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An expert system of automatic interlocking schemes generation for digital substations
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Abstract: The substation configuration language defined in the IEC 61850 is used to describe the primary system topology, function
topology as well as communication topology of the overall substation. An expert system of automatic interlocking schemes generation
for digital substations is proposed. The expert system takes the SCD file as its input, and extracts the primary system topology from
the file. The expert system development platform——CLIPS, is used as the inference engine. The object-oriented knowledge
paradigm is adopted in the system. The knowledge base is independent of the inference engine, and the control rules are independent

of the domain rules as well, which make the expert system more adaptive and simple to maintain. The tests using many typical

primary system topologies demonstrate the correctness and feasibility of the proposed expert system.
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R ICAESCD (Substation Configuration Description)
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Fig.1 The object model of SCD
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Fig.2 The primary system topology related object model
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CLIPS ( C Language Integrated Production
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(defclass Switch  (is-a USER) /38 X JFHRHK
(slot switchid (type INTEGER)) //FF K%
(slot T1 (type SYMBOL)) //%ij 15, 1
(slot T2  (type SYMBOL)) //3ij s 2
(slot OpenRule (type String)) //43[#i& 4
(slot CloseRule (type String))) // &5
PURAR IR e T Wit s e T oA )28,
EATIGR A T I ORI JE AR T vk
(defclass CB (is-a Switch)) //3E X Wi 282
(defclass IS (is-a Switch)) //5E SCBE & JT
(defclass GS  (is-a Switch)) //52 (b JJ2E
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Fig.3 Knowledge representation schema for the primary system

topology
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(defrule GS-Close-Rule
IR VSRS N 5 0 2gs-id (LTI X5
(14T TE Rk XUk 2CurrentRule
?gs<- (object (is-a GS)
(switchid ?gs-id) (CloseRule ?CurrentRule))
13 HLB B T O 2is-id 5 iz JIAHIE
?relation<- (RelationGSandIS (CurrentGS ?gs-id)
(LinkedIS ?is-id))
=
J/VOAE AT Jo 38 b ) ) 5 A2 T2 R PR B AT
(retract ?relation)
(bind ?stringl  (str-cat ?gs-id "=0,"))
(bind ?NewRule (str-cat ?CurrentRule ?string1))
(modify-instance ?gs (CloseRule ?NewRule) )
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(defmodule Init) //#]45H1k
(defmodule Topology) /#4453 #7
(defmodule GenlInterlockRules) //P181# 5 4= il
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(deffacts MAIN::control-sequence
( phase-sequence Init Topology GenlnterlockRules
VallnterlockRules OptInterlockRules) );
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(defrule MAIN::change-phase
2list<- (phase-sequence ?next-phase $?other-phases)
=>
/IR focus WO AL TR TR B
(focus ?next-phase)
(retract ?list)
(assert (phase-sequence ?other-phases)))
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Fig.4 Structure of the rule base
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Fig.5 Overall structure of this system
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Fig.6 A double bus scheme with bypass bus drawn by system

configuration tool
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25311H: (25312=0, 2531=0, 2217=0, 253127=0,
253117=0, 25316=0) + (2531=1, 25312=
1,25301=1, 2530=1, 25302=1) !
25311L: (25312=0, 2531=0, 25316=0) + (2531=
1,25312=1, 25301=1, 2530=1, 25302=1) !
25316H: (253117=0, 25311=1, 2531=0, 2217=0,
253167=0, 253127=0, 25312=0) +
(253117=0, 25312=1, 2531=0, 2117=0,
253167=0, 253127=0, 25311=0)
25315H: ( 2520=0, 2517=0, 253167=0, 25325=0) !
25315L: (2520=0,25325=0) !

2517H: 25315=0, 25325=0, 25205=0!
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Tab.1 Meaning of the symbols in the interlocking expressions
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