COURSE UNIT (MODULE) DESCRIPTION

Course unit (module) title Code

Digital Image Processing

Lecturer(s) Department(s) where the course unit (module) is delivered
Coordinator: Dr. Allan Rasmusson Faculty of Mathematics and Informatics
Other(s): Institute of Data Science and Digital Technologies
Study cycle Type of the course unit (module)
First Optional
Mode of delivery Period when the course unit (module) is Language(s) of instruction
delivered
face-to-face 7th semester English

Requirements for students

Prerequisites:

Procedural and Object-Oriented programming, Statistical Data
Analysis Methods, Math for Information Systems Engineering

Additional requirements (if any):

Course (module) volume in Total student’s workload Contact hours Self-study hours
credits
5 133 44 89

Purpose of the course unit (module): program competences to be developed

The aim of the course unit is to introduce basic principles of Digital Image Processing techniques and to lay the theoretical foundation of
image processing theory for developing applications involving digital image processing. Topics include digital image perception, sampling,
enhancement, transform, frequency space, filtering, feature extraction, morphological image processing, image segmentation, object
recognition and classification. Application examples are also included. Students successfully completing this course will be able to apply a
variety of computer techniques for the design of efficient algorithms for real-world applications.

Learning outcomes of the course unit (module)

Teaching and learning methods Assessment methods

Ability to discuss on topics of image processing with domain
experts and non-experts

Ability to conduct a search and analysis of the proper
literature related to digital image processing, to absorb new
knowledge on image processing and to apply them to solve
image processing problems.

Ability to use appropriate mathematical methods for image
processing

Ability to plan and perform research experiments,
investigating image processing algorithms, to evaluate the
obtained results, and to draw conclusions.

Lecture-discussion; Example
demonstration and analysis; Self-
dependent work; Practical tasks;
Implementation tasks. Written
works. Report preparation.

Exam, Assessment of Laboratory
work, Assessment of written work.
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1. Fundamentals in image processing. 2 2 4 7 | Implementimage I/O of
Acquisition, Sampling and quantization. different file formats of
Image formats, pixel bits. grey scale images
Image processing software. supporting 8 or 24 bits per
channel per pixel.
2. Perception of luminance and colour, colour spaces, and 1 1 2 4 | Extend /O to colour
transforms, human visual system, colour appearance images.
models. Color distance metrics. Implement colour space
transforms




3. Intensity transformations + histogram processing (gray + 2 3 5 8 | Implement intensity

colour) transforms (including
image add/sub and power
law). Implement histogram
equalization.

Assignment 1 handed out

4. Image interpolation + linear transforms 2 2 4 8 | Implement image
interpolation

5. Spatial filters. 2 2 4 8 | Implement 2D convolution

Convolution and correlation. Separable filters. and correlation

6. Frequency domain: 3 3 6 8 | Application of DFT and

Fourier transform and inverse: Nyquist limit and high-pass inverse.

+ low pass filters. Correlation theorem.

7.Image denoising (image and freq. space. Gray+color) 2 2 4 8 | Perform image denoising
based on implementations
above.

Assignment 2 handed out

8. Morphological image processing 3 2 5 8 | Implement Erosion,
dilation, opening, closing,
boundary extraction.

9. Image Segmentation: edge detection, thresholding, 2 2 4 8 | Application of all elements

region segmentation implement.

10. Object recognition and classification 3 3 6 8 | Implement connected
components labelling,
simple object descriptors
and output for statistics
software.

Assignment 3 handed out

Preparation for Exam 14

Total | 22 22 44 89

Assessment strategy Weight,% Deadline Assessment criteria

Laboratory work assessment 60 During the A maximum of 60 points is awarded.

in 3 handout assignments. semester e Maximum 20 points for implementation.

. Maximum 20 points for writing/explanations.
e  Maximum 20 points for solution to handed out exercises.

Exam 40 Exam session A written test consists of questions of open and closed types.

e Intotal 40 points available.
e  Evaluation is the sum of correct answers.
The exam cannot be taken externally
Author Year of Title Issue of a periodical | Publishing place and house
publication or volume of a | orweb link
publication

Compulsory reading

Rafael C. Gonzalez and 2008 Digital Image Processing https://www.amazon.com/Digital-

Richard E. Woods Image-Processing-Rafael-

Gonzalez/dp/013168728X

Additional reading

Geoff Dougherty 2009 Digital Image Processing for Cambridge University Press

Medical Applications United States of America by
Cambridge University Press, New
York
https://www.amazon.com/Digital-
Image-Processing-Medical-
Applications/dp/0521860857
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STUDLJU DALYKO (MODULIO) APRASAS

Dalyko (modulio) pavadinimas Kodas

Vaizdo signaly apdorojimas

Déstytojas (-ai) Padalinys (-iai)
Koordinuojantis: dr. Allan Rasmusson Matematikos ir informatikos fakultetas
Kitas (-i): Duomeny mokslo ir skaitmeniniy technologijy institutas

Studijy pakopa Dalyko (modulio) tipas
Pirmoji Pasirenkamas

Igyvendinimo forma Vykdymo laikotarpis Vykdymo kalba (-0s)

Auditoriné 7 semestras Angly

Reikalavimai studijuojanciajam

I$ankstiniai reikalavimai: Gretutiniai reikalavimai (jei yra):
Procediirinis ir Objektinis programavimas, Statistiniai duomeny
analizé metodai, Matematika informacinéms sistemoms.

Dalyko (modulio) apimtis Visas studento darbo kriivis Kontaktinio darbo valandos Savarankis$ko darbo valandos
kreditais
5 133 44 89

Dalyko (modulio) tikslas: studiju programos ugdomos kompetencijos

Dalyko tikslas — siekiama, kad studentai jgyty Zinias apie skaitmeniniy vaizdy apdorojimo ir analizés metodus, udgyty praktinius gebéjimus
juos taikyti jvairiose praktinése srityse. Studentai jgis zinias apie vaizdy tobulinimo ir atstatymo, vaizdy apdorojimo panaudojant jvairius
filtrus bei transformacijas, morfologinio apdorojimo, segmentavimo, objekty ir jy briauny nustatymo vaizduose, atpaZinimo ir klasifikavimo
metodus. Praktiniy uzsiémimy metu vystoma studento patirtis derinant teorijos ir praktikos elementus, bei gebéjimas savarankiskai spresti
realius vaizdy apdorojimo uzdavinius, panaudojant tinkamas Siuolaikines informacines technologijas, ir interpretuoti gautus rezultatus.

Dalyko (modulio) studijy siekiniai Studijy metodai Vertinimo metodai

Gebés bendrauti su jvairiy sri¢iy ekspertais valstybine ir
uzsienio kalbomis, paaiskinti pagrindinius vaizdo

signaly apdorojimo terminus, sgvokas ir metodus. Informacijos paieska ir analize,
Gebés atlikti su vaizdy apdorojimu susijusios literatiiros savoky Zemélapis, tradiciné paskaita,
paieska ir analize, jsisavinti naujas Zinias ir jas taikyti | savarankiSkas darbas, paskaita-
praktikoje. diskusija, pavyzdziy Egzaminas, laboratoriniy darby
Gebés parinkti tinkamus matematinius vaizdo apdorojimo demonstravimas ir analizé, vertinimas, grupinio darbo vertinimas.
metodus. savarankiskas individualus arba

grupinis darbas, rasto darbas,

Gebés eksperimentuoti taikant skirtingus vaizdo filtrus, riby 1 > O dar
pranes§imo rengimas ir pristatymas.

ar objekty atpazinimo uzdavinius, vertinti gautus
rezultatus, jais remiantis daryti iSvadas.
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1. Ivadas j skaitmeniniy vaizdy apdorojima. Vaizdy gavimas, | 2 2 4 7 | Ivairiy nespalvoty vaizdy
skaitmeninimas. Formatai. Programiné jranga vaizdams jvesties ir i§vesties
apdoroti. jgyvendinimas.
2. Skaistumo, spalvos suvokimas. Spalvy erdvés ir 1 1 2 4 | Spalvoty vaizdy jvestis ir
transformavimas. Zmogaus regos sistema. Spalvy iSvestis. Spalvy
modeliavimas, metrikos. transformavimas.
3. Vaizdo intensyvumo transformavimas. Histogramy | 2 3 5 8 | Vaizdy intensyvumo
apdorojimas. transformavimas.
Histogramy iSlyginimas.




1-0ji savarankiska
uzduotis.

4. Vaizdy interpoliavimas. Tiesinés transformacijos. 2 2 4 8 | Vaizdy interpoliavimas.

5. Erdviniai filtrai. Kompozicija ir koreliacija. Atskiriami | 2 2 4 g | Dvimat¢ kompozicija ir

filtrai. koreliacija.

6. Daznin¢ vaizdy analize: Fourier transformacija, Nyquist | 3 3 6 8 | Tiesioginé ir atvirkstiné

riba. Zemy ir auksty dazniy filtrai. Koreliacijos teorema. Fourier tranformacija.

7. TriukSmy Salinimas. 2 2 4 8 | Triuk$my paveiksluose
Salinimas.
2-oji savarankiska
uzduotis.

8. Morfologinis vaizdy apdorojimas. 3 2 5 8 | Erozijos, praplétimo
operacijos. Uzdarinys,
atvérinys. Ribos aptikimas.

9. Vaizdy segmentavimas: kontliro aptikimas, slenkstinés | 2 2 4 8 | Vaizdo elementy

reik§més taikymas, regiony segmentavimas. aptikimas.

10. Objekty atpazinimas ir klasifikavimas. 3 3 6 8 | Sujungty elementy
Zymejimas, objekty
deskriptoriai, i§vestis.
3-0ji savarankiska
uzduotis.

Pasiruosimas egzaminui 14

I8 viso | 22 22 44 89

Vertinimo strategija Svoris Atsiskaitymo Vertinimo kriterijai

proc. laikas

Trijy savarankisky darby 60 Semestro metu Maksimalus darby vertinimas 60 tasky:

lvertinimas e 20 tasky uz sprendimus.

e 20 tasky uz jgyvendinima.

o 20 tasky uz ataskaita.
Egzaminas 40 Egzaminy sesijos Egzaminas atsiskaitomas rastu atsakant j atviro ir uzdaro tipo klausimus.

metu Bendras egzamino vertinimas — 40 taSy. Vertinami teisingi atsakymai.
Egzamino perlaikymas eksternu neleidziamas.
Autorius Leidimo Pavadinimas Periodinio Leidimo vieta ir leidykla ar
metai leidinio Nr. ar | internetiné nuoroda
leidinio tomas

Privaloma literatiira

Rafael C. Gonzalez and 2008 Digital Image Processing https://www.amazon.com/Digital-

Richard E. Woods Image-Processing-Rafael-

Gonzalez/dp/013168728X

Papildoma literatiira

Geoff Dougherty 2009 Digital Image Processing for Cambridge University Press

Medical Applications United States of America by
Cambridge University Press, New
York
https://www.amazon.com/Digital-
Image-Processing-Medical-
Applications/dp/0521860857
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