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In this paper, the terms in wide use, the Ultra Wideband (UWB) signal and the Ultra Shot Impulse (USI),
are discussed. Their usage conditions are considered and the difference in meanings is determined. As main tool
for describing the power requirements to UWB Radar, the generalized Radar Range Equation (RRE) valid to
arbitrary width of the spectrum is employed. The assumptions as to the UWB Radar characteristics allowing to
represent the RRE in similarity to the traditional form are considered. The use of the Impulse Active Antenna
Array can be a way to the UWB power problem solution. The problems regarding the high peak power UWB
signals are posed. It is possible, as demonstrated, to produce the complex UWB pulse signal with large time-

bandwidth product.

1. Terminology

The application of Ultra Wideband signals is known
since early 90-th. According to [1-3], the UWB sig-
nal has to be defined only in the frequency domain
with the use of the spectral parameters:
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The boarding value p > 0.25...1can be chosen in

L op=>025 (1)

accordance with the practical task.

Another definition must be applied to radar sig-
nals as Ultra Short Impulses. This definition com-
pares the space length of radar impulse ¢, (radar

range resolution) and the size of target L :

ct, < L. @)
For usual targets the expression (2) leads to impulses
in the nano- and picosecond duration range. In this

case the radar target can be represented as a sum of
local scattered centers. Such model is the first order
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Fig. 1.

approximation to real target characteristics. But ap-
pellation “the nano- and picosecond pulses” is not
equal to UWB and USLI. In Fig. 1 the modulus of fre-
quency response of conducting sphere is shown
against the spectral density function of narrowband,
USI and UWB signals [1].

The signal with S“’ (kya) spectral density

function is a narrowband signal because (Aka)*’

value is small. The signal with S‘® (kya) spectral

density function is a USI signal because (Aka)®’ is
large. Finally, signal S‘® (kya) is a UWB signal in
accordance with (1). Note there exist all signal fea-

tures combinations: UWB and USI, UWB not USI,
not UWB but USI and the last.

2. UWB Radar Range Equation

The conventional Radar Range Equation expresses
the ratio of transmitted to received power in the de-
pendence of transmitted antenna gain, receiving an-
tenna area and the target reflection (local) cross sec-
tion.
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Usually it expected a monochromatic signal and av-
erage power

s(t) =U, coswyt; P=U2%/2.
In monochromatic approximation the parameters of
(3) are

G(wy) o(wy) A(wy).
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In fact, the radar signal detection is a result of the
comparison of instantaneous signal voltage with a

threshold have to be chosen in accordance with noise
dispersion o2 and probability function of detection

[2]. So (3) must be rewritten as

1
Sp(t) = S (t)mx/G(wo INT (W A(wp) -

In the conventional threshold equation, the ratio sig-
nal energy to noise density is used

EO
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It apprehends the signal matched filtration. However
such processing is not necessary and not successful
for a single UWB impulse signal. Thus the compari-
son with threshold ¢ must be made regarding the

raw signal peak voltage

SRmaX (t) Z q\/?% .

Note that it is the same as a matched filtration result
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3. Frequency and Impulse Responses of a
Radar as a Linear System

In case of nonsinusoidal signals the Radar Range
Equation becomes frequency dependent

SR((.L)) =

1
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where Sr (w> is the Fouirer transform of S(t) sig-
nal.

The ratio

SR(CL))

Hw> =
ST(w)

is the radar Frequency response and
h(t) = o= 7 H(w)e ! dw = ha(t) @ hy (1) @ hy(t)
2 4 7

is the radar Impulse response. Note the parameters of
target cross section and antenna area acquire the di-
mensions of the length

(o1l =[A] = [meter].

4. The Approximations of Radar Range
Equation Parameters
Some approximations of RRE parameters in respect
to practical use are possible.
4.1. Antenna Area

This parameter is almost frequency independent ex-
cept the receiver frequency response. Thus

hy = JA(wy)o(t),

where 6(t) is the Dirac function.

4.2. UWB Parameters of Target

The high range resolution of Ultra Short Signals
makes possible to represent the radar cross section of
the large target as a sum of local scattering centers
reflections

Acw> = A(wy );

k
ho (1) = hyi (t—1;).
i=1

The first approximation of local reflection can be
chosen as o, cw>~ A} on a target edges or as

27R? on a smooth target like a sphere. Then the tar-
get detection will be related to a single local center.
The use for the target detection of all local centers
reflections is possible; however, the necessary bank
of the target images becomes very large.

4.3. UWB Antenna Features

The antenna gain G (w> is the measure of a transmit
antenna radiation directivity and is closed with an-

tenna pattern angle 0° ~ yG But the concept of

antenna pattern by use of UWB signals is not definite
because the radiated signal shape is changed with the
angle. In Fig. 2 the antenna patterns are defined as
the angle dependence of signal peak voltage (3) or as

d=0,3m
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Fig. 2.
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the impulse signal energy (1) and are compared with
antenna pattern (2) of monochromatic signal of wj
frequency.

The 6, parameters of these diagrams are close
enough and, thus, the G (w,) is the good first ap-

proximation of UWB antenna gain G (w>, despite
the three times change of frequency inside UWB
signal spectrum width.

5. The Impulse Active Antenna Array

The most used kind of UWB signal forming is the
pulse excitation of antenna. Then the transmitted
signal spectrum is as

Sy cw> = Spcw Hycwy,

where Sp (w> is the exciting pulse spectrum and
H, cw> is the antenna frequency response. The fac-
tor of excitation effectiveness is:

f [Hy S, ol dw

n= ~ 0,3.

f[Sp(w>]2dw

For TEM horn antenna 7 ~ 0.3 [4]. The electrical
field strength F at the distance R can be repre-
sented with effective transmitter potential [4]:

1207
Zo

Upi = ER = Up NEP

where Up is the peak voltage of exciting generator
and Z; is the feeder line impedance. For N-elements
antenna array the effective potential is

Up =Y Up ~12NUp.
N

Thus with N = 81 and Up = 10 kV the effective
potential is Up =1 MV or P; = 10 GW. In this

case the field strength at 100 m distance achieves
10 kV/m which involves a number of environmental
and EMC problems.

6. UWB Pulse Position Modulated
Signals

The alternative way of signal energy accumulation is
the use of signal with large time-bandwidth product.
In the context of UWB signal it can be the batch of N
pulses with their time position modulation so as the
time side lobes of correlation function of signal to
decrease. It is similar to well known chirp signal and
its the time-bandwidth product B is equal to number
of pulses N.
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Fig. 3 (b).

In Fig. 3(a) the UWB signal with time position
modulation by N = 15 pulses submerged in noise is
depicted.

In Fig. 3(b) the result of matched signal-
compression is shown. Note the time side lobes is of
1/ N level due to the successful choice of a time

position modulation rule.

In Fig. 3(b) the result of matched signal-
compression is shown. Note the time side lobes is of
1/ N level due to the successful choice of a time

position modulation rule.

The use of UWB time position modulated sig-
nals is the good tool for UWB impulse high power
problem decreasing
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OCHOBHBIE ACIIEKTBI
HINPOKOIIOJIOCHOI'O PAJAPHOI'O
CKAHUPOBAHMUA

JLIO. Acmanun, A.A. Kocmuines, A.A. @aéposa

[Ipenmerom 0OCysKIeHUs SIBISIFOTCS J1Ba OOIIEH3Be-
CTHBIX TepMuHa: cBepxirpokomnonocHsie (CHIIT) curnast
u yaepTrpakopotrkue ummynaschl (YKU). PaccmatpuBaercs
yCIOBHSA HUX YHOTPEONEHUs M pa3lIuude B 3HAYECHHUM.
O0600mmenHoe ocHOBHOE ypaBHeHue Jiokauuu (OYJI), Bep-
HOE JJIs1 CUTHAJIOB C IPOM3BOJILHOM LIMPUHOW CIHEKTpa,
TIpUMEHseTCS KaK OCHOBHOE CPEICTBO OIMCAHUS JHepre-
tnueckux Tpebosanmit k CIIIT pamapam. PaccmoTpenst
JONyIIEeHUs] OTHOcUTeNnbHO xapakrepuctuk CIIII pamapos,
nospoJsttomue npencrautb OYJI B dopme, moxoxed Ha

TpaguLMOHHYI0. Vcronp30BaHHEe UMITYJIBCHBIX AKTHBHBIX
AQHTEHHBIX PELIETOK MOXET OBITh CIIOCOOOM peIIeHUs MPO-
onem sHepreruku CIIIT curnanos. [ToctaBnensr 3amaum,
Kacarouecs: BhICOKOHW mukoBoi MornHoctu CIIIT curha-
noB. IlokazaHo, yTo MOXHO mnoxy4arb cioxkubeie CILIT
HMMITYJIbCHBIC CUTHAITBI ¢ OOJIBIION 6a30i CHrHANA.

OCHOBHI ACIIEKTH
HINMPOKOCMYI'OBOI'O PAJAPHOI'O
CKAHYBAHHA

JLIO. Acmanin, O.0. Kocmunes, A.O. @avoposa

[Ipenmerom 00roBOpeHHS € J1Ba 3arajbHOBIZOMI Tep-
Mminn: Hagmupokocmyrosi (HILIC) curnanm ta ynbpTpako-
potki iMnynscu (YKI). Po3risiHyTo yMOBH iX BXXKMBaHHS Ta
pi3HHUI y 3HA4YCHHI. Y3arajJbHEHE OCHOBHE PIBHSHHS JIO-
kanii (OPJI), mo € BipHAM 111 CUTHAJIIB 3 AOBUIBHOIO IIH-
PHHOIO CIIEKTPY, 3aCTOCOBYEThCA K OCHOBHHI 3aci0 omm-
canns eneprermyaux BuMmor 1o HIIC panapis. PosrisayTo
npunymenHs moxno xapakrepuctuk HIIC panapis, mo
no3BossitoTh npeactaButu OPJI y dopmi cxoxiii Ha Tpamu-
HiifHy. 3acTOCyBaHHS IMITYJbCHMX AKTHBHUX AHTCHHHX
peLiTok Moxe OyTH 3aco00M BHUpIIIEHHS IPoOIeM eHeprii
HIIC curnanis. [TocrasneHo 3axaui o0 BUCOKOT MiKOBOT
notyxHocti HIIIC curnanis. Iloka3aHo, 1m0 BHSBHIOCH
MOKIUBUM oTpuMyBatu ckiaaani HIIC immynbcHI curnanu
3 BEJIMKOIO 0a3010 CHTHAITY.
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