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Abstract—In order to improve the quality of service and the
energy efficiency, congestion control has exposed as an
essential factor in the wireless sensor network. Congestion
control for wireless sensor network based on generalized
minimum variance controller is proposed in the paper, for
which node-congestion and link-congestion are considered
simultaneously. The discrete transfer functionfor the node-
congestion and the link-congestion , as the wireless sensor
network model, is presented based on the fluid-flow theory,
small signal linearization and the bilinear Z-transform. Due
to the time-variable network parameter and topology,
generalized minimum variance controller is introduced to
the congestion control in wireless sensro network, of which
the necessary and sufficient condition for the stability is also
provided. The congestion control algorithm based on
generalized minimum variance controller can reduce queue
time and alleviate congestion. Ns-2 simulation results
indicate that the proposed algorithm restrains the congestion
in variable network condition and maintains a high
throughput together with a low packet drop ratio for the
whole network.
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l. INTRODUCTION

Over the last decades, there have been widely
researches in the area of the wireless sensor
networks(WSNs) [1]. Normally, the sensor nodes will be
deployed in the remote area, such as the island in the sea
and the satellite in the outerspace, in which case recharging
is not feasible. Thus, the main focus for WSNs is on the
low energy use. Congestion may result in wasted resources
due to lost or dropped packets, and even possible
congestion collapse. So congestion control is considered as
an essential factor in WSNs.

In order to improve the quality of service and the
energy efficiency, several congestion control methods are
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researched for sensor network applications. As the queue
length in buffer suggesting the current network condition,
IFRC [2] uses queue sizes to detect the congestion, and
further shares the congestion state through overhearing.
Rate-based congestion control may react more rapidly than
queue-based scheme, Congestion Control and Fairness for
Many-to-one Routing in Sensor Networks [3] is another
rate assignment scheme that uses a different congestion
detection mechanism than IFRC. Data gather tree
algorithm [4] is researched to eliminate the congestion in
WSNs.

The classification of the congestion in WSNSs includes
node-congestion and link-congestion [5]. (1) node-
congestion: the traffic need to send is more than the ability
of the sensor node, which causes the buffer overflow,
packet loss or queue delay increasing. (2) link-congestion:
several adjacent nodes compete one shared channel at the
same time, which will generate an access conflict, increase
packet service time or reduce the link utilization and
network throughput. Based on the discussion above, it is
obvious that the congesion control in WSNs should
consider both the queue length and the traffic rate. Sliding
mode control [9] solves both node-congestion and link-
congestion in WSNSs, but whose performace deteriorates in
time-variable network conditions. The time-variable
network parameter and topology in WSNSs is considered as
the syetem noise which can be suppress by Generalized
minimum variance(GMV) [6] effectively. In conclusion,
the generalized minimum variance is deployed in the
congestion control for WSNs.

The rest of the paper is structured as follows: section 2
presents the congestion model based on the fluid-flow
theory, small signal linearization and the bilinear Z-
transform for WSNSs. In section 3, congestion control
algorithm based on Generalized minimum
variance(GMVCC) is provided. Section 4 contains a
performance evaluation of the proposed algorithm and a



comparison with Sliding mode control[9] by Ns-2. The
conclusion of this paper is presented in Section 5.

Il.  MODEL ANALYSIS

The fluid-flow model [7] describes a long-lived
TCP connection with an additive increase and
multiplicative decrease (AIMD) strategy and is given by
the following nonlinear differential equations:
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where W is the average congestion window size(packets),
q is the average queue length(packets), R(t) is the round
trip time(secs), and p is the probability of packet
mark/drop in AQM. C, T, and N denote the link
capacity(packets/sec), the propagation delay(secs), and the

connection number, respectively. 1/ R(t) indicates the

additive increase strategy and W (t)/2 means the

multiplicative decrease strategy. Simulation results
demonstrated that this model accurately captured the
dynamics of TCP.

Employing small signal linearization with the
equilibrium point (Wo, o, Po), the simplified dynamics is
given as
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Where X, (t) = OW =W (t) -W,, X, (t) = 69 = q(t) - a,
u(t)=9op=p(t)—p,. The equilibrium point (Wo, go,
no) is defined by V&= 0 and &= 0, so that
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The outgoing traffic for sensor node i is defined as
X, =X /R, , then the model (3) for sensor node i is
rewritten as

g 1
66, (1) = Nox; (t) = =-59(t) @
0
Considerring both the link-congestion and the node-
congestion, the wireless sensor network model [8] is
proposed in order to estimate the outgoing traffic for
sensor node i.
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where ¥x; is the outgoing traffic and u; is the input traffic.
The linear equation[9] based on the equilibrium point (u,,

Xo, Qg) IS given as

dx. = (U, — %)X dt (5)

X¥(t) = Ax;(t) + Bu; (1) (6)
where
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Based on the Laplace transformation of the model (4)

and (6), the wireless sensor network model can simplified

to a single input single output system, as shown in Fig .1,
where
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Figure 1. Congestion control system

The wireless sensor network model can be described
by using transfer function:

G(s) = BN, .
(s=A)(s +R—)

)

Using bilinear Z-transform with T=R,, we can get the
discrete transfer function,
G(2)=G(S)| 224
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I1l.  GENERALIZED MINIMUM VARIANCE CONTROLLER

The GMV approach is a suitable control method,
especially under measurement noise. The time-variable
network parameter and topology in WSNSs is considered as
the syetem noise. So the GMV controller [10] is
introduced in this section firstly.

Assuming U(K) is the input of the system, y(K) is
the output and €(K) is the system noise, then the system
equation can be written as:



AZ™)y(k)=Z""B(Zu(k) +e(k) ©)
where d is the system delay, A(Z™) is a single
polynomial of order n with coefficients a,, and B(Z ™) is

a general polynomial of order m with coefficients b, .

The reason why designing the generalized minimum
variance controller is to minimize the following
performance index,

Jaw = E{(PZ)y(k+d) =Ry, (k) +qou(k))| (10)
where ¥, U and Yy, are the output, control signal, and

input reference signals, respectively. R, d,,and P(Z™)
are the design parameters determined by the user. Through
minimizing the variance of the output, GMV controller has
been designed to reduce the noise effects. While designing
the controller for a minimum phase system, the following
Diophantine equation is required to solve,
AZMHEEZMH+Z2'F@Zz =1
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According to the closed loop transfer function of this
controller, the control signal can be obtained:

u(k) = RyY, ()~ F(Z)y(k)
g +E(Z)B(Z™)
The following lemma provides a necessary and
sufficient condition for the stability of this GMV-based
controller.
Lemma 1 [11]. The necessary and sufficient condition

for the closedloop system to be stable under the GMV
control is that all the roots ofthe polynomial

G,(z)=Az")Q(z")+B(z")C(z") belong to

the open unit disk, and the polynomial pairs (Q, C), (A, C),
and (B,Q) have no common zeros outside the unit disk.

(11)

(12)

IV. SIMULATION

In this section, we verify the proposed GMVCC via
simulation using the Ns-2 simulator. The wireless sensor
network topology is addressed as shown in Fig .2, which is
the same with reference [9]. The following numerical
values are considered as the system parameters: Nqo=144,
Co=20160packet/s, qo=140packet, ps=120packet, uy=25,

Ro=1s.
—3
@
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Figure 2. Network topology
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The polynomials for the GMV controller method in
Section 3 can be written as:

F(z?)=f,+ fz'=21-1.052"
E(z')=¢,=1
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A. Experiment 1

Now we look at the bottleneck sensor node 4 running
GMVCC. In order to verify the robustness of the proposed
GMVCC, the network condition is changed as follow: (a)
initial condition; (b) round trip time R, is converted from
1s to 1.2s; (c) 2 new sensor nodes add in the wireless
sensor network at 80s randomly; (d) 2 existing sensor
nodes remove at 80s. Fig .3 depictes the instantaneous
queue length of the bottleneck router in variable network
condition. As shown in Fig .3, the instantaneous queue
length maintains round the equilibrium value. The
simulation results show that GMVCC predicts the
utilization of the link efficiently, provides early feedback
for congestion and has a good robustness when network
condition changes or modeling is uncertain.

B. Experiment 2

In this simulation experiment, we compare the
performance of our GMVCC and sliding mode variable
structure controller [9]. Changing the packet generating
rate, Fig .4 shows the packet drtp ratio and the throughput
between the two congestion control strategies. The
simulation results show that the proposed GMVCC
provides better network performance and higher quality of
service in the time-variable network conditon. As
discussed in section 1, the energy usage is the key factor in
WSN. The lost parameter # is used to measure the energy
efficiency of the whole network, which is defined in [8].
The lost parameter # at difference packet generating rate is
shown in table 1.
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Figure 3. Queue length for GMVCC
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Figure 4. Network performance

TABLE 1. LOSS PARAMETER H AT DIFFERENCE PACKET
GENERATING RATE
packet generating
rate (packet/s) 10 20 30 40 50
GMVCC 0.233 0.311 0.547 1.034 1.874
Reference[9] 0.198 0.302 0.487 0.842 1.535

V. CONCLUSION

The congestion problem is unavoidable because of the
many-to-one characteristic in the wireless sensor network,
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which leads to packets drops at the buffers, increased
delays, wasted energy and requires retransmissions. Based
on the generalized minimum variance controller, a novel
congestion control algorithm (GMVCC) is introduced in
this paper, which improves the quality of service in WSNs.
In the same time, the performance of GMVCC is not so
perfect in time-variable condition, especially within the
variable round trip time. Therefore, in order to fill this gap
adaptive control combined with GMV is our further
research.
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