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Modeling and application of expert system for scalable smart substation based on semantic web
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Abstract: Nowadays, there exist problems in smart substation operation and maintenance expert system, such as
difficulties of knowledge content change and poor scalability. Therefore, a new knowledge structure modeling method of
smart substation expert knowledge database based on the conception of semantic network is proposed. Firstly, the basic
conception and functions of semantic web are analyzed so as to build technological base for smart substation expert
knowledge database modelling. Secondly, a scalable model is established from three aspects including smart substation
equipment configuration, IED configuration, and communication configuration. Thirdly, Tianmuhu smart substation
model is chosen as an example to clarify the expert system modelling process and its expansibility. In addition, the C
Language Integrated Production System (CLIPS) platform is used to verify the models. Through modeling and simulation,
it is shown that the structure of semantic-network-based knowledge base is more systematic. The logic and uniformity
among different concepts in knowledge base are improved, so that the goals of improving the expansibility of expert
system knowledge base and the reuse rate of the rule base can be achieved.
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(defclass IEDStructure

(is-a USER))
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(defclass IED
(is-a IEDStructure)
(slot IEDName)
(slot Desc)
(slot status)
(slot AIIPORTStatus))

HRang«._‘

(is-a Property)

(defclass LDeviceUnderWhichIED

E—

(defclass LDevice
(is-a IEDStructure)
(slot LDeviceName)
(slot Desc)

(slot Preparation)
(slot status))

‘—Domain—b

(slot Domain-LDeviceName)
(slot Range-IEDName))

(defclass STUandVMU
(is-a IED))

1

(def Rulel
(2relatedLDevice <- (object (is-a Ldevice) (LDeviceName ?Idevicenam)
(object (is-a LDeviceUnderWhichIED) (Domain-
LDeviceName ?ldevicename)
(Rang-IEDName ?icdname))
(object (is-a SIUandVMU) (IEDName %iedname) (Status Down)
=
(printout t ?Idevicename “ should turn down.” crlf)
(send ?relatedLDevice put-Status Down))

(defclass SIU
(is-a SIUandVMU))

P

(defclass 220 kV
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(defclass 500 kVSIU
(is-a STU))

(defclass VMU
(is-a SIUandVMU))

(def Rule2
2VMU <- (object (is-a VMU) (Status Down)
(AIIPROTStatus Down))

-

(send 2VMU putStatus Running))

(def Rule3
(?relatedLDevice <- (object (is-a Ldevice) (LDeviceName ?Idevicenam)
(object (is-a LDeviceUnderWhichlED) (Domain-

LDeviceName ?Idevicename)
(Rang-IEDName ?iedname))
(object (is-a S00kVSIU) (TEDName ?iedname) (Status Down)
(?relatedLDevice (Func MECTROL))
2waitingLDevice <- (object (Preparation ?Idevicename))

=

(printout t ?ldevicename  should switch to its preparation.”  crlf)
(send ?relatedLDevice put-Status Down)
(send ?waitingLDevice put-Status Running))
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Fig. 8 An example of expert system implementation based on semantic web model (implementation)
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