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Industrial revolutions

ÅIntroduction of machines (steam powered) in chemical and iron processes, 1830

ÅTechnological revolution, use of electricity, machine tool, production line, 1900

ÅDigital revolution, digital electronics, computer, ICT, 1980

ÅTotal computerization of manufactoring, 2012 Germany
ï Industry 4.0 Workgroups) Smart factory, Real environment, economic 

environment, human beings and work, technology factor
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Automation goals 

ÅProcessOptimisation
ï Energy, material and time savings
ï Quality improvement and stabilisation
ï Reduction of waste, pollution control
ï Compliance with regulations and laws, product tracking
ï Increase availability, safety
ï Fast response to market
ï Connection to management and accounting

ÅAsset Optimisation (management of production means)
ïAutomation of engineering, commissioning and maintenance
ïSoftware configuration, back-up and versioning
ïLife-cycle control
ïMaintenance support

ÅPersonal costsreduction
ïLess«heavy» human work
ïMore techniciansand engineers(machinesto be managed)
ïMore vendors(more product to be sold) and financial
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Digital revolution and data quantity in plants

ÅPower Plant 30 years ago
ï100 measurement and action variables (called "points")
ïAnalog controllers, analoginstruments
ïOne central " processcontroller" for data monitoring and protocol. 

ÅCoal-fired power plant (Centrale a carbone) today
ï10'000 points, comprising
ï8'000 binary and analog measurement points
ï2'000 actuation point

ï 1'000 micro-controllers and logic controllers

ÅElectricity distribution network
ï100ô000 -10ô000ô000 points
ï information flow to the personal: > 5 kbit /s
ïhuman processing capacity: about 25 bit/s
ïwithout computers, 200 engineers (today: 3)

Data reduction and processing (e.g. Key Performance Indicators)  
is necessary to operate plants
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Definitions

ÅAutomation (automazione)
ïScience and Technologies aiming the replacing of human work through

machines
ïAutomation goals

V Reduction of personal costs
V Enforcement of safety and availability 
V Processing of the information flow 
V Many sensors to save energy, materials, human work and to improve quality, 

accuracy and precision

ÅAutomation* (automatizzazione)
ïRepetitive sequence to perform a job
ïReplacement of conscious activity by reflexes (more speed, open loop)
ïAutomation* goals

V Reduction of time (that is more product, that is lessexpensiveproduct) 
V Simplification of processes

ÅAutomation, Automation* and Henry Ford
ïHenry Ford founded «Ford Motor Company» in 1903 (Michigan) 

introducing methodsfor large-scale manufacturing (Tempi Moderni, 
Fordismo, mass-produced car Model-T, 1908)
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Definitions

ÅFactory Automation (or factory automation infrastructure )
ïRepetitive sequence to perform a job used in the production of goods.
ïGeneral engineering and manufacturing environment that is defined by 

its ability to manufacture and/or assemble goods mainly by machines, 
integrated assembly lines, and robotic arms. 

ïManufactoring speed, lean production and diagnostic are mandatory 
(more speed, more product in the same time, less expensive product)

ÅIndustrial Processes(or processautomation)
ïA systematic series of mechanical or electrical or physical or chemical 

operations that produce or manufacture or distribute something on a very 
large scale, often in hazardous areas. 

ïChemical processes, Heat
processesand Electrolysis, 
Cutting (laser, water,..), Stamping,
Forging, Casting, Moulding, 
Welding, Separation

ïSafetyis mandatory, 
aswell as«green behaviour»

ïMany sensors, closedcontrol loop
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Automation Systems, world players 
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Company Local Major mergers

ABB CH-SE Brown Boveri, ASEA, CE, Alfa-Laval, Elsag-Bailey

Alstom-Schneider-Areva FR Alsthom, GEC, CEGELEC, Telemécanique,..

Bosch DE Rexroth

Emerson US Fisher Rosemount 

General Electric US

Hitachi - Yokogawas JP

Honeywell US

Invensys UK Foxboro, Siebe, BTR, Triconex,é

OMRON JP

Pepperl&Fuchs DE

Rockwell Automation US Allen Bradley, Rockwell,..

Schneider Electric DE Modicon,..

Siemens DE Plessey, Landis & Gyr, Stäfa, Cerberus,..

ú 80 Mld / year business in the world (ú 20 Mld in Europe)

(depends on viewpoint),

growing 5 % annually
Courtesy of Prof. Kirmann, EPFL



Definitions

ÅIndustrial plant

ï The object of automation (motors, machines, pipesé), also known as ñthe 

fieldò. Electromechanical, chemical, mechanical, hydraulics, éprimary 

technologies or components of heavy industry

ÅGeneral contractor (contraente) -> plant

ï organizes the suppliers of the different areas (parts and production or 

assembling lines) of the plant

ÅSupplier (fornitore di parti di impianto) -> area

ï organizes the EOM supplying machines, robots, and cells 

ÅOEM (Original equipment manufactorer) -> cell

ï Buys componentsfrom third parts and assemblies

ÅTurkey plant (ñimpianto chiavi in manoñ) 
ï The client just hires consultantsto supervisethe general contractor
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Definitions

éseldom offered by the same company
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Four distinct businesses

Courtesy of Prof. Kirmann, EPFL



Life-phases of a plant (example: rail vehicle)
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Automation
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Automation =

the neural system

Enterprise

Trends & History = Brain

Display and react = Cortex

Communication networks = neural, spine

controller = ganglions

Sensors & Actors = Sense cells & muscles

Society

physical plant  = skeleton

Courtesy of Prof. Kirmann, EPFL



Automation as a hierarchy of services
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Courtesy of Prof. Kirmann, EPFL



Automation as a computer network
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Courtesy of Prof. Kirmann, EPFL



Hierarchy (ISA95, Int. Society of Automation, 
Purdue enterprice reference architecture) 
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Hierarchy (ISA95, Purdue reference model) 

ÅLevel 4 (MANAGEMENT/AREA) Business Logistic Systems

ï Managing the business-related activities of the manufacturing operation. 

ERP (Enterprice Resource Planning) is the primary system; establishes 

the basic plant production schedule, material use, shipping and inventory 

levels (big data, time unit: day)

ÅLevel 3 (AREA/CELL) Manufactoring Operating Systems  

ï Managing production work flow to produce the desired products. Batch 

management; manufacturing execution/operations management systems 

(MES/MOMS); laboratory, maintenance and plant performance mng. 

systems; data historians and related middleware (big data, second)
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Hierarchy (ISA95, Purdue reference model) 

ÅLevel 2 (CELL) Control Systems 

ï SCADA supervisory, control and data acquisition; HMI human machine 

interface; real-time controllers: PLC (factory automation), DCS (industrial 

processes). (ms)

ÅLevel (CELL/FIELD) Intelligent Devices

ï Sensors, actuators, pheripherals (0,1ms)

ÅLevel 0 (FIELD/PRIMARY TECHNOLOGIES) PhysicalProcess

ï Primary technologies(motors, transformers, generators, hydraulic systems, 

vehicles,é(10ms)
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Hierarchy
ÅAdministration
ï Finances, human resources, documentation, long-term planning

ÅEnterprise
ï Set production goals, plans enterprise and resources, coordinate different 

sites, manage orders

ÅManufacturing
ï Manages execution, resources, workflow, quality supervision, 

production scheduling, maintenance. 

ÅSupervision
ï Supervise the production and site, optimize, execute operations

visualize plants, store process data, log operations, history (open loop)

ÅGroup (Area)
ï Controls a well-defined part of the plant (closed loop or operator)

ÅUnit (Cell)
ï Control (regulation, monitoring and protection) part of a group (closed 

loop except for maintenance)

ÅField
ï data acquisition (Sensors & Actuators), data transmission

no processing except measurement correction and built-in protection.
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Hierarchy: power plant
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Courtesy of Prof. Kirmann, EPFL



Hierarchy: factory automation (siemens)
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Courtesy of Prof. Kirmann, EPFL



Hierarchy: response time 

PLC e SCADA, A. Flammini 20

Courtesy of Prof. Kirmann, EPFL

Planning
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Note:

a complex and powerful PLC 

has the same HW than a DCS



Hierarchy: response time and complexity
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Courtesy of Prof. Kirmann, EPFL
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Field level
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the field level is in direct 

interaction with the plant's hardware

(Primary technology, Primärtechnik)

Courtesy of Prof. Kirmann, EPFL



Cell level
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the cell level normally include a controller and a local Human Machine Interface



Production cell, definitions

Åa processing cell transforms electrical energy into mechanical 

energy and performs a job, typically by means of an electric motor 

(or an hydraulic system) on the basis of some references (eg. size) 

and the deviation of the machining from the references measured by 

sensors. A machining cell provides processing and handling.

ÅDefinitions
ï Processing: useful phase to the production of the good (few automation)

ï Handling: movements, lost time to be reduced (much automation) 

ï Electrical network: three-phase system of currents and voltages

ï Power Transformer: engines (electric) and pumps (hydraulic)

ï Motor drive: electrical and electronic system adapting the electrical 

network to the needs of the engine (that must go with a certain speed and 

power to perform the processing -power- or the handling -velocity-)

ï Sensor: element that converts physical parameters (size, position, etc.) in 

electrical quantities at low power allowing the measure 

ï Actuators: element that converts electrical commands and set points to  

physical parameters (size, position, etc.) allowing actions
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Area level or Group level
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Courtesy of Prof. Kirmann, EPFL

the group level coordinates the

activities of several control units (Cells)

the group control is often hierarchical, 

can be also be peer-to-peer (from 

group control to group control = 

distributed control system)

Note: "Distributed Control Systems" 

(DCS) commonly refers to a hardware 

and software infrastructure to perform 

the Controller at level Cell in Process 

Automation



Local Human Interface at Area level or Group 
level
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Courtesy of Prof. Kirmann, EPFL

sometimes, the group level 

has its own man-machine 

interface for local operation 

control

(here: cement packaging)

also for maintenance:

console / emergency panel


