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XapkiechbkMlil HaliloHanbHUi YHiBepcuTeT paficenexkTpoHikM

Kadenpa ECM

[lporpaMHl =Bacobm posnisHaBaHHA
o6’ eKT1B Ha 300pPaxeHHAX 3
BMKOPUCTAHHAM MAlIMHHOTO HABYAaHHA

Kepanidixkauinua potora

Nepumii (GakalaBpPCbKMI) PLlLESHEB

ABTOPR: KepieHMEK:
Onexcin UEPHMX, ac.
JIYUEHKO
CTyn. I'p.

KIVKI=-21-1

MeTa 1 Banaul poboTwm

Mera: po3p0obuTH NOporpaMHMK 3aci® mndg
posnizHaranHa o6'exTiB Ha 306pax%eHHAxX 3a
nonoMoron CNN, cTBOopeHOol Ha MOBi
nporpaMmysasHs Python.

qanaui

*pocaHanizaysarK icHywo4dl piuweHHsa, BMIimMTHM 1x
nepegary Ta HeOONikM;

*CHpoeKTYBATHM Ta HATPEeHYBATK MOoOelk HelipoMmepexi
CHNN;

*CTEBOpUTH NpOTpaMy, Wo Oyhoe B3acMoNiATHM 3 HaBUEHOD
MOOENIo Ta BUBOOWTKM Pe3yNbTATHM pPO3NisHABAHHA]

*¥3aranbHUTKH pes3ynsTary pofoTH nNporpaMM Ta
chopMyBaTH BMCHOBKM Wono 11 efekTHMBHOCTL.

kafd. AzHacrTacia



AKTYyaJIbHI1ICTb TEeMM

* [lMpoke BUKOPMUCTAHHS KOMI'ITEPHOTO 30py B PisHUX
ranysax: Oesnexka, MenuuyHa, aBTOHOMHI
TPaHCINOPTH1 3acobu, MNPOMUCIOBiCTb, TOWO;

* CTpiMKMM PO3BUTOK TEXHOJIOT1M WTYYHOTO

)08 [ | 8 >

DG 7701

3amadl KOMII' OTEPHOT'O 30pYy

* Knmacubikauia: BM3HAUEHHS KJjlacy (kareropii), mo sakoi
HaJIEeXUTh yce 300paxXeHHS;

* Jlokanizauisg: 3HaAXOIKEeHHS TMOJIOXeHHa o6'exkTa Ha
306paxeHH1 B KOHKpPEeTHOMYy Micui;

* leTeklisg: noemHye B cobi knacmbikauimo Ta Jjokajizauino Ta
BMU3HAUYAE€ OeKinbkKa pPi3HMX KATEropil OOHOYACHO.

Kasciopixsti Kitaceinatzie + Jlowa tisiie Jiereninin ofiextin
K Kir Kir,

57



3amadl KOMII' ITEPHOTO

* BigcTrexeHHsa o6’ exkTiB (TpekiHT) :
BM3HAUEHHS Ta IOCTilMHE OHOBJIEHHS
Micue3HaxomxeHHa o6’ ekTy Ha Bimeo y
peanbHOMy dYaci;

90@ lll
OIIORCIOIC)
©e0 bl

Fobpawernes Ge1 amosatif Jobpamerann 1 aonsatieun

* BUABJIEHHS aHOMajil: BM3HAYEHHS y
06’ exTa BipgxuineHb Bin HoOpMU,
HaNpMKJIal, KOHTPOJIb SAKOCT1 NPOOyKTYy
Ha BUMPOOHMLTEI;

* Po3nizHaBaHHA OOIMY: BUABJIEHHS
obnuuusa JIOOMHM Ta ineHTudikauisa
ocobu, BaBOAKM aHaliszy
3aKOHOM1pHOCTENM B pucax obamyuusa.

MeTooM MAaUIMHHOI'O HABYAHHSA VY
po3mniz3HaBaHHl 06’ €ekT1iB

* Tpammuirui nigxomm: Decision Trees,
Random Forest, SVM;

e TinmbuHHl nimxomm: CNN, YOLO, ViT.

OOO

“'r l—“'z“
flﬁ}% \o .:Ié .!.'} é a .'w

Outzet
aper
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S3TOpPTKOB1 HEMPOHH1 Mepexi
(CNN)

* OCHOBH1 mapu:
* S3roprra (Convolution);
* Cybnuckperm=auis (Pooling)

* MlopHO3E' AsHKME wap (Fully Connected, FC)

Moaxo3s'AzHKE Wwap

3ropTea i
MyAilr "

\ I

BuaineHHa o3Hax Knacudikauia

llap 3ropTku (Convolution)
llap o6’enHanHa (Pooling)

[Umpu - eum.

FruBisian
pxogy I Balapa wapTa ersn

MaxkcHmanbHe 06'eTHAHHA

20

112

30
37

@ @ @ S
Cuupnu.‘aim-&fmu
- 12|20| 30| 0
8|12 2|0
mBuma
suxegy | Nepateacpesi wabnomm 34|70] 37| 4
112100 25| 12

i

YeepenneHe o0'e/IHAHHA:
FawBGisia
- Buxigua mapTa paHas

78

8
20
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[l[porpaMHl pPllIEHHS
@ python’

ﬁ:ﬁ NumPy  “IF TensorFlow

matpl-tlib Keras

APX1TEeKTYPHL1 1CHYKOUl pPlIIeHHSHA

ijaxhiot

* AlexNet;

* VGGNet; .
* ResNet;
* MobileNet;
* Ta inmi. u E——
I_:I

i

'r t
urnmma B o ] '_’_|
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OrJyiag nporpamm
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Pes3yJbTaTM PO3MI13HAaBAHHA

Tabmius 4.1 — BiporiisocTi po3ni3HaBaHHA 300pakeHb KOTIB PI3HHX Mozereii
B

300paxeHHs, BiporijHocTi po3ni3HaBaHHi, %
Ne V1_10_32 V2 30 32
1 5545 81.38
2 10.27 2423
3 95.83 88.40
4 97.35 99.87
5 16.57 99.72
6 99.10 99.97
7 98.61 99.46
8 39.72 56.32
20 18.93 51.17
CepejiHe 3Ha4. 47.84 71.22
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JIOJIATOK B
KOJT [TPOTPAMU

b.1 Cuenapiii train.py

import tensorflow as tf

from tensorflow.keras import layers, models
from tensorflow.keras import utils

import pickle

import numpy as np

(x_train, y train), (x test, y test) =
tf.keras.datasets.cifarl0.load data ()

y train = y train.flatten()
y test = y test.flatten()

input shape = (32, 32, 3)

x train=x train.reshape(x train.shape[0], x train.shape[l],
x_train.shape([2], 3)

X train=x train / 255.0

x _test = x test.reshape(x test.shape[0], x test.shapel[l],

x _test.shape[2], 3)

X _test=x test / 255.0

y train = tf.one hot(y train.astype(np.int32), depth=10)
y test = tf.one hot(y test.astype(np.int32), depth=10)

model version = 6
batch size = 32
num classes = 10
epochs =1

model = tf.keras.models.Sequential ([
tf.keras.layers.Conv2D (32, 3, padding='same',

input shape=x train.shape[l:], activation='relu'),
tf.keras.layers.BatchNormalization(),
tf.keras.layers.Conv2D (32, 3, padding='same',

activation='relu'),
tf.keras.layers.BatchNormalization(),
tf.keras.layers.MaxPooling2D (pool size=(2,2)),
tf.keras.layers.Dropout (0.25),

tf.keras.layers.Conv2D (64, 3, padding='same',
activation='relu'),
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tf.keras.layers.BatchNormalization(),
tf.keras.layers.Conv2D (64, 3, padding='same',
activation='relu'),
tf.keras.layers.BatchNormalization(),
tf.keras.layers.MaxPooling2D (pool size=(2,2)),
tf.keras.layers.Dropout (0.25),

tf.keras.layers.Conv2D (128, 3, padding='same',
activation='relu'),
tf.keras.layers.BatchNormalization(),
tf.keras.layers.Conv2D (128, 3, padding='same',
activation='relu'),
tf.keras.layers.BatchNormalization(),
tf.keras.layers.MaxPooling2D (pool size=(2,2)),
tf.keras.layers.Dropout (0.3),

tf.keras.layers.Flatten(),

tf.keras.layers.Dense (128, activation='relu'),
tf.keras.layers.BatchNormalization(),
tf.keras.layers.Dropout (0.3),
tf.keras.layers.Dense (num classes, activation='softmax'),

1)

model.compile (optimizer="adam',

loss=tf.keras.losses.categorical crossentropy,

metrics=['accuracy'])

history = model.fit(x train, y train, batch size=batch size,
epochs=epochs, validation data=(x_test,

y test))

test loss, test acc = model.evaluate(x test, y test)

print (£"\nTest Accuracy: {test acc:.4f}")
print (£f"\nTest Loss: {test loss:.4f}")

model name = f"v{model version} {epochs} {batch size}"

model.save (f" {model name}.keras")
print (£"\nModel saved: '{model name}.keras'")

with open(f"training history {model name}.pkl", 'wb') as f:
pickle.dump (history.history, f)

print (f"\nHistory saved: 'training history {model name}.pkl'")

b.2 Cuenapiii main.py

import sys
from gt imports import *
from config window import ConfigWindow



if name == " main ":
app = QApplication(sys.argv)
window = ConfigWindow ()
window.show ()
sys.exit (app.exec ())

b.3 Cuenapiii qt_imports.py

from PyQt5.QtWidgets import (
QApplication,
OMainWindow,
QWidget,
QPushButton,
QLabel,
QVBoxLayout,
QHBoxLayout,
QLineEdit,
QTextEdit,
QMessageBox,
QSpinBox,
QProgressBar,
QFileDialog,
QCheckBox,
QComboBox,
QGroupBox,

)

from PyQt5.QtCore import Qt, QTimer, QThread, pygtSignal

from PyQt5.QtGui import QFont, QPixmap

import sys

b.1 Cuenapiii config window.py

import sys
import os

os.environ['TF ENABLE ONEDNN OPTS'] = '0O'
import contextlib

import io

import pickle

from gt imports import *

from results window import ResultsWindow



from image preview window import PreviewWindow
from graphs window import GraphsWindow

from logs window import LogsWindow

from model info window import ModelInfoWindow

import tensorflow as tf

from tensorflow import keras

from tensorflow.keras.preprocessing import image

from tensorflow.keras import utils

from tensorflow.keras.losses import CategoricalCrossentropy
import numpy as np

def load model (model name='vl 5 ep'):
return tf.keras.models.load model (£"{model name}.keras")

class ConfigWindow (QMainWindow) :
results window = None
preview window = None
graphs window = None
logs window = None
model info window = None

def init (self):
super (). init ()
self.setWindowTitle ("Config")
self.setGeometry (100, 100, 400, 400)

self.selected image path = None

self.model = None

self.class names = |
"airplane", "automobile", "bird", "cat", "deer",
"dog", "frog", "horse", "ship", "truck"

]

self.init ui ()

def init ui (self):
main layout = QVBoxLayout ()

self.img label = QLabel ("[Image not selected]")
pick img btn = QPushButton ("Select image")
pick img btn.clicked.connect (self.pick image)

self.start btn = QPushButton ("GO")
self.start btn.clicked.connect (self.start prediction)

model group = QGroupBox ("Model")
self.model combo = QComboBox ()
self.model combo.addItems ([
"vl 10 64", "v1 10 128", "vl 30 64",
"vl 30 128", "vl 30 64 old", "v2 50 32",
"v2 10 32", "v3 10 32", "v3 50 32",
"v4 30 32", "v5 10 32", "v5 30 32"])
model layout = QVBoxLayout ()
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model layout.addWidget (self.model combo)
model group.setLayout (model layout)

# Additional windows (checkboxes)
self.logs cb = QCheckBox ("Logging")
self.graphs cb = QCheckBox ("Graphs")
self.model info cb = QCheckBox ("Model Info")
self.preview cb = QCheckBox ("Preview Image")
self.results cb = QCheckBox ("Show Results")

# Grouping checkboxes

windows group = QGroupBox ("Additional Windows")
cb layout = QVBoxLayout ()

for cb in [self.logs cb, self.graphs cb,

self.model info cb, self.preview cb, self.results cb]:

def

Images",

images")

def

cb layout.addWidget (cb)
windows group.setLayout (cb layout)

# Layouts

main layout.addWidget (self.img label)
main layout.addWidget (pick img btn)
main layout.addWidget (self.start btn)
main layout.addWidget (model group)
main layout.addWidget (windows group)

central widget = QWidget ()
central widget.setLayout (main layout)
self.setCentralWidget (central widget)

pick image (self):
file dialog = QFileDialog()

path, = file dialog.getOpenFileNames (self, "Select
"', "Images (*.png *.jpg *.Jjpeg *.bmp)")
if path:

print (f"Selected {len(path)} images:\n")
for 1 in path:
print (i)
self.selected image path = path
self.img label.setText (f"Selected {len(path)}

start prediction(self):

model name = self.model combo.currentText ()
logging = self.logs cb.isChecked()

graphs = self.graphs cb.isChecked()

model info = self.model info cb.isChecked()
preview = self.preview cb.isChecked()
results = self.results cb.isChecked()

print ("-- Start Arguments --")

print ("Model:", model name)

print ("Image:", self.selected image path)
print ("Logging:", logging)
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print ("Graphs:", graphs)

print ("Model Info:", model info)
print ("Preview Image:", preview)
print ("Show Results:", results)
self.model = load model (model name)

(., ), (X test, y test) =
tf.keras.datasets.cifarl0.load data()

y test = y test.flatten()

X test = x test.reshape(x test.shape[0],
x test.shape[l], x test.shapel[2], 3)

X test = x test / 255.0

y test = tf.one hot(y test.astype(np.int32), depth=10)

loss, acc = self.model.evaluate(x test, y test,
verbose=2)

model test text = f"Accuracy: {acc * 100:.2f}%; Loss:
{loss:.4f}"

model summary = self.get model summary text ()

try:
with open(f'training history {model name}.pkl',
'rb') as f:
loaded history = pickle.load(f)

except Exception as e:
print (f"Error while trying to open file: {e}")

model results =
self.classify image (self.selected image path)

print (model results)

logs = [model name, self.selected image path, logging,
graphs, model info, preview, results, model results]

if results:
self.handle show results(model results)

if preview:
self.handle show preview(self.selected image path)

if graphs:
self.handle show graphs (loaded history)

if logging:
self.handle show logs(logs)

if model info:
self.handle show model info(model test text,
model summary)



def

def

def

def

def

def
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get model summary text (self):

stream = 10.StringIO ()

with contextlib.redirect stdout (stream) :
self.model.summary ()

return stream.getvalue ()

handle show results(self, prediction result):
self.results window = ResultsWindow (prediction result)
self.results window.show ()

handle show preview(self, image path):
self.preview window = PreviewWindow (image path)
self.preview window.show ()

handle show graphs(self, history):
self.graphs window = GraphsWindow (history)
self.graphs window.show ()

handle show logs(self, logs):
self.logs window = LogsWindow ()
self.logs window.show ()
self.logs window.log (f"Model: {logs[O0]}")
self.logs window.log (f"Image: {logs[1]}")
self.logs window.log (f"Logging: {logs[Z2]}
self.logs window.log (f"Graphs: {logs[3]}")
self.logs window.log (f"Model Info: {logs([4

(

(

(

w

")
")
I
}

1}
self.logs window.log (f"Preview Image: {logs[5
[6]}")

self.logs window.log (f"Show Results: {logs
self.logs window.log (f"Results: {logs[7]}")

handle show model info(self, model test text,

model summary) :

self.model info window =

ModelInfoWindow (model test text, model summary)

def

self.model info window.show ()

classify image (self, file paths, true label index=3):

imgs = []

for path in file paths:
img = image.load img(path, target size=(32, 32))
img array = image.img to array(img) / 255.0
imgs.append (img array)

predictions = self.model.predict (np.array(imgs))
res dict = dict()

res sum = 0.0

cnt = 0

for path, pred in zip(file paths, predictions):
class idx = np.argmax (pred)
print (f"cat: {float(pred[true label index]) *

100:.2£1™)

res sum += float (pred[true label index]) * 100
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cnt += 1

probability = float (np.max (pred))

class name = self.class names[class idx]
res dict[path] = (class name, probability)

print (res sum / cnt)
print (res dict)
return res dict

b.1 Cuenapitii results window.py

from gt imports import *

class ResultsWindow (QWidget) :
def init (self, prediction result, parent=None):
super (). init (parent)
self.setWindowTitle ("Inference Results")
self.resize (300, 300)

layout = QVBoxLayout ()

self.label = QLabel ("Results:")
self.label.setAlignment (Qt.AlignCenter)
layout.addWidget (self.label)

self.checkboxfull = QCheckBox ("Round to .2f")
self.checkboxfull.setChecked (True)

self.checkboxfull.stateChanged.connect (self.handle state change)
layout.addWidget (self.checkboxfull)

self.result box = QTextEdit ()
self.result box.setReadOnly (True)

self.result text rounded = ""
self.result text full = ""

for i, (key, value) in
enumerate (prediction result.items (), 1):
self.result text full += f£'{i}. "{key}":
{value[0]} ({value[l] * 100}%)\n'

for i, (key, wvalue) in
enumerate (prediction result.items (), 1):
self.result text rounded += f£'{i}. "{key}":
{value[0]} ({value[l] * 100:.2f}%)\n"'
self.result box.setText (self.result text rounded)

layout.addWidget (self.result box)



self.save button = QPushButton("Save to results.txt")
self.save button.clicked.connect (self.save to file)
layout.addWidget (self.save button)

self.setlLayout (layout)

def handle state change(self, state):
if state ==
self.result box.setText (self.result text rounded)
elif state == 0:
self.result box.setText (self.result text full)
else:
pass

def save to file(self):
try:
with open("results.txt", "w", encoding="utf-8") as

f.write(self.result box.toPlainText ())
except Exception as e:
print (f"Error while saving file: {e}")

b.1 Cuenapiii image preview window.py

from gt imports import *
import os

class PreviewWindow (QWidget) :
def init (self, image path, parent=None):
super () . 1init (parent)
self.setWindowTitle ("Image Preview")
self.setFixedSize (400, 400)

self.image path = image path
self.image index = 0

layout = QVBoxLayout ()

self.path label = QLabel ()
self.path label.setAlignment (Qt.AlignCenter)
layout.addWidget (self.path label)

self.image label = QLabel()
self.image label.setAlignment (Qt.AlignCenter)
layout.addWidget (self.image label)

self.button prev = QPushButton ("<")
self.button next QPushButton (">")
self.button prev.clicked.connect (self.prev image)
self.button next.clicked.connect (self.next image)



layout.
layout.
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addWidget (self.button prev)
addWidget (self.button next)

self.setlLayout (layout)
self.set image (image path, self.image index)

def prev image (self):
if self.image index > O0:

sel

f.image index = self.image index - 1

self.set image (self.image path, self.image index)

def next image (self):
if self.image index < len(self.image path)-1:

sel

self.se

f.image index = self.image index + 1

t image(self.image path, self.image index)

def set image(self, image path, image index):
if image path and

os.path.exists(
pix
sca
Qt .KeepAspectRa
sel
sel
{image path[ima
else:
sel

image path[image index]) :

map = QPixmap (image path[image index])
led pixmap = pixmap.scaled(self.size(),
tio, Qt.SmoothTransformation)

f.image label.setPixmap (scaled pixmap)
f.path label.setText (f"{image index+l}.
ge index]}")

f.image label.setText ("Image not found 404")

b.1 Cuenapiii graphs window.py

from gt imports
from matplotlib
as FigureCanvas
from matplotlib

class GraphsWin

import *
.backends.backend gtbagg import FigureCanvasQTAgg

.figure import Figure

dow (QWidget) :

def init (self, training history=None, parent=None) :

super ()
self.se
self.re

self.fi
self.ca

layout
layout.
self.se

. 1init (parent)
tWindowTitle ("Graphs")
size (600, 400)

gure = Figure ()
nvas = FigureCanvas (self.figure)

= QVBoxLayout ()
addWidget (self.canvas)
tLayout (layout)
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if training history:
self.plot history(training history)

def plot history(self, history):
self.figure.clear ()
axl = self.figure.add subplot(l, 2, 1)
ax2 = self.figure.add subplot(l, 2, 2)

axl.plot (history['accuracy'], label='Accuracy (train)"')
if 'val accuracy' in history:
axl.plot (history['val accuracy'], label='Accuracy

(val) ")

axl.set title('Accuracy')

axl.set xlabel ('Epoch')

axl.set ylabel ('Accuracy')

axl.legend()

ax2.plot (history['loss'], label='Loss (train)')
if 'val loss' in history:
ax2.plot (history['val loss'], label='Loss (val)')
ax2.set title('Loss')
ax2.set xlabel ('Epoch'")
ax2.set ylabel ('Loss')
ax2.legend ()

self.canvas.draw ()

b.1 Cuenapiii logs window.py

from gt imports import *

class LogsWindow (QWidget) :
def init (self, parent=None):
super () . init (parent)
self.setWindowTitle ("Logging")
self.resize (600, 300)

self.text edit = QTextEdit ()

self.text edit.setReadOnly (True)

self.text edit.setStyleSheet ("background-color: #lelele;
color: #d4d4d4; font-family: Consolas;")

layout = QVBoxLayout ()
layout.addWidget (self.text edit)

self.save button = QPushButton ("Save to logs.txt")
self.save button.clicked.connect (self.save to file)

layout.addWidget (self.save button)

self.setlLayout (layout)
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def log(self, message: str):
self.text edit.append(f"[LOG] {message}")

self.text edit.verticalScrollBar () .setValue (self.text edit.verti
calScrollBar () .maximum{() )

def log warning(self, message: str):
self.text edit.append(f" [WARNING] {message}")

def log error(self, message: str):
self.text edit.append(f" [ERROR] {message}")

def clear logs(self):
self.text edit.clear()

def save to file(self):
try:
with open("logs.txt", "w", encoding="utf-8") as f:
f.write(self.text edit.toPlainText())
except Exception as e:
print (f"Error while saving file: {e}l"™)

b.1 Cuenapiii modelinfo window.py

from gt imports import *

class ModelInfoWindow (QWidget) :

def init (self, model test text, model summary,
parent=None) :
super (). 1init (parent)

self.setWindowTitle ("Model summary")
self.resize (300, 300)

layout = QVBoxLayout ()

self.label = QLabel ("Summary:")
self.label.setAlignment (Qt.AlignCenter)
layout.addWidget (self.label)

self.summary box = QTextEdit ()
self.summary box.setReadOnly (True)

self.summary box.setText (model test text + '"\n' +
model summary)
layout.addWidget (self.summary box)

self.save button = QPushButton("Save in modelinfo.txt")
self.save button.clicked.connect (self.save to file)
layout.addWidget (self.save button)



self.setlLayout (layout)

def save to file(self):
try:
with open("modelinfo.txt", "w", encoding="utf-8")

f.write(self.summary box.toPlainText())
except Exception as e:
print (f"Error while saving file: {e}l"™)
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