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=OD@= 'C}akwt OQwNR=@ =@ Tv=D}tO= pQDvm VwQx@ |m}DBy |xr}Uw |R=Ux}@W |=Q@
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L4 =
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X2 + Y 2 + (Z � L1)2

� = arccos(L
22 + L24 � L23

2L2L4
)


 = arccos(L
23 + L22 � L24

2L2L3
)

� = arctan 2(Z � L1;
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X2 + Y 2)

�2 = �(�+ �) (7)

�3 = �
 + �
2 (8)
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J(�) =

2664 �s1(`2c2�`3s23) �c1(`2s2 + `3c23) �`3c1c23
(`2c2�`3s23)c1 �s1(`2s2 � `3c23) �`3s1c23

0 �(`2c2�`3s23) `3s23

3775
(9)
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[12]%OwW|t G=QNDU= Q} R CQwYx@ CqO=at u}= 'C}=yv2664 �1
�2
�3

3775 =

2664 M11 M12 M13
M21 M22 M23
M31 M32 M33

3775
2664 ��1

��2
��3

3775+

2664 V11
V21
V31

3775
+

2664 G11
G21
G31

3775
M11 = 0 021C22S3 + 0 045C22 + 0 021C2C3S2
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1. Haptic
2. virtual Reality
3. Haptic interface
4. Denavit-Hartenberg
5. Jacobian
6. inverse dynamics
7. iterative Newton-Euler dynamics algorithm
8. Impedance error
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