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Overview

• How information content of new WV-2 bands may help 
vegetative analyses and discrimination of basic land covers

• Do the 8 band make a difference?
- Description of Comparative Machine Learning Approach
- Spectral predictor analysis
- Validation of land cover separability
- Improvement in accuracy

• Additional Vegetative Analyses
– Mapping the effect of the Gulf oil spill on wetlands
– Mapping of Phytoplankton and algal blooms
– Potential for crop discrimination

• Conclusions
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Data courtesy of NCDC Imaging and 
RFP Mapping, LLC 

(from Mapping the Future for Emerald Ash Borer Readiness and Response 
Planning, David Sivyer, City of Milwaukee, 2009
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Basic Land Covers and WV-2 Bands
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Comparative Machine Learning Approach

• Spectral features:
– Reflectance values from the 8 WV-2 bands (bi , i=1,8)
– 28 unique pairs of NDVI-style band ratios computed from the above

• Apply supervised machine learning methods:
(PCA+Logistic Regression, Neural Networks, Classification Trees with 
k-fold cross-validation, Tree Ensembles)

• Produce confusion matrices
• Perform predictor analyses 

• Repeat using VNIR spectral features only:
– Converted reflectance values from the 4 VNIR bands
– 6 unique pairs of NDVI-style band ratios computed from the above

F(bij) = N =



Topology of a Neural Network

(predictor analysis after 
Yacoub et al., 1996)



Topology of a Single Decision Tree

(predictor analysis after 
Marchisio et al., 2010)



Node Legend
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entropy reduction
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rule

WV2 band or band ratio involved in split

Finding Which 
Bands Work Best
(Marchisio et al., 2010)



Natural Grouping of Land Cover Types 
Resulting from Predictor Analysis (Dallas)
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WorldView-2
First Images
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2m Image

Dallas 
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Nov 20, 2009



WorldView-2
15 Land Covers



Classification Agreement for 15 Land Cover 
Types (Dallas) - Ensemble Method Technique



Top Predictors for Resolving all 15 
Land Covers Types at Once 
(Dallas)

band name abbreviations are b = {C, B, G, Y, R, RE, NIR1, NIR2}

band ratio combinations are denoted by b1-b2 (so NIR1-R = NDVI)
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Resolving Water from Shadow 
comparative spectral response



WorldView-2
First Images
Vegetation Analysis

Dallas 
Texas



WorldView-2
First Images
Vegetation Analysis

Dallas 
Texas



Trees vs. other Vegetation
comparative spectral response



WorldView-2
First Images

Natural Color
2m Image

Dallas 
Texas

Nov 20, 2009
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Top Predictors for Man-made Features
(Dallas Scene)

band name abbreviations are b1-C, b2-B, b3-G, b4-Y, b5-R, b6-RE, b7-NIR1, b8-NIR2

band ratio combinations are denoted by b1-b2 (so NIR1-R = NDVI)
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Validating Land Cover Separability



WorldView-2
4 band

2m Image
November 7, 2009

Bangkok 
Thailand



WV2 
13 land covers

Bangkok 
Thailand



Classification Agreement for 14 Land Cover 
Types (Bangkok) – Tree Ensembles





WorldView-2

Honolulu, HI
Apr 25, 2010

Urban Classification



WorldView-2

Honolulu, HI
Apr 25, 2010

Urban Classification



WorldView-2

Honolulu, HI
Apr 25, 2010

Urban Classification with 
RE, NIR1, NIR2 Wave Layer



WorldView-2

Honolulu, HI
Apr 25, 2010

Urban Classification



WorldView-2
true color image

Sochi, Russia
Feb 20, 2010



+ bathymetry

WorldView-2
land covers

Sochi, Russia
Feb 20, 2010



Comparison in Classification Accuracy for 34 
Land Covers (QB vs. WV2)



WorldView-2
true color image

Salton Sea
Feb 20, 2010





Spectral Predictors and LC Separability



The partition in a Regression Tree is given by the leaves of the tree. Each 
sample in a training set is assigned to a leaf. The deviance for the regression 
model at each node j is defined as

Where yj is the class probability label. We should estimate the constant µi for 
leaf i by mean of the value of the training set assigned to that node.

Then the deviance is the sum over leaves of Di and the entropy reduction of a 
split is the reduction in the residual sum of the squares.

The obvious probability model is to take a normal N(µi, σ2) distribution within 
each leaf, so D is the usual scaled deviance for a Gaussian GLM. However, the 
distribution at internal nodes of the tree is then a mixture of distributions, and so 
Dj is only appropriate at the node.

The tree-construction process has to be seen as a hierarchical refinement 
of probability models.

Spectral Distance Estimation – I
(Single Tree Regression Model)
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Spectral Distance Estimation II
(A More Refined Model of Deviance)



Spectral Distance Estimation IV
(A More Refined Model of Deviance)



Spectral Predictors and LC Separability
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WorldView-2
natural color

2m image
March 13, 2010



WorldView-2
classification

March 13, 2010



Best Predictors

band name abbreviations are b = {C, B, G, Y, R, RE, N1, N2}

band ratio combinations are denoted by b1/b2 (so NIR1/R = NDVI)

spectral derivatives are denoted b1- b2

textural parameters = {TME, TVA, THO, TCN, TDI, TEN, TSM, TCR}
are mean, variance, homogeneity, contrast, dissimilarity, entropy,
second moment, and correlation of the co-occurrence matrix

Overall Scene -

relative importance of WV-2 
spectral bands for  rice paddies



WorldView-2
natural color

2m Image
April 15, 2010



WorldView-2
classification

April 15, 2010
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Mapping and Monitoring Algal Blooms

Chlorophyll concentration 
based on estimation of 
upwelling radiance, 
similar to Coastal Zone 
Color Scanner & 
SeaWiFS (after Gordon 
et al., 1983)

Employ radiances at 443, 
520, 550 nm.

In addition, WV-2 Yellow 
band ideally positioned 
for cyanobacteria 
detection.

WorldView-2
true color image

Bu Tinah Island
Abu Dhabi
Mar 13, 2010
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Chlorophyll in 
land plants

Chlorophyll in 
blue-green algae

Cyanobacteria 
monitoring from 

space a reality with 
WV-2!

WorldView-2
chlorophyll map

Bu Tinah Island
Abu Dhabi
Mar 13, 2010
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WorldView-2
true color image

Tromsö
Norway

May 26, 2010



WorldView-2
land covers

Tromsö
Norway

May 26, 2010



• The added spectral dimensions in WV-2 improve classification 
accuracy as much as 5-20% over ordinary VNIR imagery for certain 
land cover types. 

• The C and NIR2 bands, by extending the usable range of the 
spectrum, provide more discriminatory power for man-made 
surfaces, such as gray roofs, red roofs, asphalt, concrete and sport 
fields. Our ability to resolve shadow greatly increases

• The Y and RE bands target vegetation phenomenology with 
applications in agriculture, forestry  and coastal studies

• The more detailed WV2 spectral signature in conjunction with 
textural attributes from the 50 cm panchromatic band allow us to 
produce more accurate classifiers for certain crop types.
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Conclusions


