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Abstract

Nowadays, the traditional methods to acquire information from Thai
National ID card (e.g. ID number, name, address, etc.) take long time processing
and also the errors may result in the situation that can be made by human easily.
Therefore, in this project, Mobile Application for Retrieving Information from
National ID Card using Optical Character Recognition (OCR) is proposed. The
Markov chain is used as a feature and the minimum sum of absolute different
method is used as a classifier. In the experiment, we tested input image of National
ID card dataset of 1) printed file, 2) scanned file, and 3) captured file by mobile
camera. The results showed that the proposed method could extract information

into digital character codes.
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Chapter 1

Introduction

1.1 Motivation

Nowadays, obtaining the information from any kinds of cards take a lot
of time because of the ways that people do like copying the cards, writing the
information from the cards and typing the information. Not even take a lot of
time but also a lot of resources to process. There is also the fast way to obtain an
information from cards like using smart chips but it needs to use specific devices
and database to import data of that card. The other main problem that occurs

from these processes are human errors like misreading or miswriting.

Because of these problems, we try to create the faster way to obtain the
information from the card just in a few seconds by a general device like mobile

phones and to reduce errors that occur from the process.

Optical Character Recognition(OCR) is used to solve this problem. We
just need only a mobile phone with some levels of camera which are used to take
a photo of the card to allow the system to interpret the information in the card
into an electronic data. The duration that need to take place due to OCR is less

than writing and typing down the information. The error that causes by copying
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will replace by using a taking photo that we have already fixed the layout and the

area to take.

1.2 Objective

The objective of this project is the implementation of an image processing
algorithm by creating a mobile application to prove the result of the algorithm
which uses to solve the problem of the process that people used to obtain the
information from the card nowadays. Because it takes a long time to do, so the
main feature of this project is to reduce the duration of the process obtaining the
information from the card. This project changes the process from writing or typing
down the information from the card to just taking the photo of the card and then
automatically interprets those information into the electronic data. Moreover, we

try to adapt the project to support other types of the card.

1.3 Scope of Work

The scope of this project can be summarized as follows:

e Developing the mobile application.
e Using with national ID card.

e Converting input images into digital character codes.

Real-time processing.

Storing the output in database.
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1.4 Primary Contributions

In this project, the implementation of the image processing algorithm to extract

the information on the national ID card into editable texts.

il

2.

3.

4.

Propose a new algorithm to extract Thai character.
Implement mobile application for showing the result.
Create training set of character (Thai, English, Numerical).

Apply Markov value as the individual characteristics of character.

1.5 Procedure

We separate the work into 6 phases.

1

2.

3.

Plan the project
Research and study on OCR

Doing the mobile application

. Implement Image processing method

. Compare the correctness with a look-up table

Test the application



Chapter 2

Related work

2.1 Problem Description

Nowadays, the ways to obtain the data from national ID card need to use
the specific device and also use quite a lot of time. The ways that usually use
are copying an ID card, writing down on paper or typing down which also causes
human errors easily. Moreover, to obtain the data in the faster way, users need
to have a specific device for scanning bar code or smart chip on the card. For our
project, we decide to make basic device like mobile phone be able to make a quick
process of obtaining data from national ID cards with highly correctness. We use
OCR technique to help the application to interpret the image into the electronic

data for the information user need.
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2.2 Review of Related Works

2.2.1 Realization of a High Performance Bilingual OCR
System for Thai-English Printed Document [1]

The research is about using an OCR system to recognize printed Thai and
English texts using dictionary look-up for classifying the characters. The system
contains 3 steps : identifying a language, character recognition and checking the

accuracy with dictionary look-up.

Identify Language : use suitable geometric properties for differentiation

which will separate the document into different zone

Character Recognition : We categorized characters into groups according
to its shape, height and various directional stroke features. Then the classifier will
take the character classification in 2 consecutive steps which are coarse level and

fine level.

Dictionary Look-up: to obtain the better level of accuracy, this state
attempts to make use of a dictionary look-up as to check the recognized characters

and formed as word tokens.

Thai Tree

Figure 2.1: A part of the decision tree for Thai character recognition
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2.2.2 Thai Style Recognition [2]

This research is from Chularat Tanprasert and Sutat Sae-tang. The
purpose of this research is to classify the character that contains in a long sentence

or a phase.

The first process is data preparation which contains 3 steps. The first
step of the process is binary transformation which transforms the bitmap image
into a binary code. The second step is to identify the character image from the

document. The last step is to identify the text line of characters.

The second process is to identify what character it is by dividing into
groups using leg of the character to separate characters into each group. Then
classify the character in each group again by dividing the areas of character into

28 areas and checks for the percentage of black pixels in the areas.

13 1 51111
42552971 9
42 2 NUIARYTHHMONUY
Unlauaganasdan
Wod
waagapswniITl g
9 >2 £ Y M M
wonwn

Figure 2.2: Member of character in three groups
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Figure 2.3: 28 areas for each character

2.2.3 Spell Checker for Thai Document [3]

This research is from Sarin Watcharabutsarakhum. The research is about
the post- process of OCR which uses a dictionary to check the token of string to
detect the error spelling. The technique that is used in this research is n-grams

technique.

For examples, “mil soadlg.

n=1;  Si=finsasalae”
n=2  $=munssand, e, illag,.
n=3  S3={@unngses000a0, 10,0001 a8,
g g u& ¥ W3
n=4; 8= @mnnnsanse e i g, eaea e d
= e > ¥y 9 ¥y g4yd 4ndy 49y
n=5 = @mnsuniansagson, e e g, el dde 8,

2 , By Biosiel o, W IS b4 Y& Y 314}1:“]‘:“[‘).
n=0; §5 = @0, HN0LINBW )T 50N, 000,400,0108, 104101100314,

Figure 2.4: An example process to extract n-grams
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2.2.4 OCR with Word Prediction Technique for Bilingual

Documents [4]

This research is from Sarin Watcharabutsarakhum. The paper describes
a working model of a bilingual OCR for printed Thai and English text with word
prediction technique. The system proposed in this paper is called BOCR-WP
which stands for Bilingual Optical Character Recognition which consists of 4 main
steps: Pre-processing, Language Identification, Character Recognition, and Post-

processing.

Pre-processing : is a step of binarization of the image, reduction of the

noises, segmentation of the line and character

Language Identification : is a step of identifying the language by consid-

ering the geometric properties of the character.

Character Recognition : is a step of recognizing the character by using
feature extraction and classification technique. In this step, there will be an addi-
tional sub step which is a word prediction step that will use n-gram to determine

the word verification.

Post-processing : is a step of error correction if there is an error to the
recognized character in the previous step by which the correction will be corrected

by looking up the dictionary.
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ElElEll

Figure 2.5: Word prediction in Thai using n-grams
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2.2.5 Camera Based Mixed-lingual Card Reader for Mo-
bile Device [5]

The paper introduced the design and the implementation of a mixed-
lingual business card reader based on build-in camera which has the capability to

recognize business cards with Chinese or English characters.

Firstly, the image of the business card is captured with the build-in
camera Then the image processing modules detect lines, words, and characters.
Next, the OCR module is incurred to recognize the detected characters. After
that the recognized texts are categorized to extract information contained in the

business card. Finally, human interference is needed to correct errors.

Binariza
Gray scale ; ‘
image Dowi scale . f;;;iw Da-skew .
Detect Text Area Skaw
angle
l 1 3
Datoct text Enes, words, Binarize 4 Da-skewing
and characters o) text area ) text area %+

Figure 2.6: image processing steps
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2.2.6 Mixed Thai-English Character Classification Based

on Histogram of Oriented Gradient Feature [6]

The research proposes on how to classify Thai characters which have 2

processes.

The first process is to prepare the input data. This process has 4 steps.
First, separate a character into nzn blocks. Next, within each block, a histogram of
D directions is created. Thus, within each block, there are D numbers representing
D directions. Then, each number in the histogram is computed by summing all
the magnitudes of the gradient of all the pixels within the block n the represented
direction of that number. Finally, all the histograms are stringed together and

scale-normalized to make one descriptor vector for the input image.

The second process is Classification. This process separated into two
processes: training and predicting. Both processes start by taking in vectors.
For the training process, a set of descriptor vectors are gathered to be used for
training Support Vector Machine. On the other hand, the predicting process takes
the input vector and uses Support Vector Machine to predict the closest possible

character.

{ Training process ﬂt——~~——~—\

& \
[ I Feature extraction l |
! l SVM Training

| Images with Feature Vectors

[ known class |
| |
|

L3

( Image with
unknogwn clasJ- Feature Vector Jl_’ Trained SVM -I}{ Class Prediction

l Feature extraction I

{ Predicticn process

Figure 2.7: A typical classification system which usually separated into training
and predicting (classifying) process.



Chapter 3

Background Knowledge

3.1 Optical Character Recognition (OCR)

OCR is a technique used to convert typed handwritten or printed texts
into machine-encoded texts, whether from a scanned document, a photo of a

document, a scene-photo or from subtitle text superimposed on an image.

3.2 Region of Interest (ROI)

ROI is a selected subset of samples within a data set identified for a
particular purpose. ROI commonly used in a reference to a machine vision field

of view.

Figure 3.1: Each area in the national ID card

12
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3.3 Look-up Table

Look-up table is an array that replaces runtime computation with a sim-
pler array indexing operation.Look-up tables are also used extensively to validate
input values by matching against a list of valid (or invalid) items in an array and in
some programming languages, may include pointer functions (or offsets to labels)

to process the matching input.

3.4 Image Acquisition

Image acquisition is a process of the creation of photographic images.The
process commonly includes the processing, compression, storage, printing, and
displays of such images. The information will be converted by image sensors into
digital signals that are processed by a computer and outputted as a visible-light

image.

3.5 Feature Extraction

Feature Extraction is the process which represents the interesting part

of the image. This technique is helpful when images’ size are large.
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3.6 Binary Image

Binary image is a digital image that has only two possible values for
each pixel. Typically, the two colors used for a binary image are black and white,
though any two colors can be used. The color used for the object in the image is

the foreground color while the rest of the image is the background color.

Binary images are also called bi-level or two-level. This means that each
pixel is stored as a single bit like 0,1 . The names black-and-white, monochrome
or monochromatic are often used for this concept, but may also designate any

images that have only one sample per pixel, such as gray-scale images.

Figure 3.2: Example of Binary image [7]

3.7 Image Convolution

Convolution is a general purpose filter effect for images which apply
matrix to an image and a mathematical operation comprised of integers. To

calculate, we multiply the pixels and its neighboring pixels color value by a matrix.
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3.8 Image Histogram

Image histogram is a graphical representation of the tonal distribution in
a digital image. Each graph shows the numbers of pixels in each rows and columns

of the image.

40

20

80

60

40

20

Figure 3.3: Histogram in x-axis and y-axis of character
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3.9 Sum of Absolute Difference (SAD)

SAD is a measurement of the similarity between image blocks. It is cal-
culated by taking the absolute differences between each pixel in the original block

and the corresponding pixel in the block being used for the comparison.

Template Search Image
2500 2705 86
40 | i ds g iy
7 5 B G, 8 5

Then we separate the search image’s matrix into 3 3x3 matrices which

are
Search Image 1 Search Image 2 Search Image 3

4 #\ b5 &5 3§ 5 8 6

I.v 4 Rt lid 420 F

8 4 6 4 6 8 ) § 3)

After that we compare each pixel of search image to template image and

calculate the absolute differences for each pixel.

Absolute Difference 1 Absolute Difference 2 Absolute Difference 3
020 oelig il i
Biard 2 45 0.2 0
Tl B L] 1l b

Finally, we sum up the number in each matrix and we will get 20,25 and
17. From these SAD values, it could be asserted that the right side of the search
image is the most similar to the template image, because it has the lowest sum of

absolute differences as compared to the other two locations.
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3.10 Image Filtering

Image filtering contains noise removal, sharpening and deblurring.

Noise removal used with the dirty image (image with dots, speckles and
stains). This method uses to remove speckles or dots in the image by taking mean
or median values of neighboring pixels. The problems that can be occurred are

blurring edges of the image.

Image sharpening is to enhance line structures or other details in an
image. The image that will be received after this method is the original image

with a scaled version of the line structures and edges in the image.

Image deblurring used to fix the blurred image which can occur when

taking a picture while moving.

Figure 3.4: Example of image sharpening(Original image courtesy of NASA) [§]

078365
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3.11 Otsu’s Method

Otsu’s method is an automatically perform clustering-based image thresh-
olding or the reduction of a graylevel image to a binary image.The algorithm will
assume that image contains 2 classes of pixels which are background and fore-
ground pixels.It will calculates the optimal threshold to separate the foreground

from background.

Figure 3.5: Otsu’s method [9]
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3.12 Morphological Image Processing

Morphological image processing is the a method of extracting borders in
the image based on a shape. The value of each pixel in the output image is based
on a comparison of the corresponding pixel in the input image with the size and

shape of neighbors.
The basic morphological operation are erosion and dilation.

¢ Dilation is an adding of pixels to the boundaries of objects in an image. So,
this mean it is the increasing of white area in a binary image.

e Erosion is an removing of pixels to the boundaries of objects in an image.
So, this mean it is the increasing of black area in a binary image.

4 7 B4 B2

Figure 3.6: Dilation of binary images [10]

/4B

Figure 3.7: Erosion of binary images [10]
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3.13 Histograms and Bayes Classification

This algorithm will find the percentage of the selected feature of each
image by using a histogram to calculate. First we will find the probability of the
information in each histogram to all information in all histogram which can be

use as this expression

P(A) = N,/(N, + N) for finding the probability of A histogram or area

under graph A

P(B) = Ny/(N, + Np) for finding the probability of B histogram or area,

under graph B

After we get the proportion of each histogram, we compute the density
of the probability distribution of A along with variable x as P(z|A) or P(x N
A)/P(A) and density of the probability distribution of B along with variable x
as P(z|B) or P(x N B)/P(B).This mean that we are going to find the frequency

among the information itself.

SR,

frequency

S S ———

class A class B
Frequency among Frequency among
N, individuals N; individuals

Figure 3.8: density of probability distribution of A and B [11]

But in image recognition, we are going to find the frequency among all
every information. So, we find the proportion between probability of A and B to

all information which are P(A|x) and P(B|z).
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Then, we are plotting the P(A|z) and P(B|z) and use Bayes expression

to find the intersected area of graph A and graph B.

4 P(A[x) P(B|x)

X

Figure 3.9: Finding intersect area under graph [11]

3.14 Minimum Bounding Rectangle (MBR)

MBR is a mathematics expression of the maximum extents of a 2 dimen-

sional object or set of object within its 2D coordinate system.

MBRs are usually used as an indication of the general position of a
geographic feature or dataset, for either display, first-approximation spatial query,

or spatial indexing purposes.



Chapter 4

Requirement analysis

4.1 Requirement for Application

4.1.1 Functional Requirement

e Users can take a picture of an ID card.

e Users can decide to use the taken picture or take a new picture again.
e Users can crop the taken picture for better result.

e Users can import the image from the mobile photo library.

e Users can store the interpreted data.

e System shows the image of an ID card taken by the user.

e System interprets the pictures of information on the ID card into texts.

e System shows the user the information on the card after the process.

4.1.2 Non-functional Requirement

e User interface is easy to use.

22
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System supports English language.
The system developed by Java language.
The system uses OpenCV as a library for an image processing techniques.

The system uses SQLite language for managing the database.
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4.2 Use Case Diagram

<<Include>>

...........................

System

Figure 4.1: Use case diagram
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4.3 Use Case Description

e Take a picture of an ID card

Actor: User
Pre-condition: -
Goal: To get a photo for the OCR processing.

Typical course of events:

User System

1. User presses the take photo

button.

2. System show camera mode

page.

3. User moves the mobile phone

to get the photo they want.

4. User presses the take photo

button.

5. System captures the picture.

Alternative Flow: -
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e Select the picture of an ID card

Actor: User

Pre-condition: -

Goal: To get a photo for the OCR processing.

Typical course of events:

User

System

ture button.

1. User presses the select the pic-

2. System shows gallery mode

page.

wants.

3. User selects the picture he

4. System uses that picture.

Alternative Flow: -
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e Decide to Use Taken Picture

Actor: User
Pre-condition: Take a picture of an ID card.
Goal: To decide to use the taken image or not.

Typical course of events:

User System

1. System receives the taken im-
age.

2. User presses the accept button.

3. System saves the image.

Alternative Flow: If user presses the cancel button, the system will let

the user to take the picture again.



4.3. Use Case Description

28

e Crop taken ID card image

Actor: User

Pre-condition: Accept the taken picture.

Goal: To see the image that application will receive.

Typical course of events:

User

System

1. System receives the taken im-

age.

2. System shows the taken image.

3. User move and/or change size

rectangle area to crop image.

4. User press crop image button

5. System crop the image.

Alternative Flow: If user presses the cancel button, the system will let

the user to crop the picture again.
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e Interpreted the data

Actor: User
Pre-condition: have picture an ID card.
Goal: To decide to use the taken image or not.

Typical course of events:

User System

1. System receives the image.
2. System interpreted data from

the image.

3. System show the interpreted

data.

4. User edit than confirm the in-

terpreted data.

Alternative Flow: If system can’t interpreted data from the image, it will

show error message.
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e Store the interpreted data

Actor: User

Pre-condition: See the ID card information.

Goal: To save the information from an ID card in database.

Typical course of events:

User

System

1. User presses the save button

2. System stores the interpreted

information to the database

3. System responses that the in-

formation have been saved.

Alternative Flow: -
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e See ID card information from database

Actor: User

Pre-condition: Have store ID card information.

Goal: To see the interpreted information from an ID card.

Typical course of events:

User

System

1. User presses on the list of the

stored ID card

2. System shows the interpreted

information of the ID card that

user select.

Alternative Flow: -
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4.4 Activity Diagram

4.4.1 Take a Picture of ID

card

User

System

\i

User press scan button

System show camera mode Ul

System check for border 3

\

‘ {Border isn't detected]

[Border is detected]

System show border line

[Lessthan 4

’ border lines}

[4 borderlines are
drawn}

System capture the image.

w

Figure 4.2: Activity diagram for take a picture of ID card
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4.4.2 Decide to Use Taken Picture

User

System

I

System capture the image

/

) 4

{User press accepi}

System show decision dialog

g System save the image
-

{User press cancel}

R

System show camera mode U

|

Figure 4.3: Activity diagram for decide to use taken picture
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4.4.3 Store The Interpreted Data

Thread 1

Thread 2

)

User press save button

System return interpreted data to user

N

System save the information o database

System add the information
to list in main page

Figure 4.4: Activity diagram for store the interpreted data
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See ID Card Information

Thread 1

Thread 2

)

User press on list of customer

System send alert email to customer

W

System query the information of customer

W

System show customer inforamtion

Figure 4.5: Activity diagram for see ID card information
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Software design

5.1 System Architecture

In our project, we separate the application into 3 parts which are the

image processing method, mobile application and database.

5.1.1 Image Processing Method
Image Acquisition and prepossessing image

User is allowed to get the ID card image by using the mobile phone

camera or importing the photo from the photo library.

For using mobile phone camera, the application will show the line to
the user which will guide the user where should the ID card be, but to get more
accuracy, we also make an area for the portrait and smart chip to let the user
knows more exactly where the ID card should be. When the user thinks that the
ID card is in the appropriate position, the user can touch the screen to take a

picture.

36
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If the user decides to import the picture from the photo library, the user
can press the import button. The application will access the photo library in a

mobile phone and let the user picks the image as an input image.

When the application have gotten the ID card image, the image will
transform into a binary image using Otsu’s method in order to let one knows

which one is a foreground or a background.

Assign Region of Interest(ROI)

After we get the input ID card image, we divide the image into many
areas which are ID number, name, surname in both Thai and English, date of

birth, card holder portrait, address, date of issue, and date of expiry.

Figure 5.1: ID card border

Separate Line

For some areas like address, date of issue, and date of expiry contain
more than one line of information. So, we need to divide the information in the
area to one line, to let the system be able to separate the word and character

easier later in the process.
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Separate Word

We will transform each area of information into histograms to separate
the words. Histogram will show us the density of black pixels in each row and

column.

250

200

150

100
0

0 50 100 150 200

250

200

nés /| 8

50

0
0 50 100 150 200

Figure 5.2: Example of histogram for word classification

From figure 5.2 ;we can see that the word have 2 axis of histograms, the
blue one and the red one. The red histogram shows the vertical column pixel. The
blue histogram shows the horizontal row pixel. The color in the histogram shows
the area that contains the black pixels which mean that there is a character in
those area. We will use the white area of the column and row in the histogram to

separate the information into words.

Separate character

To separate the characters from words, we use a histogram of the word to
detect where the characters are. When we know where each character is, we will
collect the width and height of each character and calculate the average width and
maximum height to use as the condition to separate the character again when we

face the overlapped character problem.
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Classify Character

We classify the types of Thai characters into 3 types which are top-layer,
middle-layer, and bottom-layer character. Thai characters play an important role
in a tonal language with 5 tones. These proposed layers consider the specific
consonants vowels, and tone marks in a syllable according to the pronunciation.
Top-layer character containstonal marks and some vowels that put above alphabet.
Middle-layer character contains all alphabets and the vowels which put in the same
level as the alphabet. Bottom-layer character contains vowels that put under the

middle character.

For all none middle-layer character, top-layer and bottom-layer charac-
ter, when we have already separated the character from words, we will find the
histogram of that character and compare the histogram information with all the

data set of all characters we have stored in the database.

For the middle-layer character, after we separated the character from the
word, we will divide the areas of the image of the character into 4 areas and find
all the histograms of all areas. All characters will have a specific histogram in each
area. Then we will find the intersect area of each 2 areas by finding the lowest
value between each histogram. We will use Markov chain to compare the intersect
area and the area of the histogram of each character to find the proportion between
one area to another area. We will find the intersect area under a graph between
each histogram by using Histograms and Bayes classification. After we get the
intersect area of all areas, we will find the proportion by comparing between the
intersect area to the area under the graph. After that we will store the proportion

in the database as the characteristic of each character.

We will use Sum of Absolute Difference (SAD) to classify the features
of the character with the characteristic of Thai character that we stored in the

database.
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IT)

Figure 5.3: Using Markov chain to find proportion between each area

(Under the patent of Dr. Montri Phothisonothai)

5.1.2 Mobile Application

In mobile application, the main objectives are managing the information
and getting the input image of an ID card. In the application, we also include the

login system to verify user who take in the information of ID card.

Login page will require the user name and password for each user that
wants to access the application for the security for all people who will get the
taken ID card image. All users will need to register and verify themselves before
accessing. When the user logins into the system, the application will check the

user name and password in the database.

Scanning ID card page is used to get in the picture of the ID card by using
the mobile phone camera. To add the ID card information, user needs to open the
camera mode to take the picture of the ID card. Camera mode will show the user

the area of the ID card. The borderline will show where the ID card should be.
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To make the position of the ID card more accurate, system will show where the
area of the portrait and smart chip should be by locating the borderline. Then
the user is allowed to take the picture of an ID card oneself. After the application
has gotten the image, system will show the image to the user and ask whether the
user wants to use or not. If the user confirms ,the image will be prepared for the
next step, otherwise, the application will ask the user to take the ID card picture
again. After the system processes the information of the customer’s national ID
card, the system will require the customer’s email to verify this information to

send the email to remind the customer when will the user uses this information.

Result page is a page that shows the user the interpreted data. The
interpreted data is a result from the image processing method of the input image.
Result page will show ID number, first name, surname in both Thai and English,
date of birth, card holder portrait, address, date of issue, and date of expiry. In

this page, users are requested for a customer email to be input.

Scanned information page is a page that contains the information about
ID card which interprets from ID card image that users scan from adding the
ID card picture page after passing through the image processing process. In this
page, the user can see the information of each ID card that the user has saved
in the result page. The information that will show after the user requests for the
information are ID number, first name and surname in both Thai and English,
date of birth, card holder portrait, address, date of issue, and date of expiry.
Every time, the user accesses the information of the customer, the system will
automatically send the email to remind the customer that his information has

been accessed by who, at what time, and for what reason.
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Password

Figure 5.4: Login page page

= ID card information
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Mr. Piyabhut Wongsahan
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Figure 5.5:
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Figure 5.6: Scanned information
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5.1.3 Database

Our project consists of 3 tables of database which are user informa-
tion,[4x40] matrix of each character, and customer ID card information. The
matrix of each character database is a local database which will store in the mo-
bile phone. Other two databases which are customer ID card information database

and user information will be in a server database.

User information database

’

This database will contain the information that required for the login
system for the user. Database will contain a user name and password that will be
used for comparing with the one that user has put in the login page to access to

the system.

Customer ID card information database

This database will contain all information that the user has scanned from
the customer ID card including ID card number, first name, last name, address,
date of birth, date of issue, and date of expiry. Whenever the user scans the
customer ID card, the information will be stored in the same database as the
other users do. We will use the ID number as a primary key in this database, this

mean that the information that will receive can’t have a same ID number.

Character trained set database

In this database, we will separate the trained set into 3 types which are
Thai characters, English characters and numerical characters. Each database will
contain the Markov values of each character as a characteristic of that character.

We will use those database to compare with the input character to find the SAD



5.2. Class Diagram 44

value and choose which character is the input character.

5.2 Class Diagram

Figure 5.7: Class Diagram of the mobile application



Chapter 6

Development

This project is developed by using Android Studio as a main development
framework for the mobile application, OpenCV as a library for image processing
method, and Matlab as a platform for testing algorithms before applying them in
Android Studio.

6.1 Image Processing Algorithm

6.1.1 Preprocessing Image

We assume that the input image is the perfect perspective and position.
So, we use the ID card picture from the scanning machine as an experimental

image.

For preprocessing step, we convert the ID card picture into a grayscale
image and binary image. The algorithm that we use for converting to binary image
is Otsu’s method. Otsu’s method is also use as a build-in function so we don’t

need to implement the method.

45
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6.1.2 Assign ROI

After we got the binary image of an ID card, we separate the ROI by
calculating the area with a ratio of the width and height. Each area will have it’s
own ratio of width and height, this means that one area will have the ratio of 4

points of the border.

The ratio that we use is calculated from the point where the area starts
and the point where area ends. To calculate the ratio, we will compare the starting

point of the area in width and height to the width and height of ID card.

We apply the ratio to every ROI in the ID card but there is a problem

in the real test if users take a picture that is not in the perfect position.

6.1.3 Histogram

We interpret all ROIs into histograms which are x-axis and y-axis his-
togram.The histogram will interpret from the black pixel. So, we create the loop
for detecting the black pixel in column for x-axis histogram and the loop for de-
tecting the black pixel in row for y-axis histogram. We will get 2 line graphs of

x-axis and y-axis.

6.1.4 Separate Word

After we get the line graph, we set the minimum amount of pixels that
will indicate that there is a character in that column. We create the loop for
checking the white column and black column. If we meet the black column, we
will mark it as the starting point of the word. We loop until we meet the white

column.
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Figure 6.1: Second separating (Vertical)

6.1.5 Separate Character

After we get the words, we also interpret them into a histogram. On the
first try, We use the separate word algorithm to cut the word into characters, but
the problem is when the word has some characters that overlap with another. We

fixed it by separating the horizontal line first, then separate the vertical line.

~ Q/

Figure 6.2: First try for separating character

To make the separating more efficient, we create a new way to separate
the character. The algorithm will collect the value of all characters namely, mean

width, and maximum height in order to use to calculate later.
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At first, we use the x-axis histogram to separate the word in vertical
line. While the word is being separated, we collect each width of character and
find their Mean (Average value of width). We separate in a vertical line until the

ending of the word.
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Figure 6.3: First separating (vertical)

Next, we use the y-axis histogram to separate the word in a horizontal
line. While the word is being separated, we collect each height of the character
and find their maximum height. We separate the word in horizontal line until the

max height of the word.
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Figure 6.4: Second separating (horizontal)

After we get the mean of width and maximum of height of the word,
we separate in a vertical line again, however we will separate only the word that
includes in this following conditions, the width of word is more than mean width,

or the height is less than 80 percent of maximum height.
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Figure 6.5: Third separating (vertical)

6.1.6 Separate Line

We did the experiment for every ROI and faces the problem that there are
some ROIs that will contain more than one line of information. All of the ROIs
that will contain more than one line of information like address, date of issue,
and date of expiry need to extract the information in each line first to apply with

separate word and character later.

15/492 v 10 ¢1.éhlzamiia o 1dnodamalaini

QENYILUNNT

Figure 6.6: Line separating
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6.1.7 Separated Character Sorting

About this algorithm, we process after the result of the separate character
process. The result that was created from the separate character process will sort
by top-left of the word to bottom-right which will disorder the character that we

want to print out.

The algorithm that we use to sort the separated character is we will have
a stack, mark, and output list. After we finish the character separation, we will
get the list of the character of the word. At first, we assign the false value to the

mark. After that we loop the character list.

If we found the top-layer character and the mark is false, we put that
top-layer character in the stack but if we found the middle-layer character and the
mark is false, we put that middle-layer character into the stack and change the

mark value to true.

If we found the top-layer character and the mark is true, we pop out
every character from the stack, put them into the output list, change the mark
value to false and put that top-layer character into the stack, but if we found the
middle-layer character and the mark is true, pop everything out of the stack, put

them into the output list, and put that middle-layer into output list.

If we found the bottom-layer character and the mark is true, we pop out
the top character of the stack , put into the output list, put the bottom-layer
character into the output list, pop out everything in the stack into the output list,

and change the mark value into false.
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Figure 6.7: The proposed algorithm for Thai characters sorting
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6.2 Android Studio

Android studio is a development environment for developing a mobile

application on Android. We use it to develop our mobile application.

The purpose of the mobile application is to allow the user to manage the
data of an ID card and give the security of the customer information. Therefore,
the pages that we need to develop first are the login page, customer information

page, and ID Card scanning page.

Log in Page

The purpose of this page is to authorize users who access the system to

ensure that the customer ID card information is being secured.

Scanning Page

The purpose of this page is to let the user gets the image of an ID card

by a mobile phone camera to use in the next processes.

At first, the user will get the ID card image by using the mobile phone
camera. The application will show 4 corners of an ID card border to help the
user to know where the ID card will be. If each border is detected, the line will
be drawn between each corner. After all borders are drawn, the application will

automatically capture the image of the ID card inside the border.

On the first try, we use Canny’s edge detector as a technique to detect
the border of the card. The result is not stable, sometimes, it isn’t in the right

position and angle.

So, we change the technique into finding contours. The result is more
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accurate, but it needs a lot of memory to use which means that it causes phone

camera to lag.

Because the process of both mentioned automatically capture image is
not quite accurate and due to the ease of use in terms of user-friendliness, so
we change the scanning page from the automatically capture into the manually
capture with a guided border. Application will provide the line that guides the
user to know where the ID card, portrait, and smart chip should be. When the
user thinks the ID card is in the appropriate position, the user can touch on the

screen to take a picture.

Image Processing

In this step, we implement the algorithm what we have developed in
Matlab to interpret the data from the ID card image that received from scanning
page. We develop the performance of the algorithm to be better for using with

the mobile phone by using OpenCV.

In developing OpenCV, we focus on using the build-in function to reduce
the process time in mobile devices when compare with the desktop with a higher

performance.

At first, we develop the separate word and character part by testing
the algorithm with the scanned image of the name and surname to see that our

algorithm works or not.

After we are able to separate the character correctly, we try to test to all
ROIs and found that some ROIs have more than one line of information. So, we

develop the separate line part which will help us to divide each line of information.
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6.3 Database

6.3.1 User Information Database

This database, we collect all users’ id and password. This two information
will use for an authentication in the log in page and register page. We develop

the database along with the log in and register page.

6.3.2 Customer ID Card Information Database

We develop this database by putting the information of the customer
ID card that we received from the image processing method. By collecting all
images according to the information which we want and interpret them into com-
puter data. The computer data that we already classified and interpreted will be

collected into the database.

6.3.3 Character Trained Set Database

First we create images of every character that are able to be in the
national ID card namely, Thai characters, Thai exceptional case character, English
capital and small letter, number, and some other symbol. Some Thai exceptional
case characters have some problems that we need to create by using Photoshop.
Then we apply our character classification process to all of the images we prepared.

We will get the Markov values of all characters and store them in the database.
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6.4 Experiment

Markov Chain Character Value Experiment

In this experiment, we will create the table of all values of each area of
all characters namely P(x1|z2), and so on. All eight values of each character will
show the characteristics of that character. We will use these values to calculate

the SAD values for comparing the character.

At first, some characters’ Markov value are infinite due to some areas of
the character is empty when we put in the function P(x1|z2) which will divide
by 0. For the solution, we fix it by changing the values of all empty areas to the

lowest value to make P(z1|z2) not becoming an infinite number.

SAD Value Experiment

After we get the character of the input information, we find the Markov
values of the input character and then compare each Markov value for each char-
acter in the trained set. The character in the trained set with the least SAD value

will be selected as the result of that input character.

ROI Separation Experiment

In ROI separation experiment, we will get the picture of the national ID
card , but there is a problem of watermarks on the national ID card which make us
unable to use the camera to get the image. So, we test this process by importing
a picture from the photo library. The result that should come out is all ROIs that

contain all information that we need to extract.
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Word Separation Experiment

We take an experiment of the word separation by creating the word and
use it as an input of this process, we try to create not too small character so that
our process won’t cause a problem of a small size character and make the result

goes wrong.

Character Separation Experiment

For this experiment, we want to see that the separated character is cor-
rectly separated or not. Moreover, the order of the character in the word must

also be correctly ordered.

Character Classify Experiment

In character separation experiment, we will test our classification process

accuracy to see the result whether it matches the input character or not.

At first, English and numerical character is 100 percent correct, but there
is a problem on Thai character classification. In Thai character, if the font size is
lower than around 30x30 pixels, the accuracy of the classification will be less than
50 percent, but if we use the test sets which the font size is more than 100x100

pixels, the accuracy will become 100 percents.

So, we fix the accuracy problem by creating a new trained set for Thai
character that is around 30-50 pixels to let our application be able to classify the

small Thai character.
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Figure 6.8: Thai alphabets representation by means of Markov value
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Figure 6.9: English alphabets representation by means of Markov value
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Figure 6.10: Numerical characters representation by means of Markov value

Figure 6.11: other Thai
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6.5 Result

For testing our application, we use three types of pictures to be applied
with our experiment as the test sest including printed pictures, scanned pictures,
and pictures from the mobile camera. All of these pictures will be used as input

images of our application.

The result of each type of pictures will be measured as how our applica-
tion show the corrected character of the information that contains in the national
ID card. The accuracy of each type of pictures depend on the resolution of the
picture, amount of noises in the picture, and some exceptional cases that contain

in the information.

6.5.1 Printed Picture

Printed picture is the picture that we create by ourselves for comparing
the position of each ROI with the real national ID card, and creates it using
Photoshop. This mean that the position of the information will be the same as
where the information is on the real card. The advantages of this type of picture
are the noise on national ID card is lowered, the resolution is the highest among
other types of pictures, and be able to test any cases we want without requiring

the real card.

6.5.2 Scanned Picture

Scanned picture is the picture of the national ID card that uses a scanner
to take in the national ID card picture. This type of picture will have a higher
resolution than the picture from the mobile camera, fewer noises on picture and no
light reflection, but sometimes watermark can appear which make our classification

wrong.
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Figure 6.12: Example of printed picture
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Figure 6.13: Example of scanned picture

6.5.3 Picture from Mobile Camera

This type of picture is taken from the mobile phone camera. This type of
picture should be our real input of the application, but there are a lot of problems
that occur in this type including watermarks, light reflections, low resolutions, and

some user errors which make the accuracy low.

The order of the accuracy from the highest to lowest will be printed

picture , scanned picture and picture from the mobile camera respectively.
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Type of input
RO

Printed Picture

Scanned Picture

Picture from Mobile Camera

Average for each ROI

Title 100.00% 100.00% 100.00% 100.00%

ID number 100.00% 100.00% 58.97% 86.32%
First name (TH) 75.00% 66.68% 31.58% 57.75%
Last name (TH) 77.41% 68.18% 18.51% 54.70%
First name (TH) 92.00% 81.25% 51.85% 75.03%
Last name (TH) 78.94% 79.66% 66.67% 75.09%
Date of Birth 100.00% 85.71% 9.52% 65.08%
Date of Birth 95.24% 92.86% 90.47% 92.86%
Address 70.44% 46.02% 9.27% 41.91%
Date of Issue 100.00% 50.00% 28.57% 59.52%
Date of Expiry 100.00% 85.71% 23.81% 69.84%
Average for each Input Type 89.91% 77.82% 44.47% 70.74%

Table 6.1: The accuracy of each ROI for each type of picture




Chapter 7

Conclusion

7.1 Conclusion

We have applied the histogram-based algorithm to separate the character
from the information and apply Markov chain as the classification process of the
character. The Markov chain works on classification process, but a histogram-
based algorithm have some problems with the separation process due to the over-
lapping characters. In our project, the major problem occurs in the separation
process which mean that we need to improve the histogram-based algorithm or

use a new algorithm to separate.

7.2 Limitations and Suggestions

Most of our problems occur on an image acquisition process which makes
our input image not good enough to extract the information in the national ID
card. These problems lower our application accuracy and performance which some
problems we can solve only just for making our application be able to execute.

The suggestions for the limitations to our application are as follow:

63
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e Low Resolution: The resolution of the mobile camera is varied according to
the API level of the Android operating system. Therefore, to develop further,
we recommend to use the Android native camera instead of using Camera

build-in class since it will be deprecated in a more upgraded level of API.

e Watermarks: The positions of the watermarks in a Thai national ID Card are
random and are varied for each person. Therefore, there is no certain ways to
eliminate all watermarks perfectly, however, if the watermarks are certainly
positioned. It could be solved by using Morphological filtering, thresholding,

and the difference between images.

e Light Reflection: Might enable some filters from camera that reduce the bright-
ness of the image, but we have search for an algorithm and we found his-

togram equalization which could be able to solve this problem.

e Skewing Photo of ID Card: There are papers regarding on unskewing the
skewness by calculating the angle of the skewness and turn it to back to

normal.

7.2.1 Watermarks

Watermark is an identifying image which will appear when the light
reflect with the national ID card. The reason why the watermark becomes a
problem is that when we use the taken photo by the mobile phone camera and use
it as an input image, the reflection will make the watermark appears randomly

which will block the information that we want to get.

7.2.2 Thai Fonts

Thai font is one of our main problem. The font that uses in Thai national

ID card is DilleniaUPC which has two versions which are DilleniaUPC 2.0 and
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Figure 7.1: Watermark and light reflection on national ID card

DilleniaUPC 5.0. The difference between these two versions is the typing pattern
of the word which is the combination of the top-layer character and middle-layer
character. This cause the problem when we create a trained set of an exceptional
character for classifying what character is. DilleniaUPC 5.0 is used in the operating
system above WindowXP, on the other hand, the printed national ID card is still
in a version of DilleniaUPC 2.0 which will make some cases different from how we

can type in the trained set.

So, we fix this problem by creating the trained set of the exceptional
cases in Photoshop to make our trained set be the most similar to what will be

appeared in the national ID card.

DilleniaUPC 5.0 DilleniaUPC 2.0

Figure 7.2: Difference between DilleniaUPC2.0 and DilleniaUPC5.0
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7.2.3 Distorted Character

Some national ID cards are not perfect. Some areas in the ID card have
scratches, blurs or disappeared characters. This damaged area will make some
information in the input image be distorted which make the result of the classifi-

cation process wrong.

Figure 7.3: Distorted information on national ID card

7.2.4 Light Reflection

This problem is similar to the watermark problem. When we take the
picture, if the national ID card is opposite with the light source, there will be a

light reflection that will block the information that we need to extract.

7.2.5 Too Small Character

For this problem, after we separate characters from words, some ROIs
especially address contain very small characters. When we get ROIs which con-
tain too small character, there will be problems with the separation process and
classification process. In separation process, if the character is too small, the sep-

aration could be wrong because the two characters are too near to each other and
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there are no space between them which will make our algorithm interprets that as
one character. Follow with the classification process, our application can’t classify

what character is due to no trained set in our database.
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Appendix A

User’s Guide

In the main Screen, if the user touches the add icon, the system will let the user
selects an image from gallery. If the user touches the camera icon, the system will
go to the mobile camera. If the user touches the arrow icon, the system will clear
all the saved id card information. Users also can touch on the name to access that

person that has been stored in the id card information database.

After the user touches the add icon, the system will prompt the user
to select an image from photo gallery. After that the user can select the input
image they want. After the user has selected the input image, if the the input is
acceptable, the system will process and interpret the information, otherwise, the

system will prompt the error messages.

After the user touches the camera icon, the system request the phone’s
camera and allow the user to take a photo of an ID Card. After the user has taken

the photo, the system will go to crop image screen.

After the user has cropped the image, the system will show the preview
of the input image. if the input is acceptable, the system will process and interpret

the information, otherwise, the system will prompt the error messages.
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Figure A.1: Home Screen

In the interpreted screen, the user can edit the misinterpreted information

by touching on it. After finishing, the user will touch on the confirm button. The

system will return to the home screen with a newly obtained ID Card information

of that person.



12

L5 ¥ & B N B8 00:22

Title :
Firstname (TH): 855/

Lastname (TH):  Buasssu

Firstname (EN) : Mr. Yergtat
Lastname (EN) : Nutitoxatham
ID number : 1103300105@

Date of Birth (TH) : 21 0.A. 2536
Date of Birth (EN) : 21 Aug. 1993

Address : a1rfl97/at wen g Sauihv 49u(nay) uw
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Date of issue : 17 4.@. 2556

Date of expiry : 20 /.M. 2566

Figure A.2: View The Stored ID Card Information
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Figure A.3: Select an Image from The Gallery
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Figure A .4:

Crop Image Screen
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Figure A.5: Preview of The Input Image
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Title :
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Lastname (TH) : SNASITH

Firstname (EN) : Mr. Yergtat
Lastname (EN) : Nutitoxatham
ID number : 11033001 05.
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Date of issue: 17 #.A. 2556
Date of expiry : 20 /.A. 2566
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Figure A.6: Interpreted Screen
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Figure A.7: Edit misinterpreted Information
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Abbreviations

Identification
Optical Character Recognition
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