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Abstract. The error fractions analysis of receiving tract devices that influence on the signal type identification
accuracy is given in the article. To increase the signal type identification accuracy with hardware tools the error

fractions of electronic devices are determined.
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components.

1. Introduction

To evaluate the accuracy of signal type identification
the set of electronic devices as composite structures
and systems is used.

They are joined by common end use and form a
communication channel that is optimal for
interaction with the object and the operator.

Thereby, metrological maintenance
communication channel parts is needed.

Modern methods of estimation accuracy
significantly differ from classical, previously
developed and provided metrological rules and state
standard [1-5].

This difference is due to the new information
technologies, which leads to the new functionality of
designed devices, improvement of maintenance
comfort level and the virtual place to display
information.

At the same time, the new sources of errors,
associated with the medium appear.

To interpret the accuracy evaluating methodic by
means of the uncertainty identification makes a lot
of problems associated with the recognition and
subsequent error fractions liquidation or reducing to
the non-significant level.

Due to the original measurement process, error
fractions estimation for the whole series is unavailable.

These are errors determined to harmonic
components imperfect identification that does not
ensure subsequent liquidation of their influence on

of all

the information signal, unaccounted errors
depending on the location of the controlled object in
space and time, errors occurring in a particular
physical environment in the receiving-transmitting
process.

Due to this, the research direction of this article is
relevant [6, 7].

2. The error fractions analysis in the signal type
identification with hardware

Standard software applications (MultiSim, LabView
or other special-purpose program packages) use
virtual spectrographs.

During exploratory design phase they are
rationally used to get error fraction analysis of
electronic devices functioning in ideal conditions.

Such error fractions as: random error ., noise

error g, specificity slot error &, electric
characteristics drift error after calibration 6.., end

cc!
instrument setting instability error §; can be

revealed and discounted only in real-time use, e.g.
during the particular device functionality test audit.

Industrial environment with engineer intuition
and field experience permit hardware tools using,
e.g. scanning receiver as SR2000 and spectrograph
as GSP-7830.

Required metrological model of receiving tract
devices can be provided during the error fraction
graph amendment and known remedies or reduction
to insignificant level.
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To transmit information by dint of the
communication channel the radiosignals are used.

They can be sized according to: frequency
(frequency range), modulation format (manipulation),
spectral width, modulating signal type (sound,
video).

Receiving tract identifies radio signal type with
scanning receiver, spectrograph and Master Control
(MC) based on Personal Computer (PC) (Fig. 1).

L Scanning Spectro-| |
receiver graph PC
-~ t

Fig. 1. Receiving tract of communication channel

The precision of radio signal type identification
depends on precision of: receiver tunings, signal
transmission through receiving-amplifying
communication channel tract without distortions,
spectrum signal measurement, signal type defining
by expert system [9, 10].

Taking into account four previous items, we can
define total error of signal type identification (Fig. 2):

O5 =0y + Oy + Oy, + Ogg---

where & - total identification error;
d, — receiver tuning error;
&y — signal transmission through receiving-

amplifying communication channel tract error;
8, — Spectrum signal measurement error;

d,s —signal type defining by expert system error.

Fig. 2. The graph of signal type identification error

The possibility of errors fraction revealing with
hardware tools to improve signal type identification
includes:

1. The evaluation of scanning receiver spectrum
error. To evaluate it the SR2000 receiver was used.

The faceplate of SR2000 is given on the Fig. 3.

The scanning receiver characteristics are: relative
frequency instability +£1x10°% frequency response
ripple 3db; harmonic distortion coefficient 3 %

The digital frequency synthesizer is used to
tuning on a frequency. It is controlled by the MC
based on PC.

The relative frequency deviation of the receiver
from the nominal value is determined by the
reference generator instability.

The parameters given above, influence on the
output waveform, and as a consequence, its spectral
content.

The tuning error can lead to out-of-control pass
bandwidth condition of signal spectrum.

The cutoff frequencies can be out of the pass,
which would lack the frequency of the output
spectrum.

This will make an effect on the signal
identification. It can be misidentified or even doesn’t
identified.

This is a random error that can be discounted by
means of mathematical statistics.

The Frequency Response Ripple (FRR) of
receiving-amplifying tract disposes frequency
distortions of the spectrum, which ultimately affect
the output spectrum.

Unlike the tuning error, the FRR — characteristics
that can be determined, interpolated with calculating
the signal corrections, i.e. FRR can be discounted in
spectrum construction.

The nonlinear distortion factor (harmonic
distortion) — characteristic that shows a spectral
composition change after signal passing through the
receiving-amplifying tract.

This leads to the appearance in the output signal
spectrum the new frequencies, absent in the input
frequency spectrum, which is especially important
for signal identification by spectrum, as new signal
components change it.
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Fig. 3. Scanning receiver SR2000
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If the coefficient of harmonic distortion is small,
it will not effect on the signal type identification.

2. Evaluation of measurement error range of the
spectrum analyzer (Fig. 4).

=

Fig. 4. Spectrum analyzer GSP-7830

The spectrum analyzer characteristics are:

— reference frequency source error +5x10°;

— frequency response ripple +1,5db;

— measurement error +1,5db / 100 MHz.

The graph includes three components of the error
spectrum measurement 3, (Fig. 5).

Fig. 5. The error spectrum components graph:
d, —random errors;

dy — drift errors;
d, — systematic errors
The random errors §, are irregular and can’t be

compensated by device calibration.

The graph on the Fig. 6 shows such random
errors:

—noise error 3, ;

— specificity slot error J ;
— end instrument setting instability error .

Fig. 6. The random error &, graph of spectrum
measurement components

Noise errors are caused by electrical fluctuations
in electronic components used in the measuring
instrument.

To reduce these errors the signal power measured
in the circuit device can be increased, the filter
bandwidth can be reduced, the averaging mode can
be switched.

The specificity slot error fluctuations caused by
fluctuations of electrical slot characteristics due to wear.

This error can be reduced by replacement or a
careful slot handling.

Drift error caused by changes in the device electrical
characteristics, occurred after calibration (Fig. 7).

Fig. 7. The drift fraction error graph

The main reason for this drift — the thermal
expansion of the connecting cables §,, because of

the change in the ambient temperature 3, and the
electronic components temperature drift inside the
device Jdy, due to its warming up §,,, humidity g, ,
pressure 8, , and time of day &, .

The warm-up time compliance before work and
recalibration of device with changes in the factors
mentioned above can reduce these errors.

The systematic errors are caused by not ideal
electrical characteristics of devices, including
connecting cables, slots and signal sorting circuit.

These errors are repeatable and their
characteristics do not change with time.

The test verification can characterize the systematic
errors. To compensate them the calibration and
mathematical approach in measurement results are
used (Fig. 8).

To estimate the characteristics of systematic errors
the parameters of reference model circuits are measured.

The reference model circuits are the calibrating
measures.

To calibrate the electronic devices the calibrating
measures are: the short circuit measure and the idle
stroke measure.

The spectrum analyzer uses two calibration
methods: calibration of frequency transmission
uneven and advanced calibration of frequency
transmission uneven.
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Fig. 8. The systematic error graph of spectrum
measurement fraction J, :

Oy —error caused by uneven frequency device and test setup;
O, —errors caused by signal reflections in the measuring system;
6,5 — errors caused by leakage signal in measuring system;
Sures — frequency uneven of the reflection track;

)

Oys — Matching error source;

ures — frequency uneven of the receiving track;

O — load matching error;
d

d, — noninteraction

md — measurements directivity;

The total error graph, including components of
spectrum measurements error, showed on Fig. 9.

Fig. 9. The total error graph

The Expert System (ES) identifies signal.

ES models neural network tuned to certain types
of signal spectrum.

The neural networks feature is data grouping.

Receiving the particular input vector, the network
“recognizes” the signal.

If the input vector is near the band edge, dividing
several groups, even small tuning (teaching) neural
network errors can influence the outcome.

Therefore network should be trained under close
to the edge conditions [8].

The tuning accuracy (training) of the neural
network is determined by the condition: multiple
input vectors of different groups, minimally different
from each other, are correctly recognized and
several vectors of the same group, the most different
from each other, are correctly recognized.

3. Conclusions

1. The comparative analysis of the receiving tract
errors fractions is given. It allows justifying the
structures choice and principles of communication
channel.

2. The accuracy of signal type identification will
increase if error fractions identified and reduced to
the level of insignificant or eliminated.

3. The reasonability of error fractions revealing
with hardware tools for repeating the operating
conditions and environmental variability of
experimental studies is proved.

4. The methodic of signal type identification
realized with total error graph of receiving track,
increases its accuracy.
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HageneHo aHaii3 CKJIaJIOBUX MOXHOOK MPHIAAIB MPHHMATEHOTO TPAKTY KaHATy 3B’S3KY, SKi BIUIMBAIOTH HA TOYHICTH
imeHTH]iKamii TUMIB CUTHANIB. PO3rIAHYTO CKIamoBi MOXHOOK E€IEKTPOHHUX NPHIAMIB U MiIBHIICHHS TOYHOCTI
imeHTH]IKaIil THITB pPaIiOCHTHANIB amapaTHUMH 3aco0aMU, TO€IHAHWX 3araJlbHUM IUTHOBHM IIPHU3HAYCHHIM 1
YTBOPIOIOUHX ONTHUMAIIBHUM Ui B3aeMomii 3 00’€KToM 1 omeparopoM KaHanm 3B’s3Ky. [loka3aHo, IO TOYHICTH
ineHTH(iKalii TUNY pajiOCUTHANLY 3aJeKUTh BiJi TOYHOCTI HACTPOIOBAHHS BUMIPIOBAJIBHOTO IpHiiMava, nepenadi
CUTHAJIy MO MPUUMANBHO-MIICHIIOBAILHOMY TPAKTy MPH BiJCYTHOCTI CIOTBOPCHb, BUMIPIOBAHHS CIICKTPY CHUTHAIY,
BU3HAYCHHS THIy CUTHAIY 3a JOMOMOTOK EKCIIEPTHOI CHUCTEMH. 3 ypaxXyBaHHSAM YKa3aHUX (DAKTOpiB BHU3HAUCHO
CyMapHy MOXMOKY imeHTH(ikamii THINB CHTHATIB, MOJaHy Yy BHIVIAAI MOBHOrO rpada CKIAJAO0BHUX IMOXHOOK
MPUHMAIIBHOTO TPaKTy KaHay 3B’SI3Ky, SIKUI JO3BOJIE OIIHUTH IEpeBaru BHKOPHCTAHHS alapaTHHUX 3aco0iB mepen
MIPOTPaAMHUAMHU 3aC00aMH 1 MiABUIUTH TOYHICTH 1ICHTU(IKAII] THIIIB CHTHAIB 3 X JOTIOMOTOIO.
KiarouoBi ciaoBa: kaHam 3B’A3Ky; CKIQJOBI MPUHAMAIBHOTO TPAKTy;, CIEKTPANBHUM CKIIAA CHTHANIY; TOYHICTB
imeHTU]IKAII] TUTIIB CHTHATIIB.
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BrinonHeH aHalM3 COCTAaBJSIIONIMX MOTPEIIHOCTEH YCTPOMCTB NPUEMHOr0 TpaKTa KaHaja CBSI3HM, OKAa3bIBAIOLIUX
BIMSIHAC HAa TOYHOCTh MJICHTH()UKAIUN THUIIOB CUTHAIOB. PAaCCMOTPEHBI COCTABISIOIINE MOTPEITHOCTEH 3IEKTPOHHBIX
YCTPOWCTB JJsl TOBBINICHUS TOYHOCTH WACHTH(HUKAIIMKA THIIOB pPAJAHMOCHTHAJIOB aIlllapaTHBIMU CPEICTBAMH,
00BEIMHCHHBIX OOINUM IIEJIEBBIM Ha3HAYCHHEM WM O0Pa3YIONIMX ONTHMAIBHBIA U B3aUMOJCHCTBUS C OOBEKTOM U
omeparopoM KaHan CBs3u. [lokazaHO, YTO TOYHOCTh HICHTU(HUKAIMHM THUIA PAJHOCHTHANA 3aBUCHT OT TOYHOCTH
HAaCTPOUKH HM3MEPUTENHHOTO MPUEMHHKA, Tepeadynd CHUTHAJIA M0 MPUEMHO-YCUIUTEILHOMY TPAKTy MPU OTCYTCTBUH
HCKa)XeHUI, N3MEPEHNs CIEeKTpa CUTHajla, ONpEeAeNICHNUs THUIAa CUTHAJa SKCIepTHOH cucteMol. C y4eToM yKa3aHHBIX
(hakTOpOB OIpeeNieHa CyMMapHas MOTPEITHOCTh HACHTU(UKAIINH THIIOB CUTHAJIOB, NPEICTABICHHAS B BHUJIE ITOJHOTO
rpada cOCTaBIAIONMX IMOTPEITHOCTEH MPUEMHOTO TPaKTa KaHajla CBSA3H, KOTOPHIN MO3BOJSET OLEHUTH IMPEHM yIIECTBA
WCTIOJIb30BaHMUS alMapaTHBIX CPEACTB Tepes] MPOrPaMMHBIMH MaKeTaMU M TIOBBICUTh TOYHOCTh WACHTU()UKAIMH THIIOB
CUTHAJIOB C UX MOMOILBIO.
KiloueBble cioBa: KaHaj CBSI3H; COCTaBJSIOLIME MPUEMHOTO TpPAKTa; CHEKTPAJIbHBIM COCTaB CUTHANA; TOYHOCTb
UACHTU(DHUKAIIMY THIIOB CUTHAJIOB.


mailto:kharch@nau.edu.ua
mailto:2vjlarin@gmail.com.ua
mailto:jana.s2010@ya.ru
mailto:kharch@nau.edu.ua
mailto:2vjlarin@gmail.com.ua
mailto:jana.s2010@ya.ru

V. Kharchenko et al. The methodics of signal type identification accuracy with hardware tools 27

Volodymyr Kharchenko (1946). Doctor of Engineering. Professor.

Holder of a State Award in Science and Engineering of Ukraine.

Winner of a State Prize of Ukraine in Science and Engineering.

Vice-Rector for Scientific-Research Work, National Aviation University, Kyiv, Ukraine.

Head of the Department of Air Navigation Systems, National Aviation University, Kyiv, Ukraine.

Professor of Traffic College of Ningbo University of Technology, Ningbo, China.

Education: Kyiv Civil Aviation Engineers Institute with a Degree in Radio Engineering, Kyiv, Ukraine (1967).
Research area: management of complex socio-technical systems, air navigation systems and automatic decision-making
systems aimed at avoidance conflict situations, space information technology design, air navigation services in Ukraine
provided by CNS/ATM systems.

Publications: 405.
E-mail: knarch@nau.edu.ua

Vitaliy Larin (1970) Doctor of Engineering. Professor.

Department of Air Navigation Systems, National Aviation University, Kyiv, Ukraine.

Education: Donetsk National Technical University, Donetsk, Ukraine (1994).

Research area: automated design, measurement of mechanical values, methods and devises of air navigation parameters
estimation, speech processing, program controlled embedding devises.

Publications: 140.

E-mail: vjlarin@gmail.com

lana.Savitskaya. Postgraduate student.

Department of Electronic Engineering, Donetsk National Technical University, Donetsk, Ukraine.
Education: Donetsk National Technical University, Donetsk, Ukraine (2010).

Research area: informational technology.

Publications: 10.

E-mail: jana.s2010@ya.ru4


mailto:knarch@nau.edu.ua
mailto:vjlarin@gmail.com

