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Abstract—Frequency Modulation (FM) sound synthesis provides a neat synthesis method by which complex sound forms can be created simply and efficiently. However, it is difficult for traditional methods to find a best set of parameters in FM sounds synthesis because of the nonlinear parameter space. Differential Evolution (DE) is a recently proposed optimization technique which has shown excellent performance in many complex optimization problems. This paper presents an application of DE for FM sound synthesis parameter identification. Simulation results demonstrate that it is applicable to use DE for FM sound synthesis parameter identification.



which is a type of heterogeneous distributed real-coded GA. But GD-RCGA applied a different crossover operator to each subpopulation. Simulation studies were conducted on several benchmark functions and three real-world problems, including FM sounds parameter identification problem. The reported results show that GD-RCGA achieves better results than other compared algorithms. Mitchell presented an exploration of evolutionary computation applied to FM audio synthesis parameter optimization [2].
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I.



INTRODUCTION



Many real-world problems can be converted into optimization problems. An unconstrained minimization problem can be formulated as follows.



min f ( x ) where x = [ x1 , x2 , ..., xD ] , D is the dimension of the problem, and f() is some evaluation function. Frequency Modulation (FM) sound synthesis was proposed by John Chowning in 1973, which is a simple method to create complex sound [1]. FM aims to optimize a set of parameters to match the target sounds. However, it is difficult to achieve the desired target sounds through manual control of the parameters because of the nonlinear relationship between the FM synthesis parameters and the spectral shape of the synthesized sound [2]. Recently, some evolutionary algorithms haven been used to optimize synthesis parameters in sound matching with FM synthesis. Horner et al. presented the first evolutionary sound matching system for matching sounds produced by real acoustic instruments with FM and wavetable synthesis [3-4]. In [3], genetic algorithm (GA) is used to select a small number of spectral snapshots to reproduce the entire sound. The presented results show the spectrum error curves, and time/frequency plots to provide visual comparison between the target and the corresponding matched sounds. Herrera and Lozano [5] proposed gradual distributed real-coded GA (GD-RCGA),



Eberhart and Kennedy in 1995 developed the Particle Swarm Optimization (PSO), a population based stochastic optimization technique [10]. It shares many similarities with GA. However, PSO has no evolution operators such as crossover and mutation. The potential solutions, called particles, fly through the problem space by following the current optimum particles. Each particle keeps track of its coordinates in the problem space which are associated with the best solution (fitness) achieved so far. When all the population has become the particle’s topological neighbors, the best value will be a global. In this study, there effective evolutionary algorithms were proposed to match sounds with FM synthesis. Differential Evolution (DE), proposed by Storn and Price [6], is an effective, robust, and simple global optimization algorithm. According to frequently reported experimental studies, DE has shown better performance than many other evolutionary algorithms in terms of convergence speed and robustness over several benchmark functions and real-world problems [7]. In this paper, we present an application of DE for FM sound synthesis parameter identification. The rest of the paper is organized as follows. Section II describes the problem definition. Section III briefly introduces the DE algorithm. Section IV delivers the DE for FM sound synthesis parameter identification. The simulation results and discussions are presented in Section V. Finally, the conclusions and future work are given in Section VI. II.



PROBLEM DESCRIPTION



Frequency Modulation (FM) sound synthesis provides a computationally efficient means of creating complex sound timbres, which has seen wide application in commercial system. Let use consider a simple FM method as follows. Assume that



fm and fc are the modulator and carrier frequencies, respectively. I is index of modulation, and A controls the output amplitude. The amplitude function for simple FM is given as follows [2]:



y(t ) = A sin ( wct + I sin ( wmt ) )



Vi (t ) = X i (t ) + F ( X i 2 (t ) − X i 3 (t ))



(1)



wc = 2π fc d fm



where y(t) is the modulated carrier output. The modulating oscillator varies the carrier frequency in the range specified by the peak frequency deviation d, which is the product of the modulation index I and the modulating frequency fm [2]. If I=0, there is no modulation of the carrier oscillator frequency, and the generated single equals with the sine wave at frequency fc. When I > 0, frequency partials are around of two sides of the carrier with I =0. The FM sound synthesis aims to optimize the parameter of an FM synthesizer with a D-dimensional vector X. In this paper, we only consider the case of D=6 [5,8] as follows.



(



)



(2)



(



)



(3)



y (t ) = a1 sin w1tθ + a 2 sin ( w2 tθ + a3 sin ( w3tθ ) ) y 0 (t ) = 1.0sin 0.5tθ −1.5sin ( 4.8tθ + 2.0sin ( 4.9tθ ) )



i = 1, 2, ..., N p



Like other GAs, DE also employs a crossover operator to reproduce a trial individual Ui(t). Compared to GAs, DE utilizes a different crossover method. In GAs, offspring are usually generated by the crossover of two parents randomly selected from the population, while the crossover is conducted on the mutant individual and the current parent individual in DE. There are several different crossover strategies in DE, and the binary one is usually used. The offspring Ui(t) generated by binary crossover is defined by: ⎧⎪Vij (t ), U ij (t ) = ⎨ ⎪⎩ X ij (t ),



FM sound synthesis, θ = 2π /100 , and the parameters are defined in the range [-6.4, 6.35].



The FM sound synthesis problem is to generate a sound (using equation (2)) to approximate the target sound (equation (3)). According to the suggestions of [5], the fitness function is defined as the summation of square errors between the evolved data and the target model data as follows.



f ( X ) = ∑ ( y (t ) − y 0 (t ) )



otherwise



(6)



After the mutation and crossover, an elite selection is used to select a fitter individual between Xi(t) and Ui(t) as the new Xi(t). The selection model can be formulated as follows. ⎧⎪U (t ), X i (t + 1) = ⎨ i ⎪⎩ X i (t ),



if f (U i (t ))≤ f ( X i (t )) otherwise



(7)



Without loss of generality, this paper only considers minimization problem. If the trial vector Ui(t) is better than Xi(t), then Xi(t) is set to Ui(t); otherwise, the Xi(t) remains unchanged.



IV.



DE FOR FM SOUND SYNTHESIS PARAMETER IDENTIFICATION



2



(4)



t =0



III.



if rand (0,1)≤Cr ∧ j ==l



where j=1,2,…,D, Cr is the probability of crossover, and l is a random integer between 0 and Np.



where X = [ a1 , w1 , a2 , w2 , a3 , w3 , ] is the parameter of the



100



(5)



where Xi1(t), Xi2(t), Xi3(t) are three mutually different individuals randomly selected from the current population, i ≠ i1 ≠ i 2 ≠ i 3 , and F is the control parameter.



wm = 2π f m I=



For each individual Xi(t) in population P(t), a mutant individual Vi(t) is generated as follows.



In this section, we present an implementation of DE for FM sound synthesis parameter identification. The main steps of the algorithm are described in Algorithm 1. Algorithm 1: DE for FM Sound Synthesis



DIFFERENTIAL EVOLUTION



DE is a population-based stochastic search algorithm, which starts with an initial random population. By conducting a series of operations, such as mutation, crossover and selection, the fitness values are improved towards some optimal solution(s). Let us assume that Xi(t) is the ith individual in population P(t), where t is the index of generation, and P(t) is the population in the tth generation. The main idea of DE is to generate trial vectors. Mutation and crossover are used to produce new trial vectors, and selection determines which of the vectors will be successfully selected into the next generation.



Start While FEs < MAX_FEs do For i = 1 to Np do



Generate a mutant individual Vi(t) according to equation (5); Generate a trial individual Ui(t) according to equation (6); Calculate the estimated wave of Ui(t) according to



TABLE I.



equation (2); Calculate the fitness value of Ui(t) according to equation (4); According to equation (7), select a fitter one between Xi(t) and Ui(t) as new Xi(t);



RESULTS ACHIEVED BY PSO, GD-RCGA AND DE



Algorithms



Mean



Std Dev



PSO



9.81



5.67



GD-RCGA



7.0e-16



6



DE



0



0



End For End While End



V.



EXPERIMENTS



In this section, we used DE to optimize the parameters of FM sound synthesis. In the experiments, we compare the performance of DE with particle swarm optimization (PSO) [9], and GD-RCGA [5]. For DE and PSO, we use the same settings for the common parameters. The population size, Np, is set to 100, and the maximum number of function evaluations (MAX_FES) is set to 100,000. For DE, the control parameters, F and Cr, are fixed to 0.5 and 0.9, respectively. For PSO, w, c1, and c2 are set to 10, 0.72984, 1.49618 and 1.49618, respectively. For GD-RCGA, each subpopulation has 20 individuals. The mutation operator applied is non-uniform mutation. The probability of updating a chromosome by mutation is 0.125, and the crossover probability is 0.6. The maximum number of generations is set to 1,000. All the algorithms are run 30 times, and the mean best function values and standard deviation are recorded. The computational platform is described as follows. z



System: Win XP (SP3)



z



CPU: Intel (R) Core (TM) Duo T6400 2.00 GHz



z



RAM: 2.0 GHz



z



Complier: Microsoft Visual C++ 6.0



Table I presents the computational results of PSO, GDRCGA and DE, where “mean” represents the mean best function evaluations (the sum error between estimate wave and the target wave), and “Std Dev” indicates the standard deviation. From the results, DE can successfully find the optimal set of parameter for FM sound synthesis. GD-RCGA can also achieve promising results, while PSO falls into local minima.



Figure 1. The convergence curve of PSO and DE.



Table II shows the comparison between PSO and DE, where “AFE” means the obtained average number of function evaluations when searching the global optimum, and “SR” represents the successful running rate. As seen, DE obtains 100% successful running rate. It means that DE can search the global optimum every runs, while PSO only has a probability of 20% to find the global optimum. Fig. 1 presents evolutionary curves of PSO and DE. It is clear that DE converges faster than PSO.



TABLE II.



COMPARISON BETWEEN PSO AND DE



Algorithms



AFE



SR



PSO



94080



20%



DE



68760



100%



[3]



A. Horner, J. Beauchamp, L. Haken, “Machine tongues XVI: genetic algorithms and their application to FM matching synthesis,” Computer Music Journal, vol. 17, no. 4, pp. 17-29, 1993.



[4]



A. Horner, J. Beauchamp, L. Haken, “Methods for multiple wavetable synthesis of musical instrument tones,” Journal of the Audio Engineering Society, vol. 4,1 no. 5, pp. 336-356, 1993.



[5]



F. Herrera, M. Lozano, “Gradual distributed real-coded genetic algorithms,” IEEE Transaction on Evolutionary Computation, vol. 4, no. 1, pp. 43-62, 2000.



[6]



R. Storn, K. Price, “Differential evolution--A simple and efficient heuristic for global optimization over continuous spaces”, Journal of Global Optimization, vol. 11, pp. 341-359, 1997.



[7]



J. Vesterstrom, R. Thomsen, “A comparative study of differential evolution, particle swarm optimization, and evolutionary algorithms on numerical benchmark problems,” Proceedings of the IEEE Congress on Evolutionary Computation, 2004, pp. 1980-1987.



[8]



S. Das, P. N. Suganthan, “Problem definitions and evaluation criteria for CEC 2011 competition on testing evolutionary algorithms on real world optimization problems”, Technical Reprot, 2010.



[9]



J. Kennedy and R. C. Eberhart, “Particle swarm optimization”, IEEE International Conference on Neural Networks, Perth, Australia., pp. 1942-1948, 1995.



[10] Abdelbar, A.M.Abdelshahid, “Swarm optimization with instinct-driven particles”, the 2003 Congress on Evolutionary Computation, 2003



Figure 2. The comparison of target wave, estimated wave achieved by DE, and estimated wave achieved by PSO.



Fig. 2 shows the comparison of target wave, estimated wave achieved by DE, and estimated wave achieved by PSO. It can be seen that DE perfectly approximates the target wave, while PSO fails.



VI.



CONCLUSION



In this paper, we apply DE algorithm for FM sound synthesis parameter identification. Experimental studies are conducted on a benchmark problem. The results demonstrate that DE is applicable to optimize the parameters of FM sound synthesis. DE shows faster convergence speed and more robust performance than PSO. DE can successfully find the optimal set of parameters, while PSO fails. In our experiments, we only consider a six-dimensional problem. A more complex problem with higher dimensions will be investigated in the future work.
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