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Abstract

The geoid as an equipotential surface which coincides on the average with
the mean sea level has significant relevance in geodesy, surveying and other
earth-related disciplines. It finds applications in geographic information
systems (GIS), engineering, the transformation of ellipsoidal heights of
points to the orthometric heights, etc. This paper focuses on the geoid
‘modelling technique based on the geometrical interpolation approach by
fitting a surface which depends on the reference points that are chosen in the
critical and characteristic locations of the field to represent the trend of the
y surface. Using the orthometric heights and the ellipsoidal heights,
rical geoidal undulations for all the points were computed. A multiple
i del was formulated as the required geometrical model to

i ﬁmxd undulations from observation. Using a
app: , the coordinate and the computed
utilised in Surfer8 for
ing the geoidal heights of any

B

.
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1.0 Introduction
One of the basic goals of geodesy is the determination of the geoid which is the
. tential surface of the earth gravity field and which coincides, on the average,
‘?‘:xhp&e mean sea level (V. anicerk and Krakiwsky, 1986). According to C. F. Gauss,
1 is the “mathematical figure of the earth” and the gravity field (Kiamehr, 2006).
Yo the geoid surface is considerably smoother than the physical surface

Furthermore, y t
of the earth but more irregular than the ellipsoid of revolution.

}

, geoid, as an equipotential surface of the u‘xth'i gra
g::;::‘;l igmportance in geodetic applications, because it is
[orthometric height] are based. Also, all

most height systems ; 1 |
techni are actually oriented relative to the geond; The adve
et ially Global Posil y

position ques, esp ;
curren! in a wide range of geodetic and. applica
t!‘yusedl ges in the p of precise geodetic cont:
Data acquisition techniques have become more. efficient,
improved with new areas of apphcn.non .opened up, orth
acquired indirectly through geodetic h?lghts‘ from ¢
known (Moka and Agajelu, 2006). Since the ellip:
cally geometric in nature and, therefore,
nder the influence of gravity, heights from GPS are of lit
gineering construction and geodetic applications £

. the opportunities provided by t
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graphical surface
it cannot be used

model of the

most nearly

‘thus it can be

to the earth. The
atrol network.
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separation between it and the reference ellipsoid is known.

the geoid and the reference ellipsoid is the geoid height (N).
ship between ellipsoidal heights (h) obtained from GPS

metric heights (H) with respect to a vertical geodetic datum

-levelling data with gravimetric corrections (referred to the

kanen and Moritz (1967) and Moka and Agajelu (2006) as:

: (1.1)

etric height measured along the curved plumb line;
soidal height measured along the ellipsoidal normal; and
undulation/Geoid height.

onship between the geoid undulation, ellipsoidal height [h],
and the vertical deflection.
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models derived ag
determination of the

nt geoid modelling
Nwilo (1980), Sideris
, Forsberg and

, Mainville et a].
itsanos et al (2004),

| concluded that the
convectional geoid

id determination.
of the geometrically

nique.

g) interpolation

ue

ves the use of
‘and orthometric
undulation and

ncy problem.
the focus is on
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d while modelling the geoid. Researches showed that there is
that works properly for realising the geoid surface of different

isition, processing, data quality verification as well as the
| the actual modelling/interpolation techniques.

sition

for the research were obtained from Dauda (2007). These include

obtained from spirit levelling as well as positional data using
GPS receivers. A total of 75 points (benchmarks) were

GPS and levelling. The GPS was used in rapid static

e for five minutes per station.

lity Verification
used in any research can be determined by the validity and
data. The reliability of data is determined by the accuracy of the
degree of closeness of the data sets to other data sets regarded as
addition, the validity of data can also be measured by the precision
- used. In this study, no true value was available for all data
precision of the instruments used for data acquisition may be
of this work. Further probe was perf d using regressi

« hyuningtheentiredatawformanpuaimmodddthe
‘mtmns.Zbelow.Theresidualsﬁomtheeoluﬁonofﬂwmodelm
'vgithmddudsofzmudabovawmmsiduedhmd%
ed, while 30 of these points collocated with classical levelling
e well distributed in the study area such that the trend properly
mrlgeeofthaamwmur‘efuﬂydmmumﬁerempoinu

1 'ugressionmodel‘reqtﬁred;'l‘hemﬁning?oﬁpdnﬁim
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uired regress.ion n}odel to be solved for the other 35 points.

the geoq:emcal interpolated undulations (or adjusted
ence points were obtained. :

ere then performed for significant test of fit for model 3.7
dows. The R’ obtained was 0.556; the computed F-statistics
e value from F-distribution table is 3.35; hence, about 56% of the

ndent variable N, can be explained by the regression model
t variables x, and x, at 95% confidence interval.

er arbitrary points located within the area (selected such that

by the control points), model 3.7 was then programmed using

olved. Thus, their adjusted undulations were also derived. There
of such points for this research.

the performance of these models, geo-statistical kriging as a
modelling technique was adopted for generating the grid map
oftware) of the area utilising undulations obtained from equations
ively. The use of geostatistical kriging and its reliability as a
tion technique has been detailed in Erol and Celik (2003 and 2004)
D08). A VBA ad-on programme was used on surfer 8 software such
ate of any points and interpolates the geoid undulations of

ap enclosing such data set exists or is prepared and saved as
the coordinate and the undulations of the thirty (30) reference
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of the residuals
nerated from the

| and 4.2) in both
terrain models
ed these results.
or of 7.35¢cm and

) and the adjusted
while the cross-
of 187.831cm for

. 95% confidence
ated undulations

that the model
ulations since
explained by

d Modelling of Lagos Island Area Using the Geometrical Interpolation... @4
agos, University of Nigeria, Enugu Campus, Federal University
ola and a host of others. This will aid research and reduce cost

obal Navigation Satellite System (GNSS) Survey campaigns.
ernments should also emulate the ongoing efforts of Lagos State
by establishing GPS COR Stations in their respective states. The
a well-distributed CORS will, in the near future, provide a
iding primary horizontal and vertical control networks in

11 gusmg the geometrical interpolation technique has been d d
gy of using a lower-order polynomial for modelling geoid as postulated
et al (1998) and Sideris et al (1992) was examined, while the
tatistical kriging as a robust surface modelling technique was also
om the foregoing analysis, a regression model which accounts for
the variations in the dependent variables is not a poor model for large
applications; although it may not be very good for precise geodetic
such as space research, geodynamic applications, etc. The research,
1 ongoing as data from precise levelling benchmarks collocating with
> GPS observations are being idered for use as refe points.
the overall result from the model indicates that the objective of this
rich is meeting the needs of GIS and engineering apphcatxons, has been
therefore conclude that the g trical interpolation technique of
ing is a promising alternative to the age-long problem of insufficient
for national geoid determination in Nigeria.

1ents
e anppxeuatmntoMessrsS 0. Dauda, T. A. Ojo, O. O. Ayodeji, C.
jani and O. H. Savage, all of the Department of Surveying &

s, University of Lagos, 2007 set of graduates, for embarking on field
pgzooessmg of the data used in this work.

iou, A, Pikridas, C. Rosuxlmpouloc,D szavoa,anndFmﬂos.
tionont
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