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Abstract. This paper presents an approach to improve the correctness
for Thai text inputting via virtual keyboard on touch screen mobile
phones. The proposed approach is to generate candidate character based
on statistical model from bivariate analysis of pre-collected coordinate
data and apply the character trigram model to each candidate character
sequence. From user’s touch positions, a set of candidate characters with
high position-based probability is generated. Then, the character trigram
model is applied to each generated candidate characters sequence. For
each character sequence, a probability is computed from the weighted
combination of position-based and character trigram models. In the end,
the character sequence with the highest probability is selected to be the
most appropriate sequence. Experiments were conducted to compare the
typing accuracy between an ordinary Thai virtual keyboard and our pro-
posed algorithm using the same Thai keyboard layout. Results demon-
strate that the proposed algorithm provides the improvement in the text
entry accuracy in both character levels and word levels.

Keywords: virtual keyboard, thai text entry, touch screen mobile phone,
touch screen mobile device, trigram model, thai keyboard, bivariate nor-
mal distribution.

1 Introduction

The majority of the worlds digital experiences now happen through mobile de-
vices especially on touch screen mobile phones. One trend in consumer electron-
ics is touch-sensitive screen that are controlled by human finger motions rather
than a cursor or pointing device. Smartphone sales to end users were up 72.1%
from 2009 and accounted for 19% of total mobile communications device sales
in 2010.[1]

Virtual keyboard is a software component that allows a user to enter charac-
ters and can usually be operated with touch screen device where data entry is
required a physical and keyboard is not available. Focusing on Thai language,
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there are more alphabets in Thai than in English. The small area of touch screen
mobile device causes the problem that each key on keyboard layout is located
very close to each other and the size of each button becomes small. Even though
every standard Thai keyboard is splitted into 2 sub-layouts which are shift sub-
layout and non-shift sub-layout to cover all Thai consonants and vowels, it is
still hard to accurately touch on the intended key button. Most human fingers
are always larger than key buttons. Pressing on a small button with a large
finger tends to generate error, especially when virtual keyboard has no tactile
feedback. This problem is widely known and it decreases efficiency of Thai text
entry on touch screen mobile phone.

This paper focuses on improving Thai key prediction for each press to re-
duce the typing error. Based on the assumption that each user has his/her own
characteristic of typing. He/She will touch on particular position for the same
key button. Each time, user’s touch point is located closer to the set of points
they have typed. Individual characteristic for each user can be formed. Bivariate
Normal Distribution is assumed to be a statistical model for each particular key.
From this statistical data, probability that user wants to type which key but-
ton given by the currently user touch point can be found. The right character
should be the key which has the highest probability. We obtain the set of can-
didate keys which have high probability among all characters in one sub-layout.
Another assumption in this paper is that most of words that user types are com-
mon words widely used in various articles. After obtaining the set of candidate
keys, we concatenate all candidate keys to form candidate character sequence in
every possible way. So, we grade the candidate sequence with probabilistic lan-
guage model trained from a Thai corpus in order to find out the best candidate
sequence with highest probability and display to user.

This paper consists of five parts. Background of this paper and other related
works is explained in the next section. Bivariate Analysis-based Candidate Gen-
eration, Probabilistic Language Model for Assigning to candidate and Candidate
Ranking are described in Section 3. Section 4 describes experiment setting and
results and the last section is conclusion of the paper and our future direction.

2 Background and Related Works

There are many ways to improve performance of text entry on touch screen
devices. Significantly changed in keyboard layout is one way to improve typing
performance. Dvorak layout is well known as a QWERTY alternative, patented
in 1936 by Dvorak and Dealey[7] The advantage of this layout is it uses less
finger motion, increases typing rate and reduces errors compared to the stan-
dard QWERTY keyboard. MacKanzie, Zhang & Soukoreff (1999)[3] introduced
a new virtual keyboard where the letters were laid in alphabetic ordering in two
columns. The problem of new layout is it quite hard and takes time to make user
get familiar with. This paper focuses on improving text entry base on standard
keyboard layout, Thai Kedmanee which conforms to the Thai keyboard layout
on Microsoft Windows to make user get more familiar with.
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Research on improving input methods on standard keyboard layout has grown
over recent year due to the limitation size of screen and lack of tactile input feed-
back. Potipiti et al.[5] introduced the approach by applied trigram model and
error correction rules for intelligent Thai key prediction and English-Thai lan-
guage identification. First technique is language identification which performs
language switching automatically between Thai and English without pressing
language-switch button. The second technique is Thai key prediction which ap-
plied character trigram probabilistic model and compare probability between
Thai character sequence with shift key and without shift key. Trigram is well-
known probabilistic language model that applied in this method. It proved that
trigram is work for predicting the next character in such a text sequence. So, we
try to apply this technique to our proposed method.

MacKanzie and Zhang[4] introduced Eye typing using word and letter pred-
ication in English language. User types by gazing at on-screen keyboard using
eye tracker and software. Fixation algorithm is applied to determine which but-
ton on the keyboard receives eye-over highlighting. They considered these keys
as candidate key. Word prediction was introduced by language model and a list
of candidate word is produced as entry proceeds. The user selects the desired
word. Even though these techniques can reduce the number of keystrokes per
character of text entered and may increase text entry speed, it was sensitive
to the correctness of the first several letters in a word and works only in letter
prediction mode.

Janpinijrut et al.[2] introduced an approach for improving Thai text entry
on standard Thai Keyboard based on distance and statistical language model.
Touch area is defined by the area nearby the touch point. The characters which
locate within touch area are considered as candidate characters. Each candi-
date characters are weighted based on their distances from the touch points.
After that, the character trigram model is applied to select the combination of
characters with the highest probability and suggest to the user.

After the experiments from this technique, we found that most of individual
user generate the same typing error many times. This technique shows improve-
ment in term of characters but it is not fit with variety of user typing character-
istics because each touch point predicts character based on distance, not related
to statistical analysis. The method that introduced in this paper is the alterna-
tive way to improve Thai text entry by consider individual typing characteristic
and create adaptive user keyboard.

3 The Proposed Approach

The proposed approach consists of three main steps as shown in Figure 1, i.e.,
candidate generation based on bivariate analysis, probabilistic language model
for assigning to candidate and candidate ranking.
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Fig. 1. Overall of proposed algorithm

3.1 Candidate Generation Based on Bivariate Analysis

From our assumption, suitable touch area should be the area that most people
touch on. We assume each key has its own probability distribution as Bivari-
ate Normal Distribution. In this case, we interested in the joint occurrence and
distribution of values of the independent and dependent variable together. Bi-
variate Normal Distribution is joint distribution of two variables which are x and
y. These values are considered to be the coordinates for a point geometry and
can be obtained when user touches on screen. So, we find out which area those
users mostly touch on each character. Coordinate, x and y are collected by shuf-
fling all of Thai characters that exist on standard Thai keyboard. It composed
of 43 characters per sub-layout. There are two sub-layouts which are shift and
non-shift and each are mixed with alphabets, consonants and special characters.
Both sub-layouts have the same layout. Therefore, it has 43 unique keys. 5 users
are asked to type all 43 distinct characters 3 times in free style. After that, we
obtained 15 coordinates of each character position. These coordinates are used
through all step of proposed algorithm.

Figure 2 shows standard keyboard layout with distribution of 43 distinct char-
acter positions.

The formula (1) is known as Bivariate Normal Probability Density Function.
Suppose we have two random variables, coordinate x and y. This formula can
be integrated to obtain the probability that random coordinate x and y take a
value in a given pre-collected coordinate data set for each character. Bivariate
Normal Density Function is used to find the point of Normal Distribution curve:
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Fig. 2. Distribution of touch point of each character position for non-shift sub-layout
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Ppos(ci|pi) is probability that
candidate character ci occurs given by user’s touch position pix and piy.
It is involving with the individual parameter μx, μy, σx, σy and ρxy :
σx is covariance of a set of coordinate x belongs to that character,
σy is covariance of a set of coordinate x belongs to that character,
μx is mean of a set of coordinate x belongs to that character,
μy is mean of a set of coordinate y belongs to that character,
ρxy is ccorrelation coefficient between 2 values, coordinate x and y that be-

longs to that character.

Mean value can be calculated from below formula:
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1

N
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Covariance can be calculated from below formula:
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The correlation coefficient is computed as:

Corr(x, y) =
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i=1(xi − μx)2
∑N
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where

N is a number of data in one data set,
μ is mean of the data set.

When user touches on the screen to type a character, coordinate input x and
y from user are calculated using the formula shown in Equation (1) with all 43
coordinates data set to find the probability of each character given by user coor-
dinate input. After that, we can find a number of characters which have highest
probability among 43 characters. In this paper, we conduct an experiment by
select only top 3 characters to be candidate keys and process in the next step.

3.2 Probabilistic Language Model for Assigning to Candidate

An n-gram model is a type of probabilistic model for predicting the next item
in such a sequence. This technique is applied to propose method to predict the
next character given the previous character that user has typed before. In this
paper, character trigram model is used in order to rank candidate key because
mobile device has limited resource.

After generating candidate keys from previous step, each candidate concate-
nates all possible candidates to create all possible character sequences called
candidate sequence. Then, we calculate probability for each candidate sequence
by using character trigram model.

Plang(c1c2 . . . cn) =

N∏

i=1

P (ci|ci−2ci−1) (5)

where Plang(c1|c2...cn) is probability of each candidate sequence, P (ci|ci−2ci−1)
is probability of character ci follow by character ci−2ci−1

From this point, we obtain a set of candidate sequences. Each is assigned by
the probability from language model.

3.3 Candidate Ranking

The last step of proposed method is Candidate Ranking. From this point, each
candidate sequence has its own probability given by position from 3.1 and given
by language model from 3.2.

Candidate sequences are ranked by following scheme:

P (c1c2 . . . cn|p1p2 . . . pn) = arg max
c1c2...cn

(
α·

n∑

i=1

Ppos(ci|pi)+β·Plang(c1c2 . . . cn)
)
(6)

where
Ppos(ci|pi) is probability that such candidate character ci occurs given by

user’s touch position pi which is calculated from section 3.1,
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Plang(c1c2 . . . cn) is probability that such candidate sequence c1c2 . . . cn occurs
given by language model which is calculated from section 3.2 α and β are weight
to counterbalance between character prediction by position and probabilistic
language model. These two values should greater than 0 and sum of these two
values is required to be exactly 1.0.

In section 5, we conduct experiment to find the most suitable value of α and
β and the result shows that the best appropriate value of α is 0.6 and 0.4 for β.

Each candidate sequence is processed by (6) scheme and rank. The candidate
sequence which is in the first rank is suggested and displayed to user. This gives
a result that every time user types a character, there is a chance that displayed
sequence has changed to right sequence, even though they type wrong character.
This is because ranking is processed every time user types a character. From
assumption, the most of words users type are common words and widely used
in various document. Even if users type position is not exactly on intended key
button, the right character sequence should have highest probability in term of
language consideration. Sometimes the right sequence is ranked to the top after
processed and changes from wrong sequence to the right one.

4 Experiments and Results

In order to evaluate the performance of the proposed method, we conduct experi-
ments based on collected coordinates set from user and compare the performance
between proposed method and ordinary method.

There are many touch screen phones available in the market. Android is
quickly becoming one of the most popular tools for mobile application devel-
opment. The most prominent is Android’s open-source nature. HTC Desire HD
is capacitive touch screen Android phone that we use in our work. Its resolution is
480×800 pixels. Android 2.2.1 operating system is installed. CN Thai keyboard
layout is chosen to be experiment keyboard. Experiment is fixing to portrait
orientation because it has smaller keyboard area than landscape orientation. All
experiments are implemented and tested on this phone.

For the experiment, we first find the most suitable value of α and β before
we can evaluate the actual efficiency of proposed method. 5 million words from
BEST 2010[6] Thai corpus created by NECTEC is used to train and create a
character level 3-gram model. We randomly choose 30 words from the corpus
to be test set. Each set consists of 10 words that occur with high, medium and
low frequency in corpus as well as long, medium and short word length in the
same average number. We let 10 users type all words in 3 test sets word by
word in their style on mobile phone. Then we obtain 30 coordinates per user.
Every coordinate is processed by the proposed algorithm on the mobile phone.
We match these 30 output characters sequences against correct words to find the
accuracy in character and word level. In character level, we match and count the
number of correct characters in words. In word level, we match word by word.
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Fig. 3. Percent correctness in character and world level of various value of α and β

Figure 3 shows the accuracies at the different value of α and β in character
and word level.

The graph shows that the correctness is increasing if α is decreased and β
is increased. It obviously shows that probabilistic language model in section 3.2
takes a role in improvement. But when β is increased to 0.5, the correctness is
continuing take a fall and dramatically dropped when β is 0.8. This is because
of the lack of known word list. So, the unknown word can be the output if we
set β to high value. We plan to apply dictionary to improve correctness in the
future work. From this point, the most suitable values for and are 0.6 and 0.4
respectively which yield around 89.16% in character level and 85% in word level.

From the experimental results, the performance in word level is slightly
dropped when we compare to character level because the method did not apply
any statistics or information related to words. Character trigram model is used
only in the proposed method.

After we obtained the most suitable values of α and β, 10 users are asked to
type all 30 words 3 times. Five of them are the same users as we kept pre-collected
coordinate data from them. The details had described in section 3.1.

Finally, we process coordinates from all users by using our proposed method
and ordinary method to find the actual performance of proposed method against
the ordinary typing method. The correctness of the ordinary method in char-
acter level is 96.65% and 80.67% in world level. While the correctness of our
proposed method in character level is 98.91% and 93.78% in word level. This
result shows that our method provides the improvement in the text entry accu-
racy on touch screen mobile phone for both character and word level. To ensure
that the result of proposed algorithm is not better than ordinary algorithm by
chance, we also conduct the paired t-test which assesses whether the means of
two groups are statistically different from each other. The score associated with
t-test is 1.69152×10−5 in word level and 2.69239×10−5 in character level. These
values are less than 0.05. Therefore, there is a significant difference between of
two groups.
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Fig. 4. Percent correctness in character and word level of 10 users by using two algo-
rithms respectively

Fig. 5. Percent correctness in character and world level of various value of α and β

Moreover, based on the assumption that each user has their own characteristic
of typing and can be formed to create distribution. If we focus on our algorithm
by separate user into two groups, first group is five users that we kept pre-
collected coordinate data from them (Training group) and second group; another
five users (Test group), the performance for first group is better than second
group in both character and word level. It ensures this assumption is correct
because pre-collected coordinate that we obtained from first group is used to
create bivariate normal distribution for each key. So, when user in training group
types characters, the probability that such character occurs given by users touch
position is probably higher than test group because the probability is based on
distribution which generated from training group. Figure 4. shows percent of
correctness of training group and test group in character level and world level.

4.1 Conclusion and Future Works

This paper has proposed a new approach to improve Thai text entry on touch
screen mobile devices. Bivariate normal density on touch positions is used to
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generate candidate keys and then processes by using character trigram model.
After that, all candidate sequences are ranked based on probability given by users
coordinate and probability given by language model and suggested to user. We
conduct experiment to find the best value of and to weight to counterbalance
between character prediction by position and probabilistic language model. The
most suitable value of α is 0.6 and β is 0.4. Our algorithm performs better than
the ordinary method in both character level and word level. The correctness
of the ordinary method in character level is 96.65% and 80.67% in world level.
While the correctness of our proposed method in character level is 98.91% and
93.78% in word level.

For the future works, we plan to use list of frequently used words in order to
improve performance of Probabilistic LanguageModel for Assigning to candidate
sequence. Furthermore, we aim to do word completion and create user adaptive
keyboard.
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