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YucjaeHHoe OIMpEeaACJCHHUE IIOIIAAA MOBCPXHOCTH, orpaaneHHoﬁ
NMPOMU3BOJBbHBIM 3AMKHYTBIM KOHTYPOM, C IPUMECHCHHEM KOMIIBIOTEPHOTO

3peHust
AHHOTAIIUA

[Inomaau M3BECTHBIX T€OMETPUUECKUX (DUTYp OMPENESIOTCS C MOMOIIBIO
dbopmyn, u3ydaemMblX B Kypce IIaHuMeTpuu. Ho Ha mpakTuke yaile BO3HUKAET
HEOOXOMMOCTh OLEHKH IIOIIAIN HEKOTOPO TIIOCKOM (DUTYpHI, KOTOpasi OrpaHuYeHA
POU3BOJIbHBIM KOHTYpoM. [[s1 peleHus Takoil 3agauyu ClieqyeT MCIOJb30BaTh
METO/[bl BBIYUCIUTEIBHON MAaTeMaTUKH, TaK KaK TEOPUM TE€OMETPUHU ISl HTOTO
HEeJ0CTaTOYHO. B KauecTBe mpumepa, rie MOXKET ObITh HEOOXOIMMO OIpe/eeHHe
IUIOLIAM TIOCKON (PUTYyphl IPOU3BOJIBHON (POPMBI, MOXKET ObITh OLIEHKA TEPPUTOPHH,
MOPaXEHHOM OTHEM BO BpPEMsI IOKapa, WM MOCTPAIABILIEH ITPU U3BEPIKEHUH BYJIKaHA.

OgHuM M3 METO/OB OLIEHKH IUIOIIAAM B TAKOW CUTYallMH SIBJISIETCS METO]
Monte-Kapiio. B npumeHeHun JnaHHOro Meroaa OblUT OOHApy:KEH HEIOCTaToK,
KOTOPBIN B paboTe MPeJI0KEHO PEIIUTh C IOMOIIBbIO BO3MOKHOCTE KOMITBIOTEPHOTO
3penus. Takum 00pa3om, 1eNbl0 pabdOThl SBISETCS peald3alis aJlroputMa Jis
YUCJICHHOW OLIEHKM IUIOIIAJM 33JaHHOTO0 Ha CHUMKE YYacTKa MECTHOCTH
pou3BOJIbHOU (opMbl MeTogoM MoHnTe-Kapio Ha si3bike mporpammupoBanust C++ ¢

npuUMeHEeHueM OMOJIMOTEKH KoMIbroTepHOro 3peHust OpenCV.
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BBEJIEHUE

[Ipn mpoBedeHHH 3eMIICYCTPOUTENBHBIX pPa0dOT WM HSKCTPEHHON OLICHKHU
yiep0a npy CTUXUIHBIX O€ACTBUSX UCIIONB3YIOTCS PA3IIMYHBIE CIIOCOOBI BHIYUCICHUS
IUIOMIaiel y4acTKOB 3€MJIM, CaMblii MOMYJSIPHBIM U3 KOTOPBIX — rpaduueckuid. s
OCYIIECTBJIEHUS TAKOT0 CIIOC00a UCIIONIb3YIOTCS JaHHBbIE U3MEPEHUN Ha IIaHe, KapTe
WIM CHUMKax cO clienuaabHbIX npudopos. Hanpumep, oOmas miomanas yd4acTka B
IpaHUIaX KOOPAMHAT XapaKTEPHBIX TOUYEK OMpeNessieTcsl MO IJIaHy C MOMOIIBIO
pa30ueHuss MCKOMOM IUIOIIAaAM Ha YYacTKHU AJIEMEHTApHOIO BUJA (TPEeYyroJbHUKH,
OpSIMOYTOJIBHUKH, Tpameluu) M JajbHEeHIIero CyMMHpPOBAaHUS IJIOLIAJAECH STUX
3rIeMeHTapHbIX GUryp. TOYHOCTH TAaKOTO MMOAX0/1a 3HAUUTEIHHO HUXKE B ClTydae, KOraa
YYaCTKH MMEIOT KPHUBOJHUHEHHYIO (POpMy, KOTOPYHO TPYAHO aIlIPOKCUMHUPOBAThH
npocTeiMU Qurypamu. B Takux ciydasx chenuanucTbl NPUMEHSIOT MpO3paydHble
NaJeTKU C HAHECEHHbIMM HAa HMX JEJICHUSMH, IIPU HAJIOKEHUU KOTOPBIX Ha IUIaH
ONpEAEISAIOT KOJUYECTBO JEJIEHUM, BXOIALIMX B KOHTYp Y4acTKa, M OLIEHHUBAIOT
IUIOMIA/Ib y4YacTKa, OMpENeiHB IUIOMAAb OHOTO JEJEHUS C YYeTOM Maclurada.
HepocraTok Takoro MeTojga COCTOMT B TOM, YTO KOJIMYECTBO HEMOJHBIX KBaJIpaToOB
INPUXOJIUTCS OLIEHWBATh SKCIEPTHO («HA TIas3»), B pe3yibTaTe Yero yxy/Iiaercs
TOYHOCTb MeToja [1].

B nanHoll paloTe mnpencraBieHa Haes APYroro BapHaHTa OIpPENEICHUs
IUIOIIA/IM y4acTKa KPUBOJIMHEHHON (DOpMBI, OCHOBAaHHAs Ha MPOrPaMMHOM aHallu3e
CHUMKa H3MEpSEMOM TEeppUTOpUU C Npubopa CHEIUAIBHOTO Ha3HAYEHHUS, Ui
KOTOPOTO U3BECTHBI apaMeTpbl CheMKH. C MOMOIIBIO YUCICHHOTO METOIa U CPE/ICTB
oubmuoreku OpenCV g aHanuza u300pakeHUH ObLT pa3paboTaH anroOpHUTM,
NO3BOJIAIOILUI C XOPOLIEH TOYHOCTHIO M ¢ MMHUMAJIbHBIMU BPEMEHHBIMH 3aTpaTaMU
OTIPENICTNTh TUIONanb (QUTYpsl OO0 BBITYKION (GopMbl. PaboTocrmocoOHOCTH
IpOrpaMMbl B IPOEKTE MPOJEMOHCTPUPOBAHA HA TECTOBOM BBIOOPKE, JUISl KaXKIOTO
3JIEMEHTa KOTOpPOW JaHa OlLlEHKa TOYHOCTH BblUMCIeHHH. B pabote 0003HaueHBI
HEJOCTaTKU BEIOPAHHOTO YHCIEHHOTO METOAA, KOTOPbIE ObLIIN yCTPAHEHBI C TOMOIIBIO
aBTOPCKOT'O MOJXOAa U BO3MOYKHOCTEM pabOThl ¢ LHU(PPOBBIMU HM300paKEHUSIMHU Ha

C++.



B nanHoM mpoekre OblIa MOCTaBIEHA CJEAYIOMIAsl II€Nb: pPeaJnu30BaTh
ITOPUTM Ui YHMCICHHOW OLIEHKHM IUIOIIAJM 3aJaHHOTO Ha CHHMMKE Yy4YacTKa
MECTHOCTM  IPOU3BOJBHOM  ¢GopMbl  MeTogoM  MoHte-Kapio Ha  sA3bIKe
nporpammupoBanusi C++ ¢ npuMeHeHHeM OUOIMOTEKHM KOMIIBIOTEPHOIO 3pEHHS
OpenCV.

JU1 JOCTM>KEHUS TOCTABJICHHOM L€ M OBIIIM BBIIIOJIHEHBI CIIEIYIOIINE 3aJaUH:

1. BBIMOJIHUTH IPOrPAMMHYIO pEaTH3aIHI0 AITOPUTMA OTPECNICHUS TIOIA M
¢urypst metogom Monrte-Kapno Ha s3bike C++;

2. pemTh NpodIeMy OINpeaeNeHUs] TPUHAICKHOCTH TOYKU 00JIaCTH BHYTPHU
UCKOMOM (hUTrypsl ¢ OMOIIbIO cpeAacTB Ondbmmotexku OpenCV;

3. ycTpaHuTh HelocTaTok Metoga MoHTe-Kapio, cBsA3aHHBINA CO CHUKEHHEM
TOYHOCTH TpPU TEHEepaluu OOJBIIOr0 KOJMYECTBA TOYEK CO CIy4yalHBIMH
KOOpJMHATAMU;

4. nmporecTMpoBaTh IpPOrpaMMy Ha M300paXKEHMSIX C HU3BECTHBIMU
TEOMETPUYECKUMH (UTYpaMU U YOEAUTHCS B PabOTOCIIOCOOHOCTH AJITOPUTMOB C
HOMOUIbIO OLIEHKH MOTPEIIHOCTH BBIYMCIICHU;

5. aganTupoBaTh AaNTOPUTM TMOJ TNPUMEHEHUS Ha peajbHBIX CHUMKaX
MECTHOCTU C TIOPaXEHHOH TeppuUTOpUEl, HampuUMep, B pe3yjbTare IoXKapa WIH

HN3BCPIKCHUS BYJIKAHA.



OCHOBHAA YACTD
1  Omnmcanue aaropurma meroaa Monre-KapJio
B kadecTBe KIIOYEBOrO METOJA, € MOMOIIBK KOTOPOTrO Mporpamma
ompenenseT Imiomans ¢Guryp, mnpumensercs meron Monte-Kapno. Paccmorpum

aJTOPUTM JAHHOTO MeToa [2].

Pucynok 1 — @urypa, miomaab KOTOpoil HEOOXOAUMO ONPEAETUTh

Ha pucynke 1 um3oOpaxkena ¢urypa, 1wiomanabs Kotopoi (S;) HE0OX0auMo
onpenenutb merogoM Monte-Kapio. /i 3Toro BBINOIHUM CAEAYIOMINE AEUCTBUS:
e 3akiroyaeM (Gurypy, IUIom@aAb KOTOPOM HEOOXOJWMO HaWTH, BHYTpPH
IPOU3BOJIBHON (PUTYPBI U3BECTHOM muTomaau S (puc. 2a);
® paBHOMEpPHO pa3zOpackiBaeM N TOYEK CO CIIy4allHBIMU KOOpJIMHATAMU BHYTPHU
¢urypsl miomanu S. OnpenesnsieM KOJMYECTBO TOYEK, IMOMABIIMX BHYTPb

¢burypsl wiomanu Sy. O603naunM 310 KonmuectBo N (puc. 20).



b

(a) (6)
a — «3akiiroueHue B pUrypy u3BecTHOM 1iomaan», 6 — «PaBHOMEpHBIN pazdopoc

TOYCK»

Pucynok 2 — I[lepBbie maru merona MonTe-Kapio

Jlns mnomaneit guryp cnpasemuBo cootHomenue (1), rame S, — uckomas
wiomaab GuUrypsl, S — miomaab onucanHo Gurypsl, N — o01ee KOIU4eCTBO TOUEK,
Ny — KOJIMYecTBO TOYEK, MOMABIIUX B UCKOMYIO ¢urypy. @opmMyna COOTHOLICHUS

MMEET CIEAYIOIINI BU]

So _ Np
2~ 2 1
S N (1)

W3 mpeaplaymiero BBIpaXEHHUA MOXy4UM (QOpMYyITy uis NPUOIMKEHHOTO
BBIYMCIICHUS TJIOLIA I IPOU3BOIBHON (PUTYpPHI S
So~ S22 2)
Jlanee UMEHHO Ha 3TOM MeTOoJie OYJET BHICTPAaUBATHCS BHIYUCICHHE TUIOIIA TN
¢buryp npousBoabHON (popmbl. B mporiecce co3aanus BEIYUCIUTEIBLHOTO HHCTPYMEHTA
ObUIM 0OHAPYKEHBI HEJIOCTATKU TAHHOT'O METO/1a TAKHE KaK: CJIOXKHOCTh ONPEACTICHUS
KpUTEepUsl TMPUHAAICKHOCTH TOYKM BHYTpPEHHEW obOnactu ¢Gurypsl U moadop
ONITUMAJIBHOTO 3HAYEHUS KOJIMYECTBA TEHEPUPYEMBIX TOUYEK, IPU KOTOPOM TOYHOCTD
BBIYMCIICHUS TUIOIAAM OyneT MUHMMajibHa. Ho perieHue AaHHBIX mpobiem ObLIo
BBIBE/ICHO, YTO MO3BOJIHMIIO MOJYYUTh JOCTATOYHO OBICTPHIN M TOYHBIN MPOrPaMMHBIN
KOMIUIEKC JJIsl pelleHHus 3aJady MO ONPENeJCHUI0 IUIOMIAAN YYacCTKOB 3E€MHOM

IOBEPXHOCTH.



2  IIporpaMMHas peaju3anusi aJrOPUTMA BHIYUCIEHNUS MO IS

TECTOBBIX (puryp

PaccMOoTpuM MOJHYIO CTPYKTYpHYIO CXEMY QJITrOPUTMa, KOTOPBIM JICKUT B
OCHOBE BBIUMCIIUTEIILHOTO WHCTPYMEHTA ISl ONpEACNICHHs IUIOIAAN TECTOBBIX
duryp, To ecTh reoMeTpuIecKux (pUryp, TOUHOE 3HAYCHHE TUIOIIATU KOTOPHIX HaM
u3BecTHO (puc. 3). [laHHBINA aJITOPUTM CIYKUT OCHOBOW JJISi MPOTPAMMBbI, KOTOpPAs
paboTtaeT CcO CHAMKaMH  HEOOXOAWMMOW  MECTHOCTH,  CJCJIIaHHBIMH  Ha

CIICHUAIIN3UPOBAHHOC YCTPOﬁCTBO, napaMeTpbl CbEMKH KOTOPOI'O YUTCHBI B ATOM

nporpamme.
YucneHHoe oIlpeielIeHue IUIoMaan
HOBEPXHOCTH € TIOMOIIBIO METO/a
Mounre-Kapio
\ [ |
3arpy3ka H300pakeHus BeiBo mutonaau (pUIypel

Omnpezenenue mwiomanu
¢urypst o popmyne

l
| |

[TpousBoabHOE IToncuer ToYeK, MOMABIINX
pacIpeielieHie TOUeK 10 Ha QUrypy, 3aKII0ICHHYIO
BCEMY H300paKeHUIO BHYTpPH KOHTypa

l
[ |

3aroTHeHNE OTIpe/IeICHHBIM
I[BETOM BHYTpEHHEH OrmpeierieHre KOHTYpa

o0acTy B rpaHHIax buryps
KOHTYpa

Pucynok 3 — CtpykTypHas cxema nporpaMmbl

PaccmoTpum peanuzaiuio Kaxaoro OJoka CXeMbl HOBOIO METOZa, KOTJa B
KaueCTBE MCXOIHOTO M300paKCHUS TOMAOTCS CHUMKHU HU3BECTHBIX T€OMETPUYECKUX
¢uryp. Ha pucynke 4 npuBesieH Ko/ rl1aBHON (GYHKIUU TPOTrPAMMBI, T/1€ IPOUCXOAUT
3arpy3ka M300pakeHus, a jajnee ero oopaboTka C MOMOINbI0 BCHOMOTraTENIbHBIX

MOAIPOTPaMM.



main() {
setlocale(LC_ALL, "Rus");
string path = "C:/Users/Bopuc/Downloads/npamoyr.png";
Mat image = imread(path, IMREAD_UNCHANGED);
Mat imgResize;
if (image.empty()) {
cout << "Could not open or find the image™ << '\n’';
cin.get();

3|

3

cvtColor(image, imgGray, COLOR_BGR2GRAY);
GaussianBlur(imgGray, imgBlur, Size(3, 3), 3, ©);

Canny(imgBlur, imgCanny, 25, 75);
Mat kernel = getStructuringElement(MORPH_RECT, Size(3, 3));
dilate(imgCanny, imgDil, kernel);
getContours(imgGray, image);
resize(image, imgResize, Size(877, 551));
cout << karlo(image) - P * 2 << '\n’';
cout << imagel.size();
o = imwrite("C:/Users/Bopuc/Downloads/2_u(5).png", image);
imshow("img", imgResize);
waitKey(0);
return O;

Pucynok 4 — I'maBHasi nporpamma

B mnepByto ouepenp, u300pakeHHE aHAIM3UPYETCS C TOMOIIBIO CPEICTB
oubmuorexn OpenCV Ha 00HApYKEHUE KOHTYPA, COOTBETCTBYIOIIETO OMPEICICHHBIM
I[BETOBBIM JnarnazoHam. [Tocie Toro, kak nmporpamMma BeIICIUT KOHTYP, IPOU3BOAUTCS
3aJlMBKa BHYTPEHHEH 00JacTH M300pakeHWs B Tpeneniax KoHTypa (puc. 5). OTo
HEOO0XOMMO JIJIS pealTu3allii TOYHOH IPOBEPKU MPUHATIC)KHOCTH TOUKHA BHYTPCHHEH

qaCTu q)HprLI B METOJEC MOHTe-KapJIO JJI BBIYUMCICHHUA 3HAYCHU A IIJIOIaaH.

getContours(Mat imgGray, Mat image)

Mat threshl;

Mat imgResizel;

threshold(i 1y, threshl, 150, 255, THRESH_BINARY);
vector<vector<Point>> contours2;

vector<Vecudi> hierarchy2;

findContours(threshl, contours2, hierarchy2, RETR_TREE, CHAIN_APPROX_NONE);

drawContours(imagel, contours2, -1, Scalar(e, 255, ©), FILLED);
resize(imagel, imgResizel, Size(877, 451));

imshow("None approximation", imgResizel);

waitKey(0);

PucyHnok 5 — @yHKIMs onpeeieH!s] KOHTypa U 3JIMBKU BHYTPEHHEN 00J1acTH



double karlo(Mat ir

double square =

int s = 1000000;

double x, y;

int cnt = 6;

for (int 1 = 0; i < s; ++i) {
uniform_real_distribution<double> distX(e, i
uniform_real_distribution<double> distY(®e, il
x = distX(gen);
y = distY(gen);
d.emplace_back(x, y);

1
3

functionli();
for (int i = 0; i < d.size(); ++i) {

if (cvet(image, d[i].first, d[i].second)) {

++cnt;

3
3
square = cnt / (double)d.size() * im .cols * image.rows;
return square;

Pucynok 6 — @yHKIIMS reHepaliy TOYEK CO CIIyYalHbIMU KOOPAHMHATAMHU

[Tocme Toro, kak 00JlaCTh HMCKOMOH (UTYpHI ONpEEeIeHa, BBITIOTHAETCS
anroputMm Metoaa Monte-Kapno. CHauana mporCXOAUT TeHEPAITHs CIIyIaifHBIX TOYEK
Ha u300paxkeHuu (puc. 6), MpoBepka IBeTa KaXIOW TOUYkH (puc. 7) W Tmocie
OTIpeICTICHUSI TOYEK BHYTPH 3aJIUTON Ha MPEABIAYIIEM IIare 00JAaCTH BBITTOHICTCS
orieHka romanu ¢urypsl. OTMETHM, 9TO B Ka4eCTBe (PUTYPHI U3BECTHOM TUTOMIAIM
BBICTYIIAET BCS 00JIACTh CAMOTO MCXOHOTO U300paXeHHUsI, TJE U «pa30pachIBalOTCS»

3aJJaHHOE KOJIMYECTBO TOUEK N cilydyailHbIM 00pazoMm.

cvet(Mat im double x, double y) {
Vec3b color e.at<Vec3b>(int(x), int(y));
if (color[e] == 0 && color[1l] == 255 && color[2] == 0) {

return true,;
1

3
else {
return

Pucynok 7 — IIpoBepka 1BeTa nukcesns ¢ 3aJaHHbIMA KOOPIMHATAMU

Crout OTMCTUTDB, YTO IIPHU I'CHEPALINHN OO0JIBIIIOr0 KOJIMYECTBA TOYCK HA BCEM

U300pKEHUH HECKOJIBKO TOYEK MOTYT COBHACTh JIPYr € JAPYyroM. ITOT 3¢deKT

10



HEOIaronpusiTHO CKa3bIBaeTCsl HA TOYHOCTH MeTo1a MonTte-Kapio. [Toatomy B padote
JUIS TakhxX choy4daeB ObUIO peajin30BaHO YJaleHHe AyOJIMKAaTOB TOYEK IIOCTe

reHepanuu. Takol MoaAXo/ MPU TECTUPOBAHUHU MOKa3ajl CBOIO 3P (HEKTUBHOCTD.

3  TecrupoBanue pa3paGoTaHHOM MPOrpPaMMbl HA U3BECTHBIX

reoMeTpu4eckux gpurypax

Jiis Toro, 4ToOBl YOenuThcs B paboTOCIOCOOHOCTH MPOrPaMMBbI, B TOM, YTO
pe3yabTaTaM BBIYMCICHHS JAaHHOTO WHCTPYMEHTAa MOXKHO JOBEPSATh HA pPeabHBIX
3aJa4ax, HEOOXOAMMO TMPOU3BECTH TECTUPOBAHME Mporpammbl. JlJisi TeCTUpOBaHUS
ObUTH BEIOpaHBI png-Qailiibl ¢ 6enbiM (OHOM, Ha KOTOPBIX N300paKE€HbI KOHTPACTHBIE
reoMeTpuueckue (urypsl ¢ H3BECTHOM TOYHOH Iuiomansio. Ha pucynke 8

MIPEICTABIICH MPUMEP TECTOBBIX H300paKEHUH.

Pucynok 8 — IIpumep 31eMeHTOB TeCTOBOM BEIOOPKHU

B amroputme Obla peann3oBaHa aBTOpPCKas HAES IO  ONPEACICHUIO
PUHAJIKHOCTH TOUYKH BHYTPEHHEH 4acTu (PUTYpHI: MOCIIE PAaClO3HABAHUS KOHTYpa
burypsl, ee BHyTPEHHIOIO YacTh MporpaMMma 3aJIMBaeT IBETOM (puc. 9), U eciii TouKa
(MMKcenp) ¢ 3aJaHHBIMH KOOPJAMHATAMU MMEET LBET TOW CAaMOW 3aJUMBKH, TO TOYKA

HAXOJUTCS BHYTPHU (PUTYPBHI.

11



Hcnob3oBanue LN
wan LiL

Pucynok 9 — IIpumep nporpaMMHON 3aJIMBKA

[Tocsie YMCIEHHOTO ONPEeIeNICHUS TUIOIIAAN C TOMOIIBIO CO3JaHHOTO AJITOPUTMA
Obl1a coCTaBJIeHA Ta0IHIIA TOTPEITHOCTEH BEIYMCIICHUS B 3aBUCHMOCTHU OT Pa3IMYHbIX
3HAYEHUHN KOJIWYECTBA IeHEepUupyeMbIX B MeToae MonTte-Kapio Touek (Tabmuna 1 — 3).
ToyHOCTH METOHA, AEUCTBUTEIIBHO 3aBHUCHUT OT KOJUYECTBA TOYEK CO CIYyYalHBIMHU
KOOpAMHATAMU: OHO JOJDKHO OBITh COM3MEPUMO C Pa3MepoM HU300paxKeHHs.
[IpounmtocTpupyeM, KakK MPOUCXOAUT PaBHOMEPHOE PACIHpPECICHUE TOYEK IO

oOnactu n3o0paxxeHus:, Ha pucynke 10.

N =1000 N = 10000 N = 100000

Pucynok 10 — Pacrnipezenenue creHepUpOBaHHBIX CITy4ailHbIM 00pa30M TOYEK

12



U3 pucynka 10 BUAHO, YTO Majoe 3HAYEHUE KOJIMYECTBA TOUEK, MPUBEICT K
007b111011 OIMOKE BBIUMCICHHS 3@ CUET TOTO, YTO HEIUIOTHO 00JacTh M300pakeHus
MOKpBITAa MHOXXECTBOM 3THX To4dek. Ho Takke W3BECTHO, 4TO U OYEHb OOJbILIOE
3Ha4YeHHE KOJIMYECTBA TOUEK MPUBEIET K X MHOTOKPATHOMY HAJIOKEHHIO Ha 00JIacTH,
4TO TAK)KE Cpa3y OTpa)kaeTcsi Ha TOYHOCTH OIpeaeseHus miomaau. B npoekre Obu1o
peIIeHO NMPUMEHUTH €AMHBIM MOAXOM K PELICHHIO JaHHOTO HEJ0CTaTKa B METOJEe
Moure-Kapio: o6ecrieunTs B mporpaMMe reHepalnio 00IbIIOT0 KOJIMYECTBA TOUEK CO
CIlyyallHBIMH KOOpJIMHATaMH, HO U3 TOJYYEHHOTO MHOXKECTBA TOYEK HCKIIOYHUTH
COBMaJaIMe TOYKH. J[aHHBIN MOAXOJ TMO3BOJMI HM30€XKaTh POCT MOTPEIIHOCTH

BBIYHCJICHUA C YBCIIMYCHUCM KOJIMYCCTBA TOYUCK HA 3TAIIC TCHCPALINH.

Tabnuma 1 — OneHka TOYHOCTH BBIUYMCICHUN TPOTPAMMBI JIJIsl HEKOTOPBIX (QUTYP

MIpY KOJIMYECTBE TeHEpUpyeMbIX Touek N = 1000

[IpsiMOyronpHUK Pom6 OxkpyxHocTh | Tpaneuus

Tounoe
3HA4YCHHE
TUIOIIA TN
BHYTPHU KOHTYypa
S, mKc

Onenka
IIOIIA N
METOIOM 81600.3 67198.1 63812 33808
Momnre-Kapiio
S', ke
AOcomroTHas
MOTPEIIHOCTb,
S - S
OTHOCHUTENbHAS

HOTPELIHOCTb,
%

80196 69288 62426,4 33271

1404.3 401.9 1385.6 537

1.7 0.6 2.2 1.6
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Tabnuma 2 — OneHka TOYHOCTH BBIUMCICHUN TPOTPaMMBI JIJIsl HEKOTOPBIX (QUTYP

IIpU KoJInYecTBe reHepupyembix Touek N = 1000

[IpsiMOyronpHUK Pom6 OxkpyxHocTh | Tpaneuus

TouHoe
3HAYEHHE
TJIOILA 1 80196 69288 62426.4 33271
BHYTPH KOHTYpa
S, K¢

Onenka
TUIOIIA TN
METOJIOM 80550.3 67973.1 62337 33008
Momnre-Kapiio
S', ke

AOcomoTHas
[OrPELIHOCTS, 354.3 373.1 89.4 263

S -S|

OtHOCUTENLHAI
IIOIPENIHOCTD, 0.4 0.55 0.1 0.8

%

W3 npencTaBieHHbIX TaOIUIl MOXHO CIENATh BBIBOJ, YTO NPU YBEIUYCHHUU
KOJIMYECTBA TOUYEK CO CIyYallHBIMU KoOpauHaTamMu N, KOTOpbIE «pa30pachIBArOTCS
CllydyaifHBIM 00pa30M IO BCeMy M300pakeHUI0, MOTPEIIHOCTD ONPENEICHUS TUIOIAIH
¢urypsl Ha u300pakeHWu cTaHOBHUTCA MeHblle. Ho, ecnmu naHHOe 3HaueHwe N
YBEJIMYUBATh U Jaiblle, TO C KAKOro-TO MOMEHTa aHaJM3 TOYHOCTH BBIYHMCIICHHMA
OyzeTr oTpaskaTh MPOTUBOIMOIOKHBIN 3 (HEKT — MOTpeIHOCTh ONpeIeIeHuUs TUIOIAIN
¢urypsl Oymer pactu. Takas 3aKOHOMEPHOCTh CBf3aHa C MHOTOKpPATHBIM
COBMAJICHUEM MHOTHX TOYEK JPYT C JIPYroM, YTO B HECKOJBKO pa3 MCKYCCTBEHHO
yBEIMYMBAET 3HAYCHHE TIOLIA/IN: HAJIOKEHHBIE IPYT Ha Jpyra TOUYKHU C OJUHAKOBBIMU
KOOpAMHATAMU CO34al0T 3(P(HEKT HECKONbKHX (UTYp Ha OJHOM H300paKEHHH.
[TosTOMy B mporpamme ObLIT peasi30BaH KOHTPOJIb 32 yJaJIeHUEM AyOJIMKATOB TOYEK
npu reHepanuu. B Tabmuie 3 mpuBeneHO CpaBHEHHUE TOYHOCTH BBIUMCICHHUN 0

IPUMEHEHUS ITOTO CIOCO0A U MOCIIE.

14



Tabnuma 3 — OneHka TOYHOCTH BBIUMCICHUN TPOTPAMMBI JIJIsl HEKOTOPBIX (QUTYP

IIpH KoJndecTBe reHepupyembix Touek N = 1000000

[IpsiMOyronpHUK Pom6 OxkpyxHocTh | Tpaneuus

TouHoE
3HAUECHHE
IUIOIIAIN 80196 69288 62426,4 33271
BHYTPH KOHTYpa
S, K¢

C IMPHUCYTCTBUCM COBIIAAAIOIINX TOUCK

Onenka
TLJIOIIA TN
METOIOM 80833.1 69287.1 62508 33938.4
Mounte-Kapiio
S', mkc

AOcomoTHas
[IOTPEIIHOCTS, 637.1 1687 81.57 667,4

S-S
OTtHOcCHUTENbHASA

TIOTPELTHOCTb, 0.79 2.5 0.13 2
%

C YUETOM MMPOTPpaMMHOI0 UCKIIIOYCHHUS COBIIaAAatOMIUX TOUYCK

Onenka
IJIOIIA U
METOIOM 80555.3 69200 62505.6 33502
Mownte-Kapio
S', mkc
AOcoiroTHas
TIOTPEITHOCT, 359.3 88 79.6 231
S - S
OTtHOCUTEeNbHAS
HOTPEIIHOCTb, 0.4 0.1 0.1 0.7
%

Ha »srame TCCTUPOBAHUA MbI Y6GI[I/IJ'II/ICB, 4dTO BBIYHUCICHHA IPOUCXOIAT C
I[OCT&TO‘IHOI\/'I TOYHOCTBIO, YTOOBI INPUMCHUTb O3TOT HHCTPYMCHT B OTHOIICHHHA

CHUMKOB P€aJbHBIX OOBEKTOB.
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4  OnpegeJieHue IVIOINAAH YYACTKOB 3¢MHOM IIOBEPXHOCTH

NPOU3BOJIbLHON (GOPMBI 110 CHUMKY

[Tocne Toro, kak pabOTOCIIOCOOHOCTh HOBOTI'O QJITOPUTMa OLEHKH IUIOIIAIU
¢burypsl HOATBEpKAEHA HA IPUMEPAX U COOTBETCTBYIOIIUX PE3yIbTaTax BhIUYUCICHUS
HOTPEIIHOCTH, MOXHO MIOKa3aTh, KAK pad0TaeT JaHHBI MHCTPYMEHT C U300paKeHUEM
Ha cHuMKe. Ha pucynke 11 npencrasieH npuMep HCXOQHOTO CHUMKA CO CITyTHHKA, HA
KOTOPOM BHJIHA TPACKTOPHS pPACIPOCTPAHEHUS IIOTOKA JaBbl. MIMEHHO B Takux
CUTyalUsIX He0OX0IMMa MTHOBEHHAsI aBTOMAaTUUYECKasl OLIEHKA IUIOIIAIU TOPaKEHHOM
TEPPUTOPUHU C XOpolIeH TOYHOCTh. HeoOXoAnMyr0 CKOpOCTb M TOYHOCTh Kak pas
MOXKET O0ecrneuuTh MPEeAJIOKEHHBI B pabote amroput™m. PaccMoTpum 3Tarbl

00pabOTKK MpOorpaMMON UCXOAHOTO U300paKEHHS.

Pucynoxk 11 — McxoaHblii CHUMOK M3BEPKEHUS BYJIKaHA

[lepBbIM 1mIaroM mporpamMma TE€HEpPUPYET TOYKM CO  CIy4YallHbIMU
KOOpJIMHATaMH MO BCEMY CHHMMKY. Jlajiee MIeT mpoBepKa NMPUHAJIEKHOCTH LBETA
MUKCeNd 3a/IJaHHOMY JIMAMa3oHy JJig ONpEAeNICeHHs KOJUYEeCTBa TOYEK, MOMaBLIMX
BHYTpPb UCKOMOI 0Onactu. CTOUT OTMETUTh, YTO JTAHHBIM aNTOPUTM HAaCTPAUBACTCS
noJl paboTy C ONPENECICHHBIM YCTPOHCTBOM CBHEMKHU (CIIyTHHK, APOH), TO €CTb
HACTPOUKHN 00pa0OTKY NAJUTPhI yCTAHABIMBAIOTCS B anroputme. Kpome Toro, oneHka
IUIOMIAIM yYacTKa M300paKeHHUs MPOUCXOTUT B MHKCENAX, MOATOMY IJSl OLEHKH
IUIOLIAJN PEeaIbHOM TEPPUTOPUHM HEOOXOJUMO Y4YE€CTh MAcCHITad ChbEMKH, YTO TaKXKe

OoNpCACIIACTCA UCXOOA U3 HaCTpOI\/'IKI/I CbEMKHU C BBICOTHI. I[JISI Jy4dmero BU3yaJIbHOTI'O
16



OpeacTaBiCHUs HeoOXoaumas o0JacTh 3aKpalluBaeTcs OJHOPOJIHBIM I[BETOM
(puc. 12). Ilocme dvero mnpoOW3BOAMUTCSA OICHKA IUIOIIATU BBIIEJICHHONW o0O0JacTu
metonoM Monte-Kapiio ¢ ncnons3oBanueM (puiabTpay coBnaaaommx Touek. CTouTt
OTMETUTh, YTO TMHKCENHW, IOMAaBIIME B 3aJaHHBI [IBETOBOM [uama3oH, HO HE
OTHOCSIIMECS K OCHOBHOM (pUType, alrOpUTMOM HE YUHUTBHIBAIOTCS NPU BBIYUCICHUU
wiomaau. TakuM o00pa3oM, Mbl TOJYYHJIM YHHUBEPCAJIBHBIH WHCTPYMEHT IIO
BBIUHCIICHHIO IO, KOTOPBIH MO3BOJISIET €0 MPUMEHSTh K Pa3UYHBIM CUCTEMaM
¢ukcanmu n300pa’keHU € BBICOTHI MyTEM aJanTallid alropuTMa K IMapaMerpam

3aJaHHOTO YCTPOWCTBA.

Pucynox 13 — Hactpoiika mapaMeTpoB IIBETOBOTO ¢opMarta u300pakeHus

Ha pucynke 13 npoaeMOHCTpUPOBAH dTall HACTPOUKHU MapaMeTPOB IIBETOBOTO
dbopmara Jisi CHUMKOB C 33/IaHHOTO YCTPOMCTBA. B TaHHBI MOMEHT HJIET paboTa Haj

aBTOMATUYECKOW MOJA00PKON 3HAYCHHUI HHTEPBAJIOB.
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3AKJIIOYEHUE

[IponenanHpie B JaHHOM NPOEKTE MCCIEAOBAHUS MO3BOJIMIN HaM MOJYYUThH
OBICTPBII U JOCTATOUYHO TOYHBIM BBIUMCIUTEIbHBIH HHCTPYMEHT, KOTOPBIM CLIOCOOEH
pElINTh BAXKHYIO 3a/lady: OLEHUTH IUIOW@AAb (UTYypbl MPOU3BOJIBHON (HOPMBI, UTO
4acTO BCTPEYAETCs Ha NPAKTUKE, HO TaK MaJIo UMeeT (P (PEKTUBHBIX MTyTEH pEeIIeHHUS.

Peanuzanuss ~ anropurMa  OpoOM3BOAMJIACE € IIOMOLIBIO  fA3bIKa
nporpammupoBanusi C++ ¢ npuMeHeHHeM OUOIMOTEKHM KOMIIBIOTEPHOIO 3pEHHS
OpenCV, peanuzamnus NpoeKTa Mpoucxoauia B cpeae paspadotku Visual Studio.
[Tomyuennass mporpamma ObUla MPOTECTUPOBAaHA HA CHELHMAIBHOM BBIOOPKE:
pe3yabTaThl TECTUPOBAHMSI MOATBEPANIA OOOCHOBAHHOCTh MUCIOJIb30BaHUS B OCHOBE
aJITOpUTMa METOAA BBIYUCIUTEIBHOM MaTEMaTHKU JJI1 ONPENENICHUs IUIOLAan
¢urypsl — merona Monrte-Kapno. B xome paGoTbl ObuiM BBISBIEHBI HEJOCTATKU
METO/1a, a TaKKe pa3padOoTaHbl MyTH YCTPAHEHUS ITUX HEIOCTATKOB, YTO MO3BOJIUIIO
JNOOUTHCS BBICOKON TOYHOCTHU BBIYUCIIEHUH C €r0 MOMOILBIO.

Cpenu TIaBHBIX JOCTOMHCTB MMEHHO MeTona Moute-Kapio ctouT Ha3Bath
TaK)K€ BO3MOXXHOCTb €r0 IPHUMEHEHHs, KOIJa KOHTYp (Urypbl NMPOU3BOJIBHBIN U
OmpejeNieH JHIIb BHU3yaJdbHO. B coyeTaHMM ¢ KOMIBIOTEPHBIM 3PEHHEM METOJ
paboTtaer ¢ rpauuecKuM MpEACTABICHUEM HCKOMOW ¢urypsl. B To Bpems Kak,
HaIpuMep, ONpeesICHUE IJIOLAAN C IOMOIIbIO HHTErpaia TpedyeT MaTeMaTHu4eCKOro
OMHCaHUS KOHTYpa — (YHKIIUH, OMMCHIBAIOLIEH rpaHuLlbl (UTYphl. Takoi moaxoa Obut
Obl HAMHOIO 3aTpaTHEE IO BPEMEHM U NaMATH U ObLI Obl HEpalMOHANEH s
OKCTPEHHBIX CUTYyallMii, KOTJa 3amycK Mpolecca OLEHKHU IUIOMAAH TEPPUTOPUU
JOJKEH OBITh HEe3aMEUIUTEIbHBIM U BbIIATh PE3YJIbTAT MOYTH MIHOBEHHO.

[lepcieKTUBHBIM HaNpaBJIEHUEM PA3BUTHUS IPOEKTA SIBISETCS paCIIMpPEHHUE
TPaHUI] €ro MPUMEHEHUS: aJanTalus MPOrpaMMbl K KOHKPETHOMY CPEJCTBY ChEMKH U
TECTUPOBAHUE aJITOPUTMA DSKCIEPUMEHTAIBHBIM 00pa3oM € Y4YeTOM Maciurada

CBbEMKHU.
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Ipuioxenue A. OT3bIB

——
enepanbHOE TOCYAAPCTBEHHOC
GiomKeTHOE 00Pa30OBATENBHOS YHPEXKICHHS
BBICILEr0 00pa30BaHMA
«HarHoHaNbHbIH HCCIeAOBATENBCKII
yaupepcuter «MOH» (PIBOY «MDH»)
111250, r. Mocksa,

BH.TEp.. MyHUIMNAIBHELH OKPYT JledhopToBO,
1. KpacHOKazapMeHHad, A. 14, ¢tp. 1
Ten.: (495) 362-75-60, dakc: (495) 362-89-38
E-mail: universe@mpei.ac,ru
hitp://www.mpel.ac.ry

Ne

«__» 20 T

OT3bIB

Ha IPOEKTHYI0 paboTy
(npoexmmuyio / Uucened08amenbeKyio)
110 TeMe «YEc/IeHHoe oONpeae/eHIe II0LATH 0BEePXHOCTH, orpaBHYeHHOkH MPOH3BOILHBIM

3aMKHYTBIM KOHTYPOM, ¢ TPUMEHEHHEM KOMITbIOTEPHON0 3pEHUD
(HauMeHOEAHe pabombt)

yyamerocs 10 Kracca TBOY IIxona Nel155

(raace) (Haumenosanue obpazosamensHoil op2aHU3aYUL)
smypexuit Bopue Hropesutd
(hamunus, uMs, OMUECHEo (npu HanUYUY), 3aNORNACIMCA HA RaNCO020 YHACTHHUKG)

B npoexte «UnCneHHOS OMpENENCHAE ILTOMALE IOBEPXHOCTH, OTPAHMYCHHOH TPOM3BOTBHBEM
3aMKHYTEIM KOHTYPOM, € [PHMEHEHHEM KOMIBIOTEPHOTO 3peHms» aBTOPOM O0O3HakucHA npobnema
onpeeneHks  [UIOMaH durypsl IPOU3BOIBHON (dopMmel.  ABTOp TPHBEI noapoGHoe 00OCHOBaHHE
aKTyaTbHOCTH JIaHHOH HpOONEMBL: B paGoTe TPOIEMOHCTPHPOBAHE!  CHTYaTd, KOTIA BO3HHKAET
HeoOXOAMMOCTE PEIHTH TONO0HYIO 38834y B XKH3HH.

B paMkax HpOEKTa IIPEHIOKCH HOBEI CHCTEMHBIH [OAXOA TO OIPEACNEHHIO nomaaeh
nosepxHOCTeH MPON3BOILHON GOPMET TIO CHHMKY. Pa3paGoTaHHEI ANTOPATM HOAPOGHO OMKMCAH B IPOCKTE,
a ero paboTOCIOCOGHOCTE MOATBEPIKICHA HA MHOKCECTIBE TECTOBBIX TIPEMEpOB. KpoMe TOTo, aBTOpOM
NpOK3BE/ICH AHATH3 TOYHOCTH BLIMMCIEHVH W CpaBHEHUE C APYFHMH METONAMH, B CIIECTBHE HErO SIBHO
OTMEueHO TIPERMYTIECTBO HOBOTO METOAA.

IMenn paboTEL @BTOPOM IOCTHIHYTHI, aKTyalbHOCTD IpelCTABICHHEIX B pabore JocTwKeHuH M KX
[paKTHUECKas 3HATMMOCTH IOATBEPKICHLL Co3NauHBI B TIPOGKTS:- JIPOTPaMMHBIH  KOMILTEKE  C
3AJI0EHHBIM B HEr0 HOBBIM AlTOPATMOM ONPEICICHNA ITOMaN, BOALHER PHTYD 10 CHUMKY MOXET
GbiTh aTATTHPORAH MO BHIOpaHHOE YCTpOMCTBO CHEMKH, HaT]
[TOTATH TePPHTOPYH, IIOPAKEHHOH OT JECHBIX TOKAPOE.

—— ﬁ s :::;
JOIEHT e =
(donxeHocHn) (RoORUCH)
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