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1. Project 

Project 

 A project file allows one to save all the files generated by MDT during the course of a project. 

Apart from being useful for users, this is also useful for the MDT program itself, as there are commands 

that take this information into account to set default options to specify files, detect files that should be 

regenerated, etc. 

 In addition, with MDT7 if we work on an active project we will have the possibility of 

automatically updating the drawing of the longitudinal profiles and the cross sections based on any 

change made either to the alignment or surface of the related drawing. 

New Project 

 This command allows one to create a new MDT project file. When it is executed, a name for the file 

to be saved is requested. Should the current drawing have a name, the program asks if it is to be included 

within the project being created.  

 
Window of an empty project 

 If the project file is kept in the same directory as the reference drawing files, the drawings are 

automatically loaded onto the project when any of them is opened. 

Open Project 

 This command allows one to open a MDT project file that is displayed in the Project Window. Once 

the project is open, the successive MDT commands will update its information. 

 It is normally not necessary to use this command, as MDT searches for a project file where the 

drawing is stored when a drawing file is opened. 
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Close Project 

 This command closes the project associated to the drawing. This also means that the MDT 

commands will no longer change the projectôs information from that moment on. 

 Project Window 

 The project window allows one to have an overview of the files generated by MDT during the 

course of the project. The files a grouped together by categories according to the type of information they 

contain. Both the categories as well as the files they contain have contextual menus that are displayed 

when they are clicked with the mouseôs right-hand button. They allow MDT commands to be executed. 

 
                                     Project window with the Surfaces category menu 

 All the categories are displayed by default. By clicking on Segments or Surfaces one can ensure 

that only the files in one of these two categories are displayed. All the files are displayed once again when 

General is clicked. 

 Once can type in a Description for each file included in the project. One merely has to select the file 

from the list in order to edit it in the lower part of the window. 

 The Hide button means that the window will be resized, so that it occupies less space on screen. It 

returns to its previous state when View is clicked. Additionally, each time an CAD command is executed, 

the project window automatically disappears and is displayed once again when the command finishes. 

 A description has been provided below of each of the categories as well as of the operations or 

commands that can be executed at each of them. 

For each of the files associated with each category there will be three common operations: 

1. Delete: Eliminates the file from the project and, optionally, from the computer. 

2. Copy: This allows the carrying out of a file duplicate. 

3. Rename: Tool for changing the file name. 

4. Add Files: This allows us to add the specified file to the project. 

Each of the categories and files related with the project have their own associated commands which 

are listed below and are described in detail in their respective sections. 

 

Points:  Points files associated with the project. 

 Associated operations: 
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Category Action 

Import Import 

Export Check 

List  

 

 

Surfaces:  Surfaces files associated with the project. 

Associated operations: 

 

Category Action 

Create Surface Set as Current 

Import Draw 

 Represent As 

 View 

 Information 

 Draw contours 

 Create grid 

 Export 

 

Alignments: Horizontal alignment files associated with the project. 

Associated operations: 

 

Category Files 

Convert Polyline Edit 

Alignment Input Check 

Import Draw 

Draw Alignments Dimension 

Dimension Alignments Locate 

Delete Dimensioning List 

 List by interval 

 Convert 

 Get Longitudinal Profile 

 Get Cross Sections 

 Generate Widenings 

 Generate Superelevations 

Profiles:  Longitudinal profile files associated with the project. 

Associated operations: 

 

Category Files 

Get Profile List 
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Get Profile by Regression Check 

Profile Input Draw Simple Profile 

Convert Drawing Profile Update 

Convert from 3D Polyline  

Import  

Get multiple Profiles  

 

 

Cross sections:  Cross sections files associated with the project. 

Associated operations: 

 

Category Files 

Obtain Profile List 

Import Check 

Obtain multiple Profiles Draw  

 Update 

 

Gradients:  Gradients files associated with the project. 

Associated operations: 

 

Category Files 

Convert Grade line from 

Polyline 

List 

Define Grade Line Check 

Import Draw Compound Profile 

 

 

Superelevations:  Superelevation files associated with the project. 

Associated operations: 

 

Category Files 

Generate Superelevation List 

 Check 

 

 

Widenings:  Widenings files associated with the project. 

Associated operations: 

 

Category Files 

Generate Widenings List 

 Draw 
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Templates:  Templates files associated with the project. 

Associated operations: 

 

Category Files 

 Edit 

 

 

Grids : Grid files associated with the project. 

Associated operations: 

 

Category Files 

Create Grid from Surface Draw 

Read Drawing Mesh Draw Heights Map 

Import  

 

 

Segments : Segment files associated with the project. 

Associated operations: 

 

Category Files 

New Segment Define/Edit 

 List Profile 

 Draw Compound Profile 

 Draw Cross sections 

 Generate Modified Terrain 

 Get Modified Terrain 

 Cubic Measurement List 
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2. Points 

Introduction 

 A Digital Terrain Model is made from a job done with 3D and 2D drawing elements having height 

(contour lines, 3D lines, etc.), or alternatively with field data represented by points. These points, 

conveniently "joined together", make up what is called a scatter plot. The points are represented by their 

X, Y, Z coordinates and usually by an ordinal number and an associated code. These data organized in 

lines and columns with defined separators form a point data file. This application also allows one to 

modify the scatter plot by means of a set of tools that are described in this section. 

Estimation of Uncertainties 

 As a new feature, MDT version 7.5 enables us to store the uncertainty of the X, Y, Z coordinates of 

each point. These values can be assigned using the following methods: 

¶ If the points have been viewed using a GNSS receiver, depending on the format of the files, they 

may be included in the estimated horizontal and vertical positions. For example, if the data has been 

taken using the TcpGPS application, the uncertainties will be assigned automatically on importing 

the points. 

¶ If the points have been viewed using a total station and calculated using the MDT Topography 

model, the uncertainties of each point are calculated based on the characteristics of the tool, which 

should be defined within the properties of the survey. 

¶ Finally, the values of the uncertainties can be assigned by means of a manual entry using the 

Change Uncertainties command. 

It should be taken into account that the confidence level for the estimation of uncertainties (95% by 

default) is established in the Topography settings. See the Customisation Manual for more details. 

 Point Objects 

  MDT has two ways of representing points: either as blocks having attributes or as special objects 

(MDT points). The former have the advantage that they can be handled on a computer that does not have 

MDT installed. Their disadvantage lies in the fact that processing such points is much slower. 

Independently of the object type, each point stores a name or number, a code and a level, in addition to its 

coordinates. When the entity is an MDT point, additional attributes can also be included with the 

observation data for the point (GPS or total stations), hyperlinks, and data defined by the user. To change 

between one or another representation use the command Tools > Configuration > Points and select at 

the top the type of representation to be used.  

  Point coordinates can be modified either with the applicationôs own utilities or directly using the 

CAD commands, including: DELETE, MOVE, ROTATE, UNDO, etc. The difference between both 

command categories is that the programôs commands offer greater possibilities and easier selection 

possibilities. 

  Depending on the type of object used to represent points, the attributes appear in separate layers 

(block type objects) or in the same layer (MDT point objects). 

 Classification by Levels 

   The possibility exists of classifying points by levels in accordance with the following initial table: 
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Level Description Use in Surface 

0 Default  YES 

1 Fillings YES 

2 Break lines YES 

3 Information NO 

4 Stake Out NO 

   

Points belonging to levels 0, 1 and 2 are the only points used to create the digital model with the default 

configuration. Points belonging to levels 3 and 4, on the contrary, are respectively considered as 

informative or setting out points. 

The configuration can be changed using the Utilities  > Configuration > Points, Levels button. 

 Separation into Groups 

  Apart from the possible classification by point levels, these can be grouped together in different 

ways to create point groups with a name. Groups can be created that correspond to different work phases, 

successive modifications, etc. A point may belong to several groups. 

Select Points 

 Allows one to choose certain points in order to execute an action on them, including: delete, list, 

move, etc. Different selection methods are allowed, which are explained in the following sections.  

 From the Select Points window, one can choose the most appropriate selection method for the jobôs 

needs or even combine various selection methods.  

 

 

 Once the points have been selected, the number of points selected and the total number of points in 

the drawing is displayed in the text line. The selection can then be validated or cancelled. In the latter 

case, the command that caused the points to be selected will not be executed. 

 Select by Level 

  One can select all the points belonging to a specific level by means of this command. A list 

containing all the names of the levels defined is displayed in the selection window. 
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 Select by Code 

 This option allows one to determine the code in four different ways inside the Select Codes dialog 

box: 

Special: There are the default codes the program assigns in its different commands, for instance: 

Interpolated, Inserted, etcé 

Codes Data Base: Lists all the codes included in the programôs codes database. 

In the drawing: Shows all the codes that in the current drawing  

Other: Allows one to enter a new or different code. Capitals and lower case letters are considered as 

equivalent. Wildcards such as asterisks (*), which indicate any series of  characters, and question marks 

(?), which correspond to a specific character are allowed . In the case of points having composite codes 

(those that include a comma ñ,ò), these are selected if the code chosen coincides with any of the point 

codeôs parts. For example, AT, BR. 

 

 Select by Height 

 This possibility allows one to easily choose points using a specific height range. In order to do so, 

the minimum and maximum heights defining the interval are entered and points within these values are 

selected.  The scatter plotôs extreme values are taken by default. 

 

 Select by Number 

 This option allows one to define a points interval to be selected from the first and last ordinal 

numbers entered. 
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 Select by Group 

 Once the corresponding point groups are created, this option makes it possible to select the said 

groups individually. All the point groups created in the drawing are displayed in the Select by Groups 

window 

 

 Select Graphically 

  This possibility allows one to select points graphically through the standard AutoCAD selection 

options, including: by window, capture, crossing capture, etcé 

 Select by Layer  

 By default, the program draws all points on the same layer, but if there are different groups of points 

represented in different layers, this option allows for the selection of all the points of a specific layer.  

When it is executed, a window containing a list of the drawingôs layers is displayed. Select one of the 

layers and press OK , or press the Select < button to select an object in the drawing so that the layer to 

which it belongs is selected from the list. Only one layer at a time may be selected, but several selections 

can be made consecutively.  

 

 

 Selection by Polyline (Area) 

 This feature allows to select graphically a polyline in the drawing. All points inside the area 

delimited by polyline are selected. 

 Selection by Polyline (Length) 

This option asks for a polyline in the drawing. Then the program ask in command line for 

Maximum Distance to Polyline. Along the polyline, the program selects all points whose distance is less 

than this parameter. 

 Select by Additional Attribute  

 In the case that the points have additional attributes, this option facilitates their selection according 

to their distinct criteria.  

 First select the attribute for which the selection is being made. Initially, all the attributes possible are 

listed. Clicking Search Drawing updates it so that only the attributes present in the drawing are 

displayed. Then select the type of operation of comparison to be carried out with the value of the attribute 

(lower, equal to or lower, higher, distinct and between). Finally, the value to be used for the comparison is 

introduced. Clicking on the corresponding Search Drawing button creates a list with all the values 

present in the drawing for the attribute selected.  
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 Last Selected 

 This button allows you to get the last selection carried out during the working session, with the aim 

of selecting the same points as the previous command. 

 Delete Selection 

 It clears any kind of selection carried out until the moment, with the aim of redoing a new one. 

 Invert Selection 

 It reverses the state of each point, that is to say, it selects all those that are not currently selected, 

and vice versa. 

 Select All 

 You can select all the points of the work in order to do any operation on them through this option 

Insert Points 
 This command allows on to add points manually to a drawing. Firstly a window is displayed where 

one can specify the level the points to be inserted belong and following options can be activated: Request 

Name, Request Height or Request Code, so that when the pointôs coordinates are entered, the program 

will request the attributes enabled in the command line. Should there be a surface associated to the 

drawing, one can choose whether the pointôs insertion will entail the insertion of a vertex on the surface 

(Modify Surface) or if the contour lines will be changes (Update Contours). Also, the option Include by 

group, allows for including the new points in a group of points.  

 

 

 

 Once the options above are set, one proceeds to insert the points. The program will repeatedly 

request coordinates and then insert the point in the drawing. If not specified otherwise, the points inserted 
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will be assigned with the number of the last drawing point plus one as their name. If the coordinates 

entered are at a null height, the program will attempt to replace it for the current surface at these X and Y 

coordinates. The code assigned is ñInsertedò. 

 Another possibility is to enter points by reference, which is useful when one knows the relative 

position of the new point with regard to an existing point. If one answers R to the 

 Reference/<Point>:  

question, the program requests the reference pointôs number, which should be defined in the drawing. 

One then specifies the adjustment on plan either graphically or by means of AutoCADôs usual syntax for 

two-dimensional points: 

¶ If x and y are entered, the points absolute coordinates are directly specified. 

¶ If @ dx, dy are entered, the program is informed about the coordinates relative to the reference point. 

¶ Lastly, distance and angle from the reference point are indicated with the  @d<a format.  

If a reference point is specified, the command carries on in this way until the command is finished. 

 Additionally, points can be inserted into the drawing in 2D or 3D, depending on whether the Draw 

in 3D check box is activated in the configuration of the Utilities Configuration Points command. It is 

usually advisable to draw them in 2D, as this subsequently facilitates editing lines connecting points and 

calculating surfaces. 

Edit Points 

 This option allows one to change surveying point attributes (ordinal number, code and level), and X, 

Y and Z coordinates. Other related commands include Points > Move to change their X, Y coordinates 

and Points > Change > Change Heights to change their heights. 

 The Edit Point window is displayed after a point is selected. It allows one to complete or change the 

pointôs coordinates and attributes.  

 

 

 If the X, Y and Z coordinates are modified, the application moves the point to them and modifies 

the triangulation if necessary. 

 If a pointôs name is changed, it should not coincide with another pointôs name. Otherwise, the 

message ñERROR: Point name repeated" is displayed. 

 If level is changed, point visibility may vary depending on the configuration, as the program allows 

one to independently view the different levelsô attributes. 

If the dialogue box features an Observation tab, the original data from the point reading, whether with a 

GPS or with the total station, is given therein.  
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 On the other hand the Attributes  tab allows for establishing additional information for the point, 

introducing the type of data and the value that this type takes in the edited point. There is a special 

attribute, Hyperlink  that allows associating the point with a file link. The two buttons are used to modify 

the hyperlink and open the file with the associated application. This last operation can also be carried out 

with the command Points > Open Hyperlink. 

 

 

Move Points 

 This command allows one to change a surveying pointôs position of point (X and Y coordinates). 

The elevation should be changed with the Edit Points command.  

 Any element of the point desired is selected and the program will take the point itself as the basis of 

movement. It then requests a new location, which may be specified in various ways: 

¶ By moving the cursor to the new position. 

¶ Using the keyboard to enter the absolute coordinates: x,y 

¶ Using the keyboard to enter relative coordinates: dx,dy 

 

 If there is a vertex in the current surface that coincides with the pointôs initial coordinates, the 

surface is automatically updated when the point is moved.  Additionally, when one moves or edits a point, 

the program modifies the vertices of the polylines whose vertices coincide with its original position or are 

at a distance less than the distance specified in the Max. Dist. between Vertices and Points option of the 

Surfaces Configuration section, as long as they are drawn in break line layers. These two operations ï

modifying the surface and the polylinesï are not done when points are moved using an CAD command. 
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Delete Points 

 This option allows you to delete the drawing points you wish. If there is an active surface, the vertex 

corresponding to the surface is also deleted when the points are deleted. When the command is executed, 

three alternatives are displayed in the command line: 

 Choose <Point>/Number/Selection: 

Point: Allows one to graphically select individual points from the drawing. It is the default option. 

Number: Gives one the option of deleting points by indicating their ordinal number. 

Selection: The points to be deleted are specified using the Select Points window. 

Interpolate Points 

 For various reasons, some projects may have areas with a low point frequency, which makes 

triangulation and contouring processes difficult. This command allows one to create new interpolated 

points from other existing points. 

 Firstly, the Interpolate Points dialog box containing the following elements is displayed. 

 

 

Level: Selects the level where the new points are created.  The default level is the current level. 

Code:  Sets the code assigned to the new points created. 

Select: Button used to successively mark the two points between which the interpolation will be carried 

out on screen. 

Information: Provides details on the distance between the points selected and their minimum and 

maximum heights. 

 Should there be a defined triangulation, it is not modified.  Consequently, it is necessary to 

triangulate once again if one wishes to include the interpolated points in the triangulation.  

 Interpolation by Distance 

  New points are inserted having interpolated heights between them from the two points selected, 

going from the first reference point to the second point, and according to the distance specified. 
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  In the figure above, points are interpolated every 20 meters between the A and B reference points. 

 Interpolation by Distance Increment 

  It is similar to the Interpolation by Distance method, but with the difference that in this case one 

also indicates the final distance up to which one wishes to draw. One can therefore insert points after the 

second reference point. 

 

  In the figure above, points are interpolated every 20 meters between the initial reference point and 

the final distance specified, which in this case is 120 meters. 

 Interpolation by Height 

  A point is inserted having the height entered between two points to be interpolated. 

 

  In the figure above, point C is interpolated between the A and B reference points by specifying its 

height, which in this case is 115 meters. 

 Interpolation by Height Increment 

  All ows one to interpolate a series of points, so that the points interpolated from the first reference 

point and according to the increment specified are inserted until the final height set is reached.  This 

option allows one to include points after the second reference point. 
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  In the figure above, points are interpolated every 10 meters of height between the first reference 

point and the final height specified , which in this case is 155 meters. 

 Interpolation by Number 

This option allows one to insert the number of points specified between the two points to be 

interpolated, so that they remain equidistant between them and the two interpolation reference points. 

 Should a defined triangulation exist, it cannot be modified. It is therefore necessary to triangulate 

again.  

 Interpolation by Designating Coordinates 

 This option allows one to select the coordinates of the point to be interpolated and the program 

assigns the corresponding height to the lineal interpolation between the two points designated. 

Additionally, if the Project onto Straight Line check box is activated, the program also ensures that the 

new pointôs X and Y coordinates are projected on the straight line between the points chosen. 

Points Input 

 This command allows one to insert points manually in a successive and continuous fashion using a 

points list, so that one can view them in the window. It also allows users to check the list.  

 The Enter Points window is displayed by using this command. Firstly, it is advisable to activate the 

fields one intends to fill in: Number, Level, X Coordinate, Y Coordinate, Z Coordinate or Code, so that 

it is not necessary to fill in the set boxes, such as the code, level etcé. If the number option is 

deactivated, one automatically increases each point inserted by one unit, starting from the last point 

existing in the job. 
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  One can delete the point selected by using the Delete button. To edit point that has already been 

entered, the point in question should be double clicked. 

  The Level and Code buttons allow one to know the jobôs existing levels and codes, so that they can 

be selected in the appropriate windows. 

Grid Points  

 This command is used to quickly create a group of points. The initial window is for specifying the 

X and Y intervals of separation between the points, as well as the Name, Code and Level of the points 

being created. There are two possibilities for the elevation: a Constant elevation, or using the current 

surface to give the points their elevation. In the latter case, the grid points that do not project vertically 

over the surface are not created.   

 

 Once the parameters are validated the program requests the coordinates for a corner of the grid. 

Next, the second coordinate can be introduced, or, by typing ñXò the direction of the X axis can be 

indicated, to create non-orthogonal grids. When the size of the grid is designated, the calculations of the 

number of points that are going to be created are displayed in the CAD status bar.   

 The points created are numbered successively, beginning in the first corner designated, and 

following the direction of the X axis.  

 

Check Points  

 This command is used to visualize a points file in a window independently of CAD. The file format 

must be <Name> <X Coordinate> <Coordinate and> <Z Coordinate> and <Code> optional. 
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  The window includes options for top, front and side views, zoom, layer control, etc.  

 

Change Point Features 

 Change Heights 

  This command allows one to change the heights of a set of points. After selecting the points desired, 

one can either set an Absolute height for all the points or adjust them vertically using the Relative option 

by entering a value with a sign. Should the drawing have an active surface, the possibility of assigning the 

each of the points with the surface height also exists. When a point is modified in this way, neither an 

absolute or a relative height is assigned. 

 

 Change Levels 

  Simultaneously changes the level of a point selection. Firstly the program requests one to select a 

set of points. The level to which one wishes to change is then selected. 

 

 Change Codes 

  This command allows one to change the codes of a group of points at the same time. In order to do 

so, the points are selected first and then the code is specified in the Select Code window. 
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 Change Layers 

 Initially, the program draws all the surveying points on the same layer. A group of points can be 

selected with this command. They can also be placed in a different layer. Belonging to a specific layer is 

independent of its influence on the digital model that is controlled by levels. 

 

 This command has two operating modes. The first is used to select a layer, to which the points 

selected will be copied.  

 

 

  Should one wish to generate a new layer, the New button should be clicked and then the following 

window is displayed. The layerôs Name, Colour and Line Type are set in this window. 

 

In the second mode, with the list of points selected the program uses the point code as the name for the 

layer. Layers that do not exist are automatically created.  

  Apart from using this command, the layer of a point can also be changed using AutoCADôs own 

tools. 

 Change Format 

 This command allows one to the change the appearance (format) of a drawingôs points. There a 

three ways of doing so:  

¶ Globally, in other words, with the same format for all the points. 

¶ On the basis of the pointsô levels, so that each level can have a different format. 

¶ By the point groups defined in the drawing. 
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 It is also possible to change the way a selection of points is represented by any of the application 

criteria (by number, code, etc.). These changes are saved in the drawing. 

 The é button displays the following dialog box, which allows the way the points are represented to 

be controlled. 

 

 The Draw in 3D option allows one to control whether the points are to be shown in 3D or 2D. The 

Size box controls the pointôs dimensions. The view of which can be chosen by using one of the icons in 

the tool bar located on the top of the dialog box. The Colour button allows one to choose the colour with 

which points will be represented. There may be a value BY LAYER, so as to take the point layerôs 

colour. 

 The Attributes box allows one to define point attribute characteristics, in other words: name, height 

and code. Each of these will have the following properties: 

¶ Visibility (on or off) 

¶ Text height in drawing units 

¶ Text width factor (1.0 by default) 

¶ Text inclination angle (horizontal by default) 

¶ Attributes horizontal position measured by the number of characters from the point itself 

(negative to the left and positive to the right) 

¶ Attributeôs vertical position measured by the number of characters from the point itself (negative 

downwards and positive upwards) 

¶ Text justification (left, centre or right) 

¶ Attributeôs colour 

The number of decimals can additionally to be specified for height. 

Lastly, other of the dialog boxôs options include 
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¶ Save File Saves representation properties in an external file with the .SIM extension 

¶ Open File. Recovery of a newly created file with the previous option. 

¶ Designate. Allows one to obtain a pointôs representation properties by selecting it graphically. 

 Change Scale 

 As is known, objects are drawn in their real dimensions in CAD, that is to say at a scale of 1:1. 

However, text sizes must correspond with the scale in which the planes are going to be traced. 

 This command allows one to modify attribute sizes: number, height, code, so that they are 

represented according to the characteristics of the drawing. A specific text height can be entered directly 

or, if the programôs scale is modified, it is calculated automatically. 

 

 The Modify Stations Scale box also changes the drawingôs bases. One can also manage to modify 

the scale of the blocks whose insertion point coincide with the pointôs coordinates. 

Changing Uncertainties 

 This command enables us to edit or delete the uncertainties associated with the points in a drawing. 

A window appears with the total number of points in the drawing, stating how many of them have been 

assigned uncertainties.  

 

 The Assign tab enables us to associate uncertainties with a selection of points, with the option of 

preventing them from overwriting existing uncertainties. A window appears requesting the new 

uncertainties and a selection of points on which to operate. 

 

 The Delete tab requests confirmation, enabling us to remove the uncertainties from a series of 

points. 

 

Rotate Points 

  If this command is selected, the orientation of the coordinates system of the selected pointsô 

coordinate system can be changed. 
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After invoking the command, one is requested the origin or number of the Point from which one wishes 

to rotate. The former case, one selects a point (by entering its coordinates, numerically, graphically or by 

selecting a point in the job) and by entering the pointôs Name in the latter case. 

  The rotation Angle is then entered, which can be done either graphically or numerically, and the 

scatter plot is redrawn and centred on screen. 

3D Points Rotation 

 This command is similar to the previous command except that the rotation is conducted in 3D. The 

following window will appear on executing the command: 

 

Source: Coordinates from which the rotation is to be conducted. 

Rotation axis: We specify if the roation axis is the X, Y or Z axis. 

Rotation angle: We specify the rotation to be used in gradians. 

 Once the different parameters have been inserted the command will request the points to be rotated 

using the usual point selection window. After validating this window the selected points will be rotated.  
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Move Points 

  This command enables one to move a scatter plot or a specific selection of its points to a specific 

position. In order to do so, the base pointôs coordinates are entered after the points are selected. This can 

be done manually, selecting them graphically or specifying a specific scatter plot point by indicating its 

number or marking it in the drawing.  

  The movement is indicated in either Absolute or Relative terms by activating one or other option 

and graphically selecting the new base pointôs coordinates or its relative movement. To prevent 

modification of the point elevations, check the option Planimetrics only.  

 

 

 

Renumber Points 

  This command allows one to modify totally or partially the numeric order of the points represented 

in the drawing.  
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  The program displays a dialog box containing the following elements: 

Initial Point:  Name of the first point one wishes to renumber. This point should be defined, otherwise the 

program will issue the warning ñERROR: Initial point not foundò. 

Final Point: Name of the final point up o which one wishes to perform the increment. 

New Initial Point: Point number one wishes the first point requested will acquire. It should be equal to or 

greater than 1. 

Respect Jumps: Allows one to indicate whether the numbering should be done respecting any possible 

jumps or increments of more than one point among various or if, on the contrary, all the points from the 

initial point should be numbered sequentially. 

Increment: When the respect jumps option is deactivated, an increment can be entered that will be 

successively applied to each point. The points therefore can be renumbered, for instance, ten at a time. 

Ignore Alphanumeric Names This possibility is enabled when there are point having a name that is not 

numerical. By activating it, those points will not be modified. 

 Along with Import Points and Export Points, this command is very useful to combine various jobs 

into a single job. 

Draw from Codes 

  This tool is used to draw a set of graphical elements (blocks, lines and areas) from the drawingôs 

point codes and the shared Codes Database for all the projects. 

  When this command is executed, one can select the range of points one wishes to work with and if 

all or just one of the databaseôs codes are used by clicking on the Select button. The option Consider 

Suffixes is used when drawing lines to define whether the program will account for the suffixes at the 

beginning, end, line close, etc. 

Moreover, the Use sets of alphanumeric points option enables us to use the command for sets of 

points shared by the same prefix in its name. Hence, the program covers the points with a numeric name 

from the initial to the final point, and then covers these points separately for each existing prefix. 

One can also choose if the program should delete the objects drawn on the corresponding layer 

before drawing, in addition to specifying the scale with which blocks will be inserted. 
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 One must take into account that if a point has various codes separated by commas, each of them will 

be processed independently. 

 Drawing Blocks 

  Blocks are inserted at any points whose code has been defined in the Codes Database as point type 

and when the block has been specified on the associated ground plan. 

  The blocks must be saved as independent drawings (DWG format) in the Plant subdirectory, within 

one of these two directories: 

¶ User block directory, which can be specified in the parameter with the same name with the 

command Tools > Configuration > General. 

¶ The program installation block directory. By default ñC:\Archivos de 

Programa\Aplitop\MDT6\Bloques\esò in a Spanish installation, if no other installation directory 

is specified. 

 

  These blocks are inserted in the layer specified in the database. Each blockôs insertion point will 

coincide with the associated pointôs coordinates. 

 Drawing Lines  

  Polylines are drawn with the coordinates of points whose codes are defined in the Codes Database 

and line-type points. Additionally, the layer, colour and polyline line type are specified in the database. 

 The program runs through the points in numerical order and begins to draw a polyline when it 

discovers a point with a code that is included in the database. Depending on whether the suffixes are 

accounted for, it checks that the code has the indicative polyline starting text " I" (a space followed by the 

letter I). Then it continues to draw vertices as it discovers points with the same code (consecutive or not, 

but respecting its order). If the suffixes are accounted for, there are three possibilities for finishing the 

polyline: 

¶ Code followed by the end of polyline identifier, ñFò (space followed by the letter ñFò). 

¶ Code indicating the start of a polyline. The current polyline is ended in the previous 

point and a new polyline is commenced. 

¶ Code followed by the close polyline identifier, ñCò (space followed by the letter ñCò). 

In this case, a closed polyline is drawn that links the last point with the first. 

  Polylines can additionally contain arch segments. For this, "CI" suffixes should be used for the start 

point, "CC" for the intermediate points and "CF" for the final point. See Surface Configuration, Break 

Line Coding button. 

Example: TEST.PUN file 

 
1996  5045.832  1061.510  501.879  PT I  

1997  5044.84 5 1071.420  501.732  PT  

1998  5043.683  1081.993  501.461  PT  

1999  5043.091  1088.787  501.167  PT  
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2000  5041.971  1093.391  500.915  PT  

2001  5030.666  1108.028  501.395  PT  

2002  5024.684  1110.593  501.910  PT  

2003  5031.066  1101.000  504.437  PT I  

2004  5034.107  1099.849  504.126  PT  

2005  5035.346  1098.567  503.982  OF  

2006  5036.670  1097.461  503.671  PT  

2007  5038.556  1092.508  503.063  PT  

2008  5039.016  1088.253  503.584  PT  

2009  5038.387  1082.490  504.113  PT F 

2010  5037.174  1080.777  504.417  CP I  

2011  5038.500  1080.918  504.286  CP  

2012  5037.571  1073.691  504.841  CP  

2013  5038.561  1073.683  504.699  CP  

2014  5037.641  1066.026  505.287  CP  

2015  5039.541  1066.738  505.105  CP  

2016  5037.979  1056.046  505.906  CP  

2017  5039.174  1056.121  505.826  CP  

2018  5037.459  1052.331  506.239  CP  

2019  5038.846  1052.464  506.155  CP C 

 

Supposing the PT and CP codes were defined in the Codes Database line-type points and assigned to a 

layer with the same name, this file would have been drawn as follows: 

New Polyline in PT layer, joining points 1996-1997-1998-1999-2000-2001-2002. 

Polyline having the same characteristics joining points 2003-2004-2006-2007-2008-2009. 

Polyline in CP layer, joining points 2010-2011-2012-2013-2014-2015-2016-2017-2018-2019 and closing 

with 2010. 

 Drawing Areas 

  This option is similar to the previous one, as the program draws a set of polylines with the same 

criteria as in the case of the lines. The difference lies in the fact that if Type code in the Codes Database is 

Area, the program always automatically closes all polylines and then fills them in using a hatched pattern. 

 

Classify Points by Levels 

  When a points file is imported or a set of points is created using a conversion command, all the 

points are initially assigned the same level, normally level 0 (Default Level). This command allows one to 

classify the points by levels by using their codes. In order to do so, the program analyses each point to see 

its code is in the Codes Database. Should this be the case, it substitutes the pointôs level for the level set in 

the database. The number of points modified is indicated in the command line. 

Assign Codes from Polylines 

  One can assign codes to the points through the points a polyline goes through with this command. 

The code assigned is the name of the layer where the polyline is to be found.  

  The option to Replace or Add the code to the rest of the codes assigned to the point is offered in the 

dialog box. Likewise, one can set the minimum distance between the polylineôs vertices and the points to 

which the code will be assigned in the Tolerance field.  
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Remove Codes 

  This tool allows one to delete codes assigned to points. In order to do so, one has to select the points 

whose codes one wishes to delete then specify the code to be deleted. As a result, the code disappears 

from the pointôs assignation, and it may even remain blank.  

  Separators are processed appropriately, so that if they are unnecessary are deleted from the 

beginning or the end of a code. For instance, if one wishes to delete the PT code from point 1 having the 

PT,AB code and from point 2 having a CD,PT code, the results will be AB for point 1 and CD for point 2. 

  This command is complementary to the Points > Codes > Add Codes command. 

Add Codes 

  This command allows one to assign one or several codes to a specified set of points. In order to do 

so, once the set of points chosen has been selected, the code to be specified is selected. After validating it, 

the following dialog box is displayed. 

 

  One specifies the new codeôs position in the point ïeither at the beginning or at the end of point set 

codesï in this window. One additionally, determines the possible inclusion of a separator between 

individual codes, allowing one to enter the most suitable separator. 

  For instance, if a point has the PK510 code assigned to it and one has selected it in order to add the 

PT code at the end with a comma separator, the new code will be PK510,PT. 

These codes can be deleted using the Points > Codes > Remove Codes command. 

Codes Database 

  This command displays a window allowing one to view and interactively edit the Codes Databaseôs 

contents. 

 

The listôs parameters are as follows: 

Code: Text which should coincide with a pointôs code. Wildcard characters such as ñ?ò (coincides with 

any character) and ñ*ò (coincides with any group of characters) can be entered.  These increase the 

versatility of drawing from codes, avoiding the need to define more codes than is necessary. 

Level:  Level assigned to the points when the Classify by Levels command is executed. 

Type:  Type of object the Draw from Codes command draws. Can be Point, Line or Area. 

Layer : AutoCAD layer used to draw polylines or insert blocks. 

Colour:  Sets the colour used to draw polylines. 
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Element: Depending on the Type field, can be the name of the block to be inserted if it is Point, the type 

of line if it is a Line, or the hatch pattern if it is an Area.  

The dialog box is equipped with the following buttons: 

Edit: Modifies the parameters of the code selected by displaying the dialog box called Codes Database 

Element. 

Insert : Enters a new code into the Database. It displays the dialog box called Codes Database Element. 

Delete : Deletes the code selected from the list. 

Print: Generates a list of codes for the printer or stores it in a text file with a .PRN extension. It displays 

the List for Printer dialog box. 

Codes Database Element 

  The parameters of the code selected can be modified by clicking the Edit button, whereupon the 

following dialog box is displayed: 

 

 

  For Point-type elements, three different blocks can be set. The Ground Plan blocks are inserted 

with the Draw from Codes command. When longitudinal profiles and cross-sections are drawn, Elevation 

Drawing blocks are used at the vertices having the relevant code. 3D Object blocks are used for the 

Terrain Tour Simulation and Road Tour Simulation commands. Each block has an associated scale factor 

that is multiplied by the specific scale used by the command.   

  Each element in the database includes a field description where once can enter a more detailed 

description of what the code represents. This description can be included in points lists (see List Points 

command). 

List of Different Codes 

  This function has a two-fold purpose: obtaining detailed information about the different codes in the 

job and the number of points that use them, and to help one create a template from the Codes Database 

that can subsequently be edited. 

  Initially, the program displays the List of Different Codes dialog box with the information above. 

One can Print it by clicking on the relevant button. 

  The Exists in C.Database column in the window indicates whether  or not the code is already 

present in the codes database. All codes that do not exist in the database are added when the Add to Code 

Database button is clicked. Default properties are assigned to these codes, which can be edited using the 

Points > Codes > Codes Database command. 
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Locate Point 

  If one wishes to locate a point in a scatter plot that is dense enough to execute any of the existing 

functions, the Points > Utilities > Locate Point command can be used.  The program then request the 

following information: 

Point Number: The number of the point one wishes to locate is entered. If it does not exist, the warning 

message "ERROR: Point not found" will be displayed. 

Margin: Surroundings of the point selected in the viewing window. This value can be changed in points 

configuration. 

  The screen will immediately zoom in using the following end coordinates: 

Xmin = xp - margin  Ymin = yp - margin 

Xmax = xp + margin  Ymax = yp + margin 

This operation can likewise be performed using the Points > List Points command, by clicking 

on the Locate button. 

Open Hyperlink  

 This command is used to open a hyperlink linked to a point. The program continually requests 

selection of a point, and then if the point does have a hyperlink, it tries to open it with the relevant 

application. The command Edit Points initiates the same sequence.   

 

Information 

  Executing this command provides general information about the points contained in the current 

drawing through the corresponding dialog box. In it one can view the maximum and minimum values of 

the X, Y, Z coordinates, the point number that identifies them, total number of points, etc. 

  It is very useful to locate points having invalid heights or out-of-range coordinates. 

 

 



44 MDT Version 7.5 

Moreover, if the points have assigned uncertainties, the minimum and maximum values of each of 

the uncertainties on the X, Y and Z axes are displayed. 

 

Point Groups 

 This command allows one to create point groups, making if faster to select such points for different 

sessions within the same drawing. A point may belong to several groups. 

 

 

 Should this window be opened once a specific selection has been made, it is displayed in the list of 

groups as Last Selection. It is therefore possible to undo the last operation and perform another operation 

on the same set of points. 

 In this window the New button is used to create new groups, with the Editing Group  dialog box.  

  The Edit button displays an Edit Points window containing the data of the group selected, thereby 

allowing one to modify it. One can also delete groups using the Delete button. 

Edit Point Group 

  A group is defined and a name assigned to it in this window by entering the point numbers 

separated by commas and point intervals indicating ends by a dash. The Check button checks the 

specified syntax and shows the points found. The Select Points button allows one to access the normal 

point selection options and displays the Point Selection window. 
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List Points 

  This command displays a list containing the points selected. It has a vertical scroll bar, that enables 

one to select a point from the list with the cursor, which can be located on screen by clicking on the 

Locate button. 

 Initially the list appears ordered according to the name of the points, in ascending order. Clicking on 

the first cell of this column inverts the order. Right clicking on the line that contains the headings displays 

a menu used to change the field used for ordering, as well as hide and/or add fields to the list. A line of 

the list can also be hidden by right clicking on it.  

  

 

 When adding a field, a window is displayed with a list of all the predefined attributes that the 

program recognizes. Pressing the button Search Drawing, it runs through it, and in the list displays only 

the attributes for which a point has a defined value.  

 

 It also allows one to edit these points. In order to do so, a point within the list is selected and the 

Edit button clicked. The Edit Points window is then displayed, which allows one to modify any field it 

contains. 

  One can choose to Print in this window. The relevant window is then displayed. The list format in 

text mode is as follows: 
 

POINT LIST  
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Name X Coord.  Y Coord.  Z Coord.  Code 

1 422367.355  4068639.079  70.840   

2 422378.326  4068642.938  71.300   

3 422387.818  4068652.044  71.840   

4 422386.678  4068654.075  71.860   

5 422411.167  4068693.520  73.830   

6 422429.688  4068723.361  75.390   

7 422451.340  4068758.349  77.150   

8 422455.229  4068766.271  77.550   

9 422458.130  4068778.227  78.100   

10 422463.956  4068811.373  79.590   

 

  If the title and reference have been defined in the drawing or the project, they will appear centred on 

the top of the first page of the list  See the Project command for further details on how to assign such 

data. 

Furthermore, if uncertainties have been assigned to these points, the columns of uncertainties in the 

X, Y and Z coordinates appear on the list automatically. 

 

Label Points 

 This command allows one to create a list of the points selected and insert it in the current drawing. 

In order to do so, the Label Points window appearing below should be completed.  

 

 The elements that will be shown on the table are set in this window, including: Point Name, Codes 

and planimetric and Z coordinates. One can also indicate whether the list will be shared out among 

various Tables. When this parameter is changed, the number of Lines each table will contain is 

automatically calculated. Lastly, a Text Height value is entered, and the layer and style to be used are set. 
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 In AutoCAD version 2005 and later, a single AutoCAD table-type object is created if the list is not 

divided into various tables. The tableôs appearance is affected by the tableôs default style assigned in the 

drawing. In other versions, the table is made up of traditional texts and lines. 

Move Attributes 

 This command allows one to move an attribute from a point to any other position. It is very useful 

when text height and number texts get confused because the points are very close. This command allows 

one to move these attributes, thereby enhancing a jobôs presentation. 

  It works very simply. The attribute one wishes to move is selected (by point name, height or code) 

and then the cursor is situated in the new position. 

Rotate Attributes 

  This command works in a similar way to the command explained in Move Attributes. Its 

functionality is based on aesthetic presentation, especially when it is impossible to frame a job within a 

specific format using the general coordinates system. It can be rotated until it fits into the format.  

 

  Using the Rotate Attributes command, one can represent the attribute texts in a different way to 

the default rotation defined by the drawing and additionally choose the attributes one may wish to modify. 

In order to do so, one can set the Angle numerically or graphically with the Designate button. If one 

wishes to restore the angle of each attribute to its original value, the Remove Rotation check box should 

be activated. 
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Restore Attributes 

  Executing this command places point attributes in their original location, thereby deleting any 

modifications made using the Move Attributes or Rotate Attributes commands. 

Delete Additional Attributes  

 This command is used to delete the additional attributes associated with the points (observation 

data, hyperlinks, etc.). First, whether the drawing points have this type of information or not is checked. If 

they do, it requests confirmation before deleting these attributes.  

 

 This command does not change the coordinates, names, and codes of the points.  

 

Redraw Points 

  When a drawing is received from another user, it may happen that the points are drawn in different 

layers, styles, colours, etc. to the ones defined in the application. By executing this command, the 

program redraws all a drawingôs points in accordance with the configuration defined for the program. 

Filter Points 

  This utility allows one to delete points that are close to each other. The program requests the 

Minimum Distance that should exist between the points. Hence, any points that are at a lower distance 

than the one specified to another point are deleted. With the option 3D distance the user can select 

whether to include the point elevation in the calculation, and the Check button is used to check the result 

of applying the filter.  

 

 

 

Insert Points on Slope 

 This option allows one to insert a set of points belonging to the same three-dimensional plane into a 

drawing. The program initially requests one to select an existing point and then requests the slope of the 
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plan to be entered. The program then enters into a loop requesting the X and Y coordinates of the points 

to be inserted and assigns their corresponding heights, so that all the points inserted allowing with the one 

initially set share the same plane. 

 

Axis Change 

 This command enables us to change the coordinates of the points or polylines selected. This is 

particularly useful for altering projects it is normally not possible to execute using MDT, for example, 

very steep slopes, tunnels, etc. 

 There are two ways of executing the command: selecting the polylines or a points file. 

Selecting Polylines: The default option, whereby executing the command enables us to draw a graph of 

all the polylines whose coordinates we are going to change. Once concluded the following window 

appears in which the changes to be executed are inserted: 

 

In this case, for example, the X column becomes the Y column, Y becomes X multiplied by (-1) and the Z 

coordinate remains the same. 

The polylines selected will be redrawn on validating the window. 

Selecting a file: In this case the change applies to a points file. The following window will appear on 

selecting this option: 

 

Input : We specify the format of the file used to change the coordinates. 

Operation: as in the previous case, we specify the correspondence between the current coordinate and the 

coordenate to be inserted. 

Output : Format of the output file. 

 On validating this window the command will first ask for the points file in which we are going to 

change the axes, and then a new file to store the new coordinates once the changes have been made. 
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Available Points 

  This command lists the ordinal numbers that are not associated to a specific surveying point. 

Consequently, when a new point is about to be inserted, one can give it one of these numbers. This 

command automatically detects the existing jumps in the points list. 

Available Points: 53,71,78,746 - 800,802 - 805,807+  

Zoom in on Point Cloud 

 This tool allows on one to adjust the point cloud to the existing graphics window. This command is 

similar to CADôs Zoom Extension command, except that this command only takes into account the 

surveying points selected. 

Compare with Surface 

 This command allows one to compare the heights of the drawingôs points with the current surface. 

One must firstly select the points (Select Points) and then a list is displayed on screen containing the 

parameters of the points selected, surface heights at the same coordinates and the difference between 

both. 

 

Convert Points 

 Convert Drawing Objects 

  This tool allows on to easily convert drawing objects created in other programs that define points in 

space and that contain defined layers into TCP-MDT surveying points,  
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 First, the Entity of points type in the drawing must be specified. If unsure, the Select 

< button can be used to select the entity directly, keeping in mind that only the entities that appear in the 

window are recognized. For each type of entity, the program will create an MDT point in the following 

coordinates:  

¶ Point: its own coordinates.  

¶ Circle: Centre. 

¶ Arc: Centre. 

¶ Text: Point of insertion.  

¶ Cross: Intersection of the two lines.  

¶ First Polyline: Initial vertex.  

¶ Block: Point of insertion.  

¶ 3D face: each one of the vertices.  

¶ Points cloud: each of the points contained in the cloud. This option is only available for AutoCAD 

2013 onwards. 

 

  As well as the entity type, the Layer of points that the program should analyse must be specified, 

except when converted into blocks.  

 As an option the program can search additional attributes of the point in  text type entities. To do 

this the layers corresponding to each attribute must be specified. 

Elevation layer: The layer where the texts of the elevations are located. If they are not specified, each 

point is assigned its entity elevation, if it is in 3D. 

Numbers Layer: Layer with the point names texts. If they are not specified, the points are automatically 

numbered.  

Code Layer: The layer where the assigned codes are located. If these are not specified, no code is 

assigned. 

  When the type of entity to be converted is a block, the Blocks button displays an additional window 

where the block attributes to be accounted for in the conversion are specified. If attributes are not 

specified, the program will do the same as with the other entities, and search for texts in the layers 

previously described.  

 

 If converting points cloud type entities, a window appears providing information about the 

dimensions of the cloud and the number of points it contains. A smaller window may be selected or a 

percentage of the points to be imported. There is also the possibility of not drawing the converted points 

so as not to load excessively the drawing. 



52 MDT Version 7.5 

 

 

Draw Points: This box will be activated by default and will draw the points automatically. If it is 

deactivated, the points will not be drawn but will be stored in the memory. 

Check Repetitions: Provides a report with the points which have not been converted due to the fact their 

coordinates have been repeated at another point. 

 

  Once the process has finalized, the program indicates the number of points created with the criteria 

above. The drawingôs original objects are kept unchanged. 

 Convert Polyline Vertices 

  This command makes it possible to convert each of the vertices making up a polyline into surveying 

points, in addition to other options. The dialog box allows one to specify the Level of the new points to be 

created. 

  If the Unique Points check box is activated, the program inserts a point at each of the vertices (if it 

is not already inserted).  

  If the polyline is elevated (3D or 2D and elevation), the points take the height of the corresponding 

vertex. On the contrary, if the polyline is on the plane, the program will attempt to interpolate the 

verticesô heights from points whose height is known. If this it is not possible, a height of zero will be 

assigned to all of them. Additionally, if the Digital Model is defined in the drawing, one can obtain the 

heights from it by marking the option carrying the same name. 

  If the Midpoints option is marked, a point will be inserted at each of the midpoints of the vectors 

making up the polylines. Independently, if the Interval option is selected, a point will be inserted every 

certain distance beginning from the polylineôs starting point. 

 

  If the Points on Curve box is marked, the polylineôs curved sections are also converted by the 

command. Points are inserted at the distance specified in the box to the right. 

  The Draw Points option controls whether or not the points to be generated with the command are to 

be drawn. It may sometimes be useful to deactivate it when a large number of points will be generated. 

Nevertheless, if one wishes to make a digital model from contour lines, it is more convenient to use the 

powerful model creation options offered in the Surfaces > Create Surface command. 
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  Once the process has finalized, the program displays the number of points successfully created. 

 Convert Attributes to Texts 

 This tool allows one to convert the pointsô attributes into conventional texts, so that they can be 

handled as such making it easier and more flexible to work with them than with the normal attributes.  

 

 

 The dialog box allows one to specify the layers where the Points and the Number, Height and Code 

attributes will be drawn. The original point can be deleted from the drawing after the texts are created by 

activating the Delete Points check box. 

 If not indicated otherwise, this command works with all the drawingôs points. By clicking on the 

Select Points button, one can enter a set of arbitrary points to convert their attributes. 

 Convert Surface Vertices 

  This command allows one to obtain points from an already defined triangulation obtained from a 

mapping a contouring, etc. Each of the current surfaceôs vertices are converted into surveying points, and 

information is provided on the number of vertices created. 

 Convert Alignment and Cross Sections 

 This command creates a point for each of the profileôs vertices from a horizontal alignment defined 

graphically or from a file and a cross-sections file. The X and Y coordinates are calculated by projecting 

the distance of the profileôs vertex with regard to the horizontal alignment, while height is equivalent to 

the profileôs height. Each pointôs code will be the code of each vertex should they be defined. 

 

 The dialog box allows one to perform this operation with a subset of profiles by entering the Initial 

station and the Final station, choosing the Level to which the points will belong and controlling whether 

or not they will be drawn with Draw Points check box. 

 Convert Alignment and Profile 

 This command creates a point for each of the profileôs vertices from a graphically defined 

horizontal alignment or from either a horizontal alignment or segment file. The X and Y coordinates are 

calculated by interpolating the position on the horizontal alignment at each vertexôs station, while height 

is equivalent to the profileôs height. Each pointôs code will be the code of each vertex should they be 

defined. 
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 The dialog box allows one to perform this operation with a subset of profiles by entering the Initial 

station and the Final station, choosing the Level to which the points will belong and controlling whether 

or not they will be drawn with Draw Points check box. 

Import Points 

 This command allows one to convert an ASCII coordinates file into points that can be read by 

MDT. The Import Points window dialog box requesting the parameters to be entered appears when this 

command is executed. 

 

 Format 

  The structure of the initial file is defined in the Format section, in which three alternatives are 

available:  

Manufacturer : The format established by different programs, electronic data recorders, etc. Some of 

these allow various formats. Hence, the possibility exists of the configuring the structure through the 

Configuration button. 

Generic: This option allows one to choose one of the following options from a drop-down list: XYZ, 

YXZ, ZXY, ZYX, XY, NXYZ, NYXZ, NZXY, NZYX, NXY and Ms Access, where N= Point number, 

X=X Coordinate, Y=Y Coordinate, Z=Z Coordinate. The default format is NXYZ. The former options are 

variations in the ASCII fileôs field order. 

Personal: A format that can be defined by the user with the configuration file (see Customization 

Manual). 
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  The character used as a field separator (Space, Comma or Tab) should be specified from Generic 

formats. If the Comma separator is not used, the program can import files whose decimal separator is a 

comma in addition to those using points as a decimal separator. 

 Operation 

  There are three ways of performing import operations: 

Insert is used to add points to exiting points. The ordinal number of the points in the file to be 

imported is ignored and the new points are imported from the initial number entered in the dialog box. 

It is the default option. Replace deletes all the drawingôs points and replaces them with the points 

imported. 

Lastly, the Merge option takes into account point names and only adds points to the new file whose 

number no longer exists in the scatter plot. 

 Options 

  One can define different processes that are executed once the points have been imported in the 

Options section. 

Check Repetitions, the program runs different checks to identify repeated points, by name and by 

coordinates. Activating the option See Repeated Points displays the corresponding list.  

Classify points by levels: for each point, whether its code is specified in Code Database is checked, and if 

so the corresponding level is assigned. If not, the points are included in the specified Level.  

 

 Representation 

 For the points representation, it must be kept in mind that it is possible not to draw the imported 

points. This substantially increases the importation process for large files, and also the size of the drawing 

is not increased. The points that are not drawn behave exactly the same as those that are represented, they 

can be listed, triangulated, exported, etc., but they are not saved in the file. Therefore, when closing the 

drawing in CAD the points are lost.  

Drawing from Codes: represents graphic elements associated with the codes in the Code Database.  

Zoom in on Points Cloud: changes the CAD view so that all the points are visible on the screen.   

 Finally, the Configuration button gives access to the points configuration, for which it is 

recommended to view the Points Configuration section.  

 After validating the import the points file selection is accessed, the extension of which will accord 

with the format selected. The name of the file by default will be the same as the name of the drawing. The 

extension of the format by default NXYZ can be changed in the points configuration. 

. 

 Points File Format 

  The contents of a points data file consists of a series of lines, each of which contains a series of 

fields separated by a separator. It is not necessary for the points to be in order. A code of up to 255 

characters can optionally be included at the end of each line. A file fragment having the programôs default 

format is shown below 

 

Example:   DEMO.PUN file 

 
 156  20329.982  10794.929  341.850  FILLING  

 157  20340.044  10788.699  345.510  FILLING  

 158  20348.481  10783.943  348.200  FILLING  

 159  20362.966  10773.674  357.160  EDGE 

 160  20374.059  10759.334  358.600  EDGE 

 161  20382.959  10746.893  358.260  EDGE 

 162  20389.362  10732.626  355.190  EDGE 
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 163  20382.768  10719.012  355.970  EDGE 

 164 20374.287  10706.949  356.080  EDGE 

 165  20349.239  10716.461  352.050  FILLING  

 166  20335.434  10720.082  350.390  FILLING  

 167  20311.123  10726.424  347.120  FILLING  

 168  20291.163  10730.610  344.910  FILLING  

 169  20363.322  10785.258  355.040  EDGE 

 170  20350.357  10790.070  347.270  FILLING  

 171  20340.376  10794.961  343.950  FILLING  

 

 

 Importing raw GPS data 

 If the points have been taken using the TcpGPS application and the raw data file is in the same 

folder as the coordinates file, other attributes will be imported such as the date and time, type of position, 

latitude and longitude, antenna height, number of satellites, etc. Moreover, the horizontal and vertical 

positions estimated by the receiver are assigned to the coordinates as uncertainties. See the Geodesic 

Calculations chapter in the User Manual for further details. 

Export Points  

 The modifications or operations made with the functions specifically belonging to the Points menu 

only update the drawing. Imported files are not changed. This command exists in order to be able to 

create or update a points file. Initially, the window to select the points to be exported is displayed. Then 

the following dialog box is displayed. 

 

 

Three alternatives are offered in the Format section:  

Manufacturer : The format established by different programs, electronic data recorders, etc. Some of 

these allow various formats. Hence, the possibility exists of the configuring the structure through the 

Configuration button. 

Generic: This option allows one to choose one of the following options from a drop-down list: XYZ, 

YXZ, ZXY, ZYX, XY, NXYZ, NYXZ, NZXY, NZYX, and NXY, where N=Point name, X=Coordinate 

X, Y= Coordinate Y, Z= Coordinate Z. The default format is NXYZ.  

Personal:  A format the can be defined by the user using the configuration file. See the Customization 

Manual for further details. 

One can additionally indicate which character will be used to separate the fileôs fields (Space, 

Comma or Tab) for generic files, as well as set the Decimal Point  for the pointsô coordinates (default 

option is Point). 

The option Export points with code establishes whether the information defined in the format 

includes a separator and a point code.  
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3. Break Lines  

Break Line Definition 

 The options of this group of commands allow break lines to be defined if the tools available for 

exploiting code possibilities have not been used, which is generally advisable. 

 These comprise different tools to manually, automatically and semi-automatically define break 

lines, which will a priori generally have to form part of the obligatory lines used to form part of the 

digital terrain model either due to either the terrainôs characteristics or the specific way of viewing it.  

Defining them is not obligatory. However, it is highly advisable to ensure the work is valid and accurate, 

given that these lines define the relief marked by existing slope changes. 

 

 

 

 In this example, we can see how the surface adapts itself to the slope changes represented by the 

break lines, troughs, slope crowns or feet, construction lines, white road lines, etc. 

 Break lines are conventional CAD polylines that are defined on specific layers. These polylinesô 

vertices may or not coincide with surveying points. If they coincide on the ground plan, the triangulation 

considers the pointôs height Obviously, if they do not coincide, the height of the polylineôs own vertex is 

taken. 

 These polylines can be drawn on the plan or the space, depending on whether the 3D Break Lines 

parameter is activated in the programôs configuration of the program, Utilities > Configuration > 
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Surfaces. It is normally advisable to draw them in 2D, since all kinds of editing operations can be 

performed with the CAD commands, which would be more difficult in three dimensions. Additionally, 

these objects contain no additional information associated to them, so they can be treated by users as they 

wish. If the triangulation is defined and one wishes to include new break lines, the triangulation has to be 

repeated by selecting the layers where the break lines are found. 

 The application does not check if there are cuts in the break lines when it draws, so the user has to 

do so. In any case, triangulation cleanup commands have been implemented and they should be used to 

detect these cases. One example is the Check Break Lines command. 

Break Lines by Closest Point 

 This command allows one to draw break lines between surveying points by taking the points closest 

to the coordinates selected as vertices. When this command is run, the Layer Selection window is 

displayed, where the layer in which the new break line will be is selected. 

 The polyline vertices should then be successively selected with the mouse. It is not necessary to use 

the reference to CAD objects mode to select the points, since it is sufficient to determine a coordinate 

close to a point because the program searches for the closest point. The polyline is drawn section by 

section and the last point can be undone by typing in R or U on the keyboard. By entering C, the polyline 

is closed with the first point and by right clicking the mouse, the polyline is terminated. As many lines as 

ones wishes may be drawn until one responds with the <Enter> key to the First point question:  

 

 

 It is possible to draw arcs. By pressing A on the keyboard, the program first requests a crossing 

point for the arc, initially drawing a straight line. Then it requests an end point for the arc, and it 

substitutes the previous straight line with an arc. In the following example the points 104, 83, 54, 72, 73 

are selected with the mouse, pressing A [Intro]  before selecting 54. 

 

 

 Points whose visibility from the point has been deactivated by the Points > Visibility  command are 

not considered in this command, as well as in all other break line commands requiring a search for the 

nearest point. 
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Break Lines by Point Numbers 

 If the number of the points configuring the break lines is known as a result of generating field 

sketches or notes, this option allows one to draw by merely typing in the point numbers in question 

instead of selecting them with the mouse. Entering C closes the polyline with the first point entered. The 

polyline is then terminated with a blank line. 

Break Lines by Interval 

 This option is aimed at making it easier (whenever possible) to draw break lines. After selecting the 

layer on which the polyline is to be drawn, the program requests the following information: 

Initial Point:  Number of the first point to be processed, which must be defined. 

Final Point: Number of the final point to be processed, which must also be defined. 

Interval: Whole number increment (positive or negative) in the numbering. 

 For example, if one wishes to join points 1, 3, 5, 7 and 9 in that order, we will reply with 1, 9 and 2 

to the above questions. 

Additionally, the command features the option of using the suffixes in the names of the points, in 

other words, joining all the points in accordance with the interval indicated and with the suffix specified 

in the initial point. 

 The shot below shows the command being executed by inserting ñTPS1ò as the initial point, ñ16ò as 

the final point (without a suffix) and ñ1ò as the interval; 

 

 The final result can be seen in the following image: 

 

 All the points in the sequence do not have to exist although the first and the last must be defined. 

Break Lines by Code 

 Automatic point coding capture with field data recorders or doing so manually on an ASCII point 

file not only facilitate drawing break lines but also the planimetry. 

 This command creates a break line joining all the points having a certain code, following the order 

of the pointsô numbers. It first requests a code and then a layer where the polyline is to be drawn. 
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Boundary Line 

 A boundary line is defined as the geometrical demarcation performed on the scatter plot delimiting 

the digital model area. In other words, triangles are not formed with the points that are not within the 

boundary. This tool facilitates editing a great deal, avoiding having to delete external lines created during 

triangulation and within its parameters.  

 

 

 

 This command allows a closed polyline to be drawn with assistance. The process is like the one 

offered in Break Lines by Closest Point, and the layer used by default in BOUNDARY. 

 Although the boundary line is drawn, it does not necessarily have to be respected. It can be enabled 

or disabled in the triangulation process dialog box. 
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Find Boundary 

 The boundary of the current surface, if it is defined, can be found with this command. The polyline 

obtained will be drawn on the BOUNDARY layer and can be used to define the boundary when creating 

other surfaces related to the drawing. 

Islands 

 An island is an area defined within the scatter plot in which triangulation is not intended. This area 

acts as a space in which the digital model is not defined, and one therefore cannot work inside it. There 

can be several islands within the same scatter plot. 

 

 

 The command allows one to draw polylines delimiting islands. The ISLANDS layer is used by 

default and the process is identical to the one in the Break Lines by Closest Point command, with the 

peculiarity that the polylines are always closed. 

Displaced Parallel 

 This command allows one to create break lines that are parallel to other break lines. It is very useful 

to define roads, pathways, streets, walls, etc., where only one edge has been measured and the parallel 

distance to another or others is known, in addition to the other edgeôs relative or absolute height. 

 

 There are two ways of executing this command. In the Points mode, a polyline is drawn as with the 

Break Lines by Closest Point command and then a line parallel to it is created. In the Polyline mode, a 

polyline that has already been drawn is selected as a reference to create the parallel line. 



62 MDT Version 7.5 

 In order to create the parallel polyline, the program first requests an orientation indicating a point to 

the left or to the right of the original polyline and then a distance to the reference polyline. Concerning 

height, one choose among Repeat the original polylines heights, apply an Increment to them, use a 

Constant height, enter the height at each vertex in a Manual manner, or use the Point Codes as an 

increment for the original height in centimeters.  

 If the Create Points option has been activated, surveying points will be created at each of its 

vertices with the code selected in addition to the polyline being drawn. 

 

 

Modify Break Lines  

 This command allows one to edit polylines that define break lines, boundary, islands, etc., thereby 

facilitating and improving the process of moving, inserting or deleting polyline vertices. 

 

 

 Firstly, the program request the polyline to be modified, and then displays three types of  
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modifications on the command line: 

Move:  Displaces the vertex selected to the closest surveying point. 

Insert : Adds a new vertex on the section of the polyline selected. 

Delete : Deletes the vertex selected. 

Check Break Lines 

 Break lines are very useful to define relief effects. However, it is essential to have a tool available to 

check such lines. This command has therefore been implemented, which enables errors to be detected by 

drawing a series of marks on specific layers.  The different error detection possibilities that can be 

activated in the dialog box designed for this purpose are described below: 

Detect Loose Vertices:  Determines polyline vertices in which there are no surveying points. The marks 

are represented on the ERROR_VERTICES layer. 

Detect Points on Line: Finds the surveying points closest to polylines considered as break lines, and 

which should possibly be its vertex. They are drawn on the ERROR_POINTS layer. 

Detect Crosses: Examines the crossings between break lines, which could possibly be due to an 

interpretation fault. The errors are drawn on the ERROR_CROSSES layer. 

Check 3D Polylines: Checks whether there is a height difference between surveying points and polyline 

vertices. 

Check Surfaces: Determines whether the break lines are included on the current surface. If there is an 

error, it is represented on the ERROR_SUP layer. 

 

 The Radius parameter defines the circumference used to mark possible errors on the drawing. 

Clean Error From Layers deletes all objects from the layers used to mark the errors. 

 The Layers button allows one to select the layers to be checked for possible errors. 

 Once the faults in the break lines that could considerably distort the digital terrain model have been 

detected, they can be checked either manually by creating a layer on which the errors are displayed or 

automatically by generating points where the error has been detected, activating error marks or creating 

points, respectively.  

 Check Break Lines 

 Possible faults are checked manually using the following toolbar: 

 

 

 These buttons allow one to zoom in on the area surrounding the errors. Once the error has been 

corrected, the circle marking it has to be deleted to enable the next one to be found when the toolbar 
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button is clicked again. If there are no further errors, the toolbar disappears. The location margin can be 

modified by clicking the fifth button, and similarly the last button allows the Check Break Lines window 

to be displayed once again. 

Next Error 

 This command enlarges the next error on the current layer with the predefined location margin. This 

command displays the Break Line Error toolbar again. 

Delete Errors 

 This command deletes all the marks indicating the error found through the Check Break Lines 

command. The command should be executed once again to recover them. 

Location Margin 

 This command allows one to configure the size of the zoom used to locate break line errors. 

Convert Break Lines to 2D 

 At times it may be useful to place the break lines on a plan upon which it is easier to perform certain 

operations. This command has therefore been implemented, which converts break lines to 2D on the zero 

height reference plan.  

 As shown in the following dialog box, the break lines to be converted can be selected either from 

the layers on which they are drawn or by identifying them graphically. 

 

 Activating the Only if Vertices Coincide with Points option allows one to only convert to 2D any 

break lines whose vertices coincide with surveying points. It is then possible to convert them to 3D, 

ignoring the 3D polylines that could have previously been represented on the drawing. 

Convert Break Lines to 3D 

 This command enables break lines to be converted to 3D. Once the polylines to be converted have 

been selected either by layers or by manually selecting them, the Z coordinate of origin of each of the 

vertices should be specified. Three options are available for this operation: 

Points:  The height values assigned to the polylinesô vertices are the height values of the corresponding 

surveying points. 

Surface: The Z coordinate assigned to the vertices is obtained from the current surface through 

planimetric coordinates. 

Interpolate: The height assigned is calculated by interpolating or extrapolating the closest verticesô height 

values. 
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 The command has an order of preference when it comes to assigning heights. Firstly, it assigns the 

values corresponding to any surveying points coinciding with the polylineôs vertices. If this is not the 

case, the heights are obtained from the current surface. Finally, if this is not possible either, the height is 

calculated by interpolating or extrapolating the closest vertices. 

Assign Surface Heights to Break Lines 

 By means of this command, the height of the elements specified is assigned from the current 

surface. In order to do so, the command determines the height from the planimetric coordinates of each 

vertex by orthogonally projecting each of the selected objectsô vertices on the current surface. 

 The command request objects to be selected and then modifies the polylines in the following way: 

¶ It assigns the height corresponding to each vertex according to the current surface. 

¶ Along each polyline segment, a vertex is inserted at each intersection of the polyline with the edge of 

a triangle on the current surface. 

Import Break Lines 

 This utility allows one to draw the break lines defined in files having different formats. The 

following window allows one to select the file format types from different programs. 

 

 Files with a .ROT extension are DTM break line files. These files are easy to edit text files having 

the following structure. 

 The first line must contain a valid layer name, a color and an optional type of line, each separated 

by a space. This data will be used to create a layer on which to draw the break lines specified from now 

on, until a line of this type is found. 

 There are two ways of defining break lines. When one wishes to join a series of consecutive points, 

the first and last numbers and the numbering interval separated by one or several spaces simply have to be 

entered. For instance, when line ñ35 41 1ò is read, the program will draw a line joining the points 

35,36,37,38,39,40 and 41 in increasing order. The final point should be greater than the initial point, or 

otherwise the program will abort and show the following message ñERROR: Point invalid point interval 

on line X". It is not necessary to define all the points within the interval, but at least two of them have to 

be specified. 
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 The other possibility consists of specifying a sequence that does not follow an arithmetical 

progression or respect the order of point numbers. Point numbers separated by commas must simply be 

written. All these points have to be defined on the scatter plot. Otherwise, the program issues a warning 

by displaying the following message: "ERROR: Point X does not exist on line Y". 

 The polylines end with a line that is either blank or has ñCò as its first character, in which case it 

will close with the first point. 

 

Example:  DEMO.ROT file 

 

BROOK 5 BROKEN 

45 

19 12 - 1 

STATION 7 DASHDOT 

48 

11 1 - 1 

43 

68 72 1  

51 

BOUNDARY 4 

42 45 1  

73 79 1  

12,46  

48 51 1  

41 

C 

 This file would be interpreted as follows: 

 Creation of a layer called BROOK with color 5 (blue) and BROKEN line type; and line 45-19-18-

17-16-15-14-13-12 will be drawn inside it. 

 Creation of the STATION layer with color 7 (white) and DASHDOT line type, in which the 48-11-

10-9-8-7-6-5-4-3-2-1-43 and 68-69-70-71-72-51 lines are traced. 

 Creation of the BOUNDARY layer with color 4 (cyan), drawing line 42-43-44-45-73-74-75-76-77-

78-79-12-46-48-49-50-51-41 and closure with point 42. 

Export Break Lines 

 It is possible to generate break line files with this command. Firstly, the command asks for the name 

of the file to be created, and then asks for the list of layers containing the polylines to be processed. It 

then saves the information on all the lines and polylines drawn on these layers in a file with the .ROT 

extension. 
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4. Surfaces 

Surfaces 

 Obtaining a digital model requires a prior process called triangulation. During this process, the 

surface is divided into a grid by a series of triangular planes which adapt to the relief and simulate the 

slope changes occurring on the terrain, which are defined by what are called break lines. 

 Triangulation can be done with different methods, the most usual of which is based on a scatter plot. 

A plane is generated with every three points. These triangles have a series of properties which allow a 

triangular irregular network (TIN) to be formed within the scatter plot that respects the shape of the 

terrain.  

 Triangulation can also be performed from contour lines. This method consists of discretizing each 

contour line and the subsequent triangulation of the points thus generated. Contour lines are considered as 

break lines.  

 

 

 
   Points with break lines 
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Resulting surface 

 In MDT, surfaces do not require the existence of surveying points. For instance, in order to create a 

surface from contour lines, it is sufficient to mark the relevant check box in the Create Surface 

command. Additionally, one can add, modify or delete vertices from surfaces using the commands 

included in the Surfaces > Utilities menu. 

Create Surface 

 Creating a surface is equivalent to generating the digital terrain model. That is why this command 

performs the triangulation process in order to obtain the triangular irregular network. Each of the changes 

made to the original digital model can be saved as a different surface. 

 First, if a surface is associated with the drawing, a window is displayed for selecting whether to 

replace the current surface or create a new one. In the latter case, activate the option Save changes to 

current surface. 

 

 If the program recognizes that a contour is drawn, it enables the option Delete Contours. When it is 

activated, it deletes the polylines of the layers configured as contour layers at the end of the triangulation 

process.  

 If no current surface exists, or the option Create new surface was selected in the previous window, 

the program will request a file location for saving the surface. Next, the Create Surface window is 

displayed: 
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 The Elements to Triangulate options box allows one to specify the different elements to be used to 

create the surface. One can triangulate Points, Break lines and Contours at the same time. Depending on 

whether each of the options is enabled or disabled, the relevant button on the right is enabled to allow one 

to specify the drawing elements that will be used. 

Points: This option should be activated if one wishes to triangulate surveying points. The program 

triangulates all the points on the drawing by default, except those whose level cannot be triangulated. 

One can specify a different set of points by clicking on Select Points in the Point Selection window. 

Break Lines: This option allows one to decide on the use of break lines. By clicking the Layers button, 

one can select the layers where the break lines are drawn through the Layer Selection window. 

Contours: Should the drawing contain contour lines, one can use the polylines to create vertices on the 

surface. These polylines behave like break lines. The following window appears when the Select button is 

clicked. 

 

 The Select Contours button allows one to graphically select the contour lines one wishes to use to 

perform the triangulation. The option also exists of using the Select layers button to specify the contour 

lines to be triangulated by selecting the layers containing them.  

Due to the fact that sometimes the polylines defining a contour line may have too many vertices, 

the program can filter them to discard vertices that are very close together. By doing this one can manage 

to reduce the number of vertices included in the surface and therefore processing time. The Distance 

between Vertices parameter controls the distance below which vertices are ignored. The Eliminate Flat 

Triangles box decides whether or not to use a subsequent process that avoids forming flat areas where 

contour lines are very tight, on crests, steep depressions, etc. 

 Once a decision has been made on which elements to triangulate, one can specify if the contours 

surrounding the scatter plot is to be used, or if Islands will be taken into account in the triangulation. 

Simply activating the corresponding options and specifying the layer where the polylines representing 

these objects is enough for both cases. If a boundary is not specified, it is important to specify the 
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Maximum Length of the external trianglesô sides, so that one can prevent areas being formed whose 

vertices are very distant. 

 In addition, the Include 3D break line vertices option is possible. This option takes into account the 

coordinates of the vertices belonging to the 3D polylines in the layers selected as if they were 

triangulation vertices.  If the break lines contain arcs, the parameter Discretize Arcs of Break Lines  

allows for specifying the separation between the vertices that the program will add to the surface along 

them.   

 Lastly, the way in which the surface is represented is controlled at the bottom of the dialog box. 

There are different possibilities, which are the same as for the Draw Surface command. 

  

Current Surface 

 One can select the surface file to be considered as the current surface using this command. This will 

be the default surface taken by the commands used to contour, obtain profiles, etc. Once the file has been 

selected, the Draw Surface command is automatically executed. 

As regards previous versions of MDT, there is the possibility of setting as the current surface a 

binary grid file. Its benefit is that for very dense models a binary mesh file take up significantly less 

memory than the equivalent surface file and its handling is more efficient. This benefit is offset by the 

fact that the binary grid has a regular cell interval, by contrast to a surface made from triangles in which 

any coordinate can be used as the vertex of a triangle. Using a binary grid would be suitable for 

bathymetry models, LIDAR flights etc. 

 

View Surface  
 This command represents a surface file in an independent CAD window. First, the command 

requests a surface file, then a program is launched to visualize the file. This same result can also be 

obtained by double clicking in the Windows explorer on a surface file.  
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Invert Surface Line Direction 

 The process of creating a triangulation is based on the algorithm known as Delaunayôs 

Triangulation. In this process, the triangles are oriented on the basis of some set technical requirements 

that cannot really be the best solution or that do not correctly represent the terrain. In order to define how 

the triangles are oriented, break lines can be used. In any event, once a surface is created, the orientation 

of two adjacent triangles can be changed manually by changing the common side for the side obtained by 

joining the vertices opposite it. 

 

 

 
Line 1559-1497 generates a break in the contours 

 
Once the above line is inverted, line 1523-1522 is generated and the resulting contour is more correct. 

 The command has two operating modes for selecting the line to be inverted. The entity can be 

selected, or coordinates near the line can be introduced. These modes can be altered entering the suitable 

option in the command line.  

 When the surface is edited, the new lines can appear in a different colour, according to the program 

configuration. If it is not possible to alter the triangulation, the corresponding message in the command 

line is printed.  
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Insert Line on Surface 

 As well as inverting the direction of a surface line, a surface can be modified by inserting a line 

between two random points. Once the points have been selected with the mouse, the program removes the 

triangulation lines that intersect the new line, and triangulates the surrounding area once again.  

 
Before inserting a line from 479 to 532 

 
After inserting the line, the surrounding area is automatically triangulated again 

Delete Surface Lines 

 When boundary lines have not been defined, it is normal for triangles to be generated beyond the 

scatter plotôs perimeter. On other occasions, one may wish to leave areas inside the group of points 

without contouring. This command can be used to delete undesired triangles. One simply has to select the 

sides of the triangles one wishes to delete graphically. The program then automatically updates any 

changes made to the triangulation. 

 Should an AutoCAD command have been used to delete undesired lines from the surface, the 

program continues to consider them to all intents and purposes. In order to update these changes and 

delete lines from the surface, one can use the Read Drawing Surface command. 

Delete Surface Triangle  

 This command is used to delete a surface triangle, by selecting an interior coordinate. Confirmation 

of the delete will appear in the command line. When deleting a triangle, depending on whether or not 

there are neighbouring triangles, its corresponding lines will be deleted.   

 

 Edit Surface Vertex 

 This command can be used if any surface vertex coordinates have to be manually changed. After 

selecting a point on the screen, the program searches for the closest vertex and displays the following 

window, where its coordinates can be viewed: 
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 Two types of modifications are possible. If only the vertexôs height is modified, one can change the 

slope of the triangles that share it. Additionally, the X and Y coordinates can be modified by clicking on 

the Designate button or by typing them in. This deletes the original vertex and a new vertex is created at 

the new position. The Block Height check box ensures that the Z coordinate is not changes when new 

coordinates are designated. Otherwise, the height will be calculated from the current surface.  

 A vertex belonging to the surface can also be edited by editing a surveying point having the same 

coordinates. 

Delete Surface Vertex 

 This command allows one to manually delete vertices from the current surface and automatically 

triangulates the area. In order to select the vertex, one merely has to enter some approximate coordinates 

with the mouse. The program then searches for the surfaceôs closest vertex. 

There is a second mode in which a surface line can be specified. The program deletes both vertices and 

re-triangulates the area.  

 A vertex can also be deleted by deleting a surveying point having the same coordinates with Points 

> Delete. If the point is deleted using an AutoCAD command, the surface is not modified. 

Add Points to Surface 

 This command allows one to add surveying points to the current surface. Firstly, a dialog box is 

displayed where the program requests the origin of the vertex heights to be inserted. 

 

 The options available are Surface, by means of which the new vertices will have the current 

surfaceôs height, and Object, which inserts a point having its own height. Once the appropriate option has 

been chosen, a Points Selection dialog box is displayed, where one has to select the points to be added. 

Delete Area 

 This tool serves to create a gap in the current surface. In addition to changing the triangulation, the 

program can perform the following operations: 
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Delete points: Surveying points within the area concerned are deleted. 

Draw Points at Contacts: When the surface is changed, the surfaceôs triangles in contact with the 

perimeter of the area concerned are cut. This process creates new vertices on the surface. Activating this 

option also creates the corresponding surveying points. 

Delete Break Lines: The break lines within the area concerned are cut and/or deleted. Should there be 

contour lines, they are also taken into account in this process. 

 The Mode box allows one to choose whether the area concerned is within or outside the polyline. 

Once the options to be used have been chosen, the program requests the closed polyline that defines the 

area upon which one wishes to act. 

 
Example of the result of emptying by areas 

Get Modified Terrain   

 This command allows one to obtain the final status of the projectôs surface after earthworks. First one 

must select a segment file, or a horizontal alignment and a cross-section file, usually generated using the 

Cross-Sections > Generate Modified Terrain command. The following dialog box is then displayed: 
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 The Initial station and Final  station fields allow one to select the area of action along the 

horizontal alignmentôs length. Initially, it takes the minimum and maximum possible values, subtracted 

from the horizontal alignment and the cross-section profiles. 

 The cross-section template to be taken into account is specified in the Height box. Should the 

roadbed have multiple layers, a specific layer may be selected using the Layers button. 

 The programôs different possibilities are individually controlled in the Drawing section. 

¶ Points: The program creates a surveying point at each of the cross-sectionôs vertices. Each point is 

assigned the vertex as a code.  

¶ Cross-Section Lines: Polylines are drawn on the ground plan representing the different 

components of the cross-section template. Once can decide whether each of them will be drawn by 

clicking on the Elements button. 

¶ Blocks : Represents the blocks on the ground plan in accordance with the block assignment 

performed for the segment. 

¶ Cross-Sections: A polyline is drawn with each of the natural terrain cuts. 

¶ Slope Drawings: Additional representations of the slopes. 

¶ Cut Break Lines: Deletes polylines drawn within the occupation environment on the layers used 

for break lines to create the current surface. 

 The modification of the current surface can be enabled in the Result section. By default the program 

proposes a name for the surface file, so that it does not coincide with any existing files. 

 A drawing of the polylines on the ground plan having greater definition is obtained using the 

Interpolate option. The program will not only consider the modified cross-sectionôs vertices but also 

create new vertices between the cuts according to the distance specified in Interval. 

 By enabling the Use Islands option, one can define areas with closed polylines where the command 

will not make any modifications. This could be useful for road intersections, branches, etc. 

 Recalculate Natural Terrain makes the program internally recalculate the cross-section profile 

from the current surface. Thus, if various modifications have been made to the surface, the area of cutting 

and fill slopes could be affected by the surfaceôs status without having to generate and include a cross-

section profile in the segment that reflects such changes. 
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Example of a modified terrain 

Earthworks by Terrain Height  

 Along with Earthworks by Subgrade Height, this tool allows one to change the current surface by 

creating a subgrade. It is supposed that either the external slope area, the height one wishes to reach or the 

resulting volume after the subgrade is created is known. 

 Firstly, one has to designate the closed polyline defining the contact areaôs boundary. The following 

dialog box is then displayed: 

 

 

 The upper part displays the name of the current surface and its heights along the polyline selected 

are displayed on the left. One then has to specify the following parameters depending on the option 

chosen in the Mode box. 

¶ Calculate Subgrade: The crowning height of the subgrade to be created has to be entered in the 

Subgrade box. Additionally, the percentage gradients of the cutting and fill slopes also have to 

be entered. The Discretization parameter controls the interval between each slope projection. 

The lower this parameter is, the longer the command will take. The option Round corners is 

used to decide on the behaviour of the slope in convex vertices.  
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¶  

¶ Select Subgrade: By clicking on the associated button, one has to choose one of the drawingôs 

closed polylines, which the program will take as the subgradeôs crown without taking into account 

the slopesô gradient. Its height will be displayed in the dialogue box, so it can be edited if necessary 

unless the polyline has a variable height, in which case it cannot be changed. 

 Should Target Volume be activated, the program will search for a subgrade height around the one 

proposed by the user at the beginning of the earthworks calculation.  By clicking on the Details button, 

one can specify the parameters used to search for the height. 

 One indicates in the Drawing box if the program should delete internal points and draw new points 

at the vertices making up the subgrade when creating the subgrade. The drawing of polylines defining the 

subgrade calculated can also be activated. 

 Result specifies whether the current surface should be modified and applies the changes resulting 

from earthworks. By default the program proposes a name for the surface file, so that it does not coincide 

with any existing files. By activating the Calculate Volume check box and specifying the Cell Size, the 

earthworks calculation volume resulting from the grid comparison method is included at the end of the 

process. 

 

Example of a subgrade by terrain height 

Target Volume 

 The Earthworks along Subgrade Height and Earthworks along Terrain Height  commands 

allow one to either enter a subgrade height or make the program search for the subgrade height to achieve 

a specific volume of earthworks. 
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 The most common option is to activate the Equalize Cutting with Fill  option to get the earthworks 

to equalize the volumes in the cutting and fill areas within a margin. The other two options allow one to 

search for a specific volume, so that the volume difference between both volumes is a specific Cutting or 

Fill . 

 The Bulking Coefficient is multiplied by the cutting volume before comparing it with the fill 

volume. The default value is 1.0 and ensures that this parameter is not taken into account. 

 Maximum Volume Difference sets the tolerance margin to compare volumes. If the percentage 

represented by the difference between the cutting and fill volumes with regard to the total volume is less 

than this parameter, the program concludes the search and assumes both volumes are equal. 

  In the section Method of Calculation a choice between a Sequential Search around the subgrade 

height entered by the user and Fast Search to try and shorten the searching process is given. 

 Slopes 

The earthworks commands allow different slopes to be used along the polyline that delimits the 

esplanade. The Slopes section introduces the cut and fill slope value which will be used throughout the 

grading. By pressing the corresponding button "..." a window like the following is accessed: 

 

Under New a new slope value van be entered and by pressing the "^" button, the value is added to 

the list. The window disappears and by pressing the CAD window, points near the polyline of the 

esplanade, its programs the slope to the polyline segment where the points entered are projected. 

On the Assigned Slopes list each of the values can be selected and under Preview the a polyline 

drawing can be viewed and the segments which have a value assigned are in blue whilst the rest is in 

white. By pressing the mouse over the preview, the slope of each segment can be changed. Using the 

Deletebutton, the value selected from the list is eliminated. 
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  By pressing the "<" button the slope of each segment can also be changed, but by graphically 

selecting a nearby point on the CAD window. This option may prove more convenient in the event that 

the preview is confusing. On the command line there is the possibility of designating a continuous 

interval for polyline segments, entering three points. 

 Rounding off corners 

The earthworks' commands it can be generally specified for all convex vertices whether the slope of 

the equipment rounds off or not using the option Round Corners. On the right of this option, by pressing 

the "..." button a window is accessed where each of the polyline vertices of the esplanade can be 

configured individually. 

 

In the preview a circle or a square appears at each vertex depending on whether the slope is rounded 

off or not at this vertex. By pressing the mouse near a vertex, its behaviour is switched. In each Round 

and Without Round box, All  button allow all the vertices to be changed at the same time and using the 

graphic designation button "<" the vertices can be selected at the CAD window in the event that the 

preview is confused. On the command line the latter option affords the possibility of designating a 

continuous interval for polyline vertices, entering three points. 

 Irrespective of the way in which the program is configured, if the segments before and after a 

convex vertex have a different slope, the slope is not rounded off. 

 

Earthworks by Esplanade Height  

This tool, along with that of Earthwork by Terrain Height  allows the current surface to be 

modified by creating an esplanade. On this occasion only the contour and elevation of the esplanade are 

known and nothing is known about the situation regarding contacts with the terrain. The slopes generated 

by the program start at the esplanade going in an el exterior direction and they end when the slope 

intersects with the current surface. 

The first data requested by the program is the closed polyline that defines the contour of the 

esplanade to be carried out. The slopes will be generated towards the exterior of this polyline and then the 

following dialogue appears: 
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In the upper left-hand part the elevations of the current surface appear along the designated polyline, 

irrespective of the elevation of the polyline itself. In the Esplanade  field the elevation is entered at which 

the esplanade is going to be carried out. If a 3D polyline is selected with different elevations, the text 

Variable appears in this field and if it is not modified, the esplanade takes on the elevations of the 

polyline itself. 

Depending on the option chosen in the Mode box, the following parameters must be specified: 

Calculate Contact: in this mode the elevation of the esplanade must be entered if it is not variable. In 

addition, the gradients are required, of however many to one, of the cut and fill slopes. The Discretization 

parameter controls the interval between each slope projection and with the parameter Rounding off 

Corners the convex vertices can be made to look rounded off. 

Designate Contact: by pressing the associated button, a closed polyline of the drawing must be chosen 

which the program will assume as the foot of the slopes of the esplanade without taking into account their 

gradient. The program will assume as the vertex elevations those obtained from the current surface. 

As regards the rest of the options, they are the same as those of the command Earthworks by Terrain 

Height. 

 
Example of an earthwork by esplanade elevation  



Surfaces 81 

Earthworks along Fill Foot   
 This command is equivalent to Earthworks by Terrain Height , with the peculiarity that only the 

subgrade and its slopes are generated where there is a fill volume. No cutting area is generated in the 

current surface.  

 The first item of data requested by the program is a polyline that delimits the foot of the fill slopes. 

If the polyline is not closed, the direction toward which the slopes are projected is requested. The 

following dialog box is then displayed, which is similar to the Earthworks by Terrain Height  

command. 

 

 

 An image of the original terrain is shown in the illustration below. It contains a highlighted polyline 

that defines the fill foot boundary desired. 

 

 

 If the inside of the area defined by the polyline is defined as the slopesô direction with a height of 

595, the following result is obtained. That is to say, from the polyline, a fill is generated that rises up to a 

height of 595, and later a platform horizontal to this height is created.  
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Earthworks by Cut Crown  
 This command is equivalent to Earthworks by Terrain Height , with the peculiarity that only the 

subgrade and its slopes are generated where there is a cutting volume. No cutting area is generated in the 

current surface.  

 An image of the original terrain is shown in the illustration below. It contains a highlighted polyline 

that defines the boundary of the cutting crown to be achieved. 

 

 If the inside of the area defined by the polyline is defined as the slopesô direction with a height of 

585, the following result is obtained: A cutting slope is created from the polyline that descends to a height 

of 585, and then it creates a platform horizontal to this height.  

 

 

Earthworks by Fill Crown  
  This command is equivalent to Earthworks by Terrain Height , with the peculiarity that only the 

subgrade and its slopes are generated where there is a fill volume. No cutting area is generated in the 

current surface.  
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 An image of the original terrain is shown in the illustration below. It contains a highlighted polyline 

that defines the fill crown boundary desired.  

 

 If the outside of the area defined by the polyline is defined as the slopesô direction with a height of 

595, the following result is obtained:  From the polyline and starting from the height of 595, on one side a 

fill slope has been created and towards the other side a horizontal platform.  

 

 

Earthworks along Cut Foot  
  This command is equivalent to Earthworks by Subgrade Height, with the peculiarity that only the 

subgrade and its slopes are generated where there is a cutting volume. No cutting area is generated in the 

current surface.  

 

 An image of the original terrain is shown in the illustration below. It contains a highlighted polyline 

that defines the cutting foot boundary desired.  

 

If one defines as the direction the direction of the slopes towards the outside of the area defined by 

the polyline, the following result is obtained: From the polyline and starting from the height of 595, on 

one side a cutting slope has been created and towards the other side a horizontal platform.  
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Earthworks by slope between surfaces  
 This command is similar to the Earthworks along Terrain Height tool, except that instead of 

specifying a height to create the subgrade, a second surface is designated, which limits the slopes. The 

command also allows for deciding whether the slopes go towards the interior or exterior of the polyline. 

 

Merge Surfaces   

 The merging process allows one to include another surface within the current surface. It is equivalent 

Delete Area with the boundary of the surface included and then copies its triangles onto the current 

surface. In order to ensure the result is correct, heights at the perimeter of the surface to be included 

should coincide or be very close to the heights at the current surfaceôs the corresponding coordinates, 

otherwise inconsistencies will be produced in the digital model.  

 The program requests the file of the surface to be included and displays the following options: 
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¶ Delete Internal Points: Deletes the surveying points inside the area defined by the boundary of the 

surface to be included. 

¶ Draw Points at Contacts: Creates surveying points corresponding to the vertices of the surface to 

be merged, as well as on the contact area between the two surfaces. 

¶ Delete Break Lines: Cuts and/or deletes break lines within the boundary of the surface to be 

included. Should there be contour lines, they are also taken into account in this process. 

 There is the possibility of saving the result in a surface file other than the current one, enabling the 

Surface option and designating a file name. 

Identify Heights 
This function enables us to calculate and display, using the commands of the CAD environment, the 

height of any predetermined flat coordinate point (2D) on a given surface represented by a triangular grid. 

Hence, each time we click on a point within the horizontal projection of a grid corresponding to a surface, 

its corresponding point coordinates are shown: the predetermined abscissa and ordinate, predetermined, 

and the height calculated for this position on the surface.  

In addition, if the uncertainties in relation to the point coordinates of the vertices of the 

corresponding grid are ascertained using the laws of propagation of variances and covariances, the 

uncertainty associated with the height of this flat position on the surface is estimated and displayed.  

The method used to determine the height of points on a triangular grid consists of an algorithm 

which calculates the height of the point in question as a weighted average of the heights corresponding to 

the three vertices of the triangle in the grid containing the planimetric position predetermined by the user 

and the said weighting is based on criteria of a geometric nature. This relational model for calculating the 

height is subject to the law of propagation of variances and covariances to estimate the uncertainty or 

error in relation to the height. 

  

  

Each time the screen is clicked with the mouse, the AutoCAD command line shows the coordinates 

(X, Y and Z) of the point. Should the area outside the area defined by the surface be clicked, the X 

coordinate appears as Indeterminate.. 

 

Draw Surface 

 This command allows one to draw the current surface. The following dialog box is displayed: 
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 With the Surface button, one can change the file to be represented. The file chosen by default is of 

the current surface. However, a different file can be drawn. 

The different representation possibilities include: 

Nothing: The surface is not drawn. 

Quick View: Displays the surface on the screen, but without creating objects. The next time AutoCAD 

refreshes the drawing, the elements thus drawn will disappear. It has the advantage that the drawing file 

does not increase in size. 

Boundary: Only displays the surfaceôs boundary. It is useful if the surface does not have too many 

vertices and/or when a computer that is not very powerful is used. 

Window: Allows one to designate a rectangular area in order to draw only the part of the surface inside it. 

Complete: Draws all the lines comprising the surface. Should a surface with a very large number of 

vertices be created, the number of lines drawn is very large. This may lead to the drawing fileôs size 

increasing so much that AutoCAD is not able to deal with it efficiently. Should this be the case, it is 

advisable to use another representation option. 

 Additionally, one can also select the layer on which the surface is to be drawn by clicking Layer. It 

is usually advisable to activate the Clear Layer check box so that the program deletes any objects existing 

on the layer before drawing the surface. Zoom in on Surface can also be activated, so that the screen is 

centered on the drawing area containing the surface. 

If the option Draw in 3D is checked, the program will draw the lines with their current heights, or a height 

of zero. In any case, the representation selected does not affect the calculation of profiles, volumes, etc.  

Represent Surface 

 MDT represents a surface by drawing the lines of its trianglesô edges without repetitions. This is an 

efficient way regarding the number and size of the objects created, while at the same time allowing one to 

perform editing and modification operations easily. 

 With a view to its use by other programs, this command allows one to represent the surface with 

different AutoCAD objects: 
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3D Faces: Generates a drawing made up by 3D Faces objects. Useful to generate images, shadows, etc. 

2D Solids: Each triangle is drawn in a colour, depending on its type. It is geared towards allowing one to 

easily check the assignment of materials to a surface. 

Polylines: A closed polyline for each triangle. It has disadvantage that edges are repeated when compared 

to line representation. 

Polyface Grid: Draws the triangulation using an AutoCAD polyface grid. Once this object is created, it 

cannot me modified. It can only deleted. 

 In addition to specifying the type of object, the layer where it will be drawn can also be chosen and 

a series of operations can be performed with it: 

Clear Layer: Deletes all objects from the layer before proceeding to draw. 

Isolate Layer: Deactivates other of the drawingôs layers and only leaves the indicated layer active after 

drawing. 

Zoom to Surface: Centres the screen on the area of the drawing containing the surface. 

Convert Drawing  

 This command allows one to create a surface file from a triangulation drawn with line-type objects. 

This command can be used if one wishes to import a triangulation whose associated surface file has been 

lost or if the drawing has been manually modified and one wishes to accept the changes made to it. It can 

also be used to import a triangulation created using another program.  

 Firstly, the program requests a file in which to store the surface. It then shows displays dialog box 

where one specifies the Layer where the objects are drawn. If one wishes the program to assume them as 

the current surface, the Set as Current Surface check box should be activated. 
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Read 3D Faces  

 This command allows one to create a surface file from a triangulation drawn with 3D Face-type 

objects. Its main use is to import a triangulation created with another program. It works similarly to the 

Zoom to Surface: Centres the screen on the area of the drawing containing the surface. 

 command. 

Create Surface through SRTM  

 With this command a digital model of any part of the world can be created. Use the data available 

on the Internet from NASAôs SRTM mission (http://www2.jpl.nasa.gov/srtm/). First, a window is 

displayed for specifying the system of reference coordinate for the drawing, and a window with the areas 

to triangulate.  

 

 Once the data is introduced, the program downloads the necessary data via the Internet, triangulates 

it, and last a Draw Surface window is displayed. 

 The precision of the heights obtained is approximate to the meter, and the separation between each 

element of the grid is around 90 meters.  

 

Import Surface 

 This command enables file conversion with a surface (triangulation) created with other programs. 

First a dialog box appears for selecting the file type to import, and then it requests the destination file.  

The option Set as Current Surface loads the resulting surface in the memory automatically.  

 

Export Surface 
 This command is used to export a current surface to a file that can be used by other programs. First 

a dialog box appears for selecting the type of file to create, then it requests the destination file. 
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Fill holes 
This tool was created with a view to solving the triangulation problems to be found on the current 

surface. The program will ask the user to graphically designate the region he wishes to update and this 

area will be triangulated automatically in line with the existing elevations at the nearby vertices. 

 

 
 

 

Save Surface 

 Allows one to save the current surface on a file and assign it a name. Different files than therefore 

be created with this option. Each will represent different stages of the actions performed on the terrain. 

 Independently from the use of this command, each time the drawing is saved, the state of the current 

surface is saved in the relevant file. It is therefore not necessary to regularly save the changes after 

performing an operation on the surface. 

Delete Surface 

 With this command, the program eliminates the relation with the current surface, removing it from 

the drawing. From the moment it is executed, the drawing has no surface associated to it. Therefore, if 

one wishes to execute any command requiring the current surface, an error message will be issued. 

Change Surface Heights 

 When this command is executed, a dialog box is displayed where the height adjustment to be 

applied to all the current surfaceôs vertices can be entered. 

 

Add Polylines to Surface 

 This command makes it possible to add break lines to the current drawing, without the need of 

reconstructing it. When it is executed, a dialog box similar to Add Points to Surface is displayed where 

one has to specify if the break lines will take on the surfaceôs height or the linesô heights will be taken 

into consideration. One then uses the mouse to select the polylines to be added. 
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Surface Information 

  

In Topography natural surface means the surface the shape of which coincides with the physical 

reality we intend to represent. However, the very nature of the graphic representation systems, as occurs 

in the bounded plane system, among others, obliges us to use its orthogonal projection on a horizontal 

reference plane as the most common surface, assigning it the name topographic, agrarian or reduced 

surface (see the figure). The topographic surface is always smaller or equal to the natural surface as the 

former is flat and the latter may be curved. Moreover, we need to take into account that two real different 

surfaces may correspond to the same horizontal surface. It is normally the topographic surface we are 

interested in ï that represented in plans and maps -, although circumstances may exist where the natural 

surface is the target measurand, such as, for example, in cases of quantifying surface treatment. 

Therefore, both surfaces need to be taken into account. 

 

  

 

 

  

  

 

The representation of the terrain cannot entail the projection of all its points, and as such features 

only a number of characteristic points which enable us to determine the shape and dimensions of the 

same. These points may comprise a contour ð obtained by projecting the points of a given altitude or 

height ð or characteristic isolated points. 

 The execution of this command opens an informative window in which we specify the basic surface 

data. This window provides, first and foremost, the name of the surface, the number of vertices and 

triangles comprising the grid pertaining to the surface in question, the grid perimeters (3D perimeter), the 

horizontal projection of the same (2D perimeter) and the areas both of its natural (3D) and topographic 

surface (2D). Moreover the maximum and minimum heights of the surface in question are also displayed. 
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 In the event the points used when creating the surface contained data on uncertainties, clicking on 

the Calculate Uncertainties tab will execute the calculation process and once it has been concluded a new 

dialog box will appear featuring all the data and the corresponding uncertainties.  

It should be taken into account that the confidence level for calculating uncertainty (by default, 

95%) is established in the Topography settings. See the Customisation Manual for further details. 

  

 

 

  

In the event the calculation of the topographic surface (2D) is conducted using the Gauss 

formula, the method consists of: 

 

 

  

1. Determining the position coordinates of each target point ð points cloud ð based on 

the corresponding tachymetric observations or, when the observations are conducted by 

satellite (GNSS), having such coordinates at hand, as these are the coordinates which 

have been calculated beforehand by the GNSS systems involved in each task. 

 

2. Generating, with or without restrictions due to the predetermination of perimeter 

points, break lines ð lines with sudden changes in slope ð and/or other characteristic 

points; the triangular grid associated with each assignment. This task will involve 

assigning to each triangle three points from the cloud of known coordinates, as well as 

determining the points regarded as perimetral, which are the only ones to be taken into 

account for the subsequent calculation. 
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 3. Applying the Gauss formula which associates the flat surface of a polygon with the 

position coordinates of its successive vertices, the result of which will be the topographic 

surface (2D).  

 

The calculation of natural surfaces (3D) using Heronôs method consists of: 

 

  

 

1. Determining the position coordinates of each target point ð points cloud ð based on 

the corresponding tachymetric observations or, when the observations are conducted by 

satellite (GNSS), having such coordinates at hand, as these are the coordinates which 

have been calculated beforehand by the GNSS systems involved in each task. 

 

2. Generating, with or without restrictions due to the predetermination of perimeter 

points, break lines ð lines with sudden changes in slope ð and/or other characteristic 

points; the triangular grid associated with each assignment. This task will involve 

assigning to each triangle three points from the cloud of known coordinates. 

 

 

3. Calculating the lengths of the sides of each triangle comprising the grid, taking into 

account its three-dimensional coordinates if the desired calculation is for natural surfaces 

(3D); or its flat coordinates if the desired calculation is for topographic surfaces (2D). In 

both cases this calculation will be based on that of the module of a vector specified by 

two points. 

 

4. Determining the area of each triangle using Heronôs formula, which associates the 

surface of a flat triangle with the length of each of its sides. 

 

 

5. Adding up the surfaces of each of the triangles comprising the triangular grid 

associated with a specific task, the final result of which will be the natural surface (3D) if 

the calculation of the length of each side of each triangle has been conducted using its 

three-dimensional coordinates; or the topographic surface (2D) if the calculation was 

conducted using its flat coordinates only. 

 

 

Finally, each of these mathematical models for the calculation of surfaces is subject to the laws of 

the propagation of variances and covariances to determine the uncertaintities of the topographic 

(2D) or natural surface (3D). 

 

  

Drop 

 This command is used to draw a polyline with the approximate route of a drop of fluid on the 

surface. First, the following window is displayed 

 

 Next the program requests an initial point for the route, and draws a polyline to represent the drop. 

Checking the option Draw Circle makes it easier to distinguish the initial route point, because the 

program draws a circle around the position. With the option Group Entities, the polylines and the circles 
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drawn are grouped, so that when one of the entities is selected, both are selected automatically. This way 

either can be easily deleted.  

 

Check Surface 

 The program changes the colour of each triangulation line and assigns it the colour code 

corresponding to the number of times it is repeated. Hence, only the lines of the perimeter triangles 

(boundaries and islands) are drawn in colour 1 (red) and the interior lines should only appear in colour 2 

(yellow). In this way, it is easy to detect gapped areas in the surface where one cannot calculate terrain 

heights and the program is therefore unable, for instance, to generate contour lines. 

 
One can see that there are areas in this drawing where the surface is not defined  

 In order to go back to the surface drawn with normal colours, one can execute the Draw Surface 

command and mark the Complete and Clear Layer options. 
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5. Grids 

Grids 

 The tools described in this chapter allow one to generate attractive three dimensional 

representations from grids or height and slope surfaces, as well as to assign materials to apply quality 

rendering. 

 A grid file is a set of 3D coordinates that are planimetrically defined in a regular square grid. MDT 

works with two types of grid files: ASCII (.MLL extension) and binary (.MLB extension) files. The 

former have the advantage that the fileôs contents can be viewed with a text editor, and they can easily be 

processed by other programs. Nevertheless, the large size of the files is a disadvantage. In order to avoid 

this, binary grid files can be used to provide quicker and more efficient access, although they do not have 

the aforementioned advantages. 

 

Create Grid from Surface 

 This tool allows us to create a grid file from a surface. 

 

 

 By clicking the Surface button, one can choose a surface other than the current drawing. In File 

type, one has to specify the type of grid to be created: either ASCII Grid or Binary Grid. When one or 

other option is selected, the approximate size of the file to be created is displayed. 

 The possibility of specifying a Boundary exists by designating a closed polyline with the Select 

button. In this way, the grid would then be defined only within the boundary polyline. This check makes 

the grid creation process slower, and it is therefore not advisable for very dense grids. 

The option Extrapolate cells in perimeter is used to obtain grids with a larger surface.  
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 Lastly, the Cell Size parameter determines the separation between grid coordinates. The smaller this 

value is, the denser the grid, and the file will occupy more space. However, if the grid is used to calculate 

volumes, the result will be more accurate. See volume calculation by Grid Difference in the Volumes 

section. 

 This command ends with the creation of the relevant file. To view the results, use the Maps > Draw 

Grid  command. 

Create Grid from Points 

This command allows the creation of a grid file from a set of points. The program initially selects 

all the points to be found in the drawing. 

 

By pressing the corresponding button, a more precise selection of points can be carried out. The 

other options are the same as the command Create Grid from Surface in terms of the grid cell size and 

the possibility of using a Boundary polyline. 

  Finally, there is the option of establishing the grid created as the current surface provided that the 

grid file type is binary. 

Create Grid from Contour Lines 

 This tool allows one to create a grid file from a set of contour lines. 

The type of grid to be created is specified in File Type: either ASCII Grid or Binary Grid. When 

one or other option is selected, the approximate size of the file to be created is displayed. 

 The possibility of specifying a Boundary exists by designating a closed polyline with the Select 

button. In this way, the grid would then be defined only within the boundary polyline. This check makes 

the grid creation process slower, and it is therefore not advisable for very dense grids. 

 Lastly, the Cell Size parameter determines the separation between grid coordinates. The smaller this 

value is, the denser the grid, and the file will occupy more space. However, if the grid is used to calculate 

volumes, the result will be more accurate. See volume calculation by Grid Difference in the Volumes 

section. 
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There are two possibilities of specifying the objects with which a grid will be generated: 

choosing a list of layers (Layers option and Select Layers button) or directly entering the polylines of the 

drawing to be used (Objects option and Select Objects button). 

 This command ends with the creation of the relevant file. To view the results, use the Grids > Draw 

Grid  command. 

Draw Grid 

 This command allows one to represent a grid file obtained by using the Grids > Create Grid from 

Surface or Grids > Create Grid from Contour Lines tools. First, the program requests a grid file 

(ASCII or binary). The following dialog box is then displayed: 

 

 One can choose between two kinds of objects to draw a grid: The Polyface Grid option has the 

advantage of being quicker and the disadvantage that CAD sets a maximum limit on the number of 

vertices and faces. This is why the default option is 3D Faces. 

 In addition, there is the option of drawing the grid as an image and this method will allow us to 

create an Image from the grid file. To be precise, an image will be created in TIFF format. 

 By clicking the Select button, one can specify a layer other than the one proposed by the program. 

Clear Layer removes the objects from the layer before drawing the grid and Isolate Layer hides the 

drawingôs other drawing layers.  

The Height Exaggeration parameter is used to multiply the gridôs height values in order to increase 

or decrease cell height differences and improve the viewing of relief. Lastly, once the representation is 

finished, the Zoom check box ensures the screen is framed on the grid area. In should be taken into 

account that the drawing is in three dimensions. It is therefore necessary to execute one of the CAD 

commands to change the viewpoint like, for example, VPOINT. 
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            Drawing with 3D Faces                                                                    Drawing as an image 

Resample Grid 

 Another file with a different cell size can be created from an existing grid file. Firstly, the program 

requests the original grid file. It then shows the following dialog box where New Cell Size and the File 

Type of the grid to be created are entered. It is also possible to select the coordinates of the resulting 

gridôs corners to obtain a smaller surface.  

 

 

Cells 

Current size: The size of each current cell in the grid to be resampled. 

Number of current cells: The number of existing cells in the grid to be resampled. 

New size: The new cell size for the resulting grid. The value of the size of the cell may be inserted 

manually or in the dropdown menu selecting the multiplying factor. 

Number of new cells: The total number of cells for the new grid based on the new size established. 

Coordinates: This option enables us not to convert the complete grid but just a part of the same, for 

which we need to graphically define the window which defines the part of the grid to be converted. The 

complete grid will be resampled by default. 

Type of File: Enables us to create an ASCII or binary grid on creating the resulting grid. 

 In reality, if one has the surface file used to create a grid file in addition to the grid file, it is much 

more accurate to create another grid file with the cell size desired than to resample the grid. This option 

should solely be used if one only has the grid file. 
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Filter Grid 
 This command is used to filter or generalize a grid in order to reduce its size. This is useful when a 

grid is too large to be represented with CAD. 

 When this command is executed, the window below appears to configure the filtering. 

 

Valid height intervals: Indicate the heights for the new grid, meaning any cell with a lesser or greater 

height will be eliminated from the grid.  

Increase maximum heights: this filter is to eliminate contiguous cells between which the height 

disparity is greater than the parameter given.  

¶ Maximum difference among adjacent cells: Indicates the maximum difference that can 

exist between two adjacent cells.   

¶ Radius: Radius in which the analysis is conducted, meaning that from each one of the cells 

all the cells that are contained in the indicated radius are analysed.  

File Type: We indicate the type of file to work with, meaning with binary or ASCII grids.  

Merge Grids 

 This command allows one to modify an existing grid file by including the cells belonging to another 

grid file. The program requests the two grid files involved in the process and checks to see if they have 

the same cell size. Should they not have the same cell size, a dialog box is displayed where one can 

choose the cell size. This is equivalent to executing the Resample Grid command on one of the files. 

 

Convert Grid from Drawing 

 A grid file can be created from a drawingôs 3D Face objects by means of this command. The Layer 

where the objects are drawn has to be specified, as does the File Type to be created. 
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Layer: The layer containing the entities from which the grid is created. 

Type of file: We state the type of grid file to be generated. 

1. ASCII Grid 

2. Binary Grid 

 

 To ensure the command works properly, all objects should form squares with the same side length. 

In addition, adjacent squares should share the same height at common vertices. 

Import Grid 

This command allows the importing to MDT format grid files in other formats A dialogue appears 

with the list of formats supported and, after selecting one of them, the program asks for two files: firstly, 

the one existing in the format selected and then the file to be created in MDT format. 

 

 

In the specific case of the GeoTiff format, the following text box appears in which we may select an 

area to convert only the region which is of interest to us. 

 

Moreover, once the grid has been converted, if the size of the same is excessively large we may 

execute the ñResample Gridò command and change the size in accordance with our needs. 

 

 

Export Grid 

This command, by contrast, will allow us to export MDT grids to other formats external to MDT. A 

dialogue appears with the list of formats supported and, after selecting one of them, the program asks for 

two files: firstly, the MDT mesh file and finally the mesh file to be created with the selected format. 



Grids 101 

 

Information 

 On executing this command MDT will show the information associated with an MDT grid: 

Coordinates: The minimum and maximum coordinates of the grid and the size of the same in metres. 

Areas: Shows us the Topographic Surface (2D) and the Natural Surface (3D). 

In Topography natural surface means the curve surface the shape of which coincides with the 

physical reality we intend to represent. However, the very nature of the graphic representation systems, as 

occurs in the bounded plane system, among others, obliges us to use its orthogonal projection on a 

horizontal reference plane as the most common surface, assigning it the name topographic, agrarian or 

reduced surface. The topographic surface is always smaller or equal to the natural surface as the former 

is flat and the latter may be curved. Moreover, we need to take into account that two real different 

surfaces may correspond to the same horizontal surface. It is normally the topographic surface we are 

interested in ï that represented in plans and maps -, although circumstances may exist where the natural 

surface is the target measurand, such as, for example, in cases of surface treatment. See the Surfaces 

chapter. 

 

Furthermore, information is also shown on the size of the cell, number of cells, columns and rows. 

 

Clicking on the Histogram tab will show the distribution of the grid values. The X axis on the graph 

shows values of the heights, while the Y axis shows the absolute frequency (number of pixels with this 

height value). Hence, the distribution of heights in the grid is shown in an intuitive manner. The number 

of cells with no defined height is also shown. 
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6. Contours/Cartography 

Create Contour Lines 

 It is necessary to have a defined surface in order to execute this process. Firstly, the command 

displays the following window: 

 

 The Surface button allows one to select a surfaces file other than the current file. The options 

relating to layers are set out below. The layers where minor contour lines will be drawn can be specified. 

The Clean Layers box eliminates all objects from the layers selected to contain the contours 

 The dialog box also allows one to change the Minimum to Maximum height range to be contoured 

(by default this is set as the whole surface), in addition to the height intervals for Minor and Major 

contours to be applied when the contouring performed. 

 The contours may be drawn with three kinds of different objects: CAD Polylines, a proprietary 

MDT object (Contours) or CAD lines. This first is the most common option. The second option allows 

the contour lines to be labeled without splitting the polylines and it is also possible to move the labels 

along the polylines. One drawback is that edit operations with CAD commands are not possible. Lastly, 

drawing the contours solely with lines has the advantage that the process of automatically editing the 

contours is quicker using the point and/or surface editing operations. 

Apply Colours will enable us to assign a range of colours to the contour lines in accordance with the 

height of the contour line. We can choose from different palettes of colours. 
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 The Smoothing Factor option ensures that the polylines generated include arch segments in order to 

look better. The greater the parameter value, the greater the arch introduced. Initially, it is not advisable to 

smooth contours since the number of vertices is quadrupled as is the amount of information that the 

computer has to process, thus slowing down subsequent processes. It is therefore recommended that 

smoothing should only be performed for the purposes of final presentation and not while working. 

     

Modify Contour Lines 

 This tool is of great use to manually modify a polylineôs vertices. The program requests the polyline 

to be modified and one then has to choose between two methods. How each method works is explained 

below: 

Polyline: If this method is chosen, the program will additionally request a polyline to be used as the 

reference to modify the original. The end vertices of the second polyline will be joined to the vertices 

nearest to the original polyline, while all the intermediate vertices are removed. The result of applying 

this method can be seen below: 

Before executing the command: 
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After executing the command: 

 

Points: If this method is chosen, the program will additionally request two points on the polyline. From 

these points, the program eliminates all the polylineôs intermediate vertices. The result of applying this 

method can be seen below: 

Before executing the command:  

 

After executing the command: 

 

Add Vertices 

 This command allows one to insert intermediate vertices on a polyline. To begin with, the program 

requests the polyline to be modified. MDT will search for the vertices nearest to the point selected and 

then, if the mouse is moved, two elastic lines will appear emerging from the two nearest points in order to 

situate the new point at the desired coordinates. 

 An example of this command in operation is shown below. Before adding the vertex: 
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After adding the vertex: 

 

Labeling Contour Lines 

 This command allows contours to be labeled, regardless of whether they have been generated as 

polylines or contour objects. All the parameters that take part in the process may be edited in the window 

shown below: 

 

 

 There are three options available once the Number of Decimals, Text Height, Layer and Text Style 

parameters have been configured. 

Automatic: Positions the labels at the end and at the start of the contours drawn on any of the layers 

included in the list using the Layers button.  

¶ Manual: Allows the contour line to be labeled to be entered and positioned manually. 

¶ Direction Lines:  By selecting two points on screen, all contours which cut across the line thus 

defined are labeled. This option is normally used in relatively empty areas, with gentle divides. As 

with the Automatic mode, the contours contained in the layers list available are analyzed with the 

Layers button. 
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All the labeling options draw the texts with an orientation which enables them to be read easily, 

in compliance with the labeling standards of conventional plans. 

 
Sample of the three labeling options. 

  If a polyline is labeled, it is split in order to enhance the legibility of the height. But if the contour 

has been drawn using Contour Line objects, the same effect is achieved without altering the object. This 

difference means that if the labels are deleted with the Delete Labels command, the contours drawn with 

polylines will have gaps where the labels were to be found. 

Delete Labels 

 This operation deletes all contour labels, after asking first for confirmation. Should labels have been 

drawn in different layers, only those in the last layer selected will be deleted. 

Place Label Heights 

 This command enables characteristics heights such as mountain passes, hills or depressions, etc. to 

be labeled. To do so, the following dialog is displayed: 

 

 Once the parameters controlling the labelôs appearance have been set, the point to be labeled is 

clicked with the mouse. The current surfaceôs height at the point appears in the command line as the 

height proposed for the label. This height may be substituted by another value. 
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Change Height 

 This tools allows one to change the height of any vertex on the polyline or of the whole polyline. 

The command has three different operating modes: 

 

Polyline Vertex: The program requests the polylineôs vertex and then its height may be entered directly 

or by interpolating between the previous and the next vertices. 

Interpolate: The program requests two of the polylineôs vertices and then the program automatically 

interpolates the height of all the vertices to be found between the two vertices selected. 

Whole Polyline: The program requests a polyline and a height and then all the polylineôs vertices are 

raised to the height entered. 

Elevate Polyline to Contour Lines 

This command allows a polyline to be ñpastedò on some contour lines, thus creating intermediate 

vertices with a height equal to that of the surface at these coordinates.  

It is first necessary to specify which layers define the contours (normally CMinor and CMajor) 

by clicking on the Layers button. One must then decide which polylines have to be adapted: 

¶ Null height: All polylines assigned a height of zero. 

¶ By layers: Allows one to specify the layers whose polylines will be adapted. 

¶ By objects: Allows one to use the standard object designation mode in AutoCAD to elevate 

them. This method should be used to elevate one or various polylines selected manually. 

  

The vertices of a polyline before applying the command: 
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The vertices of a polyline after applying the command: 

 

Generalization 

 This command allows one to group together a series of known algorithms whose aim is to delete or keep 

the vertices of the polylines selected.  

The program will execute the algorithm previously set in the program configuration. Consult the 

Contour Line section in the Customization Manual. 

 Two algorithms (the Douglas-Peucker and the Visvalingam algorithms) are described below. 

 Douglas-Peucker Algorithm 

 This is a simplification algorithm, in other words, it seeks to reduce the number of points existing 

on a polyline.  

 It is based on the search for critical points starting off from a linear tolerance. The critical points, 

which will form the simplified line, will be those which progressively attain a greater perpendicular 

distance with respect to the base line considered that is always greater than the tolerance imposed. 

 The first base line will be formed between the first (anchoring) and last (floating) points of the 

original line. Then the perpendicular distances from all intermediate points will be calculated: 

¶ If none of these distances is greater than tolerance, the simplification will have come to an end with 

only the lineôs initial and final points being retained. 

¶ Should tolerance be exceeded, the point furthest away will be retained as the critical point that will 

subdivide the original line into two sections. In each of those sections, the process will be repeated 

as if they were two independent lines and the process will continue thus until there is no need to 

further subdivide the line. 

 

Scheme of operation of the Douglas- Peucker algorithm. 

Once the command has been run, MDT will request the polylines that are to be modified. It will 

then request the scale of the drawing. In accordance with this scale, it will propose a value for tolerance, 

which users may later modify. 

How the algorithm works by applying different tolerance values can be seen below. 
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 Visvalingam Algorithm 

 The Visvalingam algorithm is a polyline simplification operator used in the process of 

generalization. In said process, it will progressively eliminate any points that are less significant for the 

shape of the lineôs definition.  

 It is therefore a very useful tool when the aim is to diminish the drawingôs volume or to represent a 

specific linear object on a smaller scale than the one for which it was originally conceived. 

 The Visvalingam algorithm is based on effective area concept, defined as the triangle area formed 

by each the lineôs points and its two immediately neighboring points. The concept effectively signifies the 

adjustment the line suffers should that point be eliminated. 

 The algorithmôs simplification process consists of establishing a specific tolerance which will 

correspond to the effective area parameter, below which any points will be eliminated whose 

corresponding triangles are smaller in area than said tolerance. Firstly, the areas of all the triangles are 

calculated and the point with least effective area is eliminated. Once this point has been eliminated, all the 

areas are calculated once more and the point with least effective area is eliminated once again. And so on 

until all areas are greater than the tolerance value set. 
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Scheme of operation of Visvalingam algorithm. 

Once the command has been executed, MDT will request the polylines that are to be modified and 

the tolerance value. The program will then apply the entire calculation process. 

How the algorithm works by applying different tolerance values can be seen below. 

 

Filtering 

 This command groups together a series of algorithms whose aim is to eliminate certain vertices on the 

polylines selected. It is thus possible to correct the various errors which may exist in the contour line. 

 The program will execute the algorithm previously set in the program configuration (see Contours 

Lines section in the Customization Manual). 

 Tunnel Algorithm 

 When this command is run, the following dialog box will appear. A more detailed description is 

given below. 

 

Select: The contour line that are going to intervene in the filtering are selected in this section. These 

contour lines may be selected by two methods. 

¶ Contours: We graphically name the contours to be filtered, via the standard AutoCAD modes of 

object selection.  

¶ Layers: The layers where the contour lines or polylines to be filtered are to be found are 

selected. 

Add: If this option is marked, MDT will enter vertices in the polyline in any segments whose length is 

greater than the value entered in the Distance control. It will therefore be impossible for there to be 

polyline segments whose length is greater than that distance. 
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Delete: If this option is marked, MDT will use the following algorithm to eliminate vertices: 

For a vertex on a polyline to be eliminated, two conditions must be satisfied: 

The distance from the previous and next points cannot be greater than the distance specified in the 

Distance control. 

 

The angles formed by the previous and next points with respect to the vertex cannot be greater than 

the value entered in the Angle control. 

 

 Midpoint Algorithm 

 The aim of this algorithm is to seek a filter for polyline vertices while seeking the polylineôs 

smoothing at the same time. The process consists of creating a new polyline from the original polyline by 

using its segmentsô midpoints. When this algorithm is selected, the program requests two parameters: 

Minimum Segment Length: Any segment of the polyline whose length is greater than the value entered 

will be processed by the algorithm. 

Maximum Length Accepted: If there is any segment whose length is greater than this distance, the 

segment will be subdivided into as many minimum segment lengths as possible. 

 MDT will start by processing all polylines with the second parameter and will then apply the first in 

order to extract all the intermediate points. 

 The effect of applying the algorithm to a polyline may be seen below. 

 

 Inner Segment Algorithm 

 The application of this method consists of the fact that there can be no polylines among those 

selected whose length is less than that of a given length. 

 When the algorithm is executed, the program starts by requesting the contour lines or polylines that 

are to intervene in the algorithm and then the size of the segment. MDT then will progressively eliminate 

any of the polylineôs vertices that do not comply with the aforementioned requirement. 
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Smoothing Contour Lines 

 The smoothing of contour lines may be applied when they are generated. However, in the case of 

very large and/or dense drawings, it is better not to work with smoothed contours since the size of the 

drawing increases. Performing this operation is more appropriate for the jobôs final presentation. 

 

 This operation may be configured by users through a variable factor ranging from 1 to 10.  The 

options available are as follows: 

¶ Individual : Allows contour lines to be smoothed one by one. The result is shown at the moment 

they are selected graphically. This option allows the result of the different factors to be observed. 

¶ Selection: Allows a group of contour lines to be selected, so that smoothing factor chosen may 

be applied on them. 

¶ All : Smoothes all the contours in a single action. 

¶ Remove: Removes the smoothing of contour line. 

 By clicking on the Configuration button, the smoothing algorithm parameters may be specified (see 

Customization Manual).  

 

Import GIS 

 Using this command we will be able to directly import n ArcView file and the program will ask us 

for the ArcView file which must have an SHP extension. 

In addition, as well as the file selected with an SHP extension, there must be other files with the 

same name and other extensions which contain the necessary information associated with the file to be 

imported. 

The image below shows the set of files associated with an SHP file to be imported. 
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Once the file has been selected, the following window will appear in which we can manage and 

represent the attributes associated with the file to be imported. 

 

Drawing Layer: Layer on which the elements resultig from the import of the selected file will be drawn. 

Draw Map: This option will be enabled by default and it allows us to indicate that the lines or polylines 

resulting from the file import are drawn. 

Clean Layer: On enabling this option we eliminate all those elements to be found in the layer we have 

designated to draw the elements. 

Draw Attributes: Furthermore, if this option is enabled, the attributes associated with the ArcView field 

and which we have selected previously will be drawn. 

Available Attributes: These are all the attributes to be found in the ArcView fiel selected. 

Visible Attributes: Set of attributes selected and which we wish to draw when importing the ArcView file. 

Texts: In this section, in the event there is any attribute to be drawn, we configure their representation 

from the text height to their alignment. 

 The result of importing an ArcView file with its corresponding attributes is then shown. 
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Export GIS 

 This command will allow us to export a drawing in ArcView format. It will initially ask us for the 

SHP file in which the information is to be stored and the following window will then appear where all the 

information to be imported will be managed. 

 

Geometry: In this section we indicate how we wish to import the selected elements. We could export 

them as Points, Lines or Areas. 

In addition, we have the possibility of exporting them in 3D or 2D depending on whether we enable the 

corresponding box. 

Layer Selection: We indicate the layers on which the elements are situated which we wish to export. We 

have the possibility of moving to the right the layer of layers selected or designatng them graphically. 

Save: By pressing this button we will save the layer configuration selected in a file. 

Load: By pressing this button we will be able to recover the configuration of layers selected. 
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Interpolate Contour Lines 

 This option has been implemented in order to interpolate a certain number of contour lines between two 

given contours without needing the digital model.. 

 The program will execute the algorithm previously set in the program configuration (see Contours 

Lines section in the Customization Manual). 

The command has the possibility of interpolating between complete contour lines or by selecting 

the initial and final points of each of the original contour lines in order to interpolate partially. The 

following message is shown: 

Select <Polyline>/Vertices: 

If a polyline is selected directly, it is understood that one wishes to interpolate complete 

contours. If the second option is chosen, four control points are requested. 

 The graphic below shows an example of this command in use: 

Before executing the command: 

 

After interpolation: 

 

A brief description of the two algorithms employed is given below. 

 Vertex Matching Algorithm 

This algorithm is relatively simple and consists of the following  steps: 

1. Select the first vertex of every two contours. 

2. Calculate the distance that joins them and create a point belonging to the initial contour line(s) (linear 

interpolation). 

3. Determine the least distance from a vertex on a contour line to another contour line. The following step 

are used to do this: 

a) Start from the current points on both contour lines. 

b) The distance from the next point on contour line 1 to the same point on contour line 2 is calculated. 

Then the distance from the next point on contour line 2 to the same point on contour line 1 is calculated. 

Finally, distance between the next points on contour line 1 and contour line 2 are calculated. In other 

words, three distances are calculated. 

c) A decision is made on which of the three distances is smallest. This distance will determine whether 

the advance occurs on the vertices of contour line 1, contour line 2 or both in this step. 

4. After determining the advance, the process is repeated from point 2 with the two new vertices selected 

until the last vertex of both polylines is reached. 



Contours/Cartography 117 

 Triangulation Algorithm 

 This algorithm consists of the following steps: 

1. Extract from the initial and final contour lines all vertices. 

2. Generate a triangulation with all the vertices, considering as break lines all segments which form the 

contour lines and the polygon formed by these and the lines that join their ends as the boundary. 

3. Contour line generation corresponding to this triangulation with the equidistance desired. 

Join Contours Lines 

 The utility of this command lies in its ability to join any polylines whose end vertices coincide in a 

single polyline. This avoids having many broken polylines in the cartography, as well as making it 

possible to join sheets of digitalized cartography together. 

 When the command is executed, the program request one to select polylines on which the algorithm 

to be applied. The following dialog box is then displayed, which is described further below. 

 

Joint Tolerance: Represents the maximum distance that may exist between the end vertices of the 

polylines selected. 

Consider Layer: If this control is activated, only polylines in the same layer will be joined. 

Consider Height: If this control is activated, only polylines having the same height will be joined. 

Insert Intermediate Vertices: When the polylines are joined, a new vertex will be created at the joints. 

Delete End Vertices: The end vertices on the new polyline corresponding to the polylines to be joined 

are deleted in the new polyline. 

At Height Tolerance: Represents the maximum height difference that may exist between two polylines 

which are to be joined. This option is available for the case of Consider Layer. 

Mark Joints (only in the case of Consider Height): Any polylines which have been joined will be 

marked with a circle at the joint. 

Mark Errors (only in the case of Consider Height): Any polylines which have not been joined due to 

height tolerance will be marked with a circle at the joint. 

Split Contour Lines 

 This tool is very useful for splitting a contouring or polyline group taking another as reference. It 

can be very useful if one wishes to divide the cartography into sheet formats to be printed subsequently. 
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 The program will start by requesting the polylines one wishes to split and then the polyline that will 

be taken as a reference before executing the process. 

Cut Out Contour Lines 

 A gap within contour lines can be created by means of this command. The program requests a 

polyline to act as border of the cut and then the it eliminates all polyline segments to be found within the 

border. An example of this command in use can be seen in the image below. 

Before executing the command: 

 

After execution: 

 

Delete Contour Lines 

 This command simply deletes contour lines and their corresponding labels after first asking for 

confirmation. 

 When one is working with a very large drawing, it is possible that the editing of surveying points is 

too slow due to automatic contouring. In such cases it is a god idea to delete the contouring and probably 

to destroy the current surface in order to generate the contours again later once the editing has been 

completed. 

Contour Special Heights 

 This command allows contours passing through specific heights to be obtained. In order do so, the 

following window is displayed: 

 

 The options are identical to those of the Contour command, except in this case only one Contour 

elevation to create is specified, instead of an interval. The command functions in an iterative manner. In 
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other words, once the special contour has been generated, the command is executed again in order to 

indicate another special contour. This process is repeated until the Cancel button is clicked. 

Separate Contour Lines 

 On many occasions, contour maps are imported in which no graphic difference exists between the 

minor and major contour lines. This command may be used in order to be able to distinguish one kind 

from the other. 

 

 As can be seen in the dialog box, the layers containing contour lines have to be specified. The 

program will move the objects to the Minor  or Major layers. One will be distinguished from the other 

according to whether the contour line is a multiple of the number entered in the Multiple Factor 

parameter. Additionally, the Tolerance parameter allows any contour lines to be selected lying above or 

below the indicated height multiple tolerance. 

 For instance, in the case of a contour line map whose equidistance is one meter and height interval 

is between 100 and 150 meters above sea level and one wishes that the major contours be at 100, 110, 

120, 130, 140 and 150 meters, a multiple factor of 10 has to be specified. If one additionally wishes to 

extract any contours that are one meter above or below, a tolerance of one meter has to be specified. 

Detect Errors 

 This tool is of great use to detect errors in contour line heights. The program requests one to define 

a line which crosses the contour lines to be checked by means of the Initial Point and Final Point, and 

the Height Interval between the existing contour lines. 

 The color of any contour lines whose height does not correspond with the interval chosen will be 

changed to red, and information concerning the number of errors found is provided. 

Discretize Polylines 

 The aim of this utility is to generate a series of intermediate vertices in the polylines selected. The 

entities to be processed may be specified by clicking on the Layers button, or by clicking Select and then 

selecting them using the standard selection methods. 

Discretizing intervals may be controlled separately for Lines and Contours.  
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Convert Splines to a Polyline 

 This tool converts spline-type objects into conventional AutoCAD polylines. The Maximum 

Difference box is the maximum difference that will be found between the original layout of the spline and 

the polyline to be created. 

 The Delete Original Spline box when activated indicates that the original object will be deleted 

from the drawing. Additionally, if Draw on Layer is enabled the new polylines will be drawn in the layer 

specified by the corresponding button. 

 

 

 

Create Sections File 

 This option has been put into place in order to speed up the process of obtaining longitudinal 

profiles and cross-sections from digitized cartography. By means of this tool, the program will create a 

file having same name as the drawing and with the extension .TR M, containing the same objects as the 

drawing. The will however be a special binary format conceived, so as optimize cutting times. The curved 

sections discretized using this format. There may therefore be some differences with respect to directly 

cutting the drawingôs objects. 

 The program displays a dialog window containing a list of existing layers. The layers one wishes to 

store must be marked, as explained for previous commands. 

 By clicking on the OK button, the file will be created and ready to be used later use. 

 It should be pointed out that this format is designed to optimize calculation speed at the cost of size. 

The size may therefore sometimes be even greater than the corresponding DWG file. The size is affected 

by the value of the Number of Divisions parameter, which will determine the maximum number of 

quadrants which will divide a drawing for conversion into sections. 
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 The remainder of the dialog buttons enables the selection of layers to be controlled, as with other 

commands. 

Draw Sections File 

 The aim of this command is to permit the rapid and simple visualisation of the features of the 

cartography being worked on. To begin with, the file for the cartography's sections must be created (see 

Create Sections File Command).  

). Then, in a new CAD drawing, we execute this command. It will ask us for a sections file, whereupon 

MDT will draw a preview of the cartography, offering a series of options in the command line, as 

described below: 

Center: Allows one to center the cartography in accordance with the point selected on screen. 

Window: This is the equivalent of CADôs Zoom Window command. The program will request the 

windowôs two end vertices. 

Height: Request the height of the point designated in the cartography to be specified. 

Enlarge: A zoom is automatically performed to enlarge the area centered in the drawing. 

Reduce: As above, except that in this case the drawingôs central area reduced. 

Dynamic: Initially, two screen coordinates are requested and then an adjustment in the drawing is 

produced equivalent to the distance between the two points selected. 

Profile: Allows one to preview a profile of the cartography. To do so, two points are requested and then a 

new window is automatically displayed containing the profile of the terrain selected (see definition for 

Quick Profile). The program will repeatedly ask for points in pairs until the process is cancelled by right 

clicking the mouse. 

Longitudinal Profile: This is the same as the previous option, except N points will be requested until the 

process is canceled by right clicking the mouse. After entering the points, a view of the profile will be 

seen in a window. The program will repeatedly execute the command until it is canceled by right clicking 

the mouse. 

 In order to maximize speed, all the above commands do not really add new objects to the drawing. 

Rather they draw directly on screen, which is why they disappear when the command is terminated. 
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Convert Cartography 

 This tool converts a digitized cartography file into one of the various formats supported and directly 

represents it in the current drawing. Points, polylines and texts will be drawn, creating the necessary 

layers. 
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7. Elements 

Introduction 

 MDT incorporates new functionalities for the Road Layout, especially in terms of alignment 

integration and design. The programme encompasses the concepts of fixed, coupled, revolving,  mobile 

and link alignments. 

 Fixed Alignment 

  A fixed alignment includes all the parameters required to determine its position. It is defined by 

means of two points and a radius (0 for straight segments). Furthermore, it may include a setback distance 

and two clothoids (for output and output at the fixed segment). 

Three points may also be used to define a fixed circular. The programme deducts the radius and thereafter 

assumes that two points and a radius have been used. 

 Coupled Alignment 

A coupled alignment is supported on an alignment already calculated to determine its position. At the 

final or initial point of the already calculated alignment, and with the corresponding azimuth, the layout 

elements of the coupled alignment concatenate. 

It is defined by its radius, its length and the parameters of the input and output clothoids. 

Furthermore, it has a final item of data pertaining to the length (or an increase in length) of the alignment 

on which it is supported. In view of this latter data, and bearing in mind whether the alignment calculated 

is the previous or subsequent one, four subtypes can be distinguished between 

Coupled to P1 

The coupled alignment replaces the length calculated on the previous alignment. For the new final 

point the coupled alignment is concatenated. 

 

Coupled to P2 

The coupled alignment extends the length calculated on the previous alignment. For the new final 

point the coupled alignment is concatenated. 
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Back-coupled to P1 

The coupled alignment extends the length calculated on the subsequent alignment. Before the next 

alignment, the layout elements of the coupled alignment are inserted. 

 

Back-coupled to P2 

The coupled alignment replaces the length calculated on the subsequent alignment. Before the next 

alignment, the layout elements of the coupled alignment are inserted. 

 

 Revolving Alignment 

A revolving alignment is also supported on a calculated alignment and it meets the condition that it passes 

via a fixed point of known coordinates or at a distance from the latter. To achieve this, it modifies the 

length of the fixed alignment and calculates the length of the revolving alignment. 
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Two types are distinguished between, Revolving and Back-revolving, depending on whether it is 

supported on the previous or subsequent alignment. The data it includes are the radius, the clothoid 

parameters, the crossing point,  and optionally a distance to the crossing point. 

 Mobile Alignment 
A mobile alignment is defined by its radius and the parameters of the input and output clothoids. In 

order to calculate it, the previous and subsequent alignment are calculated. 

 
During the calculation process the lengths of the previous and subsequent alignments are modified 

in such a way that that the elements are tangential to each other.  

There are cases in which two mobile alignment solutions are possible. In this case, the programme 

opts for the shortest development solution. To use the other solution, the type has to be changed to 

Special Mobile. 

Calculate Alignments  
This command allows an axis to be edited based on the alignments that define it. Upon executing the command, an axis can be 

selected on the screen or the command line options can be used to load a file or create a new axis. A window then appears with 

the list of alignments, ordered according to the direction of travel of the axis. 

 

Firstly, the axis project speed appears and road instruction file. The "A1 A2" button assigns to the alignment of the list which 

has the cursor the clothoid parameters in accordance with the instruction. 

Under the list there are two tabs labelled Alignments and Axis. The first allows the editing of the alignments and the 

second shows the axis resulting from the calculation. 

   On the right of the window there is an operations' column which operates on the alignment selected on the list. The 

Raise and Lower buttons allow an alignment to be moved within the list. The Delete button eliminates it and the Invert  button 

exchanges the initial and final points of the alignment as well as the radius sign, resulting in the inversion of the direction of 

travel of the axis at this alignment. For an alignment which is not fixed and which has been calculated, the Fixbutton converts 

it into a fixed alignment, taking its initial and final points from the calculation. Finally, the Insert before and Insert 

afterwardsbuttons allow the graphic designation of a layout element and its addition to the list, being inserted at the position 

before or after that of the cursor. 

On the list itself in the first column (Type) the alignment type can be changed, selecting it from a drop-down menu. 

When changing the type, the other cells on the row can be enabled or disabled in line with the option chosen. 
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The Radiuscolumns, A1and A2 allow the radius and the input (A1) and output (A2) clothoid parameters of the 

corresponding alignment to be edited. By pressing the lower button "A/L ", you can switch between the parameter or length 

when editing the clothoids. 

The columns X(P1), Y(P1), X(P2)and Y(P2) show the coordinates defined by the fixed alignments. In the rest of the 

alignments they are disabled, except at the revolving (or back-revolving) alignments in which the crossing point is shown at 

X(P1), Y(P1). These coordinates can be coordinated by keying in a value or pressing the "..." button to designate the point 

graphically. 

The Setbackcolumn shows the displacement that fixed alignments may have. 

The Length and Inclength  are involved in the coupled alignments. The former is the length of the coupled alignment 

and the latter is the modification to the length of the alignment to which it is coupled. 

In the event that on the lower part the Calculateoption is enabled, each edition of the list brings about a recalculation 

of the alignments affected. In the event that the programme is unable to calculate any alignment, in the first column the cell 

with the ordinal of the alignment will appear in red. Upon placing the cursor on this line, under the list the error that has 

occurred appears on the status line. 

The Openbutton allows an axis, segment or alignment file to be loaded. The Save button allows the list of alignments 

to be saved on a file. In the event that it is not possible to calculate the axis, the file to be save will be of the alignment type 

(with the extension ALI). When the axis can be calculated, the file to be saved will be of the axis type (with the extension 

AXIS), but including the information pertaining to the alignments. Hence, in a future sessions the same set of alignments can 

continue to be edited. 

MDT6 type alignments 

 In addition to the Calculate Alignments command, MDT7 includes the alignment commands from the previous 

version. These commands can be used to edit an alignment or an axis, but it must be borne in mind that upon doing so, the 

information about the alignment type (Fixed, Mobile etc.) is eliminated.  

 Layout Elements 

Layout elements are elementary geometric principles with which more complex alignments are formed. 

The programme distinguishes between three types of layout elements: straight lines, circular curves and 

clothoids. 

 The layout elements are defined by a point of origin, an initial azimuth and a length calculated by 

the system. 

 Straight lines 

The straight line is defined by its initial (I) and final (F) points. The initial azimuth and the length 

are calculated automatically and they are indicated in the dialogue which is shown by pressing the 

Detailsbutton in the command Edit  Alignment 

. 

 

The straight lines are drawn as line type entities or as a polyline with two vertices.  
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Any kind of modification can be made to these elements using the CAD commands: copy, rotate, 

move, lengthen, shorten etc.  

 Curves 

The curve type layout elements are defined by their centre, initial and final angles and their radius. 

The latter will bear a positive sign if it moves forward in a clockwise direction or negative otherwise.  

 

The coordinates sow in the Details dialogue of the command Edit  Alignment 

 are: 

Te. Input tangent of the curve. 

Ts. Output tangent of the curve. 

O. Centre. 

V. Vertex. 

B. Bisector. Arc midpoint. 

M. Chord midpoint. 

 

On the other hand, the magnitudes indicated are as follows: 

R. Radius. 

T. Tangent  

VB. Distance to the vertex: VB. 

D. Development. 

C. Curve length. 

Sc. Semi-chord. 

Fl . Arrow 

Ac. Angle in the centre: TeOTs 

Av. Angle at the vertex: TeVTs 
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Atc. Angle between tangent and chord: VTeTs 

 

The circular curves are drawn as arc type entities or polylines with two vertices and curvature.  

 

As with the straight lines, any kind of modification can be made to these elements using the CAD 

commands: copy, rotate, move, lengthen, shorten etc.  

 Clothoids 

The clothoid type layout elements are defined not just by their origin and initial azimuth, but also by their 

input and output radio and their parameter. Provided that the following is complied with: 

R

A
L

2

=  

where L is the length of the clothoid, A is the parameter and R is the radius. The clothoids may be defined 

between a straight line and a curve (Re=¤y Rs=R), between a curve and a straight line (Re=R y Rs=¤) 

or between two curves (Re=R1 and Rs=R2). 

The coordinates sow in the Details dialogue of the command Edit Alignment 

 are: 

O. Link circle centre. 

Te. Input tangent of the curve. 

Ts. Output tangent of the curve. 

PI. Tangent intersection point. 

 

On the other hand, the magnitudes indicated are as follows: 

X. X-axis of the final point. 

Y. Final point ordinate. 

X0. X-axis of the centre. 

Y0. Ordinate of the centre. 

Tc. Short tangent. 

Tl. Long tangent. 

Tau. Angle formed by the two tangents at the vertex. 

IncR. Setback. 
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For the clothoids a discretisation is drawn of the theoretical curve by means of a polyline. The 

drawing interval may be specified on the configuration. This parameter only affects the representation as 

the results are always calculated analytically. 

 

The polyline representing a clothoid can be copied, revolved and moved using the CAD commands. 

The modifications to individual vertices are not taken into account. To modify the length of a clothoid the 

command Edit Clothoid 

 must be used. 

 Elements  

Once a set of layout elements has been drawn, they can be grouped with a view ensuring that a 

modification to any one of them modifies certain parameters of the adjoining elements in such a way that 

the alignment they form maintains its coherence. These modifications must be carried out with the 

commands provided by the programme.  If they are carried out with CAD commands, the risk is run of 

breaking up the grouping or failing to comply with the azimuth continuity conditions imposed by an 

alignment.  

 Through the elements library we can create sequences of connected layout elements which can be 

inserted as part of a more complex alignment. 

 Alignments 

Although the elements contain all the information required to analytically define the layout, the 

element needs to be converted into an alignment in order to be able to use it in profile calculation and 

setting out operations using the command Convert Alignment. 

Isolated Line 

This command enables a line to be drawn independently. In other words, without it belonging to any 

alignment or being related to any road design element. Although the same result can be obtained by 






















































































































































































































































































































































































































































































































































































































































































































































































































