RELTABILITY ANALYSIS OF DIFFERENT TRANSFORMATION MODELS BETWEEN
TERRESTRTAL AND SATELLITE SYSTEMS AS APPLIED
TO THE EGYPTIAN GEODETIC NETWORKS

BY
Dr. Ahmed A. Shaker Eng. Mohamed A. Shaban
Aes.Frof. of Gaodesy Faculty of Engineering
Fasulty of Enginesring Assiut university

Zagazig University

Jodi) dasinadl adbisadl a bl Zldl Al J coudl e Gag
alaVL aps)l wldhsl N oo cliall L oY1 o adg— LI ol _slasl
A By a sl ikl sde ks ok G all & iliall Jalgedl dutn I
aoladninl —Say Cuou giges SO el St blaal (I Je gl 5y
a5y whilsl JIoacliall | SYL adg— bl wlslasyl Laal

¢ a————pedl e e (S 2l
ABSTRACT
Single trials has been carried ocut in Egypt for the combinaticon
wf Doppler sattellte and terrestrial Egyptian gesdetic nﬁtWﬂrR
using different rumber of oomon points. Now, with the increase
=f the number of observed Doppler stations in Egypt (22 points?,
it was found reasonable to analyse the reliability of six mdels
of  transformaticnsg  between Doopler and  trrestrial By S L Ems.
Evperimental results showd that the most simple and reasonable

model to be used in Egypt is Molodensky model.

I-Introduction

Satellite Doppler positioning technigues play an important role
in establishing, extending or strengthening of gexdetic networks.
They alsc achive a fundamental goal of gecdesy through the
determination of absolute positicn with uni form accuracy at  all
points on the earth’s suwface. It is well known that the Doppler
cordinates are given with regpect to a world-wide geocentric

coordinate system , while any naticnal gecdetic coovdinates are



usually given with respect to a certian specified lecal  datum,
Accordingly before making any combination between the twe systemns,
the transtformaticn parameters betwesn them should be well
determined. Cwrrently their are several transformaticn models 1
use for such a transformaticon. All these models differ in both,
number and treatment of the transformation parameters, that is
translatiocn , rotation and scale. The main cojective of this
paper is to investigate all possilble models to decide uwpon  the

best of them as far as the Egyptian situaticn 15 concerned.
2—-TRANSFORMATION MODELS UNDER CONSIDERATIONS

Twz different groups of transformation models are considerd  in
this paper. The first group includes BURSA , MOLODENSKY & VIES
wdels, which contain one set of rotation parameters. The sesond

groupe includes KRAKIWSKY ~THOMSON & HOT I NE models, which contain

]

two sets of rotation parameters.
2-1 MODELS CONTAINING ONE SET OF ROTATION PARAMETERS

A> BURSA MODEL:

In BURSA MODEL the relaticnship between terrestrial and
doppler system 1s expressed by three translaticns (Xe, Yo, Zo 1,
three rotatiocns (Ex Ev ,Ez) and scale change (A), Fig (1D, The
rotatlion angles are positive for counter—clockwise rotaticns
about the respective geodetic X L,Y ,Z axis as viewed from the end
of the positive axis making a right hand system €13, (L[Z1. The
transformaticn eguation between the twe systems is given in
vactor form as;

F=» T + G141 :1&4) M & - D - €1)

The finpal form of the transformaticn equaticn between the tws

syatems altter cmtting terms comtaining the proouwcts of scale

by



and rotaticn is given as;

P = T + A g R1 & « e - D =)
iy X 0 Ez -Ey X X
F-“lc = Yo + A Y| + |~Ez Q Ex Yi 4+ 1Y - Y =)
| Zo Z Ey -Ex O Z Z 2
a a a D
Where

i = Translaticn vector between the origin of the satellite and

gecdetic systems.

A = Sgale change
R = Product of three rotation matrices about the gecdetic axis
T
[X ,Y ,Z ]G
Rl = R~1
G = Vector of gecdetic coordinates [ X ,Y ,2Z J;

i

Vector of Doppler or satellite coordinates [ X L,Y ,Z JZ

B MBLOEBENSKY MODEL

In this model ,figle> , the positico vector of the datum crigin
ovoinitial poant G0 is known relative to the geodetic  system
Wwhich 15 assumed to be parallel to the satellite system and the
involved rotaticns are considerd to be around the gexdetic axis
of the i1mitial point L[11,02]. The final form  of the
transformation equation for any poant (k) 1n this system is given

by}

= T G ~ @ G-~ G b G = M =
F'k T + A ¢ (5k GL) o Q . Gk G\. + GK Dk Q
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C> VEIS MODEL

In this mudel . fig (30, the rotations dencted by Sa &F én
are 1n a local gecdetic system at the i1nitial poant (0, and its
U axis 1is tangent to the gecdetic meridian with positive
directica toward north; the V axis 18 perpendicular to the
meridian plane and 1t is positive eastward. Finally, the W axis
is positive towards the cutside extension of the direction of the
gecdetic normal. The above rotations &n &8 da dencte positive

rotaticns about U,V,W axes respectively, and 2 A % hL are
L 1

the geddetic curviliniar coordipates of the initial  point.

Simlar to equatiocn ¢ 2 ) one cbtains;

F = T + G + 11 + A) M t6 -G~ D=0 o0 (S
L k L k

the rotaticn matrix M (1] is given as
M=R (180~ XN ) B (90~ ¢ ) (b7, 88,8a ) R (¢ — 300 B (A -~ 1BO)
3 1 2 \L 2 L a3 "

| Al ain & | +&ct cos ¢ min X
L L i
1 -8 cos @ | +5E cos A
i L
-7 sin @ sin A
I 1
-&a sin ¢, ! -8 cos @ cos A
i ! b L L
M =
+&7) cos @ i 1 +S5F ein A
T

I +57; eun @ coms A
L L

-5t cos ¢1 sin A T +5N cos @ cos A
i L

L

+658 cos A -HE aun A 1
1 i

I+(5'n sin @ sin 7\1 | -&7 sin ¢ cos ?:
L L .

Thus the oanly di f ference between MOLODENSKY &VEIS models 18 that

the rotaticns in the VEIS model are the well kncawn deflecticn

components representing the miscrientation of the terrestrial

netwirrk at the inittlial poant.



2-2 MODELS CONTAINING TWO SETS OF TRANSFORMATION PARAMETERS

Some of the models included in the first group assuned that  the
gecdetic coordinate system 1s parallel to  the satellite
coordinate system, this 1s generally not true and the rotation
parameters should be applied to deal with the lack of parallism
between the two systems. The second group of models solved  these
problem by applying two sets ot rotaticn parameters. One of them,
with translation parameters, 18 usad to model the datwn positico
and ocrientaticn relative to the satellite system. The other set
of rotations with scale factor is used to deal with the scale and
arientation distortions in the gecdetic metwork relative to  the
initial point. These models are KRAKIWSKY -THOMSON & HOTINE
MODELS.

A2 KRAKIWSKY-THOMSON MODEL.
This model, figl4?, can be represented as follows;

B T & RGL+t11+AIJHGLk— Dk=t' -y
Thig mxdel contains ten unkown parameters, Three translation
parameters ,scale change and two sets of rotaticn parameters. The
first set ( R D, is for the mscrientation of the gecdetic system
with respect to the satellite system, and a second set  of
rotations (M ) 1s for the misoriented terrestrial network.

In the abcve model we have two sets of unknown rotaticns,
accordingly a special treatment needs to be applied to solve such
a medel. This 18 achived by spliting up the common points  1nte
twx zones, 1nner and outer zone.

The reascn for this spliting is to make the soluticn possible
for the two sets of rotaticn parameters. The inner zone, fig ¢5),

should be sufficiently close to the terrestrial initial point  so

L



that their ocoordinates in the second set will not  ccatain
signi ficant systematic errors. The outer zome centains the

remaining common network stations.

B2 HOTINE MODEL

This medel, fig (62 has two sets of rotaticon parameters, (F.:x,Fi ,P:z)
for the gecdetic system and (Sa ,6/3 ) for the distorticons 1:1, the
terrestrial network. The azimuth change parameter (Sa) is a
rotation about the Z-axis of the lozal gesdetic coordinate system
at the terrestrial 1nitial pont GY. The zenith distance
parameter (62 is a constant applied to all lines radiating from
the terrestrial initial point (o). In addition this model has  a
scale difference parameter (A) to model the systematic scale
@ror in the terrestrial network.

The expanded form of this model iss

Xg 1 e e il = com oy &R _ X
L tk Lk
Fk Yo|[+|-F=z 1 PRx YL ot Sa 1+A sin oL & Yl.k = Yk
o F R 1 Z -&f3 - conal 0 1+A Z. 72
Y x L Lk ik k

Taeaanle B2

In which atk 18 the azimuth 1n the local gecdetis coordinate

radiating from the initial point (L ), The estimaticn procedure
is the same as KRAKIWSKY-THOMSON MODEL .

3— DATA UNDER CONSIDERATION

Twanty two Doppler stations were avallable up to the time of
this study, fig (72, the cbservaticns of these stations were made

by three different groups as follows;

AD Tweleve stations were ocbserved by the 512 specialist team
Royal engineers ¢ 512 STRE D, during the pericd from November
1977 to February 1978, These staticns are £7, T2, A5, Af1f, Bi 4,

RrR1~ rR1Q R=20 =2 B0 NIfNOO1
L T S e R O LV T WY L N I SF L AT Sy

WIT23 and X724. The firss ebght

k

=0



statlons are primary staticns, while the other four are Znd, 2rd
and 4th order staticns. The coordinates of these stations are
derived in terms of the WGS 72 system from Doppler precise
ephemari1s cbservations. The estimated standard evror of

the Lartesian coordinates 15 Q.79 m 1in each axkis [3].

BO six stations ware cbserved throught the ADOS pro ject{African
Doppler survey>, The main purpcse of this project was to
establish a first order and well distributed gecdetic network
over the African contenent, determined fram pas1tioning
techniques using Doppler satellite chservations. These stations
are A4, Bll, S512,A423 ,A350 and B10. The coordinates were
calculated by usuing Doppler precise ephemeris with a standard

errcy of 075 m 1N each axis.

C>2 Four stations were observed by ESA C(Egyptian Survey
Authority>. These staticons are 01, A6, 2-C57, &-C58 ,and their

coordinates are pglven with a standard evrar of L.Q m in sach axis,

It shauld be mentioned here that the standard errors given to the
terrestrial coordinates were calculated according to a special
iterative technigue of weighting which makes X Ve v very close
tounity [e3..

4- ESTIMATION PROCEDURES OF THE TRANSFORMATION PARAMETERS

Different least sguares soluticns were carrired out using all the

models discribed before for two reaszos;

&) Studying the main factors affecting eash model. This includes
the effect «of number, distributicn and gquality of data pcints.

By Performing a complete comparisoe between these different
medels for finding cut the proper model to be wused far  the
transformaticn between the gecdetiz and satellite coordipates

in Egypt.



) The statisticaly significant number of transformation parameters

to be used in Egypt for sach model.

Accordingly, the available data were splited into three groups.
The purpose of such spliting is to study the effect of adding the
dnd, Ird arder points on the transformation  parameters. The

calssificatiocn of these groups are as follows;

GROUP A Lonsists of all the available doppler data points
afterrejecting staticns ¢ 518, BIO, A360 ).

GROUP B (Consiste of 16 Doppler poants (E7, 021, A6, 2757, 27588,

250, T2, At1f, Bi1, A4, Bi4, B20, Bi5, X721, A5, Bi19o,

GROUP C Uonsists of 12 Doppler points of the first aorder
network CE7, Of, AG, T, A1f, Bl1. A4, Bi4, B15, A5,
B193.

4-1 ESTIMATICN PROCEDURES FOR THE FIRST GROUP OF MODELS

The least sguares estimation prozedures for Bursa, Molodensky

& Vels Models tollows the following mathematical model;

FCL , X35> =0 or FCL +V , X + X>=0 P
a a b o

whera

L  Adjusted cbhservations Lb ohserved value

a

X Ad justed parametres Xo Approximate paramsters

Qa

A4 Fesidual s X Unkown parameters

The usual least squares adjustment procedure £ VT Fv = min
sUb jected to the conditicn
AX +BV+W=0 2
15 applied , were
A-—~al=‘/a)l(Cl B=<‘;'F‘/<9Lc1 W=FCLb, xo)

The above medel 1s usualy known in practice as the combined least
sguare adjustment. The solution of the above system of equaticons

(7) is givan as



X=z=-(A H A "A H'W e e (B
v==-pP B H' (AX+ W e U3
H= B p*g R ETs))
oz =V PV /DF (11)
T oo @O (120
X e P4

@ = AT H* a7t (13
x

4-2 ESTIMATION PROCEDURE FOR SECOND GROUP OF MODELS

The second group of models contains  two ssts  of Nk
parametrs, for this reason these groups require a special
least-squares procedure. The estimation model [71 inm functicnal

form is given as;

Fi1( X1, L1y =0 eeavne (1)
P24 X1 , X3 , L3 =0 R
where
% transformation parameters (Xo ,Yo ,20 ,Rx ,Ry ,Fz )
X Scale difference and rotation parameters for the gecdetic
network.
N T T
L1 The Obhservables ()L(k ,_\L(k 'z‘k JG and (.)(]< ,Yk ,ZkJD of the
inner zcooe.
o T T
L2 Tha (bservables ()L(k ,‘fk ’sz .)Gand (Xk ,Yk ,Zk ')n of the

outer zone

Linear Taylor series expansions of F1 and F2yields the following



matrix equaticas

A X +8B YV +W =0 (16)
11 i i1 1 1
Bar il o o e b B Voo W = (17)
21 1 22 2 22 2 2
Wheres
A = 0dF1/ & X B = 8FlL/ oL
11 i i1
A =aFz/ aXx A = @F2/ @ X
21 1 22 2
B =0F2/a8L
22

The solution of the above least squares estimation model is

simply given by using the following simple model

FCXk + LkD =0
in which
Xx

contalns —X 1 and _XLZ

n

L* Contains L1 and _L.i-‘
Azcardingly the soluticn will follow the same procedures given in
equaticns (8) to (13).

S—-RESULTS AND RECOMMENDATIONS

Based on the sixty one least sguares solutiocns made  for  cur
study as well as the analysis carrvied on it the following
conclusions are sunnerised and drawn out;

1) Large discrebances were found at pmants (St2,B10, A360>, this
indicates the existance of blunders either in the identificaticn
cr in the gecdetic coordinates.

2) Froper weights for each data point of different order should
be applied when a cowbinaticn between gecdetic and Doppler

coordinates 18 carried cut.

3) Fer MOLODENSKY MODEL, 1t was tcund that § parameters coly

10



tXc yYo ,2o , A Ez ) are equivalent to 7 parameters, but on
the cther hand for points of second and third order seven
parameters must be used in the transformation .

4) The coardinates of the 1nitial points can be considerd as  the
mean coovdinates of all the points used 1n the transformation
instead of Of or £1,

9) Points at distances ¢ 30 km from the initial point have no
effect on the scale factor and the riotaticnal parameters and can
be used cnly as a translaticn parameters.

&) For VEIS MODEL, six parameters (Xo ,Yo ,Zo , A ,8F ,6n ) are
equivalent to seven parameters.

7) Fior the transformation from the Egvptian to the Satellite
datum 1t is very useful to seperate the points according to its
order, 1.e transform the first order staticn seperately from the
sa:zcnd and third order stations.

BIKRAKIWSKY -THOMSON MODEL and HOTINE MODEL are very sensitive to
the number of points used 1n the transformaticn and also to the
number of points conslderd in the 1pner zona.

D) For KRAKIWSKY -THOMSON MODEL , scme rmprovement was found in
the transformation parameters and the residual values of the
chservations when;

a) All points at distances + 300 km from the initial point are
considerd as pownts 10 the 1nner zone.

b} The cagrdinates of the 1nitial point can be comsiderd as the
mean coordinates of all points,

z) For stations of different orders take the points of the
first arder as points in the i1nner zone.

dl) Seven parameters from this model (Xo ,Y0 ,Zo yEvy A ,8F ,6n )
are equivalent to ten parameters, when compared relative to
VROV far each case.

10) For HOTINE'S MODEL 1t was found that
a) Although many trials were made to cobtain the best case for
this mzdel by the elimination of some parameters, the

translation parameters were the cnly significant parameters.

11



b) The elimination of the se:ond set of rotaticn parameters have
a minimum effect o the values of other parameters, but  some

improvements were noticed in the variances of this parameters.

Accordinaly and based on the above conclusice the follewinng
recomnendations can be cutlined;

1) For the transformation from Satellite to Egyptian system and
based -n Molodensky’s model ,the valugs of the following five

parameters can be taken as the bestvalues ;

Xo = 125.00 - 0.63 m
' * o r
Yo = - 96.95 £ 0.62 m
"W o =
fo = 19.68 - O.6am
+ -+ -
A = - .64 & 2.00 FLF.M. Wz = —0.52" * 0.62"

I

For points < 300 km  from the initial point it 18 recommended

to use only three parameters :

Xo = 124.835 ~ O0.64 m
. -

Yo = - 96,93 - O.&2 m

Zo = 19.93 % 0,62 m

3) For the transformation from Lgyptian to Satellite system

the following parameters are used for first order station

Xo = -124.65 F 0.61 m
b g
Yo = .47 T 0.59 m
+
Zo = - 20,07 = 0.6 m
ot +
A = 1,30 T 1.9 F.P.M. We = 0.31" £ o.e1"

For second and third crder stations the following parameters are
used:

+



Yo = 25.82 —- 1.18'm
Zo = -19.95 % 1,15 m
A = ~ 1.20 T 2.98 F.F.M. We = 221" = 1,329
Wi = 1.61" T 1.86" We = 1.71" * 0.97"

4—- It shculd be noted that the previcus results can be improved
by coserving mere Deppley staticns, especially in the west desert
and Sinar area.

Y~ At this stageit should be menticned that GFS system is in
prototype stage and will be cperated in the vary near future,
concequently when sutficient GFS cbservaticns are done 1n Egypt
simillar investigations to the contained herein must be done  to

achive a more accurate transformaticn parameters.
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