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1. SCOPE

1.1 Identification

This Interface Control Document (ICD) describes the hardware to software interfaces for the Fame Spacecraft Controller (FSC) used in the Full-Sky Astrometric Mapping Explorer (FAME) Observatory program.  The flight software resides on the main spacecraft processor.  Hence, the interfaces described in this document are those that allow the processor to interact with the FAME hardware.  This document describes the format of these interfaces.  

The definition of each interface and any other relevant information pertaining to its use are called out in this document. Table 1-2, FSC Interface Summary, gives a general overview of the FSC interfaces.

The Instrument to Spacecraft interfaces are called out in the Instrument to Spacecraft ICD.

1.2 Fame Spacecraft Controller Overview

The FSC Controller houses the main spacecraft processor and several functional modules.  The Spacecraft Processor interacts with each module across a VME Bus.  The Processor interacts with the Instrument and Star Tracker data over a 1553 Bus.  The 1553 Bus interface is also covered in this document.  A simplified block diagram of the FSC appears in Figure 1‑1.  The five modules shown correspond to separate physical entities.  This is subject to change.
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Figure 1‑1: FSC Overview

The Interface Descriptions have been categorized based on functional allocations per physical module.  The 1553 Bus Interface will be treated as a separate module although it does not reside on an independent physical module.  It is located on the DDR.  A summary of the Interface Modules is shown in Table 1‑1.
Table 1‑1.  FSC Interface Summary

Interface Module Name
Description
Sub Interfaces

Processor Module
The Processor Module I/F definition describes the information necessary to access various internal processor functional interfaces.
· Serial I/O

· Boot EEPROM

1553 Bus Module
The 1553 Bus I/F definition describes the 1553 I/F used for accessing Star Tracker Camera and Instrument data.
· RIU

· Instrument

Uplink and Downlink Module (UDM)
The UDM I/F definition will describe the uplink and downlink interfaces in addition to other interfaces contained within this module.
· Forward Link (FWL)

· Return Link (RL)

· External Interrupts (EXT)

· Spacecraft Controller  Configuration (SCC)

· RL Instrument Data I/F Status (RDS)

Attitude and Reaction Control Module (ARC)
The ARC Module definitions will describe the attitude thruster control interfaces and IMU interfaces in addition to others referenced as sub-interfaces.
· Attitude Thruster Control (ATC)

· Latch Valve Control (LVI)

· Torque Rods (TRQ)

· IMU (IMU)

· Sun Sensors (SSI)

· Paraffin Actuator Interface (PAI)

Digital Data Recorder Module (DDR)
The DDR IF Module definitions describe the format of the interfaces associated with the DDR which records instrument data.
· Control and Status (DDR)

· Star Tracker Camera (TBD)

A diagram of the FSC illustrating all the interfaces is shown in Figure 1‑2.   The gray interfaces are not covered in this document but are shown for clarity.  The three letter acronyms used to designate each interface will be used as a prefix to identify corresponding software driver functions.  (Note:  this figure is subject to change depending on the interfaces.  It will be updated when the locations of all interfaces have been defined.)
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Figure 1‑2:  FSC HW to SW Interfaces

1.3 Document Overview

This document details the software to hardware interfaces for the FAME Spacecraft Controller.  It is organized as follows:

Section 1, Scope: The purpose and contents of this document.

Section 2, Referenced Documents: A list of documents referenced in or required for use with this document.

Section 3, Interface Definitions


3.1 Interface Standards: A description of standards common to all functional modules

3.2 Processor Interface: A description of the Processor control and status registers and support functions

3.3 1553 Bus Interface: A description of the 1553 Bus Interface

3.4 Uplink/Downlink Module: A description of the Forward and Return Link Interfaces

3.5 Attitude and Reaction Control Module: A description of the interfaces on the ARC Module

3.6 Digital Data Recorder Module: A description of the science data recording interfaces

1.4 Data Representation Conventions

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

· When bits are numbered, a higher numbered bit represents a more significant bit than a lower numbered bit.  Bit 0 always represents the least significant bit in a field of bits.

· When bytes are numbered, a higher numbered byte represents a more significant byte than a lower numbered byte.  Byte 0 always represents the least significant byte in a field of bytes.

· The FSW and the data representations in this document will treat bytes as the smallest addressable unit size.

· When multiple bytes are combined to form larger data units the most significant byte of the field is the byte with the lowest address.  That is, the processor operates in Big-Endian mode.

· When data are transferred across a serial interface, the bits will flow from the most significant bit to the least significant bit (Note: This statement requires review, discussion and acceptance – dependent on both processor architecture and engineering team preference).

· Floating point values will be represented in either a 32-bit IEEE-754 format or a 64-bit IEEE-754 format.

· Refer to Figure 1‑3 for graphical depictions of the data representation conventions.

Figure 1‑3: Data Representation Conventions
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2. APPLICABLE DOCUMENTS (TBD)

This section lists documents that either are referenced in this Interface Control Document or provide additional information applicable to the understanding of this document. 

2.1 Government Documents 

2.1.1 NRL Documents 

The NRL documents listed in Table 2‑1 are FAME project specific.

Table 2‑1:  NRL Documents

Document Number
Document Title

NCST-D-FM001
Science Requirements Document for the Full-sky Astrometric Mapping Explorer (FAME)

NCST-D-FM002
Mission Requirements Document for the Full-sky Astrometric Mapping Explorer (FAME)

NCST-SDD-FM001
Flight Software Design Document (SDD) for the Full-sky Astrometric Mapping Explorer (FAME)

NCST-ICD-FM001
Instrument to S/C ICD for the Full-sky Astrometric Mapping Explorer (FAME)

NCST-ICD-FM003
Space to Ground ICD for the Full-sky Astrometric Mapping Explorer (FAME)

2.1.2 Military and International Standards 

The FAME Ground Software CSCI uses the military standards (MIL-STD) and international standards listed in Table 2‑2
Table 2‑2:  Military/International Standards

Document Number
Document Title

MIL-STD-498
Software Development and Documentation, 5 December 1994

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

ISO/IEC 9899
ANSI C Standard Programming Language

2.2 Non-Government Documents 

2.2.1 Commercial Documents 

The commercial documents listed in Table 2‑3 provide additional information on commercial off-the-shelf (COTS) software.

Table 2‑3:  Commercial Documents

Vendor
Document Title

Harris Corporation
Harris RHC-3001 Radiation Hardened R3000 Controller Architecture Specification

UTMC
Summit Enhanced Family Product Handbook

Wind River Systems
VxWorks Programmer’s Guide

Wind River Systems
VxWorks Reference Manual 

Wind River System
VxWorks User’s Manual

Rational
ClearCase/ClearQuest Administrator’s Manual

Rational
ClearCase/ClearQuest User’s Manual

3. FSC Hardware to Software Interface Definitions

This section is partitioned based on the allocation of functions per physical module as described in Section 1.2.  The FSC is comprised of five physical modules.  The 1553 Bus Interface is treated as a separate module although it is physically implemented on the DDR module.

1. Interface Standards

2. Processor Module

3. 1553 Bus Interface Module

4. Uplink/Downlink Module

5. Attitude and Reaction Control Module

6. Digital Data Recorder Module

The interfaces for each module will be further partitioned along functional boundaries.

Interface Standards

The standards discussed in this section are common to all interfaces discussed in this document.

3.1.1 Interrupts

Each module will use four registers that define the Interrupt interface for that module.  The registers will be an interrupt status register, an interrupt indication register, a mask register and an acknowledge register.  The mask register will be used to specify which interrupts are enabled or disabled.  The status register will indicate the current status of the interrupt generating event.  The interrupt indication register will indicate whether an interrupt has occurred.  This register will feed the Interrupt Register on the VME backplane. The Acknowledge Register will be used to acknowledge or clear interrupts in the Interrupt Indication register and thus on the backplane.  Further information on the specific implementation of these registers will be discussed in each module’s section.

Each bit in one of the registers will map to the same event in the other registers.  For example, if bit 2 in the Interrupt Mask is used to mask/unmask event A, bit 2 in the Interrupt Indicated register will indicate whether or not event A occurred.  Similarly, bit 2 in the acknowledge register will be used to acknowledge event A. 

Table 3‑1 describes the module based interrupt registers.

Table 3‑1:  Module Based Interrupt Registers

Register
Comment

Interrupt Mask
bit 0 disables interrupt;  bit 1 enables interrupt

Interrupt Status
The bits in this register indicate the true status of the interrupt generating circuit.  The only way to clear these bits is by changing the status of the circuit.  Bit 1 indicates an interrupt occurred

Interrupt Indicated
bit 1 indicates an interrupt occurred

Interrupt Acknowledge
bit 1 clears the interrupt in the Indicated Register and off the VME backplane

The SSPM uses an interrupt status register to allow up to seven external interrupts to cause an interrupt to the processor.   The interrupts are accessible from the VME Bus and are active low.  The SSPM also uses an interrupt mask register to enable or disable interrupts.  In both registers the same bits correspond to the same interrupt events.  The following table describes the processor interrupt registers

Table 3‑2:  Processor Interrupt Registers

Register
Comment
Address

Interrupt Mask
bit 0 disables interrupt;  bit 1 enables interrupt
1F8E XXXX

Interrupt Status (VIRQ?)
bit 0 indicates interrupt occurred 
1F88 XXXX

(Note:  Interrupt handling on the part of the modules has not yet been defined in more detail.)

Table 3‑3:  VIRQ Status Register

Register Value ?
Module
Interface
Source

1
UDM
FWL

RL


Command Available

TLM Frame Buffer ½ empty

TLM Frame Buffer empty

2
Spare



3
ARC
IMU


IMU A – Frame Ready

IMU A – Overflow

IMU B – Frame Ready

IMU B – Overflow

4
DDR
STC
STC A Data

STC B Data

5
DDR
1553
1553 Message

6
UDM
EXT
Instrument A Time Tick

Instrument B Time Tick

7
Ethernet



3.1.2 Reset

Each module will have a reset interface defined by a reset register.  The reset register will be used to reset the module.  A reset will perform the equivalent function of a VME reset (SYSRESET) on the individual module that is reset.  The 1553 Bus Module will also have a reset register separate from the DDR reset register.

3.1.3 VME

The VME Interface on the 1553 module shall support an A32/D32 interface with AM code of 0D. The VME interface shall support data transfers as defined in Table 1-1. 

Table 3‑4, Bus Cycle Types Supported

VMEbus Signals
Transaction Type
Data Byte Lanes

LWORD*
AM5
DS0*
DS1*
A01:00
Access Type
31:24
23:16
15:8
7:0

0
0
0
0
X
32-Bit Word
Byte(3)
Byte(2)
Byte(1)
Byte(0)

0
X
0
1
0
Tri-Byte(0-2)
NOT SUPPORTED

0
X
1
0
0
Tri-Byte(1-3)
NOT SUPPORTED

1
0
0
0
0
Double-Byte (0-1)
NOT SUPPORTED

1
X
0
0
0
Double-Byte (0-1)
NOT SUPPORTED

X
1
X
X
X
Double-Byte (1-2)
NOT SUPPORTED

1
X
0
0
1
Double-Byte (2-3)
NOT SUPPORTED

1
0
0
1
0
Byte(0)
NOT SUPPORTED

1
X
0
1
0
Byte(0)
NOT SUPPORTED

1
0
1
0
0
Byte(1)
NOT SUPPORTED

1
X
1
0
0
Byte(1)
NOT SUPPORTED

1
X
0
1
1
Byte(2)
NOT SUPPORTED

1
X
1
0
1
Byte(3)
NOT SUPPORTED


X = Not Decoded

The RHC-3001 processor will be used in Big-Endian mode.  When a 32-bit data word is transferred from the processor to the VME Bus and vice-versa, the VMEbus data bits will contain the data word as shown in Table 3‑5. Byte 3 represents the most significant byte of the 32-bit word and Byte 0 represents the least significant byte of the 32-bit word.  Furthermore, the MSB of Byte 3 (and thus the MSB of the 32-bit word) will appear on D31. The LSB of Byte 3 will appear on D24.  Likewise, the MSB of Byte 0 appears on D7 and the LSB of Byte 0 which is the LSB of the entire word, appears on D0.

Table 3‑5:  Illustration of 32-bit data transfer between Processor Memory and VMEbus

VME Bus Data Bits
D31:D24
D23:D16
D15:D8
D7:D0

32-bit word Being Transferred 
Byte 3
Byte 2
Byte 1
Byte 0

RHC-3001 Processor Memory Address
0x00
0x01
0x02
0x03

Similarly for addressing across the VME bus, the LSB of the address, bit 0 appears on A0. 

Table 3‑6:  Illustration of 32-bit Addressing Across VMEbus

VME Bus Address Bits
A31:A24
A23:A16
A15:A8
A7:A0

32-bit word Address 
Byte 3
Byte 2
Byte 1
Byte 0

Table 3‑7:  VME Address Bus Description
Address Modifier bits
Address Bits

5
4:0
31
30:27
26:22
21:2
1:0

0
X
X
Board Address
X
Board Level Address
00


X = Not Decoded

  Table 3‑8:  Board Address Definition

Address Range (hex) 
Description

0000 0000 – 1FFF FFFF
Reserved by Processor

2800 0000 – 2FFF FFFC
Attitude and Reaction Control Board

3000 0000 – 37FF FFFC
Digital Data Recorder Board

3800 0000 – 3FFF FFFC
1553 Interface Module

4000 0000 – 47FF FFFC
Up Link/Down Link Board

4800 0000 – 4FFF FFFC
Memory Board

5000 0000 – 7FFF FFFC
Reserved for Expansion

8000 0000 – FFFF FFFF
Reserved by Processor

Table 3‑9:  Board Level Address Space Definitions

Board Level Address (hex)  Bits 21:0
Description

00 0000 – 00 0FFC
Reserved for FIFO 0 If Applicable

00 1000 – 00 1FFC
Reserved for FIFO 1 If Applicable

00 2000 – 00 2FFC
Reserved for FIFO 2 If Applicable

00 3000 – 00 3FFC
Reserved for FIFO 3 If Applicable

00 4000
Board Reset Register

00 4004
Interrupt Mask Register

00 4008
Interrupt Status Register

00 400C
Interrupt Acknowledge Register

00 4010 – 3F FFFC
Board Defined Register Locations

Processor Module (SSPM)

The FAME S/C will use the Harris Radiation Hardened Standard Spacecraft Processor Module (SSPM) as it’s computer.  The SSPM is a single board computer.  It includes the Harris RHC-3001 processor, a FPU, Cache, Boot EEPROM, User EEPROM, DRAM, Processor Clock, Processor Interrupt Support, VME interface and Serial I/O (diagnostic) support.  This section will describe and/or reference common or other information necessary to control or, obtain status from the functions that pertain to accessing any of the I/Fs described in this document.  

3.1.4 Serial I/O Interface

3.1.5 Boot EEPROM

1553 Module (US1553)

The SSCM contains the implementation of the MIL-STD-1553B communication channel interface.  The SSCM module is not independent module in the final FSC design.  It will be physically located on the DDR.  Because it is complex and functionally different from the DDR, it will be treated as a separate from the DDR. 

The 1553 interface is used to receive Instrument Data and Star Tracker Camera Data over the VME Interface as well as to communicate with the RIU.  It uses a SUMMIT UT69151DXE Communications Controller to implement the interface.  It is redundant and allows access to a 1553 A and B bus.  

The 1553 module supports 128 KB message memory as part of the 1553 protocol.  Furthermore, it contains 512 KB of memory for other use. Eight bits of error correction information will be stored on the module in addition to the 512 KB memory space.  An external memory interface will be present during the breadboard phase.  The 1553 breadboard will present a memory bus to external connectors located on the FSC.  This will allow the processor to read or write a block of memory located external to the FSC.

Table 3‑10: 1553 Registers

Interface
Register
Access
Address

1553
1553 Module Reset
WO
3800 4000

1553
1553 Interrupt Mask
R/W
3800 4004

1553
1553 Interrupt Status
RO
3800 4008

1553
1553 Interrupt Acknowledge
WO
3800 400C

1553
1553 Interrupt Event (Interrupt Indication)
RO
3800 4010

1553
Summit Control
R/W
3800 4014

1553
Summit Operational Status
R/W
3800 4018

1553
Summit Current Command Block
RO
3800 401C

1553
Summit Interrupt Mask
R/W
3800 4020

1553
Summit Pending Interrupt
RO
3800 4024

1553
Summit Int. Log List Pointer
R/W
3800 4028

1553
Summit BIT Word
R/W
3800 402C

1553
Summit Minor Frame Timer
RO
3800 4030

1553
Summit Command Block Pointer
R/W
3800 4034

1553
Summit BC Command Block Init Count
R/W
3800 4038  

1553
1553 Board Control and Status
R/W
3800 4100

Table 3‑11: 1553 Memory Map 

Interface
Memory Description
Memory Type
Access
Address Range

1553
Message Memory
RAM
R/W
3804 0000 – 3807 FFFF

1553
Boot Memory
EEPROM
R/W
3808 0000 – 380F FFFF

1553
External Memory (Breadboard only)
As necessary
R/W
3810 0000 – 381F FFFF

3.1.6 1553 Interrupt Interface (US1553)

The UDM Interrupt Indication, Mask and Acknowledge registers will contain the following definitions.  Refer to the Interface Standards section for detail on the interrupt scheme

Table 3‑12:  1553 Interrupt Indication Register

Bits
Name
Comment

31:6
Undefined


5
INT5


4
INT4


3
INT3


2
INT2


1
MSG_INT
Responder failed to respond

0
YF_INT
Request to access Summit local bus failed

3.1.6.1 Behavior

3.1.6.1.1 Interrupt Event Register (Interrupt Indication Register)

The bits in this register indicate whether an interrupt generating circuit has triggered or not.  The circuit is level sensitive and will generate interrupts as long as the status that caused the event is true and/or the mask bit is set to 1.  Writing a 1 to the Interrupt Acknowledge Register clears these bits and removes the interrupt from the VME backplane.  If the event that caused the interrupt is still present however, the corresponding interrupt bit will be set in the register’s next clock cycle.  This register is the equivalent of the Interrupt Indication Register in other modules that is cleared by writing to the Acknowledge Register.

3.1.7 1553 Bus Interface (TBD)

Although the 1553 interface operates only in Remote Terminal (RT) mode for FAME, the 1553 Module also supports Bus Controller (BC) and Monitor (M) modes.  The ten summit registers listed in Table 3‑10 correspond to RT registers local to the UTMC Summit chip.  

3.1.7.1 Control and Status Registers

The 1553 module contains module control and status registers and control and status registers in the 1553 Communications Controller (CC). For explicit information on the Communications Controller internal registers, consult the UTMC documentation. 

The FAME processor and Summit internal DMA controller must arbitrate for access to the Summit internal registers and 1553 message memory.  The 1553 module handles arbitration.  The processor is given priority in arbitration.  In the event that the Communications Controller has control of the local memory or internal registers or is in the process of executing a Command Block, the processor could be held off for a maximum of 5 microseconds.  Refer to the Behavior section for detail on gaining immediate access to the processor.

Table 3‑13:  1553 Control and Status Register

Bits
Name
Access
Set By
Cleared By
Comment

31
1553_LOCK
R/W
Proc Write
Reset/Proc Write
1=lock 1553 information from being changed

30
LED
R/W
Proc Write
Reset/Proc Write
1 = Front Panel LED ON

29:9
Undefined



None

8
1553_RESET
R/W
Proc Write
Reset/Proc Write
1= hold 1553 controller in reset. (attached to MRST* pin on Summit)

7
BLOCK_1553_DMA
R/W
Proc Write
Reset/Proc Write
1= block next DMA cycle for access to UTMC registers

6
1553_DMA_ACK
R/W
Summit
Reset/Summit
Reflects inverted status of DMACK signal from the Summit 

5
1553_MSG_INT
R/W
Summit
Reset/Proc Write a one to clear
Latched status of MSG_INT signal from the Summit.

4
1553_FAILED_INT
R/W
Summit
Reset/Proc Write a one to clear
Latched status of YF_INT signal from the Summit.

3
INT5
R/W
Proc Write
Reset/Proc Write
1= INT5 asserts Int Status Reg bit 2 and Event 5

2
INT4
R/W
Proc Write
Reset/Proc Write
1= INT4 asserts Int Status Reg bit 2 and Event 4

1
INT3
R/W
Proc Write
Reset/Proc Write
1= INT3 asserts Int Status Reg bit 2 and Event 3

0
INT2
R/W
Proc Write
Reset/Proc Write
1= INT2 asserts Int Status Reg bit 2 and Event 2

3.1.7.2 Behavior

3.1.7.2.1 Alternate method of gaining access to Summit Internal registers and message memory

The host controller may gain immediate access to either the message memory or the Communications Controller internal registers by first asserting the ‘Block 1553 DMA’ bit in the 1553 Control and Status Register, and then verifying that the ‘1553 DMA ACK’ bit is not asserted.  Once this condition is met, it is safe for the host processor to access message memory.   If the CC has control of the bus, it will complete its access cycle before relinquishing control of the bus to the processor. 

The processor must return control of the message memory or internal registers to the Communications Controller chipset.  It does this by asserting the STEX bit in the Communications Controller Register 0 and de-asserting the ‘Block 1553 DMA’ bit of the 1553 Control and Status Register.

Uplink/Downlink Module (UDM)

The UDM processes forward link and return link data.  It receives CCSDS formatted commands as a serial data stream from the transponders or umbilical.  The command data is detected by frame synchronization circuitry on the UDM.  The forward link data transport protocols are interpreted and verified and the data is passed to the CPU.  Critical commands are executed directly by the UDM without CPU intervention. Nevertheless, the UDM forwards the critical commands to the CPU so that the CPU may keep track of critical commands. The processor can also send critical commands to the UDM.  The UDM receives downlink telemetry in the form of VCDU frames from the CPU as well as directly from the DDR.  Telemetry is placed in CCSDS format and routed to the transponders. 

(Note: Register addresses are not actual but serve merely as placeholders)

Table 3‑14 shows a list of registers allocated to the UDM.  Each of these is a 32-bit register. Table 3‑15 shows the UDM memory map. Each register and memory map is laid out in detail in the sections following.

Table 3‑14: UDM Registers

Interface
Register
Access
Address

UDM
UDM Module Reset
WO
4000 4000

UDM
UDM Interrupt Mask
R/W
4000 4004

UDM
UDM Interrupt Indication
RO
4000 4008

UDM
UDM Interrupt Acknowledge
WO
4000 400C

EXT
External Interrupt Mask
R/W
4000 0000

EXT
External Interrupt Indication
RO
4000 0000

EXT
External Interrupt Acknowledge
WO
4000 0000

FWL
TC Command Status
R/W


FWL
Critical Command
R/W


RL
RL Control and Status
R/W


SCC
SCC Status
RO


RDS
RDS Status
R/W


RDS
RDS Data Transfer Count
RO


Table 3‑15: UDM Memory Map 

Interface
Memory Description
Memory Type
Access
Address Range

FWL
CMD Frame Data
FIFO
RO
4000 0000 – 4000 0FFC

TLM
TLM Frame Data
FIFO
RO
4000 1000 – 4000 1FFC

3.1.8 UDM Interrupt Interface (UDM)

The UDM Interrupt Indication, Mask and Acknowledge registers will contain the following definitions.  Refer to the Interface Standards section for detail on the interrupt scheme.

Table 3‑16: UDM Interrupt Definitions

Bits
Name
Comment

31:3
Unused


2
CMD Frame Available 
An uplink frame is available

1
TLM Frame Empty
The TLM FIFO is empty.

0
TLM Frame Half Empty
There is room for one more frame in the two-frame FIFO.  This interrupt will only be used at the low bit rates (which?) since the processor cannot keep up at higher rates.

3.1.9 External Interrupt Interface (EXT)

The External Interrupt I/F handles inputs received by the FSC from external subsystems. The VIRQ interrupt used for these events will be unique with respect to the VIRQ interrupt used for the UDM Interrupt Interface.  The external events may use either of the same or separate Interrupt Indication, Mask and Acknowledge Registers from UDM events as long as the VIRQ is different.  Refer to the Interface Standards section for detail on the interrupt scheme.

Table 3‑17:  EXT Interrupt Indication Register

Bits
Name
Comment

31:2
Unused


1
Instrument  A Time Tick
Used to time tag instrument time to a bit in the RL frame for ground reference.  A pulse drives this interrupt. Instrument A generates this signal.

0
Instrument B Time Tick
Used to time tag instrument time to a bit in the RL frame for ground reference.  A pulse drives this interrupt. Instrument B generates this signal.

3.1.10 Forward Link Interface  (FWL)

The Forward Link I/F is used to send commands from the UDM to the CPU.  The UDM receives ground commands encapsulated in Command Link Transmission Units (CTLUs).  A single command will not span more than one CTLU.  The UDM will extract Telecomand (TC) Transfer Frames embedded in CTLUs and pass these commands to the CPU over the VME bus.  Each command passed to the CPU will contain a Start Sequence, the Command data, a Tail Sequence and 8 bytes of status.  The first four bytes of status will the command’s parity status.  The remaining four bytes will be the RF Status.  The CPU receives command packets ranging in size from 6 to 1024 bytes from the UDM. 

Table 3‑18:  Parity Status Appended to Command

Bits
Name
Access
Comment

31
Unused



30
Parity Error
RO
Indicates parity error on a TC Codeblock

29:22
TC Codeblocks failed
RO
Number of codeblocks that failed parity check

21:14
First Failed Codeblock
RO
Number of the first codeblock that failed parity check

13:7
First Failed Checkbits
RO
Checkbits received

6:0
First Failed Expected Checkbits
RO
Checkbits calculated

Table 3‑19:  RF Status Appended to Command

Bits
Name
Access
Comment

31:13
Unused



12
Receiver A Sync
RO
0 – indicates XPN A did not detect a sync pattern

1 – indicates XPN A detected a sync pattern

11
Receiver B Sync
RO
0 – indicates XPN B did not detect a sync pattern

1 – indicates XPN B detected a sync pattern

10
Umbilical Sync
RO
0 – indicates Umbilical did not detect a sync pattern

1 – indicates Umbilical detected a sync pattern

9:7
Receiver Selected
RO
Indicates receiver source of the last command

100 –  indicates data was processed from Receiver A

010 –  indicates data was processed from Receiver B

001 –  indicates data was processed from Umbilical

All other bit combinations are undefined

6
Detector Lock A
RO
0 – indicates XPN A detector did not maintain lock throughout the receipt of the command packet

1 – indicates XPN A detector maintained lock throughout the receipt of the command packet

5
Detector Lock B
RO
0 – indicates XPN B detector did not maintain lock throughout the receipt of the command packet

1 – indicates XPN B detector maintained lock throughout the receipt of the command packet

4
Carrier Lock A
RO
0 – indicates XPN A did not maintain carrier lock throughout the receipt of the command packet

1 – indicates XPN A maintained carrier lock throughout the receipt of the command packet

3
Carrier Lock B
RO
0 – indicates XPN B did not maintain carrier lock throughout the receipt of the command packet

1 – indicates XPN B maintained carrier lock throughout the receipt of the command packet

2
Cmd Received
RO
Indicates a command was received (why do we need this bit?)

Table 3‑20:  TC Command Status Register

Bits
Name
Access
Comment

31:2
Unused
RW
Unused

1
Cmd Overflow
RO
Indicates a command overflow event occurred

0
Cmd Acknowledge
WO
Used by the FSW to acknowledge a command

3.1.10.1 Control and Status Definitions

The following items will be defined within Control and Status Registers.  (Note: Each item will be defined further with reference to the table headings.  Additional parameters may be required. This is not a complete list of definitions.  All tables require review, discussion and acceptance by engineering team.)

Table 3‑21:  Critical Command Register

Bits
Name
Access
Comment

31:28
Crit Command Number
RW
Command number of the critical command

27:16
Inverted Crit Command Number
RW
The binary complement of the critical command number

15:8
Inverted Crit Command Number
RW
The binary complement of the critical command number

7:0
Crit Command Number
RW
Command number of the critical command

3.1.10.2 Behavior

3.1.10.2.1 Lack of Forward Link Reset

The processor will never reset the forward link since commands will be lost during a reset.  The ground uses a critical command to reset the forward link.

3.1.10.2.2 Parity Status Register

The UDM will clock in bits from the transponder.  When the sync pattern is clocked in, the UDM will start processing the TC code blocks in the incoming frame.   All of the bits in the Parity Status Register will set to zero.  Refer to 3.4.3.4.1  for TC Codeblock Processing and Parity Errors.

3.1.10.2.3 Command Overflow

Once a command has been received and the Cmd Received field has been set in the TC Command Status Register, the FSW should acknowledge the command by writing a 1 to the Cmd Acknowledge bit in the TC Command Status Register.  If a new command arrives before this has been done, the Cmd Overflow bit is set. 

3.1.10.3 Memory Map

The UDM FWL uses a two-frame buffer.  Command Frame varies in length from 6 to 1024 Bytes. For more detail on a CMD frame, refer to the Space to Ground ICD. The CMD Frame data shown in Table 3‑22serves as a placeholder and is subject to change. If a FIFO is used, the Start Sequence will also be included as part of the CMD Frame Data as a sanity check on the FIFO.
Table 3‑22:  CMD Frame Data

Bytes
Name
Access
Comment

6
TC Frame Header
RO
Telecommand Frame Header after derandomization (and without parity check bits and filler bits)

1 to 1018
TC Frame Data
RO
Telecommand Frame Data after derandomization (and without parity check bits and filler bits)

3.1.10.4 Behavior

3.1.10.4.1 TC Codeblock Processing and Parity Errors

The UDM uses the frame length embedded in the frame header to determine how many TC codeblocks to process for a single TC Transfer Frame. The first TC code block contains the length of the TC frame arriving at the UDM.  The UDM will store this many bits when processing a command, regardless of where the “Tail Sequence” occurs in the CTLU.  If a parity error occurs, regardless of whether the error occurs on the first codeblock, the UDM will process as many bytes as it decodes in the Frame Length field of the TC Frame.

Each TC code block consists of 56 bits with 7 bits of parity and 1 filler bit.  The UDM will calculate the parity of each of the 56 bits and compare them to 7 bits of parity sent up in the TC code block.  If the parity matches, the 56 bits of the code block are saved in internal UDM memory for transmission to the processor.  If this if the first parity failure, the “First Failed Codeblock” field in the Parity Status UDM internal register is set to the number of the code block that failed (starting at 1).  The “First Failed Expected Checkbits” field is set to parity that was calculated for the code block and the “First Failed Checkbits” field is set to the parity bits that were received. The “Parity Error” field is set to 1. The “TC Codeblocks Failed” field is incremented by 1.  Processing will continue with the “TC Codeblocks failed” field incremented by 1 for subsequent codeblock parity errors.  

The data contained in the TC code blocks is pseudo-randomized as described in NCST-ICD-FM003, section 3.2.  This randomization applies to the TC Transfer Frame (not the parity bits).  Upon receipt of a valid start sequence, the UDM will copy data to the FIFO.  The UDM will copy as many bytes as are indicated by the Frame Length field to the FIFO.  The data will be padded at the end to the nearest number of bytes divisible by 4.  Finally, a 32-bit tail sequence followed by 32 bits of Parity Status and RF Status will be appended to the data in the FIFO. The “Cmd Received” field in the TC Command Status register is set to 1 and the CMD Frame Available interrupt bit is set in the UDM interrupt status register. 

Should the UDM receive a partial command, ?
The data in the Command Frame Data buffer should represent a parity-checked, de-randomized TC Transfer Frame as documented in NCST-ICD-FM003, section 3.2.  The data should be made available to the processor in 32-bit words, where in the each word, the most significant bit is the first bit of the 32 transmitted in the serial stream.  The following state diagram shows how a command is processed by the UDM.

3.1.11 Return Link Interface (RL)

The Return Link I/F is used by the FSC processor to send telemetry to the UDM.  The UDM receives downlink telemetry in the form of a 448 Byte VCDUs from the CPU over the VME bus.  This VCDU does not contain the Reed-Solomon check symbols. The UDM will calculate and append the 512 bits (64 bytes) of Reed-Solomon check symbols to produce a 512 Byte coded VCDU.  The resulting 512 byte data frame is referred to as a Channel Access Data Unit and will be forwarded to the transponders and umbilical interface for downlink.

3.1.11.1 Control and Status Definitions

The following items will be defined within Control and Status Registers.  (Note: Each item will be defined further with reference to the table headings.  Additional parameters may be required. This is not a complete list of definitions.  All tables require review, discussion and acceptance by engineering team)

Table 3‑23:  RL Control and Status Register

Bits
Name
Access
Comment

31:5
Unused



4
Upper Stage Separation (TBR – is this on the RL)
RO
Indicates upper stage has separated.  

3:0
Bit Rate
R/W
Used to change RL bit rate and to indicate current bit rate.  Bit rates.

0001 – 1K bps

0010 – 4K bps

0011 – 8K bps

0100 – 100K bps

0101 – 250K bps

0110 – 500K bps

0111 – 1000K bps

Note:  K = 1000 in this table

3.1.11.2 Memory Map

The RL memory map is comprised of two 2-frame FIFOs.  One of these will store mission data (Instrument VCDUs) and cannot be accessed by the FSW  (TBR – what is being used for mission data?).  The other FIFO which is accessible by the FSW will store UDM Housekeeping Data. The FSC processor to UDM return link data path will utilize a FIFO.  The FIFO is sized to support at least two 448 byte VCDU frames (it will support about 9).  These frames included the 32 bit synchronization pattern but do not include the 64 bytes of Reed-Solomon check symbols.  A summary layout of the 448 byte frames can be found below.  Additional detail describing the VCDU format can be found in the FAME Space/Ground ICD (NCST-ICD-FM003).

Table 3‑24:  TLM Frame Data

Bytes 
Name
Set by
Comment

447:444
Sync Marker
SSPM
0x1ACFFC1D for Housekeeping Data

443:438
VCDU Header
SSPM
Housekeeping Data VCDU Primary Header

437:434
VCDU Insert Zone
UDM
Bits
Name
Function




31:28  

                                                
CADU Counter
Counts frames downlinked regardless of source




27:24
Status





23:16
Data Id
0 indicates Data field contains instrument time-tag information




15:0
Data


0:433
VCDU Data Unit Zone
SSPM
Housekeeping Data

3.1.11.3 Behavior

3.1.11.3.1 Science Data vs. Housekeeping Data RL Priority

The UDM return link logic handles both S/C housekeeping data and science data.  The housekeeping data will be given higher priority.  The FSC processor will attempt to output housekeeping data at the spacecraft-bus downlink telemetry production rate.  If the downlink rate is less that the nominal telemetry production rate then the FSC will produce telemetry in a synchronous fashion to ensure that the FIFO does not overflow or underflow.  Under these circumstances the entire downlink bandwidth will be utilized by the S/C housekeeping data.  If the forward link rate is greater that the nominal telemetry production rate then the FSC processor present telemetry data to the UDM as it becomes available.  Under these circumstances the FIFO will normally be in an underflow state.

The nominal S/C housekeeping data production rate is targeted for 8000 bits/sec.  The FSC processor will conform appropriately to lower downlink bit rates.  In the presence of higher downlink rates, the ground can command the FSC to increase telemetry production rates for diagnostic purposes.

3.1.11.3.2 VCDU Trailer, Reed Solomon Check Symbols and Randomization

The UDM will add a 4 byte VCDU trailer and 64 Bytes of Reed-Solomon Check Symbols to the TLM Frame.  The UDM will xor a randomization pattern to 4064 bits (508 bytes) of the newly created frame.  The first 4 bytes (synchronization pattern) of the 512 byte downlink frame will not be randomized.

3.1.12 Spacecraft Controller Configuration Interface (SCC)

This interface is used to inform the CPU of how to configure itself at power-up.  Information flows across the VME bus.

3.1.12.1 Control and Status Definitions

The following items will be defined within Control and Status Registers.  (Note: All tables require review, discussion and acceptance by engineering team)

Table 3‑25:  SCC Status Register

Bits
Name
Access
Comment

31:7
Unused



6
Personality
RO
1 – indicates primary FSC (A)

0 – indicates backup FSC (B)

5:3
Configuration
RO
000 indicates Stowed 3 Axis Stable

001 indicates Stowed GTO Spin Stabilized

010 indicates Deployed - Stationkeeping/Delta-V

011 indicates Deployed – Mission

2
Safe Mode Select
RO
Indicates whether safe mode is disabled or activated

1
Boot Select
RO
If in ops mode, 

1 – indicates boot from primary address

0 – indicates boot from alternate address

0
Init Mode Select
RO
1 – indicates operations mode

0 – indicates boot mode

3.1.12.2 Memory Map

3.1.12.3 Behavior

3.1.13 RL Instrument Data Interface Status (RDS)

The RL Instrument Data Interface is the interface between the DDR and the UDM at the RL.  The information in this section of the document relates to the status of the RL with regard to science data.  RL Instrument I/F Status information is passed to the CPU across the VME bus interface. 

3.1.13.1 Control and Status Definitions

The following items will be defined within Control and Status Registers.  (Note: Each item will be defined further with reference to the table headings.  Additional parameters may be required. This is not a complete list of definitions. All tables require review, discussion and acceptance by engineering team)

Table 3‑26:  RDS Status Register

Bits
Name
Access
Comment


Unused
RO



Sync/Search
RO
Indication of status of the frame sync searching circuitry on the UDM RL.

0 – indicates unlock

1 – indicates lock


Total Error Count (TBR)




Error Status (TBR)

Error Status of previous error

Table 3‑27:  RDS Data Transfer Count Register

Bits
Name
Access
Comment

31:0
Data Transfer Count (TBR)
RO
Running total of data frames transferred to the UDM.  This value ranges from 0 to 2^32 and rolls over to 1/0??????.

3.1.13.2 Memory Map

A two-frame FIFO memory will be used to implement the RL I/F Memory Map. 

3.1.13.3 Behavior

Attitude and Reaction Control Module (ARC)

The ARC provides attitude control for the FAME S/C.  It receives position, velocity and acceleration data from the Sun sensor and IMUs via dedicated hardware I/Fs.  This data is passed to the CPU for guidance and navigation calculations.  The CPU commands the ARC thrusters and receives telemetry from the ARC. 

Table 3‑28: ARC Registers

Interface
Register
Access
Address

ARC
ARC Module Reset
WO
2800 4000

ARC
ARC Interrupt Mask
R/W
2800 4004

ARC
ARC Interrupt Status
RO
2800 4008

ARC
ARC Interrupt Indication / ARC Interrupt Acknowledge
R/W
2800 400C

ATI
Thruster Setup
R/W
2800 4010

ATI
Thruster Execute and Readback
R/W
2800 4014

ATI
Thruster Telemetry (Command Status)
R/W
2800 4018

TRQ
Torque Rod Command
R/W
2800 401C

LVI
Latch Valve Command
R/W
2800 4020

TRQ,PAI
RCS Status Register
RO
2800 4024

IMU,SSI
ACS Control Register
R/W
2800 4028

IMU
IMU Command
R/W
2800 402C

IMU
IMU A Status
RO
2800 4030

IMU
IMU B Status
RO
2800 4034

SSI
Sun Sensor Data A 
RO
2800 4038

SSI
Sun Sensor Data B
RO
2800 403C

PAI
Paraffin Actuator Command
R/W
2800 4040

Table 3‑29: ARC Memory Map

Interface
Memory Description
Memory Type
Access
Address Range

IMU
IMU A Data
FIFO
RO
2800 0000 – 2800 0FFC

IMU
IMU B Data
FIFO
RO
2800 1000 – 2800 1FFC

3.1.14 ARC Interrupt Interface (ARC)

Table 3‑30: ARC Interrupt Status Register

Bits
Name
Access
Comment

31:19
Undefined
RO
Unused bit – always ‘1’s

18
Actuator 3 Limit
RO
‘1’ indicates actuator X is at its limit

‘0’ indicates actuator X is not at its limit

17
Actuator 2 Limit
RO


16
Actuator 1 Limit
RO


15
Actuator 0 Limit
RO


14
Torque Rod Parity Error
RO
‘1’ indicates torque rod command parity error

13
Thruster Parity Error
RO
‘1’ indicates thruster command parity error

12
Thruster Timeout Error
RO
‘1’ indicates thruster watchdog timeout error

11
Sun Angle B Data Ready
RO
‘1’ indicates new sun angle B data available

10
Sun Angle A Data Ready
RO
‘1’ indicates new sun angle A data available

9
IMU B Data Ready
RO
‘1’ indicates IMU B frames specified by Interrupt Gap buffered

8
IMU B FIFO Overflow
RO
‘1’ indicates a write when FIFO B full

7
IMU B FIFO Full
RO
‘1’ indicates IMU B FIFO full

6
IMU B FIFO Empty
RO
‘1’ indicates IMU B FIFO empty

5
IMU B FIFO Underflow
RO
‘1’ indicates a read when FIFO B empty

4
IMU A Data Ready
RO
‘1’ indicates IMU A frames specified by Interrupt Gap buffered

3
IMU A FIFO Overflow
RO
‘1’ indicates a write when FIFO A full

2
IMU A FIFO Full
RO
‘1’ indicates IMU A FIFO full

1
IMU A FIFO Empty
RO
‘1’ indicates IMU A FIFO empty

0
IMU A FIFO Underflow
RO
‘1’ indicates a read when FIFO A empty

3.1.14.1 Behavior

3.1.14.1.1 Interrupt Indication/Interrupt Acknowledge Register

The Interrupt Indication register is fed by the Interrupt Status Register and is edge sensitive.  This register in tern feeds the VME Interrupt Register.  Interrupts are cleared from the VME backplane by writing to this register.  If the Interrupt is cleared but the event that caused it is still present, the VME interrupt will not occur again until the event has ceased and reoccurred. 

3.1.15 Attitude Thruster Interface (ATI)

The Attitude Thruster Interface is used for commanding the thrusters as well as receiving thruster status information.  The Attitude Thruster I/F uses the VME bus.

3.1.15.1 Control and Status Definitions

The following items will be defined within Control and Status Registers.  
Table 3‑31:  Thruster Setup Register

Bits
Name
Access
Comment

31
Odd Parity
R/W
Indicates parity of the defined parity bits.  There will be an odd number of ones in a valid Thruster command   

30:20
Undefined
RO
Always ‘1’s

19:12
Duration
R/W
This field is an 8-bit number that corresponds directly to the number of milliseconds, 0-255, for which the thrusters specified in the thruster mask should be turned on.

11:0
Thruster Mask
R/W
Indicates which thrusters to turn on.  ‘1’ in a bit location(s) indicates which thruster(s) to fire. ‘0’ in a bit location(s) indicates which thruster(s) to not fire.

Table 3‑32:  Thruster Execute and Readback Register

Writing to this register enables the thrusters specified in the thruster mask.  Thrusters must be enabled before they can turn on.  Upon writing to this register, the contents of the Thruster Setup register are copied into this register.  See behavior for detail.

Bits
Name
Access
Comment

31
Last Command Parity
RO
Parity bit of last command

30:21
Undefined
RO
Always ‘1’s

20
Command Done
RO
1 – indicates command is finished

19:12
Last Command Duration
RO
Duration of last command

11:0
Last Command Mask
RO
Mask of last command

Table 3‑33:  Thruster Telemetry Register

Bits
Name
Access
Comment

31
Command Parity Error
RO
‘1’ indicates parity error was detected in last command

Reset to ‘0’ by a write cycle to execute register

30:19
Undefined
RO
Always ‘1’s

18
Last command successful
RO
‘1’ indicates current/last command executed as expected

‘0’ indicates current/last command anomaly detected

17
Command Timeout
RO
Latches to a ‘1’ when the ARC watchdog timer times out and terminates the command.   The watchdog times out ? ms after the thruster command is executed.

Reset to ‘0’ by a write cycle to the Thruster Telemetry Reg.

16
Watchdog Monitor
RO
‘1’ indicates the ARC watchdog timer is currently monitoring a command

‘0’ indicates the timer is inactive

15:0
Last Command Duration
RO
Indicates the length of time in msec the current/last command has been/was active

3.1.15.2 Behavior

3.1.15.2.1 Thruster Setup Register

This register is set to 0x8000 0000 by writing to the Thruster Enable and Readback Register.  I.e., the parity bit is not cleared. 

3.1.15.2.2 Thruster Execute and Readback Register

A write cycle to this register enables the thrusters.  The data written to this register in a write cycle is never validated nor is it placed in the register.  Writing to this register copies the contents of the Thruster Setup Register into this register and sets the Thruster Setup Register to 0x8000 0000.  Writing to the Thruster Execute and Readback Register after the thrusters have been enabled will not halt or disable thruster firing.  It will however copy the cleared (80000000) Thruster Setup register to the Thruster Execute and Readback Register.
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3.1.16 Latch Valve Interface (LVI)

The Attitude Thruster Interface is used for commanding the thrusters as well as receiving thruster status information.  The Attitude Thruster I/F uses the VME bus.

3.1.16.1 Control and Status Definitions

The following items will be defined within Control and Status Registers.  (Note: Each item will be defined further with reference to the table headings.  Additional parameters may be required. This is not a complete list of definitions.  All tables require review, discussion and acceptance by engineering team)

Table 3‑34:  Latch Valve Command Register

Bits
Name
Access
Comment

31:9
Unused
RO
Always ‘1’s

8
Command Executing
RO
‘1’ indicates the command is being executed

7:0
Command
R/W
‘01001111’ indicates open command

‘00011011’ indicates close command

3.1.16.2 Behavior

3.1.17 IMU Data Interface (IMU)

The IMU Data Interface is used to send control signals from the CPU to the IMUs.  IMU data and SOH telemetry are also sent over the IMU Data I/F to the CPU.  The IMU Data I/F uses the VME bus.

3.1.17.1 Control and Status Definitions

The following items will be defined within Control and Status Registers.  
Table 3‑35:  IMU Command Register 

Bits
Name
Access
Comment

31:18
Undefined
RO
Always ‘1’s

15:8
IMU B Command
R/W
‘10110010’ Resets IMU B

‘11110000’ Flushes the IMU B FIFO

7:0
IMU A Command
R/W
‘10110010’ Resets IMU A

‘11110000’ Flushes the IMU A FIFO

Table 3‑36:  ACS Control Register

Bits
Name
Access
Description

31:18
Undefined
R/W
Unused bits – always ‘1’s

17
Sun Sensor B Disable
R/W
‘1’ indicates to not look for sun sensor data

‘0’ indicates normal operation

16
Sun Sensor A Disable
R/W
‘1’ indicates to not look for sun sensor data

‘0’ indicates normal operation

15:8
IMU B Interrupt Gap
R/W
Identifies how many IMU frames to buffer before generating an interrupt (zero results in no interrupt even if the interrupt is enabled)

7:0
IMU A Interrupt Gap
R/W
Identifies how many IMU frames to buffer before generating an interrupt (zero results in no interrupt even if interrupt is enabled)

Table 3‑37:  IMU Status Register

Bits
Name
Access
Description

31:24
Undefined
RO
Unused bits – always “11111111”

23
TOCF
RO
Timeout counter fail

22:20
Undefined
RO
Unused bits – always “000”

19
Frame Abort
RO
‘1’ indicates SDLC abort detected

18
Closing Flag Error
RO
‘1’ indicates SDLC close flag error detected

17
Check Sum Error
RO
‘1’ indicates IMU word 13 checksum error detected

16
FCS CRC Error
RO
‘1’ indicates SDLC FCS CRC error detected

15:0
Frame Count
RO
Rollover frame counter.  ARC resets result in this value  being 0xFFFF.  After the ARC places the first frame in the IMU data memory, Frame Count will have value of 0.  This value rolls over to 0.

3.1.17.2 Memory Map

The ARC board uses two FIFOs to store data from IMU A and IMU B.  IMU data is transmitted to the ARC board in SDLC format.  The IMU SDLC frame is shown below.  The data consists of a 1 byte opening flag, thirteen 16-bit words of IMU data which includes a 16-bit checksum, 2 bytes of CRC and a 1 byte closing flag.  The CRC is calculated on the 26 bytes of IMU data. 

Since the opening and closing flags must remain unique, the contents of the rest of the frame are constrained to five contiguous ones by inserting a zero after five consecutive ones before transmitting.  The ARC board strips the zeros from the SDLC frame.  An IMU frame received by the processor is 36 bytes long.  It consists of a 4-byte frame marker, thirteen 16-bit IMU data words, the 2 byte CRC, the 1 byte closing flag and 3 bytes of status.  The three status bytes are further subdivided into one byte indicating frame status and 16 bits of frame sequence count.  The IMU frame is shown in Figure 3‑1.  

The ARC samples the serial data on the rising edge of the serial clock.  It detects the opening and closing bit pattern and verifies the Frame Check Sequence (FCS).  An interrupt is generated when the number of frames specified by the Programmable Interrupt Gap Field in the ACS Control Register have been buffered in the FIFO.  Partial and/or error frames are padded with all ‘1’s and stored in the FIFO with the appropriate frame closing status word.
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Figure 3‑1:  Simplified SDLC Frame Format
Table 3‑38:  IMU Data Frame 

Bytes (bits)
Name
Access
Comment

35:32 (287:256)
Frame Marker
RO
Sync pattern indicating new frame.  The sync pattern is

EB90146F

31:6 (255:48)
IMU Data
RO
13 16-bit fields of IMU data

5:4 (47:32)
CRC
RO
Cyclic Redundancy Check from SDLC frame

3 (31:24)
Closing Flag
RO
Closing flag of SDLC frame

2 (23:16)
Frame Status
RO
0x01 – FCS CRC Error

0x02 – Checksum Error

0x04 – Closing Flag Error

0x08 – Frame Abort Error  (rest of frame after abort signal will be all one bits)

0:1 (15:0)
Frame Sequence Count
RO
Number of frames received by ARC board.  This value 0xFFFF upon ARC reset.  It is 0 for the first received frame and rolls over to 0 after reaching 0xFFFF. 

3.1.17.3 Behavior

3.1.17.4 Reaction Control Interface (TRQ,PAI)

Table 3‑39:  RCS Status Register

Bits
Name
Access
Description

31
Torque Rod Parity Error
RO
‘1’ indicates command parity error

30:20
Undefined
RO
Unused bits – always ‘1’s

19:16
B Heaters On Status
RO
‘1’ in a bit position indicates driver is on

15:12
A Heaters On Status
RO
‘1’ in a bit position indicates driver is on

11:10
Rod 2 Status B
RO
‘00’ indicates driver off for secondary coil

‘01’ indicates driver on forward for secondary coil

‘10’ indicates driver on reverse for secondary coil

‘11’ undefined

9:8
Rod 1 Status B
RO


7:6
Rod 0 Status B
RO


5:4
Rod 2 Status A
RO


3:2
Rod 1 Status A
RO


1:0
Rod 0 Status A
RO


3.1.18 Torque Rods Interface (TRQ)

The Torque Rods I/F is used for CPU control of the Torque Coils.  This I/F uses the VME Bus.

3.1.18.1 Control and Status Definitions

Both a primary and secondary coil can drive each torque rod.  The primary and secondary coils for any torque rod should not both be driven in the same direction at the same time.  This will overheat the coils? and damage the rod.  Primary and secondary coils can be driven in opposite directions without causing damage.  This is not a standard procedure.

Table 3‑40:  Torque Rod Control Register

Bits
Name
Access
Description

31
Parity
R/W
Odd parity bit

30:18
Undefined
RO
Unused bits – always ‘1’s

17:16
Rod 2 Polarity B
R/W
‘00’ or ‘11’ indicates driver off for secondary coil

‘01’ indicates driver on forward for secondary coil

‘10’ indicates driver on reverse for secondary coil

15:14
Rod 1 Polarity B
R/W


13:12
Rod 0 Polarity B
R/W


11:10
Rod 2 Polarity A
R/W
‘00’ or ‘11’ indicates driver off for primary coil

‘01’ indicates driver on forward for primary coil

‘10’ indicates driver on reverse for primary coil

9:8
Rod 1 Polarity A
R/W


7:6
Rod 0 Polarity A
R/W


5:3
Rod Mask B
R/W
‘1’ in a bit location indicates a command change for rod X B

‘0’ in a bit location indicates no change to rod X B

2:0
Rod Mask A
R/W
‘1’ in a bit location indicates a command change for rod X A

‘0’ in a bit location indicates no change to rod X A

3.1.18.2 Behavior

3.1.19 Sun Sensor Interface (SSI)

The Sun Sensor I/F is used to obtain sun angle information.  This I/F uses the VME bus.

3.1.19.1 Control and Status Definitions

Table 3‑41:  Sun Sensor Data Register

Bits
Name
Access
Description

31
Sun Sensor Disabled
RO
‘1’ indicates data collection is disabled

‘0’ indicates normal operation

30:26
Undefined
RO
Unused bits – always ‘00000’

25
Sun Sensor Angle Sign
RO
‘1’ – positive angle

‘0’ – negative angle

24:16
Sun Sensor Angle
RO
Sun sensor angle – binary fixed point (decimal point between bits 2 and 1)

15:8
Raw Gray Code Data
RO
Raw gray code received from the sun sensor

7:0
Frame Count
RO
Rollover frame counter.  Starts at ? and rolls over to ? from 0xFF

3.1.19.2 Memory Map

3.1.19.3 Behavior

3.1.20 Paraffin Actuator Interface (PAI)

The Paraffin Actuator I/F is used to drive the Paraffin Actuator Heaters.  A total of four heaters are commanded.   This I/F uses the VME bus.

3.1.20.1 Control and Status Definitions

Each heater can be driven by either a primary (A) or secondary (B) coil.  Primary and secondary coils can be driven simultaneously.

Table 3‑42:  Paraffin Actuator Heater Command Register

Bits
Name
Access
Description

31:8
Undefined
RO
Unused bits – always ‘0’s

7
Heater 3 Command B 
R/W
‘1’ indicates heater on command

‘0’ indicates heater off command

6
Heater 2 Command B
R/W


5
Heater 1 Command B
R/W


4
Heater 0 Command B
R/W


3
Heater 3 Command A 
R/W


2
Heater 2 Command A
R/W


1
Heater 1 Command A
R/W


0
Heater 0 Command A
R/W


Digital Data Recorder Module (DDR)

The DDR provides a buffer for collecting and storing instrument and data telemetry.  The DDR routes science data directly to the UDM without intervention by the CPU.  DDR status and control information is passed to the CPU over a VME Bus I/F.

(Note: Register addresses are not actual but serve merely as placeholders)
Table 3‑43: DDR Registers

Interface
Register
Access
Address

DDR
DDR Module Reset
WO
3000 4000

DDR
DDR Interrupt Mask
R/W
3000 4004

DDR
DDR Interrupt Indication
RO
3000 4008

DDR
DDR Interrupt Acknowledge
WO
3000 400C

DDR
DDR Command and Status
R/W
3000 4010

DDR
DDR Write Count Register
R/W
3000 4014

DDR
DDR Read Count Register
R/W
3000 4041

DDR
DDR SEC Count Register
R/W
3001 EDAC

DDR
DDR DEC Count Register
R/W
3002 EDAC

DDR
DDR DED Count Register
R/W
3003 EDAC

DDR
DDR Memory Test Data and Address
R/W
3003 DADA

STC
STC Control



Table 3‑44: DDR Memory Map

Interface
Memory Description
Memory Type
Access
Address Range

 

FIFO
WO
3000 0000 – 3000 007F?



FIFO
RO
3000 0080 – 3000 00FF?



FIFO
WO
3000 0100 – 3000 01EF?



FIFO
RO
?

3.1.21 Digital Data Recorder Control and Status Interface

The DDR Control and Status I/F allows for the flow of DDR control signals and DDR status information between the DDR and FSC processor.  This I/F uses the VME Bus.  The DDR receives FAME Instrument data over the Quad High-Speed serial (QHSS) interface.  A QHSS frame is 448 bytes long.  The data is buffered in a 4096 Mbit memory buffer on the DDR before transmission directly to the UDM RL Instrument Data (RLD) Interface for downlinking.  Instrument data transmission to the DDR Module is enabled or disabled by FSC processor commands to the DDR.  The DDR receives QHSS frames at a rate of 4Mbps (?) and transfers data to the UDM at a maximum rate of 1Mbps.

3.1.21.1 Control and Status Definitions

The data fields defined below comprise the Control and Status registers.  (Note: This is not a complete list of definitions.  All tables require review, discussion and acceptance by engineering team.)
Table 3‑45:  DDR Command and Status Register

Bits
Name
Access
Comment

31
System Ready
RO
Indicates readiness of system (what system? what does that mean?) why would ddr not be ready etc

1 – indicates system ready

0 – indicates system busy

30
CTS Signal Status
RO
1 – indicates CTS signal is asserted

0 – indicates CTS signal is de-asserted

29
RTS Signal Status
RO
1 – indicates Ready To Send signal asserted

0 – indicates RTS signal de-asserted

28
Memory Empty
RO
1 – indicates memory empty

0 – indicates memory not empty

27
Memory Full
RO
1 – indicates memory full

0 – indicates memory not full

26
Instrument A/B Select
R/W
0 – indicates Instrument A selected (default)

1 – indicates Instrument B selected

25
CTS Enable
R/W
1 – enables CTS

0 – disables CTS (default)

24
EDAC Enable
R/W
1 – disables Error Detection and Correction

0 – enables Error Detection and Correction (default)

23
Double Error Correct Enable
R/W
1 – enables double bit error correct

0 – disables double bit error correct (default)

22
Write Count Reset
R/W
0 – resets write counter

1 – indicates Write Count Reset command completed (default)

21
Read Count Reset
R/W
0 – resets read counter

1 – indicates Read Count Reset command completed (default)

20
Single Error Correct Count Reset
R/W
0 – resets SEC counter

1 – indicates SEC Count Reset command completed (default)

19
Double Error Detect Count Reset
R/W
0 – resets DEC counter

1 – indicates DEC Count Reset command completed (default)

18
Double Error Correct Count Reset
R/W
0 – resets DED counter

1 – indicates DED Count Reset command completed (default)

17:15
Undefined



14:8
Mode Select
R/W
Bits
Function  (See Table below for additional information)




14
DDR Mode (Test/Operate)




13
1 – performs test w/ appropriate external interface

0 – performs test w/o appropriate external interface




12
1 – perform test repeatedly until commanded to stop

0 – perform test once




11:8
Test type.  One or more tests can be selected

7:0
EDAC Check Bits
R/W
Error Detection and Correction Check Bits

default = power-up condition

Mode Select Bits

Mode
Bits
Comments [External Interface(s)]


14
13
12
11
10
9
8


 Operate
0
x
x
x
x
x
x
Normal operation.  (Default Mode)

 DDR Self Test
1
v
v
0
0
0
0
Autonomous Test.  (?) [QHSS,RLD,Memory]

 Write Module Test
1
v
v
0
0
0
1
[QHSS]

 Read Module Test
1
v
v
0
0
1
0
[RLD]

 Address Module Test
1
v
v
0
1
0
0
[Memory]

 Error Detect and Correct Test
1
v
v
1
0
0
0
[Memory]

x = don't care, v = valid input

Table 3‑46:  DDR Memory Write Count Register

Bits
Name
Access
Comment

31:0
Memory Write Counter
RO
Number of 64-bit data segments from Instrument written to DDR memory

Table 3‑47:  DDR Memory Read Count Register

Bits
Name
Access
Comment

31:0
Memory Read Counter
RO
Number of 64-bit data segments transferred from DDR memory over UDM return link interface.

Table 3‑48:  DDR SEC Count Register

Bits
Name
Access
Comment

31:0
SEC Counter
RO
Number of single bit errors corrected

Table 3‑49:  DDR DEC Count Register

Bits
Name
Access
Comment

31:0
DEC Counter
RO
Number of double bit errors corrected

Table 3‑50:  DDR DED Count Register

Bits
Name
Access
Comment

31:0
DED Counter
RO
Number of double bit errors detected

Table 3‑51:  DDR Memory Test Data and Address Register

Bits
Name
Access
Comment

31:19
Row Address
R/W
A0-A12 for Row Location selection

18:8
Column Address
R/W
A0-A9,A11 for Column Location selection

7:6
Bank Select
R/W
BA0-BA1 for Bank selection

5
Frame Sync Injection
R/W
0: Use Frame Sync ; 1: Use Test Data Bit Pattern

4
Memory Access Mode
R/W
0: Read Memory Test ; 1: Write Memory Test

3
Test Start
R/W
1 – initiates/resumes test

0 – suspends test

2
Test Busy
RO


1
Test Complete
RO
1 – indicates test completed

0 – indicates test in progress

0
Test Result
RO
1 – indicates test passed

0 – indicates test failed

3.1.21.2 Memory Map

3.1.21.3 Behavior

3.1.21.3.1 CTS 

The DDR commands the Instrument to send data by asserting a Clear To Send (CTS) signal over the QHSS interface.  De-assertion of the CTS signal by the DDR notifies the Instrument to stop transmitting data at the current frame boundary.  The FSC processor commands the CTS assertion and de-assertion.

3.1.21.3.2 RTS

The DDR asserts a Ready to Send signal to the UDM to indicate that data is available for transmission.  The UDM enables data transmission by sending a request signal and a clock signal to the DDR.  The DDR de-asserts the RTS signal to indicate that no additional data is available for transmission and to notify the UDM to stop requesting data after the current data segment is complete.  (what happens if it keeps requesting data?)
3.1.22 Star Tracker Camera Interface (STC)

The STC I/F allows for sending control signals to the STCs and for receiving status. STC control and status information is passed over the VME bus.  (Note:  The STC Interface serves as a placeholder.  It may be located on another module.)
3.1.22.1 Control and Status Definitions

3.1.22.2 Memory Map

3.1.22.3 Behavior
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IEEE Standard 754 double format consists of three fields stored in two successively addressed 32-bit words: a 52-bit
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the most significant of the 32 least significant fraction bits.  Bits 51:32, in the other 32-bit word, contain the most significant







bits of the fraction, f[51:32], with bit 32 being the least significant of these 20 most significant fraction bits, and bit 51 being







the most significant bit of the entire fraction; bits 62:52, e[62:52], contain the 11-bit biased exponent, e, with bit 52 being the







least significant bit of the biased exponent and bit 62 being the most significant; bit 63 contains the sign bit, s.
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