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 Bio-inspired meta-heuristics have been applied in abundance to solve optimization 

problems in recent days. This paper proposes yet another new meta-heuristic algorithm 

called Cricket Chirping Algorithm that is developed based on the chirping behavior of 

crickets for solving the engineering design optimization problem. The algorithm is 
validated using two standard engineering design problems and compared with the PSO 

and Cuckoo search algorithm. The solution obtained by the Cricket algorithm is found 

to be better when compared to its counterparts.  
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INTRODUCTION 
 

 Though the use of bio-inspired algorithms for Engineering optimization is quite common, new 

developments in this field keep emerging. Problems in engineering optimization involve objective functions 

with different design variables and complex constraints. Some popular algorithms like Simulated Annealing 

(Akhtar et al., 2002), Genetic Algorithms, Deferential Evolution, Particle Swarm (Cagnina et al, 2008), 

Artificial Bee Colony (Akaya and Karaboga, 2012) etc. are used for solving different Engineering optimization 

problems. 

 This paper introduces yet another new meta-heuristic algorithm inspired by the chirping behavior of the 

common cricket insect. The algorithm is applied to two Engineering problems namely Spring Design and 

Welded Beam Optimization and compared with Particle Swarm Optimization Algorithm and Cuckoo Search 

Algorithm. The rest of the paper is organized as follows: In section 2, related work is discussed and section 3 

details the proposed algorithm. Section 4 presents the Engineering design problems that are considered for 

testing. Section 5 describes the statistical analysis and comparison of the result with other algorithms. The 

conclusion and the future directions are stated in section 6. 

 

2. Literature Review: 

 The use of meta-heuristic algorithms for solving optimization problems is becoming more powerful in 

recent days. Based on the socio-behavioral concept of society and civilization Akhtar et al. (2002) developed a 

method for solving single objective constrained optimization problems. Main idea is to interact among leaders 

of all societies for the improvement of the society. They tested their algorithm using one of the problems 

adopted here (EP02). It required 19,154 evaluations to get the objective value 2.4426. Mahdavi et al(2007) 

proposed an improved harmony search algorithm that generates new solutions to enhance the accuracy and the 

convergence rate of the harmony search. They solved the problems EP01 and EP02 using 50,000 and 300,000 

evaluations respectively. The best values found were good but it took higher evaluations compared to other 

algorithms He et al (2004) and Mahdavi et al (2007).  Hernandez et al. (2007) introduced a constraint 

optimization using Particle Swarm Optimization including two new perturbation operators to prevent premature 

convergence, and a new ring neighborhood structure. Akaya and Karaboga (2012) applied ABC algorithm for 

solving engineering design problems by extending the basic by adding a constraint handling technique into the 

selection step of the ABC algorithm in order to prefer the feasible regions of entire search space. Their method 

required 30,000 evaluations to obtain the best value for both problems EP01 and EP02. 
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 Cagnina et al (2008) proposed a simple method using PSO to handle constraints and a different mechanism 

to update the velocity and position of each particle. Yang and Deb (2010) introduced cuckoo search method 

which is based on the breeding behavior of cuckoos to solve Engineering optimization problem. These two 

Algorithms are selected for comparison with the proposed algorithm since they show better results compared to 

the other algorithm in literature. 

 

3. Proposed Algorithm: 

 The proposed Cricket Chirping Algorithm (CCA) is introduced in this section. It is based on the chirping 

behavior of crickets, a common insect found almost everywhere. Before formulating the proposed approach a 

brief description of cricket’s behavior is given. 

 

3.1 Cricket Chirping Behavior: 

 Cricket is an insect with flattened bodies and long antennae. Crickets emit a peculiar sound that is 

commonly known as chirping. Though the male crickets usually chirp, some female crickets do as well (Lorenz 

and Tinbergen, 2010).Generally cricket chirps for two reasons (Alexander ,1961)(William et al., 2006). First, 

when they want to mate, they emit a calling song or calling chirp. It is fairly loud and attracts female crickets. 

Secondly, they chirp for aggression which is called aggressive song or aggressive chirp. This song is a very loud 

trill and is produced to fight with other male crickets. 

 

3.2 Cricket Chirping Algorithm: 

 Based on the chirping characteristics of crickets and their movement in space for mating and aggression the 

Cricket Chirping Algorithm (CCA) is formulated to solve optimization problems. Each cricket is assumed to be 

a solution in the search space and is characterized by its position in the search space. Out of the total cricket 

population, few of them are randomly selected as female populations. The chirping rate is based on the outside 

temperature (Dolbear, 1897). So for simplicity, Crickets are assumed to be in two states:  they might chirp for 

mating or for aggression. 

i. First when the male cricket chirps for mating, the female crickets are attracted and other male crickets move 

away. The male and female crickets will mate and produce offspring. They move to a new place, which means 

they are taken to better positions in the search space. The new and potentially better solutions (cricket) replace a 

not so good solution. The attraction is based on the loudness of the chirping sound and from the chirping rate the 

frequency and velocity of the sound is calculated. 

ii. Second, when the cricket chirps for aggression other male crickets are attracted and female crickets will 

move away. All crickets may not be chirping for aggression. The algorithm assumes that the probability of a 

cricket, chirping for aggression is p which is between 0 and 1. When a cricket chirps for aggression it is 

assumed that they randomly walk to another male cricket and fight. The winning cricket takes the place of the 

solution and removes the loser cricket. 

 

3.3 Movement of Cricket: 

 Amos Emerson Dolbear, an American physicist and naturalist, calculated the relationship between air 

temperature and the rate at which crickets chirp (Dolbear, 1897). Amos's calculation became known as 

Dolbear's Law and was published in 1897. Dolbear expressed the relationship using formula (1) or (2) which 

provides a way to estimate the temperature (Tf) in degrees Fahrenheit from the number of chirps per minute Nc: 

           (1) 

 

Reformulated to give the temperature in degrees Celsius (Tc), it is: 

           (2) 

 

The chirping rate can be calculated by using Dolbear's law in a certain temperature Tc or Tf, 

           (3) 

or,                                        (4) 

 

The frequency F and velocity V of the cricket’s chirping is calculated based on the chirping rate Nc: 

                                     (5)  

                                         (6)      

 

Where, β is the random value and  is the wavelength. The step size of each cricket is calculated as: 

                        (7) 

                     (8) 
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 Where =0.01 is a constant value and pos is the current position and best_pos is the best position ever 

encountered by the cricket. Then the cricket will move to the new position by using the following formula: 

                       (9) 

 

 The equations (1)-(9) are used when the crickets chirp for mating and they change their step size  according 

to the chirping rate, frequency, velocity and distance at a certain temperature. For simplicity, it is assumed that 

when the crickets chirp for aggression they move to new position using random walk. The algorithm is shown in 

Figure 1. 

 

Algorithm_CCA( ) 

Begin 

1. Initialize the cricket’s position 

2. Randomly choose  k crickets as female crickets 

3. Calculate the fitness of each cricket 

4. Select the best cricket  fbest_cricket  with their position 

5. Set gbest_ cricket as the current fbest _cricket  // in the initial generation gbest_ cricket= fbest_cricket// 

6. While (stoping creiteria not met) 

a. Chirp for mating //Procedure mating_chirp() 

b. Allow male crickets to mate with female crickets // Procedure mating() // 

c. Chirp for agression  with probability p          // Procedure aggr_chirp()//; 

d. Compute the fitness 

e. Select fbest_cricket, from the new positions. 

f. If fbest_cricket >gbest_ cricket, then update gbest_cricketwith the current fbest_cricket. 

7. End while 

8. 8.  Return the global best cricket at termination. 

End 

 

Procedure mating_chirp( ) 

   Begin 

   for every cricket, 

1. Calculate the Chirping rate Nc of each cricket  based on the temperature using equation 

(3)or(4); 

2. Calculate the new frequency F and velocity V of each cricket  using equation (5) and (6); 

3. Calculate the step size using equation (7),(8) 

4.  Move each cricket to the new position using equation (9) 

5. Return cricket’s in new position 

  End 

 

Procedure mating( ) 
Begin 

1. For every male crickets mi  in their new position, randomly choose a female cricket  fi 

2. Randomly choose a cut point in both mi and fi. 

3. Exchange the genetic materials of both mi and fi with reference to their cut points to produce 

two new offspring. // Similar to crossover in GA//  

4. Calculate the fitness of the offspring. 

5. Return the best of the two offspring and the parents as the new cricket. ( position) 

6. end for 

End 

Procedure aggr_chirp() 

Begin 

1. if  rand>p 

randomly walk to the new position  

2. Calculate the fitness of the cricket in the new position. 

3. Select the best cricket 

4. Return the best cricket (position) 

End 

 

Fig. 1: Algorithm for Cricket Chirping Algorithm. 
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4. Engineering Optimization Problem: 

 Among the several Engineering problems in real world, two standard optimization problems are considered 

in this paper for comparison. 

 

EP01: Tension/Compression Spring Design Optimization Problem: 

 Spring design optimization is one of the most important problems in engineering optimization. There are 

different types of springs based on their load force, shape etc. Two mostly used springs in Engineering are 

Tension and Compression spring where first one is designed to wield with a tension load and the second one is 

designed to operate compression load. The optimization problem (Arora, 1989) is to minimize the weight of the 

tension/compression spring, subject to constraints of minimum deflection, surge frequency, shear stress, and 

limits on outside diameter and on design variables. There are three design variables: the wire diameter d1, the 

mean coil diameter d2, and the number of active coils d3. The mathematical statement of this problem given 

below is as described in (Cagnina et al, 2008, Yang and Deb , 2010): 

 

Minimize:  

Subject to,  

 

 

 

 

With the limits 0.05≤d1≤2.0, 0.25≤d2≤ 1.3, 2.0≤d3≤15.0. 

 

EP02:  Welded Beam Design Optimization Problem: 

 A rectangular beam is designed as a cantilever beam to carry a certain load with minimum overall cost of 

fabrication (Ragsdell and Phillips, 1976, He et al., 2004). The objective of this problem is to minimize the cost 

subject to a set of constraints on share stress (τ), bending stress in the beam (σ), buckling load on the bar PC, end 

reflection of the beam (Ω), and side constraints. The problem consists of four design variables: the width d1 and 

length d2 of the welded area, the depth d3 and thickness d4 of the main beam. 

The mathematical formulation of the problem is: 

Minimize 

 
Subject to 

 

 

 

 

, 

, 

 

Where,  

 

 

 

 

 

 

 

 

 

With the range 0.1≤d1≤2.0, 0.1≤d2≤10, 0.1≤d3≤10, 0.1≤d4≤20. 
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5. Experimental Result And Comparison: 

 The proposed Cricket Chirping Algorithm is applied to solve the above mentioned Engineering Design 

Optimization Problems. The results are compared with respect to the best results reported in literature i.e. 

Simple Constrained PSO (SiC-PSO) from (Cagnina etal,2008) and Cuckoo Search (CS) algorithm from (Yang  

and Deb, 2010). The parameters used in our algorithm are: cricket population 20, temperature T=100 and 

aggression rate p=0.20. For cuckoo search algorithm we used n=20 and pa=.25 and the results for SiC-PSO is 

taken from(Cagnina etal,2008).  

 The problem EP01 gives optimal value within 16000 objective function evaluations and EP02 required less 

than or equal to 8000 objective function evaluations. The table1 and table2 shows the best solution found by the 

proposed algorithm and it’s counterparts for both problems including number of evaluations. Again the 

algorithm is executed for 30 independent runs and the mean and Standard Deviation (Std) of the best value is 

found. 

 From the test results it is found that the proposed algorithm is more powerful in terms of speed and 

accuracy. The SiC-PSO found the best result after 24,000 objective function evaluations for both problems and 

CS found best solution after 30,000 evaluations for problem EP01 and 10,000 objective function evaluations for 

EP02. But the CCA required 16,000 evaluations for EP01 and 8000 evaluations for EP02 to get the best 

solutions. Table3 shows the mean and standard deviation with their respective evaluation numbers. 

 
Table 1: Best solution for EP01. 

 Best Solution 

SiC-PSO CS CCA 

d1 0.051583 0.0518764 0.05179146 

d2 0.354190 0.361241 0.35918632 

d3 11.438675 11.0287 11.145769823 

g1(x) -2.000E-16 -0.000005302 0.000006543 

g2(x) -1.000E-16 -0.000002880 -0.000004109 

g3(x) -4.048765 -4.06389202 -4.06129878 

g4(x) -0.729483 -0.72411871 -0.725068250 

f(x) 0.012665 0.012665 0.012665 

Eval. 24,000 30,000 16,000 

 
Table 2: Best solution for EP02. 

 Best Solution 

SiC-PSO CS CCA 

d1 0.205729 0.17814 0.24027 

d2 3.470488 3.6573 3.9728 

d3 9.036624 8.7405 6.4223 

d4 0.205729 0.20385 0.26197 

g1(x) -1.819E-12 -0.00000017 -0.0000001155 

g2(x) -0.003721 -0.00000018 -0.00000032648 

g3(x) 0.000000 -0.00156325 0.00014037122 

g4(x) -3.432983 -0.28420437 -2.5009783685 

g5(x) -0.080729 -0.00000147 -0.0000343018 

g6(x) -0.235540 -0.00000039 -0.0000019851 

g7(x) 0.000000 -1.89356441 -1.7266043670 

f(x) 1.724852 1.72485 1.7081 

Eval. 24,000 10,000 8,000 

 
Table 3: Comparison of SiC-PSO, CS and CCA. 

Problems SiC-PSO CS CCA 

EP01 Mean 0.0131 0.014742 0.0126722 

Std. 4.1E-04 1.98E-03 1.62E-05 

Evaluation 24,000 30,000 16,000 

EP02 Mean 2.0574 1.80649 1.72081 

Std. 0.2154 0.333653 0.2880167 

Evaluation 24,000 10,000 8,000 

 

6. Conclusion: 

 This paper presents a novel algorithm based on Cricket chirping behavior and has been applied to solve two 

Engineering design optimization problems. Two engineering optimization problems namely Spring Design and 

Welded Beam Deign are solved using the proposed algorithm and compared with SiC-PSO and CS. The CCA 

obtains the optimal value for both the test problems in less number of evaluations. Currently it is being tested for 

mathematical function optimization and in future, it will be extended for multi-objective constraint optimization 

problems. 
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