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Orthophotomosaic

Technological process of creating a orthophotomosaic

Design of locations
for airborne imagery

Ground control
points measurement

Airborne imagery
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Orthorectification

Correction of DTM
and image
deformations

Radiometric
image adjustment

Mosaic creation

Image color
adjustment

Quality check
(image quality,
positional accuracy)

Publication




Orthophotomosaic

Check of image deformations after orthorectification

A Visual check of orthophotos after
orthorectification.

A |dentified deformations of objects
on the image in places such as
bridges.

A Correction of the DTM used for
orthorectification e.g. modeling
of missing brigde objects. Then
orthorectification is done again.
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Orthophotomosaic

Visual check of image quality

Performed on the selected control tiles.

A
A Requirements:
A Area of cl ouds together with the shadow c¢
than 2% of its area.
A Seamlines used for the orthophotomosaic creation are not visible.
A Along the seamlines there is a brightness, color and contrast presentation of the image
without visible differences.
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Orthophotomosaic

Position accuracy control - visual

A Performed on the selected control tiles.
A Checked is the compliance of the position of the objects on the orthophotomosaic with the




Orthophotomosaic

Position accuracy control - numerical

Ground control points measurement

A Clearly identifiable points (objects) on the image and in real terrain.
A Measurement method: GNSS (RTK, static) using SKPOS.

~

A Positional accuracy: m, < 0,04 m, vertical accuracy: m,< 0,06 m.




Orthophotomosaic

Position accuracy control - numerical

A Controled area is divided into a regular grid.
A Atleast 1 control point is in each cell of grid.
A Entire territory of Slovakia: 448 control points.

A Spatial distribution of control points takes into account types of terrain according to its
vertical division (lowlands, highlands).

A Coordinates of each control point on the orthophotomosaic are measured independently
at least 3 times. :
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Orthophotomosaic

Position accuracy control - numerical

Locality

A Accuracy control on 3 levels:
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Orthophotomosaic

Position accuracy control - numerical

Central part of Slovakia
Kaoﬁla KB02_009_1

KB02Y007_2

A Accuracy control on 3 levels:
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Orthophotomosaic

Numerical position accuracy control

~

A

A

locality

western, central or easter
entire territory of Slovakia

A Accuracy check on 3 levels:

n part of Slovakia

Entire territory of Slovakia




Orthophotomosaic

Position accuracy control - numerical

A Positional accuracy Is calculated according to the following formulas:

Positional error in the x coordinate:

RMSE, = [H=4 n“x

Positional error in the y coordinate:

RMSE, = 2=
n

Ax , Ay — differences of the coordinates measured on the orthophotomosaic and
the reference coordinates of control points,
n — number of control points.

Positional error RMSE,

RMSE,, = JRMSEZ + RMSE;
CE95 (Circular error 95%):
- CE95 =1,7308 *RI\/ISExy
) == UBKKs:

represents the magnitude of an error which will not be exceeded in 95% of cases.



Orthophotomosaic

Position accuracy control - results

A Orthophotomosaic 2017 17 2019 (GSD=25 cm):
A RMSE,, =0,30 m
A CE95=0,52m

A Orthophotomosaic 202017 2022 (GSD=20 cm):
A RMSE,, =0,21 m
A CE95=0,26m

A Orthophotomosaic 2023 (GSD=15 cm):
A RMSE,, =0,17m
A CE95=0,29m
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Airborne laser scanning

Quality check procedure

Contractor UGKK SR

unclassified point cloud check % unclassified point cloud check
(vertical accuracy) after laser (vertical accuracy, density, holes,
scanning attributes, scannig strips overlap)

Contractor UGKK SR
point cloud classification vertical accuracy (point cloud, DTM),

vertical and positional accuracy —9 pomt.cloud cla§5|f|cat|on check,
(point cloud, DTM) comparison of point cloud data from

the 1stphase (number of points and
LAS files)




Airborne laser scanning

Positional accuracy control

Point cloud

A Positional accuracy is checked by measuring the shifts of the point cloud from reference
control points located on buildings with vertical walls.

- . r B
Positional error: a /— :

n E-&horizontal distanceof a point from point cloud clearlyidentified on a control
objectfrom the verticalplaneof this objectdeterminedby the control measurement,

n ¢ numberof control points.

U = ek
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Airborne laser scanning

Vertical accuracy control

A Vertical accuracy is checked on the control grid, which consists of 4 points at the distance
of 1 m measured by the GNSS methods on open paved surfaces.

A Contractor
B UGKK SR

- Control grids in locality 9
W = ks from 1stALS cycle

o0ézie, kartografie a Ketastrs



Airborne laser scanning

Vertical accuracy control

Point cloud

A Vertical accuracy is checked on points from Ground class which are located within
a distance of 40 cm from the control grid points.

a the average height difference Y Qbetween the height of the cloud points and the
height of the control grid points is calculated. e

Verticalerror:

a

n - number of controlgrids

¢ Point cloud (Ground class) A

e Control grid point

W=
UGKKss .
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Airborne laser scanning

Vertical accuracy control

Digital terrain model

A Vertical accuracy is checked on the 4 nearest DTM cells in the vicinity of each control

grid point.

a the average height difference YObetween the height of DTM cells and the height

of the control grid points is calculated.

Verticalerror:

a

n - number of controlgrids

é2le. Kertagrarie 8 katastra

DTM - cell 3 DTM -cell 4
. .
°
Control grid|point
. °
DTM -cell 1 DTM - cell 2

Control grid point with nearest DTM cells




Airborne laser scanning

Vertical and positional accuracy

A Testing the vertical and positional accuracy (shifts) of point clouds between neighbouring
scanning strips and ALS localities.

Example of positional shift between scanning strips
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Airborne laser scanning

Positional and vertical accuracy control - results
A Required accuracies:
A 1stcycle - Pointcloud: m, O 0, 30 m -TMB4),R®AS m ( Eh), BT38H, 00, 2 Bpvn (
A 2Mcycle - Pointcloud: m,, O 0, 20 m -TMB4),R®EAD m ( EAY RS89
A Example results from lacalities 31-42 from 1St ALS cycle:

Point cloud DTM (Bpv)
VH 1 CHHE T S [m] BRI TRm] VH' 1 HHE T i[m]
0,08 0,09 0,13
004 0.10 004
009 010 010
008 009 016
003 000 003
003 008 003
001 005 002
003 005 003
003 007 003
003 010 0,04
006 012 006
003 010 003
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Airborne laser scanning

Vertical accuracy control on unpaved surfaces

~

A Testing of the vertical accuracy of DTM on unpaved surfaces comparing with data
provided by commercial surveyors or from various research tasks.

A Results:
A In built-up areas: m, < 0,15 m
A Inthe fields: m, <0,25 m
A In forest areas: m, < 0,50 m
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Airborne laser scanning 1 quality check

Point cloud density check
A Testing the density (number of points) of point cloud per 1 m2.
A Requirements on point cloud density:
A 1St ALS cycle: min. 5 points per m2 . —
A 2" ALS cycle: min. 15 points per m?
A Achieved point cloud density:
A 1St ALS cycle: 15-52 points per m?
A 2" ALS cycle: 34-45 points per m?

aézie. kertogralie 8 Katastra



Airborne laser scanning 1 quality check

Scannig strips overlap check
A Testing the overlap of neighbouring scanning strips.
A Requirements on overlapping:

A 1St ALS cycle: more than 40%

A 2" ALS cycle: more than 50%
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Airborne laser scanning

Point cloud classification check

A Testing the correctness of the point cloud classification.

A Classification classes:
A 1StALS cycle:
A Compulsory classification into 2 classes - 01 Unclassified, 02 Ground.

A Optional classification into 10 classes - 01 Unclassified, 02 Ground, 03 Low vegetation, 04 Medium
vegetation, 05 High vegetation, 06 Building, 07 Low point (Noise), 09 Water, 17 Bridge deck and 18 Hight Noise.

A 2" ALS cycle:
A Compulsory classification into 10 classes - 01 Unclassified, 02 Ground, 03 Low vegetation, 04 Medium
vegetation, 05 High vegetation, 06 Building, 07 Low point (Noise), 09 Water, 17 Bridge deck and 18 Hight Noise.

A Optional classification into 12 classes - 01 Unclassified, 02 Ground, 03 Low vegetation, 04 Medium
vegetation, 05 High vegetation, 06 Building, 07 Low point (Noise), 09 Water, 17 Bridge deck, 18 Hight Noise,
14 Power lines (Wire) and 15 Tower.

A Classification accuracy requirements:
A Ground class: 99,5%
A Other classes: 90% in the 1St ALS cycle, 95% in the 2d ALS cycle

(rad geoaézle, kertografie 8 katestra



Airborne laser scanning

Point cloud classification check
A Examples of incorrectly classified points

Roofs of buildings in the Ground class Building part in the Unclassified class

UGKK



Airborne laser scanning

Point cloud classification check
A Examples of incorrectly classified points

Ground in the Vegetation classes
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Airborne laser scanning

Comparison od data from 1stand 2"d ALS cycle

A Check the changes between 1st and 2nd cycle on DSM.
Difference raster between DSMs




Airborne laser scanning

Comparison od data from 1stand 2"d ALS cycle

A Check the changes between 1st and 2nd cycle on DSM.
Difference raster between DSMs




/BGIS

~

A

~

A

Geodatabase which contains spatial topographic data about the territory of Slovakia
defined by the ZBGIS Feature Catalogue (more than 100 feauture classes).

a buildings, roads, railways, bridges, power lines, towers, watercourses, water bodies, etc.
usedin state andoublic administration Gl$yeation of state basic and thematic ngp




ZBGIS quality check

A Data quality check is based on the technical standards STN EN ISO 19157-1: Geographic
iInformation. Data quality.

Elements of the quantitative side of quality

Completeness
Logicalconsistency
Positional accuracy
Timeaccuracy

Thematicaccuracy

—

W = ek

Scopeof implementation

Adding over thecontrolledarea
Omission
Domainconsistency over thecontrolledarea
Topologicatonsistency
Absolute positional accuracy Positional accurac over thecontrolledarea
of raster data
Timevalidity over thecontrolledarea

5% of objects from eadeature class
Correctnessof the classification over thecontrolledarea
Correctness ohon-quantitative attributes 5% of objects from eadeature class

Accuracy of quantitative attributes



/BGIS T 15t phase of quality check

Completeness

A ZBGIS must contain all the objects listed in ZBGIS Feature Catalogue which existed during the
period of ZBGIS creation/updation and which correspond to the specified spatial resolution.

Control method 7 visuali denti fi cation of the entire control]l
other available data sources. It is performed over the orthophoto map, DTM/DSM or directly in the field.
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/BGIS T 15t phase of quality check

Time accuracy

A Checking the value of the DOW (Object update date) attribute.

Logical consistency

A Domain and Topological consistency is defined by ZBGIS Feature Catalogue.

Control method i these sub-elements of the quantitative side of quality are checked automatically
by the tools of the spatial geodatabase management system or by our custom-made tools (ZBGIS
TOOLS). Used software - ArcGIS (ESRI). It is implemented on the entire controlled area.

& i % L Check quality = Constructions * r_-‘!_.. iﬂ #| SDEDB* Data* @

Surface: None

- Validation of Z coordinate values



/BGIS T 15t phase of quality check

A Validation - of topological, attribute and procedural rules

Validation o x
Categories Rules Validation result

Import

@ Predefined XML

C:\Program Files (x86)\Zymestic Solutions\ZBGIS Nastroje 23.32 §\Validacia preddefin
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