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ABSTRACT

Capacity estimation is a key component of any admission control scheme required to support quality of service
provision in mobile ad hoc networks. A range of schemes have been previously proposed to estimate residual
capacity that is derived from window-based measurements of channel estimation. In this paper a simple and improved
mechanism to estimate residual capacity in IEEE802.11-based ad hoc networks is presented. The scheme proposes
the use of a ‘forgiveness’ factor to weight these previous measurements and is shown through simulation-based
evaluation to provide accurate utilizations estimation and improved residual capacity based admission control.
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1. Introduction

Capacity estimation is a key component in the
provision of quality of service (QoS) in mobile ad
hoc networks (MANETs) [1]. However, accurate
capacity estimation can be difficult because each
host has only imprecise knowledge of the network
status, thus, an effective estimation scheme is
highly desirable. Many previously proposed
schemes [2-5] adopt “Listen”-based estimation
techniques derived from IEEE 802.11 MAC/PHY
specification [6]. The “Listen” scheme requires
each node to listen to the channel and estimate the
residual or unused capacity of the link based on
the measurement of the local channel utilization. At
any specific instant in time, a link is either
transmitting a packet at the full link capacity or it is
idle, hence the instantaneous utilization of a link
can only be either 0 or 1. Therefore, residual
capacity requires time averaging of the
instantaneous utilization over the time interval of
interest. The average utilization (u(t)) for a time

period (t—w,t) is given by [7,8]

u(t) = % j f(t).dt
(1)

where (f(t)) is the channel activity function or the

instantaneous residual capacity of the link at time
(f). We refer to the time window (w) as the
averaging timescale of the residual capacity. The
accuracy of the residual capacity estimation
depends on the value of window (w). When the
window is too small, the measure will not reflect
accurately the overall channel activity, i.e., if the
channel was only busy or free momentarily; while if
the window is large then the utilization measure will
contain historic but possibly redundant traffic during
the route selection process thus reducing the overall
network performance. To operate effectively, the
window over which the integration is done must be
chosen to balance these conflicting constraints. The
choice of window size for appropriate capacity
estimation is a major impediment to such window-
based schemes and it is this aspect that is
addressed in this paper.

The rest of the paper is organized as follows:
Section 2 describes the forgiven capacity
estimation scheme. In Section 3, the simulation
environment is presented. Simulation results are
presented in Section 4 and concluding remarks are
made in Section 5.
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2. Forgiven residual

scheme

capacity estimation

A simple residual capacity estimation scheme with
a lower reliance upon window size is proposed [9]
whereby the channel activity function (f(t)) is

multiplied by a weighting function (g(t)) as
described below:

0
u(t) = = [ f (0.0t (2)
W -w
and
1 [t < (w/2)- At
g(t) = %{hsin{%[l—%}%ﬂ (W/2) - At <|t] < (w/2)+ At

0 [t| > (w/2)+ At

@)

where g(t) make use of the raised cosine filter

characteristics [10] widely used in digital
communication systems for pulse shaping and At is
the excess (absolute) time. The normalized excess
time, ¢, given by

At

=— 4

T=o 72 (4)

is called the ‘forgiveness factor or the ‘roll-off
factor’ and can take any value between 0 and 1.
The scheme can be said as a ‘forgiven’ capacity
estimation scheme. Figure 1 shows the weighting
function (g(t)) for several values of the forgiveness

factor (7) at w=0.5 and an example of the weighted

channel activity for w=0.5 and =1 is shown in
Figure 2. When 7 =0, the scheme can be referred
to as an ‘unforgiven’ capacity estimation scheme
but for half of the window size. The value of 7 can
be determined through testing to obtain a good
estimation of utilization such that it can give more
emphasis to the recent information rather than the
past information over a time window (w).

Given the local channel utilization (u(f)) and the
maximum achievable channel capacity (C.x), the
local residual capacity (C.s) is estimated using the
following equation [7,8]:

C,.. = (1-u(t)C,.. (5)

where 0 < u(f) < 1 is a measure of the channel
utilization.
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Figure 1. lllustration of forgiveness factor (w=0.5).
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Figure 2. Example of the weighted channel
activity for w=0.5 and r=1.

3. Simulation environment

In order to evaluate the forgiven residual capacity
estimation scheme, a novel and practical QoS
routing scheme referred to as the QoS-aware
Shortest Multipath Source (Q-SMS) routing
scheme is used [8]. Q-SMS modifies and extends
the route discovery and maintenance of SMS
routing scheme [11] to provide QoS assurance.
The QoS extension allows nodes to use their
estimation of the residual capacity to make better
admission control decisions. The network simulator
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NS-2.33 [12] is used to execute the proposed
scheme. The simulation environment consists of
50 wireless nodes forming an ad hoc wireless
network, moving over a 700 x 500 m? flat space.
The physical radio model uses the
characteristics of the 914MHz Lucent WaveLAN
DSSS radio with minimal range of 250m and
nominal bit rate of 11Mbps. However, the
maximum achievable capacity (Cnax) of 11 Mbps
system is just 4.24 Mbps [13].

Both Constant Bit Rate (CBR) and Variable Bit
Rate (VBR) are considered as traffic sources to
analyze the contending schemes. VBR traffic is
established between nodes using an exponential
ON/OFF traffic generator [12]. The number of
active sources is 20 nodes, chosen randomly
from the full set of nodes generating 512 byte
data packets. The network load (traffic intensity)
is varied by changing the rate of the active
sources. Mobility is characterized by speed
randomly distributed between 0-10 m/s following
the random waypoint model with a pause time of
30 seconds. Simulations are run for 900 seconds
of real time. Each data point represents an
average of twenty runs using different seeds with
the corresponding confidence interval of 95%
[14,15]. The overall simulation parameters are
summarized in Table 1.

Parameter Value
NS-2 Version 2.33
Transmitter range 250m
Nominal channel BW 11Mbps
Simulation time 900sec
Number of nodes 50
Pause time 30sec
Terrain size 700x500m?
Traffic type CBR and VBR
Packet rate 22-30 packets/sec
Packet size 512 bytes
Number of sources 20
Maximum speed 0-10 m/s
No. of runs 20
Window size 0.125, 0.25, 0.5, 0.75
and 1.0
Forgiveness factor 0,0.25,0.375, 0.5,
0.625,0.75and 1.0

Table 1. Simulation parameters.

4. Results and discussion

First simulation-based experiments are conducted
to evaluate the improvements offered by Q-SMS
without the forgiven estimation scheme and
contrasted with SMS which has no QoS support.
The accuracy of the available capacity estimation
depends on the value of window (w). A window
ranging from small to relatively large is considered
to see the affect on the performance of Q-SMS
scheme. Figure 3 shows the impact of varying
window size depicting the ratio of the average delay
of Q-SMS to SMS average delay for average
packet rate (between 22 and 30 packets per
second). Slightly better performance was observed
for a small window (w=0.25) and relatively low
performance was recorded for large windows for
the reasons explained in the Introduction section.
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Figure 3. Average end-to-end delay ratio of Q-SMS to
SMS versus window size for average packet rate.

The second part of the experimental work
evaluates Q-SMS with ‘forgiven’ capacity
estimation (here referred as Q-SMS-F) and

compares with Q-SMS (which performs capacity
estimation with no weighting function) to
benchmark any difference that results from a
change in the window size. To maintain uniformity,
the parameters used with Q-SMS-F remain the
same as in the Q-SMS case. Figure 4(a) and
Figure 4(b) present the impact of varying the
forgiveness factor for different window sizes with
CBR and VBR ftraffic sources respectively and
shows the relative delay performance of the
network of the two schemes whereby delay ratio is
simply the ratio of the average delay of Q-SMS-F
compared to Q-SMS average delay for average
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packet rate. The graph is further plotted in terms of
the best fit line as shown in Figure 5 in order to look
at the general trend.

From Figure 4 and Figure 5, it can be clearly seen that
the Q-SMS-F offers improvement for window sizes of
w=0.5, 0.75 and 1 for both CBR and VBR sources. It
was also observed that there is an impact of the
forgiveness factor with respect to the window size.
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The optimum value of the forgiveness factor for
corresponding window size depicted from the
graphs shows a linear relationship between the two
parameters (Figure 6). It is evident that the
improvement in the network performance is
consistent for the mentioned range of window sizes
and forgiveness factors. It can be concluded that Q-
SMS-F is a simple and effective mechanism that
has no high sensitivity to window size.
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Figure 4. Average end-to-end delay ratio of Q-SMS-F to Q-SMS versus
forgiveness factor for average packet rate.
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Figure 5. Best fit curves - average end-to-end delay ratio of Q-SMS-F to Q-SMS
versus forgiveness factor for average packet rate.
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Figure 6. Relationship between window size and
forgiveness factor.

5. Conclusion

The paper introduces a simple residual capacity
estimation technique (Q-SMS-F) that has less
dependence on the window size. The scheme
proposes the use of a ‘forgiveness’ factor to weight
these previous measurements to provide
appropriate utilizations estimation and improved
available capacity based admission control. Results
justify that Q-SMS-F is a simple and effective
mechanism that has no high sensitivity to window
size and offer improvements over Q-SMS scheme
in the changing environment of MANETS.

Acknowledgement

This research was supported by the University of
Strathclyde, Glasgow, UK and the University of
Engineering & Technology, Peshawar, Pakistan. A part
of this paper appeared in IEEE Wireless Advanced
2011, June 20-22, London, UK [9].

References

[11 H. Zafar, M. Zuhairi, D. Harle and |. Andonovic, “A
Survey of Quality of Service-aware Routing Approaches
for Mobile Ad Hoc Networks”, IETE Technical Review,
vol. 29, no. 3, May-June 2012, pp. 188—-195.

[2] L. Chen, W.B. Heinzelman, “QoS-Aware Routing
Based on Bandwidth Estimation for Mobile Ad hoc
Networks”, IEEE Journal on Selected Areas in
Communications, vol. 23, no. 3, March 2005, pp. 561-572.

[3] Y. Yang, R. Kravets, “Contention-aware admission
control for ad hoc networks”, IEEE Transactions on Mobile
Computing, vol. 4, no. 4, August 2005, pp. 363-377.

[4] 1.D. Chakeres, E.M. Belding-Royer, J.P. Macker,
“Perceptive  Admission Control for Wireless Network
Quality of Service”, Elsevier Ad hoc Networks, vol. 5, no.
7, September 2007, pp. 1129-1148.

[5] L. Hanzo (ll.), R. Tafazolli, “Admission Control
Schemes for 802.11-based Multi-hop Mobile Ad Hoc
Networks: a Survey”, IEEE Communications Surveys and
Tutorials, vol. 11, no. 4, Fourth Quarter 2009, pp. 78-108.

[6] “IEEE Standard for Information technology-
Telecommunications and information exchange between
systems-Local and metropolitan area networks-Specific
requirements - Part 11: Wireless LAN Medium Access
Control (MAC) and Physical Layer (PHY) Specifications”,
IEEE 802.11, June 2007.

[71 R. Prasad, M. Murray, C. Dovrolis, K. Claffy,
“Bandwidth estimation: metrics, measurement
techniques, and tools”, IEEE Network, vol. 17, no. 6,
2003, pp. 27-35.

[8] H. Zafar, D. Harle, I. Andonovic, L. Hasan, A.
Khattak, “QoS-aware Multipath Routing Scheme for
Mobile Ad Hoc Networks”, International Journal of
Communication Networks and Information Security, vol.
4, no. 1, April 2012, pp. 1-10.

[9] H. Zafar, S. Mahmud, D. Harle, . Andonovic, “QoS-
Aware Routing Based on Capacity Estimation for Mobile
Ad Hoc Networks”, Proc. IEEE Wireless Advanced,
London, UK, June 2011, pp. 258-262.

Journal of Applied Research and Technology




An Effective Capacity Estimation Scheme in IEEE802.11-based Ad Hoc Networks, H. Zafar et al. / 865-870

[10] I. Glover; P. Grant, Digital Communications 2/e,
Pearson Ltd., 2004.

[11] H. Zafar, D. Harle, I. Andonovic, Y. Khawaja,
“Performance Evaluation of Shortest Multipath Source
Routing Scheme”, IET Communications, vol. 3, no. 5,
May 2009, pp. 700-713.

[12] The  Network  Simulator 2.33  (NS-2.33),
http://www.isi.edu/nsnam/ns/

[13] J. Jun, P. Peddabachagari, M. Sichitiu, “Theoretical
Maximum Throughput of I[EEE 802.11 and its
Applications”, Proc. 2nd IEEE International Symposium
on Network computing and Applications, Cambridge,
USA, April 2003, pp. 249-256.

[14]M.K. Nakayama, “Statistical analysis of
simulation output”, Proc. Winter Simulation
Conference, 2008, pp. 62-72.

[15] H. Zafar, M. Zuhairi, D. Harle and I. Andonovic, “A
Review of Techniques for the Analysis of Simulation
Output”, IETE Technical Review, vol. 29, no. 3, May-
June 2012, pp. 223-228.

Vol. 10, December 2012




