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Abstract: The impact of mobility on link and route lifetimes in ad-hoc networks is of major importance for the design of
efficient MAC and network layer protocols. In this paper, we present data gathered from a simulated network of 20 test users
and analyze it with regard to link and route lifetime distributions. Besides link breakage due to node mobility, link must also
break due to diverse sources of interference or packet collisions. We develop a statistical framework to distinguish between the
mobility and interference or collision errors.
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1. INTRODUCTION

In this paper, we study and analyze the impact of human
mobility on the link and route lifetime distributions in a
simulated environment. We use the collected data from this
test network to analyze the impact of human mobility on the
link and route lifetimes. However, the lifetime of links and
routes is not only determined by user mobility but also by
different sources of failures like packet collisions, or
interference from any sender emitting at the same frequency
band. We find that failures due to human mobility and
interference or collision errors result in very different link
and route lifetime distributions. We simulated a network
comprising of 20 identical nodes uniformly dispersed in a
3000*3000 meters square area. Our simulation were
conducted using QUALNET SIMULATOR[2] which
includes a zrp module.

2. RELATEDWORK

In this section, we discuss related work. We distinguish
between approaches that use synthetic mobility models and
approaches, which use network traces to study the impact
of mobility in wireless networks. Numerous stochastic
mobility models, such as the random waypoint or the random
reference group mobility model, have been proposed for
evaluating protocols in ad hoc networks. A survey of the
most frequently used stochastic models is presented in [3].
Previous works on the impact of mobility on the link and
route lifetime have been conducted mainly with these models.

One of the earliest analysis was done by Mc Donald and
Znati in [4]. They used a slightly modified random waypoint
mobility model and derived expressions for the probability
of link and path availability. In [5], link lifetimes were studied
from simulations with the random way-point mobility model,
the Gauss-Markov scenario, and the Manhattan grid
scenario. In [6], the link and path duration is studied for four
different mobility models including the random waypoint,
the reference point group mobility, the freeway, and the
Manhattan mobility model. These studies are helpful to
understand how the lifetime of links and routes are affected
by the model dependant mobility patterns.

3. SIMULATION PARAMETERS

We set the parameters of the simulation to be as close as
possible to the experiment settings. Thus, the number of
nodes is set to twenty, whereas 15 nodes are mobile and five
nodes are fixed. The simulation plane is set to a rectangle of
100 × 20 meters which roughly corresponds to the effective
size of the floor where the users were working. The node
speed is set to 1m/s corresponding to the walking speed of
humans. The wireless range r of each device varies between
15 and 25 meters and we assume that there exists a
bidirectional link between two devices if their geometric
distance is smaller than the wireless range. As mobility
models, we use the random waypoint and the random
reference point group mobility model as described in [7]
and [8].
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Fig. 1: CDFs of Empirical Overall Link and Route Residual
Lifetime

4. OVERALL LINKAND ROUTE RESIDUAL
LIFETIMES

We next analyze the overall residual lifetime of the links and
routes in the test network. The overall residual link lifetime is
the duration of a link between two nodes. The overall residual
lifetime is affected by both, errors due to mobility and errors
due to collisions or interference. In Figure 1, we plot the
cumulative distribution function (CDF) for the links (denoted
with 1-hop). We observe that many links break after a small
amount of time.

           Fig. 2 (a) Link         (b) Route with N = 3

5. GENERAL FRAMEWORK FOR RESIDUAL
LIFETIMES

In this section, we present our statistical framework to model
the lifetime of links and routes.

5.1Basic Framework with all Mobile Nodes

In our basic model, all users are mobile and behaving in the
same way (the case including nodes behaving differently is
handled in the next subsection). Furthermore, all devices are
reliable and functioning over time. Our goal is to determine
the reason for link breaks. Therefore, we differentiate between
link transmission failures caused by movement of one of the
linked nodes, and other failures caused by interference from
other devices. We define the corresponding failure
probabilities as follows:

• pn(t) = P[T < t]: The probability that the link between
two nodes breaks due to movement of one of the two
nodes.

• pl(t) = P[T < t]: The probability that the link between
two nodes breaks due to disturbances from other
devices.

A link consists of two nodes connected over a wireless
transmission medium (see Figure 2(a)). For a link to last longer
than time interval t, none of the nodes may move away during
that time and no interference may occur. Therefore, the
probability that a link lasts longer than time t is

P[Tlink > t] = (1 – pl(t)) (1 – pn(t))
2 (1)

and the overall link lifetime CDF is

P[Tlink < t] = 1 – P[Tlink > t] = 1 – (1 – pl(t)).(1–pn(t))
2 (2)

The link lifetime in the absence of interference is then
obtained by setting pl (t) = 0

     P[Tlink < t | pl(t) = 0] = 1 – (1 – pn(t))
2 = 2pn(t) –

2
np (t) (3)

and for the link lifetime CDF in the absence of node
mobility, we set pn(t) = 0

P[Tlink < t | pn(t) = 0] = pl(t) (4)

The same reasoning leads us to the conditional lifetime
CDF of  routes, meaning the lifetime CDF of routes in the
absence of mobility or interference failures. A route consists
of a set of nodes connected with links (see Figure 2(b)).
If N is the number of links in a route, N + 1 is the number of
nodes which are part of the route (N is 3 in the Figure). For a
route to last longer than the time interval t, none of the N + 1
nodes may move away and none of the N Wireless
connections between the nodes may be disturbed with
interference during that time. Thus, the probability that a
route lasts longer than time t is

P[Troute > t] = (1 – pl(t))
N (1 – pn(t))

N + 1 (5)

and the route lifetime CDF is

P[Troute < t] = 1 – (1 – pl(t))
N (1 – pn(t))

N  + 1 (6)

5.2Extension with Fixed Nodes

Fig. 3: Probability that the Residual Lifetime of a Route is
Smaller than Time t Versus the Number of Hops

The model introduced above is based on the assumption
that all the nodes behave in the same way (that all nodes are
mobile). However, if some nodes are static, this assumption
is no longer true and the derived lifetimes are no longer
correct. In the following, we relax from this strict assumption
and extend our framework for cases where nodes behave
differently, namely part of the nodes are mobile, and the
remaining nodes are static.
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Let M be the number of mobile nodes out of N +1 nodes
in a route. Then, according to the law of total probability, the
overall probability that a route does not break during the
time interval t is

P[Troute < t] =
1

0
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P T t M m P[M = m] (7)

where P[M = m] is the probability that a route contains
m mobile nodes. According to Equation (6), the conditional
route lifetime probability is given by

P[Troute < t| M = m] = 1 – (1 – pt(t))
N (1 – pn(t))

m (8)

To obtain the probability that a particular route contains
m mobile nodes, we assume that the nodes are spatially
distributed in such a way that the probability of the next hop
in a route to be fixed or mobile is equal to the number of
remaining fixed/mobile nodes divided by the total number of
remaining nodes. This assumption implies that the
probability that a route contains m mobile nodes is
hypergeometricaly distributed Substituting Equation (8) into
(7) finally yields

P[Troute < t] =
1

0
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=
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p t .(1 – pn(t))
m). P[M = m]

(9)

To illustrate the effect of the model extension for fixed
nodes, we plot Equation 9 in Figure 3 for typical values of
fixed nodes in a network of 20 nodes. The curves show the
probability that a route breaks within time t depending on
the route lengths.

7. CONCLUSIONAND FURTHERWORK

The goal of this paper was to analyze the impact of human
mobility on the link and route lifetime of mobile ad hoc
networks. For this purpose, we analyzed the data gathered
from a simulated environment of 20 nodes. In order to separate
mobility and collisions/interference as causes of link failures,
we developed a general framework to model the link and
route lifetimes. With the help of this framework, we were able
to study the impact of both sort of failures separately.

We found that interruptions due to human mobility and
collisions/interference have a completely different impact
on the lifetime of links and routes. We can distinguish two
separate regions: for small lifetimes, most link breaks are due
to interference/collision errors while for large lifetimes, most
failures occur due to mobility. Such a result is crucial for the
design of new MAC and link layer protocols. The framework
is generic and can be applied to different type of data sets.
As part of our future work, we plan to use the acquired
insights for the design of new MAC and network layer
protocols.

REFERENCES
[1] IETF Mobile Ad-hoc Networking (manet) Working Group.

http://www.ietf.org/html.charters/manet-charter.html, 2004.

[2] Scalable Network Technologies Inc.,“Qualnet Simulator”,
http://www.scalable-networks.com.

[3] T. Camp, J. Boleng, and V. Davies, “A Survey of Mobility
Models for Ad Hoc Network Research”, In  Wireless
Communications and Mobile Computing (WCMC): Special
Issue on Mobile ad Hoc Networking: Research, Trends and
Applications, 2, pages 483–502, 2002.

[4] A. B. McDonald and T. Znati, “A Path Availability Model
for Wireless Ad Hoc Networks”, In Proceedings of the IEEE
Wireless Communications and Networking Conference
(WCNC), New Orleans, USA, September 1999.

[5] M. Gerharz, C. de Waal, M. Frank, and P. Martini,
“LinkStability in Mobile Wireless Ad Hoc Networks”, In
Proceedings of the IEEE Conference on Local Computer
Networks (LCN), Tampa, Florida, USA, November 2002.

[6] N. Sadagopan, F. Bai, B. Krishnamachari, and A. Helmy,
“PATHS: Analysis of PATH Duration Statistics and their
Impact on Reactive MANET Routing Protocols”, In
Proceedings of the Fourth ACM International Symposium
on Mobile Ad Hoc Networking and Computing, Annapolis,
Maryland, USA, June 2003.

[7] D. B. Johnson, D. A. Maltz, Y.-C. Hu, and J. G. Jetcheva,
“The Dynamic Source Routing Protocol for Mobile Ad Hoc
Networks (DSR)”, February 2002.

[8] X. Hong, M. Gerla, G. Pei, and C.-C. Chiang, “A Group
Mobility Model for Ad Hoc Wireless Networks”, In
Proceedings of ACM/IEEE MSWiM’99, Seattle, WA, August
1999.

http://www.ietf.org/html.charters/
http://www.scalable-networks.com



