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EnekTpoHHi cucremu
JIOKAMII

1. OCHOBHIi TEPMIHM, NPUHLMN Aji, KNacudikauis Ta 3aCTOCYBaHHA.

2. Bigbwsatoui BnactueocTi 06'eKTiB.

3. BwuABneHHA curHanis.

4. [anbHicTb Aji NOKaLjiiMHOT cuctemu.

5. Po3ainbHa 34aTHICTb IOKaLiMHOT cucTemu.

6. BumiptoBaHHA [aNbHOCTI Ta WBMAKOCTI 06'EKTIB.

7. BumiptoBaHHA KYTOBUX KOOPAMHAT.

8. MeToam niaBULLIEHHA PO3AiNbHOI 34aTHOCTI | TOYHOCTI BUMipIOBaHb.

Introduction to Radar

* Principal Terms and Definitions
* Basic Principle of Radar

* Classification of Radar Systems
* Radar Applications

Basic Principle and Definitions

® Radar (or radiolocation) is a field of science and technology
that covers methods and means of detection, location,
velocity measurement, and recognition of various objects
using EM waves.

® Radar is an EM system for the detection, location, etc.

® Basic principle of Radar:

Transmitted signal (sounding waveform)

( 1, .

i — Target

e Range to target o

Determination of Target Range

® Radar engineers use the term range to mean distance.

® RADAR = RAdio Detection And Ranging.

® The range is found by measuring the time At=Ty, it takes
for the radar signal to travel to the target and return back
to the radar

c=3*108m/s

® Each 1 ps of round-trip travel time corresponds to R=150 m




Determination of Target Bearing

* The target's location in angle can be found from the
direction that the narrow-beamwidth radar antenna
points when the received echo signal is of maximum
amplitude.
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Other Information about a Target

* If the target is in motion, there is a shift in the
frequency of the echo signal due to the Doppler effect.
This shift is proportional to the velocity of the target
relative to the radar (the radial velocity).

* Radar Surveillance.

* Target is an object of radar surveillance, e.g. aircraft,
ships, spacecraft, vehicles, people, and the natural
environment.

Classification of Targets

Radar targets can be of different classes.
A class of target is a set of the objects with common features, which differ
this class from others.
Depending on the location, targets can be:
— ground-based (bridge, city, tower, car, forest, person, ...)
— above-water (ship, boat, beacon, small island, ... )
— in air (plane, helicopter, cloud, rain, hail, bird, insects, ... )
— in space (spaceship, satellite, planet, ... )
On the origin, target can be:
— Natural (hill, lake, snow, tornado, lightning, planet, ... )
— Artificial, that is, man-made (helicopter, car, runway, building, ... )
On belonging under the State:
— Friend (e.g. Ukrainian military aircraft)
— Foe (e.g. military aircraft of foreign states)
IFF - Identification Friend or Foe

Radar Information and Signals

Radar information is a set of data about the objects (targets)
obtained by radar means.

Radar information consists of the data on:

— the presence or absence of a target in the zone of radar coverage;

— the number and classes of targets;

— the co-ordinates and parameters of motion of every target individually.

* Radar signal is a carrier of radar information. Signal exists in two
forms:

— as EM wave (microwave) radiated by a target;

— as electric signal (Low Freq) got by transformation of EM waves
received from a target.

* Sounding ‘signal’ doesn’t contain any information about a target.
Itis called waveform.

Tasks of Radar Surveillance

Detection is decision making on presence or absence a target in
each radar cell with minimum allowable probabilities of erroneous
decisions.

Measurement is a process to estimate the co-ordinates and
parameters of motion of a target with minimum allowable errors.
Resolution is separate surveillance gdetection and measurement)
of individual target at the presence of other targets

Recognition is ascertainment that a resolved target belongs to the
given class of targets.
Target tracking is the use of measurements for tracking

All kinds of main radar tasks (detection, measurement, resolution,
and recognition) are fulfilled as an integrated process. But it is
expedient to consider them separately.

Radar Coordinates

* Measurements of position and velocity of a target can be
implemented in three spatial coordinates: spherical (polar),
cylindrical, and Cartesian rectangular coordinates.

* Spherical Coordinates:

Radial
Zenith velocﬂ/
Radar Slant el
: range
Coordinates SR
R, a, e

Height, h

Elevation
angle, e<=

Ground range

Azimuth, a
Radar
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Radar Coordinates

* Measurements of position and velocity of a target can be
implemented in three spatial coordinates: spherical (polar),
cylindrical, and Cartesian rectangular coordinates.

¢ Cylindrical Coordinates:

Radial

Zenith velocﬁ/

Radar Coordinates

* Measurements of position and velocity of a target can be
implemented in three spatial coordinates: spherical (polar),
cylindrical, and Cartesian rectangular coordinates.

* Rectangular coordinates :

Radial

Zenith nhr.y

Radar Slant el Radar na“ '-u-
Coordinates e Coordinates ——
R, o, h v R R, R,
Height, h Height, h
Elevation Rz=h
angle, e
Ground range p
Radar Azimuth. & Radar >Ry East
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Radar Classifications
Examples of Ship based radar systems

functionality of the radar

Radar Classifications




Interaction with a targe

Receiving

Transmitting Radlal\Ng"a'

Radar Systems
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Waveforms

Target range information
cannot be extracted without
utilizing some form of

W radars are those
that continuously emit
electromagnetic
energy, and use

Radar
Waveforms modulation)
Pulsed radar systems can be
classified on the basis of the Pulse
ClBadag Pulsed Radar - gopgiion Frequency (PRF)
o
Unmodulated  Mod. (FM) Low PRF Medium PRF  High PRF “PRF

radars can accurately
measure target radial
velocity (Doppler shif)
and angular position,

igh PRF radat
are mainly used
to measure

target velocity

primarily used for
ranging where target
velocity (Doppler shift i,
not of interest

The primary use of
unmodulated CW
radars is in target
velocity search and
track, and in
missile guidance

CW as well as Pulsed Radars can measure both target range
and radial velocity by utilizing different modulation schemes.

Primary Radar and its Environment

Frimary dar

Primary monostatic radar. The frequency of the echoes depends on the
radial velocity. Thus the echoes from the objects may be classed from
fastest, probably aircraft echoes, through ground vehicle and rain clutter to
the waving of the trees. Moving Target Indication (MTI).

Clutter

® Clutter is the name given to background
signals which are currently irrelevant to a
detection system; clutter is a form of structured
noise.

® Unwanted signals

Target Range Ring
» P
R [‘,3 Target

A \ 2y | Position
Radar |~ Azimuth -~ @ ) ‘ Line

s N /Target

Example of a PPI display. This is the output of
an L-band radar with an antenna beam-width of
3°, without MTI processing. The range ring has
a radius of 50 nmi.

Clutter is seen in the near vicinity of the radar.
Aircraft approaching an airport are seen in the
northwest direction.

The map is in polar coordinates the location of
the target in azimuth and range is determined.

T Applications of Radar

employed to detect
targets on the ground,

on the sea, in the air, in
space, and even below

ground Al radars 3 rom
Mlery however, this term
the sensing of the
o e
Space veriies Used
radar for rendezvous and Air Surveillance Radar
docking, and for landing SAAS";L -
onihe 5o irRoute Surveilance
Grountbasedadars are e aratte | Rador (ARSR).
Seedlior e detecion sosce Aomisions Canrol | Aiport Surface Detection
and tracking of satelltes ) Equipment (ASDE),
and.oifier[Epace object Terminal Doppler Weather
e Tormingl Dopoe
Air Traffic Control Radar
Beacon System (AT CRES
Law and Mode'S)
=
s stey e
Saioy

Airerat

‘satety and
Navigation

The airbore weather-avoidance radar outines regions of dangerous zones o allow the pilot to avoid hazardous conditions,
Low-flying miltary aircraft rely on terrain avoid:  terrain following radars high terrain.
Miltary aircraft employ ground-mapping radars to image a scene.

‘The radio altimeter is also a radar used to indicate the height of an aircraft above the terrain.

‘TCAS — Traffic Alert Colision Avoidance System.
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Applications of Radar

Over the Horizon Radar (HF-band)

U.S. Navy ROTHR

2.6-km Rocelving Array

The United States Over The Horizon Backscatter (U.S. OTH/B) radar
which operates in the frequency range of 5 — 28 MHz

Ballistic Missile Early Warning System « ' e
( ) _Volga  Radar Iransmitting Antenna
VHF- Band Volga” Radar Transmitting Antenna

Radars whose
only functions
are initial
detection and
sector location
of a target are
called Early
Warning,
Search, or
Acquisition
radars.

The Ballistic Missile Early Warning System (BMEWS) search and
track monopulse radar which operates at 245 MHz.

P " - Perimeter and Acquisition Radar (PAR)
Volga” Radar Receiving Antenna (UHF- Band

PAR is a very long range multifunction UHF phased array radar. The
PAR can detect and track multiple targets the size of a basketball at a
range of 2,000 miles. North Dakota.
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L- Band ATC and Air Route Radars

Radars in the L-band are primarily ground based and ship based systems that are used in long
range military and air traffic control search operations.

Raytheon's ASR-23SS is L-Band primary Air Route Radar Complex UTES-T,
surveillance ATC radar. 23 cm (Lianozovo)

Spaceborne L- Band SAR system (23 cm)

‘Shuttle doors closed

Long Valley region o East.Coniral Calforia acquired
by SIR CIX SAR Inerferometer (L-Ban, 23 cm)

S- Band Radars (10 cm)

Most ground and ship based medium range radars operate in the S-band.

‘The Airport Surveillance Radar Ship based U.S. Navy AEGIS multifunction
(ASR) used for ATC phased array radar.

DARR System

TARA System

S- Band Radars (10 cm)

The Airborne Warning
And Control System
(AWACS)

and

the National Weather
Service Next
Generation Doppler
Weather Radar
(NEXRAD)

are also S-band
radars.

C-Band (5 cm)

However, most weather detection radar systems are C-band radars.
Medium range search and fire control military radars are also C-band.

“Tomas” Height Helicopter Finder.
The FPS-6 radar is capable of
height determination of targets
Small, low power, low cost weather flying between elevation angles of
radar intended for local use. -2 and +32 degrees for any
azimuth throughout 360°.

MARS-| radar system is based on a
Canadian Marconi C-band transmitter.

C-Band (5cm

Weather Radar of Jordan Meteorological Department in Amman Airport
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“The X-band s used for
radar systems where the size of
the antenna constitutes a physical
limitation; tis includes most
airborne radars.

Radar systems that require fine
target detection capabiltes and yet
cannot tolerate the atmospheric
attenuation of higher frequency
bands may also be X-band.

Ku- Band (2 cm

The higher frequency bands (Ku,
K, and Ka) suffer severe weather
and atmospheric attenuation.
Therefore, radars utilizing these
frequency bands %
are limited to short range
applications, such as the police
traffic radars, short

range terrain avoidance, and
terrain following radars.

Lynx Ku-band SAR installed on|
a General Atomics I-GNAT
unmanned aerial vehicle. The
radar operates with a center
frequency of about 16.7 GHz

Ka, V, and W-Bands (8, 5, and 3 mm)

Millimeter Wave radars are mainly limited to very short range Radio Frequency (RF) seekers

35GHz
Weather
Radar of IRA
NAN of
Ukraine

RCRU
Rutherford
Appleton
Laboratory,
Oxfords
UK

94 GHz (left) and 35 GHz (right) radars
for cloud research

and experimental radar systems.

IRA NAN of Ukraine W-band Radar
Transmitter:

1- Modulator tube; 2- Driver ; 3- Filament power
supply ; 4- Magnetron; 5- Magnetron fan; 6-
High voltage power supply; 7- Upper cover of
the box (removed) with fans and pre-stabilizer.

€snaropisi,
UKRAINE
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MaKeTHi maHeni WMPOKo BMKOPHCTOBYIOTLCHA ANA
Po6iT Ha

i i Ta
aMepuKaHCbKMX yHIBepcuTeTis. Tak caMo i B HAY.

Solderless breadboar

Cryaentn

MaKeTHUX nanensix BB830T, a noTiM nigkniouaoTs
BUMIpIOBanLHI NPUNaaK Ta HeOBXIAHY HaNpyry

Internet of Things (1oT)

* loT covers -
everything Q
thatis 5 M
technologically

ﬁ INTERNETor - @

communicate
with other
devices,
networks,
systems, and
things.

JNlabopatopin undposux, B6yaoBaHMX Ta 6€34pOTOBUX CUCTEM
DEWLab

loT MoKHa po3rnagaTh Ak
KOMYHIKaLiiiHy MepexKy Mix
pi3HUMM 06'eKTamu 3
ob6MiHOM iHpopmaLiieto i
AaHumu. Ane B Yomy € ponb
NOANHU?

He Tak npocTo nepeabaunty,
AK Ha Halle cycninbcTBo
BM/IMHYTH L HOBALLi.

YMOBM MOXKYTb 6yTH A06pHUMU
260 noraHumu. | y Bunasky
10T, AK 3aBXAM, Lie 3aNeXnTb
BiZ, TOrO, AK Le byae
3aCTOCOBYBATUCA.
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The loT bases — sensors and microprocessors

MiHiaTopHi pagapw

PacnosHaBaHue »KecToB ¢ ucnonb3osaHnem 60Ty pagapa
(Npoexr Soli ot Google)

Soli is a new sensing technology that uses miniature radar to detect touchless gesture
interactions.

Your hands are the only interface you'll need

Sensor data showing four gestures performed by five users

[le ue moxHa 3acTocyBaTn?
* Takuit paaionokauiitHwii 4in moxe 6yTu B6yA0BaHUI B
«HOCWUMI» Npunaam (wearables)
* B TenedpoHax
* B komn'toTepax
* B aBTomo6inax
* B npunapax loT ...

* TaKuit MiHIaTIOPHUIA PaAioNOKaTOp He MAE PYXOMMUX YacTUH
+ Bik dakTMuHo € IC (4in)

+ CnowuBae Mano eHeprii

* Ha HbOTO He BNAMBaIOTb YMOBM OCBITNEHHS

* BiH NpaLyioe Kpi3b BinbLICTb MaTepianis
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BMCHOBOK

MpocTo yaBiTb 6€3MeXKHI  MOXKAUBOCTI
TEXHOJOri eNeKTPOHiKK, loT i cyyacHoi
pagionokKauii ...

©

| BCE LE — eneKTpOHHi cuctemum




