Evolutionary Algorithms for Optimizing Speech Data Projection

A. Spalanzani

CLIPS/IM AG, BP 53, 38041

Grenoble cedex 9 FRANCE

Anne.Spalanzani@imag.fr

S.A. Selouani

LCP Institute of electronics,

UST HB, BP 32 El Alia-Algiers-

ALGE RI A

H. Kabré

CLIPS/IM AG, BP 53, 38041

Grenoble cedex 9 FRANCE

Abstract

We present an approach which limits significantly the drop of performances related to Auto matic

Speech Recognition Systems (ASRSs) caused b y acoustic environment changes b yco mbining a

Principal Co mponent Analysis (PCA) and

Evolutio nar yAlgorithms (E A) in order to transfor mthe noisy acoustic environment into a predefined and well-kno wn environment. T he results sho wthat in noisyand changing enviro nments, the proposed PCA/EA optimized systems achieve high recognition rate co mpared to the baseline system

Present systems of auto matic speech recognitio n remain confronted to the problemof inp ut conditions changes.

T hese changes are mainly due to roo macoustics, ambient noise, speaker variabilityand micropho ne characteristics.

In order to face this difficulty, numerous techniq ues have been developed (Junka and Haton 96). Despite various efforts to address various aspects of the robustness question, the problemo f the adaptation to changing enviro nments remains one o f the main obstacle to the deployment o f speech recognitio n systems in real world applications. In a previous wor k (Spalanzani & Kabré 98), we applied Evolutionar yAlgorithms (EA) to evolve the speech recognizer, in this paper, we propose to deal with the signal itself.

Our investigated approach can be viewed as a signal transfor matio n through a mapping transfor matio n using a

Principal Co mponent Analysis (PCA) and E A (that are

Genetic Algorithms (GA) and Evolution Strategies (ES)).

T his transfor matio n attempts to achieve an autoadaptation of Auto matic Speech Recognitio n Systems

(ASRSs) under adverse conditions. T he underlying idea consists in giving ASRSs confronted to adverse conditio ns the abilityto recover an acoustical environment which is as close as possible to those of the learning phase. T his is proposed to be done byrepresenting the data corrupted by noise (telephone ring, people speaking, etc. ) in a subspace generated b yprincipal co mponents extracted fro m data acquired in a canonical environment (i.e. without noise) .

T he retained principal components are modified b y genetic operators such as mutatio n and crossover. T he

resulted basis vectors are used to project degraded input data. T he aimis to find projected noisydata as close as possible to clean data. T he task for ES or GA is to search through all the rotation axes defined b yPCA. Evolution is driven b ya fitness function defined in ter m of ASRS recognitio n rate.

According to a classical E A algorithm, the search o f the best projecting space is operated. After the creation o f the clean corpus (i.e speech data wiho ut noise projected in a

PCA space), the ASRS, based on a connectionist model, is trained until it has conver ged. T he Principal

Co mponents used for the projection of the corpus allo w the creation of a population o f individuals able to evolve to adapt to the noisyenvironment. T he best projections basis are selected for the mating. T wo methods are compared: classical GA and ( m , l ) -ES with a gaussian mutation. Results obtained (Figure 1.) sho wan improvement o f both GA and ES technics. After 500 generatio ns, GA´s perfor mances reach 45.8% of speech recognitio n whereas ES´s perfor mances reach 52.2% in

100 generations only, which imp roves the speech recognitio n rate of 22% compared to the baseline system

(PCA without evolution).

Figure 1. Evolution o f PCA/EA perfor mances

References

J.C. Junka and J.P. Haton (1996) . Robustness in automatic speech recognition . Kluwer Academic publisher.

A. Spalanzani and H. Kabré (1998). Evolution, Learning and Speech Recognition in Changing Acoustic

Environment . Parallel Problem Solving by Nature

(PPSN´98), Springer Verlag, pages 663-671, Amsterdam,

September, 1998.

20%

25%

30%

35%

40%

45%

50%

55%

0 100 200 300 400 500 numberofgenerations

recognition rate averageofthepopulationga

best individualga

best individuales averageofthepopulationes

Pcawithout evolution