5.3.3 Numerical Solution to IK (conti)

Def: 4 1s an m xn matrix. A" 1s called the

pseudo inverse of A if A" satisfies the follow-
ing four conditions:

. A A A=A
2 A" A A= A
3 (A LY =4 4°
4 (4% Ay = A* A

The pseudo inverse always exists and 1s unique
(Ben-Israel and Greville, Generalized Inverses:

Theory and Applications, Wiley-Interscience,
New York, 1974)

CS Dept, UK



5.3.3 Numerical Solution to IK (conti)

Theorem: A4 1s an mxn matrix. A" 1S the
pseudo mverse of A4 . If A4 1s of full rank then

A% (d AT m < n
At =47, m=n
(A% A7 4 m>n

Proof Show A" defined the above way satis-
fies the four properties of the above defini-
tion.
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.3 Numerical Solution to IK (contl)

Example:
4= 1 @ 2
1 -1 O
1 1]p T
+ T T\-1 > 1
A =4 (4A4) ={0 -1
] 2
2 0]t J
1"1 1"—2 i 1”1 4
=§ O —1 1 5 =§ ]. —5
2 0t : A
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“—— Current locatiou—/

Same current position, same desired position.
But the one on the right is more natural

Add a control expression to the pseudo
inverse Jacobian solution to better control the
kinematic model:

g =" ¥ original solution

6 =JV+(JJ-1)-Z CS Dept, UK




Now, consider the following two cases:

G G
//@ )
el
= 8 © o
G—\‘\i""-—er """" e“f—f:?:f_@ ----- - e e
\\9“‘"—__—_-9 T —0

| — Current locationJ

g =JF original solution

§ =V +{T—D-%

How?
First, adding the control expression does not
change the velocities of the end effector
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0 =JV original solution

d =Vl T-D-Z

How?
@ First, adding the control expression does not
change the velocities of the end effector

Let V=J-0
6 =(I*I-DZ | =J0tI-1z
for some Z ,then consider =J S JZ-J12Z
= ol & =) £
== if)

Therefore, it 6 =JV +(J'J -1)Z, we would
still get the same V.



How to bias the solution toward specific joint
angles?

Define H=3% a (6;-6:)" ~—Why?

0; . current joint angles

Indicates the relative
Importance of the

. Q7] oY S
associated desired angle Oi desired Joinit angles

\ - The higher the gain,
a; : desired angle gains |the stiffer the joint

I -

k : kth norm(keven) <—— usually k=2

dH ]
Z=Vy H= Frie (ko (6) — 6.) ",

k-1
c e kan(en o 9077) )



solution toward specific joint
angles?

Now consider

6 =TV +(JJ-DV,H
How to find@ ? Note

é =J+(V+JV9H)—V9H

= JIIIN WV + JV,H) - V,H

=J' B-Vy4H



6=J1"3-V H

First, solve \‘ﬂ =(0T)'V+Iv, H )‘

V+J-VoH=(JJ) B

for .

Then compute
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End of Kinematic Il



