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NPEAUCJIOBUE

OCHOBYy HaHHOTO YYeOHOTO TOCOOMSI COCTABISIIOT TPH YPOKa,
MpeAHa3HAYCHHBIC TSI TIPOPabOTKH CTYJCHTAaMH 3a OIMH CEMECTP.
Kaxnapiit ypok cocrout u3 tpex TekctoB (A, B, C), packpbiBarommx
OJIHY 3aKOHYECHHYIO TEMY .

B KoHIIE KakIOro TEKCTa B CKOOKax ykazaH ero oomem (KoJu-
YECTBO 3HAKOB).

B mepBom ypoke (Lesson 1) mpuBemeHBl 0OIIUE CBEACHUS O
pamape, ero TeXHHYECKHE XapaKTePHCTUKH, MPEICTaBICHA YIIPOIICH-
Has CXeMa pajapa C €ro OCHOBHBIMH (yHKIIMOHAIBHBIMH COCTaB-
oMy - (moacucteMamu).  Pa3sHooOpasHble 3ajaHus K TecTam
HaNpaBJeHbl KaK Ha H3BJICUeHHE WH(OPMAIMM O HanOoJee Ba)KHBIX
TEXHUYCCKUX U (YHKI[MOHAIBHBIX JETAJIIX PACCMaTPUBAEMbIX CHCTEM
U YCTPOMCTB, TaK U Ha MOHUMAHUE COJICPKAHHS TEKCTa.

Bo Bropom ypoke (Lesson 2) paccMmaTpuBaroTCsS pajHOIIOKa-
[IMOHHbIE TIepeAaTIYNKN W PaJUONIOKAIIOHHBIE aHTEeHHBI. B 3akimroun-
TEIBHOM TEKCTE MPUBEACH 0030p MHOTOYHUCIICHHBIX BHJIOB COBpE-
MEHHBIX PaZapoB C BBIJEIICHUEM HX CHEIUPHUIECKUX XaPAKTEPUCTHK U
obacTeit mpuMeHeHH .

B Tekcrax Tperbero ypoka (Lesson 3) moapoOHO OMHCHIBAIOTCS
OCHOBHBbIC (DYHKIIMM pajapa, a HMEHHO: OOHApyXeHHE OOBEKTa,
OTIpe/IeTICHNE PACCTOSHUS 0 OOBEKTa, a TaK)Ke CIIOCOOBI M3MEpPEHUs
CKOPOCTH TICPEABIDKCHHSI OOHAPYKEHHOTO OO0BEKTa U  YTIIOBOE
HaBeleHHe. PaccmarpuBaeTcs Bompoc Haubonee 3PQPEKTHBHOTO
WCTOJIH30BAHMS JHAMa30Ha pa00YHX YacTOT.

B 3axmounTenbHOM HYacTH TOCOOWS TIpeICTaBIEHBI TEKCTHI Ha
PYCCKOM SI3BIKE, PACKPBIBAIOITIE TAKYIO CTOPOHY HAYYHBIX JOCTHKCHHUI
B PaJMOJIOKAINY, KaK MPHMEHEHHE PaJHOJIOKAIIOHHBIX YCTPOMCTB B
cucreMax HaBuranuoHHoro mosuruonuposanusi GPS un T['JIOHACC.
CTYIEeHTBI JIOJDKHBI H3JIOKHUThH 3Ty JOMOJHUTEILHYH HH()OPMAIIUIO HA
AHIIMICKOM SI3bIKE B KPaTKoW (hopMe B BHJIE CBOOOTHOTO BBICKA3bIBAHHSI.

Hononnutenbubie TekcThl Ne 1 u Ne 2 mnpenHasHaueHbl IS
CaMOCTOSATEIFHOTO BBITIOTHEHUS! KOHTPOJIHHOTO MHUCHMEHHOTO TIepe-
BOJia KaK OCHOBHI JJIs MOATOTOBKHU Mpe3eHTanuu. Texct Ne 2 mpen-



CTaBIgeT COOOW OpPUTHHANBHYIO HAy4YHYIO CTaTblo, K KOTOpPOH B
KadecTBe oOpasna MpHJIOKEHBI aHHOTauus U pedepaT Ha PYCCKOM
s3bIKe, OpOpMIIEHHBIE B COOTBETCTBUU C pexomeHmarmsimu BUHUTU
P® u tpeboBanmsamu Mexaynapomaaoro craamapra 'OCT 7.9—95.

Engunas cTpykTypa ypOKOB MO3BOJISIET PEain30BaTh M 3aKPEIUTh
JIEKCUKO-TPaMMaTH4eCKre HaBBIKH CTyJIEHTa, a Takke c(hOpMHpPOBATH
KOMMYHHMKATUBHBIC KOMIIETCHLIUH, IPEAyCMOTPEHHBIE IPOrpaMMOI
YMK/] « AHTJIHICKHH SI3BIKY.



Lesson 1

Memorize the following basic vocabulary and terminology to
text 14:

medium-range radar — PJIC cpemneit nanpHOCTH (CpemHEro
paamyca JeHCTBHS)

palm — manm (BHECUCTEMHAs €AMHUIIA JITHHBI )

precipitation — BbIITaJieHHE OCAIKOB

clear-air-turbulence — TypOyIeHTHOCTE TIpH SICHOM HeOe

angular direction — yriioBoe HanpaBjicHHE

rate of change of the range measurement — 1uama3oH U3MepeHUs
YCKOpEHUs

track — Iy Th; 30. HaINpaBJICHUE

Read text 14 and answer the questions after it.

Text 1A
Radar in brief

Radar is an electromagnetic sensor for the detection and location of
reflecting objects. Its operation can be summarized as follows:

the radar radiates electromagnetic energy from an antenna to
propagate in space;

some of the radiated energy is intercepted by a reflecting object,
usually called a target, located at a distance from the radar;

the energy intercepted by the target is reradiated in many
directions;

some of the reradiated (echo) energy is returned to and received
by the radar antenna;

after amplification by a receiver and with the aid of proper signal
processing, a decision is made at the output of the receiver as to
whether or not a target echo signal is present. At that time, the
target location and possibly other information about the target is
acquired.



A common waveform radiated by a radar is a series of relatively
narrow, rectangular-like pulses. An example of a waveform for a
medium-range radar that detects aircraft might be described as a short
pulse one millionth of a second in duration (one microsecond); the
time between pulses might be one millisecond.

Some radars have to detect targets at ranges as short as the distance
from behind home plate to the pitcher's mound in a baseball park (to
measure the speed of a pitched ball), while other radars have to operate
over distances as great as the distances to the nearest planets. Thus, a
radar might be small enough to hold in the palm of one hand or large
enough to occupy the space of many football fields.

Radar targets might be aircraft, ships, or missiles; but radar targets
can also be people, birds, insects, precipitation, clear air turbulence,
ionized media, land features (vegetation, mountains, roads, rivers,
airfields, buildings, fences, and power-line poles), sea, ice, icebergs,
buoys, underground features, meteors, aurora, spacecraft, and planets.
In addition to measuring the range to a target as well as its angular
direction, a radar can also find the relative velocity of a target either by
determining the rate of change of the range measurement with time or
by extracting the radial velocity from the Doppler frequency shift of
the echo signal. If the location of a moving target is measured over a
period of time, the track, or trajectory, of the target can be found from
which the absolute velocity of the target and its direction of travel can
be determined and a prediction can be made as to its future location.
Properly designed radars can determine the size and shape of a target
and might even be able to recognize one type or class of target from
another. (2 149)

Answer the following questions.
1. What is a radar? 2. How can its operation be summarized? 3. How
can a common waveform (radiated by a radar) be described? 4. What is
the range of a radar? 5. How can a radar influence on the size and
shape of a target?

Task 1. Describe the operation of a radar.
Task 2. Speak about radar targets.

Task 3. Find some more information about radar.



Memorize the following basic vocabulary and terminology to
text 1B:

duplexer — aHTEHHBIH TIEPEKITIOYATEND

spatial filter to — GUIBTP MPOCTPAHCTBEHHBIX YACTOT

local oscillator — uznyuarens reHepaTop

lownoise amplifier — ycunurenb ¢ HU3KUM YPOBHEM COOCTBEHHBIX
ITyMOB

Read and translate text 1B.

Text 1B
Basic Parts of a Radar

Very elementary basic block diagram shows the subsystems
usually found in a radar (See the figure). The transmitter, which is
shown here as a power amplifier, generates a suitable waveform for the
particular job the radar is to perform. It might have an average power
as small as milliwatts or as large as megawatts. (The average power is
a far better indication of the capability of a radar's performance than is
its peak power.) Most radars use a short pulse waveform so that a
single antenna can be used on a time-shared basis for both transmitting
and receiving.

The function of the duplexer is to allow a single antenna to be used
by protecting the sensitive receiver from burning out while the
transmitter is on and by directing the received echo signal to the
receiver rather than to the transmitter.

Power Waveform
Duplexer [<«— amplifir le—] htie
Low-noise
amplifier
Local If | Matched Second Video
; | ]
oscillator | | MizeE T amplifier : fiter || detector | | amplifier ). Bisply

The antenna is the device that allows the transmitted energy to be
propagated into space and then collects the echo energy on receive. It
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is almost always a directive antenna, one that directs the radiated
energy into a narrow beam to concentrate the power as well as to allow
the determination of the direction to the target. An antenna that
produces a narrow directive beam on transmit usually has a large area
on receive to allow the collection of weak echo signals from the target.
The antenna not only concentrates the energy on transmit and collects
the echo energy on receive, but it also acts as a spatial filter to provide
angle resolution and other capabilities.

The receiver amplifies the weak received signal to a level where its
presence can be detected. Because noise is the ultimate limitation on
the ability of a radar to make a reliable detection decision and extract
information about the target, care is taken to insure that the receiver
produces very little noise of its own. At the microwave frequencies,
where most radars are found, the noise that affects radar performance
is usually from the first stage of the receiver, shown here in the figure
as a low-noise amplifier. (1817)

Task 1. Give those radar technical characteristics that must be of
interest for radar transmitter users.

Task 2. Find sentences which give the main idea of each
paragraph and put them down.

Task 3. Write the plan of the text.

Task 4. Write a summary of the text in Russian according to your
plan.

Memorize the following basic vocabulary and terminology to
text I1C:

clutter — Memarorye oTpakeHHBIE CUTHAJIBI (TIOMEXH)

adversely affect — HeOnmaronpuaTHO BO3€HCTBOBATD

saturate — HachIIIATh

tolerated — momryckars; tolerance — momyck

intermediate frequency — mpoMexyTodHas yacTtora

matched filter — cornacoBanublil GunbTP

Doppler processing — normiepoBckast 00paboTka JaHHBIX

predetermined threshold — ycraHOBNICHHBIH 3apaHee MOPOT

excessive false alarms — H30BITOYHBII JTOKHBIH CUTHAT TPEBOTH

locus of target locations — MecTomonoXeHne MUIIEHU



missile — peakKTHBHBIN CHAPSIIT

bandwidth — nnana3on pabounx 4acTOT (UIMPUHA ITOJIOCH YaCTOT)
degrade — uckaxkartp, yxXy/uaTh

IF — intermediate frequency — mpomeskyrounas gactora (ITH)

Read text 1C with the dictionary.

Text 1C
Radar applications

For many radar applications where the limitation to detection is the
unwanted radar echoes from the environment (called clutter), the
receiver needs to have a large enough dynamic range so as to avoid
having the clutter echoes adversely affect detection of wanted moving
targets by causing the receiver to saturate. The dynamic range of a
receiver, usually expressed in decibels, is defined as the ratio of the
maximum to the minimum signal input power levels over which the
receiver can operate with some specified performance. The maximum
signal level might be set by the nonlinear effects of the receiver
response that can be tolerated (for example, the signal power at which
the receiver begins to saturate), and the minimum signal might be the
minimum detectable signal. The signal processor, which is often in the
IF portion of the receiver, might be described as being the part of the
receiver that separates the desired signal from the undesired signals
that can degrade the detection process. Signal processing includes the
matched filter that maximizes the output signal-to-noise ratio. Signal
processing also includes the Doppler processing that maximizes the
signal-to-clutter ratio of a moving target when clutter is larger than
receiver noise, and it separates one moving target from other moving
targets or from clutter echoes. The detection decision is made at the
output of the receiver, so a target is declared to be present when the
receiver output exceeds a predetermined threshold. If the threshold is
set too low, the receiver noise can cause excessive false alarms. If the
threshold is set too high, detections of some targets might be missed
that would otherwise have been detected. The criterion for determining
the level of the decision threshold is to set the threshold so it produces
an acceptable predetermined average rate of false alarms due to
receiver noise.



After the detection decision is made, the track of a target can be
determined, where a track is the locus of target locations measured
over time. This is an example of data processing. The processed target
detection information or its track might be displayed to an operator; or
the detection information might be used to automatically guide a
missile to a target; or the radar output might be further processed to
provide other information about the nature of the target. The radar
control insures that the various parts of a radar operate in a coordinated
and cooperative manner, as, for example, providing timing signals to
various parts of the radar as required.

The radar engineer has as resources time that allows good Doppler
processing, bandwidth for good range resolution, space that allows a
large antenna, and energy for long range performance and accurate
measurements. External factors affecting radar performance include
the target characteristics; external noise that might enter via the
antenna; unwanted clutter echoes from land, sea, birds, or rain;
interference from other electromagnetic radiators; and propagation
effects due to the earth's surface and atmosphere. These factors are
mentioned to emphasize that they can be highly important in the design
and application of a radar. (2 685)

Task 1. Read text 1C again and write headings to each
paragraph.

Task 2. Find these words in the text. Write a short definition for
each one.

magnetron receiver resolution
cavity predetermined threshold bandwidth
frequency transmitter saturation

Grammar exercise

Translate into Russian the following sentences paying attention
to Gerund constructions and their syntactic functions.
1. We know the Great Russian scientist Konstantin Tsiolkovsky
(1857-1935) to have developed fundamentals of rocket design.
He also predicted future space flights more than a century ago.
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10.

11.

It was not until April 1961 that the world learnt about the first
orbital flight made by Soviet cosmonaut Yuri Gagarin.

It was not until March 1966 that the first docking of one space
vehicle with another was carried out but failed.

It was not until 1968 that the first command service module
landed on the Moon and sent views of lunar surface to the Earth.

It was not until May 1969 that the first lunar landing was made
by American astronauts Armstrong and Aldrin who collected
soil and rock samples. They were reported to have stayed on
the Moon 21 h 36 min.

It was not until June 1963 that the first woman cosmonaut
Valentina Tereshkova orbited the Earth.

It was not until the 16th century that the English discovered
large deposits of pure graphite.

It was not until 1779 that Swedish chemist Carl Scheele
realized that graphite is a variety of carbon.

It was not until the end of the 19th century that German
geologist Gottlob Werner gave the newly discovered substance
a more appropriate name — graphite.

It was not until the 1950s and 1960s that over-the-horizon radar
systems were developed and used as a part of early warning
systems.

The U.S. Department of Defence was developing the Global
Positioning System in the 1970s. But it was not until 1978 that
the first GPS satellite was launched.



Lesson 2

Memorize the following basic vocabulary and terminology to
text 2A:

crossed-field tube — snextponnsrit CBU-nipubop

crossed-field amplifier (CFA) — ycunuTens MarHeTpOHHOTO THITA

traveling wave tube (TWT) — nammna Oeryiueii BoJIHBI

linear beam tubes — aneKTpOHHO-Ty4YeBast TPyOKa (Jamra)

grid control vacuum tube — ycunurenbHbIH TpudOp

UHF (ultra high frequency) — ynbTpaBbIcOKast 4acToTa

Read text 2A and answer questions after the text.

Text 2A
Radar Transmitters

The radar transmitter must not only be able to generate the peak and
average powers required to detect the desired targets at the maximum
range, but also has to generate a signal with the proper waveform and
the stability needed for the particular application. Transmitters may be
oscillators or amplifiers, but the latter usually offer more advantages.

There have been many types of radar power sources used in radar.
The magnetron power oscillator was at one time very popular, but it is
seldom used except for civil marine radar. Because of the magnetron's
relatively low average power (one or two kilowatts) and poor stability,
other power sources are usually more appropriate for applications
requiring long-range detection of small moving targets in the presence
of large clutter echoes. The magnetron power oscillator is an example
of what is called a crossed-field tube. There is also a related crossed-
field amplifier (CFA) that has been used in some radars in the past, but
it also suffers limitations for important radar applications, especially
for those requiring detection of moving targets in clutter. The high-
power klystron and the traveling wave tube (TWT) are examples of
what are called linear beam tubes. At the high powers often employed
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by radars, both tubes have suitably wide bandwidths as well as good
stability as needed for Doppler processing, and both have been
popular.

The solid-state amplifier, such as the transistor, has also been used
in radar, especially in phased arrays. Although an individual transistor
has relatively low power, each of the many radiating elements of an
array antenna can utilize multiple transistors to achieve the high power
needed for many radar applications. When solid-state transistor
amplifiers are used, the radar designer has to be able to accommodate
the high duty cycle at which these devices have to operate, the long
pulses they must use that require pulse compression, and the multiple
pulses of different widths to allow detection at short as well as long
range. Thus the use of solid-state transmitters can have an effect on
other parts of the radar system. At millimeter wavelengths very high
power can be obtained with the gyrotron, either as an amplifier or as an
oscillator. The grid-control vacuum tube was used to good advantage
for a long time in UHF and lower frequency radars, but there has been
less interest in the lower frequencies for radar.

Although not everyone might agree, some radar system engineers —
if given a choice—would consider the klystron amplifier as the prime
candidate for a high-power modern radar if the application were
suitable for its use. (2 240)

Answer the following questions.

1. What is the aim of a radar transmitter? 2. What types of radar
power sources are used in radar? 3. Describe a crossed-field tube as an
example of the magnetron power oscillator? 4. In what cases a solid-
state amplifier is used in radar? 5. What is a gyrotron?

Task 1. Describe different types of radar transmitters.

Task 2. Give full forms of the following abbreviation: RF, RRS,
CRT, UHF, GPS, FET, NASA, ampl.

Task 3. Sum up the information about radar transmitters and
formulate your own plan based on all texts above.

Read text 2B using a dictionary (time limit 25 min).
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Text 2B
Radar Antennas

The antenna is what connects the radar to the outside world. It
performs several purposes: concentrates the radiated energy on transmit;
that is, it is directive and has a narrow beamwidth; collects the received
echo energy from the target; provides a measurement of the angular
direction to the target; provides spatial resolution to resolve (or separate)
targets in angle; and allows the desired volume of space to be observed.
The antenna can be a mechanically scanned parabolic reflector, a
mechanically scanned planar phased array, or a mechanically scanned
end-fire antenna. It can be an electronically scanned phased array using a
single transmitter with either a corporate feed or a space-feed
configuration to distribute the power to each antenna element or an
electronically scanned phased array employing at each antenna element a
small solid-state "miniature” radar (also called an active aperture phased
array). Each type of antenna has its particular advantages and limitations.
Generally, the larger the antenna the better, but there can be practical
constraints that limit its size. (1 050)

Memorize the following basic vocabulary and terminology to
text 2B:

pulse radar — ummynscuas PJIC

surveillance radar — o63opnas PJIC

moving target indication (MTI) — PJIC ¢ ceneknueil IBHKYIIIXCS
uenei

tracking radar — conpoBoxaatomiast PJIC

Single Target Tracker (STT) — cTaHuus CONPOBOXKACHUS 1IETU

imaging radar — PJIC ¢ dhopMupoBanHreM n300pakeHUs

Synthetic Aperture Radar (SAR) — PJIC ¢ cuHTe3upOBaHHOM
anepTypou

Inverse Synthetic Aperture Radar (ISAR) — PJIC ¢ wunBepcHOit
CHUHTE3WPOBAHHOM anepTypoiut

Guidance Radar — PJIC naBenenus

Task 1. Read text 2C and fill in the following table describing
each types of radar mentioned in the text.

Type of | Technical | Main Fields of

. L A Di
radar | features | functions | application dvantages | Disadvantages
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Task 2. Prepare a presentation about some types of radars that
are particularly interesting to you, prove their importance and
advantages.

Text 2C

Types of radars

Although there is no single way to characterize a radar, here we do
so by means of what might be the major feature that distinguishes one
type of radar from another.

Pulse radar. This is a radar that radiates a repetitive series of almost-
rectangular pulses. It might be called the canonical form of a radar, the one
usually thought of as a radar when nothing else is said to define a radar.

High-resolution radar. High resolution can be obtained in the
range, angle, or dop-pler velocity coordinates, but high resolution
usually implies that the radar has high range resolution. Some high-
resolution radars have range resolutions in terms of fractions of a
meter, but it can be as small as a few centimeters.

Pulse compression radar. This is a radar that uses a long pulse
with internal modulation (usually frequency or phase modulation) to
obtain the energy of a long pulse with the resolution of a short pulse.

Continuous wave (CW) radar. This radar employs a continuous sine
wave. It almost always uses the Doppler frequency shift for detecting
moving targets or for measuring the relative velocity of a target.

FM-CW radar. This CW radar uses frequency modulation of the
waveform to allow a range measurement.

Surveillance radar. Although a dictionary might not define
surveillance this way, a surveillance radar is one that detects the presence
of a target (such as an aircraft or a ship) and determines its location in
range and angle. It can also observe the target over a period of time so as
to obtain its track.

Moving target indication (MTI). This is a pulse radar that detects
moving targets in clutter by using a low pulse repetition frequency
(PRF) that usually has no range ambiguities. It does have ambiguities
in the Doppler domain that result in so-called blind speeds.

Pulse Doppler radar. There are two types of pulse Doppler radars
that employ either a high or medium PRF pulse radar. They both use
the Doppler frequency shift to extract moving targets in clutter. A high
PRF pulse Doppler radar has no ambiguities (blind speeds) in Doppler,
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but it does have range ambiguities. A medium PRF pulse Doppler
radar has ambiguities in both range and Doppler.

Tracking radar. This is a radar that provides the track, or
trajectory, of a target. Tracking radars can be further delineated as
STT, ADT, TWS, and phased array trackers as described below:

Single Target Tracker (STT). Tracks a single target at a data rate
high enough to provide accurate tracking of a maneuvering target. A
revisit time of 0.1 s (data rate of 10 measurements per second) might
be "typical." It might employ the monopulse tracking method for
accurate tracking information in the angle coordinate.

Automatic detection and tracking (ADT). This is tracking
performed by a surveillance radar. It can have a very large number of
targets in track by using the measurements of target locations obtained
over multiple scans of the antenna. Its data rate is not as high as the
STT. Revisit times might range from one to 12 sec, depending on the
application.

Track-while-scan (TWS). Usually a radar that provides surveillance
over a narrow region of angle in one or two dimensions, so as to provide
at a rapid update rate location information on all targets within a limited
angular region of observation. It has been used in the past for ground-
based radars that guide aircraft to a landing, in some types of weapon-
control radars, and in some military airborne radars.

Phased array tracker. An electronically scanned phased array can
(almost) "continuously" track more than one target at a high data rate.
It can also simultaneously provide the lower data rate tracking of
multiple targets similar to that performed by ADT.

Imaging radar. This radar produces a two-dimensional image of a
target or a scene, such as a portion of the surface of the earth and what
is on it. These radars usually are on moving platforms.

Sidelooking airborne radar (SLAR). This airborne sidelooking
imaging radar provides high resolution in range and obtains suitable
resolution in angle by using a narrow beamwidth antenna.

Synthetic aperture radar (SAR). SAR is a coherent* imaging
radar on a moving vehicle that uses the phase information of the echo
signal to obtain an image of a scene with high resolution in both range
and cross-range. High range resolution is often obtained using pulse
compression.

Inverse synthetic aperture radar (ISAR). IS AR is a coherent
imaging radar that uses high resolution in range and the relative motion
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of the target to obtain high resolution in the Doppler domain that
allows resolution in the cross-range dimension to be obtained. It can be
on a moving vehicle or it can be stationary.

Weapon control radar. This name is usually applied to a single-
target tracker used for defending against air attack.

Guidance radar. This is usually a radar on a missile that allows
the missile to "home in," or guide itself, to a target.

Weather (meteorological) observation. Such radars detect,
recognize, and measure precipitation rate, wind speed and direction,
and observe other weather effects important for meteorological
purposes. These may be special radars or another function of
surveillance radars.

Doppler weather radar. This is a weather observation radar that
employs the doppler frequency shift caused by moving weather effects
to determine the wind; the wind shear (when the wind blows in
different directions), which can indicate a dangerous weather condition
such as a tornado or a downburst of wind; as well as other
meteorological effects.

Target recognition. In some cases, it might be important to
recognize the type of target being observed by radar (e.g., an
automobile rather than a bird), or to recognize the particular type of
target (an automobile rather than a track, or a starling rather than a
sparrow), or to recognize one class of target from another (a cruise ship
rather than a tanker). When used for military purposes, it is usually
called a noncooperative target recognition (NCTR) radar, as compared
to a cooperative recognition system such as IFF (identification friend
or foe), which is not a radar. When target recognition involves some
part of the natural environment, the radar is usually known as a remote
sensing (of the environment) radar.

Multifunction radar. If each of the above radars were thought of
as providing some radar function, then a multifunction radar is one
designed to perform more than one such function—usually performing
one function at a time on a time-shared basis.

There are many other ways to describe radars, including land, sea,
airborne, space-borne, mobile, transportable, air-traffic control, military,
ground-penetrating, ultra-wideband, over the horizon, instrumentation,
laser (or lidar), by the frequency band at which they operate (UHF, L, S,
and so on), by their application, and so forth. (5 700)
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Grammar exercise

Make up impersonal sentences form incomplete phrases and
verbs given below in points A and B.

Example:

The distance to the satellite....

calculate

The distance to the satellite was calculated.

A.

1. The 3D image-recognition algorithm...

2. The wide-band imaging system...

3. Some shortcomings of metal detection systems...

4. The signal transit time to both satellite...

5. The appearance of a wide range of products made of grapheme
such as high-speed transistors. ..

6. Fundamental works of world-famous physicists...

7. New aspects of this phenomenon...

8. Some examples of remarkable grapheme qualities...

9. The importance of further research...

10. The importance of developing new computers technologies. ..

11. Advantages of millimeter-wave imagine techniques. ..

12. Previous research results in this field of science...

13. The appearance of quantum computer performing certain
calculations more efficiently...

B.
verbs: confirm, consider, give, emphasize, devote, determine,

calculate, predict, develop, estimate, list-enumerate, mention, specify,
refer to.



Lesson 3

Memorize the following basic vocabulary and terminology to
text 34:

remote target — TUCTaHIIMOHHA LIETIb

amplitude modulation — aMITUTY THAsT MOTYJISILIUS

distinctive modulation — XxapakTepHas MOTYIIAIUSA

radar signal bandwidth — mupuHa criekTpa pagapHOTO CHUTHAIA

magnitude — Benmn4nHa, 3HaYEHUE

air-surveillance radar — pajauo0KaMOHHBIN 0030p

elevation — 311. BepTUKaNbHBINA YIOI

discern — pa3rasaeTsh

Read text 34 and answer questions after the text.

Text 3A
Information Available from a Radar

Detection of targets is of little value unless some information about
the target is obtained as well. Likewise, target information without
target detection is meaningless.

Range. Probably the most distinguishing feature of a conventional
radar is its ability to determine the range to a target by measuring the
time it takes for the radar signal to propagate at the speed of light out
to the target and back to the radar. No other sensor can measure the
distance to a remote target at long range with the accuracy of radar
(basically limited at long ranges by the accuracy of the knowledge of
the velocity of propagation). At modest ranges, the precision can be a
few centimeters. To measure range, some sort of timing mark must be
introduced on the transmitted waveform. A timing mark can be a short
pulse (an amplitude modulation of the signal), but it can also be a
distinctive modulation of the frequency or phase. The accuracy of a
range measurement depends on the radar signal bandwidth: the wider
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the bandwidth, the greater the accuracy. Thus bandwidth is the basic
measure of range accuracy.

Radial Velocity. The radial velocity of a target is obtained from
the rate of change of range over a period of time. It can also be
obtained from the measurement of the Doppler frequency shift. An
accurate measurement of radial velocity requires time. Hence time is
the basic parameter describing the quality of a radial velocity
measurement. The speed of a moving target and its direction of travel
can be obtained from its track, which can be found from the radar
measurements of the target location over a period of time.

Angular Direction. One method for determining the direction to a
target is by determining the angle where the magnitude of the echo
signal from a scanning antenna is maximum. This usually requires an
antenna with a narrow beamwidth (a high-gain antenna). An air-
surveillance radar with a rotating antenna beam determines angle in
this manner. The angle to a target in one angular dimension can also be
determined by using two antenna beams, slightly displaced in angle,
and comparing the echo amplitude received in each beam. Four beams
are needed to obtain the angle measurement in both azimuth and
elevation. The monopulse tracking radar is a good example. The
accuracy of an angle measurement depends on the electrical size of the
antenna; i.e., the size of the antenna given in wavelengths.

Size and Shape. If the radar has sufficient resolution capability in
range or angle, it can provide a measurement of the target extent in the
dimension of high resolution. Range is usually the coordinate where
resolution is obtained. Resolution in cross range (given by the range
multiplied by the antenna beamwidth) can be obtained with very
narrow beamwidth antennas. However, the angular width of an antenna
beam is limited, so the cross-range resolution obtained by this method
is not as good as the range resolution. Very good resolution in the
cross-range dimension can be obtained by employing the Doppler
frequency domain, based on SAR (synthetic aperture radar) or ISAR
(inverse synthetic aperture radar systems). There needs to be relative
motion between the target and the radar in order to obtain the cross-
range resolution by SAR or ISAR. With sufficient resolution in both
range and cross-range, not only can the size be obtained in two
orthogonal coordinates, but the target shape can sometimes be
discerned. (2 900)
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Answer the following questions.

1. What information is important for target detection? 2. How can
range be measured? 3. How is the radial velocity obtained? 4. How can
the angle to a target be determined? 5. What resolution capability is
sufficient for size and shape?

Task 1. Find sentences which give the main idea of each
paragraph.

Task 2. Remember Latin contractions such as e.g., i.e., et.al., viz,
etc., vs.

Learn how to read them in Latin. Use them in your own
examples.

Read text 3B and translate it into Russian.

Text 3B
The Importance of Bandwidth in Radar

Bandwidth basically represents information; hence, it is very
important in many radar applications. There are two types of
bandwidth encountered in radar. One is the signal bandwidth, which is
the bandwidth determined by the signal pulse width or by any internal
modulation of the signal. The other is tunable bandwidth. Generally,
the signal bandwidth of a simple pulse of sine wave of duration 1 is 1/1.
(Pulse compression waveforms can have much greater bandwidth than
the reciprocal of their pulse width.) Large bandwidth is needed for
resolving targets in range, for accurate measurement of range to a
target, and for providing a limited capability to recognize one type of
target from another. High range resolution also can be useful for
reducing the degrading effects of what is known as glint in a tracking
radar, for measuring the altitude of an aircraft based on the difference
in time delay (range) between the two-way direct signal from radar to
target and the two-way surface-scattered signal from radar to surface to
target (also called multipath height finding), and in increasing the
target-signal-to-clutter ratio. In military systems, high range resolution
may be employed for counting the number of aircraft flying in close
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formation and for recognizing and thwarting some types of deception
countermeasures.

Tunable bandwidth offers the ability to change (tune) the radar
signal frequency over a wide range of the available spectrum. This can
be used for reducing mutual interference among radars that operate in
the same frequency band, as well as in attempting to make hostile
electronic countermeasures less effective. The higher the operating
frequency the easier it is to obtain wide signal and wide tunable
bandwidth.

A limitation on the availability of bandwidth in a radar is the control
of the spectrum by government regulating agencies (in the United
States, the Federal Communication Commission, and internationally,
the International Telecommunications Union). After the success of
radar in World War II, radar was allowed to operate over about one-
third of the microwave spectrum. This spectrum space has been
reduced considerably over the years with the advent of many
commercial users of the spectrum in the age of "wireless" and other
services requiring the electromagnetic spectrum. Thus, the radar
engineer is increasingly experiencing smaller available spectrum space
and bandwidth allocations that can be vital for the success of many radar
applications. (2130)

Task 1. Propose and write your own plan of the text in logical
consistency.

Task 2. Find some more data on bandwidth in radar applications
to make this information more complete. Prepare and give a short
presentation on the issue.

Read text 3C with a dictionary.

Text 3C
The Doppler Shift in Radar

The importance of the Doppler frequency shift began to be
appreciated for pulse radar shortly after World War II and became an
increasingly important factor in many radar applications. Modern radar
would be much less interesting or useful if the Doppler effect didn't
exist. The Doppler frequency shift f; can be written as
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f, = 2vr/k =(2vcos 6)/7»,

where v, = v cos 0 is the relative velocity of the target (relative to the
radar) in m/s, v is the absolute velocity of the target in m/s, A is the
radar wavelength in m, and 0 is the angle between the target's direction
and the radar beam. To an accuracy of about 3 percent, the Doppler
frequency (Hz) is approximately equal to v, (kt) divided by A (m).

The Doppler frequency shift is widely used to separate moving
targets from stationary clutter. Such radars are known as MTI (moving
target indication), AMTI (airborne MTI), and pulse Doppler. All
modern air-traffic control radars, all important military ground-based
and airborne air-surveillance radars, and all military airborne fighter
radars take advantage of the Doppler effect. Yet in WWII, none of
these pulse radar applications used Doppler. The CW (continuous
wave) radar also employs the Doppler effect for detecting moving
targets, but CW radar for this purpose is not as popular as it once was.
The HF OTH radar could not do its job of detecting moving targets in
the presence of large clutter echoes from the earth's surface without the
use of Doppler.

Another significant application of radar that depends on the
Doppler shift is observation of the weather, as in the Nexrad radars of
the U.S. National Weather Service.

Both the SAR and ISAR can be described in terms of their use of
the Doppler frequency shift. The airborne Doppler navigator radar is
also based on the Doppler shift. The use of Doppler in a radar
generally places greater demands on the stability of the radar
transmitter, and it increases the complexity of the signal processing;
yet these requirements are willingly accepted in order to achieve the
significant benefits offered by Doppler. It should also be mentioned
that the Doppler shift is the key capability of a radar that can measure
speed, as by its diligent use by traffic police for maintaining vehicle
speed limits and in other velocity measuring applications.

Task 1. Use you background knowledge and give your comments
on the formula in the text.

Task 2. Find sentences which give the main idea of each
paragraph.
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radar.

24

Task 3. Find the key-words to speak about the Doppler shift in

Grammar exercise

Translate the following sentences into Russian paying attention
to grammar constructions.

1.

Though there are always enough satellites to provide a timing
and location service, satellite availability is not always one
hundred per cent.

Since GPS communicates via radio waves which travel at the
speed of light, GPS is also a means of determining a user’s
position.

As GPS satellites are constantly moving, they have to be
arranged in six orbital planes.

In case the ship is closer to one transmitter than to another, then
receiving equipment on the ship can measure the time
difference between the two signals.

Provided three transmitters are available, the ship can
determine its position as one of two points of intersection of
the hyperbolae.

Provided the ship has four transmitters, its position can be
determined even more precisely.

If the ship crew wants to identify each transmitter uniquely and
calculate the time difference, they should refer to Special
Reference Book for further details on these points.

As ministry of Defense had the task to cover the entire globe
with minimal positional errors, a military positioning system
led to the rapidly evolutionising satellite-based system.

. Since the US government also wanted such features as the

ability to operate the receiving equipment on fast moving
vehicles, such as aircrafts, all these requirements were met by
placing the navigation transmitting stations in space.

10. The higher frequency carrier waves are employed, the smaller

are positional errors.

11. As a satellite moves through its orbit, it will spend most of its

time either moving away from or towards the user.



12.

13.

14.

15.

16.

17.

18.

Provided we take into consideration the Doppler Effect, the
frequency of the satellite carrier signal will appear slightly
higher as the satellite moves towards the user and slightly
lower as satellite recedes.

In case the satellite is exactly overhead, the carrier frequency
will be absolutely correct.

Although the carrier frequencies are common to the GPS
constellation, the code is different to each satellite.

Although spectrum techniques allow users to discern individual
signals when many transmitters are using the same carrier
frequency, this is like listening to someone talking in a
crowded and noisy in room.

Since every specific code will repeat, the code itself does not
convey any useful information other than to allow a user to
receive information.

Though every code has high carrier frequencies and high
chipping rates, the data stream from each satellite occurs at a
very slow rate.

Since the user and satellites are located in different strength
gravity fields (according to the Theory of Relativity) the
satellite clocks will run faster than identical clocks located with
the user.



Texts for rendering in English

Cucrema I'mobanbroro Ilozurmonuposanust (GPS) — 3to cets u3
24 cmytHukoB Navstar, JeTalOIUX IO OpOWTE BOKPYr 3eMid Ha
Boicote 11000 mumas (20200 xm). Byayunm u3HagambHO OCHOBAHHOM
Henapramentom O6oponbsl Coeaunennbix IlltatoB (DOD) u npu
croumoctu nopsaka $13 mupa. gosiapos, GPS nocrynHa GecriaTHO
JUIST BCeX MOJIb30BATeNeH, JAaxe M3 APyTrux cTpad. JlaHHBIE 0 mO3M-
LMOHHPOBAHUU U BPEMEHH, MOJIYUYEHHbIE OT CHCTEMBI, HCIOIb3YIOTCS
B psAle TPHUKIATHBIX 3a]ad, TaKUX KaK BO3IYIIHAs, Ha3eMHas |
MOpCKasi HaBWTAIlHs, OTCIEKWUBAHHE TIOJOXKEHHMsI aBTOMOOWIEeH U
Kopabneii, reoje3uss W Kaprorpadusi, a TaKKe Ui MOHHTOPHHIA
€CTECTBEHHBIX pecypcoB. C Tex mop, Kak BOCHHbIC OrPaHUYEHUS
TOYHOCTH OBUTH YACTHYHO CHATHI B MapTe 1996 roma W IMONHOCTHIO
cusatel B Mae 2000 r., GPS Moxer ompenenuTth MOJ0XKEHHE 00bhEeKTa
pa3MepoM C MOHETY B JIFOOOM MECTe Ha 3eMHO# nmoBepxHocTH. [lepBhiii
cnytauk GPS Opw1 3amymen B 1978 1. IlepBeie 10 cmyTHHKOB
SBIISUIMCH OTJIQAOYHBIMH CITyTHHKaMH, Ha3BaHHbIMH biok I. C 1989 mo
1993 roj ObuIn 3amyiieHsl 23 pabo4nx CIyTHUKA, Ha3BaHHBIX biok I1.
3amyck 24-ro cnytHuka B 1994 roay 3aBepmui  CUCTEMY.
Henaprament OO0pOHBI AEPKUT 4 CIIyTHHKAa B pe3epBe IS 3aMEHBI
YHUYTOKEHHBIX WM BBIIIEANINX W3 CTPOS CHyTHUKOB. CIyTHUKH
PacToNOokKeHbl TaKUM 00pa3oM, YTO CHTHAI OT HIECTH W3 HUX MOXET
OBITH MPUHSAT MPAKTHYECKH B JIIO00E BPEMS U B OO0 TOUKE 3€MHOTO
mapa. Ha ceromHamHmii MOMEHT CYIIECTBYIOT [IBE€ CITyTHHKOBBHIE
CHUCTEMBbI, OTMEUEHHbIE KaK HBbIHEUIHHE U Oyaylue, KOTOpble MOTYT
MPEIOCTABIATh YCIYTH MO ONPEACIICHHIO MECTOTIOIOKECHUS.

1. TJIOHACC. TJIOHACC — »10 Poccuiickas CIyTHHKOBas
HaBUTAIIMOHHAs cUCTeMa. Bo MHOIMX OTHOIIICHMAX OHa Imoxoska Ha GPS:
TIOJTHOE «CO3BE3IIME» COCTOUT M3 24 CIYTHHKOB; K&KIBIA CIyTHHK Iiepe-
JTaeT pa3uuHbIe JaHHBIE Ha ABYX HECyIMX L-Irama3oHax; CyIIEeCTBYeT
O/IMH HABUTAMOHHBIA CHUTHAJ, Pa3pelleHHbIA Uil TPa)JIaHCKOrO
WCTIONIb30BaHMs, U HA0Op HABUTAIIMOHHBIX CHTHAJIOB, 3apE3ePBHPOBAHHBIX
WCKITFOUHTENBHO Utsi Pocchiickoro BOGHHOTO TPHUMEHEHHS; CYIIECTBYET
HAa3¢MHBIA CEIMEHT, OTCJICKUBAIOUIMN CIIyTHUKU W YIPABJLIIOIUNA UMY,
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TIOJTB30BATENI TIACCHBHO TPHHUMAIOT CHTHAIBI CHCTEMBI, MO0 KOTOPHIM
MOTYT OpPUEHTHUPOBATHCS B IMPOCTPAHCTBE C TOYHOCTHIO JIO HECKOJIBKUX
JIECTKOB METPOB U JAaxe Bblme. OHAKO, ¢ TOYKH 3PEHUS MOJIb30BaTes
CJIUIIKOM JIETKO Mpenoioxuth, uto [ JIOHACC — 310 TO ke camoe, uTo
GPS. Ckopee, CyIecTBYIOT HECKOJIBKO KITFOUEBBIX PA3IMIHN MEKTY ABYMS
cucremamu. Bo muorux otHomenusx [JIOHACC Oonee anerantHas u
skoHoMHMuHas cucteMa, yeM GPS. K coxanenuto, cyiiecTByeT Macca
BOIPOCOB OTHOCHTENIBHO KOHTPOJISI KQ4ecTBa M Topasno Ooliee cepbe3Hbie
nipo6siemsr ¢ punancupoBanueM. Cucrema ['JIOHACC Obuia 3asiBiicHa Kak
NOJHOCTBIO  yHKIMOHaNbHAs 18 stHBaps 1996 r. C tex mop ObUIO
HECKOJIKO CHUTYaIl|i, Korma (PyHKIIMOHHUPOBAIO ITOJTHOE Cco3Be3me u3 24
CIIyTHUKOB. B /0MONTHEHNE K BBIXOJY CITyTHHKOB U3 CTPOSl, 8 CITyTHHUKOB
oTpaboTay CBOW CPOK 3KCILTyaTalldid C TOrO BpeMeHH. Tak 4To K KOHILY
1997 . TonpKO 15 CIyTHHKOB OBLIO IOCTYIHO JUIs HaBurarmw. OHAKO
TIOCTIETTHUE 3asiBIICHHS POCCHITCKMX O(QUIMABHBIX JIMI] MOTYT O3HA4arh,
yto 6 stet npenedpexenns: [ JIOHACC noponnm k koHity. [IpaBurtenscTBo
B3UI0 Ha ce0s Ccephe3Hble (PUHAHCOBBIE O00s3aTeNhCTBA IO BO3BPATY
cucreMbl K TonHOMY (yHKIMoHupoBaHuto k 2006 1. Poccuiickue
o(uIMaNbHBIC JIMIA TAKKE 3asBISIOT, YTO HOBOE MOKOJICHHUE CITYyTHHUKOB
I'JIOHACC (I'monacc-M) umeeT Gosiee IPOAOIKUTENBHBII CPOK PaboThI,
YTO JOJDKHO CIVIANUTh HAarpy3ky Ha cucreMy. OHEH pa3paOoTaHBl C
pacdeToM Ha 7-JETHHH CPOK CIY>KOBI, TI0 CPABHEHUIO C TPEXJICTHUM
CPOKOM CYIIECTBYIOIIHUX CITyTHUKOB. MaTepHaN3YIOTCS JIM 3TH OOCIIaHNS
— 3T0 BTOPO¥ Bompoc. Ho naske B CEroqHSIITHEM OCTIa0IEHHOM COCTOSTHUH
T'JIOHACC wuMeer moTeHIMal KakK CAMOCTOSTEHHON HaBUTAIMOHHOM
CUCTEMBI, TaK 1 nonoiaHeHns Kk GPS.

2. TAJIMJIEO. CnyTtHukoBas paJudOHAaBUTAllMOHHAs cucteMa [a-
nuneo siBisiercs: uHuiMartuBod EBpocoroza u EBpormeiickoro Kocmu-
yeckoro Arentctsa. IIpoekT mpenmnonaraet IJIaHOBOE pa3BEPTHIBAHHE B
20062007 rr u BBeneHue B paboty B 2008 T. ¢ TOJOBOM CTOMMOCTBHIO B
220 mmH eBpo. IIpoekt mpeanonaraer k 2008 r. 3amyck 30 CIYTHHKOB.
TexHoMmOTwSA, TONOXKEHHAS B OCHOBY «l aymiieoy» Ooiee ToOUHA W HaJeKHA
no cpaBHeHuto ¢ GPS wm I'JIOHACC. 3710 mo3BOMUT KPUTUYHBIM IO
0e30MacHOCTH CHCTeMaM — TaKAM Kak CHCTeMaM  YIIPaBICHUS
BO3/IYILIHBIM JIBIOKCHHUEM, KOPAOJISIMKM MM aBTOMOOWIIbHOW HABHUTAI[MHd —
WCTONIK30BaTh  JIAHHYI0  TexHoiorumro. CucremMa Takxke JIOJDKHA
rapaHTUPOBATh TIOKPBITHE HEJOCTYIHBIX paHee TEPPUTOPHH, HAIpUMeEp,
3aKPBITHIX 3MaHWSMW W TIPUNONSPHBIX oOmactedd. CTOMMOCTH IPOEKTa
lamuneo oneHnBaroT Gosiee YeM B 3 MIIP €BpO.

27



Supplementary texts

Task 1. Read and translate the following text with a dictionary.
Task 2. Discuss GPS in power systems.

Text 1
GPS in power systems

GPS (Global Positioning System) is a system for determining a
user's position in space, as such it is widely used for navigation — it is
also free of charge. Since GPS communicates via radio waves which
travel at a known speed (the speed of light), GPS is also a means of
determining a user's position in time.

GPS is now a fully operational service. It comprises three
functional areas referred to as segments:

o Satellites (space segment)

e GPS receivers (user segment)

¢ Ground stations (control segment)

There are presently 24 satellites in the GPS constellation. Unlike
satellites used for television broadcasting which always remain in the
same position above the earth (geosynchronous), GPS satellites are
constantly moving. GPS satellites are arranged in six orbital planes,
take approximately 12 hours to orbit the earth and are located at a
height of 10 898 nautical miles. From any position on the surface of
the earth, there are always sufficient satellites in view to provide a
timing and location service. Despite this, satellite availability is not
always 100%; the system has been biased towards operation over the
populated globe with the result that coverage suffers towards the poles
(above 60°N and below 60°S).

GPS provides two services:

1. Precise positioning service (PPS) is available to restricted users
only (mainly USA military). The accuracy of this service is 22 m
horizontally and 27.7 m vertically for positioning in space, and 200 ns
for positioning in time.
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2. Standard positioning service (SPS) is available for civilian use
and has an accuracy of 100 m horizontally 156 m vertically and 340 ns.

Satellite versus terrestrial positioning. It is useful to consider the
reasons why a satellite positioning (navigation) system is preferable to
a ground-based system, after all existing ground-based navigation
systems are available and cost considerably less than anything
involving satellites.

The ship receives a continuous carrier wave transmitted at the same
frequency from two transmitters. If the ship is closer to the first
transmitter than the secoud transmitter then receiving equipment on the
ship can measure the time difference between the two signals.

Assuming that the signals travel at the speed of light, the ship is closer
to transmitter 1. The locus of all such positions is a hyperbola; with a
knowledge of the transmitter positions, the ship is able to fix its position
on this locus. If three transmitters are available, the ship can determine its
position as one of two points of intersection of the hyperbolae. With four
transmitters, the ship can uniquely determine its position. This is the basis
of the Omega navigating system. Of course there are many additional
problems that must also be resolved such as how the ship can identify
each transmitter uniquely and how the time difference 1 can be calculated
if it corresponds to more than one cycle of the carrier.

What is more important to understanding the advantages of
satellite navigation systems is to consider the frequency of the carrier
signal from the transmitters. There is a conflict of interests in the
choice of frequency. These are summarised in Tab the table.

It can be seen why navigational systems su as Omega use VLF
carriers since they allow operation over large expanses of water, with a
modest number of transmitting sites. Smaller coverage is available with
medium frequency systems, such as Decca, with greater positional
accuracy, typically 200 m, but many transmitters are required and local
topology, i.e. non-direct line of sight between transmitter and receiver, can
significantly degrade the location accuracy.

With these thoughts in mind, consider now the problem of providing a
navigational system that has to cover the entire globe but with positional
errors of less than 50 m. You will quickly come to the conclusion that
such a system cannot be realised using a ground-based system. This was
precisely the view that the US government came to when considering a
military positioning system and led to the evolution of a satellite-based
system. In addition the US government also wanted features such as the
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ability to operate the receiving equipment on fast moving vehicles, such as
aircraft, rather than just ships.

Summary of advantages and disadvantages of frequency choice

Frequency Advantages Disadvantages
o long distance ¢ long wavelength (16
propagation possible via earth/ | km)
ionosphere waveguide (VLF at e position error typically
approximately '/, of wavelength 4 km (not
10 kHz) very accurate)
¢ no multipath effects (no
Low significant reflection of carrier
signals)

e few transmitters needed
(very large transmitter

spacing)
e very large area
coverage
¢ long-distance e ionospheric reflections
propagation possible to can cause multipath receptions
ionospheric reflections of signals
Medium o fewer transmitters e very difficult to achieve
needed (large transmitter high positional accuracy with
spacing) multipath effects
o large area coverage
o wavelength very short, e signals not reflected by
positional error very low atmosphere
. e many transmitters
High required (transmitter spacing is

approximately line of sight)
e small area coverage

All these requirements can be met by placing the navigation
transmitting stations in space. All the transmitters have an
unobstructed view of the earth's surface. Each satellite is at an altitude
of nearly 11 000 nautical miles which gives direct line of sight
coverage to 42 % of the earth's surface. Furthermore, the higher
frequency carrier waves employed (between 1 and 2 GHz in GPS)
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have a wavelength of 17...25 c¢cm and so the positional error can be
made small. Unlike Omega, GPS uses the time of arrival (TOA)
difference technique to fix the receiver (the user) position. The main
difference is that the satellites transmit their position to the user as well
as a carrier signal.

Text 2
Mitigating the Threat of GPS Jamming
by Roger Watt (NovAtel White Paper — June 2012)

An Introduction to GPS Jamming. Originally developed in the
1970s by the U.S. Department of Defense, the global positioning
system (GPS) was created so that military units would always know
their exact location and the position of other units. GPS is widely
credited with helping the U.S.-led coalition win the first Gulf War in
1991. During Operation Desert Storm, military vehicles relied on GPS
to navigate without reference to roads or other fixed landmarks. This
enabled a strategic battle of maneuver rather than a battle of encounter
because soldiers could determine their own locations and target
locations quickly and reliably. Then, the military could coordinate an
attack based on a known target location rather than just searching on
the ground for enemy forces.

GPS has become critical to nearly all military operations and
weapons systems. By providing location and time information in all
weather conditions, GPS signals are also used in a variety of civilian
industries — from construction and surveying to telecommunications,
oil and gas, and even agriculture. The system is maintained by the US
government and is freely accessible to anyone with a GPS receiver.
There are currently an estimated one billion GPS receivers worldwide
with hundreds of applications.

GPS signals are transmitted on published radio frequencies from
satellites that orbit 20,000 km above the Earth. The GPS transmit
levels are only about 50 W at the satellite and weaken further as they
approach Earth. This fundamental weakness makes the signals
vulnerable to both accidental and deliberate interference. Jammers
can prevent a tracking device from determining and reporting a
vehicle’s location and speed, rendering GPS inoperable. These
devices are illegal but easy to obtain. In fact, detailed instructions for
building jammers can be found online and simple models plug into a
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12 volt car receptacle connector and can be purchased for as little as
$30 online.

A Growing Problem. As GPS jammers become more widely
available, jamming occurs more frequently. For example, in late 2009,
engineers at Newark airport in New Jersey noticed that GPS receivers
used in a new navigation aid were suffering brief, daily breaks in
reception. After two months of investigation, the Federal Aviation
Administration (FAA) determined the cause was a nearby truck driver
who had installed an inexpensive GPS jammer on his truck. His daily
commute past the airport was causing the interference, which shows
how easily unintended GPS jamming occurs.

Not all GPS jamming occurs innocently, however. The military’s
reliance on GPS for navigation makes the system a target for sabotage.
Military land vehicles are especially vulnerable because almost all light
armored vehicles and personnel carriers contain and rely on GPS for
navigation. Deliberate jamming prevents proper vehicle navigation, both
from the perspective of operation and from a command center’s inability
to coordinate troop location. A jammer overwhelms the weak GPS signal
and prevents the determination of vehicle position and time.

This vulnerability is particularly acute for vehicles involved in
targeting air and artillery strikes. If GPS jammers are deployed in an
attack scenario, for example, an enemy could foreseeably block the
location determination capabilities of an entire troop, rendering them
invisible to the command control center. This prevents strategic troop
deployment and protection in enemy territory. Jammers can also
prevent military emergency vehicles from navigating to their required
battlefield destinations.

It is disconcerting that a satellite navigation system that costs
billions of dollars can be easily disrupted with an inexpensive, portable
ground transmitter, yet it happens. Iraqi defense forces used jammers
in the second Gulf War around Baghdad and in November 2007,
Newsmax.com reported that China had produced vans equipped with
jammers that could be deployed to deny GPS signals.

Defense officials in South Korea and other military organizations
report that the North Koreans are capable of disrupting GPS receivers.
Reports document signals emanating near the North Korean city of
Kaesong that recently interfered with South Korean GPS military and
civilian receivers. The jammers were repeatedly switched on for
10 minute periods for several hours over three days. Defense officials
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in South Korea, Japan, and the United States have expressed concern
about Pyongyang’s suspected ability to disrupt GPS navigation.

Armed forces are increasingly aware that hostile jamming can
severely impact navigation and timing capabilities. As early as 2005, a
US Department of Defense paper presented a test perspective on GPS
vulnerabilities and their potential impact on critical infrastructure. The
paper stated that ,,over-reliance on GPS for critical applications could
leave us vulnerable to future asymmetric attacks.”

Given the proven success and accuracy of GPS navigation and
timing, reliance will not change, so a new solution is needed to protect
the military from GPS jamming. America’s Space-Based PNT
Advisory Board has taken a similar stance, issuing a report in
November 2010 that recommends several strategies be used to combat
jamming, including a call to manufacturers to harden GPS receivers
and create antennas that null interference.

The Solution—GPS Anti-Jamming Technology. NovAtel Inc. and
QinetiQ Ltd. have partnered to create a solution for military land and
security applications encountering GPS jamming. High performance
GAJT (GPS Anti-Jam Technology) is a single unit, GPS interference
mitigation antenna that fits any land vehicle. GAJT uses a concept
similar to that of noise-cancelling headphones, canceling jamming
signals and allowing GPS receivers to acquire and track the satellite
signals needed to calculate an accurate position.

Designed as a compact standalone system (just under 290 mm in
diameter), GAJT provides anti-jam performance that is comparable to
much larger, multi-component CRPA systems, but at a significantly
lower cost. The rugged, exterior-mounted. GAJT integrates easily into
new platforms and, most importantly, is compatible with existing GPS
receivers and vehicle navigation systems.

How GAJT Works. GAJT mitigates interference by creating
«nullsy, or deliberate blind spots, in antenna gain patterns in the
jammer’s direction to allow satellite signals to reach the receiver.
GAIJT generates antenna «nulls», or deliberate blind spots, to mitigate
the jammer and allow GPS signals to reach the receiver.

GAIT uses NovAtel’s seven-element, small footprint Pinwheel™
antenna to receive GPS signals in the L1 and L2 bands. These
frequencies are down- converted to intermediate frequency for high-
speed, battlefield performance algorithms. The algorithm optimizes the
power and phasing of the seven independent signals to create a single,
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high quality output signal that mitigates jamming sources in up to six
directions. Then, the output is up-converted to the original GPS
frequencies. The clean output signal is delivered through a standard
antenna connector via a coaxial cable to any standard new or legacy
GPS receiver through the external antenna input port. GAJT
accommodates wide bandwidth, ensuring future compatibility with the
24 MHz M-Code GPS signal. GAJT is also capable of creating
multiple nulls to protect against several jamming sources.

The Benefits of GAJT Without GPS anti-jam technology, a simple
one watt jammer can overpower GPS signals over a large area, denying
a position solution from the victim receiver. GAJT improves the GPS
jamming immunity of the connected receiver, significantly decreasing
the jammers’ reach and ensuring that positioning capabilities are
retained during combat, training, or other vehicle-based missions. The
GAIJT system suppresses GPS jamming, which ensures that positioning
and timing capabilities are retained during combat or training. This
promotes situational awareness, protecting soldier’s lives, and
improving strategic battlefield performance.

Compact Size, Easy to Integrate GAJT is less than 290 mm in
diameter and the antenna elements on NovAtel’s CRPA are set at GPS
near quarter-wavelength separation. This makes it easy to retrofit
GAIJT on to vehicles as it simply replaces the old antenna and minimal
vehicle alterations are needed. Operator training is not necessary
because the original GPS unit remains in place. GAJT is externally
mounted, requiring no additional electronics inside the vehicle — only
power and a single RF cable. As a single unit, GAJT provides an all-
in-one solution unlike other anti-jam systems that typically feature
more than one component. This minimizes vehicle downtime and
makes it easier to integrate or retrofit existing and legacy fleets with
the new GAJT antenna. GAJT can also be used for GPS timing
applications on fixed or moving platforms.

Conclusion. GPS technology has revolutionized modern warfare.
GPS jammers, now available for sale on the Internet, are increasingly
used to degrade and block the satellite signals required to determine
position. GPS jamming is, unfortunately, a growing problem that must
be addressed, especially as it begins to affect ground troops. NovAtel
and QinetiQ have combined their world-leading research and
manufacturing capabilities to develop GAJT (GPS Anti-Jam
Technology) — a compact, cost-effective system that is essential to
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maintain GPS signal acquisition for land vehicle navigation and
network timing applications. GAJT delivers anti-jam performance
comparable to that of much larger, multi-component CRPA systems
used by military organizations, but at a significantly smaller size and
lower cost.
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AnHoTauus (o0pa3zen)

[3amura ot momex nonasieHust GPS curaanal
Mitigating the Threat of GPS Jamming. Roger Watt.
«NovAtel White Paper», 2012, V, 16-21 (anri1.)

PaccmaTpuBaeTcst BaXXKHOCTH TPaKJaHCKOTO M BOEHHOTO HCTIONIB30-
Banus GPS curnHanoB anst ompeneneHus MOJOXKEHUS OOBEKTOB C
MIPUBA3KON KO BpeMeHH. OO0CyXIaeTrcsl JIETKOCTh BHECEHHUS IOMEX K
npuemy GPS curHama u akTyaJbHOCTH MPOOJIEMBI ISl BOEHHBIX.
OnuceiBaeTCsl HOBasl BBHICOKOHAAEKHAs CHUCTEMa IMOJABJICHHS IOMEX
GPS curnanam.

Pedepat (o0pa3zen)

[3amuTa oT momex nojasienuss GPS curnana]
Mitigating the Threat of GPS Jamming. Roger Watt.
«NovAtel White Paper», 2012, V, 16-21 (anr:.)

Hcnonp3yemble U pa3HOOOPa3HBIX CTPATErMICCKUX M TAKTHUECKUX
BOCHHBIX OTIEpaIiii ¥ TpaKIaHCKUX Ieneit GPS curHams! mpenocTaBisitoT
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MHQOPMAIIMIO O BPEMEHH, PACTIOIIOKEHWH U TIepeMEIIeHHH OOBEKTOB.
GPS curnanel 7o0cTaToO4HO €1abbl U MOTYT MOJBEPraThes CAy4ailHbIM U
peaIHaMEepeHHbIM  moMexaM. Jlerkas — JOCTYIMHOCTb — YCTpOMCTBa
nomaiieHus GPS cHTHAI0B Ha PHIHKE AIEKTPOHUKH CIENANIO MPOOIIEMy
noxaBnenust nomex GPS curnamam Oonee aktyanbHOW. [IprMepbl
YMBIIIEHHOTO U HEyMBIIIIeHHOTo nojasinennst GPS curnana craesr noa
YIpo3y ONpEleNeHUE TIOJOKEHUSI BOMCK, IepeJadyd KOoOpAMHAT U
BEITIOJIHEHUE ~ aBapUUHO-CIIACATEIIPHON TEXHMKONH OOCBOM  3amadm.
Komnanuss NovAtel Inc coBmectHo ¢ QinetiQ Ltd paspaboramm
BBICOKOKQUECTBEHHYIO TEXHOJOIMI0 3amuThl oT mnojasineHus GPS
CUTHAJIOB U CO3/1aJIM SKOHOMHYHOE U HaAEKHOE CPEICTBO Il HA3EMHOIO
BoeHHOro TpaHcnoptHoro cpeactsa (HBTC). Anrenny menee 290 MM B
JaMeTpe yCTaHaBJIMBAIOT Ha BHEIIHIOIO CTOPOHY Ky3oBa Jiroboro HBTC.
YCTpOWCTBO CIMOCOOHO CBECTH K HYJIO AKTHBHBIC TNpETHAMEPCHHBIC
moMexu W mo3Bonsier GPS mpuemHuKaM MoOMy4aTh M OTCIEKUBATH
CUTHAJIBl CIyTHHKa JJisi OOeclieyeHHs TOYHOTO TO3MLHMOHUPOBAHUS
HBTC na none 6os. bosee nemeBas, BRICOKOHAIEXKHAS, MaJIOrabapuTHAS
Y HE3aBHCHMAs aHTEHHA CpaBHMMAa C HaxXOAAIICHCS Ha BOOPYKEHHUH
MHOTMX BOGHHBIX 4YacTeld MHOTORJICMEHTHOW, KPyHHOrabapuUTHOU
AQHTEHHOW C YNpaBIIsIEMON OUArpaMMON HANpaBICHHOCTH Ha MpPUEME.
AHTEHHy YCIIEIIHO WHTEIPHPYIOT B HOBBIE 0a30BbIE CHCTEMBI W
COBMEIIAOT ¢ cymecTBytommvmu GPS mpueMHHKaMH W CHCTEMaMu
Haurammu  HBTC. HoBas  aHTeHHa  rapaHTupyeT  BBICOKYIO
MIOMEXO3aIIMIICHHOCT, B XOJI€ BOEHHBIX JACHUCTBUA WJIM NPOBEACHUSA
ydgeHHH W oOecrieunBaeT HaJISKHOE OIpPEIeiIeHNe MEeCTOIIONIOXKEHUS,
NpPUBS3KY MO BPEMEHH W TMOBBIIACT S(PPEKTHBHOCTH IPOBEACHUS
BOEHHBIX JIEHCTBHHA.

(Novatel, Calgary, Kanmama) Wn. 3. buon. 2 0. Kanbrun
02.09.2013 noonuce
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