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Abstract— Wireless Sensor Networks (WSNs) are networks 
that consist of low power nodes with limited processing ability. 
In some applications, these sensor nodes sense data from the 
environment periodically and transmit these data to sink node. 
In order to increase network’s lifetime, number of transmitted 
data packet should be minimized. A solution which is suggested 
for decreasing transmitted data volume is aggregation. 
Aggregation algorithms should construct aggregation tree and 
transmit data to sink based on this tree. In this paper, we 
propose new learning automata based aggregation protocol 
which called Automata Energy Efficient spanning tree, 
AEEspan. Simulation results show that the proposed algorithm 
has better performance in energy efficiency which leads to 
higher lifetime.  

Keywords- Automata learning; Wireless Sensor Networks; 
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I.  INTRODUCTION  
Wireless Sensor Networks (WSNs) are networks that 

consist of low power nodes with limited processing ability. 
These nodes have sensors which sense light, temperature, 
jitter and so on in the environment. These nodes are deployed 
in environment densely and randomly. In monitoring 
application, these sensor nodes sense data from the 
environment periodically and transmit these data to sink 
node. Since transmitting the data is the most costly function 
in the network and power of the nodes is limited and cannot 
usually be charged; this leads to node’s power decrease 
quickly. 

 After some rounds, network nodes energy is finished and 
this leads to situations in which the network can not work 
anymore. To the points mentioned above in order to increase 
network’s lifetime, number of transmitted data packet should 
be minimized [1, 2]. 

Network nodes, after event occurrence and sensing data 
from the environment, forward the sensed data to the sink. In 
addition to sensed data, each node must transmit other node’s 
data to the sink. As mentioned above, data transmission 
decreases node’s power very much. The solution suggested 
to decrease the number of data transmissions is aggregation 
mechanism. 

Aggregation mechanism works as following: each node 
senses data from its environment and receives other node’s 
data, then aggregates these data, based on the aggregation 

function and transmits the aggregation result to the sink. 
Therefore aggregation decreases the data volume that 
transmitted and this leads to less energy consumption. In 
addition to mentioned improvements, aggregation decreases 
collision and retransmission delay [3]. 

Like routing algorithms [8] aggregation algorithms 
should also be aware of the network topology and based on 
these information and queries which are propagated by root, 
selects aggregation function and aggregate the nodes.  

Aggregation algorithm works as follows: since the status 
of the network is dynamic, the algorithm should construct the 
routing tree periodically after the expiration of a timer as in 
[4] or failing some nodes in network as in [5]. 

At the beginning of each period, routing packets flood 
into entire network and the nodes get routing information – 
hops to root, energy, child number and etc [1, 4, 5] – then 
each node selects optimal route to the sink, based on 
algorithm parameters. Since the node’s energy is limited, 
transmitting and receiving this volume of information is not 
an optimal solution to construct aggregation tree. 

Cluster based algorithms [6] needs only local information 
to construct aggregation tree, therefore they transmit fewer 
packets to construct the aggregation tree. 

In this paper, we propose new learning automata based 
aggregation protocol which called Automata Energy 
Efficient spanning tree, AEEspan. Automata is an able-to-
learn decision-making structure that selects the best action 
among a number of actions then wait for environment’s 
response to this selection. By using the environment 
feedbacks, automata update the probability of the selection of 
each action among the set of actions and select best action for 
the next step. The main idea of proposed protocol is as 
follows: each node has an automaton to select the best nodes 
among its neighbors as its parent. 

The remainder of the paper is as follows: in section 2, we 
review some existing aggregation algorithms. In section 3, 
we introduce automata concept in brief, the proposed 
algorithm is discussed in section 4. In section 5 we simulate 
proposed algorithm and evaluate the performance of the 
proposed algorithm. Finally, section 6 concludes the paper. 
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II. RELATED WORK

Different aggregation algorithms have been presented in 
recent years. In this section we review them briefly. In [9] 
DCTC algorithm, dynamically constructs an aggregation tree 
for mobile target tracking and depending on the target 
location, a subset of nodes participate in tree construction. 

 In [10] the sink saves the entire network state and then 
by considering link cost, in centralized form, constructs the 
least costly tree. In cluster algorithm, [6], after partitioning 
the network into clusters, cluster’s members construct 
aggregation tree and transmit data to cluster head. After 
aggregation, cluster heads transmit aggregated data to the 
sink in one hop or multihop manner [11].  

Espan [4] is an energy-aware spanning tree algorithm that 
constructs the aggregation tree to aggregate the data. In 
Espan, the source node which has the highest residual energy 
is chosen as the root and other nodes choose their 
corresponding parent node among their neighbors based on 
distance to the root and residual energy. One of the most 
important problems of Espan is that the nodes with least 
distance to root maybe selected as parent by many nodes. So 
these nodes consume their energy quickly and then they will 
be failed sooner than other network nodes. 

In LPT [5] after selecting the node with most energy as 
root, each node selects neighbors with most energy as parent 
and its parent forwards its data to the sink. In the mentioned 
algorithm, when a node in the tree fails, the tree will be 
reconstructed. 

In [1] an energy efficient algorithm, which constructs the 
aggregation tree, is presented. To prevent failing the nodes 
and to increase the network lifetime, the algorithm considers 
both the remaining energy and the distance parameters. Each 
node selects a node which has the most energy within 
neighbors as its parent. Furthermore, the distance from this 
parent to the root must be reasonable. To control the energy 
and distance parameter, the algorithm uses path’s energy and 
length parameters. 

In [12], the proposed algorithm uses machine learning to 
transmit the sensed data to the sink. Learning algorithm is 
executed in the sink and its result is propagated throughout 
the network. In [13] Q-leaner is used to construct aggregation 
tree, to maximize aggregation ratio. 

 In [14] an algorithm to construct aggregation tree, based 
on automata, is proposed. In this algorithm, in which each 
node is equipped with an automaton, the learning automaton 
selects a path for transmitting data via the path by which the 
aggregation ratio is maximized. In [7], the algorithm 
considers an automaton for each node, which selects a path to 
transmit data to the sink in accordance with network 
conditions 

III. AUTOMATA

Learning automata is an abstract model witch has a finite 
set of actions as its input. Each member of the input set has a 
selection probability parameter. Automata select an input 
with highest selection probability as their output. Then the 
environment evaluates the selected action and responses to 
the automata. Automata use the response for learning 
process.  

Learning process is as follows: if the environment 
response is unfavorable based on network parameter, the 
automata penalize the selected input by decreasing its 
selection probability and increasing selection probability of 
the other members of the input set. But if the environment 
response is favorable, the automata reward the selected input 
by increasing its selection probability and decreasing 
selection probability of the other members of the input set.  

The rewarding process increases selection probability of 
the awarded input for the next step. The mentioned process is 
called learning process. As seen in figure 1, an automaton is 
learned based on the feedback of the environment. 

Figure 1. learning automata 

IV. PROPOSED ALGORITHM

As mentioned in section 1, aggregation tree construction 
algorithms construct tree periodically. To construct an 
aggregation tree, at the beginning each period, routing 
packets are flooded into the entire network to inform all 
nodes. After this step, each node selects the best route toward 
the sink node and transmits its data via selected route until 
the next period. Transmitting these routing packets 
periodically consumes a lot of energy and has unfavorable 
overhead for the network. 

In automata based algorithms [7, 14], at the beginning, 
routing packets are flooded into the entire network. Each 
node considers each neighbor as entry in its routing table and 
then calculates the selection probability of each entry based 
on the algorithm’s parameters – energy or distance and 
etc…- . Then each node selects the neighbor with highest 
selection probability as its parent and sends its data via this 
parent to root. 

In [14] after receiving data, root sends acknowledgment 
to the sender node; this ack has some information for 
automata. Based on ack information, automata penalize or 
reward the route’s nodes, on the way that if the selected route 
was optimal based on network parameters, selection 
probability is increased for the next step, but if selected route 
was not optimal, selection probability is decreased for next 
step. This process is called automata learning. 

In the next steps, each node selects a new parent based on 
the updated selection probability of the nodes in the network 
and this process is repeated by the end of the network’s 
lifetime. By using of this property of automata- learning – the 
algorithm prevents flooding the routing packets periodically, 
at the same time, by using ack information, nodes are aware 
from changes in network topology and routes are updated. 
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Proposed algorithm works as follow: at the beginning, 
routing packets are flooded into the network by the way that 
each node sends its energy and distance to root to all its 
neighbors. Each neighbor, after receiving this message, 
considers the sender as a new entry in its routing table, and 
put sender ID, sender energy and sender distance to root as 
entry fields. 

 This sends/receives is performed in entire network, so 
each node maintains neighbors information in its routing 
table. Then the routing table entries are considered as input 
set of automata and the automata calculate the selection 
probability of each entry as follow: 

j

j
i cedis

energy
CprobSel

tan
*=−                               (1) 

In equation 1, Ci is a constant which is calculated by node 
and depends on the energy sum and distance to root of entries 
in routing tables of node i. the entries of routing table 
constitute the automata inputs and automata considers the 
result of dividing the entry energy by its distance to root 
multiply a fixed number (Ci) as the selection probability of 
this entry.  

Each node selects neighbor with highest selection 
probability as its parent, nodes in the network sense data and 
aggregate them with collected data from their child, then 
send the result of aggregation to their parents. Their parents 
forward data to the sink by repeating this process.  

In order to update automata, each node must collect some 
information from the network. By using this information, an 
automaton becomes aware of network changing in [7]. To be 
aware of the network state, each node after receiving data 
sends feedback or ack message to the sender of the data and 
as mentioned before, this message has some information. 

By using these feedbacks, automata penalize or reward 
the selected parent, but sending these acks have a lot of 
overhead. In [14] to decrease this overhead, ack is sent after 
p data transmissions. 

In the proposed algorithm, to be aware of network’s 
changes, each node broadcasts its energy and distance to 
root, in data packet, and does not send to a separate packet, 
so, node’s neighbors, after receiving these packets, update 
their routing tables. This procedure, perform automata 
learning. Since node’s information of network is updated, 
optimal route to root is continuously selected. 

The proposed algorithm, AEEspan, in contrast to 
automata-based algorithms: 

• Construct trees based on two parameters of 
energy and distance, while in [7], automata work 
based on only distance parameter. 

• Learning process as already described, has less 
overhead because the nodes do not send distinct 
packets and the node sends the its energy and its 
distance to the root along with sending the data 
to its parent. 

V. SIMULATION

In this section, we use the simulator [1] to simulate 
proposed algorithm. To evaluate the proposed algorithm 
performance, we compare this algorithm, with Espan, LPT 
[4, 5] and the proposed algorithm in [1]. 

A. Simulation model  
The field of simulation is considered as a square-shaped 

boundary each side of which is 25 meters. The numbers of 
nodes (N) vary from 100 to 500. The initial energy of each 
node varies from 800J to 1000J. The communication range of 
all nodes is set to 4 meter. All nodes in network sense the 
occurred events periodically and send their data to the sink 
node. Using the energy model given in [15], the following 
equations are obtained: 

KCERi *1=             (2) 
2

2 ** ijij distKCET =
                                     (3) 

KCEAi *3=                                                    (4) 

At each node i the variables ERi and EAi stand for 
required energy for receiving and aggregating data 
aggregation, respectively. Furthermore, distij and ETij are the 
distance and required transmission energy between nodes i, j
respectively. Where C1, C2 and C3 are three fixed variables 
which are determined based on energy and aggregation 
models in [16].  

In equation 3 we assume that the transmission power is 
directly related to the squared distance which holds for free 
space, but the exponent depends on the communication 
medium [17].  

As described in [4] if aggregation function is simple, the 
energy consumption for data aggregation is negligible. We 
assume that the input data length is equal to the output data 
length. In the above functions, K stands for the length of 
transmitted and received data packet. 

As defined in [17], the run time round is the collection of 
one data unit from every node in the network and delivering 
the resulting aggregated data to the root. Network lifetime is 
defined as the longevity of network in terms of the number of 
rounds performed before the failure of 5% of the total nodes 
of the tree.

B. Performance evaluation 
In this subsection, using simulation results, we evaluate 

the performance of the proposed algorithm in comparison to 
the algorithm in [4, 5, and 1]. We call the algorithm 
presented in [1], EESpan, in below figures. 

At the first simulation trial, we set the value of node 
number to 400. After each simulation round, we measure the 
number of alive nodes. Figure 2, shows the results of the first 
trial. As in the proposed algorithm, AEEspan, automata 
select a parent with the highest selection probability which 
has direct relation to energy parameter, so the node with low 
energy remains a longer time in the network than the other 
algorithms. 
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Figure 2. Number of alive nodes at N=400 

As mentioned before, energy efficiency is a main 
objective of routing and aggregation algorithms in wireless 
sensor networks. WSN nodes have limited power supply [2]. 
Failing network nodes leads to network’s coverage disturb 
and network’s lifetime decrease. The most costly 
performance in WSNs is data transmission. The presented 
algorithms in WSNs should be energy efficient and minimize 
the number of transmissions.  

Aggregation algorithms, due to reduction of the 
transmitted data volume, consume less energy composed 
with the algorithms that never consider the aggregation. In 
the algorithms of aggregation tree construction Hop-count 
parameter represents average depth of tree, the number of the 
hops between the nodes and the root, so, the deeper the tree 
data transmit via longer path, and this causes more delay and 
also more energy consumption. 

In figure 3, the average hop count is plotted versus the 
number of nodes. As in AEEspan, automata select their 
parents with the highest selection probability, and this value 
has contrary proportion to distance parameter, so the node 
with less distance has higher priority to be selected as parent 
which causes that parent with higher energy and less distance 
is selected. 

Figure 3. Average hop count to root 

In figure 4, for these algorithms, the average lifetime is 
plotted versus the number of nodes. The results are obtained 
after 20 different simulation trials. As seen in figure 4, the 
proposed algorithm has higher lifetime than other algorithms. 
Based on lifetime definition, lifetime has direct relation to 
alive node numbers. 

Figure 4. Average lifetime comparison 

VI. CONCLUSION

One of the most important limitations of the WSNs is the 
ratio of the network’s energy. Aggregation algorithms have a 
considerable role in decreasing the energy consumption due 
to the reduction of the transmitted data volume.  Aggregation 
algorithms construct the Aggregation tree based on the 
algorithm parameters, and determine the transmitting path of 
the root for each group. In this paper, the algorithm of tree 
construction based on automata was presented. Automata is 
an able-to-learn structure  which tries to choose the best route 
for sending the data to the root by getting feedback from the 
environment . Due to the result of simulation, the efficiency 
of the algorithm concerning to important parameter of the 
network, lifetime and energy consumption, was proved. 
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