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You want to learn robots from a CS perspective.
— Not a course on mechanics, electronics, and only briefly on Al

You have no prior university-level robotics experience.
* You are very comfortable in either Python or C++
You can debug systems issues
comfortable with multi-threaded/asynchronous code




 How do we build systems that can
In the physical world?




Cyber-only Operation
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Cyber-only vs Physical World
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Goal: Stack the 3 cups. Cup with dots on top.

One person

— Looking at the cups,
explain to CONTROL what you see relative to the desk

Second person

— Looking away from the cups,
instruct ACT how to move/grasp/etc

Third person

— Looking away from the cups,
follow the instructions from CONTROL

Repeat




Operating in the Physical World

* What was challenging?




* What was challenging?
— Imprecise sensing
— Uncertain control
— Frame of reference
— Incomplete model of the world
— Misunderstandings/miscommunications




Operating in the World is Hard!

* The world is complicated!

« Sensors are imperfect

* All descriptions are approximate
* Uncertainty at every step

* Timing is important




World State  §




Sensing
* World partially observable @
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Sensing
* World partially observable @

o You only "see"
what the sensor "sees"

o What's happening behind?
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Sensing

* World partially observable @
* Sensors are noisy
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Sensing to Compute

* Inferring world state is
approximation/abstraction
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* Actuation is noisy
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Actuation

* Actuation is noisy
* |naccurate when world model @

doesn't match the world state @

World State i




Actuation

* Actuation is noisy

* |naccurate when world model
do_esn't match the world state

World State ]




* More and better sensors
o Higher precision (4K vs 720)

o Different modalities
» Radar/LIDAR for distance, camera for light/color
» Sensor fusion to combine

o Sensor feedback over time




How do we overcome?

 Better models of the robot and world

(a) image (b) semantic segmentation

(c) instance segmentation (d) panoptic segmentation

https://www.labellerr.com/blog/semantic-vs-instance-vs-
panoptic-which-image-segmentation-technique-to-choose/ 27




* More and faster feedback/control loops
o When is human-in-the-loop needed?

« Exposure to more scenarios
o Training for Al-components
o Coverage of relevant pieces in testing
o Simulation versus real-world




Where are we now?




Where are we now?
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 How do we bulld engineer software so
that systems that can in the
physical world?




* You are an expert In:
o Software architecture & design patterns
o Complex abstraction
o Algorithms & data structures
o Requirements
o Testing & maintenance




Bringing CS & SE to robots

This course will equip you to bring this

expertise to the robotics domain.

o Testing & maintenance

33



| aim to improve the safety of robots &
autonomous systems

* We research ways to:
o Validate robot perception

o Connect perception to requirements
o Validate and Verify against requirements




My Research

* Testing perception systems
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My Research

* Runtime monitoring for AVs

Time: 22s Time: 23s

LTLs Formula for iq:
G((— hasStop & X hasStop) — (X (hasStop U (isStopped | G(hasStop)))))
Atomic Propositions:

hasStop: | relSet( Ego, isIn) N relSet(stopLine, controlsTrafficOf) | > 0
isStopped: | filterByAttr( Ego, speed, Ax: x <¢) | =1

— hasStop

hasStop &

— hasStop — isStopped

hasStop &
— isStopped True

Ego
Vel: 10mph

hasStop &
isStopped

— hasStop &
isStopped

controlsTrafficOf

— hasStop &
— isStopped

hasStop & isStopped

Atomic Propositions State Atomic Propositions State
hasStop, —isStopped S3 —hasStop, —isStopped sS4
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* Leveraging LLMs for difficult reqwrements

ADS
Developers

=—3»12) Must not contain intersections =

Sensor
Dataset

Natural Language ODD
1) Must not be driven at night.

or dirt roads.

Converted ODD

Question 1) Yes or no, was this taken during at night?
Question 2) Yes or no, does this contain an intersection?

Question 3) Yes or no, is this a dirt road?

Image 1 Responses

Question 1) No, ...
Question 2) No, ...
Question 3) No, ...

[

: Converter
: OR

: N Human
: Converter
5 L

: Checker

Image 2 Responses

Question 1) Yes, ...

Question 2) Cannot answer, ... e

Question 3) No, ...

ODD-diLLMma

Converter

Output
> Parser

Checker

E Outside ODD
Undefined
1

1 1
1 1
1 1
|| : I Inside ODD 1
1 1
1 1
1 1
1 1

1

Compliance
Vector
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My Research

« Automated testing approaches for robots




https://treywoodlief.com/CSCI_420 Robotics_Fall 2025/
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