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Abstract: Interacting The highest storage capacity of a circular tank makes it pop-
ular in process industries. Because of the varying surface area of the cross-sec-
tions of the tank, this two-tank level system has nonlinear characteristics.
Controlling the flow rate of liquid is one of the most difficult challenges in the
production process. This proposed effort is critical in preventing time delays
and errors by managing the fluid level. Several scholars have explored and
explored ways to reduce the problem of nonlinearity, but their techniques have
not yielded better results. Different types of controllers with various techniques
are implemented by the proposed system. Sliding Mode Controller (SMC) with
Fractional Order PID Controller based on Intelligent Adaptive Neuro-Fuzzy Infer-
ence System (ANFIS) is a novel technique for liquid level regulation in an inter-
connected spherical tank system to avoid interferences and achieve better
performance in comparison of rise time, settling time, and overshoot decrease.
Evaluating the simulated results acquired by the controller yields the efficiency
of the proposed system. The simulated results were produced using MATLAB
2018 and the FOMCON toolbox. Finally, the performance of the conventional
controller (FOPID, PID-SMC) and proposed ANFIS based SMC-FOPID control-
lers are compared and analyzed the performance indices.

Keywords: Nonlinear system; performance indices; ANFIS based sliding mode
controller with fractional order PID; PID controller

1 Introduction

Water level control is widely used in industry, particularly in petroleum refineries and chemical plants.
Liquids must be pumped and collected in tanks before being pumped into the next tank in the petrochemical
industries. The liquid is processed many times in the tanks using chemical to keep the water level under
control. Generally, loop control exists in a few control loops of a process control system. Liquid level
control in tanks, chemical combining, and reaction tanks is a common problem in industrial operations.
Non-linearity is a key issue in process industries, and it is far more difficult to solve than linear ones. The
nonlinear system performance is cannot be predicted based on the equations of the first degree and also
the mathematical modelling not capable to give common solutions. Chemical industries, waste water
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treatment industries, power industries, fertilizer Controlling the flow rate of water level was essential in
several sectors. It is important to control the liquid level in a spherical tank system, because non-linearity
is caused by form change Compared with various conventional tank systems, the Spherical tank system
has more merits such as product loss reduction, high strength, increased production, and inexpensive. To
solve this problem the implementation of Backstepping Controller is based on an Adaptive Neuro-Fuzzy
Inference System with FOPID controller for liquid level control in a nonlinear system is used.

Researchers proposed several attempting to control methods that are used to control the flow of liquid
level. Elanaz et al. (2011) used Sliding Mode Control to investigate various methods for reducing the
nonlinear problem and achieving fast transient response. This study uses Fuzzy logic to explain the
mixed state feedback sliding-mode [1]. Govind and Arun (2017) focused on exploring the method of
liquid level control using Sliding Mode Controller with FOPID applied for two tank hybrid system
achieves maximum settling time reduction. This method conveys better closed loop performance than the
existing method [2]. Mercy and Giriraj (2017) proposed the method for a nonlinear unstable process
which uses the Particle Swarm Optimization method for sewage water treatment. This method performs
well in time domain specifications, error minimization and external disturbance rejection [3]. Bharathi
et al. (2014) presented the method to maintain the liquid level in a desired value by using Model-Based
Controller and outperform overshoot reduction, better rise time, settling time, and error performance
indices [4]. Sakthivel et al. (2013) A method for controlling a circular tank system's water level the
proposed. This can be done by a Fuzzy logic controller which gives better set point tracking, overshoot,
and rise time [5]. Ansari et al. (2016) identified important issue influencing the extent industries and
control of nonlinear system using Iterative learning control [6]. From the literature, the Fuzzy logic
controller cannot adapt for larger range of working environments. Because of the non-linearity,
controlling the flow rate of liquid level in a circular container is a difficult operation exhibited because of
the change in area of cross-section. Moreover, an ideal model with a conventional controller or an estimated
model with a controller having robustness to model parameter uncertainties can efficiently control the liquid
level [7,8]. Although most industrial processes are highly complex and nonlinear, linear methods are
frequently sufficient to estimate a process in the region of a single operating point. Researchers have
proposed a number of methods for controlling liquid levels. However, it does not produce superior results
than the suggested system's regulating method. So ANFIS based SMC-FOPID is used.

As a result, the paper's significant contributions are as follows:

� Creation of a mathematical formula for a spherical interacting tank system based on fundamental
principles.

� Dividing the complete working region of the Spherical Interaction Tank System into discrete time
zones.

� To design and implement the ANFIS based SMC with FOPID Spherical conversing tank structure
controller.

� Advantage of ANFIS based SMC with FOPID The method is less susceptible to liquid level
management, has a during which, strong time-domain requirements, and better productivity indices [9].

� Set point tracking performances under the set point for the desired level of liquid in an interacting
circular tank system [10], as well as disruptions, are investigated to illustrate the enhanced
algorithm's efficacy.

The paper is structured as follows; Section 1 describes the suggested new framework as well as the
findings of several research papers, while Section 2 defines the concept, Section 3 presents the controller
design and also it deals with ANFIS based SMC with FOPID controller. The acquired simulated findings
and their explanation are presented in Section 4, and the paper is concluded in Section 5.
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2 Process Description of Spherical Two-Tank Interacting System

In the last three decades, the control of spherical two-tank interacting liquid level system has concerned
consideration of several researchers around the planet. This is the most significant trouble for the liquid level
controlling system because of its non-linearity [11,12]. When there is an inlet and exit of liquid out of the tank
accordingly, the major goal of a spherical Interaction two-tank design is to maintain an optimum amount of
liquid in an interaction tank system [13]. Fig. 1 is a schematic design of a spherical two-tank interacting
arrangement. In this arrangement, Tank 1 and Tank 2 are two identical circular interaction tanks, each
with a height (H) of 40 cm and a radius (R) of 20 cm. A valve limitation with a P01 valve efficiency
connects the two containers. Fin l and Fin 2 are the two input flows for Tank 1 and Tank 2, respectively.
Fout 1 and Fout 2, respectively, are the drains for Tank 1 and Tank 2. Fin l’s inflow is regulated by a
control valve [14]. The water level elevations in Tanks 1 and 2 are h0 and h1, respectively. Fluids flow
from Tank 1 to Tank 2 when this MV 01 valve is opened.

To measure the water heights, differential pressure transmitters (DPT) are being used, and the output is
used as feed to manage the level. Control valves CV0 and CV1 are used in this arrangement. In a storage
tank, raw documents are stored. Magnetic Flow Transmitters (MFT) calculate the input flows F in 1 and
F in 2 [15,16]. The DPT and MFT send current indications (4–20 mA), which are transferred thru the
PC's interface unit. There are eight analogue input streams and two analogue output channels on the PC
interface. Two pumps, PUMP l and PUMP 2 carry water from the basin to Tanks l and 2,
correspondingly. In this case, the liquid level h1 in Tank2 will be used as a parameter. The flow of Tank
2 (Fin2) is kept continuous. The final control valve used in this technique is the throttle valve. controlling

Figure 1: Schematic diagram for spherical two tank interacting system
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component that performs the necessary action to keep the liquid level in the Tank at a constant level 2. Fig. 1
demonstrates the simulation of a circular interacting system.

For Tank 1 the mass balance equation can be expressed as,

A00 ðl00 Þ dl0
0

dp
¼ Fin1 � b01

ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
l00 � l10

p
(1)

Linearization of above Eq. (1) written as,

A00 ðl00 Þ dð@l0
0 Þ

dp
¼ f0ðFin1Þ � f0ðl00 � l10 Þ (2)

Apply partial differentiation in Eq. (2),

A00 ðl00 Þ dð@l0
0 Þ

dp
¼ @f0

@Fin1

� �
:@Fin1 � @f1

@l10

� �
:@l00 � @f1

@l10

� �
@l10 (3)

Eq. (3) can be rewritten as,

A00 ðl00 Þ dð@l0
0 Þ

dp
¼ @Fin1 � b01

2
ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
l00 � l10

p @l00 þ b01
2

ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
l00 � l10

p @l10 (4)

Apply Laplace transformation in Eq. (4),

@h00 ¼
@Fin1 þ b01

2
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
h00 � h10

p @l1

A0 0 ðl00 Þsþ b01
2

ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
l00 � l10

p
(5)

For Tank 2 the mass balance equation can be expressed as,

A0 0 ðl00 Þ dl1
0

dt
¼ b01

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
h00 � h10

p
� b1

ffiffiffiffiffiffi
h10

p
(6)

Linearization of above Eq. (6) as,

A10 ðl10 Þ dð@l1
0 Þ

dp
¼ f0ðl00 ; l10 Þ � f1ðl20 Þ (7)

Apply partial differentiation in Eq. (7),

A10 ðl10 Þ dð@l1
0 Þ

dp
¼ @f0

@l0

� �
:@l00 � @f0

@l10

� �
:@l10 � @f1

@l10

� �
@l10 (8)

Rearranging the above equation,

A10 ðl10 Þ dð@l1
0 Þ

dp
¼ b01

2
ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
l00 � l10

p @l00 � b01
2

ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
l00 � l10

p @l10 � b1
2

ffiffiffiffiffi
l10

p @l10 (9)

Applying Laplace transformation,

A10 ðl10 Þzþ b01
2

ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
l00 � l10

p þ b1
2

ffiffiffiffiffi
l10

p
� �

@l10 � b01
2

ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
l00 � l10

p @l00 (10)
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Substituting Eq. (5) in Eq. (10) we get,

A10 ðl10 Þzþ b01
2

ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
l00 � l10

p þ b1
2

ffiffiffiffiffi
l10

p
� �

@l10 ¼ b01
2

ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
l00 � l10

p
@Fin1 þ b01

2
ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
l00 � l1

p @l10

A00 ðl00 Þzþ b01
s

ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
l00 � l10

p

2
664

3
775 (11)

Let us assume,

C0 ¼ 1

2
ffiffiffiffiffiffiffiffiffiffiffiffiffiffi
l00 � l10

p ; C1 ¼ 1

2
ffiffiffiffiffi
l10

p ; Q1 ¼ 1

b01 C0
; Q2 ¼ 1

b1 C1

s0 ¼ Aðl00 ÞR0 ; s1 ¼ Aðl10 ÞQ1

Applying the above variables in (11) we get,

@l10

@Fin1
¼ Q1

s0s1s2 þ ½s0 þ s1 þ Aðl00 ÞR1�zþ 1
(12)

where, l-Height of spherical tank, Fin1 Maximum inflow to tank 1, β01 Valve co-efficient MV01, β1 Valve co-
efficient MV1, Q is the Radius of spherical tank,

Substituting the modeling parameters in Eq. (12) Tab. 1 shows the modeling parameters. Tab. 2 shows
the transfer functions for four regions.

Table 1: Modeling parameter in four regions

Region Flow
(cm3/sec)

Height
h0’(cm)

Height
h1’(cm)

C0 C1 Q0 Q1 τ0 τ1

1 0–24 1.714 1.612 1.5656 0.3938 0.0082 0.12897 2.1441 31.7151

2 25–48 6.856 6.448 0.7828 0.1969 0.0163 0.2579 15.232 226.659

3 49–72 14.97 14.06 1.066 0.1332 0.01198 0.3813 28.4936 851.768

4 73–107.85 31.9 30 0.3627 0.09128 0.03522 0.5564 63.85 1048.258

Table 2: Transfer function for four regions

Region Transfer function

1 @l0
@Fin1

¼ 0:12897

68s2 þ 67:58sþ 1

2 @l0
@Fin1

¼ 0:2579

3452:46s2 þ 482:892sþ 1

3 @l0
@Fin1

¼ 0:3813

24269:94s2 þ 1276:09sþ 1

4 @l0
@Fin1

¼ 0:5564

66931:25s2 þ 2120:87sþ 1
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3 Controller Design

Controllers are commonly applicable to control strategy in most of the industrial use.

3.1 PID Controller

This PID controllers are commonly applicable to control strategy in most industrial use. became an
ordinary tool, which is commonly regarded as fundamental for achieving realistic control technique goals,
as shown in Fig. 2, due to simplicity that permitted human adjustment and ability to effectively manage
numerous nonlinear and partly unknown phenomena. 2. PID control is used in a significant number of
practical feedback loops [17]. The discrepancy between desired set point u and a measured process
variable y(t) is estimated by a Controller as a relative error e(t) (t). Let m(t) is the control signal denotes
the sum of three terms.

3.2 FOPID Controller

Integral order computers have evolved into fractional computers. Sliding mode computers and adaptive
controls are two different types of fundamental order controls. The example of the FOPID controlling transfer
function is as follows

GcðsÞ ¼ uðsÞ
eðsÞ ¼ kp þ kI s

�k þ kDs
l (13)

Gc(s) stands for controller converter, (s) stands for error, and (s) stands for output. kp, kI, and kD are the
gains for proportional, integral, and derivative terms, respectively. The term is the fractional component of
integral parts and the percentage element of derivatives parts, as shown in Fig. 3. The FOPID circuit's time-
frequency model is presented in,

uðtÞ ¼ KpeðtÞ þ KiD
�keðtÞ þ KdD

leðtÞ (14)

The FOPID controller is designed technique entails resolving five differential problems with five
unknown factors, KP, KI, KD, λ. In comparison to the other difficulty of five nonlinear equations, the
transfer function is quite important [18].

3.3 Adaptive Neuro-Fuzzy Inference System FOPID Controller for Spherical Tank System

The acronym ANFIS stands for Adaptive Neural Fuzzy Inference System. The modeling toolkit is a
useful feature. ANFIS constructs an Inference System (FIS) with members from an output data collection.
p value variables modified using a backpropagation neural process or grouping with a least squares
technique. This enables fuzzy systems to study data that has been modelled. Fig. 4 depicts the layout of

Figure 2: PID controller structure
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the ANFIS system. The circular nodes represent fixed nodes, whereas the square nodes represent nodes with
characteristics that must be learned. The fuzzy set rule is utilised in the fuzzy set model [19]. This method is
primarily used to reduce interpretability. The device's sloppy rule is given below

Rules 1:

Input: If x = A1, y = B1,

Output: Z1 = p1 x + q1 y + r1,

Rules 2:

Input: If x = A2 and y = B2,

Output:Z2 = p2 x + q2 y + r2,

Ai, Bi (i = 1, 2) are fuzzy sets, while piqi, ri (i = 1, 2) are design parameters collected during the training
process. It's a five-layer fuzzy neural net with feed forward. Each layer describes its own set of data. piqi, ri (i
= 1, 2)

Figure 3: Normal form of FOPID controller

Figure 4: Adaptive neuro fuzzy inference system (ANFIS) architecture
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First layer: The first layer is the input layer which describes the input parameters of the specified
controller and they are speed error and its variance ratio mentioned as x0, x1 correspondingly [20]. These
inputs layer immediately presents the x0.

Second layer: The fuzzy layer, which checks the values of member functions, is the second layer. This
received the input parameters from the first layer and corresponds to the fuzzy pairs of the corresponding
values as just a member function. It also generates the MF factors, which determines the way in which
the input parameters x0 are dependent on the fuzzy set [21], which serves as the third layer's input.

Third layer: The rule layer is the layer, in which each node performs pre-function comparison of fuzzy
circumstances. Because the number of layers can be similar to the number of fuzzy rules, this analyses the
excitability of each layer. Each node in the third layer calculates the normalized weights [22,23].

Fourth layer: This is the defuzzification layer, which is made up of consequent values ‘y’ from
precondition inference. The fuzzy singletons that mention another class of parameters for the neural fuzzy
network are used to value links across layers 1–3 and 1–4.

Fifth layer: This is the final layer, sometimes known as the output units. This implies that the average of
all the inputs of layer four and turns the fuzzy classification results into crisp numbers [24].

The ANFIS controllers is made up of a few rules, the first of which is that it is primarily dependent on the
shape learning and perfectly portioned algorithms. This individual's variable, the hybrid criterion, can be
updated automatically. Update the structure and parameters of the ANFIS controller dynamically. Fig. 5
shows a simple block that demonstrates the ANFIS-based FOPID Controller.

3.4 SMC Controller

The Sliding Mode Controller is the most dominant technique for controlling the nonlinearity process in
presence of external disturbances. The SMC is selected because of its stability and robustness in opposition to
several categories of uncertainties such as external disturbances and modeling error. Sliding Mode Controller
mainly consists of two stages named as design of a sliding face The next phase is to select the adequate gain
of the controller in which the closed loop approach is stable on the slide face in order to achieve the desired
level of network behavior, such as safety of the basis, when regulated to the surface.

3.5 FOPID-SMC Controller

The Sliding Mode Controller is a nonlinear regulator with a few advantages in terms of resilience and
stability in the face of various uncertainties. When compared to conventional controllers, SMC is much
simpler to integrate. Fig. 6 shows the FOPID-SMC schematic diagram. 6. The error (E) and process
output (X) are input vectors in this Control system, while the modified variable (U) is the operator's
output. The FOPID-SMC controller's theoretical equation is as follows:

Figure 5: Structure of ANFIS based FOPID controller
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uðtÞ ¼ KPEðtÞ þ KI

Z t

0

EðtÞdt þ KD
dEðtÞ
dt

U ¼ KSAT
uðtÞ
�

0
@

1
A

where, Ksat is the controller signal, u(t) is the correction factor and Ω is the boundary layer breadth.

3.6 Design of an ANFIS Based SMC with FOPID Controller

The plan of an Adaptive Neuro Fuzzy Inference System based Sliding Mode Control (ANFIS-SMC)
using the stability criteria named as Lyapunov also applied sliding conditions. The ANFIS based
advantages of a control algorithm over a standard controller include 0% steady-state error, superior set
point tracking against parameter and external disruption, and reliability. Fig. 7 represents the Control
Structure of the ANFIS based Sliding Mode Controller block diagram where the controller adapts its
parameters (l) make use of the adaption law and to end with resultant controller input is send to the
interacting tank system as its control input signal.

4 Simulation Results and Discussion

The obtained result for liquid level control is described in this section. MATLAB software creates the
ANFIS (Adaptive Neuro Fuzzy Inference System) controller based SMC with FOPID. In a Services also
allow SMC controller, the error and change of error are used to build rules. The controller parameters
specifications for the round storage tank are listed in Tab. 3. For control design, the Trapezoidal type
input membership function is used. So far researches have not implemented ANFIS based SMC with
FOPID on a spherical two tank interacting system. Henceforth a novel nonlinearity reducing technique,
ANFIS based SMC with FOPID is used on the coupled spherical tank. The reservoir pressure in the tank
is divided into four areas (0–107.85 cm). Each town's flow is controlled. The response of the ANFIS
(Adaptive Neuro Fuzzy Inference System) controller is contrasted to that of the FOPID and Sliding Mode
Controllers (SMC). Tab. 4 shows the parameters specifications used in the ANFIS based SMC-FOPID
simulation.

Figure 6: Structure of FOPID with SMC controller

Figure 7: Block diagram for ANFIS based SMC with FOPID controller
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The output trajectories of the fuzzy FOPID controllers for a particular step input are shown in Fig. 8 for
all areas. Tab. 5 shows the time domain and integral efficiency indexes. The amount of liquid in four sections
is controlled using a fuzzy FOPID controller, and external disruptions are mitigated as well. In all areas, the
time domain and integral performance indices are fluctuating. The performance of the fuzzy FOPID
controller to that of the fuzzy Controller.

Table 3: Parameters specifications

Controller parameters

Controller Values

PID Kp=5.153, Ki = 0.006, Kd = −29.662

FOPID Kp=9.143, Ki = 0.042871, Kd = −4.5476, λ = 0.84797, μ = 1.3358

ANFIS FOPID Kp=9.143, Ki = 0.042871, Kd = −4.5476, λ = 0.84797, μ = 1.3358, KANF=620.8,
[ANF ¼ 0:038

ANFIS SMC-
FOPID

KANF=620.8, [ANF ¼ 0:038; Ku = 4.1279, Tu = 1.73, Kpmin = 0.640897,
Kpmax =2.00661,

Kdmin = 0.1158, Kdmax =1.0921424, λ = 0.84797, μ = 1.3358 �̨= 50, K= 7.5997

Table 4: Parameters of spherical two tank interacting system

Notation Description Values

D Two-tank spherical diameter 40 cm

R Two-tank spherical radius 20 cm

H Spherical two tank's height 40 cm

Fin1 Tank 1's maximum inflow 107.86 cm2/s

β01 MV01 Valve of co-efficient 77.08 cm2/s

β1 Valve co-efficient MV1 19.69 cm2/s

Figure 8: Output path of fuzzy FOPID controllers

754 IASC, 2023, vol.36, no.1



In a fuzzy controller for a circular tank, the rising time is 1.328 milliseconds, the settling time is
0.054 milliseconds, the peak period is 0.081 milliseconds, and there is 0% overrun and underperform in
R1. InR2, the rise of time is 3.938 milliseconds, the time constant is 2.057 milliseconds, the peak of time
is 0.041 milliseconds, and there is neither overshoot or underperform. The peak amplitude in R3 is
9.5 milliseconds, the settling time is 4.27 milliseconds, the peak period is 0.121 milliseconds, and there is
no overshoot or underperform. As shown in Fig. 9, R4 has a rise of time of 15.841 ms, a settlement time
of 9.505 ms, a should be of 0.020 ms, and 0% overrun and underperform.

The ANFIS based SMC-FOPID controller is used for the spherical two tank interacting In R1, the rise
time is 0.322 milliseconds, the system response is 0.001 milliseconds, the peak time is 0.003 milliseconds,
and there is neither overshoot or undershoot. In R2, the rise time is 2.137 milliseconds, the settling time is
1.016 milliseconds, the peak time is 0.005 milliseconds, and there is neither overshoot or underperform.
R3 has a rise time of 5.2 milliseconds, a settling time of 2.02 milliseconds, a peak time of
0.009 milliseconds, and no overshoot or underperform. The rise time in R4 is 10.8 milliseconds, the
settling time is 5.8 milliseconds, the peak time is 0.008 milliseconds, and there is 0% overrun and

Table 5: Time domain and integral performance indices for fuzzy FOPID controller

Fuzzy FOPID controller

Regions (R) R1 R2 R3 R4

Time domain Rise time (s) 1.328 ms 3.938 ms 9.6 ms 15.841 ms

Settling time (s) 0.054 ms 2.057 ms 4.25 ms 9.505 ms

Peak time (s) 0.081 ms 0.041 ms 0.121 ms 0.021 ms

Under shoot (%) 0% 0% 0% 0%

Over shoot (%) 0% 0% 0% 0%

Performance indices ISE 4 3.008 2.75 4

IAE 0.1 0.09 0.09 0.1

ITAE 3.587e−16 4.618e−16 1.18e−16 3.718e−16

Figure 9: Output trajectories of fuzzy FOPID controller for destructive power avoidance
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undershoot. Tab. 6 shows that the ANFIS-based SMC with FOPID controller outperformed existing controls
in terms of controlling liquid level in a connected circular two tank interaction system, as well as performance
indices such as ITAE, IAE, and ISE. As demonstrated in Fig. 10, the R1 in the ANFIS-based Controllers
provides the best efficiency for the other area.

Fig. 11 shows the set point tracking performance of ANFIS based SMC with FOPID controller. In this
spherical two tank interacting system ANFIS based SMC with FOPID In all areas, a microcontroller is
employed to control the water level.

ANFIS based SMC with FOPID For the spherical two tank, a microcontroller is used. interacting system
for the error performance analysis. In this spherical tank system, four regions are divided, proposed the
outside disruptions are also minimized by using a controller to control the liquid level in all zones and
the external disturbance rejection capability of ANFIS based SMC-FOPID controller is shown in Fig. 12.

Fig. 13 shows the FUZZY FOPID and ANFIS based SMC-FOPID set point tracking performance
comparison. It is observed that the proposed ANFIS based SMC-FOPID approach conveys the With
minimal residence time and simple linear error, the system reacts to the required level.

Table 6: Fuzzy FOPID controllers evaluation metrics in the time domain and cumulative

ANFIS based SMC with FOPID controller

Regions (R) R1 R2 R3 R4

Time domain Rise time (s) 0.322 ms 2.137 ms 5.2 ms 10.8 ms

Settling time (s) 0.001 ms 1.016 ms 2.02 ms 4.8 ms

Peak time (s) 0.003 ms 0.005 ms 0.009 ms 0.008 ms

Under shoot (%) 0% 0% 0% 0%

Over shoot (%) 0% 0% 0% 0%

Performance indices ISE 2 2.008 1.75 2

IAE 0.1 0.09 0.08 0.2

ITAE 2.587e−16 3.618e−16 1.07e−17 2.718e−17

Figure 10: ANFIS based SMC-FOPID output trajectory
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Figure 11: Set point tracking response for FOPID controller

Figure 12: Disturbance rejection capability

Figure 13: Set point tracking comparison
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Fig. 14 shows the external disturbance rejection capability comparison between FUZZY FOPID and
ANFIS based SMC with FOPID Controller. From this, the result shows ANFIS based SMC-FOPID
provides a better reduction of external disturbance than the conventional technique. Tabs. 7 and 8
demonstrates the event comparison of PID, FOPID, ANFIS-FOPID, and ANFIS based SMC-FOPID
Controller.

The performance evaluation of PID, FOPID, ANFIS-FOPID and ANFIS based SMC-FOPID Controller
are analyzed as shown in Tab. 9.

From Tab. 9, ANFIS based SMC-FOPID Controller gives better chattering effect and disturbance
rejection capability. Moreover, the time taken to reach the desired level is also less mentioned. Compared
to other controlling techniques the proposed method provides a better result.

Figure 14: Disturbance rejection comparison

Table 7: The efficiency of various control outputs

Controller PID FOPID ANFIS-FOPID ANFIS –SMC-FOPID

IAF(hC) 3.68 E + 03 4.17 E + 03 3.89 E + 03 4.12 E + 03

ISI(F) 3.63 E + 06 3.62 E + 06 3.651 E + 06 3.628 E + 06

MOV 5 8 3 7

Ess 1.08 1.94 0.75 1.68

Table 8: The efficiency of various control outputs

Controller PID FOPID ANFIS-FOPID ANFIS-SMC-FOPID

td 250 246 252 242

tr 1558 1552 1560 1554

tp 1582 1613 1580 2308

ts 472 468 473 469
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5 Conclusion

ANFIS-based Sliding Mode Controller with FOPID sliding surface is proposed and applied in this study
to manage the water level of a spherical two functional systems. By integrating, the suggested ANFIS-based
Sliding Mode Controller with FOPID sliding surface is realized. The closed-loop reaction of existing Fuzzy
FOPID is proven to be sluggish in simulated tests. The ANFIS-based SMC with a FOPID has an oscillating
response around the set-point value. The ANFIS-based SMC-FOPID has a stronger answer, which is studied
in the construction. In comparison to other existing controllers in the research, the suggested ANFIS-based
SMCwith FOPID sliding surface provides Rise time, setpoint, peak time, steady flow error, and peak overrun
are all improved time domains needs. Furthermore, when the predefined is adjusted to be above and below
the threshold level, the suggested ANFIS based SMC with a FOPID sliding surface performs well in terms of
managing. The suggested ANFIS-based SMC-FOPID controller's efficiency is highlighted in the efficiency
index table. Furthermore, the suggested program's highly nonlinear effectiveness is examined.
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