Poses and Kinematics
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Waist rotation 320°

Shoulder rotation 300°

\ Elbow rotation 270°

_ Wrist bend 200°

G\
’ Flange
#A i/ rotation 270°

Gripper mounting

w Wrist rotation 300°




Z-rotation




angles for rotation specification
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Roll-pitch-yaw rotation matrix

[Ryy o Ry goRuye] = [R; o] [Ry,s][Rz 4]
[ cosa  —sino UJ [ cosfS 0 sin,(?} [1 0 0

sinae cosa O 0 1 0 0 cosy —sinvy
0 0 1 —ginf 0 cosfg 0 siny cos7y

i cBea  (sysfea — cysa)  (cysPBea + sysa)
cfsa  (sysBsa+ cyca) (cysfsa — syew)
=355 sycf3 cycl

|

(4.66)



Rodrigues’ rotation formula

3. Show that the rotation over an angle ¢ around an arbitrary axis through the origin, given
by the unit vector (ry ry 7,)7, is given by:

rEl—cg)+cdp  rery(l—cg) —rus¢ reri(1 —cd) +ryse
rery(l—cg) +r.50 ri(l—cod)+cd  ryr(l —cd) —rys¢ (4.64)
rerz(1l —cd) —rysg ryr.(l —c@) + res¢ r2(1 — c@) + co

In terms of matrices, for unit axis k and angle 0:

R =1Icosf + [k|. sinf + (1 — cosf)kk".






Sweep around waist (11}
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Denavit-
Hartenberg
convention for
robot joint
parameters

g; — the joint angle from x;_; to x; about the z;_, axis (use the right hand rule for the sign!)

d; — the distance from the origin of frame ¢ — 1 to the intersection of z;—; and x; (measured
along z;_1).

a; — the shortest distance from the z;_; to z; axes (remember that this is measured along
the perpendicular to both axes, so it is the amount of translation along the positive x; axis!)

a; — the offset from z;_; to z;, measured as an angle around the x; axis (remember the
right-hand rule)



Denavit-
Hartenberg
convention for
robot joint
parameters
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Waist rotation 320°

Shouider rotation 300°
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™ _ Wrist bend 200°
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ange
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DH for PUMA

PUMA robot arm link coordinate parameters
| Joint i | 6, | o, a; d, - Joint range
1 190! -90 0 0 | —160 10 +160 |
2 0] 0] 431.8mm | 149.09mm = -225t045
3 |90 90[-2032mm | 0 ' -4510225
&t T 0] -9 0 | 433.07 mm | —110 to 170
5 0| 9 0 | 0 | —10010 100
6 | 0] 0 0 | 56.25 mm | —266 to 266




¥g {8)

Zg fa;
Xg (N)
PUMA robot arm link coordinate parameters
| Jointi | 6, | o a d, - Joint range
1 190 | -90 0 0 | —160 10 +160 |
2 0 0] 4318 mm | 149.09 mm = —225t0 45 ?
3 . 90 | 90| —20.32 mm 0 ! —45 to 225
4" | 0/ -9 0 433.07mm | ~110t0 170 |
5 0/ 90 0 0 | ~10010 100 |
6 | 0] 0 0 | 56.25 mm | —266 to 266




DH for 2-DoF planar arm

Figure 5.4: A 2-dimensional 2-dof RR robot

il 8; | a; | a; | d;
1{& | 0id | 0
2068 | 01l | O

—

Figure 5.5: The Denavit Hartenberg parameters for the 2-D RR manipulator.



Planar robot arm DH kinematics

[°As ]

[°Ay]['Az]
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Inverse kinematics
2D arm

Ci2
J12

~—s12 0 liep +lacyz | [
ciz 0 Lsy+lasia | | ™
0 1 0 - T31
0 0 1 | 0

T2
ro2
r32

123
T23
T33

=N R
1

z=liep +lac1e, y=Us + 12512

4yt 1212

Cy =

2015

s = £4/1 — 2.

92 = atan?(sz, Cg)

(x9) 22+ y2 =12+ 12+ 20,

f; = atan2(y, z) — atan2(lsss, {1 + lzcs).




Differential kinematics of 2D arm: Jacobian

x = ljcos6; +1ycos(6; + 62)
y = I;sinfy + lasin(f; + 63)
¢ = 61+6;
dx , , dd ] o
o = — (1) sin ) + Iy sin(6, +92))d—; — Iy sin(6, +92))d—f
d df df
d;: = —-(51 costy; + I 605(91 + 92))"&;1" + [ COS(91 -+ 92))d_t2
d¢ dﬂl_l_dt?g
a dt = dt kR
—l1s1 — 812 —lgsyo 4
% = | ha+bhes e
1 1 %ﬂ
d¢
L df

Jacobian matrix J:  [51=015)



Position of 2 DoF robot arm

Position only, Jacobian:

Ax . —-.-flsl - fgslz —52512 ﬁ.gl
&y a ly C1 + [2€19 lac12 Abs

Singularity detection by determinant:

A = (~l181 — [2812)l2c12 + (l1ea + 1ac12)l2812 = l1l2{c1812 — 51C12)
= -‘!152((31(51152 + 6132) - 31({3162 - 3132)) = 315252(3% + C%) = 313232
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arrows from A* in Confige.

corresponding to Confi
distance (straightest end
effector path) criterion.

Space solution.

Spa

Above: Task Space path
Right: Resulting field of
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(As)”

Minimum-distance-metric by
differential kinematics

Il

Il

(Az)* + (Ay)® = [Az Ay] r ﬁ; J

A6 Af; :
([J] [ ﬂﬂ; )T([J] [ ﬁﬁ;; - ) — [&91 ‘&92] [J.
E% + J% + 2011969 I% + ILJECE
[&91 &92] [ i% + [1l9co f%

Az
= Ay

| [3]
| o |

" AG
- Ab

((—ls1 — l2512) A — 52512.592)2 + ((ley + lye12) A0 + 5211312&92)2
(12 4+ 12 + 20115 cos 03) (AB1 )2 + 2(12 + 1415 cos 82) Ay Ay + 12(A6)2

(previous path planning slide used non-DH coordinates
0’,=0,and 0’, =0, + 6, , therefore slightly different formula)



