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Last Tutorial

Joint angles — end
How does it effector orientation?

Robot Kinematics &
Robot Dynamics

researchgate.net

Robotis

ETHzlrich oftRobotics

Laboratory Toshimitsu et al. (2023) https://srl-ethz.github.io/get-ball-rolling/



https://usatoyz.com/products/ditto-talking-robot-toy-with-metal-mini-robot-body-and-11-posable-robot-toy-joints-repeats-your-voice-sounds
https://www.researchgate.net/figure/Robot-components-base-arms-and-end-effector-They-are-linked-by-planar-revolute-joints_fig4_327498371
https://en.robotis.com/
https://srl-ethz.github.io/get-ball-rolling/

Plan for Today

Marginally Clever Robots
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cartesian space

Inverse kinematics

Forward kinematics

Faive Robotics


https://www.marginallyclever.com/2019/10/robot-arm-kinematics-in-three-js/
https://gramaziokohler.github.io/compas_fab/0.18.2/examples/03_backends_ros/03_forward_and_inverse_kinematics.html
https://www.faive-robotics.com/
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https://www.marginallyclever.com/2019/10/robot-arm-kinematics-in-three-js/

Robot Kinematics and Dynamics St

Simulation
reaction to certain actuator
commands

Control

invert of simulation, if | want to
get somewhere, what command
to give?

Design
how are the loads distributed

Toshimitsu et al. (2023) https://srl-ethz.github.io/get-ball-rolling/

researchgate.net Optimization
. . . what dimension should | have
Kinematics Dynamics
Actuation
_ torque, speed, powder etc.
ETHzirich oftRobotics

Laboratory


https://www.researchgate.net/figure/Robot-components-base-arms-and-end-effector-They-are-linked-by-planar-revolute-joints_fig4_327498371
https://srl-ethz.github.io/get-ball-rolling/

Franka Arm o

Videos from Orbit
franka.de
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https://download.franka.de/Datasheet-EN.pdf

Points, Lines, and Coordinates
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Rotation
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Rotation
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Rotation St
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Rotation el
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C,(p) =10 cosp —sing Cy(p) = 0 1 0 C,(9p) = [sing cosp 0O
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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:

cosz, —sinz, 0
Cap = Cep(z2) = sinz, cosz, O
0 0 1
i oftRobotics — :
ETHz(irich oL L Al = Cappf
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Joint Space and Task Space s2eh
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X P3
Joint Space ®1
P3
_Joint Coordinates
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X
X = <Z> Task Coordinates
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https://gramaziokohler.github.io/compas_fab/0.18.2/examples/03_backends_ros/03_forward_and_inverse_kinematics.html

Forward and Inverse Kinematics
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Forward Kinematics
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Inverse Kinematics
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Homogeneous Transformation Matrix
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Homogeneous Transformation Matrix ah
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Homogeneous Transformation Matrix

P1
@3
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End effector position X (q) =
and orientation;
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[y sin(pq) + I sin(@q + @) + I3sin(@q + @, + @3)
lo + 13 cos(@q) + 1 cos(@y + @3) + I3 cos(@y + @, + @3)
Q1+ @+ @3
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Forward Differential Kinematics and Jacobian

6Xr(q) . 5X
O0Xg =~ 5Eq 6q = Jra(q)dq with Jg, = 5_qE =
XE = Jea(q)q with Jg,(q) € R™*"
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Part 3:
Kinematics and Dynamics
for hand joints
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https://www.faive-robotics.com/

Difference Between Conventional Robots and Robotic Hands

franka.de
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https://download.franka.de/Datasheet-EN.pdf
https://cdn.productimages.abb.com/9PAA00000009272_master.jpg

Recap: Different Types of Joints

SOFT ROBOTICS - JOINT TYPES

S

FLEXURE SYNOVIAL ROLLING
CONTACT

ETHzlrich oftRobotics

Laboratory




Pin Joint
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Synovial Joint
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Rolling Contact Joint — Joints Used on Faive Hand }Eagii}
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Kinematics for Rolling Contact Joint sl
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Kinematics for Rolling Contact Joint
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Kinematics for Rolling Contact Joint (
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—X1 0 XZ
Prira | Risinog |4 Cio| 0 |+ Cip| —Rzsina,
-\ —R;cosuy 2R R,cosa,
R: radius of the rolling cylinders
R, a;, and X;: cylinder coordinates of the point T1 in system 1

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

1 0 0

0 0 . 0 1 0 0
Cio = cosy _SmE, Ci»=10 cosf@ —sinf

0 sing cosg 0O sin@ cosO
- 2 2
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Kinematics for Rolling Contact Joint Sah

—X1 %’
- . .
Trir2 _ Risinay |+ Cy5 | —Rzsinay
—R;cosay R,cosa,
6 0 .
cosf sin 5 sinf cos 5 sinfs

00,01, 0o ) )
0 ) (6 6 6
Cip = szsmﬁ cos|=| —sin(=] cosp —cosESlnE(1+cosﬁ)

2 2
0 0.0 . 6\’ %
_ coszsm,B coszsmz( cosf3) cos | 5 cosf — sin 2) |
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Kinematics for Rolling Contact Joint

_Xl 0 XZ
Risinay |+ Cip| 0 |+ Cip| —Rasinay

FTlTZ _
—R;cosay 2R R,cosa,
cos > sin >
oo B8 0 B 6
10 sin > sin > cos > cos > sin >
, 6 6 p 6
sin > cos > sin > cos > cos >
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Dynamics
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Toshimitsu et al. (2023) hitps://srl-ethz.qgithub.io/get-ball-rolling/
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https://srl-ethz.github.io/get-ball-rolling/

Dynamics
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Dynamics
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DIP/PIP linkage
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DIP/PIP extension

PIP flexion

MCP flexion MCP extension
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Dynamics
P=Jm"4q
h.g=T"-p
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Dynamics £

Previous slide: t =, - T

Xfingertip = ]fingertip ) q o)

— Tl .4 = T . iy
T4 = Fringertip” *J pingertip * 4

T - T 3
T q = Fringertip " Xfingertip -

v

- T .
U= Jfingertip' * F fingertip
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Dynamics

szmT'T

L — T\~ 1 T
I = (]m ) .]fingertip ) Ffingertip

— T .
* = Jfingers” * Fpingercp
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Summary

Intro to Robot Kinematics and Dynamics

O

O

©)

Representing points and lines in different
coordinates and frames

Rotational matrix

Joint space and task space

Forward and Inverse Kinematics

O

©)

O

Homogeneous transformation matrix
Forward differential kinematics and Jacobian
Inverse kinematics

Kinematics and Dynamics for hand joints

O

O

O

Hand Joints
Kinematics for rolling joints
Dynamics for rolling joints
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https://gramaziokohler.github.io/compas_fab/0.18.2/examples/03_backends_ros/03_forward_and_inverse_kinematics.html
https://www.faive-robotics.com/
https://www.marginallyclever.com/2019/10/robot-arm-kinematics-in-three-js/

Next Tutorial? Implementing Control Strategies for Manipulation! el

1. Sensing

FineArtAmerica / 3. Challenges
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https://www.google.com/url?sa=i&url=http%3A%2F%2Fmariacollege.edu%2Fblog%2Fovercoming-challenges&psig=AOvVaw2a-Qo3T5wnvl3wTDj2t8Fc&ust=1696575851474000&source=images&cd=vfe&opi=89978449&ved=0CBEQjRxqFwoTCJCjttmr3oEDFQAAAAAdAAAAABAE
https://www.google.com/url?sa=i&url=https%3A%2F%2Ffineartamerica.com%2Ffeatured%2F4-gyroscope-balancing-on-a-wire-science-photo-library.html&psig=AOvVaw3uqouGRDnYaBS_dSeGZq8F&ust=1696610939357000&source=images&cd=vfe&opi=89978449&ved=0CBEQjRxqFwoTCKjy0rSu34EDFQAAAAAdAAAAABAJ
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