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Abstract. LEACH-C routing protocol chooses the cluster head by simulated annealing 

algorithm, although the simulated annealing algorithm can optimize network 

communication distance, however, the convergence of annealing algorithm is very slow. 

Improved LEACH-C uses the cuckoo search algorithm to optimize network 

communication distance. To meet discrete distribution of node, the continuous Lévy 

flight length is discretized. To increase the convergent speed, the annealing probability 

calculation introduced to the Cuckoo Search Algorithm. The simulation result shows 

that the improved LEACH-C Algorithm has good convergence speed, reaches low 

stable objective function values. From the improved LEACH-C algorithm, the cluster 

heads distribution is relatively uniform, the total WSNs energy consumption is low, and 

the node death rate gets low.  

Introduction 

The cuckoo search algorithm (Cuckoo Search CS) is a new intelligent optimization 

algorithm proposed by University of Cambridge scholars Yang X. S. and Suash D. in 

2009[1]. With simple and less parameters, the CS algorithm is concerned by scholars 

such as Zheng Hongqing[2], who proposed an adaptive step cuckoo search algorithm[3], 

Song Yujian, who applied the cuckoo algorithm to the multi resources equilibrium 

optimization[4].  

The wireless sensor network(WSNs) consists of a large number of sensors. These 

sensors usually have limited battery energy. So, to design an energy efficient WSNs 

routing protocol is a key technology of WSNs[5]. Clustering protocol has been proved 

to be a valid WSNs routing protocol[6]. LEACH-C protocol[7] is a classical centralized 

WSNs routing protocol. This protocol uses simulated annealing algorithm to calculate 

the cluster heads, however, the convergence speed of the simulated annealing algorithm 

is slow and can not guarantee the results to achieve the global optimal. 

Compared to simulated annealing algorithm, cuckoo search algorithm uses Lévy 

flight to search the solution space, and can effectively expand the search scope so as to 

improve the convergence speed of algorithm. Also the cuckoo algorithm is a swarm 

optimization algorithm and can reach to the global optimal solution within a shorter 

period of time. 

WSNs nodes are distributed in the discrete multidimensional space, and Lévy flight 

track is continuous. If the Cuckoo algorithm uses the Lévy flight to find the new cluster 

head to replace the old one, there exists the problem that when the Lévy flight 

coordinates for the new point cannot be correspond to the real WSNs node position. In 

this paper we will adapt the cuckoo algorithm to fit the discrete WSNs nodes 
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distribution, and, embed the simulated annealing algorithm into the cuckoo search 

algorithm to increase the convergence speed and obtain better results. 

Related Technologies 

CS Algorithm 

The cuckoo algorithm is based on the following three hypotheses: 

(1)Every time a cuckoo lays one egg, and the nest for hatching egg is randomly 

selected. 

(2)In the random search for the nest selection, the best nest will be kept to the next 

generation. 

(3)The probability found by the master is P [0, 1],  usually is 0.5. If that happens, the 

master keeps the nest. 

The location update formula for the Cuckoo algorithm is: 

)()1(  levyxx t

i

t

i                                                                                              (1) 

Where ( )t

ix  denotes the ith node’s position in t round,  the point-to-point 

multiplication,  is the step control coefficient, usually takes 1. Levy (λ) is for the Lévy 

flight search track, the step size obeys the Lévy distribution.  

After getting the ( 1)t

ix  , we take a random number r∈[0,1]. If r>p, the ( )t

ix  is 

replaced by ( 1)t

ix  , otherwise keeps ( )t

ix . In the iterative process the best set of nests is 

always stayed in the next round. The algorithm flow chart is shown in figure 1. 
Begin

Inialize the nest positions

Calculate the objective 

function value

Update the new nest position 

by Levy flight

Select the new nest in 

probability p

Reach the iterative 

condition?

end

yes

no

 

Figure 1 cuckoo algorithm flow chart.             Figure. 2 the Lévy flight trajectory including 500 steps 

Lévy Flight Track Distribution with Lévy Flight Length  

In the cuckoo search algorithm, Lévy flight length s obeys Lévy distribution. It can be 

calculated by the following formula: 

/1|| v

u
s                                                                                                                     (2) 
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Where u and v obey standard normal distribution. 
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Where Г(β) is Gamma function. 

The Lévy flight step satisfies the heavy-tailed stable distribution. In this random 

walk, short distance search and the occasional long distance walk, can expand the 

search range, and it is easier to jump out of the local optimal solution. Figure 2 shows 

the Lévy flight trajectory in the two-dimensional space.  

LEACH-C Protocol  

In LEACH-C protocol, cluster head selection and clustering calculation are fulfilled on 

the base station. After the base station finishes calculation, it will inform every selected 

cluster head node in the broadcast form. The energy consumption model of LEACH-C 

protocol node is as follows: 
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Among them, ET(l, d) represents energy consumption that the node sends l bits data 

to the distance d place, ER (l) for energy consumption to accept l bits data, T

elecE  and 
R

elecE  respectively for transmitting circuit and receiving circuit energy consumption for 

1 bit data process, εfs and εmp are transmit amplifier circuit energy consumptions in free 

space model and multipath attenuation model respectively. When d<d0 the free space 

model is used, otherwise, the multipath attenuation model is adopted, and the d0 

formula is as follows: 

mpfsd 0                                                                                                            (6) 

In each round, the optimal number of cluster heads is calculated with the number of 

survival nodes in the network, the calculation formula is as follows: 
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N is the number of nodes distributed in the M*M region, and the dtoBS is the average 

distance between cluster head to the base station. 

From (6), we realize that the energy consumption grows at a geometric rate with the 

increase of transmit distance. If the total transmit distance is minimized, then the energy 

consumption is optimal. So, the optimal energy consumption objective function can 

equivalently transformed to the optimal distance objective function. We can set the 

optimization objective function as follows: 
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Among them, J and S are non cluster head nodes and cluster heads, and Dist (S, J) is 

the distance from the node to the cluster head. 
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Table 1. examples of PartNode matrix and Part matrix storage ble Type Styles 

 

Improved LEACH-C Protocol with Cuckoo Search Algorithm 

In cuckoo search algorithm Lévy flight step is a continuous scalar. As we want to use 

the cuckoo algorithm to the WSNs, we first adapt the Lévy flight step to fit the discrete 

WSNs node distribution. At the same time in cuckoo search algorithm the new nest 

selection probability remains constant, which possibly causes the iteration oscillation. 

By the introduction of annealing algorithm, the selection probability of cuckoo search 

algorithm tends to be small with the increase of iteration round, so as to make the 

convergence faster. 

Lévy Flight Adaption 

At first we suppose that the cuckoo has the ability to detect the nest existence near the 

Lévy flight track. If the new nest is found, the cuckoo stops to the nest, otherwise 

continues to fly to the next place.  

In every Lévy flight step, if the cuckoo searches all the nests around the new position 

to detect the nearest nest, it will deteriorate the efficiency of the algorithm. In order to 

simplify the detection procedure, we divide the WSNs nodes into several blocks. If the 

Lévy flight track gets into one block, the node in this block is the new nest. The details 

are described as follows: 

First we divide the region into N blocks, so that the average node number of in each 

block is 1.The size of each block is (M/ N )*(M/ N ). Then we design a N * N  matrix 

Part, each matrix element contains the number of nodes to the corresponding block and 

design another N*Nm matrix PartNode to store the detail nodes ID, where Nm indicates 

the block maximum number of nodes in all blocks. When the cuckoo flies into one 

block, the corresponding element of Part is checked. If the element value does not equal 

to 0, then the PartNode matrix is searched to fix the node ID, else the cuckoo continue 

to fly to another block. For example, we choose 4 nodes and divide the area into 4 

blocks. When the 4 nodes are distributed as shown in Figure 3, the PartNode matrix and 

the Part matrix store specific contents as shown in table 1. 

 

 

Figure 3 block division for example 

Cuckoo Algorithm with Embedded Annealing 

The cuckoo search algorithm chooses the new node with constant probability p. This p 

choosing idea can make the algorithm jump out of the local optimal solution in the 

initial iteration stage. With the iterating progress, the solution tends to the stable global 

optimal one. In that case the probability p should be taken a smaller value. The 

simulated annealing algorithm can solve this problem well. The selection probability is 

defined as follows: 

   1t tf x f x T/ Tp e e
                                                                                                 (9) 

 

 

Part PartNode 

Matrix index Value Matrix index Node ID 

(1,1) 1 1 1 

(1,2) 0 2 NULL 

(2,1) 2 3 3,4 

(2,2) 1 4 2 
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Where, T represents the temperature, t represents algorithm iterative rounds. With 

the iterative round increases, T decreases slowly. f(x) is the objective function value 

calculated by (8). 

Cluster Head Nodes Calculation with the Improve LEACH-C 

The cluster head number K can be got by (7). Initially, n groups are constructed, with K 

nodes in each group, and the objective function values are calculated using (8). The 

detail iterative process is described in figure4. 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4 the improved calculation process of cluster head choosing 

Simulation and Result Analysis 

In Windows8 platform, we use the Matlab to carry out simulation experiments. The 

experimental parameters are shown in table 2. WSNs node distribution and node 

distribution space block are shown in Figure 5.  

 

Table 2. experimental parameters  

parameters values 

Deployment scope 100 100m 

Base station coordinates (100,100) 

Node initial energy 0.25J 

εfs 10pJ/bit/m
2
 

εmp 0.0013pJ/bit/m
4
 

E
T 

elec=E
R 

elec 50nJ/bit 

Node numbers 100 

Kopt 7 

Begin

end

yes

no
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Calculate the objective function 
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objective function value 
t

bestx

Keep the 
t

bestx ,Reconstruct other components 

with cuckoo algorithm 1 1 1 1 1

1 2 3{ , , ,..., }t t t t t

nX x x x x    

Calculate the selection probability p

1( ) ( )?t t

i if x f x 

Keep the 1t

ix  in 1tX 

P>rand(0,1)?

the
t

ix replaces 1t
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Output the solution

no

yes
no
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no
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Figure 5 node distribution and block division                     Figure 6 node clustering with original LEACH-C 

protocol 

 

Figure 7 node clustering with improved LEACH-C protocol     Figure 8 comparison of the convergence of      

cluster algorithm 

From figure 6 and Figure 7, we can see that the cluster distribution for the improved 

LEACH-C protocol is relatively uniform. The cluster size on the upper left in figure 6 

seems too large, which induces high energy consumption. Figure 8 indicates that the 

improved LEACH-C protocol has fast converges speed and reaches low energy value. 

Figure 9 shows the WSNs taking the improved LEACH-C protocol always keeps 

higher residual energy at the same round. Because the cluster heads have more uniform 

distribution for the improved LEACH-C, the energy consumption is less, the lifetime 

longer, and the total death node number keeps low(figure 10). 

Figure 9 comparison of total WSNs residual energy        Figure 10 comparison of the number of dead 

nodes 
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Conclusions 

By the introduction of cuckoo search algorithm to the original LEACH-C protocol, first 

the search area of the cluster head reaches global region, and the cluster head 

distribution is relatively uniform, which means low energy consumption. At the same 

time, the use of annealing makes the cuckoo algorithm fast to converge to the stable 

result. Compared with the original LEACH-C, the low stable energy consumption 

property improves the total WSNs lifetime, and decrease the node death rate. 
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