Boise State University

ScholarWorks
College of Engineering Presentations 2015 Undergraduate Research and %c(:)hnc%learresnh(i:g
2015

Science-Driven Immersive Environments for Land Management
Simulations

Tim Wilder

Josh Johnston


https://scholarworks.boisestate.edu/
https://scholarworks.boisestate.edu/eng_15
https://scholarworks.boisestate.edu/2015_under_conf
https://scholarworks.boisestate.edu/2015_under_conf

Science-Driven Immersive Environments for Land Management Simulations

Abstract

Our research explores automated techniques for visualizing environmental processes and land
management decisions. The resulting 3D environment models provide a more realistic look and feel for
simulated outcomes than 2D or 2.5D GIS maps and extracted statistics. Automated model generation
reduces workflow complexity and increases fidelity by directly coupling science inputs with 3D output.

Urban and environmental scenes are generated within CityEngine utilizing GIS data from various sources.
Procedural modeling is applied to create realistic 3D views of alternative scenarios predicted by the
Envision integrated planning and environment assessment tool, as well as to visualize discrete events
such as fire and firebreak placement. Simulated environments also hold the potential for development of
virtual data-generation and collection tools, such as light detection and ranging (LIDAR) scanning.

The resulting 3D models can be explored on a computer, over the web, or in the form of interactive games
(utilizing Unity3D), which can further incorporate science results and management policy. The presented

tools have been developed to prototype level. Future work is envisioned to validate the 3D models against
the original science and measure the effectiveness for outreach, engagement, and public input collection.

This student presentation is available at ScholarWorks: https://scholarworks.boisestate.edu/eng_15/15
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This research explores automated techniques for visualizing environmental processes

and land-management decisions.

The resulting 3D environment models provide a

more realistic look and feel for simulated outcomes than 2D or 2.5D GIS maps and
extracted statistics. Automated model generation reduces workflow complexity and

increases fidelity by directly coupling science inputs with 3D output.

This project seeks to develop simple and accessible illustrative tools that will allow
users to directly observe and intuitively interact with simulations, computations, and
data flows; a common definition of visualization. Automation is a key performance
parameter to retain the scientific validity, testability, and repeatability of the

underlying growth models.

Model-based
Alternate Futures

Model-driven
Scene
Rules

GIS Data
e Zoning

3D Scenes
o Buildings

Urban Growth

o Land use/land cover « Vegetation

« Population Density « Road/streetscape

Models

» Parcel footprints

o Geophysical properties

Envision
Models

« Building density/heights

CGA Rule
Generator

CityEngine

Spatial Data

World Data
Existing Data

e Land use/land cover

GIS and Vector Data
.« DEM « Parcel footprints

« Road networks « Building, hardscape, and

| . Parcel footprints vegetation type/footprint

Repositories . Building textures . Building footprint

« Vegetation textures
« Hardscape textures

Texture

Libraries

Interactive
Environment

CityEngine

Web Viewer

Unity 3d

Qualcomm
Vuforia

Figure 1: Block diagram of visualization process. Data extracted from alternate futures and the current

state are converted to interactive visual models.

Research Procedures and Goals

The goal is to automate procedures to produce scenario-based visualization of both

environmentalllland urban-growth model-driven scenarios.

 Urban and environmental scenes are generated within CityEngine utilizing GIS data
from a variety of sources. Procedural modeling is applied to create realistic 3D
views of alternative scenarios predicted by the Envision integrated planning and

environmental assessment tool

* Visualize discrete events such as fire and firebreak placement, utilizing standard

GIS formats

 Simulated environments also hold the potential for development of virtual data-
generation and collection tools, such as light detection and ranging (lidar) scanning
* The resulting 3D models can be explored on a computer, over the web, or in the
form of interactive games, which can further incorporate scientific data or

management policy
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Figure 2: Sample urban development scene from CityEngine, utilizing GIS texture, parcel, and
Boise street map data.

CityEngine
Esri CityEngine improves urban planning, architecture, and design by utilizing
3D visualization power to see the relationships of projects, assess their
feasibility, and plan their implementation. CityEngine even allows you to
publish your 3D model online, where others can interact with it, understand
your urban plan, and participate in improving their community.

Unity 3d

Unity is a game development ecosystem: a powerful rendering engine fully
integrated with a complete set of intuitive tools and rapid workflows to create
interactive 3D and 2D content.!3!

File Edit Assets GameObject Component Window Help

= —— 7
[ | =8 Center QGIobalg‘;

=—————— == =

= © Inspector |

= Hie E

| create -| (@A ||| Texture s/ |RGB || 2D Gigmos~-| (oAl ¥ ™ [Motorbike1
Motorbi y Tag | Untagge d
aaaaa . Y | Prefab | Select

z . X
L o B 7~ Transform %,
Position X -91.98 | ¥[0.62 2-121.41
o Rotation X/0.726331) ¥ 359.665 2 359.9656
Leftfoot Scale X1 Y1 jz{1 j
> Playe

v A Rigidbody il
Mass 1200 ]
Drag O |
Angular Drag 110 |
Use Gravity 4
Is Kinematic [

Interpolate | Extrapolate &)
Collision Detection | Discrete +)
» Constraints

Script (& BikeControl e
» Bike Wheels
¥ Bike Lights
» Brake Lights
. S » Bike Sounds
¥ Bike Particles
B 73 Brake Particle Perfal WheelParticle(Brake)
N S—— shift Particle 1 | NitroL (Particle System)
Shift Particle 2 %' NitroR (Particle System)
ke Setting
Show Normal Gizmo [V
~ _| P Hit Ground

Maximize on Play | Stats | Gizmos Bike Steer | A Steer (Transform) R
Springs 7000 |
Dampers 10
Bike Power 50
Shift Power 1100
Brake Power sop0 -
Shift Centre X0 Y -0.6 Zo
Shift Speed X0 Y -05 Z-0.8
Max Steer Angle 30 7
Max Turn 15
Shift Down RPM 1500
shift Up RPM 4000 ]
Idle RPM 1700 ]
Stiffness 0.1 |
Automatic ™M
b Gears
v Bike GUI (Script) &
Script [ BikeGUI |o
Arrow | Arrow
Tacho Meter @Tachometer
|| Tachometer Skin [ETachometerGUI (GUISkin).
= | shift GUI \wNitro
Bar Shift GUI [WshiftGUI !
| » =] M Audio Source *,
[ Add Component ]

Figure 3: Sample CityEngine scene exported to Unity 3d with added player controller.!#!
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Figure 4. Sample CityEngine scene exported to Unity 3d and viewed through Oculus Rift headset.

Lidar

Ground-based light detection and ranging (lidar) is an approach to high-
resolution surface model generation. Below is output from a Unity module that
simulates a lidar system based on the LMS SICK 200. This example produces 180
scan lines at the rate of three scans per second. Further research is warranted
to determine the potential applications of this system.!®]
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Figure 5: Simulated ground-based LIDAR data collection output from Unity 3d
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