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Background
[image: image6.png]The National Standard for Spatial Data Accuracy (NSSDA)
 defines guidelines for testing and reporting the accuracy of digital geospatial data.  The NSSDA makes the assumption that all errors follow a normal error distribution where Root-Mean-Square-Error (RMSE) procedures apply.  The Federal Emergency Management Agency (FEMA)
 guidelines implement the NSSDA standards and recommend the survey of a minimum of 20 checkpoints per ground cover category representative of the area being tested.  A minimum of three categories (60 checkpoints) is required.  The National Digital Elevation Program (NDEP)
 and the American Society for Photogrammetry and Remote Sensing (ASPRS)
 provide an alternative method for reporting the vertical accuracy whereby errors in vegetation categories are not assumed to follow a normal error distribution.  Even though the ASPRS guidelines are directly referenced to the assessment of LiDAR digital data, the same ideals can be applied to the digital elevation data collected for this project.  A minimum of 60 checkpoints is again recommended, with up to 100 points preferred.  For the Kane County project, five major ground cover categories were defined by AERO-METRIC (AME) as representative of the project area.  Each county met the checkpoint requirements of five separate major ground cover categories containing at least 20 points per category.  For one of the categories (woods), only 19 checkpoints were surveyed due to limited accessibility.  For the remaining four categories (hard surface, short grass, tall grass, and brush), 20 or more checkpoints were surveyed in each of these areas making a total of 100 checkpoints over the entire project area.
AME’s vertical accuracy assessment for the Kane County project was carried out in accordance with the two methods mentioned above.  The first method (defined by NSSDA and FEMA) assumes all errors follow a normal error distribution and the newer second method (defined by NDEP and ASPRS) assumes that errors in some land cover categories may not follow a normal error distribution.  Comparing the two methods helps determine the amount of systematic errors that may exist in the five ground cover categories: hard surface, short grass, tall grass, brush, and woods.  The following table summarizes the criteria used to evaluate the vertical data.  Criteria highlighted in yellow refer to the NSSDA and FEMA guidelines and those highlighted in orange refer to the NDEP and ASPRS guidelines.
Table 1 -- DTM Acceptance Criteria

	Criteria
	Acceptable Value

	RMSEz= NSSDA vertical accuracy statistic at 68% confidence level (1.0 x RMSEz)
	0.60 ft for all ground cover categories combined

	Accuracyz= NSSDA vertical accuracy statistic at the 95% confidence level (1.96 x RMSEz)
	1.19 ft (RMSEz x 1.9600) for all ground cover categories combined

	Fundamental Vertical Accuracy (FVA) in open terrain only = 95% confidence level
	1.19 ft (RMSEz x 1.9600) for open terrain only

	Supplemental Vertical Accuracy (SVA) in individual ground cover categories = 95% confidence level
	1.19 ft (based on 95th percentile per category; this is a target value only, not mandatory)

	Consolidated Vertical Accuracy (CVA) in all ground cover categories combined = 95% confidence level
	1.19 ft (based on combined 95th percentile)


AME tested the digital vertical data using the following steps:

1. AME ground survey personnel collected and processed GPS data for each of the ground cover checkpoints.  These points were distributed throughout ground cover category areas within the Kane County project limits.

2. The checkpoints were compared to the digital vertical data using the TerraSolid, LTD program TerraScan.  The program creates a TIN surface from the digital vertical data and computes vertical differences between the surface and the surveyed checkpoints.  An output file records the vertical differences and associated statistics.  Files were created for each of the ground cover categories separately and one file for all categories combined.

3. The results were analyzed by AME to assess the quality of the data.  Various accuracy parameters as defined by the NDEP and ASPRS guidelines were used in the review process.  Also, the overall descriptive statistics of each dataset were computed to assess any tendencies or inconsistencies.  The following tables, graphs, and figures illustrate the data quality.

Using the NDEP and ASPRS Guidelines for Vertical Accuracy Testing
The required Fundamental Vertical Accuracy (FVA) and the optional Supplemental Vertical Accuracy (SVA) and Consolidated Vertical Accuracy (CVA) are specified by the NDEP and ASPRS guidelines.  FVA determines how well the digital data was collected in open terrain type ground cover where all errors are presumed to be random.  The SVA determines how well the digital data represents the actual ground in each of the ground cover categories, tested separately.  The CVA determines the overall accuracy of all the ground categories combined as one test.
FVA for this project is calculated using only the checkpoints in the Hard Surface ground cover category.  The digital data in this category is most likely to represent the actual ground surface and the random errors will follow a normal error distribution.  The FVA shows how well the Photogrammetric process used to produce the digital vertical data represents the actual ground.  With a normal error distribution, the vertical accuracy at the 95% confidence level is computed as the vertical root mean square error (RMSEz) of the checkpoints x 1.9600, as specified in Appendix 3-A of the NSSDA guidelines.  As shown in Table 1, the maximum allowable FVA for this project (2 ft contours) is 1.19 ft.
CVA is calculated with all the checkpoints in all the ground cover categories combined.  There is a possibility that the digital vertical data may yield errors that do not follow a normal distribution.  CVA at the 95% confidence level equals the 95th percentile error for all checkpoints in all ground cover categories combined.  The CVA produces a listing of the 5% outliers that are larger than the 95th percentile and that may not follow the normal error distribution.

SVA is computed for each ground cover category separately.  There again is a possibility that the digital vertical data may yield errors that do not follow a normal error distribution.  Systematic errors per ground cover category are identified.  For each category, the SVA at the 95% confidence level equals the 95th percentile error for all checkpoints in each individual ground cover category.  The individual SVA statistics are used to analyze the data based on each of the ground cover categories.  
Table 2 summarizes the vertical accuracy by Fundament, Consolidated, and Supplemental methods:
Table 2 – FVA, CVA, and SVA Vertical Accuracy at 95% Confidence Level

	Ground Cover

Category
	# of

Points
	FVA

Fundamental Vertical Accuracy

Spec = 1.19 ft
	CVA

Consolidated Vertical Accuracy

Spec = 1.19 ft
	SVA

Supplemental Vertical Accuracy

Target = 1.19 ft

	Total Combined
	100
	
	0.61 ft
	

	Hard Surface
	20
	0.34 ft
	
	0.30 ft

	Short Grass
	20
	
	
	0.33 ft

	Tall Grass
	21
	
	
	0.58 ft

	Brush
	20
	
	
	0.55 ft

	Woods
	19
	
	
	0.90 ft


The digital vertical data for the Kane County project meets all mandatory and target specifications as per the following vertical accuracy tests:

Compared with the 1.19 ft FVA specification, FVA tested 0.34 ft at the 95% confidence level on the hard surfaces ground cover category, based on RMSEz x 1.9600.  The NSSDA specifies that vertical accuracy at the 95% confidence level equals RMSEz x 1.9600; the NDEP and ASPRS state that this method is valid only when random errors follow a normal error distribution, as in the hard surface category.

Compared with the 1.19 ft CVA specification, CVA tested 0.61 ft at the 95% confidence level on the hard surfaces, short grass, tall grass, brush, and woods ground cover categories combined, based on the 95th Percentile.  NDEP and ASPRS guidelines specify that vertical accuracy at the 95% confidence level equals the 95th percentile when random errors may not follow a normal error distribution, as in vegetated or obstructed areas.  Table 3 lists the 5% outliers larger than the 95th percentile (0.61ft).
Table 3 – 5% Outliers Larger than 95th Percentile

	Ground Cover Category
	Elev. Diff (ft)
	Only one of the errors were larger than the CVA standard (1.19ft) which permits up to 5% of the checkpoints, 5 out of 100, to be larger than 1.19 ft.

	Tall Grass
	                     -0.73
	

	Brush
	1.20
	

	Brush
	0.82
	

	Woods
	                     -1.00
	

	Woods
	0.75
	

	Woods
	0.88
	


Compared with the 1.19 ft SVA target values, SVA tested 0.30 ft at the 95% confidence level on hard surfaces; 0.33 ft in short grass; 0.58 ft in tall grass; 0.55 ft in brush; and 0.90 ft in woods ground cover categories, based on the 95th Percentile.  These values exceed all of their target values (1.19 ft).

Figure 1 illustrates the SVA by specific ground cover category.  Figure 2 illustrates the magnitude of the differences between the checkpoints and the digital vertical data by specific ground cover category and sorted from lowest to highest.  All but one of the checkpoints is within the 1.19 ft criteria shown in figure 2.  This exceeds the 95% requirement, where up to five checkpoints could be outside the 1.19 ft criteria. 
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Figure 1 -- Graph of SVA Values by Ground Cover Category
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   Figure 2 – Magnitude of Elevation Discrepancies, Sorted from Largest Negative to Largest Positive
Vertical Accuracy Testing in Accordance with NSSDA and FEMA Procedures

The NSSDA and FEMA guidelines were both published before it was recognized that digital data errors do not always follow a normal error distribution.  Future changes to these guidelines are expected to follow those of the NDEP and ASPRS.  In order to comply with FEMA’s current requirements, RMSEz and other statistics were computed in all five ground cover categories, individually and combined.  These statistics are shown in Figures 3 and 4 and Table 4 below.  
Figure 3 shows the RMSEz values as calculated for each ground cover category separately.
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Figure 3 – RMSEz statistics by Ground Cover Category
Table 4 – Overall Descriptive Statistics by Ground Cover Category
	Land Cover Category
	RMSEz

(ft)
	Mean

(ft)
	Median

(ft)
	Skew
	Std Dev

(ft)
	# of Points
	Min

(ft)
	Max

(ft)

	Consolidated
	0.30
	0.00
	-0.05
	0.79
	0.30
	100
	-1.02
	1.20

	Hard Surface
	0.17
	-0.08
	-0.10
	0.84
	0.16
	20
	-0.30
	0.29

	Short Grass
	0.19
	-0.08
	-0.10
	0.66
	0.18
	20
	-0.34
	0.29

	Tall Grass
	0.26
	-0.07
	-0.11
	0.30
	0.26
	21
	-0.73
	0.58

	Brush
	0.36
	0.07
	-0.04
	1.79
	0.36
	20
	-0.33
	1.20

	Woods
	0.44
	0.19
	0.18
	-1.09
	0.41
	19
	-1.02
	0.88


Figure 4 shows a histogram of the elevation differences between the field surveyed checkpoints and the TIN surface computed from the digital vertical data.  The histogram shows the number of occurrences (frequency) along the vertical axis that fell within the 0.20 ft ranges shown along the horizontal axis.  
[image: image4.emf]0

1

0

1

0

17

43

16

11

7

2

1

1

0

5

10

15

20

25

30

35

40

45

50

Frequency

-1.2 -1.0 -0.8 -0.6 -0.4 -0.2 0.0 0.2 0.4 0.6 0.8 1.0 1.2

Elevation Differences (feet)

Elevation Difference Histogram


Figure 4 – Histogram of Elevation Discrepancies within 0.2 ft bands

Summary and Conclusions
The vertical accuracy testing methods derived from the NSSDA/FEMA and NDEP/ASPRS guidelines, when applied to the Kane County project, verify that the digital vertical data provided by AME is well suited for the production of 2 ft contours.
Per NSSDA/FEMA guidelines:  RMSEz x 1.9600 = 95% confidence level





0.30 x 1.9600 = 0.59 ft

Per NDEP/ASPRS guidelines:  95th percentile (CVA) = 95% confidence level






               = 0.61 ft

Both of the 95% confidence level test results exceed the required 1.19 ft accuracy level to support the generation of 2 ft contours.








































































































































































































































































































































































� Part 3: National Standards for Spatial Data Accuracy (NSSDA), “Geospatial Positioning Accuracy Standards,” published by the Federal Geographic Data Committee (FGDC), 1998





� Appendix A, Guidance for Aerial Mapping and Surveying, “Guidelines and Specifications for Flood Hazard Mapping Partners,” published by the Federal Emergency Management Agency (FEMA), April 2003





� Guidelines for Digital Elevation Data, Version 1.0, published by the National Digital Elevation Program (NDEP), May 2004





� ASPRS Guidelines, Vertical Accuracy Reporting for Lidar Data, published by the American Society for Photogrammetry and Remote Sensing (ASPRS), May 2004
































































































































APPENDIX








Quality Control Report (All Check Points)





O:\1080208\Lidar\QC\Kane\Class_All.txt


Number               Easting     Northing   Known Z   Laser Z        Dz


-----------------------------------------------------------------------


101               982985.931  1886744.465   728.726   728.720    -0.006


102               944920.006  1924793.746   957.724   957.460    -0.264


103               962183.115  1927923.034   861.179   861.040    -0.139


104               964750.600  1935897.729   880.910   880.930    +0.020


105               947545.067  1862338.601   713.381   713.670    +0.289


106               954690.489  1863593.330   688.168   687.940    -0.228


107               954001.409  1877826.284   723.565   723.810    +0.245


108               936323.439  1976158.348   940.979   940.650    -0.329


109               936549.449  1966300.700   930.231   930.120    -0.111


110               946159.289  1960145.502   981.996   981.930    -0.066


111               931065.116  1981413.668   891.025   890.930    -0.095


113               978039.678  1945069.154   792.909   792.810    -0.099


114               994639.002  1979105.281   773.791   774.040    +0.249


115              1000453.944  1980820.340   741.695   741.590    -0.105


116               979046.132  1863026.543   698.194   698.180    -0.014


117               986542.243  1871906.528   652.138   652.110    -0.028


118               996281.337  1874754.508   768.224   767.910    -0.314


119               997964.782  1898528.595   770.796   770.630    -0.166


120               996362.226  1894930.311   750.625   750.290    -0.335


121               929257.466  1904708.956   872.702   872.590    -0.112


201               982987.512  1886742.014   728.411   728.470    +0.059


202               944984.554  1926073.421   971.182   971.030    -0.152


203               952905.076  1929368.595   938.755   938.990    +0.235


204               957879.689  1925992.969   879.670   880.100    +0.430


205               950123.707  1938819.771   977.462   977.260    -0.202


206               947671.123  1877681.172   756.317   756.240    -0.077


207               954687.041  1863594.659   688.096   688.050    -0.046


208               938776.026  1974478.367   984.768   984.560    -0.208


209               936546.959  1966299.273   930.704   930.540    -0.164


210               933735.140  1974802.261   918.227   918.100    -0.127


211               931066.097  1981410.171   891.232   891.120    -0.112


212               941449.708  1981754.839   993.322   993.250    -0.072


213               977322.156  1949626.321   828.693   828.520    -0.173


214              1000389.492  1977288.988   717.203   716.470    -0.733


215              1000425.712  1980769.972   740.609   740.420    -0.189


216               984967.197  1865692.840   694.274   694.850    +0.576


217               992912.010  1874031.101   760.208   760.190    -0.018


218               996285.721  1874755.135   768.040   767.770    -0.270


219               998282.698  1898471.032   772.351   772.140    -0.211


220               972905.607  1886386.106   704.920   704.930    +0.010


221               964526.158  1911731.193   781.442   781.500    +0.058


301               957883.488  1925985.039   879.431   879.450    +0.019


302               964761.584  1935899.507   879.769   879.720    -0.049


303               950121.807  1938828.183   978.400   978.250    -0.150


304               929030.248  1856756.244   706.603   707.800    +1.197


305               954690.591  1863586.201   688.348   688.200    -0.148


306               938774.267  1974475.644   984.401   984.120    -0.281


307               946159.417  1960141.890   982.383   982.270    -0.113


308               933738.385  1974804.955   918.315   918.280    -0.035


309               941455.850  1981755.269   992.711   992.640    -0.071


311               976507.853  1950969.113   842.721   842.680    -0.041


312               979672.781  1955511.171   891.045   891.340    +0.295


313               981983.105  1954461.695   844.004   843.970    -0.034


314              1000413.718  1977215.757   717.046   outside         *


315              1000406.549  1980808.844   740.422   740.140    -0.282


316               984965.540  1865690.770   694.356   694.870    +0.514


317               992920.281  1874035.891   761.353   761.440    +0.087


318               998284.913  1898463.634   771.216   771.470    +0.254


319               996366.911  1894928.877   750.136   749.890    -0.246


320               990235.943  1894445.512   672.623   673.080    +0.457


322               941215.250  1903996.110   834.897   834.570    -0.327


323               973891.313  1907275.093   742.075   742.350    +0.275


401               989727.220  1883786.918   700.468   700.990    +0.522


402               944985.147  1926076.788   970.890   970.830    -0.060


403               952901.277  1929367.509   938.689   939.120    +0.431


404               943801.738  1936300.248   986.862   986.900    +0.038


405               947541.514  1862345.478   712.666   713.550    +0.884


406               929024.034  1856756.182   706.560   707.310    +0.750


407               954002.380  1877823.141   723.663   723.880    +0.217


408               936320.962  1976163.915   939.969   940.150    +0.181


411               977323.032  1949630.248   828.935   828.940    +0.005


412               979683.175  1955514.626   890.625   890.780    +0.155


413               981985.323  1954458.453   844.972   843.950    -1.022


414               996016.381  1979508.682   775.008   775.000    -0.008


415              1002123.094  1980195.925   838.440   838.620    +0.180


416               984966.586  1865690.107   694.625   694.770    +0.145


417               979044.787  1863019.919   698.142   698.380    +0.238


418               986542.650  1871915.167   652.295   652.330    +0.035


419               996289.730  1874755.115   768.178   767.990    -0.188


420               990235.625  1894439.738   672.522   673.130    +0.608


423               973898.577  1907275.621   741.796   742.270    +0.474


501               944914.180  1924795.399   957.492   957.460    -0.032


502               962175.507  1927922.844   861.557   861.510    -0.047


503               964745.334  1935899.721   880.871   880.980    +0.109


504               943801.203  1936305.576   987.242   987.250    +0.008


505               947677.655  1877682.823   756.413   756.350    -0.063


507               954701.716  1863590.768   688.207   688.010    -0.197


508               936323.393  1976154.998   941.176   940.880    -0.296


509               936553.973  1966300.877   930.471   930.360    -0.111


510               931064.627  1981417.592   891.206   890.950    -0.256


511               950078.526  1982825.654   916.137   915.970    -0.167


512               978035.222  1945063.777   793.273   793.190    -0.083


513               976520.504  1950970.790   843.204   842.900    -0.304


514               994635.865  1979118.637   773.473   773.700    +0.227


515              1002146.926  1980232.352   838.886   838.680    -0.206


516              1000430.407  1977219.983   717.033   716.850    -0.183


517               979056.917  1863020.208   698.171   698.220    +0.049


518               986537.174  1871903.796   652.367   652.660    +0.293


519               997961.652  1898535.593   770.267   770.110    -0.157


520               972900.807  1886379.557   705.261   705.190    -0.071


521               929254.122  1904711.184   872.692   872.580    -0.112


1                 979356.109  1945044.214   784.178   784.560    +0.382


2                 944921.398  1924814.936   957.472   957.270    -0.202


3                 947686.664  1877534.693   757.134   757.210    +0.076


K131              933750.701  1974818.475   919.434   918.750    -0.684


MCHENRY           996331.075  2058149.703   811.078   outside         *


W17               999936.573  1979705.821   726.176   725.910    -0.266


W19               989513.900  1884208.584   717.728   717.510    -0.218


YORKVILLE         954068.587  1816836.960   656.101   outside         *





Average dz           -0.006


Minimum dz           -1.022


Maximum dz           +1.197


Average magnitude     0.218


Root mean square      0.305


Std deviation         0.306














































































































Quality Control Report (Hard-Surface Check Points)





O:\1080208\Lidar\QC\Kane\Class4_Urban.txt


Number               Easting     Northing   Known Z   Laser Z        Dz


-----------------------------------------------------------------------


501               944914.180  1924795.399   957.492   957.460    -0.032


502               962175.507  1927922.844   861.557   861.510    -0.047


503               964745.334  1935899.721   880.871   880.980    +0.109


504               943801.203  1936305.576   987.242   987.250    +0.008


505               947677.655  1877682.823   756.413   756.350    -0.063


507               954701.716  1863590.768   688.207   688.010    -0.197


508               936323.393  1976154.998   941.176   940.880    -0.296


509               936553.973  1966300.877   930.471   930.360    -0.111


510               931064.627  1981417.592   891.206   890.950    -0.256


511               950078.526  1982825.654   916.137   915.970    -0.167


512               978035.222  1945063.777   793.273   793.190    -0.083


513               976520.504  1950970.790   843.204   842.900    -0.304


514               994635.865  1979118.637   773.473   773.700    +0.227


515              1002146.926  1980232.352   838.886   838.680    -0.206


516              1000430.407  1977219.983   717.033   716.850    -0.183


517               979056.917  1863020.208   698.171   698.220    +0.049


518               986537.174  1871903.796   652.367   652.660    +0.293


519               997961.652  1898535.593   770.267   770.110    -0.157


520               972900.807  1886379.557   705.261   705.190    -0.071


521               929254.122  1904711.184   872.692   872.580    -0.112





Average dz           -0.080


Minimum dz           -0.304


Maximum dz           +0.293


Average magnitude     0.149


Root mean square      0.174


Std deviation         0.159

































































Quality Control Report (Short Grass Check Points)





O:\1080208\Lidar\QC\Kane\Class2_Short_Grass.txt


Number               Easting     Northing   Known Z   Laser Z        Dz


-----------------------------------------------------------------------


101               982985.931  1886744.465   728.726   728.720    -0.006


102               944920.006  1924793.746   957.724   957.460    -0.264


103               962183.115  1927923.034   861.179   861.040    -0.139


104               964750.600  1935897.729   880.910   880.930    +0.020


105               947545.067  1862338.601   713.381   713.670    +0.289


106               954690.489  1863593.330   688.168   687.940    -0.228


107               954001.409  1877826.284   723.565   723.810    +0.245


108               936323.439  1976158.348   940.979   940.650    -0.329


109               936549.449  1966300.700   930.231   930.120    -0.111


110               946159.289  1960145.502   981.996   981.930    -0.066


111               931065.116  1981413.668   891.025   890.930    -0.095


113               978039.678  1945069.154   792.909   792.810    -0.099


114               994639.002  1979105.281   773.791   774.040    +0.249


115              1000453.944  1980820.340   741.695   741.590    -0.105


116               979046.132  1863026.543   698.194   698.180    -0.014


117               986542.243  1871906.528   652.138   652.110    -0.028


118               996281.337  1874754.508   768.224   767.910    -0.314


119               997964.782  1898528.595   770.796   770.630    -0.166


120               996362.226  1894930.311   750.625   750.290    -0.335


121               929257.466  1904708.956   872.702   872.590    -0.112





Average dz           -0.080


Minimum dz           -0.335


Maximum dz           +0.289


Average magnitude     0.161


Root mean square      0.194


Std deviation         0.181

































































Quality Control Report (Tall Grass Check Points)





O:\1080208\Lidar\QC\Kane\Class3_Tall_Grass.txt


Number               Easting     Northing   Known Z   Laser Z        Dz


-----------------------------------------------------------------------


201               982987.512  1886742.014   728.411   728.470    +0.059


202               944984.554  1926073.421   971.182   971.030    -0.152


203               952905.076  1929368.595   938.755   938.990    +0.235


204               957879.689  1925992.969   879.670   880.100    +0.430


205               950123.707  1938819.771   977.462   977.260    -0.202


206               947671.123  1877681.172   756.317   756.240    -0.077


207               954687.041  1863594.659   688.096   688.050    -0.046


208               938776.026  1974478.367   984.768   984.560    -0.208


209               936546.959  1966299.273   930.704   930.540    -0.164


210               933735.140  1974802.261   918.227   918.100    -0.127


211               931066.097  1981410.171   891.232   891.120    -0.112


212               941449.708  1981754.839   993.322   993.250    -0.072


213               977322.156  1949626.321   828.693   828.520    -0.173


214              1000389.492  1977288.988   717.203   716.470    -0.733


215              1000425.712  1980769.972   740.609   740.420    -0.189


216               984967.197  1865692.840   694.274   694.850    +0.576


217               992912.010  1874031.101   760.208   760.190    -0.018


218               996285.721  1874755.135   768.040   767.770    -0.270


219               998282.698  1898471.032   772.351   772.140    -0.211


220               972905.607  1886386.106   704.920   704.930    +0.010


221               964526.158  1911731.193   781.442   781.500    +0.058





Average dz           -0.066


Minimum dz           -0.733


Maximum dz           +0.576


Average magnitude     0.196


Root mean square      0.265


Std deviation         0.263






























































Quality Control Report (Brush Check Points)





O:\1080208\Lidar\QC\Kane\Class1_Brush.txt


Number               Easting     Northing   Known Z   Laser Z        Dz


-----------------------------------------------------------------------


301               957883.488  1925985.039   879.431   879.450    +0.019


302               964761.584  1935899.507   879.769   879.720    -0.049


303               950121.807  1938828.183   978.400   978.250    -0.150


304               929030.248  1856756.244   706.603   707.800    +1.197


305               954690.591  1863586.201   688.348   688.200    -0.148


306               938774.267  1974475.644   984.401   984.120    -0.281


307               946159.417  1960141.890   982.383   982.270    -0.113


308               933738.385  1974804.955   918.315   918.280    -0.035


309               941455.850  1981755.269   992.711   992.640    -0.071


311               976507.853  1950969.113   842.721   842.680    -0.041


312               979672.781  1955511.171   891.045   891.340    +0.295


313               981983.105  1954461.695   844.004   843.970    -0.034


314              1000413.718  1977215.757   717.046   outside         *


315              1000406.549  1980808.844   740.422   740.140    -0.282


316               984965.540  1865690.770   694.356   694.870    +0.514


317               992920.281  1874035.891   761.353   761.440    +0.087


318               998284.913  1898463.634   771.216   771.470    +0.254


319               996366.911  1894928.877   750.136   749.890    -0.246


320               990235.943  1894445.512   672.623   673.080    +0.457


322               941215.250  1903996.110   834.897   834.570    -0.327


323               973891.313  1907275.093   742.075   742.350    +0.275





Average dz           +0.066


Minimum dz           -0.327


Maximum dz           +1.197


Average magnitude     0.244


Root mean square      0.356


Std deviation         0.359






























































Quality Control Report (Trees Check Points)





O:\1080208\Lidar\QC\Kane\Class5_Woods.txt


Number               Easting     Northing   Known Z   Laser Z        Dz


-----------------------------------------------------------------------


401               989727.220  1883786.918   700.468   700.990    +0.522


402               944985.147  1926076.788   970.890   970.830    -0.060


403               952901.277  1929367.509   938.689   939.120    +0.431


404               943801.738  1936300.248   986.862   986.900    +0.038


405               947541.514  1862345.478   712.666   713.550    +0.884


406               929024.034  1856756.182   706.560   707.310    +0.750


407               954002.380  1877823.141   723.663   723.880    +0.217


408               936320.962  1976163.915   939.969   940.150    +0.181


411               977323.032  1949630.248   828.935   828.940    +0.005


412               979683.175  1955514.626   890.625   890.780    +0.155


413               981985.323  1954458.453   844.972   843.950    -1.022


414               996016.381  1979508.682   775.008   775.000    -0.008


415              1002123.094  1980195.925   838.440   838.620    +0.180


416               984966.586  1865690.107   694.625   694.770    +0.145


417               979044.787  1863019.919   698.142   698.380    +0.238


418               986542.650  1871915.167   652.295   652.330    +0.035


419               996289.730  1874755.115   768.178   767.990    -0.188


420               990235.625  1894439.738   672.522   673.130    +0.608


423               973898.577  1907275.621   741.796   742.270    +0.474





Average dz           +0.189


Minimum dz           -1.022


Maximum dz           +0.884


Average magnitude     0.323


Root mean square      0.441


Std deviation         0.410
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