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Calibration
The accuracy of LiDAR depends on the precise measurement of the position (orientation) and location of the sensor during the flight. To eliminate potential errors, Northrop Grumman has quality control procedures throughout the calibration process.
Quality control begins when the data arrives to the office. Each flight line is inspected for coverage, data voids, clouds, intensity issues, overlap, and point density. Once the scans have been verified, the Airborne Global Positioning System (ABGPS) data is processed. Any remaining error will be transferred to the final data set, therefore; it is important to eliminate as much error as possible when processing the ABGPS.  
Time, position, and orientation are added to the data sets through the integration of the Inertial Measurement Unit (IMU) and the ABGPS. The IMU measures the orientation (i.e., roll, pitch, and heading) of the sensor 200 times per second, and the results are merged with the ABGPS data in a file called the Smoothed Best Estimate of Trajectory (SBET). The SBET is merged with the scan files using MFCPP, Leica’s proprietary processing software. When the flight scans are merged in the SBET, each point contains the actual orientation and position of the aircraft at the time of acquisition. The calibration process removes the misalignments that are due to roll, pitch, and heading.
To ensure the highest possible accuracy, Northrop Grumman uses several methods of calibration. The first method utilizes Leica’s proprietary calibration software “Attune.” Attune is used to verify the torsion value. After calculating the torsion, the flights are calibrated using Terrasolid’s TerraMatch. TerraMatch uses the bare-earth files from several flight lines to calculate the roll, pitch, and heading by matching common points and calculating the differences in orientation between those points. Once the calibration values are calculated, the orientation angles will be applied to the datasets. Project boundaries and deliverable tiles schemes will be created in digital format to facilitate “cropping” of unedited data. Flight lines are cropped eliminating overlap with adjacent flight lines. 
Data Filtering/Editing



The primary differentiator among LiDAR vendors is the filtering approach used. Northrop Grumman’s proprietary software ELVIS® LiDAR editing software is the result of years of development and fine-tuning. Rather than rely on an off-the-shelf solution, our software filters and edits are tailored to the specific project area. Prior to editing, raw points and any existing data are visually inspected to determine the predominate land classes found in the area. This information along with information about natural and man-made features is added to the ELVIS filter to provide a filtering solution that is 95% complete.
ELVIS® provides unparalleled views of the datasets by allowing the quality control staff to view the data from many different angles and scales. With ELVIS, every point can be viewed in orthogonal and profile view as a point feature. The positions of the raw points are never interpolated; therefore, artifacts in the terrain that may not appear when viewing interpolated surfaces in other software packages are evident in ELVIS. Filtering and editing in ELVIS results in better surface definition.
Manual editing methods are applied to areas that are not completely filtered by ELVIS®. West Virginia presents a unique challenge due to the various topographies. When editing data, analysts must be aware of the existence of the different types of topographies to maximize the surface definition.
Breakline Generation
A break line is a linear feature that defines interruptions in surface smoothness. Breaklines are used to define streams, shorelines, dams, ridges, road edges, and other features. Northrop Grumman’s approach to breakline creation has developed through years of experience. Northrop Grumman delivers all breaklines with 3D attributes.

Northrop Grumman’s preferred method in capturing breakline features in 3D is to use LiDARgrammetry. This method uses the LiDAR intensity data to create a stereo pair. The stereo pair enables compilers to view through holes in the canopy. For the State of West Virginia, all 3D breaklines will be compiled directly from the LiDAR data. The resulting breaklines represent the true elevation reflected in the LiDAR data and reduces errors resulting from imagery interpretation. There are areas under canopy where topographic change occurs that cannot be seen in imagery but is mapped by LiDAR, using LiDARgrammetry these areas can be mapped accurately. By focusing on LiDAR, our results yield a more detailed and accurate representation of topography. Northrop Grumman’s breakline methodologies are as follows:

· For land water boundaries of constant elevation that reflects the water elevation at the time, the data will be captured. Water body features will be captured for features one-half acres in size or greater.

· Linear Hydrographic Features will be captured as breaklines with varying elevations. Stream and river features that are 0.5 miles or greater in length will be captured. Features that are 8 feet or less in width shall be captured as a single. breakline.Features greater than 8 feet in width shall be captured as double breakline features. All features will be captured as three-dimensional breaklines.

· Coastal shorelines shall be captured as three-dimensional linear features. Coastal breaklines will merge seamlessly with linear hydrographic features at the approximate maximum extent of tidal influence.

· In areas where the LiDAR mass points are not sufficient to create a hydrologically correct DTM, soft features such as ridges, valleys, top of banks, etc. shall be captured as soft breaklines of varying elevations.

· Vegetated areas that are obscured to the extent that adequate vertical data cannot be clearly determined to define the DTM shall be captured as two-dimensional closed polygon features.

· The shoreline of islands within water bodies shall be captured as three-dimensional breaklines.

Due to the availability of high resolution imagery the breaklines for the Blue Stone lake project were collected using Stereo Compilation using ZI’ s Image Station and an ISRTM environment. Breaklines were collected for centerlines , edges of waterbodies (lakes, ponds, rivers, etc.), drainage ditches, top and bottoms of stream banks, ridge lines, road crowns, levees (riverside and landside toe and top), road/highway embankment edges, and selected man-made features that inhibit or control the flow of water and to improve the delineation of drainage and topography as specified by the statement of work.
LAS Files
 Mass point data will be delivered in LAS files compatible with the LAS Specification

1.2 format and will meet the requirements identified within this specification including

header blocks, variable length records, and point data, GPS week, GPS second, easting, northing, elevation, return#, and return classification. The GPS second will be reported to the nearest microsecond and the northing, easting, and elevation shall be reported to the nearest .01m or better. 
• The classification code for these files will follow the LAS 1.1 format and will include the

following:

o Class 1 = Unclassified

o Class 2 = Ground

o Class 7 = Noise

o Class 9 = Water

o Class 12 = Overlap
 Class 12 will be used for LiDAR points, in areas of overlapping flight lines, which have been deliberately deleted and removed from Class 1 because of their reduced accuracy possibly due to their off-nadir position. Class 1 will be used for all other features that do not fit into the Classes 2, 7, 9, or 12 including vegetation, buildings, etc. Shorelines of water bodies shall be captured as breaklines as defined above and LiDAR measurements inside of water bodies will be classified as water in the LAS deliverable. A complete LiDAR cloud will be delivered where the bare earth classification (Class 2) is free of artifacts. These artifacts will be classified as Class 7 Noise as defined above. Public header information must be contained as specified within the LAS 1.1 file specification. In addition to the LAS 1.1 required fields, the following items are required to be populated:

· Project ID – GUID data 1: project identifier

· File Creation Day of Year: 1

· File Creation Year: year created
The fields File Creation Day of Year and File Creation Year are the file creation date. This date will represent the day the final LAS file is generated for submittal (after consultation with the client). Projection information for the point data will be specified in the Variable Length

Records using the GeoTIFF specification as the model as defined in the LAS 1.2 file

specification.  The Point Data Record Format shall follow the Point Data Record Format 1 as defined in the LAS 1.2 Specification. In addition to the required items, the Intensity shall be

populated.
Bare-Earth Surface Model
The digital elevation of the surface model will be created from the artifact free bare-earth points. The bare-earth DEM will be created in ESRI’s Arc Info by creating a Triangulated Irregular Network that includes the hydro-breaklines for each tile and using the TIN to create an Arc Floating point grid at a density that will be determined by the State of West Virginia. Smoothing techniques will not be applied to the bare-earth points at any point in the workflow. The final bare-earth DEM will be free of gaps. A value of “NoData” will be applied to water bodies and areas outside of the project boundaries to avoid data voids.
Intensity Images
LiDAR Intensity Images and Intensity stereo pairs will be created and delivered. The LiDAR intensity Image will be created from the first return and will have a ground sample distance of 1-meter.  The tilling convention of the intensity images will follow the USGS Quarter Quad Tiling convention.
Metadata

Metadata compliant with the Federal Geographic Data Committee's (FGDC) Content Standard

for Spatial Metadata in an Arc Catalog-compatible XML format will be delivered. Metadata

will be in accordance with recommendation of the National Digital Elevation Program

Guidelines for Digital Elevation Data, Version 1.
Metadata will apply to the project as a whole and not to each individual data tile.

Reporting and Data Delivery

Reports for each major project phase will be prepared in accordance with the project specifications to include:

· Metadata (Federal Geographic Data Committee (FGDC) compliant)

· Processing Report

· Digital Elevation Model Processing Report

· Digital Terrain Model Processing Report


Northrop Grumman will deliver all LiDAR data to the State of West Virginia using portable USB or FireWire hard drives. When the data have been loaded onto the hard drives, Northrop Grumman performs a final QC check prior to shipment to verify dataset completeness. Northrop Grumman also has the ability to deliver data on DVD or via FTP transfer. All LiDAR data is stored by Northrop Grumman for a minimum of five years.
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