JIOJATOK A
TPA®IUHUIT MATEPIAJT KBAJII®IKAIIITHOI POBOTU

72



2025
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Kearighikauitina poboma
Lpyaull pieeHb(mazicmp)

MeToouknacudikauil

300paXxeHE3 BAKOPUCTAHHAM

MalULUHHOINOHaB4YaHHA

Asmop KepieHuk
lNpokonyuk M.B. Tka4os B.M.
cm. ep. Clmw23-5 oou. kagh. EOM
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3micT

01 Ornaa NpeameTHol 04 PiweHHsA npobnemu
O6nacri knacudikauii

02 AHani3 ICHyl'O"lle 05 BMCHOBKM
PiweHb

03 MeTa Ta 3agaui 06 NMoaanbwnn
HocniaxeHHsA Po3Butok lNpoekTty
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01

Ornap NMNpeameTHoI
O6nacrTi

20
25

Ornap NpeameTtHol obnacTi

TpaauuinHi meToam knacudikadii 306paxeHb
— PyuHe BuginenHs osnak (HOG, LBP, SIFT)
— Anroputmn SVM, k-NN, Random Forest
— OBMexeHHS LLoAo MHYYKOCTi Ta adanTUBHOCTI

munboke HaB4YaHHA: CNN
— ABTOMaTV4He BUAINEHHS O3HAK
— MonynspHi apxitektypu (AlexNet, VGG, ResNet)
— CknapHoLli npu knacudikauii manux 3obpaxeHb
— MoTpeba B nonepenHint 06pobui (super -resolution)

Mogeni Ha ocHoBi TpaHcdopmepiB (Vision Transformers)
— MpuHUMN rno6anbHoi 06pobkn 306 paKeHHs
— Bucoki Bumoru oo AKocTi Ta o06cariB AaHux
— HecTabinbHicTb Ha HU3bKO PO3aiNbHMX 306paXKeHHAX

Ti6puAaHi Ta KOMGiHOBaHI niaxoau
— MoeaHaHHa CNN + SVM a6o iHWnX KnacudHnx mogenen



20
25

75

Memodu Knacudpikauii 3obpaxxeHb 3 sukopucmaHHsam MH +

02

AHani3 IcHyr4unx -

PiweHb

+ Y
25
+ Memodu Knacudpikauii 306paxeHb 3 sukopucmaHHsamM MH
CNN > KNN Ta iHwwi
Heponiku: BTpaTa AKocTi ' Heponiku: HeobxiaHiCTb
ol Npv 3MEHLLEHHI po3Mipy : Oy>Xe rapHuX BXigHUX
o6’ekTy JaHux
ViT Fi6pua CNN + ViT
;’@Mc‘l‘j Heponiku: HeobxiaHi & Ckragka apxiTekTypa Ta
=S BenKi Habopu AaHux Benvke BukopucTaHHs CPU

Aana HaB4aHHA
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AkTtyanbHictb OGpaHoi Temu

BukopucTtaHHa knacudikauii 3o06paxeHb

Knacudikauii 306pakeHb BUKOPUCTOBYETLCS Y:
MefeLiHi, cdepa 6e3nekun, BUpoOHMLTBI Ta y BiIICbKOBOMY Aifi

Knacudikauii BINJ1A

BIJ1A iHTerpytoTbCs B pidHi cpepu XuUTTeaisnbHOCTI nogmHy Big BriAoctaBHUKIB Ta
BII1A ons 3nomku go BrjthoseigHukie Ta BIJTA-6ombapayBansHUKIB

Pi3Hi iHUMAeHTHN
Hegigomi BINJIA noyanu 3aBaxatu aeponoptam e 3 2015 poky, Konv BOHM BRIiTanu B ix
NPOCTPAHCTBO, @ 3apa3 BOHW HECYTb L binbLuy 3arposy.

Memodu Knacudpikauii 306paxkeHb 3 sukopucmaHHsIM MH

03

MeTa Ta 3aaaui
OocnigaXeHHSsA

20
25
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MeTta KBanidikauinHoi pobotu

Po3pobka metony knacudikauil BrNJIA 3 pisHoto SKICTHO
SK 300paXKeHHs, Tak i pO3MipoOM camoro ob’eekTy
knacudikauii 6asytounx Ha 6a3oBux metogax
knacudikauil. OnTrumisauil BAKOPUCTOBYOUNX peECYpPCIB
nig Yac knacudikauii

Memodu Knacudbikauii 306paxkeHb 3 sukopucmaHHsIM MH

3apadi KBanidikaudinHol pobotu

® AHani3 ontTumManbHOro 6aszoBoro metody Knacugikauii

® BusasneHHs npobnemu 6a3oBoro MeToay Ta
nokpaLleHHs noro. Peanisauisg oHoBneHoro Metoay

® [lopiBHAHHA 3 Ba3oBUMKU MeTogaMM B Pi3HMX YMOBaX

e [lowyk Ta aHani3 onTumisadii poboTn metoga Ta
peanisauil

® [lpoBeneHHA eMMipUYHUX OOCHiaiB

® AHarni3 oTpMaHux pesynbsraTiB 4OCNIIKEHHS
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03.1

AHani3 6a3oBux metoAais
knacudikauii; BUABNEHHSA
npobnem B apXiTeKTypi

Memodu Knacudbikauii 306paxkeHb 3 sukopucmaHHsIM MH

20

25

lNMopiBHAHHA 0a30BUX MeTOoAIB

Kputepin

Tun gaHunx

lepapxisi o3Hak

Y3aranbHeHHs
Ha Manmx
Habopax AaHux

Ob6uncnoBanbH
a ePEeKTUBHICTb

CNN

[MpocTtoposi

MpucyTHa

Bucoke

Bucoka

RNN

[NocnigoBHi

BigcyTHa

Hu3sbke

Hwu3sbka

ViT
[pocToposi,
noaaHi sk
NOCHiA0BHICTb
naTJvie

BigcyTHsa

Huabke

Huabka

KNN

lMpocToposi

BigcyTtHsa

Bucoke

Hwu3abka
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BusasneHHs npoonemu B CNN
apXiTeKTypi

Hassa Mogeni Bigcorok Hassa Habipy  Bcji pmodeni gUKOPUCMOBY8anu
NMOMWIIKA ; s z
HacmyrHi 0aHi 0715 HagYaHHS:
LeNet-5 9.15% MNIST ® BUKOpuUCmMaHHs
onmumizamopa(SGD,
AlexNet-8 12.34% ImageNet royamkoaa weudKicmb
GoogleNet-22  8.71% ImageNet, HaedakHs 0.1)
Place365 e ayameHmauis 306paxeHb

peayrisaujs sicie
VGGNet-19 7.70% ImageNet

ResNet-50 7.29% ImageNet
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20
25

HocniaxeHHA onTUMaribHOI
apxiTektypu Ha 6a3i CNN

[opaBaHHs anropuTtmiB NOCTOOPOOKM BXigHUX 306paXkeHb
3miHa apxiTekTypn ResNet ansa noninweHHs knacudikauii
HesIKiICHMX 300pakeHb

Mogaynb ontumisauii BukopuctaHHs CPU pecypcis

Moaynb noctobpobkn pesynsraTis knacudikauii
Peanisauii knacudikatopis Ha OCHOBI 3MiIHEHOI apXiTEKTYpW
ResNet

Memoodu Knacudpikauii 306pakeHb 3 sukopucmaHHsam MH

03.2

[MopiBHAHHA 3 6a30BMMMU
MeToaamMu Knacudikauil

20

25
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Memoodu Knacudpikauii 306pakeHb 3 sukopucmaHHsM MH +
Knacudpikatop Ha OCHOBI apXxiTeKTypu
ResNet
Memodu Knacudpikauii 306pakeHb 3 sukopucmaHHsaM MH +

BukopuctaHi Metogn AyrmeHTtauii
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Pe3ynbTaT NOpPIBHAHHSA Knacudikadil

Metoa
ResNet18-PUNSH
ResNet18
ResNet50-PUNSH

Convolutional
Nystromformer for
Vision

RNN
KNN

ViT

HaGip JaHunx
DICD
DICD
DICD

DICD

DICD
DICD

DICD

TouyHicTb

50.13%

43.68%

87.01%

48.03%

47.17%
79.38%

67.70%

Memoodu Knacudpikauii 306pakeHb 3 sukopucmaHHsMm MH

03.3

NMowyk OnTUManbHOro

KnacudyikaTopa

OnTnmisauii BUKOPUCTaHHSA
pecypcie CPU ana knacudikadii

20
25
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Hopmani3aulil 300paXeHHsA

Memoodu Knacudpikauii 306paxxeHb 3 sukopucmaHHsaM MH

Ontumisadili BukopuctaHHa CPU

SibricToxa | ElbnloToxa

Orprmary Basosy
iHthopmauii npo

Anania 6830801
inchopuai npo
6P

BlnkTec
Pytorch

EHKon0nans Jobpames

Anroputm aHanisy 6a30Boi iHdopmaLii onucaH aani:
- NPUBELEHHS 306paXkeHHs 00
YHichikoBaHOro oopmary;

- oLliHKa Pi3KOCTi 306paXKeHHs;

- OLjiHKa PIBHS LLYMY;

- OLjiHKa eKkcno3uLii;

- OLliHKa KOHTPacTHOCTI;

- OpMyBaHHsI BEKTOPY O3HAK AKOCTi
306paXeHHst;

- Knacudikauisi piBHa SkocTi abo Tuny
300paXeHHst;

- BMOIp BigNoBiAHOI MoAeni knacudikawii.
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[MocT 0OpoOOKa pe3ynbraTiB
300paxeHHA

'
1 Mocrospotica
'

Memodu Knacudpikauii 306pakeHb 3 sukopucmaHHsam MH

03.4

[MopiBHAHHA

ONTUMI3OBaAHOIo mMeToAy 3

0azoBuMU

20
25
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25

PesynbtaTtu [NOpIBHAHHA

Metoa/Mogaenb

ResNet50-PUNSH
ResNet18-PUNSH
3anponoHoBaHW MeToq,
ViT

KNN

RNN

36inbLUeHHs BUKOPUCTaHHS
CPU, y BigcTokax, cepeaHe
3HaYeHHS

22.4%

9.37%

15.32%

29.21%

9.37%

27.61%

TouHicTb

95.37%
65.50%
95.30%
67.70%
79.38%

47.17%

Memoodu Knacudpikauii 306paxxeHb 3 sukopucmaHHsaM MH

04

BUCHOBKU

20

25
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DUCHOBKMU

B pesynbrati HanncaHHsA kBarnidikayiiHoi poboTn gocnigkeHo Ta po3pobrneHo MeToa krnacudikadlii
306paxeHb Ha ocHoBi CNN/ResNet apxitektypu anga 3abesneyeHHs KpaLloi SKoCTi knacudikauii
300paxeHb 3 Manummn ob’ektamu ons knacudikauii, Hanpuknag BIJIA, 41 noraHoi AKOCTi.
OntumisoBaHo BrKopucTaHHs CPU nig Yac knacuaikadlii 6e3 BTpaty SKOCTi.

BupiweHi HacTynHi 3agavi

lMpoBeaeHo aHani3 Ta JOCNIMKEHHS KNAacUYHNX MeToAIB Ta moaernen Ha 6asi CNN
BuasneHo Hegonik CNN apxiTektypu ons knacuaikadii HesikicH1x 306paxeHb

CTtBOpeHo knacudikatop Ha ocHoBi ResNet apxitekTypu

Po3pobneHo mogynb ontumisauii BukopnctaHHa CPU Ta HopmManisauii BXigHWX 306paxeHb
CTBOpPEHO MOAYNb NOCTO6PO6KN pe3ynbTaTiB knacudikaii

lMpoBeneHo eMnipyyHe JOCNIAKEHHS SAKOCTI KracudikaLii y nopiBHAHHS 3 6a30BMMMU
MeTogamm

e [IpoaHani3oBaHO OTpUMaHi pesynsraTu

Memodu Knacudpikauii 306pakeHb 3 sukopucmaHHsam MH

05

NMNopganbLwunm po3BUTOK
NMPOEeKTy

20
25
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25

NMoaanbuwi gocnioXeHHA Ta
NoKpaLeHHsA

[MoTo4HMI MeTo BMKOPUCTOBYHO noninweHy, ane 6asosy apxitektypy CNN/ResNet;
MOXTIMBUI Nepexif, Ha ribpuaHy apxiTekTypy Ans knacudikaropa Ha ocHosi CNN + ViT
METOAIB 3 pearnisaujieto reHepyBaHHA JaHUX AN HaBYaHHS

Moxnuse ctBopeHHs loT/Embedded pilueHHst AnS BUKOPUCTaHHA 3anponoHOBAHOIO METOAY
PosroptaHHs meTtogy y Xmapi/OpkecTpaTopi Ang nigBULLEHHS OOCTYNHOCTI Mogeni

Memodu Knacudpikauii 306pakeHb 3 sukopucmaHHsaM MH

06

Anpobauis

20
25
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JIOJIATOK B
JICTUHT KOAY ®UILTPALIIT 305PAXXEHHS BUKOPUCTOBYIOUN
®YHKIIIIO TAVCY

import cv2
import numpy as np
import os

def filter blur and noises (input path: str, output path: str,
kernel size: int, boost blue: bool,
blue intensity: float):
Processes the image with blur, edge enhancement, and
optional blue boost.

image = cv2.imread (input path)
if image is None:
raise ValueError (f"Could not load image: {input path}")

if len(image.shape) == 2 or image.shape[2] ==

image = cv2.cvtColor (image, cv2.COLOR GRAYZ2BGR)

blurred = cv2.GaussianBlur (image, (kernel size,
kernel size), O0)

sharpen kernel = np.array([[0, -1, 0],
[_1/ 5/ _1]/
(0, -1, 011])

sharpened = cv2Z.filter2D(blurred, -1, sharpen kernel)

if boost blue:
b, g, r = cv2.split (sharpened)
b = cv2.addWeighted (b, blue intensity, b, 0, 0)
result = cvZ2.merge([b, g, rl)
else:
result = sharpened

os.makedirs (os.path.dirname (output path), exist ok=True)
cvZ2.imwrite (output path, result)
print (f"Processed image saved to: {output path}")

def prefilter blur and noises (input path: str, output path:
str) :

mww

89

Pre-analyzes the image and calls filter blur and noises with
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inferred parameters.

image = cv2.imread (input path)
if image is None:
raise ValueError (f"Could not load image: {input path}")

if len(image.shape) == 2 or image.shape([2] == 1:
image = cv2.cvtColor (image, cv2.COLOR GRAYZ2BGR)

gray = cv2.cvtColor (image, cv2.COLOR BGR2GRAY)
lap var = cv2.Laplacian(gray, cv2.CV_64F) .var ()

if lap var < 50:

kernel size = 7
elif lap var < 150:

kernel size = 5
else:

kernel size = 3

o)

if kernel size % 2
kernel size +=

== 0:
1

b, g, r = cv2.split(image)
blue mean = np.mean (b)
rg mean = (np.mean(r) + np.mean(g)) / 2

boost blue = blue mean < rg mean * 0.95
blue intensity = min(1.0 + (rg mean - blue mean) / 100, 1.5)
i1f boost blue else 1.0

print (f" [AUTO] Noise Level: {lap var:.2f}, Kernel:
{kernel size}, Boost Blue: {boost blue}, Blue Intensity:
{blue intensity:.2f}")

filter blur and noises (input path, output path, kernel size,
boost blue, blue intensity)



JIOJIATOK B
MOJIEJIb HA OCHOBI RESNET50-PUNSH

import torch
import torch.nn as nn

class space to depth(nn.Module) :
# Changing the dimension of the Tensor
def init (self, dimension=1l):
super (). init ()
self.d = dimension

def forward(self, Xx):

return torch.cat([x[..., ::2, ::2], x[..., 1::2, 1271,
x[eee, ::2, 1::2], x[e.., 1::2, 1::217, 1)
def autopad(k, p=None): # kernel, padding
# Pad to 'same'
if p is None:
p =%k // 2 if isinstance(k, int) else [x // 2 for x in

k] # auto-pad
return p

class Conv(nn.Module) :
# Standard convolution

91

def init (self, cl, c2, k=1, s=1, p=None, g=1, act=True):

# ch in, ch out, kernel, stride, padding, groups
super (). init ()

self.conv = nn.Conv2d(cl, c2, k, s, autopad(k, p),

groups=g, bias=False)

self.bn = nn.BatchNorm2d (c2)

self.act = nn.SiLU() if act is True else (act if
isinstance (act, nn.Module) else nn.Identity())

def forward(self, Xx):
return self.act(self.bn(self.conv(x)))

def forward fuse(self, x):

return self.act(self.conv(x))

class Focus (nn.Module) :
# Focus wh information into c-space

def init (self, cl, c2, k=1, s=1, p=None, g=1, act=True):

# ch in, ch out, kernel, stride, padding, groups
super () . init ()
self.conv = Conv(cl * 4, c2, k, s, p, g, act)
# self.contract = Contract (gain=2)
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def forward(self, x): # x(b,c,w,h) -> y(b,4c,w/2,h/2)
return self.conv(torch.cat([x[..., ::2, ::2], x[...,
1::2, ::21, x[e.., ::2, 1::21, X[euve, L1::2, 1::211, 1))

# return self.conv(self.contract (x))

class BottleNeck (nn.Module) :
"""Residual block for resnet over 50 layers

mwwan

expansion = 4

def  init (self, in channels, out channels, stride=l):
super (). 1init ()
layers = [

nn.Conv2d(in channels, out channels,
kernel size=1l, bias = False),

nn.BatchNorm2d (out channels),

nn.RelLU(inplace=True),

]
if stride ==

layers2 = [

nn.Conv2d(out channels, out channels,stride= 1,
kernel size=3, padding=1l, bias= False),

space_to depth(), # the output of this will result
in 4*out channels

nn.BatchNorm2d (4*out channels),

nn.RelLU(inplace=True),

nn.Conv2d(4*out channels, out channels*
BottleNeck.expansion, kernel size=1, bias = False),
nn.BatchNorm2d (out channels * BottleNeck.expansion),

]
else:

layers2 = [

nn.Conv2d(out channels, out channels,stride= stride,
kernel size=3, padding=1, bias= False),

nn.BatchNorm2d (out channels),

nn.RelLU(inplace=True),

nn.Conv2d(out channels, out channels*

BottleNeck.expansion, kernel size=1, bias = False),
nn.BatchNorm2d (out channels * BottleNeck.expansion),

]
layers.extend (layers?2)

self.residual function = torch.nn.Sequential (*layers)



self.shortcut = nn.Sequential ()

if stride != 1 or in channels != out channels *
BottleNeck.expansion:
self.shortcut = nn.Sequential (
nn.Conv2d(in channels, out channels *
BottleNeck.expansion, stride=stride, kernel size=1, bias=False)
nn.BatchNorm2d (out channels *
BottleNeck.expansion)

)
def forward(self, Xx):
return nn.ReLU(inplace=True) (self.residual function (x)

self.shortcut (x))

class ResNet (nn.Module) :

def init (self, block, num block, num classes=100):
super (). 1init ()
self.in channels = 64

self.convl = Focus (3, 64, k=1,s=1)

self.convZ x self. make layer (block, 64, num block[O0]

1)

self.conv3 x = self. make layer (block, 128,
num block[1l], 2)
self.conv4d x = self. make layer (block, 256,
num block[2], 2)
self.convb x = self. make layer (block, 512,
num block[3], 2)
self.avg pool = nn.AdaptiveAvgPool2d( (1, 1))
self.fc = nn.Linear (512 * block.expansion, num classes)

def make layer(self, block, out channels, num blocks,
stride) :

strides = [stride] + [1] * (num blocks - 1)
layers = []
for stride in strides:
layers.append(block(self.in channels, out channels,
stride))
self.in channels = out channels * block.expansion

return nn.Sequential (*layers)

def forward(self, x):
output = self.convl (x)

output = self.convZ x(output)
output = self.conv3 x(output)
output = self.conv4 x(output)

93
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output = self.conv5 x(output)

output = self.avg pool (output)
output = output.view (output.size(0),
output = self.fc (output)

return output

def resnet50():
" return a ResNet 50 ObjeCt

mwwan

return ResNet (BottleNeck, [3, 4, 6, 31)

if name  ==" main_ ":
net = resnetb50 ()
x = torch.empty((2,3,112,112)) .normal ()
print (net (x) .shape)

-1)

94



JIOIATOK T

Koa merony IAGCWD

import cv2

import glob

import argparse

import numpy as np

from matplotlib import pyplot as plt

from scipy.linalg import fractional matrix power

def image agcwd(img, a=0.25, truncated cdf=False):

h,w = img.shape[:2]

hist,bins = np.histogram(img.flatten(),256,[0,256])

cdf = hist.cumsum/{()
cdf normalized = cdf / cdf.max()
prob normalized = hist / hist.sum(

)

unique intensity = np.unique (img)

intensity max = unique intensity.max ()

intensity min = unique intensity.min ()

prob min = prob normalized.min ()

prob max = prob normalized.max ()

pn temp = (prob normalized - prob min) /
prob min)

pn_temp[pn temp>0]

pn_temp[pn temp<0]
pn_temp[pn temp<0])**a)

prob normalized wd
[0,1]

prob max * (-

o~ 1

((=

(prob max -

prob max * (pn_temp[pn temp>0]**a)

pn_temp / pn temp.sum() # normalize to

cdf prob normalized wd = prob normalized wd.cumsum ()

i1f truncated cdf:

95

inverse cdf = np.maximum(0.5,1 - cdf prob normalized wd)
else:

inverse cdf = 1 - cdf prob normalized wd
img new = img.copy ()

for 1 in unique intensity:

img new[img==i] = np.round (255 * (i /

255) **inverse cdf[i])
return img new

def process bright (img) :

img negative = 255 - img

agcwd = image agcwd (img negative,
truncated cdf=False)

reversed = 255 - agcwd

return reversed

a=0.25,
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def process dimmed (img) :
agcwd = image agcwd(img, a=0.75, truncated cdf=True)
return agcwd

def main () :
parser = argparse.ArgumentParser (description='IAGCWD")
parser.add argument ('--input', dest='input dir',
default="'./input/', type=str, \
help='Input directory for image(s) ')
parser.add argument ('--output', dest='output dir',
default="'./output/', type=str, \
help='Output directory for image(s)"')
args = parser.parse args()

img paths = glob.glob(args.input dir+'*")
for path in img paths:
img = cv2.imread(path, 1)
name = path.split ('"\\") [-1].split('.") [O]

# Extract intensity component of the image

YCrCb = cv2.cvtColor (img, cv2.COLOR BGR2YCrCb)

Y = YCrCb[:, :,0]

# Determine whether image is bright or dimmed
threshold = 0.3

exp in = 112 # Expected global average intensity
M,N = img.shape[:2]

mean_ in = np.sum(Y/ (M*N))

t = (mean in - exp in)/ exp in

# Process image for gamma correction
img output = None
if t < -threshold: # Dimmed Image

print (name + ": Dimmed")
result = process dimmed(Y)
YCrCb[:,:,0] = result

img output = cv2Z.cvtColor (YCrCb,cvZ.COLOR YCrCb2BGR)
elif t > threshold:

print (name + ": Bright Image") # Bright Image

result = process bright (Y)

YCrCb[:,:,0] = result

img output = cvZ.cvtColor (YCrCb,cv2.COLOR YCrCb2BGR)
else:

img output = img

cv2.imwrite (args.output dir+name+'.jpg', img output)
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JIOJIATOK T

Kon mng maBuanass HM

from ptflops import get model complexity info
import os

import sys

import argparse

import time

from datetime import datetime

import numpy as np

import torch

import torch.nn as nn

import torch.optim as optim

import torchvision

import torchvision.transforms as transforms

import wandb
wandb.init ()

from torch.utils.data import Dataloader
from torch.utils.tensorboard import SummaryWriter

from conf import settings

from utils import get network, get training dataloader,
get test dataloader, WarmUpLR, \
most recent folder, most recent weights, last epoch,

best acc weights

def train (epoch):

start = time.time ()
net.train ()
for batch index, (images, labels) in

enumerate (cifarl0 training loader) :

if args.gpu:
labels = labels.cuda()
images = images.cuda ()

optimizer.zero grad()

outputs = net (images)

loss = loss_ function (outputs, labels)
loss.backward ()

optimizer.step ()

n iter = (epoch - 1) * len(cifarlO training loader) +
batch index + 1
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last layer = list(net.children()) [-1]
for name, para in last layer.named parameters() :
if 'weight' in name:

writer.add scalar('LastLayerGradients/grad norm2 weights',
para.grad.norm(), n iter)
if 'bias' in name:

writer.add scalar('LastLayerGradients/grad norm2 bias',
para.grad.norm(), n_iter)

print ('Training Epoch: {epoch}

[{trained samples}/{total samples}]\tLoss: {:0.4f}\tLR:
{:0.0f}"'.format (

loss.item(),

optimizer.param groups([0]['lr'],

epoch=epoch,

trained samples=batch index * args.b + len(images),

total samples=len(cifarl0 training loader.dataset)

))
wandb.log({'loss': loss.item() })

#update training loss for each iteration
writer.add scalar('Train/loss', loss.item(), n iter)

if epoch <= args.warm:
warmup scheduler.step ()

for name, param in net.named parameters() :
layer, attr = os.path.splitext (name)
attr = attr([l:]
writer.add histogram("{}/{}".format (layer, attr), param,

epoch)
finish = time.time ()
print ('epoch {1} training time consumed:

{:.2f}s"'.format (epoch, finish - start))

@torch.no grad()
def eval training(epoch=0, tb=True):

start = time.time ()
net.eval ()

test loss 0 # cost function error

= 0.
correct = 0.0
for (images, labels) in cifarl0O test loader:

if args.gpu:
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images = images.cuda ()
labels labels.cuda ()

outputs = net (images)
loss = loss function(outputs, labels)

test loss += loss.item()
_, preds = outputs.max(1l)
correct += preds.eg(labels) .sum()

finish = time.time ()
if args.gpu:
print ('GPU INFO..... ")
print (torch.cuda.memory summary(), end='")
print ('Evaluating Network..... ")
print ('Test set: Epoch: {}, Average loss: {:.4f}, Accuracy:
{:.4f}, Time consumed:{:.2f}s'.format (

epoch,
test loss / len(cifarl0 test loader.dataset),
correct.float() / len(cifarlO test loader.dataset),
finish - start

))

wandb.log ({'Test loss': test loss /

len(cifarl0 test loader.dataset)})
wandb.log ({'Test Accuracy':correct.float () /

len(cifarl0 test loader.dataset)})
print ()

#add informations to tensorboard

if tb:
writer.add_scalar('Test/Average loss', test loss /
len(cifarl0 test loader.dataset), epoch)
writer.add scalar('Test/Accuracy', correct.float () /

len(cifarl0 test loader.dataset), epoch)

return correct.float() / len(cifarl0 test loader.dataset)

if name == ' main ':

parser = argparse.ArgumentParser ()

parser.add argument ('-net', type=str, required=True,
help="'net type')
parser.add argument ('-gpu', action='store true',

default=False, help='use gpu or not')

parser.add argument ('-b', type=int, default=128, help='batch
size for dataloader')

parser.add argument ('-warm', type=int, default=1, help="'warm
up training phase')

parser.add argument ('-1r', type=float, default=0.1,
help='initial learning rate')
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parser.add argument ('-resume', action='store true',
default=False, help='resume training')
args = parser.parse_args ()

net = get network(args)

macs, params = get model complexity info(net, (3, 32, 32),
as_strings=True,

print per layer stat=True, verbose=True)

print ('{:<30} {:<8}'.format ('Computational complexity: ',
macs) )

print ('{:<30} {:<8}'".format ('Number of parameters: ',
params) )

#data preprocessing:

cifarl0 training loader = get training dataloader (
settings.CIFAR100 TRAIN MEAN,
settings.CIFAR100 TRAIN STD,
num workers=4,
batch size=args.Db,
shuffle=True

cifarl(0 test loader = get test dataloader(
settings.CIFAR100 TRAIN MEAN,
settings.CIFAR100 TRAIN STD,
num workers=4,
batch size=args.Db,
shuffle=True

loss function = nn.CrossEntropyLoss()

optimizer = optim.SGD (net.parameters (), lr=args.lr,
momentum=0.9, weight decay=5e-4)

train scheduler = optim.lr scheduler.MultiStepLR (optimizer,
milestones=settings.MILESTONES, gamma=0.2) #learning rate decay

iter per epoch = len(cifarlO training loader)

warmup scheduler = WarmUpLR (optimizer, iter per epoch *

args.warm)

if args.resume:
recent folder =
most recent folder (os.path.join(settings.CHECKPOINT PATH,
args.net), fmt=settings.DATE FORMAT)
if not recent folder:
raise Exception('no recent folder were found')

checkpoint path = os.path.join(settings.CHECKPOINT PATH,
args.net, recent folder)

else:
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checkpoint path = os.path.join(settings.CHECKPOINT PATH,
args.net, settings.TIME NOW)

#use tensorboard
1f not os.path.exists(settings.LOG DIR) :
os.mkdir (settings.LOG DIR)

#since tensorboard can't overwrite old values
#so the only way is to create a new tensorboard log
writer = SummaryWriter (log dir=os.path.join(
settings.LOG DIR, args.net, settings.TIME NOW))

input tensor = torch.Tensor(l, 3, 32, 32)
if args.gpu:

input tensor = input tensor.cuda()
writer.add graph(net, input tensor)

#create checkpoint folder to save model
1f not os.path.exists (checkpoint path):
os.makedirs (checkpoint path)
checkpoint path = os.path.join (checkpoint path, '"{net}
{epoch}-{type}.pth")

best acc = 0.0
if args.resume:
best weights =
best acc weights (os.path.join(settings.CHECKPOINT PATH,
args.net, recent folder))
if best weights:
weights path =
os.path.join(settings.CHECKPOINT PATH, args.net, recent folder,
best weights)
print ('found best acc weights
file:{}'.format (weights path))
print ('load best training file to test acc...')
net.load state dict (torch.load(weights path))
best acc = eval training(tb=False)
print ('best acc is {:0.2f}'.format (best acc))

recent weights file =
most recent weights(os.path.join(settings.CHECKPOINT PATH,
args.net, recent folder))
if not recent weights file:
raise Exception('no recent weights file were found')

weights path = os.path.join (settings.CHECKPOINT PATH,
args.net, recent folder, recent weights file)

print ('loading weights file {1} to resume
training..... '.format (weights path))

net.load state dict(torch.load(weights path))

resume_epoch =
last epoch(os.path.join(settings.CHECKPOINT PATH, args.net,
recent folder))
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for epoch in range(l, settings.EPOCH + 1):
if epoch > args.warm:
train scheduler.step (epoch)

if args.resume:
if epoch <= resume epoch:
continue

train (epoch)
acc = eval training(epoch)

fstart to save best performance model after learning
rate decay to 0.01
i1f epoch > settings.MILESTONES[1l] and best acc < acc:

weights path = checkpoint path.format (net=args.net,
epoch=epoch, type='best')
print ('saving weights file to

{}"'.format (weights path))
torch.save (net.state dict(), weights path)
best acc = acc
continue

1f not epoch % settings.SAVE EPOCH:

weights path = checkpoint path.format (net=args.net,
epoch=epoch, type='regular')
print ('saving weights file to

{}'.format (weights path))
torch.save (net.state dict(), weights path)

writer.close ()
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OTtpumanHs iHpopMarlii Ipo BUKOPUCTaHHS pecypciB M yac poootu RESNETS50-

PUNSH

import sys

import argparse

import torch

from PIL import Image

from torchvision import transforms
import psutil

import time

import types

from utils import get network
def make args():

args = types.SimpleNamespace ()
args.net = 'resnet50 spd'

args.gpu = False # Set to True if using GPU

return args

def load model (model path):
args = make args ()
model = get network(args)

state dict = torch.load(model path, map location='cpu')

model.load state dict(state dict)
model.eval ()
return model

def preprocess image (image path):
transform = transforms.Compose ([
transforms.Resize ((32, 32)),
transforms.ToTensor (),
transforms.Normalize ((0.4914,
(0.2023,
1)

image = Image.open (image path) .convert ('RGB')
return transform(image) .unsqueeze (0)

def

def classify(name, method, input tensor):

cpu before = psutil.cpu percent ()
start = time.time ()
with torch.no grad() :

output = model (input tensor)
end = time.time ()
cpu_after = psutil.cpu percent ()

predicted class = output.argmax (dim=1) .item()
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print (f"Using {name} method")

print (f"Predicted class index: {predicted class}")

print (£"CPU usage before/after: {cpu before}$% -
{cpu after}s3")

print (f"Inference time: {end - start:.4f} seconds")

def main () :
parser = argparse.ArgumentParser ()
parser.add argument ("images path")
parser.add argument ("model path 50")
parser.add argument ("model path 18")
args = parser.parse_args ()

model 18 = load model (args.model path 18)
model 50 load model (args.model path 50)

input tensor = preprocess images (args.images path)

method pipeline = Method(model path=model path 50,
pipeline=True)

classify(method pipeline, input tensor)

method 18 = Method (model path=model path 18)
classify(method 18, input tensor)

method 50 = Method (model path=model path 50)

classify(method 50, input tensor)

if name == " main ":
main ()
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Monynb oTpuMaHHS Ta Kiacudikalii sKocTi 300pakeHHs Ha OCHOB1 6a30BOi

iHbOopMaIlii PO HOTO

import cv2

import numpy as np

from sklearn.preprocessing import StandardScaler
import joblib

import torch

import torch.nn.functional as F

def

def

def

def

preprocess image (img path, size=(224, 224)):
img = cv2.imread(img path)

img = cv2.cvtColor (img, cv2.COLOR BGR2RGB)
img = cv2.resize(img, size)

return img

estimate sharpness (img gray) :
laplacian var = cv2.Laplacian(img gray, cv2.CV_64F) .var()
return laplacian var

estimate noise (img gray) :
noise = np.mean(np.abs(img grayl[:, :-1] - img grayl[:, 1:]))
return noise

estimate exposure (img gray) :
hist = cv2.calcHist([img gray], [0], None, [256], [O,

256]) .flatten ()

def

def

total pixels = img gray.size
dark = np.sum(hist[:30]) / total pixels
bright = np.sum(hist[225:]) / total pixels

return dark, bright

estimate contrast (img gray) :
contrast = img gray.std()
return contrast

extract features (img) :
img gray = cv2.cvtColor (img, cv2.COLOR RGBZGRAY)
features = [
estimate sharpness(img gray),
estimate noise(img_gray),
*estimate exposure (img gray),
estimate contrast (img gray)
]

return np.array (features)
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def
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classify quality(features):
sharpness, noise, dark, bright, contrast = features
if sharpness < 20 or contrast < 10 or noise > 15:
return "low"
elif dark > 0.3 or bright > 0.3:
return "medium"
else:
return "high"

select model (quality label, model paths):

if quality label == "high":
model = joblib.load(model paths["high"])
return model

elif quality label == "low":
model = joblib.load(model paths["low"])
return model

else: # medium
model high = joblib.load(model paths["high"])
model low = joblib.load(model paths["low"])
return (model high, model low)

run pipeline (img path, model paths):

img = preprocess image (img path)

features = extract features (img)

quality = classify quality(features)

models = select model (quality, model paths)

img input = img.astype (np.float32) / 255.0

img input = np.transpose(img input, (2, 0, 1)) # CHW
img input = np.expand dims (img_ input, axis=0) # batch
img tensor = torch.tensor (img input)

if isinstance (models, tuple):
model high, model low = models
model high.eval ()
model low.eval ()
with torch.no grad():
out high = F.softmax (model high(img tensor), dim=1)
out low = F.softmax(model low(img tensor), dim=1)
combined output = (out high + out low) / 2.0
prediction = combined output.argmax(dim=1) .item{()
else:
models.eval ()
with torch.no grad() :
output = models (img tensor)
prediction = output.argmax (dim=1) .item/()

return prediction, quality
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JIOJIATOK €

Cuiner xoay 6a3oBoro metony VIT

import torch

from torch. C import dtype

import torch.nn as nn

from torch.nn.modules.conv import Conv2d
import copy

import argparse

import sys

import torch.nn.functional as F

from Utils import config

args = config.parse args ()
device = torch.device ("cuda" if torch.cuda.is available() else
w Cpu w )

torch.cuda.empty cache ()

class VIT (nn.Module) :
def init (self, img size=
(args.im s,args.im s),patch size= (args.ps, args.ps), emb dim =
args.emb dim, mlp dim= args.mlp dim
,num_heads=args.num_ heads,num layers=args.num layers,n classes=2
, dropout rate=0., at d r=args.at d r):
super (VIT, self). init ()

self.nl = num layers
ih, 1w = img size
ph, pw = patch size
num patches = int ((ih*iw)/ (ph*pw))
self.cls tokens = nn.Parameter (torch.rand(1l, 1,
emb dim))
self.patch embed = Conv2Zd(in channels=3,
out channels=emb dim,
kernel size=patch size,
stride=patch size)
self.pos embed = nn.Parameter (torch.randn(l, num patches
+ 1, emb dim))
self.dropout = nn.Dropout (dropout rate)

self.tel = nn.ModulelList ()
for 1 in range (num layers):
layer = transencoder (emb dim, mlp dim, num_ heads,
at d r)
self.tel.append(layer)

self.mlp head = nn.Sequential (
nn.LayerNorm(emb dim),



def

nn.Linear (emb dim, n classes)
)
forward(self, x) :
x = self.patch embed (x)
X = x.permute(0, 2, 3, 1)
b, h, w, ¢ = x.shape
X = x.reshape(b, h * w, <)

cls token = self.cls tokens.repeat(b, 1, 1)
x= torch.cat([cls token, x], dim=1)

embeddings = x + self.pos embed

embeddings = self.dropout (embeddings)

for layer in self.tel:
enc = layer (embeddings)

mlp head = self.mlp head(enc[:, 0])

return mlp head

class transencoder (nn.Module) :

def init (self,emb dim, mlp dim, num heads,
super (transencoder, self). init ()
self.norm = nn.LayerNorm(emb dim, eps=le-6)
self.mha = mha(emb dim, num heads, at d r)
self.mlp = Mlp(emb dim, mlp dim)

def forward(self, x):
n = self.norm(x)
attn = self.mha(n,n,n)
output = attn+x
n2 = self.norm(output)

ff = self.mlp(n2)
out = ff+output
return out

class mha (nn.Module) :
__init (self, h dim, n heads, at d r):

def

def

dim=0)

super (). init ()
self.h dim=h dim

at d r):

self.linear = nn.Linear (h dim, h dim, bias=False)

self.num heads = n_ heads
self.norm = nn.LayerNorm(h dim)
self.dropout = nn.Dropout (at d r)
self.softmax nn.Softmax (dim=2)

forward(self, g, k ,v):
rs = g.size () [0]

batches, sequence length, embeddings dim =

gl= nn.RelLU() (self.linear(q))
kl= nn.RelLU() (self.linear (k))
vl= nn.RelLU() (self.linear (v))

g2 = torch.cat (torch.chunk(gl, self.num heads,

g.size()

dim=2),
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dim=0)

dim=0)

k2 torch

v2 = torch

outputs =
outputs
outputs
outputs
outputs
outputs =
outputs
outputs
outputs
return out

=+

.cat (torch.chunk (kl, self.num heads, dim=2),

.cat (torch.chunk(vl, self.num heads, dim=2),

torch.bmm (g2, kZ2.transpose(2, 1))
outputs / (k2.size()[-1] ** 0.5)
F.softmax (outputs, dim=-1)
self.dropout (outputs)
torch.bmm (outputs, v2)
outputs.split(rs, dim=0)
torch.cat (outputs, dim=2)

outputs + g

self.norm(outputs)
puts

class Mlp (nn.Module) :
def init (self, emb dim, mlp dim, dropout rate=0.):

def

super (Mlp,
self.fcl =
self.fc2 =
self.act =
self.dropo

forward(se
out = self.
out = self.
out = self.
out = self.
out = self.

return out

self). init ()
nn.Linear (emb dim, mlp dim)
nn.Linear (mlp dim, emb dim)
nn.GELU ()
ut= nn.Dropout (dropout rate)

1f, x):

fcl (x)

act (out)
dropout (out)
fc2 (out)
dropout (out)
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JIOJIATOK K

Cuiner koay 6a3zoBoro metoay KNN

import os

import cv2

import numpy as np

from sklearn.neighbors import KNeighborsClassifier
from sklearn.model selection import train test split
from sklearn.metrics import accuracy score

class KNNImageClassifier:
def init (self, k=3, image size=(32, 32)):

self.k = k
self.image size = image size
self.model = KNeighborsClassifier (n neighbors=k)

def load images from folder(self, folder):
data = []
labels = []

for label in os.listdir(folder):
class folder = os.path.join(folder, label)
if not os.path.isdir(class folder):

continue
for filename in os.listdir(class folder):
file path = os.path.join(class folder, filename)

img = cvZ.imread(file path)
if img is not None:
img = cvZ.resize(img, self.image size)
data.append(img.flatten()) # Flatten to 1D
vector
labels.append (label)

return np.array(data), np.array(labels)

def train(self, dataset path):

print ("Loading data...")

X, y = self. load images from folder (dataset path)
print (f"Loaded {len(X)} images.")

X train, X test, y train, y test = train test split (X,
y, test size=0.2, random state=42)

print ("Training KNN model...")

self.model.fit (X train, y train)

y _pred = self.model.predict (X test)
acc = accuracy score(y test, y pred)
print (f"Accuracy: {acc * 100:.2f}%")
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def predict(self, image path):
img = cvZ.imread (image path)
if img is None:
raise ValueError ("Image not found or unreadable™)
img = cv2.resize(img,
self.image size).flatten() .reshape(l, -1)
return self.model.predict (img) [0]



