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Today's roadmap
From a physical process to the automation hierarchy

1 Introduction to process automation 2 Process control

3 Systems and processes 4 Elements of control systems

5 Historical overview of automation 6 Hierarchy of control systems

7 The role of computer systems in 
control

Goal for this lecture

Learn the vocabulary and mental map that make PLCs, sensors, HMI/SCADA, MES and ERP fit together.
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Process automation - subject content
The course moves from physical processes to industrial information systems

1. Introduction

• System and process
• Control and management
• Automation hierarchy

2. Control and supervision

• PLC architecture + programming
• Sensors and actuators
• HMI / SCADA

3. Integration

• Industrial communication
• OPC UA and software interfaces
• MES + ERP + Smart factory

This pyramid is the mental map for the course: field 
devices, PLC control, supervision, operations and 

business planning.
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Process control
Control means influencing a system so that it reaches a goal

Control
The process by which we influence 
the operation of a system with the 
aim of achieving a set goal.

Dynamic system
(generic process)inputs outputs

Process / system
control

control inputs environment + process data

environment
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System, process, control
Three terms we will use repeatedly

System

• interconnected elements
• interaction with environment
• exchange of matter, energy or 

information

Process

• sequence of state changes
• time is essential
• transformation, movement or 

storage

Control

• influence the process toward a goal

• manual, automatic or computer-
based

• acts under constraints

Time matters: process automation is about behavior over time, not just static structure.
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Advantages of automatic control
Why industry invests in feedback, sequencing and supervision

Productivity

• faster response to demand
• support for decisions

Quality

• repeatability
• tracking + compliance

Energy

• smart scheduling
• more efficient operation

Materials

• less waste
• better use of resources

Safety

• fewer hazardous tasks
• less direct exposure

Scalability

• easier replication
• consistent procedures

Manual vs. automatic control: the automated line tracks the desired 
target more consistently.
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Systems and processes: classification
A system can be classified along several dimensions

Natural vs. Artificial human, galaxy car, school

Physical vs. Conceptual animal, house circuit design, electoral system

Static vs. Dynamic bridge, chair generator, economy

Open vs. Closed plant, company ship, shelter

Simple vs. Complex atom, molecule human, society

Industrial automation mainly deals with artificial, physical, dynamic, open and often complex 
systems.
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Classification of processes
By what is transformed

Material processes

• matter is transformed
• matter is moved, assembled or 

stored
• examples: packaging, machining, 

assembly

Energy processes

• energy is generated
• energy is converted, distributed or 

stored
• examples: power plants, heating, 

compressed air

Information processes

• data is processed
• data is transmitted, logged or 

displayed
• examples: HMI, databases, 

production reports

Most real plants combine all three: material flow + energy flow + 
information flow.



Process Automation 63737 · Fall 2026/27 Processes 09

Classification of processes
By material processing and change of state

Method of material processing

• Transformative: physical or chemical transformation

• Manufacturing: bending, cutting, assembling

Change of state

• Production: creation of substance or product

• Distribution: transfer from one place to another

• Storage: holding matter, energy or information

Why classify processes?
Because the process type determines the controller, the sensors, the actuation, the timing, and the 
safety constraints.
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Discrete, continuous and batch processes
The type of process variable shapes the control problem

Discrete / stepwise

objects keep identity
states and transitions

control = commanding

Continuous

matter or energy flows
regulation around targets
startup / shutdown phases

Batch / lot-based

finite quantity
sequence of steps

mix of continuous + discrete
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Discrete processes
Individual objects move through states

Identity

Objects are transformed, assembled, 
transported or stored while retaining identity.

State model

Well-defined states and transitions 
triggered by events.

Control task

Usually represented as finite automata; 
main task is commanding.

Idle Load Process

Unload

Example: an elevator can return to a previous floor, but not 
simply by “undoing” the button press.
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Continuous and batch processes
Regulation and sequencing often meet in the same plant

Continuous processes

• matter, energy or information flows continuously
• operates except during startup, shutdown or mode changes

• main task: regulation around setpoints

Batch processes

• finite quantity of material: one lot or batch
• sequence of operations on the same material
• main task: control / commanding

fill mix react empty clean

Example batch recipe: a vessel is filled with ingredients, mixed, allowed to react, emptied, and cleaned before the next lot.
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Elements of control
Every control problem has goals, criteria and constraints

Goals

• what should the system achieve?

• target state or desired behavior

Criteria

• how do we evaluate control 
quality?

• speed, safety, cost, comfort, 
quality

Constraints

• what limits possible actions?
• regulations, capacity, safety, 

physics

Control is never “just code”: it is a decision under goals and constraints, acting 
on a physical process.
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Observe - decide - act
The basic structure behind manual, automatic and computer-based control
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Elements of control systems
Observation, decision-making and action map to real equipment

Observation

• measurement system
• sensors + transducers
• standardized signals
• buses and protocols

Decision-making

• control algorithms

• embedded systems

• programmable logic controllers

• industrial regulators

• process computers

Action

• execution system
• actuators + final elements
• motors, valves, pneumatic cylinders

• standardized signals and protocols



Process Automation 63737 · Fall 2026/27 History 16

Historical overview
Control is as old as dynamic technical systems

Prehistoric era

Control performed directly by 
humans.

Antiquity

Automatic regulation of water flow: 
Ctesibius's water clock (clepsydra).

Modern beginnings

Temperature regulation in egg 
incubators and Watt's centrifugal 
governor.

A very old idea: maintain a desired condition despite changes in the environment.
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Ctesibius and the clepsydra
A mechanical example of automatic regulation

What to watch for

• measured variable: water level
• regulating mechanism: float + valve

• goal: stable flow / timekeeping
• feedback without electronics

Animation: Ctesibius water clock
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Watt's centrifugal governor (1788)
A classic feedback controller for speed regulation

Feedback control idea

• speed increases  flyballs move →
outward
• linkage closes the throttle valve
• steam flow decreases  speed falls→

• lower speed opens the valve again
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Governor in motion
Feedback control before software

Video: centrifugal governor
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Historical overview: 1800 to World War II
From standardized parts to control as a discipline

1800 Interchangeable / standardized parts; mass production begins

1868 Maxwell describes the centrifugal governor mathematically; Vyshnegradski develops regulator theory

1913 Ford introduces the automatic assembly line for cars

Before WWII Telephone systems, electronic amplifiers, Bode and Nyquist

World War II Automatic pilots, ballistic systems, radar antennas; control becomes its own discipline
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Historical overview: digital automation
Process computers, robots, microprocessors and autonomous systems

1960-1980

• First process computer: Texaco, Port Arthur, 1959

• First programmable robots

• Control theory flourishes

1980-present

• Robust control
• Microprocessors replace analog systems
• Feedback control in cars
• Autonomous vehicles and Mars rovers
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Evolutionary milestones
Industrial revolutions and the automation trajectory

Video: industrial revolutions and automation
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Hierarchy of control systems
Applications differ, but architectures are surprisingly similar

Why architectures differ

• customer/client relationships
• specific requirements, e.g., explosion-proof areas
• regulations, e.g., pharmaceutical validation
• tradition and installed base

What remains similar

• sensors and actuators at the field level
• controllers close the loop
• supervisory systems monitor and coordinate
• business systems plan, report and optimize
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Hierarchy of control systems: ANSI/ISA-95
Integration of business information systems and control systems

Purpose

Common terminology and models for interfaces between 
enterprise and control systems.

Why it matters

Production planning, operations management, SCADA/HMI, 
PLCs and sensors operate at different time scales.

Modern reading

The pyramid is still useful, but real factories increasingly connect 
levels through networks, edge devices and cloud services.

Source image: learn.umh.app introduction to the IT/OT automation pyramid
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Control-system layers
From basic technology to business-level decisions

Level 4 Business-level decisions

Level 3 Operational process management

Level 2 High-level supervision and control

Level 1 Plant/unit control; field devices

Level 0 Basic technology: sensors and 
actuators
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What each layer does
Different responsibilities and different time scales

Layer 0-1
Sensing & control

• sensors, actuators

• data acquisition

• digitization

• control and regulation

• interlocks and protection

Layer 2
Monitoring

• data logging

• process database

• operator screens

• alarms

• control room

Layer 3
Operations

• resources

• scheduling

• quality

• maintenance

• warehousing

Layer 4
Business

• strategy

• procurement

• sales

• finance

• documentation
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Data processing across the hierarchy
Data becomes fewer, richer and slower as we move upward

Lower layers
0-1

• many simple signals

• trivial processing

• hard real-time response

• typical: 0.1 ms to 1 s

Supervision
Layer 2

• complex data for operators

• logging and alarms

• decision support

• typical: 100 ms to minutes

Higher layers
3-4

• fewer but richer summaries

• model-based decisions

• reports, planning, finance

• typical: minutes to months

more aggregation, slower time scale
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The role of computer systems in control
Computers integrate layers, protect data and enable reliable operation

Mutual integration

Up-to-date information within layers, between layers, and 
between the plant and its environment.

Adaptability and reliability

Ability to modify the system while ensuring reliable and 
emergency operation.

Data management

Protection, archiving, traceability, logging and 
documentation.

Layer 1 operations

Data acquisition, preprocessing, control/regulation, event 
logging, interlocks and protection.
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Example work process
Business management and production are connected through information

Business management

• order acceptance
• raw material ordering
• product sales

Production

• raw material reception

• sampling + release

• machine allocation + setup

• production line control

• packaging + storage

Shipping

• sampling + release
• transfer from storage
• dispatch

A real automation system is not only the PLC program: it is also information flow, traceability and 
coordination.
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