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Kak XpaHATCA KapTUHKN?

image path = r"S:\neurology\Bbel 1.png"
np.array(Image.open(image_path))

array([[[e, @, @],
[e, e, @],
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[eJ e:
[e: e:
[e, o,

[[e, e,
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3]: mask_path = r"S:\neurology\@bel 1 mask.png”
np.array(Image.open(mask_path))

In
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[e, i @]], dtype=uint8)
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Kak cobpaTtb Bce AaHHble B OHOM MecTe?

CospnaTtb partacert! TBEeE

import toxch

from toxch.utils.data import Dataset

from torchvision import datasets

from torchvision.transforms import ToTensoxr
import matplotlib.pyplot as plt

28x28 grayscal
training data = datasets.FashionMNIST( - images Of
root= = .
train=True, fEiESf]I()f]
download=True,
products from

transform=ToTensox()
10 categories,

test_data = datasets.FashionMNIST( 201 7 Sneaker
root= s

Sandal

train=False,
download=True,
transform=ToTensor()
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Kak cobpaTtb Bce AaHHble B OHOM MecTe?

Cos3oartb gaTtacert!

class SegmentationDataset(Dataset):
def ___init___'(self, \ dataset.ipynb
slices_dir,
masks_dir,
transforms):

self.slices_dir = sorted(glob.glob(os.path.join(slices_dir, "*.png")))
self.masks_dir = sorted(glob.glob(os.path.join(masks_dir, "*.png")))
self.transforms = transforms
__getitem_ (self, idx):

assert len(self.slices _dir) == len(self.masks_dir) image = np.array(Image.open(self.slices_dir[idx]))
mask = np.array(Image.open(self.masks_dir[idx]))

mask[mask == 255.0] = 1.0

if self.transforms is not None:
augmentations = self.transforms(image=image, mask=mask)
image = augmentations["image"]

EC I dataset.py mask = augmentations["mask"]

mask = torch.unsqueeze(mask, )
mask = mask.type(torch.float32)
return image, mask

__len__ (self):
return len(self.slices_dir)
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Kak coobwunTb mogenu o crnocobe paboTbl €
BRARACETRAM Znep!

from torch.utils.data import Dataloader

train_dataloader = Dataloader(training data, batch_size=64, shuffle=True)
test_dataloader = Dataloader(test data, batch_size=64, shuffle=True)

def create_dataloaders(train_dataset, val dataset, test _dataset,
batch_size=8, pin_memory=True, num_workers=4):

train_loader = torch.utils.data.Dataloader(
dataset=train_dataset, batch_size=batch_size,
shuffle=True, pin_memory=pin_memory, num_workers=num_workers)

val loader = torch.utils.data.Dataloader(
dataset=val_dataset, batch_size=batch_size,
shuffle=True, pin_memory=pin_memory, num_workers=num_workers

)

test_loader = torch.utils.data.Dataloader(
dataset=test_dataset, batch_size=batch_size,

shuffle=False, pin_memory=pin_memory, num_workers=num_workers

)

return train_loader, val_loader, test_loader
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[TocTpoeHne apxXnTEKTYpPbl MOAENN C MOMOLLIO
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[locTpoeHne apXnTekTypbl MOAENM C NMOMOLLbIO

model = nn.Sequential()

model.add module('11°, .Linear(3,
model.add module('ri’, .RelLU())
model.add module('12° .Linear(3,
model.add module('r2’ -RelU())
model.add module( 13 .Linear(3,
model.add module('r3’ -RelLU())
model.add module( 12 .Linear(3,

N =

BOw

U

()]

1y pred = model(batch_x)

1t hidden 2nd hidden Output
layer layer layer
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[TocTpoeHne apxXnTEKTYpPbl MOAENN C MOMOLLIO

g Ty SRRy

class DoubleConv(pl.LightningModule):
def _init_ (self, in_channels, out_channels):
super(DoubleConv, self). init_ ()
self.conv = nn.Sequential(

.Conv2d(in_channels, out_channels, kernel_size=3, stride=1, padding=1, bias=False), # bias=False for B
.BatchNorm2d(out_channels),
.ReLU(inplace=True),

.Conv2d(out_fhannels, out_channels, 3, 1, 1, bias=False), => conv 3x3, RelL.U
.BatchNorm2d(out_channels),
.ReLU(inplace=True),

)

def forward(self, x):
return self.conv(x)
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class UNET(nn.Module):
def __init_ (
self, in_channels=3, out_channels=1, features=[64, 128, 256, 512],

super(UNET, self)._ init_ ()

self.ups = nn.ModulelList()
self.downs = nn.ModulelList()
self.pool = nn.MaxPool2d(kernel_size=2, stride=2)

# Down part of UNET - only left side

for feature in features:
self.downs.append(DoubleConv{in_channels, feature))
in_channels = feature

# Up part of UNET - only right side
for feature in reversed(features
# up
self.ups.append(
nn.ConvTranspose2d(

# with skip-conn

1
Y.
)

feature®2, feature, kernel size=2, stride=2,
# two times right
self.ups.append(DoubleConv(feature®*2, feature))

self.bottleneck =
self.final_conv

DoubleConv(features[-1], features[-1]*2)
nn.Conv2d(features[@], out_channels, kernel size=1)

Kak xpaHsTcs KapTUHKN?

[TocTpoeHne apxXnTEKTYpPbl MOAENN C MOMOLLIO

model.py model.ipynb

def forward(self, x):
skip_connections = []

for down in self.downs:
x = down(x)
skip connections.append(x)
x = self.pool(x)

x = self.bottleneck(x)

# reverse skip connections
skip_connections = skip_connections[::-1]

# nponyckaem DoubleConv

for idx in range(@, len(self.ups), 2):
x = self.ups[idx](x)
skip_connection = skip_connections[idx//2]

# resize if x does not match skip conn
if x.shape != skip_connection.shape:

x = TF.resize(x, size=skip_connection.shape[2:], antialias=True)

concat_skip = torch.cat((skip_connection, x), dim=1)
x = self.ups[idx+1](concat_skip)

return self.final conv(x)
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Bbibnpaem pyHKLUMIO NOTEPb

PyTorch Segmentation
Models

=[] Losses

Loss Functions

Creates a criterion that measures the mean absolute Constants

error (MAE) between each element in the input T JaccardLoss
and target /.

- DicelLoss
Creates a criterion that measures the mean squared TverskyLoss
error (squared L2 norm) between each element in FocalLoss
the input T and target JJ.

- LovaszLoss
This criterion computes the cross entropy loss : SOﬁBCEWIthLogltSLOSS
between input logjts and target.

SoftCrossEntropyLoss
MCCLoss

Tha FAannartianict Tamanaral Claccificratian lare

I ¢ ) A
BCE = — = Z y; - log(3) + (1 —y,) - log(1 — ¥, Dice Loss = 1 — Dice coef
i=0
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Bbiobnpaem metog ontummnsaumm — TORCH.OPTIM

[ ] 1 [elem for elem in dir(torch.optim) if not elem.startswith(" ")]

[*ASGD",
'Adadelta’,
‘Adagrad’,
‘Adam’,
"AdamW’,
‘Adamax’,
"LBFGS’,
"NAdam’,
‘Optimizer’,
‘RAdam’,
"RMSprop°,
"Rprop’,
'SGD’,
‘SparseAdam’,

Algorithms

Implements Adadelta algorithm.

Implements Adagrad algorithm.

Implements Adam algorithm. "1r_scheduler’,
‘swa_utils’]

Implements AdamW algorithm.

Implements lazy version of Adam algorithm suitable for
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HemMHoro goopmyrn

Gradient descent | 6D trajectory

Wt - Wt—l =/ VQ(Wt—l)

+ ToYyHOe 3Ha4dyeHune
rpagueHTa

- [lonro u TpynosaTparHo
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HemMHoro goopmyrn

Stochastic Gradient Descent SGD trajectory

wtt —nVL ()’it: a(xit)) N

+ bbICTpO
- bonbLluon pasbpoc
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@ HayyHo yyeGHas rpynna MprMeHeHWe reHepaTUBHbIX Kak xpaHsATcs KapTUHKN? ‘ 1 6

HemMHoro goopmyrn
Stochastic Gradient Descent with Momentum h, =ah,_4y +1n.VQ (wt=1)

wt=wt"1—h,

Bes nHepuum C uHepumen

7\ o v —
() Starting Point (€4)) starting Point

Optimum

Y
Solution
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HemMHoro goopmyrn

ApanTuBHbIE METObI r,agueHTHoOro Crycka Adam

AdaGrad Gi =G+ (VQ(Wt_l))j

pmi~t + (1 - B)(Vewt ™).
Nt j

(TQw*™), | 1-4;

Gs -+
Ve B (- B)(7Qw )’

RMSProp 1-B;
Nt

Gf =aG ™+ (1 - a)(VQ(Wt‘l))j
Nt

9tj
/Gf + €
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MNameHaem learning rate ¢ nomoLlbo scheduler

StepLR

ExponentialLR

0.0010 A

Learning Rate
Learning Rate

*gamma

CyclicLR (triangular)

Learning Rate
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Knaccunyeckmnn Uk obyyveHnss mogenwu

1 total step = len(train_loader)
2 for epoch in range(NUM_EPOCHS): C
for i, (1mages labels) in enumerate(traln loader)'

images = images. to(DEVICE)
labels = labels.to(DEVICE)

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

# lpoxop
optimizer.zero _grad()
loss.backward()

d3al

napameTpoe

optlmlzer step()

if (i+1) % 200 == O:
print ('Epoch [{}/{}], Step [{}/{}], Loss: {:.4f}’
.format(epoch+1, NUM_EPOCHS, i+1, total step, loss.
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ObyuyeHune B PyTorch Lightning

1 model = UNET()

trainer = pl.Trainer(
max_epochs=2,
accelerator="gpu”,
devices=1,
auto lr find=True,

2
3
4

SN Oy

co

Vo)

10 trainer.fit(model, train loader, val loader)
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Mopgenb B PyTorch Lightning

__init__ and setup(} Define initialization here

import lightning.pytorch as pl
import toxrch.nn as nn
To run data through your model only import torch.nn.functional as F

(separate from training_step)

class LitModel(pl.LightningModule):
def __init__(self):
training_step() the complete training step pex().__init__()
1£.11 = nn.Lineax(28 = 28, 10)

forward(self, x):
validation_step() the complete validation step return torch.relu(self.lil(x.view(x.size(®), -1)))

training_step(self, batch, batch_idx):
X, y = batch

the complete test step y_hat = seli(x)
loss = F.cross_entropy(y_hat, y)
return loss

predict_step() the complete prediction step configure_optimigers(self) -
return toxrch.optim.Adam(self.parameters(), 1lr=0.02)

configure_optimizexrs() define optimizers and LR schedulers




HayyHo yyeGHas rpynna MprMeHeHWe reHepaTUBHbIX

@ «Llndpposble MeToabl B mogernel B 3agadax Knaccudmkaumum

HeBponornn» n cerMmeHTauunn

BcnomoraTtenbHble yHKLUNK

CoxpaHuUTb 1 3arpy3nTb Mogerb
Cos3paHune gaTtaceTa u gatanoagepa

[TogcuymnTaTb METPUKKM C MOMOLLILIO TOTOBOM Modenu (mean
Dice, accuracy)

BbiBeCTU pe3ynbrat padboThl
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[lone akcnepuMeHTOB

0. mnopThbl

import torch

import torch.nn as nn

from tqdm import tqdm

import torch.nn as nn

import torch.optim as optim
import pytorch_lightning as pl

from model import UNET

from utils import (
load_checkpoint,
save_checkpoint,
create_dataloaders,
create_datasets,
check_accuracy,
get_mean_dice,
show_three,

import albumentations as A
from albumentations.pytorch import ToTensorv2
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[lone akcnepuMeHTOB

1. [MapameTpbl K
rmnepnapameTpbl

# Hyperparameters etc.
DEVICE = "cuda" if torch.cuda.is_available() else "cpu

"

LEARNING_RATE le-4

BATCH SIZE = 16
NUM_EPOCHS = 20
NUM_WORKERS = 2
IMAGE_HEIGHT = 256 # 12
IMAGE WIDTH = 256 # 1918 originally

80 originally

PIN_MEMORY True
LOAD_ MODEL False

-
=

MASKS = "/kaggle/input/stroke-aid-dataset-splitted/mas!
SLICES = "/kaggle/input/stroke-aid-dataset-splitted/s
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[lone akcnepuMeHTOB

2. AyrmeHTauum gaHHbIX

train_transform = A.Compose(

[
.Resize(height=IMAGE_HEIGHT, width=IMAGE_WIDTH),
# A.Rotate(limit=35, p=1.9),
# A.HorizontalFlip(p=0.5),
# A.VerticalFlip(p=0.1),
.Normalize(
mean=[©.0, 0.0, 0.9],
std=[1.0, 1.0, 1.0],
max_pixel value=255.0,
)

/3

ToTensorV2(),
1

val transforms = A.Compose(
[

A.Resize(height=IMAGE_HEIGHT, width=IMAGE WIDTH),

A.Normalize(
mean=[©.0, 2.0, 0.9],
std=[1.0, 1.0, 1.0],
max_pixel value=255.0,

\

/3

ToTensorV2(),
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[lone akcnepuMeHTOB

3. OnpegeneHne pyHKUMX NOTEPL, ONTUMU3ATOPA N MOAENN

loss_fn = nn.BCEWithLogitsloss()
optimizer = optim.Adam
optimizer_params = [{"1r": LEARNING_RATE}]

model = UNET(in_channels=3,
out_channels=1,
loss_fn=loss_fn,
optimizer=optimizer,
optimizer_params=optimizer_params
) .to(DEVICE)
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[lone akcnepuMeHTOB

4. Cosgaem noagepbol

train_dataset, val_dataset, test_dataset = create_datasets(MASKS, SLICES, train_transform)

train_loader, val _loader, test _loader = create_datalocaders(train_dataset, val_dataset, test_dataset, batch_size

Train size: 450
Valid size: 148
Test size: 149
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[lone akcnepuMeHTOB
5. Obyyaem

seed_everything(123456)
torch.cuda.empty_cache()

trainer = pl.Trainer(
max_epochs=NUM_EPOCHS,
accelerator=DEVICE,
devices=1,

trainer.fit(model, train_loader, val_loader)
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Pesynbrar

target mask dice: 0.7507246136665344

target mask dice: 0.5835543870925903
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NCTOUYHUKA

* Jlekumn n cemmnHapsl gucumnninHbl « OCHOBbI MYyBUHHOIO 00Yy4YEHUSI»
https://qgithub.com/hse-ds/iad-deep-learning

« Jlekummn n cemmHapbl gucumnnnHbl «puknagHble 3agadm aHanu3a gaHHbIX»
https://qgithub.com/hse-ds/iad-applied-ds



https://github.com/hse-ds/iad-deep-learning
https://github.com/hse-ds/iad-applied-ds
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dopmynbl

eo(zs, I,t) = D((E; + E7,t), 1),

rae:
6 — napameTpbl 06paTHOro npouecca,

L,y — BXO4HOE U306parKeHue,

E,{ — YCNOBHbIN aMbeHaAUHT (HeobpaboTaHHOE n3obparkeHue),
E} — cermeHTauMOHHasA pa3meTKa,

D — pekogep Unet,
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@ Hay4Ho y4ebHas rpynna [MprMmeHeHne reHepaTUBHbIX OnddysnoHHbIe Mogenu ‘ 34

[Tpamon npouecc anddoy3nm

[peobpasoBaHne U3 X;_1 BXi_q
33JaéM CaMU

q(x¢|x¢-1)
O @@z~ @

q(X¢|x4—1) = N(xt3 g =1 — Bixi—1, 3 = BI)
roe:

P+ — KOHCTAHTA,

| — pnaroHanbHaa maTpuLa KOBapuaLUM, Ha ANAroHaNAX CTOAT O, OCTa/IbHble — HYU
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This X Does Not Exist
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