NGST Flight to Ground Interface Requirements Document (IRD), Revision 1 (8/23/00)

1 Introduction

1.1 Purpose and Scope

The purpose of this document is to establish the requirements for the design of the interfaces between all flight systems and the ground.  This section will establish the authority of the document, and describe a process for deviating from requirements laid out in this document.  

1.2 System Overview

The spacecraft systems are described in this section and are classified as the OTA, SSM, ISIM, and SI.  High level functionality of each subsystem will be provided.  The mission phases are described in this section and are assumed to be Integrated System Test (ground testing); Pre-launch (transportation and launch preparation); Launch; Commissioning; Early Mission Operations (with 24-hour coverage); Extended Mission Operations (single shift coverage); and Decommissioning. 

1.3 Document Overview

This section will provide a roadmap to the document, describing the organization of it in high level detail.  

1.4 Context/Assumptions 

The source of many requirements presented in Section 3 is actually the common high-level flight/ground system design concepts shared by the team tasked with generating this IRD.  To place those requirements in their proper context, and to facilitate traceability and modification of those requirements should their associated design elements change with time, this section describes the key design features considered to be necessary to help ensure the development of successful, cost-effective flight and ground systems.  

2 Applicable Documents

2.1 Government Documents

2.2 Non-Government Documents

3 Interfaces

30001
The ground to flight interface shall conform to the body frame, inertial reference frame, and attitude sensor & actuator coordinate frames defined in TBD document.  

3.1 Physical Link Descriptions

This section defines the physical link characteristics of the NGST Space to Ground interfaces.  It provides an overview of the physical link requirements.  This includes real-time data rates, peak playback rates, daily average telemetry data volume, minimum, average, and maximum daily contact times, safemode data rates and frequencies (including beacon and Omni mode operations) and attended/unattended shift requirements.  

3.1.1 RF Characteristics - frequencies, rates, ranging

31101 
The flight/ground communications link shall support TBD RF frequency bands.  

31102
The flight/ground communications link shall support TBD peak data rates. 

31102.1
The flight/ground communications link shall support the following peak realtime downlink data rates:  

31102.1.1
The flight/ground communications link shall support TBD peak S-band realtime uplink data rate.  

31102.1.2
The flight/ground communications link shall support TBD peak S-band realtime downlink data rate.  

31102.1.3
The flight/ground communications link shall support TBD peak X-band realtime uplink data rate.  

31102.1.4
The flight/ground communications link shall support TBD peak X-band realtime downlink data rate.  

31102.2
The flight/ground communications link shall support TBD peak playback data rates.  

31102.3
The flight/ground communications link shall support TBD emergency/beacon mode data rates. 

31103
The flight/ground communications link shall support the following contact opportunity requirements:

31103.1
Contact opportunities shall be at TBD frequency.  

31103.2
Contact opportunities shall be of TBD average duration.  

31104
The flight/ground communications link shall support the following ranging activities:  

31104.1
Definitive orbit ephemeris calculated from ranging data taken at L2 shall be accurate to TBD km in-track in position and to TBD km/sec in-track in velocity.  

31104.2
Definitive orbit ephemeris calculated from ranging data taken prior to L2 insertion shall be accurate to TBD km in-track in position and to TBD km/sec in-track in velocity.  For special operational events requiring higher accuracy solutions (such as corrective burns), definitive orbit solutions calculated from ranging data shall be accurate to TBD km in-track in position and TBD km/sec in-track in velocity.  

31104.3
During ranging activities, TBD restrictions shall be placed on data downlink and uplink.  

31105
The flight/ground communications link shall support the following requirements regarding the use of the DSN:  

ACTION:  John will provide detailed requirements in this area.  

31105.1
The flight/DSN communications link shall support TBD RF frequency bands.  

31105.2
The flight/DSN communications link shall support the following peak realtime data rates:   

31105.2.1
The flight/DSN communications link shall support TBD peak S-band realtime uplink data rate.  

31105.2.2
The flight/DSN communications link shall support TBD peak S-band realtime downlink data rate.  

31105.2.3
The flight/DSN communications link shall support TBD peak X-band realtime uplink data rate.  

31105.2.4
The flight/DSN communications link shall support TBD peak X-band realtime downlink data rate.  

31105.3
The flight/DSN communications link shall support TBD peak playback data rates.  

31105.4
The flight/DSN communications link shall support TBD emergency/beacon mode data rates.  

31105.5
ACTION:  TBD rate switch requirement needs to be added here.  

31106
The flight/ground communications link shall support the following requirements regarding the use of the USN:  

ACTION:  John will provide detailed requirements in this area.

31106.1
The flight/USN communications link shall support TBD RF frequency bands.  

31106.2
The flight/USN communications link shall support the following peak realtime data rates.  

31106.2.1
The flight/USN communications link shall support TBD peak S-band realtime uplink data rates.  

31106.2.2
The flight/USN communications link shall support TBD peak S-band realtime downlink data rates.  

31106.3
The flight/USN communications link shall support TBD peak playback data rates.  

31106.4
The flight/USN communications link shall support TBD emergency/beacon mode data rates.  

31107
The flight/ground communications link shall support the following requirements regarding the use of the AFSCN:  

ACTION:  John will provide detailed requirements in this area.

3.1.2 Data Link Characteristics - physical 

3.1.2.1 Data Integrity 

31211
The flight system shall selectively encode downlink data so as to meet the following performance/accuracy requirements:  

31211.1
Downlinks to the NGST-dedicated ground station must satisfy the following maximum bit error rates:  

QUESTION:  Do these error rates pertain to pre- or post- Reed-Solomon correction application?  

31211.1.1
Bit error rates for S-band realtime downlink shall be no greater than TBD.  

31211.1.2
Bit error rates for X-band realtime downlink shall be no greater than TBD.  

31211.1.3
Bit error rates for playback shall be no greater than TBD.  

31211.1.4
Bit error rates for emergency/beacon mode shall be no greater than TBD.  

31211.2
Downlinks to DSN must satisfy the following maximum bit error rates:  

31211.2.1
Bit error rates for S-band realtime downlink shall be no greater than TBD.  

31211.2.2
Bit error rates for X-band realtime downlink shall be no greater than TBD.  

31211.2.3
Bit error rates for playback shall be no greater than TBD.  

31211.2.4
Bit error rates for emergency/beacon mode shall be no greater than TBD.  

31211.3
Downlinks to USN must satisfy the following maximum bit error rates:  

31211.3.1
Bit error rates for S-band realtime downlink shall be no greater than TBD.  

31211.3.2
Bit error rates for playback shall be no greater than TBD.  

31211.3.3
Bit error rates for emergency/beacon mode shall be no greater than TBD.  

31211.4
Downlinks to AFSCN must satisfy the following maximum bit error rates: 

ACTION:  John will provide detailed requirements in this area. 

QUESTION:  Do these error rates pertain to pre- or post- Reed-Solomon correction application?

31212
The ground system shall selectively encode uplink data so as to meet the following performance/accuracy requirements:  

31212.1
Uplinks from the NGST-dedicated ground station must satisfy the following maximum bit error rates:  

31212.1.1
Bit error rates for S-band realtime uplink shall be no greater than TBD.  

31212.1.2
Bit error rates for X-band realtime uplink shall be no greater than TBD.  

31212.2
Uplinks from DSN must satisfy the following maximum bit error rates:  

31212.2.1
Bit error rates for S-band realtime uplink shall be no greater than TBD.  

31212.2.2
Bit error rates for X-band realtime uplink shall be no greater than TBD.  

31212.3
Uplinks from USN must satisfy the following maximum bit error rates:  

31212.3.1
Bit error rates for S-band realtime uplink shall be no greater than TBD.  

31212.4
Uplinks from AFSCN must satisfy the following maximum bit error rates: ACTION:  John will provide detailed requirements in this area.

31212.5
The probability for undetected bit errors shall be no greater than TBD.  QUESTION:  Should this requirement be specified individually for each link and each station?  

3.1.2.2 Compression/Decompression

31221
The flight system shall meet the following performance requirements on compression of science data:  

31221.1
The flight system shall selectively compress NIRC science data at a mean compression ratio of TBD +/- TBD.  Note:  It is expected that the compression ratio will need to be at least 2-to-1.  

31221.2
The flight system shall not compress NIRC data used for guidance.  

31221.3
The flight system shall selectively compress NIRS science data at a mean compression ratio of TBD +/- TBD. Note:  It is expected that the compression ratio will need to be at least 2-to-1.

31221.4
The flight system shall selectively compress MIRC/S science data at a mean compression ratio of TBD +/- TBD. Note:  It is expected that the compression ratio will need to be at least 2-to-1.

3.1.2.3 Data Security

31231
The NGST-dedicated ground station shall utilize TBD encryption scheme for command uplink.  

QUESTION:  Should there be separate encryption requirements for different links (S-band vs. X-band)?  

QUESTION:  Should there be separate encryption requirements for DSN, USN, and AFSCN?  

QUESTION:  Should there be any requirements regarding authentication signatures and secure links?  

3.1.3 Ground Characteristics 

 3.1.3.1 NGST-dedicated Ground Station - antenna capabilities, control, and location 

31311
The NGST-dedicated ground station antenna shall meet the following performance/accuracy requirements:  

31311.1
The NGST-dedicated ground station antenna shall support the following bandwidth requirements:  

31311.1.1
The NGST-dedicated ground station antenna shall support TBD effective bandwidth on S-band uplinks.  

31311.1.2
The NGST-dedicated ground station antenna shall support TBD effective bandwidth on S-band downlinks.  

31311.1.3
The NGST-dedicated ground station antenna shall support TBD effective bandwidth on X-band uplinks.  

31311.1.4
The NGST-dedicated ground station antenna shall support TBD effective bandwidth on X-band downlinks.  

31311.2
The NGST-dedicated ground station antenna shall support the following NGST visibility requirements:  

31311.2.1
The NGST-dedicated ground station antenna shall support a minimum of TBD hours of NGST visibility per day.  

31311.2.2
The NGST-dedicated ground station antenna shall support an average of TBD hours of NGST visibility per day over a TBD time interval.  

31312
The NGST-dedicated ground station shall satisfy TBD ranging requirements.  

3.1.3.2 Ground Networks - connectivity between ground stations and control centers - rate requirements, protocols and latency requirements

31321
Flight-to-ground station and ground station-to-control center links shall provide data rates sufficient to relay all downlinked and uplinked data for a TBD hour period with a TBD hour station contact, i.e., realtime and playback data shall be transmitted from the ground station to the control center at the maximum rate it is downlinked without requiring a store/forward capability for transmission at a lower rate extending beyond station contacts.  

QUESTION:  Should this requirement be moved to a future ground-to-ground IRD?  

31322
For ground station contacts using an NGST-dedicated ground station, the ground system shall provide a backup capability to provide uplink and downlink transmission in event the primary transmission link is unavailable.  

QUESTION:  Should this requirement be moved to a future ground-to-ground IRD?  

3.1.4 Onboard Storage Characteristics - connectivity to RF system, capacity

31401
The flight system shall provide TBD onboard storage capacity.  NOTE:  Operability study suggests storage sized to handle 1 to 2 days of data from routine operations of 12 to 16 hours with no downlink.  

31402
The flight system shall be able to store new data sets and read existing data sets simultaneously.  

31403
The flight system shall support simultaneous transfer of data sets from all science instruments to onboard storage.  

31404
The flight data system’s storage function shall provide TBD error detection and correction capability.  

31405
The flight system shall be capable of storing data as data sets.  

31405.1
The flight system shall store a maximum of TBD data sets.   

31405.2
The flight system shall store data sets having a maximum size of TBD and a minimum size of TBD.  

31405.3
The flight system shall store data sets in TBD format.  

31405.4
Data set storage overhead shall be no more than TBD.  

31405.5
The flight system shall store data sets at TBD rate(s).  

31405.6
The flight system shall output data sets from onboard storage at TBD rate(s).  

31405.7
The flight system shall support TBD data set operations.  

31406
The flight system shall support prioritized downlink.  

3.1.5 Spacecraft Characteristics

ACTION:  I need to update the requirements below in accordance with input from John comparable to that used in ground station description.  

31501
The spacecraft antennas shall meet the following performance/accuracy requirements:  

31501.1
The spacecraft antennas shall support the following bandwidth requirements:  

31501.1.1
The spacecraft antennas shall support TBD effective bandwidth on S-band uplinks.  

31501.1.2
The spacecraft antennas shall support TBD effective bandwidth on S-band downlinks.  

31501.1.3
The spacecraft antennas shall support TBD effective bandwidth on X-band uplinks.  

31501.1.4
The spacecraft antennas shall support TBD effective bandwidth on X-band downlinks.  

31502
The flight system must satisfy TBD constraints on the flight/ground communications link.  

3.2 Data Flow and Routing

3.2.1 Data
Uplink data:  This section defines the requirements on the ground data uplinked to the S/C (e.g., memory and table loads and science schedules), and addresses nominal reliable uplinks and contingency non-reliable uplinks.  

Downlinked data:  This section defines the requirements on the onboard data stored on the SSR (e.g., automated reports, stored TLM, and science data), and addresses nominal reliable downlinks and contingency non-reliable downlinks.  

3.2.1.1 Packet Protocol(s) 

32111
The flight and ground systems shall support TBD space-to-ground link protocol(s).  

32111.1
The flight system and ground systems shall use the protocol(s) to route data to designated destinations.  

32111.2
The flight and ground systems shall use the protocol(s) to specify data prioritization.  

32111.3
The flight and ground systems shall use the protocol(s) to support retransmission to fill holes or correct errors in received data.  

32111.4
Protocol(s) used by flight and ground systems must be compatible with DSN, USN, and AFSCN.  

32111.5
Time delays associated with protocol use shall not cause the total time required for realtime downlinks (including both light travel time and processing times) to exceed TBD seconds from generation onboard to receipt at the control center.  

32111.6
Time delays associated with protocol use shall not cause the total time required for command uplinks (including both light travel time and processing times) to exceed TBD seconds from generation in the control center to receipt onboard.  

32111.7
When commanding-in-the-blind, total time delays for command uplinks (including both light travel time and processing times) shall not exceed TBD seconds from generation in the control center to receipt onboard.  Note:  For commanding-in-the-blind, no checks are performed to determine whether the information was correctly received on the spacecraft.  

32112
For an NGST-dedicated ground station and for a leased ground station, the flight/ground communications link shall provide reliable data transfer for uplink and downlink between the control center and the spacecraft when a communications link is available from the ground station to the control center, except when commanding-in-the-blind or receiving realtime telemetry.  

32112.1
The flight/ground communications system shall selectively perform reliable uplink and downlink operations without human attendants present in accordance with a predetermined schedule.  

32113
For a leased ground station, the flight/ground communications link between the spacecraft and the ground station shall provide non-reliable data transfer for downlink from the spacecraft to the ground station when a communications link is not available from the ground station to the control center.  NOTE:  It is desirable that leased stations provide reliable transmission if this capability is available.   

32114
The flight system shall validate data packets.  

32114.1
The flight system shall validate packet reception. 

32114.2
The flight system shall validate packet sequencing. 

32114.3
The flight system shall validate packet encoding. 

32114.4
The flight system shall validate packet format and content. 

32114.5
The flight system shall validate packet protocol. 

32115
Packet overhead shall be no greater than TBD.  

3.2.1.2 Data Types
32121
Data exchanged through the flight/ground interface shall satisfy the following format requirements:  

32121.1
The same generic format shall be used for all uplink data types for all processors (i.e., ACS, C&DH, ISIM, etc.).  NOTE:  Uplink data types include realtime commands, hardware commands, ranging and data loads (including ATS & RTS sequences, memory loads, FSW loads.  table loads, and OPE schedules).  

32121.2
The same generic format shall be used for all downlink data types for all processors (i.e., ACS, C&DH, ISIM, etc.).  NOTE:  Downlink data types include science data, engineering data (including memory dumps, table dumps, and spacecraft processor reports), and ranging data.  

3.2.2 Streams

32201
Downlink data streams shall be partitioned.  The nominal partitioning scheme is TBD.  

32201.1
The partitioning scheme shall be modifiable by the ground system.  

32202
Downlink data streams shall be prioritized.  The nominal prioritization scheme is TBD.  

32202.1
The prioritization scheme shall be modifiable by the ground system.  

3.2.3 Logical Connectivity 

3.2.3.1 Downlink 

32311
The flight system shall selectively multiplex multiple types of data in the downlink. NOTE:  Downlink data types include science data, engineering data (including memory dumps, table dumps, and spacecraft processor reports), and ranging data.

32312
The flight system shall selectively assign different transmission priorities to different types of multiplexed data in the downlink.  

32313
The ground system shall selectively alter (via realtime or stored commands) the priorities assigned to different types of multiplexed downlinked data.  

3.2.3.2 Uplink 

32321
The ground system shall selectively multiplex multiple types of data in the uplink. NOTE:  Uplink data types include realtime commands, hardware commands, ranging and data loads (including ATS & RTS sequences, memory loads, FSW loads.  table loads, and OPE schedules).  

32322
The ground system shall selectively assign different transmission priorities to different types of multiplexed data in the uplink.  

32323
The ground system shall selectively alter (via realtime commands) the priorities assigned to different types of multiplexed uplinked data.  

3.3 Communications Scheduling 

33100
The ground system shall schedule the communications link between flight system and ground system asynchronous to observation plan execution activities.

33101
The ground system shall uplink a communications contact schedule to the flight system.  

33102
The flight system shall perform the following functions to establish communications with the ground:  

33102.1
The flight system shall define transmitter turn-on times.  

33102.2
The flight system shall define when to begin transmitting signal acquisition and realtime telemetry data.  

33103
The ground system shall acquire and track NGST X-band downlink.  

33103.1
The ground system shall report the presence of the X-band carrier, and the tracking equipment shall initiate autotrack.  

33103.2
After AOS, the ground system shall command the spacecraft to begin transmission of spacecraft processor reports, recorded telemetry data, and payload data.  

33103.3
The ground system shall perform level 0 processing on acquired data.  

33104
The following requirements describe additional ground system responsibilities with respect to the downlink process.  

33104.1
The ground system shall selectively request that the flight system update spacecraft processor reports.  

33104.2
The ground system shall selectively request that the flight system close the current telemetry data set and prepare to downlink the data set.  

33104.3
The ground system shall selectively change the downlink priorities for individual data sets.  

33104.4
The ground system shall selectively command a suspension of the downlink process.  

33104.5
After level 0 processing of a data set is complete, the ground system shall acknowledge receipt of the data set and issue a command making that space available for future recording.  

33104.6
At the end of the contact period, the ground system shall command the spacecraft to stop transmitting data.  

33104.7
At the end of the contact, the ground system shall terminate autotrack mode.  

33105
The following requirements describe additional flight system responsibilities with respect to the downlink process.  

33105.1
The flight system shall close the current telemetry data set prior to initiating downlink.  

33105.2
The flight system shall assign downlink priorities for data sets when they are recorded.  

33105.3
The flight system shall command a suspension to the downlink process if the spacecraft does not receive acknowledgement within a database-specified time.  

33105.4
If in the process of downlinking telemetry data sets the flight system receives a ground command to stop transmitting data, the flight system shall retransmit at the next contact any data sets for which transmission was not complete.  

33105.5
The flight system shall generate telemetry contents for status monitoring by the ground system.  

3.4  Data Format Definition 

The purpose of this section is to define the information content requirements of the data objects that flow across the interface.  These formats are common to both the ground support tools and the onboard processing functions that create or interpret these objects.  Specific format details will be left for the ICD.  

34001
The flight system and ground system shall utilize the same time format whenever time is used within an uplink or downlink product.  

3.4.1 Uplink 

34101
The flight system shall verify receipt of all commands.  NOTE:  Verification in this context refers to implementation schemes such as counters that increment on receipt, execution, or rejection of a command, as opposed to a reliability function implemented via a protocol.  

3.4.1.1 Bypass Commands 

ACTION:  Ken will provide descriptive material on bypass commands

34111
The following requirements pertain to bypass commands

34111.1
The flight system shall execute bypass commands immediately upon receipt by the hardware that manages the uplink interface to perform basic configuration operations.  

34111.2
The flight system shall utilize a unique command designator for each bypass command.  

3.4.1.2 Software Commands and  Stored Command Loads

34121
The ground system shall use the same software command format for communications to all flight software subsystems (e.g., ISIM & SSM). 

34121.1
The flight system shall support integer (signed; unsigned, 8, 16, 32 bits) parameter values.  

34121.2
The flight system shall support floating point (IEEE 32 or 64 bit) parameter values.  

34121.3
The flight system shall utilize a unique command designator for each software command.  

34122
The ground system shall issue software commands as realtime commands or stored commands.  

34122.1
The ground system shall define the time of each stored command.  

34122.1.1
The ground system shall define stored command times to TBD precision.  

34122.2
Stored commands shall be either fixed length or variable length.  

34123
Stored command loads shall use the same software command format for all flight software subsystems (e.g., ISIM & SSM).  

34123.1
Stored command loads shall be variable length.  

34124
Stored commands and realtime commands shall use the same format.  

34125
Stored commands and internally generated FSW commands shall use the same format.  

ACTION:  Need requirements in this section (3.4.1.2) defining OPE directives from Ken/Gary.  

3.4.1.3 Memory Loads 

34131
The format for memory loads shall be the same for all flight software subsystems (e.g., ISIM & SSM).  

34131.1
Memory loads shall be variable length.  

34132
The ground system shall selectively command partial memory loads.  

3.4.1.4 Table Loads 

34141
The format for table loads shall be the same for all flight software subsystems (e.g., ISIM & SSM).   

34141.1
The flight system shall support integer (signed; unsigned, 8, 16, 32 bits) parameter values.  

34141.2
The flight system shall support floating point (IEEE 32 or 64 bit) parameter values.  

34141.3
The flight system shall utilize a unique table designator for each table load.  

34141.4
The ground system shall define the activation time of each table load.  

34141.4.1
The ground system shall define table load activation times to TBD precision.  

34141.5
Table loads shall be variable length.  

34142
The ground system shall selectively command partial table loads.  

3.4.1.5 OPE Loads 

34151
The flight system shall support TBD OPE segment format from the ground.  

3.4.2 Downlink 

3.4.2.1 Engineering Telemetry 

34211
The format of realtime engineering telemetry shall be the same for all flight software subsystems (e.g., ISIM & SSM).  

34211.1
The flight system shall support integer (signed; unsigned, 8, 16, 32 bits) parameter values.  

34211.2
The flight system shall support floating point (IEEE 32 or 64 bit) parameter values.  

34211.3
The flight system shall assign attach times to realtime engineering telemetry.  

34211.3.1
The flight system shall define attach times to TBD precision.  

34212
The format of stored engineering telemetry shall be the same for all flight software subsystems (e.g., ISIM & SSM).  

34212.1
The flight system shall support integer (signed; unsigned, 8, 16, 32 bits) parameter values.  

34212.2
The flight system shall support floating point (IEEE 32 or 64 bit) parameter values.  

34212.3
The flight system shall assign attach times to stored engineering telemetry.  

34212.3.1
The flight system shall define attach times to TBD precision.  

3.4.2.2 Science Data 

34221
The format of science data telemetry shall be the same for all flight software subsystems (e.g., ISIM & SSM).  

34221.1
The flight system shall support integer (signed; unsigned, 8, 16, 32 bits) parameter values.  

34221.2
The flight system shall support floating point (IEEE 32 or 64 bit) parameter values.  

34221.3
The flight system shall assign attach times to science telemetry.  

34221.3.1
The flight system shall define attach times to TBD precision.  

34221.4
Science data telemetry content shall include start time of read.  

3.4.2.3 Events and Event Logs

34231
The format of event messages shall be the same for all flight software subsystems (e.g., ISIM & SSM).  

34232
The format of event logs shall be the same for all flight software subsystems (e.g., ISIM & SSM).  

34233
The flight system shall characterize events by the following descriptors:  

34233.1
The flight system shall utilize an unique event designator for each event.  

34233.2
The flight system shall define the time of each event.  

34233.2.1
The flight system shall define event times to TBD precision.  

34233.3
The flight system shall specify parameter values associated with events.  

34233.3.1
The flight system shall support a TBD number of event parameters.  

34233.3.2
The flight system shall support integer (signed; unsigned, 8, 16, 32 bits) event parameter values.  

34233.3.3
The flight system shall support floating point (IEEE 32 or 64 bit) event parameter values.  

34233.3.4
The flight system shall support text string event parameter values.  

34234
OPE event format is TBD.  

34235
The fault detection and correction log shall include the following information:

34235.1
The fault detection and correction log shall describe what fault was detected.  

34235.2
The fault detection and correction log shall describe the response (to the fault) taken by the fault detection and correction application.  

34235.3
The fault detection and correction log shall specify the time at which the fault was detected and the time(s) at which the associated response(s) was (were) initiated.  

3.4.2.4 Memory Dumps 

34241
The format of memory dumps shall be the same for all flight software subsystems (e.g., ISIM & SSM).

34242
The format of memory dumps and memory loads shall be the same.  

34243
The ground system shall selectively command partial memory dumps.

3.4.2.5 Table Dumps

34251
The format of table dumps shall be the same for all flight software subsystems (e.g., ISIM & SSM).

34252
The format of table dumps and table loads shall be the same.  

34253
The ground system shall selectively command partial table dumps.

3.4.2.6 Directories (listings) 

34261
The flight system is required to maintain engineering flight data storage system directories.  

34262
The flight system is required to maintain science flight data storage system directories.  

3.5 Application Information and Control Interfaces 

NOTE:  This section identifies the major applications supported by the flight system and specifies mechanisms for accessing those applications (i.e., by hardware commands, software commands, or via the OPE).  Unique interface requirements for individual applications are also specified in this section.  

ACTION:  Ken needs to decide if a separate C&DH section should be included under 3.5.  

3.5.1 Modes and Their Management

35101
Spacecraft mode changes shall be controlled by the following means:  

35101.1
The flight/ground system shall utilize realtime software commands to change spacecraft mode.  

35101.2
The ground system shall utilize stored commands to change spacecraft mode.  

35101.3
The flight system shall utilize OPE issued directives to change spacecraft mode.  

35102
The ground system shall be able to reconfigure all the flight hardware to redundant systems.  

3.5.2 OPE 
35201
The flight system’s OPE shall control event-driven execution of the ground-generated observation plan.  

35202
The flight system’s OPE shall control observation plan-related response to pre-defined anomalous conditions.   

35203
The OPE shall be controlled by the following means:

35203.1
The flight/ground system shall utilize realtime software commands to control the OPE.  

35203.2
The ground system shall utilize stored commands to control the OPE.  

3.5.2.1 OPE Telemetry 

35211
The flight system shall specify the OPE state in telemetry

35212
The flight system shall specify the currently executing plan activities in telemetry.  

35213
The flight system shall specify any currently executing OPE anomaly responses in telemetry.  

3.5.2.2 OPE Reports and Logs 

35221
The flight system shall generate TBD OPE logs for transmission to the ground.  

3.5.3 Communication Control

35301
Spacecraft communications (such as transmitter control, receiver control, and antenna control as sub-applications) shall be controlled by the following means:  

35301.1
The flight/ground system shall utilize realtime software commands to control spacecraft communications.  

35301.2
The ground system shall utilize stored commands to control spacecraft communications.  

35301.3
The flight system shall utilize OPE issued directives to control spacecraft communications.  

3.5.4 Time Management 

35401
Spacecraft time shall be managed by the following means:  

35401.1
The flight/ground system shall utilize realtime software commands to manage spacecraft time.  

35401.2
The ground system shall utilize stored commands to manage spacecraft time.  

35401.3
The flight system shall utilize OPE issued directives to manage spacecraft time.  

3.5.4.1 Synchronization 

35411
The ground system shall use UTC for its time base.  

35411.1
The UTC base time epoch shall be TBD.  

35412
The flight system shall synchronize onboard time to the ground system’s UTC time to within TBD.  

35412.1
The ground system shall maintain the spacecraft clock drift correction to within TBD.  

35412.2
The flight system shall time tag telemetry packets in UTC and spacecraft time.  

35413
The UTC base time epoch shall be the same for all UTC-based time in the flight and ground systems.  

35414
The flight system shall synchronize time from the SSM to ISIM processor to within TBD.  

35415
The SSM processor shall be the single source of onboard time.  

3.5.5 Data Recorder Control 

35501
The spacecraft data recorder shall be controlled by the following means:  

35501.1
The flight/ground system shall utilize realtime software commands to control the spacecraft data recorder.  

35501.2
The ground system shall utilize stored commands to control the spacecraft data recorder.  

35501.3
The flight system shall utilize OPE issued directives to control the spacecraft data recorder.  

3.5.5.1 Data Set Management Ground Interface

35511
The flight system shall playback those data types on the SSR specified in Section 3.4.2 (Downlink).  

35512
The flight system shall apply a ground-specified priority scheme when playing back data sets on the SSR.  

35513
The flight system shall use TBD channel scheme when playing back data sets on the SSR.  

35514
The flight system shall report SSR status and contents information to the ground system via a downlinked directory.  

3.5.6 Pointing Control 

35601
Spacecraft pointing (such as attitude determination & initialization, large & small attitude re-orientations,  momentum management, attitude sensor calibration, and guide star acquisition & positioning as sub-applications) shall be controlled by the following means:  

35601.1
The flight/ground system shall utilize realtime software commands to control the spacecraft pointing.  

35601.2
The ground system shall utilize stored commands to control the spacecraft pointing.  

35601.3
The flight system shall utilize OPE issued directives to control the spacecraft pointing.  

3.5.7 Orbit Specification and Control 

3.5.7.1 Ephemeris 

35711
The ground system shall maintain the onboard NGST ephemeris to an accuracy of TBD.  

35711.1
The ground system shall uplink updated NGST ephemeris data.  

3.5.7.2 Orbit Stationkeeping

35721
Spacecraft orbit stationkeeping shall be controlled by the following means:  

35721.1
The flight/ground system shall utilize realtime software commands to maintain the spacecraft orbit.  

35721.2
The ground system shall utilize stored commands to maintain the spacecraft orbit.  

35721.3
The flight system shall utilize OPE issued directives to maintain the spacecraft orbit.  

3.5.7.3 Orbit Determination

35731
The ground system shall schedule collection of ranging data for NGST orbit determination.  

35731.1
The flight system and ground system shall maintain TBD communications link while ranging data is being collected.  

35731.2
The ground system shall uplink realtime or stored commanding to collect ranging data.  

35732
The ground system shall schedule collection of Doppler data for NGST orbit determination.  

35732.1
The flight system and ground system shall maintain TBD communications link while Doppler data is being collected.  

35732.2
The ground system shall uplink realtime or stored commanding to collect Doppler data.  

3.5.8 OTA Control 

35801
Spacecraft optics functionality (such as primary mirror control and secondary mirror control as sub-applications) shall be controlled by the following means:  

35801.1
The flight/ground system shall utilize realtime software commands to control spacecraft optics.  

35801.2
The ground system shall utilize stored commands to control spacecraft optics.  

35801.3
The flight system shall utilize OPE issued directives to control the OTA.  

3.5.9 Science Instrument Control 

35901
Science instrument functionality (such as calibration, instrument configuration, FPA control, and DMA program control as sub-applications) shall be controlled by the following means:  

35901.1
The flight/ground system shall utilize realtime software commands to control science instruments.  

35901.2
The ground system shall utilize stored commands to control science instruments.  

35901.3
The flight system shall utilize OPE issued directives to control science instruments.  

3.5.10 Power Subsystem Management 

36001
Spacecraft power (such as solar array control and battery control as sub-applications) shall be managed by the following means:  

36001.1
The flight/ground system shall utilize realtime software commands to manage spacecraft power.  

36001.2
The ground system shall utilize stored commands to manage spacecraft power.  

36001.3
The flight system shall utilize OPE issued directives to manage spacecraft power.  

3.5.11 Thermal Subsystem Management 

36101
The spacecraft thermal  subsystem (such as heater control, FPA cooling control, and Sunshield management as sub-applications) shall be managed by the following means:  

36101.1
The flight/ground system shall utilize realtime software commands to manage the spacecraft thermal subsystem.  

36101.2
The ground system shall utilize stored commands to manage the spacecraft thermal subsystem.  

36101.3
The flight system shall utilize OPE issued directives to manage the spacecraft thermal subsystem.   

3.5.12 Propulsion Management 

36201
Spacecraft propulsion shall be managed by the following means:  

36201.1
The flight/ground system shall utilize realtime software commands to manage spacecraft propulsion.  

36201.2
The ground system shall utilize stored commands to manage spacecraft propulsion.  

36201.3
The flight system shall utilize OPE issued directives to control spacecraft propulsion.  

3.5.13 Fault Detection and Correction 

36301
Spacecraft fault detection and correction shall be managed by the following means:  

36301.1
The flight/ground system shall utilize realtime software commands to manage spacecraft fault detection and correction.  

36301.2
The ground system shall utilize stored commands to manage spacecraft fault detection and correction.  

3.6 Launch and Early Operations 

NOTE:  This section for now is primarily a placeholder for the many special requirements pertaining to launch through early operations that cannot be defined at this time.  As those requirements are identified, they should be added to the partial list specified below.  

37001
The ground system shall support the following special coverage requirements for launch and early operations:  

37001.1
The ground system shall support TBD communications requirements to the launch site.  

37001.2
The flight system shall supply the following communications capabilities to support launch. 

37002.1
The flight system shall support TBD communications during the ascent phase.  

37002.2
The flight system shall support TBD data storage during the ascent phase.  

37003
Prior to launch, the flight system shall support limited telemetry reporting to the ground and commanding from the ground via an umbilical.  

37004
Deployment requirements, including those for the power subsystem, thermal subsystem, Sunshield, communications subsystem, and OTA.  

 APPENDIX:  NON-FLIGHT-TO-FLIGHT IRD REQUIREMENTS TO BE INCLUDED IN FUTURE REQUIREMENTS DOCUMENTS

NOTE:  The requirements numbers specified in this appendix originate from the requirements original order in the first draft of the Flight-to-Ground IRD.  They are retained here simply to indicate hierarchical associations between requirements, but otherwise have no longer have any meaning.  

1.  Future Ground-to-Ground IRD  

33103
The ground system shall perform the following functions to establish communications with the spacecraft:  

33103.1
The ground system shall generate station acquisition data at a TBD frequency.  

33103.2
Station acquisition data shall include spacecraft position and velocity data for use in orienting the ground station antenna to track the spacecraft.  

33103.3
The ground system shall generate contact schedule data at the same duration and frequency as the contact schedule.  

33103.4
Contact schedule data shall include predicted AOS and LOS times, scheduled start and stop times of wideband data transmissions, and X-band frequencies for wideband transmission.  

33103.5
The ground system shall verify correct ground station antenna pointing and check for off-nominal tracking.  

33104.4
The ground system shall provide storage for at least TBD days of downlink at the ground station location.  

33104.5
The ground system shall document the success/failure of each contact, as well as the status of relevant ground station equipment.  

33104.6
The ground system shall validate and control overall communications system configuration (e.g., connection of ground system strings to channels).  

33201
The ground network nominally shall be available 24 hours a day.  

33201.1
The ground network shall be unavailable during schedule maintenance periods.  

33201.2
The ground network shall be available within one hour of the predicted AOS through one hour after predicted LOS.  

33202
The ground network shall use FTP for data sets, including spacecraft processor reports, recorded telemetry data, and payload data.  

33203
The ground network shall use TCP/IP for realtime telemetry and command messages.  

2.  Future Flight-to-Flight IRD document or Flight Software Requirements document(s)

2.1 Common C&DH 

34123
The flight system shall support the following stored command functionality:

34123.1
The flight system shall support conditional constructs.  

34123.2
The flight system shall support timed waits.  

34123.3
The flight system shall support telemetry monitoring.  

34232
The flight system shall recognize and  log the following types of events:  

34232.1
The flight system shall recognize and log commanded events.  

34232.1
The flight system shall recognize and log anomalous events.  

34232.1
The flight system shall recognize and log monitored events.  

34233
The flight system will generate the following event logs with the following content:  

34233.1
The flight system will generate TBD event log.  

34233.1.1
TBD event log shall be used to record TBD event types.  

2.2 OPE 

35211
The flight system shall execute the following OPE control commands uplinked by the ground system:  

35211.1
The flight system shall execute a directive to load an observation plan segment.  

35211.2
The flight system shall execute a directive to append an observation plan segment.  

35211.3
The flight system shall execute a directive to execute the observation plan.  

35211.4
The flight system shall execute a directive to pause execution of new portions of the observation plan.  

35211.5
The flight system shall execute a directive to stop execution of ongoing portions of the observation plan.  

35211.6
The flight system shall execute a directive to delete an observation plan segment.  

35211.7
The flight system shall execute a directive to insert a new plan segment into an existing observation plan.  

35212
The ground system shall direct insertions into the existing observation plan by loading the new observation plan segment (which has the same format as an observation plan) and issuing a realtime command specifying the insertion point.  

2.3 Time Management 

35515.1
The flight system shall distribute spacecraft time to all onboard processors from a single source.  

35515.1.1
The rate of distribution of spacecraft time shall be TBD.  

35515.2
The flight system shall distribute time correlation factor(s) to all onboard processors from a single source.  

35515.2.1
The rate of distribution of time correlation factor(s) shall be TBD.  

35515.3
The flight system shall telemeter time correlation factor(s) to the ground system.  

2.4 SSR 

35911.4
The flight system shall perform the following functions in managing the SSR:  

35911.4.1
The  flight system shall save data sets to the SSR.  

35911.4.2
The flight system, on ground authorization, shall delete data sets from the SSR and release the space occupied for future storage.  

35911.4.3
When requested by the ground system, the flight system shall re-send data sets stored on the SSR.  

35911.4.4
The flight system shall rename data sets stored on the SSR.  

35912.1
The flight system shall report the current SSR memory allocation to the ground system.  

35912.2
The flight system shall report the current available SSR capacity to the ground system.  

35912.3
The flight system shall report the SSR data set directory listing to the ground system.  

35912.4
The flight system shall report SSR health and safety data to the ground system.  


All science data telemetered to the ground shall first be stored on the science recorder.  

2.5 Orbit Stationkeeping

35821
The ground system shall monitor the NGST orbit.  

35821.1
The ground system shall determine the discrepancy between the actual NGST orbit and the desired orbit.  

35821.2
The ground system shall determine when an orbit stationkeeping maneuver must be planned and scheduled.  

35822
The ground system shall plan and schedule orbit stationkeeping maneuvers.  

35822.1
The ground system shall determine the thruster commanding required to correct the NGST orbit.  

35822.2
The ground system shall determine when the stationkeeping maneuver must be performed.  

35823
The ground system shall uplink orbit stationkeeping commands to the flight system.  The content of the commands is TBD.  

35824
The flight system shall execute the orbit stationkeeping maneuver as specified by the ground system.  

35825
The flight system and ground system shall maintain Closed-Loop communications while the orbit stationkeeping maneuver is being performed.  

35825.1
The flight system shall downlink the following status data to the ground system while the stationkeeping maneuver is being performed.  

35825.1.1
The flight system shall downlink thruster status information.  

2.6 FPA

2.6.1 FPA Electronics Interface 

35731
The flight system shall support an interface to the FPA electronics enabling the following FPA commanding capabilities:  

35731.1
The flight system shall support FPA commanding using a direct memory access (DMA)-like program language.  

35731.2
The flight system shall support the following FPA commands:  

35731.2.1
The flight system shall support a start command.  

35731.2.2
The flight system shall support a stop command.  

35731.2.3
The flight system shall support a suspend command.  

35731.2.4
The flight system shall support a resume command.  

35731.2.5
The flight system shall support a load command.  

35731.2.6
The flight system shall support a dump command.  

2.6.2 FPA Science Data Collection Control 

35732
The flight system shall support an interface to the FPA electronics tailored to science data collection.  

35732.1
The flight system shall provide FPA selection capability.  

35732.2
The flight system shall provide programmable sampling capability supporting the following FPA sampling methods:  

35732.2.1
The flight system shall support Fowler sampling.  

35732.2.2
The flight system shall support Modified Fowler sampling.  

35732.2.3
The flight system shall support Up-the-ramp sampling.  

35732.2.4
The flight system shall support Quick Look sampling.  

35732.2.5
The flight system shall support Diagnostic sampling.  

35732.3
The flight system shall provide data target selection capability.  

35732.3.1
The flight system shall be capable of commanding the FPA to send its sampled data directly to the SSR.  

35732.3.2
The flight system shall be capable of commanding the FPA to send its sampled data to the processor(s).  

35732.4
The flight system shall downlink FPA science data status information to the ground system.  

35732.4.1
The flight system shall downlink data control information.  

35732.5
The flight system shall optionally downlink raw science data to the ground system.  

2.6.3 FPA Guidance Data Collection Control 

35733
The flight system shall support an interface to the FPA electronics tailored to guide data collection.  

35733.1
The flight system shall provide FPA selection capability.  

35733.2
The flight system shall support the following FPA coarse search commanding:  

35733.2.1
The flight system shall provide SCA specification capability.  

35733.2.2
The flight system shall provide n x n array segment selection capability.  

35733.2.3
The flight system shall provide data rate specification capability.  

35733.3
The flight system shall support the following FPA fine lock commanding:  

35733.3.1
The flight system shall provide SCA specification capability.  

35733.3.2
The flight system shall provide n x n array segment selection capability.  

35733.3.3
The flight system shall provide data rate specification capability.  

35733.4
The flight system shall downlink FPA guidance data status information.  

35733.4.1
The flight system shall downlink search/lock information.  

35733.5
The flight system shall optionally downlink raw guidance data to the ground system.  

2.6.4 FPA Thermal Control

35734
The flight software shall provide the following FPA thermal control capabilities.  
ACTION: I’ll need to get more information from Ken to make sure these are intelligible and correct.  

35734.1 
The flight software shall provide the capability to Set Points.  

35734.2
The flight software shall provide the capability to Control Rate.  

35734.3
The flight software shall provide the capability to Control Enable.  

35734.4
The flight software shall downlink status telemetry to the ground system.  

