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LOCAL GEOID MODELLING IN THE IZMIR METROPOLITAN AREA
USING VARIOUS GLOBAL GEOPOTENTIAL MODELS AND DIFFERENT
INTERPOLATION TECHNIQUES

ABSTRACT

Generally, height is the numerical value of the line between two points in space on
the vertical plane. This numerical value becomes dependent on many dynamics when
it comes to the Earth. Heights have many types about physical, geopotential and
mass characteristics of the Earth. These heights are used in geodetic measurements
and all related scientific and technical studies. Definition of height mathematically
must be considered with all factors that affected. As a result, the data must be cleared
from the variables effects.

Leveling is a technical way to reach height information used in practice. Leveling
accuracy depends on the accuracy of the points used. Satellite positioning systems
have become an easy-to-reach alternative for horizontal and vertical positioning.
Compared with local measurements, this method saves time, work and it has become
preferable method with easy control. There is a systematic difference between the
height systems global positioning systems and leveling method. This difference can
be modeled. This difference model must be harmonious with earth surface at every
point. Produced high accuracy model provide ease and speed in studies. In this study,
geodetic undulations are summarized with used difference models and usage
patterns. The difference between height systems at each point can be defined of the
geoid model. Various mathematical models have been developed to calculate the
difference at desired point. This technique is called interpolation. Each mathematical
model can give different results depending on the size and characteristics of the study
area. The most appropriate technique can be decided by various trust tests.

Xix






IZMiR METROPOLITAN ALANDA CESITLI JEOPOTANSIYEL
MODELLER VE ENTERPOLASYON TEKNIiKLERI KULLANARAK
LOKAL JEOIT MODELLEME

OZET

Yiikseklik genel anlamda; uzay boslugundaki iki nokta arasindaki normalin diisey
diizlemdeki sayisal degeri olarak tanimlanabilir. Bu sayisal deger yerkiire s6z konusu
oldugunda bir ¢ok dinamige baglh hale gelir. Yerkiirenin fiziksel, jeopotansiyel,
kiitlesel ozellikleri dikkate alindiginda bir ¢ok yiikseklik ¢esidi ortaya g¢ikar. Bu
yiikseklikler jeodezik Ol¢iim ve buna bagli olan her tiirlii bilimsel ve teknik
calismada kullanilmaktadir. Matematiksel olarak tanimlanamayan, maddesel olarak
diizgiin dagilim gostermeyen yerkiire lizerinde yiikseklik tanimlamasi yapabilmek
icin etki eden biitiin faktorleri dikkate almak gerekir. Sonug¢ olarak elde edilen
verilerin anlamli olabilmesi i¢in kullanma amacina bagh degiskenlerin etkilerinden
arindirilmis olmasi gereklidir.

Pratikte kullanilan yiikseklik bilgisine ulasmak i¢in nivelman oOlciisii gereklidir.
Dogrulugu test edilmis diisey yer kontrol noktalarina bagli bir nivelman 6l¢iimiiniin
kontrolii, yine o noktalardan yapilacak kontrol 6l¢limii ile saglanabilir.

Uydu konumlama sistemleri yatay ve diisey konum belirleme ¢alismalarinda pratik,
kolay kontrol saglayan, kolay ulasilir bir alternatif haline gelmistir. Yersel 6l¢iimlerle
karsilagtirildiginda zaman ve emek tasarrufu saglarken, ayn1 zamanda kolay kontrol
edilebilmesi ile de vazgecilmez bir yontem haline gelmistir.

Iste bu kiiresel konumlama sistemleri ile elde edilen vyiikseklik sistemleri ile
nivelman yontemi ile elde edilen ylikseklik sistemleri arasinda sistemsel bir farklilik
bulunmaktadir. Nivelman yontemi ile elde edilen yiikseklik sistemini kiiresel
konumlama sisteminden elde edebilmek i¢in aradaki farkin modellenmesi gerekir.
Ihtiyag duyulan modellerin yerkiirenin fiziksel kondisyonuna gére gesitlendirilmesi
gerekir. Yiiksek dogruluk saglamak icin ihtiyaca uygun iiretilen modelle kisa siirede
ihtiyaca cevap vererek caligmalarda biiyiik kolaylik saglar. Jeoit ondiilasyonu olarak
adlandirilan bu fark modellerinin hangi kosullarda iiretildigi, hangi degiskenlere
bagli oldugu ve nasil kullanildig1 bu ¢alismada 6zetlenmistir.

Uretilen jeoit modelinin kapsadig1 alanin her bir noktasinda yiikseklik sistemleri
arasindaki fark tanimlanabilir. Istenen noktadaki farkin hesaplanmasi icin cesitli
matematiksel modeller gelistirilmistir. Bu teknige enterpolasyon adi verilir. Her bir
matematiksel model ¢alisma alaninin biiytlikliigline, 6zelliklerine gore farkli sonuglar
verebilir. Cesitli giiven testlerine tabi tutularak kabul edilen sonuglar arasindaki
farktan o ¢alisma alanina ait en uygun teknige karar verilebilir.
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1. INTRODUCTION

Height in general terms; can be defined as the numerical value of the normal in the
vertical plane between the two points in the space. This numerical value becomes
dependent on many dynamics when it comes to earth. Many types of height about
earth cause of physical, geopotential and mass characteristics of earth. These heights
are used in geodetic measurement and all related scientific and technical studies. All
factors should eveluate for define height on the mathematically unidentifieable earth.

The result data should be cleared from all the variables effects.

Leveling measure required to reach the height information used in practice. Control
of the leveling measurement depends on repeating the measurement from the same
points. Satellite positioning systems have become an easy-to-reach, practical,easy-to-
control alternative to horizontal and vertical positioning. It has become an preferable

method compared to local measurements with saves time, effort and easy control.

There is a systematic difference between the heights obtained by global positioning
systems and leveling method. To obtain the leveling height system from the global
positioning system, the difference must be modeled. The models needed should be
selected according to the physical condition of the earth. Models are produced with
high accuracy and provides great convenience in studies. This study summarizes the

geoid undulations which under these conditions are produced.

There is a previous study in our area. In 2009 they used CHAMP and GRACE
techniques and compare results with TG03 National Turkey Geoid. Readers want to

see another perspective can review this study. [1]

Height difference can be defined at each point of the area covered by the produced
geoid model. Various mathematical models have been developed to calculate the
difference at the desired point. This technique is called interpolation. Each
mathematical model can give different results depending on the size and
characteristics of the study area. The most appropriate technique of the study area

can be decided with various confidence tests.



1.1. Literature Review

In this section, some resources are examined related to the subject of study. The
following resources can be reviewed for more information. The resources utilized in

this study shown in references section at last.

e For more information about comparison of global geopotential Models From the
CHAMP and GRACE missions for regional geoid modeling in Turkey article,
can read Erol B., Sideris M.G., Celik R.N. (2009) [1].

e Abbak R.A. (2017) give detailed information about height systems [2].

e More information on global geopotential models can be obtained from the
ICGEM website [3].

e GNSS/Leveling technique disscussed in detail Yilmaz, M., Turgut, B., Giilli,
M., Yilmaz, I. (2016). And Younis G. (2017) [4].

e Reader can obtain information about recent global geopotential models for strip
area to see and besides recent global geopotential models topic detailed
researched in Doganalp S. (2016) [5].

e Latest gravimetric satellite missions detailed researched in Ustun A. (2002) [6].

e Detailed information about CHAMP project, can see website [7].

e Learn about GRACE satellite mission, visit website [8].

e  GOCE satellite mission detailed information in website [9].

e There are compare EGM96 geopotential model and TG99 Turkey Geoid and
interpolation techniques are discussed in detail in Turgut, B., inal C., Yigit C.O.
(2002) [10].

e To get detailed information about interpolation technique for local geoid
determination, reader can see Teke K., Yal¢inkaya M. (2016) [11].

e Local geoid determination with GPS technique discuss detailed in Erol B., Celik
R.N. (2004) [12].

e Compare EGM96 Geopotential model, Turkey Geoid(TG99) and
GNSS/Leveling technique in Turgut, B., Inal C., & Yigit C.O. (2002) [13].

e  For more information about interpolation techniques in Yigit, C.0O., (2003) [14].

e  Readers can take information about physical geodesy in Ustiin, A., (2006) [15].

e  Geoid determination techniques discuss in Arslan, E., Yilmaz M. (2005) [16].



There is a experimental application about leveling with GNSS surveys in Kartal,
A., (2001) [17].

There is another experimental application about geoid determination with
GNSS/Leveling and Kriging technique Akgin, H., (2002) [18].

Orthometric height determination from ellipsoidal heights using geoid discuss in
Akiz, E., Yerci M. (2009) [19].

There is a review recent GOCE global geopotential model in Avsar, N.B., Erol
B., Kutoglu $.H. (2015) [20].

Evaluation of global geopotential models with Gps-Leveling data in Tepekoylii,
S., Ustiin A., (2008) [21].

Comparison Of Local Geoid Height Surfaces at Karaaslan, 0., Kayike1 ET., &
Asik Y. (2016) [22].

Determination of local geoid with geometric method in Zhan-Ji Y., O., Yong-qi
C. (1999) [23].

Evaluation Of Global Geopotential Models research article in India can read at
Goyal R., Dikshit O., & Balasubramania N. (1999) [24].

There are Evaluation of recent combined global geopotential models in Brazil in
Nicacio E., Dalazoana R., S.R.C. de Freitas (2018) [25].

There is another GOCE geopotential model work in Godah W., Krynski J.
(2013) [26].

Detailed information geoid determination by GPS/Leveling Method in the
Republic of Tatarstan in Komarov R.V., Kascheev R.A., Zagretdinov R.V.
(2007) [27].

Validation of recent geopotential models in Tierra Del Fuego in Gomez M.E.,
Perdomo R., Cogliano D.D. (2017) [28].

On the selection of optimal global geopotential model for geoid modeling: A
case study in Pakistan. The discuss found in Sadiq M., Ahmad Z. (2009) [29].
Polynomial interpolation methods in development of local geoid model in Das
R.K., Samanta S. (2018) [30].

Precise Local Geoid Determination to Make GPS Technique More Effective in

Practical Applications of Geodesy in Erol B., Celik R.N. (2018) [31].



The Influence of Regularization Methods on the Accuracy of Modern Global
Geopotential Models in Kanushin V.F., Ganagina 1.G., Goldobin D.N., Kosarev
N.S., Kosareva A.M. (2015) [32].

Towards the Selection of an Optimal Global Geopotential Model for the
Computation of the Long-Wavelength Contribution: A Case Study of Ghana in
Yakubu C.I., Ferreira V.G., Asante C.Y. (2017) [33].

Reader can see use of GNSS measurements instead of leveling in mining in
Akcin, H., Sekertekin A.1. (2014) [34].

Elaborate info about Integration of GNSS/Leveling data with global geoptential
models to define the height reference system of Palestine in Younis G. (2017)
[35].

Reader if want to know more information about “Importance of Precise Local
Geoid Models in Engineering Measurements” can see Erol B., & Celik R.N.
(2005). [36].



2. HEIGHT CONCEPT

Most required height systems in engineering studies are orthometric heights.
Orthometric heights are usually determined by leveling, which is directly dependent
on the physical condition of the working environment. There are many height
systems in defining the physical earth. There are height differences in order to
express mathematically between surfaces. These height systems show the distance of
physical surface, geoid and ellipsoid surfaces to each other. There are many elevation

systems used in geodesy [2]. These systems can be classified as;

e Geopotential Numbers
e Orthometric Height

e Elipsoidal Height

e Normal Height

e Dynamic Height

In this section, these height systems used in the study will be explained. Height

systems see in Figure 2.1.

Sea Level
Topograph
+. '| LETENTE
i Geoid
Height ,J |

I_J Reference
Ellipsoid

Orthometric
Height

|
| Ellipsoidal Height
|

Sea Level height

Figure 2.1 : Height Systems [2].

Gravity-dependent heights are preferred as well as geometry-related heights in
engineering applications. In determining the heights, consideration the effect of the

gravitational potential and geometric position of the points to each other. Particularly



when the fluid dynamics and motion vectors are examined, the relation with gravity
field will be seen clearly. Therefore, heights are also used in gravity area especially

in sewage, tunnel, highway, railway and oil pipeline projects [2].

2.1. Geopotential Numbers

The difference between the gravitational potential (Wp) of the nivo surface passing
through a given point and the gravitational potential of the geoid (WO0) is called the
geopotential height or geopotential number of that point. A physical force, such as
dynamic height, is a magnitude dependent on the gravitational potential. Therefore, it

is frequently used in some engineering projects. Mathematical equations;

P P
0 0 )

showns as. The unit of C, is kGal x meter has no geometrical meanings and defined a

physical size. This value is also a reference value for other height systems [3].

We

Figure 2.2 : Geopotential Heights [2].

2.2. Orthometric Heights

The orthometric height can be defined its general sense as the distance of a point on
the physical earth in to the plumb curve on geoid surface. The topographic structure

of the physical earth and the depth of the equipotential surface lead to changes in

6



orthometric heights. Physical earth is a completely complex structure with varying
height such as mountains, seas, lakes, hills, plains. This concept is related to
geopotential rather than geometric. Since all the engineering projects produced on
earth, the height type required will be the orthometric height. The orthometric height
should be sufficient to provide the required precision of the engineering structures to
be produced. Position and height information of the structures in the three
dimensional plane must be correct. Also all working area must be correct orthometric
heights. Analysis of a new building in the sun's rays, the height of the rehabilitation
wall along the stream in the stream improvement work, the extent to which the gsm
base station can serve a new area, is related to the correctness of the orthometric
height values. Therefore, the structure produced should have the right height values
not only in itself but also between structures that would be problematic, such as other
buildings, retaining walls, peaks, stream beds [2]. Orthometric heights shown in

Figure 2.3 below.

We

Figure 2.3 : Orthometric Heights [2].



2.3. Ellipsoidal Heights

Since the shape of the earth is geoid, it is not possible to make calculations on this
non-geometric shape and to express this surface mathematically. Mathematical
definition is to express the world on another geometric figure. This figure is one of
the main issues of geodesy and has been a subject of great concern since ancient
times. We use globe or ellipsoid for earth shape. Plane, cone, cylinder and other
geometric shapes like these used to express the earth in the plane. After that, the
ellipsoid was used as a reference instead of other geometric shapes. All data needed
on an ellipsoidal surface that passes through a desired part of the physical earth can
be defined. The topographical conditions of the physical earth are very complex.
Therefore unavoidable there will be differences between the surface of this reference
ellipsoid surface and the physical surface of the earth. Ellipsoidal height; it can be
defined as the vertical distance of a point on the physical earth to the reference
ellipsoid passing through that point. The general method used to describe the world
mathematically is to define a reference ellipsoid. WGS84 reference ellipsoid used in
global positioning systems is a common example. Reference ellipsoid height (h)
takes the physical center of the earth to the origin point. This height is directly
dependent on the parameters of the preferred ellipsoid and is independent of the

gravitational potential of the earth [2]. Ellipsoidal heights shown in Figure 2.4 below.
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H |Orthometric Earth
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s e
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Figure 2.4 : Ellipsoidal Heights [2].



2.4. Normal Heights

The normal height is by definition the length of the normal between a point on the
earth and the quasigeoite passing through that point [2] . The equality of this height

is as follows;

HN =£
Y (2.2)
Here we need to know the normal gravity so we can find the normal height. Normal
gravity;
N gN?
7 =Yo|l= L+ f+m=2fsin®p)—+—- (2.3)

calculable with. y, is normal gravity on elipsoidal surface, f is stickiness, m is
dimensionless size and a is the large radius of nivo ellipsoid. As the normal gravity
is used in the calculations, the normal height creates a slightly different surface from
the geoid. This surface is called quasi-geoid. There is a difference between geoid and
quasi-geoid like difference between height anomaly and geoid height. The

mathematical expression of this;

HY = h—C @4

as. The ellipsoidal height is shown “h”. This difference is observed in our country

between 0 and 1.20m [2]. Normal heights shown in Figure 2.5 below.

Ellipsoidal Earth

Mormal /_\
P

Figure 2.5 : Normal Heights [2].



2.5. Dynamic Heights

Dynamic heights are obtained by dividing the geopotential value at a point by a
fixed-selected gravity value. For example, the normal gravity value should be
selected on the ellipsoid surface of 45 degree latitude. Dynamic height is;

o (2.5)

450
Yo

shown as. }/6*50: 980.6199203 gal for GRS80 ellipsoid. The geopotential and
dynamic heights have same characteristics because the starting surface is not
certainly. This is the biggest obstacle to using these values in practice. In order to
convert the leveling heights to a dynamic height, you need to apply the dynamic

correction term[2]. This process steps showns as;

. 5 . 1 (2.6)
AHjp = Hg —Hy = y_(CA - CB)
0

B

~ L[ gan
Yo g
A
B
1
=—fw+m—mMH
VOA

B
- s [ -
Yo Yo Yo, g —%Yo

A
B B, _
=f dH+f (‘g VO)dH
A A Yo

B
= AH,p + Z (g _ y”) AH
- Yo
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3. GEOID

Geoids are used to describe the earth in scientific studies. Geoid is the equipotential
surface of the earth. In other words, the physical structure of the earth can be
expressed in geoids, which is an equilibrium surface, because it is so complex and
uneven that it cannot be expressed mathematically. According to Archimedes' theory,
it is defined as the equipotential surface formed by the stagnant ocean surface under
the land. This is also considered the true form of the earth. It is necessary to evaluate
the geoid in conjunction with a reference ellipsoid. There are a number of methods

used to describe the geoid surface. The most common of these are;

e Gravity Field Model

e Astrogeodetic Method

¢ Global Geopotential Model
e GNSS/ Leveling Method

can be listed as. In terms of the area covered by the defined geoid surface, local and

global geoid should be considered in two groups.

3.1. Global And Local Geoids

Global geoid models are created with the help of gravitational data collected from all
over the world. They are often generated with a large number of data collected in
multinational studies from stations around the world. The data of the satellite

technology contribute to the definition of global geoids.

Local geoids are directly related to the physical properties of the study area as they
are subject to a particular field of study. Local geoids are preferred than global
geoids because they provide more reliable results for using in scientific studies and

for reflecting height differences more strongly. One of the frequently used methods

11



related to this subject is Stokes' boundary value problem. This problem is based on
the principle of creating a gravimetric mathematical model and making it physically
computable. Accordingly, a potential can be calculated by taking advantage of the
gravity anomalies given for each point on the geoid surface. But the physical
structure of the earth must be mathematically eliminated cause of the surface is only
on the geoid. The disturbing potential T value is expressed by Stokes integral as

follows;

T = :;nﬂ- AgS(Y)do (3-1)

R is the average radius of the earth, o is surface of the earth, S(¥) is Stokes function

and expressed as;

1
SW) =——7F—=
sin <¢/2)

sin? E = sin
2

(3.2)

— 6sin% + 1 — 5cosy — 3cosypin <sin% + sin? %)

— Ap — A
z(pP (p+Sin2 P

COSPpCOSP

3.2. Local Geoid Determination

3.2.1.Determination of geoid with the GNSS / Leveling technique

Before using satellite techniques in engineering measurements, techniques were used
in geoid determination studies such as astrogeodetic method, gravimetric method,
potential coefficients method. The satellite data has become indispensable in geoid
determination studies because is easily accessible by developing satellite-based

positioning systems [3].

Leveling measurements can be achieved by applying the required height. Leveling
needs precision work and levelling process that takes a long time. In order to prevent
this, reliable geoids need to be converted to orthometric heights from satellite
measurements. Orthometric heights are values generated based on the National

Vertical Control Network. Ellipsoidal heights are the height from the reference

12



ellipsoid. The GNSS / Leveling method is used to convert the difference, which is a

combined system, between these two elements accurately and reliably.

Mathematical geoid model of the earth can make with orthometric heights by
leveling methods and satellite measurements at same points. The results are ready for
use in the interpolation process to give the undulation value of any point within the

workspace after being tested with various trust tests [4].

3.3. Global Geopotential Models

In order to mathematically express the Earth, it must be modeled as a reference
ellipsoid. The surface of the geoid and the surface of the ellipsoid are separate from
each other due to their shape. Some of the physical values resulting from the
difference are the key issues in solving our engineering problems. Geodetic
undulation value between orthometric heights and ellipsoidal height values allows us
to calculate the differences between these surfaces. Prior to satellite-based
measurements, geoid undulations were performed by techniques such as astro-
geodetic observations, gravimetric measurements. These techniques are both
sensitive and long-lasting and cannot be effective controls for their results. With the
development of satellite technology, the elipsoidal heights can be measured in
seconds, and its control and accuracy have been made in a very short time and

frequently [5].

Therefore, satellite based geodetic determination technique has become much more
preferable than the others. Global geopotential models are systems that define the
gravitational potential at every point on a global scale by calculating the gravitational
acceleration for the entire globe. This technique is based on the principle of
superficial surface formation by accepting the center of the ground as a zero point.
This provides visual evidence that the geoid is a non-geometric, shapeless form in
the global sense. Global geopotential models covering the entire globe have been
produced by the above mentioned methods such as astrogeodetic observations,
gravimetric measurements, calculation of gravitational potential constants. In the
formation of global geopotential models, artificial satellites with low altitude and
close to the polar circle are used. These satellites consistently and precisely collect
data from their orbits with the accelerometer, GPS module, etc. This collected

position and gravitational acceleration data constitute a geopotential model of the
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earth by forming a mathematical model. This method produces faster and more
efficient results than other methods. Many successful satellite missions have been
used in this method. In the next section will be given more information about these
satellite missions. The program of the German Institute of Earth Sciences (ICGEM)
provides detailed information on these successful global geopotential models. In
addition, it is possible to make many calculations for a certain area or geographic
coordinate of certain points such as gravitational potential, gravity anomaly, sea
surfaces of in the world in a short time. In this study, EGM96, XGM2016, CHAMP,
EIGEN, GRACE and GOCE satellite models and GEM, GRIM models were used to
calculate the models. ICGEM web page shown in Figure 3.1 below.
(http://icgem.gfz-potsdam.de/calcgrid)

Model selection Grid selection
Longtime Model AIUB-CHAMPD1S
Model from Series AIUB-CHAMP03S
Topography related M. || AIUB-GRACED1S
Celestial Object Mode || AIUB-GRACED2S
Topography AIUB-GRACED3S
DEQS_CHAMP-01C = =~ ey
DGM-15 T I |
EGM2008
EGM%
EGM9s
EIGEN-1
EIGEN-1s [
ICGEM Home EIGEN-2 gyt
EIGEN-51C -
Gravity Field Models I
Static Models —— | 4529 — Grid Step [:[ 10
| 2564 [ 462
Temporal Models — | 32e3) Height over Ellipsoid [m]: | 0)
Functional selection — e
Topegraphic Gravity e
Field Models height_anomaly The height anomaly can be generalised to a 3-d
height_anomaly_ell function, (sometimes called "generalised pseudo-

- E Reference System: | WGS84 v

" " eoid height-anomal

Calculation Service o ¢ v . s

gravity_¢ o Radius: 8137.0]  Fiat:|

= gravity_disturbance_s Here it is calculated on the ellipsoid, h=0. approximated

R LTl gravity_anomaly by Bruns’ formula (egs. 76 and 118 of STR0/02). Gm:|  39850044182+14| Omega: |

User-defined points gravity_anomaly_cl
gravity_anomaly_sa

gravity_anomaly_bg -+ S ——
3D Visualisati: Tide System: ‘ use model's system ¥ ‘ 4 Zero Degree Term

Static Models

Figure 3.1 : ICGEM Calculations Screen http://icgem.gfz-potsdam.de/calcgrid.

The results of the project data obtained from ICGEM system will be shown in the
application part of this study.

The latest geopotential models on the ICGEM site can be listed as follows and can

see also different geoid models on Figure 3.2 to Figure 3.7;

2018

o Tongji-Grace02k; 1. July 2018

o SGG-UGM-1; 19. April 2018

o GOSGO1S; 19. April 2018

o RFM Moon 2520; 14. February 2018
o IGG_RLO1; 24. January 2018
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2017

o IGGT _RI1; 1. December 2017

o IfE_GOCEO0S5s; 22. November 2017

o GO_CONS _GCF_2 SPW_RS; 28 August 2017
o Dv_MoonTopo 2180; 8 August 2017

o GAO2012; 27 July 2017

o XGM2016; 22 May 2017

o NULP-02s; 8. May 2017

o Tongji-Grace02s; May 2017

o ITU GRACE16; OctobOer 2016
o ITU GGC16; 17. June 2016

o EIGEN-6S4; 11. May 2016

o GOCOO5¢c; 10. May 2016

o GrazLGM300c; 9. May 2016

o Tongji-GRACEO02; 11. April 2016
o GGMO5C; 9. February 2016

o REQ TOPO 2015; 7. December 2015

o AIUB-GRL200A/B; 1. September 2015

o Tongji-GRACEO02; 23. July 2015

o GGMO5G; 9. June 2015

o GOCOO05s; 31. March 2015

o GO _CONS _GCF 2 SPW _R4; 7. January 2015

o) EIGEN-6C4; 2. December 2014

o) ITSG-Grace2014s; 28. November 2014

o GO_CONS _GCF 2 TIM RS;21. July 2014

o GOGRAO04S and JYY_GOCE04S; 15. July 2014

o RWI_TOPO 2012, RWI ISOS 2012, RWI TOIS 2012; 3. April 2014
o) EIGEN-6S2; 20. March 2014

o dV_ELL RET2012; 27. February 2014
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o GGMOS5S; 29. January 2014
o EIGEN-6C3stat; 17. January 2014

Figure 3.2 : XGM2016 http://icgem.gfz-potsdam.de/vis3d/celestial.

Figure 3.3 : Tongji GRACEO2k http://icgem.gfz-potsdam.de/vis3d/celestial.
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Figure 3.4 : Gosg 01s http://icgem.gfz-potsdam.de/vis3d/celestial.

Figure 3.5 : iggt-r1 http://icgem.gfz-potsdam.de/vis3d/celestial.
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* Geoid EIGEN-1s - Ellipsoid 1 =

Figure 3.7 : Ggm 02s http://icgem.gfz-potsdam.de/vis3d/celestial.
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3.3.1.Gravimetric satellite missions

At the end of the long preparation period in the early 2000s, artificial satellites were
used to determine the gravity area of the earth. The common characteristics of these
satellites is that they have an orbit near the polar circle and they have an altitude that
we can call a nearby ground satellite. The geoid identifications have become more
accurate, faster and controllable with the data collected from the satellite orbits that
they follow during the working periods. Many of geoids produced from the same

satellite mission using all or part of the long data collection sets.

There are satellite missions that have completed the mission and have produced
several successful geoit models. Besides, there are satellite mission studies which
aim more accurate models with more sensitive data. These satellite missions are
managed by multidisciplinary work teams not only by the data for calculating the
gravitational potential of the globe, but also by geological data, collecting data that

observe climatic changes [6].

3.3.1.1. CHAMP

Champ was established by the German Institute of Earth Sciences (GFZ) for earth
sciences and atmospheric research in October 1994. The project was launched from
Russia on 15 July 2000 as a result of many years of preparatory work. The satellite
mission, which has been designed for 5 years, ended 10 years, 2 months and 4 days
after the burning of the atmosphere in the world. CHAMP project partners shown in
Figure 3.8 below.
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Mission Operations & Science
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Figure 3.8 : Application Partners of the CHAMP Project https://www.gfz-
potsdam.de/champ/projekt-partner/.

CHAMP is a multi-national project and a partnership of many large corporations and
companies. Satellite has made various geological and atmospheric observations with
technical equipment like magnetometer, accelerometer, star sensor, GPS receiver,
laser reflector, ion deviation meter. The satellite with a very low orbit height of 454

km has a 87 degree orbit angle [7]. Geoid shape produced CHAMP shown in Figure
3.9 below.
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Figure 3.9 : Geoid Generated From CHAMP Satellite Data https://www.gfz-
potsdam.de/champ/wissenschaftliche-ergebnisse/.

The gravitational patterns generated by the data collected by the satellite mission

during the operation are called EIGEN. Some models can be listed as follows;

e EIGEN-CHAMPO3S : Gravity model produced from 33-month
CHAMP data,

e EIGEN-3P : Model produced from 3-year CHAMP data,

e EIGEN -2 : Model produced from 6-month CHAMP data,

e EIGEN - IS : Model produced with all CHAMP data.

3.3.1.2. GRACE

It is the satellite mission that started its work in March 2002. This is a multinational
and multidisciplinary project too that carries out studies on oceanography, hydrology
and other earth sciences as well as gravitational potential. The project was carried out
in collaboration with several major organizations, such as the German Institute of
Earth Sciences (GFZ), the American Aerospace and Aeronautics Agency (NASA).

Gravity anomalies produces GRACE project shown in Figure 3.10 below.
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Gravity Anomaly (mGal)

Figure 3.10 : GRACE Gravity Anomalies 2006
http://www?2.csr.utexas.edu/grace/gallery/gravity/.

GRACE has a 5-year working life, like the CHAMP project. During this study, the
working principle of the GRACE satellite is to collect data sets for 30 day periods
and use them in global model produces. The reason for this is that the gravitational

fields of the points on the physical earth constantly change temporarily and spatially.
GRACE satellite;

e Vehicle Start-Up System

e Satellite System

e Scientific coordination System
e Mission Operation System

e Scientific Data System
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it consists of components [8]. Geoid model produced GRACE shown Figure 3.11

below.

Figure 3.11 : The Geoid Model of the GRACE Satellite; Africa and Europe
http://www?2.csr.utexas.edu/grace/gallery/gravity/.

3.3.13. GOCE

This is the satellite mission launched by the European Space Agency (ESA) when
March 17, 2009. It is the most advanced gravity detection satellite because,
developed from the experience gained from other satellite missions. In addition to
monitoring the gravitational potential, it has also been used in sea level surveys,
oceanography and geophysics. His duty term ended with the end of his fuel as
planned on 21 October 2013, and three weeks later, on 11 November 2013, he broke

into the earth's atmosphere and burned to death.

The mission control center of GOCE is located in the European Space Operation
Center (ESOC) in Darmstadt, Germany. The data download center is located in
Kiruna and Svalbard stations in Norway and processing and archiving missions are

carried out at ESA's International Observation Center (ESRIN) in Italy [9].
Some of the tasks of the GOCE satellite are as follows;

e To determine gravity field anomalies in ImGal precision,

e To determine the geoid in of 1-2 cm. precision,
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e These targets are obtain than better 100 km.resolution.

The Geoid Model Produced by GOCE shown Figure 3.12 below.

Figure 3.12 : The Geoid Model Produced by GOCE in 2011
https://earth.esa.int/web/guest/missions/esa-operational-eo-missions/goce/news.

The GOCE satellite is fixed at the lowest possible satellite altitude of 250km to
detect the strongest gravitational field signal. In 2012, it continued its duty by
lowering to 235 km for save fuel. GOCE project has formed the core team of
consortium consisting of 41 companies spread across 13 European countries. This

industrial core team has shared tasks as follows;

e Satellite Contractor - Thales Alenia Space (Italy)
e Platform Contractor - EADS Astrium GmbH (Germany)
e Gradyometer - Thales Alenia Space (France)

e Accelerometer and System Support - ONERA (France)

24


https://earth.esa.int/web/guest/missions/esa-operational-eo-missions/goce/news

4. INTERPOLATION TECHNIQUES

Interpolation techniques; these are the mathematical expressions used to find the
desired numerical value for each point within the boundaries of the study area. The
geodetic model derived from the main points is tested by various enterpole methods
at the test points. In this way most appropriate interpolation method for that region is

found.

This study aims to find the most suitable model of the working area used in practice.
The aim of the course is to provide many practical examples by utilizing the new
geoid determination and interpolation calculation systems such as computer
technology. The mobile application will provide the data with the precision needed
by the end user in the workspace. Therefore, interpolation techniques used in this

section will be summarized [10].

4.1. Interpolation with Radial Based Functions ( Multiquadratic, Natural Cubic
Spline, Thin Plate Spline)

4.1.1. Multiquadratic interpolation

The aim of this interpolation technique is to express all points in the study area in a

single mathematical function. General multiquadratic surface expression;

m (4.1)
AN = > 6105y, %, y)]
i=1

showns as. There c¢;is unknown coefficients calculated from the known ANi residual

heights of the base points, Q(X,y,Xi,y;) is kernel function [11].

25



4.1.2. Natural cubic spline interpolation

This model, which is a type of interpolation with polynomials, is applied using the
cubic surface mathematical models. Changes in the variable number and unknown

degree of the polynomial vary depending on the physical conditions in the study area

[11].

4.1.3. Thin plate spline interpolation

The most important feature of this function is the softening of the angles at the
breaking points of the lines while the surface is formed. This provide smoother
surface. Because of this feature, it is also used frequently in different disciplines [11].

The mathematical expression is;

(4.2)
1 e y)] = f f (F2 +2f2, + f2)dxdy
RZ

The interested reader can read Inal (2002) for more information.

4.2. Interpolation with Polynomials

In this method, the study area is generally defined by two-variable high-grade

polynomials. General orthogonal polynomial expression is;

n k
N, V) =Z z a;jxty’
k=0 j=k—i
i=0

(4.3)

showns as. Here is a;: polynomial coefficients, n; polynomial degree, x,y; plane
coordinates. n=1 equation the surface becomes linear, n=2 equation the surface

becomes quadratic, n=3 equation the surface becomes cubic. Quadratic surface;

N(x,y) = ay + a;y + ayx + azx? + asxy + asy? (4.4)

equality is expressed with a polynomial of 6 unknowns. Cubic surface;
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N(x,y) = ayg + a;y + axx + azx? + azxy + asy? + agx® + a,x%y (4.5)
+ agxy? + agy?

it is expressed with a polynomial of 10 unknowns with this equality. Non-orthogonal

general polynomial expression;

n on (4.6)

N(X,Y) = Z Z a;jx'y

i=0 j=0

showns as. n=1 equation the surface becomes bi-linear, n=2 equation the surface
becomes bi-quadratic, n=3 equation the surface becomes bi-cubic. Bi-quadratic

surface is

N(xr )/) =0y + ay + ax + a3x2 + aAyXy + asyz + a6x2y + a7y2x (47)
+ agx?y?

It is expressed with a polynomial of 9 unknowns with this equality. Bi-cubic surface;

N(x,y) = ag + a;y + a,x + azxy + a,y? + asxy? + agx? + a,x%y (4.8)
+ agx?y? + agy® + ajoxy® + a1 x%y3 + a;x3 + azx3y

+ a4 x3y? + agsx3y3

It is expressed with a polynomial of 16 unknowns with this equality [11].

4.3. Interpolation with Weighted Average Method

Considering that there are n points in the study area, geoitic undulation in other

points;
1 (4.9
Pi = ﬁ
to be;
_ NP, (410
roPi
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calculates with this equations. Here is D; ; Length between the point which
determinate geoid undulations and the i base point, k ; is the integer. As the k value
grows, new points geoid undulation is affected more than the the neighboring points.

This converts the solution to the nearest neighboring interpolation method [11].

4.4. Interpolation with Kriging Method

This is a linear interpolation model found by a South African mining engineer D.G.
Krige. The purpose of development is to determine the mineral deposits more
accurately. The basic principle is to estimate the optimum value from the data of the

closest base points to the point where the data is to be produced [10].
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5. APPLICATION
5.1. Aim and Scope

The selected area is the region covering the izmir Metropolitan Area. The height
information is needed for land management, infrastructure and engineering works
such as construction and road projects in the city. This should be done accurately,
quickly and reliably from advanced technological tools like satellite-based
positioning systems. In addition to this practical objective, the main objective of the
project is to determine the most appropriate geoid model and interpolation method
for Izmir Metropolitan Area by applying the methods described above. One of the
aims of this study is to produce a self-updating program with new systems produced

from gravimetric satellite missions.

5.2. Method and Material

This study was carried out with 19 base points and 30 test points in the study area
covering 200 km? part of Izmir city center. The orthometric heights of the base points
and test points were calculated by leveling measurement as described in BOHHBUY,
and ellipsoidal heights were determined by GNSS measurements. Using the GNSS /
Leveling method, geoid undulations are calculated from the difference between the
orthometric heights and the ellipsoidal heights. The distribution of points for the

study area is shown in Figure 5.1.
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Figure 5.1 : Locations of Base and Test Points.

Various interpolation techniques have been tested. Surferl3 program was used in
these calculations. Before entering the needed data into the program, an Excel file
that includes the easting, northing and geoid undulation values of the numbered base

points has been created. Figure 5.2 shows the created Excel file.

Ekle Formiiller Veri

Giri Sayfa Dizeni Gozden Gegir

= ¥ Kes

§ Calibri 11 v AN AT
- 52 Kopyala ~
arly Feigmsoyacn | K T Ao A
Pano F] Yazi Tipi
\ P12 ~ £
A B c D E F G
1 1 508019.79 4262166.33 38.43
2 2 507810.35 4258527.77 38.02
3 3 513068.19 4259408.69 38.47
4 4 517279.17 4259315.49 38.35
5] 5 521906.16 4258230.99 39.02
6 6 523101.33 4255235.83 38.38
7 7 518412.97 4235048.14 38.25
8 8 515748.35 4257276.88 37.92
9 9 516263.37 4250877.54 38.47
10 10 512863.26 4254628.63 37.45
1n 11 513689.83 4252724.24 38.28
12 12 513640.23 424%031.07 38.22
13 13 517327.22 4248285.64 38.31
14 14 512670.29 4246873.41 38.09
15 15 509290.88 4252668.17 38.05
16 16 509854.67 4249686.07 38.01
17 17 509103.32 4247355.66 38.64
18 18 512239.56 4242705.56 38.03
19 19 505054.16 4251358.79 38.59
20
21

Figure 5.2 : Surfer Data File Excel Format.
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Then, opening the Surfer 13 program and entering the Data section from the Grid
tab, the Excel file prepared for base points has been loaded to the program, shown in

Figure 5.3.

@) Surfer - [Plot1] -
@) File Edit View Draw Amange Grid Map Geoprocessing Tools Window Help
o . = — =
iSRS G s i plhlaas ol ¢EliAgwtmoent
G B & o 6
% 0 B c w0 F o0 c e R () o) () ] () )l o L ) SR B O T B 8 e
Object Manager v 3 x 4 kriging-block  Plotl X
Lalsilonliflid 6rid pata - ¢ ilerlods 125t dluauslndugln STl
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= v: | column B v] [ vewbata | Lo |
o
= 2 [Column ¢ v [ smists | @laidReport
= Gridding Method
3 [Radial Basis Function ~| [Advanced Options... | [ cross validate...
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E Grid Line Geometry
= Minimum Maximum Spacing # of Nodes
Z X Direction: -263.4419697 283.4419697 182.2946465 4 =
3 Y Direction:  505054. 16 523101.33 182.2946465 100
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. = .
No selection E M ] Blank grid outside convex hull of data
E e :
E Output Grid File
2= Ci\Users\Semh\Desktop \veriler Lgrd =
=
=
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Figure 5.3 : Surfer13 Grid Selection Screen.

Grid method is selected from the incoming grid selection screen window to be
applied to the project. For this project Kriging-point, Kriging-block, Radial Base-
Multiquadratic, Radial Base - Thin Plate, Radial Base - Natural Cubic Spline, Local
Polynomal, Natural Neighbor, Nearest Neighbor methods were used. After selecting
the method, the program has been executed and the Grid Data Report has been

created, shown in Figure 5.4.
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Figure 5.4 : Surfer13 Data Report Screenshot.

In this report, the number of base points, easting and northing coordinate values,

median, variance, standard deviation, and more information are available.

Then, the calculation step is proceeded for the geoid undulation values. To do so, the
Grid tab is clicked. Firstly, we will be asked to save the grid file. Once the grid file
has been selected, the data file in Excel format must be prepared for the test points,
including the point number, easting value, northing value, and height information,
like base points. The Residuals command will ask us for the file that contains the
information of the test points. After uploading this file to the program, a window will

appear to confirm the columns of the information shown in Figure 5.5 below.
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Figure 5.5 : Surfer13 Column Selection Window.

Here the X coordinate, Y coordinate and Z coordinate containing the column and
finally the desired data to be written to the column is selected and press OK. Z height
values calculated with the grid selected for the test points on the incoming

information screen are created as printed on the selected column shown in Figure 5.6.

e e i T
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| 5 | 51992331 4257873.76  0.00 -38.632997
| 6 | 521165.95 425608541  0.00 -38.545762
| 7 | s17967.56 425710743 0.00 -38.263698
| 8 | 5172197 425595322 0.00 -38.120663
9 | 515637.89 4257624.07  0.00 -37.981889
| 10 | 515117.46 425595055  0.00 -37.870125
11| 516513.39 425470815  0.00 -38.094724
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15 |
16 |
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[ 19 |

513764.58  4254020.41 0.00 -37.840841

Property Manager - Nothing Selected v I x

m 515275.52  4251562.72 0.00 -38.374424
516197.39  4249612.17 0.00 -38.381524

No selection

513597.35  4250751.93 0.00 -38.261249
514554.61  4248774.07 0.00 -38.256424
511495.56  4251629.03 0.00 -38.034120
511800.39  4249327.47 0.00 -38.129158
511490.95  4246763.95 0.00 -38.215091

| 20 | 511915.75  4244816.68 0.00 -38.149826
| 21 | 509350.88  4248153.39 0.00 -38.426273
| 22 | 509962.95 4250161.96 0.00 -38.021736
| 23 | 509101.59  4251902.59 0.00 -38.088550
| 24 | 508326  4250700.14 0.00 -38.216137

Figure 5.6 : Surfer13 Test Points Result Screen.
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5.3. Numerical Data

The Gauss Kruger coordinates (X and Y), orthometric heights(H), ellipsoidal
heights(h) and the geoid undulation(N) of the points in the study area shown in table

5.1 below.

Table 5.1 : Numerical Data.

Point % X Orthometric Ellipsoidal Undulation
Height(H) Height(h) (N)

2 508019.79 | 4262166.33 85.41 123.84 38.43
4 507810.35 | 4258527.77 1.24 39.26 38.02
5 513068.19 | 4259408.69 2.56 41.03 38.47
6 517279.17 | 4259315.49 16.33 54.68 38.35
7 521906.16 | 4258230.99 55.05 94.07 39.02
8 523101.33 | 4255235.83 59.78 98.16 38.38
9 518412.97 | 4255048.14 26.50 64.75 38.25
10 | 515748.35 | 4257276.88 2.75 40.67 37.92
11 516263.37 | 4250877.94 174.89 213.36 38.47
12 512863.26 | 4254628.63 7.69 45.14 37.45
19 513689.83 | 4252724.24 68.93 107.21 38.28
102 | 513640.23 | 4249031.07 70.41 108.63 38.22
103 | 517327.22 | 4248285.64 165.30 203.61 38.31
108 | 512670.29 | 4246873.41 98.49 136.58 38.09
101 | 509290.88 | 4252668.17 12.27 50.32 38.05
107 | 509854.67 | 4249686.07 150.97 188.98 38.01
105 | 509103.32 | 4247355.66 126.92 165.56 38.64
106 | 512239.56 | 4242705.56 133.50 171.53 38.03
104 | 505054.16 | 4251358.79 23.02 61.61 38.59
Tl 509165.74 | 4260231.49 17.45 55.80 38.35
T2 | 510817.97 | 4258098.24 1.83 39.90 38.07
T3 | 515887.83 | 4259554.73 10.22 48.74 38.52
T4 | 518694.27 | 4261665.11 290.89 329.74 38.85
TS | 519923.31 | 4257873.76 33.32 71.84 38.52
T6 | 521165.95 | 4256085.41 40.73 79.20 38.47
T7 | 517967.56 | 4257107.43 15.49 53.77 38.28
T8 | 517219.70 | 4255953.22 11.72 49.79 38.07
T9 | 515637.89 | 4257624.07 2.78 40.71 37.93
T10 | 515117.46 | 4255950.55 4.96 42.89 37.93
T11 | 516513.39 | 4254708.15 17.80 55.96 38.16
T12 | 513764.58 | 4254020.41 16.07 53.96 37.89
T13 | 515275.52 | 4251562.72 155.59 194.15 38.56
T14 | 516197.39 | 4249612.17 114.90 152.92 38.02
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Table 5.1 (Continuation) : Numerical Data.
T15 | 513597.35 | 4250751.93 77.01 115.37 38.36
T16 | 514554.61 | 4248774.07 85.42 123.68 38.26
T17 | 511495.56 | 4251629.03 92.02 130.16 38.14
T18 | 511800.39 | 4249327.47 63.85 102.03 38.18
T19 | 511490.95 | 4246763.95 96.40 134.59 38.19
T20 | 511915.75 | 4244816.68 122.01 160.23 38.22
T21 | 509350.88 | 4248153.39 108.93 147.32 38.39
T22 | 509962.95 | 4250161.96 136.10 174.03 37.93
T23 | 509101.59 | 4251902.59 91.80 129.89 38.09
T24 | 508326.00 | 4250700.14 78.20 116.46 38.26
T25 | 506694.36 | 4251319.91 11.98 50.37 38.39
T26 | 505077.87 | 4250181.27 64.60 103.44 38.84
T27 | 503019.80 | 4251183.49 31.70 70.13 38.43
T28 | 506438.81 | 4260291.11 4.88 43.13 38.25
T29 | 505430.52 | 4262318.22 10.77 49.15 38.38
T30 | 503412.42 | 4265129.78 9.73 48.26 38.53

The orthometric heights of the test points from the ellipsoidal heights of geoids,

which are formed by the abovementioned methods, are calculated by several

interpolation methods. The results are shown in the tables in the appendix. The

comparisons among used methods have been indicated in Table 5.2, 5.3, and 5.4.

Table 5.2 : Comparison Table Kriging, Radial Base And Nearest Neighbor Methods.

. Radial .
Kriging Kriging Radlql (Natural Rad1.a1 Nearest
. (Multi- . (Thin .
(Point) (Block) . Cubic Neighbor
quadratic) : Plate)
Spline)

Max. Value 38.69 38.69 38.77 39.16 38.98 39.02
Min. Value 37.84 37.84 37.77 37.74 37.75 37.60
Difference 0.85 0.85 1.00 1.42 1.23 1.42

Table 5.3 : Comparison Table Global XGM2016, Tongji Grace02k, SGG-UGMI1,

EIGEN 6S4 Methods.
Global Globa'q Globa}} Global Global Global
XGM2016 Tongji Tongji SGG- SGG- EIGEN
WGS84 Grace02k | Grace02k UGM1 UGM1 6S4
WGS84 GRS80 WGS84 GRS80 WGS84
Data A, G, S(GRACE) | S(GRACE) | EGM2008, | EGM2008, | S(Goce),
S(GOCO05s) S(GOCE) | S(GOCE) | S(Grace),
S(Lageos)
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Table 5.3 (Continuation) : Comparison Table Global XGM2016, Tongji Grace02k, SGG-
UGM1, EIGEN 6S4 Methods.

Max. 39.01 38.61 37.68 39.00 38.06 38.99
Value
Min. 38.82 38.27 37.34 38.70 37.77 38.68
Value
Difference 0.19 0.34 0.34 0.30 0.39 0.31
Table 5.4 : Comparison Table EIGEN 6S4, Ulux CHAMP2013s, EGM2008,
GOSGO01s Methods.
Global Global Global Global Global Global
EIGEN Ulux- Ulux- EGM200 | EGM200 | GOSGO1
6S4 CHAMP2 | CHAMP2 |8 8 GRS80 | s WGS8&4
GRS80 013s 013s WGS84
WGS84 GRS80
Data S(Goce), A, G, A, G, S(GOCE)
S(Grace), | S(Champ) | S(Champ) | S(Grace) | S(Grace)
S(Lageos)
Max. 38.06 38.80 37.87 39.12 38.18 39.20
Value
Min. 37.75 38.46 37.53 38.83 37.90 38.86
Value
Difference 0.31 0.34 0.30 0.29 0.28 0.34

As seen, there are differences between models produced with global geopotantial
systems and models produced locally. While global systems show a harmonious gap,
the difference between local systems is higher. This is because the global systems are
close to each other with reference measurements based on the altimeter, gravimetric
measurement and satellite measurements. It is seen that the reference system used in
global methods is different in different cases such as WGS84 and GRS80. This
difference ranges from around 1 m which cannot be considered as fixed. The chosen
interpolation method in local also depends on the topographic and physical structure
of the study area. For this reason, changes in different sizes can be observed between
global and local models. There are 0.19-0.39 m differences between the global
models used in this study. Differences between the local models used ranged from
0.85 to 1.42 m. With all this information, it is seen that Thin Plate Spline method is
the most appropriate value for study area. This method is preferred to give the closest
values to the true values of the test points. The test results of the Thin Plate Spline

method are shared appendix chapter.
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As can be easily seen from the data shared in the tables and reports above, the Thin
Plate Spline method has clearly produced more favorable results than others. As the
results of these techniques are directly related to the physical conditions of the study
area, it is observed that different techniques are successful in different fields of study.
The surface drawings of the data points of these data are shown in appendix. The 3D

drawings created from these surfaces are also shown in appendix.

5.4. Comparison and Analysis

When all interpolation techniques are compared, it is seen that Thin Plate Spline
function which is radial based function is the most suitable model for the study area.
In addition, the results on the multi-quadratic and cubic surfaces are still close to the
Thin Plate function and they are within the available limits. Test points 27,29 and 30
are excluded from the triangular pattern of the base points and no function can be

estimated for these points.

5.5. Mobile Application Database

It is concluded that the Thin Plate Spline model produces the most suitable results in
the results of many mathematical models used in Izmir Metropolitan Area. The
reliability of the anchor points within this area will depend on the sensitivity of the
ground control points and satellite-based positioning systems. These points can be
used for the same precision work. The coordinate entered in the mobile application
can be either a geographical or cartesian coordinate or an error message if it is

outside the triangle areas.

For coordinate inquires in the working area boundaries, the program will run the loop
according to the Thin Plate Spline mathematical model for the desired point. After
that program provide geoid undulation value for the desired point. In the future, if
the physical changes in the selected area, the data of the new baselines, and the
ellipsoidal data are collected, the program will be updated and the user will produce

up-to-date data.
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6. RESULTS AND RECOMMENDATIONS

In our country, as in the rest of the world, the need for accurate and reliable
measurement of the need for Surveying Engineering and related sectors is so needed.
This situation obliges the sector to compete in itself, to make use of new technologies
as much as possible, and to produce joint projects with other engineering disciplines

and sciences.

One of the steps taken in this situation is the development of mathematical models
which convert the height information obtained from the satellite-based measurements
in the project into the heights used in the practice. With the help of this technology,
orthometric height need to be used in all kinds of applications can be integrated with
satellite based measurements. In a much shorter time, the position information in the
horizontal plane can be reached by using the satellite-based measurement without the
need for precise leveling. This is a valuable development for the sector in terms of
saving workload, time and manpower. In our profession, researches should be done
in the production of fast and easily controllable data with the convenience of
technology. Work should be carried out to achieve better, qualified and useful
information through studies in which not only the sector or the scientific discipline,

but also the disciplinary and technical unity of various disciplines.
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APPENDIX

Numerical Data of Using Kriging and Radial Methods for Application

Table A1 : Kriging and Radial Methods

Krigin Krigin Radial- True
NN Y X (Po%nt)g (Blgck% Multiquadratic | Value
Tl 509165.74 4260231.49 38.25 38.25 38.26 38.35
T2 510817.97 4258098.24 38.06 38.06 38.02 38.07
T3 515887.83 4259554.73 38.32 38.32 38.33 38.52
T4 518694.27 4261665.11 38.69 38.69 38.77 38.85
T5 519923.31 4257873.76 38.63 38.63 38.68 38.52
T6 521165.95 4256085.41 38.55 38.55 38.55 38.47
T7 517967.56 4257107.43 38.26 38.26 38.24 38.28
T8 517219.70 4255953.22 38.12 38.12 38.09 38.07
T9 515637.89 4257624.07 37.98 37.98 37.96 37.93
TI0 | 515117.46 4255950.55 37.87 37.87 37.77 37.93
TI11 | 516513.39 4254708.15 38.09 38.09 38.08 38.16
TI12 | 513764.58 4254020.41 37.84 37.84 37.81 37.89
T13 | 515275.52 4251562.72 38.37 38.37 38.48 38.56
T14 | 516197.39 4249612.17 38.38 38.38 38.40 38.02
T15 | 513597.35 4250751.93 38.26 38.26 38.35 38.36
T16 | 514554.61 4248774.07 38.26 38.26 38.26 38.26
T17 | 511495.56 4251629.03 38.03 38.03 38.03 38.14
T18 | 511800.39 4249327.47 38.13 38.13 38.08 38.18
T19 | 511490.95 4246763.95 38.22 38.22 38.22 38.19
T20 | 511915.75 4244816.68 38.15 38.15 38.14 38.22
T21 | 509350.88 4248153.39 38.43 38.43 38.44 38.39
T22 | 509962.95 4250161.96 38.02 38.02 37.97 37.93
T23 | 509101.59 4251902.59 38.09 38.09 38.08 38.09
T24 | 508326.00 4250700.14 38.22 38.22 38.20 38.26
T25 | 506694.36 4251319.91 38.39 38.39 38.42 38.39
T26 | 505077.87 4250181.27 38.58 38.58 38.64 38.84
T27 | 503019.80 4251183.49 38.43
T28 | 506438.81 4260291.11 38.26 38.26 38.23 38.25
T29 | 505430.52 4262318.22 38.38
T30 | 503412.42 4265129.78 38.53
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Numerical Data of Using Radial and Nearest Neighbor Methods for Application

Table A2 : Radial and Nearest Neighbor Methods

NN v X Radial-Natural R,?ﬂﬁl_ Nearest | Measured
Cubic Spline Neighbor Value
Plate
T1 | 509165.74 | 4260231.49 38.33 38.28 38.08 38.35
T2 | 510817.97 | 4258098.24 37.93 37.97 38.47 38.07
T3 | 515887.83 | 4259554.73 38.39 38.36 38.35 38.52
T4 | 518694.27 | 4261665.11 39.16 38.98 38.35 38.85
T5 | 519923.31 | 4257873.76 38.59 38.65 39.02 38.52
T6 | 521165.95 | 4256085.41 38.50 38.53 38.42 38.47
T7 | 517967.56 | 4257107.43 38.18 38.21 38.22 38.28
T8 | 517219.70 | 4255953.22 38.08 38.08 38.25 38.07
T9 | 515637.89 | 4257624.07 37.96 37.96 37.92 37.93
T10 | 515117.46 | 4255950.55 37.74 37.75 37.92 37.93
TI11 | 516513.39 | 4254708.15 38.11 38.08 38.25 38.16
T12 | 513764.58 | 4254020.41 37.82 37.81 37.60 37.89
TI13 | 515275.52 | 4251562.72 38.52 38.50 38.47 38.56
T14 | 516197.39 | 4249612.17 38.41 38.41 38.47 38.02
T15 | 513597.35 | 4250751.93 38.41 38.38 38.22 38.36
T16 | 514554.61 | 4248774.07 38.27 38.27 38.22 38.26
T17 | 511495.56 | 4251629.03 38.06 38.04 38.24 38.14
T18 | 511800.39 | 4249327.47 38.05 38.06 38.13 38.18
T19 | 511490.95 | 4246763.95 38.22 38.22 38.09 38.19
T20 | 511915.75 | 4244816.68 38.21 38.17 38.07 38.22
T21 | 509350.88 | 4248153.39 38.38 38.41 38.64 38.39
T22 | 509962.95 | 4250161.96 37.98 37.97 38.01 37.93
T23 | 509101.59 | 4251902.59 38.09 38.09 38.05 38.09
T24 | 508326.00 | 4250700.14 38.19 38.19 38.01 38.26
T25 | 506694.36 | 4251319.91 38.40 38.41 38.59 38.39
T26 | 505077.87 | 4250181.27 38.77 38.71 38.59 38.84
T27 | 503019.80 | 4251183.49 38.43
T28 | 506438.81 | 4260291.11 38.08 38.19 38.02 38.25
T29 | 505430.52 | 4262318.22 38.38
T30 | 503412.42 | 4265129.78 38.53
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Numerical Data of Using Global XGM and Tongji Grace02k Methods for

Application

Table A3 : Global XGM and Tongji Grace02k Methods

Global Global Global
XGM Tongji Tongji | Measured
NN Y X 2016 Grace%J2k Grace%J2k Value
WGS84 WGS84 GRS80
T1 | 509165.74 | 4260231.49 38.97 38.51 37.58 38.35
T2 | 510817.97 | 4258098.24 38.95 38.47 37.54 38.07
T3 | 515887.83 | 4259554.73 38.98 38.48 37.55 38.52
T4 | 518694.27 | 4261665.11 39.01 38.51 37.58 38.85
TS | 519923.31 | 4257873.76 38.97 38.45 37.52 38.52
T6 | 521165.95 | 4256085.41 38.94 38.41 37.49 38.47
T7 | 517967.56 | 4257107.43 38.95 38.44 37.51 38.28
T8 | 517219.70 | 4255953.22 38.95 38.42 37.49 38.07
T9 | 515637.89 | 4257624.07 38.96 38.45 37.52 37.93
T10 | 515117.46 | 4255950.55 38.94 38.42 37.50 37.93
T11 | 516513.39 | 4254708.15 38.93 38.40 37.47 38.16
T12 | 513764.58 | 4254020.41 38.92 38.40 37.47 37.89
T13 | 515275.52 | 4251562.72 38.89 38.36 37.43 38.56
T14 | 516197.39 | 4249612.17 38.87 38.33 37.40 38.02
T15 | 513597.35 | 4250751.93 38.88 38.35 37.42 38.36
T16 | 514554.61 | 4248774.07 38.86 38.32 37.39 38.26
T17 | 511495.56 | 4251629.03 38.88 38.37 37.44 38.14
T18 | 511800.39 | 4249327.47 38.86 38.34 37.40 38.18
T19 | 511490.95 | 4246763.95 38.83 38.30 37.37 38.19
T20 | 511915.75 | 4244816.68 38.82 38.27 37.34 38.22
T21 | 509350.88 | 4248153.39 38.85 38.32 37.40 38.39
T22 | 509962.95 | 4250161.96 38.87 38.35 37.42 37.93
T23 | 509101.59 | 4251902.59 38.88 38.38 37.45 38.09
T24 | 508326.00 | 4250700.14 38.87 38.37 37.44 38.26
T25 | 506694.36 | 4251319.91 38.87 38.38 37.45 38.39
T26 | 505077.87 | 4250181.27 38.97 38.37 37.44 38.84
T27 | 503019.80 | 4251183.49 38.98 38.39 37.46 38.43
T28 | 506438.81 | 4260291.11 39.01 38.52 37.59 38.25
T29 | 505430.52 | 4262318.22 38.87 38.55 37.62 38.38
T30 | 503412.42 | 4265129.78 3891 38.61 37.68 38.53
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Numerical Data of Using Global SGG-UGM1 and EIGEN 6S4 Methods for

Application

Table A4 : Global SGG-UGMI1 and EIGEN 6S4 Methods

Global

Global

Global
SGG- SGG- Measured
NN Y X UGM1 UGM1 EI\%](E}I\SI 86 4S4 Value
WGS84 GRS80
T1 | 509165.74 | 4260231.49 38.87 37.94 38.89 38.35
T2 | 510817.97 | 4258098.24 38.81 37.88 38.85 38.07
T3 | 515887.83 | 4259554.73 38.89 37.96 38.81 38.52
T4 | 518694.27 | 4261665.11 39.00 38.06 38.80 38.85
T5 | 519923.31 | 4257873.76 38.88 37.95 38.76 38.52
T6 | 521165.95 | 4256085.41 38.86 37.93 38.73 38.47
T7 | 517967.56 | 4257107.43 38.83 37.90 38.77 38.28
T8 | 517219.70 | 4255953.22 38.79 37.86 38.76 38.07
T9 | 515637.89 | 4257624.07 38.82 37.89 38.80 37.93
T10 | 515117.46 | 4255950.55 38.77 37.83 38.78 37.93
TI11 | 516513.39 | 4254708.15 38.75 37.83 38.76 38.16
T12 | 513764.58 | 4254020.41 38.72 37.79 38.78 37.89
T13 | 515275.52 | 4251562.72 38.71 37.78 38.74 38.56
T14 | 516197.39 | 4249612.17 38.71 37.78 38.70 38.02
T15 | 513597.35 | 4250751.93 38.70 37.77 38.74 38.36
T16 | 514554.61 | 4248774.07 38.70 37.77 38.71 38.26
T17 | 511495.56 | 4251629.03 38.71 37.78 38.77 38.14
T18 | 511800.39 | 4249327.47 38.72 37.78 38.74 38.18
T19 | 511490.95 | 4246763.95 38.73 37.80 38.71 38.19
T20 | 511915.75 | 4244816.68 38.73 37.79 38.68 38.22
T21 | 509350.88 | 4248153.39 38.78 37.84 38.75 38.39
T22 | 509962.95 | 4250161.96 38.74 37.81 38.77 37.93
T23 | 509101.59 | 4251902.59 38.75 37.81 38.80 38.09
T24 | 508326.00 | 4250700.14 38.78 37.85 38.79 38.26
T25 | 506694.36 | 4251319.91 38.81 37.88 38.82 38.39
T26 | 505077.87 | 4250181.27 38.87 37.94 38.82 38.84
T27 | 503019.80 | 4251183.49 38.90 37.96 38.85 38.43
T28 | 506438.81 | 4260291.11 38.85 37.92 38.92 38.25
T29 | 505430.52 | 4262318.22 38.88 37.95 38.95 38.38
T30 | 503412.42 | 4265129.78 38.90 37.96 38.99 38.53
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Numerical Data of Using Global EIGEN 6S4 and ULux CHAMP2013s Methods

for Application
Table AS : Global EIGEN 6S4 and ULux CHAMP2013s Methods
Global Global Global
NN v % EIGEN Ulux- Ulux- Measured
6S4 CHAMP20 | CHAMP2013 Value
GRS80 | 13s WGS8&4 s GRS80
T1 | 509165.74 | 4260231.49 37.95 38.72 37.79 38.35
T2 | 510817.97 | 4258098.24 37.92 38.68 37.75 38.07
T3 | 515887.83 | 4259554.73 37.88 38.70 37.77 38.52
T4 | 518694.27 | 4261665.11 37.87 38.74 37.80 38.85
T5 | 519923.31 | 4257873.76 37.83 38.68 37.74 38.52
T6 | 521165.95 | 4256085.41 37.80 38.65 37.71 38.47
T7 | 517967.56 | 4257107.43 37.84 38.66 37.73 38.28
T8 | 517219.70 | 4255953.22 37.83 38.65 37.71 38.07
T9 | 515637.89 | 4257624.07 37.86 38.67 37.74 37.93
T10 | 515117.46 | 4255950.55 37.85 38.65 37.71 37.93
TI11 | 516513.39 | 4254708.15 37.83 38.63 37.69 38.16
T12 | 513764.58 | 4254020.41 37.84 38.62 37.68 37.89
T13 | 515275.52 | 4251562.72 37.80 38.57 37.64 38.56
T14 | 516197.39 | 4249612.17 37.77 38.54 37.61 38.02
T15 | 513597.35 | 4250751.93 37.81 38.56 37.63 38.36
T16 | 514554.61 | 4248774.07 37.78 38.53 37.60 38.26
T17 | 511495.56 | 4251629.03 37.84 38.58 37.65 38.14
T18 | 511800.39 | 4249327.47 37.81 38.54 37.61 38.18
T19 | 511490.95 | 4246763.95 37.78 38.50 37.57 38.19
T20 | 511915.75 | 4244816.68 37.75 38.46 37.53 38.22
T21 | 509350.88 | 4248153.39 37.82 38.53 37.59 38.39
T22 | 509962.95 | 4250161.96 37.84 38.56 37.63 37.93
T23 | 509101.59 | 4251902.59 37.87 38.59 37.66 38.09
T24 | 508326.00 | 4250700.14 37.86 38.57 37.64 38.26
T25 | 506694.36 | 4251319.91 37.88 38.58 37.65 38.39
T26 | 505077.87 | 4250181.27 37.89 38.57 37.64 38.84
T27 | 503019.80 | 4251183.49 37.92 38.59 37.66 38.43
T28 | 506438.81 | 4260291.11 37.98 38.72 37.80 38.25
T29 | 505430.52 | 4262318.22 38.01 38.76 37.82 38.38
T30 | 503412.42 | 4265129.78 38.06 38.80 37.87 38.53
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Numerical Data of Using Global EGM2008 and GOSG01s Methods for

Application
Table A6 : Global EGM2008 and GOSGO01s Methods
Global Global Global Measured
NN Y X EGM2008 | EGM2008 GOSGO1s Value
WGS84 GRS80 WGS84

T1 | 509165.74 | 4260231.49 39.01 38.08 39.12 38.35
T2 | 510817.97 | 4258098.24 38.95 38.02 39.09 38.07
T3 | 515887.83 | 4259554.73 39.02 38.09 39.10 38.52
T4 | 518694.27 | 4261665.11 39.12 38.18 39.12 38.85
TS5 | 519923.31 | 4257873.76 39.00 38.06 39.06 38.52
T6 | 521165.95 | 4256085.41 38.98 38.04 39.03 38.47
T7 | 517967.56 | 4257107.43 38.95 38.02 39.06 38.28
T8 | 517219.70 | 4255953.22 38.92 37.98 39.04 38.07
T9 | 515637.89 | 4257624.07 38.95 38.02 39.07 37.93
T10 | 515117.46 | 4255950.55 38.90 37.97 39.05 37.93
T11 | 516513.39 | 4254708.15 38.88 37.95 39.03 38.16
T12 | 513764.58 | 4254020.41 38.85 37.92 39.02 37.89
T13 | 515275.52 | 4251562.72 38.84 37.91 38.98 38.56
T14 | 516197.39 | 4249612.17 38.84 3791 38.95 38.02
T15 | 513597.35 | 4250751.93 38.83 37.90 38.97 38.36
T16 | 514554.61 | 4248774.07 38.83 37.90 38.93 38.26
T17 | 511495.56 | 4251629.03 38.85 37.92 38.98 38.14
T18 | 511800.39 | 4249327.47 38.85 37.92 38.95 38.18
T19 | 511490.95 | 4246763.95 38.87 37.94 38.90 38.19
T20 | 511915.75 | 4244816.68 38.86 37.93 38.86 38.22
T21 | 509350.88 | 4248153.39 38.92 37.98 38.93 38.39
T22 | 509962.95 | 4250161.96 38.88 37.95 38.96 37.93
T23 | 509101.59 | 4251902.59 38.89 37.96 38.99 38.09
T24 | 508326.00 | 4250700.14 38.92 37.98 38.97 38.26
T25 | 506694.36 | 4251319.91 38.95 38.02 38.98 38.39
T26 | 505077.87 | 4250181.27 39.01 38.08 38.96 38.84
T27 | 503019.80 | 4251183.49 39.04 38.11 38.98 38.43
T28 | 506438.81 | 4260291.11 39.00 38.06 39.12 38.25
T29 | 505430.52 | 4262318.22 39.02 38.09 39.15 38.38
T30 | 503412.42 | 4265129.78 39.04 38.11 39.20 38.53
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Gridding Report of Using Thin Plate Spline Methods of Application

Table A7 : Gridding Report

Gridding Report

Wed May 15 14:51:12 2019
Elapsed time for gridding: 0.01 seconds

Data Source

Source Data File Name: C:\yl tez\veriler.xlsx (sheet 'dayanak’)
X Column: A
Y Column: B
Z Column: C
Filtered Data Counts
Active Data: 19
Original Data: 19
Excluded Data: 0
Deleted Duplicates: 0
Retained Duplicates: 0
Artificial Data: 0
Superseded Data: 0

Exclusion Filtering

Exclusion Filter String: Not In Use

Duplicate Filtering

Duplicate Points to Keep: First
X Duplicate Tolerance: 0.0021
Y Duplicate Tolerance: 0.0023

No duplicate data were found.

Breakline Filtering

Breakline Filtering: Not In Use

Z. Data Transform
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Transformation method:

Linear (use Z values directly)

No untransformable data were found.

Data Counts

Active Data:

Univariate Statistics

19

X Y z
Count: 19 19 19
1%-tile: 505054.16 4242705.56 37.45
5%-tile: 505054.16 4242705.56 37.45
10%-tile: 507810.35 4246873.41 37.92
25%-tile: 509290.88 4249031.07 38.03
50%-tile: 513068.19 4252724.24 38.28
75%-tile: 516263.37 4257276.88 38.43
90%-tile: 518412.97 4259315.49 38.59
95%-tile: 521906.16 4259408.69 38.64
99%-tile: 521906.16 4259408.69 38.64
Minimum: 505054.16 4242705.56 37.45
Maximum: 523101.33 4262166.33 39.02
Mean: 513544.373684 4253231.85789 38.2621052632
Median: 513068.19 4252724.24 38.28
Geometric Mean: 513523.111611 4253228.86461 38.2607335497
Harmonic Mean: 513501.882626 4253225.87099 38.2593605938
Root Mean Square: 513565.668365 4253234.85083 38.2634757824
Trim Mean (10%): N/A N/A N/A
Interquartile Mean: 512932.863 4252853.576 38.239
Midrange: 514077.745 4252435.945 38.235
Winsorized Mean: 513258.828421 4253296.26895 38.2615789474
TriMean: 512922.6575 4252939.1075 38.255
Variance: 23087090.6178 26873674.3203 0.110706432749
Standard Deviation: 4804.90276882 5183.98247685 0.332725762075
Interquartile Range: 6972.49 8245.81 0.4
Range: 18047.17 19460.77 1.57
Mean Difference: 5569.65309942 6074.57812866 0.369122807018
Median Abs. Deviation: 3777.31 4438.6 0.19
Average Abs. Deviation: 3708.54473684 4262.97052632 0.243157894737
Quartile Dispersion: 0.00679875296699 0.000969375908851

0.00523149359142
Relative Mean Diff.: 0.0108455147886 0.00142822642443

0.00964721633791
Standard Error: 1102.32029488 1189.2871443

0.0763325248841
Coef. of Variation: 0.00935635363765 0.00121883373633

0.00869596065838
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Skewness:
Kurtosis:

Sum:

Sum Absolute:
Sum Squares:
Mean Square:

0.248014722752
2.21030765367

9757343.1

9757343.1
5.01124421874e+012
263749695723

-0.134316436029
1.97661690856

80811405.3
80811405.3
3.43710127229¢+014
1.80900066963e+013

-0.119131571555
3.55841622898

726.98

726.98
27817.778
1464.09357895

Inter-Variable Covariance

X Y zZ
X: 23087091 3833258.7 359.04292
Y: 38332587 26873674 259.96935
Z:  359.04292 259.96935 0.11070643
Inter-Variable Correlation

X Y zZ
X:  1.000 0.154 0.225
Y:  0.154 1.000 0.151
Z: 0225 0.151 1.000
Inter-Variable Rank Correlation

X Y zZ
X:  1.000 0.153 0.163
Y: 0153 1.000 0.144
Z: 0163 0.144 1.000

Principal Component Analysis

PCl PC2 PC3
X: 0.849364865998 0.849364865998 -1.42837806726e-005
Y: -0.527806142767 -0.527806142767 -7.63631803402¢-006
Z: 8.10164589152e-006 8.10164589152e-006 -7.63631803402¢-006
Lambda: 29255710.0674 20705054.8778 0.103592733803

Planar Regression: Z = AX+BY+C

50



Fitted Parameters

A B

C

1.42837806139¢-005
1.69482423719e-005

7.63631801423e-006
1.57088989137¢-005

Parameter Value:
Standard Error:

-1.55228096118

66.0365843313

Inter-Parameter Correlations

A B C
A: 1.000 -0.154 0.024
B: -0.154 1.000 -0.991
C: 0.024 -0.991 1.000
ANOVA Table
Source df Sum of Squares Mean Square
Regression: 2 0.128046580528 0.0640232902642
0.549358910049
Residual: 16 1.86466920895 0.116541825559
Total: 18 1.99271578947

Coefficient of Multiple Determination (R*2): 0.0642573221956

Nearest Neighbor Statistics

Separation |Delta Z|

1%-tile: 2076.03449803 0.04

5%-tile: 2076.03449803 0.04

10%-tile: 2076.03449803 0.06
25%-tile: 2448.53784749 0.16

50%-tile: 2802.10565691 0.43

75%-tile: 3424.59800585 0.63

90%-tile: 3644.5828276 0.64

95%-tile: 4190.04796576 0.83
99%-tile: 4190.04796576 0.83
Minimum: 2076.03449803 0.04
Maximum: 4434.4416044 0.83
Mean: 2988.42322364 0.42
Median: 2802.10565691 0.43

Geometric Mean: 2917.40903388 0.318123148032
Harmonic Mean: 2850.12863907 0.201079325981
Root Mean Square: 3061.62196639 0.486123224578
Trim Mean (10%): N/A N/A
Interquartile Mean: 2850.91972222 0.405

Midrange: 3255.23805121 0.435
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Winsorized Mean:
TriMean:

Variance:

Standard Deviation:
Interquartile Range:
Range:

Mean Difference:
Median Abs. Deviation:

Average Abs. Deviation:

Quartile Dispersion:
Relative Mean Diff.:

Standard Error:
Coef. of Variation:
Skewness:
Kurtosis:

Sum:

Sum Absolute:
Sum Squares:
Mean Square:

2918.14301759
2869.33679179

467458.796014
683.709584556
976.060158362
2358.40710637
788.358186601
436.459808693
558.701566415
0.166190631842
0.263804062411

156.853736095
0.228786063214
0.502005864617
2.13379219365

56780.0412493
56780.0412493
178097052.237
9373529.06511

0.401052631579
0.4125

0.0632444444444
0.251484481518
0.47

0.79
0.293216374269
0.21
0.204736842105
0.594936708861
0.69813422445

0.0576944968845
0.598772575043
-0.0152285810976
1.66560103043

7.98
7.98
4.49
0.236315789474

Complete Spatial Randomness

Lambda:
Clark and Evans:
Skellam:

Gridding Rules

Gridding Method:
Basis Kernel Type:
Shape Factor (R"2):
Anisotropy Ratio:
Anisotropy Angle:

Search Parameters
No Search (use all data):

Output Grid

Grid File Name:
Grid Size:

Total Nodes:
Filled Nodes:
Blanked Nodes:
Blank Value:

Grid Geometry
X Minimum:
X Maximum:

X Spacing:

Y Minimum:

5.40984063561e-008
1.3901585473
60.5370245848

Radial Basis Function
Thin Plate Spline
1.5E+006

0.1

0

true

C:\yl tez\veriler.grd
100 rows x 93 columns
9300

9300

0

1.70141E+038

505054.16
523101.33
196.16489130435

4242705.559
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Y Maximum: 4262166.33
Y Spacing: 196.57344444444
Univariate Grid Statistics
V4

Count: 9300

1%-tile: 36.8073542815
5%-tile: 37.1158689673
10%-tile: 37.4518121551
25%-tile: 37.9444502069
50%-tile: 38.225114617
75%-tile: 38.4872445562
90%-tile: 38.7816768343
95%-tile: 38.9761153524
99%-tile: 39.2736881279
Minimum: 36.7228071675
Maximum: 39.7869520422
Mean: 38.1807549146
Median: 38.2251187809
Geometric Mean: 38.1773047863
Harmonic Mean: 38.1738381424
Root Mean Square: 38.1841887223
Trim Mean (10%): 38.1953693096
Interquartile Mean: 38.2158784231
Midrange: 38.2548796049
Winsorized Mean: 38.1913723453
TriMean: 38.2204809993
Variance: 0.262250727121

Standard Deviation:
Interquartile Range:
Range:

Mean Difference:
Median Abs. Deviation:

Average Abs. Deviation:

Quartile Dispersion:
Relative Mean Diff.:

Standard Error:
Coef. of Variation:
Skewness:
Kurtosis:

Sum:

Sum Absolute:
Sum Squares:
Mean Square:

0.512104215097
0.5427943493

3.0641448747

0.561063550003
0.272031757205
0.381975777348
0.007101691922
0.014694930764

0.005310273337
0.013412626760

21
4

24
3

-0.494984705685

3.59001648248

355081.020706
355081.020706
13559700.0959
1458.03226838
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2D Drawing of the working area Kriging (Point) Methods
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Figure A1 : Kriging (Point).

2D Drawing of the working area Kriging (Block) Methods
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Figure A2 : Kriging (Block).
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2D Drawing of the working area Nearest Neighbor Methods
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Figure A3 : Nearest Neighbor.

2D Drawing of the working area Radial Base (Multiquadratic) Methods
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Figure A4 : Radial Base (Multiquadratic).
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2D Drawing of the working area Radial Base (Natural Cubic Spline) Methods

4262000 ! -

4260000 385 -

4258000} R

4256000 -

T
-
4254000 > -

4252000 -
4250000+ -
4248000 B

4246000 @ B

4244000 -

T T T Tt T T T T T
506000 508000 510000 512000 514000 516000 518000 520000 522000

Figure A5 : Radial Base ( Natural Cubic Spline).

2D Drawing of the working area Radial Base (Thin Plate Spline) Methods
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3D Drawing of the working area Kriging (Block) Methods
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Figure A7 : Kriging (Block) 3D.

3D Drawing of the working area Kriging (Point) Methods
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Figure A8 : Kriging (Point) 3D.
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3D Drawing of the working area Radial Base (Multiquadratic) Methods
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Figure A9 : Raidal Base (Multiquadratic) 3D.

3D Drawing of the working area Radial Base (Natural Cubic Spline) Methods
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Figure A10 : Radial Base (Natural Cubic Spline) 3D.
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3D Drawing of the working area Radial Base (Thin Plate Spline) Methods
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Figure A11 : Radial Base (Thin Plate) 3D.

59



CURRICULUM VITAE

PERSONAL INFORMATION
Semih SAATCI

152/1 Sokak No:11 Daire:1 Buca IZMIR
(0532) 120 78 40

semihsaatci(@yahoo.com
www.smyrnaharita.com

TARGETS
To improve myself in my professional field, to follow scientific and technological
developments, to contribute to the development of the profession.

EDUCATION
Cinarli1 E.M.L. Geodesy and Cadastre Department
2000

Dokuz Eyliil University Geodesy and Cadastre Department
2003

Sel¢uk University Geodesy Engineering Department
2009

Katip Celebi University Graduate School Of Natural And
Applied Sciences Geodesy Engineering Dept.

2013

EXPERIENCE

Geodesy Technician | Siimerkan Harita
1997 - 2005

Land and office work, application, Project

Geodesy Engineer | Smyrna Harita Co.

2009 -
Owner, responsible engineer.

SKILLS
CAD programs and other professional softwares.

60


mailto:semihsaatci@yahoo.com
https://fenbilimleri.ikc.edu.tr/
https://fenbilimleri.ikc.edu.tr/

	20200106111129680
	Semih Saatci
	ABBREVIATIONS
	LIST OF TABLES
	LIST OF FIGURES
	ABSTRACT
	ÖZET
	1. INTRODUCTION
	1.1. Literature Review

	2. HEIGHT CONCEPT
	1.
	2.
	2.1. Geopotential Numbers
	2.2. Orthometric Heights
	2.3. Ellipsoidal Heights
	2.4. Normal Heights
	2.5. Dynamic Heights

	3. GEOID
	3.1. Global And Local Geoids
	3.2. Local Geoid Determination
	3.2.1. Determination of geoid with the GNSS / Leveling technique

	3.3. Global Geopotential Models
	3.3.1. Gravimetric satellite missions
	3.3.1.1. CHAMP
	3.3.1.2. GRACE
	3.3.1.3. GOCE



	4. INTERPOLATION TECHNIQUES
	4.1. Interpolation with Radial Based Functions ( Multiquadratic, Natural Cubic Spline, Thin Plate Spline)
	4.1.1. Multiquadratic interpolation
	4.1.2. Natural cubic spline interpolation
	4.1.3. Thin plate spline interpolation

	4.2. Interpolation with Polynomials
	4.3. Interpolation with Weighted Average Method
	4.4. Interpolation with Kriging Method

	5. APPLICATION
	5.1. Aim and Scope
	5.2. Method and Material
	5.3. Numerical Data
	5.4. Comparison and Analysis
	5.5. Mobile Application Database

	6. RESULTS AND RECOMMENDATIONS
	REFERENCES
	APPENDIX
	Numerical Data of Using Kriging and Radial Methods for Application
	Numerical Data of Using Radial and Nearest Neighbor Methods for Application
	Numerical Data of Using Global XGM and Tongji Grace02k Methods for Application
	Numerical Data of Using Global SGG-UGM1 and EIGEN 6S4 Methods for Application
	Numerical Data of Using Global EIGEN 6S4 and ULux CHAMP2013s Methods for Application
	Numerical Data of Using Global EGM2008 and GOSG01s Methods for Application
	Gridding Report of Using Thin Plate Spline Methods of Application
	2D Drawing of the working area Kriging (Point) Methods
	2D Drawing of the working area Kriging (Block) Methods
	2D Drawing of the working area Nearest Neighbor Methods
	2D Drawing of the working area Radial Base (Multiquadratic) Methods
	2D Drawing of the working area Radial Base (Natural Cubic Spline) Methods
	2D Drawing of the working area Radial Base (Thin Plate Spline) Methods
	3D Drawing of the working area Kriging (Block) Methods
	3D Drawing of the working area Kriging (Point) Methods
	3D Drawing of the working area Radial Base (Multiquadratic) Methods
	3D Drawing of the working area Radial Base (Natural Cubic Spline) Methods
	3D Drawing of the working area Radial Base (Thin Plate Spline) Methods

	CURRICULUM VITAE


