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I'moccapmii

PengepuHar — mpotiecc nosyuenusi n300pazkKeHus Mo JABYMEPHON MM TPEXMEP-

HOIl MOJICJIM C IIOMOIIBI0 KOMIIBIOTEPHO! IPOTrPaMMBL.



BBenenue

B coBpeMenHOM MUpe KOMITbIOTEpPHAsS IpahruKa sIBISIETCs HEOTHEMIEMON JaCcThIO
Harreit »ku3an. CerofHsi OHa UCIIOIb3YeTCsl B PA3IMIHBIX cdepax KU3HEIeATeTbHOCTH Je-
JIOBEKA, TAKNX KaK BU3yaJU3alus JAHHBIX, KOMIBIOTEPHBIC UTPbI, KHHEMATOTrpad 1 MHO-
rue japyrue. [losTomMy repes JI0IbMU, CO3/IAIONUMEA TPEXMEPHBIE CIIEHbI, BCTAeT 3ajada
CO3JIaHUs PEATUCTHIHBIX N300parKeHuil, KOTOpbIe Oy/IyT YIUTHIBATH ONTHICCKUE SIBJICHUS
[IPEJIOMJIEHIS, OTParKeHUsI 1 PaCCEeMBAHUSI CBETA, CBOMCTBA ITOBEPXHOCTEM, TEHN, & TaK>Ke
BOCIIPUATHUE OKPYZKAIOIMIET0 MUPa YEJIOBEUCCKUM TIJIA30M.

Korna Beraét 3aada n3o0pazkeHust TpPEXMEPHOI CIIeHbI Ha KOHKPETHON BBITHCIU-
TeJILHON MaIliHe, 11 KayKI0i 11aTdopMbl HEPEJIKO IIPUXOIUTCS Pa3spadaTbiBATh OT/IE/Ib-
HbIE IIPOTPAMMHBIE PEIIeHHsI, YINTHIBAOIIIEe OCOOEHHOCTH aImmapaTHoro obecmeuenns. O1-
HO# 13 11aTdOPM, KOTOpas HYKJIAETCA B IPOrPAMMHOM 00€CII€YEeHNN, PEIAIOIIEM 38,/ 1a91
KOMITBIOTEpHO# rpaduku, sapigercsa apxurektypa ARM m B 9acTHOCTH ceMeliCcTBO MUK-
pokouTposiepoB STM32. Takass He0OXOIMMOCTb BO3ZHUKAET BCJIEICTBHE POCTA IOIYJIsSIP-
HOCTH MUKPOKOHTPOJIIEPOB 9TOI'0 CEMEHCTBa 110 BCeMY MHPY, B ToM ducie u B Poccun, a
TaK’Ke pacIIupeHnsi 00/IaCTU WX MPOMBINIIEHHOTO TpuMeHeHus . Yke ceitqac STM32 wuc-
MIOJIb3YETCS B OTPAC/ISAX, B KOTOPBIX HEOOXOIMMO PEIIaTh 3a/1a9i KOMITHLIOTEPHO rpaduK,
HAYMHAs C IPOMBIIIJIEHHON aBTOMATUKN U 3aKaHIMBasI 1I0JIb30BATE/IHLCKON 3JIEKTPOHUKO
U yCTPONCTBaAMU MHTEPHETA BEIICil.

[ensb mannoit paboThl — peaym30BaTh MPOrPAMMHBIH UHCTPYMEHT JIJIsi IIOCTPOE-
HUs MOJIeJIell TpeXMePHBbIX 00bEeKTOB, OPUEHTUPOBAHHBIN HA MUKPOKOHTPOJIIEPHI ceMeii-
crBa STM32.

YT00bI JOCTUTHYTH ITOCTABIEHHON TIeIU, TPeOYeTCs PENUTh CJIeIYIONINe 38, an:

1) omucarhb CTPYKTYPY TPEXMEPHOIi CIIEHBI, BKJIIOYas 00bEKThI, U3 KOTOPBIX COCTOUT
CIIeHA, U OIPEJICIUTH CIIOCOO 3a/[aHUsI UCXOIHBIX JIAHHBIX;

2) BBIOpATH U AJAIITHPOBATH CYIIECTBYOIINE aJITOPUTMbI TPEXMEPHOI rpaduKu, Mo3-
BOJISIONINAE BU3YaJU3UPOBATH TPEXMEPHYIO CIIEHY, JIJIS BLIIIOJHEHNS Ha 33/ JaHHOM 000OpPY-
JIOBAHUU;

3) peajn30BaTh BbIOpAHHBIE U AJIANTHPOBAHHBIE AJTOPUTMBI TIOCTPOEHUST TPEXMEP-
HOH CIICHD;

4) wcese10BaTh BOZMOXKHOCTH MUKPOKOHTPOJLIEpOB ceMeitcrBa STM32 st ux npu-

MEeHEHUs [PU PEIIeHnH 3319 KOMITbIOTepHO#l rpaduku.



1 Awnammurudeckuii pa3aen

B nannom pazjese 0yayT paccCMOTPEHbBI IEPCIIEKTUBBI PAOOTHI ¢ MUKPOKOHTPOJLIC-
pamu cemeiictBa STM32 u cyrecTByoIue pereHust MOCTaBJIEHHON 3a1a9u, Oy Iy T TpoaHa-
JIN3UPOBAHBI METOJIBI MOJEIMPOBAHUS TPEXMEPHBIX 00BEKTOB, N3 KOTOPBIX Oy/IeT BHIOpaH

METO/I, pelieHmAg OCTaBJIEHHON 3a/a41.

1.1 Ormucanwme mwiaardopmbr STM32

[IpousBomuTesb ~ MHKPOKOHTPOJLIEPOB  cemeiictBa  STM32, KOMIIQHU S
STMicroelectronics, siBasieTcst OJHUM U3 MUPOBBIX JIMJIEPOB 10 ITPOU3BOJICTBY U IIPOIarKaM
MUKPOKOHTPOJLJIEPOB U IIPOYHO 3aKPEIMIaCh HA POCCUIICKOM PBhIHKE MUKPOIJIEKTPOHUKH.
32-0uTHBIE MUKPOKOHTPOJIIEPHI OT ITOTO IPOU3BOJUTENIST HAIIN IMUPOKUN CIEKTP
HPUJIOKEHUTH, pa3pabaThiBAeMbIX CPEIHUMU U MAJBIMU KJIHEHTaMU (TakK Ha3bIBAeMbIi
MAaCCOBBII PBIHOK) B PaMKaX MPOMBINIIEHHBIX TpuMeHeHui [1].

OjiHo#t W3 TJIABHBIX MPUYUH TOIMYJISPHOCTH MHUKPOKOHTPOJLIEPOB CeMelCTBa
STM32 gBistercss HaJIm4Iue OOIMPHON SKOCHCTEMBI, KOTOpasl Pa3BUBAETCA C TEUECHHEM
Bpemenn. K MukpokonTposepam cemeiictea STM32 MOXKHO MOJAK/IIOY9aTh BCE OOJIBIITE
nepudepuitHbIX YCTPONCTB JI/Isi pelleHnsl pa3jndHbIX 3aja4. Takske skocucrema STM32
UMeEeT ITPOrPAMMHYIO MOJJIEPKKY B BUJE OECILIATHON cpejbl pa3paboTKN U UHTErPUPYeT-
¢S C IPOrPAMMHBIMHI HHCTPYMEHTAMI CTOPOHHUX KOMITAHUM, 9TO TaéT OOJIBIIYI0 THOKOCTD
pu pa3paboTKe MPOrpaMMHBIX TPOAYKTOB st STM32.

Crour OTMETHUTH, 9TO PacCMaTpUBaeMoOe CeMEHCTBO MUKPOKOHTPOJLIEPOB UMEET
PsLJT AHAJIOTOB, B TOM YHUCJIE U OT POCCUUCKUX MIPOU3BOUTEIEH, OIaromaps YeMy UMeeTcs
BO3MOYKHOCTE B Oyjyrem neperectu paspaborku ¢ STM32 Ha oTevdecTBeHHYIO ammapart-

HYIO TL1aThOpPMY.

1.2 OrmeHKa CylIecTBYIONINX MHCTPYMEHTOB

[Mouck 1o nomyssipromy cepsucy Jyisi xoctunra [T npoekros GitHub [2| moka-
3aJl, YTO yzKe CYIIECTBYIOT YeThIpe IMPOTPAMMHBIX MHCTPYMEHTa C OTKPBITHIM MCXOHBIM
KOJIOM, PeIarolyX II0CTaBIeHHYIO 3a/a4y. VIX OIeHKY MOYKHO IIPOBOJUTH IO CJIEJYIOIIIM

KPUTEPUSIM:

1) mpom3BOIUTENLHOCTD;
2) yHUBEpCAJbHOCTD;

3) KavecTBO TOJIL30BATEIHLCKOTO HHTep(deiica.

PaccmoTpuwm cyrmecTByrorye mporpaMMHbBIE PEITEHUS.



1.2.1 DBubsmoreka A MOCTPOEHUsI TPEXMEPHBIX MOBEPXHOCTHBIX MO-

JeJeii

Bubsinoreka, npejcrasiennas B [3|, npemocraBisier GyHKIHOHAJ ISl TOCTPO-
eHUsl TPEXMEPHBIX MOJe/iell M paccunTaHa Ha KOHKPETHBIC JUCIIeu. Busyaamzarus
OCYIIECTBJISIETCS C TOMOIIBIO AJTOPUTMa ITOCTPOYHOTO CKAHUPOBAHUS, MCIIOJIb3YIOIIErO
Z-0ydep u mpOCTYIO MOJIE/Ib OCBEIEHUsI ¢ YIETOM ILIOCKOrO 3aTeHeHus. BakHo 3ame-
TUTb, 9TO B KOJIE 6I/I6JH/IOTGKI/I HE HCIIOJIb3YIOTCA HU3KOYPOBHEBBLIEC OIITHMU3AITWN. I/ICXO,ZL—
HbIE JIAHHBIE JIJIsT pabOThI AJITOPUTMOB 33JIAI0TCA B KOJIE IIPOIPAMMBI, TO €CTh OTCYTCTBYET
BO3MOXKHOCTB 3arpy3Ku Mo/ u3 paiija Win ¢ MOMOIIbI0 ITPaUIeCcKOro MoJab30BaTe /b

CKOro mHTepdeiica.

1.2.2 DbBubsmoreka /iJisi CO3aHUsl AHUMAIMili HA OCHOBE BEKTOPHO

TpéxMepHOIi rpadukn

Bubsinoreka, npejicraBientas B |4|, npearasHatueHa JId PeHJCPUHTA TPEXMED-
HBIX aHUMAaIUi ¢ 9acToToi KaapoB 10 80 KapoB B cekyHIy. OIHAKO 9TOT WHCTPYMEHT
npeHasHaveH g paboThl ¢ KOHKPETHBIMU MOJIEIIMU MUKPOKOHTPOJLIEpA W JIACILIESd,
00.J18/1aI0ITIer0 OTHOCUTEILHO HU3KUM paspertenueM — 128x160 nukcesteii. Kak u B ripe/ibI-

AyHieM CJjy4dae, UCXOJHbIE JaHHbIE 3aal0TCd B KOJE IIPOI'PaMMBI.

1.2.3 DBubamoreka JJisi cO3/IaHUS] AaHUMALUIT TPEXMEPHBIX KAPKACHBIX

MoJieJjieit

DOynkmoHas 6MOINOTEKH, TPEJICTABICHHON B |5, TI03BOJISAET OCYIIECTBIATh PEH-
JEPUHT TPEXMEPHBIX aHUMAaIlnil Ha KOHKPETHON MOJIeIN JUCILIes ¢ UCHOJb30BaHUEeM HU3-
KOYPOBHEBBLIX onTuMmsaimii. Ho crouT ormeruth, 9TO npu M300parKeHHH TPEXMEpPHOI
MOJIEJIM He MCIOJIB3YIOTCS aJIrOPUTMbI yIAJICHUs HeBUAMMBIX JUHUI U OBEPXHOCTEl, 9T
OYeHb CUJILHO YIPOIIAET JIAHHBI WHCTPYMEHT. Kak m B IPEeJbIIyIuX MpUMepax, UCX0]I-

Hble JaHHbIC 3a/al0TCd B KOJE IIPpOT'paMMBI.

1.2.4 Yactuunas peasim3anusa o6udsanoreku OpenGL gaa STM32

[TporpaMMHBIil HHCTPYMEHT, IpeJCTaBIeHHbINH B [6|, paccanTan Ha KOHKDETHbIE
MOJIeJT MUKPOKOHTPOJIJIEPOB U peasin3yeT 6a30BbIil (DYHKIMOHAJ MTOMYJISpHOI rpaduie-
ckoit bubmmorekn OpenGL, a nmenHo nmocrpoenne TPEXMEPHBIX MOJIEJIEN C IIOMOIIBIO aJl-
ropuTMa yJIaJeHnsl HEBUJIMMbBIX JIMHUN U IOBEPXHOCTEN, UcIo/ib3yomiero Z-oydep. B aj-
FOpUTMaXx He YUUTBIBAETCS MOJIE/Ib OCBEIEHUsI, TEHU, TEKCTYPUPOBAHUE U CIVIA2KUBaHUE.
HecMoTpst HaA CI0YKHOCTH MCHOJIB3YEMBIX aJTOPUTMOB, MHCTPYMEHT OOJIa/IaeT BBICOKIM
OBICTPO/IEIICTBIEM 3a CUYET HAJUYUUS HU3KOYPOBHEBBLIX onTuMusarnuii. /lannas oubsmore-
Ka, KaK U IpeaplLylle, He IpelycMaTpuBaeT B3auMO/JIeCTBUS C 110JIb30BaATEIEM U CTPOUT

TPEXMEPHBIE MOJIEN, 3aJJaHHbIE B KOJIE€ TTPOTPaMMHBI.



[Tocte ananu3a OUOJIMOTEK MOXKHO BBIJICJIUTH HEJOCTATKH, BCTPEUAIONINEC Y Cy-

MIECTBYIOMNX IPOrPaAMMHBIX MHCTPYMEHTOB:

1) OpHUEeHTHPOBAHHOCTH MCKJIIOYUTETHLHO Ha KOHKPETHBIE MOJIEN MUKDPOKOHTPOJLIE-
POB U JIUCILIIEEB;

2) OTHOCHUTEIHHO HU3KAs TPOU3BOIUTENHLHOCTD 38 CUET OTCYTCTBHSI HU3KOY POBHEBbIX
ONTUMUIAINNA;

3) crocob 3ajaHus UCXOJIHBIX JIAHHBIX 3aTPY/HSIET HCIOJIb30BaHUE I'PadUIecKoro
UHCTPYMEHTA;

4) OTCYTCTBYET T0/Ib30BATE/ILCKUIT HHTEep(deEiic;

5) oTcyTCTBYET MACIITabUPyeMOCTb.

Ob6utaiast mepevncaIeHHbIMI BbIIIe HEI0CTaTKaMU, IIPOTPAMMHbBINA HHCTPYMEHT He
MOYKET MCIOJIb30BATHCS B IMOJTHOMACIITAOHBIX ITPOEKTAX.

Takzke CTOUT OTMETUTH, UTO TOIMY/ISAPHbIE rpadhudecKue OUOTMOTEKN, TAKIEe KaK
OpenGL [7], Direct3D [8] nim Vulkan [9], KOTOpBIe HOBCEMECTHO UCHOIB3YIOTCS P Pe-
[IEHNH 3a/1a9 KOMIILIOTEPHOI rpadWKK Ha Pa3IMIHbBIX alllapaTHBIX IaTdopMax, He T0JI-
JIEPKUBAIOT PabOTy ¢ MEKPOKOHTpOJLIepaMu cemeiictBa STM32.

Orciofa ciieflyer HEOOXOAUMOCTh Pa3pabOTKU MPOTPAMMHOIO HHCTPYMEHTA, KO-
TOPBIH pemaj Obl MOCTABICHHYIO 3ajady i miardopmbl STM32, He umest npu 3TOM

HEJOCTATKOB, IIPUCYIIUX PACCMOTPEHHBIM paHee aJIbT€pHaTUBaM.

1.3 TpeboBaHM4 K aJiropuTMaM BU3yaJInu3alu TPEXMEPHBIX 00bEKTOB

[Ipu BBIOOPE asropuTMa yiaaeHnus HEBUIUMBIX JTUHUAN U TOBEPXHOCTEN HeoOX0 -

MO YYHUTBIBATH OCOOEHHOCTH perraeMoil 3a/1aum:

1) MEKPOKOHTDPOJIJIEPHI MMEIOT OTHOCHTEIHHO HEGOJIBINYIO BBIYUCIUTEIBHYIO MOII-
HOCTb;
2) 00BEM JIOCTYITHON MAMATH MUKPOKOHTPOJLJIEPOB OUeHb OIPAHUYEH U COCTABJISET,

Kak 1pasuio, e 6osee 0.5-2 M6.

Nexogst m3 91X 0COOEHHOCTEH, MOXKHO CPOPMYIUPOBATH TPeOOBaHUS K AJTOPUT-

MaM:

1) KOMIIAKTHOCTH — aJITOPUTMbI JIOJIZKHBI 38/1efiCTBOBATH MUHUMAJBHOE KOJIMIECTBO
aMSITH, UCIIOJIb3Ysl CTPYKTYPBI JAaHHBIX, HE cojepzKaliiue N30bITOIHON NH(MOPMAIIIH;

2) mpocToTa U JIAKOHUIHOCTH — AJIFOPUTMBbI JIOJIZKHBI OBITH TPOCTBIMU, ITOOBI UTO-
TOBBII UCIIOJIHSAEMBIi (hailsl 3aHNMaJI KaK MOXKHO MEHBIIIEe MeCTa B IaMsITH MIKPOKOHTPOJI-
Jepa;

3) 6bicTposieiicTBHe — MUKDPOKOHTPOJLIED, He OOJIaJaionuii GOIbITMMEI BbIYUCTH-

TEJIbHBIMUA MOIIMHOCTAMHM, JOJIZKEH BBIIIOJIHATDL aJICOPUTMbI 3a IIPUEMJIEMOEC BPEMII.



BButy Toro, 4To B JAHHOM CJIydae OrPaHUYeHHe 10 [TAMATU CUJIbHEee OrpaHuYeHsd
1o BpeMeHu, 3(pHEKTUBHOCTH aJrOPUTMOB 110 ITAMATU OyJIeT caMbIM BazKHBIM KPUTEPUEM
OLICHKN aJITOPUTMOB.

Pacemorpun OCHOBHBIE aJIlOPUTMBI TOCTPOEHUsST TpeXMepHOii crierb [10].

1.4 Awnanns AJITOPUTMOB yJdaJIeHUd HEeBUANMDbIX JIMHUN " IIOBEPXHO-

crei
1.4.1 AJsropurm Pobeprca

Anropurm Pobeprca — MeTos yaaieHust HeBUUMBIX JIMHAN U TIOBEPXHOCTEH, pa-

6oTaroruit B 00beKTHOM IpocTpancTBe. OCHOBHBIE 3Talbl paboThl aaropurma Pobeprca:

0) HOArOTOBKA MCXOJHBIX JIAHHBIX: Pa30OUeHNe HEBBITYKJIBIX TeJT Ha BBITYKJIbIE, CO-
CTaBJICHUE KOppeKTHOﬁ MaTpHUIIbl Ka2KI0T'0 TeJia;
Jlaee 1j1si KaxKJI0ro TeJjia CIeHbI:
1) ynasenue pébep, SKpAaHUPYEMbIX CAMUM TEJIOM;
2) yuajnenue pébep, SKPAHUPYEMbIX JPYIUMU TeJaMu (eC/id Ha CIeHe HAXOJATCS
HECKOJIBKO TeJI);
3) ylajeHue JIMHUN [epecevdeHus Tesl, SKPAHUPYEMbIX CAMUME TeJaMU U JPYTUMI

TeJlaM, CBA3aHHBIMU OTHOIIECHUEM ITPOTHIKaHMA.

MaTeMaTI/I“IeCKI/Ie METO/bI, UCIIOJIb3YEMbIC B 9TUX dTallaX, Jal0OT O9€Hb BBICOKYIO
TOYHOCTb BBIUMCJIEHUN 3a CYET TOro, 4ro ajroputm Pobeprca paboTaeT B 0OBEKTHOM
IIPOCTPAHCTRE.

B 1o ke Bpems, KaXKJIbIil STall aJropuTMa OCHOBaH Ha TPYIOEMKHUX MaTeMaTH-
YECKUX BBIYHCJICHUAX, CJIOZKHOCTb KOTOPBIX paCTéT KaK KBa/JpaT YucCJjia O6’beKTOB CII€HDbI.
CronT OTMETUTB, ITO AJTOPUTM Pobeprca MOKHO ONITHMHU3UPOBATH, OJTHAKO PeaIn30BaTh

9T OIITHUMU3AIIN KpaﬁHe CJIOZKHO.

1.4.2 Asaropurm BapHoka

AnropurMm Baproka pernaer 3ajady yaaeHnsd HeBHIMMbBIX JIUHUH U TOBEPXHOCTEH
B IIPOCTPAHCTBe n3o0pazkenus. Ero ujes cocront B ToM, 4TO Ha 06paboTKy obJiacteit n300-
pazKeHus, COAEPKAIUX MAJIO WHMOPMAIINU, JTOJZKHO TPATUTHCA OYeHb MAJIO BPEMEHU, U
HA0OOPOT.

B npocrpancTBe n300pakeHns paccMaTPUBAECTCS OKHO U PEIIAETCS BOIIPOC O TOM,
JIOCTATOYHO JIU OHO TPOCTOE I BU3yasm3aluu. e 5To He Tak, TO OKHO pazduBaeTcs
HA IOJIOKHA 0 TeX II0P, IT0Ka YCJIOBHUE He OYyJIeT BBIIOTHATHCS.

B KOHKpEeTHBIX peajim3aIusX MOTYT UCIIOJIb30BATHCS PA3JIMIHBIE METO/IbI pa30ne-

HHA OKHa U PaCcCMaTPUBATLCA Pa3/IMYHBbIE CJIydal B3aMHOI'O PaCIIOJIOKEeHN A MHOT'OYT'OJIb-
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HUKOB OTHOCUTEJbHO OKHA. YC/I0KHEHUE KPUTEPUEB U CIIOCO00B pa3dbueHus CriocoOHO 3HA-

YUTEJIbHO IIOBLICUTD SCbeeKTI/IBHOCTb aJIropuTMa.

Pucynok 1.1 — CpaBuenue aByx croco0oB pa3bueHus OKHA

Takke B 11€/151X ONTUMU3AINI MOXKHO BBIIIOJIHATD ITPEIBAPUTETHHYIO CODTHPOBKY
MHOT'OYTOJTbHUKOB TI0 TJTyOUHE C TI€JIBIO ONITUMMU3AINN TTOMCKa MHOTOYTOJIbHUKOB, OXBATHI-
BaIONIIX paccMaTpUBaeMOe OKHO.

CrouT OTMETUTH, YTO PEKYPCUBHOE pas30ONeHre OKHA, B 3aBUCHMOCTH OT YHUCJIA
nepeceveHnit 00bEKTOB, MOYXKET CTaTh KaK IMOJIO2KUTEIbHOM, TaK U OTPHUIATEHLHOI CTO-
ponoii anropurtma Baproka. YeMm Menble nepecedeHuit oObLEKTOB CIIEHBI, TeM ObICTpee

BBIIIOJIHUTCHA aJITOPUTM.

1.4.3 Ausaropurm Beiisepa-AsepToHna

B asropurMme Beitsriepa- AzepToHa TPpOU3BOIUTCS MOMBITKA MUHIMA3UPOBATH KOJTH-
YeCTBO IMIaroB B ajaroputMe BapHoka myTem pasdueHns OKHa BJOJIb I'DAHUI] MHOTOYTOJIb-
HUKA.

A.HI‘OpI/ITM penennd 3aa491 yaJleHnd HEBUIANMbBIX JIMHUNR 1 HOBerHOCTefI yia-
JIEHUS TIEJIMKOM OasupyeTcs Ha aJIfOPUTMe OTcedYeHusi TeX ke aBTopoB. Paborta Oymer
BECTUCH C TPOEKIUSIMU MHOI'OYTOJBHUKOB, TO €CTh B IMPOCTPAHCTBE M300parkeHus. AJi-
TOPUTM OTCEYEHUs TO3BOJISeT HANTH KAaK BHYTDEHHHE, TaK ¥ BHEIIHWE OTCEYeHUsl, ITO
Ba>KHO.

OcnognbIe sTarnbr ajroputMa Beitiepa- Azeprona:

1) copTUpOBKa MHOIOYTOJBLHUKOB 10 TJIyOUHE;
2) oTcedeHne BCEX MHOTOYTOJBHUKOB CIIEHBI [0 TpaHuIle OmzKaiiimero K Hab/roiare-

JITO MHOT'OYT'OJIbHUKA,
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3) yiajieHre MHOIOYTOJBHUKOB, SKPAHUPYEMbBIX OJIMKANUIINM K HABJIIOIATEI0 MHO-
FOyTOJIbHUKOM;
4) pekypcuBHOe pasbueHre MHOIOYIOJIbHUKOB, BBIIOJHSIEMOE B TOM CJIydae, KOrja

MHOI'OYI'OJIbHUKH, PaCIIOJIO2KEHHBbIE B CIIMCKE 3a OJTzKafmM MHOI'OYTI'OJIbHUKOM.

K HemocTtaTkam ajropuTmMa MOXKHO OTHECTH TO, ITO OH HE CIIPABJISAETCS C CUTYAIU-
eit repecedeHnd JIBYX MHOIOYT'OJIBHUKOB, II09TOMY B HEM IIPUXO/IUTCA OTJIEJIBHO pPaccMaT-
pUBaTH TOT CJaydail U pa30UBaTh OJUH U3 HUX 10 JIMHUK IIepecedeHusi MHOTOYTOJIbHUKOB.

BButy OostbIux 3aTpaT BPEMEHHM U IMaMATHU Ha BBIIOJHEHHE aJI'OPUTMa OTCede-
Husi Beittepa-AzepTora, 0OCHOBAHHOTO Ha paboTe ¢ JABYHAIIPABIEHHBIMU ITUKITICCKITMUI
CIIMCKaMHM, COOTBETCTBYIOIUN aJIrOPUTM VIAJICHU:A HEBUJIUMBIX JIMHUN U IIOBEPXHOCTEH

HeJIb3s cauTaTh OoJiee 3 dekTuBHbIM, YeMm ajaroput™ Baphoka.

1.4.4 AJsropurmMm, ucrnosb3yloniuii Z-o0ydep

Astropury™, ncnob3yoomuii Z-6ydep ABIsSeTcd OIHUM N3 MPOCTEHIINX aJrOpuT-
MOB y/aJIeHUsI HEBUIUMBIX [TOBEPXHOCTE, KOTOPBIIl paboTaeT B IIPOCTPAHCTBE M300pazKe-
HUSI.

s cBoeit paboOThI OH HCHOJIB3YeT JiBa Oydepa: Oydep Kagapa, XpaHAIMIA 1IBET
(MHTEHCHBHOCTB) KayKJOTO IMHUKCEId B MPOCTpaHCTBe nm3obpaxkenus, u Z-0ydep (6ydep
DJIyOUHBI), XpaHAIHi THGOPMAIMIO 0 KOOPJMHATE Z Jjisi KayKJIoro MuKcessd. BHadae B
Z-0ydep 3anocdaTcd MUHUMAJbHBIE 3HadeHUd 7Z, a Oydep Kajpa 3anoyHgercsd (pOHOBBI-
MU 3HAUEHUSIMU. 3aTeM KaXKIblii MHOIOYTOJBHUK ITPeodpas3yeTcs B PacTpPOBYIO hOpMy U
zanucbiBaeTcd B Oydep Kajpa, Ipu 3TOM He IPOU3BOIUTCS HAYAJIBHOIO YIOPSAI0UECHU.

B mporiecce paboTel riiyOuHa (3HAUEHME KOOPJMHATHI 7) KayKJ0ro HOBOIO IMHK-
cesid, KOTOPBII HaJl0 3aHecTu B Oydep Kajipa, CpaBHUBAETCA C IVIyOMHOI TOTrO THUKCEJId,
KOTOPBIi yKe 3aHecéH B Z -0ydep. Eciu 310 cpaBHeHne MOKa3bIBAET, YTO HOBBII ITUKCE/Ib
pacIoJioXKeH OJizKe K HabJIro[aTel o, YeM UKCe/Ib, Y2Ke Haxojdiuiica B Oydepe Kajipa,
TO HOBBIIl TIUKCEJIb 3aHOCUTC B Oydep kajapa. Kpome Toro, nponsBoautcs KOppeKTUPOB-
Ka Z-Oydepa: B Hero 3aHocuTcsd IiyObuHa HOBOTO mukcessd. Ecim ke rimybuna paccmar-
PUBAEMOI'0 MUKCE/IsI MEHbIIIEe TVIYyOUHBI TUKCEIsd, XpaHsdierocsd B Z-0ydepe, To HUKAKUX
JeificTBull TPOU3BOAUTH HE HAJIO.

JlocTouncrna:

— IIPOCTOTa BU3YAJM3aIUN CIEH JIIOO0H CJIOXKHOCTH,;

— OTCYTCTBHE COPTUPOBKU 0OBEKTOB CIIEHBI 110 IIyONHe, KaK B APYTHUX aJIrOPUTMAaX.
Henocrarku:

— 0OJIBITION 0O6BHEM 3aJIeICTBYEMOI TTAMATH;

— TPYJOEMKOCTb YCTPaHEHUs JIECTHHIHOTO 3(PheKTa;
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— TPYA0EMKOCTH peasim3anun dPHEKTOB, CBA3AHHBIX C MOJIYIPO3PATHOCTHIO, IIPO-
CBEUYMBAHUEM U PsAJIOM JIPYTHUX CIEIUAJILHBIX 38189, TTOBBIIAIONIINX PEAJTMCTUIHOCTD N300~

paKeHus.

[Tocnenamit HeOCTATOK CBSA3AaH C TeM, UTO MHUKCETN 3aHOCATCA B Oydep Kajpa
B IIPOU3BOJILHOM TIOPSIIKE. DTO 3aTPYAHSAET TOJyUeHne nH(OpMaInm, HeoOXOIMMOMN JIyIst
METOJIOB, OCHOBBIBAIOIIUXCA Ha IMPE/IBAPUTEIHLHOM aHa/m3e n3odpakenns. [I[podbiema or-
HOCUTEJILHO JIEI'KO PEIAeTCsl MCIIOJIb30BAHUEM METO/IOB MOCT(MUILTPAIINN.

Bsuty Toro, uro ajroputrm Tpedyer 00bEM MaMATH, B Pa3bl IMPEBBIIIAIONINN TOT,
KOTOPBII MMEIT MUKPOKOHTPOJLIEPh! cemeiicTBa STM32, ero paccMorpenue i peasin-

3allin IOCTaBJEHHON 3ala4 HEe UMeeT CMBIC/Ia.

1.4.5 AJropuTM = IIOCTPOYHOIO CKAHHPOBAHUS, WCHOJb3YIOIINI
Z-6ydep

Wcrnob3oBanne MeTO0B IIOCTPOYHOIO CKAHUPOBAHUS B AJITOPUTME, HCIIOJIH3Y 0~
meM Z-0ydep, periaer mpobaeMy HCIOJIb30BaHUSA OOJIBIIIONO KOJIUIECTBA MAMSITH 38 CIET
TOrO, 9T0 Oydepusyercss He BeCh IKpaH, a TOJBKO OHA CKAHUPYIOMAs CTPOKA.

AJIropuTMBI TIOCTPOYHOIO CKAHUPOBAaHUSA pabOTAIOT B IPOCTPAHCTBE M300pake-
HUsI 1 00padaThIBAIOT CIIEHY B ITOPSIKE IIPOXOXKIEHNs CKaHUpyIolieil crpoku. JIjisa Kaxmo-
r'o IUKCEeJIF BBIYUC/IAETCS TUIyOMHA MHOIOYTOJIBHUKA, IEPECEKAIOIIEr0 paccMaTPUBaeMyto
CKAQHUPYIOIIYIO CTPOKY.

KosmmdaecTBO BBIYUCIEHIIT MOYKHO COKPATHTD, €CJIN UCIOJIH30BaTh IOHITHE HHTEP-
BaJjIoB. Perrenne 3ajadm yaajieHnsi HEBUIMMBIX [TOBEPXHOCTEN CBOJMTCA K BBIOOPY BUIU-
MbIX OTPE3KOB B KazKJIOM HMHTEpBaJie, II0JIy1eHHOM HyTéM JeJIeHn A CKaHI/IpyIOH_Leﬁ CTPOKH
IIPOEKITUSIMI TOYEK ITepecedeHns pedep.

3a To, 9TO AJIMOPUTM MOCTPOIHOTO CKAHMPOBAHUSI, UCIIOIL3YIONHi Z-0ydep, pe-
maer 1mpob/ieMy GOJIBIIOrO pacxoia MaMATH, TPUXOJAUTCA PACILIAYMBATHCS JIOIOJHATE h-
HBIMU BBIIUCJICHUAMU, CBA3aHHBIMU C UCIIOJIb30OBAHUEM CIIMCKa aKTHUBHBIX MHOI'OYT'OJIbHU-

KOB.

1.4.6 AJsroputM, UCHOJIB3YIOMINI CITMCOK NPUOPUTETOB

B ocHoBe ajropurMma JIEXKUT COPTUPOBKA OOBEKTOB II0 IMPHOPUTETY, TO €CThH II0
rIyOmHe OObEKTOB CIIEHBI JIH UX PACCTOSTHUIO OT TOUKM HaO oaeHns. CHadaa n300parka-
I0TCsT OOBLEKTHI, PACIIOIOKEHHBIE JAJIBINE BCEX OT HAOJII0IaTe I, a 3aTeM UX IePEKPLIBAIOT
00BEKTHI, HAXOIAIINeCs OJIMKe K HabJ/II0IaTe o,

[Toce copTupoBKI OOBEKTOB CIIEHBI 110 TJIyOWHE 1 MOIYJaeTcsl IepBOHATAIbHBII
CIHUCOK TpuopuTeToB. /lajiee OH KOppeKTUpyeTcss MyTEM BBITIOJHEHUSI CEPUN TECTOB Ha
SKPaHUPOBAHME JIJI KarXKJI0W Imapbl MHOTOYTOJIBHUKOB B CIIMCKE. DTU TECTHI JOCTATOTHO

TPYJOEMKHIE ¢ TOYKH 3peHust 3DPEKTUBHOCTH 110 BPEMEHHU U CJIOYKHOCTH PeaI3aIuu.
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Takzke CcTOMT OTMETUTH, YTO B AJTOPUTME OYEHDb CJIOXKHO HIACHTHMDUIIIPYIOTCS

CJIydau IiepecedcHrdA U IMUKJ/IMIECKOI'O IIEePEKPbITUA MHOI'OYT'OJIbBHUKOB CII€HLI.

1.4.7 AJsroputm omnpenesieHus BUANMBIX IIOBEPXHOCTE MyTeM Tpaccu-

POBKMU Jiy4eit

B anropurMme, UCHOIB3YIONIEM TPACCUPOBKY JIYUeil, OTCICKUBAIOTCS (Tpaccnpy—
IOTCH) JIyad, UIyIIe oT HabJ o1aTe d K 00bekTy. Takas TpaccupoBKa HAa3bIBAETCSA 00paT-
HOIA.

st ompejiesieHUsT BUIUMBIX ITOBEPXHOCTEH OT HaOJII0/IaTesIsl, HAXO/SIIErocss B
OECKOHEYHOCTH HAa MOJIOXKUTE/IHHOM HAITPABJICHUN OCH Z, UCITYCKAIOTC JIYIH, TTPOXOAIIIE
Jepe3 KaxKblil MIKCceTb KapTUHHOM TJIOCKOCTH. T paeKTopus KarxKJI0ro Jyda OTC/IeXKNBa-
eTcsi, 9TOObI OIIPEJIE/INTD IIepecedeHnsi 00bEKTOB CIIEHBI ¢ JaHHBIM JydoM. [lepecedenne ¢
MAaKCUMaJIbHbIM 3HAUYEHUEM Z IIPEJICTaBJIgeT BUJIUMYIO IIOBEPXHOCTD JJIS JAHHOI'O TIUKCEJIS

KAPTUHHON ILJIOCKOCTH.

H3OBPAKEHHE
HCTOYHHK CBETA

QOPMHPYIOUIHE

| BIUINMBIE JIVUll
\ TEHB JIV4H

OBBEKT

Pucynok 1.2 — WMamoctpalius aaropuTMa OnpeJie/ieHIus BUIUMBIX TOBEPXHOCTEN TyTeM

TPaCcCUPOBKU JIy4el

[Touck nepecedennii gBssieTcss HandoJIee BA2KHBIM U TPYJIOEMKUM 3JIEMEHTOM 3TO-
r'o aJICOPUTMA, TIOITOMY €ro OBICTPOJICHCTBHE CYIIECTBEHHO 3aBUCUT OT CKOPOCTH UX OIIpe-
nenennsi. OHAKO, HECMOTPS HA TPYIOEMKOCTD 9TOM MPOIEYPbI, BRIYUCTUTETbHAS CJIOK-
HOCTH METO/Ia JIMHEHHO 3aBUCUT OT KOJIMYECTBA OOBEKTOB CIIEHBI.

['maBHOE mpenmyInecTBO ajJropuTMa TPACCUPOBKH JIydell — KadecTBO W peaJiu-
CTUYIHOCTDH M300pazkeHus. Takke IPU UCIIOJIb30BAHUN JIAHHOTIO aJrOPUTMAa HETPY/IHO pe-

aJIM30BaTh HAJIOXKEHUE CBETa U TEeHHM Ha OOBLEKTHI.
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K memocrarkaMm JJaHHOrO aropuTMa MOYKHO OTHECTH MPOU3BOIUTEHLHOCTD, TaK
KaK TPACCUPOBKA OOJIBITIONO KOJTMYECTBA JIydell ABJISIeTCS OUY€Hb TPYJIOEMKUM IIPOIECCOM.
VHaET mpo3padHOCTH, YCIOXKHSAIONIUN TPOIECC TPACCUPOBKHU JIydeil, TOJILKO yCyryOuT 1mpo-

OJteMy.

1.5 AmnHaan3 aJropmTMOB 3aKpallluBaHUS
1.5.1 IIpocras 3akpacka

[Ipu wmcronb3oBaHuyM MPOCTON 3aKPACKW BCd I'PaHb MHOTOI'DAHHHUKA 3aKpalliiBa-
eTcsl OJIHUM YPOBHEM MHTEHCUBHOCTHU, KOTOPBIN BBITHUCSETCS 110 3aKoHy Jlambepra.

[IpeanocbuIKM K UCIIOJIB30BAHUIO ITPOCTON 3aKpaCKU:

1) MCTOYHMK CBETa HAXOJUTCS HA OECKOHETHOM YJIAJCHUU OT OObEKTOB CIECHBL;
2) mabJroiaTeib HaXOJAUTCs HA OECKOHETHOM YJIAJIEHUN OT OObEKTOB CIEHbI;
3) 3akpalmBaemasi IpaHb PEATbHO CYIECTBYET, & He sIBIAETCS PE3YIbTATOM allllPOK-

CAMAaIIH JIPYTOIl TTOBEPXHOCTH.

U3 noceinero myHKTa BBITEKAET HEJIOCTATOK aJI'OPUTMA MIPOCTON 3aKPaCcKU: OH
He TIOJIXOJIUT JIJI 3aKPACKU KPUBOJIMHENHBIX MTOBepxHOCTel. TakxKe K HegocTaTKaM aJiro-
pUTMa MOYKHO OTHECTH TO, YTO OH HUKAaK He yYHUTHIBAET OTPAaKEHHBII CBeT.

['maBHOE TIpeMMyIIECTBO aJrOpUTMa - MPOCTOTa peaju3anuu. Kcam 1moMecTuTh
HabJro/laTesid B OECKOHEYHOCTh, TO JIAHHBIN aJITOPUTM XOPOIIO MOJIOMIAET JIJIsi PEIIeHus

MOCTAaBJIEHHON 33/ 1a4U.

1.5.2 3akpacka no I'ypo

Bakpacka 1o ['ypo npeamosaraer OMINHERHYO HHTEPIIOISIINI0 NTHTEHCHBHOCTEI.
B pesynbraTte BbIUMC/IEHUS WHTEHCUBHOCTH B KaXKJOW TOYKE I'DAHU CO3JAETCA MJLITIO3US
VI8 KON KPUBOJIMHENHON OBEPXHOCTH.

Bakpacka 110 ['ypo XopoIiro coderaeTcss ¢ MPOCTOM MOJIE/IBIO OCBEIIeHus ¢ Jiud-
dY3HBIM OTPaAXKEHUEM.

Hecmotps va ToO, 9T0 MpuMeHeHne 3aKpacKu 110 ['ypo CUIbHO yJIydInaeT Ka1ecTBO

I/1306pa)KeHI/IH, 9TOT aJI'OPUTM HMeEET CBOU HEIOCTATKU:

1) nosiBagercs addexr moaoc Maxa,;
2) B pe3y/ibTare Crila’kKUBaHUs TEPsIeTCsl TPAHUIA MKy IPAHAMI MHOIOTDAHHUKA,

Y9TO B HEKOTOPLIX CJIyYasdAX MO2KET JaTb HeBeprIfI pe3yJibTaT.

[Toceinnit HEIOCTATOK MOYKHO YCTPAHUTh, pa30uBas IpaHd MHOTOI'PDAHHUKA WJTH
co3/1aBasi BO3MYIIEHUS B ypaBHEHUsI HOpMaJiell K IpaHsM, 9TOObI ciejlaTh UX Pa3HBIMHU.

OHAKO TaKOM MOIXO0/I YBEJIMIUT 00bEM BBIUUCICHHIA.
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1.5.3 3akpacka no PoHry

Bakpacka 1o QouHry mpejrosaraeT OUINHEHHYIO HHTEPIOJIAINI0 HOPMAJIEH K Ipa-
HsM MHOTOTpaHHMKa. Takoil mojxon TpedyeT GOJbINX BBIMUCIUTE/IHHBIX 3aTpaT, deM

3akpacka 1o ['ypo, u B pe3yiabrare jgaéT 60jiee KadeCTBEHHOE M300payKeHue, yCTpaHss

OOJIBIIITHCTBO HEIOCTATKOB IPEAbIAYHIECT'O aJIlOpruTMa.

Pucynok 1.3 — CpaBHeHnne MeTO/IOB 3aKPACKM: CjIeBa — MpocTas, B IeHTpe — ['ypo,

crpaBa — Donra

K HeJocTraTKaM 3aKpaCKHu I10 prO n 110 CDOHI‘y MOKHO OTHECTH OIINOKN 1Ipu 3a-
KpacCKe HEBBIITYKJIbBIX MHOI'OYTI'OJIbHUKOB, a TaK2Ke 6OJ'H)H_IyIO BbBIYNCJIMTEJIbHYIO CJIO2KHOCTD

U PECYPCOEMKOCTb.

1.6 BpiBoa u3 aHAIMTUYECKOTO pasjielia

B nannom pasjesie ObLIu IpoaHaJM3UPOBAHbI IIEPCIIEKTUBBI PAOOTHI C CEMEHCTBOM
STM32, cyrecTByIoIre perreHns MOCTaBIeHHON 3a/1a1n, a TaKyKe MEeTO/bl MOJeTMPOBa-
HUsI TPEXMEPHBIX 00bEKTOB. BBUIYy OTCYTCTBUS YHUBEPCAJIbHBIX MPOTPAMMHBIX HHCTPY-
MeHTOB it 1iardopmbl STM32, Koropble Moryin Obl peniaTh 3aJa4du TPEXMEPHOH KOM-
NBIOTEPHOI IpaduKU, a TaK¥Ke ¢ yIETOM IEPEHOCUMOCTH ITPOrPAMMHOI0 00ecIevueHnsT Ha
OTEYECTBEHHDIE TIJIAT(OPMBI, pa3pabOTKa UMEET aKTYaJIbHOCTD.

HecMmorps Ha nmepcreKTHBBI UMIIOPTO3aMEIIeH s, I pa3padoTKN OblLIa BRIOpaHa
opuruHajbHas mrardopma STM32 BBuay eé Oosiee pasBUTON SKOCUCTEMBI U HAJIUS
OOJIBIIIOIO KOJIMYEeCTBa MaTepuaJsioB 110 paboTe ¢ MUKPOKOHTPOJLJIEPAMHU STOr0 ceMelicTBa.
DTO ympocTuT paboTy ¢ MUKPOKOHTPOJIJIEPOM U €ro mepudepuiiHbIMU YCTPOMCTBAME, &
Tak:Ke pas3pabOTKy IPOTPAMMHBIX MPOJAYKTOB I JAHHON ILIAT(MOPMBI, YTO MO3BOJIAT
VAT OOJIbINe BHUMAHHS 3aadaM KOMITLIOTEPHOH rpaduKu.

B KadeCTBe aJI'OpUTMa YyAaJICHHUA HEBUIUMMBIX JIMHUN 1 HOBerHOCTeﬁ 6I)I.H BbI-
Oopan anroput™m BapHoka BBUJLY €r0 KOMIIAKTHOCTU U OTHOCUTEILHO HEOOIBINTON BBITUCTU-
TEeJILHOM CJIOYXKHOCTH, & B KQUeCTBEe aJI'OPUTMa 3aKPACKI — IIPOCTasl 3aKpacKa 110 IPUINHE

€6 OTHOCUTEJILHO HEOOJILIION peCprOéMKOCTI/I U BBIYHUCJINTEABHOI CJI0XKHOCTH.
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2 KoHcTpykTOopckuii pa3saen

B pmannom paszene OyayT oONUCAHBI OCOOEHHOCTH AalNMapaTHON TMIaTdOpPMbI
STM32, a Tak:Ke aJrOpUTMbl U CTPYKTYPBI JAHHBIX, BRIODAHHBIE JJIs PEIIeHUs OCTaB-

JIGHHOH 3aJ1a4u, Oy/ieT paspaboTaHa CTPYKTypa IMPOrpaMMHOI0 KOMILIEKCA.

2.1 Ocobennoctu apxuteKktypbli ARM

Apxurekrypa ARM — cucrema KOMaHI M CEeMEHCTBO ONMCAHUNA M T'OTOBBIX
TOHOJIONHH 32-6UTHBIX U 64-OUTHBIX MUKDPOITPOIIECCOPHBIX / MUKPOKOHTPOJLIEPHBIX SATIED.

ApxurekTypa pa3BHBajach ¢ TedeHmeM BpeMenn u, HadmHas ¢ ARMvVT, Obum
ompeJiesieHbl TPU HPOMUIIs: JJisi yCTPOUCTB, TPEOYIOMNX BBICOKOW IPOU3BOJIUTEILHOCTH
(cMapTdOHBI, MIAHIIETH), IS TPUIOKEHNH, pabOTAIONMX B PEATLHOM BPEMEHH, U IS
MUKPOKOHTPOJIJIEPOB U GIOJPKETHBIX BCTPAUBAEMbIX yCTpoicTs [11].

Ocuosuble oTmmuns apxuTekTypbl ARM or x86, KoTopas UCIOIL3YeTCsa B COBPE-
mennbix [1K: [12]

— wucnosib3oBanue yupomienHoro Habopa nacrpykimii — RISC (Reduced Instruction
Set Computing);

— TIpeJIUKaIUs — BO3MOYKHOCTD YCJIOBHOI'O MCITOJTHEHUST TPAKTHIECKH JIF0OON KOMaH-
JIB;

— yHpomgéHHas paboTa ¢ MaMsIThIO 3& CIET UCIOJIb30BAHUS €IUHOI0 aJPecHOro Ipo-
CTPAHCTBA JIJIsT BCEX YCTPONCTB BBHIYUC/IATE/ILHON MAaIUHBI;

— Gosiee 06béMHAsT perucTpoBasi apxurekTypa [13] [14];

— MeHbIIlee SHEPronoTPedIeHE;

— cucreMbl, bazupytormuecs Ha mporeccopax ARM, mpore maciirabupoBarh U OT-

JIa2KNBaTb.

Apxurektypa ARM moaaep:xuBaercs MHOKECTBOM OTIEPAIMOHHBIX CUCTEM, K IUC-
JIy KOTOpBIX oTHOCsiTesi Linux (B Tom umcsie Android, ocroBannasi Ha sinpe OC Linux),
i0OS, BSD, macOS Big Sur. Tak:xke na mrardopme 3aIlyCKAIOTCS OTAE/TbHbIE BAPUAHTHI
cemeiicrea OC Windows: Windows CE, Windows Phone, Windows RT, Windows 10.

[Iporeccoper ARM mupoKo MCIOMB3YIOTCA B TOTPEOUTETHCKON 9JIEKTPOHUKE, K
KOTOPOii OTHOCATCSI CMapTQOHBI, ILJIEEPhI, IIOPTATUBHBIE UT'POBbIE KOHCOJIM, KaJIbKYJISTO-
PBI, YMHBIE YaChl U KOMITbIOTEPHBIE MTePUMDEPHITHbIE YCTPOHCTBA. DTH TPOIECCOPHI HMEIOT
HU3KOE SHEPronorped/ieHne, MOITOMY HAXOJAAT IIMPOKOe IIPUMEHEHHE BO BCTPAMBAEMBIX
cucTeMax M IMpeod/IaIaloT Ha PbIHKE MOOMJIBHBIX YCTPOMCTB, JJIsi KOTOPBIX JAHHBIN (ak-

TOP KPUTUYECKU BazkeH [15].
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2.2 Omnwucanue ceMmeiicTBa MUKPOKOHTpoJiepoB STM32

Muorue JuieH3naTsl ToOTOBbIX Tomno oruii ssuep ARM mpoekTupyor cobcTBeHHbIE
Tonosiorun saep Ha Oase cucreMbl KomaHd ARM. Oanoit n3 Takmx KOMIAHHIA SIBJISET-
ca STMicroelectronics, mpon3Boisiast pa3JIMIHbIE TOJIYITPOBOIHUKOBbIE 3JIEKTPOHHBIE U
MUKPOIJIEKTPOHHBIE KOMIIOHEHTBI, K KOTOPBIM OTHOCATCS MUKPOKOHTPOJLIEPHI CeMeicTBa
STM32.

STM32 — cemeitcTBO MUKPOKOHTPOJLIIEPOB, OCHOBAHHBIX Ha 32-OMTHBIX sIpax
ARM Cortex-M. Kazkaplit MUKPOKOHTPOJLIEDP COCTOUT W3 SIAPa MPOIECCOpa, CTATHIECKO
RAM-namsiTi, pJrer-maMsiTi, OTJIaA0YHOTO U Pa3IUIHBIX eprdepuitHbIX HHTEPQEHCOoB.

Huzaitn ssupa ARM nMeer MHOXKECTBO HACTPAMBAEMbBIX OIIUI, U I KasKI0TO
MHUKPOKOHTPOJLIEPa BbIONpaeTCsd MHIANBUIyaIbHAs KOH(MUTYypalys ¢ J00aBJIeHIEeM CBOUX
COOCTBEHHBIX MepUMEPUITHBIX YCTPOUCTB K AJIPY MUKPOKOHTPOJIIEPA TIepe/l ITpeodpa3oBa-
HUEM Jin3aiiHa B IOJIYIIPOBOIHUKOBYIO IIJIACTUHY.

OcHoBHBIE TIpeNMYyIIECTBA MUKPOKOHTpOJLIepoB STM32:

— HU3Kas CTOUMOCTB;
— rubKast U MacirabupyeMasi 9KOCUCTEMA;
— 0oJbIII0# BBIOOD cpeji pa3paboTKH;

— BBICOKad ITPOU3BOJUTE/IbHOCTD,

— HaJIn4ue MHCTPYMEHTOB IJId OTJIaJAKKW MHUKPOKOHTPOJLJIEDA.

CaMbIM BaxKHBIM IpenMyIiecTBoM STM32 saBiisieTcst B3anMO3aMeHsSIeMOCTDb UUIIOB,
KOTOpas JIOCTUTAETCS 3a CYET yHUBepcaabHOCTH siapa STM32, mo3BOJAONEr0 MEHATH
MIPOU3BOIUTE/ ¢ MUHUMAJbHBIMEU 3aTpaTaMu Ha ITPOTPAMMHBIN KOJ. Takke BHYTpH ce-
MmeiicrBa STM32 nomgepkuBaeTcst pin-to-pin COBMECTUMOCTH, KOTOPasi MTO3BOJISIET MEHSITh
obbem mamsitu (dusm-namars 1 O3Y) u nepudeputo (Ethernet, USB, CAN u tak masee),
HE MeHss HevYaTHyIo 11aTy. TakuM obpa3oM, ecin Jjisd pelleHnsl Kakoh-a1mbo 3aaqu He
XBaTaeT PecypcoB OJJHONO MUKPOKOHTPOJLIEPA, ero MOXKHO 3aMEHUTH Ha 00Jiee MOIIHBIII,

He MeHsIs caMoii cxeMbl U T1aTel |16].

2.3 CrTpyKTypbl JaHHBIX

Yro6n1 hopMan3oBaTh AJITOPUTM CUHTE3a M300parKeHusl B IIporpaMme, HeoOXOo-
JIIMO OTIPEJIESIUTDH CTPYKTYPBI JJAHHBIX, KOTOPBIE OY/IyT B HEl MCIOJIL30BAThC. B JTaHHOIM

paboTe TPUHATHI CJIEIYIONINE COTJIAIeHUS:

1) TpéxMepHbIe MOJIE/N SIBJISIIOTCS MOJIUTOHAJIBHBIMU, TOTJIA CIIEHY MOYKHO IPEJICTa~
BUTH B BUJIE MAaCCHBA MHOTOYTOJBHUKOB (TIOJUTOHOB);
2) MHOTOYTOJILHUK BKJIIOYaeT B cebs CIIeyIoNye JaHHbIe:
— KOJIMIECTBO BEPIINH;

— MacCCHUB X U Y KOODJMHAT BEPIINH;
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— K03} UIMEHTH ypaBHEHUsT TOBEPXHOCTHU, HECYIeil TaHHBI MHOTOYTOJIb-
HUK, 38JIAaHHOTO B BUJEe a * * + b *x y + ¢ x z = 1000;
— IIBET;

3) OKHa, UCIIOJIL3YIOIIUEC B aIrOpuTMe BapHOKa, UMEIOT MPSIMOYTOJILHYIO (hopmy

1 XPaHAT CJIeLYIONLYI0 HHMOPMAIIUIO:

— KOJIMIECTBO MHOI'OYTOJIbHUKOB, PACCMaTPUBAEMbIX IIPU N300ParKeHU! J1aH-
HOT'O OKHa;
— MAaCCHUB MHOTOYTOJIbHUKOB;

— KOOPJUHATLI X U Yy JICBOI HUXKHE! U1 IIpaBoil BepXHeld BepIlInuH OKHA.

2.4 PazpaboTka ajropurmMoB
2.4.1 Aunropurm padboTbl HpOrpaMMbl

Huarpamma, odopmiennast B coorBercrBun ¢ notarnueii IDEF0O u orpaxkarorias

OOIIYIO JEKOMIIO3UINIO aJropuT™Ma paboThl TPOrPAMMBI, IIPEJICTABICHA B IPUIOKeHNH A.

2.4.2 Aunropurm BapHoka

st ynanenus HEBUIUMBIX JIUHUN U TIOBepxXHOCTel ObLT BbIOpaHn ajaroputm Bap-
HOKa, OCHOBAHHBII Ha PEeKypCUBHOM pa3buenuu OKOH. [loji OKHOM B JaHHOM aJIrOpUTME
MOHUMaETCd 00/1aCTh N300parXKeHus Ha JINCILIee, KOTOPas MOXKET COJIEPKATh BU3YAJIU3UPY-
eMble O0bEKTHI CIleHbl. Pasdunenne okoH B ajaroputMme BapHoka MoKeT OBITH Peain30BAHO
KaK PEKyPCHBHO, TaK U UTepalrmonno. B mgannoit pabore OyaeT paccMaTpUBAThLC UTEPa-
IIMOHHAs peajn3alns ¢ UCIOJb30BaHNEM CTeKa OKOH, TaK KaK OHa 3aJefiCTBYeT MEHBbITHi

00BEM TTAMATH, 9eM PeKypCHBHast. MaKCHMaIbHBIH pasMep CTeKa OKOH COCTABJISET
Size = [logy(maz(w; h))| + 2 - [logy(min(w; h))| + 1, (2.1)

rjle W — TOPU30OHTAJIbHOE pa3pelllenne JUCIes, h — BepTUKaJbHOe Pa3pelleHne JIUCILIes.
Beisog opmyset 2.1 onmcan B npusioxkennn b. Cxema ajropurva BapHoka mpejicraBiena
B npuioxkennn B na pucynke B.1 Ha pucynke B.2 npesicrasiien ajroputm ujaeHTuduKa-
NN B3aWMHOTO PAaCIOIOKEHUsT OKHA U PACCMATPUBAEMOI0 MHOTOYTOJIbHUKA. AJTOpUTM

caejyeT opOPMUTH B BHUJIE MTOIITPOTPAMMBI.

2.5 CrpyKTypa mporpaMMHOIo KOMILJIEKCA

Ha pucynke 2.1 npejictaBiieHa CTPYKTypa IIPOTPAMMHOTO KOMILIEKCa, 0hOPMICH-
Has B BUJE JuarpaMMbl pa3BépreiBanus. OHa oTparKaeT KOMIIOHEHTBI, HEOOXOUMbIE JIJIst

pa6OTbI CHCTEMDI, a TaKxKe CIIOCODBI UX BSaI/IMO,ZLeﬁCTBI/IH.
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WNcTOYHUK nuTaHna

lNpoeogHoe
coefiMHeHWe
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MWKpOKOHTpoONNep Lucnneit

lMpoeogHoe WHTepdeiic
coefuHeHue ancnnesn

MporpaMmmartop

<<component>> & | y
Mporpamma

v

<<component>>
3D mogenu

Pucynok 2.1 — /IlmarpamMma pasBépTbIBAHUS TPOrPAMMHOIO KOMILIEKCA

2.6 BpIBoa M3 KOHCTPYKTOPCKOI'O pas/ieJia

B mannOM paszjene ObLIN omucaHbl 0COOEHHOCTH pabOTHI C allapaTHO 1aTdop-
moit STM32, crpykTypa MporpaMMHOIO KOMILJIEKCA, & TaKKe aJrOPUTMbI U CTPYKTYPbI
JIAHHBIX, BBIOPAHHBIE JIJId PEIIeHUs] OCTaBJIEHHONW 3a/la9i U OTBeYaloIne TpeOOBaHUIM

KOMIIAKTHOCTHU, TTPOCTOTHI U OBICTPOJIEHCTBUS.
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3 Texnojsoruveckuii pasjieJ

B nannom pa3ziese OynyT pacCMOTPEHBI JIETATN PEAJIU3AINH TPOTPAMMHOTO KOM-
IIJIEKCA, OMUCAHHOIO B KOHCTPYKTOPCKO# YacTu PabOThI, U MPUBEJIEHBI TPUMEPHI PAOOTHI

IPOTPAMMBI.

3.1 Bpibop u obocHOBaHUE CPEJICTB Pa3padbOTKM

B kadecTBe sI3bIKAa MPOrpaAMMUPOBAHUS, HA KOTOPOM OYJIET Pean30BaHO IIPO-
rpaMmHOe obecriedenne, BbiOpan 36k C++ [17]. JlanHblil BEIGOD OOYCJIOBIIEH ClIeLyTO-

MU IIPpUIUHAMMNU:

1) BbICOKasi CKOPOCTb PAbOTHI SI3bIKA;

2) crporast TUIU3AIINS;

3) masmume 6ubJMOTEK I PAbOTBI ¢ MUKPOKOHTpoJuiepamu cemeiicrBa STM32 u
nepuepuitHbIMI YCTPORCTBAMU;

4) Hasmane GOJIBIIONO KOJIMIECTBA MaTepPHaoB O pa3paboTKe MPOrpaMMHOIO 0bec-
nevYeHus JIJisi MUKPOKOHTPOJLIepoB cemeiicTBa STM32 Ha maHHOM sI3bIKE;

5) BOBMOXKHOCTH cepTudUKAINI IPOrPAMM, HAIIMCAHHBIX HA JTAHHOM sA3bIKe [18].

B kadecTBe cpejibl pa3paboTKu ObLI BRIOpaH TEKCTOBBINH pemakTop Visual Studio
Code [19], obaaromuii 60IBITIM KOJTMIECTBOM IJIATTHOB U MHCTPYMEHTOB JIJIsl CO3/IaHUST
MIPOTPAMMHOTO O0eCIIeYeHNsT HA PA3JIMIHBIX S3bIKax, B TOM [ncie Ha C++-.

Jl1st KOHTPOJIsT KadecTBa KOJIa MCIOJIB30BAJICA CTATHIECKUl aHAIU3aTOp KO

cppcheck [20] u orsagunk ncnosnbzoBanus namsitu valgrind [21].

3.2 dPopmar 3aJaHUSA UCXOAHBIX JaHHbIX

Pazpaborannbiit rpaduydecknii HHCTPYMEHT HCIOJIB3YeT IOJUTOHAILHOE ITPeJI-
cTaBJ/ieHne TPEXMEpHBIX Mojesieit. g nx 3amanus HeobxoauMa nHMOPMAIHS O TOJIATO-
HaX, U3 KOTOPBLIX COCTOUT MOJIEJIb, a UMEHHO UX I'€eOMETPHUICCKOE CTPOECHUEC U IIBET. TaK}Ke
JIJIS TIOCTPOEHUST TPEXMEPHON CIIeHBI He0OX0IMMa MHMOPMAIIUS O PACIOJJIOKEHUU HCTOY-

HUKOB CBeETa.

3.2.1 3amaHue reoMeTpum TPEXMEPHBIX MojeJeit

B kagecTBe hopmarTa, 3aa0IET0 TEOMETPUIECKOE CTPOEHIE U PACIIOIOYKEHIE 110~
JIMPOHOB Ha CrieHe, ObLT BbIOpaH dopmat obj [22]. Dro npocroit dhopmar JaHHBIX, KOTOPbIi
[IPEJICTaBJISET TOJBKO TPEXMEPHYIO Ne€OMETPHIO, & IMEHHO KOOPIUHATHI BEPIIIH, NHIEKCHI
BEPIINH, COCTABJISIIOIIIE [TOJTUTOHBI, & TAKZKE TeKCTYPhI 1 HOpMaJii. Ba:KHO 3aMETUTH, ITO
¢ dopmaTom obj MOryT paboraTh pasndHbEe PEJAKTOPBI TpéxMepHoil rpadukn. Cambl-

MU TOIYJIApHBIME cpean HuX spistores Blender (23], Autodesk AutoCAD [24], Adobe
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Photoshop [25] u KOMITAC-3D [26]. IIpumep daiina ¢popmara obj npusesén B mpuoxe-

aun [N (ymerunr I'.1).

3.2.2 3aganme XapakKTepUCTUK MaTEpPHUAJIOB

@opmar obj MOMHMO TeOMeTpPUU 3aJaéT MATEPUAJBbI, U3 KOTOPBIX BBIIOJJHEHbI
3aJIaHHble MOJIMTOHBL. DT MaTepHaJibl MOAPOOHO onuckiBaeT (opmar mtl [27], KoTopbrit
COJIEP2KUT B cebe MHMOPMAIINIO O I[BETE U ONTHIYECKUX CBOMCTBAaX MOJUTOHOB, U3 KOTOPBIX
cocrouT Tpéxmepnas Mmojiesb. [Ipumep daitna dopmara mtl npusenén B npuioxkenun [°

(muctuar [.2).

3.2.3 3agaHue NUCTOYHUKOB CBeTa

®opmaTbl 0bj 1 mtl oNMMCHIBAIOT TOJIBKO TPEXMEPHBIE MOJEIN HE MPEIyCcMaTpH-
BaIOT 3aJaHNs PACIIOJIOXKEHIS NCTOUYHUKOB CBeTa Ha ciieHe. Ilosromy m1j1s1 ipeicraBieHust
9THUX JIAHHBIX ObLT pa3paboran (opMmar lgt, B KOTOPOM MOCTPOYIHO 3a/AI0TC BEIECTBEH-
Hble KOODJUHATHI X, V, Z UCTOYHUKOB cBera. IIpumep daiia dopmara lgt nmpusenén B

uputoxkernu [N (mucrunr I7.3).

3.3 CrpykTypa nmporpaMmMsbI

B nporpamme pean30BaHbl CJIEYIONIAE MOITYJIN:

reader — MOIyJIb YTE€HUS MCXOIHBIX JAHHBIX U3 (hailios;

converter — MOJIYJIb MIOJI'OTOBKHM MCXOJ/IHBIX JTAHHBIX JIJIs QJIFOPUTMOB BU3YaJIH-
3aINN;

writer — MOJy/ib 3alUCu CKOHBEPTUPOBAHHBIX JAHHBIX B IIPOMEXKYTOTHBIIH
daii;

display — Moy/ib, 1IpeIOCTaB/IAIONINA TaHHbIE O KOHKPETHOM JTUCILIee U (PyHK-
1uu J1jist paboThl ¢ HUM;

errors — Mo/1y/ib 00paboTKM ONMIMOO0K;

debug — or/iaj09HBII MO/LYJIb;

warnock — mojyib, peasmsyionuit ajroputMm BapHoka yiasieHus HeBUIUMBIX
JIMHUN U IIOBEPXHOCTE;

wstack — MOy, IPEIOCTABISIONUI CTPYKTYPhI JaHHbIX "okHO", "cTek okon"
U ONEPAIAN HaJT HUMU;

data structures — Mo/yib, IpeJOCTAB/IAIONIMI CTPYKTYPBI JIAHHDBIX, OIIUChIBA-

Iomue I10JIMroHaJibHble MOIEJ/IN.

JnarpaMma Moysieit TporpaMMbl IIpejicTaBleHa Ha pUCYHKe 3.1.
[Iporpamma pa3zpesena Ha jiBe dactu. llepBas npejnasnadena Jijis 1npeoopadoT-

KN UCXOAHBIX JaHHBIX W BBIIIOJIHACTCA Ha KOMIIBIOTEDE. Ona IIoJIydaeT Ha BXO (baflﬂbl C
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Pucynok 3.1 — /IluarpamMmma Mosyseil mporpaMMbI

UCXOJTHBIMU JTAHHBIMU U TPAHCAUPYET uX B (ailsl, KOTOPbIil KOMIIOHYyeTCsS CO BTOPOI 4a-
CTBIO IIPOI'PAMMBbI, OTBeYaIONIeil 3a peHjiepunr n3obpazkenus. [losyausiascs mporpamma
3arpyzKaercs Ha MIKPOKOHTPOJIIED U BBIBOJIUT HA JIUCILIEH 3alaHHOE M300paskKeHue.
Takass rubkast apXuTeKTypa IMO3BOJIAET 3aMEHATH allllapaTHoe obecliedeHne, Ha
KOTOPOM JIOJI?KHA BBITIOJIHATHCS IIPOrpaMMa, He 3aTparuBas IIPU 9TOM aJTOPUTMbI PEH/Ie-
pUHTa TPEXMEPHOII CIIeHbI. DTO 03HAYAET, UYTO JAHHOE IIPOrpaMMHOe obectiedenue 00,1a,1a-
€T J0CTaTOYHO OOJIBINON YHUBEPCAJIHLHOCTHIO ¢ TOUKN 3peHUs TPeOOBAHUIT K aIllltapaTHOMY
00ecIedeHnio U He 3aBUCHT OT KOHKPETHBIX MOJIeIeil MUKPOKOHTPOJLIEPA U JIUCILIEs.
Taxkke J/1s1 pa3BEPTHIBAHUS U 3aIyCKa ITPOrpaMMbl ObLIT HAITHCAH CIieHapuii cOop-

KW, [IPeIHA3HAYCHHbIIT JIJIsT 3allyCKa Ha OlEPaIMOHHBIX cucTeMax cemeiicra Linux [28].
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3.4 [ertanu peasnm3anum ajJiropuTMoOB

B nuctunre 3.1 npescrasien koj dyukiun warnock subdivide, koTopas peasu-

3yeT aJaropuTM BapHoka yjgajieHus HeBUIMMBbIX JIMHUI U ITOBEPXHOCTEI].

JIuctunr 3.1 — Anropurm Baprhoka

errors_t warnock subdivide(const window t &window, const uintl6 t bgcolor,
void (*set pixel)(uintl6 t, uintl6_t, uintl6é t))

wstack t stack = wstack init ();

if (!wstack allocate(stack, window))

{

wstack free(stack);

return MEMORY AILOCATE ERROR;

polygon t nearest polygon;

while (stack.size > 0)
{
window t wecur;
wstack pop(stack , wcur);
uint32 t end outside = 0;
uint32 t start encomparassing = wcur.polygons.count;
uint32_t i = 0;

while (i < start encomparassing)
{
polygon t cur_ polygon = wcur.polygons.array|[i];

int overlap flag = overlapping(cur_ polygon, wcur);

if (overlap flag =— OUTSIDE)
swap (wcur. polygons. array [ 1++],
wcur . polygons . array [end outside++]);
else if (overlap flag =— ENCOMPARASSING)
swap (wcur. polygons . array[i],
wcur . polygons. array[——start encomparassing]) ;
else

41 ;

polygons t new arr = {wcur.polygons.count — end outside,

weur. polygons . array + end outside };
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37

38
39
40
41
42
43
44
45

46
47
48
49
50
o1
52
53
54
55

if ((wcur.pend.x — wcur.pbeg.x = 1) and (wcur.pend.y —
wcur . pbeg.y =— 1))
fill pixel(wcur.pbeg, new arr, bgcolor, set pixel);
else if (start encomparassing != end outside)
split _window (stack , wcur, new arr);
else
{
if (start_ encomparassing = wcur. polygons.count)
fill window (wcur, bgcolor, set pixel);
else if (nearest polygon exists(nearest polygon, wcur,
new _arr))
fill window (wcur, nearest polygon.color, set pixel);
else

split _window (stack , wcur, new arr);

wstack free(stack);

return SUCCEDED;

[lepes anam30M KazKJI0T0 OKHA BBIMOJIHICTCH WACHTH(MUKAIMSA MHOTOYTOJbHU-
KOB C IIeJIbIO UX Pa3/e/IeHs Ha TPU I'PYIIIbL: BHEITHIE, OXBATHIBAIOIINE U BCE OCTAIbHDIC.
B Tom citydae, eciim HeobxomMo paszbuenne OKHa, OHO JICJIMTCSA Ha YeThIpe paBHBIE YaCTH,
ecsit 910 Bo3MOKHO. [lepes pazbuennem n3 MaccuBa MHOTOYTOJILHIKOB YIAIAIOTCS BHEIII-
HHUe, TaK KaK OHU 3aBeJOMO OyJIyT BHEITHUMHU OTHOCUTEIBHO MOJOKOH M He Oy/IyT UrpaThb
HUKAKOW POJIM NPU U300parKeHuu CIeHbl. JlaHHas onTuMu3alius MOBBIMAET ObICTPO/IE-

CTBUEC aJIropuTM™Ma.

3.5 BszaumopgeiicTBue ¢ mporpamMmmoit

st mporpaMmbl ObLT paszpaboTaH KOHCOJIBHBIN mHTEpdElic, a He rpaduieckuii.
Taxoe periienne OBLIO IPUHATO IO TPUYNHE BEIOOpa hopMaTa 3a/IaHusT NCXOIHBIX JAHHBIX,
He TPeOYIONEero oT MOJIb30BaTe /g OOJIBIIOTO KOoJu4decTBa jeficTBuil. Tak:ke KOHCObHBIH
unTepdeiic Mo3BOJIIET UCIOIb30BATh Pa3pabOTAHHbIN TPOrPAMMHBIN UHCTPYMEHT JIPYTHU-
MU IporpamMamu. B OyyiieM 9To o3BOJIMT pa3padaThiBATh MPOIPAMMHOE ODecIiedeHne
Jts cemeficTBa MUKPOKOHTposLTepoB STM32, ucrob3ytoriee TpéxMepHYO rpaduky.

Jl1st 3ammycka mporpaMMbl HEOOXOIMMO BBITIOJIHUTD YeThIPe Iara: yCTAaHOBUTD 3a-
BUCHUMOCTH, TOJIFOTOBUTH UCXOJ/IHBIE JIAHHBIE, TIOJK/IIOUNTH MUKPOKOHTPOJLIED K KOMITHIO-

TEepy U 3aIlyCTUTb PEHJICPUHT.
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3.5.1 VYcranoBka 3aBUCHMOCTEl

Bsuy Toro, 9To j1j1st n3MeHEeHHsI BEIBOAMMOTO Ha UCILIEH H300PparKeHns IIPOTrPaM-
MY HPHUXOJHUTCS ITePEKOMIIOHOBBIBATH, Ha KOMIIBIOTEPE, C KOTOPOro OyIeT 3arpyzKarTbCs
porpaMma, JOJIXKHBI OBbITh YCTAHOBJIECHBI UHCTPYMEHTBI, HEOOXOIMMBIE JIJIsT KOMIIOHOBKH

nporpammbl [29]. Takzke jis 3amycka ciienapust c6opku Tpedyercs yruinra make [30].

3.5.2 IloaroroBKa MCXOAHBLIX JAHHBIX

PaccMoTpuM aHHBIN U TOC/IE Y IONITNE STABl HAa TpuMepe Mojen Kyba. [l 3a1a-
HUS TPEXMEPHBIX MOjesIeil HeoOxouMo co3aTh 3 daitra. Comeprumoe daitios cube.obj,
cube.mtl u cube.lgt npuseeno B npusoxkenun I'. Tlepsoie aBa daitia MOXKHO KCIIOPTH-
pPOBaTh U3 rpadUIECKUX PEIaKTOPOB, & TPETUIl CO3/IaTh C TIOMOIIBIO TEKCTOBOTO PEIAKTO-
pa. [Tonydennsie daiibl HEOGXOAUMO TOMECTHTH B JUPEKTOPHIO mpoekTa models/HazBa-

Hue Mojiesn (B IpuUMepe JupeKTopus Oyjer HasbiBarhes models/cube).

3.5.3 IloakaoyeHne MUKPOKOHTPOJLIIEPA

s 3arpy3Ku nporpamMMbl Ha MUKPOKOHTPOJLIEP HEOOXOIUMO IMOJIKIIOYATH €0
K KOMITBIOTEPY C IOMOIIBIO IIPOBOIHOIO COEJNHEHNS U 3allOMHUTH aOCOIOTHBIN MyTh K

daitny ycrpoiicTna.

3.5.4 3amyck nporpaMMbI

Jls1 3amycka ¢cOOpKHM HEOOXOAMMO BBIIIOJHATH B KOMaHIHON 000JI0YKE KOMAaHLY

BHIA,

sudo make view model=cube device=/dev/sdb target=/run/media/user/unit

rie model — nasBanme mojenu, device — aiilyl MOAKIIOYEHHOIO YCTPOHCTBA, target —
TOYKa MOHTHPOBaHHUs ycTpoiicTBa. Jlajiee mpon30iIéT KOMIMIANMSA TPOTPAMMBI, IIOCJIE

9Eero OHa 3arpy3uTcCd Ha MUKPOKOHTPOJIJIED U BbIBEJIET I/1306pa}KeHI/I€ Ha ,HI/ICHJIGI;'I.

3.6 IIpumepsnl paboThl IIPOrpaMMbI

Ha pucynke 3.2 npusejieno nzobpazkenue Moje/m Kyba, paccMaTpuBaeMoe B Ka-

gecTBe puMepa. pyrue nzobparkenust Mojiesieil IpuBeaeHbl B nputoxkennn J1.
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Pucynok 3.2 — N3ob6paxkenne Mojesn Kyba Ha juciiiee ¢ pasperrerunem 320x240

uKceJgaen

3.7 BpbIBoa M3 TEXHOJIOTMYECKOro pasjeJia

B namnoM pazgesne ObLIM PACCMOTPEHBI JIETAIN PeaJM3alui IPOIPAMMHOIO MH-
CTPyMeHTa, pa3pabOTAHHOI'O HA OCHOBE aJiropuTMa BapHoka y/ia/ienusi HEBUIUMBIX JTUHUT
u ioBepxHocTeit. Takzke ObLT PACCMOTPEH AJITOPUTM B3aMMOJIEHCTBUS ¢ TTPOrPAMMON 1 ObI-

JIV TIPUBEJIEHBI TTPUMEPBI €€ PadOTHI.
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4 SKCHepI/IMeHTaJIbHO-I/ICC.TIe,ZLOBaTeJIBCKI/II';I pa3aeJa

B JaHHOM pPa3JeJie 6y,ZL€‘T IIPOU3BEJICHO UCCICOBaHNE pa3pa60TaHHoro IporpamMmm-
HOI'O O0ECIICYEHUs C IeJIbIO OIIpeae/IeHu I BO3MO2KHOCTEM IIpuMeEHEeHA MHUKPOKOHTPOJLIE-

poB cemetictBa STM32 11 perennst 38789 KOMIBIOTEPHON TPAUKA.

4.1 Ilesb NpoBOANMMBIX U3MEpPEHUN

Jl1st IporpaMMbl, KOTOpasi JIOJKHA BBITOJHITHCA Ha MUKPOKOHTPOJLIEPE, 00Ja-
JTAIONIEM CPaBHUTEIHLHO HEOOJIBIION BBIMUCIUTEIHHON MOITHOCTBHIO, KPUTUIECKH BarKeH
dakTop ObicTpojieiicTBUsA. OcOOEHHO OH BaKeH MPU U300PAKEHUU CIEHBI, cojepIKalieit
OOJIBITIOE KOJTUYIECTBO OOBEKTOB. B CBA3M ¢ 3TUM O4YeHb BaXKHO IMOHUMATh, KaK 0D00PYJI0-
BaHMe, UCIOJHAIONEe Pa3paboOTaHHYIO MPOTPAMMY, OYIeT CIPABIATLCA C YBEIUYCHUEM
HAPY3KU U KaK IPU 9TOM Oy/IeT M3MEHATHCS PECYPCOEMKOCTD PEATN30BAHHBIX AJITOPHUT-
MOB.

Hesibio IpoBOIMMBIX W3MepeHuit Oy/1eT TPOBeIeHIe HAIPY309UHOIO TeCTUPOBAHUS
U YCTaHOBJIEHWE 3aBUCHMOCTH MEXKJIy UHUCIOM OOBEeKTOB Ha CIIeHE W 3aTpaTaMyi BPEeMEHU

n IIaMATH Ha pa60Ty aJITOpUTMa BU3YaJIU3al[UU.

4.2 Omnmcanue MPOBOANMbBIX U3MepPEeHU

Jl1s ycTaHOB/IEHUS 3aBUCUMOCTH MEYKJIy YHCJIOM OOBEKTOB Ha CIIEHE U BpeMe-
HEM pabOThI ajropuT™Ma OyIyT IMPOU3BEJIEHBI 3aMepbl BPEMEHU IPHU BU3YaJIU3AIUU TPEX
Mojeseit, comepxkamux 312, 1172 u 6228 mosuronos. V3obpazkeHust Mozeseil npuseie-
Hbl B ipuioxkenun /[. B camom Havase OyaeT mpon3BeiEH 3aMep BpeMEHU BU3yaJIM3allin
HEOOJIBITION YaCTU MOJIEIHU, a 3aTeM K Hell TOCTeNeHHO Oy/IyT JT00aBIATHCA HOBBIE TIOJIUTO-
HBI JIO T€X TI0P, TOKA TUCJIO0 N300paskKaeMbIX ITOJIUTOHOB HE JIOCTUTHET YUCJIa ITOJIUTOHOB BO
BCeil MoJieJI U OHa He OyJIeT MOJTHOCThIO n300pazkeHa. Bpemst OyaeT 3aMepsThCs B TaKTax
nporieccopa. BpeMs BbicBeunBaHUsI IIUKCeJIel Ha JIMCILIee YIUThIBATbCS HE OYJIeT.

Bamepnsl 00bEéMa MaMsITH, HEOOXOAMMOTrO JIs PabOThl TMPOTPAMMBI, OYIYT ITPO-
M3BeJIEHbl aHAJIOTMYHO 3aMepaM BpPEeMeHU, TO €CTh ITYTEM HCCJIeT0BaHUs IPOIEcca BU3Y-
aJM3alli OT/IEebHBIX (DparMeHTOB m300pazkeHus. B mporiecce BU3yan3aiuu KarKI0ro
dparmenTa OyjieT GUKCUPOBATHCSA MAaKCHUMAJbHBIN 00bEM 3aTpadeHHOll OllepaTUBHON I1a-
MATHA. B 3T0T 00BbEM BXOAAT AaHHBIE 00 M300parkaeMbIX MOJIEIAX, a TaKyKe CTaTudecKast
1 JUHAMAYecKas IMaMsiTh, HCIIOJIb3yeMasl IporpaMMoii B rporiecce BbioiHeHns:. O6bEM
CKOMITUJIMPOBAHHOTO KOJIa IIPOI'PAMMBI YIUTHIBATHCA He Oy/eT, TaK KaK OH XPAaHUTCS He
B OIIEPATUBHON, & B IIOCTOAHHON NMaMATU MUKPOKOHTPOJLIEPA.

s mpoBejieHnst U3MepeHuii OYIeT UCIOIb30BaThCA MOJIEIb MUKPOKOHTPOJLIEPa,

STM32F767ZI 31], obiamatomnias cieyomuMI TeXHUIECKUME XapaKTePUCTUKAMU:

— Mojenb nporeccopa — Arm Cortex-M7 [32];
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— TaKToBad YacToTa Iporeccopa — 216 MI'm;
— 00béM duternt-rtamaTu — 2 Mo;

— 00bEM onepaTuBHOl namsaTn — 512 K6.

JLnnst mpocMoOTpa Oy YUBINXCA n300pakeHuit Oyner uctoab3oBaTbesd TFT-amc-

wieit ¢ paspenterneM 320x240 nmkcesteit na 6aze uamma [L19341 [33].

4.3 HWHcTpyMeHTBHI n3MepeHusi BpeMeHN paboThI ITporpaMMbl

g n3Mepenus: peajbHOrO BPEMEHU IMPOIECCOpa, 3aTPAUYEHHOI0 Ha, BBLIITOJTHEHUE
AJITOPUTMa BU3YaJIU3AIUN TPEXMEPHOI CIIEHBI, Oy/IeT HCIOIH30BATHCA OTIAIOTHBIN MO-
ayis DWT [34]. Tanubtit Mojysib nipejioctasiisier hyHKIMOHAI JJisi TIPOMDUINPOBAHIS Pa-
O0THI IIpoIIeccopa, B YACTHOCTH LIS 3aMepa KOJIMYeCTBa TAKTOB IIPOIECCOPa, ITPOIIE IIINX

¢ MOMEHTa HadaJia PadOTHI IIPOIPAMMBI.

4.4 Pe3ynbTaThl NPOBEAEHHBIX U3MEPEHUI

PezysibraThl m3mepenunii BpemMeHu mpejicTaB/ienbl Ha pucyHke 4.1.
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Pucynok 4.1 — Barparbl BpeMeHN Ha BBITOJHEHNE aJTOPUTMa BU3YaATA3AIAN

PesynbraTel uamepenuit o0 béMa aMsaTi, HEOOXOIUMOTO IIPOTPAMME, IIPEJICTABIIC-

Hbl Ha pucynke 4.2.
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PI/I(ZyHOK 4.2 — BanaTbI IHaMATU Ha BBIIIOJIHEHUE aJITOPUTMa BU3YaJIU3allUNA

4.5 BbIBOa M3 3KCIIEPUMEHTAIBHO-MCCJIEI0BATEIBCKOTO pa3/esa

B nmamnom passesie ObLIO MPOBEJIEHO MCC/IE0BAHNE 3aBUCUMOCTH MEYKTYy YHCJIOM
00BEKTOB Ha CIIEHE U PECYPCOEMKOCTBIO aJITOPUTMa BU3YATUBAIIIH.

PesysibraThl uaMepenuii mokasaJim, 9TO 3aBUCHUMOCTD 3aTpaT MaMsITH Ha PabOTy
AJICOPUTMa OT YHCJIa OObEKTOB Ha CIEHE SIBJISIeTCS JTUHEHHON. A 3aBUCHMOCTD 3aTpaT Bpe-
MEHHU, TIPEJIII0I0KUTEIHLHO, sIBIsIeTCA KyCOUHO-InHeiHOo#. KoadduimeHT npornopiuoHab-
HOCTU MEKJIy YHCJIOM OOBEKTOB Ha CIICHE W BpeMeHeM paboThl aJl'OPUTMa HE SBJISACTCS
OJINHAKOBBIM Ha PA3JUIHBIX YIacTKaX I'PpapuKoB, TaK KaK pa3udHble CJIydand B3aUMHOTO
PACIIOJIOXKEHHS TTIOJIMTOHOB 00pabaThIBAIOTCS ¢ pa3HOM CKOPOCTBHIO. Y BeJIMYeHUE BPEMEHHI
paboOTHl aJIrOpUTMa IPHU JOOABJIECHUM Ha CIIEHY OYepPEIHOIO ITOJUTOHA 3aBUCHT OT TOTO,

6y;LeT JIK OH IIepeCeKaThCd C IIOJIMI'OHaMM, KOTOPBLIE Y>K€ HaXOJATCA Ha CIICHE.
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Tak>ke HpoBeIEHHBIE M3MEPEHHsI [TOKa3aJId, 9TO 00OOpYyIOBaHUEe, HCIOJIHSIIONIEE
pa3paboTaHHyIO MPOrPaMMy, PABHOMEPHO CIIPABJIAETCH C OOJIBIIONW HATIPY3KOM, TaK Kak
3aBUCUMOCTDH MEXK]Iy YUCJIOM OOBEKTOB Ha CIIEHE U PECYPCOEMKOCTBHIO AJITOPUTMa, ABJISIET-
¢ IMHEWHON Ha Bcex ydacTkax rpadukon. Ilo pesynbraraM TecToB, MaKCUMAJIbHOE KOJIU-

9eCTBO 00BEKTOB (IIOJIMTOHOB), KOTOPOE MUKPOKOHTpOJLIEp ceMeiicTBa STM32 mossosser

obpabotath, pessinaer 6000.
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3akJIo4eHne

B pamkax KypcoBoro mpoekTa ObLT peau30BaH IMPOrPAMMHBIN HHCTPYMEHT JIJIs
MUKPOKOHTPOJLIEpOB ceMeticTBa STM32, KOTOpBIit 1103BOJIsIET BU3YaU3UPOBATH TPEXMEP-
HBIE MOJIEJIH.

Bbu paccMOTpeHbI CyIeCTBYIOINIE aJITOPUTMbI yIaIeHisd HEBUINMbBIX JTUHUN 1
MOBEPXHOCTEH M aJI'OPUTMBbI 3aKPACKHU, MPOAHAJIN3UPOBAHBI UX JOCTOMHCTBA, HEIOCTAT-
K U BO3MOYKHOCTH HCIIOJIb30BaHUSI JJIsI PelleHus mocrasaeHHoit 3agadau. C yaérom eé
0CODEHHOCTEH OBLTH pa3padoTaHbl CTPYKTYPhI JAHHBIX JJIs peaju3aliuiu BhIOpAHHBIX aJl-
TOPUTMOB.

Paspaborannas mporpaMma mo3BOJISIET MOIYyYaTh Ha KPaHe JUCILIes M300paske-
HUE TIOJUTOHAJIBLHONW MOJIe/Iu, 3aJaHHOil IoJib3oBaTesneM. [Ipu paspaboTke ObLIM yUTe-
HBbI HEJIOCTATKHU CYIECTBYIONINX IMPOIPAMMHBIX PEIIeHnil [T alllapaTHONl MIaTdOPMbI
STM32.

B xoje BbINTOIHEHNST SKCIIEPUMEHTAIBHON YacTi pabOThl OBLIO YCTAHOBJIEHO, 9TO
paspaboTaHHOe TTPOrpaMMHOe ObecIiedeHrne Ha TeCTOBOM ODOPY/IOBAHUH MOKA3BIBAET BbI-
COKYIO CTaOUJIbHOCTB. [Ipn Bo3pacTtannu HArpy3KM Ha CUCTEMY COXPAHAIOTCH PPEKTUB-
HOCTH pabOThl IMPOrpaMMbl U KAJeCTBO IIOJIydaeMoro pesysbrara. MUKPOKOHTPOJLIEPHI
cemeiicrBa STM32 MoAXoAAT /I PEIIeHnsT OTHOCUTEIHHO ITPOCTHIX 3a/1a9 KOMIILIOTEPHOIT
rpacukn, He TPEOYIOMNX IIOCTPOEHUsST PeaTnCTHICCKUX M300parkeHuil ¢ OIpe/Ie/IeHIeM
MIPOEKIIMOHHBIX TeHEeH, MCII0IH30BaHNEM TJI00ATBLHON MOJIETN OCBEIEHUsS W METOJIOB 3a-
KPacKd, TpeOYomux OOJIBIINX BHIYUCINTE/IBHBIX 3aTPAaT.

['pacduaecknit mHCTPYMEHT, pa3paboTaHHbBIi B paMKax KypPCOBOI'O IIPOEKTa, UMeeT

IO MEHbIIER Mepe JABa HallpaBJICHUA ,ZLa.HbHeI'?'IHleI‘O pa3BUTHA.

1. PazpaboTka HOBBIX IPUJIOKEHH, UCIOJIB3YIONUX pa3paboTaHHbIi rpadudecKuii
nncrpyment. K sromy pacnosiaraior uarepdeiic mporpaMMbl 1 (GOPMAT 38 IaHUA KCXOTHBIX
JTAHHBIX.

2. Ilepenoc paspaborok ¢ STM32 Ha oTedecTBeHHbBIE allIapaTHbIE TIAT(MOPMBI. JTO
BO3MOXKHO OJtarojiapst HaJIUYINI0 aHAJIOIOB ceMeiicTBa MUKPOKOHTPoJIepoB STM32 oreue-

CTBEHHOI'O ITPOU3BOIACTBA.
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org/ (mara obpamenus: 12.08.2022).

24. AutoCAD: 2D and 3D CAD software |[mekrponnsbiii pecypc|. — Pexum
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arm. com/Processors/Cortex-M7 (mara obpamenus: 17.08.2022).

33. 1LI19341 Driver Datasheet |[9ekrponnstii pecypc|. — Pexxum gocryna: https:
//datasheetspdf.com/datasheet/ILI9341.html (mara obpamenus: 17.08.2022).

34. Data Watchpoint and Trace Unit [uexktponnsiii pecypc|. — Pe-
KM JIOCTYTIA! https://developer.arm.com/documentation/ddi0489/f/
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HpI/I.TIO}KeHI/Ie A q)}’HKI_[I/IOHaJII)Ha,SI CXeMa Bu3yaJin3alnnuun

TPEXMEPHOI CIIEHbI

MCMONb3YETCA B: ABTOP: Axapeit Canoxxkos [IATA: 11AO7.2022._PA3PABATbIBAETC9I YUTATEND DATAKOHTEKCT:
NPOEKT: PEBU3MA: 11.07.2022| |YEPHOBMWK
MITY um. H. 3. BaymaHa PEKOMEHOBAHO REEE
3AMEYAHMA: 12345678910 NyBIMKALINS

ANFOpUTMBI TPEXMEPHOR
KOMMNbLIOTEPHOM rpadnkm

A 4
®ain .obj = Msobpaxenne TpéxmepHbix
» Buayanwanposatb TpExmepHbie MOAENeit Ha PacTpOBOM AMCNNee
> mogenu >
Dain .mtl A0
A
MUKpOKOHTpONNEp
W avennen
Betka: A-0 Hazsanue:

Homep: 1
BusyanusupoBatb TpEXMEpHbIE MOAEH

Pucynok A.1 — OyHKnnoHaIbHAs CXeMa BU3yaJIH3aIlid TPEXMEPHOM CIIeHbI, BEPXHMIA

yYPOBEHD
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11.07.2022[lfllPAspABATLIBAETCS

moaensx
Pain.mil

[aHHble O TPEXMEPHbIX

Al

ANs anroputMoB
BU3yanusauun A3

pacTposom gucnnee

WUCNONb3YETCA B: ABTOP: Axapeii Canoxkos OATA: HUTATEND OATAIKOHTEKCT:
MPOEKT: PEBM3MA: 11.07.2022] |HEPHOBMK
MITY um. H. 2. baymaria PEKOMEH/I0BAHO —
3AMEYAHWA: 12345678910 NYBAUKALNA
ANFOPHTMbI TPEXMEPHOR
KOMNLKTEPHOMA rpathunkn
[aHKbie ANA aNfOPUTMOB
[laHHble 0 TPEXMEPHBIX ans
®aiin .obj Cuuratb n3 thaiinos moaensx 5l Mcgﬁﬁ; O::::hle u3oBpaxenna Ha 3anaHHOM

W3oBpaxeHne TpéxmepHbix

CuuTaTth M3 hainos JaHHLIE O TPEXMEPHLIX MOABNAX

Paapewenune avcnnes s
MOAEenen Ha pacTpoBOM
ancnnee
v
MNonynre > BuiBECTH gaHHble Ha
»  vHpopmaumio o rpacuueckuil aucnnen >
nnare u gucnnee >
A2 Cnoco6 BbiCBEYMBAHUA Ad
‘ OTAENBHOMO NUKCENs Ha ‘
Ancnnee
MukpokosTponnep
W aucnnen
Betka: A0 HasBahve: . Homep: 2
Bu13yanu3upoBaThb TPEXMEPHbIE MOAENH
Pucynok A.2 — OyHKIMOHAIbHAS CXeMa BU3yaM3AINNA TPEXMEPHO CIIEHBI,
JEKOMIIO3UIINA YPOBHA AO
WUCTOMB3YETCS B: IABTOP: Aapeii Canoxdos pata: 11.07.2022)lpaseasaTbiBAETCA MMTATENL DATAIKOHTEKCT:
MPOEKT: PEBM3MA: 11.07.2022] |MEPHOBMK == =
MITY umM. H. 3. BaymaHa PEKOMEHAOBAHO = —
BAMEYAHMA: 12345678910 NYBNMKALINA
®ann .obj,
aa OTKpLITH dhaiin .obj B e[ Cuurams pamnsie o PN o8l 3akpeith dhaiin .obj
| : NoAUroHax
= A15
A1 A14
AmnanuTnieckoe L
onucaHWe NoNuroHoB
» OaHHbie 0 TPEXMEPHBIX
»| Cthopmuposats Mogensx
»| CTPYKTYPbI A@HHBIX -
> A17
Onucanwe usera n
ONTHYECKUX CBOACTE
nonurokos
@ann .mil,
AOCTYNHLIA ANA
o . e Cuurate
»l OTkpbiTo thann .mtl »| WHcpopmaumio o _
- vaTepuanax »| 3aKpbiTh chaiin .mtl
A12 Al An
3 ®ain .mil A16
Betka: Al HassaHue: Homep: 3

Pucynok A.3 — OyuknuoHaibHas cxeMa BU3YAJIHM3AIUN TPEXMEPHON CIIEHBI,

JEKOM

no3unysa ypoBHsa Al
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WCNONb3YETCA B: ABTOP: AHppeit Canosxxos DATA: 11407.2022.PA3PA5ATI:IBAEI' ca HATATENb OATAIKOHTEKCT:
MPOEKT: PEBW3MA: 11.07.2022 YEPHOBMK = —
MITY wm. H. 3. Baymana PEKOMEHZOBAHO = —
3AMEYAHWMA: 12345678910 NyB/MKALINA
Ranusia o BbINONHUTE NEPEHOC 06 BEKTOB
TPEXMEPHbIX
et CLeHbI TaK, 4TOG6! NX KOOPAWHATEI X OKpYINKTE 3HAHEHUA KOOPAUHAT
1 y GbiNK NONOXUTENBHBIMK, M OHKU BEPLUMH NOMMIOHOB A0 Lenbix =
pacnonaranvce Ha HaMmeHbLWeM 3HAYEeHWA
PacccToAHMU OT LeHTpa KoopauHaT
CHOpPEKTHPOBaHHbIE CKOppeKTMpoBaHHbIe
A31 AaHHBIE O TPEXMEPHBIX LaHHble 0 A33
moaenax Mopensix
Paspsiiois BeInonHuTeL MacwrabuposaHue Bcex anikia e cncohThos
avennes 0GBLEKTOB CLEHBI OTHOCHTENBHO BM3yanu3auni, NPUroaHLIe AN
Hayana KoopvHaT Tak, 4Tobbl Bce W30BPaKEHUSA Ha 3a[aHHOM
00beKTbI HaxoaAMNUCh B Npeaenax pacTposom aucnnee
KapTUHHOWN NMOCKOCTH
A32
Betka: A3 HassaHwue: Homep: 4
MOArOTOBUTL MCXOAHBIE AAHHBIE AN ANTOPUTMOB BU3yanu3aLmm
Pucynoxk A.4 — OyHknuoHaIbHAS CXeMa BU3YAJIHM3AIIN TPEXMEPHON CIIEHBI,
JIEKOMTIIO3UIAST YPOBHS A3
WMCNONb3YETCA B: IABTOP: AHgpeit Canojxos 11.07.2022-PA3PASATbIBAETCﬂ YNTATEND LATAIKOHTEKCT:
MPOEKT: PEBM3MS: 11.07.2022] |HEPHOBWK = —
MITY wm. H. 3. BaymaHa PEKOMEHAOBAHO = -
SAMEYAHWMA: 12345678910 NYBNUKALINA
ANropUTMB! TPEXMEPHOR
KOMNBIOTEPHOR rPad kK
[laHHble ANA aNrOPUTMOB BH3YANM3AUMH,
NpUroaHLIE ANA M30BPaKeHUs Ha 3aaHHOM
e et MpumeHuTs anroputm BapHoka
p»| YOA3ANEHWA HeBUOWMbIX NWHWA N
NoBEepPXHOCTEN
Ad1
Undopmauua 0 aByMepHbIX
rpacryeckux NPUMUTUBAX,
0TOBPALLAIWIMX M3HAYANLHO
3aAaHHLIE MOAENN Y
WaoBpaxeHie TPEXMEPHBIX
Cnocoh BuiCEo-MBaNNA »l M306pasuTs Ha nnockocTy Mofieneit Ha pacTposoM Aucnnee
OTAENBHOIO NMKCENA Ha Ancnnee pacTpoeoro gucnnes »

rpacpuyeckme NpUMUTHBEI
A42

A

MUKpOKOHTpONNEp
W avcnnen

Berka: A4 HazsaHwe:

BoigecTn gaHHble Ha rpaduyeckuin gucnnei

Homep: 5

Pucynok A.5 — OyHKIMOHAIbHAS CXeMa BU3yaJM3AIMNA TPEXMEPHO CIIEHBI,

JIEKOMIIO3UIHS ypOBHsT A4
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ITpunoxenne B BriBoa ¢dopMyabl MaKCHMaJILHOTO pa3Me-
pa creka okoH B Ajsropurme BapnHoka

[Iycts BBITIOTHAETCA pPEKYpPCHUBHOE pa30MeHne OKHa Ha YeThIpe paBHbIE YaCTH,
NpUIEM CHaYaJIa OHO Pas3dMBaETCd IO CTOPOHE ¢ MaKCHUMAJILHON JIUHOM, a 3aTeM 10 CTO-
pOHe ¢ MUHUMAJILHOI JynHOM. Pa3buenne mponsBOAUTCS, €CU JTNHA COOTBETCTBYIONIEH

croponbl okHa bosbiie 1. Ha pucynke B.1 nmokazanbl npuMepbl Takux pa3OnueHuii.

[ L]
A b B B

Pucynok B.1 — Ilpumeps! pazbuenus: okon B ajropurme BapHoka

[Tomokna, mosryduBIIECsd B pe3yJibTaTe pa3OneHns, MOKHO pa3/IeuTh Ha 3 TUIa:

— IOJIOKHA, MOJIyYUBIINECS IIPU Pa3OUeHNU OKHA 110 CTOPOHE ¢ MAKCUMAaJILHON JI/TH-
HOiT (B pUMepe OTMEUYEeHbI 3eJIEHBIM I[[BETOM );

— IOJOKHA, MOJIyYUBIINECS IPH Pa3OUEHNU OKHA 110 CTOPOHE ¢ MAKCUMAJLHOMN JIIH-
HOIi (B IIpUMEpe OTMEYEHbI CHHUM IBETOM);

— MOJIOKHO, UMeroIee pa3Mepnl 1 - 1 MuKceIb U SBIAIOeecss TEPMUHATOPOM PEKyp-

Ccun (B IpuMepe OTME4ICH KPaCHBIM HBGTOM).

O603Ha9nM MUPUHY U BBICOTY UCXOJHOTO OKHa 3a w u h coorBercTBento. Torma
MaKCUMaJIbHOE KOJIMYEeCTBO pa30neHuil OKHA 10 CTOPOHE ¢ MaKCUMAaJbHON JJTMHON Oy1eT

paBHO

Nmaz = [logy(max(w; h))]. (B.1)

Kosm1aecTBo Taknx OKOH 6y,ILeT PaBHO TMyqz- MaxkcuMaJyibHOE KOJIMIECTBO pa361/1e—

HU# OKHA 110 CTOPOHE ¢ MUHUMAaJILHON JIJIMHOM Oy/ieT paBHO

Nomin = [logy(min(w; h))]. (B.2)
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KosmmaecTBo Takmx OKOH OyIeT PABHO 2 1ypqz. Y IUTHIBAA €IMHCTBEHHOE IIOI0KHO,

ABJIAIONIEECHd TEPMUHATOPOM PEKYPCHH, MAKCUMAJILHBIN pa3Mep cTeKa OKOH OyJieT paBeH

Size = [logy(maz(w; h))| + 2 - [logy(min(w; h))]| + 1. (B.3)
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ITpunoxenne B Asgroputm Baphoka

[106aB1Tb 1CXOAHOE OKHO B

cTek
> Crek He nycT?
Ja
A
M3BNeYb OKHO 13 cTeka Koxel|
BbifennTb B Maccuise BbI30B nognporpammbl
MHOTOYro/IbHNKOB naeHTudmKaLn
BHELLHWe 1 oXBaTblBatoLLye MHOrOyronbH1kos

l

YpanuTe U3 Maccusa BHeLUHWe
MHOTOYTrO/IbHUKN

Mnowadb okHa paBHa
ofiHOMY NuKceno?

v
3aKpacuTb NuKcenb LBETOM
Gnuxalilero k Habnwgateno
OXBaTblBaIOLLETO
MHOTOYTO/bHIKA

B maccuBe He Bce
MHOTOYTO/bHVKW SIBNSIKOTCS
oXBaTblBaIOWMMU?

B maccuBe ecTb
oxBaTblBatoLLe
MHOTOYro/IbHUKN?

Cpepy oxBaTbIBaOLLMX
MHOTOYro/IbHUKOB HET
6nuxaiiwero?

3akpacuTb OKHO LIBETOM
¢hoHa

A 4 Y
3aKpacuTb OKHO LiBETOM
6nuxalillero Kk HabnogaTesnto Pa36uTb OKHO Ha NOAOKHA U1
0XBaTbIBAIOLLIETO MONOXWUTb WX B CTEK
MHOTOYro/IbHUKa

Pucynok B.1 — Cxema anropurma Baphoka
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Liukn no Bcem pébpam
MHOrOyrofibH1Ka ’

Liukn no Bcem pé6pam okHa ’

A

Onpepgenutb akt
nepeceyeHnsi pebpa okHa ¢
pe6pom MHOroyrosibH1Ka

fa

MepeceyeHne HaiifjeHo

‘ Linkn no Bcem pébpam okHa ’ res=0

Y

‘ Livkn no Bcem pé6pam ’
MHOrOYro/ibHuKa

OpHa 13 BepLUnH
MHOTOYTO/TbHIKA NEXUT
BHYTPU OKHa

[la

OfHa 13 BepLUVH
OKHa NIeXUT BHYTPH
MHOTOYTO/TbHUKA.

res=0- MHOroyro/ieHUK 4YaCTU4HO MU NOJSTHOCTbIO
pacnosoxeH BHyTPU OKHa

KoHey — }----- res = 1 - MHOrOYro/IbHK OXBaTbIBaeT OKHO

res = 2 - MHOTOYTO/IbHUK SAB/IIETCA BHELUHM
MO OTHOLUEHUIO K OKHY

PI/ICyHOK B.2 — Cxema aJITOpUTMa OIIpeaeJIEHNA B3aUMHOI'O PaCIIOJIO2KECHU A

MHOI'OYTI'OJIbHUKa OTHOCHUTEJIbHO OKHa
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ITpunoxenne I' Ilpumep MCXOAHBIX AAHHBIX JJII pPabOThI

OporpaMMbl

Jluctunar 1.1 — Daiin cube.obj

#

Blender v3.2.2 OBJ File: ’cube.blend’

# www. blender .org

mtllib cube.mtl

o Cube

v 0.205056 —0.942683 —1.438507

< < < < <4 <4 <

vt
vt
vt
vt
vt
vt
vt
vt
vt
vt
vt
vt
vt
vt
vn
vn
vn
vn
vn
vn

us

i e e e N R

0.896998 —1.434100 0.372495
0.861082 0.929069 —1.181257
1.553024 0.437651 0.629744
—1.553024 —0.437651 —0.629744
—0.861082 —0.929069 1.181257

—0.896998 1.434100 —0.372495
—0.205056 0.942683 1.438507

0.625000 0.500000

0.875000 0.500000

0.875000 0.750000

0.625000 0.750000

0.375000 0.750000

0.625000 1.000000

0.375000 1.000000

0.375000 0.000000

0.625000 0.000000

0.625000 0.250000

0.375000 0.250000

0.125000 0.500000

0.375000 0.500000

0.125000 0.750000

—0.3460 0.2457 —0.9055
0.3280 0.9359 0.1286
—0.8790 0.2525 0.4044
0.3460 —0.2457 0.9055
0.8790 —0.2525 —0.4044
—0.3280 —0.9359 —0.1286
emtl Material
off
1/1/1 5/2/1 7/3/1 3/4/1
4/5/2 3/4/2 7/6/2 8/7/2
8/8/3 7/9/3 5/10/3 6/11/3
6/12/4 2/13/4 4/5/4 8/14/4
2/13/5 1/1/5 3/4/5 4/5/5
6/11/6 5/10/6 1/1/6 2/13/6

JIuctunr 1.2 — Paitr cube.mtl

#
#

Blender MTL File: ’cube.blend’
Material Count: 1

newmtl Material

Ns
Ka
Kd
Ks
Ke
Ni

359.999993

1.000000 1.000000 1.000000
0.038252 0.050353 0.800000
0.500000 0.500000 0.500000
0.000000 0.000000 0.000000
1.450000
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11 |d 1.000000
12 |illum 2

Jluctunr [.3 — Qaitn cube.lgt

1 | 1000 1000 1000
2 | —1000 —1000 —1000
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ITpunoxkenne I N300paKeHus TECTOBBIX Mo/iejeit

Pazpemrenne qucrtest: 320x240 nukceseii.

Pucynok /1.1 — Mogmesns Nel (312 mosmronos)

Pucynok /1.2 — Mogmesns Ne2 (1172 nosmrona)
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Pucynok /1.3 — Mogesnb Ne3 (6228 mosmroHos)
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s 3“*‘»’*’-.5 denepalbHOE TOCYAAPCTBEHHOE OIOIKETHOE 00pa30BaTeIbHOE YUPEKACHUE BBICIIET0 00pa30BaAHUS
«MOCKOBCKUI rOCYIapCTBEHHBIN TEXHUYECKNN yHUBEepcuTeT uMeHn H.D. baymana
(HaIMOHAJILHBIN UCCIIEA0BATCIIbCKUN YHUBEPCUTET )

Pa3paboTka HHCTPYMEHTA 1S IIOCTPOCHUS
TPEXMEPHBIX U300paXKECHUM, OPUECHTUPOBAHHOIO
HA MUKPOKOHTpOIEpbl STM32

Crynent: CanoxkoB Axaper MakcumoBud MY 7-53b

Hay4unsi pykoBoautens: Ctporanos HOpun BnagumupoBuy



Ilemns n 3agaumn

Llenp — peanu3oBarh NPOTPAMMHBIA HWHCTPYMEHT I IIOCTPOEHUS MOJENEH
TPEXMEPHBIX OOBEKTOB, OPUECHTHUPOBAHHBIM Ha MHUKPOKOHTPOJIJIEPhl CEMEHCTBA

STM32.

3amaun.

1) aHanu3 npeaMeTHON 00JIacTH;

2) pa3paboTKa aITOPUTMOB BU3YyaIH3aIlMHM TPEXMEPHOM clieHsl ;i STM32;

3) peanuzainus pa3pabdOTaHHBIX AJITOPUTMOB BHU3YAJIM3AIUN TPEXMEPHOU CIICHBI,
4) wmccaegoBanue pazpadoranHoro 110 mig ucmonb3oBaHUS

Ha MUKPOKOHTpoJIepax cemeiicrea STM32.



PacnpocTpaHEHHOCTH MUKPOKOHTPOJJIEPOB
STM32

MuxkpokoHTpouiepsl cemerictBa STM32:

HU3Kasi CTOUMOCTD;
ru0Kas U MaclITabupyemasi 3KOCUCTEMA;
00JIBIIION BBIOOP Cpel pa3padOTKHU;
BBICOKAs MMPOU3BOAUTEILHOCT;

HAJINYIUC HHCTPYMCHTOB AJIAA OTIIAAKH

MHUKPOKOHTPOJIIEPA. .
Munasap — OT€4E€CTBEHHBIM aHAJIOT.

[IpuMmenseTcs B cIeayonux chepax:
e IIPOU3BOJICTBEHHOE 000PY/I0OBAHUE;
e CHCTEMbI HOBBIIICHHON HAJIE)KHOCTH;

e U3MEpUTEIIbHBIC TPHUOOPHI.




cnonp30BaHUE KOMIIBIOTEPHOM I'pa)UKU HA
MHKPOKOHTPOJLIEpaX

Cdepbl IpUMEHEHUS:

1. BcriomorareabHbIe HHCTPYMEHTHI
POU3BOJACTBEHHOIO 000PYJ0BAHUS;

2. IlorpebuTtenbckas dJICKTPOHUKA;

3. YcTpolicTBa MHTEpHETA BEIIECH.

HenocraTku CymieCcTBYIONIUX PEIICHMIA:

1. OtcyTcTBHUE HU3KOYPOBHEBBIX ONTUMM3AIUN JIJIs
pabOThI ¢ KOMIIBIOTEPHOM TpadUKO;

2. OtcyTcTBUE €IMHOrO cTanaapra paspadorku 110;

3. OTCyTCTBYET IEPEHOCUMOCTb.




Buszyanuzaius TpEXMEPHOU CIICHBI

daitn obj

®alnel mtl, Igt

AaropHTMEI TpEXMepHOH
KOMITBIOTEPHOI rpadyHKH

Y
BusyaausupoBath
€XMEpPHBIE MOIETH
TPCXMCD AO
A
MugpokoHTpoLIEp

H JHCIUIEH

HzobpaxeHHe TpEXMepHBIX
MOeIeH Ha pacTpoBOM JHCILIEE

>



AJITOPUTMBI YIAJICHUS HEBUAUMBIX JIUHUU U
[IOBEPXHOCTEN

AJIropurm KomnakTHocTh | JIakoHMYHOCTD | BhIcTpoaeiicTBHE
PobGeprca - - -
BapHoka + + +

Bennepa-A3epTona - - _

Z-0ydep - + +

[TocTpoyHOTO CKAHUPOBAHUS, + + -
ucnoap3yromui Z-oydep

Co CIIUCKOM PUOPUTETOB + - _

TpaccupoBka nyuen - - _




aroput™M BapHoka

Hauano

[NoBaBnTe MCXOOHOE OKHO B
CTeK

[nowaae okHa pasHa
OAHOMY MUKCEn?

Y

3aKkpacuTb NUKCEnNb LBETOM

B maccwrBe He BCce "
Brikariuero K HabnogaTenio

MHOFCYTONbHUKA ABNAKITCA

? OXBaTbIBAKLLENO
Crek He nycT? CXBaTBIBAKLIMMUA? t
MHOTOYrOfNbHMKA
B maccuee ecTb
v OXBaTbIBANOLLME
MHOTOYTONBHUKN ?
M3Bneyb OKHO W3 cTeka Korey Y
Cpegn OXBaTbIBALWKMX
3aKpacuTb OKHO LIBETOM
dora MHOTOYTONLHUKOB HET
A4 Gnuxaiiero?
BbinenuTb B Maccuee BkI30B nognporpamMmel v h 4
MHOTOYTOMBHWAKOE [ F==-- uaeHTudukauuu 3aKpacKTb OKHO LIBETOM
BHELUHWE W OXBATLIBAIOWMNE MHOTOYroIbHAKOB Bnuxaiillero Kk HabmojaTeno Pa3buTk OKHO Ha NOJOKHA W
OXBaTblBaOLWEro NONOKKUTL UX B CTEK
MHOTOYTOSNBHMKE
Y

YaanuTe 13 MaccyBa BHELLHWE
MHOTOYTONbHWUKU




ANTOPUTMBI 3aKpallIUBAHUSA

AJropurm

KoMmakTHOCTH

JIAKOHUYHOCTH

beicTpoaeiicTBue

Ipumep

IIpocras 3akpacka

+

+

+

3akpacka 1o ['ypo

3akpacka 1o @oHry




CTpyKTypa XpaHCHUS TPEXMEPHBIX MOJICIICH

Ha3Banmue obj mtl Igt
¢popmara
HpI/IMep o Cube I1':.ewm’|:l Material 1000 1000 1000

v 0.205056 —0.942683 —1.438507 s 359.999993 1000 1000 — 1000

v 0.896998 —1.434100 0.372495 Ka 1.000000 1.000000 1.000000

v 0.861082 0.929069 —1.181257 Kd 0.038252 0.050353 0.800000

Ks 0.500000 0.500000 0.500000
vn 0.8790 —0.2525 —0.4044 Ke 0.000000 0.000000 0.000000

usemtl Material

s off

f 1/1/1 5/2/1 7/3/1 3/4/1
f 4/5/2 3/4/2 7/6/2 8/7/2

Onucanue

3aZaHne reomeTpumn
TPEXMEPHbIX MoAenen

3a4aHNe XapaKTepuUCTUK
MaTepuanos

3a4aHNe XapaKTepuUCTuK
MCTOYHUKOB CBeTa




Pa3BepThIBaHHE IIPOTrPAMMHOI0 KOMILIEKCA

WcTouHUK nuTaHusa

NpoBogHoe
coefIMHeHue

MuKpoKoHTponnep

MposogHoe
coeviHeHne

Mporpammatop

<<component>>
MNporpamma

v

<<component>>
3D mogenu

<<component>>
Aucnneii

=1

WuTtepdpeiic

aucnnes

main

display

Errors

debug

warnock

A

wstack

i

PC
> main
"
:
reader
converter :
e )
writer <
:
"

data_strucrures




N3mepeHrst BpeMEHHU pa0OThI IPOrPaMMBbI
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bblin mpou3BeJCeHBI 3aMepbl BPEMEHHM MpPHU
BU3yAIHU3AIMU TPEX MOAECIEH, COJECPKAIIUX
312, 1172 u 6228 mnomuronoB. B camom
Hayajie ObUI MPOU3BEIEH 3aMep BPEMEHMU
BU3yaJIM3allMy HEOOJIbIIIOM YacTU MOJICNH, a
3aTeEM K HEU IIOCTEIIEHHO JOO0AaBIISIUCH
HOBBIC TOJIUTOHBI JO TEX IOp, MOKAa MOJEIb
He OyJIET ITOJHOCTBIO N300paKeHa.



Obbénm mamsaT, K6
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IpOoTrpamMme

3aMepbl 00bEMaA TaMsATH, HEOOXOJMMOIO
ot paboOThl  OpOrpaMMmbl,  ObLIH
POU3BEICHBl  AHAJOTUYHO  3aMepam
BPEMEHU, TO €CTh ITYTEM HCCIIECIOBAHUSI
npolecca  BU3yalU3allud  OTIEJIbHBIX
(¢parMeHTOB H300pakeHus. B mporecce
BU3yalIM3allMd  KaXJaoro  (parMeHTa
(PUKCUPOBAJICSI MaKCHUMAaJIbHbIH O00BEM
3aJICICTBOBAHHOM OIEPATUBHOM MAMSTH.



3aKJIIOUECHUE

B pamkax KypCOBOTO MpOEKTa OBLI peajn30BaH NMPOrpaMMHBIA MHCTPYMEHT IS
MOCTPOCHUS ~ MOJEICHM  TPEXMEPHBIX  OOBEKTOB, OpPUCHTHPOBAHHBIM  HAa
MUKPOKOHTpoOJIepbl cemerictBa STM32. JIns moCTHKEHMsT 3TOM 1Leiard ObLIM
pELIECHBI CIIEAYIOIINE 3a1a4u.

1) mnpoananmm3upoBaHa MpeaAMETHAs 00IACTB;
2) pa3paboTaHbl AJITOPHUTMBI BU3yaIH3aIllud TPEXMEPHOU crieHb! st STM32;
3) peanm3oBaHBI pa3pabOTaHHBIC AJITOPUTMOB BU3yaIH3aIlluA TPEXMEPHOM CIICHHI;

4) wuccaegoBaHo pazpadoranHoe 1O miIs ucoab30BaHNsS HA MUKPOKOHTPOJIIESpAx
cemerictea STM32.



