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1. There shall exist a single observation plan executive (OPE) that coordinates the execution of the mission observation plan.

Rationale: A unified executive, responsible for the management and flow of all flight-segment activities during normal operations, simplifies the ground segment's planning and command management interface.  The integration of spacecraft and ISIM command and control also enables a more dynamic paradigm for timeline execution.



1.1 The OPE shall accept observation plans generated by the ground system for execution. 

Rationale: Efficient scheduling is usually a computationally intensive problem that may require a view over the entire scheduling period.  For onboard simplicity, we choose to restrict the OPE’s view to only the immediate future, i.e., one visit (see req. 1.1.1). 



1.1.1 The OPE shall be able to process observation plans consisting of a set of sequence-ordered visits. Each visit shall be a structure with components corresponding to the following definitions:

Activity: The smallest logical unit uploaded from the ground for dissemination by the OPE.  Each activity will be targeted for execution (or execution coordination) by a single flight software application.  Each activity has a number of associated parameters, both generic and specific.  Generic parameters include the ID of the target applica​tion and a flag indicating whether successful completion of the activity is required for the visit as a whole.  Specific parameters are those required to define the activity and any special conditions that must be met before the activity starts.

Activity Sequence: A set of one or more activities to be executed sequentially.

Group: A set of one or more sequences to be executed in parallel. All sequences within a group must be complete before the next group begins.

Visit: A logically complete set of one or more groups. A visit may have associated parameters, in particular a set of three time parame​ters: an earliest permitted start time, latest permitted start time, and latest permitted end time.  A visit is the natural unit to drop if one of its required components is found to be nonviable.

Rationale: The SOWG, particularly the STScI representatives thereto, have found this to be a plan structure adequate to their needs.



1.1.2 The OPE shall be able to receive an observation plan from the ground and append it to an previously resident plan. 



1.2 The OPE shall be support a high-level communications protocol.



1.2.1 The OPE shall accept control directives from higher level control systems (e.g., the flight operations team and the onboard health and safety control system).

OPE control directives shall include, but are not limited to, the following directives:

Append – appends new observation plan to old

Suspend OPE control – suspends the OPE’s ability to issue directives

Suspend at next visit – equal to “suspend OPE control” when current visit is finished

Resume OPE control – restores OPE’s ability to issue directives

Suspend plan – causes the OPE to suspend all active ISIM application activities

Resume plan – causes the OPE to issue directives to resume ISIM activities

Delete plan – causes the OPE to delete the remainder of the plan

Delete plan after visit X – delete after specified visit

Terminate – terminates OPE operations

Rationale: The flight operations team and/or health and safety system will sometimes require a mechanism for direct real-time control of OPE operations. 



1.2.2 The OPE shall support activity validation dialogs between itself and subordinate flight software applications.

Rationale: The applications themselves, and the designers thereof, will have the best knowledge for specifying any intrinsically required conditions for activity execution. 



1.2.2.1 The OPE shall be able to instruct applications to validate activities.



1.2.2.2 The OPE shall be able to receive and process validation dialog responses from the applications.  Responses shall minimally contain information indicating whether an activity is valid or invalid for immediate execution.



1.2.3 The OPE shall support activity execution dialogs between itself and subordinate flight software applications.

Rationale: (1) A mechanism is required for the OPE to issue directives, (2) it is simpler for the applications to evaluate their own activity completion conditions than to require that the OPE infer completion from raw telemetry.



1.2.3.1 The OPE shall be able to instruct applications to execute activities.



1.2.3.2 The OPE shall be able to receive and process execution dialog responses from the applications.  Such responses shall be issued when an activity is complete.  Responses shall minimally contain information indicating whether an activity succeeded, failed, or was terminated prematurely by a high level control entity. 

Note: there is an implied requirement that applications support a terminate directive.



1.2.4 The OPE shall receive and process state change notification messages issued by the applications.

Definition: State change notifications are spontaneously generated messages issued by the various flight software applications that inform control entities (e.g., the OPE) of important system state changes that are not the specific consequence of an earlier directive for activity execution.

Rationale: Events or conditions may occur to which the OPE must respond that are not a direct result of directives that it issued to the applications.  



1.3 The OPE shall employ an event-driven paradigm to coordinate execution of the visits and activities specified in an observation plan.

Rationale: An onboard, event-driven observation plan executive (as opposed to a traditional time-tagged command system): (1) simplifies modeling of visit execution in the ground-based planning and scheduling system, (2) avoids the need to employ worst-case timing relationships amongst sequential activities, and (3) compresses, where possible, time that would be wasted due to a failure of a critical portion of an activity (e.g., a guide star acquisition).



1.3.1 The OPE shall either validate, or coordinate validation of, each activity in a visit prior to issuing any directives for execution of any activities in the visit.

Rationale: Allows the OPE to save time by skipping invalid activities and visits.

Definition – Directive: A high level command issued from a control entity (usually the OPE) to a subordinate application.



1.3.1.1 The OPE shall check each activity for syntax violation.



1.3.1.2 The OPE shall check each activity for constraint violations



1.3.1.3 The OPE shall discard any activity that fails validation checks



1.3.1.4 The OPE shall discard the entire visit if any discarded activity was marked as required for the visit as a whole.



1.3.1.5 The OPE shall report any discarded activities or visits.



1.3.1.6 The OPE shall initiate the next visit if the current visit is found to be invalid.



1.3.2 The OPE shall constrain visit execution based upon conditions specified in the visit. 

Rationale: Avoids need for detailed modeling in ground system; constraints satisfied in real-time.



1.3.2.1 The OPE shall not allow any visit to begin before the visit’s earliest permitted start time, to begin after its latest permitted start time, or extend beyond its latest permitted end time.

Rationale: It is anticipated that there will occasionally be need to restrict a visit to occur within a specific time window.



1.3.2.2 The OPE shall enforce any event dependencies specified in a visit.

If occurrence of one or more events is specified, the OPE shall delay execution of the visit until all required events have occurred.  (Note: Such events may include, but are not limited to, completion of OPE-issued visits.)

If minimum delay time(s) following one or more events is specified, the OPE shall delay execution of the visit until all specified delays have elapsed.

If maximum delay time(s) following one or more events is specified, the OPE shall skip execution of the visit if too much time elapses.

Rationale: ? (Do we want this functionality?)



1.3.3 The OPE shall support insertion of appropriate pre-visit house-keeping activities that may be incompatible with arbitrary superposition unto plan activities.

Rationale: Basic event-driven paradigm; enhances mission efficiency and avoids need for detailed modeling of activity flow during plan construction.



1.3.3.1 The OPE shall evaluate the need for insertion of pre-visit house-keeping activities.



1.3.3.2 The OPE shall insert appropriate house-keeping activities either prior to or in parallel with the first planned activity of the visit.



1.3.4 The OPE shall issue a directive for activity execution only when conditions appropriate for the execution of the activity have been realized.

Rationale: Basic event-driven paradigm; enhances mission efficiency and avoids need for detailed modeling of activity flow during plan construction.



1.3.4.1 The OPE shall issue a directive for the first activity in an activity sequence only after all activities in any preceding group have been either completed or rejected.



1.3.4.2 The OPE shall issue a directive for a subsequent activity in an activity sequence only after the immediately preceding activity has been completed or rejected.



1.3.4.3 The OPE shall issue a directive for an activity only if all specified spacecraft or observatory state conditions required for the activity have been realized.



1.3.5 The OPE shall coordinate the execution of activities relative to the availability of required resources.

Rationale: Prevents resource violation without need for detailed ground modeling. 



1.3.5.1 The OPE shall delay activity execution if required resources are temporarily unavailable (e.g., full data storage, excess momentum load).

Rationale: Prevents beginning a visit for which sufficient resources are unavailable. 



1.3.5.2 The OPE shall direct suspension of currently active activities if needed resources are lost during execution.

Rationale: Allows for unanticipated occurrences during visit execution (e.g., repeated loss of guide star lock and reacquisition events that cause an exposure to extend in time beyond a momentum violation limit). 



1.3.5.3 If an action has been specified for responding to a temporary resource constraint violation, the OPE shall initiate the specified action (e.g., dumping of excess momentum)

Rationale: Allows autonomous correction of violations when possible.



1.3.6 The OPE shall cause each visit in the observation plan to be executed immediately after the preceding visit has been completed, unless specified otherwise by constraints in the visit.

Rationale: Basic event-driven paradigm; enhances efficiency and avoids detailed modeling during plan construction.



1.4 The OPE shall be able to activate anomaly response scripts in response to an agreed upon set of state notification messages.

Note: Anomaly response scripts will typically consist of directives to suspend currently active ISIM activities, followed by some appropriate corrective action, followed by resuming the suspended ISIM activities. 

Note: There is an implied requirement on ISIM applications that they support directives for suspending and resuming activities.

Rationale: Allows for robust, event-driven response to anomalies and smooth resumption of observation plan execution afterwards.



1.5 The OPE shall report events related to observation plan execution to a logging function that can be monitored and analyzed on the ground.

Rationale: Provides FOT/SOT information needed to monitor the ongoing status of the execution of the observing plan.  This is somewhat more important for an event-driven system, which is by definition somewhat unpredictable in detail. 
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