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Abstract:

A Researchers have increasingly concentrated on combining cellular networks with
control systems, especially when the COVID virusedisster happened in these days and
the human who is in the place with patients would be got the infection by the viruse,
which is known as Wireless Network Control Systems (WNCS). At the other hand,
these devices face many challenges and a time delay is one of those challenges. In this
paper the WNCS architecture proposes the Fuzzy logic with the Proportional —Integral
— Derivative (PID) controller,the optimal laws are achieved using the Particle Swarm
Optimization (PSO) strategy. The ZigBee network used to transmit and receive data
between the controller nodes and the device controls. The new controller aims to reduce
the time delays which may keep the device safe in case of network overload. The tests
obtained showed the controller suggested is keeping it is case stable although
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increasing the number of hostage nodes and the noise increased rapidly.
Keywords: Dc Motor, Networking, Fuzzy theory, Optimization PSO, PID controller

1. INTRODUCTION

Wireless technologies have been popular
in many industrial applications where Wireless
Network Control System (WNCS) has many
advantages in terms of cost, great versatility and
ease of maintenance, such as in all its parts
controls, sensors, actuators and network[1-3]. A
general network control system that uses in
industrial systems is seen in Figure 1. Three
problems when building power. The systems are
networks of coordination, control theory and real-
time applications[2]. While there are also some
limitations in WNCS, such as packet losses,
latency, communication security and reliability,
limited bandwidth, development of various
network protocols, and packet drops[3-5]. On the
other hand, such as wireless networks in WNCS,
for example,Further considerations should be
considered for the control applications. WNCS
does not need to optimize reliability for instance
in control applications[4].

Abdul-Hussain et al.[5] The authors
contrasted the two controllers PID and Fractional
Order Proportional —Integral — Derivative
(FOPID) based on the PSO algorithm in WNCS
architecture in order to reduce time delays and to
retain a reliable network. PSO is used to locate
PID and FOPID controller parameters, and has

Published by: The Mattingley Publishing Co., Inc.

checked the system with various loads. Wi-Fi is
used as connectivity over cellular networks.
Sliding mode and PID controllers are
developed by Salman et al.[6] for regulating DC-
motor speed over the Zigbee network which is an
NCS-based  communication  network  and
evaluating various network situations for both
controllers, taking into account various Zigbee
network parameters.Fuzzy logic developed by
Peng et al.[7-10] to provide tuning parameters in a
plant-based PID controller with second-order
inertia. and CSMA / CD (Ethernet) network
connectivity mode. Aung et al.[8] ZigBee network
Simulated by True-time based on MATLAB /
Simulink network which transmitted data through
the network between the PID controller and a DC
motor. [8] The authors suggest using the
conventional Fuzzy-logic PID controller and NCS
Benefit Scheduling (GS). A wired network
(Ethernet) is used as a link over the network. The
F-PID-GS is tested with various load conditions
and a randomization of packet loss. Such
networks face the most important challenges.
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Figure 1: General schematic diagram of
NCS, adaptive from [2].

A time delay at network congestion is one
of these issues. Such issues are solved with a
balanced configuration of the controller to ensure
system efficiency and stability. The Fuzzy PID
controller to wirelessly monitor the plant is
proposed in this paper based on the PSO
algorithm to find optimum rules for fuzzy logic,
ZigBee network is used to connect monitor device

pieces.
The remainder of this paper is arranged according
to the following. Section IlI sets out the

specification of the controller. Chapter III.
Presents part 1V of the real time toolbox. Presents
the ZigBee network, while Section V discusses
the proposed WNCS simulation, the proposed
Fuzzy PID controller and PSO are discussed in
Section V, Section VI. Experimental tests of the
proposed methods. Section VII. Conclusion and
discussion.

2. CONTROLLER DESIGN
A. PID controller

High quality performance and simplicity of nature
have characterized the PID. It has three essential
parts being proportional gain Kp, additive gain Ki,
and differential gain Kd such that by tuning these
parameters the efficiency of the controller could
increase. Nowadays most of the PID controls are
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digital[10].  The  continuous-time  activity
regulation of PID is expressed in equation (1) and
equation (3) is shown as PID controller, The
continuous-time operation function of PID is
expressed in equation (1) and equation (3) is
shown as PID function after Laplace Transform is
taken for equation (1). Substitution S in equation
(3) to equation (4)[11] is one way to get PID
power in Z-transform.

t

u(t) = Kpe(t) + Ki f e(t)dt + Kd% )
0
e(t) =y@) —r() (2)
U(s) = kp+ki%+de 3
S
_2@-1
CTs(Z+1) )

Where the control operation is u(t), the error
signal is e(t), the relation is r(t) and the system
phase output is y(t) and the sampling time is Ts.
The PID controller still effective and cheap
controller but the main problem it doesnot keep
stable when the load increase and when the noise
increase. This it happenes especially if we have
complex situation and envirments.

B. Fuzzy theory

Fuzzy Logic is one logical form of
decision-making such as a human decision
that does not require specific knowledge of
mathematical ~ modeling. In 1965
LotfiZadeh suggested the word ‘'fuzzy
logic'[9-12]. So the fuzzy logic theory is
the transition from classical logic to
several values between zero and one
(expressed by truth or false),To become
several values between zero and one,
reflecting the transformation to
metaphysical mathematics and linguistics.
A general FLC structure is shown on fig.
2. To apply Fuzzy logic technique to a
specific application it needs the following
three steps, [9-13]:
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Figure 2:Schematic diagram of general fuzzy
system.

* Fuzzification transforms flat or traditional data
into Membership Functions (MFs) or Fuzzy Data.

* Fuzzy Inference System includes the integration
of affiliation features with management rules.

* Defuzzification transforms fuzzy input into real
output or input behavior to test each related output
using various methods.

For its good success as a controller on the
network, Fuzzy logic control technology has seen
a great deal of development over the past few
years. The area of design fuzzy controller for
further stabilization mechanism is covered in
several publications work. In fact, an FLC has a
stronger control effect in non-linear and time-
varying processes scenarios, comparable to a
conventional controller or a classic controller, [10-
14].Fuzzy logic control on our proposed
architecture is used for an efficient benefit of the
PID with a collection of Kp, Ki, and Kd
depending on error and error change such that the
Fuzzy logic input is error and error change and the
Fuzzy logic output is the PID controller
parameter. The parameter of the PID controller
varies with the time, depending on Fuzzy logic
rules. The mistake is high at the system's first
moments and Fuzzy logic can give the machine a
huge advantage. The Fuzzy logic adaptive
advantage from a PID controller (n) controller or
classical controller is shown in fig.3, [13-17].
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Figure 3: Fuzzy PID controller system.

Figure 3 displays the FLC which has two
controller input variables namely error (e) and
error derivative which is shift error and three
output variables (Kp, Ki, Kd). The E and CE
values within [-2 2] spectrum, each input and
output have five memberships: NB (Negative
Big), NM (Negative Medium), Z (Zero), PM
(Positive Medium) and PB (Positive Big).For
input and output, the triangular form memberships
use the mamdani style in the inference process,
and the centroid (center of gravity) technique used
in the Defuzzification procedure. Writing laws of
Fuzzy logic has become more practice and our
idea uses PSO to determine optimum laws. The
number rules are input number memberships
power number and there are twenty-five rules at
our work.

Table I: Fuzzy rule.

E
NB NM z PM PB
CE

NB PB PM NM z PM
NM PB z z PB PB
z PM z NM PB z
PM NM z PM PM PB
PB NB PB PB z NM

c. Particle swarm optimization

PSO is one of the most popular algorithms in
literature style based on a population. Created and
published in 1995 by Kennedy and Eberhart. It is
influenced by animals 'social actions such as fish
schooling or flocking of birds. The PSO is the
same as evolutionary methods like Genetic
Algorithms (GAs). Where the device is initialized
with a random population matrix and generations
updated to Look for the optimal solution. Unlike
the Air, however, The PSO has no evolutionary
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activities, such as crossover and mutation. The
PSO has worked successfully in many study areas.
It has shown excellent performance for the PSO in
a quicker, cheaper way relative to other
approaches. Another attractive aspect for PSO is
that it has few criteria to change.PSO has been
used for methods that can be applied in a wide
variety of applications, and for different uses.In
the PSO algorithm, for every solution of a
problem, a particle is called, which can travel in a
search field and change every particle location.
PSO has two main vectors that are a velocity
vector and a position vector. The location function
determines the value of a problem solving
solution. The Particle Location is modified using
the equation (5) below.

Xit+D)=Xi@®)+Vi(t+1) (5

Vit+1) = wVi@®)+ C1r1(Pi(t)-Xi(t))
+C27r2(6 - Xi(®) (6)

Where the current and updated particle position
is Xi(t+1), Xi(t), and the current and updated
particle velocity is Vi(t+1), Vi(t). Pi(t) is the best
solution for ith particles and the best solution for
all particles inside the swarm is (G), rl and r2 are
random numbers within [0, 1], C1 and C2 are two
positive constants that control the impact of global
and local PSOs.

Search capacities are typically equivalent
to 2.and inertia weight is denoted w, which has a
very significant function to control speed in PSO
convergence behaviours. The PSO parameter is
used in this article, as seen in Tablell. PSO
performance would be increased if the weight of
the inertia is reduced linearly from 0.9 to 0.4 by
the following equation (7)[16],Where Itermax is
the average iteration in the evolution cycle, Wmax
and Wmin are the average (0.9) and minimal (0.4)
inertial weight values, and iter is the actual
iteration value[14].

(Wmax — Wmin) "
i

Wi = Wmax — er (7

[termax

TABLE Il: PSO PARAMETERS
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C2 2
Wmin 0.4
Wmax 0.8

Number of particle(n) 5
Number of iterations (itr) 25

Parameters Value

C1 2

Published by: The Mattingley Publishing Co., Inc.

A PID controller's fitness feature can include
performance parameters such as rising (tr),
settling (ts), overshoot (MP), and steady-state
error (Ess)[16]. It should be noted that the concept
of fitness function will differ from researcher to
researcher;There is also no standardized way to
describe the required fitness function within the
PSO, given that each question has different fitness
functions. The fitness function is used in this
article, as seen in (8)[5-8].

]=j [wl |e(t)| + w4 |e(t)[]dt + w3 ts (8)
0

Answer ts will decrease by the word w3 ts where
w3 will make the answer curve smooth. Also, the
term w4 is punishment to avoid the overshoot of
response. Where w4 is much larger than wl. The
choice of parameters of w1, w3, w4 is very critical
to find a solution to a problem. In PSO, each
particle has several variables, so that each particle
has seventy-five variables in this paper to
represent a series of laws on fuzzy logic. To order
the functions of one of the fuzzy logic outputs,
seventy-five variables are split into three classes.
The PSO -fuzzy PID performs the following steps:
1- Initialise the PSO function.

2- To spontaneously construct a population of
particles.

3- Alter the flippant rules of logic.

4- Measure the function to fitness.

5- Measure the optimal solution and the latest
iteration obtained for all particles.

3. COMUNICATIONZIGBEE PARAMETERS

ZigBee is one of the most important wireless
solutions recently introduced, based on 802.15.4
specifications. It has several advantages including
low cost, function of short delay time, low power
consumption, and data rate. ZigBee occupies the
upper layers of the protocol stack, where the
layers Medium-Access Control (MAC) and
Physical (PHY) are responsible for 802.15.4, [23-
25] (shown in fig.4).
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Figure 4: Zigbee hardware compoenet, [24].

The carrier sense multiple access with collision
avoidance (CSMA-CA) is used to improve the
probability of efficient transmission of data, [20].
The features of the Zigbee protocol include: allow
for various topologies such as point to multipoint
and point to point and mesh networks. In addition
to the applications ZigBee provides, including
remote control, building automation, surveillance
systems,Remote meter reading and computer
peripherals [21] To provide the following
functionalities Zigbee has been developed:

1- Low installation and repair expenses.

2- For years, the ZigBee system battery does not
have chargers.

3- The ZigBee wireless network has a coverage of
70 m indoors and 400 m outdoors.

4- For each frequency band the maximum data
levels are 20 kbps for 868 MHz, 40 kbps for 915
MHz and 250 kbps for 2,4 GHz.For those reasons
we have selected the Zigbee as one of the
strongest communication device and it could be
stable in the ronotic applications. True Time uses
in this paper to model the parameters for the
Zigbee wireless network [6] as seen in Table IlI.
Every node has a position at a place where X and
Y define the node's position. The position of the
disturbance nodes to the sensor / actuator node
tested in the experiment [21]. The direction of the
sensor / actuator node is set to (60,0),The position
of the controller node is (0,0) and the position of
the interference receiver is (120,0) and the
location of the interference transmitter is (20,0).

TABLE Ill: ZIGBEE PARAMETERS

May — June 2020
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Network Number 1
Number of Nodes 4
Data Rate 250000Bps
Minimum Frame Size 248 Bit
Transmit Power 3 dBm
Receiver Signal -48 dBm
Threshold

Parameters Value & units

Network Type 802.15.4(ZigBee)

Published by: The Mattingley Publishing Co., Inc.

4, SIMULATION SETUP AND PRPOSED
ALGORITHM

In this study, Figure 5 shows the proposed WNCS
model which has two parts, the regulator node and
the sensor / actuator node, linked via the wireless
communication network (ZigBee). The regulator
node has an input A/ D and an output D / A. The
regulator node receives a response device via the
network, followed by an output on port D / A.
Fuzzy PID process fault, and offer A / D port
action power. The regulator transfers charge of the
activity across a network. The sensor / actuator
node has an input A/ D and an output D / A. The
sensor / actuator receives control of the activity
through the network, and then outputs it to port D
/ A. The stepper motor that has the transfer
function and all related parameters are taken from
[23] is seen in equation (9) running and giving the
A | D port response system.The sensor / actuator
transfers monitoring activity over the network.
Two Blocks of Interference are also used, one for
the sender and one for the receiver. It aims to
simulate the number of nodes loaded on the
network, measure the effect of time-varying
delays on the number of packets and calculate the
average round trip time RTT between the sensor /
actuator and nodes to the operator. So, the
Intrusion sender node packet size is sent. As
shown in Equation (10)[8].

PSO optimizer aims to determine the right fuzzy
rules that the fuzzy can set the output to build on it
so that PID can interpret parameters (KP, KI, and
KD) as vector values. Time flies. On MATLAB
2018b and True Time 2.0 2016 our plan was
simulating. where the Transfer function that is
chosen is ctrical stable as following:

1000

G(s) = s2 + 3s

)

Packet length = (Nodes*BW share x Max P xW) bytes
(10)
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Where the maximum packet size is MaxP, and
the small portion of the bandwidth is BWshare,
and a weighting index of BWshare (W) is a
random number between (0, 1)[5].

There are two functions called Sensor task and
Actuator task in the Sensor / Actuator network.
The role for the Sensor would be based on an
action dependent on time. The sensor function can

May — June 2020
ISSN: 0193-4120 Page No. 1708 - 1716

detect the plant based on Shannon's Sampling
Theorem per sample moment it measures. The
Sensor / Actuator node performs plant output
sensing, field calculation analysis,Prepare the
sensor packet and deliver the sensor packet over
the Zigbee network to the regulator node. The
actuator function is based on the event-driven
process, and reads the Zigbee controller packet.

Abs
Db a @—-]
Integrator E
Ly k_"‘ lma »
4 AD 11 DIA »
: Er X o
—1PDE) [ Y
| [ | ul n%m DC Servo nouom -
Die Sensor/Actuator Node L
Fuzzy Logic dervalive '<
Contraller
PID Controller
§| [ (> 20
o—
B AD 1.2 DIAF——
_ B o
0
| BWshare AD 14 1:3 om;@ [ —
— Regulator Node
so ] — -
3 S
L Hoe
——I—D Node numbar . .
” ~ P Interfering sender node interference receiver node
_J______* 1 [Ec y—> ess
Ll
4 ZigB
S - » ISE

Figure 5: Prposed Simulink system.

The term NCS is a named that combines a
network system and control system. All factors
have to be taken into respect when designing NCS
models or evaluating a controller algorithm so the
NCS operates in the co-simulation field of
network and control design. The co-simulation
method uses TrueTime toolbox [17], shown in
fig.6.
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Figure 6: Main true time library that using to bulid
up the system in fig.5.

The node controller or regulator has one task
which is called the role of controller. It obtained

1713

TrueTime Receive



"TIEST

Engineering & Management

the sensor signal from the Zigbee network
interface, then this signal is interpreted by Fuzzy
PID. The controller function would be based on
the event-driven procedure and applied by reading
the sensor packet from the ZigBee network
interface, receiving a control signal, preparing the
control packet,and sending a control packet over
the Zigbee network. Figure 7 shows the algorithm
followed by the sensor and actuator.And submit
Zigbee Network Access Packet. B
or

1 ) on
T l
Time -based Triggered Event -based Triggered

Input from plant o plant “ Recalved from control

1

Make table
Value D save

b= T

Stant » Timer < Stop

1

Send to control
(over ZigBee network)

Fined controller signal

— Output to plant

Input from contro |« Recalved from plant

Make table Fuzzy PID controller with

PSO algorithm to get
bisiad o optimal rules
Y Control signal ult
A ( )1 flt -
Send to system T [
¥y
= \

Find control signal

Qutput to contro

over ZigBee network (Qver ZigBee network

Figure 7: Prposed NCS PSO with fuzzy rule
schematic algorithm.

5. SIMULATION RESULTS
Case 1: PID with NCS network

The PID controller is a delay-free controller,
meaning that the MA system inside the controller
core should not be actualized. The PID additions
pay no attention to the different system traffic
conditions, these additions are tuned normally

Published by: The Mattingley Publishing Co., Inc.

|

May — June 2020
ISSN: 0193-4120 Page No. 1708 - 1716

using MATALB capabilities (Kp= 20.8 range
10-3, Ki = 10 range 10—4, and Kd = 5 range
10-3). The system reaction of the PID controller
alongside the control signal for empty (from 0 to
150 sec), medium stacked (from 150 to 300 sec)
and high stacked traffic situations (from 300 to
450 sec) relevant to the relation is shown in Fig.8.

1 1
0 50 100 150 200 0
Time (sec)

Figure 8: System response with PID controller, it
takes (0-150 sec) where the system is unloaded
network, after that at (150-300 sec) is a small
loaded network is added, Finally at (300-450 sec.)
the full load network.

Obviously, the main problem for this case PID
controller with the networks is that, when the
network is full loaded that make for sure the
control action that steering the DC motor of the
moving robot is noisey and uncontrollable and
that would be making the robot going wrong by
direction or behviour. Our objective is how solve
this problem and keep the PID controller be given
homegenouses decision control signal to the robot
although there is noise and the networks is fully
loaded. At that time the relabilty of using such
scheme is increase and the probability of the robot
goes wrongly become almost zero.

Case 2: In this case, firstly the PSO tuning the
fuzzy rule member ship function as shown in fig.
9, Now with load of the350 nodes state from the
Medium load network at BW share 0. 4 is tested.
The WNCS contains  Regulator  Node,
Sensor/Actuator nodes (350) emulated node that
emulates in Interference sender node and
interference receiver node so the total nodes in
WNCS are equal to 350 nodes. A simulated
packet length describes in (10) will be (350
x0.4x133 x w) byte. In another word, the
controller packet, sensor packet, and simulated
packet will be sent via the wireless network. The
system response stays stable with 350 nodes. The
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Stepper Motor response and Action Control of ‘ : ] ' l
Fuzzy PID controller are shown in fig.10. while - S U N — r—A——
fig.10 is a shown of the variable value of the ' ( —r

parameter PID is changed periodeiclly with the

control action to get the suitable performance and f F .( r | T (T
that would be helpful a lot to stabilize the system / IU U L
and control the DC motor that driving the robot, | i . : : : :

her the reabilty of the robot performance is clear
strong enough what ever the distortion or the
noise is the control still robustness.

Figurel0: Stepper Motor responseand Action
Control of PSO Fuzzy PID controller, at Time
sampling, =0.08s, BWshare=0.4, and N.of Node =

6. CONCLUSION 350 nodes.

With the COVID19 Viruse, remote mobile hmmmmlhmmmm“mmihmnmunu
robots become is the only guid can be used to face ‘
this virus to be doing the testing and monitering
the patients, In this paper we deomstrste the model
proposed for WNCS. Any of the big challenges
this program is facing need to be taken into
consideration. One of these problems is different | ‘ | |
time delays which affect device efficiency and Figure 11 : Variable value of the parameter PID.
stability. Through designing a robust controller
that manages the load on the network, particularly
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