
Robotics 
Introduction and tools 
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History 
• Karel Chapek (1890-1938)……. 1917. 

• Issac Asimov (1920-1992), Run-around 1941, IROBOT 1951. 

• ROBOT: (Robotics Institute of America RIA): A reprogrammable multifunctional manipulator 
designed to move material, parts, tools or specialized devices through variable programmed 
motions for the performance of a variety of tasks. 

• ROBOTICS: A term refers to the study and use of robots. 
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Serial & parallel robots 
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Robotics Science 

Mechanical Part 

• Coordinates & Frames 

• Position & Orientation 

• Joints & Movements 

• Transformations 

• Kinematic model (direct & inverse) 

• Velocity model (direct & inverse) 

• Dynamic model (direct & inverse) 

Control Part 

• Sensors 

• Motors 

• Controllers 

• Programming 

• Communications 

• …… 
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Serial Robot Kinematic Analysis 
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Robot Presentation 
Transformation 

Matrices 
Kinematic, velocity and 

acceleration models 



Matrices 
Homogeneous transformation, rotation matrix , partitioned matrix, orientation matrix. 
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Geometric (Homogeneous ) transformation 
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Rotation matrix 
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Rotation about Cartesian axes 
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Rotation about y and x 

https://manara.edu.sy/ 10 



























































 































































φθφθφ

θθ

φθφθφ

z,θy,φz,θy,φ

x,θy,θ

csscs

cs

ssccc

(φ(θ(φ(θ(φ

(θ(θ

(φ(θ(φ(θ(φ

R

(θ(θ

(θ(θ

(φ(φ

(φ(φ

R

RRRR,RRR

Example:

(θ(θ

(θ(θ,R

(θ(θ

(θ(θ

R

0

)cos)sin)sin)cos)sin

0)cos)sin

)sin)sin)cos)cos)cos

100

0)cos)sin

0)sin)cos

)cos0)sin

010

)sin0)cos

)cos)sin0

)sin)cos0

001

)cos0)sin

010

)sin0)cos

2

0

2

0

2

0

2

1

1

0

NOTE 

𝑅0
2𝑇 = 𝑅0

2−1=𝑅2
0 

Det(R)=1 



Partitioned Matrix 
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Geometric transformation is a partitioned matrix 
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3D Orientation 

Roll-Pitch-Yaw Euler 
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Euler angles 
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Euler Condition Example 

Rotation Matrix 1 Rotation Matrix 2 
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Roll-Pitch-Yaw 
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RPY Condition 

Rotation Matrix 1 Rotation Matrix 2 
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Trigonometric 
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Trigonometric Formula 

• cos 𝜃 = 𝑎 
2 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛𝑠 𝑖𝑛 2 𝑚𝑒𝑡ℎ𝑜𝑑𝑠

 𝜃 = ±𝑎𝑐𝑜𝑠 𝑎 ≡  
𝜃 = 𝑎𝑡𝑎𝑛2( 1 − 𝑎2, 𝑎)

𝜃 = 𝑎𝑡𝑎𝑛2(− 1 − 𝑎2, 𝑎)
 

• sin 𝜃 = 𝑎 
2 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛𝑠 𝑖𝑛 2 𝑚𝑒𝑡ℎ𝑜𝑑𝑠

  
𝜃 = 𝑎𝑠𝑖𝑛 𝑎

𝜃 = 𝜋 − 𝑎𝑠𝑖𝑛 𝑎
≡  

𝜃 = 𝑎𝑡𝑎𝑛2(𝑎, 1 − 𝑎2)

𝜃 = 𝑎𝑡𝑎𝑛2(𝑎, − 1 − 𝑎2)
 

• 𝑎 × cos 𝜃 − 𝑏 × sin 𝜃 = 0
𝑡𝑤𝑜 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛𝑠 

 
𝜃 = 𝑎𝑡𝑎𝑛2 𝑎, 𝑏

𝜃 = 𝑎𝑡𝑎𝑛2 −𝑎, −𝑏
 

• 𝑎 × cos 𝜃 + 𝑏 × sin 𝜃 = 𝑐
2 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛𝑠

𝜃 = 𝑎𝑡𝑎𝑛2 𝑐, ± 𝑎2 + 𝑏2 − 𝑐2 − 𝑎𝑡𝑎𝑛2(𝑎, 𝑏) 
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Important case 
𝑎 × cos 𝜃 + 𝑏 × sin 𝜃 = 𝑚

𝑐 × cos 𝜃 + 𝑑 × sin 𝜃 = 𝑛
 
𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 𝑎 𝑏

𝑐 𝑑

cos 𝜃

sin 𝜃
=

𝑚
𝑛

 

 

⇒
cos 𝜃
sin 𝜃

=
−1

𝑎𝑑 − 𝑏𝑐
−𝑑 𝑏
𝑐 −𝑎

𝑚
𝑛

 

 

⇒
cos 𝜃
sin 𝜃

=
𝐴
𝐵

⇒ 𝜃 = 𝑎𝑡𝑎𝑛2(𝐵, 𝐴) 
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Remember……… Unit Circle 
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Thanks 
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