24.11.2020

Kadepapa enekTpoHiku, po60TOTEXHIKM i S
TEXHO/Ori MOHITOPUHTY Ta iHTEPHETY peyeit f

dakynbTeT aepoHasirauii, e1eKTPOHIKK
Ta TenekomyHiKauin (®AET)

e

OPpIiEHTOBHMI TEMATUYHMIA N1AH NIEKLN

OcHoBK Teopﬁ cuctem, curHanm i ﬂepBMHHi ﬂepETBOPIOBa"Ii €/1eKTPOHHUX cucTtem

Receiving signal

G PRI J\ ‘

active
scanning
stroke

1. Beryn. Busnauenns i Tepminonoris, knacudikaris 2
2. XapaKTepUCTHKH eJIeKTPOHHUX CUCTEM 2
E}-I e KTpO HHIi cuctemm 3. Teopis CHCTEM, aHAN3 ENIKTPOHHUX CHOTEM 2
4. TlepBuHHi IEpeTBOPIOBAYi €IEKTPOHHUX CHCTEM 4
5. CurHany eleKTpOHHHX CHCTEM 2
Electronic Syste ms 6. KomnonenTn i 06po6ka curnanis 8 EC 1 7 cemecrp
7. Excrutyarariiiii XapakTepUCTHKH ENEKTPOHHHX CHCTEM 2
Lecture #13 8. TexHiuHi XapaKTEPUCTHKH eNEKTPOHHHUX CHCTEM 2
q . Gt ﬁ 9. TexHiuHa peanizaiis CHCTEMH 1
HOBCbKUK, Penikc locunosu4 10. EnexTponni cucreMu Jokauii 18
NPOGECOp, AOKTOP TEXHIYHMX HayK, 11. EnexpoHHi cucTeMH 383Ky 8 8 cemecrp
naypeart [lepxkaBHoi npemii Ykpaitu, IEEE Fellow 12. EneKTpoHHi CHCTEMH aBiOHIKK 19
Beboro rogux 63
EnekTpoHHi cucremu e
HOKaHi-l- Figure shows a simplified pulsed radar block diagram
1. OCHOBHIi TEPMIHM, NPUHLMN Aji, KNacudikauis Ta 3aCTOCYBaHHA. 2 R
2. Bin6usatoui BnactmsocTi 06'exTis. 2 3 Duplexer ‘_x
3. BwuABneHHA curHanis. 4
4. J[anbHicTb Aji NOKaLiiiHOT cucTemm. 2
5. Po3ainbHa 34aTHICTb IOKaLiMHOT cucTemMu. 2 Sienal t
6. BuMIiptoBaHHA AaNbHOCTI Ta WBMAKOCTI 06'€KTIB. 2 pxécmm Recelver R — c R
7. BumiptoBaHHA KYTOBUX KOOPAMHAT. 2 - 2
8. MerToam niaBULLLEHHA PO3AiNbHOI 34aTHOCTI | TOYHOCTi BUMipIOBaHb. 2
18
_ Cly How to measure short time interval? Waveforms at different points of radar diagram
2 PRI PRI

[
Time control (7 F‘\ 'TL
Modulator @ n -—H—T

Txsound. wi @ % ) %
t
T<

¥
Receiver Input (&) M
Lid

Analog received
signal

Sweep voltage

@
®
@

Range marks




24.11.2020

Train of pulses

In general, a pulsed radar transmits and receives a train of pulses.

The Inter Pulse Period (IPP) is T, and the pulse width is 1.

The IPP is often referred to as the Pulse Repetition Interval (PRI) or Pulse Repetition Period (PRP).
The inverse of the PRI is the PRF, which is denoted by f=1/T.

During each PRI the radar radiates energy only during shot time t and listens for target returns for
the rest of the PRI.

The radar transmitting duty cycle (factor) d, is defined as the ratio d=t/T.

Inverse value is (ckBaxHocTb) Q=T/t (off-duty factor).

The radar average transmitted power is P,,=P,d,, where P, denotes the radar peak transmitted power.
The pulse energy is Ep. d =7/T Dutyfactor
'

wssamitied palies |

Q =T /7 Off-dutyfactor

r e
ot ] 1 O
! P, =Fd,=Ft/T=Fzf,
M e
—— Ep =Pr="P,T=P,/

PULSED RADAR. Range Ambiguity

The range corresponding to the two-way time delay is known as the radar
unambiguous range, R,. Consider the case shown in Figure.
r=0 t = L,
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Echo 1 represents the radar return from a targef at range R1=cAt/2 due to pulse 1. Echo 2
could be interpreted as the retumn from the same target due to pulse 2, or it may be the return
from a faraway target at range R2 due to pulse 1 again. In this case

PULSED RADAR. Range Ambiguity

r=0 1= 11,
PRI
transmitted pulses ;l pulse 1 pulse 2 time or range
Ar cho [Tecro:
received pulses - &
k- cm|
' 2 At
Ry
Ry

Clearly, range ambiguity is associated with echo 2.
Therefore, once a pulse is transmitted the radar must
wait a sufficient length of time so that returns from 2Rn
targets at maximum range R ., are back before the next T > ax
pulse is emitted. It follows that the maximum -
unambiguous range must correspond to half of the PRI

PULSED RADAR. Minimum range R,
In case of sole antenna is used the
value of Minimum Range of target
detection is caused by the time
duration, which is necessary to switch
the antenna to receiver. Besides, the
pulse duration also influences:

c(r, +t,)
Rmin = u2 ¢
1, — pulse length; t, — time of inertia (deionization
time in case of gas-discharge duplexer)

Radar Equation Description

The radar equation gives the received power level, Pr,, of a radar signal after it has reflected off a target at some distance, R, from the
ar.

The equation shows the dependence of P, on radar and target parameters such as transmit power, radar cross section, etc.
Finally itis used to calculate the maximum range of the radar R,,,, (energetic approach)

PapionokauiiHe piBHAHHS Aa€ piBEHb MOTYXXHOCTi NPUAHATOrO
curHany Py, , BinbuToro Bif Lini Ha NeBHiN BiACTaHi, R, Bif
papapa.

PiBHSIHHS NOKa3ye 3anexHiCTb Pp, Bid napameTpis pagionokaTopa i
Lini, Taknx ik NOTYXXHICTb Nepefasava, edekTMBHa nnowa
PO3CisiHHA WiNi ¢ TOLO.

HapeluTi, ue piBHSHHS BUKOPUCTOBYETLCS ANst 06UYMCIIEHHS
MakcuMManbHoi AanbHoCTi Aii papionokaTopa R, (eHepreTuyHun
niaxig).

Radar Channel

observation

Rx Antenna

Suppositions:
Homogeneity of the Atmosphere;
Absence of attenuation EM waves;
Absence of the interferences;
No influence of the Earth.

- Tx power
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Isotropic antenna (G=1) . . .
Reflective properties of an object
/ P » Radar range in perfect channel depends on reflective
= - properties of the object.
1, L ies of the obj
« |t depends on size, shape, material, wavelength,
47R It depends on size, sh ial, wavelength
direction of observation, etc.
Directive antenna (G>1) » To estimate total influence of all factors, a special
parameter is introduced — RCS of the object.
_ PTX G EdektnBHa nnowa poscisHHs (EMNP) o6'ekTy o.
o~ 47R? + BusHaueHHs EMP
Reflecting properties of an object - RCS P.Go
H Reflected Y
* If RCS = &, the object radiates power (47rR )
PRcﬂcctcd - H 06 PRx = H Reflected Ae
* Then in receiving antenna at distance R from
object, power density is created: P = Pr, G Aeo'
Rx —
— PRcﬂcctcd — I1 Oo- (47[ )2 R 4
B 4zR* 4zR?
* Substitute P.G From this, it is easy to define the range of
In, = 4 er 5 operation of a radar system in free space
T,
Maximum range R, In case single antenna (Tx and Rx)

. If PRx:PthreshoId:Smin

* Pireshold =Smin— threshold power — min
power of the useful signal at the receiver
input that provides required quality of
system operation (detection probability, accuracy,

etc.)
/ P.G A,0
R — Tx e
- i (4” )2 Smiu
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Decomposed Radar Equation

1 1 G

P, — O
b 47R* "™ 4nR? 4n

=P, G-

X

Power from radare

Power density at target |

Power reflected by target to the radar J

Power density at radar |

Power collected by radar antenna (i.e., power received) |

Radar Equation
P, G’V o
T (4m)’RY

A)Without losses
B)For concentrated targets

What is concentrated target?

Threshold power — [NoporoBa NOTYXHICTb

+ Radar equation serves for determination of range of operation in both basic modes: Detection and Measurement of

parameters.

+ Depending on the mode and features of the task different value of threshold power (sensitivity) is required.

PapionokauiiHe piBHAHHSI CNY>XWUTb AN BU3HAYEHHS!
AanbHocTi poboTM B 060X OCHOBHUX peXuMax:
BusiBneHHs uini Ta BumiptoBaHHs ii napameTpis.
3anexHo Big pexumy Ta ocobnmnBocTen 3aBaaHHA MOXe
Byt HeobxigHUM NOTpiOHe pi3He 3HaYeHHS NopPoroBol
NOTY>XHOCTi (YYTNNBOCTI).

Influence of losses, conditions EMW propagation, etc.
BnnuB BTpaT, 0cO6NMBOCTEN MOLIMPEHHSA TOLWO

» Equation should be corrected according to real conditions

70'2akmfatRmax
P..G 4,010

R =4
max 2
(4”) l)lhreshL
_ =0,05 @ - o1 Rimax
Rmax - R010 ¢
o [dB/km] — attenuation
km—at

Radar Equation without Losses
Restating Py, with & substituted for RCS:

G Vo NO LOSSES WERE
N :M TAKEN INTO
X. 3p 4
(47)°R ACCOUNT 11!

There are losses that need to be considered also.

1. The loss due to multipath (ground / building reflections)
can lessen your Pg,.

2. Also, attenuation is given to the radiation by the
atmosphere.

These losses are designated Ly, and L, , respectively.

Influence of multi pass & atmospheric
losses

These (dimensionless) losses lessen the effectiveness of Pg,,
thus they divide Pg,:

_ P.G%o
o (47[)3R4%MP%A

This is the theoretical signal power measured at the antenna
terminals.
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System Losses

3. If Pg, is measured at the bottom of the tower (at the
input of the receiver) then transmission line losses or
system losses, Lg, need to be considered:

_ P, G’ X0
" (4n)’R'LypL, Ly

Rx.

Losses

Losses (not considering space loss) and gains

In reality some more sources of losses exist, but we have
considered the main losses.

Influence of interferences

Interfering power, P, (not dimensionless) also needs to
be considered. This lessens the effectiveness of your
received power, thus it divides your Pg,:

P..  P.Go
P, (4n)’R'L,,L,L]P,

This is also known as the Signal to Interference Ratio, or
S/l Ratio

SIR

Thus:
S P P, GV

I~ P, (4n)’R°L,,L,LSP,

If we include in the definition of P, any noise
added by the receiver, then we can use that
formula to give the power at the output of the
Rxer:

X.

_ Pryars.pinput _ P, G’Vo
P, (4n)3R4LMPLALSPl

— |1

Process Gain

The signal processor will increase the S/I ratio, or give it gain.
This gain (dimensionless) is known as process gain, Gp. It
increases S/I, and, thus, it is multiplied by the right side:

s P, G GX

Taspoumt (A1) R*Lyy L, LeP;

This is the generic form of the radar equation.

If gain is given to the S/N by the receiver, it will be captured in
the process gain, Gp.

Losses and Gains

Losses (not considering space loss) and gains

Sig. Proc. Rxer

Prxs.p)

L*GDJ
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Maximum Radar Range

For simplicity we use radar equation P, G2
- . P, =-LI -
without losses: R; (475)3 R*

Pr, is the total power delivered to the radar signal processor.

Let S,;,=Pgry min denote the minimum detectable signal power. It
follows that the maximum radar range R, is

242
:\4 P,GX'o
max 3
(4m)°S
This equation suggests that in order to double the radar maximum

range, one must increase the peak transmitted power sixteen times;
or equivalently, one must increase the effective aperture four times.

Noise
In practical situations the returned signals received by the radar will be
corrupted with noise, which introduces unwanted voltages at all radar
frequencies.
Noise is random in nature and can be described by its Power Spectral
Density (PSD) function.
The noise power N is a function of the radar operating bandwidth B.

Psp

N = Noise PSDx B

N

[ g — '
The input noise power to a lossless antennais N; = kT,B

k=1.38*1023 [Joule/degree Kelvin] is Bolzman's constant;

T, is the effective noise temperature in [degree Kelvin].

Receiver Sensitivity

It is always desirable that the minimum detectable signal (S,,;, ) be
greater than the noise power. The fidelity of a radar receiver is normally

described by a figure of merit called the noise factor F. _(SNR); 5
" (SNR), S

o’ Vo

S, is the input signal power, N; is the input noise power, S,and N, are,
respectively, the output signal and noise power.

Substituting and rearranging terms yield S; = kT,BF(SNR),
Thus, the minimum detectable signal power can be written as

’gmm = kTrBF(SNRJn“,‘-,, (SNR)omin = mdzscr

252 174 242
PGN P.GMo
Ry = [7R O ] (SNR), = ——
(4m)°kT,BF(SNR), (47) kT,BFR

Radar Equation

Radar losses denoted as L
reduce the overall SNR, and hence L=Ly+Lyp+ Lo+ Loy

PG\ o i PG Vo
(4n) kT,BFLR" ™ (4z)’ kT.FB(SNR),, .. L

(SNR), =

Although it may take on many different forms, this equation is what
is widely known as the Radar Equation.

It is a common practice to perform calculations associated with the
radar equation using decibel (dB) arithmetic

(X)), =10log,,(X)

Radar Equation
R PG’ Ao
" (4rx)’ kT FB(SNR), . L

P, =kT FB is power of noise
Sin = Py (SNR), i IS Sensitivity of receiver

Reminder what is (SNR), i, — it is nothing but q,

q, —threshold (relative threshold level)

1
Felf-a)] , o 7
q - signal —to — noise ratio 9=

D=

1-0(q,-q)]

=5 o

N, E " (8
23 e NE :
q”:ﬁziz,/—“ lnlm/—‘ . / :
o NE 2 2 / ’
V5 AR

D)= ﬁ | cxp(—%)dfprobabmty integral
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Radar Equation
R PG’ AV’o
" (4n)’kT ,FB(SNR),,. L
7
Sm-,; ..

P, = \k‘@ is power of noise

S. =P is sensitivity of receiver

Range version of detection curves, ;.

o

o=l o
« Fand D are related [H%J Sl
D=F ]

where q is a parameter of detection, i.e. SNR for a sin”gf;Ie pulse! .

* The farer the target the weaker the signal, i.e. ¢ = f(R)
« For concentrated targets FE oc R~
* Expressing ¢ = f(R) , one can come to range
version of detection curves.
« From the curves one can clearly see the probabilistic
nature of the notion R,,.

q=kR™

0 @ o0 150 EY
®
Range, ki

It is a common practice to perform calculations
associated with the radar equation using
decibel (dB) arithmetic

(X), =10log,,(X)

Exam ple: A certain C-band radar with the following parameters:
Peak power P, = 1.5 MW , operating frequency f, = 5.6 GHz , antenna gain G=45 dB, effective
temperature T, = 290 K, pulse width = 0.2 gsec. The radar threshold is (SNR),,;,=20dB.
Assume noise factor F=3 dB and target RCS ¢ = 0.1 m2. Compute the maximum range.

Solution: The radar bandwidth is prad el o SMEHz
§ Top2x™

i - _ Aaxuo®

The wavelengthis 3 = £ = =280 = nosqy

fo sexi0’

From Radar Equation: { g*jus = P+ L,"+}."+a—|-ln|‘—i_?',ﬂ— F-(SNR), by

Before summing, the dB calculations are carried out for each of the
individual parameters on the right-hand side. It follows:

K= GLT6L 400 = 25352 < [0 32976 + 136957 = 3= 20 = 19742048

Y oxcprrerrce: | J ’
= " = s5208x 0" R = 55208107 = B6,199Km

Thus, the maximum detection range is S0.2Km

Propagation within the line-of-sight range

Al C
Height!|| & R | AB=\2R i+ 1,
f < - of
gm?md- AN N | aireraft BC=\2Rh, +h,
based £ R 7| (target)
antenna : g R, =6371000m
- h<<R, h,<<R,
Earth 2 AB=.2 R, h1
R=AB+BC=3.57(h +h,) BC= 2R,

Incaseof h,>>h = R~3.57h, (the case air telecommunications)

Becauseof refraction R, = 4.12,\/Z

If h,=1000 m, R~120-130 km If h,=10000 m, R*350-400 km
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* Thus, energetic detection range R,,,, determined with
radar equation, is not reasonable to have more than the
range of propagation within the line-of-sight R,

R, <R,

max




