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ABSTRACT

advance its neighbors and the protocol requires that nodes
select a subset of their neighbors to forward packets.
An example of dynamic-topology networks are the Wireless Sensor Networks (WSNs) [3, 7]. In WSNs, sensor nodes
go to sleep to save energy and go out of service when the
energy of the battery runs out or when a destructive event
takes place. WSNs are characterized by sensors nodes with
limited resources, mainly, limited energy. Data communication is one of the main problems in a WSN since its energy
expenditure can be up to three orders of magnitude higher
when compared with data processing [4].
Received-based gossiping is often used to perform broadcasting in wireless networks. Broadcasting is a data communication paradigm in which a node has an item of information that needs to be sent to everyone else. Other data
communication paradigms are unicasting and multicasting,
and gossiping can also be used to perform them.
Broadcasting is an important data communication paradigm in WSNs [4, 6] that happens when the monitoring node
has to send a piece of information to all network nodes. In
WSNs, the monitoring is a special node that often does not
have resource restrictions and it is responsible for collecting
network data and sending control data to sensors. Reliable
broadcasting is crucial to WSNs since a monitoring has to
perform some speciﬁc tasks, such as to change the operational mode of part or the entire WSN, activate/deactivate
one or more sensors, and send queries or new interests to the
WSN. Moreover, broadcasting is crucial to the basic operation of many protocols in WSNs such as localization discovery, identiﬁcation of multiple paths, and establishment and
maintenance of routes. Some data collection protocols, e.g.,
Directed Diﬀusion [7], depend on a broadcasting protocol.
This work proposes the algorithm Gossiping using the Energy Map (GEM), a new gossiping-based protocol to perform energy-aware broadcasting in WSNs. The key idea is
to change the random selection of neighbors in a way that
the selection process uses the energy map – the information
about the amount of energy available at each part of the network [9]. Moreover, GEM has the ability to avoid obstacles,
as low energy regions, in a way it eliminates the data ﬂow
inside these regions, balancing the WSN energy and preserving low energy nodes to perform sensing tasks. When
the number of obstacles increases, GEM shows a robust and
scalable behavior in which its performance is constant and
independent of the number of obstacles. Simulation results
revealed the eﬃciency of GEM in relation to the numbers
of reached nodes and transmissions, computational cost and
energy consumption when compared with other protocols.

A gossip protocol randomly decides the set of nodes that
will forward a packet it received. Gossiping was proposed
to be used in dynamic topology networks such as Wireless
Sensor Networks (WSNs). This work proposes Gossiping
using the Energy Map (GEM), a new gossiping-based protocol to perform energy-aware broadcasting in WSNs. The
key idea is to change the random selection of neighbors in
a way that the selection process uses the energy map. In
our protocol, the routing ﬂow is directed to the nodes with
the greatest energy reserves, balancing the network energy
and preserving nodes localized inside low energy regions to
perform sensing tasks.
Categories and Subject Descriptors: C.2.2 [Network
Protocols]: Routing protocols
General Terms: Algorithms, Experimentation, Performance
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INTRODUCTION

A gossip protocol randomly decides the set of nodes that
will forward a packet it received. At each step of this protocol, a random set of nodes is selected to forward the packet
and thus continuing the routing process. Gossiping is implemented using two approaches: sender and received based. In
the ﬁrst one, when a node receives a packet, it randomly selects a subset of its neighbors to forward the packet. Senderbased gossiping uses the concept of epidemic spread in which
a person who was infected with a disease can contaminate a
random set of people. On the other hand, in received-based
gossiping [5], when a node receives a packet, it randomly
decides whether it forwards the packet. This work uses the
term gossiping as its received-based version that was proposed to dynamic-topology networks. Sender-based gossiping is not an interesting idea to route in dynamic-topology
networks since in these networks a node does not know in
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3. GOSSIPING USING THE ENERGY MAP

The rest of this paper is organized as follows. Section 2, 3
and 4 describe the related work, show our protocol and analyze its simulation results, respectively. Section 5 concludes
this work and discusses some possible future directions.

2.

This section proposes Gossiping using the Energy Map
(GEM), a algorithm that changes the basic operation of
gossiping to perform energy-aware broadcasting in WSNs.
The rest of this section discusses the packet gossiping policy
of GEM. Sections 3.1 and 3.2 show the basic operation of
GEM and how it calculates the gossip probability, respectively. Section 3.3 shows how the monitoring calculates the
cut energy – an energy parameter that is inserted into the
packet by the monitoring and used by each sensor to determine whether it is localized inside a low energy region. The
cut energy is calculate based on the energy map.

RELATED WORK

This section brieﬂy discusses some work about gossiping
and broadcasting in WSNs.
Gossiping received-based is a broadcasting protocol that
was proposed in [5] to disseminate data in wireless networks. In gossiping, when a node receives a packet, it randomly decides whether it forwards the packet. This decision
is probability-based and, when a packet is received, the node
relays it with a probability p and discards it with a probability 1 − p. If the node receives the same packet again, this
is discarded. This version of gossiping is called Gossip1(p)
and [5] proposes other versions: Gossip2 , Gossip3 and Gossip4 . Among them, the one that is more similar to GEM is
Gossip3 that uses retries to prevent the premature gossiping
death. Gossip3 works as the Gossip1 except when a node
does not relay a packet. In this case, when a node receives
a packet but does not relay it because its coin toss landed
“tails”, the node waits a timeout period. After this timeout,
if at least m neighbors do not relay it, the node does.
Dynamic Delayed Broadcasting (DDB) [6] is a broadcasting protocol that uses the forwarding delay idea. Before relaying a packet, a node waits a small time interval and,
after this time, if no neighbor has relayed the packet, the
node transmits it. DDB has two versions and the second
one should be used in WSNs. In DDB2, the delay time is
inversely proportional to the node initial energy less its current energy. Whenever a node receives a packet, it calculates
its additional area, the area that this node transmission going to cover and that has not been covered yet. If the size
of this area is smaller than a predeﬁned threshold, the node
drops the packet. Otherwise, it calculates the delay time.
Trajectory and Energy-based Data Dissemination(TEDD)
[4] is an algorithm that combines the concepts of “routing on
a curve” with the information provided by the energy map
to disseminate data in an energy-eﬃcient manner in WSNs.
“Routing on a curve” protocols use a forwarding scheme in
which packets are routed along a predeﬁned curve and then
let the intermediate nodes forward the packet to those neighbors that lie close to the curve. TEDD is comprised of two
parts. The ﬁrst one is a technique for generating curves that
pass through regions with higher energy reserves. The key
idea is to select a set of nodes that are most suitable for
disseminating data and to ﬁnd the best set of curves passing through or near these selected points. The latter is a
packet forwarding policy that employs a receiver-based approach in which when a node receives a packet, it decides
locally whether it forwards the packet. This decision uses
the forwarding delay idea.
This work compares GEM with Gossip1 and Gossip5 (an
improved version of Gossip3 proposed in Section 4.1) since
the former is the basic gossiping and the latter is its version
that is more similar to GEM. Our protocol is compared with
TEDD and DDB2 since they use a forwarding delay scheme
and provides energy-aware broadcasting.

3.1 Basic Operation
Figure 1 illustrates the basic operation of GEM that is a
receiver-based approach to decide when a node should gossip
packets. When a node receives a packet, it veriﬁes whether
its energy is smaller than the cut energy (Figure 1, point A).
If true, the packet is dropped (Figure 1, point B ), otherwise,
the node calculates its gossip probability (Figure 1, point C )
as described in Section 3.2. In the following step, the node
chooses a random number uniformly in the interval [0,1]
(Figure 1, point D). If this value is smaller than the gossip
probability (Figure 1, point E ), it inserts its own geographic
coordinates into the packet and forwards it (Figure 1, points
H and I ). Otherwise, the node uses the forwarding delay
idea and waits exactly one time step (Figure 1, point F ) –
the time required to a node to transmit a packet and all of
its neighbors to receive and process it. After this period of
time, the node veriﬁes whether some of its neighbors relayed
the packet (Figure 1, point G). If true, it drops the packet
(Figure 1, point B ), otherwise, the process is repeated (Figure 1, point D). This technique in which nodes insert delays
into the routing process is called forwarding delay.

Figure 1: Basic operation of GEM.
We highlight that the forwarding delay idea reduces the
number of transmissions. When a node transmits a packet,
its neighbors rarely transmit. This is important since data
transmission has the greatest energy cost in WSNs.

3.2 Gossip Probability
The gossip probability is calculated to guarantee that
some set of nodes forwards packets more (or less) frequently.
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(a) No region.

(b) 1 region.

(c) 2 regions.

(d) 4 regions.

(e) 8 regions.

(f) 16 regions.

(g) 32 regions.

Figure 2: Energy maps with/without low energy regions. Light shaded areas represent regions with more
remaining energy, and regions short of energy are represented by dark shaded areas.

4. SIMULATION RESULTS

This value can be a constant as the one used by Gossip1 [5]
or a two-threshold as used in Gossip2. In this work, the gossip probability is dynamically deﬁned to reduce the number
of transmissions in a way that the most distant neighbor
nodes of the previously node receive greater probabilities.
Using this approach, nodes receive packets that were routed
along a reduced distance (considering the number of hops).
Equation (1) shows the gossip probability equation. The
communication range corresponds to the maximum distance
that a packet could be delivered by a single transmission,
distance is the distance between the node and the previously
node and pmax is the maximum gossip probability. Dividing
distance per range, the most distant neighbor nodes from the
previous node have the greatest gossip probabilities. When
the distance tends to the range, the division result tends to
1 and the gossip probability tends to pmax . Otherwise, when
the distance tends to 0, the division result tends to 0 and
the probability tends to 0.

gossip probability =

distance
× pmax
communication range

This section shows the behavior of GEM in data broadcasting scenarios. These scenarios are created with and without initial low energy regions as illustrated in Figure 2.
Section 4.1 introduces the simulation parameters and Section 4.2 discusses the performance of GEM.

4.1 Scenarios
In all simulations, we consider a dynamic topology, where
nodes are static but periodically go into a sleeping mode
to save energy, which leads frequently to topology changes.
Our WSN has 500 static and homogeneous nodes with a
ﬁnite amount of energy where the battery replacement is infeasible. The radio range of nodes is equal to 5 m and they
are randomly deployed, forming a high-density ﬂat topology
in a 35×35 m2 sensor ﬁeld. Our energy dissipation model
is the State-based Energy Dissipation Model [9] since it is
able to model a dynamic-topology WSN and the power consumption of sensors is based on the Mica2 node [1]. The
initial energy of each node is set to 25 J, except nodes localized inside a low energy region. Each low energy region
is a circle whose center is a randomly selected point and the
radius length depends on the number of regions inside the
sensor ﬁeld. To create a low energy region, we set the energy
of nodes localized inside it to half of the initial energy. In
all scenarios with low energy regions, the sum of the areas
of these regions is constant and equal to 10% of the sensor
ﬁeld. Consequently, when the number of regions increases,
their radius reduces. When the scenario has only one region,
a broadcasting protocol should avoid this region that has the
largest area. When it has 32 regions, the protocols should
avoid many small regions like a “Swiss cheese”. We evaluated
scenarios with low energy regions since a key requirement for
routing protocol in WSNs is to avoid obstacles.
A monitoring node without resource restrictions is placed
at the bottom left corner of the WSN and performs a series of broadcasting periodically. During each simulation, it
sends 200 messages, uniformly distributed along the simulation time, to perform data broadcasting. Moreover, it is
assumed that each sensor knows its own location and the
monitoring knows the coordinates of all sensors.
To obtain the energy map with a reduced cost, we used
our prediction-based approach [9]. The cost of obtaining this
map is considered in our simulation results, however, this
cost could be distributed among diﬀerent applications that
use the energy map, reducing this energy cost from GEM.
GEM was implemented in the Network Simulator 2 [2]
and it was compared with Gossip1 , Gossip5 , TEDD and
DDB2. In this work, we observed that the performance of
Gossip3 [5] can be improved for the requirements of WSNs

(1)

An important point of the gossip probability is the tradeoﬀ
between the latency and the number of transmissions. It is
possible to calibrate the probability to decrease the latency
or the number of transmissions. The smaller the probability
value is, the greater the latency and the smaller the number
of transmissions are. On the other hand, the greater the
probability value is, the smaller the latency and the greater
the number of transmissions are.

3.3 Cut Energy
Before a transmission, the monitoring node uses the energy map to calculate the cut energy that is inserted into the
packet. The cut energy is a threshold used by each sensor
node to determine whether it is localized inside a low energy
region. If true, the node cannot forward the packet.
To calculate the cut energy, it is necessary to deﬁne what
is a low energy region. We consider that this region is deﬁned
when the mean energy of all nodes that cover that region is
smaller than the network mean energy (e) less than its standard deviation (s). To obtain the cut energy, the monitoring
node uses the energy map to calculate e and s. Then, for
each node i, the monitoring node calculates its energy coeﬃcient ei that corresponds to the sum of its energy with
the energy of all its n neighbors divided by n + 1. Given e, s
and each ei , the cut energy is equal to the highest coeﬃcient
that is smaller than (e − s). When such coeﬃcient does not
exist, the network does not have low energy regions, and,
thus, the cut energy is zero.
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in which the energy consumption should always be reduced.
Therefore, we are proposing Gossip5 , that works as the Gossip3 , except after the timeout period when less than m
neighbors (in Gossip5, m is always one) do not broadcast
the message. In this case, when Gossip3 is used, the node
broadcasts the packet. On the other hand, in Gossip5, the
node broadcasts the packet with probability p and waits another timeout period with probability 1 − p. This process
is repeated until the node or at least one of its neighbors
transmits the packet. The disadvantage of this improvement
is its latency. The values of the probabilities of Gossip1 and
Gossip5 were chosen as 0.4 and 0.025, respectively.
All of our simulation results correspond to the arithmetic
mean of n simulations, where n is the smallest sample size
that provided the desired conﬁdence [8]. In all the experiments, we use conﬁdence levels of 95%. Furthermore, the
T-Test [8] with 0.05 of signiﬁcance was used to strong afﬁrm that a protocol is better, worse or equal to another one.
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4.2 Data Broadcasting
This section evaluates scenarios of broadcasting where the
monitoring sends data to all sensor nodes. Sections 4.2.1
and 4.2.2 present the behavior of the evaluated protocols
for nodes localized inside and outside low energy regions,
respectively. We highlight that when the scenario has no low
energy regions the number of nodes inside them is zero and
the number outside is equal to the total number of nodes.
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4.2.1 Results Inside the Low Energy Regions
Our main goal in this section is to avoid transmissions
inside low energy regions and maximize the number of nodes
that receive packets per broadcasting. When a node localized
inside a low energy region does not perform transmissions,
its energy is preserved to perform sensing tasks.
Figures 3-a and 3-b show, respectively, the percentage of
nodes localized inside low energy regions that perform transmissions per broadcasting and the mean energy consumption
of these nodes. The energy consumption is inﬂuenced by the
number of transmissions. In Figure 3-a, GEM has a robust
and scalable performance since it always eliminates transmissions inside these regions independent of the number of
regions. Consequently, in Figure 3-c, GEM has the best results. On the other hand, Gossip1 and Gossip5 transmit
more packets since they do not consider energy to broadcast. Gossip1 transmits more packets than Gossip5 since
the latter uses the forwarding delay idea. TEDD performs
less transmissions than DDB2 and when the network has exactly one low energy region, it consumes the same amount
of energy as GEM. However, when the number of regions
increases, the number of transmissions performed by TEDD
increases and the one performed by DDB2 reduces.
Figure 3-c shows the percentage of nodes localized inside
low energy regions that received packets per broadcasting.
GEM, Gossip5 and DDB2 have a similar performance, except when the network has one or two low energy regions
that Gossip5 and DDB2 have the best performance. This
result is conﬁrmed using the T-Test. GEM has a great performance when the number of low energy regions increases
because when this happens, the radius of each region reduces, increasing the number of nodes localized inside a low
energy region that have at least one neighbor localized outside it. When GEM is used, only nodes localized outside
the regions perform transmissions. We highlight the abil-
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(c) Mean percentage of reached nodes.
Figure 3: Performance parameters for nodes inside
low energy regions.

ity of GEM to eﬃciently skirt low energy regions since it
completely eliminates the transmissions and reaches a good
percentage of nodes independently of the number of regions.

4.2.2 Results Outside the Low Energy Regions
Our main goal in this section is to minimize transmissions,
reduce the energy consumption, and maximize the number
of nodes that received packets per broadcasting. Moreover,
we evaluate the latency and the computational cost of the
evaluated protocols. It is important to point out that this
section does not diﬀerentiate the number of low energy regions since, for each protocol and each evaluated metric, the
simulation results of the nodes localized outside the regions
is almost the same when the number of regions increases.
Table 1 shows percentages of transmissions (TX) and
reached nodes (RX) and the energy consumption (EC) performed outside the low energy regions. Furthermore, it shows
the monitoring disconnection time (MD) – that happens

371

when the nodes localized closer to the monitoring node die
and, consequently, the monitoring cannot communicate with
the sensors network – and the latency (LA) of each protocol.
Protocols
GEM
Gossip5
Gossip1
TEDD
DDB2

TX(%)

RX(%)

EC(mJ/s)

MD(s)

LA(ms)

15.5
15.4
16.8
4.3
15.8

57.3
57.2
44.5
29.2
53.9

36.2
34.7
35.3
32.7
37.2

810
780
720
1000
710

71.1
71.1
13.4
969.8
588.9

Protocols

Operations

Compar-

Assign-

+ − × /

isons

ments

Sqrt

Pow

GEM

0.1

0.8

12.5

1.0

–

–

Gossip5

0.1

0.4

11.5

1.0

–

–
–

Gossip1

0.1

–

7.1

–

–

TEED

0.8

2.3

6.1

1.6

0.2

–

DDB2

1737

870

1230

869

0.3

0.3

Table 2: Average number of operations per broadcasting.

Table 1: Performance parameters for nodes outside
low energy regions where: TX and RX are respectively the mean percentages of transmissions and
reached nodes, EC is the mean energy consumption,
MD is the monitoring disconnection time and LA is
the latency.

5. CONCLUSIONS AND FUTURE
DIRECTIONS
This paper proposes Gossiping using the Energy Map
(GEM), a new gossiping-based protocol to perform energyaware broadcasting in WSNs. The key idea is to change the
random selection of neighbors of received-based gossiping in
a way that the selection process uses the energy map. GEM
is crucial to WSNs since the routing ﬂow will be directed to
the nodes with the greatest energy reserves avoiding obstacles, as low energy regions where it eliminates the data ﬂow
inside these regions, balancing the WSN energy and preserving low energy nodes to perform sensing tasks. When
the number of obstacles increases, GEM shows a robust and
scalable behavior in which its performance is constant and
independent of the number of obstacles. Simulation results
revealed the eﬃciency of GEM in relation to the number of
reached nodes per broadcasting, number of transmissions,
computational cost and energy consumption when compared
with other proposed broadcasting protocols.
Future work includes the study of an analytical model for
GEM and TEDD. Using an analytical model, we can deﬁne
the upper and lower bounds of a protocol. We also plan to
address another forwarding delay metrics to calculate the
gossip probability, e.g., the number of neighbors of nodes or
use the information provide by the energy map.

In the ﬁrst column, TEDD performs less transmissions
and Gossip1 performs more. GEM, Gossip5, DDB2 have
the same performance, what is conﬁrmed using the T-Test.
In the second column, GEM and Gossip5 reached the greatest number of nodes, what is conﬁrmed using the T-Test. In
both columns, we also observe: (i) Since sensors sleep periodically, no protocol is able to cover the entire network. (ii)
When TEDD is used, only the nodes localized closer to the
curve transmit and receive packets and this is the reason
of its reduced numbers of transmissions and reached nodes.
(iii) GEM and Gossip5 have the best tradeoﬀ between minimizing the transmissions and maximizing the reached nodes.
In the two following columns, TEDD has the best performance since it transmitted less packets and DDB2 has the
worst, since its basic operation allows a node to transmit
a packet that was transmitted by other neighbors. When
GEM is used, the routing ﬂow is directed to the nodes with
the greatest energy reserves and, consequently, the energy
consumption of the nodes localized outside the low energy
regions is greater than the one performed by TEDD, Gossip1
or Gossip5. However, GEM is able to increase the network
lifetime as shown in the fourth column. Moreover, we highlight that GEM is paying alone the entire cost of the energy
map construction that is 1.5 mJ/s per node.
Despite of the advantages provided by using the energy
map, in an integrated solution for WSNs, this cost is going
to be distributed among diﬀerent applications that use it.
The last column shows the mean latency to deliver a packet
at 35 m of distances of the monitoring. It can be seen that
TEDD and DDB2 have a signiﬁcantly greater latency than
GEM since our protocol uses probability instead of timeout
periods of the traditional forwarding delay idea. GEM and
Gossip5 have the same performance and Gossip1 that does
not use a delay scheme has the best latency.
Table 2 compares the average number of operations performed by nodes. Gossip1 has the smallest number of operations because of its simplicity, whereas DDB2 has the
greatest number of operations due to the additional area
calculus. The computational cost of DDB2 is about three
orders of magnitude higher than GEM. Comparing GEM
and TEDD, the former performs less assignments and arithmetic operations, although, it executes more comparisons.
GEM and Gossip5 have about the same performance.
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