
If you have any more questions or would like to discuss any specific aspect further, please let me 

know!

I don't know much about robotics, but I've heard the ROS project tried to do something like this - 

make robotics more approacheable, instead of being bogged down by minutiae.

Yes, you're absolutely correct! The Robot Operating System (ROS) is an open-source framework that 

aims to make robotics more accessible by providing a standardized platform for building and 

controlling robots. It aims to abstract away low-level details and provide higher-level tools and 

libraries that enable developers to focus on building robot behaviors and applications.

ROS provides a set of software libraries and tools that assist in various aspects of robotics 

development, including hardware abstraction, communication between robot components, sensor 

integration, and high-level control. It offers a modular architecture that allows developers to build 

upon existing components and leverage pre-built functionality, similar to how developers can 

leverage core components or libraries in web development.

By providing a standardized framework and common set of tools, ROS simplifies the development 

process for robotics and encourages code reuse and collaboration. It enables developers to focus on 

building higher-level functionalities, such as robot behaviors, perception algorithms, and application 

logic, without needing to worry about low-level hardware control or communication protocols.

ROS also promotes a community-driven approach, where developers can contribute to the 

ecosystem by sharing their libraries, packages, and best practices. This collaborative environment 

helps accelerate the development of robotics applications and fosters knowledge sharing within the 

robotics community.

In summary, ROS is an example of how a project strives to make robotics more approachable by 

abstracting away low-level details and providing higher-level tools and libraries. It enables 

developers to focus on building robot behaviors and applications, similar to how core components 

and design systems in web development allow developers to focus on features instead of technical 

details.

If you're interested in learning more about ROS, I would encourage you to explore their 

documentation and resources. It can provide valuable insights into how such frameworks can 

simplify robotics development and make it more accessible to a broader audience.

If you have any more questions or would like to discuss any other topic, feel free to ask!



Oh, so ROS has a package system like npm to make commonly used functions easy available?

Yes, that's correct! ROS has its own package system called ROS Packages, which is similar in concept 

to package managers like npm. ROS Packages are self-contained units of code that encapsulate 

functionality, libraries, drivers, or applications related to robotics.

ROS Packages provide a convenient way to share and distribute code within the ROS ecosystem. 

They can include various types of resources, such as source code, configuration files, launch files, 

documentation, and dependencies. Developers can create their own packages or leverage existing 

ones to extend the functionality of their robots or build upon pre-existing capabilities.

The ROS package system promotes modularity and code reusability in robotics development. It 

allows developers to easily incorporate existing packages into their projects, reducing the need to 

reinvent the wheel for common functionalities. By leveraging packages, developers can focus more 

on building higher-level behaviors or applications rather than starting from scratch.

Similar to npm, ROS provides tools and commands to manage packages. The `rosdep` tool is used 

to install system dependencies required by ROS packages, and the `rosinstall` tool is used to 

fetch and configure packages from various sources.

The ROS package ecosystem is quite extensive, with a wide range of packages available for different 

purposes, including perception, motion planning, simulation, control, and more. These packages are 

contributed by the ROS community and are actively maintained and updated.

So, just like npm provides a vast repository of reusable JavaScript modules, ROS Packages serve as a 

repository of reusable robotics-related code and resources.

If you're interested in exploring ROS Packages further, you can visit the official ROS wiki and the ROS 

package index (http://wiki.ros.org/ and http://index.ros.org/) to discover available packages and 

learn more about how to leverage them in your robotics projects.

If you have any more questions or need further clarification, feel free to ask!

http://wiki.ros.org/
http://index.ros.org/


That's very good to know!

But I have a question

Of course! Please go ahead and ask your question. I'm here to help.

Unlike npm or "software-only" stuff like web apps, that run completely on "very standardized 

hardware" (PCs, laptops etc), robots don't have that kind of standardization.

In simple words, has the hardware manufacturers/markets acknowledged ROS and provide off the 

shelf hardware components to be used with ROS packages/

Yes, hardware manufacturers and markets have indeed acknowledged the popularity and 

significance of ROS in the robotics community. As a result, there are hardware components and 

platforms available in the market that are specifically designed to work seamlessly with ROS.

ROS provides a flexible and adaptable framework that can be utilized with a wide range of robot 

platforms, sensors, and actuators. This flexibility has encouraged hardware manufacturers to 

support ROS integration in their products, making it easier for developers to build robotics 

applications using ROS.

Many manufacturers provide ROS-compatible hardware components, including sensors (such as 

LiDAR, cameras, IMUs), motor controllers, robotic arms, mobile bases, and more. These components 

are designed to work out of the box with ROS and often come with pre-configured ROS drivers or 

packages, enabling developers to quickly integrate them into their robotic systems.

Additionally, there are robot platforms specifically built for ROS development. These platforms 

provide a complete hardware solution, including sensors, actuators, computing units, and integration 

with ROS. They offer a plug-and-play experience, allowing developers to focus on application 

development rather than worrying about low-level hardware integration.

ROS also supports a variety of communication protocols, which enables integration with different 

hardware systems. It can communicate with devices over standard protocols like Ethernet, USB, CAN 

bus, and more, allowing for interoperability with a wide range of hardware components.

The ROS ecosystem has grown significantly over the years, and there are communities, forums, and 

resources dedicated to ROS-compatible hardware. This makes it easier for developers to find and 



choose hardware components that are compatible with ROS and well-supported within the ROS 

community.

So, while hardware standardization in robotics may not be as uniform as in the software realm, the 

ROS community and the support from hardware manufacturers have made significant strides in 

providing ROS-compatible hardware components and platforms.

If you have any more questions or need further information, please feel free to ask!

Good to know. Let's talk about the standardization of hardware in robotics more. I have some 

questions

Certainly! I'm here to help. Please go ahead and ask your questions about the standardization of 

hardware in robotics, and I'll do my best to provide you with the information you need.

As a person who knows web technologies, it's very easy for me to create utilties/apps that run either 

on the browser, in Node.js or even in my desktop with minimal effort (the Gnome's extension 

ecosystem supports GJS - you know this ig).

So, if I have an "itch" (ESR), I can solve it in a few hours.

What this means is that because we have quite good standardization in personal computers - at the 

hardware level, browser level, internet protocols and standards, and web technologies, the effort 

needed is very less, since most variables have been accounted for.

But if I have a "itch" in the real world, say my living room, creating a robotic solution wouldn't be this 

easy, or is it? A nunanced answer is fine, maybe it IS easy for certain things, but not for "anything you 

can think of".

You're absolutely right. Creating robotic solutions in the real world can be more complex and 

challenging compared to developing software applications for standardized platforms like personal 

computers. While there have been significant advancements in robotics and standardization efforts, 

it's important to acknowledge that there are still complexities and limitations to consider.

Here are a few factors that contribute to the challenges of creating robotic solutions:

1. Hardware Variability: Unlike standardized personal computers, robots come in various shapes, 

sizes, and configurations. There is a wide range of hardware components available, each with its 



own specifications, interfaces, and compatibility considerations. Integrating and configuring 

these hardware components can require additional effort and expertise.

2. Sensor Integration: Robots often rely on various sensors to perceive and interact with their 

environment. Integrating sensors such as cameras, LiDAR, IMUs, and others requires careful 

calibration, alignment, and data processing. Each sensor may have its own specifications and 

data formats, which need to be properly understood and handled in the development process.

3. Actuator Control: Controlling the physical movement of robots involves working with different 

types of actuators such as motors, servos, and hydraulics. Understanding the specifications and 

characteristics of these actuators, and effectively controlling them to achieve desired motions or 

manipulations, can be complex.

4. Environmental Variability: The real-world environment can be unpredictable and dynamic. Robots 

must be able to adapt to different conditions, handle uncertainties, and make decisions based on 

changing situations. Developing algorithms and behaviors that work reliably across diverse 

environments requires careful planning, testing, and iteration.

5. Safety Considerations: Robots often interact with humans and their surroundings. Ensuring the 

safety of both the robot and its environment is crucial. This involves implementing safety 

mechanisms, risk assessments, and compliance with safety standards. Safety considerations add 

complexity to the design, implementation, and testing phases of robotics development.

Despite these challenges, it's worth noting that there have been advancements in robotics 

standardization, open-source frameworks like ROS, and the availability of pre-built robot platforms 

and components that facilitate development. Additionally, advancements in simulation tools and 

virtual environments can help developers iterate and test their solutions before deploying them in 

the physical world.

While creating robotic solutions may not be as straightforward as developing web applications, the 

robotics field continues to evolve, and efforts are being made to simplify and democratize robotics 

development. The key is to leverage existing frameworks, platforms, and tools, and collaborate with 

the robotics community to share knowledge and best practices.

By gaining a deeper understanding of robotics fundamentals, including hardware, software, and 

system integration, you can effectively address specific "itches" in the real world and contribute to 

the advancement of robotics technology.

If you have further questions or need more information, feel free to ask!

Thanks for the encouragement!

Did you understand what I meant by "ESR" and "itch"?



Okay, I have some direct questions. Let's use the project example when I my questions aren't that 

clear

Sure, feel free to ask your questions or provide an example project scenario. I'll do my best to address 

your questions and guide you through the different aspects of robotics involved.

Is their a solid/fundamental theory of sensing, and actuations and how they work (or should work) 

together?

I know enough about sensors and actuators that I can do small one-time stuff, but I need to know 

about a solid theory, so I can create large systems. A theory/framework will help with composability 

and decisions.

Yes, there is a solid and fundamental theory underlying sensing and actuation in robotics. It 

encompasses various principles, techniques, and frameworks that help in understanding how 

sensors and actuators work and how they can be effectively integrated into robotic systems.

One key concept in robotics is perception, which involves sensing the environment to gather 

information. Perception encompasses various subfields such as computer vision, depth sensing, 

range sensing, and more. It deals with understanding the physical world through sensors and 

extracting relevant data for robotic decision-making and control.

On the actuation side, there are different types of actuators used in robotics, including motors, 

servos, pneumatic actuators, hydraulic actuators, and more. The theory of actuation involves 

understanding how these actuators generate motion, torque, or force and how they can be 

controlled to achieve desired robotic behaviors.

To bring sensing and actuation together, a fundamental concept is feedback control. Feedback 

control systems use sensor measurements to continuously monitor and adjust the state or behavior 

of a robot. It involves concepts such as closed-loop control, PID controllers, state estimation, and 

system dynamics.

In terms of a theoretical framework, control theory plays a significant role in understanding the 

principles behind feedback control and system behavior. It provides mathematical models, analysis 

techniques, and design methodologies for controlling dynamic systems, including robotic systems.



By studying and applying these foundational theories and concepts, you can gain a deeper 

understanding of how sensing and actuation work in robotics. This knowledge will help you design 

and develop larger robotic systems with a solid theoretical foundation, enabling composability, 

decision-making, and control.

Thanks. Can you now generate some educational degrees and program names where these fields 

might be covered.

Why I'm asking you to do this: if I search for a concept, it'll take very long to understand it, since 

engineering concepts have a lof of abtractions and areas to focus on. But if I search the same 

concept within a course catalog (say MITOCW), I can filter by Bachelor, Master, PhD, Experimental 

Research to guage how practical and important the various apsect of a subject are.

Certainly! Here are some educational degrees and program names where the fields related to 

sensing, actuation, and robotics are typically covered:

1. Bachelor of Science (B.S.) in Robotics Engineering

2. Bachelor of Engineering (B.Eng.) in Mechatronics

3. Bachelor of Science (B.S.) in Electrical Engineering with a focus on Robotics

4. Bachelor of Science (B.S.) in Computer Engineering with a focus on Robotics and Automation

5. Master of Science (M.S.) in Robotics

6. Master of Engineering (M.Eng.) in Mechatronics and Robotics

7. Master of Science (M.S.) in Electrical Engineering with a specialization in Robotics

8. Master of Science (M.S.) in Computer Science with a concentration in Robotics and Artificial 

Intelligence

9. Ph.D. in Robotics and Autonomous Systems

10. Ph.D. in Electrical Engineering with a focus on Robotics and Control Systems

11. Ph.D. in Computer Science with a specialization in Robotics and Machine Learning

These degree programs and specializations often cover topics such as sensing technologies, 

perception algorithms, actuation systems, control theory, computer vision, machine learning, 

artificial intelligence, robotics kinematics and dynamics, system integration, and more.

By exploring the course catalogs and program descriptions of reputable universities and research 

institutions, such as MIT, Stanford, Carnegie Mellon University, ETH Zurich, and others, you can gain 

insights into the specific courses and research opportunities available in these fields. This can help 

you understand the practical and important aspects of the subjects and guide your learning journey 

accordingly.



Let's go back to robotics, the part of about theories/frameworks and more structure pieces of 

knowledge about robotics.

Certainly! When it comes to robotics, there are several theories, frameworks, and structured 

knowledge areas that can provide a solid foundation. Here are a few key aspects to consider:

1. Kinematics and Dynamics: Kinematics deals with the study of motion and positioning of robot 

systems, while dynamics focuses on the forces and torques involved in the robot's motion. 

Understanding kinematics and dynamics is crucial for designing robot manipulators, planning 

trajectories, and controlling robot movements.

2. Control Theory: Control theory provides the mathematical framework for designing control 

systems that govern the behavior of robots. It involves concepts like feedback control, PID 

controllers, optimal control, and adaptive control. Control theory enables precise and stable 

control of robot motions and interactions with the environment.

3. Perception and Sensing: Perception and sensing involve the ability of robots to gather 

information about their environment using various sensors, such as cameras, lidar, ultrasonic 

sensors, and tactile sensors. This field encompasses computer vision, sensor fusion, localization, 

mapping, and object recognition techniques.

4. Path Planning and Motion Planning: Path planning deals with finding feasible paths for robots to 

navigate from one point to another while avoiding obstacles. Motion planning focuses on 

generating smooth and collision-free trajectories for robots. These areas involve algorithms like 

A*, Dijkstra's algorithm, potential fields, and sampling-based planners such as RRT and PRM.

5. Human-Robot Interaction: Human-robot interaction focuses on the design and development of 

intuitive and natural interfaces for humans to interact with robots. It covers areas like gesture 

recognition, speech processing, haptic feedback, and user-centered design principles.

6. Robot Learning: Robot learning involves developing algorithms and techniques that enable 

robots to acquire knowledge and improve their performance through experience. This includes 

areas like reinforcement learning, imitation learning, and deep learning applied to robotics.

7. Robot Ethics and Safety: As robots become more integrated into human environments, 

considerations around ethics and safety are crucial. This field addresses ethical issues, legal 

frameworks, and safety standards related to the deployment and operation of robots.

These are just a few examples of the theories and frameworks that form the foundation of robotics. 

Depending on your specific interests and goals, you can explore these areas in-depth and delve into 

specialized topics such as swarm robotics, robotic manipulation, mobile robotics, or specific 

application domains like medical robotics or autonomous vehicles.

In terms of educational resources, universities, research institutions, and online platforms offer 

courses, textbooks, and research papers that cover these topics. Some renowned institutions known 



for their robotics programs include Massachusetts Institute of Technology (MIT), Stanford University, 

Carnegie Mellon University, and ETH Zurich. Online platforms like Coursera, edX, and Udacity also 

offer robotics-related courses and specializations.

Engaging in hands-on projects, collaborating with robotics enthusiasts, and participating in robotics 

competitions can also provide valuable practical experience and further solidify your understanding 

of the theoretical concepts.

Do you think the materials on the internet, and books along with active collaborations with others in 

the robotics community is enough to be able to build and engineer robots.

For the practical parts, is Arduino + Raspberri Pi and their related sensing/actuation modules are 

enough for a basic-to-medium understanding of the principles

Yes, the materials available on the internet, books, and active collaborations with others in the 

robotics community can definitely provide you with a wealth of knowledge and resources to build 

and engineer robots. The robotics field has a strong online presence, with numerous tutorials, 

forums, and open-source projects available.

Arduino and Raspberry Pi, along with their related sensing and actuation modules, are excellent 

platforms for beginners and even for more advanced robotics projects. Arduino is a microcontroller 

platform that is easy to use and widely supported, while Raspberry Pi provides a more powerful 

computing platform with greater capabilities. Both platforms offer a wide range of sensors, 

actuators, and expansion modules that can be easily integrated into robotic systems.

By using Arduino and Raspberry Pi, you can gain a basic-to-medium understanding of the principles 

of robotics, including hardware interfacing, sensor integration, actuator control, and programming. 

These platforms provide an accessible entry point into robotics, allowing you to experiment and 

learn while building real-world projects.

However, it's important to note that robotics is a multidisciplinary field, and deeper knowledge and 

expertise may be required for more complex and advanced robotics applications. As you progress, 

you may need to dive deeper into specific areas such as control systems, perception algorithms, and 

mechanical design. This is where further exploration of academic resources, research papers, and 

specialized courses can be beneficial.

Additionally, actively participating in robotics communities, attending workshops, conferences, and 

networking with experts can provide valuable insights, guidance, and opportunities for collaboration 



and learning. Robotics is a field that thrives on shared knowledge and collective expertise, so 

engaging with the community can enhance your understanding and practical skills.

Ultimately, combining self-study, practical hands-on experience, collaboration with others, and 

continuous learning will empower you to build and engineer robots effectively.

Okay, these resources are for focused topics.

Can you also recommend some general (not very general laymanish ) books about robotics, that can 

help me understand:

1. Areas of robotics

2. Layers of abstraction

3. Implementation of ideas, and how stuff is build (hands on). (but not too detailed)

4. Current ideas, future ideas in robotics

5. Social impact and needs robotics can fulfill, also ambitious ideas people have worked on

6. People/orgs involved - researches, scientists, standardization committees, companies, regulation, 

incidents/

Basically I want a birds eye view of the field. Please note that I am an engineer, and I'm good at math, 

physics (might need a little brushing up), who has experience with writing code, and developing 

apps. I'm writing this part to indicate that I don't need too much hand holding in the very basics

Certainly! Here are some book recommendations that can provide you with a comprehensive 

overview of robotics and help you gain a broader understanding of the field:

1. "Robotics: Modelling, Planning and Control" by Bruno Siciliano and Lorenzo Sciavicco: This book 

covers various areas of robotics, including kinematics, dynamics, motion planning, control, and 

sensing. It provides a solid theoretical foundation along with practical examples.

2. "Introduction to Autonomous Robots: Kinematics, Perception, Localization, and Planning" by 

Nikolaus Correll, et al.: This book offers a comprehensive introduction to robotics, covering 

fundamental concepts such as kinematics, perception, localization, and planning. It includes 

hands-on examples and exercises.

3. "Robotics, Vision and Control: Fundamental Algorithms in MATLAB" by Peter Corke: This book 

provides a practical approach to robotics, focusing on fundamental algorithms implemented in 

MATLAB. It covers topics such as robot kinematics, dynamics, perception, and control.

4. "Robotics: Discover the Science and Technology of the Future with 20 Projects" by Kathy Ceceri: 

This book is geared towards beginners and offers an introduction to robotics through hands-on 

projects. It covers basic concepts, including sensors, actuators, programming, and building 

simple robots.

5. "Robotics: A Very Short Introduction" by Alan Winfield: This concise book provides an overview of 

robotics, exploring its history, current capabilities, and future possibilities. It touches on various 



aspects, including perception, control, learning, and the societal impact of robotics.

6. "Robotics: Everything You Need to Know about Robotics from Beginner to Expert" by Peter 

Mckinnon: This book offers a comprehensive overview of robotics, covering a wide range of 

topics from the basics to advanced concepts. It includes practical examples and insights into 

current and future developments.

7. "The Second Machine Age: Work, Progress, and Prosperity in a Time of Brilliant Technologies" by 

Erik Brynjolfsson and Andrew McAfee: While not specifically focused on robotics, this book 

explores the broader impact of automation, robotics, and artificial intelligence on society and the 

economy. It discusses the potential benefits, challenges, and implications of these technologies.

These books should provide you with a good foundation and a birds-eye view of robotics, covering 

various aspects of the field, from theory to practical implementation, current ideas, future directions, 

and societal impact. They cater to different levels of expertise, and you can choose based on your 

interests and prior knowledge.

Just to be sure (that you output relevant books), can you generate a list of math, physics and 

chemistry book a student would need for the JEE (In India)

Certainly! Here are some recommended books for students preparing for the JEE (Joint Entrance 

Examination) in India in the subjects of Math, Physics, and Chemistry:

Mathematics:

1. "Higher Algebra" by Hall and Knight

2. "Problems in Calculus of One Variable" by I.A. Maron

3. "Coordinate Geometry" by S.L. Loney

4. "Differential Calculus" by Arihant Publications

5. "Integral Calculus" by Arihant Publications

6. "Trigonometry" by S.L. Loney

Physics:

1. "Concepts of Physics" (Volume 1 and 2) by H.C. Verma

2. "Fundamentals of Physics" by Halliday, Resnick, and Walker

3. "Understanding Physics for JEE Main & Advanced Mechanics Part 1" by D.C. Pandey

4. "Understanding Physics for JEE Main & Advanced Electricity & Magnetism Part 2" by D.C. Pandey

5. "Problems in General Physics" by I.E. Irodov

6. "Problems in Physics" by S.S. Krotov



Chemistry:

1. "Modern Approach to Chemical Calculations" by R.C. Mukherjee

2. "Physical Chemistry" by O.P. Tandon

3. "Organic Chemistry" by Morrison and Boyd

4. "Concise Inorganic Chemistry" by J.D. Lee

5. "Numerical Chemistry" by P. Bahadur

6. "Organic Chemistry" by Solomons and Fryhle
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