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Two Sensors – Two Outputsp
Hyperspectral

Passive reflectance
LiDAR Products

Active laser pulse dataPassive reflectance
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Objectives
Benefits:Benefits:
Increase accuracy
Better stand descriptions

Challenges:
GGeometric accommodation
Spatial relationships
Data relationshipsp

Study Objective:  To apply the output from both 
classifications to make a more  comprehensive product



Coregistration - Overview
The process of assigning exactly the same spatial 
properties to two images such that when overlain, the 
pixels in each image represent exactly the samepixels in each image represent exactly the same 
feature.

• Warping 
•Aligns data spatially

•Assess residual errors•Assess residual errors
•Not accommodated by the warp

•Data resampling
• to ‘absorb’ the residual error



Warping
• Offset of 20 m (HyMap)
• Warp to 16 GCP



Assessment of ResidualAssessment of Residual 
Geometric Error

•9 control points

•Re = 11.5 m 
(3m stdev)(3m stdev)



Data Resampling
• Resampled to 13 8 m (3 hyperspectral pixels)• Resampled to 13.8 m (3 hyperspectral pixels)
• No discernable residual error
• Both datasets coregistered to GPS data



Fusion - Overview
Fusion -a merging of diverse, distinct, or separate 
elements into a unified whole
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Fused Product
12 B d P d t12 Band Product
• MTMF classification (2)
• Hyperspectral Reflectance (4)yp p ( )
• LiDAR Intensity
• LiDAR Roughness
• LiDAR Mean Heights (2)• LiDAR Mean Heights (2)
• LiDAR Tallest Vegetation
• LiDAR Percent Bare Soil



Hypothesis 

LiDAR variables can 
enhance classification 

d t daccuracy and stand 
structure descriptions.



Results – EnhancedResults Enhanced 
Accuracies

Hyperspectral alone ~75%
LiDAR alone 60%LiDAR alone ~60%
Fused products ~ 89%



Results - Stand StructureResults Stand Structure 
Descriptions

• Statistically separable populations
• Greater understanding of vegetative structure
• Quantifiable results at very high resolution
• Higher quality obtainable than just using field 
measurements



Results - Histograms
R l ti l h t d• Relatively homogeneous stands

• Tallest vegetation representative of dominant shrub 
heightg
• Histograms represent field area well



Conclusions

Remote sensing mapped rangelands 
more efficiently than field surveys. y y
Multi sensor remote sensing data fusion 
increases the ability to describeincreases the ability to describe 
rangeland systems.
Increased accuracy by 14%Increased accuracy by 14%.
Generates robust products useful in 
f th lfurther analyses.



Future Work

Develop methods to measure biomass, 
including detailed stand structure maps.
Refine measures of (hyperspectral) target 
abundance and vegetation heights (LiDAR).
Develop methods to evaluate ecosystem 
health.
Implement products into management 
strategy (e.g. forage capacity and range 
conservation)conservation).
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