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

1. What Is Industrial Automation?

Aspect

Description

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

Definition

production lines with minimal human intervention.

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

Goal

lower operating costs.

Ranges from simple single?machine control to fully integrated, plant?wide networks
(Industry?4.0).

Scope

2. Core Components

Component

Sensors

Actuators

Controllers

Human?Machine

Interface (HMI)

Communication
Networks

Function Typical Examples

Detect physical variables

(temperature, pressure, position, Proximity switches, photoelectric sensors,
flow, etc.) and convert them into thermocouples, load cells.

electrical signals.

Convert control signals into Electric motors, pneumatic cylinders,
mechanical motion or energy. hydraulic pistons, solenoid valves.

PLCs (Programmable Logic Controllers),
Process sensor data, execute ,
_ PACs (Programmable Automation
control algorithms, and )
Controllers), micro?controllers, DCS
command actuators. o
(Distributed Control Systems).

Provides operators with visual o
Touchscreen panels, graphic displays,
feedback and manual control
N push?button consoles.
capability.

Transfer data between devices,
Ethernet/IP, PROFINET, Modbus,

controllers, and supervisory _ o
CANopen, OPC UA, Industrial Wi?Fi.

systems.
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Component Function Typical Examples
Supervisory Monitors, logs, and optimizes SCADA, MES (Manufacturing Execution
Software plant performance. System), ERP integration.

Detect hazardous conditions and o
_ _ Safety relays, emergency?stop circuits,
Safety Devices intervene to protect personnel _ )
_ light curtains, safety PLCs.
and equipment.

3. Levels of Automation (ISA?95 Model)

Field Level — Sensors & actuators directly attached to the process.
Control Level — PLCs/PACs executing real?time control loops.
Supervisory Level — SCADA/HMI systems for monitoring and manual overrides.

A

Planning & Logistics Level — MES, ERP, and analytics for production planning, inventory,
and quality management.

4. Common Control Strategies

Strategy When It Is Used Key Characteristics

Simple binary processes (e.g., pump No proportionality; hysteresis often
On/off Control P yp (e.g., pump No prop y; hy

on/off). added to avoid chatter.
Continuous processes requiring Combines Proportional, Integral,
PID Control precise set?point tracking Derivative actions; tunable
(temperature, flow). parameters.
) Batch or step?wise operations State machines, ladder logic, or
Sequential Control _ _
(assembly line, packaging). structured text sequences.

, , , ) Real?time model updates,
Adaptive / Model? Processes with varying dynamics or o o
o _ optimization over a prediction
Predictive Control high performance demands. hori
orizon.

Safety?Integrated Systems where safety functions must Redundant hardware, safety PLCs,
Control be deterministic. IEC?61508/61511 compliance.

5. Programming Languages (IEC?6113173)
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Language Style Typical Use

Ladder Diagram (LD) Graphical, resembles relay logic. Legacy systems
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