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The Challenges of Autonomy

• Vehicles must know where they are
– Signal processing and estimation theory

• Vehicles must know what is around them
– Signal processing and estimation theory

• Vehicles must be able to plan what to do
– Planning algorithms

• Vehicles must be able to react to the unexpected and adapt 
as the world changes
– Machine learning 



Major Hardware Advances Driving Modern 
Autonomous Robotics

§ Low-cost, high-power micro-electronics
§ Low-cost, high-power computation
§ New generations of sensors  



Velodyne (3D Laser Scanner)
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Kinect







From Lasers to Cameras



FLaME: Flight Results
Outdoor

Indoor





Representing Knowledge in Robotics





Representing Knowledge in Robotics







Object Recognition
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Data is Expensive!



Learning algorithms can be fooled,
yet safety is critical

[Nguyen et al., 2015]

“Neither Autopilot nor the driver noticed the white side of the tractor 
trailer against a brightly lit sky, so the brake was not applied.”

– Tesla Blog, 2016



Measure how different the test environment is with 
an autoencoder

[Pomerleau 1993], [Japkowicz 1995]

Input Output	(familiar)

Testing	Environment	(novel)



What Makes an Image Novel?



Human vs Machine Cognition



Delivery sequence: 
1. Take off
2. Fly to destination address
3. Enter hover
4. Lower winch 
5. Release package
6. Raise winch
7. Fly home
8. Land

Delivery sequence: 
1. Take off
2. Fly to destination address
3. Enter hover
4. Lower winch 
5. Release package
6. Raise winch
7. Fly home
8. Land

Robot and AI Do Not Have Understanding

package





Substantial manual engineering 
made this happen



Operator Cost



Vehicle cost: relatively low

3 big TCO problems:
§ Supervisor costs
§ Energy costs
§ Back-end infrastructure

Total Cost of Ownership



Construction has:
• Expensive Data 
• High cost of failure
• Complex operational constraints
• High need for human oversight
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What is the MIT Quest for 
Intelligence?

•The Quest aims to advance two fundamental intelligence 
challenges:
– Can we reverse engineer intelligence?  
– How can we deploy our current and expanding understanding 

of intelligence to the benefit of society?

•The goal is to make true progress in our understanding of 
intelligence, and use that knowledge to create a better 
world



Who is involved 
in The Quest?

Architecture & Planning

Science

Engineering

Humanities, Arts, & Social Sciences

Sloan School of Management







https://youtu.be/aS-QLB8ELyk?t=95
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Current Issues 
and Challenges

• Lack of accessibility
• Lack of resources
• Lack of expertise in tools
• Lack of reproducibility



Project Athena at MIT
Photo credit: MIT Infinite History



Software

Open repository
Standardized
Reproducible
Deployable
- AI workflows
- AI pipelines

Data

Curation
Hosting
Archiving
- Benchmarks
- Research datasets

Hardware

Seamless AI 
development
- Industry clouds
- Local clusters
New Hardware

People

Consulting Team 
& Ethical Team
- Academic
- Industry
- Developers
- Users

AI Platforms - Tools - Services



What is next?

The next generation of AI theories 
and systems that are safe around 
people, learn by themselves and 
understand how the world works.





AI In the Physical World
• Where am I and what is around me?
• What should I do? 
• How to learn from experience?

Controller

MotorsSensor

Estimator Motion 
Planner
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Statistical Models
p(xt,m | z1:t,u1:t )



AI In the Physical World
• Where am I and what is around me?
• What should I do? 
• How to learn from experience?

Controller

MotorsSensor

Estimator Motion 
Planner



Autonomy for Robotics
• Where am I and what is around me?
• What should I do? 
• How to learn from experience?

Controller

MotorsSensor

Estimator Motion 
Planner



A common assumption: models are known

• YCB Dataset : models of household 
objects fabricated from specified model 
files



Vision-based Navigation


