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Presenter Notes
Presentation Notes
This last module provides an introduction to 3D cartography. This is a complex topic that is still evolving, so our goal here is just to offer an introduction. 

https://commons.wikimedia.org/wiki/File:Earth_Western_Hemisphere_transparent_background.png#filelinks

3D Maps




“*Use perspective height to
represent a quantity

“* A thematic 3D map



Presenter Notes
Presentation Notes
Prism maps can use perspective height to represent a quantitative variable. Generally, this visualization is used for relative comparisons, as it is difficult to generate a legend to explain how heights map to quantities. Even given this limitation, the visualization can still be very powerful and effective to show relative differences in the mapped quantity between map features. 


“*Color for quantitative variable

“*Color for qualitative variable



Presenter Notes
Presentation Notes
Color can also be used to represent another quantitative variable or a qualitative variable. It is generally not necessary or recommended to use color and perspective height to represent the same variable, since this is redundant. One exception would be if you would like to make the quantities visualized clearer, as it is generally easier to create a meaningful legend for the color mapping in comparison to the perspective heights. 


+*Points =2 Lines

*Lines =2 Planes

“*Polygons = Volumes

S Y
LR
j ¥


Presenter Notes
Presentation Notes
When 2D objects are mapped to 3D, they gain a dimension. Points map to lines and are generally represented as cylinders where perspective height can represent a quantity. Lines become planes and areal features become volumes. 


e Make a Prism Map in ArcGIS Pro

“*Use Scene as opposed to Map _ o8
“*Make use of presets
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Presenter Notes
Presentation Notes
In order to generate a prism map in ArcGIS Pro, you will need to work within a 3D scene as opposed to a 3D map. Data can be read in using preset symbology, specifically thematic shapes. In order to display these thematic shapes using perspective heights mapped to a quantitative variable, the features can be extruded based on the attribute of interest. This process is designed to actually extrude to a height, so this is a bit of a repurposing. In order to rescale the heights, you may need to divide, multiply, or use an exponent or square root to rescale the data to an adequate range of heights. This generally requires some trial-and-error. 


“*Can create 3D maps that are more photorealistic than thematic


Presenter Notes
Presentation Notes
For the remainder of this module, we will explore more photorealistic 3D visualizations as opposed to thematic mapping with perspective heights. 


G 3D Software Tools

] e
“‘ Project Insert nalysis iew  Edit  imagery  Share
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“*Google SketchUp i o

“*Gaming Engines

https://data.sfgov.org/Geographic-Locations-and-Boundaries/Building-Footprints/ynuv-fyni 8



Presenter Notes
Presentation Notes
Different software tools are available for generating and/or viewing 3D data and maps including ArcGIS Pro, Google Earth, Google Earth Pro, and Google SketchUp. Gaming engines are also used, and the link between GIS and gaming engines is still evolving. 

https://data.sfgov.org/Geographic-Locations-and-Boundaries/Building-Footprints/ynuv-fyni

G Creating 3D Scenes in ArcGIS Pro

“*Convert 2D layers to 3D layers
“*Select base elevations

“* Apply extrusion

“*Change symbology
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Presenter Notes
Presentation Notes
In ArcGIS Pro, 3D scenes can be either local or global. A local scene is designed to generate larger scale 3D visualizations, allows data to be projected into local coordinate systems, and maps the data to a planar surface. 

In contrast, a global scene uses a digital globe and represents the curved surface of the Earth. You can convert 2D maps to 3D scenes and link the 2D and 3D versions. You can also select an elevation source to define the ground elevations. ESRI does have a default elevation surface built-in, but you can use your own. Different types of extrusion methods are available to generate 3D features, which we will describe below, and a variety of 2D and 3D symbologies are available. Lastly, you can also manipulate the lighting conditions. 


G Assigning Base Heights

“*Base heights from a DSM, DEM,,

Genera
Or a TIN Source v Data Source
Location C\Teaching\For_Students\Map_Projects\Exercise_9.gdb
Dataset wv_el
‘:‘ Can apply Vertical Units =~ Meters
Spatial Reference

“*Can specity primary source, if
multiple sources are provided

“*Can specity units

OK | | Cance

*Default is the ESRI World
Elevation web service
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Presenter Notes
Presentation Notes
By default, ArcGIS will use the ESRI World Elevation web service to define elevations at locations to model the terrain surface in 3D. However, you can define a different DEM or even multiple sources that are ranked for order of use. Terrain surfaces can be raster grids or vector-based TINs. You can also apply a vertical exaggeration to highlight the topography and specify the units of measurement. 


G Vertical Exaggeration

“*Sometimes elevation difference
must be exaggerated to be
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Presenter Notes
Presentation Notes
This slide provides an example of vertical terrain exaggeration, which make the topography more noticeable. The terrain has been exaggerated by a factor of 3 relative to the horizontal dimensions.

https://data.sfgov.org/Geographic-Locations-and-Boundaries/Building-Footprints/ynuv-fyni

G Making a 3D Object

Extrusion = Extending a flat
object to have a z-value

Block = a flat object that has
been extruded to transform it
into an object with a z-value

Oftset = when extruded
above the ground level
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Presenter Notes
Presentation Notes
2D features can be extrude to 3D features relative to a Z-value. For example, if the height of each building is included in the attribute table for building polygon features, this height information can be used to extrude the building to that specified height. Or, all buildings could just be extruded to the same height. 

An extruded object that was initially flat is called a block. 

You can also apply offsets for features that are not resting on the ground or are beneath the ground, such as tunnels or bridges. 


https://data.sfgov.org/Geographic-Locations-and-Boundaries/Building-Footprints/ynuv-fyni

G Types of Extrusion

Type

Description

None

Features are not extruded. This is the default.

Min Height

Add extrusion to each feature's minimum height. A z-value is calculated by adding the
extrusion height to the minimum z-value of each feature. They are extruded to a flat top at
that value. This option is not available for point features.

Max Height

Add extrusion to each feature's maximum height. A z-value is calculated by adding the
extrusion height to the maximum z-value of each feature. They are extruded to a flat top at
that value. This option is not available for point features.

Base Height

Add extrusion to each vertex of each feature's base height . A z-value is calculated for each
vertex of the feature's base and each feature is extruded to those z-values. In the case of
polygon features, top and base faces are created to connect to the extruded walls to
construct a closed shape.

Absolute

Each feature is extruded to the specified z-value as a flat top, regardless of the z-values of
each feature.

d-symbology.htm


Presenter Notes
Presentation Notes
This slide describes the different extrusion methods available in ArcGIS Pro. 

http://pro.arcgis.com/en/pro-app/help/mapping/layer-properties/extrude-features-to-3d-symbology.htm

G Layer 3D to Feature Class

“*Allows you to save a
2D layer that is being
displayed in 3D to a
true 3D layer

+*Points =2 Lines

+*Lines = Planes or
Areas

“*Polygons = Volumes

| Ervironmments

Input Feature Layer
Output Feature Class
Grouping Field

Disable Color and Texture

Layer 3D To Feature Class
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Presenter Notes
Presentation Notes
Once a 2D layer is displayed in 3D, you can convert it to a true 3D features as a feature class. 


G 3D Features in ArcGIS

“*Multipatch Feature = object that stores a
collection of patches to represent the
boundary of a 3D object as a single row
in a database.

+»Can edit in 3D environment

“*Can apply textures
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Presenter Notes
Presentation Notes
3D features in ArcGIS Pro are generally represented as 3D vector files. Specifically, multipatch features allow for a collection of patches to be associated to represent a 3D extent. These feature can be edited in 3D and textures can be applied to improve the visualization. 


Google SketchUp

“* A free version of SketchUp is available at:

“*You can also purchase a professional version with
advanced functionality

irds!
3DBASECEMP I P:ep peeps Y Trlds;
icket prices go up July st “ I‘

@Trimble.

Think in 3D. Draw in 3D.

Have some fun while you're at it

Get SketchUp

GET GOOD FAST CREATE 2D DOCUMENTS FIND 3D MODELS
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Presenter Notes
Presentation Notes
It is also possible to place 3D models within 3D scenes. These 3D models can be generated in 3D design software packages, like Google SketchUp. A multipatch feature can be replaced within a 3D model. 

http://www.sketchup.com/
https://3dwarehouse.sketchup.com/model/f6a3329def694b72164596d8946fe6d6/West-Virginia-State-Capitol
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Presenter Notes
Presentation Notes
3D warehouse serves as an archive for 3D features. Geospatial 3D features can be imported into 3D scenes. Make sure to cite models used in your scenes. 

https://3dwarehouse.sketchup.com/?hl=en

G Add 3D Models

s KML files can be added to a
scene

<*Can replace features with 3D

models (not compatible with
KML)

https://3dwarehouse.sketchup.com/model/eecboe633525673aaeac66d235
62cbc1/WVU-Coliseum 18



Presenter Notes
Presentation Notes
Models stored in KML format can be added to a scene. However, other formats will need to be used to replace a multipatch feature with a 3D model. 

https://3dwarehouse.sketchup.com/model/eecb0e633525673aaeac66d23562cbc1/WVU-Coliseum

G Models from StM

**Drone-based Structure from
Motion data can also be used to
make 3D scenes and 3D objects
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Presenter Notes
Presentation Notes
Drones allow for the collection of multiple, overlapping images that can be combined using Structure from Motion (SfM) to generate digital surface models (DSMs), point clouds, and 3D scenes. 

The example here was generated by Rachael Taylor and represents Pricketts Fort near Fairmont, West Virginia. 


G 3D Symbology

s Use

Type
Height

Crown Width

Unit

or 3D symbols

Realistic Trees : trees

WET][E
height

Proportiona

Meters

G

Realistic Trees  Thernatic Trees

Realistic
Buildings
Ground lcon Points Thematic
Shapes
.-E
Subtype Group
Layer

l\
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Presenter Notes
Presentation Notes
ArcGIS provides additional 3D symbol options. For example, point features representing trees could be replaced with realistic or thematic tree models. A height field can be used to specify the height of the 3D representation. 


G 3D Symbology

“*Use 3D symbology
“*Can be applied to 2D features o~
<*Can specify height

i
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Presenter Notes
Presentation Notes
2D features can be symbolized in 3D once extruded. These features can also be textured for effect. 


e 3D Symbology

®© Format Polygon Symbaol -E "’Use 3D S mbOIO
Gallery | - y : y gy

8/ “*Make use of procedural symbols from
v LR Procedural fill - CitYEngine

International Building Rule...

- . °
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° °
E ; a | ¥
FloorHeightGround 5 - |
o e A ¥
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TotalHeight 15 [ .
| X
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Display field R
Metadata = —
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Source
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Denky Draw quality and performance SpHEEH{EmEEC I
Cache e
| Optimize performance by compressing textures v ArcGIS 2D
Definiti )
S AE) Optimize performance of partially transparent symbols
T
me Draw symbols with full alpha blending
Range Building Building Building
Indexes Footprint
Joins v Procedural Symbols

Page Query

Relates
-~

iternatio... | Extruded
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Presenter Notes
Presentation Notes
In order to have a greater control of 3D symbology and texturing, or to generate your own symbols and/or textures in the ArcGIS environment, you will need to make use of the City Engine software tool. Some of these City Engine-based symbologizes are natively available in ArcGIS Pro. In the example on the right, I am applying a provided office symbology to a building.


“* A powertul rule-

based

designed
for quickly
modeling 3D cities

By ESRI

Esri CityEngine Basic

Products « ArcGIS Marketplace Help ¥ cart

Esri CityEngine

is license. Maintenance includes technical

Esri CityEngine Advanced
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Presenter Notes
Presentation Notes
This slide provides a link to the CityEngine software. 

https://www.esri.com/en-us/store/city-engine

G Dealing with Scale Issues

“*May need to alter units if

Genera

1 d . ff t Source v Data Source Set Data Source...
S Ca e S are 1 eren Location CA\Teaching\For_Students\Map_Projects\Exercise_9.gdb
Dataset wv_el

0:0 Example: feet VS. meters Vertical Units ~ Meters

» Spatial Reference

Expression

.height*®

04 ‘ ‘ Cance
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Presenter Notes
Presentation Notes
It is important to consider any potential issues with scale, such as the desire to exaggerate the vertical dimension or the need to convert between feet and meters. If 3D models or geospatial data layers do not draw at the correct location and/or scale, there may be an issue with the defined coordinate reference information. 


G Face Culling

_______ 4 “*Control face visibility

Face Lighting
Culling = -

Mone

Turn off culling so you view both sides.

Back

Turn on back face culling, eliminating 8
those objects that face away from you.
Use this to see through the back of
objects.

Front

Turn on front face culling, eliminating
those objects that face toward you.
Use this to see through the front of
objects.

| Built-In
Turn on feature's built-in face culling.

Only available for multipatch features
in the 3D Layers category of a scene.

25



Presenter Notes
Presentation Notes
Facing culling allows you to specific what 3D faces are visible based on perspective. Culling can be used to see through the front or back of buildings. 


Lighting and Shadow

4

4

®

“*Can control modeling of
shadows

“*Can set Sun position

General Shadow
Extent
Display shadows in 3D

Metadata
Coordinate Systems lllumination
Transformation Azimuth  |315.00
Hllumination

Altitude  |90.00
Labels

Contrast | 75.00

Restore Default

e

-ace  Lighting

lling = -
One-Sided Lighting Using Data Normals
Lights one side of each face using data normals.

One-Sided Lighting Using Reset Normals

Lights one side of each face using recalculated normals.

" Two-Sided Lighting Using Data Normals
Lights both sides of each face using data normals. 1551

; Two-Sided Lighting Using Reset Normals

¥ Lights both sides of each face using recalculated normals.

" Two-Sided Lighting from Winding Order Using Data Normals

Lights both sides of each face using data normals, and the winding
order for the ‘out’ direction.

; Two-Sided Lighting from Winding Order Using Reset Normals
v Lights both sides of each face using recalculated normals, and the
\r winding order for the ‘out’ direction.
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Presenter Notes
Presentation Notes
You can also modify the modeling of lighting and shadows. For example, you can set a Sun position. You can also specify multiple lighting sources. 


“*Can change layer
symbology and visibility
based on scale

Project

g:r‘ In Beyond

¥ out Beyond

Map

Insert

=MNone:=

=MNone=

An:

General
Metadata
Source
Elevation
Selection
Display
Cache
Definition Query
Time
Range
Indexes
Joins
Relates

Page Query

MName

house_Layer3DToFeatureClass1

Visibility range

Do not show layer when zoomed

In beyond {minimum distance)
<MNone=

Out beyond (maximum distance)

<MNone =

Layer should be refreshed pericdically

1

OK

‘ | Cance
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Presenter Notes
Presentation Notes
Similar to 2D maps, you can also change layer visibility and/or symbology with scale. For example, you may want to show detailed buildings only when zoomed in.


’ Creating Video Fly-Through in ArcGIS Pro

3D model from:
https://3dwarehouse.sketchup.com/model/eecboe633525673aaeac66d2356
2cbe1/WVU-Coliseum -



Presenter Notes
Presentation Notes
ArcGIS Pro also allows for the creation of video-based fly-throughs within 3D environments. 

https://3dwarehouse.sketchup.com/model/eecb0e633525673aaeac66d23562cbc1/WVU-Coliseum

G Creating Video Fly-Through in ArcGIS Pro

“*Add keyframes to control motion
“*Set speed between keyframes

“*Create keyframes from bookmarks

< Add titles, text, images,
watermarks, copyrights, logos, etc.

+*Render movie to video files



Presenter Notes
Presentation Notes
To generate a video fly-through, you will need to position the camera and define its motion. Keyframes are used to define camera positions. The software can then move the camera between keyframes at defined speeds. You can also add text, images, watermarks, copyrights, and logos. The video can be rendered to a video file format at different qualities, resolutions, and frame rates. You can perform additional editing and manipulation in video editing software. Unfortunately, rendering speeds are currently very slow and there are some computer graphics requirements. Hopefully, this will improve in the future. 


G Scenes on the Web

++»Can share scene as a web scene

Scene

Content

“*Need valid ArcGIS Online account with publishing
privileges

Summary <*Will be published to your ArcGIS Online content

Item Details

“*Data will be published as hosted feature layers
“*Additional editing can be performed in ArcGIS

Location Online
Folder
maxwell_geosaptial (root) * | ‘:‘ AppS Can be generated
Share with
cenone “*Recommend that all layers use WGS584 or Web
G\:z::'wfuma University Mercator
Finish Sharing

Analyze ‘ ‘ Share ‘ ‘ =l Jobs 30



Presenter Notes
Presentation Notes
A good way to share your 3D visualization is as web scenes. ArcGIS Pro allows you to publish directly to your ArcGIS Online account. Data layers will be published as hosted feature layers, and you can perform additional editing in ArcGIS Online. Once a scene is produced, it can be used within web apps. 


e Scenes on the Web

“*Can edit symbology of points
< Editing polygons is limited

“*Can change visibility scales

“*Can add additional layers " AR

“*Should edit pop-ups in o o
ArcGIS Pro
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Presenter Notes
Presentation Notes
Working with 3D scenes and data is evolving. At the time of this writing, ArcGIS Online provides many options for 3D symbology of points. However, options for polygons is much more limited. It does allow for changing visibility scales. 


“*Need access to stereo viewing

X
o

A\
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Presenter Notes
Presentation Notes
Viewing data or maps in 3D requires some access to 3D viewing technology. 3D projection systems make use of polarized light and two images. 

We can see in 3D because we have two eyes that view the landscape from two different vantage points. This provides us with a sensation of depth due to stereo parallax. We can mimic this using 2 projectors that produce 2 different vantage points of the same scene. 

We can isolate each image so that it is viewed by only one of your eyes using polarization. 3D glasses contain polarizing filters. Only light with the correct polarization will pass through. 

The image being projected by each projector will be polarized using a filter. So, each of your eyes will only see the image generated from 1 of the 2 projectors. This give your brain a false sense of depth or 3D. 


https://commons.wikimedia.org/wiki/File:Wire-grid-polarizer.svg

G Stereo Projection

“* ArcGIS Pro allows for stereo

o o ° ° Units Antialiasing mode Fast -
viewing with required - :
Text antialiasing mode Force v
Application
Stereoscopic mode Off &
hardware
Map and Scene Rendering quality
Navigation Low (speed) High (quality)
Selection . )
Rendering engine
Editing
Geoprocessing ® DirectX
Raster and Imagery OpenGL
CAD | Enable vertical synchronization
Beelay Enable hardware antialiasing
Layout
Metadata Local cache
Indexing C\Users\amaxwelb\AppData\Local\ESRI\Local Caches =

Location Referencing Clear cache (current cache size 3.05 GB)

Proofing

Language
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Presenter Notes
Presentation Notes
If you have access to the required hardware, ArcGIS Pro allows for stereo viewing. 
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Presenter Notes
Presentation Notes
In the Geology and Geography Department, we have the ability to produce 3D visualizations in our CAVE. This allows for an immersive 3D environment in which to view data and work with maps. 



’ Virtual Reality Goggles

https://commons.wikimedia.org/wiki/File:Oculus Rift  https://commons.wikimedia.org/wiki/File:Oculus Rift
Crescent Bay Prototype (16383004719).Jpg Crescent Bay Prototype (16568187562).jpg
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Presenter Notes
Presentation Notes
Virtual reality (VR) goggles have made it even easier and cheaper to view data, maps, and scenes in 3D. 


https://commons.wikimedia.org/wiki/File:Oculus_Rift_Crescent_Bay_Prototype_(16383004719).jpg
https://commons.wikimedia.org/wiki/File:Oculus_Rift_Crescent_Bay_Prototype_(16568187562).jpg

Please return to the West Virginia View
Webpage for additional content.



Presenter Notes
Presentation Notes
Thanks! Hope you found this useful. 
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