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Pulse Compression Fundamentals in Today’s Radar

. Basic Pulse Parameters . Types of Radar

: P = Transmit power (W) - T R
The Radar E Uatlon A  oower | ) ! o B = Bistatic Angle B = Bistatic Angle B = Bistatic Angle L
buise On Bulse Off Overshoot q :;Eggign 2%?tg?|i|t;/ o éﬁgdefi Foin = Mlnlmu(\r;:/)detectable B <200 20 < B < 145° North §0<95< ;45" '
. . . . . . ither power density (mW/cm2) ower 7 P-I2 A =01- Real
WP Equation 1: The Radar equation ~ Equation 2: This equation is used | & or il ntensity (V/m) , E o W rer= 4 ’z(( - ) fo- @) oscos (2) Antenra
— , , ) ° > = Received power 1772t 8GR
is typically expressed in general to calculate other terms, such slp =7 o " . Noth
Pesk o |PuseTop  OnON . . 5 tél } 58} } = Transmit wavelength (m) 4
| | Ampliude Ratio I\ - terms. as the maximum effective range gl 2 T £ gl | o = Target Radar “on | Radar Puise
i = 5 T2 A : = cross section (facto
V\N T Puise e Press VA\\ W PG* Vo PG based on gain and loss through z| 2 i §7 e B . Tr fl ( r()H |
‘ - = = _tri i M| £ | 3 | Approaching = Transmit frequency (Hz
| | r 3,54 5 354 the round-trip signal path. Pl E RN Mgt | adar °
| Pulse Width | \l (475) K fO (4TC) K 10l0g P ‘ 101 ‘G T Ce 101 G‘ R%%%iverp > G = Antenna gain (factor) e s s Direct Path e n 13 = = e id Beamaidh
| ulse Wi | og £, + og G, - +Gg -o + og G, = og £ . . . aseline . . . . ) X. o
t—mlse:iepetition Interval (PRI) _ 4 ])t C;2 }\«2 (0) 4 1); Gzc : 0) Signal Position in Space ¢ = Speed of Iight (m/s) Transmitter Recelver Transmitter Fone Recelver Transmitter Heclver Transmitter v e e Beam\mdth/'
: : e 4n)’ P, B o2(@n)p, . Monostatic Bistatic Bistatic Doppler Passive Multistatic Synthetic Aperture
min min

. Pulse Compression Waveforms . Radar Examples

Pulse Compression
Frase vi Time (Barer 11 Modulsbon Frase v Time {Linar Potyohese Code Modsston) Prase va Time (Polyphase Barker Code Modulstion] IPrase v Tames (Frank Code Modulstion|
- Phase Coded e e
Following the “see and not be seen” guideline ” - . ) o 1
H - 108 =
for Radar, the gnergy in a pulse can pe spread Pulse Compressmn USIﬂg il
over a longer time at a lower power, if the Ph Modulati rp E . E“' o
pulse is modulated in some way. Modulation ase vioauiation i s j ] i**-
also spreads the signal in the frequncy domain, For a Phase Coded pulse, the received : Il s
increasing the information bandwidth of signal is compressed by cross-correlating - ] = i !
. . . . ] .l“-
each pulse. it with an ideal modulation model: : UL
s @ 93 47 &1 6 &1 87 @3 ef 08 5 @4 43 47 &1 6 a1 B2 63 6F 0% 15 @4 43 @7 &1 _ 6 81 82 €3 o4 08 15 @4 23 47 &1 _ 6 81 82 €3 o4 08
Tiemee: et Z Tirnee: et Time 3] Time s
For pU|Se compression to WOFK, a waveform . Barker 11 Modulation: Barker-coded pulses have Linear Polyphase Code Modulation: Linear Polyphase Barker Code Modulation: Barker Frank Code Modulation: Frank codes are
IS constructed such that the energy can = been used for decades to construct compressible polyphase codes are a fairly simple phase-domain codes also have a polyphase version, which can 2-dimensional polyphase codes with similar range
o T : - - - o
be “plled up” in a narrower time window. Cocr;rg:tsion > /’\\ pulses. Codes or length 2, 3, 4,5, 7, 11, and 13 version ofla linear frlequency modulated (LFM) be made much longer than the longest binary sidelobe characteristics as Barker codes. Howgver,
. . . 1\ are known. compression technique. The phase space of Barker sequence. By using more phase steps these codes can be much longer than the maximum
Any modulation which can be mathematically "4 T -180 to +180 degrees is traversed in a finite the autocorrelation side lobes can be reduced. length Barker code, so the range sidelobes can be
t|me_Compressed can be used. T ﬂﬂj—l—m High Correlation number of steps. lower overall.
Time " when received
(Ideal) and model P T 1 e Moeton o Frmse n T (72 Coe Modons . _ PmenTmepSconModeoy . e T P4 Cos Mokson
@ Received patterns match. o ;
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Mathematical A0+ -
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Time C Time o P T
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Modulated Pulse Compressed Pulse .
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. . c P1, P2, P3, and P4 Code Modulation: The “P” codes all model a parabolic phase change, by steps. This does not produce an LFM pulse, but instead produces a pulse with properties similar to LFM.
Seeing Without Being Seen

LLowering the power over a longer time

period means we are more difficult to
be seen: Freq uency Modulated Y tThel RSA5I1 2(16? S|gnlal Analéziar mglludr:as ;n;n;(;
: : TL|Ft TD1 OO0IS requirea 10 analyze ana troublesnoot nadar
By compressing the pulse at the receiver, Pulse Compression Usin . . N .
thye receri)ved < gnal isphi her in amolitude P . g : e % signals. In addition to the Real-time Frequency
J 9 ’ Frequency Modulation > eyl O > and Phase displays shown below, an in-depth
(we can “see” easier) and has a finer time 5 = o . ’
. : - : e [ O = Pulse Analysis suite is available to make 28
resolutlon (We can “See” more Clearly). For a I_Inear Frequncy MOdUlathn (I_FM) pL”Se, % TD4 Time = t . t h fth d
compression of the pulse can be performed o= o |lnes % E';‘gh powerd parametric measurements on ego of thousands
: : : ompresse
using a bank of bandpass filters, each filter (Ideal) Pl of pulses, as well as Trend Plotting of each
followed by a different time delay: ggﬂ/ed measurement over the entire ensemble of pulses.
Pulse Compression (2)
Since multiple objects at different distances e e e il e Rl g I ==
could be reflecting the transmitted pulse, T I i I e =
Pulse can also separate these echoes due . - - B { |
to their varying time-of-arrival. ] y o
Multiple = i i i 4 Wl
* % echoes Sy
received “ “ -~} - P s
e . - i - Ty, - i PAVE/PAWS Long Range Early Warning Radar*
. Matq_einr?:tical . LE::;&..,...-.-. STomRnar oo T A ' | L:..:::;-u.,...-.-. Cmeee e ¢ . | LE::‘;-‘..,...-.-. T A o e ':..:::.......... e e : o * “Pave Paws Eldorado” by Fitchhollister - Own work.
g I e Compression > Licensed under Public donjain via VI\/ik?media Qommons - http://commpns.wikimedia.org/wiki/
@ - — LFM Modulation: The frequency of the signal is changed constantly LFM Modulation: Since the frequency changes linearly, the phase Non-Linear Frequency Modulation (NLFM): An LFM pulse typically Non-Linear Frequency Modulation (NLFM): Since the frequency File:Pave_Paws_Eldorado jpg#mediaviewer/File:Pave_Paws_Eidorado.jpg
Time Time from the beginning to the end of Ton. [Ed. Ton as in “T"<subscript “on”>  changes along a parabolic path. required weighting in the frequency domain to reduce ambiguity does not change linearly, the phase change over time is far from
Low Power High Power In this real-time view of frequency versus time, part of the rising and sidelobes. By changing the time spent at each frequency such that less  parabolic References
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