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Dersin Ad1 Course Name
ROBOTIK’E GIRIS INTRODUCTION TO ROBOTICS
Ders Uygulamasi, Saat/Hafta
(Course Implementation, Hours/\Week)
Kodu Yariyil Kredisi AKTS Kredisi | Ders UTYQt“'a.mla 'Eag"ra;”ar
(Code) (Semester) | (Local Credits) | (ECTS Credits) (Theoretical) (Tutorial) (Laboratory)
UzZB437/E
7 3 6 3 0 0

Boliim / Program Uzay Miihendisligi; Ugak Miihendisligi
(Department/Program)
Dersin Tiirii Segmeli Dersin Dili Tiirkce
(Course Type) (Elective) (Course Language)  ((Turkish)
Dersin Onkosullar (MAT261/E MIN DD) and (DNK201 MIN DD or DNK201E MIN
(Course Prerequisites) | DD)
Dersin mesleki Temel Bilim Temel Miihendislik Miihendislik Tasarim | Insan ve Toplum Bilim
bilesene katkisi, % (Basic Sciences) (Engineering Science) (Engineering Design) (General Education)
(Course Category 25 45 25 5
by Content, %)

Dersin icerigi
Course Description)

Insan / robot oOzellikleri. Robotlarin smiflandirilmasi. Endiistriyel robotik ile ilgili
kle(t?/rarlnlar. Robot kinematigi, koordinat sistemleri ve doniisiimler, robotlarda baglar ve
eklemier,

geometriye bagli modelleme. Denavit-Hartenberg gosterimi. Robot dinamigi, Lagrange
dinamik analiz yonteminin robotlarda uygulanisi

Human/Robot considerations. Classification of robots. Concepts of industrial robotics.
Kinematics, representation of coordinate systems, transformations, links and joints,
geometry related modeling of robots. Denavit-Hartenberg representation. Robot dynamics,
the application of Lagrange dynamical analysis to various robots.

Dersin Amaci

(Course Objectives)

e Endiistriyel robotlarin kinematik yapilarinin anlasilmasi.

e Endiistriyel robotlarin matematik modellemelerinin olusturulmasi.
e Robot dinamiginin robot kontrolundaki etkisinin vurgulanmasi.

e To understand the cinematics of industrial robots.
e To elaborate the mathematical models of industrial robots.
To emphasize the effect of robot dinamics onto robot control.

Dersin Ogrenme
Ciktilan

(Course Learning
Outcomes)

Endiistriyel robot tiplerini tanimak, kullanim alanlarin1 6ngérebilmek.

Giincel endiistriyel robot firmalarinin iiriin yelpazelerini tanimak.

Bilek yapilarinin kinematigini dogru yorumlayabilmek.

Robotik bir yapinin evrensel kinematik modelini olusturabilmek i¢in eksen takimlariin
atanacagi uygun yer ve yonelmeleri saptamak.

5. Bilinen eklem durumlarinin yol agti1 u¢ organ konum ve ydnelmesini bulmak. Egimi
bilinen bir yiizeye dik olarak yaklasabilmek igin yonelme belirlemek.

Robotun ucunu istenen bir konuma istenen bir yonelme ile ulastirabilmek i¢in, eklem
durumlarint 6ngérmek.

Eklemlerin kismi hareketlerinin ug organin durumu tizerindeki etkisini belirlemek.
Basit robotik yapilarin eklemlerini siiren kuvvet yada tork degerlerini belirleyebilmek.
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To introduce industrial robot types and to predict their usage fields.

To introduce the updated robot spectrum of different robot companies.

To interprete the wrist structures.

To specify the location of the coordinate system in order to define a universal kinematic

model of robots.

To calculate the end effectors position and orientation for given joint variables.

6. To calculate the necessary joint variables for a given end effector position and
orientation.

7. To specify the effect on the end effector of the partial motion of the joints.

8. To calculate the necessary force and torque values of the robot joints.
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Ders Kitab
(Textbook)

Saha, S. K., Introduction to Robotics. 2010, McGraw Hill.

Diger Kaynaklar
(Other References)

Spong, M. W., Hutchinson, S., Vidyasagar M., Robot Modeling and Control. 2006,
Wiley.

Nagy, F. N., Siegler. A., Engineering Foundation of Robotics. 1987, Prentice-Hall
Int.

Critchlow, A.J., Introduction to Robotics. 1985, (Macmillan).

Paul, R.P., Robot Manipulators: Mathematics, Programming and Control, 1981, The
MIT Press.

Asada, H., Slotine, J.-J.E., Robot Analysis and Control. 1995, John Wiley And Sons.
Wolovitch. W. A. Robatics: Basic Analysis and Design.1987, CBS College

Publishing.

Odevler ve Projeler

(Homework & Projects

Endiistriyel bir robot firmasinin {iriin yelpazesini tanima ve iki farkli robotunun
niteliklerini karsilagtirmali tanitma donem projesi

Koordinat doniigiimii 6devi
Denavit-Hartenberg modelleme 6devi

Jakobyen matrisi hesab1 6devi

Laboratuar Uygulamalar

(Laboratory Work)

Bilgisayar Kullanimi

(Computer Use)

Denavit Hartenberg doniisiim matrislerinin hesaplanmasinda.

Calculation of Denavit Hartenberg transition matrices.

Diger Uygulamalar

(Other Activities)

Basar1 Degerlendirme
Sistemi

(Assessment Criteria)

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

Y1l i¢i Sinavlan 1 %25
(Midterm Exams)

Kisa Siavlar 1 %5
(Quizzes)

Odevler 3 %10
(Homework)

Projeler
(Projects)

Dénem Odevi/Projesi 1 %10
(Term Paper/Project)

Laboratuar Uygulamasi
(Laboratory Work)

Diger Uygulamalar
(Other Activities)

Final Simmavi 1 %50
(Final Exam)




DERS PLANI

Dersin
Hafta Konular Ciktilar
1 Insan / robot 6zellikleri. Robotlarin siniflandiriimasi. Endiistriyel robotik ile ilgili kavramlar. 1
Koordinat sistemleri ve homojen doniisiim matrisi. (Ogrencilerarasi proje/6dev i¢in gruplar
belirlenmis olmali; Dénem Projesi verilecek).
2 Rastgele bir eksen etrafinda ddnmenin ifadesi. Euler agilar ile yonelme gdsterimi. Bilek yapilar1. | 3,4
Homojen doniisiim matrislerinden Euler acilarinin tiiretilmesi. (Koordinat doniisiimii 6devi).
3 Yiizeye yaklasma problemi. 3,4,5
4 Robotlarda baglar ve eklemler. Denavit-Hartenberg (D-H) gosterimi. Diiz kinematik analiz 1. 6
5 Diiz kinematik analiz_2. (D-H 6devi ) 4,5,6
6 Diiz kinematik analiz_3. 45,6
7 Ogrenci kinematik model sunum_1. Diiz kinematik analiz_4. 1,2
8 Ters kinematik analiz_1 6
9 Ogrenci Proje sunum_(tek sayili gruplar). Ters kinematik analiz 2. 1,2
10 Ogrenci Proje sunum__ (¢ift sayili gruplar). Ters kinematik analiz_3. 1,2
11 Dinamik analiz’e (DA) giris. 7
12 Jakobyen matrisi. (Jakobyen matrisi hesab1 6devi ). 7
13 Robot dinamigi. Robotlarda Lagrange dinamiginin uygulanmasi_1. 7,8
14 Robotlarda Lagrange dinamiginin uygulanmasi_2. 8
COURSE PLAN
Course
Weeks Topics Outcomes
1 Human / robot considerations. Classification of robots, concepts of industrial robotics. 1
Coordinate systems, transformations and homogeneous transformation matrix.
2 The representation of a rotation about a random axis. Representation of rotations by euler 3,4
angles. Wrist structures. Derivation of euler angles from homogeneous transformation
matrices. (The robot company will be selected for the seminar/project work.) Homework_1.
3 The problem of approaching a surface. The concept of forward-inverse kinematics. 3,4,5
Calculation of orientation angles for a wrist structure.
4 Joints and links. Denavit-Hartenberg representation (D-H). Direct Kinematic analysis_1. 6




5 Direct kinematic analysis_2. D-H homework_2; 45,6
6 Direct kinematic analysis_3. 45,6
7 All students will present the forward kinematics model of one selected robot of their 1,2
overviewed companies.
Direct kinematic analysis_4.
8 Inverse Kinematic analysis_1. 6
9 Students seminar_1 (all odd numbered teams will make a presentation) 1,2
Inverse Kinematic analysis_2.
10 Students seminar_2 (all even numbered teams will make a presentation) 1,2
Inverse Kinematic analysis_3.
11 Introduction to dynamical analysis (DA) 7
12 Jacobian matrices. 7
13 Robot dynamics; Application of Lagrangian dynamics 1. 7,8
14 Application of Lagrangian dynamics 2. 8
Dersin Ugak ve Uzay Miihendisligi Programiyla Iliskisi
Katki
Programin mezuna kazandiracag bilgi ve beceriler (programa ait ciktilar) Seviyesi
1 (2 3
a | Matematik, bilim ve miithendislik bilgilerini uygulayabilme yetenegi X
b | Deney tasarlama ve yapma yetenegi ile veri coziimleme ve degerlendirme yetenegi
C [ Belirlenmis istekler icin bir sistem, bilesen ya da siire¢ tasarlayabilme yetenegi X
d | Cok disiplinli takim calismalarina katilabilme yetenegi X
€ | Miihendislik problemlerini, tanimlama, formiile etme ve ¢c6zme yetenegi X
f Profesyonel ve etik sorumluluklarin bilincine varma X
g Etkin iletisim kurabilme yetenegi X
h Kiiresel ve sosyal anlamda miihendislik ¢6ziimlerinin etkisini anlamak i¢in gerekli kapsamli X
egitim
i Yasam boyu 6grenime ihtiyaci kavrayabilme ve kullanabilme X
j Cagdas degerler bilgisi X
k | Miihendislik uygulamalari icin gerekli teknikler, yetenekler ve modern miihendislik araglarimi X
kullanabilme yetenegi

1: Az, 2. Kismi, 3. Tam




Relationship between the Course and Astronautical Engineering Curriculum

Level of
Program Outcomes Contribution
1 2 3
a | An ability to apply knowledge of mathematics, science, and engineering X
b | An ability to design and conduct experiments, as well as to analyze and interpret data
C | An ability to design a system, component, or process to meet desired needs X
d [ An ability to function on multi-disciplinary teams X
e | Anability to identify, formulate, and solve engineering problems X
f | Anunderstanding of professional and ethical responsibility X
g | An ability to communicate effectively X
h | The broad education necessary to understand the impact of engineering solutions in a global X
and societal context.
i A recognition of the need for, and an ability to engage in life-long learning X
J | A knowledge of contemporary issues X
k |An ability to use the techniques, skills, and modern engineering tools necessary for engineering X
practice
1: Little, 2. Partial, 3. Full
Diizenleyen (Prepared by) Tarih (Date) Imza (Signature)
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