
Inverse kinematic model 
Study case SCARA Robot 
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SCARA RRPR 
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DH Table 
Joint 𝒂𝒊 𝜶𝒊 𝒅𝒊 𝜽𝒊 

1 𝑙2 0 𝑙1 𝜽1 

2 𝑙3 0 0 𝜽2 

3 0 0 −𝒅3 0 

4 0 0 -𝑙𝐸 𝜽4 
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DKM 
Find the actual parameters when : 

𝜃1 =
𝜋

3
, 𝜃2 =

𝜋

6
, 𝑑3 = 100 mm, 𝜃4 = −

𝜋

4
 

Links length: 
𝑙1 = 500, 𝑙2 = 400, 𝑙3 = 300, 𝑙𝐸 = 50 [𝑚𝑚] 

 

 

DH Matrix: 
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Transformation from Base to End-Effector 
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Orientation Matrices 

Rotation Matrix RPY 
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Solution 
Position 

• 𝐸𝑥 = 200 𝑚𝑚 

• 𝐸𝑦 = 300 + 200 3 = 646.41 

• 𝐸𝑧 = 350 mm 

Orientation RPY angels 

• 𝛼 =
𝜋

4
 

• 𝛽 = 0 
• 𝛾 = 0 
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IKM: Find the generalized parameters needed to put the end effector in the following configuration 

Position 

• 𝐸𝑥 = 200 𝑚𝑚 

• 𝐸𝑦 = 300 + 200 3 𝑚𝑚 

• 𝐸𝑧 = 350 mm 

Orientation RPY angels 

• 𝛼 =
𝜋

4
 

• 𝛽 = 0 
• 𝛾 = 0 
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Comparing two matrices  

 

 

 

𝑇0
3 =

𝑅𝑃𝑌 𝑀𝑎𝑡𝑟𝑖𝑥                             

𝐸𝑥
𝐸𝑦
𝐸𝑧

0        0       0 1
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𝜃2 
𝐸𝑥
𝐸𝑦
𝐸𝑧

=

𝐶1𝐿2 + 𝐶12𝐿3
𝑆1𝐿2 + 𝑆12𝐿3
𝐿1 − 𝐿𝐸 − 𝑑3

 

 
𝑑3 = 𝐿1 − 𝐿𝐸 − 𝐸𝑧 = 100 

 

𝜃2 = ±𝑎𝑐𝑜𝑠 𝑐𝑜𝑛𝑠𝑡 ∶ 𝑐𝑜𝑛𝑠𝑡 =
𝐸𝑥

2 + 𝐸𝑦
2 − 𝐿2

2 − 𝐿3
2

2𝐿2𝐿3
=

3

2
⇒ 𝜃2 = ±

𝜋

6
= ±30 
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First solution 

𝜃2 = +
𝜋

6
= 30 

 

𝐿2 + 𝐿3𝐶2 × 𝐶1 − 𝐿3𝑆2 × 𝑆1 = 𝐸𝑥
𝐿3𝑆2 × 𝐶1 + 𝐿2 + 𝐿3𝐶2 × 𝑆1 = 𝐸𝑦

 ⇒
𝐶1
𝑆1

=

1

2

3

2

⇒ 𝜃1 =
𝜋

3
= 60 

𝜃4 = 𝑎𝑡𝑎𝑛2 0.7071,0.7071 − 𝜃1 − 𝜃2 = −
𝜋

4
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Comparing rotation matrix to RPY matrix 
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Second solution 

𝜃2 = −
𝜋

6
= −30 

 
𝐿2 + 𝐿3𝐶2 × 𝐶1 − 𝐿3𝑆2 × 𝑆1 = 𝐸𝑥
𝐿3𝑆2 × 𝐶1 + 𝐿2 + 𝐿3𝐶2 × 𝑆1 = 𝐸𝑦

 ⇒ 𝜃1 = 85.6 ⇒ 𝜃4 = −10.6 

https://manara.edu.sy/ 13 



Solutions 
𝜽1 𝜽2 𝒅3 𝜽4 

Solution 1  60 30 100 mm -45 

Solution 2 85.6 -30 100 mm -10.6 
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Thanks 
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