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ABSTRACT

The purpose of this report is to present the research and descriptions of project

"Automation: Handwriting Recognition for Data Entry". The objective of this project is

to automate the process ofhandwriting recognition for data entry. The automated process

will have the data automatically loaded and automatically located for the next step to take

place. The research and development in this project consisted of designing a platform for

examination booklet, finding a suitable circuit to control the platform from

microcontroller, establishing a serial communication between microcontroller and

personal computer, and also finding a suitable method as a means to determine the

correct location of the data sheet. This report is divided into four main parts which are

introduction, literature review, methodology and results and discussions. Introduction

will cover a brief description of background study, problem statement and objectives as

well as scope of study. The literature review will cover all findings and supporting

information just as the name. Methodology will revolve around procedure identification

and tool required in this project. Results and discussions will present some research,

progress and test conducted during the time period. In this project, an automated platform

which was controlled via RS232 on the Personal Computer was developed. The

positioning ofthe examination booklet was determined based on the location of UTP oval

logo viewed from the first webcam and by utilizing Normalized Cross Correlation

method for the secondary program (ICDE) to take place.
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CHAPTER 1

INTRODUCTION

1.1 Background of Study

Handwriting recognition is the ability of a computer to receive intelligible handwritten

input. Handwriting analysis and recognition have received extensive attention in both
academic and industrial fields. Basicallyhandwriting recognition can be categorized into

two classes which are online handwriting recognition and offline handwriting

recognition. Online recognition systems use a pressure-sensitive pad that records the

pen's pressure and velocity, for example, a personal digital assistant, fn offline
recognition, the system input is a digital image of handwritten letters and numbers.

Handwriting recognition requires tools and techniques that recognize complex character

patterns and represent imprecise, commonsense knowledge about the general appearance

of characters, words, and phrases. Neural networks and fuzzy logic are complementary

tools for solving such problems. Neural networks, which are highly nonlinear and highly

interconnected for processing imprecise information, canfinely approximate complicated

decision boundaries.

This project will be an improvement from a previous work by Poo Hwei Nee entitled,

"Handwriting Recognition for Data Entry (HandRec)" [1]. Hwei Nee succeeded in

building "Handwriting Recognition forData Entry (HandRec)". In orderto demonstrate a

system which is able to input handwritten data from a form on to a database, an

application example which is called Imaging: Coursework Data Entry (ICDE) was

created. The objective of Coursework DataEntry (ICDE) is to develop a systemthat was

able to inputvideo images of handwritten student IDand course work marks andproduce

a student coursework database.



1.2 Problem Statement

In the previous project, the work was more focused on the handwriting recognition by
using neural network method. The system gave 100% accuracy when tested with the
training set, 93.83% when tested with trained inputs and 88.5% when tested with
handwriting of other subjects never seen before by the network. Besides recommending
additional feature extraction method to improve the recognition system, it was suggested

to include a paper feeder as part of the system. The feeder would have to be able to
automate the process of dataentry from Final Exam booklets to a database.

1.3 Objectives and Scope of Study

1.3.1 Objectives

• To designan automated process of feeding papers for dataentry.

• To utilize web cameras to recognize and locate reference logo.

1.3.2 Scope of Study

The main tasks which will be carried out are more on designing a platform for

automating the process of data entry from Final Exam booklets to a database and

interconnect the Handwriting Recognition programwith the automationpart.



CHAPTER 2

LITERATURE REVIEW AND THEORY

2.1 Character Recognition

Character recognition is not newin today's technology. There are series of research and

developments were conducted years ago and still going on. The need for an automated

character recognition system is ever increasing. There arealready a number of attempts to

create an offline handwriting recognition system. Each of these approaches has its

strength and weaknesses. Several methodologies have been developed for character

recognition system, which include Neural Networks statistical methods like the Hidden

Markov model and Fuzzy Logic.

2.2 Imaging: Coursework Data Entry Program (ICDE)

This was the program created by Poo Hwei Nee during her Final Year Project entitled

Handwriting Recognition for Data Entry (HandRec) [1]. Theprogram captures images of

student's exam ID and total marks from examination booklet by utilizing two webcams,

extracts features from those images by using some features extraction method, by

applying neural network method to recognize the numbers from the images and display

the result on the GUI itself. Even though this program successfully can recognize the

numbers from the images, it has reliability issue. Sometimes, it requires many trials in

orderto get the correct output. It works fine with MATLAB6.5.



2.3 MATLAB

MATLAB is a numerical computing environment and programming language created by

The MathWorks. MATLAB allows easy matrix manipulation, plotting of functions and

data, implementation of algorithms, creation of user interfaces, and interfacing with

programs in other languages. Although it specializes in numerical computing, an optional

toolbox interfaces with the Maple symbolic engine, allowing it to be part of a full

computer algebra system.

2.4 Normalized Cross Correlation

Correlation is the process of comparing one reference signal with other signal to

determine the similarities of both signals [2]. The correlation between two signals (cross

correlation) is a standard approach to feature detection as well as a component of more

sophisticated techniques. Normalized cross-correlation is computed in the spatial domain.

An algorithm for obtaining normalized cross correlation from transform domain

convolution has been developed by Lewis [3]:

Where c(u,v) is the correlation result, f(x,y) is the target image pixel value, t(x,y) is the

reference image pixel value.

2.5 Web Camera

A webcam is a real-time camera which images can be accessed using the World Wide

Web, instant messaging, videoconferencing and video streaming. Webcam software

typically captures the images as JPEG or MPEG files and uploads them to the Web

server.



2.6 Image Acquisition Using VCAPG2

VCAPG2 is developed by Kazuyuki Kobayashi [4] from HoseiUniversity. VCAPG2 is a

DirectShow based video capture DLL that support various types ofvideo capture cards.

Figure 1 - Screenshot oftwo cameras grabbing images under MATLAB

VCAPG2 is a new version of MATLAB resident video capture program, which employs

Microsoft's DirectShow libraries rather than the older Video for Windows (VfW) library.

It runs on Windows 2000 or Windows XP utilizing MATLAB version 6.1 or later. In

order to run VCAPG2, DirectX runtime libraries must be installed. VCAPG2 requires a

video capture device, such as a USB camera to be installed and working properly. The

code has been developed and tested with DirectX 8.1 and 9.0 with MATLAB6.1/6.5.

Some ofthe features ofthe algorithm are:

Up to 6 video capture cards can grab images at one command.

Supported video capture devices are including IEEE1394 based DV CAM, USB

Camera as well as old VFW based Camera.

VCAPG2 can run up to almost twice as fast as VfW based program such as

VCAPG which is available both source and binary code from



http://www.ikko.k.hosei.ac.ip/-matlab/matkatuvo/ which is published by

Kazuyuki Kobayashi.

2.7 PIC Microcontroller

The PIC 16F84 is an 18 pin integrated circuitproduced by Microchip Technology Inc. It

is just one integrated circuit in a large selection of programmable interface controllers

that Microchip produces which are essentially self-contained CPUs complete withRAM

and ROM.

The 16F84 is CMOS based and fully static. It also has 64 bytes of data EEPROM which

canbe programmed andreadfrom boththeprogrammer andthecode, allowing persistent

data to be kept safe whilst it is powered down. There is also 68 bytes of data RAM for

storing runtime, 13 I/O pins for interfacing external components, timer, counter and

watchdog [5].

The architecture of this microcontroller is based on Harvard design which has two

completely separate instructions and data memories and busses, featuring a two-stage

pipeline. The RISC instruction setconsists of 35 instructions, most of which take a single

cycle each.

Besides, PIC16F84 also supports serial communication by using RS232 and MAX232 as

the interface to normalize the personal computer logic voltage to the PIC logic voltage.

RS232 serial communication is a Universal Asynchronous Receiver Transmitter (UART)

protocol that does not require synchronization clock for data transfer. The protocol is

declared in the header of the PIC code.



2.8 DC Motor

There are several types of motors available in the market. Based on research, automation

and robotic projects always implement servomotor to make certain part moving as

desired. The reason why DC motor being used in this project rather than servomotor is

because DC motor can provide enough torque to move heavy loads. The 12V DC motor

used in this project is from car's power window motor. It has higher torque to move the

chain ofthe conveyor belt of the platform.

2.9 H-Bridge Theory

Several configurations of motor drive circuits are available. The H-Bridge configuration

allows control over the rotation torque and direction ofthe motor and can also be used for

other resistive or inductive loads requiring control over the polarity of the drive voltage

produced. The circuit consists of four switches connected in an H arrangement. By

opening and closing the four switches in the correct sequence, the direction of current

flow is reversed and hence, the direction ofrotation.



Figure 2- H-Bridge Concept [6]

In Figure 2, closing switch SA and SD and opening SB and SC will allow current to flow

from left to right in the motor; while opening SA and SD and closing SB and SC will

result in the opposite direction of current flowthrough the motor. Table 1 summarizes the

switch state for reverse and forward motion ofthe motor.

Table 1- Summary of H- Bridge Operation

Motor Action SA SB SC SD

FORWARD Close Open Open Close

REVERSE Open Close Close Open



3.1 Procedure
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METHODOLOGY

Primary Research. Work-
Literature Review

Data Gathering and
Research

Utilize 3DCrane

Selection of suitable

platform

Design driving and
microcontroller circuit

Combine the program with
the automation part

Testing and
Troubieshooting

Review the system and
improvement

Oral Presentation

Figure 3 - Procedure
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The following part will explain each of the tasks to be completed in order for the

successful conclusion of the project:

3.1.1 Primary research Work- Literature Review

The scope of the literature review included the basic principle of the neural network,

programming the microcontroller, MATLAB communication and the digital image

processing. During this time, previous project entitled Imaging: Handwriting

Recognition for Data Entry (HandRec) was studied and understood. Besides, other

researches which were related to the objectives ofthis project also were done.

3.1.2 Data Gathering and Research

As the project began, lab equipment such as Precision X-Y Table and 3DCrane set

were utilized. Due to some problemwhichwould be discussed later in this report, the

only option left was to build a new hardware

When constructing the hardware, manythings also needed to be considered such as a

circuit to interface the hardware with the microcontroller. Some research on how to

control the DC Motor need to be done as soon as possible. As a result, H Bridge

circuit was chosen to control the DC Motor.

A method of image detection, normalized cross correlation method was found

suitableto be implemented in this projectas a means to determine the correct location

ofthe data sheet.

10



3.1.3 Testing and Troubleshooting

In this section, testing and troubleshooting of ICDE program, the microcontroller

program and also the platform were conducted. Many alteration and modification

were done on the platform to make sure it worked well.

The final part would be to integrate the platform and the software together and make

the communication from the computer available. This was the most important step as

each ofthe circuits, programsand platformwould behave differently. So, most of the

troubleshooting time would be spent on during integrating each parts.

3.1.4 Review the System and Improvement

After everything was completed, the system would be reviewed to see if there was

any improvement could be done and also to add finishing touches on it. It would be

tested for the final time to make sure there was no problem occurred especially during

last minute.

3.1.5 Final Report and Presentation

The final report and presentation was done as scheduled.

11



3.2 Program/Software Used

•MATLAB 6.5.1

•Eagle Layout Editor 4.13

•PIC C Compiler

•WARP13

3.3 Equipment, Component and Hardware

•Rubber mat

• 12V DC power window motors

•Steel Bars

•2 USB Webcams (AVF and Logitech)

•16F84A microcontrollers

•RS232

•MAX232

•Capacitors, diodes, crystal oscillator

•Power Supply

12



Figure 4 - Webcam 1 (AVF)

Figure 5 - Webcam 2 (Logitech)

Figure 6 - 12V Power Window Motor

13



CHAPTER 4

RESULTS AND DISCUSSIONS

4.1 Running The GUI of Imaging: Coursework Data Entry Program (ICDE)

-> •Imaging: Courseivinrk Data.Entry (|CDE).

•
t/Nivtesin

AS

' hd

. 3*F*frrar i1 l
P>-(h:

Ll»|ffl ahl
hxtimtltJjUH **»!*. l**tll*si

Edit Value

Total Score

Figure 7-GUI of ICDE

In early stage of this project, ICDE was tested with MATLAB 7.0. When tested with

UTP exam booklet, the program was unable to display the desired result. It only showed

the Region of Interest (ROI) of the examID while the total result on the booklet was not

displayed although the programwas run severaltime.
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IImaging: Coursework Data Entry (ICDE)
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Figure 8 - First run of ICDE GUI (MATLAB 6.5.1)

Whentestingwith MATLAB 6.5.1, ICDE seemed working as what it should be. The

result was obtained after several times adjusting the location of the webcams and

capturing the images. TheUTP's logo and exam ID must be aligned properly and the

webcams also must capture only certain portion of the exam booklet to avoid any

problem.

As an example, for the total exam result on the booklet, the webcam must capture

exactly the total exam result inside the 'box'. If a single line of the 'box' was

captured together, the program was unable to produce total exam result from the

booklet

In the first run, the program recognized 4725 as 47252 but in the second run, it

displayed correct Examination Index Number. The results were then displayed in

Microsoft Excel.
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Imaging: Coursework Data Entry (ICDE)
About ICDE User's Guide
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Figure 9 - Second run of ICDE (MATLAB 6.5.1)

M Microsoft Excel

File Edit View Insert Format X00*s

: L3 lJ a -^ ^ ^ ^ ^ • • •
G7

Bookl

A B

J J Score Sheet
2 ;Exam ID Exam Score
3 ! 47252 98
4'i ' 4725 98
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Figure 10 - The results displayed in Microsoft Excel
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4.2 Hardware Approach

In this project, a lot of research and survey were done to get the correct platform

for the project. Although there were many options available for this project, only

few options were feasible to be used. They were the X-Y Precision Table, the 3D

Crane and new platform. Below were the discussions for the options available for

this project:

4.2.1 The X-Y Precision Table

Figure 11 - X-Y Precision table at Control System Lab

This was the first platform which supposed to be used in this project. It consists of

a complete set of pneumatic X-Y precision table, power supply and an OMRON

controller. The only task left which should be done are adding a Perspex on the

precision table, writing a program to control the movement of the precision table

in X-Y axis and improving the previous Handwriting Recognition For Data Entry

MATLAB (HandRec) program.

17



Advantage:

Platform was complete

Disadvantage:

None, as this is supposed to be the actual platform.

After surveying, it was found thatthis X-Y precision table could not be used due

to the condition was inoperable.

4.2.2 The3DCrane

Figure 12-3DCrane

The 3DCrane is a non-linear electromechanical system which has a complex dynamic

behavior and creates challenging control problems. The system is controlled from a PC

18



and delivered with hardware and software which can be easily mounted and installed in a

laboratory.

The software operates under Microsoft Windows NT using MATLAB and RTWT

toolbox package. The 3DCrane setup consists of a payload hanging on a pendulum-like

lift-line wound by a motor mounted on a cart.

[*!Crane 3D Main
£19 Edit View Snjuteion Fcrnist Tgofe

T30lS

I I CI L ••>

ri<»

IP Ibl »M El I * ini

ft /* •

3DCrane

RTWT Dp rm
Dpvkf DiitfHr Controllers

> rtir

!••€•• !•»•

^lmnlii oil

MorPl

FnsL Conticl

Ex porta enl

fly* ^fi^*

Simulat on Control

En^onment

i - i

Cue Study
a -

Figure 13 - 3DCrane Main Control Window
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Xzif*
rtlt.. fj,l. ,. 1

Tarslc

Figure 14 - Example ofexperiment / demo for the 3DCrane

Advantages:

^

The hardware is already available in a complete set and it is still working

perfectly.

It has 3 axes which are X, Y, Z. This will provide more features as the Z

axis will be used for "zooming" the webcam.

The cost of the Final Year Project will be reduced significantly as this is

just a programming project

Disadvantages:

The 3DCrane is huge and not suitable for short range movement.

The oscillation ofthe pendulum is great for short distance movement.
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Due to not many things could be done with the 3DCrane, it was decided to build a

new platform.

4.23 New Platform

Advantages:

• It is smaller compared with the other options and the size is suitable for

UTP Examination Booklet.

• Easily improved from time to time as the platform is an open-ended type

and ready for future improvement.

Disadvantages

• Time, cost and energy consuming for the research and development

compared with other options.

This was the option chosen for the project. It consisted of research and

development for the hardware and software parts.

21



43 The Platform Design

The main goals for the platform design were to design as simple as possible platform

and to minimize the cost of the equipment used to build the platform. Some sketches

and designs were done with the help from technicians.

3 cm ^t

Figure 15 - Platform for exam booklet

This was the design of the platform which would be used to move the exam booklet

in Y-axis (up and down). It used a conveyor belt system. The movement of the

conveyor belt was controlled by a DC motor. This platform would operate based on

the instruction given from a microcontroller 16F84A. The microcontroller was

connected with a computer by using RS-232 serial port.

22



4.4 Actual Platform

Figure 16 -The actual conveyor belt platform with webcams brackets

The platform design was slightly different from the initial design. This was due to the

addition of chain as the mechanism to move the conveyor belt instead of connecting the

DC motor directly to the roller. To support webcamsbracket, Perspex were put on top of

the platform and stuck with double sided tape. One of the advantages of using Perspex

was it could reduce the shadow effect during image capturing process.

Figure 17 -The chain mechanism for the conveyor belt

23



4.5 PIC 16F84A Microcontroller

The movement of the platform was determined by these chips. It was programmed by

using C Language. The main taskfor the first 16F84A was to communicate with the PC

while the second 16F84A was used to control the movements of the motors.

I—

vcc

O

GNO

•TOTS'

OUT

_+_

T-PJ-

->\\\j .-•!'_ i;3r:"-

^1
T_

t vcc
"TOTS'

* nirr

X"

6 0

PB-3

+ RBI

\x-\P\ PES

O-*' 1

5

Figure 18- Schematics ofmicrocontroller circuit [8]

By sending streams of bits that represent character values from PC into the

communication pin of the first microcontroller, the program of the first microcontroller

determined the states of outputs for certain character values.

24



Table 2: Character Translation Communications

Character Input Output Pin

i RBOhigh

k RBI high

' trn ^ A2'h

+ +

QG1
a

OG2

Figure 19 - PCB Layout of the microcontroller circuit [8]
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4.6 RS-232 Serial Port

The RS-232 is a standard developed by the Electronic Industries Association (EIA) and

other interested parties, specifying the serial interface between Data Terminal Equipment

(DTE) and Data Communications Equipment (DCE). The RS-232 standard includes

voltage levels, connectors, function of each electrical signal and some recipes for

common kinds of terminal-to-modem connections.

Themostfrequently encountered revision ofthis standard is called RS-232C. Partsof this

standard have been adopted for use in serial communications between computers and

printers, modems, and other equipment. The serial ports on standard IBM-compatible

personal computers follow RS-232.

Figure 20 - Serial Port

In MATLAB, there are serial port commands available which are used to construct serial

portobject (SERIAL), connect serial port object to device (FOPEN), and to disconnect

serial port object from device (FCLOSE).

26



4.7 The H Bridge Circuit

Figure 21 - L298N Pin Connection

Inthis project, instead ofbuilding an H-Bridge circuit byusing MOSFET transistors,

an integrated circuit was used. This was due to time constraint and the availability of

themotor driver integrated circuit such asL298N. TheL298N consist of an integrated

monolithic circuit which is a high voltage, high current dual full-bridge designed to

accept TTL logic levels and drive inductive loads. The L298N has the following

specifications:

• Operating supply of up to 46V

• Total DC current up to 4A

• Over temperature protection

• Logical input up to 1.5V

The H Bridge circuit was used to control the DC motors from the microcontroller at

the proper voltage level [7].

27
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Figure 22 showed the L298N controlled the drive train of the motor. Pin 10 and Pin 12

determine the direction of the motor, whether to move forward or reverse direction. Pin

11 however, will determine if the power output stages of L298N (in this case, B is the

power output stage) is ON or OFF.

After some testing with the platform, it was found that the DC motor from the platform

tended to pull out very large current of more than 2Ajust to make it moved. This was

due to heavy load of the mechanism itself. The H Bridge circuit could only withstand

maximum 2A ofcurrent rating with this configuration.
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To solve this problem, a series of test were conducted. The problem was solved by
paralleling the outputs ofthe HBridge circuit (Pin 2 with Pin 14 and Pin 3 with Pin 13)
as in the datasheet. Based on this configuration, the current rating of the driver can be

increased further to 4A.

Figure23 - Parallel Output Configuration of L298N
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Figure 24 - PCB Layoutof the H- Bridge Circuit
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4.8 Normalized Cross Correlation

Figure 25 - a) UTP Oval Logo

UNFVERStTi

tkknoiogi

peTronas

"nj!*1 ";""j*

b) Image Viewed From Webcam 1

Figure 25(b) showed the images that can be viewed from Webcam 1 while Figure 25(a)
showed the UTP oval logo which was aheady stored in a MATLAB Work folder. When

the program was initiated, the image as inFigure 25 (b) would becaptured byWebcam 1

and saved in the MATLAB Work folder as imagei.jpg. The images ofUTP oval logo and

imagei.jpg would be then read by MATLAB and converted to grayscale before the

normalized cross correlation process took place.

QoSBiB U// SP^

Figure 26- Normalized Cross Correlation
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The normalized cross-correlation was calculated and displayed in a surface plot. The

peak ofthe cross-correlation matrix occurred where the UTP oval logo and imagei.jpg
were best correlated. normxcorr2 function only works on grayscale images.

After the images are successfully correlated, ICDE GUI will then be called. Capturing

and recognizing theExam ID and Total Marks aredone within thisprogram.

4.9 Results of Normalized Cross Correlation

These were the result obtained when tested with predetermined set points

(vertical^a, horizontal^). The predetermined set points were obtained by running

the program several times, listing the best combination of set points and running

again theprogram to test whether thesetpoints were valid.

4.9.1 UTP Oval Logo at Correct Position

TABLE NUWSBEP
L^±IJ

UNIVERSIT!

TEKNOUKSf

PETRQNAS

EXAMINATION .«___ - .-wofexMutmett *i iV* ,T, i," [

Figure 27 - Normalized Cross Correlation (For Correct Position)

Normalized cross correlation found the highest peak at (210,572). ICDE program is

called.
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Set condition: (((a <= 250) && (a>= 150)) && ((b <= 630) && (b >= 500)))

Although the examination booklet was placed at correct position, sometimes, the
normalized crosscorrelation cannot correlate the image of examination booklet with

UTP ovallogo (reference image) at the correct peaklocation.

4.9.2 UTP Oval Logo at Slightly Upper Position

TABLE NUMBER i
I i

EXAMINATION , .„
WOE* MtlMRPD • t f w

UNIVFftSf

TEKNOLOt

PETttONA

T__T„1 r—

Pft I"SS-fcn-: — - - ii irMrJ

Figure 28- Normalized Cross Correlation (For Slightly Upper Position)

Normalized cross correlation found thehighest peakat (135,547). Conveyor moves down

0.5 second.
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4.9.3 UTP Oval Logo at Slightly Lower Position

UNIVEBSIT)

TEKN0L0OT
?e«6«As

Figure 29 - Normalized Cross Correlation (ForSlightly Lower Position)

Normalized cross correlation found the highest peak at (398,572). Conveyor moves

up 0.5 second.

Set condition: If ((a>=250) && ((b <= 630) && (b >- 500)))

4.9.4 UTP Oval Logo at Slightly Left Position

m

Kfi

UNIVEPStTl

TEKNOtOGi

PETSONA5

Figure 30 - Normalized CrossCorrelation(For SlightlyLeft Position)

Normalized cross correlation found the highest peak at (159,292).
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Error message will be displayed. User must place the examination booklet atcorrect

position.

Setcondition: If ((b<=500) &&((a <= 250)&& (a >- 150)))

4.9.5 UTP Oval Logo Out of Range

1T

0.5.

0- fe rrrfHQ wsi& ^^rt

-0.5.

^fJ^*11
^%

- -1 > ~^v """-.^
800 ^-^

EDO

400"

0 0
200

400

600

"^800

Figure 31 - Normalized Cross Correlation (Outof Range)

Error message will bedisplayed. User must place the examination booklet atcorrect

position.

Setcondition: If (a >= 250); if (a<- 150); if (b <= 500); if (b >= 630)
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4.10 Overview of the System

PC

Serial
Cbmm

MATLAB

& Image
Processing

16F84 uC

with

MAX232

16T84uC

Microcontrollers

H- \

Bridge
circuit

5V-12V

Figure 32 - System Block Diagram
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4.11 System Flowchart

ERROR

MESSAGE

PLACE EXAMNATION BOOKLET ON

PLATFORM

INITIATE PROGRAM

After 4 trials

CONVEYOR MOVE
UPTJOWN

UTPOVALLOGO

IS SLIGHTLY UP

OR DOWN?

CAPTURE

Casel UTP OVAL LOGO AT
THE CORRECT

\ RANGE? /

v
Case 2

no

\/'
/

1

yes

r

CALLING ICDE GUI

i '

CAPTURE EXAM ID AND

TOTAL MARK

SEND TO

DATABASE

< •

END

no

Figure 33- Flowchart of the System
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CHAPTER 5

CONCLUSION AND RECOMMENDATIONS

5.1 Conclusion

As animprovement or continuation of previous project, the objective of this project was

to design an automated process of feeding paper for data entry. A platform for

examination booklet was built to integrate with ICDE program. In designing this

platform, a series of research and development were conducted. The platform was

constructed using steels and welded together. There was a DC motor bracket on the right

side of the platform. To make the rubber mat moving, the DC motor was connected with

the upper roller by using chain. When the DC motor moved clockwise or counter

clockwise, it would cause the rubber mat moved. To support webcams bracket, Perspex

were put on top ofthe platform.

To establish a communication between computer and microcontroller, a serial port

communication was used. By sendingstreams of bits that represent charactervalues from

PC into the communication pin of the first microcontroller, the program of the first

microcontroller determined the states ofoutputs for certain character values.

To control the DC motor from the microcontroller, an H Bridge circuit was used. In this

project, the parallel configuration ofH Bridge circuit was selected to increase the current

rating up to 4A.

The normalized cross correlation method was chosen as a means to determine the correct

location of the data sheet. This was one of important aspect in this project due to the

location of data sheet would represent the location of UTP oval logo as well as the ROI.
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If the location of data sheet was not correct, ICDE could not perform the recognition of

the exam ID from the booklet.

5.2 Recommendations

As a recommendation for this project, an improvement of the platform design especially

on the material selected for the platform shouldbe considered. The light weightmaterial

for example, canreduce the weight of theplatform andalso make it portable. The motor

bracket design should be improved to reduce unwanted vibration when the motor is

moving as experienced in this project.

Other thanthat,platform which utilizes a single webcam but withgreater accuracy should

also be considered. The sketch ofthe platform can be referred in the Appendix E.

For ICDE, the accuracy of the recognition could be improved by using some feature

extraction method such as Euler Method. The system still has trouble recognizing the

digit '8'. Thus, Euler Method, an additional feature extraction method needs to be

considered to improve theprogram. TheNeural Network of the program also needs to be

updated to reflect learning ability ofNeural Network as and when there is a correction to

input data.
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APPENDIX A

HARDWARE ARRANGEMENT OF PREVIOUS PROJECT

UNirtlMM

^znns

\ urKlifih4C"

j»#wt""

i t

?*^s^. ^?^

Total <?a
*

:

Figure 34- Hardware Arrangement of Previous Project (ICDE) [1]
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©
Microchip PIC16F84A

18-pin Enhanced Flash/EEPROM 8-Bit Microcontroller

Devices Included in this Data Sheet:

• PIC16F84A

• Extended voltage range device available
(PIC16LF84A)

High Performance RISC CPU Features:

- Only 35 single word instructions to learn
• All instructions single cycle except for program

branches which are two-cycle

• Operating speed: DC - 20 MHz clock input
DC - 200 ns instruction cycle

• 1024 words of program memory

• 68 bytes of data RAM
• 64 bytes of data EEPROM
• 14-bit wide instruction words

• 8-bit wide data bytes

• 15 special function hardware registers
• Eight-level deep hardware stack
• Direct, indirect and relative addressing modes

• Four interrupt sources:

- External RBO/INT pin
- TMRO timer overflow

- PORTB<7:4> interrupt on change
- Data EEPROM write complete

Peripheral Features:

• 131/0 pins with individual direction control
• Highcurrent sink/source for direct LEDdrive

- 25 mA sink max. per pin
- 25 mA source max. per pin

• TMRO: 8-bit timer/counter with 8-bit

programmable prescaler

Special Microcontroller Features:

- 1000 erase/write cycles Enhanced Flash program
memory

• 1,000,000 typicai erase/write cycles EEPROM data
memory

• EEPROM Data Retention > 40 years

• In-Circuit Serial Programming (ICSP™) - via two
pins

• Power-on Reset (POR), Power-up Timer (PWRT),
Oscillator Start-up Timer (OST)

• Watchdog Timer (WDT)with its own on-chip RC
oscillator for reliable operation

• Code-protection

• Power saving SLEEP mode

• Selectable oscillator options

© 1998 Microchip Technology Inc.

Pin Diagrams

PDIP, SOIC

RA2

RA3

RA4/T0CKI

PCCK-

vss-

RBOflNT

RB1

RB2

RB3

RA2-

RA3

RA4/TOCK!

MCTH-

Vss-

VSS-

RB0/INT

RB1

RB2

RB3

~^~

2
o

a*
*n
OB

SSOP

-C.1

-L* 2

-L" 3

-L" 4
-C 5

-L" 6

-L" 7

-L" 8

-L 9
-C 10

XZT

o

O)
•n
ao

18 3-
17

203-

193

18 3
17

16

15

14

13 3
12 3

11 3

RA1

-RAO

- OSC1/CLKIN

- OSC2/CLKOUT

-VDD

RB7

RB6

RB5

-RB4

RA1

RAO

- OSC1/CLKIN

- OSC27CLKOUT

VDD

VDD

RB7

RB6

•RB5

•RB4

CMOS Enhanced Flash/EERPOM Technology:

• Low-power, high-speed technology

• Fully static design

- Wide operating voltage range:

- Commercial: 2.0V to 5.5V

- Industrial: 2.0V to 5.5V

• Low power consumption:

- < 2 mA typical @ 5V, 4 MHz
- 15 uA typical @2V, 32 kHz
- < 0.5 uA typical standby current @ 2V

DS35007A-page 1
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19-4323; Rev 15; 1/06

+5V-Powered, Multichannel RS-232
Drivets/Receivers

General Description
The MAX220-MAX249 family of line drivers/receivers is
intended for all EIA/TIA-232E and V.28/V.24 communica
tions interfaces, particularly applications where ±12V is
not available.

These parts are especially useful in battery-powered sys
tems, since their low-power shutdown mode reduces
power dissipation to less than 5uW. The MAX225,
MAX233, MAX235, and MAX245/MAX246/MAX247 use
no external components and are recommended for appli
cations where printed circuit board space is critical.

Applications
Portable Computers

Low-Power Modems

Interface Translation

Battery-powered RS-232 Systems

Multidrop RS-232 Networks

AutoShutdown and UCSP are trademarks of Maxim Integrated
Products, Inc.

Next-Generation

Device Features
For Low-Voltage, Integrated ESD Applications

MAX3222E/MAX3232E/MAX3237E/MAX3241E/

MAX3246E: 43.0V to +5.5V, Low-Power, Up to
1Mbps, True RS-232 Transceivers Using Four
0.1 uF External Capacitors (MAX3246E Available
in a UCSP™ Package)

For Low-Cost Applications
MAX221E: ±15kV ESD-Protected, +5V, 1uA,
Single RS-232 Transceiver with AutoShutdown™

Orderina information

PART TEMP RANGE PIN-PACKAGE

MAX220CPE 0°C to +70°C 16 Plastic DIP

MAX220CSE 0°C to +70°C 16 Narrow SO

MAX220CWE 0°C to +70°C 16 Wide SO

MAX220C/D 0°C to +7Q°C Dice*

MAX220EPE -40°C to +85°C 16 Plastic DIP

MAX220ESE -40°C to +85°C 16 Narrow SO

MAX220EWE -40°C to +850C 16 Wide SO

MAX220EJE -40°C to +85°C 16 CERDIP

MAX220MJE ~55°Cto+125°C 16 CERDIP

Ordering Information continued at end of data sheet.
'Contact factory for dice specifications.

Selection Table

Power No. of Nominal SHON Rx

Part Supply RS-232 No. of Cap. Value & Three- Active in Data Rate

Number (V) Drivers/Rx Ext. Caps (MF) State SHON WW*) Features

MAX220 +5 2/2 4 0.047/0.33 No — 120 Ultra-low-power, industry-standard pinout

MAX222 +5 2/2 4 0.1 Yes — 200 Low-power shutdown

MAX223(MAX213) +5 4/5 4 1.0(0.1) Yes • 120 MAX241 and receivers active in shutdown

MAX225 +5 5/5 0 — Yes t/ 120 Available in SO

MAX230(MAX200) +5 5/0 4 1.0(0.1) Yes — 120 5 drivers with shutdown

MAX231 (MAX201) +5 and
+7.5 to 4

2/2
13.2

2 1.0(0.1) No —
120 Standard +5/+12V or battery supplies;

same functions as MAX232

MAX232 (MAX202) +5 2/2 4 1.0(0.1) No — 120(64) Industry standard

MAX232A +5 2/2 4 0.1 No — 200 Higher slew rate, small caps
MAX233 (MAX203) +5 2/2 0 -_ No — 120 No external caps

MAX233A +5 2/2 0 — No — 200 No external caps, high slew rate

MAX234 (MAX204) +5 410 4 1.0(0.1) No — 120 Replaces 1488

MAX235 (MAX205) +5 5/5 0 — Yes — 120 No external caps

MAX236 (MAX206) +5 4/3 4 1.0(0.1) Yes — 120 Shutdown, three state

MAX237 (MAX207) +5 513 4 1.0(0.1) No — 120 Complements IBM PC serial port

MAX238 (MAX208) +5 4/4 4 1.0(0.1) No _ 120 Replaces 1488 and 1489
MAX239(MAX209) +5 and 3/5 2 1.0(0.1) NO — 120 Standard +5/+12V or battery supplies;

+7.5 to +13.2 single-package solution for IBMPC serial port
MAX240 +5 5/5 4 1.0 Yes _ 120 DIP or flatpaqk package

MAX241 (MAX211) +5 4/5 4 1.0(0.1) Yes __ 120 Complete IBM PC serial port

MAX242 +5 2/2 4 0.1 Yes • 200 Separate shutdown and enable
MAX243 +5 2/2 4 0.1 No — 200 Open-line detection simplifies cabling
MAX244 +5 8/10 4 1.0 No — 120 High slew rate

MAX245 +5 8/10 0 — Yes • 120 High slew rate, int. caps, two shutdown modes
MAX246 +5 8/10 0 — Yes • 120 High slew rate, int. caps, three shutdown modes
MAX247 +5 8/9 0 — Yes • 120 High slew rate, int. caps, nine operating modes

MAX248 +5 8/8 4 1.0 Yes • 120 High slew rate, selective half-chip enables
MAX249 +5 6/10 4 1.0 Yes • 120 Available in quad flatpack package

Forpricing,delivery,and orderinginformation, please contact Maxim/Dallas Direct!at
1-888-629-4642, or visit Maxim's website at www.maxim-ic.com.

. Maxim Integrated Products 1

I
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+5V-Powered, Multichannel RS-232
Drivers/Receivers

TOP VIEW
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DEVICE C1 C2 C3 C4 Cb
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MAX232 1.0 1.0 1.0 1.0 1.0

MAX232A 0.1 0.1 0.1 0.1 0.1
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Figure 5. MAX220/MAX232/MAX232A Pin Configuration and Typical Operating Circuit
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Figure 6. MAX222/MAX242 Pin Configurations and Typical Operating Circuit
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Gi.

. OPERATING SUPPLY VOLTAGE UP TO 46 V
• TOTAL DC CURRENT UP TO 4 A
. LOW SATURATION VOLTAGE
. OVERTEMPERATURE PROTECTION
• LOGICAL "0" INPUT VOLTAGE UP TO 1.5 V

(HIGH NOISE IMMUNITY)

DESCRIPTION

The L298 is an integrated monolithiccircuitin a 15-
iead Multiwatt and PowerSO20 packages. It is a
high voltage, high currentdual full-bridge driver de
signedto acceptstandard TTL logic levelsand drive
inductive loads such as relays, solenoids, DC and
steppingmotors. Tvro enable inputsare provided to
enable or disable the device independently of the in
putsignals. The emittersof the lowertransistors of
each bridge are connected together and the corre
sponding externalterminalcan be used forthe con-

BLOCK DIAGRAM

L298

DUAL FULL-BRIDGE DRIVER

Multiwatt15

ORDERING NUMBERS

PowerSO20

L298N (Multiwatt Vert.)
L298HN (Multiwatt Horiz.)
L298P (PowerSO20)

nection ofan external sensing resistor. An additional
supply input is provided so that the logicworks at a
tower voltage.

OUT I
Q

OUT* +WS ^-- OUJ3 OUT*
9 ^—tfSZT ^ ^
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L298

ABSOLUTE MAXIMUM RATINGS

Symbol
VS

Vss

V,,Ve

lo

VSl

Ptot

lop

Tag, Tj

Parameter

Power Supply

Logic Supply Voltage

Input and Enable Voltage

Peak Output Current (each Channel)
- Non Repetitive (t = IOOjjs)
-Repetitive (80%on -20% off; ton = 10ms)
-DC Operation , , ,
Sensing Voltage

Total Power Dissipation (Tcaae = 75°C)
Junction Operating Temperature

Storage and Junction Temperature

Value

50

-0.3 to 7

3

2.5

2

-1 to 2.3

25

-25 to 130

-40 to 150

PIN CONNECTIONS (top view)

e

CURRENT SENSING B

ZZ2 OUTPUT 4

5 OUTPUT3

^Z5 INPUT*

2 ENABLEB

e
Uuttiwatt15

Z) INPUT 3

LOSIC SUPPLY VOLTAGE Vgs

3 GND

13 INPUT 2

-} ENABLE A

!? INPUT 1

-i SUPPLY VOLTAGE Vs

Z3 OUTPUT2

IZ23 OUTPUT1

Z3 CURRENT SENSING A

z

THERMAL DATA

&

TAB CONNECTED TO PIN 8

—

GND LT= 1 20 =1

Sense A 2 19

N.C cn 3 18 m

0ut1 en 4 17

PowerSO20 16
=3

Out 2 nz: 5 !

Vs 6 15 =^J

Input 1 rrz 7 14 m

Enable A czr 8 13 ZZ3

Input 2 zzz 9 12 =3

GND €TZ 10 11 =3

GND

Sense B

N.C.

Out 4

Out 3

Input 4

EnableB

Input 3

VSS

GND

Symbol Parameter PowerSO20 Multiwatt15

Rthj-case Thermal Resistance Junction-case

Rth}«*ib Thermal Resistance Junction-ambient

(*)Mountedon aluminum substrate

2/13

Max.

Max. 13 n 35

Unit

V

V

V

w

Unit

°C/W

aC/W
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L298

Figure S : Sink Current Delay Times vs. Input 0 VEnable Swrtching.
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7 cm

3 cm

APPENDIX E

UTILIZING SINGLE WEBCAM PLATFORM (Y-AXIS)

25cm

Figure 35- Platform for Y-axis
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'3 cm

UTILIZING SINGLE WEBCAM PLATFORM (X-AXIS)
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Figure 36- Platform for X-axis
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APPENDIX F

COMMUNICATION PROGRAM

#include<16F84A.h>

#use delay(clock=4000000)
#use rs232(baud=9600, xmit=PIN_AO,rcv=PiN_Al)
#fuses XT,NOWDT,NOPROTECT

void main(void)

{
char con;
charsta;
set_tris_b (0x00);
outputJow(PIN_B0);
outputJow(PIN_BI);

while(l)

{

con = getchO;

if(con='i')

{
output_high(PIN_BO);
delay_ms(500);
output_low(PIN_B0);

}

else if (con=lk,)

{
outputJiigh(PINJBl);
delay_ms(500);
outputJow(PIN_B1);

}

else

{
outputJow(PIN_B0);
outputJow(PIN_Bl);

}
}

//endless loop

//up-->ON

//down->ON
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APPENDIX G

DC MOTOR PROGRAM

#include<16F84A.h>

#use delay(clock-4000000)
#fuses XT,NOWDT,NOPROTECT

void delayvar (char n);

void main(void)

{
setjrisb (Oxff);
setjrisa (0x00);
output_a(0x00);
while(l)

{

if(input(PIN_B5))

}

// end ofmain

{
while (input(PINJB5));
output_high(PIN_A2);
outputJow(PIN_A3);
delay_ms(5000);

}

else if (input(PIN_B6))

{
wMle(mput(PINJB6));
output_high(PIN_A3);
output_low(PIN_A2);
delay_ms(5000);

}

else

{
outputJow(PIN_A3);
outputJow(PIN_A2);

}
}

// endless loop

// up

//

//

// down

//

//
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APPENDIX H

MATLAB PROGRAM

%calling vcapg2
clc;
clear all;
close all;
vcapg2(l);

%confirmation to initiate the program
conf=input(*\n\n\n Initiate Program?\n Press (y : yesor n : no):','s');
if(corjf=='y')

inp=vcapg2(l);
figure
imshow(inp)

end

if^onf^n*)
clc;
close all;
clear all;
break;

end

%save the image captured as imagel jpg in a folder
imwrite(inp,'imagel -jpgVJPg')

%read the capturedimageandUTPovallogo imagefroma folder
I = im^ead('imagel.jpg,);
12 = imread('ovaLpng');

%convert both images to grayscale
Igray=rgb2gray(I);
I2gray=rgb2gray(I2);

%set the rectangular area for both images
rectjgray = [9 5 650 450];
rect_I2gray = [12 7 120 160];

%cropping both images
sub_I = imcrop(Igray,rect_Igray);
subJ2 = imcrop(I2gray,rect_I2gray);

%perform normalized cross correlation and display the highest peak location
c = normxcorr2(sub_I2,sub_I);
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figure, surf(c),shading flat, titlefNormalized Cross Correlation of Image Captured with
Reference Image*)

%display the locationvalueof the highestpeak
[t mi] —max(c);
[t mj] = max(t);
mi = mi(mj);

%check whether the UTP oval logo is in the correct region
a=mi;
b=mj;

while(l)

if(((a <=250)&&(a >= 150)) && ((b<=630) &&(b >= 500)))
fprintf('\n Normalized cross correlation successfully found the highest peak at

(%i,%i)\n\n\n\ mi, mj);
clear vcapg2;

gui;
break;

elseif((a<= 150) && ((b <- 630) && (b>= 500)))
fprintfCXn Error:\n\n Program will retry to locate UTP Oval logo.„\n\n\n');
clear all;
movedown;
pause(l);
recapture;
pause(2);
break;

elseif((a>= 250) && ((b <= 630) && (b >= 500)))
fprintf('\n Error:\n\n Program will retry to locate UTP Oval logo...\n\nW);
clear all;
moveup;

pause(l);
recapture;
pause(2);
break;

elseif((b<= 500) && (a <= 250) && (a >= 150))
fprintf('\n Error:\n\n UTP Oval Logo is out of range\n Please readjust the

examination booklet and make sure it is alignedproperly\n The highest peak was found at
(%i,%i)\n\n\n!, mi, mj);

clear vcapg2;
break;
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elseif(a>-250)
rprintf('\n Error:\n\n UTP Oval Logo is out of range\n Please readjust the

examination bookletand make sureit is aligned properly\n The highestpeak was found at
(%i,%i)\n\n\n\ mi, mj);

clear vcapg2;
break;

elseif(a<=150)
fprintrX'Xn Error:\n\n UTP Oval Logo is out of range\n Please readjust the

examination booklet and make sure it is aligned properly\n The highest peak was found at
(%i,%i)\n\n\ri, mi, mj);

clear vcapg2;
break;

elseif(b<=500)
fprintf(*\n Error:\n\n UTP Oval Logo is out of range\n Please readjust the

examination booklet and make sure it is aligned properly\n The highest peak was found at
(%i,%i)\n\n\n', mi, mj);

clear vcapg2;
break;

elseif(b>=630)
fprintf('\n Error:\n\n UTP Oval Logo is out of range\n Please readjust the

examination booklet and make sure it is aligned properly\n The highest peak was found at
(%i,%i)\n\n\n', mi, mj);

clear vcapg2;
break;

end;

end;
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APPENDIX I

PLATFORM & CIRCUITS
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Figure 37 - Platform & Circuits
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