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ABSTRACT In the process of crop growth, irrational fertilizer application methods have caused waste
of fertilizer resources and water, as well as damaged the soil’s structure. To puzzle the above problems
out, the research constructs the model of water-fertilizer machine by gathering relevant parameters in the
field. Considering the system’s plenty of defects and combining it with the MATLAB/simulink system,
such as non-linearity, time-varying, large inertia, uncertain mathematical model and severe lag, a fuzzy
proportional integral differential control based on particle swarm optimization is proposed in this paper
for water and fertilizer integration system. Primarily, the research is done for precision fertilization control
of fertilizer integration system and water, and the parameters of fuzzy proportional integral differential
gain that schedules controllers are optimized through a particle swarm algorithm. The effectiveness of the
suggested controller has been validated by comparing with the control algorithms (proportional integral
differential control, fuzzy proportional integral differential control) commonly applied in current fertilizer
application systems. Simulation experiments for this research are devised through MATLAB/Simulink
simulation platform. Significant improvement in the system’s tuning capabilities by incorporating particle
swarm algorithm in the hysteretic non-linear system. Eventually, four control algorithms are experimentally
validated in this research at different pH values through Experiments čáre designed in the experimental field.
The outcomes demonstrate that the control algorithm in this paper possesses better regulation effect, smaller
overshoot, excellent stability and more inadequate rising steady state time compared with the previous
controls, which can enables precise control of the fertiliser system.

INDEX TERMS Integration of water and fertilizer, hysteretic system, pH value, fuzzy PID control, particle
swarm optimization algorithm.

I. INTRODUCTION
Fertiliser’s rational application is crucial to crops’ growth [1].
The amount of fertilizer applied around the world is increas-
ing but is not proportional to the increase in crop yields.
Analysis of the traditional fertiliser application methods
demonstrates that the principal reason for this is the low
utilisation rate of fertilisers, which leads to an ineffective
rise in food production [2]. Excessive fertiliser application
can also damage the soil structure, diminish crop survival
rates and cause economic costs [3]–[5]. The utilisation and
absorption of fertilisers can be enhanced by regulation and
rational proportioning of fertiliser concentrations by crops,
thus saving increasing yields, decreasing environmental
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pollution and costs. Therefore, in order to ensure the normal
development of the environment and agricultural resources,
modern agricultural technology’s development should shift
from rough to intensive methods. Fertiliser integration tech-
nology and water can reasonably proportion the fertiliser
concentration and apply fertiliser to crops in a demand-
driven manner, which helps preserve water, salvage labour
and enhance efficiency [6], [7].

In water fertiliser production, a quantity of crops’ roots
(e.g. flowers, blueberries, etc.) are suitable to an acidic envi-
ronment and, as most mono-textured fertilisers are alkaline,
the fertiliser solution’s pH needs to be regulated throughout
the irrigation preparation stage [8]–[10]. The fertiliser’s pH
is generally described by the pH value. The control of pH is a
extremely intrinsically non-linear control and is an acknowl-
edged difficulty in applications in all industries. Apart from

VOLUME 10, 2022 This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see https://creativecommons.org/licenses/by/4.0/ 4471

https://orcid.org/0000-0001-8834-397X
https://orcid.org/0000-0001-9893-6381


C. Fu et al.: Fuzzy-PID Strategy Based on PSO Optimization for pH Control in Water and Fertilizer Integration

the non-linearity of pH control in the fertiliser regulation
process and water, the complexity of the fertiliser manage-
ment procedure and water makes the pH control system also
characterised by time variability, hysteresis and uncertainty,
increasing control’s difficulty. The current research on pH
process control is concentrated on two aspects principally:
control algorithm research and model research. pH neutral
process models can depict the pH process’ nature on the
one hand, and lay the foundation for model-based control
algorithms’ design on the other. Model research’s principal
task is consequently to develop a satisfactory pH model.
Mechanisticmodels, linearisationmodels, non-linearmodels,
artificial intelligence models, etc. are included by the current
modeling research on pH processes mainly [11]–[16].

In terms of control algorithm research, control approaches
for non-linear models are focalised on feedback linearisation
control, intelligent control, adaptive PID control and sev-
eral other aspects principally. Considering the non-linearity
and the large hysteresis of the fertilizer control system, the
limitations of the conventional proportional integral differ-
ential control(PID) strategy, an intelligent adaptive control
algorithm should to be proposed. To solve this problem.
In literature [17], in view of the nonlinear and the time-
delay characteristic in acid and alkali neutral process, this
article proposed a kind of parameter self-adjusting Fuzzy-
PID control method. An approach to it based on self-adjustive
fuzzy PIDwas proposed in literature [18]. It is considered that
the fuzzy reasoning doesn’t rely on the accurate models, and
can solve the affects brought by the nonlinear. In view of
the large hysteresis, large inertia and uncertain mathematical
model of the water and fertilizer integrated machine to adjust
the pH value of water and fertilizer, literature [19] applies
fuzzy control to water and fertilizer integrated equipment,
and designs a fuzzy control system to adjust the pH value
of water and fertilizer. The test proves that the system can
meet the control requirements of pH adjustment during pre-
cise fertilization, and the system has smaller overshoot and
stabilization time, 32% reduction in overshoot, 90 s reduction
time, and stronger resistance, 90 s reduction of recovery time.
Literature [20] mainly established a grey prediction model
of water and focused on use of fertilizer in irrigation and
implementation of fuzzy PID control. On a basis of grey
prediction, the speed of water and fertilizer pump has been
under fuzzy PID control. Considering many shortcomings
of the pH control system of Haematococcus pluvialis algae
fluid, such as non-linearity, time-varying, severe lag, large
inertia and uncertain mathematical model. A method of pH
control based on fuzzy PID is proposed in literature [21].

Fuzzy PID’s improvement strategy can start from the struc-
ture, but also through algorithm optimization to attain the
purpose of improving morphological improvements’ perfor-
mance index. In terms, In literature [22], a novel cascade
fuzzy-proportional integral derivative incorporating filter
(PIDN)-fractional order PIDN (FPIDN-FOPIDN) controller
is offered as an expert control strategy to deal effectively with
IPS’s AGC issue. To deliver a quality power, an intelligent

and efficient control algorithm is required by AGC system,
Literature [23] proposed a novel fractional order electric
power system’s AGC fuzzy proportional-integral-derivative
(FOFPID) controller. And the proposed approach’s robust-
ness is verified. Fuzzy gain that schedules controllers are
proposed in literature [24] for interconnected electrical power
systems’ automatic generation control. Finally, the proposed
approach’s effectiveness is established for a two-area that is
restructured reheat thermal power system.

Additionally, the related researchers concentrated on the
fuzzy PID control based on algorithm optimization. Plenty
of optimization algorithms have been proposed, such as the
genetic algorithm, well-known neural network algorithm and
ant colony algorithm [25]–[27]. The optimization of parame-
ter tuning principally includes two aspects to consider: the
first is to seek the global minimum point, and the second
is to require a excellent convergence speed. Neural network
parameter adjustment is currently applied in field of PID
control, the advantage is that it can be optimized according
to direction of gradient descent to the local minimum, and
then obtain more beneficial control, Literature [28] through
the neural network prediction control and fuzzy control, the
dynamic management control system of time-varying nonlin-
ear models to attain more precise control. But the disadvan-
tage is straightforward to fall into the local minimum; and
genetic algorithm needs to carry the process of encoding out
and decoding design, in some instances these are extremely
difficult, not straightforward to parallel processing, the com-
putation is extremely large. However, particle swarm opti-
mization (PSO) does not possess the complex ideas of coding
and decoding crossover, variation and design process of
genetic algorithm, no gradient information, faster operation
efficiency, convenient implementation, swift convergence,
etc.. PID control based on PSO rectification optimization is a
more simple-minded and practical new rectification method,
which greatly enhances the optimization level of the three
parameters of PID, and performance index of the optimized
control system is substantially sharpened, with tremendous
potential value in the industrial field [29]–[31].

In light of the above, the extant work’s significant contri-
butions are as follows.

a) An improved fuzzy PID controller is proposed, which
determines the choice of control method based on the range
of errors.

b) PSO is brought into practice effectively to optimize the
output three scaling parameters of the fuzzy controller.

c) Simulation and verification in MATLAB/Simulink plat-
form, by comparing PID control, fuzzy control, fuzzy PID
control and the control proposed in this paper, it is concluded
that the performance index of the algorithm proposed in this
study is better than other control algorithms.

d) In order to verify the dependability of the proposed
algorithm put into production practice, this article devises
relevant experimentations, which are implemented by data
acquisition, reading to the host computer, passing signals
and supplying decision commands. The experimental results
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illustrate that the proposed control approach has senior per-
formance indicators compared to the other three controls.

The first portion analyzes the pH regulation procedure and
establishes the corresponding mathematical model through
the equilibrium equation; the second portion constructs the
PID control, Fuzzy-PID control and the control proposed in
this article respectively, selects the sort of affiliation function,
the definition of the thesis domain and the creation of fuzzy
rules, and in a similar way supplies implementation operation
of the PSO algorithm finally; the third portion calculates
selection of the relevant parameters, the comparison analy-
sis of the three ultimately, this research works a validation
examination based on the intelligent fertilization system out,
and the examination outcomes lead to the conclusion section
in following portion of this article.

II. SYSTEM STRUCTURE AND pH VALUE REGULATION
PROCESS
A. SYSTEM COMPOSITION
According to the closure and disconnection of the corre-
sponding solenoid valve, the system can realize irrigation,
fertilization and irrigation and fertilization at the same time,
whose overall structure is shown in Figure 1. The auto-
matic fertilization system mainly consists of pH detection
device, upper computer, solenoid valve, controller and fer-
tilizer pump.

During the fertilizer mixing process, use the stirring motor
to stir the fertilizer until it is homogeneous. On condition
that the pH value that is evaluated by pH sensor does not
satisfy the pH value that is called for crop growth, the acid
tank solenoid valve will open and be mixed in the mixing
tank through negative venturi pressure, and the pH value will
be tested to obtain a reasonable pH value. The crop growth
requirement will be reached by the pH value of the water and
fertilizer in the tank.

B. ANALYSIS OF WATER AND FERTILIZER pH
ADJUSTMENT PROCESS
In process of plant growth, soil pH and soil conductivity are
significant indicators to evaluate the soil water and fertil-
izer demanded by plants, whereas the fertilizer concentration
ratios of plants at distinct growth stages are varying, and the
demands for soil pH and soil conductivity are likewise dis-
tinct. Therefore, fertilizing on demand guarantees that plants
grow rapid and well. Soil pH and soil conductivity, as the
core controlled objects of the fertilizer machine and water,
are the control system’s significant components. Due to the
plant varying plant species, the implementation of fertiliza-
tion irrigation might be distinct. The fertilization tasks and
irrigation of the fertilizer machine therefore are different in
different categories and need to be reflected differently in
real time according to the environment. The fertiliser liquid
for fertilisation and the irrigation water are generally weakly
alkaline. The acid tank solenoid valve is opened and the pH
in the fertiliser mix tank is made to satisfy the prerequisites

needed to suit plant growth by controlling the time of the acid
tank solenoid valve. Mathematical models simplify variable
and complex systems, are easy to derive and have similarities
to real-world prototypes. To facilitate the control of soil pH
concentration and soil conductivity, a mathematical model
should be therefore analysed. A schematic diagram of pH
acid adjustment is shown in the figure 1. The fertiliser that
mixes process can be considered an acid-base neutralisation
process and can comprise a dynamic equation that describes
the a static pH equation and state variables describing the
neutralisation titration. Assuming that the volume of liquid ćõ
stays constant before and after mixing the mixing tank in and
that the water, acid and fertilizer liquid are uniformly mixed,
the dynamic model of the fertiliser that mixes process when
it reaches equilibrium, based on the principle of conservation
of elements, can be deduced as follows [32].

V
dNa
dt
= q1N1 − qNa (1)

V
dNc
dt
= q2N2 + q3N3 − qNc (2)

q = q1 + q2 + q3 (3)

The meaning of the parameters in the formula is listed in
Appendix A, the equation for the static pH titration is:

10−pH − 10pH−14 − Na +
1

1+ 10−lgKm+pH−14
Nc = 0 (4)

where pH is the output variable of the process, pH =
−lg[H+]; Km is the weak base’s ionisation constant,
Kw = 10−14 for water. Equations(1)-(4)together form the
mathematical model for field automatic fertiliser system
was irrigated by pH regulation during fertiliser that mixed
a drip in.

III. CONSTRUCTION OF THE CONTROL STRATEGIES
A. DESIGN OF THE PID CONTROLLER
In the fertiliser mixing process, when the mixing tank volume
is fixed, the fertiliser stock’s quality concentration and the
flow rate of the pure water are the fundamental factors that
affect the system. The fertiliser stock’s quality concentration
is affected by different fertiliser irrigation ratios; the pure
water’s quality pH is affected by varying control strategies.
The PID controller designed for the drip irrigation field fer-
tiliser application system works when the system is near the
equilibrium point, and the proportional, differential and inte-
gral coefficients should not be overly large. The PID control
system’s block diagram is demonstrated in Figure 2. The dif-
ference between the output of the control object and the given
signal is used as the error err of tracking, and the control rate
u is derived from the proportional (P), integral (I), and dif-
ferential(D) to regulate the performance index of the control
object. Most of the control objects in industrial production
are non-linear, with hysteresis links, high order or even time-
varying, therefore making it extremely difficult to establish
a fine mathematical control model, nevertheless, traditional
PID is difficult to track the ideal target and the effect is
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FIGURE 1. Diagram of the pH adjustment process.

inadequate. Besides, in actual production practice, traditional
PID controllers’ rectification process is often tedious, labour-
intensive and time-consuming, and bad PID parameters are
prone to, and the control results are badly performed.

FIGURE 2. PID controller structure.

B. DESIGN OF FUZZY CONTROLLER
The classical Mamdani type two-dimensional fuzzy con-
troller to control the nutrient solution’s pH value in themixing
tank is used by the drip irrigation cotton field automatic
fertiliser application system’s fuzzy controller. The error of
pH E and the deviation of change of pH error EC are therefore
selected as the two input variables of this system, and the
length of time U for the opening of the solenoid valve that
controls the acid tank is selected as the output variable. The
two-dimensional fuzzy control system’s block diagram is
shown in Figure 3. The difference between the output of the
control object and the given signal is used as the tracked
error e. The error e and the reciprocal of the error ec are
used as the two inputs of the fuzzy control. The two sets of
values are fuzzified by quantization factors, then fuzzy rules
are set, fuzzy decisions are made, the read fuzzy information
is defuzzified by scaling factors, and finally the transformed
information is given to the control object. Where kec and
ke are the quantization factors for pH deviation change rate
and pH deviation respectively; ku is the scaling factor for
the length of time the acid tank solenoid valve is open.

The mathematical model of fuzzy control is as follows, where
the meaning of the parameters is shown in Appendix A.
And the structure of fuzzy control is schematically shown in
Figure 3.

En = bn − ba (5)

En−1 = bn−1 − ba (6)

ECn =
En − En−1

T
=
bn − bn−1

T
(7)

FIGURE 3. Fuzzy controller structure.

The affiliation function of the fuzzy controller’s input and
output are in the form of a triangle, and the area centre
of gravity method is chosen for the clarification method.
The affiliation value of two fuzzy subsets’ intersection is
generally taken as 0.2-0.7, which can make the system more
sensitive and more stable.

According to fertilization control’s fuzzy experience, the
errors, error derivatives, and control rates mentioned in this
research possess no special necessities in the affiliation func-
tion’s selection, and the triangular affiliation function is used
as study’s object in this article. In order to compare different
affiliation functions’ influence on the trapezoidal affiliation
function, the Gaussian affiliation and the control system func-
tion are selected as the research comparison’s objects. The
comparison consequences are demonstrated in Fig 4.
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FIGURE 4. Comparative analysis of system control by different affiliation
functions.

As is visible from Figure 4, the trapezoidal-type function’s
performance is pooer, the effect of triangular affiliation and
Gaussian-type affiliation function effect nearly no difference.
The reason for this is that the triangular affiliation function
and the trapezoidal type affiliation function possess a large
difference in shape, which will appear to be incompatible
with the triangular affiliation function fuzzy rules. On the
contrary, the Gaussian type affiliation function is similar in
shape to the triangular affiliation function, so the same fuzzy
rules are still valid.

To guarantee the designed fuzzy controller possesses a
beneficial dynamic response, the linguistic values of pH
deviation E and pH deviation rate of change EC are chosen
as [NB, NM, NS, O, PS, PM, PB] and the fuzzy domains
are [−3,−2,−1, 0, 1, 2, 3]. Where NB, NM, NS, denotes
negative large, negative medium negative small, respectively,
O is 0, It’s no coincidence that PS, PM, PB expresses positive
small, positive medium and positive large. For instance, when
E is NB, it means that the current pH value is much smaller
than the optimum pH value for plant growth; when EC is NB,
it signifies that the next pH value will be much smaller than
the presently measured pH value [33].

The selected linguistic values of the acid tank solenoid
valve that opens duration are [NB, NS, O, PS, PB], and the
corresponding fuzzy domain is [−4, −2, 0, 2, 4]. Where NB
indicates the acid tank solenoid valve stays normally closed,
NS implies that the acid tank solenoid valve is open for a
longer short time, O indicates that the acid tank solenoid valve
is open for a average time, PS points out that the acid tank
solenoid valve is open for a longer medium time, and PB
signifies that the acid tank solenoid valve is open for an extra
long time.

The basic domain of pH deviation E is [−8, 8], the elemen-
tal domain of pH deviation change EC is [−1.8, 1.8] and the
basic domain of the acid tank solenoid valve opening time U
is [−8, 8], the quantization factor of the input quantity pH
deviation E is ke = 3/8 = 0.375, the quantization factor
of pH deviation change EC is kec = 3/1.8 = 1.67, and the
output acid tank solenoid valve opening time U possesses a
scaling factor of ku = 8/4 = 2.

The fuzzy control statement can be summarised as ‘‘if E
and EC then U’’, based on expert experience of the pH value

TABLE 1. Fuzzy rule tables based on fuzzy control.

of the appropriate fertiliser for plant growth. For instance, ‘‘if
E is NB and EC is NB then U is NB’’, the statement means
that when the pH deviation change and the pH deviation
value rate are negative, the acid tank solenoid valve will then
stay normally closed, the fuzzy control rule is composed of
7 × 7 = 49 conditional statements. The fuzzy control rules
for controlling the length of time the acid tank solenoid valve
is open are shown in Table 1. And the picture of the fuzzy
control’s affiliation function and the surface plot between
them are shown in Figure 5 - Figure 7.

FIGURE 5. Fuzzy control surface diagram.

C. DESIGN OF FUZZY-PID COMPOSITE CONTROLLER
As fuzzy control cannot eliminate the system steady-state
error, while the PID controller has the advantage of making
the system steady-state error zero, the two are combined to
design a fuzzy-PID composite controller, the structure prin-
ciple of which is demonstrated in [Figure 8]. The difference
between the output of the control object and the given signal
in Figure 8 is used as the error e of tracking. Where, e0 is the
given error bounds. When e < e0, the system is considered
to be in a steady state and PID control is applied; otherwise,
the system is considered to be in an obvious dynamic process
and fuzzy control would be chosen. This allows the drip irri-
gation plant field fertiliser system to own both good dynamic
performance and the advantage of a low steady-state error,
making up for a dead zone’s lack near the equilibrium point
in the fuzzy control [34]–[38].
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FIGURE 6. Plot of the error and the affiliation function for the rate of
change of the error.

FIGURE 7. Solenoid valve opening subordinate degree function.

D. CONSTRUCTION OF A FUZZY-PID CONTROLLER BASED
ON PSO OPTIMIZATION
Fertiliser fusion and sensor detection has a time lag, cou-
pled with the influence of uncertainty factors of control
schemes and varying fertiliser ratios in the fertiliser appli-
cation process, it is difficult to accomplish the fertiliser
control effect and desired water using traditional control
methods. On the basis of the ordinary fuzzy PID control
model, a particle swarm optimised objective function with
time weights is added to the target loss function and I, D and
the three parameters P are set as the Ki, Kd and three position
variables Kp.
There is a certain grouping behaviour of organisms in

nature, which is the most central source of the idea of par-
ticle swarm algorithm at the beginning. The particle swarm
algorithm’s core idea is group collaboration and sharing of
information sources. It simulates the characteristics of birds’
foraging behaviour by comparing them to particles, where
multiple particles search for a target on a plane, and as they
get closer to the target, they will share their information with
other individuals, who will then gradually get closer and find
the final optimal solution through this behaviour.

FIGURE 8. Fuzzy-PID controller structure.

In a K − dimensional space, there is a swarm of n mass-
less microparticles, each of which is a K-dimensional vector
whose spatial position is denoted as xi = (xi1, xi2, . . . , xik ),
i = 1, 2,. n, and its K − dimensional spatial position is
the potential solution in the proposed issue, which is then
brought into the objective optimisation function to calculate
each particle’s corresponding adaptation value, and evaluates
the goodness of xi according to the adaptation value. The ith
particle’s velocity is also aK−dimensional vector, denoted as
vi = (vi1, vi2, . . . , vik ); the position of the optimal adaptation
value in the ith particle’s iteration cycle is called that particle’s
historical best position, denoted as pi = (pi1, pi2, . . . , pik ); the
best position that is reached by the whole particle population
is called global historical best position, denoted as pg= (pg1,
pg2, . . . , pgk ), and the individual update iteration equation
can be demonstrated as:

vij(t + 1) = vij(t)+ c1r1(t)(pij(t)− xij(t))

+ c2r2(t)(pgj − xij(t)) (8)

xij(t + 1) = xij(t)+ vij(t + 1) (9)

where: the jth dimension is denoted by subscript j, subscript i
denotes the ith microparticle, c2 and c1 are acceleration con-
stants, usually between 0 and 2, the tth generation is denoted
by subscript t , and r2 and r1 are two independent random
functions uniformly distributed.

Equation (8-9) is the microparticle update formula, which
comprises last velocity of the microparticle, the individual’s
own perceived best vector term, and the population optimal
vector term, respectively. This expression embodies particle
swarms’ idea fully, i.e. including the current state, individual
experience, and population experience to determine how to
move forwards next time, which is the standard expression
and core idea of particle swarm optimisation.

Optimisation demands a corresponding mathematical
model, which can comprise three parts: objective function,
constraints and component variables.

In parameter optimisation’s problem, it is necessary to
specify the objective function’s performance evaluation met-
rics, related to as the objective function. The determination
of choosing different objective functions is to reflect the
different dimensions of the evaluated system’s performance
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indicators, preferably resulting in an evaluation function easy
to compute. By choosing different objective functions for the
evaluation, the parameters obtained after optimisation may
differ for the same control system.

In this research, the absolute value integral type of error is
chosen, the expression is listed:

J =
∫
0

t
|e(t)|dt (10)

The equation adds the error’s absolute value apart from
the error’s absolute value to eliminate the sign effect, and
adds the weight of time t additionally so that errors occur-
ring later in the over process can also be largely eliminated.
The expression for the optimisation objective function that
is chosen in this paper is taken. The optimisation process’
structural diagram is illustrated in Figure 9, The difference
between the output of the control object and the given signal
in Figure 10 is used as the tracking error e. The error e and
the inverse of the error ec are used as the input of the fuzzy
control, and the fuzzy output is set to three, which represent
the three parameters of the PID. The obtained parameters are
optimized by the PSO algorithm and then iterated to the PID
control system to complete the parameter adjustment of the
whole control process.

FIGURE 9. The proposed controller structure.

The fuzzy algorithm in this section is designed as follows.
The form of the affiliation function applied to both output
and input is triangle, and the area centre of gravity approach
is chosen for the clarification method. The linguistic values
of pH deviation E and the rate of change of pH deviation EC
are chosen as [NB, NM, NS, Z, PS, PM, PB], and the fuzzy
domains are [−3,−2,−1, 0, 1, 2, 3]. The three parametersKp,
Kd and Ki chosen as outputs correspond to linguistic values
of [NB, NM, NS, Z, PS, PM, PB] and fuzzy domains of [−3,
−2, −1, 0, 1, 2, 3].

By summing the expert experience up on the appropri-
ate fertiliser’s pH value for plant growth, the fuzzy control
statement was chosen in the form of ‘‘if ec and e then Kp,
Ki and Kd ’’, comprised 7 × 7 = 49 conditional statements.
As indicated in the table 2, the fuzzy control rules for control-
ling the acid tank’s three output parameters can be written.

The affiliation functions of both the pH deviation and
the rate of change of the deviation for water fertilizer that

is composed by Matlab’s fuzzy inference system editor are
illustrated in Figure 10, the affiliation functions of the output
the water fertilizer pH fuzzy controller’s variables are demon-
strated in Figure 11, and the fuzzy rule 3D surface observation
of Kp, Kd and Ki are indicated in Figure 12-14.

FIGURE 10. The error and the affiliation function for the rate of change of
the error.

FIGURE 11. Affiliation functions for the three PID parameters.

Algorithm flow:
The basic particle swarm algorithm’s flow is as follows.
(1) Particle swarm hyper parameters as well as random

solutions are initialised.
(2) Set the PID control parameter values, run the system,

and judge whether the system performance index meets the
requirements.

(3) The optimal value is updated, if the particle adapta-
tion value at the current time is higher than all previous
ones.

(4) Iterate each particle, if the current particle is better than
the best position adaptation value in the group, it is then as the
group optimum.

(5) Update the position and velocity of the particle that is
based on expressions 8 and 9.
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TABLE 2. Fuzzy rule tables based on PSO fuzzy control.

FIGURE 12. Fuzzy surface diagram for kp.

(6) If the global adaptation value is satisfied to be suf-
ficiently superior or the maximum number of iterations) is
reached by the run, it then ends, otherwise it goes to step (1).

The particle swarm optimisation algorithm’s flow is
demonstrated in Figure 15.

IV. SIMULATION OF WATER AND FERTILIZER pH
CONTROL IN FERTILIZER THAT BLENDS PROCESS
In order to verify the performance of the composite con-
trol scheme, PID control, fuzzy control, fuzzy-PID com-
posite control and fuzzy-PID based on PSO control system
models are established in MATLAB/Simulink respectively.
The irrigation water’s pH value is 8, the acid that is applied
for pH adjustment is dilute hydrochloric acid with a concen-
tration of 0.25 mol/L, the flow rate of the irrigation water into
the mixing tank is 1.7 L /s and the system’s delay time is 4s.
Other relevant parameters for the model runs are shown in
Appendix B.

The relevant parameters are brought into the simulation
model and the tracking curves for different control algo-
rithms are shown in Figure 16. In general, the performance
index parameters of different control methods are extracted
by plotting the table and tracking the pH = 8 reference
signal as the research object. The control strategy that is
designed in this research has a certain degree of decrease in
regulation time and rise time, and the overshoot is effectively
suppressed compared with the first two algorithms, which

FIGURE 13. Fuzzy surface diagram for ki .

FIGURE 14. Fuzzy surface diagram for kd .

makes up for the shortcomings of PID control and fuzzy
control and improves the fertiliser application process’ accu-
racy. In theory, the pH regulation of fertiliser and water is
optimised by this compound controller. A comparison of per-
formance parameter values is shown in Table 3. In addition,
anti-disturbance experiments are conducted for four different
controls. t = 1000s, set a disturbance signal lasting 10s, it can
be seen from Figure 17 that the fuzzy control, and the poor
tracking of the composite control, the fluctuation in the regu-
lation process of PID control, the control algorithm proposed
in this paper, anti-disturbance ability. In the following stage,
algorithms would be brought to experiment for validation.
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TABLE 3. Comparison table of performance parameters of different control algorithms.

FIGURE 15. The flowchart of proposed controller.

FIGURE 16. Comparative analysis chart for different controls.

V. EXPERIMENTAL VERIFICATION
To confirm the algorithm’s stability, intelligent fertiliser
application (Figure 18-19) trials are conducted. The
schematic diagram of the device’s construction is shown
in Figure 17. The pH of the water of examination site is
measured, and the control algorithm adopts float accuracy
and a sampling period is 2s. Two dissimilar sets of pH values,
6 and 5, are set and an electromagnetic flow meter is selected
to determine the instantaneous flow rate. The variable control
test is read by sensors as well as a data acquisition card to test
and compare different control strategies, setting the system
flow rate at 6m3/h.
The experiment’s relevant parameters are listed in

Appendix B. The test is carried out to track the accuracy
of fertiliser application’s pH control by conventional PID
control, fuzzy PID control and fuzzy PID based on PSO
algorithm respectively. The water replenishment device is
responsible for sustaining the mixing tank level at a constant

FIGURE 17. Different control algorithms anti-interference comparison
picture.

FIGURE 18. Smart fertiliser construction diagram.

level and replenishing the water for the fertiliser machine and
intelligent water. The results of the test comparison are shown
in Figures 20-21.

As is visible from the graphs: for two different sets of pH
tracking, the time to approach steady state for the four algo-
rithms, PID control, fuzzy control, fuzzy PID control fuzzy
PID based on PSO control, respectively are 618.6s, 766.8s,
618.9s, 466s when pH = 6. Performance parameters’ table
is illustrated in the Table 4. The PID control has the largest
overshoot, the fuzzy control as well as the fuzzy PID control
floats at 6 percentage points, and the control that is proposed
in this paper is the smallest, with a reduction of 15.42 per-
centage points compared to the PID control and methods
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FIGURE 19. Smart fertiliser diagram.

FIGURE 20. Experimental comparison analysis of different control
algorithms at pH = 6.

FIGURE 21. Experimental comparison analysis of different control
algorithms at pH = 5.

are controlled by approximately 4 percentage points that are
compared to the other two. For pH = 5, the approach to
steady state times for the four controls similarly respectively

are 545.4s, 630.7s, 374s and 538.9s. In comparison with the
previous three controls, the overshoot of the proposed control
algorithm is reduced by 2.48 percentage points substantially.

TABLE 4. Table of performance parameters at different pH values for
different control methods.

VI. CONCLUSION
In this research, a fuzzy proportional integral differential con-
troller based on particle swarm optimization is proposed to
optimise the performance of fertiliser system, which consists
of these disadvantages, such as non-linearity and hysteresis.
The advantages of the designed controller are verified by
comparing it with the control methods commonly applied for
intelligent fertiliser systems. The provided controller’s excel-
lent dynamic performance has been verified through com-
paring data on quantities, such as response time, regulation
time, rise time and overshoot for the four. The pH tracking
experiment is designed by introducing four different control
algorithms into the smart fertiliser system. The experimental
outcomes demonstrate that the fuzzy PID algorithm based on
particle swarm algorithm has better dynamic performance,
and the tracking time is reduced by 92s and 152.4s compared
to the traditional proportional integral differential control for
both pH = 6 and pH = 5, respectively. At different pH
values, the proposed control algorithm is effectively opti-
mised compared with the first three algorithms for the per-
formance parameters of response time, regulation time, rise
time and overshoot amount, with more excellent steady-state
performance. In future work, the studied fertiliser application
system should consider other intelligent algorithm optimisa-
tion issues to considerably adapt to more complex regulation
processes; this work can be extended to process conductivity
values’ control.

APPENDIX A
NOMENCLATURE
V = Volume of mixed liquid in the mixing tank.
Na = Acid concentration of the liquid flowing out

of the mixing tank.
q1 = Flow rate of acid into the mixing tank.
N1 = Acid concentration of the acid flowing into

the mixing tank.
q = Total flow rate of liquid out of the mixing

tank.
Nc = Alkali concentration of the liquid flowing out

of the mixing tank.
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q2 = Flow rate of lye into the mixing tank.
N2 = Concentration of alkali flowing into the mix-

ing tank fertilizer.
q3 = Flow rate of irrigation water into the mixing

tank.
N3 = Concentration of irrigation water flowing into

the mixing tank.
ba = The optimum pH of the fertilizer solution set

for crop growth.
bn−1 = pH value of n− 1th test.
bn = pH value of nth test.
En−1 = Deviation of the pH value from the set value

for the n− 1th test.
En = Deviation of the pH value from the set value

for the nth test.
ECn = Rate of change of deviation of the nth test pH

value.
T = Sampling time.

APPENDIX B
SYSTEM DATA
pH of irrigation water = 8;
HCL concentration = 0.2 mol/L;
Maximum output flow rate of the fertilizer applicator =
12m3/h;
Venturi rated flow = 110L/h;
Solenoid valve frequency = 50Hz;
Solenoid valve flow meter current signal = (4-20)mA;
w = 0.6, Inertia factor;
c1 = 2, Acceleration factor;
Acceleration factor c2 = 2, Acceleration factor;
Dim = 3, Dimension;
Swarmsize = 20, Particle swarm size;
MaxIter = 5, Maximum number of iterations;
MinFit = 0.1, Minimum adaptation value;
kp = 14.07, PID control parameters;
ki = 0.43, PID control parameters;
kd = 0, PID control parameters.
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