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Abstract— Currently, As recently as the nineteenth century, 

humans risked serious illness or even death by drinking 

liquids—such as milk, juice, or even water—that were 

several days old. By contrast, today’s beverages have a long 

shelf life thanks to the pasteurization process, named for the 

nineteenth century French scientist Louis Pasteur. 

Pasteurizing a liquid provides many benefits. Providing a 

longer shelf life when compared to unpasteurized milk. 

Elimination of volatile aroma compounds from certain foods. 

Virtual laboratories are becoming increasingly popular for 

educational purposes. This paper reports on the development 

of a virtual lab that is based on an industrial pasteurization 

plant. An accurate first-principles non-linear single input 

single-output physical model represents the pasteurization 

process. A comprehensive range of experiments was 

designed to explore issues in, and support an introductory-

level course in process control. The experiments focus on 

process modelling and PID control technology. 
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I. INTRODUCTION 

Joseph Mercola, DO, osteopathic physician and author, in an 

Apr. 16, 2016 article for Mercola.com titled “Raw Milk and 

Cheese Are Undergoing a Renaissance as Artisanal Foods 

Rise in Popularity,” wrote: Pasteurizing milk destroys 

enzymes, diminishes vitamins, denatures fragile milk 

proteins, destroys vitamin B12 and vitamin B6, kills 

beneficial bacteria, and promotes the growth of pathogens. 

Meanwhile, raw milk contains: 

 Healthy bacteria that are beneficial for your 

gastrointestinal tract 

 More than 60 digestive enzymes, growth factors, and 

immunoglobulin (antibodies). These enzymes are 

destroyed during pasteurization, making pasteurized 

milk harder to digest 

 Phosphatase, an enzyme that aids and assists in the 

absorption of calcium in your bones… 

 Pasteurizing milk kills off all bacteria, including the 

health-giving lactobacilli. This allows milk to putrefy with 

bad bacteria over time, rather than sour or ferment from good 

lactobacilli. Pasteurization also destroys vitamins, especially 

C, B6 and B12, and denatures fragile milk proteins. 

Pasteurization is important because the bacteria naturally 

found in some foods can make you very sick. Eating 

unpasteurized foods can lead to fever, vomiting and 

diarrhoea. In some cases it can lead to conditions like kidney 

failure, miscarriage and even death. So, we created this 

project to maintain pasteurization process in a proper manner 

throughout using automation by using LabVIEW. This 

process design handles storage, heating, condensation and 

packaging of milk after all the process. The virtual laboratory 

reported in this paper is derived from the results described in 

Griffin & O’Mahony (2003); Murphy & O’Mahony (2004) 

and Torres & O’Mahony (2005). The laboratory was 

developed using LabVIEW and MATLAB and is based on a 

non-linear physical model of the pasteurisation process. This 

model was subsequently used to extract a range of effective 

PI(D) control algorithms and tuning rules which were 

subsequently evaluated on the industrial pasteurisation 

process, yielding an optimised PI controller for the system. 

The knowledge gained from these research efforts have been 

adapted and distilled into a set of undergraduate (virtual) 

interactive laboratories which introduce fundamental 

concepts in 

 Process modelling 

 Non-linear systems 

 PID technology 

 Controller design 

 Controller analysis 

 The experiments expose students to methods that 

fail (Ziegler-Nichols tuning) and methods that succeed (the 

tuning rule proposed by Rivera & Jun (2000), for example). 

Following the old adage that people learn from their mistakes, 

students are encouraged to analyse these failures and thereby 

learn how to recognise problems, identify the cause and arrive 

at a solution. Such failures also reinforce the concept that a 

specific control design technique will not necessarily succeed 

for every process. The paper is organized as follows. Section 

2 presents the main concepts involved in high temperature 

short-time pasteurisation. The next section describes the main 

features of the virtual laboratory. Section 4 outlines the 

currently available experiments and presents some examples 

of typical results. 

II. FLOWCHART  

Here the fig 1 describes the flowchart of the process and it 

has a flow with a process selector and for heating temperature 

control we perform 4 different pasteurization techniques. 

 
Fig. 1: Flowchart 
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III. HARDWARE DESCRIPTION MYRIO: 

myRIO is a portable device and students can easily use it for 

the design and control of robots and may other systems quite 

efficiently. It operates on the frequency 667 MHz.myRIO has 

dual core ARM cortex A9 programmable processor. It has a 

Xilinx Field Programmable Gate Array (FPGA). FPGA 

support in myRIO helps the students to design real life 

developing systems and to solve real problems quite faster as 

compared to the other micro controllers. Using FPGA support 

we can avoid the complicated syntax used in C language and 

in many other. We just have to create logic instead of writing 

the complicated code with the proper syntax. So, it has 

reduced the student’s difficulties while designing 

complicated systems. It is student friendly device and is very 

easy to use. The processing speed of myRIO is quite higher 

than the standard micro controllers. So, it can be used t solve 

real life problems and it can be easily used in efficient 

systems which need a quick output response. It supports 

different languages e.g. C, C++ and graphical language 

(FPGA). The further detail about NI myRIO will be provided 

later in this article. 

 
Fig. 2: myRIO pin out Diagram 

 The NI myRIO-1900 has one UART receive input 

line and one UART transmit ouput line on each MXP 

connector. The UART lines are electrically identical to DIO 

lines 0 to 13 on the MXP connectors. 

A. MyRio Control and Apparatus: - 

1) NI myRIO-1900 

2) myRIO Expansion Port (MXP) Breakouts (One Included 

in Kit) 

3) Power Input Cable 

4) USB Device Cable 

5) USB Host Cable (Not Included in Kit) 

6) LEDs 

7) Mini System Port (MSP) Screw-Terminal 

8) Audio In/Out Cables (One Included in Kit) 

9) Button 0 

IV. SOFTWARE DESCRIPTION LABVIEW 

A. LabVIEW 

(Laboratory Virtual Instrument Engineering Workbench) is a 

graphical programming environment which has become 

prevalent throughout research labs, academia, and industry. It 

is a powerful and versatile analysis and instrumentation 

software system for measurement and automation. It's 

graphical programming language called G programming is 

performed using a graphical block diagram that compiles into 

machine code and eliminates a lot of the syntactical details. 

LabVIEW offers more flexibility than standard laboratory 

instruments because it is software-based. Using LabVIEW, 

the user can originate exactly the type of virtual instrument 

needed and programmers can easily view and modify data or 

control inputs. The popularity of the National Instruments 

LabVIEW graphical dataflow software for beginners and 

experienced programmers in so many different engineering 

applications and industries can be attributed to the software’s 

intuitive graphical programming language used for 

automating measurement and control systems. 

 
Fig.3 UI initialize - Block Diagram 

Fig 3 shows about UI initialization. It initializes the UI and 

starts the process. 

 
Fig.4 LABVIEW Front Panel of Milk Pasteurization and 

Packaging 

V. PROCESS DESCRIPTION 

In vat pasteurization, also referred to as batch or low-

temperature long-time pasteurization, the product is heated in 

a jacketed stainless steel vat which has been fitted with: Pipes 

to deliver water and steam to the jacket liner. Thermometers 

to monitor and record product temperatures. 

 The most common method of pasteurization in the 

United States today is High Temperature Short Time (HTST) 

pasteurization, which uses metal plates and hot water to raise 

milk temperatures to at least 161° F for not less than 15 

seconds, followed by rapid cooling. 

 Higher heat shorter time (HHST) treatment of fluid 

milk and milk products is the application of heat to a 

continuously flowing product using high temperatures, 

generally above 100°C, for such time to extend the shelf-life 

of the product under refrigerated conditions. 

 Ultra-high-temperature (UHT) pasteurization 

involves heating milk or cream to 138–150 °C (280–302 °F) 

for one or two seconds. Packaged in sterile, hermetically 

sealed containers, UHT milk may be stored without 

refrigeration for months. 



Control of Industrial Milk Pasteurization and Packaging with Different Temperature Control in Labview for HTST Control 

 (IJSRD/Vol. 10/Issue 4/2022/018) 

 

 All rights reserved by www.ijsrd.com 70 

So we will be handling different temperature changes using 

PID-Fuzzy controller. 

 Macro Initialize, to initialize the general data and the 

UI design. This creates the general look of User interface and 

provides an industrial front panel to make it crisp and clear. 

 Data Initialize initializes user provided data and 

initializing all variables with its data types. 

 Initialize Core Data to initialize the VI and the user 

interface as a combined process to provide a perfect result. 

 Idle starts the process from set zero and receive user 

details to start the process and run through the setup with the 

provided data. This consists of the Production Quantity, 

Quantity per bottle, Max no of packets and User controlled 

Flow of different valves 

 Error Handler performs error identification while a 

process is done and set back the system into set zero when it 

finds and error, and continues with a flow through the 

process. 

 Restart – Condition confirms condition with the user 

while processing the process, when he/she/them wishes to 

turn the system run back due to lag in process. When Restart 

is pushed ON while the process is ON, it runs back to Data 

initialize, and initializes core data and initializes the UI. 

When Restart is OFF, it acts as Start and starts the process 

from the beginning. 

 Start – Condition carries two solutions, where if it is 

yes, then enter the process selector and start the process. If 

the condition is no, then set back to idle. 

 Emergency Stop – Condition receives the output 

YES of the Start Condition and performs two conditions. If 

YES, it performs UI initialize, Data initialize and Process 

Emergency stop. The Process emergency stop performs a 

quick stop in reaction as in the state where the conditions of 

all parameters gets stopped with set-zero. If NO, it performs 

Process selector and continues the start condition process 

flow. 

 Select Process Multiple process flow, where it 

switches from one section to another as a relay by switching 

after each successful completion. 

 While heating we can select different temperature 

control and we can process and monitor by the graph of 

different temperature variance with time. 

 So, here we send milk through the valve 1 and it just 

moves to the heating tank once the storage tank is full. After 

that we just start heating at HTST temperature with PID 

controller with a set point of 100 degree Celsius. When it 

reaches it maintains a graph. Users are introduced to the 

laboratory via a purpose built web site that provides 

 Instruction on the use of the virtual lab application 

 Information about the pasteurization process 

 Information about the automation hardware used at 

Moorepark 

 A facility to download MATLAB data files generated 

during the experiments 

 At present the experiments are organized by 

category into (i) Introductory Process Control Experiments 

(ii) PID Control Technology and (iii) Advanced Control 

Experiments. In the following an overview of the existing 

experiments is outlined and an illustrative example from each 

topic is presented. Under the heading Introductory Process 

Control Experiments students can undertake the following 

labs – I0. Process Familiarization. Students are guided 

through the process of obtaining open-loop data by making a 

step change to the steam valve, saving the data, downloading 

to the client PC and analyzing the data. Students are also 

challenged to manually guide the process to an operating 

temperature of 70oC as quickly as possible. I1. Process 

Modelling. The data from the previous experiment is used to 

estimate a first-order lag plus delay (FOLPD) model of the 

pasteurization process. I2. Model Validation. In this 

experiment the process model is validated by applying the 

same input to both the model and the virtual process. If the 

validation data is in the same range as the modelling data then 

a good fit will be observed, otherwise the process non-

linearity will be apparent (the time constant and steady-state 

gain both vary with the operating point). Students are 

encouraged to examine both scenarios. I3. Ziegler-Nichols 

Controller Tuning. This section commences with a brief 

review of the Ziegler- Nichols Process Reaction Curve (or 

open-loop) method for PID controller tuning and presents the 

corresponding table of PID controller tuning rules. 

 Students are then instructed to utilize the identified 

model to determine {Kc, Ti, T d}, where Kc is the controller 

proportional gain, Ti the integral time constant and Td the 

derivative time constant, and evaluate 

1) proportional-only control 

2) proportional-plus-integral (PI) control 

In both cases they will discover that the Ziegler 

 Nichols tuned controller is less than satisfactory. 

This is primarily due to the low time-delay to time constant 

ratio (time constant is approximately 180sec; the time delay 

is less than 10sec) which results in very large controller gain 

and small integral time constant. Students are offered 

alternative controller coefficients to enable an exploration of 

the advantages of PI control relative to proportional-only 

control for this system. This section also guides students 

through the steps involved in applying the Ziegler-Nichols 

Ultimate Cycle (or closed-loop) method and they will also 

discover that this method fails for the pasteurisation process. 

To demonstrate this, students are asked to try very large 

values of Kc and compare the response (Figure 4) with the 

‘ideal’ linear oscillation. While the response of the 

pasteurisation process is approximately periodic, neither the 

process response nor the control signal produces a linear 

oscillation. The control signal is clearly saturated; this limits 

the actual Kc that is being applied. Finally, observe that both 

the control signal and milk temperature are approximately in 

phase. In the Ziegler-Nichols Ultimate Cycle method a 

marginally stable closedloop is required which implies that 

these two signals need to be 180o out of phase. Thus, in this 

exercise students are guided through both Ziegler-Nichols 

methods and, (perhaps) more importantly, the limitations of 

both techniques are clearly demonstrated. 

 So we compared the performance characteristics, 

Performance comparison of cascade control (solid line) and 

single loop control (dashed line) for the pasteurization 

process. Upper plot shows the set-point and PVs. Lower plot 

illustrates the MVs. 
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Fig. 5: Performance comparison of cascade control (solid 

line) and single loop control (dashed line) for the 

pasteurisation process. Upper plot shows the set-point and 

PVs. Lower plot illustrates the MVs. 

VI. CONCLUSION 

The virtual lab presented in this paper was based on a non-

linear model of an industrial pasteurisation process. This 

process offers the following advantages (i) students can 

readily identify with, and understand the health, safety, 

process and control requirements (ii) it represents a different 

discipline (iii) the process is simple to model and control 

(iv)it is based on, and accurately models, a real industrial 

process. The lab is accessed via a standard HTML browser 

and offers a comprehensive introduction to the pasteurisation 

process, the existing instrumentation and the ABB SattLine 

DCS. This virtual lab represents a culmination of previous 

work and extends this work by developing a set of 

experiments to complement an introductory-level course on 

process control. These experiments are specifically designed 

to highlight practical challenges such as non-linearities, 

noise, the limitations of Ziegler-Nichols tuning, the benefits 

of recent tuning rules and the design of alternative PID 

structures. The work is limited by the nature of the process, 

which is effectively single-input single-output. The process is 

not strongly non-linear and can be effectively (locally) 

modelled using a first-order process with a small time delay. 

Future developments will consider incorporating the flow rate 

as a variable (at present it is fixed at 500l/hr) and the control 

challenge could be increased by utilising this variable as well. 

The authors chose to restrict the controller options to 

variations of the PID regulator as this reflects current 

industrial practice in the food sector. 

 At present, simulation times are quite lengthy and 

while providing realism and encouraging systematic 

approaches to design, the authors believe that it would be 

useful to explore avenues that will reduce this 

experimentation time. Possibilities include upgrading the 

server and developing a stand-alone VL using Java. Planned 

extensions to the laboratory experiments include open and 

closed-loop parameter estimation, and the provision of relay 

and pseudorandom binary sequence (PRBS) testing. 
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