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Abstract: This paper studies the application of genetic algorithm to actively cancel acoustic
noise on rectangular ducts. The software was designed to work in a parallel DSP
TMS320C44 architecture managing real time interrupts and communication with a shared
memory. A UNIX simulator was devel oped with a simplified model to test the software. The
noise reduction obtained in simulationsis around 40 dB and the experimental results 20 dB

down.

This paper updates last publication on the DINAME 97 ™ proceedings and shows recent
acoustic developments of the Dynamic and Control Laboratory- Universty of Séo Paulo.

Thegenetic algorithm.

The evolution and improvement of life occurs through the reproduction, when each individud

contributes with its own genetic information building a new one @ with fitness to the
environment and more surviving chances. With the objective of obtaining the sound components
to be used for the cancellation of undesirable noise in the interior of ducts, a computer software
which mimics the genetic process ! was developed. Each ‘individud’ of the generation
represents a Sgnal component with a different frequency, phase, and amplitude. It crestes a
population randomly distributed and evauates the fitness of each individud. The best individuas
are Hected, and crossover and mutation take place. Following few generaions, the populetion
converges to the mix of components that better reduce the acoudtic noise.



Two different gpproaches basad on genetic dgorithms (GA) were dudied. In the Smple
Gendtic Algarithm (SGA) each individua of a generation represents a specific frequency, phese
and amplitude used in cancdlaion of noise, and the fitness function is the average energy of the
ggnd (Fg. 1). The Successve Approach Genetic Algorithm (SAGA) isamodification of SGA,
where afird level search the best frequencies and a second level improves them between fixed
limits (Fg.2).

The experimental result analyss.

The experimenta setup congsts of arectangular duct of 18' long, with speskers to generate the
noise and the cancellation sgndl.

The SGA parameters and varidbles are shown in Fg. 1 (table) for smulaion and experimenta
vaues. The experimenta setup needs less individuas than the smulator due to the actud sgnd
fluctuations, resulting in the increase of the convergence rae in the neighbour of destructive
interference region. The reduction of 20 dB is an experimental observed limit where the duct
resonance begins to interfere with feedback control system.

Fg. 1 (bottom) shows the digtribution of each individua vaue of frequency and fitness. Until the
seventh generdtion the individudss digplays arandomly frequency vaue, and a decreasing fitness.
Then, the dgorithm converges to the destructive vaue and maintains itsdf sable.

The Fg. 2 shows the results of SAGA implementation. The first level converges very fed to the
desirable frequency, defining the limits to the second level. The destructive region decreases and
the second levd dgorithm finds the find result after 5 generations. The digtribution gragphics of
eech individud are locate below the table of parameters and variables, and they display the
perspective of agood result with variable frequencies.

Conclusons
The two implementations are running very wel under controlled environment. The next Sep is
the development of an operationa verson, where the fitness evauation time will be reduced to

permit the gpplication to control acoudtic noise in an ar conditioning sysem and ared land or
arborne vehicle
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Chromosome codes the frequency, amplitude and phase.
Fitness cdculates through the Sgnd energy.

Parameters & variables Smulator Experimentd duct
Frequency 16 bits (100 to 500H2) 16 bits (100 to 500 Hz)
Phase 16 bits (0 to 2 P) 16 bits (0 to 2 F)
Amplitude 16 bits (0 to 20000) 16 bits (80 to 120)
Populations 500 200
Generdions 100 20
Crossover 0.5 0.5
Mutetion 0.05 0.05
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Fg.1 SGA results of the smulator and experimenta rectangular duct.




L evel 0: chromosome codes the frequency. Fitnessthrough the sgnd FFT.

Parameters & variables Smulaor Experimentd duct
Frequency 24 bits (100 to 500Hz) 16 hits (100 to 500 Hz)
Population 300 100
Generations 20 20
Crossover 05 05
M utation 0.05 0.05
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L evel 1. chromasome codes the frequency, phase and amplitude between defined limitsinto
leve 0. Fitness cdculatesthe Sgnd energy.

Parameters & varidbles Smulator Experimentd duct
Frequency 8 hits 16 hits
Phase 8hits(0to 2 Pi) 16 bits (0 to 2 Pi)
Amplitude 8 bits (0 to 10000) 16 hits (200 to 30000)
Population 300 100
Generations 20 20
Crossover 05 05
Mutation 0.05 0.05
Noise e
Noiset+signal
Reduction 40 dB 18 dB
T3 Friguedey diairiatiag Finest duirk
e, R i | | | 1 i | vl
[PPpidiiiiviiiiiiiii |i!"I e A
. il L 2 v o
1 | H { i ;




Fg.2 SAGA reaults of the smulator and experimenta rectangular duct.



