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Weather Understanding 

• Weather affects our daily life. 

• Camera is cheap weather monitor. 



Photo is cheap and real-time 

Smart Grid (国家智能电网) 



Driving Assistance 

X. Yan, Y. Luo, and X. Zheng.  
Weather recognition based on images captured by vision system in vehicle.   



Weather Monitor 

• In big data era: image is everywhere and anytime! 
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• Geometry dense 
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Weather Monitor 

• Real-time  
• Geometry dense 

Smog visibility monitor (雾霾监控)  

http://yiqiso.lofter.com/post/3204b3_e250fa 



Weather Understanding 

 
• Industry value (经济价值) 
  天气对人的生活，户外机器人很重要！ 
   图像获取很便宜！  
   

 
• Academic value(学术价值) 

   人能理解天气，但计算机能吗？ 

   



Why is it difficult? 
 
• Scene Understanding + illumination Understanding + ??  

 

 

纠结在一起 

Training data 
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Cloudy 
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Why is it difficult? 
 
• Scene Understanding + illumination Understanding + ??  

 

 

纠结在一起 

Rainy day 



Why is it difficult? 

 

Traditional scene understanding considers 
 structure pattern only!   
 

 

 
• Scene Understanding + illumination Understanding + ??  

 

 



Weather Understanding 

 

• Two-class weather classification [CVPR 2014] 

 

• Visibility (能见度) Estimation submitted to 
[PAMI 2015] 

 

 



 



Two-Class Weather Classification 



Sunny or Cloudy? 

mean lightness 32.41 



Sunny or Cloudy? 
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Sunny or Cloudy? 

mean lightness 58.23 mean lightness 32.41 

Sunny Cloudy 



intensity distribution of  
5K sunny and 5K cloudy images 



How human recognize the weather? 

Weather Cue! 
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How human recognize the weather? 

Weather Cue! 



Weather Cue Feature 

• 621-D feature vector  

 [ sky; shadow; reflection; contrast; haze ] 

 

 

• Existence vector 

   



Sky (256) 



How to set sky? 

Sky size/ image size 

Evidence Score: 



Shadow (10) 

Only works on sunny day!  

Shadow detector [Lalonde et al, IJCV 2012] 



Shadow (10) 

Matching in Sunny Training dataset 



Shadow (10) 

Shadow feature: 

Top 10 matching errors. 

Evidence score 

 Matching errors in sunny shadow dataset. 



Reflection (100) 

 



Shadow (10) 

Evidence Score: 

1     if white pixels are present in the image 
0     otherwise. 



Contrast (170) 

pi as the ith percentile in the input image 
in the saturation map. The set of all saturation 
percentile ratios is given by {r|r = pi/pj , ∀i > j}, 



Haze (84) 

• Cloudy weather is often hazy 

• Haze priors [He et al CVPR’09] 

 

  
   Spatial Pyramid max-pooling feather on dark prior 

Evidence Score: 

Median value of dark channel 

Feature: 



  Input             dark channel                 Dehaze 



Weather Cue Feature 

• 621-D feature vector  
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Weather Cue Feature 

• 621-D feature vector  

 [ sky; shadow; reflection; contrast; haze ] 

 

 

• Existence vector 

   



Collaborative Learning 

Weather cues in images in NOT homogeneous  

No Sky  No Shadow No Reflection 



Collaborative Learning 

Evidence vector: 

Sky Shadow Reflection Haze 

Weather cues in images in NOT homogeneous  



Collaborative Learning 

Cluster based on evidence vectors 

M subsets 

M cluster centers 



Collaborative Learning 

𝑖𝑡ℎ of cluster   feature 

Weight and bias 



Collaborative Learning 

standard SVM 



Collaborative Learning 



Collaborative Learning 

voters  



Collaborative Learning 

All voters  

Effective 
voters 

Solved by 
Langrage 
multiplier

s 



Results 

Normalized accuracy: max{ (a − 0.5)/(1 − 0.5),0 }  
where a is the accuracy obtained traditionally. 



Sunny 



Cloudy 



Multi-class weather classification (7 classes) 

雨天 

雪天 

这都认得出，你们人类真牛… 



Visibility Estimation 
能见度估计 



Smoggy Beijing 

• Extremely low visibility 



• Smog is serious problem. 

Smog in Beijing 





Burning season in Indonesia 



Weather Monitor 

• Real-time  
• Geometry dense 



We already have haze-removing methods! 



  Input             dark channel                 Dehaze 

[He et al. CVPR 2009] 



Input                                     dark channel 

  Input             dark channel                 Dehaze 

[He et al. CVPR 2009] 



Input                                     dark channel 

  Input             dark channel                 Dehaze 



Visibility Estimation 



Visibility Estimation 

Do you know the visibility (能见度)? 

Visibility: measure of the distance at which an 
object or light can be clearly discerned. 



Visibility Estimation 

300 m ?   
500 m ? 
700 m ? 
…… 
900 m ? 



Visibility Estimation 

Do you know the visibility? 

Visibility: measure of the distance at which an 
object or light can be clearly discerned. 



Visibility Estimation 

Which one has larger visibility degree？ 

> 



Visibility Estimation 

Visibility Database 

Data-driven 

million human responses 
40,000 images 



A new CNN Framework 









Efficient Square Localization for Object Detection 
Cewu Lu and Chi-Keung Tang （CCF A类） 
International Conference on Computer Vision (ICCV) 2015 

Contour Box: Rejecting Object Proposals Without Explicit Closed Contours 
Cewu Lu and Chi-Keung Tang （CCF A类） 
International Conference on Computer Vision (ICCV) 2015 

Complexity-Adaptive Distance Metric for Object Proposals Generation;  
Xiao Yao, Cewu Lu and Chi-Keung Tang （CCF A类） 
IEEE Conference on Computer Vision and Pattern Recognition (CVPR) 2015 

Deep LAC: Deep Localization, Classification for Fine-grained Recognition;   
Di Lin, Xiaoyong Shen, Cewu Lu and Jiaya Jia （CCF A类） 
IEEE Conference on Computer Vision and Pattern Recognition (CVPR) 2015 

Personal Objects Discovery in First-Person Perspective Video;  
Cewu Lu, Renjie Liao and Jiaya Jia. （CCF A类） 
IEEE Transactions on Image Processing (TIP); 2015 

广告时间: Object Detection (deep learning) 



广告时间: Object Detection (deep learning) 

Box Aggregation for Proposal Decimation: Last Mile of Object Detection 
Shu Liu, Cewu Lu and Jiaya Jia （CCF A类） 
International Conference on Computer Vision (ICCV) 2015 

Improving Object Recognition with the l-Channel;  
Cewu Lu, Efstratios Tsougenis and Chi-Keung Tang.,  
Pattern Recognition (PR), 2015.( CCF B类) 





广告时间: Activity Understanding 

Range-Sample depth feature for Action Recognition;  
Cewu Lu, Jiaya Jia and Chi-Keung Tang. (CCF A类） 
IEEE Conference on Computer Vision and Pattern Recognition (CVPR) 2014 

Abnormal event detection at 150 FPS in MATLAB;  
Cewu Lu, Jianping Shi and Jiaya Jia （CCF A 类) 
IEEE International Conference on Computer Vision (ICCV) 2013 

Scale Adaptive Dictionary Learning.   
Cewu Lu, Jianping Shi and Jiaya Jia. （CCF A类) 
IEEE Transactions on Image Processing (TIP). 2014 



Abnormal event detection at 150 FPS in MATLAB;  
Cewu Lu, Jianping Shi and Jiaya Jia  
IEEE International Conference on Computer Vision (ICCV) 2013 



The End, Thanks  

八戒，今
天，天气
怎样？ 

老板，我跑
一下code。 


