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Abstract: This paper presents algorithms for
data processing of ionosphere sounding chirp
signals. These include the algorithms of
automatically find and calculate the basic
characteristics of an arbitrary frequency radio
channel based on the signals and the noise time
series separation and subsequent tatistical
parameters estimation. A feature of these
algorithms is to estimate of radio channel
parameter based on the signal processing in time
rather than in the frequency domain, which can
significantly reduce an analysis bandwidth for
individual radio channel.
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INTRODUCTION

In recent years, there is a growing interest of
specialists to shortwave (SW) communication
systems in many countries. The main advantage of

which is the possibility of rapid information
transmission at the distance of thousands
kilometers, without any communication

infrastructure by the use of natural ionospheréorad
channel. However, the quality and the reliabilify o
SW radio systems depends on the unsteady
propagation conditions between a transmitter and a
receiver. Therefore, a constant diagnosis of the
transmitting frequency channel is needed, which
allows to perform an adaptation to the changing
environment of the radio signal propagation and a
management of SW radio frequency resource.

Widespread use in frequency management
system for SW communication found ionosondes
with linear frequency modulated (LFM) signal,
which have a small size and high noise immunity at
a low power level [1]. When ionosphere sounding
the chirp signal runs through the entire SW radio
waves range from 3 to 3@Hz, providing real-time
measurement of the signal modal structure, the
mode energy and the signal-noise ratio (SNR).

Example of such system is the Tactical
Frequency Management System AN/TRQ-35(V)
[2]. Major components of AN/TRQ-35(V) are a
spectrum monitor, transmitter and receiver of the
chirp ionosonde.

Australian system “JORN” includes: bistatic
over-the-horizon radar system  “Jindalee”;

ionosphere monitoring system, known as Frequency
Management System and control center Jindalee
Facility at Alice Spring (JFAS), where such
systems are also used [3].

Russian device [4] and [5] allows to estimate
the current state of the radio channel on the lsis
the functional connection between the bit error
probability, averaged over the random channel
parameters and information transmission channel
characteristics for the various types of signals.

However, the main disadvantage of the
measuring methods in these systems and devices is
that the signal parameters estimation carried én th
spectral domain at about 18Biz band, while
usually SW radio devices operate in radio channels
with a bandwidth of unit kilohertz.

The paper aim is to develop methods of
measuring signal separation and error probability
and communication reliability determination for the
arbitrary frequency radio channel with high
frequency resolution.

CHIRP SIGNAL PROCESSING METHOD

The signal at the output of the chirp ionosonde
receiver, after compression in the frequency
domain, represents the sum of the difference

frequency signalA(t) , fluctuation noisea,, (t) and
the sum of station interferena, (t) :

N
Pour® = AN 28 1)+2,(,
n=

where N is the number of station interference in
the frequency bands of signal.
When multipath SW channel, the chirp signal

A(t) arriving at the receiver input represents the
sum of quasi-harmonic components:

At) = I\E/IJaOi cos@rrLF, [ +¢y),
i=1

where M is the number of received rays,
ag,Fi, ¢ — amplitude, frequency, phase bth
ray

The instantaneous frequency of the difference

signalithrayisF; = f.ri , Where; is the signal
time delay ofi th ray. The amplitude of the spectral
component corresponding to the frequent:){
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proportional to the transmission coefficiert,

through the ionosphere radiochannel for this ray.
For radio channel parameter estimation in a

wide frequency bandyf = f [T, the signalA,(t)

at the receiver output is divided into elementshwit
the band Af, and the durationT, . Each kth

signal element is subjected to spectral analysis an
define the amplitudeH,, and the delay7 y;

corresponding to théeth ray.

The result of the standard work of the ionosonde
is a ionogram Kig. 2a), which characterizes the
dependence of the group time delay(f) and

amplitude Hi (f) of each ray on the frequencly

with the frequency

100kH2).

lonosphere channel characteristics measurement
is performed on the resulting ionogram, by removal
of noise components. Separation of signal and noise
spectral components allows to evaluate the SNR in
the frequency band of signal elements (~ kB@),
while the SW radio devices usually operate in the
channel with bandwidth of a few kilohertz.

The authors propose to perform calculation of
SNR in the time domain with high frequency
resolution.

For this purpose, by appropriate signal
processing A,;(t) , need to select the difference

frequency signals A(t) . Difference signals of
corresponding modesgg;; (t) are harmonic signals

resolution Af,  (usually

and the signalsy,,(t) and a,(t) occupy the entire

frequency band. Therefore, the difference signal
filtering similar to harmonic signal filtering in
white noise. In this method the ray allocationhe t
received signal A, (t) are invited to perform

through the implementation of a spectrum analyzer
using band-pass filters [6]. If the signal element
duration is T, the band of each filter is equal

YT, . These filters are required to cover the
frequency range frommin(fr;) to max(fr;). The
number of the filtersL = (max(fr;) - min(fr,)) 0, -
Difference frequency signal dfth mode passes
through the pth frequency filter® , (1< p<L)
and supplied to the adder. At the output of theeadd
have the signalA(t) . Difference signals ofi th
modes ag;; (t) passing through a corresponding
frequency filter d; (Fig. 1) moves to the ionogram

building (=1,2,..L). Signals from other filters are
added. The signal sum restores the signal of noise:

N
Ays(t) =D (1) +a, ().
n=1
Difference frequency signals occupy the band of
units and tens hertz, and the signal frequency

bandwidth at the ionosonde receiver output takes
about 2ZkHz, so the difference signal filtering does
not introduce significant distortions in the sigodl
noise Ays(t) -

To definethe average poweP,(t) of the signal
A(t) at the receiver bandwidthF. (usually 2-

3kH2), perform integration of the square of the
signal, in the time finding it in the receiver

: T./ ... T./ |
bandwdthtD[t— %,H %}
t+1s
— l /2 2 _AFI‘EC
Pa(t) =— A“(t)dt, whereT, =—"==.
Ta { f
The average noise powePs(t)
frequency band of the receiver is similar:
1 t+T%
Pus) == [ Aw’(dt.
a_ T,
=l
Using the samplesP,(t) and Py (t) , we can
find a samples of the SNR for the arbitrary working
frequency f, = f, + f:

in the

PA(E)
(SIN)(F) = —— -
P PNS(fpf' fo) '

By depending P,(t), also calculated a value

ﬁz(fp) — the frequency dependence of the power

ratio of regular and fluctuation signal component.
For error probability calculation uses the nexesul

For Rayleigh channel bit-error probability is
calculated according to the formula:
1
o oh?+1)
and for quasi-Rayleigh channel by the formula:
2 21,2
P =— B +21 expt—; ’th ), where
h=+2(8° +1) he +2(8° +1)
h? =S/N —the SNR. According to these formulas
is determined R, (f,) — the value of error

probability for each operating frequency.
Communication reliabilityV in the frequency

band Af,, = f [T, which has the meaning that the
error probability P, does not exceed a
predetermined threshold?, , is calculated by the
frequency dependendg, (f):
Afy ()
Af
where Afy (f,) — the total operating frequency
band the band

V(f,)= [100%,

from frequency
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2
Per(fp) <R is performed. This takes into account

a list of radio channels occupied by station
interference: the reliability of radio channels
occupied by station interference is consideredeto b

[fp—ﬂ;f,ﬁ%j for which the condition

(234

Aou(t)

,
,
&1 |7

o "4 Signal of noise:
_____ . N
It D a,(t)+ay,(t)
. / n=l

equal to 0%.

Search of such channels and corresponding list
formation are performed using the method which
described in [7] on the output of the chirp
ionosonde (before the method described above).

Tonogram
building

Fig. 1. Scheme to bandpass filter

TABLE |. RADIO CHANNEL CHARACTERISTICS

Averageerror

Frequency Reliability | probability Average SNR (dB) Timescattering | Station interference

0,

band (kHz) (%) [band] = value [band] = value range (ms) band (kHz)
[10683;10685] = 0.00071 [10683;10685] = 28.46
[10669;10671] = 0.00164 [10669:10671] = 24.75
[10826;10828] = 0.0004¢ [10826;10828] = 30.11
[10824;10826] = 0.00163 [10824:10826] = 24.83
[8384;8386] = 0.00119 [8384;8386] = 26.21

8300-8400 75.00 [8301;8303] = 0.00170 | (g301:8303] = 24.66 0.203 no
[8388;8390] = 0.00204 [8388:8390] = 23.87
[10921;10923] = 0.00126 [10921;10923] = 25.94

10900-11000 | 67.86 [10973;10975] = 0.00164 [10973:10975] = 24.81 0.460 [10912 - 10915]
[10969;10971] = 0.00222 [10969:10971] = 23.49

Then, created a list of radio channels of the

Afel .

band Af,, with the highest reliability and showing
the sub-channels with a banff, occupied by
station interference. Also in each radio channéh wi
the band Af,, with the highest reliability, show
sub-channels with the banflF,.. with the lowest

error probability.
According to ionogram also calculated the time
scattering of the signal for each frequency band

Obtained by these methods data are used to
select the optimum operating frequency of SW
radio channel.

SIGNAL AND NOISE SEPARATION

METHOD
To implement suggested above the
measurement methods required the use of

appropriate  methods of signals separation in
frequency and time domains. Reference [8] shown
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that the selection of ionosonde chirp signals takes
place in conditions of a priori nonparametric

uncertainty also unknown not only the shape but
also the number of the received signals. In this

paper, to select the signal is proposed to useadeth
for allocation of anomalous samples in the
spectrumof the difference frequencsignal.
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Fig. 2. Example of removing noise components on thegoams obtained on the trace “Lovozero (RussidpshkarOla
(Russia),” in June 2, 2015 at 18:17:00 UTC: a) ihigafter applying the method [8], ¢) after thethwal [8] and Hough

transform

A disadvantage of this method in the signal
separation is that after its application to spectra
there are single emissions of noise with intensity,
comparable with the useful sign#ig. 2b).

To solve this problem, we propose to use a
probabilistic Hough transform [9], which allows to
find any curved lines on the image (ionogram).

Using this transformation after applying the
method of abnormal samples selection [8], a lot of
lines will be accepted as a desired signal, and the
another — be considered noiség( 2c).

IMPLEMENTATION OF METHODS

On the basis of offered algorithms, a software
for the automated data processing of radio sounding
was implemented which allows to search for the
optimal operating frequency for SW radio systems.

After selecting the desired frequency band,
performed estimation of key characteristics of the
ionosphere radio channel, which are displayed on
the screen in the form offablel.

For the software implementation has been used
C++ programming language and cross-platform
framework Qt, allowing to compile the program for
Windows, and for UNIX OS.

CONCLUSION

Methods of chirp signals processing of
ionosphere sounding which allow to perform
expeditious diagnostics of ionosphere radio

channels in the automated mode are developed.

Also the software for the automation of frequencies
management process is implemented. The main
feature of these algorithms is possible to defire t
error probability and reliability of communication

for any frequency radio channel with the bandwidth
of 2-3kHz
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MeTtoauka onpeaeaeHust

XapaKTePUCTHK MPOU3BOJIbHOT0

JaCTOTHOI'0 paauoKaHaJJIa

KomueB A.A., Erommun U.A., Hlymaes B.B.

Annomayus: B paboTe mpencraBieHa METOIUKA
06paboTkn

JAHHBIX Paaruo30HANPOBAHUA

norochepsl JIUM-curnamiom. OHa BKIIOYAIOT B

ce0s1  aNropUTMBI

aBTOMAaTH4YCCKOI'0 IIOMCKa H

paccyera OCHOBHBIX XapaKTCPpUCTUK
MMPOU3BOJIBHOI'O  YaCTOTHOTO  paJluOKaHala Ha
OCHOBC  pas3jcjicHusl CurHajga H myma  BO

BPEMCHHOW O00JIACTH M TOCICAYIOIICH OICHKH
CTATUCTHYECKUX MapamMeTpoB. OCOOCHHOCTHIO ITHUX
AITOPUTMOB ~ SIBIIAETCS  OLEHKAa  IapaMeTpoB
pagvokaHalla Ha OCHOBE OOpabOTKM cHWrHama BO
BpeMEHHOW 00JacTh, a He B YacTOTHOH, dYTO

MO3BOJISIET 3HAYUTEIBHO YMEHBIINTD
aHAJIM3UPYEMYIO NIOJOCY YacToT.

Kniouesvie  cnosa: JIUM  30HAUMpOBaHHUE,
oOHapyxeHue curHanos, KB-cBsi3b, nonocgepHslit
panuoKkaHai.
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