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Recent years have witnessed remarkable breakthroughs in artificial intelligence—from
large language models transforming how humans interact with information to generative
models capable of creating increasingly realistic images, videos, and virtual worlds. As
Al continues to advance, the next major frontier extends beyond the digital world:
Physical Al, where intelligent systems perceive, reason, make decisions, and act in the
physical world.

Unlike Al systems operating primarily in digital spaces, Physical Al must confront the
complexity and uncertainty of the physical world: incomplete observations, changing
environments, embodiment constraints, sensor and actuator failures, interactions with
people, and consequences associated with physical actions. This course introduces the
foundations and recent advances of Physical Al through the lens of real-world
development, evaluation, and deployment. Specifically, as Al moves into the physical



world, we must continuously ask: What challenges emerge when the system leaves the
benchmark and enters the real world? How should we evaluate a Physical Al system
beyond predefined metrics and state-of-the-art performance? How can evaluation
reveal system limitations and, more importantly, guide inference, system improvement,
and future development?

Intended Learning Outcomes:

1. Explain the foundations and recent advances of Physical Al.

2. Describe and apply the Sense—Plan—Act paradigm to robotic navigation and
manipulation, connecting sensing and perception with planning, decision-making,
control, and action.

3. Identify real-world challenges in the development and deployment of Physical Al
systems beyond predefined benchmarks, including uncertainty, environmental
dynamics, embodiment constraints, distribution shifts, human interaction, safety, and
reliability.

4. Recognize the critical role of evaluation beyond predefined metrics and
state-of-the-art performance, and analyze system capabilities, limitations, failure
modes, robustness, generalization, and safety under realistic conditions.

5. Design evaluation strategies for Physical Al systems that reflect real-world
requirements, scenarios, and system behaviors rather than relying solely on
aggregate benchmark metrics.

6. Apply evaluation insights to guide inference and system improvement, using
observed failures, limitations, and operating conditions to improve Physical Al
system design and behavior.

BEZER:

1. Stuart Russell and Peter Norvig (2020). Artificial Intelligence: A Modern Approach,
4th Global ed., Pearson College.

2. Richard Hartley and Andrew Zisserman (2003), Multiple View Geometry in Computer
Vision.

3. Timothy D. Barfoot (2024), State Estimation for Robotics, Second Edition, Cambridge
University Press.

4. Kevin Lynch and Frank Park (2017), Modern Robotics Mechanics, Planning, and
Control, Cambridge University Press.

5. Keet, C. M. (2025). An introduction to ontology engineering (2nd ed.). College
Publications.

6. Allemang, D. (2020). Semantic Web for the Working Ontologist : Effective Modeling
for Linked Data, RDFS, and OWL / (Third Edition). Association for Computing
Machinery. https://doi.org/10.1145/3382097
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- 9/8/2026 Introduction
- 9/15/2026 Recent Advances in Physical Al
- 9/22/2026 Data Pyramid in Physical Al
n 9/29/2026  Towards Real-World Deployment of Physical Al
- oz Simultaneous Localization and Mapping HW1 Release
n 10/13/2026 Depth Estimation
10/20/2026 Path Planning and Robot Navigation
10/27/2026 Intelligent Driving Systems HW1 Deadline
HW2 Release
11/3/2026 . . Course Project
Scenario-based Safety Evaluation e o
Specification Release
n 11/10/2026 Introduction to Issac Sim
11/17/2026 Robotic Manipulation HW2 Deadline
HW3 Release
n 11/24/2026 Robot Learning for Manipulation
n 12/1/2026 Introduction ICRA'26 WBCD Challenge
n 12/8/2026 Policy Evaluation HW3 Deadline
n 12/15/2026 Human-Centered Physical Al
12/22/2026 Course Project Presentation Course Project
Deadline
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e Computer Assignment: 50%

- HW1: 3D Scene Reconstruction and Mapping
- HW2: Robot Navigation

- HW3: Robotics Manipulation

e Course Project: 50%

The Course Project is designed to provide students with hands-on experience across
the full lifecycle of Physical Al, from real-world data collection, to policy learning in
simulation, and ultimately to evaluation. More details will be shared in the kick-off

meeting.
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