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DERS KATALOG FORMU
(COURSE CATALOGUE FORM)

Dersin Adi

Course Name

Bilgisayarla Gorii

Computer Vision

Ders Uygulamasi, Saat/Hafta
(Course Implementation, Hours/Week)
. . Ders Uygulama Laboratuvar
Kodu Yariyih Kredisi AKTS Kredisi i .
(Code) (Semester) | (Local Credits) | (ECTS Credits) (Theoretical) (Tutorial) (Laboratory)
BLG 453E 7 2 5 2 0 0

Béliim / Program Bilgisayar Miihendisligi / Computer Engineering
(Department/Program)
Dersin Tiirii Engineering Design, Selective Dersin Dili Ingilizce
(Course Type) (Course Language) English
Dersin Onkosullar: --
(Course Prerequisites)
Dersin mesleki Temel Bilimler Temel Miihendislik Miihendislik Tasarim insan ve Toplum Bilim

bilesene katkisi, %
(Course Category
by Content, %)

(Basic Sciences)

(Engineering Science) (Engineering Design) (General Education)

30 30 40 -

Dersin Igerigi

(Course Description)

Bilgisayarla Goriiye giris. Gorsel/Imge verileri; Noktasal Imge Déniisiimleri; Geometrik
Déniisiimler; Imge komsuluk Operasyonlar1 (Uzaysal Filtreler, Kenar Tespit Operatérleri);
Oznitelik Cikarimi (Kdse, Parametrik teknikler: Cizgi, Cember, Elips, Sablon); Temel
Béliitleme; Boyut Indirgeme; Hareket Kestirimi (3Boyutlu/Dinamik Gériintiiler); Temel
2Boyutlu Sekil Analizi; Ogrenilen algoritmalarin Programlamas: (Matlab vb)

Introduction to Computer Vision. Visual and Image Data; Pointwise Image Processing;
Geometric Transforms; Image Neighborhood Operations, (Spatial Filtering, Edge Detection
Operators); Feature Extraction (Corners, Parametric Techniques: Lines, Circles, Ellipses,
Templates); Basic Segmentation; Dimensionality Reduction; Motion Estimation in 3D /Dynamic
Scenes; Basic Geometric 2D Shape Analysis; Programming Exercises (e.g. Matlab) to
implement the computer vision algorithms covered in the course.

Dersin Amaci

(Course Objectives)

Ogrencilerin yapay zeka alaninda énemli bir yer tutan yapay gérme konularryla
tanigmasi

“Bilgisayarlara gérme ve yorumlama” kabiliyetinin kazandirilmasi igin 2-B ve 3-B
verilerin analizi igin algoritmalarin gésterilmesi

Temel imge Isleme ve Bilgisayarla Gorii tekniklerinin hem matematiksel agidan hem de
uygulamalar ile islenmesi

Bilgisayarla Gorii alaninda temel imge analizi algoritmalarinin bilgisayarda
gerceklenmesi

Introduce students to the artificial vision topics that are a part of the artificial
intelligence field

Describe algorithms in the analysis of 2D and 3D data which are required for “making
computers see” and interpret data

Cover the basic image processing and computer vision techniques mathematically as
well as with applications

Implement basic image analysis algorithms in computer vision field using computers

Dersin Ogrenme
Ciktilan

(Course Learning
Outcomes)

Bilgisayarla (Yapay) Gorii alanindaki baslica problemleri, kullanim alanlari ve
uygulamalarini bilmek ve tartisabilmek

Cesitli imge doniisiimlerini tasarlamak ve gergeklemek: noktasal intensite dontisiimleri,
komsuluk operasyonuna bagli uzaysal doniisiimler; geometrik (koordinat) doniisiimleri
gibi.

2-boyutlu veya daha yiiksek boyutlu verilerde Béliitleme, Oznitelik Cikarma, Gorsel
hareket kestirimi algoritmalarini tanimlamak, olugturmak ve kullanarak imge
verilerinden ilgili bilgilerin ¢ikarimini yapabilmek

Bilgisayarla gorii problemlerine enaz kareler yontemiyle ¢éziimler sunabilmek

Yiiksek boyutlu verilerde boyut indirgeme prensibini agiklamak ve veri islemede nasil
kullanildigini bilmek ve uygulamak

Bilgisayarla goriide nesne ve sekil tanima problemine ¢6ziim yaklagimlarini bilmek ve
uygulamak




Learn and discuss the main problems of computer (artificial) vision, and the uses and
applications of computer vision

Design and implement various image transforms: point-wise transforms, neighborhood
operation-based spatial filters, and geometric (coordinate) transforms over images
Define, construct, and apply segmentation, feature extraction, and visual motion
estimation algorithms to extract relevant information from 2D or higher dimensional
images

Construct least squares solutions to problems in computer vision

Describe the idea behind dimensionality reduction for high-dimensional datasets and
how it is used and applied in data processing

Know and apply object and shape recognition approaches to problems in computer
vision

Ders Kitabi
(Textbook)

Concise Computer Vision: An Introduction into Theory and Algorithms, Springer,
Series: Undergraduate Topics in Computer Science, by Reinhard Klette, 2014. ISBN
978-1-4471-6319-0;

Image Processing, Analysis, and Machine Vision, M. Sonka, V. Hlavac, R. Boyle,
2008.

Computer Vision, D. Ballard and C.M. Brown, Prentice Hall, online at:
http://homepages.inf.ed.ac.uk/rbf/BOOKS/BANDB/bandb.htm

Diger Kaynaklar
(Other References)

Gozde Unal, Lecture Notes

Odevler ve Projeler

(Homework & Projects)

STUDENTS WILL BE GIVEN 5HOMEWORKS AND 10 QUIZZES

Laboratuvar Uygulamalari

(Laboratory Work)

Bilgisayar Kullanimi

(Computer Use)

BILGISAYARMUHENDISLIGIBILGISAYARLABLARI

Diger Uygulamalar

(Other Activities)

Basar1 Degerlendirme
Sistemi

(Assessment Criteria)

Faaliyetler Adedi Degerlendirmedeki Katkisi, %0
(Activities) (Quantity) (Effects on Grading, %)

Yil i¢i Sinavlan 1 20
(Midterm Exams)

Kisa Sinavlar 10 10
(Quizzes)

Odevler 5 30
(Homework)

Projeler
(Projects)

Dénem Odevi/Projesi
(TermPaper/Project)

Laboratuvar Uygulamasi
(Laboratory Work)

Diger Uygulamalar
(Other Activities)

Final Sinavi 1 40
(Final Exam)



http://homepages.inf.ed.ac.uk/rbf/BOOKS/BANDB/bandb.htm

DERS PLANI

Dersin
Hafta Konular Ciktilar
1 Bilgisayarla Gériiye giris; Gorsel/Imge verileri; 1
2 Noktasal Imge Intensite Déniisiimleri; Intensite Olasilik Dagilimlar1; Histogramlar; Imge 2
lyilestirme
3 Geometrik/Koordinat Déniisiimleri; Oteleme, Rotasyon; Afin, Perspektif Déniisiim; Polinom 2
Doniigiimler; Veri Interpolasyonu
4 Komsuluk Operasyonlari, Uzaysal Filtreler 2
5 Kenar Tespit Operatorleri (Tiirev Operatérleri) 2
6 Oznitelik Cikarimi (Kose, Parametrik teknikler: Cizgi) 3
7 Oznitelik Cikarimi (Parametrik teknikler: Cember, Elips, Sablon); 3
8 Sinifi¢i Uygulamalar 1,2,3
9 Temel Boliitleme Yontemleri (Adaptif esikleme, kiimeleme) 3
10 K-ortalamalar1 Kiimelemesi; Bolge Biiyiitme ile boliitleme 3
11 Boyut Indirgeme: Temel Bilesen Analizi ve Uygulamalar 45
12 Dinamik Goriintiiler: Hareket Kestirimi 3,4
13 Temel 2-Boyutlu Sekil Analizi (Alan, uzaklik donisiimi, sekil igerigi ) 6
14 Ogrenilen Bilgisayarla Gorii Y éntemlerinin 6zeti ve Uygulamalar 1,2,3,4,5,
6
COURSE PLAN
Course
Weeks Topics Qutcomes
1 Introduction to Computer Vision and Image Data; 1
2 Pointwise Image Intensity Transforms, Intensity Probability Distributions; Histograms, Image 2
Enhancement
3 Geometric/Coordinate Transforms; Translation, Rotation, Affine, Perspective Transforms; 2
Polynomial Transformations; Data Interpolation
4 Image Neighborhood Operations, Spatial Filtering 2
5 Edge Detection Operators (Derivative Operators) 2
6 Feature Extraction (Corners, Parametric techniques: Line detection) 3
7 Feature Extraction (Parametric techniques for Circles, Ellipses; Templates) 3
8 In class Applications 1,2,3
9 Basic Segmentation Methods (Adaptive Thresholding, Data Clustering) 3
10 K-Means Clustering, Region Growing Segmentation 3
11 Dimensionality Reduction: Principal Component Analysis and Applications 45
12 Dynamic Scenes ; Motion Estimation 34
13 Basic 2D shape analysis (Area, Distance Transform, Shape Context) 6
14 Summary of the covered methods in computer vision and applications 1,2,3,45,6
Dersin Bilgisayar Miihendisligi Programiyla iligkisi
(1: “az”, 2: “kismi”, 3: “Tam”, Eger cevabimiz “Hig¢biri” ise bos birakiniz.)
Katki
Bilgisayar Miihendisligi Programi Ciktilar1 ve Performans Olgiitleri Seviyesi
1 2
a Matematik, temel bilimler ve mithendislik bilgilerini bilgisayar miihendisligi alaninda uygulama
becerisi
al Matematik, temel bilimler ve miihendislik bilgilerini edinme

PC.al | Matematik i¢in sorularin cevaplari

PC.a2 | Temel bilimler ve miihendislik i¢in sorularin cevaplari

a2

Matematik bilgisinin uygulanmasi

Bilgisayar miihendisligi problemlerine analitik ve sayisal ¢éziimler iretmede matematik ilkeleri

PC.a3
uygulanir




PC.a4 | Bir probleme yonelik uygun matematiksel yontem ya da yaklagimlar segilir

a3

Temel bilimler ve miihendislik esaslarina ait bilginin uygulanmas

Bilgisayar miithendisligi problemlerinin modellenmesi ve ¢6ziimiinde temel bilimler ve

PC.a5 miihendislik ilkeleri uygulanir

Deney tasarlayip yiiriitebilme ve verileri analiz edip yorumlama becerisi

bl | Deneyleritasarlama
PC.bl | Degiskenler, uygun ekipmanlar, test cihazlari, model vb segilir
PC.b2 | Sonucun ya da varyantlarinin degerlendirilecegi etkili dlgti(ler) segilir
b2 | Deneyleriyiiriitme
PC.b3 | Veri toplamak igin uygun 6lgme teknikleri kullanilir
PC.b4 | Deneyin tekrarlanabilmesi amaciyla veri toplama siireci belgelendirilir
b3 | Verilerin analizi
PC.b5 | Verileri analiz etmek i¢in uygun araglar (istatistiksel ve grafiksel vb.) se¢ilir ve kullanilir
b4 | Verilerin yorumlanmasi

PC.b6 | Orijinal hipoteze gore sonuglar yorumlanir

Bir sistemi, sistem bilesenini veya siireci; ekonomik, ¢evresel, sosyal, politik, etik, iiretilebilirlik,
siirdiiriilebilirlik, emniyet ve kaza énleme gibi istenilen gereksinimleri karsilayacak sekilde tasarlama
becerisi

cl

Bildirilen ihtiyaclarin saptanmas, islevsel gereklerin ve kisitlamalarin belirlenmesi

PC.cl | Problemin etki alan1 tanimlanir ve arzu edilen ihtiyaglara dayanarak gereksinimler belirlenir

PC.c2 | Kisitlamalar ve gereklilikleri karsilayan uygun yontemler segilir

c2 Bir tasarimin gelistirilmesi

PC.c3 | Uygun tasarim yontemleri uygulanir
PC.c4 | Yazilim sistemi, bileseni ya da yontemi tasarlanir
PC.c5 | Donanim sistemi, bileseni ya da yontemi tasarlanir
PC.c6 | Uygun araglarla tasarimin biitiinii sunulur

| c3 | Tasarimin gerceklenmesi
PC.c7 | Tasarima dayanan bir ¢6ziim/prototip gelistirilir

| c4 | Gelistirilen ¢oziimiin testi ve dogrulanmasi

PC.c8 | Testalt bilesenleri ve stratejileri tanimlanir

PC.c9 | Gelistirilen ¢6ziimde hata ayiklamasi yapilir ve tespit edilen hatalar diizeltilir

Mevcut bir yapiy: veya sistemi elestirel yaklasimla gozleme, irdeleme ve sonucta diizeltme ve iyilestirme
becerisi

PC.d1 | Mevcut bir yazilim ya da donanim sistemi iglevselligini incelemek i¢in gozlemlenir

PC.d2 | Farkli olast durumlari kapsayan iyi se¢ilmis girisler i¢in ¢ikiglar incelenir

PC.d3 | Birsistemin kusurlar1 bulunur ve dizeltilir

PC.d4 | Bir sistem gereksinimlere gore iyilestirilir

Birden ¢ok disiplinden olusan bir takim ¢alismasi yiiriitebilme becerisi

Uzun vadeli bir grup projesi ya da ¢ok disiplinli bir proje ekibine etkin bir takim iiyesi olarak

PC.el katilimir

PC.e2 | Takimda sorumluluklar alinir ve yerine getirilir

PC.e3 | Fikirlerin gelistirilmesinde yer alinir

PC.e4 | Digerlerinden alinan geri bildirimler diizeltmelere/iyilestirmelere dahil edilir

Miihendislik problemlerini belirleme, formiile etme ve ¢é6zme becerisi

PC.f1 Bir bilgisayar miihendisligi problemi belirlenir

PC.f2 Bir bilgisayar miihendisligi problem formal bir sekilde tanimlanir

PC.f3 Bir bilgisayar miihendisligi problemine ¢6ziim gelistirilir

Mesleki ve etik sorumluluklar: kavrama

PC.gl | Profesyonel miithendislik uygulamalarina klavuzluk eden etik kurallarin farkindadir

PC.g2 | Verilecek bir kararla ilgili etik konular belirlenir ve tanimlanir




Uygulamadaki bir durum gercekler ve mesleki etik kurallar1 géz 6niine alinarak degerlendirilir ve
PC.g3 . !
hakkinda hiikiim verilir
h | Etkin sozlii ve yazih iletisim kurabilme becerisi X
hl | Etkin yazih iletisim bilgisi, kavramlari ve fikirleri
Uygun bir format ve dilbilgisi kullanilarak bir belge hazirlanir ve alintilar dahil olmak tizere
PC.h1 S X
disipline 6zel kurallar kullanilir
h2 | Etkin sozlii iletisim bilgisi, kavramlari ve fikirleri
PC.h2 Iyi organize edilmis bir sézlii sunum planlanir, hazirlamir ve teslim edilir; istenildigi zaman da
' sunulur
h3 | Grafiksel iletisim bilgisi, kavramlar ve fikirleri X
PC.h3 | Sozlii ve yazili sunumlarda profesyonel grafiksel 6geler kullanilir
i Miihendislik ¢oziimlerinin kiiresel, toplumsal ve ¢evresel boyutlarda etkisini kavramak i¢in gereken genis
kapsaml bir egitime sahip olma
PC.il1 Bir miithendislik ¢6ziimiiniin birgok tiirde olasi etkileri listelenir
PC.i2 Toplum yapisin1 anlamayla ilgili, toplum, kiiltiir ve evrensel toplum gibi terimleri iceren anahtar
' kelimeler tanimlanir
PC.i3 Kiiresel bir problemin miihendislik yoniiniin ayirdina varilir
j Yasam boyu 6grenme geregini algilamis ve kendi kendine 6grenme yetenegini kazanmis olma
j1 Neyin 6grenilmesi gerektigiyle ilgili bir farkindalik gosterme
PC.j1 Gergek bir projede neyin 6grenilmesi gerektigi belirlenir
| j2 Yasam boyu 6grenme yetenegi
PC.j2 Ogrenme plan1 gercek bir projede ve/veya bagimsiz bir grenme firsatinda uygulanir
PC.j3 Seminerlere ve staj aktivitelerine katilinir
k | Giincel/Cagdas konulara iliskin bilgi sahibi olma
PC.k1 | Potansiyel olarak dogaya etkileri olan miihendislik problemleri belirlenir
PC.k2 [ Temel sosyo-ekonomik konular listelenir ve tanimlanir
PC.k3 | Ulusal ya da uluslararasi seviyedeki temel politik konular listelenir ve tanimlanir
| Miihendislik uygulamalari i¢in gerekli teknikleri, yetenekleri ve modern miihendislik ara¢ ve gereclerini X
kullanabilme becerisi
Miihendislik teknikleri, yetenekleri ve donanimlari bir mithendislik sisteminin performansini
PC.11 N S . .. X
gbzlemlemek ve/veya bir miithendislik tasarimi yaratmak i¢in kullanilir
PC.12 Miihendislik teknikleri, yetenekleri ve donanmimlari karar verme igin bilgi ¢ikariminda kullanilir X
PC.13 Ozel bir miihendislik gérevi igin uygun teknikler ve donanimlar segilir X
m | Degisen kosullara uyum saglama yetenegi X
PC.m1 | Yeni araglara ve yontemlere uyum saglanir X
PC.m2 | Bir galigma grubunda farkli takim rolleri uygulanir
PC.m3 | Gelismekte olan alanlarin ayirdinda olunur ve bunlara uyum saglanir X
Relationship between the Course and Computer Engineering Curriculum
(1: “Little”, 2: “Partial”, 3: “Full”, Leave blank if your answer is “None”)
Level of
Computer Engineering Department Program Outcomes and Performance Criteria Contribution
1 2 3
. | @ ability to apply knowledge of mathematics, science, and engineering to the field of computer X
engineering
al | Acquiring knowledge of mathematics, science and engineering
PC.al | answers questions on mathematics
PC.a2 | answers questions on science and engineering X

a2 | Applying knowledge of mathematics




applies mathematical principles to obtain analytical or numerical solutions to computer

PC.a3 . -
engineering problems

PC.a4 | chooses appropriate mathematical methods/approaches for a given problem

a3 | Applying knowledge of science and engineering fundamentals

PC.a5 | applies science and engineering principles to model and solve computer engineering problems

b | an ability to design and conduct experiments, as well as to analyze and interpret data

bl | Designing experiments

PC.b1l | selects variables, appropriate equipment, test apparatus, model, etc

PC.b2 | chooses the effective measure(s) by which the outcome or the alternative will be evaluated

b2 | Conducting experiments

PC.b3 | uses appropriate measurement techniques to collect data

PC.b4 | documents collection procedures so that the experiment may be repeated

b3 | Analyzing data

PC.b5 | selects and uses appropriate tools (i.e., statistical and graphical) to analyze data

b4 | Interpreting data

PC.b6 | interprets results with respect to the original hypothesis

an ability to design a system, component, or process to meet desired needs within realistic constraints such
¢ | aseconomic, environmental, social, political, ethical, health and safety, manufacturability, and
sustainability

cl | Identifying stated needs and determining functional requirements and limitations

PC.c1 | describes scope of the problem and specifies the requirements based on the desired needs

PC.c2 | selects appropriate methods satisfying the constraints and the requirements

c2 | Developing a design

PC.c3 | applies appropriate design methods

PC.c4 | designs a software system, component or process

PC.c5 | designs a hardware system, component or process

PC.c6 | presentsthe complete design with appropriate tools

| c¢3 | Implementing the design

PC.c7 | develops a solution/prototype based on the design

| c4 | Testing and validating the developed solution

PC.c8 | describes test cases and strategies

PC.c9 | debugs the developed solution and corrects detected errors

an ability to observe and examine an existing structure or system in a criticizing attitude and finally
correct or enhance it

PC.d1 | observes an existing hardware/software system to analyze its functionality

X[ x| x| x]|x

PC.d2 | analyzes outputs given certain well-chosen inputs that cover different possible cases

PC.d3 | finds and corrects defects of a system

PC.d4 | enhances a system according to the requirements

e | anability to function on multi-disciplinary teams

PC.el | participates effectively as a team member in a long-term group/multi-disciplinary project team

PC.e2 | takes and fulfills responsibilities in the team

PC.e3 | participates in the development of ideas

PC.e4 | incorporates feedback from others into revisions/improvements

f an ability to identify, formulate, and solve engineering problems

PC.f1 identifies a computer engineering problem

PC.f2 | formally describes constituents of a computer engineering problem

PC.f3 | develops a solution for a computer engineering problem

g | an understanding of professional and ethical responsibility

| PC.g1 | is aware of the code of ethics that guide the professional practice of engineering




PC.g2 | identifies and defines ethical issues concerning a decision
PC.g3 | evaluates and judges a situation in practice, using facts and a professional code of ethics
h | an ability to communicate effectively
hl | Written communication of information, concepts, and ideas effectively
PC.h1 writes a_docqment gsing_ an appropriate format and grammar and uses discipline-specific X
conventions including citations
h2 | Orally communicating information, concepts, and ideas effectively
PC.h2 plans1 prepares, and delivers a well-organized, logical oral presentation; explains when
questioned
h3 | Graphically communicating information, concepts, and ideas X
PC.h3 | uses professional graphics on written and oral presentations
i the _broad education necessary to understand the impact of engineering solutions in a global, economic,
environmental and societal context
PC.il1 lists several types of impacts an engineering solution might have
PC.i2 defines key ter_ms associated with understanding of a societal context including society, culture,
and global society
PC.i3 recognizes the engineering aspects of a global problem
j | arecognition of the need for, and an ability to engage in life-long learning
j1 | Demonstrating an awareness of what needs to be learned
PC.j1 determines what needs to be learned in an actual project
| j2 | Ability to engage in life-long learning
PC.j2 applies the learning plan to an actual research project and/or independent learning opportunity
PC.j3 attends seminars and training activities
k | a knowledge of contemporary issues
PC.k1 | identifies engineering problems with potential environmental impact issues
PC.k2 | lists and describes major socio-economic issues
PC.k3 | lists and describes major political issues at national or international levels
| an ability to use the techniques, skills, and modern engineering tools necessary for engineering practice X
PC.I1 uses engineering tec_hniqges, skil_ls, and tools to monitor performance of an engineering system X
and/or create an engineering design
PC.12 uses engineering techniques, skills, and tools to acquire information needed for decision-making X
PC.13 selects appropriate techniques and tools for a specific engineering task X
m | an ability to adapt to changing conditions X
PC.m1 | adapts to new tools and approaches X
PC.m2 | practices different team roles in a working group
PC.m3 | is aware of emerging fields and adapts to them X
Diizenleyen (Prepared by) Tarih (Date) Imza (Signature)
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