Why it was necessary

n of Datum Transformation Parameters for Dubai * About 9000 control points were available on Clark1880
(T @ e ERREED . e e Sl » Whole military and border information were on Clark1880
« In the year 1999 DM switch over to WGS84 spheroid and
new projection called DLTM was introduced on the same
spheroid started connecting old control station Survey section

Y.Al Marzoogi, H.Fashir, Syed lliyas Ahmed
( Dubai , United Arab Emirates)

* Unfortunately for CAD purposes community wise parameters
were devel oped

* There were no single universd parameters for datum
transformation available
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A local datum isthe best fit to the
Geoid in a particular region

We need

* Spheroid parameter : a, f Local Geodetic Datum (Topocentric)
«Origin: Xo, Yo, Zo e
* Orientation of axis ‘RX, Ry, Rz (o Pt The global datum isabest fit tothe

Geoid over the whole earth

Avernge T or
o conth

Global Geodetic Datum (Geocentric)
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LOCAL DATUM @ | ocal Datum Definitionsin Dubai Emirate

L ocal datum are classified as Horizontal and Vertical datum :
Spheroid : Clark1880

Horizontal Datum Semi Major Axis () 6378249.145
Semi Minor Axis (b)) 6356514.870

A horizontal geodetic datum may consig of the longitude and IREH( D) ZEE
latitude of aninitial point (origin); an azimuth of aline (direction) Datum : Nahrwan

to some other triangulation station; the parameters (radius and
flattening) of the ellipsoid selected for the computations; and the
geoid separation at the origin Projection Parameters of Clarke 1880 UTM ( Universal Transverse Mercator )

. Zone 40
Vertica Datum False Northing 0.00

Vertica Datum : DMD — Port Rashid Datum

False Easting 500,000 m
Origin Latitude 0.00
Central Meridian (CM) 57 E
Scale Factor on CM 0.9996

Vertical datum provides the reference to measure the
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GEOCNETRIC DATUMS

« Their geometrical center corresponds wit Earths center of

or geocenter.
« Geocentric datum is one which best approximate the size, shape
and Geoid of the earth asawhole.

1 Thefirst set of coordinates defined by the Major earth axis :the
axisaround which theearth is spinning.

2 Second axisis: to define by the intersection of circle equatorial
planeand the Greenwich meridian.
3 Thethird axisisthe plane makes R.H.S. with the two

« Defining theorigin for curvilinear coordinates Latitude,
and Heigh
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If the earth's spheroid semi major axisisa, semi minor
axisb, and inverse flattening 1/f, then

X = (v +h)cosgcosA

¢ and A are respectively the
latitude and longitude (related to

Y =(v+h)cos¢gsn A the prime meridian) of the point
hi ight above the ellipsoid,
te below),
Z=(v(1-)+h)sng D)
p where isv the prime vertical
radius of curvature at latitude
2sin’ @ ¢ and isequal to
g? - 2 2

e is the eccentricity of the ellipsoid

=(a’-5")fal = 27 - 1

h=H+N
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Where  h= Ellipsoidal Height
H = Orthometric height,
N = Geoid-ellipsoid Separation

Cairo; Egypt; 16-21 April 2005
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ADVANTAGES OF THE GEOCENTRIC D M

A geocentric datum has the center of the earth asitsorigin

» Supports thelatest survey techniques and provides a modern and
accessible positioning framework, free of distortion for most
practical purposes.

« Provides global integration and supports the direct use of satelite
positioning systems such as GPS

« No transformation will beinvolve
« Easy to establish link with theany international datum
« Spatial data can be used directly by GIS users
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Brief History

Adoption of Geocentric Datum in Dubai

« Dubai Emirates Survey network control based on Old Trucial Coast Countries
3 order Geodetic Control on CL ARK 1880 Ellipsoid, setup during 1927-1931

*70's developments of Emirates demanded survey control and mapping very
extensively which resulting a major observation of survey networks, by
Triangulation, traverse and Trilateration. During 1978-80 and subsequent Aerial
Photogrammetric mapping in 1983 on Clark1880

« During 1979 using Doppler technique three stations observed on WGS72
Spheroid.
+ In the year 1991 the first order Geodetic GPS Network on WGS84 Spheroid was

established (using transformation from wgs72 to wgs84). Total 62 monuments
were observed.

+ 1995 isthe year where Dubai adopted | TRF-93 a geocentric datum .A land mark in
the history of Survey of Dubai.
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Establishment of Absolute ITRF Station in Dubai

I TRF93- GPS NETWORK
« 4 Stations in Dubal (ET228, ET225, BP5, ET145)
*1(ET152) InHattaand 1 in Fujera

« 3 IGS Reference Stations (Graz —Audria, Metera—Italy
and Kitab —Uzbegisthan)

* Planning and Observation by Institute of applied Geodesy (IfAG) -
Germany and DM
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* Lack of geoid information

Non uniformity of control distributions

Different class of station accur:

In homogeneity of control

* For working purposes a Bi-cubic 16 parameter were atempted. They
developed amethod to estimate the parameters using simple interpol ation
procedures, but accuracy wasin 1 —3 m range
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Datum Transformation

transform one datum to another we must know the relationship between the
chosen ellipsoids in terms of position and orientation. The relationship is is
defined by 7 constants.

o3translation Distance of theellipsoid center from the center of theearth (AX, AY, AZ)

o 3rotations Rotationsaround the X, Y, and Z of the Cartesian Coordinate System
Axes (g, ), )

0 1 scalefactor Scale change (S) of the survey control network
Also can work with the following combination

Transformation |TYFE parameter| Minimum Requirements
2 2 poitits with position
3 Shifts 3 1 points with position | height
3 Shifts+ Scale 2 points with position | height
3 Shafts + Rotation about Z+ scale 2 pomts with position | height
3 Shifts +3 Rotation + 1 Scale 3 points with position | height
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Rotations (3 Parameters)

Movement of points around an Axis
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Scale (1 Parameter)

Changing the distance between points
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Effect of Geoid Information

X = (v +h)cos¢cosA X =(v+H)cos¢cosA

where h=H+N

Y =(v+h)cos¢gsn A g

Y=(wv+H)cos¢gsn A
Z=(@-¢e)+H)sng

Z=(w@-¢€)+h)sng —

AX = N cos ¢ cos A
AY = N cos ¢gsin A
A7 =(v(1-€)+N)sing
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@ TheBursa-Wolf Transformation M odel

Is a seven-parameter model for transforming three-dimensional Cartesian co-
ordinates between two datums

The transformation involves three geocentric datum shift parameters (E#s#e ),
three rotation dements ( M) and scae factor ( ).

Xuesaa | |AX | |1+AL R, —-R, | Xgi
Yoosss || AY |+] -R, 1+AL R, | Yo
Zyoses Az R, “Re 1+AL | Zgy

X wessa? YWGSW ZWGSM :are the global datum (WGS84) Cartesian co-ordinates;

Xax Yo +Zox : arethe local datum (CL ARK) Cartesian co-ordinates.
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@ 7 Parameter Transformation
between two Datum

Xi] [BX 1 R -R]X

Y=oy +s{-R 1 R(|Y,

z| ] [R R 1]z

Cartesian coordinates of Datum 1

Cartesian coordinates of Datum 2
The scale difference between the coordinates systems

AX, AY, AZ The difference between the centers of the two spheroids

The rotations around the three coordinates axes,

Rotations are positive anticlockwise about the axes of Datum 2 coordinates system
when viewing the origin from the positive axes
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The M olodensky-Badekas
Transformation M odel

Is also a seven-parameter model for transforming three-dimensional Cartesian co-
ordinates between two datums The transformation also involves three geocentric
datum shift parameters ( Fx®gEa), three rotation elements ( R and scale factor

()

Xuesor] [OX] [Xo] [1+AL R, =R | Xue=Xo
Yosse |=| Y [+ Yo [+ R 1+AL R | Yy -V
Zyesw az Zy R, “Re 1+AL) Z4 -7,

: are the Cartesian co-ordinates in the local Clark system;

isthe number of common points.
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Transformation Computation Residuals Table
For 2966 Common Points - Mainland

& PARAMETERS {dX. JY. dZ Rz %)

B DOV DG | et
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3744 WGS84 Points Converted to Clark 1880, Using

Juals Table —
Parametersand Compared With Observed Value

Transformation Computation R
For 88 Common Pointsat Hatta

BB L]
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92 W GS84 Points Converted to Clark1880,

WGS84 Points Converted to Clark 1880, Using il
Value Using Parameters & Compared With Observed Value

8]
Parametersand Compared With Observi

e
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4 7 Statistical Quantities for 7 Parameters
(Molodesky-Badekas & Bursa-Wolf)

/ 7 Accuracy after Transformation using the
Transformation Parameters

after using the
Malnland

Mainland
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/ 7 Statistical Quantities for 7 Parameters

Hatta
(Molodesky-Badekas & Bursa-Wolf
OUANTITIES
7 (dX, dY.dZRxRy Rz & ) TRANSFORMATION PARAMETERS - Mainland
Mesa of ihe contdinsies dflerence Moon Square ever | Badekas Bursa Wolf
ax-Lia _om =oow] L Value RMS Unit Value RMS Unit
mix ' ar -, _‘Ilv'r vy

- / i - i 23410 00064 0 Shif 0% 14643400971 [m

e = - T == 13159630 00054 n Shit 47 79.35610]_ 1.1391|m

S i / e 2 E - b 3981930 00088 n Shif 42 1170530 15106]m

1189749 004828 " Rotation about R¥ | 11 83749] _0.04G28["

aq-2 [T -a 1197959 00359 " Rotation about RY | -11 97969 _0.03669]"

097067 00373 " Rotation about RZ | 097067 00373 "
1835880 01352 pprn Scle -1835860] 0.1362]ppm

YO=328389 0005 V0=4749903.8532 | 10=2699186.5371

HOTE 1. Tatal rumber of pons 91
2 Statistical quantiies are calculated only for T parameter, whch has chocsen an final pacamertens
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7 Transformation Parameters

T _(dX, dY,d7Rx,Ry,Rz & 5) TRANSFORMATION PARAMETERS Hatta
Molodensky Badekas Bursa Wolf
Value RMS Unit Value | RMS [ Unit

Shift dX 22918130 0.0085 Shift d 489.70430) 21.1733|m
Shift dV 12485640 0.0085 Shift dY -12.33080) 25.3213)m

Shift dF -396 94260 0.00d5] Shift 42 -18251510) 36.3242/m
Rotation about RX 474440 1.20432 Rotation about RX | 4.74440] 1.20432)"
Ratation about RY -3.89482] 0.85963 Rotation about RY | -383482 0.89963]"
Rotation about RZ -9.80798] 069953 Rotation about RZ | -9.80796| 0.69963]"
Scale -18.10110) 29933 Seale -18.10110) 29933

Ratation Quigion (m) | %0 = 3227536.4629 | Yo = 4610942.429 | Zo = 2659452.6343
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4 Transormation program Main menu

[Buaza Well 7 Patamelon:
'WGEH 8o Cluke
Whain Land

g Camvesian Outpat: Canesian

Rolaton Parameters
R |11 HITE Seconds

Ry [11.97963 Sesond:
Re [057067 Secord:

ScaleM | 18365 pem

|
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- = . - / = Transformation program
@ Parametersfor Transformation from . out out ard il $r <
ut put and File option menu
WGS 84 ToDLTM ‘ REas

PARAMETERS FOR TRANSFORMATION FROM WGSS84 TO
DLIM

L
DLIM and WGSE UL Projections are on W GEEA Spheroid / Datum,
wilh only changes in Cenlral Mezidan and Svale Faclor, The olher Duprtie [
projection parameters are as Follow

Parameters of WGSS4 UTM are as follow. L
Projeution UTRA ( Tniversal Transverse Mervator )
Zone 40 FOATH [, Naring, Kasting EB 0
Talse Horthing et & -
Falce Easting an UTH 4. Mothing, Eacting. Ellp M|
Origin Latitude I
Crentrel Beridian (C1D e "“;"““ L L2
Scale Factor on ChI 0.5556 Camsan B
Mercator 55781570
Sermi Minor A 6356752.314245179 [Ea T8 )
Flattening ¢ 1773 29R ATFAR3ES P e
Parameters of DLTM are as fulluw.  Gaograghicsl 4L Lon. S M1
Projection TN ( Transwerse Mercator ) = .
False Worthing 0.00 (T A
False Easting 200,000 L
Origin Latilude 0.00
Central Dieridian (IZh)
Suele Favtor on ChL
Serni Diajor Axiz (a)
Semi Minor Axis (b 6356752.314245175
Flattening ( L/€) 298257223553
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Conclusion

* The optimal transformeation parameter sets computed for
main land and Hatta Dubai

* The full Seven parameters set is recommended usng
Molodensky Badekas model

 For any WGS84 ellipsoidal points a converson can be
carried out up to 10 cm precison, where as for any
Clark1880 points conversion precison between 10 -50 cm
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