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Before Getting Started

This booklet introduces the powerful Surface Modeling process in TNTmips®.
Surface modeling creates approximations of functiona surfaces from the 3D
information you provide. A functional surface combinesspatial location withthe
valuefor somevariable (such aselevation, chemical concentration, or population
density) at that location. Functional surfacesare commonly represented as Digital
Elevation Models (raster), isolines (vector contours), or Triangular Irregular
Networks (TIN object). You can create any of these surface forms and convert
between theminthe Surface Modeling process. You can also create serid profiles
of functional surfaces.

Prerequisite Skills Thisbooklet assumesthat you have completed the exercises
in Getting Started: Displaying Geospatial Data and Getting Sarted: Navigating.
Those exercisesintroduce essential skillsand basic techniquesthat are not covered
again here. Please consult those booklets and the TNTmipsreference manual for
any review you need.

Sample Data The exercises presented in this booklet use sample data that is
distributed withthe TNT products. If you do not have accessto aTNT products
CD, you can download the data from Microlmages web site. In particular, this
booklet uses samplefilesin the surrmobpL data collection.

More Documentation Thisbooklet isintended only asan introduction to Surface
Modeling. Consult the TNTmipsreferencemanual for moredetailed information
on the Surface M odeling process.

TNTmips and TNTIite® TNTmipscomesintwo versions: theprofessional version
andthefree TNTliteversion. Thisbooklet refersto both versionsas“ TNTmips.”
If you did not purchase the professional version (which requiresahardware key),
TNTmipsoperatesin TNTIite mode, which limits object size and does not allow
export.

Surface Modeling is not available in TNTview, TNTedit, or TNTatlas. All the
exercises can be completed in TNTlite using the sample geodata provided.

Randall B. Smith, Ph.D., 27 August 2001

It may be difficult to identify the important points in some illustrations without a
color copy of this booklet. You can print or read this booklet in color from
Microlmages’ web site. The web site is also your source for the newest Getting
Started booklets on other topics. You can download an installation guide, sample
data, and the latest version of TNTIlite.

http://www.microimages.com
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Welcome to Surface Modeling

The Surface Moddling processin TNTmipsincludes
aset of operationsthat allow youto transform spatial
data representing a three-dimensional surface from
one form to another. The most familiar example of
such data is probably the variation in elevation of
the Earth’s surface. However, any variable can be
visualized and analyzed as a three-dimensional
surfaceaslong asit variesrelatively smoothly at the
chosen map scale, and hasonly asinglevalueat each
location. Examples include crop yield data,
population density data, the concentration of
dissolved chemicals in the ocean or groundwater,
geophysical measurements such asgravity, and many
others.

A three-dimensiona surface can be approximatedin
anumber of forms, includingirregularly-spaced point
observations, aregular grid of values, or contour lines
of equal value (isolines). In TNTmips, irregularly-
spaced point data can be stored asvector points, asa
TIN (Triangulated Irregular Network), or in a
database object containing x and y coordinates in
addition to the value to be mapped. Gridded
measurements are stored as a raster object, and
contoursasavector object. Each of these datatypes
can be used as input for one or more of the Surface
Modeling operations.

Each Surface Modeling operation produces aspecific
type of object. The Surface Fitting operation
produces araster grid, Contouring produces vector
contour lines, and Triangulation producesaTIN. The
Profiling operation createsaseriesof parallel vertical
profilesof asurfaceraster. Most operations provide
achoice of severa different methods for producing
the desired surface. Your choice of method may
depend on the type of input data, as well as the
intended use for the output surface.

STEPS

M launch TNT

M select Process / Surface
Modeling from the main
menu

The exercises on pages 4-
12 of this booklet show you
how to create surface
rasters with the Surface
Fitting operation.
Techniques for producing
vector contours with the
Contouring operation are
introduced on pages 13-15.
Pages 16-20 lead you
through the creation of TIN
objects with the
Triangulation operation.
Pages 21-22 show you how
to create stacked vertical
profiles of a surface raster
with the Profiling operation.
Page 23 presents graphical
and tabular summaries of all
Surface Modeling operations
and methods.
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Surface Modeling

Surface Fitting with Default Settings

STEPS

M select Surface Fitting
from the Operation
option menu

M click the Open Er |
icon button &l
select the ELEv_pTs
vector object from the
SURFACE Project File in
the surrmobpL data
collection

M click the Runicon
button and name ij}
a new Project File
SURFOUT

M accept the default name

provided for the output =View

Vieu Taol LegendView Options

surface raster

Let’s start by running a sample Surface Fitting
operation. Surface Fitting interpolates a regular
grid of values from data in the input object and
outputs the grid as a raster object. The input data
can beintheform of points storedin avector object
or in adatabase that has X and Y coordinate fields
for each record. You can also use vector contour
lines or the nodes and/or edgesin a TIN object as
input. Theinput object used inthisexerciseisa3D
vector object containing 500 irregularly-spaced
sampl e el evation pointsfrom atopographic surface.
The elevation is stored as a Z-value for each point.

M= E

Help

Select a Surface Modeling operation.

Click on the

Open icon button
to choose the
input object.

Click the Run icon
/ button to initiate the
operation and name

an output object.

=S .rface Hodelirg

Input Object,.. IE:/tntdata/LITEI]HTH/SI.IRFNI]I]L:’surFace.ruc / ELEV_PTS

Input | Gutput | Data Handling | Parancters | Analysis |

Description: Point elevations neasurenents - 3-D wector object
Hunber of points; 500, lines: 0, polygons: 0

Hin. Yalue X: 0.500000, Y: 0.000000, Z2: 98000000

Hax. Yalue X: 356.500000, Y: 499.000000, Z: 2478.000000
Georeference: TransHercator (CONTROL POINTS)

Description: Control point georeference to Transverse Hercator
Hunber of control points: 4

TE To change display settings for any
input or output objects, click the

Layer Manager icon button on the Surface

Modeling or View windows to open the

Points/Nodes Lines/Edges

Select: A1l =) |€§§>t:e‘.€.i'§za . I Gelecks Hune = |€2;><:<*i€‘§;,,°|
Yalue: Object 2 — |€§c>t:e‘.€.i'§zawl Vajuws ook £ — |€2;><:<:.1€§;,M|

Input Object Information

Object type: VECTOR, Created 23-1-1997, 17:40:34 A

@wio] -2 _l_I_IJ_I_I_I _l ERTEL

drau: 1 Second \ |

ElLayer Controls

Group Layer Options

Surface Modeling uses a
standard View window to
display input and output

objects.

_[C)[x]

Help

standard Layer Controls window.

Keep the Surface Modeling window open with

e O 0 i 2 B[O ) @)

*F &5« surface / ELEV_PTS
@ K . b X surfrodl / HINCURVE

| =]

f

i

the current settings for the next exercise.
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Surface Modeling

Set Input and Output Parameters

The Input and Output tabbed panels of the Surface
Modeling window let you control the selection of
data from the input object and the size and spatial
resolution of the output surface raster. In this
exercise you examine these controls and set a cell
sizefor the next surface raster to be generated from
the ELEV_PTs vector object.

The controlson the Input tabbed panel vary depend-
ing on the operation and input object type you have
selected. Sincethe current input vector object con-
tains points, the Points / Nodes subpanel is active.
These controls determine which points are used to
generatethe surfaceraster values, and whereto find
the“elevation” value. Inthis
case dl of the pointsin the

=Surface Hodeling

File

Input |l]utput I Data Handling | P

Points / Hodes

Select: ALL

STEPS

M examine the Points /
Nodes controls on the
Input tabbed panel

M click the Output tab to
reveal the Output tabbed
panel

M in the Cell Size
subpanel, enter 60.0 in
the Line and Column text
fields

_ 0]
Help

ObJ ect are valid elevation (2 f|§#| Operation: Surface Fitting — | HMethod: Minimun Curvature —

mmr mts' $ the defau“: Input Object...|C:/tntdata/LITEDATA/SURFHODL, surface.rve ¢/ ELEY_PTS

selection of All that appears
on the Select: option button | .1 sie Raster Size

Input  Dutput ‘{Qa Handling | Paraneters | Analysis |

Output Raster Type

512 | 16-bit signed integer |

is appropriate. The default Linez| 58.4822 \:\l

365 | J Auto Rescale

selection of Object Z on the | [fetm:l 985554 cohges:]

Value: option button is aso | [ N\

\\
-l Hatch Reference Sniati... I\

appropriate, asweare surface

" Pyranid Output Rasters

N\ |

fitting the elevation value
stored as the Z-value in the 3D (XY Z) vector ob-
ject. A By Query optionisalso provided on each of
these menus, allowing you to use a database query
to select a subset of the points as input for the pro-
cess and to use values stored in a database field as
the Z value.

The Cell Size subpanel on the Output tabbed panel
is used to set the size of the output raster cellsin
meters. The previous Surface Fitting operation cal-
culated a cell size of 58.4822 meters from the
geographic extents of the input object and the de-
fault output raster size. When you enter new cell
size values in the Line and Column parameter text
fields, the size of the output raster is cal culated and
the Raster Size parameter fields are updated.

AN

Click a tab to reveal its
attached panel.

To change a parameter
value, highlight the field
with the mouse cursor and
type in the desired value.

Input \Qutput | Data Handling | Parane!
Cell 5ia) Raster Size

Line:| \60.0000 | pines:| 500

Colunn:| INNNED | Columns:| 357

Keep the Surface Modeling
window open with the
current settings.
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Surface Modeling

Surface Fitting by Inverse Distance

STEPS
M click on the Method

option button and select

Inverse Distance

M
tab and choose Circle
from the Search Area
option menu

M set the Search Distance

parameter value to 30
M click the Run icon

button and direct

the output raster

to the surrouT Project
File

accept the default name
provided for the output
surface raster

To measure the distances
between points in an
input object., click the
GeoToolbox icon button
on the View window and
use the Ruler tool. For
more information see

click on the Parameters

5

the booklet Getting Started:

Sketching and Measuring.

Surface Modeling offers avariety of surfacefitting
methods, each of which can be used with particular
typesof input objects. (Methodsthat cannot be used
with the current input object are dimmed on the
Method option menu).

The Inverse Distance method can be used with vec-
tor objects containing points or contours, or with
database or TIN objects. The method chooses a set
of nearby input pointsto interpolate asurface value
for each cell in the output raster. The Search Area
parameter determinesthe shape of the selection area,
whilethe Search Distance parameter determinesits
size. The settings used here create a circular selec-
tion areawith a30-cell radius (1800 meterswith the
current output cell sizeof 60 meters). The spac-
ing of adjacent pointsin thisinput object varies
from 200 to about 2000 meters, so these set-
tings should provide an adequate set of points
for each raster cell location. The Z-value asso-
ciated with each selected vector point is then
multiplied by aweighting factor before averag-
ing. Thevalue of theweighting factor islargest
for points closest to the current raster cell, and
decreases exponentially with distance. The
Weighting Power parameter determinesthe ex-
ponent used in the distance function. With the
default setting of 2.00, the weights decrease in
value by the square of the distance.

0[]
Help

= Surface Hodeling
File

EIEI&I Operation: Surface Fitting —l| Hethod: Inverse Distance _||

Input Db ject... lIZ:/tntdatalLITEI]HTH/SURFH[II]LIsurFace.rvc / ELEV_PTS ‘

Input | Dutput | Data Handling Paraneters |ﬂnalgsis

Search Area: Circle —
Search Distance (cells):l 30
Heighting Power:| ZID

The Search Distance parameter controls

the size of the area used to select input

data values for interpolation.

Keep the Surface Modeling window open with
the current settings for the next exercise.
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Surface Modeling

Polynomial Trend Analysis

The Polynomial surface fitting method finds a best-
fit surface defined by a polynomial equation that
treats the mapped value as amathematical function
of geographic position. You can use vector paint,
TIN, and database objects asinput with thismethod.

The polynomia method findsthe best-fit surface by
minimizing the sum of the squared deviations be-
tween the input values and the calculated surface.
Because this is a best-fit for the entire set of input
points, typically the output surface does not match
the original value at each input point. This method
is most useful for portraying generalized spatial
trends for a“noisy” mapped value.

The Polynomia Order parameter controls the
form of the polynomial equation, whichin turn
definesthe complexity of the computed surface.
A second-order polynomial equation defines a
parabolic curved surface with only one sense of
curvature (concave or convex). A third-order
(cubic) equation allows one change in sense of
curvature in any cross-section. Higher-order
equations allow for increasing complexity and
more local detail. The fifth-order polynomial
surface you generate here depicts the general -
ized trendsin elevation in theinput point object,
but does not convey the detail present in the
surfaceraster produced in the previousexercise
by the Inverse Distance method.

= Surface Hodeling 0[]

File Help

ﬂgﬂ Operation: Surface Fitting — | Hethod: Polynonial = |

Input Object... lIZ:/tntdatalLITEI]HTH/SURFH[II]LIsurFace.r-vc / ELEY_PTS ‘

Input | Output | Data Handling Paraneters |Hnalusis

Polynonial Order:| 5
) Show Polynonial CDEf%WS\

STEPS

M select Polynomial from

the Method option menu

click on the Parameters

tab

set the Polynomial Order

parameter value to 5

click the Run icon

button and direct m

the output raster

to the surrouT Project

File

M accept the default name
provided for the output
surface raster

H

8

n
n
u
n
"
"
n
L]
n

Keep the Surface
Modeling window
open with the current
settings for the next
exercise.

The Polynomial Order parameter controls
the complexity of the computed surface.
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Surface Modeling

Surface Fitting by Triangulation

STEPS

M click the Open j
icon button and L=
select the ELEv_TiN object
from the surrace Project
File

M click [Yes] in the Verify
window

M select Triangulation from
the Method option menu

M click the Output
tab and set the :
Line and Column &l
cell size to 60.0

M click the Run icon button
and direct the output

raster to the surrFout

Project File

= Surface Hodeling

File

The Triangulation method creates a surface raster
from point data stored as vector points, TIN nodes,
orinadatabase. The Triangulation method usesthe
input pointsto build anetwork of triangles meeting
the Delaunay criterion: for each triangle, the circle
that passes through all three vertices encloses no
other input points. (The Delaunay criterion produces
triangles that are as small and equilateral as pos-
sible, and isthe rule used in creating TIN objects.)
The process then fits a planar surface to each tri-
angle, so that the overall surface is modeled as a
collection of triangular planar facets.

The Tolerance parameter on the Parameters panel
sets the minimum distance allowed between nodes
e inthenetwork. (Thedistance
#ele | ynitsareininterna object co-

C2|Elijs| Operation: Surface Fitting — | Hethod: Triangulation —

ordinates, which may differ

Input Object,.. lE:/tntdata:’LITEI]FITI’I/S[IRFNI]I]L.‘surFace.ruc / ELEV_TIH

from distances derived from

Input | Output | Data Handling | Parancters | fAnalysis |

the object’ sgeoreferencing).

Points/Hodes Lines/Edges By |ncreas ng the Val ue Of
Select: Al |$§c>e>.e:*ii'§za . .,I Geleeds  Huae o |€2;><:<:i€‘§;, oo | . ..
Yalue: Object 2 — |$§c>e>.e:*ii'§za a.,I Vajuny @pjock © = |€2;><:<:i€‘§;,a | thlsparanaer! you Ca] d I ml_

Input Dbject Infornation nate closely-spaced and
0b ject type: TIN,

When you select a TIN
object as input for other
surface fitting methods, you
can use either the nodes,
edges, or both to interpolate
the surface values.

Created 4=2=1397, 1636343 Y
Description; TIN representing surface elevations

potentially redundant points
asthenetwork iscreated. To produce the maximum
detail in the output surface raster, leave the Toler-
ance parameter at
its default value

(0).

e
i
G

i
17

Input Ubject...IE:IDRTRISURFREE.RVE / ELEV_TIN

S,
AR

Input | Dutput | Data Handling i

e
3| Analysis | AR

é;v- t"

L
Tolerance: 0., 00000000 | né?'ﬁs;‘% o .0-
g
S ‘.e'-ezva.».as'
- SR

The Tolerance parameter sets the minimum A

distance allowed between nodes in the triangular
network created from the input points or TIN nodes.

Note: You can also select a new input object by
pressing the Input Object button. Selecting a new

ﬁ“g\‘. [
i) A AN,
.-‘smv S

e
v\‘

input object resets any previous Output and i‘ i ff‘zévﬁ_'
i i A LA k7
Parameter settings to their default values. a«i}»«&%"!&iiﬁ-
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Surface Modeling

Surface Fitting by Profiles

The Profiles surface fitting method is specially tai- | STEPS

lored to create a surface raster from contour lines, | ¥ click on the Method:
option button and select

Only vector contours can be used asinput with this Profiles
method. M click the Open -l".ll

. L . . icon button and
The Profiles method uses a multi-directional linear select the ELEV_conT
interpolation procedure to create a surface raster. vector object from the

i ; i _ SURFACE Project File

Theproceﬁsgarchgsforfparshof mputelevatlor(]el \llal & dlick the Output tab and
ues on opposite sides of each output raster cell to set the Line and Column
usefor interpolation. Edge cellsare processed first, cell size to 60.0

searching only parallel to the edge. For other cells, | ¥ click the Parameters tab

L - . . and set the Search
theprocesssearchesin eight different directions, and Distance value o 130

uses the closest pair of values (including edge cell | &1 click the Run icon

values) to assign an interpolated output value. The button and direct ij’}
Search Distance parameter determinesthe radius of the output raster
the search (inraster cells). If the Search Distanceis tFOiléhe SURFoUT Project

too small relativeto the spac-
ing and f';\rrangement of the [F ols
antour.“nesv the m ch may (Z|f&[§| Operation: Surface Fitting — | Hethod: Profiles =
fail to find values in one or
moredirectionsto usefor in-
terp0|alon' The reg'“t Wl“ Points/Nodes Lines/Edges

be “ hol eg' |n the Output wr- Sulenhy Hops |f§§>€2€‘.'i{‘§€a MI Select: A1l — |€§§><z<:%§‘§gu al
fme raser S,na” h0|$ Can Yolues fhjesh ¥ — |€3§>iz€:i{‘§ea“| Yalue: Object 2 — |€§§><z<:"a§‘§gua|

= Surface Hodeling 0[]

Input Object,.. lE:/tntdata/LITEI]HTI’I/S[IRFHI]I]LIsurFace.ruc / ELEV_CONT

Input | Output | Data Handling | Paraneters | Analysis |

. . Input Object Information /
/
be repa" red us' ng Other Ob ject type: YECTOR, Created 23-1-1997, 3111:8 |.‘i|
H Descriptioni Elevation contours at 100-nefer interval
TNTmips processes.

When the input vector object contains elevation
contours, the Lines / Edges subpanel is active.
For 3-D input objects, use the default selection
of Object Z on the Value option button.

Input | Output | Data Handling Analysis |

Search Distance {(cells}:) 130

Use the Search Distance parameter
setting to control the spatial scope of
the interpolation process.

Black areas indicate “holes” (null areas) for which
no surface value was calculated. Increasing the
search distance helps fill holes, at the expense of
longer processing times. (Edges and corners
present special difficulties; increasing the search
distance may not help in these cases.)
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Surface Modeling

Surface Fitting by Quintic Method

STEPS

M click the Open ﬂ
icon button and

select the maul_TiN object
from the mauisurr Project
File

select Quintic from the
Method option menu

= Surface Hodeling

File

The Quintic method is optimized to create asurface
raster from a TIN object. The elevation values at
thenodes of the TIN triangles are used to computea
fifth-order polynomial surface for each triangular
area. In computing each polynomia surface, the
method also uses elevations from surrounding tri-

angles to compute the slope and change of slopein
different directions around
each node. Thedlopedatais

O]
Help

3[5»| Operation: Surface Fitting — | Hethod:

used to define the shape of

Quintic =

the individual polynomial

Input ﬂhject...IE:ltntdata/LITEDﬂTHIhauaii/nauisurf.ruc 4 HAUL_TIN

Cell Size Raster Size

Input Dutput |Data Handling | Paraneters | Analysis

surfaces to ensure that they
join relatively smoothly

Output Raster Type

Line:| 134.7043
Colunn:| 134,7015

Lines: 453
Colunns: Y5

along thetriangle boundaries.
This produces a smoother

16-bit signed integer — |

- Auto Rescale

Reference Raster

surface than the Triangula-

1
|l Hatch Reference Select...llTEDHTHIhauaii/nauisurf.ruc # DEH_135

M click the Output tab and
turn on the Match
Reference toggle button
on the same panel press
[Select...] and choose
the pem_135 object from
the mauisurr Project File

click the Run icon ﬁ?l

button and direct

|

the output raster to the
surrouT Project File

tion method.

The Quintic method interpolates elevations only
within the confines of existing TIN triangles.
“Holes” inthe TIN are not filled, and separate TIN
hulls generate separate el evation surfaces (asillus-
trated by theidand surfaces created in thisexercise).
Raster areas outside the TIN hulls are assigned the
default null valuefor the selected type of output ras-
ter. The Quintic method has no user-adjustable

parameters, so its Parameters tabbed page is blank.

The Match Reference option on
the Output tabbed panel enables
youto match thedimensions, ori-
entation, and cell size of your
output surface raster to an exist-
ing georeferenced raster object
that coversthe sameareaasyour
input data. This option works
with any Surface Fitting method
except the Bidirectional method,
whichisdiscussed onthefollow-

ing page.
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Surface Modeling

Bidirectional Surface Fitting
TheBidirectional surfacefitting method isdesigned | STEPS

for use with aeromagnetic and other geophysical data
that are collected along groups of nearly parallel
transect lines. In most cases the distance between
measurements along each transect ismuch lessthan
the spacing between adjacent transects, so thereis
aninherent directional biasin thedistribution of the
observation points.

=Surface Hodeling

File

M click the Open gl

icon button and

select the Be_wmac object
from the Be_wmac Project
File

select Bidirectional from
the Method option menu

M [wE]
Help

The Bidirectional method (Z|7E|5| Oreration: Surface Fitting — | Hethod: Bidirectional

interpolatesraster VAlUSINWO | 1., o ... fcensiseonsrammmsmont o mse.oe 7 o0 |

steps:. first along each transect
ling, then perpendicular to the
dominant transect direction.
With the Direction Type option | Birsction Tupe: futa |
set to Auto, the process | ‘el s s

automatically determines the predominant transect
direction. Alternatively, you can set this option to
Manual and enter an azimuth valueto be used asthe
predominant direction.

Input data for the Bidirectional method must bein

the form of 3D vector lines, with one line for each
transect and linever-
tices representing
measurement loca-
tions.

.

A o
These transect lines are from an ‘ ﬁ ;
aeromagnetic survey of a single 7.5-
minute quadrangle, with magnetic intensity
values in nanoteslas. Columns in the output raster
are aligned parallel to the predominant transect
direction to allow efficient across-transect interpolation.

Tnput | Dutput | Data Handling Parancters | fnalysis |

Along Line Hethod: Cubic BSpline —
Across Line Hethod: Bezier Spline —

- Rose Diagran

M on the Output panel,

choose 32-bit floating-
point from the Output
Raster Type option
menu and turn off the
Match Reference toggle.
click the Parameters tab
and choose Cubic
BSpline from the Along
Line Method option
menu

select Bezier Spline
from the Across Line
Method option menu
click the Runicon &
button and direct &I
the output raster to
the surrFouT
Project File
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Surface Modeling

Other Surface Fitting Methods

Input I Dutput Data Handling |Fa

Duplicate Points: Keep First il

Discard

Average
Hininun

Haxinun

Keep Last

Depending on your input
data and the cell size of your
output surface raster, more
than one input data point
may fall within the area of an
output raster cell. Use the
Duplicate Points option
menu on the Data Handling
tabbed panel to specify how
such duplicate input values
should be handled.

Paraneters | Analysis

&

Dutput Raster Type

512 | 8-bit signed integer [ |

365 || B-bit unsigned integer

- 16=bit signed integer
16-bit unsigned integer j

32-bit signed integer
32-bit unsigned integer
32-bit floating-point
64=bit floating=point

Use the Output Raster Type
option menu on the Output
tabbed panel to choose the
appropriate data type for the
computed surface raster.
When the input represents
elevations of the Earth’s
surface, the default setting
of 16-bit signed integer is
most appropriate, since its
range is from -32,768 to
+32,767.

The Surface Modeling process in TNTmips also
includes several additional surface fitting methods
that are not used in the exercises in this booklet.
These methods are either similar to methods already
covered, or are advanced methods with many
parameter settings. Brief summaries of these
methodsare provided below. You can find additional
information about them in the TNTmips reference
manual section on Surface Modeling.

Minimum Curvature The Minimum Curvature
method applies a two-dimensional cubic spline
function to fit a smooth surface to the set of input
elevation values. The computation requires a
number of iterationsto adjust the surface so that the
final result hasaminimum amount of curvature. The
input object can be in the form of vector points,
vector contours, a TIN, or a database.

Kriging Kriginginterpolatesan elevation vauefor
each output raster cell by calculating a weighted
average of the elevations at nearby points. Closer
points are weighted more heavily than more distant
points in the calculation. The Kriging procedure
analyzes the statistical variation in values over
different distances and in different directions to
determine the shape and size of the point selection
area, and the set of weighting factors that will
producethe minimum error inthe elevation estimate.
Kriging can be used with input vector points, TINS,
and database objects.

Linear The Linear method fits a planar surfaceto
each triangle in an input TIN object. Unlike the
Triangulation method, elevations are interpolated
only within the confines of existing TIN triangles.
“Holes” inthe TIN are not filled, and separate TIN
hulls generate separate elevation surfaces. The
Linear method essentially reproducesthetriangular-
faceted TIN surfacein raster form.
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Surface Modeling

The next series of exercises explore the Contour -
ing operation, which createsa 3D vector object with
lines of equal value (contoursor isolines) at a speci-
fied interval. TIN and raster objects can serve as | @

input for contouring.

TheLinear methodisthe only oneavailablefor con-
touring TIN objects. Ittreatseach TIN triangleasa

planar surface. When acon-
tour isfound to pass between
two TIN nodes, the location
of its intersection with the
triangle edge is determined
by linear interpolation from
the node Z-values (or values
you specify by aquery). Each
output contour line is made

up of straight-line segments (one segment per tri-
angle crossed), with direction changes occurring at

thetriangle edges.

Contouring aTIN Object

STEPS
M choose Contouring from
the Operation option

menu
click the Open j
icon button and =
select the ELEv_TiN object
from the surrace Project
File

0[]
Help

= Surface Hodeling

File

sy

~ | Hethod: Linear — |

@“IEE Dperation:
Input Dbject...lE:/tntdatalLITEDHTH/SURFNUDLIsurface.rvc / ELEV_TIH ‘

Input |Uutput |Data Handling |Paraneters

Select Triangles ALl — | Gpeeify, ..

Hode Value Mode 2 i |Spesity, .. |

Contouring

TIN Controls Raster Controls

Sempling Bores 1

Input Object Infornation

Db ject type: TINM, Created 4-2-1997, 16:6:43 i
Description: TIM representing surface elevations I

M click the Parameters tab
and set the Starting
Level parameter value to
100

M set the Interval
parameter value to 100

click the Runicon
il

button and direct
the output vector

object to the surrFouT
Project File

Input | Output | Data Handling Paraneters |
Contouring Settings Scaling Settings

2 Scalez| 10000
Z Offsetz|  0,0000

- Logarithnic Scale

Starting Level:| 100,0000
Ending Level:| 2467.0000

Interval:i| 100.0000

Use the Contouring Settings to control the
range and interval of the contours. A default
interval is automatically calculated from the
range of values in the input object.

operation.

IMPORTANT: Choosing a new Surface Modeling operation clears the previous
Input Object selection and resets all processing parameters to their default
values. You are also asked to choose whether or not to remove previous result
layers from the View window before beginning the new Surface Modeling
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Surface Modeling

Contouring a Raster:

= Surface Hodeling

File

Linear Method

The Linear method is aso
available for contouring ras-

M=
Help

CZ|fE|§»| Operation:

Contouring

= | Hethod: Linear — |

ter objects. It locates

Input ﬂhject...lE:/tntdataILITEDRTH/SURFHDDLIsurFace.ruc / ELE¥_RAST ‘

contours from the raster val-

Contouring Settings

Input | Output | Data Handling Parancters |

Scaling Settings

ueshy linear interpolationin

the line and column direc-

Starting Level:| 100.0000 | 2 Scale:|

1.0000

Ending Level:| 2493,0000

Intervalz| 100,0000

Z Mffset: |

- Logarithnic Scale

tions.

0,0000

STEPS

M click the Open _""'l
icon button and =
select the ELEV_RAsT
object from the surrace
Project File

click the Parameters tab
and set the Starting
Level parameter to 100
and the Interval
parameter to 100

click the Run icon &l
button and direct

the output vector object
to the surrout Project
File

click the Data Handling
tab and choose

Weighted Average from
the Smoothing Method

option menu

When you contour a raster
object you have the option of smoothing the input
raster values prior to finding contours. The Smooth-
ing Method optionsarefound on the DataHandling
tabbed panel. With no smoothing, contour lines may
appear jagged. The Weighted Average smoothing
method produces increasing smoothi ng as you in-
crease the Filter
Window Size.

Choose raster
smoothing options
from the
Smoothing Method
option menu.

/
Input Object...lC:/tntdataILITEDHTRISURFHDDLISug{ace.rvc

Input |Uutput Data Handling |Paraneters|

Raster Pre-processing

Snoothing Hethod:

Heighted Average —

99

Filter Hindou Size:

M select 9 x 9 from the
Filter Window Size
option menu

M click the Runicon

button and direct &l
the output vector

object to the surFouT

Project File

X

Increase the Filter
Window Size to
produce smoother,
more generalized
contours.

No smoothing ~ Weighted Average
9 x 9 Filter Size

Remove the contour object from the view window and
keep the current contouring settings for the next exercise.
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Surface Modeling

Contouring a Raster: Cubic Method

If fine detail is not required, you can also smooth | STEPS

contours and speed processing of araster by increas- | ¥ click the Method button

. ) . and choose Cubic

ing the Sampling Rate setting on the Input tabbed | &1 glick the Input tab and
panel. This setting controls the sampling interval choose 16 from the
that determines the set of raster cells used to inter- Raster Controls
polate contour positions. With a Sampling Rate of iaerr?ﬁ"”g Rate option

4, for example, samplecellsareselected atintervals | &1 click the Parameters tab
of four lines and four columns, so the sample set and choose 8 from the
includes one-sixteenth of the input cells. With the Bicubic Interpolation
default setting of 1, every raster cell is used. E:if]‘ﬂ”t'on Factor option
The Cubic CONtOUNNG e
method interpolates a posi- | Fite Help
tion for a contour line |=lf&l3#| oeeration:  Contouring —| Hethod: Cubic — |

segment by fitting a cubic

Input [iject...'IZ:/tntdataILITEI]HTH/SURFH[II]LIsurFace.rvc / ELEV_RRAST ‘

polynomial surface to the

TIN Controls

Tnput | Output | Data Handling | Paraneters |

nearest surrounding four cells

|n the mpl e %t. The R&' Select Triangles fill =]

Speaify, ..

Mode Value Hode 2 — |Speeifu...|

Sanpling Rate; 16 —

Raster Controls ‘

lution Factor setting on the
Parameterstabbed panel setsthe number of subunits
that thisareaisdivided into during theinterpolation
process. |ncreasing the Resolution Factor increases
the apparent spatial detail in the contour lineswhen
the Sampling Rate is set to avalue greater than 1.

]

Contouring Settings

click the Data Handling
tab and choose None
from the Smoothing
Method option menu
click the Run icon =
button and direct m
the output vector object
to the surrouT Project
File

Input | Output | Data Handling Paraneters |

Scaling Settings

Starting Level:| 100.0000

2 Scale:|  1.0000

Ending Level: | 2493,0000

Intervali| 100.0000

Z Offsetz|  0,0000
) Logarithnic Scale

Bicubic Interpolation

‘ Resolution Factor: 84— |

Increase the Resolution Factor setting to preserve
apparent contour detail as you increase the
Sampling Rate. The Resolution Factor setting
should not exceed the Sampling Rate.
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Surface Modeling

Triangulation from Point Data

STEPS

M choose Triangulation
from the Operation
option menu

M click the Open
icon button and
select the ELEV_PTs_2D
object from the surrace
Project File

M click the Input tab, then
press [Specify...] next to
the Value option button

M in the Query Editor
window, choose Field
from the Insert Menu

M in the Insert Field
window, click on
ELEV_PTs in the Table
List, then z_vaL in the
Field list; click [Insert],
then [Close]

M click [OK] in the Query
Editor window

M click the Run icon
button and direct

the output TIN object to
the surrouT Project File

&

You have worked with TINs as input objects in
previous exercises. To createa TIN object, use the
Triangulation operation. Triangulation computes
a TIN from points in a vector or database object,
from vector contours, or from araster object.

When the input object contains point data or con-
tours, the Delaunay triangulation method is used.
This method uses the input points (or contour line
vertices) to create atriangular network meeting the
Delaunay criterion (described in the exercise on
Surface Fitting by Triangulation on page 8). For an
input database object or 2D vector object, By Query
isthe active selection on the Value option button on
the Input tabbed panel. You must use a query to
specify adatabase table and field containing the val -
uesto use as Z-values for the output TIN nodes.

R

= Surface Hodeling 0] <]
File Help
ﬂﬁ&l Dperation: Triangulation — I Hethodz Delaunay = |

Input Object... IE:Itntdata/LITEDHTHISURFHDDLIsurFace.rvc / ELEY_PTS_2D |

Input | Output | Breaklines | Paraneters |

Points Lines

Select: ALl |Speify...| Selesit  Home  — [$pecife...|

Value: By Query _ |Specify...
Tnput. Object Tnformation \
\

Ob ject type: YECTOR, Ere%ed 8-2-1997, 16:6:41 |.\‘

Yaluey Gbiest ¥ s |Speeife,. .|

Description: 2-D vector obj)ect of elevation points

Press [Specify...] to open the Query Editor
window and create a query that specifies the
table and field containing the desired Z values.

= Insert Field [0 %]
Table Field
TInternal |- |PT_HUH iy
LFY_PTS
ERSTING .
=
NORTHTHG Query Editor
4 File Edit Insert HQuery Help
ELEY_PTS.Z2_YAL I ELEY_PTS.Z_VAL j
Close | Insertl I\I . #
| | 0K

A value query has the simple form TABLE.FIELD,
specifying the field in the attached database table
that contains the desired values.
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Surface Modeling

Triangulation from a Raster

The Adaptive Densification method of Triangula- | STEPS -
tion is used to create a TIN from a raster object. | @ click the Open g

S icon button and
After placing initial TIN nodes at the corners of the select the eLev_RrasT

input raster to form two large triangles, this method object from the surFace
subdividestrianglesin anumber of iterationsto cre- Project File
ateadenser TIN structure. A triangleissubdivided | 2 cick e dg;ri‘:;“eters tab
by placing anew node at theraster cell location with Densification panel,

the highest deviation from the planar surface defined change the Accuracy
by thetriangle. parameter value to 15

and the Node Limit value
You can control the complexity and fidelity of the to 1500 )

output TIN using the Accuracy and Node Limit pa- | ¥ E'I'J‘t’tko;hgn%”;r'g;” m
rameters. The Accuracy parameter value sets the the output TIN object to
maximum Z-val ue deviation between atriangleand the surFouT Project File
theraster surfaceit represents. If atriangle’sdevia-
tion is less than this value, the triangle is not

subdivided further. The Node Limit parameter sets

arough upper limit on the number of nodes in the The Adaptive
final TIN object. Densification method is
automatically selected
= Surface Hodeling mEE when you choose a
e Help raster object as input for
= il 3 eration: Triangulation — | Hethod: Adaptive Densification — the Triangulation
2 fl#| Operation: Triangulat | Hethod: Adaptive Densificat. | operation.

Input I]hject...Ic:ftntdataIlitedatalsurl‘nndl/surface.ruc / ELEY_RAST ‘

Input | Output I Breaklines Paraneters |

Triangulation Settings TIH Dptinization
Toelerances lw - Dptinize TIN Structure
z | 4 .cteecese | | Elevation Tolerancez|  0,000010
s lm Hin, Edge Lengthzlw i
Adaptive Densification Hax. Edge Length:lm
e |
Hode Linit:| 1500

The number of nodes in the final TIN object
may be less than the Node Limit if all triangles
satisfy the current Accuracy parameter setting
before the Node Limit is reached. For example,
the TIN produced using the settings in this
exercise contains 1384 nodes. By contrast, if
the node limit is reached partway through a
processing iteration, subdivision continues until
all current triangles have been processed. In
this case the final number of nodes will exceed
the Node Limit value by a small amount, and
some triangles may not satisfy the Accuracy
parameter setting.
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Surface Modeling

Triangulation with Breaklines

STEPS The Triangulation operation includes severa pro-

& ﬁ:“g: éﬁt;ng p él cessing optionsthat are availablefor any input object

select the ELEV PTS type, including the use of bresklines. Breaklines
object from the surrace | are 3D vector linesor polygonsthat refinethe struc-
Project File ture of theresulting TIN object.

M click the Breaklines tab,
turn on the Apply The Apply Breaklines option incorporates vector

Breaklines toggle button,

lines within the structure of the TIN as fixed €ele-
and press [Select]

ments or boundaries.

e === Each breakline is repre-
ile elp .
EIEI&I Operation: Triangulation — | Hethod: Delaunay =] | Sented In the TI N as a

| series of interconnected
triangle edges. The
breakline edges are

Input Object... II::ltntdata/LITEI]ﬂTHISlIRFHI]DL/surface.rvt: / ELEY_PTS

Input | Output Breaklines IFaraneters |

I Apply Breaklines Select...la/LITEI]HTH:‘SURFNI]IJL.u’surTal:e.rw: # STRERHS ‘

J Clip Areas Sie.zecz.,.,l Ship fsside — | treated as “ ha‘rd edgeS”
which cannot be removed
M select object sTReams during any subsequent retriangulation of the TIN.
from the surrace Project ) o ) ]
File Thebreaklinesused inthisexerciserepresent adrain-

M click the Parameters tab | agenetwork. In addition to providing supplemental
\"’l‘gl‘i esei’rt] t:;]i TT?:Z;Z’L‘?:_ elevation control, they also mark the changein slope
tion Settings to 2.0 direction at the bottom of valleys. As bresklines,

M click the Run icon 3| they become boundaries that are appropriately pre-

button and direct served during any further changeinthe TIN structure.
the output TIN

object to the surFouT s s =AY |
Pri)' t Fil Ol ' gﬂ?ﬁé&"‘ﬁﬂ
ject File = SN
=y N
%y whal
v@ﬁﬁ-‘: 4
vr ",’A\S,
DEA
R

Xy

4 i

74
A

/

1
Y,
T

¥
R

.

AN A
iy o

v
AN,

/|

A
L

aX

The Tolerance
Triangulation Settings parameter haS the

Tolerance: | 2,00000000 same function as in
o0t ; .
Z scale 100000000 the Triangulation

2 [IFFset:I 0,00000000 method Of SUrfaCe
Fitting (see page 8).
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Surface Modeling

Triangulation Using Breaklines to Clip

STEPS

M click the Open -"'ll
icon button and =

TheClip Areasoption allowsyou to use one or more
polygonsin avector object to limit the extent of the

TIN produced by the Triangulation operation. The
lines bounding the polygons also become “hard
edges’ inthe TIN structure (see page 18).

TheClip Inside option isappropriate when the poly-
gon represents the outer boundary of the area of
interest. The TIN structureinsidethe breskline poly-
gonisretained, while edgesand ¥

nodes outside the polygon are
eliminated. In the example in
thisexercise, theinput elevation
point database represents the
island of Maui and a smaller
outlying island, while the
breakline polygon outlines the
shoreline of the main island.
Only themainisland iscovered
by the resulting TIN object.

=

TheClip Outside option creates ==
“holes” within the TIN: the TIN structure outside
the polygon is preserved, and edges and nodes in-
side the polygon are eliminated. 1n a topographic
example, this option might be used when the poly-
gon represents the complex shoreline of a large,
irregularly shaped lake. Without clipping, the lake
surface would be represented by alarge number of
horizontal triangles.

ESurface Hodeling 0[]
File Help

Z|f&[5»| Operation: Triangulation — | Hethod: Delaunay =

Input Object... |C:/tntdata/LITEDATA hawaii/nauisurf.rvc / HAUI_PTS_DB

Input | Output Breaklines | Parancters |

i Apply Breaklines Gelest,..

Select...FauisurF.rvc / SHORELINE Clip Inside -'l ‘

I Clip Areas

}( Remove the TIN object from the view window and
keep the current Triangulation settings for the
next exercise.

select the maul_rTs_pB
object from the mauisurRrF
Project File

click [OK] on the
Database Pinmap
Display Controls window
click the Input tab, then
press [Specify...] next to
the Value option button

in the Query Editor
window, choose Field
from the Insert Menu
in the Insert Field
window, click on mAuiPTs
in the Table List, then
ELev in the Field list; click
[Insert], then [Close]

M click [OK] in the Query

Editor window

M on the Breaklines tabbed

panel, turn on the Clip
Areas toggle button
press [Select] for Clip
Areas, and choose
object sHoRELINE in the
MAUISURF Project File

on the Parameters
panel, set the Tolerance
value in the Triangulation
settings to 450.0

click the Runicon &
button and direct E
the output TIN object to
the surrouT Project File
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Surface Modeling

Triangulation with Optimization

STEPS

M turn off the Clip Areas
toggle button on the
Breaklines tabbed panel

M click the Parameters tab
and set the Tolerance
value in the Triangulation
Settings to 1.0

M turn on the Optimize TIN
Structure toggle button

=Surface Hodeling

File

TIN Optimization provides several functionsto fil-
ter out redundant TIN nodes and control the
geometry of theresulting TIN object. If aTIN node
istoo closeto another nodewith asimilar elevation,
it is identified as redundant and eliminated. The
Elevation Tolerance parameter definesthe minimum
elevation differencethat isalowed for nearby nodes
inthefinal TIN object. The Min. Edge Length pa-

=== rameter value quantifies

wap | “Nearby”: it setsthemini-

ﬂ@&l Dperationz Triangulation _||

Hethads Delaunay =I] mum triangle edge length

nput Object. .. [C:/tntdata/LITEDATA/havaii/nauisurf . rve # HAUL_PTS_DB | dlowedinthe output TIN.

Input | Output | Breaklines Paraneters |

Triangulation Settings TIN Optinization

The Max. Edge Length

Tnlerance:l 1,00000000 | | Optinize TIN Structure pararneter Val ue sets an
2 Snale:lm Elevation Tolerance:|  10,000000 upper I|m|t on the Ia’]gth
2 urrset:m Hin, Edge Length:lm H 1
Adaptive Densification Hax. Edge Length:lm Of trlangle edges n the
' _ ' TIN. This parameter can
M set the Elevation be useful when the set of input points has an irregu-
Tolerance value to 10.0 | . includestwo distinct clust f point
® set the Min. Edge Length | |& marginor includestwo distinct clustersof points,
value to 200 and you don't have asuitable breakline polyon avail-
M set the Max. Edge able for clipping. For the point database used in
Length value to 5000 this exercise, triangulation without optimization
M click the Runicon Id ber of | od h d
button and direct yj’}l would createanumber of long edgesthat would span
the output TIN indentations in the coastlines and connect the two
object to the surFout idands. The selected value of the Max. Edge L ength
Project File

parameter eliminated most of these long
edges. The few remaining extrane-
ous edges along the coastlines
can beeasily removedinthe
TNTmips Spatial Data
Editor.
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Surface Modeling

The Profiling operation creates a series of parallel
(“stacked”) vertical profiles of a surface raster.

Stacked profiles provide a quick aternative means
of visualizing a three-dimensional surface from

different directionsand with differing vertical scales.
The profiles are stored as a CAD object.

You can use the Stack Profiles Settings on the Pa-
rameterstabbed pand to control the spacing between
profile lines, vertical scaling, the profile line direc-
tion, and optional profile line smoothing.

The Distance Between Profiles
parameter controls the profile
spacing.

Set the maximum vertical
dimension of a profile (in raster
cells) with the Maximum

Amplitude parameter value.

Profiling a Surface Raster

STEPS

M select Profiling from the
Operation option menu

M click the Open e
icon button and
select the ELEV_RAST
object from the surrace
Project File

M click the Parameters tab

= Surface Hodeling

File

and set the Distance
Between Profiles
parameter value to 20
and the Maximum
Amplitude to 150

_[Cx]
Help

35[5| operation:

Profiling

| Method: Stack Profiles — |

Input. I]hject...l :/tntdata/LITEDATA/SURFHODL/surface.rvc / ELEY_RAST |

Input | Output Paraneters |

\Stack Profiles Settings
Distance Betueen Profiles: 20 Cells
Sanpling RAlong Profile: 4 Cells

You should adjust the profile
spacing and amplitude in
tandem to ensure that the
profiles show sufficient detail
without confusing overlap.

Haxinun Anplitude: 150 Cells
Rotation Angle:| 0.00 Degrees

Snoothing Hethod: Hone ~

- Shou Profile Baselines

A Shou frea Above Average

M click the Run icon m
button and direct
the output CAD object to
the surrFouT Project File

With the Show Area Above Average toggle
button turned on, the upper portion of each
output profile is marked by a hatch fill.
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Surface Modeling

Creating Rotated Profiles

STEPS

Thedefault profiling directionishorizontal. To cre-

M click the Open e | G . . . .
icon button and E-,.l ate profilesin other orientations, specify arotation

select the pem_135

angle (positive degrees counterclockwise from hori-

object from the mauisure | zontal, or negative degrees clockwise from

Project File horizontal).
If profiles appear “noisy” (too

File

Help

2|{&[5»| Operation:  Profiling | Hethod: Stack Profiles — |

detailed), you can either in-
crease the value of the

Input Object... lC:n‘tntdata/LITEI]HTH/hauaiilnauisurf.ruc # DEH_135

Input | Output Parancters |

Stack Profiles Settings

Sampling Along Profile pa
rameter, or smooth the profile.

Distance Betueen Profiles: 15 Cells

Sanpling Along Profile: 4 Cells
Haximun Amplitudes 80 Cells

The profile is smoothed by
splining, with a choice of ei-

~I Show Profile Baselines

I Show Area Above Average

Rotation Angle:|-30,00 Degrees

Snoothing Hethod: Cubic BSpline =]

ther Cubic (third order) B
Spline, or Quadratic (second
order) B Spline methods.

M click the Parameters tab
and set the Distance
Between Profiles
parameter value to 15
and the Maximum
Amplitude to 80

M set the Rotation Angle to
-30.00

M choose Cubic BSpline
from the Smoothing
Method option menu

M click the Runicon
button and direct m
the output TIN
object to the surFouT
Project File

You can set up datatips to check the Z-Values quickly in the output objects you
create in the Surface Modeling process. Click the object icon button for the
relevant layer in the Layer Controls window to open the appropriate Object
Display Controls window. Open the Datatip tabbed panel (for a raster) or the
panel for the appropriate element type in a vector or TIN object. Turn on the
Show Datatip toggle button. Press [Field] and choose the appropriate database
table and field (for example, NODE.Z for TIN nodes). For further information,
see Getting Started: Displaying Geospatial Data and Getting Started: Navigating.
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Surface Modeling

Surface Modeling Summary

Triangulation

This diagram and chart summarize
the relationships between the
various Surface Modeling
operations, output objects, and

TIN valid input objects.
Contouring
Point Data:
Vector, 3D Vector
Database Contours
(Input Only) |
Raster Profiling
Surface Fitting Profiles
Input Objects
. Output
Operation Method Vector | Vector | Data- | oObpject
Raster | TIN . -
Lines Points | base
Minimum
Curvature Yes | Contours Yes Yes
Irjverse Yes | Contours Yes Yes
Distance
Profiles Contours
Surface Polynomial Yes Yes Yes Raster
Fitting Triangulation Yes Yes | Yes
Kriging Yes Yes Yes
Linear Yes
Quintic Yes
Bidirectional Transects
Linear Yes Yes
Contouring Cubic Yes C\(;i(t:(t)(zjrrs
lterative Yes
Thresholding
Delaunay Contours Yes Yes
Triangulation Adaptive TIN
e Yes
Densification
Profiling PSr(t)éfli(l:(le(s Yes CAD
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Advanced Software for Geospatial Analysis

M icrol'mageﬁ Inc. publishes acomplete line of brof onal-software for advanced géosp'afia] )

datavisualization, analysis, and publishing. Contact usor visit our web site for detailed prod-
uct information:;

TNTmips TNTmipsisaprofessional system for fully integrated GIS, image analysis, CAD,
TIN, desktop cartography, and-geospatial database management.

TNTedit  TNTedit providesinteractive tools to create, georeference, and edit vector,

image, CAD, TIN, and relational database project materialsin awide variety of formats..__

TNTview TNTview has the same powerful display features as TNTmips andis perfect for
those who do not need the technical processing and preparation features of TNTmips:

TNTatlas TNTatlaslets you publish and distribute your spatia project materials on CD-
ROM at low cost. TNTatlas CDs can be used on any popular computing platform.

TNTserver TNTserver letsyou publish TNTatlases on the Internet or on your intranet.
Navigate through geodata atlases with your web browser and the TNTclient Java applet.

TNTlite  TNTIliteisafreeversion of TNTmips for students and professionals with small
projects. You can download TNTlite from Microlmages web site, or you can order
TNTIlite on CD-ROM.
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