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Who is this class for?

• You want to learn robots from a CS perspective.

– Not a course on mechanics, electronics, and only briefly on AI

• You have no prior university-level robotics experience.

• You are very comfortable in either Python or C++

• You can debug systems issues
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Why robots?

• How do we build systems that can

operate safely in the physical world?
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Cyber-only Operation
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Cyber-only vs Physical World
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Exercise – Groups of 3
• Goal: Stack the 3 cups. Cup with dots on top.

• One person SENSE
– Looking at the cups,

explain to CONTROL what you see relative to the desk

• Second person CONTROL
– Looking away from the cups,

instruct ACT how to move/grasp/etc

• Third person ACT
– Looking away from the cups,

follow the instructions from CONTROL

• Repeat
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Operating in the Physical World

• What was challenging?
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Operating in the Physical World

• What was challenging?

– Imprecise sensing

– Uncertain control

– Frame of reference

– Incomplete model of the world

– Misunderstandings/miscommunications
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Operating in the World is Hard!

• The world is complicated!

• Sensors are imperfect

• All descriptions are approximate

• Uncertainty at every step

• Timing is important
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Putting it all Together
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Sensing

• World partially observable
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Sensing

• World partially observable

oYou only "see" 

what the sensor "sees"

oWhat's happening behind?
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Sensing

• World partially observable

• Sensors are noisy

16

Physical 

World State

Sense



17



18



19



20



Sensing to Compute

• Inferring world state is

approximation/abstraction
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Actuation

• Actuation is noisy
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Actuation

• Actuation is noisy

• Inaccurate when world model

doesn't match the world state
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Actuation

• Actuation is noisy

• Inaccurate when world model

doesn't match the world state
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How do we overcome?

• More and better sensors

oHigher precision (4K vs 720)

oDifferent modalities

▪ Radar/LiDAR for distance, camera for light/color

▪ Sensor fusion to combine

oSensor feedback over time
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How do we overcome?

• Better models of the robot and world
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How do we overcome?

• More and faster feedback/control loops

oWhen is human-in-the-loop needed?

• Exposure to more scenarios

o Training for AI-components

oCoverage of relevant pieces in testing

oSimulation versus real-world
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Where are we now?
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Where are we now?
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Why should you do robots?

• How do we build engineer software so 

that systems that can operate safely in the 

physical world?
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Bringing CS & SE to robots

• You are an expert in:

oSoftware architecture & design patterns

oComplex abstraction

oAlgorithms & data structures

oRequirements

o Testing & maintenance
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Bringing CS & SE to robots

• You are an expert in:

oSoftware architecture & design patterns

oComplex abstraction

oAlgorithms & data structures

oRequirements

o Testing & maintenance
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This course will equip you to bring this 

expertise to the robotics domain.



My Research
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• I aim to improve the safety of robots & 

autonomous systems

• We research ways to:

oValidate robot perception

oConnect perception to requirements

oValidate and Verify against requirements



My Research
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• Testing perception systems



My Research
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• Runtime monitoring for AVs



My Research
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• Leveraging LLMs for difficult requirements



My Research
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• Automated testing approaches for robots
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