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HAL 9000 Design Influences
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Architecture

*Mon Param Update—> Ops Data Update——> Autonomous Execution

*Mon Time Update——> Ops Data Update——> Autonomous Execution

Planning Engine (HAL 9000 Executive)

*Mon Stop Warning—> Operator Response—>Modify Activity

*Mon Inquire Caution—> Operator Response—>Modify Activity
*Mon Inquire Crew——> Operator Response—>Modify/Create Activity

*Mon Message Crew—> |Message

*Convergence
Processor

*Mon Re-Plan————> Modify/Create Activity
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*Timeline Generator *\MIDF Translationc—
E *Timeline Monitor

*Initialization
*Fault Processor

*FDDR/Exception Mon —> Ops Data Update—> Autonomous Execution

v
*Sync Timeline Update —> Ops Data Update—> Autonomous Execution

*Exec Component Mon —> Ops Data Update—> Autonomous Execution



@ HAL 9000 Real Time Architecture
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@ Planning Executives Key Points

*Divides operations planning into their respective disciplines
*Employs aniiterativeplan approval processithat is configurable and auton?mous
Each Executive contaii pl_écific “intelligence” about planning its subsyst Irhs
*Planning Logic M lés can be modified in flight |
*Flight Rule, Regulatio | ﬁ Condition check insertion into real-time planhing
*Safety integrated asi@pl@nhing discipline éalso integrated into execution)
*The Planning ExecutiV Fomes the operator in most cases
*Crew self planning " S
-Crew ProceduréAlithoring
*Monitors and React Inplanned events autonomously (re-plan)
*Priority definiti;i_ns canvary depending upIn the targeted system to operate
Adjustable granularity in priorities (Priority Leveling)
*Relaxed Crew envifonment (anytime priority)
*Continuous Resourceé Werification I
. g'rations restrictions (Flight, Safety and Condition Rules)




Desigh Reference Missions




Key Points from Operations

plan

* Guidance Navig -:"'_7-'-'-'- d ( ajecto itadforicourse, speed
and vehicleforienta _ sion 3

* Propulsion v 2qul ntel .r".firings)

* Crew MIGHILSES ng GN )-pi g)iand added it to the

New GN : 1SIC
New Propu'l on P ] W Pow Ia
( ﬁ\ ev Commun atlo PIan (Vehicle

‘:1.. ]

New GNC Act|V|ty nera '(
re-orientation) YEEAS -

New Communications Plan generated a new Power Plan

Activity resources identified in real-time from Knowledge Pack data
within the core link list structures

* Communication Executive requires intelligence for vehicle/transponder
selection during vehicle maneuvers




Jupiter Assured Crew Return
Design Reference Mission

rom Operations Flow

new plan contains the added GNC Activity
new plan contains the Maneuvering Arm Activity
@ ropulsion Executives reject the new plan encountering
1S cified in the Flight Rules and Safety Rules
s implemented in real-time for planning and execution
2ty and Flight Rule implementation (3 separate

- L

‘;Qy Rules can be modified during flight or.........
rride and implement the Candidate New Plan (emergency)
Converg i Plan will generate ECW Messages and potential stop of
ion (requires further investigation for auto-procedure inhibits that are
rié‘ in the system)

lering Arm Activity added successfully



DRM Summary
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Future Work

No plans to enhance or expand develop ent of the HAL 9000 Executives
«Continue utilization of the ,‘,_ s n for ISS and other projects
automated commands fifements *

*Lack of a target vehicle églon fbr applicétion of'-tjle complete HAL 9000
System . | - r "
eContinue to proo gn as opportunltles arise or H/ -Systerri capabilities

are needed for othefp olects

Currently developing met dds for crew procedure au \' ng and
verification/validation of the e procedures during flig |




Conclusion

*Concepts for the HAL 9000 System design have never been directly funded
*Proof of concept leveraged on other projects and prlvate development
eAutonomous operations is viable and ready - .
*Current Operations paradigms are not ready
*Can be applied in other command and control operations with a scaled down system
*Execution Component Only (HAL 3)
*Executive Component OnIy (HA
sDe-scaled comblnatlon 'XE A components (HAL 2000 and above,
such as for Habi

aguirements

*All Systems, sub-systems &
«Cannot fully automate.a syste
*Safety is employed-during design, build-up ar ers
*They must make their decisions up front and avallable durlng real-time
«External systems and simulations are required to assist the crew in HAL9000 operations
Critical areas are in Guidance, Navigation, Prognosis and Diagnosis .
*Crew Autonomy, Relaxed Crew Ops, On-board Procedure development/Implementation
oIs anybody ready?







