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Outline of the course

« Manipulation robotics

— Literature: Kevin M. Lynch and Frank C. Park: Modern Robotics: Mechanics,
Planning, and Control
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Outline of the course

« Manipulation robotics

— Literature: Kevin M. Lynch and Frank C. Park: Modern Robotics: Mechanics,
Planning, and Control

- Kinematics and geometry of the camera
— how to describe the robot pose in space
— how to find the robot pose for a given task, e.g. grasping
— how to find the pose of an object
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« Manipulation robotics

— Literature: Kevin M. Lynch and Frank C. Park: Modern Robotics: Mechanics,
Planning, and Control

- Kinematics and geometry of the camera
— how to describe the robot pose in space
— how to find the robot pose for a given task, e.g. grasping
— how to find the pose of an object
+ Dynamics and control
— how to describe the dynamic properties of a robot
— how to control the robot dynamically
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Outline of the course

Manipulation robotics

— Literature: Kevin M. Lynch and Frank C. Park: Modern Robotics: Mechanics,
Planning, and Control

Kinematics and geometry of the camera

— how to describe the robot pose in space

— how to find the robot pose for a given task, e.g. grasping

— how to find the pose of an object

Dynamics and control

— how to describe the dynamic properties of a robot

— how to control the robot dynamically

« Al in robotics

— motion planning

— modern Al applications (RL, VLA, ...)
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Lectures

Monday 12:45-14:15, KN

# Date  Topic

21.9. Course organization, rigid body motion
28.9. public holiday

5.10. Forward kinematics of open chains

12. 10. Vision in robotics, final project

19. 10. Depth estimation and calibration [test 1]

26. 10. Denavit-Hartenberg notation, differential
kinematics

6 2.11. Inverse kinematics

[

o &~ 0N

# Date

7 9.11.

8 16. 11.

9 23.11.
10 30. 11.

11 7.12.

12 14.12.

Topic
Motion planning

Path and trajectory generation,
TAMP

Robot dynamics
Robot control

Parallel manipulators
Al in robotics | [test 2]

13 4.1.2027 Alin robotics Il

Slides appear on the course page cw.fel.cvut.cz/b261/courses/b3b33rob1 before each lecture (also as handouts);

lectures are streamed and recorded.

3/9


https://cw.fel.cvut.cz/b261/courses/b3b33rob1/start

Laboratories

* Programming a robotics toolbox in Python

— template repository github.com/CTURobotics/robotics_labs, documentation robotics-
labs.readthedocs.io

— work in the lab is finished as homework, evaluated automatically by unit tests in BRUTE
— Tuesday 12:45-14:15, 14:30-16:00 and Wednesday 14:30-16:00, 16:15-17:45
— labs follow up the lectures, study the lecture before the lab
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Laboratories

* Programming a robotics toolbox in Python

— template repository github.com/CTURobotics/robotics_labs, documentation robotics-
labs.readthedocs.io

— work in the lab is finished as homework, evaluated automatically by unit tests in BRUTE
— Tuesday 12:45-14:15, 14:30-16:00 and Wednesday 14:30-16:00, 16:15-17:45
— labs follow up the lectures, study the lecture before the lab

 Final project on a real industrial robot

— safety training in the 2nd week is mandatory (JP:B-415); without it you cannot work
with the robots

— submission in BRUTE by 5 January 2027; up to +5 bonus points for early submission
(17. 11.: 45, then —1 per week)
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Laboratories plan

# Tue Wed Topic Homework Due

1 929 9239 Toolbox structure, automatic tests, transformations in hw01 opt_hwo1 4. 10.

SE(2)/SE(3)
2 29.9. 30.9. Safety training (JP:B-415), mandatory - -
3 6.10. 7. 10. Fprwgrd Ifinematics of a planar manipulator, hw02 18.10.
visualization
4 13.10. 14.10. Camera-robot transformation, homography hw03 25.10.
5 20.10. 21.10. individual work on the project
6 27.10. 28.10. individual work on the project
7 3.11. 4.11. Jacobian of a planar robot, numerically and analytically hw04 15. 11.
8 10.11. 11.11. Inverse kinematics hwO05 opt_hw05 22. 11.
9 17.11. 18. 11. individual work on the project
10 24.11. 25.11. Motion planning opt_hwO06 6. 12.
11-13 1.12. 2 192 individual work on the project (also 8.-9. 12., 15.—
16. 12))
14 5.1. 6. 1. Final project submission project 5. 1.2027

hwNN mandatory, opt_hwNN optional, 1 point each; due Sunday 23:509.
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How (not?) to solve homework
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Explorer
~ robotics_labs

> .github

> .pytest_cache

> venv

> docs

~ exercises

~ lab01

—init__py
% 01_so2_example...

@ 02_mobile_robot...

# 03_drone_se3_e...
> lab02
> lab03
> lab04
> lab05
> lab06
—Init__.py
> src
> tests
© _gitignore
.python-version
! .readthedocs.yaml
N LICENSE
© pyproject.toml
README.rst
uv.lock

> Outline

> Timeline

& robotics_labs (w02

® 01_so2 example.py %
exercises > lab01 > @ 01_so2_example.py > ...
1 #!/usr/bin/env python

3 hwO1 tests implementation X

hwO01 tests implementation

2 #

3 # Copyright (c) CTU — ALl Rights Your task is to make all tests for hw01 pass by i ing the required fi
Reserved Rules:

4  # Created on: 2023-87-4 1

5 # Author: Vladimir Petrik <vladimir. —
petrik@cvut.cz>

6 # * Bash Run hwO01 tests for baseline

7 # This example shows what
transformation does with a vector and
basic properties of

N .venv/bin/pytest tests/hwll -q 2>&1 | tail -15

@

# transformation. FAILED tests/hwdl/mandatory/test_so2.p
9 # Note, you need to complete FAILED tests/hw@l/mandatory/test_so3.p
robotics_toolbox/core/so2.py in order

for script this to

FAILED tests/hwdl/mandatory/test_so2.py::Test502::test_reference_rotations - ...
TestS02::test_so2_initialization - A...
TestS03::test_composition - Assertio...

oo

* D&
(CINO]

190 # work.
11 import numpy as np ® Thinking... - 50 tokens
12
13 from robotics_toolbox.core.so2 import Marinating...
502
14 from robotics_toolbox.render import
RendererPlanar JQueue another message...
15

16 # Let's visualize a few frames + @© 60m  Fable 5.1 High

il *

17 renderer = IlendererPlanartxlm:(-e 25,

Problems Output Debug Console Terminal Ports

(robotics-labs) petrivi3@Vladimir—MacBook-Pro robotics_labs %
(roboncs—labs) petrivi3@vladimil —Nacﬁmlf—?rn rohoucs lahs 't v run pgtest tests/hwll

LE3 L3/ HWUA/ MOING LU Y/ LE3L_3UJe Y -

FAILED tests/hw@l/ y/tes n_sn3.py
FAILED tests/hw@l/ y/test_so3.py
FAILED tests/hw@1/optional/test_so3_opt.
FAILED tests/hw@1/optional/test_so3_opt.
FAILED tests/hw@l/optional/test_so3_opt.
FAILED tests/hw@1/optional/test_so3_opt.
FAILED tests/hw1/optional/test_so3_opt.
FAILED tests/hw®l/optional/test_so3_opt.
FAILED tests/hw@l/optional/test_so3_opt.py::
FAILED tests/hw@l/optional/test_so3_opt.py::

stest_inverse - AssertionError:

test_from angle axis - NotImplementedError: Needs to be implemented

test_rx — NotImplementedError: RX needs to be implemented.
test_ry - NotImplementedError: RY needs to be implemented.

test_to_q - NotImplementedError: To guaternion needs to be implemented
23 failed, 15 passed in 0.90s

Dohd +v D@ ~ [ XN

RAUIILT 1U1 0 UL LUV LUUA S LUI €. 3U2: U2 UUJELL GL UALLUCEWA B N UMULALS_ LUV LMUALLUI ©a 3U2. U2 VUJTLL GL UALIUCTYLIUS

ust w AsseruonError- <robotics_toolbox.core.s03.503 object at ﬂxlllzed‘ﬂb i= <rnhnncs ‘toolbox.core.s03.503 object at @x11@eedbed>
test_log - AssertionError: <robotics_toolbox.core.so3.503 object at @x118ee5468> != <robotics_toolbox.core.s03.503 object at 8x118ee53de>

(robotics-labs) petrivi3gViadimir—MacBook-Pro robotics_labs % []
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Evaluation

- Homework (robotics toolbox): 5 mandatory + 3
optional, 1 point each

- Final project: 20 points (+ up to 5 bonus for early
submission)

- Two tests during the lectures (19. 10. and 14. 12.):
2 x 16 points, pen only

« Exam: 40 points

Part Points
Homework 8
Final project 20
Tests (2 x 16) 32
Exam 40
Total 100
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Requirements

- Homework
— all mandatory homework must pass the tests in BRUTE
— deadline Sunday 23:59, about 1.5 weeks after the lab
— late mandatory homework: —0.1 point per day; optional homework cannot be late
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Requirements

Homework

— all mandatory homework must pass the tests in BRUTE

— deadline Sunday 23:59, about 1.5 weeks after the lab

— late mandatory homework: —0.1 point per day; optional homework cannot be late

Final project: at least 1 point
Tests are optional, no minimum
Exam: at least 10 of 40 points; registration only after the credit
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Teachers

* Lectures: Vladimir Petrik, viadimir.petrik@cvut.cz
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Teachers

* Lectures: Vladimir Petrik, viadimir.petrik@cvut.cz

- Laboratories

— Robotics toolbox and homework
o Martin Cifka
o Petr Vanc
o David Kovar
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Teachers

* Lectures: Vladimir Petrik, viadimir.petrik@cvut.cz

- Laboratories

— Robotics toolbox and homework
o Martin Cifka
o Petr Vanc
o David Kovar

— Final project on real robots
o Pavel Krsek
o Vladimir Smutny
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