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Background

The Hellenic Cadastre has been under
development since 1995 and we are
expected to finish till the end of 2021

» Partially created using External
Contractors

Orthoimagery

v Collection of spatial cadastral
information using digitization of
parcel boundaries in orthoimages

v' visualization of cadastral
information

History
v" Pilot projects (340 municipalities)
v' Main projects
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Hellenic Cadastre basemaps
Basic characteristics

Very Large Scale Orthophotos LN 1 @
(VLSO) e
Fully Rectified Imagery (True Orthos)
58 cities - 3.959 km?
Flights: 2007 — 2008

Orthophotos

Pixel size (GSD): 0.20 m
Radiometric Resolution: True Color (24 bit)
No of images: 13.125
Image type JPEG2000
Image dimensions 800 m X 600 m - %

DSM TH &S

oo

Pixel size (GSD): 0.80 m =y
Image type E?iIZI Floating Point D ]
Perimetric covering: 80 m

http://www.ktimatologio.gr
ORTHOPHOTOS

Sy )
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http://gis.ktimanet.gr/wms/ktbasemap/default.aspx

Hellenic Cadastre basemaps
Basic characteristics

Delos island

Large Scale Orthophotos (LSO)
3 contracts
All Greece ~ 132.000 km?
Flights: 2007 — 2009

Orthophotos
Pixel size (GSD): 0.50 m
Radiometric Resolution: True Color (24 bit)
No of images: 13.150
Image type JPEG2000
Image dimensions 4000 m X 3000 m

DEM
Pixel size (GSD): 5.00 m
ESRI Floating Point

Image type Grid
Perimetric covering: 300 m

http://www.ktimatologio.gr
ORTHOPHOTOS

e <2
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http://gis.ktimanet.gr/wms/ktbasemap/default.aspx

Hellenic Cadastre basemaps
Basic characteristics

4"~ 7 A .

Vo 3y ;45

Orthophotos & DTM (COAST)
Orthophotos and DTM (bare earth)
Total length ~ 15.994 km

on generalized lines PR, M
Flights: 2007 — 2008 S P,

Orthophotos
Pixel size (GSD): 0.25m
Radiometric Resolution: True Color, NIR
No of images: 37.338
Image type TIFF
) ] =
Image dimensions 800 m X 600 m i
DTM L
oo
Pixel size (GSD): 1.00 m A
ESRI Floating Point
Image type Grid D a
Perimetric covering: 80 m

300 meter-wide zone along the coast of
the country and the banks of the ‘large’
lakes and ‘navigable’ rivers.
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Hellenic Cadastre basemaps
Basic characteristics

Historical Orthophotos
From year 1945 / 1960
All Greece ~ 132.000 km?
Flights: 1945 & 1960

Orthophotos

Pixel size (GSD): 1.00 m
Radiometric Resolution: Panchromatic

(8 bit)
No of images: 13.315
Image type TIFF
Image dimensions 4000 m X 3000 m

DSM

Pixel size (GSD): 40.00 m

ESRI Floating Point
Image type Grid
Perimetric covering: 300 m

Camera: Military non photogrammetric

& From imagery to digital reality: ERS & Photogrammetry, Crete, 23 September 2018 7



Large Scale Orthophotos 25
Basic characteristics

Three contracts (Oct 2014 ~ Sep 2016)
Cover: Greece ~ 132.000km?
Flights: 2014 - 2015

Orthophotos
Pixel size (GSD) 0.25m
Radiometric resolution True Color, NIR
Image type JPEG2000 + Worldfile
Image dimensions 2000 m X 1500 m s
Number of images 48.051 TH &S
oo
Digital Elevation Model <]
Pixel size (GSD) 2.00 m { J
Perimetric covering 150 m
Image type GeoTiff Floating
Image dimensions 2300 m X 1800 m

¢ age Lands
S DatalSIORNOAANUIS! Navy. NGA, GEBCO

3 contracts ~ €3.0 M
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Large Scale Orthophotos 25
Samples
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Large Scale Orthophotos 25
LSO vs LSO25
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Large Scale Orthophotos 25
Border regions — Flight constraints

+ Border constraints in Northern Greece: Satellite images WorldView 11
+ 0,50 m GSD at nadir point
+ Satellite products after the end of 2014

+ Coverage ~3400 km2

+ Licensing model - free access

+ Produce orthoimages in 2016 SAT Images
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Large Scale Orthophotos 25
Metadata '....,,....:... e et e e

htp //um no w/nmmtyu.uuq

Metadata it g st

1) Production of data according to the requirements o e Aamegemettimetelogi. g 5
of Greek Law 3882/2010 "National Infrastructure prd ClLAddrens>
for Geospatial Information™ (Implementing the gma contactint
Directive 2007/2/EC INSPIRE). e iAot ot ONomtact 3 1 o

2) For all project deliverables (intermediate and
final), INSPIRE metadata files were created.

3) Compatibility check of metadata for all S 4
orthoimages and DEMs using INSPIRE metadata k5 O =
editor. % o H

4) Due to limited functionality of the INSPIRE E o - i
metadata editor, it was not possible to check the GE) - s
compatibility of aerial photographs = = om e

wn

Reference date {*) ~ Datetype (%)
2008-06-01 Date of publication

O
. (P

(http://inspire-geoportal.ec.europa.eu/editor/)
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Large Scale Orthophotos 25
Quality checking of deliverables

Audit basic categories
+ Completeness of deliverables
+ Visual inspection

+ Radiometry checks

+ Geometric accuracy checks

Quality plan 2

-
=
In order to check and assure the products quality, agency draw up a internal Quality Plan. 2 ‘g
Ta

The quality plan is drawn up according to the
ISO 10005:2005 Quality management systems - Guidelines for quality plans 0 d
Ministerial decisions no 501:2000, no 502:2003 and no 215:2009

g

Project Quality Plan can be defined as a set of activities planned at the beginning of the

project that helps inspect and achieve quality in the Project being executed. \%5
q
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Large Scale Orthophotos 25
QC Work Breakdown Structure

|
[ LSO25 Project }

Camera Calibration Report

| | Flight Plans
a 7 A\ f =
Deliverables ORTHO [ DEM .
L ] L J ) Aerial GPS/INS data
I — 1 1
s % — - = Aerial Photos
Completeness Automatic Automatic
| of all — Quality Control — Quality Control : .
deliverables Procedures Procedures Control Points field
\ . 4 < J Measurements (GPS data)
e } N e N ; i
Check contractors VlSUaI Visual Contr0| P0|nts De“VerabIeS -
Quality Assurance — Quality Control — Quality Control ) C] =
Reports L Procedures | | Procedures " Orthoimages % ‘J{S_lﬁ
p > - N Digital Elevation Models T
Horizontal Vertical
N . Intermediate deliverables o
< J L J (breaklines, DEM Seamlines etc)
Quality Assurance Reports 0
Project Report %\
\IQ\;Q\\
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Large Scale Orthophotos 25
QC of DEMs ¢,

|L DEM J]

| Quality Control Records

e “\
Aot L Vertical Accurac
Quality Control Quality Control Checking Y Shapef"e for every Separate
Procedures Procedures . .
N ) Quality parameter (visual QC)
e $====y 7o==h ———=, ;~———® “«————
1§ I ( YL N ! i
1 o
[ LendCoverage | || _LandCoverage ] ||| positional Accuracy | | Excel file for every separate
| | File Characteristics | | | Gaps and bl ' Quality parameter (all)
. | ; s oA |l e cm e ey e e i e e i
: - File type i | Discontinuities :
B - File coding L - Within dem |
I - - — ¢ 4 - Between dems I
| | Basic Characteristics | | | = |
¢ i [ Defects
: N fNO of Illnes " | : Holes : Aiadixaoia EAEyyou lMoioTnrag ¥Yn@laxkou MovréAouv Edapoug: 2
- No of samples per line | -
I | e [
| G b Ps;t’t";fis | MINAKAZ EAETXOY MOIOTHTAZ WHPIAKOY MONTEAOY EAA®OYE -
! eometry RN J | TMapaperpoc EAZyxou: 8.1 8.2 r8 | r9 .10 r.i1
! GSD N e s e e ) : O B
| " d it : E Juvéxela DEM ;
- Ma st tion I g Zuvé
: M }’: : C:l o ; | Kawdkog Mvakidag ‘é g ; ev'um uvevwc’n ] f\_r“
| - Map sheet dimensions | Kahugn WME 5 Keva - Axpéc- | enddvion | yerrovikwv
| - Map sheet coding | Nepypan E Acuvéxeieg| Tpuneg WME WME Anodektr 0ar
| - Datum : 0314043440 ATMOAEKTO v ' v ATMOAEKTO | AMNOAEKTO ATOAEKTO
| - Projection System | 0314043455 AMNOAEKTO 4 v v ANOAEKTO | AMOAEKTO | AMOAEKTO q:]
: |_- Altitude type (orthometric) | | 0314043470 AMOAEKTO v v/ v AMOAEKTO | AMOAEKTO | AMOAEKTO
Iy 5 : . 0314043485 ANOAEKTO |/ % /| ANOAEKTO | ANOAEKTO | AMOAEKTO []
| Vertical } 0314043500 ANOAEKTO |/ 7 /| ANOAEKTO | ANOAEKTO | AMOAEKTO =
| Discontinuiies | | st~ ancasro [ /|| usossac [unoar | it
| - paad . .
| :leerlght ?r:ﬁerenn:eiltz : 0314043545 ATMOAEKTO v v v ATMOAEKTO | AMNOAEKTO ATIOAEKTO
! CYLLERPING 259Mme | 0314043560 ANOAEKTO |/ % /| ANOAEKTO | ANOAEKTO | AMOAEKTO d
: between derms [ 0314043575 ANOAEKTO |/ 7 /| ANOAEKTO | ANOAEKTO | AMOAEKTO
|
R T s P e s R Pt ¢ 0314043590 ATMOAEKTO v ' v AMOAEKTO | AMNOAEKTO ATMOAEKTO ’m
0314043605 ATMOAEKTO v v v ATMOAEKTO | AMNOAEKTO ATOAEKTO \\
0314043620 ATMOAEKTO v v X ATMOAEKTO | AMNOAEKTO | MH AMOAEKTO %
0314043635 ATMOAEKTO v v v AMOAEKTO | AMOAEKTO ATIOAEKTO 0
0314043650 ANOAEKTO |/ % /| ANOAEKTO | ANOAEKTO | AMOAEKTO
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Large Scale Orthophotos 25

QC of DEMSs (2

Product
DEM Specification

\/

Determine the data quality result

(methodology of visual inspection)
1. Conversion from Geotiff to Hillshade
2. Upload to GIS in sets that contained at least 80 hillshades

3. Visual inspection of hillshades at scale 1:1 or 2:1

The procedure of quality
inspection, quality parameters and
the determination of conformity
levels and acceptance limits are
described in detail in technical
specifications.

4. When detected non-compliance, the auditor digitizes the problem
area with polygon and classifies the possible error
4 e
i
- - - ol A5
Shapefile Validation of lilm]
{ —> results R
Excel File by‘fc i d
The QC result is recorded in special forms and reports and d
compared to predetermined acceptance limit, in order to Sent report and =
determine whether the deliverable will be accepted or will be corrective actions \@9\
returned to the Contractor for corrections and additions. to Contractor TRey
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Large Scale Orthophotos 25
QC of DEMSs )
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Large Scale Orthophotos 25
QC of DEMSs
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Large Scale Orthophotos 25
QC of Orthoimages )

[ ORTHO ]J

; (i l )
bl Misul Horizontal Accurac
Quality Control Quality Control : y
Checking
Procedures Procedures
o J
jm——— “«————- \ Zmmmmmmm -5 - ———————— Sl e “«————
i -\ | [l ~ z - .\ [ W1 |
i | LandCoverage | i ' [ Land Coverage ) DRadlometnc | 1| Positional Accuracy | |
= i ) E BT iscontinuiti l )
| | File Characteristics | | | [ Background color | :co I LA )
| - File type | : Aletween lm?ges : _________________
| . - Along seam lines
: - File coding by Artifacts 9 )|
- S - Scratches Geometric | 4
L i icti - Noise . C
| | Basic Chara;terlstlcs : | _ Di'n Discontinuities |
: - No of lines , : | “Pirelation - Between images I
| | -Noofsamplesperline | | | - Stepping - Along seam lines ) | i —
[ % o 4 ] A
| 23— I
| Geometry b Defects Rectification | -
-GSD I . _— | ;]
I S I - Bleariness & Humidit
: M— Ma';: dlSt(;llbUtIOTI : : el Y P'jcs)g]eea?:s : an i
| - Map sheet imenslons ol - Flood - Wavv feat |
| - Map sheet coding P - Cleids auy reattres I . e
| - Datum N - Cloud shadow Preinsiiin | Quality Control Records
i\ - Projection System J o) - Snow | U =
&S . N ! : ' :
i Radiometry | S | Shapefile for every separate
' - No of bands [ : :
| - Color bit-depth | . Quality parameter (visual QC)
| : | Gaps and , O
[ - Mean histogram value | : X e i \ .
| - Standard deviation | Discontinuities . Excel file for every separate @
- Luminosity saturation I - Within images | .
|
[ - Values width : : - Between images : Qua“ty parameter (a") \
| | )

R A S \ AR S Eet i T e Py G S SR BN
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Large Scale Orthophotos 25
QC of Orthoimages ¢

Product
ORTHO Specification

\/

Determine the data quality result

(methodology of visual inspection)
1. Upload to GIS in sets that contained at least 20 images

2. Visual inspection of orthoimages at scale 1:1

3. When detected non-compliance, the auditor digitizes the problem
area with polygon and classifies the possible error

|

The procedure of quality
inspection, quality parameters and
the determination of conformity
levels and acceptance limits are
described in detail in technical
specifications.

Shapefile Validation of
; —> results
Excel File by HC

The QC result is recorded in special forms and reports and
compared to predetermined acceptance limit, in order to
determine whether the deliverable will be accepted or will be
returned to the Contractor for corrections and additions.

\

Sent report and
corrective actions
to Contractor

From imagery to digital reality: ERS & Photogrammetry, Crete, 23 September 2018
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Large Scale Orthophotos 25
QC of Orthoimages g
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Large Scale Orthophotos 25
QC of Orthoimages
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Large Scale Orthophotos 25
QC of Othoimas (5)

Cloud Shadow Double image
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Large Scale Orthophotos 25
Orthoimages — Geometric Accuracy g

GCP samplin

= Settlements, engineering
structures, road networks

= Sampling units were selected by
the agency

» Fast Static & RTK GPS methods
(using HEPQS)

Sample
QC _LSO25: 2500 gcps
Old Basemaps gcps: 2200 gcps
Total: 4700 gcps

0%
A OFd+
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Large Scale Orthophotos 25
Geometric Accuracy

P . .
e N~
N
- »
R o

ApiBlog Mepiypapr » X 5 Y s > |AXZ+AY
Snpeiou Snueiou Avetapnro| YnoBaBpou e as Avetapinro | YnoBaBpou B = =
g2 [ 51201694042 | Opio/ X.5. Tewr. | 514770492 51477054 -0.049 0.002 | 38953065.34] 3895306.08 | 0.258 |0.067| 0.069 =
83 [ 51201921082 | Opio/ X.5. Tewr. | 515076.739] _ 515075.48 0.258 0.067 | 3923443.23| 3923443.23 | 0.006 |0.000] 0.067 "
84 [ 51201921083 | Opio/ X.5. Tewr. | 515466.067] 51546617 -0.108 0.012 | 3923082.15] 3923082.16 |-0.010]0.000] 0.012 i A
g5 [ 51201900044 | Opio/ X.5. Tewr. | 515552.048]  515662.07 0.025 0.001 | 3901176.39] 3901178.29 | 0.099 |0.010] 0.010
86 | 51201912047 |Opio/ X.5. Tear. | 515676.400]  515576.74 -0.249 0.062 | 3912759.50] 3912759.73 |-0.145]0.021] 0.083 1
87 | 51201921081 | Opio/ X.5. [ewr. | 515604.126]  515604.20 0.073 0.005 | 3927867.09] 3922667 .33 |-0.247]0.061] 0.066
g8 [ 51201927011 | Opio/ X.5. [ecr. | 515615.608] _515616.67 -0.061 0.004 | 3920636.56] 392663676 |-0.201]0.040] 0.044 ]
80 [ 51601921080 | Opio/ X.5. Fewr. | 516101515] 51610148 0.040 0.002 | 3922954 35| 3922984 54 |-0.194]0.038] 0.039
Accuracy Accuracy Checking Achieved U =
Product RMSEx RMSEy RMSExy RMSEz RMSExy*1.73 using control points RMSExy /
for 95% confidence level (field measurements) RMSEz
a
Ortho <0,25m <0,25m <0,35m 0.60m 4.300 gcp 0.18 m
R ¢
DEM < 0,70m 1.21m 2.500 gcp 0.38 m
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Large Scale Orthophotos 25
Geometric Accuracy @)

_1.50)23)
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DEM Visual Quality Control - Results

2,1% 4,5%
, g cpe  1: No of
m Land coverage Error Classification

Polygons [~
M Gaps & discontinuities Land coverage 369 |
Defects (spikes/holes) Gaps & discontinuities < 5.320 E
@ Defects fpatten) Defects (spikes/holes) 2.358
Defects (pattern) 174

No of Polygons

Error
Classification LS025-1  LS025-2 | LS025-3 e
W=
I8
Land coverage 251 82 36 A A0
0o
Defects (spikes/holes)
A
| Lspsa 767 381 4.172 = 150251
discontinuities u15025-2 []
f Gaps & discontinuities !‘ m LS025-3 =
Defects !
(spikes/holes) 1.282 729 347 |
f g
Land coverage \
Defects (pattern) 68 85 21 | , " J (7
7 / e

27
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Ortho Visual Quality Control - Results

11,1% 2,1% 0,0% M Land coverage . . No of
Error Classification
m Background color Polygons
11,0% )
S Land coverage 244
3%
2 gay MBS Background color 0
o W Radiometric discontinuities Artifacts 1.394
W Geometric discontinuities
Defects 1.254
Rectification problems - - - - —
. Radiometric discontinuities 267
Geometric discontinuities 1.026
Rectification problems
No of Polygons Gaps & discontinuities 1265
Error Classification 1
LS025-1  LS025-2  LS025-3 cssconine: | SR 1 l
Land coverage 104 54 86 Rectification problems % S— =
Background CO|0f 0 0 0 Geometric discontinuities #Lj‘ ‘
Art IfaCtS 479 787 128 Radiometric discontinuities * } S
Defects 1.100 139 15 B | |
rtifacts ‘ i ‘ e
Radiometric discontinuities 92 133 42 et g' I } \
Background color ‘
Geometric discontinuities 382 306 338 \‘*' | \
Land coverage 1} [ | | |
Rectification problems 972 2.613 2.396 Do S ,‘ ,
2000 3000 = \L \/
Gaps & discontinuities 304 303 658 o e

a
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Project QC-LSO25

"

Total cost € 169.000

Outsourced Quality Control
Two groups with separate tasks:

v" Spatial Accuracy QC
« Horizontal Accuracy
» Heights (DEM)
« 2.500 ground control points

v' Image & DEM QC
« Radiometry
« Image Quality
« ~132.000 kn¥?

Start: February 2016
Finish: August 2016

Total 28 members
Field Measurements 8 members
Visual Inspection 8 members

i
.4
i
B::

Productivity Visual Inspection
per man-day . .
(average) DEM files Orthoimages
Start of Project | 180~200 45~50 s
205
1st Week 200~350 80~90 =
1st Month 400~500 120~150 0 d
The productivity depends on the following factors:
1. if the images is complete covered by land or U
not (islands and coastal zones) @."
2. if they have many errors or not S
3. if contains urban or rural area %

& From imagery to digital reality: ERS & Photogrammetry, Crete, 23 September 2018

29



Conclusions

v The results of quality control performed in the deliverables meet compliance criteria
set in the specifications.

v' To accept the data, needed 1 or 2 in extra cases re-submissions by the data
producer with corrections or clarifications resulting from the quality checking.

The project's success is mainly based on following factors:

+ Detailed technical specifications resulting from the HC extensive experience of
controlling older basemaps (VLSO, LSO, COAST, Historical orthoimages)

" Mandatory implementation of internal quality checking (described in details in our = Ti
technical specs) by the contractor and submit their results to HC for checking and e yn
validation. 00

A

+ Quality control implementation by an experienced contractor using trained
personnel and specialized software applications Ul

+~ Implementation of quality checking from the HC using quality plan and detailed -
quality procedures, r;?

= Using both the contractor and HC detailed quality plan based on ISO 10005 \\Q’;\o
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Thank you for your attention
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