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Recall from last year’s JALBTCX presentation: 
Simple, shape-based waveform features 

Questions 
• Are there simple, 

shape-based 
features that 
characterize the 
waveforms? 

• Can they be 
computed in real-
time? 

• Can they be 
gridded an 
ingested into GIS? 

• Are they useful?  

 



Animation of waveforms in transect across a marsh 



Waveform Features & Computation Times 



Gridded waveform features in GIS 

Gridded echo width Gridded skewness Gridded kurtosis Gridded AUC 



Results of regressions of ∆Z on waveform metrics (R2) 



Generating Relative Uncertainty 
Surfaces from Waveform 

Features 



Pamet marsh  
Relative uncertainty surface 

Circles = field sample sites 
Blue = TF Spartina alterniflora 

Rogers et al., 2014 



Use case #2 of lidar waveform features: 
Predicting salt marsh vegetation biophysical 

parameters  
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y = 0.18x – 2.12 
r = 0.73 

= S. alterniflora samples  
=  all other species 

Rogers et al., 2014 
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Predicting salt marsh vegetation  
biophysical parameters 

Rogers et al., 2014 



Predicting salt marsh vegetation biophysical 
parameters 



Can we extend this to topo-bathy lidar 
and benthic habitat mapping? 

Sept 2013 NOAA/NGS data of Barnegat Inlet 

DeHavilland Twin Otter 
(DHC-6) 

Left: Riegl LMS Q-680, 
Right: Riegl VQ-820-G 



Riegl waveform features 
• Waveform features included as standard output 

from “V-line” systems and provided via LAS 
ExtraBytes 

  
 

 

 

1. “Reflectance” 
• Ratio of signal amplitude to 

amplitude of signal from a white 
reference target at same range, 
given in dB 

2. Pulse Shape Deviation 
• Measure of the discrepancy 

between the digitized waveform y[n] 
and a stored, system-specific 
reference pulse, p[n] 

 Pfennigbauer, M. and A. Ullrich, 2010. Improving quality of 
laser scanning data acquisition through calibrated 
amplitude and pulse deviation measurement. Proc. SPIE 
Defense, Security, and Sensing, pp. 76841F-76841F.  



Pre-Processing Steps 



Example: 
Preprocessed “reflectance” layer 



Something else you can do… 
• Remove any remaining artifacts (e.g., seamlines between 

swaths) from waveform feature mosaics in the frequency 
domain using ERDAS Imagine 

Input  Output 



Data Layers 

Aerial RGB 
Image 

Pulse Shape 
Deviation 

Reflectance  Bathymetry 



Benthic Habitats  



Seagrass 

Widgeongrass 
Ruppia maritima 

Eelgrass 
Zostera marina 

KEY INDICATORS 
Water quality 
Ecosystem health 
Essential fish and shellfish habitat 



Barnegat Bay Field 
Campaign: 

October 2013 



Sand and Macroalgae 
Camera Photo Aerial RGB Image Pulse Shape Deviation 

Reflectance Image Bathymetry 



Sand and Eelgrass 
Camera Photo Aerial RGB Image Pulse Shape Deviation 

Reflectance Image Bathymetry 



Eelgrass 
Camera Photo Aerial RGB Image Pulse Shape Deviation 

Reflectance Image Bathymetry 



Sand 
Camera Photo Aerial RGB Image Pulse Shape Deviation 

Reflectance Image Bathymetry 





Next Steps & Future Direction 
• Object-based classification of Barnegat Bay benthic 

habitats 
– eCog 
– Rule set based on texture of waveform features, depth, dist 

from shoreline 
• EAARL-B / ALPS implementation 

– Great data set, acquired very shortly before and after Sandy 
– Pre- and post-Sandy => habitat change analysis 

• (Jeff’s dissertation work) Marsh elevation correction 
factors, computed as a function of waveform features, 
distance from shoreline, elevation relative to MHW 
– 2 more papers to be submitted to JCR SI 
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