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ABSTRACT

In this paper satellite wave propagatiorkKatandKa band is considered. The design and simulation of a
typical satellite beacon receiver K band is designed and simulated for the future works. o
attenuation prediction at Ku band using satellite signal beacon measurement and simulations for Iran
Telecommunication Research Center (ITRC) are presented. The measurement setup comsists of
simultaneous measurement stations: satellite signal beacon measurement station and automatic weather
measurement station. Within the period of January to June 2012, beacon signal level and rain rate were
simultaneously recorded, collected and analyZée. resultof these measurement are compared with-1TU
R attenuation model. The comparison shows that there are some differences betwBeand theasured
data. The main conclusion of this paper is that using global rain attenuation prediction modetsiitable
solution in local satellite link design and detailed satellite wave propagation study at local points are
necessaryrinally design and implementation of the propagation softwategsribed
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1- INTRODUCTION

The rapidgrowth of satellite communication systems
and services haled the space industry to be considered
more seriously in recent decades Using higher

crystal source that has low intermodulation and phase
noise. This means that most energy exista narrow
bandwidth in a center frequency [1]. Beacon signals can
be as much as 480 dB below the composite carriers.

X e Saellite beacon receiver has to locate the beacon signals
frequenciessuch as Ku and Ka barttavehighlighted a o4 measure its power level. Since all of the signal energy

need for estimating the effect of different propagationg cose tg the carrier frequency, satellite beacon receiver
impairments.However, the specific capacity of satelllteh

cat A g " ﬂas a narrow bandwidth on the earth. Therefore, the noise
communication 1o respond nNUMerous requests and e receiver thds proportional to the bandwidth is very
services for communications have increased satellite

ications ' low. In this receiver, bandwidth of IF section should be
communicationsmportance low because the received signal power is very small which

Nowadays, using Ku (14/12 GHz) and Ka (30/20is achieved by high dynamic ran.

GHz) bands for satellitecommunicationshave many |aglE 1. SUMMARY OF SOME THEORETICAL

advantages such as wider bandwidth, higher data rat8SyD EXPERIMENTAL STU DIES ON RAIN
more data capacity,smaller size of component and ATTENUATION

subsystenandsmallsizeof ground stations Ref Summary

[2] A climatic map of rainfall attenuation for Turkey is developt
For this purpose, meteorological data with a 24 h
integration time for 214 sites throughout Turkey is gathe
and processed to obtain & Iminute database. In the seco
stage, the atteation is predicted by the Leita®/atson (1986)
model. In the final stage the regional and global attenue
maps are prepared by a contouring procedure, dependir
exceedancerobabilities, frequencypolarizationand satellite
position. Rainfall intensity and attenuation maps for
possible Earttspace links at frequencies betweer300GHz
are produced, and the predicted results are compared wit
measured values to evaluate the accuracy of the model

Throughthe propagatiopath between the satellite and
ground station, some natural phenomenachs as
atmospheric gases, water vapor, oxygen molecule
clouds, rain, dust and fogxisting in different layers of
the atmosphermcludingtroposphere and ionosphere, can
cause someamajor impairment on the availability and
quality of satellite links duing service period. This natural
phenomenon caused errors and problems such
attenuation, changes in polarization, fading, delay an
dispersion. Particularly at higher frequencies such as K
and Ka bands the effects of those propagagieenomena  [3]
will not benegligibleand should be considersdriously

The statistical analysis were carried out on the meas
rainfall attenuation data were described. This paper pres
result of measurements of rain attenuation for sigr
propagating at 12.2525 GHz during some rain periods.
measuredhttenuation wasompared with that obtained usir
three different models

The effects of containing water particleare
considerable. Rainfall is one of the most affecting
atmospheric phenomena in the satellite wave propagation.
Signal absorption and scattering are two impureffects
of raindrops for frequencies above 10 GHz, because it c:

Analysis of experimental data compared against existing
attenuation prediction models which have been u
previously in satellite communication systelisspresented

cause largest attenuation and is usually the limiting factc
at Ku and Ka band satellite link design [1].

For reliable and secure satellite communication
theoretical and experimental gmagation studies in g
different frequencies and regions agsesential. During
satellite service period, impairmentsf propagationsuch
as signal absorption and scattering should be considered
and thereforéo improve link availability it is essentiato

Data analysis was cdaocted in two ways. At the first, b
performing statistical analysis on rain attenuation predic
models; and secondly, by making a comparison betw
measured data and the rain attenuation prediction model.

Modifications to the International Teleoaunication Union
(ITU-R P.61810) model and an appropriate rain attenuat
prediction model for tropical countriés reported The model
was developed based on data obtained from tropical
equatorial regions.

preparea suitable link marggand some techniques, such

as site diversity. In recent yearsdifferent designs oatellite beacon

receiver (analog and digital) areproposed and
Several heoretical and experimental studies of rainimplementedT]-[11]. Beacon signals are used for various
attenuation can be found in many literatur@sme of applications including precise orientation of the earth
these papers are summarized in Tableldweverin our  station to the satellite, automatic frequency control and
country, Iran, these measurements are the first reportedtellite propagatio research. These cases demonstrate
results. It should be considered thateasured rain the importance of using the reference beacon signal. To
attenuation data is still insufficient in order to estimate theeceive satellite beacon, an appropriate receiver is needed.
link within the individualsatellite signabeacon Locking on satellite beacon signal is hard. Though
conventional satellite receivers are also genegdilg to

There are different nieods to study satellite wave yack the beacon signal, the nature of the signal is led to
propagation such as radar, radiometer and signal beacgiyate a special receiver.

method. Satellite signal beacon method is one of the most

important, reliable and inexpensive method in comparison In this paper, the design and simulation of a satellite
with the other methods. Satellite beacon is a referensignal beacon receiver have been done in Ka balsd.
signal with a fixed frequency and power and withouthe relation between rain attenuation and raienisity on
modulation that is sent usually by satellites. This signailadio wave propagation along downlink in 4and is
has its own specific transponder with telemetry satellitéhown through experimental ~measurement.
signal. In some cases, the signal is buried between the dgemparison of the estimated International #RUmodel
transponders. Satelliteeacon is usually created by a fixedand measured data is presented. It should be considered
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that this measurement at Ku band isfirg experimental system noise figure must be also considered in the design
study on link propagation study at ku band in Iran byof filter bandwidth.

Radio Communication Group of ITREinally, according

to the reported technics and standards design and

implementation of the satellite wave propagation software )

is presented. \ a’ "
It shoud be considered that presented results in this el S S

paper is the conclusion of tlisatellite wave propagation 1.8 m Offset

feasibility study in Iran Telecommunication Research R

Center (ITRC), has been done during 20&221].

2- SATELLITE BEACON REC EIVER DESIGN
AND SIMULATION

2-1 SATELLITE BEACON REC EIVER DESIGN

The proposed satellite propagation experimentation
setup is presented in Fig. 1. As shown in Fig. 1,
simultaneous measurement of satellite beacon signal and
weather parameters should be done. In this papgsigml
of a typical Ka band satellite beacon receiver for Spectrum Analyzer
propagation experimentation is presented.

L & &7

Considering attenuation of propagatisrover 200dB RG-58 |
in satellite signal path of fixed geostationary satellite orbit GPB
to theearth, the received power level #he input of the Automatic Weather
antenna is smaller tharl00 dBm. According to the b
parameters of this system; the receiver must have high ' - Data Togger T
gain, low noise factor, desirable frequency stability and P
appropriate phase noise. The designed receiver with a

LNB as an input andh super heterodyne receiver are 5[:! _ﬁ %
presented in Fig. 2. ~V

VSAT Router

In Fig. 2, the LNB output is connected to the biasing
block. IF and DC parts are separated and LNB supply is_. ) )
fed by a separator that includes bypass capacitors anfi9- 1.Block diagram of the experimental system at ITRC
RFC inductors.

ANT

The output of the biasg block is the IF signal that can . 5 T . FROCESS
be amplified by the IF amplifier and the intended ban _£ ' - il

will be selected by the filter. Since the IF frequency is sti & l > - ’
considerable amount at this stage, therefore, an additio

step is required to reduce frequency bmiaer and local
oscillator in the 2 GHz range

The advantage of this circuit is that amplifying and Fig. 2. Block diagram of the designed receiver
channel selection processes take place in several stages.

This simplicity of implementation especially about thefiIters and increasing the signal power level, one or more

filters of the channel selection, will r&wve the oscillation s ) .

problem of the large gain in the RF and the contraé{: alr.rf].pllfl_ers a;ter IF f"te'f cgg be I_usded. ﬁ\ftedr suitable
S ' mplification, the output signa$ appliedto the detector

between sensitivity and image frequency. The employe?}at follows the squareal. Therefore, the output voltage

LNB has standard waveguide input in the desired ban . : ;

therefore in the antenna output after antenna feed we cghéhe dg?etﬁfg?r \I/So|?&;ggor;uson§;rtﬁp|t2§ Ir;)?/ma%%vlv()es/(fgiteél

use waveguide Ber. converter andequiredconversions in the digitglart are
The LNB is fed by IF output. The appropriate gain,implement on it.

ultra-low noise factor and good internal consistency of the

local frequency are its features. In Fig. 3, the receivedelaltri]véwshiglr??rkéqltj)grﬁzysoef tﬁ]:a Eg&vgnbg]g%gildgagm?y of
signal at the input antenna after entering into the LNB '%ne used local oscillator is important, To builldcal

given by a narrow banfilter. Bandwidth of the filter cillator signal (O) a very high stable and low
forces a restriction on the size that can be implemente%cbS 9 y 19

and manufactured. This filter should have as much gsduency oscillator such as TCXO as frequency refe_rence
: n the phase loop si@m, can be usednd frequency is

increased. If direct implementation of the LO signal was
not possible by PLL, to achieve the desired frequency

To compensate mixer conversion losses, attenuation of

possible low attenuation in the pass band. Given that lo
bandwidth filters have more loss, it can be said that th
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should be used of active or passive frequency multipliedesired specifications of the filter, a respenof the
such as SRD diode and desired LO frequency is sedarateimulated model for this filter is as Fig. 8. In Figsl®
harmonic responses of the system are presented at the

of unwanted products by a band pass filtel.[

output of each module. Level of the power of the primary

2-2- SIMULATION RESULTS OF THE
SATELLITE BEACON REC EIVER m2.

The proposed block diagram is simulated for receiver.

In this simulation most of the element models are derived
from Datasheet parts. Simulation tbfe supposed signal
beacon is done in the Ka band at the frequency of 21.215
GHz and the power abott10 dBm in the output of the
receiver antenna. It should be noted, the selected
components are chosen in such a way that is usable in
frequency ranges difie LNB output in the Ka band.

Designed synthesizer has adjustable frequency which
can be used in other than the frequency used in this article.
Due to the input beacon frequency and LO frequency
related to LNB, IF1 frequency is equal to 965 MHz. IF2
frequency is designed equal to 90MHz by designing LO2
equal to 965 MHz. Thus filters and other components are
used proportional to the circuit position in these
frequencies. Simplified LNB model in the simulation are
presented according to LNB specifications 9§00HD
model which is built in Norsat Compani4).

Simulation of used unknown parameters such as the
gain distribution, local oscillator parameters, and
characteristics of the filters is performed in accordance
with conventional systems. Results of LNighslation for
different power levels of the input frequency 21.215 GHz
are presented in Fig. 3. The output of the module is
saturated when the input is greater tFehdBm.

To design the desired PLL, some specific software is
applied. Used synthesizer ADF4350 which is a product
of Analog Devices Company 15]. The required
parameters such as the desired output frequency are
adjusted to suit the demands. The design is done for
output frequency 875 MHz. Loop bandwidth and other
parameters are selected taitshe needs of projects. In
Figs. 4 and 5, the time response and phase noise of the
PLL is represented respectively. As sedime PLL is
locked after a very short time and has a low phase noise.
AD8309 model which is a product of Analogue Device
Companyis used as log Amp detectdrq. This element
has been modeled by nonlinear relationships and blocks.
In Fig. 6, the response of simulation is presented which
shows that abov&’0 dBm, the logarithmic functionality is
achieved. Output slope is 20 mV/dBdaiSS value is
about-80 dBm.

Also | F16s filter is simul
narrow bandwidth, the designed filter must have low
losses and higl. For this reason mechanical inter digital
filters arechosen as the best option. Due to the high gain
of LNB, loss of this filter has little effect on the overall
system noise figure.

Frequency characteristic of the designed filter is given
in Fig. 7. As $; curve shows, the insertion loss is
negligible in he pass band. Integrated crystal filters have
been used for IF2. These filters are typically used at
frequencies below 100 MHz and features include a
bandwidth that is ultra slim and low loss. According to the
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The curve in Fig. 13 presents the output voltage of the
detector. Considering the saturation characteristics of the
receiver, around68 dBm input power saturate designed
receiver. Also according to the characteristics of the .

system, dynamic range is abd@ dB. In Fig. 14some

—
LL

features of the system such as NF, SNR, TOI, IM3, and

P1dB are plotted relative to the output of each module

End points of each curve represent the final value of thes
parameter for the entire system. For example, the system
gain is 95.27 dB and the noise figure of the system is
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frequency shift. In this simulation, the carrier power is
considered constant. It is observed that the response is
very similar to response of IFfliters. The amount of
output ripple, carrier frequency shift in the system pass
band is about 1.7 dB that occurs between 2 KHz.

3- SATELLITE SIGNAL BEACON
MEASUREMENT

The experimental site was at Tehran, ICT Research
Center (ITRC). Description of the measment site is
presented in Tabl@. The receiver antenna is pointed
toward IS15(INTELSAT 15), located at 855E. The IS
15 is a 3axis stabilized satellite with zero momentum
system and has two 2.3 m deployable dyrad reflectors
and one 1.4 m deekounted antenna. The foot print of
IS-15 is for Middle East, Indian Ocean and Russia at Ku
band.

TABLE 2. SITE CHARACTERISTICS.
Site Parameter Specification

51.38E ,35.79N

Earth station location

Satellite Position 85.14
True North Azimuth 131.12
Satellite Elevation 35.40
Distance to satellite 38151.435 km
Beacon Frequency 10951 GHz 11.451 GHz

Satellite ERIP 42.91 56.7 dBW

As mentioned in introduction, n@ of the most
important technicsused for satellite wave propagation
studiess satellite beacomignal measurement. The beacon
signalis a reference signal with fixed frequency, power
and without modulation that is sent usually by satellites.
This signal usually has its own specific transporatein
some cases is sent between s#eltransponder. The
frequency plan of INTELSAT 15 is shown in Fitg. As
mentioned in Table2, there are two signal beacons;
10.951 GHz, 11.451 GHz

8 n
— 151
1200

10851
1700

11655

ME2K

10995
VEK ]|
| MEXK ][
10995

1075 11155
MEXK ] [ MES
S | [
1075 1155

8 7
H i |

11495 1575
VEIK ] VEzK ]|
METEK 11

1515

MEXK |
11635

Fig. 16.Frequency plan of Intelsat 15 andwo beacon
frequencieg22]

The mounted measurement setup hae different
sections the signal beacon measurement system and
weather measurement systefie block diagram of the
experimental system at ITRC is shown in HigAlso the
characteristics of measurement setup using spectrum
analyzer with VSAT systenarepresentedn Table3.

In Fig. 15 the output response (voltage level of output
of power detector) is plotted relative to the carrier

Vol. 45, No. 2, Fall 2013


http://eej.aut.ac.ir/
http://eej.aut.ac.ir/

Amirkabir International Journal of Science& Research
(Electrical & Electronics Engineering)

(AlJ-EEE)

Rain Attenuation Prediction at Ku band Using Satellite Signal Beacon
Measurement in ITRC, Iran

TABLE 3. EXPERIMENTAL MEASU REMENT SITE

CHARACTERISTICS

Antenna Diameter
Gain (£ 0.2 dB)
Horn/OMT/TRF

Insertion loss

Return loss

Isolation between two pors

Antenna

Tx: 65 dB Min. @ 13.75 14.0 GHz
75 dB Min. @ 14.06 14.5 GHz

1.8 m
Rx: 45.0 dBj Tx: 46.5 dBi
39

Rx: 0.4 dB Max
Tx: 0.2 dB Max

Rx: 14.0 dB Min.
Tx: 17.7 dB Min.

Rx: 35 dB Min.

LNB

Input frequency
Output frequency
LO frequency
Input Waveguide
Gain
Gain deviation with temp.
Noise Figure
Output Power

Output Connector

10.95 ~11.7 GHz
950 ~ 1700 MHz
10 GHz
WR-75
50 dB
+2dB
0.7 dB (Typ.) 1.0 (Max.)
0 dBm (Min.)

F-Type

VSAT router

Frequency range (Rx, Tx)
Modulation

RF Power

Rx:-35to +7 dBm, Tx: -65 to +0 dBm

950-1700 MHz

QPSK, BPSK

A programmable data logger is used and programme

to record the rain rate data.

The measurement of beacon signal level is done by
spectrum analyzeiThe output signal of thesceiverwas
connectedo a spectrum analyzer which was interface tc

thepersonatomputervia GP-IB (Fig. 17)

Automatic weatherstationwas used in this research
for measuringclimate change. In this statiothe data of
temperature, air pressure, humidity, wind speed ar{_
direction can also be measurda. measure the effectd
rain on satellite linka tipping bucketrain gaugewith 200
cnt area of rain collector apertusnd calibration of 01
mm of rainfall per tipvas installecat ITRC. The range of
measurement in rain gauge is1® mm/min which is

adequatédor different rain rate in ITRC location.

Vol. 45, No. 2, Fall 2013

The Automatic weather station andiigén gaugehave
its programmable data loggérhe clock of the data logger
was synchronized with theC (ersonal computemwhich
was connected via R&8. The measurement sgb did
notneglectany rain event

As mentioned, a PC is used to controlthe
measurement procesghe first satellite propagation study
measurement setup at ITRC and its positieeshown in
Figs.19and20.

o~
-~
-

S
[Emergency Power

Fig. 18. Applied Automatic Rain Gauge
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Fig. 19. The first satellite propagation study measurement setup at ITRC

Tehran ©
ICT Resaerch Center(ITRC)

Fig. 20. Position of themounted measurement setup at
ITRC, Tehran

3-1 ATTENUATION DUE TO
MEASUREMENT AND DISC USSION

The attenuation A) has a relation with rate of
precipitation R). Distribution of the dropletsither must

RAIN,

be measured, or based on statistical parameters is
assumed to obtain attenuation for satellite link through

rain events (Fig. 18) For practical calculations the

36

specific attenuatiofdB/km) of an electromagnetic wave
propagating through rain with intensiB (mm/h) can be
calculated using (1)

A=aR 1)

wherea and b are dependent on frequency as well as
polarizationand temperaturand can be found in ITR
Recommendation P.838][ Dependency on temperature
is for variation of water dielectric constant with
temperature. The detail of this and empirical valueafor
and b can be findn [6].

When specific attenuation is known, attenuation
through rain can be calculated mltiplying the specific
attenuation anceffective path length through raifor
given location and elevation angle, this parameter can
either be fand from simultaneoumeasurement of rain
attenuation and rainfall rate

Rain intensity for different percentages of time can
either beacquired from local measurement.

3-2 MEASURED SIGNAL LEVE L AND RAIN
INTENSITY

Within the period of Januarto June2012, beacon
signal level and raimate were recorded, collected and

Vol. 45, No. 2, Fall 2013
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analyzedduring propagation and@dommunication time
By subtracting a reference level from the measure
received signal level, thain attenuationvasobtained

In the period of measuremesix month), we had 53
rainy days. In 12 daysain ratewasover 10 mm/randin
the April of 2012rain ratewasabout ® mm/h.

It should be note thahé reference level is obtained
by averaginghe entire received signal level data on eacl
month duringsunny day Here the rairrate and the rain
attenuation were averaged over every one minute. Tt
relation between rain attenuation andainm rate is
presentedn Fig. 21. After curve fitting the value of tha 30 40 50
and b in equation(1) was found a=0.314 anb=1.869 Rain Rate (mm/h)
(Fig. 22). In Fig. 22, the dots are obtained by directly rain  Fig. 23.Comparison beween measured raimattenuation
attenwationvs. rain rate. The solid line is thecurve fitting and ITU-R model
obtained byfitting rain rate vs. rain attenuation,and According to theFig. 23, ITU-R model andneasured
finally the dash line is ITU-R model. Compression datahave somalifferences andtherearesome deviatios
betweenmeasured rain attenuation and FRUmodel is from the norm between rain attenuation and rain. fate
presented in Fig23. should be considered thathen the rain rate increase

the difference betweemeasured data and I'TR model
is decreased.
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Curve fit
===ITU-R model
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Rain Attenuation (dB)

-

80

[
N

. These resuls were predictable becausaccording to

2 10 - the published theoretical and experimental studies of rain

= attenuation, it should be considered that using global rain

2 . | attenuation prediction adels is not suitable solution in

S . . . | local satellite link design. In the other hand, detailed

§ e . H satellite wave propagation study at local points is

< AR . necessary. However there are some techniques, such as

£ 2°':‘1 " . site diversity, to improve link availability.

~ V; P . Also the measuredrain intensity at the local point is
A not superseded dhe rain intensity alonthe propagation

20 30 40

Rain Rate (mm/h)

50 path which is affected by rainThere are several

parameters influencing the rain along the propagation
path such asize distribution, rain dropshaperain rate
wind speed,temperature, andlirection of rain. These
parameters will affect theeffects of rain along the
propagation pathGlobal models such as I'FR model
are not applicable to regional areas dindlly have not
good accuracy.

It is necessy to measure, collect anedtcordmuch more
data for a long period dfme and at local neighborhood
regions in order to yield a stakéad reliable relationship
between rain attenuation and rain intensity.

Fig. 21.Measured rain attenuation vs. rain rate at
ITRC
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IMPLEMENTATION OF PROPAGATION
SOFTWARE

Satellite wave propagation experimental studies
essentially need to a software to gather and record the
signal and weather data simultaneousligr this purpose
Radio Communication Grougesigred andimplemenéd
the propagationsoftware The software main core the
signal level measurement unitresented in Fig24. This
core consists of differemhenomena affecting the signal
The softwarebs submenus
30.

Rain Attenuation (dB)

30

20
Rain Rate (mm/h)

40 50

. 22.Curve fitting for measured rain attenuation and
rain rate at ITRC
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Rain Attenuation Dust Attenuation

Atmospheric Gas Attenuation Depolarization

Cloud & Fog Attenuation Sintilation

Fig. 24. The overall structure of softwarefor satellite broadcast

Specific Cloud and fog attenuation Visibilty (k)

Frequency (GHz)

Freguency (GHz) l

Percentage of Year (%) l

— Dry Soil Storm

Specific Horizontal Attenuation(dBiKm) 0.80593
Longitude ‘ Horizortal Phase shift (deg) 180934 |

Latituce ‘

Temprature (K) l Specific Vertical Attenuation(dBiKm) 0.412859 ‘

l Vertical Phase shift (deg)

elevation Angle (deg)

— Wet Soil Storm
‘[Tehran Specific Horizontal Attenuation(dB/Km) 1.40009 ] ‘

Horizontal Phase shift (deg) 202.366
[I Specific Vertical Attenuation(dBHKm) 0.674391 ‘

Specific Attenuation (dBMm) l 0.0825292 Vertical Phase shift (deg) 142554 ‘

Fig. 25.Specific cloud and fog attenuation menu Fig. 26.Soil storm attenuation menu
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B ITRCSI [E=SEEESC)
—Fi S . . ]
ekraation Sintilation (dB)
i 4 0.65 T T T T T T T T T
Elevation Angle (Deg) : 38
fmax: 24
Frequency (GHz) : 18
Temperature Average (C) : 25
Time Percentage (%): 0o
— Elevation Angle Sweep
Humidity Average (%): 30 Teta min :
fun Teta max :
Sintilation (dB): 0.493411
Plot

Fig. 27. Scintillation effect menu

@ mrcea [S=SEE——)

— Atmospheric Profile

Height (Km) 15 Air pressure (hPa) 120.447
| Model TURref. SO v Calculate Mater Xeourconcenttation (G 00014813 Plot

|l Atmospher Model i1y Rpa35 1 (GHz) 10 “

216 6

a

o] temperature (Kelvin)

12 (GHz) 70

— Specific Attenuation

Frequency (GHz) Specific Attenuation (dBMKm) 0.00119337

Gas attenuation (dB/Km)

Specific Attenuation (dB/Km)

Frequency (GHz)

Fig. 28. Gas attenuation menu
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Fig. 29. Rain attenuation menu

Fig. 30. Depolarizationeffect menu
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