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The pH value control of clarifying
process in sugar refinery based on
fuzzy control

ZHANGYUN WANG?

Abstract. With the continuous development of automation technology, the application of
the technology has also penetrated into the sugar industry. In this paper, the research status of pH
control in sugar factory was analyzed, and the development and application of fuzzy control were
illustrated. On the basis of fuzzy adaptive PID control, pH intelligent control system and software
and hardware were designed, and the experimental results were analyzed. The experimental results
show that the pH intelligent control system can effectively guarantee the stability of pH value in
the clarifying process of sugar refinery, and it also has better control effect on temperature. In
addition, the feasibility of fuzzy control can be ensured, which will contribute to the application
research of pH value control in the clarifying process of sugar factory based on fuzzy control.
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1. Introduction

Since the late 1950s, with the development of a large number of engineering
practices, especially the development of space technology, the automation control
theory has been developed vigorously. Because of the wide application of automation
technology in many fields such as industrial production, electric power, traffic, iron
and steel, the production efficiency of various industries has been improved, and the
economic benefits have been greatly improved. More and more people believe that
the level of automation of an enterprise has become an important indicator of the
competitiveness of the entire enterprise market.

In recent years, automation technology has been gradually introduced into the
sugar industry. At present, most sugar mills in our country adopt the clarification
process of sulfurous acid method. Only a small part of sugar factories adopt car-
bonate clarification process. Because of the impurities removed by the carbonic acid
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method is more than that removed by the method of sulfuric acid, the clarifica-
tion effect of carbonic acid method is better than many KIA sulfuric acid methods
[1]. But the production cost of carbonate method is much higher than that of KIA
sulfuric acid method. Especially in the production of equipment, the production
facility that carbonate method requires is more than that of sulfuric acid method,
and the whole process of production is also more complex. Therefore, in the existing
technical level, many sugar enterprises choose sulfurous acid method. Subsequently,
with the development of science and technology, especially the improvement of au-
tomation, the cost of production has been reduced, and the carbonic acid method
has been widely used [2].

Whether it is carbonate or sulfurous acid method, the pH value in the clarify-
ing process of the sugar refinery is an important index of the whole section, which
is related to the effect of the whole clarification. Recognizing the importance of
the pH value in the clarifying process of the sugar refinery, a large amount of re-
search work has been done on the control of pH stability [3]. The lag and inertia
link exist in the neutralization process of pH value in sugarcane juice. In 1991,
Wu Minghua of South China University of Technology adopted the Dalin algorithm
with parameter self-correction to design computer control system, which improved
the quality of manual control. Aiming at the problems of neutralization pH value
and pH value control of clarified juice, teachers and students of Guangxi University
used the fuzzy control algorithm, adaptive dynamic programming and genetic algo-
rithm to optimize the design of control system control, so as to improve the efficiency
and accuracy of control [4]. But it was only in the theoretical simulation stage, and
the real application was very rare. In the past, due to the relative backwardness
of automation technology, there were few on-line inspection devices in the clarify-
ing process of sugar refinery. Most of the detection parameters were adjusted by
manual experience, which resulted in low quality sugar content in the finished sugar
and low production efficiency of sugar mills [5]. With the development of economy
and society, the demand for high quality sugar in domestic and foreign markets is
increasing. How to improve the quality of sugar ratio has become a problem for
sugar refinery enterprises. To promote the development of production automation
in sugar factories has become the focus of research in the field of sugar production.

In the second part of this paper, the research status of pH control in sugar
factories was analyzed and summarized, and the development and application of
fuzzy control were illustrated. The third part used fuzzy adaptive PID control to
design pH intelligent control system in the clarifying process of sugar refinery, and
the hardware part and software parts were designed, respectively. In the fourth part,
the pH value control and the temperature control performance of the control system
were analyzed through the experiment, and its feasibility was studied. In the fifth
part, the full text was summarized and the conclusions were drawn, which supported
the research of pH value control in the clarifying process of sugar factory based on
fuzzy control.
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2. State of the art
2.1. Research status of pH control in sugar factory

The clarifying process of a sugar refinery is a complicated nonlinear and large
delay link. Nonlinearity is that it is not a linear relation between the pH value of
cane juice and the induction voltage of glass electrode. When the pH value is about
7, with the added acid or base, the pH value of sugarcane juice changes rapidly
instead of following a certain linear relationship [6]. The large lag link is due to
that the pH point and the control point of the pH value is not synchronized. In the
clarifying process of sugar cane juice, when pre lye inflows into the reaction tank
until overflow, the detection point of neutralization juice pH value is reached. On
the one hand, this process leads to the non-synchronization of the pre gray pH value
and the test point of neutralization pH value. On the other hand, it leads to the
large common lag in the process of control. The widely used pH measuring device
in the sugar factory is glass electrode [7]. Glass electrode has the characteristics of
high precision, fast response and strong stability, which can meet the requirements of
complex environment. However, because the experimental equipment with the glass
electrode can simulate the research process of pH value intelligent control system in
the clarifying process of sugar refinery, it has the disadvantages of high resistance
and easy to produce fouling. Therefore, in order to ensure the accuracy and stability
of the measurement, the glass electrodes must be cleaned periodically [8]. Aiming
at the problems existing in pH value measurement in sugar factory, based on the
complex working environment, Song Yunpeng of Guangxi University designed the pH
value measurement circuit, and successfully solved the pH measurement system exist
impedance matching and electromagnetic interference and other problems, which
could quickly and accurately collect the pH value of sugarcane juice. However, by
analyzing the technological process of the clarifying process of the sugar refinery, it
is found that the pH value measurement itself is a nonlinear link, and the pH control
part has the characteristics of uncertainty and large lag.

It is difficult to solve the nonlinear and large lag of pH value. Therefore, pH
control is recognized as one of the most difficult processes to control. In view of
the difficult control problems of the pH value in the clarifying process of the sugar
factory, a set of pH value computer integrated control system was developed by Wu
Minghua of South China University of Technology, and it was put into operation in
Guangdong Lecong sugar refinery. It could solve the problem of pH value control
in the clarifying process of sugar refinery, and the control quality of pH value in
neutralization process was greatly improved [9]. Later, Huang Xueying and other
people made further improvements to the SS983 type neutralization pH automatic
measuring control system, and a series of tests were carried out on the improvement
of the measurement part, host circuit design, updating of electronic components,
control software, the cleaning system and the ash additive, the selection of the
ash adding controller, and the change of the technological process. In addition,
they launched a new version. It has been proved by the practice of more than 20
sugar factories that in addition to the original advantages of the new system, the
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system also has a strong anti-interference ability, long electrode life, gray control
more reasonable, and juice pH more stable, and smaller fluctuations [10]. Huacheng
auto control equipment factory in Qinzhou designed the pH automatic detection
device of double glass electrode. The system used double glass electrodes to measure
and clean in turn, which solved the problem of glass electrode measurement accuracy
reduction caused by the glass electrode fouling. It has improved the accuracy of pH
measurement in sugar factories, and has been applied in many sugar factories in
Guangxi, Guangdong, Yunnan and other provinces. The following diagram in Fig. 1
describes the process of sulfurous acid process.

2.2. The development and application of fuzzy control

Control fuzzy is a computer digital control technology based on fuzzy set theory,
fuzzy linguistic variables and fuzzy logic inference. In 1965, the famous American
expert L. A. Zadeh established the fuzzy set theory based on control theory. In 1973,
L. A.Zadeh defined the fuzzy logic control and related theorems of University of
Cambridge. In 1974, at the University of Cambridge, E. H. Mamdani’s fuzzy con-
troller realized the application of steam engine control for the first time [11]. Through
the analysis of the basic process of the water crisis in the chemical plant of Univer-
sity of Electronic Science and Technology in 2002, MATLAB fuzzy tool was used
to reflect the pH control simulation based on the characteristics of big inertia and
pure lag. And the simulation results showed that fuzzy control could achieve good
control effect. In 2007, Cao Youwei of Dalian University of Technology analyzed
the problem of pure hysteresis in the process of large inertia temperature control.
The fuzzy temperature controller was designed based on 89C51 single chip micro-
computer, which solved the problem of difficulty in tuning the PID parameters of
temperature control [12]. The waste water treatment system with pH value had the
characteristics of large inertia, pure time delay, nonlinear and fuzzy control, which
was combined with the prediction of Smith. The fuzzy controller was established
to control Smith sewage treatment system pH, using Simulink simulation, which
had good control effect [13]. In 2010, Li Gang of Central South University applied
fuzzy control into the dual tank water level control, to compare the control effect of
the traditional PID algorithm and fuzzy control algorithm in the dual tank water
level control, and it was proved that fuzzy control was more conducive to solving
the problems of large lag and nonlinearity in the level control. In the same year,
Xie Shihong of Shaanxi University of Science and Technology proposed a fuzzy PID
control algorithm for on-line adjustment of parameters in view of the nonlinearity
and hysteresis of acid-base neutralization process. The method adjusted the param-
eters of the PID controller on-line according to the real-time deviation of the control
process, and analyzed the deviation and deviation change rate to set the fuzzy rules
[14]. Experiments showed that the method could adapt to the global change of pH
value and overcome the influence of fluctuation of acid-base neutralization flux. In
2011, Wang Baolu of Guangxi University designed fuzzy logic PID controller based
on OPC technology and applied it to pH value control in clarifying process of sugar
refinery. The experimental results showed that the fuzzy logic PID control had a
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Fig. 1. Process flow diagram of sulfurous acid process

good control effect on the pH value in the clarifying process of the sugar refinery, and
it also had certain application value. In the same year, Yan Feng of Beijing Tech-
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nology and Business University analyzed the time variation and hysteresis in the air
conditioning system, and designed and simulated the parameter self-tuning fuzzy
controller in the environment of the MATLAB software based on the basic char-
acteristics of fuzzy control technology and classical PID control. The experimental
results showed that the controller had faster response and smaller steady-state error
[15]. In 2003, Li Hongzhong in Lanzhou Jiaotong University applied the fuzzy con-
trol method into the intelligent traffic light system. By controlling the traffic rate
of the single intersection, the average delay time of the waiting traffic was reduced,
and the environmental protection, energy saving and economic access were realized.

3. Methodology
3.1. Fuzzy adaptive PID control

Figure 2 shows the composition of the fuzzy controller.

‘ Data base ‘ ’ Rule base ‘

[

Fuzzification Iiferenice engitie Defuzzification
interface e interface

Input——>| Output——»

Fig. 2. Composition of fuzzy controller

By calculating the current system error and the rate of error change, fuzzy rules
are used to carry out fuzzy reasoning, and the parameters are adjusted after defuzzifi-
cation. The core of fuzzy PID control design is to summarize the technical knowledge
and practical experience of engineering designers, and to establish the appropriate
fuzzy rules table. The output values of the control quantity are adjusted respectively
according to the three parameters of scale, integration and differential. The fuzzy
adaptive PID controller has a deviation of e and a deviation change rate Ae, and
the outputs are AK,, AK; and AKq. Among them, G| and G are quantization
factors, Gkp, Gki and Gkq are scale factors, and the range is selected according to
the input and output range of objects. Quantities AK},, AK; and AKq4 obtained by
fuzzy inference that adapts to the control object are as the parameter increments
of K, K; and Ky, respectively. According to the state of the controlled object, the
PID parameters can be adjusted on-line. The fuzzy adaptive PID controller adjusts
the PID parameters as follows:

K, = K, + AK,,

Ki = K, + AK;,



THE PH VALUE CONTROL 439

Kq=K,+AKqy, (1)

where Kl;, Ki' and K :i are the initialized PID parameters.

The fuzzy adaptive PID finds the fuzzy relation between the three parameters of
the PID and the deviation e and the deviation change rate Ae. During the operation,
the three parameters are modified online according to the fuzzy control principle by
continuously detecting e and Ae. When the control parameters are different, the
controlled object has good dynamic and static performances.

3.2. Hardware design of control system

The hardware platform of the control system mainly includes PC104 industrial
control computer, pH value detection and control module, temperature detection,
control module, and flow detection module. The hardware structure of the control
system is shown in Fig. 3.

PC104 is an industrial computer bus standard specially defined for embedded
applications. The PCM-3587, PCL-2101 and PCL-9402 modules used in this paper
all support the PC104 bus standard. Therefore, in the hardware design of the con-
trol system, the three are connected in stack mode to form an industrial controller
based on the PC104 bus standard. The core control part adopts PCM-3587 indus-
trial control board which is produced by Dark blue Science and Technology Ltd.
It is a low power X86 embedded motherboard designed for PC104 industrial com-
puter bus standards. CPU uses DM&P SOC Vortex86DX, and integrates the north
bridge, the south bridge, SPI, BIOS, LPC, serial/parallel port, high-speed USB2.0,
OTG, Ultra-DMAIDE, and 10M/IOOM ethernet. The Vortex86DX processor uses
an external display chip. This is an ultra-low power graphics chipset with a total
power consumption between 1 and 1.5 W, supporting the VGA display resolution of
1600x1200. PCM-3587 has good downward compatibility, which is widely used in
the field of embedded development. In the field of hardware requiring small volume,
low power consumption and low cost, the modules based on PC104 bus standard
have been widely used.

3.3. Software design of control system

The software realization of the control system mainly includes the design of the
monitoring interface, the communication between the host computer and the lower
computer, and the design and embedding of the control algorithm. The monitor-
ing interface design contains Kingview monitoring design and touch-screen human-
computer interaction interface design. The Kingview monitor design part realizes
the connection between Kingview and database, and it can monitor real-time data
and historical data query. Touch-screen design can achieve real-time display of on-
line data, manual control and automatic control switching. The .dll file of the fuzzy
controller is written in the VC++6.0 environment. The .dll file is embedded in the
VisSim simulation modeling software, and the temperature control module and the
pH value control module are set up. The software framework of the control system
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is shown in Fig. 4.

The Modbus protocol was the first global bus protocol for industrial sites in-
vented by Schneider electric in 1979. The protocol supports traditional RS-232,
RS-422, RS485, and Ethernet devices. At present, many industrial devices use
Modbus protocol as communication standard. The controller communicates with
the host computer using the Modbus RTU protocol. The Modbus RTU protocol
uses a master-slaver query mode. On a communication line, the host sends a query
command from the machine to determine whether to reply the message by analyz-
ing whether the command is sent to itself. In the control system, each slaver has a
unique address. As a result, the same query instruction does not correspond to mul-
tiple responses. In the VC++6.0 environment, the driver programs of the controller
are developed to realize the communication with the host computer ModbusRTU.
The implementation process of communication is as follows.

fuzzy controller

Dynamic link library

A

Access data base VC++6.0

ODBC data source

Touch screen
ey : 3 Modbus RTU agreement
Kingview monitor |«Modbus RTU agreement—>  Controller — fe——" """ 010 "M puman-computer
interaction design

Fig. 4. Software function framework
The format of the Modbus RTU message frame is shown in Table 1.

Table 1. Format of message frames

Address field | Function domain | Data domain | Check field
1bit 1bit N bits 2bits

4. Result analysis and discussion

The pre lye was sent into the reaction tank through the direct current to simulate
the lagging link of actual production in sugar factory. According to the error and the
error change rate of the measured value and the given value of the neutralization
juice, the pH fuzzy controller obtained the control output by querying the fuzzy
rule table. The PWM wave pulse was used to regulate the flow of alkaline juice,
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and the pH value of neutral juice was stable near the desired index. Before the pH
value control experiment, the pH value measuring and controlling device was used
to measure several buffer solutions with different pH values. The purpose of the
test was to test the sensitivity and accuracy of the glass electrode for different pH
values. The buffer value of pH was 9.18, 6.86 and 4, respectively; disodium hydrogen
phosphate, sodium tetra borate and dipotassium hydrogen phosphate were used to
prepare the buffer solution. The glass electrode was placed in a neutral solution for
1-2 minutes before the experiment, with the purpose to ensure that the surface of
the glass electrode was cleaned and to remove the residual solution before. The glass
electrodes were successively placed in solutions with pH values of 4, 6.86 and 9.18.
The detection effect is shown in Fig. 6.

As shown in Fig.6, at the initial time, a glass electrode was used to detect a
buffer solution of pH value of 4, and the pH value was about 3.93, and the error was
about 1.7%. After 1 minute, the glass electrode was placed in a buffer solution of
pH 6.86, and the response time was about 10 seconds; then the pH value increased
gradually, and it finally stabilized at about 6.9 with the error of 0.6 %. When the pH
value was stable, the glass electrode was placed in a buffer solution of pH 9.18, the
response time was about 8 seconds, and the pH value was detected to be about 9.15
with the error of 3%. The experiments were repeated, and it was found that the
experimental results were basically consistent with the first one. PH measurement
results showed that the performance of glass electrode, pH signal acquisition board
and signal amplifier board was reliable, and the hardware part of pH detection met
the design requirements.

PH value fuzzy controller was adopted to control pH value of neutralization juice.
In order to simulate the change law of pH value in clarifying process of sugar refinery,
a hydrochloric acid solution with a pH value of 6.5 was used to simulate the pre lye,
and the sodium hydroxide solution with a pH value of 12.8 was used as neutralization
reagent to control pH value of neutralization juice in the experimental process. The
given value of neutral juice was 7. Experimental results are shown in Fig. 7.

According to the test results of the temperature control in Fig. 8, in the course
of the experiment, the 1800 W electric heater was used to control the pre lye. In
the initial state, the temperature of pre lye was 32°C or so, and the temperature
setting index of pre lye was 65 °C. The traditional PID control method was used to
control the temperature, and the temperature of pre lye generated fluctuations. The
stability of PID control effect was better than that of fuzzy control when the system
was in steady state. Experimental results show that the pre lye temperature control
fuzzy control algorithm had good control effect.

5. Conclusion

The control of the pH value in the clarifying process of the sugar refinery plays
a key role in the quality of the final product of the sugar refining. The lack of
automation technology in the production process of the sugar factory has led to
low production efficiency and low product yield, which has affected the production
and management level of the sugar enterprises. With the continuous development of
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society and the continuous progress of automation technology, it has been promoted
in research, application and sugar industry. How to better control the pH value
in the clarification section of sugar refinery has become an important problem. In
this paper, a pH value intelligent control system was designed on the simulation
experimental device in the clarifying process of sugar refinery. The simulation device
could truly reflect the actual technological process of the clarifying process of the
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Fig. 7. Neutral juice pH control effect diagram

sugar refinery, and effectively reflect the existing problems. On this basis, the fuzzy
control algorithm was used to control the condition index and realize the design of the
related hardware system, including AD acquisition program, Modbus communication
program, the software design, and the temperature control module. With the help
of the pH intelligent control system, the control simulation of the clarifying process
of the sugar refinery was carried out, and the control effect of the control system
on the pH value and temperature was preliminarily verified. Therefore, the study
is of practical significance to improve the research level of pH value control in the
clarifying process of sugar refinery based on fuzzy control.



THE PH VALUE CONTROL 445

o == PID control

30 o Fuzzy control

i
—
o
—
L
[
o
]
L
W
o
(5]
=
E
o

Fig. 8. Temperature control test chart

References

(1]

2]

3l

(4]

(5]

(6]

(7]
(8]

191

[10]

[11]

A.U. AquiNno, M. G. A. C. Bautista, R.G.BavLpovino, E.J.CaLiLUuNG, E.Sy-
BINGCO, E.P.Dabpios: A neuro-fuzzy mizing control model for the cooking process
of coconut sugar. Proc. 9th International Conference on Computer and Automation
Engineering (ACM), 18-21 Feb. 2017, Sydney, Australia, 211-220.

D.NGUYEN, V.GADHAMSHETTY, S.NITAYAVARDHANA, S.K.KHANAL: Automatic
process control in anaerobic digestion technology: A critical review. Bioresource Tech-
nology 193 (2015), 513-522.

M. SUJARITHA, S. ANNADURAI, J. SATHEESKUMAR, K.SHARAN, L. MauesH: Weed
detecting robot in sugarcane fields using fuzzy real time classifier. Computers and Elec-
tronics in Agriculture 134 (2017), 150-171.

L. ANOJKUMAR, M.ILANGKUMANAR, S.M.HAssAN: An integrated hybrid multi-
criteria decision making technique for material selection in the sugar industry. In-
ternational Journal of Multicriteria Decision Making 6 (2016), No. 3, 247-268.

S. BIRLE, M. HUSSEIN, T. BECKER: On-line yeast propagation process monitoring and
control using an intelligent automatic control system. Engineering in Life Sciences 15
(2015), No. 1, 83-95.

V. BLOMENHOFER, F.GRoss, J. PROCELEWSKA: Water quality management in the
food and beverage industry by hybrid automation using the example of breweries. Water
Science and Technology: Water Supply 132 (2013), No. 2, 427-434.

S. BAcCHCHE: Deliberation on design strategies of automatic harvesting systems: A
survey. Robotics 4 (2015), No. 2, 194-222.

A.H.NajAaraBADI, M. SHAHROKHI: Model predictive control of blood sugar in patients
with type-1 diabetes. Optimal Control Applications and Methods 87 (2016), No. 4, 559—
573.

N. PErroT, C. BauDrIiT, J. M. BROUSSET, P. ABBAL, H. GUILLEMIN, B. PERRET,
E. GouLeT, L. GUERIN, G.BARBEAU, D.PicQUE: A decision support system cou-
pling fuzzy logic and probabilistic graphical approaches for the agri-food industry: pre-
diction of grape berry maturity. PloS one 10 (2015), No. 7, paper e0134373.

T. HERMANN: Industrial production of amino acids by coryneform bacteria. Journal
of Biotechnology 104 (2003), Nos. 1-3, 155-172.

P. GRANT: A new approach to diabetic control: fuzzy logic and insulin pump technol-
ogy. Medical engineering & physics 29 (2007), No. 7, 824-827.



446 ZHANGYUN WANG

[12] T.SumMmEs, P.Linko, C.voN NUMERS, M.NakaJiMa, I. ENDO: Real-time fuzzy-
knowledge-based control of Baker’s yeast production. Biotechnology and Bioengineering
45 (1995), No. 2, 135-143.

[13] J.I.HoRIucHL: Fuzzy modeling and control of biological processes. Journal of Bio-
science and Bioengineering 94 (2002), No. 6, 574-578.

[14] V.PETRIDIS, V. KABURLASOS: FINKNN: A fuzzy interval number k-nearest neighbor
classifier for prediction of sugar production from populations of samples. Journal of
Machine Learning Research /4 (2003), No. 1, 17-37.

[15] M. J. ArAUzo-Bravo, J. M. Cano-1zQUIERDO, E. GOMEZ-SANCHEZ, M. J. LOPEZ-
NieTo, Y,A. DiMrTrIADIS, J. L. CORONADO: Automatization of a penicillin produc-

tion process with soft sensors and an adaptive controller based on neuro fuzzy systems.
Control Engineering Practice 12 (2004), No. 9, 1073-1090.

Received June 6, 2017



	Zhangyun Wang: The pH value control of clarifying process in sugar refinery based on fuzzy control
	Introduction
	State of the art
	Methodology
	Result analysis and discussion
	Conclusion


