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Last Tutorial
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Focus for Today s=tf
1. Robot Kinematics and Dynamics 2. Forward and Inverse Kinematics

Inverse kinematics

Forward kinematics

cartesian space
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— Part1:
e ~Intro to Robot Kinematics
" and Dynamics
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Robot Kinematics and Dynamics Sl

Simulation
reaction to certain actuator
commands

Control
invert of simulation, want to get
somewhere, what to command?

Design

how are the loads distributed?
Toshimitsu et al. (2023)

Optimization
what dimension should | have?

Kinematics Dynamics

Actuation
torque, speed, powder etc.
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Robotic Arm el

Videos from Orbit
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Points, Lines, and Coordinates

Frame C

Frame A 4, <

X

Point P in Cartesian Coordinates Frame A: \Xp = (
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Alap = A A
Alap Z alas ¢
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Rotation s=tf
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4 FrameB Z Z
Frame B
y
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Frame B
X X
1 0 0 cosp 0 sing cosp —sing 0
C,(p) = |0 cosp —sing Cy(p) = 0 | 0 C,(p) = |sing cosp 0
0 sing cosp —singp 0 cosgp 0 0 1
ETHzrich oftRobotics 9

Laboratory




Rotation sedh
L)

AV = gY - COSQ — pZ - SinQ
4Z =gy Sin@ + pz + COSY

BZ

Frame B
y
4y pZ:Sing
Y * COSQ
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Rotation s=tf
..

Ja;*:‘.’
z FrameB £ Z
Frame B
y
/ y
y
Frame B
X X
1 0 0 cosp 0 sing cosp —sing 0

0 1 0
—singp 0 cosgp

C,(p) = |sing cosp 0

0 0 1

0 cosp -—sing
0 sing cose

Cx(QO) = Cy ((,0) =

If first rotate about z axis for z, angle, then about y axis for y angle, and lastly about z axis again for z, angle:

CAD

Laboratory




Joint Space and Task Space %*’*!”}

P1
q= <(P2>
@3

Joint Coordinates

—

X
X = <Z> Task Coordinates
(04
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Joint space
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Part 2:
% Forward and
Inverse Kinematics

Forward kinematics ,
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Forward and Inverse Kinematics

Forward Kinematics

i
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Homogeneous Transformation Matrix s=ath
@

rap = 'ag * 'gp
Alap = alag + alsp = afag + Cag'slep

y : ? (17) = [ieed LaCee] (='57)

\ J

TAB
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Homogeneous Transformation Matrix s=tf
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Jaé.
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q=<¢2> l2 l3 m—
v3 T T E Typ = TlyTyy - Tiy - Tys - Ty
Lo
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Homogeneous Transformation Matrix el
..

£
P1
“(52) L .
’ T U ElL— Ty = Tly-Tyy - Tyy » Tyg + Tag
1 0 0 O]J[c1r O s; OJ[ecz O s OJfez O s3 O]J[1 O O O
T = 0 1 0O 0 1 0 0 0O 1 0 0 0O 1 0 ofl0 1 0 O
IE 0O 0 1 0 —S1 0 (o8] lO —Sy 0 (65} ll —S3 0 C3 lz 0 0 1 l3
0 0 0 1 0O 0 0 1 0O 0 0 1 0O 0 o0 1110 0 0 1
lo
B [y sin(@y) + I sin(ey + @2) + I3 sin(@ + @2 + @3)
E— End effector position X (q) = | I, + 1, cos(p1) + I, cos(p1 + @3) + I3 cos(@1 + @2 + ¢3)
and orientation: 01+ @y + @3
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Forward Differential Kinematics and Jacobian

with Jp, =

o)
O0Xp =~ 6q = Jga(q)éq

= Jea(q)q with Jg.(q) € R™*"
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Inverse Kinematics

1.q«q° > start configuration

2. while o > while the solution is not reached
> evaluate Jacobian

> compute the pseudo inverse

5. Axe <+ Xz — Xe(Q) > find the end-effector configuration error vector

6.q—q+J :AAXE! > updated the generalized coordinates

Marco Hutter, Roland Siegwart
Robot Dynamics Class ETH
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Part 3:

Kinematics and Dynamics
for hand joints
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Difference Between Conventional Robots and Robotic Hands sah
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Recap: Different Types of Joints

SOFT ROBOTICS - JOINT TYPES

S

FLEXURE SYNOVIAL ROLLING
CONTACT
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Pin Joint s=ath
oS54
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Synovial Joint sah
o'-!f..J‘.
ETHzrich oftRobotics 04

Laboratory




Rolling Contact Joint — Joints Used on Faive Hand P
O-aall‘.

)
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Kinematics for Rolling Contact Joint S
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Kinematics for Rolling Contact Joint S
..

0o, 07.05
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Kinematics for Rolling Contact Joint
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_Xl 0 Xz
rir2 _| Risinoy |+ Ciof 0 )+ Gy | —Rzsinag
—R;cosoy 2R R,cosa,

R: radius of the rolling cylinders
R4, a, and X,: cylinder coordinates of the point T1 in system 1

R,, a5, and X,: cylinder coordinates of the point T2 in system 2

1 0 0
0 0 . 1 0 0
Cio = cos3 =Sy, Ci,=10 cosfO —sin@]
o o 0 sinf® cosH

0 sin— cos-—
y) y)
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Kinematics for a Conical Rolling Contact Joint S
..
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Trirz _ | Risinag |+ Gy | —Rasina,
—R cosay R,cosa,
cosf sin 5 sinf cos > sinf
O0, 01,02 singsin[)’ cos id 2—sin id 2cos,6’ —cosgsin€(1+cosﬁ)
Ciz =| >3 2 2 2°"2
0 0.0, 6\’ (6’
_ coszsmﬁ coszsmz( cosf) cos | 3 cosf — sin 2]
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Kinematics for Rolling Contact Joint

—X,
1172 _ ( Risinoy ) + C1o (
—R cosay

— 0
coSs >
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, 6 0
| —sin > coSs > sin >
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Dynamics el
w2
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Dynamics ssath
]
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DIP/PIP linkage

DIP/PIP extension
-

aql aqz PIF’erxioﬁ

Jm

MCP flexion MCP extension
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Dynamics sl
w2
P=Jm"q
g =T Jm- g T=Jm T
T.g=TT-p
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Dynamics sl
L)

Previous slide:t =], - T
Xfingertip — ]fingertip ) q

T.q = T, .
T q = Ffingertip ]fingertip q

T .5 — T .,y
T q = Ffingertip Xfingertip

— T .
= ]fingertip Ffingertip
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Dynamics sl
..

Ja%‘.’
T
T = - T
T — ]m ]fingertip fingertip
= ]fingertip ) Ffingertip
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Summary

Intro to Robot Kinematics and Dynamics
o Representing points and lines in different
coordinates and frames
o Rotational matrix
o Joint space and task space

Forward and Inverse Kinematics
o Homogeneous transformation matrix
o Forward differential kinematics and Jacobian
o Inverse kinematics

Kinematics and Dynamics for hand joints
o Hand Joints
o Kinematics for rolling joints
o Dynamics for rolling joints

ETHZirich oftRobotics

Laboratory

37




Next? Implementing Control Strategies for Manipulation! s=tf

o'%*i‘.
Wikimedia
Fine Art America h 3. Challenges
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