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2Figure: https://www.youtube.com/watch?v=Sq1QZB5baNw

https://www.youtube.com/watch?v=Sq1QZB5baNw


3Tesla: https://www.youtube.com/watch?v=OtpCyjQDW0w

https://www.youtube.com/watch?v=OtpCyjQDW0w


41X: https://www.youtube.com/watch?v=iHXuU3nTXfQ

https://www.youtube.com/watch?v=iHXuU3nTXfQ
https://www.youtube.com/watch?v=iHXuU3nTXfQ


Tesla Optimus

5Aptronik

Agility Robotics

Sanctuary AI

Figure  01
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Deep Learning Robot ManipulationX

But what’s the key 
ingredient???



Training data

7
from human teleoperation!!!

Tesla
Nvidia



8

Teleoperation 

da Vinci robot



9

PR1 robot: https://www.youtube.com/watch?v=qBZPSTR96N4

This video showcases PR1, a robot developed by Keenan Wyrobek, Eric Berger, HFM Van der Loos, and Ken Salisbury at Stanford.  


It is the predecessor of the Willow Garage PR2.  The PR1 was tele-operated during this entire video.

Teleoperation 

da Vinci robot

https://www.youtube.com/watch?v=qBZPSTR96N4
https://www.youtube.com/watch?v=qBZPSTR96N4
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Teleoperation 

da Vinci robot

SPARK Teleoperation setup for Dual-arm task demonstrations @ RPM Lab - Adam Imdieke

Mobile ALOHA - Stanford
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SPARK Teleoperation setup for Dual-arm task demonstrations @ RPM Lab - Adam Imdieke
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Deep Learning Robot ManipulationX

But what’s the key 
ingredient???

Large number of high-quality expert data

Is that it???
Not really!!! Lets see few more examples…
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Sui, Zhou, Zeng, Jenkins 2017

Goal:
Perception and manipulation
of objects in clutter…



… through deep learning with 
neural networks (mostly) …
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Deep Learning Robot ManipulationX

But what’s the key 
ingredient???

Large number of high-quality expert data

Is that it???
Not really!!! Lets see few more examples…

Robot Perception is hard!
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Grasp Learning 

Carl Winge's reimplementation of the paper - 

“Sample Efficient Grasp Learning Using Equivariant Models," by  


Xupeng Zhu,  Dian Wang, Ondrej Biza, Guanang Su,  Robin Walters, and Robert Platt, RSS 2022.

https://www.youtube.com/watch?v=FuAkLSCYcCg
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Manipulation 
Learning
for Object 
Assembly

Chahyon Ku, Carl Winge, Ryan Diaz, Wentao Yuan, Karthik Desingh 

"Evaluating Robustness of Visual Representations for Object Assembly Task Requiring Spatio-Geometrical Reasoning,” 


ICRA 2024.
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Deep Learning Robot ManipulationX

But what’s the key 
ingredient???

Large number of high-quality expert data

Is that it???
Not really!!! Lets see few more examples…

Robot Perception is hard!

… understand 
what the hype is 
all about …
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Welcome to DeepRob!



Anthony Opipari Prof. Chad JenkinsProf. Karthik Desingh

Welcome to DeepRob!
a Distributed Teaching Collaborative

Dr. Xiaoxiao Du 
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A brief history of AI
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1960 1990 Time1956 1970 1980 2000 2010
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1960 1990 Time1956 1970 1980 2000 2010

First wave AI: Model-based 


“Think through the entire problem”
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1960 1990 Time1956 1970 1980 2000 2010

First wave AI: Model-based 


“Think through the entire problem”
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1960 1990 Time1956 1970 1980 2000 2010

First wave AI: Model-based 


“Think through the entire problem”

Online route navigation

Self-driving cars

City-scale 3D mapping
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1960 1990 Time1956 1970 1980 2000 2010

First wave AI: Model-based 


“Think through the entire problem”

Online route navigation

Self-driving cars

City-scale 3D mapping

Let’s watch this video closely
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28

Time1956

Second wave AI: Data-driven 


“Learn from lots of data”

Rise of 

First wave AI: Model-based 


“Think through the entire problem”

“deep learning"

AlexNet
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Time1956

Second wave AI: Data-driven 


“Learn from lots of data”

First wave AI: Model-based 


“Think through the entire problem”

“deep learning"
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Time

Second wave AI: Data-driven 


“Learn from lots of data”

“deep learning"
DALL-E (OpenAI)
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Time

Second wave AI: Data-driven 


“Learn from lots of data”

“deep learning"
DALL-E (OpenAI)

Copilot (OpenAI)
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Time

Second wave AI: Data-driven 


“Learn from lots of data”

“deep learning"
DALL-E (OpenAI)

Copilot (OpenAI)

ChatGPT (OpenAI)
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Time

Second wave AI: Data-driven 


“Learn from lots of data”

“deep learning"

1956

First wave AI: Model-based 


“Think through the entire problem”

1958 1989
Waibel et al.

Speech recognition by neural networks

Rosenblatt’s Perceptron

The AI of today needed

decades of investment and research
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What is this?
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Be mindful about how 
you use AI


“a salmon swimming 
down a river”



2011
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Time

Second wave AI: Data-driven 


“Learn from lots of data”

1956

First wave AI: Model-based 


“Think through the entire problem”
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Time20111956

First wave AI: Model-based 


“Think through the entire problem”

Second wave AI: Data-driven 


“Learn from lots of data”

20??

??

Third wave AI: Explainable 


“Combine first and second wave

AI to generate explanations”



Time20111956

First wave AI: Model-based 


“Think through the entire problem”

Second wave AI: Data-driven 


“Learn from lots of data”

Third wave AI: Explainable 


“Combine first and second wave

AI to generate explanations”

Is this handwritten character a ‘9’ or a ‘4’?

20??

??
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Time20111956

First wave AI: Model-based 


“Think through the entire problem”

Second wave AI: Data-driven 


“Learn from lots of data”

Third wave AI: Explainable 


“Combine first and second wave

AI to generate explanations”

Is this handwritten character a ‘9’ or a ‘4’?

20??

??
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Time20111956

First wave AI: Model-based 


“Think through the entire problem”

Second wave AI: Data-driven 


“Learn from lots of data”

20??

??

Third wave AI: Explainable 


“Combine first and second wave

AI to generate explanations”



Research for future AIOther Robotics and 
AI courses

DeepRob is a step into 
modern robot learning
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Time20111956

First wave AI: Model-based 


“Think through the entire problem”

Second wave AI: Data-driven 


“Learn from lots of data”

20??

??

Third wave AI: Explainable 


“Combine first and second wave

AI to generate explanations”



Course Structure
• Objective: Give you the computational skills to 

understand and reproduce emerging applications of deep 
learning in robotics

• Project focused class
• 5 total projects: building in complexity from basic linear 

layers to state-of-the-art research topics

42



Research Topics
43

RGB-D Architectures

Pointcloud Processing

Object Pose, Geometry, SDF, Implicit 
Surfaces

Dense object descriptors, Object category-
level representations

Recurrent Networks and Object Tracking

Semantic Scene Graphs and Explicit 
Representations

Neural Radiance Fields and Implicit 
Representations

Datasets

Self-supervised Learning

Grasp Pose Detection

Tactile Perception for Grasping and 
Manipulation

Transformer Architectures

Benchmarking & Evaluation in Robot 
Learning

Manipulation Policy learning 

Diffusion models
More frontiers … 



Project Topics
• Project 0
• Introduction to Python, PyTorch 

and Google Colab

• Project 1
• Classification using K-Nearest 

Neighbors and Linear Models

• Project 2
• Classification using Fully-

Connected and Convolutional 
Neural Networks

44

• Project 3
• Detection using convolutional 

neural networks

• Project 4
• State estimation with deep 

networks

• Project 5
• Imitation learning



Final Project Tasks throughout the Semester
• Published paper(s) review, in-class lecture, reproducing 

an existing method, implementation, evaluation, 
demonstration - of a deep learning model for robot 
manipulation

• Work as collaborative teams up to 3 people

45



Course Resources

• A canvas announcement will be made with following 
details
• Course website
• Calendar
• Syllabus
• Projects
• Final Project
• EdStem discussion board
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• Office Hours
Fri, 10:00 am - 12:00 pm

159 Shepherd Labs


Starting 09/06

Meeting Logistics

• In-person Lectures
• Mon & Wed 9:45 am - 11:00 am CT 

- Appleby Hall 102
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http://www1.umn.edu/twincities/maps/ApH
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Lets brainstorm on what your fav 
robot should do!!!
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Next Lecture: Classification
Image Classification and Linear Classifiers
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