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Abstract

It is possible to determine heights of selective locations through
terrestrial means by tying these locations to the sea level. Practical
heights in geodesy, known as orthometric heights are referred to the
geoid, which is approximated by the mean sea level (MSL).

In the present study, A GPS and conventional   leveling techniques
were used to establish a network of (15) control points distributed inside
Mosul University Campus, to be as a bench marks for the surveying
applications which are very important and necessary for the civil
engineering projects and the geophysical survey. The obtained results
show that, there is an average variation between the orthometric heights
measured by leveling instrument and the ellipsoidal heights measured by
GPS, referred to as geoid undulation. ArcGIS9.1 software was applied in
the study for the georeferencing process of the GPS measured dataset.
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Introduction

The expanding used of geodetic control in support of spatial
information systems, demands the adoption of reliable procedures to
support georeferencing of spatial data and Geographical Information
System (GIS) activities. Therefore, the continuing evolution of Global
Positioning System (GPS) and Geographical Information System (GIS)
hardware and software as well necessitate the adoption of standards and
specification in planning, surveying, methodologies, and implementation
of both systems. The links between GIS software and the spatial data that
given by GPS or leveling techniques develops the georeferencing process,
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and then the specifications that adopted to ensure the given level of the
accuracy. A number of factors have led to an increasing need to
georeferencing and to base spatial data products on a common reference
frame that extends across the whole globe. These factors include growing
reliance on satellite positioning systems and development of satellite
based mapping systems affording increasingly higher resolution [1].

In order to produce or update spatial data related to surveying
applications, a network of control points is necessary. Such a network
consists of a number of points spread across the area under consideration.
By referencing spatial data to such network, the resulting data and
information from multiple local surveying activities can be accurately
connected.

Mosul University campus lacks from necessary bench marks of a
known geographical coordinates and elevation which are very important
for the surveying applications.

The aim of the present research is to establish a network of control
points distributed inside the campus of Mosul University. These points
can be used a bench marks for the surveying applications which are very
important and necessary for the civil engineering workshop and for the
training courses that have been adopted in the related scientific colleges
of the Mosul University. These bench marks are also important in the
geological application, for the purpose of data reductions to produce the
Bouguer anomaly map [2,3].

A GPS and conventional   leveling techniques were used to
establish a network of (15) control points distributed inside Mosul
University Campus. The orthometric height of the main control
point(basic benchmark) for the reduction process of the other points, was
calculated by using the value of the height that directly derived from GPS
measurements (which are referred to the ellipsoid defined by World
Geodetic System 1984 (WGS84)) and the geoidal undulation value that
determined by the Earth Gravitational Model 1996 (EGM96).

The georeferencing process of the obtained spatial data in this
research was achieved by using one of the recent GIS software
(ArcGIS9.1). Georeferencing process is fundamental in data sharing and
in integration of spatial data from various sources into a single consistent



data set. This is often achieved using a single common geodetic reference
ellipsoid, or datum [4].

Ellipsoidal and Orthometric Heights

The impact of the GPS is undeniable. In the span of just a few
years GPS has became the leading positioning technology. This
revolution has not been confined to surveying community, but has
extended into mapping, navigation, and GIS applications. Many of these
applications require accurate vertical positioning. Generally, Coordinates
determination from GPS measurements uses the known positions of
satellites and the measured distance between satellites and the known
points. It is commonly considered as a three-dimensional system
(Latitude, Longitude, and ellipsoidal height). But, the heights obtained
from GPS are typically heights above an ellipsoid model of the earth [5].
It is a geodetic height which purely geometrical quantity, and represents
the length of the normal to the reference ellipsoid between the ellipsoid
and the point of interest. These GPS ellipsoidal heights are not
consistence with leveled heights above mean sea level (MSL), often
known as orthometric height [6]. The orthometric height is defined as the
length of the plumb-line (a line that is always normal to the equipotential
surface of the gravity field) between the geoid and the point of interest
and as such is intimately related to the gravity field of the earth [7]. Thus,
the knowledge of the goeid is necessary for transforming the geodetic to
orthometric heights and vice versa. The geoid and ellipsoid intersect at
the geoid undulations as shown in figure (1). Undulations result from
several phenomena, the most significant of which is the existence of
gravitational anomalies caused by the nonhomogeneous nature of the
earth.



Figure (1): The relation between the earth surface, ellipsoid and geoid

The difference between GPS ellipsoid heights, h, and leveled
orthometric heights, H, is called geoid height, N. As seen in the figure
(1), the geoid height is the vertical distance from the ellipsoid to the geoid
level surface. These heights obey a simple equation [1]:

h = H  N                           …………………………..  1

The sign ( ) depends on the topographic variations of the study area (i.e.,
the relation between the orthometric and ellipsoid heights). Having such
information in the form of geoid and ellipsoid heights enables geomatic
engineers and other research scientist to apply this information in their
respective fields thus realistically providing the opportunity for GPS to be
used in GPS leveling and other application as done in the present
research.

GPS-Leveling Observations

EGM96 Geoid Model

The orthometric height of the basic benchmark that has been
adopted in this study was determined through the use of GPS derived
dataset and the EGM96 geoid model. The EGM96 geoid model was the
most recent global geopotential model that being adopted as the
geopotential model for the unification of global vertical datums [1].Figure
(2) shows the global map with geoid heights of the EGM96 gravity field
model.

This model was developed by Goddard Space Flight Center, The National
Imagery and Mapping Agency (NIMA) and the Ohio State University
(OSU) to improved 360 degree spherical harmonic model representing
the earth’s gravitational potential. EGM96 expresses the geoid undulation
values at every round arc degree [9, 10].

It is an optimal transformation of satellites orbit analysis, altimetry and
terrestrial gravimetry into one set of spherical harmonic coefficients.  It is
model was used to define the geoidal undulation with respect to World
Geodetic System1984 (WGS84).



Figure (2): EGM96 global gravity model [8]

The WGS 84 constants used to define the geometry and the normal fields
of the reference ellipsoid in the calculation of this geoid height file are the
following [11]:

 a=6378137.0 m (semi-major axis of WGS 84 Ellipsoid)
 f=1.0/298.2572235630 (flattening of WGS 84 Ellipsoid)
 GM=0.3986004418D15 m**3/s**2 (Earth's Gravitational Constant

w/ atmosphere)
 OMEGA=7292115.D-11 radians/sec (Earth's angular velocity)

Bench Mark Parameters

All GPS derived dataset obtained from this research was setting to
the WGS84 reference ellipsoid in order to be coinciding with the EGM96
geoid model condition.

In the present study, equation (1) was applied to calculate the
orthometric height of the basic benchmark (H) by algebraically
subtracting an interpolated geoid height, N, (obtained from EGM96
Geoid Model), from a GPS ellipsoidal height, h.

The basic benchmark was located at end of the concrete slab of the
entrance to the basketball playing ground of the Mosul University [3] as
shown in figure (3). The geoidal undulation was calculated by using
EGM96 correction calculator [12]. The ellipsoid height was measured by



using the available GPS receiver (GARMIN eTrex Vista Cx GPS unit)
with an average accuracy of (4m).

Table (1) listed the geographical characteristics of the adopted basic
benchmark as measured by this study.

Table (1): geographical characteristics of the basic benchmark

Geographical
coordinate UTM coordinate GPS

ellipsoidal
height

(m)
(h)

Geoidal
undulation

(N)

Orthometric
height (m)

(H)Latitude Longitude Northing Easting

36
degree

22
minute

43.7
second

43 degree
08 minute
33.3second

4027567 333391 228 15.662 212.338



Figure (3): The location of the basic benchmark

Leveling Derived Dataset

In the present study, the leveling determination of the (15) points
was related to the basic bench mark. The survey has been carried out by
using conventional leveling instrument (Type: Wild(NAK2)) within
accuracy of (cm). The determination of the reduce level of these points
were calculated by applied the height of differential leveling
method[ref.13]. Figure (4) illustrates differential leveling method. In this
method, a leveling instrument is positioned midway between a point at
which the ground elevation is known (point A) and a point whose
elevation is to be measured (B). The height of the instrument above the
datum elevation is HI. The surveyor first reads a back sight measurement
(BS) of a leveling stuff held by his trusty assistant over the benchmark at
A. The height of the instrument can be calculated as the sum of the
known elevation at the benchmark (ZA) and the back sight height (BS).
The assistant then moves the stuff to point B, and then reads a foresight
(FS) off the stuff at B. The elevation at B (ZB) can then be calculated as
the difference between the height of the instrument (HI) and the foresight
height (FS).



Figure (4): Differential leveling method

Therefore, the leveling calculations are obtained from [13]:

HI = elevation known (ZA) +BS

Elevation new (ZB) =HI - FS

The resulting values of the leveling measurements carried out by this
research for the (15) control points are shown in the Appendix (A).

Where:-

B.S. (Back Sight):- it is the first reading taken after the level is set-up and
leveled.

F.S. (Fore Sight):- it is the last reading before the shifting of the
instrument.

I.S. (intermediate Fore Sight):- it is referred to the all sights taken
between the Back Sight and the Fore Sight.

H.I. (Height of Instrument):- it is the elevation or the reduced level of the
plane collimation.

R.L. (Reduced Level):- it is referred to the elevation of any point with
respect to the defined bench mark.

B.M. (bench mark):- it is a fixed point with defined elevation with respect
to mean sea level.



T.P. (Turing Point):- an exact, stable stuff position upon which both a
foresight reading and then a back sight reading are observed.

Results and Discussion

Beside the above measurements by leveling instrument, the
elevation  of the selected points are also fixed by using the available GPS
receiver. The purpose of the GPS measurements to determined the
difference between the GPS-ellipsoidal height and the level (orthometric
)height. Table (3) summarized the results of the GPS/Leveling
measurements for the (15) controls points. The values of the leveling
height (orthometric height) listed in the table (3) are measured with
respect to the basic bench mark parameters shown in table (1). The value
of the geoid undulation for the adopted basic bench mark is acceptable as
compared with the globally range values (-100 to +75m) as given by [15]
with the WGS84 ellipsoid system. The height differences ( h) values
shown in table (3) are range between (9.352m) and (16.086m), this factor
is equivalent to the geoid separation (N) explained in figure (1) and also
acceptable with the above globally range values. The ( h) values can be
used as a correction factor in the transformation process between the two
elevation mode.

Table (2) indicates that the GPS derived heights are relatively
greater than the level heights (orthometric heights), therefore the (N)
values given in (+) sign. Generally, the geoid undulation (N) relates to
topographic relief as well as subsurface rock density variations.

The statistical information of the resulting Level and GPS derived
height values are given in table (3).

A Geographic Information System uses geographically referenced
data as well as non-spatial data and includes operations which support
spatial analysis to provide information about the reference coordinate
system for the GIS applications.

ArcGIS 9.1 software was applied in this study for the georeferencing
process of the measured spatial data obtained from both GPS receiver and
level instrument for the (15) control points) on the study map (IKONOS
satellite image in MrSID format).



Table (2): The data set of the GPS/Leveling observations

Pt
.n
o.

Geographical
coordinates

UTM
coordinates Leveli

ng
height

(m)

GPS
ellipsoid

al
height(

m)

h
(m)Latitude Longitu

de
Northi

ng
Easti

ng

1 36:22:43
.6

43:08:4
42

40275
59

3336
63

218.13
3 233 14.8

67

2 36:22:49
.2

43:08:3
9.5

40277
33

3335
49

216.84
2 231 14.1

58

3 36:22:50
.9

43:08:4
5.3

40277
83

3336
94

217.23
7 232 14.7

63

4 36:22:46
.9

43:08:4
9.5

40276
58

3337
97

230.07
4 244 13.9

26

5 36:22:45
.7

43:08:5
0.5

40276
20

3338
21

236.05
7 250 13.9

43

6 36:22:53
.5

43:08:4
8.9

40278
61

3337
86

218.91
4 235 16.0

86

7 36:22:40
.1

43:08:4
4.1

40274
51

3336
58

213.09
3 229 15.9

07

8 36:22:39
.3

43:08:4
1.6

40274
27

3335
95

211.66
3 226 14.3

37

9 36:22:33
.5

43:08:4
0.8

40272
49

3335
72

209.62
8 220 10.3

72

10 36:22:33
.0

43:08:3
6.0

40272
36

3334
52

208.94
8 219 10.0

52

11 36:22:32
.3

43:08:4
4.4

40272
10

3336
61

209.64
8 219 9.35

2

12 36:22:32
.8

43:08:4
8.3

40272
24

3337
58

210.44
8 220 9.55

2

13 36:22:30
.4

43:08:5
3.5

40271
47

3338
86

210.98
8 224 13.0

12

14 36:22:31
.3

43:08:5
3.5

40271
75

3338
87

211.40
8 224 12.5

92



15 36:22:33
.4

43:08:5
3.6

40272
40

3338
91

210.82
8 222 11.1

72

Table (3) Results of statistical analysis of GPS/Leveling height for the
check points

Statistic Leveling height
(orthometric height)

GPS ellipsoidal
height

Minimum 208.948 219
Median 212.338 228

Maximum 236.057 250
Range 27.109 31
Mean 215.390 228.5

Standard Deviation 7.436 8.653

Figure (5) below shows the geographical location of the control
points as well as the basic bench mark as distributed in the Mosul
University Campus according to the WGS84-UTM coordinate system.
Practically spatial coordinates based on local or global reference systems
are usually converted to a map projection system for both spatial
representations and map production. The most common projection used
for spatial data to high accuracy is the Universal Transverse Mercator
(UTM) projection, which is the usually adopted the required reference
system and practically suited to maps of north south extent and also
suitable for the remote sensing mapping. Figure (6) shown the 3D view of
the study area with the control points as appear by using
ArcScene/ArcGIS9.1 software.

Contour plot and the 3D surface mapping, showing the orthometric
elevation (measured by level instrument) and the ellipsoidal elevation
(measured by GPS receiver) is illustrated below in figure (7and 8,
respectively). The interval between the contour lines for the leveling
elevation shown in (figure 7) is equal to (1m) while the interval in the
GPS elevation shown in (figure 8) is equal to (1.67m). As shown from the
results that the GPS elevation readout have greater values for the contours



interval than the contours interval of the leveling readout, this result can
be related to the fact that the GPS elevation readout given in the absolute
meters, while elevation readout in the leveling instrument was given in
the decimal fraction. Also from the two figures (7 and 8), the
concentration of the contour lines appear in the figures is referred to the
high relief in the study area where it correspond to the elevation of
(236.057m) for the orthometric height and (250m) for the GPS height.
The orthometric heights so derived reflect local variations in topographic
gradients.

Figure (5): geographical location of (16) control points





Figure (6): 3D view of the study area with control points

Figure (7): contour lines the 3D surface mapping for level elevation (1m
intervals)



Figure (8): contour lines and the 3D surface mapping for GPS
elevation (1.67m intervals)

Conclusions

The study was taken up to realize the concept of deriving
orthometric heights from GPS. The procedures and techniques adopted in
this study is applied for basic bench mark and (15) control points
distributed inside Mosul University Campus.

According to the results of this study, it is safely concluded that the
applied procedures and techniques are successful to great extent and
determining the orthometric height of any control point, on which GPS
observation had been conducted, has become possible with certain level
of accuracy, which is may be sufficient for the engineering and
topographic surveys. However the role of an accurate gravimetric geoid
becomes much more important when area under considerations is quite
large and consisted of varying topography.



GPS / leveling is especially useful for obtaining orthometric heights
in areas which are either inaccessible by conventional methods or where
Trans normal conditions disrupt the procedural requirements for leveling.
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Appendix (A)

Results of the leveling measurements for the (15) control points

RemarksR.LH.IF.SI.SB.S

B.M.212.338216.0683.73

T.P.215.618219.530.453.912

Point (1)218.133220.1621.3972.029

T.P.216.877217.6423.2850.765

Point (2)216.8420.8

RemarksR.LH.IF.SI.SB.S

T.P.216.877220.9474.07

Point (3)217.2373.71

RemarksR.LH.IF.SI.SB.S

T.P.216.877220.9474.07

T.P.219.857224.8821.095.025

T.P.224.177229.2270.7055.05

T.P.228.524230.7940.7032.27

Point (4)230.074234.5320.724.458

T.P.233.837237.4470.6953.61

Point (5)236.05701.39

RemarksR.LH.IF.SI.SB.S



T.P.217.237219.6622.425

Point (6)218.9140.748

RemarksR.LH.IF.SI.SB.S

T.P.218.133218.5430.41

T.P.214.118214.2034.4250.085

Point (7)213.0931.11

RemarksR.LH.IF.SI.SB.S

T.P.218.133218.5430.41

T.P.214.118214.2034.4250.085

Point (8)211.663212.3532.540.69

Point (9)209.6282.725

RemarksR.LH.IF.SI.SB.S

T.P.209.628210.7481.12

Point
(10)208.9481.8

RemarksR.LH.IF.SI.SB.S

T.P.209.628210.7481.12

Point
(11)209.6481.1

RemarksR.LH.IF.SI.SB.S

T.P.209.628210.7481.12

Point
(12)210.448212.3080.31.86

Point
(13)210.9881.32



RemarksR.LH.IF.SI.SB.S

T.P.209.628210.7481.12

T.P.210.448212.3080.31.86

Point
(14)211.4080.9

RemarksR.LH.IF.SI.SB.S

T.P.209.628210.7481.12

T.P.210.448212.3080.31.86

Point
(15)210.8281.48
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