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1.0 Introduction 

Surdex is currently under contract with the St. Louis District of the US Army Corps of Engineers 
(USACE) to provide precision elevation data deliverables generated from aerial LiDAR data.  
All data delivered is to meet the USGS LiDAR Base Specification Version 1.0 as defined in 
August, 2012.  This multi-year project consists of several funding partners and requires data 
inspection and acceptance by the USGS NGTOC.   

During the course of producing the 1-meter NPS LiDAR elevation data for the USACE, it was identified 
by the staff at the USGS NCTOG that an anomaly was visible in some of the 1-meter DEM data produced 
by Surdex.  After several discussions between Surdex and the USACE and the USGS, it was determined 
that an alternative interpolation scheme for creation of the DEM could reduce this visual anomaly. 

2.0 Interpolation Software 

The USGS Version 1.0 specification does not define a method for the creation of the DEM data file.  
Therefore, it is left to each vendor to develop a production methodology that appropriately samples the 
project LAS files into the desired DEM files.  Any commercial and/or custom software can be used to 
perform this process.  As you know, the DEM generation process involves two steps: first a TIN is 
created by some interpolation method and then an even grid is sampled from the TIN. 

The commercial software tools available today have many methods to use in this interpolation which 
include the following: 

i. Nearest neighbor 
ii. Inverse Distance Weighting 

iii. Spline  
iv. Trend 
v. Natural Neighbor 

vi. Kriging  
vii. Binning (average value) from a radius of points 

viii. Minimum value from a radius of points 
ix. Maximum value from a radius of points 

The initial 1-meter DEM data produced under this contract utilized the standard DEM interpolation 
scheme defined within TerraScan.  This algorithm simply utilizes a nearest neighbor methodology to 
derive an elevation value utilized to form the values for the TIN generation process.   

The aerial LiDAR sensors utilized on this project consisted of a Leica ALS70 and an Optech Orion H300 
system.  Both these sensors utilize an oscillating mirror to scan the ground with the imaging laser.  These 
types of sensor systems can create vibrations that manifest themselves as visible anomalies in the 
resultant elevation data. In addition, the cell size of the DEM product is essentially the same as the 
nominal post spacing for the LiDAR dataset (1-meter), so this DEM sample size is going to tend to 
magnify variations in the dataset especially depending on the sun angle when viewed as a hillshade. 

Working from our experience with these sensor systems and DEM interpolation methods, Surdex 
developed a custom interpolation method that would minimize these visual anomalies in the DEM.  This 
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algorithm utilizes a linear regression model to analytically establish the best points to utilize in the DEM 
interpolation process.  This algorithm was selected to minimize the visual appearance of the anomaly with 
minimum degradation in the accuracy of the DEM surface.   When applied to the Shannon County data, 
this algorithm produced an esthetically improved DEM data set with an acceptable, nominal degradation 
in accuracy. 

3.0 DEM Review 

Figure 1 below presents an area from the original 1-meter DEM data that presented a visual anomaly 
when displayed in Global Mapper.  Figure 2 presents the same area from the 1-meter DEM generated 
with the Surdex refined DEM interpolation scheme.  You can see that the anomaly pattern has been 
minimized in Figure 2.  

Figure 3 presents a cross section profile between the two elevation surfaces.  This profile presents the 
separation that was created by the refined interpolation method, relative to the original DEM surface.  
You will note that the refined process affected the DEM elevation value by less than 1 cm along this 
profile.  

 

Figure 1:  Original 1-meter DEM  
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Figure 2: Refined 1-meter DEM with custom interpolation 

 

Figure 3:  Surface-to-surface comparison between original and refined DEM 
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4.0 DEM Accuracy 

Standard Version 1.0 accuracy testing was performed on the original interpolated DEM files.  Table 1 
below presents those statistics.  A second Version 1.0 DEM accuracy test was performed on the newly 
interpolated DEM files.  These results are provided in Table 2 below.  Comparison of these results 
indicates that the revised interpolation scheme changed the computed DEM RMSE accuracy from 0.097 
meters to 0.104 meters for all QC point classes.   This reduction in accuracy of 0.007 meters is considered 
to be minimal when compared against the DEM product accuracy of 0.150 meters absolute.   

Table 3 presents a summary of the individual deviations introduced by the new interpolation methodology 
at each control point location.  Review of the last column in the table displays the individual point 
deviations.  A statistical summary of these values indicates that the overall average deviation introduced 
by the interpolation method is computed to be 0.005 meters relative to the original DEM data files.   This 
minimal change in the DEM accuracy represents the computed effect of the revised interpolation scheme 
on the DEM product accuracy.   
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5.0 Summary 

This paper has been assembled to present a refined interpolation scheme developed by Surdex to 
minimize visual anomalies present in some aerial LiDAR 1-meter DEM data being produced for the 
USACE and reviewed by the USGS.  This paper summarizes the effect of this refined interpolation 
algorithm on the resultant DEM and a summation of the overall accuracy impact.  Based upon these 
findings it is apparent that this interpolation methodology will improve the visual appearance of the 1-
meter DEM with minimal impact on the final product accuracy.  The final Shannon County 1-meter DEM 
files meet the project accuracy specifications.   

 

Sincerely, 

 

 

Steven M. Kasten CP, PLS, PSM 

 

 


