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FCN for Semantic Segmentation 

Long, Shelhamer, Darrell - Fully Convolutional Networks for Semantic Segmentation, CVPR 2015, PAMI 2016 



“Convolutionalization” 



“Convolutionalization” 
 



Digression: Transposed Convolutional Layers 

Known also as: upconvolutional layers, fractionally 
strided convolutions and (wrongly) deconvolutional 
layers. 
 
classtorch.nn.Conv2d(in_channels, out_channels, 
kernel_size, stride=1, padding=0, dilation=1, groups=1, 
bias=True) 
 
 
classtorch.nn.ConvTranspose2d(in_channels, 
out_channels, kernel_size, stride=1, padding=0, 
output_padding=0, groups=1, bias=True, dilation=1) 



The Architecture 







DeepLab 

Chen, Papandreou, Kokkinos, Murphy, Yuille - "Deeplab: Semantic image segmentation with deep convolutional nets, atrous convolution, 
and fully connected crfs." IEEE transactions on pattern analysis and machine intelligence (PAMI), 2018 



Digression: Dilated (Atrous) Convolutions 

classtorch.nn.Conv2d(in_channels, out_channels, 
kernel_size, stride=1, padding=0, dilation=2, groups=1, 
bias=True) 
 
 
classtorch.nn.ConvTranspose2d(in_channels, 
out_channels, kernel_size, stride=1, padding=0, 
output_padding=0, groups=1, bias=True, dilation=2) 









Other important Segmentation Models 
-  U-Net 
-  Pyramid Scene Parsing Network. 
-  RefineNet: Multi-Path Refinement Networks for High-Resolution Semantic 

Segmentation. 
-  Segnet: A Deep Convolutional Encoder-Decoder Architecture for Scene 

Segmentation. 
-  Large Kernel Matters - Improve Semantic Segmentation by Global 

Convolutional Network. 

 

...and many, many others. 

 

 

 

 



On a side note 
-  Ciresan, Giusti, Gambardella and Schmidhuber - Deep Neural Networks 

Segment Neuronal Membranes in Electron Microscopy Images, NIPS 
2012. 

-  Farabet, Couprie, Najman and LeCun - Learning Hierarchical Features 
for Scene Labelling, PAMI 2013.  

 

Yep, people knew for a long time that you might use convolutions for image 
segmentation. 

 

 

 





























Girshick, Donahue, Darrell, Malik - Rich 
feature hierarchies for accurate object 
detection and semantic segmentation, 
CVPR 2014 































Mask R-CNN 

He, Gkioxari, Dollar and Girshick - Mask R-CNN, 
ICCV 2017 (Marr Prize). 



Mask R-CNN 



Mask R-CNN 







YOLO 

Redmon, Divvala, Girshick, Farhadi - You 
Only Look Once, Real Time Object 
Detection, CVPR 2016. 



SSD 

Liu, Anguelov, Erhan, Szegedy, 
Reed, Fu, Berg - SSD: Single Shot 
Box Detector, ECCV 2016. 



DWDNet 

Fully convolutional network Output heads 

-  The choice of FCNN is agnostic, though we use a RefineNet in our experiments. 
-  State-of-the-art results while having fast inference time (1-2 seconds for 2000 by 2000 images). 
-  Currently working on porting the solution to natural images (VOC, COCO, DOTA), and on domain 

adaptation (train on one dataset, do inference on some other dataset). 

Tuggener, Elezi, Schmidhuber, Pelillo and Stadelmann - DeepScores--A Dataset for Segmentation, Detection and Classification of Tiny Objects, On ICPR 
2018, Beijing, China. 
Tuggener, Elezi, Schmidhuber and Stadelmann - Deep Watershed Detector for Music Object Recognition, On ISMIR 2018, Paris, France. 
Elezi*, Tuggener*, Pelillo and Stadelmann - DeepScores and Deep Watershed Detection: current state and open issues, On WORMS 2018, Paris, France 



DWDNet 

mAP (%) DeepScores 
(synthetic) 

Muscima++ 
(handwritten) 

DeepScores 
(scans) 

Faster R-
CNN 19.6 3.9 

RetinaNet 9.8 7.7 

U-NET 24.8 16.6 

DWDNet 
(ours) 41.4 19.9 47.3 

DWDNet inference time is 1-2 orders of 
magnitude faster than U-NET, and around 
as fast as Faster R-CNN. 



-  Tomorrow - seminar on DWDNet and DeepScore project. 
 
 
 
 

-  Next Lecture (tuesday) - Generative Adversarial Networks. 
 
 



Thank You! 


