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ABSTRACT

Hidden Markov Model (HMM) have been used extensively for recognizing observation sequence
especially in speech recognition. Iterative training procedure such as Baum-Weltch, or gradient
techniques are normally used to find locally optimize HMM parameters. This thesis presents
genetic algorithm (GA) to perform global search for Hidden Markov Model (HMM) parameters
that maximize probability of observation sequence given the model. In order to increase the
convergence rate and parameters optimization, we combine iterative procedure with GA. The
probability of observation sequence of the train model using iterative procedure, GA, and GA
with iterative procedure will be compared along with their convergence rates. The test patterns
are chain code sequences generated from 38 characters on 3839 patterns isolated on-line Thai
handwritten characters. The recognition rate and the probability of the train observation

sequences of GA were better than the iterative training.
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HMM PARAMETERS OPTIMIZATION USING GENETIC ALGORITHM

Supakit Nootyaskool, Boontee Kruatrachue, and Kritawan Siriboon

Supakit Nootyaskool
Research Center for Communication and
Information Technology
King Mungkut’s Institute of Technology
Ladkrabang, Thailand
Phone: Tel. 662-7373000 ext. 3334
Email: s4061629@kmitl.ac.th

ABSTRACT

HMM have been used extensively for recognizing
observation sequence especially in speech
recognition. Iterative training procedure such as
Baum-Weltch, or gradient techniques are normally
used to find locally optimize HMM parameters.
This paper presents genetic algorithm (GA) to
perform global search for Hidden Markov Model
(HMM) parameters that maximize probability of
observation sequence given the model. In order to
increase the convergence rate and parameters
optimization, we combine iterative procedure with
GA. The probability of observation sequence of the
train model using iterative procedure, GA, and GA
with iterative procedure will be compared along
with their convergence rates. The test patterns are
chain code sequences generated from 38 isolated
on-line  Thai  handwritten  characters. The
recognition rate and the probability of the train
observation sequences of GA were better than the
iterative training. The recognition rate of HMM
with iterative training 95.05%, GA 97.50% and GA
with iterative training 98.41% on 3839 patterns.

KEYWORDS

Genetic  Algorithm, Hidden Markov Model,
Optimization, and Thai-handwritten recognition.

1. INTRODUCTION

The using of hidden markov model (HMM) for
speech recognition system and handwritten
recognition system have been well accepted. The
iterative Training [1] has widely been used to find
HMM  parameters. Unfortunately the parameter
only locally maximize the average log probability
of the trained observation sequences P(0O//). Since
GA is well known for a lot of optimization problem,
this paper proposed method to use GA to find
global (or near global compare to iterative training)
optimized HMM parameter estimation.

Some researcher has used GA to find HMM
parameters. Kwong et al. [5,6] used GA and hybrid
GA with iterative training to find 7-10 state HMM
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with left-right topology and continuous observation
sequence (12 order mel-frequency cepstral with 4
mixture) in speech recognition application. Sun as
in [7] also used GA for speech recognition
application with 5 state left-right HMM with
discrete observation (size 64). Both researchers
reported around 2% improvement in recognition
(93.1 to 95.86% and 94 to 96.2)

This research focus on how to apply GA to get
nearer to optimal HMM parameter than the iterative
training based on P(O/4). The training time is also
in consideration where we try to get good result
within realistic time. Hence, this research used GA
to perform global search of rough HMM parameter
but combine iterative procedure as a fine tune of the
parameter in order to reduce the searching
(training) time. Since the iterative is very fast to
find local optimum once the near global optimum is
located. The iterative can be view as a mutation
process in GA.

Since training time is limited, the use of iterative
in GA is kept minimum. This research investigate
two ways to used iterative training with GA. The
results of HMM with iterative training, GA, and GA
with iterative on fully connected topology HMM
are compared.

2. GENETIC ALGORITHM

The concept of evolution computation is to
simulate the natural evolution process. In nature,
the individuals constituting a population adapt to
the environment in which they live. The fittest
individuals have the highest probability of survival
and tend to increase in number, while the less fit
individuals tend to die out. This survival of the
fittest is the basic idea behind the evolution
computation.

The algorithm maintains a population of
individuals, each of which corresponds to a specific
solution. A measure of fitness defines the quality of
an individual. Starting with a set of random
individuals, a process of evolution is simulated. The
main components of this process are recombination
(GA) and mutation, which mimics propagation and
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random changes occurring in nature. After a
number of generations, highly fit individuals will
emerge corresponding to good solution to the given
optimization problem. Figure 1 outlines a typical
evolution computation. After initialization, parents
are selected according to a probabilistic function
based on relative fitness. In other word, those
individuals with higher relative fitness are more
likely to be selected as parents

rmmi.uc Genetic Algorithm and Genetic Algorithm with lterative Transform
P, = initial 30 population randomly;
P: evaluate population (P
while lerminated (maximum generation or best population not change) {
scloct by rouletie wheel {
= 10 population 10 usc crossover,
P- 1o

population to use crossover with new random:
0 population 10 usc mutation;

= [P
= crossover g&ﬁncwmndﬁm;ﬂpdaumﬂ’:k

iterative by sclected P, P, .P";0r Py
P°= evaluatc population (P’ P*, P",and P, )

Fig. 1. Genetic algorithm and genetic algorithm
with iterative training

2.1 Chromosome Representation.

The HMM parameters used here is a 30 states of
fully connected model with 16 observation. HMM
representation as GA chromosome using string of
real value of A and B are shown in Figure 2.

Matrix A portion of chromosome A

el el = T

Matrix B portion of chramosome B

el TR

el EoEEE

| T of matrin A

]

Chromosome B l Probability value | Filness value

[ Chromosome A I

Fig. 2. Chromosome representation

2.2 Chromosome Selection, Crossover, and

Mutation.

Population selection to use in crossover and
mutation are performed using roulette wheel
approach.

The crossover of chromosome are perform by
randomly select the crossover point and range of
the crossover, then the gene in that range are
switched between both parents. This crossing is
done five times each for A and B parts of a
chromosome (10 crossing point for one crossover).
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A
Parent1:[ 0.46 | 015 [ 023 | . [ 015 |[0a7 [ 05 [ .. [ 033 ]

033 | 013 | .. | 0.07 033 | 011 | ... | 0.56

crossover

Offspring 1: [0.46 | 033 [ 013 | .. [045 |[017 Joa1] .. [ 033 ]
Offspring 2: [ 047 [ 015 [ 023 [ .. 007 J[033] 05 ] .. [056 ]

Parent 2:|_0.47

Fig.3. Chromosome crossover.

The mutation is performed by randomly select
the mutation position then randomly change the
value in that position. This is perform 5 times for
one mutation as shown in Figure 4.

parent: | 04 [ 045 J023 [ _Jo15|[0i7 ] 05 [ .. [033]
Offspring:[0.78 | 015 [ 0.23 [ .. [0.45 |[017 [o9s6 [ .. [ 033 |

Fig 4. Chromosome mutation

Another crossover is performed with one parent
from roulette wheel selection and another parent
generated randomly.

After GA operations (mutation and crossover)
the child parameters need to be normalized to
maintain the unity probability of the out of state
probability and state observation probability.

2.3 Fitness Function.

The fitness function is a mechanism to determine
the confidence level of the optimisation solutiors of
the problem. There is a fitness value associated
with each chromosome. A higher fitness value
means the chromosome or solution is more
optimised to the problem, while a lower value
indicates a less optimised chromosome.

The fitness function used here is the average
logarithm of observations probability P(O/4) from
forward Algorithm[1].

PO|A)= Y.x,b,(0)a,b, (0. 4

62 42 LT

b, (1)
Gl 4y

From (1), forward algorithm used to calculate

HMM model probability. (2), probability logarithm
of observations.

i=k

> log(R)
P(O|A)=+—— = 3 (2)

2.4 Selection of population

GA and GA with training uses the roulette wheel
selection [6] as its selection mechanism. In the
selection, each solution is allocated a sector of the
roulette wheel with the angle subtended by sector at
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the center of the wheel, which is equal to 2m is
multiplies by the fitness value of the solution. A
solution is selected as an offspring if a randomly
generated number in the range of to 2m is falls into
the sector corresponding to the solution in this
manner until the entire population of next
generation has been produced.

3. COMBINATIONS OF GENETIC
ALGORITHM AND ITERATIVE TRAINING

3.1 Genetic algorithm

The GA training parameters are 30 populations
with 4000 generations. The GA training model is
shown in Figure 5, where 30 old population are
selected to create new population from crossover,
mutation, and crossover with new random.

GEMERATION |

Fig.5. Genetic training (GA)

3.2 Genetic algorithm with Iterative Training

The GA with iterative training (GAIT) is the
same as GA except that iterative re-estimation is
performed at some generation for some selected
population. In this experiments, there are two
variations of the GAIT. The first model GAITI use
the same structure as in [5], where every new
population (from crossover or mutation) are trained
using iterative training for three iterations. Also,
every ten generation all population is trained for ten
iteration as shown in Figure 6.

O populatians.

Crossaver

Crossover mih
ew ranaom

Muation

GENERATION |

Fig. 6.Genetic algorithm with iterative training
modell (GAIT1)
Second, model GAIT2 shown in Figure7. In this

GENERATION 141 L&
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model iterative training only applied to the 30
lowest fitness value for one iteration. Then the
whole 60 population are sort and re-applied the
training to the lowest 30 for another iteration. This
step is performed every generation. In comparison
to GAITI, this model use less iterative training
(600 versus 1140 iteration per 10 generation).
Moreover, the less fitness population has at least
two chances to improve using iterative training and
survived. This also avoid biasing some old
population with extra number of iterative training.

]
I
I
I
1
O ]
poputsions High Rness 1
1

! New

population
oA Son populstion !
joperaon pe 1
[
Crossaver :
o )
Crossaver with tow PEness Training :
e rEngom for one loop I
]
Mutsmion i
I
GENERATION | GEMERATION | +1

Fig. 7. Genetic algorithm with iterative training
model2 (GAIT2)

4. EXPERIMENTS

Statistical test results were conducted from the
training observation sequences generated from the
discrete  modified chain code of 38 Thai
handwritten characters. The chain code (1-8) is
modified to reflect pen quadrant position by adding
8 to the top left and bottom right quadrant. The
input is further normalized to sequence of 100
string of modified chain code (1-16). The example
of Thai handwritten character and chain code is in
Figure 4. The number of HMM in this experiment
is 38, one for each character. The number of
training observation sequences is around 200 for
each models (character).

The HMM used here has fix 30 states with 16
observation symbols with a fully connected
topology. Each model is trained using 38 Thai
characters pattern with the total of 3839 patterns.
The test patterns consists of 3 groups from 4 writers
with 1692, 2322 and 1319 patterns.

« 3 2 3
5 h17d 1 :'."‘
-

;";\\ 22 2; ?
6 7 8 g5

Chain code 77 33

T3

—> Py

3

8885 88

Fig. 10. Chain code
Iterative training is terminated at 2000 loop. In
cach loop the observation log probability is
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calculated and compare with the best one. The loop
number and the model parameter with the best
probability are memorized. The number of
generation for GA is 4000 generations with 30
populations. For all GAIT, the number of
generation are 100 generations with 30 populations.

5. RESULTS.

The average probability of observation give all
model is shown in Figure 8. There are no
significant different among any GAITs and GAIT
have much higher probability than GA and HMM
with iterative training. When comparing Iterative
training, GA training and GAIT training (in GAIT
bring the best average recognition rate to compare).
We saw iterative training is lower probability and
GA is low probability when compare with GAIT is
high probability.

Genetie Genetie Algonthm with leratyve Traming

Training

Iterative
Training

GAIT1 GAIT2

Mimimum probabiliry 3. BOSE-42| 5.975E-41 7.313E-37| 9.396E-36,

Maximum probability

1.607E-19| 2.830E-20) L121E-18] 5 44TE-19

Average probabiliny 4.283E-21] 1.684E-21 6.222E-20 2.798E-20|

Table. 1. Result of Thai characters probability

e | s Grenetic Algorithm with lieratrve Traming
Training | Training GAITI GAIT2
Traem panern ( V539 paterns ) 95.05%)| 97.50%| 97.58% 98 41%
Test group! (2122 panermi 42.79%| 38.24%| 43.38% 42.38%
Test group? {169] pasierns) 71.58%)| 67.14% 73.43% 75.32%|
Test greap’ (1219 pamernay 33.21%| 30.40% 36.85% 34.95%
Averuge ol parsern 70.57% | 69.23% 72.73% 73.98%

Table. 2. Result of Thai characters recognition rate

From the Table 2, GAIT2 is slightly better than

rooe e —— ERSEENE
1 OCE-1R
1.00€ 20
1.00E-22
1.00E 24

1.00E-26

GCE-28

10CE- 3

Probability

38 Thai characters probability

other GAITs. have 98.41% on pattern train to test
and 73.98% at average patterns.

6. CONCUSSION.

We have shown various ways to apply GA and
iterative training to find HMM parameters which
improved recognition results and probability of
training observations. On-line Thai handwritten
recognition is used as a test cases for comparison.
The combinational use of iterative training make
the genetic converge faster. Also, we improve run
time by reduce number of iterative training in
comparison to previous work.
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