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The National Aeronautics and Space Administration (NASA) provides this Statement of Work (SOW) for the Early Flight Control System (EFCS) for the International Space Station (ISS).

The EFCS is a risk-reduction project, which will provide some schedule relief for the Prime Contractor in the development of software for the ISS.  Required software functionality, products, or processes in this SOW are designated by using the word “shall” in a sentence.  Note that only the functional requirements need to be traced to the Software Requirements Specification (SRS).  The product and process requirements need to be documented in the Software Development Plan (SDP).
The EFCS shall (ISS001) meet the interface with the Data Management System (DMS), as defined in documentation to be developed for NASA, and to be provided to the EFCS contractor.

The EFCS shall (ISS002) be written in the Ada Programming Language, as defined in the International Standard ANSI/ISO/IEC-8652:1995, with exceptions permitted only to use assembly language for functionality not possible to obtain using Ada.  Exceptions will be documented, and must be approved by NASA.

The EFCS (ISS003) shall follow the defined naming convention for library units: all library units must have the string “EFCS_” as the first characters, with exceptions permitted for reuse.  For example, if a mathematics library exists that has its own convention for avoiding name conflicts, it may be used.  Exceptions will be documented, and must be approved by NASA.

The EFCS shall (ISS004) accept commands to transition to the various EFCS modes of flight.  The format of commands is part of the DMS interface.  The command parameters will be determined as part of the EFCS project.

The EFCS shall (ISS005) use the Metric System for all external command parameter units.

The EFCS shall (ISS006) go to, or remain in, a safe mode, if a commanded mode transition fails.  A safe mode is one in which the ISS maintains an attitude that allows communication, but uses the Attitude Control System propulsion at intervals of 1 hour or more.  In other words, there must be 1 hour intervals between propulsion so that the Space Shuttle can safely approach and dock.
EFCS modes are defined as a set of operations allowed by the EFCS.  If the EFCS is in a mode where an operation is not allowed, a command to perform that operation will be ignored.  The EFCS may have modes other than those defined in this document.

The EFCS shall (ISS007) provide an Initialization mode, which will be the mode at system startup.

The EFCS, in Initialization mode, shall (ISS008) issue no control commands.  This mode is meant for docked, power-on, startup activities only.

The EFCS shall (ISS009) provide an Orbital Coast mode, during which the ISS laboratory maintains less than 1 microG acceleration at any point in the interior.

The EFCS, in Orbital Coast mode, shall (ISS010) accept commands to maneuver the ISS to any attitude.

The EFCS shall (ISS011) provide a Reboost mode, during which the ISS uses its propulsion system to change its apogee and perigee as commanded, with limits on apogee and perigee changes no less than 100 km.

The EFCS, in Reboost mode, shall (ISS012) accept commands to maneuver the ISS to any attitude.

The EFCS, in Reboost mode, shall (ISS013) accept commands to change apogee or perigee (or both) with a resolution of 1 km.

The EFCS shall (ISS014), in any mode where attitude changes are allowed, accept inertial angular coordinates, Local Vertical / Local Horizontal (LVLH) angular coordinates, or body-rate commands.

The EFCS shall (ISS015) provide a Docked mode, during which no control commands will be issued.
The EFCS shall (ISS016) use the interfaces to other subsystems of the ISS, as defined in NASA documentation, exclusively.  In other words, this is a software project only; no new hardware is acceptable.
The EFCS shall (ISS017) tolerate any single hardware fault.

In the event of a stuck-on jet, the EFCS shall (ISS018) detect this, and inform DMS.  This will allow the DMS to issue commands to attempt to perform actions (such as shutting off valves to entire clusters of jets) to recover.

The EFCS shall (ISS019) estimate the Navigation Base attitude with respect to inertial space within plus or minus 0.1 degrees per axis.

The EFCS shall (ISS020) estimate the Navigation Base attitude rate with respect to inertial space within plus or minus 0.01 degrees per second per axis.

The EFCS shall (ISS021), during those modes where propulsion is allowed, achieve attitude accuracy of plus or minus 1 degree in any axis.

The EFCS shall (ISS022), during those modes where propulsion is allowed, achieve attitude rate accuracy of plus or minus 0.02 degrees per second in any axis.

The EFCS shall (ISS023) provide a minimum of 6 dB of rigid body gain margin.

The EFCS shall (ISS024) provide a minimum of 6 dB of rigid body phase margin.

The EFCS shall (ISS025) provide telemetry data to the DMS.  The amount of data will be determined during the design process for each of the subsystems, by NASA.

At a minimum, the EFCS shall (ISS026) provide the vehicle attitude, attitude rate, jets being fired, failures detected, and current mode to telemetry.

All requirements defined in the SRS for the EFCS shall (ISS027) be verified prior to delivery, using test, analysis, demonstration, or inspection.
The EFCS project shall (ISS028) provide as output at least the following documents:

· Software Development Plan

· Software Requirements Document

· Software Test Plan

· Software Test Procedures

· Software Detailed Design

· Software Version Description
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