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Thesis Tille Application of a Neural Network for Classification of PCB’s
Author Mr.Yutthachai Nilpat
Major Program  Electrical Engineering

Academic Year 2000

Abstract

This thesis presents a procedure for classification of printed circuit
poards (PCB's) through the application of neural networks. A PCB image would
first be captured through a CCD and input to a computer as a bitmap file with
a resolution of 320x240 pixels. A simple enhancement was then applied to the
image using conirast adjustment. The image was then extracted for its copper
traces, abandoning the image background,' and saved as a black and white
image. Fight samples of both coated (giossy) and non-coated (non-glossy) PCB's
were used in the sludy. A back-propagation neural network was used in the
training stage. Experiments were carfed out using neural network with many
different hidden layers and attempts were made to fine-tune the neural network

for best performance.

It was found success when we test with image in paper before used
neural network with PCB's. it was found that a 10,000-cells, 50,000-cells neural
network with a single hidden layer gave the best performance. For non-coated

"W@BW@MMMMM&Q% was..oblained. . _Ekor

coated (glossy) PCB's, a classification success rate of only 56.7% could be

achieved. You should be used incorrect pixel more than 23040 pixel for high

classification success rate.
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Data Description
WORD Type; File type. Set "BMP”
DWORD Size; Size in BYTES of the file.

DWORD Reaserved:

Reserved. Setio zero,

DWORD Offset;

Offset to the data.

DWORD headerSize;

Size of rest of header. Set to 40.

DWORD Width;

Width of bitmap in pixels.

DWORD Height;

Height of bitmap in pixels.

WORD Planes;

Number of planes. Set to 1.
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DWORD Compression;

Compression. Usually set to 0.

DWORD Sizelmage;

Size in Bytes of the bitmap.

DWORD XpixelsPerMeter;

Horizontal pixels per meter.

DWORD YpixelsPerMeter;

| Vertical pixels per meter.

DWORD ColorsUsed;

Number of colors used.

DWQRD Colorsimportant;

Number of “important™ colors.
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SYNAPTIC
TRANSMISSION
produces - voltage
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axon terminals,

THE SYNAPSE
synaptic cleft

COWNSTREAM
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negative voltages
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A3 3-1 ugmsdeuansttamsAmuuiinsassisnefniunisiatasranfinned

Computer Neural Networks

Process digital data in binary form. Process analog signais that

flucttuate continucusly.

Make yes/no decisions based on|Make weighted decisions based on
mathematical or logical functions. fuzzy, incomplete and contradictory

data.

Rigidly structured sequence of | Independently formulated methods of

operations with predictable results. data processing.

Definitive answers, given enough time. | Approximate answers {0  highly

complex problems.

Sort large data bases for exact|Sort large data bases for close

matches. matches.

Specific data storage. Associative data storage.

pu;
{11 : Nelson, 1891 : 68}

33 ilasaatiimasnuuuundndil (Backpropagation Neura) Network) [Fausett ,
1904]
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- msthdnanufiansanfilandfsmnduinlflunasdnnaniniglussunanass. laavialilsssy
v
gisesmad suludosesidmnasnuuuumsnduiissssnavlifossnsdoundnie  dou

gannfanf wevdousssnmenanaaithildinnd
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output layer
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332 Hadulasding (Transfer Function)
Fudwtanthefhduneunideifeclluntediud WaRazilfuantfagludas
‘lmhwﬁaﬁ@m‘%fezﬁw'lﬂl%awm%wiﬂiﬂ Harsulongnefiddwiuiasaniimaefnuuy
uwﬁ"nﬁuﬁ ﬁﬂgj 5 slszinnie binary sigmoid function wag bipolar sigmoid function
3.32.1 Binary Sigmoid Transfer Function Lﬁmaﬁqiwmﬂq THRAYDY

safdulauthen anuiusgluilasaaidanain Fanaftigannnnzeuandr i luilaidulay

A 2 " N e 1
Hresiuategiuga 0 Dt 1 PV PO TR R 1A Kk il

! (31)

14 eXp (— x)

o g

way ndanFnapiutauns (3-1) whnarld

r(x) = ()l - r (x)] | (32)
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AnUsEnay 3-5 WaRINIAELIANEITRY binary sigmoid transfer function
J
(fyn : Fausett, 1994 : 293)

3.3.2.2 Bipolar Sigmoid Transfer Function ifluflsidulandrednafaniteh
Ale\ ar - e 1 44 2 | ¥
Suiitanldtuunniiseasimnefmuuunsndy  Sesilgaannisdauemdallafeidy |

L4 b 3+
Teudheduaagludas -1 fa 1 Tneiifumaumeiroumeluiaffuleudedil

- 2 - .33)
() rexplx)

v o
waz udarnivnayiusaunie (3-3) udeazld

r(x) = %[1 +r () - 10 . {34)

)

e e et ——

mwilsenay 3-6 LEAINNIROLANAYRY bipolar sigmoid transfer function
(‘ﬁm : Fausett, 1994 : 294)
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b"(k + 1) = b (k)-—cz———~ .(3:9)
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500 ] 1000] 10 | 167 | 20 {267 | 30 | 367 | 40 | 467 | 50 | 50 |53.3
500 {5000 10 | 133|167 | 20 | 20 | 233|267 | 30 |333 (367 40
500 |10,000| 10 | 133|167 20 | 20 | 233|267 | 276 | 30 | 333|367
500 |50,000} 6.7 | 133 | 133 | 167 {167 20 | 20 | 233|267 | 267 | 30
500 (70000 0 | © | 0 f 0 |0 o |0 |0 ]| O] O0}0O
500 (90000 0 | 0 | o fo | oo }o oo} o]|oO
1000 | 100 | 67 | 10 | 133|167 | 20 | 30 |36.7 | 46.7 | 467 { 50 | 60
1000 500 | 10 | 133|167 {233 |267| 30 | 367 | 40 | 467 | 50 |533
1000 | 1000 | 10 [ 133 {133 |167| 20 333 | 40 |433| 50 | 60 |667
1000 | 5000 | 67 | 10 133|183 | 20 | 267 | 30 |36.7| 40 |46.7 | 533
11,000 110000] 67 | 67 | 10 | 10 {1331 20 | 30 | 30 |36.7| 40 | 467
1,000.150,000f 33 | 67 | 10 | 67 | 10 {167 | 20 233|233 | 30 | 40
1000 (700001 o | o | ol o | o f{o}jo|olo]o]o
1000 (90000 0 | 0o o {ojo]lo{ol|o]o]o]|oO




AN 5-28 (sin)
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'i'mgu 4W3u AnmganintaaR i lunmagen
wadfuiland®all 5 T 10 | 50 | 100 | 500 | 1000 | 3840 | 7680 [15360[23040
1 2

5000 100 | 67 | 87 | 33| 10 | 10 | 20 [233| 30 1333367467
5000 500 | 10 | 10 |16.7 | 20 | 233|267 | 30 |367] 40 |46.7 | 50
5000 | 1,000 | 67 | 10 | 133 | 20 | 20 267|333 | 40 | 50 |56.7 | 66.7
5000 | 5000 | 67 | 10 | 167} 20 | 267|333 |433| 60 | 70 | 76.7 | 83.3
5,000 |10,000} 6.7 | 67 | 10 {167 | 20 | 30 | 367 | 40 | 50 |56.7 | 66.7
5,000 |50,000} 67 | 67 | 10 | 10 | 167|233} 30 |333| 40 |53.3] 60
s000{70000f 0 | 0 J o oo |ojo]| o] o]0 ]|oO
5000{90000{ ¢ | 0 J o o | o|ojolo o ]| o0} oO
10,000| 100 | 67 | 67 [ 133 | 10 {167 | 167 | 20 {267 | 30 | 30 |333
10,000] 500 | 67 {133 1167|167 | 20 | 267 | 30 |333|36.7|36.7 | 433
10,000] 1,000 | 67 | 10 {167 | 20 | 233|267 | 267 | 30 |36.7 | 40 |46.7
10,000| 6,000 | 67 | 10 | t0 | 167|233 {233 | 30 | 433 {467 | 50 | 60
10,000|10,000| 67 | 10 | 133|167 | 20 | 267 | 30 |36.7 | 46.7 | 56.7 | 63.3
10,000(50000f 0 | o | o [ o} o | o | oo ]o]o}oO
10,000{70000] o | 0 | o | 0o J o | o | o | o{o]| 0o}o0
10,000f90000, 0 | o | o | o o | oo ]| o} o] 0]oO
50,000 100 | 67 | 67 | 10 | 133 133|167 | 20 |26.7 | 30 |367 | 367
50,000{ 500 | 6.7 | 33 | 10 {133 {167 | 20 | 233|267 {333 |36.7| 40
50,000 1,000 | 6.7 | 67 | 10 167|133 | 20 {267 | 30 | 367 | 40 | 633
500005000 1 338 167 1 10 T 155 1167 T 20 125330 140467 | 567
50,000 10,000} 6.7 | 10 | 10 {133 [ 167|233 | 30 | 333|367 |467| 50
|soo0s0000] 0 [ 0 J o Jo[olofofojo]o]o
50,000{70000f 0 | 0 | o | 0 | o o | o]o|lol|ol]o
50,000{80000f o | 0 { o | o]l o | o] o | ool o]oO
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A3 5-28 (Ha)

druan | druau Anmaifanaai fhinimaseu
wneiufl endiuf 1 { 5 | 10 | 50 | 100 | 500 | 1000 | 3840 | 7680 |15360|23040
1 2

70000 00 | o { ot ool o]o]o]|o| o] o]o0
70,000{ 500 | o | o ] o] o lo|o|o|o}jo ]| o0ofo
70,000{1000] 0 o | ol ol oo |ololo]|]o]o
70,000| 5000 | 10 | 10 | 10 {133 | 167 | 267 | 267 | 30 {333 }36.7 | 40
70,000{10000f 0 | 0 | o o | o]l o}lo | o] o{o0o}oO
70000080000 o | o o o | o | oo | o] 0] oO01{oO
70.000{70000] o | 0 | o | o | o | oo | o | o o]oO
70.000]90000f 0 | o { o | o o | o | oo ]| o | o]oO
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#include<string.h>
#inciude<stdio.h>
#include<dos.h>
#include<atios.h>
#include<conio.h>
#include<math >
#include<stdlib.h>

#include<sidarg.h>

typedef struct {
char  idl2];

long filesize;

int reserve[?2];
long headersize,

fong  infosize;

long  width;
tong depth;
int biplanes;
int bits;

long  biCompression;
ong biSizelmage;
jong  biXPelsPerivieter;
long  biYPelsPerMeter,

tong—biCirtised;
long Clrimporant;
} BMPHEAD;

BMPHEAD brp;

char *buffer = NULL;

int width,depih,byles bits h.ij.k,\,count;
intkl, k2, k3, k4, k5, k6;

long int kk, err, error;




int no_hid, no_hidt, no_hidb, no_hidup, no_help, pic, piciu;
un;signed char *imagef321];

float image 4 11(321};

float wp, Hisurm, iwsum, sumk, n, error, efr, alpha;

float past, pastt, past2, past3d;

float vk, tk, skiG], cell6], dekiG][B00001, Gi(6Ha00001, biasisl;

char bufff101;

double pat;

int tar{10];

int no_file, nodel 71, wW{7];
int target[ 1007 = {1, 1, 0, 0};

f Transter Function Log Sigmoid

double Logsig(fioat ny;

void main{void){

81

FILE *fp; FILE *hp;

FILE *hidi; FILE *hid2;

FILE *hid3; FILE *hid4; FILE *hidb;
FILE *st; FILE *s2; FILE *s3;
FILE *s4; FILE *s5; FILE *s8;
FILE *hidet; FILE *hidc2; FLE *hidc3;
FILE *hidc4, FILE *hide5;

no_hid = 1; 7~ Number of hidden layer ¥
nodef1] = 5; /* Number of nods in first layer ¥
nodel2] = 3; #* Number of node in second layer ¥/
nodef3] = 4; /* Number of node in third layer */
nodefd] = 2; * Number of node in fourth layer */
nodel5] = 3; /* Number of node in fifh layer */

node[6} = 1; I* Nurnber of node in sixih layer */




pic=3; /* Number image to irain */

cirscr();
for {piclu=0; pictu<pic; pictut+){
} Open Image file from *.BMP
prntf("%s" iistfile[pictul);
i((fp = fopenflistilelpiciul “rb™) == NULLY
printf"error in open file\n™);
exit(1Y);
}
fread(&bmp,sizeof bmp, 1,fo};
vidth = (int)omp.width;
depth = (int)bmp.depth;

printf(\nwidth = %5d : depth = %5d header_size = %5d\n", widlh, depth, bmp.headersize);
printf{"nbits = %5d : bitplans = %5d\n®, bmp.hits, bmp.biplanes);

fseek(fp.(long)bmp.headersize, SEEK_SET);

 OPEN FILE TO COLLECT DATA OF IMAGE */

iff(s1 = fopen("c:WangWturboc\s1.nn" wh+")) == NULLY

pinti"error in open file s\,
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T:

}
past = 1;

fwiite(&past,sizeof(fleat), 1, s1);
printf("%f \n®, past);

for (i=0; i<depth; i++){
for (j=0; j<width; j++){




fgete(ip);

past = igetc(ip):

printf{"%f = past);

past = past / 255;

printf("%f \n”", past);
fwrite(&past,sizeof{fioal),1,51);
fgetc(i);

fgetc(ip):

|
fclose(ip);

fclose{s1);

/iﬂﬂ*ﬁﬁﬂ**ﬂ***Hi***ﬁi**iﬁiim**mi/

/* To insert Image Processing here */
e
if({s1 = fopen{’cNangWMurbochs t.nn™, b)) == NULL){
prnti{"error in open file s1\0%;
exit(1);
}
for (i=0; i<{(width*depth)-+1); i++)
fread{&nast,4,1,s1);
ssipictullij = past ;

83

prnit( /oo, pasty

}

fclose(s1);

} /finish for read picture and transform to array sspictul{ij




} start small value for initial weight by random value

randomize{);

/f THE No. OF WEIGHT N 1_st HIDDEN LAYER is node[t]
il{{hid1 = fopen{’c:\NangMurboch i.nn" 'wb+%) == NULLY
printf("error in open file h1\n™);
exit(1);
}
nodef1] = (width * depth ) + 1,
k1 = node[1] * nodel2);
for (i=0; i<kt; i++}{
pasi = random {100);
past = past/100;
twrite(&past,sizeoi(float), 1 hid1);
prntf{"%f \n®, past);
}
fclosethidt);
if (no_hid == 1) goto train;

/* THE No. OF WEIGHT IN 2_nd HIDDEN LAYER is nodef2] */
if{((hid? = fopen{'cNangWturbochih2.nn®, Wiy +7)) == NULLY
printf("error in open file h2A\n),
exit{1);

i
k1= (hode[2] + 1} * node(3] ;
for (1=0; 1<k1; i++)

past = random (100);
past = past/100;
- fwrite(&past,sizeof{float), 1,hid2);

)
fclose(hid?);




if (no_hid == 2) golo lrain;

/* THE No. OF WEIGHT iN 3_rd HIDDEN LAYER is node[3] */
if{(hid3 = fopen{“c:\Wang\WMurbocih3.nn® wh+%} == NULLY
printi("error in open file N3\,
exit(1);
}
k1 = (nodef3] + 1) * nodel4] ;
for (i=0; i<k1;i++){
past = random (100);
past = past/100;
fwrite{&past,sizeof(float), 1,hid3};
}
fclose(hid3d);
if (no_hid == 3} golo train;

/* THE No. OF WEIGHT IN 4_th HIDDEN LAYER is nodel4) ¥/
if({hid4 = fopen{’c:WangWurbochhd.nn® wb+) == NULLY
printf("error in open file hd\n®);
exit{1);
}
k1 = {nodef4] + 1) * node[5] ;
for (=0; 1<k, 1)

past = random (100);
past = pasi/f0d;
fwrite(&past,sizeof(fioat), 1,hid4),

}
fcloselhid4);

if (no_hid == 4) goto frain;




/* THE No. OF WEIGHT IN 5_th HIDDEN LAYER is nodef5] */

if((hid5 = fopen{"c:MNangWurbochhb.nn®, wh+%)) == NULLY
printf{"error in open file ho\n');
exil{1);

}

k1 = (node(5] + 1) * nodel6] ;

for (i=0; i<ki; i++){
past = random (100);
past = past/100;
write(&past,sizeof(float),1,hidb);

}

fclose(hidS),

if {no_hid == 5) goto train;

l*ttiﬂi*i**i*ﬂﬁ*iﬁiﬁi}mk&ﬂﬂif*iﬂ{[

7 TO TRAIN NEURAL NETWORK */

l*****ii—ki*iﬂii**tii*i&&ilii!HH******#I/

train: printf(™MnSTART TO TRAINN™Y,

count = 9;

do{

for{pictu=0; pictu<pic; pictu++}
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counte=1;

if(thid1 = fopen(°c:\Mang\WurbocWi t.nn™, b +")) == NULLY{

printi("nError in open file h1_train\n®);
exit(1):}
if((s2 = fopen("c:\angWurboc\s2.nm", " wh+7)) == NULL)Y
pant(\nError in open file\n™);
exit{1);}




past=1;
fwiite{&past,sizeci{fioat), 1,52);
for (i=0; i<node[2}; i++){
surmk = 0,
for (j=0; j<(node{11); j++){
fread(&pasti , 4, 1, hid1);
stmk += ss{pictu][j} * pastt;
}
past = Logsig(sumk);
fwrite{&past,sizeci(floal),1,82),
}
fclose(hid1y;
fclose(s2);

if (no_hid == 1) goto backi;

if{(hid2 = fopen("’cNangWMurbocWh2.nn®, rb+")) == NULLY{
prind(nError in open fite\n™);
exit(1);)

if((s3 = fopen(*c:MangWMurbocWs3.nn®, wh+")} == NULLY
printf("\nError to open filen™);
exit(1}:}

past=1;

fwrite(&past,sizeof(float), 1,53);
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for-fefrienodeldt it
i#((s2 = fopen{"c:WangWurbocWs2.nn",rh+7) == NULLK
printi("nError to open file\n’);

exit{1} }
sumk = 0;
for (i=0; j<(node[21+1); j++){
fread{&past, 4, 1, s2);
fread{&pastl, 4, 1, hid2);




sumk += past * pastt ;

}

folose(s2);

past = Logsig(sumk);

fwrite(&past,sizeof(float), 1,53};
}
fclose(hid?2);
fclose(s3);

if {no_hid == 2) goto back2;

if{{nid3 = fopen('c:\\!ang\\lurboc\\hS.r{n‘,“rb+‘)) == NULLY
printf("nError in open file\n®);
exit{1);

}

if{{s4 = fopen("c:\NangWurbocWsd.nn®,"wh+%)) == NULL}
printi("nError to apen file\n™;
exit({1);

}

past=1,

fwrite(&past,sizeof{fical), 1,54);

for (i=0; i<node[4] ; i++){
if{{s3 = fopen*cNangWMuroochs3.nn®, rh+1)) == NULLY

printf{"\nEmor to open file\w’);
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exit(1);
}

sumk =0

for (7=0; j<(node(3}+1); j++){
fread(&past, 4, 1, 83);
fread(&past1, 4, 1, hid3);

sumk += past * pasti ;




fclose(s3);
pasl = Logsig(sumk);
fwrite(&past, sizeof(iloat), 1,54);
)
fctose(hid3),
fclose(s4);

if (no_hid == 3) goto back3;

if{(hid4 = fopen('cWangiMurbocWhd.nn® "rho+")) == NULLY
printf(\nEmvor in open fite\n”);
exit(1);
}
if((s5 = fopen(‘cMangWurbocsb.nn™,"wh+")) == NULL){
printi("nError to open file\n®);
exit(1);
}
past=1;
fwrite(&past sizect(float), 1,55);
for {i=0; i<node[5] ; i++){
ii{{s4 = fopen{"cWangMurbochsd.nn™, b+ == NULL}
panti\nError to apen file\n™),;
exit(1)
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aulu'r\ G,
for (j=0; j<(nodefd]+1); j++){
freadi{&pasi, 4, 1, s4Y;

fread(&pasti, 4, 1, hid4);
sumk += past * pastt ;

}

fclose(s4);

past = Logsig(sumk);




fwrite{&past,sizeof(float), 1,55);
}
fclose(hid4),
fclose(sh);
if (no_hid == 4} goto back4;
if((hidd = fopen{®c:\MangWurbochhS.nn®, o+ == NULLY
prindf"\nError in open file\n™);
exit(1);
}
if((s6 = fopen{"c:WangWurboc\\s6.nn","wb+")) == NULL){
printf("nError to open file\n™);
exit(1);
}
for (i=0; i<node[6] ; i++){
it({s5 = fopen{"cNangWhturbochishb.nn®,rb +7) == NULLY{
printf("nError to open file\n™),
exit(1);

sumk =0;

for (j=0; j<(node[5]+1); j++){
fread(&past, 4, 1, sb);
fread{&past! 4, 1, hidb);

sumk += past * past1;

S0

}
folose(sh);

past = Logsig{sumk);

Twite{&past,sizeof(float),1,s6);
H
fclose(hidb),
fclose(s6);

if (no_hid == 5) gofo backs;




l&i’il’kﬂiiiﬁHHii’HHliiiHiltikii*i’*t*/
* BACK PROPAGATION *
iiiiiﬂﬂiﬂiiﬂkikﬁlliimﬁti**ﬂ*ii*t‘{
}HriiiilH!i*lli—ﬁiiiiﬁi&’lﬂ****i*t*kﬂ/

/*  Back propagation 3 layers ¥/

/*ii#*iit*iit**kit**ﬂi***ﬂ****ﬂ*ﬁﬁ**’

hack3:

if{(s4 = fopen{"c:Wang\Wurboc\s4.nn™, b)) == NULL){
prindfnError 1o open file T\,
exit(1);}
ifi(hide3 = fopen(‘c:Mangiturboctihcd.nn® “wb+)) == NULL)Y{
printf("\nkrror to open file 3\n%;
exit(1);}
fread(&past, 4, 1, s4);
err = larget[pictu} - past;
del[4] = e *past * (1 - pasl);
for (k=1; k<=node[4}; k++}
i#{{s3 = fopen(®cangWurbochs3.nn™,rb™)) == NULLY
printf(\nError {0 open file s3.nn\n");
exit(1);}
for (=0; j<=node[3]; j++)}{
fread(&past, 4, 1, $3);

N

past=apha ™ del AT ™ past T 7 or weight and Dias aysr3 7
fwrite{&past, sizeoi(float),1,hide3);
!

folose(s3);
}
fclose(sd);
fclosethidc3);
/1 £nd change hidc3




/IBPN 2

for(j=0; j<node[3]; j++){
if(thid3 = fopen{®cNangWurbocWh3.nn’,rb")) == NULLY
prntf("nEror in open file\n™);
exit(1); }
fread{&past,4,(1+j),hid3});
sumk = 0;
for (h=0; h<nodef4]; h++){
fread(&past.4,1,hid3);
sumk += deit[4][h] * past;
fseek(hid3,(4'node(3]).SEEK_CURY);
}
dett{31(] = sumk;
fclose(hid3);

if(s3d = fopen{"c:\Mang\WurbocWs3.nn®, ")) == NULLY{
prntfi{™nError to open file\n™);
exit{1); }
for (j=0; i<node[3]; j++){
fread(&past, 4, 1, s3);
deltf3M)j] = delt{3][j] * past * (1 - past);

9z

}

fclose(s3);

if((hidc2 = fopen("c:Mang\WurbocWhe2.nn”, wb+") == NULL)Y{

printf{"nError in open file \n™),;
exit(1)}
for (h=0; h<node{3}; h++}




if{{s2 = fopen{’c\NangWMurbocWs2.an™ 1)) == NULLY
printf("nError to open file\n™);
exit{1);}
for (j=0; j<=nodel2}; }++){
fread(&past,4,1,52);
pasti = alpha * delt[3}{h] * past;
fwrite(&past1,sizeof(float),1,hidc2);

}

fclose(s2);
}
fciosethidc3);

/I End change hidc2

{/BPN 1

for(j=0; j<nodef2}; j++){
if{{hid2 = fopen{"c:MangWurboc\ihZ.nn", mh")) == NULLY
printi{"nError in open file\n");
exit(1); }

fread(&past,4,(14) hid2);
sumk =@

for (h=0; h<node[3}; h++){

fread(&past,4,1,hid2);

a3

sumk += delf3]{h} * past;
fseek{hid2,(4*node2]),SEEK_CUR);
}

delf{21[{} = sumk;
fclose(hid?2),

if{{s2 = fopen{*c:Nang\WMurboc\\s2.an", ™)) == NULL)




printf(\nError to open filevr);
exit(1);}
for {=0; j<nodef2); j++){
fread(&past, 4, 1, s2),
deltiZ]lj] = delt{2](j] * past* (1 - past);
}
fclose(s?),

if{(hidc1 = fopen{"cNangWurbocWhcT.nn®, wb+") == NULLY
printf("nError in open file \WY;
axit{1);}
for (h=0; h<nodef2]; h++}{
iff(s1 = fopen{"c:\Wang\urbocis t.nn","b")) == NULLY
printf{\nError 1o open file'n");
exit(1); }
for (j=0; j<=node{1]; j++)}
fread(&past, 4, 1, s1);
pasti = alpha * deltf3]{n] * past;
fwiite{&pasti,sizeofffloat),1,hidc1);

fclose(s1);

}
foloselhidct);

04

goto Upweight;
/{ End change hidc1

Pi****ﬂ***itHi*iliiki#!ﬂkiiiiﬂi*iij

/* Back propagation 2 layers  */

/‘l**il*H*’***HQ***H*****itt*ﬂ*ﬁﬁﬁ]

back2:
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if{(s3 = fopen(®c:WangWMurboc\is3.nn®,rb™) == NULL){
printi\nError to open file T\,
exit(1);}

if((hidc? = fopen("c:WangWturbochc2.nn™,"wb+")) == NULL){
printi("nError to open file 3™,
axit(1);}

fread(&past, 4, 1, 83);
err = target[pictu] - past;

delf3] = err * past * (1 - past);

for (k=1; k<=nodef3]; k++)}{
if((s2 = fopen{"cWangMurbochs2.nn®, b)) == NULLY
printf(\nError to open file s2.nn\n");
exit(1}; }
for (j=0; j<=nodef2}; j++){
fread(&past, 4, 1, s2);
past = alpha * delf3] * past ; /* for weight and bias layer 2 */
twiite(&past,sizeof(fioat), 1,hidc2);
}
fclose(s2),
}
fclose(s3);
fclosathidc2);

{// End change hidc2

//IBPN 1

for(j=0; j<node{2]; j++){
if((hid2 = fopen{"c:WangWMurbochh2.nn™, th*)) == NULLY{
prantfMnError in open Ale\n);
exit(1); }




fread(&past,4,(1+)),hid2);
sumk =0,
for (h=0; h=<node[3]; h++}{
fread(&past.4,1.hid2);
sumk += delt{3}{h] * past;
fseek(hid2.{4*node[2]),SEEK _CURY;
}
deltf2]{j] = sumk;
felose(hid2),

if((s2 = fopen(‘cMangWurboc\s2.nn™,b™) == NULLY
printf("\nError {o open file\n’};
exil(1); }
for (j=0; j<nodef2]; j++){
fread{&past, 4, 1, s2);
deltf2][j] = delt{2]{j] * past * {1 - past);
¥

fclose(s2):

if{(hidc1 = fopen("'c:\MangWurbochhc 1.nn",'whb %)) == NULL){
prnti("nEmor in open file \n'*);
exit{1):}
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for (h=0; h<node{2]; h++){
if((st = fopen("c:WangWurboc\s t.nn™ k")) == NULL){
printf("nErmror to open file\n®);

exit(1); }
for (=0, j<=node[1]; j++}{
fread{&past, 4, 1, s1);
pastt = alpha * deit[33[h] * past;
fwrite(&pasti,sizeof(fioat), 1 hidc 1);




fclose(s1);
}
fclose(hidc1);
goto Upweight;
/l End change hidc1

l'ki-*ii*ilifiHiliiﬂﬂtiiklit&ﬁﬂflki*’

/*  Back propagation 1layer ¥/

/**i*** i*if**ﬁHii**9iiiiiiiikiikﬂk*{il

back1.

if((s2 = fopen("c:WangWurbocWs2.nn",rb™) == NULLY
printf("\nError to open file \n);
exit(1);}

if((hide1 = fopen{"c\NangWMurbocWhe L.nn', wb+") == NULL){
printf("nError to open file \n*);
exit(1};}

fread(8past, 4, 1, s2);
it = target{picty] - past;

dell2] = err * past * (1 - past);

for {k=1; k<=node[2]; k++)}{

a7

it{(s1 = fopen('cWangWMurbochs1.nn", ™) == NULLY
printf("\nError to open file $1.nn\%); exit(1); }
for (1=0; j<=nede[i}; i++){

fread{&past, 4, 1, s1);
past = alpha * del[Z] * past ; /* for weight and bias layer 1%/
fwiite(&past,sizeof(fioal), 1,hidc1);

}

fclose{s1);




}
iclose(s?);
fcloselhidet);
goto Upweight;
// End change hidc 1

/iﬁ*iﬁikki***i****’*lﬁ***!’Q'iii*i*k**ﬂﬂ*iﬂ**li&ﬂ*ﬂ*if

{* FEED FORWARD TO UPDATE WEIGHT K)

/iitii*ii*iéi*#ii*imi***ﬂﬂkimiiﬂ!i&iHH—lii*iﬂ*ﬂi&l

Upweight:

/* UPDATE WEIGHT LAYER 1%/

hid1 = fopen{"c:WangWurbocW\hl.nn™ "rh+*);

hide1 = fopen{"c:WangWurbochne .o, rb;

hp = fopen("c:\ang\urboc\hp.nn™,“wh+%);

for (=0; i<{node{1}*nodel2]); i++}{
fread(&past.4,1,hidct);
fread{&past1.4,1.hid1);
pastl = pasti + past;
fwrite(&pasti sizeof(float), 1,hp);

}

folose(hidet);
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fclose(hid1);
fclose(hp);
hid1 = fopen({"c:\angWurboc\th1.nn","wb+");

hp = fopen("c:MangiMurbochhp.nn®,"ro+);
for (i=0; i<{(node[ 1]+ 1)*nodef2]); i++}{
fread{&past 4,1,hp);
pastl = pas;
fwrite{&past1,sizecf(fioat), 1, hid 1)




}

fclose(nid 1),

fcloselhp);

if (no_hid == 1} golo final;

1~ UPDATE WEIGHT LAYER 2 Y/
hdc? = fopen{’c:NangWurbocWhc2 nn","rb®);
hid2 = fopen(*c:Nang\Wurboc\h2.nn™ rh+7);
hp = fopen{’c:NangWurbochhp.nn®, wb+"};
for (i=0; i<({node[2]+1¥*nodef3]); i++){
fread(&past 4,1,hdc?);
fread(&pasti,4,1,hid2);
pasti = pastl + past;
fwrite(&pastl sizeof(float),1,hp);
}
fclose(hidc2);
fclose(hid2);
fclose(hp);
hid2 = fopen{"cMangWMurboChh2.an™ "wb+);
hp = fopen("c:NangWurbochhp.nn®,“rb-+%);
for (i=0; i<({nodel2]+ D*node[3)); i+
fread{&past4,1,hp);
pasti = past;

furite(&pasti,sizeof{fical), 1,hid2);

}
fclose(hid2);

fclose(hp);
if {no_hid == 2) goto finai;

* UPDATE WEIGHT LAYER 3 ¥/
hide3 = fopen(®e:WangWurbocWhe3.nn®,rb*);




hid3 = fopen{"cMangWurboc\W3d.nn™, ro+");

hp = fopen(cMangWMurbochhp.nn®, 'wb+",

for (i=0; i<{{(node[3]+ 1y nodel4]}); i++){
fread(&pasi 4, 1,hidca);
fread(&pastt,4,1,hid3);
pastt = past1 + past;
fwrite(&past1 sizeof(float),1,hp);

}

folosethided);

folose(md3),

fclose(hpl;

hid3 = fopen{’c:MangMurboctihd.nn®,"wh+™;

hp = fopen{"c:Wangiturbochhp.nn®,"h+");

for (=0; i<((node[3]+ 1y nodel4]); i++){
fread{&past4,1,hp);
pasti = pasl;
fwrite{&past1,sizeof(float), 1,hid3);

}

fclose{hid3);

fciose(hp);

if {no_hig == 3) gole final;

100

printf("nround = %d  err = %f ",count,err);

} while {err > error);

printi{"n%d",count),

/* THE END MAIN OF FILE ¥/




iISR=NL;BST;
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/* Transfer funclion Lagsig */ '

double Logsig(float n)

{
return{t A{1expl-ni));

}
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MBIy melne

axon => d@uﬁagjﬁ’:ﬁd’m cell body fiu synaptic transmission
fanwilszney 3-1 i 13

backpropagation =>  DAsunINau

brightness correction =>  mstfuAranuadranaviunm

chain rule = nggnld

contrast correction  =>  masufuanmnsAtsfumniunom

dendrites => f{quﬁé"ué’cyn&nm%’wﬂmaﬁﬂsmw

feed forward =>  nsteanlilEinendin

gray scall => YA

hidden layer N

histogram => msuamfﬁ'\mu‘ﬁnwﬂfi'\ﬁssﬁuL“ﬁ’\fvi'm’i'iaﬁ%'\miﬁﬁnmﬂ

input fayer = duiifudeymidn

interconnection —>  ps@euseiunely

matix =>  wRind

neural network =>  foseaudiein, Tassinatlszann

neuron, nerve cells =>  Tsan wie adisvain

output layer => %Aﬁﬁaﬁ’fﬂgaaﬂn

piset = '“;m'::’mgwl T

segmentation =>  NI50LA

synapse = doufilusessnszadnngadisvanaangas

transfer function = flafduloudhe
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