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The main problem that degrade data transition in communication networks is the
congestion, to achieve stable TCP network, an active queue management (AQM) is used
for controlling congestion and saving regular queue length .In this paper, a robust
Fractional Order PI (FOPI) controller is suggested to control the AQM system, Gray
Wolf Optimization Algorithm (GWO) is used for tuning of the controller gains and the
Integral Time Absolute Error (ITAE) is adopted as a fitness function for monitoring
system response by minimizing its error value until reach an efficient and robust
response. The transient analysis is used for comparing the suggested controller with two
conventional controllers (PI & PID) to show the efficient behavior of suggested
controller, then a robustness analysis is applied by adding disturbances positive and
negative signals with value 150 packets at different time(15 sec, 30 sec) to the system
also varying the queue size after each 40 sec to see the system response , the controller
overcomes the disturbances signals with less than 3.5 sec and faces the queue size

varying values and returning the system response to its desired value efficiently.

1. INTRODUCTION

Due to the great evolution in the communication systems,
congestion might occur if the capacity of these systems could
not be fitted with the large amount of incoming data delivered
from unpredictable number of users. As a result, more
attention has been attracted to control such congestion as it
may causes high rates of losing data [1-3]. Congestion is the
process of overflowing and overused of buffer resources in the
router once the number of packets in the queue increases over
a certain time. It leads to delay in the system resources and
eventually, degradation in system performance [4].

Transmission Control Protocol (TCP) has crucial roles in
the performance of wireless mobile systems [5]. TCP is
combined with the internet protocol (IP) to work as one
protocol named TCP/IP. TCP roles as error checking delivery
of bytes between applications working on hosts
communicating through an IP network [6]. Despite TCP is
powerful congestion control tool, it could not provide good
performance with the increasing amount of data and that, on
its role, may causes drawback in the quality of service (QoS)
[7, 8]. Hence, to protect systems from congestion downfall,
especially in case of fully-loaded network, finite memories,
work as buffers, could be used in any network to perform three
main processes; queuing, marking, and dropping. Based on
first-in-first-out (FIFO) algorithm, the system drains the
memory contents, whenever the rate of received data higher
than the specified link capacity, the data in memory will
increase and make a buffer overflow and the congestion will
happen. To handle this problem, the active queue management
(AQM) [9, 10] algorithms have the function of either marking
or dropping the packet before the queue full [9]. As FIFO
algorithm is easy to implement, but it does not work properly
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when the system is heavy loaded resulting throughput
decreasing and high rate of data loss [11].

Recently, many researchers have focused their works in
proposing a variety of techniques used in demonstrating the
core role of ACM in congestion control. An improvement for
[1] AQM stability is specified to work with dynamic
environments called stable active queue management SAQM
where certain parameters like number of TCP connections,
network bandwidth, round trip time (RTT) besides the target
queue length are all suggested to be changed with time. In
2019, a new performance function [12] called finite-time
performance function (FTPF) is introduced to manage the
finite-time control issue in (TCP/AQM) networks. A
multiclass network traffic with different packet [13],
bandwidth share and queue size for each class is presented as
a control theory-based approach intended to solve the problem
of multiclass AQM in TCP/IP routers. Hotchi et al. [14] have
utilized disturbance observer (DOB) and Smith predictor (SP)
in form of a novel TCP/IP congestion control to deal with
modeling error and network time delay concurrently. In
another work [6] proportional-integral (PI) controller with a
genetic algorithm (GA) as a combined AQM/TCP congestion
control approach is designed to overcome network problems
such as packets loss, delay in packets delivery and saturated
buffer capacity for the middle routers. Berbek and Oglah [15,
16], have designed a hybrid congestion control technique
using intelligent (P1D) with typel fuzzy logic controller. social
spider optimization (SSO) is utilized in this study for reducing
gueue size error. The same researcher Oglah, in 2021, together
with Kadhim and Oglah [17] have used fuzzy-PID controller
as a control system for nonlinear TCP/AQM model.

In this paper a Fractional order Pl controller is suggested,
Fractional order controller disseminates the relations of
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differentiation and integration to non-integer orders. In this
controller, it is flexible to truncate the minimum and maximum
peaks of the response, because two extra tuning parameters in
addition to three gains as usual are available. FC regarded as a
significant tool for the field of dynamical systems. Linear,
nonlinear, and complex dynamical systems have attracted
researchers in systems modeling and control to apply it in
different real-world problems.

The use of mathematical features of the fractional order
controllers will adjust the system performance with adapting
an efficient tuning algorithm (GWO) to tune all the gains of
the suggested controller to ensure robustness and achieve a
stable response and eliminate any undesired values when data
flow through AQM system.

This paper is organized as follows: Section 2, describes
AQM system model. Section 3 presents the suggested
controller used in this paper. Section 4, presents GWO
algorithm, Section 5 demonstrates the simulation results and
finally Section 6 explains the conclusions of this study.

2. AQM SYSTEM MODELING

According [18, 19] to a dynamic TCP model was suggested
depending on fluid-flow analysis [20] and ignoring the timeout
TCP mechanism. Its differential equation will be as indicated
below:
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where, w(?) denotes the predicted TCP dispatching window
size (packets); C(z) is the real network capacity
(packets/seconds), ¢(?) is the expected number of packets in
queue (packets); R(t) denotes the time of full-trip transmission
(seconds), while P(t) is the probability of packet
marking/dropping; and N(?) is the number of TCP sessions.

The nonlinear differential equations of the system were
linearized as explained [21] which represent an operating point
for generating the following linearized model.

The linearized equation model was generated based on
linearizing the nonlinear equation appeared in Eq. (1) and Eq.
(2) around W,,q,,P,) which are repressing the operating

point for these parameters, then the linearized model transfer
function will be:
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3. FRACTIONAL ORDER PI CONTROLLER

PID controllers are regarded as an easy and traditional
controller for enhancing the system performance. Recently,
scholars made different enhancements for conventional PID
controller like using intelligent techniques such as neural
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network [22] or change its structures depending on system
response [23] or use of the fractional analysis that is powering
either the integral or the differential operators or together by
fraction number, this type of enchantment is a particular case
controller and become an enhanced form of the conventional
PID [24, 25]. The powering values are (p for derivative part
and A for the integral part) then controller parameter will be
five instead of three, the powering parameters will enhance
system robustness improve its response.

The idea of FOPI depends mainly on the classical Pl, a field
of mathematics called Fractional calculus (FC) that assigns an
arbitrary fractional order to derivatives and integrals terms.
These fractional order systems can be described by a Linear
Time Invariant (LTI) fractional-order differential equation
[26]. The traditional fractional order transfer function is given
in Eg. (4). This controller is suggested to control the
congestion problem.

1
GFOPI =K, +K, S_/1

“4)

According to Eq. (4) tuning parameters will be (K, ,K, , 1)

and the fractional A be real or integer and FOPI controller
block diagram will be as shown in Figure 1 [27].
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+
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Figure 1. FOPI controller block diagram

4. THE GREY WOLF OPTIMIZATION

Grey Wolf Optimization (GWO) is one of the smart
population-based swarm methods, this optimization technique
is adopted by S. MirJalili in 2014, it translates the way of
hunting in grey wolves. The population in this method is
divided into four groups as indicated in Figure 2 based on
priorities in giving decisions, the first one in hierarchy is
named Alpha (o) which is responsible for giving solution
optimally and it is considered as a leader, second one is named
Beta (B) is responsible of the population when the leader is
absent in its way for hunting, while the third one named Delta
(8) and is regarded as the support team, its different from all
other types mentioned in its duty because its responsibility in
saving all the population also its absolute loyalty for first and
second one in their decisions in hunting and final one is Omega
(o) which is have the last priority in taking any solution [28,
29].



Figure 2. Hierarchies of grey wolves

The activities of the wolves are as shown below:

1-  Searching
2-  Tracking

3-  Encircling
4-  Attacking

These activities are translated into mathematical formula as
indicated below:

1. Specify initial values of positions for wolves (X ).
2. Evaluate fitness function (tracking).

3. Find prey positions given from (a, B and §) wolves.
4. Compute A and C vectors for each place based on

based on a, p and § wolves, where A vector is
responsible of preserve population from become far

from prey while C vector preserve discovering
activity during search for alliterations.

A=2ar —a 5)
C=2r, (6)

r, and r, are random values [0,1] and a vector decreased
from 2 to 0 linearly, it will maintain the reduction of encircling
for (a, B and &) wolf groups.

5. Compute the encircling for the (o, B and 8) wolves
as indicated below:

D, =[C;X, -x ()| ©
D, =[C, X, ~X(t) ®)
D, =[C X, X ()| ©)
X, =[x, -A.D,]| (10)
X, =[x,-A,D,| (11)

X, =[X,-AD; (12)

6. Finally update wolves' positions for attack as in Eq.
(13):

X+ X X,

X (t+1)="2 A (13)

Ta ,@ and X—o are the (o, p and ) wolves position

vectors. The flowchart of GWO algorithm is shown in Figure
3 [30]. Finally for check system performance one of the
performance indices must adopt as indicated in Figure 4 below
to enhance system response and ensure stability. In this paper,
the Integral Time Absolute Error (ITAE) which is defined as a
mathematical relation depends on error value between desired
and actual response [31] and the instant time of simulation
time of running the algorithm and its parameter is the error and
the time.

Fitness function [32] is used to test the efficiency. Optimum
gain values of suggested controller are tuned using GWO
algorithm and are chose based on minimizing this fitness
function by tracking the error value.

ITAE = [, t|e[dt (14)
Start

Y

Initialize randomly GWO parameters
(population diminution and iteration)

4
Fitness Function
Evaluation

v

Evaluate three best fit wolves
{Alpha, Beta, Delta)
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Y

Update positions according to best
solution

Y

Replace wolves positions to the best
choice

Is iteration
complete?

Figure 3. Flowchart of GWO algorithm
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Figure 4. AQM system with GWO-based FOPI controller

5. SIMULATION RESULTS

The simulation analysis for controlling AQM system using
FOPI controller is simulated using MATLAB based on GWO
algorithm and the initial parameter used is shown in Table 1.

Table 1. GWO parameter

Description Value
No. of population 50
Maximum number of iteration 30
Dimension 3

The response of optimal AQM system with network
parameters (N=60, C=3750 packet/sec and R, =0.253) based

on GWO is shown in Figure 5 and the optimal controller
parameter are listed in Table 2.
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Figure 5. AQM system responses based on GWO algorithm

Table 2. The optimal controller parameters tuned by GWO
algorithm

Controller Kp K A
parameter
Value 0.0000164 0.0000129 0.7233

For test the performance of the optimal FOPI controller a
comparison with Pl & PID controllers which is tuned also
based on GWO algorithm indicated in Figure 6 and their
optimal gains are listed on Table 3. To analyze system
response for all controllers a step response analysis is
calculated and indicated in Table 4.

Table 3. Gains of all controllers based on GWO algorithm

Controller Kp Kb Iy
Pl 0.000021 0.000016 - -
PID 0.0000165 0.00001 0.0000018 -
FOPI 0.0000164 0.0000133 - 0.723
Table 4. Optimal controller step responses
. Settli E
Controller Peak time(sec.) Time(s) ,;iml(l;;g Mp (%) (:Sl:f;
PI 32 2.23 7.7 0
PID 6.25 4.2 3.1 0
FOPI 4.5 3.43 0.13 0
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Figure 6. AQM system responses for three optimal
controllers

It can be seen in Table 4 the PI controller suffer from high
overshoot value (7.7%) with respect to other controllers and
the FOPI controller suffers from small value (0.13%), this

limited value reflect the robust behavior of the FOPI
controller due to the fraction part in its structure and to the
optimal values of its gain values calculated using the smart
GWO algorithm, these two reasons effect appeared also in
the fast and stable response in tracking the desired value
without any fluctuations in its response, this results give the
FOPI the superiority and the efficiency upon Pl and PID
controllers.

Now to test the robustness of the proposed controller in
tracking the desired system response two tests is done to
achieve this, the first one is changing the queue size value
each 40 sec, the controller gives the same response in spite of
this change as indicated in Figure 7. The second test is done
by adding signals that are considered as disturbance signals
at t=15 sec with a value 150 packets and at t=30 sec with
value -150 packets, as shown in Figure 8 the system response
is changed and the controller is faced this disturbance within
3.5 sec for each signal add and return the system response to
its desired value, this controller behavior reflects its
robustness to solve and face any matter may occur.
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Figure 8. System response when adding disturbances
signals

6. CONCLUSIONS

In this paper, a robust FOPI controller is suggested to
control the AQM system based on an efficient tuning GWO
algorithm to enhance the desired response by minimizing
error value. The proposed controller behavior is compared
with two conventional controllers (PI & PID) to test its
efficiency in terms of settling time, peak time, rising time,
and overshoot. The simulation results showed that the
suggested controller is superior in its output to the other
conventional controllers, robustness analysis is applied to see
the suggested controller robustness in solving different types
of problems and disturbances may controller face; the
suggested controller solves and maintains these changes and
signals applied to it fast and returns the system to its stable
response.

REFERENCES

[1] Bisoy, S.K., Pattnaik, P.K., Pati, B., Panigrahi, C.R.
(2018). Design and analysis of a stable AQM controller
for network congestion control. International Journal of
Communication Networks and Distributed Systems,
20(2): 143-167.
https://doi.org/10.1504/IJICNDS.2018.089762

Li, Z.H.,, Liu, Y., Jing, Y.W. (2019). Active queue
management algorithm for TCP networks with integral
backstepping and minimax. International Journal of
Control, Automation and Systems, 17(4): 1059-1066.

(2]

1325

(3]

(4]

(3]

(6]

(7]

(8]

(9]

[11]

[12]

[13]

(14]

https://doi.org/10.1007/s12555-018-0447-5

Hamidian, H., Beheshti, M.T. (2018). A robust
fractional-order PID controller design based on active
queue management for TCP network. International
Journal of Systems Science, 49(1): 211-216.
https://doi.org/10.1080/00207721.2017.1397801

Salih, M.M., Albahri, O., Zaidan, A., Zaidan, B.,
Jumaah, F., Albahri, A. (2021). Benchmarking of AQM
methods of network congestion control based on
extension of interval type-2 trapezoidal fuzzy decision
by opinion score method. Telecommunication Systems,
77(3): 493-522. https://doi.org/10.1007/s11235-021-
00773-2

Kurniawan, A. (2018). Joint routing and congestion
control in multipath channel based on signal to noise
ratio with cross layer scheme. International Journal of
Electrical & Computer Engineering, 8(4): 2207-2219.
https://doi.org/10.11591/ijece.v8i4.pp2207-2219
Shneen, S.W. (2020). Proportional-integral genetic
algorithm controller for stability. International Journal
of Electrical and Computer Engineering (IJECE), 10(6):
6225-6232.
https://doi.org/10.11591/ijece.v10i6.pp6225-6232

Ali, H.I., Khalid, K.S. (2016). Swarm intelligence based
robust active queue management design for congestion
control in TCP network. IEEJ Transactions on
Electrical and Electronic Engineering, 11(3): 308-324.
https://doi.org/10.1002/tee.22220

Hanin, M.H., Amnai, M., Fakhri, Y. (2021). New
adaptation method based on cross layer and TCP over
protocols to improve QoS in mobile ad hoc network.
International Journal of Electrical & Computer
Engineering, 11(3): 2134-2142.
https://doi.org/10.11591/ijece.v11i3.pp2134-2142
Mahawish A.A., Hassan, H.J. (2021). Survey on: A
variety of AQM algorithm schemas and intelligent
techniques developed for congestion control.
Indonesian Journal of Electrical Engineering and
Computer Science, 23(3): 1419-1431.
https://doi.org/10.11591/ijeecs.v23.i3.pp1419-1431
Okokpujie, K., Emmanuel, C., Shobayo, O., Noma-
Osaghae, E., Okokpujie, [. (2019). Comparative
analysis of the performance of various active queue
management techniques to varying wireless network
conditions. International Journal of Electrical and
Computer Engineering (IJECE), 9(1): 359-368.
https://doi.org/10.11591/ijece.v9il.pp359-368
Al-doraiee, F., Al-Qaraawi, S., Hassan, M.S.H.J. (2013).
Design and implementation of adaptive wavelet
network PID controller for AQM in the TCP network.
Iraqi Journal of Computers, Communications, Control
and Systems Engineering, (13)1: 9-17.

Liu, Y., Jing, Y., Chen, X. (2019). Adaptive neural
practically  finite-time congestion control for
TCP/AQM network. Neurocomputing, 351: 26-32.
https://doi.org/10.1016/j.neucom.2019.03.022

El Fezazi, N., Elfakir, Y., Bender, F.A., Idrissi, S.
(2020). AQM congestion controller for TCP/IP
networks: Multiclass traffic. Journal of Control,
Automation and Electrical Systems, 31(4): 948-958.
https://doi.org/10.1007/s40313-020-00595-8

Hotchi, R., Chibana, H., Iwai, T., Kubo, R. (2020).
Active queue management supporting TCP flows using
disturbance observer and smith predictor. IEEE Access,



[15]

[17]

[18]

[19]

(20]

[22]

(23]

8: 173401-173413.
https://doi.org/10.1109/ACCESS.2020.3025680
Berbek, M.I., Oglah, A.A. (2021). Fuzzy Like PID
controller based on Sso design for congestion avoidance
in Internet router. Iraqi Journal of Computers,
Communication, Control & Systems Engineering,
21(2): 85-101.
https://doi.org/10.33103/uot.ijccce.21.2.7

Berbek, M.1, Oglah, A.A. (2022). Adaptive neuro-fuzzy
controller trained by genetic-particle swarm for active
queue management in internet congestion. Indonesian
Journal of Electrical Engineering and Computer
Science, 6(1): 229-242.
http://doi.org/10.11591/ijeecs.v26.i1.pp229-242
Kadhim, H.M., Oglah, A.A. (2021). Congestion
avoidance and control in Internet router based on fuzzy
AQM. Engineering and Technology Journal, 39(2):
233-247. https://doi.org/10.30684/etj.v39i2A.1799
Hollot, C.V., Misra, V., Towsley, D., Gong, W.B.
(2001). On designing improved controllers for AQM
routers supporting TCP flows. In Proceedings IEEE
INFOCOM  2001. Conference on Computer
Communications. Twentieth Annual Joint Conference
of the IEEE Computer and Communications Society
(Cat. No. 01CH37213), 3: 1726-1734:
https://doi.org/10.1109/INFCOM.2001.916670

Misra, V., Gong, W.B., Towsley, D. (2000). Fluid-
based analysis of a network of AQM routers supporting
TCP flows with an application to RED. In Proceedings
of the Conference on Applications, Technologies,
Architectures, and  Protocols for Computer
Communication, pp- 151-160.
https://doi.org/10.1145/347059.347421

Nycz, M., Nycz, T., Czachorski, T. (2021). Fluid-flow
approximation in the analysis of vast energy-aware
networks. Mathematics, 9(24): 3279.
https://doi.org/10.3390/math9243279

Hollot, C.V., Misra, V., Towsley, D., Gong, W.B.
(2001). A control theoretic analysis of RED. In
Proceedings IEEE INFOCOM 2001. Conference on
Computer Communications. Twentieth Annual Joint
Conference of the IEEE  Computer and
Communications Society (Cat. No. 01CH37213), 3:
1510-1519.
https://doi.org/10.1109/INFCOM.2001.916647

Hattim, L., Karam, E.H., Issa, A.H. (2018).
Implementation of self tune single neuron PID
controller for depth of anesthesia by FPGA. In
International Conference on New Trends in Information
and Communications Technology Applications,
Springer, pp. 159-170. https://doi.org/10.1007/978-3-
030-01653-1_10

Irshad, M., Ali, A. (2020). Robust PI-PD controller
design for integrating and unstable processes. IFAC-

1326

[24]

[26]

(27]

(28]

[29]

[31]

PapersOnLine, 53(1):
https://doi.org/10.1016/j.ifac0l.2020.06.023
Abood, L.H., Oleiwi, B.K. (2021). Design of fractional
order PID controller for AVR system using whale
optimization algorithm. Indonesian Journal of
Electrical Engineering and Computer Science, 23(3):
1410-1418.
http://dx.doi.org/10.11591/ijeecs.v23.i3.pp1410-1418
Hasan, M.A., Oglah, A.A., Marie, M.J. (2022). Packet
loss compensation over wireless networked using an
optimized FOPI-FOPD controller for nonlinear system.
Bulletin of Electrical Engineering and Informatics,
11(6): 3176-3187.
https://doi.org/10.11591/eei.v1116.4345

Shawqran, A.M., El-Marhomy, A., Attia, M.A.,
Abdelaziz, A.Y., Alhelou, H.H. (2021). Enhancement
of wind energy conversion system performance using
adaptive fractional order PI blade angle controller.
Heliyon, 7(10): ¢08239.
https://doi.org/10.1016/j.heliyon.2021.e08239

Krishna, D., Sasikala, M., Kiranmayi, R.(2022). FOPI
and FOFL Controller based UPQC for mitigation of
power quality problems in distribution power system.
Journal of Electrical Engineering & Technology, 17(3):
1543-1554. https://doi.org/10.1007/s42835-022-
00996-6

Faris, H., Aljarah, 1., Al-Betar, M.A., Mirjalili, S.
(2018). Grey wolf optimizer: a review of recent variants
and applications. Neural Computing and Applications.
30(2): 413-435. https://doi.org/10.1007/s00521-017-
3272-5

Ghith, E.S., Tolba, F.A. (2022). Real-time
implementation of an enhanced PID controller based on
ant lion optimizer for micro-robotics system.
Mathematical Modelling of Engineering Problems, 9(4):
1113-1122. https://doi.org/10.18280/mmep.090430
Okwu, M.O., Tartibu, L.K. (2020). Metaheuristic
optimization: Nature-inspired algorithms swarm and
computational intelligence, theory and applications.
Springer International Publishing, 2020Editor: Janusz
Kacprzyk, Polish Academy of Sciences, Warsaw,
Poland, Vol 927. [ISBN: 978-3-030-61110-1.
http://dx.doi.org/10.1007/978-3-030-61111-8

Abood, L.H., Oleiwi, B.K., Ali, E.H. (2022). Optimal
backstepping controller for controlling DC motor speed.
Bulletin of Electrical Engineering and Informatics,
11(5): 2564-2572.
https://doi.org/10.11591/eei.v11i5.3940

Abood, L.H., Karam, E.H., Issa, A.H. (2018). FPGA
implementation of single neuron PID controller for
depth of anesthesia based on PSO. In 2018 Third
Scientific Conference of Electrical Engineering (SCEE),
IEEE, PD- 247-252.
https://doi.org/10.1109/SCEE.2018.8684186

135-140.


https://doi.org/10.33103/uot.ijccce.21.2.7
http://dx.doi.org/10.11591/ijeecs.v23.i3.pp1410-1418
https://doi.org/10.1016/j.heliyon.2021.e08239
https://doi.org/10.1007/s00521-017-3272-5
https://doi.org/10.1007/s00521-017-3272-5



