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Plan for today

ÅA review of what we have learned in this course

ÅPotential next steps

ÅMy journey in research
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Review of this course
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State Space Representation
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Linearization
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Solutions to Linear Time Invariant State Equations
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Cayley Hamilton Theorem
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Similarity Transformation
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Controllability & Observability
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Use Singular Value Decomposition to Check Rank
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Realization

Kalman Decomposition
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Stability
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PID (P1)
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Pole Placement (P2)
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Optimal Control (P3) 
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LQR, MPC
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Hamilton-Jacobi-Bellman Equation 
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Riccati Equation
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Kalman Filter, EKF, SLAM (P4)
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Adaptive Control
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Autonomous Vehicle Platform
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Drone Platform
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Future Directions

ÅMore theories and practices on control

ÅExpertise on particular applications

ÅSLAM, path planning, non-linear control, optimal control

ÅControl + AIML

ÅModel based + Model free

ÅTrustworthy AI autonomy
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We are on the cusp to revolute the way to make machines
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Connected
By complex structures

Evolving
In a self-supervised way

Sharing
With blackboxes 
and uncertainty

ά²ŀǘŜǊŦŀƭƭ ƳƻŘŜƭέ

ά± ǇǊƻŎŜǎǎέ
Wikipedia

Reinforcement 
Learning
[Science, 2018]

ά.ƛƎ Řŀǘŀ Ƙŀǎ ƳŜǘ ƛǘǎ ƳŀǘŎƘέ

Open Code/data
[Science, 2017]

Neural Network
[Science, 2019]
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AI Autonomy
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The Ever-Growing Industry
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Granite Bay Capital

Vision Systems Intelligence

PwC
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.ǳǘ ¢ƘƛƴƎǎ /ŀƴ Dƻ ²ǊƻƴƎ Χ 9ǾŜƴ ŦƻǊ ǘƘŜ [ŜŀŘŜǊǎ
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Tesla
Fatal Crash, May, 2016

How to design and assess 

trustworthy AI autonomy?

Things can go wrong

... even for the best.

Uber
Kill a pedestrian, March, 2018

Waymo
Accident, May, 2018
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24-784 Special topics: Trustworthy AI Autonomy
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ÅSpring 2021, project course

ÅTopics: adversarial learning, safe 
reinforcement learning, rare-event/few-
shot learning, hierarchical AI, 
sim2real/real2sim, learning robotics 
implementation in the real world.

ÅModule 1: The Foundation

ÅReview essential AIML knowledge in
Trustworthy AI Autonomy

ÅModule 2: The Frontier

ÅRead papers on recent hot topics

ÅProject/guest speakers

ÅEvaluation: paper presentations, HWs,
course projects

ÅPre-request: 24-480/24-787, 24-677 or 
contact the instructor

Read papers from ML:ICML/NeurIPS/ICLR
RI:CoRL/RSS/ICRA/IROS/CVPR
from academia and industry including
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Nutshell of AI autonomy
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Pd

Modeling

Decision

Sensing



Some of my research
And why I care about trustworthy AI autonomy



31



Ding Zhao | CMU 32

To prove an AV is safer than human drivers

Nidhi Kalra, Susan M. Paddock, ñHow Many Miles of Driving Would It Take to Demonstrate Autonomous Vehicle Reliability?  RAND report 2016

Rare event analysis
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Waymo

²ŀȅƳƻΩǎ άhƴ ǘƘŜ wƻŀŘέ ǇǊƻƎǊŀƳ
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20 million miles and countingé

Forbes, January 2020

https://waymo.com/ontheroad/
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PrAE: Probabilistic Accelerated Evaluation
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Accelerated 
environment

ñSkewò the 

naturalistic 

statistics

0 10 miles

Real world data
collection

Driving Database
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Naturalistic 
environment

Build 

stochastic 

model

0 1,000,000 miles

Mapping
into

Real-world 
traffic

Benefits in the 
real world

ñSkew backò

Identify

Test results

Critical cases & 
probabilities
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Modeling the env.
Unsupervised learning
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Zhao, ''Accelerated Evaluation of Automated Vehicles Safety in Lane-Change Scenarios Based on Importance Sampling Techniquesò,  IEEE ITS, 2017.


