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Abstract—While the Low Earth Orbit satellite has been placed
on the determined orbit, ground station has required making a
contact with satellite to receive information and control its
subsystems. The time variant behavior of the satellite — station
radio link should be considered in an appropriate model. This
issue has been important because of its high impact on choice the
type of the modulation, channel access method designing and
error control. In this article the probability of error’s range
changes would be estimated momentarily. To achieve this
purpose, at first instantaneous communication angles have been
measured on the satellite theoretically, and based on these
communication angles, the momentary gain in transmitter
antennas would be determined. Then, the variation of the signal-
to-noise rate (SNR) have been achieved momentarily and based
on it, Bit error rate (BER) changes would be achieved
momentarily, during the time which the LEO satellite has been in
the direct view of the telemetry receiver antenna. Channels
studied in this paper have been wide-band channels which have
been used in transferring images and multimedia messages and
these channels have been modeled due to the effects of multipath
and shadowing conditions.

Index Terms—Bit Error Rate, Fading channel, LEO Satellites,
Radio link, Wideband Telemetry.

I. INTRODUCTION

At the time of receiving data from flying objects or LEO
satellites, shadows falling on the satellite signal cause signal
attenuation. By reducing the angle between the transmitted
beam and reception spot (elevation angle), the shadow zone
would be widen. In this case, due to the lack of direct vision
component by obstacles in the channel, multi-streaming
attenuation would occur. The signal is appeared as a large
number of reflecting components which have reached to the
receiver after successive and multiple reflections. According
to difference among random path of diffusion paths, these
random components could reinforce or undermine each other.
On the other hand for all systems, communicative channel
between the satellite and the ground-station has been the most
sensitive part of the system and limited the performance of the
whole system. Therefore, providing an appropriate model for
the channel is significantly required.

In a high performance model, the time variant behavior of
the satellite—ground station radio link should be considered.

Because this issue has performs an important role in choosing
the type of modulation method, channel access method
designing and error control. Considering time limitations in
accessing LEO satellite or flying object, the author in this
research has applied a method to calculate the error rate in
LEO satellite radio links momentarily in order to reduce it in
the case of any increase in the error. The mathematical
equations in calculating flying objects communicative angles
have been proposed by Marzban and Mohammed Pour in [1].
Based on these equations the communicative angles and SNR
are calculated momentarily and then the channel is simulated.
Channel models are usually classified into two categories;
narrowband and wideband. Narrowband channels, for
situations where the signal bandwidth is much less than
coherent bandwidth in multi-path fading processes, are useful.
Rayleigh channels used for the urban cellular channels, Rice
channels used in the satellite mobile channels and narrowband
channels useful for the aerospace telemetry are as examples
for fading narrowband channel models.

In this research the channel is supposed as a wide band
channel and as it is known, the main solution for the modeling
effects of wideband channel is observing the channel impulse
response. So far, several models have been proposed based on
defined appropriate distributions for the components of
channel impulse response. Choosing distribution related to
each model, selecting path Taps for efficient modeling are
based on measuring and statistical analysis of the measured
data. Some famous models have been proposed such as; DRL
model presented by German Aerospace Center [2], CCSR-
ESTEC model presented by European Space Research and
Technology Centre (ESTEC) [3], Saunders model et al. [4]
and Rice model et al. [5].

Recently, non-stationary satellite systems with respect to the
earth like LEO satellite systems have been considered.
Satellite systems could be used to enhance the availability of
services in the telecommunication networks. Of course, the
main difference between the satellite and ground-based
systems has been their transmission channel. So to improve
existing systems, it has been necessary to simulate the
behavior of distribution path. In this study, link would
simulate to use it in telemetry station to sending command for
controlling subsystems or receiving data from satellite. Also,
due to the increasing rate of the users to send video and data

ISSN:2180-1843 Vol.6 No.1 January - June 2014 9



Journal of Telecommunication, Electronic and Computer Engineering

with high volume, controlling the status of the radio link in the
channel has been needed. Generally, the channel of these
systems was wideband; that is why the subject of this research
has been considered.

II. CALCULATING COMMUNICATIVE ANGLES

The following algorithm was purposed to calculate the
communicative angles between a transmit antenna on the
satellite and a receive antenna in the ground station.

The satellite orbit parameters such as: 3-D coordinate, yaw,
pitch and roll angles was obtained from simulation software
(like STSPLUS software).

Cartesian coordinates of the satellite position and the
receive antenna position was calculated from geographical
coordinates [6, 7].

x,=(M,+Hg) cosB,,-cosL,
Yy, =M, +Hg)-cosB,, -sinL, (D
z,=[M,-(1-€’)+Hg]-sinL,

sp

where; B, is latitude, L, is longitude of the satellite starting

point (the first point that the satellite is seen), H o represents

the height above sea level, 6‘2 =0.00669 is Earth's eccentricity
constant and A/ » is obtained by (2).

V- 6378245 2

" fI-(e*sin® B,)

x,=WM, +H,) cosB, -cosL,,
V=M, +H,) -cosB,, -sinL, (3)
z,=[M, -(1-€)+H,]-sinL,

where; Bap is latitude, L, is longitude of receiver antenna

and;

position at ground station, and H,, represents the height

above sea level, and M W is derived by (4).

Mo - 6378245 @)

a 2.2
J1=(e’sin" B,)
Transfer matrices M, ,M,.M, mentioned in [1] are utilized
to calculate the communicative angles.
Instantaneous satellite coordinates are transferred to the
starting point (SP) of being seen satellite coordinate system by

)

x[ xSP xC[
yl = ysp +M1T. yni (5)
Z Zo Zei
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In (5), X;,;,z,; are the instantaneous coordinates of path

in the SP system. By matrix M, , satellite coordinate system is
transferred to the coordinate system that placed at the SP.

X.;» V. » Z,; are instantaneous coordinates of satellite's flight

path, which is obtained from the simulation results at the
STSPLUS environment.

oy W O
M, =|w, o, o,
Wy W3 Wy

Q)

Transfer matrix elements are obtained from the following
equations:

@, =-sinB, -cosL, -cosd, —sinL, -sin4,
@, =-sinB -sinL  -cos4, +cosL, -sind,,
@; =cos B, -cos 4,
@, =sinB_ -cosL, -sin4,—sinL -cos4,
@,y =sin B -sinL,, -sin 4, +cosL,-cos 4,
@,; =—Cc08 B, -sin 4,
@ =cos B, -cosL,,
@;, =cosB -sinL
@;; =sin B
Equation (7) is utilized to instantaneous transfer the satellite

coordinates (obtained from (5)), to the coordinates of
telemetry receiver antenna.

X, xi_xap
Y | =My Y=Yy )
Z"f Zi - Zap

Where, X,,V,,Z, are the coordinates of the satellite,

which this system has been transferred to antenna location
system by transfer matrix defined as follows;

VTRV AT I 4T
M2=\yy 7n Vx
Vai Vo Vi ®)

Transfer matrix elements are obtained from the following
equations;

yn=-sinB, -cosL,

Vi, =—sinB, -sinL

ap
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7/]3 =Cos lep
V2 =C0sB, -cosL,,

Vp =co0sB, -sinL,

Yy =sinB,,
7y =-sinL,,
Vi = cosLap
733 =0

Using calculated coordinates, which obtained from (7),
distance between receiver antenna and satellite, receiver’s
antenna vertical angle and antenna’s horizontal angle
respectively could be obtained from (9), (10) and (11).

Distance between receiver antenna and satellite at the

moment/; is obtained as follows;

R = xji + yfi + Zfi ©

Antenna Elevation angle at the moment?; is obtained as

follows;

180

’B — y ui
i [ 2 2
xui + Zui 7

Antenna Azimuth angle at the moment /, is obtained as

(10)

follows:

a, = arctan{ Zui } 180 an

X, | 7

The angle Q (depicted in the Fig. 1) on the satellite at the

moment #; can be calculated as follows;

8, = arccos| n,X )Z +’:;;,,,, ) zy + ”ZZ ZZ 180 (12)
\/(x;, +Vut Zui)(n)(‘w +hy, + ”z‘w) 4
In which, n Xo> M, Mz, T obtained as follows;
nx,, My,
_ T 13
n, =M, -M]|n, 13)
nZu’u nZO
nXL'l
n, |=MI0 (14)
G
gnzo B O

In which, M, is converter matrix for coordinate system, and
can be defined by (15).

Telemetry Radio Link
Sy O Oy
M;=|6,;, 6y 6y (15)
Oy Oy Oy

Transfer matrix elements are obtained from the following
equations;

0,,; = €08 -cosy,

0y, =COSy, -siny, +siny, -sinJ - cosy,
O3, =siny, -siny, —cosy, -sing. - cosy,
0,,; =—c0s§, -siny;,

0,,; =COSY, -Ccosly, —siny, -sinY -siny,
0,,; =8iny, -cosy, +cosy, -sinY -siny,
&y, =sin,

0y, =—siny, -cos

05, =COS Y, - 08§,
Where;
& = Pitch, y =Roll, y =Yaw

The angle @, (depicted in the Fig. 1) on the satellite at the

moment #; can be calculated as follows;

'] 180
o = arctan[y,‘“} — (16)
z, Vs
Where;
y;d. and Z;U. is obtained from (17) and (18).
_x;l Xy = X |
Y |[= M5 | Y= Y (an
Z;” Zy T Za ]
_xu Xop — Xy
18
Vu |= M| Yy =2y (1%
_zu Z(lp - pr ]

Thus, Communication angles; Azimuth, Elevation, Theta
and phi (depicted in the Fig. 1) and range of radio link
(distance between satellite and earth stations) have been
calculated. Range of the radio link depicted in the Fig. 2 and
angles versus time were plotted in the Fig. 3 and Fig. 4.

To determine the instantancous gains of telemetry
transmitter and receiver antennas, instantaneous values of
communicative angels should be calculated. With the respect
to the 2-D table of telemetry transmit antennas gain and using
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communicative angle @ and ¢, instantaneous transmit antenna
gain is achieved.

In this research, it has been assumed that two source-point
transmit antennas has been installed on the satellite in the 104
distance from each other.

So, with the help of the equation (19), we can calculate the
antenna of the transmitter electric field at receiver antenna
location.

> (6.0)=1i2(6.9) eXp[jk{Xm sinfcos g+, Siwsm"’”’ﬂ (19)
1.2 > —J1L2 > N

2, c080
Where j,,(6,¢) is the electric field induced by transmitting
antennas at each receiver antenna location, £,(0,9) is the

field radiation pattern, k=27/2
wavelength.

The 2-D table contains antenna gain in each ¢ and ¢
angles that is obtained with the direct measuring of antenna
gain in the chamber room or analyze antenna theory equations
[8, 9]. Based on previous assumption, calculating field
radiation pattern and using communicative angle, Gr(g,w) is
obtained [10, 11];

Fig. 5 depicts resulting pattern from (19) for two transmit
antenna in 6=90°.

and A is free space

III. CALCULATING SIGNAL TO NOISE RATIO (SNR)

The transmitter system installed on the satellite would
connect directly to the ground receiving station to calculate
signal strength at the input of telemetry receiver and also for
the mapping of the communicative angles (obtained from the
equations in space) to space environment. The following
equation is used to calculate the received power of telemetry
receiver [12].

_ Pt Gr(0’¢)ﬁ(9’¢)se/ 'LT (20)
" 47R*
Where, P, is the received power, Pis the transmitter

power, G, is the transmit antenna gain, f,is the polarization
loss coefficient, S, is the affective surface of receive antenna,

L, is the total diffuse loss and R is the distance between the

receive and the transmit antennas. The value of storing energy
in receiver in decibel is given by;

§=10-log 2o @n
P

Where, P is the sensitivity of the receiver. In the major
topics of communication, received SNR is a good indicator for
evaluating the radio link. The instantaneous value of this
parameter could be used to simulate the instantaneous
environment publication [13]. Signal-to-noise ratio is obtained
as follow;

SNR =3 (22)
NU
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To calculate the SNR from aforementioned equations, the
simulation is accomplished with the parameters as listed in the
Table 1.

Table 1
Chosen values of parameters

Parameters Chosen values
Power of additive Gaussian white noise -130dB
Carrier frequency of transmitter 460 MHz
Total diffuse losses -6 dB
The transmitter power 10W

The polarization loss coefficient 0.5
Receiver sensitivity -95 dBm

IV. SIMULATION OF RADIO LINK

Channel model for the performance evaluation of
modulation method, and channel coding techniques are very
important. Channel models are usually classified into two
categories; narrowband and wideband. Narrowband channels,
for situations where the signal bandwidth is much less than
coherent bandwidth in multi-path fading processes, are useful.
Rayleigh channels used for the urban cellular channels, Rice
channels used in the satellite mobile channels and narrowband
channels useful for the aerospace telemetry are as examples
for fading narrowband channel models.

The satellite link has been mainly affected by the
shadowing in the small eclevation angle, no line of sight
condition occurs. So, power density function of signal
amplitude was Rayleigh distributed. In the larger elevation
angle, if direct signal component existed (line of sight
condition) the pdf of signal amplitude would be modeled by
Rician distribution. The Channel model used in this study for
the wideband telemetry link was a multipath channel model
with additive white Gaussian noise (AWGN).

Due to the existence or the lack of direct sight component,
fading amplitude could be modelled with the distribution of
Rician or a Rayleigh. If multi-path reflective paths were large
and there was no direct line of sight, fading would be Rayleigh
distributed [14]. If the dominant LOS path also existed, the
fading would be Rician. Best and worst fading Rician
channels would be described by the factor K. If a factor K was
zero, Channel would be Rayleigh in the absence of a direct
line of sight condition. If a factor K was infinite channel
would be Gaussian with strong direct line of sight. So, as a
special case of Rician fading channels with K = 0, Rayleigh
fading channel was considered. The Rician PDF would be
shown as follow [14]:

o= Soab b 2], a0
o, o
k=p*/20; o)

Where ]| [O] was the zero-order modified first kind-Bessel
functions. Now, if there was no line of sight propagation path,
K=0and/, [0]: 1, the Rayleigh PDF would be shown as
follow [14]:

. r
Fuan ) =5 expl-r* 207 ]

0

r>0 (24)
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Simulation of link was done in 2 cases: first, when no line
of sight condition occurred in the small elevation angles, then
line of sight condition occurred in the larger elevation angles,
for doing this the QPSK modulation with 71'/ 4 phase shift,

gray coding and resulting SNR from pervious section has been
used [15] and result would be depicted in the Figures 6-9.
Rayleigh fading envelope was shown in the Figure 6 and Rice
fading envelope was shown in the Figure 7. The simulation
result of BER and SER in Rayleigh multipath channel would
be shown in the Figure 8 and the simulation result of BER and
SER in Rice multipath channel would be shown in the Figure
9. In the Figure 10, BER versus signal to noise ratio in the
Rice fading channel for different value of K (for K =0, 5, 7,
15 dB) would be shown [16 - 18].

To eliminate the effect of Doppler shift, having automatic
frequency controller (AFC) in the receiver is necessary. If
Doppler shift variation in one period is negligible and the
receiver design is correct, carrier frequency offset (CFO)
could eliminate the effect of Doppler [19, 20].

Wideband channel models are used in two modes that the
signal bandwidth is either in the same order or higher than the
coherent bandwidth of fading multi-path process. In this case,
the single multi-path reflections, is resolved in the signal
bandwidth. The channel has been simulated as a shifted
impulses functions with time-varying coefficients that would
be able to calculate multi-path characteristics changes. If
channel change is slow enough, after a short time interval the
channel will be simulated by a LTI system that its base-band
impulse response is composed of L diffusion paths, and can be
depicted as following form [5];

~ Lt
7= ST expl joc?, o 7,) e
k=0

In trade-off between model accuracy and complexity the
number of multi-path reflections (L) used in the model is
determined. Generally, in the higher value of L the channel
model is more accurate. To represent the multipath
interference with reasonable accuracy minimum number of
paths, the suitable value for L is equal 3 [5]. The impulse
response that is used in aeronautical telemetry channel is
depicted as the following form;
h(1)=5(t)+T, 8(1-1,)+T, 6(1-1,) 26)

Where 7, and 7, demonstrate delays and two value
I, =T, +jI,, and ', =T, +;T,, demonstrate amplitudes

of two multi-path reflections, as introduced in [5]. The
received signal is shown by:

#(e)= £(e)* h(e)+ wle)
()= f(O)+T (e =7)+ T, f (e =7,)+wle) 28)

Where w=w; +j w, demonstrates the additive thermal

@7

noise, which is modeled as a complex-valued Gaussian
random noise where the real and imaginary part each have
been zero mean.

The BER of multipath channel is a function of the multipath
parameters T, 7, [,andr,. These parameters are the time

variant as the airborne transmitter headway along its flight

Telemetry Radio Link

path. The average values of these parameters have been
described in [5], which can be rewritten as follows;

I[|=0385 7,=45ns (29)

Ir,| = 0.01, (30)

So, the channel composed of a line of sight diffusion path
and two multi-path reflections. The first reflection has a short
delay and large relative amplitude and caused by a specular
earth reflection. The second reflection is a weaker reflection.

In the Fig. 11 the simulated bit error probability versus SNR
in the input data bit with a bit rate of 10Mbit/s for different
values of |I'|with phase /4, has been plotted. Then, in the

7, =155ns

Figure 12 the results of simulation modelling to calculate the
error rate of bits versus values of ‘rl‘ for different values of

Ir,| phase in input information bit rate of 10Mbit/s, and

SNR=10dB has been plotted and in the Figure 13, could see
the simulated channel bit error rate calculated in accordance
with the broadband signal to noise in the input bit with
different bit rates.

V. CONCLUSION

According to the importance of telemetry link design, this
link should be designed so that against damaging
environmental factors not to be impaired. For this purpose, the
time variant behavior with the satellite-station radio link is
considered and based on the different conditions of
propagation link’s, there are different modes for the channel.
One of the most important parameters in the analysis of the
quality of wireless links is SNR, which by its instantaneous
calculation, links status can be measured momentarily and
BER of the links can be obtained. In this research, BER for
QPSK modulation method in frequency selective multi-
streaming fading channel is obtained for the space telemetry
applications. In the beginning and the end of the satellite
observation for the small elevation angles in presence of a
powerful multipath reflection the BER with a great error
(about 107?) for ‘1"]‘20.5 is obtained. But in the greater

elevation angles, the reflections have less impacts and BER in
the absence of reflections status in Rice channel for K=15dB
is calculated about 10”. By calculating BER momentarily the
error could be improved by choosing the type of modulation
method, channel accessing method designing and other
telecommunication techniques.
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Figure 1: Communication angles between transmit and receive
antennas
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Figure 4: Azimuth angle versus time
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Simulation of BER/SER for QPSK with Gray coding( Rayleigh multipath and AWGH)
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+ BER-simulated

o SER
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w
=
1 1} 5 10 15 20 25 30 35
SNR=Eb/No(dB)
Figure 5: Radiation pattern for 2 antennas on satellite in =90° and ¢=0~360" Figure 8: BER and SER of Rayleigh multipath and AWGN
Rayleigh Fading Envelope(variance=0.5)
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Figure 6: Rayleigh fading envelope Figure 9: BER and SER for rice multipath and AWGN for K = 7dB
Simulation of BER for QPSK with Gray coding(Rice fading and AWGN)
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Figure 7: Rice fading envelope for K = 7dB Figure 10: BER versus signal to noise ratio in the Rice fading channel

(forK=0, 5,7, 15dB)
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P Simulation of BER for QPSK(Wideband Channel & AVWGN)
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Figure 11: BER versus signal to noise ratio for different values ||
with phase 7 /4 and bit rate of 10Mbit/s

Simulation of BER for QPSK(Wideband Channel & AWGN)
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Figure 12: BER versus | Iy| for different values of I’y phase in
bit rate of 10Mbit/s, and SNR =10dB

Simulation of BER for QPSK({Wideband Channel & AWGN)
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Figure 13: BER versus signal to noise ratio at different bit rate
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