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Next Generation 
Spatial Data Infrastructures 

• 3D Blacksburg was created to harmonize the various users and 
producers of 3d city models. 

• VT CGIT is engaged in several applied domains for local to global SDI 
research 
– Campus CAD-GIS-BIM 
– TOB WiFi design and optimization 
– Regional 911 
– VA DSM, Parcel, RRCL 
– VA / National Broadband Mapping 
– VA Dept of Motor Vehicle crash records 
– VA Dept of Emergency Management 
– Eastern US Site Assessment 
– Global Agroclimate 
– International Charter for Space and Major Disasters 



Research Infrastructure 

Peter Sforza, Director 
sforza@vt.edu 



Research Examples 

Local 

Global 

NG-911 

FirstNet 



New Statewide Digital 
Surface Model (DSM) 

for Virginia from LiDAR and Photogrammetry 

 
• Proposed by VT-CGIT and VGIN to support development of 3D Spatial Data Infrastructure and the 

Advanced Broadband Analysis and Planning Toolbox for the Commonwealth of Virginia Broadband 
Mapping Initiatives 

• A digital surface model (DSM) is a digital representation of all natural and artificial features that are 
visible on the surface of the earth.   It includes exposed ground and above –ground features, such 
as vegetation, buildings and other cultural features.   It is useful in geospatial analysis and 
applications that require line-of-sight, viewshed or vegetation analysis. Applications of DSM data 
are found in telecommunications, forestry, community planning and renewable energy. 

• A statewide DSM for the Commonwealth will be created to support wireless broadband mapping 
efforts such as vertical assets identification and wireless broadband propagation modeling.  The 
statewide seamless DSM will also provide the basis for analysis and visualization that may support 
policy and business investment decisions related to broadband and communications infrastructure 
in the Commonwealth of Virginia. 

• As a part of the final product deliverable, a qualitative accuracy assessment will be performed by 
the DSM developer.  This assessment will conform to the National Standard for Spatial Data 
Accuracy (NSSDA) http://www.fgdc.gov/standards/projects/FGDC-standards-
projects/accuracy/part3/chapter3 
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Architecture Overview 

Accessing Parallel Computing Resources from ArcGIS – Schutt, Polys, Sforza – 2013 ESRI UC 

 ESRI C#.NET AddIn 

 Parallelized Solar Radiation 
 Felix Hebeler on MATLAB Central File Exchange 

 Parameterized 

 SSH and SFTP command line 



Implementation Overview 
Read and extract raster metadata 

Split raster grid-wise and convert to ASCII GRID 

Transfer data to ARC staging 

Execute qsub job to queue MATLAB computation 

Retrieve job ID and status 

Reconcile and regenerate complete raster 



 



 



 



 





Microwave Transmission Corridor 
Mapping and Analysis 

Peter Sforza, Thomas Dickerson, Matej Muza 
CGIT Virginia Tech - May 2011 

 

Analysis using TINs: 
                Volume = 248966.77 ft3; 3DArea = 51005.54 ft2; 2DArea = 31429.18 ft2 



User interface, left, and various display options for maps and broadband visualization, right 
SpeedSpy – Sharakhov et al (2013) http://dl.acm.org/citation.cfm?id=2534931  

http://dl.acm.org/citation.cfm?id=2534931


Broadband Planning and Analysis Toolkit Demos 

1 – Broadband Mapbook Portal: 
http://www.youtube.com/watch?v=pzt0-29InLQ 
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Broadband Planning and Analysis Toolkit Demos 

2 – 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.   

 



Broadband Planning and Analysis Toolkit Demos 

2 – Broadband Policy Database:  
Related policy information and maps are found inside the report. 

http://www.youtube.com/watch?v=FWOTvmMMU0M 

 
National Policies States Policies Local Policies 

http://www.youtube.com/watch?v=FWOTvmMMU0M
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Selected Project:  Campus 

Interior Space 

The campus interior space project 

was initiated to provide a foundation 

for campus-wide space management, 

indoor navigation, safety, and other 

applications. 

Spatial representations of building 

interiors and exteriors are created 

using CAD floorplans, 

orthophotography, aerial LiDAR, 

close-range photogrammetry, and 

other reference data. 

The results of this project are stored 

in an enterprise  geodatabase; 

authorized users may view and/or 

edit the dataset. 





3D Blacksburg 

•Web-published GIS and 3D collections, services 

•Standards-based, cross-platform web visualization 

•Internal and public (CC-A) use versions 

•Goals: 

–A vibrant, engaged and informed community 

–A durable and interoperable platform with which to conduct studies 
on planning, environment, energy, safety, transportation and 
economy 



X3D VT 



4/2/2014 

http://www.3DBlacksburg.org/ 

3D Blacksburg Collaborative: Development of 
Infrastructure and Services for a Virtual City Model 

http://www.3DBlacksburg.org/
http://www.3DBlacksburg.org/


Interior-Exterior Geometric and Information Model Convergence 



3D Modeling Workflows 

Diagram from: 
http://www.geodetic.com/Whatis.htm 

Bundle adjustment from 34 photos 
– using Canon Rebel Ti 
 Initial results for Virginia Tech 
Performing Arts Building 
 

Thomas Dickerson, CGIT – Mar 
2010 
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http://www.3dblacksburg.
org/ 
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3D Blacksburg 

X3D 
shared 
multi-

user 
VT 

Campus 

X3D 
Immersive 

Town & Building 
LODs 
 

Deepmatrix videoC:\Users\Peter\Documents\3D_Blacksburg\presentations\Multi-User-
X3D.MP4 
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WiFi Signal Mapping 
2D and 3D Interpolations: 

Signal Strength 

Density 

and 

Radio Frequency 

where can I get wifi access? 
Are there dead zones? 
 
wifi survey can help 
seamless roaming, where 
are the gaps in coverage? 
 
When installing a WAP, what 
frequencies should one 
choose to avoid 
overcrowding and negative 
impacts of interference? 
 
 

Network security diagnostics and forensics. 
 
Identify anomalies such as rogue networks, or 
networks that violate FCC regulations. 

Interior location and navigation 



WIFI Scanner Application (Android) 

Set scan mode to “Dual Scan”, enable GPS, zoom in, pinpoint location, 

initiate the scan, repeat 



All Networks: Best Signal Strengths 

This map displays the 

strongest signal strength 

viewed at each scan 

location, regardless of its 

network, security type or 

channel. 

 

Throughout the Drillfield 

and continuing on toward 

Alumni Mall, signals are 

weak. The southern end of 

main street shows the 

largest areas of very good 

signal strength.   

 

On this map, there are two 

spots of strong signals that 

can likely be attributed to 

large windows in nearby 

buildings.  The first is the 

area just outside of 

Newman Library’s café, 

and the second fans out of 

Squires’ main entrance on 

College Ave. 



Combined VT Networks 
This map shows the 

maximum signal strength 

visible at each scan 

location for the VT_WLAN 

and VT-Wireless networks. 

The strongest signals here 

are located very close to 

the buildings on campus. 

The Drillfield, Mall, and 

Main Street have much 

weaker signal strengths, 

though further south along 

Main Street the strength  

increases. 



Number of WAPs: VT Networks 

This map depicts the 

number of wireless 

access points counted 

at each scan location 

for both the VT_WLAN 

and VT-Wireless 

Networks. While no or 

very few signals were 

visible along Main Street, 

the most are seen 

between buildings in the 

northern part of campus, 

as well as in the vicinity 

around the bookstore, 

reaching up to 23 signals 

detected in a single 

location. The Drillfield, 

Torgerson and Brodie 

Halls, as well as the mall 

do tend to see signals, 

though on average less 

than 10 per location. 



RF: 2412 

The area behind 

Pamplin and 

Robeson Halls 

saw consistent 

large numbers of 

signals on this 

channel.  This is 

also true of the 

areas surrounding 

Holden and Norris 

Halls, as well as 

the Squires Plaza. 



RF: 2437 

There are 

some gaps in 

the Drillfield 

where no 

signals were 

observed 

from any 

network on 

this channel. 



RF: 2462 

There is a large 

gap in the 

center of the 

Drillfield where 

no signals were 

detected 

broadcasting 

on this channel. 

Consistently the 

most signals 

were seen 

surrounding 

Wittemore Hall.    



Motivation 
• Wireless Planning 

• Optimization 

• Movement toward Smaller Cells 

• Public Health and Safety 

 



Urban Scale RF Model 



Transportation 





Eastern U.S. Web-based GIS Tool 
for Vineyard Site Evaluation 

Virginia Tech Center for Geospatial Information Technology 

 

2010-2015. USDA SCRI project (PI: Dr. Tony Wolf, Prof of Viticulture and Director 
of AHS AREC) “Improved Grape and Wine Quality in a Challenging Environment: 
An Eastern US Model for Sustainability and Economic Vitality”. The project spans 
19 states in the Eastern US with both variety trials (NE1020), economic and 
Geospatial objectives for matching site x variety. 

 



Site Assessment example:  
http://www.cgit.vt.edu/vineyards/   

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