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Motivation 
Hybrid computing techniques based on bio- and nature-inspired 

techniques supported by rapid local convergent algorithms have been 
used extensively for optimization of many linear and nonlinear systems, 
such as imbalanced data classification, ECG quality assessment, MRI 
brain image classification, control of a proton exchange membrane fuel 
cell (PEMFC) stack system, and speaker recognition systems and fractal 
image compression.  

These methods address effectively the problems arising in a variety 
of fields, including nanotechnology, nonlinear equations, system 
identification, atomic physics, thermodynamics, plasma physics, robotics 
systems, and magnetohydrodynamics. These facts are motivation 
factors for authors for the present study aiming to apply an accurate, 
effective, and reliable hybrid computing paradigms to nonlinear active 
noise control systems.  
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Main idea 
Artificial intelligence algorithms based on hybrid computing 

techniques are designed for ANC systems using variants of 
genetic algorithms and interior-point method. Variants of GAs are 
developed by taking different reproduction operators, including 
crossover, mutation, selection, and elitism to extract the potential 
for robustness, convergence, multi-objectives, multi-modality, 
and constrained handling. The optimization power of GA variants 
is further enhanced by the process of hybridization with an 
efficient IPM for rapid local convergence. The reliability and 
effectiveness of the schemes were validated through the results 
of statistical analysis. 
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Method 
Steps for methodology of hybrid GA-IPMs approaches for ANC 

are as follows: 
Step 1: program and tool initialization for GAs: the initial 

population with randomly generated bounded real values to 
represent chromosomes or individuals with elements equal to the 
number of unknown variables in the ANC model, bounds, and other 
declarations; 

Step 2: fitness evaluation: calculate the fitness value for each 
individual in the population; 

Step 3: ranking: rank each individual on fitness; 
Step 4: termination criteria: terminate the execution of the GA if 

fitness limit or generation executed and go to step 6; 
Step 5: reproduction: a new population for each GA variant is 

created by selection, crossover, and mutations operators. Go to step 
2; 
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Method (Cont’d) 
Step 6: hybridization: interior point method is used as a hybrid 

local search algorithm with GA variants; 
Initialization: algorithm setting ‘interior-point’ with bounds, 

declarations, and initialization of parameters; 
Evaluation of fitness; 
Termination criteria: terminating the iterative process for 

adaptation of weights number of cycles are executed or tolerancing 
limits attains; 

Weight updating: for each step increment in IPM optimization, 
variables are updated; 

Step 7: storage: store the values of optimized weight vectors 
along with their fitness, number of generations executed, and time 
taken by the algorithms for this run; 

Step 8: statistical analysis: repeat the procedure from steps 1 – 
7 for multiple independent runs for each GA-IPM variant to obtain a 
sufficiently large set of data for reliable statistical analyses. 
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Major results 
 
 
 
 

Performance of the proposed algorithm based on 100 independent 
runs for the ANC system as given in problem 1 
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Major results (Cont’d) 
Comparison of the proposed algorithms based on the computational 
complexity parameter for the ANC systems as given in problem 1 
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Conclusions 
ANC controllers based on variants of GAs and GA-IPMS were 

designed by taking different sets of routines for reproduction operators 
for selection, crossover, and mutation operations, and were applied 
effectively for the optimization of residual error of ANC systems. The 
reliability and effectiveness were evaluated for an ANC system with 
three problems  including sinusoidal, random and complex random 
noises, and for different scenarios of linear or nonlinear primary and 
secondary paths.  

Results showed that all of these schemes achieved relatively 
small mean values of residual error: for the GAs, around 22.9-27.8 dB 
for problem 1, 46.6-62.3 dB for problem 2, and 43.5-58.5 dB for 
problem 3; for the GA-IPMs, the respective values were 36.2-42.8 dB, 
46.7-62.4 dB, and 44.2-58.5 dB for the three problems. Comparative 
studies show that there were no noticeable differences in accuracy, 
but the results for GA-1 and GA-4 and GA-12 and their respective 
memetic algorithms were better. Thus, for better performance of 
bioinspired heuristics based on variants of GA, stochastic uniform, 
arithmetic and Gaussian routines should be incorporated for selection, 
crossover and mutation operators, respectively.  
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