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Abstract:

The paper provides methods for precise geostationary satellites orbit determinations
using only distance (ranging) measurements. The results for orbit determination using
both dual Ranging from two separate earth station locations and classical orbit
determination from an earth station are introduced.

A Matlab program is developed to perform orbit determination process. The developed
program takes into account the dynamic model of the satellite orbit including orbit
perturbations due to non_ spherical earth shape, the gravitationa forces of the sun and
moon, and the atmospheric drag. Acceptable results where foreseen in comparison to
the flight proven software tool.

The limitations of ranging measurements will be demonstrated, and the ways to
minimize it will be shown.

Also, spread spectrum orbit determination is provided, and an analysis on the selection
of suitable pseudo-random code generator for implementation in spread spectrum orbit
determination technique is given using Matlab simulink program.
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1. I ntroduction:

Ranging and angular measurements are used together for calculating the trajectory of a
satellite with the help of models of orbit evolution, but due to the problems that rise
from the use of the angular measurements in the orbit determination process as.
a) The mechanical precession is required which leads to very high operationa
costs.
b) Azimuth-Elevation accuracy that depends on the mechanical antenna system
not on the electrical system as the ranging.
¢) The errors on the measurements are often biases, that are slowly evolving, like
the alignment of the mechanical axes, or cyclic (due to day-night temperature
fluctuations) or variable like the deviation between the targeted radio-
frequency direction and the mechanical direction.
Thus, the paper provides a method for orbit determination based only on the ranging
measurements (Pseudo-range).

2. Orbital Parameters:

The elements of an orbit [1], [3], [4] are the parameters needed to specify that orbit
uniquely. The orbital elements are called the set of Keplerian elements. The Keplerian
elements are six: semi-mgor axis (a), eccentricity of the ellipse (e), inclination angle (i),
right ascension of ascending node (Q2) , aL(::jument of perigee (»), true anomaly (J).

-
w Lirse of Moces

Figure 1: Orbital angles
But for geostationary orbit, the inclination angle (i) nearly equal to zero, so the values of
® and Q can not be given with sufficient accuracy, as the position of the ascending node
Is not determined accurately. Thus, the parameters in the kepelerian set are dightly
modified to include implicitly the parameters (i, ®, Q) to avoid singularity, as shown:

Semi-major axis: a (1)
Eccentricity vector inthe x , y directions: “e=ecos(0t+Q), g ="esn(o+Q) 2
Inclination vector in the x , y directions : “ix=sin(i) cos(Q) , "iy= sin(i) sin(Q) (3

Longitude: =0 +J+Q-GAST (4)
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3. Principle of RF distance measurement

Radio frequency is employed for satellite orbit determination [10], which is
accomplished by transmitting a radio frequency signal and receiving - in the
unavoidable system noise - the wave reflected or repeated by the target. It is further
analyzed at the receiver to determine the target's distance. RF signals are subject to a
fixed propagation rate c, the speed of light. A transmitter sends a signal at the instant t,,
which reaches a receiver at the instant t,. The difference between t; and t, is directly
related to the distance the RF signal has traveled by the speed of light.

d=c* (tz—tl) ©)
This round-trip time is also known as the time delay in the receiving equipment and
permits the distance to the satellite (d/2) to be calculated. The relation between this time
delay and the phase shift is:

f=2pft (6)
The distance measurements are performed by means of specific sub-carriers which
modulated at the transmitter and then demodulated in the receiver.
Various approaches are possible according to the nature of the sub-carrier, these
include:

a) Fixed frequency tone.
b) Variable frequency, modulation by a Pseudorandom (PN) sequence.

As, tone system is used in this paper, in this case the sub-carrier is a sinusoidal wave of
fixed frequency.

4. RF distance measurement confiqurations

The RF ranging techniques can be classified according to their operation methods into

two main items [10], [13]:

a) Two-way Distance Ranging: It is customary to use a transponder on the desired
target. This device receives the interrogator RF pulse and replies to it with a much
stronger pulse, usually on a different frequency, as shown in figure (2).

Transponder Interrogator
_—
R
Receiver Transmitter _l
Ranging
Transmitter Receiver

Figure 2: Two-way distance ranging
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b) One-way Distance Ranging:

shown in figure (3).

Transmitter

| EE020- 4

If both stations are provided with stable
synchronized clocks, the distance between them can be established by a one-way
transmission whose elapsed time is measured with reference to the two clocks, as

Precision clock

‘rg; N

Receiver

/ Elapsed time

Precision clock

e

Ry

Figure 3: One-way distance ranging for single and Multi-station systems

In this paper two-way distance method is used due to the synchronization problems

foreseen in the one-way distance method that makes it difficult to be implemented.

5. Protocols of distance measurement

The distance measurements (ranging) makes use of one maor tone for fine
measurement and six minor tones for ambiguity resolution. Ranging is performed in two

steps, ambiguity resolution and distance measurement.

During the ambiguity resolution phase, al minor tones are sent in sequence, each one

being sent together with the major tone.
Ground systems uses different sets of frequencies, as shown in figure (4).

Set A:

I ()

Major tone

Minot tones

100,000

20,000

4,000

300

160

32

g

Fange R=d/2 (Km)

1.5

7.5

]

12875

037.5

46275

12730

Set B:

I (Hz)

Major tone

Dlinot tones

27,377

5556

1111

222

a4

o

2

Eange R=d/2 Km)

5.4

69

13501

675,675

3409.09

16666 6

75000

Figure 4. Various sets of major and minor tones and their equivalent range ambiguity

These tables give the distance ambiguity as a function of the frequency of the tone used.
The phase shift is measured modulo 2p, the measurement will be the same for al values
of R suchthat 2 p f (2 R)/C = K 2p. The distance ambiguity corresponds to the modulus

of the distance obtained for K = 1.
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For geostationary satellite, the frequency of the tone must be a most 8 Hz for the
measurement to be made without ambiguity.
The ranging process behavior could be summarized as shown in figure (5).

Major tone transmission

Time

Minor tone 1 transmission

Minor tone 2 transmission

Minor tone 3 transmission

Minor tone 4 transmission

Llinor tone 5 transmission

Minor tone 6 transmission

Figure5: Ranging sequence performance

Taking as an example the set A of frequencies specified in figure (4) to demonstrate the
procedure for the transmission of the minor tones in order to solve the ambiguity
problem is shown in figure (6).

The major tone at 100 KHz is fust transmitted with the
first minor tone at 20KHz (division by 5).

s

On the reception, the mmor fone is compared with five signals
separated in phase by 2n/5 which are obtamed by division by 5 of the
received major tone and only one of these signals will be m phase
with the received minor tone and is selected.

4L

By this we obtain a replica of the recetved minor tone at
20 KHz 15 obtamed but with the phase accuracy of the

major tone.
J L

Repeating the above steps for the other minor tones.

F Y

Figure 6: Tone ranging protocol
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6. Orbit Determination Algorithm

The algorithm presented is based on statistical least squares (LS) method [9].

End
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Figure 7: Smplified Block diagram for Orbit determination

6.1 Reference Frames
Co-ordinate transformation systems are needed in order to determine the computed
range measurement from the given orbital parameters. Thus, four co-ordinate systems
[1], [2], [4] are introduced to define the satellite position relative to the ground tracking
earth station. These coordinate systems are the following:

1. The Perifocal coordinate (p,g,w).

2. The Geocentric coordinate (1,J,K) ,

3. The Satellite in rotating frame coordinate (X,Y,2),

4. The Topocentric- Horizon coordinate (SE,Z).

1) Perifocal coordinare

. - P . . | LI'P Six {§) orbital elements
Is the ‘natural frame’ for an orbit. It is |

centered at the focus of the orbit.

l

2} Geocentric coordinare

The position of a geostationary satellite,
as measured from the Earth center_

l

3) Sarellire in roraring firame coordinares

The position of a geostationary satellite,
taking into account the movement of
earth. sun and moon.

4} Topocentric -Horizon coordinates

The position Pt a geostatwnarj:.-' satellite. 0P computed Ranzins ”
as measured from the earth station. Anszular measurements

Figure 8: Coordinate systems transformations
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Each of these reference frames are presented in details;

6.1.1 Perifocal coordinate (p , q ,w)
The perifocal frame is the ‘natural frame' for an orbit. It is centered at the focus of the

orhit.

vie hicle

il

L o

Aps OE e J
w

Figure 9: Perifocal coordinates
From this coordinate system the magnitude of the position vector r in the P-Q frame
plane is computed;
r =a*(1-e*cos(E)); @)
I =r*cos(J); rq = rsin(J); (8

Perigee

6.1.2 Geocentric coordinate (I, J, K)
The general Geocentric Equatorial Coordinate System (1JK) is also known as the Earth-

Centered Inertial (ECI) system. ECI’s origin is at Earth's center, and its fundamental
plane is the equator.
z

= north pole

Figure 10: Geocentric coordinate
The I-axis (or +X-axis) points towards the vernal equinox; the J-axis (or +Y-axis) is 90°
to the east in the equatoria plane; and the K-axis (or +Z-axis) points towards the North

Pole. Computing the position components X, Y, Z,
ri= [cos(€2)* cos(m)-sin(€2)* cos(i)* sin(w))* rp + (-cos(Q2)* sin(w)- sin(€2)* cos(i)* cos(w)]*rq; 9
r;=[sin(€2)* cos(w)+ cos(€2)* cos(i)* sin(w) )*rp +(-siN(2)* sin(w) + cos(€2)* cos(i)* cos(w)]* rg; (10)
ne= [sin(i)*sin(w) )*rp + (sin(i)* cos(®) ]*rq; (11)

This coordinate system is considered inertial, but the equinox and plane of the equator
move over time. Thus in order to take into account the relative motion of the satellite

with respect to the earth, introduce the next coordinate system.
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6.1.3 Satellitein rotating frame coordinate (X,Y,Z)
Known also as Satellite Radial coordinate system (RSW), moves with the satellite.

Figure 11: Rotating frame coordinate
Computing the rotating system coordinates:

Xi = COS(GAST)*ri+ sin(GAST)*r; (12
Y, = -sin(GAST)*ri+ cos(GAST)*r; (13)
Z = 1% (14)

6.1.4 Topocentric-Horizon coor dinate (SE,Z)

The position of a geostationary satellite, as measured from the Earth station, is usualy
given in terms of the azimuth and elevation angles. The observer's horizon becomes the
reference plane and his position, the origin.

A Zemth

Satellite

o]

South EarthStation | 7
- M eorth

East

Figure 12: Topocentric coordinate
Now calculating the sub-satellite points (sub-satellite longitude and latitude) as shown
in equations (15) and (16) respectively:

L p/2 —cos™[ Z,/ (X 2+Y,*+Z,%)%°] (15)
tant (Y. /! X;) Y, >0 X, >0
p-tant (Y,/%X Y Y, >0 X, <0 (16)
|s= p/2 +tan™ ( ¥2X, Yol oY, 1) Y, <0 ,X; <0

tan™ (Y4Y, Vel X; ) Y, <0 X, >0
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As, distance from center of earth to the satellite (orbital radius) is;

rs= (X24Y2425%° (17)

d=cos™ [ cos(Le)* cos(Le* cos((Is-le)) + sin(Le)*sin(Ly) | (18)
Thus, Ranging (Ry) equationsiis:

Ry = r¥[1+(Re/ry)* 2* (Refr9* cos(d)]*° (19)
6.2 The State Vector

The State Vector is considered another way to determine the orbit rather than the set of
orbital parameters, where the orbit is determined through the definition of the position
and velocity.

The Matlab program computes the optimum increment in the state vector — equation
(26) — and adds it to the initial state vector to produce a new state vector which is more
precise. This new state vector is transferred back to the orbital parameters.
Transformation from the orbital parameters to the state vector [2]: position (X, Y, Z)
and velocity (dX, dY, dZ), is done as shown in the following equations:

X = r[cos(o+d)*cos(Q) - sin(w+J)*sin(Q)* cos(i)] (20)
Y = r¢[cos(o + J)*sin(Q) + sin(e + J)* cos(Q)* cos(i)] (21)
Z=  r[sin(o+J)* sin(i)] (22)
dX = -mH * [cos(Q)* (sin(o + J) + e*sin(w)) + SIN(Q)* (cos(w + J)+ e* cos(m))* cos(i)] (23)
dY = -mH * [Sin(Q)*(sin(o + J) + e*sin(m)) - cos(Q)* (cos(o + J)+ e* cos(m))* cos(i)] (24)
dZ= mH* [cos(o + J) + €* cos(w)]*sin(i) (25)

Based on the Goodyear relations [2], [3], [6], [8] the best estimate increment in the state
vector is given by:

Dxe=(D'D)** D"+ y (26)
Where:
D=D2*F (27)

6.3 The Dynamic model
The perturbing forces are taken into account in the dynamic model of the satellite orbit,
as shown in the following equations:
Progression of the eccentricity (°/day):

T/t =-1.5* (C/(n*a)) * sin(Qan) , T6,/Tt = 1.5* (C/(n*a)) * cos(Qa) (28)
Where:
C=(1+r)* (S4/m)* 4.51*10°
Progression of the inclination (°/day):

T/t = -3.6¥10™* sin(Qu) , Tiy/Tt = (23.4 + 2.7 * cos(Qw)) *10™ (29)
Where:
Qv =12.111-0.052954 * T
Progression of the argument of perigee (°/day):

Wit = (3/4) * n* A* L * [5* cos’ (i)—1] (30)
Where:
A = Re?la’* (1-€)?
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Progression of the right ascension of ascending node (°/day):

QI = (-3/2) * n* A* J* cos (i) (31)
Progression of the mean anomaly:

MMMt=n*[1+ @A) *A* (1-€)* * L* (3* cos’(i)-1)] (32)
Progression of the longitude (°/day):

MMt =k*(@-a) +2*e* cos(M)* M/t + 2*sin(M)* fe/Tt (33
7. Simulation:

In this section we will provide simulation results for the following:
(@ Orbit determination (OD) example and a generated Matlab results for OD using
dual ranging measurements
(b) A three years orbit determination comparison study for two spacecraft using a
flight proven orbitoagraphy tool and suggested program generated by Matlab.
Each determination was based on two complete days of tracking data using two
earth stations located in Cairo and Alex sites.
The flow chart of the developed Matlab program for dual ranging orbit determinations is

shown in the next figure.
“Real World” “Modeled World”

Orbit determination
Ephemeris Spacecraf} Spacecrgﬁ [*~ Epherneris
— Dynamnic i # Dynamic
Ilodel Iodel
b ¥
) Observation Observation |, Station
Station Ilodel A | Model location]
location?
Predicted‘ observations Predicted|observations
Cotrection to '
o Compare Models Compare |,
! i !
Residuals NO I, MO Residuals
(OK?) (OK?)
l YES YES
Ivleat | Cruidance
Guidan —
ueance CGrudarce
Obgervations [ ™

Figure 13: Dual ranging orbit determination flow chart
(a) OD Example
Input: at time : 29/06/06 10:53:17 ,
Initial Orbital parameters : a = 42165.829900000 Km , =-0.000091740 |,
€,=0.000511280, ix= 0.000419910 rad , iy= 0.000520490 rad , I= 353.000680 deg
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Output: Using Dua ranging OD from two separate earth Stations, and comparing
the results from the Matlab program with that provided from a flight proven
software tool, the following differences are shown:

Orbital Parameters | % difference between the Matlab program and the flight proven tool
a -6.7343€”° %
& 3.93216 %
ey -0.22746 %
ix 1.623 %
iy -0.7869 %
| -2.4428¢° %

Thus, the Matlab program produce acceptable results compared to the flight proven
software tool.
(b) The three (3) years comparison study:
The shown results provide the final modified orbital parameters (semi-maor axis,
eccentricity vector in the x and y directions, inclination vector in the x and y directions
and longitude) for various methods used, and show comparable results with each others.
Spacecraft A final orbital parameters:

SIL1 - a- Semi-major axis (Km) S/L1 -1 - Satellite Longituide
42168 353.05
42167 353 1 ”7”7’”7 D '\4\ 777777
42166 | ﬂ\.{/ e
K 42165 | > - 7 deg 352.95 +—- == — - — N M-
42164 3520 - —
T J0
0162 : : : : : : : : : : : 352.85 T T T T T T T T T T T T T T
91212004 152005 51212006 0U0BI06  12/10/2006 9/12/2004  1/52005  5/2/2006  01/06/06 12/10/2006
1253 16:53 2:23 11:23:17 753 12:53 16:53 22:23 11:23:17 7:53
Date Date
—&—Flight Proven using Range and angular measurments
—&—Flght Proven OD using Range and angular measurments . .
—#—Flight Proven OD using dual ranging
—#—Flight Proven OD Using Dual ranging
Suggested Matlab program using duzl anigng Suggested Matlab program using dual ranging
SILL - ex - Eccentricity in x-axis SIL1 - ey - Eccentricity in y-axis
0.0006 0.0006 e
o4 +—--—--—-—-—-————— "~ N — e — 2 . e A S N oo -]
i N 0.0004 5 <
o.ooozmfﬂw/ﬁ‘:w/fﬂwsy\f ffffffffffff 0.0002 - -\ A
0 / : : : : : : . \u : : : ; 0 T T T T T T T T T T AN LA
0.00029122004 61112005 121612005, /5212006  27/04106. 29/06106- 12/10/2006. 1312007 -0-000?’-2‘_\520;15315’_2005 - o805 12102006
' 12! 16:53 22:23 11:23:17 7:53
oo 258 47 188 1o 1318 WSBY, @, B3| | 00004 7T oo TR SR
' -0.0006
-0.0006 Date
Date
R —«— Flight Proven OD using Range and angular measurments
—4&—Flight Proven OD using Range and angular measurments
—8—Flight Proven OD Using dualranging —— Flight Proven OD using dual ranging
Suggested Matlab program Using Dual ranging Suggested Matlab program using dual raning
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0.0006

SIL1 - ix - Inclination in x-axis

0.0004

0.0002

rad 0

SIL1 - iy - Inclination in the y-axis

0.00100
0.00080 +
0.00060 +
0.00040 +
0.00020 +
0.00000

7

-0.000209/12/2004- - - — H/5/2005- — - - -5/2/2066 - - — - 0106/06— - - —12/
-0.0002 .0.00040 41253 — - — 1653 - — 2223 112317 - 753\ __ -
-0.0004 £0.00060 +—--—--—--—--—--"—-"-"—--"—--—--—--—--—--— - —
-0.00080
-0.0006 Date
Date
—&—Flight Proven OD using Range and angular measurments
—4&—Flight Proven OD using Range and angular measurments
#—Flight Proven 0D using dual ranging —#—Flight Proven OD using dual raning
Suggested Matlab program using dual raning Suggested Matlab program using dual ranging
S/L2 - a - Semi-major axis (Km) S/L2 - | - Satellite Longituide
42167
42166.5 —
42166 + —
421655 —
42165 + —
421645 —
42164 4 —
421635

6/12/2004 12/2/2006 4/5/2006

153

31/08/06  7/12/2006 25/03/07
20:23:17 22:23 18:53:17
Date

21:23 1353

—&—Flight Proven using Range and angular measurments
—#— Flight Proven OD Using Dual ranging

Suggested Matlab Program using dual ranigng

6/12/2004
1.53

2/3/2006
4:23

31/08/06

20:23:17
Date

8/2/2007
8:23

—@— Flight Proven using Range and angular measurments

—#— Flight Proven OD using dual ranging

Suggested Matlab program using dual ranging

SIL2 - ex - Eccentricity in x-axis

S/L2 - ey - Eccentricity in y-axis

Date

—e—Flight Proven using Range and angular measurments
—=—Flight Proven OD using dual ranging

Suggested Matlab program using dual raning

0.0006 0.0004
0.0004 0.0002 1
0.0002 + 0
6/
0 -0.0002 1
K 6/
0.0002 -0.0004 §
-0.0004 +
-0.0006
0.0006 Date
Date —e—Flight Proven using Range and angular measurments
—4&— Flight Proven using Range and angular measurments
—m—Flight Proven OD using dual ranging
—4#— Flight Proven OD Using dual ranging
Suggested Matlab program Using Dual ranging Suggested Matlab program using dual raning
S/L2 - ix - Inclination in x-axis S/L2 - iy - Inclination in the y-axis
0.0006 0.00000 T T T T T T T T T T T T T T
-0.000106/12/200444 12/2/2006- - 4/5/2006— -31/08/06— 7H1:2/2006— -25/03/07— - - — -~ — - - — -
0.0004 0.00020 +L:5: 21:23 1353 _ 20:23:17 22:23 185317 |
-0.00030 +—--f-A—--—--— N\ — - — A — e — - — - — -
0.0002
0.00040 +—--f— - —--F AN — e — -
rad 0 rad -0.00050 -
31Y08/06 /7/12/2006\| 25/03/07 -0.00060 +—-f—--—4 ~—4¢—— - — N —
0.0002 g -2223 83z - 0.00070 —-ff —--—--—mm— e P
-0.00080 +—
0.0004 —--—--— - ¥f-— - - - -\ - — - — - — - — -0.00090 4—
-0.00100
0.0006

Date

—e—Flight Proven using Range and angular measurments

—=#—Flight Proven OD using dual raning

Suggested Matlab program using dual ranging
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8. RF distance measurement limitations

There are many factors which will degrade the RF signals of distance ranging system
along their transmission path, and will limit the range measurement accuracy of a RF
ranging system. The most important factors are: Noise and Multipath effects.

8.1 The effect of noise:

Noise enter an RF ranging system from various sources of interferes with range
measurement. Noise may mask the measurement signal or cause a spurious signal, as a
consequence, the measurement signal may be undetected and even if the RF signa can
be recognized with good reliability, the noise may have shifted the origina
measurement signal in time, changed its amplitude or have had some other detrimental
effect on the measurement. Even with good system design, the noise remains as one of
the main sources of unpredictable errors, limiting achievable measurement precession.

8.2 The effect of M ultipath:

Although only a signal electromagnetic wave is radiated by a transmitting antenna, there
are instances in which that wave reaches the receiver by more than one path. Alternate
paths involve reflections from the ionosphere, from the ground, or from the buildings
and other objects along the propagation path. When more than one wave arrives at the
receiving antenna, the net signal at the antenna is phase or sum separated waves.

The effect of ground reflected wave arriving along with the direct wave is important in
RF high precision ranging systems. The difficulty arises because the phases of the direct
path and the reflected signals are different when they arrive at the receiving antenna and
this produce interference effect. Acting as noise, multipath signal will affect the RF
signals amplitude and phase and as a result, will interfere with range measurement. The
multipath signal is another source of the unpredictable error.

One of the goals of the system design is to depress the multipath signal to the maximum
possible extent to improve the measurement precession. Using spread spectrum
technique [13] — as shown in the next section - is an effective way to combat the effects
of multipath signals.

9. Spread Spectrum Technique

Introducing spread spectrum [13] as a ranging method for orbit determination. It is
transmitted through the Satellite payload channels, which is achievable as the
transmitted signal is spread in such away that it become noise like and thus would not
interfere with the payload traffic and then reproduce the signal again at the receiver
level, and from the detection of the time or phase delay between the transmitted and
received signal, the operator could compute the distance.
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Figure 14: Direct Sequence spread spectrum system
Compared to classical Pseudo-range systems, the use of payload signals has various
advantages for the satellite operator [13]. The payload based ranging signal is aways
present, and have no impact on the satellite control activities, while classical Pseudo-
range actualy has to be activated by satellite commanding. For these reasons, tone
ranging campaigns are limited in time, in contrary to payload methods, which provide
continuous range data. Also, spreading provide advantages for anti- jamming and anti-
interference systems, provide low probability of intercept and could be used for multiple
user random access communications with selective addressing capability. Last but not
least, the accuracy of payload ranging is in genera superior, mainly due to the large
bandwidth and high signal-to-noise ratio. The latter two effects also make payload
ranging an optimal solution for orbit determination.
Spread Spectrum signals use fast codes that run many times the information bandwidth.
These codes are called "Pseudo Random" or "Pseudo Noise" codes. The Pseudo Noise
(PN) [14] signds are the key factor in Spread spectrum systems as they are the ones
responsible for the spreading and de-spreading of the Base band signal. PN sequences
are considered to have a noise like properties for an outsider, but they are known to the
two devices using it. They are considered Pseudo Random because the sequences are
deterministic and known to both the transmitter and the receiver.
Due to the usage of the PN code, the spread spectrum technique has the ability to
discriminate interference signals and detect the received signal by matching received PN
code with the loca PN code and measuring the number of chips of the code delay
between the signal being transmitted and received, and thus determine uniquely the
range from the transmitter to the receiver without ambiguity [10]. Consequently the
spread spectrum technique has its advantage in that its phase is easily resolved.
There are three basic properties that can be applied to a periodic binary sequence (PN
sequence) as atest of the appearance of randomness, they are:

1. Balance Property: Good balance requires that in each period of the sequence, the
number of binary Ones differs from the number of binary Zeros by at most one digit.

2. Run Property: A run is defined as. sequence of a single type of binary digits. The
appearance of the alternate digit in a sequence starts a new run. It is desirable that about
one half the runs of each type are of length 1, about one fourth of length 2, one eighth
are of length 3, and so on.
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3. Correlation Property: If a period of the sequence is compared term by term with
any cyclic shift of it self, it is best if the number of agreements differs from the number
of disagreements by not more than one count.

Generating a Matlab program as shown in figure (15), to check the autocorrelation
property for different codes.

‘l =

=

LPp ARE BAS

PN sequence

|Pseudorandom Sequences |

fGold Sequence

h 4

h 4

Kasami Sequence

h 4

Time offset: 0

Figure 15: Pseudorandom Sequences -
The following autocorrelation results were generated:
| PN=-1 63 | GOLD=-17 -1 15 63 | KASAMI=-9 -1 7 63 |

From the three types of sequences [13], the PN sequences are considered best suited for
synchronization because the autocorrelation takes on just two values. However, the Gold
and Kasami sequences provide a larger number of sequences with good cross-correlation
properties than do the PN sequences.

The PN sequences is considered best suited for synchronization because the
autocorrelation takes on just two values. However, the Gold and Kasami sequences
provide a larger number of sequences with good cross-correlation properties than do the
PN sequences.

As in the future we will try to use the spread spectrum technique in orbit determination,
and then the PN sequence is considered the best suited for this application due to its
good synchronization properties.
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10. Conclusion

From the simulations shown in section 7, it appears that an Orbit determination using
ranging data from two stations apart by around 250 Km and located within different
longitudes from the tracking satellite, is feasible and produces acceptable results.

This conclusion lead to accepting the orbit computed from only the ranging data using
two stations, thus in case of problems in the limited motion antenna campaign could be
performed only using the fixed motion antenna and provide accurate and acceptable
results.

11. Future Work

Next we will try to introduce different approach for the orbit determination by using
spread spectrum technique instead of the normal Pseudo-range technique in order to
reduce the limitations of orbit determination using Pseudo-range technique, discussing
the capabilities and potentials provided using spread spectrum in orbit determination.
Also, we will try to implement residue number system to the spread spectrum
transmitter/receiver system in order to provide security and efficiency to the system
which is not achieved in the case of the spread spectrum transmitter/receiver system that
don't use residue number systems. The signal-to-noise ratio (SNR), and bit error
probability (Pe) will be measured and eval uated.
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Nomenclatures:

Right ascension of ascending node

Argument of perigee

True anomaly

Grinitch apparent sidereal time

phase shift

time delay = (t;—ty)

Magnitude of the angular momentum,

Magnitude of the position vector (r) in the P-Q frame plane Earth
Gravitational constant =3.986e> km®/sec?,

State transition matrix

The deviation in the measurements (actual - predicted measurements)
Observation sensitivity matrix

Covariance matrix.

fi(State vector)/ f(orbital parameter)|at to*[f(state vector)/f(orbital parameter)]™|at
t

Observation-state mapping matrix = the partials of each observation with respect
to the reference state component.

-0.0128° /day.Km

Semi-major axis of the geosynchronous orbit = 42165.8 Km

Earth station latitude, and longitude

Earth radius = 6378.13649 Km.

Right ascension of the sun

Satellite mean motion of geostationary satellite

Effective satellite area- to — massratio

Number of days since 1/1/1950

Zonal coefficient: due to flatness of earth

Mean anomaly





