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OPpIiEHTOBHMI TEMATUYHMIA N1AH NIEKLN

OcHOBM Teopii cucTem, cUrHanu i nep i nepetsop i enextp cucrem
1. Beryn. Busnauenns i Tepminonoris, knacudikaris 2
2. XapaKTepUCTHKH eJIeKTPOHHUX CUCTEM 2
3. Teopist cucTeM, aHaJIi3 EICKTPOHHHX CHCTEM 2
4. TlepBuHHI IepeTBOPIOBAYi EIEKTPOHHUX CHCTEM 4
5. CurHany eleKTpOHHHX CHCTEM 2
6. Kommnonents i 06pobka curnanis 8 EC 1 7 cemectp
7. Excrutyarariiiii XapakTepUCTHKH ENEKTPOHHHX CHCTEM 2
8. TexHiuHi XapaKTEPUCTUKHU EIEKTPOHHUX CHCTEM 2
9. TexHiuHa peanizaiis CHCTEMH 1
10. EnexTponni cucreMu Jokauii 18
11. EneKTpoHHi CHCTEMH 3B'S3KY 8 8 cemecrp
12. EneKTpoHHi CHCTEMH aBiOHiKH 19
Bceboro roaun 63

EnekTpoHHi cucremu
JIOKAMII

OCHOBHI TEPMIHM, NPUHLMN Aji, Knacudikauis Ta 3aCTOCYBaHHA.
Bigbusatoui B1acTMBOCTI 06'€KTIB.
BuABneHHA curHanis.

Po3ainbHa 34aTHICTb JIOKaLitHOT cucTemu.
BuMmiptoBaHHA AanbHOCTI Ta LWBKUAKOCTI 06'eKTiB.
BuMiptoBaHHsA KyTOBUX KOOPAMHAT.
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. [anbHicTb Aji noKauiiHoi cuctemm. 2
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MeToau niaBuULLEHHA PO3AiNbHOT 34aTHOCTI | TOYHOCTI BUMIpIOBaHb. 2
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Beam width vs Accuracy & Bearing Resolution

Radar A Radar B

Bearing Resolution

BEARING RESOLUTION - (1) The ability
of the radar equipment to separate two
reflecting objects at identical ranges, but
at different bearings (azimuths) from the
antenna.

BEARING RESOLUTION - (2) The ability to distinguish between
two targets solely by the measurement of their bearings (azimuths
from the radar); usually expressed in terms of the minimum angle
by which two targets of equal strength at the same range and
elevation angles must be spaced to be separately indistinguishable.
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PULSED RADAR. Range Resolution AR

RESOLUTION - A measurement of the smallest detail which can be distinguished by a sensor
system under specific conditions.

RANGE RESOLUTION - (1) The ability of the radar equipment to separate two reflecting
objects on a similar bearing, but at different ranges from the antenna. The ability is
determined primarily by the pulse length in use.

RANGE RESOLUTION - (2) The ability to distinguish
between two targets solely by the measurement of
their ranges (distances from the radar); usually
expressed in terms of the minimum distance by
which two targets of equal strength at the same
azimuth and elevation angles must be spaced to be
separately distinguishable.
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D is the distance between the two targets at the same angle data
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Range Resolution AR

Consider two targets located at ranges R, and R,,
corresponding to time delays t, and t,, respectively. Denote
the difference between those two ranges as AR

AR = Ry—R, = c—2=

(h-1) &t
SAmLL

Question: What is the minimum 5t
such that target 1 at R, and target 2
at R, will appear completely resolved
in range (different range bins)?

In other words, what is the minimum AR ?

a) Assume that the two targets are separated by ct/4; 7 is the pulse width.
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b) Assume that the two targets are separated by ct/2
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Range Resolution AR

Radar designers seek to minimize AR in order to
enhance the radar performance.

In order to achieve fine RR one must minimize the
pulse width t. However, this will reduce the average
transmitted power P, and increase the operating
bandwidth B.

ct_ <
2 " 2B
Achieving fine RR while maintaining adequate

average transmitted power can be accomplished
by using pulse compression techniques.

P, =Pd,=Pzr/T=Prf, AR =

Range and Cross Range Resolution

Range resolution, denoted as AR, is a radar

metric that describes its ability to detect _ Ruac—Ryin
targets in close proximity to each other as M= AR
distinct objects.
Targets separated by at least AR will be completely resolved in range:
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Resolution Volume
V,, =AR-R0, R0,
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Vip= 50,8, K et

Pulse Radar Parameters

¢ Pulse width (PW)

# Pulse Shape

# Pulse Repetition Frequency (PRF)
# Pulse Repetition Time (PRT)

& Peak Power

¢ Average Power

¢ Duty Cycle
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Carrier Frequency

The base frequency of the radar
Determines the radar antenna size * \We talked about range measuring

Affects and bearing.

—range, maximum and ambiguous 5 5
— beam width * Now let us discuss surveillance of

— minimum target size moving objects.

— vulnerability to ECM and atmospheric
conditions. * Doppler effect.

ECM = electronic countermeasures

The Doppler phenomenon describes the
Doppler Frequency Doppler Frequency shift in the center frequency of an incident
. waveform due to the target motion.
DOPPLER EFFECT - The effective change of
frquency Of.a received S|gqal dug to the A T GIESGE
relative velocity of a transmitter with respect to (~ (SN reflected equiphase wavefronts
a receiver. radat to get closer to each other
(smaller wavelength).
DOPPLER SHIFT - The magnitude of the
change in the observed frequency of a wave S i Alterglativ?ly, atn(oper]ing or
L : receding target (moving awa
due to the DOPPLER EFFECT. The unitis € o)) ke from the rader) will cause the
the Hertz [Hz]. i i o e reflected equiphase wavefronts to
). X " expand (larger wavelength).
¢ Radars use Doppler frequency to extract
target radial velocity (range rate). gas = incident
Boppleghreduency jINEREEREECH o c+v It can be shown that for a receding target the Doppler shift is fd = 2v/h
New PRF f ff T e—v fr’ This is illustrated in the figure
Spectra of radar received signal
New carrier frequency f;' fU’ = t:i— :: fU é -:'%
The Doppler frequency f; is defined as the difference f,' — f;. _-| J"t’" " 4
. ) o fo iy o f—
P c+ v LV e — [ —
fa=lh'-h=""—"lh-h=""-h I
=1 c—V In all previous cases the target radial velosly ithrespect o the radr was equal v, but s s ot ahuays the case. Infact,
he value of Dopplr requency depends on th target ponentn the direcion of the radar
2y 2v
but since v<<c andc = Afy=—=>> | f;=— f = = Three ' ~
[ 7\. cases: : : 2
il [T
The Doppler shift is proportional to the radial ‘— . 1:::"‘_1- . 4
target velocity, and thus, one can extract f; from il it -
range rate and vice versa Target 1 generates zero Doppler. Target 2 generates maximum Doppler. Target 3 is in-between.
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Velocity Resolution - Po3gineHHsa no WwemMAaKoCTi

AI:D = (Fm - FDZ)min

Akwo aBa 06'ekTn
pyxaloTbCsi B OAHOMY

2V, po3ainsHomy 06'emi 3
Fo = 2 Pi3HAMY LUBMAKOCTSMU, TO
IX MOXHa po3ainnTu 3a
LUBMAKOCTSIMM, XO4a BOHU
CNpUIMarTbCA K EANHUIA
06'ekT 3a AanbHicTIO i
KyTOBUMW KOOpANHATaMn

MoTeHuianbHa i peanbHa po3ainbHa 34aTHICTb
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