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ABSTRACT

The thesis studies radio wave propagation on television broadcasting. Some problems
of broadcasting such as Low Band Broadcasting, and Airplane Flutter Phenomena are
described, in particular, airplane flutter phenomena on television broadcasting at VHF
frequency band. The thesis presents a no;/el approach to model TV signal due to airplane
flutter phenomena. The three components of the modeling are based on 1) Bistatic radar
cross sections (RCS) of an ellipsoid, 2) 3-dimensional geometry consideration technique to
calculate the distance difference between direct and reflected waves due to airplane, and 3)
Ray theory, based on physical and geometrical consideration. Unlike previous works, the
model takes into account of realistic parameters such as flying height, distance from the
airport, flying angle, altitude, aircraft body type among others. The simulation results are
then compared with measurement results at 60.75 MHz and 208.75 MHz. The results show

good agreement between simulation and measurement patterns.
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Chapter 1

Introduction

Broadcasting has the communicative function for the public as a mass media.
Variously information can be transmitted to the audience com;;;red with other mass
media. According to social influence is large. The subject of broadcasting is Television
Broadcasting now. Television broadcasting is widely used as important media in
worldwide.

The television signal transmits to receiver by the radio wave. The radio wave
normally propagates into the space. Therefore, the propagation medium has influence on
the radio wave at times. The problem of the television broadcasting technology often
depends on the frequency. As for television broadcasting, the VHF and UHF bands are
used for terrestrial broadcasting. The satellite broadcasting is used for the large coverage
area. As for the range of the frequency, satellite broadcasting is used 1~20 GHz. The
ionosphere influences in a low frequency band, and the rainfall attenuation is generated in
a high frequency band. It is hoped that the excellent television broadcasting could be
received anywhere in the stable footprint.

Wireless method is used for the majority of television broadcasting. Therefore, a
lot of radio wave propagation problems occur. Even if, a new improvement technology has
been used for the television reception up to now but some problems still occur. This thesis

presents radio wave propagation problems of TV broadcasting and a new modeling

approach.

1.1 Statement and Significance of the Problem
Some problems still occur in the TV broadcasting system such as noise

interference in low channel receiving signal, solar noise, airplane flutter phenomena, and



etc. These problems are annoys to TV watching. The following shows significance of
these problems.

Electromagnetic Interference (EMI): electromagnetic interference causes high
interference to television reception, in particular, at low frequency band such as 47-68
MHz. This EMI is generally generated by man-made effects such as interference from
high voltage transmission line (corona or leakage noise), transient switch, motor
commutator sparking, automobile ignition, airplane scattering and sometimes from natural
phenomena such as atmospheric noise [1] [2]. This interference will cause horizontal
interference lines across the screen and the Buzz or Cracking sound at the TV speaker. At
times the picture is collapsed or disappears.

Airplane flutter phenomena: The airplane flutter occurs when an airplane flies
across TV transmitter and TV receiver antenna [5]. The reflected signal from airplane
reaches the receiving antenna at the same time as the direct signal but with a phase delay.
The phenomena naturally affect the signal quality of both analog and digital transmission
systems [6]. In the previous works, a lot of researchers tried to analyze scattering events by
the airplane. However, the analysis was not able to be done. We propose a novel approach
to simulate the flutter phenomena based on physical and geometrical parameters. Accurate
model of the signal variation caused by the phenomena is thus necessary for flutter
prediction and compensation. The signal measurement is crucial for comparison with the

simulation results of the developed model.

1.2 Goals and Objectives

- To study causes of interference generated of low band receiving, solar noise and
airplane flutter phenomena.

- To create an accurate model of the signal variation caused by the airplane flutter
phenomena necessary for flutter prediction and compensation. The airplane flutter signal

measurement is crucial for comparison with the simulation results of the developed model.



1.3 Hypothesis to be tested

- Low frequency interference and solar noise interference are dependent on
frequency. The interference can be reduced when higher frequency is used.

- The Airplane flutter modeling is based on Bistatic radar cross section of an
ellipsoid, Ray theory and 3-dimensions consideration, It is suitable for use to analysis of

these phenomena.

1.4 Scope of the Study
- To study causes of EMI and problem solving methods.

- To measure airplane flutter phenomena and crate an accurate prediction model.

1.5 Process of the Study

EMI:
- To study EMI interference on TV signal.
- Equipment setups and perform an experiment.
- Measure TV field strength signal and EMI signal.
- Consideration effects of EMI on TV reception.
Airplane Flutter:

- To study causes of airplane flutter.

- Equipment setups and take an experiment.

- To measure signal variation caused by airplane. The audio frequency of TV ch3
and ch9 are used for testing purpose.

- To create modeling of airplane flutter phenomena based on Bistatic radar cross
section, Ray theofy and 3-dimensional consideration.

- To compare between measurement and simulation results.



1.6 Limitation of the Study

- Due to measurement performed on open field, but some reflected wave from
building causes of some patterns of airplane flutter fluctuation are complexes.

- Due to an airplane has not only body reflected but wings and tail could reflect
the signals. In these cases, the special pattern of signal variation occurs.

- In this thesis, an only signal reflected by the airplane body is considered.



Chapter 2

Some Problems on Television Broadcasting Reception

This chapter investigated the problem that the television broadcasting signal is
encountered on the propagation path. The trouble of television broadcasting seen in the
radio wave propagation reaches many topics. The majority of the troubles are generated by
interference by other radio sources. The trouble can be caused by electrical devices such as
electrical motor, tools and appliances. Moreover, the interference occurs when TV signal
reflects from an obstacle, such as building, mountains or airplane. Another trouble is
weakening of reception signal. The weak reception signal causes of noise increased.

Background theory of radio wave on TV transmission signal is show on the next section.

2.1 Ground Wave of Television Broadcasting System

The frequency of VHF and UHF bands are used for the ground wave
broadcasting. The amplitude modulation is used for visual of television broadcasting. The
frequency modulation is used for aural section. Power ratio of aural and visual signal is
1/10. When input signal is low, snow noise appears in the AM modulation part. Ground
wave broadcasting obtains an excellent picture under the best reception input signal level.
Normally, the best reception condition occurs when input signal level is 60 dBpV to .80
dBpVv.

To understand the signal level behavior, the reception signal level can obtained

from electric field strength E in a free space of the ground wave by [7]

E=+/30P/d, V/m 2.1)



when d is distance between the transmitting and the receiving antenna in meter, P is
transmission power in watt. Usually, electric field strength E, (V/m) is shown by the

isotropic gain of the half wavelength dipole antenna as
E, 2 7{GP[d, V/m (2.2)

here G is relative gain of the antenna.

Electric field strength E at television reception point is summation of the direct
wave and the ground-reflected wave. Thus, it becomes an addition with the phase of two
waves.

E = E,,(Z]‘i“—z;j‘*—"z ), V/m (2.3)

where h, and h, are the height of transmitting and receiving antennas, respectively.

An actual television reception signal is measured at KMITL. The channel 3
frequency is not transmitted now. The measurement is performed on rooftop of
telecommunication engineering department (about 12 meters above ground) and main
building of engineering faculty (about 52 meters above ground). Table 2.1 shows
measured data of television broadcasting signal from Bangkok and Nakornratjasima
stations. When antenna height is low, we found that the high frequency signal from
Bangkok station has extremely decreased. This may be due to screening effect of many
high building in Bangkok province. For a common problem of each channel, the
measured value at the rooftop of the 3 floor is lower than the theory value. In addition, the
measured value by half wave dipole antenna with 2 meters height above ground is about
40 dBpV/m (Reference: Figure 5.10-5.20 in Chapter 5). This shows that when the antenna

height is low, the reception signal level has extremely lower.



Table 2.1 Measurement results of signal strength

Fig. 2.1

Signal strength dBuV/m

Electric field strength characteristic of channel 3 and channel 9 when the

receiving antenna height is changed

Channel Antenna height above ground (m) Difference
52 meters 12 meters (dB)
(dBpV/m) (dBpV/m)
Bangkok station
.Ch3 78.5 63.8 152
Ch5 83.0 582 24.8
Ch7 91.3 713 20.0
Ch9 783 51.1 272
Ch1l 94.2 71.5 22.7
Nakornratjasima station
Ch2 54.9 34.2 20.7
Ché 28.0 - -
Ch3 43.8 23.0 20.0
Ch 12 322 214 10.8
60 T T 1
0 20 30 50 60 70
Antenna height (m)
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Many interference problems can be traced to domestic electrical equipment or
appliances in home or a neighboring property. Electrical/impulse interference is usually
more noticeable with digital reception [8]. For the reception will appear to be breaking up
or look like a mosaic pattern as shown in Fig. 2.2(a) and (b). Television reception of VHF
frequency channel 2 and 3 (47-68MHz), the received signal is easier interfered by EMI
than the high frequency channel. In the case of Analog system, this interference will cause
horizontal interference lines across the screen and the Buzz or cracking sound at the TV
speaker is illustrated in Fig. 2.2(c). Sometimes the picture is collapsed or disappears.
Moreover, this EMI can be generated by man-made effects such as interference from high
voltage transmission line (corona or leakage noise), transient switch, motor commutator
sparking, automotive ignition and airplane: and sometimes from natural phenomena such
as atmosphere noise and signal fade. If it generated, the best solution is an aerial with a
balun and a double screened coaxial cable. Analogue cures below could cure the problem.
If this type of interference appears on digital reception all the time, and also freezes, the
reason is that the signal is not strong enough.

Some causes of electrical/impulse Interference - Type 1 include Vacuum cleaners,
Fans, Electric drills, Electric trains, Electric razor, and Sewing machines.

Some causes of electrical/impulse Interference - Type 2 include Automatic
switches, Central heating thermostats, Refrigerators and Freezers.

This type of interference is normally caused by switches or thermostats especially
thermostats in central heating systems. It appears on the screen as a dense white band of
spots or on digital pictures as a mosaic effect, but only for a short period of time.

In many cases the source of the interference will be obvious because the
interference appears when an item such as an electric drill is being used. Where the source
of interference isn't obvious, try to locate it by switching off everything in the home one

item at a time while another person monitors the effect on the TV screen.
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aerial is pointing or 2) One can adjusting the height of the aerial is usually the best method
to adopt or 3) If ghosting is severe and persistent, a more directive aerial such as a high
gain aerial or a log periodic type should be used. Another aerial that has been known to

eliminate ghost signals is a Grid type aerial.

2.6 Poor picture (Weak signal) on Digital or Analog System

Some poor pictures are illustrated in Fig. 2.6. The picture on the left shows a
normal picture for comparison. The pictures on the right are the type that will be received
if you are far away from the TV station or if there is a building or hill between antenna and
the TV station. The same effect may be caused if one live in a valley where shielded from
the signal. Each TV station has a defined service area where thé strength of the TV signal
is adequate to give good reception. Just beyond the boundary of the service area is a fringe
area where the signal will be weaker and reception quality will be poorer. Solutions to
poor picture can be archived are in the following. 1) Once one has checked that the weak
signal is not due to a defective or badly pointed aerial, poor connection, broken or
disconnected lead, one could improve the signal strength by: Changing the coax cable to a
double-screened type, 2) One can increase the height of the aerial if possible, 3) Install a
higher gain aerial, and 4) Installing a masthead or setback amplifier to boost the signal. 5)
If there are many splits of the signal around the home using standard coaxial cable splitter
units, it could be that the signal has been reduced too much, in cases where 2 or. more TV
sets are to be feci it is recommended that a distribution amplifier be used rather than

splitting the signal. This method is especially essential for digital reception.
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A distant transmitter usually causes co-channel Interference, because it transmits
on the same channel as the local transmitter where the main signal is being received. This
problem is rare, but unfortunately can happen due to the channel allocations of the vast
amount of transmitters nationwide as illustrated in Fig. 2.7. Co-channel interference can
affect digital reception by overloading; in this case the following analogue cures could
cure the problem. Solution to co-channel interference can be done by the following steps.
1) It can be that the aerial installed has a very large viewing angle/beam width; an aerial
such as a high gain that has a narrow viewing angle could solve the problem, 2)
Adjustments in height and left to right (azimuth) as per the ghosting example could solve
the problem, 3) If the problem is severe, it could be that the location of the property is on a
bearing with the required transmitter that will always have the problem. In a case like this
it is often required that the aerial be pointed in a different direction to receive from an
alternative transmitter. This alternative transmitter could be further away from the original;
therefore amplification or a higher gain aerial may be required and 4) Monitor the polarity
of the aerial when searching for an altemative signal as the alternative transmitter may
transmit a vertically polarized signal; this means that the orientation of the aerial will need

to be vertical.

2.8 Radio Interference

Effects of radio interference on the TV screen include 1) moving, wavy or
herringbone patterns, 2) a 'waffle' effect, 3) S patterns or 4) loss of color as illustrated in
Fig. 2.8. This type of interference is usually caused by equipment that emits radio waves,
as used by taxis and emergency services, amateur and citizens' band radio, and mobile
phone services. Most of this equipment is properly licensed and filtered, though some is
not. Radio interference can also be caused by equipment connected to your TV set, such as

a video or DVD recorder or a signal booster [10].
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Chapter 3

Low-band Reception

3.1 Introduction

Electromagnetic interference (EMI) is the unintended radio frequency emissions
from electrical and electronic products, which have the potential to interference with the
operation of other products. EMI could high interference to television reception, especially
at low frequency band such as 47-68 MHz. The EMI is generally generated by man-made
activities such as interference from high voltage transmission line (corona or leakage
noise), circuit changing switch, motor commutator sparking, automobile ignition and
airplane: and sometimes from natural phenomena such as atmosphere noise [13] [14]. In
addition, EMI is generated by computers, hair dryers or vacuum cleaners interfering with
television/radio reception or telephones. While some EMI is a nuisance of industry plant,
aircraft control systems, motor vehicles, or medical equipment, the Electromagnetic
Compatibility (EMC) framework has been put into place to reduce the disturbances caused
by EMI [15]. Electromagnetic Compatibility refers to the ability of an electrical or
electronic device or system to function satisfactorily in its environment without
interference to other devices in that environment. When VHF low-band (channel 2 and 3)
signal is recei\-led, it is easier interfered by EMI rather than the higher frequency channel
[16]. This interference will cause horizontal interference lines across the screen and the
Buzz or Cracking sound at the TV speaker. Sometimes the picture is collapsed or
disappears.

In this chapter, the characteristic of the electromagnetic interference effect
generated by several sources discussed above at the television frequency channel 2-4 is

presented. We propose the methods to avoid their effects on television reception on the

VHEF low band channels.
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3.2 Experimental Details
3.2.1 Measurement Setup
The TV signal field strength has been measured by using Hewllet Packard
(HP) spectrum analyzer model 8591C and using the HP antenna has correction factor
setup. The measurement parameters are illustrated in Table 3.1.

The measurement is made at the 10 km point apart from the television transmitter
station and move every 10 kilometers away until reaching the 100 kilometers point from
the transmitter. The measurement range covers both in the urban area and the rural area
where there is no interference effected from EMI. Signal strength is measured from
MCOT, PRD and BEC station. The transmitter station CH2 of MCOT (Mass
Communication Organization of Thailand) is located at Nongbua-Lumpu province. It uses
NEC model PCN1410AL/1 VHF TV transmitter with 10 kW output power. This area is on
small hill and the total height of antenna is 380 meters above sea level. The CH4 of PRD
transmitter station is located at Khon Kaen province. It uses HARISS TV transmitter with
10 kW output power. The station is on the flat urban area (Muang district). TV transmitter
antenna height is 150 meters above sea level. The CH2 transmitter station of BEC
(Bangkok Entertainment Company) is on Kho-yai-ting, Srikute district, Nakornratjasima
province. The TV transmitter of NEC model PCN1620SSL/1 with 20 kW output power is
used. Its location is on the mountain. The total antenna and mountain height is 790 meters
above sea level.

We also perform the EMI measurement on VHF low band channels with the
receiving antenna heights of 6, 12 and 18 meters by setting up on open area and without
any disturbance from other sources. The field strength for EMI is measured at every 2
meters increment for distance 1-40 meters. The spectrum analyzer of Hewllet Packard
model 8591C is used to measure EMI signal levels. The measurement is done for 4-5
times for each point and the average value for better accuracy data is computed. The

parameters of EMI measurement are illustrated in Table 3.2.



Table 3.1 Measurement setup for signal field strength

Frequency (MHz) 47-54 (MCOT, BEC)
61-68 (PRD)

Tx antenna height above see level (m)
CH 2 (BEC) 790 (Nakornratjasima)
CH 2 MCOT) 380 (Nongbua-Lumpoo)
CH 4 (PRD) 150 (Khon Kaen)

Rx antenna height of standard dipole (m) |5

Table 3.2 EMI measurement parameters

Rx antenna heights (m) 6,12,18

Yagi low band antenna (CH2 - CH 4) MASPRO
Gain (dB) 5
VSWR 1.2
F/B ratio (dB) 10

EMI generator Motor cycle

Spectrum analyzer Hewllet Packard model 8591C

3.2.2 Measurement Results
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The results of TV signal field strength of CH2 (MCOT station) from

Nongbua- lumpu province, CH4 (PRD station) from Khon Kaen province and CH2 (BEC
station) from Nakornratjasima province are shown in Figure 3.1. We observe that the field
strength of CH4 decrease on the faster rate than that of CH2 (MCOT and BEC stations).
This is due to the fact that CH4 has the lower Tx (Transmitter) antenna and higher

frequency than CH2.
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At the distance around 10 km from Tx antenna, both PRD and MCOT have
similar field strength at around 80 dBpV/m. While BEC is 92 dBuV/m because it has
higher both output power and antenna height. When the distance is further increased, the
field strength of CH4 will decrease rapidly. At the distance 50 kilometers, Muang district,
Kalasin province, the field strength of CH4 is dramatically decreased to 35 dBuV/m
compared to CH2 of MCOT at the distance 70 kilometers, Pend district, Udon Thani
province, the field strength decrease slightly to 44 dBuV/m. It can be seen that for CH2
with longer distance, its field strength is still higher than CH4.

The measurement results of EMI generated by motor cycle are illustrated in Fig.
3.2. It shows the EMI generated by motor cycle at 6, 12 and 18 meters of Rx antenna
height. At 2 meters apart from source the measurement results are 80, 68 and 63 dBuV/m,
respectively and at the 40 meters apart from source are 28, 54 and 47 dBuV/m,
respectively. We find that at low receiving antenna height, for example 6 meters, the
interference will be high level when EMI source is near Rx antenna but it decreases
quickly when EMI source is far from the antenna.

The received signal from CH3 Nongkam, Bangkok at KMITL using the yagi
antenna 5 elements of MASPRO with height of 40 meters above ground is illustrated in
Fig. 3.3. The distance from TV station is around 40 kilometers. We could see the snows
affected on TV picture screen. Figure 3.4 shows line scan signal number 12 to 22 by
VM700T of Textronix. We find the noise signal on line 12 to 16. Line 18 to 19 had shown
the vertical interval test (VIT) signal.

Figure 3.5 illustrate of the spectrum of EMI generated by motor cycle, spectrum of
CH4 TV frequency response and spectrum of FM radio broadcasting frequency response.
They are spread in the range of 24-124 MHz frequency band. The center frequency is 74.3
MHz. We observe that the left hand portion of center frequency is EMI and it is easy to

disturb the receiving signal CH2 to CH3 (47-61 MHz).
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province, signal strength of CH2 (MCOT) about 45 dBuV/m. The EMI is about 20-30
dBpV/m and can observe the effects on TV screen. We find the horizontal interference
line across the screen from a few lines to several lines, sometimes loses the sync signal
makes the picture flip and also introduces Buzz or Cracking sound on loud speaker. While
the receiving signal of CH4 (PRD) at Nond-sa-ard district, Khon Kaen province, the
distance around 60 kilometers away from transmitter, does not show any interference
effects. Even though the signal field strength is lower than of CH2. Figure 3.5 shows EMI
signal causes interference at low frequencies band of around 30-54 MHz, but affect

slightly or none at higher frequencies.

3.4 EMI Filters

When the source of the signal noise cannot be eliminated, filtering is
recommended as the last resort. EMI filter is commonly available filters. As EMI filters
are commercially available to eliminate high frequency noise in power lines. They not
only stop the noise from entering the system, they also the noise manufactured by the
system to leave the system and reach other parts of the bigger system. This effect is called
bidirectional. A combination of inductors and capacitors make up the EMI filters. The
EMI filters can also be in configurations such as feedthrough capacitors, L~circuits, PI-
circuit, and T-circuits. The component of a feedthrough capacitor component is a
capacitor. Feedthrough capacitors are good choice when the impedance connected to the
filter is high. The L-circuit has an inductor on one side of the capacitor. This configuration
works best for the line and load that have a large difference in impedance. The inductive
element gets connected to the lowest impedance. For PI-circuit, two capacitors surround
an inductor. When the line and load have a large difference in impedance, the PI-circuit is
the most suitable. The PI-circuit also is used when high levels of attenuation are needed.
The T-circuit has inductors on either side of the capacitor. It works best when both line

and load impedances are low.
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However, feedthruough caused of low frequency response is not so good. In

practical, we must choose suitable type of feedthrough for high quality of circuits.

3.5 Conclusions

In the study of low-band frequency reception, we find that lowest channel of TV
broadcasting (CH2 frequency of 47-54 MHz) in the VHF frequency low band such as BEC
Nakomratjasima province or MCOT Nongbua-lumpu province is most affected by EMI
although the received signal field strength is high. The PRD Khon-Kaen, which has higher
frequency of CH4 (61-68 MHz), is slightly affected or almost unaffected even though the
received signal field strength is lower. r

We may change the antenna direction to avoid EMI source path or change the
position of the receiving antenna or using the noise canceller is installed in the noise

generator such as appliances to reduce effects of EMI.
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Chapter 4

Airplane Flutter Phenomena

4.1 Literature Review

Airplane flutter phenomena [16][17] occurs when an airplane flies across
transmitting and receiving antenna. The reflected signal from airplane reaches the
receiving antenna at the same time as the direct signal but with a phase delay. The
phenomena naturally affect the signal quality of both analog and digital transmission
systems [18]. Accurate model of the signal variation caused by the phenomena is thus
necessary for flutter prediction and compensation. The signal measurement is crucial for
comparison with the simulation results of the developed model.

Previous works on flutter modeling can be found in [16][19][20][21]. In [16], the
reflected signal from aircraft is measured from different angles using scaled aircraft in an
echoic chamber. A Quasi-periodic (QP) fluctuation of signals is observed. In [20], a
sinusoidal approach is used to replicate the signal attenuation in the VHF and UHF band as
a result of the airplane flying near an airport. It indicates that directivity of the antenna
does not affect the pattern of received TV signal. In [16], a geometrical aspect is, however,
not used to generate the signals.

To obtain more accurate flutter models,. aircraft modeling is.required. Radar cross
section (RCS) technique. has been used to model complexes objects. In [22],
approximation of an airplane dimensions based on bistatic RCS of spheres and cylinder
agree approximately with predictions obtained via exact techniques. In [23], the RCS of
Boeing 747-200 aircraft is developed using the Numerical Electromagnetic Code (NEC).
The paper presents RCS variations of an aircraft along different flight routes at the 20-60
MHz frequency band. The simulation result is not compared with the actual flying route,

but with the experiment of scaled aircraft in the echoic chamber. In this case, although the
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experiment offers better understanding of fluttering, it is based on unrealistic parameter
values. For example, the airplane is scaled to 1:100 operating at frequency of 2-6 GHz
instead of 20-60 MHz. In addition, the speeds under study differ from actual values at 400-
500 km/hour.

The signal variation from fluttering is the result of multipath propagation of direct
waves, reflected §vaves from the airplane and ground. Multipath propagation from the
airplane fluttering has recently been discussed in the literature [19][20][24]. In [19-20], a
single scatter multipath model and Doppler shift effect are included to model the VHF
signal. In [24], the modeling of fading and ghosting of both digital and analog signals are
reported. The paper describes simulation of multipath effects with the result of picture
distortion in various environment conditions ranging from fixed path between transmitters
and receivers to moving reflectors with and reception under mobile condition, but the
paper does not compare simulation from equipment with measurement data.

In this chapter, we develop a novel model to produce signal fluctuation due to the
airplane flutter phenomena. Our contributions are three folds. Firstly, the bistatic ellipsoid
RCS backscattered method is used to approximate the airplane body. Secondly, the
distance and phase difference between direct and reflected waves are computed using the
3-dimensional geometrical technique. Finally, we calculate the total electric field strength
at the receiving antenna by.modifying the Ray theory and using multipath propagation.
Most importantly, realistic parameters such as flight altitude, speed, direction, body type,
frequency among others are included in the model. The simulated results are compared
against the measured data with the actual flying routes based on two modes of flying

patterns: cross and cross-range pattern. Furthermore, the model clearly shows the effect of

airplane fluttering on low frequency signal.
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4.2 Background Theory

In this section, the radar cross section (RCS) back scattered of a simple object and

wave propagation on the plane earth are reviewed in relation with the flutter phenomena.

4.2.1 Bistatic Radar
Radar systems that use the same antenna for both transmitting and
receiving are called mono-static radars. Bistatic radar uses transmit and receive antennas
that are placed in different locations. Under this difinition CW radar, although they use
separate transmit and receive antennas, are not considered bistatic radar unless the distance
between the two antennas is considerable. The angle between wave from transmitting
antenna to target and reflected wave ﬁom target to receiving antenna is called bistatic
angle. A synchronization link between the transmitter and receiver is necessary in order to
maximize the receiver’s knowledge of the transmitted signal so that it can extract
maximum target information.
The synchronization link may provide the receiver with the following information:
(1) the transmitted frequency in order to compute the Doppler shift; and (2) the transmit
time or phase reference in order to measure the total scattered path (direct wave + reflected
wave). Frequency and phase reference synchronization can be maintained through line-of-
sight communications between the transmitter and receiver. However, if this is not

possible, the receiver may use a stable reference oscillator for synchronization.

4.2.2 Radar Cross Section (RCS)

The electromagnetic waves with any specified polarization diffract
scattered signals in all directions when incident on a target. These scattered waves are
broken down into two parts; the first part is made of waves that have the same polarization

as the receiving antenna, the other has a different polarization to which the receiving

i



30

antenna does not respond. These two polarizations are orthogonal. The target RCS is
defined as effective cross section of the target causing the intensity of the back scattered
energy with the same polarization as the radar’s receiving antenna. It is expressed with the
unit of m’. An approximate method is often used to predict RCS of complexes and
extended-targets such as aircraft, ships, and missile [25]. When experimental results are
available, they can be used to validate and verify the approximations.

We consider using RCS of ellipsoid with dimensions (width and length) relative to
the body of an airplane. In fact, other shapes of objects such as spheres and cylinders have
been used to model the airplane flutter, but the case in this paper produces results closer to

‘measured data.

4.2.3 RCS Back Scattered of Ellipsoid
The RCS back scattered determines the proportion of intensity of waves
reflected from the target. Consider an ellipsoid centered at the coordinate (0,0,0) as shown

in Fig.4.1. It is used to model the body part of an airplane defined by

direction to
receiving radar

Fig. 4.1 Geometry of ellipsoid RCS back scattered
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where a and b are the widths and c is the length of an ellipsoid.

The direction to the receiving signal has aspect angle & from the z-axis, and Qis
the angle between the y-axis and the incoming wave incident on the ellipsoid. One widely

accepted approximation RCS back scattered of ellipsoid (O) is given by [26]

212 2
o= rabe . “2)
(a2 sin® @cos’ @b sin® Bsin’ p+c* cos® 9)
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When a = b, the ellipsoid becomes roll symmetric, thus, the RCS back scattered is

independent of @, and Eq (4.2) is reduced to

4
na 02

. 2
(a231n29+c2 cosze)

o= 4.3)

In Fig.4.2, the plot of the ellipsoid RCS back scattered in dB versus & with ¢ =
45°, a=10m, b = 10 m, and ¢ = 70 m is shown. This dimension in fact approximates the
body of a Boeing 747-200. The aspect angle Oranges from 0 to 180 degrees. Observe that
the peak of ellipsoid RCS back scattered occurs at about 54 dB for the aspect angle & at

90°, i.e., when the waves are transmitted directly to the target.

4.2.4 Radio Wave Propagation
Free space propagation: Consider an isotropic radiator in free space. By
definition, an isotropic radiator produces identical radiation intensity in all directions. In
free space, the resultant spherical wave spreads out with uniform intensity in all directions.
If Po is the power radiated from the isotropic source, the electric field strength (E) at a

radial distance r is given by [26]

30P

E,="—=¢" T Vm, (4.4)

Where =27 A is the free-space wave number or phase constant, the subscript on

E, denotes the free space field. Note that the electric field strength E_ scales with 1/r.
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Fig. 4.3 Radiator with directional gain pattern.

Consider a source with a directional gain pattern D (6, ¢ ) and surface area far
field power density is related by S (6@ ) as shown in Fig.4.3. In this case, the radiated
power is concentrated in some direction as it spreads out over the surface of a surrounding

imaginary sphere. The far-field electric field strength is given by

J30P Die, ’ .
0 ? g% Vim.
.

E,(6,¢4)= (4.5)
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Fig. 4.4 R,and R, are geometry of direct wave and reflected wave distance, respectively

Fig. 4.5 The geometry of distance from airplane to receiving antenna r = z / Cos @
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4.2.5 Geometry of Reflected Wave

In this part, the distance of direct wave between transmitting antenna to
receiving antenna, distance of reflected wave by ground, arid distance of reflected wave by
airplane are described. The 3-dimension method is used for calculation in case of reflected
by airplane due to airplane moving during the entire time the effect occurs.

Direct wave and reflected wave by ground could be found by geometry is

12

illustrated in Fig.4.4. The direct wave distance R, = [r2+(hl-h,)2] . The geometry of

reflected wave distance by ground R, shows that the value of 4, is mirror-reflected value
of h,. From geometry, the distance of R, = I+, +h)" 17

Geometry of reflected wave distance by airplane could be obtained by spherical
coordinate theory [27], » = z/Cos@ is illustrated in Fig.4.5. Airplane flies from position
1 to 2 and reach position 3, thus value of angle & changes all time depending on position
of airplane. The altitude and speed of airplane (z) are from Aeronautical Radio of

Thailand. This method could be used to calculate both distances from transmitting antenna

to airplane and distance from receiving antenna to airplane.

4.2.6 Ground-wave Propagation Over Plane Earth
The geometry for ground wave propagation over plane earth is used for
analysis of airplane flutter phenomena as both direct and indirect wave of multipath
interfering signal. For the method used to calculate the ground wave electric field strength

E(r) depends on the geometry and wavelength given by [26]

E(r) = E,(R) + PE,(R,) (4.6)
where
E(r) = total electric field strength at receiving antenna at a radial distance r,
E, = electric field strength of the direct wave at aradial distance 7,
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R, = distance traveled by direct wave between source and point,

="
o
Il

distance traveled by ground reflected wave between source and points,

magnitude of reflection coefficient.

Q
1l

4.3 Proposed Method

In this section, we explain a proposed method to compute the electric field
strength of the ground wave based on two techniques: 3-dimensional geometry and
ellipsoid RCS back scattered. The RCS of ellipsoid with appropriate dimensions (width
and length) relative to the body of an airplane can be used in the model of flutter
phenomena. In this paper, we focus on the body part of airplane only because it is the
biggest part and scatters most of the signals. The signal is, in fact, scattered from the body
at all time, independent of the direction and pattern of the flying routes. For other parts
such as wing and tail, however, the amount of reflected waves is typically quite small and
dependent on the flying angles. They do not always affect the TV signal due to the flatness

and relatively small size [16].

4.3.1 Basic Parameters
The basic parameters, which affect the signal variation patterns, can be
classified into 3 categories as follow.

a) Amplitude of variation depends on the parameters including percentage of
reflection by airplane (1_;,.,?), RCS back scattered (0), size of airplane, and distance from
airplane to receiving antenna (R, ).

b) Frequency of variation pattern depends on the wavelength (1) of the TV
signal.

c¢) Duration time of variation pattern depends on the parameters including speed,

altitude, directivity of antenna, and direction of airplane.
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A simple multipath scattering model is used to describe the airplane flutter phenomena. It
is formulated with the objectives of increasing the understanding of some of the measured
signal behavior and also predicting its patterns. This requires a fundamental description of
the causes of the signal variation and is the reason why this model is based on both
physical and geometrical considerations. The method used to calculate the field strength at
the receiving antenna is modified from Ray theory by A. A. Smith Jr. [26], which depends
on the geometry and signal wavelength. In the case of reflection by airplane, some
parameters such as radar cross section (RCS), airplane altitude, speed and direction of

airplane are considered.

4.3.2 Cross Pattern

Consider the geometry of wave propagation reflected from airplane flying
with cross pattern as shown in Fig. 4.6 (a), (b), and (c). The signal multipath is composed
of the direct wave (e,), reflected wave by ground (e,), and reflected wave from airplane
(e,), respectively. Figure 4.6(a) is a front view showing the transmitted and received angle
6 and the signal at receiving antenna that is composed of e, e, and e,, respectively. Fig
4.6(b) is a top view showing the angle ¢ at receiving and transmitting sites and Fig 4.6(c)
shows a 3-dimensional geometry.

For the cross pattern, vertical angle & on the receiving side during interference is
constant at 45 degrees, while the horizontal angle ¢ varies from around 45 to 135 degrees

as shown in Fig.4.6 (a), (b), and (c).
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Fig. 4.6 The geometry of the wave propagation in the airplane flutter, composed of the
direct wave (e,), reflected wave by ground (e,), and reflected wave by airplane

(e,). (a) front view, (b) top view, and (¢ ) 3-dimensional view
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In Fig. 4.6,

R, is distance travelc;d by direct wave between source and field point by [26]
= 4y - E,
R, is distance traveled by ground reflected wave between source and field points and
can be computed = [r2 + (g + hg,)? ];_,
R,  is distance traveled by airplane reflected wave between source and field points can
be computed = (z/Cos &, ) +(z/Cos G,),
Ve Yre i distance from transmitting and receiving antennas to airplane in y plane,
respectively,
r is distance between source and field point measured on the plane,
hy is height of transmitting antenna above earth plane,
he, is height of receiving antenna above earth plane,
6,, 6, is angle between antenna and reflected waye by airplane in vertical plane at
transmitting and receiving side (degrees), respectively,
@, .. is angle between antenna to reflected wave by airplane in horizontal plane at
transmitting and receiving side (degrees), respectively, and

R, is distance between receiving antenna to airplane given= z/Cos 6.

The total electric field strength at the receiving antenna E(r) can be computed
from the sum of the direct wave (e,), ground reflected wave (e,), and airplane reflected

wave (e,), each of which can be computed based on Eq.(4.5), i.e.,

E(ry=e +e,+e

[ o-iBR -JBRy —J®n
oS oS &
= J{30P, D(6, + e —
'\/( 0 ( ¢))[ Rl I,Ogro R2
g—fﬂng"M’z :l
+lo . | .
air, air, R 4.7
P P R, 4.7)
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where

P, is output power of transmitter,

D (6.9 is directivity of antenna,

& is permittivity of the earth [F/m],

g, is permittivity of free space = 8.854*10" F/m,

k is &g, = the relative permittivity of the earth (k=15 for good earth),
Jij is 2704,

Piro is reflection coefficient by ground = 0.8% for VHF [26],

@, @, Iisreflection coefficient phase by ground and airplane, respectively,

O iy is RCS back scattered of an airplane, and
I, is percentage of reflection by airplane [%)].

Equation (4.7) can be used to calculate the signal variation caused by airplane at the
receiving antenna. The RCS back scattered O, , is based on an ellipsoid of dimension
relative to the body of an airplane. The phase difference (¢) is determined from the
different paﬁls of direct and reflected wave and based on 3-dimensional geometry due to
the airplane movement at all time. Percentage of airplane reflection (]_;"p) is dependent on
the size of airplane, R_, and frequency of signal. The directivity (D) depends on the type
of antenna, for high-gain transmitting and receiving antennas, the directivity needs to be

accounted for in Eq.(4.7).
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4.3.3 Cross-range Pattern
In Fig.4.7 (a) and (b), the geometry of cross-range pattern of an airplane is
shown. The airplane makes an angle that is not perpendicular to the line-of-sight signal. In
this case, both angle of 8,  and ¢, vary, while for the case of cross pattern, &, is
constant. From the view of receive antenna, the angle 'QRX decreases as the plane

approaches the antenna, while, the angle @, increases.

4.3.4 Percentage of Reflection Wave Caused by Airplane (I:,.m)

The power density of wave at the receiving antenna due to scattered by

airplane (P, ) by [25] is

P - G, A’PG,0,

_ 458)
" (4z)PR’R
(4 ra

where P, is transmitted power, R, is distance between receiving antenna to airplane, G,
and G are transmitting and receiving antenna gain, respectively, O is the radar cross
section, in this case with o0y = 0= 0, , and R, is the range from the transmitting

antenna to a target.
The percentage of reflection of wave by.airplane is defined as

= o100 @), 4.9)

Dr(max)

airp

The Py, is maximum power intensity of reflected wave from the airplane
measured at the receiving antenna. The relationship between [/, and R _ is illustrated in

Fig.4.8 at the frequency of 60 MHz, 74 MHz, and 209 MHz, respectively.
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Fig. 4.8 The percentage of reflection from airplane (1, ) at the frequency of 60 MHz,

100 MHz, and 209 MHz

From the figure, it can be observed that at the distance of R , equal to 1400 m (equivalent
to the altitude of 1000 m in cross pattern experiment), the percentages of reflection at 60
MHz and 209 MHz are 25 % and 2 %, respectively. The higher frequency, the lower
proportion of reflection 7, , is found. The value of I, is an essential parameter used in

the airplane flutter model in Eq.(4.7).



Chapter 5

Measurement and Simulation Results on Airplane Flutter

5.1 Measurement and Simulation Results

In this section, the measurement and simulation results of airplane flutter
phenomena on TV signals are presented. The signal variation caused by airplane was
measured at King Mongkut’s Institute of Technology Ladkrabang (KMITL) campus,
Bangkok, Thailand. The airplane took off from Donmuang International Airport and flew
pass the line-of-sight signal between Tx and Rx points at KMITL. The obtained data were

then compared with the simulation results using the parameters relevant to the

measurement.

5.1.1 Measurement Setup

The measurement parameters are listed in Table 5.1. The TV signals from
local stations of channel 3 (Ch3) at 60.75 MHz and channel 9 (Ch9) at 208.75 MHz are
selected in the test. For Ch3, the output power is 60 kW with 230-m height antenna and for
Ch9, the output power is 20 kW with 250-m antenna height. Both channels are transmitted
from the same anfenna tower at Nongkam station, located on the western rim of the city.
On the receiving side, Anritsu WI-208 field strength meter is used with standard 3-meter
and 3.5-meter dipole antennas-above ground for Ch3 and Ch9, respectively. The received
signal is collected using Keyence data acquisition system, and Yokogawa Hokushin
Electric paper recorder as shown in Fig. 5.1. The data acquisition rate is 100 samples per
second. The equipment is setup in the middle of the football field on KMITL campus,
located on the eastern rim of the city the football field location is chosen to prevent signal

reflection from the buildings in the vicinity.
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end

cc2=thetaRXin-thetaRXout;

dd2=abs(cc2/1700);
theta_rx_deg=thetaRXin:-dd2:thetaRXout; %theta_rx_deg
theta_rx_rad=(theta_rx_deg.*pi)/180;

%To calculated the distance between Rx to airplane in y-axis and theta_rx_deg
%h_airp=1000 %Define airplane height; 1000, 546.5m.....
RX1=h_airp/tan((90-thetaRXin)*pi/180)
RX2=h_airp/tan((90-thetaRXout)*pi/180)

ccl=RX2-RX1;

dd1=ccl/1700;

x_rx= RX1:dd1:RX2; %find x_rx for same matrix dimension

%Define phi angle value at Rx side
%phiRXin=45;phiRXout=135; %Cross
%phiRXin=55,phiRXout=120; %Cross-Range
%phiRXin=55

%phiRXout=120

cc3=phiRXin-phiRXout;

dd3=abs(cc3/1700);
phi_rx_deg=phiRXin:dd3:phiRXout;
phi_rx_rad=(phi_rx_deg.*pi)/180;

%To calculated distance from rx to airplane (r_rx) in sphererical cordinate
r_rx=x_rx./(sin(theta_rx_rad).*sin(phi_rx_rad)); %********r*x*x**

%Transmitter(Tx) side

%To calculate distance between Tx to airplane in y-axis and theta_tx
d0=d0*1e3

total_dis=d0;

TX1=total_dis-RX1

TX2=total_dis-RX2

cc4=TX1-TX2;

dd4=abs(cc4/1700);

x_tx= TX1:dd4:TX2; %find x_tx for same matrix dimension

%?To calculated theta angle at Tx side
%thetaTXin;thetaTXout
angle_1=(h_airp/TX1*180/pi); %in degrees
thetaTXin=90-angle_1
angle_2=(h_airp/TX2*180/pi); %in degrees
thetaTXout=90-angle_2
ccS=thetaTXin-thetaTXout;

dd5=abs(cc5/1700);
theta_tx_deg=thetaTXin:dd5:thetaTXout; %theta_tx_deg
theta_tx_rad=(theta_tx_deg.*pi)/180;

%To calculate phi angle at Tx side
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%%phiTXin;phiTXout
dphi_1=tan((90-phiRXin)*pi/180)*RX1;
dphi_2=tan((phiRXout-90)*pi/180)*RX2;
angle_3=(dphi_1/TX1*180/pi);
phiTXin=90-angle_3
angle_4=(dphi_2/TX2*180/pi);
phiTXout=90+angle_4
cc6=phiTXin-phiTXout;
dd6=abs(cc6/1700);
phi_tx_deg=phiTXin:dd6:phiTXout;
phi_tx_rad=(phi_tx_deg.*pi)/180;

%To calculated the distance from Tx to airplane (r_tx)
r_tx=x_tx./(sin(theta_tx_rad).*sin(phi_tx_rad)); Yp****ikrrrrrkrix

%total of reflected wave distance(m)
total_r_refl=r_rx+r_tx;

%lLine of sight wave distance(m)

%Defind hight of Tx, Rx antenna and distance between Tx and Rx
%h_tx=230; %hight of Tx

%h_rx=4; %hight of Rx antenna
r_direct=sqrt((h_tx-h_rx)*2+d0»2)

%Distance difference between direct and reflected wave (m)
r_diff=total_r_refl-r_direct;

%To calculate the interference distance (interf_dis)in meters
phi_rx_rad1=((90-phiRXin)*pi)/180;

d_1=(RX1/cos(phi_rx_radl));

phi_rx_rad2=((phiRXout-90)*pi)/180;

e_1=((RX2)/cos(phi_rx_rad2));
interf_dis=sqrt(d_1°2+e_1/2-2*d_1%*e_1*cos(phi_rx_radl+phi_rx_rad2))
increl=abs(interf_dis/1700);

interf_dis_1=0:increl:interf_dis;

%To calculate the interference time (interf_time) in seconds
v_airp=v_airp*1e3; %velocity of airplane 450km/hour
sec_hour=3600

meter_sec=v_airp/(sec_hour-sec_adj);
interf_time=interf_dis/meter_sec
incre2=abs(interf_time/1700);
interf_time_1=0:incre2:interf_time;

%pPhase differnce between direct and reflected path
lambda=3e8/freq;
phase_diff=((2*pi)/lambda)*r_diff;

figure (1)
plot(phi_rx_deg,r_rx,'’k";
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%title('total of reflected wave distance(m)', 'FontSize',16);
xlabel("\phi Angle at receiving side [degrees]', 'FontSize',14);
ylabel(* Distance to airplane [meters]’, 'FontSize',14);

figure (2)

plot(phi_tx_deg,r_tx,'k");

Y%title('total of reflected wave distance(m)', 'FontSize', 16);
xlabel("\phi Angle at transmitting side [degrees]', 'FontSize',14);
ylabel('Distance to airplane{meters]’, 'FontSize',14);

figure (3) _

plot(phi_rx_deg,total_r_refl,'’k");

title("total reflected distance of airplane(m)’, 'FontSize',16);
xlabel("\phi Angle at receiving side [degrees]', 'FontSize',14);
ylabel('Total distance [meters]’, 'FontSize',14);

%To calculate percentage of reflection Gamma
Pt=Po*1e3; %output power of transmitter
Gt=100; 9%antenna gain of Tx

Gr=2.5; %atenna gain of Rx

v=3e§;

freq=freq;

freq_min=60.75e6;

lambda_max=v/freq_min;

lambda_1=v/freq;

sigma=max(rcs_db)

Rt=44; %Rt is distance between Tx antenna to airplane of cross range in km.

r_rx_min=min(r_rx)/1000 % r_rx is Rra in km.
Rt_1=min(r_tx)/1000 %Rt_1 is distance between Tx antenna to airplane in km.
Rra= [.5:.1:8];

PDr=(Pt*Gt*Gr.*lambda_max”2*sigma)./((4*pi)*3*RtA2*Rra.~1.4)
PDr_max=max(PDr)

Gamma=(PDr*100)/PDr_max

Rra_l=r_rx_min
PDr_1=(Pt*Gt*Gr.*lambda_112*sigma)./((4*pi)*3*Rt_12*Rra_1.71.3);
Gamma_1=(PDr_1*100)/PDr_max

figure(4)

plot(PDr,Rra,"™*-")

xlabel("\sl P_{Dr} \rm (mW/m~2) *,'FontSize', 13)
ylabel("\sl R_{ra} \rm (km)',fontsize',13)
legend('60.75MHz")

hold on
axis tight

figure(5)
plot(Gamma,Rra,'.-K’)



110

xlabel("\sl \Gamma_J{airp} \rm (%) ','FontSize', 18)
ylabel("\sl R_{ra} \rm (km)','fontsize’,18)
legend('60.75MHz")

hold on

axis tight

O/ kA ek o ok ok ok ek o sk ko o ke Sk 3k ok ok Sk ok sk ok 3k ok sk ok kst ok sk ok ke ok ok sk e ke e sk o ok sk sk ke sk sk ke sk sk ok o ok ok ok ok

%

%To calculate field strength at receiving antenna.

0,
42*************************************************************
%Defind parameters of model

%rho_1=rho_use Y%reflection coefficient (%)
Po=Po*1e3; %Tx output power of ch9,ch3
Direc=1.64;  %directivity of standard dipole

lambda = 3e8 /(freq/freq_phase_adj);

beta=(2*piflambda);  %phase constance
sigma_2=rcs_db; %RCS of ellipsoild
%ex=15%8.854*%10~-12;

%ex=2%8.854*10~-5;

Eref_02 = exp(-i*beta*r_direct)./r_direct +Gamma_1*sigma_2.*(exp(-
i*beta.*total_r_refl).*exp(-i*beta*r_diff))./total_r_refl;

Eo= 4*(sqrt(30*Po*Direc))/r_direct *((pi*h_tx*h_rx)/(lambda*r_direct)); %eq(3.16)
Eo=Eo*1eb; %V/m to uvV/m

Eo_dBuV=level_adj+10*log10(Eo) %in dBuV

Eol =sqrt(30*Po*Direc)*1e6;

Eol_dBuv=10*log10(Eol);

Er_02 =Eo_dBuV+ Eol_dBuV * Eref_02; %used RCS Ellipsoild

dB_max=abs(max(Er_02));
dB_min=abs(min(Er_02));
div=dB_max-dB_min

figure (6);
plot((theta_ee*180/pi),rcs_db);

xlabel ('Aspect angle - degrees");
ylabel ('RCS );

title (* RCS Blackscattered of ellipsoid ")
grid;

figure (9);

plot(phi_rx_deg,Er_02);

axis tight

xiabel("\phi Angle at receiving side [degrees]','FontSize',14);
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ylabel(‘Field strength [dB]','FontSize',14);

figure (11);

plot(interf_dis_1,Er_02);

axis tight

%axis([32 3500 25 40])

xlabel('Interference distance (meters)','FontSize',14);
ylabel('Field strength [dB]','FontSize',14);

figure (13);
plot(interf_time_1,Er_02);
axis tight

xlabel('interference time (sec)','FontSize',14);
ylabel('field strength [dB]','FontSize’,14);

Title(["\sK{h_{airp}}\rm ',num2str(h_airp),(' m "),' speed ’,num2str(v_airp),(' m/h")...

' \siRx(\theta, \phi)_{in}\rm','[",num2str(thetaRXin), \crc',",’,num2str(phiRXin),"\circ',']"...

' \sIRx(\theta, \phi)_{out}\rm",[',num2str(thetaRXout), \circ',",,num2str(phiRXout),"\circ','7'])
step=(div/2)/8;.
text(.4,dB_max-step, (['signal freq ',num2str(freq),' Hz']))
text(.4,dB_max-2*step, (['interf dist ',num2str(interf_dis),' m']))
text(.4,dB_max-3*step,(['interf time ',num2str(interf_time),' sec']))
text(.4,dB_max-4*step,(['\s! d_O\rm ‘,num2str(d0),' m']))
%text(.4,dB_max-5*step,(['RXin ',num2str(RX1),' m']))

%text(.4,dB_max-6*step,(['RXout ',num2str(RX2),' m']))
text(.4,dB_max-11*step,(["\sl \Gamma_{airp}\rm ',num2str(Gamma_1),' %'1))
text(.4,dB_max-12*step,(['fluc. level ',num2str(div),' dB']));
text(.4,dB_max-13*step,(['\sl R_r_a\rm ‘,num2str(min(r_rx)),' m7));

figure (14);

plot(interf_time_1,Er_02);

axis tight

axis([0 14 32 46])

grid on

xlabel('interference time (sec)';'FontSize',22);
ylabel('signal strength [dBuVT,'FontSize',22);
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