JIOJATOK A

['padiunuii matepian kBanidikamiiinoi poooTu
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XapKiBCbKUM HaLiOHAaNIbHUWM YHIBEPCUTET PaflioeIEKTPOHIKK
Kadenpa EOM

MeTtoa po3ni3HaBaHHA PYKOMUCHUX
MaTeMaTUYHUX GopPMY

HBAJ’IICDIHALI,IHHA POBOTA
Opyruid (marictepcbiMiA)
KepiBHUK
Kyuyk H.I.
npod. kadp. EOM

ABTOp
Lllanosanos M.I.
crya. rp. KCMm 21-1

AKTyalb DO3POOKH

3aCTOCYHOK JIIf PO3IN3HABAHHA  PYKONHMCHHX
MaTeMAaTHIHUX (OpMyT J1a€ 3MOTY ONTHMI3YyBaTH
yac MNUIAXOM HANAHHSA MOMKINBOCT] IIBHIKOIO 1
3PYYHOTO MepeHocy GOpMyI 3 PYKOMICHOIO Y
APYKOBAaHMII BUITISAI JIUIS IOAANBINNX 00YHCICHb
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O0’eKT T4 11 TT1IKEHH S

OO0’ eKTOM MOCTIDKEHHS € MPOIeC po3Mi3HABAHHI
PYKOIIMCHOTO TEKCTY.

IlpenMeToM HAOCIULKEHHS € 3aco0M Ta MeTOIu
MoOyIOBH HEHPOHHOI Mepekl 13 BHKOPHCTAHHAM
Cy9aCHHX TEXHOIIOT1il

MerT: 00TH

MeToro poGoTH € po3polKa J0IaTKy IS PO3II3HABAHHS PYK(
MaTeMaTHIHHX (GOopMyll, IMO HOJErNIHTL IepeBeJleHHS PYKOMMCIB Y
IPYKOBAaHHH BHIVIA Ta JOIOMOXE JIIOASM 3€KOHOMHTH BIIACHHH 1ac.

JIns TocSTHEHHS MOCTaBIeHOI MeTH OYyJIH IOCTaB/ICHI TaKl 3a1adql:

1) poBeCcTH aHAMITHIHHH O ICHYHOTIHX JI0/IaTKIB;

2) oGpaTH MOBY IIPOrpaMyBaHHS, ILIXOAH J0 PO3POOKH 3aCTOCYHKY Ta
Cy4acH1 TEXHOJIOT1i IporpaMyBaHH;

3) peam3ypaTH 3acTOCYHOK 3 pOSMI3HABAaHHA PYKOIMHCHHX
MaTeMaTHUHHX (QOpMY.

4) BHKOHATH TECTYBaHHS PO3POOIEHOTO 3aCTOCYHKY.
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» Ot

MIHPEHHA
HITKH
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AHUW THCTPYMEHTAapI1ii

Pe .

CepenosHIle po3poOKH OcHOBHA MOBa IpOTrpaMyBaHHS

Bi6mioTexu

) K

HaBuanus n

Kprea erpat

351 IPOTATOM

Kprea Tounocti
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03pO0OKH

| resulttxt - Notepad

File Edit Format View Help
[2xdx+3

BEeeneHH 34 TOTTIOMOTOK MHITKH PosnisHagsi
MaTeMaTHIHHH BHpaz MAaTeMATHIHHEH BHpAa3

Pesynbr: 3pOOKHU

Fa0-5

DpaeHHA PYKONMCHOMO
MmaTtemaTuyHoi dopmynu

3acTOCYHOK N iCnA HaTMCKaHHA KHOMKK
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3pOOKH

| result.txt - Notepad

File Edit Format View Help
?a—3y|

T 200 T Pl Fily

PoznisHaHui
HWK BUpa3 ¥
daini result.txt

Bucrnosku

Oyll0 TpPOBEJEHO aHall3 ICHYIOUMX 3aCTOCYHKIB 3
PO3IMMI3HABAHHS PYKOIMHUCHUX MAaTeMaTHIHUX (POpPMYIT;

Oynmo  oOpano IHCTPYMEHTApiA  poO3poOKH
IIPOTPAMHOTO TIPOAYKTY;

OyJ10 CTBOPEHO Ta HABYEHO HEUPOHHY MEPEKY;

Oyno po3pobJIeHO 3aCTOCYHOK 3 PO3MI3HABAHHS

PYKOIIMCHHX MATCMAaTHYHHX [l) OpMYIJI.




Anpobalis pe3ynbTaTiB KBanidikaLinHoi poboTu

HaujosansHii yHisepcuTeT 0Boponn
AsepbaipxaHcexol pecnyGnin

HauioHanbHMiA TexHMHKA yHIBEpCHTET
“XapxiBCHKMA NONITEXHIMHKA IHCTATYT™
XapKisChkMi HALIOHANBHHA
YHIBBDCHTET paJioBNEKTPOHIKN
HalgioHaNbHIA BEPOKOCMIMHMIA YHIBEPCHTET
imeni M. €. Xyxoacexoro
"Xapiiecoii agiauifimi HCTHTYT™

YHiBepcHTeT TEXHONOII | NYMaHITApHUX HayK
(m. benscexo-bana, Monswa)

IIPOBJIEMH

HPOPMATU3ALILI

Tean nonosigen oavHaguATol MiXHAPOAHO

HayKOBO-TEXHIYHOT KoHbepeH
16 — 17 nuctonaaa 2023 poky

ToM 1: CEKImi 1, 2, 5, 7

Baxy — Xapiis — Benucsro-Bana —2023

Protiems the eheverth mermatonal soentlic and techncal conference

KOMITIOTEPHA CHCTEMA ILITPHMKH BETEHHA R10TY
Onepoa BL, Kywyx HLT
<

Capxis, Vipaisa

O POTBHELIOTICE

rpostl coexTp ¥, BRTOMAC O LT HOBIHOK, 10-
PN T3 PeROMERIIULT, 3 TAKOK PoTpotiot T2 excnepsmeeni [1]. Ok, cepe we-
J0TiKiB 67078 PO KOMIIOT

KOMEHTIPIB. ToMy AKTYATRNO € POTpos
1P koMY

ToR J0DOBLI € parpodics ¢ PO KOMITIOTEpHI Tex:

¥
e wepysams sicTos WordPress, Iposeess
& b

amariy ic-
acTesst epysammx muicTos WordPress nosa-
Y750, M0 CHCTeS3 3E3¢ Bei HeOGTLTE MOCTIBOCT] 11X PO3pOSKH ATSCHOO T

Al BLwoGpaka SOCTYROBYRMNA cTaTell. Porpodismiml MEGiN 1M
WordPress Bi00paias I-THGHNY NPOCTYXOSYRANE CTaTell B PEATRHOMY Saci, 110
OKPEMIT KATETOpil, TeTis Ta as
Camncox: viteparypn

1. Dr. Andy Willan

1o Mastering WordPress

METOIH POIMIIHABAHHA PYRKOIBCHIX GOPMY.T

it L1 Kyoyx T,
Xapxisessau saosa s yRisepcuTer paicesexTposixy, Xapis, Vipaiz:
Powmizsmsamss pysomcsor sseas - yamcrs EOM orpseysam 1 isvepn
BT PYROMACHY SOPMALERD 3 TAKIEX BOCHS iSbOpMALLT 2K (ROEPOSI JOKYMEHTH
ororpabis, cencops expass Ta K. PO EIRIs NOTITRETECK H3 T8 METO 08
Tadts Ta ofialis. ORI POMKHSISANER Py ROHICHOTO BSCIGER

rp—T

0Ny BLIGYBICTECA 506 TARO IGOPMAIIT £ A T2 KOOPIEATH KOAHO
PYSOMICHOTO TeseTy [1]. Oduesiin po
[Pt POIMIMIEHOTO 12 J0OPAACHHI TER
Bame T

o

ICHOTO BB - NRPETRO-

70 DEPETROPIOE KL RATRMTLT
mE
Camcox: siTepaTypn
1. Hefipowm wepeas

. pocsé. | C. 0. Cybdomm. - Kirrosp
5. 0. Evemon, 3




63

JIOJIATOK B

Jlictunr nporpamu predict symbols.py

import numpy as np

import tensorflow as tf

from tensorflow.keras.models import load model

import cv2

from class_to latexCommand dictionary import class_to latexCommand

filepath = "." # file path of the model file (.bp file)

# The model is moved here, to not load the model at every time we initialize the object.
model = load model (filepath, compile=True) # Load the model

class SymbolPredictor:
def init (self, symbol detector):

self.symbol detector = symbol detector
self.image of symbol to predict = None
self.np array of symbols to predict = []
self.symbol classes list = []

self.latex commands list = []

def preprocess_images (self, images):
# img array = cv2.imread('dataset/product/15.png', cv2.IMREAD GRAYSCALE) #
convert to array
# TODO: check size before resizing
# TODO: import image size instead of using the hardcoded value
# TODO: Why the image here still need to be grayed?
if images is None:
raise ValueError ("images passed to preprocess images() is None!")
for image in images:
print (f"Number of images to preprocess: {len(images)}")
resized image = cv2.resize(image, (50, 50))
image gray = cv2.cvtColor(resized image, cv2.COLOR_BGR2GRAY)
np_array image = np.array(image gray) .reshape(-1, 50, 50, 1)
if len(np_array image) != 1:
raise RuntimeError (f"The image must be in Gray Scale not RGB.")
self.np array of symbols to predict.append(np array image)

def predict symbol class(self):
# predict
if self.np array of symbols to predict is not None:
for symbol in self.np array of symbols to predict:
predictions = model.predict (symbol)
print (f"Prediction: {predictions}")
# Get classes from predicition
# np.argmax () returns an array with 1 element which is the index of the
max value
symbol class = np.argmax(predictions, axis=1)
print (f"Symbole Class: {symbol class}")
self.symbol classes list.append(str(symbol class[0]))
else:
raise ValueError ("np array of symbols to predict is None! No image has been
passed to the preprocess image () method")

def convert class_to_latex command(self):
for symbol class in self.symbol classes list:
latex command = class_to latexCommand[str (symbol class) ]
self.latex commands list.append(latex command)
print (latex command)

def predict (self):
self. init (symbol detector=self.symbol detector)
self.preprocess_images (images=self.symbol detector.detected symbols list)
self.predict symbol class()
self.convert class to latex command ()
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JIOJIATOK B

Jlictunr nporpamu model.py

import numpy as np
import os

import cv2

from tgdm import tgdm
import pickle

from tensorflow.keras.models import Sequential, save model

from tensorflow.keras.layers import Dense, Dropout, Flatten

from tensorflow.keras.layers import Conv2D, MaxPooling2D

from tensorflow.keras.losses import sparse categorical crossentropy
from tensorflow.keras.optimizers import Adam

# Load the dataset

DATADIR = "dataset"

CATEGORIES — ["int", "sum", "product", "sqrt", "a", "b", "X", "y"]
training data = []

# Model configuration
IMG SIZE = 50
no classes = 8

# Check the Data
# for category in CATEGORIES: # do dogs and cats

# path = os.path.join (DATADIR, category) # create path to dogs and
cats

# for img in os.listdir (path): # iterate over each image per dogs
and cats

# img array = c¢v2.imread(os.path.join(path, img),

cv2.IMREAD GRAYSCALE) # convert to array

# print (img array)

# plt.imshow(img array, cmap='gray') # graph it
# plt.show() # display!

# break

# break

def create training data():
for category in CATEGORIES:
path = os.path.join (DATADIR, category)

class_num = CATEGORIES.index (category) # get the
classification (0, 1 or 2)
for img in tgdm(os.listdir (path)): # iterate over each image
try:
img array = cv2.imread(os.path.join (path, img),

cv2.IMREAD GRAYSCALE) # convert to array
new_array = cv2.resize(img array, (IMG SIZE, IMG SIZE))
# resize to normalize data size

training data.append([new array, class num]) # add
this to our training data
except Exception as e: # in the interest in keeping the

output clean...
raise RuntimeError (f"Exception happened: {e}")
return training data
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create training data()

Create dataset model
=[]
=[]
y =

T

np.array(y)

for features, label in training data:

X.append (features) # X contains the images

y.append (label) # y contains the classes

# np.array((y, label))
X = np.array(X) .reshape (-1, IMG SIZE, IMG SIZE, 1) # create an np
array

y = np.array(y) .reshape(-1, 1)

print (f"Shape of X: {X.shape}")
print (f"Shape of Y: {y.shape}")

print (f"Type of X: {type(X)}")

# Save the data set ina pickle file
pickle out = open("X.pickle", "wb")
pickle.dump (X, pickle out)

pickle out.close()

pickle out = open("y.pickle", "wb")
pickle.dump (y, pickle out)
pickle out.close()

# Load data set
pickle in = open("X.pickle", "rb")
X = pickle.load(pickle in)

pickle in = open("y.pickle", "rb")
y = pickle.load(pickle in)

# Rescale Data
X = X/255.0

# Configure dataset for performace

# Define the Model

model = Sequential ()

model.add (Conv2D (2500, kernel size=(3, 3), activation='relu',
input shape=X.shape[l:]))

model.add (MaxPooling2D (pool size=(2, 2)))

# model.add (Dropout (0.25))

model.add (Conv2D (250, kernel size=(3, 3), activation='relu'))
model.add (MaxPooling2D (pool size=(2, 2)))
# model.add (Dropout (0.25))

# Now we have a 64x2 Model (64 neurons in the input and 2 layers)

model.add (Flatten()) # Flatten the data because Convolution is 2D and
Dense is 1D dataset layer
model.add (Dense (32, activation='relu'))

# Output layer
model.add (Dense (no_classes, activation='softmax'))

# Compile the Model
model.compile (loss=sparse categorical crossentropy, optimizer=Adam(),
metrics=["'accuracy'])
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# Fit data to model

# The Batch size and validation split depend on the size of the dataset
# Epochs are the number of times of repeating the training process, so
the more epochs, the better, upon that the mode

# is not overtrained

model.fit (X, Y, batch size=3, epochs=15, verbose=1,
validation split=0.05)

# Evaluate the model
score = model.evaluate (X, y, verbose=0)
print (£'Test loss: {score[0]} / Test accuracy: {score[l]}")

# save the model

print ("Saving the model")
filepath = '.'

save _model (model, filepath)



