MACLLTABUPOBAHWE BI[EQ B POBOTAX

TEIENPUCYTCTBIA BOTEYES

BUKTOP JEHHCEHKO

V poccuiickoro poboTa TenerpucyTctBust BotEyes mponssonctea «HUJT AlT» ecTb HECKOMbKO
TIPEVMYLLIECTB TIEPET] 3apyOeXHBIMU aHanoraMm, 1 OAHUM U3 Hanboree BaXHbIX SABSETCS
BOSMOXHOCTb YBEJIMUYUBATL paspellienvie BUaeo H6e3 paciivpeHust TpebyemMoit TIoNoCk! TIPOTTYCKaHUs
VHTEPHET-KaHarna CBA3W. PaccMOTpvM ToApPoOHee 3Ty W ApYIve TEXHUHYECKNe 0CODEHHOCTU aHHOIO

pobora.

PHC. 1.
ApxuTexTypa cuCTeMbI
ynpasnexus poborom
TeNenpucyTCTBuA

PUC.2. ¥

YaneHHas MHcnexuua
chopky wrada
KOMMNNEKTHOiA aBTOMATUKY

MnanLer B ronose pobora

STUN-
cepaep

TURN-
cepaep

WEB-
cepaep

Po6or ynpaensetcs u3 nioboro ragwera

s Al V. e T

O KOHCTPVKIIMHU

U HASHAYEHHHU POBOTA

Po60T TeenpucyTCTBUS MIpeCTaB-
Jjstet co60it MOOMIBHYIO aBTOMATH3HU-
POBAHHYIO CHCTEMY, KOTOPas YIIPaBIsi-
ercs gyepe3 MHTepHeT U obecrednBaet
adderT mpuCyTCTBHS Jen0BeKa B ya-
JIEHHOM OT Hero mecre. Takoit po6oT
COCTOUT W3 MOIBIKHOT IIaTHOPMBI
1 3aKPEIIEHHOTO Ha Hell (MpuMepHO
Ha yPOBHE T'0JIOBBI YeJI0BEKa) KOMIIbIO-
Tepa, IUIAHIIIeTa WX MOOUIBHOTO Tejte-
¢oHa s aynno- 1 BUIeoOOIIeH S 1N
Habmomenus [1].

Hst cBsizu ¢ poborom depes HMurep-
Het ucnonb3yoTcs STUN- u TURN-
cepBepsI (puc. 1), KOTOpbIE TO3BOJISIOT
mosy4uts [P-agpeca o6enx cTtopoH
B TUIOBOM CJlydae, KOTga po6or
U YIPaBISAIOMINI TaIKeT HaXOIATCS
3a CeTEBBIM TPAHCISATOPOM aIpPecoB
(NAT) u noatomy ux IP-agpeca He Buz-
HBI 13 TJIOOAIBHOT CETH.

Po6OTHI TeenprCy TCTBUS NCIIOIIb-
3YIOTCSI:

*  IUIS MHCIIEKIINH yIaJeHHBIX 00b-
eKTOB, HaIlpuMep KOTZa PyKOBO-
IUTENb IPOEKTA XOUET IIPOBEPUTD,
KaK BBIIOJIHsIETCsT cOopKa IkadhoB
Ha y/JaJICHHOM 00'beKTe CTPOUTEIIb-
crBa (puc. 2);

* IS yOJICHHOTO IIPUCYTCTBUSI 60JIb-
HBIX IIIKOJILHIKOB Ha YPOKe B KJIACCE;
17151 0CMOTPa GOTBHBIX, HAXOSIIIHX-
s B IPYTHX TOPOJAX WIH CTPaHAX,
PEIKHUM CIIEIHAIICTOM;

* QIS «IPUCYTCTBUS» Ha paboTe
COTPYZHUKOB, PA0OTAIOIIUX UC-
TAaHIMOHHO, U T. 1. [1].

Po6ort renenpucyrcrsus BotEyes [2]
CepUITHO U3TOTABIMBAETCS GUPMOIT
«HWJT AIl» u mocraBunsercs B CIIIA,
Kanany u Benukobpuranuio. Y Hero
€CTbh PSIT YHUKATbHBIX CBOVICTB, K KOTO-
PBIM OTHOCSITCS:
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*  BO3MOXKHOCTD OITyCKAHUS U IOb-
eMa «TOoJIOBBI» Ha 160°, 94TO 1TO3BO-
JIsIeT MOJb30BATEN0 BUAETH MOJ
1 TIOTOJIOK IUIA CMOTPETH IIPSIMO
B I71a3a COOeCeHUKY;

*  Cr10cOGHOCTH MEHSITh CKOPOCTH [IBU-
JKeHUs IJIABHO, HE OCTaHABIIUBAICH
(y aHaI0rOB CKOPOCTH MU60 BOOOIIIE
He MeHseTcs, In00 MeHseTcst HuK-
CHPOBAaHHO, HA CTPAHUIIE HACTPOEK).
[1naBHas peryiupoBKa CKOPOCTH
T03BOJISIET POOOTY €3MIUTh B TECHBIX
IIOMEIIEHUSX, C JIETKOCThIO 00be3-
JKast MHOKECTBO TIPETISITCTBUIL;

*  BO3MOXKHOCTH HCIIOJIb30BaTh IIJIaH-
IIeT KaK B TOPH3OHTATIBHOM, TaK
1 B BEPTHKAILHOM ITO3UIHH (pHC. 3, 4),
6aromaps YeMy MOKHO COTTIaco-
BBIBATb IIOJIOJKEHHE YIIPaBIIAIOIIe-
IO TajKeTa C IOI0KEHNEeM KaMepbl
B po6OTe U IOy IaTh MAKCHMAIbHBIIL
yroJ 0630pa yIaIeHHOI CIIEHB;

*  CIHOCOOHOCTD IepeesKaTh MOPOTH
BBICOTOI 110 1,5 ¢M (aHAJIOTU B TAKKX
CHTYyaIUsAX [MaJaioT Ha IT0J);

* MOAIEPKKa BCEX OCHOBHBIX OIIe-
pauunouHbix cucteM (Windows,
Android, i10S, MacOS);

*  BO3MOJKHOCTB /I KJINEHTA BHIOPATh
J1I0601 TOIXONAININIA IS ero IielIei
IUTAHIIIET C pa3MepoM 9KpaHa 8—12".
DTO CBOWCTBO I0JIE3HO B CBSA3U
¢ 6OJIBIIINMM IUATIA30HOM CTOMMOCTH
IIJIAHIIIETOB HA prHKe;

*  CHOCOGHOCTH 3aMUCHIBATE (COXpa-
HATD) yAQJIEHHOE BHIeo mwin $HoTo,
IeMOHCTPUPOBATH 9KPAH YAAJICHHO-
MY KJIHEHTY;

° BO3MOXHOCTh OOJHUM II[E€JIYKOM
MBIIIKY BbIOPATH 3a[HIOI0 VIIK
[IEPeIHIO KaMepy.

Hecmotps Ha Bce 9Tu penMyIIiecTBa,
POo0OT OT/IIIAeTCsI HU3KOI IIEHOW 10 CpaB-
HEeHHUIO ¢ KOHKYPeHTaMH 6J1arofapsi Xopo-
III0 IPOILYMAaHHOM KOHCTPYKIIUH, TeX~
HOJIOTHSIM U IIPOIIeCCcaM IIPOU3BOMICTBA,
ceprudunuposanspM 1o ISO 9001.

Paccmorpum nmoxpobGHee ongHY
3 «urrek» pob6oTa — MacITabIpoBa-
HIE yIaJEeHHOTO BHIEO. DTO CBOUCTBO
[I0JI€3HO, eCIM HY)KHO PacCMOTPeTh
MeJIKUe eTaju UM TeKCT. YBelu-
YeHUs paspelarolneil Crroco6HoCTH
KaMepbI B TAKOM CITydae HeTOCTATOI-
HO, ITOCKOJIBKY Pa3pelIaonias Cioco6-
HOCTb II€PeIaBaeMOro BU/IEO 3aBUCHT
He TOJIBKO OT KaMepsbl, HO U OT IPO-
ITYCKHOI CIIOCOOHOCTH KaHaJIa CBSI3MU.

TPH CIIOCOBA

MACILTABHPOBAHHSA
Cy1mecTByeT TPy OCHOBHBIX CI10C00a

MacITaOHpOBAHUSI BUIEO IIPHU UCIIONb-
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PHC. 3. «
[naxwer 3aKpennex
FOpU30HTaNbHO

PUC. 4. ¥
Mnauwer 3aKpenned
BEepTUKanbHO

30BaHUU pOOOTA TEJIEHPHUCYTCTBUS:
OINITHYEeCKOe YBeJMYeHNe U IIPOTpaM-
MHOE, KOTOPOE JJJIUTCS Ha BCTPOCHHOE
B KaMepy U peall30BaHHOE B OTHENIb-
HOW IIpOrpaMme.

OmnTrdeckoe yBelIndeHNe BbLIOHS-
eTCs C IIOMOIIBIO CHCTEMBI JIMH3, Pac-
CTOsTHUE Me)K,[[y KOTOprMI/I MEHSETCS
MeXaHH4eCKH, ¢ HOMOIIBI0 MUKPO-
Mmotopos. Ono Hanboee 3 deKkTUBHO,
IIOCKOJIbKY YBEJIMICHHOE N300pasKeHne
IUCKPETUIHPYETCs, UCIIONIb3YS IOTHYIO
Pa3PeIIaoNIyIo CIOCOOHOCTh ONTHe-
CKOUI MAaTPUIIbI JaTINKA U300 PayKeHUL.
HenmocraTku nagHOTO crioco6a — 60JIb-
1I1asl [IeHa HY)KHOH KaMepbl, OTCYy TCTBHE
IPOTPaMMHOM HONIEPKKHA Y MHOTUX
HONYIAPHBIX IJIAHIIETOB, a TaKXKe
He0OXOUMOCTh UCIIOIL30BaHusa USB-
OTG, KOTOpBIII He IT03BOJISIET 3APSDKATH
TJTAHIIET [IPY [TOJKII0YEHHON KaMepe.

Ilepen TeM KakK paccMaTpHUBATh
MPUHIAI IeACTBHS HH(POBOTo yBe-
JINYECHU S, BCIIOMHUM, YTO OCHOBHBIM
OrpaHIYeHUEM Pa3peInalonel crocot-
HOCTH BHUJIEO0, Iepe/jlaBaeMoTo Jepes
VHTepHEeT, SABISETCS MPONYCKHAS
CIIOCOOHOCTD MHTepHeT-KaHaja CBs-
3u. KpoMe Tor0, Mpu MCIoab30BaHUHI
po0OTa TEJNEIIPUCY TCTBUSI 3aIIPEIIeHO
npuMeHeHne 6ydepa 1 KOMIIEHCa-
[[UU BHE3AIHBIX 3aJjep)KeK B KaHaJe




50 |

oot @ X

@ robotasinocom/Client himl
e eMBEL A HODOOSN e

POBOTOTEXHHKA

*PhetcoROO

am @ QW o el

=ar @@
P0ANEO9 Iwolaao

PUC.5. A
[lo yBenuuenus

PUC. 6. ¥
Mocne yBenu4yeHna

CBSI3H, IIOCKOJIBKY KaJPBI BUEO TOJDK-
HBI OBITH CHHXPOHU3UPOBAHBI C IBU-
JKeHHeM po6oTa, T. €. BUIEO TODKHO
IepeaBaThCs B PeabHOM BPeMEHN.
I1py HaIMYKUU 3aJEPXKKH YIIPABICHIE
po6OTOM CTAHOBHUTCS 3aTPYIHUTEND-
HBIM IJIHM HeBO3MOKHBIM. [ToaTomy
¢dpeitmBopx WebRTC [3], mpumensie-
MBIil BO BCeX POGOTAX TENENMPUCYT-
CTBUSI, aBTOMATIYECKH CHIDKAET Pa3Mep
IepeaBaeMoro BU[IeO, IIONCTPaNBasI
€ro MOJ peasibHyIo IPOIYCKHYIO CIO-
COOHOCTH KaHAJIA CBA3H C Y4ETOM €ro
3afiepiKek U ImpoBanoB. Ha mpakTtuke
BH/ICO He TIePeaeTCsl B MAKCUMAIbHOM
paspelIeHuH, II0CKOIbKY 3TO PEIKO

HY’KHO, 1 B TO JKe BpeMs TpeOyeT ITOBbI-
IIeHHBIX PUHAHCOBLIX 3aTPAT Ha OILIA-
Ty uHTepHeT-Tpaduka. [loaromy eciu,
HampuMep, MaTpHIla BUEOCEHCOPa
uMmeeT pagmep 8 M, a npomnyckHas
CIOCOOHOCTH KaHaJIa CBA3M II03BOJISAET
nepesiaTh BUJIEO C Pa3pelieHreM Bce-
ro 1 Mm, To 114 nepefauu BUJEO €ro
pasmep yMeHbImaeTcst 10 1 M, 9To6s1
HpeIOTBPATUTH MOSIBJIEHHE 3aJjePiKeK
HEIONYCTUMOM BeIMYUHEL [Ipu aTom
MeJIKHe JIeTali M300paKeHNs CTaHO-
BSATCSl HEPA3IUIUMBIL.

IIudposoe macmTabupoBanue
n306paKeHus B TAKUX yCIOBUAX
MOKET COCTOSITh B TOM, YTOOBI IIepes
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CHIDKEeHUEM paspelleHus ¢ 8§ Mm 1o
1 M BeIpe3aTh U3 IIOJTHOMACIITAGHOTO
BUJICO HEOOXOIMMBI (hparMeHT pas-
MepoMm B 1 M1 (koTopsrit Gyner nMeTs
MaKCHMaJIbHO® JJIsI JAHHOM MaTpPHUIIBI
paspelreHye) U TOJIBKO ITOCJIE 3TOTO
epenaTh ero Jepes KaHai cBs3u. CHH-
JKeHHe Pa3pelleHnst IPH 3TOM He Tpe-
Gyercst, TOCKOJIbKY BbIPe3aHHBIIT (par-
MEHT UMeeT IOIy CTUMBII s KaHaa
cBsA3M pasMep B 1 M.

ONHUCAHHYIO IPOIEAYPY MOKHO
BBITIOJIHUTH IBYMsI criocobamu. ITep-
BBIF — C IIOMOIIIBIO 3aIaHUS ITapame-
TPOB KaMepsl [4]:

var constraints =
{ advanced: [{ zoom: 1 }] }

Bropoit — cpencrsamu HTMLS5,
¢ nomougsio Merona CanvasRendering
Context2D.drawImage() B Canvas 2D
API [5].

ITepBbiit c110c06 HOIPa3yMeBaeT, 9To
[NPOU3BOITUTENHN KaMephl ISl TUIAH-
mrera (MIM KOMIIBIOTEPA) PeatusyoT
MacIITabupoBaHNEe MUKPOIPOTPAM-
MHO (6y/ieM Ha3bIBaTh €r0 HATUBHBIM),
HEIOCPEICTBEHHO B IIPOLIECCOPe KaMe-
PBI U TPENOCTaBIT OMEPALMOHHOM
cructeMe uHTepGeIIC NI yIpaBIeHUs
napamerpoM zoom. K coxaneHnuro,
He BCe TUTaHIIIEeThI BBIIOIHSIOT MacCIIITa-
GupoBaHKe OAUHAKOBO: OIHU YBeJIHIn-
BAIOT U300 PaKEHIE C OHOBPEMEHHBIM
yBeJIMIeHNeM Pas3pelieHns KaMepbl,
Apyrue fejaioT MaclTabupoBaHMUe,
He MeHSSI paspeleHie, TPeThbi B006-
IIIe He MOAePKUBAIOT 9Ty PYHKIUIO.
Bo BTopoM cirydae MacmrabupoBaHue
MOJKET YBEIMIUBATH KOJIMIECTBO IIHK-
ceJieil IlyTeM UHTEPIIOJISALUY, He U3Me-
HSISL KOJIMYeCTBO MH(MOPMAIIH B BUIIEO.
ITpu aToM n306paskeHne YBeTNINBa-
€TCsl, HO er0 YeTKOCTh CHUKAETCSI, OHO
CTaHOBHTCS G0JTee Pa3MBITHIM.

Bropoit cnoco6 peanusyercs
He B KaMepe, a B IIPOrPaMMHOM 06e-
criegennn (I10), koTopoe ucronHsiercst
B mporeccope ianirera. OHO MOXKeT
OBITH HAINMCAHO, HAIPUMeEP, Ha Java,
Javacript unu Objective-C. Anroputm
MacImTabupOBAHUS COCTOUT U3 ABYX
9TAITOB: YBEIIIEHNST Pa3peIeHIsI KaMe-
Pbl B 3aIaHHOE YHCIIO Pa3 U BBIPE3aHUs
HY)XHOTO (hparmeHTa Bujeo (ITOOLI
COXPAaHUTD IPEKHUIT pazmep H306pa-
JKeHUsI B UKcesix). [Ipu atom Benn-
IMHA BUIEOTIOTOKA OCTAETCST IPEKHE
U €r0 MOKHO IIepenaTh 6e3 3aIepsKKu
Yepe3 KaHaJI CBSI3U C TOM XKe IIPOITYCK-
HOW CIIOCOGHOCTBIO, UTO U [I0 MACIIITa-
6GUpPOBaHUSL

CONTROL ENGINEERING POCCUA
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MACILHITABHPOBAHHE
B POBOTE
TEJIENIPUCYTCTBHUA
BOTEYES

HarusHoe MaciuirabupoBaHue 0K~
Iep>KUBAETCSI He BCeMU IUIAHIIeTaMI
u 6paysepamu. Hanpumep, B mutanimere
Samsung Galaxy Tab S7+ oo mpexy-
cMmotpeHo B 6paysepe Google Chrome,
HO He TojfiepxuBaercs B Microsoft
Edge.

ITo yKkasaHHBIM IIPIYIAHAM B poboTe
renenpucyTcrsus BotEyes peanuso-
BaHbI 00a BU/Ia MacIITAOUPOBAHUSI —
HATHBHOE U IIPOTPAMMHOE, Ha 5I3bIKe
JavaScript. B 3aBucuMocTu oT BhIOpaH-
HOTO IUIAHIIETa IT0JIb30BATENb MOKET
BBIOPATD JTyYIIAI 17151 HETO METOI, yKa-
3aB €ro Ha CTPaHUIIE HACTPOEK.

K cokaneHuio, Ipyu MCIOIH30Ba-
HHUHU IPOTPAMMHOIO METOJA HpH-
XOMUTCSI OTIEPUPOBATH C U300paxe-
HueM GOJIBIIIOTO padMepa B MaMSITH
IUIAHIIEeTa U 9TO UHOTHA (LOBOJIb-
HO PeIKO) IPUBOAUT K U3BECTHOM
omubre «Aw, Snap!» B O6paysepe
Google Chrome, ecnu Ber6upaercs
npefenbHOe pagpernenue. B 6pay-
3epe Microsoft Edge ananoruunas
omu6Ka He BO3HUKaeT (IO KpartHeil

CONTROL ENGINEERING POCCHA

Mepe, HAM He y[aJ0Ch OOHAPYKUTD
ee IKCIEePUMEHTATIHHO).

[nss yMeHbIIeHHUs HAarpysku
Ha TIPOIIECCOP U CHIDKEHUS BEPOSTHO-
CTH HOSIBJICHHS OIINOKH «Aw, Snap!»
MBI NIPENyCMOTPEIH BO3MOXKHOCTD
CHIDKATDb 9aCTOTY Ka[pOB BHICO ITOCIIE
yBenndeHus Maciiraba. DTo He BIIHsET
Ha y100CTBO HCIIOIb30BAHUS po6OTa,
IIOCKOJIBKY YBeJINIEHNE HCIIOIb3yeT-
sl Yale BCero MJIsl TOro, 4ToObI pac-
CMOTPETH HEeIOABIKHBIE IIPEIMETHI
(IIKOJIbHAS TOCKa, JINCT Ha CTOJIE, JeTa-
711 060PYIOBAHMUS) U He UCIIOJIB3YeTCs
BO BpeMsI IBIKeHUs poboTa. B 10 xe
BpeMsI YaCTOTY KaZpOB MO>KHO yBeJIH-
9HTH, €CJIN B PACIIOPSDKEHIH TOJIB30-
BaTeJls UMeeTCs IUIAHIIIET ¢ OOJIBIION
OIePATUBHOMU IMAMSITHIO U MOIL[HBIM
IIPOIIECCOPOM.

[TockosnbKy K03 UINEHT YBeIU-
YeHUS BUIEO 3aBUCUT OT paspela-
I1eil CIOCOOHOCTH KaMepbl, a 3a/HssA
KaMepa y OOJIBIINHCTBA IUIAHIIETOB
nMeeT paspellleHne MOYTH B [Ba pasa
6orblIee, YeM IePEIHsIsl, MbI 00eCIIedr-
JIM BO3MOYKHOCTD OTIEPATHBHOTO Iepe-
KII0YeHns Kamep. YTo6bI mOTyIuTh
MaKCHMaJbHOE YBeJIHYCHNUE, CIeNyeT
I10JIb30BaThCSA THIILHOM KaMepO.

POBOTOTEXHHKA

Ewme ogna npo6iema, cBs3aHHas
C IPOrPaMMHBIM yBeTHIEHHEM, —
aBTOMATHYeCKoe HaBeeHue Ha (HOKyC.
Jleno B TOM, 4TO IIPH IPOrPaMMHOM
crocobe MacIITabupoOBaHUsT KPUTEPUiL
HaBeJleHUsI Ha (POKYC UCIOJIB3YeT Bce
I10JIe MaTPHIIBL, B TO BPeMsl KaK yBeJIH-
YHUBAETCS TOJIBKO ero 4acTb. [loaTomy
MOJKET OKa3aThCst, 9T0 (POKYC HACTPOEH
He Ha Ty 9aCTh H300PaKeHMUs, KOTOPYO
MBI yBEJIMYIIM, X OHA [IOJy9aeTcst pas-
MbITOIL. B po6ote Boteyes aTa mpo6iema
pellieHa: Ha puc. 5 1 6, a TaKKe B BUZIEO
Ha caiite [6] MOXHO BUJIETh pe3yJIbTaT
PaGOTHI BCTPOEHHOTO B HETO &JITOPUTMA
I[IPY UCIIOJIb30BAHUY HEOPOroro IIaH-
mrera Huawei Mediapad T5. @
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