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1. Mecto pucyuninHsbl B cTpyktype OITIOII

HOucuunza B1.B.12 O6paboTka n300pa)keHH# OTHOCUTCS K YacTd, pOpMUpPyeMOi y4aCTHUKaMH
oOpa3oBaTe/TbHBIX OTHOIIEHUH 0Opa30BaTe/TbHOM MTPOTrPaMMBbI.

2. IInanupyembie pe3y/ibTaThl O0yYeHHsI MO JAUCIUIUIMHE, COOTHECEHHbI€ C TUIAHUPYEMBIMH
pe3y/ibTaTaMi OCBOeHUsI 00pa3oBaTe/bHON MpPorpaMmbl (KOMIETeHHMAMH M HWH/UKATOPaMH
AOCTYDKeHHsI KOMITeTeHI[Ui)

waboMbl, K1accbl 06vekmos,
ucnonb3yemble npu
paspabomke npoepammHo20
obecneyeHust

TIK-4.2: 3Haem memoOb! u
cpedcmea npoeKmupogaHus
npoepammHozo obecneueHust
IIK-4.3: 3Haem memoob! u
cpedcmea npoeKmupo8aHus
6a3 0aHHbIX

IIK-4.4: Ymeem
ucnob308amb
cyujecmayioujue munoebie
peweHus u wabaoHbl
NpoeKmuposaHust
npoepammHo20 obecneueHust
IIK-4.5: Ymeem npumeHsimb
Memoobl U cpedcmea
NpoeKmuposaHust
npoepammHo20 obecneueHusl,
cmpykmyp OaHHbix, 6a3

OaHHbIX

MoOynell, wabnoHbl, KAACChl
06®veKkmos, ucnonb3yemble npu
paspabomke Npo2pamMmHO20
obecneueHusi 06pabomku
uzobpasiceHutl/

Knows typical solutions,
libraries of software modules,
templates, classes of objects
used in the development of
Image processing software

ITIK-4.2:

3Haem memoObl u cpedcmea
npoeKmupoeaHusi NPO2pamMMHO20
obecneueHust 06pabomku
uzobpasiceHuli./

Knows methods and tools for
designing Image processing

software

IIK-4.3:

ITIK-4.4:

Ymeem ucnoab3oeamb
cyujecmsytoujue munosble
peueHus U WabnoHbl
npoeKmupoeaHusi NPO2pamMMHO20
obecneueHusi 06pabomku
uzobpasiceHuli./

Is able to use existing standard
solutions and Image processing

dopmupyemsbie IlnaHupyeMbie pe3yabTaThl 00yUeHHs M0 AUCHUILUIMHe | HanMeHOBaHHe OLeHOYHOTO CPe/ICTBA
KOMIIeTeHL{UH (Mofgyn0), B  COOTBETCTBMM C€  HHAUKATOPOM
(xof, comep)kaHue | JOCTH)KeHHS KOMIIeTeHIIMH
KOMTIETEHIIVN) Nupukarop poctwkeHusi | PesyabTarsl 00yueHust Jns Tekymiero | /ins
KOMIIeTeHL{UMN o AUCLUIIUHE KOHTPOJIA MPOMEe)XyTOUHOMH
(xon, coZiepkaHue ycreBaemMoCTH aTrTecTranuu
VHAWKATOpa)
ITIK-4: Cnocobex IIK-4.1: 3Haem munosble IIK-4.1: 3adauu
npoekmuposamb peweHust, bubauomexu 3Haem munoeble pewleHusl, CobecedosaHue 3quém:
npoepammHoe npo2pammHbIx Modyseli, 6ubAUOMeEKU NPO2PAMMHDIX Tecm K
6 OHMPO/IbHblE
obecneueHue

80NpoChbl




IIK-4.5:
Ymeem npumeHsimb MemooOb! U

software design templates

cpedcmea npoekmupoeaHust
npo2pammHozo obecneyeHus,
cmpykmyp OaHHbIX 051
o0bpabomku uzobpadiceHutl/
Is able to apply methods and
tools for designing Image
processing software, data
structures and open libraries.

3. CTpyKTypa U copepkaHHue AUCLUILIUHbI

3.1 TpyA0eMKOCTb AMCLUIIIUHBI

oyHasnA
OO011as TPY/0EMKOCTD, 3.€. 2
Yacos 1o yue0HOMY IJIaHY 72
B TOM UHCJIe
ay/JUTOpHbIE 3aHATHSA (KOHTaKTHasi padoTa):
- 3aHATHSA JIEKIJMOHHOI'0 THIIA 32
- 3aHATHUS CEMHHAPCKOI0 TUMNA (MpaKTHYeCcKue 3aHATHS / TabopaTopHbIe PadoThbI) 32
- KCP 1
caMocTosATe/IbHasA padoTa 7
IIpome)xyTouHasi aTTecTamis 0
3auér

3.2. CozepxaHWe NUCIUTIIMHbI

(cmpykmypupogaHHoe no memam (pazdenam) C yKasaHueM OMBeO0eHHO20 HA HUX Koauuecmed

axkaodemuuecKux udacos U 8uobl yuebHbIX 3aHamutl)

HavmeHOBaHHe pa3fenoB U TeM AUCLUIUIMHBI Bcero B TOM UKCIIe
Yyachbl
( ) KonTakTHast pabora (paborta Bo
B3aUMOZeliCTBUU C TIperojjaBaresiem),
Yackl U3 HUX
3aHATYS CamocTosiTesbHast
CeMHHapCKOro paGora
3aHsATHS THTIA o6yuatowerocs,
JIEKL[MOHHOTO | (TpakTHueckue | Bcero qackl
THUMa 3aHsATHsA/Mabopa
TOpHBIE
paboThI), Yacel
b o ¢ b b
0 0 0 0 0
Beenenue. O6paboTka n300pakeHHl B UH)OPMAIIUOHHBIX 3 3 3




cucremax/Introduction. Image processing in information systems.
PekoHCTpYKLHs n300paXkeHuit 1 yaaneHue myma/Reconstruction of images 6 3 3 6
and noise removal
BBeyienue B aHanu3 nHGOpMaLUM, coepyKalLeics B
n3o6paxenun/Introduction to the analysis of the information contained in the 8 3 4 7 1
image
Brigenenve KOHTYpoB o6bekTa 1 TUoBbIX (hopm/Highlighting the contours

. 8 3 4 7 1
of the object and standard forms
CermenTanus u3obpaxenuii/Image segmentation 9 4 4 8 1
Amnanu3 obnactu nocse cermentaryu/Analysis of the region after 9 4 4 8 1
segmentation
[Mpeo6pa3zoBanue ®ypre B 06paboTke usobpakenuii/Fourier conversion in 8 3 4 7 1
image processing
Belinets], GpunbTpsl 'abopa 1 3peHne uenoeka/Owls, gabor filters and 7 3 3 6 1
human vision
Pecammmunr. Cxarre nsobpaxenuii/Resembly. Squeezing images 7 3 3 6 1
TekcTypHbIi aHanu3 u3obpakenuit/Texture analysis of images 6 3 3 6
Arrecranus 0
KCP 1 1
HWroro 72 32 32 65 7

Contents of sections and topics of the discipline

1. Beesiernie. O6paboTka n306pakeHH B MH(OPMALMOHHBIX CHCTEMAx

O6paboTka U300paKeHHI Cero/iHs, ee MeCTO B KOMITbIOTEPHOM rpaduke ¥ 3peHHUU. 3a[jaur, KYPChl, peCypChI,
coobrmecTBa. Pabouwmii rtan Kypca. Jluteparypa u obpa3oBaresibHble VIHTepHeT-pecypchl. 3azaur 06paboTKu
n300pakeHUH, pelllaeMble KOMITbIOTEPHOH rpaUKoN B pacTPOBBIX cucTeMax. O630p COBPEMEHHOTO
amnrmapaTHOro obecrieueHus], BUJeokapTa koMibiotepa. Obiijast Xxapakrepuctrka OpenCV./

1. Introduction. Image processing in information systems.

Image processing today, its place in computer graphics and vision. Tasks, courses, resources, communities.
Course work plan. Literature and educational Internet resources. Image processing tasks solved by computer
graphics in raster systems. Overview of modern hardware, computer video card. General characteristics of
OpenCV.

2. PeKOHCTPYKIIMS H300paXkeHUH U ya/ieHue IyMa

Koppekuysi spkocTr/KoHTpacTa n3obpaxenusi. JInHeiiHas koppekuus. [Ipumeps! ycrexa v Heycriexa TMHeHHOH
Koppekuuu. HenvHeliHast Koppekiys. 'amma-koppekijusi. KomrneHcaiusi pasHOCTU ocBellleHus. Mogienu nyma.
[MousTre ¢punbTparmu. MeToApl MaTeMaTuueckoi Mopgosiorun. IlpumMeHeHre HU3KOYaCTOTHOW (UIBTPALUA
[JJ151 BblZle/IeHHs] UTHTeHCHBHOCTH OCBellleHUs U3 300pakeHHsl. ANTOPUTM KOPPEKLIMH Pa3HOCTU OCBeLeHus].
OusTp [Naycca Kak HU3KOUaCTOTHBIN GuibTp. Omepaiusi «cBepTKa» (convolution). YcpenHerue (cpefHee
apudmMeTryecKoe, reoMeTpUUECKOe, FrapMOHHYecKoe). CTaTuCcTUYecKHe MeTo/bl (puibTpaLiuy (MeAraHHbIN
GUIbTp, HaXOKAeHNe MUHUMYMOB ¥ MAaKCHMYMOB, HaXOXK/JjeHHe cpefiHeld ToukK u T.11.) @ueTp Naycca
(gaussian blurring). BunarepanbHbiii GUALTP. PUILTP HEIOKAIBHBIX CPeJIHUX./

2. Reconstruction of images and noise removal

Correction of image brightness/contrast. Linear correction. Examples of success and failure of linear correction.
Nonlinear correction. Gamma correction. Compensation for illumination differences. Noise models. The
concept of filtration. Methods of mathematical morphology. Application of low-pass filtering to extract
illumination intensity from an image. Algorithm for correction of illumination differences. Gaussian filter as a
low-pass filter. Convolution operation. Averaging (arithmetic mean, geometric mean, harmonic mean).
Statistical filtering methods (median filter, finding minimums and maximums, finding the midpoint, etc.)



Gaussian blurring. Bilateral filter. Non-local average filter.

3. BeegieHue B aHa/mM3 HHGOPMaLIMH, CoZiepyKallieiicss B n300pakeHU!

OcHoBbI aHanM3a uH(popMaLuy, cosiepraliieiics B u3oopa>keHUH. 3ajlauy Ha OCHOBe aHa/in3a OMHAPHBIX
n300pakeHui: B MeAuLMHE; NedeKTOCKONHNY; BUeoHab/0jeHrH (aHa/Iu3 MO/BIKHBIX 00BEKTOB,
oOHapy’KeHHe JWL]); yCTpaHeHre Jie)eKTOB KMHOTIIEHKH. MeTo/1bl OMHapU3alii: oporoBasi OMHapu3aLys,
afjanTUBHas OMHapuU3alLys, MeTo/, TPeYTroJIbHUKa, aHa/IM3 CUMMETPHUYHOr0 NHMKa FMCTOrpaMmsl, Metog, OTCy.
IMucrannusa Maxanano6uca (Mahalonobis distance)./

3. Introduction to the analysis of information contained in an image

Basics of image data analysis. Tasks based on binary image analysis: in medicine; flaw detection; video
surveillance (analysis of moving objects, face detection); elimination of film defects. Binarization methods:
threshold binarization, adaptive binarization, triangle method, symmetrical histogram peak analysis, Otsu
method. Mahalonobis distance

4. BeigeneHrie KOHTYPOB 00beKTa U TUITOBBIX (HOpM

Brigenenue KOHTYpoB 00beKTa. BoijiesieHre Touek KOHTypa. ['pajjiieHT U ero npubmbkeHus. [1pubmkeHus
(macku) Pobeptca, ITpeBurra u Cobesnsi. Metog Canny. BeiziesieHre TUIIOBBIX TeOMeTPUUYECKUX GopM (TIPSIMBIX,
OKPY’>KHOCTeH, 3JUIUTICOB,. ..) 3a/laHHBIX NTapaMeTpuuecky. Pa3oBoe rpocrpaHcTBo. [IpeobpasoBanue Xada
(Hough)./

4. Selecting item contours and standard shapes

Detection of object contours. Detection of contour points. Gradient and its approximations. Roberts, Prewitt and
Sobel approximations (masks). Canny method. Detection of typical geometric shapes (lines, circles, ellipses,...)
specified parametrically. Phase space. Hough transform.

5. CermeHTanys u300paxeHUH

[MonsiTue knactepusanyy. Mepa nukoBocTd. HeoctaTky ructorpaMm. YJiyullieHHe TUIOXHUX THCTOTPaMM.
3alyMIeHHOCTh U CTJIaKuBaHue. AjanTtrBHas Kiaccudukarust. Metog Oy (Otsu) 1 Mynetu Oryy. Metop k-
cpepuux. [ToHsTHE cBS3HOCTU. Pa3MeTka cBsI3HBIX obsacteii. AnroputM paspacTanusi pernoHoB(Region
growing). AsiroputM pa3buenus obsacreii (split). Pa36uenne obiacTeld Ha OCHOBe TUCTOrPAMMBL. ATTOPUTMBI
CJTUSIHUS, aTOpPUTM (harouuTa. AnropuT™el pa3ouenus u cusiius (split and merge). CpaBHeHwe C
pa3pacTaHueM PervoHOB. AJITOPUTM Bofopas/ena (watershed). AnropuTm «morpy»keHus» (immersion).
AnTOpUTM CITyCKa B JIOKa/IbHBbI MUHIUMYM (tobogganing). MeToz TpaHchopMariiy n300pa>keHust B PaCCTOSTHUS
o 6mkaiiedi rpanuisl (distance transform). I'pad v uzobparkenue. Kpurepuu «mmoxoskeCcTv» MHKCesIeH.
CermeHTarnusi C IOMOLIBIO pa3pe3oB rpada. MUHHUMabHBIN, HAUTYYLLIMM M HOpMa/inu30BaHHbIN (normalized cut)
pa3pessl Tpada. MUHUMa/BHBIM HOPMaIM30BaHHbIN pa3pe3 rpada. KombuHupoBaHHble MeToAbl. MeTos
Mopdonorndeckrx améb (Morphological amoebas).

IMapametpuueckue aedopmupyembie Mozend. ['eomerprueckue gedhopmupyembie Moziend. Level set MeTozbI.
MeTo/ aKTUBHOT'O KOHTYpa /

5. Image segmentation

The concept of clustering. The measure of peakiness. Disadvantages of histograms. Improving bad histograms.
Noise and smoothing. Adaptive classification. Otsu and Multi-Otsu. The k-means method. The concept of
connectivity. Labeling connected regions. Region growing algorithm. The split algorithm. Histogram-based
region splitting. Merge algorithms, the phagocyte algorithm. Split and merge algorithms. Comparison with
region growing. The watershed algorithm. The immersion algorithm. The tobogganing algorithm. The distance
transform method. Graph and image. Pixel "similarity" criteria. Segmentation using graph cuts. Minimum, best
and normalized graph cuts. Minimum normalized graph cut. Combined methods. Morphological amoebas
method. Parametric deformable models. Geometric deformable models. Level set methods. Active contour
method.

6. AHamu3 06/1aCTH TIOC/Ie CerMeHTaIu

Ananu3 ¢hopMbl ¥ TapaMeTpoB CBSI3HBIX 06J1acTeld. XapaKTepUCTHUKH: rpaHuLia 006/1acTH; TUIOLIa/ib; KOJTMUECTBO
«ILIPOK» BHYTPH; LIEHTP Macc; IepuMeTp; KOMIIaKTHOCTh; MOMEHTbI; OPHEHTALVs TJIaBHOW OCH; LIBET/SIPKOCTb.
VuBapuaHTHBIE XapaKTepUCTUKH, MOMeHThl M. K.Hu. AHamm3 c TOMOIIbI0 WHTerPaibHBIX MTPOEKIHHA.
I[TepcrieKTUBBEI IPUMEHeHHs] MeTO/J0B MaIllMHHOTO 00yueHus./



Analysis of the shape and parameters of connected regions. Characteristics: region boundary; area; number of
"holes" inside; center of mass; perimeter; compactness; moments; orientation of the main axis; color/brightness.
Invariant characteristics, moments M.K.Hu. Analysis using integral projections. Prospects for applying machine
learning methods.

7. TIpeobpa3zoBanue ®ypbe B 00paboTKe N306paKeHHH

IeymepHoe auckpeTHoe nipeobpa3oeanue ®ypobe (AI1P) u cBoiicTBO cenapabenbHocTy. TP u OpicTpoe
nipeobpasoBanre Oypre (BI1D). ITpaBrna KoppeKTHOTo nipuMeHeHust IT1® a/isi JUCKPeTHBIX HeTlepUOJUUecKrX
n3obpakennii. Teopema KorensHrkoBa. OkHa Xsmmunra (Hamming window) u Bskvana (Blackman
window). CriekTpanbHbIl aHamm3 n306pakennii Ha ocHoBe [II1®. BricTpasi cBepTka U Koppessius. Teopema
CcBepTKU. PuUnbTpaLMs Ha OCHOBe TeopeMbl CBepTKU. JekonBomouysd. @unetp Bunepa/

7. Fourier Transform in image processing

Two-dimensional discrete Fourier transform (DFT) and separability property. DFT and fast Fourier transform
(FFT). Rules for correct application of DFT for discrete non-periodic images. Kotelnikov's theorem. Hamming
and Blackman windows. Spectral analysis of images based on DFT. Fast convolution and correlation.
Convolution theorem. Filtering based on convolution theorem. Deconvolution. Wiener filter.

8. BetiBetsl, puabTpel ['abopa U 3peHue ueoBeKa

BeiiBieTbl Kak OCHOBa MHOTOMACIITaOHOTO TIpe/ICTaBIeHust n300paxkeHuid. IToHsATHe BeliBieToB Xaapa 1
BeiiBsieroB KosHa-/Jo6emm. ®unbTpel ['abopa Kak npeobpa3oBaHus € 5 MPOCTPaHCTBEHHBIMU ITapaMeTpaMH.
Ananorus Mmexxay ¢unbTpamu ["abopa v BeliBnetamu (BeiiBietsl ['abopa). CricteMa (punbTpoB, yiexkarrast B
OCHOBe 3peHUsI UesioBeKa, ¥ ee MHTepIIpeTalysi B TepMHUHAX BeHBIeTOB./

Wavelets as a Basis for Multiscale Image Representation. The Concept of Haar Wavelets and Cohen-
Daubechies Wavelets. Gabor Filters as Transformations with 5 Spatial Parameters. Analogy between Gabor
Filters and Wavelets (Gabor Wavelets). The Filter System Underlying Human Vision and Its Interpretation in
Terms of Wavelets.

9. PecamrumuHr. Cxkatve n300paykeHni

Vi3menenue pa3mepos (resampling) n3o6paxenuii. Downsampling 1 upsampling. OcHOBHbBIE MeTO/bI
pecaMIuTHra: O/mKakiero coceia, OMTMHeHAsE UHTePIOSALUS, OUKyOUUYecKasi ”HTePIOSLUS, PUILTD
Jlannoma. Cxartve uzobpakenuit. CxkaTre 6e3 notepb (KoauposBanue). CxxaTue ¢ notepsmu. Kog Xaddmana.
AunroputM Jlemnensi-3uBa-Benua. KogupoBaHue ajvH cepuid. KoiipoBaHue C TMHENHBIM TMpecKa3aHueM.
INMupamugansHoe cxatue. ITupamupst JlannacuaHos. [lepeBos n3o6paxkeHuit U3 ofHoro opmara B ipyroi./
10. Resampling. Image Compression

Resizing (resampling) images. Downsampling and upsampling. The main resampling methods are nearest
neighbor, bilinear interpolation, bicubic interpolation, and the Lanczos filter. Image compression. Lossless
compression (encoding). Lossy compression. The Huffman code. The Lempel-Ziv-Welch algorithm. Encoding
of series lengths. Linear prediction coding. Pyramidal compression. Pyramids of Laplacians.

11. TekcTypHBIH aHa/M3 N300pa>KeHNH

CrtpykTypHbIii aHanu3. [ToHatue Tekcens. JJuarpamma BopoHoro. CtaTuctrueckuil aHanus. Vcrosib3oBaHue
npaMu/] n300paxkeHui. TeKCTypHbIe XapakTepuCTHUKH JlaBca. OnTHUeCKuit OTOK. BriziesieHre MprU3HaKoB Ha
n3o0b6pakennu. AHanu3 @ypre. MapkoBckue ciyvaiinbie mosisi. Graphcut TeKCTyphbl./

12. Texture analysis of images

Structural analysis. The concept of Texel. Voronov’s diagram. Statistical analysis. Using images pyramids.
Texture characteristics. Optical stream. Highlighting signs in the image. Fourier analysis. Markov random
fields. Graphcut Textures.

4. YueGHO-MeTOfHUeCKOe 00ecrieueHre CaMOCTOSITe/IbHON PadoThI 00yUaromuxcs

CamocrosTenbHast paboTa 00yJaroU[UMXCsl BK/IOUaeT B Cebsi MOATOTOBKY K KOHTPOJIbHBIM BOIIPOCAM M
3afIaHUSIM JIIsT TeKYIIero KOHTPOJSI M TIPOME)KYTOUHOW aTTeCTalldy TI0 UTOTaM OCBOEHUsl AUCLUTUIMHBI
MPUBEJEeHHBIM B II. 5.



1. Gonzalez, R. C. and Woods, R. E. [2018]. Digital Image Processing, 4rd ed., Prentice Hall,
(Image Processing techniques using OpenCV and Python)
(https://dl.icdst.org/pdfs/files4/01c56e081202b62bd7d3b4f8545775fb.pdf).

2.  William K. Pratt. Digital Image Processing. Digital Image Processing: PIKS Inside, Third
Edition. Copyright © 2001 John Wiley & Sons, Inc. 0-471-22132-5 (Electronic) (exist a colored one),
(https://nana.lecturer.pens.ac.id/index_files/referensi/image_processing/Digital%20Image
%20Processing.pdf)

5. Assessment tools for ongoing monitoring of learning progress and interim certification in the
discipline (module)

5.1 Model assignments required for assessment of learning outcomes during the ongoing
monitoring of learning progress with the criteria for their assessment:

5.1.1 Model assignments (assessment tool - Tasks) to assess the development of the competency
I1K-4:

3ajaua 1. buHapuzainusi uzo0pakeHuit. Peanuszaiiusi KakJoM Tpymmod 3aJjaHHOTO a/JropuTMa
OuvHapu3alMy, TecTUpOBaHWe peanv3alyii Ha 3aJaHHOM Habope TeCTOBBIX H300pa)kKeHUil.
O6ocHoBaHMe pabOTHI a/JrOpUTMa, TOATBEpP)KAEeHWe Ha IpaKTHKe TPEUMYIeCTB U HeJO0CTaTKOB
anropurMma./

Task 1. Image binarization. Implementation of a given binarization algorithm by each group, testing of
implementations on a given set of test images. Justification of the algorithm, confirmation of the
algorithm's advantages and disadvantages in practice.

3ajaua 2. PecomrumHr. Peamm3anms KakAOM TIPyNIOM 3aJaHHOrO aJropuTMa pPeC3MIUIMHTA,
TeCTUPOBaHUe peanusanui Ha 3a/laHHOM Habope TeCTOBBIX n300pakeHU.
CpaBHeHue C pe3y/ibTaTaMH JIPYTHX TPYTII, 00Cy’K/eHe pe3ybTaToB./

Task 2. Resampling. Implementation of a given resampling algorithm by each group, testing of
implementations on a given set of test images. Comparison with the results of other groups, discussion
of the results.

Assessment criteria (assessment tool — Tasks)

Grade Assessment criteria

BrimosiHeHbI Bce Wik 00Jbliiasi YaCTh 3TArOB PelleHNs 3aZiaudl WK 3a/iada pelieHa C
He3HAuUTeIbHLIMU HeJjoueTaMH. Pe3ybTaThl pabOThI MPeCTaB/IeHbI TIPernoiaBatestto B cpok. / All or
most of the stages of solving the problem have been completed, or the problem has been solved with
minor flaws. The results of the work have been presented to the teacher on time.

pass

BhirnosiHeHbI He BCe MpaKTUYeCKHe 3a/laHusi W BBITIOJTHEHBI He B TIOJIHOM 00beMe (TIpeJicTaB/ieHo He
TIOJTHOE OTIMCAHKe 3TATlOB BBIMOJTHEHUS 3a/]aHUM, [TO/TyUeH HEeBepHBIN OTBET, pe3y/IbTaThl pab0ThI He
fail  mpepncraBnens! ipernozaBarento). / Not all practical tasks were completed or were not completed in
full (an incomplete description of the stages of completing the tasks was provided, an incorrect
answer was received, the results of the work were not presented to the teacher).




5.1.2 Model assignments (assessment tool - Interview) to assess the development of the
competency IIK-4:

1. ObpaboTka n306paXkeHui CeroHs, ee MeCTO B KOMITBIOTEPHOU rpadyike U 3peHHH. 3aJaur
00paboTKu M300pa’keHNH, pelllaeMble KOMITBIOTePHOM TPa(rKOM B paCTPOBBIX CUCTEMAX.
O0630p COBpeMeHHOT0 arrapaTHOro o0ecrieueHus], BUeoKapTa KomrbioTepa. / Image
processing today, its place in computer graphics and vision. Image processing tasks solved by
computer graphics in raster systems. Overview of modern hardware, computer video card.

2. Mertopp! LiBeTOKOPpeKIMKU n300pakenuii / Methods of color correction of images./

3. Mogenu ryma ¥ anropuTMbl YCTpaHeHUs iyma Ha n3obpaxenuu. [Tonsitre cBeptku / Noise
models and algorithms for eliminating noise in the image. The concept of convolution.

4. Metoibl OMHapU3aLy U300pakeHHH U TlepeBo/] LIBETHOT'O U300pakeHusl B I10JyTOHOBOE /
Methods of image binarization and conversion of a color image to grayscale

5. MeTo/ib1 BbI/le/IeHuUs1 KOHTYPOB Ha u300paxkeHuu. ['pagurieHT usobpaxenusi / Methods for
selecting contours in an image. The gradient of the image.

6. BbigesieHre TUTIOBBIX reOMeTpUUYeCcKUX GopM (TIPSIMBIX, OKPY>KHOCTEH, 3/ITUTICOB,. .. )
3a/lJaHHBIX MapameTpuuecku. [Ipeobpa3osanue Xada. / Selection of typical geometric shapes
(lines, circles, ellipses,...) defined parametrically. Hough transform.

7. Metoppl cerMeHTaI[u u3o0bpaskeHusi. [ToHATHe CBA3HOCTH. Pa3mMeTKa CBSI3HBIX 00/1acTei.
AnropuTwm pa3spacTanusi peroHoB. / Image segmentation methods. The concept of
connectivity. Marking up connected areas. The algorithm of regional expansion.

Assessment criteria (assessment tool — Interview)

Grade Assessment criteria

CTyJeHT /la pa3BepHYTHIM OTBET Ha BCe BOTIPOCHI Oe3 cyliecTBeHHbIX oimmboK./ The student gave a

ass . . . N
P detailed answer to all the questions without significant errors.

ITpu oTBeTe CTy/ieHT JjoIycKaeT rpy0Oble oMOKY B 0CHOBHOM Marepuase./ When answering, the

fail . . . .
student makes gross mistakes in the main material.

5.1.3 Model assignments (assessment tool - Test) to assess the development of the competency
I1K-4:

1. Kakoe MUHMMAa/bHOE KOJTHUeCTBO OUT He0OXOJUMO JI7Ist XpaHEHHUS Ceporo n300paXkeHus: pasmepoM 256 X 256
nuKcesied (KOMMUeCTBO YPOBHEH MHTEHCUBHOCTH - 32)?

What is the minimum number of bits needed to store a gray image of 256 x 256 pixels (number of intensity
levels - 32)?

2. Ha3oBuTe 0CHOBHBIEe 3Tarbl paboThl anroputMa Canny / Name the main stages of the Canny algorithm.
3. ®UIBTP HIKHUX YaCTOT UCIOIb3YeTCs AJIsl TOTO, YTOOBI:

- OCTaBUTh HI)KHHE YdaCTOTEI B I/I306pa}KEHI/II/I

- OCTaBUTb BepXHHE YaCTOTHI B I/I306pa)K6HI/II/I



- obecrieunTh IMHEWHBIN TePeX0/, OT HIPKHUX YacTOT K BEDXHUM /
A low-pass filter is used to:
- leave the lower frequencies in the image
- leave the upper frequencies in the image
- provide a linear transition from the lower frequencies to the upper ones

4. Tlpy KogUPOBAaHUM JAHHBIX MBI UCTIO/Ib3yeM
- ®UKCUPOBaHHYIO JI/IMHY KOZI0BOI'O C/I0Ba
-ITepeMeHHyt0 J/TMHY KOZOBOT'O C/IOBa
- KoyioBoe cioBo 3aHrMaet 1 6aiiT
- U pukcrpoBaHHYO U NlepeMeHHY0 JJIMHY KOJOBOrOo C/I0Ba./

When encoding data, we use

- Fixed codeword length

- Variable codeword length

- The codeword takes up 1 byte

- Both fixed and variable codeword lengths.

Assessment criteria (assessment tool — Test)

Grade Assessment criteria
pass  kKak MuHuMYyM 80% TIpaBUTEHBIX OTBETOB B TecTe/ at least 80% correct answers in the test
fail MeHee 80% MpaBUIBLHBLIX OTBETOB B TecTe/ less than 80% correct answers in the test

5.2. Description of scales for assessing learning outcomes in the discipline during interim

certification
IITkana oneHUBaHUs C()OPMHUPOBAHHOCTH KOMIIeTeHLINH
YpoBeHn
b
chopmu HEey/0B/IETBOP YAOBJIETBO 04YeHb
1JI0X0 X0pOIIo OT/IMYHO TPEeBOCX0/{HO
POBaHH UTEeJIbHO PHMTE/IBHO XOpOoLIO
ocTH
KOMIIeT
eHIUH
(uHpUK
aropa
AOCTHIK He 3aUTeHO0 3a4YTeHO
eHus
KoMIeT
eHIHIT)
3HaHus OtcytcTBHE YpoBeHb MuHumaneH | YpoBeHb YpoBeHb YpoBeHb YpoBeHb
3HaHUH’ 3HAHUN HUKe o] 3HaHUH B 3HaHUH B 3HaHUM B 3HaHUH B
TeopeTH4ecKoro MHUHUMa/bHBIX JIONyCTAMBI | 06BeMe, obbeme, obbeme, obbeme,
Marepuara. TpeboBaHMI. 1 ypoBeHb COOTBETCTBY | COOTBETCTBY | COOTBETCTB | IpeBBbIIIAOILe
HeBo3MO>XHOCTb Vimenu mecto 3HaHUH. I011eM I011leM yiolieM M IIporpamMMmy
OLIeHWTb TIOJIHOTY | rpyOble ommbku | [JomylieHo rporpamMme | IporpaMme | mporpaMme | MOATOTOBKU.
3HaHUI MHOTO MOATOTOBKY | MOATOTOBKU | MOATOTOBK
BC/Ie/ICTBHE Herpy0bIx . JonyuieHo | . JomyuieHo | u. Oumbok




HeCKOJIbKO
OTKasa HECKOJIbKO
HecylLiecTBe
obyuaroierocs ot OIIM60K HerpyObIx HHEIX HET.
OTBeTa ommbok
onboK
IIpogemoHC
TPHPOBaHBI
IIpogemoHc PYp
IIpogemoHc | Bce
IIpomemoHC | TpupoOBaHBI
TPUPOBaHbI | OCHOBHbIE
TPUPOBaHbI | BCe
BCe yMeHHUs. [IpogemoHcTp
OCHOBHBI® OCHOBHbIE
OtcyTcTBUE OCHOBHbIE Perienst HPOBaHkbI BCe
ITpu perreHnH YMeHUsI. yMeHUsI.
MUHHUMaJIbHbIX YMeHHUS. BCE OCHOBHbIe
N CTaHZapTHBIX PeliieHs! PerieH! Bce
YMeHHH. PerieHsl Bce | OCHOBHBIE YMeHVSI.
3a/iay He THIIOBbIE OCHOBHbIE
HeB03MO>KHOCTB OCHOBHBIe 3a71auu C PemieHs! Bce
MIPOZIEMOHCTPUD | 3aJauu C 3a/lauM C
OLIeHUTb Ha/lMuye 3a/jauM. OT/le/IbHBIM | OCHOBHBIE
Ymenus . OBaHbI HerpyObiMU | Herpy6bIMU
yMeHHH BhImosHeHb! | U 3a/lauH.
OCHOBHbIe omubKaMu. | ommbKamu.
BCJIE[ICTBHE BCe 33JlaHMs1 | HeCyllecTB | BhINosHeHs!
yMmenus. imemu | BeinosnHeHns! | BeirnosmHeHs!
OTKa3za B [10JTHOM €HHBIMU BCe 3a/iaHus, B
MecTo rpy6bie BCE BCe 3a/laHus
obyuaroiierocst ot obbeme, HO | HeOUeTaM | TIOJIHOM
ommbKu 3a/laHus, HO | B MOJIHOM
oTBeTa HEKOTOpbIe u, obneme 6e3
He B obneme, HO
c BBITIO/THEH HeJ|0YeTOB
TIOJTHOM HEKOTOpble
HeJjoueTaMH | bI BCe
obbeme d
3a/]aHus B
HeJloueTaMu
TIOJTHOM
obbeme
Nwmeetcs
OtcyTcTBUE IIpogemoHc IIpogemoHC
MUHUMaJbH IIpogemoHc
6a30BbIX ITpu pelieHnH o TPUPOBaHbI TPUPOBaHbI
bl HAbop TPUPOBAHBI ITpogemoHcTp
HaBbIKOB. CTaHZapTHBIX Oa3soBble HaBbIKH
HABBIKOB 6a3zoBble HpOBaH
HeB03MOXXHOCTh 3a/iay He HaBBIKH TIpU TIpx N
Jist HaBBIKH TIpH TBOPYECKUH
OLIeHWUTb Ha/jMure | MPOJEeMOHCTPUP pelleHnn peleHrr
Hagblku pelleHust peleHnn TIOZIXO[, K
HABBIKOB oBaHbI 6a30BbIe CTaHZIapTHBI HeCcTaHJapT
CTaHZapTHBI CTaHJapTHBI peLLEeHHI0
BCJ/Ie/ICTBHE HaBbIKU. ViMenn X 3a7iau C HBIX 3a71au
X 33/ja4 C X 3a/jau 6e3 HeCTaH/apTHBI
OTKa3sa MecTo Tpy6bie HEKOTOPBIM 6e3
HEKOTOPBIM omboK u X 3a/1a4y
oOyuaroiierocst oT | OmMOKK u oumboK 1
U HeJJ0ueToB
oTBeTa HeJZloueTaMu HeJI0ueToB
He/0YeTaMHt
Scale of assessment for interim certification
Grade Assessment criteria
All the competencies (parts of competencies) to be developed within the discipline have
outstanding been developed at a level no lower than "outstanding", the knowledge and skills for the
relevant competencies have been demonstrated at a level higher than the one set out in the
programme.
excellent All the competencies (parts of competencies) to be developed within the discipline have
been developed at a level no lower than "excellent",
pass very good All the competencies (parts of competencies) to be developed within the discipline have
been developed at a level no lower than "very good",
good All the competencies (parts of competencies) to be developed within the discipline have
been developed at a level no lower than "good",
satisfactory All the competencies (parts of competencies) to be developed within the discipline have
been developed at a level no lower than "satisfactory", with at least one competency
developed at the "satisfactory" level.
unsatisfactory At least one competency has been developed at the "unsatisfactory" level.
fail

poor

At least one competency has been developed at the "poor” level.




5.3 Model control assignments or other materials required to assess learning outcomes during
the interim certification with the criteria for their assessment:

5.3.1 Model assignments (assessment tool - Control questions) to assess the development of the
competency [1K-4

1. MeTozpb! 1[BeTOKOpPeKIuH n300pakenuil./ Methods of image color correction.

2. Mopenu 11yMa, KOJIMueCTBeHHast OLjeHKa 1ITyMa U alrOpUTMbI YCTpaHeHusI IllyMa Ha U300pakeHHH.
ITonstue ceeptku./ Noise models, quantitative noise assessment and algorithms for eliminating noise
in images. The concept of convolution.

3. Metozp! 6viHapy3ary n3006paXkeHHH 1 IepeBo/ L{BETHOTO M300pakeHUs B royToHoBoe. / Methods
of image binarization and converting a color image to grayscale.

4. Meto/ibl BbljIe/IeHHsI KOHTYPOB Ha u3o0paxkeHuu. I'paguieHT u3obpakenus./ Methods of image
contour detection. Image gradient.

5. BeigeneHue TUMOBBIX TeOMeTPUYECKUX (OPM (TIPSMBIX, OKPY>KHOCT€H, 3/I/IUIICOB,. ..) 3a[JaHHbIX
napametpuuecku. [IpeobpasoBanue Xada./ Detection of typical geometric shapes (lines, circles,
ellipses, ...) specified parametrically. Hough transform.

6. MeTopl cerMeHTal[y n300pa>keHust. [ToHsITHe CBA3HOCTH. Pa3MeTKa CBSI3HBIX 00/1aCTeM.
Anroputm paspactanus peroHoB./ Methods of image segmentation. The concept of connectivity.
Marking up connected regions. Region expansion algorithm.

7. MeTopbl cerMeHTaLMK n300pakeHusi. Anroput™ pa3buenust obsacreii (split). Pa3buenue obsacreii
Ha OCHOBE THCTOTPAMMBbI. AJTTOPUTMBI CJIMSIHUS, arOPUTM (arouyTa. AJITOPUTMBI pa30reHust 1
cusinus (split and merge)./

Methods of image segmentation. Split algorithm. Histogram-based region partitioning. Fusion
algorithms, phagocyte algorithm. Split and merge algorithms.

8. MeTo/b1 cermeHTal[uu n300pakeHU. AJITOpUTM Boziopaszesa (watershed). ANropuTM «Torpy»xeHu
»

(immersion). AITOPUTM CITyCKa B JIOKa/IbHBI MUHUMYM (tobogganing). MeTo/ TpaHchopmanyy u3o0p
)KeHUS B pacCTOsIHUSA /10 O/vpkatitneld rpanunipbl (distance transform). / Methods of image
segmentation. Watershed algorithm. Immersion algorithm. Tobogganing algorithm. Distance transform
method.

9. MeTo/ibI cermeHTaluu n3o0bpakeHuid. I'pacdoBrie anroputMbl./ Image segmentation methods. Graph
algorithms.

10. AHanu3 GopMmbI U TTapaMeTpOB CBsI3HBbIX oOsiacTeil. IHBapyuaHTHbIe ¥ HEMHBAapUAaHTHbIE
xapaktepucTuku./ Analysis of shape and parameters of connected regions. Invariant and non-invariant
characteristics.



Assessment criteria (assessment tool — Control questions)

Grade Assessment criteria

CTy,ZLEHT OTBeTHJI Ha 60]'[]:H.Iy}0 UdCThb BOIIPOCOB BO3MOXXHO C HE3HAUYUTE/IbHBIMU HeﬂO‘—IeTaMH./ The

ass . . . .
P student answered most of the questions, possibly with minor flaws

ITpu oTBETE CTY/EHT JOMyCKaeT rpyObie OIMOKK B OCHOBHOM MaTepHaJie U PelleH|H CTaHAapTHBIX
fail 3aau./ When answering, the student makes gross mistakes in the basic material and solving standard
tasks

6. YueOHO-MeTOANUYECKOE U HH()OPMALIMOHHOE 00ecreueHne JUCIUTUTHHBI (MOAYJIs1)

OcHOBHasi uTeparypa:

1. Dr. Menua Gevorgyan. OpenCV 4 with Python Blueprints : Build Creative Computer Vision Projects
with the Latest Version of OpenCV 4 and Python 3. - Packt Publishing, 2020. - 1 online resource. - ISBN
9781789617634. - ISBN 9781789801811. - TeKCT : 3/IeKTPOHHBIM.
https://e-lib.unn.ru/MegaPro/UserEntry? Action=FindDocs&ids=854179&idb=0.

[ononmHuTebHas TUTEpaTypa:

1. MeTogp! cxaTHst n3o0pakenuit / Batomun [1.C. - Mockea : UHTYUT, 2016.,
https://e-lib.unn.ru/MegaPro/UserEntry? Action=FindDocs&ids=662988&idb=0.

2. Joseph Howse. Learning OpenCV 4 Computer Vision with Python 3 : Get to Grips with Tools,
Techniques, and Algorithms for Computer Vision and Machine Learning. - Packt Publishing, 2020. - 1
online resource. - ISBN 9781789530643. - ISBN 9781789531619. - TeKkcT : 3/IeKTPOHHBIN., https://e-
lib.unn.ru/MegaPro/UserEntry?Action=FindDocs&ids=854178&idb=0.

3. Efford, Nick. Digital image processing : a practical introduction using Java. - Harlow : Addison-
Wesley, 2000. - XXIII, 340 p. - ISBN 0-201-59623-7 : 2272-00., 1 3k3.

[TporpammHoe obecrieueHrie U VIHTepHeT-peCcypChl (B COOTBETCTBUU C COJIePXKaHUEM IVCIUTUIAHBI):

1. William K. Pratt. Digital Image Processing. Digital Image Processing: PIKS Inside, Third Edition.
Copyright © 2001 John Wiley & Sons, Inc. 0-471-22132-5 (Electronic) (exist a colored one)
https://nana.lecturer.pens.ac.id/index_files/referensi/image_processing/Digital%20Image
%20Processing.pdf

2. Gonzalez, R. C. and Woods, R. E. [2018]. Digital Image Processing, 4rd ed., Prentice Hall, (Image
Processing techniques using OpenCV and Python)
https://dl.icdst.org/pdfs/files4/01c56e081202b62bd7d3b4f8545775fb.pdf.

3. Official OpenCV website (http://opencv.org)

4. Handbook of Medical Imaging, Volume 2. Medical Image Processing and Analysis
http://ebooks.spiedigitallibrary.org/book.aspx?bookid=180 Published: 2000
https://doi.org/10.1117/3.831079

5. Emgu CV: a cross platform .Net wrapper to the OpenCV image processing library (with the GNU GPL
license v3, http://www.emgu.com/)



7. MaTepHa/ibHO-TeXHHYeCKoe ofecreyeHHe JUCLUIIMHBI (MOY /1)

YueOHble ayAWTOPUM [i/isI TIPOBeJieHHs yueOHBbIX 3aHSITHM, TpeJyCMOTPeHHBbIX 00pa30oBaTe/bHOM
MIPOrpaMMOM, OCHAI[eHbl MYJbTUMEAUMHBIM 000pyZOBaHUEeM (TIPOEKTOP, 3KpaH), TeXHUUYeCKUMHU
cpefcTBaMH 00yUueHUs, KOMITbIOTepaMH.

[TomelijeHyst 7151 CaMOCTOSITe/IbHOM paboThl 00yYaroLMXCsl OCHAll|eHbl KOMITbIOTEPHON TeXHUKOW C
BO3MO)KHOCTBIO TIOAK/IIOUeHUs1 K ceTd "VHTepHer" U oOecrieyeHbl [OCTYIIOM B 3/IEKTPOHHYIO
MH(pOpMaLMOHHO-00pa3oBaTe/IbHYI0 Cpefy.

IIporpaMma cocrtaBieHa B cooTBeTcTBMM C TpeboBanusimu OC HHI'Y 1o HampaB/ieHHIo
nogrotoBku/crierasbHOCTH 02.03.02 - Fundamental Informatics and Information Technology.

Agtopsl: TypsanioB Bagym EBreHbeBud, J0KTOpP TeXHUYECKUX HAyK, JOLIEHT
Hocosa CsetsiaHa AjiekcaH/IpOBHa.
3aBenytomuii kadeapoii: MeepoB Nocud Boprcouu, KaHAWAAT TeEXHUUECKUX HayK.

[Tporpamma ofobpeHa Ha 3aceZJaHUN METOANYeCKOW KoMuccuu oT 17.12.2025, mpotokos Ne mpoToKos
Neb.
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