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3AJJAYA ABTOMATHYECKOM KAJIMBPOBKHU ITIPOEKTOPA U CEHCOPA TJIYBUHBI

PaccMaTpuBaroTcs BapuaHTBl MCIOJIB30BAHUS YCTPOWCTB MHTEPAKTHBHOIO B3auMojcicTBus. IIpennoxeH momaroBslii
ANTOPUTM OIPEEITICHIUS B3aNMHOTO PACIIONIOKEHHUS CEHCOPA TITyOMHBI IPOCTPAHCTBA U TPoeKTopa m3o0paxkenus. Onpe-
JIeNIeHBI HeOOXOMMBIC 3TaIlbl TPOoIecca MPEABAPUTENEHON 00pabOTKH, TO3BOJISIONINE OCYIIECTBIISTH MPOIECC Kanno-
POBKH B aBTOMAaTHYECKOM pekuMe. [IpencTaBiieHsl MEXaHU3MBI MPOCIIMPOBAHMS, TTONCKA U OMNPECTICHUS TIyOHHBI.
OrnucaH IPUHIMI PeoOpa30BaHUs JIOKAIBHBIX KOOPIMHAT JaTYHKa B TII00aIbHBIE KoopauHATHL. [Ipemioxkena MeToqu-
Ka OIpeJeNIeHIs] KOOPAUHAT PAaCIOIOKEHHMS IPOSKTOPa M OMPEICIICHUs HallpaBJIeHNs poenupoBanus. OnuncaH mpouecce
TpaHchopmarwy U3 TI00aIFHOr0 MPOCTPAHCTBA B JIOKAJIBHOE NPOCTPAHCTBO NpoekTopa. [IpeacTaBieH BapuaHT Moly-
YEeHUs 00IIETro MPpeoOpa30BaHuUsI JIOKATEHBIX KOOPANHAT JaTYHKA B JIOKAIBHBIE KOOPAWHATEI IPOEKTOPa.

Ki1ioueBble c10Ba: CeHCOp TITyOHHBI; aBTOMaTHIECKasl KAIMOPOBKA; JOMOIHEHHAs peanbHOCTh; Kinect; KoMImbroTepHast
rpadpuka.

B Hacrosiiee BpeMst Bce 00JIbIIYI0 MOMYJSIPHOCTD IMOJTYYaloT YCTPOHCTBA, CIOCOOHBIE TIEPEBECTH HHTEP-
AKTUBHOE B3aMMOJCHCTBHE YEJIOBEKA M BBHIUMCIUTENbHON TEXHHKH HA KauecTBEHHO OoJiee BHICOKHI YpOBEHb.
Takue ycrpoiictBa, kak Microsoft Kinect — ceHCOpHBIH UrpoBOH KOHTpoOJUIEep, pa3paboOTaHHBIA KOMIaHHUEH
Microsoft amst konconu Xbox 360 [1], Asus X-tion — urpoBoit kKoHTposutep u miathopma pupmer ASUS, npu-
MeHsieMasl [T pa3paOOTKU MPUIIOKEHHUH HAa OCHOBE paclio3HaBaHUS JBWkeHUH [2], PrimeSense — cencopHbIii
KOHTPOJJIEp OTCIEKMBAHMs ABMKEHHUS, MPaBaMH Ha KOTOpBIH oOnagaer Apple [3], HaXomaT mpUMEHEHUE B
pa3nuyHbIX cepax AEITENBHOCTH: B OOOPOHHON MPOMBILUICHHOCTH, POOOTOTEXHHUKE, MEAULINHE, 00pa3oBa-
HUU, UTPOBOW MHAYCTPHUHU.

B cucremax nomonHEHHONW peanbHOCTH, II€ POIb TaKUX MHTEPAKTUBHBIX YCTPOMCTB MIParoT, C OAHOHN
CTOpPOHBI, CEHCOPHBIA KOHTPOJIJIEP, & C APYrol — MPOEKTOp Ui BU3YaIbHONW MOAU(HUKAIIMN CLUEHBI, BOSHUKAET
HEOOXOMMOCTh pEIICHHsI 3aJaudl ONpeNeliCHNUs TeOMETPHH MOBEPXHOCTH PEAIbHOI'O MPOCTPAHCTBA M COMO-
CTaBJICHUSI STOM IOBEPXHOCTH C TMpOEHHpYeMbIM H3o0paxkeHueM. llponecc kanmOpoBKH 00OHMX YCTPOMCTB
O0BIYHO OCYIIECTBIISAECTCA B PyYHOM PE&KHUME CAMOCTOSITENBHO MOJIB30BATENEM CHCTEMBI, YTO HE TIO3BOJISIET J10-
CTaTOYHO TOYHO TOJYYUTh HEOOXOAMMOE MpeoOpa3oBaHUE M, KaK CIEACTBHE, TOOUTHCS KEIAeMOro YpOBHS
0TOOpaXeHUs BUPTYAILHOTO TIPE/ICTaBIICHUSI.

CymiecTBYIOT pa3inuyHble METOJUKH KaTHOpOBKH [4—6], KaxKaas U3 KOTOPBIX 00JalaeT onpeaeieHHbIMI
MPEUMYIIECTBAaMA U HEAOCTaTKaMH. Tak, MpUMEHEHHE OJHOTO M3 COBPEMEHHBIX METOAOB KalUOPOBKU MHpPH
MOMOIIM IIAXMaTHOM JOCKH HE BCErJa BO3MOXXKHO B aBTOMAaTHYECKOM PEXHME MO NPUYMHE HEOOXOAMMOCTH
MEpUOJMYECKOr0 TIepeMelIeH s JOCKU A1l Ooee TOUHON KaauOpOBKH.

B HekoTophIX cinydasix Impouecc KaTHOpOBKH CTAHOBUTCS TEXHWYECKH 3aTPYIHUTENbHBIM WM BOOOIE
HEBO3MOXKHBIM. 3a/iaua KaJTuOPOBKM MOXKET OBITh pellleHa MmyTeM (opMaiu3aliy aJroOpUTMa aBTOMAaTHUECKON
KaJHOPOBKH CHCTEMBI, IPOrpaMMHas peaji3anys KOTOpOro Mo3BOJsIET MOMyYlTh Heo0XoaumMoe mpeodpas3oBa-
HUE KOOpJNHAT CUCTEMON B aBTOMaTHUECKOM PEKUME.

1. [locTanoBKa 3a1a4u KAIUOPOBKH CEHCOPA IIyOUHBI M POEKTOPA

OZ[HI/IM M3 BApHUAHTOB HCIIOJIB30BaHUA TCXHOJIOIMHU Z[OHOHHCHHOﬁ PCAJIBHOCTHU SBJIACTCA ((BI/IpTyaJ'IBHaH
necoyHuma», NpecaAcTaBIgrOMas coboii KOM6I/IHaI_II/IIO OOBIYHOI MEeCOYHUIBI, TPEXMECPHOT'O JaTUYUKa Microsoft
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Kinect, mporpamMmmHoro obecnedeHus MOICINPOBAHMS U BU3YAIN3AIHH, & TAKKe C OOBIYHOTO MPOEKTOpa (MHO-
I'71a HECKOJIBKUX MPOEKTOPOB), 00ECIICYNBAIOIIETO BU3YyaIN3alllIO peICcTaBleHus n3o0paxenus. Jlanamadrsr,
CO3/1aBaeMble M3 TECKA, BBIACIAIOTCA B PEXKHMME PEATbHOIO BPEMEHHM LIBETAMH, COOTBETCTBYIOUIMMHU BBICOTE
BO3BBILICHUS, TONOTPa(hUIECKUMH KOHTYPHBIMH JIMHUSMH U BUPTYaIbHOW BOJO# [7].

B mpornecce pa3paboTku CIOKHBIX MPOrPaMMHBIX CUCTEM MOJEIHPOBAHHSA U BU3yalM3allld, B OCHOBE
KOTOPBIX JIOKHUT 00paboTka rpaduueckoll nHpopmannu [8], BO3HUKaET HEOOXOAUMOCThH COMOCTABICHHS KOOP-
IMHATHI 00JaKa TOYEK, MPUHUMAEMBIX C CeHCopa IIyOWHBI, U KOOPIUHAT MPOCTPAHCTBA, MPOCLUPYEMBIX MPO-
eKTopoM. Takue NeWCTBHS MO3BOJAT JOMOIHSITH peajgbHOe N300paXKeHne AaHHBIMH BHPTYaJILHOTO IPOCTpaH-
crBa. {15t comocTaBiieHuss KOOPANHAT HEOOXOANMO BBIOIHHUTD IpeoOpa3zoBaHue

ProjectorSpace = VPTramsform(SensorSpace), (1)
rae ProjectorSpace — pOEKIIMOHHBIE KOOPANHATEI OTHOCUTEIBHO IIPOEKTOpa, SensorSpace — MPOEKIIMOHHBIE
KOOPIMHATHI OTHOCUTENBHO ceHcopa, VPTramsform — pyHKIMS TpaHCHOPMALIIHL.

s nmomyuenus: npeobpasoBanusi VPTramsform npennaraercs CleAyIOIUI MOMAaroBblil alropuT™, BbI-
MIOJTHAEMBIN Ha 3Tane 3alyCcKa CUCTEMBI:

1. IIpoenmpoBanue, MOUCK U ONpEnEICHUE TTyOHUHBI.

2. [IpeoOpa3oBaHue TOKAIBHBIX KOOPAMHAT AATYMKA B II100aIbHBIE KOOPAHHATBL.

3. Omnpenenenne KOOpANHAT PacloNoKeHUs TPOEKTOpa.

4. Onpenenenue HanpaBICHNS POSIUPOBAHMSL.

5. [Nomydenue TpanchopMaluy U3 TI00aIHLHOTO MPOCTPAHCTBA B JOKAIBHOE MPOCTPAHCTBO MPOEKTOPA.

6. [lomydenne obOmero mpeoOpa3oBaHUS JOKANbHBIX KOOPIMHAT AAaTYWKa B JIOKAJIbHBIE KOOPAMHATHI
MIPOEKTOpa.

OnuieM MopsIOK ASHCTBHS AJS PELICHUs 3a1a4i aBTOMAaTHYEeCKOW KaInOpOBKH MPOEKTOpa U CEHCOpa
TIIyOHHBI UTS KaXK]I0T0 [Iara aJiropuTMa.

2. [IpoennpoBanme, MOUCK H ONpeAesIeHHe TTyOMHbI

s moucka o0pa3oB MO M300paKEHHUIO CYLIECTBYET JOCTATOUHOE KOJIMUYECTBO AJITOPUTMOB, OT BbIOOpa
KOTOpBIX M OyZEeT 3aBUCETh MpoenupyeMblii 00pa3. Mcmons3oBanne B kauecTBe 00pa3oB N300paxKeHuH, HMEI0-
KX UHPOPMaANIoO 00 U3MEHEHUH pa3Mepa MPOEKIMH, MTO3BOJISIET ONPEACTUTh PACCTOSHUS A0 UCXOTHON TOY-
ku. Takol mMoaxoJ CocoOCTBYET YMEHBLICHHUIO MOTPEIIHOCTH BhIuMcieHus. K npumepy, npu npoeupoBaHum
Kpyra 3HaueHUE paanyca MPOeKINH U 3HaYCHUE paJnyca MPOeHupyeMoro oopa3a mo3BOJIUT BEIYUCIUTD JUTHHY
nyua. Cencop Kinect cunThiBaeT LBETOBBIC M TJTyOMHHBIC JaHHBIC OAHOBPEMEHHO Ha yactoTre A0 30 KaapoB B
cexkyHny. Pa3permenue undpakpacHoro ceHcopa coctasisier 1,280 x 1,024 mukcenell, mpu 3TOM MaKCUMallb-
HBIA pa3Mep BBIXOJHOrO M300paxkeHus: He npeBbimaeT 640 x 480 muxceneld. DTO CBI3aHO ¢ MPHUBSI3KON K BO3-
MOXHOCTSIM BHYTpeHHero npoueccopa Kinect u mporryckabiM Bo3MokHOCTIM mrHBI USB [9].

[IpencraBieHHble XapaKTEepUCTUKU, KOTOpbIMU oOnangaer Microsoft Kinect, mO3BOMSIOT HCIOIB30BATH
€ro B KauecTBE JaTYHKa JJIsl ONpeaesieH s TTyOuHbl n3o0paxenus. JlaTunk riryOMHBI pecTaBisier co0ol WH-
(pakpacHBIi IPOEKTOP, 00bEANHEHHBIN CO CBETOYYBCTBUTEIBHOM MaTpUIeH. ITO JaeT BO3SMOKHOCTh CEHCOPY
Microsoft Kinect momy4yats TpexmepHOe H300pa’KeHHE IBUXKYILErocs 00bEKTa MPH €CTECTBEHHOM M HCKYC-
CTBEHHOM OCBEIIEHNH momenieHus. CrennanbHasi MporpaMMa M CEHCOp JHana3oHa MTyOHHBI MO3BOJSIOT Ka-
mOpoBaTh JaTYMKH C YUETOM YCIOBUN OKpykatouielr cpensl [10]. HecMoTps Ha TO YTO CyIIECTBYIOT ApyTHe
aHaJIOTH ¥ AJITOPUTMBI MOMYYEHHUsI CTepeon300paKeHNs Ha OCHOBE JIBYX KaMmep, B JaHHOH 3aJadye BakKHA TOY-
HOCTb MOJTYYaeMBIX JaHHBIX M TI03TOMY HAWIy4YIIUM BapHaHTOM SBIISIETCS MCIONb30BaHUE ceHcopa Microsoft
Kinect.

3. [IpeoOpa3oBaHue JIOKAIBHBIX KOOPANHAT JATYHKA B IVI00aTbHbIEe KOOPAMHATHI

JIist JTaHHOTO MPEOOPa30BaAHUST MOXKHO BOCIIOIB30BATHCS OOPATHBIM CIIOCOOOM: HaliIéM TpaHCchHOpMAITHIO
r00ABHBIX KOOPJMHAT B JIOKATBHBIC KOOPAWHATE ceHcopa. B obrieM ciydae TpanchopMarys OmUCHIBACTCS
¢dopmyoit

SensorSpase = GlobalSpace * ViewTransform * ProjectionTransform, 2)
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rae GlobalSpace — rnobanbHble KOOpAUHATHL, ViewTransform — MaTpulia BUIOBOTO IpeoOpa30oBaHUs CEHCOpa,
ProjectionTransform — maTpuia mpoeKIHOHHOTO MTPpeoOpa3oBaHusI CEHCOpa.

COOTBETCTBEHHO, MPeoOpa30BaHUE JIOKAIBHBIX KOOPJMHAT B TJI00QJIbHBIC KOOPIMHATHI OMHUCHIBACTCS

¢dopmyoii
GlobalSpace = SensorSpase * inverse (ViewTransform * ProjectionTransform), 3)
rne inverse (ViewTransform * ProjectionTransform) — oOpatHas matpunia ot ViewTransformxProjectionTransform.

Marpuna npeodpazoBanusi ProjectionTransform 3aBUCHT OH XapaKTEPHCTHK CEHCOpa, TaKMX KakK yrol
0030pa, COOTHOIIIEHHE CTOPOH 0030pa, Kod(huIneHTh! nckakeHus TuH3bl. KoappuimenToM nekaxkeHus JTHH-
36l B TAaHHOM 3a/1a4€ MOYKHO TIpeHeOpedb (Kak MoKa3aa MpakTuka ucnons3oBanus Microsoft Kinect, B jaHHOIA
3agadye Kod(h(HUIMEHT UCKaXKeHUs cabo BiIuseT Ha pe3yibraT). OcTanbHbIe MPeoOdpa3oBaHMs MOKHO CBECTH K
CTaHJAPTHBIM Pe0Opa30BaHMSIM, BBIMOIHICMBIM B MaTPHIIE TPOCKIIUH.

Marpuna npeodpazoBanus ViewTransform 3aBHCUT OT TOYKH B POCTPAHCTBE M HANIPABJICHUSI CEHCOPA.
3a7aya 3HAUYUTEIBHO YIIPOIIACTCS, €CITM TOYKa B IPOCTPAHCTBE, TJI€ HAXOANUTCS CEHCOP, OyIeT OlpeeieHa Kak
ICHTP KOOPIMHAT M HAIlpaBJICHHs OCEH, COOTBETCTBYIOIIMX HAIpaBJICHHIO JIydel ceHcopa. Toraa marpuia
ViewTransform Oyner eqMHWUYHOM, W JAHHOE NMPeoOpa3oBaHUE MOXKHO y4HUTHIBaTh. CTOHT 3aMETHTh, YTO B
KOMOHMHAIINH, I/Ie TPUCYTCTBYET HECKOJIBKO CEHCOPOB, TAKOE YIPOILICHHE HEBO3MOXKHO.

Hcnonb3ys B kauecTBe ceHcopa yerpoiicTBo Microsoft Kinect u koadduitiienTs! fx, fy, cx, ¢y, IpeaocTaBieH-
HBIC JJTs1 TaHHOTO ceHcopa [11], matpunty inverse (ProjectionTransform) MoXXHO 3aMEeHHUTH Ha popmyny (4):

GlobalSpace = vec3 ((SensorSpace.x — cx) * depth * fx, (SensorSpace.y — cy) * depth * fy, depth), 4)
rae fx = 1,0/594,2143; fy =1,0/591,0405; cx = 339,3078; ¢y = 242,7391.

4. OnipenesieHHe KOOPAWHAT PACIOJIOKEHHS ITPOEKTOPa

[lo anamorum ans mpeoOpa3oBaHUs TIIO0ATBHBIX KOOPJIMHAT B JIOKAIBHBIC KOOPIMHATHI TPOSKTOpa HC-

MOJIb3YETCS MPeodpa3oBaHue

ProjectorSpace = GlobalSpace * PViewTransform * PProjectionTransform, (5)
rae PViewTransform — matpuiia BUAOBOTO mpeoOpa3oBaHus npoekropa, PProjectionTransform — matpuna
MIPOEKIIMOHHOT O MMPE00pa30BaHUs IPOSKTOPA.

Martpunia PProjectionTransform Taxke TOITy4aeTcs U3 XapaKTEPUCTHK MIPOSKTOpa: yroi 0030pa mo of-
HOU U3 oceli, COOTHOIIEHHE CTOPOH, KO3 (PUIIMEHTH NCKaKEHUS JINH3BL.

s Haxoxaenus matpuitel PViewTransform HeoOXOIUMBI JaHHBIC TOYCK, HE JISKAIUX B OJHOM ILIOC-
KOCTH, B KOJIMYECTBE HA OJHY OOJbIIIE, YeM KOJIMYECTBO U3MEPEHHI mpocTpaHcTBa. [Ipu JaHHOM KOIW4ecTBe
TOYCK YpaBHEHHS, KOTOPBIMH OyJIET OMHCHIBATHCS PEIICHHE, NaHHas 3ajada OyJeT MMETh OJHO peIlcHHE.
[IpencraBum 3a1auy KamuOpPOBKH B BHJIC PUCYHKA B IBYXMEPHOM IPOCTpaHCTBeE (puc. 1).

[Ipu atom Toukamu S, C, Py, P1, P, MOTYT SIBIATBCA IPOU3BOJIbHBIE TOUKU B IpOcTpaHcTBe. ClieqyeT oT-
METHTb, YTO TAHHBIC TOYKU MOTYT HE JISKATh Ha OJHOM IJIOCKOCTH.

Jnis pemenust 3a1a9u HEOOXOIUMO MOYYUTh JIOKATBHOE HaIlpaBJIeHUE JTydeit 118 dy, COOTBETCTBYIOIICH
CPy; dy, coorBerctBytomeit CPy; d,, coorBercTByIOmEH CP,, WK YTI0B MEXIY Ty4aMHu, sl KOTOPBIX BBITOJ-
HSETCS CIEAYIOLUE PABEHCTBO:

MaxYawAngle

MaxPitchAngle
— %
widm T

TZIe X, X; — KOOPJMHATHI IIPOCLUPOBAHUS 110 TOPU3OHTAIIH; Vo, V1 — KOOPAUHATHI IPOCLIUPOBAHUSI IO BEPTHKA-
mm; MaxYawAngle — yron 0630pa no ropusontanu; MaxPitchAngle — yron o63opa no Beptukanu. [IpencraBum
3aady Ha puc. 2.

CrpoenupyeM TOYKH Ha BUPTYaJIbHYIO IMJIOCKOCTh B MPOCTPAHCTBE M HOPMAJIN3YEM BEKTOP HANPaBICHUS
nyqa. Takum 00pazoM, BO3SMOKHO IPUMEHUTH ITpeoOpa3oBaHie KOOPAUHAT, UCIONb3Ys cleaylollee paBeHCTBO:

dxy dy, dzy 1 Pxy Pyg Pzy 1
1] |[Px
1| |Px
1 Px

B, = arccos(((do,d1 ()) = asum((x, — x,) * ( ), (6)

dx; dy; dz 1+ Py, Pz; 1
dx, dy, dz, » Py, Pz, 1
dx; dys; dz; 3 Pys Pzz 1

*V, ()
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rae V' — marpuna npeobpa3oBaHus KOOPAUHAT; dX, dy, dz — KOOpAMHATHI Ha TUIOCKOCTH MPOEKIMH IMPOEKTOPa;
Px, Py, Pz — MupOBbI€ KOOPIUHATBHI.

P

Puc. 1. Touku B IpoCTpaHCTBE, CEHCOP U MPOEKTOP: S — TOUKA KOOPAMHAT CCHCOPA, OMPE/ISIICHHAs KaK ICHTP KOOPWHAT;
C — uckomasi TouKa KOOPIHHATEI PpoeKTopa; Py, Py, P, — IpoenupyeMble TOUKH B III00ATBHBIX KOOPIUHATAX
(B TpEXMEPHOM NIPOCTPAHCTBE, COOTBETCTBEHHO, IMEETCS eIIé ToUKa Ps)

C

BO B[

Py
Py

Py

Puc. 2. I'padudeckoe npeacTapneHue 3a1a9u

Koopaunarty Touku C moirydyaeM U3 MaTpuIlbl V 1o cieayromieMy paBeHcTBy (8) [12]:
C=row(V'", 3), (®)
rje row — (PYHKITHS, OTPENETIoNIas CTPOKY MaTPHUIIBI IO OIPEACTEHHBIM HOMEPOM.

5. Onpenesienne HanpaBJIeHUs MPOEUPOBAHNUS

ITocne HaxXOXICHHUS TOYKH KOOPJIMHATHI MPOCKTOpA MOXHO HAWTH HampaBlICHHE JAHHOTO MPOEKTOpA.
HanpasnenueM cuuTaeM Jyd4, COOTBETCTBYIOIINN IEHTPY JIOKAIBHBIX KOOPAWHAT MPOCKTOPA. 3a/7a4y MOXKHO
3HAYUTENILHO YIIPOCTHTh, €CIHM OJMH U3 UCKOMBIX Jy4eH, HCTONb3YeMbIi B OMPEACICHUN KOOPIHHAT PaCIIofo-
JKEHUS TPOEKTOPa, OyIET HAapaBJIeH CTPOro MO IEeHTPY. [ToaydrM BEKTOp HAMpPaBICHUS

ViewDirection = normalize (P — C),
rje P — KOOpMHATHI IICHTPATHHON TOYKH.
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Ecmmn Tpe6yerc51 BBIYHCIICHUC CTaHI{apTHOﬁ BHZ[OBOP’I MaTpulibl, TO B KAYECTBC TOYKH IJIOCKOCTHU HaOIII0-
ACHHUA UCITOJIB3YCTCA HCHTpAJIbHAasl TOYKA.

6. ITosryuenue Tpancgopmanuu 13 ri100aJbHOT0 NPOCTPAHCTBA B JTOKAJIBHOE IPOCTPAHCTBO NMPOEKTOpa

Hanee st HaxoxaeHust Matpuisl PViewTransform HeoOX0IUMBI KOOPIWHATHI TIPOSKTOPA U HaTpaBJie-
HUE IPOCHUPOBAHUS, HallIeHHBIE paHee. B kauecTBe MCKOMOW MAaTpHUIlbl UCTIONb3YyeM CTAaHIAPTHYIO BUAOBYIO
MaTpuILy.

s momyueHus MaTpuIlel poekiuu PProjectionTransform OyneM UCIONb30BaTh CICAYIONIYIO MATPUILY
C BO3MOXKHOCTBIO BeIOOpa 11eHTpa [12]:

[Zprp —Zprp 0 —Xprp  Xprp * Zprp]
0 Lprp —Z -Y, Yorp * Zprp |
" _ prp prp prp  Tprp * Lprp
PProjectio nTransform 0 0 S, T, X 9)
0 0 -1 Zoprp

3aech (Xprp, Yorps Zprp) — OJJHA U3 TOUEK HATIPABIIAIOLIETO BEKTOPA, TAE Z,,, — HEKOTOPOE BEIOpPAaHHOE CIy4aiiHbIM
00pa3oM MoJoKeHne TIOCKOCTH HabmtoaeHns Ha ocu Z; S; u T, — koo HuImMeHTs MacTaOupOBaHus U TPaHC-
JSIUM A7 HOPMUPOBKH CIIPOEKTHPOBAHHBIX 3HAUEHHH KOOpAWHAT Z. 3ajaHHbIe 3HaYeHus S; U 1 3aBUCST OT
BBIOPaHHOTO TMana3oHa HOPMHUPOBKH.

Takum oOpasom komOuHanmst Matpun PViewTransform * PProjectionTransform sBnsercsa oOreit
TpanchopManuen rmodaabHBIX KOOPAUHAT B JIOKAJIbHBIE KOOPAMHATHI IPOCKTOpA.

7. Iosyyenue o01mmero npeodpa3oBaHus JOKAIbHBIX KOOPAWHAT AaTYHKA
B JIOKAJIbHBIE KOOPAUHATHI IPOEKTOpPA

C yuérom Bcex MOMYYECHHBIX MpeobdpasoBaHuii pasBepHéM Gopmyny (1) U MOTyUIUM CIIEAYIOIIee BhIpa-
KEHUE:
ProjectorSpase = SensorSpase * inverse(ViewTragnsform * ProjectionTransform) *
* PViewTransform x PProjectionTransform,
riae ViewTransform Oyaer emUHAYHON MaTPHICH, €CITM CEHCOP TIIYOHHBI OMPENeNieH Kak IEHTP KOOpauHaT; Pro-
JectionTransform moy4daeTcs mocie npuBeneHus GopMyibl (2) B MATPUUHBIA BU (TIPH 3TOM B KOHEYHOM HUTOTE
He 0053aTeIbHO MCIONB30BaTh MATpUILY); PViewTransform BHIYUCISECTCS MPU MTOMOIIN YE€THIPEX MPOCIHPYEMbIX
Touek; 3HaueHue PProjectionTransform nomyJaercs B 3aBUCHMOCTH OT XapaKTEPUCTHK MPOSKTOPA.

3akjaoueHue

[Ipennoxennsid B paboTe anroput™M Hapsly ¢ APYTMMH CYHIECTBYIOIIMMH METOOUKaMu [4—6] Moxer
OBITH HCIIONB30BaH JUIS Pa3IMYHBIX BApUAHTOB KanuOpoBKU. Tak, mocie eJUHOBPEMEHHOW aBTOMAaTHYECKOH
KaJTHOPOBKH CHUCTEMBI HMEIOTCS HEOOXOJUMbIe MPeoOpa30BaHusl, KOTOPHIE MO3BOJISIOT Pa3pabOTUHKy B PEKU-
Me PeabHOT0 BPEMEHH MPOU3BOANTH COMOCTABICHUE AAHHBIX, TOJy4YaeMbIX CEHCOPOM MJIM JAaTYUKOM TIIyOu-
HBI, C BUPTYyaJIbHBIMU JAHHBIMH CHCTEMBI, IPOCLUPYEMBIMH C ITOMOILBIO TPOEKTOpA.

B Gonee cnokHON KOMOMHAIINM 11e7IecO00pa3HO MCIOIB30BATh HECKOIBKO CEHCOPOB M MPOEKTOPOB AJIS
MOJTy4EHHs JTydIlIero pe3yasTrara. [Ipu 3ToM KannOpoBKa OCYIIECTBISIETCS aHaTOTMYHO (IonapHo) ¢ nobasiie-
HUEM JTalna NOJIy4eHHs B3aUMHOIO PacloioxKeHHsI KOOPAMHATHBIX OCeH pa3inyHbIX map. Takxke paccMOTpeH-
HBIA aJITOPUTM MOKET OBITH B3ST 32 OCHOBY JUIS HCIIOJB30BAHUS B CHCTEMaX JOMOJIHEHHON pPeanbHOCTH B TEX
cllydasix, KOorjaa py4Has KaquOpoBKa YCTPOMCTB MPEACTABIACTCS 3aTPyIHUTEIbHON MIIN HEBO3MOKHOM.
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Augmented reality system, built with use of projectors and sensors depth using infrared light, are widely used in various fields — from
the defense to the gaming industry. In such systems, the actual problem is the calibration of the projector display information and sensor
depth, reading the data in the space. One of options using technology of augmented reality is the "Virtual sandbox" representing a combina-
tion of a normal sandbox, the three-dimensional sensor Microsoft Kinect, the software of simulation and visualization and also from the
normal projector (sometimes several projectors) providing visualization of submission of the image. The landscapes created from sand are
selected in real time with the flowers corresponding to elevation height, topographical planimetric lines and the virtual water.

In systems of augmented reality, where a role of interactive devices is played by the sensor controller and a projector for visual mod-
ification of a scene, there is a need of the solution of the task of determination of geometry of a surface of real space and comparison of
this surface to the projected image. Process of calibration of both devices is usually carried out in a manual mode independently by the
user of system that doesn’t allow to receive rather precisely necessary conversion and as a result doesn't allow to achieve the desirable
level of display of the virtual view.

In certain cases process of calibration becomes technically difficult or generally impossible. The task of calibration can be solved by
formalization of algorithm of automatic calibration of system which program implementation allows to receive necessary transformation
of coordinates by system in an automatic mode.

In development process of difficult program systems of simulation and visualization, which cornerstone graphic job processing is,
there is a need of comparison of coordinate of a cloud of the points accepted from a sensor of depth and coordinate of space, projected
by a projector. Such actions will allow to add the real image data of the virtual space.

This article discusses options for using interactive devices. We have proposed a stepwise algorithm for determining the mutual posi-
tion of the sensor space and depth of the projector image:

1. Projection, search and determination of depth;

2. Conversion of local coordinates of the sensor to global coordinates;

3. Determination of coordinates of layout of a projector;

4. Projection direction finding;

5. Receiving transformation from global space in local space of a projector;

6. Receiving the general conversion of local coordinates of the sensor to local coordinates of a projector.

The necessary steps pretreatment process are defined that allow to carry out the calibration of the projector automatically.

The mechanism of projection, search and determination of the depth are presented. The principle of conversion of the local coordi-
nates of the sensor in global coordinates is described. A method for determining the coordinates of the location of the projector and the
determination of the direction of projection is proposed. The process of transformation of the global space in the local space of the pro-
jector is described. A version of obtaining a general transformation of the local coordinates of the sensor in the local coordinates of the
projector is presented.
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The mathematical component optimally integrable in computer graphics processing systems through the use of common principles,
requires minimal changes in the system processing and analysis of complex structured images. The proposed algorithm can be used in
augmented reality systems with both single and multiple projectors. In the latter case calibration is carried out in pairs, with adding of a
stage of receiving a relative positioning of coordinate axes of different couples. Also considered algorithm can be taken as a basis for
use in systems of augmented reality when manual calibration of devices is represented difficult or impossible.
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