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TIOJIATOK A

I'padiunmii matepian arecTariitHoi pooOTH

MIHICTEPCTBO OCB|TU | HAYKW YKPATHW
XAPKIBCbKUW HALUIOHANTbHUWN YHIBEPCUTET PALAIOENEKTPOHIKA

GAKYNIBTET KOMMN'KOTEPHOI IHKEHEPIT TA YMPAB/TIHHA
KADEPA KITC

HeupomeperkeBa 06pobKa Ta po3nisHaBaHHA
06’eKTiB B ymoBaX KON1bOpoBOi 6/1M3bKOCTiI

MarictpaHT rp. KITm-19-1 MHibepa A.O.
HaykoBui KepiBHMK npod. PygeHko O. I.

Xapkis 2020

MeTta pob6oTu

Mertoto aTecTauinHoi poboTn € po3pobKa HelpomepexKi ana
06pob6KM Ta po3nisHaBaHHA 0O’EKTIB B YyMOBaX KOJIbOPOBOi
611M3bKOCTI.

Ona pocArHeHHA AaHOi MeTn HeobXiAHO BUPILIMTM HACTYMHI 3a4aui:

" MpoaHani3yBaTu Ta PO3MAHYTU Ccy4acHi poboTtn Ta nybnikauii ana
BM3HAYEHHA aKTyasbHOCTI poboTK;

" BU3HAYUTM cHepu BUKOPUCTAHHSA, NepeBarun, Helo4ikn Ta
NepCcneKkTMBU PO3BUTKY HEMPOHHUX MEpPEXK;

" PO3MIAHYTU Cy4aCHi MeToauM PO3POOKM HEMPOHHUX MEPEXK;

= CTBOpPEHHA Nporpamm anAa HaB4YaHHA moaeni.



TPUCTOPOHHA KaTeropusadis

1. Thnboki mepexi 4n1a HEKOHTPObLOBAHOrO abo reHepaTUBHOIO HaBYaHHA;
2. [nnboKi mepexi AN KOHTPONbOBAHOrO HaBYaHHSA;

3. TibpuaHi MnbUHHI mepexi

Be3KoHTpo/sibHE abo reHepaTMBHE HAaBYaHHA
ocobnunsocTen
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KOHKypcCi ImageNet

MeTtoan 06pobKkM 306parkeHHA Ta ix

dinbTpauin

Moporosa 0bpobka
NiHiRAI inbTpy

HeniHiltHi ¢pinbTpn
MaTtemaTtnyHa mopdonoris

MeTog KnacudikaLii 306parkeHHA: nepcenTpoH

dense
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MoporoBa o6pobKa

MNMoporosa 06pobKa — HAMNPOCTIWMIA METOA CermeHTaLii YopHO-binux 306paxkeHs.
3aMiHIOE KOXKeH niKkcenb 306paykeHHA Ha 6innii (255), AKWO 3HaYEHHA KONbopy
Ginblue, HiXX NeBHMI Nopir. AKWO 3HaYEHHA NiKcens MeHLLe nopora — Konip
nikcena 3aMiHIETbCA Ha YopHUit (0). MeTog TakoXk Ha3mBatoTb GiHapu3aLis.

Mpuknag 6iHapusauii metogom Ouy

JTiHiNHI PinbTpyU

3rmagkytodi ¢ineTpu pobnatb 306paxeHHA HeYiTKMMKU abo po3MUTUMK. 30Kpema onAa
3raKyBaHHA KOHTYPIB diryp BUKOPUCTOBYIOTLCA GiNbTP, Tak 38aHa 3ropTka. Moro cyTb
NOAIATAE B TOMY, WO KOXEH MiKceb 306parKeHHs 3aMiHIOETbCA Ha AeAKe CepeaHE
3HA4YeHHA OTOYYIOYMX ioro nikcenis. . KoxeH $inbTp mae CBOE AP0 — MaTpULO
KoegilieHTiB, Ha AKY MHOXaTbCA CyCiaHi Nikceni WinboBoro 306pakeHHs.

Hanpuknag - posmutra no laycy. Moro aapo Ana nikcens (m, n) posmipHocTi (u, v)
pagiyca r 06uMcAloeTLCA 33 popmynoio:

—(u2 +v2)

! Zu,ve 2r X(m+u,n+I7).

2mr?

y(m,n) =

90
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HeniHinHi dinbTpu

MegiaHHa $inbTpaLia — meTos HeniHiMHOT 06pPO6KK curHanis,
3anponoHoBaHa Tbtoki. OcobanBo edeKTUBHUI ana dinbrpauii
6inoro wymy. OgHOBUMIPHUI MeaiaHHUI inbTp ABAAE COHOIO BIKHO,
AKe OXOMJIOE HeMapHe YNC/I0 eNIeMeHTIB, 306parKeHHs.
LleHTpanbHUIN eneMeHT 3aMiHIOETbCA Me/iaHOo BCiX eNeMeHTiB
3006paKeHHs y BiKHi.

original image

1px median filter

3px median filter 10px median filter

MpuKknag BUKOPUCTAHHA MegiaHHOro GinbTpa A0 3ayMIeHHA
306paKeHHnA 3 TPbOMA Pi3HUMM 3HAYEHHAMM Paaiycy BiKHa

dinbTpayii 9

MatemaTtnyHa mopdonoria

Teopin i TexHika mopdonorivHoro aHanisy i 06pobKM 306 pakeHb 3aCHOBaHA Ha Teopii
MHOXWH. Po3rnaHemo 6iHapHy Mmopdonorito: 306paxKeHHsA NPeaCcTaBAAETbCA Y BUTAAL
NPSAMOKYTHUX BiHAPHUX MaTpULb, A€ OANHULA O03Ha4YaE 6innii Koaip, a HYy/1b — YopHU. s
KOXHOT mopdonoriyHoi onepalii, Tak camo, ik i ans ¢inbTpis, HEObXiAHO AAPO, AKe B AaHOMY
BMNAAKY HA3MBAETLCA CTPYKTYPHUM €N1EMEHTOM .

OCHOBHi CTPYKTYPHi eneMeHT matemaTnyHoi mopdonorii

10



MeTtoa Knacudikauii 306parkeHHs:
nepcenTpPoH

[na BupiweHHA 3aBgaHHA Knacudikauii oTpmaHux BiadinbTpoBaHUX 306parkeHb ayrKe
edeKTMBHUIN MeToA Knacudikauii, 3acHOBaHMI Ha NepcenTpoHi. NepcenTpoH, B CBOIO Yepry,
33aCHOBaHUIM Ha WTYYHUX HEMPOHAX — MOAENb KNITUHM MO3KY.

LLITY4HUIA HEMPOH — 3BaXKEHUI CyMaTOP, EAUHUN BUXiA, AKOFO BU3HAYAETLCA Yepes Noro
BXOAM i MaTpULo Bar 3a popmysoto:

y=f@,u=Y-,x;w;i+xwogAoB=(AOB)DB

HaB4yaHHA nepcenTpoHa — 06YNCEHHA TaKUX KoedilieHTIB A5 BCiX HEMPOHIB Kpim
BUXiQHUX, MPU AKMX 3HAYEHHA HEWMPOHHOI Mepexi byae 6aM3bKoto [0 6axkaHoro.

11

TexHoNOTII

Ona inbTpauii 306parkeHb 3 NPUHUMNY KapTOK lwixapa, byna BuKopuctaHa 6ibnioteka
OpenCV, a came PyHKLii, AKi peanisytoTb biHapu3auito, gpinbTpaLito i meToam matemaTUyHOI
mopdaonorii. Ha nepwomy etani nposoannacs biHapu3sauis 306pakeHb.

OpenCV — 6ibnioTeKka aIrOPMTMiB KOMM'IOTEPHOTO 30pY 3 BIAKPUTUM BUXIAHUM Kogom. [lo
nepwoi Bepcii po3pobnsanacs B LieHTpi po3pobKmM nporpamHoro 3abesneyeHHs Intel. OpenCV
HanucaHa Ha MoBi BUcoKoro pisHsA (C/C ++, Python) i MicTUTb anropuTmu gns iHTepnpeTadii
306parkeHb, KanibpyBaHHA Kamepu 3a 3pa3KOM, YCYHEHHA ONTUYHUX CMOTBOPEHD,
BM3HaYeHHA NoAibHOCTI, aHani3 nepemileHHs 06’eKTa, BU3HaUYeHHA popmu 06’ ekTy Ta
CTEeXKeHHSA 3a 06’eKToM, 3D-pEKOHCTPYKLi, cermeHTaL,ii 06’eKTa , po3ni3HaBaHHA XKecTiB i T.4.

Ona peanisauii nepcenTpoHa BUKOPMCTOBYBA/I0CA rOTOBE pilleHHA — PpenmBOpK keras.

Keras — ue 6ibnioTeKa 3 BiAKPUTUM BUXiAHUM KOAOM, LLLO [03BOJISIE /IEFKO CTBOPIOBATH
HelpoHHiI mepexi. bibnioTeka cymicHa 3 TensorFlow, Theano i iHWKMK 6ibnioTekamum
MALUIMHHOIO HaBYaHHA.

B sIKOCTi aIropuTMYy HaBYaHHA BUKOPUCTOBYETbCA RMSProp —BAOCKOHaNeHUI MeTos,
rpPagieHTHOro CMNycKy, Lo BKAOYAE B cebe meToz beryluero cepefHbOro i aAanTMBHICTb

12
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Pe3ynbTraTtn

Mpuknagun
3reHepoBaHUX KapToOK

OpwuriHanbHa KapTKa Tecty
lwixapa

13

BUCHOBOK

Y poboTi 6ynun po3rnaHyTi MeToan npeacTaBAeHHsA, po3Mni3HAaBaHHA i
06p06KK 306parkeHb, PO3rNAHYTI onepadii maTemaTMyHoi mopdonorii,
peanizoBaHO A0AATOK BUpilWaHHA TecTy lwixapa. TecTyBaHHA 6yno
npoBeAeHO Ha 3reHepoBaHOMY 3allyMaeHOMy Habopi KapT lwixapa. ETan
BMOOPY KONIPHUX KaHanis, BiaAineHHA undp Big GoHy i BigHOBNEHHA iX
dopmum nporwno 3a408BiNbHO. Bea Bubipka 6yna posaineHa Ha Tectosy i
HaBYa/bHy B cnieeigHoweHHi 600/800. B pe3ynbTaTi HaBYaHHA
nepcenTpoHa Ha HaBYa/bHiN BUBipLi, TOYHICTb pO3Ni3HAaBaHHS Ha TECTOBMX
AaHunx gocarna 99%.

14
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JIOJIATOK B

[Iporpamua peamizaris

ttf2png.py:

import sys

import os

import subprocess

import random

from fontTools.ttLib import TTFont

RESULT_PATH = "fonts"

FONT COUNT = 30

BAD FONTS =

(B'cst ', Db'rsfs', b'lklug ', b'esint', b'ani ', b'cmex', b'msam ',
b'Eaglelake')

def gen pics (TTF_PATH, FONT SIZE = "500"):

T A}

Generate png picture of digits with fonts from TTF PATH.

TTF NAME = os.path.splitext (os.path.basename (TTF_PATH)) [O0]

for i in range (10):

name = str (i)

output png = os.path.join (RESULT PATH, name + " " + TTF NAME + ".png")

subprocess.call ([ "convert-imé6.gle", "-font", TTF PATH, "-pointsize",
FONT SIZE, "-background", "#FFFEFFEF", "label:" + str (i), output pngl)

def main () :
# Read all fonts

process = subprocess.Popen ([ 'convert', '-list', ‘'font'], stdout =
subprocess.PIPE)

out = process.communicate () [0]

# Choose good fonts

out = [x.decode ( "utf-8") for x in out.split () \

if x.find (b'ttf '")! = -1 and all (map (lambda type:

x.find (type) == -1, BAD FONTS))]

# Choise random fonts

ttfs = random.sample (out, FONT COUNT)
print ( "Generate:")

for x in ttfs:

print (x)

ttfs = [ "/home/dupeljan/.local/share/fonts/GamjaFlower—-Regular.ttf", \

"/Usr/share/fonts/truetype/tlwg/Kinnari.ttf", \ "/ usr / share / fonts /
truetype / tlwg / Laksaman-

Italic.ttf ", \
"/home/dupeljan/.local/share/fonts/Lora-
Bold.ttf ", \



"/Usr/share/fonts/truetype/malayalam/Uroob.ttf"]
T ]

if not os.path.isdir (RESULT PATH) :

os.mkdir (RESULT PATH)

for ttf in ttfs:

gen pics (ttf)

print ( "Generate digits successfuly")
if name == ' main_ ':

main ()

norm.py:

import cv2
import numpy as np

import os

DIR NAME = "fonts"

BORDER = 1.5

def gen norm (name) :

L] \l

Search contour, cut out the shape

and insert into the center of the new picture.

Border is the ratio of the length of square edge

of obtained image to the larger side of the cut-out digit.

img = cv2.imread (os.path.join (DIR NAME, name + '. png'))
hsv = cv2.cvtColor (img, cv2.COLOR BGR2HSV)

thresh = cv2.inRange (hsv, 0, 255,0)

contours, hierarchy = cv2.findContours (thresh,

cv2.CHAIN APPROX SIMPLE) [1:]

.shape

try:

x0 = (min (contours [0] [i] [0] [0] for i in range (contours [0]
min (contours [0] [i] [0] [1] for i in range (contours [0]

x1 = (max (contours [0] [i] [0] [0] for i in range (contours [0]
max (contours [0] [i] [0] [1] for i in range (contours [0]

except IndexError:

.shape
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cv2.RETR TREE,

.shape

(01)))

.shape
[01)))



[1]:
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print ( "Error to norm", name)
return
weight = height = int (max (x1 [0] - xO0 [0], x1 [1] - xO [1]) * BORDER)

new img = np.zeros ((weight, height, 3), np.uint8)

cv2.rectangle (new _img, (0,0), (weight, height), (255,255,255),

dx = int (weight / 2 - (x1 [1] - xO [11) / 2)
dy = int (height / 2 - (x1 [0] - xO [0]) / 2)

new img [dx: x1 [1] -xO0 [1] + dx, dy: x1 [0] - x0 [0] + dy]
x1 [1], x0 [0]: x1 [ 0O]]

cvZ2.imwrite (os.path.join (DIR NAME, name + '. png'), new_img)

def main () :

files = os.listdir (DIR NAME)

for filename in files:

name, ext = os.path.splitext (filename)
if ext == ".png":

gen_norm (name)

print ( "Normalize all pic in current dir")
if name == "' main ':
main ()

ishihara.py
import math
import random
import os

import sys

from PIL import Image, ImageDraw

SOURCE_PATCH = "fonts"

RESULT PATH = "testb"

1)

img

[x0



color

GEN COUNT = 1

try:

from scipy.spatial import cKDTree as KDTree
import numpy as np

IMPORTED SCIPY = True

except ImportError:

IMPORTED SCIPY = False

BACKGROUND = (255, 255, 255)

TOTAL CIRCLES = 1500

color = lambda c: ((c >> 16) & 255, (c >> 8) & 255, c & 255)

if sys.argv [1l]:

COLOR_THEAM

int (sys.argv [1])% 5 else:

COLOR THEAM

Il
=

TYPE = COLOR THEAM if COLOR THEAM <= 3 else 3

type 1

if COLOR_THEAM == 1:

COLORS_ON = [

color (0xF9BB82), color (0OxEBA170), color (0OxFCCD84)
]

COLORS_OFF = [

color (0x9CA594), color (0xACB4A5), color (0xBBB964),
(OxE5D57D), color (0xD1D6AF)

]

# Type 2

elif COLOR THEAM ==

COLORS ON = [

color (0xb6b87c), color (0xe3da73), color (0xb0ab60)
]

COLORS_OFF = |

color (0Oxef845a), color (0xffc68c), color (0Oxef845a),

color

97

(0xD7DAAR) ,
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# Type 3

elif COLOR THEAM ==

COLORS ON = [

color (0x£f79087), color (0xf26969), color (0xd8859d), \ color (0x£f79087)

]
COLORS_OFF = [

color (0x5ad4ed6), color (0x7b6b63), color (0x9c9c84),

# Type 3 too

elif COLOR THEAM ==

COLORS ON = [

color (0xb6b87c), color (0xe3da73), color (0xb0abo0)
]

COLORS_OFF = [

color (0Oxef845a), color (0Oxffc68c), color (0Oxef845a), \ color (0xfff36b),
color (0Oxffbd52)

]

def generate circle (image width, image height, min diameter,
max diameter) :

radius = random.triangular (min diameter, max diameter,

max diameter * 0.8 + min diameter *

0.2) / 2

angle = random.uniform (0, math.pi * 2)

distance from center = random.uniform (0, image width * 0.48 - radius)

x = 1image width * 0.5 + math.cos (angle) * distance from center y =

image height * 0.5 + math.sin (angle) * distance from center

return x, y, radius

def overlaps motive (image, par):

(X/ Y r) = par
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points x = [x, x, X, Xr, x + r, xr * 0.93, xr * 0.93, x + r * 0.93, x +
r * 0.93]

points y = [y, yr, vy + ¢, ¥y, ¥y, vy +  * 0.93, yr * 0.93, y + r * 0.93, yr
* 0.93]

for xy in zip (points_ x, points y):

try:

if image.getpixel (xy) [: 3]! = BACKGROUND:
return True

except IndexError:

print ( "Exept gen")

return False

except TypeError:

print ( "second exept gen")

return False

return False

def circle intersection (parl, par2):
(X1, yl1, rl) = parl
(X2, y2, r2) = par2

return (x2 - x1) ** 2 + (y2 - yl) ** 2 <(r2 + rl) ** 2

def circle draw (draw_image, image, par):

(X, y, r) = par

fill colors = COLORS ON if overlaps motive (image, (x, vy, r)) else
COLORS_OFF

fill color = random.choice (fill colors)

draw_image.ellipse ((x - r, vy - r, X + ¥, y + r),

fill = fill color,

outline = fill color)
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def gen test (name, gen n = 0):

Generate Ishihara test card

from file name.png to name + gen n + .png

image = Image.open (os.path.join (SOURCE_ PATCH, name + ".png"))

image2 = Image.new ( 'RGB', image.size, BACKGROUND)
draw_image = ImageDraw.Draw (imageZ2)
width, height = image.size

min diameter (width + height) / 200

max diameter (width + height) / 75

circle = generate circle (width, height, min diameter, max diameter)

circles = [circle]

circle draw (draw_image, image, circle)

try:

for i in range (TOTAL CIRCLES):

tries = 0

if IMPORTED SCIPY:

kdtree = KDTree ([(x, y) for (x, y, ) in circles])
while True:

circle = generate circle (width, height, min diameter, max diameter)
elements, indexes = kdtree.query ([ (circle [0],
circle [11)], k = 12)

for element, index in zip (elements [0],

indexes [0]):

if not np.isinf (element) and
circle intersection (circle, circles [index]):

break
else:

break
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tries + =1
else:

while any (circle intersection (circle, circle2) for circle2 in circles):

tries + =1
circle = generate circle (width, height, min diameter, max diameter)
#print ( '"{} / {} {}'. format (i, TOTAL CIRCLES, tries))

circles.append (circle)
circle draw (draw_image, image, circle)
except (KeyboardInterrupt, SystemExit):

pass

name = name + "theme " + str (COLOR THEAM) + "type " + str (TYPE) + ".png"
image2.save (os.path.join (RESULT PATH, name), "PNG")

print ( "Generate" + name + "succesfully")

def main ():

files = os.listdir (SOURCE_PATCH)

if not os.path.isdir (RESULT PATH) :
os.mkdir (RESULT PATH)

count = 0

for filename in files:

name, ext = os.path.splitext (filename)
if ext == ".png":

for i in range (GEN_COUNT) :

gen_test (name, 1i)

count + =1

print ( "not more than" + str (len (files) - count) + "files left")
print ( "Generate test success")

if name == ' main_ ':

main ()

noise.py:
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import cv2
import numpy as np
from random import randint

import os

SOURCE _PATCH = "testbH"
RESULT PATH = "noise testb"
def add noise (name, k = 10):

Add noise in each pixel of name.png.

256 / k - ratio of dispersion.

range = int (512 / k)

img = cv2.imread (os.path.join (SOURCE PATCH, name + ".png"))
for i in range (len (img)):

for j, x in enumerate (img [i]):

rand = [int (randint (0, range ) - range / 2) for i in
range (3)]

for k in range (3):

sum = x [k] + rand [k]
if sum <= 0:

rand [k] = 0

elif 0 <sum_ <255:

rand [k] = sum

else:

rand [k] = 255

img [1] [3] = rand
cvZ2.imwrite (os.path.join (RESULT PATH, name + ". png"), img)
print (name + ". png" + "generated")

def main ():
if not os.path.isdir (RESULT PATH):

os.mkdir (RESULT PATH)
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files os.listdir (SOURCE_PATCH)

Il
o

count
for filename in files:

name, ext = os.path.splitext (filename)
if ext == ".png":

add noise (name)

1

count +
print ( "not more than" + str (len (files) - count) + "files
left ")

print ( "Generate test success")

if name == main

main ()
filter.py:

import cv2
import numpy as np

import os

SOURCE_PATCH = "noise testb"
RESULT PATH = "filtred noise 5"

def filter (name):

Select number from name.png test card.

Create b / w picture of it.

T \J

rgb = cv2.imread (os.path.join (SOURCE PATCH, name + '. png'))
lab cvZ2.cvtColor (rgb, cv2.COLOR BGR2Lab)

average a = np.array (list (x [1] for i in range (len (lab)) for x in lab
.mean ()
average b

0
a = cv2.split (lab) [1]

if average a <130: # MANY GREEN OR BLUE, IN A CONTRAST rgb = cv2.threshold

(a, 132,255, cv2.THRESH BINARY) [1] state =1

else:

average b = np.array (list (x [2] for i in range (len (lab)) for x in lab
.mean ()

if average b <135: # LITTLE RED => RED CHANNEL DARK, IN A CONTRAST

state = 2
rgb =
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cv2.threshold (a, 0,255, cv2.THRESH BINARY + cv2.THRESH OTSU) [1] # else:

state = 3 # BATATO UEPBOHOI'O => MANY RED => RED CHANNEL LIGHT, IN RED

CONTRAST

rgb =

cv2.threshold (cv2.split (rgb) [2], 227,255, cv2.THRESH BINARY) [1]
rgb = cv2.bitwise not (rgb)

kernel opening = np.ones ((2,2), np.uint8)
kernel closing = np.ones ((12, 12), np.uint8)

opening = cv2.morphologyEx (rgb, cv2.MORPH OPEN, kernel opening) closing

.morphologyEx (opening, cv2.MORPH CLOSE,

kernel closing)
dst = cv2.medianBlur (closing, 5)

cvZ.imwrite (os.path.join (RESULT PATH, name + ". png"), dst)
print (name + ". png filtered")

def main () :

if not os.path.isdir (RESULT_ PATH) :
os.mkdir (RESULT PATH)

files = os.listdir (SOURCE_PATCH)

for filename in files:

name, ext = os.path.splitext (filename)
if ext == ".png":

filter (name)

if name == ' main
main ()

network.py

from keras.utils import to_ categorical

from keras import models

from keras import layers
import numpy as np
import os

import cv2

TEST PATH = "filtred noise 5"
DATASET PATH = TEST PATH + " dataset" + ".npz"
TRAIN COUNT = 800

def create dataset ():
T |

Generate BORDER in file DATASET PATH.npz element "dataset"

images = list ()

labels = list ()

files = os.listdir (TEST_ PATH)
for filename in files:

name, ext = os.path.splitext (filename)

if ext == ".png":

img = cv2.imread (os.path.join (TEST PATH, name + '. png'))
img = np.compress ([True], cv2.resize (img, (28,

28)) . Reshape (784,3), axis = 1)

images.append (img)
labels.append (int (name [0]))
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np.savez (DATASET PATH, dataset = np.array ([images, labels]))

def get dataset (path = DATASET PATH) :

Generate BORDER from file DATASET PATH.npz

data = np.load (path) [ 'dataset']
return (np.stack (data [0], axis = 0), np.stack (data [1l], axis = 0))

def create network ():

images, labels = get dataset ()

train images, test images = images [: TRAIN COUNT], images [TRAIN COUNT:]
train labels, test labels = labels [: TRAIN COUNT], labels [TRAIN COUNT:]

network = models.Sequential ()

network.add (layers.Dense (512, activation = 'relu', input shape = (28 *
28,)))

network.add (layers.Dense (10, activation = 'softmax'))

network.compile (optimizer = 'rmsprop’, loss =
'categorical crossentropy', metrics = [ 'accuracy'])

train images = train images.reshape ((TRAIN COUNT, 28 * 28)) train images
= train images.astype ( 'float32') / 255

test images = test images.reshape ((len (images) - TRAIN COUNT, 28 *

28))

test images = test images.astype ( 'float32') / 255

train labels = to_categorical (train_ labels)

test labels = to categorical (test labels)
network.fit (train images, train labels, epochs = 5, batch size = 128)

test acc = network.evaluate (test images, test labels) [1] print (

"Accuracy:", test acc)

def main () :
create dataset ()
create network ()

LI

if name == main

main ()
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