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Introducing ArcGIS 3D Analyst

IN THIS CHAPTER

e What can you do with 3D Analyst?

* Tips on learning 3D Analyst

Welcome to ESRI® ArcGIS™ 3D Analyst™, the three-dimensional (3D)
visualization and analysis extension. 3D Analyst adds a specialized 3D
viewing application, ArcScene™, to your desktop and adds new
capabilities to ArcCatalog™ and ArcMap™.

ArcScene lets you make perspective view scenes in which you can navigate
and interact with your geographic information system (GIS) data. You can
drape raster and vector data over surfaces and extrude features from vector
data sources to create lines, walls, and solids. You can also use 3D Analyst
tools in ArcScene to create and analyze surfaces.

ArcCatalog is extended by 3D Analyst so you can manage 3D data and
create layers with 3D viewing properties. You can preview scenes and data
in 3D in ArcCatalog using the same 3D navigation tools you use in
ArcScene.

ArcMap is extended by 3D Analyst so you can create new surfaces from
your GIS data as well as analyze surfaces, query attribute values at a
location on a surface, and analyze the visibility of parts of a surface from
different locations. You can also determine the surface area and the volume
above or below a surface and create profiles along a 3D line on a surface.

3D Analyst also lets you create 3D features from existing two-dimensional
(2D) GIS data—or you can digitize new 3D vector features and graphics in
ArcMap using a surface to provide the z-values.



What can you do with 3D Analyst?

3D Analyst provides you a set of tools in ArcScene for analysis &8 Untitled - ArcScene

and visualization of 3D data. It also extends ArcCatalog and | Fie Edit view Selection Tods Window Help

ArcMap so you can more effectively manage your 3D GIS data DS %X || Q& |

and do 3D analysis and 3D feature editing in ArcMap. [¢taeteaan am@=kon |

Scene layers |
E oads

5
Wale
. High: 2537

Low 1080

Display

Viewing a scene from another perspective with another viewer

You can change the properties of 3D layers to use shading or
transparency, and you can change the properties of a 3D scene to

3D view of raster and vector data

What can you do with ArcScene?

The core of the 3D Analyst extension is the ArcScene application.
ArcScene provides the interface for viewing multiple layers of
3D data for visualizing data, creating surfaces, and analyzing
surfaces.

Visualizing data

3D Analyst lets you drape images or vector data over surfaces
and extrude vector features from a surface. You can view a scene
from multiple viewpoints using different viewers.

3D view of utility poles and power lines
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Exaggerating the vertical dimension of a scene

set the vertical exaggeration of terrain, the coordinate system and
extent for the scene, and the illumination of the scene.

Creating surfaces

The 3D Analyst tools that are available in both ArcScene and
ArcMap allow you to create surface models from your GIS data.
You can interpolate raster surfaces and create or add features to
triangulated irregular network (TIN) surfaces.

TIN and raster surfaces

Analyzing surfaces

3D Analyst lets you interactively query the values in a raster
surface and the elevation, slope, and aspect of TING.

INTRODUCING ARCGIS 3D ANALYST

Slope and aspect rendering of surfaces

You can derive new rasters of slope and aspect from surface
models, create contours, and find the steepest paths on a surface.

Contours and steepest paths

You can also analyze the visibility between different locations on
a surface; create rasters that show the level of illumination of a
surface (given a sun altitude and direction); and reclassify raster
data for display, analysis, or feature extraction purposes.

What can you do with ArcMap?

Installing 3D Analyst lets you add the 3D Analyst toolbar to
ArcMap, so you can do all of the surface creation and analysis
tasks in ArcMap that you can do in ArcScene. It also adds several
tools that only operate in ArcMap: a tool that lets you find lines
of sight on a surface, three tools for digitizing 3D features and



Line of sight created on a TIN in ArcMap, displayed in ArcScene

graphics using z-values from a surface, and a tool that lets you
create graphs of the profile (change in elevation over distance)
along a 3D line.

Proposed trail 8-c
2400

2000
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1000
0 S00 1000 1500 2000

Trail length

3D line graphic created on a raster in ArcMap and a profile graph of the
line.

What can you do with ArcCatalog?

ArcCatalog is the ArcGIS application for managing your GIS
data. 3D Analyst lets you preview and navigate around your 3D
data. You can create GIS data layers and define their 3D viewing
properties.

=l Conterts  Preview |Metadata

&l Catalog

=@ o

(@ D

=@

E@ F:*profilegr
- holbrook-2

@ F:hzpatialref

[ atabase Connections
Geocoding Services
Coordinate Systems

of |nternet Servers

- Search Results

Preview: |3D Wigw j

ArcCatalog lets you browse your data and create and preview layers in
3D.

You can also preview the scenes you've created in ArcScene. You
can create metadata for your 3D GIS data including 3D

Cortents  Preview | Metadata I |

Froperty Walue

Stretch value 142
Pingl value  1882.8340

Previev: a0 Wiew = l

Navigate the 3D preview; identify features, raster cells, and TIN
triangles.

thumbnails of scenes and data. You can create empty 3D feature

classes or shapefiles in ArcCatalog that can then be populated by
digitizing 3D features in ArcMap.
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Tips on learning 3D Analyst

If you're new to GIS, take some time to familiarize yourself with
ArcMap and ArcCatalog. The books Using ArcMap and Using
ArcCatalog contain tutorials to show you how to make maps and
manage GIS data.

Begin learning to use the 3D Analyst extension in Chapter 2,
‘Quick-start tutorial’, in this book. In Chapter 2 you’ll learn how
to open a 3D scene, add and query data in a 3D scene, create
surfaces, and use ArcScene with ArcCatalog and ArcMap. The
3D Analyst extension comes with the data used in this tutorial, so
you can follow along step by step at your computer. You can also
read the tutorial without using your computer.

Finding answers to questions

Like most people, your goal is to complete your task while
investing a minimum amount of time and effort in learning how
to use the software. You want intuitive, easy-to-use software that
gives you immediate results without having to read pages and
pages of documentation. However, when you do have a question,
you want the answer quickly so that you can complete your task.
That’s what this book is all about—getting you the answers you
need, when you need them.

This book describes how to display your data in three
dimensions, to create new surfaces from existing data, and to
analyze three-dimensional surfaces. Although you can read this
book from start to finish, you’ll likely use it more as a reference.
When you want to know how to do a particular task, such as
adding shading to a surface, just look it up in the table of contents
or the index. You'll find a concise, step-by-step description of
how to complete the task. Some chapters also include detailed
information that you can read if you want to learn more about the
concepts behind the tasks. You can also refer to the glossary in
this book if you come across any unfamiliar terms.

INTRODUCING ARCGIS 3D ANALYST

Getting help on your computer

In addition to this book, use the ArcGIS Desktop Help system to
learn how to use 3D Analyst. To learn how to use Help, see Using
ArcMap.

Contacting ESRI

If you need to contact ESRI for technical support, see the product
registration and support card you received with ArcGIS

3D Analyst or refer to ‘Contacting Technical Support’ in the
‘Getting more help’ section of the ArcGIS Desktop Help system.
You can also visit ESRI on the Web at www.esri.com and
support.esri.com for more information on 3D Analyst and
ArcGIS.

ESRI education solutions

ESRI provides educational opportunities related to geographic
information science, GIS applications, and technology. You can
choose among instructor-led courses, Web-based courses, and
self-study workbooks to find educational solutions that fit your
learning style. For more information go to
www.esri.com/education.






Quick-start tutorial

IN THIS CHAPTER

e Copying the tutorial data

e Exercise 1: Draping an image over
a terrain surface

e Exercise 2: Visualizing
contamination in an aquifer

e Exercise 3: Visualizing soil
contamination and thyroid cancer
rates

e Exercise 4: Building a TIN to
represent terrain

e Exercise 5: Working with
animations in ArcScene

The best way to learn 3D Analyst is to use it. In the exercises in this
tutorial, you will:

Use ArcCatalog to find and preview 3D data.

Add data to ArcScene.

Set 3D properties for viewing data.

Create new 3D feature data from 2D features and surfaces.
Create new raster surface data from point data.

Build a TIN surface from existing feature data.

In order to use this tutorial, you need to have the 3D Analyst extension
and ArcGIS installed and have the tutorial data installed on a local or
shared network drive on your system. Ask your system administrator for
the correct path to the tutorial data if you do not find it at the default
installation path specified in the tutorial.



Copying the tutorial data

First you will copy the tutorial data to a local drive. You will
use ArcCatalog to browse to and copy the data.

1. Click Start, point to Programs, point to ArcGIS, and click
ArcCatalog.

g B
= @ Documents v (3 Main 3
= (& Microssft Difics Tooks b X srcMap
I Settings » .
) @ =i (=) Microsaft visual SowrceSafe v [ Arcbiscts Developer Help
S @ Eind » [ Netscape Communicator b €Y AmSeens
-E @ Help Microsaft PowerPoint ] 2'°1T°|b22 -
g ¢ Micosoft Reader By Desktop Administrator
2 - ] Microsoft ‘war
5 Bun Microsaftwiord % Desktap Help
= B visio Enterprise
By shutDown | o

ArcCatalog lets you find and manage your data. The left
side of the ArcCatalog window is called the Catalog
tree; it gives you a bird’s-eye view of how your data is
organized and provides a hierarchical view of the
geographic data in your folders. The right side of the
Catalog window shows the contents of the selected
branch of the Catalog tree.

2. Click in the Location combo box and type the path to the
\arcgis\ArcTutor folder on the drive where the tutorial
data is installed. Press Enter.

J Location: IE:'\arcgisk&rcTutnr —9

The ArcTutor folder is now the selected branch of the
Catalog tree. You can see its contents in the Contents
tab.

3. Right-click the 3DAnalyst folder and click Copy.
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Fename

. Right-click the local drive where you want to place the

tutorial data and click Paste.
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A Search...

Properties. ..

The folder is copied to your local drive. Now you will
make a folder connection to the 3D Analyst folder in the
Catalog tree.
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5. Click the 3DAnalyst folder on your local drive and drag
it onto the top-level node, Catalog, of the Catalog tree.

Catalog

LI

There is now a folder connection in the Catalog for your
local copy of the tutorial data.

In the graphics illustrating this tutorial, the ArcCatalog
option to use a special folder icon for folders containing GIS
data is turned on. That is why the folder GISdata, in the
graphic above, looks different from the other folders. You
can turn this option on in ArcCatalog, in the Options dialog
box, on the General tab. ArcCatalog works faster when this
option is turned off, so it is off by default.

QUICK-START TUTORIAL




Exercise 1: Draping an image over a terrain surface

Viewing a remotely sensed image draped over a terrain
surface can often lead to greater understanding of the
patterns in the image and how they relate to the shape of
the carth’s surface.

Imagine that you’re a geologist studying Death Valley,
California. You have collected a TIN that shows the terrain
and a satellite radar image that shows the roughness of the
land surface. The image is highly informative, but you can
add a dimension to your understanding by draping the image
over the terrain surface. Death Valley image data was
supplied courtesy of NASA/JPL/Caltech.

Turning on the 3D Analyst extension

You will need to enable the 3D Analyst extension.

1. Click Tools and click Extensions.

Main menu B

File Edit Yiew Go |Tools Help

ﬁ arcToolbo:
a ArcMap

Macros [

Cuskomize, ..

Extensions...

opkions. ..

10

2. Check 3D Analyst.
3 Click Close.

[7]x]

&bout this extension,

30 Analyst 8.1.3
[c] ESRI 1998-2002

Fiovides tools for surface modeling and 30 visual lization,

o H €

Previewing 3D data in ArcCatalog

Before you drape the image, you will browse to the terrain
data and preview it in ArcCatalog.

1. Navigate to the 3DAnalyst folder connection in the
Catalog tree.
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2. Double-click 3DAnalyst. 5. Click the Preview tab. You can preview your GIS data in

3. Double-click Exercisel ArcCatalog. With 3D Analyst installed, you can also
preview some data in three dimensions.

6. Click the Preview dropdown arrow and click 3D View.

x|

E_] Catalog 1=

- Preview: | Geograph

@ o, TES I I e0grapry

E-{g DAIDANalyst

E@ = e
Data

Death Walley Terain =
{§3 Exercize?

-] Exercised

: - Exercized
F‘Q‘{_E:I\ [ 7. Right-click above the preview window and click 3D
You see a folder called Data and a TIN layer called View Tools.
Death Valley Terrain.
A la 1 h rtcut t h d 1 It 1 \ mﬂ‘_v Main meriu
A layer is a shorteut to geographic data. It also stores —1 —B
information about how the geographic data should be e

’7 Geography
|T Lacatian
|T Metadata

drawn on a map or in a 3D scene.

4. Click Death Valley Terrain.

LCustomize. .

Wiy Sourse

2| Contents  Preview | tetadata
) Catalog =
@ O
DR
EI-@ DA 30dnalyst
- Exerrise]

- Diata
Death Walley Terain

@ Exercize?

D Exercized

CI Ewercized

- BN

- F

[ @ D atabase Connections
-

[

Internet Servers LI Presiew: I Geography <

Previsu: |3D e | 0
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The preview becomes a 3D preview, and a new set of The data rotates around its center. The Navigate tool
tools appears on the 3D View Tools toolbar. also allows you to zoom in and out and pan across the
data, depending on the mouse button that you click while
dragging in the 3D preview.

Navigate
9. Right-click on the 3D preview and drag down.

[vasasaaunundo)n al

Zoom In/Out Pan

Cortents  Preview | Metadatal

The Navigate tool is active when you first preview data
in 3D. You can see the names of tools by hovering the
pointer over the tool.

The Navigate tool allows you to rotate 3D data and
change the apparent viewer height by clicking and

dragging left and right and up and down, respectively, in Preview [0 view =
the 3D preview.
8. Click on the 3D preview and drag to the right. The pointer changes to the Zoom In/Out pointer, and the

view zooms in to the data.

10. Click the middle button—or both the right and left
buttons if you have a two-button mouse—and drag to
the right.

Eq?jtﬁlrfh. ﬁ[ﬁ';f]ew.] M.bjtﬁdat_a[

Contents  Preview | Metadata

Preview: ISD Wigw j

D

Fresiew: 30 Wiew j
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The pointer changes to the Pan pointer, and the view
pans across the data.

11. Click the Identify button and click on the TIN.

jleqoaeqanun@ou al

Identify

The Identify Results window shows you the elevation,
slope, and aspect of the surface at the point you clicked.

12. Close the Identify Results window.

Froperty Walue
Elervation 1910.973
Slope 20235
Azpect 142 882
Face TagWalue 0O
Mode Tag Value 0O

4 |

13. Click the Full Extent button.

|e@oaeaaq:r:ms @z||3|s.a|@|

QUICK-START TUTORIAL

The view returns to the full extent of the data.

Contents Preview | Metadata]

Preview: 30 Wiew j

Now you’ve examined the surface data and begun to learn
how to navigate in 3D. The next step is to start ArcScene
and add your radar image to a new scene.

Starting ArcScene and adding data

ArcScene is the 3D viewer for 3D Analyst. Although you
can preview 3D data in ArcCatalog, ArcScene allows you
to build up complex scenes with multiple sources of data.

1. Click the ArcScene button on the 3D View Tools toolbar.

H- RN ”F| 58 | (2 ArcScene
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2. Click the Death Valley Terrain layer in the Catalog tree

14

ArcScene starts. Note that many of the tools on the
ArcScene Standard toolbar are the same as the 3D
navigation tools that you see in ArcCatalog.

é}_hlcﬁcene M= &
J File Edit “iew Selection Tools Window Help |

EEEIEE LYy n
[vacaeqanuz0@ ron

= Scene layers

Dizplay

iz

and drag it onto the right-hand side of the ArcScene
window, then release the mouse button.

[ Catalog
- Cn
@ D
{@ D \2Danalyst

- {g Exercisel
Data
Dreath Yalley Temnairr e

ﬁ Exercized

[

The TIN is drawn in the new scene.

gk ArcScene

J Fil= Edit Miew Selection Tool: Window Help
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toolbar.
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3. Click the Add Data button on the ArcScene Standard

ArcScene

Lockin  |ig3 Data

| E3l5me]

worksp [ Catalog
p 1=
dvim?.T]
[F
Q D:M30dnalyst
@ Ewercise]
@

4. Navigate to the Data folder for Exercisel.

[N

@En
@B F

Cg Datshase Connections

M ame: I

Add

Shaow of type: IDatasets and Layers [*.lvr]

j Cancel |
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5. Click dvim3.TIF.
6. Click Add.

ArcScene

Loak in: I@Data j EI &&l@(

workspace]

Narme: [dvimaTiF Add —0
Show of type: |Dalasets and Layers [*lr] j Cancel

The image is added to the scene.

%

= Scene layers -
= dwvim3.TIF
RGE Composite
B Red: Band 1
|1 Green: Band_2
M Elue Band 3
=] Death Valley Terrain
Edge type
Soft Edge
— Hard Edge

Elevation *
1 | 3
Dizplay

The image is drawn on a plane, with a base elevation
value of zero. You can see it above the Death Valley
terrain surface where the terrain is below 0 meters
elevation (sea level); it is hidden by the terrain surface
everywhere else.

QUICK-START TUTORIAL

7. Uncheck the Death Valley Terrain layer.

£ Scene layers
= dvim3.TIF
RGE Composite
W Ried Band 1
. Gieen: Band_2
W Ele Band 3
= L1 DeathValley Teran

Edge type
Soft Edge
Hard Edge

Elevation hd
1| | »
Disglay -

(7]

Now you can see the whole image. The black areas are
parts of the image that contain no data and are a result
of previous processing to fit the image to the terrain.

You have added the image to the scene. Now you will
change the properties of the image layer so that the image
will be draped over the terrain surface.

Draping the image

While the surface texture information shown in the image is
a great source of information about the terrain, some
relationships between the surface texture and the shape of
the terrain will be apparent when you drape the image over
the terrain surface. In ArcScene, you can drape a layer—
containing a grid, image, or 2D features—over a surface (a
grid or TIN) by assigning the base heights of the layer from
the surface.

15



1. Right-click dvim3.TIF in the ArcScene table of contents
and click Properties.

=% Scene layers
= dvim3. TIF
AGE (2 Doy
.Hed: ¥ Remove
[ Greent 2 Refresh
. Blue:
B [0 Deathvall Dpen dttitute Tatle

o g:f?:i @ Zoom To Laper
— HardE Set Data Source...
Elewati
1 Save fz Layer File..

Dizplay

O

The layer Properties dialog box appears. You can change
how a layer is drawn on a map or in a scene by setting
its properties.

2. Click the Base Heights tab.

Propeitics

General | Source | Extent| Display | Symbology | Joins & Relates  Base Heighls |F\endeung
Height
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f E| Il
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Z Uit Ci
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0
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[o

= [l

0c | Cancel oy |
1

' 4]
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Click the option to Obtain heights for layer from surface.

Because the TIN is the only surface model in the scene,
it appears in the surface dropdown list.

4. Click OK.

The image is draped over the terrain surface.

Now you will be able to navigate around the image and see
the relationship between surface texture, as shown by the
image colors, and the shape of the terrain.

Exploring the image

You will use the navigation tools on the ArcScene Tools
toolbar to explore the draped image.

1. Click the Zoom in button.

|ea¢ae@anzn@ kon
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2. Click and drag a rectangle around the middle of the
image.

3. Click the Navigate button.

[daeaaeqauram@ =k on

QUICK-START TUTORIAL

4. Click on the scene and slowly drag up and to the left.

The scene rotates, and the view angle lowers, so it looks
as though you are looking down the valley, past the
higher land on the left side of the scene.

Elevated, rocky area

Alluvial fan Floodplain

17



The elevated land is visibly rougher terrain than the flat
valley bottom. The surface texture—and therefore the
color, in the radar image—of this rocky area is different
than the fine sediment of the floodplain—the yellow and
black region in the valley bottom. The rocky area is also
a different texture from the gently sloping alluvial fan
that runs past it, down onto the valley floor.

Draping the radar image over the terrain surface allows you
to see the relationship between the general shape of the
land surface and the texture of the rocks and sediment that
make up the surface.

Exaggerating the terrain

The valley is a broad area, relative to the height of the
terrain, even though the mountains at the edge of the scene
are more than 2.000 meters above the valley floor. In order
to enhance the sense of depth in the scene, and to bring out
subtle features in the terrain, you will exaggerate the height
of the terrain.

1. Right-click Scene layers in the table of contents and
click Scene Properties.

x|
e I

= Scene layers

b dvimdTIF 4 AddData..
RGE Comp

. Red  Ban 2 EasteLavers)

[ Green: Ban %
P Els Ban
= O Death¥alley Terain
Edge type
Soft Edge
Hard Edge
Elewation

-
1| | I»

Dizplay I Saource I

icene Properties...

18

The Scene Properties dialog box lets you set properties
that are shared by all of the layers in the scene. These
include the vertical exaggeration, the background (sky)
color, the coordinate system and extent of the data, and
the way that the scene is illuminated (the position of the
light source relative to the surface).

2. Click the General tab.

Scene Properties

General I Coordinate Systeml shent I lllurairiation I

Drescription:

-]
“Wertical Exaggeration: |2 'I Calculate From Extent
—

Backaround calor: Show Current Cetault |

™ Use as detault in all new scenes

I~ Enahle Animated Rotation

When you uze the M avigation tool to rotate the scens, hold
down the left mouse button, drag in the direction pou want the
scene bo rotate, and release the mouse button whils the scene
is moving.

aK I Cancel Lpply

3. Type “2” in the Vertical Exaggeration combo box.
4. Click OK.
The apparent height of the terrain is now doubled.
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You can now clearly see how the alluvial fan spreads out
onto the valley floor, between the larger rocky area at
the center of the scene and the smaller rocky area in the
foreground at the left side of the scene.

You have added depth to the radar image, explored the
general relationship between the data in the image and the
terrain data, and enhanced the scene so that you can
perceive more subtle variations in the terrain.

Now that you’ve built the scene, you will save it so that you
can explore it later if you choose.

Saving the scene

Scenes, also called Scene Documents, are like maps. They
contain information about how the layers that are in the
scene should be rendered and where the data is located.

QUICK-START TUTORIAL

J File Edit “iew Selection Tool: Window Help

O Hew... Chil+h
= Open... Clrl+0
H Save Chl+5
& AddData.
& Fint..
Diocument Properties. ..
Erport Scene »
Exit Alt+Fd

1. Click File and click Save As.

2
Save As H
Savein: Ia Exercisel ﬂ gl
Ciata
File name: IDeathvaIIey Save ﬂ——o
Save az lppe: IArcScene Documents (% sxd] j Cancel |

(3]

2. Navigate to the Exercisel folder.
3. Type “Deathvalley”.
4. Click Save.

The scene will now be available for you to open later.
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Exercise 2: Visualizing contamination in an aquifer

Imagine that you work for a water district. The district is
aware of some areas where volatile organic compounds
(VOCs) have leaked over the years. Scientists from your
department have mapped some plumes of VOCs in the
aquifer, and you want to create a 3D scene to help officials
and the public visualize the extent of the problem.

Some of the data for the scene has already been assembled
in the Groundwater scene. You will modify the scene to
better communicate the problem.

VOC data was supplied courtesy of the San Gabriel Basin
Water Quality Authority.

Opening the Groundwater scene document

This scene document contains a TIN that shows the shape
of the contaminant plume, a raster that shows the
concentration of the contaminant, and two shapefiles that
show the locations of parcels and wells. You will drape the
concentration raster over the plume TIN, extrude the
building features and change their color, and extrude the
well features so that the wells that are most endangered by
the contamination may be more easily recognized.

1. In ArcScene, click File, then click Open.

J File Edit Wiew Selection Tool: ‘Window Help

2. Navigate to the Exercise2 folder.

20

3. Click Groundwater.sxd.

Lok in: IaExercise2 j gl

|1 warkspace?

Groundwater sxd

=10
j Cancel |

File hame: IGroundwater sud

Files of lype: IArcScene Documents [*.zxd]

[~ Dpen as read-orly

4. Click Open.

The Groundwater scene opens. You can see the four
layers in the table of contents.

Showing the volume and intensity of
contamination

You'll drape the raster of VOC concentration over the TIN
of the contaminant plume surface to show the volume and
intensity of contamination in the aquifer.

1. Right-click congrd and click Properties.

[ B0z
[ 431 roperties...
= congrd

Walue
High : 5.000000

I Low : 1.000000
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2. Click the Base Heights tab.

Properties

Genelall Sourcel Extenll Dlsplayl Symbolugyl Fields I Joins & Relates  Base Heights | Hendemgl

~Height

" Use a constant walug or expression to set heights for layer.

|n

lui
=

& Obtain heights for layer from surface:

fifasten Fresalitian.

2] Layer features have 2 values, Use them for beiafits.

Z Unit Canversion

’7App\y conwersion factar o place heights in same units as scene: | custom - 1.0000¢

~ Difset
Add an offzet uzing a constant or expression:

P =]

oK I Cancel | Apply |

Click the dropdown arrow and click plume to get the
heights from the plume TIN.

Now you will change the symbology of the raster to
show the intensity of the contamination.

4. Click the Symbology tab.

[0%)

QUICK-START TUTORIAL

Properties

Gieneral | Source | Extent | Display Svmboloay | Fields | Joins & Relates | Base Heights | Rendsring|

Show:
e ol | Draw raster stretching values along a color ramp
Classiied
Color Valus Label
5000000 [High : 5.000000
1.000000 L oy : 1,000000

ol Flars | T e -H—0)
Stretch
’7Type |Standard Deviations =l Histagram

n 2 ™ Invert

I™ Display Background Yalue 0 as [
Display NoD ata as [ =

T e
1

o

. Click the Color Ramp dropdown arrow and click a red

color ramp for the raster.

. Click OK.

. In the table of contents, uncheck plume.

= Scene layers
= O plume e
Edge type
— Soft Edge
— Hard Edae

Now it is possible to see the shape of the plume and its
intensity in 3D.



Showing the relationship of the plume to wells

You can see that some of the wells are within the area of
the plume. However, it is difficult to see which wells are
most seriously affected because the contamination is more
widespread but less concentrated at greater depths.

You will extrude the well features based on their depth
attribute in order to see which wells intersect the plume.

1. Right-click wells and click Properties.

Lo

Save Az L File...
5 facilty ave Ag Layer File

Prop

2. Click the Extrusion tab.

General | Source | Selection Display Symbology | Fields I Defirition Queny I
Joinsd Relates | BaseHeights £ T ] Rendering

r Extrude features in laper. Exbusion tumg points into vertical ines., lines into
walls, and polgons into blocks.

Ewtrusion value or expression:

0 = = 6

Apply extrusion by:

adding it to each feature’s mirimum height =l

ok | caed | s |

3. Click the Calculate Extrusion Expression button.
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You will display the well points as vertical lines equal to
the depth of the well. This information is stored in the
WELL DPTH field.

. Click WELL DPTH.

Expression Builder HE

Expression

o || o] pel o] |
N
SN
T

Save Load | ok I Cancel I
I

_e

5. Click OK.

. Click the dropdown arrow to apply the extrusion

expression by adding it to each feature’s base height.
The well depths are expressed as negative values, so
they’ll be extruded downward.

Apply extrusion by

16

| 7/
ok | Concel sy |

7. Click OK.
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You can see the places where the wells intersect, or are

close to, the plume. Now you will modify the scene to show

the priority of various facilities that have been targeted for
cleanup.

Showing the facilities with a high cleanup priority

Analysts in your department have ranked the facilities
according to the urgency of a cleanup at each location.

You’ll extrude the facilities into 3D columns and color code
them to emphasize those with a higher priority for cleanup.

1. Right-click facility and click Properties.
2. Click the Extrusion tab.

l Higl
Lo 2
= facility

Save bz Layer File. .

3. Click the Calculate Extrusion Expression button.

Properties
Genersl | Souce | Selection Display Syrbology || Fields | Definition Query |
Joins & Relates | Base Heights Ertrusion | Rendering |

- Estude festures in aper. Extrusion tums peints info vertical s, fines into
walls, and polgons inta blocks,

Estrusion valus o supression:

0 = E: e

4. Click PRIORITY1.

QUICK-START TUTORIAL

5. Type “* 100™.

Expression Builder HE

Fields Functions

Abs [ ) -
atni [ ]
Cos[ ]
Expl ]
Fis[ ]
Loaf ]
Sin | |

el el /]
S - D D
| e e |
R | e |
Save Led | [ ]

Cancal |
— o

Expression

PRIORITY1]+ 100

6. Click OK.

The expression you created appears in the Extrusion
value or expression box.

Properties [ 7]

General | Source | Selection | Display | Symbology | Fields I Drefirition ugny I
Joins & Relates Baze Heights Extrusion Rendering

Extrude features in laper. Extuzion tumns points into vertical lines. lines into
i
walls, and polgons into blocks.

Extrusion walue or expression:

[FRIDRITY1]*100 =

Apply extrusion by:

adding it to 2ach feature's minimum height ﬂ
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7. Click the Symbology tab. 11. Click the Save button.
8. Click Quantities.

9. Click the Value dropdown list and click PRIORITY1.
|DEE&E s B X | Q&

Properties
Joing & Relates I Biase Heights | Extrusion | Rendering |
General Saurce | Selection | Diisplay Symbclogy I Figlds | Defirition Quern
o
T— Draw quantities using color to show values. Irnpot
Categorie$ r Field: ~Clagsification
Quantities Walue: EETGRIT - MNatural Breaks [Jerks] o
- Graduated colors
' Gradusted symbels | Homalzalion: [<HONE> =] | | Blassss |5 =|  Classily..

- Propattional spmbols

.. Dot Dersity Color Fiamp: . -

Charts
Multiple Attributes Symbol | Flange [ Label
[ 0
] 1
- z-3
[ s
% | - 5

[~ Show class breaks using feature values

oK I Cancel Apply
T

®

10. Click OK.

The facilities are now extruded in proportion to their
priority score. The scene now shows the shape and
intensity of the contamination, the wells in relationship to
the plume, and the facilities that need to be cleaned up
in order to prevent further pollution of the groundwater.

Now you’ll save your changes to the scene.
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Exercise 3: Visualizing soil contamination and thyroid cancer rates

In 1986, after the catastrophic accident at the Chernobyl
nuclear power plant in Ukraine, a large amount of
radioactive dust fell on Belarus. Since then, scientists have
studied the aftermath of the accident. One tool for exploring
the data is 3D visualization. In this exercise, you will create
two surfaces from point data collected in Belarus. One set
of points contains measurements of soil CS137
concentrations. CS137 is one of several radioactive isotopes
released by the accident. The other set of points shows the
rates of thyroid cancer, aggregated by district, with the
sample point placed near the district centers.

The CS137 contamination and thyroid cancer data was
supplied courtesy of the International Sakharov
Environmental University.

Viewing the point data

First, you will open the Chernobyl scene and view the point
data.

1. Click File and click Open.

J File Edit Wiew Selection Took Window Help

& save Chl+5

2. Navigate to Exercise3 and click Chernobyl.
3. Click Open.

QUICK-START TUTORIAL

Lok in: IaEHercisxﬂ j gl
12
File name: IChemobyI.sxd Open j——e
Filez of twpe: IArcScene Documents (% sxd] j Cancel |
™ Open as read-only

The CS137 soil measurements are shown with small
point symbols, using a graduated color ramp to show the
intensity of the contamination. The districts” thyroid
cancer rates are shown with larger symbols, using a
different color ramp.

Creating 3D point features

The soil CS137 samples are 2D points with some attributes.
One way to view 2D points in 3D is by setting an extrusion
expression, or a base height. You can also incorporate a
z-value into a feature’s geometry to allow it to be directly
viewed in 3D without the need to set a base height from a
surface or an attribute.

First, you’ll add the 3D Analyst toolbar to ArcScene.
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1. Click View, point to Toolbars, and click 3D Analyst.

J File Edit “iew | Selection Tools Wwindow Help

“Wiew Settings...
Zoom Data »

I 4 |7 I i rnenu
E Table Of Contents |T Standard
|7 Status Bar |T Tools
Scene Properties... w
Graphics
LCustomize. ..
Wiew Saurce

The 3D Analyst toolbar in ArcScene contains several 3D
analysis and data conversion tools. The ArcMap

3D Analyst toolbar contains the same tools, plus several
additional tools that you can use in ArcMap.

Now you will create 3D point features from the soil
CS137 points.

2. Click 3D Analyst, point to Convert, and click Features to
3D.

J|3D Analyst ¥ | Layer:l j @ 3
T CiesteModiy TN »

Interpolate to Raster b

Surface Analysis ]

Reclazsify. .

Features to 30...
Options... Fiaster to Features...
Raster ta TIN...
TIN ta Raster...

TIN to Features...
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3. Click the Input Features dropdown list and click
Subsample 1994 CS137.

Convernt Features To 3D [ 2] ]
Input Features: ISubsamplE_1 994_C5137 g_g__e
Source OF Height:
. Fasternan TIH Suface; I j g

% |nput Featue Attibute: IES13?_E|_K =|

!
©

 Mumeric Constart: II] 0
Output Features: D4 30AnalysthE wercize M Data\C5137_30 EI e
Ok I Cancel |

6]

4. Click the Input Feature Attribute button, then click the
Input Feature Attribute dropdown list and click
CS137 CI K.

5. Change the output feature name to CS137 3D.
6. Click OK.

The features are converted to 3D point features. However,
they still seem to be resting on a flat plane because the
CS137 concentration values range from 0 to 208.68, which
is small relative to the horizontal extent of the data.
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Increasing the vertical exaggeration

You will exaggerate the scene to show the new points with
their height embedded in the feature geometry.

1. Click View and click Scene Properties.

Wiew Selection Tool: Window

Wiew Settingz...
Zoom Data »
Toolbars »
[El Table Of Cantents
|T Statuz Bar

Scene Properties..

2. Click the General tab.

Scene Properties

General | Coorcinate System | Estent | lumination

Description:
-]
Yetcal Exsggmaion. |6188 -] [[Cacuate Fram Extert] e

|v| Shaw Cunent D efault I

Background color

[~ Use as defaul in all new scanes

[~ Enable Animated Raotation

When pou uze the Mavigation toal ta ratate the scene, hald
dovin the left mause button, drag in the direction pou want the
soene to rotate, and release the mouse button whils the scens
iz maving.

D.K | Cancel Lpply I
T

| 4]

QUICK-START TUTORIAL

Click Calculate From Extent.
Click OK.
Click the Full Extent button.

v W

O @k

Now that you can see the new 3D points in the scene,
you can turn off the original CS137 sample point layer.

6. Uncheck the box in the table of contents beside
Subsample 1994 CS137 and click the minus sign beside
the box to hide the classification.

=

= Scene layers
O Subsample_1934_CS137
= ThyroidCancerR ates
IMCIDT 000
{3 0-0.0752
{3 0.0759 - 0.2053

Extruding columns

Viewing points in 3D space is one way to investigate data.
Another way is to extrude points into columns. You will
extrude the thyroid cancer points into columns to compare
them to the contamination data.

1. Right-click ThyroidCancerRates and click Properties.

Save Az Layer File...

Scene lapers
O Subsample_'IE
S| ThyroidCanc
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2. Click the Extrusion tab.

el | Soucs | Selection Display Symbology| | Fields | Definition Query |
Joins & Relates | Base Heights Extruision Rendering

[ Evitude fealiies inlaer. Exiision iums o inio verlical nes, ines inla
ipals, and polgons into blocks.

Estiusion value o sxpiession

z = & —©

-]

. Click the Calculate Extrusion Expression button.

98]

4. Click INCID1000 (the rate of cases per 1,000 persons).

Expression Builder EHE

Fields Functions

CASES Abs [ ] -

FOPULUSE At [ ] —

= Cos[ |

hd Expl ]
= =0
Int[ ]
Logl ]
Sinl 1 |

Expreszion

[IMCID000] <100

Save Load | 0k | Cancel |

——lo

Because the z-values of the phenomena that you are
comparing have different ranges, you will multiply the
cancer rate by 100 to bring the values into a range
similar to that of the CS137 measurements.

5. Type “* 100™.
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6. Click OK on the Expression Builder dialog box.
7. Click OK on the Layer Properties dialog box.

Now the district centroid points are shown with columns
proportionate to the thyroid cancer rates. If you navigate
the scene you will see that the areas with the highest
contamination levels also tend to have high thyroid
cancer rates, although there are areas with lower CS137
contamination levels that also have high cancer rates.

Creating a surface from point sample data

You know what the soil concentrations of CS137 are at the
sample point locations, but you do not know what they are
at the locations between sample points. One way to derive
the information for locations between sample points is to
interpolate a raster surface from the point data. There are
many ways to interpolate such surfaces, which result in
different models of varying accuracy. In this exercise you
will interpolate a surface from the samples using the
Inverse Distance Weighted (IDW) interpolation technique.
IDW interpolation calculates a value for each cell in the
output raster from the values of the data points, with closer
points given more influence and distant points less
influence.

1. Click 3D Analyst, point to Interpolate to Raster, and click
Inverse Distance Weighted.

J | 3D Analyst = | LLayer; I j Jp?ﬁ

Creste/Modiy TN b |

Irwerse Distance Weighted...

Surface Analysiz

4 Spline. .
Fieclazzify. . Kriging...
Corvert » Hatural Neighbors. .

Options... |
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2. Click the Input points dropdown list and click
Subsample 1994 CS137.

98]

Inverse Distance Weighted EHE

Input points:
Z walue field:
Power:

Search radius tppe:

ISubsamp\ejSSLCS‘lS? 'I E
|[EEAER =

I 2
I\u"anab\e j

Search Radiuz Setting:
Mumnber of points:

Mairnurn distance:

I
.

[ Use barrier polplines:
Output cell size:

Output raster:

I | ]
I 2083.744
I <Temporary: ﬁ—

Caniel |

;)

Click the Browse button.

. Click the Z value field dropdown list and click
CS137 _CI K.

5. Navigate to the Exercise3 folder and type
“CS137_IDW” in the Name field.

QUICK-START TUTORIAL

= = eolsmlct| [ =

Lack in: |C| Exercise?
Data
Name: |cs1a7_1Dw

Save as e [ESRIGRID

j Cancel |

® o

6. Click Save.

7. Click OK.
Inverse Distance Weighted EHER
Input points: | Subsample_1934 5137 7| EI
Z value field: [cstar_oik =l
Power. [ 2
Search radius type: [ ariable =l

Search Radius Setting
Mumber of points:

M awirmurm distance:

=
o

™ Use barier polylines:

Output cell size:

Olutput razter:

I | =]
I 2059.744

ID:\SDAnaIyst\ExerciSES\ES‘I3 D”l

u] I Cancel |

o

ArcScene interpolates the surface and adds it to the scene.
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Viewing the interpolated surface

Now that the surface has been added to the scene, you can
see that there are two areas with very high concentrations
of CS137. You will view the surface in perspective, with a
new color ramp, to better see its shape.

1. Right-click CS137 IDW and click Properties.

Walue
High : 177333905

Lo : 0.000000

2. Click the Symbology tab.

Properlies

General | Souce | Extent | Display Svmbolony | Base Heights | Rendering

Show

Ciesaied | Draw raster stretching values along a color ramp

Celor Value Label
177339906 [High: 177.939905
0.000000 [\ cy: 0000000
Color Fiamp:

. Click the Color Ramp dropdown arrow and click a new
color ramp.

98]
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4. Click the Base Heights tab.

Layer Properties

Ganerall Sourcel Extentl D\splayl Symbology  Base Heights | Rendering

~Heigh

" Ise a constant value or expression to set heights for layer:
§ 3 &l

 Obtain helohts for e fom suface: 9

In: “arcgisharctutor 3danalysthexercise3hes1 37_idw

Raster Resalution

€ Layerfeatures haye 2 values, Use them for heialits,

"Z Unit Conversion ‘

Apply conversion factor to place heights in same units as scene: Icustum - 1.0000

~ Dffset
Add an offzet using a constant or expression:

P =

K. I Cancel Apply

5. Click Obtain heights for layer from surface.
6. Click OK.
7. Uncheck CS137 3D in the table of contents.

= [ ThyroidCancerRates
INCID1000
£ 0-0.0758
£ 0.0755 - 0.2053
4 0.2054 - 0.3571
& 0.3572- 06522
& 06523-1.6129

=0 CH1F_D a

-
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Now you can see the interpolated surface of CS137
contamination, along with the thyroid cancer rate data.

4E Chemnobylsxd - ArcScene

File Edit Yiew Selection Tools MWindow Help

JS[=] B3

DEHE[: B |(¢Haos
AP REAAEENDER OB

J a0 enayst = | Laver [os137_idw <]’

|

|= Scenclayers B

T Subsample_1334_C5137

5 & ThymidCancerates
INCID 1000

8 0.2054 - 0.3571 -

4 0.3572- 08522 =

# UESZ3- 16129 - = =
= 0O Ce137_30 E e —

.

=] 3137 _idw - =
Walue =
High: 177.323508 =

Low: oo =l

Display -

o 00078 = =
& 00759 -0.2053 - - e *

4

Next, you will select the province centers with the

highest rates of thyroid cancer.

Selecting features by an attribute

Sometimes it is important to focus on a specific set of data
or specific features. You can select features in a scene by
their location, by their attributes, or by clicking them with
the Select Features tool. You will select the province
centers by attribute to find the locations with the highest

rates.

QUICK-START TUTORIAL

1. Click Selection and click Select By Attributes.

Selection Toolz Window Help

B ibu

O

% Select By Location. ..
@ Zoom 1o Selected Features
= Statistics, .

Set Selectable Layers. .

fd LClean Selected Features

Interactive Selection Method

Options...

2. Click the Layer dropdown arrow and click

ThyroidCancerRates.

Select By Attribute

Select procedure : ICleate a new selection

Fields:

“FID"
"MAME"
"CASES”
"POPULUSE"
e p <=
ey |

INCIDT 000 J %

3. Double-click INCID 1000 in the Fields list.
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4. Click the >= button.
-
Select By Attribute EH -
Layer: IThyroidEancerHates j L “
-
Select procedure : ICreate a net selection j “
Flelds Unigue walues: -
FID | < | Like | 04762 AI -
"MAME" 04398 0 -y
"CASES" > | o= A fos2es B
F'DF'ULUSE 0.5306

N S i

05822

"INCID 000" | o] net D622 = They are drawn in light blue to indicate that they are
N R421 = selected.
SOL Info... | Compreetisn |
SELECT *FROM terate WHERE: Viewing the attributes of features

VINCID 000" »=0.5 e

You will investigate attributes of the selected locations and
find out how many cases of thyroid cancer occurred in
these districts.

1. Right-click ThyroidCancerRates and click Open
Clear Werify | Help | Load... | Save... | Attribute Ta'ble'

Apply Cose | BN ThyroidCanceEates
IMC ‘ Eop_l,.l

0 e g 302 X Remave

&0 20 J Open Attnbute T able

5 Type “0.5” : ggg Jains and Relates »
; ; : = O C5137_ <% Zoom Ta Layer
6. Check the selection expression you’ve built. o
. Selection »
. = csl 37
7' CthApply al ‘5? Convert Features to Graphics. ..
: Higr
8. Click Close. I Data >
. . . Low A
The province centers with thyroid cancer rates greater Disply [Soue Save As Layer Flle.
than 0.5 cases per 1,000 are now selected in the scene. ————— [ Propetties...
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2. Click the Selected button.

£ Selected Attributes of ThyroidCancerRates M=l 3
FID Shape NAME CASES POPULUSE X
v 10|Paint Luninets 12 22740 5437585
15| Paint Stalin 23 16638 54978125
16 |Paint Bragin 8 7300 h729519.5
17 | Paint Buda-Koshelevo el 10300 5741826
18 | Paint WVetka g 9500 B7EER4E.5
13| Paint Gomel T4 135454 B7RATES.S
27 | Paint Love 2 4800 5748303
29 |Paint Marovipa 10 E200 REVTZT
32 | Paint Rechitsa 17 23200 5721661
35 | Paint K hainiki 9 11100 B700827
91| Paint Slavgorod 3 BE00 77481
o | |
Record: 14| _<|| 1 v |m] Show al | SEleiled Records (11 out of 117 Selectsd ) Options -|

The table now shows only those features that you
selected.

3. Right-click CASES and click Sort Ascending.

ed Altributes o pidCancerRate _ O x
FID Shape NAME CASES POPULUS bl

10| Foint Luringts 12 585

15| Point Stolin 23 e 8125

16| Paint Bragin 8 519.5

17 | Pairtt BudaF ashelevo E] SR 8%

18| Paint atka [ (Ll Gulate Y aluss £48.5

19| Point Gomel 74 Statistics 7E5.5

27 | Point Love 3 U 1= 1}

=4 Pant e i Freeze/Unfresze Column 571

32| Paint FRechitsa 17 Delete Field B61

35| Point Khairiiki ] - - 27

91| Fairt: Slavgorod 3 | 5500 |57aras]
« | |
Fiecand: 1';' 1) _>|1| Show Al I Selected  Records (17 out of 117 Selected | Oplions ~

The selected province centers are sorted according to
the number of cases.

QUICK-START TUTORIAL

4. Right-click CASES and click Statistics.

ed Attributes o oid R =] E3
Shape HAME CASES POPULUSE b3

27 | Paint Love 3 = SartAscending 303

91 | Point Slawgorod 3 = SoitDescending 481

16| Point Bragin £} b . 519.5

18 Paint etk 8 Summetize 545

17 Paint Buda-Kosheleva E] Ealet el 526

35| Point Fhainiki 9 827

29 Point Mamowlya 10 271

10 Pore Lorinets 2 Freeze/Unfreeze Column =3

32| Point Rechitza 17 Delete Field B61

15| Point Shalin 23 T T 12.5

19| Pairt: Gomel 7 | 133453 |G7EI7ES5
| | |
Fiecard illl U_>|1| Show Al I Selected  Records (17 out of 117 Selected | Options =

The total number of cases in the selected set of
11 province centers is 176.

5. Close the Selection Statistics dialog box.

Selection Stalistics of tcrate
Field
CASES j Frequency Distribution
Statistics:
Count n 8
Minirmum: 3.000000
Masirnun 74000000 g
Surn: 176.000000
bean 16.000000 4
Standard Deviation: 19140628
2
i}
2 27 g1
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6. Click the Navigate button and click on the scene.

é‘:— Chernobyl_sxd - ArcScene [_[O] x]

J File Edit Yiew Selection Tools Window Help

[o@@E e @Bass|v
[¢@eeoaan @@ hon

+

| a0 anast = | Laver [c137 i B ‘
x|
I=F Scene layers - _ = =
[0 Subsample_1934_C5137 . =
=] ThyroidCancerR ates - =
INCID1000 ! - nl.
£ 0-00758 s 3 L

@ 0.0759 - 0.2053 o
i 0.2054 - 0.3571

@ 0.2572 - 06522

B Selected Attributes of ThyroidCancerR ates

FID Shape NAME CASES POPULUSE =

v|  10|Paint Luninets 12 22740 54

16| Paint Stolin 23 16638 54

16 |Paint Bragin 8 7300 LT

17| Point Buda-Koshelzvo g 10300 57

18| Paint Wetka 8 5500 7

18| Paint Gomel 74 133459 57

E 27| Point Love 3 4B00 57
_I] 23|Poine Narovva | 10 G200 is'j @

»

L]
Record: ﬂ_ill 1 e Show A I Selected  Records [11 out of 117 Selected)

You can work in ArcScene while the attribute table is
open.

7. Click the Save button.

|DEEE e X |+ Qs N

In this exercise you have created 3D features, extruded

point features, and interpolated a raster surface from a set
of data points. You’ve compared the extruded vector data
to the surface data and explored the attributes of the vector

data.
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Exercise 4: Building a TIN to represent terrain

The town of Horse Cave, Kentucky, is situated above a
cave that once served as the source of drinking water and
hydroelectric power for the town. Unfortunately, the
groundwater that flows in the cave was polluted by
household and industrial waste dumped on the surface and
washed into sinkholes. Dye tracing studies and a three-
dimensional survey of the cave revealed the relationship
between the cave passages and the town and demonstrated
the connection between open surface dump sites and
contamination of the groundwater in the cave below.

Thanks to the development in 1989 of a new regional
sewage facility and the joint efforts of the Cave Research
Foundation and the American Cave Conservation
Association (ACCA), the groundwater is cleaner, and the
cave has been restored. It is now operated as a tour cave
and educational site by the ACCA.

Cave data was provided courtesy of the ACCA.

Viewing the cave and the landscape

First you will open the BuildTIN scene and view the cave

survey and some terrain data layers. You’ll use this terrain
data to create a TIN and drape some other layers on it to

visualize the relationship of the cave to the town.

QUICK-START TUTORIAL

1. Click File and click Open.

J File Edit “iew Selection Took ‘wWindow Help

O Hew.. Chl+N

LTS

& Save Ctil+5

Save bz

2. Navigate to the Exercise4 folder and double-click
BuildTIN.sxd.

Lok ir: I 23 Exercized j gl
Cavedata
Tenaindata
Town 9
File hame: IBuiIdT\N.sxd Open I
Files of lpe: IA[cScanE Documents [*.sxd) j Cancel |
I” Open az read-only

The scene opens, and you can see the location of roads
and railroads, some sample elevation points, and a few
significant contour lines. In the table of contents, you
can see that some layers have been turned off.
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3. Check the box to show the Cavesurvey layer.

|%

Q Scene layers =
= wipointz point
.

=] roads
=] railroad
.
=] brklines
- =& Copy
= O smclp ¥ Remave
= Refresh
= O phaoto tif
Yalue Open Attribute T able
High: 2 Joinz and Relates »
l TR @ Zoom Ta Layer
Dizplay 2
e Selection 4

4. Right-click Cavesurvey and click Zoom To Layer.

The cave survey data consists of PolylineZ features,
which are automatically drawn in 3D because they have
z-values embedded in their geometry. They appear
above the rest of the data because all of the other layers
are drawn with the default elevation of 0.

In the next steps you will build a TIN to provide the base
heights for the streets and a photo of the town.

Creating a TIN from point data

You have a point layer called vipoints point. This coverage
consists of points with an attribute called SPOT that
contains elevation values taken at these points. You’ll create
the TIN surface model from these points.

36

1. Click 3D Analyst, point to Create/Modify TIN, and click
Create TIN From Features.

J|3DAna|yst | Layer: [phato fi

Create/Modify TIN-— »

Interpolate to Raster b

Create TIM From Features...
Add Feature ta TIM...

Surface Analysiz »
Feclassii,.

Cornwert 3
[Hptions. .

2. Check vipoints point.

Create TIN From Features EHE
| nput;
Check the layer(z] that will be uzed to create the TIM. Click a laper's name to
specify its setlings.
Lewars -, [ Settings far selected laysr————————————
1
[ roads Feature type: 20 points
[ railroad
[ biklinesz .
] Cavesurvey Height source: Igpm’ vl
[] =mclp
Triangulate as: Imass paints vl
Tag value field: |<none> vl
Clutput TIM: |Ceh30bnalysthE sercised T eraindatattind EI e
=

—

The SPOT field name appears in the Height source
dropdown list, and the layer will be triangulated as mass
points.

Change the default path so that the new TIN will be
created in the Exercise 4\Terraindata\ folder.

4. Click OK.

98]
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The TIN is created and added to the scene. Note that it
is drawn above the Cavesurvey layer; the elevation
values in the TIN define its base height.

While this TIN is a fairly good model of the surface, you
can make it more accurate by adding some more features.

Adding features to a TIN

Now you will add hard and soft breaklines and a clip
polygon to the TIN. You’ll add the railroad features as soft
breaklines, so they’ll be represented on the surface but
won’t influence the shape of the surface. You’ll add the
brklines features as hard breaklines with elevation values to
refine the shape of the surface in areas that you’re most
interested in. Finally, you will add the smclp polygon as a

soft clip polygon to more smoothly define the edge of the
TIN.

QUICK-START TUTORIAL

98]

. Click 3D Analyst, point to Create/Modify TIN, and click
Add Feature to TIN.
“3[) Analyst = | Laper: Iphoto.tif j @ .
Create/Modify TIM » Create TIM From Features. ..
Interpolate to Raster  w
Surface Analysiz 3
Eeclassify..
Caorvert »
[ Etions. .
. Check railroad.
Add Features To TIN EHE
 Input:
Input TIN: [ = =
Check the laper(s] whoze features are to be added ta the TIM. Click a laper's
name to specify ite settings.
Layers: @
WEI Settings for selected layer———————————
Feature type: 20 lines 9
brkli
Etra\g:jrvey IRelit saures |<”U”E> = e
[ zmclp
Triangulate as: 9
Tag valug figld: |<m:|ne> vl
. Click the Height source dropdown arrow and click
<none>.
. Click the Triangulate as dropdown arrow and click soft
line.
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5. Check brklines.

38

Add Features To TIN
— Input;
Input TIN: [t =l =

Check the laver(z] whoze features are to be added to the TIM. Click a laper's
name to specify its settings.

Lapers: .
— Settings for selected laver
[ ] wipoints point EI 2 ¥
- rnfads Feature type: 2D lines
railroad
[ Cavesurvey Height zource: IELEVATIDN vl
[] smclp

Triangulate az: Iha[d line 'l
Tag value field: |<none> 'l

The Add Features To TIN tool detects that there i1s an
ELEVATION field and uses it for the height source. You

will accept the default and triangulate them as hard
breaklines.

Check smclp.
Add Features To TIN EHE
~Input:
Input TIN: It\n1 ﬂ EI

Check the layer(s] whose features are to be added to the TIM. Click a layer's
name ta specify itz settings.

Layers .
——— — Settings for selected layer
[ wipoints point L
[roads F .
p cature type: 20 palpgons
[v] railroad 5 =
brklines X
Dl Cavesmiey Heihtsource: SR =
zmclp

Ip

Triangulate as: soft ciip = l
Tag value figld:  |:pones ‘l

7. Click the Height source dropdown arrow and click
<nonec>.

8. Click the Tag value field dropdown arrow and click
<nonec>.

You have defined the feature layers that you want to add
to your TIN and specified how they should be integrated

into the triangulation.
Add Features To TIN EHE
 Input;
Input TIN: i =l =

Check the lapers] whaze features are to be added ta the TIM. Click a layer's
name to specify itz settings.

Layers: .

— - — Settings for selected layer
[ ] wipoints point D”'l
[ roads F .

; eatLre lpe 20 polygons
railroad uy poyg
biklines X
[ Cavesurvey Height source: <rones
smclp

Triangulate as: soft clip s

Tag value figld:  |.pqones = 9
& Save changes into the input TIN specified above.
= Save changes into a new output TIN
Output TIM:  |0:430&nalystsE zercised' Teraindatatting EI

9. Click OK.
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i -
| £ .
(U | N
¥
The new features are added to the TIN.
You can see that the railroad follows a bed that has been
leveled somewhat relative to the surface.
Setting features’ base heights from the TIN

Now you will set the base heights for the road and railroad
features from the new TIN.

1. Right-click roads and click Properties.

<% Canvert Features to Graphics...

Data »

@ Scene layers

= wipoints poi

Savefs Layer File..

= rairoad

—

= brklires

= Cavesursey

= O smelp
M

Digplay I Source I

QUICK-START TUTORIAL

2. Click the Base Heights tab.

v W

Selecon | Display |
Base Heights

Saurce Symbology | Fields |

Exbrusion

Definition Query |

Juins & Relates Rendering

Use a constant valug or expression to set heights for layer:
[ S IEl

Dbiin heights for layer from stfaces

ID-\BDAnaIyst\Exercise:i\Tanaindala\lm

Fister Hesolutiat..

£ Layer features Have Zvaluss, Wse therm for heiahis.

©

Z Unit Corwersion
’i&pp\y conversion factar b place heights in same units as scene: | custom = 1 ‘
~ Difset
Add an offset using a constant or expression:
= |
o =
0K I Cancel | Apply

(5]

Click Obtain heights for layer from surface.
Click the dropdown arrow and click tinl.

Click OK.

The road features are now draped over the TIN surface
that you created. Now you will drape the railroad
features over the surface.

. Right-click railroad and click Properties.
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7. Click Obtain heights for layer from surface.

@ Scene layers

<% Correert Features o Graphics. .

Lrat.
= O wipoints po S D

* Save fg Layer File...
= roads

= railroad
—

= O biklines

=] Cavesurvey

= O smelp
=
Drizplay
8. Click OK.

Properties EHE
Geneial | Souce | Selection | Display | Symbology | Fields | Definiion Query |
Joins & Relates Base Heights | Estrusion | Rendering

- Height
 Use a constant value or expression ta set heights for layer
0 = [
! | IF]
Qb heights forlayer ram suface’
|0\ nalyst Everised T ermaindatahin] =l B’“l
Figster FlEsalufion

) Layer features have 2 values, Wse themfor eiahts,

Z Unit Conversion
’VApply conversion factor to place heights in same units as scene: | custom - 1 ‘

r OF
Add an aoffset using & constant o expression:

P =

| Concel | ek

40

(8]

The railroad features are now draped over the TIN
surface that you created. Next you’ll drape the aerial
photo over the TIN.

Setting raster base heights from the TIN

Including the aerial photo of the town in the scene makes
the relationship between the cave and the town much more
evident. You’ll drape the raster over the TIN and make it
partly transparent so that you’ll be able to see the cave
beneath the surface.

1. Right-click photo.tif and click Properties.

B3 Copy
X Remave
= Refresh

D 858, 8? Open Attribute Table

[ ke

. TErT @ Zoom To Layer

22

. F1E.El Set Data Source. ..

. BE1.17 Sawve Az Layer File...

[ 6455

E10

W alue

High : 255

I Low: 0
Dizplay I Sourcel

K1Y —
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2. Click the Base Heights tab.

Use a canstant value ar expression ta st heights for layer,

|u

% Dbtain heights for layer from surfacs:

Faster Hesalition:

v W

Click the Display tab.

General | Sourcd | Estent  Display | Symbology | Fields | Base Heights | Rendering

I~ Show Map Jips (uses primary display fisk]
[~ Display rastr iesalution in table of contents

I~ llow interadtive display for Effects toolbar

Resample during dizplay using IE\Ilnear Interpolation [for continuou;

Transparent %

Display Qualiy
Coamss  Medum Mol

]

s data)

Click the dropdown arrow and click tinl.

Click Obtain heights for layer from surface.

Co |

Cancel

Apply

QUICK-START TUTORIAL

o
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6. Type “30” in the Transparent text box.
7. Click OK.
8. Check photo.tif.

Now the aerial photo is 30 percent transparent. You can see
large patches of the TIN over the photo because the TIN
and the photo have the same drawing priority. If you
wanted the TIN to be visible below the photo, you could
change its drawing priority to 10 (lowest) on the Rendering
tab of the TIN’s Layer Properties dialog box. You could
also offset the base height of the TIN or the photo by a
small amount.

Cleaning up the scene

To clean up the scene you’ll turn off some layers that are
no longer needed and make the cave line symbol larger.

1. Uncheck vipoints point.
2. Uncheck brklines.
. Uncheck tinl.

. Double-click the line symbol for the Cavesurvey layer.

98]

~

|

=% Scene lapers =

B O wipaints paint 0
*

=] roads

=] railroad
—

E O brklines

=] Cavesurvey F—

= 0O smcp

© 00

= 0O tint

Edge tvpe
— Soft Edge
Hard Edge

Elevation ;I
Dizplay

1



5. Type “5” in the Width box.

Symbaol Selector EHE
Category: I Al j [ Presiew
-
— [ R ——
Highwiay Highway Ramp Expressway j
~Options————————————
Coor |-
Ewxpreszsway Ramp  Major Road Arterial Stieet whidth: 5 =T e
Callector Street  Residential Street Railroad
_ — = — Properties.
Fiver Bounday,  Bounday, Stale Al el Z
Mational
Save.. Heset
—— ———— —— ;I (1l I Carcel 6
6. Click OK.

Now you can see the three-dimensional passages of the
cave, symbolized by thick lines. The surface features
and the aerial photo provide context, so you can easily
see the relationship of the cave to the town.

Creating a profile of the terrain

The cave follows the valley floor orientation. To get an
understanding of the shape of the valley, you will create a
profile across the TIN. In order to create a profile, you
must first have a 3D line (feature or graphic). You will start
ArcMap, copy the TIN to the map, and digitize a line to
make your profile.

42

1. Click the Launch ArcMap button.

R A

ArcMap starts.
2. Click OK.

= ArcMap

— Skart uzing Archd ap with

Templates provide ready-to-use layouts and base maps
far various geographic regions.

é A existing map:

Browse for maps...

I Irmediatel) add data
I~ Do not show this dialog again

(11O

Now you will add the 3D Analyst toolbar to ArcMap. The
ArcMap 3D Analyst toolbar contains a few tools that do not
appear on the ArcScene 3D Analyst toolbar. Two of these
are the Interpolate Line tool and the Create Profile Graph
tool, which you will use to create your profile of the

surface.
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3. Right-click on one of the ArcMap toolbars and click

3D Analyst.

& Untitled - AicMap

Ele Edit Yiew Inset Selection Tools Window Help

[+ Main Menu

Dﬁﬂé|% Ex‘nm|\t|ﬁ!LStandard

|@axuaees & ko,

x|

Display

ELREE

|¥  Taok

Layout

Exditar

Spatial Analyst
Effects

Geostatistical Analyst

Georeferencing

Dimensioning

Diata Frame Toals
Utility Metwark Analyst
Wersioning

Graphics

Edit Cache

Customize.

JDrawmg' k@‘l:" A':Z”F

iew Souse

M [=] E3
[ x2 |
LT

| [555.16 1000 Unknown Units |

B

The 3D Analyst toolbar appears.

4. Click Tools and click Extensions.

Main Menu

Eile Edit View Insert Selection Tools Window Help
;fZ Editor Toolbar
Graphs
Reports
Geocoding

2% add ¥y Data. .

% Add Route Events. .

1§ Buffer izard, .

E GEaRratessing VWizard .,

) ArcCatalog
Macros

Cushamize.. .

Styles
Options. .

QUICK-START TUTORIAL

5. Check 3D Analyst.
6. Click Close.

Extensions

Select the extensions you want to use.

[2]x]

Abhout this extension:

30 Analyst 8.1.3
[l ESRI 19382002

Provides tools for surface modeling and 20 visualization,

Cloze

)

The 3D Analyst extension is enabled.

7. In the ArcScene table of contents, right-click tinl and

click Copy.

El
- [~
= O smelp
=] b

4

E
—5 Bemove

E Fefresh

o, 7
*

[]8 <% Zoom ToLayer
Bl

. 8 Set ats Saurce...

| K ¥
— Save Az Laver File...

Digplay I Sol Properties...
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8. In the ArcMap table of contents, right-click Layers and
click Paste Layer(s).

ES

* sddData..
Q Mew Graup Layer
LEopy [t e

(=]

> Femove

Set Beference Scale

[EleanBeference Seale

Zaom 1o Heference Seale

Advanced Drawing Jptions...

Eonyvert Latels o Annatation..

:“ [Eanvert Eeatures to Graphics. .

Activate

Dizplay I SUU'CBI Properties

9. In the ArcMap table of contents, check tinl.

=
Bz toes |
= tinl o
Edge type
— Soft Edge
— Hard Edge
Elewation

[]894.444 - 330

[7] 852,859 - 834.444
I 523333 - 858.883
W EV.FVE - 823333
W 7h2.222- 7RI
[ F16.B67 - 752222
I 631,111 - F1B.6E7
[] 645,556 - 621.111
[ 610 - 645.556

Display I Source I

10. Click the Interpolate Line button.

dpreszs|-|a]

| 3D st = | Lager [int

44

11. Click on the upper-left corner of the TIN, drag the line
to the lower-right corner, and double-click to stop
digitizing.

iz
You can create a profile along a line with more than one

segment, but in this case you’ll just make one straight
line.

12. Click the Create Profile Graph button.

Layer: [tin

IR oo S22 e al
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The profile graph is created.

& Profile Graph Title

Profile Graph Title

=1k

100

1] 500 1000 1400 2000 2&00

Profile Graph Subtitle

You can edit the title, subtitle, and other properties of the
graph; you can save, print, or export the graph; you can
copy it to the clipboard; and you can show the graph on
the layout. You can also simply close the graph.

13. Right-click on the Profile Graph Title bar and click
Show on Layout.

14. Close the profile graph window.

Profile Graph Title

Show on Layout

P rOfl | £ + Beload Automatically
200 Fieload Maw
Load...
250 Save...
200 Frint
Expart...
150 -
LCopy Graph to Clipboard
100 500 Froperties... Eﬂ i}

Profile Graph Subtitle

QUICK-START TUTORIAL

You can see the graph on the layout of the map.

15. Click the Data View button to return to data view.

.. ......5,. . N =

[19]]

Creating a line of sight on the terrain

Another way of understanding the terrain is to create a line
of sight. Lines of sight show what parts of a surface are
visible and what parts are hidden along a line from an
observer point to a target point.

1. Click the Create Line of Sight button.

solt x| |@)
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LineOFSight

Set options below az desired, then click the

obzerver point and the target point on the map.

. Type “2” in the Observer offset text box.

Observer offset: |2 ks
Target offset: ID Z units

[T &pply convature and refiaction comestion

2]

The line of sight will be calculated to show what is
visible from the perspective of an observer two meters
tall, as the z units for this scene are meters.

46

. Click on the south slope of the higher land in the upper-
right part of the TIN (the observer point), drag the line
to the lower-right part, and release the mouse button
(the target point).

The line of sight is calculated. The green segments show
areas that are visible from the observer point; the red
segments are hidden from the observer.

4. Close the LineOfSight dialog box.

LineDFSight B4

Set options below as desired. then click the
obzerver point and the target paint on the map.

Obzerver offzet: |2 Z units
Target offzet: ID Z unitz

= Al curvature andlefaction comection
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Lines of sight, like other graphic lines, can be copied 7. In ArcScene, click Edit and click Paste.
from ArcMap to ArcScene. Now you will copy both the
lines you’ve created into the scene. Edt View Selection Took Window

. . . & cu o [
5. Click Edit and click Select All Elements. -
[ [Eapy [Etrl+
=)
Edit Wiew lnzert Selection Tool: Window x Delete Delete
% Undo Delete Elements  Chil+2 B3 Copy Scene To Clipboard
U ke
Hedo " @4 Fird..
® o Cut Chrl+
X Select All Elements
LCopy Chr+C
E Faste Clrl+ . .
o . The lines are pasted into the scene.
aste Special
¥ Delete Delete
&& Copy Map To Clipboard
#% Find...

Both of the lines you created are selected.
6. Click Edit and click Copy.

Edit iew |nzert Selection Tool: ‘wWindow

- 7 Undo Delete Elements  Chil+Z
wE Bedi [Crl
¥ Cut Chrl+4
B2 Paste Cirl+h

Paste Special
H Delete Delete
B3 Copy Map To Clipboard
#4 Find...

Select All Elements

QUICK-START TUTORIAL




8. In ArcScene, click the Save button. This tutorial introduced you to a sample of the tasks you
can do with 3D Analyst and showed how ArcCatalog,
ArcMap, and ArcScene can be used together. The

= remaining chapters in this book discuss in detail the variety
J b EJ%‘ & e B ‘ ¥ ‘ = ‘ @ & ‘ . ‘ of tasks you can accomplish with 3D Analyst.

9. In ArcMap, click File and click Exit.

File Edit “iew |nzert Selection Tools ‘“window

B Chrl+h
pen... Clrl+0

Save Cirl+5

{"/ Add Data..

2 Add Data from Geography Netwark..
]| Page Setup...

@ Frint Presie. ..

é Print...
Map Froperties. .

Impart from Arciiew project...

Export Map...

ETE —O

10. Click No.

ArcMap E

& Save changes to Untiled?
Mo | Eancell

®
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Exercise 5: Working with animations in ArcScene

Imagine that you wish to create an animated sequence
showing the flight of an object over a landscape. You’ve
created a TIN and have draped images over it to show the
area. You also have some data pertaining to a strange
phenomenon that has been occurring in the region. You are
interested in displaying all the data in a dynamic way,
making an animation to tour points of interest, and showing
how you made the surface. You would also like to model
the phenomenon by moving a layer in the scene.

The tutorial data has already been assembled in the scene
document named Animation.sxd. You will use ArcScene
animation tools to effectively convey the points you want to
show.

Data was supplied courtesy of MassGIS, Commonwealth of
Massachusetts Executive Office of Environmental Affairs.

In this exercise, you will play an existing animation in the
scene document, Final Animation_A .sxd, and perform the
tasks typically used to create the animation.

Opening the Final Animation_A scene document

In this section, you will play an animation that demonstrates
some of the effects that you can create when you animate
a scene.

1. In ArcScene, click File and click Open.

gk Deathvalley.sxd - ArcScene

J IE Edit “iew Selection Tool: Window Help

J_ [ Mew,.. Crl+M E
—E Open... Chil+0 —_0
J_ & Save Chil+5 ;

J_ Sawve fiz

QUICK-START TUTORIAL

2. Navigate to the Exercise5 folder and double-click Final
Animation A .sxd.

Open HE
Lok jn: | (=3 Exsrciss 5 BN C= 1=

|_1fly data

image data

| surface data

) Animation, s xd

iFinal Animation &, sxd

File name: |Animalmn sud

Open I
=l Cancel

Files of type:  [ucScene Dacuments [%3¢d)

™ Open as read-only
A

This scene contains geographic information and recorded
special effects that have been combined to make an
animation.

Ll el ol el SN

DEE@’ Fr s EAAw

- HOQGRANZOOEROMN

b = £ | |- (8 E |
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Playing the scene’s animation

In order to view a scene’s animation, you need to turn on
the Animation toolbar.

1. Click View, point to Toolbars, and click Animation.

Yiew Selection Tools Sindow Help

View Setkings...
Zoorm Craka [
Bookmarks 2

Toolbars » |T Main renu
E Table OF Conkents |T Skandard
|7 Skatus Bar |T Tools

Scene Properties. . |T 30 Analyst
30 Effects

ETTTEEE O

araphics

Customize. ..

iEW SOUrEE

The Animation toolbar appears. Now you’ll play the
animation.

2. Click the Open Animation Controls button.

dnirmakion ™ | ﬁ | E:I'—e

50

This animation shows the flight of a hypothetical
unidentified flying object (UFO) over the terrain.

Click the Play button.

(98]

Animation Controls

| o |[n @

O ptions =

o

The animation plays, illustrating some of the effects you
can use in an animated scene.

Gane) vor s ges el

e e Lo, a
w-—@on_oaa....no@f_uo?!l il S ,__»j

In the next section you will work through the steps used
to make animations like this one.
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Opening the Animation scene document

The scene contains an ortho photo, a scanned

1. In ArcScene, click File and click Open. topogrgphlc map, and other data you need to make your
animation.

g% Deathvalley. sxd - ArcScene

|[e

J_ [ Mew... Chrl+rM a
—E Open... Ctrl+0 S o
J_n Save Chrl+5 _O

J Save As...

2. Navigate to the Exercise 5 folder and double-click
Animation.sxd.

Dpen
Look jn: Ia Exercise 5 j - ok E3-

| 1fly data
_limage data
|_surface data

nimation, s e
0 Animation_& sxd

File name: — [&nimation. skd Dpen |
Files of type: [ rccene Documents [+ sxd] =l Cancel

™ Open as read-only

v
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In this section, you’ll use the animation tools to capture
keyframes, import tracks, play back your animations, and
save them to a scene document.

There are three types of keyframes that you can use to
build animations. The first is a camera keyframe. A camera
keyframe is a snapshot of the view you see in a scene. The
second, a layer keyframe, is a snapshot of a layer’s
properties. The third type is a scene keyframe, which stores
properties of a scene. In this section, you will create a
simple animation from a set of camera keyframes.

Capturing Perspective views as keyframes to
make an animation

The simplest way to make animations is by capturing views
to be stored as keyframes. The captured views are
snapshots of camera perspectives in a scene at a particular
time. The most fundamental element of an animation is a
keyframe. Keyframes are used as snapshots to interpolate
between in a track. You’ll create a set of keyframes to
make a camera track that will show an animation between
points of interest in your study area.

1. Click the Capture View button to create a camera
keyframe showing the full extent of the scene.

Animation = | ﬂj| b

52

For a camera keyframe, the object is the virtual camera
through which you view the scene. Navigating the scene
changes camera properties that determine its position.

ArcScene interpolates a camera path between
keyframes, so you’ll need to capture more views to
make a track that shows animation.

2. Right-click on UFO.lyr and click Zoom To Layer.

UFC. 1 e
O Flight: 1
= Surface de@

(98]

Click the Capture View button to create a camera
keyframe showing the UFO layer.

Anirmakion ™ | ﬁ | E

4. Click the Full Extent button to view all the data.

o @E

'
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5. Click Zoom In on the Navigation toolbar and zoom to
Goss Heights, located near the center of your view.

6. Click the Capture View button to create a camera
keyframe of Goss Heights.

Animation | ﬁ” E

(6]

7. Click the Full Extent button.

7 @[

QUICK-START TUTORIAL

8. Zoom to Littleville Lake.

B L P i Je et
Fr+ @AW [+~ B00e0aAn 00N
E—

9. Click the Capture View button to capture a view of
Littleville Lake.

dnimakion | ﬁJ| E

(9]

10. Click the Full Extent button.

i @1
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The captured views you just made are stored as a set of 3. Click the Play button.
camera keyframes in a camera track. When the track is

played, it shows a smooth animation between the —
keyframes. Next, you’ll play your animation track.

. S nmn | m: Options >3
Playing back your animation > | | _® | e |
You will play back animations using simple tools that (3
resemble the controls of a video cassette recorder (VCR).
1. Click the Open Animation Controls button. An animation is played back by interpolating the camera
position between the keyframes in the track. In this
case, the animatior(l1 shows a virtual tour through the
— 1ews you captured.
Animation |ﬁ| "_“j-—a VIeWs you captu

2. Click the Animation toolbar and drag it to the lower-left
corner of the scene so it won’t block your view of the
tools or data.

| o e gt e i
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Clearing an animation

If you want to start over, you can erase all the tracks you
created. In this section, you’ll remove the tracks you just
created so you can improve your animation.

1. Click Animation and click Clear Animation.

All animation tracks are removed from the scene.

Animation 4
anirmakion | ﬁ | bu

@) Clear Animation

Ef Create kevframe...

ﬁ Creake Group Anirmation. ..

4 Camera BBy From Fath..

b Mave Layet along Path,.

2 Load Animation Fils. .,

ﬂ Save Animation File., ..
X Export to Yideo...

*r Animation Manager. ..

QUICK-START TUTORIAL

Recording navigation

Another way to create a camera track for an animation is
to record in real time while you navigate in a scene. In this
section, you will record your view of the scene while you
navigate using the Fly tool.

1. Click the Fly tool on the navigation toolbar.
The Fly tool allows you to fly through your scenes.

EXT
L

2. Click the Record button to start recording your
navigation.

Animation Controls EH

[ 2 11 | ..... m . @ | Options > |
(2

ArcScene begins recording as soon as you click the
Record button. If you don’t navigate right away, your
track will reflect this.
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3. Click once in the center of the scene to activate the Fly

tool. You start flying by entering into hovering mode.

In this mode your viewpoint follows the cursor. Point in
the direction you wish to look.

4. Click once more to begin flying through the scene.

Point in the direction you want to move. Click again to
increase your speed and right-click to decrease your
speed. Your speed is indicated in the status bar in the
lower-left corner of the ArcScene window.

5. Press Esc to stop flying.

You can also stop flying by clicking until your speed is
ZEeT1O0.

. Click the Stop button to finish recording.

Animation Controls

| 3 11 | ..... m . @ | Options > |

You have recorded your flight path through the scene as
a new camera track that began when you clicked the
Record button and ended when you clicked the Stop
button.

. Click the Full Extent button.

ae

. Click the Play button to see the animation you recorded.

Animation Controls

> ] | ..... | -» | Optiang > |

(8]
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When you are done viewing the animation you recorded,

clear the track so you can make a better one in the next
section.

9. Click Animation and click Clear Animation.

Animakion | ﬁ | [T

Clear Anirmation

E@ Creake Keyframe. ..

ﬂ Creakte Group Animation. ..

S Camera BBy From Fat..

= Mave Layet along Pa6,..

2 Load Animation File. .,

m Save Animation File. ..
L Export to Yidea..,

*r Animation Manager. ..

QUICK-START TUTORIAL

Making a camera track from 3D bookmarks

In the previous sections, you navigated in a scene and
created keyframes to build a camera track. Another way to
create the keyframes for a camera track is to import
bookmarked perspective views of a scene. In this section,
you’ll create keyframes from 3D bookmarks.

1. Click Animation and click Create Keyframe.

Anirmakion ™ | ﬁ | T

M Clear Animation

ﬂ Creake Group Anirakion. ..

25 Camera Elvbe: fram Eath..

b Mave Layer alamng Pat,.

(2 Load Animation File. ..

m Save Animation File. ..
X Export to Yidea, ..

Bt Animation Manager. ..
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Click the Type dropdown arrow and choose Camera.

3. Click New to create a new track.
4. Click OK.
5. Click Create.
Create Animation Keyframe [ 7] x]
Type: Camera :—' —e
I™ Impart fiom bookmerk [Foss Heghts =]
Source object: Camera of bain Wiswer =
stz elle [Comeravack 1 =]
Keyframe name: Camera keyframe 1
Tiooh e I I—
sslive Propttes.. | Ciete | Clse | e
You’ve now created a camera track with one camera
keyframe showing the full extent of your scene. You’ll
need to add more keyframes to your track so that it will
show animation. Now, you’ll import bookmarks to create
the keyframes for the rest of the animation.
58

6. Check Import from bookmark.

7. Click the Import from bookmark dropdown arrow and
click Goss Heights.

Create Animation Keyframe EH
Type: IEamera -

e——p Impart fram baskmark [Goss Heights -

Littltille Dvam
Eright

Source ohjsct:

Drestination track:

Keytrame name:

IEamera keyframe 1

fcive Propetis.. | Ceate | Close |

0

8. Click Create to make the second keyframe in your track.

9. Click the Import from bookmark dropdown arrow and
choose LittleVille Dam.

10. Click Create to import this bookmark as a keyframe.

11. Click the Import from bookmark dropdown arrow and
click Knightville.

12. Click Create to make the Knightville keyframe.

13. Click the Import from bookmark dropdown arrow once
more and click Overview.

14. Click Create to create a keyframe showing all the data.
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15. Click Close.
16. Click the Play button.

| n e @]

[16)

The camera track plays, moving the camera through the
set of keyframes you imported from existing 3D
bookmarks.

Optiong > |

QUICK-START TUTORIAL

Switching the visibility between layers using a
group animation

Now that you have explored some of the ways to create an
animated camera track from keyframes, you’ll learn how to
change the way layers in a scene are displayed during
animation. In this section, you will switch the layer that is
draped over the terrain model to show different ways of
representing the terrain.

1. Click Animation and click Create Group Animation.

animakion |ﬂ | E

—IE (Elear Animakion

B Create Keyframe. ..

ﬂ Creak

2 Gamera Bl from Fath,..

=5 Mfaye Layer alang Patf,.

= Load Animation File. ..

ﬂ Saye animation e,
43 Export boidea..,

B Animation Manager ...
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to the right.
4. Check Blend layers when fading.
5. Click OK.

. Select the group layer named Image Data.

. Slide the Fading transition bar about a quarter of the way

Create Group Animation ﬂ E
Baze name for fracks: IGroup animation
Select a group layer:
Begintime:  [0.0 Flight D ata =]
Surface D ata
End time: I‘I 0 v
 Transition:
More All
Fading transition; —
o |

00—

™ Create looped animation

¥ DOvenarite existing tracks with same name

o1

Cancel

®

(5]

The layer track you just created toggles the visibility of
successive layers to animate a progression between
them. The transition settings you modified will show a
smooth blending between the layers in the progression.

. Click the Play button to watch your animation.

Animation Controls 2 | x|

| nlin| @]

O ptions = |

6]
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Since you didn’t clear the animation track you made from
the keyframes, it plays in addition to the layer tracks you
just created. However, you can stop the camera track from

playing. You’ll do this next.

Using the Animation Manager to disable a track

from playing

The Animation Manager allows you to control many
properties of an animation. In this section, you’ll use the
Animation Manager to stop a camera track from playing.

1. Click Animation and click Animation Manager.

animation > | ﬁ | E

I Clear Animation

B Create keyframe...

ﬁ Creake Group Animakion. ..

8

sy Camnera Bl e Fat., .

= Mowe Layer alamng Fath,..

(& Load Animation File...

ﬁ Save Animation File. ..
EL Export to Yideo..,

o8 Animnation Manader
el Animation Manager. ..
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. Click the Tracks tab.
. Uncheck Camera track 1.
. Click Close.

98]

~

Kaptraerms | Tiocha] Time View |

T Vi only racks of ype: rr—| Crageoty. 3| 3

ok I [If

You have disabled the camera track. Now it will not play
as part of the animation.

5. Click the Play button.

Animation Controls E

.................

| 2 ] | | @ Optiofs 3

(5]

The animation plays again, only showing the layer tracks
this time. It may now seem that the duration of the

animation is too long. You can control the amount of time

in which an animation is played.

QUICK-START TUTORIAL

Using Animation Controls to adjust the playback
duration

1. Click Options.

Animation Controls

[ 11 | m @ Ophionz >

o

2. Type “10” in the Duration text box.
3. Click Options to close this portion of the dialog box.

animation Controls |

| n | m| @] oposc+©

— Play options
Duration: W SECE. 9

[~ Play only from: m bo; m FECE,

™ Playin all viewers

Play mode: IF'Ia_I,I ohce fonward j

— Fecord optionz

¥ Dwenmnite the st rezording
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4. Click the Play button.

Animation Controls

ST
o

The animation now plays more quickly.

Cptions > |

Moving an object along a predefined path

One of the things an animation allows you to do is move an
object through a scene. You can add a layer containing a
model vehicle and move it through the scene along a
specified track.

You can choose to move a layer along a selected line
feature or graphic. The scene contains a graphic layer with
a model UFO that was created using Visual Basic code. In
the next set of steps, you’ll fly the model UFO along a
shapefile that shows its flight path.

1. Check Flight Path.

LIFC, by
Flight Path

1
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2. Right-click Flight Path, point to Selection, then click

Select All.

UFO.Iyr

Flight Pat}

<@ Zoom Ta Layer

Surface Data
El B Image Dats
O Mesh

%) Convert Eeatures b Graphics, .

v e el e o

Cleat Gelected Features

O photo.sid
Data
Topo.sid | —

» M| syitch s=lestion

Save As Layer Fils, ..

8

Properties...

Gopy Records Faor Selected Features

Greate Layer Erom selected Features:

You can also use the Select Features or Select Graphics
tools to select the path you want to use. A path is
constructed from a single selected line feature or

graphic.

3. Click Animation and click Move Layer along Path.

Anirmation ™ | ﬁ | pu

[ Clear Animation

Efl Create Kevframe...

ﬂ Creake Group Animakion. ..

2. Camera Flvby fram Path...

along Path. ..

& Load Animation File. ..

m Save Animation File. ..
L Export to Yidea..,

Bt Animation Manager. ..
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4. Click the Layer dropdown arrow and click UFO.lyr.

Move Layer along Path 7]
Laver  [UFO :1__0

£ Selepted ine graphics

i~ Path sourcs
1+ Selected line feature
™ &pply in reverse arder
Wertical offset l—‘ o
Lowy High
Simplification factar —

i~ Path destination
% taove laper along path

e__ Orientation Settings.
[ | Wienrite [astimparted bzck
e

5. Type a Vertical offset of “75”. This will make the object
appear to fly above the surface.

ArcScene can improve the simulation of flight of an
object, such as an airplane, along a path by making the
object point in the direction it is moving and by rolling it
from side to side as if it were banking. In the next steps,
you’ll define a roll for the UFO layer.

6. Click Orientation Settings to modify the layer’s position
while it’s animated.

7. Click Calculate from path to calculate the layer’s roll
based on the path’s shape.

8. Type “1” as a scale factor.

QUICK-START TUTORIAL

e___r: Caleulste fiompath + [0 degrees

9. Click OK.
Orientation settings | 7] x|
None Man
Lookahead: —J—
[~ Azimuth

' Usepath gzimuth ~ + 0.0 degrees
€ Set absolute valus 0.0 degress

% Use path inclination + [0.0 degrees

€ Set absolute value 0.0 degrees

with & scale factor [T

© Setshscltsvals 10 demees

0 I Cancel

o

Move Layer along Path [21x]

Layer: UFD.lyr =

1 Selected line grapties

- Path soun

% Selected line feature
™ Apply in reverse order
Wertical offset 5

Lowy High
Simplfication factar —_—

i~ Path destination
1 Move layer along path

Orientation Settings... I

[ Oyerpiite [ast imported back

Irport | Cancel

10. Click Import to import the selected line as a flight path.
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The UFO layer moves along the selected path. The
movement is stored as a set of layer keyframes in a
layer animation track. Now you’ll disable the tracks you
created previously so that just the UFO track is played.

11. Click Animation and click Animation Manager.

animation = | ﬁ | bu

-0 Clear Animation

B Create Keyframe...
ﬂ Creake Group Animation. ..

S Camera Elvby From Fath..

= awe Layet alang Pat.,.

& Load Animation File. ..

m Save Animation File. ..
EL Export to Yideo..,
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12. Click the Tracks tab.

13. Uncheck Group animation (Mesh).

14. Uncheck Group animation (Photo.sid).
15. Uncheck Group animation (Topo.sid).

—

Karanrgs  Tiacka | Tims View |

BegnTme | EndTime
0000 (]
anm 1 000

16. Click Close.

17. Uncheck Flight Path to turn off the visibility of this
layer.

LR, by
Flight Path
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18. Click the Play button.

Animation Controls

| 11 | m @ | Optionz > |

®

The UFO flies along the path you indicated. Next, you’ll
move the camera along a predefined path.

Creating a camera flyby from a path

You can move a camera along a flight path in the same way
you just moved a layer along a path. Next, you’ll combine
the track you made in the last step with one that will point
the camera at the UFO as it flies.

1. Check Flight Path, make sure the line you chose for your
path is still selected, then uncheck Flight Path.

LIF, byr
Flight Path

You’ll move the camera location to a predefined location
in the center of the scene that will give you a better
vantage point from which to view the UFO layer as it is
moved.

QUICK-START TUTORIAL

2. Click View, point to Bookmarks, then click UFO.

Migww Selection Tools Window Help

Wieww Setkings., .,

Zoom Data k

Bookmarks k

Toolbars k
E Table OF Contents

|T Skatus Bar

Scene Properties. ..

Anirnation = | ﬁ | bu

B Clear Animation

E@I Creake...

Manage...

LiktleMille Cram
Knightwille
Goss Heights

CIveryisw

. ©

3. Click Animation and click Camera Flyby from Path.

B Create Kevframe...

ﬂ Creakte Group Animakian. ..

ﬂ Zamera Elvbey From Path...

= Move Laver along Path...

[= Load Animation File.. .

m Save Animation File. ..

IX Export to Video...
+—
-+

Animation Managet...
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4. Click the third path destination option.

This option lets you observe the UFO as it moves along

the path.

Camera Flyby from Path

— Path source
) Seleeted ne graphics
= Selected line feature

™ Apply in reverse order

Vertical offset I 0o

Lot
Simplific:ation factar —

High

i~ Path destination

 Movwe both ohserver and target along path (fiy by)
" Move observer along path with curent Larget

[irentation Setings. .

| Wyenyite last importeditach:

i

Impert

Cancel I

(5]

5. Click Import.
6. Click the Play button.

Animation Controls |

.................

| 0 W

® |

O ptions |

6]

Both tracks play. The UFO layer moves, and the camera

follows i1ts movements.

66

7. Uncheck the Topo.sid check box to make the ortho

photo visible.

[0 Mesh
Photo, sid
Topo.sid

The animation is playing too quickly. Next, you’ll learn
how to adjust the duration that the animation is playing to
enhance the visual effect.

8. Click Options.

® |

Animation Controls 2 | x|
| n|[m

O ptions = |

(8]
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9. Type “30” in the Duration text box.

Animation Controls EE |

| | | || | @l Options << |

— Play options
Duration: I 307 zecs 9
[ Play only from: I 0o o I 20 zecs.

[ Playin all viewers
Play rode: IF"Ia_I,I ance fomsard j

— Record optionz

[ | Dremnite the [ast recording

10. Click Options to minimize the dialog box.
11. Click the Play button.

Animation Controls

> ] | » | Dptionz &3 |

1)

Now the animation plays more slowly as the UFO flies
over the terrain.

QUICK-START TUTORIAL

Saving an animation in a scene document

You can save animation tracks in a scene document. In the

next step, you’ll save the animations you made in a scene

document.
1. Click File and click Save As.

J File Edit Wiew Zelection Tools Window Helf

1 pew Chrl+H
(= open... Chrl+0
IH save Chrl4-5

2. In the File name text box, type “Animation_A.sxd”.

3. Click Save.

e BB
Savein Ia Evercise 5 j = e B

Fly dats
image data

surface data
Animation. sxd

Final Animation_A.sxd

e__ Fleame:  [Bnmation A5 Save j——e
Save as lupe: |Arc5cene Dacuments [*.sxd] j Carcel

7

The new scene document is created, storing the
animation tracks.
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In this exercise you learned how to create and save simple
animations that help you better visualize 3D data. There are
other more advanced ways of creating, saving, and sharing
animations. For more information, see Chapter 8,
‘Animation’.

68

Using ARcGIS 3D ANALYST



Creating surface models

IN THIS CHAPTER

¢ Representing surfaces with
rasters and TINs

e Creating a raster from points

¢ Interpolator assumptions

* Raster output controls

e Creating a TIN from vector data
* Modifying a TIN

e Creating a TIN from a raster

e Creating a raster from a TIN

3D Analyst lets you work with real or hypothetical surfaces with two types
of surface models: rasters and TINs. You can use existing models, or you
can create your own from a variety of data sources. The two main methods
of creating surface models are by interpolation and triangulation. You can
choose from several interpolation methods, including Inverse Distance
Weighted, Spline, Kriging, and Natural Neighbors interpolation. You can
build triangulated surfaces by creating a TIN or by adding elements to an

existing TIN. You can also convert between TIN and raster surface models.
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What are surfaces and surface models?

A surface is a continuous field of values that may vary over an Raster surfaces
infinite number of points. For example, points in an area on the
earth’s surface may vary in elevation, proximity to a feature, or
concentration of a particular chemical. Any of these values may
be represented on the z-axis in a three-dimensional x.y,z
coordinate system, so they are often called z-values.

Raster surfaces are usually stored in grid format. A grid consists
of a rectangular array of uniformly spaced cells with z-values.
The smaller the cells, the greater the locational precision of the
grid.

Because a surface contains an infinite number of points, it is
impossible to measure and record the z-value at every point.
Surface models allow you to store surface information in a GIS.
A surface model approximates a surface by taking a sample of
the values at different points on the surface and then interpolating
the values between these points.

Higher precision grid Lower precision grid

You cannot locate individual features—for example, the summit
of a mountain—any more precisely than the size of the grid cells.

Rasters are also used to store images and thematic grid data.

Surface model of chemical concentration across an area with
points showing where the concentration was sampled

3D Analyst uses two types of surface models: rasters and TINSs.
Rasters represent a surface as a regular grid of locations with
sampled or interpolated values. TINs represent a surface as a set
of irregularly located points linked to form a network of triangles
with z-values stored at the nodes. Grid in perspective view
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TIN surfaces

TINs consist of nodes that store z-values, connected by edges to
form contiguous, nonoverlapping triangular facets. The edges in
TINs can be used to capture the position of linear features that
play an important role in the surface, such as ridgelines or stream
courses.

Nodes and edges of a TIN Nodes, edges, and faces

Because the nodes can be placed irregularly over the surface,
TINs can have a higher resolution in areas where a surface is
highly variable or where more detail is desired and a lower
resolution in areas that are less variable or of less interest.

TIN in perspective view

CREATING SURFACE MODELS

The input features used to create a TIN remain in the same
position as nodes or edges in the TIN. This allows a TIN to
preserve all of the precision of the input data while
simultaneously modeling the values between known points. You
can include precisely located features on a surface—such as
mountain peaks, roads, and streams—by using them as input
features to the TIN.

TIN models are less widely available than raster surface models
and tend to be more expensive to build and process. The cost of
obtaining good source data can be high, and processing TINs
tends to be less efficient than processing raster data because of
their complex data structure.

TINs are typically used for high precision modeling of smaller
areas, such as in engineering applications, where they are useful
because they allow calculations of planimetric area, surface area,
and volume.
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Creating raster surfaces from points

Surfaces of continuous data are usually generated from samples
taken at points across the area. For example, the irregularly
spaced weather stations in a region can be used to create raster
surfaces of temperature or air pressure. The resulting surface is a
regular grid of values.

What is interpolation?

Interpolation predicts values for cells in a raster from a limited
number of sample data points. It can be used to predict unknown
values for any geographic point data: elevation, rainfall, chemical
concentrations, noise levels, and so on.

"0 13 | 14 | 16
*14 L]
14 | 14 | 16 | 19 | 24
e 18 | 16 | 16 | 18
24 19 | 19
s ¥ 20 a0 | 27

On the left is a point dataset of known values. On the right is a raster
interpolated from these points. Unknown values are predicted with a
mathematical formula that uses the values of nearby known points.

In this example the input points happen to fall on cell centers—
this is unlikely in practice. One problem with creating rasters by
interpolation is that the original information is degraded to some
extent—even when a data point falls within a cell, it is not
guaranteed that the cell will have exactly the same value.

Interpolation is based on the assumption that spatially distributed
objects are spatially correlated; in other words, things that are

72

close together tend to have similar characteristics. For instance, if
it is snowing on one side of the street, you can predict with a high
level of confidence that it is also snowing on the other side of the
street. You would be less sure if it was snowing across town and
less confident still about the state of the weather in the next
county.

Why interpolate?

Visiting every location in a study area to measure the height,
magnitude, or concentration of a phenomenon is usually difficult
or expensive. Instead, dispersed sample input point locations can
be selected, and a predicted value can be assigned to all other
locations. Input points can be either randomly, strategically, or
regularly spaced points containing height, concentration, or
magnitude measurements.

A typical use for point interpolation is to create an elevation
surface from a set of sample measurements. Each point represents
a location where the elevation has been measured. The values
between these input points are predicted by interpolation.

(ENENEEEOO

=z
«Q
>

The resulting grid is a prediction of what the elevation is at any
location on the actual surface.
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Interpolation methods

There are several ways to create raster surfaces from point data.
You can use the IDW, Natural Neighbors, Spline, and Kriging
methods to create surfaces through the user interface of

3D Analyst. Trend surface interpolation is available through
customization.

Each interpolation method makes assumptions about how to
determine the estimated values. Depending on the phenomenon
you are modeling and the distribution of sample points, different
interpolators produce better models of the actual surface.
Regardless of the interpolator, the more input points and the more
even their distribution, the more reliable the results.

Inverse Distance Weighted: This interpolation method assumes
that each sample point has a local influence that diminishes with
distance. It weights the points closer to the processing cell more
heavily than those farther away. Either a specified number of
points or all of the points within a given radius can be used to
determine the value of each output cell. This method is
appropriate when the variable being mapped decreases in
influence with distance from the sampled location. For example,
when interpolating a surface of consumer purchasing power for a
retail site analysis, the purchasing power of a more distant
location will have less influence because people are more likely
to shop closer to home.

Natural Neighbors: Like IDW, this interpolation method is a
weighted-average interpolation method. However, instead of
finding an interpolated point’s value using all of the input points
weighted by their distance, Natural Neighbors interpolation
creates a Delauney Triangulation of the input points and selects
the closest nodes that form a convex hull around the interpolation
point, then weights their values by proportionate area. This
method is most appropriate where sample data points are
distributed with uneven density. It is a good general-purpose
interpolation technique and has the advantage that you do not
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have to specify parameters, such as radius, number of neighbors,
or weights.

Spline: This general-purpose interpolation method fits a
minimum-curvature surface through the input points.
Conceptually, this is like bending a sheet of rubber to pass
through the points while minimizing the total curvature of the
surface. It fits a mathematical function—a minimum curvature,
two-dimensional, thin-plate spline—to a specified number of the
nearest input points while passing through all input points. This
method is best for gradually varying surfaces such as elevations,
water-table depths, or pollution concentrations. It is not
appropriate when there are large changes within a short
horizontal distance because it can overshoot estimated values.

Kriging: This interpolation method assumes that the distance or
direction between sample points reflects a spatial correlation that
can be used to explain variation in the surface. Kriging fits a
mathematical function to a specified number of points, or all
points within a specified radius, to determine the output value for
each location. Kriging is a multistep process; it includes
exploratory statistical analysis of the data, variogram modeling,
creating the surface, and, optionally, exploring a variance surface.
This function is most appropriate when you know there is a
spatially correlated distance or directional bias in the data. It is
often used in soil science and geology.

Trend: This interpolation method fits a mathematical function—a
polynomial of specified order—to all input points. This method
uses a least-squares regression fit, which results in a surface that
minimizes the variance of the surface in relation to the input
values. The surface is constructed so that for every input point,
the total of the differences between the actual values and the
estimated values (the variance) will be the smallest possible. The
resulting surface rarely goes through the input points. The Trend
method is available through customization but not through the

3D Analyst user interface.
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Details on the interpolation methods

Of the available interpolation methods, IDW, Spline, and
Kriging, each has some parameters that influence how the
interpolation is done. The Natural Neighbors method only
requires that you specify the output cell size.

Inverse Distance Weighted

IDW estimates grid cell values by averaging the values of sample
data points in the vicinity of each cell. The closer a point is to the
center of the cell being estimated, the more influence, or weight,
it has in the averaging process. There are several parameters you
can set to control the IDW interpolation. These are the Power, the
Radius Type, and Barriers.

Power: With IDW you can control the significance of known
points on the interpolated values based on their distance from the
output point. By defining a high power, more emphasis is placed
on the nearest points, and the resulting surface will have more
detail (be less smooth). Specifying a lower power will give more
influence to the points that are further away, resulting in a
smoother surface. A power of 2 is most commonly used and is the
default.

The characteristics of the interpolated surface can also be
controlled by limiting the number of input points used for
calculating each interpolated point:

Radius Type: Fixed

With a fixed radius, the distance of the radius is constant, and for
each interpolated point, all of the points within the circle will be
used. By specifying a minimum count, you can ensure that if in a
certain area the number of points is less than the count specified,
the radius of the circle will be increased until the count is met.
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Radius Type: Variable

With a variable radius, the number of points used in calculating
the value of the interpolated point, or count, is specified. This
makes the radius vary for each interpolated point, depending on
how far it has to search around each interpolated point to reach
the specified number of input points. The variable radius
approach may produce better surfaces when the density of input
points varies significantly from one area to another. If you know
you have areas with sparsely distributed input points, you can
specify a maximum distance to limit the potential radius of the
circle. In this case, if the number of points is not reached before
the maximum distance of the radius is reached, fewer points will
be used in the calculation of the interpolated point.

Barrier: A line or polygon dataset can be used as a break that
limits the search for input sample points. A line can represent a
cliff, ridge, or some other interruption in a landscape. Only those
input sample points on the same side of the barrier as the current
processing cell will be considered. A choice of No Barriers will
use all points within the identified radius.

Spline

Spline estimates values using a mathematical function that
minimizes overall surface curvature, resulting in a smooth surface
that passes exactly through the input points.

There are two Spline methods: Regularized and Tension. They
are described below, as well as the meaning of the weight
parameter, which changes depending on the Spline method. Both
methods share a number of points parameter.

Number of points: For both methods, this parameter defines the
number of points used in the calculation of each interpolated
point. The more input points you specify, the more each cell is
influenced by distant points, and the smoother the surface.
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Regularized spline

The Regularized method creates a smooth, gradually changing
surface with values that may lie outside the sample data range.

Weight: Defines the weight of the third derivatives of the
surface in the curvature minimization expression. The higher the
weight, the smoother the surface.

The values entered for this parameter must be equal to or greater
than zero. The typical values that may be used are 0, .001, .01,
.1, and .5.

Tension spline

The Tension method tunes the stiffness of the surface according
to the character of the modeled phenomenon. It creates a less
smooth surface with values more closely constrained by the
sample data range.

Weight: Defines the weight of tension. The higher the weight,
the coarser the surface.

The values entered have to be equal to or greater than zero. The
typical values are 0, 1, 5, and 10.

Kriging

IDW and Spline (discussed earlier) are referred to as
deterministic interpolation methods because they are directly
based on the surrounding measured values or on specified
mathematical formulas that determine the smoothness of the
resulting surface. A second family of interpolation methods
consists of geostatistical methods (such as kriging), which are
based on statistical models that include autocorrelation (the
statistical relationship among the measured points). Because of
this, not only do these techniques have the capability of
producing a prediction surface, but they can also provide some
measure of the certainty or accuracy of the predictions.
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Kriging is similar to IDW in that it weights the surrounding
measured values to derive a prediction for an unmeasured
location. The general formula for both interpolators is formed as
a weighted sum of the data:

2<s0>=i1,2<s,->

where
Z(s)) is the measured value at the ith location;

A is an unknown weight for the measured value at the ith
location;

s, is the prediction location;
N is the number of measured values.

In IDW, the weight, A, depends solely on the distance to the
prediction location. However, in Kriging, the weights are based
not only on the distance between the measured points and the
prediction location but also on the overall spatial arrangement
among the measured points. To use the spatial arrangement in the
weights, the spatial autocorrelation must be quantified. Thus, in
Ordinary Kriging, the weight, A, depends on a fitted model to the
measured points, the distance to the prediction location, and the
spatial relationships among the measured values around the
prediction location.

To make a prediction with Kriging, two tasks are necessary: (1)
to uncover the dependency rules and (2) to make the predictions.
To realize these two tasks, Kriging goes through a two-step
process: (1) the creation of variograms and covariance functions
to estimate the statistical dependence—called spatial
autocorrelation—values, which depends on your model of
autocorrelation—fitting a model—and (2) actually predicting the
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unknown values—making a prediction. It is because of these two
distinct tasks that it has been said that Kriging uses the data
twice: the first time to estimate the spatial autocorrelation of the
data and the second time to make the predictions.

Variography

Fitting a model or spatial modeling is also known as structural
analysis or variography. In spatial modeling of the structure of
the measured points, you will begin with a graph of the empirical
semivariogram, computed as:

Semivariogram(distance ) = 0.5 * average[ (value at location i —
value at location ;)?|

for all pairs of locations separated by distance /. The formula
involves calculating the difference squared between the values of
the paired locations. The image below shows the pairing of one
point (the red point) with all other measured locations. This
process continues for each measured point.
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Often each pair of locations has a unique distance, and there are
often many pairs of points. To plot all pairs quickly becomes
unmanageable. Instead of plotting each pair, the pairs are
grouped into /ag bins. For example, compute the average
semivariance for all pairs of points that are greater than 40 meters
apart but less than 50 meters. The empirical semivariogram is a
graph of the averaged semivariogram values on the y-axis and the
distance, or lag, on the x-axis (see diagram below).

Semivariance
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Spatial autocorrelation quantifies a basic principle of geography;
things that are closer are more alike than things farther apart.
Thus, pairs of locations that are closer—far left on the x-axis of
the semivariogram cloud—should have more similar values—low
on the y-axis of the semivariogram cloud. As pairs of locations
become farther apart—moving to the right on the x-axis of the
semivariogram cloud—they should become more dissimilar and
have a higher squared difference—move up on the y-axis of the
semivariogram cloud.
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Fitting a model to the empirical semivariogram

The next step is to fit a model to the points forming the empirical
semivariogram. Semivariogram modeling is a key step between
spatial description and spatial prediction. The main application of
Kriging is the prediction of attribute values at unsampled
locations. You have seen how the empirical semivariogram
provides information on the spatial autocorrelation of datasets.
However, it does not provide information for all possible
directions and distances. For this reason, and to ensure that
Kriging predictions have positive Kriging variances, it is
necessary to fit a model (i.e., a continuous function or curve) to
the empirical semivariogram. Abstractly, this is similar to
regression analysis, where a continuous line or curve is fitted.

Select some function that serves as your model, for example, a
spherical type that rises at first and then levels off for larger
distances beyond a certain range (see previous image). There are
deviations of the points on the empirical semivariogram from the
model; some points are above the model curve, and some points
are below. But if you add the distance each point is above the line
and add the distance each point is below the line, the two values
should be similar. There are a lot of different semivariogram
models to choose from.

Different types of semivariogram models

3D Analyst provides the following functions to choose from to
model the empirical semivariogram: Circular, Spherical,
Exponential, Gaussian, and Linear. The selected model influences
the prediction of the unknown values, particularly when the shape
of the curve near the origin differs significantly. The steeper the
curve is near the origin, the more influence the closest neighbors
will have on the prediction. As a result, the output surface will be
less smooth. Each model is designed to fit different types of
phenomenon more accurately.
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The diagrams below show two common models and identify how
the functions differ:

* The Spherical Model
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This model shows a progressive decrease of spatial
autocorrelation—equivalently, an increase of semivariance—until
some distance, beyond which autocorrelation is zero. The
spherical model is one of the most commonly used models.

¢ The Exponential Model
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This model is applied when spatial autocorrelation decreases
exponentially with increasing distance. Here the autocorrelation
disappears completely only at an infinite distance. The
exponential model is also a commonly used model.

The choice of which model to use in 3D Analyst is based on the
spatial autocorrelation of the data and on prior knowledge of the
phenomenon.

Understanding a semivariogram—the range, sill, and
nugget

As previously discussed, the semivariogram depicts the spatial
autocorrelation of the measured sample points. Because of a
basic principle of geography—things that are closer are more
alike—measured points that are close will generally have a
smaller difference squared than those farther apart. Once each
pair of locations is plotted—after being binned—a model is fit
through them. There are certain characteristics that are commonly
used to describe these models.

The range and sill

When you look at the model of a semivariogram, you will notice
that at a certain distance the model levels out. The distance where
the model first flattens out is known as the range.

¥siSi)

Partial
Sil

Range

Nugget { AL
—
0

Distance

78

Sample locations separated by distances closer than the range are
spatially autocorrelated, whereas locations farther apart than the
range arc not.

The value at which the semivariogram model attains the range—
the value on the y-axis—is called the sill. The partial sill is the
sill minus the nugget (see the following section).

The nugget

Theoretically, at zero separation distance (i.c., lag = 0), the
semivariogram value is zero. However, at an infinitely small
separation distance, the semivariogram often exhibits a nugget
effect, which is some value greater than zero. If the
semivariogram model intercepts the y-axis at 2, then the
nugget is 2.

The nugget effect can be attributed to measurement errors or
spatial sources of variation at distances smaller than the sampling
interval, or both. Measurement error occurs because of the error
inherent in measuring devices. Natural phenonema can vary
spatially over a range of scales (i.c., micro or macro scales).
Variation at micro scales smaller than the sampling distances will
appear as part of the nugget effect. Before collecting data, it is
important to gain some understanding of the scales of spatial
variation that you are interested in.

Making a prediction

The first task of uncovering the dependence (autocorrelation) in
your data has been accomplished. You have also finished with the
first use of the data, where the spatial information in the data—to
compute distances—is used to model the spatial autocorrelation.
Once you have the spatial autocorrelation, you proceed with
prediction using the fitted model; thereafter, the empirical
semivariogram is set aside.
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For the second task, you use the data again to make predictions.
Like IDW interpolation, Kriging forms weights from surrounding
measured values to predict at unmeasured locations. As with
IDW interpolation, the measured values closest to the
unmeasured locations have the most influence. However, the
Kriging weights for the surrounding measured points are more
sophisticated than those of IDW. IDW uses a simple algorithm
based on distance, but kriging weights come from a
semivariogram that was developed by looking at the spatial
nature of the data. To create a continuous surface or map of the
phenomenon, predictions are made for each location (cell
centers) in the study area based on the semivariogram and the
spatial arrangement of measured values that are nearby.

Search radius

You can assume that as the locations get farther from the
prediction location, the measured values will have less spatial
autocorrelation with the unknown value for the location you are
predicting. Thus, you can eliminate those farther locations with
little influence. Not only is there less relationship with farther
locations, but it is also possible that the farther locations may
have a negative influence if they are located in an area much
different than the prediction location. Another reason to use
search neighborhoods is for computational speed. The smaller the
search neighborhood, the faster the predictions can be made. As a
result, it is common practice to limit the number of points that are
used when making a prediction by specifying a search
neighborhood. The specified shape of the neighborhood restricts
how far and where to look for the measured values to be used in
the prediction. Other neighborhood parameters restrict the
locations that will be used within that shape so, for example, you
can define the maximum and minimum number of measured
points to use within the neighborhood.
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Using the configuration of the valid points within the specified
neighborhood around the prediction location in conjunction with
the model fit to the semivariogram, the weights for the measured
locations can be determined. From the weights and the values, a
prediction can be made for the unknown value at the prediction
location.

3D Analyst has two neighborhood types, fixed and variable.
Fixed search radius

A fixed search radius requires a distance and a minimum number
of points. The distance dictates the radius of the circle of the
neighborhood (in map units). The distance of the radius is
constant, so for each interpolated cell, the radius of the circle
used to find input points is the same. The minimum number of
points indicates the minimum number of measured points to use
within the neighborhood. All the measured points that fall within
the radius will be used in the calculation of each interpolated cell.
When there are fewer measured points in the neighborhood than
the specified minimum, the search radius will increase until it can
encompass the minimum number of points. The specified fixed
search radius will be used for each interpolated cell (cell center)
in the study area, thus if your measured points are not spread out
equally, which they rarely are, there likely will be a different
number of measured points used in the different neighborhoods
for the various predictions.

Variable search radius

With a variable search radius, the number of points used in
calculating the value of the interpolated cell is specified, which
makes the radius distance vary for each interpolated cell,
depending on how far it has to search around each interpolated
cell to reach the specified number of input points. Thus, some
neighborhoods can be small and others can be large depending on
the density of the measured points near the interpolated cell. You
can also specify a maximum distance—in map units—that the
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search radius cannot exceed. If the radius for a particular
neighborhood reaches the maximum radius before obtaining the
specified number of points, the prediction for that location will
be performed on the number of measured points within the
maximum radius.

Kriging methods

3D Analyst provides two kriging methods: Ordinary and
Universal Kriging.

Ordinary Kriging

Ordinary Kriging is the most general and widely used of the
kriging methods. It assumes the constant mean is unknown. This
is a reasonable assumption unless there is some scientific reason
to reject this assumption.

Universal Kriging

Universal Kriging assumes that there is an overriding trend in the
data (i.e., a prevailing wind) and it can be modeled by a
deterministic function, a polynomial. This polynomial is
subtracted from the original measured points, and the
autocorrelation is modeled from the random errors. Once the
model is fit to the random errors, before making a prediction, the
polynomial is added back to the predictions to give you
meaningful results. Universal Kriging should only be used when
you know there is a trend in your data and you can give a
scientific justification to describe it.
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Interpolating a
raster surface

You can create a new raster
surface from input point data
using four different interpolation
methods. Each method has
parameters that you can modify
to create a raster that suits your
needs.

What is the power?

The power is the exponent of the
distance used in IDW interpola-
tion. Higher numbers result in a
lower influence of distant points on
each processing cell. Lower
numbers result in more smoothing
of the surface. Reasonable power
values range between 0.5 and 3.

What is a variable radius?
A variable radius interpolation
uses the closest n points that it
finds within the maximum distance
of the output cell as input. In
contrast, a fixed radius uses all of
the points within the specified
distance.

What are barriers?

A feature class of linear features,
such as faults or cliffs, can be used
to limit the search for input points
for the interpolation of each output
cell.
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Interpolating using
Inverse Distance
Weighted with a variable
search radius

1. Click 3D Analyst, point to
Interpolate to Raster, and
click Inverse Distance
Weighted.

2. Click the dropdown arrow and
choose the input point data
source.

3. Click the field that contains
the attribute data that you
want to interpolate.

4. Type the power.

5. Click the dropdown arrow and
click Variable.

6. Type the number of points to
use as input from within the
maximum distance.

7. Type the maximum distance
to search for points to use in
the interpolation.

8. Optionally, check the box and
select or navigate to a feature
class to use as barriers to
interpolation.

9. Type a cell size for the output
raster.

10. Optionally, type a name for
the Output raster. If you do
not, the raster will be
temporary.

11. Click OK.
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What is the Minimum
Count?

A fixed radius interpolation uses
all of the points within the
specified distance. If no points are
found within the search radius, the
search radius will increase for the
cell until the specified minimum
number of points is found.
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Interpolating using
Inverse Distance
Weighted with a fixed
search radius

1. Click 3D Analyst, point to
Interpolate to Raster, and
click Inverse Distance
Weighted.

2. Click the dropdown arrow and
choose the input point data
source.

3. Click the dropdown arrow and
choose the field that contains
the attribute data that you
want to interpolate.

4. Type the power.

5. Click the dropdown arrow and
click Fixed.

6. Type the distance within
which to search for input
points.

7. Type the minimum number of
points that must be included
in the interpolation for a cell.

8. Optionally, check the box and
select or navigate to a feature
class to use as barriers to
interpolation.

9. Type a cell size for the output
raster.

10. Optionally, type a name for
the Output raster. If you do
not, the raster will be
temporary.

11. Click OK.
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What is a Tension spline?
A spline interpolation is a method
of fitting a surface to a set of
points. Think of the surface as a
thin plate of slightly elastic
material deformed to fit the points.
In a Tension spline, you can
control the elasticity of the surface.

What is the weight value?
The weight value in a Tension
spline adjusts the elasticity of the
surface. A weight of 0 results in a
basic thin-plate spline interpola-
tion. Larger values increase the
elasticity of the surface. Typical
weight values are 0, 1, 5, and 10.

What is the number of
points?

The number of points controls the
average number of points to be
contained in each region used in
computing the surface. The regions
are rectangles of equal size, and
the number of regions is deter-
mined by dividing the total number
of input points by the number of
points. When the data is not
uniformly distributed, the actual
number of points in a region may
be different from the number of
points. If the number of points in a
region is less than eight, the region
is expanded until it contains eight
points.
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Interpolating using a
Tension spline

1. Click 3D Analyst, point to
Interpolate to Raster, and
click Spline.

2. Click the dropdown arrow and
choose the input point data
source.

3. Click the dropdown arrow and
choose the field that contains
the attribute data that you
want to interpolate.

4. Click the dropdown arrow and
click Tension.

5. Type a weight.

6. Type the minimum number of
points that must be included
in the interpolation for a cell.

7. Type a cell size for the output
raster.

8. Optionally, type a name for
the Output raster. If you do
not, the raster will be
temporary.

9. Click OK.
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What is a Regularized
spline?

A Regularized spline lets you
control the smoothness of the
surface. Regularized splines are
useful if you will need to calculate
the second derivative of the
interpolated surface.

What is the weight?

The weight value in a Regularized
spline adjusts the smoothness of
the surface. The weight specifies
the weight (tau) attached to the
third derivative term, used in
minimizing the curvature of the
surface. Larger values result in
smoother surfaces and smooth
first-derivative (slope) surfaces.
Talues between 0 and 0.5 are
suitable.

What is the number of
points?

The number of points controls the
average number of points con-
tained in each region used in
computing the surface. The regions
are rectangles of equal size; the
number of regions is determined by
dividing the total number of input
points by the number of points.
When the data is not uniformly
distributed, the actual number of
points in a region may be different
from the number of points. If the
number of points in a region is less
than eight, the region is expanded
until it contains eight points.
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Interpolating using a
Regularized spline

1. Click 3D Analyst, point to
Interpolate to Raster, and
click Spline.

2. Click the dropdown arrow and
choose the input point data
source.

3. Click the dropdown arrow and
choose the field that contains
the attribute data that you
want to interpolate.

4. Click the dropdown arrow and
click Regularized.

5. Type a weight.

6. Type the minimum number of
points that must be included
in the interpolation for a cell.

7. Type a cell size for the output
raster.

8. Optionally, type a name for
the Output raster. If you do
not, the raster will be
temporary.

9. Click OK.

J |SD Analyst * | Laer: I
Create /M adify TIM

Interpolate to Raster B

Surface Analysiz

a7

> |

Irverse Digtance Weighted...
»

Fieclasszify. .. Friging. ..

Convert » M atural Meighbors...

Options... |

Spline EHE

Input points: | =]
Z value fieldt |0k —
Spline type: I Regularized L‘I'_
wigight: I 01

Mumber of points:
Output cell size:

Clutput raster:

I L ——
I 094328 e
IF: hinterpolation S LE_R_SPL __g_

000600 0

]9 I Cancel |
Using ARcGIS 3D ANALYST



Kriging
interpolation

There are two kriging methods:
Ordinary and Universal.

Ordinary Kriging 1s the most
general and widely used of the
kriging methods and is the
default. It assumes the constant
mean is unknown. Universal
Kriging should only be used
when you know there is a trend
in your data and you can give a
scientific justification to describe
1t

By using a variable search radius,
you can specity the number of
points to use in calculating the
value of the interpolated cell.
This makes the search radius
variable for each interpolated
cell, depending on how far it has
to stretch to reach the specitied
number of input points.

Specifying a maximum distance
limits the potential size of the
radius of the circle. If the number
of points 1s not reached before
the maximum distance of the
radius 1s reached, fewer points
will be used in the calculation of
the interpolated cell. »
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Creating a surface using
Kriging interpolation with
a variable radius

1. Click the 3D Analyst
dropdown arrow, point to
Interpolate to Raster, and
click Kriging.

2. Click the dropdown arrow and
click the Input points dataset.

3. Click the Z value field
dropdown arrow and click the
field you wish to use.

4. Click the Kriging method you
wish to use.

5. Click the Semivariogram
model dropdown arrow and
click the model you wish to
use.

6. Click the Search radius type
dropdown arrow and click
Variable.

7. Optionally, change the default
Number of points.

8. Optionally, specify a Maxi-
mum distance.

9. Optionally, change the default
Output cell size.

10. Optionally, check the Create
Prediction of standard error
check box.

11. Specify a name for the
outputs or leave the default
to create a temporary dataset
in your working directory.

12. Click OK.

“30 Analyst ¥ | LLapers |

Create/Madity TIN

Interpolate to Raster  #

=

|

Irverze Distance Weighted...

Surface Analpsis » Spline...
Feclazzify...

Carivert b Matural Meighbars. ..
Options...

Input points:
Z walue figld:
Kriging method:

Semivariogram model:

Search radius type

zample_pointz

Jozane

* Drdinany  Uriverzal

ISphericaI

Advanced Parameters. .
B

IValiab\e

Search Radiuz Setting:
Number of points:

I aximum diztance:

I

I 1000

Output cel size:

[ Create Prediction of standard enor:

utpk rastar:

I 191799862
|<Temporary> G
|<Temporary> D:

0K I

Cancel |

© 000 0 600

o

®
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With a Fixed radius, the radius of
the circle used to find input
points is the same for each
interpolated cell. The default
radius is five times the cell size
of the output grid. By specitying
a minimum number of points,
you can ensure that within the
fixed radius, at least a minimum
number of input points will be
used in the calculation of each
interpolated cell.

Deciding on the radius or
the number of points

Use the measure tool on the Tools
toolbar to measure distance
between points to get an idea of
the radius and number of points to
use.

Changing the lag size,
major range, partial sill,
and nugget

Click Advanced Parameters on the
Kriging dialog box to modify these
parameters.
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Creating a surface using
Kriging interpolation with
a fixed radius

1. Click the 3D Analyst
dropdown arrow, point to
Interpolate to Raster, and
click Kriging.

2. Click the dropdown arrow and
click the Input points dataset.

3. Click the Z value field
dropdown arrow and click the
field you wish to use.

4. Click the Kriging method you
wish to use.

5. Click the Semivariogram
model dropdown arrow and
click the model you wish to
use.

6. Click the Search radius type
dropdown arrow and click
Fixed.

7. Optionally, change the default
Distance for the search radius
setting.

8. Optionally, change the
Minimum number of points.

9. Optionally, change the default
Output cell size.

10. Optionally, check the Create
Prediction of standard error

check box.

11. Specify a name for the
outputs or leave the default
to create a temporary dataset
in your working directory.

12. Click OK.

J|3D Analyst ¥ | LLayer: |
Create/tadity TIM

Interpolate to

Surface Analysiz

2

|

Reclazsify...

Convert

Inwerze Distance Weighted...

Spline...

Matural Heighbars. ..

Options...

Input points; zample_points EI
Z value fisld [ozone j__e
Kriging method: & Ordinany € Universal ——O
Semivariogram model: ISphericaI j——e

Advanced Parameters. .
Search radius type: IFixad L‘I__G
Search Fadiuz Setting:

Distance: I 452983312 a
inirum number of paints I 12 6
Output cel size; lw——e

[ Create Prediction of standard eror: IW EI
Ltput raster: |<Temporary> -—ﬂ—_m

,TI Cancel |

®
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What is a Natural
Neighbors interpolation?

A Natural Neighbors interpolation
combines some TIN functionality
with the raster interpolation
process. The raster surface is
interpolated using the input data
points that are natural neighbors

of the cell.

The interpolation method first
creates a Delauney Triangulation
of the input points (part of the TIN
creation process),; the points are
nodes in a triangulation that
follows the rule that a circle
around each triangle can contain
no other nodes. This means that,
collectively, the triangles are
constrained to be as close to
equilateral triangles as possible.

For each data point, the natural
neighbors are the minimum
number of nodes in the triangula-
tion that connect to form a convex
hull around the point.

The weight of each neighbor point
is determined through the use of a
Thiessen/Voroni technique that
evaluates its area of influence.

CREATING SURFACE MODELS

Interpolating using
Natural Neighbors

1. Click 3D Analyst, point to
Interpolate to Raster, and
click Natural Neighbors.

2. Click the dropdown arrow and
choose the Input points data
source.

3. Click the dropdown arrow and
click the height source.

4. Type a cell size for the output
raster.

5. Type a name for the Output
raster.

6. Click OK.

J|3D Analyst ¥ | LLayer: |

2

 CredeModip TN |

Surface Analysiz 3

Spline...

Reclazsify... Kriging...

Inwerze Distance Weighted...

Convert » Matural Neighbors...

Options... |

Matural Meighbor Interpolation EHE

Creates a raster surface through uze of natural neighbar interpolation on an

input paint dataset.

Input pairts: I SOILSAMP

igiy

Height source: IUHGANIC_M jhd |

Cell size:

|2. 42 Fows: 249

Lolurnns: 37

Output raster: IF: hinterpolationORG__MHM

© 000
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SaVI ng a” rasters 1. C|iC.k 3D Analyst and click J|3D Analyst v | e Bl e ‘
Options. - -

i ifi Create/odip TIN b

In a S.peCIerd 2. Click the General tab. Interpolate to Raster

location 3. Type the name of the new e
working directory. Fieclassify...

You can specity a folder where
3D Analyst will save output
temporary rasters. Temporary
rasters are automatically deleted 4. Click OK.

when you exit the application

where they were created, unless

you save a layer file, scene, or 2
map document that refers to the
raster.

Carvert »

Alternatively, you can browse
to your new working directory.

General | Extentl Cell Size |

There are two ways to specify

where your analysis results Working diectory:|eeme® =} e
should go. The first way is to _
Analyziz mask: I i EI

specify a location on disk for

your results using the Analysis Analysis Caordinate System

Options dlalog bOX before you % Analysis output wil be saved in the same coordinate
- - system as the input [or first raster input if there are

perform any analysis. This way multple inputs]

all your analySlS results Wlll gO to © Analysis output wil be saved in the same coordinate

thlS directory. The Second way iS apstem as the active data frame.

to SpeCify a location on disk each ¥ Display waming messane if raster inputs have o be
time you perform analysis il’l each projected during analysis operation.

of Fh@ functloq dialog boxes. [ ] concel |
This 1s useful if you want to sort
your analysis results into

different folders. o

By default, temporary rasters are
saved to your system’s temporary
directory, usually C:\temp.
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Set“ng an 1. Click 3D Analyst and click [ [0 At | Lo

: Options.  Cieate/Modiy TIN b |
reates Moy
anaIySIS maSk 2. Click the General tab. Interpolate to Raster  »
An analysis mask is a raster that 3. Browse to the raster that will SiEEsirelEs b
allows an analysis operation to be the analysis mask. Reclassil...
be performed only on certain 4. Click OK. Carwert »

cells of interest in another raster.
It contains selected cells that are
of interest for future processing

and other cells that are to be 2
masked out. The masked-out
cells should have a value of

nodata.

Setting an analysis mask means Working diestoy: & emph El

Gereral | Estent | Cell Size |

that processing will only occur Anabsis mask: [evaton 5]

on selected cells and that all
other cells will be assigned Analsis Coordinate System
values of NoData.

= fnalysis output will be saved in the same coordinate
ayztem az the input [or first iaster input if there are
multiple inputs)

Settlng am analySIS maSk 1s a two- T fnalysic output will be zaved in the tame coordinate
step process: syztem as the active data frame.

1 . The analysis mask must ﬁI'St be W Dizplay warning message if raster inputs have to be
. . projected during analysis operation.
created using the Reclassity
dialog box. See the section on 0K, | Cencel
reclassifying rasters for more
information about creating an o
analysis mask.

2. The analysis mask must then
be specified in the General tab
of the Analysis Options dialog
box in order for it to be used in
all subsequent analysis.

Analysis masks will work on the
output of the surface analysis
tools in 3D Analyst.
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Setting the 1. Click 3D Analyst and click | [0 g = | Lover | Ele

CcOO0 rd | nate Options. Create/Modiu TIN - b

2. Click the General tab. Interpolate to Raster

system for your 3. Click the Analysis Coordinate Suface fndyss ¥
i System option you wish to Feclassify...

anaIySIS resu |tS use to save your analysis Convert b

results into either the coordi-
nate system of the input
raster or the coordinate
system of the data frame.

Rasters with different coordinate
systems can be projected on the
fly into a single data frame with a
given coordinate system for
display and analysis in ArcMap. 4. Click OK.
When you have rasters in more

than one coordinate system in

your scene or map, you need to

specify the coordinate system for General | Extent | Cell Size |
the output of the analysis tools. okingdiectory: [eNemst | 3]
Analysiz mazk: Ielevatinn 'l EI

Analyziz Coordinate System

& fnalysic output will be saved in the same coordinate

syztem as the input [or first raster input if there are
multiple inputs).

" fnalysic output will be zaved in the same coordinate
syztem az the active data frame.

¥ Display warning message if raster inputs have to be
projected during analyzis operation

’_D—K_I Cancel
(4
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Setting the output
extent

The extent of a layer is the X,y
coordinates for the bottom-left
and the top-right corners.

You can control how the output
raster extent is determined for the
Interpolation and Analysis tools.
By default, the output extent is
the same as the input dataset’s
extent.

You may only wish to perform
analysis on the area visible in the
map (“Same As Display’), or you
may wish to make the extent the
same as another layer in the table
of contents (‘Same As Layer’).
Alternatively, you can specify a
custom extent (‘As Specified
Below”).

Setting the Snap extent
Setting the Snap extent to a

specific grid will snap all layers to
the cell registration of the specified
grid. All layers will share the
lower left corner and cell size of
the specified grid. Use this to
resample layers to the same
registration and cell size in order
to perform analysis.

CREATING SURFACE MODELS

Specifying an extent for
analysis results

1. Click 3D Analyst and click

. Click the Extent tab.

3. Click the Analysis extent
dropdown arrow and choose
an option to specify the
extent for all subsequent
analysis results.

4. Click OK.

J|3D Analyst = | Layer:l j g@ A ‘
" CreateModiy TN »

Interpolate to Raster  w

Surface Analysis 3
Feclazzify...
Carwert »

General Estent |Eel\ Size |

Analyzis extent: Same ag Dizplay A e

Top: I 232931.853
Left | 485054.485 Right: 500705.68
Buttom: | 206762 553

Shap extent to: elevation vl ﬁ’l

’I‘ Cancel |
(4
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Setting the output
cell size

You can control the default size
of the cells in your output rasters.
By default, the output cell size is
the same as the input datasets cell
size. You can change the output
cell size to be the cell size of a
dataset in the current scene or
map or a cell size that you define.

Exercise caution when specifying
a cell size finer than the input
grids. No new data is created;
cells are interpolated using
nearest-neighbor resampling. The
result s as precise as the coarsest
nput.

Overriding the default cell
size

Even if you 've set a particular cell
size on the Options dialog box, you
can override the cell size for a
particular analysis tool by setting
the cell size on the tool.
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Setting the cell size

1. Click 3D Analyst and click
Options.

2. Click the Cell Size tab.

3. Click the dropdown arrow and
choose the method of
determining the cell size.

4. Optionally, type the number of
map units to define the cell
size.

5. Optionally, type the number of
rows and the number of
columns to define a cell size.

6. Click OK.

J|3D Analyst ¥ | Layer |

Create/todify TIMN 3

Interpolate to Raster

Surface Analysis 3
Fieclazsify...
Carvert »

General | Extert el iZEl

Analyziz cell size:

ISame a3 Layer "landuse” ¥ Bi

=
I

Cell size:

Murnber of rows:

00

Murnber of columns:

e

o |
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Creating TIN surfaces from vector data

TINs are usually created from a combination of vector data
sources. You can use point, line, and polygon features as input
data for a TIN. Some of these input features should have
z-values, though not all of the features need z-values. The input
features to a TIN may also contain integer attribute values that
are preserved in the resulting TIN features. These may be used to
indicate the relative accuracy of different input data or to identify
features, such as roads or lakes.

Building a TIN

You can create a TIN all at once from one or more kinds of input
data, you can create it in stages, or you can add data to refine an
existing TIN. TINs are made from mass points, breaklines, and
polygons. Mass points are point height measurements; they
become nodes in the network. Mass points are the primary input
into a TIN; they determine the overall shape of the surface.
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Mass points, categorized by height attribute

CREATING SURFACE MODELS

TINs allow you to model heterogeneous surfaces efficiently by
including more mass points in areas where the surface is highly
variable and fewer in places where the surface is less variable.

Breaklines are lines with or without height measurements. They
become sequences of one or more triangle edges.

Breaklines

Breaklines typically represent either natural features, such as
ridgelines or streams, or built features, such as roadways. There
are two kinds of breaklines: hard and soft.

Hard breaklines represent a discontinuity in the slope of the

surface. Streams and road cuts could be included in a TIN as hard

breaklines. Hard breaklines capture abrupt changes in a surface
and improve the display and analysis of TINs.

Soft breaklines let you add edges to a TIN to capture linear
features that do not alter the local slope of a surface. Study area
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boundaries could be included in a TIN as soft breaklines to
capture their position, without affecting the shape of the surface.

Polygons represent surface features with area—such as lakes—or
boundaries—also called hulls—of separately interpolated areas.

Clip polygon

Hulls could define the shores of individual islands in an
archipelago, or the boundary of a study area.

There are four polygon surface feature types: clip polygons, erase
polygons, replace polygons, and fill polygons.

Clip polygons define a boundary for interpolation. Input data that
falls outside of the clip polygon is excluded from the
interpolation and analysis operations—for example, contouring
or volume calculations.

Erase polygons define a boundary for interpolation. Input data
that falls within the erase polygon is excluded from the
interpolation and analysis operations—for example, contouring
or volume calculations.
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Replace polygons set the boundary and all interior heights to the
same value. A replace polygon could be used to model a lake or
an area on a slope excavated to a level surface.

Fill polygons assign an integer attribute value to all triangles that
fall within the fill polygon. The surface height is unaffected, and
no clipping or erasing takes place.

The graphic on the left shows a TIN created from mass points; the graphic
on the right shows a TIN of the same area created from mass points and
breaklines.

Polygon features are integrated into the triangulation as closed
sequences of three or more triangle edges.

Including breaklines and polygons in a TIN gives you more
control over the shape of the TIN surface.

To get a sense of the difference that breaklines can make in a
TIN, compare the surface created from mass points alone to the
surface created from mass points and breaklines.
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Building a TIN

TINs are often created from a
group of vector data sources. You
can use point, line, and polygon
features as input data for a TIN.
Some of these input features
should have z-values, though not
all of the features need z-values.

You can create a new TIN in
ArcMap or ArcScene. You can
use features that are in the map
or scene, or you can navigate to
feature classes that aren’t on the
map to include them in a TIN.

CREATING SURFACE MODELS

Creating a TIN

1.

Click 3D Analyst, point to
Create/Modify TIN, and click
Create TIN From Features.

. Check the features that you

want to use in building your
TIN.

You can use the browse
button beside the Layers list
to navigate to other feature
classes to include in the TIN.

Click the dropdown arrow
and choose the Height
source field.

You can choose shape
geometry if the features have
3D geometry.

. Click the dropdown arrow

and choose how the features
should be incorporated into
the TIN—as mass points,
breaklines, or polygons.

Optionally, click the
dropdown arrow and choose
the Tag value field if you wish
to tag the TIN features with a
value from the input features.

Repeat steps 2 through 5 for
each input feature class.

7. Type a name for the TIN.
8. Click OK.

e W g Settings for selected layer
Brklines Feature type: 20 poirits
pefim Height source: ISPDT ﬂ
Triangulate as: Im
Tag value field:
Output TIN: ID'\S urfacesMyTIN

J|SD fnalyst * | LLayer: |

Create/tadify TIM

Interpolate to Raster Add Feature to TIM..

Surface Analysiz 3
Feclazsify...
Corvert »
Optiong...
Cieate TIN From Features H

~Inpul

Check. the layer(s] that will be used ta create the TIM. Click a layer's name ta specify
itz settings.

Layers:

000
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Adding the selected
features to a TIN

You can add features to refine a
TIN that has already been created,
rather than re-creating the TIN
from scratch. If a feature class has
some features selected, only those
features will be included in the
TIN.
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Adding features to a TIN

1. Click 3D Analyst, point to
Create/Modify TIN, and click
Add Feature to TIN.

2. Check the features that you
want to add to the TIN.

You can use the Browse
button beside the Layers list
to navigate to other feature
classes to include in the TIN.

3. Click the dropdown arrow and
choose the Height source
field.

You can choose shape
geometry if the features have
3D geometry.

4. Select how the features
should be incorporated into
the TIN—as mass points,
breaklines, or polygons.

5. Optionally, click the dropdown
arrow and choose the Tag
value field if you wish to tag
the TIN features with a value
from the input features.

6. Repeat steps 2 through 5 for
each input feature class.

7. Click OK.

D maszpntz
e O brklines

J |3D Analyst | Layer: IM_I,ITIN

BN

Create/Modify TIN.— » Create TIM From Featurss. .
Interpolate to Raster  p

Surface Analysis 3
Feclazsify...

Corrvert »
Options...

Add Features to TIN

~Inpul

Input TIN: [ byTIN

to specify its ettings.

Layers

O perim

Check the laper(s) whose features are to be added to the TIN. Click a layer's name

ﬂ Setlings for selected layer
Feature wpe:

Height source:

Triangulate as: Ihard line: I |
Tag value field: |<nnne> 1y

= 3]

2D lires

[ELEwaTION

¥ Save changes into the input TIN specified above.

" Save changes into a new output TIN:

Output TIM D:ASurfaceitin

_D_I Canel

=

7]
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Creating a TIN
from a raster

You can convert a raster surface
to a TIN for use in surface
modeling or to simplify the
surface model for visualization.
Converting to a TIN can also
allow you to enhance your
surface model by adding features
such as streams and roads that
are not represented in the original
raster.

When you convert a raster to a
TIN, you need to specify the
vertical accuracy of the output
TIN with respect to the original
raster. 3D Analyst will select the
subset of points needed to
achieve this level of accuracy.

What is the vertical
accuracy?

The vertical accuracy is the
maximum number of units that the
TIN surface may differ from the
cell center heights of the input
raster. Specifying a low number
results in a TIN that preserves
more of the detail of the raster
surface. A higher number will
result in a more generalized
representation of the surface.

CREATING SURFACE MODELS

Converting a raster to a
TIN

1.

Click 3D Analyst, point to
Convert, and click Raster to
TIN.

Click the dropdown arrow and
click the raster that you want
to convert to a TIN.

Type a vertical accuracy for
the TIN.

Optionally, check the box to
limit the number of points
added to the TIN in pursuit of
accuracy.

Optionally, type the maximum
number of points to add to
the TIN in pursuit of accuracy.

Type a name for the Output
TIN.

Click OK.

J |3D Analyst | Layer: Ielevgrd

Create/Madify TIMN »
Interpolate to Raster  »

Surface Analysiz 3

Feclassify...

Features to 30

Options. ..

TIN to R aster...

TIN to Features

Convert Raster to TIN

Faster to Features...

Corverts a raster to a TIM by adding cell centers from the input raztér az
points until the desired vertical accuracy is achieved,

Input raster: Ielevgrd ﬂ g
—Accuracy
Z tolerance: |1 43.78 Z uiits

i the TIM.

o—

The 2 talerance contrals the vertical accuracy of resulting TIM. The
clozer the tolerance iz to 0 [maximum accuracy]. the more points will be

I o Guit after the following number of points have been added to the
TIM if the desired accuracy is still not achieved:

Output TIN: [FhtinsiMpTIN

=

o

ak. I Cancel |
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Creating a raster
from a TIN

You can convert a TIN to a raster
to use in surface modeling or to
extract slope or aspect informa-
tion from the TIN.

What is the Z factor?
The Z factor is used to convert the

z units to the same scale as the x
and y units, if they are different.
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Convertinga TINto a
raster

1. Click 3D Analyst, point to
Convert, and click TIN to
Raster.

2. Click the dropdown arrow and
click the TIN that you want to
convert to a raster.

3. Click the Attribute dropdown
arrow and click the attribute
of the TIN that you want to
save as a raster.

You can choose from eleva-
tion, aspect, slope in percent-
age, and slope in degrees.
The TIN must have already
been symbolized by the

attribute in your scene or
map.

4. Optionally, set a Z factor.

5. Optionally, type the Cell size
for the raster.

6. Type a name for the Output
raster.

7. Click OK.

HSD Analyst ¥ | Layer: [tin1

Create/tadity TIN 3
Interpolate to Raster  p

Surface Analysiz 3

Feclazsify...

Corwvert

Features to 30...

Options...

Fazter to TIM. ..

R azter to Features...

TIM to Features...

Convert TIN to Raster

Converts a TIM to a raster of elevation, slope, or azpect.

B

Input TIN: Itin‘l
Attribute: I Elewvation I
Z factor: |1 .0nao

Cell size:

|8.38 Rows: 218

Colurmng: 250

©0

Clutput raster: ID: “ragtershmypraster

(5]
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Managing 3D data

IN THIS CHAPTER

ArcCatalog basics

* Previewing 3D data

The camera, the observer, and the
target

Displaying 2D data in 3D

Starting ArcScene from ArcCatalog

Creating a new 3D feature class

ArcCatalog allows you to manage your 3D data in the same way that you
manage all of your other GIS data. You can use ArcCatalog to organize your
work—copy, paste, move, and delete 3D data in the Catalog tree using drag
and drop, commands, or shortcut keys. You can use the Preview tab to sec a
planimetric preview of your 3D data with the Geography option or preview it
in 3D using the 3D View option. You can create 3D layers of 3D and 2D
data and assign 3D viewing properties—for example, you can set the base
heights and extrusion expressions for features with z-values stored in an
attribute. You can also control how a 3D layer is rendered during scene
navigation, and you can specify whether or not features are shaded based
on their position relative to a light source. In addition, you can create
metadata, including perspective view thumbnail graphics, for your data.
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ArcCatalog basics

ArcCatalog lets you organize your data in an expandable tree
view. You can view the selected item in the Catalog tree in
different ways, using the tabbed view area to the right of the tree.

The Contents tab lets you see the contents of an item in the tree.
The Preview tab lets you see the data contained in the selected
item. The Metadata tab lets you see the selected item’s metadata.

=l Contents | F'reviewl Metadatal

T N
= City_data a Construction Perzonal Geodatabase
Elg Canstuchon &= zcontaurs Coverage

H birklinz & brklinz Shapefile
5] masspntz = Cavesurey Shapefile
B perim m deatheal Raster D ataszet J
zoorbours Shapefile
arc Shapefile
I | Li.l:tif h ?!’?‘?Eeme . _ILI
1 I » | »

Catalog tree and contents of a folder connection

Browsing the Catalog’s contents

When you select items—for example, folders, databases, or
feature datsets—in the Catalog tree, the Contents tab lists the
contents of each item. You can expand items that contain other
items—for example, folders—and see their contents in the tree as
well. Items such as scene documents, maps, layers, and tables
don’t contain other items; when you select them in the Catalog
tree, the Contents shows the name and type of the object and a
thumbnail if one has been created.

You can display the Contents list in several ways. To change its
appearance, use buttons on the Standard toolbar.
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List Details

Use the Contents tab and the Catalog tree to browse and manage
your data.

Previewing data

Often, viewing your data in the Contents tab shows you all you
need to find the right data for a scene or map. Sometimes, though,
you need more information. You can explore your data in the
Preview tab. As with the Contents tab, you can control how you
preview data.
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You can draw geographic data with the Geography view. You can
also examine the attributes of feature data or the contents of any
other table with the Table view. Use the dropdown list at the
bottom of the Preview tab to choose how you want to preview
your data.

Contents  Preview IMetadata

Cortents  Preview | Metadata I

FID Shape* SURYEY | MON
Polyline £ omos-s &
Palyling 2 ooZns-2 |4
Palyling Z oozons-2 |4
Palyling 2 [ =]
Palyline 2 0e0fz-2 12
Falyline & 00&[12-0 12
Palyling £ [ ]
Palyling £ omans2 |5

T ,I, EEGLEE] =

Record: ﬂi" 12 _>|£| Shey
Fresview:
Frevigw: Table _

Geography and table previews—the Z in the Shape field indicates a
geometry that contains z-values.

13

e e TR L e =]

=2\

I Geography j

3D Analyst also gives you another way to preview your data—
the 3D View preview—and a new toolbar that you can add to
ArcCatalog to navigate the 3D preview.

Contents  Preview |Meta§jata

Frevigw: a0 View 'I

3D View preview
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[ eaeaaqrzm@ 68

This set of tools enables you to navigate around your data in 3D,
query the features in your data, and create perspective view
thumbnail snapshots of your data.

Using metadata

Before you decide to use a data source in a map, you may want to
learn more about it. Metadata is background information that lets
you make better decisions about what data to use and how to use
it. You can view metadata in ArcCatalog using the Metadata tab.

Metadata usually contains documentary information about why
the data was created, who created it, and how accurate the data

Contents | Preview Msladalal

Forest Stands

ArcInfo Goverage

Spatial | Attributes

Keywords
Theme: forest, timber, logging, habitat
Place: alaska, USa, Tangass, Pacific ;I

Metadata view

is. This kind of information can be edited using a metadata editor
in ArcCatalog. Metadata also contains information about the
properties of the data—for example, the attributes stored for
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features or the coordinate system of the data. ArcCatalog

automatically maintains this information for you. Name & ocaian| Gecarasty| Date  Advanced | [ Ficlien |
r~ Define additional search criteria Stop
You can change the way you view an item’s metadata by — R Value New Saerch

choosing a different stylesheet from the dropdown list on the tee  El frcisks e vt Elffemsen =l

Metadata toolbar.

Full Teat includes the ward slevation

Styleshest:  |FGDC FAQ Pl E B &3 aE ‘
I Match case _ Oeee || Delea |
Contents | Preview Metadata | i:::%
Forest Stands i’ Search for data with metadata containing the word elevation.
Frequently-asked questions: When you’ve found the data you want to use, ArcCatalog lets

you drag it directly onto a map or scene document or create a
layer that specifies how the data should be symbolized and
rendered in 2D or 3D.

s "What does this data et describe?

How should this data set be cited?

What geographic area does the data set cover?

What does it look like?

Dioes the data set describe conditions during a particular time
period?

. What 15 the seneral form of this data set?

6. How does the data set represent geosraphic features? =]

dold b2

Metadata viewed with the FGDC FAQ stylesheet

You can also use the ArcCatalog Search tool to search for data
based on information in the metadata.

The Search tool dialog box contains four tabs that allow you to
search for data that satisfies various conditions.

||| Be X

R EHER QS 8N

|

Search
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Previewing 3D
data

When the selected item in the
Catalog tree contains geo-
graphic data, you can preview
that data without having to
create a map or 3D Scene. For a
planimetric view of your data,
choose Geography from the
Preview dropdown list on the
Preview tab. For a perspective
view, choose 3D View. In order
to view data in 3D, you will
need to enable the 3D Analyst
extension.

The 3D View tools allow you to
navigate around your data in
3D. Some of these tools are like
tools that you use in ArcMap
and ArcCatalog to pan and
zoom 1in 2D. Other tools are »

Tip

Why does my data look flat
in 3D View preview?

TINs and feature classes with
z-values embedded in their
geometry—for example, PointZ,
PolyLineZ, PolygonZ, and
Multipatch shapes—will be
automatically rendered in 3D when
you select 3D TView. Rasters and 2D
feature classes will be rendered as
though they rest on a flat surface.
You can create layers that specify
3D rendering properties for all
types of data, and the layers will be
rendered in 3D.
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Navigating in 3D

1. Click the Navigate button on
the 3D View toolbar.

The Navigate tool allows you
to rotate the data in 3D, to
zoom in and out, and to pan
the data.

2. Click on the data and drag it

to the right.

When you click on the data
and drag to the right, you
rotate the data counterclock-
wise around the z-axis.

3. Right-click on the 3D data
and drag down.

When you right-click on the
data and drag down, you
zoom in to the data. »
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specialized for 3D perspective 4,
viewing.

Click both mouse buttons—or 4
the center button on a three-
button mouse—and drag the
data to the right.

,:l ArcCatalog - F-A3D Data\sthelens Layer.lyr

You use the same tools for

. . . J Eil= Edit Miew Go Took Help ‘
navigating in ArcScene.

| = |es @ & x5 & g2 A | Q@ B | h2 | swlssheer  [E5F

The Navigate tool combines the C|ICkIr.19 both buttons and Janatinn' FAID Datavathelens Layer lir =
functions of several of the other dragging the data pans the I Ay : |
tools data. ]QQ@’?.H)\%]W@&%%@@}{X@PO|0|S€|
’ . Xl Contdnts PrEviEW|Metadata|
Chcklng the left, rlght, and 5 S“Ck on the data and drag E&tagu\gg[) s =
center mouse buttons and p- E Ei—s‘mm
dragging up, down, left, or right Clicking and dragging the 5P zcantours
lets you rotate the 3D view, data up lowers your viewing e
zoom in and out, and pan position relative to the data. f{g ;;:;“;"a‘
aoosty L wlle 6. Click the Full Extent button. & e
- [i7] sthelens

You .Cal'l also us.e the 3D The data I’etu s to the @’ sthelens Laper
preview to preview a scene original extent and view & ThyroidCanceRiates sh
document before you open it in position :J@ﬁtﬁiﬁéi s =

) [ Geocoding Services -
ArcScene. : @ _'I_I e v

Teviz l\ew—Ll

Seeing the entire dataset
Ifyou want to see a dataset s entire

contents after zooming and
panning around it, click the Full

Extent button on the 3D Tiew e E) Mm@ X% EE 0 @ PN [suenter [EA
toolbar. fion: [F\30 Datavathelens = |
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The camera, the
observer, and the
target

You view a scene through a
viewer’s camera. A camera’s
location in a scene is defined by
the observer property. The
point at which the camera is
directed 1s called the farget.
When you navigate through a
scene, you are actually moving
the observer in conjunction
with the target. »

Why change the center of
the view?

By default, the center of the view is
the center of the data. The Naviga-
tion tool, the Zoom In and Zoom
Out tools, and the field of view
tools all change the view of the data
relative to the current center of the
view. If you want to zoom in to see
a particular area, centering on it
first will prevent it from zooming
out of your field of view. Centering
on a point also allows you to rotate
the view around it.

Centering shortcut

You can center on a target while
using the Navigate tool. Press the
Ctrl key and click at the location
where you want to center the scene.
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Centering

1.

Click the Center on Target
tool.

Click the location that you
want to occupy the center of
the 3D view.
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The point you clicked is the new center of the view.
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When you center on the camera Zooming to a target 1
target, the point you click

TevEs (o he cstler of (ke Vi, 1. Click the Zoom to Target tool.
When you zoom to the target,
the view zooms to the point you
click. »

,:I AicCatalog - F:A3D Data\sthelens

2. Click the location that you | Eie £k Yow Go Iook Hop |
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Preview:

The view zooms in to the point you clicked.
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When you set the camera Setting the camera

0b§erver, thg view zooms tp the observer
point you click while pointing at
the target. You can use the Set 1. Click the Set Observer tool.

Observer and the Center on
Target tools to define how you
want this to happen. Anytime
you use the Set Observer tool,
the camera will point at the
current target. To point the
camera at a target that you
choose, use the Center on
Target tool first. Then when
you set the camera observer,
the camera will point toward the
target you defined. The camera,
the observer, and the target are
used in the 3D view of
ArcCatalog, as well as in the
perspective view of ArcScene.

Set observer shortcut

You can set the observer while
using the Navigate tool. Press the
Ctrl key and middle-click to zoom
to a location.

Using the camera tools in
ArcScene

The Center on Target, Zoom to
Target, and Set Observer tools are

also available on the Navigation
toolbar in ArcScene.

2. Click the location that you
want to zoom to.
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The view zooms to the point you clicked, honoring the target.
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Creating a 3D thumbnail

Viewing thumbnails in the 1.

Contents tab

Ifyou create a thumbnail image of
your data, it will be shown in the
Contents tab when you choose

Thumbnail view. 2.
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Navigate the 3D view to the
perspective that you'd like to
show in a thumbnail
snapshot.

Click the Create Thumbnail
button.

Click the Metadata tab.
The 3D thumbnail appears.
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The 3D thumbnail appears in the metadata.
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Displaying 2D
data in 3D

2D data can be viewed in 3D if
you create a layer and set its 3D
viewing properties. You can
assign z-values to features
based on an attribute, a
constant, or an expression. You
can also specify a surface from
which to derive the z-values of
the features.

3D Analyst adds three tabs to
the Layer Properties dialog box;
these tabs allow you to modify
how a layer is rendered in 3D.
The tabs are called Base
Heights, Extrusion, and
Rendering. Most of the time, if
you want to create a layer that
you can preview in 3D, you’ll
set the height of the features in
the layer using the Base
Heights tab. Sometimes you
may want to extrude features up
or down from the base height—
for example, if you want to
create lines that show the
depths of well point features.
You can set how features are
extruded on the Extrusion tab. If
you want to shade features in
your layer based on a light
source, you can set that
property of a layer from the
Rendering tab. This tab also
lets you fine-tune how your
data 1s displayed while you are
navigating.
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Creating a layer

1. Right-click the data source
from which you want to
create the layer.

2. Click Create Layer.

3. Navigate to the folder in
which you want to save the
layer.

4. Type a name for the layer file.
5. Click Save.

The layer file is now an item
in the Catalog.

(1]

x|

Conterts Preview | Metadsta |
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- FiData |
o eonfoe e

{3 Databas LCopy Cirl+C:
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Properties. ..
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Save Layer As
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Save as type: ILayer files (% lr] j Cancel

o

Setting layer properties
1. Right-click the layer.

2. Click Properties.

You can use the Layer
Properties dialog box to set
many properties of the layer
in addition to the 3D Base
Height, Extrusion, and
Rendering properties.

(1]

2| Contents Preview | Wetadata

) Catalog

E (@ F\Data
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contours Layer
D atabase Connec Copy  ChlC
Geocoding Servic n
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Preview: 30 View 'I
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Setting base heights
using an attribute

1.
2.

Click the Base Heights tab.

Click the option to Use a
constant value or expression
to set heights for layer.

Click the Calculate button.

Double-click the field that will
provide the z-value for the
features.

You can create an
expression, such as [contour]
* 3.28, to set the z-values as
well.

Click OK.

Click OK on the Layer
Properties dialog box.

The 2D features are now
drawn in 3D using the
attribute that you selected as
the z-value.

Layer Properties
General | Source Selection | Dizplay | Symbology | Fields | Defirition Queny |
Labek | Joins &Relates Base Heights Edusion | Fendeing
Height

¥ ilse & constant value of sxpression to set heights for layer:
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42 bitairy feights for | aven from suiface:

o0

Faster Resolution,.

£ Laver featires haye Z)valuss, Wse ther for feights,

Ll
|&

Z Urit Convversion

Apply conversion factor to place heights in same units a5 scene: [ custom - 1.0000¢

Offset

Add an offset using a constant or expression

|n

2 g

Cancel Apply

Q_-f

4
Expression Builder

Figlds Functions
CONTOURS =] [eesr) =
CONTOURSD At (]

Cos[ ]
INDEX Expl )
D J Fis (]
$FROMNODE Int[ ]
$TONODE Loa( )
SLEFTPOLYGON =l sin =
Expression

S [

Save Load | 0 I Cancel |
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Setting base heights
using a surface

Click the Base Heights tab.
Click the Browse button.
Navigate to a surface.
Click the surface.

Click Add.

Click OK on the Layer
Properties dialog box.

2 T

The 2D features are now
drawn in 3D using the
surface that you selected to
provide the z-value.

Layer Properties

Generdl | Sowee Selection | |Display | Symbology | Filds |
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Height
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[FapDatancrting

|
Fastern Fesalution,
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[ = &

ok, | cancel

Apply

ol | Esller] [

Mame: It\n Add
Shaw of type: [ TIN datasets =l Cancel |
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What is extrusion?

Extrusion extends features
vertically from a given base height
to the height that you specify. Points
become vertical lines, lines become
walls, and polygons become

blocks.
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Extruding features 1
1. Click the Extrusion tab. v
: Generasl | Sowce | Selection | Dieplay Syrbology | | Fields | Definition Query |
2. Optlonally, t){pe a constant Labels | Joins&Relates | BaseHeights Ewusion | Rendeting
height to which all features . o ,
N ~ whiuds festures in laper. Extrusion lums points into vertical lines, lines inta
W|” be extruded wallz. and polgons inta blocks.

Estrusion value or expression:

3. Optionally, click the Calculate o
Extrusion Expression button.

4. Optionally, click the field that 1|
you want to use in the P
extrusion expression. You can
build complex extrusion
expressions using functions
and algebraic expressions.

||;
®© 0

5. Optionally, click Load and
browse to a previously saved

extrusion expression. oo ool
Click OK.
Click the dropdown list to 9

choose how you want the
extrusion expression applied.

8. Click OK.
pre on B de H ES
The 2D features are now }
. Fields Functions
extruded using the constant TFEh FETR =
or expression. BLog o o)
FLOORS Exp[ ]
Fix[ ]
Int([ ]
Ls
S =l
Expreszion
FLOORS *15 7 8 | 9 | !
S O B
S D N
ol o] ] -]
Save I Load I QK | Cancel |
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Starting
ArcScene from
ArcCatalog

You can start ArcScene from
ArcCatalog by double-clicking
a scene document or by clicking
the Launch ArcScene button on
the 3D View Tools toolbar.
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Opening an existing
scene from ArcCatalog

1.

Navigate to the scene that
you want to open.

You can use the Preview tab
and 3D View tools to preview
the scene before you open it.

Double-click the scene in the
Catalog tree.
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Opening a new scene
from ArcCatalog

1.

Click the ArcScene button on
the 3D View Tools toolbar.

[+aeasaaxxue oula
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Creating a new
3D feature class

You can create new empty
feature classes in ArcCatalog to
hold the 3D feature data that
you create with the 3D Analyst
geometry interpolation tools in
ArcMap. These tools will create
3D graphics by default, but you
can use them while editing a 3D
feature class to create 3D
features. For more information
about creating feature classes
and shapefiles, see Using
ArcCatalog.
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Creating an empty 3D
feature class or shapefile

1. Right-click in the location
where you want to create the
new shapefile. Point to New
and click Shapefile.

If you want to create a
geodatabase feature class,
navigate to an existing
geodatabase and click
Feature class.

2. Type a name for the new
shapefile.

3. Click the Feature Type
dropdown arrow and click the
type (geometry) of feature
that you want to create—for
example, point, polyline,
polygon.

4. Optionally, click Edit to define
the spatial reference for the
features.

5. Click the check box to
indicate that the feature
coordinates will contain
z-values.

6. Click OK.

The shapefile is created. You
can right-click it in the
Catalog tree, click Properties,
and add attributes if you want
to store attributes for the 3D
features. You do not need to
include a height attribute, as
the z-values will be stored in
the feature geometry.

M ArcCatalog - D:\3dFeatures

Fle Edt “iew Ho Toolz Help

AETYE R

B8 Qs|n|

Styleshest: I ESR

|
|
J Location: ID:\3 HF eatures
|
|

Ha s afaad s Eolcer

EEEECEA TR G

Personal Geodatabase

x| co

pe

Intemet Ser & Digconnect Falder

[ Catalog 0 Layer..
@ Ch — Group Layer
@ 0 —
@ D:\3dFealur Shapefie..
Database C [eap) ki Coverage Felationship Class..
Geocoding | B2 Paste [t 3

Arclnto Warkspace

BN Search Res dBASE Table
Befresh INFO table...
EEN Search
Properties. .. _’I
Craates a new shapeflle v
Create New Shapefile EHE
Mame: IMyBDfeat 9
Feature Type: IF'DI_uIlne j——e
— Spatial Reference
Diescription:
Unknown Coordinate System j
¥
1 F
; 1
I Show Detail: Edi... 1 0
™ Coordinates will contain M values. Used to store route data.
¥ Loodnales wil contain 2 values, Used o store 30 data; e
ok I Cancel
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Displaying surfaces

IN THIS CHAPTER

Displaying raster surfaces in 3D

e Displaying raster surfaces

Symbolizing areas with unknown
values

Displaying TIN surfaces

Making a layer transparent

Shading a layer

ArcScene and ArcMap give you a wide variety of ways to symbolize and
display surfaces. Because of the differences between rasters and TINs, you
have different options for symbolizing them.

You can classify the data in continuous rasters, stretch them to improve
contrast, and display categorical rasters with colors to represent their
unique values. For multiband rasters, such as satellite images and some
aerial photographs, you can display the raster as a red—green—blue (RGB)
composite or as a single-band stretched image. You can render cells with
no data and background cells in different ways.

ArcScene and ArcMap let you show the elevation of TIN surfaces or the
aspect or slope of each TIN facet. You can also show the nodes and edges
of the TIN in several different ways.

You can make all surfaces transparent and add depth and realism to a
surface by shading it based on its position relative to a light source.

115



Displaying raster
surfaces in 3D

In ArcScene, you can create 3D
representations of raster surfaces
by setting the base height from a
raster or TIN surface. You can
use this technique to visualize
terrain surfaces, show remote-
sensing images in perspective, or
create abstract visualizations of
other surface data such as
chemical concentrations or
population densities.

If you drape a raster over a raster
surface, you can change the
resolution of the base surface; the
base surface is usually resampled
to a lower resolution in order to
increase the drawing speed. Click
Raster Resolution to set the
resolution of the base surface.
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Draping a raster on a
surface

1. In the table of contents, right-
click the raster layer that you
want to drape over a surface
and click Properties.

Click the Base Heights tab.
Click the button to Obtain

heights for layer from surface.

If you want to use a surface
other than the current raster
layer, either select one of the
surfaces in the scene by
clicking the dropdown arrow
or click the Browse button
and navigate to another
surface.

4. Click OK.

QaVE HE LayD T

Scene lape

= elevard

Walue
. High : 3070.230771

M Lo 92 738327

Display

enerall Sourcel Extentl D\splayl Symbology  Base Heights | Rendering

Heighl

" Use a constant value or expression to set heights fon layer

' Obtain heights for layer from suface:

[ampeutaceshslevard

Raster Resolution...

€ Layer features have 2 values, Wse ther far heahts.

Apply conversion factar to place heights in same units a5 scene:

"Z Urit Canversion

custom = 1.0000

fost
’VAdd an alfset using a constant ar expression:
|n

= |
I~ |

IFl

o I

Cancel

Spply

4]
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Displaying raster
surfaces

You can display rasters by
grouping their values into a
number of classes, by stretching
the values to enhance contrast, or
by assigning each unique value in
the raster to a color.

How you display a raster depends
on the type of data that it
contains and what you want to
show. Some rasters have a
predefined color scheme, but for
others, ArcMap and ArcScene
will choose an appropriate
display method that you can
adjust as needed. You can change
display colors, group data values
into classes, or stretch values to
increase visual contrast. For
multiband rasters, you can
choose three bands to display
together in an RGB composite.
This drawing method often
improves your ability to
distinguish features in
multispectral images.

| TP

Why don’t | see the option
to use unique values?

You can only draw data in integer
rasters with unique values.
Continuous data can be classified,
drawn using a stretch, or—for
multiband rasters—drawn as an
RGB composite image.

DISPLAYING SURFACES

Drawing rasters that
represent continuous
surface data with
separate classes

1. In the table of contents, right-
click the raster layer that you
want to show by grouping
values into classes and click
Properties.

Click the Symbology tab.
Click Classified.

Click the Classes dropdown
arrow and click the number of
classes you want.

5. Optionally, click Classify and
choose the classification
method you want to use.

6. Click the Color Ramp
dropdown arrow and click a
color ramp.

7. Click OK.

Properties

| Draw raster grouping values into classes

Stretched

- Field Classification

Walue |<VALL|E> vl Matural Brefks [Jenks]
Mormalization: |<NDNE> j Classes: |1U j Classify...

[ T -

| Syrnbal | Range | Label | -
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[ 675300914 - 966482207 E75.900914 - 966482207
966482207 - 1.210.57043 SEE.482207 -1,210.57043
121067049 -1 431 41228 121067049 - 1.431 41228
143141228 -1 B75.50056  1.431.41228 -1 E75.50056 |
1.E75.6006E - 1,919 5AR85 1.E7R G006 - 1,919 63885

Colar Ramp;

I 191958855 - 216367714 1.919.59855 - 216367714 |
[~ Show class breaks using cell values Display MoD ata as J
’TI Cancel I Apply I
% _Untitled - ArcMap M=l E3

File Edit “iew Insert Selection Tools Window Help |

WEERE L ) e AT
dr> > 2z2al=|@]
QDO PEDE RO ML T

3D Analyst ¥ | Layer: Ielevgld

|
|
|
J

E £ Layers -
= FIEE]
<VALUE>
N 54.738327 - 3853
[ 33531962 - 675,90
[] 675900914 - 966.¢
[ 96E.482207 - 1,210
[11.21057043 - 1.43
1143141228 -1 67
[ 1.675.50056 - 1.91

I 1.919.58885 - 216
»i

"u""

.n.é‘l....i. f

= e z u|lA-

@ |B117.36 48602063 Meters |

Display

30| =4
J Drawing > K () | O~ A~ E“Arial

B

The continuous surface is drawn with different colors for each class.

117



Continuous rasters

Most rasters that represent
surfaces contain continuous
values, whether the surface values
represent elevation, temperature,
or concentration of a chemical. It
is often useful to display continu-
ous surfaces with a continuous
grayscale or color ramp. The
Stretched option maps the low and
high values in the raster to a
0-255 intensity scale. You can
change the way that the values are
mapped by changing the type of
stretch used.
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Drawing rasters that

represent continuous

surface data with a

continuous color ramp

1. In the table of contents, right-
click the raster layer that you

want to show with a continu-
ous color ramp.

2. Click the Symbology tab.
Click Stretched.

Optionally, click the Color
Ramp dropdown arrow and
click a color ramp.

5. Click OK.

Properties

Geﬂera\l Sur:el Extanll Display  Symbology I

| Draw raster stietching values along a color ramp

Colar Walue Label
3070230771 IHigh 3070.280771

JLow : 94.738327

cetr o :

94738327

Stretch
Tope: ISlandald Deviations ﬂ Histogram... I
n: 2 I lrwert

I™ Display Backgound Value: 0 as ‘
Display MoData as | I

T

Cancel | Al

(5]

®_Untitled - ArcMap

J File Edit “iew Inset Selection Tools Window Help

JDD’“HQ‘&ﬁX|nm|\-I;|l‘\:252,d43 v‘:\ghﬁ‘k‘?‘
Sms 2z el @

J 30 Analyst ¥ | Layer: Ielevgld

|&

F £ Layers

ST LR X L 58

High : 2070.230771

Lo : 54.738327

Display I Source
J Drawing = k O | O~ A~ = ||Anal

4
ez ulA~

@ [1482395 46762795 Meters |

S

The continuous surface is drawn with a continuous color ramp.
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Categorical rasters
Classifying remotely sensed
imagery, converting vector data to
raster, and running certain
analysis procedures can produce
rasters that contain categorical
values. In these cases, the values
may be highly discontinuous and
patchy, in comparison to the
continuous and, generally,
smoothly varying values of
surfaces. Categorical rasters are
usually drawn with Unique Values.

DISPLAYING SURFACES

Drawing thematic rasters
that represent unique
categories, such as land
cover

1. In the table of contents, right-
click the raster layer that you
want to show using unique
categories and click
Properties.

Click the Symbology tab.
Click Unique Values.

Click the Value Field
dropdown arrow and click the
field you want to map.

5. Click the Color Scheme
dropdown arrow and click a
color scheme.

If your raster has a colormap,
click Default Colors to revert
to colors specified in the
colormap.

6. Optionally, click a label and
type in a more descriptive
name.

7. Click OK.

Properties ?
General | Source Extent' Dizplay  Symbolagy |Fie\ds I
- | Draw raster assigning a color to ¢ach value
Classifisd
Stretched ~ Walue Field Color Schern
(D _rares =l (- WL PE B
Spmbol | <VALUE> [ Label [ Count [~
I <all other values> <all other values>
<Heading> Class_Mames
| e W ater 130115
[ Class 100 Marsh 33243
[ ] Class Deciduaus R3586
B Cass iz Class 12 177584
P Class 13 Class 13 203240
[ Class 14 Class 14 TYERD
[ | Class15 Class 15 21324
L BT T [T AnAT _I
‘ * A Add AllValues | Add Values... I Hemuve\f’aluesl Default Colors |
- . Dizplay MoData as |~
(n]4 I Cancel | Apply |
- = [
% Untitled - ArcMap M=l

File Edit Yiew Insett Selection Tools ‘Window Help

DEE&|s Bax | wo|simo 5|2 &)
dm> - 22 2| ||
@axzmded 5 x @M 7

3D Analyst ‘ Laper: Ivegelat\on

J
J
|
J

£ £ Layers B
= FI
Clazs_MNames

W ater
[IMarsh
[ Deciduous
B Class 12
i Class 13
[ Class 14
[1Class 15
[1Clasz 18

I Class 2 L
i |
Display | Source I

J Drawing * R (=) ‘ O~ A~ = ||Aria\

@ [R02433.08 5261137.90 Meters |

The categorical raster is drawn with unique colors for each value.
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Stretching a raster to

What is a stretch?

A stretch increases the visual
contrast of a raster. You might
apply a stretch when your raster
appears too dark or has little
contrast. Different stretches will
produce different results in the
raster display. You can experiment
to find the best one for a particular
raster.
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improve the visual
contrast

1. In the table of contents, right-
click the raster layer that you
want to increase the visual
contrast of and click
Properties.

2. Click the Symbology tab.
3. Click Stretched.

4. Click the Color Ramp
dropdown arrow and click a
color ramp.

5. Click the Stretch Type
dropdown arrow and click the
stretch you want to apply.

6. Optionally, click Histogram to
modify the stretch settings.

7. Optionally, if the raster
contains a background or
border around the data that
you want to hide, check
Display Background Value
and set the color to No Color.

The cells will display
transparently.

8. Click OK.

Properties

Genera\l Source Extantl Display  Symbology IF\eIds I

| Draw raster stietching values along a color ramp

Color “alue Label
255 [High: 255
0 |Low 0

cobor P =l

Shretch
’VT-\"DE' IMimmum-Maximum _J Histagramn

|

' Display Background Value: I_—D as | I~
[ ]

Dizplay|Mal ata a5

o]

Cancel | Al

O 06 0

%_Untitled - ArcMap
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= £ Layers
= MyTown.TIF
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Display I Saurce
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The image raster is drawn with a contrast stretch.
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Why do | only see three
bands when | added a five-
band raster?

When you add a multiband raster
to a map or scene, you see an RGB
composite image made from three
of the bands. You can select which
three or fewer of the bands will be
drawn using the Red, Green, and
Blue color elements. By default,
the first three bands are mapped to
Red, Green, and Blue, but you can
change the band mapping for a
given image or for all images that
you add.

DISPLAYING SURFACES

Changing the band color
assignments for a
multiband raster

1. In the table of contents, right-
click the raster layer and click
Properties.

2. Click the Symbology tab.
3. Click RGB Composite.

4. Optionally, uncheck bands to
turn them off.

5. Click the Red, Green, and
Blue dropdown arrows and
select the bands of the raster
that will be displayed in red,
green, and blue.

6. Click OK.

HEEB Composite

Spmbology |

aster az an RGB composite

V¥ Red ILapeul j

v Gieen ILayer_Z d

Il Elue ILa_\Jer_3 ﬂ
—Stietch

Tupe: ISlandard Deviations =l Histograms... |

.

™ Invert

[~ Display Background Yalue I 0 as |'|
Display MoData as _|v|

Cancel

Ll

o
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Changing band colors

You can quickly change the color
assignments of the bands in a
multiband raster. In the table of
contents, click the color square—
Red, Green, or Blue—and click the
band in the multiband raster that
you want to display using that
color:
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Turning bands on and off
in a multiband raster

1. Click the color square beside
the band you want to turn off.

2. Click Visible to uncheck it.
The band is turned off.

|x

B £F Layers
=] med_avhir.img
RGE Composite
B Red: Layer_ 1
I Green: Laver_2
| 1Blue: Laver 3
¥ Yisible

Layer_1
Layer_2
v Layer_3
Layer_d
Layer &

Dizplay I SoucE]

Adding a single band of a
multiband raster
1. Navigate to the raster.

2 Expand the raster to view the
individual bands.

3. Select a single band and click
Add.

The band is added as a
single-band raster.

Add Data
Laak in: I@ med_avhir.img

M ame: ILa_l,ler_2 Add

j Cancel

[

Show of type: IDatasets and Lavers [*Iwr]
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DISPLAYING SURFACES

Setting the default color
band assignments for
multiband rasters

1.
2.

Click Tools and click Options.
Click the Raster tab.

Click the up and down arrows
to select the bands in the
raster that will be rendered in
Red, Green, and Blue.

Click OK.

Toolz *window Help

Q Archap

é:l ArcCatalog

Macros »

LCustomize. ..

Extenzions...

Applicationl Diata Viewl Layout \-"iewl Tables Raster | TOC I

— Default RGE EBand Combinatiory

3 band data source 4 or more band data source

Red:| 0= Red| 1=

Green:l?_:l Green: 2_:|
Blue:l 3_% Blue:l 3_%

— Raster Layer Pyramid Calculation
% Always prompt for pyramid calculation

 Always build pyramids and don't prompt in the: fubure
= Never build pyramids and don't prompt in the future

— Raster Format Browsing

 Search all files to find valid raster formats [may be slow]

% Search only files that match the following file extensions to
find walid raster formats

Browse | Fiormat M ame | Filz Extensions |ﬂ
ESRIGRID <GRID>

ERDAS IMAGIMNE *img

TIFF * tif

MrSID * gid

JFIF [IPEG) *ipa LI

ak. I Cancel Apply

o
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Symbolizing Setting the NoData or =
Background display color

areas Wlth Properties
1. In the table of contents, right- General | Gource | Extert| Display  Sembology |

unknown values click the raster layer and click o [ Draw raster as an RGE composite

. . Properties. m —Band
Sometimes rasters contain cells . P red [ |
where there is no measurement of 2. Click the Symbology tab. = e ILaya|_2 5
the surface. In grids these are 3. Check the box to Display N =
usually represented as NoData Background Value.
values. In remote-sensing images Ontionall | S
thel‘e are Often triangular or 4 Prtlonah y, 1:ype ? vBa u?( to Tupe IStamdard Deviations j Histograrms
linear border areas within the define t elraster S back- nl ¢ W [t
raster but outside the area for ground color. F Display Background Value: || 0 s 14
which image values were 5. Click the Background color Displag NqData o ¥
recorded. These are often black selector dropdown arrow and
and are called Background click a color—or no color. L
vl 6. Click the Display NoData as Lo 1 cped | o] |
You can control the way that color selector dropdown
areas of NoData and Background arrow and click a color—or no
are displayed. The default is to color. 6 0 o e
display NoData with no color. 7. Click OK.
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Displaying TIN
surfaces

TINs are made up of triangular
facets and the nodes and edges
that make up the triangles. They
may also contain breaklines—
lines that follow sets of edges
that play important roles in
defining the shape of the
surface—such as ridgelines,
roads, or streams.

You can display one type of TIN
feature in a map or scene—for
example, just the triangles—or
all of the TIN features. You can
also symbolize each type of
feature in different ways.

DISPLAYING SURFACES

Drawing TIN faces by
elevation

1.

In the table of contents, right-
click the TIN.

Click the Symbology tab.
Click Elevation.

Optionally, click the Color
Ramp dropdown arrow and
click a new color ramp.

Optionally, click the Classes
dropdown arrow and choose
the number of classes.

Click OK.

Gieneal | Souce|| Display Symbolony | Fields | Base Heiohts | Rendsing |
Show: ‘F S— |
ace wit| color ral
Edge lypes l 1 -
Elevation Value Fisld Classification
Elevation Equdl Interval
Color Bamp: - LI Clagses: |3 J LClassity

Spmbol | Rangs Label

808.717801 - 924.248915
633186666 - 804. 717801
577 E58572 - B3 186ERE
462124457 - 577 65572
346593343 - 462.124457
231.062229 - 346593343
15531114 - 231.062229
0.000000 - 115.531114

[

[ [s0=717800 - 524248915
[ |Ga31n6eEs- 808717001
[ | 577655672 - 69318658
[ 462124457 - 577 B55ET2

Add... ll I 346533343 - 462 124457

[ 231062229 - 346593343

il [ 1115531114 231062229
[ Jo-mssntie

I~ Sheow class breaks using feature valuss

Show hilshade
o illumination

ok | Cancel Spply

(6]

File Edit Wiew Selection Took Window Help ‘
DEW b 28X [¢(Hases v

PAC QBRI R OM
30 finalyst * ‘ Laper [amin =] B3

x

+

[ZF Scene lagers
= dim_tin
Edge type:
__ SoltEdge
— Hard Edas
Elevation
[ 317256757 - 328816010
D 306.B97564 - 317 266787
[]294.130341 - 05697564
1282579114 - 234 138341
[ 271019096 - 282579119
[ 353460673 - 271013855
[ 247901450 - 259 460673
[1] 236342226 - 247 9011 450
[ 224763005 - 236 342220

N —
Display

&

The TIN is drawn with different colors for each elevation class.
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Drawing TIN faces by
aspect

1. In the table of contents, right-
click the TIN.

Click the Symbology tab.

Uncheck Elevation—or any
other TIN face renderer that
is checked.

Click Add.

Click Face aspect with
graduated color ramp.

Click Add.
Click Dismiss. »

Properties

Face ion with color ramp

Walue Field
’V Elevation

Gy [ D

Classification
Equal Interval

Clagses: (9 = LClassify...

Symbol [ Rangs [ Label |

Remave J il

I Show hilghade

luminati ™ Show olass bieaks using feature valuss

[ nreezzeaz- 203 1796.222222 - 2021.000000
[ 1561444441 796 22202 1561 444444 - 1756 222222
I 1325 666eT -1 56144404 1226.66RGRT - 1561 444444
1,091 88889 - 1,326 6E667 101, 800EAS - 1326 BEEEET
857111111 1,031 88883 857.111111 - 1031.886883
Add. . J ll B22. 333333 - 87111111 622333333 - G52, 111111
I :e7 55555 - 522 333333 367 5G5556 - 522333333
[ [152777F78 - 387 HEGEEE 152, FFTTTE - 397, 555556
[ LR -B2.000000 - 152.777778

oK I Cancel Apply

o

Add Renderer

Edge type grouped with unique symboy
E dges with the zame symbal
‘Face with graduated color ramp
Face elevation with graduated color ram
Face slope with graduated color ramp
Face tag value grouped with unique sy
Faces with the zame spmbol

Mode elevation with graduated colar ran
Mode tag value grouped with unique syur
Modes with the zame symbol

] add | Dismiss |

(6]

(7]
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DISPLAYING SURFACES

8. Click OK.

The TIN faces are rendered
with colors to indicate the
direction that they face.

Properties

Genelall Suulcel Display  Spmbolagy |Fislds I Base Heightsl Handslingl

Show

Edge types

Add, 1
— il

Show hillshade
r illurniniation

|Face aspect with graduated color ramp

zlue Field Classification————
’V Azpect Marzl

Color Farmp: e -

Clagses: |1D ¥ Classify...

227
I~ Show class breaks using featurs values

| Symbol | Range | Label | -
[E Flat
O 25 Morth
[ 225875 Mortheast
[ lers-1125 East
-1575 Southeast
-20258 South
-247.5 Southwest
-2925 et =
-3378 Morthwest

QK I Cancel Apply

&2 Untitled - ArcScene

J File Edit Wiew Selection Tools Wwindow Help

[_[Ofx

|[CEE[FEEx

+ Qe w|

|vasaeq

HEO@E KO8

J 30 Anest | Laver [dn_tn -] ' A ‘

x

=% Scene lapers
= dtrn_tin
Edgs type
— Soft Edge
— Hard Edage
Aspect
[ F1at
B Hatth
| Martheast
[ East
[ Southeast
[ ] South
I Southwest
| K
[ Harthest
B Hatth

Dizplay

9 4

The TIN is drawn with different colors for each triangle’s aspect class.
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Changing the slope of a

TIN surface

TIN triangle slope values are
calculated, not stored in the TIN. If
you change the z unit conversion
factor, the slopes of each TIN face
will be recalculated.
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Drawing TIN faces by
slope

1. In the table of contents, right-
click the TIN.

Click the Symbology tab.

w p

Uncheck Aspect—or any
other TIN face renderer that
is checked.

Click Add.

Click Face slope with
graduated color ramp.

Click Add.
Click Dismiss. »

Properties

[Face aspect with graduated color ramp

Aapect

Color Ramp | I -

|'Value Field |

Classification
anual
Classes: |10 = LClassify...

Symbol | Range [ Label [~
- it
o =25 Noith
[ ees-ers Northeast
[ Je75-1128 East
I nzs-1Ers Southeast
add | || Jissemes Seuth
P 2025 - 2475 Southwest
EJ LI 2475-2925 st _
29253375 Northwest
[~ Show hilfhade — e |
M [ Show class bresks using featurs values
0K, I Cancel Apply

Edge type grouped with unique spmbp
Edges with the zame symbol
Face aspect with graduated color rap
| Face elevation with graduated color farn
F e with qraduated colar ramp
Face tag value grouped with unique syr
Faces with the zame symbol

Mode elevation with graduated color rar
Mode tag value grouped with unique syr
Modes with the samme spmbol

KN

_pl Add

D

Tiss
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DISPLAYING SURFACES

8. Click the Color Ramp )
dropdown arrow and select a

color ramp. Properties
9. Click OK.
[ Edge types
The TIN faces are rendered O Elevation
with colors to indicate the i

slope of the terrain.

[ |n-1ee3me312 0.00-1.E4
[ ]164386342- 33514343 164-335
[ | 39514343 - 68625025 395-E85
[ |58629025 - 102843673 E85-10.28
1028436732 - 141837947 10.28-1418

14.1837947 - 18.7782551 14.18-18.78
18.7782561 - 24.8465344 18.78 - 24.85
24.6465344 - 365762048 24.85 - 36.50

[ |3:s57ez04-30 3658 - 50.00

Scenc layers
=] dim_tin
Edge lype
— Soft Edge
— Hard Edge
Slope
[ Jo.oo-1.64
[ ]164-298
[ ]295-668
| |s8e-1028
[ ]mze-1418
[ ]1418-1878
[ ]1a7e-2405
] 2485- 3658
[ 3652 -90.00
Asoect

The TIN is drawn with graduated colors for each triangle’s slope class.
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What are tag values?

TIN nodes and triangles can be
tagged with integer values to allow
you to store additional information
about them. These integer values
can be used as lookup codes—for
example, to indicate the accuracy
of the input feature data source or
the land use type code for areas on
the surface.

The codes can be derived from
fields in the input feature classes.
You can symbolize tagged features
with unique values.
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Drawing TIN faces by tag
value

1. In the table of contents, right-
click the TIN.

Click the Symbology tab.

Uncheck Elevation—or any
other TIN face renderer that
is checked.

Click Add.

Click Face tag value grouped
with unique symbols.

Click Add.
Click Dismiss. »

Piopeities

[ Edoe types

|Face elevation with graduated color ramp

Wl Elevation

Walue Field
IV Elevation

Classification
| Equal Interval
Colot Ramp: D - |t _ Doy |

Symbol | Range

[ Label [

1.796.22222 - 2,031
1.561.44444 - 1,798 22222
326 6BEGT - 1.561 44444
09182284 - 1,326 BEEE7
57.111111 - 1.091.66089
522333333 - 857111111
I o7 555556 - 622.333333

[ |152777r7e - 387555566

[ Jez-1mzrrme

I~ Show class breaks using Featurs valuss

add | 4]
Remove| | 1|

Shawy hillhade
I illurninatign

1736.222222 - 2031.000000
1561.444444 - 1796.222222
1326.666667 - 1661.444444
1091.888889 - 1326 BEEEET
B57.111111 - 1091.888589
£22.333333 - 857. 111111
387.5955556 - 622.333333
162.777778 - 387.555556
-82.000000 - 152.7777 78

0K | Concel fipply

o

Add Renderer

Edgz type grouped with unique symbal
Edges with the zame symbal

Face aspect with graduated colaor ramg
Face elevation with graduated calor ra
Face slope with graduated caolar ram)
‘Face tag value qrouped with unigu
Faces with the zame spmbol

Mode elevation with graduated color rar
Mode tag value grouped with unigue syr
Maodes with the zame symbol

dd Dismiss |

N — e

(6]

(7]
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8. Click Add All Values.

. General | Souice | Display  Semboloay | Fields | Base Heights | Rendsing
9. Click OK. e S| ot | | Reeis|
Face tag value grouped with unique symbol
[ Edae types | g - Lt q &
O Elevation TagYalue Figld Calor 5chems
Brweugiss | Fonimgraim |mE TemEE-
Sprmbol I Walue I Label I Count I
<all ather valuesy <all ather valuesy 0
<Heading> Face tag value 8003
I O 0 B
1 5t
2 B14
3 55
A 1-|
Remave & |
v Show hillshade
illumination AddWalues.. Hemavealues
u] | Cancel Apply
[
ntitled - ArcS cene [_ O] =]
File Edit Wiew Selection Tools Window Help |
DEH: " Bx ¢ B Qs s

PROQACRAHLI DT K O M|
3D dnclyst > | Layer [Tagvalss T | B ’3/\|

x

I=? Scene layers
=] Tagvalues TIN
Edge type
— SoftEdge
— Hard Edge
[ <all ather values>
Face tag value

Display

9

The TIN is drawn with different colors for each triangle’s tag value.
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How else can | display TIN

You can also display TIN nodes by
tag value or all nodes using the
same symbol.
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Drawing TIN nodes by
elevation

nodes? 1

In the table of contents, right-
click the TIN.

Click the Symbology tab.

Uncheck Elevation—or any
other TIN face renderer that
is checked.

Click Add.

Click Node elevation with
graduated color ramp.

Click Add.
Click Dismiss. »

Prcperties

li] Edae types
Wl EE levation

Add J 1'
Remave| | 4|

Shaw hilkhade
o illuminatign

[Face elevation with graduated color ramp

Walue Field
[ Elevation

Classification
| Equal Interval
Classes |9 = LClassify. .

coon | DTN <

Symbol | Range

| Label

[ tresezez-20M
[ 11561444441 73622022
326,66667 - 1.961.44444
091 85389 - 1,326 BERET
57111111 -1.091.88989

522333333 - 657111111
I 357 55555 - 622333333

[ [1m2777778 .- 307 556556

[ Jez-15z7rrres

1796.222222 - 2031.000000
1861.444444 - 1796.222222
1326.6666E7 - 1561.444444
1031.5638583 - 1326 BEEEET
857.111117 - 1091888889
622333333 - 857111111
387.555556 - 622333333
162.777774 - 367 555556
-82.000000 - 152.777778

[~ Show class breaks using feature values

oK I Cancel Apply
5
Add Renderer
Edge type grouped with unique spmbgl o
Edges with the zame symbol
Face aspect with graduated color ramp
Face elevation with graduated color rém
Face zlope with graduated calor ramp)
Face tag value grouped with unique v
Faces with the same symbol
B i :
Mode tag value grouped with unique syr
Modes with the sarme spmbaol
4 | > Add Dismiss |
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DISPLAYING SURFACES

8. Click the Color Ramp
dropdown arrow and select a
color ramp.

9. Click OK.

The TIN nodes are rendered
with colors to indicate their
elevation.

In this example, you can also
see the Soft and Hard edges,
which are on by default, if the
TIN has them.

Properties

Eenerall Snulcel Display  Symbology |Fie\ds I Base Heightsl Ren eringl

Shaw

Edge types
[ Elevation
V]

WalueFied —— |
’7 Hode elevation —‘

Color Bamp: - - ﬂ

|Nude ion with graduated color ramp

Classification
Equal Interval

Classes: IS - Llassify.

Sprnbal I Range I Label I

959,923503 - 1,040.11433

959.732015 - 939.923503
* 919540527 - 953.732015
* A79.34304 - 313 540527

839157562 - 879.34004

Add T+ * 708966064 - 839.167552
Remove 1 + 7HB.7745FT - 798.966064

* 718.583089 - 756.774577
E7E.391602 - 718.583089

I~ Show class breaks using feature values

959,923503 - 1,040.11433
959.732015 - 939.923003
919 540527 - 953.732015
A79.34304 - 313 540527

839157562 - 879.34504

788966064 - 839.157552
7EB.77A5FT - 798 966064
718583083 - 756 774577
E7E. 391602 - 718.60830289

Ok I Cancel Apply

ntitled - ArcScene

J File Edit View Selection Tool: “Window Help

1 [= E3

EECEE LRy
|[¢avasaanran@inon

J 0 Analyst ¥ | Laer |dim_tin =

=

=% Scene layers -
=] drn_tir
Edge type
— Soft Edge
— Hard Edge
Mode elevation
999,923503 - 1,040.11
959.732015 - 999.923!
& 919540527 - 959.732
« £79.34304 - 919.5405
839157552 - 879.3490

« 798.9EE0R4 - 839167+
1 »
Dizplay I
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How else can | display TIN
edges?

You can also display all TIN edges
with the same symbol, and you can
add and remove individual edge
types from the display using the
Add Values and Remove Values
buttons.
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Drawing TIN edges
grouped with a unique
symbol

1. In the table of contents, right-
click the TIN.

2. Click the Symbology tab.
3. Uncheck Elevation.
4. Click Edge types.

By default, only the type 1
and 2 (Hard and Soft) edges
are displayed.

5. Click Add All Values.
6. Click OK.

1% [Edge lypes

|Edge type grouped with unique symbol

' E\etn Tag Yalue Field LColor Scherr
Edge ypes T s
Symbol | Yalue | Label | Count |
1 <all ather values:> <all ather values:>
<Heading> Edge type
1 Soft Edas ?
2 Hard Edge ?
I s
Remove 4
Add All Values AddWalues. Hemovet/alues Breaklines Orly

’TI Cancel A0l
1
[
E} Untitled - ArcScene [_ O] %]

J File Edit “iew Selection Tools ‘window Help

|DEsd|tBex &

Q&3 w|

oo aa®

HIO@E koM

| D anapst = | Laver [am in

=l B

x

I=# Scene layers
5
Edge type
—10
— Soft Edge
— Hard Edge
—3

Display I
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Making a layer
transparent

You can make raster, TIN, and
feature layers transparent in
scenes and maps. You can use
transparent layers to visualize
data that 1s scattered above and
below a reference plane, compare
two surfaces, and show terrain
and subsurface features at the
same time.

How else can | make a
layer transparent?

You can use the Adjust Transpar-
ency tool on the Effects toolbar in
ArcMap or the 3D Effects toolbar
in ArcScene to set the transparency
for a layer.

DISPLAYING SURFACES

In the table of contents, right- p)
click the layer and click
Properties. Properties

CI|Ck the DISp|ay tab Genelall SDurcel Extent Display |5ymbology| Base Heights Hendelmgl
I~ Show Map Tips [uses primary display field)

Type a Value In the I~ Display raster resolution in table of contents
Transparent bOX. I Allow interactive dizplay for Efects toolbar

CI |Ck OK Resample during display using: IBlIlnEar Interpolation [for continuous data) d

Transparent 500 %

Display Qualit
’7 Coarse  Mediu Norrnal

u] I Cancel

£pply
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Shading a layer

You can shade raster, TIN, and
feature layers relative to the
position of a light source in
scenes and maps. You can use
shading to increase the
perception of depth in the scene
and to enhance details of the

topography.

Changing the light source
You can change the light source
for a scene or map to enhance the
shading on a surface. Click the
Illumination tab on the Scene
Properties or Data Frame
Properties dialog box for controls
that let you change the light source
position.

TIN face shading

You turn shading on or off for
individual TIN face renderers by
clicking the Symbology tab,
clicking the TIN face rendered, and
checking or unchecking the Show
hillshade illumination check box.
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1. In the table of contents, right-
click the layer and click
Properties.

2. Click the Rendering tab.

Check the box to Shade areal
features relative to the
scene’s light position.

The option to Use smooth
shading if possible is checked
by default. This minimizes the
shading of small surface
variations to create a
smoother-looking shaded
surface.

4. Click OK.

Generall Soulcel D\splayl Symbologyl Fields | Base Heights  Rendering |

[~ Wisibili

 Fender layer of 3l fmes
" Render layer only whils navigation has stopped
" Render layer only while navigating

Draw simpler [evel of detail if navigation refresh rate exceeds: 0.75=] second(s]

i~ Effect
r=Iv Shade areal features relative to the scene's light position
¥ Use smoath shading if possible
Select the drawing priority of areal features, related to other lapers lﬁ'
that may be at the same location. This helps to detemine which 1
feature gets dravn on top of the other.
- Optirn:
% Cache layer for fastest possible rendering speed
€ Render layer directly from data connection to conserve memory
Dualty ertanzement fonresterinages Loy J— High
[u] I Cancel Lt T
(3 (4]
. |
42 Untitled - ArcScene [_ o[ <]

File Edit Yiew Selection Tools Window Help

DEd+ 28X ¢ E@es v
PReae@anuN@E koM

J a0 analyst = | Laver [don_tin =] B
x
[Z Scene layers =
=] dim_tin

Elevation
[]999.923502 - 1040.11.
| 959732015 - 999,923
[ 2719540527 - 959.7321
[ 579.249040 - 19,5400
B 239157552 - 579,349
[7] 792, 966084 - 529,157
[ 758.774577 - 792 986!
[ | 718582089 - 758 774!

[ |E78.391602 - 718583+
4 3
Display I
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Analyzing surfaces

IN THIS CHAPTER

* Querying surface values

e Understanding the shape of a
surface

e Deriving slope and aspect
information from a surface

e Creating contours

e Analyzing visibility

e Deriving hillshade from a surface
* Determining height along a profile
¢ Finding the steepest path

e Calculating area and volume

¢ Reclassifying your data

e Converting surfaces to vector
data

e Creating 3D features

Surfaces—fields that contain an infinite number of points—typically
embody a great deal of information. You may want to simply view the
surface, which is a great way to understand the surface in general, or you
may be interested in specific information about parts of the surface. For
example, you might want to know the altitude, temperature, atmospheric
pressure, or concentration of a pesticide at a given point on the surface. You
might want to know whether an observer at point A can see point B or how
steep a proposed trail would be. You might be interested in the capacity of a
proposed reservoir or the amount of material in a ridge. Or, you might be
mterested in general information about the surface’s shape that is not
immediately apparent by simply viewing the surface. For example, you may
want to know what points are at the same elevation, what parts of the
surface face the same direction, and where the concentration of a chemical
or the land surface declines most precipitously.

In addition to letting you view surfaces in perspective and symbolize them
in different ways, 3D Analyst gives you tools to get more information about
specific points on a surface and lets you derive general information, such as
slope, aspect, and contours, from the whole surface. 3D Analyst also gives
you tools to convert surface data into vector data for analysis with other
vector data sources.
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Querying surface
values

Sometimes just looking at 3D
data 1is not enough. You often
need to query data or derive new
data to solve problems.

3D Analyst lets you explore the
data on a map or in a scene and
get the information you need.

You can click surfaces or features
to find out what they are. When
you click to get information
about a TIN, you can find out the
elevation, slope, and aspect of
the point where you clicked. If
the TIN feature has a tag value, it
will be shown as well. When you
click a raster surface, you see the
elevation value at the point.
When you click a feature, you
see all of the attributes of the
feature.
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Identifying features or
cells by clicking them

1. Click the Identify button on
the Tools toolbar in ArcScene
or ArcMap or on the 3D View
Tools toolbar in ArcCatalog.

2. Click the mouse pointer over
the feature or cell you want to
identify.

2RO H2

= Untitled - ArcMap M (=] E3

| Edevaiier
Shope: 4
Aspect 175761
Face TagVahe O
Hexto Tog Vaue 0

|ooms RGO A~ | FJm 3 B2 u[Ar B e

L] .97 11 1,13 Metens.

Displaying Map Tips for
surfaces

1. In the ArcMap table of
contents, right-click the layer
for which you want to display
Map Tips and click
Properties. »

x|
B £F Layers -
= _ TN -
Copy

Edge typ
Soft Edge ¢% Remove
l;?;j:ticolf @ Zoom To Layer
[ ]317.2567
[]305.6597E
W 2941382
W 2825791
270198
[ 2594608 'Iope

K I I
Dizplay I Sourcel

“isible Scale Range  »

Set Data Source. .

Sawve bz Layer File...
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Displaying Map Tips for
features

You can display Map Tips for
feature data layers. The Map Tip
shows the contents of a feature s
primary display field.

You can change the primary
display field by clicking the Fields
tab in the Layer Properties dialog
box, clicking the Primary display
field dropdown arrow, then
clicking a field.

ANALYZING SURFACES

o > 0N

Click the Display tab.
Check Show Map Tips.
Click OK.

Move the mouse pointer over
a TIN facet or raster cell to
see the Map Tip.

General | Sowce Display | Symbology | Fiskds |

e——p BShow MapTips [uses primary display fisld}

¥ Scale symbole when a reference scale is set

% Transparent. |0

Cancel Apply

% Untitled - ArcMap

Eile Edit Wiew |nserit Selection Took Window Help

TFEEE R ==
J 3D Analyst *

|l@aaxuneed BEromna

[ £ Layers
=] MyTIN
Edae type
—— Soft Edge
Hard Edge
Elevation
[] 317266787 -

[ 305697564 -
294138341 -
282579119 -
271019896 -
[ 259460673 - 2

Display [Souree | A = ;
JDlawmg' k®|D' A'£|AHE| =0 = B 7 H|A |

@ (74327283 18003736 Meters | 4
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Understanding the shape of a surface

One good way to get a general understanding of the shape of a
surface is to view it in 3D. You can zoom in and out and rotate
the surface to see it from different angles. When you need to
show a surface on a printed map, it can be useful to create
contour lines to represent the surface.

1Y et |

3D perspective hillshaded view of terrain and planimetric contour line
representation of the same area

3D Analyst gives you tools that let you create individual contours
or contours for a whole surface. An experienced map reader can
tell that the surface is steeper where the lines are close together
and identify ridgelines and streams from the shape of the
contours. Contour lines can give you a feel for the shape of a
surface, but they are not very useful as input for an analysis.

3D Analyst also has tools that allow for more quantitative
analysis of the shape of a surface. Slope and aspect are two ways
of quantifying the shape of a surface at a particular location.

Slope is the incline, or steepness, of a surface. It is often used in
analyses to find areas with low slopes for construction or areas
with high slopes, which may be prone to erosion or landslides.
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Terrain slope and aspect surfaces. In the picture on the left, darker shades
of red indicate steeper slopes. In the picture on the right, west-facing
slopes are dark blue, and southeast-facing slopes are yellow.

Aspect is the direction a slope faces. Aspect is often used to
determine how much sun a slope will receive—for instance, to
model how vegetation will grow, how snow will melt, or how
much solar heating a building will receive.

Slope and aspect in rasters and TINs

Rasters and TINs model a surface’s slope and aspect in different
ways. In a raster, slope and aspect are calculated for each cell by
fitting a plane to the z-values of each cell and its eight
surrounding neighbors. The slope or the aspect of the plane
becomes the slope or aspect value of the cell in a new raster. In a
TIN, each triangle face defines a plane with a slope and an
aspect. These values are quickly calculated, as needed, when you
query or render the faces.

Hillshading surfaces

Hillshades are the patterns of light and dark that a surface would
show when illuminated from a particular angle. Hillshades are
useful for increasing the perception of depth in a 3D surface and
for analysis of the amount of solar radiation available at a
location.
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There are two ways to hillshade a surface. One technique, which
is most useful for adding depth for 3D visualization, is to turn on
shading for the layer in ArcScene using the Rendering tab in the
Layer Properties dialog box. This shades the layer—any surface
or areal 3D feature layer—on the fly, using the scene’s
Illumination settings. Hillshading is on by default for TINs. You
must turn it on for rasters because not all rasters are surfaces.

3D perspective view of terrain without and with hillshading

The second technique, which is useful as input for analyses and
for enhancing depth in 2D surfaces in ArcMap, is to use the
Hillshade surface analysis command in the 3D Analyst toolbar.
This creates a new hillshade raster that you can make partially
transparent and display in 2D, or 3D, with an elevation layer.

2D elevation raster, transparent hillshade raster, and shaded relief map

ANALYZING SURFACES

Deriving contour lines from rasters and TINs

Contours are lines that connect all contiguous locations with the
same height—or other—value in the input grid or TIN. There are
two ways to create contours with 3D Analyst. One way is to click
the surface with the contour tool. This creates a single contour
line, which exists as a 3D graphic in a scene or map. The other
way to create contours is to use the Contour surface analysis
command. This creates a series of contours with a given contour
interval for the whole surface. These contours are saved as a
feature class with a height attribute.

When you create contours from a grid, the contouring function
interpolates lines between the cell centers. The lines seldom pass
through the cell centers and do not follow the cell boundaries. In
contrast, when you create contours from a TIN, the function
interpolates straight lines across each triangle that spans the
contour value, using linear interpolation between the edge
endpoints to determine where the contour crosses the face.

S S
L (O <

NN

Contours created from a raster surface and from a TIN surface
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Calculating slope

What is slope?

Slope identifies the steepest downhill slope for a location on a
surface. Slope is calculated for each triangle in TINs and for each
cell in rasters. For a TIN this is the maximum rate of change in
elevation across each triangle. For rasters it is the maximum rate
of change in elevation over each cell and its eight neighbors.

The slope command takes an input surface raster and calculates
an output raster containing the slope at each cell. The lower the
slope value, the flatter the terrain; the higher the slope value, the
steeper the terrain. The output slope raster can be calculated as
percent slope or degree of slope.

rise
Degree of slope = @ Percent of slope = —— * 100
run

Degree of slope = 30 45 76
Percent of slope = 58 100 375

When the slope angle equals 45 degrees, the rise is equal to the
run. Expressed as a percentage, the slope of this angle is

100 percent. Note that as the slope approaches vertical (90°), the
percentage slope approaches infinity.

The slope function is most frequently run on an elevation grid, as
the following diagrams show. Steeper slopes are shaded red on
the output slope map.
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Deriving slope
from a raster
surface

Sometimes the elevation of a
point on a surface is less
interesting than the slope of the
surface at that point.

You can derive new rasters that
show the slope of surfaces to get
this information.

Slope 1s rapidly calculated on the
fly for each triangle face in a
TIN, though you can also create
rasters of slope from TIN
surfaces.

Degree and percent slope

Slope can be measured in degrees
from horizontal (0—90) or percent
slope, which is the rise divided by
the run, times 100. As slope angle
approaches vertical (90 degrees),
the percent slope approaches

infinity.

Why use a Z factor?

To get accurate slope results, the z
units must be the same as the x,y
units. If they are not the same, use
a Z factor to convert z units to x,y
units. For example, if your x,y
units are meters, and your z units
are feet, you could use a Z factor
of 0.3048 to convert feet to meters.

ANALYZING SURFACES

Deriving slope

1.

Click 3D Analyst, point to
Surface Analysis, and click
Slope.

. Select the surface from which

you want to derive a raster of
slope values.

3. Click Degree or Percent.

4. Type a Z factor. This is

calculated automatically if the
input has a defined spatial
reference that includes z unit
information.

5. Type an Output cell size.

6. Type the name of the Output

raster.

. Click OK.

J|3D Analyst = | Layer: Ielevgld | B

Create/tadify TIN 3

Interpolate to Raster b

Contaur...

Reclazzify...
B b Agpect...
Hillshade. ..
Optiars...
2 Yiewshed...
Area and Yolume. ..
2
Slope EH
Input surface: Ielevation ﬂ Ibql
Dutput measurement: ' Deges " Percent

£ factar: I T
Output cell zize:

Cancel |

Dutput raster: |<Tel'np0rary>

00060
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Calculating aspect

What is the aspect?

Aspect is the direction that a slope faces. It identifies the steepest
downslope direction at a location on a surface. It can be thought

of as slope direction or the compass direction a hill faces. Aspect
is calculated for each triangle in TINs and for each cell in rasters.

Aspect is measured counterclockwise in degrees from 0—due
north—to 360—again due north, coming full circle. The value of
each cell in an aspect grid indicates the direction in which the
cell’s slope faces. Flat slopes have no direction and are given a
value of -1.

. Flat

NW mN
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mE

W 270 [ sE
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sw
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| W

The diagram below shows an input elevation grid and the output
aspect grid.

Flat

EEECEEENEE
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Why use the aspect function?

There are many different reasons to use the aspect function. For
instance, you may want to:

» Find all north-facing slopes on a mountain as part of a search
for the best slopes for ski runs.

» (Calculate the solar illumination for each location in a region
as part of a study to determine the diversity of life at each site.

» Find all southerly slopes in a mountainous region to identify
locations where the snow is likely to melt first, as part of a
study to identify those residential locations that are likely to
be hit by meltwater first.

 Identify areas of flat land to find an area for a plane to land in
case of emergency.
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Deriving aspect
from a raster
surface

Sometimes the elevation of a
point on a surface is less
interesting than the aspect of the
surface at that point.

To get this information, you can
derive new rasters that show the
aspect of surfaces.

Aspect 1s rapidly calculated on
the fly for each triangle face in a
TIN, though you can also create
rasters of aspect from TIN
surfaces.

ANALYZING SURFACES

Deriving aspect

1.

Click 3D Analyst, point to
Surface Analysis, and click
Aspect.

Click the dropdown arrow and
click the surface from which
you want to derive a raster of
aspect values.

3. Type an Output cell size.

4. Type the name of the Output

raster.
Click OK.

J |3D Analyst ¥ | Layer: Ielevgld

Create/tadify TIM 3

Interpolate to Raster  w

Reclazzify...

Corwert

Options...

Aszpect
Input surface:
Output cell zize:

Clutput raster:

Contour...

Slope. ..

Hillzhade. ..
Yiewshed...

Area and Yalume. ..

I elevation

I

|<T Emporany:

Catcel |

00
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Mapping contours

What are contours?

Contours are lines that connect points of equal value, such as
elevation, temperature, precipitation, pollution, or atmospheric
pressure. The distribution of the lines shows how values change
across a surface. Where there is little change in a value, the lines
are spaced farther apart. Where the value rises or falls rapidly, the
lines are closer together.

Why map contours?

By following the line of a particular contour, you can identify
which locations have the same value. By looking at the spacing of
adjacent contours, you can gain a general impression of the
gradation of values.

The example below shows an input elevation grid and the output
contour map. The areas where the contours are closer together
indicate the steeper locations. They correspond with the areas of
higher elevation (in white on the input elevation grid).

‘71 l . fé.

Elevation grid and derived contour map

The attribute table of the contour features contains an elevation
attribute for each contour line.
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CONTOUR =
1060
1060
1200
1060
1080
1060
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B Attributes of contour

FID Shape 1D
Palyline
Palyline
Palyline
Palyline
Palyline
Palyline
Palyline
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Palyline 1060
Palyline i 1200 ~|

Recaord: LILII 1 _Dlﬂl Show:W Selectedl R
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Feature attribute table for contours

Using contours in a scene

Contours are a familiar surface representation for many people,
and they have many uses in a scene. You can display contour
features in a 3D scene by setting the base height of the contours
from their value in the feature table. Contours in a scene can
enhance terrain visualization.

Contours superimposed on terrain surface model
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You can also create individual 3D graphic contour lines if you
don’t want contours for the whole surface. The Contour tool on
the 3D Analyst toolbar lets you create 3D graphic contour lines
by clicking a surface in a scene or map.

J 30 Analyst = | Laver: Ielevgrd j@’g« ‘
|

ArcScene 3D Analyst toolbar Contour tool

J 3D Analyst * | Layer: Ielevgrd j = S T B £ | l"_x | @ ‘

ArcMap 3D Analyst toolbar

You can use individual graphic contours to quickly find points of
equal value in a scene. For example, you can use them to mark
thresholds in the concentration of a chemical or fill lines in a
IeServoir.

3D graphic contours marking lines of equal elevation

ANALYZING SURFACES

You can copy 3D contour graphics between ArcScene and
ArcMap to establish a visual correspondence between a 3D
terrain representation in a scene and a 2D representation on a
map.

L=

3D graphic contour copied from a scene into a map

147



Deriving contour
lines from a
surface

Contour lines are a familiar way
of representing surfaces on maps.
A contour i1s a line through all
contiguous points with equal
height or other values. While
contours may be readily inter-
preted by people, they are a poor
surface model for computers.

You can create contour lines for a
whole surface, or you can click a

point and create a single contour

that passes through it.

What is the offset?

The offset lets you control the
position of the minimum contour:
By default, the contour tool uses
the minimum Input height to
calculate the elevation for the
minimum contour. If the default
minimum contour was 298 meters,
you could use an offset of 2 to
place the minimum contour at 300.

What is the Z factor?

The Z factor is used to adjust the
units of the data. For example, if
you have data in meters, and you
want to produce contours in feet,

you could use a Z factor of 3.28.
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Deriving contours

1. Click 3D Analyst, point to
Surface Analysis, and click
Contour.

2. Click the dropdown arrow and

click the surface from which
you want to derive contours.

3. Type the Contour interval.

4. Optionally, specify a Base
contour.

5. Optionally, specify a Z factor.

6. Browse to the location where
you want to save the contours
and type a name for them.

7. Click OK.

J|3D Analyst ¥ | Layer: Ielevgrd j [N ‘
Create/Modify TIN -~ p

Interpolate to Raster b

Contour....

Fieclazsify. . Slope...

Convert » Aspect..
Hillshade...

Options... .

P Wiewshed...
Area and Yaolume...
Contour K E
Input surface: [Mdembajo-e - =

— Contour defirition

Input height range: Zmin: 189 Zmax: 1388

100

0
T

Contour interval:

Baze contour:

000 ©

Z factar.

— Output infarmation bazed on input contour definition

Iirirmumm contour: 200
I axirmuim conbour: 1300
Tatal number of contour intervals: il

EhdemiCont].shp ﬁl
0K I

7]

Output features:

o

Cancel |
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Creating a single contour

1. Click the Contour button.

2. Click the surface at the point
where you want the contour.

The contour is added as a 3D
polyline graphic. The height
of the contour is written to the
status bar.

J 30 &nalyst ¥ | J-BJJElileIevgrd

&k Untitled - ArcScene

0] x]

File Edit “iew Selection Tools ‘window Help

DS ES| b i X
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J
J
J
J

0 fnalyst ¥ | Layer [+levard

|x

= Scene layers
=] elevard
Y alue
. High : 3070 2307

B o 94730307

[
Dizplay -

Hie >
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Analyzing visibility

The shape of a terrain surface dramatically affects what parts of
the surface someone standing at a given point can see. What is
visible from a location is an important element in determining the
value of real estate, the location of telecommunication towers, or
the placement of military forces. 3D Analyst allows you to
determine visibility on a surface from point to point along a given
line of sight or across the entire surface in a viewshed.

What is a line of sight?

A line of sight is a line between two points that shows the parts of
the surface along the line that are visible to or hidden from an
observer. Creating a line of sight lets you determine whether a
given point is visible from another point. If the terrain hides the
target point, you can see where the obstruction is and what else is
visible or hidden along the line of sight. The visible segments are
shown in green, and the hidden segments are shown in red.

Line of sight

Observer height — m

Target

Observer

When you create a line of sight, you first set the offset of the
observer and target points above the surface—the observer
should always be set a little above the surface—then you click the
observer and target points, and a graphic line appears between
them.
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Line of sight created in ArcMap and copied and pasted into a 3D scene

While you cannot create a line of sight in ArcScene, you can
create one in ArcMap and copy and paste it into a scene. The line
of sight is shown in the scene as a green and red 3D line graphic
that follows the surface.

What is the viewshed?

The viewshed identifies the cells in an input raster that can be
seen from one or more observation points or lines. Each cell in
the output raster receives a value that indicates how many
observer points can see the location. If you have only one
observer point, each cell that can be seen from the observer point
is given a value of 1. All cells that cannot be seen from the
observer point are given a value of 0.

The Observer Points feature class can contain points or lines. The
nodes and vertices of lines will be used as observation points.

Why calculate the viewshed?

The viewshed is useful when you want to know how visible
objects might be—for example, you may need to know “From
which locations on the landscape will the landfill be visible if it is
placed in this location?”, “What will the view be like from this
road?”, or “Would this be a good place for a communications
tower?”.
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In the example below, the viewshed from an observation point is
identified. The elevation grid displays the height of the land
(darker locations represent lower elevations), and the observation
point is marked as a green triangle. Cells in green are visible
from the observation point, while cells in red are not visible.

Displaying a hillshade underneath your elevation and the output
from the Viewshed function gives a very realistic impression of
the landscape and clearly indicates the locations that an observer
can see from the observation point.
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Creating a line of
sight

A line of sight is a graphic line
between two points on a surface
that shows where along the line
the view 1s obstructed. The color
of the line indicates the locations
where the surface 1s visible and
where the surface 1s hidden. The
status bar indicates if the target is
visible or hidden.

The Line of Sight tool is only
available on the 3D Analyst
toolbar in ArcMap. Once you’ve
created a line of sight in ArcMap,
you can copy and paste it into a
scene. The line of sight appears
in a scene as a 3D line that
follows the shape of the surface,
with obstructed areas shown in
red and clear areas shown in
green.

What are the Observer
offset and Target offset?
The Observer offset is the eye level
of the observer used in determin-
ing what is visible from the
observer's location. An observer
with a height of 0—the units are
the same as the surface's z-units—
will usually have a more ob-

structed view than one with a
height of 1 or 10.

The Target offset is the height of
the target point above the surface.
Targets with a height of 0 are less
visible than taller ones.
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In ArcMap, click the Line of

sight button on the 3D

Analyst toolbar.

. Optionally, type an Observer

offset.

. Optionally, type a Target

offset.

. Optionally, check the box to

model curvature and refrac-
tion. For this option to be
enabled, the surface must
have a defined spatial
reference in projected
coordinates and defined
Z-units.

. Click the surface at the

observer location, then click
the target location.

| Layer: | dim_tin

LineDfSight E3

Set options below az desired, then click the
obzerver point and the target point on the map.

—
—

Obzerver offset: Z unitz

Target affzet: Z units

[ Apply cureature and refraction conection

o
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J Eile Edit View |nsert Selection Toolr ‘window Help ‘
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— Hard Edge
Elevation
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b
Display | Sowce | e ; o
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Deriving a
viewshed

The Viewshed tool lets you find
the places that can be seen from
one or more observation points
or lines. If lines are used as input,
the observation points occur at
the vertices of the lines.

The Viewshed tool creates a
raster that contains cells coded to
indicate whether they are visible
to or hidden from the observer. If
there are more than one observer
points, each visible cell in the
raster shows the number of
points from which it is visible.

The Input surface can be a grid or
TIN.

Using optional parameters
Optional viewshed parameters—
SPOT, OFFSETA, OFFSETB, and
so on—will be used if they are
present in the feature observer
attribute table. For more informa-
tion, search ArcGIS Desktop Help
for viewshed.
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Creating a map
displaying the viewshed

1. Click 3D Analyst, point to
Surface Analysis, and click
Viewshed.

2. Click the Input surface
dropdown arrow and click the
input surface you want to
calculate the Viewshed from.

3. Click the Observer points
dropdown arrow and click the
feature layer to use as
observer points.

4. Specify a Z factor. The default
is 1. The Z factor is automati-
cally calculated if the input
surface has a spatial refer-
ence with z-units defined.

5. Specify an Output cell size.

6. Specify a name for the
Output raster or leave the
default to create a temporary
dataset in your working
directory.

7. Click OK.

J |3D Analyst ¥ | Layer: Iele\ration

Create/tadify TIM 3

Interpolate to Raster  w

Cantour...
Reclazzify... Slape. ..
B » Agpect...
- Hillzhade. ..
Options...
Area and Yolume. ..
2
Viewshed EHE
Input surface: Ielevation ﬂ Dql
[

IF:\DEM\observers
Z factar: I =
I ][ —

ok | Cancel |

Observer points:

Output cell size:

0000

Dutput raster: f<Temporary>

7]
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Computing hillshade

What is the hillshade function?

The hillshade function obtains the hypothetical illumination of a
surface by determining illumination values for each cell in an
elevation grid. It does this by evaluating the relationship between
the position of the light source and the direction and steepness of
the terrain. It can greatly enhance the visualization of a surface
for analysis or graphical display.

By default, shadow and light are shades of gray associated with
integers from 0 to 255, increasing from black to white.

of the sun, measured from north in
clockwise degrees from 0 to 360.
An azimuth of 90 degrees is due
east. The default is 315 degrees
NW).

= E 90

The altitude is the slope or angle of
the illumination source above the
horizon. The units are in degrees,
from 0—on the horizon—to 90
degrees—overhead. The default is
45 degrees.

The light source of the hillshade to
the left has an azimuth of

315 degrees and an altitude of

45 degrees.
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The azimuth is the angular direction

Using hillshading in analysis

By modeling shadow, you can identify those cells that will be in
the shadow of another cell at a particular time of day. Cells that
are in the shadow of another cell are coded 0; all other cells are
coded with integers from 1 to 255. You can reclassify values
greater than 1 to 1, producing a binary raster. In the example
below, the black areas are in shadow. The azimuth is the same,
but the sun angle (altitude) has been modified.

Sun angle: 45 degrees Sun angle: 60 degrees

Using hillshading for display

By placing an elevation grid on top of a created hillshade grid
and making the elevation grid transparent, you obtain a very
realistic image of the elevation of the landscape. You can add
other layers, such as roads or streams, to further increase the
informational content in the display.
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Deriving hillshade
from a surface

Hillshade rasters show the
hypothetical illumination of a
surface, given a specified light
source. Hillshades can be used to
analyze the intensity and duration
of sunlight received at a location
on a surface. They are also used
in conjunction with elevation
layers to give depth to terrain
maps. Hillshade works on raster
and TIN layers.

You can accentuate topographic
features by changing the altitude
and azimuth values. Altitude is
the slope or angle of the illumi-
nation source above the horizon;
azimuth 1s its angular direction.

Modeling shadows

Check Model shadows to code
cells 0 if they are in the shadow of
other cells.

Specifying a Z factor

Use the Z factor to make the
z-value units the same as the x,y
units. If your x and y units are in
meters, and your z units are in feet,
you would specify a Z factor of
3.28 to convert feet to meter:s.
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Creating a hillshade
raster

1. Click 3D Analyst, point to
Surface Analysis, and click
Hillshade.

2. Click the dropdown arrow and
click the surface from which
you want to derive a hillshade
raster.

3. Specify the azimuth you wish
to use. The default is
315 degrees.

4. Specify an altitude. The
default is 30 degrees.

5. Optionally, check Model
shadows if you wish to
include the shading effect of
surrounding cells. Cells in the
shadow of other cells will be
coded 0.

6. Specify a Z factor. The
default is 1. The Z factor is
automatically calculated if the
input surface has a spatial
reference with z-units
defined.

7. Specify an Output cell size.

8. Specify a name for the
Output raster.

9. Click OK.

J |3D Analyst = | Layer: I Mysuface

Create/Modify TIN 3

Interpolate To Raster b

Caontour..

Convert » Slope...

Aspect. .
Hillshade...

Raster Options...
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Area and Yolume...

Hillshade

Input zurface: I MySurface
Aziruth: 315
Altibude: I 45
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[ Model shadows
£ factar:

Output cell zize:

Dutput raster. | Temporary>
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155



Shading a raster with a
B £F Layers -

Adding depth in 2D hillshade B ot of slovard
. . Walue Copy
YOZ can Lt’;e a h’lls};f’de mjlterﬂtlo. 1. Create a hillshade raster from High: % Bemave
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) want to shade (see ‘Creating _
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. -
Type a value in the Transpar- S WJ
ent box to set the percent
transparency. 50% is a
reasonable value. 4 3

5. Click OK.

You should now see the
elevation raster through the
hillshade raster.
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Shading 3D
surfaces in a
scene

Shading increases the realism of
a 3D scene and improves your
ability to distinguish details of
the surface. By default, TIN
surfaces are drawn using
shading, though you can turn it
off. Raster surfaces can easily be
shaded, too—without the need
for creating a hillshade raster.
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Shading a raster surface
in a scene

1. In ArcScene, set the base
height of the raster to itself
(see ‘Displaying raster
surfaces in 3D’ in Chapter 5).

2. Right-click the raster layer in
the table of contents and click
Properties.

Click the Rendering tab.

Check the box to Shade areal
features relative to the
scene’s light position.

The option to Use smooth
shading if possible is checked
by default. This minimizes the
shading of small surface
variations, which creates a
smoother-looking shaded
surface.

5. Click OK.
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r— Olptimi;
% Cache layer for fastest possible rendering speed
" Render layer directly from dats connection bo conserve memary
Quality enhancement for raster images Lo J— High
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Determining 1. In ArcMap, click the Layer

dropdown arrow and click the

helght along a surface that you want to Layer: Irastin1
. profile.
profile . .
2. Click the Interpolate Line =
% Untitled - ArcMa)
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ot ot e e e
ip :
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Finding the
steepest path

You can evaluate runoff patterns
on a TIN surface model by using
the Steepest Path tool. The
Steepest Path tool calculates the
direction a ball would take if
released at a given point on the
surface. The ball will take the
steepest path downhill until it
reaches the perimeter of the
surface model or it reaches a
pit—a point all surrounding areas
flow into. The result is a 3D
graphic line added to the map or
scene.

You can use the Steepest Path
tool to evaluate the integrity of a
TIN surface model, for example,
to find paths that end unaccount-
ably or meander off in a direction
different from runoff on the
actual site. If you’re going to use
the model for runoff studies,
you’ll need to correct such
anomalies.
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1. Click the Steepest Path tool.

2. Click the surface at the
location where you want the
path to begin.

J
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Calculating area
and volume

Use the Area and Volume
Statistics tool to calculate 2D
area, surface area, and volume.
All are relative to a given
reference plane.

The 2D area of a rectangular
patch of surface model is simply
its length times its width. The
surface area is measured along
the slope of the surface; it takes
the variation in the height of the
surface into account. Unless the
surface 1s flat, the surface area
will always be greater than the
2D area. You can compare the
values for the 2D area and
surface area to get an indication
of the roughness or slope of the
surface—the larger the difference
between the values, the rougher
or steeper the surface.

The volume is the space—in
cubic map units—between the
surface and a reference plane set
at a particular height. You can
determine the volume above the
plane or below it, so you can
answer questions such as “how
much material 1s between the
1,200-foot contour and the top of
this hill?” or “how much water
could be stored in this reservoir
if the top of the dam 1s at 300
meters?”
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1. Click 3D Analyst, point to
Surface Analysis, and click
Area and Volume.

2. Click the dropdown arrow and

click the surface for which you
want to calculate area and
volume statistics.

3. Type a height for the

reference plane.

4. Click to calculate above or

below the reference plane.

5. Optionally, type a Z factor to

convert the z units to x,y units
if the z units of the surface
are not the same as the

X,y units.

You will get inaccurate results
if the units are not the same
and you do not include a

Z factor.

6. Optionally, check the box to
save the results to a text file.

7. Optionally, type a name for
the text file where the results
will be saved.

8. Click Calculate statistics.

The 2D area, Surface area,
and Volume will be reported
in the area below this button
and optionally written to a text
file.

You can change the
parameters and click the
button again to repeat the
calculation.

9. Click Done.
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Reclassifying data

What is reclassification?

Reclassifying your data simply means replacing input cell values
with new output cell values. Reclassifying continuous data into
categories is an important step in the process of transforming
surface data into vector data for analysis.

The input data can be any raster format. If you add a multiband

raster, the first band will be taken and used in the reclassification.

Why reclassify your data?

There are many reasons why you might want to reclassify your
data. Some of the most common reasons are to:

» Replace values based on new information.
» (Classify certain values together for display.

* C(lassify certain values together for conversion to vector
format for analysis.

» Reclassify values to a common scale.

» Set specific values to NoData or to set NoData cells to a
value.

Replacing values based on new information

Reclassification is useful when you want to replace the values in
the input raster dataset with new values. This could be due to
finding out that the value of a cell, or a number of cells, should
actually be a different value. For example, this may happen if the
land use in an area changed over time.
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Grouping values together

You may want to simplify the information in a dataset. For
instance, you may want to group together various types of forest
into one forest class or group aspect values into general
categories, such as north-facing and south-facing slopes.

You may also want to do overlay and selection on data from a
surface—for example, finding and selecting areas that have low
slope and southeast aspect. You can create the vector data for this
kind of polygon overlay and selection using reclassified slope
and aspect rasters.

Reclassifying values of a set of rasters to a common
scale

Another reason to reclassify is to assign values of preference,
sensitivity, priority, or some similar criteria to a raster. This may
be done on a single raster (a raster of soil type may be assigned
values of 1-10 that represent degree of susceptibility to erosion)
or with several rasters to create a common scale of values.

Setting specific values to NoData or setting NoData
cells to a value

Sometimes you want to remove specific values from your
analysis. For example, a certain land cover type may have
restrictions—such as wetlands restrictions—that mean you can’t
build there. In such cases you might want to change these values
to NoData in order to remove them from further analysis.

In other cases, you may want to change a value of NoData to be a
value. For example, you might acquire new information and want
to update a value of NoData with the new value.
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Reclassifying
your data

The Reclassify dialog box
enables you to modify the values
in an input dataset and save the
changes to a new output dataset.

There are many reasons why you
may wish to do this, including
replacing values based on new
information, grouping entries,
reclassifying values to a common
scale—for example, for use in
suitability analysis—or setting
specific values to NoData or
setting NoData cells to a value.

The Load button enables you to
load a remap table that was
previously created by pressing
the Save button and applying it to
the input raster dataset.

The Save button enables you to
save a remap table for later use.

Replacing NoData values
NoData values can be turned into

numeric values in the same way as
you replace any value.

Changing the classes of
your old values

Click Classify to classify your old
values differently.

Click Unique to separate classes of
old values into unique values.

162

Replacing values based
on new information

1. Click the 3D Analyst
dropdown arrow and click
Reclassify.

2. Click the Input Raster
dropdown arrow and click the
raster with a value you wish
to change.

3. Click the Reclass Field
dropdown arrow and click the
field you wish to use.

4. Click the new value you wish
to change and type a new
value.

5. Type the Old values entry in
each New values input box
for all other values to keep
them the same in the Output
Raster.

6. Optionally, click Save to save
the remap table.

7. Specify a name for the Output
Raster or leave the default to
create a temporary dataset in
your working directory.

8. Click OK.

J |3D Analyst | Layer: IIanduse

Create/tadity TIM 3
Interpolate to Raster b
Surface Analysiz 3
Corrvert »
Optiohs...
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Reclassify | ]
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ii ii 9
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Grouping entries J|3D fnalyst | Layer: IIanduse ﬂ ﬂﬁ; ’S«

Ungrouping entries 1. Click the 3D Analyst Create/Modiy TN b
To ungroup entries, right-click the dropdown arrow and click Interpolate to Raster b
group and click Ungroup Entry. Reclassify. Surface Analysis 3

2. Click the Input Raster M
dropdown arrow and click the Convert »

Changing the classes of traster whose values you wish Dptians. .
your old values 0 group.
Click Classify to change the 3. Click the Reclass Field
classification of your old values. dropdown arrow and click the 2
Click Unique to separate classes of field you wish to use. EEFT=Z =
old values into unique values. 4. Click the New values you
wish to grOUp_CliCk one, Input Raster: Ie:\spatial\landuse j =
then hold down the Shift key RedlassFidd:  [Landne 1—©
and click the next one—then —Set values to reclassify
right-C”Ck on GrOUp Entrles. 0ld values | Mew values | - [Slassif.. |
5. Optionally, click Save to save SHIIE Urique | 0
the remap table. b
. W naraup Entry
6. Specify a name for the Rl Efis _ ﬂl
Output Raster or leave the water x| el Enies|

default to create a temporary

. . Load... Save...
dataset in your working | |
direCtO ry' [T Change missing values fo MoD ata
7. Click OK. Dutput Raster: f<Temparary> = |

o I Cancel |
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Changing input ranges to
unique values
If your input values are split into

ranges and you want them to be
unique values, click Unique.

See ‘Standard classification
schemes’in Using ArcMap.
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Changing the
classification of input
ranges

1. Click the 3D Analyst
dropdown arrow and click
Reclassify.

2. Click the Input Raster
dropdown arrow and click the
raster whose values you wish
to reclassify.

3. Click the Reclass Field
dropdown arrow and click the
field you wish to use.

Click the Classify button.

Click the Method dropdown
arrow and choose a classifi-
cation method to use to
reclassify your input data.

6. Click the Classes dropdown
arrow and choose the number
of classes into which to split
your input data.

Click OK.

Modify the New values for
your output grid if
appropriate.

9. Specify a name for the Output
Raster or leave the default to
create a temporary dataset in
your working directory.

10. Click OK in the Reclassify
dialog box.

2
Reclassify
Input Fiaster: Ielevation ﬂ 3 |
Reclass Field: IVaIue j
— Set values to reclazsify
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485 749053 - 495695864 B LI Delete Entliesl
Load.. | Save... |

6 o

™ Change missing values to NoData
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To change a value to
NoData

You can also type “NoData” in the
input box for a new value to
change an input value to NoData.

ANALYZING SURFACES

Setting specific values to
NoData

1. Click the 3D Analyst
dropdown arrow and click
Reclassify.

2. Click the Input Raster
dropdown arrow and click the
raster with values you wish to
set to NoData.

3. Click the Reclass Field
dropdown arrow and click the
field you wish to use.

4. Click the input boxes for the
New values you wish to turn
to NoData.

Click Delete Entries.

Check Change missing
values to NoData.

7. Optionally, click Save to save
the remap table.

8. Specify a name for the
Output Raster or leave the
default to create a temporary
dataset in your working
directory.

9. Click OK.

The values you deleted will
be turned to NoData in the
output grid.

2
Reclassify E

Input Fazter: IIanduse j = |
Rieclass Field: ILanduse‘I j_
— Set values to reclazsify
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™ Change missing values to NoData
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Converting rasters and TINs to vector data

Why convert from surfaces to vectors? e :
Raster elevation
model with continuous
values and raster

converted to
& categorical values

Raster and TIN surfaces may contain information that you would
like to use in conventional, vector-based, GIS operations. Two
such vector-based operations are overlay and selection by
location.

Converting rasters to features :}/

The general steps to convert rasters to features for analysis are:

Polygon feature
. class created from
1. Convert the raster surface data to categorical data (elevation, the raster categories

slope, or aspect categories). £
LS Polygon feature class
of vegetation types
and selected

o ol vegetation that falls
7 A within a selected

elevation class
polygon

2. Convert the categories to polygons.

3. Use the polygons with other vector data and select the areas
that meet some criteria.

For example, suppose you have a raster elevation model and a
polygon feature class of vegetation.

Raster elevation You can also use this technique to extract linear features from
model and vector rasters. For example, you could extract stream courses or roads
vegetation feature from land cover rasters or remotely sensed images.

class.
Converting TINs to features

Converting TINs to features involves fewer steps. You can extract
slope and aspect polygons directly from TIN surfaces, or you can
extract the elevation values of nodes in the TIN as a point feature
class. You can use the slope and polygon features extracted from

a TIN just as you would use such features extracted from a raster.

You might want to select parts of a study area that are below
1,000 meters in elevation and have a particular vegetation type.
In order to do the vector overlay and selection with the elevation
data, you need to convert the raster to polygons.
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Converting
surfaces to vector
data

You can convert surface data to
vectors—point, line, or polygon
features—for use 1n selections or
overlay or for editing.

Rasters must be reclassified from
continuous data to categorical
data—for example, from slope in
degrees to slope categories or
from elevation values to eleva-
tion classes.

ANALYZING SURFACES

Converting raster data to
features

1.

Click the 3D Analyst
dropdown arrow, point to
Convert, and click Raster to
Features.

. Click the Input raster

dropdown arrow and click the
raster dataset you want to
convert to a feature.

Click the Field dropdown
arrow and click the field you
want to copy to the output
features.

Click the Output geometry
type dropdown arrow and
click the type of feature you
want to create from your
raster data.

Specify a name for Output
features or leave the default
to create a temporary dataset
in your working directory.

Click OK.

J |3D finalyst | Laver: Ireclass of MyDEM

Create/tadify TIM 3
Interpolate to Raster  #

Surface Analysiz 3

(K1l
W

Fieclazsify. ..

Optionz...

Features to 30

Raster to Feature

Input razker:
Field:
Output gecmetry tipe:

Output features:

Raster to Features...

Faster ta TIM...

TIM ta Raster...

TIM to Features...

[Reclass of MyDEM =
[value 2 -
|POLYGON -

Ic:'\ Data'd,_polys gﬁ'l
o I

Cahicel |
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Converting TIN data to
features

1.

Click the 3D Analyst
dropdown arrow, point to
Convert, and click TIN to
Features.

Click the Input TIN dropdown
arrow and click the TIN you
want to convert to features.

Click the Conversion
dropdown arrow and click the
type of conversion that you
want to do.

Specify a name for the Output
feature or leave the default to
create a temporary dataset in
your working directory.

Click OK.

J|3D Analyst = | Layer:IMyTIN =i
 Create/Modiy TN b

Interpolate to Raster b

Surface Analysiz 3

Feclazsify...

Features to 30...

Optiohs... Fiaster to Features...

Faster to TIM..

TIM to Raster...

Convert TIN To Features EE

Takes an input TIM and converts its elements into features that are
wiritter ko an output feature class.

Input TIM: IM_I,JT|N vI E"'I

Carrersion: Inodes to paints [data nodes anly) j—

©0

Dutput: IF:'\M_l,lfeatures'\tinfeaturﬂ EI

QK. I Cancel |
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Creating 3D
features

It 1s often useful to have features
with 3D geometry. Although you
can display 2D features by
draping them over a surface, 3D
features are displayed more
rapidly, and you can share them
with others without having to
send along the surface data.

You can convert existing 2D
features to 3D in three ways. One
method is to derive the height
values of the features from a
surface. The second is to derive
the height value from an attribute
of the features. The third is to
derive the features’ height from a
constant value.

You can also digitize new
features over a surface in
ArcMap and interpolate the
features’ z-values from the
surface during digitizing.

Creating 3D graphics

You use the same tools to digitize
3D graphics from a surface as you
use to digitize 3D features. See
‘Creating 3D graphics by
digitizing over a surface’. You can
copy and paste 3D graphics from
ArcMap to ArcScene.

ANALYZING SURFACES

Deriving existing
features’ height from a
surface

1. Add the 2D features and the
surface to a map or scene.

2. Click 3D Analyst, point to
Convert, and click Features
to 3D.

3. Click the Input Features
dropdown arrow and click the
features that you want to
convert to 3D.

4. Click the Raster or TIN
Surface button to set the
source for the features’
heights.

5. Click the dropdown arrow and
click the surface that you
wish to use.

6. Optionally, browse to the
location where you want to
save the output feature class
or shapefile.

7. Type the name of the output
3D feature class or shapefile.

8. Click OK.

J |3D Analyst | Layer: IMyDEM

Create/tadify TIM 3
Interpolate to Raster  #

Surface Analysiz 3

Fieclazsify. ..

Features to 3D

Optionz... Fiaster to Features. ..
Raster ta TIN...
TIM to Raster...
TIM to Features...
4 3
Convert Features To 3D
InputfFeatures:  [oads = EI
Solrce OF Height:
+ Raster or TIM Surface: I MyDEM _: ;I
" Input Feature Attribute: IFNDDE_ j
" Mumeric Constant: IU_U

Output Features: |F-4 30_roads

=iy
| [ o |

Cancel |

o
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Giving all of the features
the same z-value

You can click the numeric constant
button if you want to give all of the
output 3D features the same
z-value.
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Deriving existing
features’ height using an
attribute

1. Add the 2D features to a map
or scene.

2. Click 3D Analyst, point to
Convert, and click Features to
3D.

3. Click the Input Features
dropdown arrow and click the
features that you want to
convert to 3D.

4. Click the Input Feature
Attribute button to set the
source for the features’
heights.

5. Click the attribute that you
wish to use for the features’
heights.

6. Optionally, browse to the
location where you want to

save the output feature class
or shapefile.

7. Type the name of the output
3D feature class or shapefile.

8. Click OK.

L«
$2

J |3D Analyst | Layer: IM_I,IDEM

Create/tadity TIM 3
Interpolate to Raster b

Surface Analysiz 3

Reclazsify...

Convert

Features

Options... Raster to Features...
Raster to TIM...
TIM to Raster...
TIM to Features...
4 3
Convert Features To 3D
Input|Features: contour] ﬂ EI
Sodrce OF Height
Raster or TIN Surface: Idem j EI
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e
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Cancel |
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Selecting the surface to
supply z-values

If you have more than one surface
on the map, use the Layer
dropdown list on the 3D Analyst
toolbar to select the surface that
will be the source of your features’
z-values.

3D polygon feature
limitation

The perimeters of 3D polygons are
where the z-values are stored. The
interior elevations are interpolated
based on these values. For
relatively smooth surfaces, the
interiors of 3D polygon features
will reflect the actual surface
reasonably well. If you need to
accurately model the details of an
area, use a TIN or raster surface
instead of polygons.

ANALYZING SURFACES

Creating 3D features by
digitizing over a surface

1. Add the 3D feature class—an
existing feature class with
one of the following geom-
etries: pointZ, polylineZ,
polygonZ—to which you want
to add features to the map.

2. Add the surface that you want
to use as the source for the
features’ height to the map.

3. On the Editor toolbar, click
Editor and click Start Editing.

4. If you have more than one
feature class on the map,
identify the workspace of the
feature class in which you will
be creating new 3D features.
Click OK.

5. Click the Interpolate Point,
Interpolate Line, or
Interpolate Polygon button,
depending on the geometry of
the feature class you are
creating.

6. Click on the surface and
create the edit sketch for the
feature just as you would for a
2D feature.

7. When you are finished
digitizing, click Editor and
click Save Edits.

8. Click Editor and click Stop
Editing.

9. Click Yes to save your edits.
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Creating 3D graphics by

Selecting the surface to
supply z-values

If you have more than one surface
on the map, use the Layer
dropdown list on the 3D Analyst
toolbar to select the surface that
will be the source of your graphics’
z-values.

3D polygon graphics
limitation

The perimeters of 3D polygons are
where the z-values are stored. The
interior elevations are interpolated
based on these values. For
relatively smooth surfaces, the
interiors of 3D graphic polygons
will reflect the actual surface
reasonably well. If you need to
accurately model the details of an
area, use a TIN or raster surface
instead of polygons.

Using 3D graphics in
ArcScene

You can copy 3D graphics that
you 've created in ArcMap and
paste them into ArcScene.

172

digitizing over a surface

1. Add the surface that you want
to use as the source for the
graphics’ height to the map.

2. Click the Interpolate Point,
Interpolate Line, or Interpo-
late Polygon button, depend-
ing on the geometry of the
graphics you are creating.

3. Click the surface at the
location where you want to
start drawing.

If you are using the Interpo-
late Point tool, a point will
appeatr.

If you are using the Interpo-
late Line or Interpolate
Polygon tools, the first vertex
will appear. Click the surface
where you want to create the
next vertex.

4. Double-click the surface to
create the last vertex and
finish drawing.
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3D visualization

IN THIS CHAPTER Viewing data in three dimensions gives you new perspectives. 3D viewing
4 can provide insights that would not be readily apparent from a planimetric
* Creating a 3D scene map of the same data. For example, instead of inferring the presence of a

valley from the configuration of contour lines, you can actually see the

¢ Adding layers and graphics to a ; . : .
g & valley and perceive the difference in height between the valley floor and a

scene

ridge.
* Defining 3D-properties for layers ArcScene lets you build multilayered scenes and control how each layer in
 Using the 3D Effects toolbar a scene 1s symbolized{ positioned in 3D space, and. rend;red. You can also
control global properties for the scene, such as the illumination. You can
e Navigating through a scene using select features in a scene by using their attributes or their position relative
the Fly tool to other features or by clicking individual features in the scene. You can

navigate around a scene or specify the coordinates of the observer and

fi>=tling bowkmayks target for a viewer.

* Defining properties of a scene

¢ Identifying and selecting features
e Managing viewers

e View settings

e Exporting a scene

* Printing a scene
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Creating a new
scene

If you start ArcScene with an
empty scene, you will probably
want to add some data to it. You
can add data surfaces, 2D or 3D
feature classes, or layers that
specify how the surface or
feature data will be rendered in
3D. Once you add data to a
scene, you can change how the
layers of data in the scene are
rendered by modifying their
layer properties. You can also
change general properties of
the scene including the
background color, the illumina-
tion of the scene, and the
vertical exaggeration of the
scene.
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Adding data in ArcScene

1. Click the Add Data button on
the ArcScene Standard
toolbar.

2. Navigate to the surface or
feature data.

3. Click Add.

b E Q&S|
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j Cancel |

Adding data from
ArcCatalog

1. Navigate to the data in the
Catalog tree.

2. Click and drag it onto the
scene.

- ArcCatalog - F:A3DData
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Tip

Why is the symbology of
my layer different in
ArcScene?

A layer file specifies how data
should be rendered in ArcMap,
ArcCatalog, or ArcScene. The 3D
properties that you can set for a
layer—those found on the Base
Heights, Extrusion, and Rendering
tabs—do not apply in ArcMap.
Similarly, some symbology that you
can set in ArcMap—multilayer
symbols, dashed lines—will not
show up in ArcScene. Features in
ArcScene can be symbolized with
simple symbols and using gradu-
ated symbols or colors.

3D VISUALIZATION

Adding data from
ArcMap

1. Right-click the layer in the
ArcMap table of contents and
click Copy.

2. Click the ArcScene window
to make it active, right-click
Scene layers, then click
Paste Layer(s).

= Untitled - ArcMap

J File Edit “iew Inset Selection Tool 'window Help
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Adding 3D
graphics to a
scene

Once you’ve added data to a
scene, you may find that you
also want to add a 3D graphic.
For example, you might have
created a single contour line; a
line of sight; a steepest path; or
simple 3D point, line, or
polygon graphics with one of
the 3D Analyst tools in
ArcMap. You can copy and
paste these 3D graphics from
ArcMap into ArcScene.
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Copying and pasting 3D
graphics from ArcMap
1. Click the Select Graphics

button on the ArcMap Tools
toolbar.

2. Click the graphic.

3. Right-click the graphic and
click Copy.

4. In ArcScene, click Edit and

click Paste.
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Feature data and 3D

You may want to visualize feature data, as well as surfaces, in a
perspective view.

Feature data differs from surface data in representing discrete
objects, rather than continuous phenomena. Features typically
have a shape (geometry) and attributes.

Some typical feature geometries are point, line, or polygon. Point
features might represent mountain peaks, telephone poles, or well
locations. Lines might represent roads, streams, or ridgelines.
Polygons might represent buildings, lakes, or administrative
areas. The attributes of features can store values that refer to the
elevation or height of the features. Some GIS features store
elevation values with the feature geometry itself; for example,
PointZ features are stored as a set of X,y,z coordinates. You can
use z-values in the geometry or attributes of features to display
the features in a 3D scene.

Building footprints extruded by building height

3D VISUALIZATION

Sometimes features lack elevation or height values. You can still
view these features in a 3D scene by draping or extruding them. If
you have a surface model for the area, you can use the values in
the model as z-values for the features. This is called draping the
features. You can also use this technique to visualize image data
in 3D. If you want to show building features in 3D, you can
extrude them using an attribute such as building height or
number of stories. You can also extrude features based on an
arbitrary value.

Sometimes you’ll want to view 2D features in a scene with
z-values taken from some attribute other than a height value. For
example, you might create a scene that shows city points
extruded into columns based on their population.

U.S. cities, height extruded based on population in 1990
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Defining the
z-values for a
layer

When you add a layer to a
scene, it may not initially be
rendered in 3D. TINs and
features with 3D geometries—
for example, pointZ, polylineZ,
polygonZ, and multipatch
shapes—are automatically
drawn in 3D. Rasters (grids and
images) and 2D features are
drawn as though they were
resting on a flat surface. In
order to view rasters and 2D
features in 3D, you need to
define their z-values.

3D Analyst adds three tabs to
the Properties dialog box that
allow you to control how a
feature layer 1s displayed in 3D.
There are three ways to render
2D features in 3D. These are
setting base heights using an
attribute, setting base heights
by draping features on a
surface, and extruding features.
There are some variations on
these methods, and you can
combine them—for example,
you can set base heights from a
surface, then extrude the
features above or below the
surface.

You can set the base heights of
raster layers using a surface or
a constant value.
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Examining the base
heights of a layer

1.

Right-click the layer and click
Properties in ArcScene or
ArcCatalog.

Click the Base Heights tab.

This layer does not have
base heights.

Save Az Layer File...

Scene laye

Properties
General | Source I Selection I Diigplay | Symbology I Fields I Drefinition ey |
Joing & Relates Base Heights Extrusion Rendeiing
i Height
i {lza a constant value or expression to set heights for laperd
0 = | EI
| 5

17 [btain beights for laper fam srfane:

Fiaster Resolifion.

71 [Lavenfeatures have £ values. [se them o heigfits

il

Z Unit Conversion

’7Apply conversion factar b place heights in same units as scene: I:uslum

o —

i~ Offset

Add an offset using a constant or expreszion,

II]

=
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Setting the base height ~ E== -
| | | | |

Symbology | Fields Defirition Queny |

H General Source Selection Display
Using built-in z-values of a from an attribute s s BaoHegc | Essen | Rendeing
X i i Height
VLT 1. Right-click the layer and click P . : e
- * lse a constant value or expression to set heights for features in layer
Some feature data includes Properties
z-values in the feature geometry. If ' ﬂ i 0
you examine the attribute tables of 2. Click the Base Heights tab. @ temeebEl s femeess
these feature layers, you wzl.]see 3. Click the option to Use a | N
Zla]t l}he .S‘Zhapel‘{ielld SayZS];VOU’IttZ, Constant Va|Ue or eXpI’eSSIOh ™ Layer features have Z values. Use them for heights.
oLyimes, or Fotygons. ealitres to set heights for features in 2 ln Conversion
with 3D geometry are automati- layer. ’VApply conversion factor to place heights in same unils as soene custom = [ ‘
cally displayed in 3D in a scene ’
using the z-values from the feature 4. Click the Calculate button. i:jld ) _
an ffset using a constant of expressian
try. Y tthe b . . .
e e U 5. Double-click the field that will g =0
height of these features using an .
} ) provide the z-value for the
attribute or a surface if you do not featur
wish to use the built-in z-values. If eatures. 0K | Caneel | aew |
you then want to switch back to 6. Click OK.»
using the z-values, click the Layer
features have Z values. Use them Expression Builder HE
for heights. option. Fislds Functions
1] Abs ] |-

I:E:Is‘[ J] e

Ew[[]]

'L'Lf[ i [~

it =

Expression

| ]
Zl e e
SN N R
ol o]

Save... Load. | 0K I Cancel |
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7. Click OK in the Properties Properties

dialog box. Generdl | Sowce | Selecton | Disly | Gymbology | Fields | Definkion Query |
Jains & Fielates Base Heights | Estrusion | Rendering

The 2D features are now ~Height

draWn in 3D, USing the 5 Uge a constant value of expression to set heights for layer:

attribute that you selected as I[cuumun]

the z-value.

| [htain heiahts fonayen fram surface:
Faster Resolution...

| [Layer featunes have 2 valies, [seithem for feights

2 Unit Conversion
’VApply conwersion factor bo place heights in same units a3 scene | custom ﬂ I 1

i~ Oftset

Add an offset using a constant or expression;

P 3l

o | Cancel | Apply

(7]

Untitled - ArcScene =] 3

JEiIe Edit Wiew Selection Tool: ‘window Help

EEEEE LRI
|[eavaeaanundsvon
J

3D Analyst « | Laper: I j Vel |
S
I=F Scene lapers — e

Dizplay - /\

Perspective view of contours, base heights set using the contours’
elevation attribute

0 4
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Setting a feature layer’s
base heights using a

surface

1. Right-click the layer and click
Properties.

2. Click the Base Heights tab.

3. Click the option to Obtain
heights for layer from surface.

4. Click the dropdown list and
click the surface that you
want to use for the base
heights.

5. Click OK.

The layer is now drawn in
3D, using the surface that
you selected to provide the
z-values.

Juoinz and Relates

£R Untitled - ArcSce

J File Edit Wiew Sele <& Zoom ToLayer

o=l

=5 | & B Selection

Diata

- Convert Features to Graphics. ..
J QO aeT

3D Analyst * | Lay -
Save Az Laper File...

=% Scene layers

B O ternain
Walue
High : 307

Lowe s 122

Drizplay

Dizplay the properties of this layer

GEneral Source Selection | Display | Symbalogy | Fields I Drefirition Hugny I
Joins & Relates Baze Heights Extrusion | Rendeting
i~ Heiaht
1" Use a constant value or expression to set heights for layer
0 = E
! 3
{fibtain heights For Taper from suifaced
4
Il “warkspacetenain -] Bl
Raster Hesalution...
) Layer features have 2 values, Use ther fonbefghts
Z Unit Conversion
[Appl}l conversion factor to place heights in same units 83 scene; | custom - 1 ‘
i Ot
Add an offset using 3 constant or expression:
I=|
[o = E |
oK I Cancel I Apply

o
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Extruding the features in __________mrrrremer——
a layer

Scene layers

1. Right-click the layer and click
Properties.

Click the Extrusion tab.

Check the check box to 3 2 4

extrude the features in the Propertics

Iayer. Gereral Sowce | Selection | Display Symbology || Fields | Definition Qe |
4. Click the Calculate button to SamsE Rsies | e cun ] Rendai

Calculate an eXtrUSiOn v i:;tll‘l;’d:nfdezlrﬂgagﬂwg‘Ir.?ivuegluifysmnlumspoinlsintavenical\imes,I\nesinto%

expression. » T

] =

Lipply extruzion by:

adding it to each feature's minimum height j

akK I Cancel Apply
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Double-click an attribute you
want to include in the
expression.

Optionally, build a calculation
that includes the attribute.

Click OK.

Optionally, click the
dropdown arrow to specify
how the extrusion should be
applied.

Click OK. »

Expression Builder

Fields Functions —l

ARES [ -
PERIMETER B ]
BUILDING IO Cos( ]

Exp ()

E=pression

frocrsrio | o N N I

Fis[ |
Int

Log( ]
Sin 1 =l

I N e
0T |2 e | =
| o e[ e

Save.. Load... | ok I Cancel |

o

Propeities [ 7]
General | Source | Selection | Display | Symbology | Fields I Defirition Queny I
Joins & Relates | Baze Heights Estrusion Rendering
Extrude features in layer. Exbusion tums points into vertical ines, lings into
v
walls, and polgons into blocks.
Extrusion walue or expression:
[FLOORS]* 10 =
Apply extusion by:
adding it to each feature's minimum height L‘
0K | Cancel Apply
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The features are extruded & Untitled - ArcS cene BmEE
into3D.
[Ded:me x|+ Basn

[¢aeceranua@Bneon
J 30 Analpst = | Laer: | =l 2 o ‘

I=% Scene layers
=] Buildings

Drizplay I Source I
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Raster data and 3D

Rasters sometimes contain continuous surface data—when they
do, rendering them in 3D is a simple matter of setting the raster
layer’s base height to itself. You can improve the appearance of
the surface by setting the symbology, shading, base resolution,
and—if the surface’s z-units are not equal to its X,y units—z-unit
conversion factor.

Aerial photo draped over a surface

Terrain surface draped over a surface—itself

Rasters often contain other kinds of discontinuous (nonsurface)
data about an area—for example, thematic land use data, remotely
sensed image data, scanned maps, or the results of surface
analyses—that can be mapped directly to a surface. You can
display a nonsurface raster in 3D by draping it over a surface
model of the area. This can be a very effective way of visualizing
the relationship between the raster and the surface.

Categorical raster draped over a surface

USGS quad map draped over a surface
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Defining the 3D
properties of a
raster layer

When you add a raster layer to
a scene, 1t is initially drawn as
though it were resting on a flat
surface. In order to view rasters
in 3D, you need to define their
z-values. 3D Analyst adds two
tabs to the Properties dialog
box that allow you to control
how a raster layer is displayed
in 3D. Rasters can be rendered
in 3D by interpolating heights
for the raster using values in
the raster itself, by using values
in another (raster or TIN)
surface, or by giving the raster
a constant base height.

Tip

What is the Raster
Resolution?

When you drape a raster over a
raster surface, the base surface is
resampled to 256 rows by

256 columns to improve perfor-
mance. You can change the
resolution of the base surface by
clicking Raster Resolution and
setting either the cell size or the
number of rows and columns. A
smaller number of rows and
columns improves performance but
reduces the resemblance of the
base surface to the original.
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Setting a raster layer’s
base heights using a
surface

1. Right-click the layer and click
Properties.

2. Click the Base Heights tab.

3. Click the option to Obtain
heights for layer from surface.

4. Click the dropdown arrow
and click the surface that you
want to use for the base
heights.

5. Optionally, click Raster
Resolution to set the resolu-
tion of the base surface.

6. Click OK.»

Dizplay the propertie:

M= E3

é}‘r MyScene srd - ArcScene

JEiIe Edit Wiew Selection Took ‘window Help
|DEE|[ 4= rex|s @|@@|w\
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J 30 Analyst * | Layer: Iterrain

£
=% Scene lapers |

= _ terrair By Copy

Walue
I High £ X FRemove

= Rafresh

Low 2 Open Attribute Table

@ Zoom To Layer

Set Data Source. .

Save Az Layer File...

Digplay | Source I

Propeities

Use a constant value or expression to set heights for layer:
Iu

Dbtain heights for layer from surface:

lulal
le=

©

[ ezumorkspacestenain

 Layer festured haye e values, s them for heiafits

of to place heights in same units as scene: | customn - 1

Z Unit Conversion ‘

’VApp\y conwersionffact;

- Offset
Add an offset usigg a constant or expression:

P = |l

| cencel |y
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The raster layer is now
drawn in 3D, using the
surface that you selected to
provide the z-values.

£k MyScene.sxd - ArcScene

J File Edit “iew Selection Toolz ‘Window Help

IS[=1 E3

DSHE & RX (¢ H Q&

J
[+acasqanuznd®@inon
J

30 Analyst = | Lawer: Itenain

l2

=% Scene layers

= PR

W alue

I High . 807

Lo : 22

Display
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Converting
Z-units to x,y
units

Geographic data is typically
collected and represented in a
coordinate system that has the
same x and y units. However,
when heights, depths, or
elevations are recorded for
features or surfaces, the z-units
are not always the same as the
X,y units of the coordinate
system. For example, a set of
well features might be stored in
Universal Transverse Mercator
(UTM) meters but have a well
depth attribute in feet. In order
to represent the wells correctly
in 3D, the z-values must be
converted to meters. Otherwise,
when you extrude the wells in a
scene, they will appear to be
three times as deep as they
really are.
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Converting units

1. Right-click the layer and click
Properties.

2. Click the Base Heights tab.

Click the Z Unit Conversion
dropdown arrow and click
one of the predefined types
of conversion.

w

If you need to apply a custom
conversion, click custom.

4. Optionally, if you're using a
custom conversion, type the
conversion factor.

5. Click OK.

Scene layers

Properties

General Source Selecton | | Display |  Symbology | Fields | Defintion Query |
Joins & Relates Bass Heights Extrusion Rendering
~Height
& Use a constant value or expression to set heights for layer:
i =
| L]
£ [btain heiafts fonlaver fiom surface;
| o @

fasten Fesalutian..

) Layer Features have 2 values, Use them for heights,

Z Unit Canversian

’7App\y conwersion factar to place heights in same units as scene:

- Diffset
Add an offzet using a constant or expression:

custom 'I 1 ‘
meters to feet I

custarn l

00

|n

= |l

1

[

(5]
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Offsetting the
heights in a layer

You can add a constant amount
or calculated value to the base
height of a layer to raise—or
lower—it relative to other
layers in a scene. This can be
useful when creating 3D
visualizations to ensure that a
layer is visible above a surface,
allow comparison of the shapes
of two surfaces, or provide z-
values for power lines or pipes
that have a given depth above
or below a known surface.

The offset can be relative to
base heights determined using
a constant or expression, a
surface, or z-values embedded
in feature geometries.

3D VISUALIZATION

Right-click the layer and click
Properties.

Click the Base Heights tab.

Type a constant value for the
offset.

Optionally, click the Calculate
button to create an expres-
sion to define the offset.

Click OK.

SONS FE LayT s,

Scene layel
pawerlings

=] terrain

Sumbology | Fieldz |
Extrusion

Selection | Dizplay |
Base Heights

General | Source
Joins & Relates

Defirition Query
Rendering

- Heigh

" se & constant value or sxprassion to set heights for layer:
[ E| =

& Obtain heights for laver from surface:

Ic \workspacetterrain

Faster Besalution,

" Layer features have Z values. Use them for heights.

"Z Unit Carversion

Apply conversion factar to place heights in same units 25 scene: | custom - 1

- Offset

Add an offset using a constant o expression

[0 = |

oK I Cancel

Apply
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Rendering a layer only
during navigation

1.

Right-click the layer and click
Properties.

Click the Rendering tab.

Click the option to Render
layer only while navigating.

Click OK.

= tyLargeTIMN

— Soft Edge
— Hard Edge

Scene layers

ySimplaTIN

Edge type

Properties

General | Source | Extent | Display | Symbology | Fields | Base Heights  Fiendeing

e__

T~ Wisibili

" Render layer at al times
" Render layer only while navigation has stopped

ol

der laper only whie navigating

Draw simpler level of detail if navigation refresh rate exceeds:

0.75=] second(s]

™ Shade areal faatures relative to the scens's light position
¥ | Wse sminath shading|if possible
Select the drawing priaity related to other layers that may be at the

same lacation. This helps to determing which faature gets drawn an
top of the ather.

o

~— Olptimi
& LCache layer for fastest possible rendsring speed

£ Render laver directly from data connection to conserve memary

o1

Cancel
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Using the 3D
Effects toolbar

Using the 3D Effects toolbar,
you can access a layer’s display
properties without opening its
properties dialog box. Use the
3D Effects toolbar to adjust a
layer’s transparency, change its
face culling, toggle its lighting,
set its shading mode, or rank its
depth priority.
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Turning on the 3D Effects
toolbar
1. Right-click in the blank area

near the menus and toolbars
and click 3D Effects.

The 3D Effects toolbar
appears.

|7 Main menu
|7 Standard
|7 Tools

|7 30 Analyst

3D Effects

Animation Toolbar

Graphics
Cuskomize, ..
WiEw Saurce

Layer: I <Graphice>

I o% @Y m
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Using the 3D Effects
toolbar to set a layer’s
transparency

1. Click the Layer dropdown
arrow and choose the layer
you want to change.

2. Click the Adjust Tranparency
button and move the slider to
a value.

3D Effects [

Layer: I <Graphicz:

[ <Graphics:

-l D% Y W

30 Effects =

Layer: I <Graphicss

j,ﬁ-.\m

E|
2 m

Tranzparency
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Using face
culling to control
the way layers
are drawn

Face culling 1s a property that is
only accessible from the 3D
Effects toolbar. Use culling to
turn off the display of front or
back faces of an areal feature or
graphic. For example, if you
have data that is surrounded by
a multipatch shapefile used for
a backdrop, use culling to turn
off the display of one of the
backdrop faces so that you can
always see your data, even
when zoomed outside of the
backdrop extent.
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Using the 3D Effects
toolbar to adjust layer
face culling

1. Click the Layer dropdown
arrow and choose the layer
you want to change.

2. Click the Layer Face Culling
button and click the option
you want to use.

The default setting is to view
both sides.

3. Optionally, click a different
viewing option.

View only one side of a layer
to make the data inside it
visible.

Dk G W

dirn_tin
bldg
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(3D Effects |
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Changing a
layer’s drawing
priority

If two layers occupy the same
location in 3D space, a stitching
effect may be seen when the
layers are drawn in a scene.
This is because they are
competing with each other to be
displayed. To reduce the effect,
assign a priority to the layers
so that you control the order in
which they are drawn. For
example, if your scene contains
a feature layer draped on a
surface layer, and you notice a
conflict between the layers, you
can lower the priority of the
surface so that the features are
always drawn first. Priority can
only be changed for area-based
features, such as polygons,
rasters, and TINs.

3D VISUALIZATION

Using the 3D Effects
toolbar to change a
layer’s drawing priority
1. Click the Layer dropdown

arrow and choose the layer
you want to change.

2. Click on the Change Depth
Priority button and move the
slider to a value.

3D Effects B

Layer: I

| <[Graphics»

- P oY W

=

Layer Idtm_lin

ow ew| |~

PFririty
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Viewing a scene from different angles

By default, ArcScene has a single window for viewing your You can navigate independently within each viewer window—the
scene, but you can create multiple viewer windows for a scene. navigation tools control the view within the window they’re used
Having additional viewers lets you focus on specific areas from in. You can even make the scene rotate in one viewer and

the best angles while still seeing the whole. navigate in another.

Fil= Edit Yiew Selection Tool: Window Help
| E@&|xe|
PROQAGAQAHTTDIEN OM |

30 Analyst * | Layer: Iphoto.tif

J
|0 | % X
J
|

= cave
-
= photo b
Walue
High : 255

Law: 0 -
4 I I 3
Digplay I Sourcel
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Managing scene
viewers

Multiple viewers let you see a
scene from different angles at
the same time. Each viewer can
be independently navigated.
You can maximize viewers to fill
the screen, minimize viewers to
get them out of the way, restore
viewers to their previous size,
or close them altogether.

The properties of a scene apply
to all of the viewers.

3D VISUALIZATION

Adding a viewer

1. Click Window and click Add
Viewer.

&2 viz.sxd - ArcScene

J File Edit Yiew Selection Tools | Window Help

M= E3

[RaR=R=NE N E—MF
”@@ & Qﬁ %@ @ Wigwer Manager... M|

J 30 Analyst * | Layer: Iphoto.tif j @ oo ‘
:5

=% Scene lapers -

=] roads

=] cave

-
=] phiota. ki
Walue -

4 | | » | Y

Display - e
Add new Viewer

Closing a viewer

1. Right-click the title bar of the
viewer and click Close.

HEestore
tinirnize
b apimize
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Managing viewers

1.

Click Window and click
Viewer Manager.

Click a viewer in the Select
viewer list.

Click Hide to hide the
selected viewer.

Click Show to show the
selected viewer.

If you have minimized a
viewer, you can click Restore
to restore it to its previous
size.

Click Close Viewer(s) to
permanently close the
viewer.

Click OK to close the Viewer
Manager.

s,

% viz_znd - ArcScene

J File Edit “iew Selection Tools |Window Help

J = H | 4 EBa B X E Add Viewer

[dacaeaa.

J 30 Analyst * | Layer: Iphoto.tlf
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Changing the
viewer settings

You can also change the way
you see a scene in each viewer
in several ways.

You can switch a viewer from a
perspective view to an ortho-
graphic view with no perspec-
tive distortion of scale. This
lets you examine the data in the
view as though it were on a 2D
map.

You can change the roll angle
and pitch of a viewer.

You can also change the
position of a viewer and of its
target point by typing X.y,z
coordinates.

You can continue to navigate in
a viewer as you view the viewer
settings—the position, pitch,
and roll values are updated in
the View Settings dialog box
when you stop navigating.

Tip
Extruded points limitation

Extruded points are not visible in
orthographic view.

Ifyou need to see extruded point
data in an orthographic view, copy

and paste the layer in the scene and

turn off extrusion for the copy.

3D VISUALIZATION

Setting a viewer to 2D

1. Click View and click View
Settings.

2. If you have more than one
viewer for the scene, click the
dropdown arrow and select
the viewer that you want to
change.

3. Click Orthographic (2D view).

You see an orthographic
view of the scene with no
perspective distortion of

scale.

4. Click Cancel to close the
View Settings dialog box.

Wiew Selection Tools ‘winc

Zoom Data »

Toolbars »
E Table OF Contents

|T Statusz Bar

Scene Properties...

Yiew Settings

Applies bo: I I ait Wiewer ﬂ
— Positions
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Apply |
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Tip

Why can’t | set the roll and
pitch?

Roll and pitch are only applicable
in perspective viewing. If you have
the viewer set to Orthographic, the
pitch and roll controls are

disabled.

200

Changing the roll and
pitch of a viewer

1. Click View and click View
Settings.

2. If you have more than one
viewer for the scene, click the
dropdown arrow and select
the viewer that you want to
change.

3. Click the roll slider and drag
it to change the roll.

The artificial horizon and the
viewer roll to the new roll
angle.

4. Click the pitch slider and
drag it to change the pitch.

The artificial horizon and the
viewer pitch to the new pitch
angle.

5. Click Cancel to close the
View Settings dialog box.

Wiew Selection Tools winc

Zoom Data »
Toolbars »
E Table OF Contents
|7 Statusz Bar

Scene Properties. .

Yiew Settings

Applies ta: I I ain Wiewer j
r— Positions
Observer Target
% [596973.74 ¥ |596EGZ.40
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Apply |
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Projection:
% Perspective
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Fioll angle and pitch

Viewfield angle:  [55 =]
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Tip

Finding a target’s
coordinates

With the View Settings dialog box
open, click the Center on Target
tool and click a location in the
scene. The viewer centers on the
target, and you can see its x,),z
coordinates.

3D VISUALIZATION

Specifying the
coordinates of the
observer or target

1. Click View and click View
Settings.

2. If you have more than one
viewer for the scene, click the
dropdown arrow and select
the viewer that you want to
change.

3. Type the x,y,z coordinates for
the Observer.

4. Type the x,y,z coordinates for
the Target.

5. Click Apply to set the viewer
to the new observer and
target coordinates.

6. Click Cancel to close the
View Settings dialog box.

Wiew Selection Tools ‘winc

Zoom Data »
Toolbars »
E Table OF Contents
|T Statusz Bar

Scene Properties...

Yiew Settings

Applies bo: I I ait Wiewer ﬂ
r~ Positions
Observer Target
% [597073.45 ¥ |596E62.40
v [rrsasaer | [ v [emese
A Y T —
Digtance to target: 431.41 Apply II

—iewing charactenztics

Frajection:
% Perspective
 Orthographic (20 view)

Fioll angle and pitch

Viewfield angle: 55 =]

()
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Navigating
through a scene
using the Fly tool

Use the Fly tool to investigate
your scene by flying through it.
You can fly in any direction and
move forward or backward at
different speeds.

Tip
Fine-tuning the fly speed
In between mouse clicks, press

arrow up or down to increase or
decrease speed, respectively.

Tip

Looking up or down while
flying

Press Shift while flying to maintain
a constant elevation. You can then

point the mouse up or down to look

in those directions without
changing the direction of travel.

202

Using the Fly tool to
navigate in a scene

1.

Click the Fly button.

The cursor changes to
indicate fly mode is active.

Click once in the center of the
scene.

The tool enters the sus-
pended state. You can point
the mouse to look in all
directions, but there is no
translational movement.

Click the mouse to move
forward.

Right-click to move in reverse.
Successive clicks in either
direction increase the speed.
Speed is indicated in the
status window.

Click the opposite button to
slow down incrementally and
then stop.

Press Esc to immediately stop
movement in either direction.

[¢?raeaeaanzadEron

File Edit Wiew Selection Tools Window Help

D& 28X ¢ @Haarw|¢-acasaanczndron

3D Analyst + ‘ Laver: [bigbesrlake <bigbearlake> x|
—r

£ @ bighearlake
Walue
High : 3293

Low : 1149

Display
Fiyspeed =0 ||z
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Setting
bookmarks

A 3D bookmark identifies a
particular camera perspective
that you want to save and refer
to later. For example, you might
want to create a 3D bookmark
that identifies a certain view of
a study area. That way, as you
navigate through your scene,
you can easily return to the
study area view by accessing
the bookmark. You can also use
3D bookmarks to highlight
areas in your scene you want
others to see.

The list of bookmarks applies to
all viewers in a scene. If you
create a bookmark in a viewer, it
will be added to a central list
and can be applied to any
viewer.

Tip

Using bookmarks in
secondary viewers

To create or use a bookmark in a

secondary viewer, right-click on its
title bar and click Bookmarks.

3D VISUALIZATION

Creating a perspective
bookmark
1. Navigate to the perspective

for which you want to create
a bookmark.

2. Click the View menu, point to

Bookmarks, and click Create.

3. Type a name for the book-
mark.

4. Click OK.

3D Bookmark [ x]

Bookmark Hame: [Favd
L sl

Using a perspective
bookmark

1. Click the View menu, point to
Bookmarks, and click the
name of the bookmark you
want to use.

The bookmarked view
appears.

i Bl T sed - A Soene - ArcTnla

] |

|Dz  msmn. |4 @ @ER]|F-AQQNENOERON

]”’““’I_'mm. LI

HSDEM
20 ve(E 'auu;uw
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Setting the properties of a scene

In ArcScene, you can set certain properties—for example, vertical
exaggeration, animated rotation, background color, extent, and
illumination properties—that apply to the scene and all the layers
within it. You can also add comments about the scene and set its
coordinate system. If your scene has multiple viewers, these
properties also apply to all of the viewers.

Illluminating a scene from different angles emphasizes different

. . . T rts of a surface.
Vertical exaggeration emphasizes variation in a surface. parts suriace

The background color can make visualizations more realistic.

The tabs of the Scene Properties dialog box let you set the
various global scene properties.

I 15 degrees
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Changing the
vertical
exaggeration

Vertical exaggeration can be
used to emphasize subtle
changes in a surface. This can
be useful in creating visualiza-
tions of terrain where the
horizontal extent of the surface
is significantly greater than the
amount of vertical change in the
surface. A fractional vertical
exaggeration can be used to
flatten surfaces or features that
have extreme vertical variation.

The vertical exaggeration is
applied to all layers in a scene.
You can exaggerate a single
layer by changing its z-unit
conversion factor.

3D VISUALIZATION

Right-click Scene layers and
click Scene Properties.

Click the General tab.

Click the Vertical Exaggera-
tion dropdown arrow and
click a vertical exaggeration
factor.

Optionally, click Calculate
From Extent to automatically
calculate an exaggeration
factor based on the extent
and z-variation in the scene.

Click OK.

x|
= |

= Scene layers
= topagraphy * addData..

Value E Faste L&
er(z]
I High : 288¢
Law : 815.1

Diizplay

Scene Properties

General |Eooldinate Systeml Extentl lllurnination

Description:
=
[~
Wertical Exaggeration: [ ﬂ Calculate From Extent |—

Background color:

o

Eigne I Shaw Currant Default |
2 Tl all new scenes

I~ Enable Animated Fotation

When you uze the Mavigation tool to rotate the scene, hold
dowun the left mouse button and drag rapidly in the direction yau
want the soene bo rotate.

Ok I Cancel Apply
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Using animated Enabling animated .

i = Scene layers gl
rotatiOn rOtatlon fence {"/ Add Data...

buildings

X 2 Faste Laveds)
terrain

1. Right-click Scene layers and
Rotating a scene 1s a good way click Scene Properties.

to get an overview of its Click the General tab.
contents. You can make a scene

ene Properties...

spin around the current center 3. Check the check box to
when animated rotation is enable animated rotation. Display [ Source ]
e biladl 4. Click OK.

You can adjust the rotation
speed and the observation
angle and zoom in and out while
the scene rotates.

The navigate cursor has a 2
circle around it when
animated rotation is enabled. Scene Properties

Gereral I Coordinate System I Extentl lllurnination

. Description:

Toggling animated rotation =
using shortcut keys =l
While in navigation mode, you can
toggle on and oﬁanimated rotation “Yertical Exaggeration: lm Caleulate From Extent |
in a specific viewer by pressing

Ctrl andShjft while ch'cking in that Background color: |v| Shaw Currert Default |

viewer.

I~ Use as default in all new scenes

¥ Enable Animated Rotation e

Wwhen you uze the Mavigation ool to rotate the zcene, hold
dawr the left mouse button and drag rapidly in the direction yau
warit the scene bo rotate.

Ok I Cancel Sl
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Tip

Starting animated rotation
with complex data

To start complex data rotating,
press Shift while dragging rapidly
in the direction you want the scene
to rotate.

3D VISUALIZATION

Starting animated
rotation

1. Click the Navigate button

after enabling animated
rotation.

The navigate cursor has a
circle around it when

animated rotation is enabled.

2. Click the scene, hold the
mouse button down, drag to
the left or right, and release
the mouse button while the
scene is in motion.

The speed at which the
scene rotates is proportional
to the speed at which the
mouse is moving when you
release the button.

Click the scene to stop the
rotation.

[e@aeae@ann

H@E R OM

é} viz_sxd - ArcScene

J File Edit “iew Selection Tools Window | Help

|D@d|tE@RXx &

SIEYRI

[d@a¢ae@anumemExon

J 3D Analpst = | Layer: Iphotn.tif

g

=

=% Scene layers N
= roads

= cave
L]
= photo. tif
Walle
High : 255

Low: 0
= [ tinl =
<| | r

Display

Changing the rotation
speed

1. While the scene is rotating,
press the Page Up key to
increase the rotation speed
and press the Page Down
key to decrease the rotation
speed.
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Changing the
background color

The background color for
scenes 1s white by default. You
can change the background
color to suit your visualization
needs. Various shades of blue
can make the background
appear to be a blue sky, while a
black background can simulate
night.

You can quickly set the
backgound to one of the preset
colors or mix your own color.
You can also make the current
background color the default
for all new scenes.
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Setting the background
color

1. Right-click Scene layers and
click Scene Properties.
2. Click the General tab.

3. Click the Background color
dropdown arrow.

4. Click a color.

5. Optionally, click More Colors
to mix your own background
color.

6. Click OK.

=] terrair {"/ Add Data...

- \"'.alut 2| Paste Lapers)
High

[Eanyert Latbels bo Snnatation..
Lo

Dizplay I Source I

ene Properties. .

Scene Properties

General | Coordinate Spstem I Extent | Hllumination

Drescription:
=
[
ertical Exaggeration: INOHE 'l Calculate From Extent |
Background calar: |v| Shiowe Current D efault
[ Mo Calor ]

Ooooooooooosn

OROO00O0OOD e
I~ Enablednimated (] B DO CJCEC NN NN
o pyCHEEEDONOEEEN
cipousethel E EEEEEEEEE NN
ettt T T T T 1311111
ENDO000OCOENEED
EEOO0O0DOON
EEENOCOOCDEEEN
EEEEEEEEEEEN

Mare Colars...

o

J Al |
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3D VISUALIZATION

Setting the default

background color for

future scenes

1. Right-click Scene layers and
click Scene Properties.

2. Click the General tab.

3. Check the check box to use
the current color as the

background in all new
scenes.

4. Click OK.

El
I

= tertain \"} Add Data...

— V.alut 2 Paste Layers]
High
[Eanyvert Latels bo Anmnatatian,. .
L -

Dizplay I Source I

Scene Properties

General | Coordinate Systeml Exlentl lllurnination

Description:

[
Wertical Exaggeration: INDI’TE hd Calculate From Extent |
Background calor: ‘vl Show Cuirent Default |

[~ Enable Animated Ratation

When pou uze the Mavigation tool to rotate the scene, hold
down the left mouse buttan and drag rapidly in the direction you
want the scene bo rokate.

u]:8 I Cancel Apply

o
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Changing the Setting the illumination —
. Scene layers
scene azimuth e b AddDala..
. . . 1. Right-click Scene layers and
|”Um|nat|0n click Scene Properties.

:i;l:? - E Eagte Laper(z|
ehe Properties...
Lo 8151
You can set the azimuth and 2. Click the lllumination tab.
altitude of the light source, as 3. Type an Azimuth for the
well as the amount of contrast, scene light source. —
used in rendering the illumina- Click OK
tion of the scene. The illumina- 4. Clic :
tion properties for a scene 2
apply to all of the areal features,
including extruded polygon and Scene Properties
line features’ in a scene. General | Coordinate Systeml Extent |||uminati0n|

ofl

Preview

— Altitude

You can control whether - Agimuth

individual layers are shaded by " i
turning shading on or off on the " :
Rendering tab of the layer’s

S

Properties dialog box. * 0O

e——l— 140 degrees I 30 dearees

r— Contrast
[

Tip N
What is the azimuth? . |_50 10
The azimuth is the compass

direction from which the light

source shines on the scene.

Set Defaults

Tip

Changing illumination
properties quickly k] Cocel £pply
You can click on the sun graphic in
the Azimuth and Altitude controls 0
and drag it where you want it,

instead of typing values into the text

boxes. The illumination preview

and the values in the text boxes will

change to reflect the new position.
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Tip

What is the altitude?

The altitude is the height, measured
in degrees above the horizon, from
which the light source shines on the
scene.

3D VISUALIZATION

Setting the illumination
altitude

1. Right-click Scene layers and
click Scene Properties.
2. Click the lllumination tab.

3. Type an altitude for the scene
light source.

4. Click OK.

x|
|

————
= Scene layers

= topography {"/ Add Data...

Walue 2 Faste Layers]

cene Properties. .

I High : 288¢
Low : 8154
KN —
Diisplay -

Scene Properties

General | Coordinate Systern | Extent |||Umiﬂ6li0ﬂ|

— Azimuth — Atitud, Prewview
H a0
w¢*.f
s O ®
I 140 degrees I 30| degrees
~Contragt———————————
"o oo 0 \I o oo 0
0 50 100 Set Defaults

,TI Cancel Apply

o
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Setting the illumination

Tip
contrast

What is the contrast?
The contrast controls the amount of 1. Right-click Scene layers and
shading applied 1o a surface. click Scene Properties.

2. Click the lllumination tab.
3. Type a contrast value.
4. Click OK.
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|
Scene layers |
topography * addData..

Value E Eagte Laper(z|

High : 288%
Scene Properties...

Low : 8151

ofl

Display

Scene Properties

General | Coordinate Spstem | Extent Hluminatinnl

— Bzimuth —Altitude Freview
N o’
W*E
s O ® g
I 140 degrees I 30| degrees
— Contrast
[ .\I. Cooa
i 50 100 Set Defaults

oK I Cancel Apply
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Changing the
scene extent

Reducing the extent of a scene
can be a useful way to remove
extraneous information and
increase rendering performance.

By default, the extent of a scene
1s the combined extent of all of
the layers in the scene. You can
change the extent of a scene to
be the same as the extent of one
of the layers or set it using
specific minimum and maximum
x- and y-coordinates.

Data that falls outside of the
extent of the scene 1s not
displayed.

3D VISUALIZATION

Setting the extent to a
layer

1. Right-click Scene layers and
click Scene Properties.

2. Click the Extent tab.

3. Click Layer(s), click the
Layer(s) dropdown arrow,
then click the layer you want
to define the scene extent.

4. Click OK.

:l‘
= Scene layers gl
ferce * sddData...
buildings 2

. seteLavers]
terrain

cene Properties. ..

Dizplay

Scene Properties

General | Coordinate System  Extent ||I\um\nation

Set 2D extent o

v Lapers) ;i
= Custam S |37?BEIZE 8

% Wiry 79972425 X May: [124107.21875

i |37s1 2525

ak. I Cancel Apply
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Setting the extent using :ﬂl
i
coordinates — & AddData.

1. Right-click Scene layers and pudngs B esE LR

click Scene Properties. s Scene Properties...
2. Click the Extent tab.
3. Click Custom.

4. Type minimum and maximum
x and y values to define the
extent of the scene.

5. Click OK.

Dizplay

Scene Properties

Generall Coordinate Spstem  Extert IIIIumination

Set 20 extent to:

 Layerls] Ilhe full extent of all lapers ﬂ
e——" VM [778985 |
5 Min: [405605 % Max [40B805 0
¢ bl |3761926 25

ok I Cancel Apply
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Changing the
scene coordinate
system

If all the data you want to
display 1n a scene is stored in
the same coordinate system—
for example, you’re using your
organization’s database—you
can just add it to a scene and
not consider whether the layers
will overlay properly; they will.
If, however, you’ve collected
data from a variety of sources,
you’ll need to know what
coordinate system each dataset
uses to ensure ArcScene can
display them together.

When you add a layer to an
empty scene, that layer sets the
coordinate system for the
scene; you can change it later if
necessary. As you add subse-
quent layers, they are automati-
cally transformed to the scene’s
coordinate system as long as
there’s enough information
associated with the layer’s data
source to determine its current
coordinate system. If there isn’t
enough information, ArcScene
will be unable to align the data
and display it correctly. In this
case, you’ll have to supply the
necessary coordinate system
information yourself.

ArcScene expects coordinate
system information to be stored
with the data source. »

3D VISUALIZATION

Finding out what

coordinate system your

data is currently

displayed in

1. Right-click Scene layers and
click Scene Properties.

2. Click the Coordinate System
tab.

The details of the current
coordinate system are
displayed in the dialog box.

————
= Scene lapers

fence

=
|

* pddData..

buildings
terrain

2 Faste Layerds)

cene Properties...

Drizplay I Source I

Scene Properties

General Coordinate System |E><tant| II\um\nationI

Current coordinate system:

NAD_1927_UTH_Zome_1EM
Transverse_percator
Falze_Easting: 500000.000000
Falze_Morthing: 0.000000
Central_Meridian: -87. 000000
Secale_Factor: 0999600
Latitude_OFf_Origin: 0.000000

Kl

Select a coordinate systen:

-] Favortes
F-{ Predefined
Layers
E{:I Custarmn

NAD 1327 _LITM_Zone 16H

rodify...
Impart.
New
Add To Favorites
Fiemaive Fram Favartes

o]

Cancel | Lipply |

215



For a layer in a geodatabase,
this information 1is part of the
layer’s metadata. For coverages,
shapefiles, TINs, and rasters,
it’s stored on disk in a separate
file named after the data source
but with a .prj file extension (for
example, streets.prj). These files
are optional files; thus you may
still need to define the coordi-
nate system for one of these
data sources. You can create a
.prj file with ArcCatalog.

If no coordinate system
information is associated with a
data source, ArcScene will
examine the coordinate values
to see if they fall within the
range: -180 to 180 degrees for x-
values and -90 to 90 degrees for
y-values. If they do, ArcScene
assumes that these are geo-
graphic coordinates of latitude
and longitude. If the values are
not in this range, ArcScene
simply treats the values as
planar x,y coordinates.

Tip

Changing the coordinate
system of a scene

Changing the coordinate system of
a scene does not alter the coordi-

nate system of the source data
contained in it.

For more information on coordi-
nate systems, see Understanding
Map Projections.
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Displaying data with a
predefined coordinate
system

1. Right-click Scene layers and
click Scene Properties.

2. Click the Coordinate System
tab.

3. Double-click Predefined.

Navigate through the folders
until you find the coordinate
system you want and click it.

5. Click OK.

All layers in the scene will
now be displayed with that
coordinate system.

= Scene lapers

Citizz \'l} Add Data...

Cauntry Boundar}ﬁ B i)

ene Properties. ..

Dizplay -

Scene Properties

General Coardinate System IExlentl Ilumination |

Current coardinate system:

Africa_Sinusoidal

Sinuzoidal

Falze_Easting: 0.000000
Falze_Marthing: 0.000000
Central_Mendian: 15000000

GCS_WES_1934

i

Select a coordinate system:

[ Favorites

e = Cl Predefined
E|{:| Continental

=0 Ahica

LB Alrica dlbers Equal Area Conic
A0 Adrica Equidistant Canic

8 Adrica Lambert Corformal Conic
Gil¥ . rica Sinusoidal

- Madify... |
Impart... |
New...
Add To Favarites |
;I Hemayve Eiam Eayonites |

0K I Cancel | Apply |
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Selecting
features in a
scene

There are several ways to select
features 1n a scene. The most
direct way to select features is
to click them in the scene with
the Select Features tool or to
click them 1in an attribute table.
When a feature 1s selected it 1s
highlighted.

You can also select features by
their attributes as well as by
their location with respect to
other features. For example, you
could select all of the polygons
that you’ve classified as having
moderately steep slope, then
select all of the buildings that
are within these polygons.

Tip

Learning more about
selection

For more information about

selecting features, see Using
ArcMap.

3D VISUALIZATION

Selecting features
interactively by clicking
in a scene

1. Click the Select Features
tool.

2. Click the feature you want to
select.

The selected feature is
highlighted.

é-:- Untitled - ArcScene

File Edit ‘iew Selection Tool: ‘window Help

DS b e x|

Qs

A?

WK KA
AR KW

-

PO Qe RQ

BT

|
|
|
|

3D Analyst = | [Laver |

e

= Scene layers -
= habitatz polygon
|:| <all other value
WEG-TYPE
[]BRUSHLAND
[ |pECIDUOUS |
[ |DISTUREED
[ | GRASSLAND |

| |MIXED BRUSI =
1| I *

Dizplay

f

L3

|'
"'..I

T
NN ,

e

i 7

Changing the interactive
selection method

1. Click Selection, point to
Interactive Selection Method,
and click the selection
method you want to use.

Select By Attibutes..

Selection Tool: ‘Window Help

% Select By Location. .
@ Zoom To Selected Features
2 Statistics...

Set Selectable Layers...

[ Clear Selected Features

Options. ..

tion tethod b |T Lreate Mew Selection

Add to Current Selection

Bemowve From Curent S election

Select From Current Selection
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Selecting features = ﬂ.l
. A . . Scene layers -
interactively by clicking e ——
ona table I:‘<al| other v: B3 Copy
_ _ VEG-TYPE % Remave
1. Right-click the feature layer [ JBRUSHLAN o o
and click Open Attribute [ peciouoL
[]oisTuree &I
Table. ] GRASSLAR ;
D MIXED BRI Joinz and Relates »
2. Click the row belonging to 4 | le =70 o
the feature you want to )
select y Dizplay Selection »
The selected feature is
hlghllghted B Attributes of habitats polygon =[O x|
FID | Shape | AREA|PERIMETER| HABITATS#| H~
21| Palygan 106938| 1826.712769 3
22| Palygan 32661.| 1152882568 22
23| Palygan £A96E. | 2059242168 ]
24| Palygan 381.3) 156216943 24
25| Palygan 83723.| 1R3R.157837 5
e— —|  26|Palygon 90853 1896.732666 2
27| Palygan 24041, 798690308 27
28| Palygan G602 | 1057.732544 28 |
29| Palygan £3440. | 1552570679 29
30/ Palygan 130717| 1580.950439 a0
31 [ Palvoo 25900, B1R.777568 3 _lﬂ
1 ri »
Record: il;ll 7 _>|£| Show:l All | Selected | Fecomds:
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3D VISUALIZATION

Selecting features by
their attributes

1.

Click Selection and click
Select By Attributes.

Click the Layer dropdown
arrow and click the layer from
which you want to select
features.

Click the dropdown arrow
and click the selection
procedure that you want to
use.

The default selection
procedure is to create a new
selection, but you can also
add to, remove from, or
select from the current
selection.

Double-click the attribute
field that you want to select
from.

Click an operator, for ex-
ample, the equals sign.

Double-click a value.

Optionally, click Verify to
check your selection
expression.

Click Apply.
Click Close.
The features are selected.

Selection Tools ‘window Help

% Select By Lacation...
@ Zoom o Selected Features
= Statistics..

Set Selectable Layers...

=l Clear Selected Eeatures

Interactive Selection Method — p

Options....

Select By Attribute

Layer: Icuunlnes

Select procedure : ICreate a new selection
Fields:

"FID" = < Like
"MARE"

oo |l
"/B_CNTRY™ ;l :l il
|5 o o

il | +] _SHLlnfo. |

Unique sample values
Monway’ -
PoEnd

"Fussia’
‘Svwader’
"Ukraine'

'United Kingdom'

| |

Complete List |

SELECT #FROM chtryddv? WHERE:

"MAME" = "Urited States'

Clear Werify Help | Load... | Save.. |

© 000

7]

Apply I Clage |
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Selecting features by
their location

1.

Click Selection and click
Select By Location.

Click the dropdown arrow

and click a selection method.

Check the layers whose
features you would like to
select.

Click the dropdown arrow

and click a selection method.

Click the dropdown arrow
and click the layer you want
to use to search for the
features.

Optionally, check to use only
the selected features.

Optionally, check Apply a
buffer to the features in
<layer> and set the distance
within which to search for
features.

Click Apply.

Click Close.

The features are selected.

Selection Tool: ‘wWindow Help

Select By Attrbutes. ..

|

@g Zoom To Selected Features

= Statistics...

Set Selectable Layers. ..

[ Clear Selected Featurez

Interactive Selection Method — p

Optionsz...

Select By Location

Letz you select features from one or mare layers bazed on where they are located

it relation to the features in another laper.

| want to:

K E

Iselect features from

the: following layers:

N

site
[ cauntm

that:

I interzect

the featurez in this layer:

W Uze selected features

[~ Apply a buffer to the features i country _—

[1 features selected)

af. {0.000000

IU nknown Uitz

L}.
0000 066

~—

— Previey

The red features represent the features in country.
The highlighted cyan features are zelected becauze they
intersect the red features,

O o

g

°®

a0
23

Paints

Lines

Falpgans

Apply | Close I

0O O
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Exporting a
scene

You can export a 2D image of a
scene to a graphics file, or you
can export a 3D Virtual Reality
Modeling Language (VRML)
model. Images of scenes can be
saved in several common file
formats and placed in other
documents—for example, in
maps or reports.

Tip

Taking a snapshot of a
scene

Sometimes you just need a quick
snapshot of a scene. Click Edit and
click Copy scene to clipboard. You
can then paste the snapshot onto a
map or other document.

3D VISUALIZATION

Exporting a 2D graphic of
ascene

1. Click File, point to Export
Scene, and click 2D.

2. Navigate to the location
where you want to save the
image of the scene.

3. Click the dropdown arrow to
choose the graphics file
format to export.

4. Type the width of the ex-
ported graphic in pixels.

5. Type a name for the graphic.
6. Click Export.

The scene is exported to a
2D image.

File Edit “iew Selection Tools ‘window Help

0 Hew. ..
= Open...

[E Save

Save fa.

Chrl+M
Chl+0

Chrl+5

& AddData..

&) Frint...

Document Properties...

Exit Alt+F4

Scene Export

Save in: IBEHDDrt ﬂ gl
File name: IM_I,IScene Expart l—

Save az type: IBMF’ [=brmp]

Scene Size: I I 1020 3: pixels

-

Cancel |

Options... |

o o

o
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Exporting a 3D VRML Fie Edit iew Selection Tools Window Help

model of a scene D) New.. o |
1. Click File, point to Export & Open.. Cirk+0
Scene, and click 3D. H save Cil+S
Save &
2. Navigate to the location < ﬂ::eD‘f
where you want to save the ~ -
VRML model. & Frint..
3. Type a name for the VRML Diocument Froperties. .

file. Expoart Scene 0.
4. Click Export. Exit AlteFd m'l—a

The scene is exported to a
VRML file. 2

Scene Export

Save in: |El Expart ﬂ ﬁl

File hame: IM_I,I\IF! odel Expart :I——o
Save az type: I\IHML [ wl) j Cancel |
Options.... |
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Printing a scene

When you want a hardcopy of
a scene, you can print one. You
can quickly print to your default
printer, or you can change the
page setup to select another
printer and specify the details
of how you want the scene to
print.

3D VISUALIZATION

Click the Print button.
Optionally, click Setup.

Optionally, click the
dropdown arrow to select a
printer.

Optionally, click the
dropdown arrow to select a
page size.

Optionally, click Portrait or
Landscape to select the
page orientation.

Optionally, click the
dropdown arrow to select a
printer engine.

Optionally, click OK.

Click OK on the Print dialog
box.

Jaﬁn;mt@ax\\ﬂﬁ\@@m

Print
[~ Printer

Hame:

Type:

(21

E WOMNINHPESO0PS

Status: Ready

HF CLJ 8500 - 5

Where: 4613 121:Raws

Comment: M2E Plotter Roam

2]

™ Fint ta file

1 il

—Map Larger than Printer Paper

& map ko priften paper

b

£ Pages foml | el

! Siale mapbofit printer pamer

17 Froceed with printing, some ol pping

— Printer Engin

Windowes Printer

Froperties... |

— Copies

Mumber of copies: |1 _I;

MEY GG
QK Cancel |
Page Setup HE
Map 5i r Printer Setup
Name:
Standard Page Sizes: I\\UMN“HPEEUUFS ;J
I j Printer Page Size:
ol
widh 85 [inches = JLever =t
Page Orientation:
Height: 11
= 1+ Portrait i Landscape
Page [riertatior: Printer Engine.
i i -l
€ Farirat ) [Landscape IWIndows Printer Iy
~btap Setup
Output Image Quality: I¥ Scale map elements propartionally
Fast Momal Best to changes in page size
._j; ¥ Shaw printer margins on Layout
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IN THIS CHAPTER

e ArcScene animation
e Creating animations

e Capturing perspective views in a
scene

¢ Recording and playing back
animation tracks

* Creating keyframes

¢ Making group animations

¢ Making animations from paths
¢ Using the Animation Manager

e Timing properties in the
Animation Manager

e Saving an animation

e Sharing animations: Loading an
ArcScene Animation file

Animations make your scene come alive by storing actions so they can be
replayed as you choose. They can help you visualize changes in perspective,
changes in the scene’s properties, geographical movements, and temporal
changes.

You might create an animation that helps you visualize how moving satellites
react with one another during their orbit. Additionally, you may model the
earth’s rotation and change in lighting at the same time.

You create animations using the Animation toolbar. You can make animations
that manipulate data, perspective, and scenes.

An animation consists of one or more tracks. Tracks control dynamic
changes of the properties of an object, such as a scene’s background color, a
layer’s visibility, or a camera’s location. Tracks are made up of a set of
keyframes. A keyframe is a snapshot of a particular object’s properties at a
certain time. The object can be a scene, a layer, or a camera. For example,
you can create a track with the scene object that animates scene property
keyframes to show the background color changing from white to black.

Animation tracks are stored in the current scene document. They can also
be saved into a separate file that may be shared by numerous scene
documents. An animation may also be exported as an Audio Video
Interleave (.avi) file that can be played by a third-party video player.

Animations provide a new and actuated aspect to your scenes. Use
animations to automate the process you would undertake to demonstrate
points that can only be made through visual dynamics.
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ArcScene animation

ArcScene lets you create, save, and share animations. You can
create animations in different ways, composing the animation of
multiple tracks that animate the scene properties, a layer, or the
camera. An animation may be saved in a scene document, saved
as an independent ArcScene Animation (.asa) file, or exported to a
.avi file. You can share animations by exchanging scene
documents, interchanging .asa files, or distributing .avi files.

The camera and the target

You view your scene through viewer cameras. A camera’s location
is defined by the observer property. The center of your view is
called the target. Imagine what you see is what the camera sees.
As you navigate through a scene, you are actually moving the
observer in conjunction with the target. If you set a new target on
the data, that point on the data is shifted to the center of your
view. There is only one camera, observer, and target set in any
viewer. Familiarizing yourself with the camera, observer, and
target will help you gain a better understanding of animation.

Introducing the Animation toolbar

The Animation toolbar has all the tools you’ll need to work with
animations in ArcScene. Using these tools, you can record
navigation, capture perspective views, save and export tracks,
create video files, make group animations, create tracks from
paths, and manage and preview your animations.
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Animation | ﬁ | b

Clear Animation

Create Kevframe. ..

Creake Group Animation. ..

Cametra Elvbey From Path. ..

Maowe Layer along Path. ..

Load Animation File. ..

Save Animation File., ..

Export ko Yideo, .

! Hﬁﬁ'?ﬁiﬂ-!ﬂ:%

animation Managetr. ..

Creating an animation

You create an animation by composing the tracks it will contain.
You can make tracks by creating a set of keyframes, recording
actions, alternating the visibility of groups of layers, and
importing paths that constrain movement. Use the Animation
Manager to edit tracks and keyframes and organize how the
tracks in an animation interact with each other.

Saving an animation

There are three ways to save an animation. A scene document will
automatically store an animation that is present when the
document is saved. In addition, you can save the animation
tracks to an .asa file. Finally, you can create a standalone video
by exporting the animation as a .avi file.
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Sharing animations

You can share animations by loading a scene document that
contains an animation, loading .asa files into ArcScene, and
viewing .avi files that were created from animations. Use a shared
scene document with an animation to demonstrate a particular
point to colleagues. Independent .asa files can be used as
templates for others to build on or as generic animations that can
be utilized with various data. Share a .avi file for picture-perfect,
highly detailed animations that can be played in real time to a
wide and varied audience when you need to quickly demonstrate
a problem that can only be shown dynamically.

ANIMATION
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Creating
animations

There are several ways to create
animations. The simplest
method, capturing perspective
views, 1s quick and can be done
with any data. A more complex
method of creating animations
1s to create animations from
paths defined by selected line
features or graphics. This
method requires specific types
of data in the scene but can
provide a more visually
appealing animation.
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Turning on the Animation
toolbar

1. Click View, point to Toolbars,
and click Animation.

The Animation toolbar
appears as an undocked
toolbar.

View Settings. ..

Wiew Selection Tools Window Help

Zoam Daka

Bookmarks

Toolbars

IE Table OF Contents

IT Skatus Bar

k |7 Main rmenu

Scene Properties. .,

|7 Skandard

|7 Tools

|7 30 Analyst
3D Effects

i B0

Graphics

Customize. ..

iEW SaUrce

animation | ﬁ | E|
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Capturing Capturing views to make — Er=wrmmm—

. an animation e T

perspective —— )

: : 1. Navigate to the perspective e o
VIEWS In a scene you want to capture.
Use the Capture View command 2. Click the Capture View
to save perspective views as button.
keyframes in a camera track. 3. Repeat to capture more
The resulting track will be an views as keyframes in a
interpolation between the camera track.
keyframes, making a smooth
animation. For example, you can

create a track that rotates your
scene, zooming in and out to
points of interest along the way.

Tip

Is there a shortcut to
capturing views?

To capture a view to an animation,
press Ctrl+A instead of clicking the

etz iz Bt Clearing an animation
i i i . Animation = | Iﬁ | E
1. Click Animation and click _EM
Clear Animation. 8 oot

Tl iy o ey Dl All animation tracks are 7| Eeatis e ATTERET o,
animation track, see ‘Recording removed from the scene. 2 Camera Elyby from Path...
and playing back animation tracks’ 7 Move Layer along Path. ..
in this chapter. 2 Load Animation File. .

ﬁ Save Animation File. ..

X Export to Yideo,..

XY Animation Manager ...

ANIMATION 229



Recording navigation to

Recording and avig
create an animation

playing back
animation traCkS Controls button.

Simple recording and playback 2. Click the Record button.

are achieved using controls that 3. Navigate in the scene using
resemble a VCR. Press the any navigation tool.
Record button to record your .

4. Click the Stop button.

navigation and press the Play
A camera track is created,

button to play it back.
storing the navigation
sequence.

1. Click the Open Animation

Tip
Recording Fly tool
navigation

| B Bt o Soletion Tock et |
[DEEa i reY 2 B QAN |- AL aLAQAEOON R OM|

| Dttt = | L [rpmrins g 2] B | rmation ~ | &1 | BB 0

= p—y—
W 1 bobearise

You can make a flyby animation by
recording as you fly through your

scene with the Fly tool. Playlng back an

animation
Tip
Controlling playback and
recording options
Click Options on the Animation
Controls toolbar to access The animation is played
animation duration, segments of back.
animation to play back, looping
mode, and overwriting options.

1. Click the Open Animation
Controls button.

2. Press the Play button.
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Animation | ﬁ | EJ——o

Animation Controls EHE

Dptiong = |
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Creating
keyframes

Keyframes are the most
fundamental elements of an
animation. A series of keyframes
1s assembled into a track. Create
a keyframe to make a snapshot
of an object’s properties. Use
keyframes to make snapshots of
scene properties, camera
properties, or layer properties,
such as a scene’s background
color, a layer’s transparency, or
a camera’s location.

Tip

How can | edit keyframe
properties?

You can edit the properties of a
keyframe by using the Animation
Manager.

ANIMATION

Creating a keyframe of
scene properties

1. Right-click Scene layers and
click Scene Properties.

2. Set the scene property or
properties you want to
capture.

3. Turn on the Animation
toolbar, click Animation, and
click Create Keyframe.

4. Click the Type dropdown
arrow and choose Scene.

5. Click New to create a new
scene track.

6. Click OK.
7. Click Create.
8. Click Close.

You can repeatedly change a
property and create a new
keyframe without closing the
Create Animation Keyframe
dialog box. Note that you
need at least two keyframes
to create a track that will
show change.

* addoata..,
&3 Mew Group Layer

ﬁ Paste Layer(s)

Animation = | Iﬁ | E

) Clear Animation

e e L E =

@ Create

ﬂ Create Group Animation. ..

S5 e by bran Fath.

= IMowe Layer along Fath. ..

(= Load Animation Fils. ..

ﬁ Save Animation File. ..
X Export to Yideo. ..

Xt Animation Manager...

Create Animation Keyframe

(21
= [mport fiom Eockmiatk: >

_o Tiach Nome.

o I

Saurce obiect [Thescens =]
Destination track: Scene track 1 B
Keyfiame name: Scene keyframe 1

Active Properties... | Create | Close I

(7]

(8]
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Tip

How else can | create a
keyframe?

You can create keyframes from the
Keyframes page of the Animation
Manager dialog box. Click Create
to invoke the Create Animation
Keyframe dialog box. For more
information, see ‘Using the
Animation Manager .

Tip

Using bookmarks as
keyframes

If your scene has bookmarks, you
can import them to an animation as
keyframes by checking Import from
bookmarks and choosing a
bookmark in the dropdown list.
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Creating a keyframe of
camera properties

N o o &

Navigate to the camera
position you want to capture.

Click Animation and click
Create Keyframe.

Click the Type dropdown
arrow and choose Camera.

Click New.
Click OK.
Click Create.
Click Close.

You can change a camera
property by navigating to a
new position and then create
a new keyframe repeatedly
without closing the Create
Animation Keyframe dialog
box. Note that you need at
least two keyframes to create

a track that will show change.

| £t0 g gmction goon e et

[DEa@ P & @ +-®

R T Ta—

caeaauI@Nron

drwsstin = | En | 68

Animation = | Iﬁ | E

s Clear Animation

ﬂ Create Group Animnation. ..

) Gamera by from Path, .

= IMove Layer along Fath.. .

= Load Animation File. ..

ﬁ Save Animation File...
IX Export to Video. ..

XY Animation Manager. ..

Create Animation Keyframe [ 2] ]
Tope: [Caven _e Tick e o —

I gt fromm beshrark ¥
Camera of Main Yiewer =
Camera track 1 =

T e

Source object:

Destination track:

Eevframe name: Camera keyframe 1
ficive Propeties... | Ciege | Clse |

0 0
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Creating a keyframe of
layer properties

1.

ANIMATION

N oo g &

Change the layer property
that you want to capture.

For example, turn on the 3D
Effects toolbar and set a
transparency for a layer.

Click Animation and click
Create Keyframe.

Click the Type dropdown
arrow and choose Layer.

Click New.
Click OK.
Click Create.
Click Close.

You can repeatedly change a
property and create a new
keyframe without closing the
Create Animation Keyframe
dialog box. Note that you
need at least two keyframes
to create a track that will
show change.

Goefrects 5
3 | |
- EE HE e |

Anirnation * | Iﬁ | E

| Clear Animation

Create Keyframe. ..

o

ﬂ Create Group Animation. .

22 Gammera by bram Fab, .

= [Mawve Layer alang Fath .

(= Load Animation Fils. ..

ﬁ Save Animation File. ..
X Export to Yidea,..

A Animation Manager. ..

Create Animation Keyframe [ 7]
e m_e e R Lo —
e I | (o] S
Source abject: lﬁ e
Destination track: lm

CNew.. =

Kepframe name: Layer keplrame 1

Adlive Propaites . | Cieate |

Cose |

6]

7]
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Making group
animations

You can create an animation
from an existing group layer or

individual layers within a scene.

For example, you might have a
group layer in which individual
layers represent snapshots in
time. If these layers are ordered
sequentially in the TOC, you
can create tracks that succes-
sively turn visibility on and off
for each layer within the group.
The animation will depend on
the ordering in the TOC, so
arrange layers in the order that
you want them played. The
tracks will show how the data
changes through time.
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Making a group
animation

1.

Click the Add Data button to
add the layers or group layer
that you want to animate.

Click Animation and click
Create Group Animation.

Optionally, choose a Base
name for tracks.

You are provided with a
default name for the tracks,
but you can change it to
something more meaningful.

Optionally, set the beginning
and ending times.

Setting these times allows
you to determine when the
group animation will play
relative to other tracks that
may exist.

Select a group layer. You can
click a group layer or all the
layers in your scene.

Optionally, change
Transitions.

These options will help you
determine how layers in an
animation change from one
to another.

Optionally, uncheck Over-
write existing tracks with
same name to add additional
group animations.

Click OK.

x | i
Animation = | Iﬁ | E

il Clear Animation

=a

Efi Create Keyframe. ..

ﬂ Create Group Animakion...

o

sy, Gamera Bl from Eath.. .

= IMove Layer along Fath...

[= Load Animation File...
m Save Animation File. ..
IX Export to Video...

A Animation Manager, ..

Create Group Animation ﬂ E

Eaze name for racks:

Select a group layer:

Eegin time: ID.D

0__ Group Layer
End time: |1 .0

e Tranzitian:

Fading transition:

™ Blend Jayers when fading

™ Create looped animation

MHone All

J—

!

W Owenarite existing tracks with zame name

©0

ag. I Cancel

Using ARcGIS 3D ANALYST



Making
animations from
paths

You can create camera tracks
and layer tracks from paths. A
path 1s defined by a selected
line feature or graphic, and its
purpose is to constrain move-
ment along the selection. A
camera track is created by
moving the camera along the
selected path. A layer track is
made by moving a layer along a
path.

Use the Path destination
options for a camera flyby path
to modify the way the camera
(observer) travels. There are
three options for moving a
camera along a path: move both
the target and observer along
the path for a flyby, move the
observer along the path with
the current target to point the
camera at an area while it »

Tip

Modifying camera
properties

When selecting flyby mode as the
path destination, click Orientation
Settings in the Camera Flyby from
Path dialog box to modify the way
camera azimuth, inclination, and
roll properties are calculated from
the path.

ANIMATION

Making a camera flyby
from a path

1. Click a selection tool and
select the line feature or
graphic you want to use as a
path.

2. Click Animation and click
Camera Flyby from Path.

3. Optionally, check Apply in
reverse order.

The camera will begin at the
other end of the path.

4. Optionally, type a value in the
Vertical offset text box.

An offset defines the height
of the camera.

5. Optionally, slide the
simplification factor.

The simplification factor
determines how much the
path will be generalized for
the animation.

6. Optionally, choose a path
destination.

Change the path destination
to determine how the
observer and target are
positioned during the
animation.

7. Optionally, uncheck Over-
write last imported track.
Disabling this option will
allow you to add tracks to
previous ones.

8. Click Import.

=N O

Animation = | Iﬁ | E

“E Glear Animation

o

Cfl Create Kewframe...
ﬂ Create Group Animation, ..

Carnera Flyby From Path...

= Mowe Layer along Path. ..

& Load Animation File. ..

ﬁ Sy e Animatian File..
I Export boYides,,.

Xt Animation Manager. ..

Camera Flyby from Path 7]

A . o

) Selected line feature

= Apply in reverse order

— Wertical offzet I oo

Low High

Simplification factor '—JI

— Path destination
¥ Maove both observer and target along path [fly by)
= (" Move ohserver along path with current target

" Move target along path with curent oheerver

Orientation Settings. .. |

[ Owenwrite last imported track

Irnport Cancel

(8]
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moves along the path, or move
the target along the path with
the current observer to let the
camera follow a virtual point
along the path in the track. You
can then move a layer along
this path to have the camera
point toward the layer as it
moves.

Tip

Using advanced layer
orientation settings

Click Orientation Settings to modify
the way a layer s azimuth, inclina-
tion, and roll properties are
calculated from the path.
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Moving a layer along a
path

1. Click a selection tool and
select the line feature or
graphic you want to use as a
path.

2. Click Animation and click
Move Layer along Path.

3. Click the Layer dropdown
arrow and choose the layer
you want to move.

4. Optionally, check Apply in
reverse order.

This option will start the layer
moving from the opposite
end of the path.

5. Optionally, type a value in the
Vertical offset text box.

The vertical offset determines
the height of the layer.

6. Optionally, slide the
simplification factor.

The simplification factor
indicates how much the path
will be generalized when it is
used for the animation.

7. Optionally, uncheck Over-
write last imported track.

Disable this to allow addi-
tional layer tracks to be
imported without overwriting
existing ones.

8. Click Import.

X

0

Anirmation | Iﬁ | b

i Clear Animation

Effl Create Keyframe...

ﬂ Creake Group Animation. ..

2, Camera Flyby from Path, ..

ﬂ Move

(= Load Animation Fils, ..

Layer along Path...

m Save Animation File, ..
IX Export toWideo...

X Animation Manager. ..

Move Layer along Path

Layer:

— Path zource
& Selected line graphics

| Selected line feature

o——-l' Apply in reverse order

ertical offzet I oo
L
Simplification factor E—

High

|
L]

— Path destination
% Move layer along path

Orientation Settings... |
e———W Ovenarite last imported track

Import

Cancel

(8]
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Using the
Animation
Manager

The Animation Manager allows
you to access properties of
keyframes and tracks. In
addition, you can access timing
properties. You can manipulate
these properties and then see
the result using the Time View
preview.

Tip

Why change a track or
keyframe property?

Use the Animation Manager to
modify the properties of a keyframe
or track. For example, you can
change the camera target's
x-coordinate to move the target to a
more pleasing position. Options to
change properties are numerous,
allowing you to make your
animation look just as you intend.

Tip

Updating a keyframe

To fine-tune a scene or camera
keyframe in the Animation
Manager, select the keyframe you
want to change in the Keyframes
page, modify the property in the
scene, and click Update. The
keyframe will be updated to reflect
the change.

ANIMATION

Using the Animation
Manager to access
keyframe properties

1. Click Animation and click
Animation Manager.

2. Click the Keyframes tab.

3. Click the Keyframes of Type
dropdown arrow and choose
the type of keyframe you
want to examine.

4. Click the In Track dropdown

arrow and choose the
specific track you want to
access.

5. Click a Keyframe property to
change it.

Press Enter.
7. Click Close.

Animation = | ﬁ | E

| Clear Animation

Effl Create Keyframe. ..

ﬂ Create Group Anirmation. .

2, Camera Flyby From Path,..

= IMove Layer along Path..,

(= Load Animation File. .
m Save Animation File. ..
X Export ko Videa,..

bl Animation Manager...

e——mm- | Tiwcka | Time iew |

Fasframes of Trpe:  [Camena 2] InTwek  [view captue bach =
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0 0000 Camesa heyhion 3146110930 5 25
1 1 000 Carmna kopham nanen 24510 5 Updue I
2 0000  Comernheyiiom 4810830 ==,
1 0000 Cameis hehiam I4E1090 5 pese |
4 0000 Cameis heyhiam THEN0S0 & 5
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& 0000 Camess kapham nasingan Frt ‘_I
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Tip

Changing a track’s priority
If multiple camera or scene tracks
refer to the same object, they will
be played back according to their
priority. To change a track's
priority, select the track in the
Tracks page of the Animation
Manager and use the arrow up or
down buttons to move its ranking.
If multiple layer tracks refer to the
same layer, their transformations
will be combined.

Tip

What is binding?

Tracks are bound to objects. For
example, a camera track is bound
to a particular viewer, and it will
play in that viewer. To change the
object that the track is bound to,
click Binding.

Tip

Can | interact with an
animation track?

You can manually alter properties
of a track to allow you, for
example, to navigate during
animation. Select a track and click
Properties to see those that are
available for that track. Uncheck
the ones you want to control
manually.

238

Using the Animation
Manager to access track
properties

1. Click Animation and click
Animation Manager.

2. Click the Tracks tab.

3. Optionally, check View only
tracks of type, click on the
dropdown arrow, and select
the type you want to
examine.

4. Click a Track property to
change it.

Press Enter.
6. Click Close.

Animation = | Ei | E

| Clear Animation

Effl Create Keyframe...

ﬂ Creake Group Animation. .,

2, Camera Flyby From Path,..

= Move Layer along Path...

(= Load Animation File. ..
m Save Animation File, ..
IX Export to Videao,..

bl Animation Manager. ..

Karanras | Tiacka'| Tims View |

Vi arly hacka o e [Famesr 3| Crangeeoty. 3|
|| Home. Tipe Angched | Logp | BegnTme | EndTime

0 [ Tisck honpah Lagat ves [T 1.000

1 [ Vewowhsehack  Caes Ve Ha [, Jvom

o-k| [ [If
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Using the Animation
Manager to modify timing

Animation B

Timing properties P
g p p Animation = |ﬁ| E

In the Anlmatlon properties of tracks ] Clear Animation
Effl Create Keyframe. ..
Manager 1. Click Animation and click | et G AT
Use the Time View page of the Animation Manager. 2, Camera Flyby from Path...
Animation Manager to modlfy 2. Click the Time View tab. 2 Mave Layer along Path..,
shen Kyt o e 80K Optonaty, ko lus o B ik
- . & save Animation File. .
organize how tracks are Minus buttons to change the TF Export to e
synchronized with one another. time scale. nr.in-.ari.-.r.qar.a.r
When 1in the Time View page, Reducing the time scale -
the timing of all tracks is gives you a more detailed
normalized to one time unit, and view.
there is no indication of
duration. Use the duration 4. Optionally, check View
setting in the Animation Control enabled tracks only.
options dialog box to determine Using this option shows only Koanes | Tichs Tois Vi |
hi)w Yoz yroms ammiveitom walll the tracks that are currently il AL
piay. enabled. Disable a track in e
Wi raphae k|
the Tracks page.
Tip 5. Click and drag a green
Previewing an animation keyframe box in a track to P
In the Time View page, you can change the time when it will s
examine your animation by clicking be played. o
the display until a vertical red line )
appears and then dragging the line Mqvm_g a keyframe. toa late.r e
to preview the way your animation point in the traCI.( will make it
will play. be_played later in the
animation.
Tip Click and drag a keyframe at
the start or end of a track to
Why are my layer tracks determine when that track
colored differently? will play relative to others.
In the Time View page, group layer
tracks are color-coded to indicate 6. Click Close.

their visibility. Light green means
the layer is visible, red indicates
that the layer is invisible; and pale
yellow lets you know that the layer
1s semitransparent, or in
transitional visibility.
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Saving an
animation

An animation that is created in
a scene will be stored in the
scene when it’s saved. Anima-
tion tracks can also be saved
into an independent .asa file.
Another way to save an
animation 1s to export it to a
.avi file.
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Saving an animation in a
scene document

1. Click the Save button.

An existing scene document
will be appended with the
animation, or if none exists,
you will be prompted to
provide a name for a new
document that will contain
the animation.

= EH &S
T

Save As [ 7]
Savein | Exercise 5 =« 5 -
Fly data
image data
sutface data
Animation.ssxd
Final Animation_a.sxd
Fienams || Save |
Save as lype: |Am5cene Documents [~ skd] j Cancel
i

2|

Saving an animation by

exporting tracks to an

ArcScene Track file

1. Click Animation and click
Save Animation File.

2. Click the Save in dropdown

arrow and choose a location.

3. Inthe File name text box,
type the name you want to
give the animation file.

4. Click Save.

Animation = | ] | b

| Clear Animation

Efi Create Keyframe. ..

ﬂ Create Group Anirmation. .

2 Camera Flyby From Path. ..

= Maove Layer along Path...

[= Load Animation File. ..
E Save Animation File. ..

IX Export to Video. ..

X Animation Manager. ..

Save Animation File

Savein | " termp

Il & @&k Er

@] Camera Animation ass
[#]Layer Animation.asa

File name: Scene Animation|

=10

Save as lype |Ar:5cene Animation files [* aza) j Cancal

7
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Tip

Using advanced video
options

To access frame rate and video
quality properties, click Options on
the Scene lideo Export dialog box.

Tip

Preventing extraneous
windows from appearing in
video files

Make sure that when you export
your animation to a video file you
move other windows away so
nothing obscures the viewer that is
playing the animation. Otherwise,
they may appear in the exported

file.

ANIMATION

Exporting an animation
to a video file

1. Click Animation and click
Export to Video.

2. Click the Save in dropdown

arrow and choose a location.

3. In the File name text box,
type the name of the video
file you want to create.

4. Click Export.

A .avi file of the given name
is created in the specified
location.

Animation ¥ | ﬁ | E

[ Clear Animation

Effl Create Keyframe...

ﬂ Create Group Anirmation. ..

2, Camera Elyby from Path,..

= Move Layer along Path...

(= Load Animation Fils. ..

ﬁ Save Animation File, ..
o

X Animation Manager...

Scene Yideo Export

Save jn I A temp

Camera Animation avi
Layer Animation avi

File name.__[Scene Animatiord

e 41—

Sawe aslype: [ [ avi]

j Cancel

Options... |

%
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Sharing
animations:
Loading an
ArcScene
Animation file

You can load an ArcScene
Animation file into any scene.
However, when attempting to
load an animation into a new
scene, care must be taken to
ensure that the animation
applies to the scene. If an
animation track refers to an item
that doesn’t apply to the scene,
the track will not play. For
example, if you’ve created an
animation containing a track
that refers to a certain layer in a
scene, that layer must be
present in the new scene and
must be in the same location in
the TOC. Because a layer track
refers to a layer by noting its
ranking in the TOC, the track
may animate an incorrect layer
or may not be enabled to play if
the ranking in the new scene’s »

Tip
Identifying ArcScene
Animation files

ArcScene Track files are appended
with the .asa extension.
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Loading an ArcScene
Animation file

1. Click Animation and click
Load Animation File.

2. Browse to the ArcScene
Animation file you want to
load.

3. Click Open.

Animation | Ei | E

| Clear Animation

Effl Create Keyframe...

ﬂ Create Group Animation. .,

2, Camera Elyby From Path,..
= Maove Layer along Path...
H Load Animation File. ..
m Save Animation File, ..
II Export to Yideo...

3+ Animation Manager. ..

Load Animation File

Lok in: | (3 termp

File name:

Layer Animation, asa

Files of tope:  [(uc5cene nimation fes [+ asa]

2
=l - B3 E-
Dpen :I——e
j Cancel /ﬂ
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TOC 1s different. Also, if a track
refers to a viewer that doesn’t
exist in the new scene, that
track will not play. In addition, if
you’ve created a camera track in
a scene’s extent and want to
play it in a new scene, make
sure the extent of the new scene
is the same, or else your track
might move the camera in an
area where there 1s no data.

This 1s because a camera track
1s defined in part by a scene’s
extent.

Tip

Using animations stored in
a scene document

Load a scene document with
animation into ArcScene as you
would any other scene document.
Modify the name you give to
animated scene documents to let
others know that they contain
animation.

ANIMATION
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Glossary

3D feature

A representation of a real-world object in a map or scene with z-values stored within the feature’s
geometry. Features have geometry and may also have attributes stored in a feature table. PointZ,
PolylineZ, PolygonZ, and Multipatch feature classes and shapefiles may contain 3D features.

3D graphic
A graphic object in a map or scene with z-values stored in the graphic’s geometry. Graphics do not
have attributes.

altitude

1. The height, z-value, or vertical elevation of an object above, or below, a given reference datum—
for example, sea level.

2. The height above the horizon—measured in degrees—from which a light source illuminates a
surface; used when calculating a hillshade or for controlling the position of the light source in a
3D scene for on-the-fly shading.

animation

A collection of tracks in a scene that defines dynamic property changes related to associated
objects.

Animation Manager

The interface that allows you to edit the properties of keyframes, tracks, and timing of an animation.
It also allows you to preview an animation.

ArcScene

An ArcGIS application for combining and viewing features, surfaces, and graphics in 3D
perspective.

area

1. The planimetric area of a polygon feature or surface.

2. The surface area of a 3D surface or of the portion of a surface above or below a reference plane.
Surface is measured along the slope of a surface and is always greater than the 2D planimetric

extent of the surface. When compared to the planimetric area, surface area gives you an idea of
the surface roughness.
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aspect

The direction a slope faces. The aspect for a TIN face is the
steepest downslope direction of the face. The slope at a cell in a
raster is the steepest downslope direction of a plane defined by
the cell and its eight surrounding neighbors.

attribute

A piece of information describing a map feature. The attributes of
a census tract, for example, might include its area, population, and
average per capita income.

autocorrelation

The statistical relationship among the measured points, where the
correlation depends on the distance and/or direction that
separates the locations.

azimuth

A compass direction. In 3D Analyst and ArcGIS Spatial Analyst,
the direction from which a light source illuminates a surface is
called the azimuth.

background

1. You can set the color of the background of a scene to suggest
sky, empty space, or any color that suits your visualization
purpose. The default background color is white.

2. Some rasters, typically images, have border areas that are
outside of the area for which image data was collected. This
area is often assigned an arbitrary value—often black, or 255.
You can control the display of these parts of a raster by setting
the background color on the Symbology tab of the Layer
Properties dialog box. See also nodata.

base height

The height at which a surface, raster, or feature is drawn in a
scene. You can set the base height for features and rasters from a
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surface or by using a constant value or expression. Features with
z-values stored in their geometry can have their base height set
using the z-values. Setting the base heights from a surface is also
called draping.

bin

A classification of lags, where all lags that have similar distance
and direction are put into the same bin. Bins are commonly
formed by dividing the sample area into grid cells or sectors.

camera
An object that defines the perspective of a scene’s display.

Catalog tree

Contains a set of folder connections that provide access to
geographic data stored in folders on local disks or shared on the
network. It also includes folders that let you manage database
connections and coordinate systems. The Catalog tree provides a
hierarchical view of the geographic data in those folders.

categorical raster

A raster that represents the world with a set of values that have
been aggregated into classes. For example, a satellite image that
has been reclassified to extract a number of land cover types is a
categorical raster. Categorical rasters represent an area, but the
values do not form a continuous surface. See raster.

continuous raster

A raster that represents the world with a set of values that vary
continuously to form a surface. For example, a raster digital
elevation model and an interpolated chemical concentration
surface are continuous rasters.

contour

A line that connects points of equal value on a terrain surface (an
isoline).
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drape

To set the base height for features or a surface using a surface.
When you drape a layer over a raster surface, the resolution of
the base surface is automatically downsampled to increase
performance. You can change the resolution of the base surface if
the default is unsatisfactory.

drawing priority

The order in which layers that occupy the same x.y,z positions are
drawn in a scene. For example, if you have a road feature layer
and an orthophoto draped over the same terrain model, the roads
and raster may appear patchy or broken where they coincide. You
can reduce the drawing priority for the raster so it will appear
below the features. You can only change the drawing priority for
areal features and surfaces.

edge

The linear segments between nodes in a TIN surface. Edges store
information about the faces that they border. Linear features and
the perimeters of polygon features used to generate a TIN
become edges in the TIN.

extrusion

You can extrude 2D point, line, and area features in a scene into
vertical lines, planes, and solids. Use extrusion to show the depth
of well point features or the height of building footprint
polygons.

face

Triangles form the faces on a TIN surface. Each face on a TIN
surface is defined by three edges and three nodes and is adjacent
to one to three other faces on the surface. TIN faces are used to
calculate aspect and slope information and may have stored tag
values.

GLOSSARY

grid

A geographic representation of the world as an array of equally
sized square cells arranged in rows and columns. Each grid cell is
referenced by its geographic x,y location. See raster.

hillshade

The hypothetical illumination of a surface. A hillshade raster can
be calculated for a given surface, or hillshading can be applied on
the fly to surfaces and areal features in a scene.

IDW

Inverse Distance Weighted. An interpolation method where cell
values are estimated by averaging the values of sample data
points in the vicinity of each cell. The closer a point is to the
center of the cell being estimated, the more influence, or weight, it
has in the averaging process.

image

Represents geographic features by dividing the world into
discrete squares called cells. Examples include satellite and acrial
photographs, scanned documents, and building photographs.
See also raster.

interpolate

To predict values for a surface from a limited number of sample
data points.

keyframe

In an animation, a snapshot of an object’s properties at a certain
time.

kriging
A geostatistical interpolation method based on statistical models

that include autocorrelation—the statistical relationship among
the measured points. Kriging weights the surrounding measured
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values to derive a prediction for an unmeasured location. Weights
are based on the distance between the measured points, the
prediction location, and the overall spatial arrangement among
the measured points.

lag
The line, vector, that separates any two locations. A lag has
length, distance, and direction, orientation.

line of sight

A graphic line between two points on a surface that shows
whether or not the view along the line is obstructed.

natural neighbors

An interpolation method where cell values are estimated using
weighted values of the closest surrounding input data points,
determined by creating a triangulation of the input points.

navigate

To interactively change the perspective view of a scene by
moving the mouse.

nodata

Some rasters, typically grids, have empty cells within the area for
which data was collected. These cells are often assigned an
arbitrary value—often -9999, or nodata. Rasters with some nodata
cells are also created by some raster analysis tools. You can
control the display of these parts of a raster by setting the nodata
color on the Symbology tab of the Layer Properties dialog box.
See also background.

node

A location on a TIN surface at the intersection of two or more
edges. Nodes on a TIN surface store elevation (z) values and may
have tag values. Point features used to generate a TIN become
nodes in the TIN.
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nugget

A parameter of a covariance or semivariogram model that
represents independent error, measurement error, and/or
microscale variation at spatial scales that are too fine to detect.
The nugget effect is seen as a discontinuity at the origin of either
the covariance or semivariogram model.

observer
The position of the camera in a scene.

observer offset

The height of the observer point above a surface used when
calculating lines of sight and viewsheds.

offset

To change the z-value for a surface or features in a scene by a
constant amount or by using an expression. Offsets may be
applied to make features draw just above a surface.

orthographic view

Allows you to view the data in a scene as a 2D plane seen from
above. There is no perspective foreshortening in orthographic
view, so scale is constant across the entire display.

path

A single line feature or graphic that, when imported to an
animation track, determines the movement of a camera or layer.

perspective view

Allows you to view the data in a scene in 3D from a perspective
that you can control by navigating the scene or from a specified
position.
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profile graph
A graph of the height of a surface along a specified line.

range

A parameter of a variogram or semivariogram model that
represents a distance beyond which there is little or no
autocorrelation among variables.

raster

Represents any data source that uses a grid structure to store
geographic information. See grid and image.

raster resolution

The size of the cells in a raster. Only features larger than or equal
to the cell size can be discerned in a raster.

scene

A document used for interactive display and query of geographic
datain 3D.

semivariogram
The variogram divided by two.

sill

A parameter of a variogram or semivariogram model that
represents a value that the variogram tends to when distances get
very large. At large distances, variables become uncorrelated, so
the sill of the semivariogram is equal to the variance of the
random variable.

slope

Slope is the incline, or steepness, of a surface. The slope of a TIN
face is the steepest downbhill slope of a plane defined by the face.
The slope at a cell in a raster is the steepest downhill slope of a
plane defined by the cell and its eight surrounding neighbors.

GLOSSARY

Slope can be measured in degrees from horizontal (0-90) or
percent slope, which is the rise divided by the run, times 100. A
slope of 45 degrees equals 100 percent slope. As slope angle
approaches vertical (90 degrees), the percent slope approaches
infinity.

spline

An interpolation method in which cell values are estimated using
a mathematical function that minimizes overall surface curvature,
resulting in a smooth surface that passes exactly through the
input points.

steepest path

A line that follows the steepest downbhill direction on a surface.
Paths terminate at the surface perimeter or in surface concavities
or pits.

stretch

Applied to a raster to increase the visual contrast in brightness
between its cells.

surface

A set of continuous data, such as elevation or air temperature,
over an area or the boundary between two distinct materials or
processes.

target

The center point in a scene’s view at which the camera is aimed.

target offset

The height of a target point above a surface used when
calculating lines of sight and viewsheds.
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TIN

Triangulated irregular network. A data structure that represents a
continuous surface through a series of irregularly spaced points
with values that describe the surface at that point—for example,
an clevation. From these points, a network of linked triangles
forms the surface.

track

An ordered collection of like keyframes that, when played as an
animation, shows a dynamic transition between them.

triangle

Triangles form the faces on a TIN surface. Each triangle on a TIN
surface is defined by three edges and three nodes and is adjacent
to up to three other triangles on the surface. TIN triangles can be
used to derive aspect and slope information and may be
attributed with tag values.

variogram

A function of the distance and direction separating two locations
that is used to quantify autocorrelation. The variogram is defined
as the variance of the difference between two variables at two
locations. The variogram generally increases with distance and is
described by nugget, sill, and range parameters.

variography

The process of estimating the theoretical variogram. It begins
with exploratory data analysis, then computing the empirical
variogram, binning, fitting a variogram model, and using
diagnostics to assess the fitted model.

vertical exaggeration

The amount by which the z-values in the scene are multiplied in
order to enhance details in the shape of the surface. Scenes may
appear flat when the range of x and y values is much larger than
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the z-values—setting vertical exaggeration can compensate for
this by increasing relief.

viewer

An additional window that allows you to view the 3D data in a
scene from another angle. You can have multiple viewers in a
scene.

viewshed

The viewshed identifies the areas on a surface that can be seen
from one or more observation points or lines. This is useful for
applications in which the visibility of an object is important, such
as finding well-exposed places for communication towers or
hidden places for landfills or other facilities.

volume

The space—measured in cubic units—between a surface and a
plane at a specified elevation. Volume may be calculated above or
below the plane.

Z factor

The number of ground X,y units in one surface z unit. The input
surface values are multiplied by the specified Z factor to adjust
the output raster z units to another unit of measure.

z-value

A value represented on the z-axis in a three-dimensional x,y,z
coordinate system. The values of a terrain or chemical
concentration surface can be used as z-values when rendering
the surface in 3D. Numeric attributes of features, for example, the
number of floors in a building, can also be used as z-values.
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Index

Symbols

3D Analyst
ArcGIS extension 1
3D contour graphics
copy from map to scene 147
3D feature
class
creating 114
creating 169
by digitizing 171
defined 245
3D geometry
features with 179
3D graphic contour lines 147
3D graphics
addingtoascene 176
creating 114, 169
creating by digitizing over a surface 172
defined 245
pasting into ArcScene 176
using inArcScene 172
3D line feature
profiling 158
3D line graphic
addingtoascene 176
3D point graphic
addingtoascene 176
3D polygon feature limitation 171
3D polygon graphic
addingtoascene 176
3D properties
of layers 99
3D View preview
data appears flat 103
inArcCatalog 101
3D View toolbar
inArcCatalog 101
3D viewing properties
Base Heights tab 109
Extrusion tab 109
Rendering tab 109

A

Adding
3D graphics to a scene 176
a single band
of a multiband raster 122
aviewer to ascene 197
data from ArcCatalog 174
data from ArcMap 175
datainArcScene 174
depth in 2D 156
features to a TIN 93, 96
selected features to a TIN 96
Adjust Transparency tool
in ArcMap 135
Advanced parameters
in kriging 86
Altitude
defined 245
described 211
for scene illumination 210
in hillshading 154
setting for scene illumination 211
Analysis mask
and nodata 89
described 89
Analysis results
specitying location to save 88
Analyzing
surfaces 137
visibility 150
Animated rotation 204, 206
starting 207
Animation 245
Animation Manager 245
ArcCatalog
basics 100
extended by 3D Analyst 1
managing 3D data 99
opening a scene from 113
starting ArcScene from 113
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ArcMap B (o
adding data from 175

adding layers from 175 Background Calculate

copying 3D graphics from 176 defined 246 base height 179

displaying surfaces 115 setting color of in rasters 120 extrusion expression 182

extended by 3D Analyst 1 values in a raster 124 scene vertical exaggeration 205
ArcScene Background (raster) Calculate from Extent

3D viewing application 1 rendering 115 scene vertical exaggeration 205

defined 245 Background color Calculated value

displaying surfaces 115 changing for scene 208 adding to base height 189

introduction to 1 ofascene 174, 204 Calculating aspect 144

pasting 3D graphics to 176 setting the default 209 Camera 105, 246

simplified symbology of layers 175 Band colors Capturing perspective views in a scene 229
Area changing in a multiband raster 122 Capturing views to make an animation 229

defined 245 Barriers Categorical raster
Aspect in IDW interpolation 74 defined 246

calculating 144 described 81 discussed 119

defined 246 Base height Cell size

deriving from a surface 145 defined 246 for analysis results 92

described 140 examining for a layer 178 of base surface 186

drawing TIN faces by 126 not applied in ArcMap 175 Centering 105

quantifying the shape of a surface 140 of raster layer 185 shortcut 105

raster calculation 140 setting for a raster 116 Changing

renderinga TIN 115 setting for feature layers 178 band colors 122

TIN calculation 140 setting for raster layer 186 classes
Attribute table setting from a surface 181 in reclassitying data 162

seeing geometry typein 179 setting using a surface 111 illumination properties quickly 210
Attributes setting using an attribute 110, 179 input ranges to unique values

defined 246 Base resolution in reclassifying data 164

of features 177 of raster 185 the background color 208

selecting features by 219 Bin the band color assignments 121

setting base heights from 110, 177 defined 246 the classification of input ranges 164

storing z-values of features 177 Breaklines the interactive selection method 217
Autocorrelation hard 93 the light source 136

defined 246 input features for a TIN 93 the rotation speed 207
Azimuth soft 93 the scene extent 213

defined 246 use of 93 the scene illumination 210

described 210 Browsing the slope of a TIN surface 128

for scene illumination 210 data in ArcCatalog 100 the vertical exaggeration 205

in hillshading 154 Buildinga TIN 95 Classity

raster data 115
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Clearing an animation 229
Clip polygons

creating TINs with 94
Closing a viewer 197, 198
Color

background of scene 204

setting for background 124

setting for nodata 124
Color Ramp

for raster 120

setting for raster 118
Color Scheme

setting for raster 119
Complex data

rendering performance 190
Computing hillshade 154
Constant

adding to base height 189

extruding featurestoa 112
Contents tab

described 100
Continuous raster

defined 246

discussed 118

drawing using a color ramp 118
Contour

creating 3D graphics 147

creating a single contour 147

defined 246

described 141, 146

using inascene 146
Contour lines

addingtoascene 176

representing surfaces with 140
Contour tool

creating a single contour 141
Contrast

described 212

for scene illumination 210

stretching a raster 120
Controlling when a layer is rendered 190

INDEX

Converting
raster data to features 167
raster data to TIN data 97
raster data to vector data 166
TIN data to features 168
TIN data to raster data 98
TIN data to vector data 166
units for z-values 188
Z units to X,y units 188
z-values 188
Coordinate system
for analysis results 90
ofascene 215
predefined 216
Coordinates
setting scene extent using 214
Copy
3D graphic in ArcMap 176
scene to clipboard 221
Copying
graphics from ArcMap 176
Copying and pasting 3D graphics from
ArcMap 176
Creating
3D features 169
by digitizing over a surface 171
3D graphics 169
by digitizing over a surface 172
a 3D thumbnail 108
a hillshade raster 155
akeyframe 231
of camera properties 232
of layer properties 233
of scene properties 231
alayer 109
aline of sight 152
anewscene 174
a single contour 149
an animation 226, 228
TINs
described 93

Custom conversion
for z-values 188

D

Dashed lines
not applied in ArcScene 175
Data
adding from ArcCatalog 174
adding from ArcMap 175
adding toArcScene 174
rendering performance 190
Detault
location for temporary rasters 88
Default background color
setting 209
Detault color
of bands in multiband raster 123
Defining
the 3D properties of a raster layer 186
the z-values for a layer 178
Degree and percent slope 143
Degree slope 142
Degrees
measuring aspect 144
Deriving
a hillshade of a surface 155
aviewshed 153
aspect 145
contour lines 141
contours 148
features height from a surface 169
features height using an attribute 170
slope 143
Digitizing
creating 3D features 171
Discontinuous
rasters 185
Displaying
2D datain 3D 109
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Displaying (continued)
Map Tips
for features 139
for surfaces 138
TIN edges with the same symbol
TIN nodes
by tag value 132
with a single symbol 132
TIN nodes by Tag value 132
Drape
defined 247
Draping
2D features over a surface 178
araster on a surface 116
features
inscene 177
Drawing
TIN edges grouped with unique
symbol 134
TIN faces by aspect 126
TIN faces by elevation 125
TIN faces by slope 128
TIN faces by tag value 130
TIN nodes by elevation 132
Drawing priority
defined 247

E

Edge
defined 247
drawing with unique values 134
renderinga TIN 115
TIN component 71
Editing a 3D feature class 114
Effects toolbar
in ArcMap 135
Elevation
displaying TIN faces 125
Empirical semivariogram
fitting a model to 77
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Empty feature classes

creating 114
Empty shapefile

creating 114
Enhancing performance

rendering 190
Erase polygon

creating TINs with 94
Examining the base heights of a layer
Exponential

semivariogram model 77
Exporting

a graphic of a scene 221

a VRML model 222

an animation to a video file 241
Extent

changing fora scene 213

for analysis results 91

of scene 204

setting for a scene 213

setting using coordinates 214
Extruding features

inalayer 182

inscenes 177

using a constant 112

using an attribute 112

using an expression 112
Extrusion

applying in different ways 183

defined 247

described 112

expression

calculating 112, 182
loading 112
not applied in ArcMap 175

F

Face
defined 247

Feature
typical geometries of 177
Feature class
addingtoascene 174
creating 3D shapes 114
Feature data
described 177
using inascene 177
Feature data and 3D 177
Feature height
from an attribute 170
Feature layer
renderingin3D 178
Features
attributes of 177
deriving from rasters 166
deriving from TINs 166
displaying in 3D 177
lacking z-values 177
selecting by attributes 219
selecting by location 220
selecting in a scene 217
shape 177
File extensions
of coordinate systems 216
Fill polygons
creating TINs with 94
Finding out the coordinate system
forascene 215
Finding the steepest path 159
Fitting a model
empirical semivariogram 77
Fixed Search Radius 79
Flat surface
2D features initially rendered on
raster initially drawn on 186
rasters rendered as 178
Full extent 104
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G

Geography view

inArcCatalog 101
Geometry

of features 177
Graduated colors

used inArcScene 175
Graduated symbols

used inArcScene 175
Graphic

exporting a scene 221
Grid

defined 247
Grouping entries

in reclassitying data 163

H

Hard breaklines
described 93

Heights

offsetting in a layer 189
Hide

aviewer 198
Hillshade

adding depth to 2D maps 156

creating 155

creating araster 141

defined 247

described 140, 154

on the fly 141

surfaces 140
Histogram

when stretching raster 120
Hulls

described 94

in TIN creation 94

INDEX

Identify 138
Identitying
features 138
surfaces 138
IDW (Inverse Distance Weighted)
defined 247
described 73
details 74
Tllumination
ofascenec 174, 210
setting the altitude 211
setting the azimuth 210
settings for a scene 141
Tllumination contrast
setting 212
Tllumination properties
of'scene 204
Image
defined 247
draping over a surface 185
raster 185
setting base height from a surface
Input features
buildinga TIN 93
Input ranges
in reclassifying data 164
Interpolate
defined 247
line 171, 172
point 171, 172
polygon 171, 172
Interpolating using
IDW
fixed radius 82
variable radius 81
Natural Neighbors 87
spline
regularized 84
tension 83

Interpolation
assumption of 72
creating surface models 69
described 72
Kriging 85
Interpolation methods
available
described 73
available in 3D Analyst 69
Inverse Distance Weighted (IDW)
defined 247
described 73

details 74
K
Keyframe 247
Kriging

advanced parameters 86
defined 247

described 73

details 75

fixed radius 86
interpolation 85
methods 80

Ordinary 80, 85
Universal 80, 85
variable radius 85

L
Lag

defined 248
Lag size

in kriging 86
Landmarks

rendering simple layer during
navigation 190
LaunchArcScene 113



Layer
adding a constant to base height 189
adding from ArcMap 175
adding to ArcScene 174
creating in ArcCatalog 99
defining 3D properties of 186
defining z-values 178
examining base heights of 178
extruding featuresin 182
rendering only during navigation 191
rendering only when stopped 190
shading 136
symbology of 175
Line features
used to represent 177
Line of sight
addingto ascene 176
and color of line 150
creating in ArcMap 152
defined 248
described 150
pasting into a scene 150
Loading
anArcScene Animation file 242
remap table for reclassify 162
Location
selecting features by 220
Lookup codes
using tag values to store 130

M

Major range
in Kriging 86
Making
a camera flyby from a path 235
a group animation 234
a layer transparent 135
a prediction 78
animations from paths 235
group animations 234
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Managing

3D data with ArcCatalog 99

scene viewers 197

viewers 198
Map contours 146
Map Tips

displaying for features 139

displaying for surfaces 138
Mask

for analysis results 89
Mass points

input features for a TIN 93
Metadata tab

described 100
Minimum Count

in fixed radius IDW

described 82

Modeling shadows 155
Moving a layer along a path 236
Multiband raster

addingaband 122

as RGB composite 115

band color assignment 121

turning bands oft 122
Multilayer symbols

not applied in ArcScene 175
Multipatch

automatically rendered in 3D
Multiple viewer windows 196

N

Natural Neighbors
defined 248
described 73
interpolation

described 87

Navigate
defined 248

Navigating in 3D 103

178

Navigation
rendering a layer only during 191
rendering a layer only when stopped
rendering simple layer during 190
NoData
and analysis masks 89
defined 248
in reclassifying 165
reclassifying data 161
rendering 115
setting color in raster 120
unknown values in a raster 124
Node
defined 248
drawing TIN nodes elevation 132
renderinga TIN 115
TIN component 71
Nugget
defined 248
in Kriging 86
semivariogram 78
Number of columns
of base surface 186
Number of points
described 84
in spline interpolation 74
in tension spline 83
Number of rows
of base surface 186

(o)

Observer 105
defined 248
Observer offset
defined 248
described 152
Offset
defined 248
in deriving contours 148
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Offsetting the heights in a layer 189
Opening an existing scene from
ArcCatalog 113

Ordinary Kriging 80
Orthographic view

defined 248
Output cell size

for analysis results 92
Output extent

for analysis results 91
Overriding default cell size 92

P
Page Down

animated rotation 207
Page Up

animated rotation 207
Parameters

in Kriging 86
Partial sill

in Kriging 86

Paste Layer
intoArcScene 175
Pasting
3D graphic in ArcScene 176
graphics from ArcMap 176
Path 248
Percent slope 142
Performance
rasampling base surface 186
Performance enhancement
rendering 190
Perspective view
defined 248
Playing back an animation 230
Point features
used to represent 177
PointZ 103, 171, 177, 179
automatically rendered in 3D 178

INDEX

Polygon features
used to represent 177
Polygons
input features for a TIN 93
PolygonZ. 103, 171, 179
automatically rendered in 3D 178
PolylineZ 103, 171, 179
automatically rendered in 3D 178
Power
in IDW interpolation 74
described 81
Predefined
z-unit conversion 188
Preview tab
described 100
viewing 3D data in ArcCatalog 99
Previewing
data in ArcCatalog 100
Primary display field
shown in Map Tip 139
Printing a scene 223
PRI file (projection file) 216
Profile
use of 158
Profile graph
defined 249
Profiling a 3D line feature 158
Projection file (PRJ) 216
Properties
of scene apply to all viewers 204
setting 3D properties of layers 178
setting for a scene 204

R

Radius type
in IDW interpolation 74
Range
defined 249
semivariogram 78

Raster
categorical 119
cell size 70
continuous 118
converting to TIN 97
dataand 3D 185
defined 249
deriving contours 141
described 70
draping over a surface 116
drawing using color ramp 118
hillshade 155

image 70
initially rendered at O plane 178
layer

defining 3D properties of 186
setting base height 186
locational precision 70
setting base heights for 116
symbology 115
tab 123
thematic 70
unknown values 124
ways of displaying 117
Raster resolution 186
defined 199, 249
Reclassifying data
and Nodata 161
described 161
Recording and playing back animation
tracks 230
Recording navigation to create an
animation 230
Red-Green-Blue (RGB)
composite 121
Regularized
spline
described 84
spline interpolation method 75
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Rendering
a layer
only during navigation 191
only when navigation is stopped 190
controlling when a layer is shown 190
not applied in ArcMap 175
performance enhancement 190
tab 136, 190, 191
Replace polygons
creating TINs with 94
Replacing
NoData values 162
values based on new information 162
Resample
base surface for draping raster 186
Resolution
of base surface 186
Restore
aviewer 198
RGB (Red-Green-Blue)
composite 121
RGB composite
displaying multiband rasters 115
Rotation
animated 204, 206
speed
changing 207
of scene 206
starting 207
Runoft patterns
and steepest path 159

S

Saving
an animation 226, 240
by exporting tracks to an ArcScene 240
in a scene document 240
remap table for reclassify 162
setting a default location 88
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Scene
adding feature classes 174
background color 174
changing background color 208
coordinate system of 215
copy to clipboard 221
creating 174
default background color 209, 210, 211,
212, 213, 214, 216
defined 249
exporting as a graphic 221
exporting VRML 222
extent 204
changing 213
illumination 174
changing 210
illumination properties 204
managing viewers 197
opening from ArcCatalog 113
printing 223
properties
apply to all viewers 204
selecting featuresin = 217
setting properties of 204
vertical exaggeration 174
viewers
managing 197
Search Radius 79
fixed 79
variable 79
Search tool
finding data in ArcCatalog 102
Selecting
features
by their attributes 219
by their location 220
inascene 217
interactively 217, 218
the surface to supply z-values 172
Selection method
changing 217

Semivariogram 76
defined 249
nugget 78
range and sill 78
Semivariogram models
types of 77
Setting
alayer's base heights using a surface 181
a raster's base heights using a surface 186
an analysis mask 89
base heights using a surface 111
base heights using an attribute 110
layer properties 109
the background color 124, 208
the base height from an attribute 179
the coordinate system for analysis
results 90
the default background color 209
the default color band assignments 123
the extent to a layer 213
the extent using coordinates 214
the illumination altitude 211
the illumination azimuth 210
the illumination contrast 212
the NoData color 124
the output cell size 92
the output extent 91
the properties of a scene 204
the Snap extent 91
values to NoData 165
Shading 136
alayer 136
a raster surface in a scene 157
a raster with a hillshade 156
areasinascene 157
of raster 185
surfaces 115
TIN faces 136
Shape
of features 177

Using ARcGIS 3D ANALYST



Shapetile
creating 3D shapes 114
Sharing animations 227, 242
Show
aviewer 198
Sill
defined 249
semivariogram 78
Simple layer
rendering during navigation 190
Simple symbols
used inArcScene 175
Slope
calculating 142
defined 249
described 140
expressed as percentage 142
expressed in degrees 142
quantifying the shape of a surface 140
raster calculation 140
renderinga TIN 115
TIN calculation 140
Snap extent
setting 91
Snapshot
copy to clipboard 221
Soft breaklines
described 93
Spatial autocorrelation
discussed 76

Specitying a Z factor
in hillshading 155
Speed
changing for scene rotation 207
Spherical
semivariogram model 77
Spline

defined 249
described 73
details 74
Starting animated rotation 207

INDEX

Steepest path
addingtoascene 176
checking TIN integrity 159
defined 249
finding 159
Stretch
defined 249
described 120
raster data 115
type 120
Structural analysis
in Kriging 76
Surface
analyzing 137
area 1
defined 249
described 70
displaying 115
model
creating 69
described 70
raster 69
setting base heights of features 177
TIN 69
setting feature base heights from 181
using to set base heights 111
Surface-to-vector transformation
reclassify step 161
Symbolizing
TIN features 125
Symbology
of raster 185
simplified inArcScene 175

T

Table view
inArcCatalog 101
Tag value
described 130
displaying TIN faces 130

Taking a snapshot of a scene 221
Target 105
defined 249
Target oftset
defined 249
described 152
Temporary rasters
deletion of 88
Tension
spline interpolation method 75
Tension spline
described 83
The camera, the observer, and the
target 105, 226
Thematic raster 185
draping over a surface 185
drawing with unique values 119
Thumbnail
creating 3D thumbnails 99
Timing Properties in the Animation
Manager 239
TIN (triangulated irregular network)
adding features 93, 96
adding selected featuresto 96
automatically rendered in 3D 178
components of 71
creating 93
defined 250
deriving contours 141
described 70
displaying elevation 115
edges
drawing with unique symbols 134
face shading 136
faces
displaying by slope 128
displaying elevation 125
drawing by aspect 126
drawing by tag value 130
integrity
checking with steepest path 159



TIN (triangulated irregular network) (continued)

nodes
drawing by elevation 132
resolution 71
symbology 115
Track 250
Transparency
setting for hillshade 156
Transparent
making a layer 135
surfaces 115
Trend
described 73
Triangle
defined 250
TIN component 71
Triangulated irregular network (TIN)
adding features 93, 96
adding selected featuresto 96
automatically rendered in 3D 178
components of 71
creating 93
defined 250
deriving contours 141
described 70
displaying elevation 115
edges
drawing with unique symbols 134
face shading 136
faces
displaying by slope 128
displaying elevation 125
drawing by aspect 126
drawing by tag value 130
integrity
checking with steepest path 159
nodes
drawing by elevation 132
resolution 71
symbology 115
Triangulation
creating surface models 69
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Turning bands on and off 122
Turning on the Animation toolbar 228

U

Ungrouping entries
in reclassitying data 163
Unique values
drawing thematic rasters 119
raster data 115
Units
converting for z-values 188
Universal Kriging 80
Universal Transverse Mercator (UTM) 188
Unknown values
symbolizing in a raster 124
Using
3D graphics in ArcScene 172
animated rotation 206
built-in z-values of a layer 179
contours in a scene 146
hillshading
for display 154
in analysis 154
the Animation Manager 237
the Animation Manager to access keyframe
pro 237
the Animation Manager to access track
properties 238
the Animation Manager to modify timing
properties 239
UTM (Universal Transverse Mercator) 188

Vv

Variable radius
in IDW interpolation
described 81
Variable search radius 79
Variogram
defined 250

Variography 76
defined 250
Vertical accuracy
converting raster to TIN 97
Vertical exaggeration 204
applied to all layers in scene 205
changing 205
defined 250
ofascene 174

Viewer
adding 197
close 198

closing 197

defined 250

hide 198

managing 198

restore 198

show 198
Viewer Manager 198
Viewer windows

multiple 196
Viewing

a scene from different angles 196

a surface

to understand its shape 140

rasters in 3D 186

thumbnails 108
Viewshed

defined 250

deriving 153

described 150

input feature types 153
Visibility

analyzing 150
Visualizing

features in 3D 177

relationships 185
Volume 1

defined 250
VRML

exporting to 222
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w

Weight
for Regularized spline
described 84
in tension spline 83

YA

7 factor
converting TIN to raster 98
defined 250
in calculating slope 143
in deriving contours 148
in hillshading 155
Z-unit conversion factor
of raster 185

of TIN 128
Z-units
conversion

predefined 188

Converting to X,y units 188
Z-value

converting units of 188

custom conversion 188

defined 250

defining for alayer 178

defining for features 178

defining for raster 178, 186

described 70

of features

from surface 171

offsetting 189

setting from an attribute 179

stored in attributes 177

stored in geometry 177

using from feature geometry 179
Zooming

shortcut 106, 107

to a target 106

INDEX
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