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KOI'HUTUBHBIE IPO®PECCUOHAJIBHBIE POBOTHI
C IEPEOBYYEHUEM HABBIKOB

E.I'. Bpvinoun

HUccneoosamenvckuii [enmp « ECTECTBOUH®OPMATHUKA»
bryndinl S@yandex.ru

CymecTByeT JBa OCHOBHBIX MOAXO/a K MPOrpaMMHO-aIIapaTHON peajn-
38U TEXHOJOTMYECKOTO MBIIUICHUS! KOTHUTHBHBIX POOOTOB. Bo-mepBhix,
Ha OCHOBE MalIMHHOTO oOydeHus [1]. Bo-BTOpBIX, HA OCHOBE MOJEIHPOBa-
HUSI KOMMYHHKATHBHO-aCCOLIMATHBHOW JIOTWKU IOJPAXaTEIBHOTO MBIIILIe-
Hus yenoseka [2]. Ha ocHOBe 3THX NMOAXO0J0B pacCMOTPUM CO3/laHUE KOTHH-
TUBHBIX MPO(ECCHOHATBEHBIX POOOTOB C MePeOOyUCHUEM HABBIKOB [3].

[IporpammHo-annapatHas nH(GOpMaMOHHAsI cpeia po00Ta XPaHUT CUM-
BOJIMYECKHUE DJIEMEHTHl 3HAHMH B 3aKOJUPOBAHHOM BHJE C CYIIHOCTHOM
pa3MeTKOH, CHaO>KEeHHBIX BCEMHU MPU3HAKAMHU TIPEJCTABUTEINICH Peauu U CBS-
3aHHBIX CHTYaTUBHO-TIPU3HAKOBHIMH W CUTYaTHBHBIMH CXEMaMH. DIJIEMEHTY
3HaHWI U3 MPOrpaMMHO-AINAPAaTHOW Cpelbl poOOTa COOTBETCTBYET DJIEMEHT
3HAHWI U3 CYIIHOCTHOM CpeJibl YeJIoBeKa. DTH AJIEMEHTHI 3HAaHUI COOTHOCSTCS
C O/IHUMH U TeM e (parMeHTaMH peajny. DJIEMEHTBI 3HaHUH ITPOrpaMMHO-
anmapaTHON cpejbl CHa0XKaloTCs CHHTAKCHYECKHMMH CTPYKTYPaMH U SI3BIKOBOM
Pa3MeTKOH B COOTBETCTBUH C TPAMMATHKON M TPaBHJIaMH MTHCbMEHHOTO SI3bIKA.
[pouecc peanuszanyy MHPOPMAIIMOHHBIX MOTPEOHOCTEH OCYIIECTBISIETCS T10
KOMMYHHKaTHBHO-aCCOLIMATUBHOM JIOTUKE C MCIHOJIB30BaHUEM (DyHKIIMOHAIIb-
HOTO €CTECTBEHHOTrO s3blka [4]. Jlornueckoil equHHUIIE KOMMYHHMKAaTHBHO-
ACCOLIMATHBHOM JIOTUKH SIBJISIETCSI CJIOBO. TeKcT MH(OPMAIMOHHOM MOTPeOHOCTH
CTPOHTCS Ha (DYHKIMOHAJIBHOM €CTECTBEHHOM SI3BIKE U3 JIEMEHTOB CYIIHOCT-
Horo cioBaps. CiioBa HH(POPMAIIOHHOM TTOTPEOHOCTH UMEIOT Pa3MeTKY, yKa-
3BIBAIOIYIO JIM0O Ha JIEKCUUECKOE 3HAUCHUE, JTMO0 Ha BBIYUCIUTEIBHYIO MIPO-
Hexypy, JIM00 Ha MOBEJSHYECKYI0 Tpoleaypy. Hampumep, clioBO «CIOXHUTH
MOET OBITh JIEKCHYECKHM 3Ha4yeHHeM, JH00 apu(METHYECKHM ACHCTBHEM,
00 TOBeneHUECKUM JeicTBHeM. KoMOWHMpOBaHHBIE HH(pOPMAIIOHHBIE
HOTPEOHOCTH COCTOST JIMOO M3 BIOXKEHHBIX WH(POPMAIIOHHBIX MTOTpeOHOCTEH
NpeIMETHON 00JIacTH 3HAHWMH, JIMOO W3 MOCIEN0BATEILHOCTH UH(OPMAIIMOH-
HBIX NOTpeOHOCTEH, MO0 U3 T0CIE0BATEIbHOCTH BIIOXKEHHBIX MH(pOpMaIH-
OHHBIX TTOTpebHOCTel. MH(opMalmoHHbIe TOTPEOHOCTH TPEMETHON 00IacTh
3HaHWI 00pa3yl0T KOMOWHALIMOHHO PACIIMPSIEMYIO CETh. TEXHOJOTHUS peau-
3alMM KOMMYHHKaTHBHO-aCCOLMATHBHOM JIOTHKU IOJPa)KaTeJIbHOTO MbIIILIE-
HUS TT03BOJISIET CO3/]aBaTh MHTEPAKTUBHBIC 00yYaloIe CUCTEMBI 110 pa3iny-
HbIM mpeaMeTaMm. llpenmerHast oOyacTh 3HAHWH TPEACTABISIETCS B BUJE
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KOMMYHHKaTHBHO-aCCOLMATUBHOW CeTH MH(OPMAIMOHHBIX MOTpeOHOCTEH 1
ux peanmzauuii. Peanmzanus nH(QOpMaMOHHON NOTPEOHOCTH MOXET OBITH
cama MH(OPMaIOHHOW TTOTPEOHOCTHIO.

Cucrema peanusalvy BKIOYaeT 0a3y 3HaHWH M 0a3y ymeHwil. Peanusa-
st “HGOPMAIMOHHOM ToTpeOHOCTH OepeTcst MO0 M3 0a3bl 3HaHUH, MO0
BbIpa0aThIBaeTCs THUIIOBOW IIPOLEAYpOI peann3anuy 0a3bl yMEHHI 110 TEKy-
el nHpopMannoHHo# norpedHoctH (puc. 1), mibo dpopMupyercs cetb mo-
9JIEMEHTHOM peajn3anuy 10 KOMOMHUPOBAHHOW MH(POPMAMOHHOHN 1MOTpeo-
HOCTH (pHC. 2).

OmnpenenmnTens l;. ITosemnTenshas IL.IL.
Trma ILIL

Bomnpocnrensras I1.M1.

PE——
Omnpenennrens tinooii ILII. —— Hosas ILIL

Tumosas ILIIL.

Onpenemress — CuryatuBHas I1I1.

curyaTuBHoro trma ILIL. l
ILII. cHTyaTHBHOIO MOMEHTa Ilonck B 6a3e 3HAHMHIT

J curyaTuBHoil peammsam ILIT.
TTornck peanm3arimn CurtyaTnsHas peamnzamms ILIT

CHTYaTHBHOTO MOMEHTa
B Gase 3HaHIII

Peamzamms CHTYaTHBHOI'O MOMEHTa

Puc. 1. Tunosas peanuzanus

Hosgas ILIL

|

OnpeenuTeNs JOMyCTHMOro Habopa
KOMMYHHKATHBHBIX 3IeMEHTOB

B Ga3e 3HaHHII I Oaze

yMeHHIiT 1 peamusarun ILIL

l Peamuzamrst HoBoil ILIT.
KoMOuHarueii THIoBbIX I1.IT.

ITocTpoeHne ceTH MO3IeMeHTHOIT

peammzamun ILII. o ee

(YHKIIIOHATBHOI pasMeTke — Peammsanus HoBoil ILIT.

Puc. 2. Peanu3anust HOBOI HH()OPMAIIMOHHOM TOTPEOHOCTH



KornutuBHOro mpodeccHoHaabHOro poboTa ¢  KOMMYHHKaTHBHO-
ACCOIIMAaTHBHON JIOTHKOM IO/Pa)KaTeJIbHOTO MBILIUICHUS MOXKHO Tepeoly-
YUTh U1 paboThl B pasHbIX cdepax xusHenestesnbHocTH [5]. Paspaborana
(YHKUMOHATIbHASL CTPYKTypa KOTHUTUBHOTO MPOQECCHOHANBHOr0 poboTa ¢
nepeoOyueHreM HaBBIKOB (puC. 3).

Peuepas Cobece K Opeuesiennat
dop < peaTH3aHA
noTpebHOCTH HH(OPMALHOHHOH

nom‘eﬁnocru
p Hefipocetepaa
A 4 Heiipocetepa P
N 1
Cucrema P PenenHeHAT - p— CHCTeMa OpedeBIeHHT
PEUeBOro BEOAA cHCTeMa » TEKETa peamasargs
HHOPMALHOHHOH Biciid * ~
noTpedHOCTH noTpedHOCTH
Cucrema T T
Tex: b > peanH3alHH ©KCT peaTH3auHH
EKCT HHQ . o o uHdOp i
NOTPeOHOCTH Ha PP -
TOTpedHOCTH TIOTPEOHOCTH
DYHKUHOHATEHOM
€CTECTBEHHOM A3BIKE
A
Komvyrukatue = »
Cucrema aCcCOUHATHEHAA Cucrema Heitpocereran Cucrema
. ceTs oOyueHHa cHCTeMa oToOpaKeHHA
YCEOEHHA 3HAHHH
- MTEHHA ¥ nedaty
CymHoCTHEIH Tpeavernan
CITI0Baph obmacTs
Cucrema
peanHzauHH Bazsr Bazst
TIOBEJEHHA 3HAHUH VMeHHIT

[ t i}

Puc. 3. ©yHKUMOHATBHAS CTPYKTYPa KOTHUTUBHOT'O HPO(YECCHOHAIBHOTI0 poboTa
¢ nepeo0yueHUEM HaBbIKOB

MexyHapoHOe Hay4yHOE HUHXKEHEPHOE COOOIIECTBO IIOCTENEHHO IBHU-
JKETCSl K TEXHHMUYECKOH pealM3alli KOTHUTHBHOTO NPOQeCcCHOHaIbHOrO po-
00Ta ¢ KBAIM(HUKALMOHHBIM repeoOydeHreM. B Oynymiem, Ha pelHKe Tpy/a,
KOTHUTUBHBIE POOOTHI C Nepeo0ydeHreM OyIyT BBIIOIHATH MPOpecCHOHATb-
HbIe PabOTHI, a YEJIOBEK 3aiMET HUIIY Hay4HBIX MCCIIEI0BaTeNIeii 1 NMHHOBA-
UOHHOW JIeTeIIbHOCTH.
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KJIIOUYEBBIE ACIIEKTBI ABTOHOMHOM CUCTEMBI
3AIUTHI YACTHBIX TEPPUTOPUI HA BA3E BILIA

A.B. Bacunves

Akyuoneproe obujecmeo
«Hayuno-uccne0o8amenbckutl UHCMUmMym noynpo8oOHUKOSbIX PUbOPO8y»
vasilev_av@niipp.ru

B Hacrosmiee BpeMs uccieoBaHME W pa3padOTKa MajiorabapUTHBIX
OecnIOTHBIX JieTaTeNbHbIX anmnaparoB (MBIUIA) mynbTUKONTEpHOrO THIA
SIBJISIETCS] OIHMM MX CaMBbIX IEePEJOBbIX U HAYKOEMKHX HalpaBJICHUH BO BCEM
mupe. OUHAHCOBasI JIOCTYITHOCTh, OTKPBITOCTh TEXHOJIOTHH, BBICOKast (yHK-
IIUOHANBHOCTh U psif Apyrux xapakrtepuctuk MBIIJIA cTano mpuunHON ux
MacCOBOTO MCIOJIb30BaHUsI B HE3aKOHHBIX LENAX (IIMUOHAXK, TEPPOPHCTHYE-
CKHe Yrposbl ¥ T.n.). I[loaTomy pa3paboTka pa3iuuHBIX CHCTEM 3allUTHI OT
MBIIA Takxe sBIsieTCs BaXKHOU 3a1aueil.

B nanHOM nOKIaje paccMaTpUBAIOTCS KIIHOUEBBIE acleKThl pa3paba-
THIBAEMOM aBTOHOMHOM CHCTEMBI 3aIlUTBl YACTHBIX TEPPUTOpPUM, KOTOpas
OCHOBBIBaeTCsS Ha (PU3MYECKOM 3axBare «Hapymutess» apyrum MBILUIA,
OCHOBHBIE (PYHKIIMU KOTOPOTO IpE/CTaBIeHbI HA puC. 1.

OYHKUUHU BBIACICHUS U PACIIO3HABAHUS LIETM IO BU3yaJIbHOMY KaHa-
JIy OCYHIECTBISIOTCS OopToBBIMEH cucteMamMu MBITJIA mpu BXOXICHUU
«HapymuTens» B 300y BuauMocti «BITJIA-oxpanaukay. [laHHbI (yHKIHO-
Hay Oyner oOecneunBaThcs C NMPUMEHEHHEM CIENUAIM3UPOBAHHBIX allro-
PUTMOB 00pabOTKH M300paXKeHUI U ManorabapUTHBIX BBIYUCIHUTENEH C Ia-
panieNbHOW apXUTEKTYpOH IOcie YCTAaHOBJCHHS BH3YalbHOTO KOHTAaKTa,
(PMKCHPOBaHUS ¥ CONPOBOXKICHHS «HAPYILIUTEIISD).

*[Ipoexm evinonnsemcs Ha b6ase Tomckoeo 20cy0apcmeeHHo20 YHuU-
sepcumema cosmecmuo ¢ AO «HUUIIIy (Hnoycmpuanvhsiii napmuep) npu
Gunancosoil noddepoicke Munobpuayku Poccuu, yHUKAIbHbIIL UOeHMUDUKA-
mop npoekma RFMEFI57817X0241.
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Puc. 1. (DyHKI_II/IOHaJ'II)HI)Ie 0CODEHHOCTH CHCTEMBI 3alIATBI YaCTHBIX Teppn‘ropuﬁ

MOBBIIIEHUE SHEPTETUYECKOM
3OOEKTUBHOCTHA ABTOHOMHOM CTAHIIUA
BECITMJIOTHOI'O JIETATEJIBHOI'O AIIITAPATA

P.V. Tumazos', C.B. [lluorosckuir’

! Hayuonanvwiii uccredosamensvekuti ToMckuti ROnumexHudeckuti ynueepcumen
2 Hayuonanwvnwlii ucciedosamenvcxuii ToMCKuil 20Cy0apcmeentvlii yHusepcument
ruslgim@gmail.com

ABTOHOMHAsI CTaHIUS OCCIMIOTHOTO JieTaresbHoro ammapara (BITIA)
BBITIONHSICT (DYHKIMU XPAaHWJIMIA, METCOCTAHIIUH, 3apsTHOTO YCTPOWCTBA,
LIEHTPa CBSI3HM. ABTOHOMHOCTh CHUCTEMBI JOCTHTAcTCs HCIIOIb30BaHHEM (O-
TOJJICKTPUICCKUX MOJYJICH, 00CCIICUMBAIONINX MUTAHUE CTAHIIUU U T10]3a-
psnKy OecCrMIIOTHOTO JIETATEeNIHOTO amnmapara. Takas cucreMa MMeeT BO3-
MOXKHOCTh MOJU(HUKAIINH, C ICJIBIO MOBBIIICHUS SHEPreTHIeCKor 3 HeKTHB-
HOCTHU CHCTeMbI iuTanus. OO BUJ] CTAaHIIUY MPEICTABICH Ha puc. 1.
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Puc. 1. ABronomHas cranuust BITJIA: / — moiBHKHBIE KPBILIKH C COJHEYHBIMU TTAHEIISIMHU;
2 — METeOoCTaHIUsl; 3 — [M0CcaJOYHAs IUIONIAIKa; 4 — KOPIYC; 5 — HaHEelb YIpaBJICHUs

Lenblo nanHOW pa®oTHI SBISETCS MOBBIILICHUE SHEPreTUUecKol 3¢ dek-
TUBHOCTH CUCTEMBI MMTaHHUs aBTOHOMHOU cTaHuuu BIUTA.

K 3amauam, perraemMbiM B X0/1i€ BHIITOJIHEHHS pa3pab0TKU, OTHOCSTCS pea-
nm3anust d(QGEeKTUBHOTO aJaNTUBHOTO AITOPUTMa YIPABICHUS MPOLIECCOM
3apsja; NepeopueHTHPOBaHUE (POTOAIEKTPUUECKUX MOJYJIEH pa3padoTKa 1o-
MOJIHUTEIBHOTO O110Ka (POTO3IEMEHTOB C crcTeMOi HaBeaeHus Ha ColHile.

K M3BECTHBIM U MHMPOKO MPUMEHSIEMBIM METOJaM MOBBIIICHUS SHEPreTH-
YecKoi AP(PEeKTHBHOCTH CHCTEM C (POTOIIEKTPUUECKIUMHU IIEMEHTAMH OTHO-
CATCS: DKCTPEMaIbHOE PETYJMPOBAHUS MOILIHOCTH — METOJ NpPU KOTOPOM
peayzyeTcsi 0coObIil alropuTM Iporiecca 3apsjaa, od0ecreynBarommii oToop
SHEPTUM B MaKCHMAJIbHOM TOYKE BOJIb-BATTHOW XapaKTEPUCTHKH, YTO MaK-
CHUMHU3UPYET MOJy4YaeMyl0 OT (POTODJIEMEHTOB SHEPIHIO; peasl3alus CoJl-
HEYHOTO TpeKepa — CHUCTEMbl aBTOMAaTHYECKOro HaBeJeHUs (POTOIIEMEHTOB
Ha CoJHIIe, YTO YBEJIMYMBAET KOJIMYECTBO MOCTYNAOLIEH SHEPTUH.

B mnpencraBieHHO# pabote mpeaiaraercs peanM3anusi alrOpUTMa IKC-
TPEMaJIHOTO PEryJIMPOBaHHUs MOIIHOCTH 110 METOJy BO3MYILEHHE U HaOIIO-
JeHUE, MOJU(PUIMPOBAHHOMY C IMOMOIIBIO JJIEMEHTOB HEUYETKOW JIOTHKH.
Takoe pemieHne ycTpaHseT HEJOCTATKA YHCTOTO ajropuTMa BO3SMYILCHUE U
HaOJIIO/IeHNe, MMEIOLIETO MOWUCKOBBIA XapaKTep: HeHTpanu3yer KoJjieOaHus
MOIIHOCTH ¥ YMEHBILIAET BPeMsI PEryJIMPOBAHUSL.

B KkauecTBe MONMOJNHUTENBHBIX MEp, Ul YBEJIWYEHHS] SHEPreTHYecKOn
3¢ PEKTUBHOCTH CUCTEMBI IIMTAHUSI ABTOHOMHOM CTaHIMHM TIpeyiaraeTcs J10-



MIOJIHUTEJILHOE TMEPEOPUEHTUPOBAHUE (OTORIEKTPHUESCKUX MOAYJIEH, C Iie-
JIBIO YBEJIMYEHHS KOJIMYeCTBa NMpUHMMaeMoro ceera. Ha pucynke 2 mpone-
MOHCTPHUPOBAH XapaKTep 3TOTO YJIyYIlEeHHSI.

W3BecTHO, YTO MakCUMyM OTOMpaeMOW SHEPrHH JIOCTUTAETCs, P IIep-
NEeHIUKYJISIPHOM TMaJeHUH COJTHEYHBIX Jy4el, OTHOCUTEIILHO TUIOCKOCTH (ho-
TORJIEMEHTA, CJIe/I0OBATENIbHO, KOHILIENIHS 3 Ha pHC. 2 00J1ajaeT HauTyYlIuMH
NOKa3aTessiMUi 0TOOpa SHEPrHU.

T

o0—>

Puc. 2. IlepeopuenTtupoBanue GOTOIIEKTPUICCKUX HIEMEHTOB (OTHOCUTEIILHOE JBHIKCHUE
ComnHua 1o ocH y): I — COTHEYHbIE NaHEIH )KECTKO 3aKPEIUICHBI; 2 — COJTHEUHBIE AHEIHU MOTI'YT
MEHSTh yrojl HAKJIOHA; 3 — CONHEYHBIC IIAHEIH Ha JONOIHHUTENIBHBIX TOIBEMHBIX KapKacax

3HAYUTENFHO YBEJIUYUTH KOJIMYECTBO OTOMpaeMOW DHEPrHU B TaKOW CH-
CTEeMe, MOYKHO J1I00aBJICHUEM JOTOJIHUTEIEHOTO MOYJIsl (POTOINEKTPUUYECKIX
37IeMeHTOB. TakoW MOJyJib, BEIHCCCHHBI 32 OCHOBHON OJIOK aBTOHOMHOM
CTaHIIMM, MOXET, OJJHAKO, HEraTHMBHO CKa3aThCsi HA MOOMIIBHOCTH pa3pada-
THIBAEMOH YCTaHOBKH, T.K. JieJlacT €€ OoJiee TPOMO3/IKOH.

Juist uccnenoBaHus MOBBIMICHUS SHEPreTHIECKON AP PEKTUBHOCTH 3apsi-
HOM CTaHIMH, C MOMoIlbio cpeactB Matlab / Simulink, pazpaborana umura-
IMOHHASl MOJIEJIb CHCTEMBI, BKJIIOYAIOIIAsi MOJICTIH BCEX TPEOYEMBIX IIEMEeH-
TOB CHUCTEMBI.

AXTyaJlbHOCTh TPEACTAaBICHHON pa3paboTKU CBs3aHa ¢ MPOOJIEMON Mak-
CHUMH3aIMM BpEMEHH aBTOHOMHOTO (hyHKIonupoBanus BILUJIA. TToBsiienne
sHepreTHyeckor addexTruBHOCTH cucTeMbl uTanus ctaHiu BIUJIA mo3Bo-
JISIeT 3HAYUTENBHO YBEJIIMYUTh aBTOHOMHOCTb ITPECTaBICHHOTO OOBEKTa.

Paboma evinonnena ¢ Tomckom 2ocyOapcmeeHHOM yHuGepcumeme npu
Gunarncosoil noddepoicke Munobpuayku Poccuu, yHUKAIbHbIL UOeHMUDUKA-
mop RFMEFI57817X0241.



MHO3NHHNOHUPOBAHMUE
ABTOHOMHOI'O MOBUJIBHOT'O POBOTA
C UCI1IOJIb30BAHUMEM CUCTEMbI

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

Hayuonanvhoui uccnedosamenvckuti TomMckuil 20cy0apcmeennblil yHugepcument
Vadim Gucal@mail.ru

Ha ceroansiHuii JeHb OJJHA W3 aKTYalbHBIX MPOOJIEM HCIOJIB30BAHUS
pOOOTOB — 3TO ABTOHOMHBIH, MPUHATHIA 0e3 ydacTHs dYeJIOBeKa, BHIOOD
Mapipyta pobotoM. OCHOBaHHEM ISl BBIOOpPA CITY)KHT CAMOCTOSTEIBHBINA
aHanu3 cutyanud. HaBuramus po06oTa B MPOCTPaHCTBE — 3TO KOMOWHAIMS
BBIIIC O3BYYCHHBIX 3a1adu. [y pemieHus 3ajaqil aHaan3a, Wik MO3UIHOHH-
POBaHUs, UCTIOIB3YIOTCSI ONPENCeICHHbIH HAOOp TeXHUYECKUX cpeacTB. Ero
UCIIOJIL30BaHKE PelIaeT JAaHHYIO 3a]ady JUIs ONpeAeIeHHbIX YCIOBUH.

Juist ycrneniHol HaBUTalMK B IPOCTPAHCTBE OOpTOBas cucrema poboTa
JIOJDKHA YMETh CTPOMTH MapIIpyT, YIPABIAThH MapaMeTpamMu JBHKCHHUS (3a-
JIaBaTh YTOJI IIOBOPOTA KOJIEC M CKOPOCTh UX BPAIICHHUS), PABUIBHO HHTEP-
HPETUPOBAThH CBEACHHS 00 OKPYKAIOIIEM MHUPE, ONy4YaeMble OT JATYNKOB, U
MOCTOSIHHO OTCJICKHBATh COOCTBEHHBIC KOOPIHHATHIL.

HanHas mpoOiema sABIIAETCS OMHOW W3 BaKHEHIIMX 3a7ad B poOOTOTEX-
HHUKE, 2 UMEHHO 3ajJa4a TOYHOTO U OBICTPOTO MepeMelICHHsT MOOUILHOTO
poboTa Mo TPAaeKTOPUH, KOTOpast 3aaeTCs B BUJE OTMOPHBIX TOYEK, KOTOPHIC
MOTyT OBITh TTONTy4eHbI py oMol GPS HaBuraiuu, 1160 IpH NOCTPOCHUN
ONTUMAJIBHON TPACKTOPUH HA OCHOBE KapThl MECTHOCTH. Takke TPaeKTOpHS
MOXKET 33/]]aBaThCs B BUJIC BU3YAJIbHON TPACKTOPHH, HAHECCHHO Ha TOBEPX-
HOCTB, 10 KOTOPOW JABIIKETCS poOOT. PelieHre TaHHOH MpoOIeMbl SBISCTCS
OYeHb BaXKHOH 3ajadeii, Tak Kak HHGPOPMAIMS O TOYHOM MEPEMEICHHN
HeoOXouMa ISl PelieHus 6osiee CIIOKHBIX M KOMIUICKCHBIX 3a1a4 poboTo-
TEXHHUKH, TAKUX KaK: MMOTPy3Ka PasIMYHOTO CBHIPbsS POOOTH3MPOBAHHOW Te-
JICKKOH, CKAHUPOBAHKE 33 JAHHOW MECTHOCTH U T.]I.

Tarxke He MaJo BaXHOW 3ajgaueii poOOTOTeXHUKHU siBisieTcst 3 dekTnB-
HOE pacro3HaBaHHWE BHU3yaJbHOM WMHQOpPMAlMK U HAa OCHOBE €¢ aHaju3a
pelleHre CIOXKHBIX 3aj1a4 YIPABICHUS U KOHTPOJIS, Takas CHCTeMa Ha3bIBa-
eTCsl CHCTEMOW TEeXHHUYECKOTO 3peHHs. B obliem BuIe Takas cucTeMa CO-
CTOMT W3 TEXHOJOTMYECKOH IOCIIe0BaTEIbHOCTH, KOTOpasi BKIIIOYAET Clie-
JYIOUINE 3BEHBS:

1) monyueHne n300paXeHHs OT BHICOKAMEPHI,

2) 00paboTKy (ormdpOBKY) U300paKEeHUS;
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3) noruyeckuil aHaIU3 IMUQPPOBOTO W300pPaKEHUS M BBIICICHUE HYXHOM
WMH(pOpMaIINH;

4) nepemMeleHne KaMepbl B IPOCTPAHCTBE.

st perieHus 3ama4 OOHAPYXKCHUS M 00bE3/1a MPETSATCTBHA MOXET HC-
NOJIb30BAaThCSl Mapa Kamep, oOpasyronmx crepeocucteMy. CorocTaBisis
UJCHTUYHBIC 3JICMCHTHI M300paKCHUN OT KaXKIIOW M3 KaMep, allTOPUTM CH-
CTEMBI TEXHHYECKOTO 3PEHHS CHHTE3UPYET TpeXMepHOe M300pakeHHe Mpo-
CTpaHCTBa Mepell KaMepamH. DTO MO3BOJISET MOCTPOUTH KapTy IIIyOWHBI U
paccuuTaTh JAIBHOCTH JIO MPEMATCTBHM, MOMABIINX B IMOJIC 3pCHHUE Kamep.
JanpHOCTB, Ha KOTOPOH OT CTepeonapbl MOXKHO MONYYUTh JOCTOBEPHBIC
JAHHBIE OIIpeJIeisieTCs cTepe00a3oil U, MIPUMEHUTEIBHO K POOOTY, COCTABIIs-
eT 4-5 MeTpoB. YBenn4nBas crepeoda’y M pa3peleHUe BUICOKaMep CHCTe-
MBI TEXHUYECKOTO 3PCHHUS, MOXHO 3HAYUTEIHLHO MOBBICUTh TOYHOCTh U TITy-
OMHY CHHTE3UPYEMOI KapThl qucrapaTtHOCTH. [1o Mepe CBOEro mpoaBUKECHUS
pOOOT BBICTpanBaeT TPEXMEPHYIO KapTy OKpY»Karoliero mnpoctpancTsa. Ilo
Held, COOCTBEHHO, NPOKJIA/IBIBACTCS yTh U IUIAHUPYETCs ABHUXKEHHE poboTa
BBIYHCIINTENIEM aBTOIMIIOTA.

Ha ceromHsmHui NCHb BBIACISIOT CICAYIOIINC CIIOKHOCTH HABHUTAIIUU
poOoTOB:

1) yTOOBI IBUTATHCS K EJH, POOOTY HEOOXOIUMO cHOpMUPOBATH JOCTA-
TOYHO TOYHBIH 00pa3 OKPYKAIOIIETO €T0 MPOCTPAHCTRA;

2) B X0JIc TBMYKECHUS pOOOT JIOJDKEH OBICTPO M TOYHO YIIPABJIATH MOTOPOM
U TTOJIOXKEHHEM KOJIEC;

3) poOOT MOJKEH 3HATh CBOE peajbHOe MECTOHAXOXKJCHHUE, @ OHO MOYTH
BCETJIa OTJIMYACTCS OT XpaHsIierocs B 00pToBOi cucteme.

Paboma evinonnena ¢ Tomckom 2ocyOapcmeeHHOM yHuGepcumeme npu
Gunancosoil noddepoicke Munobpuayku Poccuu, yHUKaIbHbIIL UOeHMUDUKA-
mop RFMEFI57817X0241.
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KAJIMBPOBKA PEHTTEHOBCKOI'O
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B nanHo# paboTe OIMUCHIBAIOTCS OCHOBHBIC IPHHLMUITBI pacyeTa TOYHOCTH
BOCCTAHOBJICHUSI TOMOTpauyeckux n3o0paxkeHuid. il OLEHKH TOYHOCTH
BOCCTaHOBJICHHOM TOMOTPaMMBI UCIIOJIB3yeTcs Tpeodpa3oBanus Pajgona.
[pencrasnena Wiroctpanus MexaHu3Ma BIIMSIHUSL YPOBHS IIyMa B IPHEM-
HOM TpaKTe Ha pa3pelieHHe MPHUEMHOH CHCTEMBL. 3a KOJIMYECTBEHHYIO MEpY
TOYHOCTH BOCCTAHOBJICHUSI TOMOTpaMuecKnX M300paKeHUH NMpPUMEM pas-
pelaroIyo crocoOHOCTh ToMorpada, KOTopyro OyneM OmpeaeisTh Kak
MHUHUMAaJIBHOE PAaCCTOSHHUE MEXAY JABYMs HENPO3payHbIMH OOBEKTaMH, Ha
KOTOPOM 3TH OOBEKTHI pa3AeiuMbl Ha BOCCTAHOBIICHHOM ToMorpamme. Pac-
CMOTpPHM OCHOBHBIE ()aKTOPBI, ONPECIISIONINE Pa3PEHIAONIYI0 ClTIOCOOHOCTh
BOCCTaHOBJICHHBIX TOMOTrpaduueckux nzoOpaxeHuid. O4YeBUAHO, YTO Ipe-
JIeTIbHOE 3HaYCHUE pa3peliaroiieii crrocoOHOCTH (MUHIUMaIBHOE PacCTOsHUE,
pa3peirMoe JaHHBIM TOMOTpadoM) ONpEaeIsAeTCs IMHUPUHON 001acTH Ju-
¢dpakuronHoi nonyreHu. Ha puc. 1 mpuBeneHa 3aBUCHMOCTD MOJYJISl HHTE-
rpana Openessi, onpeaeIoIero OTHOUICHHE YPOBHS AU(PPAKIMOHHOTO I10-
JIsl 32 MPENSITCTBHEM K YPOBHIO IOJISI B CBOOOJHOM IPOCTPAHCTBE, OT Mpe-
BBILICHUS. ¥ TOYKW HAOJIOJCHUS HAJ KpaeM IpensrTcTBus. Benmuunna u u3-
MepsieTcsi B pazMmepax rnepBoi 30HbI DpeHens. MakcumaibHOE 3HAUYCHHE

|F(u)| paBHoe 1.85 noctumraercs mpu u ~1.2 (3TO 3HAYECHHE OTMCYCHO

Ha puc. | nyHkTHpHOH JrHuei). CymMapHas tudpakuuoHHas KpUBasi, MOITy-
Yyaemasi IIpH OCBEICHUH JABYX OOBEKTOB, OYAET COAepkKaTh ABa Pa3iMuMMbIX
MaKCHUMyMa, eClIi OOBbEKThl Pa3HECEeHBI Ha paccTosHue Ooiblle A,. Benuuu-

1
Ha A] OMpeaAC/IACTCA MO0 YPOBHIO ——= OT MAaKCHUMaJIbHOT'O 3HAYCHUSA U paBHaA

V2
A, =1.2vAd , rie A — AnuHA BOJHBI U3ITy4YeHU, d — PACCTOSHUE MEXAY UC-

TOYHUKOM M MPUEMHUKOM u3iyueHus. Ipu d =0.2 M, A =2.3-10"'"m Berm-
4yMHA A, COCTaBJseT nopaaka 13 Mxm.
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Puc. 1. 3Hauenus MOAYJIst HHTErpajia CDpeHenﬂ ONpeAcIsArOT OTHOICHUE aMITIUTY1bI zmtbpa](—
LIUOHHOI'O IT0JISI K YPOBHIO I10JIS1 B CBO6OZ[HOM IIPOCTPAHCTBE. HyHKTI/IpHBIMI/I JIMHUAMHA OTMEUC-
Ha mUupuHa o6nacm, onpeaeisAras MUHUMaJIbHOC PaAa3HECEHUE PA3IIHIHUMBIX 00BEKTOB

[IpocTpancTBEeHHOE pacipeeseHie WHTEHCHBHOCTH JAU(PaKIMOHHOTO
HIOJIsl PETUCTPUPYETCSl Ha IPUEeMHOM aneptype. Habop 3apernctpupoBaHHBIX
pacripeieNieHuii npeacTaBisieT codol nmpeodpaszoBanue Pagona ot mpoctpan-
CTBEHHOT'O pacIipe/eIeHHs ONITHYECKOM MJIOTHOCTH HCCIIEYyEMOro OOBEKTa.
OTa IUIOTHOCTH BOCCTAHABIMBAETCS IO 3aperMCTPUPOBAHHBIM IPOCKIUSIM
nyTeM oOpateHus: npeoOpa3zoBanus PanoHa. [[is onjeHKHM TOYHOCTH BOCCTa-
HOBJIGHUS paclpejieieHHsi ONTHYECKOH IUIOTHOCTH (TOYHOCTH BOCCTaHOB-
JICHHOW TOMOTPaMMBbI) BOCIIOJIB3yeMCs YIPOIIEHHBIMH TNPEICTaBICHUSIMH O
npoueaype odpamieHus npeodpasosanus PanoHa.

MexaHu3M BIUSHUS YPOBHA IIYMOB B IIPUEMHOM TPaKTe Ha pa3pelleHue
MPUEMHON CHCTEMBI MIUTIOCTpUpPYETCS Ha pUC. 2. 3/1eCh NMOKa3aH OTKIUK CH-
CTEeMbl Ha TOYEYHOE BXOJHOE BO3JEHCTBHE B OTCYTCTBHUHM IIyMOB (IUIs
HaIJISIJHOCTH TIPUBEJEH JBYMEPHBIA rpaduk, Tak uto S(X) MOXKHO paccMat-
pHUBaTh KaK Cpe3 BOCCTAHOBJICHHOTO B ToMOrpade n300pakeHus npu (Gpukcu-
poBaHHOM Y) — kpuBas 1. Kpuas 2 Ha puc. 2 npelncraBiseT ciydaiiHyro pea-
JIM3ALHUI0 O-KOPPEINPOBAHHOTO IIIyMa, MOJAEIMPYIOIETr0 COOCTBEHHBIE MIy-
MBI IpUeMHOHM cucteMmbl. KpuBas 3 — cymMMa moJjie3HOrO CUTHaja U IIyma.
Ecim mox curHanom moHMMaTh WHTEHCHBHOCTH BOCCTaHOBJICHHOTO M300pa-
JKCHUSI, TO JUI PAa3NIMUCHUs JIBYX TOYEYHBIX OOBEKTOB HEOOXOIMMO, YTOOBI
UX OTKJIMKU IepeceKauch Ha ypoBHe Hibke L =0.5. Pa3Hoc mpu 3ToM To-
YEeyHBIX OOBEKTOB OINpEJelsieT pa3pelieHre NMpHeMHOi cuctembl. Hamiuue
IIyMOB CJIy4aifHBIM 00pa3oM CMEIAeT M0 OCH aOCIMCC MOMEHT HPEBBIICHUS
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ITOPOTOBOTO 3HAYEHHs L, yBelIW4MBas, TAKUM 00pa3oM, HEOOXOTUMBIA st
paspelieHns pa3HOC MEXy 00beKTaMH Ha CilydaiHyro BenmuuuHy AX [1-5].
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Puc. 2. Nniroctpanuus MeXaHW3Ma BIIMSHHS yPOBHS IIyMa B IIPUEMHOM TPaKTe
Ha pa3peleHne IPUEeMHOH CHCTEMBI

Paboma evinonnena npu @uuancosoii nodoepicxke PODU (epanm
Ne 16-29-04388).
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INPUMEHEHHUE
PEHTIT'EHOBCKOI'O MUKPOTOMOI'PA®A
JJIA JMATHOCTUKHU HEOPTAHUYECKUX

N OPTAHUYECKHUX MATEPHUAJIOB

C.A. Knecmos, B.U. Coipsamxun

Hayuonanvhoni uccnedosamenvcrkuti Tomckuil 20cy0apcmeennblil yHugepcument
Klestov_simon@mail.ru

B noxiazne npeacTaBiieH aHAIW3 METOJIOB MMOCTPOCHUS (DYHKIIMIA TTPUHAI-
JIC)KHOCTH HEYETKUX MHOXXECTB Npu (ha33uduKaluu pa3sHOPOIHBIX CJIabo
(hopMaTM3yeMbIX 3KCIIEPTHBIX JAaHHBIX, XapaKTCPU3YIOUMX WHHOBAITMOHHBIC
TEXHOJIOTUH (TIPOCKTHI), KOTOPHIA MOXKET OBITh HCIOJB30BAH JJIs ITOCTPOC-
HUS aJanTUBHBIX cucTeM HeuyeTkoro BbiBojga ANFIS. Kpome wyncrneHHBIX
JAHHBIX, PACCMOTPEH CIIydYail MPeICTaBICHHUS SKCICPTHBIX OIICHOK B PaHTO-
BOM (TTOPSAIKOBOM) IIKajie, B BUAC IMOCICIOBATCIBHOCTH YIOPSIOUYCHHBIX
JIMHTBUCTHYCCKUX MMEPEMEHHBIX, TJIC KAKIOMY M3 HAOIIOJICHUNA MOXET OBITh
TIPUTTUCAH OJIMH U3 PAHTOB j, j=I, ..., m (HanmpuMep, HU3KUM, HUKE CPEITHETO,
CpPEIHUI, BBIIIE CPETHETO, BHICOKUN).

MeTtozpl, Oa3upyrOIIUEcs HA TCOPUU HEYCTKHX MHOXKECTB, OTHOCATCS K
METOJ]aM OIICHKA W TPUHATHS PCIICHUHA B YCJOBUSAX HEOINPEICICHHOCTH.
ITocTpoeHue KiaccHyecKUX alanTUBHBIX CUCTEM HeueTKoro BbiBoja ANFIS
mpenosaraeT GopMaaH3ario HCXOHBIX TapaMeTPOB U LIEJICBBIX MTOKa3aTe-
sied 3((HEKTUBHOCTH MHHOBAIMOHHBIX TEXHOJOTHHA (IIPOCKTOB) B BHIIC BEK-
TOpa WHTCPBAJbHBIX 3HAUCHWN (HEUCTKOTO MHTEpBasa), MOMATaHUe B KakK-
JIBIA MHTEPBAJI KOTOPOTO XapaKTEPU3yeTCss HEKOTOPOH CTEHNCHBIO HEOIpeie-
neHHocT [1]. Dta mpouenaypa moiydwia HaszBanue "¢azszudukarmu’. Ha
OCHOBE UCXOJHOW MH(OPMAIMH, OIBITA U HHTYUIIUH SKCIEPTH YaCTO MOTYT
JIOCTATOYHO YBEPCHHO KOJHMYCCTBCHHO OXapaKTEPH30BATh IPAHMIBI (MHTEP-
BaJIbl) BO3MOXKHBIX (JOIYCTUMBIX) 3HAUYEHHH MMapaMeTpoB M OOJIACTH HX
HanboJice BO3MOXKHBIX (MPEANOUTHTEIBHBIX) 3HaUeHUH. Hanpumep, B kaue-
CTBE MCXOJIHBIX TAHHBIX MOTYT MCIIOJIb30BaTh TAK HAa3bIBACMBIC TPCYTOJIBHBIC
HeudeTKHe uuciia ¢ QyHKIMeH IPHHAIICKHOCTH (4 (X) HEYETKOTO MHOXKECTBA
A caenyromero Buna (puc. 1):
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Puc. 1. ®yHKuus npuHaUIeXKHOCTH TPEYTOJIBHOIO HEYETKOro unucia A

DTU YuClia MOJEUPYIOT BHICKa3bIBAHUE CIIEAYIOUIETO BHUA: “TlapameTp A
NpHOJIM3UTENIHLHO PaBEH 0 M OHO3HAYHO HAXOUTCS B IUATIA30HE [dmin, Amax]” -

BwMmecTe ¢ Tem, 3KCHepThl B HEKOTOPBIX CIIydasix 3aTPyIHSIOTCS IPaBHIb-
HO OIpEJEIMTh MHOXKECTBO (PYHKLMI MpHUHAIUIEKHOCTH. B aTOM citydae Ha
NPaKTHKE YacTO HCIIOJI3YeTCsl aHAIUTHYECKOE Npe/ICTaBIeHHe (YHKIMU
npuHaanexxHocty [1]. Ha puc. 2 mokazaHa anmmpoKCHUManusi AUCKPETHOTO
psiia HeNpephIBHOW TayCCOBOM (yHKIMEH MPUHAJIC)KHOCTH:
——e ° (2)

H(X)=Gm

IJIe ¢ ¥ G — [ICHTP ¥ CTAaHJAPTHOE OTKJIOHEHHE (IIIHUPUHA).
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Puc. 2. l'ayccoBa (HenpepbIBHAs) QYHKIHS IPHHAICKHOCTH,
ANIPOKCUMUPYIOIAst AUCKPETHBIH Psij

OTtMmeTnM, YTO OOpefefieHHe HEYETKOrO MHOMKECTBAa HE HAKJIAJbIBAaeT
OTpaHUYCHUI Ha BBIOOP QYHKIMH NPUHAUIC)KHOCTH, ¥ Ha TIPAKTUKE MCIOJb-
3YIOT MHOXECTBO APYTUX (PyHKIMIA NPUHAUIC)KHOCTH, 3a/IJaHHBIX KaK KOMITO-
3unuK 0a30BBIX (YHKUWH (IBOMHAs rayccopa, JBOWHAs CUTMOWIANBHAs U
T.IL.), TM00 KaK KOMOWHAIIMY 110 Y4aCTKaM BO3pacTaHus 1 yObIBaHHS (CHUTMO-
U/1aIbHO-TayCCOBA, CILIAWH-TPEYToNbHast U T.11.).

B o6mem ciyyae MeToAbl TOCTpoeHUs! (PyHKIMH TPHHAIIEKHOCTH MOXK-
HO pa3/iejIuTh Ha MpsIMble U KOCBEHHBIE [2]. B poknaae mpuBeaeHa Kiaccu-
¢uKanys MeTOJOB MOCTpoeHHs (YHKUMHW IPHUHAIUICKHOCTH. PaccMoTpeH
HETPUBHAIIBHBIN cly4yail IpeCTaBI€HUs SKCIEPTHBIX JAHHBIX, 3aJaHHBIX HE
B YKCJIOBOH, a B paHroBo I1ukaie. J{ist 3amanus QpyHKUWI NpUHAUISKHOCTH
B 3TOM CJIy4ae HauOoJjiee MMpOoCThIM IPEICTABISIETCS OX0/l, OCHOBAaHHBIH Ha
3aMeHe JMHTBUCTUYECKUX IIEPEMEHHBIX X PaHTaMH, OJHAKO B OOJILIIMHCTBE
CIIy4aeB TOT IIPUEM OKa3bIBACTCS HEKOPPEKTHBIM, TOCKOJIBKY Mpeanoaraet
PaBEHCTBO PacCTOSIHUN MEXIy COCeIHHMMHM YHMCIOBBIMU paHramu. B murtepa-
Type OIHCaH TaKXe MOJAXOJ] Ha OCHOBE aHajM3a paclpeieeHus: 4acToT Mo-
SBJICHUS] KOHKPETHBIX 3HAYEHUH JTMHIBUCTHYECKUX MEPEMEHHBIX [3] — MeTox
paboTaeT TONBKO C TrayCCOBBIM pAaCIpElesICHHEM BXOJIHBIX MEPEMEHHBIX.
B noknaze mnpennoxkeH anropuT™, 3aKIIOYAIONIMHACA B aNIpPOKCUMAIMH
(YHKUMA TPUHAIIEIKHOCTH JUIS KaXKJO0H NEpeMEHHOH 10 ONpenesieHHOTO
1opora oumOKH B mporecce 00y4eHUs! CUCTEMBI, IPU STOM UCXOJHbBIH Habop
JIMHTBUCTHYECKUX TIEPEMEHHBIX X1, X2, ..., XN 3aMEHSACTCSI MHOXKECTBOM (PyHK-
U NpUHAUIEAKHOCTH, 3alaHHbIX Ha uHTepBasie [0,1] 1 mansHeNHnmi aHamu3
(knaccudukanyss MHOTOMEPHBIX OOBEKTOB) IMPOBOJUTCS HE MCXOAHBIX JIaH-
HBIX, a TIApaMEeTPOB, OIKCHIBAIOIINX COOTBETCTBYIOIIME MM (YHKIHMH IIPH-
HajnesxxHocTH. OAMH U3 METOJIOB PELICHUs AaHHOM 3aa4d — 3TO UCIOJIB30-
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BaHUE HEYETKOTO JiepeBa pelleHUil, IIOCTPOSHHOIO Ha OCHOBE oOydaromei
BBIOOPKH JaHHBIX.

Hcenedosanus 6bInOIHeHbl N0 NPOSPAMME NOBBIUEHUST KOHKYPEHMOCHOCO0-
nocmu Hayuonansrnozo ucciedosamensckoeo ToMckozo 20cyoapcmeeHHo20 YHu-
sepcumema, npu PUHAHcosol nodoepicke PODU, epanm Ne 16-29-12858.
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INPOEKT POBOTA-IIEPEBO3YUKA
JJIA TPOU3BOJACTBA

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

Hayuonanvhoui uccnedosamenvckuti TomMckuil 20cy0apcmeennblil yHugepcument
egorwinegorwin@hotmail.com

B ycnoBusix ObICTpo pa3BUBAIOLIEHCS aBTOMATH3AIMN pabOvMX MPOLIECCOB,
nepes NPOM3BOJACTBOM BCE Yallle BCTAET BONPOC 00 OCHAILCHUH IIPEIIIPHS-
THII MOOMJIBHBIMU POOOTaMU JUIsl BBIOJHEHUS CKIIAJICKMX padoT, 00CiIyXu-
BaHMsI THOKUX TPOU3BOJICTBEHHBIN JIMHUN U CO31aHHUS BHICOKOI((EKTUBHOTO
IIPOM3BOJICTBA B IIEJIOM. B CBsI3M € 3TUM pazpaboTka alrOpUTMOB JIOKaJIH3a-
I[UU ¥ HaBHUTAIWH [ 1], TO3BOJIAIONIMX MOOMJIEHOMY pOOOTY COBEpIIATh Iepe-
MeIleHus1 B paboueM MPOCTPaHCTBE, SIBISIETCS HA CETOAHSIIHUN JE€Hb aKTy-
anbHOM 3amaueil.

Lenbro paboTHI SBISETCS CO3/IaHUE AJITOPUTMa TIepeMeLIeHHs MOOMIIBHOTO
po0oTa 1o 33JaHHBIM KOOPJAMHATAM U €ro peasii3alus B cpe/ie MOJEIMpOBa-
HUs MOOMITBHBIX po00TOB MRDS (Microsoft Robotics Developer Studio) [2].

Cpena pazpaborkn MRDS mno3Bossier co3laBaTh YHpaBISIIOIIUE IPO-
rpamMMBbl Kak Ha si3bike C#, Tak 1 Ha COOCTBEHHOM BHM3YaJIbHOM S3bIKE IPO-
rpammupoBanus VPL (Visual Programming Language). [IporpamMupoBanuie
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Ha VPL ocymiecTBisieTcsi myTeM COEIUHEHHsI OJIOKOB C Pa3HbIM (YHKIIMO-
HaJIHBIM HazHauyeHueM. SI3bik VPL HarnsgHo BH3yalM3HpYeT NMPOEKTHpYe-
MBI aJITOPUTM, YTO TIO3BOJISICT YEJIOBEKY, UMEIOIIEMY CKPOMHBIE ITO3HAHUS B
IPOrpaMMHUPOBAHUM, 32 KOPOTKHE CPOKM TOHSTh HPUHLUI paboThl Mpo-
rpammel. Taxoke mporpaMmupoBanue Ha s3pike VPL HaxomuT cBoe mecTo B
00y4YEeHUH LIKOJIEHUKOB M CTYJIEHTOB OCHOBAaM POOOTOTEXHHKH.

Juist pemienusi MOCTaBICHHOM 3a7]a4M MCIOIB3YIOTCS: MOJIENIb MOOUIIbHO-
ro po6ota Pioneer P3DX, ocHamieHHas, ja3epHbIM JaIbHOMEPOM, KOMITACOM
U TaiiMepoMm; 3D-kaprta 3aBoja ¢ MOJIEISIMU CTaHKOB. B kauecTBe MCXOIHBIX
JAHHBIX 33J]aHbl HAYaJIbHOE MECTOMOJIOKEHNE PO0O0Ta HAa KapTe U TPACKTOPHSI
JBIDKEHUSI B BHJIE MAacCHBa 3HAUCHUI, KOOPIMHAT LIEJEBbIX TOYEK. 3ajqaueid
po0oTa sIBJIsIETCS MOCIEA0BATENILHOE NIEPEMEIIEHHE OT OJJHOU 1IeTIEBOH TOUYKH
K JpYroil W, mociie JIOCTHXKEHUS IOCJIeqHEH, BO3BpallleHHE B HavalbHOE
MI0JIO)KEHHE, U3 KOTOPOro OH BHOBB ITOBTOPSIET JIBM)KEHUE T10 33/IaHHOW Tpa-
EKTOPHUH.

AJNTOPUTM TEpeMelleHUs MOOUIBHOTO pod0Ta MO KOOpAMHATAM IIpel-
CTaBIsieT COOOM IMKJI, KKIBIA IIar KOTOPOTO COCTOMT M3 IOCIIEN0BaTEb-
HBIX JCUCTBHUH, a UMEHHO: BBIYMCIICHHWE YIJia, HA KOTOPHIH HEOOXOAMMO
MOBEPHYTH POOOTY, 4TOOBI OBITH OPUEHTUPOBAHHBIM IO HAIPABIICHHUIO K Iie-
JICBOM TOUKE; pacyeT pacCcTOSHHS 0 1IeJIeBOW TOYKH; IIEpEeMEIleHNEe Ha BbI-
YHCJIEHHOE PACCTOSHUE; PETUCTPALIUS HOBBIX TOJIOKEHUSI U OPUEHTALUH PO-
60Ta B IIPOCTPAHCTBE.

Juist ompenerneHust yria NmoBOpOTa CYMTAeM, 4TO POOOT HaxOIUTCsS B
HayaJie KOOpJMHAT U OPUEHTHPOBAH BAOIbL ocH X. UTOOBI ONpEeeuTh yroi,
pOOOTY AOCTATOYHO 3HATh KOOPIMHATHI TOYKH, B KOTOPOH OH HAXOIUTCS,
a TaKke KOOPAMHATHI TOYKH, B KOTOPYIO HEOOXOIMUMO MEPEMECTHTBCS, W
HpeapIIyIuii yroi moBopora. PaccMaTpuBaloTCs YeThIpe BapHaHTa paciio-
JIOXKEHUS 1IeJIEBOM TOUKU B KaXK/IOW YETBEPTH JIEKAPTOBOW CHCTEMBI KOOPAU-
HAT, a TAK)KE YCThIPE BapUAHTa, KOTJa OHA JICKUT Ha OJHOU U3 ocei (puc. 1).
BykBoii 0. 0003HaUYeH yroJl, Ha KOTOPBIA JOJDKEH MOBEPHYTH poOOT, OYKBOU
[ — BcrioMoraTeNnbHBIN YroJl, HCIIONb3YEeMbIH ISl BBIYMCICHUH. YTOJ B BBI-
quCIIseTCs o Gopmyie:

B= arctgM s ()
|x2 —X
TZIe )2 U X2 — KOOPAMHATHI TOUKH LIEJH, a Y1 U X1 — TEKYILHe KOOPANHATBL
Paccrosinne D, Ha KOTOpOoe HEOOXOUMO TIEPEMECTUTHCSI POOOTY ISt J10-
CTHIKEHUS LIEJICBOI TOYKH BBIYHUCISIETCS 110 popMyJie:

D=\/(xl—x2)2+(yl—y2)2 . 2)
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Tlocne TOro, Kak pO6OT MEPEMECTUIICA Ha BBIYMCIICHHOC PACCTOAHUC, OH
PETUCTPUPYET KOOPAMHATHI Z[OCTHFHyTOﬁ LIEJIEBOM TOYKH Kak TECKylue "
MNEPEXOAUT K BBIYUCIICHUIO YTJIa IOBOPOTA U pACCTOAHUA 10 HOBOM 1ICJICBOM
TOYKH.

Y Y Y Y
a B a r a [ a
0 X 0 X [ X o8 x
~
a=180- a=180+p a=360-p
Y Y Y Y
a=0 \u:‘)() o=180 o=180
0 X 0 X 0 X 0 X

Puc. 1. BapuaHTbl pacionoXeHusl [1eJIeBOH TOUKH

B cpene nmurtanun MRDS ¢usnueckue napameTpsl MUpa MakCUMaJIbHO
NpUOIKEHBI K peasibHbIM. [10 9Toi npuunHe npu nepeMerieHny K 3a1aHHOM
TOYKE POOOT MOKET MPOXOAUTH 33aJaHHBIE PACCTOSHUS HE TOYHO BCIICACTBHE
poOyKCOBKH KoJiec WJIM MHepUHHU. [l OTCIe)KMBaHKS PEalbHOTO MOJIOMKE-
HUs poboTa He0OX0oAMMBI KoMmmac u SHKonep. B MRDS ects kommac, moka-
3BIBAIONIMN 3HAaUeHUs MOBOpOTa yriia oT —3.14 no +3.14 paauan. Jlnsa nepe-
BOJIa paJiiaH B Ipa/lyChl BOCIOIB3YyeMcs (popMyIIoii:

o
0y =0, 20 3)
T
T7ie 0o — 3HA4YEHHE yIja B rpajycax, a or — 3HaueHHe yIia B paJuaHax.

K coxainenuro, cpenctsa pa3pabotku B cpeae MRDS He uMuTHpPYIOT pa-
00Ty BHKO/Epa, MO3TOMY B JIAHHOW MPOTpaMMe pealM30BaH aHaJOr TAKOTO
nardyrka. J{ns ero co3zanus ObUT IPOBEJEH 3aMep PacCTOSHHUSI, KOTOPOE BUP-
TyaJlbHBIA PoOOT mpoe3xaeT 3a 10 MUIIIMCEKYH]] C TOCTOSTHHOW CKOPOCTBIO.
OKCNepUMEHT MPOBOUIICS B YCIOBHIX MUHUMHU3UPOBAHHOTO BIIUSHUS 3aKO-
HOB (pM3UYECKOT0 MUPA, YTO MCKITIOYAIO0 BO3ZMOXHOCTh TOSIBICHHS HHEPLHH
U poOyKCOBKH Kosiec pobora. Taxke ObUIO pacCYMTaHO PAacCTOSIHUE, Ha KO-
TOpOE JIOJDKEH IepeMecTUThCST poOoT 3a 10 MUIUTMCEKYH]] C ONpe/IeICHHOM
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MIOCTOSIHHOW cKopocThio. [1o BHYTpeHHEl cucteMe KOOpAMHAT UMUTAMOHHON
cpensl ObUIO YCTaHOBJIEHO, YTO AJMHA MEpeMEIleHUs poOoTa B UMHUTATOPE
MOJIHOCTHIO COOTBETCTBYET 3HAUCHHUIO JJIMHBI, BHIYUCICHHON TEOPETUYECKH.
Ha ocHoBe mosryyeHHBIX JaHHBIX B pabodeil mporpamme ObUI pean30BaH
IUKJ, CyTh KOTOPOrO 3aKJIIOYaeTcsl B clepyroieM. B mporpamme 3anaercs
HEKOTOpasi TIepeMeHHas i, B Ha4aJIbHbIH MOMeHT BpeMenu pasHas 0. [Tocie
3aIycKa MporpamMMBbl, UK YCTaHABIMBAET TaWMEp B PEKUM OXUIAHHS Ha
10 MHJUTMCEKYH]I, U TaliMep, Mocje 3aBepILICHHs OKHIAHUS, TOChUIAET CHT-
HaJl B BBIYMCIIMTENBHBIN MOAYJIb, TA€ K TIEPEMEHHON i IpHOaBIIsETCs SANHH-
1a. 3aTeM LMKJI BHOBb YCTAaHABIIMBAET TaliMep B peKUM oxxuiaHus. L{uxi
npoJoJkaeT paboTy 0 TeX Mop, IOoKa C JBUTaTeNs poOOTa He MPUAET yBe-
JoMJisitoliee cooOIleHne 0 TOM, 4TO paccTosHue npoiaeHo. Ilocne 3toro
LUK [IpeKpalaeT padoTy, U 3HaUeHUE IEPEeMEHHOH § YMHO)KAeTCsl Ha 3Haye-
HHUE PacCTOSHMS, ITOJy4eHHOE paHee dKCIepHUMEHTalbHbIM yTeM. [Iponsse-
JICHUE THX JIByX BEJIMYUH U OyJIET SBISATHCS JUIMHOM MPOiAEHHOro po6oTOM
NyTH. 3HaYeHUE MOTPEIIHOCTH TaKoro sHKozaepa koiebdnercs or 0.0006 no
0.2 mporeHTa 3a OIHO TepeMelleHne NPH pa3HbIX UCHbITaHusX. [lorpem-
HOCTb BBIYHCIISETCS 110 PopMyJIe:

E: D;mcn _Daeﬁcr 100, (4)
JEUCT
r1e Doxen — 3HAUCHHE PACCTOSHUS, TTOMYUCHHOE aHAIOTOM SHKOIEPA, & Dyeiter —
peabHOe 3HAYCHHE MPOHICHHOTO PACCTOSHHUSL
B pesysbrate paboThl ObUT CO3/IaH aNTOPUTM YIPABICHHS MOOHIBHBIM
pobotom B cpere paspabotku Microsoft Robotics Developer Studio. Betpo-
ennbie B MRDS cpezcTBa BU3yanu3anuu 103BOJIMIM OTJIAAUTHh PaOOTy KOH-
KPETHOW Mojienu po0OTa B 33JJaHHBIX YCIOBHSAX JKCIUTyaTanuu. Pa3paboTan-
HBIl aJrOPUTM BCJICNCTBHE MPOCTOTHI €r0 peaM3allid SBISICTCS YHUBEP-
CalbHBIM U MOIXOAUT MPAKTHYESCKH K JIFOOOW MOJIENH KOJNECHBIX pOOOTOB U3
6a3sl qanaBIXx MRDS.
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AJITOPUTM PACIIO3HOBAHMUSA
B TEJIEMEJJAIIMHCKON CUCTEME

. H. Ky3neyos

Hayuonanvhoni uccnedosamenvckuti Tomckuil 20cy0apcmeennblil yHugepcument
novorostomsk@gmail.com

«TenemequiHa — 3TO COBOKYIHOCTh BHEJPSEMBIX, "BCTpauBaeMbIX'" B
MEIUIUHCKIE MH(POPMAIMOHHBIC CUCTEMBI, IPHHITUIIHAILHO HOBBIX CPEICTB
U METOJIOB 00paOOTKHM NAaHHBIX, OOBCIUHICMBIC B ICIOCTHBIC TEXHOJIOTHYEC-
CKHE CHUCTEMBI, 00CCIICYNBAONIME CO3/IaHKE, IIepeady, XpaHeHHe U 0ToOpa-
JKCHHE WH(POPMAIMOHHOTO TPOAYKTa (JAHHBIX, 3HAHWA) C HAUMCHBIIMMU
3aTpaTaMu C IICJBIO0 TPOBEACHHUS HEOOXOIMMBIX W JOCTATOYHBIX JICUCOHO-
JTIMATHOCTHYCCKUX MEPOIPHUSATHIA, a TAKXKE O0YUYCHUS, IS BCEX HYXIAOIIX-
Csl B HUX B HY’)KHOM MECTE U B HY>KHOE BPEMSsL.»

CoznaHue TeJIeMEIUIMHCKUX cuUcTeM (M ceTeld) SBISeTCS COCTaBHBIM
9JIEMEHTOM OOINECTO HANPABJICHUS WH(POPMATH3AMUHN 3PABOOXPAHCHUS B
Hacrosiiee BpeMs. be3 uHTerpanu TeXHOIOTUN TeleMeAUIIuHbI BO BHOBb CO-
3/1aBaeMble WM YK€ DKCIUTyaTUPYIOIIMecs KIMHUYECKHWEe (M TOCIUTAIIbHBIC)
aBTOMaTHU3UpoBaHHbIC WH(opMaroHHbIe cucteMbl (AMC) HEBO3MOXKHO TO-
CTPOHThH CKOJIBKO-HHOY/b KH3HECIIOCOOHOTO PEIICHUS ITOJUICPKKH JICYCOHO-
JIMarHOCTUYECKUX TPOLEIyp. DTO CBSI3aHO C TEeM, YTO Ha KaXJIOM dTarie
JIMArHOCTHKY, JICUCHHUS ¥ PeaOIITAllK MAlMeHTa Bpad JODKCH UMETh BO3-
MOKHOCTBb OOpaTHTHCS K OMBITY Koyuier. [Ipo0iieMa MOBBIIICHUS KAauecTBa Me-
JMIIUHCKOW TTOMOIIM SIBJIACTCS TMPHOPUTETHOW 3ajaucii HaIlero oOIecTBa W
3aHUMAET OJIHO U3 LEHTPAIbHBIX MECT B mojuThke Poccuiickoro rocyaapcrsa.
Bricokuil ypoBeHb 37paBOOXpaHeHUs SBJISIETCS 3AJI0TOM KauecTBa KHU3HHU Hace-
JICHUSI, YTO B CBOIO OYEPE/Ib SBJISICTCS OCHOBOW OC30MACHOCTH HAIMU KaK BaK-
HEHILIEro ycloBUsI CyBEpEeHUTETa roCylapCcTBa, €ro BHYTPEHHEH MONUTUKUA U
HE3aBUCHMOCTH B MCKIYHAPOIHBIX OTHOIICHUSX. [Ipu 3TOM 0coboe 3HaYeHHE
UMEET BO3MOXKHOCTh MHTETPAIlK MH(POPMAIMOHHBIX CUCTEM M CHCTEM Telie-
KOMMYHHKAITUH KaK CPE/ICTBA TOBBIICHUS d(P(HEKTUBHOCTH METUIIUHBI 33 CUCT
0oJice MHTCHCUBHOTO Pa3BUTHS TEIECMEIUIIMHCKUX TEXHOJIOTHH, 00ecreunBa-
IOIIUX MEJUKY YJIAJICHHBIN TOCTYT K COBPEMEHHBIM MEMIIMHCKUM pecypcaM, B
TOM 4YHCIe, MEXIyHapOoAHbIM. OCHOBHBIMU MPUYMHAMH, MPEMSTCTBYIOMIMMHU
OYHBIM MEIMIIMHCKAM KOHCYJIBTAIUSAM B OKPY)KHBIX U (peJIepabHBIX IICHTPaxX
SIBJSIFOTCS: TSDKEJIOE COCTOSIHUE 3/I0POBbs MAIIMEHTa, BBICOKAsk CTOMMOCTh TPO-
€371a ¥ MPOXKUBAHUS, HCBO3MOXKHOCT JUTUTEIIFHOTO OTCYTCTBHS Ha padoTe, OT-
CYTCTBHE TPAHCIIOPTHOT'O COOOIICHHS U T.1I. [1o TeM ke MpUYrMHaM OrpaHHYCHBI
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BO3MOKHOCTH B IOJYYEHHMH PA3IUYHBIX BUJOB BBICOKOCTICIIMAIN3UPOBAHHON
KOHCYJIbTATUBHOM MEJMIIMHCKOW MOMOILM Yy JKHTeleil Haubolee OTaleHHBIX
palioHOB, JayKe €CIIM TaKhe KOHCYJIbTAllMK MOTYT OBbITh OKa3aHbl B perHOHab-
HBIX MEJUIIUHCKUX LIEHTpaX.

OpmHMM M3 TNABHBIX JOCTOMHCTB TEJIEMEIULIMHBI SBISACTCS BO3MOXHOCTh
NPUOJIM3UTH BBICOKOKBAIM(HIIMPOBAHHYIO U CIIEHHUAIM3UPOBAHHYIO TTOMOLIb
PabOTHHUKOB BEIyIMX MEAMIIMHCKUX LIEHTPOB K OTJAJCHHBIM pailOHaM M, TeM
caMbIM, CYIIECTBEHHO COKOHOMMTH 3aTpaThl MalKMeHToB. Bce BbIIeckazaHHOE
00yCaBIMBaET aKTyaIbHOCTh TIPOBEACHHUS UCCIIEIOBAHUM 1 pa3padOTKH peru-
OHAJILHOM TeNeMeUIMHCKOHN nHpopMarmonHo# cuctemsl (PTHC) Ha TeppuTo-
puu Poccuiickoit deaeparnyu.

Just oueHkH 3((GEKTUBHOCTH pean3allid MEPONPHATHI 110 BHEIPEHUIO
PETMOHANIBHOM TeNIEeMEUIIMHCKOW CETH MOTYT OBITh IPUMEHEHBI CIEYIOIIHE
OLICHOYHBIC KPUTEPUH:

— o0lIlee KOJMYECTBO TEJIEKOHCYJIbTAIMH U TEJIEKOHCHIMYMOB, MPOBE-
JICHHBIX JKUTEJISIM PETHOHA B OKPY)KHBIX, MEKPETHOHAIIBHBIX U (heiepabHbIX
MEIMLMHCKUX LEHTPax KOJMYECTBO KIMHHUYECKUX CIy4aeB, NMPH KOTOPBIX
BepuUKauus JUarHo3a (MHCTPyMEHTaJbHAass W Mopgoyoruueckas) ocy-
IIECTBJIEHA C TOMOIIIBIO TEJIEMEIUIIMHCKUX TeXHOJIOTHII;

— KOJIMYECTBO YIPABJICHYECKUX MEPOIPUSITHI (CEIEKTOPHBIX COBEIIAHUH,

— KOJUIETHH, OallaHCOBBIX KOMHCCHIi), MPOBEJCHHBIX C MOMOIIBIO BH-
JICOKOH(ECPEHIICBSI3H;

— KOJMYECTBO MEIUIMHCKUX CIELHMAIUCTOB, KOTOPBIM IPOBEICHA Iie-
PENOAroTOBKA (CHenuani3anys, yCOBEpPLUICHCTBOBAHNE), HA OCHOBE TeJe-
o0yJeHus;

— CHW)XEHHUE MEepHUHATAIbHOM CMEPTHOCTH JOCTUTHYTOE€ C MIOMOIIBIO Te-
JIEMEAUIMHCKUX TEXHOJIOTUH;

— CyMMapHBId SKOHOMHYECKHH 3(deKkT oT BHeIpeHUs TelieMeAuLrH-
CKHX TEXHOJIOTHH — CyMMa C3KOHOMIIEHHBIX CPEJCTB 3a CUeT TeJeAnarHo-
CTHKH W TelleoOy4YeHHUsl — JOJDKHA MOKPHITh pacxoJibl Ha (PMHAHCUPOBAaHUE
MEpPONpPUSTUH.

Heo0xoquMocTh pa3BUTHS TeleMeIUIMHbBI IPH3HAHA B BEYILMX CTpaHax
MHpa, Cpelu KOTOPBIX OCOOEHHO LIMPOKO TEJIEMEJWIIMHCKHE TEXHOJIOTHU
npumensitores B CLUA, T'peunn, Bemikoopurannn n Hopserun. IIpoexTsl,
CBsI3aHHBIE C (POPMUPOBAHHEM TEJIEMEAMIIMHCKON CETH, OTHOCSTCS K YUCIY
BRXHEHINMX MEAMIMHCKUX IpOrpamM, (UHAHCUpyeMbIX EBpomnelickum co-
o0mecTBoM. MeTopl TeneMeIUIUHbBl aKTUBHO pa3palbaThIBalOTCs TakkKe B
Bpasumuu, Kutae u psiie apyrux pa3BUBaIOIIUXCs CTPaH.
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TenemenuuuHa CTaHOBUTCS SKOHOMHYECKH AS(PQPEKTHBHBIM CIIOCOOOM
JUIsl TIPOMBIIUIEHHO Pa3BUTHIX CTPaH B BOMNPOCax OKa3aHUs MOMOLIM JUIs
HapaliMBaHUs MOTEHIMAja CUCTEM 3APaBOOXPAHEHHS B Pa3BHBAIOLIUXCS
ctpanax. CpaBHUTENFHO HEOOJbIINE WHBECTUIMH B TEJIEMEAUIUHY CIIO-
COOHBI NMPUBECTH K CHMKECHUIO OpeMeHH 0oJie3HEH, OJHOBPEMEHHO YBEJHU-
YuBass BOBMOKHOCTH OOOMX y4YacTKOB, KaK HAalpaBIISIONIETO, TaK M KOH-
CYJBTUPYIOILETO.

PazBuTHe TeneMeqUUIMHBI B MUpPE HAXOAUT HIMPOKOE PaclpoCTpaHeHHe U
eil mpuHauIeXkUT OoNbLIOe Oyayllee, BOBMOXKHOCTH TEXHHKH TaKKe OTPOM-
Hbl. Tenemenuiuna B Poccum BeTymaeT B a3y mepexoia OT pa3paboTOK
K CTaJIMM NMPAaKTUYECKOTO BHEJPEHUS METOJIOB IUCTAHLHMOHHOTO OKa3aHWs
JMAarHOCTHYECKOM M KOHCYJITaTHBHOW MOMOIIM B OTEYECTBEHHOE 3/IpaBO-
OXpaHeHHE W B OJIMDKaHIME rofbl OHa MPEOoJIeeT OTCTaBaHHE OT Pa3BUTHIX
KalUTAIMCTUYECKUX CTPAaH U BHECET CBOW BKJIAJ] B MUPOBYIO TEJIEMEIUIIUH-
CKYIO HayKy.

Paboma evinonnena no npocpamme nosvluenusi KOHKYPEHmMOoCnocooHo-
cmu Tomckozo eocydapcmeeHHo020 yHueepcumema npu QUHaHcoeol noo-
oepocke PODU (epanm Ne 16-29-04388).
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BruomMerprueckre TEXHOJIOTMM OCHOBaHbI Ha OWMOMETpHUH, H3MEPEHHH
YHUKaJIBHBIX XapaKTEePUCTHK OTJEIBHO B3STOTO YEJIOBEKA. JTO yYHHKaJIbHbIC
NPU3HAKH, MTOJyYEHHBIE UM C POKACHHUS M XapaKTePUCTUKH, OOpPETEHHBIE CO
BpPEMEHEM HJIH )K€ CITIOCOOHBIE MEHSTBCS C BO3PACTOM HJIM BHEIIHUM BO3JIEH-
cTBHEM. B naHHO# cTaThe paccMOTpPEHBI IMPUHIMIIBEI paOOThI, BUABI CHCTEM
OMoMeTpUYecKOl HICHTH(UKAMK, MPUBEACHBI NMPUMEPHl M 00JacTH MX
IPUMEHEHHSI.

BruomMerprueckre TEXHOJIOTMM OCHOBaHbI Ha OWOMETpHUH, H3MEPEHHH
YHUKaJIBHBIX XapaKTEPUCTUK OTIEIBHO B3SITOTO YeJOBeKa. DTO MOTYT OBITh
KaK YHHKaJbHBIC TPU3HAKH, [TOJy4eHHBIE UM C poxxaeHus, Harpumep: THK,
OTHEYaTKd NaJlblIeB, pajy’kKHas O0OJIOYKA TIJa3a; TaK U XapaKTepHUCTHUKH,
NPUOOPETEHHBIE CO BPEMEHEM MJIM € CIIOCOOHBIE MEHSTHCS C BO3PacTOM
WM BHEIIHUM BO3JEHCTBHEM, HAIPUMED: MOYEPK, FOJI0C UITH MTOXOJIKA.

[punnun padotsl. Cuctema 3amomMuHaeT odpaszer OMOMETpUYECKOi Xa-
PaKkTepUCTUKU (9TO M HA3BIBAETCS MPOLIECCOM 3amucH). Bo Bpems 3amucu
HEKOTOpblE OMOMETPHUYECKHE CHCTEMBl MOTYT IONPOCUTH CHAENATh He-
CKOJIbKO 00pa3loB Jyis TOro, 4YToObl COCTaBUTH Hanbosee TOYHOE M300pa-
KeHHe OMOMETPHUYECKOW XapaKTepUCTHKU. 3aTeM MojydeHHas HHpopMa-
nusi oOpabaThiBaeTcs M IMPeoOpa3oBHIBAETCS B MaTeMaTHUECKHH KOJI.
Kpome Toro, cucreMa MOXeT MOMPOCUTh MPOU3BECTH €Il HEKOTOpbIE AeH-
CTBHS ISl TOTO, YTOOBI «IIPUIKCATH» OMOMETpPHUECKUiT oOpasell K onpee-
JIEHHOMY 4Y€JIOBEKY.

Bruomerpust - TexHoyOrHA MASHTU(GHKAIMH JIMYHOCTH, HWCIIOJB3YIOIast
(u3nonornuecKkue napamMeTrpbl CyObeKTa (OTHEYaTKH MaibleB, paly’KHas
obosouka riasa u 1.1.). OCHOBHBIE cBefieHHs broMerpuueckre napameTpsl -
CTaTUYECKHUE OTIEYAaTKU MalblEeB, TCOMETPUs PyKH, ceTdyaTKka Ijas3a U T.II. -
JMHAMHYECKUE TIapaMeTphl: AMHAMUKA BOCIPOM3BEICHHS MOJIIUCH HIIH pPY-
KOIHMCHOTO KJIFOYEBOT'O CJIOBA, TOJIOC U T.11.

Ilo ormevatkam manbLieB. DTOT METOJ SIBJISIETCS CaMbIM CTapbIM U pac-
IPOCTPAaHEHHBIM CPEl CHOCOO0B MACHTH(UKAIIMY, UCIONB3YIOINX (HH3HO-
JIOTHYECKUE OCOOEHHOCTH opraHu3ma. [IpuMeHsieTcs BO BceX CTpaHax opra-
HaMH OXpaHbl PaBONOPSIKA ISl UACHTU()UKAIMY TPECTYITHUKOB.
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Kaxxnplii yenoBex MMeeT yHHKaJIbHBIA NaNMWUIAPHBIM Y30p OTIEYaTKOB
naJblieB, Onarogaps 4eMy ¥ BO3MOXKHa HAeHTH(UKaMs. OOBIYHO aJrOpUT-
MBI HCIOJIB3YIOT XapaKTEepHbIE TOYKM Ha OTIEYaTKaxX IajibleB: OKOHYAHHE
JIMHUU y30pa, Pa3BETBIICHWHM JIMHUH, OJMHOYHBIC TOYKU. JIOMOJIHUTEIHHO
NpUBJIeKaeTcs: WHpoOpManus O MOPQOIOTHYECKON CTPYKTYpe OTIeyaTKa
HaJIblla: OTHOCHUTENILHOE ITOJIOKEHHE 3aMKHYTHIX JIMHUH ManWUISIPHOTO Y30-
pa, «apOyYHBIX» M CIUPAIBHBIX JIMHUH. OCOOCHHOCTH MAITMIUIIPHOTO y30pa
peoOpa3OBHIBAIOTCS B YHUKAJIBHBIA KOJI, KOTOPBIH COXpaHseT HH(OPMAaTHB-
HOCTh M300pa’keHWsi oTnedyaTka. VI MMEHHO «KOIbl OTIIEYATKOB MAaJbIEB)
XpaHsTcs B 0aze JaHHBIX, UCIIOJIB3YEMOM IS TIOUCKA U CPaBHEHHUSI.

Cuctembl naeHTH(GUKAIMKY TI0 XapaKTEPUCTUKAM pedd. ITO OJlHA U3 CTa-
pefimMx OMOMEeTpHUYECKUX TEXHOJOrui. B HacTosiiee Bpemsi ee pa3BUTHE
AKTHBU3UPOBAJIOCH, €l MPOYMTCS OoJbIIoe OyAyllee U MIMPOKOE HCIONIB30-
BaHHE B MOCTPOCHUU «HHTEJUICKTYaIBHBIX 31aHuiy. CyIIecTByeT N0CTaToq-
HO MHOT'O CIIOCOOOB IOCTPOEHHUS KO/1a ACHTU(UKALIMK 110 TOJIOCY, KaK Ipa-
BWJIO, 3TO Pa3JIMYHbIC COYETAHUSI YACTOTHBIX U CTATHCTHYECKUX XapaKTepH-
CTHUK Tojoca.

Cuctembl naeHTH(GUKAIMU TO pPaayKHOH oOonouke riaza. J1o Oojee
NPOCTON M YIOOHBIN Crioco0, HO U MeHee HaleXHbIH. PamyxHas obonouka
rJ1a3a sIBISIETCS YHUKAIBHON XapaKTepHUCTUKON YeroBeKa. PUCYHOK payKKu
(dopmupyeTcss Ha BOCBMOM MecCsIle BHYTPHYTPOOHOTO pa3BUTHs, OKOHYA-
TEJILHO CTaOMIIM3UPYETCS B BO3PACTE OKOJIO JIBYX JIET M NMPAKTUYECKH HE U3-
MEHSETCS B TE€YEHHE XXKM3HHU, KPOME KaK B PE3yJIbTaTe CHJIBHBIX TPaBM WU
pe3kux matosoruii. MeTon sSBISETCS OJHMM W3 HauboJiee TOYHBIX CpelH
OMOMETPUYECKHX METO/IOB.

CucteMbl UaeHTUGHUKAUK 110 H300pakeHHI0 JMna. B maHHOM Mertone
UACHTH(UKALMY CTPOUTCS TPEXMEPHBIA 00pa3 ymiia desoBeka. Ha nuie BbI-
JETISIIOTCSl KOHTYPbI OpOBeH, a3, Hoca, Ty0 U T.[., BBIYUCIISETCS] pacCTOSHHUE
MEXy HOIMH U CTPOHMTCS HE IIPOCTO 00pa3, a erie MHOXKECTBO €ro BapHaHTOB
Ha Cllydad MOBOpPOTa JIMIA, HAKJIOHA, M3MEHEHUs BhIpaxxeHus. KoindecTBo
00pa3oB BapbUpyeTcs B 3aBUCHMOCTH OT IIeJIed HCIOJIb30BaHUS JTAHHOTO
crnocoba (s ayreHTU(HKAUUK, BepU(HKALUH, yIAICHHOTO MOWCKAa Ha
OOJIBIINX TEPPUTOPHSX U T.1.)[4].

CucteMbl HICHTH(UKAIIMY 110 TEOMETPHH JIAZOHU pyKu. MeToJ uieHTH-
(uKanuy monp3oBaTeNel 10 TEOMETPUM PYKU TI0 CBOCH TEXHOJIOTMYECKOW
CTPYKTYPE ¥ YPOBHIO HaJICKHOCTH BIIOJIHE COITOCTABHM C METOJIOM HJCHTH-
(UKalMy JTMYHOCTH IO OTHEYATKY IMaJIblIa.

CucreMbl uaeHTHQUKaLUK 1Mo noanucy. Kak mpaBwio, 1uist 9TOro Bujaa
UICHTH(DUKALMK YeslOBeKa HMCIOJIB3YETCsl €ro POCHHCh (MHOTAA HalMCaHHe
kojoBoro ciiosa). IludpoBoit kon naeHTHGUKAIMHA (GOPMHUPYETCS, B 3aBUCH-
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MOCTH OT HEOOXOIMMOM CTENEHH! 3alUThl U HAJIM4Yus 00opynoBaHus (rpadu-
YEeCKUH TJIaHILET, KpaH KapMaHHOTO Komriblotepa Palm u T.11.), IBYX THIIOB:

— ITo camoit pocnicn (Uit MACHTH(PUKAIMK UCIIONB3YETCs MPOCTO CTe-
IICHb COBIMAJICHUS IBYX KapPTHHOK);

— Ilo pocnucu W AMHAMHUYECKHM XapaKTepUCTUKaM HarucaHus (s
UACHTH(UKALMN CTPOUTCS CBEPTKA, B KOTOPYIO BXOIMT HMH(pOpMAIHs IO
pOCIHCH, BPEMEHHBIM XapaKTEpPUCTUKaM HaHECEHHs POCIHCH U CTaTUCTHYE-
CKUM XapaKTepUCTUKaM JMHAMUKH Ha)KUMa Ha MOBEPXHOCTH).

[Ipumenenue. buomeTpuyueckre TEXHOJOTMH AKTHBHO NMPUMEHSIOTCS BO
MHOTHX 00JIacTsIX CBSI3aHHBIX C oOecriedyeHueM 0e30MacHOCTH JI0CTyNa K UH-
¢dopman M MarepualibHbIM OOBEKTaM, a TaKkXKe B 3aJadax YHHKaJbHOW
UACHTU(UKALUH JIMYHOCTH, B LIEJISIX:

— KonTtpons nocryna;

— 3amuThl HHGOPMAIINY;

— WnenTndukanuy KIMEHTOB.

Ha cerogusmmuii neHp Hamed KoMaHAOW pa3palOaThIBaeTCsl METOJ
CKpbITHOTO cOopa 1 aHanmm3a Ouosornyeckor nHpopmaruu. O6 sToM Oojee
HOAPOOHO B CIEIYIOIMX yONuKalusX.

Paboma evinonnena no npocpamme nosvluenusi KOHKYPEHmMOoCnocooHo-
cmu Tomckozo eocydapcmeeHHo020 yHueepcumema npu QUHaHcoeol noo-
oepocke PODU (epanm Ne 16-29-04388).
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C pazButreM HH()OPMAIMOHHBIX TEXHOJOTHMA, OYCHb MOJHBIM CTaJI0 HC-
MOJIb30BaHNEe (YHKIUHU HIICHTU(DUKAIIMKA YeJIOBeKa B MPOrpaMMHOM olectie-
YeHuH. bonblias 4acTh TaHHOTO MporpaMMHOro obecrieueHus pazpaboraHa
TOJILKO JIJISl MACHTH(PUKALIMY YEJIOBEKa ITyTEeM IMOUCKa B 0a3e JaHHBIX. MBI, B
CBOIO Ouepe/lb, MpeyiaracM MporpaMmy HICHTH(GUKAIIMH YCIIOBEKA B BHJICO-
MOTOKE I10 OMPECICHHBIM KIacCH(MHUKAIMOHHBIM TapamerpaMm. B mgaHHOU
paboTte MCHOIB3YIOTCS TP KJIACCU(HKAMOHHBIX ITapaMeTpa: IMoJj, BO3pacT-
Has KaTeTOPHsI U pacoBas TpyIa.

Wnentudukanus mogeldi — oIHA W3 TJABHBIX IENICH KOMIBIOTEPHOTO
3penus. YeraoBeka MOXHO HIICHTH(DUIIUPOBATH C TIOMOIIBIO TAKUX MapaMeT-
POB, Kak IOXOJKa, JIAI0, OTICYATKU IAJBIICB W paxyxkHas o0oyiouka. B
Harred paboTe Mbl UCIOIB30BAIHM TEXHOJOTHIO PACIIO3HABAHUS JIMII, TaK KaK
1eJIb TIPOEKTa 3aKJII0YaeTCsl B pa3paboTKe CUCTEMbI HIACHTH(UKAIIMN YeIoBe-
Ka 10 KiIacCU(UKAIIMOHHBIM napaMeTpam. JIroau MoryT ObITh pa3JeiicHBI Ha
TPYIIbI, 10 BO3PACTHOM KaTErOpPHH, MOJIY U pPace, JIUIIb OCHOBBIBASCH HA
YEePTHI JIUTA.

CeroziHsi B 3TO COBPEMEHHOE BpeMs CYILECTBYET IpodiieMa ¢ KOHTPOJIEM
Haimwmx aereil. Ham Hy»HO mporpamMHoe oOecrniedeHne, KoTopoe OyeT KOH-
TPOJIMPOBATH JIOCTYII JETEH K MHTCPHET-CaiiTaM, NPEAHA3HAYCHHBIX IS JIHI
crapiie 18 jer. Ham HyXHO mporpaMMHoe oOecrieueHHe B TOPTOBBIX aBTO-
MaTax, KOTOphIe HE OyAyT MpOoJaBaTh JETSAM TAaKOH TOBap, KaK CHUTAPETHI,
QJIKOTOJIb ¥ T. 1. DTO COLMaNbHAast MpodJieMa JIFoJIel BO BCEM MUPE U TOJIBKO
IpOrpaMMHOE 00ECIIeUeHUE C OLICHKOW BO3pacTa MOXKET PEIIHTh €e.

Takoro poja nmporpaMMHoe oOecriedeHre MOXKET OBITh TaKKe MCIONb30-
BaHO JUIS TMOJYYCHUS CTATHCTUYCCKUX JNAHHBIX. HampuMmep, ¢ MOMOIIbIO Jie-
Morpaduyeckoii HHGOPMAIIUU O KIHUCHTAX MOXHO IOJYYUTh CTATUCTHYC-
CKHC JJAHHBIC [T MAPKETUHTA, TAKUE KaK, CKOJILKO KIIMEHTOB IMOCETUIIO TOP-
TOBBIM IIEHTP; CKOJIbKO MYXYHH M JKCHIIUH, CKOJBKO JETeH, MOAPOCTKOB,
B3POCJIBIX U MOXKUJIBIX JIFOJICH; CKOJIBKO a3UaTOB, €BPOIICHIIEB, U T. II.
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B Hacrosmee BpeMsi OONBLIIMHCTBO OpTaHM3alMii HYXXIaeTcs B MPO-
rpaMMHOM 00ECIIEYeHUH C BO3MOKHOCTBIO TIOMCKA YEJIOBEKa B BUICO-ITOTOKE
10 3aJIaHHBIM KJIaCCU(UKAIMOHHBIM MapaMeTpaM, Ka BO3pacT, IOJI U paca.
Takoe mporpamMmHoe obecrieueHHe MOKET HCIIOJB30BAaThCSI B KOHTPOJIBHO-
OPONYCKHBIX MYHKTAaX a’ponopToB M 6aHKoB. Hampumep, OHO MOXET OBITh
UCIIOJIL30BAaHO ISl TMIPOBEPKU OIPE/EICHHOI0 YeJIOBEKa B YEPHOM CIIHCKE
KIIMEHTOB.

Ha ceropusmHmii 1eHb CyIIECTBYET MHOTO aJTOPUTMOB paclioO3HaBaHUs
nury [2]. Ho Bce OHM 4yBCTBUTENBHBI K OOJIBIIMM M3MECHEHHUSIM B OCBELICHHO-
CTH M MUMHKE JwHia. [IpuHHMas 3TH HEIOCTATKA BO BHHMaHue beib-
xymeyp ILH., Xecianna JI.I1., u Kpermaun JI.[1. pa3spaboTanu ainroputM pac-
MO3HABaHUS JIML, KOTOPBIA HEUYBCTBUTENICH I TAKOTO TUIA Bapuauui [3].
JlaHHBII aNTOPUTM OCHOBAH Ha MBYX Metonaax, Fisherfaces (jua ®uinepa) u
Eigenfaces (coocTBennsle nuua). Metox Fisherfaces siBnsiercst mpon3BoaHbIM
ot nuHelHoro auckpumuHanta @umepa (Fisher’s Linear Discriminant) [13],
MHUHUMH3HPYET BHYTPHKIIACCOBOE M MaKCUMH3HUPYET MEXKKIIACCOBOE PaccTo-
SIHUE B MMpOCTpaHCTBe npu3HakoB. Meton Eigenfaces Takxke ocHOBaH Ha JH-
HEWHOM ITPOEKTUPOBAHUH IIPOCTPAHCTBA U300paXKeHHs B Oojiee HU3KOE Mpo-
CTpaHCTBO npu3Hakos [9; 10; 11].

[epBbIM dTanoM B pabote Obula KiacCH(UKaIMs YeJlOBEKa B TeHIEPHOM,
PacoBoil U BO3PacTHOM TPYIIIEe, UCTIOB3Ysl AITOPUTMBI PACIO3HABAHUS JIML,
nosTomy BbiOOp man Ha Metox Fisherfaces. Meton Eigenfaces ocHoBaH Ha
MmeToze rinaBHbIX KommoHeHT (Principal Component Analysis, PCA), korto-
pBIi sBIsIeTCS] OECKOHTPOJILHOW CTATUCTUYECKOW MOJEINBIO, TEM CaMbIM He
COBCEM IOJIXOJUT JUIsl AaHHOW 3amaun. B cBoto ouepens meron Fisherfaces
JIaeT OIpeIeNICHHYO0 KIACCOBYIO JIMHEHHYIO IPOSKLIUIO, YTO TOBOPUT O TOM,
YTO OH Topa3fio Jydlle MOAXOAUT Ui BO3PACTHOW, pacoBO M T'eHIEPHON
knaccudukaruu [4]. [To sxkcniepumentam Baruepa I1. [7], MbI MOKEM BHICTb,
yto Meton Fisherfaces mocturaer ckopoctu pacrosnaBanus 98 % B mpen-
METHO-HE3aBHCUMOMN TepeKpecTHOW mpoBepke (subject independent cross-
validation). IlpenmeTHO-He3aBUCHMas MEPEKPECTHAs! MPOBEPKA 3TO 0Opa3bl
YeJI0BeKa He MCIIOJIb30BaHHbIE IPY 00YUYSHUH MOJIENTU PacliO3HABAHUSI.

Merton Fisherfaces yxe peamuzoBan B OpenCV. OpenCV (Open Source
Computer Vision Library) 310 0uOiHOTEKa ajJropuTMOB KOMIIBIOTEPHOTO
3peHusi, 00pabOTKN WM300paKEHUH M MalIMHHOTO OOYYEHHS C OTKPBITHIM
UCXOJHBIM KOJIOM. J[J1s1 TOTO 4TOOBI crcTeMa KIIacCU(PUIMPOBAIIa JIIOJEH 110
BO3PACTHOM, pacoBOW M T'eHJEpHOW rpyInam, HeoOX0AUMO OOyYUTh Kiac-
cudukaropsl Mozaenu pacno3HaBanus Fisherfaces 8 OpenCV. [lns oOyue-
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HUS JaHHBIX KJIACCHU(PUKATOPOB HEOOXOJUM HAO0Op M300paKCHH pa3HBIX
Toaei.

OcHoBHOE BHMMaHWE OBUIO YIEIEHO pa3paboTKe HACTOJILHOTO MPHIIONKE-
HUsA, ¢ QYHKIUEH MOKWCKA JIIO/ICH B BUJICO-TIOTOKE, B COOTBETCTBUH C 3aJ[aH-
HBIMH 1apaMeTpaMH Moucka. JlaHHoe mporpaMMHOe oOecrieueHue SBISeTCS
OCHOBOI M Ha4aJIoOM OJIHOM OouibIIoN chucTeMbl Oe3omnacHocTH. [Ipoaenannas
paboTa BBICTYIAeT B KayeCTBE JEMOHCTPAIMK HOBBIX BO3MOXKHOCTEH, KOTO-
pBIe MOXHO KCIOJIb30BaTh B MPOrPaAMMHOM OOECIIEYEHUH CHUCTEM Oe3orac-
HocTH. B 1enom npunoxenue paboraet XOpoino, HO UMEET HU3KYIO CIIOCO0-
HOCTbh PacIo3HaBaHMs, TaK KaK B XoJe OOy4YeHHUs KJIACCU(HKATOPOB OBLIO
UCMOJIb30BaHO Bcero Jmimib 1500 uzoOpakeHuid Jui Jiroged. B Oymyraem
JaHHas mpobiieMa OyJeT pelleHa, TakkKe NpeaycMaTpuBaercsi Ao0aBieHHE
HOBBIX (DyHKLMA.

Paboma evinonnena no npocpamme nosvluenus: KOHKYPEHmMOCnocooHo-
cmu Tomckozo eocydapcmeeHHo020 yHueepcumema npu QUHaHco8ol noo-
oepocke PODU (epanm Ne 16-29-04388).
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TpyOonpoBoaHbI pOOOT COCTOMT W3 MYJIBTUKOITEPA, MOMEIICHHOTO
B KOHCTPYKIMIO, HAaIlOMHHAIOLIYI0 KOJIECO, M3 KOMIIO3UTHOIO MaTepuala
(puc. 1). CyuiecTBeHHBIM OTJIMYMEM OT aMEPUKAHCKOW pa3paboTKy SBIISETCS
MIPpUMEHEHHNE IBYX IONOJHHUTENBHBIX [BHraTeNeil, pa3MEIeHHBIX Ha OCH,
NapaJulebHON BpallaroIieicss OCH yCTpOHUCTBA. DTH JABUTATENH UMEIOT BO3-
MO>KHOCTb YIPaBJISIEMOT'0 BpAIEHUs OTHOCUTEIBHO TOYKU KperuieHus. J{an-
Hasl cXeMa MO3BOJIMJIa OCYIIECTBIIATh JBUKEHHE B TOPU3OHTAIIBHOM TIOCKO-
CTH TOJIBKO C ITOMOILBIO JIBYX JOIIOJHUTENILHBIX JBUTATENIeH, CHila TATH KO-
TOPBIX HalpaBJieHa BJIOJb OCH JBHIKCHUS, YTO CYIIECTBEHHO CHHM3MJIO SHEp-

rozatpartsl [ 1-6].
AL S

Puc. 1. TpyOonpoBozHslii podoT

[ToBOPOTHI B IBMKECHUM OCYIICCTBISIOTCS PAa3HOCTBIO TSITCU HA JIBUTATC-
nsx. [IpuMeHeHne TaHHOM CXEMBI JTAJI0 BO3MOXKHOCTh OCYIIECTBISATH Pa3BO-
POTHI Ha MECTe, KOTJIa OJIMH U3 JIBUraTelICH pa3BOpavuMBacTCsS Ha CBOCH OCH U
TSHET B MPOTHBOIIOJIOXKHYIO CTOpOHY. IIpu mepeneTe MpensaTCTBUM IUIaT-
(dbopMa ¢ YETBIPbMSI BUHTAMH BCETJa OCTACTCs MapajUICIbHON 3eMJIC U CTa-
OMJIM3HPYETCS B 3TOM IOJIOKCHUU MHKPOIPOIIECCOPHON CUCTEMOM cTadu-
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JIN3alM1, YTO IIO3BOJIUJIO ITIOBBICUTH CTaOMJIBHOCTE B IOJIETE U YMCHBUINTH
pacKauky. HepeMemeHHe B ropmomanwoﬁ MJIOCKOCTH 00ECIEeUMBAIOT
JOIOJIHUTCIIBHBIC JIBa ABUTATECIIA, IOBOPAYHBAACH Ha Hy)KHBIﬁ yrouJi. B Cliy-
Yac OTKa3a OJHOI0 M3 YCThIPEX L[BPIFaTeJ'Ieﬁ HOL[LeMHOﬁ HJ'IaT(l)OpMBI JBHUTIa-
TCJIU ABUKCHHUA MTOBOPAYMBAIOTCA MMApAJIJICIIBHO OCTAaJIbHBIM N 00ecreYnBaroT
OTHOCUTCIIBHO MATKOC IMPU3CMIICHUC YCTpOﬁCTBy, YTO CYHICCTBCHHO ITOBBI-
maeT )XUBYUCCTb U HAACKHOCTb CUCTEM.

Paboma evinonnena npu gunancosoii nododepoicxke PDODU (epanm
Ne 16-29-04388).
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MOJAEJIMPOBAHUE BECIIMJIOTHOI'O
JETATEJBHOI'O AIIMTAPATA C ®YHKIIUEN
OBHAPYKEHUWS U YKJIOHEHUS OT NPENSATCTBUN

A.A. Tacanos, C.B. [[Iuonosckuui

Hayuonanvhoni uccnedosamenvckuti Tomckuil 20cy0apcmeennblil yHugepcument
asablindme@gmail.com

B cratee paccmarpuBaroTcsi mporeypbl MOJCINPOBAaHNST KOMITBIOTEPHOM
TBEPIOTEIBHON MOJENU OECIMIIOTHOTO JIETATEIBHOrO armapara ¢ 4eThIPhbMs
HECYIIMMHU BUHTaMH C (DYHKIHEH 0OHapy>KeHHsI M YKIOHEHHS OT MPETSITCTBHIA.

MogenupoBaHue IWHAMHUKHA JABM)KCHHUS KOMITBIOTEPHOW TBEpIOTEIIBLHOM
MozienM OeCHMIIOTHOTO JISTATENBHOTO armapara MpoBOIMIOCH B ONEparioH-
HOI cucteme 11t pobotoB ROS npu nomonw rnporpamMmuoro nakera Gazebo.
ROS - 310 (hpeiiMBOpK 1 MPOrPaMMHUPOBaHKST POOOTOB, MPEIOCTABIISIOIINIA
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(YHKIMOHAJIBHOCTD JUIsl pacripesenéHHol paboTsl. OnepanyoHHas cucTema
NPEIOCTABIISICT CIIEYIOINE CITY>KOBI: anmapaTHylo abCTpaKLuio, HU3KOYPOB-
HEBBI KOHTPOJIb YCTPOWCTB, BHEAPEHHE IIMPOKO HCIIONB3YEMbIX (DYHKLIHUM,
nepeady cooOILEeHUH MEeX Ty TIpolieccaMt M yIipaBiieHne naketamu. Gazebo —
9TO MPOrpaMMHBIN TTaKeT, MOJCIUPYIOLUIMI B3aUMO/ICHCTBUE POOOTA WITH JIaXKe
HOMYJISIIIMA pOOOTOB ¢ pu3MyecKM MUpOM. JleTaibHO omrcaB poOOTa MOXKHO
TECTHPOBATh Kak pabOTy aJIrOPUTMOB, TaK U (PM3UYECKYIO pealii3aliio podboTa
B BUPTYaJIbHOM Cpezie, 10 UCIIOJIb30BAHUS allapaTHON YacTH.

[Tpu nomory BerioMoraTenbHbIX Cpe/ICTB ObLIa CO3/1aHa KapTa OTKPBITOTO
NPOCTPAaHCTBA, KOTOpas B JaJibHEHIIeM Oblla WHTEIPUPOBaHA B MMHTAIIMOH-
HYIO0 MOJIeJIb MpU TIOMOIIM INporpamMMHoro nakera Gazebo. DTo mo3BossieT
TECTUPOBAThH AJTOPUTMBI, BBITOIHATE PEIPECCUBHOE TECTUPOBAHUE C HCIIOJb-
30BaHMEM PEAIMCTUYHBIX CLIEHapUeB O3 UCIIONB30BaHMs peabHBIX POOOTOB.

Jlist Moziei ObUTH KCITONTB30BaHbl PX4 anropuT™Mbl KOMITBEOTEPHOTO 3pe-
Hus. Penosutopuil copepXuUT JABE pa3IMuYHbIE peanu3alyd JAHHOIO ajro-
put™Ma. B pabore mcnosb3oBasicsi rioOanbHBIA IIaHUPOBIIMK Ha OCHOBE
rpa¢oB, KOTOPbIH IIAHUPYET B TPAAUIIMOHHOW CETKE 3aHSATOCTH.

VYnpagneHrue OSCIMIOTHBIM JIETATEIBHBIM aIapaToM OCYHIECTBIUIOCH C
MIOMOILBIO MPOTOKOJIA MH(OPMAIIHOHHOTO B3aUMOJEWCTBUSI C JIPOHAMH MM
ManbiMH  OccrimioTHeIME  anmapataMd MAVLink. [l uHGbOpMaImoHHOTO
B3aUMOJEICTBHA ¢ anmnapaToM ucnois3yetcs ROS makeT - mavros. OTOT nakert
pean3yeT BO3MOXKHOCTh MOChUIATh KOMaHb! YIPaBJICHUS alnapaToM M0 Ipo-
tokoiry MAVLink, ucnione3ys crannaptasie ROS tursl nanusix. MAVROS -
MAVLink pactmpsiemsrit y3ein csizu 1i1st ROS ¢ nmpokeu 11st Ha3eMHOM cTaH-
muu  ynpasneHus. ROS moxer ucnons3oBateess ¢ PX4 u cumymnstopom
Gazebo. On ucnons3yet y3e1 MAVROS MAVLink s cesizu ¢ PX4.

B nocTtpoenHoO# MMHUTALMOHHOM MOJenH ObUT MPOM3BENCH TECTOBBIN I10-
JIET MO 3a/laHHBIM TOYKAaM MHCCHUM CKBO3b IPEIMSTCTBUS, 3arpy’KEHHOH B
UMHTAIMOHHYIO MOJE]b OECIMIJIOTHOTO JIETaTeNIbHOTO ammapara. Mopjenb
IpU TOJIETEe 10 TOYKaM MMCCH JJOCTATOYHO TOYHO OMpefessila ¢ MOMOILBIO
JIByX CTepeoKaMep U Jujapa OKpyKarolllue ee MPEnsATCTBUS U YKIOHSIAch OT
HUX, HE OTKJIOHSISCH OT 33/IaHHOTO MapIipyTa.

Ha ocHoBe aHanmm3a MoMy4eHHBIX pe3yIbTaTOB, MOJKHO CKa3aTb, YTO JaH-
Has MMHUTAlUMOHHAs MOJENb IO3BOJISIET JOCTATOYHO TOYHO OOHApYyKHBATh
NPENSATCTBHSA HAa MaplIpyTe TOJIeTa U YKIOHATHCS OT HUX, HE COMBasCh 3a-
JAHHOT'O Kypca.

Paboma evinonnena ¢ Tomckom 2ocyOapcmeeHHOM yHueepcumeme npu
Gunancosoil noddepoicke Munobpuayku Poccuu, yHUKAIbHbIL UOeHMUDUKA-
mop RFMEFI57817X0241.
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METO MOHTE-KAPJIO IJIAA IOKAJIN3ALIUN
POBOTA HA KAPTE MECTHOCTH

M.B. lluxman

Hayuonanvhoui uccnedosamenvckuti ToMCcKutl nOTUMEXHUYECKULL YHUBEPCUTNE
Shikhmar@gmail.com

Mup Boren B upoBYIO 310Xy, KOT/Ia HOBBIE TEXHOJIOTHH CTPEMHUTEIb-
HO Pa3BUBAIOTCS M MEHSIOT IIPUBBIYHBIN VKA XKU3HHU, (OPMHUPYIOTCS HOBbIE
oTpaci 1 MPOPECCHH, OTKPBHIBAIOTCS HOBBIC BO3MOXKHOCTH ISl PA3BHTHSL
Cpenu MHOTOOOpa3usi obiacteil B nudpoBoil MHIYCTPUH, OCOOBI MHTEpEC
BBI3BIBACT POOOTOTCXHUKA. POOOTOTEXHHWYECKHE YCTPOMCTBA MOCTCIICHHO
NPOHHUKAIOT BO Bce Cepbl NEATETBHOCTH YEJIOBEKA, M HMEIOT OrPOMHbIC
HEePCICKTUBBI JIs JaNbHEIero pasButrs. st pelieH!s NpHKIaIHbIX 3a1a49
BO MHOTHX CJIy4asix poOoTy HEOOXO0MMO 3HATh CBOE PeabHOC MECTOHAXOK-
JICHHEe, KOTOPOE Yallle BCErO OTIMYACTCS OT JAHHBIX, XpaHAIMXCS B 60pTO-
Bo cucteme. J[isi GECIMIOTHBIX POOOTOTEXHHUYESCKUX YCTPOMCTB, a TaKkKe
Ha3eMHBIX poOOTOB Hanbosnee F3PPEKTUBHO MPUMEHSTH aJITOPUTMBI JIOKAJb-
HOI HaBHUTAIMH, KOTOPBIC 3aKIFOYAFOTCS B OMPEICICHAN KOOPUHAT YCTPOii-
CTBa M0 OTHOIICHHIO K HEKOW HAYaNbHOW TOUKE.

OIHHMM M3 MHOKECTBA aJITOPUTMOB JIOKAJIHU3AIUK poOOTa Ha UMEIOICHCS
KapTe sBiseTcs Jokamusanus Monte-Kapino (Monte Carlo Localization).
CTOUT OTMETHTH, YTO JAHHBIA METOJI UMEET PsJ NPEUMYIIECTB, TO3TOMY B
paboTe paccMaTpuBacTCs UMEHHO OH. DUIBTP YacTHI, TIABHBIA JUIS ajro-
putMa MonTte-Kapio, MOXeT anmpOKCHMHPOBATH HECKOJBKO Pa3IMYHbIX
BHUJIOB BEPOSATHOCTHBIX paclpelesieHHi, MOCKOJIbKY HMEeT HermapameTpuye-
cKoe mpejcTaBieHue. HekoTophsie Apyrie OaieCOBCKUE alrOPUTMBI JIOKAIIH-
3aiuu, Takue Kak ¢uibTp Kanmana (B TOM umcie, pacUIMpEHHBIH (QUIBTP
Kanmana), monararr, 4to poOOT OJM30K K TOMY, YTOOBI OBITH pacrpeneiic-
HueM [aycca, U He CIPAaBISAIOTCSA C CUTYallMsSIMH, KOTJa MepBOHAYAIbHbIC
NPEMOIOKEHHUS SBISIFOTCS MYJIbTHMOIATbHBIMH.

VYuuThiBasi KapTy Cpeibl, aITOPUTM OLCHHUBACT TMOJNIOXKEHUE W OpHUEHTA-
U0 pobOTa MO Mepe ero MepeMeICHHsT W BOCIPHHUMAET OKPYKAOIIYIO
cpeny. AJITOPUTM HCIONB3YeT DHUIBTP YACTHII MPEACTABICHHUS pacrpeere-
HUSI BEPOSITHBIX COCTOsHME. YacTuiia mpeacTaBiser coboil BO3MOXKHOE CO-
CTOSIHHE, T.C. TUIOTE3Y O TOM, € HaXOJUTCS POOOT B HEKOTOPBIH MOMEHT
BpemeHH. Yaire BCcero, Ha4yalbHOE MPE/ICTABICHUE alrOPHTMA SBIISCTCS PaB-
HOMEPHBIM CITy4YaiiHbIM pachpe/ieficHHeM YacTHI] M0 KOH(UTYPAIHOHHOMY
OpOCTPaHCTBY. Beskmii pas, korma poOOT mepeMeniaeTcsi, OH MepeMeniact
YaCTUIBI, YTOOBI MpENCKa3aTh CBOE HOBOC COCTOSHHE MOCHE JBUKCHUS.
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B ciyuae, ecnmu poGOT 4TO-TO OIpeeNnser, IPOUCXOAUT NepecyeT YacTHI] Ha
OCHOBE PEKypCUBHOM OaliecoBckoii oLeHKU. To ecTh IPOMCXOIUT OIpeselie-
HHUE TOT0, HACKOJIBKO XOPOIIO (paKTHUYECKHE BOCIPUHUMAEMbIE JaHHbBIE KOp-
PENMPYIOT C MPOTHO3UPYEMBIM COCTOSIHUEM. B KOHEYHOM cueTre, YacTHIbI
JIOJDKHBI CXOIUTHCS K (PaKTHUECKOMY IOJIOKEHHIO pO0OTa.

PaccmoTpuM poboTa B 0IHOMEPHOM KPYTOBOM KOPHUIOPE C WIACHTHYHBI-
MU JIBEPSIMHU, MCIOJB3YIOIIETr0 JAATYUK, KOTOPHIA ONpeAeiseT HaJHMuhe I
OTCYTCTBUE JBEpH mepen coOoil. B HauanbHbIi MOMEHT BpeMeHH poOOT
HaxoJuTcsl y nepBoi nBepu. Cam ke alropuT™M MHULIHUAIU3UPYETCS PaBHO-
MEpHBIM pacIIpeliefIeHHeM YacTHIl, TO €CTh U3HAYAJIBHO POOOT HE 3HAET, I/Ie
UMEHHO OH HaxOJIUTCA W CUYUTAET, YTO MOXET HaXOJUThCS B JIFOOOI TOYKe
IPOCTPAHCTBA BJOJIb KOPHJIOPA C OJMHAKOBOH BEPOATHOCTHIO. 3aTeM poOOT
noy4yaeT MHGOPMALHIO C AaTYMKA 00 OKpY)KaloLeM IPOCTpaHCTBE M OOHa-
pyxuBaeT nepej codoii aseps. Mcxoas u3 3Toro, npucBanBaeTcs Bec Kax 101
u3 vactuu. YacTunam, KOTOpble MOTYT JaTh TaKHE ITOKa3aHUs IaTdynKa
(Hanu4ue nIBEpH), MpHUCBaMBaeTCs OOJBIIMKA Bec. 3aTeM pOOOT reHEepUpyeT
Ha0Op HOBBIX YACTHII, MPHYEM OOJBLIIMHCTBO M3 HUX T€HEPUPYETCS BOKPYT
NpeIpIIyIMX YacThl ¢ OONBIIMM BecoM. Temepb poOOT rojiaraet, 4yTo OH
HaXOJAUTCS BO3JIE OJJHOH U3 iBepeld, HO He 3HAaeT BO3JIe KaKOi UMEHHO.

B cnenyromumii MOMEHT BpeMeHH pPOOOT IepeMellaeTcs Ha HEKOTOpoe
paccTosiHEE BIpaBo. Bee wacTuIbl Taoke mepeMeliaoTcs BIPaBo, U 100aB-
JsieTcs HeKOTOpHIi 1ryM. PoOOT aHanu3upyeT faHHbIe 00 OKpy»Karomel cpe-
Je ¥ He oOHapyxuBaeT aBepb. OH BHOBB NPHUCBaMBaET BEC KaXKAOW M3 ya-
ctul. Tenepb yacTuIiaM, KOTOpbIE MOTYT JaTh TaKue IOKa3aHUs IaT4MKa
(oTcyTcTBHE ABepH), mpucBamBaeTcsi OonpliMi Bec. YacTuipl, B obiactu
KOTOPBIX €CTh JIBEPH, HA/ICNISIOTCS MaJIbIMA BECAMH.

CTOUT OTMETUTH, YTO BO BpeMsi OOHOBIICHUS JIBMKEHHUSI pOOOT IMpejcKa-
3bIBa€T CBOE HOBOE MECTOIIOJIOKEHHE Ha OCHOBE 3aJaHHOM KOMaHAbI 3aIryc-
Ka, MPUMEHssI UMUTUPYyEeMoe IBHXKEHHE K KaxaoW u3 vactul. Hanpumep,
eclii poOOT JBMIKETCS BIIEpEd, BCE YacTUIbl JIBMIXKYTCSl BIIEpEI B CBOMX
HalpaBJICHUSIX HE3aBHCUMO OT TOTO, KaK OHM HampaBiieHbl. OnHaKo, B pe-
QJIBHOM MHUpPE HU OAMH WCIIOJHUTENBHBI MEXaHW3M HE HJeajieH, U poOoT
IepeMelaeTcss OTHOCUTEIbHO CHUTHAjla 3aJaHus ¢ HEKOTOPOH IOrpelHo-
cTbio0. Clie10BaTeNIbHO, YaCTUIBI HEU30€)KHO OTKIIOHSIOTCS BO BpeMs OOHOB-
JICHUS IBUYKEHHSL. DTO OTKJIOHEHHUE U SIBJISIETCS HEKOTOPOM IIIYMOM, KOTOPBIN
CTOMT YYUTHIBAT.

Orarnel aIropuTMa MOBTOPSIOTCS LUKINYECKH, T.€. PU HAXOXJICHUU PO-
0oTa B HEKOTOPOI TOUKE IIPOCTPAHCTBA, OH OIpe/ielisieT Habop YaCTUL], COOT-
BETCTBYIOLIMI €r0 TMIIOTETHYECKUM MECTOIOJIONKEHHIM. 3aTeM ISl Ka)Iou
YacTHIBI POOOT BHIYUCIISET BEPOSTHOCTH TOTO, YTO, €CIH OBl OH HAXOUJICS
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B 3TOM MecTe (TIpeCTaBIIsuI Obl COOOI 9TO COCTOSIHME YaCTHIIBI), TIPEOTOMKH-
TENBHBIC MOKa3aHUsl 00 OKPYKAroIeH cpesie COBMAANM C IIOKA3aHUSMH €ro
natankoB. [IprcBanBaeTCs BeC KaXXIOH YacTHIIE ®, MPOMOPIMOHATBHBINA yKa-
3aHHOW BEPOSITHOCTH. 3aTeM, poOOT TeHepUpyeT HaOOp HOBBIX YaCTHIl HA OC-
HOBE MPEBIIYIIEro MPEACTABICHHUS, C BEPOSITHOCTHIO, MPOMOPIUOHAIBHON (.
YacTullpl, COMTACYIONIMECsS € MOKA3aHUAMU IAaTYMKOB, BHIOMPAIOTCS wYalle,
B OTVIMYMH OT YACTHII, HECOBMECTUMBIX C MOKA3aHUSAMH JATYMKOB. Takum 00-
pa3oM, YacTUIIBI CXOMATCS K HAMIyUIIeH OLeHKe cOoCTOsHUS pobota. PoGor
CTaHOBHTCS Bce OoJiee YBEpCHHBIM B CBOEM IMOJIOKeHHH. [IoBTOpSist 3TH 1a-
I'Hl, po0OT ONpEEIsIeT CBOE MECTOIOIOKEHUE C HAMOOJIbIICH BEPOSITHOCTHIO.

Paboma evinonnena ¢ Tomckom 2ocyOapcmeeHHOM yHugepcumeme npu
Gunancosoil noddepoicke Munobpuayku Poccuu, yHUKAIbHbIIL UOeHMUDUKA-
mop RFMEFI57817X0241.

INTELLIGENT AUTONOMOUS SYSTEMS &
CONTROLLING IN MOBILE ROBOTS

A. Phongtraychack, V1. Syriamkin

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

The modem 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
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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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MERGING BRAIN COMPUTING INTERFACE (BCI) &
NEURAL NETWORKS FOR BETTER
AUTHENTICATION & RECOGNITION

0. Ramzan, V.1 Syriamkin

National Research Tomsk State University
toggleTechs (a creativity platform)
qaseemramzanO@gmail.com

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. BCls 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 3AJIAYA TPAMOIN KUHEMATHKHA
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I.C. ’Koanos, A.ILl. Bypees, A.B. Kocmeneti, JI.A. Xoxnosa
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PO6OTI/I3HpOBaHHHe CUCTEMBbI pa3JIMYHOTO poOJa U Ha3HA4YCHHUA B COBpEC-
MCHHOM MUPC IMMOJTYyYHIIU 00JIBIIIOE PacnpoCcTpaHCHUEC U UCIIOJIb3YIOTCA HC
TOJIBKO B MNPOMBIIIJICHHOCTU, HO U B C(l)ean, rac XU3HCHHO HeO6XO}ll/IMO
3aMCHHUTb YCJIOBCKaA (SKCTpeMaJ'ILHbIe TCMIICPATYyphbl, paaualus, I[0XKaphbl,
00eBbIE Z[eﬁCTBHﬂ). B HaCToAECC BpEMA IMOMHUMO NPOMBINIICHHBIX pO6OTOB,
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paboraromux B (GUKCHUPOBAHHOW cpelie M pearnpyrolx Ha XKECTKO orpese-
JICHHBIA HAa0Op BHEIIHHMX CTHMYJIOB, IIOJy4alOT BCE OOJIbIliee pa3BUTHE
CJIOKHBIE pOOOTH3MPOBaHHbIE CHCTeMbl. K TakuMm cucreMaMm OTHOCSITCS aH-
TpornoMop(hHble MEXaHU3MBbl, TIPHU3BaHHBIE 3AMEHUTH YEJIOBEKA NP BHINOJI-
HEHUU crenupruuecKux NpoQecCHOHANBHBIX 3a/a4.

ABTOPCKHM KOJJIEKTUBOM IPOBOJAUTCS pa3pabOTKa YIpaBISFOLIETO HpPO-
rpaMMHOIO obOecredeHus s aHTporoMopdHoro pobora cepuun AR-600
npoussoiactea HITO «AunpounHas texuuka» (Poccus). Ynpasistomiee mpo-
rpaMMHOE oOecriedeHHe JIOJKHO OyJeT MO3BOJIMTH aHTPOIOMOP(PHOMY Me-
XaHU3MY OPUEHTHPOBAThCS B OKpYXaloIllell ero cpene, OCyLIeCTBIATh pac-
NI03HaBaHUE OOBEKTOB B 00JIACTH BHUAMMOCTH, HX KJIACCHU(HUKALIUIO, IOCTPOE-
HUE TpAeKTOPUH NepeMelleHUs, MepeMelIeHIe B MPOCTPAHCTBE, a TaKXkKe
BBIITOJIHEHHE MaHMITYJSIIUI C OKPY)KAIOIMMH IpeMETaMu. Y IIpaBisioniee
porpaMMHOE ofecIiedeHHe pean3yeTcs Ha si3bIKe MporpamMmmupoBanus C++
0e3 MCIIONIb30BaHUsI CTOPOHHUX OMOJIMOTEK, YTO TMO3BOJSET NOOMTHCS MaK-
CHUMAJIBHOTO OBICTPOIEHCTBHUS 3a CUET ONTHMH3ALNHN KaXIod U3 (hopMupye-
MbIX pyHKUUMH. OfHA U3 MOJICHCTEM IIPOTPAMMHOTO 00ECIIEYSHHUST OCYIIECTB-
JISIeT TiepecyeT KNHEMaTHYeCKON CXeMbl MEXaHU3Ma B JIBYX PEKMMaXx: MOCTO-
SIHHO Kaxk/ible N MIIIIMCEKYH (COCTOSHHE «IIOKOS») W IO 3alpocy MPH BbI-
NIOJIHEHUH KaKHUX-IM0O0 orepanuii aHTporoMophHbIM MexaHn3MoM. Kakapiii
y3eJ] MeXaHH3Ma IpU 3TOM IpeCTaBiIeH CIEUATU3UPOBAHHONW CTPYKTYpOil,
XpaHsued MHPOPMALUIO O €ro MacCOBBIX U MHEPLHUAIBHBIX XapaKTePHCTH-
KaX, BO3MOXXHBIX IJIOCKOCTSIX TIOBOPOTa, a TaKkKe KOOpJHMHATaX ero KOpHe-
BBIX M KOHEYHBIX TOYEK B TEKYIIMi MOMeHT BpeMeHH. [Ipu dpopmupoBanmu
ITOPUTMUYECKOT0 OOecrieyeHus] ObUIO TPHHATO pelleHrne 00 MCIoIb30Ba-
HUH TOJIBKO JIMIIB ajareOpbl KBATEPHHOHOB C OTKa30M OT NMPUMEHEHHs MaT-
puuHbIX onepauid. [IpernMyinecTBa H30paHHOTO PEIICHUS MOYXKHO OXapaKTe-
PpHU30BaTh CIIEAYIONM 00pa3oM:

— MEepPeMHOXKCHHE IBYX MAaTpHIl BpalieHus pasmepoM 3x3 TpeOyer
27 ymHOXeHul u 18 cioxeHuil, Torna Kak nepeMHOXKEHHE JIByX KBaTEpPHHO-
HOB — 16 ymMHOXeHUH U 12 crnoxeHuil;

— KOHBEPTUPOBAaHHE MaTPHILIbl BPAlEHHUS B KBaTEpHHOH Tpedyer 7 cio-
JKEHUH U 2 YCIIOBHBIX NIEPEXO0B;

— KOHBEPTUPOBAaHHE KBAaTePHHOHA B MaTpHIly BpallCHUS TpeOyeT
16 ymHOXeHUH, 15 cnoxenuit u 1 neneHus.

[IpuMeHeHHe KBaTEPHUOHOB B COCTaBE ITPOrPaAMMHOT0 0OeCTIeYeHHs 103~
BOJIMJIO C(OPMHUPOBATH OBICTPOJECHCTBYIOIMIA AITOPUTM IIepecyeTa TpeX-
MEpHBIX KOOPAMHAT OCEBBIX M KOHEYHBIX TOYEK, a TAKXKe TOUEK MHTepeca
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OTZAEJBHBIX Y3JIOB aHTPONOMOP(HOr0 MeXaHW3Ma Ha OCHOBaHHWU MHpopMa-
I[UH O TEKYIIMX YIJax MOBOPOTa MOTOPOB, TPUBOISIIUX B IBM)KCHHE JTAaHHBIC
y37Bl, @ TAKXKE O MPOCTPAHCTBEHHOM pPAaCIOJIOKEHUHU POAUTENIBCKUX Y3JI0B.
B o0meM Buze anropuTM pacyera HOBBIX KOOPJAMHAT TPEXMEPHBIX TOYEK
BBITJISIUT CIIEAYIOIMM 00pa3oM:

1) ¢opmupoBaHHMe KBaTEpHHOHA, OIMCHIBAIOLIETO BpAIlCHUE Y3Ja, SIB-
JIAIOLIETOCS POJUTENBCKUM AJIs IepecuuThiBaeMoi Touku. Hampumep, xoop-
JMHATHI OCH CTOIBI 3aBHCAT OT yIJla Cruda KOJeHa MEXaHH3Ma, CIIe/I0BaTelb-
HO, JUIsl MOJIy4EHHsI TeKYIIMX KOOPIMHAT OCH CTOIBI HEOOXOAMMO II0JIB30-
BaThCS KBATEPHUOHOM, ONMCHIBAIOIIUM ITOBOPOT MOTOpa KOJICHA:

q= [cos(cz] ; sm(sl X sm(sl * y; sin (5] * :] )
IZle ¢ — KBaTepHHOH; 0. — Yrojl MoBOpoTa (pamuaH); X, ¥, z — KOOPJHHATHI,
OIMCBHIBAIOIIE JIBUJKEHHE MOTOpa IO COOTBETCTBYIOIMM OCSIM (HarpasJisi-
IOLIUI BEKTOP);

2) mepeHOC NepecYUTHIBACMOW TPEXMEPHOW KOOPIMHATHI B OCh Bpallle-
HUS POAUTENIECKOTO y371a. BelunTaHue U3 KOOpAWHATHI KOOPJUMHAT OCH POJHU-
TEJILCKOTO Y311a;

3) yMHOXEHHE CO3[JaHHOTO KBaTEPHHOHA MTOBOPOTA HA TIONYyYEHHBIH M0-
CJie TIepeHoca BEKTOp TpeXMEpHBIX KoopAuHAT. B pesynbrare Gopmupyercs
HOBBIH KBaTEPHUOH:

—QXFX—Q.NVFV—Q.IFZ
QWX +qQ.V*Z—Q.Z*Yy
91 = qW*y—g.x*z2+q.z%x [ )
QW*Z+Q.X*yV—q.V*X
rae q.w, q.x, q.y, 4.z — CKaJIipHasg U BEKTOPHbIE YaCTH COOTBETCTBYIOLIETO
KBAaTE€PHUOHA; X, V), Z — KOOPAMHATHl TPEXMEPHOI'0 BEKTOPA, MepecueT KOTo-
PBIX IPOU3BOIUTCS;

4) momy4yeHue oOpaTHOrO KBaTEpHUOHA U3 C(HOPMUPOBAHHOTO paHee ITy-
TE€M MHBEPTHPOBAHUS 3HAKa €ro BEeKTOpHOH yacTH. CkanspHas 4yacTb OCTaeT-
Csl HEM3MCHHOM

5) HopMaim3anus oOpaTHOro KBatepHHOHa. Ecim ero ajmHa He paBHa
€IMHUILIE, TO CKAJISIpHAsl U BEKTOPHBIE YaCTH JEJISITCS HAa PACCUUTAHHYIO IIUHY;

6) nepeMHO)KeHUE KBATEPHUOHOB ( U (1:

QW *QuW — QX *q.X— Q¥ * Q.Y —q.Z%q;.2
QW *QuX +q.X*q.W+q.y*q.2—q.2%q.Y
QW *Quy —q.Xx*q.2+ QY *quW+q.2%q.x|
QW =*QuZ+Q.X*quyY —qY*quX+q.2%quwW

q: = 3)
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7) BEKTOpHas 4YacTh KBaTCpPHHOHA (2, NEPEHECCHHass 0o0OpaTHO B co0-
CTBEHHYIO OCh U OyIIeT SBJIATHCS HOBBIMH KOOPAMHATAMH Y3J1a, MOIYYCHHBI-
MU TP TIEPEMEIICHHH POAUTEIBCKOTO y3a.

® Directscheme () Inverse_scheme

Puc. 1. PesynbTat paGoThl IPOrpaMMHOTO MOIYJIS
Ul pacyera NpsMOi KUHEMaTUYECKON CXEeMbl

TectupoBaHue ynpaBISIOIIET0 MPOrPaMMHOTIO OOecTiedeH s TIPOU3BOIH-
JIOCh B CUMYJISILIMOHHOM cpeze, MpeJoCTaBIeHHON aBTOPCKOMY KOJUIEKTUBY
HIIO «Anapounnas TexHuKa». Pe3yabpTat paboThI IpeIcTaBlicH Ha puc. 1.

Jumepamypa
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Paccmompen npoyecc cozdanus npomomuna moOuibHO20 poboma s
cbopa menemempuyeckux OaQHHLIX 0 napamempax okpyicaroweli cpeovi. Coop
OQHHBIX 0 memnepamype, 0C8eWeHHOCIU, MeCne U BPEeMEHU OCYUeCmesent-
€Sl C NOMOWBIO DNEKMPOHHBIX OAmuuKos. [lonyuenHvie OaHHble 8 PealbHOM
pedicume 8peMeHU OMNPasIAMcs Ha cepeep U Mo2ym Oblmb 6 OalbHeuuem
00pabomansl 1bO U3YATUIUPOBAHBL ¢ HOMOUbIO mexHonocuti World Wide Web.

B 2016 r. 8 TYCVYPe 6buta co3nana 6a3oBas kadenapa xkomrnanuu «Mu-
KpaH» — «Paaro3JIeKTpOHNKa CBEPXBBICOKHMX YacTOT». 3ajada Kadeapbl —
NOATOTOBKAKAIPOBOTO pe3epBa B UHTepecax KommaHuu «Mukpany». CTyaeH-
ThI Kaenpel PCU B pamkax 0OyueHHs B TOM YHCIE PEaU3yIOT COOCTBEHHbIC
npoekThl. Ilepen Hamel cTyneHYECKOH Ipymnmoil ObUla MOCTaBleHA 3amada
CO3/1aTh MPOTOTHIT MOOWIIBHOTO pO0OOTAa Ui MOHHUTOPHHTA MapaMeTpOB
OKpY’Karomiei cpefibl B CKIIACKUX TTOMEIICHHUSIX U MPOM3BOACTBEHHBIX I[EXaX
KOMIIaHHH.

Puc. 1. BHemnuii B IpOTOTHIIA MOOHIBHOTO poOOTa
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MoobuabHblil podor. Ilpu cozganuu nmporoTnna MOOHIBHOTO poboTa
IIaCCH KOHCTPYUPOBAJIOCH C UCIIOJIB30BAaHUEM AITIOMHUHHEBBIX KOHCTPYKIH-
OHHBIX JAeTaliell, U JABM)KEHHS MCIIOIb3YIOTCS JABUTATENH TIOCTOSHHOTO TO-
ka. Ha maccn pacnonararorcst ynpasIisiiOIIME MHUKPOKOMITBIOTEP, Kamepa ¢
nuHerHoi II3C matpuleil, mnata ynpaBieHUsS MOTOpPaMH, IjaTa AJs MOJ-
KITFOYEHUS! IATYMKOB TEJIEMETPUH.

B kadecTBe ynpaBIsOILEr0 MUKPOKOMITBIOTEpa BbIOpaHa ruiaThopma in-
tel Edison. Ona pa6ortaer mox ympasieHueM OC Linux Yocto yTo maeT
GouibIIMe BO3MOKHOCTH NpH paszpadotke [10, a Takxke BO3MOXKHOCTb CBSI3H C
ynajgeHHbIM cepBepoM 1o Wi-Fi crangapra 802.11 a/b/g/n. Intel Edison
yCTaHaBJIMBaeTCs Ha maty pacimpenus intel Edison Board x koTopoii Mmox-
HO TOAKITIOYaTh APYTUe IUIAThl PACIIMPEHUS a TAKXKE Pa3IndyHbIC TaTUYHKH.

Metoauka o6xona nomemennsi. Tak kak po6oTy He00X0MMO 00XOTUTh
TEPPUTOPHIO TIOMELIEHHS [UIsl IPOM3BENICHUS 3aMEPOB MapaMETPOB OKpYKa-
Io1IeH cpenbl TpedyeTes pa3padoTaTh CXeMy JBHIKEHUS M0 MoMeleHuto. Js
pelleHust 3ToW 3a/a4ud HaMK ObUia BBIOpaHa METOAMKA CIIEIOBaHMS 110 KOH-
TPacTHOW JINHUM, JUI 0003HAUEHHUSI TOYEK, B KOTOPBIX PoOOTYy HEOOXOIUMO
CHSTH JIaHHBIC, HA JIMHUM PACIIOJIaraloTcsi OTMETKH — «IepeKpecTkm». Jls
JICTEKTHPOBAHMS TPACCHI HMCIOJIB3YETCS CHCTEMa TEXHUYECKOTO 3pPEHUs] Ha
6a3e kameps! ¢ smHenHoi [13C marpuneii [1-3].

COop MaHHBIX TEJICMETPHU OCYIICCTBIICTCS IaTYyMKaMd W3 Habopa
Grove Starter Kit Plus - Intel IoT Edition. s co3ganust mpotoTna ObLM
BBIOpaHbI JATYMKH TEMIIEPATYpbl U ocBelleHHOCTH. Tak kak poboT cobupaer
JAHHBIC B OIpPEJACICHHBIX TOYKAaX K HUM IIPHUBS3BIBAIOTCS KOOPAMHATHI, YTO
JaeT HaM MH(GOPMAIMIO O TOM IJie OHW ObUIM CHATBHL. TakuM 00pa3om, MmoJ-
HBI HAOOp WHpOpPMaIMK O MmapaMeTpax OKpPYXKAIoIIeH Cpeibl BKIIOYACT B
ce0si: TeMIeparypy, YpPOBEHb OCBELICHHOCTH, KOOPIMHATHI MECTa M BpeMs
cHstus. [lomydyeHHBIE NaHHBIE COXPAHSIOTCS B TEKCTOBOM (hopmare B JIO-
KabHOH QaitnoBoii cucteme Intel Edison.

Ilepenaua naHHbIX Ha cepBep. st OCylIeCTBICHUS YAJIEHHOTO MOHH-
TOPHHTa HEOOXOMMO IepeaaTh CHATHIE JAHHBIEC C JIOKAJIILHOTO XPaHHIIHIA
MOOWJIBHOTO po0OTa Ha yNaJICHHBIH cepBep. DaliIbl ¢ JAHHBIMU MIEPEIAFOTCS
¢ nomoisio yrrmthl cCURL. Tlpu nepenaunt TaHHBIX MCIIOIb3YETCS MOJAENb
KIIMEHT-CepBEp, IPH ATOM B POy KiMeHTta BbicTymnaeT [1O mpororuna mo-
6usbHOTO poboTa, a cepepoM siBisiercst HTTP cepBep, KoTopslit MOXeT pa-
00TaTh KaK B JIOKaJIbHOW CETH Tak U B ceTH VIHTepHeT.

Ipu cozpanun HTTP cepBepa ObU1 MCHONB30BaH HAOOP JUCTPUOYTUBOB
Denver. Ha cepBepe HaxoJIUTCsl CKpUIIT, HanmMcaHHbI Ha si3bike PHP, koTo-
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peiii oOpabatbiBaeT naHHble ornpasieHHble yepe3 cURL. Yrtumra cURL
BBI3BIBACTCS C 3aAHHOW MEPUOJUYHOCTHIO MpU oMo bash ckpumnTa, KO-
TOPBI paboTaeT B (HOHOBOM peXKUME.

Busyanusanusi 1aHHbIX. {151 0TOOpaXkeHHs HAKOIJICHHBIX TaHHBIX HC-
none3yercss PHP ckpunt, KOTOPBIH BHIBOAUT MOTYYCHHBIC MAPAMETPBI OKPY-
JKarolel cpelibl Ha CTPaHUILIE B BUZIE TaOJIUIIBL.

B xone pabotsl Obl1a oTpaboTaHa METOMKA CO3/IaHUsT MOOWIJIBHOTO PO-
6oTa ISl OCYIIECTBIICHUS YJATCHHOTO MOHHTOPHHIA MapaMeTPOB OKPYKa-
fomei cpezpl. [IpoToTHN P MPOBECHUN UCIBITAHUN YCIEUIHO CIIeI0Ba
1o Tpacce, coOMpas TEIEMETPUUCCKUE MaHHBIC B YKAa3aHHBIX TOYKAX M OT-
npaBisis ©X Ha cepBep. [lomoOHast pa3paboTKa MONe3Ha MPU CIACKECHUH 32
napameTpamMy OKPYXKAaIoIIel cpelibl B OONBIINX MOMEIICHUSX I1Ie 9TH mapa-
METpPbl KPUTHYHBI, HATIPUMED, B TPOU3BO/ICTBEHHBIX I[EXaX.

Jlumepamypa
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Kadri47@yandex.ru

Paccmompenvr  ocobennocmu  pazpabomxu  npomomuna annapamHo-
NPOCPAMMHO20 KOMAIEKCA CNYMHUKOBOU CA3U C ABMOMAMUYECKUM Hagede-
Huem Ha cnymuux no Haunywwiemy cuenany. Opuenmayus 6 npocmpancmee
ocywyecmensiemcs no NOKA3aHUAM 1eKMpPOHHO20 KOMRACA, aKceaepomempa u
eupockona. Ilouck nyuuwieil RO3UYUU ¢ MAKCUMATLHLIM CUSHATIOM OCYWeCcme-
JISIeMC 34 cuem KOHMpONs YPOGHsl NONE3HO20 CUCHAA.

BBenenne

[TockonbKy CITyTHHKOBasi CBSI3b MOKPBIBAET IUIOIIA/IL 3EMJIM TOpa3o
Oosiblie, yeM MOOMIIBHAS, a TaKXkKe Onarojgapsi IOCTYIy B OTAAJEHHBIX OT
UBWJIM3ALMHA MECTaX, TAKOW THUII CBA3W HIMPOKO UCIIONB3YETCS Pecypcojio-
OBIBAIOLIMMHU KOMIIAHUSMU U HCCIIEA0BATEIILCKIMHU APTUSIMH B 3aI1OJISIPHBIX
Kpasx. B pamkax paHHOW paOOTHI HaMH OblLiIa peleHa 3a7ava Co3IaHus Ipo-
TOTHIIAa YCTAaHOBKM CIIOCOOHOW IPOM3BOANUTH ABTOMAaTHYECKOE HAaBEICHHE
CIIyTHUKOBBIX aHTCHH Ha re€0CTaIllHOHAPHBIE CITy THUKH.

[Ipu pa3paboTke U co31aHUU KOHCTPYKIUH MPOTOTUIIA MBI PELIad TPU
OCHOBHBIX KOMIUIEKCA BOIIPOCOB: CO31aHHE KHUHEMAaTUYECKONW CUCTEMBI, pa3-
paboTKka SIIEKTPOHHOM CXEeMbl YIpaBJICHUSI U CO3JaHUE MHTEJUIEKTYaJbHOTO
IPOTrPaMMHOTO 00ecreyeHusI.

Knnemarnuyeckasi cucreMa

IIpu co3manuy MPOTOTHIIA TAHHON YCTAHOBKU OBLIM HCIIOJH30BaHBI Ma-
TepHajbl U3 IPOYHOTO0 METAJUIA, B BUJC MPAMOYTOJIBLHOTO MPOGIIIS TOJIIIM-
HOM 1.5 MM; 1IBeIep, TONIMHONW 3MM; a TaKXKe MeTaUTNYeCKUe MIaCTUHBI,
TOJIIUHOM OKOJIO0 5 MM. J[J MOABMXKHOTO PHIYXKHOTO MEXaHU3Ma, BBINOJ-
HSIONIETO HAKJIOH aHTCHHBI, OBUIM MCITOJIb30BAHBI Pe3b0OBBIC BTYJIKH OT aB-
TomoOmIIs «Boray a Tak ke JMHEHHBIA MPUBOX ¢ JUIMHON Xoxa 500 MM u
HanpspkeHueM nmuTtanus 24B. UtoObl 00eceYnTh TOBOPOT AaHTECHHBI 110 a3H-
MyTy B Ka4eCTBE OCHOBAHUS OBUIO PEIICHO B3STh MOBOPOTHBINA CTOJ OT TO-
KapHOTO CTaHKa, KOTOPBI 00ECIEeYUBACT IUIABHOC M PABHOMEPHOC JIBUXKE-
Hue. J{ns yrpaBiieHus: MOBOPOTHBIM CTOJIOM ObLIa BHIOpaHA CHCTEMa MOTOP-
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peaykrop, ¢ koddduureHTOM MoHMkeHUs 1:10 W mAaroBbIil IBUTATEINb, C
MaKCHMAaJbHBIM KPYTSIIUM MOMEHTOM 3HM.

Puc. 1. BHemnuil BUJl yCTAaHOBKHU C YCTAHOBJIEHHOMH CITyTHHMKOBOI aHTEHHOM

JJ1eKTPOHHASI YACTh CHCTEMBI

Juist yripaBieHus] BHEIIHUMH YCTPOMCTBAaMHU U MOJYy4EHHS JTAHHBIX C JaT-
YHKOB HCIIOJB3YeTCsl MUKpPOKOHTpoiulep Arduino. Jlnst ob6pabotku pajuo-
CUTHAJIOB HCIIOJIB3YyeTCsS MUKpOKOMITbIOTEp Raspberry Pi 3. 3To HeoOxoaumo
JUISL TOTO, YTOOBI MOXKHO OBUIO BOCIIOJIB30BAaThCS TOTOBBIMH OHOIMOTEKaMU
st paborsl ¢ SDR mpueMHUKOM, TNOCTPOSHHBIM Ha 0a3e MHKPOCXEeM
RTL2832U + R820T xoTophlil mepexBaThIBAa€T MOTOK JAHHBIX MIAYLIUX MO
KOaKCHAIFHOMY Ka0ento OT KOHBEpTOpa B pecuBepy. it onpeneneHus mo-
JoxeHus B mpoctpaHcTBe Mbl ucnonbzyeM GPS/TJTIOHACC npuemHuK, ak-
CeJIepOMETp, TUPOCKOI 1 KoMnac. YTOObI NPUBECTH KOHCTPYKIHIO B JIBHIKE-
HUE W TIPOU3BECTH HAKJIOH aKTyaTOpOM Ha HEOOXOAMMBIH yron mecra uc-
T0JIb3yeTCsl ApaliBep Ha OCHOBE MOCTOBOM CXeMBIL. [[is ToBOpOTa 110 a3UMyTy
HCIIOJIB3YETCS] MOLIHBIN IpaiiBep IIaroBoro ABUTATEIS.

IIporpamMHoe ob0ecnieueHre 1 MaTeMaTH4yecKasi MOJe/Ib
Ins ces3u MukpokoHTposuiepa Arduino u Raspberry Pi mcmonesyercs

untepdetic 12C. I'pybast HaBoIKa aHTEHHBI IPOU3BOIUTCS HA OCHOBE JJAHHBIX
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0 MCECTOIIOJIOKCHUH, TMOKa3aHUAX KOMITaca, aKCCJICpOMETpa U TMPOCKoIa, a
TaKKEC XapaKTCPUCTHUK O(l)CeTHOﬁ CHyTHHKOBOﬁ AHTCHHBI.
@opMyna IUIA pacycTa yrijia MecTa:

cosllops—Losar)-coslaps)—0.15126
ES SAT ES

El = arctg{ Ji-cos? (Lops—Losqrlcos? (Lags) 1
Popmyna /Ui pacueTa a3suMyTa (1151 CEBEPHOTO TOITYIIAPHS):
Az =180 + arctg M @)
sinllags)
Dopmysia 11st pacyeTa a3uMyTa (15 FXKHOTO MOJTyapus):
Az = arctg f fiegmiizare 3)

sinllags)

JIJisl TOHKOM FOCTUPOBKHU MBI HCIIOJIE3YEeM aHAJIN3 YPOBHS MOJIC3HOTO CHUT-
HaJla Ha BBIXOJIC MMPHEMHUKA 00pabOTKa MPOU3BOUTCS MUKPOKOMITHIOTEPOM
Raspberry Pi, lsst 3T0Oro Mbl HCHOJIB3yeM TOTOBOE MPOTPaMMHOE odecreye-
Hue GNU Radio u 6ubmotekun Osmocom Juist pabOThl ¢ MEKPOKOHTPOJLIC-
pamu RTL2832U + R820T. CrienuanbHO HamucaHHAs MpOrpaMMa Ha SI3bIKE
Python, paccuuThiBacT ¥ COOOIIACT aAMIUIUTYTHO-YaCTOTHBIC XapaKTCPUCTH-
KA MHKPOKOHTpOJUIepy Arduino, sl TOrO YTOOBI OH CMOT HANTH ONTHMAJTb-
HOE TIOJIOKCHUE aHTCHHBI ¢ MAKCUMAJIGHBIM ITOJIC3HBIM CHUTHAJIOM CITyTHHKA
Y TIO3UITUOHUPOBAHUS AHTCHHBL

3akiarouenne

B xome mpoxenanHoi paboThl ObUTa COOpaHa KOHCTPYKIIHS CIIOCOOHAS
[IPOU3BONTH HABEJECHUE CITyTHUKOBBIX aHTEHH HA FEOCTAl[MOHAPHBIE CITYT-
HUKH, a TaKKe peain3oBaHa mudposas 006pab0oTKa IPUHUMAEMBIX CHUTHAJIOB
co cnyTHHKa nocpenctBoM SDR. B nanpHeiineM 3T0 MO3BOJMUT MCHOIB30-
BaTh YCTaHOBKY JJISl YCTAHOBKM MH(OPMAIIMOHHOTO KaHaJla C MPOJICTAOIINX
B 30HE BHIUMOCTH CITyTHHKOB, a TAK)KE MOKHO HMCIIOJb30BaTh YCTAHOBKY B
KaueCTBE PaJMOTEICCKOIA.

Jlumepamypa
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HNJIAT®OPMA POBOTOB VIS YYACTUA
B COPEBHOBAHUAX ROBOCUP,
JIUT'E JUNIOR RESCUE MAZE

A.B. Muxaiineuxo, /[.A. Ilhakcun

Tomckuil 20CydapcmeeH bl YHUBEPCUMEN CUCTEM YRPAGIEHUsL U PAOUOINEKMPOHUKU
nastyamih1999@mail.ru

BBenenne

MexayHapoqHblii  4YeMnHOHaT 10  pobororexHuke RoboCup B
COpPEBHOBATEIbHON (hopMe TO3BONSIET OOYyYUTH JIFOICH, HEOOXOMUMBIX IS
cep poOOTOTEXHHKH M HMCKYCCTBEHHOro HWHTeuiekTa [1]. OOyueHme 31O
HaYMHAETCsl YK€ CO IIKOJIBHOM ckambu: Jiird RoboCuplJunior — at10
COpPEBHOBaHUS IIKOJBHUKOB M CTyACHTOB Milaqmux KypcoB. Komannma JIPIN
TYCYP “arm” yxe ron yuactByeT B copeBHOBaHuUsIX Jiure RCJ Rescue Maze —
ABTOHOMHBIX MOOWJIBHBIX poOOTOB-criacatesiedd B jtabupunte. [lpu cozpanuu
poboTa Juisi COpPEBHOBaHMI MBI pelllajii HECKOJIBKO 3ajad: pa3paborka u
CO3JjaHNe KOHCTPYKIMHU; TOI00p U KOMIIOHOBKA AJIEKTPOHHBIX KOMIIOHEHTOB
U CEHCOPOB; pa3paboTKa NporpaMMBbl yIpaBIEeHUs POOOTOM.

Co3nanue podora

Koprmyc mobuiibHOTO poboTa ObUT M3roTOBIEH U3 (haHepbl U Metainia. Js
JIBHDKCHHUST UCTIONB3YIOTCS 2 OOBIYHBIX KOJieca Ha JBHraTessX MOCTOSHHOTO
Toka (puc 1.).

B kauecTBe OCHOBHOTO KOHTpOJUIepa Obuta BriOpana miara Arduino Uno.
JlaHHOW TUIATHI JOCTATOYHO JUIS BBIOMHEHMS JIOKANBHBIX 3a]1a4, OHa
UCIIONB3YeTCs KaK B CJIOXKHBIX, TaK M B MPOCTBIX MpoekTax. Pobor
UCIIONB3YeT aKKyMyJISTOp Ha 7.2 V, NHTaHUE PACIpPEAeIseTCs Yepe3 IaTy
pacmmpenus L298P.

OcoOeHHOCTBIO POOOTA SBIACTCS YIBTPA3BYKOBOH JATYMK, KOTOPBIH
OPUKPEIUICH Ha nepe/Hei nanenu po6oTra. C MOMOIIBI0 HETO KanuOpoBaioch
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JBIOKEHHE po0OTa M €ro BhIpaBHUBAHME 110 LEHTPY KIETKH. J[aT4uK 1BeTa,
MPUKPETUIEHHBIA CHU3Y TO3BOJISIET PA3InyaTh [BET KIIETOK: OIHUM M3 ITPABUIT
MPOXOXK/ICHUS JTAOUPHHTA SIBISCTCS 3alpelleHre 3ae3/a podoTa Ha YEPHBIH
LIBET.

[r—

Puc. 1. Mozesnb po6ora

CyThb aJropuT™Ma COCTOMT B TOM, YTO POOOT MPOEIKAET JBYXYpPOBHEBYIO
Tpaccy B BHJE JIaOMpHHTa U €ro 3ajada IpoexaTb Bech JIAOUPHUHT 3a
ompezienieHHOe BpeMsl. J[/1s BBIIOMHEHUs JaHHOM 3a]a4u ObUIO MCIIOIb30BAHO
npaBwiIo "OfHOM pyKu'": ABUTAsACH 1O JaOMPHUHTY, HA/I0 BCE BpeMs KacaThCs
MpaBOil MM JIEBOM PYKOM €ro CTEeHBL YIIBTpa3BYKOBOH JAaTYMK BCE BpEMs
CUUTHIBAET PACCTOSHHE OT CTEHBI W IepelaeT 3Ha4eHHs KOHTpoiuepy. [lpn
OOHapy)KeHWH TPEIsTCTBUS OH Bceraa IoBopaunBaeT HaieBo Ha 90
rpagycoB.

3axuriouenne. PoboT HMcronb30Baics KOMaHJOM arm Ha COPEBHOBAHUSIX
RoboCup Russia Open 2018 u Ky6ok Pextropa TYCYP 2018. B xoxne
WCTBITaHUKA ObUIM  OTPabOTaHBI ~AJITOPUTMBI MpoOXojxa JIAOMPUHTA U
OpHEeHTHpOBaHMH B HEM. PoOOT ycriemHo nokazan cebst Ha COpEeBHOBAHUSX U
Jainee OyleT COBEPIICHCTBOBATHCS B IUIaHE KOHCTPYKIMU U AJITOPHUTMOB.

Jumepamypa

[1] Porxun A.JL, CrankeBuu JI.A., llannapos E.C. MexayHapoaHbie COpeBHOBaHUS poOOTOB
o ¢yrdony RoboCup U mepcrieKTUBbl y4acTrsi B HUX POCCHHCKUX KoMaH[| // POOOTOTEXHHKA 1
TexHu4yeckas kuoepretuka. 2015. Ne 2 (7). C. 24-29.
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JETCKAS PABBUBAIOLIASA UT'PA
HA IINIAT®OPME ABTOHOMHOI'O POBOTA NAO

A.A. Hasnosa, O.B. Tepmuwnas, E. C. lllanoapos

Tomckuil 20CydapcmeeH bl YHUBEPCUMEN CUCTEM YRPAGIEHUsL U PAOUOINEKMPOHUKU
alexia. 1999@mail.ru

BBenenne

CoumanpHas poOOTOTEXHHMKA - 3TO HOBasi MEXMCIMIUIMHAPHAs 00J1acTh
JeSITEIILHOCTH, HAallpaBJIEHHAs Ha M3Y4YE€HHE B3aUMOEHCTBUS JIIOJeH U po0o-
ToB. OTJENbHON MHTEPECHOW TEMATHKOW B COLMAIBHONW pPOOOTOTEXHUKE SIB-
JIsieTcsl B3auMoJieicTBie poOoToB U netei [1-4]. B wacTHOCTH, pabOTHI 1O-
CBSIILIEHBI CO3/IAHHI0 KOMIUIEKCa MPOrPaMMHOTO olecrieueHus Iyisi poOoTa,
BBITTOJIHSIONIETO (DYHKIMM ITOMOIIHMKA BOCIIMTATENs JIETCKOrO caja Ha
iatpopme Aldebaran Robotics NAO [2-3].

IInardopma

NAO - 3T0 aBTOHOMHBIH POrPaMMHUPYEMBII Y€JI0OBEKOIIOI00HBIH poOOT,
NPUMEHSIOIIMICS JJIsl KCClieIoBaHui B 00JIaCTH POOOTOTEXHUKU M ITOMOTa-
IOIIMI yYallMMCsl B OCBOGHUHM KOMITBIOTEPHBIX U KOTHUTHBHBIX HayK, MaTe-
MaTUKHU U (PU3HUKH, a TAKXKE B 00JIACTH B3aUMOJIEHCTBUS po0OOTa 1 YeJIOBeKa.

Tak kak NAO o6siagaeT MOITHBIM 00pa30BaTEIbHBIM MOTCHIUATIOM, €CTh
BO3MOKHOCTh MCIOJB30BaTh €ro B JETCKUX cafax W mkonax [2]. ITomumo
9TOT0, C €ro MOMOUIBI0 MOXKHO M3y4aTh aOCOJIIOTHO Bce cepbl poOOTOTEX-
HUKH.

Puc. 1. ABroHOMHBIH po6oT NAO
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Leaso g1anHoii padoThl SBISIIOCH CO3/IaHKE TIPOTPAMMHOr0 obecrede-
HUs Uit pobota NAO, peasM3yomiero pa3BiBaoLlylo UTpy C JAE€THMH B 3a-
rajKy Ha pasHYHbIC TEMBL

B npouecce pazpaborku I1O Hamu pemanuch ciefyrolue OCHOBHBIE 3a-
Jauu: u3yueHue podora u Bo3MokHocTel BcTpoerHoro [10; pabora c Gio-
KaMM aHaJli3a W CHHTe3a peud; padoTa ¢ jaTdyuMkamu poOoTa; paspaboTka
crueHapus urpsl; peanmmzanus [10 peanusyromero creHapuii B3anMoJeHCTBUS
poOOT-peOCHOK; IPOBEICHUE UCTIBITAHUH.

Pazpabotka 1O npousBoamiiach B cpejie BU3yaJbHOTO MPOrpaMMHpPOBa-
Husi Choreographe. Mcnons3oBamucs 6ubmiorexkn ¢peiimBopka NAOqi, B
YaCTHOCTH OJIOKH IOJIOCOBOTO aHaJIM3a M CHHTE3a, paboTa C JaTYMKaMH U TIp.

CueHapuii HTpbI

Hamu Obu1 pa3paboTaH CIEIyFONIUIA CIICHAPHIA UTPBL:
AXTHBH3aLMS TPOTPAMMBIL, IPUBETCTBHE pOOOTA

Br100p peGeHKOM TeMBI 3arafiok U3 NpeAyIoKEHHOTO CITHCKa
PoOot 3aunThIBaeT 3aragKy rojlocoM U KJET OTBeTa peOeHKa
PebeHok oTBeUaeT OJJHUM CIOBOM

5. Ecnu orBer mpaBWiBHBIA pOOOT XBaNIUT pebeHKa W mpejaaraer
0Trajiath CJeIyIOUIyIo 3arajKy

Oco0eHHOCTH ClieHapHs: OTBETOB HAa 3arajKy MOJXET OBbIThb HECKOJBKO
(«3astmy, «3aiiumk» W mp.); bonpioi BEIOOP 3arafiok CrpynmUpOBaHHBIX MO
TeMaM; CLEHApUi IpelycMaTpUBaeT aHUMAIUIO JIBHKECHHUSIMHU PYK U TOJIOBBI
po0boTa, uTO yBEeIMYMBAeT OJIM30CTh KOHTAKTa; BCE B3aMMOJEHCTBHE ¢ po0O-
TOM IIPOMCXOJUT C TOMOLIBIO TOJIOCOBOTO HHTEpdeiica.

HcnbiTanusi pa3paboTaHHOTO MPOrPAMMHOTO OOECIieUeHUsT ITPOBOJIH-
JIUCh Ha 0a3e ymabopaTopuy poOOTOTEXHUKU U MCKYCCTBEHHOTO MHTEJUICKTA
TYCVYP. B ucnbitanusx NpUHSIN ydacTue 7 neTed, B Bo3pacte 6-7 nerT. Pe-
3yJbTaThl OBUTH NPU3HAHBI YCHEIIHBIMU.

el

Jlumepamypa
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MOp(dHBI pOOOT-HOMOLIHIK BOCHHTATEIIS JOLIKOIBHOTO YUpEexkIeHH s // DICKTPOHHBIE 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.
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CO3JAHUE NPOTOTUIIA ABTOHOMHOI'O
MOBMJIBHOI'O KOMILIEKCA C CHHXPOHU3AIIMEN
HA BA3E IIVTIAT®OPM INTEC MILESTONE
N ARDUINO

I A. IThaxcun, A.A. Knumos, A.E. Kodopos,
uJl. labanun, E.C. lllanoapos

Tomckuil 20CydapcmeeH bl YHUBEPCUMEN CUCTEM YRPAGIEHUsL U PAOUOINEKMPOHUKU
ygt.art@gmail.com

BBenenne

3amaua CHHXPOHHM3AIMH aBTOHOMHBIX POOOTOTEXHMUYECKUX IIaTdhopM, B
YaCTHOCTU MOOWJIBHBIX POOOTOB, SIBJISETCS aKTyaJIbHOW. ABTOpaMu paboThl B
paMKax XakaToHa 110 MHTEPHETY Belleil OblUla MpeioskeHa HJesl CO3qaHHs
ABTOMAaTU3MPOBAHHOTO MOOMJILHOTO KOMIUIEKCA C BO3MOXKHOCTBHIO CHHXPO-
Huzauuu JprokeHui. [lomoOHBIE crcTeMbl MOTYT OBITH HCIIOJIB30BaHbBI MPU
CO3JIaHUH aBTOHOMHOTO CEJIbCKOXO035ICTBEHHOTO KOMILJIEKCA.

Juist co3manusi mpoToTMna ObUIO NMPHHATO PELIEHWE IMOCTPOUTH ABYX
MOOHJIBHBIX pOOOTOB, KOTOpBIE OyIyT Oa3upoBaThCsi Ha 0a3e pa3HBIX
ynpasisiiomux mwiargopm. OQUH U3 MOOUIIBHBIX pOOOTOB SIBIISIETCS «TJIaB-
HBIM», OH 3aJ[aeT JBM)KEHUS, IIPH 3TOM BTOPOH MOOWIIBHBIA pOOOT € ITOMO-
IBIO AaTYUKOB MOJICTPAUBAET CBOE JIBUXKEHUE YTOOBI CIIEZ0BATH 3a MEPBBIM
poboToMm.

Ynpasasiiomme miatgopmsl

OnuH u3 podotoB 6asupyercs Ha athopme Arduino Uno. Arduino Uno
nmocTpoeH Ha 6a3e koHTposuiepa ATmega328 ¢ TakToBOM yacToToM 16 MI'1,
obnaznaet mamaThio 32 Kb 1 numeer 20 KOHTPOIMPYEMBIX KOHTAKTOB BBOJIA U
BBIBOJIA [T B3aUMOJICHCTBHUS C BHCIITHUM MHPOM.

OcHoBHOW po0O0OT TmocTpoeH Ha 0Oa3se omHomnatHoro Arduino-
coBmectumoro kommetotepa Intec MILESTONE M-100. JlanHblii MHUKpPO-
KOMITBIOTEP TO3BOJISIET MCIIOJIB30BATh BECh CIIEKTP CEHCOPOB, JIpailBEpOB U
IPOYMX MOJyJIel, coBMecTUMBIX ¢ miatdopmoir Arduino Uno, npu 3TOM OH
ropaszo npoussoautensHee. MILESTONE M-100 obagaet BRICOKOIIPOM3-
BOAUTENBHBIM 32-X OUTHBIM siipoM ARM Cortex M3 ¢ gactotoit 10 8OMI 1,
a taxke umeet 128KB EEPROM u 32KB RAM.
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TexHu4eckas peanuzanus

Juist peanuzanuy MPOTOTUIIA aBTOHOMHOTO KOMIUIEKCAa OBUTH ITOCTPOEHBI
JIBA MOOUJIBHBIX POOOTA.

I'naBublii pobor ocHamieH I13C-kamepoll ¢ JHMHEHHOW MarpuLel, 4TO
MIO3BOJISICTCSl 33]]aBaTh €My TPAGKTOPHIO JUIS CJIEJOBaHHUS KOHTPACTHOW JIH-
Huel. J{ns oOpaboTKu JaHHBIX MOCTYMAIOUIMX C KaMepbl TpeOoBanoch Mpo-
U3BOJUTENBHOCTH Oombine yeM y Arduino Uno, mostomy mardopma MILE-
STONE-100 otnruno cebs mokasana B pelieHnH TaHHOH 3anauu. [IpuHInIsI
pabots ¢ [I3C-kamepoit moapoOHO paccMOTpeHkl B padore [1].

i

wmnynsce

Vapsenmoume
wMnynsCe:

| n3c-«amepa
Asanoroesiii
Fnauerne curzn

Oarumkmn PaCCTORHMA
paCcCTOAHUA MILESTONE-100

Arduino Uno

Asznorossit
curman

LWMM-cursan ° e LWMM-curan
MoTops! f——»| Motops!

Puc.1. Cmpyxmypnas cxema npomomuna

Bropoii pobot ympansiercss ¢ momoubio iathopmsl Arduino, U uis
CHUHXPOHH3ALUN UMEET HECKOJIbKO AaTYMKOB paccrosHue. [IpuHimn paboTs
CHUHXPOHH3ALMN Ha JaHHBIA MOMEHT IpPOCT: IJIaBHBIM POOOT JBHTraeTcsi mo
TPaeKTOPUH 3a/IaHHOW KOHTPACTHOH JIMHWEH, BTOPOH pOOOT MBITaeTCs OCy-
IIECTBIISITH CHHXPOHHOE JIBHYKEHUE BMECTE C BEYIIMM Ha OCHOBE MH(OpMa-
UM C JaT4uKa paccTosiHus. TakuM oOpa3om, poOOTHI IBHXKYTCS BJOJIb Tpa-
€KTOPUU CHHXPOHHO OCYIIECTBIISISI MOBOPOTHL. CTPYKTypHasi cXemMa B3aHMO-
JEUCTBHSI KOMIIOHEHTOB CHCTEMBI TIPE/ICTaBIIeHA HA PUCYHKE 1.

3akiarouenne

B xone npopenanHoi paboTel ObUT pa3paboTaH MPOTOTUI aBTOHOMHOTO
MOOWJIBHOTO KOMIUIEKCa C CHHXpOHH3aIueld Ha Oa3e miatdopm Intec
MILESTONE u Arduino, mpoTOTHI YCIIEIIHO BBIIOJNHSET IOCTaBJICHHBIC
3amaun. B nanpHe#meM miaHupyeTcs TOMOJHUTh CHHXPOHHU3AIUIO TeJIeMeT-
pueli JaHHBIX MeXy podoTaMu 1o cetsim Wi-fi.

Jlumepamypa

[1] KnumoB A.A., ITyraues IL.E. Pa3paboTka anmapaTtHO-IIpOrpaMMHOIO KOMILIEKCA aBTOHOMHO-
ro aBTOMOOWJISI ¢ YIIpaBJICHUEM 110 JOpoXHON pasmerke // Hayunas ceccuss TYCYP-2016 :
Marepuansl MexayHap. Hayd.-TexHH. KOH(. CTyZeHTOB, acIMpaHTOB M MOJIOABIX YYEHBIX,
Tomck, 25-27 mast 2016 1. : B 6 4. Tomck : B-Criextp, 2015. Y. 3. C. 52-54.
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AJITOPUTM TOUCKA MSAYA
JJIA AHTPOITIOMOP®HOI'O POBOTA ®YTBOJIUCTA

E.C. Honvinyes, A.A. Knumos, E.C. lllanoapos

Tomckuil 20CydapcmeeH bl YHUBEPCUMEN CUCTEM YRPAGIEHUsL U PAOUOINEKMPOHUKU
ygt.art@gmail.com

BBenenne

RoboCup - 3T0 HeKOMMepYeCKHid, HAYYHbIH M KYJBTYPHBIH MPOEKT MO
MPOJIBM)KEHHIO UCKYCCTBEHHOTO MHTEIUIEKTa, POOOTOTEXHUKH U JPYTHUX CBSI-
3aHHBIX 00JIacTe HAYKH M TEXHUKH MOCPEJACTBOM OpPraHHU3allMK U IPOBEJie-
HUSI pOoOOTOTEXHUYECKUX COPEBHOBAaHMI, OpraHu3oBaHHbBIl B 1993 rony.
Heunbto uannuatieel RoboCup — B cepequne XXI Beka mpoBecTH MaTd MEX-
Iy KOMaH/IOW aBTOHOMHBIX aHTPOIIOMOP(HBIX POOOTOB M KOMaHIOW TEKy-
IMX YEMITMOHOB MUpa 1o ¢yTooiy 1o npasuiam FIFA. [1]

OnHo#i n3 mnpuopureTHbix Jur RoboCup susercs ymra Humanoid
Soccer. B aToli nMre aBTOHOMHBIE YEJIOBEKONMOAO0HBIE POOOTHI MTPAIOT B
¢GbyT60a mpyr nmpotuB npyra. Po6oTsl pasaenensl Ha Tpu kiacca: KidSize (40-
90 cm BrIcoToit), TeenSize (80-140 cm), AdultSize (130-180 cm).

AnnapatHas niaargopma

B kauectBe pOOOTOTCXHHUYECKOW IIATGOPMBI AJIS CO3JAHUS KOMAH/IbI
poboToB-yTO0oIMCTOB OBIIAa BBIOpaHa MOJIeNb Robotis Darwin-OP 2.

ITnardopma Robotis Darwin-OP 2 mpencrapiseT u3 ceds aHTporioMopd-
HOro poboTa, padortaromas Ha 0aze mpoueccopa Intel Atom N2600. Pobor
ocHanieH 20 CepBOMPUBOAAMHU JJIsl OCYIICCTBIICHUS JBIIKCHHS, TAKXKE HMe-
ercss HD kamepa [uisi pelieHus 3a1a4d TEXHUUECKOro 3peHus, 2 MUkpodoHa,
JMHAMUK, MATYMKH aKceJIepoMeTpa W TUPOCKOMA Ui OPUCHTAIMH B TPO-
CTpaHCTBE.

AJITOPUTM NOMCKA MSIYa

OnHoit u3 BakHe#mmx 3amayu g [10 pobora-pyTOosucTa ABISICTCS 3a-
Jlada MmoucKa U OTCIIeKuBaHus Msda Ha mojie. Jlo 2015 roma B RoboCup wuc-
MI0JIb30BAJICS. MOHOXPOMHBIM MU KPaCHOTO MJIM OPaHXEBOro IiBera. B sTom
Cllyyae BO3MOXKHO OBUIO MCITOIb30BaTh NPOCThIE U AP PEKTHUBHBIE AJITOPUTMBI
OCHOBaHHBIE, HallpUMep, Ha METOJE MOouCKa Mo LeHTpy Macc [2]. OxHako,
MIOMEXO03alMIIIEHHOCTh TAKMX CUCTEM Oblla KpaiiHe HU3KoH. Tak, Hanpumep,
poOOT MOT BOCIIPHUHSATH 3a MsY YEIOBCKa B KpPacHOW onexne. BeeneHue u3-
MeHeHuH B npasuna urp B 2015 roxy moctaBuio nepes KOMaHAaMH 3a7ady
co3nanusi 3(p(EeKTUBHBIX aJTOPUTMOB IIOMCKAa HACTOSIIETO (QyTOOIBHOTO
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Msya ¢ 50% Geroro nBera. B pabote [2] yke OBLI ONMUCAH OJUH U3 HCIIOJb-
3yeMBIX aJIFOPUTMOB, HO €ro IMOKa3aTeM KaK ¢ TOYKH 3PEHHUS JAIbHOCTH
«3PEHUS», TaK U HEOOXOMMMOCTH 3HAUYUTEIbHBIX BBIYHUCIHTEILHBIX PECyp-
COB, HE MMO3BOJISIFOT MCIIOIB30BaTh €ro 3G (HeKTHBHO.

Takum 00pa3om, OblUIa TOCTaBJICHA 3ajiada pa3pabOTKH HOBOTO CIOco0a
MOMCKA Ms4a, 00ECIIEUMBAIONIETO OTHOCUTEIBHO OOJBIIYIO JalbHOCTh «3pe-
HUS» M HU3KKE TPEOOBaHMS K Pecypcam.

Jlis moucka mBeTHoro Msda Ha (yTOONBHOM ToJie ObUT BHIOPAH METO.
OCHOBaHHBIN Ha BBIJEJICHHH [BETOBBIX MAcOK. J[aHHBINH MeTO OBUT peann3o-
BaH C MCIOJIb30BaHUEM OMOIIMOTEKH TeXHUYecKoro 3penust OpenCyv.

Puc. 1. UcxonHoe u3o0paxeHue

Ha puc.1 npencraBien npuMep Kazapa CHATOTO C Kamepsl poboTa, Ha Ko-
TOPOM HEOOXOIMMO OINpPENeSIUTh KOOPAMHATHI eHTpa Msda. VrpoBod Msd
COCTOHUT M3 4-X IIBETOB: OPAHKCBBIHN, CHHHIA, 3€JICHBINA 1 OCITBIN.

Juist moncka mstya ObUIO BEIOpAHO BBIJENICHHE 3-X IBETOBBIX MAacoK — Oe-
JIBIA, CHHUW W OpaHXeBbIi. [lepe BBIICTICHUEM IIBETOBBIX MacOK HEOOXOIH-
Mo nepeBect n3obpaxkenne u3 RGB nBeroBoro npocrpancrea B8 HSV, aro
obecrieunBaet Oojiee yA00HYIO M IPOCTYIO IIPOLEAYPY CO3AAHHSI MaCOK.

Ha puc. 2 (a-B) (cieBa) mpuBeACHBI COBETYIOMUE Macku. s mambHEw-
el paboThl C HUMU MacKy He00X0IMMO Pa3MBITh (puc. 2 (a-B) cripasa).

[ocie pa3MbITHs, B TeX MecTax Ha U300pa)KeHHUH T/ie BbIACICHHbBIE IBETA
HaxoJATcs psuoM (Ms4) MacKM HauyMHAIOT IepeKpbiBaThes. Jlormueckum
YMHOKEHHEM 3-X MacoK CO3[aeTcsi pe3ynbTHpyromas (pabouas) Macka, Ha
KOTOPOH Kak IPaBWIIO YK€ BbIJEJIeH Msd, paboyasi MacKa TaKkKe pa3MbIBaeTCsl.
Ha puc. 2 (r) pabouast Macka BBIJICIICHA OPAH)KEBBIM IIBETOM. JIJ1s1 HAXOKICHHUS
KOOpJMHAT Ms4a Ha W300pa)KeHHH K pabovell MacKe MpPUMEHSIETCS allfOpUTM
HaXOX/IeHUs eHTpa Macc. Ha BbIXoze Mbl nMeeM M300paskeHHe C BBIIEICHHOM
PE3yIBTHPYIOLIEH MAacKOI 1 KOOpJMHATaMH LIeHTpa Mst4a (puc. 2 (T)).
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2

Puc. 2. PesynbTaTsl 00paboTKU N300paXKEHUS: g — CHHSISL Macka, O — OpaHKeBasi Macka, 6 — Oelast
MacKa, 2 — BEIXOIHOE N300paxeHne
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HanHblii Meton oOecrieuMBacT BBICOKYIO IMOMEXO3alUIIEHHOCTh, CTa-
OMJIbHOE pacliO3HAaBaHME MsYa KaK Ha OYeHb OJM3KOM pPacCTOSHHM (IIPSIMO
nepes HoramMu po6oTa, Koria Msid 3aHHMaeT OOJIbIYIO YacTh KaJpa) Tak U Ha
JallbHEM PAcCTOSIHMM 1O 3-X METPOB, a TaKKe€ MMEET BBICOKYIO CKOPOCTb
paboThl, Tak Kak Ipu 00paboTKe N300paKeHUsT HE UCTIONIBL3YIOTCS pecypco3a-
TPaTHBIE AJITOPUTMBL

[oaBoAst MTOT AITOPUTM TTOMCKA MsTYa BBITISAUT CIEAYIOIHMNA 00pa3oM:

— Ha nony4yeHHOM Kajpe BBIIEISIOTCS 3a/JaHHBIE [[BETOBBIC MACKH.

— LIBeToBBIE MACKH Pa3MBIBAIOTCS, U IIYTEM UX JIOTUYECKOTO YMHOXKEHHUS
CO3JIaeTCs pe3yNbTUpYyIoIIas paboyas Macka.

— Ha paboueii Macke ImyTeM MOKMCKa LEHTpa Macc ONPEIEISIOTCS KOOp-
JMHATHI LIEHTa MsYa.

HcenpiTanusa. YBeandyeHue cTadMIbHOCTH

[lepBuuHBbIC HMCHBITAHHUS MPOBOMIKCH B JIA0OPATOPHBIX YCIOBUSAX TJIC
KOJINYECTBO BHM3YaJBHBIX TOMEX OBUIO CBEICHO K MHHUMYMy. OJHAKO B
ycioBusx copeBHoBanui Ha RoboCup Russia Open 2018 crano sicHO 4To B
KaJpe MOCTOSHHO MPUCYTCTBYET OOJIBIIOC KOJHUYECTBO BU3YaJLHOTO IIyMa
(JTrozTM, KOTOpBIE XOAAT IBETHBIX (pyTOOJKAX HA 3aJHEM IUTaHE, TPUOYHEI,
BCIIBIIIKH (DOTOAMITApaTORB).

st yBeNMYeHUsT CTaOUIBHOCTH PAabOThI MOMYJIS TEXHUYCCKOTO 3PCHUS
MPEIIPUHIMAIICS KOMIUIEKC Mep. Bo-mepBbIX, kamepa po0OoTa HacTpauBa-
JIaCh TIOJ TEKYIME YCJIOBUSI OCBELIEHHOCTH (KOHTPACT, SIPKOCTh, PE3KOCTh U
T1.). BO-BTOpPBIX, OBLIO 3aMEUECHO, YTO OOJIbINAS YacTh BH3YaJbHOTO IIyMa
COCpEIOTOYCHA B BEPXHCH YacTH Kajpa, NMPH 3TOM KaK MPAaBUJIO B HIDKHEH
YacTH KaJpa OCTaeTcs UTPOBOE IT10JIE, HA KOTOPOM XOPOILIO BBIJIEINISCTCS Hr-
POBOIA MsIY.

Taroke Obuta peanuzoBaHa (YHKIHMS, KOTOpas o0pe3acT BEPXHIO YacTh
KaJipa Ipy MOKMCKE LIEHTpa Macc Ha Kajpe B 3aBUCUMOCTH OT yIiia HOoIbeMa
royioBsl pobota. B pesyibraTe, npu MOMCKEe KOOPJMHAT LEHTPa Ms4a poooT
00pabaThIBal TOJILKO Ty YacTh KaJpa, I/ie HaXOAWJIOCh UTpoBoe moue. bia-
rojapsi 3TOMy IpH Urpe poOOT ropasao cTadUiIbHEe OTCICKUBAI M4 Ha I10-
JIE U 3aTEM BEJI ero.

3akiarouenne

B xome mpoaenanHOW paboThl ObUT pa3paboTaH MOIYJIb TEXHUYESCKOTO
3peHHsI, KOTOPBIA 0OecreunBaeT CTaOMIBHOE PACTIO3HABAHUS MsYa Ha TIOJC B
UrpoBoM pexume. Tarxke JaHHBIA MOJYJb ObLT UCIIBITAH B PAMKAX COPEBHO-
Banuii RoboCup Russia Open 2018, rae komanna Photon-TUSUR 3ansina 2-e
MECTO.
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YIPABJIEHUE MAKETOM MOBWJIBHOM
POBOTOTEXHUYECKOM IJIAT®OPMBI
MHOCPEACTBOM BUBJIMOTEKHU «ORB_SLAM?2»

I1LE. Ilyeaues, E.C. lllanoapos

Tomckuil 20CydapcmeeH bl YHUBEPCUMEN CUCTEM YRPAGIEHUsL U PAOUOINEKMPOHUKU
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Paccmompen cnocob npumenenus mexmonocuu MexHUYECKO20 3peHust
ORB SLAM ons peanuzayuu nocmpoenusi cxembl NOMeWjeHUust N0 ani20pummy
SLAM ¢ ucnonvsosanuem cmepeokamepwl. Pazpaboman  npomomun
annapamuol  nAam@opmsl  MOOUTLHO20 pobOmMA €O  cmepeoKkamepoll u
npoepammuoe obecneuenue, peanusyiougee aneopumm SLAM. [Ipugedernvl
pe3ynbmamul YCneuHvlx 1a00pamopHbIx UCHbIMAaHUiL.

BBenenne

B Hacrosiniee BpeMsi poOOTOTEXHHKA aKTHBHO pas3BuBaeTcs. Cozmaertcs
Bce Oonbiie W OOJbBIIC PA3NIUYHBIX POOOTU3MPOBAHHBIX IUIATHOPM s
BBINIOJIHEHHST PAa3NMYHBIX 3a7qad. OJHa W3 TakKMX 3aJa4 aBTOMATH3alHs
JIOTUCTUKH, CYIIECTBYET HECKOJIBKO alTOPUTMOB PEIICHHUS STOW 3a/1a4H, OUH
u3 Hux anroputMm SLAM (ot Simultaneous Localization and Mapping)
OJIHOBPEMEHHOTO KapTOrpapupoBaHUs U JIOKATH3AIHH.

B ocHOBe Takux alrOPUTMOB JISKHT CO3JaHHE KapThl MPU MOMOIIH
pa3NMYHBIX JATYMKOB: JIMJApOB, COHApOB, BUAcOKamep. M ompenencHus
TIOJIOKEHHUSI B 3TOW KapTe MyTEM CpaBHUBAs MOKA3aHUH C JATYUKOB C yiKe
MMEIOIIUICS KaMepoi.

SLAM anroputmsl

CymectByeT Heckonbko SLAM anroputmoB: EKF-SLAM, FastSLAM,
DP-SLAM, LSD-SLAM, ORB-SLAM wu np. B ocHOBHOM OTiIMYMS MEXAY
HUMM 3aKJII04aroTcs B npeacTaBieHuu kaptel. B Fast-SLAM 310 MHO)XECTBO
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JnoKanpHBIX KapT, B DP-SLAM 5310 ceTka cC 3allOdHEHHEM siUeeK
HPEMATCTBUSIMU. Tak ke cephE3Hble OTINUYMS UMEIOTCS B METOZIC BBISBICHHUS
0COOBIX TOYEK M3 KOTOPBIX co3faércst kapra, DP-SLAM wucnone3yer meton
DP-Mapping ocHOBaHHBII Ha 0TOOpakeHUH pacrpenenéHubix yactun, LSD-
SLAM ocoObiMu TOukamu cuuTaeT JuHeiHble Qopmbl, ORB-SLAM
UCHoNb3yeT ymioBeie (opmbr [1]. Tak ke aqroOpuTMBbI Pa3UYarOTCA IO
npousBoguTenabHocTH, Hanpumep LSD-SLAM mnpaxktuyeckn B 1Ba pasa
memieHHee yeM ORB-SLAM, HO mnpu 3TOM OH crocobeH cTaOuIIbHO
paborath B cpeie ¢ MaJlbIM pa3HOOOpa3ueM OKPYKEHHsI, HAIlpUMEpP B TaKOM
KaK JJIMHHBIN KOPUIOP.

Hcxons m3 Tuma okpykarolied MECTHOCTH M TEXHMUYECKOTO OCHAIIEHUS
obu1 BeIOpaH ORB-SLAM anroput™, u OuOivoreka, Iie OH peajn30BaH
ORB SLAM2. B paHHOM OuOIMOTEKE MMEIOTCS WHCTPYMEHTBHI JUIs
HACTPOMKM MOJ HYXJbl MOJIENIH, BO3MOKHOCTh PabOTHI CO CTEPEO KaMepoi,
TaK e OH 00JaJaeT BHICOKUM OBICTPOACHCTBUEM U €0 KOMIOHEHTHI IPOCTHI
U JIOMYCKAIOT MOIU(UKAIMK, YTO TO3BOJMT JOMOJHHUTH (YHKIHMOHAT [0
HEo0X0ANMOro MUHUMYMa.

JaTunkn

Tak »xe umeercs OOJBLIOH BHIOOP AATYMKOB, OCHOBHBIE 3TO JMIAp U
conap. Ho y Takoro Ttuma Jar4ukoB €cTh HENOCTaToK, Korga B
HEMOCPENICTBEHHOW OJM30CTH paboTalOT HECKOIBKO TAaKHX JIaTYMKOB €CTh
BEPOSTHOCTh TOTO, YTO M3Jy4yaTelM OJHOTO Jaryuka OyayT BIMATH Ha
CEHCOpBI JPYTroro, 4To IMpUBENET K MONYYCHUIO HEBEPHBIX AaHHBIX. B TO
BpeMsi KaK BHJEOKaMepa HE HMMeeT H3JIydaresbHOi cuctembl. Ho oxna
Kamepa He MOXKET OINpPEJEIUTh TOYHOE PAaCCTOSHHE J0 0COOOH TOYKH, B TO
BpeMsi Kak CHUCTeMa M3 JBYX KamMep — cTepeokamepa JacT HaM TOYHOe
paccTosiHue 10 0co00¥ ToukH [2].

Crepeokamepa — kamepa oOnajnarom@as JByMs pa3AeiEHHBIMU
00BEKTHBAMH U CO3JIaolias paszenbHble Kaapel. Ha pucynke 1 mpeacrasineHa
peanu3oBaHHas cTepeo kamepa Ha 6a3e nByX BeO-kamep ¢ paspemenuem Full
HD 1080, moakirodaeMbix K KomIbroTepy mocpeactBom USB 2.0. O6Ge
KaMepbl 3aKperuieHs! B noactaske u3 [1BX.

Tak >xe Kamepbl peKTH(HULIHPOBAHBI, T. €. UX OOBEKTUBBI HAXOIATCS Ha
OJIHOW BBICOTE, B OIHOHM IUIOCKOCTH M HAalpaBJIEHHBI CTPOro NapajulebHO,
TaK JKe, IpH TMOMOIIM CTaHAAPTHBIX MHCTpyMeHTOB OuOmiorekn OpenCV,
OTKaJIMOpOBaHbl, CBENCHbI K MUHUMYMY DPa3JIMYHbIE ONTHYECKHE dPPEKTHI
00yCIIOBIIGHHBIE TEXHUYECKOH HETOYHOCTBIO Kamep M dPQEeKT «pblObero
razay» [3].
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JlonoTHeHHe CTAHIAPTHOTO (PYHKIIMOHAJIA

bubmioreka ORB_SLAM?2 mo3BosisieT COCTaBIsTh KapTy OKPYXKEHUS U
OIIpe/ieNsITh MECTOIOJIOKEHHE KaMepbl Ha 3TOH Kapre, HO He CIOcoOHa
3arpy’kath y>Ke€ COCTaBJICHHYIO KapTy IpHU 3allyCKe IIPOTrpaMMEI, a TaK K€ HE
MOXET OT/JaBaTh KOMaHIbl MOOWJIBHOW IUIaTopMe HEOOXOOUMBIEC IS
TEPEABUIKEHUS.

Iocne Toro xaxk mporpaMma CMOIVIa COCTaBUTh KapTy €€ HeoOXOIUMO
COXPaHUTb, 4TO ObI B MOCJIEACTBUU HCIIOJIB30BaTh CHOBA I10CIIE MIOBTOPHOTO
3amycka. Jlig 3Toro Obula HamMcaHa IpoLexypa dKCIOpTa, Kaxzias ocobas
TOYKa CO3JaHHAasl IPOrpaMMOi U 3alMcaHHasl B KapTe, coOXpaHsiach B (aii B
(dopmare: <HOMep Kaapa™> <MOPAIKOBBIH HOMEp TOUKI> <KOOpIHHATA I10
ocu X> <KOOpAMHAara Mo ocH Y> <KOOpAMHATa MO0 OCH Z>, KOOPIUHATHI
BBICUUTBIBAIOTCS. OTHOCUTENBHO TOUKH MEPBOIl JIOKaIU3aLUU KaMEepHI.

Puc. 1. BHemnuii Buj crepeokamepsl

[Tocne Toro xak MosiBUJIACh BO3MOXKHOCTH 3arpy3KH KapTbl, HEOOXOAUMO
COCTAaBUTh MapLIPyT JIBMXKEHUS MO 3TOH Kapte. [lns perieHus 3Toil 3agauu
ObUT BBIOpaH anroputM A-star — ajaroput™ obxoxa rpada, Bo3Bpalaronui
HauKpaT4aiimil myTe oT Touku A 1o touku b. Ha Bxon stomy amroputmy
HEOOXOJIMMO TOAaTh KBaJpaTHBII MAacCHB 3HAYEHUS] KOTOPOTo 00O3HayaroT
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CTOMMOCTb BEpIIMHBI, TO €CTh B HAIEM CIydYae CIOKHOCTh MPOXOXKICHHS
9TOW TOYKH KapThl. [I03TOMY TEKCTOBYIO KapTy O3KCIOPTHPOBAHHYIO U3
pOrpaMMbl HEOOXOMMO TIEPEBECTH B ABYMEPHBIH MAcCCHB, I7ie 0Cb X U OCbh
Y omnpenensior nonoxeHue 0coboi TOUKH, a 3HAYCHHUSI OCH Z BEPOSTHOCTH €&
MIPOXOXK/ICHUSI POOOTOM.

3akiaroueHue

B xome paGotel ObuTa TpoBeneHa paboTa MO MPUMEHCHHIO OHOIMOTEKU
ORB_SLAM?2 x MoOwibHO# miuardopme, Ui 3TOro ObuTa pa3paboTaHa U
W3rOTOBJICHA  CcTepeo  Kamepa. Paspaborano  gomonuutensHo — I[10
MO3BOJISAIONIEE 3arpy’KaTh COCTABICHHYIO KapTy MPU MOBTOPHOM 3amycke
[IPOTPAMMBI, TT03BOJISIOIIEE MPOJIOKHUTH MAPIIPYT U3 TOYKK A B TOUKy b 1o
COCTABJICHHOH KapTe.

Maker  mpoumén  JgabOpaTOpHBIE  WMCIBITAHHS,  [A€  IOKasal
VIOBJICTBOPUTEIIbHBIC PE3YJBTAThl B JIOKAJTU3AIUMK HA KapTe 3arpy)KEHHOM
HOCJTe TOBTOPHOTO 3aITyCKa MPOrPaMMEL.
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E-mail: evg.liv@mail.ru

Cerons OoJbIIMe HAJCKIBI B 00JIACTH WHHOBAIMOHHBIX pa3pabOTOK, B
TOM YHCJIC, OCHOBAHHBIX Ha MU(POBBIX TEXHOJOTHUSAX, BO3JIATAIOTCS UMECHHO
Ha MOJIOJIOC MTOKOJICHHE, 00JIce YYBCTBUTEIIEHOEC K M3MECHEHHSIM BO BHCIITHCH
cpelne, THOKO M OBICTPO aJanTHPYOMIEeCcss K HOBBIM YCIIOBUSAM Tpodeccro-
HaJbHOU JESITebHOCTH.

[Ipu 5TOM COBpEMCHHBIC TCHICHIIUHU MOATOTOBKH CIICIIAAIMCTOB TAKOBBI,
YTO HAa CMEHY 00pa30BaTEILHOW MapagurMe IO MPUCBOCHUIO M HapalluBa-
HUIO 3HAHUHN OTJCIILHOW JTMYHOCTHIO, MPHUIIC] KOMIICTCHTHOCTHBINA MTOIXO/,
KOTOPBIA TpeOyeT YIpaBICHHS CAMHM IIPOLIECCOM IMO3HAHUsS, CIOCOOaMu
CO3/IaHUs, MOPOXKICHUS U MPUCBOCHUS CyOBEKTOM 3HAHUS, (GOpMUPOBAHUS,
TaK Ha3bIBACMOIO, IIUPOKOT0 00pa30BaHUS, KOTOPOES MO-aHTJIMUCKUA 3BYYUT
Kak soft power («ruOKkas» WM «yMHas» CUJIa) — 3TO UHTCIUICKTYaJIbHAsI CUJIa
U KyJbTYpHBIA uMiiepatuB. OOpa3oBaHUE CTAHOBUTCS PeQIICKCUCH U CIIOCO-
00M TBOPYECKOT0, MOJU(HUIIMPOBAHHOTO HCIIOIB30BAHUS 3THUX 3HAHUN B Me-
HSIONICHCS M YCIIOKHSIOIICHCS TPaKTHKE.

Takum 00pa3om, Ha CMEHY, TaK HAa3bIBACMBIM, «TBEPJBIM» HABBIKAM, KO-
TOPBIMU CETOJHS AIpPHOPH JOJDKEH 001anath mpodeCCHOHAN, MPUXOIAT
«MSITKUCY, TIO3BOJISIFONIME YEJIOBEKY OBITh YCICIIHBIM HE3aBHCUMO OT CIIe-
UGUKA JEITETPHOCTH. DTO TaKHE HABBIKKA KakK d()(eKTHBHAS KOMMYHHKA-
U U YOpaBJICHUE, YMEHUE paboTaTh B KOMaHJAC H Mp. TO, YTO Ha PHIHKE
TpyAa Oyayiiero OyayT BOCTPeOOBaHBI CIICIIUAIUCTBI C Pa3BUTHIMH «MSITKH-
MU HaBBIKAMI» TOJTBEPXKIACT «ATIIAC HOBBIX MpodeccHii», pa3paboTaHHbIH
MockoBcko# kool yrnpapieHus: «CKOIKOBO» U ATEHTCTBOM CTpaTeruye-
ckux uWHHIMATUB. Ecim o0patuThcs K paszienaMm ATiaca, HMOCBSAIIEHHBIM
IT-cepe, poOoTexHHMKE W MAIIMHOCTPOCHUIO, TO B Ka4eCTBE OCHOBHBIX
HaAPOo(ECCHOHATLHBIX HABBIKOB M YMEHHM I MPO(eccHii JTaHHBIX OTpac-
JIeH BBIICJICHBI KIMCHTOOPUCHTUPOBAHHOCTh, MEKOTpPACiieBass KOMMYHHKA-
WS, MYJbTHA3BIYHOCTh U MYJIBTUKYJIBTYPHOCTh, YIIPABJICHUE MPOCKTAMH,
paboTta ¢ JroapMu, paboTa B YCIOBHUSX HEOMPEACICHHOCTH M HABBIKH XYJI0-
JKECTBEHHOTO TBOpYeCTBa. TakuM 00pa3oM, BO3HUKACT COIMAJILHBIN 3aKa3
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st cepbl 00pa3oBaHHs Ha pPa3pabOTKy HOBBIX (OPM M Iporpamm 1o ¢op-
MHUPOBAHHIO Y MOJIOZICKU «MSTKHX)» HAaBBIKOB, 110 PA3BUTHIO HAAPO(eccHo-
HaJIBHBIX KOMIIETCHIMH, KOTOphIE HE MPEIyCMOTPEHBI OCHOBHBIMH 00pazo-
BaTEJILHBIMU [TPOTPaMMaMH YHUBEPCHTETOB.

B crarbe paccmaTpuBaetcs onbIT TOMCKOro rocyapCTBEHHOTO YHHBEP-
CUTETa I10 MCIOJIB30BAHUIO COIMOTYMAaHHUTAPHBIX TEXHOJIOTHH IPU MOJr0-
TOBKE NMPOQECCHOHATIOB TEXHUYECKOTO Npoduiisi, a UMEHHO 00O0OILEH OMBIT
peamuzaiuu B iepuoi ¢ 2015 mo 2017 roapl 00pa3oBaTeIbHON TEXHOJIOTHH
«ConuanbHbIi akcesepaTopy», KOTopas, Ha Halll B3IJIsI, OTBEYAET CPasy IBYM
TJIaBHBIM 00pa30BaTeIbHBIM BBI30BaM:

- HTeHCH(UKaAIMK 00pa30BaHuUs C COXPAHEHHUEM €ro KayecTBa;

- 00y4YeHUIO uepe3 JesITeNbHOCTh 1 KOMMYHHUKAIUIO.

MeTo10JI0THYeCKyI0 OCHOBY pPa0OTBl COCTaBHJIM HJEH CHUCTEMHO-
JESITEIILHOCTHOTO U KOMIIETEHTHOCTHOTO IOJIX0JI0B. ABTOpPAaMH HCIIOJIb30Ba-
JIUCh TaKUe METOJIbl, KaK aHaJIM3 HAy4YHOW JIMTEpaTypbl, aHAIIN3 TOKyMEHTOB
o TeMe, kabuHeTHoe uccieaoBanue (desktop research), UHTEPBLIOUPOBAHHE
U aHKETHPOBaHHE YYaCTHHKOB 00pa3oBaTENILHOTO Ipolecca, 00pa3oBaTeib-
HBIH SKCIEPUMEHT, ONMCAHKNE NMPAKTUYECKOTO ONBITa Pean3alliyi Iporpam-
MBI aKCeJiepaluy COIUAILHO-OPUEHTUPOBAHHBIX OM3HEC-TIPOEKTOB B KIIACCH-
yeckoM yHUBepcuteTe (case study).

Ha ocHoBaHuMu uccienoBaHust 3apyOeXHBIX HCTOYHHKOB M aBTOPCKOTO
OIIBITa MPEJIOKEH HOBBIM MOJXOM K Pa3BUTHIO KOMIIETEHTHOCTH CTYJCHTOB
TexHrueckoro npoguis. Paspaborannas texnonorus «CouuanbHbIA akcene-
paTop», CTpYKTypa KOTOpOW BKIIIOYaeT B KadeCcTBE 00s3aTENBbHBIX KOMIIO-
HEHTOB 00y4eHHEe, MEHTOPCKOE COMPOBOXKAECHHE, 0OecIiedeHNe YCIOBUH s
NPEIbSIBICHNS PE3yIbTaTOB MIPOEKTHOM JIESTENBHOCTH B COOOIIECTBE, arpo-
OupoBaHa Ha 0aze CTPYKTYPHOTO rojpasjeieHusi TOMCKOTO rocynapcTBeH-
Horo yHuBepcuTeTa — [lapka colmoryMaHuTapHbIX TEXHOJIOTHA.

B o0miem ynciie cymecTByOMMX 00pa3oBaTeNbHBIX TEXHOJIOTHHA 110 pa3-
BUTHIO HaANpodeccoHaIbHBIX KOMIIETCHIMH B YHUBEPCHUTETCKOM cpelie Bce
OoJiee MOMYJISIPHBIMU CTAHOBSITCSl TaK Ha3blBaeMbIE aKcejepaTopbl. B Hacto-
slIee BpeMs aKcelepaTtop — ATO TEXHOJIOTHs, BKIIOUalolas o0pa3oBaTeib-
HBIE MEPOIPUSATHS, KOHCYJIbTAIIMH, MEHTOPCKYIO TIOAJEPIKKY, TOCTYI K 000-
PYZOBAHHUIO U MIPOYMM pecypcaM, KOTOpble HalpaBJIeHbl HA YCKOPEHHOE pa3-
BUTHE TIPOEKTOB.

TexHonorus UMeeT clieAyroNe IPU3HAKU: YeTKO 0003HAUEHHBIH IEPHO/L
npoBeJeHus, o0ydeHue B Tpymie, o0ydyeHHe C yd4acTUEM MEHTOPOB M H3-
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BECTHBIX CIEHUANUCTOB/IPeIIPUHUMAaTeNIel, o0y4yeHHe, 3aBepliaroiieecs
Mpe3CHTAIMEH TIPOCKTOB HHBECTOPAM (JIEMO/JICHB ).

IIpoekTHas nAeATeIbHOCTH B paMKax « COIMAIBHOTO aKCeJiepaTopay Harle-
JIeHa TaKKe Ha (OPMUPOBAHHME y CTYACHTOB HABBIKOB KOMMYHHKAIIUU C
MECTHBIMU M 0OoJiee MMPOKUMH cooOmiecTBamMu. Kak CBHAETEILCTBYET HAIIl
OIIBIT, YCICITHBIMHU CTAJI TC MPOCKTHI, KOTOPHIC OCHOBBIBAIUCH HAa TIOCTPOE-
HUM TPOYHBIX CBS3CH C MPEACTABUTEISIMA MECTHOTO COOOIIECTBA, KOTOPOMY
CTYJICHYCCKHE KOMAHJbI CMOIJIM IPOJAEMOHCTPUPOBATH CBOM OTKPBITHS U
uzaeu. Beck nepro; )KU3HU CTYICHTOB B By3¢ JIOJDKCH CTATh JIJISl HUX IIKOJION
IPa)KIaHCKOTO0 U MPO(PECCHOHAIBHOTO CTAHOBJICHUS, aKTUBHOTO YYacTHs B
OpraHu3aIlK KU3HU BY3a, TOPOJa, PETHOHA, CTPaHbL. AKTHBHO Y4acTBYS B
HAyYHON M OOIICCTBEHHOHN >KU3HU BY3a, TOPOJACKUX U OOJACTHBIX aKIHUAX,
CTYJICHTBI TPUOOPETAIOT HABBIKM OPraHU3aTOPa, Pa3BUBAIOT JIMYHOCTHBIC
Ka4yeCTBa, HEOOXOJMMBIC CIEUHAIHCTY, PYKOBOAMTENIO, OOIIECTBEHHOMY
JESITEIIO.

I'paxxmanckoe BocnuTaHHE W MPOo(ecCHOHAIFHOE O0YyUYCHHE — CIMHBIM,
I[eJICHAIPABJICHHBIN Mpolece (GOpMUPOBAHUS JIMYHOCTH TPAXKIAHUHA U MPO-
(beccuonana.

TpexJieTHHIA OMBIT pea3auu TeXHOJIoTHH «COIMaIbHBIN aKcelepaTopy
MIO3BOJISIET OLCHHUTH ee oOpazoBarenbHBbII mNoTeHuuan. OH 3aKiIroyaercs,
MPEXkJIC BCEro, B MOSIBJICHUH Y CTYIACHTOB YCTOWYMBON MOTHBAIUU K Jajib-
HEHIIeH NeATeIIbHOCTH B IICJIOM U B XKEJIAHWU MPOA0JDKATh 00yUeHHE B ro-
POJICKUX, PETHOHAJBHBIX, BCCPOCCHUUCKHUX M MEKIYHAPOIHBIX INKOJIAX M
nporpammax. Kpome Toro, y oOy4arommxcsi pa3BUBAIOTCS «HOBBIA B3MIISID
Ha OOIICCTBEHHOEC Pa3BUTHE, TOTOBHOCTD IPEJICTABIIATH CBOM HJICH U IPOCK-
ThI IIUPOKOW ayTUTOPUH, TPEIABABIATH PE3yJbTaThl CBOCH NECATCIBHOCTH
MECTHOMY COOOIIECTBY, JEMOHCTPHPOBATh Y4aCTHE COBPEMEHHOTO YHHBEp-
CUTETa B COIHMAJIBHO-IKOHOMHUYCCKOM Pa3BUTHH, MMOCKOJIBKY OJHHM U3 KIIIO-
YEBBIX MMOKA3aTEJICH PAa3BUTHS YHHBEPCHTETA U €0 MECTa B OOIIECTBE SIBJIS-
€TCSI BBITIOJIHCHUE COLMATIBHON (DYHKIIHH.

BaxxabiM, 6€3yCIIOBHO, SBJISICTCSA U TO, YTO MPOCKTHAS NICSITEIBHOCTD CTY-
JICHTOB B paMKax akcejieparopa CIoCOOCTBYET PacIIMPEHHI0 MX KpPyrosopa,
Pa3BUTHIO HAIIPO(PECCHOHATIBHBIX KOMIICTCHIIUH W JIMYHOCTHBIX KadeCTB,
MOBBIINIACT CTOUMOCTh BBITYCKHUKOB Ha PHIHKE TPY/a.

AmnpobupoBanHas TexHONOTUs «COIUANBHBIA aKCeJIepaTop» SBISACTCS
WHHOBAI[MOHHBIM HHCTPYMEHTOM JJIsl TOCTHDKCHHUS 3a/1a4d TeHEPAIlMA HOBOW
BOJIHBI MTPEIIPUHUMATEIICH, CTOSIICH TIepel BRICIIUMU YICOHBIMU 3aBCICHH-
sMu. JlaHHAs TEXHOJIOTHS TO3BOJISICT, BO-IIEPBBIX, PACIO3HABATH JIUII, CIIO-
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COOHBIX K MNPEANPUHUMATEIBCKON NEATeIbHOCTH C LENbI0 IOCIeAyIoIel
MIOMOIIM MM B Pa3BUTHH COOTBETCTBYIOLIMX CKJIOHHOCTEH. Bo-BTOpBIX, Tex-
HOJIOTHS CITOCOOCTBYET CO3JJaHHUIO B YUEOHBIX 3aBEJCHUSIX TBOPUYECKOW aTMO-
cdepbl, B KOTOPOH HE YIYCKAIOTCA, a PealM3yr0TCsl BO3MOXKHOCTU IPOOYXK-
JICHUSI TIPOU3BOJICTBEHHOW CaMOCTOSITENIbHOCTH, MHUIIMATHUBBI, aKTHBHOCTH;
CTpEMJICHHE BBISBJIATH MPOOJIEMBbl, UMeEoLMe OOJbIIOe MPaKTUYECKOe 3Ha-
YEeHUE M CIOCOOHBIE BCEphe3 yBJIEUb CTYJCHTOB, a TAaK)Ke WHTEHCHU(UIINPO-
BaTh JICJIOBOE OOLIEHHUE MOCIEIHUX C JYUIIMMH CIIENHAIUCTaMK. B-TpeTbux,
TEXHOJIOTHS «aKCeJIepaTop» CHOCOOCTBYET IIMPOKOH JIEMOHCTPALIUHU Pa3iny-
HBIX (OpM M BHJIOB MPEANIPUHIMATEIILCTBA, Cy1e0 U MPAKTUK JEHCTBYIOIINX
YCIIEIIHBIX TIpeIIPUHUMATEINEH.

Bounee toro, nesirensrocts I[lapka CI'T no hopMupoBaHUIO y CTYJIEHTOB
«MATKHX» HAaBBIKOB Haluia cBoe oTpakenue B padore HUU TT'Y nan camo-
CTOSITEJIFHO YCTaHAaBIIMBaEMbIMH 00pa30BaTEIbHBIMU CTaHAApPTaMH, TJe B
TpYIIY YHHMBEPCAIBHBIX KOMIIETCHIIMM BOILIA CHUCTEMHOE M KPUTHYECKOE
MBIIIUICHUE, pa3paboTKa U peanu3alus NPOEKTOB, KOMaH/AHas paboTa U JiH-
JIEPCTBO, MEKKYJIbTypHOE B3aUMO/ICHICTBHE.

Takum oOpa3om, omnucaHHasi TexHONOTUsl «CoIMaNbHBIN aKcenepaTop»
SIBJISIETCS, HA HAIll B3MVISL, THPAKUPYEMOM M TIEPCIIEKTUBHOMN ISl BHEPEHHUS
B COBPEMEHHBIX YHHBEPCHUTETAX B CBA3M C MOBBIIICHHEM TpeOOBaHUH K
«MATKHM) HaBBIKAM CTYACHTOB B IEPEXOIHBII MEPUO]] OT ISATOTO K LIECTOMY
TEXHOJIOTHYECKOMY YKIIaJy.

Paboma evinonnena npu guunancosoii noododepiicxke PDODU (epanm
Ne 16-29-04388).
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AHTPOIIOMOP®HBIN POBOT-®YTEOJUCT
JIJISI MUTAJTIIER JIMTHA HA TNIAT®OPME
ROBOTIS BIOLOID

uJl. Ulabanun, A.A. Cocomonsny, U FO. [lpoxasuna,
E.C. Honvinyes, E.C. [llanoapos

Tomckuii 20CyOapCmEeHHbIIL YHUBEPCUMEm CUCIEM YRPAGIEHUs U PAOUOINEKMPOHUKU
Shabalin_ilya omu@mail.ru

RoboCup — HexoMMepuecKkuii MPOEKT, CO3JaHHBIA Ui (GopcupoBaHHUs
pasButusi pobororexuuku. MHunmatnea RoboCup akTuBHO MOAep KUBAETCS
B Poccun, Tak Ha 2018 rox mpoBeaeHo yxe Tpu Poccuiickux HallMOHAIBHBIX
3TamoB. A poccUiiCKME KOMaHIbl, MPEUMYILIECTBEHHO NpEeACTaBICHHBIC B
MIIALIeH JMre, eXerogHo 3aHMMAalOT MecTa Ha copeBHOBaHHAX RoboCup
MHpPOBOTO ypoBHs [1-2].

Puc. 1. Pobot-hyr6onuct Ha 6a3e Robotis Bioloid

B ckopom Bpemenu B Bo3pacTHo# rpymme RoboCup Junior Oynet opranu-
30BaHa HoBas Jmura — Humanoid Soccer Kid Size. Bianes sroit nadopmanu-
eif, Mbl Pl CO37aTh 3a]eJ JUIS POCCHMCKHX KOMAH[, /ISl TOFO YTOOBI
3aKpenuTh JIMIUPYIOIHE TO3UIUK HA MHPOBOM ypoBHe. Hama pa3paboTka
MPEICTABIACT COOOM aBTOHOMHOTO aHTPONOMOp(HOro podorta-pyrdonucta
s yaactusi B RoboCup Junior Soccer Humanoid Kid Size. Po6ot noctpoen
Ha 0a3ze poboToTexHUYecKOro Habopa Robotis Bioloid, Bkitouaromero B ceost
mukpokoHTposmiep CM-530 u nBamaTh CEpBONPHUBOJIOB OT KOMITAHWUU
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Dynamixel. Moynb TeXHUYECKOTO 3pEHUS peali30BaH C MOMOIIBIO KaMephbI
TrackingCam poccuiickoit kommanun «[IpuknanHas pobororexnuka». Ka-
Mepa MOXKET paclio3HaBaTh OOBEKTHI Pa3HOTO LIBETa, pa3Mepa, (GOPMBbI U TEK-
cTypsl [2-3]. CylecTBeHHBIM NPEUMYILIECTBOM 3TONH KaMepbl SBISETCS TO
YTO, OHA MPOMU3BOAUT BCE BBIYMCICHHS CAMOCTOSTENBHO, M MEpeaaeT Koop-
JMHATHI ICKOMOTO OOBEKTa MaJIOMOILIIHOMY KOHTpOJUIepy poOora. DTo 1mo3-
BOJISIET PAaBHOMEPHO pacHpeienTh BBIUMCIMTENBHYIO HArpys3ky. Ilporpam-
MHpYyeTcst poOOT B IPOCTO OPraHU30BaHHOM cpeJie mporpaMmMmupoBanust, Ha C —
noJ00HOM si3bIKe. BbicoTa poboTa coctaBiser 44 caHTUMETpA.

ApxuTtekTypa miat(opMbl O3BOJSET UCIIONB30BATh JIMIIb OJUH MOTOK
00pabOTKHM JaHHBIX, YTO CO3/JaET MAacCy OTPaHUYCHUH M HEIOCTATKOB IPH
NPOEKTUpOBaHUK poboTa-hyrOonucra. Hampumep, poGOT HE MOXKET JUHA-
MHUYECKH IMOJICTPauBaTh XOJbOYy, OTCIEXKHMBATh MAY MpPHU XOIbOEe M Tax
Janee.

CyIIecTBeHHBIM JJOCTOMHCTBOM JAHHOW pa3pabOTKU SIBISICTCS CPaBHHU-
TEJILHO HHM3Kasi CTOMMOCTh Ha pbiHKe. AHaior — Robotis Darwin-OP, crou-
MocTh koToporo — 1300 Teicsy pyOueit 3a ogHoro po6ora. CTOMMOCTH K€
Robotis Bioloid — 120 teicsy py6ueii u 40 Teicsy 3a TrackingCam. MoHTax
U COINIacOBaHHWE 10 pabouemy HanpspkeHuto mexnay Bioloid m TrackingCam
HE JIOCTaBIsieT TpyaHocTei. Kpome Toro, BayKHO OTMETHUTh, YTO BO MHOTHX
HIKOJIaX YK€ MMEIOTcst B Hannuumu poOotsl Robotis Bioloid n pecypchbie
Habops! Tracking Cam. Y HIKOJIBHUKOB W TperojaBaTesieii poOOTOTEXHUKU
YK€ UMEETCS OTIBIT pabOThI C TAHHBIM 000PY/JOBaHUEM.

Jlo xoHIa roja IIaHUPYETCsl HAIMCATh METOIMYECKOe MTOCOOHe sl T10-
CTPOEHHS ¥ TPOTPaMMHUPOBAHUS ITOJIOOHBIX POOOTOB.
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METOAUYECKHUE BOITPOCHI OPTAHU3AIIN
BUPTYAJIBHOI'O JJABOPATOPHOI'O ITPAKTUKYMA

O.B. Axynosa, /. H. Ky3neyos
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0k-1979@mail.ru

VY4eOHble 0ocoOMs, CO3aHHbIE CPEACTBAMU COBPEMEHHBIX MH(MOpMAIH-
OHHBIX TEXHOJIOTH, CIOCOOCTBYIOT OoJiee TIIATETbHOMY H3Y4YEHHIO MaTepH-
asa, MepcoHaNIM3anruy 00yUeHUs ¥ MMO3BOJIAIOT OCBaMBaTh MH(POPMAIHUIO ca-
MOCTOSITENBHO. [1]

[Ipy moAroToBKEe MHXKEHEPHO-TEXHUYECKMX KaJpOB Ba)KHO IPOBEICHHE
71a00paTOPHOro NPaKTHKyMa Ha COOTBETCTBYIOLIEM YPOBHE, UTO C Pa3BUTHEM
MH(POPMALIMOHHBIX TEXHOJIOTHH, TpeOyeT MHHOBAIMOHHBIX T0AX0A0B. JIabo-
paTopHble TPAaKTHUKYMBI CO3JaHHBIE ISl AJIEKTPOTEXHUYECKUX CIENUAIbHO-
CTEeH MMEIOT PsAl 0COOCHHOCTEH, CBSI3aHHBIX OCYIIECTBICHHUEM MOJACINPOBa-
HUS pabOThI AIEKTPUUECKUX CXEM 3aMEIICHHS ISl YCBOCHHS JIEKTPUYECKUX
3aKOHOB, C UCIIOJIB30BAHUEM B IIPOIIECCE O0YYEHHUs ITAaKETOB CXEMOTEXHHYE-
CKOTO WJIM HMHTAIlMOHHOTO MOJENMpoBaHus, Takux Kak Electronics
Workbench, MIK, MATLAB, Model Vision Studium 3.0 u ap. [2]

OCHOBHO# TOJIXOJl peayiu3alyy JIabOpaTOpHBIX HMPAaKTHUKYMOB ISl CTY-
JICHTOB, 00Yy4YaloIIMXCsl C MPUMEHEHHEM JMCTaHIIMOHHBIX 00pa30BaTebHBIX
TEXHOJIOTHH, 3aKIIF0YAETCsl B CO3/IaHUM «BUPTYAIBHBIX)» J1JA00PATOPHBIX KOM-
IUIEKCOB - Be0-000JI0UeK, B KOTOPBIX pa3MelIeHbl Bce HEOOXOMUMBIE H JI0-
CTAaTOYHBIE JUIsl BHIIOJHEHHS JIaOOPaTOPHBIX paboT pecypchl (KpaTkuil Teo-
peTHYECKHil MaTepHaji, METOJUYECKUE yKa3aHHs 110 BBIIOJIHEHHUIO M IPO-
rpaMMHOE 00ecIieUeHue).

Bce xoMmnoHeH T 1abopaTopHOl pabOThI — JOIYCK, IPOBEJACHHE PaOOTHhI,
KOHTPOJIb HaJI €€ BHIIOJIHEHUEM U 3alliTa paboThl, @ TAK)KE BHICTABICHHE
OLICHOK 32 pabOoTy — MOTYT peasIi30BbIBATHCS aBTOMAaTHYECKH IIPOrPaMMHBbI-
MU cpelicTBamMHu. [3]

BuptyasbHble KOMIUIEKCH Pa3MEIAOTCsl Ha CepBepe OpraHu3alnuu o0y-
YEeHUsl, CTYJICHTBI BBIMOJHSAIOT PabOThl B PeXHUME yIalieHHOro aoctymna. Ha
puMepe BUPTYaJIbHOTO JIAOOpaTOpHOTo MpakThkyMa "OnTHManbHble CHCTe-
MBI yIPaBICHUS 3JIEKTPONPHBOAOM", pPa3MELIEHHOTO B paMKax MHCTPyMEH-
TaJIbHOM cpeabl Moodle Ayt IMCIMIUIMHBL « ABTOMAaTU3UPOBAHHBIN 3JIEKTPO-
IPUBOJ», PACCMOTPHM OCHOBHbBIE IPUHIIUITBI €TI0 TOCTPOCHMSI.

B BUpTYyasIbHBINA TPaKTUKYM BKJIIOUeHBI 14 1abopaTopHBIX paboT 1o ciie-
nyrommM TemMam (puc. 1). Bce mabopaTopHble pabOTBI pacHoOSIONKCHBI B
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JIOTUYECKOM TMOCIeI0BATEbHOCTH, MO3BOJISIONIEH YCTAaHOBUTH CBSI3U MEXKIY
HUMH, 4TO B OOJBIICH Mepe CIOCOOCTBYeT (OPMHUPOBAHHIO y CTYACHTA
LEeJOCTHOrO o0pa3a u3y4aeMoro o00beKTa, pa3BUTHIO JIOTHYECKOTO
MBIIIEHUS, JIy4IlleMy TOHUMAaHUIO U 3alIOMUHAHUIO N3y4aeMOro MaTepuana.

2 Kypc: CHcTemMb ynpannie HHA 31eXTponpaoaamsy - Microsoft Internet Explorer [9]=1E3]
ouin [psoxa Bna Ubpawoe  Ceponc  Crpaexa @
Qron - © - [x] [A) @ Prowx Fomiooror @renn @ 3~ 5 (3 L)
Aspec: [@) v | EY nepexon  conn >
~
5 e Buxom
CHCTeMBl YNpaBAeHUA 3N1€KTPONp1BOAamMm bl o C
Ks1u- 0o
Togn 3aronoeku Tem HoBocTHol dopym
B2 vuacrumn ® LloGABUTE HOBYW TeMy
HOBOCTHOIR DOpym
i rpynns bopys (Hoebix pasaence Het)
B repaxruposars
bopmauo * i o
1 & nadoparopnan patora Nel. Crensuwmil neXTPONPHBOA YTAa NOBOPOTA BaNA s oA (e
RBHMraTens NOCTOANNOTO ToKa (ANT)
InemenTbl Kypca SnemenTn xypca c
s [ Satusday 20
[®) Pecypers 2 @) naoparopnan pabiora Ne2. ccreosanme aunammNecKMX cBOCTS Octobder 2018
- " 4
K@“P‘/“b‘ BLICOKOTOMHON CHCTeMBI CTabuAMsawm cxopocTu ANT MonHbIN oT4HeT o
NOCNEAHUX AEMCTBUAX
Mouck no 3 &) nabopatopwan pasora M3 chepsuweil cucTems yraa L] O6Hosneuwe kypca:
NOBOPOTa BaNa ANT C KOMBHHMPOBIHHEIM KIHAN0M YNPIBNEHUA o
Tatiopatopwan paGors a2
s a——
ckats : ,
4| @ natoparopman patora et Omrmmsasm ACY 31 no irerpamwony O coierscrrowei oeren
e e—r—-
KpHTEPHO KavecTea
PoSsenen Pecype:
Ynpasnexue O Maopatopwan patora Ne).
Ah 5 @) Naboparopnan pabora NeS. /meiHan CHCTEMa YNPIBACHHA CKOPOCTDIO MoeNPORIEI CreALNST CHCT AT
enaKTHpoBaTL o yema nowcpora eama AN ¢
PAULEHHA ABYXMACCOBOrO YNPYTOrD OGBEKTa C ONTHMANbHEIM PEryAATOpOM
YCTaHoBKM. .. ;::’m““"_ SRS KnmAen
R yrens...
= . o _ < - n - =
& & Mecrnan marpacers

Puc. 1 Pasmeuienue tabopatopHoro rnpaktukyma B cpeae Moodle

[NocnenoBaTenbHO N3yYUB KPATKHE TEOPETHYECKUE OCHOBBI M CIUITIIMHBI
«ABTOMaTHU3WPOBAHHBIA JJIEKTPOIPUBO) CTYACHT M3BJIEKaeT WH(POPMALIUIO
U Jlajiee MOXKET IMPUCTYIUTh K PEIICHUIO MPAKTUYECKUX 3alad, MO3BOJISIO-
LIMX YCTaHOBUTH CTENEHb OCBOCHUS ATUX 3HaHMU. B ciydae HemocTaToYHON
CTENICHU OCBOCHHSI TEOPETUYECKOT0 MaTepralia CTyJIeHT UMEET BO3MOXKHOCTh
MIPOU3BOJIFHOTO TOBTOPHOTO MPOCMOTpPA OTAEIBHBIX 3JIEMEHTOB TEOPETHYE-
CKOTO MOJyJIfl, 0 IOJIy4YeHHs] HEOOXOJUMOr0 yTBEPAUTEIBLHOTO pe3ysbTaTa
TTOHUMAaHHUSL.

OOyuaromuiicst Moy4aeT JOCTYI B Cpelly CIELHaIM3UPOBaHHOTO MaKeTa
npukiagaeix nporpamm MATLAB (puc.2), B aT0# cpene ¢popMupyer npo-
rpaMMHBIN aHaJIOT 331841 WIH BBI3BIBAET TOTOBBIA IIPOrPaMMHbIIA aHaJIOT, B
KOTOPOM YCTaHaBJIMBAaeT HEOOXOIMMBIE (3aJaHHBIE) IapaMeTphl 3aJauu.
[Ipenmy1iecTBOM aHHOMW MPOrPaMMBbl SIBJISIETCS HE TOJIBKO TO, YTO OHA IM03-
BOJISIET CTYJIEHTaM CaMOCTOSTENIbHO COCTAaBIIATh PACUETHYIO MOJENb, UHTEP-
MIPETHPOBATH IMOJIyYaeMble pe3yJIbTaThl, U3MEHsISl OTAENbHbIC MapaMeTphl ee
9JIEMEHTOB, HO UMETh HaIJIAAHBIA CrIoc00 0TOOpaXKeHUs pe3ysIbTaToB MOJe-
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JTUPOBAHKS PA3JUYHBIX PEKHUMOB PAOOTHI DIEKTPHUUCCKUX CHCTEM, BKIFOYAsI
aBapUiHbIC U MOCIICaBAPUIHBIC, YUUTHIBAS HAJICHKHOCTh U OecrepeGOiHOCTD
paboThI ANIEKTPOOOOPYAOBAHUSL.

Math
Function

Ramp  GainG
XY Graph

Scope

Puc. 2. IIporpaMMHBIii aHAJIOT CTPYKTYPHOU cxeMbl B Matlab

Jlanee CTyACHT OpraHU3yeT MCCIENOBATEIBCKUI SKCIEPUMEHT U IPOBO-
JIUT MMHUTAIHOHHBIC WCCJICJOBAHMS, MO3BOJSIIONINEG HAWTH ONTHMAJbHbBIC
napaMeTphl pelIeHHs TIOCTaBIeHHON 3aauu (puc.3).

Puc. 3. Pe3ynbTats! uccienoBanus

Pe3ynbTaT UCCIeI0BaHNU BBIBOJUTCS HAa KPaH MOHUTOPA, pacrevyaThiBa-
€TCSI WJIK KOTTUPYETCS ¢ SKpaHa MOHUTOpA B OTYET. VITOrOBO# 1ENIBIO BBIIOJ-
HeHUsI JabopaTopHON pabOTHI SIBISIETCS OCYILIECTBICHHE OOYYaroUIUMCS, C
YYETOM UMEIOIIUXCS 3HAHUM, CAMOCTOATEIBHOTO aHAIM3a PE3YJIbTATOB, MO/
KOTOPBIM IOJIPa3yMEBAETCSl KAYECTBCHHAS W KOJMYECTBEHHAs OIIEHKAa Bpe-
MEHHBIX 3aBUCHUMOCTEH.

PaspabortanHasi cTPyKTypa MpaKkTHKyMa MO3BOJISCT HCIONB30BATh €ro HE
TOJIBKO KaK METOJMYECKUE yKa3aHHUs K JJaOOPaTOPHBIM, HO M KaK MOJHOLIEH-
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HYIO aBTOMAaTU3UPOBAHHYIO 06yqa}omy}o CUCTEMY. Hcnons3oBanue TaHHOTO
BUPTYAJIbHOT'O na60paTopHoro CTCHAA IO3BOJIUT 3HAYUTCIIBHO YJIYYIIUTbH
Ka4€CTBO MOATOTOBKH CTYIACHTOB CIielMaJIbHOCTEH QJICKTPOTEXHUYCCKOT'O
HarpaBJICHU. A moBcemecTHOE BHCAPCHUC COBPEMCHHBIX I/IH(l)OpMaLII/IOHHBIX
peCypcoB B O6paBOBaTeJ'ILHOM mpouecce, CTaHOBUTCA Ba)XHBIM 3JIEMCHTOM
MCHCIXKMCHTA O6paBOBaTeJ'ILHBIX YCIyT.

Paboma evinonnena npu gunancosoii nooddepiicxke PDODU (epanm
Ne 16-29-04388).
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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 (ANNs), 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 modermn 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,
ANN: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 ANNS, 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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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.

L2
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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.

N

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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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.

80



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

82



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.

L

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,

83



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,

88



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], Kemel
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.

!7 1 presented in DNF
No missing ar in KNF
3 Presented in the

form of higher orders

(¥}
o

Ordered

4 Presented in DNF

5 Presented in KNF

6 Presented in the
form of higher orders

With missing
arguments

7 Presented in DNF

be3 nponyckos
aprymeHToB

8 Pr d in KNF

Non-repetitive Boolear|
Formulas
I

9 Presented in the
form of higher orders

Unordered

10 Presented in DNF

C nponyckamu
aprymeHToB

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.

[

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 X,V x5V x,V Xg;

fo = xy

fa =xy;

fo=x4
as where x1—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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