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NUCLEAR REACTOR OPERATOR COMPANION

CHARACTERISTICS:
- OPEN LOOP (HUMAN OPERATOR INVOLVED) SYSTEM

- COMPLEX PLANT PROCESS CONTROL AID IN TIMES OF

HUMAN OPERATOR INFORMATION OVERLOAD
- SOCIETY OF HETEROGENEOUS PROCESSING ENGINES

= INTELLIGENTLY APPLIES A REAL-TIME SIMULATION

MODEL FOR PLANT PROCESS TRACKING
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ACCELERATOR CONTROL SYSTEM

CHARACTERISTICS:

- CLOSED LOOP (HUMAN OPERATOR NOT DIRECTLY

INVOLVED SYSTEM CONTROL) SYSTEM

= MULTIPLE SLAVE EMBEDDED REAL-TIME

PROCESSORS

- EXPERT SYSTEM-BASED MASTER CONTROL

file:kbesld3.msw
24 July, 1990/ 11:47 AM



TIME CONSIDERATIONS

REACTOR OPERATOR COMPANION:

- DATA (TIME SERIES DATA) CONCURRENCY MUST BE

MAINTAINED

- TIMELY INTERCOMMUNICATION POSSIBLE VIA TIME-

DIMENSIONAL BLACKBOARD (MESSAGE DATABASE)

- SLOW RESPONSE OF SYSTEM MEANS NON-CATASTROPHIC

DEGRADED PERFORMANCE

ACCELERATOR CONTROL SYSTEM:

- REAL-TIME CONTROL SYSTEM, THEREFORE INFORMATION

OVERRUN TO BE AVOIDED

- COMPUTER FAILURE AT INTELLIGENCE LEVEL WILL NOT LEAVE
EMBEDDED PROCESSORS IN ACTIVE STATES (DEADMAN

CONTROLLED)
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CONTROLLER STRUCTURE -- PRECOMPUTABILITY

BOTH APPLICATIONS:
- PROCESS TOO COMPLEX FOR DECISION TREE ANALYSIS

- PROCESS TOO COMPLEX FOR LOOKUP TABLE / RESOURCE

REQUIREMENTS / RESPONSE TIMES
REACTOR OPERATOR COMPANION:
- MODEL EXISTS BASED ON TRANSPORT EQUATIONS

- INTELLIGENT AGENT REQ'D TO APPLY SIMULATION TO

TRACKING OF PLANT PROCESS IN REAL-TIME
ACCELERATOR CONTROL SYSTEM:

- UNCERTAIN PARAMETRIC VALUES (I.E. REPRODUCIBILITY)

PRECLUDE MODELLING TECHNIQUES

= HEURISTICS REQUIRED TO MIMIC EXPERT OPERATOR
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CONTROLLER STRUCTURE -- RUNTIME

REACTOR OPERATOR COMPANION:

- REASONING -- EXPERT COMPARISON OF MODELLED VS. REAL

DATA RESPONSE OF SYSTEM

= LEARNING -- NEURAL NETWORK APPLICATION EMPLOYING

PATTERN RECOGNITION

ACCELERATOR CONTROL SYSTEM:

- PLANNING -- APPROPRIATE INVOCATION OF STARTUP/

MAINTAIN/SHUTDOWN/DIAGNOSE OPER'G MODES

- REASONING -- DIAGNOSTIC TROUBLESHOOTING DUTIES OF

EXPERT SYSTEM MASTER
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RUN-TIME LATENCY REDUCTION

REACTOR OPERATOR COMPANION:

- FUNCTIONAL ABSTRACTION -- A SOCIETY OF

HETEROGENEOUS (SYMBOLIC/NUMERIC) PROCESSORS

== ASYNCHRONOUS INTERCOMMUNICATION VIA A TIME-

DIMENSIONAL BLACKBOARD
ACCELERATOR CONTROL SYSTEM:

- TEMPORAL ABSTRACTION -- EMBEDDED SLAVE

PROCESSORS CHARGED WITH REAL-TIME OPERATION WITH

THE HIGHEST DATA SAMPLING RATES

== SYMBOLIC PROCESSING MASTER CHARGED WITH ISSUING
EXPERT CONTROL OVER PROCESS USING THE LOWEST

TRANSFER RATE
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CONTROLLER STRUCTURE -- DESIGN STRATEGY |

TOP-DOWN COMMUNICATION:

REACTOR OPERATOR COMPANION - SIMULATION
DIRECTIVES TO MAINTAIN MODEL / PROCESS TRACKING

(EG. TWO PHASE FLOW MODE)

ACCELERATOR CONTROL SYSTEM - COMMANDS AND
DATA NECESSARY TO INVOKE OPERATIONAL MODES OF
EMBEDDED PROCESSORS (EG. MAINTAIN MODE

REQUIRES PARAMETER TOLERANCE WINDOW VALUES)
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CONTROLLER STRUCTURE -- DESIGN STRATEGY Il

BOTTOM-UP COMMUNICATION:

REACTOR OPERATOR COMPANION - DATA POSTING

(EG. SIMULATION RESULTS, DATA ACQUISITION SAMPLING

RESULTS)

ACCELERATOR CONTROL SYSTEM - DETAILS OF

DEGREE OF COMPLIANCE

- NOTED NON-NOMINAL VALUES OF KEY PARAMETERS
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CONCLUSIONS

PERFORMANCE:

- TOO PREMATURE FOR REACTOR COMPANION

- ACCELERATOR OPERATES WITH A SMALLER THAN EXPECTED
DYNAMIC RANGE BUT WITH PERFORMANCE THAT EXCEED
EXPERTS; THUS IS FRAGILE AND NOT YET ROBUST ENOUGH

FOR EVEN EXPERIMENTAL DEPLOYMENT IN THE FIELD

FUTURE WORK:

- IMPLEMENTATION OF REACTOR SUBSYSTEMS INCLUDING

BLACKBOARD AND TREND ANALYZERS

= INVESTIGATION OF THE ROLE THAT INTELLIGENT SELF-

REFLECTION CAN PLAY IN GLOBAL COMPANION OPERATION

- EXTENSION OF KNOWLEDGE BASES TO REMOVE FAGILITY OF

ACCELERATOR CONTROL SYSTEM

- BOTH SYSTEMS TO INCLUDE CRASH RECOVERY PROCEDURES
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