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 ABSTRACT

In the case that more constraints than necessary to remove the network datum defects have been
defined, 2 new type of geodetic network will be obtained “ over — constrained geodetic network
“. Datum changes may be obtained by Similarity Transformations in order to select the proper
coordinate datum for geodetic networks as well as to analyse the stability of the reference points.
‘The purpose of this research paper is to choose the optimal fixed points for over — constrained
geodetic networks by using Similarity Transformation. A numerical example is presented,
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1. INTRODUCTION

One of the most irnportant types of the geodetic
networks is over — constrained geodetic network
which has more constraints than necessary to remove

the network datum defecis. These network

constraints provide information to the adjustment
process about the absolute posmon and onentatmn of
the network

The main objective of this paper is to introduce the
using of Similarity Transformation method to choose
the optimal fixed points for over — constrained
geodetic nétwork and to analyse the stability of these

fixed points. In addition the use of Simifarity '
Transformation to transform the covariance matrix
‘from one compuiational base to another one is

infroduced and discussed.

A numerical example respresenting a part of
egyptian geodetic network were given in order to
illustrate the feasibility of the given procedure.

The results shows the efﬁcleny of the proposed

procedures.

The main types of .gcodetic network can be -
~ classified as follows: [US Army Corps, 2002]

1) Free networks, of which the all coordinate of its

points still need to be calculated. -

" 2) Minimum constraints nefworks, of which :

contains thes ordinary minimum constraints for
adjustment and other parameters are free.

uKS.\.uJi

3) Over constrained networks, of which contains
‘more constraints than necessary to remove the
network datum defects have been defined and -
there are points still need to be determined.

4) Fully constrained networks: In a fully
constrained adjustment all stations in the referénce
petwork are assumed to have well-known coordinates
(i.e., stable points), and these are fixed: with zero
ertor in. the adjustment process. With . fully
constrained  adjustments, for the moniforing

 nefworks, only the monitoring point stations are

allowed to float and adjust in position.
2. OVER - CONSTRAINED NETWORK
In the case that more constraints than necessary to
remove the network datum defects have been
defined; for instance, fixing two or more stations for
a two-dimensional trilateration network, a new type
of geodetic network will be  obtained
“over-constrained geodetlc network”

Assume the number of constramts defined and the
number of network datum defects are 1, and ny,
respectively. For the over - constrained network

case,we have [Kuang, 1996]

Dependmg on whether 2 network is estabhshed in
one-, two-, or three-dimensional space and the

' geodetlc measurements made within the network, the
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type and total number of datum patameters for
different types of geodetic networks ‘were given in
Table (1). [ Doma, 2008 ]. —

" Table (1) Datum parameters of geodetic networks

Datin Parameters No.

Network Type

t~ translation in x-dir.

3.tonslations [{,= trauslation in y-dit.

t;= translation i z-dit.

Three-Dimensionat
Net.

@, rotation gbout x-dir. | 7

3rotations | = rofation about y-dir.

w,= rofation about z-dir.

5= scale

Lscale

t,= translation i x~dir.
2 translations

t,= translation in y-dir.

Trinngulatio 4
o= rotation about z-dir.

1 Network. 1.rotations

Horizontal

Netwark 1.seale 5= seale

. |t~ translation in x-dir.
2.transtations

Trilateratio

ty= translation in y-diz.

W

1 Nemwork

Lrotations | ¢,=rofation about z-dir.

1.translations

Vertical Network 1= translation in z-dir. 1

In general, let us assume that the constraint
equation is described by : :

Rncxu 'Xuxl = Cncxl (2)

where :
X . the unkown cocrdinate vector,
C : is a constant vector,
R : i a reliability factor.
with dimensions :
u : number of unkowns,
n, : number of constraints defined.

3. SIMILARITY TRANSFORMATION

Local geodetic datums have been developed in the
past, in order to satisfy the surveying and mapping
requirements of countries all over the earth, The
broad use of (GPS observations, as part of the
surveying routine, has shifted the interest from the
local to the world geodetic systems.
transformation of coordinates between geodetic
systems has alwhys been of interest, but the new
needs have made it more important. '

The

The choice of the most appropriate network
transformation model is influenced by : '

1- The extents of the area for which it is to be

applied.

2- The presence of distortion in either of the

reference system. ,

3. The dimension of the reference system (two or

three dimensional), and ‘

4- The accuracy requirements.

The scale factor of such a transformation depends
on the orientation but not on the position within the
riet. A transformation in which the scale factor is the
same in all directions is called a Corformal or
Similarity Transformation (known also as a
Helmerf). Tn case of scale factor is unity the
Similarity Transformation is called as an Orthogonal
Transformation. ‘

Similarity Transformation were first described in
published form by Baarda (1973).

The Similarity Transformation is one of the most
commonly used transformation methods due to:

1- The small number of parameters involved.

2. The simplicity of the model which is more
easily implemented into software, and

3- The fact that it is adequate for relating two
coordinate systems which are homogenzous
(no local distortion in scale or orientation).

One disadvantage of the Similarity Transformation
method is that both networks are assumed to have
only linear distortions (excluding shear
components). Often older terrestrial networks do
have non-linear distortions because of the
adjustrent and survey methodologies employed.

Similarity Transformation can be used to select the
proper coordinate datum for geodetic networks as
well as to analyse the stability of the reference points.

The estimated point coordinates and their
covariance matrix can be fransformed from one
computational base to another without repeating the
adjustment process via an Similarity Transformation.
The transformation from an arbitrary datum (i) to a
certain datum (j) can be achieved for the datum
dependent coordinates and their covariance matrix

 with the following formulas : [ Rahil, 2001 ]

X, = S 1% &)
€)=schs; @
In which: '

5, =8, =1-6(6"6)"'¢" (5)
where: rl ‘ C _
(Cx); is the variance — covariance matrix calculated

under network datuns j. '
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(Cx) is the variance — covariance matrix caléulated
under network datum i.

S5, isthe Slmllarlty Transfonnatlon matrix, it is
idempotent : j = j* and j = j© hence j is an
orthogonal projector.

I is the identity matrix.

G is the transformation matrix.

Often not all points enter the definition of the

network datum. Let Px be a diagonal mattix with *1”
for point that enter the datum definition and “0” for
all others. So equation (5) will be : [Even,2000] -

§=1-6{6"p,G)' 6", ©6)

The project G(GT .PXG)'IGT P, is no longer square
matrix and hence not orthogonal.

Similarity Transformation matrix ( Sy ) is
dependent upon: :
s  Number and geometry of the datum — points
contributes ta the datum definition.
‘e The inner constraints matrix ( G ).
e The number of datum defect ( d ).

4. APPLIED STUDY AND RESULTS

In this paper, applications of using Similarity
Transformation method to select the proper
coordinate datum for over - constrained geodetic
networks are performed using real teirestrial data.

first, the data used in this study is explained then,
the steps of the solution is summarized finally, the
obtained results of computations will be discussed
and analysed.

4.1 USED DATA

The used data is a part of the Egyptian first order
horizontal terresirial geodetic network. The data
consists of six points. These points are well
distributed over the Egyptian territory as shown in
Figure (1). -
~ These points { 2 -- D ) cartesian cocordinates are
defined relative to WGS 84 { World Geodetic System
1984 ) datum. The used data has been collected from
Bl Habiby. [ El Habiby, 2002 ]..

4.2 THE SOLUTION STEPS OF CASE STUDY

“The solution steps for the proposed approach will -

be given below :

Given:

I~ Approximate coordinates for used points,

2- The observational plan for the geodetic network
(trilateration, triangulation or hybrid network),

3- The fixed points of the geodetic network,

4. The achievable accuracy of the unsed EDM
instrument.

"

Figure (1 ): The Location of the Selected Points

 Required:

The optimal fixed points for this over-constrained
geodetic network.

% The solution steps of the éase-sfudg can
be summarized as follows:

2) Selecting the intial fixed points of the network :
A computer program using the PC — Matlab
version is used. This program automatically
~ selects any two points to be the intial fixed points
of the networlk,

b) Computation of design matrix (A) for thig case
This case can be achieved, by using the given
coordinates of the existing points, with the

“selected fixed points to evaluate the partial
derivatives within the matrix (A),

¢) Computation of an actual weig tmatnx (P) for

this case :

In this paper, we assume that aceuracies of the
horizontal components of the measurements

vectors ( X, Y ) and the accuracy of the vertical

component ( Z ) are equal,

d) Calculation Variance — Covariance matrix ( Cx };

of the gver — constrained network :

The Variance - Covariance matrix of the
astimated coordinates can be computed by . :

(Cx),=oi(a"Pa)" ™
where : '

(c'rn)2 is the variance of unit weight or variance
factor,
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e) Computation of the Similarity Transformation
matrix (S;) :
The Similarity Transformation matrix can be
computed by :

8, =1-G6(G"G)'G" )

1) Computation of Variance — Covanance matrxx {Cx
); under network datum

The Variance — Covanance_matnlx (Cx )j can be
computed by using Similarity Transformation
" matrix as shown below:

(€.),=5,(C.),5] @

 The standard deviation vectors { o%, 6y Jean be
obtained from the Variance — Covanance, which

has been computed by using Similarity

Transformation mateix, as shown below :

, ‘ _

|_ Tyi Txir). = Oxigy Txiws
N

Tyt Ox1  Txnn Tpn ®)

‘(Cr ) =

Txime  Tam T O xumn

2
_JX 1P O-Y:r}’l . o-XnYn O-Yn _J

“whete :
oy is the standard deviation in x-axis.
oy is the standard deviation in Y-axis.
) Reselecting agother fixed points :
The program automatically selects another two
points, _
h) Recomputation of Variance — Covariange matrix
Cx)i: |
This can be achieved by, resolving equations
from (b) to (D).
i) The selection of the case of the optimal fixed
points : : ‘
The case of the optimal fixed points is the case
which has the minimum values of the maximum

values of standard deviation vectors which are
obtained from Variance — Covariance matrices of
different cases of fixed points. This selection ig
automatically performed by the program.

After the seection of the optimal fixed points, the
program gives the Variance — Covariance matrix
and the Figure of this case of the optlmal fixed
points.

43 APPLICATION OF THE FPROPOSED
ALGORITHM

Let us assume that, the Egyptian {rilateration

geodetic network, (as shown in Figure (1), used in

this paper, has been measured using EDM instrument

with achievable accuracy 7
a?=(0.5 ppm.S)> )
where 8 is the distance computed frc-m the
approximate coordinates.

5. DISCUSSION or THE OBTA_INED RESULTS
We used the standard deviation obtained from

Variance — Covariance matrix as a precision criteria

for this example.

Table ( 2 ) includes the precison of the network
using  Simifarity Transformation technique. This
results shows that.

a) The standard deviation of the pomts are rauged -

from (193.25)mm at pomt (P;) in case (3 ) to
(474. 72)mn1 atpoint (Py)incase (12} .

b) The optimial fixed points are points (Py, P4)
these optimal fixed points have been selected
automatically by = using Similarity
Transformation technique.

¢) The Varijance — Covariance matrix of case {3 )is
shown at equation (10).

" d) The final Figure of case ( 3) is shown in Flgule

).

0038
0017
0013
ol
(s =] oo
| o001
0006
0007

Engineering Research Journal, Minoufiya University, Vol. 32, Ne. 1, January 2009

0017
0025
0.006
0011
0.006
0,006
0.004
0007

-0,013
0.006
0.014
0.007
0.001
0001
-0.002
0.002

0.011
0.011
0.007

009
0015 0

0015
0010
0003

0019
0006
0.001
0015

0.013

0011
2004

-0.00
0.006
0001
0015
0.013

0010
0,005

0.003

0.006
0.004
0002
0010
0011
0010
0.020

0.007

0007 -

0.002
0.003

0004

<0.003
0.005
0.013

(10)
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Table (2) The precison of the network using Similarity Transformation technique for different cases

2 i R
o

o=(In)

Fixed

197.15 (12298 [172.81

WW
Points ) ‘
Selorted ] P1 P2 :P3 |P4 {P5 |P6
Fixed Standar
Points deviation .
‘ Fixed |Fixed {12032 [141.26 (14853 i210.584
@ | @py poom) : - '
‘ oo(mm) |Fxed |Flxed [23037 26088 118540 (27.77
' Fixed [260.39 |Fixed [176.07 |183.43 [164.09
(Pl, Pa) Ux(mﬂl) : . N . .
oefmm) |FiRed [148.94 [Fixed [234.80 (14951 [181.04
o :
i %‘”"{If& 2
]

Fixed: [138.25

gy{imin)

Fixed

180,17 201.58 )239.28

1Fixed [135.75

o (i

Fixed

377.80 [124.86 |197.97

21417 | Fixed

gy{lnm)

Fixed

151.44 343,37 (30845

166,43 | Fixed

_a;(mny

30124

Fixed |Fixed [159.47

151,10 {178.56

(P2, 13

| oy(mnt)

283,62

Fixed |Fixed [231.07

16531 [160.18

o {muy)

aes

Fixed [159.33 | Fixed

151.37 [148.68

(P2, P4)

' oy (Inn}

2774

Fixed |1B0.20 | Fixsd

[177.28 1151.42

(P2, P5 | _G{mm)

301.31

Fixed 157,04 [147.84

Fixed -[146.62

gy(inin)

279.61

Fixed 171,07 (239,50

Fiked [154.05

gx(inm}

466,20

Fixed (15052 [204.86

22133 | Fixed

(P2, PG}

oy(ini)

359.96

Fixed 255,21 [369.23

1223.75 | Fixed

o{my |

32744

18409 |Fixed |Fixed

227.73 [81.97

(83, B4)

ge(mm)

330.99

21547 |Fhed | Fixed

159.71 1128.44

o, (a1

358.40

202.57 [Fixed |268.89

Fixed [207.68

(P3,P5)

| oy(mm)

401.90

20581 |{Fixed [268.39

Fixed = [144.60

@3 pre
. | oy(mm)

o:(inm)

42748

294.02 ' | Fixad [314.71

324.28 | Fixed

474.38

231.33 |Fixed |305.58

166.40 | Fixed

(it}

441.98

220,83 1375,97 |Fixed

Fixed (22014

®4, P5)

Oy{mm)

43472

398.63 {197.31 | Fixed

Fixed ]180.28

(i}

387.27

186,51 [228.31 |Fixed

216.58 | Fixed

(P4, P6)

 Gy{Inn)

34251

125012 [149.89 | Fixed

174,24 |Fixed

a-{min)

369.82

201.16 [244.98 [235.47

Fixed |Fixed

(PS5, P6)

oy{mnmn)

39178

25324 [170.95 266,64

5 The optimal fixed points case.
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Fzgure (2) The F. mal F:gure of z‘he case of Opnmaf

Fixed Points (Case {3) J

6. CONCLUDING REMARKS

Depending on the obtained results and the analysis
that carried out on it, we can summarize the
following conclusions:

-

%+ Similarity Transformation is a powerful

computational tool which is capable of .

transforming one adjustment to another without

going through the procedure of every adjustment.

<+ We can easily use the Similarity Transfonmation
method to select the proper coordinate datum for
the over — constrained geodetic network,

% From the present paper, one can select the

optimal fixed points automatically wlthout using

the trial and error method
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