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Surveying 

Introduction 
 It is advisable to explain some essential concepts to take full advantage of the possibilities offered 

by the Surveying Module. Many of these aspects are related to the program’s configuration, which can be 

accessed through the Utilities > Configuration command in the drop-down menu or by clicking the 

Configuration button in the Station Calculation section (see Customization Manual). 

Units 

 The program allows one to choose between meters and feet as distance measurement units, and 

among centesimal degrees, sexagesimal degrees and radians for angles. Check what mode the system is 

configured with in order to avoid confusion or incorrect results.  

Stations 

 Stations are identified by a name comprised of up to eight numerical or alphabetic characters, their 

X, Y and Z coordinates, a scale or optional anamorphosis, and a code of up to fourteen characters. 

Instrument Set-Ups 

 Instrument set-ups represent the set-ups of the instrument used to initiate the station or point 

observations. They consist of the station name, the instrument’s height, horizontal correction or 

disorientation, and the horizontal and vertical angle corrections arising from instrument inaccuracies. 

These are assigned automatically by the program if the angular correction option is on. 

 They also include the point information obtained from their observations. 

Observations 

 The information making up an observation depends on the current configuration: 

• If the program is configured in total station mode, the components also depend on its 

configuration: horizontal angle, reduced or geometric distance, vertical angle or height 

difference, and stake or prism height. 

• If it is in tachometer mode, each observation consists of: horizontal angle, vertical angle, 

thread 1 and thread 2.  

 Station observations are identified by their station of origin, instrument height (in other words, 

instrument set-up) and name of their target station. On the other hand, point observations are identified by 

their point number. 

Double Observations 

 A double observation consists of a direct circle observation and an inverse circle observation 

associated to the same station or point. 
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Observations 

 Observations consist of each of the measurements making up an observation. They are used to 

generate observation equations, which are processed by the least squares method in the traverse and grid 

compensation, the direct and indirect intersection, and the levelling options. 

 In essence, they all consist of an observed value, a calculated value and a residual amount left over 

from the difference between the two. They also include a standard deviation, or estimated error of these 

observations, calculated from the equipment’s accuracy factor set in the configuration. Consult to the 

Least Squares section for further details 

 The program handles four types of observations: 

• Distance observations, containing the following information: origin and observed stations, 

observed distance, standard deviation and residual. 

• Azimuth observations, containing the same information as distance observations, but also 

including a horizontal correction of its respective instrument set-up. 

• Angle observations, arising from differences between two observations from consecutive 

stations. 

• Vertical observations, indicating the difference between the observed vertical distance and 

the calculated vertical distance. 

Open Survey 

This option allows a job to be imported from a survey file with the. LEV extension. Each 

AutoCAD drawing can have an survey file associated to it with the same name but with the .LEV 

extension. Similarly to the digital model, every time the drawing is stored it is stored in this file. 

If a survey is already defined in the current drawing, the program requests if one wishes to 

replace the previous data or to merge the jobs, thereby unifying them in one single file. 

 

 

Import Survey 
Using this command, a window is displayed containing a list of entry formats built up over the 

application’s lifecycle. 

Format Selection 

 Choosing a manufacturer automatically displays, a list of the available models or formats on the 

right-hand side. The file format can be consulted by clicking the Details button. Should the format have 

more conversion options, the More Parameters button will be enabled. 

 Possible actions after a conversion has been made are as follows: 

Check Observations. A dialog box is displayed containing all the observations converted. Points and 

stations can be identified, values edited and invalid observations deleted. 

Import Survey. After converting a file in its original format to the .LEV format, the file is loaded 

automatically, without need of importing it. 

Go to Station Calculation. After the conversion is completed, the Station Calculation dialog box is 

displayed automatically. 
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Once the dialog box has been accepted, the program displays an source file selection window in 

which one highlights the file one wishes to convert to the program’s format. The program then requests a 

file name for the survey file. 

Configuration of the Conversion 

 This dialog box is activated by clicking on the Configure button in format selection. It allows one 

to generically control of differences between point and station observations, in addition to any actions one 

may wish to perform should there be repetitions or inverse circle observations. Some of the formats 

available distinguish between different kinds of observation. In such cases, these options have no bearing 

on the conversion. 

 All options described in the dialog box can be stored in a file with a .CFG extension by pressing the 

Save button and subsequently recovered using the Load button. 

 Original total station file observations are considered point observations by default. In order for 

them to be considered as total station observations, the following options are available: 

• Code. Observations are considered as station observations if their code is within those entered in 

the field. Several can be shown, separated by commas. 

• Prefix. Observations are considered as station observations if their names start with one of the 

prefixes specified in this box. Several can be shown, separated by commas. 

• Ordinal. If this option is activated, only the observations falling within the Minimum and 

Maximum values entered are considered as station observations. The rest are considered as 

point observations. 

• Alphanumeric Ordinal. Observations are considered as station observations if their names are 

not numerical. 

• Observations to Instrument Set-Ups. If this option is enabled, a preliminary analysis is 

performed to check the source of all the observations. Observations are considered as station 

observations if they are origin observations. For instance, if observations from stations 1,2 and 3 

are found, the observations from stations 1 to 2 and from 1 to 3 are considered to be station 

observations. 

• Observations from Different Instrument Set-ups. A point should not be read from several 

stations, since only one set of coordinates can be stored. If this option activated, these points are 

considered as station observations. 

The reason why observations have been considered as station observations is indicated in the Check 

Observations dialog box’s status line 
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The checks conducted by the program are as follows: 

• Inverse Circle. If this option is activated, the second observation is considered to be the inverse 

of the first one if the program finds two consecutive observations with more or less 

complementary vertical angles. 

• Repeated Observations. If this check box is marked, observations are highlighted as repeated 

observations and the program takes whatever action has been specified in the Action for 

Repetitions section when repeated observations of a point or station are found. 

The actions that may be chosen should repeated readings be found include the following: 

• Save First. Only the first observation is saved. The rest are discarded. 

• Save Last. The last observation found is saved. The previous ones are discarded. 

• Average Observations. One observation is created from the average of all the observations. 

Checking Observations 

 This dialog box allows one to check whether the original total station file’s conversion has been 

correctly executed, in addition to conducting some additional checks. All the observations are displayed 

on a list, in original files’ order. Observations can be filtered, so that only Point or Station observations 

are displayed by activating the corresponding check boxes in the View box. 

The Type column shows whether the observation is considered as a Point or Station. Clicking 

the buttons having the same name allows one to change the type assignment. 

 

 The Delete button highlights the observations selected for deletion when the dialog box is accepted. 

The Edit button allows one to modify the observation data selected. Lastly, the Find button can be used 

to find an observation by using any of its values. 

Editing Observations 

 This dialog box allows the observation data to be modified before it is included into the current 

survey file. The Type field is used to set the type of Point or Station observation.  

 The Origin and Target check boxes display the name of the origin station as well as those of the 

station or point read. The Inverse Observation check box allows one to show whether one wishes to 

consider the observation as such. 

 Lastly, the Instrument Height, Horizontal Angle, Vertical Angle, Horizontal Distance, Stake 

Height and Code boxes all contain information extracted from the original station format. This 

information is always displayed this way, although the information is not provided in this way. For 

example, if the original format stores geometric distance instead of horizontal distance, or height 

difference instead of vertical angle, these are automatically converted. 
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Search for Observations 

 If the converted file contains a lot of measurements, this dialog box is useful. It is accessed by 

clicking the Find button in Checking Observations. 

 The program begins to search from a specific element, unless the From the Beginning check box is 

marked. Depending on the check box marked, a search can be performed by Origin station, by the 

Target  station or point, or even for a particular field, by filling in the All Fields data. 

 

 

Save Survey 

 The survey associated with the current drawing is saved in a file with the same name as the drawing 

and with the .LEV extension the moment the AutoCAD SAVE (QSAVE) or SAVE AS (SAVEAS) 

commands are executed. 

 The survey can be saved at any time using this option by specifying the destination file. 

 

Export Survey 
This option allows one to export survey files to the ASCII LEV (*.LEA) format, so as they can 

be used with other applications or edited by the user. In latter case, they can be imported again using the 

Convert Survey command and selecting TCP as the manufacturer and the ASCII Survey format. 

Delete Survey 

 This command deletes the survey associated with the drawing, after first requesting confirmation. It 

does not delete the file should it be saved. 

 

Survey Data 

This option allows one to associate work data for future identifications. It is accessed through the 

Surveying > Survey Data command, or by clicking the Survey button within the Station Calculation 

section. 
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In the section CRS it should be indicated whether a Local coordinates systems should be applied 

or whether it is a Projected coordinate system. In this case, by pressing the button on the right the 

projection system and datum can be selected. 

The fields Name, Site, Operator and Date are solely for information purposes.  

The Corrections applicable in the calculation must also be established. The Sphericity and 

Refraction correction can be enabled for any type of coordinate system and Reduction to Ellipsoid and 

Combined Scale Factor, only if it is a projected CRS. If this latter correction is enabled, the Average 

Radius of the Earth in the survey area will also have to be introduced . 

By default, the corrections enabled are copied in the Topography Configuration. See section  

for a full description of its indications and effects. 

Finally, the Brand and Model of the instrument used must be selected to take into account its 

precisions in the calculations.  

Print Survey 

When printing a survey, the elements to be listed can be chosen. The available options can be 

seen in the following dialog box: 

 

 Consult each of the relevant sections for further information about the different section’s formats. 

Station Calculation 

This option is used to perform the survey calculation and gives access to an important set of 

application options. 

This dialog box’s appearance depends on the user mode set in the Surveying Configuration. 

Consult how each of the controls works in the relevant sections. 

Beginner Mode 

 In this mode, only the essential survey calculation controls are displayed. In order to access the 

other options, one should directly use the options menu. 

 

Origin Station. Allows one to select the station of origin. Once selected, the dialog box displays the 

instrument set-ups at this station, the stations and points read, as well as the coordinates calculated.  

Origin. When this check box is activated, it indicates that the station should be considered as an origin in 

order to automatically calculate stations and points by clicking the appropriate button. See Automatic 

Calculation. 
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Fixed. If this option is activated, the station’s coordinates will not be modified whichever calculation 

method used. 

Projected. Activating this option indicates that the survey is not using plane coordinates, but one of the 

projections permitted by the application. See Survey Data command. 

Instrument Set-Ups. Allows access to Instrument Set-Up information. 

The following options are found in the Points box: 

Observations. Allows access to the Points Observations information. 

Coordinates. Allows access to the Point Coordinate information. 

The following options are found in the Stations box: 

Stations. Displays a list of the stations read from the origin station. Double clicking on New allows one 

to enter an new station observation from that base station. 

Observations. Allows access to the Station Observations information. 

Coordinates. Allows access to the Station Coordinates information. 

 The following options are available in the Calculation Methods box: 

Automatic. See Automatic Calculation. 

Manual. See Manual Calculation. 

Orient. The program assigns the horizontal correction calculated from the station and observed stations 

when the Orient button is clicked. 

Traverses. See Traverses. 

The Calculated Coordinates box displays the coordinates calculated from the station of origin. 

See Calculated Coordinates. See Calculated Coordinates. 

The Draw button displays the current survey’s stations, points and station observations by 

clicking the relevant button. 

 

Lastly, the Configuration button allows access to Surveying Configuration. 

Advanced Mode 

 This mode can be used to calculate points and stations, and additionally gives access to other 

calculation methods and more advanced options. 

 

Origin Station. Allows one to select the station of origin. Once selected, the dialog box displays the 

instrument set-ups at this station, the stations and points read, as well as the coordinates calculated.  
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Origin. When this check box is activated, it indicates that the station should be considered as an origin in 

order to automatically calculate stations and points by clicking the appropriate button. See Automatic 

Calculation. 

Fixed. If this option is activated, the station’s coordinates will not be modified whichever calculation 

method used. 

Delete. Deletes the origin station from the survey file. All the associated observations are also deleted, so 

confirmation is requested before this action can take place. 

Sort. Modifies the representation order of the origin stations. It can be in alphabetical or numerical order, 

and the original file order is lost. 

Coords. Allows access to the Station Coordinates information. 

Projected. Activating this option indicates that the survey is not using plane coordinates, but one of the 

projections permitted by the application. See Survey Data command. 

 

The options set out below can be found in the Instrument Set-Up box: 

Instr.Set-Up. Allows access to Instrument Set-Up information. 

Point Observations. Allows access to the Points Observations information. 

Coordinates. Allows access to the Point Coordinate information. 

 

The following options can be found within the Target Station box: 

Stations. Displays a list of the stations read from the origin station. Double clicking on New allows one 

to enter an new station observation from that base station. 

Observations. Allows access to the Station Observations information. 

 

The Calculated Coordinates box displays the coordinates calculated from the station of origin. 

See Calculated Coordinates. See Calculated Coordinates. 

 

 The following options are available in the Calculation Methods box: 

Automatic. See Automatic Calculation. 

Traverses. See Traverses. 

Networks. See Networks. 

Average All. The Average All button averages all coordinates at each station in a similar way as the 

Average button. 

Manual. See Manual Calculation. 

Orient. Clicking this button causes the program to assign a horizontal correction to the actual instrument 

set-up. This correction is calculated from the origin and target station coordinates. 

Inverse Bisection. See Inverse Bisection. 

Inverse Intersection. See Inverse Intersection. 

Direct Intersection. See Direct Intersection. 

Leveling. See Trigonometric Leveling. 

 

 Some additional buttons are to be found at the bottom of the dialog box: 

Survey. See Survey Data command. 

Draw Stations. Draws the stations and their observations. See Draw Stations and Draw Station 

Observation commands. 

Draw Points. See Draw Points command. 
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Configuration. Allows access to the Surveying Configuration. 

 

Lastly, there is a status line displaying the state of the corrections used on the bottom line of the 

dialog box, so that they can be easily consulted. The initials of those that are activated will be displayed 

as enabled, among the following: 

 

Code Description 

ATM Atmospheric 

ESR Sphericity and Refraction 

RHO Reduction to Horizon 

RNM Reduction to Sea Level 

ELP Reduction to Ellipsoid 

AAP Instrument Angle 

 

Calculated Coordinates 

The central part of the dialog box contains a list of the possible station coordinates that displays 

information about their origin and the calculation method used. These allow one to have an overview of 

the magnitude of the errors and reminds one how the calculation process was executed. The current 

coordinates of the station are the ones selected in this list. 

The list’s first field, Observation St., displays which station allowed the calculation of the 

current station. The last field called Observations shows the method, which could be any of the 

following: 

 

Name Description 

Direct Assignment Coordinates assigned directly to the station 

Database Coordinates obtained from an imported stations file 

Change Coord. Change of coordinates 

Compensation Network compensations 

Drawing Coordinates obtained from drawn stations 

Direct Int. Direct Intersection 

Inverse Int. Inverse Intersection 

Double Observation Station calculation using forward and backward 

observations 

Simple Observation Station calculation using one-way measurements 

only 

Traverse Traverse compensation 

Average Coordinate averaging 

UTM transformation Plane to UTM coordinate transformation 

In addition to these observations, the text “and Levelling” may appear after the code. This 

indicates that the X and Y station coordinates have been calculated by one method, and the elevation 

calculated by levelling. This gives one a great deal of control over the way in which the calculations have 

been performed. 

Below the list of possible station coordinates, the program indicates the maximum distance 

errors (eD), and coordinate errors (eX, eY and eZ). These values are the maximum differences between 

all the alternatives for any station. 

Clicking the Average button assigns the station an average value from all the possible station 

coordinates. If one wishes to delete any of the possibilities, Delete should be clicked.  For example, if 

they are considered to be unreliable. If one wishes to delete all of them for any station, Delete All should 

be clicked. 

Lastly, the Assign button allows one to directly input coordinates and the initial instrument set-

up’s initial horizontal correction. 
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Automatic Calculation 

By clicking the Automatic button in the Station Calculation command, the program calculates 

the whole survey using various methods. For this to be possible, the measurements must be taken from a 

station having assigned coordinates and marked as an origin. 

The following algorithm is used: 

• First, the program examines all the instrument set-ups containing direct circle and inverse circle 

observations, so as to assign the angle corrections due to the instrument accuracy (CH.Ap and 

CV.AP). 

• Then starting with the current instrument set-up and following the order in which the files 

appeared, all the stations containing return (there and back) observations are calculated. 

• Subsequently, all the one-way observation stations are calculated in the same order as above. 

• For stations that could not be calculated as above, the direct intersection method and then the 

inverse intersection method are attempted. 

• The process is repeated until all stations have been calculated, or until no more can be 

calculated from the available data. 

Once the process is completed, the program displays an on-screen report showing the errors 

obtained. 

 

This window displays the calculation method used, the target and origin stations, distance errors, 

as well as the height and angle obtained . An asterisk to the right of the value indicates that it falls beyond 

the configuration tolerance set. If a line from the list is selected and Edit clicked or if the line is double 

clicked, the program displays the observations between stations and allows one to modify them. 

Manual Calculation 

The Manual button allows one to calculate the stations one by one after having previously 

selected the origin station in the window to the left of the dialog box and the target station from the target 

stations list. This method is useful when there are several ways to calculate the stations and it is preferable 

to the automatic calculation method. 

If a backward observation to the origin station exists, the program displays a window containing 

information about the distances and height difference used in the calculation, in addition to the resulting 

original correction. Clicking the Edit button allows one to modify the observation data.  
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If, on the other hand, there is no backward observation, the target station coordinates are 

calculated and the origin station is changed in the dialog box. 

If one clicks the OK button, the coordinates and the horizontal correction to the current 

instrument set-up are applied. 

Instrument Set-Ups 

This command is accessed through the Surveying > Instrument Setups option or by clicking 

the relevant button in the Station Calculation section. When it is executed, the program displays a 

window containing a list sorted by the sequence of the instrument’s set-ups. 

 

Each instrument set-up is defined by its station name and its instrument height. There can 

therefore be several instrument set-ups having the same station but having different instrument heights. 

Each instrument set-up has the following information associated to it: 

• Station name of up to eight alphanumeric characters. 

• Instrument height (Instr.H.) in meters, which must be greater than or equal to zero. 

• Initial horizontal correction (Horiz.C.) in hundredths of degrees or sexagesimal degrees, 

depending on the configuration. This field can be left at zero if one intents the program to 

automatically orient itself in the calculation process. 

• Instrument’s horizontal correction (CH.Ins.), in seconds. This value is usually calculated by 

the program from the errors observed in direct and inverse circle observations. 

• Instrument’s vertical correction (CV.Ins.), in seconds. This is applied in the same way as in 

the previous field. 

• Points. Indicates the points list belonging to this instrument set-up. It does not have to be 

sequential. 

The buttons displayed at the bottom of editable box are defined below. 

Edit. This button works in the same way as a double click on the line one wishes to edit. The program 

displays a window showing all the information associated with the instrument set-up and offers the 

possibility of modifying it.  
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If one wishes to modify the station from which the observations were taken, one simply has to 

select the station desired from the list of existing stations. If one wishes to create a new station, the first 

element on the list (New) can be double clicked and a dialog box will be displayed to enter the new 

station. 

New. By clicking this button, the application displays a dialog box to create a new instrument set-up or 

add a new instrument set-up to an existing station or setting out station. This is quite common when a new 

instrument placement is repeated, as the heights do not coincide or the points to take with regard to the 

previous instrument set-up are not consecutive. The meaning of the fields is the same as the fields 

displayed when the edit button is clicked. Entering a new instrument set-up at the same station with the 

same instrument height is not allowed. 

Delete. If the cursor is placed over an instrument set-up line and this button is clicked, the program 

indicates that the point observations and the stations associated to the set-up will be lost. It also request 

the deletion to be confirmed. If one answers yes, the observations will be without an association. 

Rename. Allows one to change the information that differentiates an instrument set-up from other 

instrument set-ups, that is to say the station name and instrument height. Clicking this button displays a 

dialog box which allows one to modify the fields, as long as they do not coincide with those of another 

existing instrument set-up. 

 

Renumber. This button allows one to renumber the points associated to an instrument set-up, as long as 

they do not get mixed up with those of another. A dialog box is displayed indicating the initial and final 

points. It requests a new initial number (by default, the same number it had). One can also decide whether 

or not one wishes to Respect Jumps that could exist in the original numbering by means of a check box. 

 

Orient. The way the screen is initially presented follows the order of observations saved in the 

observations file or the order they were entered manually. This button allows one to modify the 

presentation by sorting it alphabetically or numerically. The program decides which method to use 

depending on whether all the station names are numerical (in which case it will be numbered numerically) 

or sorted alphabetically 

Print. Allows one to obtain a printed list containing all the instrument set-ups existing in the job in the 

order they have been entered and with the following format: 

  
INSTRUMENT SET-UP LIST 

 

                                       

Station Instr.Height Horiz.c. Instr.HC. Instr.VC. Init.St. Final St. 

1 1.525 0.0000 0.0000 0.000 1 189 

2 1.540 135.3800 0.0000 0.000 190 245 

3 1.545 118.7520 0.0000 0.000 246 391 

7 1.540 44.6260 0.0000 0.000 392 432 

9 1.610 135.1060 0.0000 0.000 433 477 

4 1.505 218.0640 0.0000 0.000 478 561 

5 1.570 181.5460 0.0000 0.000 562 582 

8 1.490 142.7660 0.0000 0.000 583 608 



Surveying   15 

11 1.460 136.4100 0.0000 0.000 609 666 

12 1.575 230.9860 0.0000 0.000 667 696 

13 1.445 230.5520 0.0000 0.000 697 789 

6 1.500 207.7240 0.0000 0.000   

14 1.585 236.6120 0.0000 0.000 790 833 

10 1.490 124.6100 0.0000 0.000 834 872 

 

Delete HC. One can place all the horizontal corrections of the relevant column at zero using this 

command in order to make a new manual or automatic survey calculation. 

Station Observations 
Station observation information can be accessed by using the Surveying > Station 

Observations option, or by clicking the Station Observations button in Station Calculation. This 

window displays the characteristics and magnitudes of the elements observed, which is described below: 

 

Type. This is indicated by two characters representing the features of the observation. The first character 

represents the type of observation, and can be: 

• Normal (indicated by a space “ ”). Complete angle and distance observation according to the 

presentation’s configuration. 

• Angular (indicated by an “A”). Only angle observations (horizontal and vertical) with or without 

prism or stake heights. This type of observations makes calculations such as direct intersections, 

inverse intersections, etc; with or without levelling possible. 

• Distance (indicated by a “D”). Distance observations only. This mode allows one to make trilateral 

calculations 

• Vertical (indicated by a “V”). Only vertical angle observations that only allow levelling 

calculations based on the distance calculations using the calculation coordinates.. 

The second character type in the observation indicates the accuracy employed in the observation. 

It can be a space –indicating normal accuracy– or a plus “+” sign –representing an direct or inverse circle 

observation. 

The observation type is determined automatically by the program, and no user intervention is 

required for this aspect. 

 

Station. This column displays the name of the station positioned for each observation. 

Target.- Target station name for each observation. 

 Inst.Ht.- Instrument height for the corresponding instrument set-up. 

The following fields, which appear in the window, depend on the current configuration: total 

station or tachometer mode, reduced or geometric distance, slope or vertical angle, etc. 

Code. Name of the observation’s code or codes. Should there be more than one code, these are separated 

by commas (,) and a space will only be allowed between a code or sequence identifier: “I” (Start) “F” 

(Final) or “C” (Close).  
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New.- Allows a new station observation to be created. In order to do so, the instrument set-up it belongs 

to should be selected and the name of the observed station entered. Double clicking on the first element 

on the New list, allows a new instrument set-up to be created. If the observation already exists, the 

program issues the “Repeated observation” error message and requests the data again. Once the 

information is entered, a blank observation data editing window is displayed. 

Delete.- Deletes the station observation from the database. It can be recovered by clicking the Cancel 

button and it is reintroduced to the station observations list. 

Sort.- The program displays the observations in the order in which they were taken by the field data 

recorder, or the order in which they were manually entered. The program sorts the observations 

numerically or alphabetically by base station and then by target station in this option. 

Print.- A list is displayed containing the observations, which will depend on the configuration, in the 

following format: 

 

 
STATION OBSERVATIONS 

 

Station Target Instr.Height Horiz. Vertical Net.Dist. Stake Code 

59 60 1.382 235.6745 102.4020 364.0780 0.050  

59 60 1.382 35.6790 297.5785 364.0740 0.050  

59 58 1.382 381.5930 103.6315 265.7360 1.310  

59 58 1.382 181.5985 296.3540 265.7330 1.310  

58 57 1.493 24.5965 104.8380 364.2610 1.310  

58 57 1.493 224.6015 295.1470 364.2540 1.310  

57 58 1.451 224.5960 95.2135 364.2450 1.310  

57 58 1.451 24.6015 304.7680 364.2530 1.310  

57 56 1.451 57.3755 101.6895 196.7920 1.310  

57 56 1.451 257.3820 298.2980 196.7910 1.310  

56 57 1.320 257.3760 98.3645 196.7810 1.310  

56 57 1.320 57.3810 301.6210 196.7830 1.310  

56 55 1.320 60.8070 96.1095 554.1030 1.310  

56 55 1.320 260.8135 303.8770 554.1100 1.310  

It should be observed that the direct and inverse circle observations are displayed with all the data in 

separate lines. 

Edit. Clicking this button has the same effect as double clicking on one of the observation lines. It 

displays the Station Observations data window. 

 

The window is divided into two blocks: Forward Observation and Backward Observation in 

order to offer users complete information. It should be noted that a reading can appear as a forward or 

backward observation depending on the element selected from the station observation list. 

The Reciprocal check box indicates whether one wishes to enter or edit the backward 

observation data. It will be deactivated if there is no backward observation data. Hence it needs to be 

enabled so that this kind of data can be entered.. 

Additionally, the Inverse Circle check box controls whether one wishes to use inverse circle 

observation data in order to achieve a higher degree of observation accuracy. 

The following fields are included within each observation: 

Stations. The forward observation is shown in one editable field, allowing one the chance to change its 

name if it does not already exist in the database. The target station is also shown, for information 

purposes. 
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Instrument Height of the corresponding instrument set-up. If this field is modified, the change affects all 

the point and station observations of that instrument set-up. 

Code of the station observation, having the same rules explained above. 

Direct observation with fields dependant on the configuration chosen. 

Inverse Observation, enabled if the Inverse Circle check box is activated. 

Clicking the OK button saves the information, as long as the data entered is valid. Otherwise, the 

program informs one about the problem and positions itself on the relevant field. 

Station Coordinates 

This option displays the each station’s current coordinates. It displays the following information 

for each station: type (“F” if fixed, blank if not), name, X,Y and Z coordinates, scale, and associated code. 

 

Clicking the Edit button allows one to modify the properties of the station selected. One can 

create a new station and assign its coordinates, scale and code by clicking on New. Delete deletes the 

station’s coordinates, but without deleting it from the database. 

This window allows multiple station selection. Several can be selected at the same time to 

modify their properties simultaneously. The Select All and Clear All buttons facilitate this task. 

The Fixed and Mobile buttons mark and unmark the stations selected as fixed stations. The 

Projected button calculates the scale of the stations selected automatically from their coordinates, as long 

as one has specified that one wishes to work with a projection in the survey data. The data entered for the 

Survey is used to make the calculation. The Planes button assigns the value 1.0 to the scale of the 

stations selected. 

Clicking the Read Drawing button captures all the station information represented in the 

original drawing. A station file can also be added using the Import button. Additionally, the Export 

button can save the information to a station file. Lastly, Print generates a station coordinates list with the 

following format: 

 
Station Coordinates List 

 

 Station X Coord. Y Coord. Z Coord. Scale Code 

 1 1000.000 1000.000 100.000 1.00000000                   

 2 949.751 1031.208 97.547 1.00000000                   

 3  915.875 1041.485 96.004 1.00000000                   

 4 855.350 1090.116 92.505 1.00000000                   

 5  989.329 1035.775 100.735 1.00000000                   

 6 1012.009 1095.679  102.278 1.00000000                   

 7 922.645 999.091 96.698 1.00000000                   

 8 962.813 1056.859 97.716 1.00000000                   

 9 843.080 1048.032 91.365 1.00000000                   

 10 847.441 1119.529 92.657 1.00000000                   

 11 896.442 1099.584  94.312 1.00000000                   

 12 909.749 1124.730  96.064 1.00000000                   

 13  927.482 1158.79 97.786 1.00000000                   

 14 867.221 1150.045 93.252 1.00000000                   

 15 890.633 1182.317 96.271 1.00000000                   

Convert Stations to Points 
 This command converts station observations to point observations. Since a station can be read from 

different points, the program requests the observations to be converted. A point observation is then 

created for each station observation selected belonging to the same instrument set-up and having the next 

number to the last one in the current survey 
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Point Observations 
The Station Calculation dialog box contains information on the instrument set-ups and points 

read from the current station.  One can consult or edit this instrument set-up’s point observations by 

clicking the Point Observations button in the same dialog box. 

 

Double clicking a list element or selecting one and clicking the Edit button, allows one to 

modify any of the data fields that define the point observation. On the other hand, clicking the New 

button allows one to enter a new point observation if the numbering allows it. The Delete button deletes 

the file from the survey file. 

 

The information displayed for each point observation depends on the configuration set for data 

input. However, it is always defined by its point Number, which cannot be edited, the Direct and Inverse 

observations and its Code. The Inverse Circle check box, when activated, allows one to enter the inverse 

observation data if it exists. 

Lastly, the Stake button in the point observations list allows one to modify the prism height 

values for a series of points. In order to do this, one simply types in the Initial Point and Final Point 

numbers and the new Stake value to be assigned 
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Coordinates Entry 

 This command is used to input large amounts of point coordinate data. A dialog box is displayed 

showing the existing points in the survey. The data can start to be entered in the X, Y and Z coordinates 

and Codes boxes. If one does not wish to enter, the Request Codes box should be deactivated. The points 

are numbered automatically from the last one. 

 The program continues on hold for new points as long as the Insertion Mode check box is active. If 

one wishes to edit the aforementioned point data, this box must be deactivated. Unwanted points can be 

deleted by clicking the Delete button. 

 The Print button is used to generate a list of the coordinates. 

 

Point Coordinates 

This button allows one to view the point coordinates calculated of either all points or just the 

ones observed from a specific station. A station must be selected or the All option chosen. The 

Coordinates button is then pressed. 

 

 Once the origin station is selected, the program displays a list containing the number, the X, Y and 

Z coordinates, and the code for each point 
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The coordinates list has the following format: 
 

POINTS COORDINATES 

 

Station: 1   Instrument Height: 1.525 
 

Number X Coord. Y Coord. Z Coord. Code 

1 973.618 960.500 96.556  

2 978.067 971.176 97.366  

3  983.089 983.267 98.311  

4 987.776 994.683 99.218  

5 992.538 1006.597 100.071  

6 997.071 1014.293 100.478  

7 1000.701 1029.552 101.121  

8 1005.380 1044.184 101.614  

9 1009.975 1059.642 101.963  

10 1015.891 1079.691 102.324  

11 1020.036 1093.865 102.452  

12 1023.931 1107.048 102.555  

13  1022.462 1108.949 102.456  

14 1018.678 1095.837 102.341  

15 1015.112 1083.788 102.202  

Convert Points to Stations 
 This command allows users to convert a series of point observations to station observations. First, a 

dialog box appears that makes the selection of points easier by using Instrument Set-Up, Number or 

Code. All can also be selected. The stations are created with the same coordinates as the points, with a 

“P” after their number. 

 

Draw Stations 

This option is accessed through the Surveying > Drawing > Draw Stations drop-down menu or 

by clicking the Draw Stations button in the Station Calculation dialog box. The latter, however, will 

also draw the observations between stations 
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The program represents each station’s current coordinates by means of blocks with attributes, 

which can be used later with all the Setting Out options offered by the program. Depending on whether 

the stations are mobile or fixed, they are represented by a triangle or a circle respectively. Their 

information can be edited using the Surveying > Utilities > Information command. The blocks’ size is 

determined by the current job’s scale. This can also be modified using the Reference command. 

In addition to the current coordinates, each station’s remaining coordinates are drawn in the 

COORSTATION layer using points. Information on these points is obtained in the same way as described 

in the previous paragraph. 

The program does not automatically update the drawing each time the station coordinates are 

modified, so the process has to be repeated every time changes are made. 

Draw Station Observations  

This utility is accessed through the Surveying > Drawing > Draw Station Observations drop 

down-menu option or by clicking the Draw Stations button in the Station Calculation dialog box. The 

station and line graphics representing observations between them are drawn. One or two arrows will be 

drawn at the ends of these lines. These arrows show the direction of the observations, i.e. whether they 

are forward or backward observations. 
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Line colour represents the type of observation, which can be red for complete forward 

observations, yellow for complete backward observations and blue for angle observations. In latter case, a 

broken or dashed line is displayed. 

The information on any of these lines can be edited using the  Surveying > Utilities > 

Information command. Consult the relevant section for further details.. 

Draw Points 
This command is executed through the Surveying > Drawing > Draw Points command or by 

clicking the Draw Points button in Station Calculations. One should firstly specify if one wishes to 

draw All the surveying points, a specific Number of them defined by an Initial and Final points interval 

or select Instrument Set-Ups to choose the set-ups one wishes to draw. 

 

The program works in the same way as with the import points command, thereby displaying the 

coordinates of all the points calculated with their associated point number, height and code information. 

Points entered directly by coordinates will also be drawn with this command.. As in the station 

commands, text size is determined by the scale factor set for the job. This can be modified with the 

Reference command. 

 

Information 

This option gathers information from an element represented on the drawing and optionally 

allows its associated data to be modified. Three types of object can be chosen: 
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• Station: allows one to edit the coordinate, scale and code date, and then redraw it with the 

new values. 

• Station observation: Likewise allows the observation data to be modified and then redraws 

it using the new values. 

• Station coordinates: When stations are drawn, all the coordinate assignments of each station 

are drawn by means of points on the BASESTATION layer (see the Draw Stations command for 

further details), in addition to representing their exact position by means of blocks determined by 

their current coordinates. If the station’s surroundings are amplified using the zoom, one can view 

these points and obtain information on them by using this command. The station coordinates, point 

coordinates and the difference between them are displayed. 

 

Inverse Bisection 

This is a tool used to easily adjust a positioned station by calculating its coordinates and 

disorientation, as well as the transformation scale for the possible combinations that can be made from the 

reference station.  

The program displays the Inverse Bisection window, which displays the name of the calculation 

station and three frames providing information on the Coordinates of points A and B and the 

Observations taken between the origin station and the reference stations. Lastly, the Results provided by 

the X and Y coordinates, the disorientation and the scale are also displayed. Like other calculation 

procedures, if the window is validated, the data will be stored in the initial coordinates database as 

approximate or provisional values. The “Change Coord” observation indicates this. 

 

The target stations to be used in the calculation can be selected from existing observations, by 

marking the elements in the drop down list. Stations A and B must be different. 

The Print button displays a list containing the calculation’s. It has the following format: 



24 MDT Version 8.5  

Station 55 

 

STATIONS COORDINATES 

 

A 56  B 54 
 

X=547.606  X=1210.358 
Y=680.041  Y=1090.445 
Z=66.089  Z=113.570 

 

OBSERVATIONS 

 

H=260.8110  H=74.1493 
DR=554.106  DR=228.981 
V=103.9060  V=96.2592 
J=1.310  J=1.310 

 

RESULTS 

 

X=999.998  Y=999.999 
 

E=0.9999964259 CH=0.0000 

Direct Intersection 

This calculation method can be applied when the result was obtained by the intersection of 

observations from other instrument set-ups and the reference station, using at least two horizontal 

observation readings. This utility is accessed through the Surveying > Utilities > Direct Intersection 

command. The program requests the station to be processed. Additionally, this option can also be 

accessed by clicking the Direct Intersection button in the Station Calculation screen displayed in 

Advanced mode. It is understood that the station currently on screen is being calculated. 

 

The program then requests the station to be calculated and displays a window showing 

information on all the observations from the station to be calculated, along with a schematic 

representation of each one. 

One can select the calculation method by choosing between Angles Only, Distances Only and 

Angles and Distances. 2D or 3D calculations can also be specified by clicking the appropriate buttons. 

The program displays a simplified representation of the calculation in the top left-hand window, 

consisting of a circle indicating the solution found, lines coming out of it drawing the angle observations 

should they be enabled (Only Angles or Angles and Distances modes), and some circles that express the 

distance observations should they be enabled (only Distance or Angles and Distances modes).  The colour 

of each of these observations corresponds to its position on the observation list with the AutoCAD colour 

number system: red of the first, yellow for the second, etc. Should there be more than seven observations, 

colour assignment starts again from the beginning. 
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It is possible to activate or deactivate an observation for calculation purposes, by selecting one 

from the on-screen list. The observation’s representation changes to broken lines. The Select All button 

allows one to choose all the elements observed, even when they may be beyond the admissible error 

tolerance range. The Clear All command deselects all the observations considered. 

The Azimuths, Distances, Angles and Vertical buttons display on-screen on lists corresponding 

to the azimuth, distance, angle and vertical equations used in the calculation that were obtained from 

observations between stations. This information may be edited or printed. Consult the Basic Concepts 

and Traverse Adjustment sections for further details. 

If the Goodness-of-fit tests have been enabled under the Least Squares option within the 

topography configuration, the Results frame will be shown if the Chi-Square test has been passed or not. 

Furthermore, in the lists of distance, azimuth, angular and vertical observations, a column is added with 

the reliability level resulting from the Baarda test. In this case the values may be: perfect, good, poor, 

bad or incorrect. 

The calculation process consists of the gathering provisional coordinates by means of an initial 

approximation and subsequently adjusting them using the least squares method. 

Combinations 

The initial approximation is calculated by averaging out the combinations of calculated 

observations two by two whose error is less than the maximum admissible tolerance. This information 

can be viewed by the clicking the Combinations button. In addition to the coordinates obtained from 

each combination, the program shows the error associated with the averaging out process and the total 

average error. One can likewise modify initial approximation coordinates by changing the X Coordinate 

and Y Coordinate fields. 

 

All the combinations can be activated, so that they are included in the calculation by clicking 

Select All, as well as deactivating them by clicking the Clear All button. Lastly, the Default button 

restores the original calculation observations, i.e. those whose error margins are within the tolerances set 

in the configuration. The Print button displays a list in the following format: 

                                        

 
COMBINATIONS LIST 

 

E1 E2 E3 X Coord. Y Coord. Error 

S 11 S 12 927.257 1158.367 0.490*  

S 11 S 6 927.487 1158.805 0.005   

S 11 S 15 927.482 1158.797 0.005   

S 11 S 16 927.463 1158.761 0.046*  

S 12 S 6 927.485 1158.806 0.005   

S 12 S 15 927.481 1158.798 0.005   

S 12 S 16 927.462 1158.761 0.046*  

S 6 S 15 927.587 1158.730 0.126*  

S 6 S 16 927.638 1158.692 0.189*  

S 15 S 16 927.660 1158.683 0.213*  

 

X Average=927.484   Y Average=1158.801    Average Error=0.005 

It can be seen that all the combinations are included. The ones used in the calculation are 

denoted by an asterisk (*). The X Coordinate and Y Coordinate boxes allow to directly enter the 

coordinates to be used for the initial approximation before the adjustment is performed. It must be 

remembered that the least squares adjustment method will normally find the optimum solution only if the 
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initial approximation is not too far from the definitive one. At times, it may be necessary to change these 

values manually. 

Results 

Lastly, the screen representation consists of the ellipse error drawing and its numerical data, 

including: major semi-axis (Su), minor semi-axis (Sv), orientation (t), and screen representation scale (E). 

This information is obtained by clicking the Print button, which has these options: observation 

data (See Traverse Calculation), combinations (See previous list), control stations and results. 

 
CONTROL BASES 

 

 

 

 

 

 

 

 

 

 

 

                                                  RESULTS 

 

  Planimetric Adjustment 

 

Calculation by Angles and Distances  

 

Solution: X: 299962.864 Y: 4000056.870 

 

Standard deviation from the parameters: X: 0.0260 Y: 0.0293 

 

Error Ellipse: Su: 0.0866 Sv: 0.0676  Orientation: 366.0464 

 

   Chi-Square Test 

 

 Degrees of Freedom: 12  Chi2: 6.1177e-005 

 

Confidence Interval: 95 % Passed 

 

      Altimetric Adjustment 

 

Solution: Z: 97.729 

 

Standard deviation from the parameter:  Z: 0.0006 

 

Once the calculation has been completed and the OK button clicked, the program assigns the 

coordinates obtained to the station and displays they were obtained by the direct intersection method. 

Inverse Intersection 

This option allows one to calculate stations that have target at least three known coordinate 

points. Its use is very similar to the Direct Intersection command. It can be accessed through the 

Surveying  > Utilities > Inverse Intersection drop-down menu or by clicking the Inverse Intersection 

button from the Station Calculation screen. In the former case, it requests an instrument set-up to be 

selected: 

 

Combinations are calculated three by three with this method, automatically deleting the badly 

conditioned ones that lead to the “Dangerous Circle” case. 

Element X-Coord. Y-Coord. Z-

Coord. 

Ang.Error Dist. 

Error 

Elevation 

Error 

E 2 299949.759 4000031.202 97.563 -0.0661 -0.051 0.001 

E 5 299989.327 4000035.783 100.746 -0.0677 0.038 0.001 

E 11 299896.409 4000099.547 94.348 0.0253 -0.057 -0.001 

E 10 299847.406 4000119.451 92.684 -0.1813 -0.020 -0.001 
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If the Goodness-of-fit tests have been activated under the Least Squares option within the 

topography configuration, the Results frame will be shown if the Chi-Square test has been passed or not. 

Furthermore, in the lists of distance, azimuth, angular and vertical observations, a column is added with 

the reliability level resulting from the Baarda test. In this case the values may be: perfect, good, poor, 

bad or incorrect. 

Furthermore, the results also include the Horizontal Correction which will be assigned 

automatically to the positioning used. The results have the same structure in sections with the following 

format: 

 
     INVERSE INTERSECTION CONTROL STATIONS 

 

 

Element X Coord. Y Coord. Z Coord. Ang. Error Dist. Error Height Error 

E 5 299989.317 4000035.758 100.746 0.0000 0.013 -0.002 

E 2 299949.759 4000031.202 97.563 -0.0000 0.025 -0.000 

E 11 299896.356 4000099.534 94.348 0.0147 -0.040 -0.004 

E 10 299847.406 4000119.451 92.684 -0.0129 -0.006 0.007 

 

     RESULTS 

 

Planimetric Adjustment 

 

Calculation by Angles and Distances 

 

 Solve: X: 299962.795 Y: 4000056.828 CH: 142.7377 

 

Standard Deviation:  X: 0.0033 Y: 0.0037 

 

Ellipse Error: Su: 0.0109 Sv: 0.0085 Orientation: 366.3611 

 

 

Square Chi Test 

 

  Degrees of Freedom: 12  Chi2: 5.1046e-005 

 

Confidence Level: 95 %  Passed 

 

 

Altimetric Adjustment 

 

Solve: Z: 97.747 

 

Standard Deviation:  Z: 0.0025 

 

Trigonometric Levelling 

This utility allows one to calculate a station’s height be means of the least squares adjustment 

method, using as data all the observations that have an observed station as the one to be calculated. This 

command is executed through the Surveying > Utilities > Levelling option or by clicking the Levelling 
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button in Station Calculation, as long as there is an active instrument set-up. In the former case, the 

program requests a set-up through the Instrument Set-Up Selection dialog box, described elsewhere. 

 

The observations can be activated or deactivated by clicking on the list. The data can also be 

edited by clicking the Edit button if only one observation is highlighted, allowing the corresponding 

station’s observation data to be directly modified. 

The program calculates the initial approximation by averaging the heights obtained for each 

observation. It then employs the least squares adjustment method. The screen displays the definitive 

Height and Maximum Error. The results report has the following format: 

 
 

TRIGONOMETRIC LEVELING 

 

 

 

 

 
Vertical Observations 

 

 

RESULTS 

 

Average height: 96.053 

 

Solution: 96.055 

 

Maximum Error: 0.204 

All the vertical observations obtained from the observation information are displayed in height 

difference, definitive heights and maximum error results.  

Once the calculation is deemed correct, one clicks on OK and the height is assigned to the 

station of origin. It should be remembered that this process is performed in the coordinate information 

window, which also contains the fields “Direct.Int and Levelling” field, for instance. 

Element Observed Calculated Std. Dev. Height Residual D 

11 1.801 1.752 0.0015 96.113 0.049 * 

13 -1.592 -1.722 0.0015 96.194 0.130 * 

14 2.599 2.812 0.0015 95.851 -0.213 * 
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Traverses 

Entering Traverses 

Traverses consist of a list of stations ordered in such a way that each station observes the 

following station. If the last station observes the first station, this is called a closed traverse. 

 

Different Traverses can be contained in the same survey. Each one is identified by a sequential 

number starting with zero. It is possible to go directly to the chosen Traverse data by entering its number 

in the relevant box or by using the Next and Previous buttons. A Traverse can also be created by clicking 

the New button, and Delete allows one to delete a traverse. 

The list of stations included in the traverse can be created by selecting stations from the list 

displayed the left of the dialog box and clicking > to add them. On the other hand, stations can be deleted 

from the traverse by selecting them from the list on the right of the dialog box and clicking <. The 

station’s order in the list can be modified using the Move Up and Move Down buttons, but bearing in 

mind that it is only possible to adjust the Traverse if each station observes the following station. 

Another alternative for entering stations is to draw them on screen using the Select button. This 

allows stations to be entered in the order they are to be processed. Of course, the stations must have 

already been drawn. 

The traverses are stored with the survey data. Despite this, if one wishes to export their data to 

use it as another job’s input data, one can use the Export option, which requests the name of a file having 

the .POL extension that saves this kind of information. The Import button can be used to read this file in 

another survey 

Other options affecting the calculation process include the Fix Origin and Fix Destination 

check boxes, which prevent the coordinates of the first and last stations from being modified, and the 

Closed check box, which will be used if the observation between first and last station is activated. 

Lastly, the Adjust button allows access to the Traverse Adjustment dialog box. There should 

be at least one fixed station in the traverse. 
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Traverse Adjustment 

Once the Adjust button is clicked, a dialog box appears displaying each station’s current 

coordinates and a series of controls that allow one to consult the data that will be used in the calculation, 

as well as to set the method one wishes to use. 

In order to be able to adjust a traverse, it is necessary that all the stations (fixed and mobile) have 

previously assigned coordinates and that these are correctly orientated, using either the Automatic 

Calculation or Manual Calculation commands. There must also be an observation sequence, so that 

there is at least one observation from the i to the i+1 stations. 

Firstly, one has to decide on the method. One can also choose whether a Planimetric adjustment 

(just X and Y), a Height adjustment (just Z) adjustment or Both (X,Y,Z) are desired. 

 

There must be at least one fixed station to perform the adjustment after having activated the Fix 

Origin or Fix Destination check boxes in the previous screen. It is possible to consult which are fixed 

and which are mobile, by clicking the Fixed and Mobile buttons respectively. The Fix Adjusted Stations 

check box fixes each of the mobile stations after doing the calculation. 

The Distances, Azimuths, Angles and Verticals buttons allow one to examine the data to be 

used in the calculation from the information contained the station observations making up the traverse. 

They basically contain the origin and observed stations, the observed value, the calculated value and the 

standard deviation. The latter element is determined from the configuration, especially regarding the 

accuracy of the equipment and its observations. Consult the Customization Manual for further details. 

Except in angle observations, all observations can be edited by double clicking on the 

appropriate element in the list or by selecting the element and clicking the Edit button. The corresponding 

observation’s data is then displayed for editing. If the Delete button in the observation list is clicked, the 

field is deleted from the station observations database. Observation lists can also be obtained by clicking 

the Print button in each list. 

If the Traverse has just been adjusted, the Adjusted check box is enabled, so that one may select 

the adjusted or original observations as desired on the basis of the box marked. All this information can 

also be printed in a report (see further below). 

The program performs the adjustment process when the Adjust button is clicked. It then displays 

the differences between the original and adjusted coordinates on screen. Fixed stations obviously will 

display no differences. The Restore button allows the original data to be recovered before adjustment, 

allowing one to modify the calculation method or the observations without the risk of committing errors. 

Once the traverse has been compensated in the Close frame, the closure errors calculated are 

shown. These are: 

eD: Distance error 

eH: Horizontal error with regard to the length of the traverse 

eV: Vertical error with regard to the length of the traverse 

eX: Error in X 

eY: Error in Y 
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eZ:  Error in Z 

eA: Angular error 

 

In the dialogue it can be observed that if we compensate by least squares, directly under the 

coordinates a message appears about the Chi-Square test, informing us whether this test has been passed 

or not. With this in mind, the corresponding option under Configuration > Topography > Least 

Squares must have been enabled. 

 

The Print button displays a dialog box allowing one to select the different elements to be 

included in the report that is generated: 

 

To obtain the observation data, one can select among Distance, Azimuths, Angular or Vertical, 

and choose Original, Adjusted or both. One can choose to include information about Fixed Stations or 

Mobile Stations, as well as the results for Adjusted Coordinates, Deviations or Error Ellipses. The 

latter two are used for least squares calculations. 

 

Compensation Report 

                   Method of Calculation: Least Squares Adjustment 

                    Calculation in Plane Coordinates 

                                Corrections Used 

                         - Sphericity and Refraction                          

 

                                 Fixed Stations 

 Name      X Coord.     Y Coord.     Z Coord.  Scale       Code           

 1         300000.000   4000000.000  100.000   1.00000000                 

  

                                Mobile Stations 

 Name      X Coord.     Y Coord.      Z Coord.  Scale      Code           

 5         299989.318   4000035.756   100.746   1.00000000                 

 8         299962.773   4000056.854   97.740    1.00000000                 

 11        299896.363   4000099.579   94.348    1.00000000                 

 12        299909.630   4000124.664   96.158    1.00000000                 

 13        299927.334   4000158.673   97.743    1.00000000                 

 6         300011.798   4000095.504   102.279   1.00000000                 

 

                                Closing Errors 

                                 L:   418.694                                 

                                 eD:    0.045 *                                 

                                 eX:    0.008                                 

                                 eY:   -0.045                                 

                                 eZ:    0.021 *                                 

                                 eH:   1/9229 *                                 

                                 eV:  1/20247                                 

                                 eA:  -0.1600                                 
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                        Distance Observations Original 

Origin St. Observed St. Observed Std. Dev.  Calculated  Remainder  D Reliability   

1          5            37.337   0.0030     37.320      0.017      * Good         

5          1            37.344   0.0030     37.320      0.024      * Good         

5          8            33.875   0.0030     33.898     -0.023      * Good         

8          5            33.886   0.0030     33.898     -0.012      * Good         

8          11           78.941   0.0030     78.955     -0.014      * Good         

11         8            78.922   0.0030     78.955     -0.033      * Good         

11         12           28.452   0.0030     28.392      0.060      * Good         

12         11           28.446   0.0030     28.392      0.054      * Good         

12         13           38.412   0.0030     38.358      0.054      * Good         

13         12           38.415   0.0030     38.358      0.057      * Good         

13         6            105.493  0.0030     105.482     0.011      * Good         

6          13           105.511  0.0030     105.482     0.029      * Good         

1          6            96.176   0.0030     96.220     -0.044      * Good         

6          1            96.178   0.0030     96.220     -0.042      * Good         

  

                       Azimuth Observations Original 

Origin St. Observed St. Observed Horz.Corr. Std. Dev. Calculated Remainder D Reliability   

1          5            381.5460 0.0000     10.3786   381.5178   0.0282    * Good         

5          1            0.0000   181.5357   10.3775   181.5178   0.0179    * Good         

5          8            161.2200 181.5357   10.9597   342.7348   0.0209    * Good         

8          5            0.0000   142.7829   10.9576   142.7348   0.0481    * Good         

8          11           193.6440 142.7829   7.9316    336.3689   0.0580    * Good         

11         8            0.0000   136.3744   7.9320    136.3689   0.0055    * Good         

11         12           294.5760 136.3744   12.2225   30.9508   -0.0004      Good         

12         11           0.0000   230.9731   12.2242   230.9508   0.0223    * Good         

12         13           199.5660 230.9731   10.2240   30.5396   -0.0005      Good         

13         12           0.0000   230.5287   10.2236   230.5396  -0.0109    * Good         

13         6            310.2860 230.5287   7.5650    140.8766  -0.0619    * Good         

6          13           133.1140 207.7878   7.3040    340.8766   0.0252    * Good         

1          6            7.8840   0.0000     7.6615    7.8269     0.0571    * Good         

6          1            0.0000   207.7878   7.6615    207.8269  -0.0391    * Good         

 

                             Planimetric Adjustment 

                            Number of Equations:  35 

                          Number of Unknown Quantities:    12 

                              Number of Iterations: 2 

 

                                 Square Chi Test 

                               Chi2: 5.5027e-004 

                             Confidence Level: 95 % Passed 

                                          

                                  Deviations 

                           Station     Sx          Sy       

                           5           0.0757      0.0121 

                           8           0.0885      0.0384 

                           11          0.0828      0.0497 

                           12          0.0900      0.0658 

                           13          0.0867      0.0610 

                           6           0.0742      0.0248 
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     Altimetric Adjustment 

                                    Number of Equations:  14 

                               Number of Unknown Quantities:    6 

                                    Number of Iterations: 1 

 

                                          Deviations 

                                        Station     Sz       

                                        5           0.0097 

                                        8           0.0126 

                                        11          0.0138 

                                        12          0.0138 

                                        13          0.0126 

                                        6           0.0097 

 

Consult the sections below for a more detailed explanations about the calculation methods. The 

ideal method will depend upon the particular job in question and on the observations’ accuracy. In any 

event, the users’ professional experience should be relied upon. 

 

Distance Observations 

 

Distance observations contain the following information: origin and target stations, observed 

distance, standard deviation and residual. The corrections in force affect these values. An asterisk may 

appear to right of any observation, which indicates whether the difference between the observed and 

calculated values is within the tolerance. 

Azimuth Observations 

 

Azimuth observations consist of the observed and target stations, the observed and calculated 

azimuth, standard deviation and the residual. They also contain a horizontal correction for each of the 

instrument set-ups. Angle values are expressed in either hundredths of a degree or sexagesimal seconds, 

depending on the configuration chosen 
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Angle Observations 

 

Angle observations are originated by station observations between a station, the previous station 

and the next station, or their reciprocal stations. These values are only used for the least squares 

calculation and cannot be edited. 

Vertical Observations 

 

Vertical observations indicate the differences between observed and calculated height 

differences, and their functionality is similar to the other observations. Sphericity and refraction 

corrections affect these values. 

Error Ellipses 

 The Error Ellipses button displays information associated with the error ellipse for each of the 

mobile stations making up a Traverse, including: standard error rectangle size (Sx, Sy), sizes of the major 

and minor Semi-axes and the Orientation of the ellipse. This information is shown for the confidence 

margin or probability percentage set in the configuration. 

See the Least Squares section for further information. 

 

Calculation Methods 

Least Squares 

This method consists of using several observation equations on the observations data and 

subsequently adjusting the result with the least squares method of the result. See the Least Squares 

section for more detailed information. 
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Each observation between traverse stations can generate several equations, depending on their 

data. If planimetric adjustment has been selected, a distance equation (as long as it is not null) and an 

azimuth equation (as long as the horizontal angle is not null) are created. If height adjustment is used, a 

vertical equation or slope equation is created (as long as the distance and vertical angle are not null). 

Lastly, an angle equation is created for all intermediate stations that helps to enhance the system’s 

accuracy. 

Each equation involves coefficients that depend on the specific observation values. These are 

assigned to the system coefficient matrix. Likewise, each equation has an independent term, which 

depends on the residual or the difference between the observed and calculated values. These values are 

stored in an independent term vector. 

Additionally, in order to consider the effect of each observation on the system, a weighting 

matrix is created. Each observation has a weighting factor that depends on the each observation’s 

standard deviation, or the a priori error. These in turn depend on the characteristics of the equipment used, 

as set in the configuration. 

The matrix equation is: 

PKAPAAX T1T −= )(  

where: 

X =Coordinate increments vector 

A = Coefficient matrix 

P = Weighting matrix 

K = Independent term matrix  

Once these matrices have been built, the calculation process for each increment in mobile station 

coordinates can begin. This ends when the system converges and the coordinates become definitive. 

It is important to set the configuration values for the convergence and the maximum number of 

iterations correctly. Consult the Customization Manual for further details. 

Proportional to Distance  

If this method is chosen, the program calculates the total length of the traverse by adding up all 

the observation distances between the stations involved. In addition, it determines the closing error from 

the distance between the last station’s theoretical position and its actual position. 

The adjustment consists of modifying the intermediate mobile station observations proportional 

to the run length with regard to total traverse length. 

The general formula is: 
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where: 

xi = Original coordinates of station i (the first is 0) 

xi' = Corrected coordinates of station i 

Ex = Overall traverse error in X 

lj = Length of side j 

L = Total length of the Traverse 

 

The same formula is applied for Y and Z. 
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Proportional to Coordinate Increments 

This method also uses total traverse length and the closing error, but the modification made to 

mobile station coordinates is proportional to the X, Y and Z errors found at each station with regard to 

total traverse error. 

The general formula is: 
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where: 

xi = Original coordinates of station i (the first is 0) 

xi' = Corrected coordinates of station i 

Ex = Overall traverse error in X 

 

The same formula is applied for Y and Z. 

Rotation and Homothety 

 This method consists of performing a Helmert transformation on the traverse’s initial and final 

points and applying this transformation to each of the intermediate points. 

 The formulas applied are: 

cybxax iii ++='  

dyaxby iii ++−='  

where: 

xi, yi = Original coordinates of station i (the first is 0) 

xi' yi' = Corrected coordinates of station i 

a,b,c,d = Transformation parameters 

 

 The stations’ Z coordinates are not affected. As can be deduced, this method can only be applied to 

open traverses. 

Crandall’s Law 

 This method is used when angle measurements are more accurate than distance measurements. The 

entire angle error is distributed along the traverse and distances are recalculated, so that the sum of their 

modification’s squares is the least possible. 

 

Networks 
In addition to traverses, complex observation networks can also be adjusted Access to this 

command is through the Surveying > Networks option, or by clicking the Networks button in the 

Station Calculation window. 
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The functionality of this option is very similar to that described above for traverses. The 

difference lies in the fact that networks consist of a list of inter-station observations to be used in 

calculations, in addition the station observations themselves. It is therefore possible to adjust either a 

complete survey or just a sub-section of a survey. Furthermore, the list of stations has no pre-determined 

order, since a system-wide adjustment is performed. 

 

Station selection is the same as with the traverses. The selection of observations, on the other 

hand, can be done from a list of observations between stations, accessed by pressing the Insert button, or 

by graphically selecting previously drawn observations. 

Network data can be exported or imported by clicking the appropriate buttons. The extension of 

these file is .RED. 

Clicking the Adjust button provides access to the network adjustment window, as long as there 

are at least two fixed stations. The way this window works is very similar to the Traverses window. 

 

In this case, there is only one least squares method available, which is why there in no possibility 

of selecting another.  

Additionally, once the calculation has been performed, one can view Error Ellipses information 

by clicking the button with same name. 

 

A report similar to the one described in the previous chapter for traverse adjustment is displayed.  
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In this case only the Least Squares method is available so there is no possibility of selecting 

another. 

In the dialogue it can be observed that directly under the coordinates a message appears about 

the Chi-Square test, informing us whether this test has been passed or not. 

Furthermore, once the calculation has been carried out, we will see the information about the 

Error Ellipses, pressing the button with this same name. 

A report is obtained which is similar to that described for the traverse compensation in the 

previous chapter. 
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Geodesy 

Introduction 
 

Standard ISO 19111, Geographic information – Spatial referencing by coordinates, defines 

the conceptual scheme for the description of spatial referencing by coordinates. It describes the data 

necessary to define coordinate reference systems of one, two and three dimensions and the information 

necessary to convert coordinates from one system to another.   

Under this Standard, a coordinate reference system consists of a coordinate system and a datum. 

Of the different types of datums distinguished by the Standard, Geodetic Datums and Vertical Datums 

are the ones which will be used in this module. The former require a description of an Ellipsoid and the 

latter do not.   

Based on this classification, two groups of coordinate reference system have been created: 

Geodetic CRS’s and Vertical CRS’s. 

Geodetic CRS’s are, in turn, divided into diverse types. Based on the classification of Standard 

ISO 19111 and on the classification made by the EPSG (European Petroleum Survey Group, 

www.epsg.org, now OGP, International Association of Oil & Gas Producers) on its database, the 

following will be distinguished: Geographic CRS’s, Geocentric CRS’s and Projected CRS’s. 

 Therefore, the 4 groups of coordinate reference systems we will be dealing with are:   

Geographic CRS’s  

Geocentric CRS’s  

Projected CRS’s  

Vertical CRS’s 

To transform coordinates from one system to another it is necessary to know the parameters for 

the transformation of both systems to a common system, namely the WGS-84. Given that two types of 

datums are distinguished, geodetic and vertical, we will be talking about geodetic datum transformations 

and vertical datum transformations, which will be discussed in the following sections.  

All the information, except user information, handled by the application regarding coordinate 

reference systems, datums, datum transformations, etc., from the different countries around the world 

come from the EPSG database, in version 7.9 dated August 17th 2011. 

Coordinate conversions and transformations are performed with the cartographic projections 

library PROJ.4 v. 4.8.0 (trac.osgeo.org/proj) dated March 6th 2012. 

Management of the different elements comprising the geodesy module is done using the options 

displayed in the following window:  

http://www.epsg.org/
http://trac.osgeo.org/proj
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The information presented can be extended using the Details… button which appears at the 

bottom of the management screens. This button opens the official online help website of the EPSG 

database. 

 

 

 

 

 

To make the query by code, you must click the link, Retrieve by code, which appears at the top 

left corner of the page, enter the code in the Code box, and click the Retrieve button. 
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To consult by code, the link Retrieve by code must be pressed which appears in the upper left-

hand corner of the page, enter code in the Code box and press the Retrieve button. 

 

 

 

The frame Geographic Coordinates Format has options for setting the input and output 

configuration for this type of coordinates. 

The following formats are supported: 

 

 

 

Degrees/Minutes/Seconds NS-EW e.g.: 36 40 34.564 N 

+/-Degrees/Minutes/Seconds  e.g.: -4 25 12.3424 

+/-Degrees    e.g.: -2.23541 

 

where the degrees, minutes and seconds separator for the first two formats may be: 

 ‘ ‘ Space 

 ‘/’ Stroke 

 ‘:’ Colon 

 ‘ ° ‘ ‘’ ’ Degrees/Minutes/Seconds symbols. For minutes and seconds the symbol is a just 

single quotation marks and double quotation marks, respectively. 

 

If the toggle Automatic Format is marked, the program will read any combination of these 

formats. This option is only available as a source or import format. 



42 MDT Version 8.5  

Another configurable element of the geodesy module are the projected and geocentric 

coordinates. The frame Coordinates Units  allows the values to be set for the input and output data. The 

following window shows the units supported: 

 

 

 

Ellipsoids 

Displays the list of ellipsoids included in the EPSG database Also lets you edit, delete and create 

new user ellipsoids.  

Each line of the list includes the code and name of the ellipsoid separated by a colon.  

 

The dropdown list of the Data Source section lets you change the EPSG data query to a user 

data query and vice versa.  
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In the Search By section you can filter the query data by Code and Name. You have to enter the 

search string in the box on the right and click the  button. In the case of searching by code, it will 

only display the result if the code in question exists in the database, whereas in the search by name, it will 

show all the ellipsoids whose name contains the string entered.   

 

 

By double-clicking an ellipsoid on the list, its properties are displayed: Semi-Major Axis and 

Flattening Inverse. 

 

 

New user ellipsoids can be created. The data requested are:  
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Code: An alphanumeric string of up to 16 characters is allowed.   

Name: An alphanumeric string of up to 64 characters is allowed. 

Semi-Major Axis: In metres. 

Inverse Flattening: In metres. 

 

Geodetic Datums  

Displays the list of geodetic datums included in the EPSG database. You can also edit, delete 

and create new user geodetic datums.  

Each line of the list includes the code and name of the geodetic datum separated by a colon.  

 

 

The dropdown list of the Data Source section lets you change the EPSG data query to a user 

data query and vice versa.  
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In the Search By section you can filter the query data by Code, Name and Area. The last option 

is only available for EPSG data. The name of the area (continent, country, etc.) must be specified in 

English. You have to enter the search string in the box on the right and click the  button. In the case 

of searching by code, it will only display the result if the code in question exists in the database, whereas 

in the search by name, it will show all the geodetic datums whose name or area of use contains the string 

entered.  

 

 

By double-clicking a geodetic datum, its properties are displayed:  Ellipsoid, Prime Meridian 

and Area of Use, Revision Date and Remarks. 
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New geodetic datums can be created. The data requested are:  

 

 

 

Code: An alphanumeric string of up to 16 characters is allowed.   

Name: An alphanumeric string of up to 64 characters is allowed. 

Ellipsoid: Select from the list displayed by clicking the button . 
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Prime Meridian: Select one from the dropdown list. 

 

 

Projected CRS’s 
Displays the list of the projected CRS’s included in the EPSG database. Also lets you edit, delete 

and create new user CRS’s.  

Each line of the list includes the code and name of the CRS separated by a colon.  

 

 

The dropdown list of the Data Source section lets you change the EPSG data query to a user 

data query and vice versa.   
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In the Search By section you can filter the query data by Code, Name and Area. The last option 

is only available for EPSG data. The name of the area (continent, country, etc.) must be specified in 

English. You have to enter the search string in the box on the right and click the  button. In the case 

of searching by code, it will only display the result if the code in question exists in the database, whereas 

in the search by name and area, it will display all the CRS’s whose name or area of use contains the string 

entered.  

 

 

 

By double-clicking a CRS from the list, its properties are displayed: Datum, Projection Type, 

Projection Parameters and Area of Use, Revision Date and Remarks. 

 

 

New user CRS’s can be created. The data initially requested and which are common to all 

Projected CRS’s are:  
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Code: An alphanumeric string of up to 16 characters is allowed.   

Name: An alphanumeric string of up to 64 characters is allowed. 

Datum: Select from the list displayed by clicking the button . 

 

 

 

Projection: Type of projection of the CRS. The projections admitted are:  

Universal Transverse Mercator (UTM) 

Transverse Mercator (TM) 

Lambert Conic Conformal (1SP) 

Lambert Conic Conformal (2SP) 

Oblique Stereographic 
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When you click the Projection Parameters button, depending on the type selected, the following 

data will be requested: 

 

Universal Transverse Mercator (UTM) 

 

 

 

The UTM Zone must be between 1 and 60. 

 

Transverse Mercator (TM) 

 

 

Latitude and longitude must be specified in decimal degrees and False easting and False 

northing in metres. 

The valid range for latitude is from -90° to 90° and for longitude from -180° to 180°. 

 

Lambert Conic Conformal (1SP) 
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Latitude and longitude must be specified in decimal degrees and False easting and False 

northing in metres. 

The valid range for latitude is from -90° to 90° and for longitude from -180° to 180°. 

 

Lambert Conic Conformal (2SP) 

 

 

 

Latitude and longitude must be specified in decimal degrees and Easting at false origin and 

Northing at false origin in metres. 

The valid range for latitude is from -90° to 90° and for longitude from -180° to 180°. 

 

Oblique Stereographic 
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Latitude and longitude must be specified in decimal degrees and False easting and False 

northing in metres. 

The valid range for latitude is from -90° to 90° and for longitude from -180° to 180°. 

 

Geographic CRS’s 

Displays the list of geographic CRS’s included in the EPSG database. Also lets you edit, delete 

and create new user CRS’s.  

Each line of the list includes the code and name of the CRS separated by a colon.  

 

 

The dropdown list of the Data Source section lets you change the EPSG data query to a user 

data query and vice versa.   
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In the Search By section you can filter the query data by Code, Name and Area. The last option 

is only available for EPSG data. The name of the area (continent, country, etc.) must be specified in 

English. You have to enter the search string in the box on the right and click the  button. In the case 

of searching by code, it will only display the result if the code in question exists in the database, whereas 

in the search by name and area, it will display all the CRS’s whose name or area of use contains the string 

entered.  

 

 

By double-clicking a CRS on the list, its properties are displayed: Datum, Area of Use, 

Revision Date and Remarks . 
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New user CRS’s can be created. The data requested are:  

 

 

 

Code: An alphanumeric string of up to 16 characters is allowed.   

Name: An alphanumeric string of up to 64 characters is allowed. 

Datum: Select from the list displayed by clicking the button . 
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Geocentric CRS’s 

Displays the list of geocentric CRS’s included in the EPSG database. Also lets you edit, delete 

and create new user CRS’s.  

Each line of the list includes the code and name of the CRS separated by a colon.  

 

 

 

The dropdown list of the Data Source section lets you change the EPSG data query to a user 

data query and vice versa.   
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In the Search By section you can filter the query data by Code, Name and Area. The last option 

is only available for EPSG data. The name of the area (continent, country, etc.) must be specified in 

English. You have to enter the search string in the box on the right and click the  button. In the case 

of searching by code, it will only display the result if the code in question exists in the database, whereas 

in the search by name and area, it will display all the CRS’s whose name or area of use contains the string 

entered.  

 

 

By double-clicking a CRS on the list, its properties are displayed: Datum, Area of Use, 

Revision Date and Remarks. 

 

 

New user CRS’s can be created. The data requested are: 
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Code: An alphanumeric string of up to 16 characters is allowed.   

Name: An alphanumeric string of up to 64 characters is allowed. 

Datum: Select from the list displayed by clicking the button . 

 

 

 

Geodetic Datum Shifts 
Displays the list of transformations included in the EPSG database that have the WGS 84 or the 

ETRS 89 as the target reference system. 

Each line of the list includes the code and name of the datum shift separated by a colon.  
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The dropdown list of the Data Source section lets you change the EPSG data query to a user 

data query and vice versa.  

 

 

 

In the Search By section you can filter the query data by Code, Name and Area. The last option 

is only available for EPSG data. The name of the area (continent, country, etc.) must be specified in 

English. You have to enter the search string in the box on the right and click the  button. In the case 

of searching by code, it will only display the result if the code in question exists in the database, whereas 

in the search by name and area, it will display all the CRS’s whose name or area of use contains the string 

entered.  
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By double-clicking a datum shift on the list, its properties are displayed: Description, Source 

Datum, Target Datum, Transformation Parameters, Area of Use, Revision Date and Remarks. 

 

 

 

New user datum shifts can be created. The data requested are:  
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Code: An alphanumeric string of up to 16 characters is allowed. 

Name: An alphanumeric string of up to 64 characters is allowed. 

Description: Optional field. An alphanumeric string of up to 128 characters is allowed. 

Source Datum: Select from the list displayed by clicking the button . 

 

 

 

Target Datum: Datum WGS 84 (code EPSG 6326) is established by default.  

Transformation Parameters: Clicking this button displays the screen where the transformation 

parameters are entered. 3 types of datum shift are distinguished: 3 Parameters to WGS-84, 7 

Parameters to WGS-84 and NTv2 Grid. 
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The parameters requested for each type of transformation are:  

3 Parameters to WGS-84 

 dX: Displacement X in metres. 

dY: Displacement Y in metres. 

dZ: Displacement Z in metres. 

 

7 Parameters to WGS-84 

 dX: Displacement X in metres. 

dY: Displacement Y in metres. 

dZ: Displacement Z in metres. 

 dX: Rotation X in arc seconds. 

dY: Rotation Y in arc seconds. 

dZ: Rotation Z in arc seconds. 

dS: Scale in parts per million (ppm) 

NTv2 Grid 

File containing the data transformation mesh with the format proposed by the Geodetic 

Survey of Canada, version 2. This file has extension *.GSB and is selected by clicking the 

button . 

 

Vertical Datums  
Displays the list of vertical datums included in the EPSG database. Also lets you edit, delete and 

create new user vertical datums.  

Each line of the list includes the code and name of the vertical datum separated by a colon.  
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The dropdown list of the Data Source section lets you change the EPSG data query to a user 

data query and vice versa.  

 

 

 

In the Search By section you can filter the query data by Code, Name and Area. The last option 

is only available for EPSG data. The name of the area (continent, country, etc.) must be specified in 

English. You have to enter the search string in the box on the right and click the button  . In the case 

of searching by code, it will only display the result if the code in question exists in the database, whereas 

in the search by name and area, it will display all the vertical datums whose name or area of use contains 

the string entered.  
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By double-clicking a vertical datum on the list, the Area of Use, Revision Date and Remarks 

are displayed. 

 

 

New user vertical datums can be created. The data requested are:  
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Code: An alphanumeric string of up to 16 characters is allowed. 

Name: An alphanumeric string of up to 64 characters is allowed. 

Vertical CRS’s 

Displays the list of vertical CRS’s included in the EPSG database. Also lets you edit, delete and 

create new user CRS’s.  

Each line of the list includes the code and name of the CRS separated by a colon.  

 

 

 

The dropdown list of the Data Source section lets you change the EPSG data query to a user 

data query and vice versa.  
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In the Search By section you can filter the query data by Code, Name and Area. The last option 

is only available for EPSG data. The name of the area (continent, country, etc.) must be specified in 

English. You have to enter the search string in the box on the right and click the button  . In the case 

of searching by code, it will only display the result if the code in question exists in the database, whereas 

in the search by name and area, it will display all the CRS’s whose name or area of use contains the string 

entered.  

 

 

By double-clicking a CRS on the list, its properties are displayed: Datum, Area of Use, 

Revision Date and Remarks. 

 

 

 

New user CRS’s can be created. The data requested are: 
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Code: An alphanumeric string of up to 16 characters is allowed. 

Name: An alphanumeric string of up to 64 characters is allowed. 

Datum: Select from the list displayed by clicking the button . 

 

 

 

Vertical Datum Shifts 
Unlike the above, where the list of elements from the EPSG database appears by default, only 

the list of user transformations is displayed. These datum shifts are based on geoid models with their own 

format. Hence, no datum shift proposed by the OGP in its EPSG database is admitted.   

Each line of the list includes the code and name of the datum shift separated by a colon.  



Geodesy   67 

 

 

In the Search By section you can filter the query data by Code and Name. You have to enter the 

search string in the box on the right and click the button . In the case of searching by code, it will 

only display the result if the code in question exists in the database, whereas in the search by name, it will 

display all the datum shifts whose name contains the string entered.  

 

By double-clicking a datum shift on the list, its properties are displayed: Description, Source 

Datum, Target Datum and File. 
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New datum shifts can be created. The data requested are:  

 

 

Code: An alphanumeric string of up to 16 characters is allowed. 

Name: An alphanumeric string of up to 64 characters is allowed. 

Description: Optional field. An alphanumeric string of up to 128 characters is allowed. 

Source Datum: The datum WGS 84 (code EPSG 6326) is established by default.  

Target Datum: Select from the list displayed by clicking the button . 
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Transformation Parameters: Lets you select the geoid model file the datum transformation is 

based on. This file is binary and has the extension *.GDE. 

 

 

 

Coordinate System Configuration 

The various options presented by the program to perform the coordinates conversions and/or 

transformations require the prior configuration of the source and target systems. These systems consist of 

a combination of the elements mentioned in the previous sections (geodetic CRS’s, datum shifts, etc.). 

The following window lets you establish the configuration values of these parameters:  
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Geodetic CRS type: Indicates the type of coordinates. These can be Geographic, Geocentric or 

Projected. 

Area: If you activate this box and select a country by clicking the button  on the right, this 

is used as a filter in the CRS´s selection and the datum shifts.   

 

 

 

Favourites: Shows the list of the predefined coordinate systems for the selected area. These 

configurations are saved in the folder Geodesy\STS\Continent-Country. The program allows 

user to add new configurations by clicking the button Add…. 

 

Geographic CRS (Geocentric or Projected): Name of the geodetic coordinate reference system. 

You have to select from a list by clicking the button .  

 

 

 

Geodetic Datum Shift: Name of the geodetic datum shift. You have to select from a list by 

clicking the button . In the event of different datum shifts with the same name appearing, 

you can use the Area of Use field to specify the area within the country selected.  
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Vertical CRS: Name of the vertical coordinate reference system. This is optional and is only 

meaningful for geographic and projected reference systems. You have to select from a list by 

clicking the button . 

 

 

 

Vertical Datum Shift: Name of the vertical datum shift. It is only meaningful if you have 

selected a vertical datum. You have to select from a list by clicking the button  . 
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Apart from these fields, the system configuration screen presents a menu of options to let you set 

default settings and change the format for the import and export of geographical coordinates.   

As stated previously in the Favourites section, the system configurations are stored in ASCII 

files with an STS and they include the CRS parameters' values. To manage files of this type, in addition 

to the Favourites section, the options Load and Record are included on the menu Files > CRS 

configuration . 

 

The format of this type of files is as follows: 

Geodesic CRS Type 

Geodesic CRS Code 

Geodesic Datums Transformation Code 

Vertical CRS Code 

Vertical Datums Transformation Code 

For CRSs and vertical datum transformations the symbol ‘?’ is established if they have not been 

defined. 

It is worth highlighting that in the case of the Geodetic Calculator, when loading and recording a 

file of this type, the source and target systems are read and stored: 

Source Geodesic CRS Type 
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Source Geodesic CRS Code 

Source Geodesic Datums Transformation Code 

Source Vertical CRS Code 

Source Vertical Datums Transformation Code 

Target Geodesic CRS Type 

Target Geodesic CRS Code 

Target Geodesic Datums Transformation Code 

Target Vertical CRS Code 

Target Vertical Datums Transformation Code 

 

Generic File Conversion 

This command allows the conversion and/or transformation of coordinates stored in ASCII files 

or other different formats:  GPX (GPS eXchange Format), KML (Keyhole Markup Language) and W84 

(geographic coordinates file of the application TcpGPS). 

In the case of GPX file, waypoints, tracks and routes are analysed. For KML the labels 

analysed are <Point>, <LinearRing>, <LineString> and <Polygon>.  

When selecting a W84, GPX or KML file, the geographic coordinates system WGS84 is 

established at source. 

For ASCII files the formats allowed are as follows:  

n x y z 

n x y 

n,x,y,z 

n,x,y 

n;x;y;z 

n;x;y 

where 

n : number or name of the coordinate tuple. 

x y z :  components of the coordinate tuple.  

 

Coordinates can be projected, geocentric or geographic. The correspondence of each element of 

the tuple according to the type of coordinates is:  

Projected 

 x : East 

 y : North 

 z :  Orthometric or ellipsoidal altitude 

 

Geocentric 

 x : X 

 y : Y 

 z :  Z  

 

Geographic 
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 x : Latitude 

 y : Longitude 

 z : Ellipsoidal or orthometric altitude 

  

A space is not admitted as a field separator for this type of coordinates.  

To perform a coordinate conversion you must first establish the properties of the source and 

target systems (see section Coordinate System Configuration). To do this you have to click the button 

 located to the right of the corresponding CRS box. 

 

 

 

Next, at the bottom of each section, you have to select the source file, which contains the 

coordinates to be converted and can have any extension, and the target file, which will be created with the 

new coordinates and extension TXT or PUN. You should bear in mind that all the information existing in 

the latter will be deleted.  

Once all the parameters are established, click the Convert…  button to start the process. The 

following window will be displayed:  

 

 

 

 

 

The process can be stopped at any time by clicking the Cancel button.  
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The number of points of the target file will be that indicated on the line Points Converted. 

 

 

 

Once the conversion has been carried out, the file can be viewed by pressing the List…button, an 

option which is also available to the source data, except for GPX and KML files.   
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Geodetic Calculator 
Allows the conversion and/or transformation of coordinates supplied in manual mode or read 

from file. 

 

 

 

To make the calculations you have to indicate the parameters for reference systems 1 (CRS 1) 

and 2 (CRS 2) (See section Coordinate System Configuration), enter the coordinates, and click the 

button , to convert from CRS 1 to CRS 2 or , to make the conversion in the other direction.  

 

Depending on the type of geodetic CRS established, the following names are displayed for the 

coordinate axes:  

Geographic CRS 

 Latitude 

 Longitude 

Geocentric CRS 

 X 

 Y 

 Z 

Projected CRS 

 East 

 North 

 

For geographic and projected CRS’s, Orthometric Altitude or Ellipsoidal Altitude will be 

displayed, depending on whether or not Vertical CRS has been selected.   

For projected reference systems, Convergence of meridians, in degrees, minutes and seconds, 

and the Scale Factor are displayed as additional information. In addition, you can select coordinates from 

the drawing by clicking the < button, and draw calculated coordinates by clicking Draw… 

Geographic Coordinate Formats 

Manual entry of geographical coordinates can be done in various formats:  

 

Degrees/Minutes/Seconds NS-EW Example: 36 40 34.564 N 
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+/- Degrees/Minutes/Seconds  Example: -4 25 12.3424 

+/-Degrees    Example: -2.23541 

 

 

These can be configured through the menu Tools > Geographic Coordinate Formats of the 

Coordinate System Configuration window. 

CRS Configuration Files 

 

 

The menu File > CRS configuration lets you Open default settings and Save the present 

configuration of the calculator. Unlike as explained in the section Coordinate System Configuration, 

opening and saving operations are performed on the source and target systems and not just on one of 

them.   

Another use of STS files in this option is to enable the calculator to work directly with PROJ.4 

strings. The format has to be as follows: 

 

PROJ4 

String_PROJ4_Source 

TO 

String_PROJ4_Target 

 

Example: 

 

PROJ4 

+proj=geocent +ellip=WGS84 +datum=WGS84 

TO 

+proj=latlong +ellip=WGS84 +datum=WGS84 

 

The path of files used with the option “+nadgrids” cannot contain blank spaces. These 

must be replaced by the character ‘|’. 

Example : +nadgrids=c:\configuration |files\file.gsb 
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In this way two boxes are enabled, one in CRS 1 and another in CRS 2, in which, initially, the 

strings read from the file appear and which can then be modified manually.  

 

 

 

The program automatically detects the type of geodetic CRS and establishes the corresponding 

boxes for the CRS 1 and CRS 2 coordinates.  

To perform the conversions and/or transformations you have to enter the coordinates and click 

the  or  button, the same as in the default mode of operation. 

 

The button , which appears to the right of the Cadena PROJ.4 box of the CRS 1, disables this 

calculator mode.  
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Coordinate Transformations 

Introduction 

 Based on traditional coordinate transformation methods and according to their dimension, a 

classification has been made which includes these methods in addition to a combination of some of them.   

3 groups of coordinate transformations are presented: 

2D: 2-dimensional transformations among which the traditional methods of Helmert, Affine and 

Projective are distinguished plus a simple translation of X and Y coordinates. 

 

 

3D: 3-dimensional transformations including translations in X, Y, Z and the classical 7 

parameter Helmert. 

 

2D + 1D: 3-dimensional transformations using 4-parameter Helmert 2D for X,Y plus translation 

in Z or translation in Z and slopes X and Y. 
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The operation is similar for each of the methods, two modes being distinguished to define the 

transformation:  

By Points: Entering a series of pairs of source and target coordinates, in 2D or 3D, and 

calculating the equation system of the method selected.  

By Parameters: Entering the values of the transformation equation parameters directly.   

To create a new transformation you have to click the button New…. Similarly, you can upload 

an already existing one by clicking the option Open… 

 

 

Coordinate Transformation by points 

If the transformation is By Points, a list will be displayed at the top of the window with the 

following information:  

Control Point: Number or name of the pair of points. 

Used: You indicate with Yes or No whether the pair of points is involved in the transformation 

calculations. You can change its state by double-clicking on the desired line.  
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Control: For 3D and 2D+1D transformations, you indicate with 3D, H or V whether the pair of 

points is involved in the transformation with its X, Y and Z coordinates, with X and Y only, or with Z 

only, respectively. The default value for each pair will be 3D. To change this, you have to select the 

control point, click the Edit… button and activate/deactivate the Control H and Control V boxes. 

 

 

X Source, Y Source, Z Source: X, Y, Z coordinates of the source point of the pair. Only X and 

Y are displayed for 2D transformations. 

X Target, Y Target, Z Target: X, Y, Z coordinates of the target point of the pair. Only X and Y 

are displayed for 2D transformations. 

Residue X, Residue Y, Residue Z: Differences in X, Y, Z between the actual values and the 

calculated values. Only X and Y are displayed for 2D transformations. 

 

Points can be inserted manually or by importing files.  

The Insert… button allows you to do so manually and displays the following window:   
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 In this window you have to establish the name of the pair, the X, Y, Z coordinates of the source and 

target points and the H and V control. 

The control and Z components will be displayed disabled for 2D transformations.  

The < buttons allow you to select the coordinates from the CAD. 

To insert the coordinates from a file you have to use the Source… and Target… buttons from the 

section Import Point Files.  The points on the list which have the same identifier as the imported ones 

will be replaced.  

Files can have any extension and must have the following line format: 

 NsepXsepYsepZ 

The field separator, sep, can be a space, comma or tab and the Z component is optional.   

Transformation results 

The program attempts to resolve the equation system of the selected transformation every time any 

change is made to the list of pairs of points, whether this be inserting, editing or deleting pairs. If a 

solution is found, the calculated values will be displayed as well as the standard deviation of each 

parameter. The format of angles is sexagesimal, in degrees, minutes and seconds, and anti-clockwise with 

0 in the East.  

At the same time, the mean square error and maximum residues of each X, Y, Z component are also 

presented.  

Depending on the dimension of the transformation, the following mean square errors are calculated:   

2D : Mean square error H (X, Y). 

3D : Mean square error 3D (X, Y, Z), H (X, Y), V (Z). 

2D + 1D : Mean square error H (X, Y), V (Z). 
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Coordinate transformation by parameters 
In addition to transformations by points, it is possible to created coordinate transformations by manually 

entering the equation parameters.  

 

 
 

Depending on the type of transformation selected, the corresponding boxes will be enabled in the Parameters 

section at the bottom of the window.  

The format of the angles entered must be sexagesimal, in degrees, minutes and seconds, and anti-clockwise 

with 0 in the East. 

  

Creation of Transformation Report and File  
Once the coordinate transformation has been created, either by points or parameters, it can be saved using the 

Saved As… button. 

 

This command will create an ASCII file with NTR extension and with the name indicated.  

 

The following is an example of a Helmert 3D transformation: 

 
[Type] 

3D Helmert (7-parameter similarity transformation) 
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[Parameters] 

10233.82581 

6549.96829 

720.87886 

0.039864983450463 
-0.009613724297046 

-2.364273637689549 

0.949956940242192 
[Inverse Parameters] 

12535.20274 

-2626.33944 
-379.86565 

0.021685600857773 

-0.034806842462851 
2.364842746568201 

1.052679285294726 

[MSE] 
3D 0.06841 H 0.06734 V 0.01204 

[Inverse MSE] 

3D 0.07202 H 0.07045 V 0.01495 
[Standard Deviation] 

0.06119 

[Max X Residual] 
0.04803 (Control Point 1) 

[Max Y Residual] 

0.08454 (Control Point 4) 
[Max Z Residual] 

0.01920 (Control Point 4) 

[Control Points] 
4 

[Point Used HControl VControl XSource YSource ZSource XTarget YTarget ZTarget XRes YRes ZRes] 

1 1 1 1 1094.88300 820.08500 109.82100 10037.81000 5262.09000 772.04000 0.04803 0.02520 -0.00113 
2 1 1 1 503.89100 1598.69800 117.68500 10956.68000 5128.17000 783.00000 0.00796 -0.05610 0.01150 

3 1 1 1 2349.34300 207.65800 151.38700 8780.08000 4840.29000 782.62000 -0.01395 -0.05365 0.00884 

4 1 1 1 1395.32000 1348.85300 215.26100 10185.80000 4700.21000 851.32000 -0.04204 0.08454 -0.01920 

 

For coordinate transformations by points, the button Print HTML Report… lets you create a document of 

this type with all the transformation data.   

 
Transformation Data 
 

File D:\test1.htm 

Type Helmert (7-parameter similarity transformation) (3D) 

Date / Time 21/12/2015 11:43:46 

 

Parameters 

 

TX 10233.82581 ± 0.06721 

TY 6549.96829 ± 0.06805 

TZ 720.87886 ± 0.22878 

RX 002°17'2.74309'' ± 000°00'30.33323'' 

RY -000°33'2.97298'' ± 000°00'8.74588'' 

RZ -135°27'46.44379'' ± 000°00'7.77431'' 

Scale 0.94995694 ± 0.00003576 

r11 -0.712764 

r12 0.701339 

r13 -0.009614 

r21 -0.700541 

r22 -0.712499 

r23 -0.039853 

r31 -0.034800 

r32 -0.021671 

r33 0.999159 
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Statistics 

 

MSE 3D 0.06841 

MSE H 0.06734 

MSE V 0.01204 

Standard Deviation 0.06119 

Max X Residual 0.04803 (Control Point 1) 

Max Y Residual 0.08454 (Control Point 4) 

Max Z Residual 0.01920 (Control Point 4) 

 
 

Control Points 

 

Control Points Count 4 

Control 

Point 
Used Control 

X 

Source 
Y 

Source 
Z 

Source 
X 

Target 
Y 

Target 
Z 

Target 
X Res Y Res Z Res 

1 Yes 3D 1094.883 820.085 109.821 10037.810 5262.090 772.040 0.04803 0.02520 -0.00113 

2 Yes 3D 503.891 1598.698 117.685 10956.680 5128.170 783.000 0.00796 -0.05610 0.01150 

3 Yes 3D 2349.343 207.658 151.387 8780.080 4840.290 782.620 -0.01395 -0.05365 0.00884 

4 Yes 3D 1395.320 1348.853 215.261 10185.800 4700.210 851.320 -0.04204 0.08454 -0.01920 

 

2D Translations 
This type of transformation calculates X and Y displacements by the mean of the differences between source 

and target. Only one pair of points is necessary.  

 

Formulas: 

 

Txxx +='  

Tyyy +='  

where: 

x', y' = Transformed X,Y coordinates  

x,y = Original X,Y coordinates 

Tx = Translation X 

Ty = Translation Y 

 

Helmert 2D 

Also known as 4-parameter similarity transformation. The transformation process involves 3 

steps: scaling, rotation and translations. The first two are defined by one parameter each and the 

translations include 2. At least two pairs of points are necessary.  

 

Formulas:  

TxySxSx ++= )sin()cos('   

TyySxSy ++−= )cos()sin('   

where: 

x', y' = Transformed X,Y coordinates 

x,y = Original X,Y coordinates 

S = Scale 
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  = Rotation angle 

Tx = Translation X 

Ty = Translation Y 

 

 

Affine 2D 
Also known as 6-parameter transformation. It is the general case of the 4-parameter Helmert 

transformation, where different scales are used for the X and Y axes and where, moreover, these axes are 

not orthogonal. At least three pairs of points are necessary.  

Formulas: 

TxySyxSxx +++= ))sin(()cos('   

TyySyxSxy +++−= ))cos(()sin('   

where: 

x', y' = Transformed X,Y coordinates 

x,y = Original X,Y coordinates 

Sx = Scale X 

Sy = Scale Y 

  = Rotation angle 

 = Othogonality correction angle  

Tx = Translation X 

Ty = Translation Y 

  

Projective 2D 
Also known as 8-parameter transformation. It is appropriate to use it when a 2-dimensional system non-

parallel system. It is often used in photogrammetry. To perform the transformation at least four pairs of 

points are necessary.  

 

Formulas: 

1ybxa

cybxa
x

33

111

++

++
='  

1ybxa

cybxa
y

33

222

++

++
='  

where: 

x', y' = Transformed X,Y coordinates 

x,y = Original X,Y coordinates 

 

a1...b3 = Transformation equation parameters  
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3D Translations 
This type of transformation calculates X, Y, Z displacements by the mean of the differences between source 

and target. Only one pair of points is necessary.  

 

Formulas: 

 

Txxx +='  

Tyyy +='  

Tzzz +='  

where: 

x', y’, z' = Transformed X,Y,Z coordinates 

x,y,z = Original X,Y,Z coordinates 

Tx = Translation X 

Ty = Translation Y 

Tz = Translation Z 
 

Helmert 3D 

 This transformation is also known as 7-parameter transformation. It transfers points from one 3-

dimensional coordinate system to another. It is applied in the process of reducing GPS survey data, and 

also in photogrammetry. The 7 parameters involved are: three rotations, three translations and a scale 

factor. The rotation matrix is constructed by three consecutive rotations round X,Y,Z axes. At least three 

pairs of points are necessary.  

 Rotation matrix: 

   

















=

333231

232221

131211

mmm

mmm

mmm

M  

  where 

    cos*cos11=m  

    sin*cos12 −=m  

   sin13=m  

    sin*cos21=m  

    cos*cos22 =m  

 cos*sin23 −=m  

 cos*sin*cos31 −=m  

 cos*sin32 =m  

 cos*cos33=m  

 

 Formulas: 

TxzmymxmSx +++= )(' 131211  

TyzmymxmSy +++= )(' 232221  
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TzzmymxmSz +++= )(' 333231
 

where: 

x', y’, z' = Transformed X,Y,Z coordinates 

x,y,z = Original X,Y,Z coordinates 

S = Scale 

Tx, Ty, Tz = Translations in X,Y,Z 

m11...m33 = Rotation matrix coefficients  

Helmert 2D + Vertical Displacement 

 This type of transformation is a combination of the Helmert 4-parameter transformation and a 

displacement in Z. This translation in Z is calculated as the mean of the differences between the source 

and target points with this component. At least two pairs of points with X and Y coordinates and one with 

the Z coordinate are necessary.   

Formulas:  

TxySxSx ++= )sin()cos('   

TyySxSy ++−= )cos()sin('   

   Tzzz +='  

where: 

x', y’ = Transformed X,Y coordinates 

x,y = Original X,Y coordinates 

S = Scale 

  = Rotation Angle 

Tx = Translation X 

Ty = Translation Y 

Tz = Translation Z 

  

  

 

Helmert 2D + Vertical Displacement and Slopes  

 As in the previous transformation, this is a combination of the Helmert 4-parameter transformation 

and a translation in Z calculated from a displacement and the inclinations of the X and Y components. At 

least two pairs of points with X and Y coordinates and three with the Z coordinate are necessary.  

Formulas:  

TxySxSx ++= )sin()cos('   

TyySxSy ++−= )cos()sin('   

  )0()0(' yyPyxxPxTzzz −+−++=  

where: 

x', y’ = Transformed X,Y coordinates 

x,y = Original X,Y coordinates 

S = Scale 
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  = Rotation Angle 

Tx = Translation X 

Ty = Translation Y 

Tz = Translation Z 

Px = Slope X 

Py = Slope Y 

X0 = Original X coordinate of the first pair of points  

Y0 = Original Y coordinate of the first pair of points 

Transform File 

This utility lets you apply a transformation to a points file.  

The source and target files and the NTR file are requested. 

 

 

 

The source file can have any extension and must have the following line format:  

 NsepXsepYsepZ 

The field separator, sep, can be a space, comma or tab and the Z component is optional. 

The target file is created with a space as field separator and TXT and PUN extensions are 

admitted. 

The List… buttons allow you to display the files selected as source and target.  

 

 

 

Once all the data are established, by clicking the Transform button, a window is displayed 

showing the number of points read and transformed at all times.  
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Corrections 

Introduction 

The corrections used by the program can be activated or deactivated through the configuration. It 

is important to understand how these corrections affect calculations and to know when to use them, since 

they may have already been applied depending on the equipment used. Knowledge and experience are 

therefore essential in their use. 

Differently from previous versions, and as a consequence of the modification to the corrections' 

calculation, version 7 of MDT does not explicitly show the reduction to horizon and to sea level. These 

have been included in the calculation of the reduction to ellipsoid. Hence, because of these changes, users 

are recommended to carry out timely checks if surveys have been created with versions prior to 

MDT v7. 

 

Sphericity and Refraction 
This is a value added to the slope, allowing the optical effects of sphericity and refraction on the 

observations to be corrected. The following formula is applied: 

Rt

DgK
DsDs

2
+='  

where: 

Ds' = Corrected slope 

Ds = Original slope 

K = Refraction coefficient. 0.42 by default 

Rt = Earth’s radius in meters. 6370000 by default 

The refraction coefficient and the Earth’s radius can be modified in the configuration. 

Reduction to Ellipsoid 
This is the terrain geometric distance from the length of the geodesic line on the ellipsoid surface 

defined by the projection of end points in accordance with it geodesic vertical elements. 

 

The distance reduction is usually carried out in two steps: 

1. Conversion of the geometric distance, Dg, to the ellipsoid string distance, Dce 
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expression involving the ellipsoidal altitudes of the ends, h= H + N (where H is the orthometric 

height and N the geoid undulation) and where the geodesic line is approached by a circumference arch. 

The radius adopted for said arc is usually that corresponding to the mean of the Euler radius on normal 

mutual sections, though it an approximate the arithmetic mean of the mean Gauss radius, Rm, 
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where it is necessary to calculate the main radii of curvature of the ellipsoid at the ends of the 

line 
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2. Conversion of the ellipsoid string distance, Dce, to the ellipsoid arc distance, Dae 
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This final step will not affect the measurement for short distances. 

 

García-Asenjo, L., Hernández, D. & Llácer, C. (2004). Study about the influence of geodesic corrections 

on topographic works carried out as from classical measurements and GPS. 8th National Topography 

and Mapping Congress TOPCART2004. 

 

Instrument Angle 

The instrument’s horizontal and vertical angle corrections are values added to the angles before 

calculating stations. They are obtained from the average of the direct and inverse circle calculation errors 

of the respective instrument set-ups.  These values are calculated automatically and can be modified by 

editing the individual instrument set-ups’ data 

n

e

HrHr

n

1i

i
=+='  

where: 

Hr' = Corrected horizontal angle 

Hr = Original horizontal angle 

ei = Observation circle error i 

n = Number of observations 
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Anamorphosis 

This is a scale factor applied to the reduced distance before calculation, and whose value 

depends on the hourly ellipsoid and time zone values specified in the survey data. Each station can have a 

different value, and can be edited through the station’s data modification options: 

KDrDr ='  

where: 

Dr' = Corrected horizontal distance 

Dr = Original horizontal distance 

K = Anamorphosis coefficient 

 

Scale factor due to height 

This is a correction due to height which to some extent affects the distance measured. 

Generally speaking, this correction is minimal, but it must not be ignored as for altitudes of 700 

metres it attains quite large values, particularly worthy of consideration when measurements are taken 

with electronic distance measurement capable of measuring distances in kilometres with very few 

centimetres of error. 

It will be enabled by default as it is worth using it in any case. 

 

R

hR
Kh

+
=

 

 

where: 

 Rt = Radius of the Earth. By default 6370000. 

 h = ellipsoidal height. 

The Radius of the Earth may be modified under configuration. 
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Combined scale factor 
This is the factor resulting from multiplying the anamorphosis by the scale factor due to the 

height. 

 

KKhcombinedK =  

where: 

Kh = Scale factor due to height 

K = Anamorphosis 

 

This factor can be enabled or disabled on the configuration panel; when enabling it, the scale 

factor correction due to height is automatically enabled. It is recommended to enable it for works with a 

considerable height and distance. 
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Least Squares 

Introduction 

The program makes extensive use of the least square adjustment method in most of its 

calculation tools, specially to compensate traverses, networks, direct and inverse intersections, 

trigonometric levelling and coordinate transformations. The basic principles of this calculation method 

are described below. 

When carrying out a survey, more observations than necessary are normally taken in order to 

reduce the possibility of errors and enhance the results’ accuracy. This generates a geometric model, 

which is “over-determined”. In other words, a system having more equations than unknowns. The most 

probable station coordinate values can be calculated from the simultaneous adjustment of the 

observations, so that the sum of the squares of the residuals is minimal. The term “least squares” comes 

from this. 

The program implements the least squares calculations using the observation equations method. 

Each observation generates one or more equations, which are adjusted simultaneously. Mathematically, it 

is expressed with the following matrix equation: 

X = (AT P A) –1 AT P L 

where X is a vector containing the difference between each station’s current coordinates for the resulting 

coordinates. A is the coefficient matrix created from the observation data and the intervening station 

coordinates. P is a diagonal matrix of equation weights. L is a vector containing the residuals between the 

observed values and the calculated values for each observation (independent terms). 

The program uses an iterative process to calculate the X matrix, which continues until the values 

are less than the convergence threshold specified in the least squares calculation configuration section, or 

until a maximum number of iterations is reached. Normally, if the system is well thought out, the second 

or third iteration should converge. If this is not the case, an error message is displayed and the user must 

increase the number of iterations allowed. See the Surveying Configuration for further details. 

If a three-dimensional calculation method has been set, the program executes a separate 

planimetric adjustment to calculate the definitive X and Y coordinates, and then performs a height 

adjustment to calculate the Z coordinate. 

The matrix equation that calculates the residuals after the adjustments is the following: 

LAXV −=  

where: 

V = Residual vector 

A = Coefficient matrix 

X = Difference vector for the origin and destination points 

L = Independent term vector 

Additionally, the standard deviation indicated in each calculation is obtained using the following 

formula: 

r

PVV
S

T

0

)(
=  

where: 
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V = Residues vector 

A = Coefficient matrix 

X = Vector for differences between source and target coordinates 

L = Independent terms vector 

Furthermore, the standard deviation indicated in each calculation is obtained using the following 

formula: 

r

PVV
S

T

0

)(
=

 

where: 

S0 = Standard deviation 

P = Weight matrix 

r = Degrees of freedom of the system 

 

The degrees of freedom are calculated by subtracting the number of observation equations (m) 

minus the number of unknowns (n): 

r = m – n 

The standard deviation for each of the adjusted values is obtained from the formula: 

iii xx0x QSS =
 

where: 

Sxi = Standard deviation from the adjusted value i 

S0 = Total standard deviation of the adjustment 

Qxixi = Diagonal element of row i, column i of the covariance matrix 

 

The covariance matrix is calculated using the equation: 

1T PAAQ −= )(
 

where: 

Q = Covariance matrix 

A = Coefficient matrix 

P = Weight matrix 

 

Wolf, P.R. & Ghilani, C.D. (1996). Adjustment computations: statistic and least squares in surveying and 

GIS. 

Brinker, R. C. & Minnick, R. (1995). The Surveying Handbook. 

Observation Equations 

Each observation making up a survey can generate several equations among of the following: 

• Distance equations 

• Azimuth equation 

• Angle equation 

• Vertical equation. 
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Each equation is determined from an observation’s data or from the relationship between two 

observations, as is the case with angle equations. The program determines which of the equations can be 

generated on the basis of the data available. For instance, if an observation is just of distance, only such 

an equation will be created. If the observation is angular, the angle and azimuth equations will be created. 

In this way, more better use is made of the data gathered. 

Each equation affects the coefficient, residual and weighting matrices. The values of the A 

coefficient matrix depend on the type of equation and are based on linearization using Taylor series non-

linear equations generated by the observations.  

The L vector residual values are calculated by simply finding the difference between the 

observed and calculated values for each observation. This coincides with the data displayed in the 

program’s information windows. 

Li = Vo - Vc 

where:  

Li = Residue 

Vo = Observed value  

Vc = Calculated value 

Finally, the diagonal matrix P for weightings contains a factor which affects each equation and 

determines its fitness or precision. In the following section “Measurements uncertainties” detailed 

information is provided on how it is constructed. 

 

Measurement uncertainties 
Measurement uncertainty is a parameter associated with the result of a measurement which 

characterise the dispersion of values which could reasonably be attributed to the measurand. The less 

uncertainty about the measurement, the better. 

There are two types of uncertainty: 

• Angle measurement uncertainty. 

• Distance measurement uncertainty. 

Angle measurement uncertainty 

ISO Standard 17123-3 sets out the procedure to be followed by a user to determine and evaluate 

the angle measurement uncertainty of the instrument used. Although the quality of the instrument 

measurement depends on various factors such as offset uncertainty, the angle resolution of the instrument, 

telescope magnification etc., ISO Standard 17123-3 does to set out to study each of these factors, but 

rather to ascertain the final effect produced by them all, evaluation the typical deviation of the 

measurement. 

The expression of the combined typical uncertainty of an angle can be evaluated as: 

compjcoISO   22222 ++++=  

where: 

  

Angle measurement contribution of the station  

Pursuant to ISO standard 17123-3, the typical horizontal and vertical angle measurement 

uncertainty with a theodolite is expressed by means of the typical experimental deviation of the mean of a 

horizontal angle direction (σISO-HZ) and of the mean of a vertical angle (σISO-V). Hence, for a given angle 

direction the typical deviation of the measurement encompassing the traditional “accidental reading and 

aiming errors” will be: 

 
2HZISO

 =
   

2HZISOHZ −= 
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2VISO
 =

  
2VISOV −= 

 

The measurement contribution of horizontal angles will be used in the event of typical 

experimental deviation of the mean of a horizontal angle direction. In the same way as for vertical angles. 

 

Contribution through stake centering 

One of the sources of uncertainty in an angular or distance measurement occurs when the target 

sign is not perfectly centered. Its contribution to the uncertainty of the horizontal angle is: 





D

o

o
=

 

where: 

D = Distance measured. 

ρ = Hundredths of seconds which have a radian: An approximation of this value is: 636619,772. 

5.3

o
o

U
=

 

where: 

Uo = a value of 0.75 mm has been assumed as this is the most appropriate value for current 

stations with optical or laser plummet. 

It is divided by 3.5 to achieve a coverage probability of 99.7% 

 

Contribution through instrument centering 

One of the sources of uncertainty in an angular or distance measurement occurs when the total 

station is not perfectly centered at the station point. Its contribution to the uncertainty of the horizontal 

angle is: 





D

c

c
=

 

where: 

D = Distance measured. 

ρ = Hundredths of seconds which have a radian: An approximation of this value is: 636619,772. 

5.3

c
c

U
=

 

where: 

Uc = a value of 0.75 mm has been assumed as this is the most appropriate value for current 

stations with optical or laser plummet.  

It is divided by 3.5 to achieve a coverage probability of 99.7% 

 

Contribution through stake inclination 

One of the sources of uncertainty when a total station is observed directly at the centre of the 

prism, when measuring a horizontal angle or the geometric distance, is its lack of verticality compared 

with the point on which it has stopped. Its contribution to the uncertainty of the horizontal angle is: 
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5.3

)'(max


m
j =

 

where: 

m = Prism height. 

β = Inclination angle of the target sign on the vertical; for its simplification, the value of 3' has 

been assumed as the most likely maximum inclination we are going to have. This would 

correspond to the position where the bubble would be at a tangent to the circumference drawn: 

 
 

 

 

 

 

 

 

 

It is divided by 3.5 to achieve a coverage probability of 99.7% 





D

j

j
=

 

where: 

D = Distance measured. 

ρ = Hundredths of seconds which have a radian: An approximation of this value is: 636619,772. 

 

Contribution through compensator accuracy 

12

comp

comp


 =  

where: 

comp = Compensator accuracy in hundredths of seconds. 

 

Distance measurement uncertainty 

ISO Standard 17123-4 sets out the procedure to be followed to determine and the measurement 

uncertainty of a distanciometer. Under this standard a simplified or complete procedure can be carried out 

in line with the needs of the user. As with ISO standard 17123-3, ISO standard 17123-4 seeks to ascertain 

the final effect caused by all the factors which contribute to determining the distance measurement 

uncertainty, evaluating the typical deviation of the measurement. 

The expression of the combined typical uncertainty of distance can be evaluated as: 

jcoEDMISODg

2222  +++= −
 

where: 

 

= Contribution by measurement of the geometric distance using electromagnetic methods. 

 

Manufacturers usually present the uncertainty of their equipment by means of a constant part 

plus a part proportional to the distance measured ± (a mm + b ppm·D), which is a way of indicating the 

 

 

EDMISO−
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typical deviation for any distance. If the evaluation carried out by the manufacturer is used, appropriately 

applying the propagation of uncertainties, the typical measurement uncertainty (σISO-EDM) obtained 

when measuring a given distance D, it can be evaluated by means of: 

 

 

262 ])[10(][ mDppmbmaEDMISO

−

− +=
 

where: 

a = Constant part for the distance measured. 

b = Proportional part for the distance measured. 

D = Distance measured. 

 

σo, σc, σj will be the same as those used in the combined typical uncertainty of angles 

 

5.3

o
o

U
=

      5.3

c
c

U
=

     5.3

)(max rad

j

m 
 =

 

 

Slope measurement uncertainty 

 

The expression of the combined typical uncertainty of a change in level can be evaluated as: 

 

jcoEDMISOZ

2222  +++= −  

 

 

σISO-EDM, σo, σc, σj  will be the same as those used in the combined typical uncertainty of distances 

 

262 ])[10(][ mDppmbmaEDMISO

−

− +=
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    5.3
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     5.3
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Hence, with the minimum square adjustment by observation equations, to construct the weight 

matrix P, for each value the inverse of the square of the typical deviation would be introduced in each 

case whether they are angle or distance measurements. 

 

2

1

i

iP


=

 

 

The standard deviation values are affected by the equipment configuration. See the 

Customization Manual for further details. 
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García Balboa, J. L. ,Ruiz Armenteros, A. M. & Mesa Mingorance, J. L. (2011). Evaluation of the 

measurement uncertainty of angles, distances and changes in level measured with topographic 

instrumentation. Mapping 149, 6-27. 

 

Distance Equation 

Distance type observations  have the following information: source and target stations, distance 

observed, standard deviation and residue. The general formula is: 
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where: 
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Azimuth Equation 

Azimuth observations consist of source and target stations, observed azimuth, calculated 

azimuth, standard deviation and residue. The general formula is: 
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where: 
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Angular equation 

Angular observations consist of source and target stations, observed angle, calculated angle, 

standard deviation and residue. The general formula is: 
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where: 

 I = current station 

 B = previous station  

F = next station  
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Vertical equation 

Vertical observations  indicate the differences between the slope observed and calculated. The 

general formula is: 

ijij ddji vkdzdz +=−
 

where:   

)(
00ij jiijd zzhk −−=

 

 

- García Balboa, J. L. ,Ruiz Armenteros, A. M. & Mesa Mingorance, J. L. (2011). Evaluation of the measurement uncertainty of 

angles, distancies and changes in level measured with topographic instrumentation. Mapping 149, 6-27. 

(http://coello.ujaen.es/publicaciones/Garcia-Ruiz-Mesa_2011_Mapping_Evaluacion_incertidumbre.pdf , last access: August 

2013) 

 

- García-Asenjo, L., Hernández, D. & Llácer, C. (2004). Study about the influence of geodesic corrections on topographic 

works carried out as from classical measurements and GPS. 8th National Topography and Mapping Congress TOPCART2004. 

 

- Wolf, P.R. & Ghilani, C.D. (1996). Adjustment computations: statistic and least squares in surveying and GIS. 

 

- Brinker, R. C. & Minnick, R. (1995). The Surveying Handbook. 

 

Adjustment fitness test. Chi-Square 

 

Chi-square distribution is a probability tool which is used in hypothesis testing. In the event of 

a minimum square adjustment, the original observations are compared with the adjusted ones and they are 

evaluated taking into account the differences they manifest between each other. 
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In view of a significance level α a critical value is defined for rejecting the 

proposed hypothesis Ho=f(x)=fo(x). 

 

If the original observations are not significantly different from the adjusted ones calculated by 

means of the proposed model, then the statistical testing value χ2  will be near zero, but if these 

differences are significant, then the statistical value χ2  will be in the reject Ho region 

 

reject Ho <=>         >        : 

 

2
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    Reject Ho region 

 

 

The Value to be compared of Chi-square is shown in a table which depends on the confidence 

interval and the degrees of freedom of the adjustment. 

 

Internal Reliability Test. Baarda 

Internal reliability is taken to mean the detection and control of any possible coarse errors in 

the observables. In those way it is possible to ascertain network sensitivity to any coarse errors. 

To study the internal reliability of the network we will use the following parameters: 

Redundancy of each observable 

Baarda Parameter 

Minimum detectable error 

Redundancy of each observable 

     

The redundancy of an observable is a dimensionless parameter and they show us the good or 

bad controlled by said observable. The expression which allows us to calculate the number of 

redundancies of an observable is: 

 

iii qpr =
 

 

where: 

ri =  Redundancy of any observable. 

pi = Weight of an observable. 

qi = Residue cofactor a posteriori of the observable. 

 

 

Baarda Parameter 

This parameter depends on the level of significance end the test power set for the network. A 

significance level of 99.99 % -  = 0.001 - has been set and a test power for coarse error detection of 80% 

-  = 0.2 – as they have been assumed as more suitable values for the efficiency of this test. The Baarda 

parameter is obtained from the following expression: 

                iR

i
i

V
w


=

 

where: 

Vi = Residues vector 

σRi=  Typical deviation of the residues 
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The Baarda parameter, along with the minimum detectable error, is some of the coefficients 

used to reject or eliminate an observable. What's more, this parameter allows the gross errors introduced 

into the network to be controlled. 

In this way an observable will be rejected when the value of the Baarda parameter is greater 

than the percentage point (3.2905) set for the significance level. 

 

Minimum detectable error 

The minimum detectable error for an observable is obtained from the following expression: 

i

R

r

i

i


=0

 

where: 

δ = Translation parameter 

As we can observe, this parameter is determined in line with the translation parameter which is 

corresponded to the displacement produced in the Gauss campaign owing to the coarse error. 

Essentially, these parameters are determined for a significance level and for a data test power, 

ensuring that a correct observable will not be rejected, with a probability of  99.9 % and any such possible 

gross errors will be detected with a test power of 80 %, meaning that 20% thereof could be introduced 

into the adjustment. 

 

 


