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Validation of methods for

measurement of land parcel areas
o State of art:

— Control procedure in IACS concerns measurements of land
parcel area

— Measured and declared parcel areas are compared according
so called technical tolerance of measurement (max. 5% of
relative area error)

— Technical tolerance is defined by width of the buffer around the
parcel border (1.5 m for ortophotomap in scale of 1:10000,
1.25m for GPS, 0.35 for total station)

— Technical tolerance should reflect measurements accuracy and
therefore validation measurements are needed

— Surveying formulas couldn’t be adapted

* Aim of the project was elaboration of validation methods

for measurement of land parcels areas (main and supplementary
study)
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T "Validation of methods for
measurement of land parcel
areas

Background:

» elaboration validation method appying ISO norm

» performing measurement experiment

» propose ev. alternative to buffer accuracy parameter

Coordination institution :

» AGH-University of Science and Technology, Krakow Poland (AGH UST Krakéw)
Remote Sensing

— Dr Eng. Beata Hejmanowska

Subcontractors:

*University of Warmia and Mazury in Olsztyn, Olsztyn, Poland (UWM Olsztyn) GPS
—Prof. Dr hab. Eng. Stanistaw Oszczak
—Dr Eng. Adam Ciecko

*Unite de Statistique et Informatique, Faculte universitaire des Sciences agronomiques,
Gembloux, Belgique (USI Gembloux) Statistics

—Prof. Rudy Palm
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Existing approaches JRC

Area measurement tolerance for maps and ortophotomaps

Tolerance

1. What buffer value
should be assumed?
2. If not buffer that what?
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Map Pixel size | Tolerance | Tolerance
scale [m] [%] [M]

1: 10 000 | 1 5 1.5

1: 5000 |0.5 2.5 0.75

1: 2500 |0.25 1.25 0.4

Map scale Tolerance [%] | Tolerance [m]
GPS - 1.25
standalone
Geodetic 2 0.35
surveying
Wheel, tape 2(upto50m) (0.4

or 5

Area measurement tolerance for direct measurements
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Existing approaches
cadastre Poland

1)2003  AP=0.001-P+02-./P)

1+K2

2K
3)1992  AP=0001-P+0.0002-M--/P)
4) 1998  AP=2.(0.002.P+02./P)

2)1992  AP=04-/2P-

AP — allowed discrepancies between area in
cadastre and area measured during control
measurement [m?],

P — land parcel area [m?]

AR
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/ 1000
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— — — =5000

e empirical formulas
e accuracy much below IACS limit 5%
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Area accuracy - point position error

« Coefficient calculations for accuracy estimations
— (Hejmanowska B. 2003, Bogaert P., Delince J., Kay S. 2005):

A

2 2
% (Yit1 = Yi—1)™ + (Xi—1 = Xj+1)

m =m Yi
p = pkty
1=1 8 &\/ 3
1
4>
1 n
=y > 20 = (@ — )
Mp = mpkt 9 Vi Vilio €O\, — & En
e.m\_\ \\.'"1 ) / "\.\.
where: S N
m, — area error, T L
— point position error o
M, — point posi

X, Y — Cartesian coordinate of parcel vertices
r, a - polar coordinate of parcel vertices.
n — number of parcels vertices.

my,= m_,, Area_error_cofficient
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Area error calculation
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New a}:pproach In cadastre

« Correlation between parcels

»A Variance and Covariance Equation for Area Estimates with a Geographic Information System” P. A. J. van Oort, A.

Stein, A. K. Bregt, S. de Bruin, and J. Kuipers
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Figure 2. Two polvgons with reference to vertex numbers.
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Plan of measurement s experiment
Remote Sensing and GPS

« GPS, remote sensing - 3 type of ,equipment”

« 12 operators - 2 groups: specialists and beginners
« Object: reference parcels and agriculture parcels
« 36 parcels

« Good, medium, bad edge

« Good, medium, bad measurements conditions

» 36 parcels x 12 operators x 3 repetitions x 3 type of
,equipment” = 3888 measurements
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o

Two test sites

pormnaorskie

zachodniopomarskie

podlaskie

kujavesko-pornaorskie

wielkopolskie

dolnoslaskie

- opolskie

Krakow
Matopolskie

matopolskie

Remote Sensing
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GPS

Olsztyn
Warminsko-Mazurskie
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Parcels

o« Size
— S :small (0.3 - 0.5 ha)
— M : medium (0.8 — 1.2 ha)
— L :large (2.4 — 4 ha)
« Shape - Shape Factor (SF) =
(perimeter/4)? [ parcel area)
— S1:SF<1:3
— S2:SF<1:6
— S3:SF>1:6
 Border
— Good
— Bad

2005 CwRS conference, Krakow 23-25 Oct 2005 Beata Hejmanowska
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Remote sensing experiment

« OP_1 0 IKONOS Panchromatic pixel size 1m

« OP_0 5 Ortohotomap from color images
— 1: 26 000, pixel size 0.75m

« OP_0 2 Ortophoto from panchromatic images
— 1:13 000, pixel size 0.25m
— ARIMR

& Aoy
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Reference parcels = cadastre parcels
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Kliknij, aby powiekszyC lub nacisnij i przeciggaj.

* One cadastre parcel
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Reference parcels = cadastre parcels
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Reference parcels digitized on
cadastre raster map

N e
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1 ] -
R
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Measurements assumption

« |SO 5725 - especially prepared parcel
sequences measured by each operator in all
experiment period

» Parcels are independent - not sharing any
border with other parcel

—

Organization for _.{—

. Standardization [
! |

AT International

ISO 5725 Accuracy (trueness and precision) of measurement methods and results
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WORKSHEET operators.xls
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Airborne photo

1:13000
Pixel —0.25 m
RMS -0.75m

If we assumed:
RMS = 2.5 x piksel size
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OP_0 5

Airborne photo

1:26000
Pixel = 0.5 m
RMS —1.5m
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IKONOS
Pansharpening image
1:26000

Pixel — 1.0 m

RMS —2.5m
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Different parcel border recognition

1: 13 000

IKONOS 4

2005 CwRS conference, Krakow 23-25 Oct 2005 Beata Hejmanowska



-

ACK s matemmaion A
Measurements - workflow

« Measurements using Geomedia (Integraph)
« Each operator
— list of parcels to be
measured on which orto
— geoworkspace: *.gws,
 with configured ready
to display images
* number of all parcels
(without reference parcels)
* letters marking parcels
building reference parcel

— warehouse: *.mdb et
« empty feature class — in the feature class operator
digitized parcels according list of parcels

to be measured on which orto

About GeoMedia Professional I

L GeoMedia Professional
; Version 05.02.20.15

Copyright, 1396-2004, Intergraph Corporation

2005 CwRS conference, Krakow 23-25 Oct 2005 Beata Hejmanowska
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GIS data base of all measurements:
all operators, ortho, days

& GeoMedia Professional - SUMmary. gws
Pl Edycja ‘Widok ‘Wstaw Marzedzia Analizy GeoHurtownia Legenda Okno  Pomoc  fGrid
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GPS experiment

N IVE R SITREC EAVWAR MIAFAN DIMAZ L RiEI NG ES ZIRGN

Prof. Dr hab. Eng. Stanistaw Oszczak

Dr Eng. Adam Ciec¢ko _gd* W
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-

36 parcels

*4 Thales Mobile Mapper
*4 Satcon

*1 Garmin GPSMap 76S

2005 CWRS conference, Krakow 23-25 Oct 2005

GPS experiment

00 500m

Beata Hejmanowska



ﬁﬁ-ﬂ'ursmm and Technology @
GPS experiment

05/06/2005

05/06/2005

36 parcels

4 Thales Mobile Mapper
*4 Satcon

1 Garmin GPSMap 76S

2250 km of walking!!!
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Steps Ig the statistical analysis

« |ISO 5725-2 gives the "basic method for the

determination of repeatability and
reproducibility of a standard measurement

method"

» several land parcels are measured on
different days by different operators

Inter i nal

Standardization /

2005 CWRS conference, Krakow 23-25 Oct 2005 Beata Hejmanowska
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Establlshmg a functional relationship
between precision values and the

characteristics of the parcels

INITIAL DATA PROCESSING
Statistical tools for
critical examination of
the data

Mandel’s h and k statistics
Cochran’s test

Grubbs’ test for one
outlying observation

Grubbs’ test for two
outlaying observations

RESULTS
Standard deviation of the parcel area (m)

2005 CWRS conference

, Krakow 23-25 Oct 2005

MANDEL's K (ALL DATA)

DDDDDDDD
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RS experiment

Method
m,=m,.* AEC Buffer Area = Buffer * Perimeter
m, = StD Buffer Area = StD

m,, = StD/AEC Buffer = StD/Perimeter
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RS experiment

Value of buffer:
OP_0 2 -0.37m +/- 0.26m

OP_0_2

40
— OP 0 5-0.44 m +/-0.25m gg | ———
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| oL
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. OP 05 OP_10
2
= 0. 40
L) 35
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Point position error [m]
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Parcel area error parameter:

e shouldn’t be influenced
by area

* should be constant for each

ortophoto

Buffer [m]

2005 CWRS conference, Krakow 23-25 Oct 2005

RS buffer

QP _0_2: Buffer as a function of reference area
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Parcel area [m?]
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RS point position error
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OP 0 2

RS point position error

2005 CWRS conference, Krakow 23-25 Oct 2005

Parcel area [m?]
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GPS experiment

. Value of buffer: garmin
—  Garmin: 0.76m +/- 0.32 m 22 B
— Satcon: 0.34m +/- 0.08m o5 |
— Thales: 0.52m +/- 0.34m 20 |

«  Value of point position error: :2 []
—  Garmmin: 21m +/-11m 51 |
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GPS buffer

S 3 : Buffer as a function of reference area
0 10000 20000 30000 40000
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e . *Thales: 0.52m +/- 0.34m
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GPS point position error

satcon thales
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Buffer for all measurements

Ortho Buffer [m] | Standard deviation | Relative area error
[m] (%)
OP 0 2 0.37 0.26 3.2
OP 0 5 0.44 0.25 6.3
OP 10 0.44 0.33 5.4
Garmin 0.76 0.32 4.9
Satcon 0.34 0.08 2.6
Thales 0.52 0.34 3.7
Satcon S3 0.41 0.11 5 (42)
Satcon S4 0.36 0.12 3 (21)
Thales T3 0.34 0.16 3 (2.4)
Thales T4 0.31 0.13 7(2.2)
average 0.429 0.21 3.6 i
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Point position error
on the basis of the real measurements

Standard Equi t
Ortho m_. deviation quipmen m . Standard
[r;’l] [m] [m] | deviation [m]
) Garmin 11 11 R
OP 02 | 1.86 185 || satcon 9 3
Thales 14 10
OP 05 | 214 1.39 )
| | Satcon S3 11 5 ‘
OP 10 | 1.89 1.78 SatconS4 | 10 4 .
1| Thales T3 10 6 .
average | 2.04 | 1.63 Thales T4 9 5
average | 12 | 6
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GIS analysis
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Main study RS summary

« Data

— aerial from photos: 1: 13 000 (panchromatic), 2004
pixel size 0.2m, RMS=0.75m

— aerial from photos: 1: 26 000 (color), 1999 (or earlier)
pixel size 0.75m, RMS=1.5m

— IKONOS (pansharpening), 2004
pixel size 1m, RMS=2.5m z

Point position error [m]
2.5

OP 0 2 (0.75m)  OP_0_5(1.5m) OP_1_0 (2.5m)

 Results

— area error is only slightly increasing with increasing pixel size

— area measurements are not influenced by operator (skilled and
unskilled provide similar results)

— buffer is less influenced by parcel area in compare to point
position error (PPM could easy apply for parcel area prediction)

2005 CWRS conference, Krakow 23-25 Oct 2005 Beata Hejmanowska
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Plan of measurement s experiment
supplementary study

 Remote sensing - 2 type of ,equipment’
* 6 operators

« 36 parcels - almost the same parcel sets (one
parcel was changed - clouds)

* 1296 observations = 36 parcels x 2 photos x
6 operators x 3 days

« The same workflow of measurements

2005 CWRS conference, Krakow 23-25 Oct 2005 Beata Hejmanowska
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Images

RS data were obtained from JRC and orthofotomap
were generated at AGH UST Krakow, Poland:
— Panchromatic ortofotomap generated from SPOT image
(3m):
» Registered: 29.08.2005
« With pixel size: 2.5 m

— Panchromatic ortofotomap generated from EROS image
(2m)
» Registered: 3.07.2005
« With pixel size: 2.0 m

2005 CWRS conference, Krakow 23-25 Oct 2005 Beata Hejmanowska
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RS Supplementary study
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RS supplementary study

Additional marks showing
parcels not belonging to
the measured parcel
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EROS

Modelling buffer

SPOT

All Buffer = 1.007 (0.704)

All Buffer = 1.142 (0.635)

\ 4

Good border | Buffer = 0.859 (0.387)
Bad border Buftfer = 1.155 (0.908)

\ 4

A 4

A 4

Good border | Buffer =0.972 (0.594)
Bad border Buffer = 1.312 (0.645)

EROS 1A : Buffer as a function of reference area
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\ 4
SPOT_5 : Buffer as a function of reference area
a 10000 20000 30000 40000
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Buffer for all RS data

Buffer [m]

1.2

0.8

0.6

0.4

0.2

OP02 OPO05 OPI10 EROS SPOT
(0.75m) (1.5m) (2.5m) (6.25m) (7.5m) RMS
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Point position error analysis
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35.0 1
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Point position error for all RS data

o =~ N W d 00 O N O
| | | |

L

Point position error [m]

(0.75m)

1L

OP. 02 OP 05 OP 10 EROS

(1.5m)  (2.5m) (6.25m)

SPOT
(7.5m)

O mpkt = mp/A
(calculated)

m mpkt = 2.5 x pixel size
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Validation method - proposed
workflow

MANDEL's K (ALL DATA)

54 " ) : U L ]
2 H i | ‘

pafognipungd

s 4 8 12 %

Frequency
HIS

OP_0_2 : Buffer as a finction of reference area

o 10000 20000 30000 40000

0 10000 20000 30000 40000
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03

Outliers

Selection of parcels sets )
v
Measurements of area, perimeter, and vertices
coordinates
v
Data preparation
_/
y
™~
Corchans’ test
+— Grubbs’ test
_
y AN

Calculation of precision, bias, accuracy,
repeatability, reproducibility, range and robustness

y

Calculation of parameters: buffer, my

Preparation of
validation experiment

Outliers identifying

Calculation of
parameter for parcel
area error estimation
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"How many measurements

* (Earlier recommendations were 16 to 60 measurements)
 From Chp 9 of report:

* The numbers of parcels needed to reach a precision
(half of the length of the 0.95 confidence interval) of 10
% of the mean values of the buffer are:

— parcels =10 rep. = 37 (370 observations)
— parcels =4 rep. = 67 (268 observations)
— parcels =1 rep. = 217 (217 observations)

« Several approximations have been made to obtain these
results and it could be useful to check them by using MC
simulation.
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Parcel sets amounts of operators

2005 CWRS conference, Krakow 23-25 Oct 2005

repetitions
two groups of six operators

three groups of four operators
four groups of three operators

So, the sequence has been repeated 972 times (36 parcels x 3 photos x 9 groups of operators)

The different groups of operators can be considered as replications

Mean values of the ratios (standard deviation/reference buffer)

Number
of OP 0 2 OP 05 OP 10
operators X
6 0.20 0.12 0.19
4 0.33 0.25 0.26
3 0.37 0.40 0.34

Beata Hejmanowska
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Parcel sets - amounts of operators
repetitions

» (Earlier ecommendations were 16 to 60
measurements)

* Main study: 36 parcels x 12 operators x 3 repetitions = 1296
« Middle variant: 36 parcels x 6 operators x 3 repetitions = 432
 Or 10 parcels x 12 operators x 3 repetitions = 360

December deadline for final proposal @
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