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In November 2014, the American Society for Photogrammetry and Remote Sensing (ASPRS) released an 

updated standard, Positional Accuracy Standards for Digital Geospatial Data, to tie together past 

experience with current industry practice of preparing data, but not plotting the resulting maps. The 

new standard provides guidelines for calculating both the vertical and the horizontal accuracy. Prior 

standards include the National Map Accuracy Standards (NMAS), which were developed in 1947, the 

1990 ASPRS Accuracy Standards for Large-Scale Maps Standards and 2004 ASPRS Guidelines, Vertical 

Accuracy Reporting for Lidar Data. None of the previous standards was designed to address the current 

technologies available for LIDAR, orthoimagery or digital camera mapping. The 2014 ASPRS Standards, 

were therefore created to help address the new technology. The new standards focus on the higher 

levels of accuracy that are currently available using the latest technology. 

A portion of the updated 2014 ASPRS Standards addresses vertical accuracy. Vertical accuracy focuses 

on accuracy in the z direction. There are several testing methods available for vertical accuracy and the 

method chosen depends upon the data terrain: non-vegetated terrain versus vegetated terrain. ASPRS 

introduced the updated classifications for accuracy types in the 2014 standards. What was once known 

as Fundamental Accuracy is now Non-Vegetated Vertical Accuracy (NVA) and Supplemental Accuracy is 

Vegetated Vertical Accuracy (VVA).  

Non-Vegetated Vertical Accuracy (NVA) Statistics 
Vertical accuracy in non-vegetated (open) terrain, is assumed to follow a normal distribution curve, and 

as such NVA is calculated at the 95-percent confidence level as a function of RMSE(z). Non-vegetated 

areas include points located in open terrain (bare soil, sand, rocks, short grass) and urban terrain 

(asphalt and concrete surfaces). 

A normal distribution curve (Figure 1) is a bell-shaped symmetrical curve with a single peak, which 

occurs at the average of the data. Fifty percent of the distribution lies on the left side while the other 

fifty percent lies on the right side of the average. The spread of the distribution is controlled by the 

standard deviation (σ).  

http://www.asprs.org/a/society/committees/standards/ASPRS_Positional_Accuracy_Standards_Edition1_Version100_November2014.pdf
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Figure 1 - Normal Data Distribution with Standard Deviation 

A 95-percent confidence level is equal to a standard deviation value of 1.96, which represents 2 σ. Thus 

to calculate the accuracy for VVA Equation 1 is used. The equation (1.9600 * RMSE) is used to 

approximate the maximum error either side of the mean that applies to 95% of the values.  

𝑅𝑀𝑆𝐸𝑧 ∗ 1.96 where RMSEz = √
1

𝑁
∑ (𝑥𝑖 − 𝑥�̂�)
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Equation 1 – 95% Confidence Level 

Vegetated Vertical Accuracy (VVA) Statistics 
Vertical accuracy in vegetated terrain does not follow a normal distribution curve and thus assessment is 

completed using the nonparametric testing method 95th percentile. Measuring percentiles is a way to 

measure the value below which a given percentage of values fall. Determining accuracy at the 95th 

percentile requires discarding the top 5% of the samples and the highest remaining data sample is then 

the 95th percentile, by which all remaining samples would fall below. For VVA the absolute value of the 

vertical error is used in the calculation.  

Equation 2 determines how to calculate the ordinal rank n, which will then provide the value from the 

ordered list that corresponds to that rank. P represent percentile, N is the ranking number of the value 

in the list and n is the ordinal rank.  

𝑛 = [
𝑃

100
 ∗  𝑁] 

Equation 2 – Calculating Ordinal Rank n 
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Vertical Airborne LIDAR Accuracy 
According to the 2014 ASPRS Positional Accuracy Standards for Digital Geospatial Data, vertical accuracy 

is calculated using surveyed points. Table 1 comes from the 2014 ASPRS Standards and specifies the 

vertical accuracy standards for digital elevation data.  

Table 1 - Vertical Accuracy Standards for Digital Elevation Data 

Vertical 
Accuracy 

Class 

 
Absolute Accuracy 

 
Relative Accuracy (where applicable) 

RMSEz Non- 

Vegetated 
(cm) 

NVA at 95% 
Confidence Level 

(cm) 

VVA at 
95th 

Percentile 
(cm) 

Within-Swath 
Hard Surface Repeatability 

(Max Diff) (cm) 

Swath-to-Swath 
Non-Vegetated 

Terrain 
(RMSDz) (cm) 

Swath-to-Swath 
Non-Vegetated 

Terrain 
(Max Diff) (cm) 

X-cm ≤X ≤1.96*X ≤3.00*X ≤0.60*X ≤0.80*X ≤1.60*X 

 

The calculations for both NVA and VVA are subject to the number of checkpoints that are used. As such, 

new standards have been identified to specify the number of checkpoints which are required based 

upon the size of the project. Generally speaking, checkpoints should be distributed proportionally 

among the different kinds of land cover types located within the project. Table 2 is the current ASPRS 

recommended number of checkpoints for a project.    

Table 2 - ASPRS Recommended Checkpoints 

Project Area 
(Square 

Kilometers) 

Horizontal Accuracy Testing of 
Orthoimagery and Planimetrics Vertical and Horizontal Accuracy Testing of Elevation Data sets 

Total Number of Static 2D/3D 
Checkpoints 

(clearly-defined points) 

Number of Static 3D 
Checkpoints in NVA 

Number of Static 3D 
Checkpoints in VVA 

Total Number of 
Static 

3D Checkpoints 

≤500 20 20 5 25 

501-750 25 20 10 30 

751-1000 30 25 15 40 

1001-1250 35 30 20 50 

1251-1500 40 35 25 60 

1501-1750 45 40 30 70 

1751-2000 50 45 35 80 

2001-2250 55 50 40 90 

2251-2500 60 55 45 100 

 

http://www.asprs.org/a/society/committees/standards/ASPRS_Positional_Accuracy_Standards_Edition1_Version100_November2014.pdf


Tools 

Vertical Accuracy Reporting in TerraScan  
 

GeoCue Group Support Page 4 of 5 Terrasolid  

8/9/2016  www.geocue.com 

Absolute Vertical Accuracy in TerraScan 
Verifying vertical accuracy within TerraScan requires project points and checkpoints that are in a space 

delimited file format and have the following fields: identifier/name, easting, northing, elevation. 

GC0405 527974.65 3996532.99 181.44 

GC0694 528461.70 4000509.14 136.56 

GC0393 519538.36 4001593.83 152.81 

GC0822 520408.98 3992537.56 203.34 

 

TerraScan outputs a control report using either loaded points or a TerraScan project. The output report 

is designed to show the elevation differences between the checkpoints and the LIDAR points. The 

following are the steps required to output a control report using points within a TerraScan project: 

1. Create a TerraScan project. 

2. If not in the correct file format, convert checkpoints into a space delimited text file. 

3. In the TerraScan Project window select Tools  Output Control Report. 

4. Specify the checkpoint file and set the parameters (Figure 2) for the class to be used for the 

report. 

a. When checking NVA one typically uses the ground class. 

b. When checking VVA one typically species the land cover class(es). 

 

Figure 2 - Output Control Report Parameters 

5. Review the resulting Control Report (Figure 3). 

 

Figure 3 - Control Report 
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Reviewing the Control Report 
The Control Report has settings that can be defined to give a user a better view of the control points 

with respect to the LIDAR data. This is helpful when it comes to setting up a QC process of the results 

prior to creating the final report.  

To setup the views on the Control Report Dialog select File  Settings. Selecting a point in the control 

report will pan to that point in the main view. If LIDAR data is loaded a user can then see the point data 

with respect to the control point in the Section Views. 

 

Figure 4 - Control Report Viewing Options 

 

Figure 5 - Checkpoints with respect to the LIDAR data 

Conclusion 

The latest specification put forth by the ASPRS provides guidelines for determining vertical accuracies in 

non-vegetated and vegetated terrains. The TerraScan module provides tools for determining, reviewing 

and reporting on these accuracies. For additional information concerning measuring and reporting of 

vertical accuracies in Terrasolid please contact the GeoCue Group Support Team at 

support@geocue.com.  

mailto:support@geocue.com

