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There can be some screen images with an old interthe toolbar layout has been

slightly reorganized, but the functionality remairtbe same.



1. 2D window

The main window - will be called “2D view”
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Interface
Buttons

The upper row:
- Zoom in — click to zoom in.
- Zoom out— click to zoom out.

- New mesh- create a new empty mesh with all the propesitsip in the mesh

properties window.

- Reset— remove the current mesh from the program.

The bottom row

- Move — move the mesh — when this button is pressed th@vmesh to the

desired location by left-click and dragging the mes

- Enlarge — when the button is pressed select the areddogenby left-click and

dragging the mesh.

- Fit to the screen— clicking this button fits the current mesh te gtreen.

“All” checkbox — draw all meshes at once.

“3D view’ button — send the current mesh to the 3D vievenspa new window

where the 3D model of the mesh is displayed.




“Switch mesH button — switch between meshes if there is mbamtone mesh
loaded to the program.

All the checkboxes on the right side are used tovh&ch mesh features are going to
be displayed.

a. Before making a new mesh — setting mesh properties

Using the “File->New mesh properties” menu optibe tiser can specify properties
of a new mesh to be created — type of the mestdheding box of the mesh, disk
radius for all points and the big triangle poinsvation value.

Bounding box — it is a rectangle inside which psicéan be added, it specifies the
maximum range of the data.

All points are enclosed by “a big triangle” contamthe bounding box inside.

Disk radius (DR) — each point has its own zone radozalled disk with the radius
specified. All points in the mesh have the samk didius — disk radius is set for the
whole mesh. The distance between any two pointsatdre smaller than two times
the disk radius value 2*DR. If a new point is gotnge inserted in a location where
there is a point within 2*DR distance then thisecascalled a collision and the point
will not be inserted.

There are two buttons allowing quick change ofdisk size: “*10” — increasing the
size 10 times, and “/10” — decreasing the sizarhéd.

Mesh types:
1. Delaunay
2. Delaunay for Flow Simulation, we will call it “MedHow Delaunay”

All settings set by the user in this window will &pplied to every mesh created
afterwards.
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A new mesh can be created in 3 ways, using the™Rilenu, each new mesh has all
the properties set up in the “New Mesh Propertvesitow:

1. New mesh — creates a new empty mesh and pointsecerserted manually.

2. Mesh from a file with points — reads points frore th.pts” file and inserts them

into the mesh.

3. Mesh from a shapefile — reads points from “*.shfg &nd inserts them to the

mesh.

At any time another data set can be loaded inteauiheent mesh by choosing “Add
another data to the mesh...” from the File menu.

b. Program modes

After the mesh is created the 2D window of the progis in the “General” mode. In
this mode clicking inside the window does not givey effect.

The current mode is displayed on the bottom ofatlmelow in the third part of the

Status Bar.
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Switching between modes can be achieved by sefeictithe pop-up menu, which
appears by Right-Click with Ctrl button pressedisTpop-up menu differs for each
type of the mesh. In each of those modes user@darm some operations on the
current mesh.

Modes Available if the mesh type is Delaunay:
- Insert

- Delete

- Assign elevation - crust

- Assign elevation - point

- Crust - Connect Two Points

- Insert Point Between Two Points

- Insert Line

If the mesh type is Flow Delaunay then some adutionodes available:
- Set Constant Head

- Add Water

- Set No Flow Data Point

- Set Monitoring Point

- Set the outlet for cumulative catchment areas

The menu below is displayed for Mesh Delaunay.



The menu below is displayed for Mesh Flow Delaunay.

Press ESC to return to the general mode.

c. Operations

If the mesh exists following operations are avddab

- Insert a new point — “I” key - change the programwde to “Insert” — Ctrl+Right-
Click opens the pop-up menu where you must selaseft” field, another way to
enter “Insert” mode is to press “i” key. In that deoLeft-Click causes insertion of
a new point at the selected location. Right-Clipkems a small window, in which
you can specify the elevation value for the newpdihe current elevation value
is displayed in the second part of the Status BHreabottom of the window.



- Delete a point — “D” key - change the program mdelete” — Ctrl+Right-
Click opens the pop-up menu where you must sel@elete” field, another way
to enter “Delete” mode is to press “i” key. In tmabdde Left-Click causes deletion
of a node nearest to the selected location. Elevati the nearest node is
displayed at the bottom of the form.

- Assign an elevation for contour lines — “A” keyhange the program mode to
“Assign elevation - crust” - Ctrl+Right-Click opetise pop-up menu where you
must select “Assign elevation - crust” field. Instimode when you move the
cursor over the data the closet contour line mddeust edges is being
highlighted, Right-Click opens a small window whgmi can specify the
elevation you want to assign to a contour linetdGick starts the assigning
elevation process, which follows the crust starfinogn the closest data point. The
current elevation value is displayed in the sequend of the Status Bar at the
bottom of the window. In the first part of the simbar the elevation of a nearest
node to the cursor is displayed.

- Assign elevation for a single point — “P” key - diga the program mode to
“Assign elevation — point” - Ctrl+Right-Click operise pop-up menu where you
must select “Assign elevation - point” field. Irighmode when you move the
cursor over the mesh the closet data point is beiglglighted, Right-Click opens
a small window where you can specify the elevayion want to assign to the
point and Left-Click changes the elevation valu¢hef selected data point. The
current elevation value is displayed in the sequend of the Status Bar at the
bottom of the window.

- Connect two selected points by crust edges — “@"-kehange the program mode
to “Crust - Connect Two Points”, then when you mtwe cursor over the mesh
the closet data point is being highlighted. Youcdhteselect the first and the
second point with Left-Click, after the second sgtm those two points will be
connected automatically with crust edges.

- Insert a new point exactly in the middle of twoestéd points — “B” key - change
the program mode to “Insert Point Between Two B3jrthen when you move
the cursor over the mesh the closet data poirgirggomarked. You need to select
the first and the second point with Left-Click,afthe second selection a new
point between those two points will be automaticalserted. Its elevation will be
computed using elevation of used two points.

- Insert a line — “L” key - change the program maoalélhsert Line”, then insert
two points — after insertion of the second poimheadditional points will be
inserted between those two points if required aldeamade of triangle edges
will be created.

d. Working with several meshes

The program allows working with more than one méstother mesh can be added
at any moment in the same way as the first mesist-bly reading a file or like a new
empty mesh. The mesh loaded as the last one ang thsplayed on the screen we
will call “the current mesh”.



All the meshes are displayed at oncesaif™ checkbox is ticked.

Switching between meshes can be achieved by cfjakin“Switch mesh” button or

by pressing-1 key. Then a window with the list of meshes is tligpd and the user
can choose a mesh he wants to be a current mesh nt&sh can be identified by the
name of the file used to create the mesh. If thehmeas created not from a file but as
a new mesh then instead of the name of the fileeav“mesh” text is displayed.
Clicking RESET button removes the current mesh ftoenset of meshes and sets
another mesh as the current one.

3D view allows displaying more than one mesh alsodisplay more than one mesh:

- Load the first mesh data, click 3D view button ¢émd the mesh to 3D view.

- Switch to 2d view without closing the 3d view —c&lionto the 2D view form or
choose from the menu “Display — Switch” to 2D optio

- Load another data and click 3D view button agaisetod the second data set to
3D. Each mesh can be manipulated separately iB@he select the mesh (press
Select button and left-click onto the mesh) anagpén the selection mode enter
the manipulation mode.

- Switch to 2D view and load another data set.

Removing a mesh from 2D removes this mesh from @Draatically. If the last
mesh is removed from 2D view then the mesh is reddrom the 3D view and the
3D view window is being closed automatically.

Loading the data, sending it to 3D and switchingkida 2D (vithout closing 3D)

and then modifying the data the way than data ramgkechange (new x,y or z
minimum or maximum values) and sending the saméwith the data modified
leads to obtaining the same 3D view — the meshnaiilbe rescaled.

But loading the data, sending it to 3D vieslgsing the 3D view modifying the data
in 2D and sending it to 3D again leads to obtair@rdifferent 3D display than before
— all the data will be rescaled to fit to the 3Dhdaow.



- Fil

e. The main menu:

e
New mesh properties — properties of the mesh wrdated.
New mesh — to create a new mesh. Creates a ngjlgiéwith elevation values
taken from “New mesh properties” window), whichairame for the mesh. New
points can be inserted only within the mesh’s banméox drawn in the middle
of the big triangle.
Reset — delete the current mesh, everything igetefeom the memory, the same
action when “RESET” button is clicked. If there wasre than one mesh then
another mesh is becoming the current one.
Mesh from a file with points — to create a meshira file with points. “Open
file” dialog is displayed. After the file is select the mesh is created (with
properties set up in “New Mesh Properties”) angldiged.
Files with points have “pts” extension. These av files, containing points
coordinates, each line contains three values amgyz coordinates. Also the mesh
bounding box can be stored in the pts file — as dlmuble values in the first line
of the file — x min, y min, x max, y max values.
Mesh from a SHP file — to create a mesh from E3iRIfde. Shapefile z values
are stored in dbf file. The associated dbf file&tds are displayed one by one in a
message box and the field containing z value hag teelected.



Mesh from a bitmap with contours — to create a nfiesh a bitmap containing
contour lines. The field is enabled after the bjgngloaded. The mesh bounding
box size is equal to the bitmap size and for edatkipixel a new point is
inserted.

Save points - *.pts file — to save current triaagioin nodes in a pts file, “Open
file” dialog is shown.

Save points — ArcView *.pnt file — to save currémngulation nodes in a pnt
file, “Open file” dialog is shown. Pnt files can bead in ArcView.

Save triangles in txt file — to save the curreiaingulation in a file containing a
triangle coordinates in each line.

Save as GRID - to create a grid from the triangadatFirstly “Grid
interpolation” window is displayed with gridding tigns.

Five types of grid files can be created —-USGS DE&I(f.dem), ASCII grid file
(*.txt), ASCII ArcView file (*.asc), (*xyz) and (*grd). An interpolation method
has to be selected, slopes or smoothing optionbeaelected too. The each
value can be rescaled also with value specifi¢ddale” field. After setting all
grid properties “Save file” dialog window is dispkd, where the user has to input
the name of the file and select a location to save
After changing values in editing fields press Enterecalculate all other values.
Save mesh in BMP file — to save a mesh as a bmgama

- Exit — to close the program.

- Image

- Load bitmap — to load an image containing contmad.
Save bitmap — to save the current image.
Remove bitmap — to remove the bitmap from the @ogr
Prewitt edge detection — to process the image, ddtgetion using Prewitt
algorithm.
Sobel edge detection — to process the image, estgetobn using Sobel
algorithm.
Thinning — to thin image features.



Extract Separate Pixels — to extract pixels fromlihes. Uses number of white
pixels around each black pixel specified in “Bitnm@pperties” dialog window.
Inverse bitmap — to change colours of the image.
Black for non-white — to change colours of non-wtpixels to black.
- Enlarge bitmap 2x — to enlarge a bitmap twice.
- Skeleton functions
Estimate Skeleton Vertices Elevation - valley léngtto estimate skeleton
vertices elevation using constant slope down tiieywanethod.
Estimate Skeleton Vertices Elevation — Radius estimate skeleton vertices
elevation using constant side wall slope method.
Estimate Skeleton Vertices Elevation - Radius tddise — to estimate skeleton
vertices elevation using mixed method.
Estimate crust nodes elevation based on the dstaoim selected node — for
river data, the user has to select the outlet paitite river, elevation will be
assigned automatically for all crust points starfiom that point
Enrich TIN with Skeleton — to insert skeleton vegs into existing TIN.
Enrich TIN with Skeleton — River Network — to errithe TIN with skeleton
vertices. All TIN vertices have z value equal tfriQer basin), and skeleton
vertices will have their elevation estimated basedadii of circumcircles of
triangles. (try this option with river.pts file)
- Generalization
Move one point onto parent circle — to retract dargkeleton branches, using
method from Thibault, Gold paper on skeleton gdietion.
- Grid
Grids are associated with meshes. Each mesh cantisawvn grid created by
interpolation of this mesh. To create a grid “Makel” option has to be used.
Making a grid without removing the previous onelaeps automatically the old grid
with the new one. The program allows work with mthr@& one grid — each mesh can
contain its own grid. All grid operations like dreng histograms or computing
curvatures are performed on the current mesh’s grid
Make grid — displays “Grid interpolation” window he&re the interpolation
method, grid size and other parameters can b&sehodel grid based runoff
“Flow grid” checkbox has to be checked — auxiligrid for runoff will be created
then. After grid is created it is stored in the nogyn- in the second status bar at
the bottom of the window “Grid” text is displaydfiFlow grid was created too,
then the text at the bottom is “Grid + Flow Gririd cells are being drawn
when “Draw grid” menu field is checked. The samalout grid nodes and grid
cells values.



Grid from ASCII ArcView grid (*.asc)...- to makegaid from an ASC ArcView
grid file. It creates a new mesh having the siagétp the size of the grid and
with nodes inserted in the middle of each celhaf grid. Voronoi Diagram of this
mesh has squared Voronoi cells and looks exa&#ythe grid.

Grid from ASCII GS file (*.grd)... — to make a gricbm a Surfer grid file. A
mesh based on the grid is created automatically.

Grid from ASCII TXT file (*.txt)... - to make a giifrom a TXT ASCII grid file.

A mesh based on the grid is created automaticatly tve bounding box set up in
the “Mesh New Properties” window. Grid TXT files dot contain any
information about the grid’s data range, they contaly z values, that is why the
user has to specify the size of the grid befordirgpthis kind of grids.

Delete Grid — to remove the grid from the memory.

Grid properties — displays “Grid properties” windawvhere grid parameters are
displayed and some parameters can be set.

Calculate and Draw Slopes — if the grid exists tslepes are calculated and
drawn on the screen.

Calculate and Draw Profile Curvature — if the ggidsts then profile curvature is
calculated and drawn on the screen.



Calculate and Draw Plan Curvature — if the gricsexthen plan curvature is
calculated and drawn on the screen.

Profiles histogram —

Relative heights histogram —

Slopes distribution histogram — “Slope distributievindow is shown, number of
slope classes has to be specified and the histogrdrawn (slopes here is
measured in degrees, possible values are betwaed 90 degrees, slopes are
classified into classes).

Profile curvature distribution histogram —

Plan curvature distribution histogram —

Compare two grids volumes — if grids are createdvi@ or more meshes then
their volumes can be compared, it compares thewcugrid with the next one.
Draw grid — when this menu field is checked a getls are drawn.

Draw grid points — draws points within grid cells.

Draw grid z values — draws each cell’'s elevatioluea

- Additional points
Random — to insert a specified number of points $elected area randomly
distributed.



Grid — to insert a specified number of regularistdbuted points in a selected
area (grid pattern). Number of columns and rowstbd® specified.

Circle — to insert a circle with specified centiaglius or specified number of
circles with the same centre, specified radiusedfice.

Random Voronoi Pattern — to insert randomly disiielol additional points.
Thicken points on crust edges— to insert additipoahts on crust edges (based on
the disk size).
Add another data to the mesh — to add points frootheer file with points to the
current mesh.
Add another data to the mesh preserving volumeaddbpoints from another file
with points to the current mesh, only x any cooatis will be used, the altitude
of additional points will be calculated during insen to preserve the initial
volume of the mesh.
Frame around mesh bounding box — to insert pointside the bounding box to
frame the mesh. Additional dialog box “Frame aroumesh” is being displayed
after choosing this option and the number of frgoiats and the elevation value
has to be specified there.

- Runoff — enabled if the mesh is Flow Delaunay
Properties — runoff properties. Runoff process ipatars have to be specified in
this dialog.



- Op

Add Flow Frame — adds a flow frame to TIN. Poimt$he flow frame have
spacing values defined in “Runoff properties” dal@heir z values are taken
from “z edit field”.

Draw Runoff — this field can be checked, if check®eh during runoff process
water flow is drawn.

Initialise Runoff —initialises the runoff. A certaamount of water, specified in
“Runoff properties” dialog “initial water heightidld is put to every Voronoi cell.
Remove Water — to remove water from all cells, #stanodel as not initialised.
Start Voronoi Runoff — to start Voronoi runoff pess. Performs i iterations,
where i is specified in “Runoff properties” dialog“iterations” field, the screen
is repainted every n-iteration and n is specifiretRunoff properties” dialog in
“repaint every n-th iteration” field.

Start Grid runoff — to start runoff on grid.

Save Runoff in BMP file — to save current flow stas an image.

Draw runoff — draw Vornoi celss filled with water

Draw water level — draw the level of water in eaeh

Draw water volume — draw the volume of water inteeell

Water level Monitoring Chart — displays a chartwhmy the amount of water at
the constant head point at specified iterationthdfe is more than one constant
flow point then it monitors only the first one.

Water volume output chart -

tions

Set Constant Intervals — when this menu field eckled, snapping is turned on
while insertion new points — current x and y cooadés are changed to the
nearest integer values.

Display options — displays “Display options” windpwhere colours and some
other features can be adjusted.



Bitmap properties — displays “General propertiegidew, where some other
settings can be changed — output bitmap size amdbeuof white pixels used to
perform “Reduce shape” Image function.

Mesh info — displays “Mesh Info” window, where mdgpe and mesh size is
displayed.



Rescale mesh view — custom scaling.

- Auxiliary (stuff mostly under development)
- Even out z values using NEM — to smooth out théaserusing Natural Element

Method of interpolation.

Create new mesh by sampling this mesh — to reguarhple the data, x and y
steps have to be specified. A new mesh will beteceautomatically and it will

become the current mesh.

- About — an information window



2. 3D window

a. Menu and toolbar

“Display” group — two ways of displaying the model, can béched at any
moment:

- Triangles

- Cells— Voronoi cells associated with nodes

“Edges” checkbox — when it is checked then edges of tlesngr cell are displayed.
It slows down the displaying significantly — it thbemputer is not fast enough then
manipulation of the model with edges displayedes/\slow — the solution then is to
manipulate the model without displaying the edgesdisplaying the edges after
finishing the manipulation.

“Scale” button and editing field — to rescale the dateeraflicking Scale button all z
values in the model are multiplied by the valueestakom the editing field.

“Coordinates” group —when ON button is pressed then the current world
coordinates are displayed while the cursor is baioged above the current model.
(when more than one mesh is being displayed int 3ay not work properly, under
development)

Main menu

- File - Save as OBJ file — to save the object as fd&J

- File - Load texture — to load a texture from a biitgp

- File - Make and load texture — creates and loadstare from the current 2d
view. The texture size is set up in “Display-Bitnyapperties” in the main
program window. The size of the bitmap must beagetwer of 2, like 256x256,
512x512. The shape of the bounding box of the resls not have to be squared
- the texture will be adjusted to the model autocadly.



- Display — Flat triangles — when triangles are digptl marks all flat triangles in
the model.

- Display — Axes — draws X, y and z axes

- Display — Switch to 2D — open the 2D window, withelosing the 3D one

- Display — Options — some settings: size of edgesitipn of the light in the scene

- Display — Cumulative catchment areas — to dispkag bof the water volume

- Display — reset view — go back to the initial view

- Display — Rescale — rescale the model

If the current mesh is Mesh Flow Delaunay then saduditional features are
displayed in the toolbar — the Runoff box.

b. 3D window working modes

Several different working modes:

-  General

- Manipulation

- Selection

- Terrain operations — insert and connect

The general mode

Movement of the mouse cursor and left-button cligkinside the window doesn’t
make any effect. Right click — switching to the npartation mode. Right click again
- return to the general mode.

The manipulation mode- the cursor is not visible

- Mouse movement — x and z axes rotation of the whiel or the selected mesh.

- Mouse movement with the mouse left button presseltange the position of the
viewer — impression of moving the model.

- Mouse wheel — zoom in or zoom out the whole viewherselected mesh.



Selection mode

Another possible option is a selection of trianglesells.

- Selectbutton — when this button is pressed then seledtiperformed by left-
click on the model, selected feature is markeeth Entering the manipulation
mode while something is selected means that alipnéation operations will be
applied to the selected model — it is useful whementhan one model is displayed
at once in the 3d view.

Terrain modification mode

It is possible to delete nodes or to connect sedegbdes in the 3d view.

1. Deletebutton —when it is pressed then while movingdhesor the nearest node
is marked by a small sphere and the left buttakitlg removes this marked
node.

2. Connectbutton — to connect two nodes. When this butt@réssed the user has
to select the first node by left-click and thereséthe second node — then those
two nodes are being connected automatically byrtieseof some additional
nodes.

c. Draping a picture onto a terrain

Three ways:

a)

b)

Use an image stored in a bitmap file.

The bitmap image must be square-shaped and itssdirgited to values being the
power of 2, so it could be 64x64, 256x256, 512xatd others.

In the 3D view from the menu choose File->Loaduext.. Choose the bitmap file
containing an image you want to use — the imagebeidraped on the mesh and this
menu field will be checked. To remove the textumeheck the “Load texture” menu
field.

Create a bitmap image from the current mesh vietlierprogram, save it and drape
it on the model.

Load the data to the program: File -> Mesh froreaviith points... Select the file -
for example “contours.pts”. The mesh is created@f)oose features you want to
display, for example only the crust and skeletom. (*



Save the current mesh as a bitmap. File -> Savh mé&3MP file.... Choose a
location for the file. The size of the saved piethas is 256x256 pixels. To change
the size of the bitmap - from the main menu choGg#ions -> Properties...

You can change also colours and the size of lindgaints — from the main menu
choose: Options -> Display options... It opens thesflay Properties” where you
can modify current colour and size settings ofdisplayed mesh features.

View the mesh in 3D — click “3D view” button. Toajre the picture choose File-
>l oad texture... option from the menu. Choose theajt file with the texture - the
picture is draped and this menu field is checkexturn off the texture uncheck
“Load texture” menu field.



c) The image can be created and draped automaticaity the current mesh.

You can drape an image on the displayed 3d modetaatically without creating a
bitmap before. In 3d view menu there is an optibie->Make and load texture”
which creates a texture from the current mesh aygal in the main program window
— 2d view. It saves the current state of the matihall features like edges, skeletons
or nodes displayed on the screen. Just click atntiginu option and the bitmap will be
created and draped on the 3d model.



3. TIN from scanned contours

Load an image with contour lines. Image shouldtbeed as a bitmap with *.bmp
extensions. To load a bitmap from the main menwséo‘Image -> Load bitmap...”
Select a file you want to use — here “contours56x256.bmp”. The image will be
loaded and displayed in the middle of the scre&mtannot be enlarged or moved. The
bitmap should be a square with the size being tlneep of 2, like 256x256 or 512x512
(to be able to drape it on the terrain model in.3Dthe image cannot be loaded open it
in Microsoft Paint and save it as a 24-bit bitmiagre.

Image -> Load bitmap

In order to create a TIN from the loaded bitmaptammng contour lines the image has to
be processed.

a. Image processing
The image should be in “black and white” formatonh the main menu choose: “Image -
> Black for non-white”. It filters the image, gi\grback colour to all dark pixels and
white colour to pixels having light grey colour Emove some noise around lines in
images created from JPEG).

Image -> Black for non-white

All contour lines should be one pixel width so tigpuld be thinned - from the main
menu choose: “Image -> Thinning”.



Image -> Thinning.

The separated pixels should be extracted fromittles + contour lines should be changed
to dotted lines. It means some of neighbouringlbfzgels around some selected black
pixels should be replaced with white pixels — frihra main menu choose: Image ->
Reduce shape.

Default number of white pixels around black pixel2 but it can be changed — to do so
from the main menu choose: “Options -> Bitmap progs...”

Image -> Extract Separate Pixels

After separated pixels are extracted from the aarlioes the mesh can be created. By
default the size of the mesh will be the same esite of the image and for each black
pixel one point will be inserted to the mesh.

b. Mesh generation

In order to create a mesh from the image in thexmmanu choose “File -> Mesh from
contours bitmap...” A dialog window “Mesh from a bamwith contours” will be
displayed.



In this window you can specify the disk size anel ¢kevation value will be assigned to

every inserted point.
After confirming (OK button) the mesh is creat@dnode is inserted to the mesh at

every non-white pixel location.

You can save the current mesh in a *.pts file as@litiin case if you do something wrong
later... (File -> Save points...) to reconstruct theyiwus mesh shape without doing the
all image processing again.

c. Mesh generalization

There are many skeleton branches consisting ofm#y\/oronoi vertex, these branches
can be removed by simple generalization of thees&el From the main menu choose
“Generalization -> Move one point onto parent @fclAll simple skeleton branches are
retracted and skeleton is much simpler - less yhair



Before After

Before the generalization After Generalization

d. Contour lines elevation assignment

In the mesh created from the image every data paisithe same z value — new z values
has to be assigned by the user semi-manually.dégeaf the assigning elevation process
is to specify the elevation value and select aaumine - then the elevation value will be
automatically assigned to all points belonging#® $ame contour line made by crust
edges.

Before starting this process all contour lines &stng of crust edges) should be
separated — if some of them are connectedteamual modification of data points
(insertion or deletion) should be performed untitantour lines are separated.

The only case, when crust edges from differentaastcan be connected is on the
border of the mesh, where crust border edges lawed.

Edges belonging to the crust and having both westaonnected to the big
triangle will be calledborder crust edges




In cases of finding border crust edges the uséibaibasked, whether an approached
border crust edge should be considered as a p#ré @urrent contour line and the
process should be continued in this direction, loetiver the process should treat this

edge as the end of the contour line

Those have to be marked manually as skeleton edges

Crust edges on the border being a part of a contioose have to be confirmed as crust
edges.

Not correct crust edge — one of

To start assigning elevation values: switch thgymm to “Assign elevation - Crust”
mode
press ‘a’ key



or ‘CtrI+Right-Click’ to enter the pop-up menu aselect ‘Assign elevation - Crust’
option

In this mode Right-Click shows a window where thavation has to be specified for the
next contourline.

After the elevation value is set up the user hagtect any point belonging to the

contour (made of crust edges) by Left-Click. Thevation will be assigned to all points
connected to the selected point by crust edges.

The boundary crust edge case — the user has tedebiether the boundary crust edge

(thick edge marked in red and blue colour) shogladdnsidered as a part of the contour
line.

Some border crust edges are parts of contoursi¢thieimage)

The current state of the mesh can be viewed iny3ditking “3d view” button.



Resulting mesh, after assigning elevation valuedltcontours

3d view of the resulting mesh

After assigning all the elevation values the mdstutd be saved in pts file.



e. TIN enrichment

In order to remove flat triangles from TIN skeletgertices are used. Elevation values
have to be assigned to skeleton vertices beforeitisertion.
To be able to estimate skeleton vertices elevaiany data point has to be connected
to two another data points having the same elevatioby two crust edges
(data point inside the contour line). The only exgaion is on the boundary.
or else to one data point by a crust edge and todlbig triangle around the
mesh (data point at the end of the contour line)
It means that the crust and skeleton have to falibwing conditions:
1. All contour lines should be separated - it meaas titiere can be maximum two crust
edges connected to every data point.
The only exception is allowed on the border ofrtfep — in case of a border crust
edge the user will have to decide whether that eéxlgeart of the contourline or not.
2. None of the contour lines can be broken by anyet&eledge - every contour line
must be a set of connected crust edges. (Crusbwolmes are broken mostly when
the distance between two data points is too langenhen two contour lines are too
close to each other. In other words every last segmf a contour line has to be
connected to the frame (contour lines can be cytamthe border).
3. There are not any single points inside the mesh.

Flat triangles



Skeleton vertices height estimation

To start the process in the main menu the userdiselect “Skeleton functions ->
Estimate Skeleton Vertices Elevation Using Radfusttion. This function firstly tests
whether the contours are correct, and if they areect elevation values are
automatically assigned to skeleton points.

Skeleton vertices height estimation can be perfdromdy when the crust and skeleton
are in the correct form. If the crust or skeletomat correct the program will mark
incorrect parts and display “the crust and skelat@nnot correct — modify it” text in the
status bar at the bottom of the form. In the calsenait is not sure whether the crust is
correct (cases of border crust edges connectifigréift contour lines) the user will have
to decide about it.

Uncertain cases — in the casebofder crust edgesthe user has to decide whether the
crust edge is a part of a contourline or not —sdneedialog box ‘mark it as CRUST?’ is
displayed — if user answers yes then a certain etlfbe treated as a crust edge (a
forced skeleton edge, geometrically still a parthef crust, but will be marked and
consider as a part of the skeleton)



If the result of ‘the contours correctness’ tesswagative, the user has to modify the
crust manually by point insertion or deletion.

So, in other words, to be able to perform the estiion skeleton vertices elevation
processvery data point has to be connected either

‘to two another data points by two crust edges’

or ‘to one data point by a crust edge and to the bitriangle’.
It means that:

a) no single data points can exist in the mesh (Fig1

b) every contourline endpoint should be connectetiedig triangle frame (Fig
bl, b2 and b3, b4)

c) none of the contourlines can be broken by any skeledge, every
contourline must be a set of connected crust ed@esst contourlines are
broken mostly when the distance between two data$is too large and
when two contourlines are too close to each offigrgl, c2))

d) crust junctions cannot exist at any of the datatsaiFig d1, d2). They are
permitted temporarily as the border crust edgestHan they have to be
marked as skeleton edges.

Also every point of any contourline has to havesame z value.
In the most of cases manual modifications of thistcand skeleton are required to meet
the condition mentioned above.

Make sure, that the z value of a point being inseedd is the same as the z value of the
currently modified contourline.

Examples (from the old version of the program)



al a2
al - not correct — single data point
a2 - correct — single data point deleted

bl b2

b3 b4
b1, b3 - not correct — contourlines endpointsrateconnected to the big frame
b2, b4 - correct — all conourlines endpoints cotekto the big triangle frame



cl c2
cl - not correct — a contourline is broken by skeleton
c2 - correct —crust edges of every contourlinecarenected

di d2
d1 — not correct — 3 crust edges at a junction
d2 — correct — every data edge “inside” contoudinennected to two
neighbouring data point by crust edges

more examples:

Two connected contours - some points with an apatgpelevation value (in this case
only one was needed) should be inserted on theseatfjacent to the crust edge
connecting two contours.



The endpoint of the contour is not connected tdigdriangle — an additional point has
to be inserted.

Broken contours — endpoints are not connectededitp triangle — some points should
be inserted between those two endpoints — in #ss one is sufficient.

Three crust edges connected to one data pointtewolbranches are not acceptable — the
branch has to be removed by deletion of the endpoin



A single point in the corner, the solution is taahother point so a crust edge would be
created.

During the modifying process the user can checkthrghe data is already correct, just
by trying to estimate elevation again (“Skeletondiions -> Estimate Skeleton Vertices
Elevation Using Radius”).

Before — many border crust edges, some of thernarect, being parts of contours,

others connecting different contours are not comead have to be marked manually as
skeleton edges.

After marking some of the edges as skeleton edges.



More examples of the manual mesh modification

Example 1:

Three bottom crust boundary edges have to be skieteton edges (‘Yes’ answer to
‘mark it as skeleton?’ question)

Example 2:



The crust in the middle is not connected to thetii@ngle — there is a thin triangle
connecting endpoints of three contourlines.

A corrected mesh after insertion of several poimishe boundary. The long crust edge
can be marked as a skeleton edge.

Example 3

Not correct mesh, the crust edge in the bottonclafher is not connected to the big
triangle.



Corrected mesh with some additional points added.

Example 4

Not correct mesh — contourlines not connectedeadtj triangle.

Corrected mesh after insertion of three points.

After cleaning the crust the assigning elevatiarcpss can be started.

Skeleton points insertion

After modifying the data, if the crust and skeletoa correct, then the estimation process
can be performed. All elevation values are assigngdmatically, and the skeleton

points now can be inserted to the TIN model — “8ta@i Functions -> Enrich TIN with
Skeleton”.



Before After

In the enriched TIN points outside the border &edefon points that were outside. They
are inserted in the model because they are negdssamove flat triangles existing on
the border. The resulting TIN with those outsidedeo point in 3D looks a bit confusing
at the beginning, but in the interpolated terraeytdon’t need to be included — just
terrain inside the previous border is used.



4. Grid from TIN

To create a grid from a file containing x,y,z caasedes of points

1. Read the mesh - from the main menu choose: FiMesh from a file with points....
Select a file you want to use. Files containinghpicoordinates have pts extension.
It can be “contours.pts” file. The TIN will be cted. You can fit it to the screen. You
can see the TIN in 3d — click “3D view” button. Setimes in a 3D view the mesh
doesn't fit to the screen — you may need to restaléype scale value and click
“scale” button — every z value in the mesh willreltiplied by scale value.

2. If you want to eliminate flat triangles (assumihgt all data is correct):

a) Skeleton vertices are used to eliminate flat thesigBefore their insertion to
the TIN elevation values have to be assigned. Tindb- from the main menu
choose: Skeleton Functions - > Estimate Skeletatidés Elevation Using
Radius

b) Skeleton vertices with assigned elevations haweetmserted into original
TIN. To do that - from the main menu choose: Skeldtunctions - > Enrich
TIN with Skeleton

c) TIN is enriched — flat triangles are removed —r&seilts in 3d (the boundary
is not anymore rectangular).



3. Then you can create a grid:
a) From the main menu choose: File->Save Mesh as gitchpens a new
window — “Grid interpolation”:

b) Available interpolation methods:

1. Voronoi cells

2. Triangle based

3. Triangle based with slopes

4. Natural neighbours

5. Natural neighbours with slopes

6. Natural neighbours with smoothing

7. Natural neighbours with slopes and smoothing

8. Nearest n points (gravity) — set circle radiushia box next to this radio
button

9. Modified Shepard’s method — modified gravity intelation.



10.Nearest n points with slopes
11.NEM
12.NEM with slopes

c) All values are set up automatically to save themete current TIN mesh. If
you want you can save only a part of the mesh r-tyy@ge boundary values for
the part of the TIN you want to save (min X, maxm, y, max ).

d) You can change the step of sampling of the TINd(g&lls size) — step X, step
y.

e) Num x, numy — number of grid cells — you can cleigoo (it updates
appropriate step automaticallyhese numbers are used in Genesis Il to
specify the size of the grid.

f) Inthe File type group you have a choice of fiveety of grid files to create —
USGS DEM grid *.dem, simple ASCII text file *.txt¢ntaining grid z values
stored in rows), ArcView ASCII file *.asc (contang the header and grid z
values stored in rows), Ascii XYZ grid file *.xyz@ntaining x,y,z grid values
in each line) and ASCII Grid File Format *.grd (foat similar to asc but with
a different header). USGS DEM grids have fixed 4i261x1201 cells, grids
saved as simple ASCII text files can have diffemdnes -those TXT files
can be used in Genesis Il to obtain perspective vis.

g) Choose an interpolation method you want to use.

h) You can rescale every elevation value in the ggd a change scale value.

i) Confirm — click OK button. It opens a new windovéave grid — choose a
location for a grid file. The grid is being creatmud saved at the specified
location.

4. You can view grid TXT files using Genesis Il softwee or you can view them in
3D using this program.

Grids viewing in 3D

The idea is to use grid cells values as data pamtsto create a TIN from them. To
do so a grid has to be loaded from file — for tiisl a mesh will be created
automatically, this mesh can be displayed in 3D:
a) From the main menu choose one of those menu optiEnd-Grid from
ASCII ArcView grid (*.asc)... Grid-Grid from ASCIGS file (*.grd)..., Grid-
Grid from ASCII TXT file (*.txt).... Choose the gtifile
b) After that the grid is read to the memory and ahr@ssed on the grid is being
created. TIN is created from grid cells. All trideg are regular. So as the
result a mesh with a grid are created.

c) You can display the TIN created from grid in 3Dlielc“3D view” button.



Grid created using triangle based interpolation dG@reated using Sibson
interpolation with slopes

To create a grid from the points manually inserted

1. Create new mesh — click TRIANGLE button. Fit itthe screen.

2. Insert points. To insert a point - switch to “InSenode (Ctrl+Right-Click and in
the small menu choose Insert) and Left-Click a¢cteld location. To delete a
point — switch to “Delete” mode and then Left-Clickdelete selected point.
Elevation value can be set up for a point by Ri@htk in Insert mode and typing
the z value in the dialog window- this is the catrzvalue which will be
assigned for inserted points. Every time you canyseir current triangulation (*)
in 3D (**)-> click OpenGL button.

* **

3. After points are inserted you can save the meshgagl. From the main menu
choose: File->Save Mesh as grid... Choose interpolatiethod and click OK.

4. You can view the resulting grid in Genesis Il othe program (creating a mesh
from the grid file).



You can try some different interpolation methods.



5. Voronoi Based Runoff Modelling

1. Set the type of mesh to ‘Delaunay for Flow Simwalati (menu - File-> New Mesh
Properties). Set also the Disk Radius value t0.0.01

2. Create a new mesh.

Load the data (menu - File->Mesh from a file withiis) - “Open file” dialog
appears, select “runoff hillsl e framel10.pts” file.

The mesh is created. Switch off Delaunay edgessanitdh on Delaunay nodes
displaying.

3. Add a Flow Frame around the model.



In the menu open Runoff properties dialog windoveiiion— Runoff —> Properties..).

Change the ‘z value’ to 10, all flow frame pointsl Wave this z value.

Create a Flow Frame (menu - Runoff -> Add Flow Fearfrlow frame points with
z=10 are inserted around mesh bounding box. (Sepaitzetween flow frame points
can be changed in the “Runoff properties” windotgtep x’ and ‘step y’ values).

Display the mesh in 3d (click OpenGL button).



4. Thicken the data.
Voronoi cells based runoff simulation gives goosutes when the Voronoi cells
pattern is regular. Some additional points haveetinserted into the mesh (menu —
Additional points -> Random Voronoi Pattern). Aeetion of those additional
points can be estimated using various interpolatiethods. The interpolation
method and the number of points to insert haveetsgecified in “Random Voronoi
Pattern” dialog window — they can be ‘10000’ andattral Neighbours with slopes”.

After clicking OK additional points are insertedarthe mesh. Take a closer look at
the cells — their shape is not regular.



Check number of mesh nodes (Options -> Mesh Inf&hculd be more than 10000 -
original data points + flow frame points + randoaitprn Voronoi points (small
amount of them was not inserted due to collisiothwkisting nodes)

The shape is not regular, because the disk stp® ismall to create a regular pattern
as a result of random points insertion processigddy disk size would result in a
regular pattern. Sogpeat the whole process from the beginnindut before
creating the mesh change the disk radius from @.@12. (menu - File-> New Mesh
Properties).

After the mesh is created, the flow frame is ad@ad, random points are inserted
(insert 50000 points instead of 10000), turn orskiadius’ displaying and examine
the Voronoi pattern.



Check the number of mesh nodes — it should be rasshthan intended 50000 (+
original data + flow frame points) because mogtefpoint was rejected due to collision
tests.

5. Initialize Runoff parameters. Some runoff parametan be adjusted in “Runoff
properties” dialog window (Runoff -> Properties)edult values which are there can
be used directly with the mesh created from “rumdfé1 e frame10.pts” dataset.



The parameters that can be modified are:

Initial Water Height — water level put into everpinoi Cell

Time — runoff process time parameter

Resistance — runoff process resistance parameter

Maximum water height — a value used to scale colailues during flow drawing
— cells having this or higher water level have date colour.

Iterations — number of flow iterations to perform

Repaint every n-th iteration — the flow is redraswrery n iteration

Flow frame — z values, x and y separation betwken frame point

Volume of the water and the number of completed iterations are displayed there
also.

Initialise runoff — ‘pour’ some water onto the mdsienu — Runoff->Initialise runoff
- evenly). The default water level is 0.1. Aftee tvater is put onto mesh the screen is
redrawn with water. (if menu — Runoff -> Draw Ruhofenu field is checked)

. Start Voronoi runoff (menu — Runoff -> Start Voramonoff). Specified number of
iterations is performed, the screen is repaintegyen iteration. After iterations are
finished the process can be continued or startashagth different parameters.



8. Voronoi based flow process can also be viewed apdeetted in the 3D view — click
OpenGL button.



In the 3D view you can display triangles or Voronells, switch between in the ‘display’
field.

After switching to ‘cells’ mesh with some water siablook like below. Click START to
continue the process in 3D.

If the mesh type is Delaunay Mesh for Flow Simwlatihen in the 3D view window an
additional group of buttons (Runoff group with Pedies, Init Runoff, Start...) is
displayed.

To perform the runoff modelling process in 3D thestm has to be prepared in the 2D
window first — it has to created, the flow framalad and the data thicken using random
Voronoi pattern as before. After that the 3D vieam de used.

To change some runoff parameters click “propertimgton, “Runoff properties”
window will be displayed.

Click “Init runoff” button to ‘pour’ some water oatthe mesh.

To start the Voronoi Runoff click “Start” button.



6. River network — runoff modelling

1. Set the type of mesh to Delaunay Mesh for Flow $ation. (menu - File-> New
Mesh Properties). Set Disk size to 0.1, Big Triarnglalue to 0.

2. Create a new mesh. Turn off displaying Voronoi edgred turn on Crust and
Skeleton edges.

3. Draw a river network inserting points with elevatie 0 inside the bounding box.
Make sure crust edges are connected correctlye(ttarnot be triangles of crust
edges like in the middle of the first image — irsttase add points in the middle of
appropriate edges).

4. (OPTION) You can thicken the river data by automatsertion of points along crust
edges (menu: Additional Points -> Thicken Pointouast Edges)



10.

Save the mesh in a file (menu: File -> Save paoititpts file), name it as ‘river’.

Later in a case of a problem or making somethingngryou can go back to your
mesh by loading the file.

Set the separation of flow frame points to step.&=Md step y=0.2. (menu: Runoff -
> Properties...)

Add a frame to the mesh (menu: Runoff -> Add floanfie).

Examine whether the frame points did not beak dnlgieocrust edges of the river —
in such case remember where the crust is brokeBEREhe mesh, load the
‘river.pts’ file and add more points along the rive places where the crust was
broken. Add the flow frame again and if the riv@rcorrect proceed to the next step,
otherwise repeat the process.

Change display colours (menu: Options -> Displaypprties) — Crust-Black,
Skeleton-Red, set ‘crust and skeleton width’ tb€ave Crust and Skeleton display
only.

Save the mesh in a bitmap in a default directonenu: File -> Save mesh in BMP
file) Name it as ‘river-texture.bmp’. It will be ad as a texture later.

11. Add watersheds by inserting skeleton vertices. (m&keleton Functions -> Enrich

TIN with Skeleton — River Network). Turn off displaf all the features (they are
meaningless now), except Delanay nodes and edges.



12. Display the model in 3D. Turn on edges displagk(tedges’ checkbox)

13. Drape the texture onto the model (menu: File ->d_texture...). Select ‘river-
texture.omp’ file. Turn off edges display.

14. Add random additional point (menu: Additional pasint Random Voronoi
pattern...). Set 50.000 points and choose ‘NaturagiNmur + Slopes’ interpolation
method (tick ‘slopes’ checkbox). Display Delaunagas and Voronoi edges only.



15. Display this dense mesh in 3D. Turn off edges digfbr faster rendering. You can
drape the texture again.

16. Switch display from triangles to Voronoi cells.

17. Initialize the runoff adding water to the modelidk ‘Initialize’ button)



18. Start the runoff using default parameters. (cltart’ button). You can turn off
edges display for faster rendering.



7. River network - cumulative catchment areas

1. Set the type of mesh to Delaunay Mesh for Flow $atien. (menu - File-> New
Mesh Properties).

2. Create a new mesh.
Load the data — riverl.jpg

Display Delaunay nodes and Voronoi edges

3. Add a frame around the data
(menu - Runoff -> Add Flow Frame). Flow frame psimtith z=0 (Big Triangle
elevation value) are inserted around mesh bourabmg (Separation between flow
frame points can be changed in the “Runoff propsttwindow — ‘step x’ and ‘step

y’ values).



4. Prepare a texture for the 3D model. (turn on Skaleisplay first)
Menu: File -> Save mesh in BMP file... , name the &b “river-texture.omp”.

5. Select the output point for the process, this neidldhave the highest cumulative
catchment area value.

Change the program mode to “Set the outlet for dative catchment areas” -
Ctrl+Right-Click opens the pop-up menu where yowstraglect “Set the outlet
for cumulative catchment areas” field. In this medeen you move the cursor
over the mesh the closet data point is being hggkdid and the current elevation
value is displayed in the second part of the StBarsat the bottom of the window
— all elevation values for this river data shoutddgual to 0.
Select the last node of the river — the most botvoen left-clicking on that point,
cumulative catchment areas will be computed s@giftom that node.



6. Add watershed points (menu Skeleton Functions #cBTIN with Skeleton-River
Network). Additional nodes (skeleton points) wi mserted with elevation values
automatically estimated.

7. View the model in 3D. Turn on edges display (tidB&ES checkbox).

8. Drape the texture. Select in Menu: File -> Loaduex..., select the texture file:
“river-texture.bomp”.



9. Display cumulative catchment areas. (Menu: DisptagZumulative Catchment
Areas)

10.You can start the exercise again with differenbucd and edges thickness.



8. River network — runoff modelling with an output

1. Setthe mesh type to ‘Delaunay Mesh for Flow Simmoitg, disk size to 0.09 and load
river data — river-disk0-09.pts. All nodes havevaten value equal O.

2. “Estimate crust nodes elevation based on the distlom selected node” — tick this
option in ‘Skelton functions’ menu and select tterting node, the most bottom
node, clicking close to it. Set the angle of thapsl (use a default 10 degrees angle).
Elevation values will be assigned to all river n@datomatically.



3. Add a flow frame (menu: Runoff -> Add Flow Frame$jng default parameters. All
the frame nodes will have elevation = 0.

4. Enrich the model (menu: menu Skeleton FunctionSn#ich TIN with Skeleton-
River Network). Additional nodes (skeleton pointsll be inserted with elevation
values automatically estimated.

Visualize it in 3D.

The ridges marked in red have to be deleted arldaeg with two horizontal walls,
separating the output of the river with the outsiggersheds.
5. Delete nodes adjacent to the outlet of the rivaarkad white below).



Turn the mode to Delete mode (press D key or s€lefdgte from the pop-up menu
(Ctrl+Right-Click)) and left-click on selected nal® delete them.

There is a UNDO available for the last deleted peipress “U” key if you deleted a
wrong point, it will be automatically reinsertetiworks only for one point.

Insert new nodes, separating the outlet of the fraen the external watershed.
These should be two strings of points on both siddise river, all having the same
elevation. Turn on DISKS display.

Turn the program to INSERT mode (press | key ceddNSERT from the pop-up
menu). Right click to set the z value for new pgir8et z=2.4 for the left row and
insert points in a line like in the image belowenrset z=2.2 for the right row and
insert points. All the new points should be claseach other.



7. Add more points to the model (menu: Additional Rek» Random Voronoi pattern).
Set: 30000 points and ‘Natural Neighbours’ integbioin method. Display only

Delaunay nodes and Voronoi edges. The patternagsidue to the relatively large
disk sizes should be regular.



8. Go to the 3D window. Display Voronoi cells. Iniiizé runoff. Check the initial water
volume (menu: Runoff -> Properties), should be acb40.

9. Start the runoff process. After clicking START lautt10 iterations of the process
will be performed and the screen will be repairdaéidr each iteration.



10. Check the current water volume. The volume shoalthe same as at the beginning.
Notice that the water is cumulating at the outlet.

You can speed up the process by not redrawingctteeis every iteration (menu:
Runoff -> Properties), change ‘number iteratiomshi 10 to 100, change ‘repaint
every n-th iteration’ from 1 to 10. It means thegass will be iterated 100 times and
the screen will be repainted every™ieration.

Now we will add some outlet points, so water widl accumulate at the output, but will
leave the model. This operation can be performé&Dinvindow only, after that the
runoff process can be run in 2D or 3D window.

11. Go to the 2D window, Initialise runoff again. (memunoff -> Initialise). Turn off
Runoff Display in 2D (menu: Runoff -> Draw Runoff)

12. Zoom in to the outlet area bounded by two wallsit@ée before. (bottom left corner,
turn on Altitude display and find a node having z=fd is the outlet node of the
river)



13. Select several cells of the flow frame - they w#l the outlet of the river — turn on
the program to ‘Set Constant Head’ mode (Ctrl+Hgak for the pop-up menu of
press ‘H’ key) and left-click on selected celldested nodes will be displayed in
white colour, and those cells will change theirocdb gray (no water).

14. Check the initial water volume and start the ruqticess (in 2D or 3D).
2D — menu: Runoff -> Start



You can switch to the 3D mode at any time and ooietithe process.

15. Check the current water volume — it should be snafian the initial value. Notice
that water is not accumulating at the outlet anyanitiis leaving the model through
selected cells.

Different resistance for nodes

It is possible to specify a different resistancligdor cells having a high water level.
There are two resistance values in the runoff m®edhe initial resistance and the
resistance for cells with water level higher thaspacified value (let’s call it river
resistance). Make the river resistance twice smtikmn the initial resistance (menu:
Runoff -> Properties), if the initial resistancesa20 then set the river resistance to 10.

Initialise the process and start runoff. Watet flolv twice faster in cells having a twice
smaller resistance.






