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Unit I: Robotics, Sensors, and Signal Processing

1.1 Robotics and Artificial Intelligence (AI)

¢ Explanation

Robotics is a multidisciplinary field combining mechanical engineering,
electronics, and computer science to design and operate robots —
machines that can perform tasks autonomously or semi-autonomously.
Robots can sense their environment, process ihformation, and take
appropriate actions.

» N\
Artificial Intelligence (AI), on the other\he{l}l‘d, gives robots the ability to
think and learn. While a basic robot Wepeat programmed actions, an
Al-powered robot can analyze daéa\, ecognize patterns, make decisions,
and even learn from experienge( ;,\ |

When robotics (the body);al%;AI (the brain) come together, we get
intelligent robots capabll > f'handling complex, uncertain
environments. Al algerithms like machine learning, deep learning, and
reinforcement learning allow robots to identify objects, plan
movements, and adapt to new situations.

For instance, a robot vacuum cleaner with Al doesn’t just move
randomly — it maps your house, detects obstacles, and learns the best
cleaning route. In industries, Al helps robotic arms detect faults in
products. In healthcare, surgical robots use Al to assist doctors with
precision operations.

Together, Robotics + Al are transforming sectors like manufacturing,
logistics, healthcare, agriculture, and transportation, creating systems
that can perform human-like functions with speed and accuracy.

¢ Key Points
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1. Robotics = Mechanical structure + Sensors + Actuators (the body).
2. AI = Algorithms + Decision-making + Learning (the brain).

3. Integration allows robots to sense — analyze — act intelligently.
4

. Al improves adaptability, enabling robots to work in dynamic
conditions.

5. Applications: Self-driving cars, drones, smart manufacturing,
service robots.

6. Benefits: Efficiency, safety, continuous operation, precision.

7. Challenges: High cost, safety, ethical issues, need for powerful
computing.

¢ Types of Al Robotics

Type Description | Example
Industrial Robots Work in factories for ABB Robot Arm
welding, assembly, packing.
Service Robots Assi@ghﬂmans in daily or Cleaning or
pr;‘fe§sional tasks. Delivery robots
\
Autonomous Mobile Move and operate Amazon
Robots (AMR) independently in dynamic warehouse
environments. robots
Humanoid Robots Designed to resemble Honda ASIMO,

humans in form or behavior. = Sophia

Collaborative Work safely alongside UR3e Cobots
Robots (Cobots) humans.

¢ Real-Life Example
A self-driving car is an excellent example of Robotics + Al

« Robotic Part: Car’s hardware (wheels, steering, sensors, cameras).
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« Al Part: Software that detects lanes, obstacles, and pedestrians
using computer vision and deep learning.
Together, they enable the car to navigate roads, make turns, and
avoid collisions without a driver.

¢ Summary in Hinglish (Easy to Remember)

Robotics matlab robot ka body, aur AI matlab uska brain.

Jab dono milte hain, robot soch sakta hai, seekh sakta hai aur action le
sakta hai.

Jaise self-driving car road pe khud chalti hai bina driver ke — ye hi
Robotics + Al ka magic hai.

Al se robots smart bante hain, environment samajhte hain aur naye
situations mein adjust kar lete hain.

Awesome! Let’s continue with the next ¥opit in the same deep,
human-readable + Hinglish summary f\orﬁ\ﬁt —
N
Q
1.2 Embedded Systems and En)?\qdled Systems

¢ Explanation (Around;%?;{;l(né)

~ \

An Embedded System is Q\sf)ecial-purpose computer built inside a
larger device or maching fo’perform a specific function. Unlike general
computers (like laptops), embedded systems are dedicated — meaning
they’re designed for one task only, such as controlling a motor, reading
sensor data, or processing signals in real time.

In robotics, embedded systems act as the control center. They receive
input from sensors, process it using algorithms, and send commands to
actuators (motors, wheels, grippers, etc.).

For example, when a line-following robot detects a black line through its
IR sensors, the embedded system decides how to move left or right to
stay on track.

Embedded systems are usually built on microcontrollers (like Arduino,
Raspberry Pi, or STM32) that combine a processor, memory, and
input/output ports on a single chip. They are small, fast, energy-
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efficient, and reliable — making them ideal for real-time robotic
control.

An Embodied System goes a step further — it means the robot doesn’t
just have a brain (software) but also a body that interacts with the
physical world. “Embodiment” refers to how a robot’s physical form
affects its behavior and learning.

For example, a robotic dog learns to walk differently from a robotic arm
because their body structures and sensors are different.

The key idea behind embodied systems is that intelligence emerges
through interaction between the robot’s body, its sensors, and the
environment. The way a robot is shaped, how it moves, and how it
perceives the world — all influence how it learns and acts.

Together, embedded systems (the control past) &nd embodied systems
(the physical + interactive part) allow robots,to Sense, think, and act
effectively in the real world. NN

N\

¢ Key Points f‘\ \
f AN J

1. Embedded System:;A/ctéd}(t)ated computer built to perform a
specific task. ‘-:\,’

)
2. Components: Procegéor (brain), Memory (storage),
Sensors/ Actuatots (I/O devices).

Purpose: Controls robot actions in real-time based on sensor input.
Features: Compact, power-efficient, reliable, task-specific.

Examples: Arduino, Raspberry Pi, Microcontrollers, PLCs.

AN

Embodied System: A robot with a physical body that interacts
with its environment.

7. Embodiment Concept: Intelligence arises from body-
environment interaction.

8. Importance: Enables adaptive and context-aware behavior.

9. Relation: Embedded system = internal controller; Embodied
system = robot as a whole body.
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10.Outcome: Robots become more realistic, adaptive, and human-
like.

¢ Types of Embedded Systems

Type Description Example

Standalone Works independently to Microwave,
perform tasks. Calculator

Real-Time Responds quickly to time- Airbag system,
sensitive inputs. Drone control

Networked Connected through networks IoT robots, Smart

for communication. homes
Mobile Portable systems used in Robots, Drones, EV
Embedded moving devices. NN controllers
- J
TN
¢ Real-Life Example f‘/\\ﬁ
AN

In a drone, the embedded syg{e.m (flight controller) constantly reads
data from sensors like the..byroscope accelerometer, and GPS, then
calculates how much each\gotor should spin to keep the drone balanced
and moving correctlys,

The embodied system is the physical drone — its structure, propellers,
and camera — which interacts with the wind and environment. The
embedded system processes and reacts to this real-world data, enabling
smooth and stable flight.

¢ Summary in Hinglish (Easy to Remember)

Embedded system robot ka dimaag hota hai — chhota computer jo ek hi
kaam ke liye bana hota hai.

Jaise drone ka controller ya Arduino board robot ke movement control
karta hai.

Embodied system matlab robot ka pura body — jisse wo duniya ke sath
interact karta hai.
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Jab robot apne body ke through environment ko samajhta hai aur react
karta hai, to wo intelligent ban jaata hai.

Simple words mein - Embedded = Controller, Embodied = Real-world
interaction.

1.3 Agent-Task-Environment Model
¢ Explanation

In Robotics and Artificial Intelligence (AI), the Agent-Task-
Environment model is a framework used to understand how an
intelligent system interacts with the world.

An agent is anything that can perceive its environment through sensors
and act upon it using actuators. In simpler termg~— an agent is a
decision-making entity. For robots, the agent is the fobot itself.

The task is the goal or objective the agent Ify:lst achieve — such as
. . . 1N . .
navigating from one point to anotherlqlgamng a floor, or assembling a

component. p\ﬂ

\
The environment is the worldme Psturroundings in which the agent
operates. It includes every{tﬁﬁg'the agent can sense or that can affect its
performance — obstacles{tethperature, lighting, humans, etc.

The model defines a Copti}luous cycle:
- Sense — Think — Act — Learn

1. The agent senses the environment using sensors.

2. It decides what to do based on input (using algorithms or Al).
3. It acts using actuators.

4. It learns from experience to improve future decisions.

This interaction helps in designing autonomous systems that can adapt
to new or changing conditions without human guidance.

¢ Subtopics
1. Agent:
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Can be a robot, drone, self-driving car, or even a software bot.
Has sensors (to perceive) and actuators (to act).

Works to achieve a goal in its environment.

2. Task:

Defines what the agent must do.

Can be simple (move forward) or complex (clean the room
efficiently).

Tasks may be deterministic (predictable) or stochastic
(unpredictable).

3. Environment:

The world surrounding the agent.

Types of environments:
W

\(
o Fully observable: Everythirigsan be sensed (like chess).

o Partially observable: §oﬂﬁ* info is hidden (like driving in
fog) ~ \\
QY
o Static: Does n’e{ﬂiahge (like a fixed maze).
~S
o Dynamigc: Ke‘e&‘s changing (like traffic).

N

¢ Key Points

o1

. Agent = Robot or decision-maker.
. Task = Goal or objective.

1
2
3.
4

Environment = World around the agent.

. Model describes interaction cycle: Sense — Decide — Act —

Learn.
Helps design autonomous and intelligent robots.
Environments can be simple or complex.

Tasks can be deterministic or random.
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8. Used in both AI software and robotics.
9. Encourages learning-based behavior.

10.Foundation for reinforcement learning and intelligent robot
design.

¢ Real-Life Example
A vacuum cleaning robot (like iRobot Roomba) acts as an agent.
« Task: Clean the floor.
« Environment: The house (with furniture, walls, pets).
« Sensors: Detect dirt, obstacles, and walls.
o Actuators: Move the wheels and brushes?

« The robot continuously senses dust, ngms paths, avoids obstacles,
and updates its route — exactly ‘fgl}pwing the Agent-Task-

Environment model. xﬁ

p\,

-’\\\*
Al y’

¢ Hinglish Summary (Ezs&:t&Remember)
Agent—Task—EnVironmen:c}x;lodel batata hai ki robot apne aas-paas ke
environment me kaiséykaam karta hai.
Agent matlab robot, Task matlab uska goal (jaise floor clean karna), aur
Environment matlab surroundings (furniture, wall, light).
Robot pehle sense karta hai, phir sochta hai, aur act karta hai.
Ye model robot ko smart banata hai taaki wo khud se decision le sake
aur naye situation me adjust ho jaye.

- Example - Smart vacuum robot cleaning your room.

¢ 1.4 Embodied Systems
@ Explanation (20+ Lines)

An Embodied System refers to a system that physically exists and
interacts with the real world through its body, sensors, and actuators.
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Unlike a software Al agent that lives only in a computer, an embodied
system has a physical presence — like a robot, drone, or autonomous
car.

The concept of embodiment emphasizes that intelligence arises from
interaction with the environment, not just from computations.

A robot learns balance by falling and correcting itself — just like humans
do through physical experience.

These systems are tightly linked to their environment — they perceive,
decide, and act continuously based on sensory feedback.

An embodied robot doesn’t just “think” but also feels (via sensors) and
responds (via motors).

Examples include humanoid robots, robotic arms, drones, and prosthetic
limbs that mimic human motion.

Embodied systems integrate three major cOniponents:
1. Perception: Collecting sensory i ‘g.}’t >
2. Action: Responding using ad;g&ors
3. Cognition: Making dec1§10h,§ using Al or control logic.

Such systems form the fo@datlon of embodied AI, which combines
robotics, neuroscience, an Cognltlve science to create machines that
“live” in their world rather than just simulate it.

¢ Subtopics & Types
1. Physical Embodied Systems: Robots, drones, prosthetic arms.

2. Virtual Embodied Systems: Game Al or simulation agents with
body models.

3. Bio-inspired Systems: Robots inspired by animals or humans
(e.g., robotic fish, humanoid robots).

¢ Key Points
1. Embodied systems exist physically in the world.
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Intelligence emerges from interaction, not isolation.
They rely on sensors and actuators for feedback.
Example: Humanoid robot balancing itself.
Combines perception, cognition, and action.

Used in autonomous cars, drones, and prosthetics.

NS g os »W D

Foundation for Embodied Artificial Intelligence (EAI).

¢ Real-Life Example

A self-balancing humanoid robot learns to walk.
It senses its posture (via gyroscope), processes data, and adjusts its leg
motion to maintain balance.
The robot’s “understanding” of balance comes ffom its physical
interaction, not just programming — this is}é\mbodiment.
Q-

¢ Hinglish Summary , \p\\,
Embodied system wo hota hai joylfeal world me exist karta hai aur apne
environment ke sath intqrag:’l;T(arta hai.
Jaise ek robot ya drane %o sensors se feel karta hai aur motors se
action leta hai.
Ye system “sochta” bhi hai aur “act” bhi karta hai — matlab physical aur
intelligent dono hota hai.

Example: Humanoid robot jo chalna seekhta hai balance karte hue.

¢ 1.5 Synthetic Approaches to Science
@ Explanation (20+ Lines)

The synthetic approach to science is the study of intelligence and life
by building systems that imitate them — rather than just observing or
analyzing.

In robotics, this means creating artificial models (like robots or Al

10
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systems) to understand how natural systems (like humans or animals)
work.

This method is called “understanding by building.”

Instead of only studying biology, scientists build bio-inspired robots to
test theories — for example, a robotic fish helps understand how real
fish swim.

Synthetic approaches combine multiple disciplines — robotics,
neuroscience, cognitive science, and Al

It helps answer questions like “How do humans walk?” by building a
walking robot and observing its mechanics and control systems.

Such approaches provide practical validation — if a model behaves like
nature, it supports the scientific theory behind it.

¢ Subtopics & Types

1. Biomimetic Robotics: Designingxobots based on animals or
human behavior.

2. Artificial Life (A-Life): Cxeating artificial systems that mimic life-
like properties (e.g.*eviolyition, learning).

3. Cognitive Robeties®Modeling human learning and thinking in
robots.

¢ Key Points

“Understanding by building” - main concept.
Used to explore how natural intelligence works.
Combines Al, robotics, and biology.

Provides experimental proof of scientific theories.

S e e

Used in neuroscience, biomechanics, and evolution research.

¢ Real-Life Example

11


https://diplomawallah.in/

DIPLOMA WALLAH 5t Semester

A robotic bird designed to mimic real bird flight helps scientists study
wing motion and aerodynamics.

The success of such robots confirms the correctness of biological theories
about flying.

¢ Hinglish Summary

Synthetic approach ka matlab hota hai nature ko samajhna banakar.
Matlab sirf observe nahi karte — balki ek robot ya system banate hai jo
real life jaisa kaam kare.

Jaise bird robot banana taaki samjha ja sake ki pakshi kaise udta hai.
Ye approach theory ko practically test karne me madad karta hai.

¢ 2. Sensors and Signal Processing
@ Explanation

Sensors are the eyes and ears of robots»They convert real-world
physical quantities into electrical Sighals that a robot can understand.
Signal processing is the mathefhatical operation applied to these signals
to extract meaningful inforgation.

¢ 2.1 Common Sensors and Their Properties

Sensor Type Measures Key Feature Example Use
Ultrasonic Distance Echo-based Obstacle
Sensor detection detection in cars

Infrared Sensor | Heat / Distance | Light reflection | Line following

robots
LIDAR Distance, shape | Laser-based Self-driving cars
mapping
Camera Sensor | Image, light Captures Object
visuals recognition
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IMU Acceleration, Orientation & | Drones,
rotation balance humanoids

Temperature Heat Thermal Smart HVAC

Sensor control systems

¢ Key Points
1. Sensors convert physical — electrical signals.
2. Provide feedback to the robot for control.
3. Each sensor has range, sensitivity, accuracy.

4. Proper selection is essential for reliable operation.

¢ Hinglish Summary

Sensors robot ke aankh aur kaan jaisehote hain.

Wo real world ke data ko electric signal'me badalte hain.
Jaise LIDAR distance napta hai,.cainera image deta hai.
Robot un signals ko process kagke action leta hai.

¢ 221D Signal Progessing
@ Explanation

1D signal processing handles signals that change over one dimension
— usually time.

Examples include temperature readings, sound, and voltage signals
from sensors.

Processing these signals involves removing noise, amplifying useful
parts, and analyzing patterns.

Common techniques include:
« Filtering: Removes unwanted noise.

« Convolution: Detects patterns and features.
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« Fourier Transform: Converts signal from time domain to
frequency domain.

« Smoothing: Reduces fluctuations to make trends clearer.

1D signal processing helps in making sensor data accurate and
meaningful for decision-making in robotics.

¢ Real-Life Example

A robot arm uses a force sensor to measure pressure.
Signal processing removes noise, detects precise contact force, and
prevents damage while gripping.

¢ Hinglish Summary

1D signal processing me hum time-baséd ‘data (jaise sound, voltage) ko
clean aur analyze karte hain.

Noise hata kar robot ko sahi decisigftdene me madad milti hai.

Jaise robot arm jab object pakadtd fai to wo pressure sensor ke signal
process karta hai.

¢ 2.3 Vision
& Explanation

Vision systems allow robots to see and understand their environment.
They use cameras and image processing algorithms to detect, identify,
and analyze objects.

Vision converts raw image data into useful information — like object
position, size, and movement.

The main steps are:
1. Image Acquisition - capturing images using cameras.
2. Preprocessing - removing noise, adjusting brightness, contrast.

3. Feature Extraction - identifying shapes, edges, corners.

14


https://diplomawallah.in/

DIPLOMA WALLAH 5t Semester

4. Interpretation - recognizing objects and making decisions.

Vision systems are critical in self-driving cars, quality inspection,
drones, and security systems.

¢ Key Points

Vision = Robot’s ability to “see”.

Uses cameras and image processing.

Converts 2D image data into meaningful actions.

Essential for navigation, recognition, and manipulation.

SAREE R

Part of advanced Al-driven robotics.

¢ Real-Life Example

A self-driving car uses vision systemg te identify pedestrians, lanes, and
traffic lights, allowing it to drive safely without human input.

¢ Hinglish Summary

Vision system robot ki aankhon jaisa hota hai.

Camera image capture karta hai, aur Al use process karke object ya road
ko samajhta hai.

Example: Self-driving car ka camera traffic light aur pedestrian detect
karta hai.

Summary
« Robotics & AI: Robot ke brain aur body ka connection.
« Embedded System: Dedicated controller robot ke andar.
« Agent-Task-Environment: Robot ka sense-think-act cycle.

« Embodied System: Real world me interact karne wala robot.
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« Synthetic Approach: Nature ko samajhne ke liye robot banana.
« Sensors: Data lene ke tools.
« 1D Signal Processing: Sensor signal ko clean aur analyze karna.

« Vision: Robot ki aankh — image dekh kar decision lena.
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