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Abstract—Mobile devices play a key role in the communication. Usage of touch-screen based mobile devices for the 
autistic people preferring touch-based interaction with the machine, which would make them comfortable in expressing their 
views through their natural handwritten language on touch screen. In this paper, focus is to design a personalized character 
recognition system for autistic people. This system acceptably possessing a solution and will let the autistic people write in a 
natural, normal fashion using a suitable pen like device or with their own fingers and the recognition is done at the character 
level using nearest neighbor matching (Elastic matching algorithm). After completion of writing a character or word or 
sentence on Interactive Writer System (IWS), voice output will be generated. Before using character recognition, the 
application needs to be trained to recognize user character style.  
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I. INTRODUCTION 
 

Autism is a disorder of neural development 
characterized by impaired social interaction and 
verbal and non-verbal communication, and by 
restricted, repetitive or stereotyped behavior. 
The prevalence of autism is about 1–2 per 1,000 
people worldwide  and the Centers for Disease 
Control and Prevention (CDC) report 20 per 1,000 
children in the United States are diagnosed with ASD 
as of 2012 (up from 11 per 1,000 in 
2008)[1][2][3][4]. 

It is estimated that one third to one half of 
children and adults with autism do not use speech 
functionally (National Research Council, 2001). 
Thus, many individuals with autism are candidates 
for Augmentative and Alternative Communication 
(AAC) systems either to supplement (i.e., augment) 
their existing speech or to act as their primary (i.e., 
alternative) method of expressive communication. 
There are two types of AAC techniques: unaided and 
aided. 
• Unaided communication does not require any 
equipment that is external to the body and involves 
the use of symbols such as manual signs, 
pantomimes, and gestures. 
• Aided communication incorporates devices that are 
external to the individuals who use them (e.g. 
communication books and VOCAs) and involves the 
use of symbols such as photographs, line drawings, 
letters, and words. [5] 

Most importantly, a touch screen eliminates 
the difficulty that a child with autism or motor 
disabilities might have with manipulating a keyboard 
or understanding the connection between a mouse 
and cursor. [6] 
 

 
IWS is used for Aided communication. This paper 

will focus on the non-verbal. Powerful state-of-the-art 
technologies have been developed to enhance the 
socio-interactive skills of children with ASD thus 
enabling them to now communicate with others 
through IWS. The user becomes one with the 
application – literally.  

This paper implements a user interface 
(IWS) for the handwriting recognition technology to 
assist autistic people. It is a challenging task since it 
involves autistic people as users to the computer and 
their behavior on using it, is sometimes difficult to 
predict.  
 Handwriting recognition system is a system 
that has automated process of turning handwriting 
work into a computer readable form. When the 
handwriting is in the binary form, the computer can 
recognize it and this can ease the process of giving 
feedback to the autistic people by sounding the letter 
or word or sentence as output which  they have 
initially written as their input. The autistic people can 
boost up their time and confidence since the system 
can assist them whenever they need. 
 
II. THEORETICAL BACKGROUND 
 

A. Areas of Character Recognition 
 

Handwriting recognition systems can be 
subdivided into many different categories. Most 
important discriminating feature of the systems is the 
time when the text is recognized. Recognition can be 
done either off -line or on-line. In addition, the 
different sequences of text which form the unit to be 
recognized as a single entity discriminate problem 
types: the text can be considered as a sequence of 
characters, words or whole sentences.  The set of 
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characters, writing style, and constraints on the 
writing also have a great influence on recognition 
methods. These distinctions are described in more 
detail in the following sections. [7] 

At the highest level, handwriting recognition 
can be broken into two categories on the basis of how 
the raw data is acquired. On the basis of raw data 
acquisition and the nature of handwritten data, 
handwriting recognition is divided into two distinct 
areas as follows: 

 
Figure 1: Character Recognition 

 
B. Offline Hand writing Recognition 

 
In this type of recognition, the text is not 

recognized at the same time as it is produced but after 
the user has finished writing i.e. in this case, the text 
is originally written on a surface such as paper and 
from there on it is recognized by the computer by 
scanning the surface. The scanned handwriting is first 
stored digitally in grey scale format e.g. bitmap 
image, and then further processing is done on it to 
have a good recognition accuracy. Features for 
recognition are enhanced and extracted from the 
stored bitmap image by using digital image 
processing. This type of recognition is also 
sometimes called as “Optical Character Recognition” 
[3].  

C. Online Hand writing Recognition 
In contrast to the offline method of 

handwriting recognition, online handwriting 
recognition is done in real time i.e. at the same time 
as the handwriting is produced. The surface used for 
handwriting is usually a digitized tablet and it is used 
along with a digital pen also sometimes called 
“Stylus”, in order to write on the surface. As the pen 
moves across the surface, the two-dimensional co-
ordinates of successive points are collected and stored 
as a function of time. 

Character recognition is further divided into 
two categories depending upon the data used for 
training. The two categories are namely: 
 
Writer Independent Handwriting Recognition System 

In this scenario of writer independent 
system, the training data is collected from different 
users than those from which testing data would be 
collected i.e. the end users of the recognition system. 
Thus, these systems are meant for unknown 
handwriting styles and are thus difficult to develop as 

compared to the writer dependent counterparts 
because all common aspects of handwriting needs to 
be studied. Due to their ability to recognize unknown 
handwriting styles, the writer independent systems 
are more in demand. 
 
Writer Dependent Handwriting Recognition System 

The systems which are based on known 
handwriting styles are referred to as writer dependent 
handwriting recognition system. In this case, the 
training data is collected from the same writers whose 
handwriting would be recognized in the future by the 
recognition system. Thus, it is specialized for 
recognizing only certain handwriting styles. These 
systems have achieved greater accuracy as compared 
to the writer dependent systems due to smaller 
variability present in the testing data. 

As a writer-dependent system, it requires 
that the user train the system before use. To facilitate 
rapid training, the grid layout can be placed in 
training mode .During this mode; the user draws a 
sample of each character into its corresponding cell. 
After each sample glyph is drawn, the user moves the 
pointer outside of the cell to save the sample. Though 
many samples can be trained for every character, only 
one is required and can also later augment these 
samples with regular input. Training takes no more 
than fifteen minutes and need not be repeated again. 
[7] 

 
III. IMPLEMENTATION 
 

IWS is implemented on Beagle Board by 
porting mobile operating system Angstrom. Hence 
IWS is a mobile Device. 

 
Figure 3: Block Diagram of IWS 

 
A. Touch Screen LCD               

          Modular touch screen display is interfaced to 
the Beagle Board. The touch screen specifications for 
both touch input and text output. The touch is an 
enhanced touch screen display module that eliminates 
the need for many of the peripherals typically 
required to interface with the Beagle Board single 
board computer. With a 480×272 resolution and 
262K colour touch screen OLED display, a 20 mm 
speaker, and a type B-mini interface to RS232 serial, 
the Beagle Touch snaps directly onto the Beagle 
Board to create a handheld tablet computer. Instead 
of searching for 6 different cables to connect a 
desktop full of monitors, keyboards, mice- not to 
mention FTDI, null modem, and IDC cables required 
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for serial communication, the Beagle Touch allows 
embedded software programmers to get right to 
prototyping and custom application development. 
 

B. Mobile device (Beagle Board) 
         
The Beagle Board is an open source, single-board 
computer built on TI’sOMAP3 processor line. Small, 
low-power, and high-performance, the versatile 
Beagle Board fits a wide variety of embedded 
systems applications. The Beagle Board combines the 
latest technology in mobile computing, traditional 
computer interfaces, as well as direct pin-bus 
hardware hack ability into a single 3-inch by 3-inch 
module. 
The lightweight Angstrom distribution of Linux is 
designed to provide embedded software programmers 
with a familiar and fully-functional interface to 
custom hardware development.  
Beagle Board carries an OMAP3530 processor, the 
720 MHz, ARM-Cortex A8 processor. The board also 
features 2GB NAND and SDRAM, which is mounted 
directly to the processor itself. 

The Beagle Board is a pocket-sized reference 
board as shown in above figure, containing a Texas 
Instruments OMAP3530 system-on-a-chip (SOC) 
processor (ARM Cortex A-8 core) [8] 

 
Figure 3: Mobile Device (IWS) 

C.  Output 
 
 In this paper there are two outputs. Those are  
 
Voice output  
Voice output is obtained from speakers which are 
inbuilt in beagle board 
 
Text Output 
Text output is obtained on LCD which is saved in .txt 
file or .doc file. 
 
IV. ALGORITHM 
 
Elastic Matching 
 
It turned out to have very high recognition rate and it 
is not very sensitive to deformation of the patterns 
which often occurs when writing on a slippery touch 
screen LCD.  
Elastic Matching method is chosen in this paper 
among the methods mention above. This is due to 
several factors: 

1. Elastic Matching was the method with highest 
recognition rate.    

2. Elastic Matching can cope with irregularities in 
writing caused by for example a mistake by the 
writer or by use of an abnormal writing style. 
This is very important since one can imagine that 
the user may use the system in different 
environments like for example in journey on 
moving bus, which may not be the most 
preferred environment for writing on touch pad.  

3. Due to the robustness of Elastic Matching it 
needs very few stored samples of each character. 
In this paper current implementation system 
recognizes much distorted characters. The fact 
that it needs very few stored examples is a big 
advantage, as it should be cheap with the amount 
of memory used. It is not only important to use 
little memory when running but even space 
required to occupy in the file system is also an 
important factor since everything is stored in the 
same RAM memory. 

One of the biggest advantages with Elastic Matching 
is that it tends to be rather slow.  But my goal is to 
produce an algorithm with short response time. I 
believe, however that it is more important to get a 
correct answer than getting a quick answer. [9]  
 
V. SYSTEM FLOW 
 
The methodology of Interactive writing system (IWS) 
is shown in the figure4. 
A. Training 
This is writer dependent handwriting recognition 
system, where it depends totally on the given samples 
of the user. This system is designed by considering the 
constraints and difficulties of autistic people. In this 
system, autistic people should be trained initially with 
the letters which consists of lower case and upper case 
alphabets of English language and numbers. 

 
Figure 4: System flow chart 
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In the training process system takes samples of 
their own handwriting styles by allowing them to 
practice on the character up to 16 different styles. 
During training period, user has flexibility to draw his 
own character according to his comfort levels and 
stores as database. 

For an example, the character “q”: If user unable 
to write “q” exactly then he can draw his own style, by 
practicing any symbol/character instead of actual 
character.  
Ex:  “-” is mapped to character “q”. 

So whenever user draws the symbol “-” output 
will be mapped directly to “q”. In this way autistic 
people can write their own handwriting style for 
communication. 
 

B.  Pen Input 
Since we are using touch environment, 

stylus or finger is used to write character/word on 
IWS. 
Stylus is used in two modes: 
1. Pointing mode: The stylus is used as a pointing 

device as above. 
2. On-line Handwriting recognition mode: The 

strokes made with the stylus are analysed as an 
"electronic ink", by which recognition of shapes 
of the strokes as are done.  
C. Digitizer  Smoothing 

Even modern pen digitizers are very 
accurate, some distortion is still produced. In 
particular the “staircase effect” that results from 
snapping the pointer position to the nearest pixel or 
hardware grid unit (can complicate segment angle 
measurements. 

The first stage of preprocessing uses a simple 
smoothing algorithm to remove this kind of 
distortion. Each point in a stroke is moved halfway 
toward the straight line formed by connecting that 
point’s two immediate neighbors. This removes 
digitizer distortion without significantly altering the 
intended stroke. Additionally input is simplified by 
removing any redundant points that are not a 
significant distance away from the straight line 
formed by their neighbors. 
 

D. Pre-processing 
The   preprocessor serves three functions: 

1. Disqualify  training  samples  unlikely  to  
score  well  in  primary  recognition 

2. Find  the  optimal  mapping  between  the  
input  and  training  samples  

3. Penalize  training  samples  for  important  
differences  from  the  input 

 
The preprocessor incrementally builds strokes 

from the sample with fewer strokes out of strokes 
from the sample with more strokes. Each stroke is 
tried as a candidate for addition, in both directions, 
until a good match is found. If the constructed stroke 
is still significantly shorter than the target, the process 

continues by attempting to glue on an additional 
stroke, otherwise construction moves on to the next 
stroke. The algorithm can also fail and disqualify the 
match from further processing. 

The stroke distance measure used by the 
preprocessor is a low-resolution version of the stroke 
distance algorithm described in the next section with 
one important difference. 

Because the constructed stroke may have more 
strokes glued onto it later, the stroke built so far is 
compared only with the equivalent distance on the 
target stroke rather than the full length of the stroke. 
 

E. Distance Measure 
Once the preprocessor has made the training 

sample and input compatible, the primary recognition 
engine compares each corresponding pair of strokes 
in order. Both strokes are sampled to the same 
number of points with sample size chosen so that no 
stroke has a segment longer than a small ‘unit’ 
distance. To compute a ‘distance’ measure between 
two strokes, each pair of corresponding points at the 
regular sample intervals is measured with each of two 
distance functions in turn and the average of the 
resulting set of values for each function is taken. 
 

The first function is the squared Euclidean 
distance. While a normal Euclidean distance function 
is adequate as a distance measure, by removing the 
square root, a small number large distances can be 
disproportionately punished versus a set of minor 
variations. This helps to distinguish very similar 
letters such as ‘g’ and ‘y’. 
 

Because the two samples might be shifted, an 
offset vector is computed by calculating the center 
point of each sample and taking the difference. Each 
sample’s center point is calculated by summing the 
center points of each of its component strokes, 
weighted by stroke length. For a sample stroke S with 
n points, the center point is computed  
 

In order to find the optimal assignment of points 
from one stroke to the other, IWS uses a dynamic 
programming algorithm to compute the lowest sum of 
measures between the first and second stroke’s 
points. Rather than programming the entire table 
however, only squares within a small distance, the 
‘elasticity’ parameter in, of the diagonal are 
computed. The elasticity value will depend on the 
scale of the unit distance to which the stroke data was 
uniformly sampled to. For a unit distance of 32

1 of the 
cell height, IWS uses an elasticity of 2 table cells. 
This limitation serves both to prevent over-matching 
and to speed up the algorithm. 
 

F. Word Context 
To aid recognition of common words, it can use a 

list of common words and their expected frequencies 
if one is available. When a character is written, the 
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letters surrounding it are used to find matching words 
within the frequency list. The samples of the potential 
letters are then rated by how frequently they appear. 
These ratings serve to boost recognition rates but are 
not a major part of the final score. 
 

This component also suggests whether the 
character is likely to be a lower- or uppercase letter or 
a number judging from the preceding character. [10] 

 
VI. SOFTWARE 
 
IWS is implemented by using Angstrom operating 
system (mobile operating system which is Linux 
distribution). Before implementing IWS on embedded 
development board following steps is needed for the 
platform where IWS has to be installed.  
Porting Angstrom OS 
 
Make two partitions on the SD/MMC card 

1. FAT partition(MLO, u-boot, uImage) 
2. Ext2 partition 

 
The five (5) boot phases 

1. ROM loads x-load (MLO) 
2. X-load loads u-boot 
3. U-boot reads commands 
4. Commands load kernel (uImage) 
5. Kernel reads root file system 

 
VII. PERFORMANCE EVALUATION 
 

IWS performance depends largely on the 
quality of the training samples and the ability of the 
writer to produce consistent handwriting. In this IWS 
has been successfully used with English characters. 

 
VIII. RESULT 
 
IWS is implemented on embedded development 
board by using mobile operating system. Over view 
of Interactive writing system is shown in figure 6. 
 

 
Figure 6: IWS Overview 

 
Before usage of IWS user needs to train all the 
English characters with his own handwriting style, 
after training the user draws a character ‘G’ on IWS 
as input which is shown in figure 7 

 
Figure 7: User draws a character ‘G’ on Touch screen 

 
The character ‘G’ is recognized as soon as 
completion of drawing a glyph. The recognized 
character ‘G’ displayed on IWS is shown in figure 8 
 

 
Figure 8: IWS recognizes the character ‘G’ 

 
In the below results, G is trained with 10 

samples and r is mapped to “---” and only once it got 
trained and we can see the difference of accuracy in 
both recognition rate. 
 
Table1: Recognition rate for different character styles 
by user 
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Character by character makes a word which can be 
used by autistic people to convey the message. 
Complete word can be seen in figure 9 

 
Figure 9: User writes a word ‘SATISH’ on Touch screen 

 
After completion of writing a character or a word or a 
sentence on IWS, the written data is saved in text file 
simultaneously IWS generates voice output. The 
word ‘SATISH’ is saved in .text file as shown in the 
figure 10 

 
Figure 10: The word SATISH is saved as a text file with audio 

output 
 
IX. FUTURE SCOPE 
 
Through the use of uniquely designed software on 
digital tablets, autistic children who typically avoid 
social interaction should be able to talk with their 
peers, express emotions, ask appropriate questions 
and in some of the more severe cases communication 
should be done effectively. 
 
CONCLUSION 
 
With a much better recognition rate, we have 
achieved the primary goal, especially the letters from 
autism users who mostly write error input can be 
recognized much well. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Development of IWS is more practical online 
handwriting character recognition for autism, which 
is developed based on existing technology by adding 
new features of real time for assisting the autistic 
people. As a result, IWS achieved higher recognition 
accuracy. We are making continuous efforts to 
improve the recognition accuracy and usability of 
hand writing interfaces. 

 
With the technology becoming more affordable 

and mainstream, a rising number of parents of 
children with disabilities along with their schools and 
therapy centers are making iPads or similar tablets 
part of their every day. Iowa City’s Children’s Center 
for Therapy, for example uses iPad to help 
communicate with its non-verbal children and 
develop social and organizational skills in other 
children. 
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