
Introduction to Industrial Automation

(A concise, easy?to?read overview for students, technicians, and anyone new to the field)

1. What Is Industrial Automation?

Aspect Description

Definition
Use of control systems (hardware & software) to operate machinery, processes, and

production lines with minimal human intervention.

Goal
Increase productivity, improve product quality, reduce waste, enhance safety, and

lower operating costs.

Scope
Ranges from simple single?machine control to fully integrated, plant?wide networks

(Industry?4.0).

2. Core Components

Component Function Typical Examples

Sensors

Detect physical variables

(temperature, pressure,

position, flow, etc.) and convert

them into electrical signals.

Proximity switches, photo?electric sensors,

thermocouples, load cells.

Actuators
Convert control signals into

mechanical motion or energy.

Electric motors, pneumatic cylinders,

hydraulic pistons, solenoid valves.

Controllers

Execute control algorithms,

process sensor data, and

command actuators.

PLCs (Programmable Logic Controllers),

PACs (Programmable Automation

Controllers), DCS (Distributed Control

Systems), embedded microcontrollers.

Human?Machine

Interface (HMI)

Allows operators to monitor and

interact with the system.

Touchscreen panels, SCADA graphics,

mobile apps.

Communication

Networks

Transfer data among devices,

controllers, and supervisory

systems.

Ethernet/IP, PROFINET, Modbus TCP,

EtherCAT, fieldbuses (Profibus,

CANopen).
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Component Function Typical Examples

Software

Program logic, configure

hardware, visualize data, and

manage analytics.

IEC?61131?3 languages (Ladder,

Structured Text), SCADA software,

MES/ERP integration tools.

3. Levels of Automation

Level Description Typical Applications

0 – Manual
No automation; human performs

all tasks.
Hand?assembly, small workshops.

1 – Assisted
Tools/equipment provide basic

assistance (e.g., power tools).

CNC machines with manual

loading.

2 – Fixed Automation
Hard?wired control for a single

product or process.

Assembly lines for high?volume

items (e.g., automotive stamping).

3 – Programmable

Automation

Reprogrammable controllers

enable flexible production.

PLC?controlled packaging lines,

robotic cells.

4 – Flexible Automation
Systems can adapt automatically

to product changes.

Flexible manufacturing systems

(FMS), AGVs (Automated Guided

Vehicles).

5 – Integrated/Smart

Automation (Industry?

4.0)

Cyber?physical integration, real?

time analytics, AI?driven

optimization.

Smart factories with IoT sensors,

cloud?based monitoring,

predictive maintenance.

4. Common Control Strategies

Strategy Principle When It’s Used

On/Off Control
Simple binary switching (e.g., heater

on/off).

Temperature control with large

hysteresis, safety interlocks.

PID Control
Proportional?Integral?Derivative

algorithm for continuous regulation.

Speed control of motors, flow

regulation, temperature set?points.

Sequencing / State

Machines

Executes a predefined series of steps

based on conditions.

Batch processes, robotic pick?and?

place cycles.
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Strategy Principle When It’s Used

Event?Driven

Control

Reacts to discrete events (sensor

triggers, alarms).
Emergency stop,
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