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PO3POBKA KJIACUDIKATOPA 30BPAXKEHDb OLIIHOK ANS
PO3MI3HABAHHS OL|IHOK 13 CKAHKOMIW OOOATKIB 00 CBIAOLUTB
NPO 300BYTTS NOBHOI 3ArAJIbHOI CEPEAHLOI OCBITU
ABITYPIEHTIB

Po3po6ky knacudikaTtopa 306pa)keHb OLiHOK ANs po3ni3HaBaHHA
OUIHOK 3 popaTtkiB A0 CBiAOUTB Npo 3400yTTA NOBHOI 3aranbHoOi
cepeaHboi OCBiTM abiTypieHTIB peanizoBaHO MOBOK MNpPOrpaMyBaHHA
Python 3 BukopucraHHam pegakrtopa VS Code Ta poswupeHHsa Jupyter
Notebook wnsaxoM poHaByaHHa wMopeni ResNet50, nonepegHbo
HaB4YeHOi Ha Habopi paHmx ImageNet, 3a ponomMoroiw 6Gi6nioTekn
PyTorch Ha ocHoBi 3reHepoBaHoro Habopy paHux, wo Mictutb 1881
TpeHyBanbHux, 331 nepeBipo4yHux Ta 338 TecToBMX 306parkeHb OLHOK,
a pna o6pobkum 3006pakeHb BUKOpUCTaHO 6ibnioteky OpenCV.
HoHaBuyaHHA Mopaeni npoBeaeHo ansa 50 enox, HaMKpaLlow BMABUIIACb
33. TouHicTb OTPpUMaHOI MoAeni CTOCOBHO po3ni3HaBaHHA 3006pa)keHb
OLIHOK Ha TecToBOMY Habopi paHux cknana 93,79%.

Po3pobneHunn knacudikatop npu Moro AoHaBYaHHi 3a pPaxyHOK
ypPi3HOMaHITHEHHA TPeHYBaJIbHUX, NepPeBipoOYHMUX Ta TeCTOBUX Habopis
306pakeHb OUIHOK A03BONIMTb PO3pPOOMTU AOAATOK, AKMWA NOJIErwuTb
abitypieHTamM 3p4iMcCHIOBaTM pPO3paxyHOK cepeaHboro 6any ceigourBa
npo 3A00yTTA NOBHOI 3arasibHOI CepeAHbol OCBiITHM, a NpauiBHUMKaM
npUAManbHOI KOMicil nepeBipKy NpaBUNIbHOCTI MOro po3paxyHKy Ha
OCHOBi HajJaHOI CKaHKoMii 306pa)keHHA AoAAaTKY A0 CBiAOUTBA.

KnwuoBi cnoBa: knacudikatop; ouiHKA; 300pakeHHS; MoAaenb;
po3ni3HaBaHHS; CBiAOLTBO; aTecTarT; abiTypieHT.

BcTyn. KoxkHOro poky ofHi€ 3 Hanbinblw TPypoMICTKMX onepauin
Ana abiTypieHTiB Npu nopgadi 3asB ANsA BCTYNy Ha HaBYaHHSA 00 3aKNnagie
BULLLOT OCBITU B €NEKTPOHHIN GOpPMi OHNANH Yepe3 eNleKTPOHHI KabiHeTn
€ BW3HaueHHs cepedHboro 6any ceigourBa (aTecTtata) mpo 3406yTTS
MOBHOI 3aranbHOI CepeaHbOol OCBITWM, @ ANS NPALIBHUKIB NPUUManbHUX
KOMicin npu o06pobui nogaHux abiTypieHTamMum 3asB — MNepeBipKa
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KOpEeKTHOCTI oro nigpaxyHky [1; 2]. ToMy AocuUTb aKTyanbHO 3a4ayeto
3aNMWAETbCA po3pobKa [0AaTKy ONs po3paxyHKy cepegHboro 6any
cBigouTBa Npo 3406yTTS NOBHOI 3arajibHOI CepefHbOI OCBITU abiTypieHTIB
Ha OCHOBi CKaHoBaHoi konil (poTokonii) 306paxkeHHs gopatky. [na
CTBOPEHHA TaKOro [o0AaTKy HeobxiaHO c¢dopMyBaTM TpeHyBasbHi,
nepeBipoYHi Ta TecToBi Habopu AaHUX 306pa)keHb OLIHOK Ta po3pobuTn
knacudikatop 300paxkeHb oOuiHOK. [na  peanizauii  nomibHux
knacudikatopis 306paxkeHb OCTAHHIM 4acoM MNOMyASPHMM MiAX0O0M €
AoHaB4YaHHA mopeni ResNetb0, nonepeaHbo HaBYeHOI Ha Habopi gaHuMx
ImageNet, 3a gonomorow 6i6niotekun PyTorch [3-6], a ons 06pobku
300parkeHb 0fHiet0 i3 nonynsapHux 6ibniotek € OpenCV [7-10].

MocraHoBka 3apmaui. [ns po3pobku knacuodikatopa 306parkeHb
OLHOK LUAXOM AOHABYaHHSA nonepeaHbo HaB4yeHol moaeni ResNet50 Ha
OCHOBi TpeHyBaNbHUX, MNEepPeBiPOYHUX Ta TecToBMX HabopiB QaHux
306pa)keHb OUIHOK, KU 6yne BUKOPUCTOBYBATUCS A8 PO3Mi3HaBaHHS
OLIHOK 3i cKkaHoBaHux Komih (dpoTokonin) momaTKiB A0 CBiAOUTB MpPO
3000yTTA NOBHOI 3aranbHOI cepeaHbol 0CBiTH abiTypieHTamu, HeobxigHo:

— po3pobuT KOA4 AONSA NiAroTOBKM [oAaTKiB A0 CBigouTB Mpo
3000yTTA NOBHOI 3arasbHOI CepenHbol OCBITM abiTypieHTaMu i3 pi3HUMM
AONYCTUMUMU OLiHKaMy;

- cdopMmyBaTM podaTKM OO0 cCBigouTB npo 3000yTTS  MOBHOI
3aranbHoOI cepegHbol OCBITU abiTypiEHTaMK i3 PiI3HUMKU [ONYCTUMUMMU
OuiHKaMu;

— po3pobutn Kop Ans GoOpMyBaHHSA TPEHYBaNbHUX, MEPEBIPOYHUX
Ta TeCTOBMX HabopiB gaHnx 306parkeHb OLIHOK Ha OCHOBIi CHOPMOBAHUX
AOOATKIB [0 CBiAOUTB NPO 3400yTTA MOBHOI 3arasbHOI cepeaHbol OCBITH
abiTypieHTaMM i3 pi3HUMK AONYCTUMUMM OLIHKAMK;

— chopMyBaTH TPEHYBasbHIi, NepeBipoYHi Ta TecToBi Habopu AaHux
300parkeHb OLiHOK;

— po3pobuT  Knacuodikatop  300paxKeHb  OLIHOK  LUISAXOM
AoHaB4YaHHA Mogeni ResNet50 Ha ocHoBi chopMoOBaHMX TPEHYBaNbHUX,
nepeBipoOYHMNX Ta TECTOBUX HAbOPiB AaHMX 306paXKeHb OLLiHOK.

AnroputM  po3B'sa3aHHA. [lna  peanisauil  knacudikatopa
306pa)keHb OUiHOK BuMKopucTaHo pepakTop VS Code Ta po3wWwMpeHHs
Jupyter Notebook i 3a 1Ix [ponoMoroww CTBOPEHO [[0AATOK
calculation_set_values.ipynb Mmoot nporpamyBaHHs Python.

Y popatky peanizoBaHo ¢yHKUilo generation_dataset_grades()
(nicTuHr 1), 3a 4ONOMOro AKOI Ha OCHOBI CTaHAApTHOro 6/1aHKa AoAaTka
A0 CBigouTBa Npo 3000yTTA NOBHOI 3arasbHOI CepeaHbol OCBITU PO3Mipy
A5 attachment.jpg reHepyeTbcs Habip 306pa)keHb A0OATKIB A0 CBIAOUTB
attachment_0_0.png, attachment_0_1.png, ..., i3 pi3HUMN gonyctumMnmmn
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oL iHKaMu.

JNlictuHr 1. OyHKuia ons ¢opMyBaHHS Habopy 306pa)keHb A0AaTKIB
[0 cBigouTtB npo 3000yTTS NOBHOI 3aranbHOl CepeaHbol  OCBITH
abiTypieHTIB i3 Pi3HUMM JONYCTUMMUMMU OLLIHKAMMU

def generation_dataset_grades(folder_attachments="attachment”,

grades=["", "ogun", "gBa", "Tpn", "yotnpn’, "'n'aTe", "WicTte", "ciMm"’, "BiciM",

"nes’aTh", "necAts”, "ogmMHaguaTh”, "ABaHapguATh"]):

The function of generating a set of images of possible grades of
attachments to certificates
Parameters
folder_attachments: Folder with generated attachments to
certificates (default="attachment”)
grades: The list of possible grades in the attachments to the
certificates

(default=["", "ogun", "gBa", "tpun", "yotTnpn", "n'at", "Wwicte", "cim",
"BiciM",
"nes’aTh’, "Oecarts’, "ooMHaguaTL", "OBaHaoUATL"])
Returns

folder_dataset: Folder with generated certificate attachments
A folder with a generated set of images of possible grades of
attachments to certificates

folder_dataset_grades = "dataset_grades”
if os.path.exists(folder_dataset_grades):
shutil.rmtree(folder_dataset_grades)
os.makedirs(folder_dataset_grades)
folders =[]
folders.append(os.path.join(folder_dataset_grades, ‘train’))
folders.append(os.path.join(folder_dataset_grades, ‘valid’))
folders.append(os.path.join(folder_dataset_grades, ‘test’))
for folder in folders:
os.makedirs(folder)
for index in range(len(grades)):
os.makedirs(os.path.join(folder, str(index)))
for shift in range(5):
for index in range(len(grades)):
name = folder_attachments + "_" + str(shift) + "_" + str(index)
file_name = name + ".png”
image = cv2.imread(os.path.join(folder_attachments, file_name))
height = 43
length = 240
x =[540, 1335, 1335]
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y =[552, 85, 807]
line_count =[12, 12, 6]
shift_line=0

for k in range(3):
for line in range(line_countlk]):
# Crop into patches of size MxN.
tiles = imagelylk] + line * height : y[k] + (line + 1) * height, x[k] :
x[k] + length]
# Scaling Down the image 0.935 times specifying a single
scale factor.
scale_down = 0.935
tiles = cv2.resizel(tiles, None, fx=scale_down, fy=scale_down,
interpolation=cv2.INTER_LINEAR)
# Save each patch into file directory.
if shift // 2 ==1:
cv2.imwrite(os.path.join(random.choice(folders), str(index),
"grade_" + name + "_" + str(shift_line + line) + ".png"), tiles)
else:
cv2.imwrite(os.path.join(folders[0], str(index),
"grade_" + name + "_" + str(shift_line + line) + ".png"), tiles)
shift_line += line_count[K]
cv2.waitKey(0)
cv2.destroyAllWindows()
return folder_dataset_grades

Ons ¢opMyBaHHA TpeHyBaslbHUX, NEPEeBiPOYHMX Ta TECTOBUX
HabopiB  AaHMX  300pakeHb  OUIHOK  po3pobsieHO  dYHKLUIO
generation_dataset_grade() (nictuHr 2), 3a ponomorow SKoi Ha OCHOBI
3reHepoBaHMX 300pa)keHb O0[ATKIB 40 CBIAOUTB Npo 3400yTTS MOBHOI
3aranbHOI cepepHbol OCBITM abiTypieHTIB i3 pi3HUMM [ONYCTUMUMMU
OLiHKaMM TFeHepylTbCa OKpeMi 300paKeHHs OUIHOK Ta BMMNAaAKOBUM
YMHOM PO3MNOAINATLCA Mo Nankax test, train, valid.

JlictuHr 2. ®yHKuUis popMyBaHHSA TPeHYBaNbHUX, NEPEBIPOYHUX Ta
TeCTOBMX HAabopiB faHNX 300parkeHb OLIHOK

def generation_dataset_grades(folder_attachments="attachment", grades=["",

"oomn”, "pBa", "Tpn", "yotmpwu”, "n'ate", "wicte"’, "cim”, "BiciM", "neB’'aTb", "OecaATb",

"ogMHaguaTL", "aBaHaguaTh"]):

The function of forming a set of attachments to the certificates of applicants
for obtaining
a complete general secondary education of images with different permissible
grades
Parameters
folder_attachments: Folder with generated attachments to certificates

(default="attachment")
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grades: The list of possible grades in the attachments to the certificates
(default=["", "ogun", "gBa", "Tpun”, "yotmMpun", "n'ate”, "WwicTte", "cim", "Bicim",
"neB’'aTh", "gecaTb”, "oanHaguATh", "OBaHaguaTL"])

Returns
folder_dataset: Folder with generated certificate attachments
A folder with a generated set of certificate attachments with different valid

ratings

folder_dataset_grades = "dataset_grades”
if os.path.exists(folder_dataset_grades):
shutil.rmtree(folder_dataset_grades)
os.makedirs(folder_dataset_grades)
folders =[]
folders.append(os.path.join(folder_dataset_grades, ‘train’))
folders.append(os.path.join(folder_dataset_grades, ‘valid’))
folders.append(os.path.join(folder_dataset_grades, ‘test’))
for folder in folders:
os.makedirs(folder)
for index in range(len(grades)):
os.makedirs(os.path.join(folder, str(index)))
for shift in range(5):
for index in range(len(grades)):
name = folder_attachments + "_" + str(shift) + *_" + str(index)
file_name = name + ".png"
image = cv2.imread(os.path.join(folder_attachments, file_name))
height = 43
length = 240
x = [640, 1335, 1335]
y =[552, 85, 807]
line_count =[12, 12, 6]
shift_line=0
for k in range(3):
for line in range(line_count(k]):
# Crop into patches of size MxN.
tiles = imagelylk] + line * height : y[k] + (line + 1) * height, x[k] : x[k] +

length]

# Scaling Down the image 0.935 times specifying a single scale

factor.

scale_down =0.935
tiles = cv2.resize(tiles, None, fx=scale_down, fy=scale_down,
interpolation=cv2.INTER_LINEAR)
# Save each patch into file directory.
if shift // 2 ==1:
cv2.imwrite(os.path.join(random.choice(folders), str(index),
"grade_" + name + "_" + str(shift_line + line) + ".png"), tiles)
else:
cv2.imwrite(os.path.join(folders[0], str(index),
"grade_" + name + "_" + str(shift_line + line) + ".png"), tiles)
shift_line += line_count[k]
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cv2.waitKey(0)
cv2.destroyAllWindows()
return folder_dataset_grades

Hani y popaTtky peanisoBaHo Kog (nicTuHr 3), y sKoMy BigbyBaeTbcs
POpMYBaHHA CHAUCKY MOXJIMBUX OLIHOK Yy JogaTkax A0 CBigouTs
list_grades, cTBOpeHHs nanku attachment 3i 3reHepoBaHuMMuK
306pa)KeHHAMM [O0AaTKIB A0 CBIAOUTB i3 PiSHUMKU  OONYCTUMUMM
OuiHKaMuM Ta cTBOpeHHSA nanku dataset_grades 3i 3reHepoBaHMMMU
HabopamMu 306pa)eHb MOXIMBUX OLIHOK [oAaTKiB [0 CBigouTs,
po3noAineHnx no BKAageHMx nankax test, train, valid.

JNlictuHr 3. Kog ona ¢opMyBaHHS TpeHyBaJIbHUX, NEPEBIPOYHUX Ta

TeCTOBMX HAabopiB faHnX 300parkeHb OLIHOK
# The list of possible grades in the attachments to the certificates.
list_grades = ["", "oguH", "aBa", "tpn", "yotmpmn"’, "n’'atb", "wicTb", "ciM’, "Bicim",
"nes’ATb”, "mecsaTb”, "oAuHapuaTb", "OBaHaAUATL", "3apaxoBaHO", "3BiNbHEHO",
"3BiNbHEHA", "3BiNbHEHMI"]
# Generation of attachments to certificates.
folder_attachments = generation_attachments(attachment="attachment.jpg",
grades=list_grades)
print("A  folder \"sh\" was created containing the following
files:".format(folder_attachments))
files = os.listdir(folder_attachments)
print(files)
print("A total of {:d} attachments to certificates were
generated.".format(len(files)))
# Generating a set of images of possible evaluations of applications to
certificates.
folder_generation_dataset_grades =
generation_dataset_grades(folder_attachments, grades=list_grades)
print("A folder \"{:s}\" with the following subfolders has been created:"
.format(folder_generation_dataset_grades))

folders = os.listdir(folder_generation_dataset_grades)
print(folders)
for folder in folders:

print("The folder \"{:s})\" contains the following subfolders:".format(folder))

folder_grades = os.listdir(os.path.join(folder_generation_dataset_grades,
folder))

print(folder_grades)

length_folder =0

for folder_grade in folder_grades:

length_folder +=
len(os.listdir(os.path.join(folder_generation_dataset_grades, folder,
folder_grade)))
print("A total of {:d} grades images were generated.".format(length_folder))
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Hani y ponaTtky peanizoBaHo Ko (NiCTUHT 4), 32 AONOMOroK SKOro
300pakeHHs 3i cdopMoBaHMX HabOpPiB [aHUX 3 BUKOPUCTAHHAM
nepetBopeHb ToTensor Ta Normalize nepeTBOpPHOOTLCA HA TEH30p i
HOpPMani3ylTbCsA Ha CepedHE 3HAaYEeHHS Ta CTaHOAPTHE BIOAXWIEHHS BCiX
306paxkeHb y ImageNet, nepL HiXK nakeTtu OaHux
BUKOPUCTOBYBAaTUMYTbCS PAa30M OJ1 AOHABYAHHSA MoAeni.

JNictnHr 4. Kog onsa HopManisauii HabopiB gaHux
# Applying Transforms to the Data
image_transforms = {

'train’: transforms.Compose([
transforms.ToTensor(),
transforms.Normalize([0.485, 0.456, 0.406],

[0.229, 0.224, 0.225])

1,

'valid’: transforms.Compose([
transforms.ToTensor(),
transforms.Normalize([0.485, 0.456, 0.406],

[0.229, 0.224, 0.225])

1,

'test”: transforms.Compose(|
transforms.ToTensor(),
transforms.Normalize([0.485, 0.456, 0.406],

[0.229, 0.224, 0.225])

1)

}

Hani y ponaTtky peanizoBaHo Kog (nicTUHr 5), 3a AONOMOroK SKOro
30INCHIOETBLCS 3aBaHTAXKEHHS chopMoBaHUX TPEHYBaNbHUX,
nepeBipoYHUX Ta TECTOBMX HabopiB 4aHUX 306pa)KeHb OLiHOK, W06 Ha iX
OCHOBi  BMKOHatM  goHaB4yaHHA  Mogeni  ResNet50. Cnouatky
HanawToBYyTbCA nankwu train, valid, test onga TpeHyBaHHA | nepeBipkM Ta
po3Mip napTii, @ NOTIM BUKOHYETbCHA 3aBaHTa)XXeHHA HabopiB AaHUX
(306parkeHb) 3a pmonomorot DatalLoader. MNpu uboMy BU3HauYeHi BuULle
nepeTBOPEHHS 3aCTOCOBYHTLCS A0 300parKeHb Yy XOAi IX 3aBaHTAXEHHS,
A TAKOX 34INCHIOETBLCA TX NepeMillyBaHHS.

JNlictnur 5. Kopg onsa 3aBaHTa)KeHHSA TPeHYBasbHUX, MepPeBIPOYHMX
Ta TeCTOBMX HabopiB AaHUX 306pa)KeHb OLIHOK

# Load the Data

# Set train and valid folder paths

folder_dataset = folder_generation_dataset_grades

folder_train = os.path.join(folder_dataset, ‘train’)

folder_valid = os.path.join(folder_dataset, ‘valid’)

folder_test = os.path.join(folder_dataset, ‘test’)

# Batch size

bs =32

# Number of classes
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num_classes = len(os.listdir(folder_valid)) #10#2#257
print(num_classes)
# Load Data from folders
data ={

'train’: datasets.ImageFolder(root=folder_train,
transform=image_transforms[‘train’]),

'valid’: datasets.ImageFolder(root=folder_valid,
transform=image_transforms[‘valid’]),

'test’: datasets.ImageFolder(root=folder_test,
transform=image_transforms[‘test’])
}
# Get a mapping of the indices to the class names, in order to see the output
classes
# of the test images.
idx_to_class = {v: k for k, v in data['train’].class_to_idx.items()}
print(idx_to_class)
# Size of Data, to be used for calculating Average Loss and Accuracy
train_data_size = len(data[‘train’])
valid_data_size = len(data[‘valid’])
test_data_size = len(data['test’])
# Create iterators for the Data loaded using DataLoader module
train_data_loader = DataLoader(datal‘train’], batch_size=bs, shuffle=True)
valid_data_loader = DataLoader(datal['valid’], batch_size=bs, shuffle=True)
test_data_loader = DataLoader(data[‘test’], batch_size=bs, shuffle=True)

Hani y ponaTtky peanisoBaHo Kog (NiCTUHr 6), 32 AONOMOroK SKOro

30iNCHIOETLCA 3aBaHTaXEHHSA Ta HanawTyBaHHA mogeni ResNet50.

NictuHr 6. Kop Ons 3aBaHTaXXeHHS Ta HanawTyBaHHSA Mopeni

ResNeth0

device = torch.device("cuda:0" if torch.cuda.is_available() else "cpu”)
print(train_data_size, valid_data_size, test_data_size)

# Load pretrained ResNet50 Model
resnet50 = models.resnet50(pretrained=True)
resnet50 = resnet50.to(device)

# Freeze model parameters
for param in resnet50.parameters():
param.requires_grad = False

# Change the final layer of ResNet50 Model for Transfer Learning
fc_inputs = resnet50.fc.in_features
resnet50.fc = nn.Sequential(
nn.Linear(fc_inputs, 256),
nn.ReLU(),
nn.Dropout(0.4),
nn.Linear(256, num_classes), # Since 10 possible outputs
nn.LogSoftmax(dim=1) # For using NLLLoss()
)
# Convert model to be used on GPU
resnet50 = resnet50.to(device)
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# Define Optimizer and Loss Function
loss_func = nn.NLLLoss()
optimizer = optim.Adam(resnet50.parameters())

Hani y popatky peanizoBaHo oyHKUito train_and_validate()

(nicTuHr 7), 3a ponoMoro SAKOI 34INCHIOETbCSH AOHABYaHHA Mopeni
ResNet50.
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Nictnhr 7. OyHKuia gna poHaB4yaHHA Mopeni ResNet50
def train_and_validate(model, loss_criterion, optimizer, epochs=30):

Function to train and validate
Parameters
:param model: Model to train and validate
:param loss_criterion: Loss Criterion to minimize
:param optimizer: Optimizer for computing gradients
:param epochs: Number of epochs (default=30)
Returns
model: Trained Model with best validation accuracy
history: (dict object): Having training loss, accuracy and validation loss,
accuracy
best_epoch: Number of the best epoch

start = time.time()
history =]
best_loss = 100000.0
best_epoch = None
for epoch in range(epochs):
epoch_start = time.time()
# Set to training mode
model.train()
# Loss and Accuracy within the epoch
train_loss = 0.0
train_acc =0.0
valid_loss = 0.0
valid_acc=0.0
for i, (inputs, labels) in enumerate(train_data_loader):
inputs = inputs.to(device)
labels = labels.to(device)
# Clean existing gradients
optimizer.zero_grad()
# Forward pass - compute outputs on input data using the model
outputs = model(inputs)
# Compute loss
loss = loss_criterion(outputs, labels)
# Backpropagate the gradients
loss.backward()
# Update the parameters
optimizer.step()
# Compute the total loss for the batch and add it to train_loss



@ BicHuk
HYBIM
train_loss += loss.item() * inputs.size(0)
# Compute the accuracy
ret, predictions = torch.max(outputs.data, 1)
correct_counts = predictions.eq(labels.data.view_as(predictions))
# Convert correct_counts to float and then compute the mean
acc = torch.mean(correct_counts.type(torch.FloatTensor))
# Compute total accuracy in the whole batch and add to train_acc
train_acc += acc.item() * inputs.size(0)
#print("Batch number: {:03d}, Training: Loss: {:.4f}, Accuracy:
{:.4f}".format(i, loss.item(), acc.item()))
# Validation - No gradient tracking needed
with torch.no_grad():
# Set to evaluation mode
model.eval()
# Validation loop
for j, (inputs, labels) in enumerate(valid_data_loader):
inputs = inputs.to(device)
labels = labels.to(device)
# Forward pass - compute outputs on input data using the model
outputs = model(inputs)
# Compute loss
loss = loss_criterion(outputs, labels)
# Compute the total loss for the batch and add it to valid_loss
valid_loss += loss.item() * inputs.size(0)
# Calculate validation accuracy
ret, predictions = torch.max(outputs.data, 1)
correct_counts = predictions.eq(labels.data.view_as(predictions))
# Convert correct_counts to float and then compute the mean
acc = torch.mean(correct_counts.type(torch.FloatTensor))
# Compute total accuracy in the whole batch and add to valid_acc
valid_acc += acc.item() * inputs.size(0)
if valid_loss < best_loss:
best_loss = valid_loss
best_epoch = epoch
# Find average training loss and training accuracy
avg_train_loss = train_loss/train_data_size
avg_train_acc = train_acc/train_data_size
# Find average training loss and training accuracy
avg_valid_loss = valid_loss/valid_data_size
avg_valid_acc = valid_acc/valid_data_size
history.append(lavg_train_loss, avg_valid_loss, avg_train_acc,
avg_valid_acc])
epoch_end = time.time()
print("Epoch: {:02d}/{:02d}, \tTraining: Loss - {:.3f}, Accuracy -
{:.2f}%,\n\t\tValidation: Loss - {:.3f}, Accuracy - {:.2f}%, Time: {:.2f}s".
format(epoch + 1, epochs, avg_train_loss, avg_train_acc * 100,
avg_valid_loss, avg_valid_acc * 100, epoch_end-epoch_start))
# Save if the model has best accuracy till now
torch.save(model, folder_dataset + '_model_'+str(epoch + 1) + ".pt’)
return model, history, best_epoch + 1

Pe3ynbTatv 4uMcnoBux po3paxyHKiB. Y pe3ynbTaTi NpoBeAeHoro
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eKCNepuMeHTy LWoA0 TeCTyBaHHA e(deKTUBHOCTI BUMKOPUCTAHHA Ha
npaKTuui po3pobneHoro kKnacudikatopa OTPUMAHO TPEHYBaNbHUN,
nepeBipoOYHUN Ta TECTOBMA Habopu AaHUX 300paxKeHb OUIHOK, fKi
BignosigHo MicTaTb 1881, 331 Ta 338 306pakeHb ouiHOK (puc. 1, 2).

Y pe3ynbTaTi AoHaB4YaHHA Moaeni ResNet50 gna 50 enox oTpuManu
AOCUTb HenoraHun pesynbtaT (puc. 3), 30KpeMa KpUBI HaBYaHHA i
nepeBipKN OOCUTb WBUAKO NPAMYIOTb A0 Hyns (puc. 4), KpUBI TOYHOCTI
ONS HaBYaHHA Ta NepeBipkU Ayxe weuaKo 3pocTatTb oo 0,9 (puc. 5).
TouHicTb OTPUMaHOI MoAeni CTOCOBHO pO3ni3HaBaHHA 306paXkeHb OLHOK
Ha OCHOBi 3reHepoBaHOro TeCToBOro Habopy paHux ctaHoBUTb 93,79%
(puc. 6).

30 File Edit Selection - & O calculation_set_values DB oo - O X

Iﬁ B calculation_set_values.ipynb ® &g -
B calculation_set_values.| pynb > ...

/O + Code =+ Markdown [» RunAll 'O Restart = Clear All Outputs (& variables = Outline - B Python 3.11.5
- A folder "attachment" was created containing the following files:

g_g [ "attachment_® @.png', 'attachment @ 1.png', ‘attachment_@ 1@8.png", ‘attachment_@ 11.png’, 'attachment_

A total of 85 attachments to certificates were generated.

A folder "dataset grades" with the following subfolders has been created:
ﬂb ["test’, "train', 'valid']

The folder "test" contains the following subfolders:

['e', '1', '10", '11', '12', '13', '14', '15', '16', '2', '3', '4", '5', '6’

A total of 338 grades images were generated.

The folder "train" contains the following subfolders:

['e', '1*, '10", '11", '12', '13', '14', '15', '16', '2°', '3", '4', 's5', ‘&', '7', '8", '9']
A total of 1881 grades images were generated.
@ The folder "valid" contains the following subfolders:
['e", 1%, '10", '11°, '12', '13', '14', '15°, '16', '2', '3', '4', '5', '6', '7', '8", '9']
éﬁ;’ A total of 331 grades images were generated.
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Puc. 1. Pe3ynbTaTt $popMyBaHHS TpEHYBasNbHUX, NEPEBIPOYHMX Ta TECTOBUX
HabopiB paHMX 306paeHb OLHOK

M = | dataset_grades - O X
OCHOBHE CninbHii goctyn Burnsag o
“— v 4 « calcu.. » dataset.. » v {0 Mowyk dataset_grades yel
I PoBouwii cTin ~ I's [llata smiHeHHs
L. NokansHwi guck (C) test 28.05.2024 16:23

~~ Hoeuiii Tom (D) train 28.05.2024 16:23
1 biGnioTekn valid 28.05.2024 16:23
¥ Mepexa o ll = =
Enemenris: 3 =
a)
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Puc. 2. IHdbopMaUisa Woao NigroToBKW TpeHyBasIbHUX, MepPeBipoYHUX Ta
TecToBUX HabopiB AaHUX 306parkeHb OLIHOK: a) BMicT nanku dataset_grades;
6) BmicT nanku test, BknageHoi y nanky dataset_grades;
B) BMicT nanku 1, BKnageHoi y nanky test
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num_epochs = 50

8

O Restart

# Train the model for 5@ epochs

)3 «calculation_set_values

=% Clear All Outputs

' _history.pt')
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opEme - o X
&8 -
[ Variables = Outline B, Python3.11.5

trained model, history, best epoch = train and validate(resnetse, loss_func, optimizer, num epochs)
torch. save(history, folder dataset +
print("Best epoch: {:@2d}".format(best epoch))

[13] Python
Epoch: @1/50, Training: Loss - 2.457, Accuracy - 25.04%
Validation: Loss - 1.778, Accuracy - 57.70%, Time: 75.7@s
Epoch: @2/50, Training: Loss - 1.646, Accuracy - 5@.19%,
validation: Loss - 1.107, Accuracy - 82.78%, Time: 66.15s
@ Epoch: @3/50, Training: Loss - 1.149, Accuracy - 65.50%,
Validation: Loss - ©.81@, Accuracy - 85.80%, Time: 65.18s
{C} Epoch: @4/5e, Training: Loss - ©.931, Accuracy - 72.20%,
validation: Loss - ©.627, Accuracy - 84.29%, Time: 61.93s
®0A0 Wo Spaces:4 CRLF Cell130f25 0 {3}
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Epoch: 30/50,
35 Epoch: 31/50,
ﬂl’> Epoch: 32/50,
.. Epoch: 33/50,

Epoch: 34/50,
@ Epoch: 35/50,
{:} Epoch: 36/5@,
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2—9 Epoch: 44/50,
Epoch: 45/50,
ﬁr> Epoch: 46/50,
Ui Epoch: 47/s0,
Epoch: 48/se,
Epoch: 49/50,
® Epoch: 5@/50,
{?} Best epoch: 33
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©.209, Accuracy - 92.72%,
©.199, Accuracy - 92.75%, Time: 57.17s
©.207, Accuracy - 93.20%,
©.147, Accuracy - 94.56%, Time: 57.43s
©.242, Accuracy - 91.44%,
©.146, Accuracy - 95.47%, Time: 57.47s
©.192, Accuracy - 92.73%,
©.132, Accuracy - 95.77%, Time: 57.48s
©.203, Accuracy - 93.30%,
9.182, Accuracy - 93.96%, Time: 57.20s
9.214, Accuracy - 92.56%,
0.172, Accuracy - 92.45%, Time: 57.36s
0.197, Accuracy - 92.25%,
0.166, Accuracy - 94.26%, Time: 57.49s
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9.152, Accuracy - 94.74%,
0.136, Accuracy - 93.35%, Time: 64.47s
0.161, Accuracy - 94.47%,
0.144, Accuracy - 93.35%, Time: 66.10s
©.199, Accuracy - 93.51%,
©.180, Accuracy - 93.85%, Time: 65.54s
0.173, Accuracy - 94.68%,
©.156, Accuracy - 91.54%, Time: 66.97s
0.180, Accuracy - 93.94%,
9.166, Accuracy - 93,66%, Time: 66.16s
0.170, Accuracy - 93.99%,
9.160, Accuracy - 93.66%, Time: 67.41s
0.171, Accuracy - 93.99%,
0.149, Accuracy - 93.96%, Time: 64.20s
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>~ # Load Data from folders

dataset = folder_generation_dataset_grades
model = torch.load("{} model {}.pt".format(dataset, best epoch))
computeTestSetAccuracy(model, loss_func)

Test Batch number: @1, Loss:
Test Batch number: 82, Loss:
Test Batch number: 83, Loss:
Test Batch number: @4, Loss:
Test Batch number: @5, Loss:
Test Batch number: 86, Loss:
Test Batch number: 67, Loss:
Test Batch number: @8, Loss:
Test Batch number: 69, Loss:
Test Batch number: 10, Loss:
Test Batch number: 11, Loss:
Average Test Loss: 0.193
Average Test Accuracy: 93.79%

111, Accuracy: 96.88%
213, Accuracy: 906.62%
211, Accuracy: 93.75%
183, Accuracy: 96.88%
102, Accuracy: 96.88%
113, Accuracy: 93.75%
233, Accuracy: 96.88%
340, Accuracy: 90.62%
375, Accuracy: 84.38%
177, Accuracy: 93.75%
108, Accuracy: 100.00%
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BucHoBku. Po3pobKy knacudikatopa 306pa)keHb OUIHOK [AOns
po3ni3HaBaHHSA OUIHOK 3 A0AAaTKiB A0 CBiQOUTB Mpo 3400yTTs NOBHOI
3aranbHoOI cepegHbol OCBITM abiTypieHTamMu
nporpaMyBaHHa Python 3 BukopucTaHHaM pepaktopa VS Code Ta

peanizoBaHo
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po3wunpeHHsa Jupyter Notebook wnsxom goHaByaHHA Mogeni ResNetb0,
nonepegHbo0 HaB4YeHOl Ha Habopi paHmx ImageNet, 3a ponomorot
6i6niotekn PyTorch Ha ocHOBI 3reHepoBaHOro Habopy [aHKX, WO MICTUTb
1881 TpeHyBanbHux, 331 nepeipoyHux Ta 338 TecToBUX 3006pa)KeHb
OLiHOK, a Ons ob6pobku 300pa)keHb BUKOpUcTaHo 6ibnioteky OpenCV.
HoHaB4yaHHA Mogeni npoBeneHo ans 50 enox, HaMKpawow BUABUIACH
33. To4yHicTb OTpMMaHOI MoAeni CTOCOBHO PO3ni3HaBaHHSA 300pa)keHb
OLIHOK Ha TecToBOMY Habopi aaHmx cknana 93,79%.

Po3pobneHun knacudikatop npu MOro AOHABYAHHI 3@ pPaxyHoOK
YPi3HOMaHITHEHHS TPEHYBasibHUX, MEPEBIPOYHUX Ta TeCTOBUX Habopis
306pa)eHb OLIHOK [03BONMUTH PO3pPOOUTM [0OATOK, SKMWA NONErwnTb
abiTypieHTaM 34iNCHIOBATM PO3paxyHOK cepeaHboro bany ceigouTrea npo
3000yTTA nNOBHOI 3arafbHOl CepegHbol  OCBiITM, a MNpauiBHUMKaM
NPMMUManNbHOI KOMICIT nepeBipKy NPaBUABbHOCTI MOro pPo3paxyHKy Ha
OCHOBi HagaHoi ckaHkonil (dpoTokonii) 306pa)keHHA [OodaTKy Ao
cBigouTBa.
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DEVELOPMENT OF A CLASSIFIER OF GRADES IMAGES FOR
RECOGNITION OF GRADES FROM SCAN COPIES OF ATTACHMENTS TO
CERTIFICATES OF COMPLETE GENERAL SECONDARY EDUCATION OF

APPLICANTS

Each year one of the most time-consuming operations for
applicants when submitting applications for admission to higher
education institutions in electronic form online through electronic
offices is the determination of the average score of the certificate of
completion of general secondary education, and for employees of
admissions commissions, when processing applications submitted by
applicants, the most time-consuming operation is checking the
correctness of its calculation. Therefore, the development of an
application for calculating the average score of a certificate of
completion of general secondary education of applicants based on a
scan copy (photocopy) of the image of the attachment remains a rather
urgent task. To create such an application, it is necessary to create
training, verification and test data sets of grades images and develop
of a classifier of grades images.

The development of a classifier of grade images for recognizing
grades from attachments to certificates of completion of general
secondary education was implemented in the Python programming
language using the VS Code editor and the Jupyter Notebook
extension by retraining the ResNet50 model, pre-trained on the
ImageNet dataset, using the PyTorch library based on the generated
dataset containing 1881 training, 331 validation and 338 test grade
images, and the OpenCV library was used for image processing.
Retraining of the model was carried out for 50 epochs, 33 turned out
to be the best. Accuracy of the obtained model in relation to
recognition of images of grades on the test data set was 93.79%.

The developed classifier during its additional training due to the
diversification of training, verification and test sets of images of
grades will allow to develop an application that will make it easier for
applicants to calculate the average score of a certificate for obtaining
a complete general secondary education, and for employees of the
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admissions committee to check the correctness of its calculation
based on the provided scan copies (photo copies) of the image of the
attachment to the certificate.

Keywords: classifier; assessment; image; model; recognition;
certificate; certificate; applicant.
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