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This paper is concerned with the temporal distortion caused by the dispersion of ultra-wideband signals re-
flecting from linear and parabolic plasma layers. The magnitudes of the expected effects have been estimated for
the various parameters of the plasma layers and sounding ultra-wideband signals. The ultra-wideband signal dis-
tortions are calculated for reflection from the ionospheric plasma layers and their features are described.

1. Introduction

In the 90s of the 20th century, the ultra-wideband
(UWB) signals introduced in the 50-60s by Ken-
naugh, Moffatt, and Kosgriff began to find increas-
ingly wide application to different areas of science
and engineering.

For example, the UWB signals could be used for
remote radio sensing snow and ice covers, the radio-
location of subsurface targets, the communication
with immersed submarines, for super fast data traffic
in computer networks, etc.

The application of such signals to radiolocation
allows a range resolution of 0.1 m to be attained for a

pulse duration of 7 ~ 107? s, the detection of tar-
gets with a special antiradar cover, e.g., manufac-
tured by using the “Stealth” technology, to be ac-
complished, and the data on non-coordinate informa-
tion on the target (form, size, etc.) to be inferred [1].

The UWB signals were suggested to apply to
remote radio sensing near-earth space in the middle
of the 90s of the 20th century [2].

The plasma environments, in particular the
Earth's ionosphere and magnetosphere, were ex-
pected to exert the main negative effect on UWB
radio wave propagation due to the dispersion. The
features and magnitudes of these distortions due to
the phase velocity dispersion, as well as the absorp-
tion and attenuation dispersions, are considered in
detail in [3] for different models of the UWB signals.

The radar equation necessary for calculating the
parameters of radio systems was updated for the case
of UWB signal applications [4].

2. Simulation of Reflection

The sounding signals are described by six simple
analytical UWB signal models in the time-domain,
which have been suggested in [3].

The reflected signals in the time domain are
represented by the relation
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where S (f)is the spectral density of the sounding
signal given by the complex function

S(f)= fEO(t)exp(—iQWﬁ)dt,

f 1is the frequency, t is time, c¢ is the speed of light
in free space, z, (f) is the altitude of reflection of
the harmonic with frequency f, which is determined
from the condition

n(f,z (f)) =0,
n(f,z) is the index of refraction;

z(f)
—F [ n(f,z)dz,
B 07f>fpm,

and where f,, is the maximum plasma frequency of

n(f)=

()

the medium. The relation (2) expresses the fact that
the spectral components with f > f,,, are not re-

flected from the plasma layer.

The index of refraction of the medium is given by
i
w(H=1-F
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The linear and parabolic plasma layers were
selected for describing the medium because they are
most frequently used for approximating the actual
profiles of the Earth's ionospheric electron density.
They are given by the following expressions.

For the piece-wise linear layer
2 _ g2 _ 2 *
fp - fp (z) = fpm_7
m

€ [07Zm]7 f € [Oafpm]a

where z,, is the altitude of the piece-wise linear

layer maximum.
For the parabolic layer

_ 2
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where z,;, is the height of the parabolic layer be-
ginning, z,.. is the height of the peak density. In
our case, it is convenient to set z,;, = 0, and to

deSIgnate Zmax — “m > fp (Zmax) = fpm .
It is convenient to introduce the dimensionless
variables

T:ia F:fTOJ Z:ia

To CTy
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which are dimensionless time, frequency, distance,
and plasma frequency, respectively, and 7, is the

finite time duration of the UWB signal.
The signal reflected from the piece-wise linear
layer can be represented as

.
: .87 F3
E, (T) = _{;S(F)exp[z?ZmFm +

z’27rFT—z‘g)Q(F)dF.(3)

The signal reflected from the parabolic layer is
given by

E,(T) =

FpQ(Zm)*FQ
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The integrals (3) and (4) are evaluated by nu-
merical methods.

To model the actual ionospheric plasma layer,
we set f, (z,) =10 MHz for the daytime iono-

sphere and f, (2, ) = ~/10 MHz for the nighttime

ionosphere, and z,, = 200 km in both cases.

3. Results of Model Calculations

In reflecting the UWB signal from a linear or para-
bolic plasma layer with a given maximum plasma
frequency F),, = F, (Z,,), two different situations

are possible.
In the first of them, the condition F,, < F,,

is satisfied ( F,,,, is the maximum frequency of the
UWRB signal spectral density), i.e., all spectral com-
ponents of the probing signal are reflected and re-
turned back. Then, if all of them are reflected at the
same range from the source, i.e. from the boundary
of the plasma layer (Z,;, = Zuax), the signal

changes insignificantly due to the phase changes of
the complex spectrum of the signal by 7 /2 in the

process of reflection. Such a situation is shown in
Fig. 1 for F,, = 80. It can be seen that a bi-lobe

signal pattern (p — 2) has transformed into a tri-
lobe one (u ~ 1,33). However, the reflected signal

remains ultra-wideband.
In the second situation, F,, > F,, , part of the

UWB signal spectrum is not reflected from the
plasma layer, and does not return. As a result, the
more there are such components, the narrower the
signal spectrum becomes, and therefore, the more
reflected signal lobes occurs, the smaller the wide-
band index p becomes, and the faster the reflected

signal ceases to be a UWB signal. In Fig. 1, this
process can be seen as F,, decreases.

Therefore, in practical applications of UWB
signals to remotely sounding the ionosphere, the sig-
nals with F, < F, should be selected. It is

beneficial both from the point of view of decreasing
the distortion in reflected signals, and from the point
of view of energy conservation, since for
Frhax > F,, part of signal energy is wasted.

Consider separately the effect of dispersion dis-
tortion of the sounding signal arising exclusively
because of the fact that the different signal spectral
components are reflected at different ranges from the
source of the signal, i.e., the condition F},, < F,,

satisfied.

In Fig. 2, the dispersion distortions in the UWB
sounding signals are shown when it is reflected from
the model parabolic plasma layer. It is established that
the greater spectral component frequency is, the
greater path it travels up to the level of reflection and
back. Provided F,,, is a constant, this results in an

increase in the dispersion distortion of the reflected
signal as Z,, increases; in dimensional variables, this

corresponds to an increase in z,, if f, (z,) and 7

remain constant. The distortion is displayed in the ap-
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Fig. 1. Probing signal in the time-domain ( Ey (T) )
and in the frequency domain (Sy(F) ), and the re-
flected signal in the time domain (E,.(T)) and in
the frequency domain (S, (F) ) for different values

of the peak plasma frequency F,,

pearance of new lobes in the UWB signal, which re-
duces its wideband index; therefore, the signal gradu-
ally ceases to be ultra-wideband. The temporal dura-
tion of the signal also increases with increasing Z,,, .
As distinct from the dispersion distortions of
UWRB signals arising during their propagation in the
dispersive plasma environments, in particular, in the
Earth's ionosphere [3], when, as the signal disperses,
the high frequency components propagate to the ris-
ing edge of the signal and the low frequency to the
falling edge of the signal, at reflection the opposite

Tl Z,=016

=
=

Fig. 2. Dispersive distortion of the probing UWB
signals (model 5) reflecting from the parabolic
plasma layer with various layer peak heights Z,, .

The layer peak plasma frequency F,, = F,,, = 50

picture is observed. Here the lower frequency com-
ponents appear closer to the signal rising edge and
those with the higher frequency to the falling edge.

We shall now consider the reflection of UWB
signals from a real ionospheric layer, for which the
parabolic plasma layer model is used with the men-
tioned above parameters. It is convenient to introduce
the parameter = that is equal to the ratio of the
maximum frequency, f,.., in the UWB sounding
signal spectral density to the plasma frequency at
parabolic layer peak

_ fmax _ F max

r = = .
fp (Zm ) Fpm

The dispersive distortions depend on the value of this
parameter: the greater this parameter r is, the greater
distortions are.

The range 0 < 7 < 1 corresponds to the reflec-

tion of all spectral components from the plasma
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Fig. 3. Dispersive distortion of the sounding UWB
signals reflecting from the parabolic ionospheric
layer with various values of 1 and for

79 =5-10""s, f,, =10 MHz, z, = 200 km

layer, and for r > 1, part of them does not reflect,
and consequently, does not return to the source of the
sounding signal. The number of such components
grows with increasing 7 .

As a quantitative property of the distortion, we
shall use the relative signal lengthening 7 /7, where
7 is the echo time duration. It is established that the
dispersive distortion of the sounding UWB signals
used for remotely radio sensing the Earth's iono-
sphere is essential.

When the UWB signal with 7, = 5-107* s is
reflected from the ionospheric plasma layer with
Z, = 200 km and f,, =10 MHz, which corre-
sponds to the daytime ionosphere,
T/79 ~1+1000 when 7 = 0.01+0.60. The
features of the distortion is shown in Fig. 3.

Use of the same UWB sounding signals in the
nighttime ionosphere, f,, = 10 MHz, results in

T/79 ~1+225 when r = 0.05+ 0.60. Similar

results are also obtained with other ionospheric mod-
els. Therefore, the effects are virtually independent of
UWRB signal model.

4. Conclusions

1. Asthe UWB signals are reflected from the iono-
spheric plasma layers, significant dispersive dis-
tortion arises.

2. The features of this distortion differ from those
occurring during UWB signal propagation in the
Earth's ionosphere and magnetosphere.
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OTPAKEHUE
CBEPXIINPOKOITOJIOCHBIX
CHUI'HAJIOB OT IIJIASMEHHBIX CJIOEB

JL.®. Yeprozop, O.B. Jlazopenxo

PaccMOTpeHBI TUCTIEPCHOHHBIC MCKaXCHUS, KOTOPhIC
BO3HHKAIOT MPU OTPAKCHHUU CBEPXIIUPOKOIOIOCHBIX CHI-
HAJIOB OT JIMHCHHOrO M MapaboMYeCKOro IUIa3MEHHBIX
cioeB. OueHeHbI BETMYMHBI HAOM0AaeMbIX d3Q(eKToB mpu
pa3IMYHBIX COOTHOIICHHUSX IMapaMeTpoB I[UIA3MEHHOTO
CIIOSI ¥ 30HIMPYIOIIETO CBEPXIIMPOKOMOIOCHOTO CHTHAA.
PaccunTanbl BENMYUHBI W ONKCAH XapakKTep JUCIEPCHOH-
HBIX OTPaXXCHUI CBEPXIIMPOKOIOJIOCHBIX CHUTHAIOB MpPHU
OTPaXXCHUH OT HOHOC(EPHBIX TUIA3MEHHBIX CIIOCB.

BIIBUTTA HAAIIUPOKOCMYT OBHUX
CUT'HAJIIB BIJ IIJIASMOBUX IIAPIB

JL.D. Yopnoeop, O.B. Jlazopenko

Po3risiHyTO AMCHIEpCiiiHi CIIOTBOPEHHS, IO BHHHKA-
I0Th TPH BiAOUTTI HAaJUIMPOKOCMYTOBUX CHTHANIB BiJ Ji-
HIHHOTO Ta MapaboNiYHOro IUTa3MOBHX ImapiB. OmiHEHO
BENUYMHN €(EKTIB, MIO CIOCTEPIraloThes, MPH PI3HUX
CIBBITHOIIEHHSAX IapaMeTpiB INIa3MOBOTO IIapy Ta 30H-
IyI0Uoro HaJIIIPOKOCMYTOBOro curHaiy. Po3paxoBaHo
BEJIMYMHYU Ta ONHCAHO XapaKTep IMCHEPCIHHMX CIIOTBO-
pEeHb HAANIMPOKOCMYTOBHX CHUTHAJIB IIPU BIIOWTTI Bix
iOHOC(EepHUX MITa3MOBHX LIAPIB.
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