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AHHOTAIIMA

OnHMM W3 IPHUOPUTETHBIX HAINPABJICHUIN MOBBIIMICHUSA KA4eCTBA HMCIBITAHWN ABUAIMOHHOW TEXHUKU U
BOOPYKEHHUSI SIBIISICTCS COBEPILIEHCTBOBAHNE MHPOPMAIIMOHHOTO 0o0ecIieueHusl UCIbITaHui. B HacTosmee
BpEMs IPOUCXOANT IIUPOKOE BHEIPEHUE CUCTEM PErHCTpaly Ha 0a3e BHIEOKaMep OOIIero Ha3HaueHusl.
ABTOMaTH3UpOBaHHAs 00pabOTKa TPaeKTOpHOH MHGOPMALUH, MMOJyYCHHOM OT TaKHX CHUCTEM SIBIISIETCS
aKTyanbHOW 3ajaueii. B craThbe ommcaHbl TEXHOJOTWYECKAas JIMHUS M 3Tamnbl 00pabOTKH TPaeKTOPHOM
WHQOPMAIUK, 3apErHCTPUPOBAHHONW C IOMOINBIO BHJIECOKaMep OOIIEro Ha3HAYEHUS, HCIIOJIb3yeMbIe
METO/ABl U PEATH30BaHHbBIC alTOPUTMbI 00pabOTKH. Vcronb30BaHME B NMPAKTHUKE JIETHBIX WCIBITAHUH
CHCTEM BUAEOpPETUCTpalMU Ha 0a3e BUACOKaMep OOIIEero Ha3HAUYEHHs, a TAaKXKe TEXHOJOTHUECKUX JTMHUH
00paboTKN WHQPOPMAIUH, 3aPETUCTPHUPOBAHHON TAKUMH CHCTEMaMH, TO3BOJISIET IMOJIy4aTh HE TOJBKO
Ka4eCTBEHHbIE, HO M KOJIMUECTBEHHBIE OLEHKH MTPOLIECCOB, IPOUCXOISAMINX C OOBEKTOM HCIIBITAHHUH.

Abstract

One of the priority directions of improvement of flight tests quality of aeronautical equipment and aircraft
weapon is upgrading information support of tests. When conducting tests for measurements on the final
trajectory of test items, the use of new mobile optical devices is required. These devices should provide
automatic recording standby mode, be serviced by a small number of personnel and be quickly delivered
and deployed in a given area. Today there is a large scale implementation of system of registration on the
basis of traditional video cameras. Automated processing of trajectory data received from such systems is
a relevant objective. The article describes the production line and the stages of processing of information
recorded with the help of general purpose video cameras. Automated processing of trajectory data,
regardless of the type of measuring tool used, the media, and the requirements of the processing task, is
performed in four stages. The first stage is the preliminary processing of measurement data. This stage is
the most labor intensive and less automated. Time and labor costs for solving the tasks of this stage make
up 60% of the total costs of the information processing. The second stage is the preliminary data
preparation. At this stage, the measurement data is prepared and reduced to a form suitable for processing
programs. Time and labor costs at this stage are 4-10% of the total costs of the technological process. The
third stage is data processing. At this stage, the data is processed in accordance with the program
withrespectto the task. Time and labor costs at this stage range from 5 to 12% of all labor costs for
processing and depend on the type of flight experiment. The fourth stage is the analysis of processing
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results. At this stage, the processing results are analyzed, formalized and sent the customer. The stage is
not automated; all operations are performed manually and take up 18-20% of the total costs of the
processing. To determine the trajectory parameters of a test item, the direction finding method based on
the synchronous calculation of angular directions to the item based on the video information received
from two video cameras is used. At the same time, algorithms for determining angular directions to
reference points, calculating the focal length of video cameras, determining the position of the optical
axes of video cameras and determining the rectangular coordinates of the item are implemented. The
technological line for processing trajectory data includes application software which consists of: video
processing software; programs for calculating the true angular directions to the item and its coordinates.
The use of video of system of registration based on general purpose video cameras, as well as production
lines of information processing recorded by such systems in flight tests, allows to obtain not only
gualitative, but also quantitative assessments of the processes which the test item is subject to, which
ultimately increases the level of information support of the test process.

KiroueBble cj10Ba: CHCTEMBl PETHUCTPAIMH, TEXHOJOTHUECKHE JIMHAW OOpabOTKH WH(OOPMAITHH,
q)OKYCHOG pacCTosdHUEC, II0JIOKCHUC ONTHYECKOM OCH, YIJIOBBIC HAIPAaBJICHUA, MIPAMOYIOJIbHBIC
KOOpAWHATHI.

Keywords: system of registration, technological lines of information processing, focal length, position of
the optical axis, angular directions, rectangular coordinates

BBenenune

OnHUM M3 NPUOPUTETHBIX HAINpPaBJICHUH MOBBIMLIEHHUS KayecTBa MCIIBITAHUN aBUAIIMOH-
HOM TexHuku U BoopyxeHus (AT u B) sBnsercss coBepiieHCTBOBaHHE HHPOPMAIIMOHHOTO 00ec-
Ie4YeHus] UcnbplTaHui. B mocieanue roapl ObICTpBIA mporpecc 60eBoi aBHALIMOHHOM TEXHUKHU
00yCIIOBMIJI TeHJICHIIMIO K BCECTOPOHHEMY COKPAILIEHHIO CPOKOB MCIBITAHHUNA MPU COXPAHEHUH U
YBEJIMUYEHUH KayecTBa OLEHOK KaK 3a CYET CO3JIaHMs U BHEIPEHUs BHICOKO3()(PEKTUBHBIX METO-
JIOB MICTIBITAHUH, TaK M 3a c4YeT OoJiee palMoHATbHOW OpraHU3aIMK HCIIBITaTEIbHBIX MPOIECCOB
[Uepnyxun, 1994; JloGeiiko u np., 2018].

[Tpu moObix ucnbiTaHusaX Beex BUaoB AT u B ocHOBHOEe BHMMaHME yJenseTcs epBHY-
HOMY IOJIyYE€HHUIO HH(POPMAIIUK OT 00bEKTa HCIIBITAHUI U ee Mocieayromed 00paboTKe ¢ LeNblo
MOJIy4EHUsI €ro OOBEKTUBHOM OleHKHU. [Ipu 3TOM B OONBIIMHCTBE CllydaeB OCHOBOIOJATAIOIIH-
MU SBJISIOTCS BHEIIHETPAaeKTOpHbIE M3MepeHus. OHU 3aHMMalOT 0co00e MECTO B Ipoliecce uc-
MBITAHUN U UCTIOIB3YIOTCS JIUISl OLIEHKU MTPaKTUUYECKH BCEX aBUAI[MOHHBIX KOMIUIEKCOB.

B HacTofIee BpeMsl CYIIECTBYIOT PA3JIMYHBIE CUCTEMBI AJIS BBINOJIHEHMSI BHEIIHETpa-
exkTopHbIX u3Mepenuil [Uynaxun, CaBuH, 2014; Cepena, MorunsuukoB 2014; Manslkus u ap.,
2012; Kusasp, 2015; Eces, Jlaroiiko, 2015; Jononos, Ilytsatun, 2017]. Baxxnoe mecto cpenu
ATHX CHCTEM 3aHHMAIOT CUCTEMBI, padOoTaloIMe B ONTHUYECKOM JHana3oHe, IBIMoIuecs Hauoo-
Jee TOYHBIMH U3 HUX. O/IHAaKO X JOCTaBKa HAa HEOOOPYJOBaHHBIE TAKUMHU CpPEICTBAMH OOEBbIE
0JI BPEMEHHBIX IOJINTOHOB Ha PAacCTOSHUS B COTHU KUJIOMETPOB, B YCJIOBMSIX O€340POXKbA,
MOJKET MPHUBECTH K COKPALICHUIO CPOKOB MX JKCIIyaTaluu. Takyke BO3ZHUKAIOT MPOOIEMbI MpU
OpraHM3allK U BBIOJHEHUU PETUCTPALMU JAHHBIMH IITATHBIMU cpejncTBaMu. OHHU, KaK MpaBU-
JI0, YCTAHABJIMBAKOTCS HAa KalUTAJIbHBIX COOPYKEHMSIX, K HUM IPOKJIAaJbIBAIOTCS JINHUU TIepesa-
Y CUTHAJIOB CUCTEMBI €IMHOTO BpeMEHU. BMecTe ¢ TeM CyIecTBYIOT TaKHE 3KCIEPUMEHTHI, IPU
KOTOPBIX HEBO3MOYKHO Pa3MEILEHUE M HCIOJIb30BAHUE CYILECTBYIOIIMX ONTHUYECKUX CPEICTB
TPaeKTOPHBIX U3MEPEHUI, HapuMep, TOpHasi WK TPYJHOIPOXOAUMas MECTHOCTDb U OIpeJieeH-
HbIe pexuMbl padoTs! [Konomuen u nip., 2010; [lu6anos, 2018].

[ToaTomy npu npoBeneHuu ucneitTanuii 0opasnoB AT u B HacTosTenbHO TpeOyeTcst mpu-
MEHEHHE HOBBIX MOOMJIBHBIX ONTHYECKUX CHUCTEM HM3MEpPEHH, KOTOpPBIE JOJDKHBI ONEpaTHBHO
pa3BoOpauMBaThCS B 3aJJaHHOM pailOHEe, UMETh aBTOMATUYECKUIN PEXXUM MOJATOTOBKU K PErUCTpa-
UM 1 HEOOJBIIOE KOJMYECTBO OOCIY)KHBAIOLIETO NepcoHana. Takoil cucteMoil siBisieTcs cH-
cTeMa perucrpanuu Ha 0a3e BHUIEOKaMep OOIero Ha3HAuYeHHWs. 3ajavya aBTOMATH3UPOBAHHOMN
00pabOoTKH TPAeKTOPHOM MH(OPMAINH, MTOIYYEHHOH € MOMOIIBIO CUCTEMBI perucTpaluy Ha Oa-
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3¢ BHJICOKaMep OOIIEro Ha3HAUYCHHUs, CTAHOBUTCS aKTyaJbHOW B MH(OpPMAIMOHHOM obecrede-
HUM ucnbiTanuii 00pasuoB AT u B [Mutpodanos u ap., 2014].

ABTOMaTH3UpOBaHHAsE O00pabOTKa TPACKTOPHOH WHQPOpPMAIMKM HE3aBHCUMO OT BHJIA
MPUMEHSIEMOT0 U3MEPUTEIBHOTO CPEICTBA, HOCUTEIN HHPOpMAIMK U TPeOOBaHMM 3aJaHus Ha
00paboTKy BBIMIONHSECTCS B 4YeThipe dtama. CTPYKTypa TEXHOJOTHYECKOW JIMHUU O0pabOTKU
JAHHBIX CPEACTB TPACKTOPHBIX NU3MEPECHHUI MTPE/ICTaBICHA Ha puC. 1.

[IpenBapurensHas 0OpaboTka
U3MEPUTETbHON MH(pOpPMALIUK

[IpenBapurenbHas
TMIOJI'OTOBKA JaHHBIX

O6paboTka JaHHbIX

Ananus
pe3ynsTaToB 00paboTku

Puc. 1. TexHonornueckas TUHUST OOpaOOTKH JAHHBIX CPEJICTB TPACKTOPHBIX H3MEPEHUI
Fig. 1. Technological line for data processing of trajectory measurements

[lepBrIii 5Tanm — npeaBapuTeabHas 00paboTKa M3MEPUTENBHON HH(pOPMAMU. DTOT ATaIl
SBIISICTCS. HamOoJiee TPYIOEMKMM W MEHEE aBTOMATH3UPOBAaHHBIM. BpeMEHHBIE U TpPYIOBBIC
3aTparhl Ha PElIeHHE 33/a4 JAaHHOTO dTana cocTtaBisioT 60% Bcex 3aTpaT TEXHOJIOTHYECKOTO
nporecca 00padoTku nHGOpMaMK. DTOT STAl BKIIOYAET CIEIYIONINE ONepaluu:

— UW3y4YeHUs 3aJIlaHUs Ha 00pabOTKy M TIOCTAHOBKHU 33/1a4 HCIIOJHUTEIISM,

— TOJYYCHHUS] MaTePHaJIOB U3MEPCHUM;

— HW3Y4YEHHS MPOTOKOJIOB PA0OT U3MEPUTEIBLHBIX CPEJCTB U CUCTEMBI €IMHOTO BPEMEHHU;

— aHaJM3a KauecTBa U3MEPEHUH;

— YBSI3KU MaTepHajoB U3MEPEHUH B €JMHOM BPEMEHU U BBIOOPA y4yacTKOB 00pabOTKH;

— TOJTOTOBKH MCXOJHBIX TaHHBIX JUIS IPOTPaMM 00paOOTKH.

VcxonHble qaHHBIE AJIs IPOrpaMM 00pabOTKU COAEpKaT CBEICHHS O:

— CcHCTeMe KOOpAMHAT, B KOTOPOHW MPOM3BOJUTCS OIpEJeIEHUEe TEKYUIMX KOOPIMHAT
00BEKTOB;

— TPUBSI3KE H3MEPUTEIBHBIX CPEJICTB;

— BpPEMEHH Hayvajia ¥ KOHIIa 00pabaThIBAEMOTO y4acTKa;

— 1are oOpaboTKH;

— KOJIMYECTBE OIPEENIIEMBIX TAPAMETPOB;

— CTENEHW CIIIAXHUBAOIINX IOJUHOMOB M  KOJMYECTBE TOYEK, IO KOTOPHIM
MPOM3BOJIUTCS CTIIQ)KUBAaHUE U T. 1.

Bropoii stan — npeaBapuTenbHas NOArOTOBKA JaHHBIX. Ha 3TOM 3Tane m3MepurenbHas
UHpOpPMAaIKS MTOATOTABIMBACTCS U MPUBOIUTCSA K BUAY, YAOOHOMY JUIS MPOTpaMM 0O0pabOTKH.
Bpemennble M TpynoBble 3aTpaThl Ha JaHHOM »JTame coctaBisiioT 4—-10% Bcex 3arpar
TEXHOJIOTHYECKOTO TIpoliecca 00paboTKH.

Tpetnii sTanm — oOpaboTka naHHbIX. Ha 3TOM sTame ocymecTBisercss oOpaboTka 1o
porpaMMaM B COOTBETCTBHH C 3ajJlaHueM. BpeMeHHbIe U TPYJOBbIE 3aTpaThl Ha JJAaHHOM JTare
coctaBisiloT oT S5 10 12 % Bcex Tpynos3arpar Ha 00paOOTKy M 3aBUCAT OT THIA JIETHOTO
IKCTIEPUMEHTA.

YeTBepThlii 3Tan — aHAIN3 pe3ynbTaToB 00padoTku. Ha 3TOM 3Tane BHINOIHIETCS aHATU3
pe3ynbpTaToB 00pabOTKH, MX OGOpMIIEHHE M OTHpaBKa 3aKa3uyuKy. JTan HE aBTOMAaTH3UPOBaH,
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BCE ONEpalyy BBIMOTHAIOTCS BpyuHyro U 3aHuMaroT 18-20% or oOmux 3arpar
TEXHOJOTHYECKOT0 Iporecca 00paboTKH.

Onepanuu 4YeTBEpPTOro dTama mporecca oO0pabOTKHM TPYAHO (QOpMaIU3YIOTCA,
BBIIIOJTHEHUE 3TUX OIlepanuil TpeOyeT TBOPUYECKOIO MOAXOAAa W IPUBJICUEHUS CHELUAINCTOB
BbICOKOH KBanukamuu [BomoroB u ap., 2016; Mepkynos, XapbkoB, 1998; I'ymapoB u 1p.,
2017; JIyukos, Uynaxun, 2014, Cepena, 2014; Crenanos u ap., 2018].

ABTOMaTH3UpOBaHHAsA 00pabOTKa TPaeKTOPHON MHGOPMAIUU CUCTEMbI PEruCTpaliy Ha
0a3ze BUJeOKaMep OOIIEro Ha3HAUCHHs OCYILECTBIIIETCS B MOCIEMOJIETHOM PEXUME Ha aBTOMa-
TU3UPOBAHHOM paboyeM MecTe, BXOJSIIEM B COCTaB TEXHOJIOTHYECKOW TUHUHM 00paboTku. B co-
CTaB TOW TEXHOJOTHMUYECKOW JIMHUU BXOAUT TAaKKe M MPHUKIATHOE MPOrpaMMHOE oOecrieueHue,
KOTOpOE€ pelIaeT 3a/lady OIpeeieHHs] MPsIMOYTOIbHBIX KOOPAMHAT OOBEKTa HCIBITAHUN B 3a-
JAHHOM CHCTEeME KOOPAMHAT U COCTOUT U3: MPOrpaMMbl 0OpabOTKH BHUICOM300paKEHHS; TPO-
rpaMMbl pacuéTa UCTHHHBIX YTJIOBBIX HANpPaBICHUN HA OOBEKT U €r0 KOOPIUHAT.

BxomupiMu naHHBIME Ui 00pabOTKHM MO TporpaMMe OO0pabOTKH BHUACOM300paKEHUS
SBJIAIOTCS. BUJCOM300paKeHUsI O0BbEKTa U OpUEHTHPOB. [[nsi mporpaMmbl pacuéra MCTHHHBIX
YIJIOBBIX HAmpaBIeHUH Ha OOBEKT M €ro KOOpPAMHAT BXOAHBIMH JQHHBIMH SIBISIOTCS
reoJIe3NYecKue KOOpIMHATHl OPUEHTUPOB, MACCHUBBI KOOpPAMHAT OOBEKTA WM OPUEHTHPOB,
II0JIyYE€HHBIE Ha KaJpax BUACOU300paKEHMUS.

Jns ompeneneHus TPaeKTOPHBIX IMAapaMETPOB OOBEKTa HCIBITAHUNA HCIOIb3YETCA
IIEJICHTallUOHHBII METOJl OIpEAETCHUS] TPACKTOPUU OOBEKTA, OCHOBAHHBIM Ha CHHXPOHHOM
BBIYHCIICHUH YTJIOBBIX HANpaBJICHHUI Ha OOBEKT MO BUAeouH(OpManuu ABYX Buaeokamep. [Ipu
3TOM PEaTM30BaHbl aJITOPUTMBI:

— OIpEJENICHHS YIIIOBBIX HANpPaBJICHUN Ha OpueHTUpHI [Bonoros, Xamtotun, 2012];

— BBIUKCIIEHUS (POKYCHOTO paccTostHus Buaeokamep [Bomoros, 2012];

— OIpeJeIeHUs NTOJI0KEHNUS ONTHUYECKUX OCEl BUIEOKAMED;

— OmpeJeeHus MPSIMOYTOIbHBIX KOOPAWHAT OOBEKTA.

[TonHpli nuki 00pabOTKK MHGOPMAIUK, 3aPETUCTPUPOBAHHON BHI€OKaMepaMu OOIIEro
Ha3HAYEeHUs, IPECTaBIIEH Ha PUC. 2.

BI/UICOKZIMEPI;I 06nler0 Ha3HaA4YCHUA
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Fig.2. Stages of processing information registered with a video registration system based on general
purpose video cameras
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Ha »tanme mnpenBaputenbHOW 00paOOTKM HW3MEPUTEIBLHON HMHPOpPMAUA OmepaTop
IIPOU3BOJUT KOJMYECTBEHHYI0 M KAYE€CTBEHHYIO OLIEHKY BXOJHBIX BHJCOJAHHBIX ITyTEM
IPOCMOTpA 3aperucTpUPOBAHHBIX MarepuanoB. [Ipu 3ToM NpoBEpsAIOTCS HalIW4Me, MOJIHOTA
uHpOpMaLlUM B COOTBETCTBUM C 3aJaHMEM Ha OO0pabOTKy, NPHUTOJHOCTh MaTepHalioB K
00paboTKe MO KayecTBY 3alUCH WHGOpMAlMU, a TAaKXKE BO3MOXKHOCTb CHUHXPOHHU3ALMU I10
BpeMeHHU BuJeoMHpopManuu ¢ obeux Buaeokamep. Ilocie anammza pe3yinbTaToOB IMPOCMOTpA
IPUHUMAETCS PeIIEHUE O IPUTOHOCTH T€X WM MHBIX MaTEPUAJIOB K AajbHENIeH 00paboTke.

Ha sTtame mpenBapuTenbHON MOATOTOBKH JAHHBIX MpHU paboTe ¢ BHUAcOMHpOpManuei
OIepaTop, MCIOJIb3Yysl MpPOrpaMMy oOpabOTKM BHIEOM300paKEHUs, YKa3bIBA€T KOOPAMHATHI
OPUEHTHPOB M 00BbEKTa Ha N300PAKECHUH BUACOKAIPa.

Ha stane o0paboTku onepaTop Hpu MOMOILM IIPOrpaMMbl pacyeTa UCTUHHBIX YIJIOBBIX
HanpaBJIeHUH Ha OOBEKT M €ro KOOpAMHAT OmpenaeisieT (OKYCHBIE PACCTOSHUS IS KaKIOU
BUJICOKAMEPhl M MOJOKEHUE UX ONTUYECKUX OCEH — a3MMYTHI U yIibl MecTa. 110 BBIUMCIIEHHBIM
3HaYeHUAM (POKYCHOTO pacCTOSTHHUS OOBEKTHBA BHJICOKAMEPHI, MOJI0KEHUIO ONTHYECKONW OCH U
KOOpAMHAaTaM OOBEKTa Ha KaJgpax BHJIEOU300paKEHUS  PACCUUTHIBAIOTCS  MCTUHHbBIE
HaNpaBJICHUs! Ha OOBEKT — a3UMYT U YTOJI MeCTa Ul K0 BHICOKaMephl. 3aBepIlaeTcs 3Tar
00pabOTKH PacYeTOM MPSIMOYTOJIbHBIX KOOPAUHAT O0BEKTA.

Ha srane ananusa pe3ynbTaToB 00pabOTKH OMEpaTOp SKCIEPTHHIM ITYTEM aHAIU3HPYET
IOJIy4EeHHBIE PE3yJIbTaThl 0OpPAOOTKU C Y4ETOM APUOPHBIX JAHHBIX O JIETHOM 3KCIIEPUMEHTE U
JTAaHHBIX MOJUTOHHBIX JUCTOB. Ha OCHOBaHMM NpPOBEAEHHOIO aHajIM3a Pe3yJbTaToB 00pabOTKU
JIeNAl0TCSl  BBIBOJBI O JIOCTOBEPHOCTH IMOJYYEHHBIX JaHHBIX, OCYILECTBIIAETCS BBIBOJ
MOJIyYEHHBIX JAHHBIX HA II€YaTh.

Takum 00pa3oM, UCIOIB30BaHUE B MPAKTHKE JICTHBIX UCIBITAHUN CHCTEM BHJICOPETHU-
cTpanuu Ha 0aze BHIEOKaMep OOIero Ha3HAYEHUs, a TAK)KE TEXHOJIOTMYECKUX JTMHUNA 00padoT-
KU HH(pOpMaLMHU, 3apETUCTPUPOBAHHON TAKUMHU CUCTEMaMH, 1103BOJISIET MOIYy4aTh HE TOJIbKO Ka-
YECTBEHHbIE, HO M KOJIMYECTBEHHbIE OLIEHKHU IPOLIECCOB, MPOUCXOASIINX ¢ OOBEKTOM HCIBITa-
HUH, YTO B KOHEYHOM UTOI'€ MOBBIIIAET YPOBEHb HHPOPMALIMOHHOTO 0OecneueHus npouecca uc-
TBITAaHHA.
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