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Introduction to semantic image segmentation 

Task: 

Old methods: 



Datasets 

 Pascal VOC 2012  

 ~300x500 arbitrary image 

 21 categories: plane, person, bird, bike… 

 ~10,000 pixel label images. (inconsistent label strategy for some categories) 

 Cityscapes 

 1024x2048 urban street image 

 19 categories: person, car, bus, sky… 

 3475 pixel label images. 

 MIT Scene Parsing 

 Arbitrary  image 

 150 categories: person, sky, road, grass 

 ~20,000 pixel label images 



Related Works 

Fully convolutional neural 

networks 

Deeplab (dilated CNN + bilateral CRF) 



Proposed Methods 

 Structured Patch Prediction 

 

 High order context: MAP 

 

 Guidance CRF: delineate the object boundary 

 

 



Structured Patch Prediction 

 



Markov random field 

 MRF = Undirected graph: 

 𝑃(𝑋𝑖 𝑋𝐺\i = 𝑃(𝑋𝑖 𝑋𝑁𝑖  

 Independent without edge 

 MRF ↔ Gibbs distribution 

 𝑃 𝑋  ∝  𝜙𝑐𝑐 (𝑋𝑐) 

Proof: 

1. Gibbs distribution  → MRF 

Very Easy. Del the common factor is OK. 

 

2. MRF → Gibbs distribution 

Construct the potential function 𝜙 for each cliques (connected sub-graph). 

 

 

 

max
𝑋
𝑃(𝑋|𝐼) 



Second order MRF 

max
𝑋
𝑃(𝑋|𝐼) 

max
𝑋
 𝜙𝑖 𝑥𝑖 + 𝜓𝑖𝑗 𝑥𝑖 , 𝑥𝑗

𝑖,𝑗𝑖

 

𝑃 𝑋  ∝ 𝜙𝑐
𝑐

(𝑋𝑐) 



Maximum a posteriori (MAP) 

max
𝑋
 𝜙𝑖 𝑥𝑖 + 𝜓𝑖𝑗 𝑥𝑖 , 𝑥𝑗

𝑖,𝑗𝑖

 

min
𝑄

KL( exp  𝜙𝑖 𝑥𝑖 + 𝜓𝑖𝑗 𝑥𝑖 , 𝑥𝑗
𝑖,𝑗𝑖

,       𝑄𝑖(𝑥𝑖)

𝑖

) 

Solution 1.    Mean field 

Solution 2.    Graph cut (two states) 



High order context 

 



Guidance CRF 



Experiments 

 



Ablative study 



Fast segmentation 

 Down-sample input image from 1024x2048  256x512 

 

 Feed into FCN 

 

 Up-sample the scoremap and align the object boundary with guidance CRF. 

 

The total process costs about  60ms on a Pascal Titan X with fp32. 

 

 



Before CRF After CRF 



Experiments 



Conclusion 

 The dominant framework of semantic segmentation is FCN + CRF.  

 The base model is important to train a good segmentation model.  

 Good classification model are Not always good segmentation model. 

 Very important to get rid of over-fitting.  

 Our segmentation model is fast and  accurate. It is a good choice to use our SegModel for 

semantic image segmentation.  

 

 

 

 

 

 

 

 

 

 

 

 


