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Computer Vision Tasks



Semantic segmentation

• Label every pixel

• Don’t differentiate instances



Instance Segmentation

• Detect instances, give category, label pixels



LEARNING HIERARCHICAL 
FEATURES FOR SCENE 
LABELING



Semantic Segmentation

Farabet et al, “Learning Hierarchical Features for Scene Labeling,” TPAMI 2013
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• Building/road/sky/object/grass/water/tree

Semantic Segmentation

Farabet et al, “Learning Hierarchical Features for Scene Labeling,” TPAMI 2013



PIXEL-WISE 
CLASSIFICATION



Semantic Segmentation



Semantic Segmentation
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Semantic Segmentation



ENCODER-DECODER 

ARCHITECTURE



FULLY CONNECTED LAYERS 
AS

CONVOLUTION LAYERS



FC layer as Conv layer



FC layer as Conv layer

• Each fully connected layer is interpreted as a convolution with a 

large spatial filter



FC layer as Conv layer

• Transforming fully connected layers into convolution layers 

enables a classification net to output a heatmap



SEMANTIC SEGMENTATION 
WITH UPSAMPLING



Semantic segmentation: upsampling

Long, Shelhamer, and Darrell, “Fully Convolutional Networks for Semantic Segmentation”, CVPR 2015
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Semantic segmentation: 
upsampling



Semantic segmentation: 
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Semantic segmentation: 
upsampling



LEARNING DECONVOLUTION NETWORK 
FOR SEMANTIC SEGMENTATION



Illustration of deconvolution and 
unpooling operations.

Noh. et al. “Learning Deconvolution Network for Semantic Segmentation,” ICCV 2015



Overall architecture

Noh. et al. “Learning Deconvolution Network for Semantic Segmentation,” ICCV 2015



Noh. et al. “Learning Deconvolution Network for Semantic Segmentation,” ICCV 2015



Semantic segmentation as an 
instance-wise segmentation problem
• The proposed network is trained to perform semantic 

segmentation for individual instances. 

• Given an input image, we first generate a sufficient number of candidate 

proposals, and apply the trained network to obtain semantic segmentation 

maps of individual proposals. Then we aggregate the outputs of all 

proposals to produce semantic segmentation on a whole image.



SEGNET: A DEEP CONVOLUTIONAL 
ENCODER-DECODER ARCHITECTURE 
FOR IMAGE SEGMENTATION 



Encoder/Decoder



Results



INSTANCE SEGMENTATION



Instance Segmentation

• Detect instances, give category, label pixels



Instance Segmentation

Hariharan et al, “Simultaneous Detection and Segmentation”, ECCV 2014
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Instance Segmentation
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Instance Segmentation: Cascades

Dai et al, “Instance-aware Semantic Segmentation via Multi-task Network Cascades”, arXiv 2015
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Instance Segmentation: Cascades



Summary

• Semantic segmentation

• Classify all pixels

• Fully convolutional models, downsample then upsample

• Learnable upsampling: fractionally strided convolution

• Skip connections can help

• Instance segmentation

• Detect instance, generate mask

• Similar pipelines to object detection



BACKUPS



LEARNABLE UPSAMPLING?



Learnable upsampling
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Learnable upsampling


