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1 Introduction Motion Planning for Robotic Manipulation

Robotic Manipulator

» Degrees of Freedom
> Frames

» Joint/Cartesian space

(Base)
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2 Kinematic Problems Motion Planning for Robotic Manipulation

Kinematic Chain

o mm

a,= 390 mm

d= 400 mm
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Kinematic Problems
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2.1 Kinematic Problems - Forward Kinematics Motion Planning for Robotic Manipulation

Homogen Transformation

» homogene matrix
> translation
> rotation
> projection
> scaling

rni rn2 n3 tx

Ho |21 2 3 ty 4]
r31 2 3 t;
0O 0 0 1
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2.1 Kinematic Problems - Forward Kinematics Motion Planning for Robotic Manipulation

X-Y-Z fixed angles (roll, pitch, yaw angles)

1 0 0 cos(B) 0 sin(B)][cos(a) —sin(cr) 0
0 cos(y) —sin(%) 0 1 0 sin(a) cos(a) 0O
0 sin(y) cos(y) | [—sin(B) 0 cos(p) 0 0 1
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2.1 Kinematic Problems - Forward Kinematics Motion Planning for Robotic Manipulation

Denavit-Hartenberg convention

> z-axis is in the o g
direction of the joint T[T z
axis d

» x-axis is parallel to the =
common normal:

Xn = Zn X Zp_1

» y-axis follows by
right-handed
coordinate system
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Denavit-Hartenberg parameter (0, d,, a,, ;)

cos(6,) —sin(6,) 0 O b,
sin(0 cos(0 00 I e
R(Zn—laen) = E) n) (() " 10 Zu
0 0 01

100 0 ]<‘

010 0 |

= I-‘i
T(zn-1.dn) =15 o 1 d, d

000 1 !
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Denavit-Hartenberg parameter(6,, d,, a,, a,)

o = O O
n—-ooa‘”
;;Hﬂ

o O O
o O+~ O

T (0 30) = |
|
|
t
|

1 0 0 0 k-.
o costan) —sin(an) 0 |

R(Xn7 Oén) - 0 Sin(an) COS(an) 0 :

0 0 0 1 4
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Denavit-Hartenberg parameter(6,, d,, a,, )

cos(0n) —sin(0p)cos(an)  sin(0n)sin(cay)  ancos(0,)

-1 sin(6p) cos(6p) —cos(0p)sin(c,)  ansin(6,)
" 0 sin(a) cos(ap) dpn
0 0 0 1
cos(6p) sin(60,) 0 —an
. —sin(0,)cos(a,)  cos(0p)cos(an)  sin(an)  —dpsin(ay)
" | sin(an)sin(0,)  —cos(6p)sin(ay) cos(ay) —dncos(an)
0 0 0 1

J. Liebrecht (=] = = = o 13



UH MIN Faculty FRRRRE
Department of Informatics "‘":;‘1"1‘

it [
L2 University of Hamburg

Motion Planning for Rob Manipulation

Example Puma 560

111 = €1[023(64C5¢6 — $455) — 52385C5] + 51(54¢5€6 + C456)s
191 = s1lep3(cycsc6 — 5486) — $2385€6 — €1(54C5C6 + €456),

731 = —523(C4C5C6 — 5456) — C2355C6,

712 = €1[e3(—C4€556 — 54¢6) + 5235556] + 51(c4¢6 — $4556),
ni1 n»2 n3 tx 120 = $1(€93(—C4C556 — $466) + 52385561 — €1(C4C6 — 54¢556),

. T6 _ a1 o 3 ty rap = —8p3(—€4C586 — $4C6) + C235556,
rR1 2 3 t, 113 = —€1(C23€485 + $23€5) = 51455,
0 0 0 1 123 = —51(C23€485 + 83€5) + 15455,

I'33 = 523C455 — €235,

Py = c1lay6p + a3e93 — dysp3] — dysy,
Py = s1laycy + azep3 — dysy3] + dsey,

Py = —a38y3 — g8 — dycy3.




UH MIN Faculty
iti Department of Informatics
L2 University of Hamburg

2.2 Kinematic Problems - Inverse Kinematics Motion Planning for Robotic Manipulation

Inverse Kinematics

» multiple solutions

» closed-form solution
> 3 joint axes intersect at

(ON
PRI _Yes
'/ Obstacle | 8"
/
/

a point ’
> 3 joint axes are parallel ~ FFal J,’/

to one another e
iloj_qlai—1| di |6 11 |ul
0] 0 0| 0 |0]-170(170
1[ 0 |9 | 0 [0]-120{120
200 [-90]04(0]-170{170
3 0 |-90] 0 [0]-120{120
41 0 | 90 10.39(0(-170|170
5(0 |9 | 0 [0]-130{130
6/ 0 |-90| 0 |0O|-170{170
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3. Motion Planning
RRT
RRT-Connect
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REMINDER: CSPACE

workspace
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3.1 Motion Planning - RRT Motion Planning for Robotic Manipulation

Rapidly Exploring Random Tree(RRT) algorithm

BUILD RRT (gint)
1 Tinit(gimi);

2 fork=1to K do
3 Grand  RANDOM_CONFIG();
4 EXTEND(T, ¢rana);
5 Roeturn T
EXTEND(T, g)

1 Guear + NEAREST NEIGHBOR(q, T);
2 if NEW_CONFIG(q, dnear Inew) then
3 T .add_vertex(gnew);

T add-odge(gnears Gnew s

4 —
5 if gnen = g then *q
6 Return Reached;
7 clse near
8 Return Advanced; q; .
9 Return Trapped; init
Figurc 2: The basic RRT construction algorithm. Figurc 3: The EXTEND opcration.
J. Liebrecht [m] = = o > 18
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Why RRTs rapidly explore?

Figure 4: An RRT is biased by large Voronoi regions to
rapidly explore, before uniformly covering the space.
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3.2 Motion Planning - RRT-Connect

RRT-Connect algorithm

CONNECT(T, ¢)

1
2
3
4

repeat

5 « EXTEND(T, q);
until not (5 = Advanced)
Return S

RRT_CONNECT PLANNER(ginit> Ggoai}

1 n'inib(qinz’t); ﬂinib((lqoal);
2 fork=1to K do
3 Grand +— RBANDOM_CONFIG();
4 if not (EXTEND(T,, Grana) = Trapped) then
5 if (CONNECT( Ty, gnew) =Reached) then
6 Return PATH(T,, To):
7 SWAP(T,, Ts);
8 Rcturn Failure
Figure 5: The RRT-Connect, algorithm.
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Summary

» Kinematic Problem
» Forward Kinematics
» |Inverse Kinematics
» Motion Planning

» RRT
» RRT-Connect
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3.2 Motion Planning - RRT-Connect
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3.2 Motion Planning - RRT-Connect Motion Planning for Robotic Manipulation

Thank you for your attention!

i
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