
Introduction to Industrial Automation

Key concepts, components, and benefits for modern manufacturing

1. What Is Industrial Automation?

Aspect Description

Definition
Use of control systems—such as computers, PLCs, robots, and software—to operate

machinery and processes with minimal human intervention.

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

Scope
Encompasses discrete manufacturing (e.g., automotive assembly), process industries

(e.g., chemicals, food), and hybrid operations.

2. Core Elements of an Automated System

Element Function Typical Technologies

Sensors &

Actuators

Detect physical variables

(temperature, position, pressure)

and execute actions (move a

motor, open a valve).

Proximity sensors, encoders,

pneumatic/hydraulic cylinders, servo

motors.

Controller

Executes control logic, processes

sensor data, and commands

actuators.

PLCs (Programmable Logic Controllers),

DCS (Distributed Control Systems),

PACs (Programmable Automation

Controllers).

Human?Machine

Interface (HMI)

Allows operators to monitor and

interact with the system.

Touchscreen panels, SCADA graphics,

mobile dashboards.

Communication

Network

Transfers data among devices,

controllers, and enterprise

systems.

Ethernet/IP, PROFINET, Modbus,

EtherCAT, OPC-UA.

Software &

Algorithms

Implements sequencing, PID

control, safety logic, and higher?

level functions (vision, AI).

Ladder logic, Structured Text, Function

Block Diagram, IEC 61131?3 languages,

machine?learning models.
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Element Function Typical Technologies

Power & Safety

Systems

Supplies and protects electrical

energy.

Motor drives, circuit breakers, safety

relays, emergency?stop circuits.

3. Levels of Automation (ISA?95 / Purdue Model)

1. Level 0 – Process – Physical equipment (sensors, actuators).

2. Level 1 – Basic Control – Direct control loops (e.g., PID).

3. Level 2 – Supervisory Control – SCADA/HMI, data acquisition, alarm management.

4. Level 3 – Manufacturing Operations Management – Scheduling, batch control, MES

(Manufacturing Execution System).

5. Level 4 – Enterprise Planning – ERP (Enterprise Resource Planning), supply?chain

integration.

4. Common Automation Architectures

Architecture Typical Use Advantages

Standalone PLC
Simple machines, single?line

production.

Low cost, easy to program,

deterministic response.

Distributed Control

System (DCS)

Large continuous processes (oil

refineries, chemical plants).

High reliability, scalable, integrated

process control.

Robotic Cell
Assembly, welding, material

handling.

High repeatability, flexible re?

programming, 6?DOF motion.

Industrial IoT (IIoT)

Platform

Data?driven optimization, predictive

maintenance.

Real?time analytics, cloud

integration, remote monitoring.

Hybrid (PLC + SCADA

+ MES)

Complex discrete?process

environments.

End?to?end visibility, seamless

data flow.

5. Programming Standards & Languages

Standard Language(s) Primary Application
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IEC?61131

?3

Ladder Diagram (LD), Structured Text (ST), Function Block

Diagram (FBD), Sequential Function Chart (SFC), Instruction

List (IL)

PLC programming

across industries.

IEC?61499 Function
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