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Abstract:Anewmethodisputforwardtodetectandlocatethegaspipelineleakage, whichdesignedadynamicnetworkmodel

DRNN.Thesamplesofthenetworkarecomposedofpressureandflowratedataofallkindsofworkingconditions.Theexperimentre-

sultsverifythatthemodelcandescribethegas' flow-characteristicinthepipeline, aswellasdetecttheleakageandlocatetheleak-

ageposition.
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Inthispaperanewmethodtodetectandlocate
theleakageinthegaspipelineisputforwardontheba-
sisofdynamicnetworkDRNN ( DiagonalRecurrent
NeuralNetwork) , whichisdifferentfromthemethod
basedonthemodelofpipeline.Itusesitsself-adap-
tationabilitytolearnthecharacteristicsofallkindsof
workingconditionsofthepipeline, andthenclassify
theseworkingconditions.Experimentverifiesthis
methodiseffectiveandsensitive.

1　Principleofpipelineleakagedetec-
tionandlocalizationbasedonDRNN

　　 Whentheleakagehappens, thepressureofthe
leakagepositionwilldecrease, whichwillmakethe
pressurealongpipelinevary.Meanwhile, theflowrate
oftheinletandtheoutletwillvarytoo.References

[ 1]

putforwardusingthetraditionalANNtodetectandlo-
catetheleakagewithpressureandflowratedataof
pipelineasinput.TraditionalBPnetworkarestaticin
essencewhichcanonlyrealizenonlinearstaticmap-
ping.Itrunsonthebaseofthestablestateofthepipe-
line.Whilethepipelinetransformfromonestablestate
intoanotherstablestateattributedtoleakageorsudden
variationsofboundaryconditions, itwillbedifficultfor
thesystemtoworknormally.

DRNNcandescribethedynamicprocessofthe
system.Inthispaper, weuseDRNNtodiagnosethe
pipelineleakagethroughlearningthedynamicdataof
thepipeline.Whenthepipelinedataareinputintothe
network, thenetworkwilldetectwhetherthepipeline

leaksornotandlocatetheleaklocation.Foranactual
pipeline, thesedataincludethepressureandflowrate
ofthestartandendsegmentofthepipeline.Thesam-
pledatafortrainingthenetworkincludeallworking
conditionsofthepipeline.

2　StructureandalgorithmofDRNN

DRNNisasimplifiedformofElmannetwork.In
DRNN, eachneuronofthehiddenlayeronlyaccepts
theoutputfeedbackofitsownandhasnoconnection
withanotherneuron, ThetopologystructureofDRNN
isdepictedinFigure1.Themathematicaldescription
oftherelationshipandlearningalgorithmofDRNNare
discussedasfollows:

Fig.1　Thetopologystructure

Theinputvectoroftheclassifieris:
x( k) =[ p in, p out, q in, q out]

　　Theoutputofthehiddenlayeris:

O Hj( k) =f[ netj( k) ] =f[ uj(k)＊O H(K-1)

+∑
N in

i=1
wji( k) xi( k) ]

Where

netj( k) =I Hj(k) =uj( k)＊O H(K-1)
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+∑
N in

i=1

wji(k)xji(k)

Theoutputoftheoutputlayeris:

O Ol( K) =∑
N hide

j=1
vij( k) ＊O Hj( k)

　　Intraining, theimprovedself-adaptmomentum
factorisadoptedforimprovingconvergencerate.Ifthe
currenterrorislessthanthelasterror, themomentum
factorwillbeincreased.Otherwise, itwillbede-
creased.

3　Designofexperiment

Accordingtothemethodwedesigntheexperi-
ment.Asshowninfigure2, wechoosetherigidsteel
pipeline, thelengthoftheexperimentalpipelineis
84m, thediameteris0.01m.Wedividethepipeline
into8 segments, andatthe2、 3、 4、 5、 6、 8 seg-
mentwesetthrottleforsimulatedleakage.

Fig.2　Theschemeoftheexperiment

InthedesignofthenetworkDRNN, weset4 out-
putnodes, whichproduce4 bitsbinarynumbertode-
notethedifferentstateofthepipeline( forexample,
0000 denotesthatnoleakagehappen, 0001 denotes
thatleakageliesatthe1stsegmentandsoon) .

4　Resultandanalysis

Accordingtothemethoddescribedabove, we
trainandthentestthenetwork, thefollowingtable
showsthetestresultoftheexperimentalpipeline:

PipelineLeakDetectionandLocalizationTestResult

　No.　　　　　　　Testresult location　　　T/f

1 1.0000 0.0000 0.0005 0.0000 8 T

2 1.0000 0.0000 0.0006 0.0000 8 T

3 0.0000 0.0000 0.0004 1.0000 1(noleak) F
4 0.0034 1.0000 0.9845 0.0171 6 T

5 0.0025 1.0000 0.9995 0.0032 6 T

6 0.0025 1.0000 0.9996 0.0027 6 T

7 0.0025 0.0000 0.9996 0.9029 3 T

8 0.0025 1.0000 0.9995 0.0032 6 T
9 0.0001 1.0000 0.0000 0.9874 5 T

10 0.0020 1.0000 0.0459 0.9934 5 T

11 0.0018 0.0000 0.9473 0.3945 2 T

12 0.0019 1.0000 0.0488 0.9942 5 T
13 0.0013 1.0000 0.0796 0.9966 5 T

14 0.0020 1.0000 0.0385 0.9941 5 T

15 0.0043 0.9795 0.0000 0.0000 4 T

16 0.0022 0.8665 0.0000 0.0000 4 T
17 0.0001 0.8822 0.0461 0.1858 4 T

18 0.0001 0.9124 0.0330 0.1874 4 T

19 0.0000 0.1307 0.9867 0.4495 2( 3) T

20 0.0002 1.0000 0.0000 0.6962 4 T

Asshowninthetable, thesystemcandescribethe
dynamiccharacteristicofthegaspipelineandcande-
tect＆ locatetheleakage.Forthesampleisnotvery
rich, someerrorstillexist.Butcomparedwiththestat-
icnetworkmodel, testprecisionofthemethodinthis
paperincreasedgreatlydespitethelongertraintime.
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基于对角递归网络的气体管道泄漏检测与定位的研究
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摘　要:利用对角递归网络能够描述非线性动态系统的特点, 设计了用于气体管道泄漏检测定位的动态网络模型。网络

的训练样本由管道各种工况下的压力 、 流量数据组成。试验结果表明, 与传统的静态前馈神经网络模型相比, 本研究建立

的网络能更好的反映气体在管道中的流动特性, 实现气体管道的泄漏检测与定位。
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