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Abstract—The Leader Election in Wireless Sensor Networks
depends on the nature of the application domain, the use case
and the energy consumption. In the case of real time applications,
the choice will be based on the speed of the election, and in
the case where time is not important, the choice will be based
on the energy consumption. The classical algorithm allowing to
elect such a node is called the Minimum Finding Algorithm. In
this algorithm, each node sends its value in a broadcast mode
each time a better value is received. This process is very energy
consuming and not reliable since it is subject to an important
number of collisions and lost messages. In this paper, we propose
a new algorithm called BROGO (Branch Optima to Global
Optimum) where after finding a spanning tree of a WSN, each
leaf will route a message through its branch to the root in order
to find the leader in that branch. The root will then elect the
global leader from the received branch leaders. This process is
more reliable since there is a small number of broadcast messages
and a reduced number of nodes that send broadcast messages
at the same time. The obtained results show that the proposed
algorithm reduces the energy consumption with rates that can
exceed 95% when compared with the classical Minimum Finding
Algorithm. Its message and time complexity is equal to O(n).

I. I NTRODUCTION AND RELATED WORK
In the context of Internet of Things and Smart-Cities,
Wireless Sensor Networks (WSNs) are useful mainly in situations where the sensors must be deployed in dangerous
or inaccessible places. WSNs can also be used to detect
free places in car parking, to secure and detect intrusions
around sensitive sites, etc. They are composed of many sensor
nodes that communicate between them using short wireless
communication in order to exchange messages and data. They
can also send the collected data to a remote base-station.
This paper comes within the context of secured sites where
one needs to find the boundary nodes of a WSN. Many
algorithms exist in the literature. A recent algorithm, called DLPCN [1], can be used for this purpose. This algorithm starts
from the node which is on the extreme left of the network,
that we suppose to be embedded in the plane with nodes being
identified by their coordinates. To find this particular node, one
can use any Leader Election algorithm. It is a complex problem
in distributed systems since the data are distributed among the

different nodes, which are geographically separated as is the
case for WSNs. It is possible to use the centralized approach
where all nodes will send their values to a base station in order
to elect the leader. This process also requires the use of low
energy routing algorithms [18].
Beyond the Minimum Finding Algorithm [2], several approaches are available to deal with this problematic. In [3],
authors try to improve the well-known leader election Ring
algorithm. In their improved algorithm, they claim to decrease
the number of election messages by making assumptions
on perfect clock synchronization and a perfect connection
between transmitter and receiver. These assumptions are not
realistic in wireless sensor networks and they require additional complex algorithms to guarantee the synchronization.
In [4], authors present an improved version of Bully’s algorithm which acquires a smaller number of transmissions
for leader election but takes more time. In their algorithm,
they state that during leader election, a node will compare its
value with the received value and only transmit the greater
one. In [5], authors divide the network and perform a preelection to select a provisional leader. A major drawback of
their approach is that when a node crashes, the contents of the
memory will be completely removed. In [6], authors bound
the number of nodes which can detect the failure and start
the leader election algorithm. They claim that even in worst
case scenarios the algorithm’s time and complexity remain
optimal. In [7], authors modify Bully’s algorithm and improve
the processing time. Their significant contribution is that they
do not choose the node with higher identifier, but they propose
to elect the node on the basis of its performance and operation
rate. Their proposed algorithm determines a leader before
an existing leader dies. In [8], just like [3], authors have
made the assumption of a perfect transmission connection.
They also ignore time on air and collision scenarios, but
they implement fault detection algorithms. They proposed
a series of dynamic leader election protocols in broadcast
networks. In [9], the authors suggested to choose one leader
and one leader assistant. If a leader node crashes then the
assistant node can take over the charge and coordinate other

nodes. This can significantly decrease the total number of
elections in the network, especially when the network size is
large. Their approach does not rely on any particular network
topology. In [10], two main algorithms are presented. The
Bully algorithm [14] and the Ring Algorithm [11]. In [12], the
author has proposed two algorithms. Unlike other synchronous
networks, he considers asynchronous networks. Both of the
proposed algorithms can reduce the time complexity.
Except for the Minimum Finding Algorithm [2] and the
algorithm of [12], the presented algorithms are working in
the case of synchronous networks. In this paper, we will
present a new algorithm that works with asynchronous networks without making any assumption on the topology. This
algorithm has been compared with the classical Minimum
Finding Algorithm, and the simulation results have shown that
its complexity regarding exchanged messages is reduced with
rates that can exceed 95%.
The remainder of the paper is organized as follows: In the
following section, the Minimum Finding Algorithm will be
reviewed. In Section III, the Flooding for Leaf Finding Algorithm (FLF) will be presented. Section IV is dedicated to our
proposed approach. In Section V-B the platform CupCarbon,
which is used to implement the proposed algorithm, will be
described, as well as the simulation results. Finally, Section VI
concludes the paper.
II. T HE M INIMUM F INDING A LGORITHM
In this section, we will present a distributed algorithm that
allows to determine a node leader representing the node with
minimum or maximum value v. This value can represent
the local energy of the battery, the residual energy, the xcoordinate of nodes in a network, etc. This algorithm is based
on the Minimum Finding Algorithm presented in [2], [13]
which relies on the tree-based broadcast algorithm. Indeed,
it can also be used to find the maximum value. The principle
of this algorithm can be described as follows. First, each node
of the network assigns its local value to the variable xmin
assumed to represent the minimum value of the network (the
leader). Then, it will broadcast this value and wait for other
xmin values coming from its neighbors. If a received value
xmin is less than its local xmin value then this one will be
updated and broadcasted again. This process is repeated by
each node as long as a received value is less than its local
xmin value. After a certain time tmax , there will be only one
sensor node that has not received a value that is smaller than
its local xmin value. This node is the leader. The pseudo-code
of this process is given by Algorithm 1, where t0 is the time of
the first execution of the algorithm, which can correspond to
the first powering-on of a sensor node, tc the current local time
of a sensor node, and tmax the maximally tolerated running
time of the algorithm from the first execution to the current
time of a sensor node.
Calculating the time complexity of this algorithm will help
to set the value of tmax . It is detailed in [1].

Algorithm 1 MinFind: The pseudo-code of the classical
Leader Election Algorithm
Input: tmax , v
Output: leader
1: leader = true;
2: t0 = getCurrentTime();
3: xmin = v;
4: send(xmin , *);
5: repeat
6:
x = read();
7:
if (x < xmin ) then
8:
leader = false;
9:
xmin = x;
10:
send(xmin , *);
11:
end if
12:
tc = getCurrentTime();
13: until (tc − t0 > tmax )

III. T HE F LOODING FOR L EAF F INDING A LGORITHM
In this section, we will present an algorithm based on the
flooding protocol, that allows to find a spanning tree in a
network, in order to start the process of determining the leaves
of that tree.
Flooding is a network routing algorithm in which every
incoming message is sent through every outgoing link except
the one it arrived on [17]. The execution of the flooding
algorithm will lead to a communication between nodes in a
format of a spanning tree in the network. The pseudo-code of
the Flooding Algorithm is given as follows:
Algorithm 2 Flooding: The pseudo-code of the Flooding
Algorithm
Input: id root
1: id = getId()
2: once = false
3: if (id==id root) then
4:
once = true
5:
send(A, *)
6: end if
7: while (true) do
8:
m = read()
9:
if (m==A) and (once==false) then
10:
once = true
11:
send(A, *)
12:
end if
13: end while

In order to determine the leaves of the found spanning tree,
we use the Flooding for Leaf Finding (FLF) Algorithm. Its
pseudo-code is given by Algorithm 3 which is based on the
previously presented Flooding Algorithm. The messages of
type T1 are used for the flooding process and the messages of
type T2 are used for acknowledgments. The algorithm works
as follows: during the flooding process, after each transmitted
T1 message (lines 5 and 6 for the root node and lines 17
and 18 for the other nodes), the transmitter will wait for an
acknowledgment, i.e., T2 message (lines 12 and 20). At the
beginning, and with the exception of the root node (line 3),
each node is considered as a leaf (line 8). If any transmitter

receives an acknowledgment then it will be considered as a
non-leaf node (lines 20 to 22).
Algorithm 3 FLF: The pseudo-code of the FLF Algorithm
Input: id root
Output: leaf
1: id = getId()
2: if (id==id root) then
3:
leaf = false
4:
once = true
5:
message = (T1, id)
6:
send(message, *)
7: else
8:
leaf = true
9:
once = false
10: end if
11: while (true) do
12:
(type, r id) = read()
13:
if (type==T1) and (once==false) then
14:
once = true
15:
message = (T2, id)
16:
send(message, r id)
17:
message = (T1, id)
18:
send(message, *)
19:
end if
20:
if (type==T2) then
21:
leaf = false
22:
end if
23: end while

IV. T HE PROPOSED ALGORITHMS
A. Concept
In the MinFind algorithm, each node is sending messages
repeatedly and updates its values each time the received value
is smaller than its own value. After a certain time, each node
will be marked as a non-leader (or non-minimum) node, except
the leader which has the smallest value since this node will
never receive any smaller value than its own. This process is
time-consuming and it requires a lot of broadcasting messages,
which makes it very energy consuming and impractical in
reality for the case of WSNs, because of collisions and
interferences. To improve this limitation, we propose a new
approach where a given reference node will start the FLF
process (Algorithm 3) in order to determine a spanning tree
and the corresponding leaves of the network. Then, each leaf
will route a message from itself to the reference node (the
root). During the routing process, the minimum value will be
sent up to the reference node in order to determine the branch
leader. That is to say, in each hop, the receiver node will check
if the received value is smaller than its own value. In this case,
the value to be routed is the received one, otherwise, the node
routes its own value. Once the reference node has received the
minima from all branches, it will select the global minimum
and send a message to the corresponding node confirming its
election. The main steps of the BROGO algorithm are given
as follows:
1) Step 1: Let us consider the network of Figure 1. We run
the FLF algorithm to determine a spanning tree (blue
thick edges) together with its leaves (yellow nodes).

2) Step 2: Each leaf will route a message from itself to the
root (reference node). This process will allow to route
the minimum value in each branch situated between the
reference node and each leaf. The reference node will
determine the global minimum from the received values.
3) Step 3: The reference node will send a message to
the global minimum node saying that it is the global
minimum node (red thick edges). The result of the leader
election is shown by the red node in Figure 1.

Fig. 1. An example of a leader election using the proposed algorithm.

B. The BROGO pseudo-code
To present the pseudo-code of the proposed algorithms
BROGO, let us define in Table I some message primitives
necessary for the communication between nodes and their
definitions, and in Table II the functions used in the algorithms.
The proposed algorithm requires bidirectional communications.
TABLE I
M ESSAGE PRIMITIVES AND THEIR DEFINITIONS .
Primitive
T1

T2
T3

T4

Definition
If you don’t have a previous node, then I am that one
for you (this type is used to determine the spanning
tree)
I acknowledge receipt (this process is used to determine if a node is a leaf or not)
I send you the minimum value that I have received
(this process is used to route the minimum of a
branch to the root)
I want to elect the global minimum (leader election)

Note, that there are two algorithms. The first one, Algorithm 4, is executed by the reference node (root) and the
second one, Algorithm 5, is executed by the remaining nodes.
Algorithm 4 takes as inputs a value x and a time wt required
before electing the leader using the message T4. The output
leader is a variable which is equal to true if the reference
node is a leader (minimum) and false, otherwise. It starts with
an initialization (lines 1 to 4). And it sends a message T1 with
its identifier id (line 4) in order to start the process of finding

TABLE II
F UNCTIONS OF THE PROPOSED ALGORITHMS .
Function
getId()
delay(dt)
send(a,b)

read()

read(wt)

stop()

Definition
returns the node identifier
waits dt milliseconds before going to the next instruction
sends the message a to the sensor node having the
identifier b,
or in a broadcast (if b = ∗)
waiting for receipt of messages. This function is
blocking, which means that if there is no received
message any more, it remains blocked in this instruction
waiting for receipt of messages. If there is no
received message after wt milliseconds then the
execution will continue and go to the next instruction
stops the execution of the program

the spanning tree and its leaves using the flooding routing
protocol. This process will allow to determine for each node
its previous node (p id) necessary to route informations from
a leaf to the reference node (branch routing process).
Once the spanning tree and its leaves determined, the
reference node will wait for the reception of T3 messages
from each branch (line 8). These messages will route the
minimum value from each leaf to its neighbors (nodes having
the identifier r id), to the neighbors of each neighbor and so
on, until it arrives at the reference node which will select the
minimum one from all the received branch minima (lines 9 to
13). After a certain time wt, if there is no received message,
which means that all the branch minima have been received,
the minimum will be determined. The current node will finally
elect the minimum one by informing it using a T4 message
(lines 15 to 18).
Algorithm 4 BROGO: The pseudo-code of the reference node
Input: x, wt
Output: leader
1: id = getId()
2: x min = x
3: id min = id
4: leader = true
5: send((T1, id), *)
6: while (true) do
7:
(type, r id, r x) = read(wt)
8:
if (type==T3) then
9:
if (r x<x min) then
10:
leader = false
11:
x min = r x
12:
id min = r id
13:
end if
14:
end if
15:
if (type==null) then
16:
send(T4, id min)
17:
stop()
18:
end if
19: end while

Algorithm 5 of the remaining nodes takes as inputs values
x and wt. The output leader is a variable which is equal to

true if the current node is a leader (global minimum) or false,
otherwise. Each non-reference node starts with initializations
(lines 1 to 9). The variable id corresponds to the identifier of
the node, x min is the minimum value of a branch situated
between a leaf and the current node, once1 is used to allow
only once the reception of T1 messages (used to determine
the spanning tree). The variable twait is used to determine
whether the reception will be done in a blocking mode (read()
function) or not (read(wt) function). The variable br min is
used to determine whether the current node is the leader in
its branch. Note that the variable br min is not updated if
another branch leader is found, because the last found branch
leader from the leaf will be the first branch leader from
the reference node. Since this non-updating process will be
without influence on the algorithm, it can be considered to save
communication costs. The variable leaf is used to determine
whether the current node is a leaf or not. The variable id min
is used to save the value of the next identifier of the node of
the branch where the leader is situated. The variable leader
is used to determine whether the current node is the leader or
not. Lines 10 to 14 are used to read the received messages.
Lines 15 to 18 are used to detect whether the current node is
a leaf or not. If it is a leaf then it will be considered at the
beginning as a branch leader (line 16). Then, it will send its
value x to its neighbor p id. This value will be forwarded to
the root if it is the minimum one, otherwise, another smaller
value will be forwarded and the corresponding node will be
declared as a branch leader. Finally, any branch leader will
wait for a message T4 to be elected in case it is the network
leader (global minimum). On the other hand, if the current
node is not a leaf (line 19), and if it receives the message T1 at
the first time, which means that the process of determining the
spanning tree is running, then it will send, in turn, a message
T1 to its neighbors to continue this process (line 24) and it
will send an acknowledgment (T2 message) to its previous
neighbor. The objective of an acknowledgment message is to
inform the neighbor that it is not a leaf. The variable p id of
line 21 will be used to route received messages to the reference
node. Lines 26 to 29 are executed if a message T2 is received.
This means that the current node is not a leaf (line 27) and
at the same time, the variable n id (next id) will be assigned.
This variable will be used to route the message T4 from the
root (reference node) to elect the leader. Lines 30 to 38 are
executed if a message T3 is received. This means that the
process of routing the branch minima is running. In line 31, a
test is done to determine which sub-branch is containing the
minimum. If a received value r x is smaller then the currently
assumed smallest value x min (line 31), it will be updated by
that value (line 32), and by the identifier of the corresponding
node (line 33). Therefore, since the received value is smaller,
the current node cannot be a leader of the current branch (line
34). In line 36, the variable twait is set to true in order to
wait for T4 messages in the case where the current branch
contains the leader. Line 37 is used for the process of routing
the branch leader to the root, by sending the message T3 to
the previous neighbor. Finally, lines 39 to 47 are used to elect

the leader. This step is started by the reference node (line
16 of Algorithm 4). The reference node will send a message
T4 only through the branch containing the leader. This means
that if a node in this branch receives a message T4 and it is a
branch leader (line 40), it will be elected as a leader (global
minimum), otherwise it will send another message T4 to its
next neighbor until such a message reaches the leader.
Algorithm 5 BROGO: The pseudo-code of the non-reference
node
Input: x, wt
Output: leader
1: id = getId()
2: x min = x
3: once1 = false
4: twait = false
5: br min = true
6: leaf = true
7: id min = 0
8: leader = false
9: while (true) do
10:
if (twait==false) then
11:
(type, r id, r x) = read(wt)
12:
else
13:
(type, r id, r x) = read()
14:
end if
15:
if ((type==null) and (leaf==true)) then
16:
br min = true
17:
twait = true
18:
send((T3, id, x), p id)
19:
else
20:
if ((type==T1) and (once1==false)) then
21:
p id = r id
22:
once1 = true
23:
send((T2, id), r id)
24:
send((T1, id), *)
25:
end if
26:
if (type==T2) then
27:
leaf = false
28:
n id = r id
29:
end if
30:
if (type==T3) then
31:
if (r x<x min) then
32:
x min = r x
33:
id min = r id
34:
br min = false
35:
end if
36:
twait = true
37:
send((T3, id, x min), p id)
38:
end if
39:
if (type==T4) then
40:
if (br min==true) then
41:
leader = true
42:
else
43:
send(T4, id min)
44:
end if
45:
end if
46:
end if
47: end while

V. S IMULATION RESULTS
In this section we will briefly introduce the simulator
CupCarbon used to implement the proposed algorithm. Then
some results will be presented.

A. CupCarbon simulator
CupCarbon is a Smart City and Internet of Things Wireless
Sensor Network simulator. Its objective is to design, visualize,
debug and validate distributed algorithms for monitoring,
tracking, collecting environmental data, etc., and to create
environmental scenarios. It can help to visually explain the
basic concepts of sensor networks and how they work ; it
may also support scientists to test their wireless topologies,
protocols, etc. Networks can be designed and prototyped by an
ergonomic and easy to use interface using the OpenStreetMap
(OSM) framework to deploy sensors directly on the map. It
includes a script called SenScript, which allows to program
and configure each sensor node individually [15], [16].
B. Results
In this section, we will compare the proposed algorithm with
the classical MinFind algorithm (Algorithm 1), since both of
them can be used for any network. We will use the MinFind
algorithm to find two minima. The first one is the minimum
of random values, which are generated locally by each node.
The second one is the minimum x-coordinate of the nodes.
For the simulation, we have used the simulator CupCarbon [16]. Figure 2 shows an example of a wireless sensor
network with 1000 nodes designed in CupCarbon, where
the blue edges represent the spanning tree generated by the
proposed algorithm. The reference node is put in the center
of the network. This figure also shows an example of a leader
election based on the BROGO algorithm to find the node
having the minimum x-coordinate.

Fig. 2. Simulation of the BROGO algorithm on CupCarbon to elect the
extreme left node in a network with 1000 nodes.

To compare our algorithm with the classical MinFind algorithm, we have generated 9 networks in a rectangular area
of (z × z)m2 , where z is varied from 200 to 1000 with n
randomly generated nodes. The value of n is fixed so that
the density of the nodes in each network remains the same.
We have fixed it to 10 nodes/hm2 (hm: hectometer), i.e., 10
nodes in an area of 100m × 100m. Note, that we consider
asymmetric communications between nodes.
We have considered two cases. In the first case, each node
generates a random value. In the second case, the considered

value represents the x-coordinate of each node. For each
network, we have calculated the number of transmitted and
received messages (exchanged messages) in order to compare
their energy consumption which is directly related to this
metric. We have obtained the graphs of Figures 3 and 4. As
we can see, the difference between the results of the two
algorithms (BROGO and MinFind) can reach 79% in the first
case, and 95% in the second case. These rates are increasing
with the size of the network and they can exceed 99% for
large network sizes.

collisions and lost messages. Our proposed algorithm is more
reliable since broadcast messages are sent only once by each
node during the spanning tree finding process, and the other
communications are based on a direct sending. The obtained
results show that the proposed algorithm reduces the energy
consumption with rates that can exceed 95% compared with
the classical algorithm. We are now working on comparing
our algorithm with other methods and to implement it on real
hardware sensor platforms.
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