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Introduction 
Terrasolid products provide statistical information about the fit of LIDAR and imagery data. This article is 

the second in a series that provides meaning to this type of information. We will conduct a brief review 

of the relevant statistics and discuss how these principles are applied to the use of tie lines for laser 

calibration. We can use descriptive statistics to describe how close the predictions are to reality. The 

goal here is to ensure that there is a consistency to the data from flight line to flight line (although 

known points can also be used in this process).   

Descriptive Statistics 
The descriptive statistics used by Terrasolid products was discussed in more depth in the previous 

article, but here is a synopsis that is relevant to the interpretation of tie line results.  

Mean is defined thusly: “The Arithmetic Mean of a sequence (or set) of measurements 𝑥1, 𝑥2, 𝑥3, . . 

., 𝑥𝑛 is equal to the sum of measurements divided by the number of measurements in the sequence.” 

(Ericson and Harlin 1994) 

There are many ways to communicate this equation and here is one of them:  

𝜇 =
𝑥1 + 𝑥2 + 𝑥3+. . . 𝑥𝑛

𝑛
 

Where µ is the mean of the dataset, 𝑥𝑛 are individual observations, and 𝑛 is the number of 

observations.  

While the mean is technically used to measure central tendency, it is not necessarily a good gauge of 

accuracy. There is, however, a way to directly measure the accuracy of predictions that yields a single, 

positive, and unambiguous value that describes the magnitude of the difference between observed and 

predicted values. This can be accomplished by using RMSE. 

There are many ways to communicate this equation and here is one of them: 

𝑅𝑀𝑆𝐸 =  √
∑ (�̂�𝑖 − 𝑦𝑖)2𝑛

𝑖=1

𝑛
 

Where �̂�𝑖  is the predicted values, 𝑦𝑖  is the observed values, and 𝑛 is the number of prediction and 

observation pairs. 

http://support.geocue.com/control-point-statistics-in-terrascan/
http://support.geocue.com/control-point-statistics-in-terrascan/
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Note: Terrasolid reports use the term RMS for RMSE. 

Tie Lines 
The recommended calibration process of flight lines begins with making sample observations of each, in 

the overlap areas. These are usually features found in a flight line that allow for comparison against 

other flight lines which cover the same feature.  

A single observation consists of a line-of-best-fit through the flight line’s points.  This is similar to a trend 

line for a scatterplot which represents the relationship between independent and dependent variables. 

While each observation is not meant to determine the relationship between XYZ of points from the 

same flight line, their positions are determined in the same manner as their trend line relatives: using 

Least Squares. This produces a good line-of-best-fit that effectively depicts the position and slope of the 

feature it represents (Figure 1).   

 

 

Figure 1: An example scatterplot trend line analogous to an observation line 

Each observation has corresponding observations from other flight lines representing the same feature 

to allow for a comparison to be made. Figure 2 shows this in detail. In this example, there are four flight 

lines that overlap in this location (green, yellow, red and blue). An observation is generated for each that 

should correspond to the same feature. In the absence of a known position (known lines or points), 

TerraMatch uses the mean of these observations as a position to tie the flight lines together, hence a 

‘tie line’. The tie line’s position is determined by taking the Z value of the center of each observation and 

finding the mean Z for that feature. Tie Lines come in many different shapes and sizes, depending on the 

nature of the point data. They can be best suited for known points, flat ground, vertical walls, or roof 

intersections, among others. 

 

http://www.terrasolid.com/guides/tmatch/index.html?working-with-tie-lines.php
http://www.terrasolid.com/guides/tmatch/index.html?tie-line-types.php
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Figure 2: An Example Tie Line of Four Overlapping Flight lines. Also, showing the center of each observation and designated 
Mean Z value for the Tie Line. 

Once the tie line position has been determined, the overall quality of the match needs to be quantified. 

In the example of Figure 2, the green flight line observation is 0.59m above the mean, the yellow: 0.36m 

above the mean, the red: 0.15m below the mean (-0.15m), and the Blue: 0.83 below the mean (-0.83m).  

Using the equations for average magnitude and RMSE discussed earlier, we can provide meaningful 

information about how well these flight lines match at the location of this feature.  The average 

magnitude of the mismatch is 0.4825m, meaning that the average observation will be 0.4825m away 

from the mean. The RMSE is 0.545m, meaning the average error of the observations is 0.545m. This 

example only describes that match of the flight lines at that feature location. TerraMatch allows us to go 

a step further. 

TerraMatch quantifies the mismatch associated with all of the tie lines in the dataset and provides 

descriptive statistics in a Tie Line Report. This report shows the average mismatch of the entire dataset, 

the number and types of tie lines used, the RMSE, the maximum mismatch values, along with the mean 

magnitude of the mismatches per flight line, per line group, and per scanner. In the example tie line 

report shown in Figure 3, section A contains the average mismatch with a value 0.13716m, meaning that 

the average observation line is nearly 14cm above or below its tie line.  Section B shows that there were 

528 tie lines of the “Section Line” type, which can give us an idea of how well these measurements 

represent the dataset and the errors we wish to correct. Section C shows an RMSE, RMS in Terrasolid 

terminology, of 0.158m. Section D shows the average mismatch on a per flight line basis, showing line 

three’s mean Z closest to the mean Z of all flight lines, and line one as the furthest. In this example, 

there is only a single scanner in use. These average mismatch values per line, scanner or line group can 

be used to evaluate if any of those stand out against the others, potentially indicating issues with the 

dataset and guidance on how to correct for it. 

http://www.terrasolid.com/guides/tmatch/index.html?output-report.php
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Figure 3: An Example Tie line report 

 

Corrections can be calculated to improve the match by using the Find Tie Line Match tool.  This tool can 

calculate corrections for the whole data set at once. It can calculate separate solutions for line groups 

(useful for lines flown during different missions), or individual solutions on a per line basis. Solutions 

could also be unique for each scanner. There are several parameters that can be solved for depending 

upon the type of data: Easting, Northing, Z Shift, Mirror Scale, Heading, Roll, Pitch, and lever arms (XYZ). 

TerraMatch provides results of these calculations in the ‘Find Tie Line Match Results’ dialog. This report 

contains the starting mismatch and final mismatch of the dataset. If the final mismatch is not an 

improvement over the starting mismatch, then no correction has been identified. The report also lists 

the correction values for each of the selected parameters and the number of observations that were 

used to calculate each. The units for Easting, Northing, and Z shift will be the same as the data, while 

heading, roll, and pitch are in degrees, and the mirror scale is unit less.  The units used for the lever arms 

should always be meters. The report’s values are typically of more resolution than needed and it is quite 

useful to understand the magnitude of the movement each correction will result in when applied to the 

dataset. The report in the example in Figure 4 shows a final mismatch of 0.01366m compared to a 

starting mismatch of 0.13716m.  In this example, only solutions for Heading, Roll, Pitch, and Mirror Scale 

were calculated.  

http://www.terrasolid.com/guides/tmatch/index.html?find-tie-line-match.php
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Figure 4: An example Find Tie Line Match Results Dialog 

TerraMatch provides another tool for calculating corrections called ‘Find Tie Line Fluctuations’. This 

process allows for correction values to vary over time instead of being a constant correction. This can be 

useful in situations with GNSS dropout, such as is often found with mobile LIDAR collections. This 

process outputs a report that shows the starting and final average mismatch, and allows for the 

visualization of the individual corrections in a chart or drawn into the DGN file.  

Conclusion 
Understanding the various statistical reports in the TerraMatch process can greatly enhance one’s 

efficiency in evaluating, correcting and probably most importantly reporting on the relative accuracies of 

a LIDAR dataset. 
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