Image Classification: A core task in Computer Vision

(assume given a set of possible labels)
{dog, cat, truck, plane, ...}

> cat

This image by Nikita is
licensed under CC-BY 2.0
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Computer Vision Tasks

Semantic Object Instance
Segmentation Detection Segmentation

Classification
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Semantic Segmentation

Semantic
Segmentation
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Semantic Segmentation: The Problem

GRASS, ,
TREE, SKY, ...

Paired training data: for each training image,
each pixel is labeled with a semantic category.

At test time, classify each pixel of a new image.
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Semantic Segmentation ldea: Sliding Window

Full image
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Semantic Segmentation ldea: Sliding Window

Full image

Impossible to classify without context

Q: how do we include context?
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Semantic Segmentation ldea: Sliding Window

Full image

Q: how do we model this?
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Semantic Segmentation ldea: Sliding Window

Classify center
Extract patch el with CNN

Full image

Farabet et al, “Learning Hierarchical Features for Scene Labeling,” TPAMI 2013
Pinheiro and Collobert, “Recurrent Convolutional Neural Networks for Scene Labeling”, ICML 2014

Fei-Fei Li, Yunzhu Li, Ruohan Gao Lecture 11- 9 May 9, 2023



Semantic Segmentation ldea: Sliding Window

Classify center
Extract patch el with CNN

Problem: Very inefficient! Not
reusing shared features between

overlapping patches Farabet et al, “Learning Hierarchical Features for Scene Labeling,” TPAMI 2013
Pinheiro and Collobert, “Recurrent Convolutional Neural Networks for Scene Labeling”, ICML 2014
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Semantic Segmentation Idea: Convolution

Full image

An intuitive idea: encode the entire image with conv net, and do semantic segmentation
on top.

Problem: classification architectures often reduce feature spatial sizes to go deeper, but
semantic segmentation requires the output size to be the same as input size.
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Semantic Segmentation Idea: Fully Convolutional

Design a network with only convolutional layers
without downsampling operators to make predictions
for pixels all at once!

U N Conv Conv Conv Conv argmax
A = — —> —> —_— —_—
koW

Input: I\ o

3xHxW Y Scores: Predictions:
CxHxW HxW
Convolutions:
DxHxW
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Semantic Segmentation Idea: Fully Convolutional

Design a network with only convolutional layers
without downsampling operators to make predictions
for pixels all at once!

Conv Conv

Conv argmax
— —

Y / Scores: Predictions:

CxHxW Hx W

Broblem: It ; Convolutions:
roblem: convolutions a DxHxW

original image resolution will
be very expensive ...
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Semantic Segmentation ldea: Fully Convolutional

Design network as a bunch of convolutional layers, with
downsampling and upsampling inside the network!

Med-res: Med-res:
D2 x H/4 x W/4 D2 x H/4 x W/4
Low-res:
D3 x H/4 x W/4
. |nf|Ut3W High-res: High-res: CXHxW Predictions:
X H x D1xH/2XW/2 D1xH/2xW/2 HxW

Long, Shelhamer, and Darrell, “Fully Convolutional Networks for Semantic Segmentation”, CVPR 2015
Noh et al, “Learning Deconvolution Network for Semantic Segmentation”, ICCV 2015
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Semantic Segmentation ldea: Fully Convolutional

Downsampling: Design network as a bunch of convolutional layers, with Upsampling:
Pooling, strided downsampling and upsampling inside the network! 277
convolution Med-res: Med-res:

D2 x H/4 x W/4 D2 x H/4 x W/4
Low-res:
D3 x H/4 x W/4
. |nf|Ut3W High-res: High-res: CXHxW Predictions:
X H x D1xH/2XW/2 D1xH/2xW/2 HxW

Long, Shelhamer, and Darrell, “Fully Convolutional Networks for Semantic Segmentation”, CVPR 2015
Noh et al, “Learning Deconvolution Network for Semantic Segmentation”, ICCV 2015
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