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1. Project

Project

A project file allows ondo 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 comman

that take this information into account to set default options to specify diddsct 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 a
change made either 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 fi

to be saved is requested. Should the current drawing have a name, the program asksi iinisliuded
within the project being created.

. Project - Survey @
+-- Drawings

~mim Points
% Surfaces
“L Alignments

- {77! Profiles

--T% Cross-sections
| Grade Lines
--2¢= Superelevations
=== Additional Widths
- hl Sections

D Grids

J Segments

| Genergl | Segments | Sufaces|
Description

Hide

Window of an empty project

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

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. Onc

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 fil®jedtere the

drawing is stored when a drawing file is opened.

Project
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Close Project

This command closes the project associated to the drawing. This also means that the MDT
commands wi l |l no | onger change the projectds infc

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 filesyy contain have contextual menus that are displayed
when they are cl i c kiendbution.tThey alldweMDanmrsaadd ® berekeguted.

I Project - Survey @

£y -- Drawings

..... =}= Points

_____ “'t“ :'-‘dignlm Create Surface...

..... o+ Cross< Import..
..... &_ Grade Add files...

== Additional Widths
b Sections

General | Segments I Surfaces|
Description

[ Hide |

Project window with the Surfaces category menu

All the categorie are displayed by default. By clicking &egmentsor Surfacesone can ensure
that only the files in one of these two categories are displayed. All the files are displayed once again when
Generalis clicked.

Once can type in Bescriptionfor each file hcluded 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 statehenView 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 asopletagons 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 arrying 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 thecategoriesand files related with the project have their own associated commands which
are listed belev 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

Associate operations:

Surfaces Surfaces fils associated with the project.

Category

Action

Create Surface

SetasCurrent

Import

Draw

Represent As

View

Information

Draw contours

Creategrid

Export

Associated operations:

Alignments: Horizontal alignmentfiles associated with the project.

Category Files
Convert Polyline Edit
AlignmentInput Check
Import Draw
Draw Alignments Dimension
Dimension Alignments Locate
Delete Dimensioning List

List by interval

Convert

GetLongitudinal Profile

GetCross Sections

Generate Widenings

Generate Suwgrelevatios

Associated operations:

Profiles: Longitudinal profile files associated with the project.

Category

Files

GetProfile

List

Project
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GetProfile by Regression

Check

Profile Input

Draw Simple Profile

Convert Drawing Profile

Update

Convert from 3D Blyline

Import

Getmultiple Profiles

Associated operations:

Cross sections Cross sections fifeassociated with the project.

Associated operations:

Category Files
Obtain Profile List
Import Check
Obtain multiple Profiles Draw
Update
Gradients: Gradients fils associated with the project.
Category Files
ConvertGrade line from List
Polyline
Define Grade Line Check

Import

Draw CompoundProfile

Associated operations:

Superelevations Superelevatiofiiles associated with the project.

Associated operations:

Category Files
Generate Superelevation List
Check
Widenings. Wideningsfiles associated with the project.
Category Files
Generate Widenings List
Draw

18
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Templates Templatedilesassociated with the project.

Associatedperations:

Associated operations:

Category Files
Edit
Grids : Grid filesassociated with the project.
Category Files
CreateGrid from Surface Draw

Read Drawing Mesh

Draw Heights Map

Import

Segments Segmenfiles associated with the projec

Associated operations:

Category

Files

New Segment

DefingEdit

List Profile

Draw CompoundProfile

Draw Cross sections

Generate Modified Terrain

GetModified Terrain

Cubic Measurement List

Project
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2. Points

Introduction

A Digital Terrain Model ismade 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 point
conveniently "joined together”, make up what is called a scatter plot. The poimepersented by their
X, Y, Z coordinates and usually by an ordinal humber and an associated code. These data organize
lines and columns with defined separators form a point data file. This application also allows one
modify the scatter plot by meswf 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 ¢
each point. These values can be assigned using the following methods:

T 1f the points have been viewed usin@BISS 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 be
taken using the TcpGPS application, the uncertaintiesbeilassigned automatically on importing
the points.

11f the points have been viewed usingatal station and calculated using the MDT Topography
model, the uncertainties of each point are calculated based on the characteristics of the tool, wh
should balefined within the properties of the survey.

i Finally, the values of the uncertainties can be assigned by meansnafwal entry using the
Change Uncertaintiecommand.

It should be taken into account that the confidence level for the estimation ofaimiest(95% by
default) is established in the Topography settiSge the Customisation Manual for more details.

Point Objects

MDT has two ways of representing points: either as blocks having attributes or as special obje
(MDT points). The former hae the advantage that they can be handled on a computer that does not ha
MDT installed. Their disadvantage lies in the fact that processing such points is much slowe
Independently of the object type, each point stores a name or number, a code ehdredddition to its
coordinates. When the entity is an MDT point, additional attributes can also be included with th
observation data for the point (GPS or total stations), hyperlinks, and data defined by the user. To cha
between one or another repentation use the commanmdols > Configuration > Pointsand select at
the top the type of representation to be used.

Point coordinates can be modified either wi
CAD commands, including: DELETE, ®VE, ROTATE, UNDO, etc. The difference between both
command categories is that the programbébs com
possibilities.

Depending on the type of object used to represent points, the attributes appearate dapars
(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, arectivgly considered as
informative or setting out points.

The configuration can be changed usingUiéities > Configuration > Points, Levelsbutton.

Separation into Groups

Apart from the possible classification by point levels, theme loe 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 oneto 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 theSelect Pointsvindow, one can choose the most appropgatel ect i on met hod
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

Points SeledionA ﬂ

Code ...

Heights ..

Numbers ...

Group ...

Graphic <

Layer

Polyline {Area) <

Polyline {Longitudinal) <

I
I
I
I
I
I
I
I
I
I

Extra attribute....

[ Delete Selection ] [ Invert Selection ]

[

Al

]

4 points selected of 4 available

0K

]

[ cancel | [ Hep.. |

[

the drawing is displayed in the text line. The selection can theraliated 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

containng all the names of the levels defined is displayed in the selection window.
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-
Paoints Selecticn by Level @

Levek |- Defaul -

[ ok | [ caesl | [ Hep.. |

=3

Select by Code

This option allows one to determitiee code in four different ways inside tBelect Codeslialog

box:

Special There are the default codes the program assigns in its different commands, for instanc
I nterpol ated, I nserted, etcé

Codes Data Basd.ists allthe codesinl uded i n the programds codes

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
equivalent. Wildcards such as asterisks (*), Whindicate any series of characters, and question marks
(?), which correspond to a specific character are allowed . In the case of points having composite co

(those that include a comma f, 0), t hes dehepane s
codeds parts. For example, AT, BR.
—

Code Selection

() Special ERROR

() Code Database ARB

(@ On the drawing [.RES v]

() Other | |

[ ok | [ canced | [ Hep. |

Select by Height

This possibility allows one to easily choose points using aifspéieight range. In order to do so,
the minimum and maximum heights defining the interval are entered and points within these values

sel ected. The scatter plotbds extreme values a
Points Selection by Heights @
Minirmum Height
Mamimum Height 52.810
oK | [ Cancel | [ Hep.. |

Select by Number

This option allows one to define a points interval to be selected from the first and last ordin:
numbers entered.

Points Selection by Mumber @

Initial Number
Final Number
[ ok | [ camcal | | Hep.. |
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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 hretdrawing are displayed in the Select by Groups

window

Select Graphically

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

Points Selection by Groups ~

et Sl

Group IGroup 1

7

oK |

[ Cancel I

| Hep.. |

options, including: by window, capture, crossing capturee t ¢ é

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 execdt d

layers and pres®K, or press th&elect< button to select an object in the drawing so that the layer to
which it belongs is selected from the list. Only one layertaha may be selected, but several selections

a

can be made consecutively.

ALTO_ESCOMBR
ARBOL
ARBOLES

BAJO_MURO
BAJO_TALUD

CAMING
DESAGUE

EXP

LED

LEI

LINEA_ELEC
PUNTOS
ROT-CONTORMNO

wi ndow

containing

Select< |

[ ok | [ cancel |

[ Heb

Selection by Polyline (Area)

a

i st of t he

This feature allows to select graphicallypalyline 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 selet 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 compatste 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 correspondiggarch Drawing button creates a list with all the vaki
present in the drawing for the attribute selected.
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Peints Selection by Additional Attibute | 28 |

Attibute Cperation

Browse Drawing J I Browse Drawing

I Cancel I I Help J

Last Selected

This button allows you to get the last selection carried out during the working session, with the ai
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 everently 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 avohg. Firstly a window is displayed where
one can specify the level the points to be inserted belong and following options can be aReabedt
Name, Request Heightr Request Code s o t hat when the pointds c
will request the attributes enabled in the command line. Should there be a surface associated to
drawing, one can choose whether the pointds i
(Modify Surface)or if the contour lines will be changéUpdate Contours)Also, the optiorinclude by
group, allows for including the new points in a group of points.

Input Data

Layer  [FOINTS

7] Request name
[ Request Height
"] Request Code

Options
Modify Surface
Update Contours
Include by group

Once the options above are seme 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 inset
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will be assigned with the number of the last drawing point plus one as their Hatfme.coordinates
entered are at a null height, the program will attempt to replace it for the current surface at these X and Y

coor di

nates.

The code

assigned is

i

nsertedo.

Another possibility is to enter points by reference, which is useful when mmeskthe relative
position of the new point with regard to an existing point. If one ans®érshe

Reference/<Point>:

question,

two-dimensional points:

t he
One then specifies the adjustrhen o n

program
pl an

ts the
r

1 If x andy are entered, the points absolute coordinates are directly specified.

reference

graphically or

poi
by

11f @ dx, dy are entered, the program is informed about the coordinates relative to the reference point.

1 Lastly, distance and angle from the reference point are indicated wit®thea format.

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

Additionally, points can be inserted into the drawing in 2D or 3D, depending on whethgrathie
in 3D check box is activated in the configuration of thiglities Configuration Points command. tl 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 apchlaveq,
Y and Z coordinates. Other related commands incRmiats > Moveto change their X, Y coordinates
andPoints > Change > Change Height® change their heights.

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

pointds

coordi

nates

attri

Name
127

Coordinates

X 39,788
Y 505.610
z 0.000
Code Inserted

Level  [0-Defaut

Ok | | Cancel

L | [ Hep |

but es.

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

the triangulation if necessary.

| f a

message

pointds
AERROR:

name

P o isplayedn a me

is changed,

it

repeated"”

shoul
i s d

d not C

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

one to

i ndepende

ntly

vi.ew the di

evel so

If the dialogue bx features a®bservation tab, the original data from the point reading, whether with a
GPS or with the total station, is given therein.
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Latitude (WGS-B4) 36743 56.26476" N
Longtude (WGS-84) 4728 5.24021" W
Height (\WGS-84) 143350

Date 30/ 3/2010

Time 10:48:13

Horizontal Precision  0.016

ertical Precision 0.034
Antenna height 0.000
PDOP 3600
Used Satelites 6

GPS Mode RTK Fijo

4 1

oK ] [ Cancel ] [ Help

On the other hand thattributes tab allows for establishing additional information for the point,
introducing tle type of data and the value that this type takes in the edited point. There is a spec
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 agihic. This last operation can also be carried out

4 3

(J0v]

Hipervincula

oK | [ Cancel | [ Hep |

Move Points

Thiscommand allows@a t o change a surveying pointoés |
The elevation should be changed with Hu#t Points command.

Any element of the point desired is selected and the program will take the point itself as the basis
movement. It ten requests a new location, which may be specified in various ways:

1 By moving the cursor to the new position.
1 Using the keyboard to enter the absolute coordinates: x,y

1 Using the keyboard to enter relative coordinatixsdy

If there is a vertex in the cur e n't surface that coincides wi
surface is automatically updated when the point is moved. Additionally, when one moves or edits a poi
the program modifies the vertices of the polylines whose vertices coincid@sagtfiginal position or are
at a distance less than the distance specified ivithe Dist. between Vertices and Pointption of the
Surfaces Configuration section, as long as they are drawn in break line layers. These two opeirations
modifying the suiace and the polylinésare not done when points are moved using an CAD command.

Points
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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 atkeleted 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 usingStlect Pointsvindow.

Interpolate Points

For various reasons, some projects may lzagas 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, thelnterpolate Pointsdialog box contaiing the following elements is displayed.

Level [0 Defautt - Interpolated

Ends
First point

Select <

Second point

Method Parameters Information

@ Distance Distance
Distance:
Distance Increment

Height
Minimum height :
Height Increment

Number
Maximum height
Select Coordinates Project on to straight line

OK | [ Camesl | [ Help..

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 ithierunm 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 poins 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.

28 MDT Version 7.5



B(130)

£{128.2) f/

4(114.2)

© (107.1)

& (100)

A (100} B{100)
¢ (107.1) d(114.2) e (121.2) £(128.2)
A(100) x % x

E(100
| z0 | e | 20 | £0 T <100
I T T T 1

In the figure above, points are interpolated every 20 meters bethed\ 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 on
also indicates the final distance up to which one wishes to draw. One can theredor@oints after the
second reference point.

h142.4)

a(1352)

071y

B(100) 2(130) h(100)

A(100) 100y

cTD 41142 e(121D £(128.2 135.2
Acl00) B ¢ x) Basn gx( ) B2
|
T

x *
] | 20 | 20 | ] | 20 |
T T T T 1

| 20
f

In the figure above, points are interpolated every 20 meters between the initial reference point a
the final distance specified, which in this case is 120 meters.

Interpolation by Height

A point is in®rted having the height entered between two points to be interpolated.

B(130)

¢ (113)

o{115)

& (100) ©1100) B(100)

A (10T) cill3) B(100)
x x x

In the figure above, point C is interpolated between the A and B reference points by specifying |
height, which in this case is 115 meters.

Interpolation by Height Increment

Allows one to interpolate a series of points, so that the points interpolated from the first referen
point and according to the increment specified are inserted until the final height set is reached. T
option allows one to include points after the setaference 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 tmumber 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 toldting
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 Linecheck box is activated, the program also ensures that the
new pointés X and Y coordinates are projected on

Points Input

This command allows one to insert points manuiallg 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.

TheEnter Pointswindow is displayed by using this command. Firstly, it is advisable to activate the
fields oneintends to fill in:-Number, Level X Coordinate Y Coordinate Z Coordinateor Code so that
it i s not necessary to fildl in the set boxes,
deactivated, one automatically increases each point inserteshdoynit, starting from the last point
existing in the job.

Lewvel X Coord. Y Coord. ZCoord. Code

| Name | Level | X Coor. 1Y Coar. V| Z Coor. | Code

[136 | [o | [ | [ | [ | [Inserted
| | Loval.. |

[ ok | [ Canesl | [ Heb.. |
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One can delete the point selected by usinghibketebutton. To edit point that haslready been
entered, the point in question should be double clicked.

ThelLevelandCodebut t ons al l ow one to know the jobds
be selected in the appropriate windows.

Grid Points

This command is used to quicktyeate a group of points. The initial window is for specifying the
X and Y intervals of separation between the points, as well adahe, Code andLevel of the points
being created. There are two possibilities for the elevatidDorsstant elevation, orusing the current
surface to give the points their elevation. In the latter case, the grid points that do not project vertica
over the surface are not created.

Grid Point

[ cn
X Step
¥ Step
Atrbutes
Name 136
Level (0-Defast |
Heights
@ Constant

Suface
[cancel | [ Hep. |

Once the parameters are validated the program requests the coordinates for a corner of the ¢
Next, the second coordinate can be introduced
indicated, to create nemrthogonal grid. 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, ¢
following the direction of the X axis.

2000 2001 2002 2003 2004
o007 3000 S0a0 o 3000 3000

2005 200& 2007 2003 2009
anog o 3000 S000 3000 5000

2010 z011 z0n1z 2013 2014
0,00 0,00 0,00 30,00 30,00

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

Thiscommand allows one to change the heights of a set of points. After selecting the points desired,
one can either set &bsoluteheight for all the points or adjust them vertically usingRegativeoption
by entering a value with a sign. Should the dregrave 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.

Height
Absolute

@ Relative

Suface Height

OK ] | Cancel | | Help ...

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 changeeis selected.

Level |2-Break ~|

[ QK ] | Cancel | | Help .. |

Change Codes

This command allows one to change the codes of a group of points at the same time. In arder to d
so, the points are selected first and then the code is specifiedSelde Codevindow.
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Change Layers

Initially, the program draws all the surveying points on the same layer. A group of points can k
selected with this command. & 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.

9 Select layer

") Create layer with code of point

[(ok ] [ cancal |

This command has two operating modes. The first is used to select a layer, to which the poi
selected will be copied.

ALTO_ESCOMER |—|
ARBOL

ARBOLES
BAJO_MURQ
BAJO_TALUD
BMU

[ Select < ] [ New... ]

[ ok | [ Camcel | [ Hep.. |

Should one wil to generate a new layer, tNew button should be clicked and then the following
wi ndow i s di s pNameGonldurandLineeTypeareyset in ths window.

Name

Caolor

LineType [Continuous

[ Cancel | [ Hep.. |

In the second mode, with the list of points selected the program uses the point code as the name for
layer. Layers that do not exist are automatically created.

Apart from using this command, the layer of a point can also be athanges i ng Aut o CAL
tools.

Change Format

This command all ows one to the change the
three ways of doing so:

1 Globally, in other words, with the same format for all the points.
f Onte basis of the pointsd |l evels, so that e

1 By the point groups defined in the drawing.

Points
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Format Selection

@ Overall

() As per levels

() As per groups
Points to be modified
@ Al

() Selection

[ ok | Cancel |

| Hep.. |

It is also possible tolmnge 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 &

be catrolled.

Pairtt
[ Draw in 3D

Size 0.500

Caolar

Mtributes

button

di spl ays

t he

Decimals in Height

Scale

foll

2
1000.000

owi

ng di al

Qpenfile...

Save file...

Des

ignate <

Name
[+ 1500
¥ 1500
[~ 1500

Name
Height
Code

Visib Text Heigh| Width

1.000
1.000
1.000

-1.000
1.000
1.000

Har Setlp | Ver SetUp

1.000
-0.500
-2.000

Justi
Left
Left
Left

Lok ] [ conce ]|

Help

)

ficatio| Colar
)

7

Style..

MDT_Punt
MDT_Punt
MDT_Punt

0g

b o x

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

Sizebox controls the pointds di mensions. The vi
the tool bar located on the top of the dégalmox. TheColour button allows one to choose the colour with
which points wild.l be represented. There may
colour.

The Attributesbox allows one to define point attribute characteristics, in other woaase, height
and code. Each of these will have the following properties:

Attributes horizontal position measured by thember of characters from the point itself

position

1 Visibility (on or off)
1 Text height in drawing units
1 Text width factor (1.0 by default)
I Textinclination angle (horizontal by default)
1
(negative to the left and positive to the right)
T Attributeds vertical
downwards and positive upwards)
1 Textjustification (left, centreraight)
T Attributeds colour
The number of decimals can additionally to be specified for height.
Lastly, other of the

di

al

0g

box©o

measur ed

s options

by
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1 Save FileSaves representation properties in an external file wittSiM extension
1 Open File.Recovery of amewly created file with the previous option.

1 DesignateAl | ows one to obtain a pointés repres:e

Change Scale

As is known, objects are drawn in their real dimensions in CAD, that is tatsayscale 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 a
represented according to the characteristics @fitiawing. A specific text height can be entered directly
or, if the programds scale is modified, it is

Text Height {mm) Scale

Modfy Stations Scale
Modify Scale of blocks that coincide with points

[ cancel | [ Hep.. |

TheModify Statins Scaleb o x al so changes the drawingds b
the scale of the blocks whose insertion point

Changing Uncertainties
This command enables us to edit or delete the uncertainties assedgthtéte points in a drawing.

A window appears with the total number of points in the drawing, stating how many of them have be
assigned uncertainties.

Points Uncertainties | £3 |

5 poirts in drawing.
0 points with assigned uncertainty.
Set ] Delete

[ oKk | | Hep.. |

The Assigntab enables us to associate uncertainties with a selection of points, with theabption
preventing them from overwriting existing uncertainties. A window appears requesting the ne
uncertainties and a selection of points on which to operate.

-
Set Uncertainties A ﬁ

X Uncertainty 010

Y Uncerainty 010

Z Uncertainty 010
[ Overwrite existing uncertainties

oK | | Camcsl | [ Hep.. |

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

Rotate Points

| f this command is selected, the orientati
coordinate system can be changed.
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Origin

X 0.000

(@ Coordinates [ Select <
Y 0.000

Rotation Type

() Absolute (@ Relative

Rl Ange
foge

oK | [ Cenesl | [ Hep.. |

After invoking the command, one is requested the origin or number &fdimé from which one wishes
to rotate. The former case, one selects a point (by entering its coordinates, numerically, graphically or by
selectingapoinii t he j ob) and blameiathdlattericaseg t he pointods

The rotationAngle 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 tthe previous command except that the rotation is conducted in 3D. The
following window will appear on executing the command:

e —
3D Points Rotatiol_'l- ﬁ

0000
0000
0000

Rotation axis Rotation angle
B X

&Y Angle 0.0000

@Z {according to right-hand rule)

| Cancet | | Hep.. |

Source Coordinates from which the rotation is to be conducted.
Rotation axis. We specify if the roation axis is the X, Y or Xia
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 windo#ter validating this window the selected paintill be rotated.
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Points Seledion‘ M

Options

Level ..

Code ...

Heights ...

Numbers ...

Graphic <

Folyline (frea) <

Polyline (Longitudinal) <

[
[
[
[
[ Group ...
[
[
[
[
[

Extra attribute...

Last Selection

[ Apply on cumently selected points

[ Delete Selection ] [ Invert Selection ]

[ Al J
5 points selected of 5 available
[ ok | [ camesl | [ Hep.. |

Move Points

This command enables one to move a scatter plot or a specific selection of its points to a spec
position. I n order to do so, the base egdhisrcand s
be done manually, selecting them graphically or specifying a specific scatter plot point by indicating i
number or marking it in the drawing.

The movement is indicated in either Absolute or Relative terms by activating one or other optic
and graphically selecting t he new basle prepenti n't
modification of the point elevations, check the optiteniPnetrics only.

Origin
(@ Coordinates

Displacement Type
() Absolute
Solo planimetrica
@ Relative
Destination
Displacement X
Displacement '

Displacement £

Lok |

Renumber Points

This command allows one to modify totally or partially the numeric order of the points represente
in the drawing.
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Initial Paint
Final Point

MNew Initial Point
| Respect Jumps

lgnore Alphanumeric Names

| Cancel |

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 wil|l i ssue italhe pwa rnnti nngo tfi HERPRIOIRLEO .l ni t

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 JumpsAllows oneto 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 jnps 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 NamesThis possibility is enabled when there are point havimgme 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

Thisto o | is used to draw a set of graphical el em
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
al |l or just one of t he dat albelectbuitan. Theoogtier€onsidere U s e ¢
Suffixesis used when drawing lines to define whether the program will account for the suffixes at the
beginning, end, line close, etc.

Moreover, theUsesets of alphanumeric pointsoption 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 humeric name
from the initial to the final point, and then covers these points sepafatedach 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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Draw from Codes A [ﬂ

Range of Points

Initial Poirt

Final Poirt

[ Use sets of alphanumeric points

Codes
Al Consider Suffoees

Delete Layers Block Scale 1000 -

[ ok | [ canced | [ Hep.. |

One must take into account that if a pdiat 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
and when the block has been specified on the assogiatedd plan.

The blocks must be saved as independent drawings (DWG format)patitesubdirectory, within
one of these two directories:

1 User blockdirectory, which can be specified in the parameter with the same name with the
commandTools > Configuration > General.

T The program install ation b | o &Akchivosd ide e ¢ |
Program&plitop\MDT6\Bloquede s 06 i n a Spanish installatioc
is specified.

These blocks are inserted in the layer specified in theadd a s e . Each bl ockd:

coincide with the associated pointds coordinat

Drawing Lines

Polylines are drawn with the coordinates of points whose codes are defined in the Codes Datab
and linetype points. Additionally, the layer, anir 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
discovers a point with a code that is included in the database. Depending on whether the suffixes
aacounted for, it checks that the code has the indicative polyline starting text " 1" (a space followed by tl
letter 1). Then it continues to draw vertices as it discovers points with the same code (consecutive or r
but respecting its order). If the sixifs are accounted for, there are three possibilities for finishing the
polyline:

T Code foll owed by the end of polyline ic¢

Code indicating the start of a polyline. The current polyline is ended in the pseviou
point and a new polyline is commenced.

T Code followed by the close polyline id
In this case, a closed polyline is drawn that links the last point with the first.

Polylines can additionally contain archgseents. For this, "CI" suffixes should be used for the start
point, "CC" for the intermediate points and "CF" for the final point. Sedace Configuration, Break
Line Codingbutton.

Example: TEST.PUN file

1996 5045.832 1061.510 501.879 PT |
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

Points
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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 |
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 |
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 Databagpdipeints and assigned to a
layer with the same name, this file would have been drawn as follows:

New Polyline in PT layer, joining points 1998®971998199320002001-2002.
Polyline having the same characteristics joining points ZIB+20062007-20082009.

Polyline in CP layer, joining points 2042011201220132014201520162017%20182019 and closing
with 2010.

Drawing Areas

This option is similarto 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 thgtéfcode in the Codes Database is
Area, the program always automatically closes all polylines ami fihe 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 aodnatiows 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. Shoul d this be
the databasd&.he 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 assignedtise name of the layer where the polyline is to be found.

The option toReplaceor Add the code to the rest of the codes assigned to the point is offered in the
di alog box. Li kewise, one can set the mipaintstoum di
which the code will be assigned in thelerancefield.

[ Assign Codes from Polyline

Code assignment

@ Replace
Add
Tolerance
[ ok | [ Caneel | [ Hep. |
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Remove Codes

This tool allows one to delete codes aseitjto 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 disap
from the pointds assignation, and it may even

Separators are processedpmagpriately, 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
PT,AB code and from point 2 having a CD,PT code, the results will be AB for paimd €D for point 2.

This command is complementary to #eints > Codes > Add Codesommand.

Add Codes

This command allows one to assign one or several codes to a specified set of points. In order to
s0, once the set of pointea@sen has been selected, the code to be specified is selected. After validating
the following dialog box is displayed.

Position

First Include separator

Separator I:I

| Cancel | | Help ... |

One specifiesthe newocd e 6 s p o0 s i t iieither atithe begitnig op a thenend of point set
code$ in this window. One additionally, determines the possible inclusion of a separator betwee
individual codes, allowing one to enter the most suitable separator.

For ingance, if a point has the PK510 code assigned to it and one has selected it in order to add
PT code at the end with a comma separator, the new code will be PK510,PT.

These codes can be deleted usinghtbimits > Codes > Remove Codemmmand.

Codes Database

This command displays a window allowing one
contents.
Code Level Type Layer Color  Thickness  Blement
ARB Fill Poirt ARBOLES 3 Default  Arbol
ARC Break Line ARCEN 7 Default  Continuous
AT Ereak Line ALTO_TALUD 4 Defaut  Continuous
BR* Information Foirt EASES 4 Default ol
BT Erezk Line EAJO_TALUD & Defaut Continuous
CAM Bresk Line CAMINO 7  Defaut  Continuous
CAS Fill Poirt LINEA_ELEC 4 Defaut Cas
CcP Break Line CcP 5 Default  TRAZOS
CT Break Li cT 2 Default  TRAZOS
EJE Information Li EIE 1 Default  TRAZO_Y_PUNTO
EXP Break Li EXP 6 Defautt  TRAZOS
LBD Ereak Line LBD 4 Defaut TRAZOS
LBI Erezk Line Ll 2 Defaut TRAZOS
OF Eresk Line OF 1 Default  Continuous
T Fill Poirt T 2 Defaut Poste
TAPIA Break Line EDIF 1 Default  Continuous
[ ok | [ Edt. |[ msen. | [ Dete | [ Pont.. | [ Cancel | [ Heb.. |
Thel i st 6s parameters are as foll ows:

CodeText which should coincide with a pointds
any character) and A*0 (coincides with any gi
versatility of drawng 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. Cd?ob#, 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 th&ypefield, can be the name of the block to be inserted if it is Point, the type
of line ifit is a Line, or the hatch patternitiis an Area.

The dialog box is equipped with the following buttons:

Edit: Modifies the parameters of the code selected by displaying the dialog box €atled Database
Element

Insert: Enters a new code into the Database. It displays the dialocggied 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
theList for Printer dialog box.

Codes Database Element

The parameters of the code selected can be modified by clickingdih&utton, whereupon the
following dialog box is displayed:

Code Database Element ===

Identification

Cate N
Type Blocks
@ Point Ground Plan E +| Escale  [1000

Blevation plan FE— . View
3D Object 5 | Escale

Layer

[RBOLES ] {

Line [ GCobr. |

Lines

Default

Contlinuous

Area SOLID

Desoription

[[ok ] [ camcal | [ Hep

For Point-type elements, three different blocks can be set. Gitreind Plan blocks are inserted
with the Draw from Codes command. When longitudinal profiles and-sexgfons are drawiklevation
Drawing blocks are used at the vedi& having the relevant cod8D 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 datadmaincludes 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 furction has a twdold 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 diplays thelist of Different Codesdialog box with the information above.
One carPrint it by clicking on the relevant button.

The Exists in C.Databasecolumn in the window indicates whether or not the code is already
present in the codes database.odiies that do not exist in the database are added whéwdh® Code
Databasebutton is clicked. Default properties are assigned to these codes, which can be edited using the
Points > Codes > Codes Databassmmand.
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N.Points ~ Code Exists in C. Database C. Database Description

13 AES No -
AESAES No
ALB |AES No
ALBAES No
ARBOLAES No
BMU IAES No
BMUAES No

oY e R L TNy
=
g

BT IAES Yes

CAMINOAES No

CASAES No

CMIAES No

EXF IAES Yes

EXPAES No 2
[0k ] [ Pt. | [ AddtoCodedatabase | [ Hep

Locate Point

If one wishes to locate a point in a scatter plot that is dense enough to execute any of the exist
functions, thePoints > Utilities > Locate Pont 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 warnir
message "ERROR: Point not found" will be displayed.

Margin: Surroundings bthe 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 opeation can likewise be performed using theints > List Pointscommand, by clicking
on theLocatebutton.

Open Hyperlink

This command is used to open a hyperlink linked to a point. The program continually reques
selection of a point, and then if th@ipt 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 curre
drawing throgh the corresponding dialog box. In it one can view the maximum and minimum values c
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 oraftitange oordinates.
 Point Information =)

Points defined: 124
Minimum Number: &
Madmum Number: 135
Minimums
X 18962 at poirt 131
Y. 221991 at point 91
Z: 0000 at poirt 126
Maxdimums
X 317670 at poirt 111
Y: 509520 at poirt 126
Z: 523810 at poirt 100

| [ Hep..
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Moreover, if the points have assigned uncertainties, the minimum and maximum values of each of
the uncertainties on the X, Y and Z axes displayed.

Point Information A

Poirts defined: &

Minimum Number: TP51

Masimum MNumber: TPSh
Minimums
X 1674725 at point TPS1
Y. 1274874 at point TPS2
Z.  0.000 at point TPS1
Unc. X: 0.010 at poirt TPS1
Une. : 0.010 at poirt TPS1
Unc. Z: 0.010 at poirt TPS1

Mzzdmums

X 2661.510 at point TPS3
Y: 1770.388 at point TPS4
Z: 0000 at poirt TPS1
Unc. X: 0.010 at point TPS1
Unc. ¥: 0.010 at point TPS1
Unc. Z: 0.010 at poirt TPS1

[ Hep.. |

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.

Points

131132
125134

Should this window be opened once a specific selection has been made, it is displayed in the list of
groups ad.ast Selectionlt is therefore possible to undo the last ofjlereand perform another operation
on the same set of points.

In this window theNew button is used to create new groups, withEdéing Group dialog box.

The Edit button displays an Edit Points window containing the data of the group selectethyther
allowing one to modify it. One can also delete groups usin@éhetebutton.

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 pointervals indicating ends by a dash. T@keck button checks the
specified syntax and shows the points found. $b&ect Pointsbutton allows one to access the normal
point selection options and displays the Point Selection window.
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Poirts |1 32135

0 poirts selected I I Select paints ...

[ Cancel | | Heb..

List Points

This command displays a list containing the points selected. It has a vertical scroll bar, that enab
one to select a point from thetliwith the cursor, which can be located on screen by clicking on the
Locatebutton.

Initially the list appears ordered according to the name of the points, in ascending order. Clicking «
the first cell of this column inverts the order. Right clickingtioa 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
the list can also be hidden by right clicking on it.

v Lewvel # Coordinate | % Coordinate | £ Coordinate Code Descrimtiomnin © Pibabone L
2 2 Rotura 257.836 264.781 4B.570 AES Sort
3 2 Rotura 258.914 274.491 46760 AES Hide column
5 2 Rotura 2B0.736 284.925 47.130 AES Add fields...
g 2 Rotura 262.893 293434 47.430 AES
g 2 Rotura 2B5.817 301.429 47.560 AES Show hided columns
| 2 Rotura 270104 Iz 47.850

43.180
43,050
43,700

272797
278382
282,897

315,505
32337
3367

2 Rotura
2 Rotura
2 Rotura
2 Rotura 284.979 338.837 50.290
2 Rotura 285.349 346.624 50.910

I

I Locate I I Delete I I E dit I I Frint... I I Help I

When adding a field, a window is displayed with a list of all the predefined attributes that th
program recognizes. Pressing the butsaarch Drawing it runs through it, and in the list disgis only
the attributes for which a point has a defined value.

Attribute selection

[ Latitude [wG5-84) -
[ Longtude [#/G5-84)
[ Height (wGS-84)
[ Date

[ Time

[] Herizontal Precision
[ Vertical Precision
[ Antenna height

m

[ PDOP

[ Used Satelites -
4 1 ¢

I QK I I Search drawing I I Cancel I

A 4

It also allows one to edit these points. In order to do so, a point within the $istected and the
Edit button clicked. Theéedit Pointswindow is then displayed, which allows one to modify any field it
contains.

One can choose terint in this window. The relevant window is then displayed. The list format in
text mode is as follow

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 ofthe first page of the list See tReoject 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 automadyical

Type Mame Level # Cood ' Coord. Z Coord. Code fiption in C.Date ® Uncertainty | Y Uncertainty | 2 Uncertainty
TPS1 0 Default 1674.725 1324179 0.000 Inserted 0.010 0.010 oo
P52 0 Default 21683.183 1274874 0.000 Insertad 0.010 0.010 oo
TP53 0 Default 2661.510 1509.072 0.000 Inserted 0.010 0.010 oo
TPS4 0 Default 2397.545 1770.388 0.000 Inserted 0.010 0.010 oo
TP35 0 Default 1731465 1770.388 0.000 Inserted 0.010 0.010 oo
4 i | +
[ ok | [ tocme | [ pemte | [ E@ | [ R | [ Hep

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, theabel Pointswindow appearing below should be completed.

Elements
Mame XY coordinates
Codes Z Coordinate

Tables
Lines

SURV-LABELS

Text Height

[ ok | [ cancel | [ Hep.. |

The elements that will be shown on the table are set in this window, including:N2ong Codes
and planimetric and Z coordinates. One can also indicate whether the list vgilabed out among
various Tables When this parameter is changed, the numbelioés each table will contain is
automatically calculated. Lastly,Teext Heightvalue is entered, and the layer and style to be used are set.

46 MDT Version 7.5



POINTS LIST

Name X Coord Y Coord. Z Coord.|Code
1 348225.751 4070109638 158 657 |AT |

2 348226.490 4070112474 158.001|AT

3 348230.226 4070115.564 159334 (AT

4 348231.472 4070116.552 159390 (AT

5 348233 667 4070120183 158 455 |AT

6 348234 417 4070122 292 150 407 |AT

7 348234.945 4070124 387 159 776 |AT

8 348236.073 4070126483 160.154 |AT

9 348235.165 4070130128 160.105 |AT

10 348233157 4070132 163 160 086 |AT

11 348232 458 4070133.380 159044 |AT

12 348233.193 4070135.527 160.743 |AT

1090 348201 854 4070132 642 147 095 BT
1091 348204.017 4070132 685 147 678BT F
1092 348202.430 4070134497 147 765 |AT |

1216 348196.853 4070152 941 148054 |AT

1238 348215.274 4070135.394 151.061|BT

1239 348215059 4070133 065 150950 BT

In AutoCAD version 2005 andater, a single AutoCAD tabfgpe object is created if the list is not
divided into various tabl es. The tablebs appea
drawing. In other versions, the table is made up of traditional textsreesd i

Move Attributes

This command allows one to move an attribute from a point to any other position. It is very usef
when text height and number texts get confused because the points are very close. This command al
onetomovée hese attributes, thereby enhancing a | ol

It works very simply. The attribute one wishes to move is selected (by point name, height or cod
and then the cursor is situated in the new position.

Rotate Attributes

This command works in a similar way to the command explainetawe Attributes. Its
functionality is based on aesthetic presentation, especially when it is impossible to frame a job withir
specific format using the general coordinates system. It castdted until it fits into the format.

MNumber Angle

Height

Codes Select <

Remave rotation

| Cancel | | Help ... |

Using theRotate Attributes command, one can represent the attribute texts in a different way to
the defaul rotation defined by the drawing and additionally choose the attributes one may wish to modif
In order to do so, one can set thagle numerically or graphically with th®esignatebutton. If one
wishes to restore the angle of each attribute to itsnadigyalue, theRemove Rotatiortheck 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 thdove 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 orhmextked. 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 mgypéa 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 drawingds points in accord:ze

Filter Points

This utility allows one to delete points that are close to each other. The program requests the
Minimum Distancethat should exist between the points. Hence, any points that are at a lower distance
than the one specified to anethpoint are deleted. With the opti@D distancethe user can select
whether to include the point elevation in the calculation, an€tiexk button is used to check the result

of applying the filter.

Fiter points ==

Minimum distance between points

30 distance
124 points
0 poirts deleted Check
124 valid points
[ ok | [ camcal | [ Hep. |

Insert Points on Slope

This option allows one to insert a set of points belonging to the samedilrensional plane into a
drawing. The program initially reqats 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 pc
to be inserted and assigns their corresponding heights, so that all the ms@nesd 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
particularly useful for altering projects it is normally not possible to exegsiteg 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
all the pdylines whose coordinates we are going to change. Once concluded the following windoy
appears in which the changes to be executed are inserted:

- -
Axis change ﬁ

Operation

In this case, for example, the X column becomes the Y column, Y becomes X multiplidd agd the Z
coordimate 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

,

Operation Output

[NXY v| X ([x +| Fomat [neyz

Space @ Space
Y

Separator [] Comma Separatar (") Comma

Tabulataor z () Tabulator

[ Cancel ]

Input: We specify the format of the filesed to change the coordinates.

Operation: as in the previous case, we specify the correspondence between the current coordinate anc
coordenate to be inserted.

Output: Format of the output file.

On validating this window the command will first ask tbe 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 gec#ics 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 CAD6s Zoom Extension command, except
surveying points seleetl.

Compare with Surface

This command all ows one to compare the heights
One must firstly select the points (Select Points) and then a list is displayed on screen cdhtining
parameters of the points selected, surface heights at the same coordinates and the difference between
both.

Height Differen

Num. X Coord Y Coord. Z Coord Surf. Heigt Z-CS

241 376256418 4085065768 535030 536412 2618 -
242 376235523 4085109603 545180 542468 2712

243 176248274 4085046792 536.280 535794 0486

244 376220374 4085099.558 542420 540778 1642

245 376228334 4085047577 536050 535620 0430

246 376209.624 4085084.703 539.730 538551 1179

247 376213250 4085067229 538010 536711 1299

248 376189.788 4085084 311 538630 538050 0580

245 376195877 4085045522 534760 535357 0557

250 376188763 4085092082 535540 538599 0541

251 376183.610 4085066.323 536500 536068 0432

252 376197515 4085061.560 537.300 536158 1142

253 376192.744 4085057876 536040 535316 0724

254 376199.655 4085056274 536.080 534572 1108

255 376195.962 4085055011 535700  534.448 1252

256 376194.242 4085061339 536650 536133 0517

257 376196537 4085059220 537570 536170 1400

258 376161150 4085174546 541330 546821 5491

259 376160.812 4085191581 539630 547233 -7603 ol

[ ok ][ Pt ][ Help.. |

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 IMIPT surveying points,

-
Points Conversion from Drawing OI_ ﬂ

Entity of points Layer of paints
@ Poirt
() Circle
. s | =
() Text
() Cross Attribute layer (Texts)
() Polyline Heights ‘ | E]
(") 3D face
() Points cloud
() Civil 3D Paint Hames ‘ | E]
() Multileader
() Block Codes ‘ | E]
Blocks...
[¥] Check repetitions (XY coordinates)
[[ok | [ Concel | [ Heb.. |
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First, theEntity of points type in the drawing must be specified. If unsure Skkect
< button can be used to select the entity directly, keeping in mind that only the entities that appear in th
window are recognized. For each type of entity, the program willeesaMDT point in the following
coordinates:

1 Point: its own coordinates.

9 Circle: Centre.

1 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 theertices.

= =4 4 -4 -—a -2

Points cloud: each of the points contained in the cloud. This option is only available for AutoCAL
2013 onwards.

As well as the entity type, tHeayer of pointsthat the program should analyse must be specified,
except when converted into loks.

As an option the program can search additional attributes of the point in text type entities. To ¢
this the layers corresponding to each attribute must be specified.

Elevation layer The layer where the texts of the elevations are located. Ifateyot specified, each
point is assigned its entity elevation, if it is in 3D.

Numbers Layer Layer with the point hames texts. If they are not specified, the points are automaticall
numbered.

Code Layer The layer where the assigned codes are locdtetiese are not specified, no code is
assigned.

When the type of entity to be converted is a block Bleeks button displays an additional window
where the block attributes to be accounted for in the conversion are specified. If attributes are 1
specified, the program will do the same as with the other entities, and search for texts in the laye
previously described.

Blocks =)
Block
Name [PUNTO | =)
Attibutes
Height |COTA | \:/
Number  [NFUNTO | =]
Code [coniso | )

f

[[ok | [ canced | [ Heb. |
—

If converting points dud 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 ol
percentage of the points to be imported. There is also the possibility of not drawiogntrerted points
s0 as not to load excessively the drawing.

Points 51



MName

..\000001 peg
Minimum Masimum
X: 520018390 X: 520741.100
Y: 4334601230 Y: 4335093.950

22688 points.

l Design Window < ]

Points percentage to import

Draw Paints

I Cancel ]

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. Thedtrwi ngds 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 diglbox allows one to specify thevelof the new points to be
created.

If the Unique Pointscheck 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 elewalf), 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
vertices6 heights from points whose heighbe i s kn
assigned to all of them. Additionally, if tHeigital 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 midpaif the vectors
making up the polylines. Independently, if thterval option is selected, a point will be inserted every
certain distance beginning from the polylinebs st

Level 0- Defautt -

Poirit Creation
[ Unique Paints
[ Midpairts
[ Interval
[T Poirts on Curve
Height

3) Polyline

Digital Terain Mode!

Draw Points

oK | [ Concel | [ Help.. |

If the Points on Curvebox i s mar ked, the polylinebés curve
command. Points are inserted at the distance specified in the box to the right.

The Draw Pointsoption controls whéter 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 cahvenise the
powerful model creation options offered in tharfaces > Create Surfaceommand.
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Once the process has finalized, the program displays the number of points successfully created.

Convert Attributes to Texts

This tool all ows one to convert the points:¢t
handled as such making it easier and more flexible to work with them than with the normal attributes.

Layers
Poits  [POINTS_1

Number  [POINTS-N_1

Heights  [POINTS-Z_1

Codes  [POINTS-CODES_!

[C] Delete Paints [ Select Points...

[ cancel | | Help.. |

The dialog box allows one to specify the layers wherdPthiatsand theNumber, Height andCode
attributes will be drawn. The original point can be deleted from the drawing after the texts ted byea
activating theDelete Pointsheck box.

| f not indicated other wise, this command wo
Select Pointdutton, 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
mapping a contouring, et c. Each of the current
informaiton is provided on the number of vertices created.

Convert Alignment and Cross Sections

This command creates a point for each of th
graphically or from a file and a crosgctions file. The X and Y coordinates are calculated by projecting
the distance of the profilebs vertex with reg
the profil ebds hei lgpathecodE af eaeh vertex shouldteey leaefimed. wi |

Initial Station 0.000
Final Station
=z 0- Defauit -

Draw Points

[[ok ] [ cancs | [ Hep.. |

The dialog box allows one to perform this operation with a subset of profiles by enteringiéthe
stationand theFinal station, choosing thd_evelto which the points will belong and controlling whether
or not they will be drawn witibraw Pointscheck box.

Convert Alignment and Profile

Thi s command <creates a point for each of
horizontal alignment or from either a horizontal alignment or segment file. The X and Y coordinates a

calculated by interpolating the position on the horiaoht al i gnment at each ve
is equivalent to the profileds height. Each p
defined.
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Initial Station 0.000
Final Station

Level 0- Defautt -

Draw Points

[ ok | [ camesl | [ Heb.. |

The dialog box allows one to perform this operation with a subset of profiles by enteringiéthe
stationand theFinal station, choosing thd_evelto which the points will belong and controlling whether
or not they will be drawn witibraw Pointscheck box.

Import Points

This command allows one to convert an ASCII coordinates file into points that can be read by
MDT. The Import Pointswindow dialog box requesting the parameters to be entered appears when this
command is executed.

Import Points @
Format
Manufacturer Config

@) Generic MXYZ -
) Personal Configuration
Operation Separator

) Insert 136 Space

@ Replace [ Comma

_ Merge Tabulator

Options

Test repetitions [¥] View repested points

|| Classify Paints by Levels Level 1-Rellero =~
Representation

Draw Points  Aibutes | Layer D
Text Height {mm) Scale 50 v
] Draw from Codes Zpom in on Scatter Plot

l Corfiguration. .. I
[ ok | [ Cancel | [ Help.. |

The structure of the initial file is defined in th®rmat 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 chee one of the following options from a drdpwn list: XYZ,

YXZ, ZXY, ZYX, XY, NXYZ, NYXZ, NZXY, NZYX, NXY and Ms Access, where N= Point humber,
X=X Coordinate, Y=Y Coordinate, Z=Z Coordinate. The default format is NXYZ. The former options are
variatonsh t he ASCI 1 filebés field order.

Personal A format that can be defined by the user with the configuration file Caestomization
Manual).
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The character used as a field separd&mate Commaor Tab) should be specified from Generic
formats. If theComma separator is not used, the program can import files whose decimal separator is
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 pts. 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 optionReplaced e | et es al | the drawingds nmoin
imported.

Lastly, theMerge option takes into account point names and only adds points to the new file whos
number no longer exists in the scatter plot.

Options

One can define different processes that are executed once the points have been implogted
Options section.

Check Repetitionsthe program runs different checks to identify repeated points, by name and b
coordinates. Activating the optiddee Repeated Pointisplays the corresponding list.

Classify points by leveidor each point, whéer 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 spesified

Representation

For the points representation, it must be kept in mind that it is possibte doaw the imported
points. This substantially increases the importation process for large files, and also the size of the draw
is not increased. The points that are not drawn behave exactly the same as those that are representec
can be listed,riangulated, exported, etc., but they are not saved in the file. Therefore, when closing tt
drawing in CAD the points are lost.

Drawing from Codesrepresents graphic elements associated with the codes in the ColdasBata
Zoom in on Points Cloudchanges 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 tHeoints Configuration section

After validating the import the points file selection is accessed, the extension of which will accor
with the format selected. The name of the file by default will be the same as the name of the drawing.
extension of théormat 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
fields separated by a separator. It is not necessary for thesfoibe in order. A code of up to 255
characters can optionally be included at the e
format is shown below

Example: DEMO.PUNile

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

Points
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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 as¢he 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
Calculdions chapter in the User Manual for further details.

Export Points

The modifications or operations made with the functions specifically belonging Rothts menu
only update the drawing. Imported files are not changed. This emchraxists 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.

Format

Manufacturer

@ Generic

Personal

Separator Decimal Poirt

@ Space @) Point
Comma
Tabulator
/| Export points with code
oK | [ Camcsl | [ Hep..

Three alternatives are offered in thermat section:

Manufacturer: The format established by different programs, electronic data recorders, etc. Some of
these allow various formats. Hence, the possibility exists oftctimdiguring the structure through the
Configuration button.

Generic This option allows one to choose one of the following options from a-dwem list: XYZ,
YXZ, ZXY, ZYX, XY, NXYZ, NYXZ, NZXY, NZYX, and NXY, where N=Point hame, X=Coordinate
X, Y= Coordnate Y, Z= Coordinate Z. The default format is NXYZ.

Personal A format the can be defined by the user using the configuration file. S€usbemization
Manual for further details.

One can additionally indicate which character will be used to separbte f i | Spase, f i el
Commaor Tab) for generic files, as well as set tbecimal Pointf or t he pointsd coor
option isPoint).

The optionExport points with code establishes whether the information defined in the format
includes a sepator 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 fc
exploiting code possibilities have not been used, which is generally advisable.

These comprise ifferent tools to manually, automatically and seamtomatically 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 ei t her rdhe spedfiowag of vidwing it. t h
Defining them is not obligatory. However, it is highly advisable to ensure the work is valid and accurat
given that these lines define the relief marked by existing slope changes.

In this example, we can see hove thurface adapts itself to the slope changes represented by thi
break lines, troughs, slope crowns or feet, construction lines, white road lines, etc.

Break | ines are conventional CAD polylines
vertices may or not coincide with surveying points. If they coincide on the ground plan, the triangulatio
considers the pointés height Obviously, i f t he
taken.

These polylines can be drawn on the pbarthe space, depending on whether3BeBreak Lines
parameter is activated i n the Ultes gCanfiydrationc>o n f

Break Lines
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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 wiste@clude 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, triangulati cleanup commands have been implemented and they should be used to
detect these cases. One example i<ieck Break Linescommand.

Break Lines by Closest Point

This command allows one to draw break lines between surveying points by taking thelpeegs c
to the coordinates selected as vertices. When this command is rubayée Selectionwindow 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 riides®t 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 laspmt can be undone by typing Ror U on the keyboard. By enterirg, 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 witkEmter> key to theFirst point question:

42
Se2.02
54 338 /
22817 340

- 36052 —’_

It is possible to draw arcs. By pressiAgon 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 pwious straight line with an arc. In the following example the points 104, 83, 54, 72, 73
are selected with the mouse, pres#injdntro] before selecting 54.

oU.26

Points whose visibility from the point has been deactivated b oiets > Visibility commamn 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 fiel
sketdes or notes, this option allows one to draw by merely typing in the point numbers in questic
instead of selecting them with the mouse. Ente@ngjoses 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 tl
layer on which the polyline is to be drawn, the program requests the following information:

Initial Point: Number of the first point tbe 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 andt®at order, we will reply witl, 9 and2
to the above questions.

Additionally, the command features the option of using the suffixes in the names of the points, |
other words, joining all the points in accordance with the interval indicated and witutfix specified
in the initial point.

The shot below shows the command being exec:
the final point (without a suffix) and Al0 as

The final result can be seen in the following image:

TPS0002
TP50021
TP=C001 3755
- TPSOOT11
8.30

TPS0003
TPS0012
97.99

TPSC022
97.55

TPSO024 TPS0025
99.37 99.50
TPS0023 )

TPs0026
99.50

TPS0016
96.61

STAT_001 TPSO015
100.00 ;

TPsOoza  TPSQ027 TPSO017

99.75 99.43 96.54

TPS0030
99.37 TPs0029
99.43

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 poin
file not only facilitate drawing l@ak lines but also the planimetry.

This command creates a break line joining all the points having a certain code, following the ord
of the pointsd numbers. It first requests a co

Break Lines 59



401 2449
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561 - al4.94
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J63o - 568,97

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 dasbiding 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 inBreak Lines by Closest Pointand the layer el 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, lmafiound with this command. The polyline
obtained will be drawn on the BOUNDARY layer and can be used to define the boundary when creati
other surfaces related to the drawing.

Islands

An island is an area defined within the scatter plot in which triatigun is not intended. This area
acts as a space in which the digital model is not defined, and one therefore cannot work inside it. Th
can be several islands within the same scatter plot.

The command allows one to draw polylines delimiting islafidse ISLANDS layer is used by
default and the process is identical to the one irBteak Lines by Closest Pointtommand, with the
peculiarity that the polylines are always closed.

Displaced Parallel

This command allows one to create break lines tleaparallel to other break lines. It is very useful
to define roads, pathways, streets, walls, etc., where only one edge has been measured and the pz
di stance to another or others is known, i n add

Mode

Layer  [BRKLINES [ Select.. |

@) Points

_) Polyline

Options

Create Points Level  [p- Defautt -
Cods ROT-CAMINO [ Selat. |

Heights

@ Repeat
~ Increment

") Congtant

) Variable (Manual)

_ Wariable {point Codes)

[ Cancel | [ Help.. |

There are two ways of executing this command. InPbiats mode, a polyline is drawn as with the
Break Lines by Closest Pointtommand and threa line parallel to it is created. In tR®lyline mode, a
polyline that has already been drawn is selected as a reference to create the parallel line.
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In order to create the parallel polyline, the program first requests an orientation indicatingta point
the left or to the right of the original polyline and then a distance to the reference polyline. Concerning
height, one choose amorRepeatthe original polylines heights, apply dncrementto them, use a
Constantheight, enter the height at each eertin a Manual manner, or use thPoint Codesas an
increment for the original height in centimeters.

If the Create Pointsoption has been activated, surveying points will be created at each of its
vertices with the code selected in addition to the podybeing drawn.
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Modify Break Lines

This command allows one to edit polylines that define break lines, boundary, igemdshereby

facilitating and improving the process of moving, inserting or deleting polyline vertices.
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Firstly, the program ragest 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
check such lines. This command has therefore been implemented, which enables errors to be detecte
drawing a series of marks on specific layers. The different error detection possibilities that can |
activated in the dialog box designed for this purpose are described below:

Detect Loose VerticesDetermines polyline vertices in which there are no surgepioints. The marks
are represented on the ERROR_VERTICES layer.

Detect Points on Line Finds the surveying points closest to polylines considered as break lines, an
which should possibly be its vertex. They are drawn on the ERROR_POINTS layer.

Detect Creses Examines the crossings between break lines, which could possibly be due to &
interpretation fault. The errors are drawn on the ERROR_CROSSES layer.

Check 3D PolylinesChecks whether there is a height difference between surveying points and polylin
vertices.

Check SurfacesDetermines whether the break lines are included on the current surface. If there is ¢
error, it is represented on the ERROR_SUP layer.

Options Mode
/| Detect Loose Vertices @ Create Points

/| Detect Poirts on Line Tolerance

/| Detect Crosses

Check 3D polylines

Check Suface

Clear emors from layers

| Cancel | | Help ... |

The Radius parameter defines the circumference used to mark possible errors on the drawin
Clean Error From Layersdeletes all objects from the layers used to mark the errors.

The Layersbutton allows one to select the layers to beoked for possible errors.

Once the faults in the break lines that could considerably distort the digital terrain model have be
detected, they can be checked either manually by creating a layer on which the errors are displayet
automatically by gemating points where the error has been detected, activating error marks or creatir
points, respectively.

Check Break Lines

Possible faults are checked manually using the following toolbar:

Delete Error

Edit

These buttons allow one to zoom in on the area surroundagrrors. Once the error has been
corrected, the circle marking it has to be deleted to enable the next one to be found when the tool
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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 @feck Break Linesvindow
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 thBreak Line Error toolbar again.

Delete Errors

This command deletes all the marks indicating the error found througBhbek Break Lines
command. The command should be executed once again to recover them.

Location Margin

This command allows one to cogdire 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, wiicertobreak 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.

Palylines
| Layers ... | | Select

| Only if vertices coincide with points

| Cancel | | Help ... |

Activating theOnly if Vertices Coincide with Pointgption allows one to only convert to 2D any
break lines whose vertices coincide with surveying points. It is ploesible 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 selecteditber 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 t o heboeesgording/ | i ne:
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 closestvértichh e i g h t
values.
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Convert Break Lines 12 0NN et

Palyiines
’ Layers..

Heights
[¥] Pairts

Surface

[ Interpolate

| Cancel | | Hep.. |

The command has an order of preference when it comes to assigning heights. Firstly, it assigns
values correspondingtmay surveying points coinciding witd!tl
case, the heights are obtained from the current surface. Finally, if this is not possible either, the heigh
calculated by interpolating or extrapolating the closest vettice

Assign Surface Heights to Break Lines

By means of this command, the height of the elements specified is assigned from the curre
surface. In order to do so, the command determines the height from the planimetric coordinates of e
vertex by orthogodal v proj ecting each of the selected oft

The command request objects to be selected and then modifies the polylines in the following way:
1 It assigns the height corresponding to each vertex according to the curraoé surf

1 Along each polyline segment, a vertex is inserted at each intersection of the polyline with the edge
a triangle on the current surface.

Import Break Lines

This utility allows one to draw the break lines defined in files having different formiags. T
following window allows one to select the file format types from different programs.

Import Break Line:

[ Delete layers

[ Cancel | [ Help.. |

Files with a.ROT extension are DTM break line fileShese 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 separat
by a space. This data will be used to create a layer on which to draw the besagpiecified 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 poin
the first and last numbers and the numbering interval separated by one or several spacéssnto be
entered. For instance, when |line fA35 41 10 i
35,36,37,38,39,40 and 41 in increasing order. The final point should be greater than the initial point,

otherwise the program willaborhad s how t he foll owing message A
on line X". It is not necessary to define all the points within the interval, but at least two of them have

be specified.
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The other possibility consists of specifying a sequence that dmt 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 flowing message: "ERROR: Point X does not exist on line Y".

The polylines end with a |Iine that is either
will close with the first point.

Example: DEMO.ROTile

BROOK 5 BROKEN
45

1912 -1
STATION 7 DASHDOT
48

111 -1

43

68721

51

BOUNDARY 4
42451

73791

12,46

48511

41

C

This file would be interpreted as follows:

Creation of a layer called BROOK with color 5 (blue) and BROKEN line type; and lifi9-4%8-
17-16-15-14-13-12 will be drawn inile it.

Creation of the STATION layer with color 7 (white) and DASHDOT line type, in which th£148
10-9-8-7-6-5-4-3-2-1-43 and 6869-70-71-72-51 lines are traced.

Creation of the BOUNDARY layer with color 4 (cyan), drawing lined244-45-73-74-75-76-77-
787912-46-48-49-50-51-41 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 contairéngothlines to be processed. It
then saves the information on all the lines and polylines drawn on these layers in a file wRDThe
extension.

Layers Available Layers Selected

0

AES

ALB

ALIGNMENT
ALTO_ESCOMER
ARBOL
ARBOLES
BAJO_MURO
BAJO_TALUD

66 MDT Version 7.5



4. Surfaces

Surfaces

Obtaining a digital model requires a prior process called triangulation. During this process, tt
surface is divided into a grid by a series of triangular planes which adapt to the relief and simulate t
slope changes occurring dmetterrain, 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 p
A plane is generated with every three points. These triangles have a series of prophétiesllow a
triangular irregular network (TIN) to be formed within the scatter plot that respects the shape of tt
terrain.

Triangulation can also be performed from contour lines. This method consists of discretizing ea
contour line and the subsequéniingulation of the points thus generated. Contour lines are considered a
break lines.

Points with break lines

Surfaces
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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 fran contour lines, it is sufficient to mark the relevant check box inGheate Surface

command. Additionally, one can add, modify or delete vertices from surfaces using the commands
included in theSurfaces > Utilitiesmenu.

Create Surface

Creating a sulce 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 diffenefaice.

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 thSapmiranges to
current surface

Cumert Surface

DM Mopografico. SUP
Operation

@ Replace cument suface

() Create new suface

Save changes to cument suface

Delete Contours Delete labels

[ ok | [ Cancal |

If the program recognizes that a contour is drawn, it enables the @ptlete ContoursWhen it is

activated, it deletes the polylines of the layers configusedoatour layers at the end of the triangulation
process.

If no current surface exists, or the optiGreate new surfacevas selected in the previous window,

the program will request a file location for saving the surface. Next, the Create Surface visndow
displayed:
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Create Surface @

Current Surface
D\ Mopografico. SUP

Elements to Triangulate

] Points Select Poirts... I
Break Lines Layers
Contours
Task Window
Boundary Line =
V| Maximum Length 50.000
lslands LEis
¥|Include 3D EBreak Line Vertices
Discretize Arcs of Break Lines

Representation

Nothing Layer [SUP-TRIANGULATION

Quick View | Clear Layer

Boundary Isolate Layer
Window Select Window
@ Complete Draw in 3D ¥| Zoom to surface
[ QK ] | Cancel | ‘ Help ...

TheElements to Triangulateoptions box allows one to specify the different elements to be used to
create the surface.n@ can triangulatoints, Break linesandContoursat the same time. Depending on
whether each of the options is enabled or disabled, the relevant button on the right is enabled to allow
to specify the drawing elements that will be used.

Points This option should be activated if one wishes to triangulate surveying points. The prograr
triangulates all the points on the drawing by default, except those whose level cannot be triangulat
One can specify a different set of points by clickingSatect Pints in the Point Selectiorwindow.

Break Lines: This option allows one to decide on the use of break lines. By clickingayersbutton,
one can select the layers where the break lines are drawn througty#neSelectiorwindow.

Contours Should the thwing contain contour lines, one can use the polylines to create vertices on th
surface. These polylines behave like break lines. The following window appears wiSstettbutton is
clicked.

Select Contours <

Select Layers ..
Creation Options

Distance between Vertices

/| Eliminate flat tiangles

[ Cancel | [ Hebp.. |

The Select Contourdutton allows one to graphically select the contour lines one wishes to use t
perform the triangulation. The option also exists of usingSblect layerdutton to specify theontour
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 vertice
the program can filter them to discard vertices that are very close togetherinBythids one can manage
to reduce the number of vertices included in the surface and therefore processing tirbéstdinee
between Verticeparameter controls the distance below which vertices are ignorecElifieate Flat
Triangles box decides whethesr not to use a subsequent process that avoids forming flat areas wher
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 contc
surrounding the scatt plot is to be used, or iflands will be taken into account in the triangulation.
Simply activating the corresponding options and specifying the layer where the polylines representi
these objects is enough for both cases. If a boundary is not sgedifis important to specify the

Surfaces
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Maximum Lengthof t he exter nal trianglesd sides, so t he
vertices are very distant.

In addition, theinclude 3D break line verticesption is possible. This option takes into aatbthe
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 paraméteretize Arcs of Break Lines
allows for specifying the separation betweea tertices 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 fddine 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, th®raw 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 equident 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. Wsibigary 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 fiesahin result can also be
obtained by double clicking in the Windows explorer on a surface file.

Vi — T s B Wi

File Edition View Help

BBO| D @GP e o Cresn

Recorriendo Terreno
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Invert Surface Line Direction

The proe s s of creating a triangul ation i s b a
Triangulation. In this process, the triangles are oriented on the basis of some set technical requirems
that cannot really be the best solution or that do not correctly exyiré® terrain. In order to define how
the triangles are oriented, break lines can be used. In any event, once a surface is created, the orient
of two adjacent triangles can be changed manually by changing the common side for the side obtainec
joining the vertices opposite it.

1936
1559 1oee
1496
1523
1435
1608 1490
1437
1458
1454
1493 1491
1452
1475
1476
Line 15591497 generates a break in the contours
1536
1559 1522
1496
1523
- 1495
1608 14530
14397
1493
1424
1493 4
1402
1475
1476

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

The command has two operating modes for selgctine line to be inverted. The entity can be
selected, or coordinates near the line can be introduced. These modes can be altered entering the su
option in the command line.

When the surface is edited, the new lines can appear in a different, @doarding to the program
configuration. If it is not possible to alter the triangulation, the corresponding message in the comma
line is printed.
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Insert Line on Surface

As well as inverting the direction of a surface Jimesurface 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 triangulatesutineunding area once again.

a3d
593,83

jpe
4Fa 397,32
597,19

477 ¢ 594.55 S04
53402 =

Before inserting a line from 479 to 532

530
59583
g3g
474 547,32
SeFTe
477 4f59355 T34
T 593,71

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 teneeated beyond the
scatter pl otbés perimeter. On ot her occasions, 0|
without contouring. This command can be used to delete undesired triangles. One simply has to select the
sides of the triangles one Wiss 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 puspbserder to update these changes and
delete lines from the surface, one can usd&ied Drawing Surfacecommand.

Delete Surface Triangle

This command is used to delete a surface triangle, by selecting an interior coordinate. Confirmation
of the delet 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 hheentanually 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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it Veriex =)

Coordinates

x EEEEE | [ select< |

Y |4084706.612
Z [353.200 /| Block Height

[ ok [ Cancel | [ Hep.. |

Two types of modifications are possible. | f
slope of the triangles that share it. Additionally, the X and Y coordinates can be modified by clicking ©
the Designate button or by typing them in. This deletes the original vertex and a new vertex is created
the new position. Thd8lock Height check box ensures that the Z coordinate is not changes when nev
coordinates are designated. Otherwise, the height wilaloellated from the current surface.

A vertex belonging to the surface can also be edited by editing a surveying point having the sal
coordinates.

Delete Surface Vertex

This command allows one to manually delete vertices from the current surface amtaally
triangulates the area. In order to select the vertex, one merely has to enter some approximate coordir
with the mouse. The program then searches for

There is a second mode in which a surface line can be sgedifie program deletes both vertices and
re-triangulates the area.

A vertex can also be deleted by deleting a surveying point having the same coordinaksimsth
> 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
displayed where the program requests the origin of the vertex heights to be inserted.

Heights to insert
@ Surface

Object

[[ok | [ Cameel | [ Hep.. |

The options available ar8urface by means of which the new vertices will have the current
sur f ac e 6 sObjea which ihserts a pooht having its own height. Once the apprepojation has
been chosen, Roints Selectiordialog 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, |
program can performhe following operations:
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oy ==

Current Surface
C:\..\bobapepe2007.SUP
Options

Delete points

Draw poirts at contacts
[ Delete Break Lines
Mode:

@ Delete inside

(2 Delete outside

Results File

[7] Surface | |

[[ok | [ cancel | [ Hep.. |

Delete points:Surveying points within the area concerned are deleted.

Draw Points at Contacts When the surface is <changed, the s
perimeter of the area concerned are cut. This processreatevertices 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 accouthig 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.

— B e

B

Example of the result of emptying by areas

Get Modified Terrain

This command allows one to obtain the final status of theproj@ s sur f ace after eart
must select a segment file, or a horizontal alignment and aseotien file, usually generated using the
Cross-Sections > Generate Modified Terraincommand. The following dialog box is then displayed:
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Get Modified Terrain &J

Limits Height
Initial Station Soil =
Final Station Roadbed :
Drawing
Points
/| Cross-Section Lines | Elements... |
Blocks
/| Cross-Sections
/| Slope Drawings Configuration...
Cut Break Lines
Result
/| Surface topografico2 SUP | | File... |
Options
Interpolate
Use Islands I:I

Recalculate Natural Temain

Zoom to Temain

The Initial station and Final station fields allow one to select the area of action along the
horizont al al i gnment & sninimemagd neximum pasgibile avdlulesy subtracted
from the horizontal alignment and the cragstion profiles.

The crosssection template to be taken into account is specified irH#sight box. Should the
roadbed have multiple layers, a specific layey ina selected using theyersbutton.

The programds di fferent possiDpawihgisdctioms ar e i |

1 Points The program creates a surveying point at each ofthe-sress t i ond6s vertic
assigned the vertex asade.

1 CrossSection Lines: Polylines are drawn on the ground plan representing the different
components of the crosection template. Once can decide whether each of them will be drawn by
clicking on theElementsbutton.

1 Blocks : Represents the blocks dhe ground plan in accordance with the block assignment
performed for the segment.

1 CrossSections:A polyline is drawn with each of the natural terrain cuts.
Slope Drawings:Additional representations of the slopes.

91 Cut Break Lines:Deletes polylines dramvwithin the occupation environment on the layers used
for break lines to create the current surface.

The modification of the current surface can be enabled iRésaltsection. By default the program
proposes a hame for the surface file, so that it s coincide with any existing files.

A drawing of the polylines on the ground plan having greater definition is obtained using th
Interpolate option. The program will not only consider the modified cfressct i ondés vert
create new verticdsetween the cuts according to the distance specifiedenval.

By enabling theJse Islandsoption, one can define areas with closed polylines where the commanc
will not make any modifications. This could be useful for road intersections, branches, etc

Recalculate Natural Terrainmakes the program internally recalculate the csesgion profile
from the current surface. Thus, if various modifications have been made to the surface, the area of cut
and fill sl opes coul dtatus evitheuf haveng to gatherabeyandtinbliede & anossf
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 therrent 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 thecdntaar eads boundary.
dialog box is then displayed:

Earthwork by Terrain heig [

Curmert Surface

D MILMOS-ORIGEN.SUP

Heights Slopes
Minimum 172.742 Cut
Average 173.695
Masimum 174.410

Subgrade Discretization

[] Target Volume Details ... [C]Reund Comers

Fill

Drawing

Mod
o8 Modiy Points

@ Calculate Subgrade Draw Polyiines

() Select Subgrade : [ Slope drawing

Result
Surface

[ Caleulate Volume

Options
[¥] Cut Break Lines

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 dependivey amtion
chosen in thdodebox.

9 Calculate Subgraderhe crowning height of the subgrade to be created has to be entered in the
Subgradebox. Additionally, the percentage gradients of the cutting and fill slopes also have to
be entered. ThBiscretizaton parameter controls the interval between each slope projection.
The lower this parameter is, the longer the command will take. The d¢poiond cornersis
used to decide on the behaviour of the slope in convex vertices.
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1 Select SubgradeBy clickihgont he associated button, one hi
closed polylines, which the program wil t a
the slopesé gradient. I'ts height wil hecdssaryd i
unless the polyline has a variable height, in which case it cannot be changed.

ShouldTarget Volumebe activated, the program will search for a subgrade height around the on

proposed by the user at the beginning of the earthworks calcul@ipmlicking on theDetails button,
one can specify the parameters used to search for the height.

One indicates in thBrawing box if the program should delete internal points and draw new points

at the vertices making up the subgrade when creating tigeagléo The drawing of polylines defining the
subgrade calculated can also be activated.

Resultspecifies whether the current surface should be modified and applies the changes result
from earthworks. By default the program proposes a name for theestitég so that it does not coincide
with any existing files. By activating th@alculate Volumecheck box and specifying theell Size the

earthworks calculation volume resulting from the grid comparison method is included at the end of tl
process.

Contactos™

Example of a subgrade by terrain height

Target Volume

The Earthworks along Subgrade Heightand Earthworks along Terrain Height commands
allow one to either enter a subgrade height or make the program search for the subgrade height to act
a specific volume of earthworks.

Surfaces
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Best Volume Options [&J

Options
@ Equalize Cut and Fill
Cutting
Fill
Organic soil thickness 0.000
Bulking Coefficient 1.000
Maximum Difference of Volume (%) 10.00
Calculation Method
Secuential search
Height Range 10.000
Height Increment 1.000
@ Fastsearch
[ ok | [ cancal | [ Help |

The most common option is to activate Hgualize 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 thlae volume difference between both volumes is a spegiftting 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 takeoontat.ac

Maximum Volume Differencesets 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 thelseard assumes both volumes are equal.

In the sectiorMethod of Calculationa choice between Sequential Searctaround the subgrade
height entered by the user aRadst Searchto try and shorten the searching process is given.

The earthworks commals allow different slopes to be used along the polyline that delimits the
esplanade. Th8lopessection introduces the cut and fill slope value which will be used throughout the
grading. By pressing the corresponding buttofi & window like the followng is accessed:

Assigned slopes

D0.667

UnderNew a new slope value van be entered and by pressing‘thmitton, 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 paydegment where the points entered are projected.

On theAssigned Slopedist each of the values can be selected and uRdariew 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 graphicall
selectng a nearby point on the CAD window. This option may prove more convenient in the event ths
the preview is confusing. On the command line there is the possibility of designating a continuo
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
the equipment rounds off or not using the optwund Corners. On the right of this option, by pressing
the ".." button a window is accessedhaere each of the polyline vertices of the esplanade can be
configured individually.

Without round

In the preview a circle or a square appears at each vertex depending on whether the slope is rour
off or not at this vertex. By pressing the mouse near a vertexelisvipur is switched. In eadtound
andWithout Round box, All button allow all the vertices to be changed at the same time and using th
graphic designation buttor™ the vertices can be selected at the CAD window in the event that the
preview is confusg 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
convex vertg have a different slope, the slope is not rounded off.

Earthworks by Esplanade Height @

This tool, along with that oEarthwork 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
known and nothing is known about the situation regardorgacts with the terrain. The slopes generated
by the program start at the esplanade going in an el exterior direction and they end when the sl
intersects with the current surface.

The first data requested by the program is the closed polyline thaieslafie contour of the
esplanade to be carried out. The slopes will be generated towards the exterior of this polyline and then
following dialogue appears:
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Earthwork along subgrade heig
Curment Surface
D MILMOS-ORIGEN.SUP
Heights Slopes
Minimum 172.742 Cut
Average 173.695
Madmum 174.410

Subgrade Discretization

Round Comers

Fil

Target Volume Details
Drawing
| Modify Points

Mode

@ Calculate Contact /| Draw Polylines

Select Contact : Slope drawing
Result
Surface

Calculate Volume

Options
| Cut Break Lines

In the upper lefhand part the elevations of the current surface appear along the desjpigiad,
irrespective of the elevation of the polyline itself. In 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 éld and if it is not modified, the esplanade takes on the elevations of the
polyline itself.

Depending on the option chosen in Medebox, the following parameters must be specified:

Calculate Contactin this mode the elevation of the esplanade mustritered if it is not variable. In
addition, the gradients are required, of however many to one, of the cut and fill slop&ssdria&zation
parameter controls the interval between each slope projection and with the pam@metding off
Cornersthe cowex vertices can be made to look rounded off.

Designate Contactby 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 cdeamiandrks by Terrain

Height.
Ry

§

Example of an earthwork by esplanade elevation
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Earthworks along Fill Foot @

This command is equivalent 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
current surface.

The first item of data requested by the program is a polyline thamitiethe foot of the fill slopes.
If the polyline is not closed, the direction toward which the slopes are projected is requested. T
following dialog box is then displayed, which is similar to tBarthworks by Terrain Height

command.
r
Earthwork alon

Cument Surface

D\ \opografico2 SUP

Heights Slope

Minimum 359.365 Fill
Discretization

Average 362452 ] Round Comers
Drawing

Madmum 363.601 Modify Points
Draw Polylines

Subgrade [] Slope drawing

Result

Suface  ltopografico3 | File...

[7] Caleulate Volume 1.000

Cptions

[¥] Cut Break Lines

[ ok | [ cancel | [ Help..

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 pol
595, the following result is obtained. That is to say, from the polyline, a fill is generated that rises up to
height of 595, and later a platform hanzal to this height is created.
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Earthworks by Cut Crown

This command is equivalent #arthworks by Terrain Height, with the peculiarity that only the
subgrade and its slopes are generated where there is a cutting volume. No cutting areads getieeat
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.

I f the inside of the area defined by the polyl
585, the following result is obtained: A cutting slope is created from tlyineothat descends to a height
of 585, and then it creates a platform horizontal to this height.

Earthworks by Fill Crown @

This command is equivalent arthworks 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 teain is shown in the illustration below. It contains a highlighted polyline
that defines the fill crown boundary desired.

I f the outside of the area defined by the p
595, the following result is obtained: From the polyline and starting from the height of 595, on one side
fill slope has been created and towalus ather side a horizontal platform.

Earthworks along Cut Foot @

This command is equivalent 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 i
current surface.

An image of the original terrain is shown in the illustration below. It containgtdighted polyline
that defines the cutting foot boundary desired.

If one defines as the direction the direction of shapes 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, o
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 thEarthworks along Terrain Height tool, except that inssel 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.

Earthwork along subgm ﬁ
Cument Surface
D\ Mopografico2 SUP
Slopes
@) Inside Cut 0.667
_) Qutside Discretization
7] Round Comers
Slope Ending Surface
L)
Mode Drawing
@) Calculate Contact Medify Paints
Draw Polylines
*) Select Contact [[] Slape drawing
Result
Surface topografico3 | File...
[ Calculate Volume
Cptions

[¥] Cut Break Lines

Cancel ]

[ Hep..

Merge Surfaces @

The merging process allows one to include another surface within the current surface. It is equivalent
Delete Areawith the boundary of the surface includeddathen 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

shoul d coi

ncide or

be

very <c¢l ose

otherwise inconsistencies will be produced in the digital model.

t o

the heights

The program requests the file of the surface to be included and displays the following options:
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Cument Surface

D Mtopografico2 SUP
Options

| Delete intemal points

| Draw points at contacts
Delete Break Lines

[ ok | [ concel | [ Hep.. |

1 Delete Internal Points Deletes the surveying points inside the area defined by the boundary of th
surface to be included.

1 Draw Points at ContactsCreates surveying points corresponding to the vertices of the surface tc
be mergd, as well as on the contact area between the two surfaces.

1 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 tle possibility of saving the result in a surface file other than the current one, enabling th
Surfaceoption and designating a file name.

Identify Heights

This function enables us to calculate and display, using the commands of the CAD environment, 1
height of any predetermined flat coordinate point (2D) on a given surface represented by a triangular gt
Hence, each time we click on a point within the horizontal projection of a grid corresponding to a surfac
its corresponding point coordinates arewhpthe 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 usthg 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 ahralgorit
which calculates the height of the point in question as a weighted average of the heights correspondin
the three vertices of the triangle in the grid containing the planimetric position predetermined by the us
and the said weighting is based oiteria 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
error in relation to the height.

Each time the screen is clicked with theuse, 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
coordinate appears dxdeterminate.

Identifies a pointfs coordinates A
Point: ¥=376154.937  T=4085127.428 2=541.540
Foint: ¥=376175.792  ¥=4085120.050 Z=541.730
Point: ¥=376186.542  ¥=4085134.905 2=544.420

[Foint: < ¥

Draw Surface

This command allows one to draw the current surface. The following dialog box is displayed:

Surfaces
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Surface
D Mopografice2 SUP

Representation

Nathing Layer |SUF‘—THIANGULATION |
Quick View | Clear Layer
Eoundary lzolate Layer

Window Select Window

@ Complete Draw in 30 | Zoom to suface

| Cancel | | Help ...

With the Surfacebutton, 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 increada size.

Boundary. Onl 'y di splays the surfaceds boundary. It i
vertices and/or when a computer that is not very powerful is used.

on

Window: Allows one to designate a rectangular area in order to draw only thef plae 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 l'ines dr awn |
increasing so much that £&CAD 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 dliakerglt
is usually advisable to aeate theClear Layercheck box so that the program deletes any objects existing
on the layer before drawing the surfageom in on Surfacecan also be activated, so that the screen is
centered on the drawing area containing the surface.

If the option Drav 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 drawindhe | i nes of its triangl esd ed:¢
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 o#r programs, this command allows one to represent the surface with
different AutoCAD objects:
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Surface

D\ Mopografico2 SUP
Objects

@ 3D Faces

() 20 Solids

() Pohfines

() Pohface Grid

[ Layer... | suP-FACES3D
Clear Layer

[7] Zoom to surface

| Cancel | [ Hep.. |

3D Faces Generates a drawing made up byRBéxes 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
easily check the assignment of materials to a surface.

Polylines A closed polyline for eactriangle. It has disadvantage that edges are repeated when compare
to line representation.

Polyface Grid Draws the triangulation using an AutoCAD polyface grid. Once this object is created, i
cannot me modified. It can only deleted.

In addition to speifying the type of object, the layer where it will be drawn can also be chosen anc
a series of operations can be performed with it:

Clear Layer Deletes all objects from the layer before proceeding to draw.

Isolate LayerDeact i vat es ot dlayers aod only Ibaees the irdiedted Byer 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 eitlydia objects.
This command can be used if one wishes to import a triangulation whose associated surface file has t
lost or if the drawing has been manually modified and one wishes to accept the changes made to it. It
also be used to import a trigmation created using another program.

Firstly, the program requests a file in which to store the surface. It then shows displays dialog b
where one specifies theayer where the objects are drawn. If one wishes the program to assume them &
the curret surface, th&et as Current Surfaceheck box should be activated.

Surface

D Mopografico SUP E

layer [SUP-TRIANGULATION | [ Layer.

Set as Cument Surface

oK | [ Cancel | [ Help.. |

Surfaces
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Read 3D Faces

This command allows one to create a surface fidenfa triangulation drawn with 3D Fatgpe
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 I nternet from NASA6s SRTM mission (http:

displayed for specifying the system of reference coordinate for the drawing, and a window with the areas
to triangulate.

Projection

~ Select a SAC - [

Select Window... J

Once the daté introduced, the program downloads the necessary data via the Internet, triangulates
it, and last @raw Surface window is displayed.

The precision of the heights obtained is approximate to the meter, and the separation between each
element of the grids 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 optionSet as Current Surfacdoads the resulting surface in the memory automatically.

Surface Type
Land¥ML
MDOT W3

Set as Cument Suface

[ ok | | Camcel | | Hep..

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 fileraate, then it requests the destination file.

Surface Type
Land¥ML
MOT W3

oKk |
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Fill holes

This tool was created with a view to solving the triangulation problems to be found on the currel
surface. The program will ask the user to graphically designate the region he wishes to updaite an
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 therefc
be creted 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 curi
surface is saved in the relevant file. It is therefood 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 fror
the drawing. From the moment it is executed, themittg 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 adfusinibe
applied to all the current surfacebs vertices

Cument Surface
D\, Mopografico2 SUP
Height Displacement

Increment 0.000

ok | [ Cancel | | Hep.. |

Add Polylines to Surface

This command makes it possible to adedk lines to the current drawing, without the need of
reconstructing it. When it is executed, a dialog box similakdd Points to Surfaceis displayed where
one has to specify if the break | ines Ivbetaken t a
into consideration. One then uses the mouse to select the polylines to be added.
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Surface Information

In Topographynatural surface means the surface the shape of which coincides with the physical
reality we intend to represent. However, tlegwnature 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 thetoaogeaphic, 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 sameizontal surface. It is normally the topographic surface we are
interested i that represented in plans and mapalthough circumstances may exist where the natural
surface is the target measurand, such as, for example, in cases of quantifyicg s@dment.
Therefore, both surfaces need to be taken into account.

Matural Surface

Topographic Surface

Saource: Franco, J. (2002). “MNociones de Topug:nﬁu". CARTESIA
http:/ ' owrewr cartenin. org /doemload. phpop=rietedownload fend=T

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 determinghéipe and dimensions of the
same. These points may comprise a confbuobtained by projecting the points of a given altitude or
heightd or characteristic isolated points.

The execution of this command opens an informative window in which we speclfasiesurface
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 sanf@D 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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SURFACE: bobapepe2007

MNumber of Triangles: 1500
Number of Vertices: 778

Surface Perimeter

2D Perimeter 1024 438 m
3D Perimeter 1042.152 m
Surface Area

Projected Surface (2D): 58872 203 m?
Actual Surface (3D): 68274.242 m*
Heights

Lower height: 401.500 m
Higher height: 463474 m

[ Compute uncertainty

[ Prit... | [ Help.. |

In the event the points used when creating the surface contained data daintiegrclicking on
the Calculate Uncertaintiegabwill execute the calculation process and once it has been concluded a ne
dialog box will appear featuring all the data and the corresponding uncertainties.

It should be taken into account that the fadence level for calculating uncertainty (by default,
95%) is established in the Topography settiiSge the Customisation Manual for further details.

SUPERFICIE: bobapepe2007

Mimero de Tridngulos: 1501
Mimero de Veértices: Tig

Perimetro de Superficie

Perimetro 2D (1011917 £ 0.031)m
Perimetro 3D (1029.546 + 0.033)m
Area de Superficie
Superficie Topografica (20): (58925.716 £ 5.621)m*
Superficie Natural (30): (68328.166 £ 6.195) m?
Cotas
Cota minima : {401.500 = 0.010)m
Cota mé&dma : {463.474 + 0.010) m
[ Calcular incertidumbre ] Nivel de confianza: 95 %

[ Aceptar ] [ Imprimir... ] [ HAyuda ... ]

In the event the calculation of the topographic surface (2D) is conducted using the Gau

formula, the method consists of:

1. Determining the position coordinates of each target pbirgoints cloudd based on

the corresponding tachymetric observations or, when the observations are conducted
satellite (GNSS), having such coordinates at handthase 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 perimetel
points, break line® lines with sudden changes in slope 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 &
determining the points regarded as perimetral, whichtereohly 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
surfece (2D).

The calculation of natwural surfaces (3D) wu

1. Determining the position coordinates of each target pbirgoints cloudd based on

the corresponding tachymetric observations or, when the observations aretedrmuc
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 lined lines with sudden changes in slope 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. Calcdating the lengths of the sides of each triangle comprising the grid, taking into
account its threelimensional coordinates if the desired calculation is for natural surfaces
(3D); or its flat coordinates if the desired calculation is for topographiccasf@D). 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 triangl e
surface of a flat triangle with the length of each sfides.

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 hasdmeelucted using its
threedimensional 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 followingiindow is displayed

Layer [DROP | =]

| Draw 3D polyline

| Draw Circle Radius 1.000

| Group Entities

[ ok | [ cancel | | Hep.. |

Next the program requests an initial point for the route, and draws a polyline to represent the drop.
Checking the ption Draw Circle makes it easier to distinguish the initial route point, because the
program draws a circle around the position. With the oglHioyup Entities, the polylines and the circles
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drawn are grouped, so that when one of the entities is selbcdtidare 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 co
corresponding to the number of times it is repeated. Hence, only the lirthe pErimeter triangles
(boundaries and islands) are drawn in colour 1 (red) and the interior lines should only appear in colou
(yellow). In this way, it is easy to detect gapped areas in the surface where one cannot calculate ter
heights and therpgram is therefore unable, for instance, to generate contour lines.

One can see that there are areas in this drawing wheetrface is not defined

In order to go back to the surface drawn with normal colours, one can exectetheSurface
command and mark tteompleteandClear Layeroptions.
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5. Grids

Grids

The tools described in this chapter allow one to generatectatdathree dimensional
representations from grids or height and slope surfaces, as well as to assign materials to apply qui:
rendering.

A grid file is a set of 3D coordinates that are planimetrically defined in a regular square grid. MD’
works with two types of grid files: ASCII (.MLL extension) and binary (.MLB extension) files. The
former have the advantage that the filebds cont
processed by other programs. Nevertheless, the large size filkthis a disadvantage. In order to avoid
this, binary grid files can be used to provide quicker and more efficient access, although they do not h:
the aforementioned advantages.

Create Grid from Surface

This tool allows us to create a grid file finca surface.

Surface... D\ Mopografico.SUP

File Type
ASCII Grid
@ Binary Grid
Approximate size: 1023352 cells, 31580 Kbytes

Boundary

Cell Size

Bxtrapolate cells in perimeter

oKk | [ Camcel | [ Hek.. |

By clicking the Surface button, one can choose a surface other than the current drawiRie In
type,one has to specify thefg of grid to be created: eithA&SCII 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 8oundary exists by designating a closed polyline with Belect
button. In this way, the grid would then be defined only within the boundary polyline. This check make
the grid creation process slower, and it is therefore not advisable for very dense grids.

The optionExtrapolate cells in perimeteris used to obtainrgls with a larger surface.
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Lastly, theCell Sizeparameter 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, theresult will be more accurate. See volume calculatiorGby Difference in the Volumes
section.

This command ends with the creation of the relevant file. To view the results, WMefke> 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.

( Grid Creation @1
742 points selected C]
File Type
() ASCIl Grid
@ Binary Grid
Cell Size

Approximate size: 5116 cells, 20 Kbytes

[ Boundary

Select «

[7] Set as cument suface

[[ok | [ cance | [ Hep.. |

By pressing the corresponding button, a more precise selectipoirgé can be carried out. The

other options are the same as the comn@méite Grid from Surface in terms of the grid cell size and
the possibility of using oundary polyline.

Finally, there is the option of establishing the grid created asuttient 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 specifiedrite Type eitherASCII 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 8oundary exists by designating a closed polyline with elect
button. In this way, the grid would then be defined only withim boundary polyline. This check makes
the grid creation process slower, and it is therefore not advisable for very dense grids.

Lastly, theCell Sizeparameter determines the separation between grid coordinates. The smaller this
value is, the denser tlggid, and the file will occupy more space. However, if the grid is used to calculate

volumes, the result will be more accurate. See volume calculatigridyDifference in the Volumes
section.
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File Type

) ASCI Grid

@ Binary Grid

Approdmate size: -

Curves

) Layers Select Layers

@ Objects [ Select Objects <
[] Boundary Select <

Cell Size 0.500
0 [ cancsl | [ Help.. |

There are two possibilities of specifying the objects with which a grid will be generated:
choosing a list of layerd_ayersoption andSelect Layerdutton) or directly entering the polylines of the
drawing to be useddbjectsoption andSelect Objectbutton).

This command ends with the creation of the relevant file. To view the results, Bedkhe Draw
Grid command.

Draw Grid

This command allows one to represent a grid file obtained by usir@ritie > 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:

f Grid Drawing @1
Grid
C:\.. MopograficoFinal MDE l:J
Number of cells: 251643
Representation

'@ Boundary [¥] Clear Layer Isclate Layer
= Window Select Window
) Complete [¥] Zoom to surface
Objects
3D Faces
3 Polyface Grid

Image

Height Exaggeration 1.000

[ ok | [ Canced | [ Hebp. |

One can choose between two kinds of objects to draw a gridP®lyace Grid option has the
advantage of being quicker and the disadvantage that CAD sets a maximum limit on the number
vertices and faces. This is why the default opticdDd~aces

In addition, there is the option of drawing the grid as an image amdritthod will allow us to
create ahmage from the grid file. To be precise, an image will be created kit format.

By clicking theSelectbutton, one can specify a layer other than the one proposed by the progran
Clear Layerremoves the objects frotie layer before drawing the grid ameblate Layerhides the
drawingds other drawing | ayers.

TheHeight Exaggerationp ar amet er i s used to multiply the
or decrease cell height differences and improve the viewiinglief. Lastly, once the representation is
finished, theZoom check box ensures the screen is framed on the grid area. In should be taken in
account that the drawing is in three dimensions. It is therefore necessary to execute one of the C
commandsd change the viewpoint like, for example, VPOINT.

Grids
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Drawing with3D Faces Drawing as an image

Resample Grid

Another file with a different cell size can be createdrfran existing grid file. Firstly, the program
requests the original grid file. It then shows the following dialog box wNere Cell Sizeand theFile
Type of the grid to be created are entered. It is also possible to select the coordinates of thg resultin
griddébs corners to obtain a smaller surface.

Cells
Cumert size 0.103240
Number of cument cells 17.791.328

Mew number of cells 4 447 332
Coordinates
Lowest X

Lowest Y

Width

Height

Greatest X
Greatest Y
File Type

(21 ASCII Grid

@ Binary Grid

Lok ]

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 resulgingrid. 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 enabless 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 convVkeed.
complete grid will be resampled by default.

Type of File: Enables us to create arfs&ll 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 theigagtion
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 :
grid is too large to be represented with CAD.

When this command is exeedt, the window below appears to configure the filtering.

==

Options
[ Valid height intervals

[ Increase maximum heights
Maximum Difference among adjacent cells

Radius

File Type
(©) ASCII Grid

() Binary Grid

[[ok | [ camce | [ Hep. ]

Valid height intervals: Indicate the heights for the new grid, meaning any cell widsser 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.

i Maximum difference among adjacent cellsindicatesthe maximum difference that can
exist between two adjacent cells.

i Radius: Radius in which the analysis is conducted, meaning that from each one of the cel
all the cells that are contained in the indicated radius are analysed.

File Type: We indicate th 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 anothe
grid file. The program requests the two grid files involved in the procasslatks to see if they have
the same cell size. Should they not have the same cell size, a dialog box is displayed where one
choose the cell size. This is equivalent to executingréfmample Griccommand on one of the files.

The grid files have different sizes.

With what size would you like to execute the command?
File Cell Size

topografico 0.250
topografico? 0.500

[ Ganeet | [ Help. |

Convert Grid from Drawing

A grid file can b e3D¢aceohjdcts loy méansoofrthissconinaral vilizgrerg 6 s
where the objects are drawn has to be speLifis does thele Typeto be created.

Layer
[MAP-GRID | [ Layer.. ]
File Type
©) ASCII Grd
© Binary Giid
OK | [ Cancel | [ Hep..
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Layer: The layer containing the entities from which the grid is created.
Type of file: We state theype 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 comnand 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 fbe treated in MDT format.

-
Import Grid - M

Format
Arcirfo ASCI Grid -

Erdasimagine
i

C

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.

Import Grid - ﬂ1
Cells

Cument size 0.019570
Mumber of cument cells 632,833,669

MNew size 0.019570 | [1 v]
New number of cells (37 833,669

Coordinates

Minimurm
Miriimum
Mazimum X
Mzximum Y

[ ok | | Cancel | | Hep.. |

Moreover, once the grid has been converted, if the size ofdime is excessively large we may
execute the AResample Gridd command and change t}

Export Grid

This command, by contrast, will allow us to export MDT grids to other formats external to MDT. A
dialogue appears with thist 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.
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Grid Export i

Format
3D 5tudio
VRML
Sketchup

[ QK ] | Cancel | | Help ...

Information

On executing this command MDT will show the informatassociated 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 Topographynatural surface means the curve surfacket shape of which coincides with the
physical reality we intend to represent. However, the very nature of the graphic representation systems
occurs in the bounded plane system, among others, obliges us to use its orthogonal projection ©
horizontal eference plane as the most common surface, assigning it theto@ogeaphic, agrarian or
reduced surface The topographic surface is always smaller or equal to the natural surface as the form
is flat and the latter may be curved. Moreover, we needk® itto account that two real different
surfaces may correspond to the same horizontal surface. It is normally the topographic surface we
interested iri' that represented in plans and majpalthough circumstances may exist where the natural
surface $ the target measurand, such as, for example, in cases of surface tre8tadieSurfaces
chapter.

Furthermore, information is also shown on the size of the cell, number of cells, columns and rows.

Clicking on theHistogramtab will show the distribtion 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 tl
height value). Hence, the distribution of heights in the grid is shown in an intuitive manner. The numb
of cells with no defined height is also shown.

16937132

[SSE)

57.556 67.515
Pixel values
Cells with invalid height: 112836046

[ ok | | Cancel |

Grids
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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 commz
displays the following window:

' ™
Contour Line Generaii_ol &J

[ Suface... | C:\.\bobapepe2007 SUP
Layers
Minor  [CV-NORMALS

0

Major  |[CV-MASTERS
| Clear Layers

Heights Intervals

Minimum . Miriar 2.
Mandmum Maijor 10.000
Draw as

@ Polylines

] Apphy colours

[7] Smoathing factor;

Corfiguration...

| Hebp ..

The Surface button allows one to select a surfaces file other than the current file. The option
relating to layers are set out below. The layers where minor contour lines will be drawn can be specifi
TheClean Layershox eliminates albbjects from the layers selected to contain the contours

The dialog box also allows one to change Mirimum to Maximum height range to be contoured
(by default this is set as the whole surface), in addition to the height intervaidirfor and Major
contours to be applied when the contouring performed.

The contours may be drawn with three kinds of different obj&tAdd Polylines a proprietary
MDT object(Contours) or CAD lines. This first is the most common option. The second option allows
the contarr lines to be labeled without splitting the polylines and it is also possible to move the label
along the polylines. One drawback is that edit operations with CAD commands are not possible. Last
drawing the contours solely with lines has the advanthgethe 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 t
height of the contour linéVe can boose from different palettes of colours.
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Falette

Intervals 7

The Smoothing Factoroption 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 t
smooth contours since the number of vertices is quadrupled as is the amount of information that the

Colour  Minimum Height b aximum Height ar
B 401,500 410353
[ | 410.353 413.207 |

419,207 428,060 1
[ | 428,060 436.914

436,914 445767 B

445,767 454621 -

[ Edit ] [ Delete ] [ Save... ] [ Load
Legend
0.00 0.00
0

computer has to process, thus slowing down subsequent processes. It is therefore recommended that
smoothing should only be performed for the purposemaf presentation and not while working.

Modify Contour Lines

This tool i s

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 bel jonthe 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:

of

great use to manually modify
to be modified and one then has to ckmdetween two methods. How each method works is explained

104
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After executing the command:

Points If this method is chosenhe program will additionally request two points on the polyline. From
these points, the program eliminates al/l t he
method can be seen below:

Before executing the command:

After executing te command:

Add Vertices

This command allows one to insert intermediate vertices on a polyline. To begin with, the progra
requests the polyline to be modified. MDT will search for the vertices nearest to the point selected a
then, f the mouse is moved, two elastic lines will appear emerging from the two nearest points in order
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 ertex:

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 editedriddahe

shown below:

&

Contour Line Labels

Labels
Layer [cV-HEIGHT |

:

Tetstie  |CVETIQUETAS

Text Height {mm) Mumber of decimals 0 -
Contours
I Layers... | CV-MASTERS
I Automatic ... | [ Manual | Direction Lines
I Cancel J I Help ... I

There are three options available onceNluenber of DecimalsText Height LayerandText Style
parameters have been configured
Automatic: Positions the labels at the end and at the start of the contours drawn on any of the layer
included in the list using theayersbutton.
1 Manual: Allows the contour line to be labeled to be entered and positioned manually.
1 Direction Lines: By selecting two points on screen, all contours which cut across the line thus

defined are labeled. Thiption 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

Layersbutton.

106 MDT Version 7.5



All the labeling options draw the texts with an orientation whinhbles 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 mhwn using Contour Line objects, the same effect is achieved without altering the object. Th
difference means that if the labels are deleted witlDilete Labelscommand, the contours drawn with
polylines will have gaps where the labels were to bedoun

Delete Labels

This operation deletes all contour labels, after asking first for confirmation. Should labels have be
drawn in different layers, only those in the last layer selected will be deleted.

Place Label Heights

This commad enables characteristics heights such as mountain passes, hills or depressions, etc
be labeled. To do so, the following dialog is displayed:

Place Height Labels |_S(§
Label
Layer [CVHEIGHT | [
Tedstyle  |CyETIQUETAS -] =]
Text Height (mm) Mumber of decimals 2 -
Label Angle
[ ok | | Cancel | | Hep. |
Once the parameters controlling the | abel &8s
clickedwt h t he mouse. The current surfacebds heigt
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 gartex on the polyline or of the whole polyline.
The command has three different operating modes:

Change Heigl i |
Mode

") Polyline Vertex
! Interpolate
@ Whole Polyine

| Cancel | [ Hep..

Polyline Vertex: The program requeststipeo | yl i nedés vertex and then its
or by interpolating between the previous and the next vertices.

Interpolate: The program requests two of the polylinet
interpolates the height of dhe vertices to be found between the two vertices selected.

Whole Polyline: The program requests a polyline and a h
raised to the height entered.

Elevate Polyline to Contour Lines

This command all ows a polyline to be fipastedo
vertices with a height equal to that of the surface at these coordinates.

It is first necessary to specify which layers define the contours (nor@&inor and CMajor)
by clicking on thd_ayersbutton. One must then decide which polylines have to be adapted:

1 Null height: All polylines assigned a height of zero.
1 By layers: Allows one to specify the layers whose polylines will be adapted.

1 By objects: Albws 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.

Adapt Polylines to Contours ﬁ

——
Contours [ Layers... ]

Elevate polylines

@ With null height

_ By layers
") By objects JEiE

The vertices of a polyline before applying the command:
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The vertices of a polyline aftapplying the command:

Generalization

This command allows one to group together a series of known algorithms whose aim is to delete or kee
the vertices of the polylines selected.

The program will execute the algorithm previouslyisethe program configuration. Consult the
Contour Line section in th€ustomization Manual.

Two algorithms (the DouglaBeucker and the Visvalingam algorithms) are described below.

Douglas-Peucker Algorithm

This is a sirplification 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 point:
which will form the simplified line, will be Hose 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:

1 If none of these distances is greater than tolerance, the simplification will have come to an end w
only the |inebds initiual and final points be

I Should tolerance be exceeded, the point furthest away will be retained as the critical point that w
subdivide the original line into two sections. In each of those sections, the process will be repeat
as if they were two independent lines and thecess will continue thus until there is no need to
further subdivide the line.

g T

Scheme of operation of the Dougl&eucker algorithm.

Once the command has been run, MDT will request the polylines that are to be modified. It wi
then request the scale thie 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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Porameter Humber of Yerfices

Criginal Line a8l
0.1 104

0.2 ZB

[ hd

l 38

2 21

5 12

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 thme linebés definitio

It is therefore a very wuseful tool when the ai
specific linear object on a smaller scale than the one for which it was originally conceived.

The Visvalingam algorithm is based effective areaconcept, defined as the triangle area formed

by each the |l inedés points and its two i mmediat el

)
adjustment the line suffers should that point be eliminated.

The algorithmds s i gislofi establishingi aospecifip tokeranees whichc vallin
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 thketance value set.

—" . =l

]

.
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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 &
the tolerance value. The program will then apply the entire calculation process.

How the algoithm 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
polylines selected. It is thus possible to correct the various errach wiay exist in the contour line.

The program will execute the algorithm previously set in the program configuratio€¢séaurs
Lines section in theCustomization Manual).

Tunnel Algorithm

When this command is run, the following dialog box will appear. A more detailed description is
given below.

Distance 5.000

| Delete

Distance 5.000 Angle

[ cancel | [ Hep.. |

Select The contour line that are going to intervene in the filtering are selected in this section. The:
contour lines may be selected by two methods.

1 Contours: We graphically name the contours to be filtered, via the standacCAID modes of
object selection.

1 Layers: The layers where the contour lines or polylines to be filtered are to be found art
selected.

Add: If this option is marked, MDT will enter vertices in the polyline in any segments whose length i
greater than the W@e entered in th®istance 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 om 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
Distancecontrol.

The angles formed by the previous and next points with respect torteg gannot be greater than
the value entered in thengle control.

Midpoint Algorithm

The aim of this algorithm is to seek a filte]
smoothing at the same time. The processistmef creating a new polyline from the original polyline by
using its segmentsd midpoints. When this algoritt

Minimum Segment LengthAny segment of the polyline whose length is greater than the valerdn
will be processed by the algorithm.

Maximum Length AcceptedIf 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 polyles 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 ofthis 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 ithe algorithm and then the size of the segment. MDT then will progressively eliminate

any of the polylinebds vertices that do not compl
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Smoothing Contour Lines

The smoothing of contodmes may be applied when they are generated. However, in the case ¢
very large and/or dense drawings, it is better not to work with smoothed contours since the size of
drawing increases. Performing thiapresemtatiommt i on i

Smaoothing Contour Line

Smoothing factar:

Options

[ Individual JI Selection IIAII I[ Remave ‘

Corfiguration. ..

[ Cancel | | Hep.. |

This operation may be configured by users through a variable factor ranging from 1 to 10. Tt
options available are as fols:

1 Individual : Allows contour lines to be smoothed one by one. The result is shown at the momet
they are selected graphically. This option allows the result of the different factors to be observe

1 Selection Allows a group of contour lines to be sekstt 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 theConfiguration 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 arH® extension.

In addition, as well as the file selected with an SHP extension, there must be other files with tl
same name and other extensions which contain the necessary information associated with the file tc
imported.

The image below shows the séffiles associated with an SHP file to be imported.
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@ dal2_term_munic.shx
dal3_provincia.dbf

1= dad3_provincia.prj

| dal3_provincia.sbn

|| dal3_provincia.shx

@ dal3_provincia.shp

=) dal3_provincia.shp.xml
@ dal3_provincia.shx
dal4_barrio.dbf

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.

3
Import of Arc\ﬁewA &J
Drawing Layer aridsguixeras_elev1.0m_res

[ Draw Attributes
Draw Map [ Clean Layers
Available Attibutes
=N
Visible Attributes

Texts
Text Height
Alignmnent Texts
@ Left
() Center
() Right

Drawing Layer. Layer on which the elemé&nresultig 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 elimate 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 attributbeéodrawn, 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 formawill 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.

Export to SIG

Geometry
@ Points
0 Lines 130
O Areas

Layer Selection
Avaiable Layers Select Layers

(o

Geometry In this section we indicate how we wish to import the setke@lementsWe could export
them a<Points, Lines or Areas.

In addition, we have the possibility of exporting then8 or 2D depending on whether we enable the
corresponding box.

Layer Selection We indicate the layers on which the elements are situaltéch 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 weilvbe 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 needingetdigital model..

The program will execute the algorithm previously set in the program configuratio@¢séaurs
Lines section in theCustomization 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>/\értices:

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 executinghe 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 firstertex 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. Theddtep
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 time g@int 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.

¢) A decision is made on which of the three distances is smallesditaace 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 ofdith polylines is reached.
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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, consideam 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 &
single polyline. This avoids having many broken polylines in the cartography, as well as making
possible to join sheets dfgitalized cartography together.

When the command is executed, the program request one to select polylines on which the algorit
to be applied. The following dialog box is then displayed, which is described further below.

Joint Tolerance

QOptions

Insert Intermediate Vertex
@ Delete End Vertices
Controls

Consider Layer
| Consider Height
QOptions

Tolerance at Height 0.000

Mark Joints
Mark Emors

| Cancel | | Help ...

Joint Tolerance: Represents the maximum distance that may exist between the end vertices of tl
polylines selected.

Consider Layer: If this control is activated, only polyles 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 \ertices The end vertices on the new polyline corresponding to the polylines to be joinec
are deleted in the new polyline.

At Height Tolerance: Represents the maximum height difference that may exist between two polyline:
which are to be joined. This optids available for the case Gbnsider Layer.

Mark Joints (only in the case ofconsider Height): Any polylines which have been joined will be
marked with a circle at the joint.

Mark Errors (only in the case o€onsider Height): Any polylines which have ridbeen 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. |
can be very useful if oneishes 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 ohts 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
confirmaton.

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 orderdgenerate 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:

T
Special Curve Generatio =X -|
Surface... C:\.. Mopografico SUP
Heights

Minimurm 345 500
Mazirmum 383.310

Height to curve
Draw as

@ Polylines Contours

Layer... CV-ESPECIAL

Smoothing factor:

Configuration...

| Cancel | | Help .. |

The options are identical to those of the Contommmand, except in this case only one Contour
elevation to create is specified, instead of an intefMa¢é command functions in an iterative manrer.
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other words, once the special contour has been dgederie command is executed again in order to
indicate another special contour. This process is repeated ur@iatielbutton is clicked.

Separate Contour Lines

On many occasions, contour maps are imported in whictragghig difference exists between the
minor and major contour lines. This command may be used in order to be able to distinguish one ki
from the other.

==
Source Layers
Select...

Destination Layers

Minor [cvnoRmALS | |

Maior CV-MASTERS [

Heights

Muttiple

Tolerance

As can be seen in the dialog box, the layers containing contour lines have to be specified. T
program will move the objects to tiMinor or Major layers. One will be distinguished from the other
according to whether the contour line is a tiplg of the number entered in thHdultiple Factor
parameter. Additionally, th&oleranceparameter 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 wegsélistance 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,
120, 130, 140 and 150 meters, a multiple factor of 10 has to be specified. If one additionally wishes
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 def
a line which crossethe contour lines to be checked by means ofritial Point and Final Point, and
theHeight Interval between the existing contour lines.

The color of any contour lines whose height does not correspond with the interval chosen will |
changed to red,na 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. T
entities to be processed may be sfietiby clicking on the_ayersbutton, or by clickingSelectand then
selecting them using the standard selection methods.

Discretizing intervals may be controlled separatelyLioes andContours

Discretize Polylines =
Objects
[ layes. | [  selectc |

Contours Interval 1.000

oK Cancel | [ Heb.. |
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Convert Splines to a Polyline

This tool converts spling/pe objects into conventional AutoCAD polylines. Thaximum
Differencebox is the maximum differe that will be found between the original layout of the spline and
the polyline to be created.

The Delete Original Splinebox when activated indicates that the original object will be deleted
from the drawing. Additionally, iDraw on Layeris enabled te new polylines will be drawn in the layer
specified by the corresponding button.

Convert splines to polyline .5 .-I

Delete original spline

Draw on layer Layer

Maxdimum difference 2.000

[ ok | [ cancsl | [ Hep.. |

Create Sections File

This opion has been put into place in order to speed up the process of obtaining longitudinal
profiles and crossections from digitized cartography. By means of this tool, the program will create a
file having same name as the drawing and with the extenER®MM 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
cuttingt he dr awingds 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 theOK button, the file will be created and ready to bedukter 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 theNumber of Divsions parameter, which will determine the maximum number of
quadrants which will divide a drawing for conversion into sections.
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Generate Sections Fils

Mumber of Divisions

Layers List

e 1]
Read .. CV-NORMALS

—=—-  CVMASTERS
[ Seket< | yhpme

The remaindeof the dialog buttons enables the selection of layers to be controlled, as with othe
commands.

Draw Sections File

The aim of this command is to permit the rapid and simple visualisation of the features of tt
cartography beingvorked on. To begin with, the file for the cartography's sections must be created (se
Create Sections File Command

). Then, in a new CAD drawing, we exeethis 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, a:
described below:

Center. Allows one to center the cartography in accordance with the pointestles screen.

Window: This is the &apmiWmndoweommand. fThe @ragbadnswill request the
wi ndowds two end vertices.

Height: Request the height of the point designated in the cartography to be specified.
Enlarge: A zoom is automatically pesfmed to enlarge the area centered in the drawing.
Reduce As above, except that in this case the dr

Dynamic Initially, two screen coordinates are requested and then an adjustment in the drawing
produced equivalent to théstance between the two points selected.

Profile: Allows one to preview a profile of the cartography. To do so, two points are requested and ther
new window is automatically displayed containing the profile of the terrain selected (see definition fc
Quick Profile). The program will repeatedly ask for points in pairs until the process is cancelled by rigt
clicking the mouse.

Longitudinal Profile: This is the same as the previous option, except N points will be requested until th
process is canceled by right clicking the mouse. After entering the points, a view of the profile will b
seen in a window. The program will repeatedly execute the command until it is canceled by right clickir
the mouse.

In order to maximize speed, all theawve 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 fersuatported and directly
represents it in the current drawing. Points, polylines and texts will be drawn, creating the necessary

layers.
]

Input format Output format
ARCVIEW

DGN

DIGI
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7. Elements

Introduction

MDT incorporates new functionalities for the Road Layout, especially mnsterf alignment

integration and design. The programme encompasses the concepts of fixed, coupled, revolving, mobil
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 dista
and two clothoids (for output and output at the fixed segment).

Three points may also be used to define a fixed circular. The programme deduatsuthamd 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, aiiith 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 lengtim(orcaease in length) of the alignment
on which it is supported. In view of this latter data, and bearing in mind whether the alignment calculate
is the previous or subsequent one, four subtypes can be distinguished between

Coupled to P1

The coupled aligment replaces the length calculated on the previous alignment. For the new final
point the coupled alignment is concatenated.

CoupledtoP1

Coupled to P2

The coupled alignment extends the length calculated on the previous alignment. For the new final
point the couple@lignment is concatenated.

Elements 123



CoupledtoP2

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-coupledtoP1

Back-coupled to P2

The coupled alignnmé replaces the length calculated on the subsequent alignment. Before the next
alignment, the layout elements of the coupled alignment are inserted.

Back-coupledtoP2

Revolving Alignment

A revolving alignment is also supported on a calculated alignment and it meetsiditeoachat 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.

| -

Revolving
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Two types are distinguished between, 8eing and Backrevolving, 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.
order to calculate it, the previous and subsequent alignment are calculated.

During the calculation process the lengths of the previous and subsequemealig 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 program
opts for the shortest development solution. To use the other solth®riype 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 ¢
selected on the screen or the command line options can busad 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.

Speed:  80.000 Instruction:  Group |I: Road 80, 60 and 40 - 142 |
Type Radius A1 42 HPT) ¥IP1) XIP1) ®[P2) Setback L 0
e 0.000 0.000 0000 335085956 4084584132 335095.950 4084593749 0.000 "
2 | Fined2P1R -25.000 0.000 0000 335095950 40B4593.743 335121906 4084618342 0.000 |nsert befors
3 | Floating 22,000 15.000 20.000
4 | Fixed2P1R 0.000 0.000 0000 335165.882 40B4640.970 335201010 4084587897 0.000 Delete
| 75 | Floating 50,000 45,000 40,000 ———— |
nzert alter
& |Fined 2P1R 0.000 0.000 0000 335308146 4084602632 335311148 4084514659 0.000 I—I
7 | Floating £0.000 50,000 50.000 Down
g | Fived2P1R 0.000 0.000 0000 335385546 40B4683.912 335420421 4084689855 0.000 J—
Irvet
| , Fi
| Open... | | Save... | | Drraw ‘ | AL | | Calculate [ ak ] | Cancel | | Help |

Firstly, the axis project speed appears and road instruction file AThA2" button assigns to the aligremt of the list which
has the cursor the clothoid parameters in accordance with the instruction.

Under the list there are two tabs labelldiynments andAxis. The first allows the editing of the alignments and the
second shows the axis resulting from tiadculation.

On the right of the window there is an operations' column which operates on the alignment selected on the list. Th
RaiseandLower buttons allow an alignment to be moved within the list. Dieéetebutton eliminates it and tHavert button
exchanges the initial and final points of the alignment as well as the radius sign, resulting in the inversion of tredfirecti
travel of the axis at this alignment. For an alignment which is not fixed and which has been calcul&igtutten conerts
it into a fixed alignment, taking its initial and final points from the calculation. Finallyinsest before andinsert
afterwardsbuttons allow the graphic designation of a layout element and its addition to the list, being inserted at the positio
before or after that of the cursor.

On the list itself in the first colummType) the alignment type can be changed, selecting it from adivem menu.
When changing the type, the other cells on the row can be enabled or disabled in line with thehopdon
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The Radiuscolumns,AlandA2 allow the radius and the input (A1) and output (A2) clothoid parameters of the
corresponding alignment to be edited. By pressing the lower butari,"you can switch between the parameter or length
when editing the dthoids.

The columns{(P1), Y(P1), X(P2)andY(P2) show the coordinates defined by the fixed alignments. In the rest of the
alignments they are disabled, except at the revolving (orteakving) 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 thétbn to designate the point
graphically.

The Setbaclcolumn shows the displacement that fixed alignments may have.

ThelLength andinclength are involved in the couplealignments. 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 @Balculateoption is enabled, each edition of the list brings alaoecalculation
of the alignments affected. In the event that the programme is unable to calculate any alignment, in the first coldmn the cel
with the ordinal of the alignment will appear in red. Upon placing the cursor on this line, under thedlisbittieat has
occurred appears on the status line.

The Openbutton allows an axis, segment or alignment file to be loadedSahebutton allows the list of alignments
to be saved on a file. In the event that it is not possible to calculate the afils, tinke 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 fesigons the same set of alignments can
continue to be edited.

MDT®6 type alignments

In addition to theCalculate Alignmentsommand, MDT7 includes the alignment commands from the previous
version. These commandan 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 geometringpiles 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 taigtlated by
the system.

Straight lines

The straight line is defined by its initial (1) 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 comman@&dit Alignment

The straight lines are drawn as line type entities or as a polyline with two vertices.

126 MDT Version 7.5



F N
Straight Line Details |

Coordinates

| 335085958 4024554132 R
F 335095950 40245933743 [ ?
”"Azimut[l_‘ /
Amounts [ j/f
Azimuth 102442116 [ Lanaht
| /
i/
length  10.000 ~
[ ok | | cancel |

b ——

Any kind of modification can be made to theseneénts 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 clockwlisection or negative otherwise.

3
/"(/'M\ T=

Te .

]

The coordinates sow in thigetailsdialogue of the commariddit Alignment
are:

Te. Input tangnt 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. Cuve length.

Sc Semichord.

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.

i =
Curve Details @

— P— —— —

Coordinates

Te 335095950 4084593749
Ts 335121506 4084618.342
0 335096509 4084618.730 v

m | »

V335121503 4024592.758
B 335114104 4084600583 - : \
Amounts Te »//jff"l - - Te I
R 25000 C/z2 17878 / |
TeV 25577 BM 7525
[ |
VB 10766 Ac 101453350
|
D 39.841 Adv 98546650
| ¢ w7 Ac 50726675 !
oKk ] [ cancel |

e

As with thestraight 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 th
input and output radio and their parameter. Provided that the following is complied with:

2
L:i
R

whereL is the length of the clothoid\ is the parameter aridlis the radius. The clothoids may be defined
between a straight line anccarve (Re=2 y Rs=R), between a curve and a straight line (Re=R yRp=
or between two curves (RezBnd Rs=R).

The coordinates sow in tiizetailsdialogue of the commaridit Alignment
are:

O. Link circle centre.

Te. Input tangent of the curve.

Ts. Output tangent of the curve.

Pl. Tangent intersection point.

On the other hand, the magnitudes indicated are as follows:
X. X-axis of the ihal point.

Y. Final point ordinate.

X0. X-axis of the centre.

YO. Ordinate of the centre.

Tc. Short tangent.

TI. Long tangent.

Tau. Angle formed by the two tangents at the vertex.

IncR. Setback.
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e ¥ |

For the clothoids a discretisation is drawn of the théaketurve by means of a polyline. The
drawing interval may be specified on the configuration. This parameter only affects the representation &
the results are always calculated analytically.

The polyline representing a clothoid can be copied, revawneidmoved using the CAD commands.
The modifications to individual vertices are not taken into account. To modify the length of a clothoid th
commandedit 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 th
the alignment they form maintains its coherefdeese 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 theslementdibrary we can create sequences of connected layout elements which can be
inserted as part of a more complex alignment.

Alignments

Although theelementsontain all the information required to analytically define the layout, the
elementeeds to be converted into alignmentin order to be able to use it in profile calculation and
setting out operations using the comm&uhvert Alignment.

Isolated Line

This command enables a line to be drawn indegethyl 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
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