
Rapael System

ü YRP (Roll f x
`

B, Pitch q y
`

B, Yaw y z
`

B, ZForearm XWrist YDeviation) 






Cos Sin 0
Sin Cos 0
0 0 1




.





1 0 0
0 Cos Sin
0 Sin Cos




.





Cos 0 Sin
0 1 0
Sin 0 Cos




  MatrixForm






Cos Cos  Sin Sin Sin Cos Sin Cos Sin  Cos Sin Sin
Cos Sin Sin  Cos Sin Cos Cos Cos Cos Sin  Sin Sin
Cos Sin Sin Cos Cos






B
AR 






r11 r12 r13

r21 r22 r23

r31 r32 r33




 






2q1

2  1  2q2
2 2q2q3  q1q4 2q2q4  q1q3

2q2q3  q1q4 2q1
2  1  2q3

2 2q3q4  q1q2
2q2q4  q1q3 2q3q4  q1q2 2q1

2  1  2q4
2





 





1  2q3

2  2q4
2 2q2q3  q1q4 2q2q4  q1q3

2q2q3  q1q4 1  2q2
2  2q4

2 2q3q4  q1q2
2q2q4  q1q3 2q3q4  q1q2 1  2q2

2  2q3
2







 q1 q2 q3 q4 

B
AR 






r11 r12 r13

r21 r22 r23

r31 r32 r33




 






1  2q3

2  2q4
2 2q2q3  q1q4 2q2q4  q1q3

2q2q3  q1q4 1  2q2
2  2q4

2 2q3q4  q1q2
2q2q4  q1q3 2q3q4  q1q2 1  2q2

2  2q3
2







  ArcSinB
AR32  ArcTan

B
AR31

2 B
A R33

2 , B
AR32  ArcSin2q3q4  q1q2

  ArcTanB
AR33, B

AR31  ArcTan2q1
2  1  2q4

2, 2q2q4  q1q3
  ArcTanB

AR22, B
AR12  ArcTan2q1

2  1  2q3
2, 2q2q3  q1q4

 Sensor Euler Angle (Roll f x
`

B, Pitch q y
`

B, Yaw y z
`

B, ZYX) Æ Quaternion B
Aq

B
AR 






r11 r12 r13

r21 r22 r23

r31 r32 r33




 






2q1

2  1  2q2
2 2q2q3  q1q4 2q2q4  q1q3

2q2q3  q1q4 2q1
2  1  2q3

2 2q3q4  q1q2
2q2q4  q1q3 2q3q4  q1q2 2q1

2  1  2q4
2





 






1  2qy
2  qz

2 2qxqy  qwqz 2qxqz  qwqy
2qxqy  qwqz 1  2qx

2  qz
2 2qyqz  qwqx

2qxqz  qwqy 2qyqz  qwqx 1  2qx
2  qy

2







Forearm, Deviation, Wrist

ü YPR Æ R축 회전, z축(Y) 회전






Cos Sin 0
Sin Cos 0
0 0 1




.





Cos 0 Sin
0 1 0
Sin 0 Cos




.





1 0 0
0 Cos Sin
0 Sin Cos




  MatrixForm






Cos Cos Cos Sin Sin  Cos Sin Cos Cos Sin  Sin Sin
Cos Sin Cos Cos  Sin Sin Sin Cos Sin  Cos Sin Sin
Sin Cos Sin Cos Cos






R축회전  ArcTanr33, r32
z축Y회전  ArcTanr11, r21

ü RYP Æ P축 회전, x축(R) 회전






1 0 0
0 Cos Sin
0 Sin Cos




.





Cos Sin 0
Sin Cos 0
0 0 1




.





Cos 0 Sin
0 1 0
Sin 0 Cos




  MatrixForm






Cos Cos Sin Cos Sin
Sin Sin  Cos Cos Sin Cos Cos Cos Sin  Cos Sin Sin
Cos Sin  Cos Sin Sin Cos Sin Cos Cos  Sin Sin Sin






P축회전  ArcTanr11, r13
x축R회전  ArcTanr22, r32

ü PRY Æ Y축 회전, y축(P) 회전






Cos 0 Sin
0 1 0
Sin 0 Cos




.





1 0 0
0 Cos Sin
0 Sin Cos




.





Cos Sin 0
Sin Cos 0
0 0 1




  MatrixForm






Cos Cos  Sin Sin Sin Cos Sin Sin  Cos Sin Cos Sin
Cos Sin Cos Cos Sin
Cos Sin  Cos Sin Sin Cos Cos Sin  Sin Sin Cos Cos






y축P회전  ArcTanr33, r13
Y축회전 Forearm  ArcTanr22, r21
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ü PYR Æ R축 회전, y축(P) 회전






Cos 0 Sin
0 1 0
Sin 0 Cos




.





Cos Sin 0
Sin Cos 0
0 0 1




.





1 0 0
0 Cos Sin
0 Sin Cos




  MatrixForm






Cos Cos Sin Sin  Cos Cos Sin Cos Sin  Cos Sin Sin
Sin Cos Cos Cos Sin
Cos Sin Cos Sin  Cos Sin Sin Cos Cos  Sin Sin Sin






R축회전  ArcTanr22, r23
y축P회전  ArcTanr11, r31

ü YRP Æ P축 회전, z축(Y) 회전






Cos Sin 0
Sin Cos 0
0 0 1




.





1 0 0
0 Cos Sin
0 Sin Cos




.





Cos 0 Sin
0 1 0
Sin 0 Cos




  MatrixForm






Cos Cos  Sin Sin Sin Cos Sin Cos Sin  Cos Sin Sin
Cos Sin Sin  Cos Sin Cos Cos Cos Cos Sin  Sin Sin
Cos Sin Sin Cos Cos






P축회전 Deviation  ArcTanr33, r31
z축Y회전  ArcTanr22, r12

ü RPY Æ Y축 회전, x축(R) 회전






1 0 0
0 Cos Sin
0 Sin Cos




.





Cos 0 Sin
0 1 0
Sin 0 Cos




.





Cos Sin 0
Sin Cos 0
0 0 1




  MatrixForm






Cos Cos Cos Sin Sin
Cos Sin Sin  Cos Sin Cos Cos  Sin Sin Sin Cos Sin
Cos Cos Sin  Sin Sin Cos Sin  Cos Sin Sin Cos Cos






x축R회전 Wrist  ArcTanr33, r23
Y축회전  ArcTanr11, r12

YRP (Roll f x
`

B, Pitch q y
`

B, Yaw y z
`

B, ZForearm XWrist YDeviation) 

ü Forearm

Y축회전  ArcTanr22, r21

ü Deviation

P축회전  ArcTanr33, r31

ü Wrist

x축R회전  ArcTanr33, r23
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