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Extended Abstract
Introduction

In geodesy, three levels are considered: the physical surface of the earth on which mapping
measurements are made, the ellipsoidal reference surface (geometric datum) which is the basis of
mathematical calculations, the geoid physical surface (physical datum) which is the basis for measuring
heights. Satellite positioning systems measure the height of points relative to the ellipsoid surface. The
geoid is one of the equipotential surfaces of the earth's gravity field, which approximates the mean sea
level (MSL) by least squares. Geoid is very important in geodesy as a representative of the physical
space or the space of observations made on the earth and also as the base level of elevations. The
separation between the geoid and the geocentric reference ellipse is called geoid height (N). Although
there is only one equipotential surface called geoid, various methods are used to determine it. These
methods include: geometric method, geoid determination by satellite method, Gravimetric methods and

geoid determination using GPS/leveling.

Materials and Methods

In this paper, the aim is to estimate the height of the local geoid using machine learning models.
To do this, artificial neural network (ANN), adaptive neuro-fuzzy inference model (ANFIS), support
vector regression (SVR) and general regression neural network (GRNN) models are used. The geodetic
coordinates of 26 GPS stations in the north-west of Iran along with their orthometric height (HO)
and normal height (h) were obtained from the national cartographic center of Iran. In all stations, the
difference of orthometric height and normal height is considered as geoid height (N). Therefore, the
geodetic longitude and latitude of the GPS stations are considered as the input of the machine learning
models, and the corresponding geoid height was considered as the output. In order to test the results
of machine learning models, two modes of 4 and 7 test stations are considered. Also, the output of the
models is compared with the local geoid model IRG2016 presented by Saadat et al. for the Iranian region
and also the global geoid model EGM2008. ... p Page 100
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Results and Discussion

Due to the availability of acomplete set of observations
of GPS stations along with orthometric height obtained
from leveling in the north-west region of Iran, the study
and evaluation of the models proposed in the paper has
been carried out in this region. Observations of 26 GPS
stations of North-west of Iran were prepared from the
national cartographic center (https://www.ncc.gov.it/).
Two modes are considered for training and testing of
ANN, ANFIS, SVR and GRNN models. In the first case,
the number of training stations is 22 and the number of
test stations is 4. But in the second case, by increasing the
number of test stations to 7 stations, the error evaluation
of the models has been done. It should be noted that the
distribution of training and test stations is completely
random.

After the training step of machine learning models
and choosing the optimal structure, the test step is
performed in two different modes (4 and 7 stations). At
this step, the value of the geoid height in the test stations
is estimated and compared with the value obtained from
the difference of orthometric height and normal height
as a basis. Two statistical indices of relative error in
percentage and RMSE in centimeters were calculated for
all models and presented in Table (1) for the first case.

According to the results of Table (1) and comparing
the relative error values of all models in the test stations,
it shows that the ANFIS model was more accurate than
other models. After ANFIS model, IRG2016 model has
higher accuracy than ANN, SVR and GRNN models. It
should be noted that the IRG2016 local model uses the
observations of all Iranian plateau stations to model the
local geoid, and therefore it is expected that this model

will be more accurate in the study area than other models.

Conclusion

The evaluations show that in the case of 22 training
stations and 4 test stations, the RMSE of ANN, ANFIS,
SVR, GRNN and IRG2016 models in the test step are
37.32, 19.83, 49.34, 53.82 and 29.65 cm, respectively.
However, in the case of 19 training stations and 7 test
stations, the error values of the models are 36.63, 58.31,
39.64, 41.29 and 24.68 cm, respectively. Comparison
of RMSE shows that ANN model with less number of
training stations provides higher accuracy than ANFIS,
SVR and GRNN models. The results of this paper show
that by using ANN and ANFIS models, geoid height can
be estimated and used with high accuracy locally in civil

and surveying applications.

Table 1. Relative error (%) of ANN, ANFIS, SVR, GRNN and IRG2016 models

in the test stations considered for the first case

TABZ BZGN SAGZ AHAR
IRG2016 0.25 1.68 2.86 0.04
ANN 1.10 0.86 3.64 2.56
ANFIS 0.10 0.89 1.94 0.96
SVR 0.71 2.36 4.66 2.29
GRNN 0.74 1.83 5.92 2.06




d. I https://doi.org/10.22131/SEPEHR.2023.1999012.2969

,g,-_. ' ;:n’au-anmmm
=TGN

9909 1YFA

w9 — (sole dolilad

VE oV Ol A Y. o ki FYo 90 (an—) bl 2> Sledbl

98 -\ \Y Olxio

omilo & ol s Juwo SNy b5 4

GPS/LEVELING s 550 y1wif b (Aowo dudgi § SLA5 41 0 59T 9 40

TSRS g o Loy

0 S

Ml 5l mas pltul g (ANN) (o 5as mas S gladde SIS dlis cpl s

o5 33 (GRNN) 0508 O g 55 s 43 Jdo 5 SVR) Oliiy s 5 O gew £, (ANFIS)
S o] Y K53 655 Sluasses S o plnil (s Y S I B N PSR I R gy gl
23585 61 pad Olajle Jaw 5 S5 4355 (25315 L 58 LOT (H) S e g5 51 p s 51 45 0 o) o dled
NS g gl gyl Juolis ol ol 53 .Sl 4B 5 15 eslitul 5540 0l g ,So5lul NCC)
ANN ladae 35,5 2l pls .l sl a3 5 Ja5 55 (N) A5 485 gl Olgsa () Jbj gl
OT L blae g g o Lelaml Ko 5,6 5 Jsb las GRNN 5 SVR ANFIS
slaw K5 oyl .l a3 S ploxil ol 14 5 Y 3foslizad b adis 5 900 ol US55 gl
S8 b5l skea 5 ges 15 dde 35 51 5 5385 T Ol B ess it 35 sal (slaolKin!
L pd o sl o dd A5 5508 (615 pad Olojle Jaw 5 45 IRG2016 Juke 51 Jol> A3 55 b uls
s RMSE (0 5051 ol £ 5 55 g0l ol YY Il 55 45 s oo 0L 48 5 plowil (5o b5
AA/YE NUAF VY L ol s ool S Oge50 4> 0,5 IRG2016 3 GRNN SVR ANFIS ANN
sl sl (Do)l oamal V 5 35900 oKyl 14 Il 5 Ll Lol o o lw YA/N0 5 OF/AY
RMSE i .l ool sty 2o 5l YE/MA 5 £1/YQ FA/NE AN ¥V Ll o 54 ke
ANFIS sladie 4 Cums 5 5Y0 Cds S )9l slaolKinsl sluws L ANN Jubs 4S5 das o OLES
ANFIS 5 ANN (sladute 51 ealizal b 45 das o 0L dlis cpl uls .das o 41,1 GRNN 5 SVR

.:|:J|J5 aalau! :Jyje:; :J}Tﬁé:u&)ypq &Yb Lja\gb .L:j‘,ij C\.ﬁ.’iﬂ bb.’a";a

28l b
AFA0 VAR VAY-]
A5k A b
NErY/e YN0

oy b
AFX0 VAR VAR

Syl '@JU

NErY/e 0/

S slaelly
255

ANN JL
ANFIS J L.
SVR Jute

GRNN Jie

S sl gl

mr.ghafari@arakut.ac.ir (J st olws ) STyl xie o isls ) pl.o Cewdige 0SSl (6415 padds pwdige o S SLskial -
hooshangi @arakut.ac.ir S|, sxwe oLSIs e w).o g 0SS (6l el diga 0 S Lokl =Y



VY Ol AY . ol XYY, 90 Lan—) bl as Oledbl 29 — (sole dolilad
Scientific - Research Quarterly of Geographical Data (sePeHRr) V0.33,N0.130, Summer 2024 / \ « Y

b4 oS pwdia gy Sheslinal b A 555 opeend 53

olitl (glr 4 355 pr a5 S 85 e
e Sl ol pl sl S E ol Gl el )
(JB Sl s bl Sl sk 5 sl e eslital 4S5
Llss ol 3 Ol oS ol Y6 Bl (b5 Olos
Soledlral lly 53 53 L85 J g Dlatls Ol pea
oLl b A 535 eend 55 0l Sl o oL el (5B alaide
b s pies adsban K o b ol LG laalie ol Sl
Joily w6 0999.0Y5,) Sl gl s e G Dlinla
el G5 S Sl 4 by LB s il
Lo pl 03 b 450 5 o b s pesls ul o
Glaolpals Slde lalizel SJUT 5l estizad b Ol 5 o 1)
N e A glao ] ale dilam e 5w 558 Jl> o
S el pBls (P00 SlKes o ) 3sed S
Geesls Vb WSl 5 CHle Gy 4 s L
by Jodily by Glaz s dsb all (slelsale
S sl Ksd o ale Sldalie ol 51 aS
s lalie 5 eslaal b ool aul=e ol o
o U oslpale sl kol Bsay S spm 51 L
L ol Olde Olise BB loylgale Olaalie
5 ol 4355 it > ka5 58 slaz o b
ot S kS Rl 5 035 K 3y b hs o)
oS LSL"C)“’ dob il Jdsa (e s aes s
K355 e 2Bl s (P f i) ol sen Sl
oed M ol Sls el Slaalin 8 Se s
S Jm b P ol 0 0T KT8 5 Komis) Sl
Y il s aslas 5l eslinad 65, e dltens
555 O e el o 3 el il U Gl
Sl fo 3l S edan S il s e e
ol s o 555 Ll Lty el US55 e il

6- Astrogeodetic method
7- Deflection of vertical
8- Gravitational satellites

9- Boundary value problem
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2- Geometrical datum
3- Geoid

4- Mean Sea Level

5- Geoid height
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3- One-dimensional fast Fourier transform
4- Radial Basis Functions

5- Orthometric height

6- Geodetic height
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1- Gravity anomaly
2- Topographic corrections
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6- Support Vector Machine
7- Overfitting problem
8- Root Mean Square Error
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