                                                                                                                    Belarussian Speech Re c ognition

Using Genetic Algorithms

Eugene I.Bovbel

1
 , Dzmitr y V.T sishkou

1

                                                                                                          1
                                                                                                               Radiophysics Department, Belarussian State Unive r sity

F.Skoryna Av.,4  220050, Minsk, B e larus

tishkovdv@mail.com

                                       Abstract. One of the factors complicating activity with speech signals, is its

                                       large degree of acoustic variability. To decrease influence of acoustic variability

                                       of speech signals it is offered to use genetic algorithms in speech processing

                                       systems. We constructed program model which implements technology of

                                       speech recognition using genetic algorithms. We made experiments on our pr o -

                                       gram model with database of separated Belarussian words and achieve optimal

                                       r e sults.

1    Introduction

T he essential successes on a way o f constr uction o f devices which are capable to pe r -

ceive speech are recently reached.  First of all this success is co nnected to develo p -

ment and intrusion of statistical methods of speech recognition [1,2]. Statistical met h -

ods, founded on HMM [3,4] are widely used for the solution o f practical problems.

For example, recognition of pho nemes, insulated words and continuo us speech, ide n -

tification and verification  of the speaker, diagnostic o f diseases of a talking path. T he

flexible and potent mathematical vehicle of HM M [4,5] allows easily to use for effe c -

tive simulatio n of variability of a speech signal. One o f the factors co mplicating a c -

tivity with speech signals, is its large degree of acoustic variability. T he large degree

of acoustic variability o f speech signals is conditioned b y a series of the causes. T he

first is that the speech of each separate person is deter mined b y physical properties of

a talking path, such as length o f a voice channel, size of a larynx and etc. In - second,

the generating o f speech [2] is impossible without a verification of co mpliance above

organs of speech, features o f that are deter mined on learning process of the concrete

person and represent a dialect or regional accent. T he third, it is kno wn, that the avai l -

ability of irregularity of a voice channel is mirrored in features o f speech of the pe r -

son. For decreasing influencing of acoustic variability [1,2,3] of speech signals it is

offered to use genetic algorithms in speech processing systems.

T he philosophies

which were fundamentals of genetic algorithms, were for mulated in activities of

Mendel, abbot of a monaster y o f city Brno (Czech Rep ublic). No w under the ter m «

genetic algorithms « - not one model hides, because a broad enough class of co mp u t -

ing algorithms [6] it contains, so metimes it is not enough similar against each other. It

is necessar y to mark, that the genetic algorithms have a series of properties, which

one make b y their rather attractive for speech signals processing. T o these properties

it is poss i ble to relate:

·
       T he genetic algorithms are based on principles of populatio n genetics and are

                         ver y friend for simulatio n not only acoustic variability, but also non-stead y si g -

                         nals, to which one, the speech signal co ncern also.

·
       T he genetic algorithms tend to find global or strong local optima of a given fun c -

                         tion in their search d o main.

·
       T he genetic algorithms can optimize multimodal and discontinuous functions

                         witho ut the need for any gr a dient infor matio n whatsoever.

2  Genetic Algorith ms

Let separate voice expression is sho wn b y sequence of acoustic vectors:

                                                                                                           ‘

                                                                               �

                                                                         �

                                                 _

                          ^ 7

                                                       W

                                2

  2

                                          W

                                                               =

                =
                                                                                                                    T he vector of observation

W

2
which one is usually used for re c -

ognitio n of words looks like:

‘

�

�

_

^ 1

Q

;

2

Q

W

=

=
, where

Q

; - s o me coefficients,

usually it is custo mar y cepster and deltacepster coefficients [4,5]. T he genetic alg o -

rithm usually use representation of this vector b y the way chro moso me:

                                                                                                                      ‘

                                                                                   �

                                                                             �

                                                      _

                              ^ 1

                                                           L

                                      J

  0

                                              L

                                                                   =

                    = , w here each parameter

Q

;

is described by gene

L

J
.  Each a

gene

                                           L

                                 J
                                                 consists of alleles, which o ne are selected fro m the final alp habet . It is nece s -

sar y to have a function � ;I , which one estimates as far as the combination o f p a -

rameters presented b y vector

Q

;

.

                                                                                                                      Fig. 1  The diagram of activity o f genetic algorithm.

Criteria of an estimation o f

Q

;  is maximization of
�

�

Q

;

I

.T he genetic algorithm

works with set of chro moso mes. T he set of chro moso mes is called as a population and

is meant :
‘

�

�

�

�

                                                                                                                _

                                                                                 ^ /

                                                                                                                      O

                                                                                        0

                                                         3

                                                                                                        O

=

                                                                      = , where

/

- size o f a population .

T he procedure of transition fro m one populatio n to other perfor ms series of applic a -

tions of the g e netic operators:

·
       Selection, which implements the genetic algorithm analog of fitness-based su r -

                         vival

·
       Crossover, which hybridizes sur viving designs to  produce better d e signs

·
       Mutatio n, which rando mly perturbs designs to ensure lasting population diversity

T his process is fully described up in the follo wing articles  [6]. T he activity o f genetic

algorithm on the diagram guesses availability of criteria of convergence. As the given

criteria we will use  an estimatio n of change of a average fitness on all populatio n [6].

In cases when d uring so me number of breeds the given criteria varies insufficiently

essentially it is possible to speak about finish o f genetic algorithm´s work.

3    Hidden Evolution Method

At co nstr ucting systems of speech recognition it is necessar y to utilize express alg o -

rithms at a stage of processing and analysis for coercion of input data in the for m,

which will provide the stable characteristics and will allo w to reduce influence of

so me variable parameter s. One of algorithms, which will be utilized in the system o f

speech recognition - method of the hidden evolutio n. We have developed the given

method, as the procedure of analysis o f the arrays of decimal numbers, and therefore

it is algorithm, independent of a context. Any map can be represented as a sequence

of pairs of decimal numbers. Let’s consider this sequence from the point o f vie w o f

fundamental bases of genetic algorithms. Let pair of numbers represents number

P

of the uniq ue representatives, which have survived as a result of evolutio n, of gener a -

tion number

                                                                          P

                                                                                           . Also a pair of numbers number

�

+
P
 represents the unique repr e -

sentatives, which have survived as a result of evolution, of generatio n number

�

+
P
.

Let’s assume, that the pair of nu mbers

P

 is the ancestors o f a pair of numbers nu m -

ber

                                                    �

                                         +
                          P
                                                              , within the framework of accuracy with which we can install it. Being

grounded on accessible information, the method of the hidden evolutio n reconstr ucts

the evolutio nar y process, which is hidden fro m us, and saves its parameters in the

co mpact for m, which has received a title a matrix of evolution. As well as the genetic

algorithm, method of the hidden evolution follo ws fro m one generatio n to another,

but thus the amo unt of generatio ns is uniquely deter mined b y parameters o f the map

and algorithm. T he stage of reconstr uctio n for each generation has the identical

scheme, in which all possible processes o f crossover and mutation are simulated and

the data on the process for which connection between generations are saved is closest

to actual data. We have utilized value of the operator one - point crossover and two

values of operators one - point a mutation, as values of indexes of two units on string

and on columns accordingly for addition to value of the given unit of unity on each

generatio n. T he data on the process of reconstr uction are brought in a matrix of ev o -

lutio n, as additive values. After that the matrix of evolution passes nor mal i zatio n.

Fig. 2 Evolution Matrixes

4    Pre-classification Stage

At implementation o f the system o f speech recognition with usage of genetic alg o -

rithms we use so me stages of analysis and processing o f the map. One of them is the

pre-classification stage. T he given stage is intended for implementatio n of the proc e -

dure to optimization of clusterisation - middle of classes are better remote fro m each

other, and the objects inside classes concentrate to middles of classes more stro ngly in

the space of signs. Here we solve a problem of decrease of the bridging of clusters

and, therefore, co mplexity o f a problem of recognition is reduced. We implemented

the given procedure being grounded on methods of transition fro m characters o f one

alphabet to characters of another. Set of possible implementations of the given

method allo w to encode all possible methods of transition at the fixed alphabets under

the particular scheme and to utilize genetic algorithm for implementation o f the pr o -

cedure of optimizatio n of clusterisation. Other essential ad vantage of the given a p -

proach consists that at lo wering an amo unt of characters of the alphabet and imp l e -

mentation o f the procedure of pre-classifications we save the unique infor mation o n

each object and we reduce memor y size necessar y for its storage. Standard unit we

obtain as average on all accessible units o f matrixes of evolutio n with equivalent i n -

dexes. As outco me of work of the procedure of conversion fro m the infinite alphabet

of characters in the binar y alphabet o f characters on all accessible indexes we obtain a

binar y vector. As for the binary alphabet and templates o f dimensio n

Q

Q
 e x -

ists

                                        Q

                              Q
                     �
                                                 of different variants of the function o f conversion

)
, we use genetic alg o -

rithm for search o f a best value of units of the functio n of conversion. A measure of

correspondence of solutio n optimum is distance between binar y ve c tors.

   5   Speech Recognition Using Genetic Algorithms

   We use conditionally - independently properties of the object as streams. T he proc e -

   dure of learning and recognitio n passes on each stream irrespective of remaining

   streams and further integral analysis of outco mes follo ws. At mu ltistream speech

   recognitio n system we have used concept of the frames, as the scheme of creation of

   streams of the maiden level. As a result of the preliminar y analysis o f an original

   vector of observations (containing 12 cepsters and 12 delta - cepsters at each discrete

   time positio n) , we broke it into the 2d frames. At a restricted infor matio n quantity,

   because of a digital signature, one of ways o f escalating of quantity of streams is u s -

   age of the frames with overlap. T he optimum selection of a ratio of the sizes o f ove r -
lap and frame allo ws to speak about a maximum approaching of streams to indepen d -

ent tags. T he outco mes data confir med by the analysis o f comparative parameters

multistream simulators and hard ware systems of speech recognition, which one we

have elaborated. Each frame serves inp ut data for the conforming stream after no r -

malisation stage based on an asymmetr y measure.

For conversion o f the frame to a

matrix of tags we have used a method of hidden evolution. We have elaborated the

given method for speech analysis. T he method of hidden evolution will use base co n -

cepts of population genetics [6] and analyse the frame as a set chro mo so me. Outco me

of the analysis is the preser vation of unique characteristics for each frame in the

compact for m b y the way matrixes o f tags of the size 8x8. After that a matrix o f tags

to become with inp ut dates for the subsequent stage of classificatio n.  Further with the

help of the coded bank of filter s and fuzzy logic we transmit a matrix o f tags of each

stream in to binar y vector, size 64. Using genetic algorithm, which one is specially

updated for the given operation, we optimise the scheme of co nversion on a grade

level so, that the binar y vectors of one class beco me closer to each other and further

fro m the quoters of diver se classes. T he binar y vectors are used of inp ut dates of each

stream. We use binar y classifiers as structure, which one stores the indispensable i n -

for matio n for process of identification and quantity of co mp uting resources on so me

orders smaller than for more co mposite discriminator y analysis´s d e mand s.

               Fig. 3 Belarussian speech recognition system using genetic  algorithms, where vector of o b -

                                                                                                       servations is shown in the 2d bottom view projection.

6    Experimental Setup

For realization of experiment the database was built. 20 Belarussian wo rds were r e -

corded till 50 times b y ten speakers with sampling rate 44100 Hz. For segmentation

was used 30ms Hamming windo w with the size of frame 10ms. For each record of the

database were constr ucted of a vector of the observation consisting fro m 12 cepstral

and 12 delta ˘ cepstral coefficients. Next we imp lement genetic algorithms techniq ue

for speech signals recognition system. T en speech signals records (fro m different

speakers) of each word were used for training and forty for testing. We get follo wing

e x perimental results, testing all words fro m the database:

·
       Amount of memor y to store infor matio n about each record ˘ 64 bit

·
       System does not need to rebuilt itself  to add new word record

·
       Co mputational time to add each record to genetic algorithms speech recognitio n

       system´s structure ˘ 3 sec.

·
       Co mputational time to recognize each record ˘ 0.1< sec.

·
       Recognition rate under conditions listed above (on the same database used for

        training and recognition) ˘ 100%

All tests were made on pentium2 -400 class workstation.

References

1.  Jelinek  F . « JZkihagZ\Zgb_ � g_ij_ju\ghc � j_qb � klZlbklbq_kdbfb � f_lh^Zfb ~ .

                         LBBWJ ,1976 l � N 4 c 131 ˘ 161 .  in rus .

2.  Lawrence Robber and Biing ˘ Hawing Jung. ^Fundamentals of Speech Recogn i -

                         tion~. PT R Prentice ˘ Hall Inc, Englewood Cliff, 1993.

3.  Hero, A.Bourland and Nelso n  Morgan ^Co nnectionist Speech Recognitio n: A

                         Hybrid A p proach~ Klu wer Academic Publishers, Boston MA,1994.

4.  E.I.Bovbel, P.P. T kachova, and I.E.Kheidorov. ^T he usage of hidden Marko v

                         models based on autoregressive principles for isolated word recognition~

                         Proc.of.SPIE 13

                                                                                                                      th
 Annual Inter n. Symposium AeroSense, vol.3720, April 5-9,

                         1999, Orlando, Florida, USA.

5.  E.I.Bovbel, P.P. T kachova, and I.E.Kheidorov.~T he analysis of speaker indivi d -

                         ual features based on autoregressive hidden Marko v models~, Proc. Of Eur o -

                         speech-99, Budapest, Hungar y, September 22-26, 1999.

6.  E. Michielssen, Y. Rahmat-Samii and D.S.Weile.~Electro magnetic systems d e -

                         sign using genetic algorithms~. Modern Radio Science. Oxford Univer sity Press.

                         P 91 ˘ 123.