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ABSTRACT

HELLO protocol or neighborhood discovery is essential
in wireless ad hoc networks. It makes the rules for
nodes to claim their existence/aliveness. In the presence
of node mobility, no fix optimal HELLO frequency and
optimal transmission range exist to maintain accurate
neighborhood tables while reducing the energy consumption
and bandwidth occupation. Thus a Turnover based
Frequency and transmission Power Adaptation algorithm
(TFPA) is presented in this paper. The method enables
nodes in mobile networks to dynamically adjust both their
HELLO frequency and transmission range depending on
the relative speed. In TFPA, each node monitors its
neighborhood table to count new neighbors and calculate
the turnover ratio. The relationship between relative speed
and turnover ratio is formulated and optimal transmission
range is derived according to battery consumption model
to minimize the overall transmission energy. By taking
advantage of the theoretical analysis, the HELLO frequency
is adapted dynamically in conjunction with the transmission
range to maintain accurate neighborhood table and to allow
important energy savings. The algorithm is simulated
and compared to other state-of-the-art algorithms. The
experimental results demonstrate that the TFPA algorithm
obtains high neighborhood accuracy with low HELLO
frequency (at least 11% average reduction) and with the
lowest energy consumption. Besides, the TFPA algorithm
does not require any additional GPS-like device to estimate
the relative speed for each node, hence the hardware cost is
reduced.

Categories and Subject Descriptors

C2.1 [Network Architecture and Design]: Network
topology

General Terms
Algorithms
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1. INTRODUCTION

Wireless Sensor Networks (WSNs) are composed of
sensor nodes which have the ability to detect surrounding
environments and are able to communicate with each other
through specific wireless protocols. Mobility of the sensor
nodes is an emerging issue and nowadays it becomes more
and more under the attention of scientific community.
It arises new questions such as optimization of energy
consumption, connectivity of the WSN, routing in mobile
networks and a lot more. Sensor nodes can be attached
to animals with the purpose to track animals’ habits and
their natural habitat. In this case, mobility pattern is very
often hard to estimate and protocols built upon this issue
must take account of possible losses of connectivity or delays
in the transmission of messages. Other possibility would
include mobile agents (robots) which may have been given
mobile pattern to follow to improve some of the parameters
in the WSN [7]. In this case, overall energy efficiency of
transmission can be significantly augmented using controlled
mobility based smart placement of nodes related to the
routing path. Due to the specific nature of mobile networks,
some of the characteristic mechanisms used in static WSNs
need to be redefined and adapted to the specific types of
node mobility.

Neighborhood discovery is one of the most important
protocols in WSN. The mechanism behind this protocol
is rather simple, it includes periodically sending a specific
type of message, called HELLO messages (also known as
beacon messages) and gathering data from the received
HELLO messages. HELLO messages contain the data of the
sender id, unique identification number for the node in the
WSN-usually MAC address in practical applications. Each
node, usually, acquires data from all HELLO messages that
it has received and organizes them into the neighborhood
table which can be further used for some kind of topology
control [10] or proactive routing [4].

However, finding the proper HELLO frequency is not
obvious: if the HELLO frequency is too low, nodes may
not be detected by their neighbors, leading to deprecated
neighborhood tables, and protocol failures are likely to
occur. On the contrary, if the frequency is too high,
neighborhood tables are up to date, but the energy and
bandwidth are wasted.



There exist many algorithms that utilize the information
gathered from additional device such as GPS. The ARH
algorithm presented in [6] adapts HELLO frequency when
there is obvious error between the estimated speed and
actual speed read from GPS. In [5], the authors deduced
the relationship between the HELLO frequency and the
link failure possibility for a given speed which again is
obtained from GPS. The proper HELLO frequency is then
calculated to guarantee that the link failure possibility is not
greater than the predefined threshold. However, the speed
obtained from GPS can not represent the actual changes
in the surrounding environment. When a node is static or
moving slowly but its neighbors are changing frequently, the
HELLO frequency calculated by the previous two algorithms
is lower than the required value to maintain the expected
accuracy. On the contrary, when a node is moving fast
with a relatively static neighborhood table, the computed
HELLO frequency will be higher than the actual required
value and will consume more energy.

The authors in [3] proposed a Turnover based Adaptive
hello Protocol (TAP) to reduce the hardware cost and to
consider the relative changes among nodes. It calculates the
number of changes that appears in the neighborhood table,
called turnover. The optimal value of turnover is derived
and each node adapts the HELLO frequency by increasing
or decreasing the value within a fixed range to keep the
turnover as close as possible to the optimal value. In [9], the
authors proposed two algorithms, one is run with GPS called
Cost, the other called NoTAP relies on the TAP algorithm.
Both algorithms adapt the HELLO transmission range to
reduce the energy consumption. Cost risks sending HELLO
messages with a very low power. Although the neighborhood
table of Cost is accurate and power consumption is low, the
average number of neighbors is too small to guarantee the
connectivity of the network.

In this paper, a Turnover based Frequency and
transmission Power Adaptation algorithm (TFPA) is
presented. It is based on a previous work and allows to dy-
namically adapt the HELLO frequency and its trans-
mission power based on the estimated relative speed
for each node. The contributions of this work are:

e a theoretical analysis allowing the computing of the
relative speed from the turnover in neighborhood,

e a theoretical analysis of the global energy optimal
transmission range of HELLO message. The analysis
highlights that the optimal range is independent of the
speed, and hence can be applied to all nodes in the
network to reduce the overall energy consumption,

e an adaptive neighborhood discovery mechanism,
TFPA, that dynamically adapts jointly node
transmission range and HELLO frequency, allowing
accuracy and energy efficiency.

In TFPA, every node regularly checks its neighborhood
and based on the observed changes and the theoretical
analysis results, every node dynamically and periodically
adapts both of its transmission range and HELLO frequency,
allowing low energy consumption while maintaining reliable
neighborhood tables. The features of TFPA are as follows:

e Local: in TFPA, every node only watch its
neighborhood to adapt range and frequency.

e Distributed:
algorithm.

every mnode computes the same

e GPS-free: TFPA is not constraint by GPS-like
devices and can be applied to general mobile ad hoc
network.

e Energy-efficient: Results show that applying TFPA
allows up to 11% energy savings.

e Reliable: Results show that neighborhood tables
achieved through TFPA present the same error
and accuracy ratios than alternative neighborhood
discovery protocols.

The remainder of the paper is organized as follows:
Section 2 sets the models, notations and preliminaries to
this work. Section 3 provides the theoretical analysis related
to this work. Section 4 presents the TFPA algorithm.
Simulation results are detailed in Section 5. Section 6 gives
conclusion and directions of future work.

2. MODELS AND PRELIMINARIES

2.1 Models and Notations

Wireless networks are represented by a graph G = (V, E)
where V is the set of nodes and E C V? is the set of edges:
(u,v) € E means that v and v are neighbors (i.e., close
enough to communicate). The neighborhood set N(u) of a
vertex u is equal to

v:(u,v) € EV(v,u) € E.

Each node is assigned a unique identifier (e.g., a MAC
address). Wireless links are determined by the physical
model. The most frequent one is the unit disk graph model

[1]:

E = {(u,v) € V|u # v A |uv| < Rimas}

with |uv| being the Euclidean distance between nodes u and
v, and Ry,q; the maximum communication range.

The basic HELLO protocol, first described in the OSPF
[8], works as follows: Nodes regularly send HELLO messages
to signal their presence to nodes near by, and maintain a
neighborhood table. The frequency of these messages is
noted furrro and the delay between them duyrrro (i.e.,
duegrro = 1/fuerro). When a node u receives such a
message from a node v, u adds v to its table, or updates the
time stamp of the entry if v was already there. We do not
make assumptions about the content of HELLO messages,
but they must contain the identifier of the sender.

The relation between HELLO frequency and relative
speed is formulated (named Fopt for simplicity) in our
previous work [11]. The idea of Fopt is that a node
which strides a given distance in the communication area
of another node has to be detected with a certain chance. If
two nodes with transmission range R, move with a relative
speed S, to make them discover each other with a chance of
1 — a, the optimal HELLO frequency is:

25
fopt = E (1)

where a < 1 predefines an expectation of accuracy of
neighborhood table, e.g. the expected accuracy is 90% when
a=0.1.



Figure 1: A new neighbor v of a node u - Global
view [3].

2.2 Turnover

The concept of turnover is first defined by [3], which is
expressed by the ratio of new neighbors of a sensor and the
number of all its neighbors between two HELLO packets.
We re-establish part of the analysis provided in [3] that will
be useful for the follow-up of this paper. In particular, we
return the analysis of the optimal turnover ratio.

Let uop (resp. wvo) be the position of node u (resp. wv)
at time to and wi (resp. wvl) be its position at time ¢,
the probability P(d) that node v is a new neighbor of u is
calculated through finding the probability that |uove| > R
knowing that |uiv1| < R. Fig. 1 illustrates the mobility
model. Given the new position of a node and its traveling
distance Ad = S x At, the blue dashed circle Cy, ,aq (resp.
red dotted circle Cy,,aq) represents the possible position of
ugp (resp. wo). There exists a minimum distance dpmin =
min(0, R—2Ad) that if d < dmin, v was an existing neighbor
of w and P(d < dmin) = 0. Only the node v comes from
the dotted blue angular sector of Fig. 2 can become a new
neighbor of u. The P(d) is expressed as:

[ amamd f dmzn d R
P(d): {ﬂ.z Winin w1 <a< (2)

0 otherwise
where 0oz = 2arccos(%) is the maximum angle
of the dotted blue sector, k = v/Ad? + d? — 2dAd cosw and
k > R — Ad which leads to wmin = arccos(%)
according to the law of cosines.

In this analysis, it is assumed that nodes are randomly
deployed using a Poisson Point Process (node positions are
independent) with a density A > 0, A being the mean
number of nodes per surface unit. The expected number
of new neighbors that node u encounters after a time period
At is simply equal to:

Eln)a: = /d " 2Ar P(d)dd (3)

=0

By substituting (2) into (3), we have:

A R 7r
Elnlar = 2 / / d 5 O dusdd )
T™Ja w

min min

In this work, E[n]aq is used as a synonym of E[N]a:. The
turnover of node wu is expressed by the ratio of the new

Figure 2: A new neighbor v of a node u - Zoom [3].

neighbors and number of all neighbors between two HELLO
packets:
E[n]ad

= 5
" AT R2 )

The above procedure shows how to deduce r from
the neighborhood observation in the previous work [3].
Afterwards, we approximate the integration expression of
r and the relative speed S is derived.

3. THEORETICAL ANALYSIS OF HELLO
FREQUENCY AND RANGE ADAPTA-
TION

3.1 Relationship between Turnover Ratio and
Relative Speed

Fig. 3 plots the variation of E[n]aq with different R and
Ad. As can be seen, for a given Ad, E[n] increases as R
increases. Note that the curves vary almost linearly with R
thus they can be approximated as linear variation and we
have E[n]aq expressed as:

A

T

E[n]aqa = =l(Ad) * R

where [(Ad) is the slope of a line — a function of Ad.
By checking its value for different Ad, it has I(5) = 13,
1(10) = 26, 1(20) = 51, thus I[(Ad) = 2.67rAd and we have
21(Ad) ~ 2.6AAd. Therefore, E[n]aq can be expressed as:

E[n]aqd = 2.6AAdR (6)

By substituting (6) to (5), we obtain the approximated
expression for turnover ratio:

2.6Ad
r=—pz (M)
If At = ﬁt which is the optimal HELLO period (1)
defined by Fopt, the Ad =5 X fopt = ‘XQ—R, then we have
S 1.3c
opt = T

As can be noticed, rop: is only a function of a and is not
dependent on S, R and A. For different a:

Topt (0.1) & 0.04, 70pt(0.2) & 0.08, 70p:(0.3) & 0.12
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Figure 4: 7, drawn by TAP [3]

When compared to the turnover curves drawn in TAP (see
Fig. 4 ), the results of the simplified expression of 7op¢
correlate very well with the curves. Therefore the linear
approximation of the complex integration expression in 4 is
validated to be correct. The analysis will then be benefit
from the linear approximated expression.

In practical application, the turnover r is obtained
through analyzing the receiving HELLO messages for a time
period At. Note that (7) can be represented as r = 2:68tx5,

TR
Once r is provided, the relative speed S is calculated by

rmR
= 26A1 ®
Afterwards, the HELLO frequency fwerro and
transmission range R are calculated by (1) and the
adaptation solution are available to the each node.

We provide results that demonstrate the correctness of
the theoretical analysis for speed estimation. In Fig. 5
the blue line represents the speed estimated through (8)
by observing the turnover and the red line represents the
speed when TAP is implemented. At the beginning of
establishing the network, each sensor node is a new comer
to their "neighbors”, and many new neighbors are detected

S (mis)

stimated speed

0 50 100 150 200 250 300 350 400 450 500
time (s)

Figure 5: The comparison of speed estimated by 8
and the speed calculated by (1) in TAP

in a very short time which results in a steep rise of turnover,
thus S is much higher than the following stable periods.
The results correlate well between both methods when the
network enters relative stable state. However the speed that
calculated from TAP is much smaller than directly computed
through (8) at the beginning, as there is a constraint to
adapt the fprrro within a certain range which results TAP
not as sensitive as (8) to the dynamic changes in the network.

3.2 Minimizing Energy Consumption

The energy spent in period of time At by a node u can
be expressed as the number of sent messages sent in At
multiplied by the energy cost of sending one message. The
number of messages sent by u during At is equal to At -
fu(Ru,t) where fu(Ru,t) is the HELLO frequency of node
u and R, is the communication range of node u at time ¢.
Energy consumption varies with both HELLO frequency and
transmission range of sensor nodes. In this work, the energy
consumption model of sending a HELLO message employs
the one given by [2]:

E(R) = R(t)* +C

where A(> 1) represents the signal attenuation coefficient
along the distance, C is the overhead due to signal
processing. A and C are constant as long as the deployed
environment is homogeneous and the lengths of HELLO
messages are identical. Based on the model, the energy
spent by a sensor node on sending HELLO message during
At is:

costar(R) = (R* + C)fAt 9)
by substituting (1) into (9), we have:
A 25
= _— 10
costar(R) = (R” + C) ozRAt (10)

The objective becomes finding R, for different S that gives
the minimum value of costa:, the solution is obtained by
solving the partial derivative of (10) when it equals 0:

GcostarlR) _ 1oy _qpypa-2_ S 255N, o ()
OR R?" «
therefore we have:

Ropt =1/— (12)
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Figure 6: Curves of cost(R) for different speeds

Because the second derivative of costa: is

9% costai(R)
OR?

—((A-DA-2R L 220 )
R3 «
When A > 0, the value of %\Rzmm > 0. Since
A is always larger than 1, it is guaranteed that costa:(R)
reaches the global minimum value at Rop:. Fig. 6 shows
the variations of energy consumption with R under three
different speed levels. With C' = 2.25 x 10* and A = 2,
the Rop: is equal to 150 m, and as expected, the minimum
energy cost of each speed level is obtained when R = R,p¢.
We notice from 12 that R,p+ only varies with C' and A, and
it is independent of S, which concludes that theoretically
all the sensor nodes in the same network should keep
transmission range as close as possible to Rop¢ in order to
minimize the energy cost and maintain high accuracy of
neighborhood table simultaneously.

4. THE TFPA ALGORITHM

As discussed in the previous section, all the sensor
nodes are supposed to transmit the HELLO messages with
communication range close to R,p; in order to minimize the
energy cost. However, due to the constraint on hardware
device, there exists a maximum transmission range (Rmacz),
and for the sake of reliable communication there is a
minimum transmission range (Rmin). Therefore, before
implementing the algorithm, the value of Rop: should be
checked. If Ropt € [Rmin, Rmaz) the TFPA algorithm can be
implemented directly, otherwise, if Ropt & [Rmin, Rmas| the
global minimum cost is not achievable. When Ropt < Rmin,
the local minimum cost is obtained at Ryin, We set Ropt =
Rmin. If Ropt > Rmax, the local minimum cost is obtained
at Rmaz, thus Ropt = Rmaz. After truncating Rop: to the
valid region, the TFPA algorithm can be implemented.

It should be noticed that, the change of R can be
realized by modifying transmission power of antenna. There
are several models for wireless communications such as
free-space model, log-normal model, indoor multi-wall model
and so on. Through computing the minimum transmit
power to reach the computed R, the adaptation of TFPA
is easily obtained. Besides, the fmprro also has an

Ag]ﬁz =B

a

25,

1\; = k+11§7p4

Rmin opt R.> Rmax

Figure 7: The example of valid region and curves of
1 for different S

adaptation range: [fmin, fmaz]. Fig. 7 demonstrates the
valid region (gray rectangle) in which the fugprro and R
can be adjusted. The curves of (1) for different S are shown
in the figure as well, and the adaptations from time tx to
tr+2 will be explained later.

In the previous section we indeed showed that the turnover
may be very small (e.g., r = 0.04 when a = 0.1), while it
is nearly impossible for a node to practically observe such a
small turnover between two successive HELLO messages. A
solution to this problem is to let nodes archive more than one
table into a history of size X: if X is sufficiently large, then
a correct value may be expected. The turnover will then be
computed by counting neighbors present in the most recent
table that are not present in the older ones and by using the
current HELLO delay as:

. nb of new neighbor  dyeLLo
" total nb of neighbors At

(14)

The implementation of TFPA algorithm is consist of two
steps: Training step and Adaptation step.

In the training step, the procedure is run for X =
10 periods at each node to build up the historic data
about neighbors which is similar as the TAP and
NoTAP algorithms. It also converges the frequency and
communication range to a certain level and then serves
better for the adaptation step.

The adjustment of fmgrrro is calculated through the
period between two HELLO messages duerro, where

_ 1 .
fuprro = dHELLO

factor

d dHELLO | ifr <ro
dipiro _{ HELLO + g(r) ifr <rop (15)

d .
duprro — “HELLS - g(r)  otherwise

Function g¢(r) is retrieved using turnover to reflect the
distance between r and 7op¢:

T=Topt)2 if p < 2y
g(T) _ ( Topt ) ur ‘ Topt (16)
1 otherwise



Hence, the maximum change of dwerro at each
adjustment is limited by the value of HELLO factor > 0.

factor ?
The pseudo code of training step is shown as follow:

TFPA: Training step

1 while X <10 do

2 Calculate r

3 if ’I"<Tapt

4 Decrease fuerro by (15)
5 else if r > 7, then
6 Augment fuprro by (15)
7 end if
8 X++
9 end while

The Adaptation step is run after finishing the training
step. At each adaptation interval, each node computes the
relative speed S from current turnover ratio r by using
(8). The fuerro and R are then adjusted directly by (1)
within the valid region. An example is shown in Fig. 7,
at time tx41, the estimated speed §k+1 is higher than Sy,
the curve intersects with Ro,p¢ = 150 m in the valid region,
thus Ri41 is unchanged and equals R,p¢; while at €542, the
§k+2 is too high that the intersection with R,p: = 150 m is
outside the valid region. However there is still a small part
of the curve in the valid region, and the minimum cost will
be obtained at Rjy2 according to the theoretical analysis,
therefore fiio is assigned with the maximum value fiqz.
The pseudo code of Adaptation step is shown below:

TFPA: Adaptation step

==
= o

—_
[\

1 if time to send HELLO packet do
2 Calculate r
3 Calculate S by (8)
4 if ﬁoptmin < f_j = % < ﬁoptmax do
5 R = Ropt
6 fueLLo = %
7 else if H > Hoptmas do
8 fHELLO = fma=
i H
9 R = @n(m,Rmaz)
else if H<Hoptmaz do
fHELLO = fmin
— H )
R= max(fHELLO ’ Rmm)
13 end if
14 end if

NOte that Hoptmafv — f’mawRopt and Hopt'm’iﬂn — f'minRopt-

S.  PERFORMANCE EVALUATION

In this section, the proposed TFPA algorithm is evaluated
through simulation by using the WSNET! simulator.
Because the purpose of having a HELLO algorithm is for
neighborhood discovery, the algorithm must be able to keep

"http://wsnet.gforge.inria.fr/
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Figure 8: Validate the minimum cost curve

the consistency of neighborhood tables among nodes with
minimum cost. Thus in addition to HELLO frequency and
power consumption, we use two evaluation metrics: neigh-
borhood accuracy and mneighborhood error. Assuming that
N(u) is the set of actual neighbors of a node u, and N’(u)
the set of neighbors known to u (i.e. whose identifier is
present in its neighborhood table), these two metrics are
defined below. Notice that acc(u)+ err(u) is not necessarily
equal to 1.

Definition 1. Neighborhood accuracy acc(u) is the
proportion of actual neighbors of node u that have been
indeed detected by u.

[N (u) N\ N’ (u)]
acc(u) = ——~—————+= x 100.
IN'(U)]

Definition 2. Neighborhood error err(u) measures both
how many neighbors of node u have not been detected, and
how many "false neighbors” remain in its neighborhood table
(i.e. old neighbors that have not been removed).

_ IN@)\N'(u)] + [N"(u) \ N(u)]

x 100.
IN (u)]

err(u)

First of all, the minimum cost model stated in Sec.3.2
is validated. In the simulation, 100 nodes were randomly
distributed in a square area of size 1000 m x 1000 m
and the maximum speed of nodes is varied with 3 levels:
0~3m/s, 0~5m/sand 0 ~ 10 m/s. The propagation
employs the free-space model, and A = 2, C = 2.25 x 10%,
therefore Rop: = 150 m by substituting A and C in (12)

and A = %. Fig. 8 shows the energy consumption

by the TFPA protocol. For each level, different R, €
[50 m,250 m] are tested. Simulation lasts 100 s for each
R,,:. As can be seen, the energy cost at Rope = 150 m is
the minimum for all the mobility level and the curve varies
similarly as Fig. 6, therefore the theoretical analysis on the
Ropt is proved.

To evaluate the performance of the TFPA algorithm, we
chose to compare it to four other comparable schemes: TAP
algorithm(3], NoTAP algorithm[9], Fopt algorithm([11] and
ARH algorithm [6]. The TFPA, TAP and NoTAP do not
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Figure 9: Real mobility trace from pedestrian runners (two examples)

require nodes equipped with GPS. While Fopt sets furrro
based on the current speed and the ARH sends HELLO
message when the error between the prediction of location
and the real location is greater than a threshold, thus GPS
or a localization module is needed for both Fopt and ARH
algorithms.

The nodal mobility trace are generated based on log files
obtained from real experiments on pedestrian runners?. The
moving speed of each node was spread around a mean value
of 3 m/s. Two examples of the mobility trace are shown in
Fig. 9, where one curve stands for one runner. A varying
number of nodes (from 100 to 600) were deployed in a
1000 m x 1000 m square region. These nodes have the same
optimal transmission range Rop¢ = 100 m and Rmin = 50 m,
Rimaz = 150 m. For each network size, we conducted 100
simulation runs and obtain the average results with 95%
confidence intervals.

Fig. 10(a) and Fig. 10(b) show the accuracy and error of
the neighborhood table respectively. The TFPA algorithm
performs slightly better than the TAP, Fopt and ARH, but
slightly worse than NoTAP.

However, if take a look at Fig. 10(c) which compares
the value of furrrLo with regards to different number of
nodes, we observe that the HELLO messages sent by TFPA
and ARH algorithms are much less than the others. The
TFPA performs better than ARH when node density is
lower, while ARH performs slightly better as the number
of node increases. However, in average, the fugrro of
ARH is about 11% higher than TFPA. The fugrro of
Fopt is 90% higher than that of TFPA, the NoTAP and
the TAP are 80% and 60% higher than the fugprro of
TFPA respectively. Bost of the Fopt and ARH algorithms
perform consistently, but with different explanations: For
Fopt algorithm, the average speed of each node is almost
constant thus the average furrro is almost constant; for
ARH, the HELLO frequency depends on the error that
a node detects between its position estimate and its real
position, which are both independent from the number of
neighbors and the total number of nodes. The curves of
TFPA, TAP and NoTAP algorithms have similar variation
trend and they climb slightly as the node density increases,

2http:/ /researchers.lille.inria.fr /~mitton /mobilitylog.htm]

which indicates that the dynamic of surrounded neighbors
of each sensor node increases.

Fig. 10(d) demonstrates the turnover for all the methods
except the ARH (which can not explain the turnover). As
expected, all the turnover ratios are close to 0.04 which
is in coincident with the theoretical analysis. The Fopt
algorithm provides highest furrro, thus the turnover is
the lowest. The TFPA gives the lowest furrrLo, thus the
turnover is the highest. However, the turnover ratio of Fopt
decreases as it only focuses on the absolute speed of each
node and ignores the relative change on the neighbors. On
the contrary, the turnovers of the TFPA, TAP and NoTAP
are relatively stable because again they take into account
the mobilities of the neighbors.

The remaining energy is shown in Fig. 10(e). Although
the fuerro of NoTAP algorithm is less than that of Fopt,
its energy consumption is the highest. Since Fopt sends
HELLO messages always with R,p+ and NoTAP intends
to adapt R to achieve high accuracy, the reduction on the
fHELLO can not compensate the consumption on modifying
the transmission range, hence the overall energy cost is
at the end the highest compared to others. Meanwhile,
we observe that the TFPA costs least energy among the
algorithms. This can be explained by the factor that in
addition to the lowest fuprrLo, the TFPA only adapts R
when the computed furrro reaches the boundary of valid
region, while the NoTAP algorithm adapts R whenever
faerLLo changes. Therefore, with the lowest fmrrro and
quasi global optimum R, the TFPA algorithm is able to save
more energy than the others.

The average speed of the WSN is also obtained, Fig.
10(f) shows that the estimated result is slightly higher
than the real average speed with a mean error of 0.67
m/s. Therefore, without any GPS-like devices, the TFPA
algorithm estimates properly the dynamic of the WSN which
can be employed on other implementations that also require
speed information.

6. CONCLUSION AND FUTURE WORKS

In this paper, a TFPA HELLO algorithm is proposed for
mobile ad hoc networks. The algorithm relies on appropriate
theoretical analysis in which the expression of turnover ratio
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Figure 10: Different metrics of the WSN vary with number of nodes

r is approximated properly. By taking account of the relative
change of neighborhoods, the relationship between r and
relative speed S is derived which enables the sensor nodes
be aware of the dynamic of their environment without using
GPS-like devices and hardware cost is saved. Moreover,
the optimal transmission range is deduced from the battery
consumption model which makes the adaptation procedure
energy efficient. The simulation results demonstrate that
the algorithm is able to maintain the neighborhood table
accurate with low HELLO frequency (comparable with and
even lower than GPS-needed algorithm) and lowest energy
consumption.

There are some open issues, such as the battery
consumption modeling, as different models result in
different R,p¢ with similar deduce method; the propagation
model could be more practical to adapt the transmission
power. We would like to further study the consequences of
these more realistic assumptions and adapt TFPA protocol
consequently.
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