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MOD-SIM Platform
● Meta-modeling
● Workflow management for CGIT-

NECTAR
● Cloud
● Computing: HPC
● Data
● Integration points (python 

notebooks, MATLAB, SAS, etc)
● Code management

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




Geospatial Information Science for 
Decision Making

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

Challenges• Complex variety of community needs and 
considerations for data, models and analytics, 
user interfaces. • Urban-Rural / Digital Divides• Too much data, yet never enough data• Sustainable org/cyberinfrastructure• Blackboxes

Future• Interdisciplinary Methods• Synthesis and Integration• Network Analysis• Economic Development• Community Resilience• Knowledge Management 
Systems

Practice• Spatial Data 
Infrastructures• MaaS/Cloud/HPC• Research to Operations• Automation• Data fusion • Mod-Sim-Viz• Web/AR/VR• Translation and 
Decision Making

Peter Sforza sforza@vt.edu
www.cgit.vt.eduNSF/Sloan Workshop NC State June 5&6 2018

Current Projects:  Geovine.org, Geohops, 
Virginia Broadband Mapping Initiative, 
National Extension Web Mapping Tool 
(NEWT), PlantShoe, VA Highway Safety 
Office, VA Veterans, Renewable Energy 
Siting, NRV911, Hazard Mitigation / 
Resilience, United Way SWVA, Bike 
Sensors for Air Quality, SmartFarm

mailto:sforza@vt.edu
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Innovation
Visualization

NexRad

CGIT HPC 
Tools

HPC

Python

-NexRad processing
-Terrain, Imagery, GIS processing
-Unity Scenegraph construction

In-place 
compute

Job Status

Data ETL
qsub Execution
Reconciliation

Queue

Completed 
Data

Geodata

Data ProcessingData ProcessingSoftware Libraries

ICAT 
Cube

User 
Input

Unity 
Assets

Unity Scene

Data Repository

www.plantshoe.org

http://www.plantshoe.org


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

VGIN Road Centerlines

Census Jurisdictions

VDOT Ownership

VDOT Linear Referencing System

National Highway System

Urban Classifications

VGIN Address Locator Service

Virginia Department of Motor Vehicles 



Crash Statistics Reports



Automated Method for Crash Statistics Reports

Open-source python workflow:



Research and Analysis

Newman J. “Road Segment-Oriented Crash Density Analysis”. ESRI Map Book, Volume 29.
Redlands, CA: ESRI, June 14, 2014. 44. Print.



Crash Location and Surrounding Environment

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



3D Analysis Capabilities

Automated LiDAR Processing Building & Tree Form ExtractionCrash Density Analysis Driver Visibility Analysis



3D Analysis Capabilities

Automated LiDAR Processing Building & Tree Form ExtractionCrash Density Analysis Driver Visibility Analysis





Broadband Planning and Analysis Toolkit
http://www.cgit.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.  

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


Corner Antenna Yagi Antenna

3D Virginia: 
Statewide Broadband and RF Propagation

Peter Sforza - Virginia Tech Center for Geospatial Information Technology



Human-Computer Interaction



2/9/2015 21

a. Dave Carroll – Instructor of Meteorology 
b. Bill Carstensen – Professor of GIS
c. Drew Ellis – Professor of Meteorology
d. Kenyon Gladu – undergraduate student in Meteorology
e. Peter Sforza – Director of the Center for Geospatial Information Technology
f. Trevor White – Graduate student in Business Information Technology (but 
presently transferring to Geography)
g. Run Yu – PhD. student in Computer Science

Virginia Tech ICAT
Scientific Visualization
Moore, OK Tornado



3D Printing

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



12/6/2019 Peter Sforza - VT Geographic Society 25



http://www.3dblacksburg.
org/

12/6/2019 Peter Sforza - VT Geographic Society 26

http://www.3dblacksburg.org/








Reconstruction Web3D Geo-Visualization

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.



Haitao Wang, Xiaoyu Chen, Nicholas Polys, and Peter Sforza. A Web3D forest geo-
visualization and user interface evaluation. Web3D ’17, 2017.

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.



3-D Soils

Weaver Soils (517113)
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3D Site Model



CGIT SmartFarm project https://cgit04.cc.vt.edu:2003/map/

https://cgit04.cc.vt.edu:2003/map/
















Turbine and solar 
panel models 



Solar 
Solar radiation models calculate global radiation (WH/m2) from direct, diffuse and duration components.



74000 WH/m2/yr

49000 WH/m2/yr

12000 WH/m2/yr

Global Solar Radiation at CSC



212 hrs

172 hrs

65 hrs



Renewable Energy Facility Siting
http://arcgis-research.gis.vt.edu/cgit/ref_demo/

Sound propagation estimation for farm scale turbine

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


Cells Triangles Time

200x200 92 1.31 s

200x200 276 3.21 s

800x800 92 23.88 s

800x800 276 65.92 s
37.27N, 79.98W, Mar 18
Solar noon ± 3 hours, 20-min steps

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.

VT CGIT model: Low-level calculation of shadow casting



Renewable Energy Facility Siting
Line of sight from building footprints

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



Physical Space (matter-energy)

Social Space        
(practico-sensory)

Theory
+ Practice 

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

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).

Mental Space
(logico-
mathematical)

Sforza, 2019

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.

What next?  Convergence Research

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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