification
(Davis, Hayden, Cheng)
Each requirement in this ICD will be verified at either the instrument or spacecraft bus provider’s facility. This is identified in the “Level” column by entering “Inst”, “S/C,” or “Observ”. If there is more than one “shall” in a paragraph, list each separately. Table 4‑1 Lists the verification requirements to be addressed during testing.

Table 4‑1. Verification Matrix (Davis, Hayden, Cheng)








































































































































5.0 Notes

5.1 Definitions

Observatory
The observatory consists of the integrated the FAME spacecraft bus and instrument.

Subsystem
A functional subdivision of the spacecraft bus or instrument consisting of two or more components.

Component
A generally self-contained functional subdivision of a subsystem

Message
A single message is the transmission of a command word, a status word, and data words if they are specified. For the case of a remote terminal to remote terminal (RT to RT) transmission, the message includes the two (2) command words, the two (2) status words, and data words.

Data bus
Whenever data bus or bus is referred to in this document it implies all the hardware including twisted shielded pair cables, isolation resistors, transformers, etc., required to provide a single data path between the bus controller and all the associated remote terminals.

Terminal
The electronic module necessary to interface the data bus with the subsystem and the subsystem with the data bus. Terminals may exist as separate line replaceable units (LRU’s) or be contained within the elements of the subsystem.

Node
See terminal.

Bus controller (BC)
The terminal assigned the task of initiating information transfers on the data bus.

Bus monitor (MON)
The terminal assigned the task of receiving bus traffic and extracting selected information to be used at a later time.

Remote terminal (RT)
All terminals not operating as the bus controller or as a bus monitor.

Asynchronous operation
For the purpose of this standard, asynchronous operation is the use of an independent clock source in each terminal for message transmission. Decoding is achieved in receiving terminals using clock information derived from the message.

Dynamic bus control
The operation of a data bus system in which designated terminals are offered control of the data bus.

Command/Response
Operation of a data bus system such that remote terminals receive and transmit data only when commanded to do so by the bus controller.

Redundant data bus
The use of more than one (1) data bus to provide more than one (1) data path between the subsystems, i.e., dual redundant data bus, tri-redundant data bus, etc.

Local Bus (LB)
The A/B redundant data bus used for FAME data communication between spacecraft data processing subsystems.

Broadcast
Operation of a data bus system such that information transmitted by the bus controller or a remote terminal is addressed to more than one (1) of the remote terminals connected to the data bus.

Mode code
A means by which the bus controller can communicate with the multiplex bus related hardware, in order to assist in the management of information flow.

Acronyms

AA
Active Analog

ADAC
Attitude Determination and Control

AOS
Advanced Orbiting System (CCSDS)

APID
Application Process Identifier (CCSDS)

A/D
Analog-to-Digital Converter

BC
Bus Controller

BIT
Built-in-Test

BL
Bi-Level

CADU
Channel Access Data Unit (CCSDS)

CCSDS
Consultative Committee for Space Data Systems

CSD
Command Serial Digital

CW
Command Word

FAME
Full-Sky Astrometric Mapping Explorer

FSC
FAME Spacecraft Controller

FDIR
Fault Detection, Isolation and Recovery

FSW
Flight Software

HLC
High Level Command

H/W
Hardware

ICD
Interface Control Document

LLC
Low Level Command

MIL-STD
Military Standard

MON
Bus Monitor

NRL
U.S. Naval Research Laboratory

OD
On-Demand

PA
Passive Analog

RF
Radio Frequency

RIU
Remote Interface Unit

RT
Remote Terminal

SOH
State of Health

S/W
Software

T/F
Terminal Flag

TSD
Telemetry Serial Digital

VCDU
Virtual Channel Data Unit (CCSDS)
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