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ABSTRACT 

In the case that more constraints than necessary to remove the network datum defect< have been 
defmed, a 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 important types of the geodetic 
networks is over - constrained geodetic network 
which has more constraints than necessaly to remove 
the network datum defects. These network 
constraints provide information to the adjustment 
process about the absolute position and orientation 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 network and to analyse the stability of these 
fmed points. In addition the use of Similarity 
Transformation to transform the covariance matrix 
from one computational base to another one is 
introduced 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 efficieny of the proposed 
procedures. 

The main types of geodetic network can be 
classified as follows: [US Army Corps, 20021 

1) Free networks, of which the all coordinate of its 
points still need to be calculated. 

2) Minimum constraints networks, of which 
contains the' ordinary minimum constraints for 
adjustment and other parameters are free. 

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 reference 
network are assumed to have well-known coordinates 
(i.e., stable points), and these are fixed with zero 
error in the adjustment process. With fully 
constrained adjustments, for the monitoring 
networks, 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, futing two or more stations for 
a two-dimensional tsilateration network, a new type 
of geodetic network will be obtained 
"over-constrained geodetic network". 

Assume the number of constraints defmed and the 
number of network datum defects are n, and ne 
respectively. For the over - constrained network 
case,we have : [Knang, 19961 

Depending on whether a network is established in 
one-, two-, or three-dimensional space and the 
geodetic measurements made within the network, the 
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type and total number of datum parameters for The choice of the most appropriate network 
different types of geodetic networks were given in transformation model is influenced by : 
Table (1). [ Doma, 2008 1. 1- The extents of the area for which it is to be 
Table (1) Datum parameters of geodetic networks 

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

where : 
X : the unkown coordinate vector, 
C : is a constant vector, 
R : is 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. The 
transformation of coordinates between geodetic 
systems has always been of interest, but the new 
needs have made it more important. 

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 withiu the 
net. A transformation in which the scale factor is the 
same in all directions is called a Conformal or 
Similarity Transformation (known also as a 
Helmerf). In case of scale factor is unity the 
Similarity Transformation is called as arL Orthognnnl 
Transformation. 

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

The Similarity Transformation is one of the most 
commonly used transformation methods h e  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 homogeneous 
(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 (excludmg shear 
components). Often older terrestrial networks do 
have non-linear distortions because of the 
adjustment and survey methodologies employed. 

Similarity Transfonnation 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 thelr 
covariance matrix can be transformed from one 
computational base to another without repeating the 
adjustment process via an Similarity Transformation. 
The transformation from an arbitra~y datum (i) to a 
certain datum (i) can be achieved for the datum 
dependent coordinates and their covariance matrix 
with the following formulas : [ Rahil, 2001 ] 

x,  = S,x, (3) 

(cJ, = S, (cJ, ST (4) 

In whicb: 

s, = s, = I - G(G*G)"G~ ( 5 )  

where: 

(Cx), is the variance -covariance matnx ca1cul;lted 
under network datum j. 
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(Cx), is the variance - covariance matrix calculated 
under network datum i. 

S, is the Similarity Transformation matrix, it is 
idempotent : j = j2 and j = jT, 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 matrix with "1" 
for point that enter the datum defmition and "0" for 
all others. So equation (5) will be : [Even,2000] 

The project G(G~P,G)~'G~P,~s no longer square 
matrix and hence not orthogonal. 

Similarity Transformation matrix ( S, ) is 
dependent upon: 

Number and geometly of the datum - points 
contributes to the datum definition. 
The inner consh-aints matrix ( G ). 
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 perfo~med using real terrestrial data. 

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

4.1 USED DATA 
The used data is a part of the Egyptian fust order 

horizontal terrestrial geodetic network. The data 
consists of six points. These points are well 
distributed over the Egyptian terrilory as shown in 
Figure ( 1 ). 

These points ( 2 - D ) cartesian coordinates are 
defined relative to WGS 84 (World Geodetic System 
1984 ) datum. The used data has been collected from 
El Habiby. [ El Habiby, 2002 1. 

4.2 THE SOLUTION STEPS OF CASE STUDY 

The solution steps for the proposed approach will 
he given below : 

Given: 
1- 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 used EDM 

instrument. 

Figure (I): The Location of the Selected Points 

Required: 

The optimal fixed points for this over-constrained 
geodetic network. .:. The solution stens of tire case-stuflv can 

be summarized as follows: 

a) Selectine 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 network, 

h) Comwutation of des i~n  matrix (A) for this case; 

This case can be achieved, by using the given 
coordinates of the existing points, with the 
selected futed points to evaluatc the partial 
derivatives within the matrix (A), 

c) Comwutation of an actual weieht matrix (P) for 
this case : 

In this paper, we assume that accuracies 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 ( C d ,  
of the over - constrained network : 

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

(c,), = ~ , 2  ( A ~ P A ) - '  (7) 

where : 

(G,,)' is the variance of unit weight or variance 
factor. 
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e) Comvutation of the Sjmilaritv Transformation 
matrix ISi) : 
The Similarity Transformation matrix can be 
computed by : 

f) Com~utation of Variance -Covariance matrix (Cw 
1, under network datum ( i ) : 
The Variance - Covariance matrix (Cx), can be 
computed by using Similarity Transformation 
matrix as shown below: 

(ex), = s, (cM (4) 

The standard deviation vectors ( ax, ay )can be 
obtained from the Variance - Covariance, which 
has been computed by using Similarity 
Transformation matrix, as shown below : 

where : 

ax is the standard deviation in x-axis. 
ay is tbe standard deviation in Y-axis. 
g) Reselecting another fixed mints : 

The program automatically selects another two 
points. 

11) Recomoutalion of Variance - Covariance matrix 
a,; 
This can be achieved by, resolving equations 
from (b) to (9. 

i) -1 fixed 

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 futed points. This selection is 
automatically performed by the program. 

After the selection of the optimal fixed points, the 
program gives the Variance - Covariance matrix 
and the Figure of this case of the optimal futed 
points. 

4.3 APPLICATION OF THE PROPOSED 
ALGORITHM 

Let us assume that, the Egyptian trilatemtion 
geodetic network, (as shown in Figgre (I), used in 
this paper, has been measured using EDM instrument 
with achievable accuracy 

where S is the distance computed from the 
approximate coordinates. 

5. DISCUSSION O F  THE OBTAlNED 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 Similarity Transformation technique. This 
results shows that. 

a) The standard deviation of the points are rauged 
fiom (193.25)mm at point (P2) in case ( 3 ) to 
(474.72)mm at point (PI) in case ( 12 ) . 

b) The optimal fmed points are points @I, P,), 
these optimal futed points have been selected 
automatically by using Similarity 
Transformation technique. 

c) The Variance - Covariance matrix of case ( 3 ) is 
shown at equation (10). 

d) The fu1a1 Figure of case ( 3 ) is shown in Figure 
(2). 
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Table (2) The precison ofthe network using Similarity Transformation technique for different cases 
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Figure (2): The Final Figerre of the case of Optimal 
Firedpoints (Case (3)) 

6. CONCLUDING RElMARKS 
Depending on the obtained results and the analysis 

that carried out on it, we can summarize the 
following conclusions: 

+3 Similarity Transfonnation is a powerful 
computational tool which is capable of 
transforming one adjustment to another without 
going through the procedure of evely adjustment. 

-3 We can easily use the Similarity Transfonnalion 
method to select the proper coordinate datum for 
the over - constrained geodetic network. 

'3 From the present paper, one can select the 
optimal fixed points automatically without using 
the trial and error method. 
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