
Axis Angle Roll, Pitch, Yaw
∏ ∑

Rotation Matrix

ª
Quaternion

ü Axis/Angle Æ Rotation Matrix B
AR

R, r  Rz.Ry.Rz.Ry.Rz






Cos Sin 0
Sin Cos 0
0 0 1



.




Cos 0 Sin
0 1 0
Sin 0 Cos



.




Cos Sin 0
Sin Cos 0
0 0 1



.




Cos 0 Sin
0 1 0
Sin 0 Cos



.




Cos Sin 0
Sin Cos 0
0 0 1





B
AR 







rx
21  Cos  Cos rxry1  Cos  rzSin rxrz1  Cos  rySin

rxry1  Cos  rzSin ry
21  Cos  Cos ryrz1  Cos  rxSin

rxrz1  Cos  rySin ryrz1  Cos  rxSin rz
21  Cos  Cos







ü Euler Angle (Roll f x
`

B, Pitch q y
`

B, Yaw y z
`

B, ZYX) Æ Rotation Matrix B
AR

Rzyx  RzRyRx






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





B
AR 






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

ü Quaternion B
Aq Æ Rotation Matrix B

AR

B
AR 






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







AP  B
AR.BP

B
AR 






r11 r12 r13

r21 r22 r23

r31 r32 r33




 






xB  xA yB xA zB xA

xB  yA yB yA zB yA

xB  zA yB zA zB zA







ü Rotation Matrix B
AR Æ Euler Angle (Roll f x

`
B, Pitch q y

`
B, Yaw y z

`
B, ZYX)

  ArcTan r32

r33



  ArcSinr31  ArcTan r31


r322  r332


  ArcTan r21

r11


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ü Rotation Matrix B
AR Æ Axis/Angle

  ArcCos r11  r22  r33  1


2


r 





rx

ry

rz




 

1

2Sin 






r32  r23

r13  r31

r21  r12






rx
2  ry

2  rz
2  1

ü Rotation Matrix B
AR Æ Quaternion B

Aq

B
Aq   q1 q2 q3 q4    Cos 

2
 rxSin 

2
 rySin 

2
 rzSin 

2
 

q1 
1

2



r11  r22  r33  1

q2  
Signr32  r23


2



r11  r22  r33  1

q3  
Signr13  r31


2



r22  r33  r11  1

q4  
Signr21  r12


2



r33  r11  r22  1

q1
2  q2

2  q3
2  q4

2  1

Quaternion

ü Quaternion conjugate

B
Aq


 A

Bq   q1 q2 q3 q4 

ü Quaternion product ƒ

C
Aq  C

Bq B
Aq

a b   a1 a2 a3 a4   b1 b2 b3 b4 

  a1 a2 a3 a4 .







b1 b2 b3 b4

b2 b1 b4 b3

b3 b4 b1 b2

b4 b3 b2 b1














a1b1  a2b2  a3b3  a4b4

a1b2  a2b1  a3b4  a4b3

a1b3  a2b4  a3b1  a4b2

a1b4  a2b3  a3b2  a4b1








ü Same vector from frame A to frame B

B  B
Aq A B

Aq

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