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ABSTRACT

Radio astronomy is a field of science in which the study of the universe is carried out

using radio telescope. This is done by acquiring the sky signal with the help of the radio

telescope. In general, the strength of the sky signal is as weak as 10-26 to 10-30 W/(m2 -Hz). So the

receiver built to acquire data will be highly sensitive. Therefore if the sky observation has to be

carried out, the environment must be free from radio frequency interference. If not it will mask

the signature of the astronomical sources in the sky data. So before any astronomical observation

is done, the survey of interference should be carried out.

A similar exercise forms the main work of this project. In this project work interference

monitoring was carried out at Gauribidanur to assess the status of RFI level there.
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Chap~rl
Introduction

1.2 Definition of Interference

In the context of Radio Astronomy, "Interference" can be defined as any undesired

signal in the frequency band of observation.

1.2 Classification of Interference

Depending u,pon the power level and duration of occurrence, interference can be

classified into the following two main categories

1. Low level Interference.

2. High level Interference.

Both high level and low level interference can be furthur classified into "Confinuous" and

"Intermittent" interference. Figure 1.1 shows the classification of interference

I

t
Intermittent

High level Interference

1
~

Continuous

lnterttencer-----~
Low level Interference

~~
Continuous Intermittent

Figure I.] : Classification of interference

In general, the interfering signal is considered to be of low level if it is completely hidden

in the noise noor of measuring in:,trumcnl. "Continl/ous" interfering signai i:; (me that appc~m;

most of the time in the spectral band of observation. On the other hand, if interference occurs

once in a while in the spectral band of observation, it will be known as "intermittent ". The main

objective of our project is to monitor only "high level continuolls" interference.



Chapter Ilnlroduclion

1.3 Importance of Interference monitorin2 in Radio Astronomv

It is very much necessary to make a survey of the interference before carrying out

any rad io astronomical observat iOIlS, in order to make sure that no interference line ex ist s

in the frequency band of observation. The effect of the interference line on the radio

observation is of dual fold:

i) In continuum radio observation, the presence of interference line compoletely

masks the signature of the astronomical source

ii) Since the receiver will be very sensitive to low level signals, it will be driven into

saturation by a strong interference. Once the receiver gets saturated, the system

will no longer work in the linear regime.

Interference monitoring gives information about the interrfering signals, their intensity

and duration of occurrence.

1.4 Interfering Signal Properties

The following are some of the important properties of the interfering signals that

should be measured for characterizing them.

l.Polarization matrix vs Time

This gives the polarization information of the interference lines. By having this

information we can plan to observe the sky in a polarization mode much different

from that of the interfering line.

2.Directiol1 vs time

This indicates the direction of source of interfering signal. By knowing the

direction, we can minimize the effect of interference by completely avoiding that

direction for radio observation.

3.Frequency and Bandwidth

This gives us the information about spectral components of the interfering signal.

Also it gives us some information about the modulation of interfering lines.

E&C 2 RRI



Chapler I Inlrodllcl;on

Any communication service, whatever be its purpose, must be established and

must operate in such a manner as not to cause harmful interference to the radio services

of recognized operating agencies. Many cases of harmful interference are caused by non

confirming assignments or out-or-hand operations.

E&C 3 R RI



Chapter 2

International TelecolnmunicationUnion specifications on
various aspects of Radio Communications

The International Telecommunication Union is responsible for the regulatIon of spectrum

usagc for various telecommunication purposes. The usage of spectrum has been regulated in a

manner to avoid mutual interferences between the services by mere agreemcnt. To achieve thIS,

the ITU has set up the Radiocommunication sector which has brought the vanous communication

services under several study groups. Some of the study groups are specified below.

I.Study Group I

2.Study Group2

3.Study Group3

4.Study Group4

5.Study Group7

6.Study Group8

7.Study Group9

Spectrum Management

lnterservice sharing and compatibility

Radio wave propagation

fixed satellite service

Science services

Mobile, radio determination, amateur and related satellite services

Fixed service

The standard specifications for Radio Astronomy comes from the Study Group 7.

2.1 FreQuency Allocation

The Radio Regualations are made by the ITU for usage of the spectrum in planned

manner. To achieve this, the whole world is divided into three regions. For any particular

frequency band, allocations may be different in different regions. The frequency bands allocated

to various radio astronomy services are listed in Table 2.1. The choice of the frequency band for

Radio astronomy depends upon the type of observation.



Chapter 2 International TelecommunicationUnion spe('[ficatlOns on various aspects of RadIO communication

Table 2.1 : Frequency Bands allocated to the radio astronomy service that are preferred for

continuum observations ( sl'c(lI1dary allocations arc contained vvithin brackets)

Frequency Band I Bandwidth T . Frequencv Band -r-f~,;-r~d\Vidth 1!

I II i

(MHz) (%)
i

(GHz)
i

(%)i

13.36 - 13.41

0.3710.6-10.70.94

25.55 - 56.67

0.49(14.47 - 14.5 )( 0.21 )

(37.5 - 38.25 )

(1.98)15.35-15.40.33

73 -74.6

2.1722.21 - 22.501.3

150.05 -153

1.9523.6 - 24.01.68

322 - 328.6

2.0331.3-31.81.58

406.1-410

0.9642.5 - 43.52.33

608-614

0.9886 - 926.74 -.

1400 - 1427

1.91105-1169.95
..1660 - 1670

0.60164 - 1682.41

2690 - 2700

0.37182 - 1851.63

(2655- -2690)

(1.31 )217 - 2316.25

(4800 - 4990)

(3.88)265 - 2753.70

4990 - 5000

0.20-

2.2 Vulnerability of Radio Astronomv Obsevations to Interference

. Radio astronomy is a passive service in the sense that it can only receive the signal

instead of transmitting. The signals in radio astronomy arc as weak as 10-26 to 10-30 W/(m2

HZ). The power flux densities of these signals are 40 to 100 dB below those utilised by other

communication services. Therefore the receiver system hecause of its higher sensivity is highly

vulnerable to interference.

2.3 Basic Assumptions in calculation of Interference level

Following are some of the important assumptions made to calculate the interference

1. The antenna is large enough to have very narrow main loibe beam width, so that the

interference entering through the main lobe is highly insignificant. Therefore for all

considerations, interference entering only through the sidelobes may be taken intop account.

E&C
VV I ET
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Chapter 2 International TelecommunicationUnion speCifications on various aspects of Radio communication

2. Time averaging the signal reduces the noise fluctuations in it. Time averaging can be carried

out in two stages. In the first stage averaging is done in the instrument while acquiring data.

Later on averaging is done in the computer during analysis of the recorded data. As per the

ITD specifications, the minimum averaging time prefered is 2000 sec. Integration time as

high as 3600sec may be used for high sensivity observations.

2.4 Criteria for an interference to be detrimental to Radio

Astronomv

1.Power level of the interfering signal is considered to be harmful if the interfering signal

increases the output of the receiving system by 10% of the r.m.s output fluctuations due to

the system noise.

2. The total time lost for interference must not be more thasn 10% of the total observation

period.

2.5 Theoretical considerations while determinin2: the sensivitv of a

receIver.

Let P represent the average noise power at the output of the receiver, N represent the

numbr of independent samples of the output power acquired. Then minimum detectable power by

the receiver is given by

p

,0.p= ....... (2. 1)

The number of independent samples/see that can be acquired is given by twice the bandwidth uf

the receiver. So as the bandwidth is increased, the number of samples/see can also be increased.

Also if the acquisition is made for T seconds, then the number of independent samples becomes

2[31. \vhere 13 is the bandwidth of' the receiver.

P

... Minimum detectable power ,0.P ,,- -

~2B-t

E&C
V VI ET

6
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Chapter 2 International TelecommunicatlOnUll101I .'pec/fications on various aspects of Radio communication

1.e.

~p K

...... (2.3)

P -V(Rt)

If the power is expressed in terms of the temperature, the above equation becomes

K

T

=
....... (2.4)

Where ~T is the minimum detectable temperature. ~T determines the sensivity of the receiver.

2.6 Threshold Interference levels

The threshold interfercncc lcvel is one 'which changes the output by 1O~;;)of the r.Il1.S

system noise fluctuations .i.e .

...... (2.5)

...... (2.6)

where ~PI is the threshold interference level. Any interference at the input which increases the

value of the noise at the output greater than ~PI is considered to be harmful. The tables 2.2 and

2.3 is the threshold levels of interference levels at various Radio astronomical frequencies both

for continuum as well as spectral line observations.

E&C
VV I ET
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Chapter 2 International Telecommunication Union specifications on various aspects of Radio communication

The figures 2.1 and 2.2 show the threshold interference levels and allocated bandwidths at

various radio astronomical frequencies. The threshold interference levels and the allocated

bandwidth increase in general with the radio astronomical frequencies.

2.7 Better understanding of Interference

Interfering signals with power levels IOdB higher than threshold are considered to be the

most damaging for radio astronomy observations. Interference out side the pass band of the

radio receiver can be rejected using band pass filters. It is possible to reduce the effect of

interference by some techniques which are briefly discussed below

• The effect of the interfering signals can be reduced by continuously and repetatively

monitoring the same spectral band several times so that the intermittent interference lines

get averaged out.

• Offline interference reduction techniques reduce the effect of lower level inter(erence only

to. an smallcr extent. To completely eliminate the low interference, level continuum

interference monitoring for long time is imperrative.

• By having a bcttcr monitoring systcm it is possible to dctect the continuous interfcrence

signals and the output of the receiver can be blanked out at those particular frequency(s).
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Chapter 3
Interference Monitoring system

If the interference monitoring has to be carried out according to the specifications given

by ITU, a continuum receiver which can be tuned to different frequencies having different

bandwidths is required.

Since the receiver with the above specifications does not exist at present, we could not.

adhere to the ITU specification while monitoring. An alternative experimental setup was used

for monitoring interference and is shown in figure 3.1

Ir;lpewid;i1
Structure

Spectrum

Analyser

R:i9111:

Figure 3.1 Experimental Setup for Interference Monitoring

The setup consists 01" a trapezoidal structure which is a modified version of the log

periodic antenna having a bandwidth ratio of I: IO. The antenna used in the setup is designed

to operate over 1.50Hz to 80Hz. The signal collected by the antenna is passed through an

amplifier and the output of which is directly connected to a spectrum analyser. The spectrum

analyser outputs are directly stored in the computer.

3.1 Experimental Setup for Interference Monitorin2

The Experimental setup consists a trapezoidal antenna, a Low-Noise Amplifier, a

spectrum analyzer, a computer and a printer. The design and the directional properties of the

trapezoidal structure and the LNA are explained in the following sections.



Photo!:- Trapezoidal antenna

Phot02:- Trapezoidal antenna on the mount

Phot03:- Experimental setup for interference monitorinf.?
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3.1.1 Design of Trapezoidal structure

The logarithmically periodic antennas have pattern and impedance characteristics

which are essentially independent of frequency over large bandwidths. The geometry or

logarithmic periodic antenna structures is so defined that the electrical characteristics repeat

periodically with the logarithm of the frequency.
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Figure 3.2 : (aJ & (b) Log-periodic trapezoidal tooth structure
(c)E- and H- plane -IOdB beam widths (d) Location of Phase centre versus IjI
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Normally the H plane radiation pattern is much wider than the E plane radiation

pattern, this drawback is overcome in the trapezoidal structure. The trapezoidal structure is

obtained by separating the two halves of the log-periodic antenna by some angle (\j1). By

doing so the H plane radiation patern can be made equal to the E plane radiation pattern and

thus making the antenna patterns symmertical. A typical structure is shown in figure 3.2 The

various antenna parameters to be determined while designing the trapezoidal structure are

i) Lengths of biggest and smallest finger

ii) Angles a, ~, \j1 and 't which are defined in the figure 3.2(a)

iii) Dimensions Lf and b

Design

The experimentally optimized values for the trapezoidal structure are given below

a = 45°

\V = 60°

't = 0.707

The calue of \j1 is chosen to be 60° in order to make E and H plane patterns identical.( Refer

figure 3.2 ( c)). Since the antenna si designed to operate from 500 MHz to 7.0 GHz, the

wavelength corresponding to - lowest frequency is 60 em. The length Lf is fixed at half the

wavelength at the lowest frequency.

Lf, = 60 I 2 = 30 cm

Also, L = (Lei 2) I tan (a I 2) ........ 3.1

The various dimensions, RI,R2 ... ,Rn and rl,r2, ... rn are calculated using the relations given

in the equation given in equation 3.2 and 3.3. The values obtained are given in the table 3.1

Rn+l
= "l = 0.707

Rn

...... 3.2

rn
_= ~ =0.8408
Rn

........ J.3

E&C
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Chapter 3 Interference Monitoring System

Table 3.1: Trapezoidal structure \ dimensioins

Parameter DimensionParameterDimension

Rl(=L)

36.2rl30.4-

R2

25.6r221.5
.R3

18.1r315.2

R4

12.8r410.8

R5

9.0r57.6

R6

6.4r65.4

R7

4.5r73.8

R8

3.2r82.7

R9

2.2r91.8

RIO

1.6rIa1.3

Rll

1.1rIlO~

RI2

0.8r12 "0.7

R13

0.56rl30.5

R14

0.4rl40.3

RI5

0.3r150.25
-

R16 0.2rI60.17

R17

0.1r17
I

0.08

~ __ ~ __ ._ •• ____ ~ __ ~._~. __ • ____ ',0_._

.

I
--------,----.---'---.' .. ----- .----

3.1.2 Measurement of return loss the trapezoidal structure

When the load impedance is not matched, not all power delivered to the load from the

generator will be absorbed. So this will become loss of power. This loss is called "Return

loss". It is defined in terms of dB as follows .

RL = 20 10g(1 Vr / Vd) = 20 log (1/ Ill) dB

Where,

r = Vr,l VI

......... 3.3

......... 3.4

where Vr is the reflected voltage

VI is the incident voltage

[' is the voltage reflection coefficient which is defined as the ratio of the reflected

voltage to the incident voltage at the input terminals of 2 port network.The value of ['lies in

the range a s; [' s; 1.
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Chapter 3 Interference Monitoring System

Figure 3.3 shows the experimental setup to measure the return loss of the trapezoidal

Structure. It consists of scalar network analyser, frequency synthesizer and directional bridge

Initially the setup is made without connecting the antenna. The frequency range is set

between 500MHz to 10 GHz. Its power level is set at OdBm. The system is calibrated only for

the return loss using the standart loads like open/short, averag. Then the antenna is connected

to measure its return-loss characteristics. The return loss response obtained using the scalar

network analyser is shown in figure 3.4

Retle
Powe

Scalar Nct work

;\nalyscrIll' X7Sm
Fgrcqllcncy

SynthesizerIll' 83752 ;\

eted

~

r Directional

~
Bridge _ Reflected powerHP 85027 B

Trapezoidal

~
Antenna

Figure 3.3 : Experimental setup for the measurement of Return loss and VSWR of
the Trapezoidal antenna

Table 3.2 Return loss of Trapezoidal structure at various frequencies

Frequency in MHz Return loss in dBm

400

-2.30
500

-1.81
600

.

-1.81

700
-2.54

800
-4.00

900
-2.14

1000

-3.23
1100

-7.89
1200

-7.31
1300

-5.39
1400

-6.92
1500

-9.28
1600

-5.74

1700

-6.81
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Chapter 3 Interference Monitoring System

3.1.3 Measurement of the Radiation Pattern of the Trapezoidal structure

The radiation pattern of an antenna shows the gain variation nf the antenna as a

function of angle on either sides of the antenna axis. Normally two radiation patterns are

measured. They are

i) E plane pattern

ii) H plane pattern

E plane pattern gives the gain variation of he antenna in the direction of electric field in the

aperture. On the other hand, the H plane pattern gives the gain variation of the antenna in a

direction perpendicular to the electric field.

Transmitting antenna

SOURCE

Receiving antenna

Spectrum
Analyser

Figure 3:5: Radiation Pattern Measurment a/Trapezoidal Structure

The experimental setup for the measurement of radiation pattern of the trapezoidal

structure is shown in figure 3.5. The trapezoidal antenna whose radiation pattern has to be

measured is mounted on the tower. Another trapezoidal structure similar to the test antenna is

used as a transmitter and is mounted on another tower. The height (hr) of the tower was set

such that the [oHowing condition is satisfied. hr ~ 40 , where 0 is the aperture diameter. The

separation distance between the transmitter and the test antenna was such that the test

antenna was in the far field distance of the transmitting antenna. Both transmitting and

receiving antennas were positioned such that their polarizations were identical. A CW source

\vas connected to the transmitting antenna and the output of the antenna under test is

connected to spectrum analyser. After setting the frequency of the continuous wave source,

the test antenna which is mounted on a rotating platform was rotated at various angles from

-90° to +90°. At each location the spectal output was read into the computer and stored.

The above procedure was repeated for various frequencies and polarization. The stored data
L&C 19 RRI
v v lET



C1wpler 3 Interference Alon/lorln!; ,~)'.\Iell/

in the computer was plotted against the azimuth angle to get the beam pattern of the

antenna. Beam Datterns at various frequencies are shown in the figure 3.6 (a)-( f)

Radiation Pallernlof TrapezoIdal antenn
Frequen(;~ 0.58Hz I I

H-plane !continuous

o

-5

-10

-25

-30
-80 -60 -40

E-plane (jolled

-20 a 20

Angle in degrees

40 60 80

8060

I

40

i

o 20

Angle in degrees

-20
j

-40-60-80

-9~

0

-1-2-3
E

-4
(()

~LOJ

~ -51-----,----·---~7---a."0OJI
.!:::! -6OJE0
z

Figure 3.6 (a),(b): Beam pattern of the trapezoidal structure
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Chapter 3 Interference Monitoring System
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Chapter 3 interference Monitoring Syslemn
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Chapter 3 Interference Monitoring S)'stell1

3.2 Characterization of Low Noise Amplifier

The LNA used in the experimental setup was characterized for its gain and noise figures

using the setup shown in figure 3.7 and figure 3.8.

,
I

I

-----------~-~--,
I
I

I

Scalar Aetwork

Analyser
HP8757D

Ref

Directional Bridge
HP 85027 B

LNA

Miteq
Detector

Figure 3.7 : Experimental setup for the measurement of Gain and Return loss of the
"ow Nob,e A mnlifier.

3.2.1 Measurement of Gain and Return loss of Low Noise Amplifier

The experimental setup sonsists of the scalar network analyser, the directional bridge, the

Detector and the LNA. The set was caliberated for gain and return loss using the standard load

open/short and load. After calibration the LNA was introduced into the setup to measure Gain

and return loss. The measured response is shown in the figure 3.9

3.2.2 Measurement of Noise Fil!ure of the Low Noise Amplifier

Thc cxperimcntal setup sonsists of a Noise Figure Meter, a bandpass filter, amixer, a

5dB ENR noise source, a circulator and other RF modules are as shown in the figure 3.8 Before

E&C
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the measurement is taken, the setup was calibrated without including the OUT i.e. Miteq LNA.

After calibration, the LNA was included and its noise temperature wass measured. The response

of the amplifier is shown in the figure 3.10.

Noise Figure Meter
HP 8970 B

Mixer

BPF (fo = 30 MHz)

Noise source

5 dB ENR

HP 346 A

OUT

'{E]iteq ---~
: LNA :
I
I
I
I
I
I
I
,
,IIII
,
,
,

L_1 Thru

2 - 8 GHz

Local

Os~illator
HP 867\

Figure 3.8 : Experimental setup for the measurement of Noise Figure of the Low Noise
Amplifier.
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-20 dBm

400MHz

1.0 MHz

Chapter 4

Measurement Results

4.1 Method of Monitorine:

The experimental setup shown in the figure 3.1 was,used for interference monitoring

at Gaurihidanur. The RF spectrum covering 400 MHz to 1700 MHz was monitored. While

monitoring this wide li-cqllency range was divided into 4 bands each of 400 Mllz with an

overlap of 100 MIIZ. All the 4 bands were observcd in timc scqucncc for cqual timc

duration. Thc four sub bands ibscrved arc

1) 400 MHz to 800 MHz

2) 700 MHz to 1100 MHz

3) 1000 MHz to 1400 MHz

4) 1300 MHz to 1700 MHz

The spectrum analyser was used for mOl1Jtoring the radio frequency spectrul1J wlth the

following settings.

• Ampliturc reference

• Span

• Resolution Bandwidth

The Spectrum analyser gives out the trace information in the form of 400 points. Hence

for 400 MHz span, the spectrum can be read out with a resolution of lMHz for 400MHz

span. But while analysing the data, every 4 points were averaged to get intotal 100 points.

This resulted in the resending of the spectral resolution from IMHz to 4MHz. This was done

only to reduce the amount of data getting stored into the computer.

Each of the above band was observed for 15 seconds. Each time the trace data was

analysed and stored in the dynamic memory. This was carried out for half an hour at the end

of which stored data was dumped into the hard disk. In this manner observation for each band

was carried out for a total time duration of 4 Hrs, for one particular direction and for one

particular polarization. The orientation of the antenna was changed periodically to monitor the

RFI in all the four directions. In addition to it in each orientation, observation was carried out

in both Vetrical and Horizontal polarizations.



Chapter 4, Measurements results

4.2 Software developed for aCQuirin2 interference data

Before running the data acquisition program, several parameters have to be passed on

to the computer and the instrument. This includes spectrum analyser settings like stal1

frequency, stop frequency, resolution bandwidth its frequency of acquiring the trace and data

and the total time of observation. These parameters have to be given to the program in a

format given below.

-------,
Destinatlun I

startJreq
SlOpJreqrbwref_ampscaletracesdelay IterationsI

file name I

where

start_freq Start frequency (MHz) of the band under observation.

stop_Jreq Stop frequency (MHz) of the band under observation

rbw - Resolution Bandwidth (MHz)

ref_amp - Reference amplitude (dBm)

scale - width of each bin (power range (dBm))

traces - User defined number of traces

delay - user specified delay between traces (min)

destination filename - The binary data is stored

iterations - Number oftjmes the, user defined number of traces is to be taken

Example: -

I 1000 I 800 I~ -20 I 10 I 120 I 0.25 I Sample.data .~l~

After acquiring each trace, 400 data points of it are averaged to get 100 data points.

The power level was monitored at each frequency for the entire band. After acquiring the

specified. number of traces, a consolidated report in which the total time duration each

frequency component spent in different power levels is obtained through the program. Figure

4.1 shows one such output. In this output, the two integers 6 and 1 in the power range -60

dBm to -70dBm indicate that two frequencies corresponding to 940 MHz and 952 MHz with

the average power of -65 dBm has occurred for about 60 to 70 % and 10 to 20 % of the total

time duration of observation respectively.
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Figure 4.2 shows the flow chart of the software.The software program to acquire

interference monitoring data can be found in Appendix A, and the soft copy is made

available in the compact-disc along with this report.
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Figure 4.1 Output given hy the computer every half an hour
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Chapter 4, A1easurements results

Read the Spectrum analyzer parameters from "inpyar,dat" file (Cstart, f_stop,
rbw, ret~amp, scale) Write the input parameters into <sample,dat>

Initializc darrayl [8][100] = a

Initialize darray [S][ I00] = 0

Count I = 0;

Count = 0

Wait for (n • 60) seconds
Count=Count + I;

Rcad 400 points of UIC trace
Storc the 400 points in thc binary form in <sample,dat>

Average the power every 4 points
Segregate the power into the specified levels and

increment their count in respective bins corresponding to
the particular range

Update the matrices
darray [S][100] and darrayl [S][IOO]

y

y

Writc darray [S]f I00] into < opre _hcdat >

I'lo( darray [XIlIOO!malrix

Countl < User

IVr:l( dam I [xiIIOOlln < onrcsulllLii '~

Figure 4.2 : Flow chart of the Program usedfor Interference monitoring
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Chapter 4, Measurements results

4.3 The Data Structure

The Interference data collected is in the form of a two dimensional matrix of size 100

X 8, where 100 represents the number of frequency channels being monitored and 8 the total

number of power levels, Basically this matrix represents the frequency spectrum given out

by the spectrum analyzer. The numeral in each column in the matrix represents the number of

times the signal at a particular frequency has occurred during the period of observatio (ref.

Fig. 4.3 ). .If N is the total number of traces acquired, then each number in a given power

level in the matrix represents the total number of times the signal at a particular frequency has

occurred. The sum of all the numbers in each row represents the total number of traces

acquired. This two dimensional matrix of dimension 100 X 8 will be produced at the end of

every half an hour provided 120 traces are acquired at a rate of l5sec. Each matrix will be

referred to as a 'Frame' in the following sections.

POWER LEVELS

100

I

I

~l~~]~~25 15~~2 144152117 3 a I 0 10

E&C
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LLI MLiI HLI
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[ Figure 4. 3 : The Data structure
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Chapter 4, Measurements results

LLI :- Low level interference (-100 dBm to -70 dBm)

MLI :- Medium level interference (-70 dBm to -50 dBm )

HLI :- High level interference (-50 dBm to -20 dBm )

4.4 Software written in Matlab for interference Analvsis

Codes have been written to analyse the data and produce

1. A list of all the interfering frequencies

2. A plot of the variation of interference signal strength with time.

3. Plot of the number of interference frequencies as a function of duration of

oCClirence.

4. P/ottltefreqllen(J! spectra over tlte entire range 400 MHz to /700 Mllz obtained

in 4 directions

The first three outputs were obtained by executing the program 'int_ana l.m' and the last

output is obtained by running the program 'int_ana2.m'. Ref. Figs 4.5 & 4.6 f(}r the flow

chart and apendix B & C for the codes.

4.4.1 Method adopted to list out the interference freQuencies .

./' List all the signals in each frame whose amplitude lies within the user defined power

range (-20 dBm to -70 dBm)

./' This is done for all the frames obtained during the period of observation.

It is to be noted that the interfering lines are listed irrespective of its frequency of occurrence

( the interfering line could be either periodic or intermittent).

4.4.2 Method adopted to plot interference si2nal stren2th with time

For each signal identified as interfering line from the list produced earlier, its

percentage of occurrence in each frame is found out in both medium level as well as in high

level power ranges. The percentage of occurrence is calculated by dividing the number of

occurrences in a particular power level by the total number of traces acquired.

As an example, let a signal having a frequency 'f' has its power distribution over 120
traces as shown below

E&C
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Number lOin the power level <-70 to -60 dBm > indicates that the signal had its power level

in that range over (]O / ]20) = 9.44% of the total time of observation. similarly in the power

range < -60 to -50 dBm > number 12 indicates that the signal had its power level over

( 12 / 120 ) ~ 10 % of the total time of observation.

This exercis~. is carried out for all the frames for a particular frequency, to know the variation

of interference signal strength with time. The same procedure is carried out for other

interfering frequencies also (ref. fig. 4.4 ).

4!=fO

lil....
2 . ~11'1'...•- .....

5 .. ~
6 ••

Time of the day 8
-50 to -60 dBm

-60 to -70 dBm

Power Range

Figure 4.4 : Plot of variation of interference signal strength with time

4.4.3 Method adopted to plot the number of Interferin2 Frequencies as a

function of frequency of occurrence

For each frequency identified as interfering line, the percentage of occurrence is

calculated. All the interfering frequencies falling within the identical range of occurrences (

eg 0 to 10%, 10 to 20 %, 20 to 30 % ..... 90 to 100 %) are grouped together. Finally a plot of

number of interfering frequencies as a function of duration of occurrences is plotted.

Ie ,\: ('
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('lw/)/cr .f. ,HCaSlln!tnt'J7fs results

4.4.4 Method Adopted to Plot the frequency spectra over the entire range

400 MHz to 1700 MHz obtained in 4 directions (lnt ana2.m)

1. First load the files corresponding to four bands for a particular direction.

400 MHz 800 Mllz

FrcqucllC\' hand or 'rail 400 Mill]
iO(} MHl 1100 Mill

IFrcqucncy band or span 400 MHz I

1000 MHz 1400 MHz

Overlap of " 7100MHz~'

Frequency band of span 400 MHz I

1300 MHz 1700 MHz

Overlap of 7100MHz~'

IFreqUency band of span 400 MHz

Overlap of 7100MHZ~'

Frequency span 400 MHz to 1700 MHz = 1300MHz (Bandwidth)

2. Calculate the average power at each frequency over half an hour for each band ( 120

traces) to get four 100 X 1 matr}ces . As an example, let a signal having a frequency' f' has

its power distribution over 120 traces as shown below

f

-100dBm

IO·I.lwalts

23

-10 dBm

10

MLi

12

-50 dBm

7

-20 dBrn

10·~W'dtt~

HLI

Then the average power of frequency 'f over half an hour is calculated as

{I 0-125X20 + 1O-II5X25 + I0-105X23 + 1O-95X10 + 1O-85X12 + 1O-75X7 + 1O-65X2 + 1O-55X 1}/120 = -62.25dBm

3. The overlapping frequencies between different bands are averaged to get finally 325

frequency channels spanning 1300Mllz ( 400 MI Iz to 1700 MHz).

4. All the iuentiJicu interCering frequencies are scaleu according to the gain anu return loss.

5. Knowing the effective area of the antenna, the power of the interfering signal over an unit

area is calculated at each frequency.
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Chapter 4, Measurements results

Calculate Frequency span and resolution

Enter the threshold level of occurrence to isolate all interfereing frequencies above that

Read the parameters points/trace, start frequiency, stop frequency, total number of traces, data file
oath and inamefrom 'naram.txt'

------- ....- "-
// Different index \

/ values represent //
different frequencie;./

...•. , _...-/
-----~ t( Index = Itoroints/trace

Seggregate the data corresponding to each frequency (index value) collected over 4 hours of duration

Scan the seggregated data for high level interference as specified by the user

y

Scan the seggrcgatcd data for medium level interference as specified by the user

y

Record the index value corresponding to the freq. at which interference has occurred in the array 'interJreq_list'

N

Index = I to total number of interfereing frequencies

'alculate the percentage of occurrence ( p ) of the interfereing frequency

I. Plot Percentage of occurrence (counter( I0]) vs number of
frequencies.

') Also calculate the Intcrferelng frequency from the index stored III thel ( -----
array Inter_frecLlist and store it In 'frequency.txt'

Figure 4.5 : Flow chart of the program 'Int_anaJ.m'
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Chapter 4, Measurements results

Load the files corresponding to four bands
for a particular direction

Calcu late the average power at each frequency over
half an hour for each band

The overlapping frequencies between different bands
are averaged to get finally a frequency spectra spanning

1300 MHz ( i.e. 400 MHz to 1700 MHz)

Identified Interfering frequencies are scaled
according to gain and return loss

Similar steps are followed to get the frequency
spectra in all the four directiol1s

Figure 4.6: Flow chart of the program 'Int alla2.m'

4.5 Results Obtained

4.5.1 The List of Interfering frequencies

The results obtained after analysis of the interference data, are presented in this

session. The list of all the interfering frequencies occuring continuously as well as

intermittantly are given in the table 4.1. The available interference-free bandwidth around the

allocated nradio astronomical frequencies are shown in tablle 4.2
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Chapter 4, Measurements results

Table 4.1 : The List of intcrfering frequencies

Continuously intefering Intermittently interfering

frequencies MHz

frequencies MHz

461

515

487

703

492

704

937

731
I

945
743

991

744

75376(j

I

Ir
-.--.--

-~
761

I

I 845

8651088I

1097II I

!

--
I

1090
I

i - --r 1127

13221627

Table 4.2 : The available bandwidth for radio astronomical usage without interference at Gauribidanur

Allocated Radio

Bandwidth

Centre Frequency of the AllocatedAvailable bandwidth for

(MHz)

Radio Band width (MHz)usage without interference

406-410

(MHz)

408,0

4

608~614

611.06

1400

1427 1413.5 27

1660

1670 1665 10

4.5.2 Plots of variation of interference signal strength with time.

The plots of variation of interference signal strength with time are shown in figures

4.7(a) to 4.7(p)
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Chapter 4 Measurement Results

1) Interfering frequency 1: 414 MHz Frequency Range 400 MHz to 800 MHz

Duration :- 3 PM to 7 PM 14m May 2002 Dlrection.- SOUTH Polarlzatlon- Vertical Duratlon- 3 PM to 7 PM 15'" May 2002 Direction - WEST Polarization -Vertlca~
~

i

I
!

Duration :- 3 PM to 7 PM 18'" May 2002 Direction:- NORTH Polarization:- Vertical

Duration :- 3 PM to 7 PM 20'" May 2002 Direction :- SOUTH Polarlzatlon:- Horizontal

Duration:- 6 PM to 9 PM 22"' May 2002 Dlrection:- NORTH Polarization:- Horizontal

Figure 4.7(a)

Duration :-3 PM to 7 PM 19'" May 2002 Direction:- EAST Polarization:- Vertical

.•.•
.",

Duration :- 3 PM to 7 PM 21" May 2002 Dlrectlon:- WEST Polarlzatlon:- Horizontal

Duration :- 3 PM to 7 PM 3" June 2002 Dlrection:- EAST Polarizatlon:- Honzontal
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Chapter 4 Measurement Results

2) Interfering frequency 2: 466 MHz Frequency Range 400 MHz to 800 MHz

Duration :- 3 PM to 7 PM 14"' May 2002 Direction:- SOUTH Polarlzatlon:- Vertical

0,

.-..•.

Duration :- 3 PM to 7 PM 18"' May 2002 Directlon:- NORTH Polarlzatlon:- Vertical

Duration :- 3 PM to 7 PM 20'" May 2002 Direction :- SOUTH Polarization:· Horizontal

Duration:· 3 PM to 7 PM 15"' May 2002 DI_tlon:- WEST Polarlzatlon:- Vertical

Duration :-3 PM to 7 PM 19"' May 2002 Dirvctlon:- EAST Polarlzatlon:- Vertical

.-•.•.

Duration ,·3 PM to 7 PM 21" May 2002 DIrection:· WEST Polarization:· Horizontal

~.

...~
,- • -:Ii.."

, - W • ."

•• <> •••

• -en-~~dB/l\

.--
Duration:- 6 PM to 9 PM 22'" May 2002 Dlrection:- NORTH Polarlzation:- Horizontal

Figure 4.7(b)

Duration :- 3 PM \0 7 PM 3" June 2002 Directlon.- EAST Polarlzation:- Horizontal
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Chapter./ Measurement Results

3) Interfering frequency 3: 490 MHz Frequency Range 400 MHz to 800 MHz

.~
""

"I".,f ~:I."
•...

. .-.•...,
~~

'""- .. - .•.];-." ..

.-•..•.

Duration :. 3 PM to 7 PM 14m May 2002 Directlon:- SOUTH Polarization,- Vertical

80)

Duration:- 3 PM to 7 PM 18mMay 2002 Direction· NORTH Polarization:· Vertical

Duration ,- 3 PM to 7 PM 20mMay 2002 Direction ,- SOUTH Polarlzalion ,. Honzental

Duration:- 6 PM to 9 PM 22"" May 2002 Dlrection:- NORTH Polarization:- Horizontal

Figure 4.7(c)

Duration :. 3 PM to 7 PM 15m May 2002 Dlrection:- WEST Polarizatlon:- Vertical

Duration :-3 PM to 7 PM 19'" May 2002 Dlrection:- EAST Polarlzatlon:- Vertical

Duration - 3 PM to 7 PM 21" May 2002 Direction- WEST Polarization _~Horizontal

Duration :- 3 PM to 7 PM 3'" June 2002 Dlrection:- EAST Polarlzatlon:- Horizontal
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Chapter 4 Measurement Results

4) Interfering frequency 4: 498 MHz Frequency Range 400 MHz to 800 MHz

.~
100 y_

""i ""o '

,
f"! ... •.

":0..-'" ", •..~ .•
2 '",'" ••, '
.. .

4 ~ ••••.• •. ...•.,. ~ ••«:I •••••n....oftt>odey

.-«Ik>_ •••••

'"_,",,
Duration :- 3 PM to 7 PM 14mMay 2002 Dlractlon:- SOUTH Polarizatlon:- Vartlcal

Duration :- 3 PM to ,7 PM 15"' May 2002 Direction: - WEST Polarization: - Vertical

r

Duration

3 PM to 7 PM 18mMay 2002Dlrectlon:- NORTHPolarization :- VerticalDuratlon·3 PM to 7 PM 19mMay 2002 Direction· EAST Polarization - Vertical
,

I

,~

'e<

<>1;.',",

Jon" 011/'00 ~ ••

Duration :- 3 PM to 7 PM 20" May 2002 Direction •. SOUTH Polarization:· Horizontal

Duretlon:- 6 PM to 9 PM 22"" May 2002 Direction:- NORTH Polerizatlon:· Horizontal

Figure 4.7(d)

Duration- 3 PM to 7 PM 21" May 2002 Dlrection:- WEST Polarization '. Honzontel

Duretlon :- 3 PM to 7 PM 3" June 2002 Direction:· EAST Polarizatlon:- Horizontal
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Chapter 4 Measurement Results

5) Interfering frequency 5: 510 MHz Frequency Range 400 MHz to 800 MHz

I

Duration :- 3 PM to 7 PM 14m May 2002 Directlon:- SOUTH

Polarization :- VerticalDuration :- 3 PM to 7 PM 15m May 2002 Dlrectlon:- WEST Polarization - Vertical

I

II

~

Duration:· 3 PM to 7 PM 18'" May 2002

Directlon:- NORTH~olarization :. VerticalDuration :-3 PM to 7 PM 19'" May 2002 Direction:- EAST Polarization:- Vertical

."

". 1

IO~I.,I rf 'Of...1
o ~; .•.

,- ...•.1 "x." ••.~ ,-,,;:.. .•. ::..) >..co. ~••.,

. '<;;~'::,.......~olltw_ 8 .eote~""

P_Rano-
Duration :- 3 PM to 7 PM 20'" Mey 2002 Dlrectlon:- SOUTH Polarizatlon:- Horizontal

Duration :- 3 PM to 7 PM 21· Mey 2002 Dlrection:- WEST Polarlzatlon:- Horizontel

Duratlon:- 6 PM to 9 PM 22~ May 2002 Dlrectlon:- NORTH

Polarization :- HorizontalDuration:· 3 PM 10 7 PM 3'" June 2002Dlrection:- EAST Polarlzation:- Horizontal

FI~urc 4.7(c)
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6) Interfering frequen 590 MHz frequency Ranqe 400 MHz t MHz

Duration :. 3 PM to 7 PM 14mMay 2002 Direction',· SOUTH

Polarization :. VarticalDuration :. 3 PM to 7 PM 15m May 2002 Diraetlon:· WEST Polarization:· Vertical

..

Duration :- 3 PM to 7 PM 18m May 2002

Direction:· NORTHPolarization :- VerticalDuration ;-3 PM to 7 PM 19"' May 2002 Direction;- EAST Polarization;' Vertical

Duration :- 3 PM to 7 PM 20m May 2002 Direction;· SOUTH Polarlzatlon;- Horizontel

Duration :- 3 PM to 7 PM 21· May 2002 Directlon;- WEST PoIarlzatlon:- Horizontal

,~

""
~,i ~ I! I

f ~
I

1
~,

T1•••• ,.,lto:iMy

.;""<~ic40"'.~d8'"

"'K'~' "" '0""'''''' _'00"' I

P-.rR ••••
Duration - 6 PM to 9 PM 22"0 May 2002 Direction:- NORTH

PolarizationHorizontalDuration ,- 3 PM to 7 PM 3'" June 2002

Figure 4.7(1)
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Chapter 4 Measurement Results

7) Interfering frequency 7: 594 MHz Frequency Range 400 MHz to 800 MHz

Duretlon :- 3 PM to 7 PM 14'" May 2002 Dlrectlon:- SOUTH PolariZlltlon:- Vertical

Duration :- 3 PM to 7 PM 15'" May 2002 Dlrectton:- WEST PoIariZlltion :- Vertical

'"

Duratlon- 3 PM to 7 PM 18'" May 2002

Dlrectlon- NORTHPolarization - VerticalDuratlon:-3 PM to 7 PM 19" May 2002 Dlrectlon:- EAST Polarlzatlon:- Vertical

.
-

Duration- 3 PM to 7 PM 20" May 2002 Dlrectlon- SOUTH Polarlzatlon- Horizontal

Duration '- 3 PM to 7 PM 21" May 2002 Dir&ction- WEST PolarizationHorizontal

'"

'00

I

I. Ii~ ,

!. I' .1111i

",Ill
I

I

!
"r~. "' "c. ".,

.&"I;~O~~'"

?,_'''Of\(l<'
Duratlon:- 6 PM to 9 PM 22"" May 2002 Dlr&ctlon:- NORTH PolariZlltlon:- Horizontal

Duration:· 3 PM to 7 PM 3'" June 2002Dlrectlon:- EAST PoIariZlltlon:- HOIizontal

Figure 4.7(g)
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8) Interfering frequency 8: 770 MHz Frequency Range 400 MHz to 800 MHz

Duration :- 3 PM to & PM 14'" May 2002 Directlon:- SOUTH Polarization:- Vertical

Duration :- 3 PM1c 7 PM 15" May 2002 Dlrection:- WEST Polarizatlon:- Vertical

r

I

Duration :- 3 PM ta 7 PM 18'" May 2002

Directian- NORTHPolarization .- VerticalDuration ·.-3PM ta 9 PM 19'" May 2002 Dlrection:- EAST Polarlutlon:- Vertical

I

Duretlon :- 3 PM to 7 PM 20'" May 2002 Direction:- SOUTH polarlution:- Hotizonlai

Duration :- 3 PM to 7 PM 21· May 2002 Dlrection:- WEST PolarlZlltion:- Horizontai

""

""r
"'I .

u

n",. I1Ilhod., 1 '~><; ,~_~~cIIlll .-..•.
Duration:- 6 PM ta 9 PM 22"" May 2002 Diraction:· NORTH Polarization:· Horizon1al

Duration:· 3 PM to 7 PM 22"" May 2002Direction:· EAST PolarlZlltion:. Hotizonlal

Figure 4.7(h)
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9) Interfering frequency 9: 770 MHz Frequency Range 700 MHz to 1100 MHz

I
!

Duration· 7 PM to 11 PM 14m May 2002 Direction· SOUTH

Polarization· VerticalDuration· 7 PM 10 11 PM 15'" May 2002 Direction· WEST Polarization:· Vertical

r

I

,

Duration :-7 PM to 11 PM 18"' May 2002

Dlrectlon:- NORTHPoIarizatlon :- VerticalDuratlon:-7 PM to 11 PM 19"' May 2002 Dlrec:lion:- EAST PoIarizalion:- Vartlcal

"

Duratlon:- 7 PM to 11 PM 20"' May 2002 Direction:· SOUTH Polarlzatlon:- Horizontal

Duratlon:- 7 PM to 11 PM 21· May 2002 Diractlon:- WEST Polarlzatlon:- Horizontal

1m

'00

i"
,
f : II ·, ,x'" .. 1:.2 "_ -

,..' ..•.,. '~... '..
1I~ _"" .• -' ••• :. >:.-.~.•n....,,,,ltw .• y ,~. /~J:dllll'l P-.,R ••

Duration:· 9 PM to 12 PM 22M May 2002 Direction:· NORTH Polarization'·

Duration :- 7 PM to 11 PM 3" June 2002Dlrectlon:- EAST Polarization ,- Horizontal

Figure 4.7(i)
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Chapter 4 .\/easlIrement Results

10) Interfering frequency 10: 774 MHz Frequency Hange 400 MHz to 800 MHz

Duration :- 3 PM to 7 PM 14"' May 2002 Dlrectlon:- SOUTH POlarlzatlon:- Vertical

Duration :- 3 PM to 7 PM IS"' May 2002 Direction:- WEST Polarization:- Vertical

..

."
Duration :-3 PM to 7 PM IS"' May 2002

Dlrection:- NORTHPolarization :- VerticalDuratJon:-3 PM to 7 PM 19"' May 2002 DirectJon:- EAST PoIarizatlon:- Vertical-

Duration:- 3 PM to 7 PM 20'" May 2002 Dlrection:- SOUTH Polarization:- Hortzontal

Duration:- 3 PM to 7 PM 21· May 2002 Directlon:- WEST Polarization:- Horizontal

'"
'00 ,~iI.,I

oJ ~
J"i

0

,,

~:·~I~1.._
,

T1•••• oI1P\ot<lay a' /-«lt~~

p""",'R:."V. -
j

Duration- 6 PM to 9 PM 22~ May 2002 Dlrectlon- NORTH

Polarlzatlon:- HorizontalDuration '~ 3 PM tc 7 PM 3ro June 2002DlrecUon'· EAST Polarization" Honzontai
I

I

Figure 4.7(j)
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Chapter 4 Measurement Results

11) Interfering frequency 11: 778 MHz Frequency Range 400 MHz to 800 MHz

Duration :. 3 PM to 7 PM 14'" May 2002 Direction;· SOUTH Pol.rizatlon;· Vertical

DUIllt/on -. 3 PM to 7 PM 18'" May 2002 Direction;· NORTH Pol.rtutlon:· Vertical

Duration·3 PM to 7 PM 20trl May 2002 Dlrec;:tion:- SOUTH Polarization:· Horizontal

•..•.
•....

•.....
•. ,•. -

e AI(l~"<II!I~<II!Im

Duration· 6 PM to 9 PM 22"" May 2002 Direction:· NORTH Pol.rtzation;· Horizontal

Duration :·3 PM to 7 PM 15'" M.y 2002 DIrection:· WEST Polertz.otton:- Vertical

DUllltlon :·3 PM-to7 PM ,g.. Mey 2002 Direction:· EAST Pol.rtzatlon:· Vertical

Duration ;- 3 PM to 7 PM 2'" May 2002 Dlrection- WEST Pol.nut/on:· Horizontal

Durat/on ;. 3 PM to 7 PM 'S. June 2002 Direction;· EAST Pole_on;· Horizontal

E&C
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Figure 4.7(k)
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12) Interfering frequency 12: 906 MHz Frequency Range 700 MHz to 1100 MHz

Dumloll:- 7 PM to 11 PM 14"' M.v 2002 Dlrectlon:- SOUTH Pol.rlutlon:- Verticil

Duration:- 7 PM to 11 PM 18m May 2002 Direction'- NORTH Polarization- Vertical

Duration:-? PM to 11 PM 20m May 2002 Direction- SOUTH Polarization:- Horizontal

Duratlon:-9 PM to 12 PM 22'" May 2002 Dlraction:-NORTH PoIarizatlon:- Horizontal

Figure 4.7(1)

Dul'lltlon:· 7 PM to 11 PM 15"' Mev 2002 Ol_n:· WEST POlarlutlon:- Vertical

Duration :-? PM to 11 PM 19m May 2002 Ol",ctlon.- EAST Polarlzation;- VertICal

Duration·? PM to 11 PM 21- Mav 2002 Olraction- WEST Polarization- Horizontal

Duration :- 7 PM to 11 PM 3" June 2002 Dlrectlon:- EAST PoI8rizatlon:- Horizontal
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Chapter 4 Measurement Results

13) Interfering frequency 13: 938 MHz

••

Frequency Range

",

700 MHz to 1100 MHz

"\:' ...";;~",",,,.

•,••.•.•••11"'9"

Duration :- 7 PM to 11 PM 14m May 2002 Dlroctlon:- SOUTH Polarlutlon- Vartical

Duratlon:- 7 PM to 11 PM 18'" May 2002 Dlroctlon:- NORTH Polarlzatlon:- Vertical

Duratlon:- 7 PM to 11 PM 15'" May 2002 Dlractlon:- WEST Polanutlon- Vertical

Duratlon:-7 PM to 11 PM 19" May 2002 Dlrectlon:- EAST Polarlzatlon.- Vertical

!!I~

,-

Duratlon:-7 PM to 11 PM 20'" May 2002 Dlrectlon:- SOUTH Polarlzatlon:- Horizontal

Duratlon:-9 PM to 12 PM 22"" May 2002 Dlrectlon:-NORTH Polarlzatlon:- Horizontal

Figure 4.7(m)

Duratlon:-7 PM to 11 PM 21- May 2002 Dlrectlon:- WEST Polarization dierizontal

Duration :-7 PM to 11 PM 3" June 2002 Dll'Ktlon:- EAST Polartutlon:- Horizontal
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Chapter./ Memurement Results

14) Interfering frequency 14: 942 MHz Frequency Range 700 MHz LO 1100 MHz

Duration :- 7 PM to 11 PM 14'" May 2002 Dlrection:- SOUTH Polarization:- Vartical

Duratlon:-7 PM to 11 PM 18'" May 2002 Dilllctlon:- NORTH Polarization- Vertical

'.j "'-',
J

,--

Duration :- 7 PM to 11 PM 20'" May 2002 Dlrectlon:-SOUTH Polarization:- Horizontal

Duration-9 PM to 12 PM 22"" May 2002 Dlrection:-NORTH Polarizatlon:- Horizontal

Figure 4.7(n)

Duration :- 7 PM to 11 PM 15'" May 2002 Direction:- WEST Polarization:- Vertical

Duration :-7 PM to 11 PM 19'" May 2002 Direction- EAST Polarization:- Vartical

110+

I tol, '

f"',/
.:[

•... ...
•...

- .'
..eoj~~":"'"

Duration:- 7 PM to 11 PM 21· May 2002 Dlrection:- WEST Polarization ,- Horizontal

Duration :-7 PM to 11 PM 3" June 2002 Dlrection_ EAST Polarlzation:- Horizontal
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Chapter 4 Measurement Results

15) Interfering frequency 15: 950 MHz

,,[
! ii "t
, I

t "L
i :
"I

Frequency Range 700 MHz to 1100 MHz

Duration :- 7 PM to 11 PM 14"' May 2002 Dlrectlon:- SOUTH PoIarlzatlon:- Vertical

Duratlon:-7 PM to 11 PM 18"' May 2002 Directlon:- NORTH PoIarizatlon:- Vertical

Duration :- 7 PM to 11 PM IS"' May 2002 Dlrectlon:- WEST Polarlzatlon:- Vertical

Duration :-7 PM to 11 PM 19"' May 2002 Oll'llCtlon:- EAST PoIarizatlon:- Vertical

P"....,II.,'I/O'

Duratlon:- 7 PM to 11 PM 20m May 2002 Directlon- SOUTH Polarlzation:- Horizontal

Duration-9 PM to 11 PM 2200 May 2002 Dlrection:-NORTH Polarlzation- Honzontal

Figure 4.7(0)

Duration :-7 PM to 11 PM 21· May 2002 Dlrectlon:- WEST Polarlzatlon:- Honzontal

Duration :- 7 PM to 11 PM 3" June 2002 Diraction- EAST Polarization. Honzontal
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16) Interfering frequency 16: 994 MHz Frequency Range 700 MHz to 1100 MHz

Duration :- 7 PM to 11 PM 14" May 2002 DI"",tion:- SOUTH Polarlzation:- Vertical

Duration :- 7 PM to 11 PM 15" May 2002 Dlrection:- WEST Polarizatlon- Vertical

..
Duration :-7 PM to 11 PM 18" May 2002

Dlractlon:- NORTHPolarization :- VarticalDuration :-7 PM to 11 PM 19" May 2002 Dlrection:- EAST PoIarlzatlon:- Vertical

I

,

Duration :- 7PM 10 11PM 20" May 2002 Dlrectlon:- SOUTH Polarlzatlon:- HOrizontal

Duration- 7 PM 10 11 PM 21" May 2002 Direction:· WEST Polarization - Honzontal

-
,a,

t

I

TInIe,xIN<lI, '~~ ___ ~IO~dl!l'"

P_f~"
Duratlon:-9 PM to 12 PM 22"' May 2002 Dlroctlon:·NORTH Polarizatlon:-Honzontal

Duration :- 7 PM to 11 PM 3" Jun. 2002Dlrectlon:- EAST Polarizatlon:- Horizontal

Figure 4.7(p)
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4.5.3 Plot of number of interference frequencies as a function of duration of occurrence

The plots of number of interference frequencies as a function of duration of occurrence in
percentage of the total observing time period are shown in figures 4.8(a) to 4.8(d)

Freauencv Ranae 400 MHz to 800 MHz
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Figure 4.8(a)
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Freauency Ranae : 700 MHz to 1100 MHz
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Figure 4.8(b)
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Freauency Ranae : 1300 MHz to 1700 MHz
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4.5.4 FreQuencv spectra over the entire ranee. obtained in 4 directions

The frequency spectra in all the four directions and two polarizations covering the entire

frequency range starting from 400 MHZ to 1700 MHz are shown in figures 4.9(a) and 4.9(b)
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Chapter 5

Conclusion

Our goal was to carry out interference monitoring over the frequency range 400 MHz

to 1700 MHz in two polarizations and in all four directions at Gauribidanur and the same

has been successfully carried out by us. As an outcome of our project, work we have listed all

the frequencies which have occurred both intermittently and continuously. In addition, we

also havc produccd plots of thc radioo frcqucncy spcctrum cpvering thc cntirc frequency

range of our intercst in all thc four directions and thc two polarizations.

Scope for further work

1. A widebancl continuum receiver could be built, to monitor RF spectrum continuously

over a averaging time duration of 2000 seconds.

2. If the spectrum analyser itself is used for data acquition, a software can be dc,?eloped in

order to monitor automatically all the sub-bands of our interest without user intervention.
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I\rrcildix A

Appendix A

Software Pr02:ram to acauire interference Monitorin2: data

/* program to control HP spectrum analyser-859lE *1
I' This program acquires the 400 points of each trace as many tImes'/

1* as User gives as segregates the signals according to the ,;
1* power levels *1

/~ FLle Na~e : < int0r f.e > +j

#lnclude <stdio.h>
#include <stdlib.h>

#include <string.h>
#include <dos.h>

#include <graphics.h>
#include <conio.h>
#include <math.h>

#include <complex.h>
#include "c:\tc\include\decl.h"
#include <time.h>
#define SIZE 401 1*401*1

int plot_histo();

int i,j=O,k=O,dvml,ret,retu,x=O,test=lOOO,u,m,n,l,z,s
.unsigned char carrayl[401];

int iarray1[400],x1,y,numb,no_sec,user,userl,darray[B] [100],darrayl[B] [100];
float power;

int temp,templ=0,temp2=O,temp3=O,temp4=O,temp5=O,temp6=O,temp7=0,temp8=0;

float str_f,stp_f,rbw,amp_ref,scale,acq_rate,r1,r,rec_perc,perc,user_inv;
char f1[10],f2[10];

FILE *fp1, *fp2, *fp3, *fp4, *fp5;

char string[15],freq[10],f_str[10],fre2[10] ,f_stp[10J ,rsbw[lOJ,ref amp[10],a[15];
char *fa=" FA", *fb=" FB", *mhz="MHZ", *rb="RB", *rl="RL", *ctm="DM"

time t time str,time_end

unsigned int c;
unsigned int lb1,hb1,lb2,hb2;

int driver, mode ;

int main{void)
(

struct REG PACK reg;
strucL Lime L;

int gdriver = DETECT, gmode, errorcode;

dvml=ibfind("SPA") ;

if ((fp4=fopen ("d:\\raghu\ \cct \\rec_par. dat", "w") )==N't.1LL)
printf("There is some problem in opening\n");

i 1 ( (lp3 IOlwn ("ci: \ \ raghu \ \cc t \ \ i np ...pa r. cia t ", "r ") ) '~=NULL)
printf("There is some problem in opening\n");

il ((II") I()p'~rl("()pr(~ hr.d'l!.","iJl.")) I,\JI,I,)

fJI illLL("'!'Lcleis SOI1\C ploblemirl upcllinY\ll");

fscanf(fp3,"%f %f %f %f %f",&str f,&stp f,&rbw,&amp_ref,&scale);

•!
to string f_str * I

to get "fAfreq:c,hz"'1
to string(sta:-t)

to string(freq) *1
• I

/

gcvt(str_f, 7,freq); 1* converts float-pt{str_f)
strcpy(f_str, fa); 1* "FA" is copied into fre2
strcatlf_str,freq); I' freq strine; is cct'nated
strcat(f_str,mhz); 1* "MHZ" is conctd to f str
gcvt (stp f, 7,freq) ; 1* converts float-pt (stp_f)

L strcpy(f stp, fb); 1* "FA" is copied into fre2 'I I

E&C'
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strcat(f_stp,freq) ;
strcat(f_stp,mhz) ;
gcvt(rbw,7, freq);
strcpy(rsbw,rb) ;
strcat(rsbw,freq) ;
strcat(rsbw,mhz) ;

gcvt(amp_ref, 7,freq);

strcpy(ref_amp,rl) ;
strcat (ref_amp, freq) ;
strcat(ref amp,dm);

/* start string is cct'nated to string fre2 */
/* "MHZ" is concatenated to fre2 to get "FRIOOOMZ"*/
/* converts float-pt(rbw) to string(rsbw) */
/* "RB" is copied into rsbw */
/* start string is cct'nated to string fre2 */
/* "MHZ" is concatenated to fre2 to get "FRIOOOMZ"*/

/* converts float-pt(rbw} to string(rsbw) */
/* "RL" is copied into rsbw */
/* start string is cct'nated to string fre2 */
/* "MHZ" is concatenated to fre2 to get "FRIOOOMZ"*/_

/* startfrequency */
/*

Stop frequency */
/*

resolution bandwidth*/
/*

reference amplitude */

/*

Puts the det.in the sample mode*/ibwrt(dvml,f_str,20L) ;
ibwrt(dvml,f_stp,15L) ;
ibwrt(dvml,rsbw,15L) ;

ibwrt (dvml,ref_amp, l5L) ;
ibwrt(dvml,"lg\n\r",4L);
ibwrt(dvml, "det smp \n\r",lOL);
ibwrt(dvml, "TDF b \n\r", 7L);
ibwrt(dvml,"MDS b\n\r",8L);

fflush(stdin) ;

fscanf(fp3,"%d %f %s %d",&user,&acq_rate,string,&userl);

fpl=fopen(string,"ab") ;

time str = time(NULL);

/* ORIGINAL IS "ab" */

fprintf(fpl,"%f %f %f %f %f %d %d",str f,stp f,rbw,amp ref,scale,user,userl);

for(z=O;z<userl;z++)
( /* Begining of outer most loop */

for(s=O;s<lOO;s++)
(
for(i=O;i<8;i++)

darrayl[i] [s] = 0; /* Initialising the darray */
)

for(j=O;j«user+l) ;j++) /* USER SPECIFIED no. of traces */
{

!I )/ f U I )(~f1 ( "(J P t (~~:j lJ 1 t • d,-j t •• , "\-J" )

:ilc'ep(acq_rale'60I;
printf ("present acquisition lS 'lidth one\n", j);
ibwrt(dvml,"TRA? \n\r",7L);
ibrd (dvml, carrayl,400L) ; /*the value read is stored in 'char"store"* /

for(i=O;i<400;i++)

iarrayl[i]= * (carrayl+i)

for (i=O; i<~OO;)

temp = (iarrayl[i]+iarrayl[i+l]+iarrayl[i+2]+iarrayl[i+3] )*0.25
power = ((32*(temp) )-80001*0.01 + amp ref
if\power <=-20 && power> -30)

{

darray[O] [1] = darray[O] [1] + 1;
darrayl[OJ [1J = darrayl[O] [1] "'1;

}

~ls~ if(power ~=-30 && pow~r > -401

c'iarLn~,· ~ \
'ja;:raylri

E&C
VVIET

i
else if(power <= -40 && power> -50)

darray[2] [1] = darray[2] [1] + 1
darrayl [2][1] = darrayl [2][1] + 1

)
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else if(power <=-50 && power> -60)

(

darray[3] [1] = darray[3] [1] + 1;

darrayl[3] [1] = darray1[3] [1] + 1;
}

else if(power <=-60 && power> -70)

(

darray[4] [1] = darray[4] [1] + 1;

darray1[4] [1] = darray1[4] [1] + 1;
}

else if(power <=-70 && power> -80)
(

darray[5] [1] = darray[5] [1]-+ 1

darrayl [5] [1] = darray1 [5] [1] + 1
)

else if(power <= -80 && power> -90)

(

darray[6] [1] = darray[6] [1] + 1;

darray1[6] [1] = darray1[6] [1] + 1;
)

else if(power <=-90 && power> -100)
{

da rr a y [7 ] (1] = da rr ay [7] [1] + 1;

darray1(7] [1] = darray1[7] [1] J- 1;
)

i = i+4 ;

1 = 1+1;

/* End of 100 points for storing */

fwrite(iarrayl,2,400,fpll

/ .. End of j >

I;

~c·· m=O;m<lOO;mi-i-)

leop */

fprintf(fp2,"%d %d %d %d %d %d %d %d \n",

darray[7] [m],darray[6] [m],darray[5] [m],darray[4] [m],

darray(3] [m] ,darr'ay[2] [m] ,darray[l] [m] ,darray[O] (m]);

_~osc:(fp2);

/* end of user loop 12 • 10 * j No. of Clc.ces •.

/* request auto detection */

if (errorcode != grOk) /* an error occurred */

printf("Graphics error: %s\n", grapherrormsg(errorcode));

printf("Press any key to halt:");

getch() ;
exit(l); /* return with error code */

/* initialize graphics mode */

initgraph(&gdriver, &gmode, UU);

/* read result of initialization */
errorcode = graphresult();
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setcolor(WHITE) ;

line (50,0,50,getmaxy ()-60);
I j Tie (~O, (el" t flId x Y ( ) - 60, ,1 :,0, 'JC I flId:-: y i ) - (0) ;

line (50,0,450,0);

line(450,0,450,getmaxy()-60) ;

line (50,40,450,40);
line(50,80,450,80) ;
line (50,120, 450, 120);
I iTl0~ (:10,] 60, 4'10, ] CO);

line (")0, 200, 4')0, 20D);
li.nt~ (::.;0, 21iO, ilSC.i,;2~

1 in(; ('JO, :2[10, ,1 0, ?fHJ) ;

.l ne(50-t-40,getrnax~l()-60f50+40,O!;

1 ne(50+80,getmaxy()-60,50+80,Oi;
1 ne(50+120,getmaxy()-60,50+120,0);
1 ne(50+l60,getmaxy()-60,50+160,0);
1 ne(50+200,getmaxy()-nn,50+200,0);
1 ne(50+240,getmaxy()-60,50+240,Oi;
1 ne(50+280,getmaxy()-60,50+280,O);
1 ne(50+320,getmaxy()-60,50+320,O);
] r;e ':5 +360, getrnaxy('i --f)(l, SC+3f)n, rJ);

setcolcr (WHITE);

outtextxy(210,getmaxy()-20, "Frequency - MHz --->");
setcolor(WHITE) ;

outtextxy(0,120,"P") ;
outtextxy(0,130, "0 ");
outtextxy(0,140,"W") ;
outtextxy(0,150,"E ");
outtextxy(0,160,"R") ;
outtextxy(0,180,"dBm") ;
setcolor(WHITE) ;

/* Y- Axis "'/
r1 = (80*0.3125*0.01) /* dBm/pixel */

E&C
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outtextxy(25,280,itoa( (amp_ref-7*scale) ,a,lO));
putpixel(50,280,WHITE) ;

outtextxy(25,240,itoa( (amp_ref-6*scale),a,10));
putpixel(50,240,WHITE) ;

outtextxy(25,200,itoa( (amp_ref-5*scale) ,a,lO));
putpixel(50,200,WHITE) ;

outtextxy(25, 160,itoa( (amp ref-4*scale) ,a,10));
putpixel(50,160,WHITE) ;

outtextxy(25,120,itoa( (amp_ref-3*scale) ,a,lO));
putpixel(50,120,WHITE) ;

outtextxy(25,80,itoa( (amp_ref-2*scale) ,a,10));
putpixel(50,80,WHITE) ;

outtextxy(25,40,itoa((amp_ref-l*scale) ,a,lO));
putpixel(50,40,WHITE) ;

outtextxy(25,0,itoa( (amp_ref-O*scale),a,lO));
putpixel(50,0,WHITE) ;

/* X-Axis */

r = (stp f-str f)/400;

outtextxy(50,getmaxy()-40,itoa( (str f+r*40*0),a,10));
putpixel(50,getmaxy()-60,WHITE); 

outtextxy(50+40,getmaxy()-40,itoa( (str_f+r*40*1) ,a,lO));
putpixe1(50+40,getmaxy()-60,WHITE) ;

outtextxy(50+80,getmaxy()-40,itoa( (str f+r*40*2) ,a,lO);
putpixel(50+80,getmaxy()-60,WHITE) ;
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,~----~-~---- ------------~~------.---------~- -------~----·---·-----~-----·---·----··-·--·--------l
ou ttex txy (SO + 120, get'llaxy()-40, itoa ((st r_ f+ r *40 *:<!,a, .~U) !;

putpixel(SO+120,getmaxy()-60,WHITE) ;

outtextxy(SO+160,getmaxy()-40,itoa( (str f+r*40*4) ,a,IO));

putpixel(50+160,getmaxy()-60,WHITE) ;

out text x y (50+200 ,get ma x y ()-40, ito a ((st r__f+ r*40 *5) ,a, 10) );

putpixel(SO+200,getmaxy()-60,WHITE) ;

t t c: >: t x y ()1/4 ,g (, t fI!:l x Y : ) - ·1 (I, -i t ( (.5 r r f + ~- '" l ~- (\ I

putplxe1 ISO+240,getmaxyl! -60,WHJTE);

outtextxy':50+28(),getrnaxY()-'40,it()ai'(str_f~r"'40* :J, ;;

putpixel ( 0+22 l~(~:':i'axly! () -60, ',\HI'T'L";);

outtextxyI50+320,getmaxy()-40, itoal (str f-rr*40*c1),Q" );

putpixel(50+320,getmaxy() -60,WHITE);

outtextxy(50+360,getmaxy()-40,itoa( (str_f+r*40*9) ,a,lO));

putpixel(50+360,getmaxy()-60,WHITE) ;

outtextxy(50+400,getmaxy()-40,itoa( (str_f+r*40*10) ,a,lO));

putpixel(50+400,getmaxy()-60,WHITE) ;

outtextxy(460,20, "0");

outtextxy(465,20,":<10%") ;

outtextxy(460, 40, "1");

outtextxy(465,40,";10% 20%");

outtextxy(460,60,"2") ;

outtextxy(46S,60,":20% - 30%");

outtextxy (460,80, "3");

outtextxy(465,80,":30% 40%");

outtextxy(460,100,"4") ;

outtextxy(46S,100,":40% - 50%");

outtextxy(460,120,"S") ;

outtextxy(465,120,":50% - 60%");

outtextxy(460,140,"6") ;

outtextxy(465,140,":60% - 70%");

outtextxy(460,160,"7") ;

outtextxy(465,160, ":70% - 80%");

outtextxy(460, 180, "8");

outtextKy(465,180,":80% - 90%");

outtextxy(460,200,"9") ;

outtextxy(460,200,":90% - 100%");

for(i=O;i<lOO;iH) -

{

perc=(darray1[0] [i]/( (f1oat)user));
x = 52 + i * 4

Y = 20 ;

plot_histo ()
perc=(darrayl [1] [i] I ((float) user));

y = 60

plot_histo() ;

perc= (darrayl [2] [i) / ((float) user) );

y = 100 ;

plot_histo() ;
perc= (darray1 [3] [i] / ((float) user));

y = 140 ;

plot_histo() ;

perc= (darray1 [4] [i] I ( (float) user) );

y = 180 ;

p1ot_histo() ;
perc= (darray1 [5] [i] / ((float) user));

y = 220

plot_histo() ;
pe rc= (darray1 [6] [i] I ( (floa t) user) );

y = 260

plot_histo () ;
perc= (darray1 (7] [i]I ( (float) user) ) ;

y = 300 ;
plot histc\ ()

y = 0;
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Appendi\ ;\

intr (5/ &reg); /* dos command to dump the screen to */

gettime (&t);
fprintf(fp5," %2d:%02d:%02d.%02d\n",

t.ti_hour, t.ti_min, t.ti_sec, t.ti_hund);

for (m=0;m<100;m++)
{

fprintf (fp5,"%d %d %d %d %d %d %d %d \n",
darray1[7] [m],darray1[6] [m],darray1[5] [m],darray1[4] [m],
darray1 [3][m],darray1 [2][m],darray1 [lJ[m],darray1 [0] [m]);

}

time_end = time (NULL);
closegraph() ;
/* End of outermost loop */

fclose (fp3);
fclose(fp1) ;
felose(fp4) ;

difftime(time_end,time_str) )

ibwrt (dvm1,"elrdsp\n\r",8L) ;
ibwrt (dvm1,"e-onts\n\r",7L) ;
ibloe(dvm1) ;

return 0;

plot histo ()
{

if(pere >= 0 && pere <0.1.&& pere != 0)
{ putpixel(x,y,WHITE);
outtextxy(x,y,"O") ;
)

else if(pere >=0.1 && pere <002 && pere 1= 0)
( putpixel(x,y,WHITE);
outtextxy(x,y,"l") ;
}

else if(pere >=0.2 && pere <0.3 && pere!= 0)
( putpixel(x/y,WHITE);
outtextxy(x, y,"2");
}

else if(perc >=0.3 && pere <0.4 && pere '= 0)
i putpi:<elix/y/WIIITE);
ouLI.c';..;!:.x'/(x,y, "J");

}

else ifiperc >=0.4 && pere <0.5 && pere '= 0)
{ putpixel (x,y/WHITE);
outtextxy (x,y,"4");
}

else if(pere >=0.5 && pere <0.6 && pere ,= 0)
{ putpixel(x,y,WHITE);
outtextxy(x/y, "5");
}

else if(pere >=0.6 && pere <0.7 && pere '= 0)
{ putpixel(x,y,WHITE);
outtextxy(x,y, "6");
}

else lfipere >=0.7 && pere <0.8 && pere ,= 0)
{ putpixel(x,y/WHITEl;
outtextxy(x,y, "7");

}
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else if(perc >=0.8 && perc <0.9 && perc ,= 0)

{ putpixel(x,y,WHITE);

outtextxy(x,y, "8") ;
}

else if(perc >=0.9 && perc <=1.0 && perc 1= 0)

{ putpixel(x,y,WHITE);

outtextxy(x,y, "9");
)

rF:'tllrn 0;
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Ap[Jt'ndix B

Appendix B
Code written in Matlab to analyse interference data
PrOl!ram ;- lnt anal.m

%pragram "Int_anal.mH
~Program To analyse Interference data

Format of the parameters to be enter:ed into paramo txt

%ppt,strf,stpf,Ref,L_HLI,L_MLI,diff,file

'ippt point" per tracr'
'!.;;t:rf :,t ,Ht f rpquprwy ill Mil?
";;trl :;IOp f rc~qllency ill Mllz

:, iiL
L MLI

diU
file

r r)C)we r \/(:j _[1,1(.1 f; [ H)1 f:""/i-'] J I ! ,,~rl~':::l(--J~ 1 r:

Lower power value of MedIum level Interference 11

power capacity of each power bin

p~th specification of the interference data fLle

clear;

close all;

[points per

* Clear the contents of work space

% closes all the previollsJy spened figur(
trace,start freq,stap_freq,maxl,hl,ml,dbc,file)=

text rea d (,p a ,'a m .t x t ' " Ii·j Ii ') ;
file=char (file) ;

d=load (file) ;

traces=sum(d(l,:)) ;

[ma, n) =s i z e (d) ;

m=ma/paints_per_trace;
fclose ('all' );

span=stop freq-start_freq;

res=span/points_per_trace;

inter_freq_list=[O);

inter_hli=[O] ;

inter_mli= [01;
threshold=input('Eoter t e Loco

disp (' L~ rfere.i.::q f t-~; (::n

) ;

than the specified threshold eve are ');

fig=1;

hli_range=(n+l-(maxl-hl)/dbc) :n;

mli_range=min(hli_range)-((hl-ml)/dbc):min(hli_range)-1;

for index=1:points_per_trace
flag=1 ;

flagl=l;
for i=l:m

for j=1:n

x (i,j, index) =d (( (100* (i-1)) +index), j);
end

end

b hli=O;

b mli=O;

b_hli=hli(x(:, :,index));

b_mli=mli(x(:, :,index));

if (b_hli==l)
for ih=l:m

for inh=min(hli_range) :max(hli_range)

inth(ih, (inh-min(hli_range)+1) )=100*d( ((100*(ih-1))+index),inh)/traces;
end

end

inter_freq_list=[inter_freq_list index);
flag=O;
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inter_hli=[inter hli index];
if(max(sum(inth')}>=threshold}

figure(fig);
set (fig, 'Position', [5 338
fig=fig+l;

587 612] ) ;

bar3((inth/traces)*lOO, .3);

axis ([0 length (hl1_range) 0 m+l 0 100]);
eff_freq=round(start_freq+res*index+(res/2));
tle=sprintf('FlcccT:er"'''1"~I C':;;-' !i q!. ir:~'crf

title (tle);
hval=hl+dbc;
Ival=hval-dbc;

for hrange=l: length (hli_range)
txt=sprintf('~d t *d dRm',hval,lval);
text(hrange,m+l,txt)
Ival=hval;
hval=hval+dbc;

end

xlabel('Power Range ');
ylabel('Time of the day');

zlabel('Percentage occurence');
disp(eff_freq);
flagl=O;

',pff frea);

end
end

if (b_mli==l)
for im=l:m

for inm=min(mli range) :max(mli range)
intm (im, (inm-min (mli_range) +1'))=lOO*d (((100* (im -1)) +index) ,inm} /traces;
end

end

if (flag)

inter_freq_list=[inter_freq list index];
end -

inter_mli=[inter_mli index];
if(max(sum(intm'))>=threshold)
figure(fig) ;
set(fig,'Position',[5 338 587 612]);
fig=fig+l;
bar3((intm/traces)*100,0.3);

axis([O length (mli_range) 0 m+l 0 100]);
eff_freq=round(start_freq+res*index+(res/2));
tle=sprintf('Frequency = %d MHz (Medium level Interference; ',eff_freq);
title (tle);
hval=ml+dbc;
lval=hval-dbc;

for mrange=l:length(mli_range)
txt=sprintf('%d to %d dBm',hval,lval);
text(mrange,m+l,txt);
lval=hval;
hval=hval+dbc;

end

xlabel('Power Range');
ylabel('Til1l" ,,( III' dry');
zlabel(' '1""rrl,,'1" :1"''''.'''');
it ( II "q ] )

d i." I) (I' I I J r <"(j) ;

end
end

end
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fid=topen I );

ne=length(i~ter freq list);
count(1:10)=O;

for in=2:ne

index=inter_freq_list(in);
for i=1:m

for j=min(mli_range) :max(hli_range)
in tma (i, (j+1-min (mli ran 9e) ))=d (((100* (i -1) )+index) ,j )/trace s*100 ;

end

end

eff_freq=round(start_freq+res*index+(res/2»;

if(-check(eff_freq»

fprintf (fid, '%d\n I,eff_freq) ;
end

b=max(sum(intma'»;

if(b>O & b<=lO)

count(l)=count(l)+l;
end

if(b>10 & b<=20)

count(2)=count(2)+1;
end

if(b>20 & b<=30)

count(3)=cpunt(3)+1;
end

if(b>30 & b<=40)

count(4)=count(4)+1;
end

if(b>40 & b<=50)

count(S)=count(5)+1;
end
if(b>50 & b<=60)

count(6)=count(6)+1;
end

if(b>60 & b<=70)

count(7)=count(7)+1;
end

if(b>70 & b<=80)

count(8)=count(8)+1;
end

if(b>80 & b<=90)

count(9)=cnunt(9)+1;

end

if (b>90)

count(10)=count(10)+1;
end

end

f

lnterterc-:Ylce I) ;

tigure(fig) ;

set (fig, ,
text(0.3,0.5,
xax=5:10:9S:

, [5 338 587 612] ) ;

if(nem > 1 I neh>1)

bar(xax,count,O.3) ;

axis([O 100 ° max(count+1) ]):
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title('Plo( of no. of interfereing frequencies vs

percentage of time of oc:c:ur;:lce');-

xlabel('Duration of OCCUI~nce in percentage');

ylabel('Number of frequencies');

gtext('Total time duration of ohservation is 4 Hours 'I;
fig=£i9+1;
end

fclose(fid) ;

b~'load ('I r '>qlll:iICY.LxI.');

fidl=fopen('freqllPncy.txt'

b=del (b) ;

'i'II)['Y tile r;UtlLelll.:; 1)1 t i 1(' t [t'(jUt>il I xt
into the vari~ble b.

, "i ' ) ;

~ kemove the duplicate values and

sort it in ascending order

if (length (b)>0)
for i=l:length(b)

fprintf(fidl,"ld \n',b(i));
end

fclose(fidl);
end

if(length(inter_hli))
d i sp (,The H iqher ]evp] i ntp r f p n> ifHj f reqlJ('nc ies are');

for i=2:1ength(inter_hli)

eff.Jreq=round (start_freq+res'j tlter_h] l(1)+ (res/;:'));

disp(sprintf(' r·1li ',eff_freq));
end

end

if(length(inter_mli))
disp('The Medium leve1 interfereing frequ~ncies are');

for i=2:1ength(inter_mli)

eff_freq=round(start_freq+res*inter_mli(i)+(res/2)) ;

disp(sprintf(' MH~',eff_freq));
end

end

~ end of the program
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Appendix C
Code written in Matlab to analyse interference data

ProJ!ram 2 ;- In! ana2.m

% PROGRAM TO PLOT THE FREQUENCY SPECTRA OF
% INTERFERENCE MONITORING AT GAURIBIDANOOR

% THIS USES 64 HOURS OF DATA ACQUIRED.
% 16Hrs OF DURATION IS DEDICATED TO EACH

% DIRECTION (North, East, South and West)
o
-c

% This Program is to plot spectra for E polarization in all 4 directions
clear;

d1=load ('d:\Project_RAM\gauri_data\15151519.res');

d2=load ('d:\Project_RAM\gauri_data\15191523.res');

d3=load ('d:\Project_RAM\gauri_data\15231603.res');

d4=load ('d:\Project RAM\gauri_data\16041608.res');

[1= [ rc '1_ IC' S (ci 1,4U0, 800) ;

~ ~~f:-eq_resp (d3, lCCJO, 14(0);

f 4 = Lc e q_ res p d 4 , 1 30 0, 1 7 0 0) ;
fa=[] ;

fa=f1 (1:75, :);

fa=[fa ;0.5*(fl(76:100,:)+f2(1:25,:))];

fa=[fa ;f2(26:75,:)];

fa=[fa ;0.5*(f2(76:100,:)+f3(1:25,:))];

fa=[fa ;f3(26:75,:)J;

fa=[fa ;0.5' (f3(76: 100,: )+f4 (1:25,:)) J;

fa=[fa ;f4(26:100,:)];

subplot(2,2,3);

multiline(fa,400,1700);

view(67,62);

title(' WEST ');

ylabel ('Frequency (MHz)');

zlabel ('P (avg) dBm (w/m2)');

grid on;

d1=10ad ('d:\Project_RAM\gauri_data\18151819.res');

d2=load ('d:\Project_RAM\gauri_data\18191823.res');

d3=load ('d:\Project_RAM\gauri_data\18231903.res');

d4=10ad ('d:\Project_RAM\gauri_data\19041908.res');

f1=freq_resp(d1,400,800);

f2=freq_resp(d2,700,1100);

.f3=freq_resp (d3, 1000, 1400);

f4=freq_resp(d4,1300,1700);
fb= [J;

fb=fl (1:75, :);

fb= [fb ;0 .5* (f1 (76 :100, :)+f2 (1 :25, :))J;

fb= [fb ;f2 (26 :75, :)J;

fb= [fb ;0 .5* (f2 (76 :100, :)+f 3 (1:25, :))J;

fb= [fb ;f3 (26 :75, :)];

fb= [fb ;0 .5* (f3 (76:1 00, :)+f 4 (1:25, :))];

fb= [fb ;f4 (26: 100, :)];

subplot(2,2,l);
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multiline (fb, 400, 1700) ;

view(67,62);

title(' NORTH ');

ylabel('Frequency (MHz) ');

zlabel('P(avg) dBm (w/m2)');

grid on;

d 1=loa d l' 0 :\Pro J ect_ RAM \gauri__data\19151919 .res ');

d2=10ad ('d:\Project_RAM\gauri_data\19191923.res');

d3=10ad ('d: \Project_RAM\gauri_data\19232003. res');

d4=10ad ('d:\Project_RAM\gauri_data\2004200B.res');

f1=freq_resp(d1,400,800);

f) freq~rf:?s (d2,700,1100);

L3=freq_resp (03,1000,1400);

t 4 =f r e q_ res r (d 4 , 13 0 0, ] 7 0 I)) ;
fc=[] ;

fc=fl(1:75, :);

fc= [fc ;0 .5 * (f1 (76: 100, :)+ f2 (1 :25, :))];

fc=[fc ;f2(26:75,:)];

fc= [fc ;0 .5 * (f2 (76: 100, :)+ f3 (1 :25, :))];

fc=[fc ;f3(26:75, :)];

fc= [fc ;0 .5 * (f3 (76: 100, :)+f4 (1 :25, :))];

fc=[fc ;f4(26:100,:)];

subplot (2,2,2) ;
multiline(fc,400,1700);

view(67,62);

title (' EAST ');

ylabel ('Frequency (MHz)');
zlabel('P(avg) dBm (w/m2)_');

grid on;

d2=10ad ('d:\Project_RAM\gauri_data\14191423.res');

d3=load ('d:\Project_RAM\gauri_data\14231503.res');

d4=10ad ('d:\Project_RAM\gauri data\1504150B.res');

f2=freq_resp(d2,700,1100);

f3=freq_resp(d3,1000,1400);

f4=freq_resp(d4,1300,1700);
fd=[ J;

fd=f2 (1:75, :);

fd= [fd ;0 .5 * (f2 (76 :100, :)+f3 (1 :25, :))];

fd=[fd ;f3(26:75, :)J;

fd= [fd ;0 .5 * (f3 (76: 100, :)+f4 (1 :25, :))];

fd=[fd ;f4(26:100,:)];

subplot (2,2,4);
multiline(fd,700,1700);

view(67,62);
title(' SOUTH ');

ylabel('Frequency (MHz) ');

zlabel('P(avg) dBm (w/m2) ');

grid on;
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INTERFERENCE MONITORING AT GAURIBIDANOOR

THIS USES 64 HOURS OF DATA ACQUIRED.
't, 16Hrs OF DURATION IS DEDICATED TO EP.CH

% DIRECTION (North,East, South and West)
%

% This Program is to plot spectra for H polarization in all 4 directions

clear;

%Plot of the spectra in south direction

d1=10ad ('d:\Project_RAM\gauri_data\20152019.res');
d2=10ad ('d:\Pro]ect_RAM\gauri_data\20192023.res');
d3=10ad ('d:\Project_RAM\gauri_data\20232103.res');
d4=10ad ('d:\Project RAM\gauri_data\21042108.res');

f1=freq_resp(d1,400,800);
f2=freq_resp(d2,700,1100);
f3=freq_resp(d3,1000,1400);
f4=freq_resp(d4,1300,1700);
f= [J ;

f=fl (1:75,:);
f=[f ;0.5*(£1(76:100,:)+f2(1:25,:))J;
f=[f ;f2(26:75,:)J;
f=[f ;0.5*(f2(76:100,:)+f3(1:25,:))];
f=[f ;f3(26:75,:)];
f= [f ;0.5* (f3(76:100, :)+f4 (1:25, :))];
f=[f ;f4(26:100,:)];

subplot(2,2,4);
multiline(f,400,1700);
view(67,62);
title (' SOUTH');
ylabel ('Frequency (MHz)');
zlabel('P(avg) dBm (w/m2) ');
grid on;

%plot of the spectra in west direction

d1=10ad ('d:\Project_RAM\gauri_data\21152119.res');
d2=10ad ('d:\Project_RAM\gauri_data\21l92123.res');.
d3=load ('d:\Project_RAM\gauri_data\21232203.res');
d4=load ('d:\project_RAM\gauri data\22042208.res');

fl=freq_resp (d1,400,800);
f2=freq_resp(d2,700,1100);
f3=freq_resp(d3, 1000,1400) ;
f4=freq_resp(d4,1300,1700);
f= [] ;

:=£1(1:75,:);
f=[f ;0.5*(f1(76:100,:)+f2(1:25,:))];
f=[f ;f2(26:75,:)];
f=[f ;0.5*(f2(76:100,:)+f3(1:25,:))];
f=[f ;f3(26:75,:)];
f=[f ;0.5~(f3(76:100, :)+f4(1:25, :))];
f=[f ;f4(26:100,:)];

:jUi-::D at \Lf
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Appendix C

view(67,62);
title(' WEST 'I;
ylabel('Frequency (MHz)');
zlabel('P(avg) dBm (w/m2)');
grid on;

% Plot of the spectra in north direction

d1=load ('d:\Project_RAM\gauri~data\22182221.res');
d2=load ('d:\Project_RAM\qauri_data\22212300.res');
d3=load ('d:\Project_RAM\gauri_data\23012304.res');
d4=load ('d:\project RAM\gauri data\23042307.res');

f1=freq_resp(d1,400,800);
f2=freq_resp(d2,700,1100);
f3=freq_resp(d3,1000,1400);
f4=freq_resp(d4,1300,1700);
f= [] ;

f=fl(l:75,:);
f=[f ;0.5*(fl(76:100,:)+f2(l:25,:))];
f=[f ;f2(26:75,:)];
f=[f ;0.5* ([2(76:100, :)+f3(1:25,:))];
f=[f ;f3(26:75,:)];
f=[f ;O.5*(f3(76:100, :)+f4(1:25, :)));
f=[f ;f4(26:100,:)];

subplot (2,2,1);
multiline(f,400,1700);
view(67,62);
title(' NORTH ');

ylabel('Frequency (MHz) 'I;
zlabel('P(avg) dBm (w/m2)!);
grid on;

plot of the spectra In east direction

d 1 "·-:.1oa d ' ci : \ F':cc j e c t__RPdVl \ 9 a '-":r i~da ~_a \ U J 1 :' U 319 . .t- e s ' ) ;

d2~~load I ci: \ Pro ect_ RAM\gac.;ri_data \03190323. res' );
d3=load 'd:\Project_RAM\gauri_data\03230403.res');
d4=10ad 'd:\project RAM\gauri_data\04040408.res');

fl=freq_resp (d1,400,800);
f2=freq_resp(d2,700,1100) ;
f3=freq_resp(d3,1000,1400) ;
f4=freq_resp(d4,1300,17001;
f= [) ;
f=fl(1:75,:\;
f:--=ff ;0.5* fT(76:100,:)+f2(1:2S,:))];

f=[f ;f2(26:75,:));
f=[f ;0.5*(f2(76:100, :)+f3(1:25,:) ));
f=[f ;f3(26:7S,:)J;
£=[£ ;0.5* (£3(76:100,: )+f4 (1:25,:))];
f::~[f ; f~ (2E,: 100,:) J,o

subp_~.ot (2, 2( 2 ;
;~HJltiline (£, 4CO, 1700);
vie\'i ( 67,62) ;
ti tIe (' EAST I I ;
ylabel ('Frequency (MHz)');
zlabel('P(avg) dBm (w/m2) 'I;
grid on;
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