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Problem DefinitionProblem Definition

Where GPS is used extensively specially 
these days, The geodetic datum 
transformation became important issue.

The accuracy of the coordinates of points 
in WGS-84 does not equal to the accuracy 
of the coordinates in the local datum.

ObjectivesObjectives

Investigating the effect of using weighted 
coordinates in the transformation process.

Investigating the effect of using modified 
(improved) local coordinates instead of 
using the local (ESA) coordinates in the 
transformation process.

MethodologyMethodology

The computations are made in two groups:
Group 1:is specified for the comparison 
between using equal weight and using 
weighted coordinates in the transformation 
process.
Group 2:is specified for the investigation of 
using equal weighted coordinates, using 
improved coordinates, and using weighted 
coordinates in the transformation process.

Case studyCase study

Data used
The geodetic coordinates of 34 first order 
triangulation stations known in the 
Egyptian Datum, 26 of them belong to 
Network I with precision 1:100,000 and 8
of them belong to Network II with precision 
1:50,000. 
15 stations of 34 stations mentioned before 
belong to the High Accurate Reference 
Network (HARN) with precision 
1:10,000,000. 

Case studyCase study

Data used
Other 7 stations belong to the Egyptian 
Aviation project with precision 1:7000,000. 
The other 12 stations belong to the 
National Agricultural Cadastral Network 
(NACN) with precision 1:1000,000.
The modified (improved) coordinates of 24
stations included in the above mentioned 
34 stations known in the Egyptian datum.
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Case studyCase study

Software
Customized software using VB.NET consists
of two main modules :
1. Module for calculating 7 transformation
parameters with their standard deviation for
equal weight and weighted coordinates.

7 transformation 
parameters

Case studyCase study

Software
2. Module for interpolating coordinates 

using 7 transformation parameters.

WGS-84 or ED

Case studyCase study

To achieve the first target :
• 5 solutions at this group has been done using 

34,30,25,15,and 10 stations consecutively.
• Local and WGS-84 coordinates of the 

mentioned 34 stations are used.
• Seven transformation parameters are 

computed with their standard deviations.
• The computations are done once with equal 

weight coordinates and once more using 
weighted coordinates.

Case studyCase study

• Residuals at the stations are computed.
• 4 check points are computed in 30 stations 

solution and 5 check points for other solutions.

Results & AnalysisResults & Analysis
Seven parameters with their standard deviations from group 1 solutions
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Latitude residuals at solution points from group1 solutions, units in meters
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Latitude residuals at solution points from group1 solutions, units in meters
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Latitude residuals at solution points from group1 solutions, units in meters
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Latitude residuals at solution points from group1 solutions, units in meters
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Longitude residuals at Solution points from group1 solutions, units in meters
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Longitude residuals at Solution points from group1 solutions, units in meters
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Longitude residuals at Solution points from group1 solutions, units in meters
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Longitude residuals at Solution points from group1 solutions, units in meters
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Latitude residuals at check points from group1 solutions, units in meters

-4

-3

-2

-1

0

1

2

S2 R5 B4 X8 B3

Points

La
tit

ud
e(

m
) Solution 3  (25 Pts) Eq w

Solution 3  (25 Pts) w
Solution 5  (10 Pts) Eq w
Solution 5  (10 Pts) w

Longitude residuals at Check points from group1 solutions, units in meters
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Case study 2Case study 2

WGS 84

Local 

Datum
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Case studyCase study
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Case study 2Case study 2

Local Datum 
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Case study 2Case study 2

WGS 84 LD 1 Transform
ation

Model

Improved 
7 transformation 
Parameters (T1)

Case study 2Case study 2

WGS 84

Transformation 
(T1) Improved Local 

Datum (LD1)

Improved Local 
Datum (LD1)

Restore Model

Restore Bias

Local Datum 
(LD\)

(LD \ ) Homogenous with (LD) 

but (LD \ ) is more accurate

Case study 2Case study 2

To achieve the second target :
• 2 solutions at this group have been done using 

24 and 19 stations consecutively.
• Local, Modified Local  and WGS-84 

coordinates of the mentioned 24 stations are 
used.

• The local datum coordinates are modified 
(improved) using the way explained in [Saad 
and Elsayed, 2005].
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Case study 2Case study 2

• The improved coordinates are used with their 
corresponding WGS-84 coordinates to 
compute the transformation parameters.

• The parameters are used to transform the 
coordinates of the points. 

• The transformed coordinates are Re-modified 
again to be back in ESA system of coordinates. 

• Residuals at the stations are computed.
• 5 check points are used .

Case study 2Case study 2

• Seven transformation parameters are 
computed with their standard deviations. 

• The computations are done firstly with 
equal weight coordinates, secondly with the 
modified coordinates, and thirdly using  
weighted coordinates. 

• In three cases, the residuals at solution 
stations are computed.

Results & AnalysisResults & Analysis
Seven parameters from the three cases of solution 6, using all 24 points.
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Using weighted ESA 
coord.

Using equal weight –
modified coord.
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Latitude residuals of solution 6 cases at the 24 solution points, units in meter
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Results & AnalysisResults & Analysis
Seven parameters from the three cases of solution 7, using 19 points
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coord.
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Using  equal 
weightsParameter

Latitude residuals of solution 7 cases at the 19 solution points, units in meters
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Longitude residuals of solution 7 cases at the 19 solution points, units in meters
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Results & AnalysisResults & Analysis
Latitude and longitude residuals at 5 check points from solution 7 cases, 

, units in meters
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Latitude residuals at 5 check points from solution 7 cases, units in meters
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Longitude residuals at 5 check points from solution 7 cases, units in meters
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ConclusionConclusion
With respect to the first objective:
Using weights improved the precision of the 
transformation parameters and improved also the 
residuals of the solution points significantly. 
In the same time, using weights did not improve 
the residuals at the check points and the residuals 
at those check points were almost the same as in 
the case of using equal weighted coordinates.

ConclusionConclusion
With respect to the second objective:
The transformation process was done in more 
accurate atmosphere.
The obtained latitude residuals were one third
their corresponding values in the case of using 
ESA coordinates.
The obtained longitude residuals were one fourth
their corresponding values in the case of using 
ESA coordinates. 
This process is named here (remove – transform –
restore). 


