King County-3di Lowland LiDAR Project

Sample Density Analysis

Overview

As part of the evaluation of the LiDAR mass point delivery, the density of sample points is evaluated. The sampling plan follows that described in the Contract as Exhibit B. This document expands on the procedure used and the results obtained for review by the King County Project Manager and for verification and mutual acceptance by the Contractor.

Associated documents and files:

DelXXdensitysites.shp – ESRI shapefile showing location of density plots used for analysis for DeliveryXX data.

AllDeliveryDensityPlot.xls – Excel spreadsheet showing results of density analysis for bare-earth returns (dgm) and first-returns (dsm) and possibly last-returns (dlm) .

The results of this analysis can also be viewed using ArcView application qclidardensity.apr located on 

\\wildfire\projects\esasaodata\
This application requires the following drive mappings for successful execution:

L: \\wildfire\\plibrary2\

R: \\wildfire\projects\
Procedure

Sample densities were evaluated for all three mass point data sets provided: first return, last return and bare-earth. The contract specifies a sample density specification for returns off unobstructed surfaces or leaf-on vegetation (i.e., first-return) and for returns preserved in the bare-earth point set representing ground postings. 

The specification for first return is 1 sample/1.6 sq. meters (0.625 samples/sq. meter) for all surfaces (landcover classes 1 through 5) and the specification for bare-earth (under vegetation, landcover classes 4 and 5) is 1 sample/30 sq. meters (0.033 samples/sq. meter) and 1 sample/1.6 sq. meters (0.625 samples/sq. meter) for open bare surfaces (landcover classes 2 and 3).

No quantitative specification is provided for the distribution of samples within a sample test area. However viewing of the actual point distribution of points for several of the plot areas was performed to see if significant gaps existed. The standard deviation can also be inspected to determine if the sample areas are representative. In addition a coarser ArcInfo grid-based analysis (using the pointdensity function) was performed on all three datasets to analyze for any data gaps across the entire delivery. 

To expedite the creation of sufficient sample density plots a fishnet grid was developed that overlays the delivery area with cells of 328.08 feet in each of the x and y dimensions. This value is a conversion of the 100 meter x and y dimension stated in the contract. The resulting area of the cell (9994.88 sq meters) is slightly less than the proposed 100000 sq meter specification due to rounding; however is considered valid for the testing as the actual area is used for calculations. Only cells with a full extent within the project area bounds were considered valid for selection. 

Color orthophotography (Summer 2000 vintage) with 2-foot pixel resolution was used to select cells from the fishnet that represented various landcover categories. In the eastern portion of the project area 4-meter color Ikonos imagery is used. Though the main intent of this analysis was to determine the success of meeting the bare-earth density specification in heavily vegetated areas, a cross-section of landcover types were used in order to get a good understanding of the sample densities and to provide small target areas where the number of points is more suitable for viewing actual point distribution. 

Sites were chosen that represented homogeneous landcover and that were appropriate for the measure being obtained. For example, besides fully forested areas being of interest for bare-earth penetration success, other sights were chosen that might have mixed vegetation/elevated structures where the bare-earth density number is invalidated. Nonetheless the sites provided an opportunity to investigate point distribution in an area of point removal for the bare earth model and are also appropriate for density calculations for the first return points. In all cases no sites contain any water features identifiable from the imagery. During review of the density calculations, occasionally a site would be rejected for other reasons in which case it was unselected from the dbf table during generation of the statistics (i.e., water may not have been recognized, an elevated feature or overpass was not initially recognized).

In addition to an integer identifier for each plot, a landcover type code was also assigned to each plot. These landcover types were identified by inspection. This allowed the different landcover types to be properly stratified during calculation of average point density.

1. Elevated manmade structures, or a mixture of manmade structures and vegetation

Note: DGM density for landcover category 1 is Not Applicable as these sites do not meet the protocol criteria of the no manmade features. These sites are not included in the All Category summary.  Density evaluation was also performed for the last return data set, but those results are not presented here.

2. Open manmade surfaces without elevated structures, including large road surfaces

3. Low-lying grass or agricultural vegetation with none or minimal scrub/shrub

4. Mixed vegetation areas of trees and shrub/scrub with varying degrees of open canopy where trees exist

5. Forest or other heavily vegetated areas with full or near full-canopy. No differentiation was made as to the type of forest cover (i.e., conifer or deciduous), except that a representative cross-section was the goal.

On a few occasions an irregular polygon was created or a standard cell was modified to ensure homogeneity of a landcover type or to isolate an area of interest smaller than the 10000 sq meters. These were also used in the calculations and although they have an area less than the sampling standard are still large in size and appear to be valid for use. However they can also be easily removed from the analysis spreadsheet by sorting on the area column.

After the sample areas were identified they were submitted to an ArcInfo 7.x AML executed on KC unix server wildfire, called denlclip.aml that selected the appropriate King County tile for the site, built an ArcInfo coverage from the masspoint file and intersected it with the density site bounds. The xy coordinates from this file are joined with the z-value attribute and stored in \\wildfire\masspts\denplot\denpts\ using the naming convention of  “d”denplotid_kingcountytileid_lctypeid_datasettype_”d”.

First return – dsm (digital surface model) is datasettype s

Last return – dlm (digital last model) is datasettype l

Bare earth – dgm (digital ground model) is datasettype g

These point coverages are preserved for further analysis of any density anomalies and for other evaluations of the sample point distribution.

Another AML called denmath.aml is then executed which performs the point count per resulting density coverage, calculated the average density for each site and created several reselected coverages displaying subsets of each data set results by cover type. It also selected any density plots that did not meet specification into separate coverages by data set type. The AMLs are structured so that they may be used with subsequent deliveries. The results can be viewed in the ArcView project described above. The database dbf table for each landcover type – data set type is queried for statistics which are then manually appended to the spreadsheet.
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