


1

MEASUREMENT  
AND CONTROL OF CHEMICAL,  

FOOD AND BIOTECHNOLOGICAL 
PROCESSES

VOLUME I 
PROCESS MEASUREMENT

Karel Kadlec 
Miloš Kmínek 
Pavel Kadlec 

et al.

STS Science Centre, Ltd. in coedition with KEY Publishing s.r.o.
London

2019



©	 Tony Allman, Jan Bartáček, Tomáš Bartovský, René Bien, Vlastimil Braun,  
	 Roman Brázda, Jiří Brejcha, Václav Březina, Zdeněk Bubník, Jana Coufalová,  
	 Jaroslav Čadil, Petr Čadil, Zdena Čermáková, Václav Černý, Miroslava Čikošová,  
	 Ladislav Čurda, Jan Dostál, Pavel Dostálek, Miroslav Dub, Jozef Dudáš,  
	 Vladimír Filip, Radim Frömmer, Bertrand Gaillac, Simona Gillarová, Eva Gregorová,  
	 Petr Grund, Jiří Hanika, Andrea Hinková, Svatopluk Henke, Jiří Hloska, †Jiří Holas,  
	 Petr Horák, Jan Hostaša, Vlastimil Hotař, František Hovorka, Johana Hrabalová,  
	 Pavel Hrnčiřík, Martin Hubička, Karel Kadlec, Pavel Kadlec, Jiří Karásek,  
	 Stanislav Kasa, Jaromír Klaban, Miloš Kmínek, Jiří Kolena, Petr Komp,  
	 Dušan Kopecký, Anna Korbářová, Aleš Kovařík, Jindřich Kubíček, Jaromír Kukal,  
	 Ivo Kunc, Antonín Kuta, Antonín Lisý, Antonín Lízr, Petr Lněnička, Petr Machač,  
	 Jiří Macháč, Jan Macháček, Jan Mareš, Daniel Maxa, Michal Mikulec, Jan Náhlík,  
	 Iva Nachtigalová, Jan Nájemník, Aleš Nesrsta, Martin Niederle, František Novotný,  
	 Radim Novotný, Wili Pabst, Josef Pašek, Leona Paulová, Petr Pipek, Jaroslav Pól,  
	 Josef Příhoda, Aleš Rajchl, Claire Rue, Mojmír Rychtera, Karel Schmiedberger Jr.,  
	 Pavel Skřivan, David Slepička, Marcela Sluková, Jan Sova, Kurt Spirig, Jan Svoboda,  
	 Evžen Šárka, Rudolf Ševčík, František Škvára, Jiří Štětina, Filip Teper, Ivan Teper,  
	 Tereza Uhlířová, Vladimír Ulrich, Karel Voldřich, † Jaroslav Vovsík, Jiří Wanner   2019

ISBN 978-1-908235-09-1 (STS Science Centre)
ISBN 978-1-908235-08-4 (Set - STS Science Centre)
ISBN 978-80-7418-306-5 (KEY Publishing)
ISBN 978-80-7418-305-8 (Set - KEY Publishing)

The book reviewer: Jan Michal
The book translater – Volume I: Andrea Hinková, Volume II: Tomáš Hanslík

CATALOGUING-IN-PUBLICATION – NATIONAL LIBRARY OF THE CZECH 
REPUBLIC

 
Kadlec, Karel 
   Measurement and control of chemical, food and biotechnological processes. 
Volume I, Process measurement / Karel Kadlec, Miloš Kmínek, Pavel Kadlec et al. -- 
First edition. -- London ; Ostrava : STS Science Centre, Ltd. in coedition with Key 
Publishing s.r.o., 2019. – 610 pages. -- (Monograph) 
ISBN 978-80-7418-305-8 (Key Publishing ; set). -- ISBN 978-80-7418-306-5 ; Key 
Publishing ; paperback). -- ISBN 978-1-908235-08-4 (STS Science Centre ; set). -- 
ISBN 978-1-908235-09-1 (STS Science Centre ; paperback) 
 
66.02 * 602 * 663/664 * 681.51 * 53.083 * 681.2 * 681.5 * (048.8:082) 
- chemical processes 
- biotechnological process 
- food technology 
- automatic control systems 
- measuring systems 
- measurement engineering 
- control technology 
- collective monographs 
 
629.8 - Automatic control engineering [19]



1

MEASUREMENT  
AND CONTROL OF CHEMICAL,  

FOOD AND BIOTECHNOLOGICAL 
PROCESSES
VOLUME II 

Process control

Karel Kadlec 
Miloš Kmínek 
Pavel Kadlec 

et al.

STS Science Centre, Ltd. in coedition with KEY Publishing s.r.o.
London

2019



The book reviewer: Jan Michal
The book translater – Volume I: Andrea Hinková, Volume II: Tomáš Hanslík

©	 Tony Allman, Jan Bartáček, Tomáš Bartovský, René Bien, Vlastimil Braun,  
	 Roman Brázda, Jiří Brejcha, Václav Březina, Zdeněk Bubník, Jana Coufalová,  
	 Jaroslav Čadil, Petr Čadil, Zdena Čermáková, Václav Černý, Miroslava Čikošová,  
	 Ladislav Čurda, Jan Dostál, Pavel Dostálek, Miroslav Dub, Jozef Dudáš,  
	 Vladimír Filip, Radim Frömmer, Bertrand Gaillac, Simona Gillarová, Eva Gregorová,  
	 Petr Grund, Jiří Hanika, Andrea Hinková, Svatopluk Henke, Jiří Hloska, †Jiří Holas,  
	 Petr Horák, Jan Hostaša, Vlastimil Hotař, František Hovorka, Johana Hrabalová,  
	 Pavel Hrnčiřík, Martin Hubička, Karel Kadlec, Pavel Kadlec, Jiří Karásek,  
	 Stanislav Kasa, Jaromír Klaban, Miloš Kmínek, Jiří Kolena, Petr Komp,  
	 Dušan Kopecký, Anna Korbářová, Aleš Kovařík, Jindřich Kubíček, Jaromír Kukal,  
	 Ivo Kunc, Antonín Kuta, Antonín Lisý, Antonín Lízr, Petr Lněnička, Petr Machač,  
	 Jiří Macháč, Jan Macháček, Jan Mareš, Daniel Maxa, Michal Mikulec, Jan Náhlík,  
	 Iva Nachtigalová, Jan Nájemník, Aleš Nesrsta, Martin Niederle, František Novotný,  
	 Radim Novotný, Wili Pabst, Josef Pašek, Leona Paulová, Petr Pipek, Jaroslav Pól,  
	 Josef Příhoda, Aleš Rajchl, Claire Rue, Mojmír Rychtera, Karel Schmiedberger Jr.,  
	 Pavel Skřivan, David Slepička, Marcela Sluková, Jan Sova, Kurt Spirig, Jan Svoboda,  
	 Evžen Šárka, Rudolf Ševčík, František Škvára, Jiří Štětina, Filip Teper, Ivan Teper,  
	 Tereza Uhlířová, Vladimír Ulrich, Karel Voldřich, † Jaroslav Vovsík, Jiří Wanner   2019

ISBN 978-1-908235-10-7 (STS Science Centre)
ISBN 978-1-908235-08-4 (Set - STS Science Centre)
ISBN 978-1-908235-09-1 (Volume I - STS Science Centre)
ISBN 978-80-7418-307-2 (KEY Publishing)
ISBN 978-80-7418-305-8 (Set - KEY Publishing)
ISBN 978-80-7418-306-5 (Volume I - KEY Publishing)

CATALOGUING-IN-PUBLICATION – NATIONAL LIBRARY OF THE CZECH REPUBLIC
 
Kadlec, Karel, 1938- 
Measurement and control of chemical, food and biotechnological processes. Volume II, 
Process control / Karel Kadlec, Miloš Kmínek, Pavel Kadlec et al.. -- First edition. -- London ; 
Ostrava : STS Science Centre, Ltd. in coedition with Key Publishing s.r.o., 2019. -- 656 pages. 
-- (Monograph) 
 
ISBN 978-80-7418-305-8 (Key Publishing ; set). -- ISBN 978-80-7418-307-2 (Key Publishing ; 
paperback). -- ISBN 978-1-908235-08-4 (STS Science Centre ; set). -- ISBN 978-1-908235-10-7 
(STS Science Centre ; paperback) 
 
* 66.02 * 602 * 663/664 * 681.51 * 681.5 * 602.1 * 004.94 * (048.8:082)

– chemical processes 
– biotechnological process 
– food technology 
– automatic control systems 
– control technology 
– control systems 
– biotechnological process control 
– modeling and simulation 
– collective monographs 
 
629.8 - Automatic control engineering [19]



 

Content_Vol I_Vol II_detailed.docx 

Measurement and Control of Chemical, Food and Biotechnological 
Processes 

Editors: Karel Kadlec, Miloš Kmínek, Pavel Kadlec 

STC Science Centre Ltd., London, KEY Publishing Ostrava (2019) 

CONTENT 
 

Volume I  Process Measurement 
Summary Volume I 

Preface to Volume I 

Part I Introduction to the Measurement and Control of Technological Processes 

1   An Introduction to Measurement and Control (Karel Kadlec, Jiří Macháč) 
1.1 Measuremet and Control Tasks – Basic Terminology and Labelling 
1.1.1 Measuremet and Control Tasks 
1.1.2 Basic Terms from Measurement and Control 
1.1.3 Principles of Block Diagrams Drawing 
1.1.4 Labelling of Measurement and Control Loops in Technological Diagrams 
1.2 Process Measurement Instruments and Their Properties 
1.2.1 Process Measuring Instruments 
1.2.2 Classification of Sensors 
1.2.3 Sensors, Transducers, Transmitters 
1.2.4 Dataloggers of Measured Values 
1.2.5 Smart Sensors and Smart Transmitters 
1.2.6 Wireless Sensors 
1.2.7 Equipment for Explosive Atmospheres (ATEX) 
1.2.8 Virtual Instrumentation 
1.2.9 Characteristic Properties of Measuring Instruments 
1.3 Measurement Uncertainties 
1.3.1 Basic Principles and Guidelines 
1.3.2 Calculating Standard Uncertainties 
1.3.2.1 Calculating Standard Uncertainties from Data Obtained by Direct Measurement Method 
1.3.2.2 Standard Uncertainty Determination from a Single Quantity Indirect Measurement 
1.3.2.3 Determination of Expanded Uncertainties 
1.3.2.4 General Guidelines How to Express Uncertainty 
1.3.2.5 Supplementary Information about Uncertainties 
1.4 Checking the Measurement and Calibration Sensors Accuracy 

2 Measurement and Computer Data Acquisition (Dušan Kopecký, Karel Kadlec) 
2.1 Internet of Things and Industry 4.0 
2.2 Computers for Information and Industrial Networks 
2.3 Communication in Industrial and Information Networks 
2.3.1 ISO/OSI Reference Model 
2.3.2 Bus Main Features 
2.3.2.1 Bus Definition and Basic Terminology 
2.3.2.2 Bus Wiring Scheme 
2.3.2.3 Data Transfer Rate 
2.3.2.4 Coding for Data Transmission 
2.3.3 Buses in Personal Computers 
2.3.3.1 Standard RS-232C (Serial Port) 
2.3.3.2 Universal Serial Bus (USB) 



 

Content_Vol I_Vol II_detailed.docx 

2.3.3.3 Peripheral Component Interconnect (PCI) Bus 
2.3.3.4 Peripheral Component Interconnect Express (PCI Express) Bus 
2.3.3.5 Ethernet 
2.3.3.6 Wireless Standard IEEE 802.11 (Wi-Fi) 
2.3.3.7 Bluetooth Wireless Standard 
2.3.4 Buses for Networks in Industrial Automation 
2.3.4.1 RS-422, RS-423 and RS-485 Standards 
2.3.4.2 Controller Area Network (CAN) 
2.3.4.3 DeviceNet Network 
2.3.4.4 General Purpose Interface Bus (GPIB) 
2.3.4.5 Meter-Bus (M-Bus) 
2.3.4.6 Process Field Bus (Profibus) 
2.3.4.7 Wireless Meter-Bus (Wireless M-Bus) 
2.3.4.8 Wireless Standard IEEE 802.15.4 and ZigBee 
2.3.5 Industrial Ethernet 
2.3.6 Current Loop 
2.3.7 HART Communication Protocol 
2.3.8 IO-Link Communication Protocol 
2.3.9 JUMO digiLine 
2.3.10 Industrial Interface Converters 
2.4 Multifunctional Data Acquisition Systems 
2.4.1 Multifunctional Data Acquisition Cards and Boards 
2.4.2 Modular Systems for Data Acquisition 
2.5 Data Acquisition and Processing Software 
2.5.1 Operating Systems 
2.5.2 Drivers and Software 
2.5.3 Integrated Development Environments 
2.6 Conclusion 

Part II Measurement of Process Variables 

3   Temperature Measurement (Karel Kadlec) 
3.1 Contact Temperature Sensors 
3.1.1 Thermal Expansion Thermometers 
3.1.2 Thermocouples 
3.1.2.1 Measuring Circuits in Thermocouples 
3.1.3 Resistance Temperature Detectors (RTDs) 
3.1.3.1 Metal Resistance Temperature Detectors 
3.1.3.2 Semiconductor Temperature Sensors 
3.1.3.3 Measurement Circuits for Signal Evaluation in Resistance Thermometers 
3.1.4 Signal Processing of Electrical Thermometers 
3.1.5 Installing Contact Thermometers 
3.1.6 Calibration of Contact Thermometers 
3.2 Special Thermometers 
3.3 Non-Contact Thermometers 
3.3.1 Basic Theoretical Principles of Non-Contact Thermometry 
3.3.2 Arrangement of IR Thermometers and IR Cameras  
3.3.2.1 Non-Contact Thermometers 
3.3.2.2 Optical System in Non-Contact Thermometers 
3.3.2.3 Influences Affecting the Measurement with Non-Contact Thermometers 
3.3.3 Thermal Imaging Cameras and Infrared Thermography 
3.3.3.1 Thermal Imaging Cameras 
3.3.3.2 Thermographic Measurement 
3.3.3.3 Thermogram and Its Evaluation 
3.3.4 Calibration of Non-Contact Thermometers 



 

Content_Vol I_Vol II_detailed.docx 

3.3.5 Applications of Non-Contact Thermometers 

4 Pressure measurement (Karel Kadlec) 
4.1 Hydrostatic Manometers 
4.2 Piston Pressure Gauges, Deadweight Testers 
4.3 Mechanical Pressure Gauges with Flexible Elements 
4.4 Electronic Pressure Transmitters 
4.4.1 Conversion of the Mechanical Quantity (Displacement) into an Electrical Signal 
4.4.2 Potentiometric and Inductive Displacement Sensors  
4.4.3 Capacitive Pressure Sensors 
4.4.3.1 Principle of the Capacitive Pressure Sensor 
4.4.3.2 Ceramic Diaphragm 
4.4.3.3 Transmitters with Capacitive Sensors 
4.4.4 Pressure Transducers with Resistance Strain Gauges 
4.4.4.1 Principle of Resistance Strain Gauges 
4.4.4.2 Transmitters with Semiconductor Strain Gauges 
4.4.4.3 Process Transmitters with Piezoresistors 
4.4.5 Piezoelectric Pressure Sensors 
4.4.5.1 Piezoelectric Effect 
4.4.5.2 Piezoelectric Pressure Sensor Construction 
4.4.6 Resonant Pressure Sensors 
4.4.6.1 The Principle of Resonant Pressure Sensors 
4.4.6.2 Micromechanical Resonant Pressure Sensor 
4.4.7 Smart Pressure Transmitters 
4.4.8 Electronic High Pressure and Vacuum Gauges 
4.5 Installation of Process Pressure Gauges 
4.6 Calibration of Process Pressure Gauges 
4.7 Selection of a Suitable Pressure Sensor 

5 Level Measurement (Karel Kadlec) 
5.1 Mechanical Level Sensor  
5.1.1 Simple Mechanical Level Gauges 
5.1.2 Weight-Based Level Measurements 
5.1.3 Float Level Indicators 
5.1.3.1 Float Switches 
5.1.3.2 Floats with Guide Tube 
5.1.3.3 Tilting Float Level Switch 
5.1.3.4 Floats with Magnetostrictive Transmitters 
5.1.3.5 Bypass Level Indicator 
5.1.3.6 Applications of Level Transmitters and Level Switches 
5.1.4 Displacer-Type Level Gauge 
5.1.5 Electromechanical Level Transmitters 
5.1.6 Vibrating Level Switches 
5.1.6.1 Principle and Design of Vibrating Level Switches 
5.1.6.2 Applications of Vibrating Level Switches 
5.1.6.3 Installation of Vibrating Level Sensors 
5.1.7 Paddle Level Switches 
5.2 Hydrostatic Level Transmitters 
5.2.1 Connection of Hydrostatic Pressure Transmitters 
5.2.1.1 Level Measurement in Open Vessels 
5.2.1.2 Level Measurement in Closed Vessels 
5.2.1.3 Measurement with Diaphragm Seals 
5.2.1.4 Measurement with Submersible Probe 
5.2.1.5 Bubbler Level Measurement 
5.2.2 Properties and Applications of Hydrostatic Level Transmitters 
5.3 Electrical Level Gauges 



 

Content_Vol I_Vol II_detailed.docx 

5.3.1 Conductivity Level Sensors and Switches 
5.3.2 Capacitive Level Transmitters and Switches  
5.3.2.1 Principle of Capacitive Level Sensor 
5.3.2.2 Properties of the Process Medium 
5.3.2.3 Electrodes of Capacitive Sensors 
5.3.2.4 Placement of Electrodes in the Technological Apparatuses 
5.3.2.5 Evaluation Electronic Circuits 
5.3.2.6 Applications of Capacitive Level Transmitters and Level Switches 
5.4 Thermal Level Switches 
5.5 Optical Level Sensors 
5.5.1 Transmission-Type Detectors 
5.5.2 Reflection-Type Detectors 
5.5.3 Refraction-Type Detectors 
5.6 Ultrasonic Level Measurement 
5.6.1 Properties of Ultrasound 
5.6.2 Principles of Ultrasonic Level Gauges 
5.6.2.1 Continuous Ultrasonic Level Transmitters 
5.6.2.2 Ultrasonic Level Switches 
5.6.3 Installation of Ultrasonic Level Gauges 
5.6.4 Applications of Ultrasonic Level Gauges 
5.6.5 3D Solids Scanner 
5.7 Radar Level Gauges 
5.7.1 Permittivity and Microwave Radiation 
5.7.2 Non-Contact Radar Level Gauges 
5.7.2.1 Pulse Radar 
5.7.2.2 Radar with Frequency Modulated Carrier Wave (FMCW) 
5.7.2.3 Antenna Designs 
5.7.2.4 Installation of Radar Level Gauges 
5.7.3 Guided Wave Radar Level Gauges 
5.7.4 Applications of the Radar Level Gauges 
5.8 Radiation Level Gauges 
5.8.1 Radioactive Sources and Radiation Detectors) 
5.8.2 Applications of the Radiation Level Gauges 
5.9 Selection of the Level Sensor 

6 Flow Measurement (Karel Kadlec) 
6.1 Terms and Definitions  
6.2 Classification of Flow Sensors 
6.3 Positive Displacement Meters 
6.4 Velocity Flowmeters 
6.4.1 Differential Pressure Flowmeters 
6.4.1.1 Speed Probes 
6.4.1.2 Differential Pressure Flowmeters with Primary Elements 
6.4.1.3 Capillary (Laminar) Flowmeter 
6.4.2 Variable Area Flowmeters - Rotameters 
6.4.2.1 Principle of Operation 
6.4.2.2 Dependence on Density and Viscosity 
6.4.2.3 The Design of the Flowmeter 
6.4.2.4 Installation of Variable-Area Flowmeters 
6.4.2.5 Features of Variable Area Flowmeters 
6.4.2.6 Application of Variable-Area Flowmeters 
6.4.3 Spring-Loaded Variable Area Flowmeters and Target (Paddle) Flowmeters 
6.4.4 Turbine and Paddlewheel Flowmeters 
6.4.5 Electromagnetic Flowmeters 
6.4.5.1 Principle of Electromagnetic Flowmeter 



 

Content_Vol I_Vol II_detailed.docx 

6.4.5.2 Design of Electromagnetic Flowmeter 
6.4.5.3 Influence of the Medium on the Measurement Results 
6.4.5.4 Properties of Electromagnetic Flowmeter 
6.4.5.5 Application of Electromagnetic Flowmeters 
6.4.6 Ultrasonic Flowmeters 
6.4.6.1 Classification of Ultrasonic Flowmeters 
6.4.6.2 Transit-Time Ultrasonic Flowmeters 
6.4.6.3 Doppler Ultrasonic Flowmeters 
6.4.6.4 Flowmeters with In-Line and Clamp-on Ultrasonic Transducers 
6.4.6.5 Ultrasonic Multi-Beam Flowmeters 
6.4.6.6 Properties of Ultrasonic Flowmeters 
6.4.6.7 Applications of Ultrasonic Flowmeters 
6.4.7 Vortex Flowmeters 
6.4.7.1 Principle of Vortex Flowmeter 
6.4.7.2 Design of Vortex Flowmeters 
6.4.7.3 Properties of Vortex Flowmeters 
6.4.7.4 Application of Vortex Flowmeters 
6.5 Open Channel Flow Measurement  
6.5.1 Weirs in Flow Measurement 
6.5.2 Parshall Flume 
6.5.3 Alternative Sensors for Flow Rate Measurement in Open Channels 
6.6 Mass Flowmeters 
6.6.1 Mass Flow Measurement Methods 
6.6.2 Coriolis Mass Flowmeters 
6.6.2.1 Principle of Coriolis Flowmeter 
6.6.2.2 Measuring Tubes 
6.6.2.3 Electronic Control and Evaluation Circuits 
6.6.2.4 Properties and Applications of Coriolis Flowmeters 
6.6.3 Thermal Mass Flowmeters 
6.6.3.1 Dispersion Mass Flowmeters (Thermal Anemometer) 
6.6.3.2 Calorimetric Thermal Mass Flowmeter 
6.7 Calibration of Flowmeters 
6.8 Selection of a Suitable Flowmeter 

7 Heat Measurement (Karel Kadlec) 
7.1 Principle of Heat Meters 
7.2 Measurement of Heat Transferred by Liquid Medium 
7.3 Measurement of Heat Transferred by Steam 
7.4 Application of Heat Meters 

8 Measurement of Weight – Industrial Scales (Michal Mikulec, Karel Kadlec) 
8.1 Weighing Accuracy 
8.2 Load Cells 
8.3 Discontinuous Scales 
8.3.1 Platform Scales 
8.3.2 Tank and Hopper Scales 
8.3.3 Roller Conveyor Scales 
8.3.4 Vehicle Weighing Scales (Weighbridges)  
8.3.4.1 Road Vehicle Scales 
8.3.4.2 Rail Scales and Weighbridges 
8.3.4.3 Electronic Evaluation Units in Scales 
8.3.4.4 Software for Vehicle Weighing Scales 
8.4 Continuous Scales 
8.4.1 Belt Scales 
8.4.2 Solids Flowmeters with Chute or Impact Plate 
8.4.3 Coriolis Type Solids Flowmeters 



 

Content_Vol I_Vol II_detailed.docx 

8.4.4 Evaluation Units for Continuous Weighing 
8.5 Continuous Dosing 
8.5.1 Weigh Belt Feeders 
8.5.2 Differential Dosing Scales – Loss-in-Weight Feeders 
8.5.3 Evaluation and Control Systems for Dosing Scales 

9 Humidity and Moisture Measurement (Dušan Kopecký, Karel Kadlec) 
9.1 Humidity Parameters 
9.2 Humidity Measurement in Gases 
9.2.1 Psychrometric Hygrometers 
9.2.2 Sorption hygrometers 
9.2.2.1 Mechanical Hygrometers 
9.2.2.2 Resistive Hygrometers 
9.2.2.3 Capacitive Hygrometers 
9.2.2.4 Piezoelectric Hygrometers 
9.2.3 Dew-Point Hygrometers (Chilled-Mirror Hygrometers) 
9.2.4 Coulometric Electrolytic Hygrometer 
9.2.5 Infrared and Microwave Hygrometers 
9.3 Moisture Measurement in Solids 
9.3.1 Chemical Methods 
9.3.2 Gravimetric Methods 
9.3.3 Methods using a Measurement of Electrical Quantities 
9.3.3.1 Resistive (Impendace) Techniques 
9.3.3.2 Capacitance (Dielectric) Techniques 
9.3.4 Spectrometric Methods 
9.3.4.1 Infrared Absorption and Reflection 
9.3.4.2 Microwave Moisture Analyser 
9.3.5 Nuclear Magnetic Resonance 
9.3.6 Fast Neutron Moderation 
9.3.7 Time Domain Reflectometry 
9.4 Application of Moisture and Humidity Analysers 

10 Composition Measurement (Tomáš Bartovský, Karel Kadlec, Pavel Kadlec) 
10.1 Introduction into Analysers 
10.1.1 Functional Principles of Automatic Analysers 
10.1.2 Characteristic Properties of Automatic Analysers 
10.2 Measurement of Liquid Mixtures Composition 
10.2.1 Sensors of Liquid Density 
10.2.1.1 Hydrostatic Density Meters 
10.2.1.2 Ultrasonic Density Meters 
10.2.1.3 Vibration Density Meters 
10.2.1.4 Combined Density and Sound Velocity Sensors 
10.2.1.5 Radiation Density Meters 
10.2.1.6 Microwave Density Meters 
10.2.1.7 Density Meters Based on Other Principles 
10.2.1.8 Applicability of Density Meters 
10.2.2 Optical Sensors 
10.2.2.1 Refractometer Sensors 
10.2.2.2 Turbidimeters and Nephelometers 
10.2.2.3 Polarimeters 
10.2.2.4 Dissolved Oxygen Optical Sensor 
10.2.3 Infrared Liquid Analysers  
10.2.3.1 Fourier Transform Near-Infrared Spectrometers 
10.2.3.2 Instruments Based on Attenuated Total Reflectance Infrared Spectroscopy 
10.2.4 Viscosity Sensors 
10.2.4.1 Viscosity – The Internal Friction in Fluids 



 

Content_Vol I_Vol II_detailed.docx 

10.2.4.2 Viscometers 
10.2.5 Electrolytic Conductivity Sensors of Liquids 
10.2.5.1 Theoretical Background 
10.2.5.2 The Cell Constant 
10.2.5.3 Measurement Methods and Design of Conductivity Sensors 
10.2.5.4 Applicability of Inductive Conductivity Sensors 
10.2.6 Electrochemical Sensors 
10.2.6.1 Amperometric Sensors 
10.2.6.2 Potentiometric Sensors 
10.2.6.3 Semiconductor pH Sensors 
10.2.6.4 Oxidation-Reduction Potential (ORP) Sensors 
10.3 Measurement of Gas Mixtures Composition 
10.3.1 Thermal-Conductivity Analysers 
10.3.1.1 Thermal Conductivity 
10.3.1.2 Thermal Conductivity of Gas Mixtures 
10.3.1.3 Measuring Method 
10.3.1.4 Electrical Connection and Influence of Supply Current 
10.3.1.5 Sample Replacement 
10.3.1.6 Examples of Thermal Conductivity Analysers 
10.3.2 Analysers with Catalytic Combustion Sensors 
10.3.2.1 Function Principle 
10.3.2.2 Pellistor Sensors 
10.3.2.3 Examples of Pellistor Sensor Analysers 
10.3.2.4 Applications of Pellistor Sensor Analysers 
10.3.3 Analysers with Semiconductor Sensors 
10.3.3.1 Principle of Semiconductor Sensors 
10.3.3.2 Sensor Design 
10.3.3.3 Applications of Semiconductor Sensors 
10.3.4 Photometric Analysers 
10.3.4.1 Principles of Photometric Analysers 
10.3.4.2 UV Absorption Analysers 
10.3.4.3 Infrared Analysers 
10.3.4.4 Fluorescence Analysers 
10.3.4.5 Chemiluminescence Analysers 
10.3.5 Magnetic Analysers 
10.3.5.1 Magnetic Properties of Materials 
10.3.5.2 Methods of Measurements 
10.3.5.3 Applications of Magnetic Analysers 
10.3.6 Analysers with a Photoionization Detector (PID) 
10.3.7 Electrochemical Gas Sensors 
10.3.7.1 Amperometric Sensors 
10.3.7.2 Potentiometric Sensors 
10.3.8 Process Gas Chromatographs 
10.3.8.1 Measurement Principle and Basic Components of Chromatographs 
10.3.8.2 Chromatographic Column 
10.3.8.3 Detectors 
10.3.8.4 Sample Injection 
10.3.8.5 Oven 
10.3.8.6 Carrier Gas 
10.3.8.7 Analysis Evaluation 
10.3.8.8 Examples of Process Chromatographs 
10.4 Sampling and Sample Treatment for Automatic Analysers 
10.4.1 Sampling and Gas Sample Treatment 
10.4.1.1 Gas Sampling 
10.4.1.2 Gas Sample Transport 



 

Content_Vol I_Vol II_detailed.docx 

10.4.1.3 Removal of Mechanical Impurities from Gas 
10.4.1.4 Gas Sample Treatment 
10.4.1.5 Disposal of Gas Samples 
10.4.2 Sampling and Treatment of Liquid  
10.4.2.1 Liquid Sampling 
10.4.2.2 Liquid Sample Transport 
10.4.2.3 Removal of Mechanical Impurities from Liquid 
10.4.2.4 Removal of Gases from Liquids 
10.4.2.5 Adjustment of Pressure and Temperature 
10.4.2.6 Disposal of Liquid Samples 
10.5 Measurement of Solids in Gas 
10.5.1 Gravimetric Methods and Beta-Attenuation Particulate Monitoring 
10.5.2 Optical Methods 
10.5.3 Sampling 
10.6 Colour Measurement 
10.6.1 Principles of Colour Theory 
10.6.2 Basic Quantities and Equations Used in Spectrophotometry 
10.6.3 Colour Detection and LED Analysers  
10.6.3.1 Inline Colour Measurement System ColorCONTROL ACS7000 
10.6.3.2 Universal Colour Sensors with Optical Fibre 
10.6.3.3 Sensors with Integrated Optics for Special Surfaces 
10.6.4 Water Colour Measurement with the SIGRIST ColorPlus Absorption Photometer 
10.6.5 Food Colour Fast Control 
10.6.6 Real-Time Colour Measurement in Food Applications 
10.6.7 Real-Time Measurement of Sugar Colour 

11 Sizing of Particles, Pores and Porous Materials (Jiří Štětina, Evžen Šárka, Tereza 
Uhlířová, Eva Gregorová, Willi Pabst, Zdeněk Bubník) 

11.1 Particle Size Measurement 
11.1.1 Laser Diffraction Particle Sizing 
11.2 Measurement of Porosity and Pore Sizes in Materials 
11.3 Image Analysis 
11.3.1 Principle of Image Analysis 
11.3.2 Image Analysis in Particle Size Distribution Measurements  
11.3.3 Application of Image Analysis for Assessment of Porosity and Pore Size of Materials 
 
List of Abbreviations 
Subject Index Volume I 

Volume II Process Control 
Part III Process Control 

12  Short Review of Selected Terms (Miloš Kmínek) 
12.1  The System and Its Description 
12.2 Variables 
12.3 Basic Relations 
12.3.1 Transfer of Heat and Mass 
12.3.2 Kinetics of Chemical Reactions 
12.3.3 Heat Changes during Chemical Reactions 
12.3.4 Kinetics of Biotechnological Processes 
12.3.5 Physicochemical Properties of Water 

13  Mathematical Models (Miloš Kmínek) 
13.1 Inductive Mathematical Models in General 
13.2 Deductive Mathematical Models in General 



 

Content_Vol I_Vol II_detailed.docx 

13.3 Deductive Model Creation Based on Balances 
13.3.1 Example 1 – Mathematical Model of Heater 
13.3.2 Example 2 – Mathematical Model of Fermentation 

14  Simulating the Solution to Mathematical Model Equations (Miloš Kmínek) 
14.1 Principle of Stepping Methods of Solution to Ordinary Differential Equations 
14.2 Solution to Sample Tasks 
14.2.1 Example 1 – Heater Simulation 
14.2.2 Example 2 – Fermentation simulation 

15 Introduction to Production Process Control (Miloš Kmínek) 
15.1 Basic Concepts 
15.2 Controlled System 
15.2.1 What We Need to Know about the Controlled System 
15.2.2 Classification of Controlled Systems According to Their Dynamic Behaviour 
15.2.3 Static Characteristic of System 
15.2.4 System Stability 
15.3 Measuring Element 
15.4 Actuator 
15.4.1 General Properties of Actuators 
15.4.2 Control Valves and Butterfly Valves 
15.4.3 Pumps as Control Devices 
15.5 Continuous Control 
15.5.1 Continuous Controller Structure and Functions 
15.5.2 Control Process, Control Quality 
15.5.3 Selecting the Controller Type 
15.5.4 Practical Procedures for Setting Controller Parameters 
15.5.4.1 Methods for Setting the Controller for a Static System 
15.5.4.2 Methods for Setting the Controller for Astatic Systems 
15.5.4.3 Controllers with Two Degrees of Freedom 
15.5.4.4 Principles of Intuitive Tuning of Controller Parameters 
15.5.5 Branched Control Circuits 
15.5.6 Example 3 – Simulation of a Simple Control Loop 
15.6 Two-Position and Three-Position Controls 
15.7 Digital Control 
15.7.1 Digital Signal Processing 
15.7.2 Digital Controllers 
15.7.3 Adaptive Control 
15.7.4 Automatic Setting of PID Controllers (auto-tuning) 
15.7.5 Nonlinear System Control 
15.7.6 Compact Controllers 

16  Logic Control (Iva Nachtigalová, Miloš Kmínek) 
16.1 Mathematical Principles of Logic Control 
16.1.1 Basic Logic Functions 
16.1.2 Methods for Defining Logic Functions 
16.1.3 Converting Logic Function Definitions into an Algebraic Expression 
16.1.4 Minimization of Logic Functions 
16.2 Logic Control Types 
16.2.1 Combinatory Logic Circuits 
16.2.1.1 Design Procedure 
16.2.1.2 Example 4 – Combinatory Logic Circuit 
16.2.2 Sequential Logic Circuits 
16.2.2.1 Bistable Flip-Flop Circuits 
16.2.2.2 Sequential Function Chart (SFC) 
16.2.2.3 Design Procedure 



 

Content_Vol I_Vol II_detailed.docx 

16.2.2.4 Example 5 – Sequential Logic Circuit 
16.3 Logic Control Implementation 
16.3.1 Programmable Logic Controllers (PLCs) 
16.3.1.1 Internal Structure and Traditional Design 
16.3.1.2 Unconventional Designs 
16.3.1.3 Operating Modes and Execution of the User Program 
16.3.1.4 Performance 
16.3.1.5 Programming 
16.3.1.6 Example 6 – Developing User Program for PLC 

17  Batch Process Control in Industrial Practice (Vlastimil Braun) 
17.1  Introduction to Batch Production 
17.2  Standards for Batch Production Control 
17.3  Batch Production Control 
17.3.1 Controlling Manufacture of More Products 
17.3.2 Controlling Production along More Technological Lines 
17.3.3 Batch System for Batch Production Control (Example) 
17.4  IT Functions in Batch Production 
17.4.1 Production Planning, Allocation and Control 
17.4.2 Human Resource Control 
17.4.3 Technological Process Data Acquisition, Analysis and Archiving 
17.4.4 Production Data Acquisition and Processing 
17.4.5 Supervisory Production Management 
17.4.6 Material Management 
17.4.7 Process Optimization 
17.4.8 Quality Management 
17.4.9 Production Records, Protocols and Documentation 
17.4.10 Equipment Performance Statistics 
17.4.11 Maintenance Management Support 

18   Computer Control and Information Systems (Miloš Kmínek et al.) 
18.1 Structure of Modern Computer Control Systems 
18.2 Function and Benefits of Computer Control 
18.3 Control Computer Structure and Operation 
18.3.1 PAC Structure and Working 
18.3.2 Industrial PC Structure and Operation 
18.4 Communication with Operator 
18.4.1 Communication with Operator – Basic Functions 
18.4.2 Communication with Operator – Structure 
18.4.3 Communication with Operator – Contents 
18.4.4 Communication with Operator – Programming 
18.4.5 Graphic Design Principles of Window Contents 
18.4.6 Situational Awareness 
18.5 Safety of Technological Computer Process Control 
18.5.1 Safety of the Technological Process 
18.5.2 Control System Reliability 
18.5.3 Safety of Control System Installation 
18.6 Computer Control System Design and Implementation 
18.7 Examples of Process Control Systems and Their Architecture 
18.7.1 Siemens Systems of Control (Vlastimil Braun) 
18.7.2 TECO Systems of Control (Jaromír Klaban) 

19 Modern Methods of Control (Miloš Kmínek, Jaromír Kukal, Pavel Hrnčiřík, Jan Mareš) 
19.1 Fuzzy Sets in Control 
19.1.1 Basic Terms and Operations 
19.1.2 Fuzzification 



 

Content_Vol I_Vol II_detailed.docx 

19.1.3 Fuzzy Rules 
19.1.4 Defuzzification 
19.1.5 Using Fuzzy Approach in Process Control 
19.1.6 Fuzzy Control 
19.1.7 Synthesis of Fuzzy Controller with Two Inputs – Example 
19.2 Artificial Neural Networks (ANN) 
19.2.1 ANN Concept 
19.2.2 General Three-Layer ANN Model 
19.2.3 Multi-Layer Perceptron 
19.2.4 Radial Basis Function (RBF) 
19.2.5 ANN Is a Versatile Approximation 
19.2.6 Competitive Models of the Same Structure 
19.2.7 ANN Learning Methods 
19.2.8 Applicability of ANN to Process Control 
19.3 Knowledge Based Control 
19.3.1 Direct Knowledge-Based Control Systems 
19.3.2 Supervisory Knowledge-Based Control Systems 
19.3.3 Knowledge-Based Control at the Laboratory Scale 
19.3.4 Knowledge-Based Control in Industrial Practice 
19.4 Predictive Control 
19.4.1 Generalized Predictive Control (GPC) 
19.4.2 Purposeful Function 
19.4.3 Purposeful Function Minimisation 
19.4.4 Obtaining a Predictive Model Using the Inverse Matrix Method 
19.4.5 Control Algorithm 

20 Computer Simulation of Chemical, Food Industrial and other Production Operations 
 (Jiří Hloska) 
20.1 Automation of Industrial Operations 
20.1.1 Discrete Simulation 
20.1.2 Simulation of Food Industrial Operations Using SW Plant Simulation and the Brewing Library 
20.2 Simulation Models of Food Industrial Operations 
20.3 Simulation of Brewery Operation ‒ Example 
20.4 Future Development 
20.5 Conclusion 

 
Part IV Laboratory and Industrial Applications of Process Measurement and 

Control 
 
21 Measurement and Control of Model and Laboratory Stations 

21.1 Control of Pilot Brewery at UCT Prague (Miloš Kmínek, Iva Nachtigalová, Pavel 
Dostálek) 

21.1.1 Introduction 
21.1.2 Beer Brewing Technology in General 
21.1.2.1 Mashing-in and Addition of Hot Water 
21.1.2.2 Mashing 
21.1.2.3 Lautering and Sparging 
21.1.2.4 Wort Boiling 
21.1.2.5 Cooling 
21.1.2.6 Fermentation and Maturation 
21.1.2.7 Brewing Technology at the Pilot Brewery UCT Prague 
21.1.3 Control System 
21.1.4 Control Algorithms 
21.1.5 Visualisation 



 

Content_Vol I_Vol II_detailed.docx 

21.1.6 Use of the Unit 

21.2 Automation of Micromaltery, UCT Prague (Miloš Kmínek, Pavel Dostálek) 
21.2.1 Introduction 
21.2.2 Malting Technology 
21.2.2.1 Steeping 
21.2.2.2 Germination 
21.2.2.3 Kilning 

21.3 Laboratory Film Evaporator (Miloš Kmínek) 
21.3.1 Description of Evaporator Station 
21.3.2 Process Control 
21.3.3 Utilization 

21.4 Continuous Chromatographic Separation (Svatopluk Henke, Simona Gillarová) 
21.4.1 Basic Characteristics of the KCHS-SMB-8-ND Station 
21.4.2 Description of Continuous Chromatographic Separation 
21.4.3 Control 
21.4.4 Applications 

21.5 Membrane Separation (Svatopluk Henke, Andrea Hinková, Simona Gillarová) 
21.5.1 Principle of Membrane Separation 
21.5.2 Process Control 
21.5.3 Applications 

21.6 Bioprocess Control Laboratory (Jan Náhlík, †Jaroslav Vovsík) 
21.6.1 Biotechnological Processes 
21.6.2 Bioprocess Control 
21.6.3 Instrumentation Equipment 
21.6.4 Control System 
21.6.5 Communication with the Operator 
21.6.6 Control Algorithms 
21.6.6.1 Software Sensors 
21.6.6.2 Classification of Metabolic States 
21.6.6.3 Control 
21.6.7 Conclusion 

21.7 Design of Mechanically Stirred Bioreactors and Exploitation of Control Software for 
Aerobic Cultivation of Microbial Cells (Leona Paulová, Karel Schmiedberger Jr., Tony 
Allman, Mojmír Rychtera, Miloš Kmínek) 

21.7.1 Introduction 
21.7.2 Description of Construction of Mechanically Stirred Bioreactor, Its Control System and Data 

Collection for Aerobic Microbial Processes 
21.7.3 Using Mechanically Stirred Bioreactor and Its Control System for Production of Recombinant 

Proteins Using Pichia pastoris Host System – Practical Example 
21.7.4 Example of Controlled Cultivation of the Yeast Culture of Saccharomyces cerevisiae 
21.7.5 Conclusion 

21.8 Multifunctional Process Measurement and Control Teaching System (Karel Kadlec) 
21.8.1 Introduction 
21.8.2 Technical Description of the System 
21.8.3 Computer Control of the Multifunction Station 
21.8.4 Multifunction System Properties 
21.8.5 Summary 

21.9 Stations for Teaching Measurement and Control of Process Variables (Karel Kadlec) 
21.9.1 Introduction 
21.9.2 Description of Teaching Stations 
21.9.2.1 Level Measurement and Control 



 

Content_Vol I_Vol II_detailed.docx 

21.9.2.2 Flow Measurement and Control 
21.9.2.3 Pressure Measurement and Control 
21.9.2.4 Temperature Measurement and Control 
21.9.3 Control Software 
21.9.4 Laboratory Tasks 

21.10 Teaching Stations for Advanced Control of Multivariable Systems and  
a Mobile Measurement and Control Teaching Station (Iva Nachtigalová) 

21.10.1 Introduction 
21.10.2 Stations for Advanced Control of Multivariable Systems 
21.10.2.1Vacuum Degassing (Level/Pressure System) 
21.10.2.2Continuous Stirred Tank with Indirect Heating (Level/Temperature System) 
21.10.3 Mobile Station for Level Measurement and Control 

21.11 Continuous Homogenisation, Pasteurisation and Sterilisation (Jiří Štětina) 
21.11.1 Basic Description of the Technology 
21.11.2 Description of Equipment and Process Control of Pasteurisation 
21.11.3 Applications 

21.12  Demonstration of Image Analysis Applications in the Food Industry (Anna Korbářová) 
21.12.1 Surface Defect Finding 
21.12.2 Recognition, Position Finding, Counting 
21.12.3 Tolerance Measurement and Checking 
21.12.4 Colour and Shape Identification 
21.12.5 Text and Code Reading and Verification 
21.12.6 LabVIEW Application Including Image Processing 

21.13 Characterization of Ceramic Materials via Image Analysis (Tereza Uhlířová,  
Jan Hostaša, Eva Gregorová, Willi Pabst) 

21.13.1 Dense and Porous Ceramics 
21.13.2 Microscopic Image Analysis of Dense YAG Ceramics for Laser Applications 
21.13.3 Microscopic Image Analysis of Porous Alumina and Mullite Ceramics for High-

Temperature Thermal Insulation 
21.13.4 Summary and Conclusion 

21.14 Microscopic Analysis of Cement Clinker (Jan Macháček, František Škvára) 
21.14.1 Cement Production 
21.14.2 Clinker Microscopy and Image Analysis 

21.15 Flowmeter Calibration Using Mobile Calibration Pathway (Jaroslav Čadil) 
21.15.1 Flowmeter Calibration Methods 
21.15.1.1Volumetric Method 
21.15.1.2Gravimetric Method 
21.15.2 Effects Influencing Calibration Results 
21.15.3 Measurement Uncertainties in Flowmeter Calibration 
 
22 Applications of Measurement and Control in Food Technology and Biotechnology 

22.1 Automatically Controlled Grain Mill (Miloš Kmínek, Josef Příhoda, Pavel Skřivan, Karel 
Kadlec) 

22.1.1 Fundamentals of Grain Mill Technology 
22.1.2 Extraction Rate Based System 
22.1.3 Grain Mill Control Principles 
22.1.4 Grain Cleaning Using Sortex 

22.2 Regulation and Control of Production in Industrial Bakery (Miloš Kmínek, Josef 
Příhoda) 

22.2.1 Production Technology in Industrial Bakeries 
22.2.2 Production Line Control 



 

Content_Vol I_Vol II_detailed.docx 

22.3 Use of Vacuum Cooling to Control the Production of Bakerś Goods (Petr Čadil, †Jiří 
Holas, Kurt Spirig, Miloš Kmínek) 

22.3.1 Technologies to Make Baker’s Goods Production More Efficient 
22.3.2 Vacuum Cooling Control 

22.4 Production Control of Deep Frozen Bakery Products (Miloš Kmínek, Marcela Sluková) 
22.4.1 Processing Technology of Deep-Frozen Bakery Products 
22.4.1.1 Dough Preparation 
22.4.1.2 Baking 
22.4.1.3 Shock Freezing of Shaped Bakery 
22.4.2 Production Line Control 

22.5 Automation of Lautering in Breweries (Miloš Kmínek, Pavel Dostálek) 
22.5.1 Introduction 
22.5.2 Technology of Wort Separation (Lautering) and Extraction of Spent Grain (Sparging) 
22.5.3 Control of Lautering and Sparging 

22.6 Smoking Process Control (Miloš Kmínek, Petr Pipek) 
22.6.1 Smoking Methods 
22.6.2 Smoker Design 
22.6.3 Smoking Process Control 

22.7 Milk Evaporation and Drying Process Control (Miloš Kmínek, Ladislav Čurda) 
22.7.1 Description of Technology 
22.7.2 Process Control 
22.7.2.1 Evaporator Control 
22.7.2.2 Dryer Control 

22.8 Full Automation of Edible Oil Refinery (Ivo Kunc, Roman Brázda, Vladimír Filip, Miloš 
Kmínek) 

22.8.1 General Description of Edible Oil Refining Technology 
22.8.1.1 Bleaching for Physical Refining 
22.8.1.2 Physical Refining (Deodorisation) 
22.8.1.3 Winterization – Oil Dewaxing 
22.8.2 COMPAS – Architecture of Olomouc Refinery Control System 
22.8.3 Description of Bleaching Process Control 

22.9 Controlling the Hydrolysis of Fats (Miloš Kmínek, Vladimír Filip) 
22.9.1 Description of Technology 
22.9.1.1 Fat Splitting 
22.9.2 Process Control 

22.10 Extractor Control – Control with Distributed Parameters (Miloš Kmínek, Pavel Kadlec, 
Vladimír Ulrich) 

22.10.1 Juice Extraction Technology 
22.10.2 Extractor Control 

22.11 Controlling Massecuite Boiling in Vacuum Pans (Miloš Kmínek, Pavel Kadlec, Vladimír 
Ulrich) 

22.11.1 Massecuite Boiling Technology 
22.11.2 Massecuite Boiling Control 

22.12 On-line monitoring of crystal growth and sugar colour using image processing technique 
(Bertrand Gaillac, Claire Rua) 

22.12.1 Introduction 
22.12.2 Crystal Growth inside the Crystallizers 
22.12.3 Colour Measurement at the Centrifuge Outlets 

22.13 Fruit Storage under Controlled Atmospheric Conditions (Miloš Kmínek, Rudolf Ševčík, 
Aleš Rajchl) 



 

Content_Vol I_Vol II_detailed.docx 

22.13.1 Fruit Post Harvest Storage 
22.13.2 Facility for Storing Apples under Controlled Atmosphere 

22.14 Fermentation Process Control in the Tereos TTD, a.s., Distillery Dobrovice (Miloš 
Kmínek, Mojmír Rychtera, Václav Černý) 

22.14.1 Fermentation Technology 
22.14.2 Fermentation Process Control 

22.15 Fermentation Process Control at LONZA Biotec s.r.o. (Aleš Nesrsta, Vlastimil Braun, 
Mojmír Rychtera, Miroslava Čikošová, Zdena Čermáková) 

22.15.1 General Introduction to a Fermentation Process Run at LONZA Biotec s.r.o. 
22.15.2 Biotechnology Process Control System and Its Architecture 
22.15.3 Example of Model Unit (Feed Tank) Control 
22.15.3.1 Examples of Operations 
22.15.3.2 Implementation of Production Operations – Stages 
22:15.4 Summary 

22.16 DeltaV Control System in Pharmaceutical Production (Jan Dostál) 
22.16.1 DeltaV Distributed Control System 
22.16.1.1 System General Description and Development 
22.16.1.2 Application Areas 
22.16.1.3 Syncade – Smart Operation Control 
22.16.2 DeltaV Distributed Control System in Pharmaceutical Production 
22.16.3 Modern Trends of Control – Human-Centred Design 

22.17 Controlling the Process of Municipal Wastewater Biological Treatment on a 
Laboratory and Industrial Scale (Jan Bartáček, Jiří Wanner) 

22.17.1 Basic Principles of Biological Wastewater Treatment 
22.17.1.1 Main Contaminants of Municipal Wastewater 
22.17.1.2 Biological Wastewater Treatment 
22.17.2 Mathematical Modelling of Biological Wastewater Treatment 
22.17.3 Basic Principles of Process Control 
22.17.3.1 Aeration or Air Supply 
22.17.3.2 Activated Sludge Age and Concentration 
22.17.3.3 Internal Recycling 
22.17.3.4 External Substrate Dosing 
22.17.4 Examples of Laboratory Model Control 
22.17.4.1 Nitrification Process Control in SBR 
22.17.4.2 Controlling Anaerobic Membrane Bioreactor 
22.17.5 Measurement and Control of Industrial Activated Sludge Systems 
22.17.5.1 Measuring Basic Operating Parameters in Situ 
22.17.5.2 Control of Modern Activated Sludge Systems 

22.18 Online Monitoring of Food/Food Material Quality Parameters (Ivan Teper, Filip Teper, 
René Bien) 

22.18.1 Introduction 
22.18.2 Most Widely Used Technologies 
22.18.2.1 NIR Technique 
22.18.2.2 Microwaves 
22.18.2.3 Refractometry and Density Measurements 

22.19 Management of Quality Control, Health and Safety in Food Production and 
Distribution (Rudolf Ševčík, Aleš Rajchl, Jana Coufalová, Pavel Kadlec) 

22.19.1 Food Quality and Health Safety Control Systems 
22.19.2 Digital Systems for Control Management 
22.19.3 Requirements for Measuring Technology Used for Monitoring Food Quality and Health 

Safety 
22.19.4 Measurement Technology Made by Testo s.r.o. 



 

Content_Vol I_Vol II_detailed.docx 

22.19.4.1 Thermometers 
22.19.4.2 pH meters 
22.19.4.3 Fryer Oil Tester 
22.19.4.4 Dataloggers 
22.19.4.5 Measured Data Monitoring System/Radio Datalogger System 

22.20 Using Dataloggers for Process and Equipment Validation (Jan Svoboda) 
22.20.1 E-val Pro Wired Thermal Validation System 
22.20.2 Wireless Dataloggers of TrackSense Pro Product Line 

22.21 Simatic S7-1500 Controls the Most Modern Czech Bakery (Johana Hrabalová) 
22.21.1 Introductio 
22.21.2 Production of Sourdough Bread and Small Bakery Products 
22.21.3 Industrial Bakery and Inventory Control 
22.21.4 Fermentation Technology Control 
22.21.5 Control of Kneading 
22.21.6 Control of Dough Shaping, Baking and Dispatch 
22.21.7 Conclusion 
 
23 Application of Measurement and Control in Chemical and Other Productions 

23.1 Rectification Column Control (Josef Pašek) 
23.1.1 What Is Rectification and What Equipment Is Used for It 
23.1.1.1 What Is It – Rectification? 
23.1.1.2 Plate Columns vs. Packed Columns 
23.1.1.3 Rectification Efficiency and Theoretical Stage 
23.1.1.4 Designing Rectification Columns 
23.1.2 Control of Rectification Columns 
23.1.2.1 Standard Equipment of a Rectification Column 
23.1.2.2 Principles of Continuous Column Control 
23.1.2.3 Control of Pressure in Columns 
23.1.2.4 Rectification with Partial Vapour Condensation 
23.1.2.5 Column Control at a Very Low Proportion of Distillation Residue 
23.1.2.6 Control of Rectification Column of Indistinct Temperature Profile 
23.1.2.7 Control of a Continuous Vacuum Rectification Column – Specification 
23.1.2.8 Control of Batch Rectification Column 
23.1.2.9 Continuous Rectification of a Mixture Using a Series of Columns 

23.2 Evaporator with Mechanical Vapour Recompression (Josef Pašek) 
23.2.1 Introduction 
23.2.2 Control of Evaporator with Waste Water Recompression by Turboblower 

23.3 Computer System Controlled Laboratory Rectification Column (František Hovorka) 
23.3.1 Rectification Column Description 
23.3.2 Rectification Column Control System 
23.3.3 Column Operation at Total Reflux Ratio 

23.4 Synthesis of Butyl Acetate by Reactive Distillation (Jiří Hanika, Jiří Kolena, Miloš 
Kmínek) 

23.4.1 Principle of Reactive Distillation 
23.4.2 Description of Butyl Acetate Production Technology 
23.4.3 Process Control 

23.5 Thymol Hydrogenation in Continuous Trickle Bed Reactor (Jiří Hanika, Jozef Dudáš, 
Miloš Kmínek) 

23.5.1 Principle of Thymol Hydrogenation in Continuous Trickle Bed Reactor 
23.5.2 Description of Thymol Hydrogenation Technology 
23.5.3 Process Control 



 

Content_Vol I_Vol II_detailed.docx 

23.6 Laboratory Unit for Catalytic Hydrogenation of Petroleum Middle Distillates and 
Alternative Raw Materials (Daniel Maxa) 

23.6.1 Basic Description of Hydrotreating Technology 
23.6.2 Basic Strategy of Process Control 

23.7 Propylene Oxidation Feed Control in Acrylic Acid Production (Jan Nájemník) 
23.7.1 Description of Acrylic Acid Production Technology 
23.7.2 Process Control Strategy 
23.7.3 Description of Reactor Feed Preparation Control 

23.8 Production of Lime Saltpeter (František Hovorka, Martin Hubička) 
23.8.1 Introduction 
23.8.2 Measurement and Control in the Lime Saltpeter Production Plant 
23.8.2.1 Measurement of Operating Parameters 
23.8.2.2 Lime Saltpeter Production Control 
23.8.2.3 Granulate Cooling Control 

23.9 Bisphenol A Production (Jiří Karásek, František Hovorka) 
23.9.1 Introduction 
23.9.2 Technology Description 
23.9.2.1 Synthesis 
23.9.2.2 Rectification 
23.9.2.3 Absolutization 
23.9.2.4 Granulation (Flaking) 
23.9.3 Production Control 

23.10 Controlling the Process of Tablet Production by Coating (Aleš Kovařík, Jindřich 
Kubíček, Vlastimil Braun) 

23.10.1 Tablet Coating Technology 
23.10.1.1Coating Machine (Coater) 
23.10.1.2Production of Coated Tablets 
23.10.1.3Processes of Tablet Coating Formation Using Film Forming Substances 
23.10.2 Process Control System of Coater Coating Machine 
23.10.2.1Electric Equipment 
23.10.2.2Production Automation and Control 
23.10.2.3Designing a Coating Machine Control System 

23.11  Lyophilisation Process Control (Ladislav Čurda, Petr Grund) 
23.11.1 Principle of Freeze Drying 
23.11.1.1Particular Stages of the Lyophilisation Process 
23.11.1.2Freeze-Drying Equipment 
23.11.1.3Measurement and Sensors in Freeze-Drying Process 
23.11.2 Freeze-Drying Control in Ingredia s.r.o. (Example) 
23.11.3 Freeze-Drying Applications, Pros and Cons 

23.12  Measurement and Control of the Water – Aniline Interface Using a Guided Wave 
Radar Level Gauge (Petr Komp, Radim Frömmer) 

23.12.1 Measurement Principle 
23.12.2 Typical Applications 
23.12.3 Special Application: Measurement of Water-Aniline Interface 
23.12.4 Controlling the Position of the Water-Aniline Interface 

23.13 Using Thermography to Study Power Density Fields in All-Electric Glass Melting Tank 
Furnaces (Stanislav Kasa, Antonín Lisý) 

23.13.1 Glass Melting in All-Electric Tank Furnaces 
23.13.2 Determining Power Densities among Electrodes in the Furnace Melting Tank 
23.13.2.1Mathematical Model of Power Density Distribution in the Furnace Melting Tank 
23.13.2.2Physical Models of Power Density Distribution in the Furnace Melting Tank 



 

Content_Vol I_Vol II_detailed.docx 

23.13.2.3Application of Thermography for Determining the Temperature Distribution and Power 
Densities between Electrodes in the Furnace Melting Tank Model 

23.13.3 Conclusion 

23.14 Flat Glass Production Using FLOAT Technology (Vlastimil Hotař, František Novotný) 
23.14.1 Flat Glass Production 
23.14.2 FLOAT Technology 
23.14.3 Flat Glass Processing and Treatment 
23.14.4 Measuring Technological Parameters 
23.14.4.1Temperature Measurement 
23.14.4.2Surface Height Measurements 
23.14.4.3Glass Thickness Measurement 
23.14.4.4Inspection of Glass Quality 
23.14.4.5Other Sensors 
23.14.5 Production Process Control 

23.15 Production of Plastic Films by Slot-Die Extrusion (Antonín Kuta) 
23.15.1 Cast Film Extrusion Technology 
23.15.2 Contactless Measurement of Film Thickness 
23.15.3 Process Control 

23.16 Controlling the Tyre Compound Mixing Process (Jiří Brejcha, Miloš Kmínek) 
23.16.1 Introduction – Tyre Manufacturing 
23.16.2 Compounding and Mixing 
23.16.3 Mixing Process Control 
23.16.3.1Raw Material Weighing and Dosing Control 
23.16.3.2Control of Operating Parameters of Banbury Mixer in Operation 

23.17 Control System for Plasma Spraying Technology (Plasma Torch) (Václav Březina, Miloš 
Kmínek) 

23.17.1 Plasma Torch 
23.17.1.1Technology of Hybrid Stabilized Arc 
23.17.1.2System Basic Components 
23.17.2 Control Unit 
23.17.3 Control Principles 
23.17.3.1Controlling the Torch Water System 

23.18 Controlled Heat Transfer Station Using CHP Units in a Local Distribution Network of 
Power and Heat (Petr Machač) 

23.18.1 CHP Units 
23.18.2 Description of Technology 
23.18.3 Controlling Operation of Heat Transfer Station 
23.18.3.1Heat Delivery Control Mode 
23.18.3.2Summer Control Mode 
23.18.3.3Winter Control Mode 
23.18.3.4Heat Delivery + Summer Control Mode 
23.18.3.5Heat Delivery + Winter Control Mode 

23.19 Instrumentation for Energy Monitoring (David Slepička, Karel Kadlec) 
23.19.1 Measurements in Steam Circuits 
23.19.1.1Boiler Room 
23.19.1.2Distribution Network 
23.19.1.3End User 
23.19.1.4Return Condensate Line 
23.19.1.5Fuel, Air and Flue Gases 
23.19.2 Compressed Air Measurement Systems 
23.19.2.1Compressor Efficiency 
23.19.2.2System Balancing and Leaks 



 

Content_Vol I_Vol II_detailed.docx 

23.19.2.3Return on Investment Calculation – Example 
23.19.3 Endress+Hauser Instrumentation 

23.20 Application of Mass Flowmeters for Fluid Dosage (Martin Niederle, Karel Kadlec) 
23.20.1 Accurate Measurement of Gas Quantity and Its Dosage into Chemical Reactors 
23.20.2 Aeration of Ice Cream Using a Thermal Mass Flowmeter 
23.20.3 Dosing Gases into Bioreactors 
23.20.4 Dosing of Additives by Mass Flowmeter 

23.21 Thermographic aerial inspection of pipelines with unmanned aircraft (Jan Sova, Petr 
Lněnička, Anna Korbářová) 

23.21.1 Introduction 
23.21.2 Terminology 
23.21.3 Peculiarities of Using an IR Camera with an Unmanned Aircraft 
23.21.4 Applications of Aerial Thermography 
23.21.5 Legislation Applicable to Unmanned Aircraft Operation 

23.22 Anton Paar Process Systems in Chemical, Food and Biochemical Industries (Karel 
Voldřich, Jaroslav Pól, Karel Kadlec) 

23.22.1 Density and Concentration 
23.22.1.1Density and Sound Velocity Sensor SPRn 
23.22.1.2Vibrating Densitometers 
23.22.2 Viscosity Measurement 
23.22.2.1Viscosity Sensor L‒Vis 510 
23.22.2.2SVMTM 3001 Stabinger ViscometerTM 
23.22.3 Propol Process Polarimeter 
23.22.4 Measurement of Dissolved CO2 in Beverages by the Carbo Sensor 
23.22.5 Measurement of Oxygen Concentration in Beverages by Oxy 510 Sensor 

23.23 Advanced Control Systems for Continuous Industrial Dryers (Antonín Lízr) 
23.23.1 Introduction 
23.23.2 Convention Control of Industrial Dryers 
23.23.3 Advanced Control Systems of Continuous Industrial Dryers 
23.23.4 ACS of Ceramic Granulate Spray Dryer 
23.23.5 ACS for Belt Dryer of Kaolin Noodles 
23.23.6 ACS for Rotary Dryer for Crushed Bentonite 
23.23.7 ACS for Spray Dryer of Powdered Dairy Products 
23.23.8 ACS for Belt Dryer of Egg Cartons 
23.23.9 ACS Visualisation and Communication System  

23.24 Integration of Production Control Systems as the Basis for Introducing Industry 4.0 
(Radim Novotný, Miroslav Dub) 

23.24.1 Introduction 
23.24.2 Integration of Control Systems 
23.24.2.1Basic Concepts of Integration 
23.24.2.2Integration of Batch and Continuous Process Control Systems 
23.24.2.3Integration Issues of Discrete Process Control Systems 
23.24.2.4Integration Issues of Control Systems of Dedicated Production Equipment 
23.24.3 Other Aspects of Integration 
23.24.3.1Aspects of Legislation 
23.24.3.2Customer’s Cooperation with Manufacturer and Project Bidding Stage 
23.24.4 Conclusion 

23.25 New Digital Ecosystem, Plantweb, of the Emerson Company (Petr Horák) 
23.25.1 Introduction 
23.25.2 Emerson Pervasive SensingTM Strategy 

23.25.2.1Wireless Corrosion Monitoring 
23.25.2.2Monitoring Wireless Medium Voltage Systems 



 

Content_Vol I_Vol II_detailed.docx 

23.25.2.3Wireless Gas Monitoring 
23.25.2.4Non-intrusive Wireless Gas Monitoring 
23.25.2.5Wireless Power Transducer 
23.25.2.6Wireless Pressure Transducers 
23.25.3 Secure First Mile™ Architecture 
23.25.4 Plantweb InsightTM Software 
23.25.5 Plantweb AdvisorTM Software 
23.25.6 Platform AMS ARESTM 
23.25.7 Always MobileTM 
23.25.8 Connected ServicesTM 
 
List of Abbreviations 
Subject Index Volume II 
 


