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CLUTTER COMPENSATION PROBLEM IN THE LPI RADAR
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Noise probing signals and noise radar technology is one of perspective directions in the radar systems theory
and techniques. Detection of moving targets in background clutter environment by noise radar is discussed
in this paper. Some questions of pseudorandom quasi-continuous signals processing in surveillance radar are

also considered.

Keywords: LPI Radar, clutter, noise-like signals, autocorrelation function, cross-correlation function,

«range-rate» matrix.

1. INTRODUCTION

Lowing of radar signal interception probability is
an important way to improve the noise interference
immunity and survivability of radars. Radars with the
low level of the signals interception probability are
called as Low Probability of Intercept Radar (LPI
Radar) [1], [2], [3], [9], [12], [15]. Usually the time-
frequency structure of radar signals is to be rather close
to that of the noise waveform to provide improvement
of radar LPI performance [5], [8], [9], [15].

Digitally generated random signals are to be
called as noise-like signals (NLS). The term «noise-
like signals» is due to their random properties, but
actually these signals are generated with the help of
mathematical algorithms. Noise-like signals are also
called as pseudo-random signals (PRS) or pseudo-
noise ones.

Number of theoretical and practical problems
of the LPI radar has been solved [1], [2], [3], [5]. At
present the following issues have been studied:

Formation rules for coherent sequences of pseu-
do-random signals [5], [8], [9], [12], [15];

Generation methods for high power probing
pseudo-noise signals;

Pseudo-random signals compression principles.

Use of the sophisticated probing signals (PS) in
radar made it possible to resolve the conflict between
radar resolution and radar operation range, improve
their immunity, and reduce the radiation peak power
ofthe transmitters. Application of the pseudo-random
sequences for complex noise-like signals formation
allowed increasing of radar electromagnetic compat-
ibility, improving the efficiency of the radio spectrum
use by the code separation of PS.

There is one more important issue in the active
LPI radar design to be studied in more details: the
moving targets detection on the background clutter.
Random modulation law (ML) of the NLS has a dif-
ferent structure of compressed pulse sidelobes at dif-
ferent pulse repetition periods. In this case the clutter
correlation rate may decrease from period to period
and, as a result, the quality of clutter suppression may
reduce.

Mathematical modeling results of pseudorandom
signals and device for their processing in surveillance
radar at the presence of passive interferences are pre-
sented in the paper.
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2. APPLICATION OF QUASI-CONTINUOUS
SIGNALS IN LPI SURVEILLANCE RADAR
LIGHTING

Improving of the quality of the passive interfer-
ences suppression can be achieved by increasing the
pulse repetition frequency (PRF) of the radar. Fur-
thermore, coherent integration (CI) of the reflected
signals (RS) will reduce probability of the radar ra-
diation interception [ 5]. Use of the quasi-coherent
sequences NLS with ML change from pulse to pulse
(Fig. 1) allows to save the unambiguous range 7,
with simultaneous expanding of the unambiguous de-
termination range of radial velocity V,,,, [13], [14].
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Fig. 1. Real component of the infinite coherent sequence
of five mutually orthogonal signal

According to Fig.1 infinite coherent sequence of
composite ML U, ()

U= 3 Up(t—kTyp), (1)

K=o
contains N repetitive mutually orthogonal signals

N-1
Ug(t)=D Uy (t—kTpp), 2)
=0

[TU ;e =0 vizj i,j=0,N-1. (3)

The unique range for the probe sequence (1) with
(2) and (3) is defined by the pulse repetition period
Tor:

Vang = 0.5¢Tpy » 4)

and unique radial velocity range is defined by the rep-
etition period 7y, :

V,,. =50/ 4Ty, (5)

run

where c is a light velocity, A is a wavelength.

The ambiguity function of signal (1) is shown in
the Fig. 2, b in comparison with the ambiguity func-
tion of the conventional PS sequence (without mu-
tual orthogonality) (Fig. 2, a).
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Fig. 2. Ambiguity function: a — conventional PS sequence;
b — sequences of three PS consisting of five
mutually orthogonal LNS

3. SIGNAL PROCESSING WITHIN
THE PERIOD IN CASE OF COMPOUND
MODULATION LAW

The impulse response of the matched filter (MF)
is described by the mirror image of the complex-con-
jugate PS ML U,(#)[10], [11]. For the compound
ML (2)

N-1
(N =Us(ty =)= > Ug,(ty~t=kT,),  (6)
j=0
where #, is minimum delay value that is to be taken
from the condition of the filter implementation as-
sumption [9].

Digital implementation of the device (6) for
processing within the period of the compound modu-
lation law (PPML) will be considered further. The
structural scheme of this device with the buffer ran-
dom access memory (RAM) for the case N=135 is
shown in the Fig. 3.
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Fig. 3. Processing device of the compound ML

In figure (3) L isthe number of coherently accu-
mulated complex samples over a period 7y, in every
m radar resolution element for the range; m, is the
number of the range radar elements,

r:runq/Ar:Y (7)
where Ar is the radar range resolution of the radar.

m

4. PULSE-TO-PULSE SIGNAL
PROCESSING

Pulse-to-pulse signal processing of the received
radar returns consists of the following three stages
[10], [11]:

Coherent compensation of the clutter;

Coherent integration of the signals;

Incoherent integration of the reflected signals.
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Coherent compensation of the clutter is realized
with the help of the following hardware :

Devices of the subtraction through a period
(STP) or notch filters with fixed parameters;

Clutter adaptive automatic compensators with
the correlation feedback;

Adaptive lattice filters (ALF);

Other ways of the coherent compensation.

STP is used for the coherent compensation of the
clutter in this article. Coherent integration of the L
complex samples through a period Tpy, is realized by
the discrete Fourier transform (DFT) application for
every m -th column of the buffer memory (Fig. 3).
In case of L is defined by the number of power 2,
then fast Fourier transform (FFT) may be used in-
stead DFT.

The results of the DFT algorithm are stored in
the output 2D memory buffer having m, x L elements
(RAM of the «Range-Velocity» matrix), which con-
tains the square modules of the coherently integrated
signals complex amplitudes in radar range resolution
cells. It enables to evaluate the radial velocities of tar-
gets detected in these range elements within unam-
biguous velocity range (5). Examples of the coherent
integration parameters have been considered in [5],
[13], [14], [16].

Thus, the coherent integration of the matched
filtration results in every m -th line of the buffer
RAM (Figure 3) allows to organize a radar space sur-
veillance over both range and radial velocity.

5. THE MODELING RESULTS

Mathematical model of the quasi-continuous se-
quences of five mutually orthogonal cyclically recur-
ring ML based on Gold codes was used as an input
signal for processing devices (Fig. 3). Mismatch func-
tion and mutual mismatch function of the Gold codes
are shown in Fig. 4, 5.
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Fig. 4. Autocorrelation function of the Gold code
sequences LM

L =16 repetition periods with 7z, = 200 ps were
used for modeling. The following PS characteristics
were used: wavelength is A =0.23 m, discrete value
duration is 7, =0.15- 107 s, discrete value amount is
N, =255, sampling step in the model is A7=T, /2.
To reduce amount of computation the processing
sample was modeled for 2048 range samples.
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Clutter with zero Doppler frequency, AF, =50 Hz
spectrum width of the inter period fluctuations and
clutter/noise ratio vy, =30 dB (or y., =37 nb) held
samples for the range with numbers 510-th up to
660-th after MF. Reflected signal with output MF
signal/noise ratio y=10 dB and Doppler frequency
F,=2.4 kHz (V, =280 m/s) was located on 555-th
sample for the range.

Fig. 5. Cross-correlation function of the Gold
code sequences LM

Square modulus of the received signal MF result
are shown in Figure 6 in dashed line. Solid line in Fig.
6 shows the output signal square modulus of the MTD
device.
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Fig. 6. Output signals of the MF and MTD device

Usual sequence clutter suppression coefficient
on the output MTD device is defined as [10]:

K, =0.023(Fpp /AF,) =2.3x10* ~44 1B, (8)

where Fpp =1/Tpg =5000 Hz.

Coherent sequence of mutually orthogonal prob-
ing signals leads to the reduction of the interperiod
clutter correlation coefficient. Partial clutter decor-
relation is caused by amplitude-phase differences of
compressed pulses sidelobes in adjacent repetition
periods. It was found in the mathematical modeling
process of the clutter coherent compensation for mu-
tually orthogonal PS sequences and different ratios
interference/noise, that output clutter suppression
coefficient of the STP device can be represented as:

-1
1
K. Q[K_CI“LVMJ ) )
where v, is the sidelobe average level of mutually or-
thogonal PS ML mismatch functions.

The ssidelobe average level of Gold codes sequenc-
es used in the mathematical modeling is —30 dB. The
resulting output clutter suppression coefficient of the
twice STP device with (8) and (9) is
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K, =(10"*/23+10°)"~960~30 n15.  (10)

Thus, the influence of the sidelobe average level
of the mutually orthogonal PS ML begins to affect
when ratio interference/noise is vy, >1/v, .

The coherent signal storage results after STP de-
vice for different ratio values interference/noise are
shown in the Figure, a, b. In both cases the output ra-
tio signal/noise of the MF devise was set = 4 dB.

Fig. 7. CA results in the «range-rate» matrix:
a — ratio signal/noise is y,, =30 dB;
b — ratio signal/noise is y,, =37 dB

Fig. 7, b shows the growth of clutter compensa-
tion balances in «range-velocity» matrix in Figure 7,b
compared with the Figure 7. This is due to the fact that
the receiver internal noise level is less then sidelobes
of the compressed signals.

6. CONCLUSIONS

The modeling results of the processing of the sig-
nals sequence reflected from target and clutter in the
form of Gold codes sequence with ML change from
pulse to pulse in the device shown in Figure 3 con-
firm the decreasing of the passive interference inter
period correlation coefficient because the pseudor-
andom modulation law varies from period to period.
For Gold codes sequence considered in the paper, the
clutter suppression coefficient is less than the value
inverse to sidelobes average level of the correlation
function, i.e. -30 dB level.

Further quality improvement of the clutter co-
herent compensation can be achieved by:

Increasing number of QPSK signal discrete with
simultaneous spectrum expansion at preserving PS
duration 7, =T,N,. «Blind» range sizes are not in-
creased in this case;

Selecting of the better ways to form mutually or-
thogonal modulation law based on Frank and , Welch-
Costas codes, signals with orthogonal frequency of
channels division [3], etc.
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IIpo6aema KoMneHcaMK MeAIIUX oTpaxeHuii B LPI
PJIC 0630pa / C.}O. CenpiieB, C.A. T'opuikos, M.H. Bo-
poHuoB // [1pukiagHas paauoaieKTPOHUKA: Hayy.-TE€XH.
xypHait. — 2013, — Tom 12. — Ne 1. — C. 137—140.

CiryyaitHBIN 3aKOH MOIYJISIIIAN IITyMOTIOAOOHBIX CUT-
HaJ0B 00JIafaeT CIydyailHON CTPYKTYpOoii OOKOBBIX JeIie-
CTKOB CXaToro MMITyJbca. B 3TOM ciyyae mpoucxomut
CHIKeHUe KoddduimeHTa MexXnepruoaHoil Koppeasiuu
IMACCUBHBIX TIOMEX, U, KaK CJIeICTBUE — CHUXKAETCS Kadye-
CTBO MX TIOJaBJIeHUs. B HacTosIeit ctaThe paccMaTpyBa-
€TCST BO3MOXKHOCTh OOHAPYKEHUST ABMKYIIMXCS TIeIeil Ha
(one maccuBHBIX TToMeX. [IpuUBOASITCS pe3yabTaThl MaTe-
MaTU4YeCKOro MOJIEIUPOBAHUSI KBa3MHEINPEPHIBHOM TO-
CJ1e10BaTEebHOCTU U3 MSITH B3aUMHO OPTOTOHATbHBIX LU~
KJIMYECKU TTOBTOPSIOIIMXCS KomoB 'oiga 1 yCTpOMCTB UX
obpaboTky Ha poHe maccuBHEIX ToMeX ist PJIC o630opa.

Karouesoie cnosa: LP1 PJIC, urymorogoOHbIe CUTHA-
JIbI, TACCUBHBIE TTOMeXU, KO3 (DUIIMEHT MoJaBIeHMsI, Ma-
TpULA «TATbHOCTh-CKOPOCTb».

Wn. 7. bubnuorp.: 16 Ha3B.

VYIK 621.396.96

IIpodnema kKommeHcamii BiZOMTKIB, IO 3aBaXKaloTh,
y LPI PJIC ornsiny / C.1O. Cenuies, C.A. I'opiikos, M. H.
Boponiios / / [pukianHa pagioeaeKTpoHiKa: HayK.-TeXH.
xypHaist. — 2013. — Tom 12. — Ne 1. — C. 137-140.

BumnankoBuii 3aKoH MOIYJISIIiT ITYMOIIOAIOHNX CHUT-
HaJIiB Ma€ BUIAAKOBY CTPYKTYPY OIYHMX TIETIOCTOK CTHC-
HEHOTO iMITyJIbCy. Y LIbOMY BMITIAJKy BiIOYBAa€TbCSI 3HU-
XeHHsI KoedillieHTa MiXITepioJHOI KOopeJssllii macUBHUX
MepelKos, i, SK HACIiIOK — 3HMXKYEThCS SIKICTh 1X 3a-
LAylmeHHs. Y 1ill cTaTTi po3mIsinaeThesl MOXIIUBICTh BU-
SIBJIEHHSI PYXOMUX 1iiJield Ha (DOHI MACHUBHUX TEPELIKOI.
HaBonsitbest pe3ysnbraTi MaTeMaTUYHOTO MOJCJTIOBAHHS
KBa3i-HeMepepuBHUX MOCIIIOBHOCTEIl 3 II'SITMU B3aEMHO
OPTOTrOHAJbHUX LMKIIYHO MOBTOpIOBaHUX KoaiB l'oiga i
MPUCTPOIB X 00pOOKM Ha (POHI MACUBHUX MEPEIIKO IS
ornsinmoBux PJIC.

Karouosi crosa: LPI PJIC, mymononiOHi curHaiu,
MACHUBHI MepelKoar, KoedillieHT 3ariaylieHHs, MaTpULIs
«IAJTbHICTb-IIBUIKICTb».

In. 7. BiGmiorp.: 16 HaiiMm.
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