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ABSTRACT

Georeferencing is one of the most important stagegitizing analogue maps. It is
affected by many factors such as; scales and tesmuof maps, the number of
control points, etc. In this study, four of thesetbrs were investigated using 2
factorial design in two dimensional georeferencofgcadastral maps. Factorial
design determines, whether the selected factors tmain and/or interaction effects
on a response variable or not. Map scale, resoluforaster map, the number of
control points and the coordinate transformationthoé were selected as
experimental factors. Then, main effects and itéwas between these factors were
investigated. The results were statistically anadlyaising analysis of variance
(ANOVA), and a regression model was suggested twsider the significant main
and interaction effects of factors. It was obserthdt the two dimensional
georeferencing of maps were affected by each oféthected experimental factors
and by the interaction between the map scale aodiow@te transformation method.
Keywords: Analogue Maps; Cadastre; Digitizing; Experimemakign.

RESUMO
O georreferenciamento é um dos mais importantesepsos da digitalizacdo dos
mapas analdgicos. A operacdo da digitalizacaoléeimtiada por varios fatores, tais
como a escala e a resolucdo do mapa, nimero despdatcontrole, etc. Neste
estudo o efeito de quatro fatores escolhidos ppeaagéo de georreferenciamento
de duas dimensfes nos mapas cadastrais foi pedguisan base no método design
2* factorial. Neste experimento os efeitos singularésterativos s&o relatados para
guatros fatores escolhidos sobre variavel congideeao nivel dos mesmos. Neste
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estudo experimental foram estudados os efeitoesmlascala do mapa, resolucéo
do mapa, nimero de pontos do modelo e método dexs@vo de coordenadas. A
seguir, os efeitos singulares e interativos ddateses sobre a variavel considerada
foram investigados. Verificou-se que todos os petéws escolhidos para operacdo
de georeferenciamento no plano sdo efetados, sgmelca escala do mapa e o
método de conversdo de coordenados sdo afetadomtgracoes.

Palavras-chave: Mapas Analégicos; Cadastro; Digitalizacédo; Profetperimental.

1. INTRODUCTION

Maps have an extensive area of usage. Maps are padttularly in
geographical and associated subjects. Cadastmei®fothe most important usage
areas of maps. It refers to systematically orgahparcels of land in particular area
and contains the information about individual |aparcels and properties. This
information is obtained through maps and land tegss the maps show shape, size,
and location of the land parcels on ground, whilke éwnership, rights, area, and
other information is kept in the land registers (&t al., 2012). In Turkey, cadastral
works areundertaken by the General Directorate of Land Regisnd Cadastre
(GDLRC). Over time, different types of cadastral pmawere produced in
accordance with technological developments andl lageendments (DEMIR and
CORUHLU, 2008a; 2008b). The production of approxeha 98% of cadastral
maps covering the whole Turkey was completed b2 ZGDLRC, 2012).

Cadastral works began in 1924 with local based svarkT urkey, after 1950's
the process was accelerated by the use of photogeemn (EKIN et al., 2012). Up
to the 1990’s over three hundred thousand cadastapls were produced in non-
digital (analogue) format. The production methodordinate system, scale, and
base type of these maps were different. Table Wshbe distribution of maps by
production method.

Table 1- The classification of cadastral maps inkéy (GDLRC, 2012).

M ethod of Production Number of Maps | (%)
Digital maps 258 801 41.6
Non-digital maps (photogrammetric and classigal) 1 305 43.6
Non-digital maps (graphical) 91 804 14.8
Total 622 110 100.0

In society today, a need to convert accumulatedogna maps into digital
format has emerged. In most cases, many indivichagls exist at various scales and
levels of detail and it is either impossible or &xpensive to physically re-survey
the features for creating a new digital map (GIECEEF et al., 2003). All the
existing analogue maps need to be digitized inrorade compatible with Spatial
Information Systems (SIS) and to provide appropriand registry maps to other
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public and private organizations. There are sevesays of digitizing analogue
maps with the most commonly used method beingérastvector transformation”.
The basic steps in terms of method are scannirgefgrencing, and digitizing the
existing maps. In the current study we focusedemreferencing of cadastral maps.

Georeferencing is the process of assigning locationgeographical objects
within a geographic frame of reference and detengirthe geometric relations
between the image data and the real world (LEGADGY. Georeferencing is used
both to establish the relation between raster imaged coordinates, and to
determine the spatial location of other geographieatures. It is also used in
determination of the exterior orientation paranegtef remote sensing (RS) and
sensor data at the time of the recording and thgetutgon of the scene from the
image data (SKALOUD and LEGAT, 2008; Li and BRIG@B12). However, the
current study does not include RS and sensor data.

Georeferencing of a scanned map depends on matydach as; the scale
of the map, the resolution of the image, the numidfectontrol points (NCP), the
chosen coordinate transformation method (CTM), mapduction method, and
some uncontrolled factors like user experiencevamding conditions etc. Whether
these factors have an individual or joint effectgmoreferencing can be investigated
using experimental design (COMLEKCI, 2003) exceptcantrolled factors.
Uncontrolled factors cannot be defined so they oanme investigated using
experimental design. Experimental design is usedany kinds of fields. Problem-
solving and process improvement studies relatedsadous fields of activity
utilizing experimental design have increased irenég/ears. Experimental design
examines every possible combination of factorbatésted levels (GEORGE et al.,
2005). The effects of two-level factors can be aikm@d by a 2 (n: number of
factors) factorial design, which is a special aggtion of the full factorial design of
experiments (NAVIDI, 2008; MONTGOMERY et al.,, 2001Below is an
explanation of some concepts used in experimeesgd:

(a) Main Effect: The change in the response variablat tbccurs as

experimental factors change.

(b) Interaction: The situation where the effect of atda on the response

variable depends on the level of another factor.

(c) Response Variable (Performance Criterion/Dependariable): An output

which is measured or observed.

(d) Factor: A controllable independent variable whishthought to have an

impact on response variable.

(e) Level: A specific value or setting of a factor.

Georeferencing of scanned maps includes some tveb-factors. 2 factorial
design can be used to investigate the effectsleftsel factors on georeferencing as
a response variable. In the current study, thefedtdesign approach was adopted
in order to calculate the effects of the followifayir factors; the scale of the map,
the resolution of the scanning image, the NCP &edGTM in two dimensional
georeferencing. The Root Mean Square Error (RMSB} wsed as a response
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variable (performance criteria). The main aim & turrent study was to investigate
whether the selected four factors have an effétttereindividually and/or jointly,
on georeferencing by using two levels of tidaztorial design.

2. MATERIALSAND METHODS

In the first stage of the current study, analogaeastral maps with different
scales were obtained from the Local Cadastral Birate in Samsun Turkey. It was
ensured that the selected maps were undeformed vaeid used, to avoid
uncontrollable mistakes which may affect the experital study. These maps were
produced in the same projection system (UTM pr@eackystem) in accordance
with the Regulation for Producing Large Scale Map3urkey. Obtained analogue
cadastral maps were scanned in different resolsitiord the scanned images were
uploaded to the GIS software. Georeferencing ofsitenned maps was done by
using NetCAD 5.0 GIS software which is a mapping &1S software frequently
used by surveyors, urban and regional plannergl puablic and private
arganizations in Turkey.

2.1 Experimental Procedure and Selected Factors

Experimental design analysis has both structural anganized analysis
capability, and it is often used by researchergexamine the quality of products
based on certain essential design factors and slesdreting the manufacturing
process. This analysis of variance (ANOVA) expldtesinfluence of factors on the
overall system performance and the inter-connestletween selected factors and
levels (CHENG et al., 2012). ANOVA includes the Irahd alternative hypothesis
testing. The null hypothesis attempts to show thatvariation exists between
variables, or that a single variable is no difféttan zero. It is presumed to be true
until statistical evidence nullifies it for an al@tive hypothesis. A statistically
significant result when a probability (p-value) lsss than a significance level,
justifies the rejection of the null hypothesis. Téignificance level of this study is
taken as 0.05 according to Stigler, 2008.

In the current study, the results of the experimledata were studied and
interpreted using statistical software MINITAB (\éé&rn 16) of Minitab, Inc., USA.
The georeferencing of a map is affected by indigldor multiple factors. In the
current experimental study, the map scale, theluttsn of map, NCP and CTM
were evaluated.

2.1.1 Map Scale

Map scale is an important factor of digitizing besa it provides the
enlargement or reduction ratio of the real map. ap scale directly affects the
accuracy of data obtained from the map. Large stelps like 1/1000 1/2000 are
used for showing individual parcels and buildingsdetail because they cover a
small area of land and they present more accuegtetdan small scale maps which
cover large areas of land. Cadastral maps and #Hoewracy are very important
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because they display the shape, size, locatioralwdownership rights of the land
parcels on the ground. The scale of cadastral majetermined according to the
density of parcels and buildings in the study atealurkey, cadastral maps have
been produced in different scales; 43.5% of thesadl maps are in 1/1000, 27.9%
are in 1/2000, 20.4% are in 1/5000 and 8.2% amghar scales (GDLRC, 2012). In
the current study 1/1000 and 1/2000 scale maps ussa.

2.1.2 Resolution of the Scanned Maps

As mentioned above, analog cadastral maps mustidiized in order to
comply with Spatial Information Systems. Scanniagaimethod that converts an
analog map into an image file in raster format.dRéson of the scanned image is
an important property. Resolution represents theniss of detail in the image,
which translates to the pixel size .There is atltmihow far you can zoom into any
digital image you eventually reach the limit of thizel size; beyond this point, the
image gets progressively blurrier (HILL, 2006). Goon scanning resolutions are
between 100 and 400 DPI, (KATONA and HUDRA, 199NITUED NATIONS,
2000). The resolution of the scanned image isedlat the cell size. The resolution
of the raster data is the inverse of the cell sihech means that a smaller cell size
provides higher resolution. A smaller cell sizeoafgrovides higher feature and
spatial accuracy. However, processing is slower #mal file size is larger
(CONGALTON, 1997; ESRI, 2013). The resolution ofseanned image is also
important for georeferencing, since the better reitged details on the image
provide the better vectorization in same scale map.

Resolution is a term closely associated with s@dléL, 2006). It is obvious
that large scale maps are more accurate than spa# maps. A small scale map
which has a high resolution is not as accuratelasya scale map.

2.1.3 Control Points

Control points are used to determine the relatipndietween the screen
coordinate system and map coordinate system iga@beeferencing. The number of
control points and their locations are importantthe coordinate transformation
because of the RMSE calculation (GHILANI and WOLE)06). Geometrical
distribution of control points plays an importaole in estimating transformation
parameters (EKIN et al.,, 2012; TAN et al.,, 2013hey should be equally
distributed in the map for quality of the transfation and the RMSE. If a good
distribution of control points is made, the absimmpd can be kept at minimal levels;
thus, more appropriate results for the datum pat@emecan be obtained
(KUTOGLU and AYAN, 2006). In the current study, to diseothe effects of the
number of control points, two levels were usednd 42. Grid ticks in the raster
image were used as the control points. Selecteltigkis were equally distributed in
the map and they have equal distances north-satheast-west directions from
each other.
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Analogue maps can contain errors resulting fronmtle¢hod of production and
measurement, and these maps become deformed meerAccordingly, the control
point coordinates obtained from scanned cadastegsnwill also contain some
errors. The number of control points must be méwntthe required number to
increase the sensitivity of the solution. If themiber of measurements is greater
than the number of unknown parameters, an adjustreelution should be
implemented to obtain the unique unknown parameéi&a&NG, 1992; GHILANI
and WOLF, 2006). In the current study the leastasgladjustment method was
used.

2.1.4 Coordinate Transformation Method

In the application of geodesy and photogrammetgjrezering, transformation
between two coordinate systems is frequently uskd. size of the transformation
area affects the transformation accuracy and mefthioerefore, obtaining different
transformation accuracies using different methoais régional or local areas is
possible (EKIN et al., 2012). In the current twede experimental study, the
similarity transformation method and the affinensformation method were used
for two levels of the factors for CTM.

In the similarity coordinate transformation methdlde relationship between
the two coordinate systems is defined by two tetists of the coordinate origin,
one rotation, and one scale factor along the coatdiaxes. In this method, the
geometrical similarity of shapes is maintained. €dges of the regular geometrical
shapes shrink or expand at the same rate and sioéudvalue of the angles remain
unchanged (TURGUT and INAL, 2003). In the affineormtinate transformation
method, the relationship between the two coordisatems is defined by two
translations of the coordinate origin, two rotaipand two scale factor coordinate
axes. The affine transformation method is freqyentled in photogrammetry and
cartography, because the film, paper and other rbhapes have different
deformation along the two axes (TURGUT and INALO3D

2.2 Determination of Factor Levels

In the experimental design analysis the identificatof factors and factor
levels under investigation requires a theoreticalasstanding of georeferencing the
scanned map. In this study, four factors were emathiat two levels, high (+) and
low (-), resulting in a 2full factorial design. The design determines whiabtors
have important effects on a response, as well asthe effect of one factor varies
with the level of factors (KAVAK, 2009). The resnly outcome measures the
RMSE.

The level selection for each factor was carriedauthe basis of preliminary
trials. The experiments were executed in randonerotd evaluate experimental
errors. Controllable experimental factors and thah and low levels are presented
in Table 2.
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Table 2 - The levels of experimental factors.

Selected Factor Low Level | High Leve
(@) (*+1)
Map ScalgA) 1/2000 1/1000
Resolution (DPIYB) 200 400
Numbers of Control Points (NCRC) 4 12
Coordinate Transformation Method (CTNKD) Similarity Affine

3.RESULTS

In the current study 16 experiments with two regtiiens, a total of 32
experiments were conducted in all probable comlmnatof all factor levels for
georeferencing. All experiments were performed ly &uthor. Each experiment
included a coordinate transformation process arel afnthe factors was changed
respectively in all experiments. Irf factorial design, response data (RMSE) was
obtained from 16 factorial experiments’£2.2.2.2=16) with two replications, as
presented in Table 3. The results of the experiatedata were studied and
interpreted using Minitab 16 statistical software.

Table 3 - Experimental design matrix.

Experimental

?\ll:)n FaF():tor Level _ RMSE .
A|B|C|D Replicate | Replicatel|
1 -1 -1 -1 0.5661 0.5205
2 1| -1 -1 1 0.2704 0.2170
3 10 1) 1) 2 0.4337 0.2894
4 1 1) -1 1 0.2038 0.1782
5 -1 1] 1 0.7911 0.5719
6 1| -1 1] 1 0.2630 0.2612
7 01 1] 1 0.6810 0.3880
8 11| 1] 1 0.2206 0.1765
9 1 1) 1) 1 0.3539 0.0631
10 | 1| 1] -1| 1 0.1143 0.0975
11 | -1 1] -1| 1 0.2285 0.0833
12 | 1| 1] -1| 1 0.1861 0.0910
13 | -1 1] 1| 1 0.4540 0.2493
14 | 1| -1 1| 1 0.2142 0.2042
15 | -1 1] 1| 1 0.2918 0.2265
16 | 1| 1] 1| 1 0.1889 0.1078
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The null hypothesis stating that the main effecis ateractions equal to zero,
was tested using the-test. In Table 4, p values smaller than 0.05 iatgichat all
effects and interactions are not equal to zero%tshgnificance level. In other
words, the RMSE basically depends on the main &ffetthe Map Scale (A), the
Resolution (B), the Number of Control Points (C)darhe Coordinate
Transformation Method (D) and also the interactiofi#\ x D. The column labeled
“F* presentd-value of theF-test and’p” presents th&-values of theF-test, as
stated in Table 4.

Table 4 - Analysis of variance for RMSE.

Sequential |Adjusted |Adjuste
Source DF | Sumof | Sumof |dMean| F p
Squares | Squares [Squares

Main Effects 4 0.6868 0.6868| 0.171716.65 0.000
Scale (A) 1 0.3195 0.319% 0.31980.97 0.000
Resolution (B) 1 0.0478 0.0478 0.04[784.63 0.047
NCP (C) 1 0.0607 0.0607 0.06(075.89 0.028
CTM (D) 1 0.2588 0.2588 0.2588%5.10 0.000
2-Way Interactions 6 0.1370 0.1370] 0.0228 2.21] 0.096
Scalex Resolution 1 0.0136 0.0136 0.01861.31 0.268
Scalex NCP 1 0.0219 0.0219 0.02192.12 0.165
Scalex CTM 1 0.0908 0.0908 0.0908 8.80 0.009
Resolutiorx NCP 1 0.0015 0.0015 0.00150.15 0.708
Resolutiorx CTM 1 0.0092 0.0092] 0.0092 0.89 0.358
NCPx CTM 1 0.0001 0.0001] 0.0001 0.01 0.939
3-Way Interactions 4 0.0083 0.0083| 0.0021 0.20 0.933
Scalex Resolutiorx NCP| 1 0.0012 0.0012] 0.0012 0.12 0.734
Scalex Resolutiok CTM| 1 0.0011 0.0011] 0.0011 0.11 0.744
Scalex NCPx CTM 1 0.0029 0.0029 0.0029 0.28 0.604
Resolutiorx NCPx CTM 1 0.0031 0.0031] 0.0031 0.30 0.592
4-Way Interactions 1 0.0001 0.0001] 0.0001 0.00 0.978
Scalex Resolx NCPxCT| 1 0.0001 0.0001] 0.0001 0.00 0.978
Residual Error 16 0.1650 0.1650 0.0103 -- -
Pure Error 16 0.1650 0.1650 0.01p3 -- -
Total 31 0.9972

*DF: Degree of Freedom

A similar result can be achieved from the normabbability graph of
standardized effects (Figure 1). The aim of thapris to determine the statistical
significance of both the main and interaction éfedccording to Figure 1, the
most significant factor is A, because of its disefrom the reference line and it has
a negative value. It is followed by DxB, C, B in that order. The insignificant
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effects will be located along the line, while thigréficant effects will stay farther

An experimental desing approach on gereferencing.

from the line.
Figure 1 - Normal probability graph.
99
054 mAD
90 mC
80
70
e 60
3
S 50
& 401 Effect Type
30 @ Not Significant
20 u Significant
104 uD Factor Name
A Scale
57 HA B Resolution
C NCP
D CT™M
1 T T T T T T T T T
-6 5 -4 -3 2 -1 0 1 2 3
Standardized Effect

The second stage of the analysis was repeatednbgvieg the terms which
had no effect on the RMSE. Table 5 shows the rdvisstimated effects and
coefficients for the RMSE. In this step, only tleemis found to be significant at the

5% level are given. The column label@d presents th&l values of student's
statistics, the column label@&present$-values in the Table 5.

Table 5 - Estimated effects and coefficients for F8\

Term Effect Coef SE Coef T P

Constant 0.2871 0.016Z 17.67 0.000
Scale (A) -0.1998 -0.0999 0.016Z -6.15 0.000
Resolution (B) -0.0773 -0.0386 0.016Z -2.38 0.025
NCP (C) 0.087[L 0.0435 0.0162 2.68 0.013
CTM (D) -0.1799 -0.0899 0.0162 -5.54 0.000
Scalex CTM (A x D) 0.0412 0.0206 0.016Z 3.28 0.003

S$=0.0919101 R-Sq=77.97%

Examining a model is important for the predicti@sponses in any designed
experiment (ISMAIL et al., 2008). The coefficiemssuch a model show the impact
of any effect on the response. Table 5 shows th#ficients used to create equation
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(1) which indicates the relationship between themm@ssive strength and
experimental factors. The linear model associatithl avtwo-level statistical design
in case of four independent variables (A, B, C Bids expressed as follows:

Y= Bo+Pr.A+B2B+B3.C+Ba.D+P12A.B+B13.A.CHP1sA.D+Bys B.CH
B24.B.D+P34.C.D4B123A.B.C+B134A.C.D+B124 A.B.D+B,3,B.C.D+ (1)
B123.A.B.C.D

In this equation, each combination of the inputiales (A, B, C and D) is
prefixed with a multiplier coefficient representdsy the p’'s. Based on the
coefficients in Table 5, the regression equaticasi$ollows:

RMSE=0.2871- 0.0999.A — 0.0386.B + 0.0435.C — (©0B% @)
0.0206.A.D

A negative sign for a given parameter indicates tha response decreases
with an increase in the value of the parameters Tieans that, “+1 level” of factor
A decreases the measurement error. Since the prdhde in the minimization of
the RMSE, the factor levels must be set at; A ({3gale, 1/1000), B (+1)
(Resolution, 400 DPI), C (-1) (4 control points)dab (+1) (affine transformation
method). The magnitude and sign of the factor mgis the importance of the
factors with respect to the response variable.

The determination coefficient {Rvalues show that the extent of a response
variable is explained by the terms in the modebthrer words, because the adjusted
R’takes into consideration the number of predictarshe model, it is generally
used to compare models with different numbers efljgtors and thus is able to
indicate how good it fits. According to the resufsanalysis, approximately 74% of
the variability in the RMSE is explained by the tfas included in experimental
design.

Figure 2 presents the main effect graphs of thefaclf the slope is close to
zero, then the magnitude of the main effect wilsb®all. In the current study A and
D factors have higher main effects than the otheash level of the factors affects
the RMSE differently. The high (+1) level of A, B\ D factors and the low (-1)
level of C factor produce a result in a lower RMSE.

Interaction refers to the situation when the effeft a factor on the
performance criteria is dependent on another fattahe analyses, thexB (Scale
x CTM) interaction, which was found to be significawas analyzed in the multi-
vari chart in Figure 3. It is clearly observed ttta effect of scale (A) on the RMSE
was significantly different when CTM (D) was ataa level. The best combination
is high levels of the factor A and factor D.
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Figure 2 - Main effect graphics.
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A residual is the difference between an observadia its predicted value
according to the statistical model being studiecpeimental design is based on the
assumption that residuals are distributed normalhg independently. Residual
graphs presented in Figure 4 were used to checkaléity of this assumption.
Since the residuals lie approximately along a ghaline and any pattern, such as
sequences of positive and negative residuals,tisleerved, it was concluded that

the residuals are normally and independently tisted.
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Figure 4 - Residual graphs.
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4. CONCLUSIONS

The main aim of this study was to investigate of tmain effects and
interaction effects of selected operational factors georeferencing using full
factorial design experiments. Experimental desiggvides to avoid the traditional
one-factor-at-a-time experiments. For this purpa@sé full factorial design was
employed to evaluate the main and interaction &ffeEmap scale, resolution, NCP
and CTM. The RMSE was selected as the responseablarof the experimental
design. As a result of the 32 experiments; the mimnh and maximum values of the
RMSE were 0.063 m and 0.7910 m. The results wexisstally analyzed using
Student’st test, analysis of variance, aRdtest, whether selected factors have a
main or interaction effect on the response variabtevo dimension georeferencing.

A few conclusions can be drawn and summarized |afs;

» All factors have main effect on the response végiabthe 5% significant

level

e Only Scalex CTM interaction was significant at the 5% sigrafit level

for the two-way interaction effects.

- 3-ways and 4-ways interactions have not any effadhe response value

at the 5% significant level.

In this study selected high level scale, resolytioiiM and low level NCP

provided to minimize RMSE value in georeferencifiye factorial design results
showed that the optimum solution includes a 1/16868le, 400 DPI resolution,
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equally distributed 4 common points, and affinensfarmation methods in
georeferencing.

GIS users have to transform analogue maps intdatlifprm, so analogue
maps must be scanned and georeferenced. The geofeg of a scanned map is
affected many factors as mentioned above. The teffef factor levels was
determined in order to reach better RMSE value é@orgferencing using full
factorial experimental design. Finally, it can lmncluded that experimental design
studies can be used for geomatics engineering capiolns. Further investigations
should be focused on the other georeferencing egijins using RS and sensor
data.
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