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Semantic segmentation

Most images come from [web1] [web2].
For a better understanding of the field please read : http://d2l.ai/
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What is Semantic segmentation ?
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Why do we do semantic segmentation ?

To have a better understanding of the scene.
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Where do we apply semantic segmentation?

Autonomous driving
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Where do we apply semantic segmentation?

Remote sensing images
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Where do we apply semantic segmentation?

Medical images [Withey2008]
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Where do we apply semantic segmentation?

microscopic images [IsakssonIJCNN2017]
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Traditional semantic segmentation

Pixel based
Superpixel based
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Where do we apply semantic segmentation?

microscopic images [IsakssonIJCNN2017]
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How to do Semantic segmentation with DL?

Remember how a Deep Neural network works?
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What are the problems?

the classical DNN just encode the image
we loose all the spatial information
we must be able to handle change on the spatial size of images

Gianni FRANCHI Semantic Segmentation Deep learning 12 / 33



Context
Deep learning and Semantic segmentation

Typical architectures
Trasnformer and Semantic segmentation

How to do Semantic segmentation with DL?

Solution : An auto encoder composed of a Fully Convolutional
Network (FCN)
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How to do Semantic segmentation with DL?

We might loose spatial and low-level information. A solution use
Skip connection
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How to do Semantic segmentation with DL?

Training a DNN from scratch might be problematic
A solution use pre-trained DNNs
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Which loss do we choose?

A solution use the cross entropy loss.

L(ŷ , y) = −
C∑
i

yi log(ŷi ) (1)
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How to train Semantic segmentation with DL?

Training a DNN from scratch might be problematic
A solution use data augmentations.
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FCN

FCN is the first proposed models for end-to-end semantic
segmentation, at the end a big transposed convolution was used.
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FCN + CRF

FCN is followed by a CRF to refined the labels.
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SegNet

For SegNet, the encoder and decoder layers are symmetrical to
each other without any skip connections. The upsampling
operation of the decoder layers use the max-pooling indices of the
corresponding encoder layers. Unlike FCN, no learnable parameters
are used for upsampling.
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U-Net

For U-Net, the encoder and decoder layers are symmetrical to each
other with skip connections. The U-Net uses interpolation
followed by convolution operation on the decoder.
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PSPNet

For PSPNet, first use encoder CNN to get the feature map of the
last convolutional laye. Then, it uses a pyramid parsing module to
improve the representation. This is followed by upsampling and
concatenation layers to form the final feature representation.
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Deeplab

Gianni FRANCHI Semantic Segmentation Deep learning 23 / 33



Context
Deep learning and Semantic segmentation

Typical architectures
Trasnformer and Semantic segmentation

Deeplab v3+
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SEgmentation TRansformers (SETR) [ZhengCVPR2021]

A standard Semantic segmentation model has an encoder-decoder
architecture:

encoder: for feature representation learning
decoder: for pixel-level classification of the feature
representations yielded by the encoder

They propose to use for the encoder a DNN inspired by VIT. For
the decoder they propose 3 techniques.
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SEgmentation TRansformers (SETR) ENCODER
[ZhengCVPR2021]

typicaly the encoder is designed for semantic segmentation would
downsample a 2D image x ∈ RH×W×3 into a feature map
x − f ∈ R

H
16×

W
16×C with C the number of channels. They decided

to set the transformer input sequence length L to H
16 ×

W
16
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SEgmentation TRansformers (SETR) DECODER
[ZhengCVPR2021]

The decoder is a function ( H
16 ×

W
16 × C )→ (H ×W × K ), with K

the number of classes. They propose 3 kind of decoder:
Naive upsampling (Naive) : 1× 1 conv + sync batch norm
(w/ ReLU) + 1× 1 conv + bilinear upsample
Progressive UPsampling (PUP) : Not just on big upsample but
a progressive upsampling strategy that alternates conv layers
and upsampling operations.
Multi-Level feature Aggregation (MLA) : a progressive
upsampling strategy + multi-level feature aggregation.
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SEgmentation TRansformers (SETR) PUP DECODER
[ZhengCVPR2021]
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SEgmentation TRansformers (SETR) MLA DECODER
[ZhengCVPR2021]
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SEgmentation TRansformers (SETR) [ZhengCVPR2021]
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