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Introduction to Industrial Automation
Key concepts, components, benefits, and trends

1. What Is Industrial Automation?

Aspect Description

Definit Use of control systems (hardware & software) to operate machinery, processes, and
efinition
production lines with minimal human intervention.

Goal Increase productivity, quality, safety, and flexibility while reducing cost, waste, and
oa
cycle time.

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

Scope
(Industry?4.0).

2. Core Elements of an Automated System

Element Function Typical Examples

Convert physical variables to electrical Proximity sensors, temperature

Sensors & Actuators  signals (sensors) and vice?versa transducers, pneumatic
(actuators). cylinders, servo motors.
Rugged, real?time controllers that Allen?Bradley ControlLogix,

Programmable Logic

execute ladder?logic or structured? Siemens S7, Schneider
Controllers (PLCs)

text programs. Modicon.
Human?Machine Graphical panels that allow operators Touch?screen panels, SCADA
Interface (HMI) to monitor and control processes. workstations.

Supervisory Control & Centralized system that collects data,
Data Acquisition provides alarms, trends, and remote ~ Wonderware, Ignition, GE iFIX.
(SCADA) control across multiple sites.

_ L o Ethernet/IP, PROFINET,
) Provide deterministic communication
Industrial Networks ) Modbus TCP, EtherCAT, OPC
between devices. UA
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Element

Robotics & Motion
Control

Safety Systems

Function Typical Examples

Perform repetitive or high?precision  Articulated robots, CNC drives,

tasks. linear motors.
Detect hazardous conditions and Safety PLCs, emergency?stop
initiate protective actions. circuits, safety light curtains.

3. Automation Levels (Hierarchy of Control)

Level

0 — Manual
1 - Fixed Automation

2 — Programmable
Automation

3 — Integrated
Automation
4 — Intelligent
Automation

Typical Function Typical Devices
Direct human operation. Hand tools, switches.
Hard?wired relay logic, cam Relay panels, mechanical
timers. sequencers.

Reprogrammable logic, flexible _

] PLCs, basic HMIs.
sequencing.
Plant?wide coordination, data SCADA, MES, distributed control
acquisition. systems (DCS).
Self?optimizing, predictive, cloud? AI/ML analytics, digital twins, edge
connected. computing.

4. Benefits of Industrial Automation

Benefit

Higher Throughput

Improved Quality

Reduced Labor Costs

Enhanced Safety
Energy Efficiency

Data?Driven Decision
Making

Explanation
Machines run continuously at optimal speed.

Precise control reduces variability; real?time inspection catches
defects early.

Fewer repetitive tasks for operators; skilled staff focus on supervision
and improvement.

Dangerous operations are isolated from personnel.
Optimized motion profiles and load management lower consumption.

Continuous data collection enables analytics, predictive maintenance,
and continuous improvement.
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5. Typical Automation Project Flow

Needs Assessment — Define objectives, ROI, and performance metrics.
Process Mapping — Document current workflow, bottlenecks, and safety requirements.
System Design — Select architecture, hardware, software, and communication standards.

S

Programming & Configuration —
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