
 

Investigate the Maple codes first, then read this report. 

Case Study1: 

For the anthropomorphic arm, corresponding D-H parameters are as Table 1: 

Jointi αi ai di θi 

1 𝜋 2⁄  0 0 θ1 

2 0 L2 0 θ2 

3 0 L3 0 θ3 

 

Table 1  D-H parameters of anthropomorphic arm 

Transformation Matrices (DH parameters): 

𝑇12 = 𝑇1𝑇2 

𝑇𝐸𝑛𝑑−𝐸𝑓𝑓𝑒𝑐𝑡𝑜𝑟 = 𝑇123 = 𝑇1𝑇2𝑇3 

Rotation Matrices: 

𝑅1 = 𝑇1(1. .3,1 … 3) 

𝑅2 = 𝑇12(1. .3,1 … 3) 

𝑅3 = 𝑇123(1. .3,1 … 3) 

So, we have: 
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Therefore, we may derive screw based jacobian, as follow: 

𝒊 = 𝟑, 𝑠4 = [0,0,1]𝑇 , 𝑠𝑜4
= [0,0,0]𝑇 

𝒊 = 𝟐, 𝑠3 = 𝑅2[0,0,1]𝑇 , 𝑠𝑜3
= 𝑠𝑜4

− 𝑅3[𝐿3, 0,0]𝑇 

𝒊 = 𝟏, 𝑠2 = 𝑅1[0,0,1]𝑇 , 𝑠𝑜2
= 𝑠𝑜3

− 𝑅2[𝐿2, 0,0]𝑇 

𝒊 = 𝟎, 𝑠1 = [0,0,1]𝑇 , 𝑠𝑜1
= 𝑠𝑜2

− 𝑅1[0,0,0]𝑇 

Finally: 

𝐽1 = [𝑠1, 𝑠𝑜1
× 𝑠1] , 𝐽2 = [𝑠2, 𝑠𝑜2

× 𝑠2], 𝐽3 = [𝑠3, 𝑠𝑜3
× 𝑠3] 

𝐽 = [𝐽1, 𝐽2, 𝐽3] 

Final result: 

 

 

Second Method: 

𝐽𝑣 = 𝐽𝑎𝑐𝑜𝑏𝑖𝑎𝑛([𝑋, 𝑌, 𝑍], [𝜃1, 𝜃2, 𝜃3]) , use Jacobian command in MATLAB or Maple. 

𝐽𝑤 = [𝑧1, 𝑧2, 𝑧3] 

Where 𝑧1 = 𝑅1(1. . .3,3) , 𝑧2 = 𝑅2(1. . .3,3) , 𝑧3 = 𝑅3(1. . .3,3). 

Finally:  

𝐽 = [
𝐽𝑤

𝐽𝑣
]  

https://en.wikipedia.org/wiki/Jacobian_matrix_and_determinant
https://www.mathworks.com/help/symbolic/sym.jacobian.html
https://www.maplesoft.com/support/help/maple/view.aspx?path=VectorCalculus/Jacobian


Case Study 2.  

 

Jointi αi ai di θi 

1_R −𝜋 2⁄  0 0 0 

2_R 𝜋 2⁄  0 0 θ1 

3_R 0 L1 0 θ3 

 

Table 2 D-H parameters of right loop of parallelogram arm 

Jointi αi ai di θi 

1_L −𝜋 2⁄  0 0 0 

2_L 𝜋 2⁄  0 0 θ1 

3_L 0 L2 0 𝜃2𝑝1  

4_L 0 L3 0 𝜃2𝑝2 

5_L 0 L4 0 0 

 

Table 3 D-H parameters of left loop of parallelogram arm 

Left and right chain equality condition : 
𝜃2𝑝1 = 𝜃3 − 𝜃2 

𝜃2𝑝2 = 𝜋 − 𝜃2𝑝1 

  



 

Jointi αi ai di θi 

1 −𝜋 2⁄  0 0 0 

2 𝜋 2⁄  0 0 θ1 

3 0 L1 0 θ3 

4 0 L5 0 𝜃2𝑝2 

 

Table 4 D-H parameters of end-effector 

 

Method 1: Left Loop 

With proper kinematic analysis of left loop: 

 

 

 

𝒒̇𝑹𝑳 = [𝜽̇𝟏, 𝜽̇𝟐, 𝜽̇𝟑 − 𝜽̇𝟐, −(𝜽̇𝟑 − 𝜽̇𝟐)]
𝑻
 

𝒒̇ = [𝜽̇𝟏, 𝜽̇𝟐, 𝜽̇𝟑 ]
𝑻
 

 

1. Angular part: 

𝐽𝑤1
= 𝑧0 = [𝟎, 𝟏, 𝟎]𝑻, according to base coordinate systesm 

𝐽𝑤2
= 𝑧1 = 𝑅1(1 … 3,1 … 3) 

𝐽𝑤3
= 𝑧2 = 𝑅2(1 … 3,1 … 3) 



𝐽𝑤4
= 𝑧3 = 𝑅3(1 … 3,1 … 3) 

 

𝐽𝑤𝑅𝐿=[𝐽𝑤1
, 𝐽𝑤2

, 𝐽𝑤3
, 𝐽𝑤4

] 

[𝐽𝑤1
, 𝐽𝑤2

, 𝐽𝑤3
, 𝐽𝑤4

][𝜽̇𝟏, 𝜽̇𝟐, 𝜽̇𝟑 − 𝜽̇𝟐, −(𝜽̇𝟑 − 𝜽̇𝟐)]
𝑻

= [𝑱𝒘𝟏
, 𝑱𝒘𝟐

− 𝑱𝒘𝟑
+ 𝑱𝒘𝟒

, 𝑱𝒘𝟑
+ 𝑱𝒘𝟒

 ][𝜽̇𝟏, 𝜽̇𝟐, 𝜽̇𝟑 ]
𝑻
 

 

So, final jacobian will be derived as: 

𝐽𝑤 = [𝐽
𝑤1

, 𝐽
𝑤2

− 𝐽
𝑤3

+ 𝐽
𝑤4

, 𝐽
𝑤3

+ 𝐽
𝑤4

 ] 

 

2. Linear part: 

𝑃44 = [0,0,0]𝑇 

𝑃34 = 𝑅3[𝐿5 + 𝐿4, 0,0]𝑇 + 𝑃44 

𝑃24 = 𝑅2[𝐿3, 0,0]𝑇 + 𝑃34 

𝑃14 = 𝑅1[𝐿2, 0,0]𝑇 + 𝑃24 

𝑃04 = [0,0,0]𝑇 + 𝑃14 

 

𝐽𝑣1
= [𝑧0 × 𝑃04] , 𝐽𝑣2

= [𝑧1 × 𝑃14] , 𝐽𝑣3
= [𝑧2 × 𝑃24] , 𝐽𝑣4

= [𝑧3 × 𝑃34] 

𝐽𝑣𝑅𝐿
= [𝐽𝑣1

, 𝐽𝑣2
, 𝐽𝑣3

, 𝐽𝑣4
] 

[𝐽𝑣1
, 𝐽𝑣2

, 𝐽𝑣3
, 𝐽𝑣4

][𝜽̇𝟏, 𝜽̇𝟐, 𝜽̇𝟑 − 𝜽̇𝟐, −(𝜽̇𝟑 − 𝜽̇𝟐)]
𝑻

= [𝑱𝒗𝟏
, 𝑱𝒗𝟐

− 𝑱𝒗𝟑
+ 𝑱𝒗𝟒

, 𝑱𝒗𝟑
+ 𝑱𝒗𝟒

 ][𝜽̇𝟏, 𝜽̇𝟐, 𝜽̇𝟑 ]
𝑻
 

 

So, final jacobian will be derived as: 

𝐽𝑣 = [𝐽
𝑣1

, 𝐽
𝑣2

− 𝐽
𝑣3

+ 𝐽
𝑣4

, 𝐽
𝑣3

+ 𝐽
𝑣4

 ] 

 

Final Jacobian: 

𝐽 = [
𝐽𝑤

𝐽𝑣
] 



 

Method 2: Right Loop 

𝒒̇𝑳𝑳 = [𝜽̇𝟏, 𝜽̇𝟑, −(𝜽̇𝟑 − 𝜽̇𝟐)]
𝑻
 

𝒒̇ = [𝜽̇𝟏, 𝜽̇𝟐, 𝜽̇𝟑 ]
𝑻
 

 

 

1. Angular part: 

𝐽𝑤1
= 𝑧0 = [𝟎, 𝟏, 𝟎]𝑻, according to base coordinate systesm 

𝐽𝑤2
= 𝑧1 = 𝑅1(1 … 3,1 … 3) 

𝐽𝑤3
= 𝑧2 = 𝑅2(1 … 3,1 … 3) 

 

𝐽𝑤𝐿𝐿=[𝐽𝑤1
, 𝐽𝑤2

, 𝐽𝑤3
] 

[𝐽𝑤1
, 𝐽𝑤2

, 𝐽𝑤3
][𝜽̇𝟏, 𝜽̇𝟑, −(𝜽̇𝟑 − 𝜽̇𝟐)]

𝑻
= [𝑱𝒘𝟏

, 𝑱𝒘𝟑
, 𝑱𝒘𝟐

− 𝑱𝒘𝟑
 ][𝜽̇𝟏, 𝜽̇𝟐, 𝜽̇𝟑 ]

𝑻
 

 

So, final jacobian will be derived as: 

𝐽𝑤 = [𝐽
𝑤1

, 𝐽
𝑤3

, 𝐽
𝑤2

− 𝐽
𝑤3

 ] 

  



 

2. Linear part: 

𝑃33 = [0,0,0]𝑇 

𝑃23 = 𝑅2[𝐿5, 0,0]𝑇 + 𝑃33 

𝑃13 = 𝑅1[𝐿1, 0,0]𝑇 + 𝑃23 

𝑃03 = 0[0,0,0]𝑇 + 𝑃13 

 

𝐽𝑣1
= [𝑧0 × 𝑃03] , 𝐽𝑣2

= [𝑧1 × 𝑃13] , 𝐽𝑣3
= [𝑧2 × 𝑃23]  

𝐽𝑣𝐿𝐿
= [𝐽𝑣1

, 𝐽𝑣2
, 𝐽𝑣3

] 

[𝐽𝑣1
, 𝐽𝑣2

, 𝐽𝑣3
][𝜽̇𝟏, 𝜽̇𝟑, −(𝜽̇𝟑 − 𝜽̇𝟐)]

𝑻
= [𝑱𝒗𝟏

, 𝑱𝒗𝟑
, 𝑱𝒗𝟐

− 𝑱𝒗𝟑
 ][𝜽̇𝟏, 𝜽̇𝟐, 𝜽̇𝟑 ]

𝑻
 

 

So, final jacobian will be derived as: 

𝐽𝑣 = [𝐽
𝑣1

, 𝐽
𝑣3

, 𝐽
𝑣2

− 𝐽
𝑣3

 ] 

 

Final Jacobian: 

𝐽 = [
𝐽𝑤

𝐽𝑣
] 

 

  



Project: 

 

 

• Screw based Jacobian: 

𝒊 = 𝟑, 𝑠4 = [0,0,1]𝑇 , 𝑠𝑜4
= [0,0,0]𝑇 

𝒊 = 𝟐, 𝑠3 = 𝑅2[0,0,1]𝑇 , 𝑠𝑜3
= 𝑠𝑜4

− 𝑅3[0,0, 𝑑3]𝑇 

𝒊 = 𝟏, 𝑠2 = 𝑅1[0,0,1]𝑇 , 𝑠𝑜2
= 𝑠𝑜3

− 𝑅2[0,0,0]𝑇 

𝒊 = 𝟎, 𝑠1 = [0,0,1]𝑇 , 𝑠𝑜1
= 𝑠𝑜2

− 𝑅1[0, 𝐿1 + 𝐿3, 0]𝑇 

Finally: 

𝐽1 = [𝑠1, 𝑠𝑜1
× 𝑠1] , 𝐽2 = [𝑠2, 𝑠𝑜2

× 𝑠2], 𝐽3 = [[0,0,0]𝑇 , 𝑠3]  

𝐽 = [𝐽1, 𝐽2, 𝐽3] 

 

• DH Jacobian 

 

𝐽𝑤1
= 𝑧0 = [0,0,1]𝑇 

𝐽𝑤2
= 𝑧1 = 𝑅1(1 … 3,1 … 3) 

𝐽𝑤3
= [0,0,0]𝑇 

𝐽𝑤 = [𝐽𝑤1
, 𝐽𝑤2

, 𝐽𝑤3
] 

 

 

𝑃33 = [0,0,0]𝑇 

𝑃23 = 𝑅2[0,0, 𝑑3]𝑇 + 𝑃33 

𝑃13 = 𝑅1[0,0,0]𝑇 + 𝑃23 

𝑃03 = [0,0, 𝐿1 + 𝐿3]𝑇 + 𝑃13 

𝐽𝑣1
= [𝑧0 × 𝑃03] , 𝐽𝑣2

= [𝑧1 × 𝑃13] , 𝐽𝑣3
= [𝑧2]  

𝐽𝑣 = [𝐽𝑣1
, 𝐽𝑣2

, 𝐽𝑣3
] 



Finally:  

𝐽 = [
𝐽𝑤

𝐽𝑣
] 

• Analytical Method: 

𝐽𝑣 = 𝐽𝑎𝑐𝑜𝑏𝑖𝑎𝑛([𝑋, 𝑌, 𝑍], [𝜃1, 𝜃2, 𝑑3]) , use Jacobian command in MATLAB or Maple. 

 

Finally: 

 

 

https://en.wikipedia.org/wiki/Jacobian_matrix_and_determinant
https://www.mathworks.com/help/symbolic/sym.jacobian.html
https://www.maplesoft.com/support/help/maple/view.aspx?path=VectorCalculus/Jacobian

