10§lDé‘l_U'éloélD'él_u'élDé‘_Ué‘lo'élD'§l0'§lDé‘D%‘D%‘D%‘D%‘D%‘D%‘D‘X WDH
)

5, i L L ..:-:
et bl b k|
@ ASUNET

datiy bl i gl | it

m-)@(-o,—)&‘o.—)@(..;o-—)@(-:cpw&-c.—)@-m-—)@(qa-)@(—m—)&qo.—)@(qop)&qop)&qo-—
AN AN N NN N AN NEANTAE

¢
%é
?
%é
?
?
?
%é
¢
?
?
%é
?
%é
?
%Ié
?
%Ié




lO%lDé‘_U'éloélD'él_u'élDé‘_Uélo'élD'§l0'§lDé‘D%‘D%‘D%‘D%‘D%‘D%‘D‘X W

A
i
o

datiy bl i gl | it
i '

” s
A
» 4
\Guinl

"“""h.‘

af

ot g

L 4

L

head) oz
wbls

m-)@(-o,—)&‘o.—)@(..;o-—)@(-:c,-)@&-c.—)@-m-—)@(qa-)@(—m—)&qo.—)@(qop)&qop)&qo-—
AN AN N NN N AN NEANTAE

¢
%é
?
%é
?
?
?
%é
¢
?
?
%é
?
%é
?
%Ié
?
%Ié




lO%lDé‘_U'éloélD'él_u'élDé‘_Uélo'élD'§l0'§lDé‘D%‘D%‘D%‘D%‘D%‘D%‘D‘X W

A
i
o

S bt Wi
shoid)
il it ek

@ ASUNET

datiy bl i gl | it

it

=
) odd (s

*d

issh
9 Mol
i il (09 @i

Ny
alf galsadl oan Giss

* & ¢o

&

i
O e

o il Bl o unkitiad ] il
g il

&a‘:?.m

dlg g Sl Guiga
e died

RPN EET DY o
@ ASUNET

Shad) s
~—

m
Y
ﬂ' :
-

m-)@(-o,—)&‘o.—)@(..;o-—)@(-:c,-)@&-c.—)@-m-—)@(qa-)@(—m—)@(qo.—)@(qop)&qop)&qo-—
AN AN N NN N AN NEANTAE

¢
%é
?
%é
?
?
?
%é
¢
?
?
%é
?
%é
?
%Ié
?
%Ié




g
§
§
§
§
§
§
§
;}
§
§
§
§
§
{
§
§
§

P e Ba
! i s La
e bl b k|
@ ASUNET

datiy bl i gl | it

m-)@(-o,—)&‘o.—)@(..;o-—)@(-:c,-)@&-c.—)@-m-—)@(qa-)@(—m—)@(qo.—)@(qop)@o,.-)@(..m—
O EH AT OSSOSO

¢
%é
?
%é
?
?
?
%é
¢
?
?
%é
?
%é
?
%é
?
%é




lO%lDé‘_U'éloélD'él_u'élDé‘_Uélo'élD'§l0'§lDé‘D%‘D%‘D%‘D%‘D%‘D%‘D‘X WDH
)

5, st BB --::_
e bl b k|
@ ASUNET

datiy bl i gl | it

op)ég-op)&m.—)@(qo-—)@(qcp)@&-c.—)@qo-—)@(qnp)@(—.w—)@(qop)@(qop)@l(o,..-)@(qo.-

A

W
AN AN N NN N AN NEANTAE

DélDé‘Dé‘lDéloélnﬂé‘lDé‘lDé‘Déloéloé‘Dé‘Dé‘Dé‘Dé‘Dé‘Dé‘Dé‘D'




Comparative studies of some artificial satellites
observations and fitting the output data using Spline
technique.

A Thesis submitted
to
The Astronomy Department
Faculty of science
Cairo University

By

Susan Wassem Samwel Stefan

National Research Institute of Astronomy and Geophysics
(NRIAG)
B.Sc. in Astronomy&physics, Cairo University

Under the Supervision of

Prof. Dr. Z.Metwally Prof. Dr. Joseph Sidky Mikhail
Astronomy Department Space Research Department

Faculty of science- Cairo University National Research Institute of
Astronomy and Geophysics

Prof. Dr.Maher Melek

Astronomy Department
Faculty of science- Cairo University

In the Partial Fulfillment for the requirements of M.Sc. Degree

Cairo University
Faculty of Science

2004



N

APPROVAL SHEET

Title of the Ms.C Thesis

Comparative studies of some artificial satellites
observations and fitting the output data using Spline technique

Submitted to:
The Astronomy Department, Faculty of science, Cairo University

Name of Candidate:
Susan Wassem Samwel Stefan

National Research Institute of Astronomy and Geophysics (NRIAG)

Supervision Committee:

1- Prof. Dr. Z. Metwally o o ——
Prof. of Astronomy, Cairo University, Faculty of science,
Astronomy Dept.

2- Prof. Dr. Joseph Sidky Mikhail e

Prof. of Astronomy, National Research Institute of Astronomy and
Geophysics (NRIAG), Sun and Space Research Dept.

3- Prof. Dr. Maher Melek M &.}\,'-——r/
Prof. of Astronomy, Cairo University, Faculty of science,

Astronomy Dept.

Approved
Prof. Dr. M. Abdel Wahab / u
Chairman of the Astronomy '
Department, Faculty of Science,

Cairo University



gl

Keywords

Keywords

Satellite laser Ranging (SLR), Traking, Helwan-SLR Station, Upgrading,
Equipment, Calibration, Data Fitting, Spline, analysis procedures,
Interpolation, Chebyshev polynomials, Precision, Standard deviation,

Range, Range residuals.



Summary

Summary

The satellite laser ranging is considered to be one of the most accurate
techniques available to track the artificial earth’s satellites. The high precision
measurements achieved at several SLR stations have resulted in many new
and exiting science applications. Therefore, all SLR stations are concerned
with improving the accuracy of the distance measurements by upgrading the
used hardware and software.

In this thesis, the satellite laser ranging from Helwan-SLR station is
studied; the upgrading, which has been made to the station, the analysis
procedures used for analyzing the SLR data, and some comparative statistical
studies on Helwan-SLR data are presented. In addition to that, one of the
tasks in this work is to deal with the problem of fitness of data. Needless to
say that the process of smoothing the SLR data is considered to ‘be the first
step for any analysis or further scientific study related to the satellite laser
ranging. So, a method for analyzing the SLR data is applied using the spline
technique in order to obtain what is the so-called best fitting.

Chapter one represents a historical background on the satellite laser
ranging followed by the principles and the purposes of the satellite tracking
using the laser beam. Also, some information about the satellites, which have
been tracked from Helwan-SLR station, are represented. In addition to that, a
historical review of Helwan-SLR station is given. The description and the
upgrading of the equipment of the Helwan satellite laser ranging station are
also given. The software and the hardware related to the system are explained
followed by the method used for calibrating the system of the Helwan-SLR

station. Moreover, this chapter gives a mathematical interpretation of the data
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fitting followed by short notes about the spline technique from the points of
view of its definition and its different kinds.

In chapter two, the satellite position prediction software, which is
carried out to compute the location (or position) of the satellite and its
corresponding range for each one-minute interval, is explained. The satellite
laser ranging data and their analysis procedures from the Helwan-SLR station
are also explained and the results of the data analysis are discussed. In
addition to that, it is known that the SLR data are characterized by the huge
number of data points. Therefore, one of the tasks of this chapter is to discuss
the contraction of this large number of data points using the so-called normal
points.

Chapter three deals with fitting satellite laser ranging data using the
spline technique and its advantages for fitting a large number of data points,
using the Chebyshev polynomial. The approximation with the Chebyshev
polynomials is discussed. The principles of fitting data using the spline
technique are explained. A constructed program for fitting data is represented.
As an application, the spline technique is used for fitting each of the satellite
laser ranging data and the on-line range residuals obtained from the
observations of the satellites Ajisai, Topex, and Beacon-C. Finally, this
chapter is ended by a comparison between the results obtained using the
technique mentioned in chapter two (which is used in Helwan-SLR. station)
and their corresponding values obtained by applying the spline technique on
the range residuals.

Comparative statistical studies on satellite laser ranging data are given
in chapter four. The results of the analysis of the data taken before and after
the upgrading, which have been made to the Helwan-SLR station during the

year 1999, are shown. The results are compared with values of other
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investigators from different analysis centers. Moreover, the number of passes
and the number of normal points as computed for the satellites observed from
Helwan-SLR station during the period from 1991 to 2001 are given. Finally,
a comparative study of the results of the data obtained from the Helwan-SLR
station with those obtained from other SLR network stations have been made.
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