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JlaHHbIe, KOTOpBIE CUUTHIBAIOTCS C HpHOOpa, Co-
xpaHsaioTes B GopmaTe IXt 1 MOTYT OBITH 3arpyKCHBI
JUist pabOTHI C MOJTYYECHHBIMHU JTAHHBIMH.

3akiaio4yeHue

Koa MomepHH3UpOBaH ISl TUCKPETHBIX CHCTEM.
Bbut co3man anroput™ mist nonyderus Gpynkiun h(t)
U3 PpaslUYHBIX CTPYKTYp MEpPEIaTOYHBIX (GYHKIHUi
W(2).

B Oynymem TutaHupyeTcss paccMOTpeTh Oosiee
CIIO)KHBIE CTPYKTYPBI II€PeNaTOYHBIX (YHKIHMH, CO-
3[0aTh AJITOPUTM JUI HEpeBOJa 3THUX IePelaTOYHBIX
(hyHKOHH B QYHKITUIO BpEMEHH.
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Beegenne

B Hacrositiee Bpemsi KOMIIBIOTEPHOE 3pEHHUE I10-
JY4WUJIO IIMPOKOE MPUMEHEHHe B 00JacTH poboTo-
TEeXHHUKH OJarojiapsi CBoe MyJbTHILIATPOPMEHHOCTH
Y pa3BUTOW JOKYMEHTALMH MO Pa3padOTKH U MpUMe-
HEeHU10. B CBsI3M ¢ TaHHBIMU TEHJICHLMSIMHU OBLIO pe-
mIeHo pa3paboTaTh COOCTBEHHYIO pPOOOTOTEXHHYE-
CKYI0 IUIaTGOPMY C KOMIBIOTEPHBIM 3pCHUEM IS
IKCIIEPHUMEHTAJIBHBIX LeNIel, KOTOpast P 3TOM Oblia
OBl TIPOCTA B HCIOJB30BAHMU M JCIICBIIC aHAJIOTOB,
NPECTaBJICHHBIX Ha PhIHKE.

ITocTanoBKka 3aga4 JJsi PoO0OTOTEXHUYECKOI
CHCTEMBI

PoGoroTexHuueckasl cucremMa A0JDKHA MMETh 00-
JanaTh CIEAYIOUUMH XapaKTepUCTUKAMU:

e  00pabarpiBaTh HM300pa)KEHUsT M BHJECO NPHU
MOMOIII OOPTOBOTO BBIUMCIUTEIFHOTO YCTPOUCTRA,;

e  ynanéHHO YNPABIATHCA C IIEPCOHAIBHOTO
KOMITBIOTEpa, a Takke OOMEHHMBAaThCS C HHUM
HEOOXOIMMBIMHM JTaHHBIMH Uil HaOMIofeHus 3a
paboTO¥ CHCTEMBI;

e OBITH COBMECTUMOH C  COBPEMEHHBIMH
OmbnnorekaMu,  S3BIKAMH  [IPOTPAMMHPOBAHMUS,
pa3nuuHOi nepudepueii;

e  UMeTh HEOOJBIIYIO CTONMOCTb;

e  UMETh MOAYNHHYIO KOHCTPYKIHIO C JIETKO
3aMEHSAEMBIMH YaCTAMHU.

Hcxons w3 maHHBIX TpeOOBaHUI, IS CHCTEMBI
ObUTH 1T0J00paHbl HIKETIPUBEAEHHBIE KOMIIOHEHTHI.

BopToBoe BhIYHCIUTENBHOE YCTPOICTBO

B pesynbraTe moucka, Cpeiud MMEIOUIUXCA Ha
PBIHKE TOPTATUBHBIX BBIYUCIIUTENBHBIX YCTPOMCTB,
OBUIO HalIGHO pelleHHe IpeAcTaBisAoniee coOon
MHUHHUATIOPHBIA ~ KOMIIBIOTEP «Raspberry Pl
Model B» (puc. 1).

Puc. 1. Raspberry Pl Model B

CucTeMHbIe XapaKTePUCTUKU:

e IIpomneccop ARM1176JZF-S ¢ wactoroit 700
MI';

e  Mecro xpanenus: SD Card Slot (SD unu
SDHC xapra);

e  [lamsarte oneparusHas: 256Mb;

e I'paduka: Broadcom VideoCore IV, OpenGL
ES 2.0, 1080p30 H.264;

e  Unrepdeiicer: USB 2.0 X2, Ethernet, 3.5 mm
3BYKOBOM BBIXOJI, aHAJIOT. BH/e0 BbIxoa, HDMI,
GPIO x26;
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e  [lutanme: 5 B uepe3 micro USB, Tok 0.7-1.0
A;

e Vmpasisercs onepaluOHHON CUCTEMOI
Linux (Debian GNU/Linux, Fedora, Arch Linux);

e  Tabapursr: 8.5cMm X 5.4cm X 17MM 1 Becom
45 rpamm.

JlaHHOE YCTpPOWCTBO MOAXOIUT MO 3asiBICHHBIM
TpeboBanusiMu. i nutanus «Raspberry Pl» mocra-
TouHO 6 akkymymsitopoB Ni-Mh AA 1.2B u moumxa-
10K cTabWiIN3aTop ¢ HaNpsDKEHHEM CTaOWIN3aluu
5B u nponyckHbIM TOKOM 10 1A.

laccu poGoTta

Hcxons w3 mocTaBlIeHHBIX TpeOOBaHWH W KOH-
CTPYKTHBHBIX OCOOEHHOCTEH OOpTOBOTO BBIYHCIH-
TENBHOTO YCTPOICTBAa, €ro HMCTOYHHKA NHTAHUS |
SKOHOMHH BpPEMEHH Pa3paboTKH, ObUTO BRIOpAaHO TO-
TOBOE INACCH, COCTOsIEE W3 JABYX MOTOp-
PEIYKTOPOB, IBYX KOJIEC, OJJHOTO BCIOMOIaTEIbHOTO
KoJIeca, MTACTHHBI U3 OpreTekia (puc. 2).

Puc. 2. [llaccu pobota

s ynpaBiieHHsT IBUTATeIsIMA  ObUT  BBIOpaH
npaiisep L293DNE. [lns nuranus apaitBepa u JABHra-
TeJeld OT OOIIEero UCTOYHHKA MUTAHHS ObLIT MCIOJIb-
30BaH MOHIKAIOIUI cTabunmu3arop 1o 5B Ha 1A.

Po0GoToTexHHUecKasi CHCTEMA B HTOTOBOM BH/I€

Puc. 3. PoOororexanueckas cucrema

B KOHEYHOM BapWaHTE POOOTOTEXHHYECKAS CH-
cTeMa NpUHsIa ciaeayromuii cocras (puc. 3):

e  KOJECHOE MIACCH;

e  «Raspberry Pi» coBmecTHO c:

o BeO-KaMepou;
o Wi-fi USB monemoM;
° npaiiep L293DNE;
®  HCTOYHWK NMUTaHWA U3 6 akKymysstopoB Ni-
Mh AA 12B ¢ 1ByMA  TOHIKAIOIIAMA
crabmnmzaropamu 10 5B Ha 1A;
e  yIbTPa3BYKOBOH JaJbHOMED.

IIporpammuoe ynpasjenue poGoTom

VYupapneHue poOOTOM MPOM3BOAUTCS HPHU IOMO-
M IpOrpaMMBl paclio3HaBaHUS OOBEKTOB Ha BUJEO,
HalMCaHHOM Ha s3bIke mnporpammupoBanust C++ c
rcnoiib3oBanneM oubmorexkn OpenCV.

Ilens paboTHI anropuT™Ma IPOrpaMMbl — BECTH PO-
00Ta Ha PacCTOSIHAU OT OMPEAEIEHHOTO 00BEKTa, TEM
CaMbIM IIPOU3BOJIS CIIEKEHHE 32 JaHHBIM OOBEKTOM.

Jnsa ynpaBneHns yrioM IOoBOpoTa poOoTa uc-
MONB3YIOTCSl JIaHHBIE, IIOJNydeHHBIE W3 00paboTKH
BHUJIEONIOTOKA C KaMephbl, TJIe Paclo3HAETCS UCKOMBIN
00BEKT 110 Onpe/ieEHHBIM Npu3HakaM. TakuMm o0bek-
TOM MOXET OBITh YEJOBeK WM Mapkep. B kauectse
IMMPU3HAKOB MOTYT UCIIOJIB30BATHCA KOHTYPHbI, KaCKaJbl
Xaapa, LIBETOBasi TaMMa.

[Mocne onpexeneHus yria MOBOPOTa poOOT HAYM-
HaeT ABWXEHHUE W IIPOM3BOAUT OCTAHOBKY Ha OTpesie-
JIEHHOM PacCTOSHUM OT OOBEKTa, IO AAHHBIM C YIb-
TPa3ByKOBOTO JAJILHOMEpA.

OKCHEeprUMEeHTHI TOJOOHOTO PO/ia TIEPCIICKTHBHBI B
o0xacT poOOTOTEXHUKH, 3aHMMAOIICHCs pa3padoT-
KOW pOOOTOB AT TOMOIIM JIIOASM B PasIHYHBIX
YCIIOBUSIX

BriBoa

B pesynbrare mpoBenéHHOW paboTHl ObLIM J10-
CTHTHYTHI IIOCTaBJICHHBIE 3a/Ia4H.

Ha naHHOW pOOOTOTEXHHYECKOH cCHUCTeMe OBLIO
YCIICITHO TIPHUMEHEHO NpOorpaMMHOE obecredeHue
JUISl pacTio3HaBaHHUsl OOBEKTOB Ha BUJICONOTOKE M Be-
JICHUH 32 HUIMH poOoTa.

Tarxoke maHHast IIaTopMa MOXKET HCIIOIb30BATh-
cs Ui Ipyrux ueneil. Hampumep, ¢ mogkmodeHueM
JATYUKOB TMPEMATCTBUI, MOXHO OyAeT IpOBOIUTH
9KCIIEPUMEHTHI B O0JIACTH NPOEKTHPOBAHUS aBTOMa-
TOB, MAIIMHHOTO O0YYEeHUS, HEHPOHHBIX CETEH.

B panpHeilieM IUIaHUPYETCSl YCOBEPLICHCTBOBA-
HHE MpPOrpaMMHOIO W allapaTHOro obecreueHus
POOOTOTEXHUYECKON CHCTEMBI, MyTEM pa3paboTKH
HOBEIX aJTOPUTMOB U Ooyiee ymoOHOro mHTepdeiica
JUISl TIPOTPAaMMHOTO OOEcIieueHHns, a TaKXKe H3MEHe-
HUS TIepedHs nepudepuy, MoJKII0YaeMOH K armapar-
HOM 4acTH.
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Introduction

Nowadays, data support is an important develop-
ment factor in al the knowledge fields, which encour-
ages emergence of challenges in which it’s impossible
to mind all the present conditions identifying the re-
sult and at the same time to single out only an approx-
imate set of the most important conditions. Disturb-
ances and condition performance capability can be
cited as an example. A result is frequently inexact,
and the identifying algorithm cannot be correctly im-
plemented. Elaboration and implementation of con-
nectionist algorithms and of the fault detection sys-
tems based on them, is relevant when solving the
tasks of this kind.

The connectionist algorithms based on the neura
networks, can change their operation depending on
the state of their environment. After the analysis of
input signals (possibly, together with the demanded
output signals), they undergo self-regulation and self-
train in order to guarantee a proper reaction. A trained
network can be sustainable to some divergences of the
input data, which allows it to properly “see” the im-
age containing various disturbances and deterrenc-
es[1].

Artificial neural networks, similar to the biological
ones, are a computing system with an enormous hum-
ber of simultaneously operating simple processors
with great number of wires. Despite the fact that when
constructing such networks, a number of concessions
and major facilitations differing them from their bio-
logical analogues is usually performed, artificial neu-
ral networks demonstrate an incredible number of
quantities peculiar to the brain. These are experience-
based training, extraction of important data from in-
formation overload.

An essential quality improvement of decision-
making and satellite equipment nods efficiency can be
attained with the help of integrated computer technol-
ogies implementation in the form of intelligent heart,
as a part of fault detection systems, which will allow
to quickly process large datastreams.

The intelligent heart will allow the usage of the
most up-to-date forecasting methods used in the mate-
rials fault detection systems and satellite equipment
nods. Complex networks, including engineering ones,
require provision of high-quality of operation and
reliability.

Main challenges

When creating the connectionist algorithms, mate-
rials fault detection systems and satellite equipment
nods, a number of tasksis solved:

1. Thetask of the object domain formalization,
i.e. encoding which includes the list of generic class
to which particular materials condition performance
capabilities and equipment nods can be related as well
as a number of characteristics basically inherent to
these objects.

2.  Thetask of training set formation, i.e. the da-
ta base which describes particular data used for certi-
fication of materials and satellite equipment nods in
terms of characteristics. Their rating can also be addi-
tionally specified.

3.  Thetask of the fault detection systems train-
ing or the task of the object condition determination.
The training set is used for the knowledge base for-
mation. Assessment based on the input criteria is be-
ing carried out, owing to which one can define the
value of each characteristic for the satellite equipment
diagnostic in the whole. After this, minor characteris-
tics may be excluded and the fault detection system
can bere-trained. This process implies iterances.

4. Quality control. The control is provided ow-
ing to coefficient calculation which alows to define
the actual average error probability in fault detection
for materials and satellite equi pment nods.

5. The forecasting task is based on the service-
simulating test and allows to obtain corresponding
quantitative assessment of the satellite equipment
breakdown.

Engineering diagnostic system

Arrangement of efficient operation verification
and performance monitoring of satellite equipment
(the details, elements, nods, the information transla-
tion, processing and storage processes) which is ar-
rangement of technical condition diagnosis processes
when in service are one of the important measures of
guarantee and maintenance of the technical objects
reliability.

The diagnosis agorithm provides for implementa-
tion of some conditional or unconditional sequence of
certain experiments with the object. The experiment is
characterized via a test or operational input and a set
of characteristics under control which identify the
object’s response to the input. Searching algorithms
are aso included in this system of fault detection in
materials and satellite equipment, beside the testing
algorithm [2].
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