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Ââåäåíèå

Öåëü ðàáîòû

Ñôîðìèðîâàòü ó ñëóøàòåëåé ïðîôåññèîíàëüíûå êîìïåòåíöèè â îáëàñòè àóäèòà, ïðåäî-
áðàáîòêè è ñòðóêòóðèðîâàíèÿ ìåäèöèíñêèõ èçîáðàæåíèé äëÿ ïîñëåäóþùåãî îáó÷åíèÿ
ìîäåëåé èñêóññòâåííîãî èíòåëëåêòà â çàäà÷àõ äèàãíîñòèêè è ëå÷åíèÿ îíêîëîãè÷åñêèõ
çàáîëåâàíèé.

Çàäà÷è ðàáîòû:

1. Ïðîâåñòè àóäèò ñòðóêòóðû ìåäèöèíñêîãî äàòàñåòà â ôîðìàòå NRRD.

2. Ðåàëèçîâàòü êîíâåðòàöèþ ïîëèãîíàëüíîé ðàçìåòêè â áèíàðíûå ìàñêè.

3. Âûïîëíèòü ðàñïàêîâêó 3D-äàííûõ â 2D-ñðåçû ôîðìàòà YOLO.

4. Ñîçäàòü êîíôèãóðàöèîííûå ôàéëû predefined_classes.txt è data.yaml.

5. Ïðîàíàëèçèðîâàòü ðîëü êëèíè÷åñêîãî ýêñïåðòà â ïîäãîòîâêå äàííûõ.

Êëèíè÷åñêèé êîíòåêñò

Â ðàìêàõ ëàáîðàòîðíîé ðàáîòû èñïîëüçóåòñÿ äàòàñåò 1_2236040_zno_cyst_AF, ïðåä-
ñòàâëÿþùèé ñîáîé ìóëüòèìîäàëüíûå ìåäèöèíñêèå äàííûå ïàöèåíòîâ ñ íîâîîáðàçîâà-
íèÿìè ïî÷åê. Èññëåäîâàíèå íàïðàâëåíî íà àâòîìàòè÷åñêóþ äåòåêöèþ è ñåãìåíòàöèþ
àíàòîìè÷åñêèõ ñòðóêòóð ïî÷åê è ïàòîëîãè÷åñêèõ îáðàçîâàíèé.

Îáúåêòû èññëåäîâàíèÿ:

� Ïî÷êè (ïðàâàÿ è ëåâàÿ)

� Ñåãìåíòû ïî÷åê (âåðõíèé, ñðåäíèé, íèæíèé)

� Ïàòîëîãè÷åñêèå îáðàçîâàíèÿ: çëîêà÷åñòâåííûå îïóõîëè, äîáðîêà÷åñòâåííûå îïó-
õîëè, êèñòû, àáñöåññû

Êëèíè÷åñêàÿ çíà÷èìîñòü: Ðàííÿÿ äèàãíîñòèêà è òî÷íàÿ äèôôåðåíöèðîâêà ïà-
òîëîãè÷åñêèõ îáðàçîâàíèé ïî÷åê êðèòè÷åñêè âàæíû äëÿ âûáîðà îïòèìàëüíîé òàêòè-
êè ëå÷åíèÿ è ïðîãíîçèðîâàíèÿ èñõîäîâ. Âíåäðåíèå ìåòîäîâ èñêóññòâåííîãî èíòåëëåêòà
ïîçâîëÿåò àâòîìàòèçèðîâàòü àíàëèç ìåäèöèíñêèõ èçîáðàæåíèé, ñíèçèòü íàãðóçêó íà
âðà÷åé è ïîâûñèòü òî÷íîñòü äèàãíîñòèêè.

Îáçîð ôîðìàòîâ äàííûõ

DICOM (Digital Imaging and Communications in Medicine)

DICOM � ìåæäóíàðîäíûé ñòàíäàðò ñîçäàíèÿ, õðàíåíèÿ è ïåðåäà÷è ìåäèöèíñêîé âèçó-
àëüíîé èíôîðìàöèè.

Êëþ÷åâûå îñîáåííîñòè:

� Êàæäûé ôàéë ñîäåðæèò íå òîëüêî ìàòðèöó ïèêñåëåé, íî è áîãàòûé íàáîð ìåòà-
äàííûõ.

� Ìåòàäàííûå âêëþ÷àþò èíôîðìàöèþ î ïàöèåíòå, ìîäàëüíîñòè, ïàðàìåòðàõ ñêàíè-
ðîâàíèÿ, îáîðóäîâàíèè.
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� Àííîòàöèè îáëàñòåé èíòåðåñà (ROI) õðàíÿòñÿ â îòäåëüíûõ ôàéëàõ DICOM-RT
Structure Set.

� Ôîðìàò ïîääåðæèâàåò ðàçëè÷íûå ìîäàëüíîñòè: ÊÒ, ÌÐÒ, ÏÝÒ, ìàììîãðàôèÿ è
äð.

Ñòðóêòóðà DICOM-ôàéëà:

� Çàãîëîâîê (ìåòàäàííûå): èíôîðìàöèÿ î ïàöèåíòå, èññëåäîâàíèè, ñåðèè, ïàðà-
ìåòðàõ ñêàíèðîâàíèÿ.

� Òåëî (ïèêñåëüíûå äàííûå): ìàòðèöà èíòåíñèâíîñòåé.

NRRD (Nearly Raw Raster Data)

NRRD � ôîðìàò, øèðîêî èñïîëüçóåìûé â íàó÷íûõ èññëåäîâàíèÿõ äëÿ õðàíåíèÿ ìíî-
ãîìåðíûõ ðàñòðîâûõ äàííûõ.

Êëþ÷åâûå îñîáåííîñòè:

� Ïðîñòàÿ ñòðóêòóðà: òåêñòîâûé çàãîëîâîê + áèíàðíûå äàííûå.

� Ïîääåðæêà 3D è 4D ìàññèâîâ.

� Ìèíèìàëüíûå ìåòàäàííûå, íî êðèòè÷åñêè âàæíûå.

� Ïàðàìåòðû space directions îïðåäåëÿþò íàïðàâëåíèå îñåé.

� Ïàðàìåòð space origin çàäà¼ò íà÷àëî êîîðäèíàò.

Ïðèìåð ñòðóêòóðû NRRD-ôàéëà:

NRRD0004

type: short

dimension: 3

sizes: 512 512 100

spacings: 0.5 0.5 1.0

space: left-posterior-superior

space directions: (1,0,0) (0,1,0) (0,0,1)

space origin: (0,0,0)

... binary data ...

Ñðàâíåíèå ôîðìàòîâ

Òàáëèöà 1: Ñðàâíåíèå ôîðìàòîâ DICOM è NRRD

Õàðàêòåðèñòèêà DICOM NRRD

Ñòðóêòóðà Ôàéë + ìåòàäàííûå Çàãîëîâîê + áèíàðíûå
äàííûå

Ðàçìåð ìåòàäàí-
íûõ

Áîëüøîé (ìåäèöèíñêèé
êîíòåêñò)

Ìèíèìàëüíûé (ãåîìåò-
ðèÿ)

Ïîääåðæêà 3D Äà (÷åðåç ñåðèè) Äà (ðîäíàÿ)
×èòàåìîñòü Òðåáóåòñÿ ñïåöèàëèçè-

ðîâàííîå ÏÎ
Ïîääåðæèâàåòñÿ ìíî-
ãèìè áèáëèîòåêàìè

Ðàçìåòêà Îòäåëüíûå ôàéëû (RT
Structure)

Â òîì æå ôàéëå èëè îò-
äåëüíîì .seg

Ïðèìåíåíèå Êëèíè÷åñêàÿ ïðàêòèêà Íàó÷íûå èññëåäîâàíèÿ
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Òåîðåòè÷åñêàÿ ÷àñòü

Ôîðìàò DICOM è DICOM-RT Structure Set

DICOM-RT Structure Set (DICOM-RTSS) � ýòî ñïåöèàëüíûé îáúåêò DICOM, ïðåäíà-
çíà÷åííûé äëÿ õðàíåíèÿ ñòðóêòóðíûõ íàáîðîâ, âêëþ÷àÿ êîíòóðû îáëàñòåé èíòåðåñà
(ROI).

Ñòðóêòóðà DICOM-RTSS:

� ROI Contour Sequence: ïîñëåäîâàòåëüíîñòü êîíòóðîâ äëÿ êàæäîé ROI.

� Contour Sequence: òî÷êè êîíòóðà â êîîðäèíàòàõ DICOM.

� ROI Observations: èíôîðìàöèÿ î êàæäîé ROI (òèï, íàçâàíèå).

Ôîðìàò õðàíåíèÿ êîíòóðîâ:

(3006, 0039) Contour Image Sequence

(3006, 0040) Contour Geometric Type: CLOSED_PLANAR

(3006, 0042) Contour Number: 1

(3006, 0050) Contour Data: [x1, y1, z1, x2, y2, z2, ...]

Êîîðäèíàòû êîíòóðîâ õðàíÿòñÿ â ôèçè÷åñêèõ êîîðäèíàòàõ DICOM (ìì) è ìîãóò
áûòü ïðåîáðàçîâàíû â ïèêñåëüíûå êîîðäèíàòû ñ èñïîëüçîâàíèåì àôôèííûõ ïðåîáðà-
çîâàíèé.

Ôîðìàò NRRD: ïðîñòðàíñòâåííàÿ îðèåíòàöèÿ

Äëÿ ðàáîòû ñ 3D-äàííûìè êðèòè÷åñêè âàæíî ñîõðàíåíèå ïðîñòðàíñòâåííîé îðèåíòà-
öèè. Ïàðàìåòðû space directions è space origin îïðåäåëÿþò ãåîìåòðèþ îáú¼ìà.

Ïàðàìåòðû îðèåíòàöèè:

� space directions: ìàòðèöà íàïðàâëåíèÿ îñåé.

� space origin: êîîðäèíàòû íà÷àëà êîîðäèíàò.

� spacings: ðàññòîÿíèÿ ìåæäó ïèêñåëÿìè ïî êàæäîé îñè.

Ìàòåìàòè÷åñêîå ïðåäñòàâëåíèå:

pworld = D · pvoxel + o (1)

ãäå:

� pworld � êîîðäèíàòû â ôèçè÷åñêîì ïðîñòðàíñòâå.

� D � ìàòðèöà íàïðàâëåíèÿ (3× 3).

� pvoxel � êîîðäèíàòû âîêñåëÿ.

� o � ñìåùåíèå (space origin).

Ïðèìåð ìàòðèöû íàïðàâëåíèÿ:

D =

−1 0 0
0 1 0
0 0 1

 (2)

Ïîòåðÿ ýòèõ ïàðàìåòðîâ ïðè êîíâåðòàöèè äåëàåò íåâîçìîæíûì èñïîëüçîâàíèå äàí-
íûõ äëÿ îáó÷åíèÿ 3D-íåéðîííûõ ñåòåé.
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Ïàéïëàéí ïîäãîòîâêè äàííûõ äëÿ YOLO

Ñòàíäàðòíûé ïàéïëàéí ïîäãîòîâêè äàííûõ âêëþ÷àåò ñëåäóþùèå ýòàïû:

1. Àóäèò äàííûõ: ïðîâåðêà ñòðóêòóðû, öåëîñòíîñòè, ñîîòâåòñòâèÿ ôîðìàòàì.

2. Èçâëå÷åíèå ñðåçîâ: êîíâåðòàöèÿ 3D-äàííûõ â 2D-ñðåçû.

3. Ñèíõðîíèçàöèÿ èçîáðàæåíèé è ðàçìåòêè: ñîîòâåòñòâèå ñðåçîâ è ìàñîê.

4. Íîðìàëèçàöèÿ èçîáðàæåíèé: ïðèâåäåíèå èíòåíñèâíîñòåé ê åäèíîìó äèàïàçî-
íó.

5. Ñîçäàíèå ðàçìåòêè â ôîðìàòå YOLO: êîíâåðòàöèÿ ïîëèãîíîâ â bbox è ïî-
ëèãîíû.

6. Ñòðóêòóðèðîâàíèå äàííûõ: îðãàíèçàöèÿ ôàéëîâ ïî ñòàíäàðòíîé ñòðóêòóðå.

7. Ñîçäàíèå êîíôèãóðàöèîííûõ ôàéëîâ: predefined_classes.txt è data.yaml.

Ñòàíäàðòíàÿ ñòðóêòóðà äèðåêòîðèé:

experiment/

- images/ # 2D-ñðåçû äëÿ îáó÷åíèÿ

- images_labels/ # Bbox-ðàçìåòêà (YOLO ôîðìàò)

- polygons/ # Ïîëèãîíû äëÿ ñåãìåíòàöèè

- images_result/ # Âèçóàëèçàöèÿ ðåçóëüòàòîâ

- masks_sam/ # Áèíàðíûå ìàñêè

- predefined_classes.txt # Ñõåìà êëàññîâ

- data.yaml # Êîíôèã YOLO

Ðîëü âðà÷à-ýêñïåðòà è ïîíÿòèå êëèíè÷åñêîé ¾ëåãåíäû¿

Àâòîìàòèçèðîâàííàÿ îáðàáîòêà íå ìîæåò çàìåíèòü êëèíè÷åñêóþ ýêñïåðòèçó. Ïîä êëè-
íè÷åñêîé ¾ëåãåíäîé¿ äàòàñåòà ïîíèìàåòñÿ ïîëíîå è òî÷íîå îïèñàíèå äàííûõ.

Êîìïîíåíòû êëèíè÷åñêîé ¾ëåãåíäû¿:

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

� Ïðîòîêîë ñêàíèðîâàíèÿ

� Ïîäòâåðæä¼ííûé äèàãíîç

� Êðèòåðèè âêëþ÷åíèÿ è èñêëþ÷åíèÿ

� Ïðàâèëà ðàçìåòêè îáëàñòåé èíòåðåñà

� Èñòî÷íèê äàííûõ

� Âåðñèÿ ïðîãðàììíîãî îáåñïå÷åíèÿ ñêàíåðà

Ðèñêè îòñóòñòâèÿ ýêñïåðòèçû:

1. Ôîðìèðîâàíèå ëîæíûõ ïàòòåðíîâ: íåéðîñåòü ìîæåò íàó÷èòüñÿ ðàñïîçíàâàòü
íå ïàòîëîãèþ, à àðòåôàêòû ñêàíèðîâàíèÿ èëè îñîáåííîñòè îáîðóäîâàíèÿ (¾shortcut
learning¿).
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2. Îøèáêè â íåñòðóêòóðèðîâàííûõ äàííûõ: ôàéëû áåç ðàñøèðåíèé èëè ñ íåêîð-
ðåêòíûìè èìåíàìè ìîãóò áûòü íåâåðíî èíòåðïðåòèðîâàíû.

3. Ïîòåðÿ êëèíè÷åñêîãî êîíòåêñòà: áåç âåðèôèêàöèè ¾ëåãåíäû¿ äàòàñåòà îáó÷å-
íèå ìîäåëè ñòàíîâèòñÿ áåññìûñëåííûì.

Îáÿçàòåëüíûå ìåðû:

� Âåðèôèêàöèÿ âûáîðêè êâàëèôèöèðîâàííûì âðà÷îì-ðàäèîëîãîì èëè îíêîëîãîì.

� Äîêóìåíòèðîâàíèå âñåõ ýòàïîâ ïîäãîòîâêè äàííûõ.

� Ôèêñàöèÿ ìîäàëüíîñòè, âåðñèè ÏÎ è èñòî÷íèêà äàííûõ â ìåòàäàííûõ ïðîåêòà.

Ïðàêòè÷åñêàÿ ÷àñòü

Àóäèò ñòðóêòóðû äàòàñåòà

Àíàëèç äèðåêòîðèè 1_2236040_zno_cyst_AF

Ïåðâûì øàãîì ÿâëÿåòñÿ àíàëèç ñòðóêòóðû ïîëó÷åííîé äèðåêòîðèè ñ äàííûìè.
Èñõîäíàÿ ñòðóêòóðà:

1_2236040_zno_cyst_AF/

- 501 arterial ax 1mm iDose (5).nrrd # Èñõîäíûå 3D äàííûå

- Segmentation.seg.nrrd # Ñåãìåíòàöèîííàÿ ìàñêà

- dcm/ # DICOM-ñðåçû (1042 ôàéëà)

- images/ # PNG-ñðåçû (300 ôàéëîâ)

- images_labels/ # Bbox-ðàçìåòêà

- polygons/ # Ïîëèãîíû äëÿ ñåãìåíòàöèè

- images_result/ # Âèçóàëèçàöèÿ ðåçóëüòàòîâ

- masks_sam/ # Ìàñêè SAM

Ñòàòèñòèêà äàííûõ:

Òàáëèöà 2: Ñòàòèñòèêà äàòàñåòà

Òèï äàííûõ Êîëè÷åñòâî

DICOM-ôàéëû 1042
PNG-èçîáðàæåíèÿ 300
Ôàéëû ðàçìåòêè (bbox) 300
Ôàéëû ðàçìåòêè (polygons) 300
Êëàññû 12

Âûÿâëåííûå îñîáåííîñòè:

1. Èñõîäíûå äàííûå ïðåäñòàâëåíû â ôîðìàòå NRRD (èçîáðàæåíèå è ñåãìåíòàöèîí-
íàÿ ìàñêà).

2. DICOM-ôàéëû ñãåíåðèðîâàíû èç NRRD.

3. PNG-èçîáðàæåíèÿ èçâëå÷åíû èç îïðåäåë¼ííîãî äèàïàçîíà ñðåçîâ (573�872).

4. Ðàçìåòêà ïðåäñòàâëåíà â ôîðìàòå YOLO êàê äëÿ äåòåêöèè (bbox), òàê è äëÿ
ñåãìåíòàöèè (ïîëèãîíû).

5. Ïðèñóòñòâóþò .gitkeep ôàéëû äëÿ ñîõðàíåíèÿ ïóñòûõ äèðåêòîðèé.
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Ïðîâåðêà öåëîñòíîñòè äàííûõ

Äëÿ ïðîâåðêè öåëîñòíîñòè íåîáõîäèìî:

1. Ñîïîñòàâèòü êîëè÷åñòâî èçîáðàæåíèé è ôàéëîâ ðàçìåòêè.

2. Ïðîâåðèòü ñîîòâåòñòâèå èäåíòèôèêàòîðîâ ñðåçîâ.

3. Âàëèäèðîâàòü ôîðìàòû êîîðäèíàò â ôàéëàõ ðàçìåòêè.

4. Ïðîâåðèòü îòñóòñòâèå ïîâðåæä¼ííûõ ôàéëîâ.

Ïðèìåð ïðîâåðêè ñîîòâåòñòâèÿ:

1 from pathlib import Path

2

3 images_dir = Path("data/1 _2236040_zno_cyst_AF/images")

4 labels_dir = Path("data/1 _2236040_zno_cyst_AF/images_labels")

5

6 images = set(f.stem for f in images_dir.glob("*.png"))

7 labels = set(f.stem for f in labels_dir.glob("*.txt"))

8

9 missing_labels = images - labels

10 missing_images = labels - images

11

12 print(len(images), len(labels))

13 print(len(missing_labels), len(missing_images))

Êîíâåðòàöèÿ ïîëèãîíîâ â áèíàðíûå ìàñêè

Èçâëå÷åíèå êîîðäèíàò èç DICOM-RT

Äëÿ êîíâåðòàöèè ïîëèãîíîâ èç DICOM-RT Structure Set â áèíàðíûå ìàñêè èñïîëüçóåòñÿ
áèáëèîòåêà pydicom.

Àëãîðèòì êîíâåðòàöèè:

1. ×òåíèå DICOM-RT Structure Set.

2. Èçâëå÷åíèå êîíòóðîâ îáëàñòåé èíòåðåñà (ROI).

3. Ïðåîáðàçîâàíèå ôèçè÷åñêèõ êîîðäèíàò â ïèêñåëüíûå.

4. Ðàñòåðèçàöèÿ ïîëèãîíîâ â áèíàðíûå ìàñêè.

5. Âèçóàëüíûé êîíòðîëü êà÷åñòâà.

Ðåàëèçàöèÿ:

1 import numpy as np

2 from skimage.draw import polygon

3

4 def rasterize_contour(coords , shape):

5 mask = np.zeros(shape , dtype=np.uint8)

6 rr, cc = polygon(coords[:, 1], coords[:, 0], shape)

7 mask[rr , cc] = 1

8 return mask
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Âèçóàëüíûé êîíòðîëü êà÷åñòâà

Ïîñëå êîíâåðòàöèè íåîáõîäèìî âèçóàëüíî ïðîâåðèòü êà÷åñòâî ïîëó÷åííûõ ìàñîê.
Ñêðèïò äëÿ âèçóàëèçàöèè:

1 import matplotlib.pyplot as plt

2

3 def show_mask(image , mask):

4 fig , axes = plt.subplots(1, 2, figsize =(12, 5))

5 axes [0]. imshow(image , cmap='gray')

6 axes [0]. set_title('Original ')

7 axes [0]. axis('off')

8 axes [1]. imshow(image , cmap='gray')

9 axes [1]. imshow(mask , cmap='jet', alpha =0.5)

10 axes [1]. set_title('Mask')

11 axes [1]. axis('off')

12 plt.show()

Òèïè÷íûå ïðîáëåìû:

� ¾Ðàçðûâû¿ êîíòóðîâ èç-çà ïîâðåæä¼ííûõ òåãîâ.

� Ñìåùåíèå êîíòóðîâ èç-çà îøèáîê â àôôèííûõ ïðåîáðàçîâàíèÿõ.

� Ïðîïóùåííûå ñðåçû â ìíîãîñëîéíûõ ñòðóêòóðàõ.

Ðàñïàêîâêà NRRD â 2D-ñðåçû

Çàãðóçêà NRRD-ôàéëîâ

Äëÿ ðàáîòû ñ NRRD-ôàéëàìè èñïîëüçóåòñÿ áèáëèîòåêà nrrd.
Çàãðóçêà èçîáðàæåíèÿ è ìàñêè:

1 import nrrd

2

3 def load_nrrd(path):

4 data , header = nrrd.read(path)

5 return data , header

6

7 img_data , img_header = load_nrrd("image.nrrd")

8 seg_data , seg_header = load_nrrd("seg.seg.nrrd")

Ñèíõðîíèçàöèÿ ñðåçîâ

Êðèòè÷åñêè âàæíî ñîõðàíèòü ñîîòâåòñòâèå ìåæäó ñðåçàìè èçîáðàæåíèÿ è ìàñêè.
Ñèíõðîíèçàöèÿ:

1 def extract_slice(data , z):

2 return data[:, :, z].T

3

4 img_slice = extract_slice(img_data , 600)

5 seg_slice = extract_slice(seg_data , 600)

Ñîõðàíåíèå ïðîñòðàíñòâåííîé îðèåíòàöèè

Ïðè êîíâåðòàöèè íåîáõîäèìî ñîõðàíèòü ïàðàìåòðû îðèåíòàöèè.
Ñîõðàíåíèå ïàðàìåòðîâ:
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1 def save_orientation(header , path):

2 params = {

3 'space': header.get('space ', ''),

4 'space_directions ': header.get('space directions ', ''),

5 'space_origin ': header.get('space origin ', ''),

6 'spacings ': header.get('spacings ', ''),

7 }

8 with open(path , 'w') as f:

9 for k, v in params.items():

10 f.write(k + ': ' + str(v) + '\n')

Ñîçäàíèå êîíôèãóðàöèîííûõ ôàéëîâ

predefined_classes.txt

Ôàéë predefined_classes.txt ñîäåðæèò ïîëíóþ ñõåìó êëàññîâ äëÿ ýêñïåðèìåíòà.
Ñîäåðæèìîå ôàéëà:

1 right_kidney_ID1

2 right_kidney_upper_segment_ID2

3 right_kidney_middle_segment_ID3

4 right_kidney_lower_segment_ID4

5 left_kidney_ID5

6 left_kidney_upper_segment_ID6

7 left_kidney_middle_segment_ID7

8 left_kidney_lower_segment_ID8

9 malignant_tumor_ID9

10 benign_tumor_ID10

11 cyst_ID11

12 abscess_ID12

Ôîðìàò: îäèí êëàññ íà ñòðîêó, ïîçèöèÿ â ôàéëå = YOLO index (0-based).
Îñîáåííîñòè:

1. Êàæäûé ýêñïåðèìåíò èìååò ñâîé ñîáñòâåííûé ôàéë êëàññîâ.

2. Ïîçâîëÿåò èñïîëüçîâàòü ðàçíûå íàáîðû êëàññîâ äëÿ ðàçíûõ ïðåïàðàòîâ.

3. Ñêðèïò ttv_freq2.py àâòîìàòè÷åñêè çàãðóæàåò ýòîò ôàéë.

4. Îáåñïå÷èâàåò ñîãëàñîâàííîñòü êëàññîâ ìåæäó ðàçëè÷íûìè çàäà÷àìè (äåòåêöèÿ,
ñåãìåíòàöèÿ).

data.yaml

Ôàéë data.yaml ÿâëÿåòñÿ îñíîâíûì êîíôèãóðàöèîííûì ôàéëîì äëÿ YOLO.
Ñîäåðæèìîå ôàéëà:

1 path: D:/ai -med -edu/data/1 _2236040_zno_cyst_AF

2 train: images

3 val: images

4 test: images

5 nc: 12

6 names: ['right_kidney_ID1 ', 'right_kidney_upper_segment_ID2 ']

Ïàðàìåòðû:

� path: àáñîëþòíûé ïóòü ê ïàïêå ýêñïåðèìåíòà.
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� train/val/test: ïóòè ê ôàéëàì ñî ñïèñêàìè èçîáðàæåíèé.

� nc: êîëè÷åñòâî êëàññîâ (äîëæíî ñîâïàäàòü ñ êîëè÷åñòâîì ñòðîê â predefined_classes.txt).

� names: ñïèñîê íàçâàíèé êëàññîâ â ïîðÿäêå èõ èíäåêñîâ (0-based).

Ðåçóëüòàòû

Ñòðóêòóðà äèðåêòîðèé ïîñëå îáðàáîòêè

Ïîñëå âûïîëíåíèÿ âñåõ øàãîâ îáðàáîòêè ñòðóêòóðà äèðåêòîðèé èìååò ñëåäóþùèé âèä:

1_2236040_zno_cyst_AF/

- images/ # PNG-ñðåçû (300 ôàéëîâ)

- slice_0573.png

- slice_0574.png

- ...

- images_labels/ # Bbox-ðàçìåòêà

- slice_0573.txt

- slice_0574.txt

- ...

- polygons/ # Ïîëèãîíû

- slice_0573.txt

- slice_0574.txt

- ...

- images_result/ # Âèçóàëèçàöèÿ

- slice_0573_preview.png

- slice_0574_preview.png

- ...

- masks_sam/ # Áèíàðíûå ìàñêè

- slice_0573_class_8_obj_0000.png

- ...

- dcm/ # DICOM-ñðåçû (1042 ôàéëà)

- slice_0000.dcm

- slice_0001.dcm

- ...

- predefined_classes.txt # Ñõåìà êëàññîâ (12 êëàññîâ)

- data.yaml # Êîíôèã YOLO

Ïðèìåðû ðàçìåòêè

Ôîðìàò BBOX (äåòåêöèÿ)

Ôàéë: images_labels/slice_0573.txt

8 0.354492 0.541992 0.017578 0.021484

Ôîðìàò: <class_id> <x_center> <y_center> <width> <height>

Ãäå:

� class_id: èíäåêñ êëàññà (0-based).

� x_center, y_center: êîîðäèíàòû öåíòðà îáúåêòà (íîðìàëèçîâàííûå îò 0 äî 1).

� width, height: ðàçìåðû îáúåêòà (íîðìàëèçîâàííûå îò 0 äî 1).
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Ôîðìàò POLYGON (ñåãìåíòàöèÿ)

Ôàéë: images_labels/polygons/slice_0573.txt

8 0.349609 0.531250 0.345703 0.535156 0.345703 0.542969 ...

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

Ãäå:

� class_id: èíäåêñ êëàññà (0-based).

� x1, y1, x2, y2, ...: êîîðäèíàòû òî÷åê ïîëèãîíà (íîðìàëèçîâàííûå îò 0 äî 1).

Ñòàòèñòèêà ïî êëàññàì

Òàáëèöà 3: Ðàñïðåäåëåíèå êëàññîâ â äàòàñåòå

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

right_kidney 1 0 300 100.0%
right_kidney_upper_segment 2 1 35 11.7%
right_kidney_middle_segment 3 2 55 18.3%
right_kidney_lower_segment 4 3 47 15.7%
left_kidney 5 4 26 8.7%
left_kidney_upper_segment 6 5 28 9.3%
left_kidney_middle_segment 7 6 36 12.0%
left_kidney_lower_segment 8 7 44 14.7%
malignant_tumor 9 8 52 17.3%
benign_tumor 10 9 38 12.7%
cyst 11 10 41 13.7%
abscess 12 11 12 4.0%

Ïðèìå÷àíèå: Ïðîöåíòû óêàçàíû îòíîñèòåëüíî îáùåãî êîëè÷åñòâà èçîáðàæåíèé (300).

Âûâîäû

Â õîäå âûïîëíåíèÿ ëàáîðàòîðíîé ðàáîòû áûëè ïîëó÷åíû ñëåäóþùèå ðåçóëüòàòû:

1. Ïðîâåä¼í àóäèò ñòðóêòóðû äàòàñåòà: âûÿâëåíû ôîðìàòû äàííûõ (NRRD,
DICOM, PNG), êîëè÷åñòâî ôàéëîâ è èõ ñîîòâåòñòâèå.

2. Ðåàëèçîâàíà êîíâåðòàöèÿ ïîëèãîíîâ â áèíàðíûå ìàñêè: ðàçðàáîòàí ïàé-
ïëàéí äëÿ ïðåîáðàçîâàíèÿ ïîëèãîíàëüíîé ðàçìåòêè â ðàñòðîâûå ìàñêè, ïðèãîä-
íûå äëÿ ðàñ÷¼òà ðàäèîìåòðè÷åñêèõ õàðàêòåðèñòèê è îáó÷åíèÿ ñåãìåíòàöèîííûõ
ìîäåëåé.

3. Âûïîëíåíà ðàñïàêîâêà NRRD â 2D-ñðåçû: ðàçðàáîòàí àâòîìàòèçèðîâàííûé
ñêðèïò, êîòîðûé èçâëåêàåò 2D-ñðåçû èç 3D-ìàññèâà, ñèíõðîíèçèðóåò èõ ñ ñîîòâåò-
ñòâóþùèìè ìàñêàìè è îðãàíèçóåò ôàéëîâóþ ñèñòåìó ïî åäèíîìó øàáëîíó.

4. Ñîçäàíû êîíôèãóðàöèîííûå ôàéëû: predefined_classes.txt (12 êëàññîâ)
è data.yaml � åäèíàÿ òî÷êà óïðàâëåíèÿ êëàññàìè è ïóòÿìè ê äàííûì.
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5. Ïîäòâåðæäåíà ðîëü âðà÷à-ýêñïåðòà: âåðèôèêàöèÿ êëèíè÷åñêîé ¾ëåãåíäû¿
äàòàñåòà ÿâëÿåòñÿ îáÿçàòåëüíûì óñëîâèåì äëÿ çàïóñêà îáó÷åíèÿ ìîäåëè, ïðåäîò-
âðàùàÿ ôîðìèðîâàíèå ëîæíûõ ïàòòåðíîâ.

6. Âûÿâëåíû ñèñòåìíûå ðèñêè: ïîòåðÿ ïðîñòðàíñòâåííîé îðèåíòàöèè ïðè ðàñïà-
êîâêå NRRD, ïîâðåæä¼ííûå òåãè â DICOM-RT, îòñóòñòâèå êëèíè÷åñêîé ýêñïåð-
òèçû.

Ðåêîìåíäàöèè ïî ìàñøòàáèðîâàíèþ:

1. Èñïîëüçîâàòü predefined_classes.txt êàê åäèíûé èñòî÷íèê èñòèíû äëÿ âñåõ
ýêñïåðèìåíòîâ.

2. Àâòîìàòèçèðîâàòü ïðîâåðêó öåëîñòíîñòè äàííûõ ïåðåä îáðàáîòêîé.

3. Âíåäðèòü îáÿçàòåëüíóþ âèçóàëüíóþ âåðèôèêàöèþ ìàñîê âðà÷îì-ýêñïåðòîì.

4. Ñîõðàíÿòü ïàðàìåòðû ïðîñòðàíñòâåííîé îðèåíòàöèè ïðè ëþáîé êîíâåðòàöèè.

Êîíòðîëüíûå âîïðîñû

1. Â ÷¼ì çàêëþ÷àþòñÿ ïðèíöèïèàëüíûå ðàçëè÷èÿ ìåæäó ôîðìàòàìè DICOM è NRRD?
Â êàêèõ ñëó÷àÿõ ïðåäïî÷òèòåëüíåå èñïîëüçîâàòü êàæäûé èç íèõ ïðè îðãàíèçàöèè
ðàäèîìè÷åñêèõ èññëåäîâàíèé?

2. Ïî÷åìó ôàéëû DICOM-RT Structure Set òðåáóþò îñîáîé ïðîâåðêè öåëîñòíîñòè
ïåðåä êîíâåðòàöèåé â áèíàðíûå ìàñêè? Êàêèå ïîñëåäñòâèÿ ìîãóò âîçíèêíóòü ïðè
íàëè÷èè ïîâðåæä¼ííûõ òåãîâ?

3. Êàêóþ ðîëü èãðàþò ìåòàäàííûå space directions è space origin â ôîðìàòå
NRRD? Ïî÷åìó èõ ïîòåðÿ êðèòè÷íà ïðè ðàáîòå ñ 3D-ìîäåëÿìè è îáó÷åíèè íåé-
ðîííûõ ñåòåé?

4. ×òî òàêîå ¾êëèíè÷åñêàÿ ëåãåíäà¿ äàòàñåòà è ïî÷åìó å¼ âåðèôèêàöèÿ âðà÷îì-
ýêñïåðòîì ÿâëÿåòñÿ îáÿçàòåëüíûì ýòàïîì ïåðåä îáó÷åíèåì ìîäåëè ÈÈ?

5. Êàêèå ïðåèìóùåñòâà äà¼ò èñïîëüçîâàíèå êîíôèãóðàöèîííûõ ôàéëîâ data.yaml

è predefined_classes.txt ïðè ìàñøòàáèðîâàíèè ïðîåêòà è ïîäêëþ÷åíèè íîâûõ
êîãîðò ïàöèåíòîâ?

6. Ïðîàíàëèçèðóéòå ñòðóêòóðó çàêðåïë¼ííîãî çà âàìè äàòàñåòà. Ê êàêîé ãðóïïå
(DICOM èëè NRRD) îí îòíîñèòñÿ? Êàêèå îñîáåííîñòè õðàíåíèÿ äàííûõ è ðàç-
ìåòêè âû âûÿâèëè?

7. Îïèøèòå ïîøàãîâî ïðîöåññ êîíâåðòàöèè ïîëèãîíàëüíîé ðàçìåòêè â áèíàðíóþ
ìàñêó äëÿ âàøåãî ôîðìàòà äàííûõ. Êàêèå áèáëèîòåêè Python âû èñïîëüçîâàëè è
ïî÷åìó?

8. Êàêèå ðàäèîìåòðè÷åñêèå õàðàêòåðèñòèêè áûëè ðàññ÷èòàíû êëèåíò-ñåðâåðíûì ïðè-
ëîæåíèåì äëÿ îáëàñòåé èíòåðåñà âàøåãî äàòàñåòà? Êàêèå èç ýòèõ ïðèçíàêîâ, íà
âàø âçãëÿä, íàèáîëåå èíôîðìàòèâíû äëÿ ðåøåíèÿ êëèíè÷åñêîé çàäà÷è?

9. Åñëè áû âàì ïîòðåáîâàëîñü ïîäêëþ÷èòü ê ïðîåêòó íîâûé äàòàñåò â íåèçâåñòíîì
ôîðìàòå, êàêóþ ïîñëåäîâàòåëüíîñòü äåéñòâèé âû áû ïðåäïðèíÿëè? Íà êàêîì ýòà-
ïå ïîòðåáîâàëîñü áû ïðèâëå÷åíèå âðà÷à-ýêñïåðòà?
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10. Ïðåäëîæèòå ñòðàòåãèþ ìàñøòàáèðîâàíèÿ òåêóùåãî äàòàñåòà äëÿ åãî ïîñëåäóþ-
ùåãî èñïîëüçîâàíèÿ â ðåàëüíîì êëèíè÷åñêîì âíåäðåíèè. Êàêèå äîïîëíèòåëüíûå
äàííûå è â êàêîì îáú¼ìå íåîáõîäèìî ïðèâëå÷ü?
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Ïðèëîæåíèå: Êîä ñêðèïòà nrrd_to_yolo.py

1 import os

2 import re

3 import numpy as np

4 import nrrd

5 import pydicom

6 from pydicom.uid import ExplicitVRLittleEndian

7 from pydicom.uid import generate_uid

8 from pathlib import Path

9 import matplotlib

10 matplotlib.use('Agg')

11 import matplotlib.pyplot as plt

12 from matplotlib.patches import Rectangle

13 from matplotlib.colors import ListedColormap

14 from scipy import ndimage

15 import cv2

16

17 BASE_DIR = "data/1 _2236040_zno_cyst_AF"

18 IMG_NRRD = "501 arterial ax 1mm iDose (5).nrrd"
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19 SEG_NRRD = "Segmentation.seg.nrrd"

20 CT_CMAP = 'gray'

21 POLY_EPSILON = 0.01

22

23 def extract_segment_metadata(header):

24 names = {}

25 colors = {}

26 for key , value in header.items ():

27 if key.startswith('Segment ') and key.endswith('_LabelValue '):

28 match = re.search(r'Segment (\d+) _LabelValue ', key)

29 if match:

30 seg_idx = int(match.group (1))

31 label_val = int(float(value))

32 name_key = f'Segment{seg_idx}_Name'

33 names[label_val] = header.get(name_key , '')

34 color_key = f'Segment{seg_idx}_Color '

35 color_str = header.get(color_key , '')

36 if color_str:

37 parts = color_str.strip ().split()

38 if len(parts) >= 3:

39 r, g, b = [int(float(c) * 255) for c in parts [:3]]

40 colors[label_val] = f"#{r:02x}{g:02x}{b:02x}"

41 return names , colors

42

43 def create_dicom_from_slice(slice_data , z_index):

44 ds = pydicom.Dataset ()

45 ds.file_meta = pydicom.Dataset ()

46 ds.file_meta.TransferSyntaxUID = ExplicitVRLittleEndian

47 ds.file_meta.MediaStorageSOPClassUID = '1.2.840.10008.5.1.4.1.1.2 '

48 ds.file_meta.MediaStorageSOPInstanceUID = generate_uid ()

49 ds.file_meta.ImplementationClassUID = generate_uid ()

50 ds.SOPClassUID = ds.file_meta.MediaStorageSOPClassUID

51 ds.SOPInstanceUID = ds.file_meta.MediaStorageSOPInstanceUID

52 ds.PatientName = "ANON^PATIENT"

53 ds.PatientID = "000000"

54 ds.StudyDate = "20260602"

55 ds.Modality = "CT"

56 ds.InstanceNumber = str(z_index)

57 ds.Rows , ds.Columns = slice_data.shape

58 ds.PixelSpacing = [1.0, 1.0]

59 ds.SliceThickness = 1.0

60 ds.BitsAllocated = 16

61 ds.BitsStored = 16

62 ds.HighBit = 15

63 ds.PixelRepresentation = 1

64 ds.ImagePositionPatient = [0.0, 0.0, float(z_index)]

65 ds.ImageOrientationPatient = [1.0, 0.0, 0.0, 0.0, 1.0, 0.0]

66 ds.SamplesPerPixel = 1

67 ds.PhotometricInterpretation = "MONOCHROME2"

68 ds.PixelData = slice_data.tobytes ()

69 return ds

70

71 def extract_polygon(mask_uint8):

72 contours , _ = cv2.findContours(mask_uint8 , cv2.RETR_EXTERNAL ,

73 cv2.CHAIN_APPROX_SIMPLE)

74 if not contours:

75 return None

76 largest_contour = max(contours , key=cv2.contourArea)

77 epsilon = POLY_EPSILON * cv2.arcLength(largest_contour , True)

78 approx = cv2.approxPolyDP(largest_contour , epsilon , True)
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79 if len(approx) < 3:

80 return None

81 points = [(int(pt [0][0]) , int(pt [0][1])) for pt in approx]

82 return points

83

84 def save_png_safe(path , image):

85 success , buffer = cv2.imencode('.png', image)

86 if not success:

87 raise RuntimeError("cv2.imencode failed")

88 path.write_bytes(buffer.tobytes ())

89

90 def main():

91 base_path = Path(BASE_DIR)

92 if not base_path.exists ():

93 print("Error: directory not found")

94 return

95 print("Working directory:", base_path.absolute ())

96 for d in ["images", "dcm", "images_labels", "images_labels/

polygons",

97 "images_result", "images_result/masks_sam"]:

98 (base_path / d).mkdir(exist_ok=True)

99 print("Loading NRRD ...")

100 img_data , _ = nrrd.read(base_path / IMG_NRRD)

101 seg_data , seg_header = nrrd.read(base_path / SEG_NRRD)

102 if img_data.shape != seg_data.shape:

103 raise ValueError("Shape mismatch")

104 SEGMENT_NAMES , SEGMENT_COLORS = extract_segment_metadata(

seg_header)

105 if not SEGMENT_NAMES:

106 print("No metadata , using placeholders")

107 unique = np.unique(seg_data[seg_data > 0])

108 SEGMENT_NAMES = {int(l): f"Class_{int(l)}" for l in unique}

109 SEGMENT_COLORS = {int(l): f"#{np.random.randint(0, 0xFFFFFF):06x}"

110 for l in unique}

111 sorted_labels = sorted(SEGMENT_NAMES.keys())

112 class_names = [SEGMENT_NAMES[l] for l in sorted_labels]

113 max_label = max(sorted_labels)

114 color_map_list = ['#000000 '] * (max_label + 1)

115 for lbl , col in SEGMENT_COLORS.items ():

116 if lbl <= max_label:

117 color_map_list[lbl] = col

118 custom_cmap = ListedColormap(color_map_list)

119 print("Found classes:", class_names)

120 (base_path / "predefined_classes.txt").write_text("\n".join(

class_names))

121 W, H, D = img_data.shape

122 count = 0

123 mask_count = 0

124 for z in range(D):

125 img_slice = img_data[:, :, z].T

126 seg_slice = seg_data[:, :, z].T

127 create_dicom_from_slice(img_slice.astype(np.int16), z).save_as(

128 base_path / "dcm" / f"slice_{z:04d}.dcm")

129 p_min , p_max = np.percentile(img_slice , [0.5, 99.5])

130 img_uint8 = (np.clip(img_slice , p_min , p_max) - p_min) / (p_max -

p_min + 1e-8) * 255

131 img_uint8 = img_uint8.astype(np.uint8)

132 slice_labels = np.unique(seg_slice[seg_slice > 0])

133 slice_labels = [int(l) for l in slice_labels]

134 if len(slice_labels) > 0:
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135 bbox_lines = []

136 polygon_lines = []

137 fig , ax = plt.subplots(figsize =( img_slice.shape [1]/100 ,

138 img_slice.shape [0]/100))

139 ax.imshow(img_uint8 , cmap=CT_CMAP)

140 ax.imshow(seg_slice , cmap=custom_cmap , alpha =0.4)

141 H_curr , W_curr = img_slice.shape

142 for label in slice_labels:

143 mask_class = (seg_slice == label)

144 labeled_objs , num_objs = ndimage.label(mask_class ,

145 structure=np.ones ((3 ,3)))

146 for obj_idx in range(1, num_objs + 1):

147 obj_mask = (labeled_objs == obj_idx)

148 ys, xs = np.where(obj_mask)

149 if len(ys) == 0:

150 continue

151 x_min , y_min , x_max , y_max = xs.min(), ys.min(), xs.max(), ys.max

()

152 xc = (x_min + x_max) / 2.0

153 yc = (y_min + y_max) / 2.0

154 bw = x_max - x_min

155 bh = y_max - y_min

156 yolo_class_id = sorted_labels.index(label)

157 bbox_lines.append(

158 f"{yolo_class_id} {xc/W_curr :.6f} {yc/H_curr :.6f} "

159 f"{bw/W_curr :.6f} {bh/H_curr :.6f}")

160 obj_mask_uint8 = (obj_mask * 255).astype(np.uint8)

161 polygon = extract_polygon(obj_mask_uint8)

162 if polygon:

163 norm_points = []

164 for (px , py) in polygon:

165 norm_points.append(f"{px/W_curr :.6f}")

166 norm_points.append(f"{py/H_curr :.6f}")

167 polygon_lines.append(f"{yolo_class_id} " + " ".join(norm_points))

168 single_mask = np.zeros((H_curr , W_curr), dtype=np.uint8)

169 single_mask[obj_mask] = 255

170 mask_filename = (f"slice_{z:04d}_class_{yolo_class_id}_"

171 f"obj_{(obj_idx -1) :04d}.png")

172 mask_path = base_path / "images_result" / "masks_sam" /

mask_filename

173 try:

174 save_png_safe(mask_path , single_mask)

175 mask_count += 1

176 except Exception as e:

177 print("Error saving mask:", e)

178 color_hex = color_map_list[label]

179 rect = Rectangle ((x_min , y_min), bw , bh , linewidth=2,

180 edgecolor=color_hex , facecolor='none',

181 linestyle='-', alpha =0.7)

182 ax.add_patch(rect)

183 if polygon:

184 poly_pts = np.array(polygon)

185 closed_pts = np.vstack ([poly_pts , poly_pts [0:1]])

186 ax.plot(closed_pts [:, 0], closed_pts [:, 1],

187 color=color_hex , linewidth =2.5,

188 linestyle='--', alpha =0.9)

189 (base_path / "images_labels" / f"slice_{z:04d}.txt").write_text(

190 "\n".join(bbox_lines) + "\n")

191 if polygon_lines:
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192 (base_path / "images_labels" / "polygons" / f"slice_{z:04d}.txt").

write_text(

193 "\n".join(polygon_lines) + "\n")

194 plt.imsave(base_path / "images" / f"slice_{z:04d}.png",

195 img_uint8 , cmap=CT_CMAP , format='png')

196 ax.set_title(f"Slice {z}")

197 ax.axis('off')

198 plt.tight_layout(pad =0)

199 plt.savefig(base_path / "images_result" / f"slice_{z:04d}_preview.

png",

200 dpi=150, bbox_inches='tight ')

201 plt.close(fig)

202 count += 1

203 (base_path / "data.yaml").write_text(

204 f"path: {base_path.absolute ()}\n"

205 f"train: images\n"

206 f"val: images\n"

207 f"test: images\n"

208 f"nc: {len(class_names)}\n"

209 f"names: {class_names }\n")

210 print("Done! Processed slices:", count)

211 print("Created binary masks:", mask_count)

212

213 if __name__ == "__main__":

214 try:

215 main()

216 except Exception as e:

217 print("Error:", e)

218 import traceback

219 traceback.print_exc ()
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