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Joint Coordinates
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Jacobians: Direct Differentiation
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Jacobian
6X(m><1) = J(mxn) (q) 6q(nx1)
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SS,d;+Cd,
C,d,

Ci[C,(C,CCq - §,Ss) — S,5,C¢] - §,(S,C,Cq + C,.Ss)
S[C,(C,CsCq = S,Se) — S,5C¢] + C(S,C:Cq + C,Sy)
-S,(C,CCs—S,Se) -C SL
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Stanford Scheinman Arm
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Orientation: Direction Cosines
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C,[C,(C,CsCq — S,S6) = S,5:C6] — S1(S,C5Cg + C,Sg)
SI[C,(CLCsCq = S,S6) — S,5,C¢] + Ci(S,CC + C,Sy)
S (C,CC—S,S) ~CSL
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S(C,C.S +S64) +CS,S
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Representations

1

«Cartesian
*Spherical
Cylindrical

*Euler Angles
eDirection Cosines
Euler Parameters



Jacobian for X
Xp = ‘pr (CI)CI (ij (‘JXP (q)j
XR = ‘JxR (a)g X Jx, (a)
Cartesian & Direction Cosines

X(12x1) = J,(9) 12¢6)9 (6x 1)

The Jacobian Is dependent on the representation



Basic Jacobian
{0} " linear velocity
s %angular velocity
v _
(wj(&(l) = Jo (d) (6xn) Uiy

Xp = Ep(Xp)V
Xr = Er(Xg)W
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Jacobian for X

Given a representation X =

x=4J,(0) 9
J.(g) = E(x) J,(q)

V o
Basic Jacobian (Wj =J,(q) g




Jacobian and Basic Jacobian

(Vj = J,(g)q
a
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Cartesian Coordinates
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Position Representations
E-.(X) =1,

Using(X v 2)' =(pcosf p sid z)
[ cosd Sing 0
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E.(X) = —sin% cos%
.0 0

1



Using
(X y 2)' =(pcosf sinp p sirf sip p cod® '
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Euler Angles
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Jacobian for X

Given a representation X =

x=4J,(0) 9
J.(g) = E(x) J,(q)

V o
Basic Jacobian (Wj =J,(q) g




Jacobian
{O}“ " linear velocity
s %angular velocity

V
= J(9) 6xn) Ay
0, 1




Linear & Angular Velocities

{O}“ " linear velocity
s %angular velocity




Linear Velocity
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Pure Translation

{A} " Vpia
{B} 1 Va 5/




Pure Translation Vo s
(A} P Ve

{B} 1 Va B\

Vog = Vae T Vpa



Rotational Motion

AxIis of rotation
fixed points on the rigid body

rgid body ;



Rotational Motion

(Q Angular Velocity



Rotational Motion

(Q Angular Velocity



Rotational Motion

(Q Angular Velocity




Rotational Motion

(Q Angular Velocity

fixed point




Rotational Motion

(Q Angular Velocity

fixed point




Rotational Motion

(Q Angular Velocity

Vp IS proportional to:
* ||
e ||Psing|
and

fixed point

Vo = QxP




Cross Product Operator

c=—axb=c=ab
vectors > matrices

Vo

aX = a :askew-symmetric matrix

0 -a a |
c=édb=|a, 0 -a|h| [c=ab
-a, a 0 |b




Cross Product Operator
Vo = QX P = v, = QP

QX = Q : a skew-symmetric matrix

Q. P
Q=1Q, P=|P,
Q| P,




Simultaneous linear and angular motion

A}

Voja = Vgia T Ve g TQXP,
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Spatial Mechanisms
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Propagation of velocities

.V . linear velocity
X .
w : angular velocity

x=J(6).6



Velocity propagation
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Velocity propagation
Joint 1
v, and aj, In frame {1}
Joint 1+1
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