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screw motion as a homogeneous transformation

For general screw motion:

S(hoo.i,s) = | Mo ST Hnes I
0 1
" (I —e")s + hit
) 1
P where @ is the skew symmetric representa-
: tion:

0 us u9
U = us 0 —Ul
—Uu Ul 0

It would be convenient to write entire transformation as a matrix exponential.
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screw axis and matrix exponential form

Define screw axis using Pliicker Coordi-
nates:

in “skew symmetric form":

s _|u p+pi
S‘lo 0

Then, we can write the transformation T = 65¢. )
So the point P’ in the illustration results from the screw motion: P’ = ¢S?P.

3/11



screw axis infinite pitch: prismatic joint

bl
(op + hi

then p — oo

[0 0
= hﬁ]ésq_ Mq

Note we change variable from ¢ (which is related to h through p) to ¢ to denote joint
variable.
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screw axis zero pitch: revolute joint

~

U
p+pi

) p=—uxs, p =

In this case it's clear with p = 0:

U
So =
¢ pcb
U
= Sq=
q pq

Again we change ¢ to g to denote that it is a joint variable.
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summary of screw axis for robot joints

Prismatic Joint Revolute Joint
0 U .
S = [ﬁl S= ol p=—Uxs
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summary of product of exponentials for forward kinematics

Define global fixed base frame and end-effector frame

Find M, the homogeneous transformation matrix of the end-effector in the global
frame at the home position (g; = 0) for all 7.

Define all joint screw axis, S; in terms of the global frame

Apply the product of exponentials formula:

Ty = eSi1a15202  Snan pp
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SCARA example

End-effector transformation:

0

M- I |l1+1s
lo
0 1

Screw axis &7

N 0 0
Sl—l_AUIXS], ﬁlz 0 s 81 = 0
U 1 1 0

31:[0 0100 O]T
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SCARA example

Screw axis Sy

0
SQ - ~ ) Uz = 0 ’ 82 = ll
1

Sy =
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SCARA example

Screw axis Ss3
4 0 0
3 N
=] , = lo], = |l +1
{—us « 53] us3 . 83 1 0 2

0 0 lh+1
Ol x |l1+1a| = 0
1 0 0
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SCARA example

Screw axis Sy
- 0
84 = :| 17,4 =10
L 1

Sy =

D O

_ O OO oo

Then the forward kinematics can be computed as:

OTE —_ 651Q1 652112 653113 654114M
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