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Program Technology/EquipmentProgram Technology/Equipment

Leica ADS40 Multi-Spectral Camera Sensors

Leica ALS50 LiDAR Sensors



Airborne Imagery & LiDAR AcquisitionAirborne Imagery & LiDAR Acquisition



Airborne GPS establishedAirborne GPS established
utilizing the Stateutilizing the State ’’s:s:
� Continuously Operating Reference

Stations (CORS)
� Trimble Virtual Reference Station (VRS)

Datum & Coordinate SystemDatum & Coordinate System

� Vertical
• NAVD88
• US Survey Feet

� Horizontal
• Ohio State Plane Coordinate System
• North and South Zones
• NAD83 (2005)
• US Survey Feet

The Ohio Statewide Imagery Program
Ground Control

The Ohio Statewide Imagery ProgramThe Ohio Statewide Imagery Program
Ground ControlGround Control



Color Digital Orthoimagery Color Digital Orthoimagery 
1.01.0--foot resolution foot resolution –– 96009600’’ AGLAGL



Color Digital Orthoimagery Color Digital Orthoimagery 
0.50.5--foot resolution foot resolution –– 48004800’’ AGLAGL



Color Infrared Digital Orthoimagery Color Infrared Digital Orthoimagery 
3.03.0--foot resolution foot resolution –– 2880028800’’ AGLAGL



Airborne LiDAR Airborne LiDAR 
6.56.5--foot average resolution foot average resolution –– 81008100’’ AGLAGL



LIDAR Laser SensorLIDAR Laser Sensor
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Point CloudPoint Cloud



Point CloudPoint Cloud
Classify Classify ““ Above GroundAbove Ground ”” FeaturesFeatures

Green Above Ground Features



BareBare--Earth SurfaceEarth Surface

Orange Depicts Ground or “Bare-Earth Surface”



LiDAR Intensity ImageryLiDAR Intensity Imagery

� Measurement of energy 
return

� Strength of return is 
mapped to pixel value

� Interpolated from random 
points

� Orthometrically correct
� Ability to interpret linear 

features, especially man-
made

� Quality dependant on 
acquisition parameters



LiDAR AcquisitionLiDAR Acquisition
� Obtained LiDAR at an average of a 6.5-foot post spacing
� Bare-Earth Surface DEM/non-Ground LiDAR
� DEM was used for ortho rectification
� Bare-Earth Surface DEM is suitable to “support” the generation 2-foot 

contours (Quality Control Report generally found data to be accurate 
between 0.3’ and 1.00’)



LiDAR Generated Delivery ProductsLiDAR Generated Delivery Products

� Bare-Earth Surface DEM in ArcGrid (binary) Format
� Bare-Earth Surface DEM in ArcGrid (ASCII) Format
� Classified LiDAR Data in LAS Binary File Format



LAS Binary File FormatLAS Binary File Format

Classified LiDAR Data in LAS Binary File Format

� The LAS file format is a public file format for the interchange 
of LIDAR data between vendors and customers. 

� Alternative to proprietary systems or a generic ASCII files
- Proprietary formats cannot be easily taken from one system to 

another.
- ASCII represent poor performance very large file sizes

� With other formats information specific to the LIDAR data is lost. 
The LAS file format is a binary file format that maintains 
information specific to the LIDAR nature of the data while not being 
overly complex.



LAS FormatLAS Format



LAS FormatLAS Format



What was NOT included What was NOT included 
in the Statewide LiDAR deliverablesin the Statewide LiDAR deliverables

� DEM did not contain 3-D Breaklines
� Define sharp changes of elevation
� Cliffs, Escarpments, Banks, Levies
� Edges of Rivers, Lakes, Streams, Ponds, Ditches
� Edges of Roads, Trails, Parking areas

� Contours
� Bare-Earth DEM suitable to “support” generation of 2-ft 

contours

Note: Counties that choose to upgrade to 0.5-foot 
resolution ortho-photography also had/have an option to
obtain 3D Breaklines & Contours



Adding Breaklines to LiDAR?Adding Breaklines to LiDAR?

� Accuracy
� Hydro-enforcement
� Define Vertical Edges

� Aesthetics
� Smooth contours
� Cartographic contours

� Efficiency
� Less dense LiDAR



Digital Orthophotography & ContoursDigital Orthophotography & Contours
City of Lima, Ohio City of Lima, Ohio –– Interstate 75Interstate 75

22--Foot Contours created from 3D breaklines and LiDAR Mass PointsFoot Contours created from 3D breaklines and LiDAR Mass Points



LiLight ght DDetection etection AAnd nd RRanging (anging (LiDARLiDAR) ) 
Derived Elevation ModelsDerived Elevation Models

Contours

LiDAR Shaded 
Relief Model

3D Imagery



Shaded Relief of BareShaded Relief of Bare--Earth SurfaceEarth Surface
““HillshadeHillshade””

Sun azimuth: 315 degree from north
Sun angle: 20 degree









LiDAR for Predictive Flood ModelingLiDAR for Predictive Flood Modeling
Bluffton, OhioBluffton, Ohio

During the Flood (August 21, 2007)During the Flood (August 21, 2007)

Images courtesy of the Allen County 
Engineer’s Office



Watershed AnalysisWatershed Analysis



Watershed AnalysisWatershed Analysis



Watershed AnalysisWatershed Analysis



Watershed AnalysisWatershed Analysis



LiDAR Shaded Relief ModelLiDAR Shaded Relief Model
City of Cleveland, OhioCity of Cleveland, Ohio

Blue shading = low elevations; Red shading = high e levationsBlue shading = low elevations; Red shading = high e levations







LiDAR for Predictive LineLiDAR for Predictive Line--ofof--Sight ModelingSight Modeling
Cleveland, OhioCleveland, Ohio

Blue: visible
from Key Bank Building

Yellow: visible
from Brown’s Stadium

Pink: visible
from Brown’s Stadium and Key Bank Building



LiDAR for Archeological Identification/DiscoveryLiDAR for Archeological Identification/Discovery
Licking County, OhioLicking County, Ohio

Shaded Relief Color Coded ModelShaded Relief Color Coded Model

Image courtesy 
of the Ohio 
Archeological 
Council



LiDAR for Archeological Identification/DiscoveryLiDAR for Archeological Identification/Discovery
Licking County, OhioLicking County, Ohio

Octagon and Observatory Circle Indian MoundsOctagon and Observatory Circle Indian Mounds
Shaded Relief Color Coded ModelShaded Relief Color Coded Model

Images courtesy of the Ohio Archeological Council
http://ohioarchaeology.org/
Click on ‘Current Research in 2008’
Click on ‘LiDAR Analysis of Prehistoric Earthworks’



Tuscarawas and Muskingum RiversTuscarawas and Muskingum Rivers

� Huntington COE
� Flood Control Projects – Bolivar Dam, Dover Dam, Mohawk Dam, 

Beach City Dam, and Zoar Levy
� H & H modeling - Dam failure, Down stream impact, emergency 

response/operations
� Environmental Study – Stream Bank Erosion
� Deliverables – DTM, Hydro, Bridges
� Cost: $65K ($150K) – Savings: ~$85K
� Schedule: 3 months (9 months) – Savings: 6 months



GIS Application and ReturnGIS Application and Return--onon--InvestmentInvestment

� Ohio Turnpike – utilizing the homogenous Statewide 
dataset to create a seamless GIS data program

� Benefit to the Turnpike/State of Ohio: Shortened Timeframe and 
Cost Savings

� Estimated cost savings with the State Program: ~45%

� Estimated time savings, 8-10 months



Fusing LiDAR and OrthoFusing LiDAR and Ortho --Imagery toImagery to
Determine Impervious SurfacesDetermine Impervious Surfaces



City of ColumbusCity of Columbus
Service AreaService Area

� Service Area: ~600 Square Miles in Size
� Covers the entire land area of Franklin County, plus portions of Delaware, Fairfield, 

Licking and Union Counties



Columbus Impervious Surface ProgramColumbus Impervious Surface Program
Columbus, OhioColumbus, Ohio
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Spectral bands
• Panchromatic 465–680nm
• Blue 428–492nm
• Green 533–587nm
• Red 608–662nm
• Near-infrared 833–887nm

*����������%�� ��� *����$����)����������%�� ���

Leica ADS40Leica ADS40--II II 
1212--bit Images (4096 unique values)bit Images (4096 unique values)



Spectral bands
• Near-infrared 1064 nm

Leica ALS50 Leica ALS50 
88--bit (Intensity)bit (Intensity)



Spectral SignatureSpectral Signature



Columbus Impervious Surface ProgramColumbus Impervious Surface Program
Columbus, OhioColumbus, Ohio
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Columbus Impervious Surface ProgramColumbus Impervious Surface Program
Columbus, OhioColumbus, Ohio
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Columbus Impervious Surface ProgramColumbus Impervious Surface Program
Columbus, OhioColumbus, Ohio
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Columbus Impervious Surface ProgramColumbus Impervious Surface Program
Columbus, OhioColumbus, Ohio
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Columbus Impervious Surface ProgramColumbus Impervious Surface Program
Columbus, OhioColumbus, Ohio
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Columbus Impervious Surface Program Columbus Impervious Surface Program 
Implement Automated Impervious Area ProcessImplement Automated Impervious Area Process

Impervious Surface Process

Definians eCognition software

1) Combine Ortho and LiDAR
2) Perform Segmentation
3) Perform Analysis



Columbus Impervious Surface Program Columbus Impervious Surface Program 
Eastland MallEastland Mall

Natural Color Orthophoto Overlaid with Polygon SegmentationNatural Color Orthophoto Overlaid with Polygon Segmentation
Based upon groupings of pixel valuesBased upon groupings of pixel values



Columbus Impervious Surface Program Columbus Impervious Surface Program 
Eastland MallEastland Mall

Color InfraColor Infra--red Orthophoto Overlaid with Automated Impervious Surface (Blue red Orthophoto Overlaid with Automated Impervious Surface (Blue Hue)Hue)
ZoomedZoomed--In ViewIn View



Columbus Impervious Surface Program Columbus Impervious Surface Program 
Eastland MallEastland Mall

Automated Impervious Surface Delineation Automated Impervious Surface Delineation -- PolygonPolygon
Impervious ShapefileImpervious Shapefile



Columbus Impervious Surface Program Columbus Impervious Surface Program 
Lessons LearnedLessons Learned

Lessons Learned
� Shadows are a potential issue
� Can be refined using denser LiDAR



Columbus Impervious Surface Program Columbus Impervious Surface Program 
Lessons LearnedLessons Learned

Lessons Learned
� Vegetation (trees) covering impervious areas are a potential issue
� Can be refined using denser LiDAR



Columbus Impervious Surface Program Columbus Impervious Surface Program 
Lessons LearnedLessons Learned

Lessons Learned
� Some surface areas identified as impervious, may no t be impervious 

(i.e. compacted soil/stone, exposed clays).



Columbus Impervious Surface Program Columbus Impervious Surface Program 
Project StatusProject Status

PROJECT STATUS

� All input data (orthos/LiDAR) completed
� Project area segmentation completed
� Project area impervious surface completed
� Extraction of impervious surfaces for commercial pa rcels completed
� QC of commercial parcel impervious surfaces compete d
� Projected completed and delivered to Columbus: Janu ary, 2009



Columbus Impervious Surface Program Columbus Impervious Surface Program 
Implement Automated Impervious Area ProcessImplement Automated Impervious Area Process

Sample Final Datasets
Impervious Surfaces Shown in Blue/Gray



Columbus Impervious Surface Program Columbus Impervious Surface Program 
Implement Automated Impervious Area ProcessImplement Automated Impervious Area Process

Sample Final Datasets
Impervious Surface Shown in Blue/Gray

Building Classification Shown in Light Blue



Columbus Impervious Surface Program Columbus Impervious Surface Program 
Implement Automated Impervious Area ProcessImplement Automated Impervious Area Process

BenefitsBenefits

� Release technicians to perform other tasks
� Opportunity to maintain a more up-to-date and accur ate database
� Opportunity to offer a more fair assessment of impe rvious surfaces
� Greatly reduced time frame of maintaining imperviou s surface database
� Greatly reduced costs associated with maintaining a n impervious surface 

database (using traditional methods)
� Reduce human error (using computer software and geo -spatial datasets)
� Track growth through change detection of impervious  surfaces (where is 

population growth occurring?)



Columbus Impervious Surface Program Columbus Impervious Surface Program 
Implement Automated Impervious Area ProcessImplement Automated Impervious Area Process

ODOT EXAMPLESODOT EXAMPLES



Columbus Impervious Surface Program Columbus Impervious Surface Program 
Implement Automated Impervious Area ProcessImplement Automated Impervious Area Process

Beyond Impervious Surface Delineation (Other Uses)
Vegetation Analysis (NDVI)



The Ohio Statewide Imagery Program
Questions?

The Ohio Statewide Imagery ProgramThe Ohio Statewide Imagery Program
Questions?Questions?

http://ogrip.oit.ohio.gov


