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Topics

ÅWhat is bonemapping?
ïSimple Morphological Filter (SMRF)

ïPerceptually Shaded Slope Maps (PSSMs)

ÅHow do we know they work?
ïEmpirical testing against hillshadedand hypsometric 

images, and orthophotos

ïIndividual differences

ÅWhat can we use them for?
ïArchaeology at El Pilar

ïUrban applications
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LiDAR involves scanning the environment with a laser 
sensor that measures distance and direction.

When paired with a GPS, we can build a georeferenced 
point cloud.
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This is a LIDAR-derived Digital Surface Model (DSM) 
of UC Santa Barbara, represented in shaded relief.
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A first step in LiDAR processing, is the removal of vegetation 
and/or buildings to get a bare earth representation.



Terrain Extraction is Important

Davidson Library sits approximately 6 meters above the ground due to a terrain layer error.
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Terrain Extraction: 
The Simple Morphological Filter (SMRF)

ÅEmphasizes reducing 
Earth-as-Object error

ÅStill very good at 
reducing Object-as-Earth 
error

ÅLowest total error rate of 
any published algorithm 
tested against ISPRS 
dataset

Å tpingel.org/code 
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SMRF Workflow

1. Points (x,y,z) are gridded to the minimum value; 
missing values are inpainted (interpolated)

2. A series of progressive morphological opening 
operations is conducted with an increasing 
radius.  Each layer is compared with the last; 
where there is a great deal of change (governed 
by a slope parameter) that cell is flagged as non-
ground.

3. At the end, the value of all non-ground cells is 
inpaintedbased on the surrounding ground 
cells.
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When windowSize= [0 1 2 5 10 15], slope = 15% and elevationThreshold= .5

A sample progression of SMRF


