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SUMMARY

With the rapid growth of utilizing the Global Positioning System (GPS) technology in Saudi
Arabia, the issue of transforming GPS-based coordinates to the local coordinates system becomes
a crucial concern for geodetic and geomatics applications. Traditional similarity mathematical
models for datum conversion (such as Molodensky-Badekas formula) do not take into account
the systematic errors exist in national geodetic networks. This paper aims to develop simple, still
precise, coordinate transformation algorithms particularly for Geographic Information Systems
(GIS) applications. A dataset of high-precision geodetic control points with known GPS and the
Saudi geodetic datum (Ain EI-Abd 1970) coordinates, within the metropolitan area of Makkah
city, has been compiled and utilized in data processing. Results of classical 7-parameters
similarity transformation are presented. Additionally, four regression formulas have been
developed to convert GPS coordinates (geographic and projected sets) to their local values just by
using a calculator. Precision estimates of these regression equations have been anticipated to be
within 0.30 meter. Compared with the accuracy of pre-defined transformation parameters utilized
in commercial GIS software (which is about 10 meters), the obtained accuracy is quite reasonable
for geomatics activities. The proposed approach is practical and decreases both costs and time of
engineering surveying, integrated GPS/GIS projects, and topographic mapping.
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1. INTRODUCTION

Global Navigation Satellite Systems (GNSS) furnish the principal technology for geomatics and
geodetic activities in Kingdom of Saudi Arabia (KSA). The rapid growth of utilizing the Global
Positioning System (GPS) in KSA has necessitated the definition of the mathematical
relationship between global and national geodetic datums. Traditional datum transformation
formulas, such as Bursa-Wolf (Bursa, 1962) and Molodensky-Badekas (Badekas, 1969), have
some disadvantages particularly that they do not account for systematic errors exist in old
triangulation geodetic networks, which is the case in many countries established their geodetic
skeleton in the first half of the twenty century. Hence, different datum conversion techniques
have been propose, e.qg. finite elements (Kohli and Jenni, 2008), least squares by different weights
(Shaker et al, 2007), least-squares collocation (You and Hwang, 2006), and total least-squares
estimation (Felus, and Burtch, 2009). GNSS networks are currently being established to cover the
entire Arabian Peninsula to realize a new reference geodetic frame (Al-Sahhaf et al, 2010).
Consequently, the datum conversion from the World Geodetic System 1984 (WGS84) to the
national Saudi geodetic datum has to be defined. That is an important demand in the undergoing
research project of estimating flood hazardous impacts in Makkah city (Mirza et al., 2011). This
paper aims to investigate a classical similarity transformation model, and to develop regression
models to convert GPS-based coordinates to the Ain EI-Abd 1970 national Saudi geodetic datum.

2. AVAILABLE DATA

Makkah city is located in the south-west part of KSA, about 80 Km east of the Red Sea (Fig. 1).
It extends from 39° 35 E to 40° 02 E, and from 21° 09 N to 21° 37 N. The old (still used) Saudi
geodetic datum is called Ain EI-Abd 1970, which depends on the International (Hayford 1909)
ellipsoid utilizing the Universal Transverse Merecator (UTM) as a map projection. A new Saudi
Geodetic Datum (SGD2000) is proposed to ease the GPS data utilization for surveying and
mapping (Yanar, 2009). Defining parameters of Ain EI-Abd 1970 and SGD2000 datums are
tabulated in Table 1. A dataset of thirteen first-order GPS stations, with known WGS84 and local
coordinates, has been compiled and utilized in the current research (Fig. 2). Ten points have been
used in data processing; while the remaining three stations (No. 7, 8, and 9) have been reserved
as check points.
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Figure 1: Study Area

Table 1: Parameters of the Saudi Geodetic Datums
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Figure 2: Available GPS Stations

It worth mentioning that several commercial software have implicit estimates of datum
transformation parameters between WGS84 and Ain EI-Abd 1970 geodetic datums. Usually
typical geomatics users utilize these values without giving attention to their accuracy. Table 2
presents values and precision of published datum transformation parameters for KSA (Mugnier,
2008). It can be noticed that the precision of these transformation parameters is within 10 meters,
which implies that they are not precise enough for geodetic applications.

Table 2: Values of General Similarity Transformation Parameters

System A WGS 84 System B

3. PROCESSING AND RESULTS

The first stage of the data processing applied the Molodensky-Badekas similarity transformation
model to define the transformation parameters between WGS84 and Ain El-Abd 1970 datums.
The accomplished results are presented in Table 3. The accuracy estimates of these parameters
have been computed at the three check points, where the average standard deviations of
coordinate’s difference equals + 0.212 meter.

TSO08F - Adjustment and Coordinate Transformation 5/11
Gomaa M. Dawod, Meraj N. Mirza, and Khalid A. Al-Ghamdi

Simple Precise Coordinates Transformations for Geomatics Applications in Makkah Metropolitan Area, Saudi
Arabia

Bridging the Gap between Cultures
FIG Working Week 2010
Marrakech, Morocco, 18-22 May 2011



Table 3: Results of Molodensky-Badekas Similarity Transformation Parameters

System A WGS 84 System B

It is known that traditional datum transformation formulas have some weaknesses mainly that
they do not account for systematic errors exist in old triangulation geodetic networks. Moreover,
simple coordinates transformation models are needed for geomatics applications, e.g. Geographic
Information Systems (GIS) data collection. Regression models offer a suitable candidate for
developing simple, still precise, transformation formulas that takes into consideration the
precision and errors’ conditions of the old triangulation geodetic networks (e.g. Dawod and
Alnaggar 2000, and Mossa 2009). Theoretically, these models are superior to the conformal
transformation models since they can account for non-linear distortions between the terrestrial
and satellite datums (Featherstone, 1997). Moreover, regression models have been utilized in
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many geodetic applications, particularly for fitting gravimetric quasi-geoid to GPS/Levelling data
(e.g. Tranes et al, 2007 and Dahoa et al, 2008) and fitting Global Geoid Models (GGMs) to
national geodetic data (e.g. Rabah, 2009). Furthermore, the U.S. Defense Mapping Agency
(DMA\) has published numerous regression models to convert GPS-based coordinates to a variety
of local geodetic datums (DMA, 1991).

Several regression models have been developed to define simple relationships between the

WGS84 and Ain EI-Abd 1970 datums. Derivatives of regression models can be found in many
statistical literatures (e.g. Stephens, 1998) and can be summarized as:

A linear regression general form is:

y =bo + by X 1)
where (X, and y) are coordinates of some known points,

bo and by are unknown regression coefficients; represent the intercept and slope of a line, to be

estimated.

The estimates b, and b, are determined, so that the sum of squares of deviations about the line is
minimized, as:

b1 = Sxy / Sxx )
Sy =X x° — (Zx)’/n 3
Sxy= 2 xy —-(Zx)(Zy)/n 4)
bo=Yy -b1 X’ ®)

where x* and y’ represent the mean of x and y coordinates respectively, and n is the number of
data points.

Accordingly, equations 2 to 5 have been applied to develop 4 regression formulas (in the form of
equation 1), where the X, and y represent the latitude, longitude, easting, and northing coordinates
of the known GPS stations. The first (geographic) group of the developed regression formulas,
for Makkah metropolitan area, are:

A =-0.001043117 + 0.0000208 g4 (6)
AL =-0.003703158 + 0.0000462 Ag4 (7)
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where,

Ao is the difference in latitude, in degrees, between the WGS84 and Ain EI-Abd 1970 datums.
A) is the difference in longitude, in degrees, between the WGS84 and Ain EI-Abd 1970 datums.
(g4 iS the WGS84 latitude, in degrees.

Aga 1S the WGS84 longitude, in degrees.

Equations 6 and 7 will be used to compute the local geodetic coordinates from the observed GPS
coordinates. The accuracy estimates of these transformation equations have been evaluated at the
three check points, where the average coordinate difference equals 0.039 £ 0.256 meter.

The second (projected) group of the developed regression models deal with the UTM projected
coordinates (Zone 37) as:

E 1oca = - 199.224 + 0.00000490 Eg, (8)
N 1ocal = - 112.363 + 0.00000623 Ng4 9)
where,

E 10cal IS the UTM East coordinate, in meters, based on Ain EI-Abd 1970 datum.
N 10car IS the UTM North coordinate, in meters, based on Ain EI-Abd 1970 datum.
E g4 is the UTM East coordinate, in meters, based on WGS84 datum.

N g4 Is the UTM North coordinate, in meters, based on WGS84 datum.

Hence, equations 8 and 9 can be used to compute the local UTM coordinates from the projected
UTM GPS coordinates in a straightforward way. Similarly, the accuracy estimates of these
transformation equations have been evaluated at the three check points, where the average
coordinate difference equals 0.052 + 0.267 meter.

Regarding the developed regression models, it is obvious that they are related only for Makkah
metropolitan area since they implicitly depend on local GPS datasets. However, this approach can
be simply implemented in any other region in Saudi Arabia, or anywhere else, as long as GPS
datasets are in hand. For example, similar regression models for Jeddah city have been estimated
(Mossa, 2009). Hence, the regression approach is recommended as a coordinate transformation
tool for other regions in KSA.

4, CONCLUSION
Coordinates transformations are needed to convert the WGS84-based GPS coordinates to local

Saudi mapping system. Obtaining an accurate-consistent transformation parameters set, utilizing
the classical similarity transformation models, is not an easy task because of the inaccuracy and
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inconsistency in the local geodetic networks. In this research, two groups of regression models
have been developed to transform geodetic and projected GPS coordinates to their national values
for Makkah metropolitan area. The main advantages, of such regression models, are simplicity
and accuracy (within 0.3 meter). These models are extremely more accurate than the
transformation parameters implicitly found in most commercial GPS software. Moreover, they
can be utilized in field surveying works just by using a calculator, which overcomes the
complexity of the traditional similarity transformation formulas. Such models are efficient for
several types of geomatics activities, for example GIS data collection, engineering surveying, and
topographic mapping.

ACKNOLWDGEMENTS

The authors would like to acknowledge the financial support offered by the Center of Research
Excellence in Hajj and Omrah (Hajjcore), Um Al-Qura university, Saudi Arabia.

REFERENCES

Al-Sahhaf, N., Fernandes, R., and Alhamidi, S., 2010, The ArabRef project: A new geodetic
network for Arabia, FIG congress 2010, Sydney, Australia, 11-16 April.

Badekas, J. (1969) Investigations related to the establishment of a world geodetic system, Report
124, Department of Geodetic Science, Ohio State University, Columbus, OH, USA.

Bursa, M. (1962) The theory for the determination of the non-parallelism of the minor axis of the
reference ellipsoid and the inertial polar axis of the Earth, and the planes of the initial
astronomic and geodetic meridians from observations of artificial Earth satellites, Studia
Geophysica et Geodetica, No. 6, pp. 209-214.

Dahoa, S., Fairhead, J., Zeggaia, A., Ghezali, B., Derkaoui, A., Gourine, B., and Khelifa, B.,
2008, New investigation on the choice of the tailored geopotential model for Algeria,
Geodynamics, 45, pp.154-162.

Dawod, G., and Alnaggar, D., 2000, Optimum geodetic datum transformation techniques for GPS
surveys in Egypt, Proceedings of Al-Azhar Engineering Sixth International Engineering
Conference, Al-Azhar University, September 1-4, Volume 4, pp. 709-718.

DMA (Defense Mapping Agency), 1991, Department of Defense World Geodetic System 1984:
its definition and relationships with local geodetic systems (second edition). Technical
Report no. 8350.2, Defense Mapping Agency, Washington, USA.

Featherstone, W., 1997, A comparison of existing co-ordinate transformation models and
parameters in Australia, Cartography, Vol. 26, No. 1, pp. 13-26.

Felus, Y. and Burtch, R., 2009, On symmetrical three-dimensional datum conversion, GPS
Solution, No. 13, pp. 65-74.

TSO08F - Adjustment and Coordinate Transformation 9/11
Gomaa M. Dawod, Meraj N. Mirza, and Khalid A. Al-Ghamdi

Simple Precise Coordinates Transformations for Geomatics Applications in Makkah Metropolitan Area, Saudi
Arabia

Bridging the Gap between Cultures
FIG Working Week 2010
Marrakech, Morocco, 18-22 May 2011



Kohli, A. and Jenni, L., 2008, Transformation of cadastral data between geodetic reference
frames using finite element method, FIG working week 2008, Stockholm, Sweden, 14-19
June.

Mirza, M., Dawod, G., and Al-Ghamdi, K., 2011, Assessment of global and national digital
elevation models for geodetic and geomorphologic applications in Makkah metropolitan
area, Saudi Arabia, Submitted to the XXV IUGG General Assembly, 28 June - 7 July,
Melbourne, Australia.

Mugnier, C., 2008, Datums and coordinates systems: Kingdom of Saudi Arabia, ASPRS Journal,
pp. 949-951.

Mossa, A., 2009, Coordinates systems and the Jeddah’s governorate mapping system,
Unpublished technical report, Surveying Department, Jeddah governorate, Saudi Arabia.

Rabah, M., 2009, Using RTK tides on the northern coast of Egypt: Undulation model corrections
from EGM2008, Civil Engineering Surveyor, September, pp. 43-47.

Shaker, A., Saad, A., El-Sayed, M., and Ali, A., 2007, Remove-restore technique for improving
the datum transformation process, FIG Working Week 2007, Hong Kong SAR, China,
13-17 May.

Stephens, L., 1998, Schaum’s outline of theory and problems of statistics, McGraw-Hill, Inc,
New York, USA, 371 pp.

Tranes, M., Meyer, T., and Massalski, D., 2007, Comparisons of GPS-derived orthometric
heights using local geometric geoid models, Surveying Engineering, February, pp. 6-13.

Yanar, R., 2009, Coordinates systems, datums, and map projections in Saudi Arabia, Forth
annual workshop of surveying departments in KSA governorates, Jeddah, Saudi Arabia,
January 28.

You, R. and Hwang, H., 2006, Coordinate transformation between two geodetic datums of
Taiwan by least-squares collocation, Surveying Engineering, pp. 64-70.

BIOGRAPHICAL NOTES

Gomaa M. Dawod received his Master of Geodetic Science and Surveying from the Ohio State
University, Columbus, Ohio, USA in 1991 and his Ph.D. of Surveying Engineering from Shobra
Faculty of Engineering, Zagazig University, Egypt in 1998. Since 1987, he is affiliated with the
Survey Research Institute (SRI), the National Water Research Center (NWRC), Egypt, mainly in
the field of Geodesy. Since 2005, he is affiliated with Umm Al-Quraa university, Makkah city,
Saudi Arabia.

Meraj N. Mirza received his Master degree from the Michigan University, USA in 1979 and his
Ph.D. from Khartoum University, Sudan in 1995. Since 1975, he is affiliated with Umm Al-
Quraa university, Makkah city, Saudi Arabia. In 1997, he was one of the initiators of the
GIS/Remote Sensing unit in Umm Al-Qura university, which is the pioneer GIS unit in Saudi
universities. He is also an active associate of the Center of Research Excellence in Hajj and
Omrah (Hajjcore), Um Al-Qura university. He has published several technical papers, and has
attended numerous scientific conferences in KSA and abroad.

TSO08F - Adjustment and Coordinate Transformation 10/11
Gomaa M. Dawod, Meraj N. Mirza, and Khalid A. Al-Ghamdi

Simple Precise Coordinates Transformations for Geomatics Applications in Makkah Metropolitan Area, Saudi
Arabia

Bridging the Gap between Cultures
FIG Working Week 2010
Marrakech, Morocco, 18-22 May 2011



Khalid A. Al-Ghamdi received his Master degree from Clark University, Worcester,
Massachusetts, USA in 2002, and his Ph.D. from University of Fribourg, Fribourg, Switzerland
in 2008. Since 1993, he is affiliated with Umm Al-Quraa university, Makkah city, Saudi Arabia.
Since 2009, he is the supervisor of the GIS/Remote Sensing unit in Umm Al-Qura university. He
has taught several geomatics courses, and has attended many scientific conferences in KSA and
abroad.

CONTACTS

Gomaa M. Dawod

P.O. Box 715, Makkah 21955, Saudi Arabia
Tel. +966551402093

Fax. +96625534113

Email: dawod gomaa@yahoo.com

Web site:http://gomaa.dawod.googlepages.com/

Meraj N. Mirza

Centre of Research Excellence in Hajj and Omrah (Hajjcore), Umm Al-Qura University,
P.O. Box 6247, Makkah 21955, Saudi Arabia

Tel. +966505509935

Fax. +96625571561

Email: meraj@mmirza.com

Web site: http://www.mmirza.com

Khalid Al-Ghamdi

P. O. Box 138474, Jeddah 21323, Saudi Arabia
Tel. +966541740090

Fax. +96625534113

Email: kaghamdi@ugu.edu.sa

Web site: http://www.uqu.edu.sa/kaghamdi

TSO08F - Adjustment and Coordinate Transformation 11/11
Gomaa M. Dawod, Meraj N. Mirza, and Khalid A. Al-Ghamdi

Simple Precise Coordinates Transformations for Geomatics Applications in Makkah Metropolitan Area, Saudi
Arabia

Bridging the Gap between Cultures
FIG Working Week 2010
Marrakech, Morocco, 18-22 May 2011


mailto:dawod_gomaa@yahoo.com
http://gomaa.dawod.googlepages.com/
mailto:meraj@mmirza.com
http://www.mmirza.com/
mailto:kaghamdi@uqu.edu.sa
http://www.uqu.edu.sa/kaghamdi

