
Robot Control
Introduction 
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Textbook & Reference
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Syllabus
• Dynamic motion equations

• Newton Euler

• Lagrange

• Motor velocity, position and acceleration profile
• Trapezoid velocity profile

• S-curve velocity profile

• Multi-axis motion 
• Slew motion

• Interpolated motion

https://manara.edu.sy/ 3



Dynamic motion equations
Newton-Euler & Lagrange
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Dynamic Motion Equations

Newton - Euler Lagrange
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Example (Newton Euler)
• Assume Or is the center of gravity

𝐹/𝑂𝑟 = 𝑚 ሶ𝑉

𝑀/𝑂𝑟 = 𝐼 ሶ𝜔

𝜏𝑟 = 𝐹𝑅 × 𝑟, 𝜏𝑙 = 𝐹𝐿 × 𝑟

𝐹/𝑂𝑟 = 𝐹𝑅 + 𝐹𝐿 = 1
𝑟 𝜏𝑟 + 𝜏𝑙

𝑀/𝑂𝑟 = 𝑑 𝐹𝑅 − 𝐹𝐿 =
𝑑

𝑟
𝜏𝑟 − 𝜏𝑙
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Example (Lagrange)
• Find the dynamic motion equations if you know that the lagrangian of the robot is given as following:

ℒ =
3

2
ሶ𝜃1
2
+ ሶ𝜃1 + ሶ𝜃2

2
+ cos(𝜃2)( ሶ𝜃1

2
+ ሶ𝜃1 ሶ𝜃2) − 20 sin 𝜃1 − 10 sin 𝜃1 + 𝜃2

• Write the answer in matrices form.
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Solution

•
𝑑

𝑑𝑡

𝜕ℒ

𝜕 ሶ𝜃𝑖
−

𝜕ℒ

𝜕𝜃𝑖
= 𝜏𝑖 , 𝑖 = 1,2

•
𝑑

𝑑𝑡

𝜕ℒ

𝜕 ሶ𝜃1
−

𝜕ℒ

𝜕𝜃1
= 𝜏1

• 𝜏1 = 5 + 2𝐶2 ሷ𝜃1 + 2 + 𝐶2 ሷ𝜃2 − 𝑆2 2 ሶ𝜃1 ሶ𝜃2 + ሶ𝜃2
2

+ 20𝐶1
+ 10𝐶12

•
𝑑

𝑑𝑡

𝜕ℒ

𝜕 ሶ𝜃2
−

𝜕ℒ

𝜕𝜃2
= 𝜏2

• 𝜏2 = 2 + 𝐶2 ሷ𝜃1 + 2 ሷ𝜃2 + 𝑆2 ሶ𝜃1
2
+ 10𝐶12
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Matrices form

5 + 2𝐶2 2 + 𝐶2
2 + 𝐶2 2

ሷ𝜃1
ሷ𝜃2
+

−𝑆2 2 ሶ𝜃1 ሶ𝜃2 + ሶ𝜃2
2

𝑆2 ሶ𝜃1
2

+
20𝐶1 + 10𝐶12

10𝐶12
=

𝜏1
𝜏2

𝐷 𝜃

ሷ𝜃1
ሷ𝜃2
+𝐻 𝜃, ሶ𝜃 + 𝐺 𝜃 =

𝜏1
𝜏2
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Thanks
What is the best method to generate the dynamic equations?
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