Fast Robots 2025 &Y.
A

Introduction

Fast Robots, ECE4160/5160, MAE 4190/5190

E. Farrell Helbling, 1/21/25



Fast Robots 2025 -

Why do you want to take this class?

* Exists somewhere between a CDE (learn
through implementation)

e ... and a foundations course

e QOverlap with Autonomous Mobile Robots,
Foundations of Robotics, and Feedback
Control Systems




Fast Robots 2025

Fast Robots are fundamentally different

Kinematics — Dynamics

REUTERS / BOSTON DYNAMICS

Boston Dynamics




Fast Robots 2025

Fast Robots are fundamentally different
Stable — Unstable

Deep Drone Acrobatics

Elia Kaufmann*, Antonio Loquercio*, René Ranftl,
Matthias Muller, Vladlen Koltun, Davide Scaramuzza

Il » o 001/231



Fast Robots 2025

Fast Robots are fundamentally different

Design

* Requires more than good control theory and dynamic models

* Practical implementation: mechanics, sensors, processing, estimation, etc.
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Fast Robots 2025

Control

So why do we care about feedback?




Fast Robots 2025

control

Why do we need feedback control?
°* DProcessor °* Sensors

. . . e System uncertaint e Disturbances
e drivers  noise/bias y y

* limits * Instability * Efficiency



Fast Robots 2025

Class Layout



_ _ Lab 10-12: Localization
Lab 1-4: HW / Embedded SW Lab 6-9: Feedback Control and Planning



Lab 10-12: Localization

Lab 1-4: HW / Embedded SW Lab 6-9: Feedback Control and Planning

 Take the RC car base and combine with processor,
sensors, and motor drivers

* Refresh on linear algebra and T-matrices
* Sensor modalities and types of sensors

* Actuators, drivers, circuits and routing, and EMI



Lab 10-12: Localization
and Planning

Lab 1-4: HW / Embedded SW Lab 6-9: Feedback Control

control est obs



Lab 10-12: Localization
and Planning

Lab 1-4: HW / Embedded SW Lab 6-9: Feedback Control

X = cos(O)v

y = sin(@)v »

0= w




Lab 10-12: Localization
and Planning

Lab 1-4: HW / Embedded SW Lab 6-9: Feedback Control

* Linear systems, model-free and model-based control FE==

* PID controllers, LQG control, Kalman Filtering

Why do we need feedback control
and observers?

Y :

control est obs Performance depends on the battery

 Sensing is slow (relatively)



Lab 10-12: Localization

Lab 1-4: HW / Embedded SW Feedback Control :
and Planning

 Map representations

0.5
* Search and planning
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Lab 10-12: Localization

Lab 1-4: HW / Embedded SW Lab 6-9: Feedback Control :
and Planning

 Map representations

* Search and planning

stall current

S
S
S
‘-

S
S

* Noise, discrete probability

e Motion and sensor models

What are sources of error?
e Sensor noise, resolution
* Momentum and slippage A—
° Weak motors current

stall torque
(theoretical)




Lab 1-4: HW / Embedded SW | Lab 6-9: Feedback Contro Lab 10-12: Localization
and Planning

 Map representations
* Search and planning
* Noise, discrete probability

e Motion and sensor models

What are sources of error?
e Sensor noise, resolution
« Momentum and slippage
« Weak motors
» Skid steering




Lab 10-12: Localization

Lab 1-4: HW / Embedded SW Lab 6-9: Feedback Control ;
and Planning

 Map representations
* Search and planning

* Noise, discrete probability

g \.‘._@‘ iy

e Motion and sensor models

What are sources of error?
e Sensor noise, resolution
« Momentum and slippage
« Weak motors
» Skid steering




Lab 1-4: HW / Embedded SW | Lab 6-9: Feedback Contro Lab 10-12: Localization
and Planning

* Map representations S
» Search and planning t aA A&
* Noise, discrete probability S e R
 Motion and sensor models S ———.

 Bayes theorem/ filters

» | ocalization, planning
goal

<>



Disclaimer

e We work with real hardware.

 Everyone must build and operate a robot

* We break things!

» [Jake this course Iif you want a highly interactive teaching team, fun and

advanced challenges, experience with real robots, and an opportunity to build
up an online portfolio

Do not take this class if you prefer a deep dive into fundamentals,
simulation-heavy work, or if you have a very busy schedule
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Logistics



Logistics

Online resources

» Github page (https://fastrobotscornell.github.io/
FastRobots-2025/)

 Schedule, lecture slides, lab documents, tutorials,
code examples, etc.

 Canvas
* |ecture slides, deadlines, grades
 EdDiscussion

* Post general questions to benefit all of your
classmates, private messages to communicate wit
the course staff about extensions

FastRobots-

2025

ECE4160/5160-MAE
4190/5190: Fast

Robots course, offered

at Cornell University in

Spring 2025
@ View On GitHub

This project is

maintained by

Hosted on

using the Dinky theme

Fast Robots 2025

ECE 4160/5160, MAE 4190/5190: Fast Robots

Cornell University, Spring 2025

This course focuses on systems level design and implementation of dynamic autonomous robots. We
will design a fast autonomous car and explore dynamic behaviors, acting forces, sensors, and reactive
control on an embedded processor, as well as the benefit of partial off-board computation, low-latency

software, and noise-tolerant implementation.

L A N

o

e PSR SRS

Motor
drivers

%
Artemis Nano e

Inertial
Measurement Proximity

L Unit Sensoq
- Time of flight
§ sensor

Instead of traditional hand-ins, we leverage peer-to-peer mentoring where students, under guidance,
upload their progress and ideas to create a sustainable and continuously evolving database for future

students to rely on.

Info

—  ECE4160/ECE5160/MAE4190/MAE5190 > Modules

Spring 2025

Home
Announcements &
Modules

Assignments

Ed Discussion

Grades

Syllabus

Collaborations &
BigBlueButton @&
Discussions 53
Files &
Outcomes &
Pages &
Quizzes &
Rubrics &
People &

18y

Recent Announcements

Expand All View Progress @ Publish All\/ SRV

Resources

Quick recap: Linear Algebra and Transformation Matrices

Robot Hardware -- Sensing, Actuation, Connections

Control and Estimation

ed Fast Robots - Ed Discussion

(#) New Thread

COURSES

CS 0000

ECE 0000
ENGRD 2300
Fast Robots

ME-UG-Program

CATEGORIES

® General
® Lectures

Labs

= 27 others online

Welcome!

Welcome! *

General Farrell Helbling stasf  8h

Farrell Helbling svarr

General

Hi everyone!

63 View as Student

Course Status

° Published v

) Import Existing Content

@ Import from Commons

€ Choose Home Page
1h View Course Stream
<& New Announcement

1l New Analytics

[

L) View Course Notifications

m

Coming Up

h 2

STAR

3] View Calendar

Nothing for the next week

n 2 @

VIEWS

3 Welcome to Fast Robots! We will be using Ed Discussion throughout the semester for general course
announcements, to answer questions about the lab assignments or lecture materials, and to get in touch

privately with the course staff.

Looking forward to seeing everyone tomorrow in lecture, and our first lab!

Farrell


https://fastrobotscornell.github.io/FastRobots-2025/
https://fastrobotscornell.github.io/FastRobots-2025/
https://fastrobotscornell.github.io/FastRobots-2025/

Fast Robots 2025

Logistics
Lab Kit

* Things will break, we have a small set of
extra components, but please be
careful. If you have never handled
hardware before or are worried about
breaking something, please ask the
teaching staff for assistance.

VDD (2.8V out) [0 ®

VIN (2.6-5.5V) &

...f:_

oo SO o, RS > e 23
. . E ; GND | b4
 \We will hand out all of the electronic :,...._,: o1 RER 20U oo AT
i A FEIR o R o ot )

components this week, and the RC cars

DRV8833 (Pololu) nFAULT RIS BiSEN nrauLT PESREIY BiseN VLX53L1X (P0|0|U)

,od

* |If you drop the class, we want these "E“é"fi‘mAn o)
items back! gy T MOreCAbles

we will hand out for Lab 2




Fast Robots 2025

Logistics

Lab Software

* Guaranteed support on the 13 lab computers in PH427 (Windows 10 and 11)

* The teaching team has tested these labs on their personal machines (Mac Intel/M1/
M1Pro and Windows 10/11) with minimal issues

 Minimum requirements:
 Windows 10, MacOS 12, and Linux (bluez>4.58, kernel=4.15)
* Processor: Core i3-8100 3.6GHz/AMD Risen 5 1400 or equivalent
 Memory: 4GB RAM, Free Space: 8GB (Windows)/ 1GB (else)

 We are aware of an issue with MacOS Sequoia not recognizing the CH340 drivers. We
have a solution (detailed in the Lab 1 documentation), but are looking for a better one. If
you find one, please share with the rest of the class!



Fast Robots 2025

Logistics
Labs

o Official lab times: T 2-4:30pm, W 8:30-11am, W 2-4:30pm. | will attend the first 60
minutes of every lab as my regular “office hours”

* Open lab times: TBD, will add a google calendar to the website later this week

 Time Commitment: 8-10 hrs/week
» Spread this out over multiple days (batteries last 10-15mins).

* These labs build on top of each other, start early and use each other/ the teaching
staff/ past examples as resources.

* |f you run low on time, you have two one-week extensions to apply to any two labs
throughout the semester (except lab 12).

* You must let the teaching team know before the lab deadline through a private
message on Ed.



Fast Robots 2025

Logistics

Grading
. ] ] ] Task pts
* All assignments and the respective deadlines are already outlined |
Lab 1 Artemis + Bluetooth b
on Canvas.
Lab 2 ToF Sensors 7.5

* Lab write-ups are due one week after the lab session at 8am. Lab

section 401 write-ups are due Tuesday at 8am, 402 and 403 due
Wednesday at 8am.

LAB 1 ARTEMIS
e

TASK 1: BLINK

» Specific grading policies can be found on the course website:
https://fastrobotscornell.github.io/FastRobots-2025/Grading.html

 67% of the grade goes to technical solution, 33% goes to the

Vo

W”te‘up. Lab 11 Localization (real) 10
Lab 12 Planning and Execution 125
 Many labs are graded on a curve, students that have more = 7
icipati

significant results score higher, even if all tasks are completed

Bonus points for midterm and final course evals 2

Total: 102


https://fastrobotscornell.github.io/FastRobots-2025/Grading.html

Logistics

Fast Robots 2025

Collaborations

* You are welcome to check the write-ups from last year (links to the previous years student pages are clearly
visible on our front page).

* You are welcome to work together, teams of 2-3 usually function best in this class. Everyone is still

responsible to implement the electronics/ software/mechanics and complete the write-ups on their
own!

* Include a collaboration/ resources statement in your write up. State
who you worked with, resources you used, and how you used
them. If (when) you used genAl, tell us how you used the resource.

Work/strategize
Complete prefabs
Debug

Compare results

Borrow teammates robot if yours fails (implement your own
code).

*Chatgpt created this image
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Teaching Team



Teaching Team
Hang “Harry” Gao (he/him)

« Wednesday Morning Lab
* (Graduate Student in the Helbling Lab

* Research focus on locomotion and
autonomy at the water-air interface

* Enjoys skiing and reading (sci-fi)




Teaching Team

Cameron Urban (he/him)

« Wednesday Afternoon Lab
* (Graduate Student in the Helbling Lab

* Research focus on locomotion and
autonomy for underwater robots

 He enjoys contributing to open-source
software projects, scuba diving, and
getting beaten in chess.




Teaching Team
Chenyu “Cheney” Zhang (he/him)

« Wednesday Afternoon Lab
* Graduate student in the Helbling Lab

 Research focus on bio-inspired robotics

 He enjoys classical music, tennis, fossil
hunting, and cross country




Teaching Team
Daria Kot (she/her)

 Tuesday Afternoon Lab

 Jop student in the 2024 class, check out
her website!

 CS major, Robotics and Fine Arts minor,
member of the Cornell Rocketry Team.

* She enjoys painting and printmaking
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Teaching Team
Mikayla Lahr (she/her)

« Wednesday Morning Lab

 Jop student in the 2024 class, check out
her website!

 Major/ research/ project team

* She enjoys rowing and has a corgi named
Belle



Teaching Team

Nandita Nagarajan (she/her)

 Tuesday Afternoon Lab
 TA'd 2300 with me last year

« ECE major, ME minor, Electrical Subteam
Lead of Cornell Rocketry

* She loves singing!
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Teaching Team
E. Farrell Helbling (she/her)

nature

THE INTERNATIONAL WEEXKLY JOURNAL OF SCIENCE

‘ ) Qe ¢ ”
Insect-sized robot achieves
untethered flight
PAGES 448 & 491
9 MATIE o
PREHISTORIC CRYSTAL DISRUPTIVE 570, M 7763
PROTEINS GROWTH IN 4D FORCE
\ncient sampies of fer insight \tomic - scale view reveals How gut bacteria affect the
into early human history fresh features of nucleation efficacy of drugs

ML PAGES 450 £ 500 PAGES 453 8482




Teaching Team
E. Farrell Helbling (she/her)

Sensors

£ :

Real-time End-to-End System Demonstration

i aane e - — :‘ —
m il.t




Teaching Team
E. Farrell Helbling (she/her)

Impulsive locomotion

'




Fast Robots 2025 -

Class Action Items

* Please if you have decided not to take the course, let me know ASAP. Emaill
farrell@cornell.edu. We have 40+ people on the waitlist.

* January 31st, midnight: Make a GitHub repository and build your Github
page

* |nclude: name, photo, a small introduction, and the class number

 Share the page link in the canvas assignment

* | abs start TODAY. You will pick up your electronics kit and start Lab1A. See
some of you in Phillips 427 later today! The rest | will see tomorrow!



F
ast Robots 2025 &>
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See
you later today (or tomorrow)



