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Abstract— Recently, process control has been applied extensively in many food processes include pasteurization process. The
purpose is to control and maintain the product temperature at desired value. In order to be able to control the process properly, the
model of the process needs to be obtained. This research aims to obtain the empirical model and to determine the best control strategy
in pasteurization process of pink guava puree. The PID controller tuned by different tuning methods was simulated using Simulink
and closed loop responses were observed. Simulation results revealed that PID controller tuned by minimizing of integral absolute
error (IAE) method were satisfactory adaptable in this process in term of faster settling time, less overshoot, smallest values of IAE
and ISE that less than 1. Then, experiment was performed using this method in order to validate simulation results. In general, a good
agreement was achieved between experimental data and dynamic simulation result in control of pasteurization temperature process
with R’=0.83. As the conclusion, the results obtained can be used as the recommendation for a suitable control strategy for the
pasteurization process of pink guava puree in the industry.
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energy and momentum. This model can be very complex due
I. INTRODUCTION to consist of many different equations and time consuming.
Meanwhile, empirical model is based on real data, easy to
develop and suitable for complicated process. Moreover, this
model usually sufficient for most food processes such as
fermentation [2], drying ([3], [4]), mixing [5] and also
pasteurization process [6]. Normally in process control
system, the model is in transfer function form which relate
between output and input variables. Once the dynamic model
has successfully developed, it can give an idea to design a
suitable control strategy.

Ilyukhin et al. [7] reported that proportional-integral-
derivative (PID) controller is commonly used in food
industry followed by fuzzy logic techniques and predictive
process control. The advantages of PID controller are
simplicity, easy to handle and give reasonable performance.
There are many literatures have been published regarding
with successful implementation of PID controller especially
in heat exchanger and pasteurization unit. Maidi et al. [8]
and Ramli and Abdullah [9] have found that this controller is
gives better performance than adaptive control and PID
fuzzy controller in heat exchanger application. On the other

Pasteurization is one of food preservation techniques and
is widely used in food industries. It involves applying heat to
some products such as milk, cream, puree and others at a
certain temperature for a certain period of time in order to
eliminate harmful pathogenic and spoilage microorganism.
As a result, the products can be extending their shelf life and
maintain their quality. This process is divided into three
section which are heating, cooling and regeneration sections.
The most important section is heating which involved heat
exchanger equipment to heat up temperature of product at
desired set point [1].

Controlling and maintaining the temperature of the
process is an important key in pasteurization. Therefore, it
needs to design a good control system to control product
temperature for preserve the desired product quality. The
design good control strategy requires the development of an
accurate dynamic model which relates between controlled
and manipulated variables. The dynamic model can be
developed by theoretically or empirically. Theoretical model
is based on fundamentals law as conservation of mass,
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hand, PID controllers also excellent in other food process
such as spray drying as reported by [4]. Their results showed
that this controller is not only good in performance criteria,
but in robustness stability as well.

However, most of researchers studied and focused on
dairy production and water application. There are still lack
of literatures that published regarding with process control in
beverage product especially pink guava puree. In Malaysia,
pink guava (Psidium guajava) is become the important fruit
owing to highly potential for export market. The availability
throughout the year, high of nutritious and anti — obesity
properties can create opportunity for food industries to
commercial the varieties of food products from this fruit
([10], [11]). Therefore, the purposes of this study are to
simulate dynamic model and investigate the suitable tuning
method in PID controller that it satisfies the performance
requirements on pasteurization of pink guava puree. Then,
the simulation results were validated with experimental data.
The best control strategy is suggested to suit in real practical
situation of pasteurization process.

II. MATERIALS AND METHODS

The dynamic model focuses on pasteurization unit which
consist of double tube heat exchanger as shown in Fig. 1. It
was specially fabricated in order to mimic the process in
industry by LP Equipment Sdn. Bhd., Selangor, Malaysia.
The pink guava (Psidium guajava) puree as raw material was
obtained from Golden Hope Food and Beverages Sdn. Bhd.,
Perak, Malaysia. The flow rate for both product and heating
medium were constant. The outlet product temperature and
inlet heating medium temperature were considered as output
and input variables respectively.
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Fig. 1 Process diagram of lab scale pasteurization unit

To storage

The data of step change in inlet heating medium
temperature from experiment were used in empirical model
development. In simulation studies, the feedback control
system which PID controller was used for control strategy.
The PID were tuned by several tuning methods i.e. Ziegler-
Nichols (T1) [12], simple method (T2) [13], internal model
control (T3) [14] and minimization of IAE (T4) [15]. The
performances of different tuning methods were determined
by using step response into closed loop system. The well
known performance criteria such as overshoot, rise time,
settling time (based on time required to reach  +95% of the
steady state value), integral of absolute value of error (IAE)
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and integral of square of error (ISE) were compared for all
different tuning methods.

In order to validate simulation results, the control scheme
was implementing in lab scale of pasteurization process unit.
The data of experiment were recorded for every 0.5 minutes
until achieved steady state value.

III. RESULTS AND DISCUSSION

A. Dynamic of Empirical Model

An empirical model of pasteurization process was
developed by using data of step change in inlet heating oil
temperature. Most of process model can be described with
first order plus time delay (FOPTD) model which in transfer
function form [16]. The model parameters were calculated
using graphical analysis of process reaction curve as
reported in ([12], [16]). The process gain, K,=0.52 which is
ratio of outlet product temperature change to inlet heating
medium temperature change. Time delay, 6=0.52 minutes
was determined as intersection of tangent with the maximum
slope of time axis. Whereas, time constant, 7=1.27 minutes
was calculated as time at 63.2% of output response minus
time delay. Then, the model parameters values are
substituted into FOPTD model as shown in Equation 1. This
obtained model is applicable to apply PID controller since
the ratio (6/ 7) of obtained model is less than 1 [17].
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B. Simulation Results

The simulation studies were carried out by using Simulink
from MATLAB 2009a software. Four tuning methods were
used in simulation to tune PID controller. Table 1 lists tuning
parameters values obtained from these tuning methods. As
observed in Table 1, Tl and T2 had anticipated generate
oscillatory and faster responses due to larger K. and smaller
7;. On the other hand, the controller tuned by T3 and T4 have
smaller K. and larger z; expected in sluggish and slower
responses.

TABLEI
TUNING PARAMETERS FOR PID CONTROLLER

Tuning | Controller gain | Integral time | Derivative gain
method (K) () (zp)

T1 7.05 1.30 0.21

T2 5.62 0.90 0.23

T3 1.92 1.40 0.15

T4 437 1.79 0.20

Fig. 2 shows the open and closed loop responses of PID
controller with introduction of step point change from 0 to 1
at time=0 minutes. As expected, open loop (OL) which is
response without controller did not achieve at desired set
point value due to lower of process gain. Meanwhile, closed
loop (with controller) had reached the desired steady state
value. The factor of larger K. caused T1 and T2 resulted
oscillatory and aggressive responses as proved in Fig. 2. The
same result also reported by [4] in spray dryer application.



Meanwhile, T3 and T4 resulted in over damped responses
before achieve steady state value.
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Fig. 2 The process response tuned by different tuning methods

The well known performance criteria viz. overshoot
percentage, rise time, settling time, IAE and ISE values are
compared in performance analysis and shown in Table 2.
From this result, it shows that PID controller tuned by T1
and T2 give the worst performance due to higher overshoot,
OS and larger settling time, t;. Hence, these methods are not
suitable to implement in real pasteurization process because
generate higher overshoot which cause over pasteurized of
product. Consequently, the nutritional values of product will
destroy as discussed by [18]. T3 method resulted very stable
response without overshoot. However, this method has
largest value of rise time, t, which is very sluggish to reach
steady state value. From simulation results, the best tuning
method is T4 with smaller overshoot, lowest IAE and ISE
values and fast in both rise and settling time. This method is
most suitable to tune with PID controller in order to
implement in control strategy of pasteurization process of
pink guava puree.

TABLE 2
PERFORMANCE CRITERIA FOR PID CONTROLLER TUNED BY DIFFERENT
TUNING METHODS
:;lé?lil;(gi 0S (%) | t(min) | t (min) | IAE | ISE
Tl 61.6 | 0.8677 | 7.12 | 1.685 | 0.892
T2 52 0.9299 | 3.04 | 1.196 | 0.804
T3 0 45610 | 3.00 | 1.426 | 1.009
T4 7.1 11720 | 155 | 0874 | 0.714

C. Simulation Validation

In this section, experimental work was carried out to
validate the simulation results. The best tuning method
determined by simulation studies which is T4 was applied in
process control of lab scale pasteurization unit. The tuning
parameters of T4 were set in control panel of system. Fig. 3
shows the closed loop response of experiment and
simulation for set point change from 45°C to 48°C at
time=12 minutes. As we can see, the dynamic response of
simulation was faster than experiment result due to
approximation of time delay in simulation work. In
simulation, Padé approximation is used to estimate the time
delay response and it become quite shorter than experimental
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value. Moreover, time required by heater to heat up the
product cause the dynamic response of experiment become
slower. However, simulation result remains demonstrates
good agreement with the experiment result with R’=0.83. It
is suggests that PID controller tuned by T4 method is most
suitable used in pasteurization process control especially for
pink guava puree product.
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Fig. 3 Simulation and experiment results of pasteurization process

IV.CONCLUSION

The empirical model of pasteurization process was
obtained in first order plus time delay model. Simulation
results revealed that T4 method using by PID controller is
most suitable in pasteurization process of pink guava puree
due to best achievable controller performances. Then,
simulation results were validated by experimental work. In
general, a good agreement was achieved between
experimental data and simulation result with R’=0.83.
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