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Abstract— Energy consumption is a main research issue in
wireless sensor networks; and particularly in those where nodes
collaborate to reach a goal. This article explores the energy
consumption in mobile devices participating in a human-based
wireless sensor network. Specifically, the paper proposes the use
of a message predictor to help detect and reduce the number of
unnecessary control packets delivered by the nodes as a way to
keep updated the network topology. In order to evaluate this
proposal, the Optimized Link State Routing protocol was
modified to add a message predictor between the routing and the
network layers. Eleven simulations were performed using a
particular setting. The preliminary results indicate the use of the
message predictor can help reduce considerably the nodes energy
consumption without affecting the routing capability of the
protocol. Although these results are still preliminary, they are
highly encouraging.

Keywords— human-centric wireless sensor network,
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I. INTRODUCTION

Mobile technology plays an important role in the life of many
people, and everything indicates that it will become more and
more relevant in our lives. Although such a technology is
mainly used to provide mobile communication, it can also be
used for sensing. For example, a smartphone with a WiFi
antenna could act as a sensor able to detect in a certain area, the
physical presence of devices belonging to a friend or a relative.
Thus, it is possible to sense the presence of people physically
close to the user location. This capability allows mobile devices
to support users in several scenarios, such as tourism, shopping
or entertainment. In fact, these sensing units are useful to
facilitate casual meetings between service providers and
potential clients.

The sensing capabilities provided by mobile devices are
particularly helpful in crowded areas, e.g. a fair, where is not
easy that potential clients can identify potential providers of a
service. In order to exemplify this point, Fig. 1 shows a job fair

where potential job applicants (indicated with a dashed circle)
need to identify potential headhunters (indicated with a circle).
The edges indicate the compatibility links among them, which
should generate a personal contact among them.

Figure 1. Example of compatibility links between job
applicants and headhunters in a job fair

Today, participants in these fair use their skills to try
identifying people potentially matching with their job
requirements or expectations. Such a matching strategy is
clearly inefficient and usually ineffective. Therefore the use of
mobile applications acting as sensors can represent a
contribution to help connect people in crowed scenarios, like a
job fair or a marketplace.

Ochoa and Santos [10] have named this type of networks as
Human-centric Wireless Sensor Networks (HWSN). A HWSN
has been defined as an opportunistic network (oppnet) that uses
the mobile devices’ communication capabilities to build a
dynamic mesh. These networks, as any other oppnet, are able
to route messages from a source to a destination node, without
knowing if there is a path between them [11].

The nodes of a HWSN can be regular sensors (e.g. GPS),
human-based sensors (e.g. people using a mobile application)
and information holders (e.g. passive re-transmitters). However



the main actors in these networks are the human-based sensors,
which have the capability to send/receive information on-
demand to/from other sensors. In case of the scenario shown in
Fig. 1, a human-based sensor can be implemented as a software
application running in the smartphone of job applicants or
headhunters. The application could be used to detect the
physical presence of candidates in the area close to a user.
Then, using such information the application can trigger a
request for a face-to-face meeting or guide the user towards the
other user’s location.

In a HWSN the human-based sensors participate in the
messages routing, therefore the energy consumption of the
nodes becomes a critical issue. The power autonomy of these
mobile devices indicates the time period in which they will be
useful for their respective users.

When a HWSN is deployed in a crowded area, where the
offer and demand for personal contact is high, it is easy to
realize that the message traffic and the energy consumption
will be important in almost every node. If we consider that a
smartphone (i.e. the most typical node used in public areas) has
low autonomy when using intensively its communication
antennas, it is clear that a HWSN should try to optimize its
routing protocol in order to reduce the power consumption of
the nodes, without affecting the messages delivery. This is
particularly the challenge addressed in this article.

Several approaches have been proposed in the literature to
reduce the information overhead in mobile ad hoc networks [7,
8], and thus to deal with the problem of energy consumption in
mobile devices participating in oppnets. However, none of
these proposals use messages prediction as the instrument that
allows reaching such a goal, which is particularly the strategy
proposed in this study.

In order to evaluate the potential impact that message
prediction can produce in the energy consumption of nodes
participating in a HWSN, we have modified the Optimized
Link State Routing (OLSR) protocol [9], which is one of the
most well known proactive protocols for routing messages in
oppnets.

Next section describes how the messages prediction in
oppnets can help reduce the traffic and energy consumption in
nodes of a HWSN. Section III indicates how the messages
prediction is addressed in this proposal. Section IV briefly
describes the OLSRp routing protocol, which is an adaptation
of OLSR that includes messages prediction. Section V
describes the simulation setting used to evaluate the proposal.
Section VI presents the obtained results. Section VII discusses
the related work. Finally, Section VIII presents the conclusions
and the future work.

II.  PREDICTION IN OPPORTUNISTIC NETWORKS

Prediction is a well-known and crucial technique in computer
microarchitecture for achieving high performance and it has
been applied successfully for years to several parts of the
processor. This technique benefits from the huge amount of
redundant computation that presents the program execution in a
processor. Typically, if the percentage of predictions is high
enough, the overall microprocessor performance is
significantly improved at a reasonable hardware cost. In this

article the authors hypothesize that the same benefits can be
extended to oppnets supporting HWSN. Thus, we could
improve the power autonomy of human-based sensors,
particularly when they are used in areas with high message
traffic.

Prediction can be performed in different ways and it does
not necessarily need to rely on the past history. However, a
repetitive behavior facilitates the prediction process. Last-value
is the simplest prediction approach, which benefits from the
repetition of the last value that was observed by a node. If we
analyze this repetition (i.e. last received message is equal to the
preceding one) in OLSR control messages, we can assure that

[5:

* The number of nodes does not affect the percentage of
repetition. Given a certain speed of nodes mobility and
nodes density, there are no significant differences in terms
of repetition when the number of nodes is increased. That
means that it can be achieved the same percentage of
repetition just by increasing the number of nodes.

* The percentage of repetition is affected by nodes mobility.
This percentage ranges from 80% to 98% when the speed is
0.1 m/s, from 40% to 80% when the speed is 1 m/s, from
20% to 40% when the speed is 5 m/s and, finally, from 5%
to 20% when the speed is 10 m/s.

* The percentage of repetitions is significant with human
walking speeds. This percentage moves from 40% to 80%
depending of the nodes density. The lower density the
higher repetitions, and the higher density the lower
repetitions.

* The density of nodes slightly affects the percentage of
repetitions. Given a certain speed of nodes mobility and
number of nodes, there are only small differences in terms
of repetition between different levels of nodes density.

Based on these observations, we can modify the OLSR
routing algorithm to predict the control messages that nodes
need to exchange for building an accurate map of the network
topology. Thus, the nodes can avoid resending the same
information, which it is translated into two important
advantages:

* It reduces energy consumption and CPU processing time
because fewer routing control packets are sent and received.
This packet reduction is particularly interesting because the
energy consumed by OLSR traffic increases with number
of nodes (see Fig. 2). Therefore, we can reduce the number
of messages transmitted through the network and thus
saving CPU and energy consumption.

* [t reduces network collisions because the predictor only
sends non-redundant routing control information, thus
reducing the message traffic. Fig. 3 shows clearly (for
different node densities) that the traffic generated by the
OLSR protocol grows almost exponentially with the
number of nodes. High density means 125 nodes/km?,
medium density means 15 nodes/km’ and finally, low
density means 5 nodes/km?.
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Figure 2. OLSR energy consumption vs. number of nodes
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Figure 3. OLSR traffic vs. number of nodes

III. THE PREDICTION MECHANISM

In link state routing protocols, nodes periodically disseminate
control information to the rest of the network nodes. This
information is always injected to the network, even if it is the
same as the one sent the last time or if the control information
is empty. This clearly produces an unnecessary CPU and
energy consumption.

In order to address this issue, we propose to modify the
routing protocol to include a component able to predict the next
control packet that should be sent or received. Such a predictor
is located between network and routing layers (Fig. 4).
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Figure 4. Network architecture including the predictor

A “node 17 periodically generates a control packet that we
will name “generated CP”. Following the same pace the
predictor predicts next control packet as a result of the
application of a prediction algorithm. We will name these
packets as “predicted CP”.

The system will deliver a new control packet to other
network nodes as a result of applying a merge algorithm that
considers the generated and predicted packets. Moreover, this
occurs if both packets (i.e., generated and predicted) do not
contain exactly the same control information. After any
delivery, the predictor stores the information of the new control
packet, which will be used for new predictions.

As shown at the right side of Fig. 4, a “node 2” periodically
receives control packets from other nodes, which are
considered as “generated CP”. At the same pace the predictor
determines next control packet that should be received
(predicted CP). If no control packet is received through the
network, the routing protocol processes the “predicted CP”. In
other case, the routing protocol processes this new control
packet and the predictor stores a copy of it for the next
predictions.

In this strategy each node predicts a control packet that is
used to generate every new control packet, which eventually
will be injected to the network. Moreover, each node predicts
all control packets that it should receive from other nodes. This
scheme considers one predictor by each node that a packet can
be received from.

Prediction and merge algorithms can be almost any. For
example, in case of the prediction algorithm we could use “the
last control packet injected to the network algorithm”, which is
similar to last value of the architecture predictor.

IV. OLSR WITH PREDICTION

OLSR with prediction (OLSRp) [5] was introduced by the
authors as a scalable routing mechanism that focuses on
eliminating redundant control information, and thus to reduce
the CPU and energy consumption in mobile ad hoc networks.
This strategy was defined based on the empirical observation
that the probability of receiving a control message containing
the same information as the previous one is very high. In fact, it
is demonstrated that message repetition is only affected by
nodes mobility and it remains almost constant when changes
the nodes number or density. Consequently, it can be
orthogonally applied to diverse scenarios where these
parameters are different.

Basically, this approach places a last-value predictor [6] in
every node of an oppnet to prevent them from transmitting
duplicated Topology Control (TC) packets throughout the
network. It is implemented as a transparent communication
layer between the routing and the network layers.

A node with or without OLSRp deals with exactly the same
control traffic. The main difference is that the data sources for
the OLSR layer are different. When the OLSR is used alone, all
the information comes from the WiFi layer, whereas when the
OLSRp is used, the information can be provided by both the
WiFi and the OLSRp layer. This means that OLSRp does not
modify the number of TC messages that are processed, but it



reduces the amount of TC messages transmitted through the
network. Messages that are not transmitted are predicted by the
receiver. In OLSRp the nodes behavior can be summarized as
follows:

* A given node executes a prediction when it has a TC
message to transmit. Because OLSRp launches a last-value
predictor, the result of every prediction is always the last
TC message generated by the node.

* Immediately after a prediction is made, OLSRp compares
the prediction result with the new TC message generated by
the node. If both messages are the same, then the node does
not transmit the new TC message. Because the OLSRp
protocol runs in every network node and all nodes have the
same last-value predictor, every network unit will calculate
the same TC message in the same round.

* By making this prediction, each node is able to reuse the
same TC information, and thus to prevent the transmission
of duplicated messages. The OLSRp protocol is 100%
accurate because the prediction results are always inferable
(i.e. all nodes expecting a given TC message will always be
able to predict the same TC message).

*  When OLSRp cannot make a prediction, a new TC message
is transmitted. Dealing with the fact that destination nodes
may not be properly working, OLSRp uses the reception of
the HELLO messages generated periodically by the
network nodes, as a topology validation method. Therefore,
if a node does not receive a HELLO message, it means that
the node is inactive or the network topology has changed.
Consequently, the OLSRp will deactivate the predictor and
will send the real TC message.

V. EXPERIMENTATION SETTING

In order to understand the effect that the reduction of TC
messages has on the energy consumption of the mobile devices
(i.e. nodes of a HWSN), we have designed and run several
simulations. We use the ns-2 [1] simulator during this
validation process because it allows us to model several
network scenarios and collect statistics through the generation
of PCAP (packet capture) files. Such a simulation tool allows
us also to define network topologies, configure wireless
network interfaces and set node mobility patterns.

For the simulations, we have considered a physical area of
200m x 200m, which simulates a marketplace. In such a
scenario we have considered 25 stationary nodes (e.g. product
providers) and 275 mobile nodes (e.g. potential clients). Nodes
were randomly deployed in an open area, where there are no
walls interfering the WiFi signal used by these devices to
support their interactions. In this scenario we did 11 different
simulations using both, OLSR and OLSRp.

We have assumed that all nodes are similar, and with
technical features equivalent to a smartphone; particularly we
have considered the features of the iPhone 4 for stationary and
mobile nodes. These devices have an effective communication
threshold of 80 meters approximately in open areas. In such a
threshold we can expect that the ad hoc communication among
devices is stable and the bandwidth of at least S0Kbytes, which
is appropriate to support reliable synchronous interactions.

Mobile nodes (e.g. potential clients) have a random mobility
and a walking speed of 0.7 meters/second, due we are
considering that the marketplace has a regular people density.

We have also considered that the WiFi channel has a
constant propagation delay and it follows a Friis propagation
loss model. The routing protocols were set to deliver HELLO
messages every 2 seconds and TC messages every 3 seconds.
We also generated a data traffic (i.e. messages with content
generated by the mobile application) that consists of several
UDP packets transmitted every second. We also set stationary
nodes to act as Echo servers and the mobile nodes to act as
Echo clients. Every simulation lasted 200 seconds.

VI. OBTAINED RESULTS

Fig. 5 shows a histogram of the energy consumption versus
number of network nodes. The results indicate that nodes using
OLSRp consume between 0.3 to 1 Joules during the simulation
period, and those using OLSR consume between 0.4 and 2.3
Joules. Therefore we could hypothesize that the use of message
prediction could be helping to reduce the energy consumption
of the nodes. Comparing the energy use for OLSR and OLSRp
we can see that there are statistically significant differences
between Means determined by T-test (unpaired samples and

unequal variances), when r = 9.4E-36 < 0.05.
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Figure 5. Histogram of energy consumption by number of
network nodes

Fig. 6 shows the evolution of the energy consumption
according to the nodes degree. The results indicate that the
energy consumption grows with the nodes degree. This is an
expected result since each node will be connected to a more
important number of nodes, and therefore each one will have to
route extra traffic that increase the energy consumption.
Although this behavior is present when using both protocols,
the participation of the predictor helps reduce the slope of the
energy consumption. This means that OLSRp improves the
performance of the HWSN (from an energy consumption point
of view), when they are used in areas with high density of
human-based sensors.

Fig. 6 also shows that the dispersion of the energy
consumption is considerably minor when using OLSRp. This
helps nodes to manage energy consumption more efficiently



due they are able to accurately estimate their future

consumption as members of a HWSN.
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Figure 6. Relationship between node degree and energy
consumption

Fig. 7 shows the average number of routing messages by
network node, considering just HELLO and Topology Control
(TC) messages. It also indicates the maximum, average and
minimum values for each message type, considering the 11
simulations.

The results show that the energy consumption reduction is
produced by the reduction of the TC messages required to keep
updated the network topology. In case of crowded areas, the
walking speed of mobile users is low and consequently the
network topology will change slowly. Therefore the use of
OLSRp will be highly convenient to reduce the transmission of
TC packets and thus to increase the nodes autonomy in terms
of energy.
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Figure 7. Comparison of average routing messages, considering
just HELLO and TC messages

Although the simulation outcomes show that OLSRp
reduces the nodes energy consumption, it is also important to
verify that such a reduction does not affect negatively the nodes
capability to route messages. Fig. 8 shows the maximum,
minimum and average percentage of traffic messages generated
by ping and multicast messages.

In case of the ping message traffic, it has been generated by
randomly coupling the network nodes. Every node in a couple
sends ping messages to its coupled node. A total number of
2123 ping messages were delivered in each simulation period.
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Figure 8. Comparative traffic produced by ping and multicast
messages

The comparative ping traffic indicates the percentage of
messages correctly received by the destination nodes is similar
in both protocols, and also in both cases there was packet loss.
However, when using OLSRp the variance of the message
arrival rate was smaller than the rate obtained when using
OLSR. The same result was observed after processing the
traffic produced by multicast messages.

In case of the multicast messages simulation scenario, we
used five nodes (randomly chosen) to send multicast messages
to the rest of the network nodes. The transmitters sent UDP
packets with a size that varies randomly between 10 to 1000
bytes. The nodes data transfer rate was set to 5 Kb/s. Fig. 9
shows the detailed values obtained in the eleven simulations,
where we can see that in some scenarios the messages arrival
rate reached 100%.
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Figure 9. Detailed results of UDP traffic for the eleven
simulations

The preliminary analysis of the simulation results indicates
that both protocols seem to be equivalent in term of data
transfer capability. This would means that the reduction of TC



packets generated by the predictor does not affect negatively
the routing capability of this protocol. This was the second
hypothesis that this study intends to validate.

VII. RELATED WORK

Concerning energy consumption in WSN and oppnets,
there are also several interesting proposals, but most of them
are not particularly suitable to be applied to HWSN. Le et al.
[12] propose a new MAC technique for event-driven wireless
sensor network that creates a hierarchical topology, where
every node synchronizes with its neighbors to avoid resending
the same information. In this way, if a node receives the same
information that was sent to the same destination, it will
remove this message as it assumes that it has already been sent
by one of its neighbors.

Ye et al. [13] propose a robust energy-conserving protocol
applied to a very large number of small sensors with short
battery lifetime. The protocol deals with geometric information
to derive redundancy and thus it allows redundant nodes to be
turned off. Similar strategy has been used by [14] in sensor
networks and by [15] and [16] in wireless ad hoc networks.

Maleki et al. [2] proposed the Lifetime Prediction Routing
protocol where each node tries to estimate its battery lifetime
on the basis of its past activity. Hence, it is possible to increase
the overall network lifetime by finding better routing solutions
that take into account these predictions. The Kinetic Multipoint
Relaying protocol [3] focuses on predicting mobility in order to
improve routing. This approach selects relay nodes on the basis
of the current relay configuration and the future network
topology prediction. The Mobile Gambler’s Ruin algorithm [4]
also applies mobility prediction. This predictive algorithm is
developed under a cooperative scenario to identify nodes that
are more likely to disconnect in the near future. Therefore, this
prediction allows the coordination layer to reschedule the work
among nodes in advance.

VIIL

Energy consumption is a hot research topic in many areas
including WSN. This article explores the use of a control
message predictor as an instrument able to detect and avoid the
delivery of unnecessary control packets in human-based
wireless sensor networks. By reducing the message delivery the
authors intend to reduce the nodes energy consumption without
affecting the routing capability of the network.

CONCLUSIONS AND FUTURE WORK

In order to validate this hypothesis the authors modified the
OLSR protocol to include it prediction capability. The resulting
protocol named OLSRp was compared with the original one
using eleven simulations. The obtained results show that the
use of prediction effectively helps reduce the delivery of TC
messages and consequently reduce the energy consumption of
mobile devices participating in a HWSN. The results also
indicate that the routing capability of the nodes was not
negatively affected by the reduction of control messages.

Although these results are still preliminary, they are highly
encouraging. Due the use of a message predictor to reduce the
energy consumption is independent of the routing protocol
used in the HWSN, such a proposal can be easily reused in
several other routing protocols for oppnets or WSN.

The next steps in this initiative consider the evaluation of
OLSRp in simulated and also in real scenarios, as a way to
determine its limits and potential impact. After that we will
explore the use of predictors in other routing protocols for
oppnets.

ACKNOWLEDGMENTS

This work has been partially supported by the Spanish Ministry
of Science and Innovation (MCI) and FEDER funds of the EU
under the contracts TIN2010-18368 and TIN2010-20140-C03-
01, and also the Community Networks Testbed for the Future
Internet (CONFINE) Large-scale Integrating Project: FP7-
288535, and also by Fondecyt (Chile), grant N° 1120207 and
LACCIR grant R1210LACO002.

REFERENCES

[1] NS-2 Network Simulator, URL: http://www.nsnam.org/. Last visit: May,
2012.

[2] M. Maleki, K. Dantu and M. Pedram, “Lifetime prediction routing in
mobile ad hoc networks”, Wireless communications and networking, pp.
1185-1190 IEEE Press, 2003.

[3] J. Harri, F. Filali and C. Bonnet, “Kinetic multipoint relaying:
improvements using mobility predictions”, Active and Programmable
Networks. LNCS vol. 4388, pp. 224-229. Springer-Verlag, 2009.

[4] F. De Rosa, A. Malizia and M. Mecella, “Disconnection prediction in
mobile ad hoc networks for supporting cooperative work”, IEEE
Pervasive Computing 4(3), 62-70, 2005.

[5] E. Medina, R. Meseguer, C. Molina and D. Royo, “OLSRp: Predicting
Control Information to Achieve Scalability in OLSR Ad Hoc Networks”,
Lecture Notes of the Institute for Computer Sciences, Social-Informatics
and Telecommunications Engineering, Vol. 68, March 2011.

[6] J.E. Smith, “A study of branch prediction strategies”. 25 years of the
International Symposia on Computer Architecture, pp. 202-215. ACM
Press, New York, 1998.

[71 X. Hong, K. Xu, M. Gerla, “Scalable routing protocols for mobile ad hoc
networks”, IEEE Network 16(4), 11-21, 2002.

[8] A. Iwata, C C. Chiang, G. Pei, M. Gerla, T.W. Chen, “Scalable routing
strategies for ad hoc wireless networks”, Selected Areas in IEEE Journal
on Communications 17(8),1369-1379, 1999.

[9] T. Clausen, P. Jacquet, “Optimized link state routing protocol (OLSR)”,
IETF RFC 3626, October 2003.

[10] S.F. Ochoa, R. Santos, “Human-centric Wireless Sensor Networks to
Improve the Information Availability During Urban Search and Rescue
Activities”. Under Review in Information Fussion, 2012.

[11] L. Lilien, Z.H. Kamal, A. Gupta, “Opportunistic networks: challenges in
specializing the p2p paradigm”. Proc. of the 17th Int. Conf. on Database
and Expert Systems Applications, (Sept. 4-8, 2006), Krakow, Poland,
pp. 722-726.

[12] H.-C., Le, H. Guyennet, N. Zerhouni, “Redundant communication
avoidance for event-driven sensor network™. J. Computer Science and
Network Security 7(3), 193-200, 2007.

[13] F. Ye, G. Zhong, S. Lu, L. Zhang, “Peas: A robust energy conserving
protocol for long-lived sensor networks”. In Proc. of ICDCS’03. Rhode
Island, USA, May 2003.

[14] D. Tian, N. Georganas, “A coverage-preserved node scheduling scheme
for large wireless sensor networks”. Proc. of the 1% Int. Workshop on
Wireless Sensor Networks and Applications (WSNA’02), pp. 32-41.
Atlanta, USA, September 2002.

[15] B. Chen, K. Jamieson, H. Balakrishnan, R. Morris, “Span: An energy-
efficient coordination algorithm for topology maintenance in ad hoc
wireless networks”. Proc. of the 7th Annual MobiCom, pp. 85-96.
Rome, Italy, July 2001.

[16] Y. Xu, J. Heidemann, D. Estrin, “Geography-informed energy

conservation for ad hoc routing”. Proc. of the 7th Annual MobiCom, pp.
70-84, Rome, Italy, July 2001.



