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Relevant Research Themes:  
• Community Resilience and Disaster Preparedness 
• Critical Infrastructure Protection 
• Green Buildings and Energy Efficiency 

 
Research Focus: 
• Sensing and Big Data Analytics 
• Statistical Learning and Risk Analysis 
• Simulation and Visualization 

Group Member:  
• 5 Ph.D. Students  
• 6 Master Students  
• 2 Undergraduate  
• 1 Post-Doc  

Funding Agency: 
•   US DOT 
• US HUD 
• NJ DOT 
• Port Authority 
• NJBPU 
• NJDEP 
• Bentley Co. 

Collaboration Centers 
• Center for Advanced 

Infrastructure & 
Transportation 

• Center for Green 
Building 

• DHS Center of Excellence 
CCICADA 



Condition 
Assessment  

Resilience 
Hazard 

Exposure 
Social 
Fabric 

Built 
Environment 

Natural 
Environment 

Remote Sensing and Spatial Analytics Risk Analysis and Resilience Modeling 

A Framework for Energy Infrastructure Resilience 



Spatial Sensing Technologies for Infrastructure Mapping 
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• Topographic Mapping - 1064 nm diode pumped 
YAG lasers 

• Bathymetric Mapping - one green (532 nm) and 
one infrared (1064 nm) 

Infrared or green 
wavelength laser 

SFM-based 3D 
Reconstruction 

• SFM-based 3D 
Reconstruction 

• LiDAR – Surveying 
Grade System in 
Development 

Infrared or green 
wavelength laser 
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Mobile LiDAR features a combination of tools to create 3D “virtual 
reality” models of surface conditions.  
 Differential GPS records 

accurate vehicle position data 
to provide geo-references to 
scan data and images 

High-Speed Laser Scanners  
emit millions of laser beams 
per second to measure the 
built environment 

High-Definition Cameras  
capture snapshots of 
surface conditions  

Inertial Measurement Unit (IMU)  
measures yaw, pitch, and roll data 
to determine vehicle headings 

Mobile LiDAR (Light Detection and Ranging)  
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Post-Sandy Mobile LiDAR Study   
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Ortley Beach, Seaside Heights, 
Mantoloking, Normandy  Beach (NJ)  

Staten Island and Rockaway (NY)  



Spatial Sensing Technologies for Disaster Response 
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8-20 cm vertical 
accuracy 

1.5 – 5 cm vertical 
accuracy 

15-30cm vertical 
accuracy 

• 15-30 cm vertical 
accuracy for SFM 

• Unknown for UAV LiDAR 

Static 
LiDAR 

2-5 mm vertical accuracy 
1 cm vertical accuracy if 
multiple scans are 
combined 



Spatial Sensing Technologies for Post-Disaster 
Mapping 

Wide Area 
Mapping 

Terrain 
Change 
Detection 

Infrastructure 
and Building 
Displacement 

Structural 
Deformation 
& Assessment 

Accessibility 
Concern 

Airborne LiDAR x x Air Traffic/ 
Cloud 
Coverage 

SFM-based 3D 
Reconstruction 

x x Air Traffic/ 
Cloud 
Coverage 

Mobile LiDAR x x x x Ground 
Accessibility 

Static LiDAR x x x Ground 
Accessibility 

UAV LiDAR* x x x x FAA 
Regulation 
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* The state of UAV LiDAR is very dynamic and in flux.  
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A Hybrid Mobile LiDAR and Infrared System 



Airborne LiDAR  

Mobile LiDAR 

Aerial Imagery 

Google Earth Street View 

Images on the Internet 

Images from Ground Survey 

Volunteer Generated 
Information (VGI)   

Images from Other Survey Teams 

Spatial Data Integration 
• Data in Transit vs. Data at 

Rest  
• Agencies/Academics/Crowd 

Sourcing 
• Big Data Characteristics: 

Volume, Variety, Velocity, and 
Veracity 
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  Density (/m2) Vertical Accuracy Year 
NJ State LiDAR (Pre-Sandy) 1-4 points 36.6 cm 2006&2010 
USGS EARL-B (Post Sandy) 1-2 points 20 cm 2012 
USACE LiDAR (Post-Sandy) 1-4 points 8.2cm 2012 

NYC LiDAR (Pre-Sandy) 1-2 points 20 cm 2010 
Mobile LiDAR (Post-Sandy) 1000 - 8000 points 5 cm 2012 

SFM Reconstruction (Post-Sandy) 500-2000 points 20 cm 2012 

Spatial Data Accuracy 



Mantoloking, New Jersey 
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Rockaway, NYC 

13 



Post-Disaster Response Planning- 
Debris Field and Flow at Ortley Beach 
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• Yellow: 
Sand Debris 

• Cyan: Erode 
Dunes 

• Red: 
Destroyed 
Buildings 

• Blue: 
Building 
Debris or 
Changes 
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Quantify Debris Field and Flow 



Building Displacement 
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Multi-Scale Damage Assessment  
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Airborne LiDAR 
Mobile LiDAR 
Street Level Imagery 

Collaborator: Manish 
Parashar 
Rutgers, Computer 
Science 
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Crowd-Sourced Storm Surge Height Estimation 
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Flooding Mark 

Recreate Water Level During Event  

19 Ortley Beach, 2012 
Photo: Jie Gong/Rutgers 



Flooding Scenario: Crossbay Avenue, Rockaway, NY  
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Rockaway, 2012 
Photo: Jie Gong/Rutgers 



Risk Visualization for Crossbay Avenue 
1% EL 16 Feet  
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Rockaway, 2012 
Photo: Jie Gong/Rutgers 
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Risk Analysis of Post-Disaster Area  
[with GIS Mapping] 

1. Select post-disaster area for risk analysis. 

2. Level-1 Data: Buildings, above-surface movement, 
and flooding. 

[Use Lidar & other GIS data (FEMA)] 

3. Level-2 Data: Detailed above-surface soil 
Displacement & water level. 

[Use Lidar & other GIS data (FEMA)]  

4. Level-3 Analysis: Soil Displacement & water level at 
gas distribution Lines (Mains and services). 
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0.25 miles 

1. Select Post-Disaster Area  
[Example: Sample Data at NJ, after Sandy] 
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Affected 
Minor 
Major 
Destroyed 

Level-1 Data: Buildings Movement 
[FEMA DATA] 

841 

21,981 

137,369 
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Affected 
Minor 
Major 
Destroyed 

Level-2: Buildings 
Movement 
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Level-2 Data: Buildings Movement, 
[LiDAR Data] 

 

LiDAR Spatial Analysis Can Provide: 

 
 Digital Surface Model (DSM)  
 Digital Terrain Model (DTM)  
 Digital Elevation Model (DEM)  
 Triangulated Irregular Network (TIN)  
 Break line  
 Contours  
 Vector Drawings  

 Buildings,  
 Roads,  
 Power lines.  
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Level-1 Data: Soil 
Movement, [LiDAR DATA] 

-4.8 – -1.0 ft 
-1.0  – 0.10  
0.10 – 0.55 
0.55 – 2.50 
2.50 – 6.00 

Mean Change of Soil Elevation 

[Before & After Sandy] 

Next Slide 
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Level-2 Data: Soil 
Movement, [LiDAR] 

-4.8 – -1.0 ft 
-1.0  – 0.10  
0.10 – 0.55 
0.55 – 2.50 
2.50 – 6.00 

Data Tabulated in 50-ft Grids 

Mean Change of Soil Elevation 

[Before & After Sandy] 
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Level-1 Data: Flooding, 
[FEMA DATA] 

0.0 – 1.00 ft 
1.00 – 2.55 
2.55 – 3.80 
3.80 – 6.00 

Flood Levels After Sandy 

Next Slide 
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Level-2 Data: Water 
Level, [FEMA] 

Rutgers Water 
Marks Survey 

0.0 – 1.00 ft 
1.00 – 2.55 
2.55 – 3.80 
3.80 – 6.00 

Flood Levels After Sandy 
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Note: The distribution lines 
in the figure does not 
represent an actual system 
and it is made for 

illustration only.     

Level-3 Risk Analysis: Soil Movement 
and Water Level at Distribution Lines  
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Level 3 Risk Analysis: Quantify Earth 
Movement and Water Table. 

Note: We don’t need to 
calculate earth movement & 
Water table at all the 50-ft 
grids.  

We’ll focus only on the 
grids where mains, service 
lines exist. 
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Spatial Changes in soil 
elevation before and after 
Sandy. 

[Note: Z in this figure is in meters] 

 

Level-3 Risk Analysis: Soil Movement 
and Water Level at Distribution Lines  
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Spatial Changes in water 
table before and after 
Sandy. 

[Note: Levels in this figure are in 
meters] 

 

Level-3 Risk Analysis: Soil Movement 
and Water Level at Distribution Lines  
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Deformations and strains in the pipe are  

modeled under to the following natural 

forces threats: 

1. Vertical soil movement and settlement, 

2. Horizontal soil movement and landslides, 

3. Debris and horizontal forces on 

aboveground facilities 

4. Flooding. 

Level-3 Risk Analysis: Soil Movement 
and Water Level at Distribution Lines  
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Deformations and strains in the pipelines due to soil movement are 
modeled using the Finite Element Program PIPLIN. The program is a 
special purpose commercially available program for stress and 
deformation analysis of pipelines.  

Parameters Range of Parameters for gas distribution lines 

Pipe Type  Steel Mains (grades A and X40),  

Plastic mains and services (PE, Aldyl-A), and  

Cast iron Mains  

Pipe Size Plastic: ¾-6 inch 

Steel: 1-4 inch 

Cast Iron: 4-12 inch 

Soil Type Loose sand 

Dense sand 

Clay 

Length of moving soil 
section 

60-120 feet 

Vert. & Horiz.  soil 
movement 

1-4 ft soil movement 

Level-3 Risk Analysis: Soil Movement 
and Water Level at Distribution Lines  
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Vertical Displacement 

Horizontal Displacement 

Aboveground Displacement 

Level-3 Risk Analysis: Soil Movement 
and Water Level at Distribution Lines  
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PE Deformation Due to 

Vertical Soil Movement 

Level-3 Risk Analysis: Soil Movement 
and Water Level at Distribution Lines  
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2 – 4 inch PE Pipe 
Loose Sand – Settlement Length 60 -120 ft 

  PE Deformation Due to Vertical Soil Movement 

Level-3 Risk Analysis: Soil Movement 
and Water Level at Distribution Lines  
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12-inch PE Pipe 
Loose sand 120 pcf 

Pipe Uplift Due to Flooding 

Level-3 Risk Analysis: Soil Movement 
and Water Level at Distribution Lines  
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Post-Disaster Pipeline Risk Assessment 

Questions? 


