Supplementary Materials S1: Model Architectures and Training Details

S1.1 Hardware and software environment
All models were trained on a workstation equipped with an NVIDIA GeForce RTX 4090 GPU (24 GB VRAM), using Python 3.8, PyTorch 1.12, and CUDA 11.6.

S1.2 Image quality assessment (DCNN1) and anatomical site classification (DCNN2)
	Parameter
	EfficientNet-B7
	ResNet50
	ResNet50 + Mean Teacher

	Pretrained weights
	ImageNet
	ImageNet
	ImageNet

	Input size
	224 × 224
	224 × 224
	224 × 224

	Optimizer
	Adam
	Adam
	SGD (momentum = 0.9)

	Initial learning rate
	1 × 10⁻⁴
	1 × 10⁻⁴
	1 × 10⁻³

	Learning-rate schedule
	Cosine annealing
	Cosine annealing
	Cosine annealing

	Batch size
	32
	32
	32

	Maximum epochs
	50
	50
	100

	Weight decay
	1 × 10⁻⁵
	1 × 10⁻⁵
	1 × 10⁻⁴

	EMA decay
	Not applicable
	Not applicable
	0.999



For DCNN1 and DCNN2, images were normalized using ImageNet mean and standard deviation. Training-time augmentation included random horizontal and vertical flips, random rotation within ±15°, random resized cropping (scale 0.8–1.0), and color jittering (brightness = 0.2, contrast = 0.2, and saturation = 0.1).

S1.3 Atrophy segmentation (DCNN3b)
	Parameter
	UNet V2
	UNet++

	Encoder
	ImageNet-pretrained ResNet50
	ImageNet-pretrained ResNet50

	Input size
	512 × 512
	512 × 512

	Optimizer
	Adam
	Adam

	Initial learning rate
	1 × 10⁻⁴
	1 × 10⁻⁴

	Learning-rate schedule
	ReduceLROnPlateau (patience = 5)
	ReduceLROnPlateau (patience = 5)

	Batch size
	8
	8

	Maximum epochs
	100
	100

	Loss function
	Binary cross-entropy + Dice loss
	Binary cross-entropy + Dice loss

	Weight decay
	1 × 10⁻⁵
	1 × 10⁻⁵



For DCNN3b, training-time augmentation included random horizontal and vertical flips, random rotation within ±30°, elastic transformation, and random brightness and contrast adjustment.

S1.4 Atrophy classification (DCNN3a)
	Parameter
	DCNN3a-1 (feature-prompted)
	DCNN3a-2 (whole-image)

	Input
	Original image with segmentation-mask overlay
	Original image only

	Backbone
	Best-performing architecture from DCNN1/DCNN2
	Same as DCNN3a-1

	Pretrained weights
	ImageNet
	ImageNet

	Input size
	224 × 224
	224 × 224

	Optimizer
	Adam
	Adam

	Initial learning rate
	5 × 10⁻⁵
	5 × 10⁻⁵

	Learning-rate schedule
	Cosine annealing
	Cosine annealing

	Batch size
	32
	32

	Maximum epochs
	80
	80

	Weight decay
	1 × 10⁻⁵
	1 × 10⁻⁵



For the feature-prompted model, the mask predicted by the selected DCNN3b model (UNet V2) was overlaid on the original image with an opacity of 0.3 to highlight suspected atrophic regions before classification.

S1.5 Inference performance
[bookmark: _GoBack]The three modules were run sequentially for each video frame. On an NVIDIA GeForce RTX 4090 GPU, average processing time was approximately 50 ms per frame (about 20 frames per second), supporting real-time endoscopic video analysis.

Supplementary

Materials

S1:

Model

Architectures

and

Training

Details

S1.1

Hardware

and

software

environment

All

models

were

trained

on

a

workstation

equipped

with

an

NVIDIA

GeForce

RTX

4090

GPU

(24

GB

VRAM),

using

Python

3.8,

PyTorch

1.12,

and

CUDA

11.6.

S1.2

Image

quality

assessment

(DCNN1)

and

anatomical

site

classification

(DCNN2)

Parameter

EfficientNet-B7

ResNet50

ResNet50

+

Mean

Teacher

Pretrained

weights

ImageNet

ImageNet

ImageNet

Input

size

224

×

224

224

×

224

224

×

224

Optimizer

Adam

Adam

SGD

(momentum

=

0.9)

Initial

learning

rate

1

×

10

?4

1

×

10

?4

1

×

10

?³

Learning-rate

schedule

Cosine

annealing

Cosine

annealing

Cosine

annealing

Batch

size

32

32

32

Maximum

epochs

50

50

100

Weight

decay

1

×

10

?5

1

×

10

?5

1

×

10

?4

EMA

decay

Not

applicable

Not

applicable

0.999

For

DCNN1

and

DCNN2,

images

were

normalized

using

ImageNet

mean

and

standard

deviation.

Training-time

augmentation

included

random

horizontal

and

vertical

flips,

random

rotation

within

±

15

°

,

random

resized

cropping

(scale

0.8

–

1.0),

and

color

jittering

(brightness

=

0.2,

contrast

=

0.2,

and

saturation

=

0.1).

S1.3

Atrophy

segmentation

(DCNN3b)

Parameter

UNet

V2

UNet++

Encoder

ImageNet-pretrained

ResNet50

ImageNet-pretrained

ResNet50

Input

size

512

×

512

512

×

512

Optimizer

Adam

Adam

Initial

learning

rate

1

×

10

?4

1

×

10

?4

Learning-rate

schedule

ReduceLROnPlateau

(patience

=

5)

ReduceLROnPlateau

(patience

=

5)

Batch

size

8

8

Maximum

epochs

100

100

Loss

function

Binary

cross-entropy

+

Dice

Binary

cross-entropy

+

Dice

