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Course Information

O Information in this block comes from "Student Information System". If you need update for this block you can
contact with your faculty administrative staff.

Term

202201
Code

ME 525
Title

Autonomous Mobile Robotics
Faculty

Faculty of Eng. & Natural Sci.
Subject

Mechatronics(ME)
SU Credit @

3.0

ECTS Credit @

10.0
Level Of Course

DR
Prerequisites

Content

The course covers fundamental problems of autonomous mobile robotics including locomotion, reception,
localization, planning and navigation. In the context of locomotion, legged, wheeled, flying and swimming
mobile robots will be discussed. In the reception part, various sensors that are used on mobile robots will
be introduced and several sensor fusion algorithms will be presented. Localization problems will be
tackled in a probabilistic framework using Markov and Kalman Filtering techniques. Simultaneous
Localization and Mapping (SLAM) problem and its variations will also be introduced and discussed.
Finally planning and navigation strategies will be covered.

Distribution of Lectures

2+1
Syllabus Information

Language of Instruction (2]
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English v
Recommended or required reading (2]
O Bghigdsok
(] Cases
Readings

(] Optional Readings
(] Course Web

Textbook

Introduction to Autonomous Mobile Robots, 2nd Edition, Roland Siegwart, lllah R. Nourbakhsh
and Davide Scaramuzza, MIT Press, 2011. Y
(4

Readings

- Computational Principles of Mobile Robotics, Gregory Dudek, Michael Jenkin, Cambridge
University Press, 2010.

Assessment methods and criteria (2]

Final

Midterm

Quiz
Assignment

(] Case Study

(J Term-Paper
Participation

(J Individual Project
(] Group Project

(] Written report

(] Presentation

(] Team member evaluation
Homework

(] Other
Percentage (%) Number of assessment methods

Final 30

Midterm 20 1~

Exam 3 3 -
Assignment 29 5
Participation 5

Homework 20 7~
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Learning Outcomes (2]
LO-1

After taking this course, students should be able to:

- evaluate various locomotion mechanisms including legged, wheeled and flying locomotions.

Vs
LO-2
- analyze motion kinematics of non-holonomic wheeled mobile robots
Vs
LO-3
- quantify mobility and maneuverability of wheeled robots
VZ
LO-4
- design feedback controllers for motion control of the wheeled mobile robots
Vs
(Tos)
- select appropriate sensors for perception including non-visual and visual sensors
Vs
LO-6
- implement localization algorithms using Markov and Kalman filter
VZ
LO-7
- Implement simple SLAM algorithms using Extended Kalman Filter (EKF)
Vs
LO-8
- Synthesize optimal paths using artificial potential functions
V.
LO-9
- demonstrate hands on experience with Lego Mindstorm EV3 robots
Vs
Course Policies (2
This is a physical-only course.
Attendance to a minimum of 70% of lectures is required to be admitted to the final exam.
More than 70% attandence earns participation points.
Pop quizes ("Exam" in the sysllabus means quiz).
10 weeks of lab work. Y

Course Outline (2]
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Mobile robots are becoming increasingly important in many real-world applications. This course
covers fundamentals of mobile robotics that include robot locomotion, motion control, perception,
localization and mapping, planning and navigation. The course will also provide hands-on
experience through the lab sessions where students will conduct several experiments on Lego
Mindstorms EV3 robotic platforms.

Topics to be covered:

Week 1:
Introduction

Week2:
Overview of the Course

Week 3:
Robot Locomotion
Legged Robots

Week 4:
Wheeled Robots

Week 5:
Mobile Robot Kinematics
Kinematic Models and Constraints

Week 6:
Motion Control: Trajectory generation tasks for a differential drive robot

Week 7:
Position control tasks for a differential drive robot

Week 8:
Perception, Sensors, Uncertainty Representation

Week 9:
Vision
Midterm

Week 10:
Feature Extraction

Week 11:
Localization and Mapping
Kalman Filter

Week 12:
Probabilistic Map-Based Localization
SLAM Problem

Week 13:
Planning and Navigation
Motion Planning
https://mysu.sabanciuniv.edu/up/mySyllabus_new/course/202201/ME/525/edit 4/15
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Navigation Strategies

Planned learning activities (2]

(] Interactive
() Learner centered
(] Communicative

(] Discussion based learning

(] Project based learning
(] Task based learning
(] Jigsaw learning

(J Guided discovery

(] Simulation

(] Case Study

(] Other

Mode of delivery (2]

Formal lecture

() Interactive lecture
(] Workshop

(] Swapshop

() Seminar

(] On-line task/distance

(] Field work/field study/on-the-job

(] Recitation

(] Studio work/practice
(] One-to-one tutorial
(J Group tutorial
Laboratory

(] Other

Work placement(s) (2]
O Yes
@® No

Obijective (2]

To teach fundamentals of autonomous mobile robotics that include locomotion, perception,
localization, mapping, planning and navigation of mobile robots so that students can acquire a

Instructor(s)

Name

Kemalettin Erbatur
Office

FENS-1090

Phone
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9585

Email

erbatur@sabanciuniv.edu
Web

http://people.sabanciuniv.edu/~erbatur/

Office Hours

Reach me after lecture hours or via e-mail for an appointment.

Program Outcomes

O The program outcomes related to this course listed below. Please select appropriate scale value that shows
strength of the relation between the course and the program outcome.
(1:Notatall ... 5:Alot)

Common Outcomes For All DR Programs

Develop and deepen the current and advanced knowledge in the field with original thought
and/or research and come up with innovative definitions based on Master's degree qualifications /
Alanindaki gtincel ve ileri dlizeydeki bilgileri 6zgln duslince ve / veya arastirmalarla gelistirmek ve
derinlestirmek ve Yuksek Lisans derecesinin gerekliliklerine uygun olarak yenilik¢i tanimlamalar
yapmak

1 2 31|14 5

Conceive the interdisciplinary interaction which the field is related with ; come up with original
solutions by using knowledge requiring proficiency on analysis, synthesis and assessment of new
and complex ideas. / Alanin gerektirdigi disiplinler arasi etkilesimi kavramak; yeni ve karmasik
fikirlerin analizi, sentezi ve de@erlendiriimesinde yeterlilik gerektiren bilgileri kullanarak 6zgiin
¢ozumler Gretmek

1 2 3|4 5

Evaluate and use new information within the field in a systematic approach. / Alandaki yeni
bilgileri sistematik bir yaklagimla degerlendirmek ve kullanmak

1 2 3|4 5

Develop an innovative knowledge, method, design and/or practice or adapt an already known
knowledge, method, design and/or practice to another field; research, conceive, design, adapt and
implement an original subject. / Yenilik¢i bir yaklagim, yontem, tasarim ve / veya uygulama
gelistirmek veya zaten bilinen bir yaklasim, yéntem, tasarim ve / veya uygulamayi baska bir alana
uyarlamak; 6zgln bir konuyu arastirmak, distinmek, tasarlamak, uyarlamak ve uygulamak

1 2 3|4 5

Critical analysis, synthesis and evaluation of new and complex ideas. / Yeni ve karmasik
fikirlerin elestirel analizi, sentezi ve dederlendiriimesi
https://mysu.sabanciuniv.edu/up/mySyllabus_new/course/202201/ME/525/edit 6/15
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1 2 3|4 5

@ Gain advanced level skills in the use of research methods in the field of study. / Calisma
alaninda arastirma yontemlerini kullanmada ileri diizeyde beceri kazanmak

1 2 3|4 5

Contribute the progression in the field by producing an innovative idea, skill, design and/or
practice or by adapting an already known idea, skill, design, and/or practice to a different field
independently. / Yenilikgi bir fikir, beceri, tasarim ve / veya uygulama Ureterek veya halihazirda
bilinen bir fikir, beceri, tasarim ve / veya uygulamayi farkli bir alana bagimsiz olarak uyarlayarak
alanda ilerlemeye katkida bulunmak

1 2|13 4 5

Broaden the borders of the knowledge in the field by producing or interpreting an original work
or publishing at least one scientific paper in the field in national and/or international refereed journals.
/ Ulusal ve / veya uluslararasi hakemli dergilerde 6zglin bir eser Ureterek veya yorumlayarak veya
alaninda en az bir adet bilimsel makale yayinlayarak alandaki bilginin sinirlarini genisletmek

1 2 3 4 5

E Demonstrate leadership in contexts requiring innovative and interdisciplinary problem solving. /
Yenilikcilik ve disiplinler arasi problem ¢dzme gerektiren konularda liderlik gostermek

1 2 3 4 5

Develop new ideas and methods in the field by using high level mental processes such as
creative and critical thinking, problem solving and decision making. / Yaratici ve elestirel dislinme,
problem ¢6zme ve karar verme gibi Ust diizey zihinsel sirecleri kullanarak alanda yeni fikir ve
yontemler gelistirmek

1 2|13 4 5

Investigate and improve social connections and their conducting norms and manage the
actions to change them when necessary. / Sosyal baglantilar ve kurallarini arastirmak ve gelistirmek
ve gerektiginde bunlari degdistirmek igin eylemlerini ydnetmek

1 2 3 4 5

Defend original views when exchanging ideas in the field with professionals and communicate
effectively by showing competence in the field. / Alaninda fikir alisverisinde bulunurken orijinal
g6rislerini uzmanlarla paylagsmak ve alaninda yetkinlik gdstererek etkili iletisim kurmak

1.2 3 4 5

Ability to communicate and discuss orally, in written and visually with peers by using a foreign
language at least at a level of European Language Portfolio C1 General Level. / Bir yabanci dili en
az Avrupa Dil Portféyi C1 Genel Diizeyi'nde kullanarak s6zll, yazili ve gorsel olarak akranlariyla
iletisim kurabilmek ve tartisabilmek.

1 2 3 4 5

Contribute to the transition of the community to an information society and its sustainability
process by introducing scientific, technological, social or cultural improvements. / Bilimsel, teknolojik,
sosyal veya kiiltirel gelismelere neden olarak toplulugun bir bilgi toplumuna ve sirdirdlebilirlik
surecine gegisine katkida bulunmak

1 2 3 4 5

Demonstrate functional interaction by using strategic decision making processes in solving
problems encountered in the field. / Alaninda karsilasilan sorunlarin ¢é6ziiminde stratejik karar
verme sureglerini kullanarak fonksiyonel etkilesim géstermek

https://mysu.sabanciuniv.edu/up/mySyllabus_new/course/202201/ME/525/edit 7/15
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1 2 3 4 5

Contribute to the solution finding process regarding social, scientific, cultural and ethical
problems in the field and support the development of these values. / Alandaki sosyal, bilimsel,
kalturel ve etik sorunlara iligkin ¢6zim bulma sirecine katkida bulunmak ve bu degerlerin geligimini
desteklemek

Common Outcomes For All Master Programs

Develop the ability to use critical, analytical, and reflective thinking and reasoning / Elestirel,
analitik ve derinlemesine dusinme ve akil yartitme becerilerini gelistirmek
1 2 3 4|5

Reflect on social and ethical responsibilities in his/her professional life. / Mesleki yasamindaki
sosyal ve etik sorumluluklari hakkinda fikir sahibi olmak

1 2 3 4 5

Gain experience and confidence in the dissemination of project/research outputs / Proje /
arastirma c¢iktilarinin yayginlastirimasinda deneyim ve given kazanmak

1 2 3|4 5

Work responsibly and creatively as an individual or as a member or leader of a team and in
multidisciplinary environments. / Bireysel olarak ya da bir ekibin Uyesi ya da lideri olarak ¢ok disiplinli
ortamlarda sorumlu ve yaratici bir sekilde ¢alismak

1 2 3 4 E]

Communicate effectively by oral, written, graphical and technological means and have
competency in English. / S6zIi, yazili, grafiksel ve teknolojik yollarla etkin iletisim kurmak ve ingilizce
bilmek

1 2|13 4 5

E Independently reach and acquire information, and develop appreciation of the need for
continuously learning and updating. / Bagimsiz olarak bilgiye ulagsmak ve bilgi edinmek ve stirekli
o6grenmek ve glincel kalmak

1 2 3|4 5

Common Outcomes For Faculty of Eng. & Natural Sci. Programs

Design and model engineering systems and processes and solve engineering problems with an
innovative approach. / Muhendislik sistemleri ve sireglerini tasarlayip modellemek ve mihendislik

problemlerini yenilik¢i bir yaklagimla ¢ozmek
1 2 3 4|5

Establish experimental setups, conduct experiments and/or simulations. / Deney diizenekleri
olusturmak, deneyler ve / veya simulasyonlar dizenlemek
1 2 3 4 5

Analytically acquire and interpret data. / Verileri analitik olarak elde etmek ve yorumlamak

1 2 3 4|5

Claantvanmian CihnAaimaavima faanthh flaaAaiAl NuaAavAanma NMuibaarman~an (N AvA
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Electives)

Use advanced Math (including probability and/or statistics), advanced sciences, advanced
computer and programming, and advanced Electronics engineering knowledge to design and
analyze complex electronics circuits, instruments, software and electronic systems with
hardware/software. / Donanim / yazilim ile karmasik elektronik devreleri, enstrimanlari, yazilimlari
ve elektronik sistemleri tasarlamak ve analiz etmek igin ileri seviye Matematik (olasilik ve / veya
istatistik dahil), ileri bilimsel bilgi, ileri bilgisayar ve programlama ve ileri Elektronik mihendisligi
bilgilerini kullanmak

1 2 3|4 5

Analyze and design advanced communication networks and systems, advanced signal
processing algorithms or software using advanced knowledge on diff. equations, linear algebra,
complex variables and discrete math. / Geligsmis iletisim aglarini ve sistemlerini, gelismis sinyal
isleme algoritmalarini veya yazilimlarini denklemler, dogrusal cebir, karmasik degiskenler ve ayrik
matematik ile ilgili ileri dUzey bilgi seviyesini kullanarak analiz etmek ve tasarlamak

1 2 3|4 5

Physics (non-thesis) Program Outcomes (Core Electives)

Employ mathematical methods to solve physical problems and understand relevant numerical
techniques.

Conduct basic experiments or simulations.

Analytically acquire and interpret data.

Establish thorough understanding of the fundamental principles of physics.

Mechatronics Engineering (with thesis) Program Outcomes (Core
Electives)

Apply software, modeling, instrumentation, and experimental techniques and their combinations
in the design and integration of electrical, electronic, control and mechanical systems. / Elektrik,
elektronik, kontrol ve mekanik sistemlerin tasariminda ve entegrasyonunda yazilim, modelleme,
enstrimantasyon ve deneysel teknikleri ve bunlarin kombinasyonlarini

1. 2 3 4 E

Interact with researchers from different disciplines to exchange ideas and identify areas of
research collaboration to advance the frontiers of present knowledge and technology; determine
relevant solution approaches and apply them by preparing a research strategy. / Farkli bilgi
alanlarindaki arastirmacilarla fikir aligverisinde bulunmak ve mevcut bilginin ve teknolojinin sinirlarini
asmak i¢in arastirmalarda isbirligi alanlarini belirlemek; ilgili c6zim yaklagimlarini belirlemek ve bir
arastirma stratejisi hazirlayarak bu adimlari uygulamak uygulamak

https://mysu.sabanciuniv.edu/up/mySyllabus_new/course/202201/ME/525/edit 9/15
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Take part in ambitious and highly challenging research to generate value for both the industry
and society. / Hem endustri hem de toplum igin deger yaratmak amaciyla iddiali ve oldukga zorlu
arastirmalara katilhm saglamak

1 2|13 4 5

MS-Data Science Program Outcomes (Area Elective Courses)

Understand the conceptual foundations of analytical methods and techniques for data science /
Veri biliminin bilimsel temellerinde alt alanlarinda (olasllik, istatistik, yapay 6grenme, optimizasyon)
akademik yetkinlik; Teorik ve programlama becerilerini kullanarak, farkl veri bilimi problemlerine
uygun teorik ve yazilim ¢oéztmleri sunabilmek ve farkl yaklagimlarin uygunlugunu ve basarisini
degerlendirebilme becerilerine sahip olmak

1 2 3 4 5

Understand the theory and practice of applied information systems by developing the necessary
computer software skills / Verinin etik olarak toplanmasi, kullaniimasi ve saklamasi konusunda bilgi
ve becerilere sahip olmak

1 2 3 4 5

Transform high-volume data sets into actionable information format and use statistical data
analysis tools to support decision making within the corporate structure / Teorik temellere dayall,
verinin geldigi alan ile ilgili bilgiye uygun, veri analizi stratejileri gelistirebilmek ve uygulayabilmek

1 2 3 4 5

Understand and apply quantitative modeling and data analysis techniques to extract information
from big data and use these findings to analyze business problems, present results using data
visualization tools and report findings / Temel programlama yetilerine sahip olmalari ve gesitli
platform ve kitiphaneleri kullanarak farkli veri bilimi problemlerine ¢éziimler sunabilmek

1 2 3 4 5

Understand data quality, data integrity and data veracity, recognize ethical aspects of business
related to intellectual property and data privacy / Veri bilimi problemlerinin ¢6zimd igin veri toplama
ve veri saklama bilgi ve becerilerine sahip olmak

Physics (with thesis) Program Outcomes (Area Elective Courses)

Display knowledge of contemporary issues in physics and apply them to specific problems in
the field of study. / Fizikteki glincel konularin bilgisini géstermek ve bunlari galisma alanindaki belirli
problemlere uygulamak

1 2 3 4 5

Interpret and criticize newly developed theoretical models and experimental results in a
particular field in physics / Fizikte belirli bir alanda yeni gelistirilen teorik modelleri ve deneysel
sonugclari yorumlamak ve elestirmek

1 2 3 4 5
Display a good command of scientific literature in physics for developing novel projects,

improving the quality of research and products / Yeni projeler gelistirmek, arastirma ve Urlnlerin
kalitesini artirmak icin fizikte bilimsel literature iyi derecede hakim olmak
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Apply knowledge of mathematics to analyze experimental results and to solve problems in
physics / Deneysel sonuglari analiz etmek ve fizikteki problemleri gdzmek igin matematik bilgisini
uygulamak

Mathematics (with thesis) Program Outcomes (Area Elective Courses)

Develop abstract mathematical thinking and mathematical intuition. / Soyut matematiksel
distinme ve matematiksel sezgi gelistirmek

1 2 3 4 5

Demonstrate a broad understanding of several areas of advanced mathematics and of their
interrelations. / ileri matematigin gesitli alanlari ve aralarindaki iliskiler hakkinda genis bir algi diizeyi
sergilemek

1 2 3 4 5

Have knowledge of the fundamental and advanced concepts, principles and techniques from a
range of topics. / Bir dizi konuda temel ve ileri kavram, ilke ve teknikler hakkinda bilgi sahibi olmak

1 2 3 4 5

The ability to tackle complex problems, reveal structures and clarify problems, discover suitable
analytical and/or numerical methods and interpret solutions. / Karmasik problemleri gdzme, yapilari
ortaya gikarma ve problemlere agiklik getirme, uygun analitik ve / veya sayisal yontemleri kesfetme
ve ¢ozumleri yorumlama becerisi

1 2 3 4 5

Analyze problems of the area of specialization, plan strategies for their solution, and apply
notions and methods of abstract and/or applied mathematics to solve them. / Uzmanlik alani ile ilgili
problemleri analiz etmek, ¢ézimleri icin stratejiler planlamak ve bunlari ¢gézmek igin soyut ve / veya
uygulamali matematik kavramlarini ve yéntemlerini uygulamak

Computer Science and Engineering (with thesis) Program Outcomes
(Area Electives)

Apply knowledge of mathematics, science, and engineering in computer science and
engineering related problems. / Matematik, fen ve muhendislik bilgilerini bilgisayar bilimleri ve
muhendislikle ilgili problemlerde kullanmak

1 2 3 4 5

Display knowledge of contemporary issues in computer science and engineering and apply to a
particular problem. / Bilgisayar bilimi ve mihendisligine ait glincel konular hakkinda bilgi sahibi olmak
ve bu bilgileri belirli bir problemin ¢éziiminde kullanmak

1 2 3 4 5
Demonstrate the use of results from interpreted data to improve the quality of research or a
product in computer science and engineering. / Bilgisayar bilimi ve mihendisliginde arastirmanin

veya bir Griinun kalitesini artirmak igin yorumlanmis verilerden elde edilen sonuglarin kullanim
alanlarini gésterme
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Molecular Biology, Genetics and Bioengineering (with thesis) Program

Outcomes (Area Electives)

Display knowledge of contemporary issues in molecular biology, genetics and bioengineering

and apply them to a particular problem. / Molekdiler biyoloji, genetik ve biyomihendislik alanlarindaki

glincel konularin bilgisini géstermek ve bunlari belirli bir probleme uygulamak.
1 2 3 4 5

To develop knowledge and theory by using data and scientific methods in molecular biology,
genetics and bioengineering. / Molekiler biyoloji, genetik ve biyomiihendislik alanlarinda veri ve
bilimsel yontemleri kullanarak bilgi ve teori gelistirmek.

1 2 3 4 5

Display a good command of scientific literature in biology, genetics and bioengineering for
developing novel projects, improving the quality of research and products / Yeni projeler gelistirmek,
arastirma ve urtnlerin kalitesini artirmak igin biyoloji, genetik ve biyomihendislik alanlarinda bilimsel
literatUre iyi derecede hakim olmak

MS-Manufacturing Engineering Program Outcomes (Area Electives)

To have knowledge and experience in the research, design, analysis and development of
advanced manufacturing and production systems and the machinery and equipment of these
systems / Ileri imalat teknoloji ve Uretim sistemlerinin ve bu sistemlere ait makine ve teghizatlarinin
arastirilmasi, tasarlanmasi, analizi ve gelistiriimesi konularinda bilgi birikimi ve tecribeye sahip
olmak

1 2 3 4 5

Identify product performance and manufacturing processes relationship and optimize process
parameters / Bir Grlintin performans ve Uretim siregleri arasindaki iligkileri belirleyip en iyi proses
parametrelerini belirlemek

1 2 3 4 5

Interpret the resultant data to improve the quality and performance of a product / Bir Grlintin
kalitesini ve performansini artirmak igin yorumlanmis verilerden elde edilen sonuglari kullanmak

1 2 3 4 5

Research and apply manufacturing engineering knowledge on industrial applications / Uretim
muhendisligi ve arastirmalarin endustriyel uygulamasi konusunda pratik bilgiye sahip olmak

1 2 3 4 5

Industrial Engineering (with thesis) Program Outcomes (Area
Electives)

Establish a strong theoretical background in several of a broad range of subjects related to the
discipline, such as manufacturing processes, service systems design and operation, production
planning and control, modeling and optimization, stochastics, statistics. / Uretim siirecleri, hizmet
sistemleri tasarimi ve isletimi, Uretim planlamasi ve kontroli, modelleme ve optimizasyon, stokastik
ve istatistik gibi disiplinlerle ilgili cok ¢esitli konularda guglu bir teorik altyapi olusturmak

1 2 3 4 5
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Develop novel modeling and / or analytical solution strategies for problems in integrated
production and service systems involving human capital, materials, information, equipment, and
energy, also using an interdisciplinary approach whenever appropriate. / Beseri sermaye, malzeme,
bilgi, ekipman ve eneriji gibi alanlari iceren entegre Uretim ve hizmet sistemlerindeki problemler icin
yeni modelleme ve / veya analitik ¢oziim stratejileri gelistirmek ve gerektiginde disiplinler arasi bir
yaklasim kullanmak

1 2 3 4 5

Implement solution strategies on a computer platform for decision-support purposes by
employing effective computational and experimental tools. / Etkili bilgi islem araglarini ve deneysel
araglari kullanarak karar alma sireglerine destek olmak igin bilgisayar platformunda ¢6zim odakli
stratejiler uygulamak

1 2 3 4 5

Acquire skills to independently explore and tackle problems related to the discipline that were
not encountered previously. Develop appropriate modeling, solution, implementation strategies, and
assess the quality of the outcome. / Bir disipline ait daha dnce karsilagsiimamis sorunlari bagimsiz
olarak kesfetme ve ¢ézme becerisi kazanmak

MS-Cyber Security(with thesis) Program Outcomes (Area Electives)

To have acquired basic theoretical knowledge and technical infrastructure in the field of cyber
security, / Siber guivenlik alanindaki temel kuramsal bilgiyi ve teknik altyapiy1 edinmis olmalari,

1 2 3 4 5

To have developed a deep experience and understanding on the basic methods and human-
induced and techinal weaknesses followed by the existing and future cyber attacks, threats and

counterfeiting, / Varolan ve gelecekte ortaya gikabilecek siber saldiri, tehdit ve sahteciliklerin izledigi
temel yaklasimlar, istifade ettikleri insani ve teknik zaaflar ve kullandiklari yéntemler konusunda derin

bir tecriibe ve kavrayis gelistirmis olmalari
1 2 3 4 5

To be able to analyze an IT infrastructure comprehensively and to determine risk by monitoring

the existing weaknesses and to determine a cyber security strategy, / Bir bilisim altyapisini kapsamli

bir sekilde inceleyip varolan zaaflar tespit ederek risk analizi yapabilmek ve bir siber glivenlik
stratejisi belirleyebilmeleri

1 2 3 4 5
To take the necessary measures to prevent possible costs and destruction during the

occurrence of cyber attacks, / Siber saldirilarin olugsma asamasinda olasi maliyet ve tahribatlari
onlemek icin gerekli tedbirleri alabilmeleri

1 2 3 4 5

To be able to use current cyber security software tools and related software for professional
purposes / Glncel olarak kullanilan siber glivenlik yazilim araglarini ve ilgili yazilim kattiphanelerini
profesyonel amagcl olarak kullanabilmeleri

Energy Technologies and Management (with thesis) Program
Outcomes (Area Electives)
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Design and model energy systems and processes that will increase efficiency, decrease costs
and reduce environmental impact. / Verimliligi artiracak, maliyetleri disiUrecek ve ¢evresel etkileri
azaltacak enerji sistemlerini ve sireglerini tasarlayip modellemek.

1 2 3 4 5

Develop a basic understanding of the multidisciplinary aspect of energy area and understand
the interactions between technical, economic, social and policy aspects. / Enerji sektoriiniin gok
disiplinli yonuyle ilgili temel bir anlayis gelistirmek ve teknik, ekonomik, sosyal ve politik agilar
arasindaki etkilesimleri anlamak.

1.2 3 4 5

Develop the scientific and technical fundamentals to understand and communicate the working
principles of energy systems such as wind turbines, energy storage and conversion devices,
electrical power systems, etc. / Rizgar tirbinleri, enerji depolama ve donlstlirme cihazlari, elektrik
gug sistemleri gibi enerji sistemlerinin galisma prensiplerini anlamak ve iletmek icin bilimsel ve teknik
temelleri gelistirmek.

1.2 3 4 5

Apply scientific and engineering principles to energy systems for creating innovative solutions to
world's energy related problems such as scarce resources, sustainability, energy efficiency and
climate change. / Kit kaynaklar, surdurdlebilirlik, enerji verimliligi ve iklim degisikligi gibi dinyanin
enerji ile ilgili sorunlarina yenilikgi gézimler tretmek igin bilim ve mihendislikle ilgili kurallari ener;ji
sistemlerinde uygulamak.

1 2 3 4 5

Interact with researchers from different disciplines to exchange ideas and identify areas of
research collaboration to advance the frontiers of present knowledge and technology; determine
relevant solution approaches and apply them by preparing a research strategy. / Farkli bilgi
alanlarindaki arastirmacilarla fikir aligverisinde bulunmak ve mevcut bilginin ve teknolojinin sinirlarini
asmak i¢in arastirmalarda isbirligi alanlarini belirlemek; ilgili ¢dzimleri bulmak ve bir arastirma
stratejisi hazirlayarak bu adimlari uygulamak.

1 2 3 4 5

E Take part in ambitious and highly challenging research to generate value for both the industry
and society. / Hem endistri hem de toplum igin deger yaratmak amaciyla iddiali ve oldukga zorlu
arastirmalara katim saglamak

Materials Science and Engineering (with thesis) Program Outcomes
(Area Electives)

Apply a broad knowledge of structure & microstructure of all classes of materials, and the ability
to use this knowledge to determine the material properties. / Tim malzeme siniflarinin yapisi ve
mikro yapisi hakkinda genis bir bilgi birikimine ve bu bilgiyi malzeme 6zelliklerini belirlemek igin
kullanma becerisine sahip olmak

1 2 3 4 5

Apply a broad understanding of the relationships between material properties, performance and
processing. / Malzeme, performans ve isleme 6zellikleri arasindaki iligkileri genis bir agidan
algilamak
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Apply a broad understanding of thermodynamics, kinetics, transport phenomena, phase
transformations and materials aspects of advanced technology. / ileri teknolojinin termodinamigini,
kinetigini, tasinim olgularini, faz dénidsimlerini ve malzeme bilgilerini kapsamli olarak kavramak

1 2 3 4 5

Demonstrate hands-on experience using a wide range of materials characterization techniques.
/ Cok gesitli malzeme karakterizasyon tekniklerini kullanarak pratik deneyim sahibi olmak

1 2 3 4 5

Demonstrate the use of results from interpreted data to improve the quality of research, a
product, or a product in materials science and engineering. / Malzeme bilimi ve mihendisliginde
arastirmanin veya bir Grindn kalitesini artirmak igin yorumlanmis verilerden elde edilen sonuglarini
kullanmak
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