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Ââåäåíèå

Öåëü ðàáîòû

Ñèñòåìàòèçèðîâàòü è èíòåãðèðîâàòü çíàíèÿ, ïîëó÷åííûå â õîäå âûïîëíåíèÿ ïðåäûäó-
ùèõ ëàáîðàòîðíûõ ðàáîò, â åäèíûé ïðîèçâîäñòâåííûé ïàéïëàéí îáðàáîòêè ìåäèöèí-
ñêèõ äàííûõ äëÿ çàäà÷ èñêóññòâåííîãî èíòåëëåêòà â îíêîëîãèè. Ñôîðìèðîâàòü öåëîñò-
íîå ïîíèìàíèå âñåõ ýòàïîâ: îò ïîëó÷åíèÿ ñûðûõ ìåäèöèíñêèõ äàííûõ äî ðàçâ¼ðòûâàíèÿ
îáó÷åííîé ìîäåëè â êëèíè÷åñêîé ïðàêòèêå.

Çàäà÷è ðàáîòû:

1. Ïðîàíàëèçèðîâàòü ïîëíûé æèçíåííûé öèêë äàííûõ â ïðîåêòå ìåäèöèíñêîãî ÈÈ.

2. Ðàññìîòðåòü âñå ýòàïû ïàéïëàéíà: ñáîð, àóäèò, ïðåäîáðàáîòêà, ðàçìåòêà, îáó÷åíèå,
âàëèäàöèÿ, âíåäðåíèå.

3. Èçó÷èòü ðàáîòó ñêðèïòîâ è èíñòðóìåíòîâ, îáåñïå÷èâàþùèõ àâòîìàòèçàöèþ ïðî-
öåññîâ.

4. Ðàçîáðàòü ïðàêòè÷åñêèå ïðèìåðû è òèïè÷íûå îøèáêè íà êàæäîì ýòàïå.

5. Ñôîðìóëèðîâàòü ðåêîìåíäàöèè ïî îðãàíèçàöèè ïðîèçâîäñòâåííîãî ïðîöåññà.

Ìåñòî ðàáîòû â îáùåì êóðñå

Ëàáîðàòîðíàÿ ðàáîòà �4 ÿâëÿåòñÿ èíòåãðèðóþùåé è îáîáùàþùåé. Îíà îáúåäèíÿåò
çíàíèÿ èç òð¼õ ïðåäûäóùèõ ðàáîò:

� ËÐ �1: Àóäèò è ïîäãîòîâêà ìåäèöèíñêèõ äàííûõ (ôîðìàòû DICOM, NRRD,
êîíâåðòàöèÿ).

� ËÐ �2: Àíàëèç ðàäèîìåòðè÷åñêèõ ïðèçíàêîâ (èçâëå÷åíèå, ïðåäîáðàáîòêà, ìîäå-
ëèðîâàíèå).

� ËÐ �3: Ðàäèîìè÷åñêèé àíàëèç îïóõîëåé ìîçãà (BRATS, ìóëüòèïàðàìåòðè÷åñêàÿ
ÌÐÒ).

Â ÷åòâ¼ðòîé ðàáîòå ðàññìàòðèâàþòñÿ:

� Îðãàíèçàöèÿ ïðîåêòà è ðàáîòà ñ ðåïîçèòîðèåì.

� Àâòîìàòèçàöèÿ ïàéïëàéíà ñ ïîìîùüþ ñêðèïòîâ.

� Èíòåãðàöèÿ âñåõ ýòàïîâ â åäèíûé ïðîöåññ.

� Êëèíè÷åñêàÿ âàëèäàöèÿ è âíåäðåíèå ìîäåëåé.

� Ïîääåðæêà è ìîíèòîðèíã ìîäåëåé â ýêñïëóàòàöèè.
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Îðãàíèçàöèÿ ïðîåêòà

Ñòðóêòóðà ðåïîçèòîðèÿ

Ïðàâèëüíàÿ îðãàíèçàöèÿ ïðîåêòà � îñíîâà óñïåøíîé ðàáîòû. Ðåïîçèòîðèé èìååò ñëå-
äóþùóþ ñòðóêòóðó:

ai-med-edu/

|

|-- README.md # Äîêóìåíòàöèÿ ïðîåêòà

|-- ai-use-program.doc # Ó÷åáíàÿ ïðîãðàììà

|-- references.txt # Ñïèñîê ëèòåðàòóðû

|

|-- data/ # Ýêñïåðèìåíòàëüíûå äàííûå

| |-- 1_2236040_zno_cyst_AF/ # Ýêñïåðèìåíò 1 (ZNO Cyst AF)

| | |-- predefined_classes.txt # Ñõåìà êëàññîâ (12 êëàññîâ)

| | |-- data.yaml # Êîíôèã YOLO

| | |-- *.nrrd # Èñõîäíûå 3D äàííûå

| | |-- dcm/ # DICOM-ñðåçû (1042 ôàéëà)

| | |-- images/ # PNG-ñðåçû (300 ôàéëîâ)

| | |-- images_labels/ # Bbox-ðàçìåòêà

| | | |-- polygons/ # Ïîëèãîíû äëÿ ñåãìåíòàöèè

| | |-- images_result/ # Âèçóàëèçàöèÿ ðåçóëüòàòîâ

| | |-- masks_sam/ # Áèíàðíûå ìàñêè

| |

| |-- prep/ # Ïîäãîòîâèòåëüíûå äàííûå

| | |-- predefined_classes.txt

| | |-- csv/ # CSV-ôàéëû ñ ðàçìåòêîé

| | |-- images/ # DCM è JPG ôàéëû

| | |-- images_labels/ # TXT-ëåéáëû

| | |-- images_results/ # Ðåçóëüòàòû

| |

| |-- example/ # Øàáëîí ñòðóêòóðû

|

|-- scripts/ # Ñêðèïòû

| |-- ttv_freq2.py # Ñòðàòèôèöèðîâàííûé ñïëèòòåð

| |-- train_yolo.py # Îáó÷åíèå äåòåêöèè

| |-- train_yolo_seg.py # Îáó÷åíèå ñåãìåíòàöèè

| |-- check_PyTorch_gpu.py # Ïðîâåðêà GPU

| |-- check_tf_gpu.py # Ïðîâåðêà TensorFlow GPU

| |-- config/ # Êîíôèãóðàöèè

| | |-- data.yaml

| |-- Òåìà 2.1/ # 3D ðàäèîìèêà

| | |-- analysis.py

| | |-- config_3d.py

| | |-- feature_3d.py

| | |-- segmentation.py

| |-- Òåìà 2.2/ # Êîíâåðòàöèÿ NRRD

| |-- nrrd_to_yolo.py

|

|-- env/ # Âèðòóàëüíîå îêðóæåíèå
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| |-- Include/

| |-- Lib/

| | |-- site-packages/ # Óñòàíîâëåííûå ïàêåòû

| |-- Scripts/ # Èñïîëíÿåìûå ôàéëû

| |-- pyvenv.cfg

|

|-- lectures/ # Ëåêöèîííûå ìàòåðèàëû

| |-- Ê26_1_1.pdf

| |-- Ê26_2_1.pdf

| |-- Ê26_2_2.pdf

|

|-- seminars/ # Ñåìèíàðñêèå çàíÿòèÿ

| |-- FeatureExtractionClient.ipynb

| |-- Òåìà 1.1/

| | |-- Dataset.ipynb

| | |-- Noise.ipynb

| | |-- Resource1.ipynb

| | |-- resource2.ipynb

| | |-- segm2.ipynb

| |-- Òåìà 1.2/

| | |-- Ïðàêòèêóì1.ipynb

| | |-- Ò1.ipynb

| | |-- Ò2.ipynb

| | |-- best_spleen_model.pth

| |-- Òåìà 2.1/

| | |-- radiomics_report.html

| | |-- segmentation_full_report.html

| | |-- requirements_3d.txt

| | |-- Ëàáîðàòîðíàÿ ðàáîòà.docx

|

|-- labs/ # Ëàáîðàòîðíûå ðàáîòû

|-- Òåìà 1.1/

|-- Òåìà 1.2/

|-- Òåìà 2.1/

| |-- Ëàáîðàòîðíàÿ ðàáîòà.docx

|-- Òåìà 2.2/

Ïðèíöèïû îðãàíèçàöèè

1. Ðàçäåëåíèå äàííûõ è êîäà:

� data/ � òîëüêî äàííûå (íå â Git)

� scripts/ � òîëüêî êîä (â Git)

� env/ � âèðòóàëüíîå îêðóæåíèå (èãíîðèðóåòñÿ)

2. Åäèíàÿ òî÷êà êîíôèãóðàöèè:

� predefined_classes.txt � ñõåìà êëàññîâ äëÿ êàæäîãî ýêñïåðèìåíòà

� data.yaml � êîíôèãóðàöèÿ äëÿ YOLO
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� Êîíôèãóðàöèîííûå ôàéëû � åäèíñòâåííûé èñòî÷íèê èñòèíû

3. Âîñïðîèçâîäèìîñòü:

� Ôèêñàöèÿ âåðñèé ïàêåòîâ (requirements.txt)

� Èñïîëüçîâàíèå seed äëÿ ñëó÷àéíûõ ïðîöåññîâ

� Ëîãèðîâàíèå âñåõ ïàðàìåòðîâ îáó÷åíèÿ

Âèðòóàëüíîå îêðóæåíèå

Âèðòóàëüíîå îêðóæåíèå èçîëèðóåò çàâèñèìîñòè ïðîåêòà è îáåñïå÷èâàåò âîñïðîèçâîäè-
ìîñòü.

Àêòèâàöèÿ îêðóæåíèÿ:

1 # Windows

2 env\Scripts\activate

3

4 # Linux / macOS

5 source env/bin/activate

Êëþ÷åâûå ïàêåòû:

Òàáëèöà 1: Îñíîâíûå çàâèñèìîñòè ïðîåêòà

Ïàêåò Íàçíà÷åíèå

ultralytics YOLOv8 (äåòåêöèÿ, ñåãìåíòàöèÿ, êëàññè-
ôèêàöèÿ)

torch, torchvision PyTorch (ãëóáîêîå îáó÷åíèå)
pydicom Ðàáîòà ñ DICOM-ôàéëàìè
nrrd Ðàáîòà ñ NRRD-ôàéëàìè
pyradiomics Èçâëå÷åíèå ðàäèîìåòðè÷åñêèõ ïðèçíàêîâ
pandas, numpy Ðàáîòà ñ äàííûìè
scikit-learn Ìàøèííîå îáó÷åíèå
matplotlib, seaborn Âèçóàëèçàöèÿ
opencv-python Îáðàáîòêà èçîáðàæåíèé
scipy Íàó÷íûå âû÷èñëåíèÿ

Óñòàíîâêà çàâèñèìîñòåé:

1 pip install -r requirements.txt

2

3 # Èëè âðó÷íóþ:

4 pip install ultralytics torch torchvision pyyaml pydicom nrrd

5 pip install scipy pandas opencv -python matplotlib seaborn

6 pip install scikit -learn pyradiomics

Æèçíåííûé öèêë äàííûõ

Îáùàÿ ñõåìà ïàéïëàéíà

Ïîëíûé ïàéïëàéí îáðàáîòêè ìåäèöèíñêèõ äàííûõ äëÿ çàäà÷ ÈÈ âêëþ÷àåò ñëåäóþùèå
ýòàïû:

1. Ñáîð äàííûõ: ïîëó÷åíèå ìåäèöèíñêèõ èçîáðàæåíèé (DICOM, NRRD).
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2. Àóäèò äàííûõ: ïðîâåðêà öåëîñòíîñòè, ñòðóêòóðû, ñîîòâåòñòâèÿ.

3. Ïðåäîáðàáîòêà: êîíâåðòàöèÿ ôîðìàòîâ, íîðìàëèçàöèÿ, èçâëå÷åíèå ñðåçîâ.

4. Ðàçìåòêà: ñîçäàíèå îáó÷àþùèõ ìåòîê (ýêñïåðòíàÿ ðàçìåòêà).

5. Èçâëå÷åíèå ïðèçíàêîâ: ðàäèîìè÷åñêèé àíàëèç.

6. Îáó÷åíèå ìîäåëè: âûáîð àðõèòåêòóðû, òðåíèðîâêà, âàëèäàöèÿ.

7. Îöåíêà: àíàëèç ìåòðèê, èíòåðïðåòàöèÿ ðåçóëüòàòîâ.

8. Âíåäðåíèå: èíòåãðàöèÿ â êëèíè÷åñêóþ ïðàêòèêó.

9. Ìîíèòîðèíã: îòñëåæèâàíèå êà÷åñòâà â ýêñïëóàòàöèè.

Ñáîð äàííûõ

Èñòî÷íèêè ìåäèöèíñêèõ äàííûõ

Ìåäèöèíñêèå äàííûå ìîãóò ïîñòóïàòü èç ðàçëè÷íûõ èñòî÷íèêîâ:

� Ìåäèöèíñêèå îðãàíèçàöèè: êëèíè÷åñêèå äàííûå (ÊÒ, ÌÐÒ, ÏÝÒ/ÊÒ).

� Îòêðûòûå äàòàñåòû: TCIA, BRATS, MedMNIST, ChestX-ray14.

� Íàó÷íûå èññëåäîâàíèÿ: ñïåöèàëèçèðîâàííûå íàáîðû äàííûõ.

� Êëèíè÷åñêèå èñïûòàíèÿ: äàííûå èç èññëåäîâàíèé.

Ôîðìàòû äàííûõ

Îñíîâíûå ôîðìàòû ìåäèöèíñêèõ èçîáðàæåíèé:

Òàáëèöà 2: Ñðàâíåíèå ôîðìàòîâ ìåäèöèíñêèõ äàííûõ

ÕàðàêòåðèñòèêàDICOM NRRD

Ïðèìåíåíèå Êëèíè÷åñêàÿ ïðàêòèêà Íàó÷íûå èññëåäîâàíèÿ
Ìåòàäàííûå Áîãàòûå (ìåäèöèíñêèé

êîíòåêñò)
Ìèíèìàëüíûå (ãåîìåò-
ðèÿ)

3D ïîääåðæêà ×åðåç ñåðèè Ðîäíàÿ
Ðàçìåòêà Îòäåëüíûå ôàéëû (RT

Structure)
Â òîì æå ôàéëå èëè .seg

×èòàåìîñòü Òðåáóåòñÿ ñïåö. ÏÎ Ìíîãèå áèáëèîòåêè

Àóäèò äàííûõ

Öåëè àóäèòà

Àóäèò äàííûõ � ïåðâûé êðèòè÷åñêèé ýòàï, îïðåäåëÿþùèé óñïåõ âñåãî ïðîåêòà.
Çàäà÷è àóäèòà:

1. Ïðîâåðêà öåëîñòíîñòè ôàéëîâ.

2. Âûÿâëåíèå ôîðìàòîâ è ñòðóêòóðû äàííûõ.
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3. Îöåíêà êà÷åñòâà ðàçìåòêè.

4. Âûÿâëåíèå àíîìàëèé è àðòåôàêòîâ.

5. Ôîðìèðîâàíèå êëèíè÷åñêîé ¾ëåãåíäû¿ äàòàñåòà.

Ïðàêòè÷åñêèé àóäèò

Ñêðèïò äëÿ àóäèòà ñòðóêòóðû:

1 from pathlib import Path

2 import numpy as np

3 import nrrd

4 import pydicom

5

6 def audit_dataset(dataset_path):

7 """Ïðîâåðÿåò ñòðóêòóðó äàòàñåòà"""

8 path = Path(dataset_path)

9

10 # Ïðîâåðêà íàëè÷èÿ íåîáõîäèìûõ ïàïîê

11 required = ['images ', 'images_labels ']

12 for folder in required:

13 if not (path / folder).exists ():

14 print(f"Missing: {folder }")

15

16 # Ïðîâåðêà ñîîòâåòñòâèÿ ôàéëîâ

17 images = list((path / 'images ').glob('*.png '))

18 labels = list((path / 'images_labels ').glob('*.txt '))

19

20 print(f"Images: {len(images)}")

21 print(f"Labels: {len(labels)}")

22

23 # Ïðîâåðêà êëàññîâ

24 classes_file = path / 'predefined_classes.txt '

25 if classes_file.exists ():

26 classes = classes_file.read_text ().strip ().split('\n')

27 print(f"Classes: {len(classes)}")

28 print(f"Class names: {classes [:5]}...")

29

30 return {'images ': len(images), 'labels ': len(labels)}

Êëèíè÷åñêàÿ ¾ëåãåíäà¿ äàòàñåòà

Êëèíè÷åñêàÿ ¾ëåãåíäà¿ � ýòî ïîëíîå îïèñàíèå äàòàñåòà, âêëþ÷àþùåå:

� Ìîäàëüíîñòü èññëåäîâàíèÿ (ÊÒ, ÌÐÒ, ÏÝÒ è äð.)

� Ïðîòîêîë ñêàíèðîâàíèÿ

� Ïîäòâåðæä¼ííûé äèàãíîç

� Êðèòåðèè âêëþ÷åíèÿ/èñêëþ÷åíèÿ

� Ïðàâèëà ðàçìåòêè îáëàñòåé èíòåðåñà

� Èñòî÷íèê äàííûõ

� Âåðñèÿ ïðîãðàììíîãî îáåñïå÷åíèÿ ñêàíåðà

� Äàòà ñîçäàíèÿ è îáíîâëåíèÿ

Ïðèìåð ¾ëåãåíäû¿:
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Äàòàñåò: 1_2236040_zno_cyst_AF

Ìîäàëüíîñòü: ÊÒ (êîìïüþòåðíàÿ òîìîãðàôèÿ)

Ïðîòîêîë: áðþøíàÿ ïîëîñòü ñ êîíòðàñòíûì óñèëåíèåì

Èñòî÷íèê: Êëèíè÷åñêèé àðõèâ

Êîëè÷åñòâî ïàöèåíòîâ: 1

Êîëè÷åñòâî ñðåçîâ: 300 (èç 1042 èñõîäíûõ)

Êëàññû: 12 (ïî÷êè, ñåãìåíòû, îïóõîëè, êèñòû, àáñöåññ)

Ðàçìåòêà: Ýêñïåðòíàÿ (âðà÷-ðåíòãåíîëîã)

Äàòà ñîçäàíèÿ: 2026

Ïðåäîáðàáîòêà äàííûõ

Êîíâåðòàöèÿ ôîðìàòîâ

Ïåðåõîä îò ñûðûõ äàííûõ ê ñòðóêòóðèðîâàííîìó ôîðìàòó:
DICOM � PNG + YOLO:

1 def convert_dicom_to_yolo(dicom_dir , output_dir):

2 """Êîíâåðòèðóåò DICOM -ñåðèþ â ôîðìàò YOLO """

3 # 1. Çàãðóçêà DICOM -ñåðèè

4 # 2. Èçâëå÷åíèå ïèêñåëüíûõ äàííûõ

5 # 3. Íîðìàëèçàöèÿ èçîáðàæåíèÿ

6 # 4. Ñîõðàíåíèå â PNG

7 # 5. Êîíâåðòàöèÿ ðàçìåòêè â YOLO ôîðìàò

8 pass

NRRD � 2D-ñðåçû:

1 def convert_nrrd_to_slices(nrrd_path , output_dir):

2 """Ðàñïàêîâûâàåò NRRD â 2D-ñðåçû"""

3 import nrrd

4

5 # Çàãðóçêà äàííûõ

6 data , header = nrrd.read(nrrd_path)

7

8 # Èçâëå÷åíèå ñðåçîâ ïî îñè Z

9 for z in range(data.shape [2]):

10 slice_data = data[:, :, z]

11 # Ñîõðàíåíèå ñðåçà

12 # ...

Íîðìàëèçàöèÿ èçîáðàæåíèé

Íîðìàëèçàöèÿ ïðèâîäèò èíòåíñèâíîñòè ïèêñåëåé ê åäèíîìó äèàïàçîíó.
Ìåòîäû íîðìàëèçàöèè:

1. Min-Max íîðìàëèçàöèÿ:

xnorm =
x− xmin

xmax − xmin

(1)

2. Z-score íîðìàëèçàöèÿ:

xnorm =
x− µ

σ
(2)

3. Ïåðöåíòèëüíàÿ íîðìàëèçàöèÿ (ãèñòîãðàììíîå âûðàâíèâàíèå):

xnorm =
x− P0.5

P99.5 − P0.5

(3)

Ðåàëèçàöèÿ â Python:
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1 def normalize_image(image , method='percentile '):

2 if method == 'minmax ':

3 return (image - image.min()) / (image.max() - image.min())

4 elif method == 'zscore ':

5 return (image - image.mean()) / image.std()

6 elif method == 'percentile ':

7 p_min , p_max = np.percentile(image , [0.5, 99.5])

8 return (image - p_min) / (p_max - p_min)

9 return image

Ðàçìåòêà äàííûõ

Òèïû ðàçìåòêè

Äëÿ çàäà÷ êîìïüþòåðíîãî çðåíèÿ èñïîëüçóþòñÿ ðàçëè÷íûå òèïû ðàçìåòêè:

Òàáëèöà 3: Òèïû ðàçìåòêè ìåäèöèíñêèõ èçîáðàæåíèé

Òèï Îïèñàíèå Ïðèìåíåíèå

Bounding Box
(bbox)

Ïðÿìîóãîëüíèê âîêðóã
îáúåêòà

Äåòåêöèÿ îáúåêòîâ

Ïîëèãîíû Êîíòóð îáúåêòà Ñåãìåíòàöèÿ
Áèíàðíûå ìàñ-
êè

Ïîïèêñåëüíàÿ ðàçìåòêà Ñåãìåíòàöèÿ

Êëàññèôèêàöèÿ Ìåòêà âñåãî èçîáðàæå-
íèÿ

Êëàññèôèêàöèÿ

Landmarks Àíàòîìè÷åñêèå òî÷êè Ðåãèñòðàöèÿ

Ôîðìàò YOLO äëÿ äåòåêöèè

Êàæäàÿ ñòðîêà â ôàéëå ðàçìåòêè:

<class_id> <x_center> <y_center> <width> <height>

ãäå âñå êîîðäèíàòû íîðìàëèçîâàíû îò 0 äî 1 îòíîñèòåëüíî ðàçìåðîâ èçîáðàæåíèÿ.
Ïðèìåð:

8 0.354492 0.541992 0.017578 0.021484

Ôîðìàò YOLO äëÿ ñåãìåíòàöèè

Êàæäàÿ ñòðîêà â ôàéëå ïîëèãîíîâ:

<class_id> <x1> <y1> <x2> <y2> ... <xn> <yn>

Ïðèìåð:

8 0.349609 0.531250 0.345703 0.535156 0.345703 0.542969 ...

Ðîëü âðà÷à-ýêñïåðòà â ðàçìåòêå

Âðà÷-ýêñïåðò âûïîëíÿåò êðèòè÷åñêè âàæíûå ôóíêöèè:

1. Âåðèôèêàöèÿ ðàçìåòêè: ïîäòâåðæäåíèå êîððåêòíîñòè îáëàñòåé èíòåðåñà.
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2. Êëèíè÷åñêàÿ èíòåðïðåòàöèÿ: îïðåäåëåíèå êëèíè÷åñêîé çíà÷èìîñòè íàõîäîê.

3. Ôîðìèðîâàíèå ¾ëåãåíäû¿: äîêóìåíòèðîâàíèå äàííûõ.

4. Ðåøåíèå ñïîðíûõ ñëó÷àåâ: ýêñïåðòíûé àíàëèç ñëîæíûõ ïðèìåðîâ.

Ðèñêè îòñóòñòâèÿ ýêñïåðòèçû:

� Ôîðìèðîâàíèå ëîæíûõ ïàòòåðíîâ (shortcut learning)

� Îøèáêè â íåñòðóêòóðèðîâàííûõ äàííûõ

� Ïîòåðÿ êëèíè÷åñêîãî êîíòåêñòà

Àâòîìàòèçàöèÿ ïàéïëàéíà

Ñêðèïòû è èõ ðîëü

ttv_freq2.py � Ñòðàòèôèöèðîâàííûé ñïëèòòåð

Íàçíà÷åíèå: àâòîìàòè÷åñêîå ðàçáèåíèå äàòàñåòà íà îáó÷àþùóþ, âàëèäàöèîííóþ è òå-
ñòîâóþ âûáîðêè ñ ó÷¼òîì ÷àñòîòû êëàññîâ.

Êëþ÷åâàÿ îñîáåííîñòü: ðàçáèâàåò äàòàñåò, íà÷èíàÿ ñ ñàìûõ ðåäêèõ êëàññîâ. Ýòî
ãàðàíòèðóåò ïðèñóòñòâèå êàæäîãî êëàññà âî âñåõ íàáîðàõ.

Ïàðàìåòðû:

Òàáëèöà 4: Ïàðàìåòðû ñêðèïòà ttv_freq2.py

Ïàðàìåòð ÎáÿçàòåëüíîñòüÎïèñàíèå

�task Äà detect / segment / both
�images-dir Äà Ïàïêà ñ èçîáðàæåíèÿìè
�labels-dir Äà Ïàïêà ñ ðàçìåòêîé
�output-dir Äà Ïàïêà äëÿ ðåçóëüòàòîâ
�prede�ned-classes Íåò Ïóòü ê ôàéëó êëàññîâ
�train-ratio Íåò (0.8) Äîëÿ îáó÷àþùåé âûáîðêè
�val-ratio Íåò (0.1) Äîëÿ âàëèäàöèîííîé
�seed Íåò (42) Seed äëÿ âîñïðîèçâîäèìî-

ñòè

Ïðèìåð çàïóñêà:

1 python scripts/ttv_freq2.py --task detect \

2 --images -dir data/1 _2236040_zno_cyst_AF/images \

3 --labels -dir data/1 _2236040_zno_cyst_AF/images_labels \

4 --output -dir data/1 _2236040_zno_cyst_AF

train_yolo.py � Îáó÷åíèå äåòåêöèè

Íàçíà÷åíèå: îáó÷åíèå ìîäåëè YOLOv8 íà çàäà÷ó äåòåêöèè (bounding boxes).
Ïàðàìåòðû:
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Òàáëèöà 5: Ïàðàìåòðû ñêðèïòà train_yolo.py

Ïàðàìåòð Ïî óìîë÷à-
íèþ

Îïèñàíèå

�data Îáÿçàòåëüíûé Ïóòü ê data.yaml
�model yolov8s.pt Ïðåäîáó÷åííàÿ ìîäåëü
�epochs 100 Êîëè÷åñòâî ýïîõ
�batch 16 Ðàçìåð áàò÷à
�imgsz 512 Ðàçìåð èçîáðàæåíèÿ
�device 0 Óñòðîéñòâî (0, cpu)
�workers 0 DataLoader workers
�project runs/detect Äèðåêòîðèÿ ïðîåêòîâ
�name experiment Èìÿ ýêñïåðèìåíòà

Ïðèìåð çàïóñêà:

1 python scripts/train_yolo.py \

2 --data data/1 _2236040_zno_cyst_AF/data_detect.yaml \

3 --model yolov8s.pt \

4 --epochs 100 \

5 --batch 16 \

6 --name kidney_det_exp1

train_yolo_seg.py � Îáó÷åíèå ñåãìåíòàöèè

Íàçíà÷åíèå: îáó÷åíèå ìîäåëè YOLOv8 íà çàäà÷ó ñåãìåíòàöèè (ïîëèãîíû/ìàñêè).
Ïðèìåð çàïóñêà:

1 python scripts/train_yolo_seg.py \

2 --data data/1 _2236040_zno_cyst_AF/data_segment.yaml \

3 --model yolov8s -seg.pt \

4 --epochs 100 \

5 --batch 16 \

6 --name kidney_seg_exp1

nrrd_to_yolo.py � Êîíâåðòàöèÿ NRRD

Íàçíà÷åíèå: êîíâåðòàöèÿ 3D NRRD-ôàéëîâ â 2D-ñðåçû ôîðìàòà YOLO.
Îñíîâíûå ôóíêöèè:

� ×òåíèå .nrrd è .seg.nrrd ôàéëîâ

� Èçâëå÷åíèå 2D-ñðåçîâ ïî îñè Z

� Ñîõðàíåíèå â PNG è DICOM

� Ñîçäàíèå ðàçìåòêè â ôîðìàòå YOLO (bbox è ïîëèãîíû)

� Ãåíåðàöèÿ predefined_classes.txt è data.yaml

Èíòåãðàöèÿ ýòàïîâ

Ïîëíûé ïàéïëàéí äëÿ íîâîãî ýêñïåðèìåíòà
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1 # 1. Ñîçäàíèå ñòðóêòóðû

2 python scripts/create_experiment.py new_experiment

3

4 # 2. Êîíâåðòàöèÿ NRRD â YOLO

5 python scripts/nrrd_to_yolo.py

6

7 # 3. Ñòðàòèôèöèðîâàííûé ñïëèò

8 python scripts/ttv_freq2.py --task both \

9 --images -dir data/new_experiment/images \

10 --labels -dir data/new_experiment/images_labels \

11 --polygons -dir data/new_experiment/images_labels/polygons \

12 --output -dir data/new_experiment

13

14 # 4. Îáó÷åíèå äåòåêöèè

15 python scripts/train_yolo.py \

16 --data data/new_experiment/data_detect.yaml \

17 --epochs 100 \

18 --name new_experiment_detect

19

20 # 5. Îáó÷åíèå ñåãìåíòàöèè

21 python scripts/train_yolo_seg.py \

22 --data data/new_experiment/data_segment.yaml \

23 --epochs 100 \

24 --name new_experiment_seg

Àâòîìàòèçàöèÿ ñ ïîìîùüþ Make�le

1 # Makefile äëÿ àâòîìàòèçàöèè ïàéïëàéíà

2

3 .PHONY: all prepare split train -detect train -seg

4

5 EXPERIMENT = 1_2236040_zno_cyst_AF

6

7 all: prepare split train -detect train -seg

8

9 prepare:

10 python scripts/nrrd_to_yolo.py

11

12 split:

13 python scripts/ttv_freq2.py --task both \

14 --images -dir data/$(EXPERIMENT)/images \

15 --labels -dir data/$(EXPERIMENT)/images_labels \

16 --polygons -dir data/$(EXPERIMENT)/images_labels/polygons \

17 --output -dir data/$(EXPERIMENT)

18

19 train -detect:

20 python scripts/train_yolo.py \

21 --data data/$(EXPERIMENT)/data_detect.yaml \

22 --epochs 100 \

23 --name $(EXPERIMENT)_detect

24

25 train -seg:

26 python scripts/train_yolo_seg.py \

27 --data data/$(EXPERIMENT)/data_segment.yaml \

28 --epochs 100 \

29 --name $(EXPERIMENT)_seg

Ïðàêòè÷åñêèé ïðèìåð: Ýêñïåðèìåíò ZNO Cyst AF

Îïèñàíèå ýêñïåðèìåíòà

Äàòàñåò: 1_2236040_zno_cyst_AF
Õàðàêòåðèñòèêè:

� Ìîäàëüíîñòü: ÊÒ (êîìïüþòåðíàÿ òîìîãðàôèÿ)

� Êîëè÷åñòâî èñõîäíûõ ñðåçîâ: 1042 (DICOM)
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� Êîëè÷åñòâî îáðàáîòàííûõ ñðåçîâ: 300 (PNG)

� Êîëè÷åñòâî êëàññîâ: 12

� Òèï çàäà÷è: äåòåêöèÿ è ñåãìåíòàöèÿ

Ñõåìà êëàññîâ

predefined_classes.txt:

right_kidney_ID1

right_kidney_upper_segment_ID2

right_kidney_middle_segment_ID3

right_kidney_lower_segment_ID4

left_kidney_ID5

left_kidney_upper_segment_ID6

left_kidney_middle_segment_ID7

left_kidney_lower_segment_ID8

malignant_tumor_ID9

benign_tumor_ID10

cyst_ID11

abscess_ID12

Ñòðóêòóðà êëàññîâ:

Òàáëèöà 6: Ñòðóêòóðà êëàññîâ ýêñïåðèìåíòà

Êëàññ ID (1-based) YOLO idx Êîëè÷åñòâî

right_kidney 1 0 300
right_kidney_upper_segment 2 1 35
right_kidney_middle_segment 3 2 55
right_kidney_lower_segment 4 3 47
left_kidney 5 4 26
left_kidney_upper_segment 6 5 28
left_kidney_middle_segment 7 6 36
left_kidney_lower_segment 8 7 44
malignant_tumor 9 8 52
benign_tumor 10 9 38
cyst 11 10 41
abscess 12 11 12
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Ðåçóëüòàòû îáó÷åíèÿ

Äåòåêöèÿ

Òàáëèöà 7: Ðåçóëüòàòû îáó÷åíèÿ äåòåêöèè

Ìåòðèêà Çíà÷åíèå

mAP50 (box) 0.794
mAP50-95 (box) 0.681
Precision 0.823
Recall 0.856
F1-score 0.839

Ñåãìåíòàöèÿ

Òàáëèöà 8: Ðåçóëüòàòû îáó÷åíèÿ ñåãìåíòàöèè

Ìåòðèêà Çíà÷åíèå

mAP50 (mask) 0.752
mAP50-95 (mask) 0.623
Dice Coe�cient 0.815
IoU 0.748

Çàêëþ÷åíèå

Â äàííîé ëàáîðàòîðíîé ðàáîòå áûë ðàññìîòðåí ïîëíûé ïàéïëàéí ïîäãîòîâêè ìåäèöèí-
ñêèõ äàííûõ è îáó÷åíèÿ ìîäåëåé èñêóññòâåííîãî èíòåëëåêòà. Áûëè èçó÷åíû ìåòîäû
àóäèòà, ïðåäîáðàáîòêè, ðàçìåòêè è àâòîìàòèçàöèè ïðîöåññîâ. Ïðàêòè÷åñêèé ïðèìåð
ïðîäåìîíñòðèðîâàë ïðèìåíåíèå ýòèõ ìåòîäîâ äëÿ çàäà÷è äåòåêöèè è ñåãìåíòàöèè ïà-
òîëîãèé ïî÷åê íà ÊÒ-ñíèìêàõ.
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