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Estimation of information reliability of airborne facilities designed for detecting

dangerous zones during flight

Information reliability characterizes the correct flow of information processes in a
given time interval under the given external conditions (including the impact of clutters),
assuming good working equipment.

Development of Airborne Weather Radar (AWR) is mainly associated with growing
functionalities on detecting various dangerous meteorological phenomena (DMP). A
major aspect of the operational efficiency of AWR is the reliability DMP detection [1].

On this basis the technique of reliability estimation at dangerous turbulence zone
(DTZ) detection was developed, and the first quantitative estimates of DTZ localization
on RR were obtained [2]. It is worth to mention dual-wavelength technique that was
developed for hail detection by ground-based radar that is not suitable for AWR. The
detection of hail zones at en-route flight is possible by using polarization techniques in
AWR. Other important point is the development of passive devices for thunderstorm
activity detection, which can be combined with AWR.

Conventional radar, coherent (Doppler) radar including quasi-coherence, polarization
and polarimetric radars, and finally Doppler-polarimetric radar are considered as basic
types of radar systems for implementation of different techniques of DMP detection.

Evolution of Airborne WX DMP detection resulted in the contradiction. On the one
hand, more detailed information improves weather service of aviation; on the other hand,
the pilots (operators of aero navigation system (ANS)) become overloaded by details.
They require indicating only limited advisable information. Therefore, we have come
again to the integrated estimation of dander, but on the new, much higher level.

Integration of dangerous meteorological phenomena as hail and icing detection
together with turbulence and wind shear detection in one system should be done with help
of AWR.

Recorded in the reporting documentation share of failures due to the activities of the
operator is from 20 to 95 percent. Therefore, the reliability of the operator of ANS is not
absolute, and this should be considered in the evaluation of its performance. Otherwise
reliability assessment of ANS will be grossly erroneous and exaggerated. And if the
decline in the level of reliability hardware associated with the emergence of failures, then
the reliability of estimates of ANS operator should speak of errors occur in its activities.
By operator error ANS will misunderstand performance or nonperformance of their
prescribed actions [3].
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AKYCTHYHHH JIOKATOP /Il 30HIYBAHHS MeTe0POJIOTiYHNX 00’ €KTIB

B po6ori mpoBexeHi AOCTiKEHHS MOMIUIEPIBCHKOrO aKyCTHYHOTO JIOKATOpa JUIS
30HIYBaHHS METEOPOJIOTIYHUX 00 €KTIB, B SKOCTI SKHX B3ATO IIyM Kpameib JOIIY.
IlpencraBnena MeToaMKa BHMIPIOBAHHS IIBHAKOCTI IAAIHHS Kpamenb JOmly 3a
JIOTIOMOTOI0 YCTAHOBKU 3 JIBOX MIKpO(OHIB, TYJHOMOBIIS, JONTYBANbHOI YCTAaHOBKH Ta
KOMIT'I0Tepa 3i 3ByKOBOIO KapToro (Puc.1).

OtpuMani pe3ynbrat 3BipsieMo 3 Moaesutio Ctokca Ha 30ir mBuakocrei. LIBumkicTs
BUMIPIOETBCS T ASSIKMM KyToM, OO IpH BEpPTHKAIBLHOMY BHMIpIOBaHHI Boma Oynme
MOTPAIUIATH B caM MiKpo(oH, 0 MOXe MOIIKOAWUTH alapaTypy Ta He JaTH HMOTPiOHUX
pe3yabTaTiB Mg 9ac BUMIPIOBAHHS. SIKINO BiMOMHUM KyT HAaXWIy 30HAYBAaHHS, TO MOXKHA
BU3HAYUTH 1 IIBHAKICTH Kpamenb. 3actocoByeMo 3akoH CTokca Il BiZHOCHOTO
nepeMileHHst ApiOHIX Kpareib B cepenosumi [1]. 3a miM 3aKOHOM MIBHAKICTH MajiHHA
KpaIul € TOCTIMHOIO 1 3aJIeXHTh BiX I po3Mipy, IO Ja€ MOMJIMBICT BHMIpPIOBATH
MIBUAKICTH 3a JomoMmororo epekry Jlommiepa. MokHa 3poOHTH BHCHOBOK, IO YHM
KparuIiHa Bak4a, TUM OLITBIION0 € IBUAKICTH ii MafiHAs
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Pucynox 1 — CxeMa eKCIIepHMEHTAIBHOI YCTaHOBKHI

IependavaeTnes, MmO 3a JOMOMOIOI0 IIEOTO METOXY MOXKHA Oyne BH3HAYHTH
po3Mip Kpamenb Oy, a Tako)K IepeBIpUTH AaHHI BIANOBIAHO 3 MAaTEeMaTHYHOIO
MOZEWTI0. 3 I[€I0 METOI0 pOo3po0ieHO mporpaMHe 3abe3MedeHHs 1 CTBOpEHa
eKCIIepUMEHTAIbHA YCTaHOBKA.
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SPACE POWER PLANTS. THEIRS PECULARITIES AND DESIGN ABILITIES.

Growth of the Earth popularity, exhausting of the natural energy sources and at the
same time increasing of its consumption lead not only to energy crisis, but also to
ecological catastrophe. That’s why the limitation of carbon and hydrocarbon fuel and
designing of non-traditional energy sources become actual.

The essential contribution in solution of this task can be carried in by the Solar Space
Power Plants (SSPP)(Fig.1). Such plants can help to solve the ecological problems and
allow decreasing the combustion products vapors in the atmosphere and reducing the
thermal loading in the Earth.

5km

Primary Mirror Primary Mirror
Secondary Mirrors

-
<
o
Photovoltaics =
and
Transmission
Antenna

Fig.1 SSPP’s structure and principle of operation.

The space energy completely can provide 30-40% of the whole energy consumption
of the Earth. Simultaneously, the transformation of the solar energy to the electric one in
conditions of space and delivering of it on the Earth need to consider such problems:

e Efficiency of SSPP work, main numerical indicators.

e Designing of SSPP solar transformers.

e Designing of the HF transmitter which would transform energy on the Earth.

e Designing of the Earth receiver and transformation of the HF energy into the direct
current with its further transformation into the industrial current.

Influence of the HF SSPP radiation on the live organisms.

Influence of the HF SSPP radiation on the onboard computers, electronic and
navigation devices’ work.

Operation of SSPP designing.

e Economic efficiency.

Thus, nowadays the problem of solar energy transformation in HF radiation and its
transformation on the Earth is open. That’s why it’s proposed some ways to design SSPP.
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MATEMATHYHE MO/JIEJTIOBAHHA KOAKCIAJIBHOI'O TPIMHUKA 3A
JOIIOMOTI OO ITPOT'PAMH HFSS ANSOFT

B npuctposax HBY mupoko BUKOPUCTOBYIOTECS BY3IIHU, B SKUX 3WICHOBYIOTHCS TPH
260 WoTHpH JiHii mepenadi. IX HA3MBAIOTH TPHIIEHHMH, YOTHPHILICYHMHI TIPHCTPOSMH,
abo mecty Ui BocbMumomocHukamu [1]. OTke, 10 Gararoruieynx MPUCTPOIB BiJHECEHO
Taki NMPHUCTPOI, y SIKUX KiJBKICTh Iuled OuTbIma HiK ABa mreda. BoHm cmyxars it
BiJITAy’)KCHHS TIOTY)KHOCTI, CKJIAJaHHS 1 TOAUTY CHTHAJIB, BHUMipIOBaHb, KOMYTamii
XBHJIEBOJHUX TPAKTIB 1 SIK €IEMEHTH CKJIQAHUX JBOIUICINX IPHCTPOIB.

B namiii poGoTi mpencTaBieHe MOMACTIOBAHHS TPiHHUKA (TPUILICIHHI TPUCTPIiii, B
SIKOMY 3WICHOBYIOTBCS TPH JIiHii Mepe/adi) Ha KOaKCialbHHX JiHisX B mporpami HFSS
Ansoft [2]. Lle 3po6iero 3 MeTor0 Bi3yamisalii mpomeciB, sKi BigOyBalOTECS B TPIHHHUKY.
A TakoX W1 PO3yMIHHS (I3MUHOTO 3MICTy €JIEMEHTIB MATpHIll PO3CISTHHS
IIECTUTONIOCHHUKA. [Ipm posramymkeHHi XxBuiieBoxHoi JiHil ii BXigHWIl omip iCTOTHO
3aJIeXKUTH SIK BiJ] XapaKTEPHUCTHUK T'JIOK, TaK 1 Bi reOMeTpil 3uICHyBaHHS.
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Puc. 1. Bizyasizanist mosis BCepeinHi KOaKCialbHOTO TpiiHUKA
OCHOBHI KpOKH, $IKi Oyn0 3pOOJCHO TPH MOJICIIOBaHHI POOOTH KOAaKCiadbHOTO

TpiliHuKa: 1 KPOK — CTBOPEHHS €KBiBaJICHTHOT MOJIeN TPiiHMKA; 2 KPOK — 3aaHHs OPTiB
JKMBJICHHS TpiiiHMKA; 3 KPOK — 3aJaHHs Jiana3oHy poOOYMX 4acTOT TpiiHMKA; 4 KPOK —
BH3HAYCHHS [IJTbOBHUX MapamerpiB (MaTpuist po3cifoBaHHs, Tpadiku eneMeHTiB MaTpHii,
Bi3yaunizamii moiB); 5 KpOK — pO3paxyHOK i OTpUMAHHS pe3yibTaris (puc. 1).
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MATHEMATICAL ALGORITHM FOR DETERMINING THE TRAJECTORY
OF AN OBJECT USING ITS ACOUSTIC NOISE

The purpose of this work is the development of algorithm for determining the object
trajectory, using the data of the noise produced by the object.

This algorithm consists of four main parts:

1. Measuring the noise made by the object.

There are a number of passive radars (microphones), which fix the noise made by the
object near it. To determine the exact location of the object it is minimum three radars are
needed. The microphones receive the signal in pairs. As a result the pairs of random
signals are got.

2. It is necessary to “find” in the given mixture of noises the signal made by the object
we need. To do it, we investigate each pair of signals. We can’t compare the whole
signals of radars between each other, because they are not correlated. So, the signals are
divided into the frames. It simplifies the calculation process and makes them more
accurate, as the separate frames are more correlated. To find the position of the object we
calculated the correlation function for each pair of the radars [1].
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So, it is necessary to choose short frames, such that the signal won’t change seriously, but
not shorter, than the signals arrival difference. Calculating the correlation function
between each pair of the frame brings the information about the position of the objects
near these microphones.

3. The accuracy of correlation function determination depends on the set of factors
and not always is satisfactory. So, it’s necessary to apply the filters to “clean” the picture.

4. At last, it is necessary to locate the measurements of correlation function on the
coordinate system. All the calculations are executed and represented in Mathcad software.

Conclusion. We have developed the algorithm, which allows to determine the
trajectory of the object, using the recorded acoustic noise. This algorithm contains the
noise measurement, processing of the obtained signal, searching the signal made by the
object we need to identify among the mixture of all received noises, filtering of the signal
and determination of character of object motion.
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