Horizontal and Vertical Accuracy Reports for the
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March 2007

Definition of 2006 Aerial Photography and LIDAR Project.   ……………..

Horizontal Accuracy

*Tested 0.90539 (feet) horizontal accuracy at 95% confidence level*

Vertical Accuracy

*Tested 1.44 (feet) vertical accuracy at 95% confidence level*

Horizontal and Vertical accuracy tests were performed using the methodologies defined in “Geospatial Positioning Accuracy Standards, Part 3: National Standard for Spatial Data Accuracy” (FGDC-STD-007.3-1998)

Horizontal Accuracy Testing

Fulton County provided 20 manhole sample locations that were easily identifiable in the Aerial Photography images.  These manholes had been located using GPS-RTK (Real Time Kinetic) equipment at better than 2 centimeter accuracy.  The Fulton County data is evenly distributed  over a 10 square mile area in Northern Fulton County

The City of Atlanta provided 50 random manhole sample locations.  21 of these locations were identifiable on the Aerial Photography.  These manholes had been located using “Engineering Grade” survey methods.  The City of Atlanta data is clustered in small groups spread out over the entirety of the City’s limits.

Each sample manhole was located in the Aerial Photography imagery and the difference between the two locations was measured as the error.
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	ID TAG
	Easting
	Northing
	Error (feet)
	Err Sqr
	Comment

	13940102601
	2246807.4994605
	1364283.9905912
	0.8
	0.64
	

	23170302501
	2191159.0777767
	1346377.6323025
	0.76
	0.5776
	

	23150305301
	2238901.927
	1330190.558
	0.68
	0.4624
	

	23390327301
	2245761.9995556
	1363239.9908462
	0.6
	0.36
	

	13970322301
	2226309.5062254
	1350485.2605944
	0.59
	0.3481
	

	23460420201
	2246391.9996841
	1364696.7496316
	0.58
	0.3364
	

	23150325301
	2211051.37
	1371683.84
	0.57
	0.3249
	

	13970312601
	2226946.86
	1351758.83
	0.56
	0.3136
	

	23070415501
	2244316.8795542
	1365373.1208322
	0.5
	0.25
	

	23330404501
	2225463.0030567
	1409508.7504413
	0.46
	0.2116
	

	23460420001
	2191373.1588009
	1347036.5112792
	0.44
	0.1936
	

	23390324601
	2243993.0728339
	1363242.8997742
	0.39
	0.1521
	

	23330404601
	2224020.7489753
	1408348.7519763
	0.33
	0.1089
	

	13940101801
	2210334.817
	1372297.432
	0.32
	0.1024
	

	23250400901
	2209760.578
	1371518.003
	0.32
	0.1024
	

	23390303701
	2209370.699
	1370951.111
	0.32
	0.1024
	

	23190412601
	2225667.0025448
	1351333.5027712
	0.29
	0.0841
	

	23070416601
	2191862.3563694
	1347795.9967199
	0.28
	0.0784
	

	13970314701
	2194544.7448519
	1372596.102983
	0.21
	0.0441
	

	13970316401
	2193151.0155706
	1372728.8185031
	0.16
	0.0256
	

	13970317601
	2193315.5193787
	1373466.6399438
	0.16
	0.0256
	

	BC6619690
	2257974.248
	1482632.884
	1.12
	1.2544
	 

	BC5911090
	2255160
	1446605.482
	0.8
	0.64
	 

	BC5017240
	2277483.893
	1485885.06
	0.59
	0.3481
	 

	BC5012510
	2279434.566
	1490413.093
	0.85
	0.7225
	 

	BC5012060
	2282547.363
	1488736.203
	0.34
	0.1156
	 

	BC5009790
	2283530.971
	1487474.133
	0.59
	0.3481
	 

	BC4906150
	2269240.152
	1486602.271
	0.96
	0.9216
	 

	BC4709300
	2277240.099
	1477840.698
	0.76
	0.5776
	 

	BC4612430
	2272047.61
	1478548.45
	0.7
	0.49
	 

	BC4521130
	2264399.607
	1486266.334
	0.83
	0.6889
	 

	BC4426370
	2269259.452
	1474060.709
	0.56
	0.3136
	 

	BC4422700
	2266578.288
	1477333.38
	0.43
	0.1849
	 

	BC4017800
	2269558.865
	1471711.052
	0.52
	0.2704
	 

	BC3406900
	2265611.711
	1464225.145
	0.6
	0.36
	 

	BC3319080
	2256375.127
	1467746.781
	0.56
	0.3136
	 

	BC2106010
	2247533.395
	1479093.676
	0.36
	0.1296
	 

	BC1420090
	2244087.87
	1470722.65
	0.77
	0.5929
	 

	BC0813030
	2230890.698
	1462902.692
	1.54
	2.3716
	 

	BC0812770
	2233798.767
	1460149.452
	0.76
	0.5776
	 

	BC0207930
	2226617.35
	1462834.91
	0.86
	0.7396
	 

	
	
	
	
	
	 

	
	
	
	
	
	

	
	
	
	E95 =
	0.90539
	


Vertical Accuracy Testing

Fulton County provided 16872 manhole sample locations.  16668 of these locations were modelable using the methods described below.  These manholes had been field located using GPS-RTK (RTK) and Total Station (TS) survey equipment at better than 2 centimeter horizontal accuracy and better than a 6 centimeter vertical accuracy.  The Fulton County data is evenly distributed  over a 10 square mile area in Northern Fulton County

The City of Atlanta provided 282  random manhole sample locations.  274 of these locations were modelable using the methods described below.  These manholes had been located using “Engineering Grade” (ES) survey methods.  The City of Atlanta data is evenly distributed over the entirety of the City’s limits.

Each elevation for each sample manhole was computed from a model and the difference between the measured and computed elevations was measured as the error.

Because of suspicions of the quality vertical measurements in the manhole samples, a cross validation between the DEM model, the elevation Contour Model, the raw LIDAR samples, and the manhole sample locations was performed.

Sampling from the Elevation Contour Model

One of two methods was used; a bilinear resampling of the elevation contours above and below the XY location of the manhole sample.  This method constructed two shortest beams from the manhole to elevation contours with different elevations, the beams not touching or crossing any other elevation contour.  When it was not possible to produce beams to two contours of different elevations, the nearest elevation contour was used as a elevation sample.

create index rtk_beam__rgid__ind on aerial_analysis.rtk_beam (rgid,distance);

insert into aerial_analysis.rtk_beam 

 (elevation,distance,rgid,cgid,cseg,pct_along)

 ( select c.elevation, distance(c.shape, m.shape),

    m.name as rgid, c.geo_oid as cgid, c.segment_num as cseg, 

    line_locate_point(c.shape,m.shape) as pct_along

  from aerial.contour_05seg c,  aerial.nssda_z m

  where

    c.shape && expand(m.shape,100) and

    not exists (select 1 from aerial_analysis.rtk_beam rb

                 where rb.rgid = m.name and

                    rb.cgid = c.geo_oid and

                    rb.cseg = c.segment_num

                )

)

update aerial_analysis.rtk_beam set beam = makeline(m.shape,line_interpolate_point(c.shape,pct_along))

  from aerial.contour_05seg c,  aerial.nssda_z m

  where rtk_beam.beam is null and

    c.geo_oid = rtk_beam.cgid and 

    c.segment_num = rtk_beam.cseg and

    m.name = rtk_beam.rgid and

    rtk_beam.pct_along is not null;

-- flag any line that does not crosses(), SQL-MM 3: 5.1.29, any other elevation contour.

update aerial_analysis.rtk_beam set xing = boolean_int(exists ( select 1 

    from  aerial.contour_05seg c

    where

       c.shape && rtk_beam.beam and

       crosses(c.shape,rtk_beam.beam))) 

  where 

  xing is null and

-- only check the some beams during testing

  rtk_beam.rgid in ( select rgid from aerial_analysis.rtk_beam where xing is null limit 100000 );
update aerial.nssda_z set contour_z= (be.elevation + (2.0 * (be.distance / (be.distance + he.distance)))), contour_model = 'linear-bivalued'

  from

    aerial_analysis.rtk_beam be,

    aerial_analysis.rtk_beam he

  where 

    contour_z is null and

    be.rgid = nssda_z.name and

    he.rgid = nssda_z.name and

    be.xing = 0 and 

    he.xing = 0 and

    be.elevation < he.elevation and

    (he.elevation - be.elevation) = 2.0

Sampling from the DEM model

The XY location of each manhole was used to locate the three nearest DEM cell centers.  A plane was constructed from of the three DEM cell centers and the elevation on that plane of the manhole’s XY coordinate was computed.  This method proved to form a baseline in accuracy, which while routinely was not as accurate as the other elevation contour model sampling method, was more accurate when either of those methods were not able to produce a clean sample.

create table aerial_analysis.rtk_dem_beam as ( select z(dem.shape) as elevation,

    distance(setsrid(dem.shape,2240), m.shape),

    m.name as rgid, dem.dem_id as demid,  

    makeline(m.shape,setsrid(dem.shape,2240)) as beam,

    null::integer as status

  from aerial.dem,  aerial.nssda_z m

  where

    dem.shape && setsrid(expand(m.shape,20),-1)

);

create index rtk_dem_beam__rgid__ind on aerial_analysis.rtk_dem_beam(rgid);

-- first nearest three points

update aerial_analysis.rtk_dem_beam set status = 1

  where

    status is null and

    distance <= ( select max(distance) from

                   (select distance 

                   from aerial_analysis.rtk_dem_beam rb

                   where

                     status is null and

--                   same manhole

                     rb.rgid = rtk_dem_beam.rgid and

--                   beam to a dem sample with the same elevation

                     rb.elevation = rtk_dem_beam.elevation

                   limit 3

                   ) as x

               )

;

update aerial.nssda_z set dem_z = planar_resample(endpoint(be.beam), endpoint(me.beam), endpoint(he.beam), nssda_z.shape),

     dem_model = 'planar-resample'

  from

    aerial_analysis.rtk_dem_beam be,

    aerial_analysis.rtk_dem_beam me,

    aerial_analysis.rtk_dem_beam he

  where 

    be.rgid = nssda_z.name and

    me.rgid = nssda_z.name and

    he.rgid = nssda_z.name and

    be.status = 1 and 

    me.status = 1 and

    he.status = 1 and

    be.demid != me.demid and

    be.demid != he.demid and

    me.demid != he.demid  ;
Sampling from the raw LIDAR samples

As a further check, the nearest LIDAR sample with an ASPRS class of 2 (Bare Earth) was sampled for each manhole sample.  Actual SQL code is optimized to handle the 1.13 billion LIDAR samples more efficiently.
insert into aerial_analysis.rtk_las_beam 

  (elevation, distance, trgid, demid

  ( select z(dem.shape) as elevation,

    distance(dem.shape, m.shape),

    m.name as rgid, dem.las_id as demid,  

  from 

    aerial.nssda_z as m,

    aerial.las_data as dem

  where

    expand(m.shape,30) && dem.shape and

    dem.asprsclass = 2 

);

update aerial_analysis.rtk_las_beam set status = 1

  where

    status is null and

    distance <= ( select max(distance) 

                   from aerial_analysis.rtk_las_beam rb

                   where

                     rb.rgid = rtk_las_beam.rgid and

               );

update aerial.nssda_z set las_z = l.elevation

     las_model = 'nearest_sample'

  from

    aerial_analysis.rtk_las_beam l

  where 

    l.rgid = nssda_z.name and

    l.status = 1 

  ;

Comparison of Field Collection Methods

Using the Contour modeling methods to evaluate the 95% percentile for each of the field collection methods.  RTK is GPS Real-Time Kinetic,  TS is Total Station (theodolite), ES is generic “Engineering Grade” survey methods. 
	ERROR
	ES Samples
	ES percentile
	RTK Samples
	RTK Percentile
	TS Samples
	TS Percentile

	> 12.0
	1
	100.00%
	3
	100.00%
	3
	100.00%

	11.5 – 12.0
	1
	99.64%
	0
	99.96%
	0
	99.96%

	11.0 – 11.5
	0
	99.27%
	0
	99.96%
	0
	99.96%

	10.5 – 11.0
	1
	99.27%
	2
	99.96%
	0
	99.96%

	10.0 – 10.5
	1
	98.91%
	0
	99.94%
	2
	99.96%

	9.5 – 10.0
	1
	98.54%
	0
	99.94%
	0
	99.94%

	9.0 – 9.5
	1
	98.18%
	0
	99.94%
	2
	99.94%

	8.5 – 9.0
	0
	97.81%
	2
	99.94%
	4
	99.92%

	8.0 – 8.5
	0
	97.81%
	1
	99.91%
	5
	99.87%

	7.5 – 8.0
	3
	97.81%
	0
	99.90%
	5
	99.81%

	7.0 – 7.5
	2
	96.72%
	1
	99.90%
	2
	99.75%

	6.5 – 7.0
	2
	95.99%
	1
	99.89%
	2
	99.73%

	6.0 – 6.5
	0
	95.26%
	1
	99.88%
	6
	99.70%

	5.5 – 6.0
	1
	95.26%
	3
	99.87%
	5
	99.63%

	5.0 – 5.5
	0
	94.89%
	5
	99.83%
	14
	99.57%

	4.5 – 5.0
	1
	94.89%
	7
	99.77%
	12
	99.41%

	4.0 – 4.5
	2
	94.53%
	6
	99.68%
	18
	99.27%

	3.5 – 4.0
	1
	93.80%
	6
	99.61%
	26
	99.05%

	3.0 – 3.5
	1
	93.43%
	18
	99.54%
	59
	98.75%

	2.5 – 3.0
	1
	93.07%
	24
	99.32%
	98
	98.05%

	2.0 – 2.5
	6
	92.70%
	60
	99.03%
	201
	96.89%

	1.5 – 2.0
	17
	90.51%
	169
	98.30%
	426
	94.51%

	1.0 – 1.5
	38
	84.31%
	448
	96.24%
	874
	89.47%

	0.5 – 1.0
	85
	70.44%
	2117
	90.79%
	2205
	79.13%

	0 – 0.5
	108
	39.42%
	5343
	65.02%
	4482
	53.04%

	
	
	
	
	
	
	

	Total Samples
	274
	
	8217
	
	8451
	

	
	
	
	
	
	
	

	95th Percentile
	
	5.4 foot error
	
	1.2 foot error
	
	1.8 foot error


Limiting the NSSDA Vertical Accuracy tests to those samples with less than a 2.0 foot error the NSSDA Accuracy would be:

    contour_model     |        nssdaz_contour         |          nssdaz_dem           | count 
----------------------+-------------------------------+-------------------------------+-------

 linear-bivalued      | 0.976626511054772362419406520 | 1.331260992938981194797666960 | 14343

 nearest-singlevalued |     1.34577690474281975235560 | 1.286149515416319844580923920 |  2057

 coll_meth |    contour_model     |        nssdaz_contour         |          nssdaz_dem           | count 

-----------+----------------------+-------------------------------+-------------------------------+-------

 ES        | linear-bivalued      | 1.669383412637786666795222360 | 1.211161330426971765795004520 |   232

 ES        | nearest-singlevalued |     1.14132321965923979590040 | 1.355264624083845809644744000 |    25

 RTK       | linear-bivalued      | 0.757355652406039571534237560 | 1.062874182721703197541933720 |  7027

 RTK       | nearest-singlevalued |     1.09993120585561710551880 | 1.001451427999325888726495200 |  1080

 TS        | linear-bivalued      | 1.105262245298992593477399840 | 1.509535660269011952237518760 |  7084
 TS        | nearest-singlevalued |     1.54442285155769292507280 | 1.491118769394401348387932480 |   952

Being conservative, the vertical NSSDA tests were limited to samples with less than a 3.0 foot error.

The average of the 95th percentiles for the three field sampling methods is 2.8 feet, and samples with larger errors can be considered erroneous.
That means that the NSSDA accuracy of the Models is certainly less than reported but at the moment cannot be confidently expressed.  Further evaluation of the manhole data for errors will be necessary to produce a more accurate number.
