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Inverse Kinematics



Direct Kinematics
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Joint Coordinates

Revolute Joints O,
Prismatic Joints d,
q. =¢.0. +¢.d
0 revolute joint
Ei = 3 . L.
1 prismatic joint
. =l-¢
Direct Kinematics
Given q — (Q1 QQ er)T

T=,T(q) or x= f(q) (Geometric Model)









Inverse Kinematics
Finding
O=f"(X)

or

Solving
ZT(91,6’2 :93994 995996):£T

( 12 equations )
6 unknowns












Workspace

 Reachable Workspace

* Dextrous Workspace









Number of Solutions
It depends on
« Number of Joints

 Link Parameters
e.g. 6-revolute-joint manipulator
ifall a, #0 Number solutions < 16
ifa,=as;=as=0 Number solutions<4

» Range of Motion

General Mechanism with 6 d.o.f.
Number of solutions < 16



Main Results

General 6R open-chain 16 solutions
General SRP open-chain 16 solutions
General 4R2P open-chain 8 solutions
General 3R3P open-chain 2 solutions

Special conditions in the structure [such
as intersecting or parallel axes] cause
the general number of solutions to reduce.
here exist open-chain manipulators with
16, 14, 12, 10, 8, 6, 4, 2 solutions.













Stanford Scheinman Arm




Stanford Scheinman Arm




Solvability

A manipulator is solvable if ALL the
sets of solutions can be determined.

6 d.o.f. open-chain mechanisms are
“‘now” solvable.

(the general solution is a numerical one)



Closed Form Solutions

Analytical Solutions - Exist for a large
class of mechanisms.
Sufficient Condition

3 intersecting neighboring axes
(most industrial robots)
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