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Abstract— The current study aims to conduct a simulation
that is useful in developing an appropriate design that addresses
the problem of congestion in the Internet network through
controlling the queue of the router. The simulation is conducted
through the proposed model for simulation with different
control systems that help in raising the quality of performance
such as traditional Proportional Integral Derivative (PID) and
advanced optimal by Flower Pollination Algorithm (FPA). It
depends for Transmission Control Protocol/ Active Queue
Management (TCP/AQM) simulation model for a linear system
and another non-linear system. To adjust the network work and
raise the level of performance, different control systems were
chosen, taking into account all the things that appear through
conducting experiments and for different purposes. One of the
most important things that must be taken into consideration is
the system disturbances as a result of the volume and values of
the data, causing congestion. It was shown through the results
of the experiments that were conducted considering the cases of
the linear and nonlinear system to pass data traffic in the
network and by adopting the different techniques of the control
units, the preference of optimization systems over the traditional
ones, as well as the preference of the traditional over without
control in close loop, is the improvement of the performance of
linear systems compared to the open and closed system without
control. The simulation results showed that very clear the
superiority of the optimization by FPA-PID controller over the
conventional system (PID), as well as very clear the superiority
of the traditional system (PID) over closed system without
control and open loop system.

Keywords—  Flower Pollination Algorithm;  Wireless
Networks; Proportional Integral Derivative; Active Queue
Management; Transmission Control Protocol

L INTRODUCTION

The Internet is a network for transferring data between
users of different disciplines as quickly as possible [1]-[3].
For every system, including the web-based system, there are
problems that cause poor performance, including data loss or
delays [4]-[6]. The reason for this is the large number of data
as a result of the large number of users, which causes
congestion resulting from the waiting list [7]-[9]. Multiple
transmitting sources make the network congested, in addition
to multiple receiving sources, speed and time are among the
factors involved in evaluating the size or smallness of the
problem [10]-[12]. Various methodologies have been
developed to deal with all the problems and to control
congestion caused by overload on the network [13]-[15]. The
problem can be addressed before it appears to avoid

crowding, according to appropriate procedures by adopting
control techniques [16]-[20].

Control systems are used with control protocols, queue
management systems, and auxiliary routers [21]-[23].
Feedback control techniques can be applied publicly and
easily to the problem of crowding control [24]-[26].
Performance optimization is achieved through efficient
queue control and time required reduction through quality
routing to reduce loss within closed-loop scope with feedback
and conventional, expert or controller modules smart. The
time factor has the greatest effect in changing the state of TCP
performance and reaching acceptable performance based on
AQM using a suitable algorithm for this improvement as a
result of changing the state of the load, traffic or traffic
process. Such as PID, PI, PD, expert such as fuzzy logic,
neural networks, advanced optimization such as genetic
algorithm, and others [27]-[29].

It is proposed to test three different queue management
methods to address the congestion problem in the Internet. A
model is designed to simulate a TCP/AQM network, test it,
and verify the performance improvement by adopting the
proposed control systems with disorder states, linear and
nonlinear systems. The optimization process is done
according to the principle of prediction and expectation. And
evaluation to identify the models under test to reach the best
quality model through fast response, reduce waiting time, and
ensure data access without loss. Through the simulation
results, it is possible to improve the performance by adopting
the closed-loop system better than the open-loop. It has also
been shown from the simulation results for a second case of
a closed-loop system with a conventional control unit that is
better than the case without a control unit. In the linear
system, the traditional control unit proved to be superior to
the closed-loop condition without a controller, while in the
non-linear system, the results showed that the traditional
system is not at the required level, and the advanced
optimization is the best traditional control system to raise the
level of performance.

II. PID CONTROLLER FOR AN TCP/AQM USING FPA

Flower Pollination Algorithm, the flower pollination
algorithm (FPA) is one of the algorithms that have been
verified to be used to adjust the parameters of a conventional
PID controller. An important application that can be used is
the conventional microcontroller parameterized by high
precision microcontroller technology such as the flower
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pollination algorithm (FPA). When using any optimization
technique, performance indicators are adopted that can be
tested to find out the best response by comparing them. The
comparison depends on the response speed, rise time, and the
above and below the level required to complete the process of
analyzing the response for different system cases. Among the
indicators that are used are IAE, ITAE, and ISE, in addition to
the types of others. Different system cases are tested open
circuit, closed circuit, without control, with conventional
control unit and other advanced optimization FPA [30-33].
Flowchart of optimization FPA shown in Fig. 1.

D

[ Read no. Of flower N, solutionspace, switching probability, Max Iteration, Scaling Factor, step size
[ Create initial population of N-flower in solution space ]
[ Iteration Count=1, flower count=1 ]
[ Find fitness of flower using localization function ]
[ Flower having minimum localization error is called Global Flower ]
 ~-
la 4
[ For each flower except global flower generate random number r ]

A

Pollinate flower with
any other flower in
the population

Pollinate flower
with global flower
t+1 t

Xi  =Xj+L(Xtg) t+1 tot
Xi XX X))

v v

[ Flower count=Flower count+1

If flower count =

[ Generation Count = Generation Count + 1 ]

If Max iteration reached

[ Print estimated location ]

Fig. 1. Flowchart of optimization FPA [34-37]

Algorithm of Flower Pollination, the first stage aims to
determine the highest and lowest value that can be among the
best expected values from previous experiences f(x),x =
(x1,%5,...,%q). After determining the highest and lowest
value that enables us to achieve the desired goal, we work with
the step. The second is to choose a group of n flowers that
undergo pollination within the rules of the proposed

algorithm. Using random solutions to search for the best
among the proposed group g. Find the potential permutation
and motion for each i = 1 flower of a group of n flowers,
plotting the directions of motion within a Levy. Work is being
done to find random solutions subject to evaluation to obtain
the best solutions, including g [38-43].

The PFA rules include the first rule that biological
pollination is considered to be a global pollination process,
which can be subject to the movement of the pollinator within
the flight of a Levy. The second rule is that the second type
of vaccination, which is non-biological or self-fertilization,
can be considered as local, not global. The second rule is that
the second type of vaccination, which is non-biological or
self-fertilization, can be considered as local, not global. There
is also a third rule, the possibility of reproduction on the basis
of considerations in the regularity of flowers, and there is a
possibility of reproduction by the similarity of the two
pollinating flowers participating in that process. Finally, or the
last and fourth rule, the possibility of self- or mutual
pollination, on the assumption that each flower works on a
solution and has the possibility of improvement in the
procedures for the reproduction of offspring. Also, the
possibility depends on conversions between global and local
vaccination and the so-called mass vaccination and includes
two bases at the same time [44-48].

The global pollination and local pollination as show in (1) and

2).
X" =x{ +v L@ —xD) M

where X; t is pollen, i is iteration, g is best iterative, L(A) is
based on Levy flight, y is scale factor.

xtl =xt+ e(xjt —x§) (2)

Note: Randomly choose j and k among all the solutions.

Work is underway to reach an appropriate design by
obtaining the best values for the parameters of the traditional
PID controller based on FPA technology and as an
application we adopt the Internet and the TCP/AQM system
to solve the congestion problem. This technique works to
improve performance according to an algorithm inspired by
the environment that matches two types of pollination of the
two plants, which are flowers with self-pollination and
another mutual, and to obtain optimal reproduction [49-55].
Optimal Design of PID controller for an TCP/AQM using
flower pollination algorithm shown in Fig. 2.
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Fig. 2. Optimal Design of PID Controller for an TCP/AQM Using Flower
Pollination Algorithm
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Systems generally operate in one of two modes, either an
open-loop system or a closed-loop system. The open-loop
system is a system that is not sensitive to the changes that
occur during its work, such as the operation of the water
heater without taking into account the temperature or
coldness of the air. Rather, time periods are specified for
operation. While in the other system, which is a closed-loop,
there is a sensor that senses the temperature or coldness of the
air simultaneously for every moment [56-58].

A closed-loop system automatically regulates the system
to a state that is intended to be stable with feedback to
maintain a stable system such as a home thermostat. In
modern and advanced systems, controllers have been added
to the systems to improve their performance, including
traditional, expert, smart, and advanced optimization. Control
systems added to closed-loop systems adjust the system as a
result of any transient condition that may harm the system,
such as controlling the speed of the air conditioner, as
regulating those helps protect the compressor from damage
[59-62].

The system’s inputs and outputs are linked to
mathematical relations, and as a result of changes that may
occur in the system, the system’s outputs change accordingly.
And then an error is generated at which the system needs a
process of adjusting and restoring the state to normal, and this
is the function of the controller. In order to reach the best
operation of the system, it requires studying different cases
and methods of improvement, comparing them in terms of
response accuracy and speed. The system's stability and
instability need relative treatment as required and decided. To
verify the system's response, it is represented by a simulation
model within specifications that simulate systems in real time
to develop an appropriate design [63-65].

The simulation is conducted according to the TCP model
that organizes the queue for Internet traffic and addresses the
congestion problem. Over time, the rate of data flow changes,
so those changes must be taken into account and addressed.
An open-loop model is built to observe the performance of
the system at that state and identify its disadvantages.
Likewise, the closed-loop system, and to note the difference
in performance to improve performance, a third model is
developed with a traditional controller. Finally, it is desired
to reach parameters that give a high-precision and efficient
response through the performance of the queue, which
requires organizing the parameters of the traditional
controller into values that give better results, using the
advanced optimization. The current simulation provided
traffic and the creation of its model with the crash protocol
by TCP and monitoring its results and loss rates for each
model of an open and closed loop and a conventional and
optimal controller. Different interpretations can be developed
for each case when analyzing its different results, including
the rate of rise time, stability time, and the rate of over and
under. The open one does not respond as well as the closed
one, which results in network problems. Network problems
are bypassed through the verification process using
traditional and advanced server optimization control units
[66-68].

III. MODELING AND SIMULATION OF SYSTEM

Mathematical Models of TCP/AQM, the required
simulation model can be built according to the network
structure represented by the router as a linear or nonlinear
model, as through the description, the model can be
represented according to differential equations. There are two
section, first modeling system and second simulation system.
The factors suppose of the network of TCP/AQM system
include, Tp=0.2 s., C =300 packets/s, R0=0.533, N=50 TCP
sessions and W0= 3.2 packets.

A. Modeling System

In this section there are two parts, linear system, nonlinear
system. The proposed simulation model includes the
components of the system and the function of each
component and by adopting its specifications that suit the
application as shown in the mathematical representation of
the model and the figures below show the structure of the
system according to the proposed model. In Fig. 3 show a
system without controller, in Fig. 4 a system with controller,
in Fig. 5 a controller of a TCP network and Fig. 6. TCP/AQM
network.
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These systems have mathematical modeling by using
many parameters of system that show in (3)-(7) [69-71].
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where q is queue length, wis TCP window size, Tp is
promulgation delay, N is load factor, R is transfer rate for
TCP (seconds) is (q/C) + Tp, C is capacity of the link, and
p is packet sign probability.

B. Simulation System

In this section there are four part , first modeling and
simulation of system for open loop TCP/AQM wireless
networks that show in Fig. 7. Second modeling and
simulation system for closed loop without controller of
TCP/AQM wireless networks that show in Fig. 8. Third
modeling and simulation system for closed loop with PID
controller of TCP/AQM wireless networks that show in Fig.
9. Fourth modeling and simulation system for closed loop
with Flower Pollination Algorithm of TCP/AQM wireless
networks that show in Fig. 10.

As mentioned above, to represent the network used to
transfer data between users in a simulation model to address
those problems that lead to poor performance due to the large
number of data as a result of the large number of users. A
simulation was conducted by adopting models for the cases
that were proposed and represented by the Fig. 7-10. Fig. 7
represents the first test case, which represents the case of an
open-loop system, that is, a system with no feedback. The
results of this case can be obtained and discussed later in the
next paragraph of the current research. The other system case
when there is feedback for the closed-loop system, which
differs from the first case, and it can be verified The
difference during the simulation and what the results of the
two cases show. In order to calculate the performance, a third
case was proposed by adding different control systems. The
current simulation included two types of control systems to
verify the possibility of using them in improving performance
and to compare them to find out what is best for dealing with
data loss or delay, which appears through simulation using
models.
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In this section, the simulation model is used using Fig. 9
to conduct the proposed tests to obtain results that achieve the
procedures required to develop the proposed system to reach
the design of a high-performance model. Fig. 12-18 show the
simulation results, which can be analyzed each according to
its condition, including a open loop with high performance It
can be represented by Fig. 13 and another, the system state of
a closed loop without a control unit, by Fig. 14. Also, Fig. 15
and Fig. 16 show the two cases of using the traditional with
PID controller and advanced control unit with FPA- PID
Controller. Which of the divorces was faster, as well as the
level and rate of the lower and upper bypass of the required
peak value. There is also the time of stability and speed of
response.

SIMULATION RESULTS

300 D
5 242314841338 i
gref. Open Loop
Open Loop for TF of TCP/AQM Networks
500 [
242 3451338
qrefl Close Loop without control
Close Loop without control for
T.F of TCP/AQM Netwarks 1
400 D
242314541338
qref2

PID Contmllert Close Loop with FID contrl for

T.F of TCP/AQM Networks 2

[lose Loop with PID contro

4231d8+1.328

PO Contoler i Loop wih FRAFID Cantroler or

T.F of TCP/AQM Networks 3

Close LEIDT) with FPA-PID Contr

Open Loop, Close Loop
{without control,with PID cont
and with FPAPID Controller

Fig. 11. Simulation model for closed loop with FPA, PID Controller, without
controller and open loop of TCP/AQM wireless networks

x10°

35 T T T I
—— Open Loop for T.F of TCR/AQM Networks
3 — Close Loop without control for T.F of TCHAQM Networks 1 H
Close Loop with PID control for T.F of TCP/AQM Networks 2
:E Close Loop with FPA-PID Controller for T.F of TCP/AQM Netwaorks 3
225 T t T T .
5
3
T2
z
=
—gj L5 . 0% 1 ! 4
5 1000 0o 1000
PN | l i
] 2 50 mn 500 ’||
05 0 i 5 s ' 4
0 5 0 0 5 10 |7 5 0 0 01| 02
0 I I I I I I I I I
0 1 2 3 4 5 6 7 8 9 10
Offsat=0 Time(sec)

Fig. 12. Simulation result for closed loop with FPA- PID Controller, PID
Controller, without controller and open loop of TCP/AQM wireless
networks

| I | | | | I | |
0 1 2 3 4 5 6 7 8 9 10
Time (seconds)

Fig. 13. Simulation result for open loop of TCP/AQM wireless networks

T T T T T T T T T

TF without Controler] |

200

| | I | | | | | |
0 1 2 3 4 5 6 7 8 9 10
Time (seconds)

Fig. 14. Simulation result for closed loop without controller of TCP/AQM
wireless networks

120 T T T T T T T T T
T.F with PID Controller
100

. 1
40 I I | I { | { | I §
20F ! ! 1 1 I I { ! | §
ok §

I | | | | | | | |

0 1 2 3 4 5 6 7 8 9 10

Time (seconds)

Fig. 15. Simulation result for closed loop with PID controller of TCP/AQM
wireless networks

Step Response

Amplitude

0.8

0.6

0.4

02| B

o 1 2 3 4 5 6 7 8 9 10
Time (seconds)

Fig. 16. Simulation result for closed loop with FPA- PID Controller of
TCP/AQM wireless networks

Timeiseconds)

Time(seconds)

Fig. 17. Simulation result for FPA- PID and PID Controller of TCP/AQM
wireless networks

Suad Ali Eissa, Flower pollination algorithm to tune PID controller of TCP/AQM wireless networks



Journal of Robotics and Control (JRC) ISSN: 2715-5072 154
[FID Controller ~| =21 A [FeariD controller =l another closed loop without control, another with traditional
77 Bilevel Measurements ax TV BierE M e % control systems, and finally the optimal advance by Flower
» Settings > Settings Pollination Algorithm.
¥ Transitions ¥ Transitions
High 3.009e+02 High 3.005e+02 REFERENCES
Low 15928400 Low 1.510e+00
Amplitude 2.993e+02 Amplitude 2.990e+02 [1] A. Afanasyev, N. Tilley, P. Reiher, and L. Kleinrock, “Host-to-Host
+ Edges 1 + Edges 1 Congestion Control for TCP,” in [EEE Communications Surveys &
+ Rise Time 1.260 s + Rise Time 17114 ms Tutorials, vol. 12, no. 3, pp. 304-342, 2010.
Slew R 190117 E . . ..
_+E d;\; ate ) t) TES:::SRHE 013 #fti{{ms) [2] R. Munadi, D. D. Sanjoyo, D. Perdana, and F. Adjie, “Performance
ap BTN analysis of tunnel broker through open virtual private network,”
- Slew Rate - Slow Date TELKOMNIKA (Telecommunication Computing Electronics and
¥ Overshoots / Undershoots ¥ Overshoots / Undershoots Contml), vol. 17’ no. 3’ pp- 1185_1192’ 2019.
-+ Brashoot 0532 % =" 0505 % [3] Y.Liu, X. Liu, Y. Jing, Z. Zhang, and X. Chen, “Congestion tracking
+ Overshoot 5851 % + Overshoot 0,505 % control for uncertain TCP/AQM network based on integral
+ Undarshoot 1.997 % + Undershoot 1.968 % backstepping,” ISA transactions, vol. 89, pp. 131-138, 2019.

Sample based T=10.000 Sample based T=10.000

Fig. 18. Comparative between FPA- PID and PID Controller for TCP/ AQM
wireless networks

In Fig. 12-18. Simulation results aim to develop and
improve different methodologies that enable dealing with all
problems of the Internet and controlling congestion resulting
from excessive loads on that network. To address the problem
of congestion in the Internet by adopting queue management,
three different methods are proposed to be tested. To simulate
a TCP/AQM network with disorder states, linear and
nonlinear systems. In order to reach the best model, a
performance improvement model is designed and tested. The
optimization process is carried out according to the adoption
of control systems through rapid response, reducing waiting
time, and ensuring access to data without loss.

Simulation results show that the performance can be
improved by adopting the closed-loop system better than the
open-loop. Simulation results for another case showed that
the closed loop with the use of traditional control systems is
better than the previous one that does not contain a control
unit. In the linear system, the traditional control unit proved
to be superior to the closed-loop condition without a
controller, while in the non-linear system, the results showed
that the traditional system is not at the required level, and
advanced optimization is the best traditional control system
to raise the level of performance.

V. CONCLUSION

The simulation needs to prepare a model, including the
linear and the non-linear one, as a result of a change that takes
place with time. The Internet is a network that needs to be
used by many users, and their number changes over time.
Dealing with cases requires a control mechanism because
there are situations that create problems. Work is needed to
find appropriate solutions. Delay as a result of congestion is
a problem that is dealt with to reduce damage or get rid of it.
TCP/AQM wireless networks is one of the approved
protocols Studies have shown that they can be used to solve
the problem of congestion by organizing the queue. Control
systems based on the prediction process as a result of
previous experiences help in designing an appropriate model.
Performance improvement using traditional methods with
linear systems compared to without a control unit. Results
have proven to improve performance as well. The use of
advanced systems (Flower Pollination Algorithm) with linear
and nonlinear systems gives better results compared to
traditional control systems (PID Controller). Simulations
were conducted for four cases, including an open system,
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