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Goals of VNAV (1/3)

Learn the state of the art in robot 
perception (2D computer vision, 

localization, mapping, object pose 
estimation, semantic understanding,…) 

for visual navigation

[iRobot] [Amazon] [Forbes]

Self-driving cars, drones, domestic and service robots, 
virtual and augmented reality



Goals of VNAV (2/3)

• Mens / Theory: 

• Learn/develop/exercise theoretical tools  

necessary for robotics research (geometry, optimization, …)

• Learn about state-of-the-art algorithms for robot perception  

(+ selected topics in control, trajectory optimization, learning)

• Get an overview of open problems in robot perception

• Note 1: If you don’t like writing (some) math, you may not like this class

• Note 2: this course is much more theoretical than RSS (6.4200/16.405)

• Note 3: this is not an ML course (but we use ML in some labs/lecture)

• Overarching goal: prepare you (or refine your skills) to perform state- 

of-the-art research in robotics (not necessarily in robot perception)



Goals of VNAV (3/3)

• Manus / Practice: 

• Learn/practice ROS (Robot Operating System)


• Rigorous testing of state-of-the-art implementations for  
perception, control, ML, in a photo-realistic simulator  

• Possibility to use physical robots for final projects  

• Learn limitations of state-of-the-art implementations

• Note: If you do not like coding (in C++), you may not like this class 
-> C++ refresher: https://youtu.be/F_vIB3yjxaM 


• Overarching goal: prepare you (or refine your skills) to perform state-of-
the-art research in robotics (not necessarily in robot perception)

https://youtu.be/F_vIB3yjxaM


Practice on Real Robots: Intel Aero Drone



Practice in Realistic Unity-based Simulator



• Lectures: 

• M/W/F at 1-2pm EDT 

(35-225)

• Mostly on the board


• Labs: 

• W at 3-5pm EDT  

(typically in 33-116)

• Code, assignments, OH


• Office Hours:

• OH: TBA on Piazza


• Final project: 

• Push the boundary of  

the state of the art

Structure of VNAV
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Final Projects (Samples) 

Object-based SLAM

outcomes: 
- ICRA’19-20, IROS’19, 

RSS’19, ICCV’19 papers 
- “The VNAV class has been 

a deciding factor for the 
completion of my thesis.” 

Drone racing 

Mapping MIT tunnels Robust 2-view



Assignments & Grading

• Assignment schedule

• Lab exercises 

announced on 
Wednesdays 


• Lab exercises due the 
following Wednesday


• Lab handouts include:

• Setup instructions


• 3-5 questions 

• Theoretical and 

• Experimental 

• Work in teams of 2-3 
students but questions 
may be individual



Assignments & Grading

• no final exam but  
final project

• Final demo, 

showcasing the  
project outcome 


• Team presentation, 
including a video 
abstract of the project


• Technical report 
(formatted using  
ICRA guidelines)



ICRA what?

Submission deadlines

ICRA 2024 Sept. 15, 
2023

RSS 2024 Feb. 1, 
2023 (?)

IROS 2024 Mar. 1,  
2023 (?)

ICRA 2025 Sep. 15, 
2024 (?)

RSS

IROS

ICRA: International
Conference on 

Robotics  
and Automation



Assignments & Grading
• Syllabus: https://tinyurl.com/VNAV2023-syllabus 

• All assignments are announced on Canvas: 

https://tinyurl.com/VNAV2023-canvas (lab handouts: https://vnav.mit.edu/) 

• [65%] Lab exercises and code

• [25%] Final project: demo, presentation, technical report

• [  5%] Participation and TA/LA evaluation

• [  5%] Team members’ assessment


• Penalty on late submissions:  
grade_late_submission = grade * max(1 - 0.15 * days_late, 0)


• Q&A with TAs and Instructors on Piazza:  
https://tinyurl.com/VNAV2023-piazza 

https://tinyurl.com/VNAV2023-syllabus
https://tinyurl.com/VNAV2023-canvas
https://vnav.mit.edu/
https://tinyurl.com/VNAV2023-piazza


Textbooks

• Both textbooks are recommended, but not required

• Both available online

• Specific pointers to chapters in these books and other  
resources (papers) will be provided in each lecture



Requirements & Pre-reqs
• Requirements satisfied by VNAV: 


• 12 units: 3 - 2 - 7

• Field Evaluation Subject in Course 16


• Prerequisites: 

• Programming and algorithms (16.35 or similar)


• Familiarity with coding and C++ 
• Optimal estimation and control (16.32 or similar)


• PID, Kalman Filtering, …

• Linear algebra (18.06 or similar)


• Good to have:

• Independent experience (UROPs, competitions, etc.)

• Some background in optimization 


• [online questionnaire distributed at the end of this lecture]



Lecture Outline

• Logistics

• Goals of VNAV

• Structure

• Assignments & Grading

• Requirements & Pre-reqs


• Visual Navigation for Autonomous Vehicles 
• The robot revolution

• Why perception? 

• More on the VNAV Staff



https://www.tesla.com/videos/full-self-driving-hardware-all-tesla-cars

The Robot Revolution: Self-driving Cars

Oct, 2016 https://www.cnn.com/2023/01/17/tech/
tesla-self-driving-video-staged/

index.html#:~:text=A%202016%20vide
o%20that%20Tesla,testimony%20by%2

0a%20senior%20engineer.



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

The Robot Revolution: Drones

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


The DARPA Subterranean Challenge



The Robot Revolution

reasons for adoption: faster, better, safer, cheaper, access

gr
ou

nd

transportation mining domestic goods, manufacturing 

air
sp

ac
e

an
d 

m
or

e 
…

monitoring, disaster response precision agriculture

exploration science

medical applications

environmental monitoring



Robot Perception



Why Perception?

• architecture (multiple slides)

Things are starting to work!

Google 
Street 
View

Oculus  
Rift 

Goggles



Why Perception?

28

Perception success.. and its failures 

“Google employs a small army of human operators 
to manually check and correct the maps”  

[Wired] 
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[https://www.businessinsider.com/self-driving-car-accidents-waymo-cruise-tesla-zoox-san-francisco-2022-1]

A long road ahead

Statistics

do not include


TESLA’s autopilot

*

Robust perception is crucial in safety critical applications

https://www.businessinsider.com/self-driving-car-accidents-waymo-cruise-tesla-zoox-san-francisco-2022-1


https://www.cbsnews.com/sanfrancisco/news/robotaxi-crashes-san-francisco-focus-autonomous-vehicle-safety/ 

https://www.cbsnews.com/sanfrancisco/news/robotaxi-crashes-san-francisco-focus-autonomous-vehicle-safety/


• drones are booming


• from FLA challenge to work 
done in different groups at 
MIT

Why Perception?



Why Perception?

[computer animation, courtesy of Lexus]
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Robust Perception,  
Localization and Mapping

High-level Scene 
Understanding (Spatial AI) Co-design

Lidar-
based 
SLAM 

Visual-inertial 
Navigation

Kimera: Metrics-semantic SLAM

3D Scene Graphs

• Computation-communication 
co-design


• Control and sensing co-design

Soft Drones and Soft Aerial 
Manipulation


Sensing Perception Autonomy and 
Robot Kinetics 

Certifiable Algorithms

To Preintegration 

33



34







Yulun Tian 
•Who am I: Postdoc at MIT AeroAstro 

working with Prof. Jon How

• Research interests: Perception, 

Optimization, Multi-Robot Systems

37

𝑥𝑘

𝑥𝑘+1

Optimization 
on manifolds

Spectral 
graph 
theory

Multi-Robot Distributed 
SLAM





Admission questionnaire

http://tinyurl.com/VNAV2023-survey  

 

Lab 1 at 3pm today in 33-116 

Admission questionnaire at following link:

Thank you for the attention!

Please fill in and submit by 5:00pm today

http://tinyurl.com/VNAV2023-survey

