CS 184: Foundations of
Computer Graphics

Kinematics of Articulated Bodies
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Articulated bodies

e Rigid bodies connected with joints
e Topology (what’s connected to what)
e (Geometric relations from joints

e Not necessarily what’s displayed in the end
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Articulated bodies

e Interior joints are typically not 6 DOF

Pin joint: Ball: Prism joint:
rotation about one axis arbitrary rotation translation along one axis
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l1cos(f1) + locos(01 + 69)

l1sin(67) + losin(0 + 69)

James O’Brien
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Why is |

Multiple disconnected solutions




Why is this hard?

Solutions don’t always exist
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l1cos(f1) + locos(01 + 69)

l1sin(67) + losin(0 + 69)




—lysin(6y) — losin(f + 69)

l1cos(01) + locos(07 + 09)

— I sin(0q + 69)

+ Iy cos(01 + 09)




—lysin(0y) — losin(f + 69)

l1cos(61) + locos(01 + 6)

— o sin(0q + 69)

+ g cos(6 + 69)

If we change the angles by a small amount dO; and dOg, this tells us
how px and pz change.












Back to inverse kinematics

=J.df

We want p to change by dp

Can we simply change 0 by
do =J-1 dp?

e . Isdinvertible?
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J =1 j = J-d
J=1[J1 Jo, Jop J3] q = 0o dp # q




Remember forward kinematics

World position of point is given by composition of transformations
P=Mo1 -Micog Mageop Mgy 3-X

If joint b moves, only Maa- 2 changes

op 0
— Mg MR M -
39219 0«1 12 3925 2a<+2b 26«3 * X

= Mo 1 - My, o, - Jop(02p) - Mope 3 - x
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