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INTEGRATED AND MAXIMAL SIDELOBE LEVELS OF NOISE SIGNAL

P.L. VYPLAVIN

One of the most important characteristics of a radar signal is sidelobes level. It is known that it is possible
to build a noise signal generator with power spectrum shape close to Gaussian. Such signal can provide
rather low sidelobe level. On the other hand, it is well known that randomness of noise signals leads to
randomness of resulting range profiles which is observed as residual fluctuations of autocorrelation also
called as processing noise or noise floor. Increase of signal time-bandwidth product leads to decreasing of
such residual fluctuations. Residual fluctuations can be a big drawback of noise signal for some applications
and can be neglected in other ones. Current work is dedicated to numerical and experimental investigation of
properties of noise signal. Because residual fluctuations are spread over the range profile, we have chosen such
parameter as integrated sidelobe ratio of the signal (ISLR) to be used for analysis of the signal performance.
We estimated ISLR for modeled noise signal with various parameters. Besides, through analysis of reference
channel of existing noise radars we estimated ISLR for real systems.
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1. INTRODUCTION

Main characteristics of radar signal are range
resolution and sidelobe ratio. Normally, resolution is
specified by width of autocorrelation function of the
signal. Resolution describes the minimal distance be-
tween targets responses at which they can be detected
separately. Sidelobe level is measured as amplitude
difference between the main peak and side peaks of
the autocorrelation function. In practice low sidelobe
level enables detection of weaker targets in the pres-
ence of stronger ones. In the case of correlation re-
ceiver both resolution and sidelobes level are specified
by the frequency spectrum shape of the signal. There
are numerous approaches to making signals having
low sidelobe levels [1]. One of the possible solutions
among them is generation of noise signal having pow-
er spectrum shape close to Gaussian [2]. This can be
achieved by generation of low frequency noise signal
with Gaussian probability distribution and using it
for modulation of voltage controlled oscillator. This
gives random signal with smooth frequency spectrum
having low sidelobes. Besides low sidelobes level such
noise waveform gives additional benefits to the radar
such as best electromagnetic compatibility, high in-
terference immunity, low probability of interception.
On the other hand, noise signals suffer from residual
fluctuations in range profiles [2, 3]. Those residual
fluctuations are caused by randomness of the signal.
They have noise-like structure and depend on the
time-bandwidth product of the sounding signal rather
than on spectrum shape. Nevertheless, their influence
on the resulting performance of the radar is similar to
influence of sidelobes: they lead to masking of weak
responses by the strong ones. Current work is de-
voted to numerical and experimental investigation of
sidelobes of noise waveform. In order to characterize
the sidelobe levels over the range profile we have cho-
sen such parameter as integral sidelobe ratio (ISLR).
It is given as ratio between energies of mainlobe and
sidelobes. We analyze variation of the ISLR as func-
tion of signal base. We start by description of basic
principles through numerical simulation and then give
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some results of experimental investigation. The latter
has been done using noise signal taken from channels
of Ground-based Noise waveform SAR systems oper-
ating in Ka-band and X-band [4, 5]. In the first system
noise signal is generated using frequency modulation
of VCO by thermal noise. In the second one it is made
using generator based upon dynamical chaotization
of microwave oscillations. As the result we find pa-
rameters of the radar under which ISLR is limited by
residual fluctuations and under which it is determined
by the autocorrelation function sidelobes.

2. ISLR OF NOISE SIGNAL

ISLR is relation of total energy of the sidelobes
to the energy of the mainlobe. Normal sidelobe ratio
describes how effective the signal is for detection of
two targets with various amplitudes. ISLR describes
properties of the signal for conditions when multiple
objects are likely to be present in the range profile.
We evaluated it as sum of squares of all correspond-
ing discrete values. It must be noted that integration
is done for the limited time period which cuts off part
of the sidelobes energy. This simplification was used
because in most practical applications ranges of ob-
servable targets with significant response amplitude
are limited by physical factors.

Fig. 1 shows example of modeling of ISLR for
noise signal for various numbers of integrated pulses
and ISLR for chirp and windowing function. Pulses
are assumed to be independent from each other. It
can be seen that integration of large numbers of pulses
lead to approach of the resulting ISLR to that of the
window. Residual fluctuations at lower widths of the
window are caused by decrease of the time-bandwidth
product of the signals.

3. EXPERIMENTAL INVESTIGATION
OF NOSE RADAR ISLR

We estimated ISLR using the described above
approach for two radar systems designed in LNDES.
An X band coherent pulse radar uses chaotic oscilla-
tor for generation of noise signal with bandwidth of
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Fig. 1. ISLR for noise signal with various numbers of integrated pulses

250 MHz. This signal is used to form succession of
100 ns pulses filled up with noise. The number of ra-
diated pulses can be varied in order to tune between
low residuals and fast acquisition. Part of the trans-
mitted signal is coupled, down-converted and fed to
ADC as a reference. We used this reference signal in
order to estimate the ISLR. It has to be noted that this
approach doesn’t take into account the influence of
non ideal receiver to the signals. Figure 2 shows ex-
ample of autocorrelation function estimated over
9400 pulses (time-bandwidth product of the signal is
about 235000). It can be seen that the first sidelobe
has quite high amplitude (about -12 dB with respect
to the maximum). Besides, there is a peak in the au-
tocorrelation at 39 ns which is caused by reflections of
the signal in antenna feeding path and not ideal isola-
tion.
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Fig. 2. Autocorrelation of pulsed noise radar signal

Figure 3 shows dependency of the ISLR on the
number of integrated pulses. Maximum time-band-
width product of the signal in the plot (at number of
pulses equal to 94) is 2350. ISLR sets at value of -8 dB
at 15 integrated pulses and doesn’t get lower at higher
numbers. This is caused by high level of sidelobes in-
herent to the radiated signal shape so that noise re-
siduals doesn’t make strong impact on the ISLR when
integration time exceeds 2 us.

In a Ka-band noise radar low frequency noise
signal is generated using thermal noise, this signal is
used for modulation of high frequency VCO oscilla-
tions. Parameters of the modulation can be adjusted
leading to changes in the frequency spectrum of the
signal such as central frequency and bandwidth.
The shape of the spectrum is determined by both
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amplitude distribution of the modulating signal and
by high frequency filters of the transmitter. In the case
of relatively narrow low amplitude of the modulating
signal the spectrum has bell-like shape and low band-
width, otherwise, the spectrum has complex shape
and higher bandwidth. The radar operates in continu-
ous regime. As in the previous case, we used only the
reference signal for the estimations.
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Fig. 3. Dependence of ISLR on the number
of integrated pulses

We fixed the integration period for ISLR at
2 us which corresponds to scene length of 300 m (this
value is practical for our radar). The data were divided
into chunks each containing 2 us of sounding signal.
Autocorrelation was estimated using each chunk and
such estimations were integrated. Fig. 4 shows ex-
ample of autocorrelation for the case of signal band-
width 385 MHz and 96 MHz for and integration
time 0.1 s (Time-bandwidth product of the signal is
about 38500000 and 9600000, respectively). It can be
seen that the signal with higher bandwidth has much
higher sidelobes. This is explained by the shapes of the
spectra shown in fig. 5: signal with narrower band has
smoother power spectrum shape and, consequently,
has lower sidelobes of correlation function.

Fig. 6 shows dependence of ISLR on the amount
of integrated data (or integration time) for various
bandwidths of the sounding signal. Corresponding
power spectra are shown in figure 5. Linear in loga-
rithmic coordinates part on the plot starting at inte-
gration time 10000 ns corresponds to the improving of
signal to noise ratio with increase of integration time
(at this level ISLR is limited by the random residuals
in the response). Above the certain integration time
the random residuals are not the limiting factor and
the ISLR is determined by the sidelobes of the signal.
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This is seen as a horizontal part on the plots at higher
integration times. This means that we observe influ-
ence of two factors on the ISLR level.
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Fig. 4. Autocorrelation of CW noise radar signal

CONCLUSIONS

In the work, we have carried out experimental in-
vestigation of integrated sidelobe level of noise signal
using example of two noise waveform radars operating
in X-band and in Ka-band. It has been shown that in
practice both the sidelobes and residual fluctuations
can be limiting factor for the ISLR level. Increas-
ing of signal time-bandwidth product enables to de-
crease influence of the residual fluctuations. Besides,
it has been shown that noise waveform generator us-
ing noise modulation of voltage controlled oscillator
can generate noise with frequency spectrum rather

similar to Gaussian shape and as the result having low
ISLR. The results can be used for specifying practical
regimes of noise radar operation whereas integrated
levels of residual fluctuations and sidelobes are of the
same order.
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MHTerpaibHblii H MAKCHMAJIBbHDIIA YPOBHH GOKOBBIX Jie-
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YpoBeHb OOKOBBIX JIETIECTKOB SIBJISIETCS OJHON W3
HamboJsiee BaKHBIX XapaKTEPUCTUK PaTMOIOKAIIMOHHBIX
curHasioB. M3BeCTHO, YTO BO3MOXHO CO3JaHUE TeHepa-
TOPOB IIyMa ¢ (popMoii criekTpa, 0JM3KOI K rayCCOBOIA.
Taxoii curHan obecreuynBaeT Majblil YpOBEeHb OOKOBBIX
seriecTkoB. C Ipyroii CTOpOHbI, U3BECTHO, YTO CIyvyaliHast
MpupoJa IIYMOBOTO CUTHaJA MPUBOAUT K CIIy4aiiHOCTH
Pe3yJIbTUPYIOIIUX Tpoduieii NaJTbHOCTH, HaOII0AaeMBbIX
B BUJE OCTAaTOUYHBIX (DIIyKTyaluii aBTOKOPpEISIIUM, Ha-
3bIBAEMBIX TAKXKe IIIyMOM 00pabOTKH, MY (POHOBBIM IIIy-
MoM. [loBblllIeHe MPOU3BEAECHUST JITUTEIBHOCTU CUTHA-
Jla Ha IIMPUHY MOJIOCHI MPUBOINUT K YMEHBIIEHUIO TaKUX
OCTaTOYHBIX (puiyKTyamuii. B ogHUX pamapax ocTaTOYHbIH
1IIyM MOXeT OBITh OOJIBIIION MPOOIEeMOit, B APYTUX OH MO-
KeT ObITh, HA00OPOT, MpeHeOpexxumo Mai. JaHHast pa-
0oTa TIOCBSIIIIEHA YMCICHHOMY UM 3KCIEPUMEHTATbHOMY
WCCJIETOBAHUIO CBOMCTB 1IIyMOBOTO curHaja. [TockoabKy
ocTaTouHble (IYKTyalluu pacrpeesieHbl Mo Mpoduiio
NaTbHOCTU, MBI UCITOJIb30BAJIM TAKOU MapaMeTp, Kak WH-
TerpajbHbIil ypoBeHb 00KOBBIX JierniecTkoB (UYBJI), mnst
a”Hayim3a cBoicTB curHaja. Mur ouenwau MYBJI mnsa mo-
JIeJTMPOBAHHOTO IIIYMOBOTO CUTHAJIA C pa3IMYHbIMU Tapa-
metpamu. Kpome TOro, mocpeacTsoM aHajii3a OTIOPHOTO
CHUTHaJIa CYIIEeCTBYIOLIMUX IIIYMOBBIX pagapoB Mbl OLIEHUIU
NYDBJI peanbHbIX crucTeM.

Knroueswvie crosa: G0OKOBbBIE JIETIECTKU, ITYMOBOM CUT-
HaJl, OCTaTOYHbBIE (DIIYKTyaluu.
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PiBeHb OiYHMX TEIIOCTOK € OJHIE 3 HaKWOLIbLI
BaXKJIMBUX XapaKTePUCTUK pPamdioJoKAlifHUX CUTHAaIiB.
BinoMo, 1110 MOXJIMBO CTBOPEHHSI T'€HEpaTopiB IIyMy 3
dopMoro criekTpa, 0J1U3bKOI0 A0 raycoBoi. Takuil curHai
3a0e3reuye MaJuil piBeHb OIYHMX TEIIOCTOK. 3 iHIIOTO
00Ky, BilOMO, 1110 BUMAAKOBa MpPUpoaa IIIYMOBOIO CUT-
HaJly MPU3BOAUTL MO0 BUMAAKOBOCTI PE3YJIbTYIOUMX MPO-
GiiB JaJbHOCTI, CIIOCTEePEKyBaHUX Y BUIJISIAL 3aMILIKO-
BUX (uIyKTyalliii aBTOKOpeJsllii, 3BaHUX TaKOX IITyMOM
00po0OKu, abo oHOBUM IIyMoM. IlinBuilleHHSI JOOYTKY
TPUBAJIOCTI CUTHAJY Ha LIMPUHY CMYTM TPU3BOAUTH J0
3MEHILEeHHSI TaKUX 3aJUIIKOBUX (ayKTyauiil. B omHux
pajapax 3ajJMIIKOBUN IIyM MOXe OyTM BEJMKOIO IMpO-
071eMO10, B iHIIMX BiH MOXe OyTH, HaBIIaKu, 3HEBa>KHO
Manuii. JlaHa poboTa npuUcCBsYeHa YMCEIbHOMY Ta €KCIle-
PUMEHTAJILHOMY JOCiIKEHHSIM BJIACTUBOCTEM IITyMOBOTO
curHaiy. OCKiJIbKM 3aJIMILIKOBI (hJIyKTyallii po3MoijieHi 3a
npodijsieM JaabHOCTi, MU BUKOPHMCTOBYBAJIM TaKUii Iapa-
METp, SIK iHTerpajbHuii piBeHb OiuHMX neaoctok (IPBIT),
ISl aHaIi3y BiacTUBOCTel curHaiay. Mu ouinuau 1PBIIT
JUIS MOJIETbOBAHOTO LIYMOBOT'O CUTHAJTY 3 Pi3HUMU IMapa-
MmeTpaMu. KpiM Toro, 3a J0MoMororw aHajilzy OmOpHOro
CUTHAJy iCHYIOUMX IIyMOBUX pagapiB Mu ouiHuau IPBIT
peaIbHUX CUCTEM.

Karouoei croea: 6G0KOBI MEJIIOCTKU, IITYMOBUM CUTHAII,
3aJIMILKOBI (hJIyKTyallii.
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