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ICHAPTER-1]
ADAR] AND NAVIGATION AIDS. oo

» RADAR means Radio Detection and Ranging. It is a device which can detect the presence of Target
ard mzasure its Range. )

» Rad:r is an electromagnetic system for detection and iocation of reflecting objects such as aircrafts,
ships. vehiclus, prople and natural environment etc.

» it operates by transmitting 2 particulr type of wave form (for e.g. pulse mcdulated ¢ ‘ne wave) into
space and dctects the nature of echo signal reflected form an objects or targets.
Radar can’t recognize colur of objects but it can recognize darkness, fog, s 10ke. rain, snow etc.

»

® SIMT.E RADAR SYSTEM: -

» A Simple Radar System consists of
namitter, Re: eiver and Antenna.
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Tzansmitting and Receiving when the radar wavefrnisa rcpeutwc series of pulses.
» The range or distc e to a target is found by measuring the time it ‘2'es for the radar signal to trave:

processed o detect the presence of
target anc determines iis location.

te the warget and return back to the Radar.

» Radar can al~v provide information daboui nawre of target beire observed.

» ! the target is in motion, there is a shift ir. the frequency of the echo signal due to the Dopoler Efizat.
This frequency shift is proportional to the velocity of the .arget related to the Radar which is known
as Radar velocity.

. NOTE: Doppler frequency shift i+ widely used in Radai as the basic for separatin . desired moving
target from fixed(Unwanted) clutter echoes reflected from natural envirorments such as see, Lake
Fit

= The range of the target is determined by the time Tg; It is the time_taken by the pulse to travels to the
target and returns back.

» The LM Wave in the space travel in the speed of light i.c. 3x10® m/s. Thus the time taker for the
signal to travel to the target located at a Range ‘R’ and returned back to the Radar can found as: -

V=S/T =>T=S/V

Tr=2R/C D R=CTg/2

[V=Velocity=C; S=Distance=R; T=Time=Tg]

NOTE:-

Rikm=0.15 Tr (us) Rme= 150 Tr (us) Ryara= 164 Tr (ps) Rr,_ﬂ 492 Ty (us)

®_,—0.081 Ta (2 [nmi= Nautica! hieoe] @ =00] T, (por femi St Milee]
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Once the signal is radiated into space by Radar, Sufficient time must elapse to allow all echo signajg |
to return to the Radar before the next pulse is transmitted. The rate at which the next pulse transmitted
is determined by the longest range at which targets are accepted.
> If the time between pulses Tp is too short an echo signal from long range target might arrive after the
transmission of next pulse and we mistakenly associated with that pulse rather than the actual pulse
transmitted earlier. This can result an incorrect or ambiguous measurement of Range.
Echo that arrives after the transmission of next pulse are called second-time around echo. Such an
echo would appear to be at a closer range than the actual and its range measurement is called
misleading, if it were not known to be second-time around echo.

» Hence the range beyond which the target appears as second-time-around echo is called Maximum
Unambiguous Range.

‘.‘

Rllnamb = CTP/Z = C/2Fp

Where, T, = Pulse Repetition Period. & Fp = Pulse Repetition Frequency.
® TYPES OF'RADAR

# [here arc basic two types of Radar Detecter
E Puise Radar System
E Continzous Wave (CW) Radar System
» Continuous Wave Radar System again classified into two categories such as: -
@ CW Doppler Radar
@& Frequency Modulated CW Radar (FM-CW Radar).

R APPLICATIONS Of RADAR.-

» Rada used in Different Fields like: - : ‘ ’ _‘ : .
% Military % Highway Safety
% Remote Sensing % Aircraft Safety and Navigation
% Air Traffic Control ¢ Ship Safety’

C.
X3

*

Law Enforcement Space Vehicles Control etc.

® Performance Factory of RADAR (OR) 'Radar Range Equationy: -

» Radar Equation relates the Range of Radar to the characteristic of Transmitter, Receiver, Anienna,
Target, and Environment etc.

> It is used noc just as a man for determining the maximum distance from Radar to a Target. But it can
serve both as a tool for understanding Radar Cperation and a Basic form of Radar Design.

.. In this section the simple form of Radar Equation is derived.

> For ar isotropic antenna; If the Power of Radar Transmitter is denoted by Py then the Power Density
{watts per unit area) at a distance ‘R’ is equal to the Transmitted Power Divided by the Surface Area
(4nR?) of an Imaginary Sphere with Radius ‘R’. Where ;= Power Density from Isotropic Antenna.

P-

Pt
4mR2

Generally Radar uses Directive antennas 10 channels. In this case the radiated power P, is in some
particular direction. If the gain (G) of an antenna is a measure of increased power radiated in the
direction of target as compared with power that would have been radiated. And is defined as,

"1

Maximum Power Density Radiated by Directive Antenna
G- Power radlated by a loss less Isotropic Antenna with same Power Input

e o ——————— - —— e
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radiated it in the various directions. The

Wer intercepted by the tar .
et i i
erelation. get and re-radiated back in the Radar

p .
ower Density of the echo signal at Radar= = X —— = PLGo_ .. ©)
e X s = T [ emessen
» The R i o
‘ a?dar Cross section (o) as unit of area, it is the characteristic of
of its size as seen by the Radar. o

» Like target th ivi
e R . .
il Cfoss Sect.ccel;/mg Antenna intercepts a portion of the re-radiated power which is proportional
ional Area of the Receiving Antenna (A¢). The radar antenna captures a porﬁon of the

i l

a particular target and a measure

Pt G o
P.= X __PtGo Ae
2Rz X 7z X Ae D> Pr = T )

» The Maximum Rada'r Range i.e. Ry is the distance beyond which the target cannot be detected. It
occurs when the received echo signal power P: just equal to the Minimum Detectable Signal (Smin),

> | Ruw)'=

Pt G o Ae
(4m)2Smin

PtG o Ae
(4m)?Rmax*

Sm|n=

= PtGo Ae .1
_ t PEGOAR ae | o (5)
(Rinax) [(41:)25min]4

%» That is the Fundamental of the Radar Equation.
NOTE: - The importment antenna parameters are Transmitting Gain & the Receiving Effective Area.

> Antenna theory give the relation between Transmitting gain & receiving affective area of antenna i.e.,

2
G- mhe g AEEE i (6)

A2 4T

» Since the Radar generally use the same antenna both for Transmission and Reception, So we use these

values in fundamental equation of Radar.

PtAe?c =
Pt 4m Ae Aeo = Riax= [__]

— ax : sessaiid 0)
2z (4m)2Smin 41 A2Smin

Rinax

2 1
GA22 4 e
Pt(:tT) U]Z & Rmax_[(41-[)3Smin o ®

max [4Tr128min

» These simplified versions of Radar equation don’t adequately describe the performance of act.ua]
Radars, as many important factors are not included. Also Idealized conditions have been employed i.c.
neither the Effect of Ground nor Absorpti

tice is often less than t

on and Interference is taken into account. Henge, the

maximum range in prac hat of indicated by the Radar Range Equation.
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_® Important Problems: -

& What is the duty cyclé of Radar with a pulse width of 3usec and a PRT of 6ms?

PW PULSE WIDTH
As Duty Cycle= =
- ty Cycle PRT  PULSE REPETATION TIME

PW 3x107¢ 3
PRT exi0-3 _ 0-5%107=10.0005

E Duty cycle also is expressed as ratio of average power to that of peak power.

Duty cycle =

'Average power = Peak Power x Duty Cycle

& Calculate the average power when peak power is 100kw with PW of 3us and PRT of 6ms?

PW 3x107¢ 3
PRT ex10-3  0-2x107=0.0005

Peak Power = 100kw = 100x10° Watt ) | |
Average Power ="Peak Power x Duty Cycle =100x10°x0.5x107 = 50 watt -

Duty cycle =

& Calculate the maximum range of a Radar system which operates at 3cm wave length with a pec
pulse power of 500kw and its minimum detectable signal S, is 10" watt, the aperture area of i
antenna is 5m’ and the Radar cross sectional area of the target is 20m’.

Given: Wave length, A = 3cm = 0.03m
Peak Power, Pt= 500kw =500x10’watt
Smin=10"*W, Aperture Area (Ae) =5m’ & o= 20m?>

Pt Ae2¢o 1

max— [411 A2 Smin:I !

500%103X25%20 /4
= ]

- max =686km =370nmi
max [4nx(0.03)2x10-13 P Rinax =6 nm

© A Radar operating at 10GHz with the peak power of 500kW, the power gain of antenna is 500(
and the minimum power at the receiver is 107"*W. Calculate the maximum range of Radar if the
affective area of antenna is 10m’ and RADAR cross sectional area is 4m*?

Given: f=10Ghz=10x10°Hz ,  Pt=500kw= 500x10° watt
| G=5000, Smin=10"W, Aperture Area (A)) =10m* & o =4m?

_rPtGoAe 1
Runa) = [

3
> Rr 500x10 x5000x10x4]1/4 = 501643.359m = 501.643km

o 41tx10-14
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[ BLOCK DIAGRAM OF APULSE MODULATED RADAR SYSTEM ]

» The operation of a typical Pulse Radar System is described by the help of block diagram.
» Generally it consists of Antenna, Transmitter and Receiver which are explained below.
—

1. ANTENNA: - -
>

The function of antenna during transmission is to concentrate the radiated energy into a shaped beam
which points in the desired direction in the space.

» On reception the antenna collects energy contained in the echo signal and deliveries it to the receiver.

» The two important input parameters of Antenna i.e. Transmitting Gain (G) and Effective Receiving
Area (A.) are proportional to each other.

» An antenna with large effective receiving aperture implies a large transmitting gain.

> Different type of antenna can be used in Radar such as mechanically steered parabolic reflector,
electrically steered planned array antenna or electrically steered phase array antenna etc.

2. TRANSMITTER: -

> The Transmitter may be an oscillator such as a Magnetron i.e. pulsed [turned ON and OFF] by the
modulator to generate a repetitive train of pulse.
» The Magnetron most widely used for a various microwave generator for Radar.
» A Typical Radar for the detection of aircraft has the following points: -
E Ranges nearly equal to 100 to 200nmi. |
B Transmitting power in the order of mega watt & Average power in order of several kilowatt;
Pulse Width in the order of micro second. ;
ﬁ Pulse repetition frequency in the order of several 100 pulses per sec.
» Transmitting section cc')_niists\ogw awr, Pulse Modulator, Power Amplifier & Duplexer.
» The waveform generator generates repetitive train of pulse & 1s fed to pulse modulator for modulation.
» The pulse modulator modulates the train of pulses and gives the pulse modulated signal to the power
amplifier for amplification.
» The power amplifier amplifies the pulse modulated signal and fed to the duplexer. Generally audio
frequency amplifier is used for this purpose.
» The duplexer allows a single antenna to be used on a time sharing basis for transmitting and receiving.
> The duplexer is generally a gaseous device that produces a short circuited at input to the antenna
During Transmission. So that the high power is flows to the antenna not to the receiver.
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The duplexer protects from damages caused by the high power of the transmitter. It also serves to
. channel that the returned echo signal to the receiver and not to the transmitter.
The duplexer might consist of two gassed discharged devices one known as TR (Transmit Receiver)
and ATR (Antj-Transmit Receiver).

The TR protedts the receiver during transmitting and the ATR directs the echo signal to the receiver
during reception. '

. RECEIVER SECTION: -

e retceiver is usually super heterodyne type. It consists of different part as explained bellow: -
The 17 stage of the receiver IMM_._Uanswtor amplifier which reduces the noise leyel.

The mixer and local oscillator converts the R.I¥ signal to intermediate frequency where it is amplified
by the IF amplifier & s

—_—— e o .
The'signal Bandwidth of a super heterodyne receiver is determined by the bandwidth of the IF stage.
The IF amplifier is designed as a Matched Filter that is one which maximizes the output peak-signal-
to-mean-noise ratio.

Thus the basic. function: of matched filter is to maximize the detectability of weak echo signal &
attenuates the unwanted signal.

The IF amplifier is followed by a critical diode which is called the second detector or demodulator. Its
purpose is to assist extracting the modulating signal from the modulated signal.

The combination of IF amplifier, 2" detector and video amplifier act as an envelope detector to pass
pulse modulation (envelop) and reject the carrier frequency.

To detect the Doppler shift of the echo signal the enveloped detector replaced by phase detector which
is different from the envelope detector.

The combination of the IF amplifier and video amplifier is designed to provide sufficient amplification
or gain to raise the level of the input signal to a magnitude where it can be seen in a display.

At the end of the receiver a decision is made whether a target is present or not. The decision is based
on the magnitude of the receiver output.

If the output is large enough to exceed a pre-determined threshold, the decision is that the target is
present. If it does not cross the threshold only noise is assumed to present.

The display unit is usually a Cathode Ray Tube; the most common form of the CRT is Plane Position
Indicator (PPI) which maps location of the target is in Azimuth angle & Range in polar co-ordinates.
B-scope display is similar to the PPI except that it utilizes the rectangular co-ordinate rather than the
polar co-ordinates to display Range Vs Angle.

Another for display is A-scope which plots target Amplitude Vs Range for some fixed direction.

& CONTINUOUS WAVE RADAR (CW RADAR) :-

> Pulse Radar is used for detection of Stationary Objects; Where as to detect a Moving Target,

continuous wave type of Radar is used.

» CW Radar is of Two type: -
(1) CW Doppler Radar (2) FM CW Radar

» CW Doppler Radar uses the Doppler Effect for the Target Speed Measurement.
» FM CW Radar is used to measure Range as well as Velocity of the Target.

< DOPPLER EFFECT:- _ _ _

» The aperant frequency of electromagnetic or sound waves depends on the relative radial motion of the
source or observer. If the source and observer one moving away from each other then the apera‘nt
frequency will decrease and when they moving towards each other then the aperant frequency will
increase. This ph'c‘nome'no'n was postulated by C. Doppler. So it is known as Doppler Effect.




Where fy = Doppler Fre
# From the above expression, f5= 2V /\. Put A=C/ft .We get =2V {/C.
Where f=Radar frequen

Cy or Transmitted frequency.
» IffyinHz, V,innmi & ) ;

n meter then f3=1.03V,/a.
© With a CW Transmi Jrequency of 5GHz,

Calculate the Doppler Jrequency seen by the Stationary
Radar when the Target radial velocity is 100km/hr.

Given that f,= 5 GHz = 5x1¢° Hz ; V.=100Km/hr =

As )= c/f = (3x10% / (5x10%) = 0.06m

fa=2V. /L= (2x 27.8)/0.06 = 926 Hz.

quency Shift & V, = Radial Velocity of the Target w.r.t. Radar

100x1000/3600 = 27.8m/s 5 ¢ = 3x10® m/s.

Me1cw ler RA .-
Circulator t
ow NN
Transmitted | =
Oscillator t
t—
Transmitted . N\/\/\
. Echo Signal
Leakage Signal Fd
Detector| | Audio || Do.ppler || Frequency |
(Mixer) Amplifier Filter

Counter

[ BLOCK DIAGRAM OF A CW DOPPLER RADAR |

The CW T i i Ise (Unmodulated) of frequency
i tinuous sine wave rather than pu .
ransmitter generates a con Foerthy : : :
e ich is radiated by the antenna. Since, here the transmission is continuous the Circulator is E]S::d 0
g . : F i \4 is pointless.
) v'lc(i: _'5 lation between transmitter & receiver. For continuous wave the use of duplexer is po
provide isolation

it i irection of
A Porti f radiated energy is intercepted by the target and scattered. Some of it in the d
ortion of ra '
Radar where it is collected by receiving antenna.

‘f

i i i hifted
If th t is in motion with a velocity of Vg relative to the Radar, the received signal will be shi
the target is In e

T e freq“enci’ ; fb . 3222;0:;;1?; :fthe distance between the target and

i iated with the Doppler frequ , ; A
’l;1he lpiluj (+)' Slﬁicisezz?rlnag e(whcn they moving towards each other) i.e. when the received sig
the Radar is : ; o
frequency is greater than the transmitted signal frequency. The minus (
increasing i.e. target is away going from the Radar.

Radar via antenna.
Hence the received echo signal at the frequency fitfy enters to the

-) sine applied if the distance is
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This signal is heterodyne in the de
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tector (mixer) with a portion of transmitted signal f; to produce a

Doppler bit of frequency fa. The sign of the fy is losses in this process. So we cannot predict whether

the target is going away from the Radar or coming towards the Radar.

echoes from stationary target and to amplify the

indicating device like frequency counter.
hown as km or miles/hour rather than the actual

The purpose of the Doppler amplifier is to eliminate
Doppler echo signal to a level where it can operate an
The counter is a normal one except that the output is s
frequency in Hz.

The main disadvantage of simple CW system is its lake of sensitivity.
is used to accommodate the high incoming frequency and is not a good device
frequency. Thus an increment is in the following ways.

CW Doppler RADAR With IF AMPLIFIER: -

A small portion of a transmitter

The type of diode detector that
for the audio output

output is mixed with output of W
local oscillator and the sum is fed Transmitted
to the receiver mixer by the help of Oscillator

Ftl i

sideband filter. o0
. 5 % 1(3“ e(\“a 7
The receiver mixer also receives pev Transmitted ! IF
the Doppler shifted signal from Mixer Oscillator
receiving antenna and produces an F:'Fr.l Fy, FetFi
output difference frequency i.e. SitielBand
. ilt
typically 30MHz (Generated by the aece'"® ilter e
IF oscillator) £fg. poren® FetFy ) Fig o 5E
. . . FAF, H 4 € 8 F, O/Pto

The output of this mixer is Receiver a| & AN

. ; : N g <|—» Frequency
amplified by the amplifier and Mixer - g < g Counter Or
demodulates again by the detector. < S § Indicator
The signal from the 2™ detector is a

just the Doppler frequency (fa). [ Block Diagram of a CW Doppler Radar with IF Amplifier]
This signal is again amplified by the Doppler amplifier so as to raise the signal level such as to meet
the frequency counter or indicator. Its sine is lost so that it not possible to tell whether the target is
approaching or receiving.

Separate receiving and transmitting antenna have been used. A Circulator could be used as shown in
simple CW Radar system. Separate antenna is used to increase the isolation between transmitter and
receiver section of the Radar.

H ADVANTAGES: -

CW Radar is capable of giving accurate measurement of relative velocity using low transmitting
power, simple circuitry low power consumption and equipment whose size is much smaller than that
of pulsed Radar equipment.

It is unaffected by the presence of stationary target.

With some additional circuitry CW Radar can measure the direction of the target along with its speed.
H LIMITATION: -

It is limited to the maximum power it transmits and this naturally places a limit on its maximum range.
It is easily confused by the presence of a large number of targets (Although it is capable of delaying
with more than one target if special filters are included).

It_ is capable of indicating the range of the target. It can only show its velocity because the transmitted
signal is Unmodulated.” . . .
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_ triangular which gives up eventually Recelvmg Antenna

The receiver cannot sense which

particular cycle of oscillation being received at that moment and
therefore cannot tell how long ag
measured.

o this particular cycle was transmitted, so that the range cannot be
B APPLICATION:-

It is used in aircraft navigation for speed measurement.
Another application is in a rate of

climb meter for vertical take of planes such as Harrier.
It is most commonly used in Radar speed meter used by police.
2. M CW RADAR:- Transmitting Antenna
The greatest limitation of Doppler

radar ie. it is unable to measure the

Page -10-

M M SAWTOOTH
range is over come if the transmitted TRANSMITTER MODULATOR | GENERATOR
carrier is frequency modulate. ) , .

If this is done it would be possible to

eliminate difficulty with CW Radar

Le. its inability to distinguish one ' l

cycle from other. Frequency |
The. popular method in CW Radar is MIXER Amplifier _)\Emiter CounterOr |
to linearly frequency modulated the

waveform  the  modulation is

Indicator
and comes down.

[ Block Diagram of a FM-CW Radar]
The transmitted signal is shown by the solid triangular waveform and the receiver signal is shown by

dashed line. Delay time, T=2R/C » Af = Frequency deviation , Fu
The target is stationary w.r.t. the plane. A A

Modulation frequency.

frequency difference proportional to the
height of the plane will exist between the
receiver and transmitter signal is now
being received was sent at a time when
the instantaneous frequency was different,
The rate of change of frequency with time
due to the FM process is known the time
difference between the sent and received
signal may be calculated.

The above diagram is the block diagram

of a common application of the FM CW
Radar system. It is also known as air

[ SAW TOOTH WAVE FORM IN FMCW RADAR |
borne altimeter as it is employed for measu

rement of altitude in air craft. Here We use a saw tooth
generator as we employing saw tooth frequency modulation for simplicity.
A FM transmitter is used in which frequen

¢y modulation of the signal can be done
given to the mixer. The output of the mixer

Frequency

This signal is fed to a frequency counter and to an indicator Wwhose output is calibrated in meter or feet
H APPLICATION:-

FM CW Radar is mostly used in altimeter in aircraft d
as compared to pulse Radar. Smaller size for ajr craft i

ue to shorter range & lower power requirement
nstallation & smaller transmitter power.
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® Moving Target Indicator Radar (MTL):-

; : : % 3 hossi istinguish a movin
» This Radar uses Doppler Effect for its operation many times it is not possible to (Ijjlst]l{ ii B g
target in the presence of static or permanent echoes of comparableAappearancc on the .

» We have seen that in a PPI display, there is a Pulse
lot of clutter due to this stationary target Kntenna Modulator
echoes. When it is desired to remove the
clutter due to the stationary target an MTI FF, i
Radar is employed. Duplexer Amplifier

» The basic principle of MTI Radar is to
compare a set of received echo with those

F+F 4F,

received during the previous. Sweep and [ stalo MIXER 2
Cancelling out those whose phase has remain (F)
unchanged.
» Moving target will give change of phase and IF F. oo
arc not cancelled thus clutter due to the Amplifier  Fy) |
: : | (F) |
stationary target are remove from display and + ‘
this allows easier detection of moving target. Phase Reference Signal
> The side block diagram is the simple block Detector
diagram of simple MTI Radar. ' v Fa
» The Transmitter frequency in the MTI Radar To Delay-Line
Canceller

System is the sum of the o/p of two
oscillators produced in mixer 2. [ BLOCK DIAGRAM OF A MTI RADAR SYSTEM |

The First oscillator is the Stalo (Stable Oscillator) and the Second one is Coho (Coherent Oscillator)
which operating same frequency as the intermediate frequency & providing coherent signal.

The Coho is used for generating the R F. signal as well as reference signal for the phase detector.

The output of the duplexer is the combination of transmitted frequency and Doppler shift frequency.
At the mixer-1 the Stalo frequency (f.) cancels out and feeds a signal of frequency ff; to LF
amplifier for amplification.

The reference signal from the Coho and the I.F echo signal are both feed into the mixer called phase
detector. The phase detector differs from the normal amplitude detector, since its output is
proportional to the phase difference between the two input signals.

» Since the output of this detector is phase sensitive and output will obtain for all fixed or moving target. -
» The phase difference between transmitter & receiver signal will be constant for a fixed target where as

A4

Y V Vv

v

unfortunately rejects the any moving target whose D
(Pulse Repetition Frequency) or multiple of PRF. (f; = nf,)
» Those related target velocities which result is zero MTI response are called blind speed and is given by

Vo =nA/2T = pif
r n/ nAp/z Wheren= 1,2,3....--

@ ;f;;?e :‘/g {) }?;;Iﬁ/g; gie;fvtes at frequency SGHz with a PRF of 800pps. Calculate the lowest three blind
* Given that : f =5GHz = 5x10°Hz , PRF =800pps
AsA=c/f = (3x10% / (5x10%) = 3/50 = 0.06m
Vaur= nAf/2=(1%0.06x800)/2=24mys v, = (2x0.06x800)/2=48m/s & V,; = (3x0.06x800)/2=72m/s
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The position of air craft or a ship can be found b
Installation of radio transmitter and receiver at k
craft or ship which works in conjunction with tho

P -12-
N Radar Aldy to-Navigation, i

y use of radio navigation aids. This is achieved by
nown location on the earth surface as well as at air

\\ . se on earth.

» The.rec.tllmear propagation and constant velocity of clectromagnetic waves held this system to provide
nawga‘lmn parameter like distance, direction, etc. by direct and indirect measurement of delay
oceurring between transmission and reception of these waves.

» The measurement of direction, distance and the difference between two transmitters give an indication

\ of the position of an air craft or ship leading to correct navigation.

5

Direction finding through radio is one of the very earliest methods of electronic navigational aids
widely used in ship and air craft even today.

® Arcraft Landi m

» Generally there are two Lypes of iénding system are used.
1. LL.S. (Instrumental Landing System) -

X7 o T~

_ L Uanding System)
# Instrur.ent landing system is us

ed for runway navigaticn in IFR condition in which by using some i
specified ccmponent the landing can be made.

It this type of system there are two category. In first category it guided on aircraft up to 200ft. In

second category it guided an aircraft up to a level of 100ft below which it cannot guided.
LL.S. system contains following Components: -

w/

i) Localizer: - In front the pilot wirh aero plane horizontal position w.r.t. runway cer.ire line.

i) Glide Slope: - In front the pilot aero plane vertical position w.rt. ground. :

il Outer Marker: - It stands in the same line with localizer and e runway. center line four to
seven miles before the runway. When the aero plane approaches the runway from the right
d.rection it gives a signal by blinking the outer marier line.

v.)

Middle Marker: - It is positioned 0.8 miies before the runway when the aero plane is above the
middle morker the receiver blinks giving a chance to the pilot weather land or not.
v.)

Irner Marker: - It is present in the runway when the aero plane touches the runway and stands
over it. The receiver blinks tiic light of inner marker.

vi.)  Approach Light: - It includes medium or high intensity system for both inside and outside the

aeroplanc.

® NAVSAT - . .

» MAVSTA stands for Navy-Navigation Satellite System. It is developed by USA in 1967 to monitor
the military activities and guiding of aero plane & warship. Satellite system means finding out the
po-ition of an object from different angles through saiellite placed artificially.

Concept & Feature

NASAT uses the Doppler shift of radio signal transform satellite to measure the relative velocity
between the satellite and navigator by knowing the satellite orbit position the navigaior position can be
determined from the time rate of change of rate to the satellite.

NAVSAT consists ten orbit satellite and three orbiting space. A network of working station

continuously monitors the satellite information. Each satellite is a circular polar orbit at an altitude of
6a. Usually five satellites are operating in the system.

' N

Generally four satellite can make the constellation and another one is used as a spare to find out the
position of a navigator at least information for four satellite taken.
>»

Each satellite contain receiver to receive the compound from the ground well equipped decoder and

memory, control circuit encoder to transmit digital data to phase modulation, ultra stable 5Hz
oscillator amd a 1.5W iransmitter (o broadesst the carrier frequency of 170MH « (0 400M iz
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