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 

𝜃1 90∘

𝜃2 −90∘

𝜃3 0∘

𝐴𝑛

𝐴1 = [

𝑐𝑜𝑠 𝜃1 0 𝑠𝑖𝑛 𝜃1 𝑎1 𝑐𝑜𝑠 𝜃
𝑠𝑖𝑛 𝜃1 0 − 𝑐𝑜𝑠 𝜃1 𝑎1 𝑠𝑖𝑛 𝜃1

0 1 0 0
0 0 0 1

]                     (1)  



 

 

 

𝐴2 = [

𝑐𝑜𝑠 𝜃2 0 − 𝑠𝑖𝑛 𝜃2 𝑎2 𝑐𝑜𝑠 𝜃2

𝑠𝑖𝑛 𝜃2 0 𝑐𝑜𝑠 𝜃2 𝑎2 𝑠𝑖𝑛 𝜃2

0 −1 0 0
0 0 0 1

]                 (2)   

𝐴3 = [

𝑐𝑜𝑠 𝜃3 − 𝑠𝑖𝑛 𝜃3 0 𝑎3 𝑐𝑜𝑠 𝜃3

𝑠𝑖𝑛 𝜃3 𝑐𝑜𝑠 𝜃3 0 𝑎3 𝑠𝑖𝑛 𝜃3

0 0 1 0
0 0 0 1

]                       (3)  

𝐴1𝐴2𝐴3 =  [

𝑐𝑜𝑠 𝜃1 𝑐𝑜𝑠 𝜃2 𝑐𝑜𝑠 𝜃3 − 𝑠𝑖𝑛 𝜃1 𝑠𝑖𝑛 𝜃3

𝑠𝑖𝑛 𝜃1 𝑐𝑜𝑠 𝜃2 𝑐𝑜𝑠 𝜃3 + 𝑐𝑜𝑠 𝜃1 𝑠𝑖𝑛 𝜃3

𝑠𝑖𝑛 𝜃2 𝑐𝑜𝑠 𝜃3

0

− 𝑐𝑜𝑠 𝜃1 𝑐𝑜𝑠 𝜃2 𝑠𝑖𝑛 𝜃3 − 𝑠𝑖𝑛 𝜃1 𝑐𝑜𝑠 𝜃3

− 𝑠𝑖𝑛 𝜃1 𝑐𝑜𝑠 𝜃2 𝑠𝑖𝑛 𝜃3 + 𝑐𝑜𝑠 𝜃1 𝑐𝑜𝑠 𝜃3

− 𝑠𝑖𝑛 𝜃2 𝑠𝑖𝑛 𝜃3

0

− 𝑐𝑜𝑠 𝜃1 𝑠𝑖𝑛 𝜃2

− 𝑠𝑖𝑛 𝜃1 𝑠𝑖𝑛 𝜃2

𝑐𝑜𝑠 𝜃2

0

𝑎3 𝑐𝑜𝑠 𝜃1 𝑐𝑜𝑠 𝜃2 𝑐𝑜𝑠 𝜃3 + 𝑎2 𝑐𝑜𝑠 𝜃1 𝑐𝑜𝑠 𝜃2 − 𝑎3 𝑠𝑖𝑛 𝜃1 𝑠𝑖𝑛 𝜃3 + 𝑎1 𝑐𝑜𝑠 𝜃1

𝑎3 𝑠𝑖𝑛 𝜃1 𝑠𝑖𝑛 𝜃2 𝑐𝑜𝑠 𝜃3 + 𝑎2 𝑠𝑖𝑛 𝜃1 𝑠𝑖𝑛 𝜃2 + 𝑎3 𝑐𝑜𝑠 𝜃1 𝑠𝑖𝑛 𝜃3 + 𝑎1 𝑠𝑖𝑛 𝜃
𝑎3 𝑠𝑖𝑛 𝜃2 𝑐𝑜𝑠 𝜃3 + 𝑎2 𝑠𝑖𝑛 𝜃2

1

]

𝐴1𝐴2𝐴3 = [

𝑁𝑥 𝑂𝑥 𝐴𝑥 𝑃𝑥

𝑁𝑦 𝑂𝑦 𝐴𝑦 𝑃𝑦

𝑁𝑧 𝑂𝑧 𝐴𝑧 𝑃𝑧

0 0 0 1

]

𝑁𝑥 = 𝑐𝑜𝑠 𝜃1 𝑐𝑜𝑠 𝜃2 𝑐𝑜𝑠 𝜃3 − 𝑠𝑖𝑛 𝜃1 𝑠𝑖𝑛 𝜃3 
𝑁𝑦 = 𝑠𝑖𝑛 𝜃1 𝑐𝑜𝑠 𝜃2 𝑐𝑜𝑠 𝜃3 + 𝑐𝑜𝑠 𝜃1 𝑠𝑖𝑛 𝜃3 

𝑁𝑧 = 𝑠𝑖𝑛 𝜃2 𝑐𝑜𝑠 𝜃3 

𝑂𝑥 = − 𝑐𝑜𝑠 𝜃1 𝑐𝑜𝑠 𝜃2 𝑠𝑖𝑛 𝜃3 − 𝑠𝑖𝑛 𝜃1 𝑐𝑜𝑠 𝜃3 
𝑂𝑦 = − 𝑠𝑖𝑛 𝜃1 𝑐𝑜𝑠 𝜃2 𝑠𝑖𝑛 𝜃3 + 𝑐𝑜𝑠 𝜃1 𝑐𝑜𝑠 𝜃3 

𝑂𝑧 = − 𝑠𝑖𝑛 𝜃2 𝑠𝑖𝑛 𝜃3 

𝐴𝑥 = − 𝑐𝑜𝑠 𝜃1 𝑠𝑖𝑛 𝜃2  
𝐴𝑦 = − 𝑠𝑖𝑛 𝜃1 𝑠𝑖𝑛 𝜃2 

𝐴𝑧 = 𝑐𝑜𝑠 𝜃2 

𝑃𝑥 = 𝑎3 𝑐𝑜𝑠 𝜃1 𝑐𝑜𝑠 𝜃2 𝑐𝑜𝑠 𝜃3 + 𝑎2 𝑐𝑜𝑠 𝜃1 𝑐𝑜𝑠 𝜃2

− 𝑎3 𝑠𝑖𝑛 𝜃1 𝑠𝑖𝑛 𝜃3 + 𝑎1 𝑐𝑜𝑠 𝜃1 
𝑃𝑦 = 𝑎3 𝑠𝑖𝑛 𝜃1 𝑐𝑜𝑠 𝜃2 𝑐𝑜𝑠 𝜃3 + 𝑎2 𝑠𝑖𝑛 𝜃1 𝑐𝑜𝑠 𝜃2

+ 𝑎3 𝑐𝑜𝑠 𝜃1 𝑠𝑖𝑛 𝜃3 + 𝑎1 𝑠𝑖𝑛 𝜃1 
𝑃𝑧 = 𝑎3 𝑠𝑖𝑛 𝜃2 𝑐𝑜𝑠 𝜃3 + 𝑎2 𝑠𝑖𝑛 𝜃2  

𝐴𝑧

𝜃2

𝜃2 = 𝑐𝑜𝑠−1( 𝐴𝑧)

𝑃𝑧

𝜃3 = 𝑐𝑜𝑠−1 (
𝑃𝑧−𝑎2 𝑠𝑖𝑛 𝜃2

𝑎3 𝑠𝑖𝑛 𝜃2
)

𝜃1

𝐴𝑥

𝜃1 = 𝑐𝑜𝑠−1 (
−𝐴𝑥

𝑠𝑖𝑛 𝜃2
)
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𝜃4

1 2 3 4

Success rate =
Number of successful trials

Total number of trials
× 100
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