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• Image segmentation: the process of dividing a visual input into segments.

• For example, in an image containing cars and trees, segmentation would classify all pixels 
belonging to trees as a single "tree" class and all pixels for cars as a "car" class.

• It is important to note that semantic segmentation does not distinguish between separate 
instances of the same object class; that task is handled by a different method called instance 
segmentation.
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• https://docs.pytorch.org/vision/0.22/models.html#semantic-segmentation
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Fully Convolutional Network (FCN) - the first deep learning model developed specifically for this purpose

http://arxiv.org/pdf/1411.4038
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Fully Convolutional Network (FCN) - the first deep learning model developed specifically for this purpose
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Fully Convolutional Network (FCN) - the first deep learning model developed specifically for this purpose

https://docs.pytorch.org/vision/0.22/models/fcn.html
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DeepLabV1, DeepLabV2, DeepLabV3, DeepLabV3+

https://arxiv.org/pdf/1412.7062
https://arxiv.org/pdf/1606.00915

DeepLabv1 + DeepLabv2
• It was the first to introduce atrous (or dilated) convolution. This technique allows for explicit control over the resolution of 

computed features and effectively enlarges the field of view of filters without increasing the number of parameters or 
computational cost. This enables the model to capture context at multiple scales.

• It uses a Deep Convolutional Neural Network (DCNN), specifically VGG-16 or ResNet-101, as its feature extractor.

• The Atrous Spatial Pyramid Pooling (ASPP) module. ASPP probes a convolutional feature layer with filters at multiple sampling rates, 
which allows for robust segmentation of objects at various scales.

• To sharpen the boundaries of segmented objects, it uses Conditional Random Fields (CRF) as a post-processing step.
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DeepLabV1, DeepLabV2, DeepLabV3, DeepLabV3+
https://arxiv.org/pdf/1706.05587
https://arxiv.org/abs/1802.02611

DeepLabv3 + DeepLabv3+
• (DeepLabv3) It improved the ASPP module by incorporating batch normalization and image-level features (via global average pooling) 

for even better multi-scale feature extraction. This refines the segmentation of objects of different sizes. Architecture: It utilizes 
deeper and more efficient backbone networks, such as a modified ResNet or Xception.

• (DeepLabv3+) It extends DeepLabv3 with a simple yet effective decoder module to refine segmentation results, particularly along 
object boundaries. This creates an encoder-decoder style architecture.
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DeepLabV1, DeepLabV2, DeepLabV3, DeepLabV3+

https://docs.pytorch.org/vision/main/models/deeplabv3.html 
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U-Net

https://arxiv.org/pdf/1505.04597
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U-Net ++

https://arxiv.org/abs/1807.10165
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U-Net ++
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No New-Net
https://arxiv.org/pdf/1809.10483
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SegFormer
https://arxiv.org/pdf/2105.15203
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SegFormer
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https://github.com/qubvel-org/segmentation_models.pytorch

https://pypi.org/project/segmentation-models-pytorch/

Where to go from here?
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