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Motivation 
„UAV-based Mapping of Surface Imperviousness for  

Water Runoff Modelling” 

 UAVs 
 flexible, on-demand image acquisitions  
 reducing costs in terms of time and money 
 allow to acquire high-resolution image and height data 

 Mapping (imperviousness) 
 classification methods tailored to datasets 
 very high resolution (VHR) data has to be properly exploited 

 Water runoff 
 estimate the risk associated with urban flooding in dense populated areas 
 input data for hydrological models: besides rainfall, also surface characteristics, 

such as imperviousness 
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UAVs 
 
 
 
 
 
 
 
 

 Important capabilities when used for mapping applications 
 payload: the larger, the better camera one can mount 
 battery: the capacious, the larger area can be covered 
 price... 
 construction type: start/landing positions 
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Mapping – Challenges 
 

 Challenge: automatic classification of remotely sensed images 

 Exploit very high spatial resolution 

 Classifiers: well understood, however old solutions used 

 Features: mostly manual selection, so-called „educated-guess” 
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Mapping – examples of VHR data 
 

 Large-format standard aerial imagery (manned aircraft) 

 Very high resolution satellite imagery 

 UAV-based imagery 

Vexcel Ultracam-D 
25cm GSD 

Graz, Austria 

WorldView-2 
50cm GSD 

Zurich, Switzerland 

Micro-UAV (eBee) 
10cm GSD 

Luzern, Switzerland 
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Mapping – Challenges 
 

What is good about it? 

 High resolution allows us to classify areas with small detail 

 Recently plenty of high-resolution data available 

 
 
 
 
 
 

 
0.25 m 2.5 m 15 m 
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Mapping – Challenges 
 

What is not good? 

 High spatial resolution means low to moderate spectral resolution 

 Intra-class spectral variability increases; inter-class variability low 

 Spectral signatures poorly separable and scene dependant 
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Mapping – features and classification 
 

 Idea: to overcome data-specific design of features 

 Development: Redundant and comprehensive feature set, 
Random Quasi-Exhaustive (RQE), consisting of two components 

 During the training, we let the classifier choose the most optimal 
features amongst whole set 

 Classifier: AdaBoost 

      

 

 

 

 

 

 
 
 
 

 

1st component 2nd component 
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Mapping – features and classification 
 

 Differences between pairs of patches 

 Size and position of the patch  
chosen randomly  

 Randomization, instead of fixed  
pattern has advantages: 

 Allows to capture wider range of textures 

 Significant reduction of computation time 

 Yields highly correlated features, but they cover  
isotropic and anisotropic texture patterns 

 Symmetric filters better for nadir perspective of images 
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Mapping – features and classification 
 

 Single, in-window pixel differences in three different scales: 
raw pixels, filtered by 3x3 and 5x5 mean filter 

 Difference between mean values of square patches: 
same patch size, but different spectral channels 

 Same differences as above, but different patch size within the same 
spectral channel 
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Mapping – features and classification 
 

 AdaBoost – discriminative classifier 

 Explicit feature selection – selecting a small,  
user-defined subset of all features during training 

 Extracting all features only for a (usually) small training area 

 For testing, only a subset of the most discriminative features  
(which work best in combination with the particular data set  
and object classes) selected in previous step, has to be extracted 

 Coupling feature selection and classifier training 
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Mapping – case study 
  Two VHR remote sensing datasets (orthophotos); Wartegg, Luzern 

 UAV: 10cm GSD, leaves-off 
 swisstopo: 6.25cm GSD, leaves-on 
 only small subset of the images used to train the classifier 

 
 

 
Orthomosaic swisstopo Orthomosaic UAV Data subsets used to 

train the classifier 
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Mapping - Results 
Orig. image 

Orig. Image (UAV) Ground truth RQE 
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Modelling water runoff 
Orig. image Ground truth RQE 
 Hydrological model, case study Wartegg 

 307 subcatchments 
 1D hydraulic sewer model (surface runoff and hydrodynamic channel flow) 
 continuous rainfall data since July 2014 
 calibrated with in-situ measurements (outlet flow and flow depth) 
 four different imperviousness data (UAV/swisstopo, ML/RQE) 
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Modelling water runoff 
Orig. image Ground truth RQE 
 Goals 

 perform end-to-end comparison: different data sources used as input for a 
hydraulic model 

 assess the influence of the spatial scale of the model (307 vs. 31 subcatchments) 
 work still in progress... 
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Conclusions 
Orig. image Ground truth RQE 
 UAVs are cheap, flexible and time-efficient solution for acquiring very 

high resolution remote sensing datasets 

 using feature extraction and classification methods tailored to a 
specific type of remote sensing data makes UAV images equal to 
standard  images in terms of achievable classification accuracy 

 boosting with exhaustive features sidesteps manual feature selection 
and yields very good results 

 using UAV images together with developed pipeline, it is possible to 
obtain rainfall-runoff predictions at least as accuracte as when using 
standard methods and images 

 higher spatial resolution of impervious surfaces does have an 
influence on the resulting rainfall-runoff predictions in terms of its 
dynamics and absolute accuracy 
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