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ABSTRACT: Internet represents a shared resource wherein users contend for the finite network bandwidth. Contention
among independent user demands can result in congestion, which in turn leads to long queuing delays, packet losses or
both. Congestion control regulates the rate at which traffic sources inject packets into a network to ensure high
bandwidth utilization while avoiding network congestion. This paper presents a new Active Queue Management
algorithm in internet routers using a hybridization of multiresolution wavelet with the classical PID control (MR.
Wavelet PID). The aim is to control the router queue length within a desired threshold queue level for a linearized TCP
congestion model. The analytical results for a linearized TCP/AQM model are simulated using MATLAB. The
performance of the proposed control scheme is evaluated for various network scenarios and the obtained results show
the capability of the proposed controller to compensate for a wide range of TCP flows and link capacity variations.

KEYWORDS: Congestion Control, Active Queue Management (AQM), Wavelet, TCP networks, PID Controller,
Multiresolution Wavelet.

I. INTRODUCTION

There are two mechanisms which are working together for the congestion control: the first is the Transmission
Control Protocol (TCP) that provides an end-to-end reliable transmission for the packets over the network. The second
one is the Active Queue Managements (AQM).

Congestion refers to the phenomenon that takes place as a result of the increase of network load, which affects the
network performance negatively by decreasing it. The most common reason for congestion is an increase in the
demand, which has become greater than the supply from the network. Network congestion has become a major
problem of the Internet with the continuous expansion of Internet scale, as well as continuous increase in type of
network applications [1].

In Internet, the Transmission Control Protocol (TCP) controls the end-to-end congestion, which affects the data
transmission reliability due to the losses of packet in the congested routers. The TCP congestion control mechanism is
powerful and necessary, but it has not been sufficient to provide reliable services due to the rapid growth of demand
and the strong requirements of the quality of the service support, due to the limit to how much control they can
accomplish at end system. A Drop Tail (DT) strategy is the earliest and simplest policy that the routers have adopted to
manage their queues. Implementation of the policy takes place by means of a FIFO queue management. It has been
apparent that implementation of the policy, as well as working of the policy is easy and effective in the lightly loaded
traffic conditions. However, the convention scheme has some drawbacks. A heavy traffic load leads to a rate
deteriorated network conditions and high packet loss, as well as a low network throughput and utilization. Therefore,
the Internet routers should address the problem by implementing some queue management mechanism to control queue
lengths and inform the end hosts of the inchoate congestion. The mechanism is referred to as Active Queue
Management (AQM) [2].

AQM is among the class of packet dropping/marking mechanism in the router queue. Software engineers have
proposed that AQM should be the appropriate mechanism to support the end-to-end congestion control in the Internet.
AQM is extremely useful in reducing the average length of queues in routers with the aim of decreasing the end-to-end
delay, which the packets encounter. In addition, AQM ensures an efficient use of the network resources by reducing the
packet loss, which takes place due to overflowing of queues. AQM is useful in highlighting the tradeoff between
throughput and delay by ensuring that the average queue size is small. The mechanism will provide greater capability
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to accommodate nature-occurring burst without affecting the flow of packets. At the same time, AQM will reduce the
delays that take place as a result of an overflow. The functions of AQM are particularly significant for the real-time
interactive applications [3].

Il. RELATED WORK

C. Hollot et al., in 2001 suggested Proportional Integral (PI) controller with the aim of controlling congestion in
computer network on the basis of the linear control theory. It has been evident that Pl controller better than the well-
known RED controller based on the differences in their theoretical properties. Verification of the performance of the
controller and comparison with that of RED takes place by the use of NS [4]. F. Yanfei et al., in 2003 suggested a new
AQM controller known as the three term PID or Proportional Integral Derivative controller. The tune of the PID
parameters takes place by determining phase and gain margins. The simulation outcome compares with the PI
controller in order for the PID controller to speed up the responsiveness of an AQM system [5]. P. Xiao, and Y. Tia, in
2006 suggested a new AQM controller known as an Adaptive Neural Proportional Integral Derivative (ANPID). The
least mean square learning rule helps in tuning the PID coefficient and weight online. The simulation outcome shows
that ANPID can set the queue length to desired values, as well as have good performances with regard to robustness as
a result of the variation of the system parameters [6].J. Kim, et al., in 2008 suggested a Wavelet Neural Network
(WNN) control technique for an active queue management (AQM). The determination of weight takes place by the use
of gradient descent technique (GD) and the Lyapunov theorem, which obtains the ALRs for an actual queue and stable
size close to a reference queue value length. The technique shows the stability of the entire system. The simulation
results compare to WNN and PID by the use of the FLR controller [7]. S.Tsotoulid et al, in 2013 proposed
multiresolution wavelet theory in control structure. The proposed controller structure is deployed on an algorithm that
exploits inherit wavelet filtering capabilities for improving control dynamics and stability over a wide operational range
[8]. Sengupta et al, in 2014, proposed a wavelet based Proportional Integral Derivative controller for a Liquid levelling
plant, where the wavelet transformation of the discrete type (DWT) is used for decomposing the available signal of
error from the signal setting point and the signal measuring into various components of frequencies at different levels.
The DWT coefficients evaluated are then multiplied by their relevant gains to breed the global controlled actuating
signal. The response by using the multiresolution MRPID controller is found targeting its steady state value in much
less time than that when the PID controller is used [9]. A. Fakhariana, and A. Abbasib, in 2015 suggested the Heo
TCP congestion controller, which includes the disturbance rejection, as well as the stability of the closed-loop system
concerning the round-trip times. The round-trip times are less than a known value is better as compared to the value
obtained using the PI. The maximum overshoot in He= is smaller as compared to the P and PI controllers in both
window size and queue length states. MATLAB is the mathematics program that is useful in validating the
performance of He> controller when the parameters of the network are C is 3750 packets per second, N is 60 flows,
and RO is 0.246 Seconds [10].

I1I.LAMODEL of TCP BEHAVIOR

A dynamic model of TCP behaviour has been developed using fluid flow and stochastic differential equation analysis.
Ignoring the TCP timeout mechanism, a model is developed as [11, 12]:

W(e) = o — (& - R(D) eq. (1)
G(6) = Fa N ~ € eq. (2)

W (t) denotes the time-derivative of W (t), g(t) denotes the time derivative of q(t).
W = is the average TCP window size (packets);

q = is the average queue length (packets);

R (t) = is the round trip time;

C = is the link capacity (packets/sec.);

Copyright to IJIRCCE DOI: 10.15680/1JIRCCE.2016. 0405001 8095



(”I“CE- ISSN(Online): 2320-9801
ISSN (Print) : 2320-9798

International Journal of Innovative Research in Computer
and Communication Engineering
(An ISO 3297: 2007 Certified Organization)
Vol. 4, Issue 5, May 2016
N = is the load factor (Number of TCP session);
p = is the probability of packet drop/mark;

Assume a constant number of TCP flows N(z)=N, and round-trip time R(t) = R,
The dynamics of linearized TCP/AQM router is:

AW (t) = — ;g—NCAW(t) - ‘;"NC; Ap(t —Ry) eq. (3)
AG() = - AW (0) = - Aq (1) eq. (4)

IV.WAVELET MULTI RESOLUTION PID

A wavelet multiresolution PID controller (MRPID) was initially introduced by [9, 13], and applied to control a D.C.
motor. Based on this approach a modified hybrid controller is introduced to compensate for the congestion problem that
occurs in TCP networks. The hybrid controller is designed to control the buffer size (q,.). The error signal as being
represented by the variation between the required queue length and the actual output queue length can be decomposed
into its original high, low and intermediate frequency components, by utilizing the multi-resolution decomposition
characteristic of the wavelets. These components can be scaled separately according to their respective gains and, after
that, they can be summed together to produce the control signal u as shown in Fig. (1). The decomposed control signal
can be written as [10]:

u(k) = kE, eqg. (5)
k = [kaMlkMZkMNUM_lkL] eq. (6)
En= [eH(k)eMl(k)eMZ(k)eMNUM_leL(k)]T eq.(7)

Where, NUM is the decomposition level of the control signal, (ky,ky, k;, ) are tuning gain parameters for low, high and
medium frequency component ofthe error signal.(ey (. ) e (- )emz (- )enmyy,_ () are the discretized decomposition
errors at sample (k) for high, medium, low frequency component. Although a classical PID controller that comprises of
three parameters (which are k,,, k; and k,) can to be tuned, MR. Wavelet controller offers two or more parameters.
These numbers of these parameters corresponds to the level of decomposition that will be applied to the signal error
disturbances. These disturbances are in some cases signals having low frequency and in other cases noise is a signal
having high frequency. By using an MR. Wavelet PID controller, these signals can be manipulated; this means that we
can tune the gains directly.
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Figure 1: Block diagram of MR. Wavelet

For example, by manipulating the value of the low scale gain to have a zero value, i.e. k;, = 0, this will result in a
control signal which minimizes the impact of noise on the plant g, output and, as a result of that, a smooth control
signal will be produced which will aid in minimizing efforts. Figure (2) shows a combination of PID controller and
MR. Wavelet.

Ul

PID
e TCP/AQM a
s model

MR. Wavelet

Figure 2: Hybrid of PID with MR. Wavelet

Number of Decomposition Levels

In order to obtain sufficient resolution in both time and frequency, the number of levels (NUM) that a signal is
decomposed in depends upon the size of the signal error buffer (S) and the number wavelet coefficient (F) as given by
the following equation [14]:

NUM < log; (= + 1) eq. (8)

1

To compute the size of error signal buffer (S), which represented the window of sample error signal required for DWT
transformation, the following equations is used:

NUM _ _
$> (2 12)(F D+1 eq. (9)
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Daubechies wavelet dbN has been selected as mother wavelet, it more suitable to use with controller, if use three levels
decomposition (MUM=3). The controller action of wavelet will become as follows:

u (k) = kyey(k)+kyiem: (k) + kyzenz (k) + ke, (k) ed. (10)

If we use the number of decomposition level (NUM=3) and Daubechies wavelet db2 (F=2) the window of sample error
signal will be S>=4. If the number of level decomposition (NUM=5) the control action of multiresolution wavelet
becomes

u (k) = kyey(k)+kysemi (k) + kyzena (k) thysens (k) + kyaeya (k) + kpep (k) eq.(11)

VILNETWORK TOPOLOGY

Figure (3) shows the TCP network topology that will be used as a case study taken to study and evaluate the proposed
designed controllers. The simulation is conducted for a TCP network with two routers connected through a single link
(Bottleneck link). The bottleneck link has a bandwidth capacity (C) of 3750 packets/sec. For a packet size of 500
bytes, the correspondence link capacity will be 15 Mbps. The same bandwidth link capacity is used for the other links
that are connecting the sources and the destination nodes. The Round Trip Time (RO) is taken to be 0.218 second. The
desired queue size is initially set to 300 packets and the propagation delay is 5 msec. The number of TCP flow sessions
(N) is initially set to be 60 for both the source and the destination. The maximum buffer queue length in the AQM
router is taken to be 800 packets. The AQM mechanism with the proposed hybrid Multi resolution wavelet PID is
configured at A and the drop Tail is used at other gateways. All the simulations are carried out by using MATLAB
Version 8.3(R2014a).

Sourc TCP

Dectinatin

Bottleneck
Link

Round Trip Time (R, =
0.218 sec)

Figure 3: Network Topology Case Study.

A. Simulation Results
Consider the TCP/AQM model with network parameters as set in the previous section and the reference input (queue
size) which has rectangular form changes every 50 seconds as shown in equation (8). First, the simulation is done for
the system without controller as shown in Fig. (4).
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300 0<t <50 sec;
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Figure (4): System response without Controller

It is clear from Fig.(4) that the system is unable to track the reference queue length nearby to the desired level, where
the system goes into a sustained oscillation with continuous queue overflow. When the input packets exceeding the
maximum router buffer size, the system shows high packet dropping and large queue delay and the network becomes
unstable

1) PID Controller

In order to improve the network utilization, the classical PID-controller is applied to get a better queue tracking
performance. For the standard case study, the output queue length response with the PID controller is shown in Fig.
(5a). The figure depicts that the router has the ability to get the desired performance, where the desired queue length is

achieved within the buffer size of the router without any congestion. The controller signal u(t) for the PID controller is
shown in Fig.(5b). The controller parameters are tuned by trial and error strategy:

K,=3x107, K, =2x107° Kq=1x 1077

2) The Hybrid Multi Resolution Wavelet PID Controller

The hybrid Multi Resolution wavelet PID controller introduced will be first designed for the standard case study, with a

daubechies db2 mother wavelet and three level of decomopsition NUM=3. The PID controller parameters are found to
be:

k,=0.3x10"7,K; =0.8x107% K; = 0.9 x 1078
and the Multi Resolution Wavelet paramters are found to be:

KH =1x 10_5, le =1x 10_6, KMZ =1x 10_7'KL =0
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Figure (6a&6b) displays the router output queue length for the standard case study when the hybrid MR.Wavelet
PID (with NUM =3 and db =2 ) is used as AQM controller and its control action respectively.

As can be depicted from Fig. (6 a), the MR. Wavelet PID shows a very good tracking capability for the desired queue
size. It enhances the system response, especially in decreasing the (rising time, the settling time. and ISE). Which
means that the MR. Wavelet PID has better performance characteristics as proved by the ISE criterion and summarized
by Table (1). As a result, it gives better congestion avoidance compared with classical PID controller. The controller

action is shown in Fig. (6b).
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Figure 5: (a) The Output Queue Length using the PID Controller
(b) The Controller Action of the PID Controller
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As a result, it gives better congestion avoidance compared with classical PID controller. The only disadvantage is the
overshoot which means a more packets are added to the buffer, hence increasing the delay and lowering the network
throughput. To overcome this, another controller is designed with increasing the number of level NUM to 5 and using
db6 filters, the response of the buffer utilization is highly improved as shown from Fig. (7 a). The control action is
realized by Fig. (7 b). The MR. Wavelet PID controller parameters are found to be:

k, =0.2x 1075 k; = 0.1 X 1075; ky = 0.9 x 107°;
ky = 0.99 X 1077; kyyy = 0.8; kpz = 0.4; ks = 0.3;kyy, = 0.6; k; = 0.
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Figure 6: (a) System response with MR.Wavelet PID controller for num=3, db2.
(b) The controller action of MR. Wavelet PID
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It is proved that by increasing the number of levels and increasing the coefficient of the filter, the overshoot can be
eliminated and the overall performance is improved as can be depicted from the ISE.
As a result the MR. Wavelet PID with NUM=5 and db6, gives better congestion avoidance in comparison to the MR.
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Wavelet PID with NUM=3 and db2 and the classical PID controllers. The overall performance characteristics for the
three controllers are summarized by table (1). .
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Figure 7: (a) Queue size response with MR.wavelet PID for num=5,db=6
(b) Controller action of the MR.wavelet PID controller
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L settling time overshoot
Controller type rise time (sec) (sec) % packets ISE
classical PID 4.3 20 0 0.4627
MR. wavelet PID with num=3 2 11 17 1.66e78
MR wavelet pid with NUM=5 1.8 8 0 1.89¢-12

B. MR. wavelet PID controllers Robustness

First the number of the TCP flows (N) is increased by (6 nodes), it gets the system response as shown in Figs. (8&9).

Figures (8, 9, 10&11) show the effect of perturbing the number of TCP sessions (N) from its nominal value. In Figs.
(8&29) the number of TCP sessions (N) is increased by 10% from its original value (N=66) and figure (10) is increased
by 33% from original value. In both cases it is noted that the tracking ability of the controller is good reduced if it is
compared with its original value (N=60) , while in Figure (11) the number of TCP sessions (N) is increased by (66%), .

However, in all cases the MR. Wavelet PID controller succeeds in bringing the queue size near its desired level.
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Figure 9: System Response with db 6 and NUM=5 with (N=66 nodes)of TCP Flows
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Figure 11: The Queue Length Response with the MR. Wavelet PID Controller for NUM=5,db=6 and N=100
XI. CONCLUSIONS

In this paper the hybrid Multiresolution Wavelet PID controller was designed for AQM routers in TCP network and the
performance was tested for different scenarios. The objective was carried out using the proposed controller via
controlling the buffer queue length at a certain queue reference level to prevent buffer overflow, hence minimizing the
packet dropping and reduce delay occurring. The router queue length using this controller shows good performance
characteristics to queue reference for the standard case study of 60 TCP flow session and link capacity of 15 Mbps.
Also it is compared with the standard PID and proved to be better in term of the ISE criterion.
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