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1. KoMmnerennun wu HHIAUKATOPbBI HX JOCTUKCHUHA, IPOBEPSAECMBIC JTaHHLIMU
OLCHOYHBIMH MaTepHaAIaMH

Lenbt0 OCBOEHHSI JUCIUTUIMHEI SIBISIETCS (POPMHUPOBAHKE CIIEAYIOMIMX KOMIIETSHIIUI:

OIIK-2 CnocobeH pa3pabaTbiBaTh OPUTHHAIBHBIC aJITOPUTMBI M IIPOTPAMMHBIE CPE/ICTBA,
B TOM YHCJIE C MCIIOJIb30BAHUEM COBPEMEHHBIX MHTEJUIEKTYaJIbHBIX TEXHOJOTUMN, AJIs PEIICHUs
npodeccuoHaIbHBIX 3a7a4

OIIK-4 Cnoco0OeH NpUMEHATh HA IMPAKTUKE HOBBIE HAyYHbBIE MPUHLMIBI U METOIbI
HWCCIENOBaHUN

I1IK-2 Cnocoben pa3pabaTbiBaTh ammapaTHO-MPOrPAMMHBIE KOMIUIEKCHI Ha OCHOBE
TEXHOJOTMM MCKYCCTBEHHOTO HMHTEJUIEKTa [UIsl YIpPaBJICHUA MOJABIKHBIMH OOBEKTaMH,
ABTOHOMHBIMM CUCTEMAaMH, TEXHOJIOTMUYECKUMHU JIMHUSMH U [IPOLIECCAMHU.

Pe3ynpTaTramu ocBOEHUS NUCUUIUIMHBI SIBISIOTCS CIAEAYIOUINE WHANKATOPHI JOCTHKCHUS
KOMIIETEHLIU:

HNOIIK 2.3 Hcnonb3yeT METOJIbl COBPEMEHHBIX HMHTEJUICKTYyalbHbIX TEXHOJIOTHUM ISt
peeHust mpohecCHOHAIBHBIX 3a/1a4

HOIIK 4.3 ITpuMeHsieT Ha NpaKTUKE HOBbIC HAYYHBIC TPUHLIUIIBI 1 METOIbI UCCIICTIOBAHUI

UIIK 2.1 Cnoco0OeH MpUMEHSATh METOJbl MALIMHHOTO OOy4YeHHs AJIsi peIleHHs 3aaad
npohecCUOHANBLHOM NeSTEIbHOCTH

NIIK 2.2 CnocoGeH pa3pabaTbiBaTh TEXHHYECKOE PEIICHUE KOHIEMIMU aIrOpHUTMa
paboTHI CUCTEM aBTOMATH3AIMH U YIIPaBIEHUS (MU €€ SJIEMEHTOB)

2. OneHo4YHbIe MaTepUAJIbl TEKYLIEr0 KOHTPOJISI U KPUTEPUH OLleHUBAHHUSA

Texymmit KOHTPOJI MO JUCIMILUTAHE MPOBOIUTCS ITyTEM KOHTPOJISI IOCEIIAEMOCTH, TECTOB
10 JICKIIMOHHOMY MaTepuaily, MPOBEPKU BBITOJHEHUS Ja0OpaTOpPHBIX padoT, U (UKCUpPYETCs B
(bopMe KOHTPOJIBHON TOYKH HE MEHEE OJIHOTO pa3a B CEMECTP.

DNEeMEHTHI TEKYIErO0 KOHTPOJIS:

— TECTBHI,

— nmabopaTopHbie pabOTHI.

2.1. [Ipumepsbl TeCTOBBIX 3aJaHUH

Tect Ne 1.

1) Uto Takoe KOMITbIOTEPHOE 3peHHE (B (POpME OTKPHITOTO OTBETA);

2) OnumuTe 6a30BYI0 MOCIEOBATEIBHOCTH PAa0OThI alrTOPUTMa KOMITBIOTEPHOTO 3pEHUS
(B hopme OTKPBITOTO OTBETA);

3) Ha3zoBuTe HECKOJIBKO MPUIOKEHHUH KOMIIBIOTEPHOTO 3peHHs (B (hopMe OTKPHITOrO
OTBETA);

4) Onumure ycerpoiicto “Pinhole” kameps! (B popme OTKpPBHITOrO OTBETA);

5) Onummmre, yem otimyaetrcs padora CCD u CMOS dotomarpuir (B hopmMe OTKPHITOTO
OTBETA);

6) OnuiuTe 6a30BOE YCTPOMCTBO CUCTEMBI TEXHUYECKOTO 3PEHUS.

TecToBbI€ 3a1aHUS PETyCMATPUBAIOT 3aKPEIJICHUE TCOPETUUCCKUX 3HAHHUM, TIOTyICHHBIX
CTYILGHTOM BO BpeM}I 3aH$ITPII>'I 110 I[aHHOI\/'I JUCHUIIIINHEC. Nx HA3HAYCHUC — yrﬂy6I/ITb 3HAHUA
CTYJICHTOB TI0 OTJICJILHBIM BOIIPOCAaM, CHCTEMAaTU3UPOBATh MTOJTyYECHHBIC 3HAHMS, BRISIBUTH YMEHUE
MPOBEPATH CBOW 3HAHUS B paboTe ¢ KOHKPETHBIMHU MaTepuaiamu. [Ipy MoAroToBke K pemeHuto
TCCTOBBIX SaHaHI/Iﬁ peKOMeHJIyeTCﬂ HOBTOpI/ITB MaTepI/IaHBI 10 HpOfI)ICHHI)IM TEMaM.

BrinonHenue TeCcTOBOro 3aJaHus CTYACHTOM MPOBOAMUTCS B CHUCTEME «DIIEKTPOHHBIN
yauBepcuteT — iDO». TecToBoe 3amanue MOXKET coaepxkaTh B cebe oT 5 g0 20 BOmpocoB ¢
nepeyHeM JJsi BhIOOpa OTBeTa, JMOO C OTKPBITHIM OTBeTOM. [l OTBETa HAa KaKIbI BOIPOC
TECTOBOTO 3aJIaHUsI OTBOJUTCS HE OoJiee 2 MUHYT.



Kputepuu orieHUBaHMS TECTOBOIO 3a1aHusl (110 NATHOAUIBHOM IIKaJIe):

Ornenka XapakTepucTrKa OTBETa
«OTINIHO oT 81 %
«XopoIoy» 56 —80 %

«Y IOBJIICTBOPUTEILHOY 31-55%
«Hey1oBIeTBOPUTEIIBHOY 0-30%

2.2. [Ipumep s1a00paTOpPHOIl PadOTHI.

Jlaboparopras pabota Ne 1.

Ucnone3ys 6ubanoreku OpenCV u Numpy BBITIOIHUTE ClIEAYIOIIEE:

1. 3arpy3uth U300paKeHUE B BUJIC MACCUBA;

2. Co3aTh MacKy CerMeHTAIi 00bEKTOB, MMEIOIIMX I[BET B OTTEHKAX KPACHOTO;

3. OO6paboTaTh CO3MAaHHYIO MAacKy C IOMOIIBI0O MOP(OIOrHYECKHX ONeparfii HiIu
MEAMAHHOTO QUIbTpA AJSl YCTPAHEHUS LITyMa;

4. HaliTu cBsi3HBIE 00JIacTH Ha 00pabOTaHHOW MacKe,

5. BoigenuTs OrpaHMYUTENbHON paMKON KaXKIYIO0 CBSI3HYIO 00J1acTh, OTOOPA3UTh paMKU
Ha UCXO/IHOM M300pakeHUN;

6. BoiBecTH KOOpAMHATHI IEHTPA MACC KaXkI0TO BBIIEJICHHOTO 00BEKTa Ha U300paKEeHU;

7. CocTaBUTh OTYET B COOTBETCTBUU C METOIMYECKHMH ykKazaHusamu. B paznene "Xop
paboThI".

Or1ieHKa BBITIOJIHEHUS J1TA0OPAaTOPHON pabOThl CTYJACHTOM MPOM3BOJIUTCS B BUJC 3aIUThHI
BBITIOJTHCHHON Pa0OTHI, P YCTHOM OIPOCE IMperojaBaTelisi U MpoBepKe UM oTdeTa. Bo Bpems
YCTHOTO ONpOCa IMPETOAaBaTeNb 3aIaeT CTYACHTY YTOYHSIOUIME BOMPOCHI O XOJIE BBIOIHEHHUS
1ab0paTopHOI pabOTHI.

Kpurepuu onennBanus 1a00paTOpHOM pabOTHI (110 MATHOAUILHOM IITKAJIe):

Ouenka XapakTepucTuka OTBETa

PaGora BeImoHEeHA MOMHOCTHIO. CTYIEHT BlIaJiceT
TEOPETHYECKIM MaTePHAIIOM, CIIOCOOCH JIETaIbHO OMUCATh X0/
BBITIOJIHCHUA pa6OTLL OTueT BBEINOJIHEH ITOJIHOCTRIO B
COOTBETCTBHUH C IPEABSBISIEMBIMU TPSOOBAHUSIMHU.

PaGora BeImoOTHEHA MTOMHOCTHIO. CTYIEHT BlIaJieeT
TEOPETHYECKUM MaTEPHUATIOM, MOXKET OOBSICHUTD X0 PaOOTHI,
«Xopormio» JIOTTyCKasi HE3HAYUTENIbHBIC OIIMOKH B TEOPETUIECKON YaCTH.
OTueT BBITIOITHEH TOJTHOCTHIO B COOTBETCTBUU C
OpCABABIIACMBIMHA TDCGOBaHI/IHMI/I

PaboTa BbITIOIHEHA C HE3HAYUTEIBHBIMU OoHOKaMu. CTyIeHT
MPAKTUYECKH HE BI/ICET TCOPETHUSCKUM MATEPHUATIOM, JAOITyCKast
OIMOKH NPU TIOSICHEHUH X012 pa00Thl. OTUYET BBITIOIHEH C
HApYIICHUEM IPEIbIBISIEMbIX TPEOOBAHMIA.

«OTInyHO»

«yI[OBJ'ICTBOpI/ITeJ'H:HO»

<<HGYI[OBJ'I€TBOpI/ITCJ'H:HO» PabGora He BIIOIHEHA.

3. OneHo4HbIe MAaTepPHAIbl HTOTOBOI0 KOHTPOJIA (IIPOMEKYTOYHOH aTTeCTALMH) H
KpHUTEepHHU OLleHUBAHUS

[Ipu BBICTaBIIEHUM UTOTOBOM OIIEHKHU YUUTBHIBAIOTCS OIIEHKU, MOJYyUYEHHBIE CTYJACHTOM BO
BpeMs TEKYILEro KOHTPOJIS, a TAK)KE OLIEHKA IPU CAaue 3a4eTa C OLEHKOM.

Bo Bpems npoBeseHust 3aueTa ¢ OLIEHKOW CTYAEHTY BBIJAETCS 2 BOIMpOCca MO U3ydaeMoit
muciuminHe. Ha moArotoBky k oTBeTy oTBoauTcs He Oonee 10 munyt. [locne yero cryaeHt B
YCTHOM (hopMe OTBEUAET MPETOaBaTeIi0 Ha MOCTaBJICHHBIE BONIPOCHL. B ciydae mpegocTaBieHus
HEIOJIHBIX OTBETOB, MIPENOIABATENb MOXKET 33J1aTh CTYACHTY | yTOUHSIOUIMI BOIIPOC.



IIpumepnwiii nepeuenv 80npocos K 3auemy:

— O I N DN B~ W=

. [loHsITHE KOMITBIOTEPHOTO 3PEHUSI.

. CTpyKTypa cucTeMbl TEXHUUECKOTO 3pEHHUSI.

. YCTpOHCTBO KaMephl.

. Tumner poTomarpwuir.

. AITOPUTM KOMIIBIOTEPHOTO 3PEHHUS.

. [IBeTOBBIE TPOCTPAHCTBA.

. bubnmorexa OpenCV.

. AIropyuTMBI MallIMHHOT'O 00Y4€HHUs U1 paclio3HaBaHUs 00pa3oB.
0. CBepTOUYHbBIC HEUPOHHBIE CETH.

Kpurtepuu orieHMBaHus 3a4€Ta ¢ OIEHKOHU (110 MATHOAJUILHOM IIKAJIe):

OrueHka

XapaKTepI/ICTI/IKa OTBCTa

«OTInYHO»

oOyJaroruiicst TTy0OKO U BCECTOPOHHE YCBOMI AUCHUTUIHHY:
M3JIaraeT MaTepuasl yBEpEeHHO, JIOTUYHO ¥ TPAMOTHO; YMEJIO
00OCHOBBIBAET M apPTYMEHTHPYET BBIABUTaEMbIC UM UJICH; JIeTaeT
BBIBOJIBI 1 0000IIIEHNI

«Xopomo»

00yYaroImuiicsi B OCHOBHOM yCBOWJI AUCLUIUIMHY: U3J1araetr
MaTepHal, ONUPAsICh HAa 3HAHUS OCHOBHOM JIUTEPATYPhI, HE
Z[OHYCKaeT CyIJ_IeCTBeHHBIX HGTO‘-IHOCTGI\/'I; JCJacT BBIBOALI 1
00001IEeH s

«Y IOBIETBOPUTEIBLHO»

OGy‘-IElIOH.[PIfICSI HU3YYUIT AUCHUIUIMHY HEAOCTATOYHO YE€TKO U
TTOJTHO: JIOMYCKAeT HEeCYIECTBEHHBIC OIMOKN U HETOYHOCTH;
cy1ab0 apryMeHTHPYET Hay4yHbIe TIOJI0KEHUS; 3aTPyIHACTCS B
(hopMyIUPOBAaHUH BBIBOAOB U 0000ITCHHI

«HeynoBneTBOpUTEIILHON

oOydJaronuiicss JEMOHCTPUPYET cllaboe 3HAHNUE TEPMHUHOJIOTHH,
3aTpyIHSAETCS MPUBECTU IPUMEPBI, 1aTh 00BICHEHUS

4. OneHo4YHbIe MAaTEPHAJIBI 1JISl IPOBEPKH 0CTATOYHBIX 3HAHUM (C)OPMHPOBAHHOCTH

KOMIIETEHIIM )

JU1st IpOBEPKU OCTATOYHBIX 3HAHUN UCIOJIB3YIOTCS TECTHI U 3a/1a4H.
Ipumepnvie mecmogule 6onpocwl:
1. Yro takoe moporosas ¢punbrparus? (MOIIK 2.3)
a) Meroa NoBBILIEHUS] KOHTPAcTa U300paKeHUI
6) Meton yiyulieHus: pe3KoCTH U300pakeHu i
B) Mertoxa Ounapusanuu u300pa>keHui
r) Meroj yaaneHus nyma U3 n300pakeHui
2. HeckpunropoM uzobpaxenus HaszbiBatot: (U1K 2.2)
a) Bekrtop npu3HaKkoB, ONMCHIBAIOIINI H300paXeHne
0) I'padudeckoe npeacTaBiIeHne pacipeaeTIeHUS TaHHBIX
B) Martpuna, npuMeHnsiemas i npeoOpa3oBaHus U300pakeHu i
r) BexTop, moka3pIBalOIMii HAPABICHNE HANOOIBIIETO BO3PACTAHUS SIPKOCTH

Kiroun: 1 B), 2 a).

3aoauu

3apauya 1 (MOIIK 4.3)
Hamucars mporpammy, KoTopass IpUHUMAET Ha BXOJ HM300paK€HUE JOPOKHOU CIICHBI,
HaXOAHUT KOOPAMHATHI OTPAaHUYMBAIOIINX PAMOK JUI KaXXA0ro 00bEeKTa Ha M300pakeHUH, MOCIie

yero Kaxknpas o00J1acTh,

NpUHAAIeKAMas CPOPMHUPOBAHHONW OrpaHUYMBAIONICH  paMKe,

cpaBHHMBaeTcss ¢ ImadinoHom c mnomomibio Merona SIFT. PesynpTupytomee wuzoOpaxkeHue



npeAcTaBisieT co00i MCXOAHOE HM300pakKeHHE C HAIO0KEHHBIMU OTPAaHUYMBAIOUIMMU PAMKaMU
BOKPYT T€X 0OBEKTOB, KOTOPbIE UIMEIOT MAaKCUMAJIbHYIO CX0XKECTh C I1a0JIOHOM.

3agaua 2 (UIIK 2.2)

Hanwucate nporpaMmy, KOTOpas NpUHUMAET Ha BXOJ M300pa)K€HHE MAcKH CerMEHTalluu
MECTHOCTH, Ha KOTOpOM HpPUCYTCTBYET JIMIIHUKA TeKCT. lIporpamma poikHa BbIAABaTh
pe3yabTHpYyIolee n300pakeHue, MpeACToBIsAolIeee CO00I NCX0aHOE N300paKeHHEe, Ha KOTOPOM
OTCYTCTBYET JIMIIHUI TEKCT. Ecau Ha MCXOJHOM HM300pa)KEHUM TAK)KE MPUCYTCTBYET IIYM, €ro
HE00X0AMMO yOpaTh.

OTtBeTnI:
3anayva 1.
from PIL import Image, ImageFilter
import matplotlib.pyplot as plt
import numpy as np
from tqdm import tqdm
import matplotlib.patches as patches
from skimage.measure import label, regionprops, regionprops_table
import pandas as pd
import cv2
img = plt.imread('SP_2.png')
zerimg = np.ones_like(img|:,:,1])
versionl = zerimg-img|:,:,0]
versionl 1 = versionl.copy()
versionl 1 = np.where(version1>0.8, 1, 0)
testimg4 = delat(1, Image.fromarray((versionl 1%*255).astype(np.uint8)).convert('l"), 3)
testimg5 = razjim(1, testimg4,5)
testimg6 = delat(3, testimg5)
label im = label(np.array(testimg6))
regions = regionprops(label im)
bbox =[]
list of index =]
for num, X in enumerate(regions):
area = x.area
if (area>1000):
bbox.append(regions[num].bbox)
list of index.append(num)
count = len(bbox)
fig, ax = plt.subplots(figsize=(15,15))
itogimg = Image.fromarray(test_image).convert('RGB')
ax.imshow(itogimg)
sift = cv2.SIFT create()
train_keypoints, train_descriptor = sift.detectAndCompute(template gray, None)
bf = cv2.BFMatcher(cv2.NORM LI, crossCheck = False)
#nanee onpenemnsieM KIIFOUEBBIC (XapaKTEPHU3YIONIUE) TOUYKA Ha U300paKCHUHN
for box in bbox:
res_part = cv2.resize(test_gray[box[0]:box[2],box[1]:box][3]],
dsize=template gray.shape, interpolation=cv2.INTER CUBIC)
test_keypoints, test descriptor = sift.detectAndCompute(res_part, None)
#oToOpa3uM KITI0YEeBbIE TOUKH Ha U300pakKeHUH 1abIoHa
matches = bf.match(train_descriptor, test descriptor)
matches = sorted(matches, key = lambda x : x.distance)
matches = [x for x in matches if x.distance<1200]



if len(matches) >= 2:
rect = patches.Rectangle((box[1], box[0]), box[3]-box[1], box[2]-box[0],
linewidth=1, edgecolor='r', facecolor="none")
ax.add patch(rect)
plt.show()

3amaua 2.
from PIL import Image, ImageFilter
import matplotlib.pyplot as plt
import numpy as np
from tqdm import tqdm
img_2 = plt.imread('examplel.png')
def White remover(img, kernel_size, iteration_number):
global count n
h,w,c = img.shape
for itr in tqdm(range(iteration number)):
result = img.copy()
min_n = img.min()
max_n = img.max()
for 1 in range(h):
for j in range(w):
if not np.all((img[i,j] == min_n) | (img[i,j] == max_n)) or np.all(img[i,j]) or
np.all(~img[i,j].astype(bool)):
neighbours = img[i-kernel size//2:i+1+kernel size//2, j-
kernel size//2:j+1+kernel_size//2]
mask = np.all(((neighbours == min_n) | (neighbours == max_n)), axis=2)
uni, count_n = np.unique(neighbours[mask], axis=0, return_counts=True)
if len(count_n):
result[i,j] = uni[count_n.argmax()]
img = result.copy()
return img
result = White remover(img_2,9,30)

5. Uudopmanus o pazpadoTuynkax

[Hames JAmutpuii BagumoBuy, nomeHT kadeapbl HHTEIUICKTYaTbHBIX TEXHUYECKUX
cucteM (pakynbTeTa MHHOBAIMOHHBIX TEXHOJIOTHIA, KAaHIUAAT TEXHUYECKUX HaYK.

bongapuyk AntoH CepreeBud, AOLUEHT KadeApbl HHTEIEKTyalbHbIX TEXHUYECKUX
cucteM (paKynpTeTa MHHOBAIMOHHBIX TEXHOJIOTHA, KAaHIUAAT TEXHUYECKUX HaYK.



