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1 SCOPE

This 1394 IRD defines the functional requirements baseline for the fault tolerant 1394 bus (designated hereafter FT1394) interfaces between the National Polar-Orbiting Operational Environmental Satellite System (NPOESS) and the NPOESS Preparatory Project (NPP) spacecraft and instruments. This document is comprised of requirements, guidance and clarifications.  Guidance and clarifications are in italics to ensure they are clearly distinguishable from requirements that must be verified.  All of these constitute a formal part of the document with changes to any requiring formal approval.  The Spacecraft Contractor and the Instrument Providers shall each meet their respective interface requirements as defined in this document.  The Unique Instrument Interface Documents (UIIDs), the Interface Control Documents (ICDs), and the General Instrument Interface Document (GIID) are the contractually imposed documents that represent the agreement between the spacecraft contractor and the Instrument contractor.

This document is intended to cover all requirements and information related to the usage of FT1394 and CCSDS in combination for both telecommands and telemetry.   The intent is to avoid having instrument contractors assuming the answers to any design decision.  This document will be living to the extent that as questions from instrument contractors arise, the answers will be documented here. 

1.1 INTRODUCTION

The program will field several high performance instruments that will significantly enhance and improve the gathering of atmospheric and environmental data from a space based platform.  These high performance instruments generate significantly higher data bandwidth than previously flown instruments.  A 1553 Bus, the other standard currently being flown, cannot support the data rates of these instruments.  Accordingly, the IEEE 1394a Serial Bus was chosen as the transport mechanism for carrying data from the instruments to the Data Handling Processor. This specification addresses the implementation of the FT1394 data bus interface between the instruments and the Spacecraft C&DH.  It is based on the IEEE 1394 serial bus specification with modifications and tailoring, such as reliability and fault management that specifically address its use on spacecraft with long life mission goals.  This specification includes a subset of key parameters associated with the more inclusive and comprehensive 1394 specification (IEEE Std 1394-1995 and IEEE Std 1394a-2000). When used in conjunction with these FT1394 references, it is intended to provide all requirements and definitions necessary in conjunction with standards to perform a compatible design including all hardware and software interface developments and implementations.

All FT1394 references in this document specifically refer to this fault tolerant version of IEEE Std 1394-1995 and IEEE Std 1394a-2000 specifications. 
Instrument contractor shall not make design requirement assumptions without obtaining concurrence from the spacecraft contractor.  This document will be used as a living document to contain these clarifications that will be standardized.  Approved assumptions that are not to be standards shall be documented in the NPOESS UIID or the NPP ICD.

1.2 IDENTIFICATION

This document specifies the interface requirements for a high-speed data bus for the spacecraft and instruments based on the IEEE 1394a S100 Serial Data Bus specification.  The following instruments are on the FT1394 Bus:

· VIIRS

· CrIS

· CMIS

· Instrument of Opportunity (IOO – TBR)

1.3 PURPOSE

This document defines and specifies the interfaces between the high-speed data bus users, and the spacecraft C&DH, so that instruments and sub-systems designs can be implemented.

2 APPLICABLE DOCUMENTS

a. In the event of conflict between FT1394 (this document), the IEEE 1394-1995 and IEEE 1394a-2000 specifications, the order of precedence shall be FT1394, IEEE Std 1394a-2000, IEEE 1394-1995, respectively.  

b. In the event of conflict between FT1394 (this document) and any RFCs referenced herein, this document shall take precedence over the RFCs.

c. GIID shall take precedence over these documents.

d. Design Assumptions.  Where these documents are not explicit enough to perform a portion of the system hardware and/or software designs the instrument contractor shall consult with the spacecraft contractor.  

e. The spacecraft contractor shall be the mediator for any unclear, unspecified, or conflicting requirement.
2.1 GOVERNMENT DOCUMENTS

2.1.1 SPECIFICATIONS

2.1.2 STANDARDS

MIL-STD-461E 
Requirements for the Control of Electromagnetic Interference Characteristics of Subsystems and Equipment

2.2 NONGOVERNMENT DOCUMENTS

The following documents of the exact issue shown form a part of this FT1394 IRD to the extent specified herein.  In the event of conflict between the documents referenced herein, except the GIID, and the contents of this specification, the FT1394 shall be considered a superseding requirement.

2.2.1 SPECIFICATIONS

GIID, (Latest)

General Instrument Interface Document (GIID) for National Polar-Orbiting Operational Environmental Satellite System (NPOESS) and the NPOESS Preparatory Project (NPP)


2.2.2 STANDARDS



IEEE Standard 1394-1995
IEEE 
Standard for a High Performance Serial Bus

IEEE Standard 1394a-2000
IEEE Standard for a High Performance Serial Bus -Amendment 1

ISO/IEC 13213:1994
Information Technology – Microprocessor systems – Control and Status Registers (CSR) Architecture for microcomputer buses.

CCSDS 301.0-B-2 
Consultative Committee for Space Data Systems (CCSDS) Recommendation for Time Code Formats, Blue Book, April 1990

CCSDS 701.0-B-2
Advanced Orbiting Systems, Networks and Data Links, Blue Book, 


November 1992

RFC-791, September 1981
Internet Protocol, DARPA Internet Program Protocol Specification

RFC-768, August 1980
User Datagram Protocol, DARPA Internet Program Protocol Specification


RFC-2734, December 1999
IPv4 Over 1394

2.3 REFERENCED DOCUMENTS

2.3.1 SPECIFICATIONS

The following documents are for reference only and compliance with these documents or their sections shall be as specified in this document

3 REQUIREMENTS

3.1 SYSTEM CONFIGURATION

This specification addresses the implementation of a high-speed serial bus to carry digital data between the Spacecraft C&DH systems and the onboard instruments. Digital data from the C&DH system may be of the form of commands or memory uploads to the instruments; digital data from the instruments may be telemetry data, instrument scientific data, and memory image dumps. The bus implementation is based on the IEEE 1394 serial bus specification (IEEE Std 1394-2000a) with modifications and tailoring, required for reliability and fault management, that specifically address its use on a spacecraft with long life mission requirements.

3.1.1 INTERFACE CONFIGURATION

FT1394 Interface shall comply with the 1394 S100 serial bus as specified by the IEEE 1394-1995 and amended by the IEEE 1394a-2000 specifications.

3.1.2 TOPOLOGY

The physical topology for an active FT1394 Serial Bus shall be an acyclic network with finite branches and extent. “Acyclic” means that closed loops are unsupported; tree structures or “broken ring” structures are allowed.

3.1.3 NETWORK TREE IDENTITY

Only the spacecraft Command and Data Handling (C&DH) shall perform the root function for the IEEE1394a interface to send data to and collect data from the instruments.

All FT1394 instrument interfaces shall be designed to be capable of being either a leaf or a branch.

3.1.4 NODES

Each node on the bus shall be comprised of three ports. Each port is comprised of terminators, transceivers, and logic circuitry. 

Each port shall support the Port Suspend and Port Disable features to allow the 1394 bus topology to be reconfigured. 

Active ports shall support the bus repeater function regardless of the power state of their link layer controller.

3.1.5 PORT INTERCONNECTION

Ports shall be interconnected using a cable medium.  Detailed cable specifications are covered in Section 3.3.2.

3.1.5.1 

3.1.5.2 Node Redundancy

The FT1394 Bus Node shall be dual standby redundant (Quad Tri Port), and shall comply with the requirements of IEEE-STD-1394a as tailored in this specification.  Dual Standby Redundant FT1394 Node is shown in Figure 3.1.5‑1.

The instrument FT1394 interface node shall physically reside in the instrument.

1] 
Both nodes of a unit shall be powered when the unit is powered. 
2]
Depending on the cabling topology, the backup busses may power the backup PHYs via cable power even when the backup unit is unpowered. Therefore, it is possible for all four (4) PHYs to be powered concurrently in fault tolerant 1394 LAN configurations.

3] 
Each node shall be uniquely addressed by the spacecraft including a unique (UID) address.

4] 
The unit processor for each of the redundant pairs of tri-port interfaces shall monitor activity on both tri-port interfaces.

5] 
The unit processor shall be capable of detecting which tri-port has actively addressed the unit and output all data and responses via that tri-port.


[image: image1.wmf] 



Figure 3.1.5‑1.  Dual Standby Redundant FT1394 Node

3.1.5.3 



3.1.5.3.1 Power Source

Cable power shall be sourced solely from the spacecraft C&DH system.

No instrument or other FT1394 unit shall source power onto the cable medium. 

Nodes of the instruments and other FT1394 interfaces shall be power sinks to the cable.

Spacecraft supplied power via the cable shall be consumed only by the port PHY layers. 

Cable power and return and instrument power and return shall be isolated from instrument chassis by greater than 1 megohm, when measured with no cables attached. 
A provision shall be made on the CCA via a jumper or equivalent
 to alternately tie the PHY reference ground to chassis instead of cable power return Vg. Decision for which way to jumper PHY reference ground will be based on common mode and EMI noise effects.

Since each node continuously repeats data bus signals, the physical layer of each node shall remain operational even when the unit’s local power is off; power is sourced via the cable.  

The Spacecraft shall provide power to each FT1394 data bus in such a manner that a single power supply failure shall not cause the permanent loss of either data bus.

3.1.5.4 
3.1.5.5 Bus Repeater
Port interconnections shall function as bus repeaters when spanned distances exceed the cable length limitation.

Port interconnections shall function as bus repeaters for implementing fault tolerant 1394 LAN topologies (cable configurations). 

3.2 Conventions

3.2.1 Bit Numbering

All multiple bit sequences shall count bits beginning with bit 0.

3.2.2 Byte Structure

All data shall be modulo based upon the smallest object, a Byte, comprised of eight (8) binary bits to be formatted as MSB (bit zero) first and shall be pictorially represented as shown in Figure 3.2.2‑1.

	Figure 3.2.2‑1 Byte Representation

	Bit Zero MSB
	1
	2
	3
	4
	5
	6
	Bit Seven LSB

	
	
	
	
	
	
	
	


3.2.3 Digital Data Format

Data shall be in 2's complement with 1 being true.  Exceptions shall be documented in the NPOESS UIID or the NPP ICD.

3.2.4 Byte Numbering Convention and Nomenclature

The transmission order of bits within a byte and the relative ordering of bytes within a word shall be submitted for transmission ‘Big Endian
.

When applied to networking, this is called ‘network byte order’.  

· Bit 0 of an N-bit(modulo 8bits) value shall be the Most Significant Bit (MSB).

· Bit N-1 of an N-bit(modulo 8bits) value shall be the least significant bit.

The Byte containing bits 0-7 shall be transmitted first, followed by the next sequential Byte until all Bytes are transmitted.

3.2.5 Bit Sequencing

For serial data, the most significant bit (MSB, i.e. bit zero) shall be sent first.

3.2.6 Data Segment Sequencing

For data segmentation, the segments shall be sent ordered most significant segment first.
3.2.7 Spare Bits

All "spare" bits shall be permanently set to value "zero".

3.3 Physical and Link Layers

3.3.1 Implementation

The following physical implementations of the FT1394 interface are acceptable provided they meet all requirements in this specification. 

Of prime importance is a topology that maximizes fault tolerance on the FT1394 serial bus.
3.3.1.1 Embedded Circuitry

An embedded circuitry implementation is defined as having the FT1394 Link and PHY circuit devices on the same circuit card as the control processor.

The internal interfaces of the control processor 
shall map to the Link and the PHY devices directly or through translation logic such that full bus performance is available from the external cable interface to the processor.

3.3.1.2 Modular

A modular circuitry implementation is defined as having a mechanical and electrical interface to a FT1394 interface module.

The modular circuitry implementation shall support full bus performance from the external cable interface to the control processor.

3.3.1.3 Interface Translation

An interface translation device is defined as any circuitry implemented such that an existing interface (e.g. RS-422, MIL-1553) available in legacy hardware is converted to a compliant implementation of the FT1394 serial bus.  

Interface translation hardware shall support the full bandwidth of the FT1394 serial bus to the controller or provide sufficient memory storage in the translation hardware such that bus performance is not impacted.

3.3.2 Cable Media

1394 nodes are interconnected with a multi-conductor cable designed to carry 100MHz digital data with minimal skew and jitter. The cable media interface is the implementation of this physical connection. Three major parts of the electrical interface cable media (refer to Figure 3.3.2-1) interface are:

TPA and TPB: two low-voltage, low-current, bi-directional differential signals per port that carry data bits or arbitration signals. 

Vp and Vg: a power pair that provides the current needed by the physical layer to repeat signals. 
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Figure 3.3.2‑1 Cable Interface
3.3.2.1 Cable Construction

Each cable shall have two #28 awg shielded-twisted signal pairs, one #22 awg twisted power pair, and an overall cable shield. 

The two #28 awg shielded-twisted signal pairs shall have a differential impedance of 110 ± 6 ohms. 

The differential mode characteristic impedance of the power/ground twisted pair shall be less than 65 ohms. 

Each power conductor (Vp and Vg) shall exhibit less than 0.333 ohms series resistance on each wire.

The voltage supplied by the spacecraft to the cable is per section 0.

All these wires shall be housed within an outer shield or double shield that shall provide a shield effectiveness (attenuation) of greater than 90 dB/m (TBR) at 100, 200 and 400 MHz with respect to either of the data signal pairs. 

Cable for FT1394 service shall be of a flexible construction such that it can be routed and dressed into or with the spacecraft harness.  

The cable jacket and insulation shall withstand all of the environmental requirements for the duration of the mission. 

The cable jacket and insulation shall meet all of the outgassing requirements for the NPOESS and the NPP as defined in the GIID.

The spacecraft cable system shall be sufficiently shielded to prevent energy leakage that may cause electromagnetic interference (EMI) on sensitive instrumentation contained in the payloads. Reference the GIID for instrument RF susceptibilities.

The shields around the data pairs shall make contact with each other.

The outer shield(s) shall be isolated from the inner data pair shields within the cable. Shield grounding at the connector interface is covered 3.3.6.6.3.

See Figure 3.3.2‑2 for cable construction. (This cable is currently under development and therefore information is preliminary.)

Requirements regarding rise and fall times, cross-talk, common mode impedance, velocity, relative propagation skew are addressed in the IEEE Specification (see sections 4.2.1A.4 ).
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Figure 3.3.2‑2 Cable Material Construction 
3.3.2.2 Cable Length

If the cable length is greater than 4.5 meters between nodes it shall have less than 2.3 dB attenuation for the S100 implementation as per the requirements in IEEE 1394a-2000, Section 4.2.1A.4.2.

The spacecraft contractor shall provide test or analysis sufficient to validate the compatibility with each node of the system driving or receiving signals when employing a longer cable length over all environmental conditions.

The cable lengths and architecture shall be designed such that the total propagation time for a fully connected system does not exceed one sample time plus gap time as set by the bus manager.  

The sample time and gap time are system variables that shall be defined in software limited by these physical parameters and other factors as well.

3.3.3 Connectors

Connectors shall maintain the performance of the 1394 serial data bus across the interconnection interface. Connectors shall match the impedance of the cable such that the impedance of the entire signal path including all series connectors meets the requirement of Section 3.3.2

The nodes shall implement the attachment of the cable media to the node housing using the printed wiring board mounted male contact connectors per Figure 3.3.3‑1.

The spacecraft harness shall implement the attachment of the cable to the instrument using female contact connectors per Figure 3.3.3‑2
3.3.3.1 Connector Pin-outs

Each FT1394 connector set shall provide pin-outs for a single FT1394 bus with power, return and shield per Table 3.3.3‑1.  

Connector pins shall be identified as cable power (Vpx, Vgx) and  signal pairs (TPAx, TPAx*), (TPBx, TPBx*), where x= 1, 2, 3 is the port number of the node’s TriPort.

The FT1394 outer shield shall bond to the connector backshell with less than 5 milliohms DC resistance.

Table 3.3.3‑1 Connector Signal Pin Assignment

Port 1

	Pin
	Connector
	Signal

	1
	1
	Vp1

	2
	1
	Vg1

	3
	1
	TPB1*

	4
	1
	TPB1

	5
	1
	TPA1*

	6
	1
	TPA1



Port 2

	Pin
	Connector
	Signal

	1
	2
	Vp2

	2
	2
	Vg2

	3
	2
	TPB2*

	4
	2
	TPB2

	5
	2
	TPA2*

	6
	2
	TPA2



Port 3

	Pin
	Connector
	Signal

	1
	3
	Vp3

	2
	3
	Vg3

	3
	3
	TPB3*

	4
	3
	TPB3

	5
	3
	TPA3*

	6
	3
	TPA3


3.3.3.2 FT1394 Instrument signal to connector attachment

All FT1394 signals shall be routed from the box interface connectors by less than 2 centimeters of wire or PC trace length to the termination, line driver and line receiver unless impedance matched strip line principles are implemented such that the impedance over the entire signal run meets the requirement specified in section 3.3.2.  

Under no circumstances shall the electrical connection length, between the spacecraft interface connector and the furthest electrical component, exceed 3 cm.

The electrical 4.5-meter cable length limitation specifies the distance from signal source to termination and therefore includes wiring length inside the box.

3.3.3.3 Connector Alignment

The FT1394 connector shall be self-aligning and able to withstand up to 100 mate/demate cycles without detectable degradation to electrical or mechanical properties.

3.3.3.4 Connector Identification

Connector installation shall reduce the probability of misconnection by color-coding both the cable mounted and unit mounted connectors, on the instrument surface near or surrounding the connector per Table 3.3.3‑2
Table 3.3.3‑2 Connector Identification

	Connector
	Color

	1
	Red

	2
	White

	3
	Blue


3.3.3.5 Connector Designators

Each connector shall be designated A-J1, A-J2, A-J3, B-J1, B-J2,and B-J3, where the “A/B” represent the A or B bus and the 1/2/3 represent the port connector number.
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Figure 3.3.3‑1 Instrument Interface Connector 
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Figure 3.3.3‑2 Cable Interface Connector

3.3.3.6 Connector EMI Backshells

Connector shells shall be metal on both cable connector and mounted connector of the interface.

Instrument connectors shall provide EMI-tight closure and stress relief for the cable media. Reference  Figure 3.3.3-3. 

Aluminum connector shells shall be electroless-nickel plated.

After the connector pair is mated, the bonding resistance from the backshell to the instrument/unit chassis shall be less than 5 milliohms.
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Figure 3.3.3‑3 Connector EMI Backshell

3.3.3.7 Connector Caps

All unused 1394 ports shall be capped with flight quality EMI-tight covers to prevent unwanted EMI leakage from the units. 

Units must meet MIL-STD-461 E with these covers in place.

Instruments shall be shipped to the spacecraft contractor with a connector cap over each port for ESD protection and contamination control. 
The connector caps shall be available for the spacecraft contractor to use for unused ports in the final spacecraft 1394 LAN configuration.
3.3.3.8 Connector Savers

Connector savers shall be used at all times during testing to prevent undo wear on the unit’s 1394 connectors except for unit-level EMI, vibration, and thermal vacuum testing and for spacecraft systems integration testing such as EMI, vibration, and thermal vacuum testing.

Connector savers are shown in Figure 3.3.3‑4.
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Figure 3.3.3‑4 Connector Saver

3.3.3.9 Additional Cable Connectors

Additional connectors may be implemented to cross through bulkheads or traverse mechanical structures in the spacecraft.  

The impedance of the entire signal path including all series connectors shall meet the requirements of section 3.3.2.

3.3.4 Network Interface Circuitry Electrical Requirements

The FT1394 Bus signal and power interface characteristics shall meet all electrical requirements of the IEEE 1394 S100 Serial Bus as specified in the IEEE 1394-1995, IEEE 1394a-2000, and GIID.  This document highlights only a subset of these requirements.

3.3.4.1 1394 Cable Bus Interface

The FT1394 Bus interface section specifies the electrical connection between the FT1394 PHY device and the connection, via cable and connector, to the spacecraft FT1394 data bus.  

Each Port shall consist of two twisted pair interfaces [(TPA, TPA*), (TPB, TPB*)] and a power distribution pair (Vp/Vg).  

Each FT1394 Bus node shall have three such ports or a Tri-Port.  

Each port shall have associated circuitry that provides separate signals for packet data reception/transmission and for arbitration.  

The circuit board including the PHY shall not assert voltages greater than 0.4 V on TPA, TPA* while not powered.  

Care should be taken to insure this requirement is met in the case that the peer PHY is powered and generating TpBias.  The two signal pairs, TPA/TPA* and TPB/TPB*, perform multiple functions.  The TPA/TPA* signal pair transmit the Transmit Strobe signal (Strb_Tx) and receives Received Data (Data_Rx), Arbitration for Pair “A” (Arb_A_Rx).  The TPB/TPB* signal pair transmits the Transmitted Data (Data_Tx) and Bus Transmitter Speed Capability (Speed_Tx) and receives the Receive Strobe (Strb_Rx), Arbitration for Pair “B” (Arb_B_Rx), and Port Status signals.  When enabled, the TPA/TPA* pair transmits TpBias while the TPB/TPB* pair receives the TpBias signal.  The Port Status comparator to determine if a cable connection exists senses TpBias.  Nodes are attached by connecting TPA/TPA* to TPB/TPB* at each end.  The FT1394 Data Bus is fixed at S100 speed (100 Mbits/s) and, as such, does not decode voltage bias to determine bus speed (Speed_Rx and Speed_Tx).  The link runs half duplex.  The data and strobe signal contains Clock and Data Valid information embedded in the timing.  Arbitration information is decoded from non-differential signal conditions on the bus.  Arbitration information provides low-level bus control such as “RESET”.

The Electrical Characteristics specified in Table 3.3.4‑1 specifies the external cable interface.

	Label
	Min
	Typ
	Max
	Units
	Description

	Vod
	172
	
	265
	mV
	Differential Transmitted Signal

	Vrd1
	173
	
	260
	mV
	Differential Received Signal (During Arbitration)

	Vrd2
	142
	
	260
	mV
	Differential Received Signal (During Clocked Data Reception)

	Vcm
	1.665
	
	2.515
	V
	Common Mode Voltage

	Icm
	0.44
	
	-0.81
	mA
	Common Mode Current (TPA to TPB)

	Zir
	109
	110
	111
	Ohms
	Input Impedance (Receive Mode)

	Zit
	105
	110
	111
	Ohms
	Input Impedance (Transmit Mode)

	Cin
	
	
	9
	pF
	Input Capacitance


Table 3.3.4‑1 1394 Cable Bus Electrical Specifications

3.3.4.1.1 Differential Mode Voltage

For the test load shown in Figure 3.3.4‑1, the drivers for TPA and TPB shall provide the differential output signal amplitude specified (an additional 10% is allowed for signal overshoot).  The TPA differential output amplitude is measured between the TPA and TPA* pins. The magnitude of the TPA differential output voltage shall meet the specified limits for all values of the common mode current (Icm).  

The TPB differential output amplitude is measured between the TPB and TPB* pins. The magnitude of the TPB differential output voltage shall meet the specified limits for all values of the common mode voltage (Vcm).
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Figure 3.3.4‑1 Differential Signal Measurement Test Load

3.3.4.1.2 Common Mode Voltage

For the test load shown in Figure 3.3.4‑2, the drivers for TPA and TPB shall provide the differential output signal amplitude specified.  TPA is the source of the common mode bias voltage (relative to the cable power return pin, Vg).  The TPA common mode output voltage is measured as the average of the voltages on the TPA and TPA* pins.  The value of this voltage shall meet the limits specified for all values of I cm.  The common mode input voltage received at the TPB pair shall remain within the limits specified relative to the power ground pin Vg.  The common mode input voltage is also used to determine the connection status of the port as shown in Table 3.3.4‑2.

	Port Status
	Condition

	DISCONNECTED
	TPB common mode input ( 0.6 v

	Undefined
	0.6 V < TPB common mode input < 1.0 V

	CONNECTED
	TPB common mode input ( 1.0 V


Table 3.3.4‑2 Port Connection Status

Port Status shall not be sampled when common mode signaling is active, so there is no danger of accidentally decoding the port as disconnected.
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Figure 3.3.4‑2 Common Mode Signal Measurement Test Load

3.3.4.1.3 Speed signaling

Common mode speed signaling shall not be implemented on the FT1394 Data Bus.

3.3.4.1.4 Arbitration signal voltages

During cable arbitration (including tree ID and self-ID as well as normal operation), the arbitration-receive signals, Arb_A_Rx and Arb_B_Rx, will take three different values when TPA/TPB meet the requirements of Table 3.3.4‑3.

	Arb_n_Rx
	Max (mV)
	Min (mV)

	1
	
	168

	Z
	89
	-89

	0
	-168
	

	*n is A or B


Table 3.3.4‑3 Arbitration Signal Decoding

NOTE: The minimum signal level for the “1” Arb_n_Rx value and maximum signal level for the “0” value correspond to the minimum differential receive amplitudes.

3.3.4.1.5 Input impedance

Both TPA and TPB shall meet the input impedance requirements of Table 3.3.4‑1 measured at the connector pins on the CCA
.  If a node cannot be characterized as a point-impedance, then the alternate requirement is that the amplitude of a reflection using a differential TDR with a 0.5 V and 1 ns. rise-time shall not exceed 240 mV.

3.3.4.1.6 Noise

The maximum output common mode noise shall be ( 200 mV p-p during arbitration and ( 30 mV p-p during packet reception with a 400 MHz measurement bandwidth using the test loads shown in Figure 3.3.4‑3 Common Mode Noise Measurement Test Load.  The maximum input common mode noise shall be ( 225 mV p-p during arbitration and ( 55 mV p-p during packet reception. This shall be measured in a bandwidth of 20 MHz to 400 MHz. The maximum input differential noise shall be ( 8 mV p-p.
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Figure 3.3.4‑3 Common Mode Noise Measurement Test Load

3.3.4.1.7 Node Fault Protection

Nodes shall tolerate the application of an over-voltage of 1.5 x maximum specified for 2 milliseconds and 2.0 x maximum specified for 10 us.  The drivers and receivers shall tolerate signals from –0.5 V to +2.83 V without damage.

3.3.4.2 Media Signal Timing

The FT1394 Serial Bus shall operate in the S100 mode at 98.304 Megabits per second.  Bus timing shall support isochronous and asynchronous transfers.  The 1394 Cable Interface operating at the S100 rate shall meet the tolerances specified in Table 3.3.4‑4.

	Label
	Min
	Typ
	Max
	Units
	Description
	Notes

	
	
	
	
	
	
	

	
	98.303900
	98.304
	98.304100
	Mbps
	Data Rate
	

	
	
	10.17
	
	ns
	Cell Time
	

	
	0.5
	
	3.2
	ns
	Rise and Fall Time
	1

	
	60
	
	
	mV/ns
	Input Slope
	1

	
	
	
	0.4
	ns
	Transmitter Skew
	2

	
	
	
	0.8
	ns
	Transmitter Jitter
	2

	
	
	
	0.8
	ns
	Skew at Receive Pins
	2

	
	
	
	1.08
	ns
	Jitter at Receive Pins
	2


Table 3.3.4‑4 1394 Cable Interface Timing Specifications

Notes:

1. The output rise and fall times for data signals shall be measured from 10% to 90
%.  The input slope is measured at a differential offset of +25 mV for rising signals and –25 mV for falling signals.

2. See Appendix E.2 of IEEE 1394-1995 for the complete jitter budget.

3.3.4.3 Processor Interface

Each FT1394 Serial Bus node shall interconnect to a control processor in the unit / suite.

3.3.4.3.1 Bandwidth

The control processor interface shall fully support the bandwidth of the FT1394 Serial Bus under all conditions specified in this document.  At a minimum, the control processor interface shall support 16 Megabytes per second of continuous throughput with bus mastering and bursting capability to 66 Megabytes per second.  Bridge designs and circuitry to accommodate non-PCI interfaces to the processor shall meet the full performance of the PCI bus as specified herein.  The interface to the Link Layer chip shall be implemented in PCI such that it meets all PCI timing for Slave and Bus Mastering implementations.

3.3.4.3.2 Direct Memory Access

The FT1394 Link Layer interface shall support Direct Memory Access through bus-mastering cycles such that the bandwidth and timing specified in this sub section can be met.  Memory supported by these bus-mastering cycles can be directly addressable by the processor or as a shared memory that is specifically implemented for 1394a packet-storage.

3.3.4.3.3 Controller Processor Overhead

As a goal, the Controller Processor should expend no more than 20% of its resources to include memory, bandwidth and processing in the management of the FT1394 Interface.

3.3.4.4 Link-to-PHY Isolation

FT1394 serial network interfaces shall implement galvanic isolation between the Link layer and the Physical layer devices.  Isolation shall be implemented such that the ground and power between the Link and PHY devices demonstrate 40 dB (volts) of isolation when measured with sinusoidal frequencies from DC to 100 kilohertz and function in the presence of common mode voltages up to ± 50 Volts TBR DC.
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Figure 3.3.4‑4 Ground Isolation

Transformer and capacitive isolation are acceptable forms of isolation for the interface between the Link layer and Physical Layer from a functionality standpoint.  Optical isolation shall not be used. The isolation technique shall be selected such that it meets all electrical, flight quality, particulate, radiation effects, and mission duration requirements.  When capacitive isolation is used between the PHY and the Link, the grounds of both devices must be coupled as shown in Figure 3.3.4‑4.

3.3.4.4.1 Isolation Test

To demonstrate 40 dB (volts) isolation, the user may employ a low amplitude sine wave 
(~500 mVp-p) applied between the Link Layer Vcc and Ground to an unpowered card on the bench and measure the attenuated signal between PHY Power and PHY Ground. The card should 
have no cPCI or cable attachments during this test. The test shall then be repeated by attaching the generator to the PHY Power and PHY ground and measuring the attenuation on the Link Layer Vcc and Ground. 
3.3.4.4.2 Common Mode Analysis

The ± 50 Volts common mode requirement should 
be demonstrated by analysis instead of an actual test. Analysis should demonstrate that when Vg floats  between + 50Vdc (TBR) and –50Vdc (TBR) with respect to the Link Layer ground or chassis ground, the 1394 PHY/LINK still provide 1394 functionality.
3.3.4.5  Power

The FT1394 Serial Bus shall be powered as follows.

3.3.4.5.1 Link Layer Power

The FT1394 Link layer shall be powered such that the interface between the control processor and the Link layer device can be directly connected.  The Link Layer device shall power up when the processor powers up.

3.3.4.5.2 Physical Layer Power

The Physical Layer shall be powered by two sources, a locally derived source and by cable power as shown in Figure 3.3.4-4. 
Power shall be applied to the Physical and Link Layers such that the Physical layer is powered prior to the initialization of any 1394 software device drivers that access the link layer controller.


3.3.4.5.2.1 Power Implementation

Cable power source shall meet the requirements of Table 3.3.4‑5.

The source shall provide over-voltage and short-circuit protection.  Nodes shall not use more than 3 W of power after a power reset or after being initially powered by the bus per IEEE 1394a-2000 Section 4.2.2.7.  This power includes all power used by the node, including dc/dc converter losses. Additional power usage shall depend on receiving a link-on PHY packet. 

	Condition
	Limit
	Units

	Maximum output current per port
	1.5
	Adc

	Minimum output voltage
	22
	Vdc

	Maximum output voltage
	36
	Vdc

	Maximum output ripple (10kHz to 400MHz)
	100
	mV p-p

	Maximum output ripple (below 10kHz)
	1
	V p-p


Table 3.3.4‑5 Cable Power Specifications

3.3.4.5.2.2 Power Fault Isolation

Cable power shall be supplied by the spacecraft C&DH only; no other nodes shall be permitted to source cable power.  No single failure shall result in an instrument node sourcing power onto the FT1394 cable. Current limiting protection shall be implemented on the CCA as shown in Figure 3.4.4-4 to prevent PHY circuitry faults from shorting out cable power
. 

3.3.4.5.2.3 Regulation 
and Filtering

Physical layer power shall be regulated to +5 % measured at the power and ground pins of the PHY devices.  Power shall be filtered such that ripple and noise shall be less than +1 % of the nominal voltage when measured with a bandwidth of 100 MHz at the PHY device power and ground pins.

3.3.4.5.2.4 Cable Power Input Turn-On Transients

When Cable Power is applied to the bus, each node shall limit inrush energy to no more than 18 mJ in 3 ms.

3.3.4.5.2.5 Cable Power Input Filter Characteristics

Each Node shall filter the provided cable power such that the PHY power meets the regulation and noise specifications in 3.3.4.5.2.3.  Cable Power is assumed to be unregulated and subject to conducted and radiated noise typical of a spacecraft harness.  The input filter shall be tested to the EMC requirements called out in GIID.

Also, the input filter shall limit the conducted emission back into distributed cable power. Given that:

Iload  = (Maximum current requirement of the node in Amps)

then:

1. Maximum peak-to-peak ripple shall be less than 100 mA * (Iload /1.5 Amps).

2. Maximum change in load current shall be less than Iload in 100 us.

3. The sum of the dc currents on Vg and Vp shall be less than 50 uA.

3.3.4.5.2.6 EMI/EMC

Regulation or voltage translation methods implemented to provide isolated power to the FT1394 physical layer shall not impart conducted or radiated interference to neighboring circuitry or the FT1394 Bus Cable. 

The FT1394 Serial bus and integral PC board shall be designed and tested to meet the EMC requirements called out in GIID.

3.3.4.6 Grounding

The following requirements shall be implemented in grounding as related to the FT1394 Serial Bus.

(See Figure 3.3.4-5 – Figure 3.3.4-8)
3.3.4.6.1 Link Layer Grounding

Link layer hardware shall have a common power and signal ground.  The link layer common ground shall be shared with control processor hardware (e.g. cPCI +5V RTN) such that single ended signals can be used between the processor and the link layer hardware.

3.3.4.6.2 Physical Layer Grounding

The physical layer hardware shall share a common signal and power 
ground which shall be tied to cable power return Vg (per IEEE-1394) and which shall be isolated from the Link Layer ground and chassis ground. Vg shall be tied to chassis ground only at the power source in the spacecraft C&DH. Additionally, for the redundant PHY circuits on each card assembly, the signal and power ground for PHY_A shall be isolated from the signal and power ground for PHY_B.

3.3.4.6.3 Cable Shield Termination

The outer cable shield shall be electrically connected at both ends to the chassis via the mechanical mating of the FT1394 cable connectors.  The outer cable shield shall employ a 360( attachment to the connector backshell. IEEE 1394a-2000 deletes the requirement of an R-C termination of the shields to chassis. The impedance between the chassis of any two series connected nodes shall not exceed that shown in Figure 3.3.4-5. 

The inner twisted pair shields for the signal wires shall be isolated from the outer shield.  Inner shields shall be connected to cable power ground Vg at each end per the IEEE-1394 specification..
3.3.4.6.4 Single Point Ground

The secondary return for the Link Layer devices’ power supplies (e.g. cPCI +5V RTN) shall be connected directly to their box chassis.  The impedance between the device ground and box chassis shall be less than that shown in Figure 3.3.4-5.


The secondary return for the 1394 cable power supplies (Vg) from the spacecraft C&DH shall be connected directly to their box chassis. No node shall connect cable power return Vg to chassis.
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Figure 3.3.4‑5 Top Level Grounding Diagram
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Figure 3.3.4‑6 Detailed Grounding Block Diagram
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Figure 3.3.4‑7 Single Point Grounding

Notes:
1)
This Figure shows only the Primary side of 1394 bus.  The Redundant (Standby) side is identical.

2) 
Cable power shall be supplied by the Root Node only
.

3) 
The impedance 
between the chassis connections of any two series connected nodes shall be less than 2.5  mΩ (TBR
).
4) All Node input power connections, with the spacecraft single point ground lifted, shall be isolated from chassis by a minimum of 1 M
Ω

5) 
The Physical Layer shall be powered prior to the intialization of any software drivers which access the Link Layer Controller
.
5) All Link Layer (cPCI) secondary power supply references, shall be connected to the box chassis.  The impedance between the device and chassis shall not exceed 2.5 mΩ (TBR).
6) All Physical Layer secondary power supply references, shall be connected to their 1394 cable power return Vg
.

7) All cable power returns (Vg) shall be connected to the box chassis only at their power supply secondary return.  The impedance between the device and chassis shall not exceed 2.5 mΩ (TBR
).

The present grounding diagram is as follows:
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Figure 3.3.4‑8 PHY - Link Grounding & Isolation
3.3.5 Fault Tolerance

A single failure in any physical layer (PHY) component shall not be capable of permanently affecting the operability of any other node but its own node. Function of the serial bus may be disrupted (e.g. the PHY repeater function fails) until the bus manager reconfigures the bus.

A single failure in any link layer (LLC) component shall not be capable of affecting the operability of any other node but its own unit. The PHY associated with a failed link layer component shall continue to provide the bus repeater function.

No single credible failure shall be capable of overloading the cable supplied power source.

No single credible failure shall be capable of violating the isolation requirements.

No single credible failure shall be capable of propagating to another interface on the same bus.

For clarification, the definition of a “Credible Failure” is a failure that was anticipated in the system’s design and preventive measures were not implemented to preclude such failure or to reduce the risk to the system to an acceptable level (low probability) should such a failure occur. 

3.3.5.1 Redundancy

Each unit implementing FT1394 Serial bus shall provide two completely redundant interface hardware sets (i.e. dual redundant) internal to the unit. Each redundant set shall incorporate two nodes with each node providing three ports (Tri-Port). This FT1394 bus implementation is called Dual Standby Redundant bus or a Quad Tri Port  bus and is depicted in Figure 3.3.5‑1.

Each redundant Tri Port shall be individually addressable and operational when the other redundant Tri Port is non-functional in any state.

[image: image19.png]Unit fautt zone, 1394 Cable|
R
Power-A |
ig] !
5§ —
LINK (s Port2a!
‘5 R —DPortaa;
Pl or : |
LocalBus I | |
Unit Lo——— !
Secondary |
Power  |———————-———— - N

Primary Instrument | Oscillator

Controller {on)

Power -B |

| Power

|
| B |
|

1394 B local fault zone

Unit fault zone

1394 A local fault zone

__! pa 1394 Cable|
| Power EE Power-A |

i i
i g}é " Port 1|
1 LINK gwé pPort2al
1 Mb —>port3a,
| Pl or T |
i LocalBus I | i
! Unit T !
Secondary i
! Power |—=—— - -
1 1F to Unit JL | |
! |
| }g !
; %g ——Port 131
| LINK ElS p— ——Port 2B
: 3 ——pPort38,
i i
______] I pa % 1394 Cable |
| Power Power-B |
| Oscilator !
| B

L
1394 B local fault zone




Figure 3.3.5‑1 Quad Tri Port Configuration

Figure 3.3.5‑1 depicts the Quad Tri Port configuration has a total of six ports on the primary side and six ports on the standby side.  The Quad Tri Port configuration has a redundant operational bus such that a primary operational bus is available for FT1394 traffic and a secondary bus is used for fault notification to the bus master.  Additionally, a redundant spare bus is available for use with the redundant processor and its associated FT1394 interface. Any spare nodes can interoperate with any primary/secondary nodes on other instruments.  The dual bus permits simultaneous traffic and fault isolation from an instrument, where the bus master can continue normal communications to an instrument via a rerouted link path and attempt fault isolation and correction on a defective node or link. The dual bus provides maximum reconfiguration capability at the expense of more interconnections. Should one instrument be switched to the backup, redundant computer, this configuration allows all other interconnected systems to remain on their primary systems. Thus a fatal failure in one system’s FT1394 interface card does not force the bus master to switch all systems to their backup units. 

3.3.5.1.1 Node Identification (UID)
  The node’s Vendor ID address (UID) shall be included within the 1394 configuration ROM and shall be unique for every node
.

3.3.5.1.2 Expandability

The FT1394 Serial Bus shall be expandable to include up to 15 nodes with no node more than 5 
hops from any other node. Since non-root nodes may not provide cable power, there is a limitation to the number of simultaneous sinks.
Port interconnections shall function as bus repeaters to provide necessary hops.

3.3.5.1.3 Performance

The FT1394 Serial Bus shall provide S100 performance per the IEEE 1394a specification when all nodes and cables are connected. 

3.3.5.1.4 Topology

The FT1394 topology shall support fault tolerance and redundancy as required to meet system and mission reliability. 

The topology shall be a stacked tree or broken ring structure.

Final network topology shall be the responsibility of the spacecraft integrating-contractor. 

3.3.5.1.5 Bus-to-Bus Isolation

Configuration of Bus A and Bus B shall be such that no node on Bus A may communicate 
with a node on Bus B over the 1394 cable. Primary (Bus A) and alternate (Bus B) busses shall be fully isolated from one another.  

A failure of any kind on the primary bus (Bus A) or any of its nodes shall not affect the operation of the alternate bus (Bus B) and vice versa. Failures shall not propagate from one node to another within the same bus.

3.3.5.1.6 Bus Switching

Bus A and Bus B nodes can be power switched by the spacecraft to reduce dissipation and improve reliability. 

The controller interface must be implemented such that switching can be accomplished without affecting mission performance.

3.3.5.1.7 Controller Bus Fault

Change to a general unit internal recovery methodology as it affects the 1394 bus.

The design of the redundant node must account for the potential that a defective PCI device can lockup the Controller bus and render the secondary device unusable
.  

A methodology shall be developed for recovery of the node should the instrument controller bus lock up or fail in any other way.

3.3.5.2 Fault Identification

The FT1394 Serial bus manager shall be able to detect a single failure has occurred anywhere in the operational bus (Bus A or Bus B).  

The bus manager shall implement an algorithm to recover full performance through bus switching or bus rerouting.

The instrument shall implement a small TBD
 routine to assist the bus manager in detecting active nodes and node failures.

3.3.5.3 Fault Isolation

Once full performance has been recovered subsequent to the detection of a fault, the bus manager shall identify the fault in the non-operational bus and attempt to recover functionality through power cycling or bus reconfiguration.

3.3.5.4 Degraded Operation

In the case where there is more than one fault in the FT1394 Serial bus system, the bus manager shall attempt to reconfigure the bus, possibly using Bus A for part of the network and Bus B for the remainder of the network if necessary.

3.3.6 Bus Initialization and Arbitration

The mechanisms required to initialize the FT1394 serial bus is best understood with reference to the IEEE Std 1394a-2000 Section 4.4.3. Below will provide only a general synopsis of the processes involved in operating the FT1394 bus in a cable environment.
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Figure 3.3.6‑1 Network Bus Tree Topology

3.3.6.1 Bus Reset

The bus-reset process starts when a bus-reset signal is recognized on an active port or generated locally, e.g. a PHY power reset. Its purpose is to guarantee that all nodes propagate the reset signal. During the bus reset process each node sends out a BUS_RESET signal (i.e. Arb_A=1 and Arb_B=1) to all its connected neighbors. After completion of the bus reset, the transition is made to the tree-identify process.

On power reset, the PHY register-values and internal variables are set up and all ports are marked disconnected. A solitary node transitions through the reset, tree-identify, and self-identify processes.

A node may initiate the bus reset process locally if the PHY detects a disconnect on its parent port, stays in any state for longer than MAX_ARB_STATE_TIME, or the serial bus management makes a PH_CONTROL request.

A bus reset shall be initiated under any of the following circumstances:

· when the power status changes at any PHY (not changes to LLC)

· when a bus reset signal is received from an attached mode

· when a node is attached or removed

· when the PHY detects a MAX_ARB_STATE time-out

· when the PHY receives a bus reset request initiated by software.

Software initiated bus resets shall only be performed by the spacecraft. Instruments shall not perform software initiated bus resets.

A node who’s PHY senses a BUS_RESET (i.e. Arb_A=1 and Arb_B=1) on any of its active ports’ arbitration lines shall start the bus reset process. All nodes receiving the BUS_RESET signal shall repeat the reset signaling to their other ports. The bus-reset process has the following effects:

· all traffic on the bus is terminated

· topology information is cleared at each port and must be re-established by a new tree ID

· physical ID (or node ID) is cleared and must be re-established by a new Self-ID

· some CSR registers return to their initial values

3.3.6.2 Tree Identify

The tree identify process shall be managed by the spacecraft.

The spacecraft shall configure the bus into a tree with a singular root node and labels each node’s active ports as connected either to the node’s parent or to one of its children. 

Only spacecraft nodes shall be root nodes.

The spacecraft shall, during the tree-identification process, check the network configuration for loops, which are not allowed. 

This process shall identify the root node, branch (or stem) nodes, and leaf nodes by using parent/child handshakes. 

After completion of the tree-identify process, the transition is made to the self-identify process.

3.3.6.3 Self-Identify

During the self-identify process each node shall uniquely identify itself and broadcast its characteristics to any management services.

The PHY shall wait for a grant from its parent or a self-ID packet from another node. 

Once permission is given to a node to send a self-ID packet, the node shall query all its unidentified children for self-ID packets. 

After all child ports are flagged as identified, the PHY shall send its own self-ID packet. 

The PHY shall enter an idle state following the transmission of its own self-ID packet.

3.3.6.4 Normal Arbitration

Nodes shall enter normal arbitration to send data
. 

The normal arbitration is a simple request-grant handshake process starts between a node and its parent (and all parents up to the root).

3.3.6.5 Serial Bus Management

3.3.6.5.1 Cycle Master

Only the spacecraft shall act as the serial bus cycle master.

3.3.6.5.2 Bus Resource Management

Only the spacecraft shall contain bus resource management.

3.3.6.5.3 Isochronous Resource Management

Only the spacecraft shall contain isochronous resource management.

3.3.7 Configuration Rom 
Configuration ROM shall be constructed from quadlets.

Configuration ROM shall contain a unit directory including Unit_Spec_ID and Unit_SW_Version entries, as specified by ISO/IEC 13213:1994. 

The unit directory may also contain other entries permitted by ISO/IEC 13213:1994 or IEEE P1212r. 

3.3.7.1 Unit_Spec_ID entry

The Unit_Spec_ID entry shall be an immediate entry in the unit directory that specifies the organization responsible for the architectural definition of the Internet Protocol capabilities of the device. 
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Figure 3.3.7‑1 Unit_Spec_ID entry format

The value of unit_spec_ID shall be TBD. 

3.3.7.2 Unit_SW_Version entry

The Unit_SW_Version entry shall be an immediate entry in the unit directory that, in combination with the unit_spec_ID, specifies the document that defines the software interface of the unit. 
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Figure 3.3.7‑2 Unit_SW_Version entry format
3.3.7.3 Textual descriptors 

Textual descriptors within configuration ROM are OPTIONAL; when present they provide additional descriptive information intended to be intelligible to a human user. 

IP-capable nodes SHOULD 
associate a textual descriptor with a content of "IANA" with the Unit_Spec_ID entry and a textual descriptor with a content of "IPv4" for the Unit_SW_Version entry. 

The figure below illustrates a unit directory implemented by an IP- capable node; it includes OPTIONAL textual descriptors. Although the textual descriptor leaves are not part of the unit directory, for the sake of simplicity they are shown immediately following the unit directory. 
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Figure 3.3.7‑3 Sample unit dircetory and textual desciptors

3.3.8 Data Transfers

Units utilizing the FT1394 serial data bus shall be capable of sending and receiving data in both the asynchronous mode and the isochronous mode. 


The FT1394 serial data bus shall use asynchronous and isochronous mode data transfers.

3.3.8.1 Asynchronous 

Per the IEEE 1394 specification, the maximum asynchronous packet size on the S100 FT1394 serial bus shall be 512 bytes.

This does not imply the sizes of the CCSDS packets transmitted through the FT1394 bus.

3.3.8.2 Isochronous 

Per the IEEE 1394 specification, the maximum isochronous packet size on the S100 FT1394 serial bus shall be 1024 bytes.

This does not imply the sizes of the CCSDS packets transmitted through the FT1394 bus.
3.3.8.3 Broadcast Over FT1394

Broadcast commands may employ either isochronous or asynchronous data transfer modes. 

Broadcast commands via asynchronous transactions are accomplished by addressing node 63, which is reserved as a broadcast address. All nodes shall recognize a transaction with address 63 as a broadcast message. Receiving nodes shall not return any response or acknowledgement to a broadcast command.

Using isochronous transactions, target nodes receiving a broadcast command shall be identified by an assigned 
channel number (rather than by a node address 63). Since an isochronous transaction contains only a request phase, receiving nodes shall not return any response or acknowledgement.
3.3.8.4 Multicast Over FT1394

Multicast mode shall not be used.

3.4 Network and Transport Layers

Asynchronous transfers between nodes shall use IPv4 over 1394 (RFC-2734) and UDP/IP protocols (RFC-768 and RFC 791
). 
Isochronous transfers shall employ 1394 native mode transfers by direct calls to the low-level 1394 software drivers (LLA AIP). Isochronous transactions require the application to first obtain a channel number from the isochronous resource manager. Additionally, to perform an isochronous transfer, the application must obtain the necessary bus bandwidth from the isochronous resource manager
.
3.4.1 Protocol Stack

3.4.1.1 Code Size

Instruments and the spacecraft shall allow 250 kilobytes of memory (sum total for both A side and B side inclusive) for inclusion of the stack software for the transport and network layers used in asynchronous mode transfers, including IP and UDP but exclusive of buffers and stack working space required to collect and format data.

Since the low level drivers required for isochronous mode transfers are contained in the LLA AIP, the instruments and spacecraft need allot an estimated 20 kilobytes in their application code for 1394 native mode isochronous transfers. The actual code memory required is the responsibility of the instruments and spacecraft software developers, who are coding the LLA software calls in their applications.

3.4.1.2 Working Space Size

Instruments shall also allow for the necessary memory to provide a sufficient stack working space to hold transitory data to be handled by the 1394 protocol stack.

3.4.2 Transport Layer Protocol

Data transfers over the spacecraft on-board FT1394 LAN shall use User Datagram Protocol (UDP) over IPv4 transport layer protocol (refer to RFC-768, RFC-791, and RFC-2734
). 

UDP/IP is a simple, economical protocol with small, fixed-length headers, which minimizes data overhead.

All references to IP shall specifically relate to IPv4.

3.4.3  Internet Protocol (IP)

3.4.3.1 IP Addresses

An IP address is 32 bits wide and by convention is expressed as four decimal numbers separated by periods (the so-called "dotted-quad" notation, e.g., "200.1.2.3") representing the decimal values of each of the four bytes.  An address is composed of two parts: a network number and a host number (see RFC 791 and the Sangoma tutorial on IP routing).  

An IP address shall be a 32-bit wide word expressed as four decimal numbers separated by periods (the “dotted-quad” notation – e.g. “200.1.2.3”) representing the decimal values of each of the four bytes.

The spacecraft specific “network number” shall be within the range 172.16 to 172.31.

The spacecraft and instrument specific “host number” shall be within the range 0.0 to 255.254.

The special host broadcast number 255.255 shall be reserved for spacecraft broadcast functions.

Static IP addressing shall be used.

Table 3.4.3‑1 defines the specific IP addresses for the various nodes in the 1394 serial bus.
All nodes shall respond to both their specific network number and the special host broadcast number 255.255.

The Internet Assigned Numbers Authority (IANA) has reserved certain ranges of addresses for use by private networks.  For a class-B private network, the allowed IP address range is 172.16.0.0 to 172.31.255.255.  (Hosts in a private network may be able to access other networks, including the Internet, but connections to them cannot be initiated from outside their own network; private networks can thus re-use IP addresses without the risk of address conflicts).



3.4.3.2 Network Class

The spacecraft and instruments shall implement a Class B network.

In a class-B network, the first pair of bytes specifies the network number, and the second pair of bytes specifies the host within a network.  Allowed class-B network numbers range from 128.0 to 191.255; allowed host numbers range from 0.1 to 255.254.  (The special host number 255.255 is reserved for broadcasts).

	Table 3.4.3‑1 IP Address Assignment

	Host
	Host Name
	IP Address

	Broadcast to All Hosts
	brdcst.npoess.net
	172.16.255.255

	Spacecraft Router 1
	rtr.npoess.net
	172.16.1.1

	Spacecraft Subnet Router 1
	sbrtr.npoess.net
	172.16.1.2

	Spacecraft Server 1
	svr.npoess.net
	172.16.1.3

	
	
	

	VIIRS
	viirs.npoess.net
	172.16.1.110

	
	
	

	CrIS
	cris.npoess.net
	172.16.1.120

	
	
	


	CMIS
	cmis.npoess.net
	172.16.1.130


3.4.3.2.1 Host Names

In applications, to minimize the risk of addressing errors, one typically uses host names (e.g., instrument1.npoess.net) rather than making direct use of numerical IP addresses.  Because an IP packet must contain the IP address of the destination, the host name must be translated (“resolved”) to a numerical IP address before any IP packets are actually sent.

There are several mechanisms for resolving host names to IP addresses.  One such mechanism is the Domain Name Service (DNS).  But when the set of nodes that any given node needs to access is small, all of the host name-address pairs can be stored in a special table equivalent to the UNIX  /etc/hosts file and host names can be resolved without the use of DNS.

To minimize the risk of addressing errors, application code may use host names (e.g., instrument1.npoess.net) rather than directly using numerical IP addresses (e.g., 127.0.0.1).

The format of the host names shall be “Instrument Name Abbreviation (all in lower case)”.npoess.net. 

Host names (node names) shall be resolved to numerical IP addresses using only the “/etc/hosts” table and without the Domain Name Service (DNS).

3.4.3.2.2 /etc/host Files

All instruments which opt to use host names for addressing shall use a common “/etc/host” routing table whose contents shall be defined by Table 3.4.3-1.

/etc/host files in  the spacecraft and instruments shall be fixed and non-programmableThe /etc/hosts routing tablemay contain addresses for nodes that might not be present in a specific spacecraft configuration if corresponding instruments are not present.

1024 bytes shall be reserved for the /etc/host file.

The format of the /etc/host  table shall be TBS.

3.4.4 Universal Datagram Protocol (UDP)
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UDP messages are sent as datagrams without sequencing or acknowledgment.  

UDP format shall consist of a UDP header and message, shown in Figure 3.4.4‑1, encapsulated with an IP header using IP protocol number 17 (0x11).  

The UDP header is eight (8) bytes and contains source address, destination address, and a message checksum.

Figure 3.4.4‑1 Network Transfer Frame Format

UDP is a minimal service protocol.  It does not provide buffering of incoming or outgoing data, segmentation of large blocks of data, nor sender-side or receiver side flow control. Functions such as these must be provided by an application running on top of UDP/IP. The application must send data in small enough blocks so IP datagrams are no larger than maximum transfer unit (MTU), must provide buffering, and must determine the reliability of the data.

3.4.4.1 Configuration Flags

3.4.4.1.1 Checksum

UDP configuration flags shall be set so that UDP will calculate a UDP header and data checksum for both send and receive UDP datagrams.

3.4.4.2 UDP Send Buffer Size

UDP send buffer size shall be large enough to accommodate the largest message that an application could potentially generate.

The maximum allowable send message size shall be documented in the NPOESS UIID or the NPP ICD.

3.4.4.3 UDP Receive Buffer Size

UDP receive buffer size shall be large enough to accommodate the largest message that an application could potentially generate. 

The maximum allowable receive message size shall be documented in the NPOESS UIID or the NPP ICD.

3.4.5 Interface Between Application Layer and Network Stack

For optimal operation and transfer rates, there shall be a direct interface between the application and the lower level drivers of the network stack instead all of the layers contained in the network model such as VxWorks employs.

3.4.5.1 Error Code Handling

The application shall check all return codes from calls to the low level network stack functions. 

The action to be taken when an error return code is encountered is TBD.

3.4.6 Auxiliary Networking Functions

No node shall require auxiliary networking functions associated with the following services: 

· Route Discovery And Routing Table Maintenance


· Dynamic Host Configuration Protocol (DHCP)


· RSH client / telnet server
· RLOGIN client and server
· PPP/SLIP/CSLIP
· Simple Network Time Protocol (SNTP)

· Domain Name Service (DNS)


It is desirable that functions associated with the above services be eliminated from the protocol stack to conserve memory resources to the extent that this can be done easily.

  (Most vendors provide some control over which services and functions are included in a given build of the stack.)
3.5 Application Layer

The bus manager (spacecraft C&DH) shall control the transfer commands and memory loads to the instrument while meeting all protocols and data formats specified or referred to herein.

The instrument network interface shall control the transfer of telemetry while meeting all protocols and data formats specified or referred to herein.

3.5.1 CCSDS

CCSDS format header contents of the CCSDS Path Protocol Data Unit  (CP_PDU) packets shall be used as the application layer interface protocol.  All commands sent to and data received from nodes on the 1394 serial bus shall be packetized in CCSDS formatted packets. 
3.5.1.1 CCSDS Packet Boundaries

All CCSDS packets shall have the total number of Bytes, including all headers and data, be an even number. In addition, the number of bytes in a header shall be an even number
.

3.5.1.2 Data Packetization

All data transfer through the FT1394 shall be packetized using the CCSDS Path Protocol Data Unit (CP_PDU) format (also known as Version 1 Source Packet). The maximum packet length, including headers, of a Memory Dump packet, an Engineering Data packet, a Calibration packet, a Diagnostic packet, and a Science Data packet shall be 65,542 octets.

3.5.1.2.1 Data Packet Size

The size of packets shall not exceed Figure 3.5.3‑1.  

3.5.1.2.2 Content and Structure

Data packets using the same Application Process ID shall have the same contents and structure. 

Assigning different Application Process ID’s shall accommodate different contents and structures.

Subcommutation within an APID is acceptable if and only if:

a. All data is of the same type as specified by the APID

b. Each data field contains at its beginning a subframe designator such that it is easily differentiated from the other subframes
.

The instrument shall segment all data packets longer than permitted by Figure 3.5.3‑1 before transferring to the spacecraft.

Each segmented packet shall be less than the maximum length specified in Figure 3.5.3‑1.  

3.5.1.2.2.1 Primary Header

3.5.1.2.2.1.1 APID

Application Process Identifiers (APIDs) contained in segmented packets shall remain the same throughout all CCSDS packet segments part of the Data Set being sent.

3.5.1.2.2.1.2 Sequence Flag:

The sequence flag for a segmented packet shall follow the following protocol:

· 01 for the first segmented packet

· 10 for the last segmented packet

· 00 for the in-between segmented packets

· 11 for unsegmented packets

Packets may proceed from first packet to last packet without any middle packets.

3.5.1.2.2.1.3 Packet Sequence Count: 

For data sent from the instrument to the spacecraft, the packet sequence count (primary header) in a segmented CCSDS packetized Data Set shall monotonically increase from one segmented packet to the next segmented packet of the same APID, and shall only be 00 by virtue of a count rollover
.

3.5.1.2.2.2 Secondary Header

The secondary header shall only exist for the first packet of a segmented CCSDS packetized data set, when the Primary Header Packet Segmentation bits are 01b, and for a standalone packet, 

3.5.1.2.2.2.1 Time of Day

The first 8 octets of the secondary header shall be the time of day from the time and ephemeris data broadcast by the spacecraft as updated to meet performance requirements for EDR generation.

a. The time of day shall be coincident with the time of creation of the first data within the data field.

b. The time of day shall employ the format in section 3.5.5.1.1.

c. Where an instrument contractor is not responsible for ultimate EDR performance in which the data is used, the time-of-day inserted into the packet shall be related to the first data within the data field adding an instrument uncertainty less than 1 
millisecond on top of the spacecraft uncertainty.

d. The uncertainty of the time-of-day as included in the packet shall be as necessary to provide EDR performance specified in the TRD appendix D including correlation to ephemeris, that contains a 1 ms uncertainty.

3.5.1.2.2.2.2 Number of Packet Segments

The next octet of data in the secondary header shall be the number of packet segments field containing the total number of packets expected for this CCSDS packet set minus one such that the count of packets is from 0.

3.5.1.3 Byte/Octet Padding

Padding-octets, added to make a CCSDS packet octet count an even number, shall be inserted at the least significant end of the data field as shown in Figure 3.5.1‑1
	Figure 3.5.1‑1 Padding for Even Numbered CCSDS octets
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3.5.1.4 CRC and Checksums

3.5.1.4.1 Telecommand CRC Usage

The usage of CRC or checksums for commands shall be at the discretion of the instrument provider.  

The spacecraft contractor discourages the use of these codes for general commands.

Instrument memory and table loads may want to use checksum.  

3.5.1.4.2 Telemetry CRC Usage

CRC and checksums shall not be implemented.
3.5.1.5 Application Identifiers (APIDs)

All instrument data transfers to the spacecraft shall be formatted to meet CCSDS application source packet CP_PDU standard as defined herein.

3.5.1.5.1 APIDs and Packet types

All instrument source packets (CP_PDU) shall contain the appropriate APID (Application Process Identifier) approved by the spacecraft contractor. 

Instrument data bus command and memory load source packets (CP_PDU) shall contain the appropriate APID  and shall be transmitted by the spacecraft to their destination instrument according with their APID (Application Process Identifier).  

3.5.1.5.1.1 APIDs and Source Packet Selection

The instrument shall provide the capability, through APID assignment, to support the selection of source packets, as necessary by the Spacecraft, through the examination of only the APID.

This is intended to support selective data denial, and routing of various types of data to different links on the spacecraft.  

3.5.1.5.1.2 APIDs and Compressed Data 

Even if the data content is the same or similar type, which would otherwise justify using the same APID, non-compressed data and compressed data shall employ unique APIDs.

3.5.1.5.2 APID Packet Documentation

The instrument contractor shall document in the UIID each APID, its contents, maximum packet size, maximum peak data rate and maximum average data rate including all packet contents
, for each instrument mode. As a preliminary reference, the initial values for the satellite APIDs are listed in Appendix A,  APID Initial Assignments. Final APID assignments shall be documented in the instrument’s UIID
.

3.5.1.5.3 APID Assignment

Other than one APID for instrument commanding, instrument APID’s shall be capable of being reassigned after delivery to the spacecraft contractor, but before launch, without removal of the instrument from the spacecraft.

APIDs shall remain fixed throughout the mission life. 

Packets containing the same data type formatted in the same way shall employ the same APID.

Packets containing different data types or formatted in a different way shall employ a different APID.

3.5.1.5.4 APID Reuse

APID’s not used for a specific spacecraft configuration shall not be reassigned to another use unless the original assignment is permanently retired. 

3.5.1.5.5 Telecommand APIDs

Each instrument shall have four (4) unique APIDs allocated for spacecraft and ground commands (2) and memory loads (2).

3.5.1.5.6 Command APIDs

There shall be two (2) APIDs for commands.  

One APID shall define a command from the ground.  

The APID assigned to ground commands shall be per Figure 3.5.1‑2.

The APID assigned to ground commands shall not be alterable.

The other APID shall define a command from the spacecraft.  

3.5.1.5.7 Memory Load APIDs

There shall be two (2) APIDs for memory loads.  

One APID shall define a memory load from the ground.  

The other APID shall define a memory load from the spacecraft.

	Figure 3.5.1‑2 Fixed Command APID Assignments (TBR)

	Instrument
	APID

MSB   
LSB

Bit 0
 Bit10
	APID

Hex

	CMIS
	011 1000 0111
	0x387

	VIIRS
	011 0000 0111
	0x307

	CrIS
	101 0000 0111
	0x507


3.5.2 Bus Functions

The FT1394 bus shall communicate the following:

a.
Spacecraft to instrument transfers consisting of:

· Real time commands - commands from the ground or generated on-board

· Spacecraft stored commands - commands stored by the spacecraft for later execution
· Memory loads - memory loads, including instrument stored command tables from either the ground or the spacecraft. Memory loads will arrive as whole CCSDS Packets even when the load is segmented. .  
Ie:The spacecraft is receiving a memory load from the ground addressed to an instrument.  As it receives whole packets the data is shipped to the instrument.  At the limit of the link field-of-view a partial packet is received before loss-of-signal.  That partial packet is not forwarded.  The instrument must be able to wait for subsequent portions of the segmented block of data.  While waiting for the next segment, other telecommands will be received by the instrument on separate APIDs.

· Ephemeris and time code data.

b.
Instrument to spacecraft transfers consisting of:

· Engineering data - support data required to meet specified science data processing performance

· Housekeeping - data related to instrument state of health

· Calibration data - data resulting from the instrument’s calibration and alignment
· Mission science data - data as defined by the instrument related to observations

· Diagnostic data - data specifically generated to diagnose a suspected problem

· Dwell data - data produced by a commanded dwell mode to super-sample a specific subset of information

· Telemetry monitor data - minimum data set needed to be monitored by the spacecraft which require prescribed actions by the spacecraft.

· LEO&A data – reduced housekeeping data for Launch Early Orbit & Anomaly monitoring
3.5.2.1 Instrument Data Rates

3.5.2.1.1 Total Instrument Data Bus Rate

The spacecraft shall be capable of supporting the total instrument data rate averaged over any one-second period as shown in Figure 3.5.2‑1.  
The instrument shall not exceed the instrument peak TLM and TC data rate specifications and shall be documented in the NPOESS UIID or the NPP 
ICD.  The instrument contractor shall document in the NPOESS UIID or the NPP ICD the maximum average and maximum peak data rates for each instrument mode.
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Figure 3.5.2‑1 FT1394 Instrument Total Combined Data Rates (TBR)

The instrument average data rate shall be defined to be the total data for one orbit divided by the orbit period and shall be documented in the NPOESS UIID or the NPP ICD.

The instrument peak data rate shall be defined to be the total data over any one-second period.

3.5.2.1.2 





3.5.3 Telemetry

3.5.3.1 Telemetry Maximum Bandwidth 

Instruments shall limit the maximum bus traffic to less than 1.20 x the bus rates as shown in Figure 3.5.2‑1.

3.5.3.2 Instrument Data Types

Each of the following data types shall employ one or more packet types as appropriate to allow optimal data extraction to meet EDR performance at each processing terminal
 including the limiting effects of link bandwidth.

Data type assignment to packet types shall require approval of the spacecraft contractor and shall be documented in the UIID.

3.5.3.2.1 Housekeeping Data

Housekeeping data shall provide status data required for instrument status and health monitoring.  

The status data may include, but not be limited to the following:

· Instrument mode, state and configuration

· Temperatures

· Input current for each power supply service

· Output voltage for each power supply service

· Relay status

· Rotational rates of scan mirrors and other rotating mechanisms.

· Other instrument engineering data required to support instrument 

3.5.3.2.1.1 Housekeeping Data Rate

Instrument housekeeping data shall be generated continuously.

Instrument housekeeping data shall be generated at an orbital average rate not to exceed 2 Kbps.
The rate over any operational cycle (e.g. one scan) shall be less than 2.5 Kbps.
3.5.3.2.1.2 Housekeeping Data Timeliness

The delay between housekeeping data generation and transmission onto the data bus shall not exceed 2 seconds.

3.5.3.2.2 LEO&A

A pre-defined critical proper subset of instrument Engineering and Housekeeping data shall be extracted by the instrument and sent to the spacecraft using a dedicated APID.

Critical Data shall be documented in the UIID. 

3.5.3.2.2.1 LEO&A Housekeeping Data Rate

Instrument LEO&A packets shall only contain critical data and be generated continuously at a rate not exceeding 256 bps.

3.5.3.2.3 Calibration Data

Calibration data required for instrument calibration, alignment, and data processing shall be defined and documented in the UIID.

3.5.3.2.4 Dwell Data

Dwell data is a specific set of data, as defined in the UIID, requested by command to be repetitively sampled for diagnostic purposes. 

3.5.3.2.5 Science Data

Science data shall be broken into multiple packet types such that the data is capable of being sorted by APID at the lowest useful level.

3.5.3.2.6 Diagnostic Data

Instrument diagnostic data shall be any instrument data other than normal engineering data and science data that are downlinked to support ground diagnosis of instrument anomalies. 

3.5.3.2.6.1 Diagnostic Data Rate

The combined output rate of science data and diagnostic data of an instrument shall not exceed the normal science data rate of the instrument.

3.5.3.2.6.2 Diagnostic Data Transfer

Diagnostic data shall be transferred to the spacecraft via the FT1394 bus in the same way science data is transferred. 

3.5.3.2.7 Engineering Data

Engineering packets shall consist of all data required to meet specified science data processing performance such that the combination of science data and engineering data is, without excess, sufficient to achieve specified performance.
3.5.3.2.8 Test Data

Test-packets shall be a stand alone 256 byte CCSDS formatted packet containing 0xCC hex for each byte of data. Test-packets shall be generated continuously by the instrument processor and sent to the spacecraft at science data packet frequency when commanded by the spacecraft.

3.5.3.2.9 Telemetry Monitor Data

Telemetry Monitor packets shall contain the minimum data necessary to be monitored by the spacecraft requiring prescribed actions by the spacecraft specified in the UIIDs
.

3.5.3.2.10 Memory Dump Data

Memory dump packets shall consist of the contents of the commanded range of memory or processor register dump.

3.5.3.2.11 Science Packets

Science packets shall consist of instrument measurement and observation data, whether processed or raw, such that the combination of science data and engineering data is, without excess, sufficient to achieve specified performance.

3.5.3.3 Instrument Telemetry Data Transfer Process

3.5.3.3.1 Instrument Telemetry Buffering

The instrument shall provide buffering for those periods of time where the data rate of transfer is above the average described in section3.5.3.1.

3.5.3.3.2 Instrument Telemetry Data Transfers

A single transfer of data shall be comprised of one or more whole packets.

Packet transfers shall not use fill between individual packets or to avoid packet length variability.

3.5.3.4 Telemetry Formatting

Telemetry packets shall all be formatted as CP_PDU source packets per CCSDS 702.0-B-2 and the figures for the specific packet types shown in Figure 3.5.3‑1.

Figure 3.5.3‑1 is intended to be superset of the formats that might be used.  It does not require that all formats be used.  If there are additional format type desired they may be added to the UIID following agreement by the spacecraft contractor who may also choose to add the new type to the superset listed in the IRD.

Figure 3.5.3‑1 includes telemetry packet types that may consist of segmented CCSDS packets, and that the maximum size of each CCSDS packet is as defined in Table 3.3-1.  If a packet does not have a segmented format shown it is intended to only be standalone.
	Figure 3.5.3‑1 FT1394 Telemetry Types and Packet Sizes

	User

Spacecraft/ Ground
	Telemetry Packet
	Packet Length in Octets

Including Headers
	Required

 /

Optional
	Segment or

Standalone
	Figure

	Spacecraft
	Test Packets

	256
	Required
	Standalone
	Figure 3.5.4‑6

	Ground
	Memory Dump Packet
	Maximum 
65,542
	Optional
	Both
	Figure 3.5.4‑2, Figure 3.5.4‑3, Figure 3.5.4‑4, Figure 3.5.4‑5

	Ground
	Engineering data packets
	Maximum 
65,542
	Required
	Both
	Figure 3.5.4‑2, Figure 3.5.4‑3, Figure 3.5.4‑4, Figure 3.5.4‑5

	Ground
	Housekeeping packets 
	Maximum 
65,542
	Required
	Both
	Figure 3.5.4‑2, Figure 3.5.4‑3, Figure 3.5.4‑4, Figure 3.5.4‑5

	Ground
	LEO&A Housekeeping packets 
	Maximum 
32
	Required
	Standalone
	Figure 3.5.4‑6

	Ground
	Calibration packets 
	Maximum 
65,542
	Optional
	Both
	Figure 3.5.4‑2, Figure 3.5.4‑3, Figure 3.5.4‑4, Figure 3.5.4‑5

	Ground
	Dwell packets 
	Maximum 
256
	Optional
	Both
	Figure 3.5.4‑2, Figure 3.5.4‑3, Figure 3.5.4‑4, Figure 3.5.4‑5

	Ground
	Diagnostic packets 
	Maximum 
65,542
	Optional
	Both
	Figure 3.5.4‑2, Figure 3.5.4‑3, Figure 3.5.4‑4, Figure 3.5.4‑5

	Ground
	Science packets (Raw or Processed)
	Maximum 
65,542
	Required
	Both
	Figure 3.5.4‑2, Figure 3.5.4‑3, Figure 3.5.4‑4, Figure 3.5.4‑5

	Spacecraft
	Telemetry monitoring packets 
	Maximum 
32
	Optional
	Standalone
	Figure 3.5.4‑6


3.5.4 Commands and Memory Loads

3.5.4.1 Packetization for Commands and Memory Loads

Unless otherwise specified, all commands and memory loads delivered to the instrument shall be formatted in accordance with the CCSDS AOS packet defined in CCSDS 701.0-B-2.
3.5.4.2 Command and Memory Load Packet Length

A single command or memory load packet shall be equal to or less than contained in Figure 3.5.4‑1.

3.5.4.3 Documentation

All instrument commands and memory load packets shall be documented in the UIID.

3.5.4.4 Commands and Memory Loads Transfer

3.5.4.4.1 Telecommand Maximum Rate
Maximum telecommand rates shall be limited by the uplink rate, instrument operational constraints, and the load requirements of the instrument.

All telecommand and memory load data rate or other operational constraints shall be documented in the UIID.
At predefined intervals, the spacecraft shall transfer any currently stored commands from the spacecraft on-board computer or commands received from a ground terminal.

3.5.4.4.2 Spacecraft Generated Telecommands and Memory Loads

Instruments shall be capable of receiving “near simultaneously
” spacecraft generated telecommands and spacecraft generated memory loads
.

3.5.4.4.3 Telecommand Interval

Each instrument shall be capable of accepting a maximum combined command and memory load rate as documented in the UIID. 

3.5.4.4.4 Ground Generated Telecommands and Memory Loads

Instruments shall be capable of receiving near simultaneously ground terminal generated telecommands and ground terminal generated memory loads
.

3.5.4.4.5 Spacecraft/Ground Memory Load Authority

Simultaneous receipt of ground terminal generated memory loads and spacecraft generated memory loads shall result in only the ground memory load being executed.

3.5.4.4.6 Spacecraft/Ground Telecommand Authority

Simultaneous receipt of ground terminal generated telecommands and spacecraft generated telecommands shall result in both telecommands being executed.

3.5.4.4.7 Telecommand/Memory Load Authority

Simultaneous receipt of telecommands and memory loads shall result in both telecommands and memory loads being executed.

3.5.4.5 Telecommand/Memory Load Data Transfer process

3.5.4.5.1 Large Uplink Protocol

e. Instruments shall detect the start of a new CCSDS Packet Set by Packet Sequence Control (PSC) beginning with binary “01”.

f. Instruments shall be capable of accepting uplink Data Sets, including Segmented commands and Segmented loads where there may be other commands and time delays as long as one (1) second (TBR) inserted between the CCSDS Packet Segments that comprise the CCSDS Packet Set CCSDS packet set.

g. Instruments shall detect a time delay greater than one (1) second (TBR) between receipts of CCSDS Packet Segments and as a result terminate the load or command.  

h. All subsequent CCSDS Packets that are part of a terminated CCSDS Packet Set CCSDS packet set shall be dropped without execution.

3.5.4.5.2 Partial Packets

The spacecraft shall never forward to an instrument an incomplete CCSDS Packet.

3.5.4.5.3 Partial CCSDS Packet Sets

The spacecraft shall forward to the instrument all CCSDS Packets as they are received without regard to CCSDS Packet Segmentation.

i. Each CCSDS packet transfer shall be a separate operation. 

j. The first packet segment of a multi-segmented CCSDS packet containing a command or memory load shall contain the number of CCSDS packet segments in the secondary header per Figure 3.5.4‑8 for CCSDS segmented packet set transfers. Standalone (unsegmented) packet transfers are shown in Figure 3.5.4‑11.

k. The instrument shall determine the number of words (W = 2 octets, 16 bits) from the primary header and the number of packet segments (P), if more than one, from the secondary header. For a standalone CCSDS packet, P has an implied value of 0.

l. The number of packets of the packet-set to be received shall be 
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.

m. A new packet shall not begin until the last packet is complete
.

n. A new CCSDS packet or packet set, using the same APID, shall not be initiated prior to the completion of another CCSDS packet or packet set.

o. The instrument shall be capable of receiving and processing a CCSDS packet with a different APID in the middle of the transfer of another CCSDS packet set.

p. The instrument shall be capable of supporting segmented memory loads over multiple contacts.

q. The instrument shall detect the initiation of a new CCSDS packet or packet set, using the same APID, prior to the completion of another CCSDS packet set. Detection shall cause all packet segments associated with the as yet unfinished CCSDS packet set to be abandoned.

r. Command packets taking more than 1 (TBR) second to complete shall be abandoned and an error shall be indicated in telemetry.

s. Abandoned CCSDS packet segments and/or rejected CCSDS packets due to errors shall be indicated in telemetry

t. The instrument shall be capable of detecting the complete reception of a packet, packet segment, and CCSDS packet set by using the header data and counting octets.

3.5.4.6 Command Constraints

All instrument command constraints shall be documented in the UIID
.

3.5.4.7 Telecommand Formatting

Telecommand packets shall all be formatted as CP_PDU source packets per CCSDS 701.0-B-2 and the figures for the specific packet types shown in Figure 3.5.4‑1.

	Figure 3.5.4‑1 Telecommand Types and Packet Sizes

	Source

Spacecraft/ Ground
	Telecommand Packet
	Packet Length in CCSDS octets

Including Headers
	Required

 /

Optional
	Segment

or

Standalone
	Figure

	Spacecraft
	Time of Day Broadcast
	Fixed 

94
	Required
	Standalone
	Figure 3.5.4‑12

	Both
	Command
	Maximum

256
	Required
	Both
	Figure 3.5.4‑8, 

Figure 3.5.4‑9,
Figure 3.5.4‑10,
Figure 3.5.4‑11

	Both
	Memory Load
	Maximum

1024

	Required
	Both
	Figure 3.5.4‑8, 

Figure 3.5.4‑9,
Figure 3.5.4‑10,
Figure 3.5.4‑11
	Figure 3.5.4‑7
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Figure 3.5.4‑2 Segmented Mission Data &Telemetry Packet – First Segment
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Figure 3.5.4‑3 Segmented Mission Data & Telemetry Packet – Middle Segment
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Figure 3.5.4‑4 Segmented Mission Data & Telemetry Packet – Last Segment
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Figure 3.5.4‑5 Non-Segmented Mission Data & Telemetry Packet – Standalone Segment
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Figure 3.5.4‑6 LEO&A, Test, and Telemetry Monitor Packet Format
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Figure 3.5.4‑7 Memory Load and Dump Data Field Format
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Figure 3.5.4‑8 Telecommand Segmented Data Packet – First Segment
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Figure 3.5.4‑9 Telecommand Segmented Data Packet – Middle Segment
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Figure 3.5.4‑10 Telecommand Segmented Data Packet – Last Segment
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Figure 3.5.4‑11 Telecommand Non-Segmented Data Packet – Standalone Segment
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Figure 3.5.4‑12 Broadcast Time of Day and Ephemeris Data Packet Format

3.5.5 Broadcast Data

All FT1394 nodes shall be capable of receiving broadcast FT1394 messages.

3.5.5.1 Ephemeris and Time Code Data

	Figure 3.5.5‑1 Time Code Format

	T-Field

	
	Day
	msec of Day
	usec of msec

	Bits
	16
	32
	16

	Time Resolution of 1 usec
	0 to (216-1)
	0 to 86,399,999
	0 to 999


3.5.5.1.1 Time Code Data and Format

All Instances of time code data shall be spacecraft time presented in CCSDS segmented Time Code (CDS) format defined in CCSDS 301.0-B-2 per Figure 3.5.5‑1.  The time code represents spacecraft time at the next epoch (i.e., at the tone the time will be).  

3.5.5.1.2 Time Code and Ephemeris Data Transfer

The broadcast time of day and ephemeris data will arrive at the instrument between 100ms and 900ms prior to the arrival of the time of day pulse.

The time code is broadcast to all instruments using 1394 isochronous 
mode transfers.  

3.5.5.1.3 Time Code Data Accuracy Syncopation

Each Time-of-Day data packet shall arrive at the instrument 1 second + 4 milliseconds of the previous Time-of-Day data packet arrival as shown in Figure 3.5.5‑2.

[image: image41.wmf]Bus Rate

Sensor

TLM

TC

Brdcst

Total

CrIS

   1,800 

0.752

1,801

      

 

VIIRS

 10,500 

0.752

10,501

    

 

CMIS

       500 

0.752

501

         

 

Bus Traffic Maximums

Telemetry Peak Data Rates (Kbps)

Figure 3.5.5‑2 One Second Time-of-Day Jitter
3.5.5.1.4 Time Code Effectivity 

The broadcast time shall become effective upon receipt of the Time-of-Day pulse that follows.

3.5.5.1.5 Time Code Data Accuracy With Time-of-Day Epoch 

The time code data associated with the time-of-day Epoch shall be accurate to within 1 ms of the international standard UTC time.

3.5.5.1.6 Time Code Data Epoch

The epoch shall be January 1, 1958.

3.5.5.1.7 Missing Time Code Data

The instrument shall be capable of continued normal mode science observations, until transfer to safe mode is effected, if the time code data is not received.

3.5.5.1.8 Ephemeris

The spacecraft shall provide ephemeris and attitude data per Table 3.5.5‑1.

The CCSDS formatting of the ephemeris and attitude data shall be per Figure 3.5.4‑12.
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Table 3.5.5‑1 Ephemeris and Attitude Data Parameters

3.5.6 Mission Science Data to RDRs

Raw Data Records (RDRs) shall be assembled by ground processing and not by the instrument.

3.5.6.1 Mission Data Content

Science data packets shall contain all observed science data.

3.5.6.2 Engineering (Auxiliary) RDR Data

All auxiliary data required for inclusion with observed science data to comprise an RDR, but not including ephemeris data, shall be contained in a separate data packet type conforming to the engineering telemetry format.

3.5.6.3 Spacecraft Ephemeris Data

The spacecraft shall be responsible for ensuring the availability of correlated ephemeris data for RDR assembly.

The instrument shall not put ephemeris data in any data packets.

3.5.7 Fault Management

3.5.7.1 Excessive Bus Demand

The spacecraft controller shall limit isochronous grants for access on a one second cycle and report in telemetry any excessive bus requests to gain such access.

3.5.7.2 Automatic Data Retry

Communication with each instrument shall start on the primary bus.

.

Nodes shall retry up to TBR 
times for asynchronous mode transfers at the physical layer upon receipt of  an ACK_BUSY response.

Receipt of an ACK_ERROR response shall be handled by the error handler in the instrument’s application.

There shall be no retry for broadcast or isochronous transfers.


The spacecraft shall report error counts and retry failure counts to the ground.

3.5.7.3 Command Monitoring

The instrument shall be capable of monitoring for illegal commands and reporting in telemetry.

3.5.7.4 Bus Reconfiguration

The capability to re-designate the primary and the redundant buses in orbit via ground commands shall be provided by the spacecraft.

3.5.8 Address Resolution Protocol (ARP)

1394 is an interconnect (bus) that conforms to the control and status register (CSR) architecture, ISO/IEC 13213:1994. The FT1394 bus permits communications between nodes over a shared physical media.  The CSR architecture describes a memory-mapped address space that FT1394 implements as a 64-bit fixed addressing scheme. Within the address space, ten bits are allocated for bus ID (up to a maximum of 1,023 buses), six are allocated for node physical ID (up to 63 per bus) while the remaining 48 bits (offset) describe a per node address space of 256 terabytes. The CSR architecture, by convention, splits a node's address space into two regions with different behavioral characteristics. 

3.5.8.1 Specification Compliance

ARP implementation shall comply with the IETF's RFC 2734.
3.5.8.2 Bus Rest Events

Bus-reset and initialization events shall trigger an ARP requests
.

3.5.8.3 Address Space

The lower portion of the 64 bit address space, up to but not including 0xFFFF F000 0000, shall behave as memory in response to read and write transactions. 

The upper portion of the 64-bit address space shall behave as FIFO CSRs.
3.6 emergency boot Code Upload


3.6.1 











3.6.2 Description

Non-volatile devices shall support reprogramming in the event that the existing data has been corrupted or it is desired that the stored data will be updated.

The FT1394a interface hardware and software shall support code upload capability such that non-volatile devices can be reprogrammed in flight by command from a ground based control station.

The FT1394 PCI interface shall be implemented such that a portion of system RAM is directly addressable by the FT1394 interface via the PCI bus.

There shall be program implemented in fused non-volatile ROM to provide a protocol for this code upload

3.6.3 Protocol

Each slave device shall have a memory space available to the spacecraft controller such that the controller can establish three data areas in this space:  Command space, Status space and code block space.  Command space is a shared area located in the memory space of the slave that will contain commands from spacecraft controller.  Status space is a shared area located in the memory of the slave that will contain status from the slave device.  Code block space is a shared area in the slave device that will store the code uploaded from the spacecraft controller.

The command and status space shall be 16 bytes.  The code load space shall large enough to hold the contents of the non-volatile memory on the slave device plus eight bytes for addressing and error identification.

The Spacecraft Controller FT1394 shall implement the following “code upload” protocol when issuing commands and evaluating status of the slave devices.

Commands from the Spacecraft Controller

TBD
Status to the Spacecraft Controller

TBD
3.6.4 Spacecraft Controller Capability

The spacecraft controller shall implement the FT1394 hardware and the “Code Upload” protocol such that the spacecraft controller can respond to a ground command to upload code, accept the code and transfer it to the appropriate slave device on the FT1394 network.

3.6.4.1 Requirements

The Spacecraft Controller FT1394 implementation shall support direct memory access of each slave device using native FT1394 addressing.  The controller shall maintain a table specifying the addressable segments of each slave device.  The controller shall support the “code upload” protocol.

3.6.4.2 PCI Allocation

The Spacecraft Controller does not need to be directly addressed by any slave device.  Code uploads to the controller shall come directly from the command telemetry unit.

3.6.5 Slave Capability

Each slave device on the 1394 network shall implement the FT1394 hardware and the “Code Upload” protocol such that the slave device can accept a “Command Upload”, verify the validity of the load and write it to electrically re-programmable non-volatile memory.

3.6.5.1 Requirements

The slave implementation of the FT1394 shall support direct memory access using native 1394 addressing.  
Each slave device shall allocate space in RAM memory and publish the address table for this memory.  
The configuration of the allocation shall adhere to the “code upload” protocol.

3.6.5.2 PCI Allocation

The slave implementation of the FT1394 shall allocate a portion of RAM memory and permit addressing via the PCI address space.  
The allocation shall be read and write capable and support PCI bus mastering cycles. 

3.6.6 BOOT Loader

Each slave device shall implement an FT1394 device driver as part of the software stored in fuse based non-volatile memory.  
The device driver shall implement the “Code Upload” protocol.

The instrument shall execute in the event that the re-programmable memory generates an error or when commanded by a ground command to replace the re-programmable memory.

4 Acronyms and Abbreviations

Acronym

Definition

AOS

Advanced Orbiting Systems
APHY

Analog Physical Layer

APID

Application Process Identification

1394 ARP 

Address Resolution Protocol (specific to FT1394)

awg

American Wire Gauge

C&DH

Command & Data Handling

CCSDS

Consultative Committee for Space Data System

CMIS

Conical Microwave Imager/Sounder

CrIS

Crosstrack Infrared Sounder

CSR

Control and status register

dB/m

Decibels per meter (cable shielding effectiveness)

DPHY

Digital Physical Layer

EDR

Environmental Data Record 

EUI-64

Extended Unique Identifier, 64-bits

FIFO

First In – First Out Memory

GIID

General Instrument Interface Document

ICD

Interface Control Document

IEEE

Institute of Electrical and Electronics Engineers

IETF

Internet Engineering Task Force

IOO

Instrument of Opportunity

IP

Internet protocol (within this document, IPv4)

IRD

Interface Requirement Document

LSB

Least Significant Bit

Mbits/s

Megabits per second

MCAP

Multicast channel allocation protocol

MSB

Most Significant Bit

NPOESS

National Polar-Orbiting Operational Environmental Satellite System

NPP

NPOESS Preparatory Project

PHY

Physical Layer

RDR

Raw Data Record

rf

Radio Frequency

RFC

Request for Comment (IETF specifications)

TBD

To be determined

TBS

To be supplied

TBR

To be revised

TDR

Time Domain Reflectometry

UDP

User Datagram Protocol

UIID

Unique Instrument Interface Document

VIIRS

Visible Infrared Imager/Radiometer Suite

4.1 Definitions

The terms FT1394 Bus, FT1394 Node, LINK, PHY, and Port, as well as other FT1394 bus nomenclature shall be as defined in IEEE 1394-1995 specification.

FT1394 Bus: 

A collection of 2 or more FT1394 nodes connected together 

FT1394 Node (or node): 
an addressable device attached to the FT1394 serial bus with at least the minimum set of control registers.

APHY:

Analog Circuit portion of the PHY Layer

Asynchronous: 
Transfers variable length data and transaction layer packet to an explicit address. Acknowledgment is returned.

Datagram:

One way FT1394 data packet transfer

DPHY:

Digital circuit portion of the PHY Layer

Isochronous:

Broadcasts variable length data based on channel numbers rather than specific addressing. Isochronous packets are issued on the average of each 125 µ in support of time-sensitive applications.

LINK 
(Link Layer): 
The layer that provides the service to the transaction layer of data transfers with the confirmation of reception. Also provides addressing, data checking, data framing and isochronous data transfer service.

PHY 
(Physical Layer): 
The layer that translates the logical symbols used by the link layer into electrical signals. Each PHY contains three ports.
Port:

A physical entity in a node that connects to a cable and provides one end of a physical connection with another node. A single port provides bi-directional signaling over a 6-wire point-to-point path (TPA/TPB) with another port in another node.

Tri-Port:

Three physical connection ports each providing bi-directional signaling over a 4-wire point-to-point path (TPATPB*/Vp-g) with another port in another node and with each other, and interconnection to the local PHY layer 

Quad Tri Port:

(also Dual Standby Redundant)
Having two tri-port nodes for the primary unit side and two for the redundant (standby) unit side for a total of four nodes.

4.2 GLOSSARY

1394 Packet: 

Any of the FT1394 primary packets; these may be read, write or lock requests (and their responses) or stream data. The term "packet" is used consistently to differentiate Serial Bus primary packets from FT1394 ARP requests/responses, IP datagrams or MCAP advertisements/solicitations. 

Address Resolution Protocol:
A method for a requester to determine the hardware (1394) address of an IP node from the IP address of the node. 
Bus ID:

A 10-bit number that uniquely identifies a particular bus within a group of multiple interconnected buses. The bus ID is the most significant portion of a node's 16-bit node ID. The value 0x3FF designates the local bus; a node SHALL respond to requests addressed to its 6-bit physical ID if the bus ID in the request is either 0x3FF or the bus ID explicitly assigned to the node. 

Byte:

The computer term for eight (8) digital data bits.

CCSDS octet:

The CCSDS term for eight (8) digital data bits also known as a byte.

CCSDS Packet:  
A single CCSDS formatted chunk of data that may be complete unto itself or a part of the total Data Set to be transferred.

CCSDS Packet Set:
The total set of packet segments (always more than one) in a CCSDS formatted data transfer where the data is larger than a single packet permits.

CCSDS Packet Segment:
A CCSDS formatted chunk of data that requires other packet segments to compete the packet set.

Chunk:

A contiguous set of bits, not CCSDS formatted.

Data Set:

Multiple packets or packet segments that make up a single transfer.

Encapsulation header: 
A structure that precedes all IP data transmitted over FT1394. See also link fragment. 

Epoch:

The point in time, represented by a pre-specified indicator, where an event is to occur or data is to become effective.

File:

A set of inter-related data stored, processed or communicated as a single unit.

IP Datagram: 

An Internet message that conforms to the format specified by STD 5, RFC 791. 

Link Fragment: 
A portion of an IP datagram transmitted within a single FT1394 packet. The data payload of the FT1394 packet contains both an encapsulation header and its associated link fragment. It is possible to transmit datagrams without link fragmentation. 

Maximum Transmission Unit:
The Maximum Transmission Unit (MTU) specifies the maximum amount of data that the subnetwork layer will accept in a single subnetwork service request or transfer.  An MTU size is driven by the smallest allowable MTU in the data path.  

Multicast Channel Allocation Protocol: 
A method for multicast groups to coordinate their use of Serial Bus resources (channels) if multicast datagrams are transmitted on other than the default broadcast channel. 

Multicast Channel Owner: 
A multicast source that has allocated a channel for one or more multicast addresses and transmits MCAP advertisements to communicate these channel mapping(s) to other participants in the IP multicast group. When more than one source transmits MCAP advertisements for the same channel number, the source with the largest physical ID is the owner. 

Near Simultaneous
Near simultaneous means that multiple things occur in time within a period shorter than the execution time of any of the individual items.  Where there is a single serial port it might refer to having a second packet set input begin before the first has completed execution.  It may also mean that multiple input APIDs packet sets may arrive together with individual packet segments arriving randomly related to the APIDs until all packet sets are received. 

Network Byte Order: 
The order in which the bytes of a word are transmitted. For a 32-bit word; O1, O2, O3, O4, where O1 is the most significant CCSDS octet, O1 is transmitted first, O2 next, then O3, and finally O4.  The same applies for any modulo 8-bit tuple.

Node ID: 

A 16-bit number that uniquely identifies a Serial Bus node within a group of multiple interconnected buses. The most significant ten bits are the bus ID and the least significant six bits are the physical ID. 

Node Unique ID: 
A 64-bit number that uniquely identifies a node among all the Serial Bus nodes manufactured worldwide; also known as the EUI-64 (Extended Unique Identifier, 64-bits). 

Octet: 

Eight bits of data. 

Packet Type


Physical ID: 

On a particular bus, this 6-bit number is dynamically assigned during the self-identification process and uniquely identifies a node on that bus. 

Quadlets: 

Four octets, or 32 bits, of data. 

Segmented

Data subdivided into multiple CCSDS packets, called CCSDS packet segments, thus comprising a CCSDS packet set.

Stream Packet: 
A FT1394 primary packet with a transaction code of 0x0A that contains a block data payload. Stream packets may be either asynchronous or isochronous according to the type of FT1394 arbitration employed. 

Tuple:
A tuple is an ordered set of arbitrary length.

User Datagram Protocol:
An Internet message that conforms to the format specified by RFC 768.

Word: 
The computer term for sixteen (16) digital data bits or two (2) bytes or two (2) CCSDS octets.

5 Appendix A,  APID Initial Assignments

	APID (Hex)
	APID (Dec)
	No. Ids
	Packet Description
	Spacecraft/ Instrument

	0
	 
	 
	0
	 
	 
	1
	Housekeeping
	Spacecraft

	1
	 
	 
	1
	 
	 
	1
	LEO&A Housekeeping
	Spacecraft

	2
	 
	 
	2
	 
	 
	1
	Test Packet
	Spacecraft

	3
	 
	 
	3
	 
	 
	1
	Reserved
	Spacecraft

	4
	 
	 
	4
	 
	 
	1
	Engineering Packet
	Spacecraft

	5
	 
	 
	5
	 
	 
	1
	Dwell Packet
	Spacecraft

	6
	 
	 
	6
	 
	 
	1
	Reserved
	Spacecraft

	7
	 
	 
	7
	 
	 
	1
	Ground Command
	Spacecraft

	8
	 
	 
	8
	 
	 
	1
	Spacecraft Command
	Spacecraft

	9
	 
	 
	9
	 
	 
	1
	Ground Memory Upload
	Spacecraft

	A
	 
	 
	10
	 
	 
	1
	Spacecraft Memory Upload
	Spacecraft

	B
	 
	 
	11
	 
	 
	1
	Reserved
	Spacecraft

	C
	 
	 
	12
	 
	 
	1
	Memory Dump
	Spacecraft

	D
	-
	1F
	13
	-
	31
	19
	Reserved
	Spacecraft

	20
	-
	87
	32
	-
	135
	104
	Not used
	Not used

	88
	-
	8F
	136
	-
	143
	8
	Spare
	ERBS

	90
	 
	 
	144
	 
	 
	1
	Housekeeping
	ERBS

	91
	 
	 
	145
	 
	 
	1
	LEO&A Housekeeping
	ERBS

	92
	 
	 
	146
	 
	 
	1
	Test Packet
	ERBS

	93
	 
	 
	147
	 
	 
	1
	Calibration Packet
	ERBS

	94
	 
	 
	148
	 
	 
	1
	Engineering Packet
	ERBS

	95
	 
	 
	149
	 
	 
	1
	Dwell Packet
	ERBS

	96
	 
	 
	150
	 
	 
	1
	Diagnostic
	ERBS

	97
	 
	 
	151
	 
	 
	1
	Ground Command
	ERBS

	98
	 
	 
	152
	 
	 
	1
	Spacecraft Command
	ERBS

	99
	 
	 
	153
	 
	 
	1
	Ground Memory Upload
	ERBS

	9A
	 
	 
	154
	 
	 
	1
	Spacecraft Memory Upload
	ERBS

	9B
	 
	 
	155
	 
	 
	1
	Telemetry Monitored Packet
	ERBS

	9C
	 
	 
	156
	 
	 
	1
	Memory Dump
	ERBS

	9D
	-
	9F
	157
	-
	159
	3
	Spare
	ERBS

	A0
	-
	A7
	160
	-
	167
	8
	Science - tbd
	ERBS

	A8
	-
	1FF
	168
	-
	511
	344
	Not used
	Not used

	200
	 
	 
	512
	 
	 
	1
	Housekeeping
	ATMS

	201
	 
	 
	513
	 
	 
	1
	LEO&A Housekeeping
	ATMS

	202
	 
	 
	514
	 
	 
	1
	Test Packet
	ATMS

	203
	 
	 
	515
	 
	 
	1
	Calibration Packet
	ATMS

	204
	 
	 
	516
	 
	 
	1
	Engineering Packet
	ATMS

	205
	 
	 
	517
	 
	 
	1
	Dwell Packet
	ATMS

	206
	 
	 
	518
	 
	 
	1
	Diagnostic
	ATMS

	207
	 
	 
	519
	 
	 
	1
	Ground Command
	ATMS

	208
	 
	 
	520
	 
	 
	1
	Spacecraft Command
	ATMS

	209
	 
	 
	521
	 
	 
	1
	Ground Memory Upload
	ATMS

	20A
	 
	 
	522
	 
	 
	1
	Spacecraft Memory Upload
	ATMS

	20B
	 
	 
	523
	 
	 
	1
	Telemetry Monitored Packet
	ATMS

	20C
	 
	 
	524
	 
	 
	1
	Memory Dump
	ATMS

	20D
	-
	20F
	525
	-
	527
	3
	Spare
	ATMS

	210
	-
	21F
	528
	-
	543
	16
	Science - tbd
	ATMS

	220
	 
	 
	544
	 
	 
	1
	Housekeeping
	OMPS

	221
	 
	 
	545
	 
	 
	1
	LEO&A Housekeeping
	OMPS

	222
	 
	 
	546
	 
	 
	1
	Test Packet
	OMPS

	223
	 
	 
	547
	 
	 
	1
	Calibration Packet
	OMPS

	224
	 
	 
	548
	 
	 
	1
	Engineering Packet
	OMPS

	225
	 
	 
	549
	 
	 
	1
	Dwell Packet
	OMPS

	226
	 
	 
	550
	 
	 
	1
	Diagnostic
	OMPS

	227
	 
	 
	551
	 
	 
	1
	Ground Command
	OMPS

	228
	 
	 
	552
	 
	 
	1
	Spacecraft Command
	OMPS

	229
	 
	 
	553
	 
	 
	1
	Ground Memory Upload
	OMPS

	22A
	 
	 
	554
	 
	 
	1
	Spacecraft Memory Upload
	OMPS

	22B
	 
	 
	555
	 
	 
	1
	Telemetry Monitored Packet
	OMPS

	22C
	 
	 
	556
	 
	 
	1
	Memory Dump
	OMPS

	22D
	-
	22F
	557
	-
	559
	3
	Spare
	OMPS

	230
	-
	23F
	560
	-
	575
	16
	Science - tbd
	OMPS

	240
	 
	 
	576
	 
	 
	1
	Housekeeping
	GPSOS

	241
	 
	 
	577
	 
	 
	1
	LEO&A Housekeeping
	GPSOS

	242
	 
	 
	578
	 
	 
	1
	Test Packet
	GPSOS

	243
	 
	 
	579
	 
	 
	1
	Calibration Packet
	GPSOS

	244
	 
	 
	580
	 
	 
	1
	Engineering Packet
	GPSOS

	245
	 
	 
	581
	 
	 
	1
	Dwell Packet
	GPSOS

	246
	 
	 
	582
	 
	 
	1
	Diagnostic
	GPSOS

	247
	 
	 
	583
	 
	 
	1
	Ground Command
	GPSOS

	248
	 
	 
	584
	 
	 
	1
	Spacecraft Command
	GPSOS

	249
	 
	 
	585
	 
	 
	1
	Ground Memory Upload
	GPSOS

	24A
	 
	 
	586
	 
	 
	1
	Spacecraft Memory Upload
	GPSOS

	24B
	 
	 
	587
	 
	 
	1
	Telemetry Monitored Packet
	GPSOS

	24C
	 
	 
	588
	 
	 
	1
	Memory Dump
	GPSOS

	24D
	-
	24F
	589
	-
	591
	3
	Spare
	GPSOS

	250
	-
	25F
	592
	-
	607
	16
	Science - tbd
	GPSOS

	260
	 
	 
	608
	 
	 
	1
	Housekeeping
	TSIS

	261
	 
	 
	609
	 
	 
	1
	LEO&A Housekeeping
	TSIS

	262
	 
	 
	610
	 
	 
	1
	Test Packet
	TSIS

	263
	 
	 
	611
	 
	 
	1
	Calibration Packet
	TSIS

	264
	 
	 
	612
	 
	 
	1
	Engineering Packet
	TSIS

	265
	 
	 
	613
	 
	 
	1
	Dwell Packet
	TSIS

	266
	 
	 
	614
	 
	 
	1
	Diagnostic
	TSIS

	267
	 
	 
	615
	 
	 
	1
	Ground Command
	TSIS

	268
	 
	 
	616
	 
	 
	1
	Spacecraft Command
	TSIS

	269
	 
	 
	617
	 
	 
	1
	Ground Memory Upload
	TSIS

	26A
	 
	 
	618
	 
	 
	1
	Spacecraft Memory Upload
	TSIS

	26B
	 
	 
	619
	 
	 
	1
	Telemetry Monitored Packet
	TSIS

	26C
	 
	 
	620
	 
	 
	1
	Memory Dump
	TSIS

	26D
	-
	26F
	621
	-
	623
	3
	Spare
	TSIS

	270
	-
	27F
	624
	-
	639
	16
	Science - tbd
	TSIS

	280
	 
	 
	640
	 
	 
	1
	Housekeeping
	Altimeter

	281
	 
	 
	641
	 
	 
	1
	LEO&A Housekeeping
	Altimeter

	282
	 
	 
	642
	 
	 
	1
	Test Packet
	Altimeter

	283
	 
	 
	643
	 
	 
	1
	Calibration Packet
	Altimeter

	284
	 
	 
	644
	 
	 
	1
	Engineering Packet
	Altimeter

	285
	 
	 
	645
	 
	 
	1
	Dwell Packet
	Altimeter

	286
	 
	 
	646
	 
	 
	1
	Diagnostic
	Altimeter

	287
	 
	 
	647
	 
	 
	1
	Ground Command
	Altimeter

	288
	 
	 
	648
	 
	 
	1
	Spacecraft Command
	Altimeter

	289
	 
	 
	649
	 
	 
	1
	Ground Memory Upload
	Altimeter

	28A
	 
	 
	650
	 
	 
	1
	Spacecraft Memory Upload
	Altimeter

	28B
	 
	 
	651
	 
	 
	1
	Telemetry Monitored Packet
	Altimeter

	28C
	 
	 
	652
	 
	 
	1
	Memory Dump
	Altimeter

	28D
	-
	28F
	653
	-
	655
	3
	Spare
	Altimeter

	290
	-
	29F
	656
	-
	671
	16
	Science - tbd
	Altimeter

	2A0
	 
	 
	672
	 
	 
	1
	Housekeeping
	ADCS

	2A1
	 
	 
	673
	 
	 
	1
	LEO&A Housekeeping
	ADCS

	2A2
	 
	 
	674
	 
	 
	1
	Test Packet
	ADCS

	2A3
	 
	 
	675
	 
	 
	1
	Calibration Packet
	ADCS

	2A4
	 
	 
	676
	 
	 
	1
	Engineering Packet
	ADCS

	2A5
	 
	 
	677
	 
	 
	1
	Dwell Packet
	ADCS

	2A6
	 
	 
	678
	 
	 
	1
	Diagnostic
	ADCS

	2A7
	 
	 
	679
	 
	 
	1
	Ground Command
	ADCS

	2A8
	 
	 
	680
	 
	 
	1
	Spacecraft Command
	ADCS

	2A9
	 
	 
	681
	 
	 
	1
	Ground Memory Upload
	ADCS

	2AA
	 
	 
	682
	 
	 
	1
	Spacecraft Memory Upload
	ADCS

	2AB
	 
	 
	683
	 
	 
	1
	Telemetry Monitored Packet
	ADCS

	2AC
	 
	 
	684
	 
	 
	1
	Memory Dump
	ADCS

	2AD
	-
	2AF
	685
	-
	687
	3
	Spare
	ADCS

	2B0
	-
	2BF
	688
	-
	703
	16
	Science - tbd
	ADCS

	2C0
	 
	 
	704
	 
	 
	1
	Housekeeping
	SARR

	2C1
	 
	 
	705
	 
	 
	1
	LEO&A Housekeeping
	SARR

	2C2
	 
	 
	706
	 
	 
	1
	Test Packet
	SARR

	2C3
	 
	 
	707
	 
	 
	1
	Calibration Packet
	SARR

	2C4
	 
	 
	708
	 
	 
	1
	Engineering Packet
	SARR

	2C5
	 
	 
	709
	 
	 
	1
	Dwell Packet
	SARR

	2C6
	 
	 
	710
	 
	 
	1
	Diagnostic
	SARR

	2C7
	 
	 
	711
	 
	 
	1
	Ground Command
	SARR

	2C8
	 
	 
	712
	 
	 
	1
	Spacecraft Command
	SARR

	2C9
	 
	 
	713
	 
	 
	1
	Ground Memory Upload
	SARR

	2CA
	 
	 
	714
	 
	 
	1
	Spacecraft Memory Upload
	SARR

	2CB
	 
	 
	715
	 
	 
	1
	Telemetry Monitored Packet
	SARR

	2CC
	 
	 
	716
	 
	 
	1
	Memory Dump
	SARR

	2CD
	-
	2CF
	717
	-
	719
	3
	Spare
	SARR

	2D0
	-
	2DF
	720
	-
	735
	16
	Spare
	SARR

	2E0
	 
	 
	736
	 
	 
	1
	Housekeeping
	SARP

	2E1
	 
	 
	737
	 
	 
	1
	LEO&A Housekeeping
	SARP

	2E2
	 
	 
	738
	 
	 
	1
	Test Packet
	SARP

	2E3
	 
	 
	739
	 
	 
	1
	Calibration Packet
	SARP

	2E4
	 
	 
	740
	 
	 
	1
	Engineering Packet
	SARP

	2E5
	 
	 
	741
	 
	 
	1
	Dwell Packet
	SARP

	2E6
	 
	 
	742
	 
	 
	1
	Diagnostic
	SARP

	2E7
	 
	 
	743
	 
	 
	1
	Ground Command
	SARP

	2E8
	 
	 
	744
	 
	 
	1
	Spacecraft Command
	SARP

	2E9
	 
	 
	745
	 
	 
	1
	Ground Memory Upload
	SARP

	2EA
	 
	 
	746
	 
	 
	1
	Spacecraft Memory Upload
	SARP

	2EB
	 
	 
	747
	 
	 
	1
	Telemetry Monitored Packet
	SARP

	2EC
	 
	 
	748
	 
	 
	1
	Memory Dump
	SARP

	2ED
	-
	2EF
	749
	-
	751
	3
	Spare
	SARP

	2F0
	-
	2FF
	752
	-
	767
	16
	Spare
	SARP

	300
	 
	 
	768
	 
	 
	1
	Housekeeping
	VIIRS

	301
	 
	 
	769
	 
	 
	1
	LEO&A Housekeeping
	VIIRS

	302
	 
	 
	770
	 
	 
	1
	Test Packet
	VIIRS

	303
	 
	 
	771
	 
	 
	1
	Calibration Packet
	VIIRS

	304
	 
	 
	772
	 
	 
	1
	Engineering Packet
	VIIRS

	305
	 
	 
	773
	 
	 
	1
	Dwell Packet
	VIIRS

	306
	 
	 
	774
	 
	 
	1
	Diagnostic
	VIIRS

	307
	 
	 
	775
	 
	 
	1
	Ground Command
	VIIRS

	308
	 
	 
	776
	 
	 
	1
	Spacecraft Command
	VIIRS

	309
	 
	 
	777
	 
	 
	1
	Ground Memory Upload
	VIIRS

	30A
	 
	 
	778
	 
	 
	1
	Spacecraft Memory Upload
	VIIRS

	30B
	 
	 
	779
	 
	 
	1
	Telemetry Monitored Packet
	VIIRS

	30C
	 
	 
	780
	 
	 
	1
	Memory Dump
	VIIRS

	30D
	-
	321
	781
	-
	801
	21
	Science - tbd
	VIIRS LRD

	322
	-
	337
	802
	-
	823
	22
	Science - tbd
	VIIRS HRD

	338
	-
	37F
	824
	-
	895
	72
	Spare
	VIIRS

	380
	 
	 
	896
	 
	 
	1
	Housekeeping
	CMIS

	381
	 
	 
	897
	 
	 
	1
	LEO&A Housekeeping
	CMIS

	382
	 
	 
	898
	 
	 
	1
	Test Packet
	CMIS

	383
	 
	 
	899
	 
	 
	1
	Calibration Packet
	CMIS

	384
	 
	 
	900
	 
	 
	1
	Engineering Packet
	CMIS

	385
	 
	 
	901
	 
	 
	1
	Dwell Packet
	CMIS

	386
	 
	 
	902
	 
	 
	1
	Diagnostic
	CMIS

	387
	 
	 
	903
	 
	 
	1
	Ground Command
	CMIS

	388
	 
	 
	904
	 
	 
	1
	Spacecraft Command
	CMIS

	389
	 
	 
	905
	 
	 
	1
	Ground Memory Upload
	CMIS

	38A
	 
	 
	906
	 
	 
	1
	Spacecraft Memory Upload
	CMIS

	38B
	 
	 
	907
	 
	 
	1
	Telemetry Monitored Packet
	CMIS

	38C
	 
	 
	908
	 
	 
	1
	Memory Dump
	CMIS

	38D
	-
	39F
	909
	-
	927
	19
	Science - tbd
	CMIS LRD

	3A0
	-
	3B3
	928
	-
	947
	20
	Science - tbd
	CMIS HRD

	3B4
	-
	3FF
	948
	-
	1023
	76
	Spare
	CMIS

	400
	 
	 
	1024
	 
	 
	1
	Housekeeping
	SESS

	401
	 
	 
	1025
	 
	 
	1
	LEO&A Housekeeping
	SESS

	402
	 
	 
	1026
	 
	 
	1
	Test Packet
	SESS

	403
	 
	 
	1027
	 
	 
	1
	Calibration Packet
	SESS

	404
	 
	 
	1028
	 
	 
	1
	Engineering Packet
	SESS

	405
	 
	 
	1029
	 
	 
	1
	Dwell Packet
	SESS

	406
	 
	 
	1030
	 
	 
	1
	Diagnostic
	SESS

	407
	 
	 
	1031
	 
	 
	1
	Ground Command
	SESS

	408
	 
	 
	1032
	 
	 
	1
	Spacecraft Command
	SESS

	409
	 
	 
	1033
	 
	 
	1
	Ground Memory Upload
	SESS

	40A
	 
	 
	1034
	 
	 
	1
	Spacecraft Memory Upload
	SESS

	40B
	 
	 
	1035
	 
	 
	1
	Telemetry Monitored Packet
	SESS

	40C
	 
	 
	1036
	 
	 
	1
	Memory Dump
	SESS

	40D
	-
	40F
	1037
	-
	1039
	3
	Spare
	SESS

	410
	-
	41F
	1040
	-
	1055
	16
	Science - tbd
	SESS

	420
	-
	4BF
	1056
	-
	1215
	160
	Not used
	 

	4C0
	 
	 
	1216
	 
	 
	1
	Housekeeping
	APS

	4C1
	 
	 
	1217
	 
	 
	1
	LEO&A Housekeeping
	APS

	4C2
	 
	 
	1218
	 
	 
	1
	Test Packet
	APS

	4C3
	 
	 
	1219
	 
	 
	1
	Calibration Packet
	APS

	4C4
	 
	 
	1220
	 
	 
	1
	Engineering Packet
	APS

	4C5
	 
	 
	1221
	 
	 
	1
	Dwell Packet
	APS

	4C6
	 
	 
	1222
	 
	 
	1
	Diagnostic
	APS

	4C7
	 
	 
	1223
	 
	 
	1
	Ground Command
	APS

	4C8
	 
	 
	1224
	 
	 
	1
	Spacecraft Command
	APS

	4C9
	 
	 
	1225
	 
	 
	1
	Ground Memory Upload
	APS

	4CA
	 
	 
	1226
	 
	 
	1
	Spacecraft Memory Upload
	APS

	4CB
	 
	 
	1227
	 
	 
	1
	Telemetry Monitored Packet
	APS

	4CC
	 
	 
	1228
	 
	 
	1
	Memory Dump
	APS

	4CD
	-
	4CF
	1229
	-
	1231
	3
	Spare
	APS

	4D0
	-
	4DF
	1232
	-
	1247
	16
	Science - tbd
	APS

	4E0
	 
	 
	1248
	 
	 
	1
	Housekeeping
	P3I

	4E1
	 
	 
	1249
	 
	 
	1
	LEO&A Housekeeping
	P3I

	4E2
	 
	 
	1250
	 
	 
	1
	Test Packet
	P3I

	4E3
	 
	 
	1251
	 
	 
	1
	Calibration Packet
	P3I

	4E4
	 
	 
	1252
	 
	 
	1
	Engineering Packet
	P3I

	4E5
	 
	 
	1253
	 
	 
	1
	Dwell Packet
	P3I

	4E6
	 
	 
	1254
	 
	 
	1
	Diagnostic
	P3I

	4E7
	 
	 
	1255
	 
	 
	1
	Ground Command
	P3I

	4E8
	 
	 
	1256
	 
	 
	1
	Spacecraft Command
	P3I

	4E9
	 
	 
	1257
	 
	 
	1
	Ground Memory Upload
	P3I

	4EA
	 
	 
	1258
	 
	 
	1
	Spacecraft Memory Upload
	P3I

	4EB
	 
	 
	1259
	 
	 
	1
	Telemetry Monitored Packet
	P3I

	4EC
	 
	 
	1260
	 
	 
	1
	Memory Dump
	P3I

	4ED
	-
	4EF
	1261
	-
	1263
	3
	Spare
	P3I

	4F0
	-
	4FF
	1264
	-
	1279
	16
	Science - tbd
	P3I

	500
	 
	 
	1280
	 
	 
	1
	Housekeeping
	CrIS

	501
	 
	 
	1281
	 
	 
	1
	LEO&A Housekeeping
	CrIS

	502
	 
	 
	1282
	 
	 
	1
	Test Packet
	CrIS

	503
	 
	 
	1283
	 
	 
	1
	Calibration Packet
	CrIS

	504
	 
	 
	1284
	 
	 
	1
	Engineering Packet
	CrIS

	505
	 
	 
	1285
	 
	 
	1
	Dwell Packet
	CrIS

	506
	 
	 
	1286
	 
	 
	1
	Diagnostic
	CrIS

	507
	 
	 
	1287
	 
	 
	1
	Ground Command
	CrIS

	508
	 
	 
	1288
	 
	 
	1
	Spacecraft Command
	CrIS

	509
	 
	 
	1289
	 
	 
	1
	Ground Memory Upload
	CrIS

	50A
	 
	 
	1290
	 
	 
	1
	Spacecraft Memory Upload
	CrIS

	50B
	 
	 
	1291
	 
	 
	1
	Telemetry Monitored Packet
	CrIS

	50C
	 
	 
	1292
	 
	 
	1
	Memory Dump
	CrIS

	50D
	-
	50F
	1293
	-
	1295
	3
	Spare
	CrIS

	510
	-
	51F
	1296
	-
	1311
	16
	Science - tbd
	CrIS

	520
	 
	 
	1312
	 
	 
	1
	Housekeeping
	Special Sensor

	521
	 
	 
	1313
	 
	 
	1
	LEO&A Housekeeping
	Special Sensor

	522
	 
	 
	1314
	 
	 
	1
	Test Packet
	Special Sensor

	523
	 
	 
	1315
	 
	 
	1
	Calibration Packet
	Special Sensor

	524
	 
	 
	1316
	 
	 
	1
	Engineering Packet
	Special Sensor

	525
	 
	 
	1317
	 
	 
	1
	Dwell Packet
	Special Sensor

	526
	 
	 
	1318
	 
	 
	1
	Diagnostic
	Special Sensor

	527
	 
	 
	1319
	 
	 
	1
	Ground Command
	Special Sensor

	528
	 
	 
	1320
	 
	 
	1
	Spacecraft Command
	Special Sensor

	529
	 
	 
	1321
	 
	 
	1
	Ground Memory Upload
	Special Sensor

	52A
	 
	 
	1322
	 
	 
	1
	Spacecraft Memory Upload
	Special Sensor

	52B
	 
	 
	1323
	 
	 
	1
	Telemetry Monitored Packet
	Special Sensor

	52C
	 
	 
	1324
	 
	 
	1
	Memory Dump
	Special Sensor

	52D
	-
	52F
	1325
	-
	1327
	3
	Spare
	Special Sensor

	530
	-
	53F
	1328
	-
	1343
	16
	Science - tbd
	Special Sensor

	540
	-
	7EF
	1344
	-
	2031
	688
	Not used/available
	Not used

	7F0
	-
	7FE
	2032
	-
	2046
	15
	Reserved
	CCSDS Reserved

	7FF
	 
	 
	2047
	 
	 
	1
	Fill Packet
	All
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� Note also that ‘Big Endian’ byte ordering is NOT what some machines (notably the 80x86 class of machines) use internally.





� Primary header, secondary header and data field


� Terminals incorporate all users of the SMD, HRD and LRD links including field terminals.


� The Data field shall be “CCCCHEX”.


� “Near simultaneous” means back to back or overlapping segments.


� The maximum packet size is defined by the source of the packet.  Ground packets must not exceed 1019 CCSDS octets in size due to the telecommand frame restrictions.  SC sourced packets may be allowed to reach 1024 CCSDS octets.


� 1394 device addresses can change when there's a bus reset, but ARP tables are immediately updated whenever a reset occurs. Thus, entries in the ARP table entries can never be out-of-date





�PAGE \# "'Page: '#'�'"  ��  This document needs to take precedence over the GIID such that power, grounding etc are done as required.


�PAGE \# "'Page: '#'�'"  ��The order of precedence should be FT1394, GIID…..


�PAGE \# "'Page: '#'�'"  �� The requirement should not indicate how.


�PAGE \# "'Page: '#'�'"  �� The term control processor should be changes to host processor in all cases to prevent confusion with bus controller


�PAGE \# "'Page: '#'�'"  �� Missing cross reference


�PAGE \# "'Page: '#'�'"  �� A flangeless bulkhead will EMI leak..


�PAGE \# "'Page: '#'�'"  �� Finger style shielding is insufficient for the high frequency sensitivities of the mission.


�PAGE \# "'Page: '#'�'"  �� Replace all references to CCA toUnit or Sensor


�PAGE \# "'Page: '#'�'"  �� Requirements should not be buried in notes..


�PAGE \# "'Page: '#'�'"  �� All tests must be at the unit level.  This type of test is not valid for acceptance or qualification.  It does demo the design but does not prove that the delivered item complies.


�PAGE \# "'Page: '#'�'"  ��  Need frequency requirement for test.


�PAGE \# "'Page: '#'�'"  ��“Should” shall not be used in the IRD


�PAGE \# "'Page: '#'�'"  �� Is this a requirement or recommendation?


�PAGE \# "'Page: '#'�'"  �� If such current fault protection is a fuse it must be externally accessible while on the spacecraft.  The GIID says no internal fuses.


�PAGE \# "'Page: '#'�'"  �� Must also specify minimum efficiency of the converter >80%


�PAGE \# "'Page: '#'�'"  �� Ground isolation between Cable suppled power and Phy pwr not required.   Diodes are functional “OR”ing and does not in anyway prescribe or approve the use of diodes.  Analysis would be required.  Can implement smaller DC-DC converter without isolation.


�PAGE \# "'Page: '#'�'"  �� Ditto


�PAGE \# "'Page: '#'�'"  �� Requirement labled as a note.


�PAGE \# "'Page: '#'�'"  �� DC Impedance?


�PAGE \# "'Page: '#'�'"  �� Including connector shell to chassis impedance at both ends?  That could be up to 5 mΩ at each end ( connector shell sensor side to ground allowed by spec) plus cable shield to connector shell plus connector shell to connector shell plus the cable itself.


�PAGE \# "'Page: '#'�'"  �� Requirement labeled as a note.  With the cable disconnected.  As stated it would require a system level test the allocations for which do not compute.  16 nodes   plus power source all specified at 1Mohm would be about 58K.  Not a good way to go for a test.  Need the spec at the unit level.


�PAGE \# "'Page: '#'�'"  �� Not the best way.  For system operational fault tolerance it should be stated that host software shall detect the state change from the phy being un-powered to powered and respond by initializing the network interface.  Given the requirement as written: This is due to the case where a failure occurs and the diagnostic require turning off cable power.  The only way thereafter to initialize the phy would be to power cycle the unit.  


�PAGE \# "'Page: '#'�'"  �� Requirement labeled as a note.  


�PAGE \# "'Page: '#'�'"  �� Requirement labeled as a note.  As stated Vg is to be routed to the DC-to-DC converter where the ground side of the converter is then to be routed to chassis ground within 2.5 m Ohms.  I think this is very difficult if not un-producible.


�PAGE \# "'Page: '#'�'"  �� In this case EMI is not the predominant issue.  If this jumper is not in place the 1394 interface will at best intermittently work and may not work at all.


�PAGE \# "'Page: '#'�'"  �� UID shall be the same for a given instrument between NPP and NPOESS.  Each instrument shall be assigned a unique UID by the SSPR for use through the life cycle production of the instrument.


�PAGE \# "'Page: '#'�'"  �� This limitation on the system to 5 hops appears to limit the design to six nodes without usage of tree structures.  The 15 nodes was intended to say “not including the root node”?  I would simply change the 15 to 16 and the 5 to N-1 or 15.  The alternative if you require a non-cyclic ring for cabling then it would be (N/2)-1 or 7.  However I believe this over-spec’ing.  The 63 could remain but it may be difficult for the spacecraft provider to prove adequate margins.


�PAGE \# "'Page: '#'�'"  �� The word communicate is all to encompassing.  Change “communicate” to “effect data transfers” as communicate includes network interface control functions.


�PAGE \# "'Page: '#'�'"  �� I believe this is covered by other requirements.  A PCI bus failure qualifies and a unit failure.


�PAGE \# "'Page: '#'�'"  �� 2Kbytes (TBR)


�PAGE \# "'Page: '#'�'"  �� Need to state when or under what conditions.


�PAGE \# "'Page: '#'�'"  �� “Should” shall not be used in the IRD


�PAGE \# "'Page: '#'�'"  �� The channel number is to be specified as zero (0).


�PAGE \# "'Page: '#'�'"  �� I believe this will require too much of limited resources.  More likely to use SBP-2 for both Isoch and Asynch allowing virtual DMA.


���


�PAGE \# "'Page: '#'�'"  �� We still do not want them to write custom SW.  Mindready has this stack and manager.  Combined with or extracted from what they are already doing for us this should be small and simple.


�PAGE \# "'Page: '#'�'"  �� I think we will establish a virtual DMA system for both Isoch and Asynch.  The spacecraft looks like one large memory.


�PAGE \# "'Page: '#'�'"  �� Combination of primary and secondary headers?


�PAGE \# "'Page: '#'�'"  �� It must appear as the first two bytes of the data field.


�PAGE \# "'Page: '#'�'"  �� Replace with:


The packet sequence count (primary header) shall monotonically increase from one CCSDS packet of an APID to the next CCSDS packet of the same APID.  The sequence counter shall continue to monotonically increase across all packets of the same APID.  The instrument shall maintain a separate counter for each APID.


�PAGE \# "'Page: '#'�'"  �� If this is 1 ms (and it probably was in the original IRD) there is no alloacation of the 1 ms left for the spacecraft.  I would propose to allocate 0.25 ms for this or quarter of the total


�PAGE \# "'Page: '#'�'"  �� Replace with:


CRC and checksums shall not be implemented in downlink packet headers.


�PAGE \# "'Page: '#'�'"  �� I think we should update this document to reflect the final APID assignments


�PAGE \# "'Page: '#'�'"  ��  ADD


Telemetry Monitor Data Rate


 If the instrument generates telemetry monitor data the orbital average output shall not exceed 256 bps including overhead.


�PAGE \# "'Page: '#'�'"  �� The “near simultaneously” is meant to relate the proximity of spacecraft generated to ground generated.


�PAGE \# "'Page: '#'�'"  �� same


�PAGE \# "'Page: '#'�'"  �� “e” is superfluous and therefore may be confusing.


�PAGE \# "'Page: '#'�'"  �� Need requirement here.  Should the command rate exceed the command rate limitations the instrument shall execute the oldest commands and drop on the flow excess commands while indicating in telemetry an error. 


�PAGE \# "'Page: '#'�'"  �� Not sure isochronous is a requirement based on the ability to perform asynchronous broadcasts.


�PAGE \# "'Page: '#'�'"  �� My original error.  Synchopation should be jitter


�PAGE \# "'Page: '#'�'"  �� 1 TBR


�PAGE \# "'Page: '#'�'"  �� Reword so as to be requirement on slaves not to directly address spacecraft.
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Sheet1

				Telemetry Peak Data Rates (Kbps)

				Bus Traffic Maximums						Bus Rate

		Sensor		TLM		TC		Brdcst		Total

		CrIS		1,800				0.752		1,801

		VIIRS		10,500				0.752		10,501

		CMIS		500				0.752		501






_1085554117.xls
Sheet1

		APID (Hex)						APID (Dec)						No. Ids		Packet Description		Spacecraft/ Instrument		Allocated Packet Rate (Kbps)

		0				0		0				0		1		Housekeeping		Spacecraft

		1				0		1				0		1		LEO&A Housekeeping		Spacecraft

		2				0		2				0		1		Test Packet		Spacecraft

		3				0		3				0		1		Reserved		Spacecraft

		4				0		4				0		1		Engineering Packet		Spacecraft

		5				0		5				0		1		Dwell Packet		Spacecraft

		6				0		6				0		1		Reserved		Spacecraft

		7				0		7				0		1		Ground Command		Spacecraft

		8				0		8				0		1		Spacecraft Command		Spacecraft

		9				0		9				0		1		Ground Memory Upload		Spacecraft

		A				0		10				0		1		Spacecraft Memory Upload		Spacecraft

		B				0		11				0		1		Reserved		Spacecraft

		C						12				0		1		Memory Dump		Spacecraft

		D		-		1F		13		-		31		19		Reserved		Spacecraft

		20		-		87		32		-		135		104		Not used		Not used

		88		-		8F		136		-		143		8		Spare		ERBS

		90				0		144				0		1		Housekeeping		ERBS		2.048

		91				0		145				0		1		LEO&A Housekeeping		ERBS		0.256

		92				0		146				0		1		Test Packet		ERBS		2.048

		93				0		147				0		1		Calibration Packet		ERBS

		94				0		148				0		1		Engineering Packet		ERBS		2.048

		95				0		149				0		1		Dwell Packet		ERBS		2.048

		96				0		150				0		1		Diagnostic		ERBS		2.048

		97				0		151				0		1		Ground Command		ERBS

		98				0		152				0		1		Spacecraft Command		ERBS

		99				0		153				0		1		Ground Memory Upload		ERBS

		9A				0		154				0		1		Spacecraft Memory Upload		ERBS

		9B				0		155				0		1		Telemetry Monitored Packet		ERBS		0.256

		9C						156				0		1		Memory Dump		ERBS

		9D		-		9F		157		-		159		3		Spare		ERBS

		A0		-		A7		160		-		167		8		Science - tbd		ERBS		10

		A8		-		1FF		168		-		511		344		Not used		Not used

		200				0		512				0		1		Housekeeping		ATMS		2.048

		201				0		513				0		1		LEO&A Housekeeping		ATMS		0.256

		202				0		514				0		1		Test Packet		ATMS		2.048

		203				0		515				0		1		Calibration Packet		ATMS

		204				0		516				0		1		Engineering Packet		ATMS		2.048

		205				0		517				0		1		Dwell Packet		ATMS		2.048

		206				0		518				0		1		Diagnostic		ATMS		2.048

		207				0		519				0		1		Ground Command		ATMS

		208				0		520				0		1		Spacecraft Command		ATMS

		209				0		521				0		1		Ground Memory Upload		ATMS

		20A				0		522				0		1		Spacecraft Memory Upload		ATMS

		20B				0		523				0		1		Telemetry Monitored Packet		ATMS		0.256

		20C						524				0		1		Memory Dump		ATMS

		20D		-		20F		525		-		527		3		Spare		ATMS

		210		-		21F		528		-		543		16		Science - tbd		ATMS		66

		220				0		544				0		1		Housekeeping		OMPS		2.048		Check

		221				0		545				0		1		LEO&A Housekeeping		OMPS		0.256

		222				0		546				0		1		Test Packet		OMPS		2.048

		223				0		547				0		1		Calibration Packet		OMPS

		224				0		548				0		1		Engineering Packet		OMPS		2.048

		225				0		549				0		1		Dwell Packet		OMPS		2.048

		226				0		550				0		1		Diagnostic		OMPS		2.048

		227				0		551				0		1		Ground Command		OMPS

		228				0		552				0		1		Spacecraft Command		OMPS

		229				0		553				0		1		Ground Memory Upload		OMPS

		22A				0		554				0		1		Spacecraft Memory Upload		OMPS

		22B				0		555				0		1		Telemetry Monitored Packet		OMPS		0.256

		22C						556				0		1		Memory Dump		OMPS

		22D		-		22F		557		-		559		3		Spare		OMPS

		230		-		23F		560		-		575		16		Science - tbd		OMPS		180

		240				0		576				0		1		Housekeeping		GPSOS		2.048		Check

		241				0		577				0		1		LEO&A Housekeeping		GPSOS		0.256

		242				0		578				0		1		Test Packet		GPSOS		2.048

		243				0		579				0		1		Calibration Packet		GPSOS

		244				0		580				0		1		Engineering Packet		GPSOS		2.048

		245				0		581				0		1		Dwell Packet		GPSOS		2.048

		246				0		582				0		1		Diagnostic		GPSOS		2.048

		247				0		583				0		1		Ground Command		GPSOS

		248				0		584				0		1		Spacecraft Command		GPSOS

		249				0		585				0		1		Ground Memory Upload		GPSOS

		24A				0		586				0		1		Spacecraft Memory Upload		GPSOS

		24B				0		587				0		1		Telemetry Monitored Packet		GPSOS		0.256

		24C						588				0		1		Memory Dump		GPSOS

		24D		-		24F		589		-		591		3		Spare		GPSOS

		250		-		25F		592		-		607		16		Science - tbd		GPSOS		200

		260				0		608				0		1		Housekeeping		TSIS		2.048		Check

		261				0		609				0		1		LEO&A Housekeeping		TSIS		0.256

		262				0		610				0		1		Test Packet		TSIS		2.048

		263				0		611				0		1		Calibration Packet		TSIS

		264				0		612				0		1		Engineering Packet		TSIS		2.048

		265				0		613				0		1		Dwell Packet		TSIS		2.048

		266				0		614				0		1		Diagnostic		TSIS		2.048

		267				0		615				0		1		Ground Command		TSIS

		268				0		616				0		1		Spacecraft Command		TSIS

		269				0		617				0		1		Ground Memory Upload		TSIS

		26A				0		618				0		1		Spacecraft Memory Upload		TSIS

		26B				0		619				0		1		Telemetry Monitored Packet		TSIS		0.256

		26C						620				0		1		Memory Dump		TSIS

		26D		-		26F		621		-		623		3		Spare		TSIS

		270		-		27F		624		-		639		16		Science - tbd		TSIS		15

		280				0		640				0		1		Housekeeping		Altimeter		2.048		Check

		281				0		641				0		1		LEO&A Housekeeping		Altimeter		0.256

		282				0		642				0		1		Test Packet		Altimeter		2.048

		283				0		643				0		1		Calibration Packet		Altimeter

		284				0		644				0		1		Engineering Packet		Altimeter		2.048

		285				0		645				0		1		Dwell Packet		Altimeter		2.048

		286				0		646				0		1		Diagnostic		Altimeter		2.048

		287				0		647				0		1		Ground Command		Altimeter

		288				0		648				0		1		Spacecraft Command		Altimeter

		289				0		649				0		1		Ground Memory Upload		Altimeter

		28A				0		650				0		1		Spacecraft Memory Upload		Altimeter

		28B				0		651				0		1		Telemetry Monitored Packet		Altimeter		0.256

		28C						652				0		1		Memory Dump		Altimeter

		28D		-		28F		653		-		655		3		Spare		Altimeter

		290		-		29F		656		-		671		16		Science - tbd		Altimeter		24

		2A0				0		672				0		1		Housekeeping		ADCS		2.048

		2A1				0		673				0		1		LEO&A Housekeeping		ADCS		0.256

		2A2				0		674				0		1		Test Packet		ADCS		2.048

		2A3				0		675				0		1		Calibration Packet		ADCS

		2A4				0		676				0		1		Engineering Packet		ADCS		2.048

		2A5				0		677				0		1		Dwell Packet		ADCS		2.048

		2A6				0		678				0		1		Diagnostic		ADCS		2.048

		2A7				0		679				0		1		Ground Command		ADCS

		2A8				0		680				0		1		Spacecraft Command		ADCS

		2A9				0		681				0		1		Ground Memory Upload		ADCS

		2AA				0		682				0		1		Spacecraft Memory Upload		ADCS

		2AB				0		683				0		1		Telemetry Monitored Packet		ADCS		0.256

		2AC						684				0		1		Memory Dump		ADCS

		2AD		-		2AF		685		-		687		3		Spare		ADCS

		2B0		-		2BF		688		-		703		16		Science - tbd		ADCS		7.5

		2C0				0		704				0		1		Housekeeping		SARR		2.048		Check

		2C1				0		705				0		1		LEO&A Housekeeping		SARR		0.256

		2C2				0		706				0		1		Test Packet		SARR		2.048

		2C3				0		707				0		1		Calibration Packet		SARR

		2C4				0		708				0		1		Engineering Packet		SARR		2.048

		2C5				0		709				0		1		Dwell Packet		SARR		2.048

		2C6				0		710				0		1		Diagnostic		SARR		2.048

		2C7				0		711				0		1		Ground Command		SARR

		2C8				0		712				0		1		Spacecraft Command		SARR

		2C9				0		713				0		1		Ground Memory Upload		SARR

		2CA				0		714				0		1		Spacecraft Memory Upload		SARR

		2CB				0		715				0		1		Telemetry Monitored Packet		SARR		0.256

		2CC						716				0		1		Memory Dump		SARR

		2CD		-		2CF		717		-		719		3		Spare		SARR

		2D0		-		2DF		720		-		735		16		Spare		SARR

		2E0				0		736				0		1		Housekeeping		SARP		2.048

		2E1				0		737				0		1		LEO&A Housekeeping		SARP		0.256

		2E2				0		738				0		1		Test Packet		SARP		2.048

		2E3				0		739				0		1		Calibration Packet		SARP

		2E4				0		740				0		1		Engineering Packet		SARP		2.048

		2E5				0		741				0		1		Dwell Packet		SARP		2.048

		2E6				0		742				0		1		Diagnostic		SARP		2.048

		2E7				0		743				0		1		Ground Command		SARP

		2E8				0		744				0		1		Spacecraft Command		SARP

		2E9				0		745				0		1		Ground Memory Upload		SARP

		2EA				0		746				0		1		Spacecraft Memory Upload		SARP

		2EB				0		747				0		1		Telemetry Monitored Packet		SARP		0.256

		2EC						748				0		1		Memory Dump		SARP

		2ED		-		2EF		749		-		751		3		Spare		SARP

		2F0		-		2FF		752		-		767		16		Spare		SARP

		300				0		768				0		1		Housekeeping		VIIRS		2.048

		301				0		769				0		1		LEO&A Housekeeping		VIIRS		0.256

		302				0		770				0		1		Test Packet		VIIRS		2.048

		303				0		771				0		1		Calibration Packet		VIIRS

		304				0		772				0		1		Engineering Packet		VIIRS		2.048

		305				0		773				0		1		Dwell Packet		VIIRS		2.048

		306				0		774				0		1		Diagnostic		VIIRS		2.048

		307				0		775				0		1		Ground Command		VIIRS

		308				0		776				0		1		Spacecraft Command		VIIRS

		309				0		777				0		1		Ground Memory Upload		VIIRS

		30A				0		778				0		1		Spacecraft Memory Upload		VIIRS

		30B				0		779				0		1		Telemetry Monitored Packet		VIIRS		0.256

		30C						780				0		1		Memory Dump		VIIRS

		30D		-		321		781		-		801		21		Science - tbd		VIIRS LRD		2125

		322		-		337		802		-		823		22		Science - tbd		VIIRS HRD		10500		Check

		338		-		37F		824		-		895		72		Spare		VIIRS				Check

		380				0		896				0		1		Housekeeping		CMIS		2.048

		381				0		897				0		1		LEO&A Housekeeping		CMIS		0.256

		382				0		898				0		1		Test Packet		CMIS		2.048

		383				0		899				0		1		Calibration Packet		CMIS

		384				0		900				0		1		Engineering Packet		CMIS		2.048

		385				0		901				0		1		Dwell Packet		CMIS		2.048

		386				0		902				0		1		Diagnostic		CMIS		2.048

		387				0		903				0		1		Ground Command		CMIS

		388				0		904				0		1		Spacecraft Command		CMIS

		389				0		905				0		1		Ground Memory Upload		CMIS

		38A				0		906				0		1		Spacecraft Memory Upload		CMIS

		38B				0		907				0		1		Telemetry Monitored Packet		CMIS		0.256

		38C						908				0		1		Memory Dump		CMIS

		38D		-		39F		909		-		927		19		Science - tbd		CMIS LRD		500

		3A0		-		3B3		928		-		947		20		Science - tbd		CMIS HRD		500		Check

		3B4		-		3FF		948		-		1023		76		Spare		CMIS				Check

		400				0		1024				0		1		Housekeeping		SESS		2.048

		401				0		1025				0		1		LEO&A Housekeeping		SESS		0.256

		402				0		1026				0		1		Test Packet		SESS		2.048

		403				0		1027				0		1		Calibration Packet		SESS

		404				0		1028				0		1		Engineering Packet		SESS		2.048

		405				0		1029				0		1		Dwell Packet		SESS		2.048

		406				0		1030				0		1		Diagnostic		SESS		2.048

		407				0		1031				0		1		Ground Command		SESS

		408				0		1032				0		1		Spacecraft Command		SESS

		409				0		1033				0		1		Ground Memory Upload		SESS

		40A				0		1034				0		1		Spacecraft Memory Upload		SESS

		40B				0		1035				0		1		Telemetry Monitored Packet		SESS		0.256

		40C						1036				0		1		Memory Dump		SESS

		40D		-		40F		1037		-		1039		3		Spare		SESS

		410		-		41F		1040		-		1055		16		Science - tbd		SESS		tbd

		420		-		4BF		1056		-		1215		160		Not used

		4C0				0		1216				0		1		Housekeeping		APS		2.048

		4C1				0		1217				0		1		LEO&A Housekeeping		APS		0.256

		4C2				0		1218				0		1		Test Packet		APS		2.048

		4C3				0		1219				0		1		Calibration Packet		APS

		4C4				0		1220				0		1		Engineering Packet		APS		2.048

		4C5				0		1221				0		1		Dwell Packet		APS		2.048

		4C6				0		1222				0		1		Diagnostic		APS		2.048

		4C7				0		1223				0		1		Ground Command		APS

		4C8				0		1224				0		1		Spacecraft Command		APS

		4C9				0		1225				0		1		Ground Memory Upload		APS

		4CA				0		1226				0		1		Spacecraft Memory Upload		APS

		4CB				0		1227				0		1		Telemetry Monitored Packet		APS		0.256

		4CC						1228				0		1		Memory Dump		APS

		4CD		-		4CF		1229		-		1231		3		Spare		APS

		4D0		-		4DF		1232		-		1247		16		Science - tbd		APS		120

		4E0				0		1248				0		1		Housekeeping		P3I		2.048		Check

		4E1				0		1249				0		1		LEO&A Housekeeping		P3I		0.256		?

		4E2				0		1250				0		1		Test Packet		P3I		2.048		?

		4E3				0		1251				0		1		Calibration Packet		P3I				?

		4E4				0		1252				0		1		Engineering Packet		P3I		2.048		?

		4E5				0		1253				0		1		Dwell Packet		P3I		2.048		?

		4E6				0		1254				0		1		Diagnostic		P3I		2.048		?

		4E7				0		1255				0		1		Ground Command		P3I				?

		4E8				0		1256				0		1		Spacecraft Command		P3I				?

		4E9				0		1257				0		1		Ground Memory Upload		P3I				?

		4EA				0		1258				0		1		Spacecraft Memory Upload		P3I				?

		4EB				0		1259				0		1		Telemetry Monitored Packet		P3I		0.256		?

		4EC						1260				0		1		Memory Dump		P3I				?

		4ED		-		4EF		1261		-		1263		3		Spare		P3I

		4F0		-		4FF		1264		-		1279		16		Science - tbd		P3I		3240		?

		500				0		1280				0		1		Housekeeping		CrIS		2.048		?

		501				0		1281				0		1		LEO&A Housekeeping		CrIS		0.256

		502				0		1282				0		1		Test Packet		CrIS		2.048

		503				0		1283				0		1		Calibration Packet		CrIS

		504				0		1284				0		1		Engineering Packet		CrIS		2.048

		505				0		1285				0		1		Dwell Packet		CrIS		2.048

		506				0		1286				0		1		Diagnostic		CrIS		2.048

		507				0		1287				0		1		Ground Command		CrIS

		508				0		1288				0		1		Spacecraft Command		CrIS

		509				0		1289				0		1		Ground Memory Upload		CrIS

		50A				0		1290				0		1		Spacecraft Memory Upload		CrIS

		50B				0		1291				0		1		Telemetry Monitored Packet		CrIS		0.256

		50C						1292				0		1		Memory Dump		CrIS

		50D		-		50F		1293		-		1295		3		Spare		CrIS

		510		-		51F		1296		-		1311		16		Science - tbd		CrIS		1500

		520				0		1312				0		1		Housekeeping		Special Sensor		2.048		Check

		521				0		1313				0		1		LEO&A Housekeeping		Special Sensor		0.256

		522				0		1314				0		1		Test Packet		Special Sensor		2.048

		523				0		1315				0		1		Calibration Packet		Special Sensor

		524				0		1316				0		1		Engineering Packet		Special Sensor		2.048

		525				0		1317				0		1		Dwell Packet		Special Sensor		2.048

		526				0		1318				0		1		Diagnostic		Special Sensor		2.048

		527				0		1319				0		1		Ground Command		Special Sensor

		528				0		1320				0		1		Spacecraft Command		Special Sensor

		529				0		1321				0		1		Ground Memory Upload		Special Sensor

		52A				0		1322				0		1		Spacecraft Memory Upload		Special Sensor

		52B				0		1323				0		1		Telemetry Monitored Packet		Special Sensor		0.256

		52C						1324				0		1		Memory Dump		Special Sensor

		52D		-		52F		1325		-		1327		3		Spare		Special Sensor

		530		-		53F		1328		-		1343		16		Science - tbd		Special Sensor		tbd

		540		-		7EF		1344		-		2031		688		Not used/available		Not used

		7F0		-		7FE		2032		-		2046		15		Reserved		CCSDS Reserved

		7FF				0		2047				0		1		Fill Packet		All		Var
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Ancillary Data

		Octets						Data Element								Time Tag		Format

		Qty		First#		Last#		Name		Units		Knowledge		Resolution		Accuracy

		8		1		8		Position Time Stamp		Microseconds		10 us		1 us (TBR)		<1ms (TBR)		CCDS CDS

		4		9		12		Spacecraft Position - X		Meters ECI XYZ (TBR)		<20 meters (TBR)		1 meter (TBR)		<1ms (TBR)		2s Complement (TBR)

		4		13		16		Spacecraft Position - Y

		4		17		20		Spacecraft Position - Z

		8		21		28		Velocity Time Stamp		Microseconds		10 us		1 us (TBR)		<1ms (TBR)		CCDS CDS

		4		29		32		Spacecraft Velocity - X		Meters/sec ECI XYZ rates (TBR)		1 meter/sec (TBR)		1mm/sec (TBR)		<1ms (TBR)		2s Complement (TBR)

		4		33		36		Spacecraft Velocity - Y

		4		37		40		Spacecraft Velocity - Z

		8		41		48		Attitude Time Stamp		Microseconds		10 us		1 us (TBR)		<1ms (TBR)		CCDS CDS

		4		49		52		Roll		Arcseconds Euler angle to orbit frame (TBR)		9.5 arsec (TBR)		<0.1 arcsec (TBR)		<1ms (TBR)		2s Complement (TBR)

		4		53		56		Pitch

		4		57		60		Yaw

		8		61		68		Attitude Time Stamp		Microseconds		10 us		1 us (TBR)		<1ms (TBR)		CCDS CDS

		4		69		72		Roll Rate		Arcseconds/sec Euler angle rates (TBR)		0.1 arcsec/sec (TBR)		.01 arcsec/sec (TBR)		<1ms (TBR)		2s Complement (TBR)

		4		73		76		Pitch Rate

		4		77		80		Yaw Rate



&CSOURCE SELECTION INFORMATION
See FAR 3.104 by instruction of the Contracting Officer
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&L&F,&A&CSOURCE SELECTION INFORMATION
See FAR 3.104 by instruction of the Contracting Officer
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