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KOI'HUTUBHBIE TIPO®ECCUOHAJIBHBIE POBOTbI
C IIEPEOBYYEHUEM HABBIKOB

E.I'. Bpvinoun

HUccneoosamenvckuii Lenmp « ECTECTBOMHDOPMATHKA»
bryndinl5@yandex.ru

CymiecTByeT Ba OCHOBHBIX HOAXOAA K MPOrpaMMHO-aNNapaTHOW pean-
3l TEXHOJOTUYECKOTO MBIIUICHHUS KOTHHUTUBHBIX POOOTOB. Bo-mepBhIx,
Ha OCHOBe MamuHHOro oOyueHus [1]. Bo-BTOphIX, Ha OCHOBE MOJEIHPOBa-
HHUSI KOMMYHHKaTHBHO-aCCOLMATHBHOM JIOTHKH IMOAPAKaTEIbHOIO MBIIILIE-
HUA denoBeka [2]. Ha ocHOBe 3THX MOAXOM0B PACCMOTPHM CO3JaHHE KOTHH-
TUBHBIX NTPOECCHOHAIBHBIX POOOTOB ¢ TIepeo0ydeHreM HaBBIKOB [3].

[Iporpammuo-anmapaTHas HHGOPMALMOHHAS cpeJa poOd0Ta XPaHUT CHM-
BOJIMYECKHE DJIEMEHTHl 3HAHUN B 3aKOJAMPOBAHHOM BHJE C CYIIHOCTHOH
pa3MeTkol, CHaOXKEHHBIX BCEMH NMPU3HAKAMH IPEICTABUTENCH pealnuy U CBs-
3aHHBIX CHTYaTHBHO-TIPH3HAKOBBIMH M CHTYaTHBHBIMU CXE€MaMH. ODJIEMEHTY
3HaHWH U3 MPOrPaMMHO-aNMapaTHOW cpeabl PoOOTa COOTBETCTBYET 3JICMEHT
3HaHUU U3 CYUTHOCTHOM Cpeibl YeJoBeKa. JTH 3JIEMEHThI 3HAHUN COOTHOCATCS
C OHMMH U TeM ke (parMeHTaMu peasny. DJIEMEHThl 3HAaHUI MPOrPaMMHO-
anmapaTHOH cpe/bl CHAOXAI0TCS CHHTAKCHIECKUMH CTPYKTYPaMH U SI3BIKOBON
pa3MeTKON B COOTBETCTBUH C IPaMMAaTHKOM U MPaBUIaMH MUCbMEHHOTO SI3BIKA.
Iporece peanuzanuu UHPOPMAIIMOHHBIX MOTPEOHOCTEH OCYIIECTBISIETCS IO
KOMMYHHKaTHBHO-aCCOI[MATHBHOM JIOTHKE C MCHOJIB30BAaHWEM (DYHKIIHOHAIIb-
HOTO €CTeCTBEHHOTO s3bika [4]. Jlormueckol €IMHUIICH KOMMYHHUKAaTHBHO-
ACCOIMATHBHOMN JIOTUKH SIBJISIETCS CJIOBO. TeKCT MH(POPMAIIMOHHOI NOTpeOHOCTH
CTpOHTCS HA (DYHKIIMOHAJIHHOM €CTECTBEHHOM SI3bIKE M3 JIEMEHTOB CYITHOCT-
Horo cioBaps. CiioBa HHPOPMAITMOHHOI TOTPEOHOCTH NMEIOT pa3MEeTKy, yKa-
3BIBAIOIYIO JIMOO HAa JIGKCHYECKOE 3HAYCHHUE, JIMOO Ha BBIYHUCIUTEIBHYIO MPO-
HEaypy, MO0 Ha MOBEICHUYECKYIO Mpoleaypy. Hanpumep, cloBO «CI0XHUTEY
MOXKET OBITh JIEKCHYECKMM 3Ha4deHHeM, JH00 apu(METHUECKHM ACHCTBHEM,
00 TOBeAeHUYECKNM JelicTBreM. KomOmHHMpoBaHHBIE HWH(OpMAMOHHEBIE
MOTPEOHOCTH COCTOSIT JIMOO M3 BIIOXKEHHBIX MH()OPMAIIMOHHBIX MOTpeOHOCTEH
NpeMETHONW 00J1acTH 3HaHUH, MO0 W3 MOCIEI0BaTENbHOCTH HH(OPMAINOH-
HBIX MOTPEOHOCTEH, MO0 M3 MOCIEN0BATEIBHOCTH BIIOKECHHBIX MH(OPMAITH-
OHHBIX ToTpeOHOCTeH. MHpOopManmoHHbIe TOTPEOHOCTH MPEeAMETHON 00macTu
3HaHUH 00pa3yr0T KOMOWHAIIMOHHO PacUIMPSEMYIO CeTh. TEeXHOJIOTHs peau-
3alUM KOMMYHUKATHBHO-ACCOITMATHBHOM JIOTHUKH MOIPa’KaTeIbHOTO MBIIILIe-
HUS TIO3BOJIET CO3/1aBaTh MHTEPAKTHBHBIE 00YUaIOIINe CUCTEMBI TI0 Pa3Ind-
HBIM npenmeram. IIpenmerHas o0iacTh 3HAHWH NPENCTABISIETCS B BUAE
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KOMMYHHKAaTHBHO-aCCOI[MATHBHON CETH MH(POPMAIIOHHBIX MOTPEOHOCTEH U
ux peanuzauui. Peanmzanus uHGOPMAIMOHHON MOTPEOHOCTH MOXKET OBITH
cama HHPOPMAIMOHHONW MOTPEOHOCTHIO.

Cucrema peanm3anuy BKIIOYaeT 0a3y 3HaHWHA W 0a3y ymeHuil. Peammsa-
i “HPOPMAMOHHOW moTpeOHOCTH Oepercs mubo m3 0as3pl 3HAaHUH, THO0
BBIpabaTHIBAETCS TUIIOBOM MPOIENypOr peann3anny 0a3bl YMEHHH 10 TEKYy-
melt maHdopMaroHHol motpedHocTH (pHc. 1), m1bo dopmupyeTCs CeTh Mmo-
3JIEMEHTHOM peanu3aliy 110 KOMOMHHPOBaHHON HH(OPMAIMOHHOH IOTpes-
HOCTH (pHC. 2).

Omnpenennrens 1—. ITopemmrensrag IT.IL
Trma I1.I1. l

Bonpocntensnas I1.1N.

Omnpenemnrens Tnnooii ILII. —— Hosax ILIL

Tunoeas ILIL
Omnpenennrens
hel — CuryaruBzas I1.I1.
cHaryaTHBHOro Trma H.IT. i
I1.I1. cuTyaTHBHOrO MOMEHTa Tlomnck B Gase 3HAHMIT
\ CHTYaTHBHOI1 peammzammm ILIT
TTomnck peammsanmt CuryartnBHas peaxmsanms 11.I1.

CHTYAaTHBHOI'0C MOMEHTA
B Gaze 3HAHMIT

Peammzanmns CHTYaTHBHOI'O MOMEHTA

Puc. 1. Tunoas peanuzanus

Hosas ILIL.

|

OmnpefemuTens JOMyCTHMOTO Habopa
KOMMYHHKATHBHBIX 3]IEMEHTOB

B Oase 3HaHIII 0 Oaze

yMeHuil i peanuzanun ILIL

J Peaminzanms HoBoii ILIT.
KoMOuHauHel THIOBBIX ILIL

ITocTpoeHne ceTH Mo3IeMeHTHOI

peammaruu ILII mo ee l .

(QYHKIHOHATBHOI pasMeTke —* Peaymzanus HoBoil ILIL

Puc. 2. Peanu3anust HOBoW MH(GOPMALMOHHON TOTPEOHOCTH



KorauTtuBHOrOo mpodeccuoHanbHOrO po0oTa ¢  KOMMYHHKATHBHO-
ACCOLMATHBHOM JIOTMKOW IIOAPAXKaTeJIbHOTO MBIIUICHHS MOXKHO Iepeoly-
yuTh A7 paboThl B pasHBIX cepax xu3HemesTenpbHocTH [5]. Pazpaborana
(hyHKIMOHATBHAS CTPYKTYPa KOTHUTHBHOTO NPO(ECCHOHAIBFHOTO poboTa ¢
nepeoOydeHreM HaBBIKOB (puc. 3).

Peuepan Cobecemumx QpesceacHnan
mHbOpMAUHOHHAT  (————————————— « peaTHIamET
NOTPEDHOCTE B OPMAUHOHROH
nayieﬁﬁoc‘m
= Hefipocereeaa
A Heiipoceteran P
Crcrenma P PenenTaeHas N Pe— CHCTEMa OpedeRIeHHT
PEUEBOTO BEO/IA « CcHeTema P Lacriommas Ten;ra peaalmit
HHGOPMAITHOHHOR 7 HHI OpMaGLIHOBI-mH
HOTPeOHOCTH oTpe0HOCTH

Cucrema T

TekeT peammzamue
. " PpealH3aHE "
Texer EHGOPMALHOEHOK] N . HE(ODMAIHOHEOT
NoTpeOHOCTH Ha | madopramonsol &
P m fHocTH HOTPedHOCTH
yERIHOEATEHOM OTpE
€CTECTBEHHOM AZBIKE
A 4
KovmvvEHKaTHE -
Cocrena ACCOUHATHEHAL Chcrenma Hefipocereran Cucrema
- CeTkb 00yIeHHT CHCTEMa OTOOPAKEHHA
VCEOGHHA 3HAHHA
‘ HreHHT ¥ [Ie9aTH
CymHoCTHEL Ilpemvernaa
CI0BAph obmacts
Cucrema *
peamzamE® Bazmr bazmr
TOBEIeHHA SHAHHA VMEHHE

[ t i}

Puc. 3. dyrKnnoHaIbHAs CTPYKTYpa KOTHUTHBHOTO TPO(eCCHOHAIBHOTO poboTa
¢ iepeo0yueHneM HaBBIKOB

MexayHapoIHOE HaydHOE WH)KEHEPHOE COOOIIECTBO IMOCTEIICHHO JIBH-
JKETCS K TEXHHYECKOW pealn3aliil KOTHUTUBHOTO TPO(eCcCHOHAIBHOTO PO-
6oTa ¢ KBaMMpHUKAIMOHHBIM NepeoOyuerneM. B Oyaymem, Ha peIHKE Tpyaa,
KOTHUTHBHBIE POOOTHI C TIepeoOydeHreM OyayT BBIMOIHITh POGECCHOHATE-
HBIEe paboTHI, a YeNOBEK 3aiiMeT HUIIY HAyYHBIX MCCIIeOBATENe 1 MHHOBA-
LIMOHHOM JIeSTENbHOCTH.
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MOBBINEHUE SHEPTETUYECKOM
3OPEKTUBHOCTH ABTOHOMHOM CTAHIIUA
BECIIMJIOTHOI'O JIETATEJIBHOI'O AIIITAPATA

P.V. 'umazos*, C.B. [lTuorosckuii

! Hayuonansmoii uccredosamenvcxuti TomcKuti noaumexuudeckuii yuueepcumen
2 Hayuonanvnwii ucciedosamenvckuii TomMckuti 20Cy0apcmeenblil ynugepcumen
ruslgim@gmail.com

ABTOHOMHAsI CTaHIS OECIIIOTHOTO JeraTenbHoro ammapata (BITJIA)
BBIMOJIHACT (YHKIIMK XPAHHIIHUINA, MCTCOCTAHIHH, 3apAIHOTO yCTPOMCTBA,
[IEHTpa CBA3U. ABTOHOMHOCTH CHCTEMBI JIOCTUTACTCSI MCIOJIb30BaHHUEM (O-
TO3JICKTPUUCCKUX MOJYJICH, 00CCIICUNBAIOIINX MATAHUE CTAHI[UM U T0/3a-
psAAKy OECHMIOTHOTO JICTaTeNbHOTO ammapaTa. Takas cucreMa HMeeT BO3-
MOJKHOCTh MOJM(DHUKAINY, C IIETbI0 MOBBIIICHUS YHEPIeTHUECKOH 3 HeKTnB-
HOCTU cUCTeMbl TuTanus. OONIMiA BUJ CTAHIIUY TIPEICTABJICH Ha puc. 1.

1 2
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Puc. 1. ABroHoMHast ctanims BITUIA: 1 — moaBrKHbIE KPBILIKK C COTHEYHBIMU MaHEISIMH;
2 — MeTeocTaHIus; 3 — [MOCaT0YHasI IUTONIAKa; 4 — KOpITyc; 5 — MaHeNb ynpaBIeHus



Henpro manHOW pabOTHI SABISIETCS TOBBIIICHHE SHEPreTHYecKoil 3¢ ¢dek-
THUBHOCTH CUCTEMBI ITUTAaHUS aBTOHOMHOM cTaHIuu BITJTA.

K 3amagam, pemaemMpIM B X0Ji¢ BBITIOJTHEHUS Pa3pabOTKH, OTHOCSATCS pea-
mm3anyg 3QQPEKTHBHOTO AJANTHBHOTO aNTrOPUTMa YIIPABICHHS IPOIECCOM
3apsna; IepeoprUeHTHPOBAaHNE (POTOINEKTPUISCKUX MOIyJIel paspaboTka mo-
MIOJTHUTENEHOTO OJIoKa (POTORIIEMEHTOB ¢ cucTeMol HaBeaeHns Ha ColHIe.

K M3BECTHBIM U IUPOKO MPUMCHSIEMBIM METOJIaM TIOBBIIICHUS YHEPTCTHU-
4eckoil 3()(EKTUBHOCTH CUCTEM C (DOTORICKTPUICCKUMHU SJICMEHTAMH OTHO-
CATCS: DKCTPEMANIbHOE PEryIUPOBAHUS MOIIHOCTH — METOJ IPU KOTOPOM
peanmu3yercsi 0coObIi alroOpUTM Mpolecca 3apsaaa, 00eCIeYHBAONINI 0TOOP
3Hepr1/11/1 B MaKCI/IMaHLHOﬁ TOYKEC BOHL-BaTTHOfI XapaKTepI/ICTI/IKI/I, qTO MAaK-
CUMH3HPYET MOJIy4aeMyI0 OT (POTOIIEMEHTOB SHEPTHIO; Peai3allus COJ-
HEYHOTO TpPEeKepa — CUCTEMBI aBTOMATHIECKOTO HaBEICHHS (POTOIIEMEHTOB
Ha CoJHIEe, YTO YBEIMYMBACT KOIUIECTBO MOCTYIMAIOICH SHEPTHHL.

B mpencraBnenHol paboTe mpemyaraeTcs peann3alisl alropuTtMa dKc-
TPEMaJbHOTO PETYIMPOBAHUSA MOIIHOCTH MO METOXY BO3MYIICHUE W HAOIIO-
JICHHE, MOTU(PHUINPOBAHHOMY C TOMOIINBIO SJIEMCHTOB HEUETKOW JIOTHKH.
Takoe pemieHre ycTpaHsAeT HEJOCTATKH YUCTOTO allTOPUTMa BO3MYIICHHE U
HaOJII0ZIeHNe, UMEIOIIEro MOUCKOBBIA XapakTep: HeWTpaiu3yeT KoJjeOaHus
MOIIHOCTH ¥ YMEHBIIAET BPEMSI PEryJIMPOBaHUS.

B KaueCTBC OOIIOJIHUTCIIBHBIX Mep, IS yBeJ’II/ILIeHI/ISI BHCPFETH‘IGCKOIZ
3¢ (HEKTUBHOCTH CHCTEMBI MMUTAHUS AaBTOHOMHOM CTAaHIIUU MpeNjIaraeTcs J0-
MOJIHUTEJILHOE TIePCOPUECHTHPOBAHUE (OTOIICKTPUUCCKUX MOJIYJICH, C Iie-
JBIO YBENTMUCHUS KOJNMYECTBA MPUHUMaeMoro cBera. Ha pucyHke 2 mpoje-
MOHCTPHPOBAH XapaKTep 3TOTO YIIyUYIICHUS.

W3BecTHO, UTO MaKCHMyM OTOMpaeMOl 3HEPTrHUH JAOCTHTAeTCs, IpHU Tep-
MCHIUKYISIPHOM MaJCHUH COTHEYHBIX JIydel, OTHOCHTENBHO IIOCKOCTH (o-
TO3JIEMEHTa, CJIEOBATENIFHO, KOHIICTIIHA 3 Ha pHC. 2 00JIagaeT HAWTyIIINMHA
MOKa3aTeIsIMA 0TOOPa YHEPTUH.

— -_— N ~N

p
(o]
Puc. 2. [lepeopuentupoBanue HOTOINIEKTPUIESCKUX FITEMEHTOB (OTHOCUTEIBHOE JIBIKCHUE
Comnria o ocu Y): 1 — conHeqHbIe TaHEeH KECTKO 3aKPEIUICHBL; 2 — CONHEYHBIC TTAHETH MOTYT
MEHSITh yroJl HAKJIOHA; 3 — COJHEYHBIC ITAHEN Ha JOTOHUTENIBHEIX TOJbEMHBIX KapKacax



3HAYNTEIBHO YBEIHIUTh KOJIMIECTBO OTOMPAEMON SHEPTHH B TaKOM CH-
CTeMe, MOXHO JJOOABJIEHHEM JOMOJHUTEILHOTO MOIYIIS (POTOIEKTPUIECKUX
31eMeHTOB. Takol MOMyNh, BBIHECCHHBIH 3a OCHOBHOI OJIOK aBTOHOMHOM
CTaHIMU, MOXXET, OZHAKO, HETATHBHO CKa3aThCs HA MOOWIBHOCTH pa3paba-
THIBAEMOM YCTaHOBKH, T.K. JiefiaeT e€ 0ojee rpoMO3aKON.

Jlns uccaenoBaHms MOBBIIIEHUS SHEPTeTHUECKOH 3(h(heKTUBHOCTH 3apsa-
HOW CTaHINH, C TOMOIIBI0 cpencTB Matlab / Simulink, pa3paborana nmuTa-
IIMOHHAs] MOJIEIb CHCTEMBI, BKIIFOUAIOIAsi MOJEIHN BCeX TPeOyeMbIX dJIeMeH-
TOB CUCTEMBI.

AKTyabHOCTH TIPEIICTABICHHON pa3paldOTKH CBs3aHa ¢ MPoOIeMOil Mak-
CHMH3AIIMU BpeMEHH aBTOHOMHOTO (yHKironupoBanus BITJIA. [ToBbienne
SHEepPreTHUECKOM 3PPEKTUBHOCTU CUCTEMbI nuTaHus craniuu BITJIA mo3Bo-
JSIET 3HAYUTEIIbHO YBEIHMYUTh AaBTOHOMHOCTB TIPEJICTABICHHOTO 00BEKTA.

Paboma evinonnena ¢ Tomckom eocydapcmeeHHOM YHUGepcumeme npu
@unarncosou noodepcke Munobprayxu Poccuu, ynuxanvusiii uoenmugura-
mop RFMEFI57817X0241.

MHO3NIINOHUPOBAHUE
ABTOHOMHOI'O MOBMJIBHOI'O POBOTA
C HCIIOJIB3OBAHUEM CUCTEMBbI

B.A. I'vyan, C.B. Llluonosckuii

Hayuonansnuuii uccnedosamenvckuii Tomckuil 2ocyoapcmeennvlii yHugepcumem
Vadim_Gucal@mail.ru

Ha CeI‘O}IHfHHHI/Iﬁ JCHb O/JHa M3 aKTyaJIbHbIX HpO6HeM HCIIOJIb30BaHUA
pPOOOTOB — 3TO aBTOHOMHBIW, NPHHSATHIA 0€3 y4yacTHs 4YeNoBeKa, BHIOOD
MapupyTra po6oToM. OCHOBaHHEM IJIsi BBIOOpA CIIYXKHUT CaMOCTOSTEIbHBIN
aHanu3 cutyauuu. HaBuranmsi poOoTa B NMPOCTPAHCTBE — 3TO KOMOHMHAIIMS
BbBIIIC O3BYYCHHBIX 3a1ady. I[J'IH peuIieHuA 3aJja4u aHajn3a, Wih MO3UIUMOHU-
POBaHMs, UCIIONB3YIOTCS ONPEAEICHHbI Ha0Op TEXHHUYECKHX cpeacTB. Ero
HCIIOJIb30BaHKE PellaeT JaHHYIO 3a/1ady Ul ONpeIeIeHHBIX YCIOBUH.

Jis ycriemHoW HaBWTAIMM B MPOCTPAHCTBE OOpTOBas cucTema poboTa
JIOJDKHA yMETh CTPOUTbh MapLIpyT, YIPaBIsATh MapaMeTpaMH JIBIKEHHS (3a-
JIaBaTh yroJ MOBOPOTA KOJIEC U CKOPOCTh MX BPALICHUs), MPABUIHLHO UHTEP-
IpETUPOBATh CBCACHUA 00 OKpYXKaromieM MHUPE, MOJIyJacMbI€ OT JaTYUKOB, U
TIOCTOSIHHO OTCJIE)KUBATh COOCTBEHHbBIE KOOPAWHATHI.

[JanHas mpoOiema siBIsieTCsl OJHOW M3 Ba)KHEHIIMX 3a1ad B poOOTOTEX-
HHUKC, a MMCHHO 3aJaa4ya TOYHOIO H 6BICTpOFO nepEMEIICHUA MOOMJIBHOTO
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poboTa 1Mo TPaeKTOPHUH, KOTOpas 3a1aeTcs B BHIEC OMOPHBIX TOYEK, KOTOPHIE
MOT'YT OBITh NONTy4YeHsl pu oMoty GPS HaBuraimu, 1160 Npu NOCTPOCHUN
ONTUMAJIFHON TPAeKTOPUH HA OCHOBE KapThHl MECTHOCTH. Taxke TpaeKTopus
MOJKET 3a/1aBaThCs B BHIC BU3yaJIbHOI TpaeKTOPHH, HAHECEHHOH Ha MOBEPX-
HOCTb, 110 KOTOPOH JBIXETCSI poOoT. PerieHne 1aHHOW 1mpoOieMsl sBISIeTCS
OueHb BAXHOW 3amadeif, Tak Kak WHGOpPMANHS O TOYHOM IEpEeMEUICHUU
HeoOXomuMa I pemieHns 0ojee CIOKHBIX M KOMIUIEKCHBIX 3a/1a4 poOOTO-
TEXHHUKH, TAaKUX Kak: MOrpy3Ka Pa3iIMyHOTO CHIpbS POOOTH3MPOBAHHOW Te-
JIEKKOH, CKAHUPOBAHUE 33JJaHHON MECTHOCTH U T.JI.

Taxxe He MaJl0O BaKHOM 3amadeil poOOTOTEXHUKH SBISETCS d(P(PEKTHB-
HOE paclo3HaBaHHME BH3yaJlbHOW HMH(pOpMAalMM M Ha OCHOBE €€ aHaliu3a
pelleHHe CII0KHBIX 3a/1a4 YIPABJICHUS U KOHTPOJIS, TaKas CUCTEMa Ha3blBa-
€TCsl CHCTEMOW TEXHHYECKOTro 3peHHA. B o0meM Buae Takas cHCTeMa CO-
CTOUT U3 TEXHOJOTMYECKOH IMOCIIEe0BATEIbHOCTH, KOTOPasi BKIIOYAET Clie-
JYIOLIHNE 3BEHBS:

1) moy4enue n300pakeHNst OT BUICOKAMEPHL;

2) 06paboTKy (oIU(pPOBKY) H300PAKCHHUS;

3) nornueckuii aHanu3 MUMPOBOTO W300PAKCHUS W BBIJCICHUE HYKHOM
HHPOPMALINY;

4) mepeMenieHne KaMephl B TPOCTPAHCTBE.

Jnst pemienust 3aaa4 oOHApyKeHHUS U 00be3/1a MPENITCTBUNA MOXKET HC-
MOJI30BATRCS Tapa Kamep, oOpasyrommx crepeocucreMy. ComocTaBisis
WICHTUYHBIC AJIEMEHTHl M300pakeHU OT KaKIOH W3 Kamep, alrOpUTM CH-
CTeMBl TEXHHYECKOTO 3PEHHs] CHHTE3UPYET TPeXMEpHOe H300parkeHHe Mpo-
CTpPaHCTBa Tepe]] KaMepamH. DTO MO3BOJISIET MOCTPOUTh KapTy INIyOMHBI U
paccuuTaTh JAIFHOCTH O TPEMATCTBUH, MOMABIIMX B TOJE 3pEHHE Kamep.
JanbHOCTh, Ha KOTOPOH OT CTepeomnapbl MOXXHO MHOJYYHTh JIOCTOBEPHBIE
JIAHHBIE OIIpEAENseTCs cTepeo0a3oi U, MPUMEHHUTENHLHO K pOOOTY, COCTaBIISI-
eT 4-5 MeTpoB. YBenmmunBas cTepeo0a3y W paspelieHue BHICOKaMep CHUCTE-
MBI TEXHUYECKOTO 3PEHHS, MOXKHO 3HAYUTEIBHO MOBBICUTH TOYHOCTH U TIIY-
OMHY CHHTE3UPYEMOii KapThl AucIapaTHOCTU. [10 Mepe cBOero IpoBHKEHUSI
poOOT BBICTpaMBaeT TPEXMEPHYIO KapTy OKpYy’Karomero npocrpaHcrtsa. Ilo
Hel, COOCTBEHHO, IPOKJIAIBIBACTCS IIyTh W IUIAHUPYETCs JBMKEHHE podoTa
BBIYHCIINTEIIEM aBTOIUIIOTA.

Ha ceropnsmHuii eHb BBLAEIAIOT CIENYIOIIME CIOKHOCTH HAaBUTAllMU
poOoTOB:

1) uToOBI ABHTATHCA K LETH, pOOOTY HE0OX0ANMO CHOPMHUPOBATEH TOCTA-
TOYHO TOYHBIA 00pa3 OKpY>Karolero ero NpoCTPaHCTBA;

2) B X07ie ABWKEHUs pOOOT JOJKEH OBICTPO M TOYHO YIPABJISITH MOTOPOM
U TIOJIOXKEHHEM KOJIeC;



3) po0OT MOKEH 3HATH CBOE PealbHOE MECTOHAXOXKACHHE, & OHO MOYTH
BCET/Ia OTIUYAETCS OT XPAHSAIIErocss B 60PTOBO# crcTEME.

Paboma svinoanena ¢ Tomckom 2ocyoapcmeeHHOM yHugepcumeme npu
@unarncosou noodepcxke Munobprayxu Poccuu, ynuxanvuvii uoenmuguxa-
mop RFMEFI57817X0241.
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KAJIMBPOBKA PEHTTEHOBCKOI'O
3D MUKPOTOMOI'PA®A

C.A. Knecmos

Hayuonanvhuwiii uccneoosamenvekutl Tomckuii 20cyoapcmeenHblil yHugepcumen
Klestov_simon@mail.ru

B nmanHO# paboTe OMMCHIBAIOTCS OCHOBHBIE MPUHIIMIIB PacyeTa TOUHOCTH
BOCCTaHOBJICHHSI TOMOTpapUIECKUX H300pakeHui. [ OIEHKH TOYHOCTH
BOCCTaHOBJICHHOW TOMOTPaMMBI UCTIONB3YeTcs peoOpa3oBanus PagoHa.
IIpencraBnena VMmmocTpamus MexaHW3Ma BIHSHHS YPOBHS IIyMa B NPHEM-
HOM TpakTe Ha pa3pelIeHue MPUEMHON CHCTEMEI. 3a KOJHMYECTBCHHYIO MEpy
TOYHOCTH BOCCTaHOBJICHHS TOMOTPA(pHUECKUX H300paKCHUH TpUMeM pas-
pEIIAKOIIYI0 CIIOCOOHOCTh TOMOTrpada, KOTOPYI OyaeM OMpenesisaTh Kak
MHHUMAaJIbHOE PACCTOSIHHE MEXIy JIByMSI HENPO3pauyHbIMH OOBEKTaMH, Ha
KOTOPOM 3TH OOBEKTHI pa3/ieIMMbl Ha BOCCTaHOBJIEHHOI ToMorpamme. Pac-
CMOTPHUM OCHOBHBIE (haKTOPHI, OIPEACIIIIONINE PA3PEIIAONIYI0 CIIOCOOHOCTh
BOCCTAaHOBJICHHBIX TOMOTpaduuecKux u3o0paxeHni. OYEeBHIHO, YTO Tpe-
JIeTIbHOE 3HAUEeHHUE pa3pellaroiiei criocoOHOCTH (MUHUMAIIHOE PAcCTOSHUE,
paspemmMoe JaHHBIM ToMorpadom) ompesaenseTcss MUPUHOW 00NacTh JTH-
(paxmmronHOM monmyteHun. Ha puc. 1 mpuBeneHa 3aBHCHUMOCTh MOAYJIS MHTE-
rpasia Openens, onpenelsiomero OTHOIEHNE YPOBHS TU(PaKINOHHOTO MO-
JIS1 32 TMIPETSITCTBHEM K YPOBHIO IIOJII B CBOOOZHOM IPOCTPAHCTBE, OT Ipe-
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BBIIICHUS U TOYKM HAOMIOJNCHMS HaJ KpaeM NpensTcTBUs. Bemmumnaa U m3-
MepsieTcst B pasMmepax nepBoid 30HbI Dpenens. MakcumanbHOE 3HauY€HHE
|F(u)| paBHoe 1.85 nocturaercs mpu U=1.2 (3TO 3HAYECHHE OTMEUYEHO
Ha puc. 1 nmyHkTHpHO# nuHKer). CymmapHas AupakMOHHAsT KPUBasi, MOJy-
yaeMasl TIpH OCBELICHUH JIBYX OOBEKTOB, OyIeT COlEpkKaTh ABA Pa3IMIUMbIX
MaKCHMyMa, €CIi 00BEKTHl Pa3HECEHbl Ha paccTosiHue Oonbine A, . Bennuu-

1
Ha A, ONpeNeNseTcs M0 yPOBHIO —= OT MaKCHMMAaJbHOIO 3Ha4Y€HUs U PaBHA

2
A, =1.2JAd , rne A — nuna BosHbI U3MydeHus, d — paccTOsHUE MEXKILY HUC-
TOYHMKOM M MpHEMHUKOM m3nydenus. Ilpu d =0.2 m, A =2.3-10""" m Benm-

4YMHA A, COCTaBIAET Mopsaaka 13 M.

IFw)l
1.2

0.8 ]

|

1
i
0.6 ;
i

0.4 /

0.2

|
1
1

—

|

302 A 0 1 2 3 4 u

Puc. 1. 3nauenus Monyist uuTerpana GpeHens onpenesioT OTHOMIEHUE aMILIUTYIbI IU(paK-
IHOHHOTO NOJIS K YPOBHIO HOJISI B CBOOOIHOM HNPOCTPaHCTBE. IIyHKTUPHBIMU IMHUAMU OTMEUe-
Ha IIVPHHA 00JIACTH, ONpe/eNsIIoNas MIHIMAIBHOE Pa3HECEHNE Pa3IMIUMbIX 00BEKTOB

TIpocTpaHCTBEHHOE pacmlpe/ielieHHe WHTCHCHUBHOCTH JU(PAKIIMOHHOTO
MOJISL PETUCTPHUPYETCS Ha MpUEMHOH aneptype. Habop 3aperucTpupoBaHHBIX
pacrpeelieHui npeacTaBisieT codo mpeodpasoBanue PagoHa ot mpocTpaH-
CTBEHHOTO pACIpe/eIeHUs] ONTHYECKON IUIOTHOCTH HCCIIEAYeMOro OOBEKTa.
OTa MJIOTHOCTh BOCCTAHABIMBAETCS MO 3apPETUCTPUPOBAHHBIM MPOEKLHUAM
myTeM oOpamieHus npeodpazoBanus Pamona. [ OeHKH TOYHOCTH BOCCTa-
HOBJICHUA PACIIPEACIICHUA ONTUYECKON INIOTHOCTH (TO‘{HOCTI/I BOCCTaHOB-
JICHHOW TOMOTPaMMBI) BOCHOJB3YEMCsI YIIPOIICHHBIMU TPEACTABICHUSIMH O
nporenype odpamenus mpeodpasoBanus PagoHa.
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Puc. 2. MnmocTpanus MexaHu3Ma BIMSIHUS YPOBHS LIyMa B IPUEMHOM TpPaKTe
Ha pa3pelIeHHe IPUEMHOH CUCTEMBI

MexaHn3M BIHMSHHSA YPOBHS IIYMOB B IPHEMHOM TpPAaKTe HA pa3peIlieHHue
MPUEMHON CHCTEMbI WILTIOCTPUPYETCS Ha pUC. 2. 371eCh MOKa3aH OTKIMK CH-
CTeMbl Ha TOYCYHOE BXOJHOE BO3ACHCTBHE B OTCYTCTBHU IIyMOB (AJIs
HATJBITHOCTH MPHUBEICH JBYMEPHBIA TpaduK, Tak uTo S(X) MOXHO paccMmart-
pHBaTh KaK Cpe3 BOCCTAHOBIICHHOTO B TOMOrpade n300paxkeHus npu GUKCH-
poBaHHOM Y) — kpuBas 1. KpuBas 2 Ha puc. 2 nmpeacTaBiseT CIyJaiHyro pea-
JHM3aLHUI0 O-KOPPEIMPOBAHHOTO LIyMa, MOJEIHUPYIOIIEro COOCTBEHHBIE ITy-
MBI TIPUEMHOM cucTeMbl. KpuBas 3 — cymMMa IOJIS3HOTO CHTHaja M LIyMa.
Ecnu non curHamoM NMOHMMAaTh MHTEHCHUBHOCTH BOCCTaHOBJIEHHOI'O HM300pa-
JKEHUSI, TO JUISl Pa3IMYEHUs IByX TOUCUHBIX OOBEKTOB HEOOXOIMMO, YTOOBI
UX OTKJIMKH TIepecekaich Ha ypoBHe Hbke L =0.5. Pasnoc mpu atom To-
YEeYHbIX OOBEKTOB ONpeJelsieT pa3pelieHne NpueMHoil cuctembl. Hammime
IIYMOB CITy4aifHbIM 00pa3oM cMemaeT 1o ocu abCruce MOMEHT NPEBBIIICHUS
MOPOTOBOTO 3HAueHWs L, yBemuumBas, TakuM 00pa3oM, HEOOXOIUMBIA IS
pa3pelieHns pa3HOC MEXKIY 0OBEKTaMU Ha CiTydaiiHyto BenuuauHy AX [1-5].

Paboma evinonnena npu ¢unancosoi noddepixcke PDODU (epanm

Ne 16-29-04388).
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INPUMEHEHUE
PEHTI'EHOBCKOI'O MUKPOTOMOI'PA®A
1A AMATHOCTUKU HEOPTTAHNYECKUX

N OPTAHUYECKUX MATEPHAJIOB

C.A. Knecmos, B.U. Coipamxun

Hayuonanvhoiii uccneoosamenvckuii Tomckuil 20cyoapcmeenHulil yHugepcumem
Klestov_simon@mail.ru

B noxiane npepcraBieH aHaIU3 METOJOB IOCTPOCHUS (PYHKIUI pUHA-
JIOKHOCTH HEUYCTKHX MHOXECTB INpH (Pa33u(puKaiuu PasHOPOIHBIX CJ1abo
(hopMann3yeMbIX 3KCIEPTHBIX JAaHHBIX, XapaKTEPU3YIOIMIHNX HWHHOBAI[MOHHBIE
TEXHOJIOTHH (TIPOEKTHI), KOTOPHIH MOXKET OBITh MCIOJNB30BaH IS TOCTpPOE-
HHUS aJanTUBHBIX cucTeM HedeTkoro BeIBoja ANFIS. Kpome umcneHHBIX
JTaHHBIX, PACCMOTPEH CIy4ai MpeJCTaBICHUS IKCIIEPTHHIX OLIEHOK B PaHIO-
BOHM (MOPSAAKOBO) MIKalle, B BHJAE IOCICIOBATEIHHOCTH YIIOPSIIOYCHHBIX
JUHTBUCTHIECKHUX MEPEMEHHBIX, T/Ie KaXKJOMY U3 HaONIOJeHHIA MOXET OBITh
TPHUITHCAH OIUH W3 PAHTOB J, j=1,..., m (Hampumep, HU3KHUIA, HIKE CPEITHETO,
CPEeIHHA, BBIIIE CPEAHETO, BRICOKHIA).

Metompl, 6a3upyronIrecs Ha TEOPUN HEYCTKUX MHOXECTB, OTHOCITCSA K
METOAAaM OIEHKH W TPHUHATHSA PEIICHHH B YCIOBHSIX HEOIPEICICHHOCTH.
ITocTpoeHue kinaccuyeckux aJanTUBHBIX cucTeM HedeTkoro BeiBoga ANFIS
npernonaraeT GopManu3anuio HCXOHBIX MApaMETPOB U IENIEBBIX MOKa3aTe-
ne# 3¢ppeKTHBHOCTH MHHOBAIIMOHHBIX TEXHOJOTHH (IIPOEKTOB) B BHJE BEK-
TOpa WHTEPBANbHBIX 3HAYCHHWH (HEYETKOTO0 MHTEpBasa), MOMaJaHNe B Kax-
JIbIIi MTHTEPBAJ KOTOPOTO XapaKTePHU3yeTCsl HEKOTOPOH CTENEHbI0 Heompese-
neHHocty [1]. Dta mpouenypa monydwia Ha3zBanue 'dazsuduranuu". Ha
OCHOBE MCXOJHON MH(OPMAIINH, OBITA U HHTYUIIHH IKCIIEPTHl YaCTO MOTYT
JIOCTATOYHO YBEPEHHO KOJIMYCCTBEHHO OXapaKTEePH30BaTh TPAHUIBI (MHTEP-
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BaJbl) BO3MOXHBIX (IOIyCTUMBIX) 3HAYCHHH ITapaMeTpoB W OOJIACTH WX
HanOosee BO3MOXHBIX (IIPEANOYTUTENBHBIX) 3HaueHu. Hanpumep, B kaue-
CTBE UCXOIHBIX JaHHBIX MOTYT HCIIOJIb30BaTh TaK HAa3bIBAEMbIC TPEYTOIbHBIE
HEYCTKHUE YKcna ¢ GyHKINEH MPUHAICKHOCTH £ (X) HEIETKOTO MHOYKECTBA
A cnenyromero Buna (puc. 1):

0, ecmux<a_,

X—a_.

——,ecnma,,;, <X<o

_ a- amin 1
Ha(X) = : (1)

A, — X <
,ecIuoL <X<a .

‘max

a'max -—a

0, ecmuXx > a,,

ax

Puc. 1. ®yHK1us NpUHAIIEKHOCTH TPEYTOILHOIO HEYETKOTO YKca A

DTU ymuclia MOICTUPYIOT BBICKA3bIBaHUE CIEAYIONIETO BUaa: “mapametp 4
MPUOIM3UTENHFHO PaBEH O M OJJHO3HAYHO HAXOJUTCS B AUATIA30HE [8min, max] -
Bwmecte ¢ TeM, 3KcepThl B HEKOTOPBIX CITy4asX 3aTpyJHIIOTCS NPaBUIIb-
HO ONPEIEIUTh MHOXECTBO (YHKIMH NMPUHAUICKHOCTH. B 3TOM cirydae Ha
NPaKTHKE YacTO HCIIONb3YeTCs aHAIUTHYECKOE IpeJCTaBIeHHe (GYHKINU
npuHaanexxHoctd [1]. Ha puc. 2 nokasaHa anmpokcUManus AUCKPETHOrO
psiia HeNIPEePBIBHOM rayCcCOBOM (QyHKIMEH MPHUHAICKHOCTH:
_(x=¢)?
e 26%

2)

()= ——
Y

A€ ¢ 1 G — HCHTP U CTAHAAPTHOC OTKIIOHCHUE (IIII/IpI/IHa).
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Puc. 2. T'ayccoBa (HenpepbiBHast) GyHKLUS NPUHAIICKHOCTH,
aNIMPOKCUMUPYIOIIAsk JUCKPETHBIN s

OTmeTuM, 4TO ONpeAeTeHHE HEYETKOT0 MHOYKeCTBa HE HaKJIaJbIBaeT
OTpaHUYCHUH Ha BEIOOp (DYHKIIMH MPUHAIJIC)KHOCTH, W HA TPAKTUKE MCIIONb-
3YIOT MHOXKECTBO JIPYruX (GYHKIMH TPUHAIICIKHOCTH, 3aJaHHBIX KaK KOMIIO-
3unuu 0a30BbIX (YHKIMH (IBOIHAs rayccoBa, JABOHHAs CUIMOHUJATbHAs U
T.I1.), THOO KaK KOMOWHAIIMH TI0 Y9acTKaM BO3pAcTaHUS M yOBIBaHHS (CUTMO-
WIaJTbHO-TAyCCOBA, CIUIAWH-TPEYTOIbHAS U T.11.).

B o6miem ciydae METOJbI MOCTPOCHUSI (DYHKIMH MTPUHAJICKHOCTH MOXK-
HO pa3/IeuTh Ha MpsIMbIC W KOCBeHHEIE [2]. B moxmane mpuBeneHa KiacCH-
(uKams METOJOB TOCTPOCHUS (YHKIUH IPHHAMISKHOCTH. PaccMoTpeH
HETPUBHAJIBHBIN CIydail TpeACTaBIEeHUS SKCIEPTHBIX JAHHBIX, 3aJJaHHBIX HE
B YHCIIOBOM, a B PaHrOBOH mmikane. J{ns 3amanus GyHKIWH MPHHAIIC)KHOCTH
B 9TOM ClIydae HauOoJee MPOCTHIM MPEACTaBISIEeTCS OAX0/I, OCHOBAaHHBIA Ha
3aMeHe JIMHIBUCTUYECKHX IIEPEMEHHBIX UX PAHTaMH, OJJHAKO B OOJBIIMHCTBE
CIIydaeB ATOT IPHEM OKa3bIBAeTCs HEKOPPEKTHBIM, MOCKOJIBKY IPEIoaraet
PaBEHCTBO PACCTOSHUI MEXIy COCSAHUMH YUCIOBBHIMH paHTaMu. B murepa-
Type OIHCaH TaKKe MOAXO0J Ha OCHOBE aHANM3a pacIpeesieHus 9acToT Io-
SIBJICHUS. KOHKPETHBIX 3HAYEHUH JIMHIBUCTHYECKUX MEPEeMEHHbIX [3] — MeTox
paboTaeT TONBKO C TayCCOBBIM pPAacHpE/leICHHEM BXOJHBIX IE€PEMEHHBIX.
B nokmame mpemmoskeH aiaroOpUTM, 3aKIIOYAIOIIMICS B amlIpOKCHMAINN
(yHKIMH TPUHAUIEKHOCTH Ui KaXJI0OW HMEpEeMEHHOM 0 OIpeesIeHHOTO
MOpora OMIMOKH B Ipouecce 00y4YeHHs CUCTEMBI, IIPH ATOM UCXOJHBIH Habop
JIMHTBUCTHYECKUX TEPEMEHHBIX X1, X2, ..., XN 3aMEHSAETCS MHOXXECTBOM (pyHK-
IUH IPUHAJJICKHOCTH, 3a/JaHHbIX Ha uHTepBaie [0,1] u nanpHEeHmUi aHaM3
(xyaccudukanus MHOTOMEPHBIX OOBEKTOB) NMPOBOAMTCS HE MCXOJHBIX JaH-
HBIX, @ TIApaMETPOB, OIHCHIBAIONINX COOTBETCTBYIOUIME MM (YHKIHH IpH-
HagexxHocTH. OIMH U3 METOJIOB PEIICHUS TaHHOM 3aJadd — 3TO HCIIOIB30-
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BaHUE HEYETKOI'O JiepeBa PELICHMI, IMOCTPOSHHOTO Ha OCHOBE OOYydaromieit
BBIOOPKH JTaHHBIX.

Hccenedosanust 8bIOHEHbL NO NPOSPAMME NOBLIUEHUSL KOHKYPEHIMOCHOCO0-
nocmu Hayuonanenozo uccnedosamenvcko2o Tomcko2o 20cyoapcmeenno2o yHu-
sepcumema, npu QUHAHCo8oU nodoepicke POOU, epanm Ne 16-29-12858.
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ITPOEKT POBOTA-IIEPEBO3YUKA
JJIs1 TPOU3BOJACTBA

E.A. Konomeun, O.FO. @ponos

Hayuonansnuuii uccnedosamenvckuii Tomckuil 2ocydapcmeennvlii yHugepcumem
egorwinegorwin@hotmail.com

B ycnoBusix 6bIcTpo pa3BHBaIOIIEHCS aBTOMATH3aMK pabounX MPOIECCOB,
nepes MPOU3BOJICTBOM BCE Yallle BCTA€T BOMPOC OO0 OCHAIIEHUU MpeAnpHsi-
TAH MOOUIIBHBIMU POOOTAaMU JIsl BBITIOJHEHUS CKIAJICKUX PaboT, 00CITyXH-
BaHU TMOKHMX MPOW3BOJCTBEHHBIN JIMHUI U CO3MaHUS BBICOKOA((EKTUBHOTO
MIPOM3BOJICTBA B IIEJIOM. B CBsI3M ¢ 3TUM pa3paboTKa aJrOpPUTMOB JOKATH3a-
UM ¥ HaBUTANWH [ 1], MO3BOMIONIMX MOOMIFHOMY pOoOOTY COBEpIIAThH Hepe-
MEIIeHHUsI B pabo4eM MPOCTPAHCTBE, SIBIICTCS HA CETOMHAIIHUN JICHb aKTy-
aJIbHOM 3a/1a4eil.

Hempro paboTHI ABISETCS CO3JJAHUE aJITOPUTMA TIEPEMEIICHUST MOOIBHOTO
poboTa 1o 3aJaHHBIM KOOPJWHATAM U €T0 peaju3alus B cpele MOJAeTUpOBa-
HUst MOOMITBHBIX poO0oTOB MRDS (Microsoft Robotics Developer Studio) [2].

Cpena pazpaborku MRDS mo3BossieT co3aaBaTh ympaBIsIONIHE IPO-
rpaMMbl Kak Ha si3bike C#, Tak ¥ Ha COOCTBEHHOM BHU3yallbHOM SI3bIKE TPO-
rpammupoBanust VPL (Visual Programming Language). [IporpammupoBanue
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Ha VPL ocymecTBisercs myTeM COSAMHEHHs OJIOKOB C pa3HBIM (QYHKITHO-
HaJbHBIM HazHaueHueM. SI3blk VPL HarisgHo BU3yaM3UpyeT MPOEKTUpPYE-
MBII aITOPUTM, YTO TTO3BOJISIET YEIOBEKY, IMEIOIEMY CKPOMHBIC TIO3HAHNUS B
MPOTPaMMHPOBAHUH, 332 KOPOTKHE CPOKM IOHATh HPUHIUI pabOTHl Mpo-
rpammMbl. Taxxe nporpammupoBaHue Ha s3plke VPL Haxogut cBoe mecto B
00y4EHNHN IIKOJHHUKOB U CTYJCHTOB OCHOBaM POOOTOTEXHUKH.

Jnist pereHus OCTABICHHOM 33/1a4M MCIIOJIB3YIOTCS: MOZEIh MOOUIIBHO-
ro pobora Pioneer P3DX, ocHameHHas, Ta3epHBIM JaTbHOMEPOM, KOMITACOM
u TaiimepoM; 3D-kapra 3aBoJja C MOAEISIMH CTaHKOB. B kauecTBe MCXOIHBIX
JIAHHBIX 33/1aHBl HA4YaJIbHOE MECTOIIOJIOKEHUE POOOTa Ha KapTe U TPACKTOPHUS
JBIDKCHUS B BHJE MaccHBa 3HAYCHUH, KOOPAMHAT LEJIEBBIX TOYEK. 3amaden
pobora sBiIseTCs MocieIoBaTeIbHOE TepeMelIleHHe OT OAHOM 11e/1eBOM TouKn
K JIpyrol M, mocie IOCTIDKEHHS IOCNIeAHEel, BO3BpallleHHEe B HadalbHOE
TIOJIO’KEHHE, U3 KOTOPOTO OH BHOBB ITOBTOPSIET JBIDKCHUE MO 3aJaHHON Tpa-
EKTOPHH.

AJTOpUTM TIEpEMEIICHUS MOOUJIBHOTO POOOTa MO KOOpAWHATAM MPE]-
CTaBJIIET COOOM IMKI, KaXKABIH IIar KOTOPOTO COCTOUT M3 IOCIEIOBATEIb-
HBIX JCWUCTBHH, a MMEHHO: BBIUYMCICHHE YTJa, Ha KOTOPBIH HEOOXOIMMO
MOBEPHYTh POOOTY, YTOOBI OBITH OPUEHTHPOBAHHBIM 10 HAIIPABJICHHIO K Lie-
JIEBOM TOYKE; PacueT PacCTOSHUSA IO LENCBOM TOUYKH; NEpEMEIICHHE Ha BbI-
YHCIIEHHOE PACCTOSIHUE; PETUCTPALUS HOBBIX TIOJIOKECHUS U OPHUEHTALUH PO-
60Ta B IPOCTpPaHCTBE.

Jns onpexeneHus yria MmoBOpoTa CYMTaeM, 4TO POOOT HAXOJHUTCS B
Havajie KOOpAWHAT U OPHEHTHPOBAH BJIOJb ocH X. UTOOBI onpenesuTh yroi,
pobOTy MOCTAaTOYHO 3HATh KOOPIMHATHI TOYKH, B KOTOPOM OH HaXOIUTCH,
a TaKKe KOOPAMHATHI TOYKH, B KOTOPYIO HEOOXOIMMO TNEPEeMECTHTHCS, U
NpeAbIayIIni yroa moBopora. PaccmarpuBaroTcsi 4eThlpe BapuaHTa paclio-
JIO’KEHUS LIEJIEBOM TOYKU B KA)KJOW YETBEPTH ACKApPTOBOM CUCTEMBI KOOPIH-
HAaT, a TaK)Ke YeThIpe BapHaHTa, KOTJa OHA JIE)KUT Ha OJHOM U3 oceil (puc. 1).
BykBoii o 0003HaUeH yroil, Ha KOTOPBIH JTOJDKEH OBEPHYTH poOOT, OYKBOI
B — BcrioMorartesbHBIA yrodl, UCTIONb3yeMbIil Ul BBIYUCIEHUH. YTOu B BBI-
qucnsercs mo Gopmyse:

B= arctgu , (1)
|Xz - Xll
r7ie Y2 U X2 — KOOPAMHATHI TOUKH LIEJNH, a Y| U X| — TEKYIIe KOOPAWHATHL.

Paccrosiane D, Ha KOTOpOE HEOOXOAMMO TIEPEMECTUTHCSI POOOTY ISl J0-

CTH)KCHHUS 1IEJIEBOM TOUKH BBIYHCIISETCS TI0 GOopMyIIe:

D= (%) +(%-y.) - @)
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ITocne Toro, kak poOOT MEPEMECTHIICS HA BBIYHUCICHHOE PACCTOSHHUE, OH
pEerHCTpUPYeT KOOPAMHATHI JOCTUTHYTOW LEJIEBOW TOYKM Kak TEKyLIHe U
MEPEXOANT K BBIYHCICHHUIO YIJIa TIOBOPOTA M PACCTOSHHS 10 HOBOH LIENECBOM
TOYKH.

Y Y Y Y
r
Ta _ %‘ [ R [ /_n
0 X o X h»"jtr X o x
a=180- a=180+p a=360-p
Y Y Y Y
a=0 \u=90 =180 =180
0 X 0 X 0 X 0 X

Puc. 1. BapuaHTs! pacnioio)keHus! LeJIeBOH TOUKU

B cpene mmurarmmn MRDS ¢msuueckue mapaMmeTpsl MUpa MaKkCHMaTbHO
NpUOIMKEHBI K pealbHBIM. [1o 3Tl nprunHe Ipu NepeMeneHuH K 3a1aHHOH
TOYKE POOOT MOXKET NMPOXOIUTH 33JaHHbIE PACCTOSHUS HE TOUYHO BCIICICTBHE
NpoOYKCOBKH KoOJIEC WJIM MHepIHu. I OTCIeXHUBAHHS PEAFHOTO IOJI0XKE-
HUS poboTa HeoOxoaAuMBl Kommac u 3HKoAep. B MRDS ects xommac, moka-
3BIBAIOIINN 3HAYEHUsI TOBOpOTa yraa ot —3.14 go +3.14 paamuan. Jlns nepe-
BOJIa paJiaH B IPalyChl BOCIONIb3yeMcst (hOPMYJIION:

o
o, 180 , 3)
T
T/Ie 0o — 3HAYEHHUE yTia B TPAIycax, a o, — 3HaUeHHe yIiia B paraHax.

K coxanenmuto, cpeacta paszpadborku B cpene MRDS He nmutupyror pa-
00Ty 3HKOJlepa, MMO3TOMY B JJaHHOM IpPOrpaMMe PeaM30BaH aHAJIOT TaKOTO
nardnka. Jljis ero co3nanus ObUI IPOBE/ICH 3aMep PACCTOSIHUS, KOTOPOE BUP-
TyanbHBIH poOOT mpoe3xaeT 3a 10 MIIIIMCEKYH C TIOCTOSIHHOW CKOPOCTBIO.
OKCHEepUMEHT NMPOBOAMICS B YCIOBUSIX MUHHMH3UPOBAHHOTO BIIMSHUS 3aKO-
HOB (PM3NYECKOTr0o MHpa, YTO UCKIIIOYAIO0 BO3MOXKHOCTD ITOSIBJICHUS] MHEPLIUH
1 MPOoOYKCOBKH KoJiec poboTa. Takxke ObUIO pacCUNTaHO PACCTOSHUE, HA KO-
TOpOE JOJHKEH TEepEeMECTUThCS PoOoT 3a 10 MIUIMCEKYH] ¢ ONpeeIeHHON

a, =
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IIOCTOSIHHOM CKOpOCThio. I10 BHYTpeHHEN cucTteMe KOOpAUHAT UMUTALIMOHHOM
cpenbl OBIIO YCTAHOBJICHO, YTO AJHMHA MEPEMEIICHHS poOOTa B MMHTATOPE
MIOJTHOCTBIO COOTBETCTBYET 3HAYCHHUIO [UIMHBI, BEIYMCICHHON TEOPETHYCCKH.
Ha ocHoBe momy4eHHBIX HaHHBIX B paboueil mporpamMme OBUT peann3oBaH
IIVKJI, CyTh KOTOPOTO 3aKIIOYaeTCsl B cleAykolieM. B mporpamme 3amaercs
HEKOTOpas TIepeMeHHast i, B HaualbHBI MOMEHT BpeMeHH pasHas 0. ITocie
3aIlycKa MpOrpaMMBbl, IUKJ YCTaHABIMBACT TaliMEp B PEXKHUM OXKUJIaHUS Ha
10 MHIIMCEKYHA, U TaliMep, MOCIIe 3aBEPIICHUST OXKHMJaHUs, MTOChIIAET CHT-
HaJ B BHIYHCIUTENBHBIA MOJYIIb, T/I¢ K IEPEMEHHO# | prbaBiseTcs: equHuU-
1a. 3aTeM LMK BHOBb YCT@HABIMBacT TaliMep B PEeKUM OXHIaHus. LIuki
MPOJ0JKAET paboTy A0 TeX MOp, MOKa C JBUTATENIS poOOTa HE MPHUAET yBe-
JOMIISIIOILIEE COOOLIEHUE O TOM, YTO paccrosiHue npoiaeHo. Ilocne storo
LMKJ peKpaniaeT paboTy, 1 3HaUCHUE NIEPEMEHHOM | YMHOKAeTCs Ha 3Haue-
HHE PacCTOSHHMSA, MTOJTYYEHHOE paHee SKCIEepUMEHTaNbHBIM myTeM. [IponsBe-
JICHUE 3THX JIBYX BEJIMYHMH U OyJeT SBIAThCS [UIMHOM NMPOIeHHOTO poOOoTOM
myTH. 3HaYCHHE TOTPEITHOCTH TaKOro 3HKoaepa komebnercs ot 0.0006 mo
0.2 mpomeHTa 3a OJHO MEpPEMEICHUE TPH Pa3HBIX HCHbITaHUAX. [lorpem-
HOCTh BBIYHCIISICTCS 110 popMyJie:

D3 © _D eHC
E: KCIT JAEUCT .100’ (4)

JICHUCT
rae Down — 3HAYEHHE PacCTOSHUSA, TIOTYYSHHOE aHAJIOrOM SHKOAEPA, a Dygciicr —
peasbHOE 3HaYeHUE NPOUIEHHOT0 PaCCTOSHHUSI.

B pesynprare paboTsl OBUT CO3/IaH aJTOPUTM YNPaBIECHUS MOOMIBHBIM
poborom B cpene paspaborku Microsoft Robotics Developer Studio. Berpo-
ennble B MRDS cpencTBa BU3yanu3anui MO3BOJIIIN OTJIAAUTh paboTy KOH-
KPETHOI1 Mozienn poboTa B 3a/laHHBIX YCJIOBHSIX KCIUTyaTanuu. Paspaboran-
HBIN AJITOPUTM BCJIEACTBUC NPOCTOTHI €I0 pealn3aliun ABJIACTCA YHUBEP-
CaJIbHBIM M MOAXOMUT MPAKTHYECKH K JIF000i MOJeIH KOJIECHBIX POOOTOB U3
0a3bl ma”Huelx MRDS.

Jlumepamypa

[1] Bpoiinne T. BerpanBaembie podoToTexHnueckue cuctemsl. M. ; Mxesck, 2012. 520 c.
[2] Microsoft Developer Network (MSDN) Library. URL: https://msdn.microsoft.com/ru-
ru/library/aa731536.aspx (accessed: 15.11.2018).
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AJITOPUTM PACIIO3HOBAHMSI
B TEJTEMEJUIIMHCKOW CUCTEME

JI.H. Kysneyos

Hayuonanvuoiii uccneoosamenvckuii Tomckuil 20cyoapcmeenHulil yHugepcumem
novorostomsk@gmail.com

«TenemenuiimHa — 3TO COBOKYITHOCTh BHEIPSEMBIX, "BCTpamBaeMbIX" B
MeIUIMHCKHE HH(POPMAMOHHBIE CHCTEMBI, IPUHIMIIHAIEHO HOBBIX CPE/ICTB
Y METOZOB 00pabOTKH JaHHBIX, OOBEIUHSAEMbIE B IIEJIOCTHBIE TEXHOJIOTHYE-
CKHE CHCTEMBI, 00ecIieunBaoIie co3/laHne, epeaady, XpaHeHne 1 oTodpa-
JKCHUE WH(OpPMALMOHHOTO MpPOAYyKTa (AaHHBIX, 3HAHUH) C HAaUMEHBIIHNMH
3aTpaTaMi C LeJbI0 MPOBEACHUS HEOOXOAMMBIX M JOCTATOYHBIX JeyeOHO-
JMarHOCTHYECKUX MEPOTIPHUATHH, a TakxkKe 00ydIeHUs, JUIs BCEX HYKIAIOIMINX-
Csl B HUX B HY’)KHOM MECTE U B HY’)KHOE BPEMsL.»

Co3nanue TENeMEOUIIMHCKUX CHCTEM (M CeTeH) SBISIETCS COCTaBHBIM
3JIEMEHTOM OOILIEro HamlpaBIeHUsT HHPOPMATH3ALMH 3APABOOXPAHCHUS B
HacTosmiee BpeMs. be3 nHTerpamym TeXHOIOTHI TeNeMEIUIIHBI BO BHOBb CO-
3/1aBacMble WM YK€ OKCIUTyaTHPYIOLIIHECS KIMHUYECKHE (M TOCIUTAIBHBIC)
aBTOMaTU3MpOBaHHble MH(pOpMaloHHble cucteMbl (AVIC) HEBO3MOXKHO TO-
CTPOUTH CKOJIBKO-HHOYIb KH3HECIIOCOOHOTO pElIeHHUs TMOANEPKKH JieueOHO-
JUarHOCTHYECKUX MPOIEAyp. DTO CBA3aHO C TEM, YTO HA KaXJIOM 3Tare
JUArHOCTHUKHU, JICUCHUA U pea6I/IJ'H/ITaHI/II/I ManueHTa Bpad JO0DKEH MMETH BO3-
MOYKHOCTh OOPATUTHCS K OMBITY Kojuier. [IpobiieMa MOBBIICHHS KauyecTBa Me-
JWIIMHCKOW TOMOIIM SIBJISIETCS NPHOPUTETHOW 3ajadell Hamero oOmecTBa M
3aHMMaeT OJIHO M3 LEHTPAIBHBIX MECT B HosuTHKe Poccuiickoro rocynapcrsa.
Bricokuii ypoBeHb 3JpaBOOXpaHEHHS SIBIISIETCS 3aJI0I'OM KauyecTBa >KH3HHU Hace-
JIEHWS1, YTO B CBOIO OYEpe/Ib SIBJICTCSI OCHOBOW 0E30MacHOCTH HAllMM KaK BaK-
HEHIIEro YCIOBHSI CyBEpEHHTETa TOCYJapcTBa, €r0 BHYTPEHHEH ITOJMTHKU U
HE3aBHCHMOCTH B MEXIyHapoIHbIX oTHOmeHMsX. [Ipu 3Tom ocoboe 3HaueHue
HNMEECT BO3MOXHOCTb HMHTETPAUN I/IHq)OpMaHI/IOHHHX CHUCTEM U CHUCTEM TCJIIC-
KOMMYHHKAIIMHA KaK CPECTBA MOBBIIEHNS Y(PPEKTHBHOCTA MEAUIIMHEI 32 CUET
00Jiee MHTEHCHUBHOI'O pasBUTHUA TCICMEIUIUHCKUX TCXHOHOFI/II\/’I, obecneunBa-
OIMUX MEOUKY y}IaHeHHBII\/’I JA0CTYIl K COBPEMEHHBIM MECIUIIMHCKHUM pECypcaM, B
TOM 4YHCJIC, MECKIAYHAPOIHBIM. OCHOBHBIMHA IpUYrnHaMH, MPEIATCTBYIOIUMU
OYHBIM MEJIMIIMHCKAM KOHCYJIBTAMSIM B OKPY)KHBIX U (peAepalIbHBIX LIEHTpax
SIBISIFOTCSL: TSDKEIIOE COCTOSTHHE 3/I0pPOBbsI MALIUEHTA, BBICOKAas CTOMMOCTb MPO-
€3/1a ¥ TIPO’KMBAHMsI, HEBO3MOXKHOCTh JTUTENBHOTO OTCYTCTBHS Ha paboTe, OT-
CYTCTBHE TPAHCIIOPTHOTO coodmieHust 1 T.11. [1o TeM >ke mpuYrHaM orpaHuYeHBI
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BO3MOYKHOCTH B TIOJy4€HHH DPa3IM4HBIX BHAOB BBICOKOCHEHHMAIN3UPOBAHHOU
KOHCYJIGTATUBHOW MEIHITITHCKOW TIOMOIIM y JKUTENIe HanOoliee OTHAICHHBIX
paioHOB, aXe €CIM TaKHe KOHCYIbTallMd MOTYT OBITH OKa3aHbI B PErMOHANb-
HBIX MEJULUHCKUX LIEHTPaX.

OnmHMM W3 TJIAaBHBIX IOCTOMHCTB TENEMEAWIMHBI SBISETCS BO3MOXHOCTH
NPHOIM3UTE BBICOKOKBATH()MIIMPOBAHHYIO M CIIELUAIN3UPOBAHHYIO ITOMOIIb
PabOTHUKOB BEIYLIMX MEIMIMHCKUX LEHTPOB K OTJaJCHHBIM paiioHaM H, TeM
caMbIM, CYILIECTBEHHO COKOHOMMTH 3aTpaThl NMAIMEHTOB. Bce BbIMIECKa3aHHOE
00ycJIaBIIMBaeT aKTyaJIbHOCTh NPOBEJCHHS MCCIIEA0BAHNI U pa3padOTKU peru-
OHaJIFHOH TeneMeauIHCcKol nHpopmarmonno cucremsl (PTUC) Ha Tepputo-
puu Poccuiickoit @enepanu.

Jnst oneHKH 3QPEKTUBHOCTH peaM3aliy MEPOIPHUITHI 110 BHEAPEHUIO
PETHOHAIBHON TEJIEMEIUIIMHCKON CETH MOTYT OBITh IIPUMEHEHBI CIIETYIOLIHE
OILICHOYHBIE KPUTEPUH:

— o0Imee KOJIMYECTBO TEJIECKOHCYIbTalMi M TEIEKOHCHINYMOB, IPOBE-
JICHHBIX )KUTEJSIM PErHOHA B OKPY>KHBIX, MEXKPETHOHAIBHBIX U (heepanbHbIX
MEIUIMHCKUX LEHTpax KOJUYECTBO KIMHHUYECKHX CJIy4aeB, IPHU KOTOPBIX
BepuduKaUs AWarHoza (MHCTpyMEHTaNbHas M Mopdoiorudeckas) ocy-
HIECTBJIEHA C HOMOIIBIO TEIEMEIUIMHCKUX TEXHOJIOTHIA;

— KOJIMYECTBO YNPABICHYECKUX MEPONPHUITHH (CETEKTOPHBIX COBEILIAHMUH,

— KOJUIeTnH, OajJaHCOBBIX KOMMCCHI), NMPOBEJCHHBIX C IOMOIIBIO BH-
JIEOKOH(EPECHIICBSI3H;

— KOJIMYECTBO MEAMIMHCKUX CIELUANTNCTOB, KOTOPHIM IPOBEACHA Iie-
PEenoAroToBKa (CHEIMaan3alis, YCOBEPIICHCTBOBAHUE), HA OCHOBE Telle-
o0OydeHus;

— CHW)KEHHUE NEePHUHATAIBHOW CMEPTHOCTH AOCTHIHYTOE C MOMOIIBIO Te-
JIEMEIUIIMHCKUX TEXHOJIOTHIA;

— CyMMapHBIH 3KOHOMHYECKHH 3(PQeKT OT BHEIpEeHHUs TeleMeInIH-
CKHX TEXHOJIOTUH — CyMMa C3KOHOMIIEHHBIX CPEJCTB 3a CYET TeJeJUarHo-
CTHKHU U TeleoOydeHHs — JOJDKHA MOKPHITh PAcXobl Ha (pMHAHCHUPOBAaHUE
MEPOIPUITHH.

Heo6xoaumMocTh pa3BUTHS TeJIEMEUIIMHBI IPU3HAHA B BEIYIIUX CTpaHAX
MHpa, CpeIu KOTOPHIX OCOOCHHO HIMPOKO TEJIEeMETUIIMHCKUE TEXHOJIOTHU
npumensitores B CHIA, I'pertun, Benmnkobpuranun n Hopsernn. IIpoextsr,
CBSI3aHHBIE C ()OPMHUPOBAHHEM TEIEMEAUIIMHCKON CETH, OTHOCSTCS K YHCITY
BRXKHEHIINX MEIMIMHCKHUX TporpammM, (puHaHcupyembix EBponeiickum co-
oOmectBoM. MeTosbl TeJIeMEIUIMHBI aKTHBHO pa3palaThIBAIOTCS TAaKXKe B
Bpasunuu, Kurae u psiie apyrux pa3BUBarOIIMXCs CTPaH.
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TeneMenunuHa CTaHOBUTCS SKOHOMHYECKH 3(()EKTHBHBIM CIOCOOOM
JUTSL TIPOMBITIZICHHO Pa3BUTHIX CTPaH B BOINPOCAX OKa3aHMS ITOMOINU ISt
HapamuBaHU IOTCHIIMANA CHCTEM 3IPaBOOXPAHEHHS B Pa3BHBAIOIIUXCS
crtpanax. CpaBHUTENBFHO HEOONBIINE WHBECTHUIMH B TEIEMEIUIMHY CITO-
COOHBI TIPUBECTH K CHIDKEHUIO OpeMeHHU 0oie3Hel, OMHOBPEMEHHO YBEIH-
YUBas BO3MOXXHOCTH OOOHMX yYacTKOB, KaK HAIPABIIAIONIETO, TaK M KOH-
CYJIBTUPYIOIIETO.

Pa3ButHe TeleMeIUIMHBI B MUPE HAXOIUT MIMPOKOE PACIPOCTPAHCHUE U
ell mpUHAUICKUT OO0JBIIOe Oymyiiee, BOSMOXKHOCTH TEXHUKH TAKKE OTPOM-
Hel. Tenemenununaa B Poccuu BcTymaeT B (a3sy mepexona OT pa3paboToOK
K cTaauu HpaKTI/I’-IeCKOFO BHC[[peHI/IH METOAOB AUCTAHIIUMOHHOI'O OKa3aHUusA
JIMarHOCTUYECKON M KOHCYJIBTAaTUBHON IMOMOIIM B OTEUECTBEHHOE 3/IpaBO-
OXpaHCHHE W B OJNIDKAWIIe TOIbl OHA MPEOJ0NICeT OTCTABAHUE OT PAa3BUTHIX
KaITUTAJIMCTUICCKAX CTPAaH M BHECET CBOM BKJIA B MHPOBYIO TEJICMEIUIIH-
CKYIO HayKy.

Paboma evinonnena no npozpamme novlUEHUS KOHKYPEHMOCNOCOOHO-
cmu ToMCKO20 20CY0apCmeennoz0 YHUeepcumema npu QuHancosou noo-
oepoicke PODU (zpanm Ne 16-29-04388).
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INIOCTPOEHUME KAPT JJIsA MOBMJIBHOI'O
POBOTOTEXHHUYECKOI'O OFBEKTA
IIPU IIOMOIIA BU3YAJBHOMU OJOMETPUNA
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Hayuonanvhviii uccnedosamenvckuii Tomckuil 20¢y0apcmeenHblil yHugepcumen
novorostomsk@gmail.com

BruomMeTprueckue TEXHOJOTMHM OCHOBaHbI Ha OHOMETPUH, H3MEPEHHUH
YHUKQJIBHBIX XapaKTEePUCTHK OTJEIBHO B3ATOrO YelOBEKa. JTO YHHKAJIbHbIC
MPU3HAKH, OTYYEHHBIE UM C POXKICHUS U XapaKTEPUCTUKH, OOPETEHHBIE CO
BPEMEHEM HJIM XK€ CIIOCOOHBIE MEHATHCS C BO3PACTOM HJIM BHEIIHUM BO3JCH-
cTBHEM. B maHHOW cTaThe PacCMOTPEHBI MPUHLMUIBI PaObOTHI, BUABI CUCTEM
OnoMeTprueckoil MAEHTH(UKANNY, NPUBEICHBI NPUMEPHI M OOJIACTH HX
MPUMEHCHHS.

buomerpuyeckne TEXHOJOIMH OCHOBaHbI Ha OHOMETPUH, W3MEPEHUH
YHHKQJIBHBIX XapaKTEPUCTUK OTAEIBHO B3ATOTO YEJIOBEKA. DTO MOTYT OBITh
KaK YHUKaJIbHbIC MPU3HAKH, OJTYYCHHBIE UM C poXkaeHus, Hanpumep: JHK,
OTIICYAaTKU MAaJbIeB, paaykHas OOOJOYKa IJa3a; TaK U XapaKTEePUCTHKH,
NpUOOpPETEHHBIE CO BPEMEHEM MM )K€ CIIOCOOHBIE MEHSATBHCS C BO3PACTOM
WY BHEITHUM BO3JICHCTBHEM, HAIIpUMEp: MOYEPK, TOJIOC MITH MTOXO/IKA.

ITpunnun pa6otel. Cuctema 3anmoMuHaeT o0paser] 6HOMeTpUIECKO Xa-
PaKTEepUCTUKH (3TO M Ha3BIBAETCA TpoIleccoM 3amucu). Bo Bpems 3ammcu
HEKOTOpble OMOMETPUUYECKHE CHCTEMBI MOTYT IIONPOCUTH CJIeJIaTh He-
CKOJIBKO 00pa3moB I TOTO, 4YTOOBI COCTaBUTh Hambosee TOUHOEe M300pa-
JKeHHEe OMOMETPHYECKON XapaKTEepHCTHUKH. 3aTeM MoJyuyeHHas HHpopMa-
st oOpabaThiBaeTcsl M IMpeoOpa3oBHIBACTCS B MaTeMaTHYECKHH KO
Kpome Toro, cuctemMa MOKeT ONPOCHUTH ITPOU3BECTH €lIé HEKOTOpbIe AeH-
CTBHSI JUIsl TOTO, YTOOBI «IIPUMUCATH» OMOMETpUUIeCKUuil oOpasel] K onpee-
JEHHOMY UYEJIOBEKY.

BruomMeTpust - TeXHONOTHS HMICHTU(PHKALMH JIMYHOCTH, HCIIOJIb3YIOIIAs
(hM3MONIOTHUECKHE TMapaMeTpel CyObekTa (OTIEYaTKH TMAaJbIeB, pPamdyKHas
o0oJouka rnasza u T.1.). OCHOBHBIE cBe/leHHsT broMeTpuyeckne napaMeTpsl -
CTaTHYECKHE OTIIEYATKH IaNbIEB, TEOMETPHUs PYKH, ceTyaTKa Ija3a u T.II. -
JUHAMUYECKHE MapaMeTphl: TWHAMHUKA BOCHPOM3BEACHUS MOINNCH WIH PY-
KOTIMCHOTO KJIFOYEBOTO CJIOBA, TOJIOC | T.II.

ITo ormevaTkaM manbleB. DTOT METOA SIBISIETCSI CAMBIM CTapbIM M pac-
MPOCTPAHEHHBIM CPeAH CIOCOO0B MACHTU(UKAIINH, UCTIONB3YIOMHX (QH3HO-
JIOTHYECKHEe 0COOEHHOCTH opraHn3Ma. [IpuMeHseTcst BO BCeX CTpaHax opra-
HaMH OXpaHbI PaBONOPSAKA I UICHTU(DHUKALUH TPECTYITHHUKOB.
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Kaxnplii yenoBeKk MMEET YHHMKAJIbHBIM HNalWUIIPHBIN y30p OTIEYaTKOB
najblieB, Onaromapsi 4eMy ¥ BO3MO)kHa HaeHTH(uKanus. OObBIYHO aIropHT-
MBI HCHONB3YIOT XapaKTepHbIE TOYKM Ha OTIICYaTKaX IMalbIeB: OKOHYAHHUE
JVHUH y30pa, Pa3BETBICHUM JIMHWU, OJUHOYHBIC TOYKH. J[OMOIHHTEIHHO
npuBiiekaeTcss uH(popManus o MOPQOIOTHUECKOH CTPYKTYpe OTIedaTKa
Majblia: OTHOCHTEIHHOE MOJ0)KEHUE 3aMKHYTBIX JMHUH NMalmMIUIIPHOTO Y30-
pa, «apOvHBIX» W CHHPANbHBIX TUHUH. OCOOEHHOCTH MaNMIIISIPHOTO y30pa
peoOpa3oBBIBAIOTCS B YHUKAJIBHBIA KOJI, KOTOPBIH COXpaHsieT HHPOPMaTHB-
HOCTh HM300paKeHUsl oTnedyarka. VI MMEHHO «KOJbl OTIICYATKOB MAJIbIEB)»
XpaHATCs B 0a3e TaHHBIX, UCIIOIb3YEMOM AJIsI TONCKA U CPABHEHHS.

CucteMbl HACHTU(GUKALUK 110 XapaKTEPUCTUKAM pedr. DTO OJIHA U3 CTa-
pemmx OHOMETpHUYECKUX TEeXHOJOrHi. B HacTodiiee BpeMs ee pa3BUTHE
AKTHBU3UPOBAJIOCH, € MpoUuTCs OobIIOe Oymyliee M MIMPOKOE HCIIOIb30-
BaHHUE B IIOCTPOCHUH «MHTEIJIEKTYaJIbHBIX 3/1aHU». CylecTByeT JOCTaTo4-
HO MHOTO CIIOCOOOB MOCTPOCHHUS KOJa MACHTU(GHUKAIMH 110 TOJ0CY, KaK mpa-
BWJIO, 3TO Pa3JIMYHbIC COYETAHUS YaCTOTHBIX M CTATUCTUYECKHX XapaKTepH-
CTHK ToJIoca.

Cuctembl uaeHTH(GUKALUU MO PaayKHOH oOonouke riasa. IT1o Oosee
MPOCTOi M yOOOHBI coco0, HO W MeHee HalaeKHBIA. PamyxHas oOomouka
TJ1a3a SIBICTCS YHUKAIBHOI XapaKTepUCTHKOH uenoBeka. PUCYHOK pamyXku
(opMupyeTcss Ha BOCBMOM MecCsIleé BHYTPHYTPOOHOTO pa3BUTHA, OKOHYA-
TEJILHO CTAOMIM3UPYETCS] B BO3PACTE OKOJIO JBYX JIET U NMPAKTHUECKH HE W3-
MEHSIETCSl B TEUCHHE KU3HHU, KPOME KaK B PE3yJIbTaTe CHIIBHBIX TPAaBM HIIU
pe3kux marosioruii. Meron sBISETCS OJHUM K3 Haubojiee TOYHBIX CpPeau
OHOMETPHUYECKUX METO/IOB.

Cuctembl MICHTU(QHKAMK 0 W300pakeHHI0 Juna. B nanHoM merone
HICHTU(QHKAIIMK CTPOUTCS TPEXMEPHBINA 00pa3 juia yenoBeka. Ha yurie BbI-
JIENIAI0TCS] KOHTYPHI OpOBEH, Ti1a3, Hoca, Ty0 U T.1., BBIUUCIIAETCS pacCTOSIHHUE
MEKy HUMH U CTPOMTCS HE TIPOCTO 00pas, a erlie MHOKECTBO €r0 BapHaHTOB
Ha CJIyYau IOBOpOTA JIMIIA, HAKJIOHA, M3MEHEHMs BhIpakeHHs. KonmuecTBo
00pa3oB BapbHpyeTCsd B 3aBUCHMOCTH OT IIeJIeH HCHOJB30BAHUS NAaHHOTO
crocoba (U1 ayTeHTU(QUKALMK, BEpUPHKAIMM, YIaJCHHOTO IOMCKa Ha
OOJIBIINX TEPPUTOPHSX U T.1.)[4].

Cuctembl HACHTH(HUKAIMY 110 TEOMETPHUHU JIAIOHU PYKU. MeTo uaeHTH-
(uKanuy mojp30BaTeNed M0 reOMETPUH PYKH IO CBOEH TEXHOJIOTHYECKOH
CTPYKTYpE ¥ YPOBHIO Ha/I)KHOCTH BIIOJIHE COIOCTABHM C METOJIOM HIEHTH-
(hUKaIH TMYHOCTH IO OTIIEYATKY Majblia.

Cucremsl npaeHTH(uKanuu mo noamucu. Kak mpaBwmino, aiist 3Toro Bujaa
WJICHTU(UKALMKY YeJIOBeKa HCIOJIB3YeTCsl €ro pOCHHCh (MHOTJA HAIHCaHUe
KozoBoro cioBa). Ludpooit kon naeHTHUKaMyu HOpMHUPYETCs, B 3aBHUCH-
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MOCTH OT HEOOXOIUMOH CTETICHH 3aIMUTHl U HATHIHSA 000pyaoBaHUA (Tpadu-
YeCKHH IUIaHIIET, SKpaH KapMaHHOro Kommbiorepa Palm u T.1.), ABYX THIIOB:

— ITo camoit pocrcn (Ui HACHTH(UKAINK HCTIONB3YETCS MPOCTO CTe-
MICHb COBMACHUS JBYX KapPTHHOK);

— Ilo pocmucn W AMHAMUYECKMM XapaKTEPUCTHKaM HamMCaHWs (IUis
UIeHTU(HUKALUE CTPOUTCS CBEPTKA, B KOTOPYIO BXOAWT HH(pOpManus Io
POCTINCH, BpDEMEHHBIM XapaKTEPUCTHKAaM HAaHECEHHUS! POCIIMCH U CTaTHCTHYE-
CKUM XapaKTepUCTUKaM AWHAMUKHY HA)KUMa Ha IOBEPXHOCTD).

[Ipumenenne. buomerpuyeckne TEXHOJIOTUM AKTHBHO NPUMEHSIOTCS BO
MHOTHX 00NacTIX CBSI3aHHBIX C 00ecIedeHNEeM O€30IaCHOCTH JOCTYINA K MH-
dopmanu ¥ MarepuadbHBIM OOBEKTaM, a TaKkXkKe B 3aJadax YHHUKAJIbHOU
UICHTU(HUKALUH JTUIHOCTH, B LIEJISX:

— Konrpons noctymna;

— 3amuThl HHGOPMAIKY;

— WpenTndukanuy KIMEeHTOB.

Ha cerommsamHWii neHp Hameld KOMaHIOW pa3padaTbIBacTCs MeETOX
CKPBITHOTO cOopa W aHanmu3a Omorormdeckorr mHGopmaruu. O6 sToM Oonee
MOPOOHO B CIICAYIOIIMX MyOIHKAIHSAX.

Paboma evinonnena no npozpamme nosvleHUs KOHKYPEHMOCNOCOOHO-
cmu ToMCKO20 20Cy0apCmeenHo20 yHueepcumema npu QUHaHcosol noo-
oepoicke PODU (zpanm Ne 16-29-04388).
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C pazButreM MH()OPMAIMOHHBIX TEXHOJOTHUH, OYEHb MOJHBIM CTAJO HC-
NOJIb30BaHue (DYHKUUM WASHTH(HKALUKN YeJoBeKa B MPOrpaMMHOM obecrie-
4yeHHH. bonbinas yacTe JaHHOTO MPOrpaMMHOro obecrieueHus: paspaboTaHa
TOJBKO JJISI HACHTH()HUKAIIN YeIOBEeKa ITyTeM MOHCKa B 0aze JaHHBIX. MBI, B
CBOIO OUYepesb, MpeIaraeM NporpaMMy HACHTH()UKAIMN YeJI0BEKa B BUIEO-
MOTOKE IO OINpEAETICHHbIM KiIacCH(UKAIMOHHBIM MapaMeTpaMm. B naHHOi
paboTe HCTONB3YIOTCS TPH KIACCH(UKAIIMOHHBIX MapaMeTpa: IoJI, BO3pacT-
Hasl KaTerOpHs U pacoBas rpymima.

Wnentudukanus oaeii — OJHAa U3 TJIABHBIX IEJCH KOMITBIOTCPHOTO
3peHusi. UenoBeka MOXKHO MIEHTU(HULIUPOBATH C TIOMOIIBIO TAaKUX MapaMeT-
POB, KaK IOXOJKa, JIMIO, OTIEYaTKH MaIbLEB W paaykHas oOoiouka. B
Hameil paboTe MbI HCTIOIB30BATIM TEXHOJOTHIO PACIO3HABAHUS JIHII, TaK KakK
IeNIb TIPOEKTA 3aKII0YaeTCs B pa3paboTKe CUCTEMBI HICHTHU(UKAIINH YeIIOBeE-
Ka I10 KJIacCHU(PUKAMOHHBIM mapamerpaM. JIroqu MoryT ObITh pa3jieneHsl Ha
IpyIIbL, [0 BO3PACTHOM KaTeropu, IOJy U pace, JIMIIb OCHOBBIBAsCh Ha
4epThl JULA.

CeroziHst B 3TO COBPEMEHHOE BpEMS CYILIECTBYET IpodiieMa ¢ KOHTPOJIEM
Hamwmx aereid. Ham Hy»XHO mporpaMMHoe oOeclieueHne, KoTopoe OyaeT KOH-
TPOJUPOBATh JOCTYI JIETEH K MHTEPHET-CaiiTaM, NpeJHa3HAaYEeHHbIX IS JIUL]
crapme 18 ner. Ham HykHO mporpammHoe oOecrieueHne B TOPTOBBIX aBTO-
Marax, KOTopble He OyIyT NpojaBaTh JIETSM TAaKOH TOBap, KaKk CHIapeTsbl,
AJIKOTOJNb | T. . DTO COIMabHAsA MpodiieMa JIFoIel BO BCEM MHpPE M TOJBKO
MpOTpaMMHOE 00eCTIeYeHHE C OIICHKOH BO3pacTa MOXET PEIINTH €e.

Taxoro posxa nmporpaMMHoe o0OecIieueHHe MOXKET OBITh TaK)Ke HCIIONb30-
BaHO JUJIS TIOJYYEHUs] CTAaTUCTUYECKUX JaHHbIX. Hampumep, ¢ moMobto ze-
Morpaduyeckoil HHPOPMAIUK O KIMEHTaX MOXHO ITONYyYUTh CTATUCTHUE-
CKHUE JaHHBIE JUI1 MapKETUHTa, TAKUE KaK, CKOJbKO KIMEHTOB IOCETUIIO TOP-
TOBBI LIEHTP; CKOJBKO MY)KUMH M JKCHILIUH; CKOJBKO IETEH, IOIPOCTKOB,
B3POCJIBIX U IOKUIIBIX JIIOJEH; CKOJIBKO a3UaTOB, €BPOIEHLIEB, U T. [I.
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B HacTosimee Bpems OONBIIMHCTBO OpTaHM3alM{ HYXITAeTcs B TIPO-
TpaMMHOM OOECIIEYCHHH C BO3MOKHOCTBIO TIOMCKA YEIOBEKa B BHIEO-TIOTOKE
MO0 3aJaHHBIM KJacCH(UKAIIMOHHBIM MapameTpaM, Ka BO3pacT, IOJ M paca.
Takoe mporpamMmmHoe oOecrieueHHe MOXKET HCIIOJIb30BaThCsS B KOHTPOJBHO-
MPOIYCKHBIX IYHKTaX a’ponopToB W OaHkoB. Hampmmep, oHO MOXeT OBITH
WCIIONB30BAHO U TPOBEPKH OIPENCIIEHHOTO YelIOBeKa B UEPHOM CIIHCKE
KJIMEHTOB.

Ha ceropssmHnii eHb CyIIECTBYET MHOTO aJTOPUTMOB PacIIO3HABAHUS
ymr [2]. Ho Bce oHM 9yBCTBUTENBHBI K OONBITNM H3MEHEHHSIM B OCBEIICHHO-
CTM ¥ MuUMHKe Juna. [IpuHMMas 3TH HEJOCTaTKM BO BHHMMaHue benb-
xymeyp I1.H., Xecnanna J[.I1., u Kperman JI./]. pazpaboTtanu anroputm pac-
MO3HABaHUS JIML, KOTOPbI HEUYBCTBUTENEH AJISl TAKOTO TUIA Bapuauui [3].
JlaHHBI aJrOpUTM OCHOBAH Ha MBYX Meronax, Fisherfaces (numa ®umepa) u
Eigenfaces (co0ctBennsie auia). Meron Fisherfaces siBnsiercst mpou3BoHbIM
ot ymHeiHoTo muckpumuHanTa Oumepa (Fisher’s Linear Discriminant) [13],
MUHHMHU3HPYET BHYTPHKIACCOBOE W MaKCHMUI3HPYET MEKKIACCOBOE PacCTo-
sIHUE B MpocTpaHcTBe npusHakoB. Meton Eigenfaces Takke ocHOBaH Ha Ju-
HEHHOM MPOEKTHPOBAHUH MPOCTPAHCTBA H300pakeHHs B OoJjiee HU3KOE Mpo-
CTPaHCTBO Npu3HaKoB [9; 10; 11].

[TepBbIM 3TanioM B pabore OblIa Kinaccu(puKanms 4eaoBeKa B FeHICPHOM,
pacoBoif U BO3pacTHOM rpymnie, UCOJb3ys aJrOPUTMbI paclio3HaBaHUs JIUIL,
nmosToMy BeIOOp man Ha Mmeron Fisherfaces. Merox Eigenfaces ocHoBaH Ha
MeTone riaBHBIX kKoMmmoHeHT (Principal Component Analysis, PCA), xoro-
PBIf sBIIsETCS OECKOHTPOJIBHON CTATHCTHUYECKOW MOJENBI0, TEM CaMbIM He
COBCEM TOJXOMUT JJIsl JaHHOW 3amaud. B cBoro odyepenp merton Fisherfaces
JTaeT OIPEEeNICHHYIO KITaCCOBYIO JIMHEHHYIO MPOEKIUIO, YTO TOBOPHT O TOM,
YTO OH Topa3jo Jyylle MOAXOAUT AJisi BO3PACTHOM, PacoBOl M TeHIepHOM
knaccudukanuu [4]. ITo sxkciepumenTtam Baruepa I1. [7], MbI MOKEM BHICTb,
gto Merox Fisherfaces mocturaer ckopoctu pacmo3naBanus 98 % B mpen-
METHO-HE3aBUCHUMOH TepeKpecTHOH mpoBepke (subject independent cross-
validation). ITpenqmerHo-He3aBHUCHMAasl MEpeKpecTHasI MPOBEpPKa 3TO 0Opa3bl
YeJIOBEKa HE MCII0JIb30BaHHbIE MIPU 00YYEHNH MOJIENTN PACIIO3HABAHUSL.

Merton Fisherfaces yxe peannzoBan B OpenCV. OpenCV (Open Source
Computer Vision Library) 310 OuGnmoreka ajaropuTMOB KOMITBIOTEPHOTO
3peHus, 00paboTKHM W300paKEeHUH W MANTUHHOTO OOYYEHUS C OTKPBITHIM
MCXOJHBIM KOJIoM. J1J1st TOro 4To0BI cucTeMa KiacCu(pUIMpOBaa JroeH 1o
BO3pAcTHOH, pacoBOil M T€HIEPHOI TrpymiaM, HeOOXOIUMO OOYYUTH Kilac-
cudukatopsl Moxenu pacno3HaBaHus Fisherfaces B OpenCV. [lnsg oOyde-
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HUS JaHHBIX KJIACCU(HUKATOPOB HEOOXOOMM HaOOp M300pa)kKeHHH pa3HBIX
JTOAEi.

OCHOBHOE BHUMaHHUE OBLIO YAEIEHO pa3paboTKe HACTOILHOTO MPHUIIOXKE-
HUS, ¢ (QYHKIMEH MMOKCKa JIF0/IeH B BUJICO-TIOTOKE, B COOTBETCTBUU C 3a/laH-
HBIMHU ITapaMeTpaMy Moucka. JJaHHoe mporpaMMHoe obecredeHHe SBISeTCS
OCHOBOH W HadajJoM OJHOU OoJbIIOH cucTeMsl Oe3omacHocTH. [Iponenannas
paboTa BBICTYIaeT B KayecTBE JIEMOHCTPAIMU HOBBIX BO3MOXKHOCTEH, KOTO-
pble MOXKHO HCIIOJIB30BaTh B NPOTPaMMHOM OOECIICYCeHHH CHCTEM Oe3omac-
HocTH. B menom npuiosxeHue paboTaeT XOpomLo, HO HMEET HU3KYIO CIIoco0-
HOCTh PAaclio3HaBaHUs, TaK Kak B Xoje oOy4deHHus: Kiaccu(UKaTopoB OBLIO
UCIIONIb30BaHO Bcero sk 1500 n3oOpakenuit nun moneid. B Oynymem
JaHHas mpoOiema OylneT pelleHa, TakKe MpelyCMaTpHBacTCs N0OaBICHUE
HOBBIX (DYHKITHH.

Paboma evinonnena no npoepamme nogwvluieHUsi KOHKYPEHMOCNOCOOHO-
cmu ToMCKO20 20Cy0apcmeenHo2o yHugepcumema npu (QuUHAHCO80U NnOO-
Oepoicke PODU (epanm Ne 16-29-04388).
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TpyOonpoBomHBIT POOOT COCTOMT W3 MYJIBTUKONTEPA, MOMELIEHHOTO
B KOHCTPYKLHMIO, HAaIlOMHHAIOIIYIO KOJIECO, M3 KOMIIO3UTHOI'O Marepuaia
(puc. 1). CymiecTBeHHBIM OTIMYHEM OT aMEPUKAHCKOH pa3pabOTKH SBIACTCS
NPUMEHEHHE JIBYX JIOTIOJHUTENbHBIX JIBUTaTelel, pa3MelleHHbIX Ha OCH,
napajjiebHON Bpallaomieiics ocu ycTpoiicTBa. DTH ABUTaTEeIN UMEIOT BO3-
MO>KHOCTB YIPaBISIEMOTO BPAILCHUS OTHOCHTENBHO TOYKU KperieHus. Jlan-
Hasl CXeMa T03BOJIMIIA OCYLIECTBIATH ABMKEHHE B TOPU30HTAIBHON IIOCKO-
CTH TOJIBKO C TOMOIIBIO JIBYX JOMOJHHUTENBHBIX JIBUraTelIel, CHiia TSATH KO-
TOPBIX HaNpaBJIeHa BAOJIb OCH ABM)KEHHS, YTO CYIIECTBEHHO CHU3WIIO DHEp-
ro3arpartsl [1-6].

Puc. 1. TpybonpoBoaHsIil po6oT

IToBOPOTHI B IBIKCHHH OCYIICCTBISIFOTCS PA3HOCTBIO TSATH HA JIBHTATe-
nsx. IIpuMeHeHne JaHHOW CXEeMBI a0 BO3MOXKHOCTh OCYIIECTBIISITH pa3Bo-
POTHI HA MecTe, KOT/Ia OJIMH U3 JIBUTATENIeH pa3BOpaYMBAETCS HA CBOEH OCH U
TSHET B IPOTHBOIIOJIIOKHYIO CTOpoHY. [Ipu mepenere NpemsTCTBUH IIAT-
(hopMa c 4eTBIPbMSI BUHTAMH BCETAA OCTAETCS MapajlIeNbHOMN 3eMiie U CTa-
OmnM3upyeTcs B 3TOM IIOJIOKEHHH MHUKPOIIPOIIECCOPHOH cucTeMoil cTabu-
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JM3alMH, YTO TO3BOJIIO HOBBICHTh CTAOWJIBHOCTh B MOJIETE W YMEHBIINTH
packauky. IlepemenieHne B TOPU3OHTANBHOW IUIOCKOCTH O0ECHEYHBAIOT
JOTIOTHUTENBHBIE [1BA IBUTATENS, TIOBOPAYNBASICh HA HYKHBIH yroi. B ciy-
yae 0TKa3a OZHOTO M3 YEThIpeX JBUraTeieil MoJbeMHON IIaThopMbl JBHUTA-
TeJU ABWKEHUS TOBOPAYMBAIOTCS MapalieIbHO OCTaNbHBIM U 00€CIIeYUBAOT
OTHOCHTEJIFHO MSATKOE IPH3EMIIEHHE YCTPOICTBY, UTO CYIIECTBEHHO ITOBBI-
IIaeT )KUBYYECTh U HAAEKHOCTh CHCTEM.

Paboma evinonnena npu ¢unancosoi noodepixcke PODU (epanm
MNe 16-29-04388).
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MOJAEJIMPOBAHUE BECIINJIOTHOI'O
JETATEJIBHOI'O AIIIMAPATA C ®YHKIIUEA
OBHAPYKEHWSA U YKJIOHEHHUSA OT NPENSTCTBUIA

A.A. Tazanos, C.B. [Lluonrosckuii

Hayuonanvhuviii uccnedosamenvckuii Tomckuil 20cy0apcmeenHblil yHugepcumen
asablindme@gmail.com

B crarse paccmaTpuBaroTcsi mpouesyphl MOJIECINPOBAHHS KOMITBIOTEPHOM
TBEPIOTEIbHON MOJAENN OECHMIOTHOTO JIETATENbHOTO ammapara C YeThIPhbMs
HECYIMH BHHTaMU ¢ QYHKIHEH 0OHApYKEHUS U YKIIOHEHUS OT IPETITCTBUI.

MogenupoBanue AWHAMUKU JBH)KEHHS KOMIIBIOTEPHOM TBEpAOTENBHOU
MOzeNIU OECHMIOTHOTO JIETaTENbHOTO ammapara MPOBOAWIOCH B ONEpPaIMOH-
HOH cucteme [t poboToB ROS mpu momomn nporpamMMHoro makera Gazebo.
ROS — 370 (peiiMBOpK 11 TPOrpaMMUPOBAHUST POOOTOB, MTPEIOCTABIISIOIINH
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(hYHKIIMOHATIBHOCT VIS paclpencinéHHoil paboTel. OrepanioHHast cucTeMa
NPEOCTABISIET CIEAYIOIINE CITyKOBI: anmapaTHylo adCTpaKInio, HU3KOYPOB-
HEBBI KOHTPOJb YCTPOICTB, BHEAPCHHE IMUPOKO HCIIONB3YEeMBIX (DYHKIHWH,
nepenady cooOIIeHIMH MeXAY IpoIieccaMy U yIpasiieHre makeramu. Gazebo —
9TO IPOrPaMMHBIN TTaKEeT, MOJEIUPYIOLINI B3aUMOJICHCTBUE POOOTa MITH Jaxe
MOMYJIAIAN pOOOTOB ¢ (hU3NIECKUM MUPOM. JleTasHO OomrcaB poOOTa MOXKHO
TECTUPOBATH KaK pabOTy alTOPUTMOB, TaK U (PM3HUECKYIO peai3aliio poooTa
B BUPTYaJIbHOW Cpejie, 10 UCTIONIB30BAHNUS alllapaTHOM 4acTH.

[Ipu nomomy BcrioMoraTeNnbHbIX CPelICTB OblLla CO3/1aHa KapTa OTKPBITOrO
NPOCTPaHCTBA, KOTOpasl B JiajibHEHIIeM Oblila MHTETPUPOBAaHA B MMHTAIMOH-
HYI0 MOJIeNb NPH MOMOINM INporpamMMHoro nakera Gazebo. 3T1o mo3Bousier
TECTHPOBATH AITOPUTMBI, BBIIOIHATh PErPECCUBHOE TECTUPOBAHUE C HCIOJIb-
30BaHHEM PEATCTHYHBIX CLICHApUeB 03 NCIIOIb30BaHMsI peabHBIX POOOTOB.

Jliist Monenu ObLIM MCIIONIB30BaHbI PX4 anropuTMbl KOMIIBIOTEPHOTO 3pe-
HUS. Peno3uTopuii comepXHUT ABE pa3MUyHbIC peaH3aldyl JaHHOTO ajro-
putma. B pabote ncmosp3oBancs I00ANbHBINM IUIAHWPOBIIMK HAa OCHOBE
rpadoB, KOTOPHI IUTAHUPYET B TPAIUINOHHON CETKE 3aHATOCTH.

YnpasneHne OSCIMIOTHBIM JICTATENBHBIM aNlapaToM OCYMIECTBIBLIOCH C
MOMOIIBIO TTPOTOKOJIA WH(OPMAIIIOHHOTO B3aUMOJECHCTBUS C JPOHAMH WA
MalbIMH  OecroTHRIME  anmapataMd MAVLink. Jlng wHpOpMamoHHOTO
B3aMMOJICHCTBUS ¢ ammapaTroM ucnoib3yercs ROS maker - mavros. OTOT maker
peann3yeT BO3MOXKHOCTD ITOCBHITIATh KOMAaH B! YIIPABJIICHHUS aNllapaToM I0 Mpo-
Tokoiry MAVLink, ucnons3ys cranaaptasie ROS Tumner nanaeix. MAVROS -
MAVLink pacmmpsiemslit y3en cBsa3u it ROS ¢ npoxcn a1 Ha3eMHOHM CTaH-
mun  ynpasieHus. ROS moxxeT wucmomnp3oBateess ¢ PX4 u cuMmynstopom
Gazebo. On ucnons3yet y3e1 MAVROS MAVLink mist cesizu ¢ PX4.

B moctpoeHHOI HMUTAIMOHHOW MOJIeNn OBLT IPOU3BEICH TECTOBBIN IO-
JET 10 33aJaHHBIM TOYKaM MHCCHH CKBO3b IIPETSATCTBUS, 3arpy’KEHHOH B
MMHTAIMOHHYIO MOZENb OECHWIOTHOTO JIETAaTeNbHOTO armapara. Mojenb
NP TIOJIETE M0 TOYKAM MHCCH JOCTaTOYHO TOYHO OINpeselisiia ¢ HOMOIIBIO
JIBYX CTEpEeOKaMep M JInapa OKpy’Karollie ee MPensITCTBHS U YKIOHSIIach OT
HUX, He OTKJIOHAACH OT 3aJaHHOTO MapIIpyTa.

Ha ocHoBe aHanm3a NOTY4YEHHBIX PE3yNbTAaTOB, MOKHO CKa3aTh, YTO AaH-
Has MMHUTALMOHHAS MOJEb MO3BOJSIET JOCTATOYHO TOYHO OOHApYXKHUBATh
NPENnSTCTBUS HA MapIIpyTe IOJIeTa U YKIOHSITHCS OT HHUX, HE cOMBasCh 3a-
JTAaHHOTO Kypca.

Paboma evinoanena ¢ Tomckom eocyoapcmeeHHOM yHugepcumeme npu
@unarcosou noddepicke Munobprayku Poccuu, ynuxanvuvii uoenmugura-

mop RFMEFI57817X0241.

31



METOJA MOHTE-KAPJIO IS JIOKAJIN3ALIUA
POBOTA HA KAPTE MECTHOCTH

M.B. luxman

Hayuonanvhvlii uccneoosamenvckuii TomMckutl notumexHuyecKutl yHugepcumem
Shikhmar@gmail.com

Mup Boren B HudpoByIo 3M0XY, KOTJIa HOBBIE TEXHOJIOTHH CTPEMHTEIb-
HO Pa3BUBAIOTCSl U MEHSIOT MPUBBIYHBIA YKIIa/ )KU3HU, (POPMUPYIOTCSI HOBBIE
oTpaciu U Hpoeccuy, OTKPHIBAIOTCS HOBBIE BO3MOXHOCTH JUIS Pa3BUTHUS.
Cpenu MHOTOOOpa3mst obnacTeil B NU(PPOBOW MHIYCTPUH, OCOOBIH HHTEpEC
BBI3BIBAET POOOTOTEXHHMKA. POOOTOTEXHMUYECKHE YCTPOMCTBA IOCTENECHHO
MPOHUKAIOT BO Bce c(epbl AEATEIHHOCTH YEJIOBEKAa, W HUMEIOT OTPOMHBIC
MEPCTIEKTHBHI VIS NAIbHEHIIETO pa3BUTHsL. {1 pereH s NpUKIAaHBIX 3a1ad
BO MHOTHX CJIydasix poOOTy HEOOXOAMMO 3HATh CBOE PEAIbHOE MECTOHAXO0XK-
JIeHNE, KOTOPOE Yallle BCETO0 OTIMYACTCS OT JAHHBIX, XPAaHSAIUXCS B OOpTO-
BoW cucteme. Jlins OECIIMIOTHBIX POOOTOTEXHHMUYECKHX YCTPOWCTB, a TakXkKe
Ha3eMHbIX poO0TOB Hanbosee 3PpHEKTHBHO MPUMEHATh AITOPUTMBI JIOKATb-
HOM HaBHI'allH, KOTOPBIE 3aKJIIOYAIOTCS B ONPEIEICHUN KOOPAUHAT yCTPOHi-
CTBa II0 OTHOLICHHIO K HEKOI HavaJlbHOH TOUKe.

OnHUM U3 MHOXECTBA aIrOPUTMOB JIOKaTU3allu poboTa Ha UMEIoIIeCs
Kapte sBisiercs Jjokanusainus Monre-Kapino (Monte Carlo Localization).
CTOUT OTMETHTbh, UTO JIAaHHBIH METOJ] MMEET PsJ] MPEUMYIIECTB, IOITOMY B
paboTe paccMaTpuBaeTCs UMEHHO OH. (DUIbTP YacCTHII, TIaBHBIN I ajro-
purMa Monre-Kapio, MOXeT anmpoKCUMHUPOBATh HECKOJIBKO Pa3IMYHBIX
BUJIOB BEPOSITHOCTHBIX pacIipelie]IeH!H, MMOCKOJIbKY MMEET HelapameTpude-
cKoe mpejcraBieHne. Hekotopele apyrue 0aileCOBCKHE aJTrOpUTMBI JIOKATH-
3anuu, Takue kak ¢misTp Kanmana (B TOM umcie, pacIIMpeHHBIH (GHIBTP
Kanmana), momaratot, 9To poOOT OJM30K K TOMY, YTOOBI OBITH pacmpeneie-
HHeM [aycca, W He CIPaBISIOTCS C CHTYalMsSMH, KOTIa II€pPBOHAYaIbHBIC
MPEANOI0KEHHS SIBISIOTCS MYJIbTUMOIaIbHBIMH.

VYuuteiBasi KapTy Cpelbl, aITOPUTM OLICHHWBAET IOJIOKEHWE M OpHEHTa-
M0 po0OTa MO0 Mepe €ro NepeMeIeHrs] U BOCIHPUHHUMAET OKPYKAIOIIYIO
cpeay. AJITOPUTM HCIOJNBb3yeT (QUIIBTP YaCTHIL MIPEACTABICHHUS pacrpeese-
HUSl BEPOSTHBIX COCTOSIHWMA. YacTHIa mpeacTaBiseT coO00l BO3MOXKHOE CO-
CTOSIHHE, T.€. TUIOTE3Y O TOM, I'/le HaXOIUTCs poOOT B HEKOTOPBIH MOMEHT
BpeMeHu. Yalie Bcero, HauyaiabHOE MPE/ICTABICHUE aJITOPUTMA SIBIISIETCS] PaB-
HOMEpHBIM CJIYYaiHbIM paclpeesieHHeM YacTHIl N0 KOH(UTYypaluOHHOMY
NpoCTpaHcTBY. Besikuii pas, korna poOoT mepeMernaercsi, OH IepeMernaet
YacTHIbI, YTOOBI MpEJCKa3aTh CBOE HOBOE COCTOSIHHE I1OCJE JIBHM)KEHHS.
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B ciydae, ecnmn pob0T 4TO-TO OmIpenensieT, NPOUCXOJUT NEPECcUeT JYacTHIl Ha
OCHOBE PEKYpCHBHOM 0aiieCOBCKON OLEHKH. TO €CTh IPOUCXOAUT OIpesee-
HHE TOTO, HACKOJIKO XOpomIo (DaKTHYECKHE BOCIIPUHIMAEMBIE JTaHHBIE KOP-
PENMPYIOT ¢ MPOTHO3HPYEMBIM COCTOSHHEM. B KOHEYHOM cuUeTe, 4acTHIIBI
JIOJDKHBI CXOJTUTHCS K (PAaKTHYECKOMY MOJI0KEHHIO poOoTa.

Paccmotpum poboTa B OTHOMEPHOM KPYrOBOM KOPHAOPE C WACHTHIHBI-
MH JBEPSAMH, HCIONB3YIOMETO JAaTYNK, KOTOPBIA OMpENenseT HAINYNe WIN
OTCYTCTBUE IBEpH Iepea coOoil. B HayanbHBIE MOMEHT BpEMEHH pOOOT
HaxonuTcs y nepBoit asepu. Cam ke aNropuT™M HHHUIUAIU3UPYETCS paBHO-
MEpHBIM PacIpeelIeHHeM JacTHIl, TO €CTh M3HAYaJIbHO POOOT HE 3HACT, Il
MMEHHO OH HaXOJHUTCSl Y CUUTACT, YTO MOXKET HAaXOAUTHCS B JIOOOW TOYKE
MIPOCTPAHCTBA BAOJb KOPUIOPA C OJMHAKOBOI BEpOATHOCTBIO. 3aTeM poOOT
NoTydJaeT HHPOPMAIMIO C AaT4MKa 00 OKpY’KaromeM IPOCTPaHCTBE M 0OHa-
pyxuBaer nepen coboi nBepb. Mcxons U3 3Toro, NprUCBauBaeTCst BEC Kax 101
3 dvactul. YacTumaM, KOTOphIe MOTYT JaTh TaKMe IMOKa3aHUS JaTyhKa
(Hanmmuue nBepH), MpPHCBaWBacTCA OONBIINI Bec. 3aTeM pPoOOT TeHepHpyeT
Ha0Op HOBBIX YACTHI, IPUIEM OONBIINHCTBO U3 HUX T'€HEPHPYETCS BOKPYT
NpeAbIAYIINX YacTul ¢ 0oJplIMM BecoM. Temepb poOOT mojiaraer, 4To OH
HaXOAMTCSI BO3JIC OTHOM M3 ABEpEH, HO HE 3HAET BO3JIEe KaKOH HMEHHO.

B cnemyrommii MOMEHT BpeMeHH pPOOOT INepeMenaeTcs Ha HEKOTOpOe
paccrosiHHEe BIpaBo. Bee "acTHIBI Takke MepeMenaoTesi BIpaBo, U J00aB-
JsIeTCsl HeKOTOpHIi myM. PoOOT aHanm3upyer naHHble 00 OKpysKaromeH cpe-
Je ¥ He oOHapyxuBaeT JBepb. OH BHOBb IIPUCBAWBAeT BEC KaXJOH W3 da-
ctun. Temepp 9acTUIaM, KOTOpBIE MOTYT JaTh TakWe IMOKa3aHMS JaT4MKa
(oTcyTcTBHE IBEpH), HpUcBamBaeTcs Oospmmid Bec. YacTuubl, B 0o0iacTé
KOTOPBIX €CTh JIBEPH, HaJICIISIOTCS MAIBIMU BECAMH.

CTOUT OTMETHUTh, YTO BO BpeMsi OOHOBJICHHUS JBUKEHHS POOOT TpescKa-
3BIBACT CBOE HOBOE MECTOIOJIOKEHHE HA OCHOBE 3a/laHHON KOMaH/bI 3aITycC-
Ka, PUMEHSAS MMHTHpYEeMOe JBI)KEHHE K Kaxnod u3 yactun. Hampumep,
eciu poOOT IBMKETCS BIEpeN, BCE YAaCTHIBl IBIDKYTCS BIEpEd B CBOMX
HaNpaBIEHUSIX HE3aBHCHMO OT TOTO, KaK OHM HampaBiieHbl. OJHAKo, B pe-
QIFHOM MHUpPE HU OJMH HCIIOJIHUTENBHBIN MEXaHW3M HE HJeaJieH, U poOoT
HNEepeMeIacTcsd OTHOCHTENIBHO CHUTHaja 3aJaHus ¢ HEKOTOPOH MOIpelrHo-
ctpio0. Cie0BaTENbHO, YaCTHIIBI HEM30€KHO OTKIIOHSIOTCS BO BpeMsl OOHOB-
JIEHHs JBIKEHUsI. DTO OTKJIIOHEHUE U SBISIETCS HEKOTOPOM IIYMOM, KOTOPBIi
CTOHT YUHUTHIBATH.

Oransl anropuT™Ma MOBTOPSIOTCS IUKIMYECKH, T.€. TIPH HAXOXKICHUH PO-
60Ta B HEKOTOPOH TOYKE MPOCTPAHCTBA, OH OIPEAENsIeT Habop YacTHIl, COOT-
BETCTBYIOIINI €ro IMIIOTETHYECKUM MECTOINOIOKEHHUAM. 3aTeM JUIsl KaXKI0H
YaCTHUIBl POOOT BBIYHCIAET BEPOSITHOCTH TOTO, YTO, €CIIM OBl OH HaXOIMJICS
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B 3TOM MecTe (TIpeICTaBIBLI OBl COOO0M 3TO COCTOSHIE YaCTHUIIBI), TIPEITIONIOKH-
TeJIbHBIC TOKa3aHUs 00 OKpYKalollled cpeie COBHAIald C MOKa3aHUSIMH ero
natyukoB. [IpucBanBaeTcs Bec KaXI0M yacTule ®, MPONOPLIUOHAIBHBINA yKa-
3aHHOHM BEPOSTHOCTH. 3aTeM, poOOT TeHepHpyeT HabOp HOBBIX YaCTHI[ HA OC-
HOBE ITIPEIBIIYIIEro MPEACTaBICHHUS, C BEPOSITHOCTHIO, MPOIIOPLIHOHAIBEHON ®.
YacTumpl, cornacyromuecs ¢ MOKa3aHUAMH JAaTYNKOB, BBIOMPAIOTCS dHalle,
B OTJIMYMH OT YacCTHIL, HECOBMECTUMBIX C MOKa3aHUAMH JATINKOB. TakuMm 00-
pa3oM, YacTUIIbl CXOAATCS K HAaWIydlleidl oleHKe cocTostHusl poborta. Pobot
CTaHOBUTCSl Bce 0oJiee YBEPEHHBIM B CBOEM MOJIOKeHHH. [1oBTOpSS 3TH IIa-
T, pOOOT ONpPENEISIET CBOE MECTOIIOTIOKEHHE C HAHOOIBIIIEH BEPOSITHOCTHIO.

Paboma evinonnena ¢ Tomckom eocydapcmeeHHOM YHUGepcumeme npu
@unarncosou noodepicke Munobprayxu Poccuu, ynuxanvuvii uoenmugura-
mop RFMEFI157817X0241.

INTELLIGENT AUTONOMOUS SYSTEMS &
CONTROLLING IN MOBILE ROBOTS

A. Phongtraychack, V.I. Syriamkin

National Research Tomsk State University
idea.phongtraychack@gmail.com

The modern technology has made it possible for the discovery of many
functional and utility devices like the smartphone and robots. With all of
these revolution, technology has also made our lives easier, faster and better.
This article will focus on how the intelligent systems can autonomous them-
selves like robots via application.

Intelligent Autonomous Systems are increasingly applied in various areas
ranging from industrial applications to professional service and household
domains. New technologies and application domains push forward the need
for research and development resulting in new challenges to be overcome in
order to apply Intelligent Autonomous Systems in a reliable and user-
independent way. Research focus on the fundamental issues of high quality
positioning measurements and integration of related enabling technologies of
mobile robots for outdoor industries.

Mobile robots have the capability to move around in their environment
and are not fixed to one physical location. Mobile robots can be "autono-
mous" (AMR - autonomous mobile robot) which means they are capable of
navigating an uncontrolled environment without the need for physical or
electro-mechanical guidance devices. Alternatively, mobile robots can rely

34



on guidance devices that allow them to travel a pre-defined navigation route
in relatively controlled space (AGV - autonomous guided vehicle).

Mobile robots have become more commonplace in commercial and indus-
trial settings. Hospitals have been using autonomous mobile robots to move
materials for many years. Warehouses have installed mobile robotic systems
to efficiently move materials from stocking shelves to order fulfillment zones.
Mobile robots are also a major focus of current research and almost every ma-
jor university has one or more labs that focus on mobile robot research.

Robotics is a relatively young field of modern technology that crosses
traditional engineering boundaries. Understanding the complexity of robots
and their applications requires knowledge of electrical engineering, mechani-
cal engineering, systems and industrial engineering, computer science, eco-
nomics, and mathematics. New disciplines of engineering, such as manufac-
turing engineering, applications engineering, and knowledge engineering
have emerged to deal with the complexity of the field of robotics and factory
automation.

Robot Modeling and Control introduces the fundamentals of robot
modeling and control and provides background material on terminology,
linear algebra, dynamical systems and stability theory, followed by detailed
coverage of forward and in-verse kinematics, Jacobians, Lagrangian dynamics,
motion planning, robust and adaptive motion and force control, and computer
vision. Both basic and advanced material is presented in a style that is readable
and mathematically rigorous. The book provides relevant applications from
industrial robotics and mobile robotics. Suitable for a one or two term course,
this text is appropriate for undergraduate and graduate students from electri-
cal engineering, mechanical engineering, computer science, and mathematics
and can be used as a research reference. Many detailed worked examples and
extensive problems illustrate theory and point the reader to more advanced
topics.

This study was supported by the Russian Foundation for Basic Research
(grant No. 16-29-04388).
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Brain Computing Interface (BCI) has been proved helpful for the
different streams of technology, considering the sensitivity of data in the
current era it is required to build new security protocols and authentication
models. Just like other fields of technology Brain Computing Interface could
also be useful for making the data security better by using BCI as an
authentication method without any hard physical inputs. The focus of the
issue shifts to ‘recognition’ of EEG signals pattern and making the
authentication model self-learning to increase its efficiency. This leads us to
involve Artificial Neural Networks in the authentication system to make it
efficient and intelligent.

A brain computer interface (BCI), sometimes called a mind-machine
interface (MMI), direct neural interface (DNI), or brain—machine interface
(BMI), is a direct communication pathway between an enhanced or wired
brain and an external device. BCIs are often directed at researching, mapping,
assisting, augmenting, or repairing human cognitive or sensory-motor
functions.

BCIs comprise an active area of research and could start to integrate
advances from adjacent fields such as neuroscience, nanomaterials,
electronics miniaturization, and machine learning. For example, one neuro-
imaging research project is starting to make guesses as to what participants
see during brain scans, purporting to be able to distinguish between a cat and
a person. Merging this kind of functionality with BCIs might produce new
applications. Other experimental BCI projects have been proposed. One is
Neocortical Brain-Cloud Interfaces: autonomous nanorobots that could
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connect to axons and neuronal synaptic clefts, or embed themselves into the
peripheral calvaria and pericranium of the skull. Another project, Brainets,
envisions linking multiple organic computing units (brains) to silicon
computing networks. A third project is Neural Dust, in which thousands of
10-100 micron-sized free-floating sensor nodes would reside in the brain and
provide a computing processing network.

Combining Brain Computing Interface (BCI) with Neural Networks.
Presently ever device is under a threat of security breach and taking into ac-
count the sensitivity of personal data and how human lives are half digital
makes this issue an important one for humans. It is required to secure our
devices with a more secure and innovative protocols instead of the main-
stream methods. All the past authentication methods being used by us are
breach-able and have a history of either hack attacks or simple security
breach due to the weak type of authentication models. All of the authentica-
tion models we have so far need an input from the user. This input method is
the main loophole which makes it not good enough to protect our devices.

If the authentication models will need a physical input from users then it
is highly likely that the user is at risk because the input can be acquired either
by trick or by force.

An authentication model based on EEG signals was proposed to over-
come this problem and it could be a method of thoughts without any hard
physical input. BCI is capable of reading the Brain Signals and then the pro-
posed model in previous paper was developed to authenticate a user based on
brain signals and matching the patter with the one stored in a database.

Authentication for BCI with Neural Networks. As we have developed
a consensus above that Neural Networks can perform recognition in a very
impressive way which is not possible otherwise. So a better thought is to use
Neural Networks on the EEG Based Authentication Model and make the
Neural Network learn the patterns of user’s authentication routine. Here the
Neural Network will not only match the pattern to authenticate the users but
it will learn gradually the changes in EEG Signals pattern and become more
intelligent in a way to recognize the user.

The ultimate task will be to train the Neural Network to the point where it
will not need to match the EEG Signals with the first every stored pattern but
it will be able to recognize the user based on the later learnings which were
learnt in result of trainings.

This study was supported by the Russian Foundation for Basic Research
(grant No. 16-29-04388).
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PEIIEHUE 3ATAYU TPAIMOM KUHEMATHUKHA
I AHTPOITOMOP®HOI'O MEXAHU3MA
C UCTIOJIb3OBAHUEM KBATEPHUOHOB

I.C. JKoanoe, A.1ll. Bypees, A.B. Kocmeneii, J1.A. Xoxnosa

Hayuonanwenwiii ucciedosamenvcrkuil Tomckuii 20cyoapcmeentblil yHugepcumem
dim@diagnostic.tom.ru

Po6oTu3upoBaHHBIE CHCTEMBI PAa3IMYHOTO POJa M Ha3HAUEHHS B COBpeE-
MEHHOM MHpE IOJYYHIN OOJIBIIOE PacHpOCTPAaHEHHE W HCIIOJb3YIOTCS HE
TOJBKO B NMPOMBIIUIEHHOCTH, HO W B cdepax, e KMU3HEHHO HeoO0X0IuMO
3aMEHHUTh 4YellOBeKa (PKCTpEMallbHBIE TEeMIIEPaTypsl, pPaJHaIis, IOKaphbl,
GoeBble eiicTBUs). B HacTosIee BpeMsi HOMUMO IPOMBIIIIIEHHBIX POOOTOB,
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paboTarommx B (UKCHPOBAHHOI Cpe/ie W pearnpyromnux Ha jKECTKO OINpere-
JICHHBI HA0Op BHEIIHMX CTHUMYJOB, MOJYdYalOT Bce OOIbIIEE DPa3BUTHE
CJIOKHBIE pOOOTH3MPOBaHHBIE CHCTEMBL. K TakuM cuCTeMaM OTHOCSATCS aH-
TporoMop(HbIE MEXaHU3MBbI, PU3BaHHbIC 3aMEHHUThH YEJIOBEKa IPH BBIIOJ-
HEHHH CTIeNN(PUIECKUX MPOPECCHOHANBHBIX 3a/1a4.

ABTOPCKHM KOJIJIEKTHBOM IIPOBOJUTCS pa3pabOTKa yNpaBIISIOLIETO HpO-
TPaMMHOTO oOOecrieueHus sl aHTpormoMopdHoro pobora cepun AR-600
npomsBoacTBa HIIO «Anapounnas texauka» (Poccus). Ympasmusiomee mpo-
rpaMMHOE OOecIieueHre JO0JDKHO OyJeT MO3BOJHTH aHTPOIOMOPGHOMY Me-
XaHH3MY OPHEHTHPOBATHCS B OKpPYXKAIOLIEH €ro cpejie, OCYIIECTBISTH pac-
MO3HaBaHUE OOBEKTOB B 00JIACTH BHIUMOCTH, X KJIACCH(UKALUIO, IIOCTPOE-
HHE TPAcKTOPHH IEpEMEIICHHUs, MepeMEIleHNe B NPOCTPAHCTBE, a TAKXKE
BBIIIOJIHEHUE MAHUIYJSILUN C OKPYXAIOUIMMM IIpeIMeTaMu. YIIpaBIIstollee
nporpaMMHOe o0ecIieueHNe peallu3yeTcs Ha s3blke nporpammupoBanust C++
6e3 MCIOoIb30BaHMS CTOPOHHUX OMONMOTEK, YTO MO3BOJSIET JOOWTHCS MaK-
CHMaJIBHOTO OBICTPOAEHCTBHUS 3a CUET ONTHMH3AINH KaXI0H N3 popMupye-
MbIX (pyHKIMA. OHa U3 MOJCUCTEM IPOrPAMMHOTO 00ECIIEYESHUsI OCYIIECTB-
JACT NepeCcUCT KHHEMaTHUYECKOH CXeMBI MEXaHHU3Ma B ABYX pEKHUMax: MocCTo-
SHHO Kax1ple N MIJUTHCEKYHJ (COCTOSIHUE «ITOKOS») U IO 3arpocy MpH BbI-
MOJTHEHNH KaKUX-JINOO omepanuii aHTponoMOp(hHBIM MexaHH3MOM. Kaxkbiit
y3eJ MeXaHHu3Ma IIPU STOM MPEACTABJICH CIIENUATU3UPOBAHHON CTPYKTYPO,
XpaHsei MHYOPMALMIO O €r0 MAacCOBBIX W MHEPLHUAIBHBIX XapaKTepHCTH-
KaX, BO3MOXKHBIX IIJIOCKOCTAX TOBOPOTA, a TaKKe KOOPAMHATaX €ro KOpHe-
BBIX U KOHEYHBIX TOYEK B TEKYLIH MOMEHT BpeMmeHH. [Ipu dhopmupoBanuu
ITOPUTMHUYECKOTO oOecriedeHus ObIIO MPHUHATO pemieHne o0 HMCIoyb30Ba-
HHUH TOJIBKO JIMIIb aareOpbl KBATEPHHOHOB C OTKAa30M OT ITPUMEHEHHS MaT-
puuHBIX omneparuil. [IpenmymecTBa H30paHHOTO PENICHUS MOXKHO OXapakTe-
PHU30BaTh CIEAYIOIUM 00Pa3oM:

— NEpEeMHOXKEHHUE JIBYX MAaTpHIl BpameHus pasmepoMm 3x3 Tpebyer
27 yMHOXXEHHUH U 18 ClIoXeHMi, TOT/1a KaKk epeMHOKEeHHE IBYX KBaTCpHHO-
HOB — 16 yMHOXeHHH 1 12 CIIOKEeHUH];

— KOHBEPTHPOBAaHHE MaTPHIBI BpaIlleHUs B KBaTEpPHHOH TpedyeT 7 cio-
KEHUH 1 2 YCIIOBHBIX IIEPEX0IOB;

— KOHBEPTHUPOBAaHWE KBaTEpPHHOHA B MAaTpHIy BpamieHus Tpedyer
16 ymHOxeHuid, 15 cinoxxenuid u 1 nenexust.

[IprMeHeHne KBaTEPHUOHOB B COCTaBe MPOrPaMMHOT0 00ecieueHus 03-
BOJIMJIO COPMHUPOBATH OBICTPOACHCTBYIOIIMI alrOPUTM IIepecdeTa TpeX-
MEPHBIX KOOPAWMHAT OCEBBIX M KOHCYHBIX TOYCK, a TAKXKE TOUCK HMHTEpECa
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OTAETBHBIX Y3J0B aHTPOIOMOP(HOrO MexaHW3Ma Ha OCHOBaHWMHU HH(OpMa-
IIH O TEKYIX YIIax I0OBOPOTa MOTOPOB, IPUBOSIINX B JBIKCHUE JAHHbIC
y371bl, @ TaKXe O MPOCTPAHCTBEHHOM PACIIOJIOKEHHH POAUTENIBCKUX Y3IIOB.
B o0mieM Buzje airopuTM pacdera HOBBIX KOOPJIUHAT TPEXMEPHBIX TOUEK
BBITJISIINT CIIEAYIOIINM 00pa3oM:

1) ¢dopmupoBaHME KBAaTEpPHHOHA, OIMCBHIBAIOIIETO BpAIICHHWE Y371a, SB-
JISTFOLIIETOCS] POIUTENBCKUM IS TIepecunThIiBaeMoi Touku. Hampumep, koop-
JIMHATBI OCH CTOIIBI 3aBHCST OT yIJia Cruda KoJeHa MEeXaHH3Ma, CIIeJ0BaTeNb-
HO, JUISl TOJYyYeHHs] TEKYIIMX KOOPAMHAT OCH CTOIIBI HEOOXOAWUMO IOJIb30-
BaThCSl KBATEPHHOHOM, OIHCHIBAIOIINM ITOBOPOT MOTOpa KOJICHA!

g= [cas{a:] : s[n(g) s s[n(?) g s[n("E) * z], (1)
rie ( — KBaTepHUOH; L — yroJ MOBOpOTa (pamuaH); X, Y, Z — KOOPAWHATHL,
OTIMCHIBAIOIIUE JIBI)KEHHE MOTOpA IO COOTBETCTBYIOIIUM OCAM (HampaBJisi-
IOIIUH BEKTOP);

2) mepeHoC MepecYUTHIBaeMON TPEeXMEpHOH KOOPAWHATHI B OCh Bpare-
HUSL POJUTENHCKOTO y37a. Beruntanue u3 KOOpAUHATH KOOPJUHAT OCU POIH-
TEJIHCKOTO Y371a;

3) yMHOXEHHE CO3IaHHOTO KBaTCPHHOHA MOBOPOTA HA TONYICHHBIN TO-
cJie TmepeHoca BEKTOp TPeXMEpHBIX KoopauHaT. B pesynbrare hopmupyeTcs
HOBBII KBaTEPHHOH:

—frXEX—gQ.yEy-Q.I*Z
QWX +gqy=z—gI=y
91 = gwsy—g.x=z+gI=x [ )
gWw=Itg.x=y—q.y=x
rae q.W, g.X, 0.y, 0.Z — CKasIpHass U BEKTOPHBIC YaCTH COOTBETCTBYIOIIETO
KBAaTEPHUOHA; X, Y, Z — KOOPAMHATHI TPEXMEPHOTO BEKTOpa, IIepecyeT KOTO-
PBIX TIPOU3BOIUTCS;

4) moxydeHUe 0OpaTHOTO KBAaTEPHHUOHA W3 C(OPMHUPOBAHHOTO paHEe IIy-
TE€M MHBEPTUPOBAHUS 3HAKa €ro BEeKTOpHOU yacT. CKaJspHas 4acTh OCTaeT-
Csl HEU3MEHHOM;

5) HOpMmanu3anus obpaTHOro kBaTepHuoHa. Eciu ero juyiMmHa He paBHA
€MHULIE, TO CKAJIIPHAsi U BEKTOPHBIE YaCTH JIEJISATCS Ha PACCUUTAHHYIO JIJIMHY;

6) mepeMHOKeHHE KBaTepPHHUOHOB q H 1:

QW * g W — 0.0 * 0. X —4.F* 4. — 4.2 %05,
_|ewsqLx+gxsq.w gy * 0.2 —q.Z%q. ¥ 3
%= qw gy —qxrquz gy qwtgzeg.x O
QW .2+ q.X%q.Y - QY *q.X+q.2%q.W
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7) BeKTOpHas YacTh KBaTepHUOHA (2, NEpEHECEHHas oOpaTHO B COO-
CTBEHHYIO OCh ¥ OyJeT SABJISATHCS HOBBIMH KOOPIMHATAMH y3J1a, HOJy4eHHbI-
MU [PY NIEPEMELICHUH POTUTEIBCKOTO Y3JIa.

@ Directscheme () Inverse_scheme

Puc. 1. Pesynprar paboTsl IPOrpaMMHOTO MOJTYIISt
Ul pacyeTra npsMOil KHHEMAaTUYEeCKOH cXeMbl

TecTupoBaHHe YIIPABISIOMIErO MPOTPaMMHOTO 0OecIeueH s TPOU3BOIU-
JIOCh B CHUMYIISIIUOHHOM Cpeje, NPEeIOCTaBICHHON aBTOPCKOMY KOJUIEKTHBY
HITO «Annpounnas TexHuka». Pe3ynbpraT paboThl mpeacTaBiieH Ha puc. 1.

Jlumepamypa
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INIAT®OPMA POBOTOB-®YTBOJIMCTOB
JIMI' ROBOCUPJUNIOR SOCCER OPEN

B.B. )Kenouxun, A.A. Kpuxyn, O.B. Cmpioxk, E.C. [llanoapos
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krikun.contact@ya.ru, vladimirposelencev@gmail.com

Paccmompen npoyecc cozdanusi npomomuna MoOUIbHO20 poboma Ois
cOopa menemempuieckux OAHHBIX 0 napamempax oxpyscaroujeti cpedvt. Coop
OaHHBIX O MemMnepamype, 0C8eujeHHOCMU, Mecme U 6PEeMeHU OCYuecmeasent-
Csl C NOMOWbIO INEKMPOHHLIX Oamyukos. [lonyuennvie OanHble 6 peanbHOM
pedrcume 8pemMeny Omnpasisomcs Ha cepeep u Mo2ym Ovimb 6 OanbHeluem
obpabomanvl OO BU3YANUIUPOSAHBL ¢ ROMOWbIO mexHono2ull World Wide Web.

B 2016 r. 8 TYCYPe 6pta co3mana 0azoBas kadenpa KoMmaHun «Mu-
Kpan» — «Paaro3IeKTpOHUKAa CBEPXBBICOKHMX YacTOT». 3agaua Kadeapsl —
MOJIrOTOBKAKAIPOBOI0 pe3epBa B UHTepecax koMmanuu «Mukpany. CTyneH-
oI Kadeapsl PCY B pamMkax 00y4eHHsS] B TOM YHCIIE PEATU3yIOT COOCTBEHHBIC
npoekThl. [lepen Hamiel CTyaeHYECKOW TpyInol ObLla MOCTaBICHA 3aaada
€O3[aTh MPOTOTUI MOOWJIBHOrO pPOOOTa JUIi MOHHTOPHHIA MapamMeTpOB
OKPYXKaIOMIEH Cpe/bl B CKIAJICKUX TTOMEHICHHUSIX W MPOU3BOICTBEHHBIX I[eXax
KOMIIAHHUH.

Puc. 1. Bremnnii Buj mpoToTHIIa MOOMIIBHOTO poOOTa
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Moo6unbsusblii po6ot. [Ipu co3manum mpoToTHIIa MOOIIBHOTO POOOTa
IIaCCH KOHCTPYHPOBAJIOCH C HCIIOIb30BAaHHEM ATIOMHHUEBBIX KOHCTPYKIIH-
OHHBIX JIeTajel, /ISl IBM)KEHUSI UCIOJIB3YIOTCS IBUTATENIN IIOCTOSIHHOTO TO-
ka. Ha maccu pacrnosararoTcst ynpasisiiOIUi MUKPOKOMIIBIOTED, Kamepa ¢
mnaeiiHoN [13C matpuiel, miara ympaBlIeHHS MOTOpaMH, IUlaTa Ui TOJ-
KITFOUCHUS JATIUKOB TEICMETPHUH.

B kauecTBe ynpaBisioniero MUKpOKOMIIbIOTEpa BbIOpaHa miardopma in-
tel Edison. Ona paboraer mox ympasineanmeM OC Linux Yocto uro maer
Oopmrie BO3MOXKHOCTH TipH pa3padotke [10, a Taxke BO3MOKHOCTH CBSI3HU C
ynajgeHHsiM cepBepoM mo Wi-Fi crammapra 802.11 a/b/g/n. Intel Edison
ycTaHaBIMBaeTcs Ha iaty pacmupenus intel Edison Board k koTopoii Mox-
HO TTOJIKIIOYATh APYTHUe IUIATHI PACIINPEHHS a TaK)Ke Pa3IndHbIe JaTIUKH.

Metoauka 06xo1a nomenieHus. Tak Kak poOOTy HEOOXOAUMO OOXOIHUTh
TEPPUTOPHUIO TTOMEIICHHS JJIsl TPOM3BECHHUS 3aMEPOB MApaMeTPOB OKpyKa-
1omeit cpezpl TpedyeTcst pa3paboTaTh CXeMy ABHKEHHS 10 oMemeHu 0. st
penieHust 3Toi 3a1aun HaMu ObllIa BIOpaHa METOJMKA CIICJOBAHUS MO KOH-
TPAaCTHOM JIMHUH, JJi1 0003HAYCHUS TOYCK, B KOTOPBIX POOOTY HEOOXOIUMO
CHATH NAaHHBIC, HAa JIMHUU pacCloJiaratorcsd OTMETKU — «IICPEKPECTKU». I[J'I)I
JETEKTUPOBaHMS TPAcChl MCIONB3YETCSl CHCTEMa TEXHHYECKOTO 3pEHHs Ha
6a3ze xamepsl ¢ nuHeiHo [13C matpurneit [1-3].

COop naHHBIX TeIEMETPHHM OCYILIECTBISETCS NaTiukaMu M3 Habopa
Grove Starter Kit Plus - Intel IoT Edition. dns co3manus mporoTumna ObLTH
BBIOpaHbI TaTYMKH TEMIIEPaTypbl U OCBEIIEHHOCTH. Tak Kak poboT codupaer
JaHHBIC B ONPCIACIICHHBIX TOYKAX K HUM IMPUBA3BIBAIOTCA KOOPAWHATBI, YTO
JaeT HaM WHQOpPMaNUIo O TOM TJe OHM ObUIM CHATHL. Takum oOpa3om, moJ-
HBIII HAaOOp MHQpOPMAIMU O MapamMeTpax OKpY)KaloIled cpelpl BKIIOYAET B
ce0s: TeMIepaTypy, ypOBEHb OCBEIIEHHOCTH, KOODJHMHATHI MECTa M BpeMs
cuiatus. [lomydeHHbIe NaHHBIE COXPAHSIIOTCA B TEKCTOBOM (opmare B JIO-
KaJbpHOI (aitnoBoit cucreme Intel Edison.

Ilepenaua naHHbIX Ha cepBep. [y ocylIeCTBICHHS YAAIEHHOTO MOHH-
TOpUHTa HCO6XO)II/IMO nepeaaTb CHATHIC NJAHHBIC C JIOKAJIBHOI'O0 XpaHWJIUIIA
MOOMIIBHOTO po00Ta Ha ylaJleHHBIH cepBep. Daibl ¢ JTaHHBIMU IEPEal0TCs
¢ nomourpto yrunutsl cURL. TIpu nepenaun qaHHBIX MCHOIB3YETCS MOJIENb
KIIMEHT-CEpBEp, IIPHU 3TOM B pONH KiwmeHTa BeicTymaeT I10 mportotuma mo-
O6mteHOTO pobOoTa, a cepBepoM siBisiercst HTTP cepBep, KOTOPBIA MOXKET pa-
00TaTh KaK B JIOKaJIbHOW CETH Tak U B ceTH MHTEepHeT.

IIpu co3manunm HTTP cepBepa O6buT HCTIONB30BaH HaOOp TUCTPHOYTHBOB
Denver. Ha cepBepe HaxonuTcst CKpUNT, HanmucaHHbIN Ha si3pike PHP, koto-
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peIii 0OpabaThiBaeT maHHBIE oTmpaBieHHBIe depe3 cURL. Yrumura cURL
BBI3BIBACTCA C 33laHHONW MEPHOANYHOCTHIO IPH momolnu bash ckpumnra, Ko-
TOPBII paboTaeT B (JOHOBOM pEXUME.

Busyanuzanus maHHbIX. /711 0TOOpa)keHNs! HAKOIUICHHBIX JTAHHBIX HC-
nosib3yetcs: PHP ckpunT, KOTOpBIM BBIBOIUT MOJIyYE€HHBIE TAPAMETPBI OKPY-
JKAoIIeH cpebl Ha CTPAaHHIE B BU/IE TAOJHIIBI.

B xozme paboTbl OblTa 0TpaboTaHa METOAMKA CO3JaHUsI MOOWIIBHOTO pO-
60Ta I OCYIIECTBICHUS YNAJICHHOTO MOHHTOPHHIra IapaMeTpOB OKpYXKa-
roweil cpeapl. [IpoToTUn Mpu NPOBENEHUU HUCHBITAHUM YCIELIHO ClEN0Bal
1o Tpacce, coOupasi TeJIeMeTpUUeCKUe JaHHbIe B yKa3aHHBIX TOYKAaX U OT-
npasiisii X Ha cepsep. 1lonoOHas pa3paboTka IMOJE3HA MPH CIEKEHUU 3a
napaMeTpaMH OKpY’Karoleil cpeipl B OONBIINX MOMEMIEHUAX TIE 3TH Mapa-
METPBI KPUTUYHEI, HAIIPUMED, B IPOU3BOACTBEHHEIX I[EXaX.
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CIIYTHUKOBBIX AHTEHH
HA TEOCTAIIMOHAPHBIE CIIYTHUKH

A.E. Koodopos, E.C. [onvinyes, E.C. [llandapos

Tomckui 2ocyoapcmeentblil YHU8epCUmen CUCmem ynpasgneHuss U paouodieKmpoHuKu
Kadr147@yandex.ru

Paccmompenvt  ocobennocmu  paspabomku npomomuna annapamuo-
NPOSPAMMHO20 KOMNAEKCA CHYMHUKOBOU CEA3U C AGMOMAMUYecKum Hageoe-
HUeM Ha CHYMHUK no Haunyuuwiemy cuenany. Opuenmayus 6 npocmpancmee
ocyujecmensemcs no NOKA3aHUAM 3NIeKMPOHHO20 KOMNACA, aKcenepomempa u
eupockona. Ilouck nyywetl nosuyuu ¢ MaKkCUManbHLIM CUSHATIOM OCYUecms-
JIslemcsl 3a cuem KOHMpONA YpOGHs NONe3H020 CUSHANA.

BBeaenue

[locKoNBKY CHYTHHKOBas CBSI3b IHOKpBIBAeT IUIOMIANb 3EMJIM TOpPa3jio
Oosbiie, yeM MOOMJIbHAS, a TaKKe Ojarojaps NOCTYIy B OTHAJICHHBIX OT
LMBUIIM3ALMNA MECTaX, TAKOH THUII CBSI3H IIUPOKO HCIIOIB3YETCS PECYpCoIo-
OBIBAIONIMMH KOMIIAHUSMH M UCCIICIOBATEIILCKIMH MAPTUSMH B 3aIOISAPHBIX
Kpasix. B pamkax maHHOW paOOThI HaMU Oblja pelleHa 3a/1a4a CO3/IaHus Po-
TOTHIIA YCTAQHOBKH CIIOCOOHOW NPOW3BOAWTH aBTOMATHYECKOE HABEICHHE
CITyTHHKOBBIX QHTCHH Ha I'€OCTALIMOHAPHBIC CITYTHUKH.

[Tpu pa3paboTKe M CO3JaHUHM KOHCTPYKIHMH NPOTOTHUIA Mbl PEIIANN TPH
OCHOBHBIX KOMIUIEKCA BOIIPOCOB: CO3/IaHHE KMHEMATHYECKOI CHUCTEMBI, pas3-
paboTKa PIEKTPOHHOW CXEMBI YIIPABICHUS M CO3JaHHE UHTEIUICKTYAILHOIO
MPOrPaMMHOTO OOeCTieueHusI.

KunemaTuueckasi cucremMa

[Ipu co3maHny MPOTOTHIIA JAHHOW YCTAaHOBKH OBUIM HCIOJB30BAHBI Ma-
TEpHANBI U3 IPOYHOTO METAUIa, B BUJE MPSIMOYTOIBHOTO HMPOQUIS TOJNIIIH-
HOU 1.5 MM; mBestep, TOMMIMHON 3MM; a TaKKe METANTUNYECKHE TIACTHUHBI,
TOJILUUHON OKOJIO 5 MM. {11 MOJBMYKHOTO PHIYaKHOIO MEXaHU3Ma, BBIMNOJ-
HSIOIIEr0 HAKJIIOH aHTCHHBI, OBLTN HCITOJB30BaHbI Pe3b0OBEIC BTYJIKU OT aB-
TomoOmis «Bonra» a Tak ke JUHEWHBIH npuBoJ ¢ LMHOK xoma 500 MM u
HanpspkeHueM muTanus 24B. YUToOsl 00ecrieduTh MOBOPOT aHTCHHBI 110 a3H-
MYTy B Ka4eCTBE OCHOBaHUS OBLIO PEIICHO B3STh MOBOPOTHEIM CTON OT TO-
KapHOTO CTaHKa, KOTOPBIA OOecreurnBaeT IUIABHOE M PAaBHOMEPHOE JBHKE-
Hue. s ynpaBieHus MOBOPOTHBIM CTOJIOM OblIa BRIOpaHa CUCTEMa MOTOP-
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penykTop, ¢ kodhdurmenTom noHmwKeHus 1:10 U IIaroBeId IBUTATENb, C
MaKCHMaJIbHBIM KPYTSIIUM MoMeHTOM 3Hm.

Puc. 1. BHenmnuii BUJl yCTAaHOBKH C YCTAHOBJIEHHOH CITyTHUKOBOM aHTEHHOMH

BHEKTPOHHaﬂ YacTb CUCTEMbI

Jnist yripaBiieHus BHEIIHUMHU YCTPOICTBAMHU M MOJIYYEHHs] JaHHBIX C JIaT-
YHKOB HCIIOJIb3yeTcss MUKpoKoHTposuiep Arduino. [{ns o6pabortku paamo-
CHTHAJIOB MCHOJIb3yeTcsl MUKpoKoMnbioTep Raspberry Pi 3. 3to HeoOxonumo
JUISL TOrO, YTOOBI MOKHO OBUIO BOCIIOJIb30BaThCsl TOTOBBIMH OMOIMOTEKAMHU
it pabotel ¢ SDR npuHeMHUKOM, TOCTPOSHHBIM Ha 0a3e MHKpOCXeM
RTL2832U + R820T koTOpbIi MepexBaThlBa€T MOTOK AAHHBIX HUAYIIHUX IO
KOaKCHaJIbHOMY KaOesto OoT KOHBepTopa B pecuBepy. st onpeneneHus 1mo-
JOeHHs B npoctpaHcTBe Mbl ucnonbdyeM GPS/TJIOHACC npuemHuHK, ak-
CelepoMeTp, TUPOCKOI M KoMrac. YToObl IPUBECTH KOHCTPYKIIMIO B JIBUXKE-
HHUE W TPOM3BECTH HAKJIOH aKTyaTOPOM Ha HEOOXOIUMBIH yron mMecra HcC-
I0JIb3YETCs IpaliBEp Ha OCHOBE MOCTOBOM cXeMbl. i1 IOBOPOTA 0 a3UMYTY
HCIIOJIb3YETCS] MOLIHBIN ApaiiBep AaroBOro ABUIaTEIs.

IIporpamMHoe o0ecneyenne 1 MaTeMaTH4YecKast MOJeJb
Hust cBsizau MukpokonTposuiepa Arduino u Raspberry Pi ucnosnb3yercs

unrepdeiic [12C. ['pydast HaBo/IKa aHTEHHbI TPOM3BOANUTCS HA OCHOBE JIAHHBIX
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O MECTOIIOJIOKEHNH, TTOKa3aHUAX KOMIlaca, aKCEIEpOMETpa U THPOCKOIIa, a
TaKKE XapaKTCPUCTUK O(bCGTHOﬁ CHyTHI/IKOBOﬁ AHTCHHBI.

®opMyiia s pacyeTa yria MecTa:
corllogg—Logar)-cos(lap]l— 015126
=1 (1)

[ T =
J1-cos (Logg—Logarlooe? (Logs)
®dopmyra 11 pacueTa a3uMyTa (U1l CEBEPHOTO MOTyIIapus):

El = arctg {

_ tg(Logg—Log )
Az =180 + arctg T amians 2)
dopmyna s pacyeTa a3uMyTa (JUIs F0)KHOTO MOJTyIIapus):
tgllogs-L )
Az = arctyg S les— Osar 3)

zinllagg)

J51s1 TOHKO# I0CTUPOBKH MBI HCIIOJIB3YyEM aHAJH3 YPOBHS ITOJIE3HOTO CHT-
Hajla Ha BBIXOJ€ MPHEMHHUKA 00pabOTKa MPON3BOIUTCS MUKPOKOMITBIOTEPOM
Raspberry Pi, [l 3T0ro Mbl HCIOJIB3yEM TOTOBOE MPOrpaMMHOE obecriede-
uue GNU Radio u 6ubmuoreku Osmocom st paboThl ¢ MUKPOKOHTPOJLIC-
pamu RTL2832U + R820T. CneunanbHO HamucaHHasi IporpamMma Ha sI3bIKe
Python, paccunThiBaeT U cOOOLIAET aMIUIUTYIHO-4aCTOTHBIE XapaKTEPHCTH-
KW MUKpPOKOHTpoutepy Arduino, Juis TOro 4ToObl OH CMOT HaHTH ONTUMAJb-
HOE TIOJIO)KEHUE aHTECHHBI C MAaKCHMAJIBHBIM ITOJIE3HBIM CUI'HAJIOM CITyTHHKA
Y TTO3ULMOHUPOBAHNS aHTCHHBI.

3akaouenue

B xonme mponemanHON paboTHI ObLIa coOpaHa KOHCTPYKIHS CIOCOOHas
NPOU3BOJUTH HaBEICHUE CIIyTHUKOBBIX aHTCHH Ha eOCTallMOHAPHBIC CITYT-
HHKH, a TaKKe peajn3oBaHa Lu(ppoBas 00paboTKa MPUHUMAEMBIX CHUTHAJIOB
co cmytHHuKa nocpeacTBoM SDR. B manbHelineM 5TO MO3BOJHMT HCIHOIB30-
BaTh YCTAHOBKY JUISl YCTAaHOBKH MH(OPMAIIMOHHOrO KaHaja ¢ MPOJETAIOIIUX
B 30HE BHIMMOCTH CITyTHHKOB, a TaK)K€ MOXXHO HCIIOJb30BaTh YCTAHOBKY B
Ka4yecTBE Pa/InOTENECKOIIA.

Jlumepamypa

[1] ®opym amperka.ru. URL: http://wiki.amperka.ru/ (nata oopamenus: 20.06.2018).

[2] AmocoB B. CxeMoTexHHKA U CPEICTBA NMPOSKTUPOBaHMS IUPPOBHIX ycTporcTB. CII6.—M. :
bXB, 2007. 560 ¢

[3] ®opym o snekrponuke. URL: http://forum.cxem.net/ (nara oopamenus: 20.06.2018).

[3] Xoposun I1., Xt Y. UckyccTBo cxemoTexHUKH. M. : bunowM, 2014. 706 c.

[4] ITaBnor B. H. CxemMoTeXHHKa aHAOTOBBIX AJIEKTPOHHBIX YCTpoicTB. M. : Akanemus, 2008.
288 c.

[5] LlyctoB M.A. IIpakTudeckast cxemorexHuka. M. : Anbrekc, Jomka XXI, 2007. Ku. 3: Ipe-
obpa3zoBaTeny HanpspkeHus. 192 c.
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[7] GNU Radio. URL: http://gnuradio.org (nata oopamenus: 20.06.2018).

[8] M3ysaem GNU Radio mpu momomu muxpodona. URL: https://habr.com/company/zwave/
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INIIAT®OPMA POBOTOB UIAA YHACTUA
B COPEBHOBAHMUAX ROBOCUP,
JIMT'E JUNIOR RESCUE MAZE

A.B. Muxaiineuxo, {.A. [lnaxcun

Tomckuil 2ocyoapcmeentvill yHugepcumem Cucmem ynpasieHus u paouodieKmpoHuKu
nastyamih1999@mail.ru

BBenenue

MexayHapomHelii  yemMnmoHaT 1o poOoToTexHmke RoboCup B
COpPEBHOBATEIBHOM (hopMe MO3BONISAET OOYYHUTH JItOACH, HEOOXOAUMBIX ISt
cthep poOOTOTEXHHKM W HMCKyCCTBEHHOTO HHTewiekTa [1]. OOyueHme 3TO
HayMHAETCS YK€ CO INKOJIbHOH ckampu: murn RoboCupJunior — »3t0
COpPEBHOBaHMS IIKOJIBHHUKOB M CTYJEHTOB Milaamux KypcoB. Komannga JIPMU
TYCYP “arm” yxxe rox yuacTByeT B copeBHOBaHMsAX jure RCJ Rescue Maze —
ABTOHOMHBIX MOOWJIBHBIX poOOTOB-cniacatenell B mabupunte. [Ipu coznanun
poboTa 115l COpEBHOBAHUM MBI peElIaad HECKOJbKO 3ajad: pa3paboTka U
Co3/laHie KOHCTPYKIIMU; TOAOOP M KOMIIOHOBKA JIEKTPOHHBIX KOMIIOHEHTOB
Y CEHCOPOB; Pa3padOTKa IPOrpaMMBbI YIPABICHHS POOOTOM.

Co3nanue podora

Kopmyc MobuisHOTO po60Ta OBIIT H3rOTOBJIEH U3 (haHepsl U MeTajuia. J{ns
JIBIDKCHUS UCTIONB3YIOTCSL 2 OOBIYHBIX KOJIeCa Ha JBHIATEISIX MMOCTOSHHOTO
Toka (puc 1.).

B kagecTBe 0CcHOBHOTO KOHTpoOJUIepa Obuia BeIOpana 1uiata Arduino Uno.
ﬂaHHOﬁ IUIATBI  JOCTATOYHO JIsA BBIIIOJIHCHUA JIOKAJBHBIX 3aJa4, OHa
UCIIONB3YETCS KaK B CIOXHBIX, TaK M B IPOCTBIX IpoekTax. Pobor
UCIIOJIb3YeT aKKyMYJSITOp Ha 7.2 v, MUTaHUE pacIpeelsieTcsi yepes3 IiaTy
pactmpenus: L298P.

OcobeHHOCTBIO po0OTa SIBISIETCSI  YABTPA3BYKOBOM JIaTYMK, KOTOPBIH
MIPUKpPETUIeH Ha nepeanHei manenn poooTa. C MOMOIIBI0 HETo0 KaanOpoBantoch
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JBIDKCHHE pOOOTa M €ro BBIPAaBHHMBAHWE IO IICHTPY KIETKH. JaTuMk mBeTa,
MPUKPETUICHHBIM CHU3Y MO3BOJIAET pa3iuyarh IIBET KJIETOK: OJHUM U3 MPaBHI
MPOXOXKICHUS TAOMPHUHTA SIBISIETCS 3alpelleHNe 3ae3ia podoTa Ha YEPHBI
IBET.

Puc. 1. Moznens po6ora

CyTb airopuTMa COCTOUT B TOM, YTO POOOT MpOe3KaeT IBYXYypPOBHEBYIO
Tpaccy B BHJE JaOMpHHTa M €ro 3ajgada Mpoexarb Bech JAOMPHHT 3a
oIpezieIeHHOE BpeMs. J{1s BBINOIHEHH JaHHOH 3aJaqu ObUIO UCIIOIb30BaHO
npaBuiIo "onHON pyKH'": ABHTasch 1Mo JaOWPHUHTY, HAJO BCE BpeMs KacaTbCs
MpaBoi WJIM JIEBOM PYKOM €ro CTEeHbl. YIBTPa3ByKOBOH HAaTUMK BCE BpeMs
CUNTHIBACT PACCTOSIHME OT CTEHBI U INepeaeT 3HaueHHus KoHTpoiuiepy. Ilpn
OOHApyXEHHH NPENATCTBHA OH BCEria IOBOpayMBaeT HajmeBo Ha 90
TpajlycoB.

3akJiroueHne. PoOoT ncronb3oBasicsi KOMaHIOW arm Ha COPEBHOBAHMAX
RoboCup Russia Open 2018 u Kybox Pexrtopa TYCYP 2018. B xome
UCTIBITAHUH OBUTM  OTpaboTaHBl AJTOPUTMBI NpoXoJa JaOMpUHTA U
OpPHEHTHPOBaHUM B HEM. PoOOT ycrenHo nokasan ceds Ha COPEBHOBAHUAX U
Janee OyZieT COBEpIIEHCTBOBATHCS B IJIaHE KOHCTPYKIIMH M aJITOPUTMOB.

Jlumepamypa
[1] Porwxun A.JIL., Crankend JI.A., Hlannapos E.C. MexayHaponHble COpeBHOBaHHUs pOOOTOB

o ¢yrdéomy RoboCup 1 mepcreKTuBbl yyacTis B HUX POCCHHCKUX KoMmaH[ / PoboToTexHHKa 1
TexHH4eckas kuoepHeTrka. 2015. Ne 2 (7). C. 24-29.
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JETCKAS PA3BUBAIOLIAS UT'PA
HA IINIAT®OPME ABTOHOMHOI'O POBOTA NAO

A.A. asnosa, O.B. Tepmuwmnas, E. C. [llanoapos

Tomckuil eocyOapcmeentbill YHugepcumem cucmem ynpasieHus u paouoieKmpoHuKu
alexia.1999@mail.ru

BBenenue

CommanpHas poOOTOTEXHUKA - 3TO HOBas MEKIUCHUIUIMHAPHAS 00JIACTh
JIeSITeNIbHOCTH, HalpaBJICHHas! Ha U3y4YeHHE B3auMOJACHCTBUS JtoJiel U pobo-
ToB. OTACTPHON MHTEPECHON TEMaTHKON B COIHANBHONH pOOOTOTEXHUKE SB-
nseTcs B3auMoeicTBre poboToB u neteit [1-4]. B wactHOCTH, pabOTHI MMO-
CBSIIICHBI CO3JaHUI0 KOMILICKCA MPOrPAaMMHOI0 oOecrieueHus ais poborta,
BBIMOJTHAIONICTO (DYHKIUU IMOMOIIHHKA BOCIHMTATENsl IETCKOrO caga Ha
mratdpopme Aldebaran Robotics NAO [2-3].

ILnargopma

NAO - 3T0 aBTOHOMHBIH POrPaMMHUPYEMBIi YeIOBEKOIIOI00HbIH poOOT,
MPUMEHSIOIIUNICS I UCCIEJOBaHUN B 00JIacTH POOOTOTEXHUKH M IOMOTa-
IOIIMI y4yalyMcsi B OCBOGHUHM KOMITBIOTEPHBIX U KOTHUTHBHBIX HayK, MaTe-
MaTHKHU U QU3MKH, a TAaKXKe B 00JIaCTH B3aUMOJICHCTBHS pPOOOTa U YeIOBEKa.

Tak kak NAO o0namaeT MOIIHBIM 00pa30BaTENbHBIM ITOTCHITHANIOM, €CTh
BO3MOXKHOCTb MCIOJIB30BaTh €ro B JIETCKHMX cajax W mkonax [2]. [Tomumo
3TOro, C €ro MOMOIIBI0 MOKHO M3y4aTh aOCOJIOTHO Bce cepbl poboTOTEX-
HUKH.

Puc. 1. ABToHOMHBII po6oT NAO
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Hesabio qaHHO#i PpadOTHI SBISIOCH CO3JaHUE MPOTPAMMHOTO obecriede-
Hus 1011 po6ota NAO, peanusyromiero pa3BuBarollylo UIpy C JIETbMHU B 3a-
TaJK{ Ha Pa3INIHbIC TEMBI.

B npouecce paspaborku [10 Hamu pemanuch ciaeaylomue OCHOBHBIC 3a-
Jauu: u3ydeHue pobora u Bo3MoxkHOcTed BcrpoenHoro I10; pabora ¢ Gio-
KaM{ aHajJi3a M CHHTE3a pedd; padoTa ¢ JaTIWKaMu podoTta; paspaboTka
crieHapus Urpsl; peanusais 110 peanu3yromero cueHapuii B3anMOICHCTBUS
poOOT-peOEHOK; MPOBEACHUE HCITBITAHHH.

Pazpabotka 10 npounsBoamiack B cpeae BU3yalbHOTO IPOrpaMMHUpPOBa-
U Choreographe. Mcmonp3oBannce Oubmmorexn ¢perimBopka NAOqi, B
YaCTHOCTH OJIOKM TOJIOCOBOTO aHANIM3a M CHHTE3a, paboTa ¢ JaTYMKaMH | TIp.

CueHapuii Urpsbl

Hamu Ob11 pa3paboTaH CleayONIwid CIICHAPHIA UTPHI:
AKTHBH3aIMs IPOTPAaMMBI, TIPUBETCTBUE poOOTa

Bb160p peOeHKOM TeMBbI 3arajlok U3 MPeI0KEHHOTO CITUCKA
Po0oT 3aunTHIBacT 3arafiKy roJocoM 1 >KAET OTBETa peOeHKa
PebeHok oTBEUaeT OAHUM CIIOBOM

5. Ecnu oTBerT mnpaBWIBHBI pOOOT XBanUT pebEHKAa M Ipeiaraer
0TraziaTh CIEAYIONIYIO 3aTaaKy

Oco0OeHHOCTH CLEHapHs: OTBETOB Ha 3arajJky MOXET OBITh HECKOJIBKO
(«3admy, «3aiiunk» U 1p.); bompmoil BEIOOP 3arajok CrpyHmHUpPOBaHHBIX 10
TeMaM; CIEHapHuil IpeycMaTpUBacT aHUMALUIO ABWXEHUSIMU PYK M TOJIOBBI
poboTa, 4TO yBeJMUMBAET OJIM30CTh KOHTAKTA; BCE B3aUMOJEIcTBIE ¢ po0o-
TOM TIPOUCXOAUT C TIOMOILBIO FOJI0COBOr0 HHTEpdeiica.

HcnbiTanusi pa3pabOTaHHOTO MPOrPaMMHOrO OOECIieueHUs! MPOBOIH-
mvck Ha Gase maboparopun poOOTOTEXHHKH M MCKYCCTBEHHOTO MHTEJIEKTa
TYCVYP. B ucnslTaHusAX NPUHAIN ydacTHe 7 AeTed, B Bo3zpacte 6-7 net. Pe-
3y/IbTaTHl OBUTH MPU3HAHBI YCTICITHBIMH.

L=

Jlumepamypa

[1] IHanmapos E.C., 3umuna A.H., Epmakosa I1.C. AHanu3 moBeneHHs: poOOTa-aCCUCTEHTA B
pamMKax pa3pabOTKH CIiEHapHeB B3anMOeHCTBUs poboT—pedenok // 'ymanuTapHas napopMaTy-
ka. 2014. Ne 8. C. 52-64.

[2] 3umuna A.H., Pumep JI.11., Cokonosa E.B., llannapos E.C., Illangaposa O.E. AnTpono-
MOpP(QHBII POOOT-MOMOIIHUK BOCTIUTATENS TOUIKOJILHOTO YUPEKICHUS // DNEKTPOHHBIE CPEACTBA
u cucteMsl ynpasienus. 2015. Ne 1-2. C. 108-113.

[3] Zimina A., Rimer D., Sokolova E., Shandarova O., Shandarov E. The humanoid robot assis-
tant for a preschool children // Lecture Notes in Computer Science. 2016. T. 9812. C. 219-224.
[4] Zimina A., Zolotukhina P., Shandarov E. Robot-assistant behaviour analysis for robot-child
interactions // Lecture Notes in Computer Science. 2017. T. 10459 LNAL C. 219-228.
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CO3JAHME ITPOTOTUIIA ABTOHOMHOI'O
MOBWJIBHOI'O KOMILIEKCA C CHHXPOHM3AIIMENA
HA BA3E IIVTIAT®OPM INTEC MILESTONE
N ARDUINO

M. A. Inaxcun, A.A. Knumos, A.E. Kodopos,
uJjl llabanun, E.C. lllanoapos

Tomckuii 20cy0apcmeenublll YHUSEPCUMEN CUCTEM YRPAGIEHUsL U PAOUOIIEKMPOHUKU
ygt.art@gmail.com

BBenenue

3ajaya CHHXPOHM3AIMM aBTOHOMHBIX POOOTOTEXHWYECKHX ILIaTdopmM, B
YaCTHOCTH MOOMIIBHBIX POOOTOB, SIBJISIETCS] aKTyalbHOW. ABTOpaMu paboThI B
paMKax XakaTOHa [0 MHTEpHETY Bellel Oblia Mpe/UIoKeHa Haes CO3JaHMs
ABTOMATH3HPOBAHHOTO MOOMIBHOTO KOMIUIEKCA C BO3MOXKHOCTBIO CHHXPO-
HHU3aluK ABWXKEHUH. [1o100HbIE CHCTEMBI MOTYT OBITh HCIOJB30BaHbI MpPU
CO3JaHUU AaBTOHOMHOTO CEJIbCKOXO3IHCTBEHHOTO KOMILIEKCA.

Jus cozmaHms mporoTuna OBUIO NMPHHATO PELICHHE IMTOCTPOUTH ABYX
MOOWJIBHBIX POOOTOB, KOTOpBIE OyayT Oa3upoBaThCs Ha 0a3e pa3HBIX
ynpasisitomux miarGopm. OAuH 13 MOOMIBHBIX POOOTOB SIBJISIETCS «TJIaB-
HBIM», OH 33Ja€T JBWXKEHHs, IIPH 3TOM BTOPOH MOOHUJIbHBIH poOOT C TIOMO-
IIBIO JATYMKOB MOJCTPANBAET CBOE JBMKEHUE YTOOBI CIICI0BATh 33 MEPBHIM
poboTom.

Yunpasasomue miaT@opmsl

OnuH U3 poboToB Oasupyercs Ha miatdopme Arduino Uno. Arduino Uno
mocTpoeH Ha 0aze koHTposuiepa ATmega328 ¢ takroBoit yacrtoroit 16 MI'm,
obmagaer mamaTeio 32 Kb 1 mMeeT 20 KOHTPOTUPYEMBIX KOHTAaKTOB BBOJA U
BBIBOJIA JUISl B3aMMOJICHCTBHS C BHEITHUM MHUPOM.

OcHOBHOW poboT TmocTpoeH Ha 0Oa3e opHomtatHoro Arduino-
cosmectimoro kommbiorepa Intec MILESTONE M-100. [{anHbBIH MHKpO-
KOMIIBIOTEP MO3BOJISIET MCIIOIB30BATh BECh CIIEKTP CEHCOPOB, NIPaliBEPOB U
MPOYMX MOJIYJEH, COBMECTUMBIX ¢ muaTdopmoii Arduino Uno, npu 3ToM OH
ropasno npousBogutensaee. MILESTONE M-100 o6namgaeT BEICOKOTIPOU3-
BOAUTENHHBIM 32-X OUTHBIM sijpoM ARM Cortex M3 ¢ gactoroit 1o 8OMI 1,
a taxke uMeeT 128KB EEPROM u 32KB RAM.
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TexHuveckasi peajiuzaums

s peanuzaniy NpOTOTHIIA aBTOHOMHOTO KOMIUIEKCA OBUTH MOCTPOEHBI
JIBa MOOWJIBHEIX poOoTa.

I'maubIit pobor ocHamen [13C-kamepoil ¢ ITUHEWHOW MAaTpHUICH, YTO
MO3BOJISIETCS. 331aBaTh €My TPAeKTOPHIO JUIsl CIICAOBAHWS KOHTPACTHOW JIH-
Huer. Jlns o6paboTKM JaHHBIX MOCTYMAIOIINAX ¢ KaMepsl TPeOOBAIOCh Mpo-
W3BOUTENHHOCTE Oonbiie yeM y Arduino Uno, mostomy mmatdopma MILE-
STONE-100 otnuyno cebst moka3aia B pelieH!H AaHHO 3ana4yn. [IpuHIuIs!
pabotsI ¢ [13C-kamepoii mopoOHO paccMoTpeHsl B pabore [1].

Ynpaznasouue
TS

VnpagnaoLye
P

M3C-kamepa
Axanorossin
Fnaenne -

Darunkn paccToRsR A Em—
DACCTOAHNR MILESTONE-100

Arduino Uno

Asznorossit
carran

LKM-curszn (pREETORHAR] LUKMM-cur=an
MoTope! ————» MoTopsi

Puc.1. Cmpykmypnas cxema npomomuna

Bropoit pobot ympansgercs ¢ momomipio IaTtdopmel Arduino, w IS
CHHXPOHH3ALMH UMEET HECKOJIBKO NaTYUKOB paccTosHue. [IpuHIMI paboThl
CHHXPOHHM3aLlMK Ha JIaHHBI MOMEHT IPOCT: TJaBHBIH POOOT ABUTAETCS IO
TPACKTOPUY 3aJaHHOW KOHTPACTHOW JIMHMEH, BTOPOil poOOT mbITaeTcsi OCy-
IIECTBIISITH CHHXPOHHOE JIBIDKCHHE BMECTE ¢ BEAYILUM Ha OCHOBE HH(pOpMa-
IIUH C JaT4uKa paccTosiHus. TakuM oOpa3oM, poOOTHI IBHXKYTCS BAOJb Tpa-
SKTOPHU CHHXPOHHO OCYILECTBIISsl MOBOPOTHI. CTPYKTYpHAsi cXeMa B3aUMO-
JeHCTBHS KOMIIOHEHTOB CUCTEMBI TIPEACTABIICHA HA PUCYHKE 1.

3akaouenue

B xone mpoaenanHoit paboTel OblT pazpaboTaH MPOTOTHUII ABTOHOMHOTO
MOOWMJIBHOTO KOMIUIEKCAa C CHHXpOHHM3amnedl Ha ©0asze mmardopm Intec
MILESTONE u Arduino, IpOTOTHII YCIIEIIHO BEIMONHSAET ITOCTABICHHBIC
3aqaun. B panpHeiileM riaHUpyeTcsl JOMOIHUTD CHHXPOHHU3AILHUIO TeJIeMeT-
puel TaHHBIX Mex 1y poboramu 1o cersiMm Wi-fi.

Jlumepamypa

[1] KnmumoB A.A., ITyraues I1.E. Pa3paboTka ammapaTtHO-IIpOrpaMMHOTO KOMIUIEKCa aBTOHOMHO-
ro aBTOMOOWJISL C YNpaBJICHHEM IO NOpoKHOW pasmerke // Hayunas ceccus TYCYP-2016 :
Marepuanbl MexayHap. Hayd.-TexHH. KoH(]. CTymeHTOB, acIMpaHTOB M MOJIOABIX YUCHBIX,
Tomck, 2527 mas 2016 . : B 6 u. Tomck : B-Cnexrp, 2015. Y. 3. C. 52-54.
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AJITOPUTM NIONCKA MAYA
JJIs1 AHTPOITIOMOP®HOI'O POBOTA ®YTBOJIUCTA

E.C. Ilonvinyes, A.A. Kiumos, E.C. Illanoapos

Tomckuii 20cy0apcmeentblll YHUSEPCUMen CUCeEM YRPAGIeHUs U PAOUOINEKMPOHUKU
ygt.art@gmail.com

BBeaenue

RoboCup - 310 HekOMMepuecKui, Hay4YHBIH U KyJIbTYpHBIA MPOEKT II0
MPOJBIKEHNIO NCKYCCTBEHHOTO MHTEIUICKTA, POOOTOTEXHUKH M IPYTHX CBS-
3aHHBIX 00JIacTe HayKW M TEXHHKH IOCPEICTBOM OPTaHM3AIlMH M MPOBEJE-
HUSL POOOTOTEXHHMUECKUX COPEBHOBAHMM, opraHm3oBaHHbIH B 1993 rony.
Lenbro nannuatueel RoboCup — B cepeanne XXI Beka NpOBECTH MaTd MEX-
Iy KOMaHJOH aBTOHOMHBIX aHTPOIIOMOP(HBEIX POOOTOB M KOMAaHIOH TEKy-
IMX YEMIIMOHOB Mupa 1o ¢pyroomy mno npaswiam FIFA. [1]

OnHo#t n3 mpuopureTHhIX Jur RoboCup sBisiercss jura Humanoid
Soccer. B 3T0ii nmre aBTOHOMHBIE YEIOBEKOINIOJOOHBIE POOOTHI MIpAarOT B
¢yTtoon npyr npotus apyra. Po6oTsl pa3nenenst Ha Tpu knacca: KidSize (40-
90 cmM BoIcoTOit), TeenSize (80-140 cm), AdultSize (130-180 cm).

AnnapatHas njaatgopma

B kayecTBe pOOOTOTEXHMYECKOW IUIATGOPMBI I CO3MaHUS KOMaHMIBI
poboTtoB-hyTOoIIICcTOB OBITa BEIOpaHa MOzenb Robotis Darwin-OP 2.

ITnatdopma Robotis Darwin-OP 2 npezcrasiser u3 cedst anTpornoMoph-
HOro pobota, paboratomas Ha 6aze mporeccopa Intel Atom N2600. Po6ot
ocHaleH 20 cepBONPUBOIAMH JUIS OCYIISCTBICHUS JBHKEHHS, TAKXE HMe-
ercss HD xamepa 1uist penieHust 3ajja4 TeXHHYECKOro 3peHusi, 2 MUkpodoHa,
JMHAMHMK, JIATYAKU aKceJIepoOMeTpa M I'MPOCKONa Ui OPUEHTAlUH B IpO-
CTpaHCTBe.

AJITOPUTM MOMCKA MSYa

OnHo¥t n3 BakHermux 3anad aist [10 pobora-¢pyrdonmcra sBhseTcs 3a-
Jlada ToMCKa U oTciexxkuBanus Mstda Ha none. Jlo 2015 roxa B RoboCup wuc-
MOJIB30BAJICSI MOHOXPOMHBIM MsTd KPaCHOTO MJIM OpPAaH)XEBOTO IBeTa. B saToM
CIIydae BO3MOXKHO OBIJIO MCIIONIB30BATh MPOCTHIE U 3 (EKTUBHBIE aJITOPUTMBI
OCHOBaHHBIE, HaNpUMep, Ha METOJIe MOUCKa 1o IeHTpy Macc [2]. OmHako,
MIOMEXO03alINIIEHHOCTh TAKUX CUCTEM Obla KpaiiHe HU3KOH. Tak, Hanpumep,
poOOT MOT' BOCTIPHHSTH 32 Ms4 4eJOBeKa B KpacHOH oxexze. Beenenne uz-
MeHeHnH B mpasmia urp B 2015 rogy mocTaBmiio mepen KOMaHAaMH 3a/1aqy
cozmaHusl 3((QEKTHBHBIX AITOPUTMOB IIOMCKa HacTosImero (yroonsHOrO
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ms4a ¢ 50% 6Oernoro nBera. B pabote [2] yxe ObUT ONMUCAaH OIMH U3 UCIOb-
3yeMBbIX alTOPUTMOB, HO €ro MOKAa3aTelIM KaK C TOYKH 3PCHUS JaTbHOCTU
«3peHHUs», TaK U HEOOXOJIMMOCTH 3HAYUTEIBHBIX BBIYHCIHUTEIBHBIX peCyp-
COB, HE MO3BOJISAIOT UCIIOIB30BATH €T0 AP (PEKTHBHO.

Takum o0pa3om, ObLIa MOCTABICHA 3a/jadya pa3pabdOTKU HOBOTO Criocoba
MOUCKA Ms4a, 00ECIICUYUBAIOIICTO OTHOCUTEIBHO OOJBIIYIO TAIBHOCTD «3pe-
HUS» U HU3KHE TPEOOBAHUS K pecypcam.

Jlis moucka BETHOTO Msya Ha (pyTOOJNLHOM ToOJie ObLT BHIOpAH METOJ
OCHOBAHHBIW Ha BBHIJICIICHUU I[BETOBBIX MacoK. J[aHHBIN METO ObLT peam3o-
BaH C HCIOJIb30BaHNEM OHOMMOTeKH TexHrmIeckoro 3peHus OpenCyv.

Puc. 1. FcxomHoe nuzobpaxenne

Ha puc.1 mpeacrasnen npumep Kajapa CHATOTO ¢ Kamepsl po0oTa, Ha Ko-
TOPOM HEOOXOIMMO OIPEAEIUTh KOOPAMHATHI LeHTpa Ms4a. MrpoBoil msu
COCTOWT M3 4-X IIBETOB: OpaH)XEBbIH, CHHUMN, 3¢JICHBIN 1 OCIIBII.

Jnist noucka Ma4a ObIJIO BBIOpAHO BBIZEJICHUE 3-X LIBETOBBIX MacoK — Oe-
JIBIA, CHHNE 1 opamkeBblil. [lepen BbIeNeHNEM IBETOBBIX MaCOK HEOOXOIH-
Mo mepeBecTH n3odpaxenne u3 RGB nserosoro npocrpanctsa B HSV, aro
obecrnieunBaeT 6osee y00HYIO M IPOCTYIO MPOLEIYPY CO3/IaHUsI MaCOK.

Ha puc. 2 (a-B) (cieBa) npuBeseHbI cCOBETYyOMME Macku. [t nanbHei-
el paboThl ¢ HUIMH MacK{ HEOOXOANMO pa3MBbITh (pHc. 2 (a-B) cripaBa).

Iocne pa3MeITHsL, B TEX MECTaX HA N300paKEHUHU T/I€ BBIICIICHHBIC [[BETA
HAXOAATCSA pPANOM (M) MacKH HAUMHAIOT IIEPEKpBIBAThCS. JIOrHIeCKHM
YMHOKEHHEM 3-X MacoK CO37aeTcsl pe3yibTHpyromas (pabowas) mMacka, Ha
KOTOPOH Kak MPaBUIIO YK€ BBIACICH M4, pabouas Macka TaKKe pa3MbIBACTCSL.
Ha puc. 2 (r) pabouast Macka BbIIeIeHa OPaHKEBBIM IIBETOM. |11 HAXOXKJICHHUS
KOOpAMHAT Ms4a Ha M300pakeHHH K paboudeil Macke HMPUMEHSETCS ajJrOphTM
HaxOXJIECHMs IieHTpa Macc. Ha BbIXoze Mbl MMEeM H300pa)KeHHE C BBIACICHHON
PE3YIBETUPYIONIEH MACKOW M KOOPMHATAMH TIeHTpa Mstda (puc. 2 (T)).
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Puc. 2. Pe3synbratel 06paboTkn H300paXeHus: ¢ — CHHsA Macka, 6 — OpaHKeBas Macka, ¢ — Oexast
MAacKa, 2 — BBIXOZHOE H300paKeHHe
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JaHHBI MeTox oOecreynBaeT BBICOKYIO MOMEXO3alIMIIEHHOCTh, CTa-
OMJIbHOE pacro3HaBaHWE MsYa KaK Ha OYEHb OJIM3KOM pacCTOSHHUHU (TIPSIMO
nepes HoraMu po0oTa, KOTia M9 3aHUMaeT OOJIBIIYIO 9acTh KaJipa) TaK U Ha
JaJbHEM PAcCTOSIHUM IO 3-X METPOB, a TaKKe MMEET BBICOKYIO CKOPOCTb
paboThI, TaK KaK IpH 00paboTKe N300pakeH!s He HCIONIB3YIOTCS pecypco3a-
TpPATHBIE AJITOPUTMEL

[oaBoast UTOT ANITOPUTM MOKCKA MSYa BEITIISIIUT CICAYIOLINIT 00pa3oM:

— Ha noxyueHHoM Kkazipe BBIAEISIOTCS 3aaHHbBIE [[BETOBBIC MACKH.

— LIBeToBBIC MAacKH pa3MbBIBAIOTCS, U IMYTEM UX JIOTUYECKOTO YMHOXKEHHUS
CO31aeTcsl pe3y IbTHPYIoNIas padodas Macka.

— Ha paboueili Macke IyTeM IOHCKa LIEHTPA Macc ONMpPEeAeIISIOTCS KOOop-
JHUHATHI IICHTA MAYa.

HUcnepiTanus. YBejJundeHHe CTAa0UIbHOCTH

IlepBryHbICe HCTBITAHHSA NPOBOAMIHNCH B JAOOPATOPHBIX YCIOBHUSX TIE
KOJIMYECTBO BU3YyaIbHBIX MOMeX ObLIO CBEAEHO K MHHUMyMY. OnmHako B
ycrmoBusax copeBHoBanmit Ha RoboCup Russia Open 2018 crano sicHo 9TO B
KaJIpe TOCTOSIHHO NPHCYTCTBYET OOJIBIIOE KOJIMYECTBO BH3YaJbHOTO IIyMa
(Jroin, KOTOpBIE XOIAT LBETHBIX (pyTOONKAaxX Ha 3aIHEM IUIaHe, TPUOYHBI,
BCIIBIIIKY (DOTOAIIIAPATOB).

Jns yBenmmueHnst ctaOMIIbHOCTH pabOTBI MOAYJSL TEXHHYECKOTO 3PEHUS
MpenprUHUMAalCi KOMIUIEKC Mep. Bo-mepBbIX, kamepa po0OoTa HacTpauBa-
Jach TMOJ| TEKYIINE YCIOBUs OCBEIIEHHOCTH (KOHTPACT, SIPKOCTh, PE3KOCTh U
TA.). Bo-BTOpBIX, OBUIO 3aMe4YeHO, YTO OONbIIAS YACTh BU3YaJHHOTO IIyMa
COCpeloTOueHa B BEpXHEW 4acTH KaJpa, IIPHU 3TOM KaK MPaBUIIO B HIDKHEH
4acTH KaJpa OCTAeTCsl UIPOBOE I10JI€, HA KOTOPOM XOPOIIO BBIAEIAETCS UT-
POBOI MsIY.

Taxxe Oblta peann3oBaHa (QYHKIHA, KOTOpas 00pe3aeT BEPXHIOI 4acTh
Kajipa Ipu MOKUCKE LIEHTPa MacC Ha KaJpe B 3aBUCUMOCTHU OT yIJia MOJbeMa
TOJIOBBI poOoTa. B pesynbrare, nmpy moucke KOOPAWHAT IIEHTpa Msda poOoT
00pabaTbIBall TOJNIBKO Ty 4acTh Kajpa, IZle HaXOAWIOCh UrpoBoe mose. bia-
rofaps 3TOMy IIpU UTpe poOOT ropas3o CTaOMIbHEE OTCIIEKNUBAI MY HA IO-
JIe U 3aTEM Bell €ro.

3akiaouenue

B xone mponenanHoi paGoThl OB pa3pabOTaH MOIYJIh TEXHHYECKOTO
3peHUsl, KOTOPBIH 00ecreYnBaeT cCTadMIbHOE Paclio3HaBaHUs Ms4a Ha I10JIe B
UTPOBOM pexxuMe. Taroke JaHHbBIH MOy OBUI HCTIBITAaH B PaMKaX COPEBHO-
Bauuit RoboCup Russia Open 2018, rre xomanga Photon-TUSUR 3ansina 2-e
MECcTO.
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Paccmompen  cnoco6 npumenenusi mMexHono2uu MeXHUUeCKo20 3pPeHust
ORB SLAM ons peanuzayuu nocmpoenus cxemvl HOMEWeHUs. O AN20PUMMY
SLAM ¢ ucnonwsosanuem cmepeokamepwl. Paspaboman  npomomun
annapamuou  niam@opmel  MOOUTLHO2O pobOMA €O CMepeoKamepou u
npoepammuoe obecneuenue, pearusyrowee areopumm SLAM. [lpusedenvl
DPe3YIbmamsl YCHeUwHbIX 1a60pamopHuIX UCNbIMAHULL.

BBenenue

B Hactosmmee Bpems poOOTOTEXHHMKa aKTHBHO pa3BuBaercs. Cosgaercs
Bce Ooiplie M OONbIIe pa3IMYHBIX POOOTH3MPOBAHHBIX IWIAT(HOPM IS
BBINIOJIHEHHST pa3yiMUHBIX 3a7ad. OpHa W3 TakuX 3aJad aBTOMAaTH3alus
JIOTUCTUKHU, CYIIECTBYECT HECKOJILKO aJITOPUTMOB PCIICHUA 3TOM 3aga4u, OAUH
n3 Hux anroput™ SLAM (ot Simultaneous Localization and Mapping)
OJJTHOBPEMEHHOTO KapTorpadpOBaHUs U JIOKATH3ALIH.

B ocHOBe Takmx AJITOPUTMOB  JICXKUT CO3HAHUEC KapThbl MNPHU IMOMOIIN
pa3UuHbIX JaTYMKOB: JIMIApPOB, COHApoB, BUjaeokamep. W omnpeneneHus
TIOJIOXKEHUsT B 3TOH KapTe IMyTEM CpaBHMBAs ITOKAa3aHUH C JATYMKOB C YK
UMEOIUIiCcs KaMepoil.

SLAM anropurmsl

CymectByer Heckonbko SLAM anroputmoB: EKF-SLAM, FastSLAM,
DP-SLAM, LSD-SLAM, ORB-SLAM u np. B 0CHOBHOM OTIMYUS MEXAY
HUMH 3aKJTI09ai0TCs B TIpencTaBieHun KapTel. B Fast-SLAM 310 MHOXECTBO
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JmokampHEIX KapT, B DP-SLAM »3T0 ceTka ¢ 3amloNHEHHEM S9eeK
NpensaTcTBUAMH. Tak ke cepbE3HbIe OTIIMYMS UMEIOTCSI B METOJIC BBISIBICHUS
0COOBIX TOYEK M3 KOTOPHIX cosmaércs kapra, DP-SLAM wucmons3yer MeTon
DP-Mapping ocHOBaHHBII Ha 0TOOpaXEHUH pacipenenéHHbpIx yactur, LSD-
SLAM ocoObiMH TOYKaMu cuuTaeT JuHelHble ¢(opmbl, ORB-SLAM
ucmonp3yer yraoBble ¢opmbl [1]. Tak ke anrOpuUTMBI Pa3NUYalOTCS II0
npomsBoguTensHOCTH, Hampumep LSD-SLAM mpaktuueckn B JABa pasa
memiennee 4yeM ORB-SLAM, HO mnpu 3TOM OH crocoOeH cTaOuiIbHO
paboTarh B cpezie ¢ MajbIM pa3HOOOpa3ueM OKpYXKEHHs, HalpUMep B TaKOM
KaK JJIMHHBINA KOPUIOP.

I/ICXOZ[SI U3 TUIa Oprma}omeﬁ MCCTHOCTH M TCXHHYCCKOI'O OCHAIICHUA
obu1 BeIOpaH ORB-SLAM anroput™, u OuOiMOTEKa, Iie OH peajM30BaH
ORB SLAM2. B paHHOW OHONHOTEKE WMEIOTCS WHCTPYMEHTHI ISt
HACTPOWKM HOJ HYXIbI MOJIENH, BO3MOXXHOCTh PabOThI CO CTEPEO KaMepow,
TakK k€ OH 00J1a7aeT BHICOKUM OBICTPOJIEHCTBHEM M €r0 KOMIOHEHTHI IPOCTHI
U JIONYCKAlOT MOAU(HKAIKH, YTO MO3BOJHT AONOJHHUTH (YHKIHMOHAI IO
HE0OX0IMMOTO MHHUMYMa.

JdaTyuku

Tak ke uMmeercst OONBIION BHIOOP NAaTYMKOB, OCHOBHBIE 3TO JIMAAP H
conap. Ho y Takoro Tuma JaT4nkoB €CTb HEJOCTAaTOK, KOTIAa B
HETIOCPEJICTBEHHONH OIM30CTH paboTalOT HECKONBKO TaKUX JATYUKOB €CTh
BEPOATHOCTb TOTO, YTO M3JIy4aTedW OJIHOTO [ardynhka OyIyT BIUSATH Ha
CCHCOPHI APYIOro, YTO MPHUBEAET K IOJYYEHHIO HEBEPHBIX JaHHBIX. B TO
BpeMsl Kak BHUJACOKaMepa HE MMeEeT M3JlydaresbHOM cuctembl. Ho ognHa
KaMepa He MOXKET OINpEJeNUTh TOYHOE PACCTOSIHHE 0 0Cc000H TOUKH, B TO
BpeMsl Kak CHCTeMa M3 JABYX Kamep — CTepeoKamepa JacT HaM TOYHOE
paccrosiHuE 10 0c0060it ToukH [2].

Crepeokamepa — Kamepa oOnajnaromasi JBYMS — Ppa3leléHHBIMHU
00BEKTUBAMH U CO3/atoNIast pa3ienbHele Kaapel. Ha pucynke 1 npeacrasiena
peasm3oBaHHAs CTepeo Kamepa Ha 6a3e IByx BeO-kamep ¢ paspemiernem Full
HD 1080, momkmoyaeMbIx K KommbioTepy mocpenctBom USB 2.0. O6e
KaMephl 3aKpeIieHsl B noacraske us [1BX.

Tak e KaMmepbl PeKTU(QUIMPOBAHBI, T. €. MX OOBEKTHBBI HAXOAATCS Ha
OJIHOM BBICOTE, B OJHOI IUIOCKOCTH W HaIpaBJIEHHBI CTPOTO NapaulesIbHO,
TaK e, NpPH IOMOIIM CTaHJAPTHBIX MHCTPYMEHTOB OuoOmnorexkn OpenCV,
OTKJIMOPOBAHBI, CBEAECHB K MHHUMYMY pa3jIM4HbIe onTHYeckue 3(pdexTs
00yCIIOBIIEHHbIE TEXHHYECKOH HETOYHOCTBIO Kamep M 3PQEKT «phIObero
rmazay» [3].
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JlonoiHeHNe CTAHAAPTHOrO (YyHKIMOHAJIA

bubnnoreka ORB SLAM?2 mno3BoisieT COCTaBIATh KapTy OKPYXKEHHS U
OTIPEAETAT, MECTONOJOKEHNE KaMephl Ha 3TOW KapTe, HO HE CIIOCOOHa
3arpy’kaTh y>k€ COCTaBICHHYIO KapTy IPH 3aIlyCKe IPOrPaMMBI, a Tak e He
MOXKET OTHIaBaTh KOMaH/Ibl MOOWIBHOH TularopMe HEOOXOAMMBIE ISt
NIepEeIBIKCHNUS.

ITocme Toro Kak mporpamMma CMOTJIa COCTaBHTh KapTy e€ HeoOXOOMMO
COXPaHUTh, YTO OBl B TOCJICJICTBUU HCIOJIB30BAaTh CHOBA MOCJIE ITOBTOPHOTO
3amycka. J{ng sToro OblIa HamMcaHa HpoLEAypa SKCIOpTa, Kaxkaas ocodas
TOYKa CO3[aHHAs MPOrpaMMOIl M 3alMcaHHas B KapTe, COXpaHsuiach B (aiin B
(dopmare: <Homep Kajpa> <IOPAJKOBBIA HOMEp TOYKK> <KOOpJUHATA IO
ocu X> <KOOpAMHATa Mo OcH Y> <KOOpAWHATa MO OCH Z>, KOOPAUHATHI
BBICUMTHIBAIOTCS OTHOCUTEIFHO TOYKH MEPBOH JIOKAIN3AIMN KaMEPHI.

Puc. 1. Buenrnuit Bua crepeokamepsl

ITocne Toro kak MoOsIBMJIACH BO3MOXHOCTB 3arpy3KH KapTbl, HEOOXOAUMO
COCTaBHTh MapIIpyT JBIKEHUs 1O 3TOW Kapre. [yt penreHust 5Toi 3amadu
ObUT BeIOpaH anroputM A-star — anroputM obxoma rpada, BO3BpAIIAOIIHIA
HaWKpaTyaimui myTs oT Touku A mo Touku b. Ha BXox stomy anmroputmy
HEOOXOAMMO MOAaTh KBaAPaTHBIM MacCHUB 3HAYEHUs] KOTOPOro oOO3HauyaroT
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CTOMMOCTh BEPIIHMHBEL, TO €CTh B HAIIEM CIIydac CJIOXKHOCTb IPOXOXKICHUS
9TOM TOYKM KapThl. I103TOMYy TEKCTOBYI0 KapTy SKCHOPTHPOBAaHHYIO U3
MporpaMMbI HEOOXOIMMO MEPEBECTH B IBYMEPHBII MacCHB, TIE 0Ch X U OCh
Y ompenemnsioT moyoKeHne 0co00i TOUKH, a 3HAYCHU 0CH Z BEPOSTHOCTH €€
MPOXOXKJIEHUS PpOOOTOM.

3akjoueHune

B xome pabotel OpLTa mpoBeneHa padoTa MO MPUMEHEHHUIO OMOIMOTEKH
ORB SLAM2 k moOunbHO# miiardopme, s aToro Obiia paspaboraHa u
U3TOTOBIEHAa  cTepeo  kamepa. PaspaGorano  momomuutensHo  I10
MO3BOJISIIONIEE 3arpyXKaTh COCTABICHHYIO KapTy HpPH IOBTOPHOM 3aITyCKe
MPOTPaMMBI, MO3BOJIAIONIEE MPOJIIOKUTh MapIIPYT U3 TOYKH A B TOouky b mo
COCTaBJICHHOM KapTe.

Maker  mpomén  mabopaTopHbIE ~ WCHBITAHHWSA,  IA€  IIOKas3all
YAOBIETBOPUTENIBHBIE PE3Y/IbTaThl B JIOKAJM3alUN Ha KapTe 3arpy)KCHHOU
HOCJIe HOBTOPHOTO 3aIlyCKa IPOrPaMMBlL.
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COIIMUOT'YMAHUTAPHBIE ACIIEKTbBI
HOAIOTOBKH TPO®ECCHUOHAJIOB
TEXHUYECKOI'O ITPOPNJIA

E.I'. Coipamxuna, T.b. Pymanyesa, E.FO. Jlusenyosa

Hayuonanvuwiii uccneoosamenvckuii Tomckuil 20cyoapcmeentulil yHugepcumen
E-mail: evg.liv@mail.ru

Ceromnsa OobInne HaIeKIbl B 00JIACTH WHHOBAIMOHHBIX pa3paldOTOK, B
TOM 4HCIIE, OCHOBAaHHBIX Ha IU(POBBIX TEXHOJOTHUAX, BO3JIAralOTCSI HMEHHO
Ha MOJIOJIOE MOKOJICHHE, 00Jiee YyBCTBUTEILHOE K N3MEHEHHSM BO BHELIHEH
cpene, THOKO M OBICTPO afanTHpYIOIIeecss K HOBBIM YCIOBHAM Ipodeccro-
HaJIbHOM AEATCIHHOCTH.

HpI/I 9TOM COBPEMCHHBIC TCHACHIIUU MOATOTOBKH CIICHHUAIMCTOB TaKOBbI,
4YTO Ha CMeHy 00pa3oBaTeNbHOIM NapagurmMe 10 MPUCBOCHUIO U HapalluBa-
HUIO 3HAHUH OTIEIBHOM JIMYHOCTBIO, MPHIIEN KOMIICTEHTHOCTHBIA ITOIXON,
KOTOpBIH TpeOyeT YIpaBlICHHS CaMHUM IIPOIECCOM IMO3HAaHWS, crocodamu
CO3J]aHUs], IOPOXKJCHUS M MPHUCBOCHHS CyOBEKTOM 3HaHUS, POPMHUPOBAHMS,
TaK Ha3bIBAEMOT'O, IIUPOKOTO 00pa30BaHMS, KOTOPOE MO-AHTIMHCKU 3BYUYHT
Kak soft power («ruOKash» WM «yMHas») CHJIa) — 3TO MHTEIUIEKTyallbHast CHJIa
U KyJIbTYpHBII umnepaTuB. OOpa3zoBaHue CTAaHOBHUTCS peduieKCHel U Croco-
60M TBOpPYECKOTO, MOJU(MUITMPOBAHHOTO HMCIIOJIL30BAHUS ATHX 3HAHHUI B Me-
HSFOIIEHCS M YCIIOKHSIOMIEHCS IPAKTHKE.

Taxum 06pa30M, Ha CMCHY, TaK Ha3bIBA€MbIM, «TBEPABIM» HaBbIKaM, KO-
TOPBIMH CETOJIHSI arpHOpH NOJDKEH o0JiafaTh NpodeccHoHan, MPUXOAST
«MSTKHE», TTO3BOJIAIONINE YENOBEKY OBITh YCIICIIHBIM HE3aBHCHMO OT CIIe-
MUKN IeqTeNTbHOCTH. DTO TakWe HaBBIKM Kak 3(QEeKTHBHAas KOMMYHHKa-
Ul U yOpaBlIeHHE, yMEHHE paboTaTh B KoMaHIe U mp. To, 9TO Ha pHIHKE
Tpyaa O6yaymero O0yayT BOCTpeOOBaHBI CIIELHUAIUCTHI C PA3BUTBIMU «MATKH-
MU HaBBIKAMH» MOJTBEPXKIAET «ATIac HOBBIX npodeccuity, paspadoTaHHbIH
MockoBcko# mikosoi yrpasieHus «CKOIKOBO» M ATEHTCTBOM CTpaTerude-
CKHMX HWHHIIMATUB. Ecmn O6paTI/ITBC${ K pasaciaMm ATnaca, HOCBﬂHléHHBIM
IT-cdepe, poboTexHHKE M MalIIMHOCTPOEHHIO, TO B KadeCTBE OCHOBHBIX
HaJpodeccnoHabHBIX HABBIKOB M YMEHHH JUIsl mpodeccHil JaHHBIX OTpac-
Jen BBIACJICHBI KIMECHTOOPUECHTUPOBAHHOCTH, MEXKOTpACI€Bass KOMMYHHUKaA-
s, MYJBTHA3BIYHOCTE M MYJIBTHKYJIBTYPHOCTb, YNpaBJIEHHE NPOEKTaMH,
paboTa c JoabMH, paboTa B YCIOBHUSX HEONPEIEICHHOCTH M HABBIKH XYJ0-
’KECTBEHHOI0 TBOpuecTBa. Takum 00pa3oM, BO3HHKAET COLMAIIBHBII 3aKa3
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Ut ceprl 00pa3oBaHuS Ha pa3padOTKy HOBBIX ()OPM M IporpaMm o ¢op-
MHPOBAHHIO Y MOJIOASKH «MATKHX» HAaBBIKOB, 10 Pa3BUTHIO HAAIPO(PECCHO-
HaJIbHBIX KOMIIETEHIMH, KOTOpBIE HE MPEAyCMOTPEHBI OCHOBHBIMH 00pa3o-
BaTEJIbHBIMH MIPOrPaMMaMH YHUBEPCUTETOB.

B craTtbe paccmaTpuBaeTcs ONMbBIT TOMCKOrO TOCYAapCTBEHHOTO YHUBEP-
CHTETa I0 HCIOJIb30BAHUIO COLMOTYMaHHUTAPHBIX TEXHOJIOTHH IPU IMOJIro-
TOBKE MPO(eCcCHOHANOB TEXHUUECKOTO MPOQHIIs, a8 UMEHHO 00OOIIEH ONbIT
peamm3anmu B niepuon ¢ 2015 mo 2017 roxer 0O6pa3oBaTeNbHON TEXHOIOTHH
«ComnmanbsHbIi akcenepaTopy, KOTOpasi, Ha Halll B3I, OTBEYAET Cpasy ABYM
T'JIaBHBIM O6paSOBaTeHbHLIM BbI3OBaM:

- UHTCHCH(UKALIMN 00pa30BaHUs ¢ COXPAHCHUEM €0 KauecTBa;

- O0y4YCHHIO Yepe3 NeaTeIbHOCTh 1 KOMMYHHKALHIO.

Merto00rHYeCKyl0 OCHOBY pa0bOTBl COCTaBWJIM HJEH CHCTEMHO-
JEATEeIbHOCTHOTO M KOMIIETEHTHOCTHOTO MOJX0A0B. ABTOPaMH HCIOJIB30Ba-
JIMCh TaKHe METOJbI, KaK aHAIIM3 HayYHOU JINTEPATyphl, aHAIH3 JOKYMCHTOB
o TeMe, kabuneTHoe uccieaoBanue (desktop research), HHTEpBRIOUPOBAHKE
Y aHKETHPOBaHHE yYaCTHHKOB 00pa30BaTEIbHOIO Mpolecca, 00pa3oBaTeilb-
HBII AKCIICPUMEHT, OIMMCAHUE MPAKTHIECKOTO OINBITAa PeaslM3allid Mporpam-
MBI aKceJIepaluy COLNaTbHO-OPUEHTHPOBAHHBIX OU3HEC-TIPOEKTOB B KIIACCH-
4yeckoM yHuBepcurete (case study).

Ha ocHoBaHWM HCcieoBaHHS 3apyOC)KHBIX MCTOYHHUKOB M aBTOPCKOTO
OIIbITa MPEATOKEH HOBBIHN MOJAXO0J K Pa3BUTUIO KOMIETCHTHOCTU CTYACHTOB
TexHu4Yeckoro npoduis. Paspaborannas texHosorus «ColuaibHbI akcene-
paTop», CTPYyKTypa KOTOPOH BKIIOYAECT B KayeCTBE 00s3aTEIbHBIX KOMIIO-
HEHTOB O00y4YeHHE, MEHTOPCKOE CONPOBOXKACHHE, 0OSCIIeYeHHe YCIOBHN IS
NpPeIbSBICHUS PE3YJIbTATOB MPOCKTHOM JeSTeIbHOCTH B COOOIIECTBE, anpo-
OupoBaHa Ha 06a3e CTPYKTYpHOro mnojapaszeneHus TOMCKOro rocyiapcTBeH-
HOTo yHHBepcuTeTa — [lapka cOMOryMaHUTapHBIX TEXHOJIOTH.

B o6mem uncie CymecTBYIOIUX 00pa3oBaTeIbHBIX TEXHOJIOTHI 110 pas-
BUTHIO HaIMPO(HeCcCOHATLHBIX KOMIIETEHIINH B YHUBEPCUTETCKON Cpelie Bce
GoJiee MOMYISIPHBIMU CTaHOBSATCS TaK Ha3bIBaEMbIE aKkcesepaTophl. B Hacro-
slIee BpeMsi aKcelepaTop — 3TO TEXHOJIOIMs, BKIIOUArolias o0pa3oBaTesb-
HBbIE MEPOTPHUATHS, KOHCYIbTAIIMH, MEHTOPCKYIO TIOJIEPIKKY, JOCTYI K 000-
PYZOBaHUIO M IIPOYMM PECypcam, KOTOpPbIE HalpaBJIeHbl Ha YCKOPEHHOE pas3-
BUTHE ITPOEKTOB.

TexHoNOTHS UMEET CIeAYIONTNe PU3HAKU: Y€TKO 0003HAYEHHBIN MEPHO]T
npoBezieHust, o0ydeHue B rpyIme, oO0y4eHHEe C y4acTHEM MEHTOPOB U H3-
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BECTHBIX CIEIUAINCTOB/IIPEANPUHIMATEICH, OOy4eHHE, 3aBEPINAIONIEECs
Npe3eHTalreil MPOEKTOB HHBECTOPaM (IEMOJEHD).

[IpoexTHast nesATeNpHOCTE B paMKkax «COIMaIbHOTO aKkceJIepaTopay Halle-
JeHa TaKke Ha (DOPMHPOBAHME Y CTYJCHTOB HABBIKOB KOMMYHHKALUH C
MECTHBIMH U 0oJiee IUPOKUMH coolmiecTBaMu. Kak CBHIETENLCTBYET Hall
OTIBIT, YCIICIIHBIMU CTAJIM T€ MPOEKTHI, KOTOPBIE OCHOBBIBAINCH HA MOCTPOE-
HHH NIPOYHBIX CBA3EH C MPEICTABUTEISIMU MECTHOTO COOOIECTBA, KOTOPOMY
CTyACHYECKHE KOMAaHJbl CMOIJIM IPOJEMOHCTPUPOBATh CBOM OTKPBITUS U
uzneu. Becs nepuos xu3HU CTYICHTOB B By3€ JOJDKEH CTaTh JUIS HUX HIKOJION
TPaXIAHCKOTO M MPO(ECCHOHAIBLHOTO CTaHOBJICHUS, aKTHBHOTO YYacTHs B
OpraHU3aIiM JKU3HU By3a, TOPOJA, PETHOHA, CTpaHbl. AKTHBHO y4acTBYs B
HAay4YHOH M OOIECTBEHHOW >KMU3HH By3a, TOPOJCKHUX W OOJACTHBIX aKLHUIX,
CTYZIEHThl TPHOOPETAOT HABBIKA OPraHU3aTOpa, Pa3BUBAIOT JHIHOCTHBIC
KauyecTBa, HEOOXOAMMBIE CIELUHAINCTY, PYKOBOJIUTENIO, OOIIECTBEHHOMY
JESTEIIO.

I'paskmaHckoe BOCIIMTaHWE M NMPOQECcCHOHATbHOE O00y4YeHHE — €AWHBIH,
IeJICHATIPaBJICHHBIN Mpo1iecc (JOPMHUPOBAHUS JTUYHOCTH I'pakAaHUHA U MPO-
(heccuonana.

TpexneTHuil onbIT peanu3annuy TeXHONOTUH «COIMaIbHBIN aKcenepaTop»
MO3BOJISIET OLICHWTHh €€ 00pa3oBaTeNnbHbIH mNoTeHruan. OH 3akmodaeTcs,
IIPEKIE BCEro, B NOSABIECHUU y CTYJEHTOB YCTOMYMBON MOTHBALMM K JaJlb-
HeHIIel NesTeNbHOCTH B 1IEJIOM M B JKEJaHUH MPOJ0JKaTh 00yYeHHE B TO-
POACKNX, PETHOHAIBHBIX, BCEPOCCHHCKMX M MEXKAYHAPOAHBIX IIKOJAX H
nporpamMMax. Kpome Toro, y oOydarommuxcsi pa3BUBAIOTCS «HOBBIM B3TJISI»
Ha OOIIECTBEHHOE Pa3BUTHE, TOTOBHOCTh MPEACTABIATH CBOM HAEH U MPOEK-
TBl MIMPOKOH ayIUTOPHH, HPEIBSBIATH PE3YIbTAThl CBOEH JEATENFHOCTH
MECTHOMY COOOILECTBY, JEMOHCTPHPOBATh y4acTHE COBPEMEHHOTO YHHBEp-
CUTETA B COLUAIIBHO-ODKOHOMHWYCCKOM PAa3sBUTUH, ITOCKOJIBKY OJHUM U3 KITIO-
YeBbIX TOKa3aTelled pa3BUTHS YHUBEPCUTETA M €T0 MECTa B OOIIECTBE SIBIIS-
€Tcsl BHIIIOJIHEHNE COLMATIbHON (DYHKIIHH.

BEDKHI)IM, 6C3YCHOBHO, SABJIICTCA U TO, YTO MPOCKTHAA ACATCIBHOCTD CTY-
JICHTOB B paMKax akcejeparopa CHOCOOCTBYET paclIMPEeHHI0 MX KpPyrosopa,
pasBUTHIO HaINpO(ecCHOHANBHBIX KOMIETEHIMH M JMYHOCTHBIX KayecTs,
TMOBBIIIACT CTOMMOCTD BBIITYCKHUKOB Ha PBIHKE Tpyda.

AnpobupoBaHHast TexHOJIOTHS «COIMAJIbHBIN aKcelepaTopy SBISAETCS
MHHOBAIIOHHBIM UHCTPYMEHTOM JJIsl JOCTHXKEHHS 3a1a4M FeHepallui HOBOM
BOJIHBI HpC}IHpHHHM&TCHGﬁ, CTOHIJ_IGI\/’I Mepea BEICHIMMU y‘[e6HI:-IMI/I 3aBCACHU-
SIMHU. ﬂaHHaﬂ TEXHOJIOTUA MO3BOJIACT, BO-IICPBBIX, PACIIO3HABATH JIWII, CIIO-
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COOHBIX K TPEANPHHUMATENBCKON ESITENPHOCTH C LENbI0 IOCIEIyIomen
MOMOIIIM UM B Pa3BUTUH COOTBETCTBYIOIIUX CKIOHHOCTEH. Bo-BTOpBIX, Tex-
HOJIOTHSI CIIOCOOCTBYET CO3AAaHHIO B yUCOHBIX 3aBEACHHUAX TBOPUYECKON aTMO-
cdepsl, B KOTOPOH HE YIYCKAIOTCS, a PEaTN3yIOTCs] BO3MOXKHOCTH MPOOYXK-
JICHUs TIPOU3BOJACTBEHHON CAMOCTOSTENIBHOCTH, WHUIIMATUBBI, aKTUBHOCTH;
CTPEMJICHUE BBIABIATH MPOOJIEMBI, UMEIOMNE OONBIIOE MPAaKTHIECKOE 3Ha-
YEHHE W CHOCOOHBIE BCEPHE3 YBIICUh CTYACHTOB, 4 TAK)KE MHTCHCH(HIUPO-
BaTh JIEJIOBOE OOIIEHHE MOCIEAHUX C JIYUIINMH ClIelIHaIucTaMu. B-TpeTbux,
TEXHOJIOTHSI «aKCeJepaTop» CHOCOOCTBYET IIMPOKOH JEMOHCTpPALUH Pa3iny-
HBIX ()OPM ¥ BHIOB IPEANPUHUMATENBCTBA, CYAEO M MPAKTUK ACHCTBYIONINX
YCIIEIIHbIX IpeATpHHUMATENeH.

bonee Toro, nestenpHocth [lapka CI'T mo ¢popMUpPOBaHHIO y CTYIEHTOB
«MATKUX» HABBIKOB HallIa cBoe oTpaxkeHue B padore HUU TI'Y Han camo-
CTOSITENIFHO YCTaHAaBIMBACMbIMH OOpPa30BAaTEIbHBIMU CTaHAAPTAMH, TIE B
TPYNIy YHHUBEPCAJIbHBIX KOMIIETCHLUH BOILIM CHCTEMHOE U KPUTHUYECKOE
MBIIIIEHHE, Pa3padoTKa W peanu3alys MPOeKTOB, KOMaHIHas padoTa W JH-
JIEPCTBO, MEXKYJIBTYPHOE B3aHMO/ICHCTBHE.

Takum oOpazom, onmcanHas TexHoJorHs «COLMANBHBIA aKcenepaTop»
ABJISIETCS, Ha HAII B3I, THPAKUPYEMOH M MEPCHEKTUBHON AJIsI BHEAPCHUS
B COBPEMEHHBIX YHHBEPCHUTETax B CBSA3M C MOBBIIIEHHMEM TpeOOBaHUHA K
«MATKHAMY HaBBIKaM CTYZCHTOB B NEPEXOIHBIN MEPHOJ OT MATOTIO K IIECTOMY
TEXHOJIOTUUECKOMY YKIaLIy.

Paboma evinonnena npu ¢uuancogou noodepixcke PDOPDOU (epanm
MNe 16-29-04388).
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AHTPOIIOMOP®HBIN POBOT-®YTBOJIUCT
JIJISI MUTATIIEHA JIUTU HA IINIAT®OPME
ROBOTIS BIOLOID

U Jl llabanun, A.A. Cocomonany, U.IO. Ilpoxasuna,
E.C. llonvinyes, E.C. [llanoapos

Tomckutl 20cy0apcmeenHblll YHUgepcumem Cucmem YRpasieHus u paouod1eKmpoHUKU
Shabalin_ilya_omu@mail.ru

RoboCup — HekoMMepueckHil MpPOEKT, CO3JaHHBINA s (HOpCHpOBaHUS
pa3BuTHa podororexHukd. Mannnarunea RoboCup akTHBHO MOIAEpKUBACTCS
B Poccun, Tak Ha 2018 rox npoBeneHo yxe Tpu PoccuiickuX HallMOHAJIbHBIX
9TanoB. A POCCHICKHE KOMaHbI, NMPEUMYILECTBEHHO INPEICTABICHHbIC B
MJIQ/IIEH JIMTEe, €XKETrOoJHO 3aHMMAalOT MECTa Ha copeBHOBaHHAX RoboCup
MHPOBOTO YpoBHS [1-2].

Puc. 1. Pobot-dyrdomuct Ha 6a3e Robotis Bioloid

B cxopom Bpemenu B Bo3pacTHo# Tpymme RoboCup Junior Oynet opranu-
30BaHa HoBas jura — Humanoid Soccer Kid Size. Biagest atoit uadopmariu-
€il, MBI pelmIN CO3JaTh 3aell JUIl POCCHUCKUX KOMaHJ, JUIl TOTO YTOObI
3aKpenuTh JHIUPYIOUINE MO3UIMKA HAa MHPOBOM ypoBHe. Hara paspabortka
MpeCTaBIsieT co00K aBTOHOMHOTO aHTPONOMOpP(HOTO poboTa-pyTdoaucTta
qutst ygactust B RoboCup Junior Soccer Humanoid Kid Size. Po6oT nmoctpoen
Ha 0aze pobororexHHyeckoro Habopa Robotis Bioloid, Bkitouatomero B ce0st
Mukpokontpoiuiep CM-530 w paBaamath CEpBOMPUBOAOB OT KOMIIAHHWH
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Dynamixel. Mogysib TEXHIYECKOTO 3pEHUSI PEATU30BaH C TOMOIIBIO KAMEPHI
TrackingCam poccuiickoii komnannu «IIpuknagnas pobororexHuka». Ka-
Mepa MOXKET pacro3HaBaTh OOBEKTHI Pa3HOTO LBETA, pa3Mepa, (GopMbl U TEK-
cTypsl [2-3]. CyInecTBeHHBIM NPEUMYIIECTBOM 3TOH KaMephl SBISETCS TO
9TO, OHAa MPOU3BOIUT BCE BBIUUCIIEHHS CAMOCTOSTENIBHO, U IEepefaeT Koop-
JIUHATBI HCKOMOTO OOBEKTa MaJOMOITHOMY KOHTpOJUIepY poboTa. DTo mo3-
BOJISIET PaBHOMEPHO PACHPENENUTh BBIYHCIUTEIBHYIO Harpysky. IIporpam-
MHpYeTcst poOOT B IIPOCTO OPraHM30BaHHOW cpejie TporpamMmupoBanus, Ha C —
nogo0HOM si3bIKe. Bricota poboTta cocraBisier 44 caHTHMETpA.

ApxutekTypa mIaTopMbl MO3BOJSET UCIIONB30BaTh JIUIIb OJWH MOTOK
00paboTKU JaHHBIX, YTO CO3JAaET MACCy OTPAHUYEHUH U HEOCTATKOB MpPHU
NPOEKTHPOBaHUK poboTa-pyrdonucra. Hanpumep, poOOT HE MOKET JUHA-
MHYECKH IMOJCTpanBaTh XOAb0y, OTCIEXHMBATh MAY HpPHU XOAbOE W Tak
Janee.

CylIeCcTBEeHHBIM JOCTOMHCTBOM JAaHHOW pa3pabOTKU SIBJISIETCS CpPaBHH-
TENIHO HM3Kas CTOMMOCTh Ha pbIHKe. AHanor — Robotis Darwin-OP, ctou-
MocTh KoToporo — 1300 Teicsa pyOneit 3a ogHOTO podoTa. CTOMMOCTE XKe
Robotis Bioloid — 120 Teicsia py6ueit u 40 Thicsiu 3a TrackingCam. MonTax
U corllacoBaHue o pabouemy HampsbkeHuto Mexnay Bioloid u TrackingCam
He JOCTaBIsIeT TpyaHocTei. Kpome Toro, Ba)kHO OTMETHTH, YTO BO MHOTHX
IIKOJaX YK€ UMEIOTCS B Hamuauu poOoTel Robotis Bioloid m pecypcHbie
Habops! Tracking Cam. Y HIKOJNBHUKOB M TperojaBareneil poOOTOTEXHUKU
YK€ UMEETCsI OTBIT pabOoThI C JAHHBIM 000PYIOBAHUEM.

Jlo KoHIIa To/1a TIaHUPYyeTCs HAalMCaTh METOAMYECKOe Mocodue I Io-
CTPOEHUS M IIPOTPAMMHUPOBAHUS ITOJOOHBIX POOOTOB.
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METOAUYECKHUE BOITPOCBI OPI'AHU3AIIHN
BUPTYAJIBHOI'O IABOPATOPHOI'O TIPAKTUKYMA

O.B. Axynosa, /|.H. Ky3ueyos

Hayuonanvuoiii uccnedosamenvckuii Tomckuti 20cyoapcmeenHblil yHugepcumem
0k-1979@mail.ru

YueOHpIe mOoCcOOMs, CO3MaHHBIE CPEICTBAMU COBPEMEHHBIX HH(MOpMAITH-
OHHBIX TEXHOJIOTHH, CIIOCOOCTBYIOT OoJiee TIIATEIbHOMY M3YUYEHHIO MaTepH-
aja, MepcoHanM3anuy o0y4eHus! W MO3BOJIIIOT OCBauBaTh MH(opManuio ca-
MOCTOSITENBHO. [1]

[Tpu MOArOTOBKE MHKEHEPHO-TEXHHUUYECKHX KaJpOB Ba)KHO IPOBENICHUE
Ja00paTOPHOTO MPAKTUKYyMa Ha COOTBETCTBYIOILEM YPOBHE, YTO C Pa3BUTHEM
MH()OPMALMOHHBIX TEXHOJIOTHH, TpeOyeT HHHOBAaIIMOHHBIX 1TOAX010B. Jlabo-
paTopHbIE NMPAKTUKYMBI CO3aHHBIC JUIA 3JIEKTPOTEXHHUYECKHX CIICIHATbHO-
CTell UMEIOT PsAZ 0COOCHHOCTEH, CBA3aHHBIX OCYILECTBICHHEM MOJEIUPOBaA-
HUS pabOTHI ANIEKTPUUECKUX CXEM 3aMEIIEHHS ISl YCBOCHHS SIEKTPUIECKUX
3aKOHOB, C HCIIOJIB30BAaHUEM B IIpoliecce 00yUeHHUs MTaKeTOB CXEMOTEXHHUIE-
CKOTO WM WMHTAllMOHHOTO MOJEIUPOBaHMA, Takux Kak Electronics
Workbench, MIK, MATLAB, Model Vision Studium 3.0 u np. [2]

OCHOBHOW TOJIXOJ pean3alliy JJaOOPaTOPHBIX MPAKTHKYMOB IS CTY-
JICHTOB, 00YYaIOIUXCs C MPUMEHEHHEM JMCTAHIIMOHHBIX 00pa30BaTebHBIX
TEXHOJIOTHi, 3aKJIF0YAETCsl B CO3JJAHUH «BUPTYaIIbHBIX» J1a00paTOPHBIX KOM-
TJIEKCOB - BE0-000JI0UEK, B KOTOPHIX Pa3MENICHbl Bce HEOOXOAMMBIE U JI0-
CTAaTOYHBIE ISl BBINIOJIHEHMS JTa0OPaTOPHBIX paboT pecypchl (KpaTkuii Teo-
pEeTHUECKUH MaTepHasl, METOJMYECKHE YKa3aHWs MO BBINOJHEHUIO M TPO-
rpaMMHOE O0ecIieueHue).

Bce KoMIOHEHTHI 1a00paTopHON paboTh — IOMYCK, IPOBEAEHHE PAOOTEHI,
KOHTPOJIb Ha/l €€ BHITIOJIHEHUEM 1 3aIiTa paboThl, a TAKXKE BHICTABIICHHUE
OLICHOK 3a PabdOTy — MOTYT pealM30BBIBATHCSI ABTOMAaTHYECKH ITPOTPAMMHBI-
MU cpeacTBami. [3]

BupTyaneHsle KOMIUIEKCH pa3MENIaloTCs Ha CepBepe OpraHM3aIH 00y-
YEHUsI, CTYJICHTHI BBIMOJHSIIOT paboThl B peXUME yAaleHHOro jgocryna. Ha
prMepe BUPTYAIbHOTO JIAOOPAaTOPHOTO MpakTHKyMa "ONnTHMaIbHBIE CHCTE-
MBI YIPaBJICHHsI 3JIEKTPONPHUBOAOM", Pa3MEIIEHHOTO B paMKax HMHCTPYMEH-
TanbHOM cpensl Moodle amst ANCIMIUIMHBI «ABTOMAaTH3UPOBAHHBINH 3JIEKTPO-
MPUBOMY», PACCMOTPUM OCHOBHbIE IPHHIIUIIEI €TI0 MOCTPOCHHS.

B BupTyanbHBINH NPaKTHKYM BKIIOYEHB! 14 1a00paTopHBIX padoT Mo cie-
nytomuM Temam (puc. 1). Bce mabopaTopHble pabOTHI PacHoIOKEHBI B
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JIOTMYECKOU ITOCIICIOBATEbHOCTH, MO3BOJIIIONICH YCTAHOBUTL CBSA3H MEXKIY
HUMH, 9TO B Oombimell Mepe crmocoOCTByeT (HOPMHUPOBAHHIO Y CTYICHTA
HejlocTHOro obpasa HM3y4aeMoro o0OBEKTa, Pa3BUTHIO JIOTHYECKOTO
MBIIUICHUS, JIy4IIeMy HOHHUMAHUIO ¥ 3aTIOMUHAHHIO H3y4aeMOro MaTepuaia.
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Puc. 1 Pa3menienne nabopaTopHoro npaktukyma B cpeae Moodle

ITocnenoBarenbHO U3YyYHB KPaTKHE TEOPETUIECKHE OCHOBBI AUCITUITIMHEI
«ABTOMATHU3UPOBAHHBIH AIIEKTPOIIPUBO) CTYJEHT H3BJIEKaeT UH(OPMALHIO
U Jlanee MOXKeT NMPHCTYNUTh K PEIIeHHI0 MPAKTUYECKUX 3aJ]1ad, IO3BOJIAIO-
LIUX YCTAHOBUThH CTENIEHb OCBOCHMS 3TUX 3HAHUU. B ciydyae HerocTtaTouHOM
CTETIeH! OCBOCHUS TEOPETHUECKOr0 MaTepraa CTyAeHT HMeeT BO3MOKHOCTh
MPOM3BOJIHLHOTO MOBTOPHOTO MPOCMOTPA OTACIBHBIX JIIEMEHTOB TEOPETHUYEC-
CKOTO MOJYIIS, IO TOJYYeHUS HeoOXOAMMOTO YTBEPAUTEIBHOTO pe3yibTara
MOHUMAaHUS.

OOyyaronuiicst Hoy4aeT JOCTYI B Cpey CIEHaIn3upOBaHHOTO TaKeTa
npukiaaaeix nporpamm MATLAB (puc.2), B 3T0i cpene GpopMupyer npo-
rpaMMHBIN aHAJIOT 3a/1a4d WM BBI3BIBAET FOTOBBIN NMPOrpaMMHBIN aHaJOr, B
KOTOPOM YCTaHaBIIMBaeT HEOOXOAMMEIC (3aJaHHBIE) MapaMeTphl 3aJadw.
[IpenmymiecTBOM JaHHOW HMPOTPAMMBI SBISAETCS HE TOJIBKO TO, YTO OHA MO3-
BOJISIET CTYJCHTAM CaMOCTOSITETIHbHO COCTABIATH PACUECTHYIO MOJENb, HHTEP-
MIPETUPOBATH TOJTy4aeMbIe Pe3yIbTaThl, U3MEHSS OTJACNIbHBIC MapaMeTPHl ee
3JIEMEHTOB, HO UMETh HATJLIIHBIA CIIOCO0 OTOOpakeHUs! pe3yabTaTOB MOJIe-
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JMPOBAHUA PA3INYHBIX PEKUMOB PAOOTHI INEKTPUUECKUX CHCTEM, BKIIFOYAsS
aBapuifHBIC W TIOCJIeaBapUUHBIC, YIUTHIBAS HANISKHOCTh U Oecrepe0oHHOCTh
paboTHI 31eKTPO0OOPYIOBAHUS.

Wath
Funtion

Ramp  Gains
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Puc. 2. IIporpaMMHBIif aHAJIOT CTPYKTYpHO#H cxembl B Matlab

[lanee cTy#eHT opraHH3yeT HCCIENOBATEIbCKUN SKCIIEPUMEHT M IIPOBO-
JUT WMHTAIMOHHBIC HCCIEIOBAHMS, IO3BOJLIONINE HAWTH ONTHMAalbHBIC
IapaMeTpsl peIIeHNS TOCTaBICHHO! 3a1auu (puc.3).

Agy

Puc. 3. Pe3ynbraTsl ucciaenoBanus

PesynpraT uccienoBaHuil BEIBOJUTCS Ha 3KpaH MOHUTOpPA, pacleyaThbiBa-
€TCSl WM KOMHUPYETCs ¢ 3KpaHa MOHUTOpPa B OTYeT. ITOroBO# 1eNblo BBINOJ-
HEHHs J1Ta0OpaTOPHOH pabOTHI SBISETCS OCYIICCTBICHHE OOYYAIOLIUMCS, C
Y4E€TOM MMEIOIINUXCS 3HAHUH, CAaMOCTOATEIHHOTO aHAIHM3a PE3YJIbTATOB, MO
KOTOPBIM TIOJIpa3yMeBaeTCsl KaueCTBEHHAS M KOJWYECTBEHHAs OIlEHKa Bpe-
MEHHBIX 3aBUCHMOCTCH.

Pa3zpaboranHas CTpyKTypa MpakTHKyMa MO3BOJISIET UCIOJIL30BaTh €ro He
TOJIBKO KaK METOJIMYECKUE YKa3aHHs K Jab0paTOPHBIM, HO U KaK TMOJHOICH-
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HYIO aBTOMAaTHU3UPOBAaHHYIO 00ydaromryto cucreMy. lcrnonap30BaHne JaHHOTO
BUPTYQJIHOTO JIAOOPAaTOPHOTO CTEHJAa MO3BOJHUT 3HAYUTEIBHO YIy4IIHUThH
Ka4eCTBO IOATOTOBKH CTYJCHTOB CIICIHATBHOCTEH 3JIEKTPOTEXHHYECKOTO
HaIpaBJIeHUs. A TOBCEMECTHOE BHEPEHNE COBPEMEHHBIX HH()OPMALIMOHHBIX
pecypcoB B 00pa30BaTEIbHOM MPOILECCE, CTAHOBHUTCS BAXKHBIM 3JIEMEHTOM
MEHEIKMEHTa 00pa30BaTEIbHBIX yCIYT.

Paboma evinonnena npu ¢uuancosou nooddepicke POOU (zpanm
MNe 16-29-04388).
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A REVIEW OF COMMERCIALLY AVAILABLE
ARTIFICIAL NEURAL NETWORK FRAMEWORKS

N.A. Uvarov, V.I. Syryamkin
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nikotomsk@gmail.com

Artificial Neural Networks are a relatively new and very complex field of
computer science that has a lot of potential not to just improve current infor-
mation technology systems but to create whole new fields of study. Artificial
Neural Networks (ANNSs), as the name suggests, is an attempt to mimic the
way neurons operate within a human brain. Simple cells that, in numbers, are
capable of processing untold volumes of data. ANNs operate by passing data
through multiple layers of decision making. Starting from the input layer,
(receiving input data), through different hidden layers to the output. However,
the algorithm it’s self is useless without training. Ironically, just like a human
brain, an ANN setup needs to be trained before completing a task it was as-
signed to. For example, if one wants to detect cats on pictures, they would
first need to run the algorithm through a database of pictures of cats and
make sure it detects them correctly. This process is required in order to cali-
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brate the variables in the layers of the ANN for the task at hand, in this case —
cat recognition. Depending on the amount of training data required for the
final system to function appropriately, the training process can take a very
long time, from a few minutes or hours to days or even months. Once cali-
brated and trained, ANN is fully operational. It can be copied and distributed
as a ready-to-go package. In the end, the point of this whole process is cate-
gorization. Visual, voice, text or raw data, with proper training and fine tuning,
ANNSs excel at tasks that require categorization of large amounts of data.
As you can imagine, in the modern world with its ever-increasing dataflow
there is great need in such algorithms.

While neural networks can be applied to any sort of data they are perhaps
most famous for their use in visual recognition software. Due to their nature,
ANNs s are perfect for processing live video. They can be trained to detect and
categorize practically unlimited amount of different objects while producing
a great deal of information about said objects, like their general size, screen
coordinates, shape and more. Despite such a large dataflow, ANNs require
relatively little computational power to process it. For example, a simple
object detecting neural network algorithm can produce probabilities of that
object pictures in fractions of a second while running on the commonly used
raspberry pi platform. Because of all these factors, many ANN frameworks
were created to simplify the process of working with these algorithms.
Nowadays it got to a point that practically anyone with a basic knowledge
of programming can get a so called “black box” neural network algorithm
(pre-coded package containing everything needed for training and running an
ANN without any further development required) working on their home
computer.

In these paper we will be taking a look at these frameworks based on how
well they deal with visual processing. A large factor in comparing these
frameworks is not only their performance, but the community and the amount
of materials available for it. Most of the frameworks in this review are open-
source free packages specifically for that reason. Due to their availability,
a lot of helpful material and resources, as well as examples have been created,
allowing novice programmers to quickly familiarize themselves with the
framework.

TensorFlow: Perhaps the most well-known machine —learning frame-
work. It has been adopted by a long list of hi-profile companies, even tech
giants as IBM and Twitter. TensorFlow is being developed by google and is
perhaps the most flexible and easy to get into framework. It is completely
open-source and has a large community following. There is plenty of exam-
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ples and material to learn on as well as simple tutorials to get a user started.
[1] The only downside that can be distinguished from other frameworks, is
that TensorFlow, while very flexible, is not configured to excel at one exact
task. Because of this it lags slightly behind other frameworks in speed when
it comes to particular cases.

Caffe: A framework created by Berkeley Vision and Learning Center.
Caffe is known for its simplicity and a large number of available pre-trained
models called “Model zoo”. One of its main perks is that it is supported by
Nvidia and can be integrated with Nvidia’s Cuda Deep Neural Network
Library (CuDNN). [2] This means that it can be very well optimized to run
on GPUs and is capable of very rapid and efficient image processing while
using Nvidia technology.

Microsoft Cognitive Toolkit (CNTK): Unsurprisingly, this framework is
wildly used in Microsoft. While similar in many ways to Caffe, Keras and
other competitors. Originally CNTK was built for speech-recognition, but
nowadays can be adopted to almost any application. Overall this s a very well
performing framework, but has failed to attract a large (relative to other
frameworks) following outside of direct connection with Microsoft products.

Keras: this framework has been developed by a google engineer with one
simple idea in mind — fast prototyping. Modular, and supporting practically
every type of a neural algorithm, it is easily adjustable and modifiable. It is
also compatible with Tensorflow CNTK and Torch. Keras is compatible with
both CPUs and GPUs and in general is very flexible. While it may lack base
functionality, it can easily be expanded on and modified.

Torch: A scientific computational framework that is in some ways similar
to Keras. It is capable of supporting most types of neural network algorithms.
Has modular extensions that can boost its performance in different areas. And
is quite flexible in what it is capable of. While it is commonly used for data
categorization, it can also be adopted for visual recognition. PyTorch is also
worth noting, as it is a Python adaptation of Torch and is becoming very
popular due to its ease of operation through basic python commands.

There are dozens of other frameworks available, but these five are the
most prominent across both, neural network enthusiasts and large IT compa-
nies. While the frameworks do differ in their contents and performance, the
difference is rather negligible to a novice programmer. Any framework, when
properly applied can produce satisfiable results that are on par with other
frameworks. It is when it comes to optimization that the differences show.
Some frameworks are better suited for specifically visual recognition, like
Caffe. They rely heavily on the GPU and have auxiliary libraries to help
interface it with visual recognition tools. While some are better optimized to
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be changed on the go like Keras. In the end, for a person who is just starting
to learn ANNSs, it comes down to personal preference to make the choice.
However, if the framework is being chosen with a specific project in mind,
then it is worth paying attention to what framework would best fit the task
at hand.

Overall, two frameworks do tend to stand out in their performance, and
that is TensorFlow and Caffe. Most outlets tend to agree that these frame-
works have the most developer and community support as well as high per-
formance when applied properly. They tend to be relatively user friendly,
with plenty of learning material for beginners and enormous library variety
for more advanced use. Their functionality is still being expanded by the de-
velopers and the frameworks have a bright future.

This study was supported by the Russian Foundation for Basic Research
(grant No. 16-29-04388).
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GESTURE BASED TERRAIN MAPPING
SYSTEM-OVERVIEW
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Up until a few years ago, the only way to get an aerial overview of a des-
ignated area was to fly over it with a manned aircraft and physically inspect-
ing the areas or taking pictures of it. Unmanned Aerial Vehicles, have been a
blessing to all the industries which relied on aerial images or drawings for
their work. Unmanned aerial vehicles also knows as drones, in more collo-
quial terms, is a blessing to all industries in the world. The cost of manufac-
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turing and assembling drones have gone down significantly as majority of
people adapted to using it.

The film industries are using it to get excellent footage with accurate di-
rection and lighting. Civilians can use it as toys. Students can use it to learn
avionics and flight mechanisms. Youtubers use it for professional high reso-
lution footage. Rescue teams use it for surveying the area. Armies use it to
get a tactical advantage in a firefight and recently, Amazon is using drones
for superfast delivery service. The possibilities are endless if properly invested
on. Machine Learning and Artificial Intelligence are next best thing in the
field of Computer Science and that’s why I plan to merge these two fields
and present something which fundamentally adds more features and a hive
mind facility to even work without a commanding signal.

The current real time terrain mapping, usually carried out by Self Drive
Cars usually use the overlay of the map to find directions. The on board
computer of the car, usually uses a bunch of sensor like: Proximity Sensor,
Stereoscopic Cameras to identify objects and cars in its trajectory. This
method very viable for cars because it has less to no space constraints to
house the compute power. I propose a method to identify terrain defects for
tactical combat and rescue operations by dividing the work into terrain
recognition and terrain mapping. The Operator is the person who controls the
drones and provides the drones with directional data for it to follow. There is
also an autopilot which takes over the controls when no gesture commands
are received for a while.

All the mapping systems implementations, if implemented in real-time
cost huge computing resources and cannot map accurately. The most accurate
is the LIDAR based Mapping as it is used in self drive cars and other heavy
vehicles with ample computing power.

There are several attempts for real-time mapping using drones but most of
the projects are pretty much at its infancy as they all try to map the terrain in
real time. They all require huge computing power since terrain mapping re-
quires huge resources.

My plan is to divide the work into 4 parts: -

1. Gesture Recognition — handled by an independent flight controller.

2. Drone Pilot — The schedule to be run when no gesture commands are
received.

3. Terrain recognition — The schedule to take high resolution images of
the area and recognize the pits and outline of the area for tactical use.

4. Terrain Mapping — The Schedule which runs on the a separate high —
end computer which uses its compute power and the high resolution images
from the previous schedule and maps the area with accuracy.
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For the actual system, there should be 2 working computer units.

1. Drone Controller System — A computer specifically to pilot the
drone. This computer also listens to the gestures control commands given by
the operator and decides on the which schedule to follow, Autopilot or
Gesture.

2. Mapping System — The Computer which takes in all the sensor data
and segregates the data into the what’s required immediately and what will be
sent to the EC service for further processing. This unit also communicates to
the operator and will relay the terrain recognition data to consumption device.

The distinguishing part of this system will be the fact that this device does
not have to process high resolution images in real-time. The computer
handling the terrain detection will only produce a depth map using numeric
values after calculating the depth and a thermal imaging data can be used for
overlay. This data can be sent over to the human operator for physically
exploring the terrain. An object detection algorithm like tensor flow maybe
implemented in the middle which takes in camera images and recognizes
objects and overlays it in the map.

Hover System
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Fig. 1. Structure Diagram

76



The high resolution images captured can be uploaded to a cloud server for
processing. The cloud server can use a commercial or an open source map-
ping software which used geolocation data and combines it with all the sen-
sor data received and spits out an accurate map of the given area.

As we see here, there are 2 major zones of work:

1. Which goes to the working set memory (after storing the data to the
non-volatile memory) which is required for Real-time data processing to as-
sist the operator of the system navigate through the terrain.

2. The second zone revolves around the data capture and processing the
captured data using an elastic cloud service (Scalable Computing). The Scal-
able Compute Service will process all the data and produce a 3d map of the
area which can be used for future endeavors.

Categorization of data in the given concept:

Thermal Images

Stereoscopic camera images (high-resolution image capture)

Depth sensor data

Infrared Camera Data (for night vision)

. Generic Camera footage (for relay to the user and use for object detec-
tion by Tensor flow)

6. Geolocation data of the Drone as well as the operator.

ARl e

Conclusion and Future Work

The sole idea of this project was to differentiate between mapping an area
and terrain detection to utilize computing resources in an efficient way. The
research currently being done in this sphere is phenomenal and when we
combine all the research we get different views on how to aliment an idea
and the sphere of Unmanned Ariel Vehicle is just at its infancy. We have
many different challenges ahead like increasing flight time, increasing signal
range and many other things but with the insight I provided, it is certain that
all the problems can be solved given time. This article shows the current
work being done in the sphere of terrain mapping and drone automation, and
combines the two for the inception of a new concept. Further, these tasks can
be sub-divided into more tasks for a simpler and faster approach to tackle the
problem of terrain mapping and recognition.

This study was supported by the Russian Foundation for Basic Research
(grant No. 16-29-04388).
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POSSIBILITIES FOR APPLIED JOINT SPEECH
PROCESSING AND COMPUTER VISION SYSTEMS
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This report addresses the current state of the Computer Vision and the
Speech Processing fields. It explains some of the most used algorithms in
these fields and provides an overview of the current use of these technologies
in the market. The objective of this report is to find new possible industrial
and commercial applications that use both Computer Vision and Speech
Processing.

Computer Science has many fields and one of them is Speech Processing.
The aim of this discipline is to create computer systems capable of recog-
nizing spoken words. The main idea is to detect the words spoken by a per-
son and process that data to identify what the person is saying. To do this,
a microphone or similar device is used to input the audio data into the system.
One of the main objectives in this field is the implementation of accurate
Automatic Speech Processing, this is a system that is able to convert spoken
words into digital data to identify individual sounds and use mathematical
models to select particular words or phrases.
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Brief History of the Field

This is a small simple description of the general aim of this field, a field
that has been in existence since the 18" century with Wolfgang Von
Kempelen’s Acoustic Mechanical Machine. A quick review of some major
breakthroughs in Speech Processing would include Edison’s dictation
machine in 1879, a computer system named Audrey capable of recognizing
spoken digits with 90% accuracy developed in 1952 at Bell Labs, and IBM’s
Tangora that could be adjusted for particular voices and recognized a wide
array of English words and phrases. The Speech Recognition software of the
1980°s required the speaker to speak slowly with space between words and
without background noises. In 1997, Dragon’s Naturally Speaking Software
was released and it allowed for its users to speak complete phrases, instead of
only words.

One of the main problems was that speech, unlike the written word
changes a lot between regions, accents, gender and social classes. During the
first phase of speech processing software development, these systems worked
by translating the sound waves into numbers and storing them, then the
speech recognition would be triggered when an identical sound was intro-
duced as input. This method is generally known as Template Matching.
Eventually Machine Learning (ML) was introduced and it revolutionized the
field. The main player that used ML to its advantage was Google in 2008
with its Google Search App for Iphone. Eventually that company developed
its own algorithm called “Hummingbird” that allowed better recognition of
language when used. All this paved the way for major products by the
world’s leading tech companies, and the result of this is that now consumers
have different options for voice powered search engines like Siri from Apple,
Cortana for Windows and Alexa from Amazon.

Connectionist Temporal Classification (CTC) Algorithm,
How Does It Work

1. Transform the analog sound waves into digital information. To do this
you record a word and you sample a tiny piece of a recording by marking the
height of a sound wave at a specific point in time. CD recordings are usually
sampled at 44.1khz (44100 readings per second), but for speech recognition
purposes it can be done at 16khz. According to the Nyquist theorem sam-
pling a sound wave doesn’t results in a loss of data because the wave can be
mathematically reconstructed as long as the sample rate is twice as fast as the
highest frequency recorded. The idea is that we end up with an array of num-
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bers that represent a sound wave’s amplitude every 1/16000" of a second
intervals (Geitgey, 2016).

2. The information is pre processed, one good option is to group the sam-
pled audio into 20 millisecond long pieces. When this information is plotted,
the resulting graph looks like a sound wave. Sound waves are formed by the
combination of many waves. It is possible to deconstruct the complex sound
wave into simple sound waves by adding the amount of energy that is con-
tained in each wave. This is done through Fourier Transform. By doing this
we can find out how much energy is found in each 50hz band of the 20 milli-
seconds clip and by doing this we find which frequencies are more important.
This findings will be fed into the neural network in the way of spectrograms.
Neural networks are good at finding patterns in spectrograms.

3. The neural network is fed the data and it tries to find out the letter that
is being spoken. It’s a good idea to use a recurrent neural network, since they
use memory to influence their predictions, this is useful at recognizing pat-
terns in words and guessing which letters will be next. The result is a map-
ping of the most likely spoken letters. Eliminating possible spaces and ignoring
the repeated characters can refine this output.

4. Using large databases that record the likelihood of a word appearing in
a language, the neural network can be trained to predict the word that is being
constructed. It is important to have access to thousands samples of words
being spoken, because that helps to train the network and reach an acceptable
success rate. To do this, companies like Google and Apple record their users
to build great collections of thousands of recordings of words to feed them to
neural networks and get even better results. That is why they install their apps
freely, to gain access to users. Speech changes widely from one person to the
next, even one person may speak the same word differently. Someone could
say a word really fast and another could take more time to say the same. This
creates problems for speech recognition, CTC differentiates from other algo-
rithms by being good at solving this issue.

Computer Vision tries to create computer systems capable of reconstructing
properties of images fed into the system, mainly shapes, illuminations and
colour distributions.

Computer Vision Algorithms

There are a multitude of Computer Vision related algorithms and their ef-
fectiveness depends on the type of image that is being subjected to analysis.
Histogriams of Oriented Gradients (HOG) is a method to transform an image
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into data that can be more easily interpreted by a computer, by getting rid of
information that is not important.

1. Turn the image being detected black and white

2. Look at every pixel and focus on how dark it is compared to surround-
ing pixels and mark the gradient (draw an arrow on the direction the pixel is
getting darker, gradients show the flow of from dark to light).

3. Break the image into small 16x16 pixel squares.

4. In each pixel count how many gradients point to a major direction.

5. Replace the squares in the images with an arrow showing the strongest
arrow directions.

6. The result is a HOG image pattern.

HOG images are compared to other patterns that were acquired while
training the neural network with other faces.

Fig. 1. The process of transforming a colour image into gradients

HOG can be used with other algorithms like Face Landmark Estimation
to generate programs that recognize faces. Face Landmark Estimation finds
68 specific landmarks that can be found in any face (eyes, chin, eyebrows)
and maps them. The results of this algorithm are rotated, scaled and sheared,
so as to present the landmarks as a 2d face viewed from the front. This is
useful since many times people are turning their heads when photographed
and for a computer its difficult to recognize the same face viewed from dif-
ferent angles.

Deep Convolutional Neural Networks are used to train computers to find
useful 128 measurements to recognize each face, this is known as embedding.
This requires powerful video cards like the NVidia Tesla video card which
takes 24 hours to do an embedding. Once the embedding is done, it can be
used for other faces. The process is done by loading two different pictures of
a same person, and then a picture of a different face. The algorithm looks at
the measures it is currently creating for the images and tweaks the neural
network so the measurements for the pictures of the same person are closer,
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than the ones of the other face. To not do this step, Google has released
several trained networks through Open Face.

Conclusions

Speech Processing (SP) and Computer vision (CV) are two disciplines
that have seen great advances in the last decade, especially thanks to the con-
stant development of Machine Learning methods like the Neural Networks.
Now a day these technologies are being adopted massively by companies and
the public and are becoming ubiquitous in daily life.

This situation will only grow in the future as adoption grows and newer
enterprises arise seeking to capitalize in the state of the technologies.
New methods of Computer Recognition for both Audio and Image will be
developed as Artificial Intelligence capabilities advance and more complex
products become feasible.

What type of products can be developed now? There are fields that seem
to be ready for a product that uses both CV and SP. One is the entertainment
field where products like videogames can be developed. An example could
be a game where the user gives commands to the system and the game could
detect the user’s face and access his data without the need of a password.
That data could be stored in cloud services making easier user mobility
between systems.

Other useful way these technologies could be implemented is in the field
of marketing. Agencies could implement interactive interfaces that promote
brands. Earlier Blippar was mentioned as a company already working in the
VR realm, so its possible that they could implement speech recognition to
their products. Finally another obvious choice would be the field of Security.
Devices that use voice and image patterns are being developed for the pur-
pose of user access to systems as diverse as cars, computers, bank accounts
and smartphones without the need of passwords or keys. As the technology
develops these security solutions will be used more extensively and will be-
come the most basic way of enforcing security for a device, building, archive,
etc.

This is only a small overview of how Computer Vision and Speech Pro-
cessing work and is in no way a comprehensive look at the both fields and
projects being developed in them, but it works as a brief introduction to these
technologies and to the possibilities they bring to now a day’s constantly
changing technology driven world.

This study was supported by the Russian Foundation for Basic Research
(grant No. 16-29-04388).
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Cybercrimes are the use of phones, computers or internet with the intent
to harm the reputation of the victim or cause physical or mental loss to the
victim directly or indirectly and also as a form of threating cybersecurity. The
internet is the fast growing IT infrastructure the world has seen. Now the
internet provides us with everything we need in our life such as communica-
tion, education, health, sports, businesses, international relationships and so
more. With the advent of new technological tools to improve information
accessibility and advancement of the internet also comes this menace prac-
tices called cybercrimes. To fight these menaces, countries are considering
cybersecurity as the most consequential security practice to improve their
cyberspace.

This paper attempts to look at cybercrime in perspective to Ghana, the
implementation of IT infrastructure in Ghana, the current challenges and so-
lutions to cybersecurity. Also the paper attempts to know why people engage
in cybercrimes. Lastly the paper presents how education can help mitigate
cybercrimes in Ghana.

Challenges Ghana faced in the advent of Internet and ICT

With the expansion in the internet and the use of ICT in 2000s, Ghana did
not have a systematic laws and policies to regulate the use and abuse of the
internet. As cyber fraud (Sakawa) became prevalent, and as more people
were working from obscured locations or homes, it became difficult to fight
this menace. Also victims of cyber fraud could not report incidences because
there was no centralized office in the country. And even when a victim report
an incident to the Ghana Police Criminal Investigate Division CID, because
of lack of know-how, if becomes difficult for the CID to apprehend the sus-
pect. So the Electronic Transaction Act (2008) was enacted to provide law
enforcement to combat cybercrimes but the Act could not fully address all
facet of cyber security which made prosecuting perpetrators challenging.
As government and other agencies in an attempt formulating cyber security
policies, a new business transactions was introduced by the mobile telecoms
in 2009 called Mobile Money. Mobile Money allows the receiving, sending
and spending money on mobile phone. As the patronage of mobile money
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was increasing, mobile money fraudsters also increases. It became a chal-
lenge for law enforcement to trace these criminals because mobile SIM cards
were not initially registered properly. Also, mobile prank calls was on the rise
which was become a security threat to the country. For example, in 2010
a prank call of earthquake causes thousands of people to sleep outside of fear
of building collapsing.

How Education can help Ghana strength it cyber space
against cybercrimes

In an era where criminals, terrorists are using online to easily attack indi-
viduals and nations rather than physically threating them, cybersecurity has
become the most important challenges for every country. For the past decade,
Ghana is trying the build its physical IT infrastructure (software and hard-
ware to oppose cyber-attacks or crimes. However, the country have over-
looked education as the fundamental pillar on which all other branches of
cybersecurity will depend on. We all know that education is the bed rock of
every successful innovation or country. I believe that if Ghana start investing
in her education anent cyber security or computer and network security pro-
grams from the basic educational level to tertiary level, building research
laboratories, Ghana would see a swift change in her cybersecurity and econo-
my. Not alone but Ghana will become a power house of cybersecurity experts
in the sub-Sahara region and world as a whole. The following suggestion can
help Ghana build a forfeited cybersecurity sector through education:

1. With the Free Compulsory Basic Education System implemented over
the past decades, enrollment of children from the age of 4 to 16 has improved
significantly. In April 2015, The Guardian Newspaper reported almost 90%
of Ghanaian children are in school compared to 64% in Nigeria and 72% in
Pakistan. The literacy rate in Ghana reached of 74.7% of her population in
2015 where people of age from 15 and above can read and write. I believe
this high indices is a fertile ground for Ghana to start educating her next
generating about cybersecurity. Basic knowledge of Cybersecurity program
can be added to ICT syllabus in Primary and Junior High Schools. This can
improve both teachers and students awareness of viruses, malwares, cyber
fraudsters and more others. The proliferation of cyber fraud victims will
reduce since citizens will know the best practices once they are online or
doing transaction online.

2. Ghana can design specialized cybersecurity program as part of her
Seniors High School Educational System, where students interested in prac-
ticing cybersecurity in the future can enroll. Students will have profound
knowledge in cybersecurity before they enter into any tertiary institution or
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university. With this era of globalization, Ghana can learn from other coun-
tries like USA where some high school like Harford Technical High School
have started teaching high school students about cybersecurity.

3. Government can also incorporate cybersecurity boot camp challenge
competitions into the National Cybersecurity Awareness month. Such com-
petitive can help youth and students work together, learn from each other and
an impetus for them to come out with new innovations and ideas of cyberse-
curity. Also to help create better awareness among the general public of cy-
bersecurity, the National Cybersecurity Awareness month should be done
three or four times a year. Moreover, the monthly awareness program should
include people in the rural areas because most often these people are victims
of mobile money frauds.

4. Ghana has many public and private universities and some of these uni-
versities are renowned in the Africa continent and the world. But none of
these universities offer a four year specialized programs in cybersecurity.
Ministry of Education need to start resourcing some of these universities with
experience lectures and high tech lab to teach cybersecurity. This program
will help reduce the deficit of cybersecurity expert and produces more quali-
fied workforce.

5. In an age, where individuals, businesses and governments manage
more and more of their daily activities digitally, and cyber security experts
are in storage as report by Security Magazine. More also, there is an estimated
report that by 2021 there will be 3.5 million job vacant in information security
worldwide. With these global job vacancies, Ghana can mitigate her gradu-
ate unemployment rate by implementing the best education policies in train-
ing more graduates in information security. As Ghana train more information
security experts, Ghana can export some these qualified graduates overseas
and earns a huge revenue in return to help to development on some basic
amenities.

Conclusion

Cybercrimes are here to stay as the IT world in moving into the next
sphere of Internet of Things. Attackers will keep evolving with innovative
ways because of enormous weakness they can exploit from.

But the good news is that, cybersecurity is also here to defend and make
our lives better. Cybersecurity works better when people or citizens aware-
ness of internet security become part of their daily activities. It is my hope
that Ghana can inculcate the spirit of cyber mindfulness in her educational
system so that students will take a course of cybersecurity from basic to ter-
tiary level. As many people are trained and cognizant about cybersecurity,
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cybercrimes in Ghana like Sakawa and mobile money fraud will be mitigated
drastically.

This study was supported by the Russian Foundation for Basic Research
(grant No. 16-29-04388).
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Human face recognition is a field of study in the field of computer vision.
Face recognition methods are now divided into different directions according
to different criteria. Research article on face detection techniques in video
streams, using the OpenCV library.

Keyword: face dectection, face recognize, feature based, feature
extractrion.
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The face recognition has a rich data source and requires less controlled in-
teraction and can be found in real life as well as data on the net. It's method is
also divided into several directions: Identification with input data is a 2D still
image (is most popular), but the future will probably be 3D FR (because, if
layout of many 2D cameras will give the data in kind of 3D and deliver bet-
ter, more reliable results) can also be divided into two directions: to do with
image data and to do with video data. In reality, people divide the face recog-
nition methods into three categories: global approaches, such as Eigenfaces-
PCA [1], Fisherfaces-LDA [2]), based on local feature based (LBP, Gabor
wavelets [3]) and hybrids (a combination of two global and local features).
Local-based methodologies have been proven to be superior in working un-
der uncontrolled data conditions. It can be said that the development history
of human face recognition is the development of selective extraction methods
used in image feature extractrion systems. Specific applications of face
recognition are based on two identification models: identification (1-N prob-
lem), and verification (problem 1-1). In the identification problem, we need
to determine the identity of the test image, but in the verification problem, we
need to determine whether the two images belong to the same person.

To build a face recognition system, it is not easy. The first step is "face
detection" - it means detecting the image in the input (image database, video
...) and cut the face to perform the identification. The second step is "image
preprocessing" including image alignment and normalization (here we refer-
ring to straight-line images). The third step is "character selection". In this
step, a method of extracting certain characteristics (LBP, Gabor wavelets, [4]
...) will be used with the facial image to extract image specific information.
As a result, each image is represented as a feature vector; the next step is the
identification or classification step, Identification or label of the image - that
is the image of the one. At the classification step, usually the method
k-nearest neighbor (k-NN) [5] will be used, in practice the use of Support
Vector Machine [6]) does not bring worse results.

Data for a face recognition system is divided into 3 volumes: training set,
reference set, and set for identification. In many systems, the training file is
identical to the reference file. The training set consists of images used for
training, usually used to generate a projection subspace as a matrix and the
commonly used method is Principal Component Analysis (PCA) [7],
Whitened PCA (WPCA), Linear Discriminant Analysis (LDA) [8], Kernel
PCA (KPCA) [9]. The reference set includes known images that are projected
onto the subtree at the training step. Training steps aim for two purposes: to
reduce the dimension reduction of feature vectors because these vectors usu-
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ally have large lengths (several thousand to several hundred thousand). very
long. The second is to increase the discriminative between the different
images class, in addition can reduce the distinction between images belong to
a class (according to the method, the purse LDA, also known as Fisher Linear
Discriminant Analysis, is a method of working with training sets where each
object has multiple faces at different conditions. After making a reference
reference to a subspace, the system saves the result as a matrix with each
column of the matrix a vector corresponding to the image (known identifier)

to perform the identification (or subclass). Identification is done with a set of
probe images, after preprocessing, each image will be applied to the extracted
feature (such as training and reference images) and projected into subspace.
Next, the classifier will be based on the k-NN method. The identifier of an
image that needs to be determined will be assigned the identifier of the image
closest to it. Note that each image is a vector so it is possible to use the con-
cept of distance function between two vectors to measure the difference be-
tween the images.

Once the image area is detected, you can use it to identify faces with the
next image. However, if you were trying to simply perform face recognition
directly on a normal photo, you would probably get less than 10% accuracy!
It is extremely important to apply various image processing techniques before
processing to standardize the images that you provide for a facial recognition
system. Most facial recognition algorithms are extremely sensitive to light
conditions, so if it is trained to recognize a person when they are in a dark
room, then perhaps it wont recognize them in the a light room, etc. This prob-
lem is called "dependency lumination", and also many other problems, such
as face should also be in a very suitable position in the image (such as eye is
in the same pixel coordinates), suitable size, rotation angle, hair and makeup,
emotions (smiling, angry, etc.), position of the lamp (left or top, etc.). This is
why it is very important to use an image filter for processing before applying
face recognition. You should also do things like remove the pixels around the
face that are not being used, such as with an elliptical mask to show only the
inner face area, not the hair and wallpaper, since they change a lot compared
to no face. For simplicity, my face recognition system will show you that
Eigenfaces uses grayscale images. So I will show you how to easily convert
gray images, and then easily apply Histogram Equalization is a very simple
method of automatic Standardize the brightness and contrast of your face
mirror image. For better results, you can use face recognition colors (ideally
with color chart accessories in HSV or a color space instead of RGB), or ap-
ply a variety of processing stages such as increased edge enhancement, bor-
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der detection, motion detection, ... In addition, this code is resizing the image
to a standard size, but this can change the aspect ratio of the face.

The pre-treatment steps are as follows:

sl. If a color image is converted to a gray image;

s2. Resizing an image is a suitable size, even if the scale changes.

s3. Create fixed size images;

The OpenCV library makes it quite easy to detect a face in front of an im-
age using the Haar Cascade Face Detector [10] (also known as the Viola-
Jones method). The function "cvHaarDetectObjects" in OpenCV performs
real face detection, but the function is a bit tedious to use directly, so it is
easiest to use this function: Haarcascade_frontalface default.xml; Haarcas-
cade_frontalface_alt.xml; Haarcascade_frontalface_alt2.xml; Haarcascade_
frontalface_alt_tree.xml.

The article shows the techniques that need to be performed to detect the
face. When moving, faces can be varied in size or rotated in different direc-
tions. The next step is to make sure that the face can be corrected when not in
the vertical direction (can be turned left, right, face up, bent down) and the
person moving with fast speed.
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The problem of building high-performance systems is considered, as well
as the development of mathematical models of such systems for mobile ro-
botic navigation. We consider the general situation of 3D mapping for SLAM
in the modern world, and also show the results of our work.

Nowadays, the simultaneous localization and mapping approach (SLAM)
has become one of the most modern technical methods used for mobile ro-
bots to create maps in unknown or inaccessible places. Update maps to a spe-
cific area while tracking your current location and distance. We built a highly
structured system using mathematical models in conjunction with the Octo-
map environment to navigate a mobile robot.

In robot mapping and navigation, simultaneous localization and mapping
(SLAM) is one of the issues that scientists and the world are interested in
computation for creating or updating maps. An undefined environment also
tracks the location of an internal agent. To overcome and improve positioning
in short distances, synchronization and simultaneous integration (SLAM) has
made remarkable progress in the development of science and technology.

Some robots applications require a three-dimensional model of the envi-
ronment. Although 3D maps are an integral part of many robotic systems,
there are still a few flaws that are rarely deployed in a system with reliability
and efficiency. The absence of such implementations leads to the reproduc-
tion of basic software components. Therefore, it can be considered an im-
portant point in the study of robots.

In recent years, instead of using small and medium-sized microchips,
people have switched to software logic devices, followed by large integrated
circuits that are used as computer cores on industrial computers or in
programmable logic controllers. Automation of decision-making requires the
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use of advanced mathematical techniques and new technology. The growing
interest in the functions of the algebra of logic and its computational prob-
lems led to the creation of the theory of homogeneous structures. The paper
proposes a logical model that can be adapted to a specific class of Boolean
formulas. This model allows us to solve the problem of the computing system
of Boolean formulas from ordered and unordered iterative classes, as well as
the class of Boolean formulas in the order of repetition and Boolean systems
with and without arguments.

In this article, we consider the formula in the basis of {AND, OR, NOT}.
First, we consider the fully qualified BFU n variables defined on the 2n input
sets. The main metric of a BFU is the number of variables n. In principle, the
boolean formula is divided into two groups, non-repeat and repeated. The
classification of non-repeat BF reduction in Fig.1.

r 1 Presented in DNF
Mo missing arguments 2 Ppresented in KNF

3 Presentedin the

form of higher orders

Ordered

4 Presented in DNF

5 Presented in KNF
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With missing
arguments

7 Presented in DNF

Bes nponyckos
APrYMEHTOB

Pr d in KNF

MNon-repetitive Boolean
Formulas.
[
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9 Presented in the
form of higher orders

Unordered

10 Presented in DMF

C nponyckamu
APTYMEHTOE

11 presented in KNF

12 Presented in the
form of higher orders

Fig. 1. Classification of non-repetitive Boolean formulas
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In accordance with the above classification (see Fig. 1), the set of Boolean
formulas splits into pairwise disjoint classes — sets of the same type of for-
mulas. Each formula of a particular class can be chosen as a representative of
this class. Boolean formulas belonging to one class are realized by physically
identical schemes, therefore for each class it is enough to implement only one
scheme, the structure of which is described by the formula of a representative
of a class. We synthesize such an automaton, which will provide, at a certain
setting, the calculation of all the BF groups provided in Fig. 1, while the input
arguments are not the same.

1

¥

i

non M

Fig. 2. Environment after adjusting for Octree

We will rebuild in Octomap environment. The octree for the window is an
elementary computation. Therefore, I built this formula:
fi=x,V 2,V x5V x,V xg;

fa = xy;

fi=x
as where X;—Xs are fed data from a cloud of points. The overall picture
(Fig. 2) looks like matrices.
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This article used a point cloud to create an octree. The results show that
when using uniformly structured models and parallel processing, the results
and implementation time of the algorithm are faster at each stage of performing
image processing tasks in three dimensions. This is such an environment that
allows you to very quickly build a map based on the octree. And SLAM
octree has specific features. We directly choose and play specifically to solve
this problem. Creating a more computationally competitive computing envi-
ronment is a good result and a good condition. That is the context to continue
to study.
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