
General Form: 

wAt = w AO · O AA · A AP · P At  

B-Axis, single rotational offset in the Y direction, A axis and then the position vector 

w AO =  

𝐶𝑏 0 −𝑆𝑏 0
0 1 0 0

𝑆𝑏 0 𝐶𝑏 0
0 0 0 1

      O AA =  

1 0 0 0
0 1 0 𝐷𝑦
0 0 1 0
0 0 0 1

    

  A AP =  

1 0 0 0
0 𝐶𝑎 𝑆𝑎 0
0 −𝑆𝑎 𝐶𝑎 0
0 0 0 1

    P At =  

1 0 0 𝑃𝑥
0 1 0 𝑃𝑦 − 𝐷𝑦
0 0 1 𝑃𝑧
0 0 0 1

 

 

Gives: 

wAt =  

𝐶𝑏 𝑆𝑎𝑆𝑏 −𝐶𝑎𝑆𝑏 𝐶𝑏𝑃𝑥 − 𝑆𝑎𝑆𝑏(𝐷𝑦 − 𝑃𝑦) − 𝐶𝑎𝑆𝑏𝑃𝑧

0 𝐶𝑎 𝑆𝑎 𝐷𝑦 − 𝐶𝑎(𝐷𝑦 − 𝑃𝑦) + 𝑆𝑎𝑃𝑧

𝑆𝑏 −𝐶𝑏𝑆𝑎 𝐶𝑎𝐶𝑏 𝐵𝑐𝑃𝑥 + 𝐶𝑏𝑆𝑎(𝐷𝑦 − 𝑃𝑦) + 𝐶𝑎𝐶𝑏𝑃𝑧
0 0 0 1

 

 

Looking at column 3 where: 

𝐾 =  

𝐾𝑥

𝐾𝑦

𝐾𝑧

0

=

−𝐶𝑎𝑆𝑏
𝑆𝑎

𝐶𝑎𝐶𝑏
0

 

Therefore 

𝜃𝐴 = sin−1 𝐾𝑦 

𝜃𝐵 = − tan−1
𝐾𝑥

𝐾𝑧
 

Looking at the last column as the tool position vector: 

Q =  

𝐶𝑏𝑃𝑥 − 𝑆𝑎𝑆𝑏(𝐷𝑦 − 𝑃𝑦) − 𝐶𝑎𝑆𝑏𝑃𝑧

𝐷𝑦 − 𝐶𝑎(𝐷𝑦 − 𝑃𝑦) + 𝑆𝑎𝑃𝑧

𝐵𝑐𝑃𝑥 + 𝐶𝑏𝑆𝑎(𝐷𝑦 − 𝑃𝑦) + 𝐶𝑎𝐶𝑏𝑃𝑧
1

 

So I think I’m good up to here…….. I have about 50% confidence in the next step: 

Q =

𝑄𝑥

𝑄𝑦

𝑄𝑧

1

=

𝐶𝑏 𝑆𝑎𝑆𝑏 −𝐶𝑎𝑆𝑏 −𝑆𝑎𝑆𝑏𝐷𝑦

0 𝐶𝑎 𝑆𝑎 (𝐶𝑎 − 1)𝐷𝑦
𝑆𝑏 −𝐶𝑏𝑆𝑎 𝐶𝑎𝐶𝑏 𝐶𝑏𝑆𝑎𝐷𝑦
0 0 0 1

=  

𝑃𝑥

𝑃𝑦

𝑃𝑧

1

 

Which I think should give an inverse matrix of: 

𝑃𝑥

𝑃𝑦

𝑃𝑧

1

=

𝐶𝑏 0 𝑆𝑏 0
𝑆𝑎𝑆𝑏 𝐶𝑎 −𝐶𝑏𝑆𝑎 −𝐷𝑦𝐶𝑏2𝑆𝑎2 − 𝐷𝑦𝑆𝑎2𝑆𝑏2 + 𝐶𝑎𝐷𝑦(𝐶𝑎 − 1)

−𝐶𝑎𝑆𝑏 𝑆𝑎 𝐶𝑎𝐶𝑏 𝐶𝑎𝐷𝑦𝑆𝑎𝐶𝑏2 + 𝐶𝑎𝐷𝑦𝑆𝑎𝑆𝑏2 + 𝑆𝑎𝐷𝑦(𝐶𝑎 − 1)
0 0 0 0

=  

𝑄𝑥

𝑄𝑦

𝑄𝑧

1

 


