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 Wireless sensor networks are composed of a number of sensors which are distributed 

for special application. Sensors in these networks have limited calculation power, 

memory and energy and so improving energy consumption is the main problem for 
these networks. Various methods have been suggested recently based on fuzzy logic to 

increase the lifetime of the wireless sensor networks which aimed at determining the 

best cluster head.  In these methods, the table of fuzzy rules is determined manually by 
an expert which is not the best. In order to determine the fuzzy table in the best, swarm 

intelligence algorithms is proper. The present article introduces a hybrid method based 

on fuzzy logic and ant colony optimization algorithm to improve the energy 
consumption in wireless sensor networks. In the suggested method the selection of 

cluster head is done by fuzzy logic and ant colony algorithm has the function of 

modifying the parameters of fuzzy system. Two fuzzy inputs are used for selecting the 
cluster head and ant colony optimization algorithm has the function of modifying the 

parameters of fuzzy system. The suggested method is compared with LEATCH, 

RANDOM and other algorithms in order to measure the reliability. The results of 
simulation have shown the improvement of the suggested method compared to other 

methods.   
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INTRODUCTION 

 

 In recent years the technological improvements Contact Company and electronic industry led to small and 

cheap sensors which are related through wireless sensor networks [2]. These networks are called wireless sensor 

networks and include a figure of sensors which are distributed in a far environment and send the data to the sink 

after collecting and processing them. Sensors of these networks usually are fed by small batteries. So, energy 

consumption is one of the main challenges of wireless sensor networks. So, many researchers have tried to 

improve the energy consumption of them.  In most studies, the time passed until death of the first or last node is 

called lifetime of the network. So, routing data and transmitting them to the sink is very important. 

 Due to these facts numerous algorithms are suggested for saving the energy consumption. Various methods 

are introduced for selecting the cluster head, such as LEACH [5], Gupta [11] and CHEF [8], the most important 

of which is the LEATCH algorithm as one of the most well-known clustering protocols in wireless sensor 

networks.  

 In LEATCH [5] algorithm, the clusters are created by a distributed algorithm and the cluster head is 

selected based on a possibility function. In other words, the cluster head are randomly selected and do not pay 

attention to parameters such as left energy and place of the sensors. In other words, then the best head cluster is 

not guaranteed by this method [5].  

 In addition, the Genetic algorithm is used for improving the parameters of fuzzy system [8]. In this method, 

the sink decides at the beginning of each cycle to select which sensors as the cluster head. In this method, 

opposite to most of the clustering methods, the figure of clusters is not determined previously, but a figure of 

sensors are selected as cluster head and then each sensor sends its data to the nearest cluster head [8].  

 In addition, other methods are suggested for improving the fuzzy logic [11,7] and the general structure of 

the fuzzy system in these methods is nearly same. But the main difference is in the input fuzzy.  
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 Recently different routing algorithms are suggested for the sensor networks and their general goal was to 

reduce the energy consumption. If a wireless network is considered with N sensors, different methods exist for 

routing. One of the common approaches for reducing energy consumption in wireless sensor networks is 

clustering. In this article we tried to use the ant colony algorithm to improve the fuzzy roles so that they led to 

producing the cluster. In this mode, sensor energy is the distance to the station. Fuzzy output shows the best 

sensor for being the head cluster.  Determining the fuzzy table is an effective issue on control system efficiency 

which is produced by the an expert and normally the produced table cannot be the best. So, using the collective 

intelligence algorithms such as improved ant colony algorithm is the best [1]. The aim of the suggested method 

is to build the improved fuzzy rule table using the ant colony algorithm in order to reduce the energy 

consumption.  

 The article is presented as following: The second section is the review of literature, third section introduces 

the fuzzy system construct and fourth section explains the rules for improving the fuzzy rules using the Ant 

Colony algorithm. Section five, explains the results of simulation in different work places and finally results and 

conclusion are given in section six.  

 

2. Review of literature:  

  The LEATCH protocol [5] is one of the first methods of routing based on clustering in wireless sensor 

networks. This protocol is composed of two setup and steady state phase. Every performance of these phases is 

called a round. The sensor n produces a zero and random figure. If this figure is less than the value of T(n) in 

relation 1, this sensor is selected as the head cluster.  

     T(n) =                                                                         (1)  

 In this relation p is the percent of the proper figure of the clusters, G is the collection of the sensors which 

are not selected in 1/p in previous round and r is the number of round. Other sensors select their nearest cluster 

based on the signal received from the clusters. Then the cluster head devotes a time period for each sensor to 

send the data. In second phase, the members of the clusters send the environment data for the head cluster. 

Clusters head do some process on the received signals before sending the data to the central station. After 

performing each beginning phase, the cluster head are changed and another sensor is randomly selected as the 

head clusters.  

 In reference [11], Gupta uses the fuzzy logic to find the cluster heads. In this method, the sensor which has 

more chance for being the cluster head is selected as the head cluster in each round. In order to calculate the 

chance of three fuzzy input of sensor energy, the focus of the sensor and its centrality is used. In this method, 

the sink collects the data of all the sensors and then a sensor which has the more chance based on the fuzzy rules 

is selected as the cluster head. In this method, only one head cluster is selected in each period.  

 In reference [8] a method called CHEF is suggested. In this method, the fuzzy logic is used to select the 

head clusters. The difference between this method and the previous one is that more than one head cluster is 

selected locally. In order to obtain the chance of each sensor, two collection of fuzzy sensor energy and their 

local distance are used. in this method, first  a random figure is produced and if the figure is less than less than 

the probable value (p-value), the chance for being head cluster is calculated. So, it is possible that some of the 

proper sensors lose their chance for being cluster head. In addition, no control is applied for the number of head 

clusters. 

 In reference [3] a new fuzzy model is suggested for fuzzy routing in sensor networks. In the reference, the 

parameters such as ending energy, left energy, energy consumption ratio and weight are used as the variables of 

fuzzy input. These parameters have crisp values in routing the wireless sensor networks which causes lack of 

flexibility for the routing protocols. The out-put of the system determines the amount of costs between two 

sensors which can be used for selecting the goal sensor.  

 In suggested method, two parameters of sensors energy, the distance between them is used as the input of 

the fuzzy. After the fuzzy table is formed, the output of the fuzzy determines the priority of the nest sensor for 

being the cluster head and then the table is improved by help of the ant colony table.  

 

3. Designing the fuzzy model:  

 Fuzzy logic is a new technology which performs the related methods for designing the system design which 

need the mathematics and probabilities [7]. As it can be seen in figure 1, a fuzzy system is a collection of inputs 

and out puts and the rule base. In order to have a correct understanding of the input to output, it is necessary to 

obtain a combination of the related rules and based on that determine the output of the fuzzy system. Such a 

system is called Inference engine fuzzy. Since in most of applications, inputs and outputs of fuzzy system are 

real figures, some intermediary between the induction engine and real environment should be used to put the 

figures as the fuzzy input and change the output to the real fuzzy digits. In fact these types of intermediaries are 
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called fuzzing and de-fuzzing in general. Different types of fuzzy and de-fuzzing exist and in the suggested 

method the triangle fuzzy and mean centers de-fuzzy is used.  

 

3.1 The structure of the fuzzy system in this paper: 

 The network includes N sensors. The sensors are randomly selected in the work space. The primary energy 

is same for all the sensors. In the suggested method clustering is done with FCM [6] then selection of cluster 

head is done by fuzzy logic.  The data is send from the sensor to the related cluster head and then to the sink. 

Finally the consumed energy is calculated in each sensor and the left energy is updated. This process continues 

until the ending condition of the simulation is met.  

 In this method two parameters of sensors energy, the distance between them is used as the input of the 

fuzzy then. Output of the fuzzy determines the priority of the best sensor for being the cluster head and ant 

colony algorithm has the function of modifying the parameters of fuzzy system. 

Language variable for each input include:   

ENERGY= {very low, low, average, high, very high} 

DISTANCE= {very low, low, average, high, very high} 

And the input of the membership function for language value is:  

OUTPUT= {very low, low, average, high, very high}  

 In each repetition the un fuzzy inputs are first normalized in range [0,1] and then the fuzzy devotion is 

determined. The fuzzy rules are modified by considering two inputs. Table 1 shows the modified fuzzy rules. 

This table is considered symmetrical. If the energy of a sensor is reduced and its distance to central station is too 

much, there is less probability to be cluster head.  

 

 
Fig. 1: Typical Structure of Fuzzy Approach 

 

3.2 Energy model: 

 The consumption model in this article is consumption model of the article LEATCH [5]. Each node 

consumes ETX energy for sending l bit data in a distance of d which is obtained from formula (2):  
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                                                                    (2) 

The amount of energy for receiving l bit form the node is calculated by formula 3:  

                                                                                                                    (3)  

 It is assumed that in each time interval, one cluster head can receive one package of its node. Then after 

reciving all the packages, the cluster head of the data is reported in the form of a package to the central station.  

 

4. Suggested Method: 

 Determining the fuzzy rules table is a very important and effective issue on the efficiency of the fuzzy 

control system which is usually modified by an expert and manually such as table 1 but it cannot be completely 

improved. If two inputs exist and the membership functions are m1 and m2, the output is also become fuzzy by 

n functions. The total number for determining the fuzzy table rules are nm. So, determining the fuzzy rules is an 

NP issue and using the ant colony algorithms seems proper in this mood. A possible solution for the problem is 

showed in figure 2.  

 

4.1. Producing the primary random population: 

 First, a primary random population of the ants is produced on N space in which N expresses the number of 

fuzzy rules. Since the condition of the ants is defined in continuous space, so the present article considered the 

range of [0, N]. Ant colony semi code is showed in figure 3. 
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Table 1: The fuzzy rules considering two-input fuzzy. 

Left energy Distance to central station Priority coefficient for selecting as head cluster 

very low very low average 

very low low average 

very low average low 

very low high very low 

very low very high very low 

low very low average 

low low average 

low average low 

low high low 

low very high very low 

average very low high 

average low high 

average average average 

average high low 

average very high low 

high very low very high 

high low high 

high average high 

high high average 

high very high average 

very high very low very high 

very high low very high 

very high average high 

very high high average 

very high very high Average 

 

 
Fig. 2: A possible solution for the problem. 

 

4.2 Updating the pheromone: 

 In this method all the solutions and selections of m which are introduced in repetition by the ants are 

evaluated based on the function performance and the best solution of  is determined.  Then the pheromone 

matric is updated in two phases [2]:  

 

a) Evaporation of all the pheromone amounts based on a fixed ration is reduced based on formula 4 which is 

evaporation (4) 

                                                                              (4) 

 

b) Increase: all pheromone amounts based on the best solution in real repetition increases based on Q >0 in 

relation 5 and the definition of Q is the amount of added pheromone during the increase (5).  

                                                                                             (5) 

 
 

Fig. 3: Ant colony semi code. 
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4.3 The criteria for stopping: 

 ACO algorithm performs a number of repetitions so that the stop criterion is met. The most common criteria 

of the stop which is used here is the maximum number of the repetitions which are performed before the 

implementation. The quality of the solution is reached a fixed level or while repeating the best solution is not 

changed [9]. 

 

5. The results of simulation:  

 In order to simulate, 4 workspaces are used. The place of the sensors is randomly selected in the workspace. 

In this method, the number of clusters is changed from 3 to 15 which the best of them that is 10 clusters is 

selected as the simulation. The details of the workspace of number 1 are shown in table 2.  

 
Table 2: Details of the workspace 1. 

Variable value 
Number of sensors 100 
Number of clusters 10 

Workspace dimensions 150*150 
Primary energy of the sensors 1j 

Length of the data package 30000 

 

 In order to obtain a proper comparison, the Ant Colony algorithm is evaluated with the parameters and 

various performances and finally the best parameters and performances are selected. The final parameter is 

shown in table 3.  

 
Table 3: Modifying the parameters of the firefly algorithm. 

parameters amount 
population 10 

Number of repetitions 50 
Number of selected ants 3 
Evaporation coefficient 0,3 

Insertion coefficient 0,5 

 

 Simulations in the workspaces are implemented by the number of the various sensors and various 

parameters. The parameters of the workspaces are shown in table 4. In each workspace the number of improved 

clusters is determined based on maximizing the life of the network. In addition, in each performance 4 algorithm 

of clustering is implemented. These algorithms include the method of determining the random cluster head [5], 

LEATCH [5] and fuzzy clustering with two input[11] and suggested method with two inputs. The results of the 

simulation are seen in workspace of table 4. In this table column 2 to 4 are the length of lifetime, LEATCH, 

random algorithm and two fuzzy clustering two inputs [11] and column 5 is the length of lifetime suggested 

method. As you can see in this table, lifetime of the network in the proposed method than other methods has 

improved dramatically.  

 Figure 4 is the results of the simulating the 4 algorithms. In this figure, the horizontal axe shows the number 

of repetitions and vertical axe shows the minimum energy among the sensors in each network. As it can be seen 

the suggested method of us increases the lifetime of the network. The bar diagram shows the comparison in 

figure 5. Comparing the number of sent data of the suggested method is shown in figure 6. When the first sensor 

dies in the network, the time ratio sends less data compared to all the live sensors. In this figure the horizontal 

axe shows the repetitions and vertical shows the sent data of each sensor.  
 

 
 

Fig. 4: Comparing the life of the improved fuzzy method with other algorithms. 
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Fig. 5: Comparison of the life of the suggested method with other algorithms. 

 

 
Fig. 6: Comparing the number of sent data. 

 
Table 4: Comparing the life of the network in different workspaces. 

Two input suggested 

method 
Two inputs fuzzy Random LEATCH workspace 

543 346 244 266 1 
538 370 230 250 2 
493 316 220 230 3 
510 380 310 213 4 

 

6. Conclusion:  

 A major challenge in the implementation of the classical algorithms in wireless sensor networks routing is 

that the resulted life is not proper Various methods was proposed to improve the energy consumption based on 

fuzzy logic, which makes a significant impact on energy consumption and thereby increase the network lifetime. 

Over time, the use of collective intelligence algorithms and their influence on improving the network was 

introduced lifetime. 

 As noted above, the table of fuzzy rules is an important issue in fuzzy control system performance. This 

table is usually determined by an expert who is not quite optimal. So used ant colony algorithm seems to be 

effective. In fact ant colony algorithm based on fuzzy optimization table so we specify that leads to an increase 

in the network lifetime. The proposed method uses fuzzy logic to select the cluster heads is performed. The goal 

function of the algorithm is determined so that the fuzzy rules are maximized. Using this method, 40% in the 

Lives of network has been improved. 

 Suggested method is a general method which can be implemented to improve the other fuzzy rules. It 

should be mentioned that the life of the wireless sensor networks is determined considering the function.  
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