
Robot Teknolojisine Giriş
BLM4830

Öğr. Grv. Furkan ÇAKMAK

Ders İşleyiş Bilgilendirmesi

• Teorik Ders Saatleri: Salı 09:00 – 11:50
• Dersler şimdilik online ortamda olacak.
• Duyurular için: https://avesis.yildiz.edu.tr/fcakmak/dokumanlar

• OBS Toplu Mesaj Sistemi

• Google Classroom Sınıf Kodu: 5lidsgw
• Dersle ilgili sorularınızı Classroom üzerinden duvar paylaşımı yaparak sorabilirsiniz.

• Zoom Personal Room:
• https://us04web.zoom.us/j/3752287039?pwd=TTFKNittZWJTUEhHREovckl0VTVYUT09
• Meeting ID: 375 228 7039
• Passcode: 5AXMNd

• Dersle ilgili soru ve danışmalarınız için EN AZ 1 (BİR) GÜN ÖNCEDEN linkten randevu alınız.
• https://fcakmak.simplybook.it/v2/
• Mail ile randevu verilmeyecektir.
• Alınan randevu saatinde lütfen yukarıda verilen Zoom odasında bulununuz.
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Ders Tanıtım Formu ve Konular

Hafta Tarih Konular
1 28.02.2023 Ders Tanıtımı, ROS ve Platform Tanıtımı, Robot Çeşitleri ve Robotik Konuları Başlangıcı

2 7.03.2023 ROS Platformu Tanıtımı - 1

3 14.03.2023 ROS Platformu Tanıtımı - 2

4 21.03.2023 Kinematik - Genel Tanımlar - Diferansiyel Sürüşlü Robot İçin Hesaplama Örnekleri

5 28.03.2023 Sensörler – Çeşitleri ve Çalışma Sistematikleri ve Uygulamaları

6 4.04.2023 Odometri ve Lokalizasyon Kavramları

7 11.04.2023 Haritalama Yöntemleri ve Uygulamaları (1. Ödev Teslimi)

8 18.04.2023 1. Ödev Gösterimi

9 25.04.2023 Ara Sınav (2. Ödev Teslimi)

10 2.05.2023 2. Ödev Gösterimi

11 9.05.2023 Navigasyon ve Keşif Yaklaşımları ve Uygulamaları (3. Ödev Teslimi)

12 16.05.2023 3. Ödev Gösterimi

13 23.05.2023 Robot Üzerinden Görüntü İşleme Teknikleri

14 30.05.2023 3B Haritalama Yöntemleri
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Ders Tanıtım Formu – Ders Kitabı

Kitaplar

1 Introduction to Autonomous Mobile Robots. Roland Siegwart and Illah R. Nourbakhsh. A Bradford Book. 
The MIT Press.

2 A Gentle Introduction to ROS, JasonM. O’Kane
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Ders Tanıtım Formu – Değerlendirme

Başarı
Değerlendirme
Sistemi

Yöntem Adedi Etki Oranı (%)

Ara Sınavlar 1 15

Kısa Sınavlar - -

Ödevler 3 45

Projeler 1 25

Dönem Ödevi - -

Laboratuvar - -

Diğer - -

Final Sınavı 1 15
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Ders Boyunca Neler Öğreneceğiz?
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Geliştirme Ortalamı

• Ubuntu 20.04 Focal

• ROS Noetic Ninjemys

• C++

• Python
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ROS Ortam Robotları

• https://robots.ros.org/
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P3ATHusky

Sabırla Dinlediğiniz İçin Teşekkürler
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Sensör Çeşitleri
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• ToF
• Sonar
• Lazer
• Radar

• Kamera
• RGB
• Infrared
• RGB-D
• Stereo Camera
• Thermal

• IMU (Inertial Measurement Unit)
• Accelerometer
• Magnetometer
• Gyroscope

• Ortam algı sensörleri
• Işık, nem, su seviyesi, CO, CO2, sıcaklık, dokunma vb.

ToF - Sonar, Lazer, Radar
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LIDAR Sensor
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Kamera
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IMU
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Diğer Sensörler
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See-Think-Act Cycle
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• Combination of various physical (hardware) and computational 
(software) components 

• A collection of subsystems: 
• Locomotion: How the robot moves through its environment.
• Sensing: How the robot measures properties of itself and its environment. 
• Control: How the robot generate physical actions.
• Reasoning: How the robot maps measurements into actions.
• Communication: How the robots communicate with each other or with an 

outside operator.
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Wheeled Mobile Robots

2

Contents
• Introduction
• Classification of wheels

– Fixed wheel
– Centered orientable wheel
– Off-centered orientable wheel
– Swedish wheel

• Mobile Robot Locomotion
– Differential Drive
– Tricycle
– Synchronous Drive
– Omni-directional
– Ackerman Steering

• Kinematics models of WMR
• Summary
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Locomotion

 Locomotion is the process of causing an autonomous robot to move

 In order to produce motion, forces must be applied to the vehicle

4

Wheeled Mobile Robots (WMR)
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Wheeled Mobile Robots
• Combination of various physical (hardware) 

and computational (software) components

• A collection of subsystems:
– Locomotion: how the robot moves through its 

environment
– Sensing: how the robot measures properties of itself 

and its environment
– Control: how the robot generate physical actions
– Reasoning: how the robot maps measurements into 

actions
– Communication: how the robots communicate with 

each other or with an outside operator

6

Wheeled Mobile Robots

• Locomotion — the process of causing an robot to 
move.
– In order to produce motion, forces must be applied to the robot
– Motor output,  payload

• Kinematics – study of the mathematics of motion 
without considering the forces that affect the motion.
– Deals with the geometric relationships that govern the system
– Deals with the relationship between control parameters and the 

behavior of a system.

• Dynamics – study of motion in which these forces are 
modeled
– Deals with the relationship between force and motions.
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Notation

Pose/Posture: position(x, y) 
and orientation 

8

Wheels

Lateral slip

Rolling motion
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Steered Wheel
• Steered wheel

– The orientation of the rotation axis can be controlled

10

1. The robot is built from rigid 
mechanisms.

2.  No slip occurs in the orthogonal 
direction of rolling (non-slipping).

3.  No translational slip occurs between 
the wheel and the floor (pure rolling).

4.  The robot contains at most one 
steering link per wheel.

5.  All steering axes are perpendicular to 
the floor.

Non-slipping and pure rolling

• Assumptions

Idealized Rolling Wheel
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Robot wheel parameters

• For low velocities, rolling is a reasonable 
wheel model.
– This is the model that will be considered in the 

kinematics models of WMR

• Wheel parameters:
– r = wheel radius
– v = wheel linear velocity
– w = wheel angular velocity
– t = steering velocity

12

Wheel Types
Fixed wheel Centered orientable wheel

Off-centered orientable wheel
(Castor wheel) Swedish wheel:omnidirectional 

property
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Fixed wheel

– Velocity of point  P

– Restriction to the robot mobility
Point P cannot move to the direction perpendicular to plane of the wheel.

x

y

where, ax : A unit vector to X axis

14

Centered orientable wheels

– Velocity of point P

– Restriction to the robot mobility

ax :  A unit vector of  x axis
ay :  A unit vector of  y axis

x

y

where,
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– Velocity of point  P

– Restriction to the robot mobility

x

y

ax :  A unit vector of  x axis
ay :  A unit vector of  y axis

where,

Off-Centered Orientable Wheels

16

Swedish wheel

– Velocity of point  P

– Omnidirectional property

x

y

ax :  A unit vector of  x axis

as :  A unit vector to the motion of roller
where,
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• Smooth motion 

• Risk of slipping

• Some times use roller-ball to 
make balance Bi-wheel type robot 

Omnidirectional robot

Caterpillar type robot 

• Exact straight motion

• Robust to slipping

• Inexact modeling of turning

• Free motion

• Complex structure

• Weakness of the frame

Example

Examples of WMR

18

Mobile Robot Locomotion

• Instantaneous center of rotation (ICR) or 
Instantaneous center of curvature (ICC)
– A cross point of all axes of the wheels

We talk about the instantaneous center, because we'll analyze this at each 
instant- the curve may, and probably will, change in the next moment.
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Degree of Mobility

• Degree of mobility
The degree of freedom of the robot motion

• Degree of mobility : 0 

• Degree of mobility : 2 • Degree of mobility : 3 

• Degree of mobility : 1 

Cannot move 
anywhere (No ICR)

Fixed arc motion 
(Only one ICR)

Variable arc motion 
(line of  ICRs)

Fully free motion

( ICR can be located   
at any position)

20

Degree of Steerability
• Degree of steerability

The number of centered orientable wheels that can be 
steered  independently in order to steer the robot

• Degree of steerability :  0 

• Degree of steerability : 2• Degree of steerability : 1 

No centered orientable wheels

One centered orientable 
wheel

Two mutually 
dependent centered 
orientable wheels 

Two mutually 
independent 
centered orientable 
wheels 
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Degree of Maneuverability

Degree of Mobility           3       2       2       1       1

Degree of Steerability        0       0       1       1       2 

• The overall degrees of freedom that a robot can manipulate:

• Examples of robot types (degree of mobility, degree of  steerability)

smM  

22

Degree of Maneuverability

smM  
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Non-holonomic constraint

So what does that mean?
Your robot can move in some directions (forward

and backward), but not others (sideward).

The robot can instantly
move forward and backward, 
but can not move sideward Parallel parking,

Series of maneuvers

A non-holonomic constraint is a constraint on 
the feasible velocities of a body

24

Mobile Robot Locomotion
• Differential Drive

– two driving wheels (plus roller-ball for balance)

– simplest drive mechanism

– sensitive to the relative velocity of the two wheels (small error 
result in different trajectories, not just speed)

• Steered wheels (tricycle, bicycles, wagon)
– Steering wheel + rear wheels

– cannot turn 90º

– limited radius of curvature

• Synchronous Drive

• Omni-directional

• Car Drive (Ackerman Steering)
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• Posture of  the robot

v : Linear velocity of the robot

w : Angular velocity of the robot

(notice: not for each wheel)

(x,y)  : Position of the robot

: Orientation of the robot

• Control input 

Differential Drive



Differential Drive

26



Robot Reference Frame

27

April 2010
28

2D Translation

P

P

T

x

y         ,   

,   ,   

                 

x y

x

y

x x t y y t

tx x

ty y

    

                 

  

P P T

P P T
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2D Rotation

x

y

rx

ry


 

Rotation in angle  about a

pivot (rotation) point , .r rx y



x

y



 ,r rx y

 ,x y 

 ,x y

   

   

 

cos sin

sin cos

cos sin

sin cos

r r r

r r r

r r

x x x x y y

y y x x y y

 

 

 
 

     

     

    

 
  
 

P P R P P

R

April 2010
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2D Scaling

xS

yS

,   

0

0

x y

x

y

x x s y y s

sx x

sy y

    

     
         

  P S P

x

y

 ,f fx y

 

 
 

1

1

x f x

y f y

f

x x s x s

y y s y s

    

    

    P P S P 1- S

 Scaling about a fixed point ,f fx y
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Homogeneous Coordinates

1 2

1 2

Rotate and then displace a point :  

: 2 2 rotation matrix. : 2 1 displacement vector.

 

 

P P = M P + M

M M

Displacement is unfortunately a non linear operation.

   

Make displacement linear with .

,   , ,1 . Transformations turn into 3 3 matrices.x y x y 

Homoheneous Coordinates

Very big advantage. All transformations are concatenated by

matrix multiplication. 

April 2010
32

 
1 0

0 1 ,    ,

1 0 0 1 1

x

y x y

x t x

y t y t t

     
              
          

P T P2D Translation

 
cos sin 0

sin cos 0 ,    

1 0 0 1 1

x x

y y

 
  

      
              
          

P R P2D Rotation

 
0 0

0 0 ,    ,

1 0 0 1 1

x

y x y

x S x

y S y S S

     
              
          

P S P2D Scaling



Orthogonal Rotation Matrix

33

How to convert Degrees to 
Radians

• One degree is equal 0.01745329252 radians:

1° = π/180° = 0.005555556π = 0.01745329252 
rad

• The angle α in radians is equal to the angle α in 
degrees times pi constant divided by 180 
degrees:

α(radians) = α(degrees) × π / 180°

• or radians = degrees × π / 180°

34
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13 23.05.2023 3B Haritalama Yöntemleri

14 30.05.2023 (3. Ödev Teslimi) 3. Ödev Gösterimi

Öğr. Grv. Furkan ÇAKMAK

BLM4830
Robot 

Teknolojisine 
Giriş

Hafta 7











































Sabırla Dinlediğiniz İçin Teşekkürler

Öğr. Grv. Furkan Çakmak

BLM4830
Robot 

Teknolojisine 
Giriş

Hafta 7



Robot Teknolojisine Giriş
BLM4830

Öğr. Grv. Furkan ÇAKMAK

Ders Tanıtım Formu ve Konular

Hafta Tarih Konular
1 28.02.2023 Ders Tanıtımı, ROS ve Platform Tanıtımı, Robot Çeşitleri ve Robotik Konuları Başlangıcı

2 7.03.2023 ROS Platformu Tanıtımı - 1

3 14.03.2023 ROS Platformu Tanıtımı - 2

4 21.03.2023 ROS Platformu Tanıtımı - 3

5 28.03.2023 Sensörler – Çeşitleri ve Çalışma Sistematikleri ve Uygulamaları

6 4.04.2023 Kinematik - Genel Tanımlar - Diferansiyel Sürüşlü Robot İçin Hesaplama Örnekleri

7 11.04.2023 Odometri ve Lokalizasyon Kavramları

8 18.04.2023 Haritalama Yöntemleri ve Uygulamaları

9 25.04.2023 Ara Sınav

10 2.05.2023 (1. Ödev Teslimi) 1. Ödev Gösterimi

11 9.05.2023 Navigasyon ve Keşif Uygulamaları ve Robot Üzerinden Görüntü İşleme Teknikleri

12 16.05.2023 (2. Ödev Teslimi) 2. Ödev Gösterimi

13 23.05.2023 3B Haritalama Yöntemleri

14 30.05.2023 (3. Ödev Teslimi) 3. Ödev Gösterimi

Öğr. Grv. Furkan ÇAKMAK

BLM4830
Robot 

Teknolojisine 
Giriş

Hafta 8



SLAM

• Simultaneous localization and mapping
• If odometry is perfect

• Since odometry is not perfect

SLAM
mapodometry

sensor

SLAM

map

odometry

sensor

localization

Online – Full SLAM

• Online SLAM
𝑝 𝑥௧, 𝑚|𝑧ଵ:௧, 𝑢ଵ:௧

• Full SLAM
𝑝 𝑥ଵ:௧, 𝑚|𝑧ଵ:௧, 𝑢ଵ:௧

𝑝 𝑥௧, 𝑚|𝑧ଵ:௧, 𝑢ଵ:௧ = න … න 𝑝 𝑥ଵ:௧, 𝑚|𝑧ଵ:௧, 𝑢ଵ:௧ 𝑑௫భ
… 𝑑௫೟షభ



Mapping with Perfect Odometry

• input: odometry (position, orinetation), sensor data (polar laser
range), previous map (grid map)

• output: updated map (grid map)



Quaternion – Orientation format

[𝑤, 𝑥, 𝑦, 𝑧]  =  cos
𝜃

2
, sin

𝜃

2
ȉ 𝑛𝑥, sin

𝜃

2
ȉ 𝑛𝑦, sin

𝜃

2
ȉ 𝑛𝑧

(a is an arbitrary vector of rotation, nx, ny, nz components of normal 
vector a)
• For mobile robot travelling on XY-plane

[𝑤, 𝑥, 𝑦, 𝑧]  =  cos
𝜃

2
, 0,0, sin

𝜃

2





































Sabırla Dinlediğiniz İçin Teşekkürler

Öğr. Grv. Furkan Çakmak

BLM4830
Robot 

Teknolojisine 
Giriş

Hafta 8


