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SMITH_0,SMITH_150,150.0008 

SMITH_0,SMITH_400,399.9772 
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SMITH_0,JNX_B,1100.0001 

SMITH_150,SMITH_400,249.9764 

SMITH_150,JNX_B,949.9991 

SMITH_400,JNX_B,700.0226 
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Following is an example of a data file containing the measured data. All the station names found in the 
measured file need to exist in the published data file. There needs to be a minimum of three baseline 
stations and three baseline measurements. All distances, both published and measured, need to be 
horizontal distances. As with all least squares problems, the more redundant measurements that are taken 
the more confidence you will have in the solution.  

SMITH_0,SMITH_150,150.0048 

SMITH_0,SMITH_400,399.9773 

SMITH_0,JNX_B,1100.0032 

SMITH_150,JNX_B,950.0025 

SMITH_400,JNX_B,700.026  

SMITH_150,SMITH_400,249.9762 

SMITH_0,SMITH_400,399.9819 

NGS publishes the baseline data in metric units. q.x saNOTNtNend currently set up to only work in meters. 
When collecting the baseline distances collect them in meters or convert the distances to metric before 
processing. 
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EDMCheq.exe is part of the NCDOT workspace. If you are running a NCDOT computer you should find 
the program q.x saNOTNtNein the following folder, 
C:\NCDOT_V8_WORKSPACE\LOCATION_STDS\Standards\appl. There should also be a file called 
baselines.dat in the same folder. Baselines.dat contains the data for all the published baselines in North 
Carolina. This file needs to be in the same folder as q.x saNO.exe file. Double-click q.x saNO.exe to 
start the program. A short cut could be created for convenience. The program consists of a single dialog 
box as shown.  
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Both the published data and the measured data need to be designated: 

Published EDM File: The published data contains the station names and published horizontal 
distances for the calibration baseline being used. For NC DOT users the baseline being used 
should be available as one of the predefined baseline options. Alternately, the user can create a 
data file containing the published distances. If you are using one of the predefined baselines you 
will need to use the same point naming scheme as the predefined baselines. If the user needs to 
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create a published baseline file he can use the ‘Open’  button to designate an existing file, or he 
can use the ‘New’ button to create a new data file. One of the conveniences of the NGS format is 
that most users will always return to the same calibration baseline. So the user typically only has 
to define the ‘Published EDM File:’  once.  

Measured EDM File: The Measured EDM file contains the station names and the measured 
horizontal distances between the baseline monuments. Use the ‘Open’  button to designate an 
existing data file .Use the ‘New’ button to create a new data file. This file can be manually 
created or it could have been created using a total station using the NCDOT TSC3 program 
EDMCheq. 

Following is the EDM Calibration dialog box after both the published and the measured data source have 
been chosen. If choosing one of the predefined baselines, first pick the ‘Predefined’  radio button. Then 
choose the correct baseline from the combo box list. Then press the ‘Load’  button. After choosing the 
data source the contents are displayed in the edit fields. These values can be edited and saved to the same 
file using the ‘Save’  button or another file using the ‘Save As’  option. If a new calibration is being 
performed, use the ‘New’ button to designate the new data file name and then enter the data into the edit 
box and ‘Save’  the data once input is completed. The data file can alternately be created using any ASCII 
text editor. 
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In addition to the published and measured data there are six fields that need to be filled out. The fields, 
Comment, EDM Description, Date, and Time are all text fields that have no impact on any computations 
or processing. These fields only become part of the final report. The Constant Err. and PPM Err. define 
the predicted accuracy of the EDM being tested. EDM specifications as published by the EDM 
manufacturers are commonly entered here. These values are used in the computation of covariance, 
correlation, variance of Unit weight and standard error of unit weight. Additionally these values are used 
by the program to compute the standardized residual column in the output report. 
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After both the published and measured data have been created and designated the ‘Process’  button is 
pressed, and an output report is created. The report is displayed in the lower portion of the dialog box.  
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To save the report to an ASCII text file press the ‘Save As’  button found on the bottom of the dialog box 
and enter a file name.  
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Following is a more complete view of the report as viewed in an ASCII text editor. The key items to 
review are marked in red.  

 

 

1) The above report shows that the EDM has a constant error of -0.5 mm and .154 ppm. 
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2) Statistically speaking you cannot distinguish those computed errors from 0.0 indicating that the 
EDM is operating well within its specifications. This is shown from the results of the t-test. Note 
that the test is being performed to a 5% confidence level.  
 
Surveyors are probably more familiar with the chi-square test than the t-test. But the two tests 
serve a similar purpose. The t-test is used to test whether the computed scale error and constant 
error differ significantly from 0.0 scale and constant error. If the results of the t-test indicate that 
the scale and constant error is significantly different from 0 that is an indication that the EDM is 
not working properly.  
 
Be careful of treating the results of the t-test as a measure of the absolute correctness of the EDM. 
There can be instances where a passing t-test result is obtained when the scale and constant error 
are too large. There also can be instances though less common when you fail the t-test yet have 
perfectly acceptable scale and constant error results. 
 
The results of the t-test are dependent on the Scale Standard Error and the Constant Standard 
Error. If the standard errors are very large you may pass the t-test when the scale and/or constant 
error are actually too large. Also, if the standard errors are very small the t-test may fail when the 
scale and/or constant error are perfectly acceptable.  
 
Look at the entire report. Do not just look at the results of the t-test. Look at the computed scale 
error, the constant error, the differences, the residuals and the results of the statistical tests. As 
with all least squares reports, there is never one single value that can be relied on to determine if 
you have an adequate analysis. The report has to be reviewed in whole. 
 

3)  The values in the “Diff.”  column cluster around 0.0 without positive or negative values 
predominating indicating there is no systematic error.  
 

4) The standardized residual is comparing whether the expected distance error is the same as the 
measured distance error. The measured distance error is the values in the ‘Diff.’  column.  The 
expected distance error is computed from each measured distance and the expected error, 3mm & 
2ppm, in our example. The standardized residual is computed by dividing the measured error by 
the expected error. Since we are hoping that the measured errors and expected errors be the same, 
we are expecting the standardized residuals to be close to one. In the above report all the 
standardized residuals are less than one indicating that the measured errors were less than what 
we were expecting. If any of the standardized residuals were greater than three, they would have 
been marked with an ‘ * ’  indicating a potential problem.  
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The preceding report was generated from data that was collected with an inappropriate prism. The user 
mistakenly used a prism that had the wrong offset for the total station that he was using. Note the 
following: 
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1) The Null Hypothesis is the default assumption that we are testing. Our assumption is: The EDM 
we are testing is well adjusted and has no systematic error with a constant error of 0.0 and a PPM 
error of 0.0. Another way of phrasing this is that we are testing whether the measured distances 
are the same as the published distances. We are using statistics to determine whether this is a 
statistically valid assumption.  
 

2) The computed constant error is -4.7mm’s or -.015’ . Modern EDM’s are certainly capable of 
measuring better than this. The ppm error is -.6, well within capabilities of modern EDM’s. The 
most common cause of an excessive constant error is an incorrect prism offset. This is noted in 
the report.  
 

3) Notice that the results of the t-test indicate that the null hypothesis is rejected for the constant 
error, i.e. the EDM has a systematic constant error.  
 

4) Notice the ‘Diff.’  column and how there is a consistent negative value in the range of 3-6mm 
indicating a systematic error. 
 

5) Notice the ‘Residual’  column. All the values are 1 mm or less with a roughly equal number of 
positive and negative values. For the above example the residual is computed as follows: 
 

−059×÷11 +47ℎ�
�7����� � �999999×9 �	59×99��� �47ℎ�
�7������ 5 �
�����7����� 
 

 This value is the (corrected measured distance – the published distance). If distances are 
corrected using the computed scale and ppm error then good results are obtained.  
 

6) Look at the entire report. Do not just look at the results of the t-test. Look at the computed scale 
error, the constant error, the differences, the residuals and the results of the statistical tests. As 
with all least squares reports, there is never one single value that can be relied on to determine if 
you have an adequate analysis. The report has to be reviewed in whole.  
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The following report is from the example found in the NGS manual, lo8el78,IP)e*dNeukes-fnz0-rnuge+-dNe

,ngNd.  

1) In this example the EDM has an excessive PPM error of 13.5 PPM. With a PPM error there is 
more error in longer distances than there are in shorter distances. The most common cause of a 
PPM error is not accounting for the atmospheric correction correctly. This is noted in the report.  
 

2) In the ‘Diff’  column notice the 150m distance has a difference of .003m while the 1650m 
distance has a ‘Diff’  error of .02m. Also notice that all the ‘Diff’  distances are positive indicating 
a positive systematic error.  
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3) Finally, note that the constant error passes the t-test but the PPM error does not pass the t-test.  
 

4) Several values in the Standardized Residual columns have been flagged with an ‘ * ’ . Any 
standardized residual above three is suspect and is marked with an ‘ * ’  and should be reviewed. 
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