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Abstract: To solve the problems in the water 

plant crisis, intelligent control is a highly potent 

technique. A fuzzy PID controller with auto-

tuner capabilities is used to control the actuator 

in the power plant circuit. The frequency 

converter's controller is used with an induction 

motor (IM) as the actuator to stabilize the water 

flow across a predetermined distance. 

Simscape/Matlab 2020a was used to simulate 

the water plant (WP) circuit with the tank station 

in the water supply system before it was tested 

over various distances to gauge its current, 

speed, torque, and voltage. In the present model, 

four pump stations were used. The pressures 

were estimated at different distances, i.e., 40 m, 

45 m, and 60 m, from the water treatment plant. 

In the fuzzy logic controller with 7x7 rules, the 

Mamdani inference engine was used. All 

electrical parameters were constant, while the 

pressure validated the system's stability. The 

findings demonstrated the circuit’s effectiveness 

and constant pressure within the water treatment 

circuit. 
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التحكم الضبابي في مشغل المحرك التعريفي مع وحدة التحكم 
PID  ذات الحلقة المفتوحة في محطة معالجة المياه 

 2 اكوشاتو ابابابكر، 2هزلي بن مخلص ، 2خلف سلوم كعيد ، 1احمد فرج عبد غنام 
 العراق.   – تكريت /  تكريت  جامعة /كلية الهندسة  /كهربائيةالهندسة ال قسم  1
 . ماليزيا /كلية الهندسة /جامعة مالايا  /الهندسة المدنيةقسم  2
 .نيجيريا /جامعة كانو للعلوم والتكنولوجيا  3

 الخلاصة 
تناسبي  يعد التحكم الذكي أداة قوية للغاية للتغلب على جميع الصعوبات في أزمة محطة المياه حيث تم استخدام وحدة سيطرة ضبابية مع المسيطر ال 

على  التكاملي التفاضلي للاستفادة من قدرات الضبط التلقائي للسيطرة على المحرك في دائرة محطة الطاقة في هذا العمل استخدمت وحدة سيطرة  
لمحاكاة    Simscape/Matlab 2020aالمحول الترددي مع المحرك الحثي كمشغل لتثبيت تدفق المياه عبر مسافة محددة مسبقاً. تم استخدام  

  . كذلكدائرة محطة المياه مع محطة الخزان في نظام إمداد المياه قبل اختبارها على مسافات مختلفة لقياس التيار والسرعة وعزم الدوران والجهد
محطة معالجة المياه مع  وحدة السيطرة المنطقية    من  )م  60  م،   45  م،   40(تم استخدام أربع مضخات وتم تقدير الضغوط على مسافات مختلفة  

. اظهرت النتائج لهذا العمل قدرة كبيرة على ثبات المعلمات الكهربائية، ثبات  Mamdaniمع محرك الاستدلال من نوع    7x7الضبابية ذات قواعد  
 غط وبالنتيجة استقرار النظام المقترح.الض

 . ؛ معالجة المياهPIDالمحرك؛ التحكم الضبابي؛ المحرك الحثي؛ وحدة التحكم   كلمات الدالة:ال
 

1.INTRODUCTION
Since electric energy is a crucial element in 
daily life, the rate of its use continuously 
increases, causing a big problem, which in turn 
motivates the search for alternative energy for 
conventional energy. Additionally, pollution 
from using the energy generated for various 
applications causes another problem [1]. The 
induction motor is used as an actuator for the 
water supply pumps. The PID controller is the 
core of the control system. It always detects the 
error between input and output and develops 
the desired signal for the actuator to control the 
plant [2]. The nonlinear behavior in the closed-
loop control system is reduced using fuzzy PID 
control. The treatment of water refers to a 
portion of the water supply system that by some 
means changes the physical, chemical, or 
bacteriological quality of water. While 
"purification plant" refers to a portion of the 
water supply system designated to change the 
physical, chemical, or bacteriological quality of 
water before entering the water distribution 
system [3], which is a major problem for the 
people in poor countries. Generally, any water 
treatment plant aims to produce safe water for 
drinking, tasteful, and suitable for domestic use 
[4]. Water treatment is performed in the 
sedimentation and filtration units to purify 
water. Various diseases and parasites can 

spread quickly via water. Hence, water has a 
significant part in the life cycle of some 
pathogens. However, it is difficult for a 
completely balanced state to achieve the 
desired and smooth operation in the water 
plant control system [5]. The present work 
modifies the Smith predictor for plant control 
with asymmetry of response delay. This 
predictor is improved to be applied to frequency 
converters for the speed control of “the AC 
induction motor drives of pumps” used in the 
water and liquefied petroleum gas supply 
systems to determine the flow rate of alum 
solution dosage and water into the raw water 
and water treatment plants as shown in Fig. 1. 
The water quality depends on its physical, 
chemical, and biological properties. Receiving 
fresh water from rain only by these systems 
during three months of summer annually is 
insufficient to fill big reservoirs in main cities. 
Therefore, water must be obtained from 
groundwater sources for the remaining months. 
Unfortunately, in several situations, arsenic 
pollutes groundwater, as indicated in numerous 
cities along the coast [7]. Various factors affect 
water quality and the process of water 
treatment due to various contaminants in water 
that may vary in terms of place and time [8]. 

 
Fig. 1 The Control System of the Water Pump Used in [6].
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The control objective is to regulate the 
concentrations of biochemical oxygen demand 
(BOD5) and ammonium-ion (NH+4). Existing 
physical laws are employed to obtain the 
dynamics of plants [9,10]. A control and 
automation system must be developed for big 
systems and crucial infrastructures, such as 
networks of water pumping, systems of oil, and 
pipelines of gas. This system should be capable 
of supervising and monitoring various variables 
of the process, including flow, pressure, and 
temperature [11,12]. The definition of limits 
approved for “the membership function” 
variable of “error and error variation” is based 
on the analysis of the system response after 
running the pump at a speed rate of (60 Hz). At 
this rate, the maximum pressure was 18 mH2O, 
and the highest variation in error was 4 mH2O. 
The structure of the water treatment plant is 
shown in Fig. 2. The water supply system 
contains three pumping stations at 45m, 25m, 
and 30 m, respecting the reference plane. All 
these stations could pump water in a tank 
situated at 61 m. All tanks were large enough to 
estimate the constancy of the fluid level, 
allowing their modeling to use the block of a 
constant head tank. Each tank has an initial 

volume of water set to 100 m3. Each pumping 
station had a tank, two centrifugal pumps with 
parallel installation, and a prime mover 
rotating at 1700 rpm. Lookup tables were used 
to specify the pump characteristics. In Fuzzy 
Theory, two forms of obtainable “fuzzy rule-
based models” exist: “non- and additive rules.”. 
The “non-additive rule-based model” is known 
as the “Mamdani fuzzy inference system 
(Mamdani FIS),” while the “additive rule-based 
model” is known as the “Takagi-Sugeno fuzzy 
inference system (Sugeno FIS)” [13- 15]. MPC is 
an adaptive control approach for combined 
sewer systems that recomputes the optimal 
control iteratively whenever new information 
about the sewer system state and new rainfall 
estimates become available [16]. In [17], an 
MPC was used to control the Barcelona sewer 
network system based on the benchmark model 
developed in [18]. The simulation aims to 
determine the rates of steady-state flow and 
pressures. Therefore, all pipes are simulated 
using the block of resistive pipe LP, and no 
system dynamics are observed. The water 
supply system is modeled in the Simscape 
physical-based approach, as shown in Fig. 3. 

 

Fig. 2 Water Treatment Plant Structure. 

 
Fig. 3 Water Supply Modeling with Simscape.
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The pipes are unaffected in the simulation 
results by the fluid volume value, inserted just 
for information purposes. During simulation, 
this value may be negative, indicating its 
inadequacy for properly operating the system. 
Through observing the simulation results, the 
fluid shortage can be determined. For 
computational robustness, the computation of 
pressure loss in the connecting pipe is 
performed using the same equations used in the 
Fixed Orifice block: 

𝒒 = √
𝟏

𝑲
∗ 𝑨𝒑 ∗ √

𝟐

𝝆
∗

𝒑𝒍𝒐𝒔𝒔

(𝒑𝟐𝒍𝒐𝒔𝒔+𝒑
𝟐
𝒄𝒓)

𝟏/𝟒      (1) 

Where 
Ploss, Pcr, ρ, Ap, q are the pressure loss, critical 
pressure, fluid density, pipe area, and flow rate, 
respectively. The tank station in the water 
supply system is shown in Fig. 4. 
2.FUZZY LOGIC CONTROLLER  
The “input linguistic variables” include 
“negative big (NB), negative medium (NM), 
negative small (NS), zero (Z), positive small 
(PS), positive medium (PM), and positive big 
(PB).” In contrast, the membership function 
variable of output depends on the acceleration 
ramp of the frequency inverter used for driving 
the pump set, where the maximum frequency of 
rotation is 4 Hz. The “output linguistic 
variables” include “Decrease Small (DS), 
Decrease Medium (DM), Decrease Big (DB), 
Zero (Z), Increase Big (IB), Increase Medium 

(IM), and Increase Small (IS)”. The rules should 
be elaborated to attain a first-order response 
with an error near zero. These features are 
required when studying the system, as a high 
overhang and a fast increase in the acting signal 
induce an excess rotation. Accordingly, a 
transitory pressure in the water supply network 
ruptures the ducts and accessory devices, 
cavitates, and damages the electric motor due 
to seasonal overcurrent during this period [19]. 
For optimizing “the fuzzy system,” the MATLAB 
tool “Surface Viewer” was used to run the 
simulation, where (Input1) refers to the 
difference between the value obtained in the 
sensor minus the set point (error). In (Ouput1), 
the output value of PWM controls the RPM 
actuator (the peristaltic pump). Figure 5 shows 
the response of the corresponding curve. 
Ebhasim Mamdani proposed the system of 
Mamdani fuzzy inference to control “a steam 
engine” and “boiler combination” using a set of 
linguistic control rules obtained from 
experienced human operators. For each rule in 
this system, the output is “a fuzzy logic set”. 
Figures (6) and (7) illustrate the rules of fuzzy 
controllers (trapezoidal functions) established 
in line with the operator experience. The 
Mamdani fuzzy logic designer is shown in Fig.8. 
Table 1 clarifies the variables used as “input 
functions of the fuzzifier system” and “output 
functions of the defuzzified system”.

 
Fig. 4 Tank Station Modeling. 

 
Fig. 5 The Surface of Error and Rate of Error Response.
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Fig. 6 Fuzzy Controller Error Input. 

 
Fig. 7 Fuzzy Controller Rate of the Error Input. 

 
Fig. 8 Fuzzy Controller Implementation. 
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Table 1 Rule Editor of the Input/Output. 

 

3.OPEN LOOP PID AUTOTUNER 
The open-loop PID auto-tuner block is used for 
tuning the controller of PID in real-time against 
a physical plant to attain a definite bandwidth 
and margin of phase without a parametric plant 
model or an initial design of the controller.  For 
a known plant model in Simulink, an initial 
design of PID can be obtained using this block. 
The test signal consists of sine and signals of 
step perturbation added to the top of the input 
of the nominal plant and measured at the 
beginning of the experiment. If the plant is part 
of “a feedback loop,” the loop is opened by the 
block throughout the experiment. When the 
experiment ends, tuning the “PID controller” 
parameters depends on the estimated 
frequency of plant responses near the open loop 
bandwidth [20]. 
4.RESULTS AND DISCUSSION 
“The block diagram of the closed-loop control 
system” is shown in Fig. 9. The “Block diagram 
of the water-supply control system” is based on 
the variable speed AC induction motor drive 
employed by the frequency converter. The 
control system is used for maintaining the 
preferred pressure of water, irrespective of the 
water consumption. The rule viewer fuzzy 
controller is shown in Fig. 10. When running 
the experiment (start/stop positive), the test 
signals are injected into the plant by the block. 

This block measures the response of the plant 
at output. These signals are used by this block 
for estimating the plant frequency response at 
numerous frequencies surrounding the 
bandwidth targeted for tuning, as shown in 
Fig.11. In Fig. 12, the percentage of the vertical 
axis shows that estimating the plant response 
frequency is close to completion. Normally, 
after the beginning of the experiment, this value 
quickly increased to approximately 90%. Then, 
it progressively converged to a higher value and 
when stabilizing at 100%, the experiment was 
stopped. The optimal values of the PID gains 
can be estimated directly from the output of the 
PID open loop auto-tuner, as shown in Fig. 13. 
Figure 14 shows the step of response with the 
fuzzy controller. The overshoot was zero, and 
the rise time was very fast, with an accurate rise 
time of 0.8 sec. The IM current waveform was 
very smooth without any distortion, as shown 
in Fig. 15. Figures 16 and 17 show the system’s 
voltage and torque variations, respectively. In 
both figures, a smooth response proves the 
effectiveness of the proposed algorithm. 
Finally, the pressures at various distances, i.e., 
40 m, 45m, and 60 m, estimated from the water 
treatment plant are shown in Fig. 18. Constant 
pressure is another approve of the given system 
stability.

 
Fig. 9 Block Diagram of the Control System. 
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Fig. 10 Fuzzy Viewer Rules Response. 

 
Fig. 11 Voltage Indication of the PID Controller. 

 
Fig. 12 Indication of the Completion of Plant Frequency Response. 
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Fig. 13 Optimal PID Gain Values. 

 
Fig. 14 Step Response of the Control System. 

 
Fig. 15 Current Waveform of the IM. 

 
Fig. 16 Voltage Waveform of the IM. 
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Fig. 17 Torque waveform of the IM. 

 
Fig. 18 Pressures at Various Distances from the Inlet Reference Input. 

5.CONCLUSIONS 
The current study concludes that water 
purification facilities are crucial to daily life. 
One factor in improving water treatment plant 
efficiency is consistent parameters and smooth 
operation. To maintain the operational 
conditions, a fuzzy PID controller performs 
better. Finally, Simscape is a potent method for 
modeling the water treatment plant elements. 
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