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Asst. Prof. Siriwat Potivejkul Advisor
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Abstract :

In the power system , when it has abnormal inevilable incidents. The arrival of
alarm messages ‘with status of the associated switching equipment are provided to the
compulerized control syster at the control cenler.

This thesis proposes the applied Artificial Neural Network to analyze the alarm
messages and interpret the fault location in the power system. It offers the better rapid
solution and the similar human decisions due 1o its private properties.

The result fault location has been verified using the ‘MATLAB’ personal

computer program simulation of the differential locations and types of faults.
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3.4 maiiauiludnvaizniig @eu ( Supervised Learning )
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( Artificial Neural Network Discrimination Ability )
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( Linearly Separable Artificial Neural Networks )
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( Multilinear Artificial Neural Network )
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( Nonlinear Separable Artificial Neural Networks )
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( Artificial Neural Network Analysis 11)
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MANUIN V.

swazisen Tlsunsui 1 lumsadauasnaaen Insahelseennifou

Matlab Version 4.2c.l for Windows Program.

' Fault Location Analysis In the Power System Using
the Artificial Neural Network '
|

Uses Back-Propagation Learning Algorithm..

Build on 10/08/96
LastEditDate on 05/02/97

dO O IO P o K o O

% Initial setting.

clear all;
help fault;

nb_in = 17; % The number of input neurals.

nb out = 19; $ The number of output neurals.
nb_hid = 3; % The number of hidden layers.
nb_pattern = 19; % The number of training patterns.
nb _analysis = 50; % The number of analysis patterns.
nb_hid st = 94; % The number of first hidden layer
neurals.

nb_hid nd = 94; % The number of second hidden layer
neurals.

nb _hid rd = 94; $ The number of third hidden layer
neurals.

Bias = 1; % Sel Bias on each neural.
Permissible = 0.001; % Permissible error.

Gain_Term = 0.8; % Used in Back-propagation training
algorithm.

Momentum' = 0.2; $ Used in Back-propagation training
algorithm.

Pause R = 0.01; % Times for read result.
Limitation = 70; % Satisfactory limitation.

load c:\Matlab\Project\TrainDT.mat;
global Stop:

% Internal node thresholds are adapted in a similar
manner by assuming

% they are conhection weights on links from auxiliary
constant-valued inputs. '

in mt = zeros([1l, nb_int+1]); % Input matrix.
in mt(l, nb_in+l) = Bias;



out_mt = zeros([l, nb_out]);

1711

% First hidden layer output matrix.

out._hid st mt = zeros([1,
nb_hid st+1)

out hld st mt(l

% Second hidden layer output matrix.

out_hid nd mt = zeros([1,

out hld nd mt(l, nb_hid nd+l) = Bias;

% Third hidden layer output matrix.

out_hid rd _mt = zeros([1,

out hld rd mt(], nbwhidwrd+1) = Bias;

nb_hid_st+1]);
= Pias;

nb_led_;uikl]);

nb_hid rd+1}):

% Output matrix.

% Initialize weight and bias , select from menu

WRandom = [L..

set ([BPTrain_II Analyola H Load H Save_H
ExithJ,"Lnable" N ol
'menul = menu("Inltlalize The Connection

Strengths'', ' 'Random values and multiply by

0.8'',''Random values and multiply by 0.6'",

values and multiply by 0.4'',
multiply by 0.2'', ''Use this weights

'disp(" 11);1.._
‘wl mt = randn([nb_in+l,
'w2 mt = randn{[nb_hid_st+1,
nb_hid_nd]);'
'w3 mt = randn([nb_hid ndHl,
nb_hid_rd]);'
'wd_mt = randn([nb_hid_rd+l,
'if menul = 1,'...
'wl mt = 0.8%wl mt;'
'w2 mt = 0.8*w2 mt;'...
'w3 mt = 0.8%w3 mt; ...
'wd_mt = O. grwa mt,'
'‘elseif menul == 2, e
'wl mt = 0.6*wl mt;'...
'w2 mt = 0.6*w2_mt;'.
'"w3 mt = 0.6%w3 mt;'...
'wd_mt = O. 6*w4—mt,'.
telseif menul == 3,
'wl mt = 0.4%w] mt,'...
'w2 mt = "0.4%w2 mt,'.
'w3 mt = 0.4*w3 mt;'...
'wd mt = 0.4*w4_mt;"'.
'elself menul == 4,"'...
'wl mt = 0.2*%wl mt;"'.

'w2:mt - 0.2*w2 mt;

' 'Random

'*Random values and

ll);'.

nb_hid st});:'

nb out]);’
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'w3 mt 0.2%3 ml;
'w4 mt = 0.2%w4 mt, ..
'end;
clear menul MENU VARIABLE;'
set ([BPTrain H Analyq1q H Toad H Save H
Exit Hj,"rnab]e" "tont'); v ;

% ''he Back-Propagation lraining Method.

% Uses the log-sigmoid activation.

% Follow ' Neural Networks, [EEE PRESS ' book.
% The momentum term is used.

BPTrain = [...
'set (Stop H, ''Enable'’, "‘on'');:'..

'set { [WRandom _H BPTraln H Analyolb H Load H

Exit_H],"Lnable","off")

'uicontrol(figC,"Style","text","Position",[15 5

300 20],"Horiz","center","String","Training

Process ...

loops.'',"'"Fore'', [1 .1 .1}, ""Back'", [0 0 O0});: '...
'wl old = wl mt;’
'w2 old = w2 mt;'...
'w3 old = w3 mt;’
'wd old = wd_mt;'
'SumSqgrkrr = [Permissible+0.001]};"'...

'Stop = 03!
'loop = 1;°
'1a%f = T{vabd

llnspace(O 2%pi19)3 !
'xx = cos(x):"'
'vy = sin(x);"
'set (£igE, ''Visible'',"'on'");". ..
'while SumSqrErr (1, last) > Permissible &

Stop == 0, '...
'for pat = l:nb pattern;'...
'if Stop == 1;'...
'break;'...

'end;'...

'in mt (1l: nb_in) =
Pattern_mt(pat,:);' -
'out hidwst_mt(lznb_hidﬁst)
logsig(in mt*wl mt);'...

'out _hid nd mt(l:nb_ hid nd)
logsig(out hid st mf*wZ mt), .-

Tout hld rd mt(1l:nb_hid _rd)
logsig(out hid nd 1 mt¥*w3 mL),

‘out mt = '
logsig(out _hid rd | mU*wa _mt);

TResult =
find(out_mt?wmax(out_mt));'

It

it
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"Flexlt - location(Resull);'...

'Out pattern = Target mt(pat,:):'...

'Percent = num2str{out mt (Result) *

100);'...

'figqure(fighA);'...
’«ubplot(333), ...
'bdr(OupralteLn);'...
'subplot(336)

"bar {(out_mt);'...
'NetsError = Outupattern - out mt;'...
'Evror Termd = out mt.*(1l-
out_mt) .*NetsError;'...
"DeltaW4 = Gain Term*Error Termd;'...

"Deltald =
transp (out _hid rd_ mL)*DelLaW4, .o
Twd new = w4 _mt + DeltaWd +
(Momentum* (w4 mt - wl _old)):'...
'wd old = w4 mt;'...
Ywi mt =~ w4 now;'...
'ErrorgTermB
out. hid rd mt (l:nb hid vd).*(1-
out hid rd mt(J nb hid rd)) *(Error“Term4*transp(w4mmt(1
:nb hld rd 1:nb ouL)))".
'DeltaW3d = Gain Term*Error Yerm3;'...
'DellaW3 =
transp(out_hid nd_ mt) *DeltaW3;'...
w3 now = w3 mt + DeltaW3 +
(Momentum* (w3 mt - w3~old)), e -4
'w3 old = w3 mf" £
"w3 mf = w3 n@w, Je% 2
'"Error Term?2 =
out_hid nd mt(1l: nb hid nd) * (1~
out hld nd mL(l nb hid nd)) *(Error _ TermB*Lranbp(WB mt: (1
tﬂ) hld nd, l.Iﬂ{*hld rd))) .o
'DeltaW2 ~ Gain_ Term*Frror Term?2; .
"DeltaW? =
transp (out hid st mt) *DeltaW?;'...

'w2 _new = wZ_mt + DeltaW?2 +
(Momentum* (w2 _mt -+ w2 old));'...
"w2 old = w2 mt;

'w2_mt = wz_new, .o
'Exrror Terml =
out hid st mf(l nb hid qf) *{1-
out hld st mt(l nb hld . st)).*(Error _Term2*transp (wW2_] mt (1
:nb hld st,l:nb_ hid nd))), .
'DeltaWl = Gain_Term*Lrror _Terml;'...
"DeltaWl = Lransp(ln mt)*DelLan, .o
'wl new = wJ mt + DeltaWl +
(Momentum* (wl mt - wl old));
'wl old = wl_mt,'...
'wl mt = wl new;'...
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‘uicontrol(figC,"Style","text","Position",[225 5
30
20],"Horiz","center","“trlng",num2¢tr(loop),"Fore
vyt 1 1], " 'Back'', [0 0 0]): ...
'loop = loop + 1;'
'SqrErr (1, loop)
sum {sum (NetsError.*NetsError)):'...
'figure(£igA) ;'
'subplot (132);'...
'if loop >~ 21,'...
'plot3(xx(19:—1:1),yy(19:—
1 1) ,S8qrErr ( (loop-19) :loop-1));i'...
'elqe V e
'plot3 (xx (Loop-1:=1:1),yy (Loop—1l:-
1:1),8qrErr (2:1o0p)):i'...

‘end; '..
'grid;"'.
'end; '...
T1dsb ¥ hassty b \I4: 4P
'SumSqrkrr(l, last) = sum (SqriErr (1,

(Loop-18) :loop)) / 38;°
'figure(figE);'...
'plot (SumSqrkrr, ' 'm="'"');"
'end;'...
tclear DeltaWl DeltaW2 DeltaW3 DeltaW4
Error Terml Error_ Term2 Error_ Term3 Lxror term4 wl_now
w2 new w3 new w4 _new Wl _old w2 _old w3_old Wi _old
SuqurErr SqrErr, . &
'figure(figC) ;'
'elf; !

'uicontrol (FigC, '"Style'"’, !"texl"’, "'"position'', [20 5
100 20], ''Horiz'', ''center'’, ''String'',''No
Operétion.","Fore",[.1 .1 1], "'Back'', [0 O O1);"'...
et(figE,"Vioible","off");'
'set: (Stop_H, ""Enable'', "'off'");
pt([WRandom H BPTrain H Analy51s H Load H
Exit H],''Enable'’, "on")"],

Nnalysis = [...

'set(btop H, ''Enable'',''on'');:"'...

'set ([WRandom_H Load H BPTrain_H Analyels H
Exit H],''Enable'', '1offt');

'Stop = 0; loop = 0;'.

"menul = menu(''Choose The
Pattern'', ''Single Fault'', ''Simultaneous
Fault'', ''Other Pattern''):;'

'disp(l' ll);l

'if menul == 1,"'...
'1oad ¢:\Matlab\Project\an.mat;
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'load
c:\matlab\project\target a.mat;'...
'elseif menul =— 2,'...
'load
c:\Matlab\Project\double F.mat;'...
'glseif menul == 3,'
'load

c:\Matlab\Project\Odata.mat;"'.-..
'end; '...
'[nb_analysis c¢] = size(Analysis mt);'...
'set ([figF figG],"Visible","on");'...

'uicontrol(figD,"Style",!'text","Position"“[15 5
240 20],"Horiz","left","String","Analysis CPU
Times in sec : v, 'Fore'', 1 1 .1],"'"Back"', [0 O
01):;'...
'for pat = 1l:nb analysis ;'...
'if Stop == 1;'...
'break; . ..
‘end; '...
LR BElchadieyy / T
'in_mt(l:nbwin) =
Analysis mt(pat,:);"...
'out_hid“st_mt(lznb_hid*st)
logsig(in mt*wl mbt);"...
‘out_hid nd nt(l:nb_hid_nd)
logsig(out hid st mt*w2 mt);'...
'out_hid rd mt(1l:nb_hid rd)
logsig(out_hid nd mt*w3 mt);'...
'out mt =
logsig(out _hid rd mt*w4 nmt);"'... :
"Alime = num2str (etime(clock,

fl

i

TOY):'...

'uicontrol(figD,"Style","toxt","Position",[200 5
50 20],"Horiz","center","String",ATime,"Fore",[1
.1 .17, "'Back'', [0 0 0]);'...
'Result =
find(out_mt==max(out~mt));'...
'["rext = location(Result);'...
'Out pattern = ATarget_mt(pat,:);'...
'pPercent = num2str (out mt (Result) *
100);'...
'"NetsError = Out_pattern - out_mt;'...
‘figure(figA);'...
'subplot (333):'...
'bar (Out_pattern);'...
'subplot (336):'...
'bar{(out mt);'...
‘ 'if (out mt(Result) * 100) >
Limitation,'... SR
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'uicontrol(figF,"Style","text","Position",[35 85
115
20],"Horiz","right","String",FText,"Fore",[.1 1
.1],"'Back'', [0 0 0]):"'..-

'uicontrol(figF,"Style","text","Position",[150 85
60
20],"Horiz","center","String",Percent,"Fore",[1
.1 .11, "'Back'', [0 0 O]):"'... |

'uicontrol(fin,"Style","text","Position"r[206 85
15
20],"Horiz","center","String","%","Fore",[.1 1
.11, "'Back"', [0 0 0});'...
j '"frue_vec =
Pattern_mt(Result,:);'...
. ‘relay vec = True_vec-
in_mt(l:nb_in);'...
'rellay/stx =
find(relaywvec==max(relaymvec));'... 5
'[r, c¢] = size(relay str);'...
'‘figqure(£igG):'...
Le\=£7)Y . &2
'if max(relay vec) == Ol +')s -5

'uicontrol(figG,"Style","text","Position",[20, 85
150 20],"Horiz","center","String",f'Complete Alarm
Message.'',''Fore’’, [.1 1 S, YvBackt ', 1000°0]) V.4
telse;\i.q
/i )10
'Flext = namerela(relay str(l,
i)y)y:'...

'uicontrol(figG,"Style","text","Position",[40*i—
20, 85 40
20],"Horiz","center","String",FText,"Fore",[.1 1
.11, "'Back'', [0 0 O]):"'...
'end;"'...
'end;"'...
telse;'...

‘uicontrol(figF,"Style","text","Position",[15 85
230 20],"Horiz","center","String","Lower
satisfactory limitation.'',''Fore'',[.1 1
.1],''Back'', [0 O 0]);'..

'end;"'...

‘out mt (1, Result) = 0;'...

'Result = find(out mt ==
max (out mt)):"'...

'"FText = location(Result);'...
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'percent = numZ2str (out_mt (Result) *
100);:"'... ‘
'if (out_mt(Result) * 100) >
Limitation, '... ’

'uicontrol(figF,"Style","text","Position",[35 45
115
20],"Horiz","right","String",FText,"Fore",[.1 1
.1],''Back'', [0 0 0]):"... ~

'uicontrol(figF,"Style","text","Position",[150 45
60 ’
20],"Horiz","center","String",Percent,"Fore",[1
.1 .1],'"'Back'', [0 0 0]):"...

'uicontrol(figF,"Style","text","Position",[206 45
15
20],"Horiz","center","String","%","Fore",[.l T
.1],''Back'', [0 O O}):"'...
'True_vec\ =
Patternﬂmt(Result,:);'...
'relay vec

|

@

True vec-
in mb(l:inb_in);'...

'relay str =
Iind(relay;ve‘m=max(relay*vec));'...

"[r, ¢] = size(relay str);'...

'if max(relay vec) ~= o), w
T\ reupu tameie G A
'FText = namerela(relay str(l,

iy)y:s'...

'uicontrol(fqu,"Style","text","POSition",[4O*i~
20, 45 40
20],"Horiz","center","String",FText,"Fore",[.1 1
.11, "'Back'', [0 O 0]):'... 7
Vil
'end;'...
telse;'...

'qicontrol(figF,"Style","text","Position",[15 45
230 20],"Horiz","center","String","Lower
satisfactory limitation.'', ''Fore'',[.1 1
.11, %'Back'', [0 O 01):'--..
'end;'...
'out_mt(1, Result) = 0;'...
'Result = find(out_mt ==
max (out mt));"'...
"frext = location(Result);'...
'Percent = numZStr(out_mt(Result) *
100);"'...
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"if (out_mt (Result) ¥ 100) >
Limitation,'...

’uicontrbl(figF,"Style","text","Position",[35 5
115
20],"Uoriz","right","String",FText,"Fore",[.1 1
1], "'Back'', [0 0 O)):'...

'uicontrol(figF,"Style","text","Position",[150 5.
60
20],"Horiz","center","String",Percent,"Fore",[1
.1 .11, '"'"Back'', [0 0 O]):"...

'uicontrol(figF,"Style","text","Position",[206 5
15
20],"Horiz","center","String","%","Fore",[.1 1
.11, "'Back'', [0 0 O]);"'...

'True vec =
Pattern mt (Result,:);:"...

'relay vec — True_vec-—
in mt(l:nb in);"'... :

'‘relay str =
Lind(relay“vecmwmax(relay~vec));'...

"Ir, ¢| = size(relay str):'...

'if max(relay vec) ~= 0,'...

PRety WENINICYN -6

'FPToxt — namcrcla(rclay str(l,

i)y)Y:'...

'uicontrol(figG,"Style","text","Position",[40*i—
20, 5 40 :
20],"Horiz","center","String",FText,"Fofe",[.1 1
.11, ''Back'', [0 0 OQ]);'... J
Tend; ...
'end; '...
Telse; '...

'uicontrol(figF,"Style","text","Position",[15 5
230 20],''Horiz'', ''center'', ''String'"', ' 'Lower
satisfactory limitation.'',''Fore'',[.1 1
.1],""'Back'', [0 0 O0]);'...
'end; '...
'loop = loop + 1;'...
'SumSqrErr (1, loop) =
sum (sum (Net.sError.*NetsError))/2;"'...
‘figure(figA);'...
'subplot(132);'...
'if loop >= 22,'...
"plol (SumSqrErr ( (loop=-21) : Loop
Y)ste..

Telse,'...
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'plot(SuqurErr);'...
'end;'...
'[x,y] = ginput(1):'...
'end;'...

'set (| figF fquJ,"Viqible","oFf");'...
'set (Stop iI, ' 'Enable'', "Toff" ") " ...

'set (|WRandom H BPTrain H Analysis H Load H

Save H Exit H],''Enable'', tton'') ;" |

LoadW = [...
'set ([WRandom H BPTrain_H Nnalysis_H
Save;H],"Enable","off");'...
'menul = menu{'‘'load Weights From
...'"", ""TFloppy Disk'',''Hard Disk ( Path \Matlab\Project
y'Y)it.e..
'if menul == 1,'...
'load a:\Weights.mal;'...
'else,'...
Lload
c:\Matlab\Projecf\f94node\Weigh942.mat;'...
'end;'...
'set ( [WRandom H BPT ain 1l Analysis 1l
SaveMHJ,"Lndble" "on") 1

SaveW = [...
'set ([BPTrain H Analysis H Load H Save H
Exit_H],"Enablo","off")°'..
'menul = menu(''Save Menu'',''Save to original
weights'', ''Save to backup welghts") 7 . O
'diSp(" try .
"if menul == 1,"'...
'save c: \MaLlab\PrOJecL\Welgh247 nat
wl mt w2 mt w3_mt wid mt;'...
'e]seli menul == 2,'...
'save c:\Matlab\Project\BWeig247.mat
wl mt w2 _mt w3 _mt wi_mt;'...
'end; '...
'set([BPTrain_H Analysis Il Load_lI Save_ll
Exit_HJ,"Enable","on");'...
"clear menul;'|:

Exit = [...

'close([figh figB figC figD figE figF
figGl);'-..

'clear all;'];

% Create and display control windows ,
é
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figh = [igure{'Position',[5 5 790
2651, "Name', 'Artificial Neural Networks Windows Control

. s o g ==

'NumberTitle','off','Resize','off','Interruptible',‘no')
;

clf;

uicontrol(‘Style','frame','Position’,[5 5 140

2501, *BackgroundColor', [0.5 0.5 0.51);

% Create uscor interface conbrols.

t

WRandom H = uicontrol(‘Style','push','Position',[10 220
130 30],... -

'String', 'Random Weights', 'Back', [0 O
0l,.-.-

'Interruptible','yes','CallBack',WRandom);

BPTrain H = uicontrol('Style','push‘,'Position',[10 185
130 30),...

'String', 'Back-P training', 'Back', [0 O
0}, .-- .

'Interruptible','yes','CallBack',BPTrain,'Euable','off')

.
r

Analysis H = uicontrol('Style','push','Position',[10 150
130 301,.-.

'String', 'Pattern Analysis', 'Back', [0 O
0),..-

'Interruptible','yes','CallBack',Analysis,'Enable','off'

) .

3

Load H = uicontrol('Style’,'push','Position',[10 115 130
30),.--

'String’', 'Load Weights', 'Back', [0 O
OJ’.--

'Interruptible','yes','CallBack',LoadW);

Save H -~ uicontrol(‘Stylo','push','Position',[10 80 130
Wb 'String’', 'Save Weights', 'Back', [0 O
0l,...
'Interruptible','yes','CallBack',SaveW,'Enable','off');

Stop H = uicontrol('Style‘,'push','Position',[10 45 130
301, ...
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'String', 'Stop 1!, "Back', [0 O O], ...
'Interruptible', 'yes', 'CallBack', 'Stop
= 1;', 'Enable', 'off');

Exit H = uicontrol(‘sty1e','push','Position',[10 10 130
301, ...
'String', 'Exit', 'Back', [0 O 0},.--

'Interruptible','yes','CallBack',Exit,'Enable','off');
% Create and display fault location Windows.

figB = figure('Position', [550 318 245 40}, 'Name', 'Fault
Location ..."',...

'NumberTitle','off','Resize','off','MenuBar','none‘);
clf;
FText = 'No Operation.';
uicontrol('Style','text','Position',[20 5 100
201, 'lloriz', 'center’', ...

'String', FText, 'Fore', .1 .1 1}, 'Back', [0 O
0l): .

% Create training display windows.

figC = figure('Position’, [190 318 330 40], "Name', 'Train
Status ...', ...

'NumberTitle','off','Resize‘,'off','MenuBar','none');
clf;
ulcontrol('Style','text','Position',[20 5 100
20}, 'Horiz', 'center', ...
'String', FText, '"Fore', [.1 .1 11, 'Back', [0 0 0]);

% Creale analysis display windows.

figD = fiqure('Position', 190 386 300 40], "Name', 'Alarm
Messages Analysis Status ...',...

'NumberTitle','off','Resize',‘off','MenuBar','none');
clf; .
uicontrol('Style','text','Position',[20 5 100
20}, "Horiz', 'center', ...

'String', FText, 'Fore', [.1 .1 1], 'Back', [0 O 0O]);

% Create and display Back-Propagation Training Method
SumSqrErr versus Lhe lterations windows.
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[igE = [igure('Position', [5 480 790 110], 'Name', 'Sum-
Square-frrors of Back-Propagation Training Method
1

et el
"NumberTitle', 'off', '"Resize', 'off', 'Visible', Toff");
% Create and display analysis locations windows.

[igF = figure('Position', [540 320 255
120}, 'Name"', 'Simultaneous Fault Locations ...',...

"NumberTitle', 'off"', 'Resize', 'off', "MenuBar', "'none', 'Vis
ible', 'off');
clf;

% Create and display the loss of alarm messages
locations windows.

figG — figurc('Position',[5 500 450 120], 'Name', 'Faulty
Relay Locations ...",...

'"NumberTitle!, 'off', 'Resize', "off', "MenuBar', 'none', 'Vis
ible', 'ol'");
clf;
ulicontrol ('Style', "text', "Posiltion', [20 85 100
20], '"Horiz', 'center', ...

"StFing YL EText, LRereX AR 10 [ UBack 'O 0
01):
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