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Estimation of Fault Location for Transmission Lines
by Neural Network Using Complex Back Propagation
Learning Algorithm

Motoo TANAKA, Hajime TSUBOI, Takayoshi MISAKI,
Fujio KOBAYASHI and Masayuki TAKAHASHI

 ABSTRACT

Distribution patterns of grand wire current along transmission lines have been
analyzed by a experts in order to find the fault location. Various types of fault
location methods using multi-layered feed forward type neural network models have

been proposed and these efficiencies have been shown in several papers. The ampli-
tudes and the phase angles are used as the input data of the neural network.
If we use complex number for the neural network, we can relate the amplitude and

the phase angle to each other. In this paper, we propose a fault location method using
the multi-layered feed forward type neural network model. In the proposed method,
the neurons are expressed by the sigmoid functions which are extend to the complex

number and we use the complex back propagation learning algorithm.
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Fig.l Computational model of transmission line.
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Fig.2 Multi-layered feedforward type neural network model.



4. EtEHER |
RERMOBERERE L TR 0 75 A TR

. DIHEROERER =2 —I V32 POATHES L

LTW3, D8, EBHRE TN L EEORERMD

BERDBASRE Y —DEER LI LD, EROEE

EOHEREEE B THWONE AT —F1Ey &
2 V—y a VEREBRDUREER D B, Lizddo T,

33

VEalv—valfEROEEN 2 —TI NIy VT~
DIEEREERC 5.2 25 DWW THRETT 208D 5,
ZFDIOIZ, FEIMNET Llgic, AT —2 1= %
iz THIEXE#EE Uiz, BRERESERHOW TS,
Z DEFIFEROKE 12T+ 15% [HEIcDWT £
15 & Lz,

300
250
5
E 1) e ——
G
©
g
z o
case %
............................... Case
o = case 3
0 7 2 case 4
Fig.3 Number of fault-locating errors. -
1400
1200
«» 1000
:
o 800
Y
O
g 6m ...............................
B [re— - |
case
Bl case?
B case3
case 4
%

Fig.4 Errors between target signals and output signals.



34

8000 7
7000 /

72}

I —— %

g 5(m ............................... /

‘&6 4000 ...............................

g e

'§ 3(xx) ..............................

z 2(m ............................... . case 1
lmx) ............................... / E case %

............................... case
0 [ /A VA Case 4
Fig.5 Number of iteration steps.
4.1 HEHES DOYEHEE. 0~ 1 F TOEREBC L > TEZL TS,

S, AR IEHEREIHIET 25y 7
— 7 DHSIE 1 MR 0 L35, LU EBENNTIEA
v FNT—7DOHE L TE=y MRIEE L ERE
SNBDT, BERMZROTHEE LT, LTDO4D
D7 — AW DN THE R T 77,
T—A 1 EEXECHIES 5 I OFERDO A% 1 |
fid£T0o &3,

—R 2 HEXENC ISR B HUIDFEER & % 1.
fiz4T0 &9 5,

r—A 3 EXECHIS T 2 HIDOERE 1, o
TR 0. EERET1 &5,

FBO 2=y M IR 21E LIFESIE DWW TETERR
B 3R T, M3 I3EEE R EE LIREE D42,7000%
F— 2 DAIHEFAT DWW TSRS U I re g L T
%, Ele, MA4BEANMES L3y V7 — 7 HhDER2E
IR = DWTERFUAER B L T 5, R
TNHEIVNEWIE CEERBENREL I L 2EKRT 50
T, #EMERIET — A 1 OB TEZ IRV £05%h
b, E72. B5 ICEREBMEIRFEE T VT ) XATDA
v NV —7 DEMEEDT:DOEREERL T3,
FEL D7 —R 1 TRABORIETEEINT LT3
ZEDbirb, Lichi-> T, #iMgsL LTi3r—A 1
DO ERvIUL, ORI HARTA W EERET
BB O BEREREENS T E 5 2 E0%br b,
4.2 EADYHE :

FEEE CHERERBO = 2 —u RS 2 E

HIEHEIMEEREEE 1 RIT T B DWW TGS 572012,
BLBCRIDE 2 5 A TBEOWIHEIZ DWTHEE LTz, 4.
15 & BIRE RS HEE T DWW T [ 6 ()i ZESTE5R A5

6 (DIHERES L 3y b — 2 HIDZEOES. K6
(NZHEEKET 2 CORBEREEETT, WThOPHHMET
YIEERERER R D Z bbb, 12, H
WO DIER AW 2—F 3y b T—27 (AT
ENN EBE$) DBEITOWTR 7(a), B7(0), K 7(ehe
T, CNHDFEREL D HERNNTIEFBEE I DWW T

BEAOVEMEDEEZ T W I bbb,

4.3 #HEFENNE ENNDLEE

HREEO 2=y MR ETRMBOBREX 8(a) L X
8T, ML, 2BEOBEHIZIOWVWT, #hFh.
42, 700085 — > 30,400089 — > DRFBOATHER I
DLW TDIEERRTH S, . —RIAVSN TS
FEHERAGIe=2a—I WAy N — 212 & BEER(RNN)
HEBRNIR L TV 5, ENNTIE, 5B & R O BHR 4
HUTCERNNEF CAST =S 2EOEA By
FOASTEL TS, BEENNEENNOWTN S B
RO 2=y MICIX. 0. 5% LT OEFERASCH
%, $lo, FRIB =y M7 Tld. ENNREEER
TEEMB/MEZIGRL ., FEET LTz, Lz
PoT, ThoDFERLY ., REktiEL=y MIT
IEERNN L ENNBREEOHREXREHEENTE Dk
WHE2 =y POECIIERNNIZENN I D bEfEX
RHEEICEL b EEZ 5N5,



35

300
250 -
o 7 |
5 200
s-)- et rrovesocen - o .
5 e
S o random 1
; e random 2
random 3
50 [ L | 3 random 4
D random 5
7 _
0
(a)
1000

Sum of eorros

" random 1
random 2
random 3
random 4
random §

20000

6000 B random 1.

I Bl random 2
rangomi ......
| random 4 |

12000 Ll random 5

:

Number of iteration steps

:

%

0
(©
Fig.6 Comparison of initial values of neural network using complex number. (a) number of fault-locating
errors, (b) errors between target signals and output signals, (c) number of iteration steps.
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Fig.7 Comparison of initial values of neural network using real number. (a) Number of fauit-locating
errors, (b) errors between target signals and output signals, (¢c) number of iteration steps.
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Fig.8 Comparison of nmber of fault-locating errors. (a) using 30,400 cases, (b) using 42,700 cases.
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Fig.9 Comparison of nmber of iteration steps. (a) using 30,400 cases, (b) using 42,700 cases.
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