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Frank intro

• Georgia Tech + industry
• See separate slide deck..
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Robots are useful!

• Manufacturing
• Logistics (inventory, warehouse logistics, packaging) 
• Transportation (self-driving cars)
• Consumer and professional services (cleaning, mowing)
• Health, independence and quality of life (exoskeletons, semi-autonomous wheelchairs)
• Agriculture
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Robot Hardware and SW is evolving FAST
robot_thumb_0.png

Unitree Quadruped (As2)
Your Companion (2026)
https://www.youtube.com/watch?v=1ONE4l_pgHw

robot_thumb_1.png

Unitree Humanoid
2026 Spring Festival — autonomous Kung Fu
https://www.youtube.com/watch?v=Ykiuz1ZdGBc

robot_thumb_2.png

1X NEO Humanoid
NEO is Starting to Learn on Its Own (2026)
https://www.youtube.com/watch?v=lS_z60kjVEk

robot_thumb_3.png

Figure — Helix 02
Whole-body visuomotor control (2026)
https://www.youtube.com/watch?v=lQsvTrRTBRs

https://www.youtube.com/watch?v=1ONE4l_pgHw
https://www.youtube.com/watch?v=Ykiuz1ZdGBc
https://www.youtube.com/watch?v=lS_z60kjVEk
https://www.youtube.com/watch?v=lQsvTrRTBRs


CS 3630 Fall 2026

Robot Taxonomy

Industrial Robots
Service Robots
Field Robots
Humanoid 
Robots
Medical Robots
Self-Driving Cars
Aerial Vehicles

taxonomy_real_1.jpg

Source: KUKA — Automate 2025 — company image / company video

https://www.youtube.com/watch?v=K42ZoXfBoyY
https://www.youtube.com/watch?v=K42ZoXfBoyY
https://www.youtube.com/watch?v=K42ZoXfBoyY
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Robot Taxonomy

Industrial Robots
Service Robots
Field Robots
Humanoid 
Robots
Medical Robots
Self-Driving Cars
Aerial Vehicles

taxonomy_real_2.jpg

Source: Diligent Robotics — Moxi service robot — company image / company video

Andrea Thomaz & Vivian Chu

https://www.youtube.com/watch?v=TAS0LpNR-Gw
https://www.youtube.com/watch?v=TAS0LpNR-Gw
https://www.youtube.com/watch?v=TAS0LpNR-Gw
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Robot Taxonomy

Industrial Robots
Service Robots
Field Robots
Humanoid 
Robots
Medical Robots
Self-Driving Cars
Aerial Vehicles

taxonomy_real_3.jpg

Source: Verdant Robotics — SharpShooter — company image / demo video

https://www.verdantrobotics.com/2025-demos
https://www.verdantrobotics.com/2025-demos
https://www.verdantrobotics.com/2025-demos
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Robot Taxonomy
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Self-Driving Cars
Aerial Vehicles

taxonomy_real_4.jpg

Source: Boston Dynamics — Atlas (2026) — company image / company video

https://www.youtube.com/watch?v=3aQWvdCac9o
https://www.youtube.com/watch?v=sd8ivhpjI6g
https://www.youtube.com/watch?v=sd8ivhpjI6g
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Robot Taxonomy

Industrial Robots
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Field Robots
Humanoid 
Robots
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Self-Driving Cars
Aerial Vehicles

taxonomy_real_5.jpg

Source: Intuitive — da Vinci 5 — company image / company video

https://www.youtube.com/watch?v=QUY0Jl-di8k
https://www.youtube.com/watch?v=MxIuOdny2cs
https://www.youtube.com/watch?v=MxIuOdny2cs
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Robot Taxonomy

Industrial Robots
Service Robots
Field Robots
Humanoid 
Robots
Medical Robots
Self-Driving Cars
Aerial Vehicles

taxonomy_real_6.jpg

Source: Waymo — Waymo Driver — company image / company film

https://waymo.com/waymo-driver/
https://waymo.com/waymo-driver/
https://waymo.com/waymo-driver/
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Robot Taxonomy

Industrial Robots
Service Robots
Field Robots
Humanoid 
Robots
Medical Robots
Self-Driving Cars
Aerial Vehicles

taxonomy_real_7.jpg

Source: Skydio — X10 — company image / company video

https://www.youtube.com/watch?v=QZ75ALYaXOY
https://www.skydio.com/resources/videos/introducing-skydio-x10
https://www.skydio.com/resources/videos/introducing-skydio-x10


CS 3630 Fall 2026

In this class…

• We will not deal specifically with each of these robots.
• However, the mathematical and computational tools that we introduce can be 

applied to all the above robots.
• Likewise, the sensors and sensing methods that we will introduce can be applied 

to all the problems described above.



Class Website
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Class Website

• Mostly externally facing
• Communication in class is 

via
• ED Discussion (Q&A)
• Canvas (esp. grades)
• Gradescope

The course web site 
will always have the 
most up-to-date 
version of the schedule 
(next!).

https://dellaert.github.io/26F-3630/ 

https://dellaert.github.io/26F-3630/
https://dellaert.github.io/26F-3630/
https://dellaert.github.io/26F-3630/


Schedule
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Class 
Schedule

There will almost 
certainly be changes to 
precise lecture topics, 
but quiz and project 
dates are unlikely to 
change.

The course web site 
will always have the 
most up-to-date 
version of the 
schedule.
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Five Robot Modules

The class is organized into five modules, each of 
which focuses on a specific robot performing a 
specific application:

• A Trash Sorting Robot
• A Vacuum-cleaning Robot
• A Robot for Logistics (e.g., warehouse operations)
• The DuckieBot (a simple wheeled mobile robot)
• Autonomous Cars
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Trash Sorting Robot

• Pieces of trash arrive to a robot work cell.
• The robot’s job is to classify each piece of trash 

and move it to an appropriate bin.
• Simple, deterministic, high-level actions.
• Simple sensors.
• Uncertainty in sensor readings introduces 

probability into perception.
• Planning is the problem of choosing actions to 

minimize average costs over a long horizon.
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Vacuum Cleaning Robot

• Robot actions are uncertain: command to 
move to living room might take the robot to the 
kitchen.

• Sensing is uncertain.
• Perception is addressed using Hidden Markov 

Models (HMMs).
• Planning is addressed using Markov Decision 

Processes (MDPs).
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Simple Logistics Robot

• Mobile robot platform that moves in a warehouse.
• Omnidirectional wheels, so the robot can move in 

any direction at any time (not like a car).
• LIDAR sensing (includes uncertainty)
• Monte Carlo localization to deal with uncertainty 

when determining the robot’s location.
• Planning is not so difficult, because warehouses 

are fairly regular and well organized.



CS 3630
Fall 2026

Duckiebots 
• The Duckiebot has two wheels (differential 

drive), and can only move “forward/backward” 
(can change the direction of “forward/ 
backward” by rotating).

• Rotation complicates the geometry of motion. 
We’ll introduce the appropriate mathematics to 
deal with rotations.

• For perception, we’ll introduce deep learning 
methods (very casual and superficial – not a 
deep dive into deep learning).

• In a post-pandemic world, with smaller lecture 
sizes, we hope one day to use the Duckiebots in 
the lab portion of this course.
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Autonomous Cars

• The robot is a fully instrumented 
autonomous (aka self-driving) car).

• The car has a non-zero turning radius (unlike 
the Duckiebot), and cannot move sideways.

• We’ll use LIDAR sensors to determine the 
world state.

• Project will involve a large, real-world data 
set used for autonomous driving research.
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Class
Schedule 
Revisited

Projects will focus on 
specific aspects of the 
problems associated to 
one of the modules.

Each project will be 
assigned on a Tuesday, and 
will be due at midnight on 
the second Friday.
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Class
Schedule 
Revisited

Projects will focus on 
specific aspects of the 
problems associated to 
one of the modules.

There will be a quiz at 
the end of each module.

The quiz will be in class 
before we start the next 
module.



Syllabus
Let’s go to the website



Syllabus



Book



We’ll use the online “textbook” for the course, soon to be in print.



Typical page 
view for page 
of text.



A typical page might include text and equations.

Book Table of Contents is at the left

Section Table of Contents is at the right



The book is a collection of Jupyter Notebooks.

Open the Notebook in Colab



The book is a collection of Jupyter Notebooks

Run code to install libraries



➢Edit and run python code inline to illustrate concepts.

➢By hacking the code, you can try out new ideas and improve your understanding.



Questions?
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