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1 CTPYKTYPA JUCHUIIJIMHBI

Ob6ecneunBaromuii (HaKynbTeT

O6ecneunBaronias kadeapa

O6mas Tpynoemkocts (3ET)

Kypc

Cemectp

Bujaebl 3auaTui

Jlekiuu (akajem. 4acoB)

[TpakTrueckue 3aHATHSA (aKaIeM. YaCOB)
WNuas konTakTHAs padoTa (akajgeM. 4acoB)
Bce koHTakTHBIE Yachl (aKaeM. 4acoB)

CamocTrosiTenbHas paboTa, BKIIOYas 4achl Ha KOHTPOJIb
(akazeM. yacoB)
Bcero (akageM. yacoB)

Bua npomexyTo4yHoO aTTecTalu

Hudd. 3auet (kypc)

OKTU
MOSBM

34
17

52
128

180



2 AHHOTAIIUA AMCHUITJINHBI

«MATEMATHYECKHUE METO/IbI PACITOSHABAHUSA OBPA30B»

PaccMaTrpuBaroTCsi OCHOBHBIE 3aJlaud, MOJIENH, METOJbl M aJTOPUTMBI B 00-
JacTH KOMIIbIOTEpHOTO 3peHust. OnucsiBaeTcs npouecc popmupoBaHus uudpoBoro
n300pakeHus. M3nararoTcs OCHOBHBIE 33/1a4l KOMITbIOTEPHOTO 3peHusi. Paccmarpu-
BA€TCS MAaTEMATHYECKAsI MOJIEIIb POEKTUBHOW KaMephbl, 3JIEMEHTBI T€OMETPUYECKOM
onTuku (0000IICHHBIE KOOPAUHATHI, IEPCIIEKTUBHBIEC TPEOOPA30BAHUS, paUabHAS
Y TaHTE€HILIUANIbHASL TUCTOPCUS, BHEIIHSS U BHYTPEHHsIS KaauOpoBka). ONMuCkIBarOT-
Csl TEOMETPUUYECKHE CBOMCTBA HECKOJIBKUX U300paKEHUH, SMUIIONIAPHAs T€OMETPUS,
(dyHIaMeHTaIbHas U CYUIECTBEHHbIE MaTPULIbI, 33J1a4a MOIHOro crepeo. OnuchiBa-
IOTCS METOJIbl TIOCTPOEHUSI KapThl IIyOUH, €€ CBA3aHHOCTb, METOJIbl CETMEHTALUU
U KJIacTepHU3alluK, IPUMEHeHHe Teopuu rpados. PaccmarpuBaeTcs 3ajjaua TpEKUHTa
00BEKTOB, MOUCK U OMMCAHKE OCOOBIX TOYEK B U300PAKEHUSIX, HAXOXKICHUSI ONITHYE-
CKOTO MOTOKa. PaccmarpuBaroTcst OCHOBHBIE METO/IbI KOAUPOBAHUS U300paKEHUHN U
Buneonnopmaimu, 3D-uzo0paxkenus. B xone u3yueHus: 1eMOHCTpUPYETCS peau-
3a1Msi OCHOBHBIX &JITOPUTMOB KOMITBIOTEPHOTO 3PEHHSI C UCIOJIb30BaHUEM OMOINO-

Tek OpenCV.

SUBJECT SUMMARY

«MATHEMATICAL RECOGNITION METHODS»

Introduction to algorithms and tasks in computer vision. It describes the pro-
cess of forming a digital image (mathematical model of a perspective camera, homo-
geneous coordinates, external and internal camera calibration, radial and tangential
distortions). It describes the geometric properties of multiple images, epipolar geom-
etry, fundamental and essential matrix, stereo vision. Object’s tracking and optical

flow methods are described. Applications and implementation using OpenCV library



3 OBHIME ITOJIOKEHUA
3.1 Ieau u 3aga4y AUCHUILIHHBI
1. U3ydyeHne OCHOBHBIX 3aJ1a4 U MOHATHIH, METOJIOB U aJITOPUTMOB B O0JIACTH KOM-
MBIOTEPHOTO 3PECHUA.

2. ®opMHUpOBaHUE HABBIKOB PabOThI C M300paxeHUsIMH, CHOPMUPOBAHHBIMU TIEP-

CIICKTHBHBIMHU KaMCpaMH U OLICHKH UX I1apaMCTPOB.

3. 3nanue MeTo0B (hopMHpoBaHUS U(POBBIX U300PAKEHUM, TOCTPOCHUS TPEXMEP-
HBIX MOJIeJIe U OCHOBHBIX aJITOPUTMOB, IPUMEHSIEMBIX TPU PEIICHUU 33]a4 KOM-

MBIOTEPHOTO 3PEHUS.

4. YMeHue BOCCTaHOBJIEHUS TPEXMEPHBIX MOJIEIEH MO Ceprr N300pakeHU I UIIU BU-
JI€0-TIOCIIEIOBATEILHOCTH. YMEHUE MOIU(UIIUPOBATh U3BECTHBIC aITOPUTMbI KOM-

NBIOTEPHOTO 3PEHUS;

5. OcBoenue HaBbIKOB npuMeHeHus oudmuoreku OpenCV ans peanu3alnuyd OCHOB-

HBIX aJITOPUTMOB KOMIIBIOTCPHOI'O 3PCHUSI.

3.2 Mecro pucuumianabl B ctpykrype OITOII

JlucuuranHa u3y4aeTcs Ha OCHOBE paHee OCBOCHHBIX NUCIUIUIMH Y4eOHOTO TJIaHa:
1. «MammHHOE 00yUYeHUE)
2. «HelipoHHsie ceTny

1 00€CreUrBaET MOATOTOBKY BBIITYCKHOM KBaTU()PUKAIIMOHHOMN paOOTHl.



3.3 IlepedyeHb IUIAHHPYEMBIX Pe3yJbTATOB O0Y4YeHHUS MO AUCHMILIMHE, COOT-

HECEHHBIX C IVIAHUPYEMBIMH Pe3yJIbTATAMHM OCBOCHHMSI 00pa30BaTeIbLHOMI

MPOrpamMMbl

B pe3ynbrare ocBoeHus 00pa3oBaTeIbHON IPOrpaMMbl 00YHAIOIIHIACS TOKEH

JOCTUYD CIICTYIONINE PE3YJIbTaThl 00yUSHHUS MO TUCITUILIINHE:

Kon xomnerenumnn/ HaumeHoBaHMe KOMIETEeHIIMM/HHAMKATOPA KOMIIETCHIIUH
HHIHKATOPA
KOMIIeTEeHIHH

OIIK-2 Crnioco0OeH coBEepLICHCTBOBAaTh U PEAIM30BbIBAaTh HOBBIE MaTeMaTHUECKHE
METOJIBI PEIICHHUS TPUKIIATHBIX 33124

OIIK-2.1 3naem cospemennbvle MamemamuyecKue Memoosl peuleruss NPUKIAOHbIX 3a-
oau

OIllK-2.2 Ymeem obocrosvisamv 6vlOOp 1UOO HEOOXOOUMOCb peanu3ayuu HOBbLX
Mamemamudeckux Memooos peulerus NPUKIaoHbIxX 3a0a4

OIlIK-2.3 3uaem npunyunvl U OCHOGHbIE COBPEMEHHble Memoobl peuleHus 3a0auy
VIPAGNIeHUs. 8 MEeXHUYECKUX CUCTNEMAX




4 COAEP KAHUE JUCHUIIJIMHDBI

4.1 Conep:xkanue pa3aejoB IUCHUATIIAHbBI

4.1.1 HauMeHOBaHHE TeM M Yachl HA BCe BUAbI HATPY3KHU

Ne HanmenoBaHnue TeMbl JUCIHATINHBI Jlek, | IIp, | UKP, | CP,
n/n au a4 au au
1 | Beenenue 2
2 | Tema 1. ®opmupoBanue nnuppoBOro N300paKeHus 2 1 10
3 | Tema 2. OueHku napameTpoB Mozeiei 2 1 10
4 | Tema 3. KanuOpoBka kamep 2 1 10
5 | Tema 4. T'omorpadust 2 1 10
6 | Tema 5. 'eomeTpuueckrie CBOWCTBA HECKOJIbKUX N300paXke- 2 2 13
HUHT
7 | Tema 6. CtpykTypa U3 IBH>KCHUS 4 2 15
8 Tema 7. CtepeoBuaeHue 4 2 15
9 Tema 8. CermenTanus n300pakeHUMA 4 2 15
10 | Tema 9. O6HapyxeHrue ocoOeHHOCTEH 4 2 15
11 | Tema 10. ConpoBoxaeHHE OOBEKTOB 4 2 15
12 | 3akmtouenue 2 1 1
Hroro, au 34 17 1 128
W3 HuX a4 Ha KOHTPOJIb 0 0 0 0
OO01mmast TpyJ0eMKOCTh OCBOSHHUSI, a4/3¢ 180/5

4.1.2 Copepxanne

BOTO U300payKeHUs

Ne HaumeHoBaHue TeMbl Conep:xkanue

n/n AMCUMIIIIMHBI

1 | Beenenue Herextopel u geckpuntopsl. Jlerekrop Mopasuna. Jle-
TekTop Xappuca. AHaJIU3 CO MHOTUMH pPa3pelieHUsIMU.
Wavelet-npeoOpa3zoBanue. [Iupamuast 'aycca u Jlamnac-
ca. SIFT-neckpunrop, SURF-aeckpunrop

2 | Tema 1. ®opmupoBanue uppo- | YpaBHEHHE TOHKOW W TOJCTOW JMH3BI. [[uckperusamus u

KBaHTOBaHHE. MaTeMaTuyeckasi MOJieIb IPOEKTUBHOM Ka-
Mepbl. PaguaneHas ¥ TaHreHumanbHas aucropcus. On-
HOpOAHbIe KoopauHathl. [IpoexkTuBHOE MmpeoOpa3oBaHUeE.
WneanbHble Touku. ApunHbIe mpeoOpa3oBanus. Bueninue
U BHYTPEHHHE NTapaMeTpbl IPOEKTUBHON KaMeEPBI.

Tema 2. OueHku mMmapameTpoB
Mozeien

MeTon HaMMEHBIIMX KBAJIPaTOB U MAKCUMAaJIHLHOTO TIPaB-
nononoousa. Ilomueii MHK. M-oueuku. B3BemieHHBII
MHK. Hopmanuzamus. OueHka nmapameTpoB IO CXeMam
RANSAC, M-SAC. Henuneiinpii MHK, momudukarm
Merona ['aycca-HproToHa
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HaumMmeHnoBaHnue TeMbl
JUCHHILIMHEI

Conepxanue

Tema 3. KanuOpoBka kamep

IIpon3BonbHast M KOHEYHAs IPOEKTUBHAs KaMmepa. 3ajaua
KaJMOpOBKHU BHEIIHUX U BHYTPEHHUX [TaPaMETPOB KaMmep.
KanubpoBka ¢ ucnonszoBanuem narrepHoB. DLT meron.
Merton «3010T0ro cranaapray. JleKOMIO3UIMS MaTPUILIbI
MIPOEKIIMH KaMepbl Ha BHYTPEHHIOIO M BHEUIHIOIO Kanuo-
poBky. KanmuOpoBka 1o «maxmaTHou n1ocke». OleHKa yr-
JIOB € CyONUKCENIbHON TOYHOCTBIO

Tema 4. l'omorpadus

Hcnonb3oBanue romorpaduu.

Tema 5. I'eomeTpuueckue CBOM-
CTBa HECKOJIBKUX N300paskeHUH

dyHaaMeHTalbHas U CYLECTBEHHAsl MaTpulia U UX CBOM-
cTBa. Bpruncienue ¢pyHIaMEHTANbHOM U CYIIECTBEHHOM
MaTpHUIIBL.

Tema 6. CTpyKkTypa U3 IBUKEHUS

Meronsl ouenku. HeomHo3HauHOCTh pemeHus. doro-
rpammetpust. [locnenoBarensuslii SFM. Metox cBsi30k.
WtepaTtuBHas onTuMu3aLus.

Tewma 7. CtepeoBuaeHue

bopnba ¢ mepekpbiTusiMu. [T1oOambHbBIEe METOIBI OICHKU
KapT aucnapurera. Mcrnonb3oBaHue npecTaBIeHUs B BU-
ne rpados. Mcnonp3oBaHne cerMeHTaIuu

Tema 8. Cermentamusi n300pa-
KEHUU

Boinenenune kpaeB. I'pagueHT mzoOpaskeHus. AJIroputM
Kannu. CermenTanus 6e3 yyeTra IpOCTPaHCTBEHHBIX CBS-
3eit. IloporoBeie metonpl. Meton K-cpennux. Cermen-
Talysl C y4eTOM IPOCTPAHCTBEHHBIX CBsized. Paspacta-
Hue obOmacteil. Cnmsanue/pazneneHue obnacteid. Amro-
PUTM Boziopasiena. AJITOPUTM «IIOTPYKEHUsD). AITOPUTM
tobogganing. CermMeHTanus ¢ TOMOIIBIO pa3pe30B rpada.

10

Tema 9. O6HapyxeHHEe 0COOCH-
HOCTEH

Herextopel u aeckpuntopsl. Jlerekrop Mopasuma. [le-
TeKTop Xappuca. AHaJIM3 CO MHOTUMH DPa3pelICHUsIMU.
Wavelet-npeoOpazoBanue. [Tupamunsr ['aycca u Jlammac-
ca. SIFT-neckpunrop, SURF-aeckpunrop

11

Tema 10. CompoBoxkaeHue 00b-
€KTOB

Koppensuuonnsie meronsl. Meron Lucas-Kanade u ero
Momudukanuu. OnTudeckuid mMoTok. Beramtanue ¢onHa.
Monens oHa (BEpOITHOCTHOE MOJACIUPOBAHUE, CAMOHA-
CTpOMKA)
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JakiroueHne

OO01ue BBIBOIBI IO Kypcy. PekoMeHgamu uist moir0TOBKH
K DK3aMEHY.

4.2

4.3

Ilepeuenn 1a00paTOPHBIX PadOT

JlaboparopHblie pabOThI HE IPEAYCMOTPEHBI.

IlepeyeHb NPAKTHYECKHUX 3AHATHH

HaumeHoBaHue NPaKTHYECKUX 3aHATUI

KosimuecTBo ayn. yacos

1. Hagano pa6otsl ¢ 6ubnmmorexoit OpenCV 2




HaunMeHoBaHMe NPAKTHYECKUX 3aHATHI KosmmuecTBo aya. yacos

2. BHyTpeHHsi1 U BHEWIHsS KaduOpOBKa MEPCIEKTUBHON Kamephl.
Merons! onieHkH napameTpoB: DLT, HauMeHbIIMX KBagpaToB, HEJIU-
HEWHbIE TPAJUEHTHBIE METO/BL. 3

3. T'eomeTpuueckue CBONCTBA HECKOJIbKUX H300paxeHuil. Haxox-
JICHHEe MaTpHIlbl ToMOrpaduu, CymecTBeHHON U (yHAaMeHTaIbHON

MaTpHILIbl. CTEPEOBUICHNE B MAILIMHHOM 3PEHUMU. 4
4. Ilouck 1 onricaHue 0COOBIX TOYEK HAa N300PAKECHUSX. 4
5. TpekuHT 0OBEKTOB. 4
Hroro 17

4.4

4.5

4.6

4.7

4.8

4.9

KypcoBoe npoekTupoBanmne

KypcoBas pabota (Ipo€eKT) HE MPeyCMOTPEHBI.
Pegepar

Pedepar ve mpexycmoTpeH.

NupuBuayanbHoe JoMallHee 3aJaHue

NunuBuayanpHOE JOMAITHEE 3a/IaHUE HE TIPETyCMOTPEHO.

Hoxan
Jlokiiaa HE PEeTyCMOTPEH.
Keiic

Keiic He nmpegycMOTpeEH.

Opranuszanus u yueOHO-MeTOANYecKoe o0ecnevyeHne CaMoCTOSATeIbHOM pa-

00ThbI

N3ydenne TUCIUTIIIMHBI COMPOBOXKIAETCS CaMOCTOSATEIIBHON pabOTOM CTy/IEH-

TOB C PCKOMCHIOBAHHBIMHU IIPCIIOAABATCIICM JIMTCPATYPHBIMH UCTOYHHUKAMHU WU HWH-

dbopMallMOHHBIMU pecypcaMu cetu IHTepHeT.



HHaHI/IpOBaHI/Ie BPEMCHU I N3YUCHUS JTUCHUIIIIMHBI OCYIICCTBIIACTCA Ha BCCh
neproa 00y4deHust, peycMaTpuBasi MPU ATOM PETYJISIPHOE TOBTOPEHUE MPONICHHO-
ro marepuana. O0yJarmumMcs, B paMKaxX BHEAyIIUTOPHOW CaMOCTOSTEIBLHON pado-
ThbI, HEOOXOJIUMO PETYJSPHO JOMOJHITH CBEACHUSIMHU W3 JIUTEPATYPHBIX HCTOUHUKOB
Marepuall, 3aKOHCIIEKTUPOBAHHBIN Ha JIEKIHIX. [Ipy1 3TOM Ha OCHOBE M3y4EeHUS pe-
KOMEH/I0BAaHHOM JIMTEPATYPHI 11€JIECO00Pa3HO COCTABUTh KOHCTIEKT OCHOBHBIX MOJIO-
YKEHUM, TS PMUHOB U OTIPEICIICHUH, HEOOXOIUMBIX JJIsI OCBOSHHS Pa3/IeioB yUeOHOM

JTUCIUILINHBI.

Oco0oe MecTo yaensieTcsi KOHCYJIBTUPOBAHUIO, KaK OHOM U3 (hopM 00ydeHHUS
U KOHTPOJISI CAaMOCTOATEIbHOM padoThl. KoHCynbTHpOBaHUE mpeAnonaaraeT 0coobM
00pa3oM OpraHM30BaHHOE B3aWMOJICUCTBUE MEX Y IIPETOIaBaTEIeM U CTYICHTAMH,
IIPU 3TOM IPEATNONATAETCS, YTO KOHCYIBTAHT JINOO 3HAaeT TOTOBOE PEIIEHUE, KOTOPOE
OH MOJKET MpeAnKcarb KOHCYJbTUPYEMOMY, JTHUO0 OH BIIAJIEET CIOCcOOaMu JesATeNb-

HOCTH, KOTOPbI€ YKa3bIBAIOT MYTh PELICHUS MPOOIEMBI.

CaMocToSTeNbHOE U3YYCHUE CTYJACHTAMHU TEOPETUUYECKUX OCHOB JUCIIMILIHU-
HBI 00ECIIEYeHO HEOOXOUMBIMU Y4EOHO-METOANYECKUMU MaTepruanaMu (y4eOHUKH,
y4eOHbIe TOCOOUS, KOHCIIEKT JIEKIIUA U T.I1.), BEITOJIHEHHBIMHU B IEYaTHOM WJIH AJIEK-

TPOHHOM BH/C.

N3yyeHne cTyieHTaMu JUCHUILIMHBI COITPOBOXKIAETCSA IPOBEIACHUEM PETYISAP-
HBIX KOHCYJIbTAllMi MpenogaBaTesieil, 00ecneuyrnBaonuX IPaKTUYECKUE 3aHATUS 110
JTUCLUILIMHE, 3a CYET OKJKeTa BPEMEHH, OTBOJUMOI0 Ha KOHCYJIBTAllUM (BHEAYIH-

TOPHLIC 3aHATHUA, OTHOCAIIHCCSA K pasaciy «CamocCTosATEeIIbHBIE YacChl AJIA U3yUCHUA

JTUCITUTIIUHBI ).
Texymas CPC IIpumepunas
TPYA0EMKOCTh, a4

Pabota ¢ nekmoHHBIM MaTepuaIoM, ¢ y4eOHOM JTuTeparypon 30
Omnepexaroniasi caMoCTosITeNIbHAsA paboTa (M3yueHUue HOBOTO MaTe-

pHaia 10 ero U3JI0KEHUs Ha 3aHATUAX ) 0
CamocTosATeNIbHOE N3YyUEHHE PA3/IeNIOB JUCLUIUINHBI 21
BeinonHenyne foMalHUX 3alaHUi, JOMAIIHUX KOHTPOJIBHBIX paboT 0




Texymas CPC

IIpumepHas
TPYA0EMKOCTb, a4

[ToaroroBka k mabopaTopHbIM paboTaMm, K MPAKTHUYECKUM U CEeMH-

HapCKHUM 3aHATUSM 21
IToaroroBka Kk KOHTPOJIBHBIM Pa0OTaM, KOJUIOKBUYMaM 21
BrinonHenue pacueTHo-rpapuueckux padot 0
BrinonHeHne KypcoBoro mpoekTa uin KypcoBoil paboTsl 0
[Touck, nzydyenue u mpe3eHTaIuss HHOOPMAIIMH 110 33JIaHHON TIPO-

Oneme, aHAIM3 HAYYHBIX MyOIUKAIMil 110 3aJaHHOMN TeMe 0
PaboTa Hax MEXIUCUUIUIMHAPHBIM IPOEKTOM 0
AHanu3 1aHHBIX 10 3aJJaHHOH TeMe, BBITIOJIHEHHE PacueTOB, COCTaB-

JIEHHE CXEeM U MoJiesiel, Ha OCHOBE COOPaHHBIX JaHHBIX 0
[ToaroroBka k 3auety, UG PepeHINPOBAHHOMY 3aUETy, IK3aAMEHY 35
HNTOI'O CPC 128
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5 YueOHO-MeTOOMUECKOE 00ecIIeYeHHue TUCIUTLINHBI

5.1 IlepeyeHb OCHOBHOM M JONOJHHUTEIbHON JIUTEPATYPbI, HEOOXOAMMOM IJIs1

0CBOCHHUA JUCHHUIIIINHBI

Ne i/m Ha3Banmne, Oudnnorpaguyeckoe onucanme K-Bo
IK3. B
onoJ1.

OcHoBHas auTeparypa

1 loncanec P. Hudposas o6padotka nzodpaxenutii [Tekcr]/ P. Toncanec, P. Byac 69
; mep. ¢ annt. oA pen. I1.A. Youwna, 2005. -1070 c.

2 Metonpl KoMnbIOTEpHON 00paboTkn n3o0paxkenuit [Tekct] : Yueb. mocobue 59
JUTsl BY30B 110 HampasiieHuto ~Tlpuknannas marematuka” / [M.B. I'anmHukos,
H.N. I'mymog, H.}O. UnbsicoBa u ap.]; [Tox pea. B.A. Coiidepa, 2003. -780 c.

JlomonHuTeNnbHas TUTEparypa

1 Coanomon /1. Cxxarue naHHbIX, H300paXkeHNH U 3ByKa [ TekcT] : yueO. mocobue 46
JUIsl By30B 10 Hanpasienuto noAarot. “Ilpuknaanas maremaruka” / J]. Canomon
; iep. ¢ ann1. B.B. Yenwpkosa, 2004. -365 c.

5.2 Tlepedenn pecypcoB MH(OPMAIMOHHO-TEJIEKOMMYHUKAITUOHHOM ceTH « UH-

TCPHET», UCITI0JIb3YCMbIX IIPH OCBOCHHH JUCHUIIJIMHBI

Ne n/m DJIeKTPOHHBIN aapec

1 Axanemus Intel: Beenenue B pa3paboTKy MyJIbTHMEANHHBIX MPUIOKESHUH C UCTIONB30-
BaHueM o6ubmnorex OpenCV u IPP: Mudopmarus.
Pexxum noctyna: http://www.intuit.ru/studies/courses/10621/1105/info

5.3 Anpec caiita Kypca

Anpec caifta kypca: https://vec.etu.ru/moodle/course/view.php?id=7311
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6 Kputepun oileHUBAHUA U OLICHOYHbIE MATEPHAJIbI

6.1 Kpurepuu oueHuBaHus

Jlnst nucuurminabl «MareMaTruueckue METO/Ibl pacio3HaBaHusi o0pazoBy» Gop-

MO IPOMEKYTOUHON aTTECTALINU SABJISAETCS 3a4ET C OLEHKOM.

3ader ¢ OLleHKOH

Onenka Onucanne
HeynosnerBopurensHo Kypc ne ocBoeH. CTyIeHT UCIBITHIBAET CEPHE3HBIE TPYAHOCTH
MIPU OTBETE Ha KIIFOYEBBIC BOMPOCH TUCIUATIITUHBI
VYIOBIETBOPUTEIHHO CTyaeHT B LIEJIOM OBJAZEN KypCOM, HO HEKOTOPBIC paseibl

OCBOEHBI Ha YPOBHE OIpeeeHUN U GOPMYIUPOBOK TEOPEM

Xopo1o CryneHT oBiaes KypcoM, HO B OTJIEIbHBIX BOIIPOCAX UCTIBITHI-
BAET 3aTPyIHEHUs. YMEET pellaTh 3a/1auu
OtnuyHO CTyaeHT JeMOHCTPUPYET MOJHOE OBIJIAJIEHUE KYypCOM, CIOCO-

OeH NPUMEHATH NOJTY4YEeHHBIC 3HAHHS MPHU PEIICHUH KOHKPET-
HBIX 3a/1a4.
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OcobGeHHoCTH 1O0MyCKA

JlJis 7oIyCcKa K 3a4eTy C OIICHKOW CTYJEHT JOJIKEH yCHEIIHO MPOUTH TECTUPO-

BaHUEC B COOTBCTCTBUH C Fpa(l)I/IKOM TCKYILICIO KOHTPOJIA YCIICBACMOCTHU

6.2 OuneHouHble MAaTEPUAJIBI JJI NIPOBEEHUS TEKYIEro KOHTPOJISI M IPoMe-

)KyTO‘lHOﬁ arrecranmmu oﬁyqamumxcn o IMCUMIIJINHE

IIpumepHbIe Bonpocskl K aud¢.3aqery

Ne i/m Onucanue

1 HerexTopbl u aeckpuntopel. Jerexkrop Mopasuma. [erexktop Xappuca. AHanu3 co
MHOTHMH pazpemieHusiMu. WaveletnpeoOpaszoBanue. [Tupamunbr ['aycca u Jlammacca.
SIFT neckpunrop, SURFaeckpuntop

2 VYpaBHeHHE TOHKOM U TOJCTOH JInH3bL. [lckpeTH3anus U KBaHTOBaHUE. MaTeMaTuyeckast
MOJIeJb IPOEKTUBHON Kamephl. PaananbHas u TaHreHuuanbHas auctopeus. OTHOpOHbIe
koopauHathl. [IpoexTuBHOE peoOpazoBanue. MaeanbHble ToukH. AduHHBIE TIpeoOpa3o-
BaHus. BHe

3 MeTon HauMMEHBUIMX KBaJApaToB W MakcuMmanbHOro mnpaspononodus. Ilomneii MHK.
Mouenku. Biapemennsiit MHK. Hopmanuzamus. Ouenka mapameTpoB IO cXeMaM
RANSAC, MSAC. Henuneitasiit MHK, monnduxannuu metona 'ayccaHproTona

4 [Ipou3BonbHas 1 KOHEYHAas MPOEKTUBHAS KaMepa. 3ajaya KaTMOpOBKY BHEILIHUX U BHYT-
peHHux mnapameTpoB kamep. KammuOpoBka ¢ ucnonb3oBanueMm narrepHoB. DLT meton.
MeTon «30510TOT0 CTaHAapTay. JJeKOMITO3UIUS MAaTPHUIIBI POSKIIUN KaMephl Ha BHYTPEH-
HIOIO ¥ BHENIHIOI KannOpoBKy. KannOpoBka no «maxMaTHoi qocke». OlLieHKa YIJIoB C
CYONHMKCENbHON TOYHOCTHIO

5 Hcnonb3oBanue romorpadun

6 @dyHnaMeHTanbHAas U CYIIECTBEHHAs MaTpPULIA U UX CBOWCTBA. Brruncienue gpyHnamen-
TaJIbHOM U CYLLIECTBEHHON MaTpPHULIBI.

7 Mertone! onenku. HeonHo3naynoCTh pemenus. @ororpammerpus. IlocnenoBarenbHbiin
SFM. Metog cBsa3ok. TepaTuBHAss ONTUMU3ALHSA.

8 bops0a ¢ nepexpriTusiMu. [7106anbHbIe METONIBI OLIEHKH KapT aucnapurera. Mcmnons3o-
BaHME IpejicTaBieHus B BUje rpagos. Vcronb3oBaHue cerMmeHTanuu

9 Beinenenue kpaes. ['paguent nzo0paxenus. Anroputm Kanau. Cermenranus 6e3 yue-
Ta NPOCTpaHCTBEHHBIX cBsA3el. [Toporoseie MeTonbl. Meton Kepeanux. Cermenranus ¢
y4eTOM MPOCTPaHCTBEHHBIX cBsA3el. Pazpacranue obnacreil. CiusiHue/pasaenenue oona-
CTel. AITOpUTM BOAOpa3aena. AJTOPUTM «IOTpyKeHUs». AnroputM tobogganing. Cer-
MEHTAIHUS C IOMOIIBIO pa3pe3oB rpada.

10 HerexTopbl u aeckpuntopel. Jerexkrop Mopasuma. [lerexktop Xappuca. AHanu3 co
MHOruMu paszpemeHusiMu. WaveletnpeoOpasosanue. [Tupamuaer 'aycca u Jlammacca.
SIFTaeckpunrop, SURFneckpuntop

11 Koppensmonnsie metoasl. Meton LucasKanade u ero monudukamuu. Ontudeckuii mo-
ToK. Beruntanue gona. Monens poHa (BepOSITHOCTHOE MOJESITMPOBAHUE, CAMOHACTPOM-
Ka)
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BapuaHTt Tecra

Bce TecThl IMOCTPOCHEI I10 OJMHAKOBOMY IIPUHIMITY, KaK IIOKa3aHO B ITPUMCPC.

CTy,Z[GHTBI JOJDKHBI BBI6paTB OAWH WK HCCKOJILKO ITPaBUJIbHBIX OTBCTOB.

Bomnpoc 1. Meron Jlykaca-Kanane npeanosnaraet, 4To

1. 3HayeHus nukKcened MepexosaT U3 OJHOIO KaJpa B CIEIYIOMIMMA 0e3 u3MeHe-
HUU

2. JoiKHO OBITH CIIETaHO KaK MUHUMYM 5 KaJIpoB

3. Cwmenrtenue 10mKHO ObITH He Oostee 100 nukcenen

Bompoc 2. CrarucTuaecKuM METOIOM, HCCIISAOBAHUS BIMSHUS OJTHON HIIM HECKOJIb-
KHX HE3aBHCHUMBIX MIepeMeHHBIX X1, X2... Xn Ha 3aBUCUMYIO ITIEPEMCHHYIO Y SIBJISI-
eTcs

1. Kmacrepuzanus

2. Knaccuduxarus

3. JIMCKpUMHUHAHTHBIN aHAIU3
Bechb KOMIUIEKT KOHTPOJIbHO-U3MEPUTEHHBIX MaTEPHAIOB ISl TPOBEPKH CHOp-

MHUPOBAHHOCTHU KOMIICTCHIIUU (I/IHI[I/IKaTOPa KOMHeTeHI_II/II/I) Pa3MCIICH B BaKpBITOﬁ

YacCTH I10 aJIpecy, yKa3aHHOMY B II. 5.3
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6.3 I'paduk Tekyuero KOHTPOJIA yCIeBaAeMOCTH

Heneas Tembl 3aHATHH Buja konTpoOsst
1 Tema 4. Tomorpadus

2

3

4

5

6 Tecr
7 Tema 8. Cermenrtanus n3o0paxeHui

8

9

10

11

12 Tect
13 Tema 10. ConpoBokaeHne 00BEKTOB

14

15

16

17 Tecr

6.4 MeToanka TeKylero KOHTpPOJIst

Ha JICKIITMOHHBbIX 3aHATHAX

Texy1unii KOHTPOJIb BKJIIOYAET B CE€0sI KOHTPOJIb MOCEIIAEMOCTH (He MeHee 80
% 3aHATHIl), 10 pe3yJbTaTaM KOTOPOTO CTYAEHT MOJY4YaeT IOMYCK Ha 3a4€T C OLICH-
KOM.

HA NMPAKTHYECKUX (CEMUHAPCKUX) 3AHATHSAX

Texy1iuii KOHTPOJIb BKJIIOYAET B C€0sI KOHTPOJIb MOCEIIaeMOCTH (He MeHee 80
% 3aHATHIN), a TAK K€ YCIEIIHOE MPOXOKIECHUE TECTUPOBAHUS B COOTBETCTBUHU C Ipa-

(hMKOM TEKYIIIero KOHTPOJIS YCIIEBAEMOCTH I10 pe3yiIbTaTaM KOTOPOTO CTYACHT MOy~

4aeT JOIYCK Ha 3a4€T C OL[CHKOM.

B xozme mpoBeneHNsT cCeMUHAPCKUX M MPAKTHUECKUX 3aHATUM 11e7IeCc000pa3Ho
IPUBJICUCHUE CTYJICHTOB K KaK MOXKHO 0oJjiee aKTUBHOMY YUYaCTHUIO B JIUCKYCCHSIX,

PCUICHUH 3a/1a4, O6CY)K}IGHI/I$IX nT I HpI/I 9TOM aKTHBHOCTb CTYACHTOB TAKKC MO-
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KCT YUHUTBIBATHCA IIPCIIOAaBaATCIICM, KaK OIWH HU3 CcIoco00B TCKYLICI'O KOHTPOJISL Ha

MPAKTUYECKUX 3aHIATHUSAX.
Kpurepun oueHuBaHus TECTOBBIX 3aIaHUI:

’3a4TeHO” - MPaBUJIbHBIE OTBETHI HA BOIIPOCHI T€CTAa COCTABISIOT Oosee 51%

OT MaKCHUMaJIbHO BO3MOXXHOTIO,

”HE 3a4TEHO - MPaBUWJIbHBIE OTBETHI HA BOINPOCHI TECTA COCTABISIOT MECHEE

50% oT MaKCUMaJILHO BO3MOKHOTO.
CaMOCTOSITEJILHOM PadoThI CTY1€HTOB

Kontponb camocToaTenbHOM paboThl CTYIEHTOB OCYIIECTBIISIETCS] HA JIEKIHU-
OHHBIX, JJA0OPATOPHBIX U MPAKTUUYECKUX 3aHATUSAX CTYACHTOB 110 METOAMKAM, OIH-

CAaHHBIM BBIIIC.
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7 Onncanue MHPOPMANMOHHBIX TEXHOJIOTHI M MATEPHUATILHO-TEXHUYECKOH 0a3bl

Tun 3angaTui

Tun nomelenus

TpeOoBanus K
MOMeLeHHN IO

TpeGoBanus k
IMPOrpaMMHOMY
o0ecrneYeHuIo

Jlexuus

JlexunoHHas aymauTo-
pust

KomnuaectBo HoCaaJO04YHbIX
MECT — B COOTBCTCTBHHU C

KOHTUHTEHTOM,  pabouee
MECTO MpenoaBaTes,
MEPCOHAJIHBIA  KOMIIBIO-

Tep IBM-coBmecTUMBIi
Pentium wnu BeIlIe, mpo-
eKTOp, 3KpaH, MeJIOBasi WIH
MapKepHasi 10CKa

1) Windows 7 u
BBIIIIC;

2) Microsoft
Office 2007 wu

BBIIIIC;

HpaKTI/I‘{eCKI/Ie 3aHsA-
THUA

AynuTtopust

KonmnuectBo 1mocagouHbIX
MECT, 000pyI0BaHHBIX
kommnbrorepamu  IBM-coB-
MecTuMbIMH Pentium wnmu
BBIIIIE, B COOTBETCTBUU
C KOHTHHTEHTOM, pabouee
MeCTO MpemnoaBaTes,
MPOEKTOP, DKPaH, MEIoBas
WIM MapKepHas JOCKa,
MEPCOHANIBHBI  KOMIIBIO-
tep IBM coBmecTUMBIi
Pentium wnu BeIie

1) Windows 7 u
BBIIIIC;

2) Microsoft
Office 2007 wu

BBIIIIC;

CamocrosTenbHas pa-
Oora

ITomemenne maa ca-
MOCTOATENBHON pado-
Ta

OcHallleHO KOMIBIOTEPHOM
TEXHUKOH C BO3MOXKHOCTBIO
IMOJKIIOUCHHS K ceTu «MH-
TEpHET» U OOECIeUCHUEM
JIOCTyITa B DJIEKTPOH-
HYIO nH()OPMAIIMOHHO-
o0paszoBaTenbHYI0  Cpeay
YHUBEPCUTETA.

1) Windows XP
Y BBIIIIC;

2) Microsoft
Office 2007 wu
BBIIIIC
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8 AnanTanus pado4yei nporpammsl A Jul ¢ OB3

AnantupoBaHHas MporpaMma pa3padarbiBaeTcsl MPH HATMYUU 3asSBICHUS CO
CTOpPOHBI 00yUarOIIeTrocs (PoaUTENCH, 3aKOHHBIX MPEICTABUTENICH ) U MEAUITTHCKIX
MOKa3aHUK (PEKOMEHIAIIUSIMHU TICUX0JI0TO-MEIUKO-TIEAarOrnueCKOM KoMuccum ). J{is
WHBAJIMOB aJalTUpOBaHHAsl 00pa3oBaTeibHAs MporpamMMa pa3padarbiBacTCs B COOT-

BETCTBUU C MHAUBUYyIbHONU MPOTpaMMON peabuInuTaIUH.
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JUCT PETUCTPAIIMM U3MEHEHUI

Ne
n/n

Jlara

N3menenue

Jdara u HOMep MPOTOKOJIA
3acenanusa YMK

ABTOp

HavyaabHuk
OMOJIA

23.12.2021

BHecensl
H3MEHe-

HHUS B
KOMIICTEHT-
HOCTHYIO
MOJCIb
o0OpazoBa-
TEIbHOH
porpam-
MBI, Ha
OCHOBaHHH
nmucbMa Mu-
HOOpHAyKH
Poccun ot
21.12.2021
Ne MH-
5/22720

23.12.2021 Ne9
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