Semiautomatic quality control of the positional

accuracy of geographical points

Summary

This paper is the result of my thesis and internship at NGI Belgium. The goal of this
internship was to create a program that works with Arcgis and does quality control of the

positional accuracy of geographical points in the database of the NGI.

With a quality control, the data is tested with respect to a reference file that has been
measured with a higher accuracy. The data from the reference file comes from
measurements on the terrain. This comparison was done with a self-written program in
Visual Basic for Arcgis. This program no longer fully meets the requirements of the NGl
and new findings in the field of quality control. The objective was to develop a program that
allows doing the quality control on an easy and semiautomatic way. Furthermore the

program had to be future proof with a forthcoming upgrade to Arcgis V10.

The program only tests the positional quality. This can be done with points, polylines and
polygons. The goal is to be able to say that with a certainty of 99 percent, xx percent of our

data has a fault under x meter.
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Measurements

Test zones of 500m x 500m were created to get the reference data set. In these zones the
data had to be measured. Due to a time limit only two types of data where taken into
account: roads and buildings. Moreover these types enable to easily modify the program

for other types of data.

The points could be freely chosen inside the test zone in accordance with gdes'. Gdes
describes how the geographic objects in the database are stored and defines whether or

not to measure a specific object.

The buildings were measured with a Leica TPS 1201 totalstation. For the roads a Trimble
GPS was used.

Due to the bilingual nature of Belgium previous measurements for quality control were
executed in different languages and with different attributes. Therefore a template had to
be created to transform the different types of measurements into conformity. With the help
of the template all data has the same structure and identical possible attributes. This

standardization allows the processing of the data to proceed much easier.

Data format

Every part of the data contains a PointID. This is an identification, which is built up in a
specific way e.g. R12-16n-01-023. R12 indicates that it concerns a road measured in
2012; 16n signifies that it handles about the north side of map sheet 16; 01 stands for the

zone on the map and 023 is the point number.

Subsequently the easting, northing and elevation component (HTAW) are added in the
data format. Easting and northing are defined in Lambert 20082. The unit of measure for

HTAW is TAW?® (Tweede Algemene Waterpassing). After these general attributes there

! Geografic descriptions: http://www.ngi.be/gdes/
? Belgian national coordinate system
3 Belgian reference system for elevation
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are additional attributes. The additional attributes differ depending on the type of control
that has to be done. The additional attributes for the quality control of roads will differ from

those from quality control of buildings.

Additional attributes depending on type of control
Roads can be displayed in different dimensions: 3D or 2D. The types can vary between

RoadSegement, PathSegment, DirtroadSegment, RoadSurface and
ConnectionRoadSurface. The attribute Place shows where the point is measured: the axis
of the road or the edge. Other attributes are Relief (none, weak, average, strong), Marking
(yes or no) and Origin (measured or calculated). The road axis often will be calculated
using two points at the road edge. The last attribute Remarks where any other relevant

information can be stored.

The data format for roads is displayed in table 1.

Table 1: Data format roads

PointID XLB08 YLBO8 HTAW | Dimension Type Place | Width Relief Marking Origin Remarks

In the case of buildings, the following extra attributes are added (table 2):
* code (fagade/corner);
* orientation (front, back, side);
* dimension (3D/2D);
* landscape (urban, rural, quarter, village);
* building (isolated, block);
» form (cfr. Gdes);
* function (cfr. Gdes);
* origin (measured, calculated);

e remarks.
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Table 2: Data format roads

Point ID XLB08 YLBO8 HTAW Code Orientation Dimension Landscape Building Form Function Remarks

Processing data

After the measurements, the data has to be converted into a format that Arcgis is able to
process. The data has to be exported and put into a spreadsheet. Firstly the data is
checked on its completeness and correctness. Secondly the middle of the road has to be
calculated and added to the data table. Afterwards the data is imported in Arcmap. This

software makes a shapefile of the reference data.

Program

The program designed for the semiautomatic quality control was initially written in Python
for ArcGis V9.3. Afterwards it was redefined to be compatible with ArcGis V10.

Data from ITGI (topo-geographic inventory) has to be added to Arcmap and the
measurements. The next step is to click on the toolbox Quality Control. There will be two

options: Quality Control Roads and Quality Control Buildings (figure 1).
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Figure 1: ArcMap Buildings ©NGI

After selecting one of these items, a window as shown in figure 2 opens.
In the first box the layer that holds the measured data must be defined. In the second box
other layers wished to be tested, can be added. Width and elevation testing can be found

in the checkboxes at the bottom.

% Quality Control Roads

¢ Measurements

/( zvalue )

[ ZValue [optional)

™ Width [optional) v

\ ( RWIdth ) OK Cancel Environments... | Show Help >>

Figure 2: User Interface Roads ©NGI

After everything is filled, click OK. A new window will open to report the status of the
program (figure 3).
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Quality Control Roads 3]
<< Details

I™ Close this dialog when completed successfully

Executing: QualityControlRoads Roads KB 226

RO_RoadSegment; RO _DirtRoadSegment;RO_PathSegment; RO ConnectingRoadSurface; RO OrdinaryRoadiurface true

true

Start Tiwe: Mon Apr 16 09:27:17 2012

Running script QualityControlRoads...
*# % * Using layers:

RO_RoadSegment; RO _DirtRoadSegment;RO_PathSegment;RO ConnectingRoadSurface;RO_OrdinaryRoadSurface
o Find nearest

Filter and export nearest (Axis)

Getting elevation from measurements

Filter and export nearest (Edge)

Getting elevation from measurements

Clean up temporary files

Conmpleted script QualityControlRoads...

Executed (QualityControlRoads) successfully.

End Time: Mon Apr 16 09:27:55 2012 (Elapsed Tine: 38,00 seconds)

* % % o
* % %
* % % % % %

T *

Figure 3: Status Window ©NGI

In the next couple of paragraphs the working process of the program will be explained.

At first the program will separate the points by the attribute Place. Two new feature layers
will be created: one for axis and one for edge. The program starts with the data in axis,
with a function GenereateNearTable() from arcgisscripting. The function will return all the
objects in a radius of 20m from the measured point. In the next step the results will be put

into an array and filtered. This will remove most of the wrong results.

A problem that occurs is the possibility that a measured point lays at almost the same
distance of two or more objects out of the ITGI. This is the reason for the semiautomatic
character of the program. It does not filter data if the difference in distance between the
measured point and the object is less than 2m. These results will be flagged and will show
up on a red background in the worksheet. Now can be checked manually which point is

the correct one and the wrong one can be removed.

After the filtering, the function elevation gets called (if the checkbox was checked at the
start of the program). This will calculate the difference in height between the measured
point and the one in the ITGI and adds it to the array, but only if the attribute Dimension

has a value of 3D.
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If the checkbox width is checked, it will add calculated width from the measurement and
the attribute width from the ITGI to the array.

When this is done, the array is completed and the program writes the array to a
spreadsheet. All the data will be written as text and the calculations will be written as

formulas on a second tab.

After axis, the program will do the same for road edge, with a couple differences though.
First of all the function GenerateNearTable() will calculate a distance of 0 when a
measured point lies in a polygon. And all the layers in the ITGI which hold data from the
edge are polygons. So the first step is to convert these polygons to polylines. After this it is
the same as axis with the difference that it does not calculate width because of this is only

possible with the layer RoadSegement.

Results

The result of the program will be saved in a spreadsheet as shown in tables 3 and 4. The
first tab shows the attributes of the measured points and the attributes of the matching

point and the error in easting, northing and optional elevation and width.

Table 3: Results near Axis in Excel part 1 ©ONGI
Width Width

ID_ Terrain ID Near X-Terrain Y-Terrain Z-Terrain X-Near Y-Near Z-Near Terrain Near 2D /3D Origin

R12-226n-01-001 1376661 608712.100 683307.190 21,790 608712469 683307357 22737 | _| gemeten
R12-226n-01-002 1376661 608710.950 683326,040 22310 608710398 683325,128 22988 gemeten
R12-226n-01-003 1376661 608683.380 683342.430 23700 608682951 683341720 24,022 gemeten
R12-226n-01-064 1378197 608641.760 683365.410 24210 608642063 683365936 24,094 4,533 3.000 Berekend
R12-226n-01-065 1378198 608638.790 683378.400 23980 608638492 683378654 23746 5191 5000 Berekend
R12-226n-01-066 1378198 608685.500 683430.670 23580 608685333 683430837 24387 5326 5.000 Berekend
R12-226n-01-067 1377585 608616480 683359430 24290 608616.501 683359399 24038 5,132 5,000 Berekend
R12-226n-01-068 1377296 608606950 683306920 24430 608607.836 683306989 25445 5849 6,000 Berekend
R12-226n-01-069 1375697 608539.730 683334.090 25220 608540.122 683333262 26,122 5049 5000 Berekend
R12-226n-01-070 1376056 608543.880 683384,010 24870 608543967 683384,153 25,547 5,957 6.000 Berekend
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Table 4: Results near Axis in Excel part 2 ©NGI

Feature
Type
Aardeweg
Rijweg
Rijweg
Rijweg
Rijweg
Rijweg
Rijweg
Rijweg
Rijweg
Rijweg

Feature Type Near Axis/Border
RO_RoadSegment As van de weg
RO_RoadSegment As van de weg
RO_RoadSegment As van de weg
RO_RoadSegment As van de weg
RO_RoadSegment As van de weg
RO_RoadSegment As van de weg
RO_RoadSegment As van de weg
RO_RoadSegment As van de weg
RO_RoadSegment As van de weg
RO_RoadSegment As van de weg

Road Marking Relief Remarks Error XY Error dZ Error dZ(abs) Road

NEE
NEE
NEE
NEE
NEE
NEE
NEE
NEE
NEE
NEE

Geen
geen
geen
geen
geen
geen
geen
geen
geen
geen

0,405
1,066
0,829
0,607
0,391
0.236
0,038
0.849
0,916
0,167

0,947
0.678
0,322

-0.116
-0.234

0.807

-0.252

1,015
0,902
0.677

0,947
0,678
0,322
0,116
0,234
0,807
0,252
1,015
0,902
0,677

Error
Road

Error

1,533
0,191
0326
0,132
-0,151
0,049
-0,043

2,000
0,000
0,000
0,000
0.000
0,000
0.000

In the second tab the statistics are shown (table 5). The first part displays some general

statics like the quantity of the point, the average error and the root mean square error. The

second part shows the frequency, percentage, frequency/interval and percentage/interval

for the error starting from 0 and going up by 0,5m.

Table 5: Average and RMSE by XY ©ONGI

Quantity 96
Average 0,73759
RMSE 0,86077
Error Frequency Percentage Frequencyl/interval Percentage/interval
0 0 0 0 0
0,5 29 30,20833333 29 30,20833333
1 76 79,16666667 47 48,95833333
1,5 90 93,75 14 14,58333333
2 94 97,91666667 4 4,166666667
2,5 96 100 2 2,083333333
3 96 100 0 0
3,5 96 100 0 0

After these general statistics, a list is generated for 95 percent certainty and 99 percent

certainty (table 6). This list shows the percentage, confidence interval, lower and upper

bound for the error starting from 0 and going up by 0,5m.
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Table 6: Confidence Interval dZ by 99% ©NGI

Error Percentage Confidence Lower bound Upper bound
interval
0 0 0 0 0
0,5 30,208333 12,09063907 18,11769427 42,2989724
1 79,166667 10,69386385 68,47280282 89,86053051
1,5 93,75 6,373965909 87,37603409 100,1239659
2 97,916667 3,76089997 94,15576671 101,6775666
2,5 100 0 100 100
3 100 0 100 100
3,5 100 0 100 100
Extras

While making this, format and export files were created for Leica TPS and Trimble GPS.

Meanwhile a document in Dutch was composted, explaining the whole program code block

by block.
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Conclusion

The program meets the requirements of the NGI. It is written in Python and is compatible
with Arcgis V9.3 and Arcgis V10. It ensures that uncertain points are not filtered out but
can be adjusted manually. The program can perform control on points to polylines and
polygons. With the help of this program, the process of quality control can be done much
faster and it ensures that human errors are eliminated. The two versions of the program
will also ensure that the program can be used now, and that it can be used after an update
to ArcGis V10.

“Metiri est scire!”

Jan Vermeiren, Zwijndrecht, July 14" 2012.
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