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MOD-SIM Platform

e Meta-modeling

o« Workflow management for CGIT-
NECTAR

e Cloud

e Computing: HPC

e Data

o Integration points (python
notebooks, MATLAB, SAS, etc)

e Code management
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The Levels of Conceptual Interoperability Model: Applying Systems Engineering

Principles to M&S https://arxiv.org/ftp/arxiv/papers/0908/0908.0191.pdf



https://arxiv.org/ftp/arxiv/papers/0908/0908.0191.pdf

Figure I.1: Disasters (a'er.-.\;x.rrm! Cosrcept of Operations: Departinent of Homeland Security, USA
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virgIinia - Geospatial Information Science for £

TECH. Decision Making

GE@VINE

S NEWT.

Site Assesment Transfoming Vineyerd
and Forecasting

at your Fingertips.

Web-mapping Tool

= Guided data discovery 1 highlight data
sets melevant to you T

PlantShoe - hbility to view/ download maps, tables,

Botantical Detectives graphs for use in reports and grant writing

National Extension =
sion: =
1

Virginia Vincyards
Rivlogically Fllective Degree Days

Y T

Applied geospatial research programs engaging broad
communities of stakeholders with data, modeling and simulation,
and translational interfaces to support decision making.

Current Projects: Geovine.org, Geohops,

Challenges Virginia Broadband Mapping Initiative,
Complex variety of community needs and National Extension Web Mapping Tool
considerations for data, models and analytics, (NEWT), PlantShoe, VA Highway Safety

° user 'nterfaces'_ . . Office, VA Veterans, Renewable Energy

o Urban-Rural / Digital Divides Siting, NRV911, Hazard Mitigation /

o .00 Mmuch data, yet never enough data Resilience, United Way SWVA, Bike

® Blackboxes

NSF/Sloan Workshop NC State June 5&6 2018

>

Center for Geospatial Information Technology

Practice

® Spatial Data
Infrastructures
MaaS/Cloud/HPC
Research to Operations
Automation

Data fusion
Mod-Sim-Viz
Web/AR/VR
Translation and
Decision Making

Future

® Interdisciplinary Methods

® Synthesis and Integration

® Network Analysis

® Economic Development

® Community Resilience

® Knowledge Management
Systems

Peter Sforza sforza@vt.edu
www.cgit.vt.edu
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Innovation
Visualization
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Botantical Detectives
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http://www.plantshoe.org

Virginia Department of Motor Vehicles

Standardizing crash location attributes according to spatial
reference data for use across all jurisdictions and S
organizations. %

VGIN Road Centerlines

VDOT Linear Referencing Systerg,.
b e

-
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VGIN Address Locator Sefyice” s
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VDOT Ownership

Census Jurisdictions



Crash Statistics Reports

Avaifable Crash Data - Calendar Year
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Fatal Crashes
Saront Fyury Cradheas

A Imyury Crashes
ot s B
Virginia Beach City Alcolol Crash Statisties. Motereyte Craskes
Auatarie Cramn 00 - Caenoar Tesr it ] Fo Motoroysie Fatal Crashes
A Come - - T
o e - - L] FHiggheest Tame Pessoding
- - -
e . an — Hgpe s Daylai
it [ - - -y
it P s “ . ‘ Paghest Mamthis)
» "
s e o .u—.;lu- s e n-q:“r
et Gt by b b
T
Sgpont it -:;- : :: Higrest Tane Pencdis)
vt s Ty T C—— L 3 .
P P — Vgt - 3 S g - 2 S g 1 el
- -~ -
[r—— *;:'- Yt ‘-_': gt Momthis]
= e et Py i c -
" m "
gt - £ S - e Highaat Tuma Peasd(s)
an -
= = sighest Daris)
A -
_.'-h‘\"-q
Lty
A L
Fh - L ?
G .-.‘ - “"’.“# oy
S Xha _,..";‘~o:u AR
SRS eV
L TSy, S SR aCR
W S el . -
- L
RO SR D YT B
@ Matairrois Fasd lamisess Crmbes ® Masmcycis Pataé Nom-menisn Crmben
« Mmrrria Semrm S e s « Momrcy _!:_

e > 7
et o G o by 1" i 3% 7

e District 36 Distracted Driver Crash Statistics

ittt e st s 184
Commt Mgt T Posvinind g Ciapins et My S
' & S & Vg Wenny by e
P . Lot T o B " -
a A
-
- 8 W
Phrnary e
" P e b I o Ly - ’ '
o ——— E
-
LS Sd
L - -
P —
-
A S
rn —
-
o
=~
-
.i. : a
L4
N
. Catwstin Yuas 1) F o7 21 = L ¥ ¢
" W m N d‘
" " " " - 1
o1 var s o e v
i Fod T ronis. 3 1 ] -
Beaind 7 ol emimes tn Torel FY b Y e . ----—--F-:-;:
[——— E m @ m om
Mttt by Exasies b Bt Foo FE -~ ™




Automated Method for Crash Statistics Reports I v i i v et
Sample Alcohol Crash Statistics

Available Crash Data - Calendar Year 2013 2014 2015 2016”
ANl Crashes 280 240 an 212
Fatal Crashes 5 1 1 3
Serious Injury Crashes 7 14 10 9
All Injury Crashes 22 28 20 20
Alcohol-Related Crashes 18 ° 21 2
Alcohol-Related Fatal Crashes 1 2
Highest Time Period(s) ‘?mw(';-m:jgﬂﬂﬂ it . 3%%
. i Friday Alcohol-Related Alcohol-Related - Friday
Open-source python workflow: Honest e i - e
- May September
. Highest Month{s} (100%) (100%)
: Alcohol-Related Serious Injury Crashes 2 £
: Report Genera‘tlon B:00am - B:50am @-00am - 11:50am 8:00am - 11:58am
: Highest Time Period(s) 3:00pm- 5:58pm B-00am - 11:58am MNoon- 2:58pm MNoon- 2-58pm
Data : 157%) (100%) 5% (100%)
. : : Thursday Friday - Saturday Thursday Sunday - Monday
Processin g E 3 4 Highest Deyi=} o7%) (100%) 7%} {100%)
: SciPy matplotlib Gl May - June vy At December - Novembar
: PNG (6% (100%) 67%) (100%)
H Alcohol-Related Injury Crashes 7 8 12 8
- _ ) 3:00pm- 5:58pm 9-00am - 11:58am
: Kernel Density Render Plot |- T o — ) b
FileGDB : Highest Day(s) Th.rsd;:;]Fﬁdw Tm?;’;rmay Sunday p‘;l')uesday M;‘ns?y
: Highest Month(s} August January - February September Dt
. 143%) {100%) 67%) 75%)
: Generate PDE
. 2015 2016*
.‘.D....‘!'.I'.‘I. PDF
: 2
il :
ogr2ogr .
grzog : psycopg2
All Data :
: | PostGIS
. ———— e S = i . ] ——nemn - - 4 A
® Alcohoi-Redated Fatal Interstate Crashes & Aicohoi-Related Fatal Non-interstate Crashes

» Alcohdi-Relaled Senous injury Interetate Crashes o Akzohol-Reated Serous Injury Non-inferstate Crashes [Tech




Research and Analysis

Road Segment Oriented Crash Density Analysis

y . ; ; L
The Center for Geospatial Information Technology has been working with /
the Virginia Department of Motor Vehicles to process all police reported /-/
vehicle crashes within the Commonwealth of Virginia. //'.
Road segment dependent kernel density modeling allows detailed
visualizations of crash distributions based on road centerline segments. 3
i?\\ \\"_“r‘ % \
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__;'5_ | ? Non Road Specific Kernel Density mterst’a:e 395, Ar\lngu;n, VA
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Road Segment Specific Kernel Density Interstate 395, Arlingtan, VA

2011 Police Reported Crash Locations

@VirginiaTech 4

Invent the Future
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‘\ \‘

\
| Jurisdictional Level Kernel Density
J Arlington, VA
o

Newman J. “Road Segment-Oriented Crash Density Analysis”. ESRI Map Book, VVolume 29.

Redlands, CA: ESRI, June 14, 2014. 44. Print.



Crash Location and Surrounding Environment

New Approaches to Analyzing Vehicle Crash Trends in Virginia

Newman, Joseph; Sforza, Peter; Virginia Department of Motor Vehicles

The Center for Geospatial Information Technology at Virginia
Tech has developed a spatial database of all police reported
crash locations within the Commonwealth of Virginia, spanning
from 2011 to 2013. This extensive database allows researchers
to identify roadways with increased crash densities and
investigate potential factors through explanatory modeling.

Leveraging historical crash locations and a high resolution digital
surface model allows geospatial researchers to develop virtual
study areas that can model driver visibility. This method bridges
the gap between traditional crash analysis that focuses on the
distributions of specific instances and a naturalistic approach
that focuses on the environmental factors that impact driver
safety.

Downtown Richmond City
2011 - 2013 Located Police Reported
Crash Location Kernel Density
Road Center Line Mask, Narrow Search Radius

Ramp from N. Belvidere St. to Eastbound 1-64\Southbound 1-95, Richmond City
2011 - 2013 Located Police Reported Crash Location
Segment-Oriented Kernel Density

Richmond City
2011 - 2013 Located Police Reported
Crash Location Kernel Density
Road Center Line Mask

Curtver Winkiaty
[

Ramp from N. Belvidere St. to Eastbound 1-64'\Southbound |-95, Richmond City
2011 - 2013 Located Police Reported Crash Location
Driver Visibility Analysis

This analysis allows researchers to visualize the relationship
between increased crash densities and driver reaction time : &
according to driver visibility in merge/diverge intersections.

l(\ b Y o oas = — =& "
Gl @ VirginiaTech T T 2011 - 2013 Located Police Reported Crash Kernel Density

Invant the Future

Newman J. “New Approaches to Analyzing Vehicle Crash Trends in Virginia”. Virginia
GIS Conference, Richmond, VA. September 16, 2014. Conference Poster.



3D Analysis Capabilities

Crash Density Analysis Automated LiDAR Processing Building & Tree Form Extraction Driver Visibility Analysis



3D Analysis Capabilities

Crash Density Analysis Automated LiDAR Processing Building & Tree Form Extraction Driver Visibility Analysis



Hazard is an act of phenomenon that has
potential to produce harm or other undesirable
conscquences to a person or thing

Hozards i Wirginio

Risk Mitigation Planning

is the process of developing options and actions to
enhance opportunities and reduce threats to project
objectives

- Geospatial
Information

System

is a system designed to

capture, store, manipulate,

analvze, manage, and present
all types of geographical data

HAZARD MITIGATION PLANNING

Virgm Rk Comypus ALer brbony

Social  wvulnerability  refers to  the
socioeconomic  factors that affect the
resilience of communities. Mapping the
vulnerability helps with mitigation planning

Determination

of Planning Building
Area and Planning Team
Resources

Asset Inventory

Assets are the people, property, and activities in
a community. Assets mapping ecnables hazard
mitigation planning teams to understand what
can be affected by different hazard events

gy Do s Rt sty

Risk Assessment (HIRA)

220 gt Tt b e 4l g e et i B A

20 off s MPRSTip Rtk Ayt

Risk Assessment is the process of measuring
potential loss of life, personal injury. economic
injury, and property damage resulting from hazards

Risk Assessment is the process of measuring
potential loss  of life, personal injury, economic
injury, and property damage resulting from hazards

Hazard PI
Community Develop _Plan
Capability Ksnvfieation Mitigation Fian Adapticn Maintenance
Assessment Arsossiment Strategies ..4 and Update

Hazard Index Community Engagement

Assets are the people, property, and activities in a
community. Assets mapping enables hazard
mitigation planning teams to understand what can
be affected by different hazard events

Sharing the plan updates and assessments through a

web platform. Giving a narrative form to geographic
information impresscs it with realistic character that
just doesn't come across in charts or graphs

Vg Lk el Austard daetes 27 Nt Kebppeng (i mafre S0 7



Broadband Planning and Analysis Toolkit

http://www.cqit.vt.edu/broadband

Broadband Policy Database: Generates a report based on user-selected
location. The report highlights policies at multiple jurisdictional levels that may
affect broadband deployment at that location.

Apvancep PLANNING AND ANALYSIS BroapeanDp TooLsox
FoR VIRGINIA'S STATE BroADBAND INITIATIVE
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http://www.cgit.vt.edu/broadband

3D Virginia:
Statewide Broadband and RF Propagation S

" % v 0

Input Antenna
Parameters

Read Antenna

DSM/DTM v Pattern Files

Ray Tracing Intersection
with DSM/DTH

2
Pre=F + G+ G+ 20 bagy, [H]-H:‘“"

Friis Transmission
Equation (temporarny)

Yagi Antenna

Corner Antenna

Peter Sforza - Virginia Tech Center for Geospatial Information Technology



Human-Computer Interaction




W%l File Edit Assets GameObject Component Hard Surface Oculus Window

© b S WETGE

2/9/2015

a
b
c.
d.
e
f.

Dave Carroll — Instructor of Meteorology

Bill Carstensen — Professor of GIS

Drew Ellis — Professor of Meteorology

Kenyon Gladu — undergraduate student in Meteorology

Peter Sforza — Director of the Center for Geospatial Information Technology
Trevor White — Graduate student in Business Information Technology (but

presently transferring to Geography)

g.

Run Yu — PhD. student in Computer Science



3D Printing

847 | 7.29 | 3.62 | 4.35 | 2.82
5.99 | 10.0 | 7.40 | 5.65 | 2.09
4.80 | 8.47 | 3.890 | 271 | 0.90
5.65 | 6.33 | 3.16 | 4.46 | 0.00
4.80 | 3.80 | 3.79 | 3.05 | 2.49

Load the Data (geotif file)

128 @

Scale the Raster

Generate STL
(stereclithographyfile)



http://drive.google.com/file/d/1TFY-sYjTb__JYVmi3IUn7SAMwKeq_N-y/view

AR

3D print of the AT, from Daleville to Narrows

Overlay projection displaying data from web
services




3D Blacksburg
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Using Geographic Information Systems for Enhanced
Network Security Visualization

David Shelly*, Matthew Dunlop', Randy Marchany', and Peter Sforza*
Bradiey Department of Electrical and Computer Engineering
“Center for Geaspatial Information Technol
Virginia Polytechnic Institule and State umfg]{r,r
Blacksburg, VA 24061
{dashelly, dunlop, marchany, sforzaj@wt.edu

ABSTRACT to design a security visualization prototype tool that takes
advantage of global information systems (GIS) to help with
the rapid identification of security shortcomings in a network
and allows for better protection of critical network assets,
We base our design off of feedback from s broad group of
network and security professionals, We collect this feedback
through a survey to gather information regarding the current
security analysis methods in use and te identify any gaps in
analysis methods,
COhur paper is organized in the following manner. Section 2
eri slatiod] we i ¢ vi I ji o L

The sheer volume of information that floods a network makes
it difficult for network analvsts to identify and solate net-
work security threats. This difficulty is compounded by the
fact that the tools avallable to accomplish this task lack us-
ability amd are primarily text-based. Our goal is 1o design

a nelwork security visualization tool that leverages global
information system (GIS) technology. This tool will provide
enhancesd usability and meet the needs of the network secu-
rity community, In this paper, we present the results of a
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12/6/2019 Peter Sforza - VT Geographic Society
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@nsee YouTweet.com

Situational Awareness via
Video Analytics: incorporating
video metadata into 3D models

Integrating video footage with
geospatial data can enhance the
interpretation of information
contained in the video.

By calibrating video camera footage,

a mapping between video frame N
coordinates and real-world geospatial R AN
coordinates is established. Features Sl
tagged in the video footage can be

V'ewed on a map, and Vice-versa. . oot vT ARC and IBM Watson Exploratory
o Video Analytics Research Group

W VirginiaTech

fMi the Future
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R Reconstruction Web3D Geo-Visualization

DTM Satellite CHM Photograph Tree
Imagery Textures Meshes
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Terrain Terrain Tree Tree Tree 3D Tree
Meshes Textures Coordinates Species Parameters Models
| I [ | |

! v Python

3D Terrain Forestation
Scenarios
| ]
l X3DOM & HTMLS

Forest Geo-
Visualization Scenes
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Presenter
Presentation Notes
Besides, we researched the methods and framework of data fusion in web-based geo-visualization of 3D scene. The fusion of aerial imagery, GPS measurements, field photography, and LiDAR data derived products/parameters such as Digital Terrain Model, canopy height model, tree crown diameters, and tree heights allow us to reconstruct realistic 3D geovisualization of the study site. Levels of details technique is integrated to decrease the rendering computation costs while maintaining high fidelity.
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Haitao Wang, Xiaoyu Chen, Nicholas Polys, and Peter Sforza. A Web3D forest geo- Web|3 0’.:, cesum .
visualization and user interface evaluation. Web3D '17, 2017. Congum 9"3DTiles


Presenter
Presentation Notes
To expand the work on more detailed visualization and covering large geographical area. We are also exploring the use of 3D tiles service to stream web3D content, including trees, above ground man-made objects, point clouds, and vector data.  All 3D models in the web3d visualization will be delivered by live database queries from a Web3D WxS service or 3D tiles service.


Report Generation

3-D Soils
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Digital Terrain Model (DTM)



Digital Surface Model (DSM)
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Turbine and solar
panel models




Solar

Solar radiation models calculate global radiation (WH/m?) from direct, diffuse and duration components.
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Renewable Energy Facility Siting

http://arcqis-research.qgis.vt.edu/cgit/ref demo/

Sound propagation estimation for farm scale turbine



http://arcgis-research.gis.vt.edu/cgit/ref_demo/

VT CGIT model: Low-level calculation of shadow casting

Shadows are calculated using trig and
vector geometry to determine which mesh
triangles intersect the rays between the
sun and each raster cell.

Calculations done in Python using the
numpy library to handle arrays.

D N N
-

200x200 92 1.31s
200x200 276 3.21s
800x800 92 23.88 s

37.27N, 79.98W, Mar 18
800x800 276 65.92s Solar noon * 3 hours, 20-min steps
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Researchers use virtual reality, GIS data

Renewable Energy Facil

ty S

iting

to enhance trail management Line of sight from building footprints

By Robby Korth robbykorth@roanoke.com 331-1679  Apr 26,2019

Connar McBar

BLACKSBURG — A team of Virginia Tech researchers has transformed Torgersen Hal
on campus Into the Appalachian Trail.

Using augmented reality, GIS data and 3D printing, people who manage the
internationally known footpath can uttlize technology to fmprove its management,

researchers and stakeholders said during a workshop meeting at Tech this week. The

M € =

researchers and trall managers are especlally interested in protecting its majestic
views.

a Earlier this week, the Tech researchers from the Center for Geospatlal Information
https://www.roanoke.com/news/education/researchers-use-
virtual-reality-gis-data-to-enhance-trail-
management/article ac186080-f099-5bf9-b010-
db77daef89e8.html



Presenter
Presentation Notes
Line of sight from building footprint corners

https://www.roanoke.com/news/education/researchers-use-virtual-reality-gis-data-to-enhance-trail-management/article_ac186080-f099-5bf9-b010-db77daef89e8.html

Organizational
Network Analysis

Sforza, 2019




Q/Vhat next? Convergence Research

A psycho-geographic framework represents human-natural environment as external space (senses
Theo ry the physical world) and internal space (psychological and cognitive factors).

+ Pra Ctice More recently, unified theories developed by philosophers describing the production of space (i.e.
Lefebvre) further distinguishes mental space (logico-mathematical), social space (practico-
sensory), and physical space (matter-energy).

Physical Space (matter-energy)

Thoughts

Social Space
(practico-sensory)

__ .I.'I ,I -____r___d_..--""_ =
N o,
L =

Mental Space
(logico-
mathematical)

Lefebvre (1974) discusses a ‘unitary theory’ with the aim to discover tor construct a theoretical unity between ‘fields’ which are apprehended
separately.

Current efforts at VT CGIT to discover and develop methods for bridging between theory and practice through a unified theoretical
framework. Sforza, 2019


Presenter
Presentation Notes
Lefebvre (1974) discusses a ‘unitary theory’ with the aim to discover tor construct a theoretical unity between ‘fields’ which are apprehended separately.

A study in progress seeks to discover and develop methods for bridging between theory and practice through a unified theoretical framework.
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