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Summary

• Rotations 

• Forward Kinematics 

• Denavit-Hartenberg parameters

• Inverse Kinematics
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ElementaryRotations
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Rotation (Fixed Reference)
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Courtesy of Prof. Alessandro De Luca



Rotations (mobile reference)
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Rotations – Euler Angles 
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Rotations – R to Euler Angles
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Rotations – RPY
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Exercise

• Three links 

manipulator
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Denavit-Hartenberg Parameters
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Denavit-Hartenberg
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Denavit-Hartenberg Parameters
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Denavit-Hartenberg
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Denavit-Hartenberg Parameters
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Exercise

• Three links 

manipulator
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Exercise
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Exercise
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Fissare 𝑥0, 𝑦0 equivale a 

sceglere un offset su 𝜃1



Exercise
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Exercise
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Exercise
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Exercise
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Exercise
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Exercise
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Exercise
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Inverse kinematics
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Euler Angles & Angular Velocity

• 𝜔 è un vettore, ovvero un elemento di uno spazio 

vettoriale: si può ottenere come somma dei contributi 

𝜔1 , … , 𝜔𝑛 (in qualsiasi ordine) 

• viceversa, Φ (e ሶΦ ) non è un elemento di uno spazio 

vettoriale: la rappresentazione di rotazioni successive, in 

generale, non si ottiene sommando gli angoli 

corrispondenti
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Angular Velocity from ZYZ
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Analytic and Geometric Jacobian
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Angular Velocity from RPY
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Courtesy of Prof. Alessandro De Luca



Jacobian of Typical Manipulator Structures
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Jacobian of Typical Manipulator Structures:
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Jacobian of Typical Manipulator Structures
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Jacobian of Typical Manipulator Structures
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Inverse kinematics by Jacobian

Inverse Jacobian
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Inverse kinematics by Jacobian

Transpose Jacobian
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Inverse kinematics by Jacobian

• Proof by Lyapuanov function 
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