x=L(q)

J =%\x- L(@)® g =argmind
q=L"(x) !
N # $
% #l " # &
" t#
| *R(*R)T= 10 (*R)'= (*R)*= °R
' Orthogonal matrix
7 sJ iv 0
_ cosJ - si
Av=[?]%v X

A
AV:[A)(BlAyBlAZB]BV:AI%BV B@ ,
"5 = "Ry ° % = "R{1,0,0]"

A
7@
B,
A
X7y,

Example: rotation along the Zaxis ~ SinJd  cog/ 0

0 0 1
cos/ =7
F Axg = sind X
Xab Mg 0 Xy ));A

Ip(t)- a(t)|= | MOy oO)E constan

oi @

gt):0® 3

g:0® 3

g.(M=9(9- d B

v=0q-p

Note the difference between points and vectors (although both are represented as
3-tuples of numbers). A vector has magnitude and direction and doesn't belong to
a body (free vector).




$ %
g 3® 3

lo(p)- o(d|= | p 4 forall points pjg *

Length is preserved

g.(v W= g(Vy g(wforallvectorsv,iv *

The cross product is preserved

The inner product is also preserved, thus:

T — T
VvV w= g ( \b g ( W l.e. orthogonal vectors remain orthogonal

z z=Xy
I~

X

Vv, V,, \, attached irp then by effect g
g.(4), 9 (¥), g(y) are attached in g{

z,
R =[ %ol Yan| 2l Xy

xab Coordinates of the B’s principal axis x relative to A
Ais the inertial frame, B is the body frame

3

7 33 2
Rabl 1 Xabl yab, ZA)
Then:

X Yap = 0 @nd so forth...
RR=R R= |
detR = 1 for right-handed coordinate syste

( )

cosJ -siv O
Example: rotation along the Z axis sind coy/ 0

0 0 1

$ &*(+)

SQO3) which means Special Orthogonal afesg

SOR)={R %% RR= |det R+ 1}
/ N

Orthogonal Special

R.RI S@) RR sSE)

/-
| is the identity elemedR =R " R
+-
RR=R R= | RT S@)
0

(RR)R=RRB




1 +2
. &'
cosJ 0 siv 3
Example: rotation along the Y axis 0 1 0 |
-sind 0 cod 4 )
1 0 0
0 cosJ - s Example: rotation along the X axis
0 sind cod
)
!
AV:APBBV_'_A(% AV:ARBBV_'_A%
Z, A A A B
z,%0, v_ R "o v
XV4/><;L Ya 1 o 1 1
Ve
=T, v dim(v)=4
V=T, T v C® £
<3
ARB AOB -1 ARI AQA% <2>
0 1 i 0 1 <0> e
-1 _ .
= @ T4

(% ¥:2="T(q, 9, g, 9)X0,0,0)

x=L(a)
orientation =L (q)
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56 1
8 !
1 26
(
| 26 )
2
2 --
x=NL(q, ¢, g, 4) ( )
y=NL(q, 4, g, a) !
|
z=NL(q, 9, 4, q) :
for ¢.6,, %,
9
J=Yx- L@ q =argming ax ax
2 ! 5 4 dg,
X
+ =L@ o= =
@x)®L d - dx
- dg dq,
kk # dX dq
2=
- pm (Q)xa




X=(XY,zJ/ % )

n ! %

%
V=V, Vv J 0 ) V= K ) D,
v=(V,V,,V, ) J,
V=V, VY, )
|
. 6
26
0 0 0 0
J,=[31J, J] for njoints T = X % % P
0 0O 1
=0, Y
i $
3 £
! ( )
1 ( )

1

g=J"x
"%
g=J"x+(I-J3"J)k




dx = Jdy

kinematics

(no potential)

q T — T
1 Joint dq - dX F
g controllers dq-r — Ck:]T JTF
Sensors — JTF
+
n 2
=JF ( ' )
8! 53
< '
7 '
8! %3 3 =
& d -,
F=—(mv
™)
=E(| ) L=K-P
dt =
B_d gL gL T G
dt
Write down every equation (6):
d ; —Y ~ /
=—(1)= "( )+l Iith respect 0. ase fiame 1,01,
dt External forces K ZEmV v +§ |




$ | 8! 53 o(n)
I I > = o(n")
=M(g)a +h(a,q)d +g(a)
/ \ \ Gravity
External forces ®
(control) Inertia (generalized) Coriolis, centrifugal effects 0 ®
2 2
2 ’
£(t)® q(t) & -
1 2
3 4 1# /
5
- ®
at ® ¢ (1)
, /
=@ [ !
Aq+Bg+Kg-q1=0
=M(a)a +h(g,q)q +g(a)
5 .0

contrt = M (@)U +h(d,9)g +9(q)
M (g)g +h(g,q)q + 9(@) = M(g)u +g,q)q + 9g(@)
M(a@)a=M(q)u

u=q +k,(q - o)+ k,(q - q)




/( )
g=u
U:q’+kd(q* -9+ k,(q - q)
a=9q +k,(q -a)+ k(g - q)
e=qd-q
O=e+k,e+k €




