UNIVERSITI TEKNIKAL MALAYSIA MELAKA

Development of Vision System Using MATLAB

Thesis submitted in accordance with the requirements of the
Universiti Teknikal Malaysia Melaka for the Degree of
Bachelor of Engineering (Honours) Manufacturing (Robotic and Automation)

By

ZAKARIA BIN JAMIL

Faculty of Manufacturing Engineering
April 2007

Universiti Teknikal Malaysia Melaka



APPROVAL

This thesis submitted to the senate of UTeM and has been accepted as partial
fulfillment of the requirements for the degree of Bachelor of Manufacturing

Engineering(Robotic and Automation). The members of the supervisory committee

are as follow:

Main Supe:\&isor AZRUL AZWAN B4 ABDUL RAHMAN
Lesturer
Faculty of Manufacturing Engineering
Universit Teknikal Malaysia Melaka
Lecked Bag 1200, Ayer Keroh
75450 Melaka

Co- Supervisor

© Universiti Teknikal Malaysia Melaka



DECLARATION

I hereby, declare this thesis entitled “Development of Vision System Using

MATLAB?” is the results of my own research except as cited in the reference.

a
. N
Signature p— u.ff. ...............................
Author’s Name Zaxaria ey SAMVC
Date - )Uf/g 220,

© Universiti Teknikal Malaysia Melaka



UTeM Library (Pind.1/2005)

> UNIVERSITI TEKNIKAL KEBANGSAAN MALAYSIA

o7

BORANG PENGESAHAN STATUS TESIS*

JUDUL: DEVELOPMENT OF VISION SYSTEM USING MATLAB

SESI PENGAJIAN: 2/2006-2007

Saya ZAKARIA BIN JAMIL

mengaku membenarkan tesis (PSM/Sarjana/Doktor Falsafah) ini disimpan di
Perpustakaan Universiti Teknikal Malaysia Melaka (UTeM) dengan syarat-syarat
kegunaan seperti berikut:

1. Tesis adalah hak milik Universiti Teknikal Malaysia Melaka.

2. Perpustakaan Universiti Teknikal Malaysia Melaka dibenarkan membuat salinan
untuk tujuan pengajian sahaja.

3. Perpustakaan dibenarkan membuat salinan tesis ini sebagai bahan pertukaran
antara institusi pengajian tinggi.

4. **Sila tandakan (V)

(Mengandungi maklumat yang berdarjah keselamatan
atau kepentingan Malaysia yang termaktub di dalam
AKTA RAHSIA RASMI 1972)

TERHAD (Mengandungi maklumat TERHAD yang telah ditentukan
oleh organisasi/badan di mana penyelidikan dijalankan)

SULIT

v | TIDAK TERHAD

Disahkan oleh:

L  Keits o=

(TANDAT.ANGAN PENULIS) (TANDATANGAN LENYELIA)
Alamat Tetap: Cop Rasmi: SOUL RAHMAN
D7-17 Flat Uda Tg Tokong “:“m%m rareems
10470 Georgetown, Uriersit Wt -
Pulau Pinang el e
Tarikh:16/05/2007 Tarikh: __ 24 /05/0%

* Tesis dimaksudkan sebagai tesis bagi Ijazah Doktor Falsafah dan Sarjana secara penyelidikan, atau
disertasi bagi pengajian secara kerja kursus dan penyelidikan, atau Laporan Projek Sarjana Muda (PSM).
** Jika tesis ini SULIT atau TERHAD, sila lampirkan surat daripada pihak berkuasa/organisasi berkenaan
dengan menyatakan sekali sebab dan tempoh tesis ini perlu dikelaskan sebagai SULIT atau TERHAD.

‘f‘ Universifi Teknikal Malaysia Melaka




ABSTRACT

Vision system is one of the most approached systems in industrial automation for
replacing manual inspection procedure done by human inspector. A machine vision
system is use in many applications such as parts sortation, defect detection, object
recognition and parts counting. A vision system consists of image acquisition and
image analysis procedure to obtain and manipulate the image into a decision. In
order to develop a vision system, full understanding regarding how the system works
is the most important aspect. Programming software is required in order to execute
the image acquisition and image analysis algorithm. In this project, MATLAB
platform is used to program the entire algorithm furthermore implementing
Graphical User Interface to communicate between the vision system and the user.
The system also communicates through serial communication in order to integrate
with automated conveyor system that controlled by microcontroller. The system is
intensively tested in order to obtain the desired inspection accuracy. A full
programming documentation will be done based on programming body modification
and improvement. This will be done due to the fact that further improvement of this
project will need the coding history on how the algorithm being developed thus
documentation is the common practice in programming stage. The vision system
developed only possessed 80% accuracy. Enhancement on image processing
algorithm can greatly contributes to improvements. The further improvements can be
made through lighting design, adding image enhancement algorithm and decision
algorithm. Hence, deep understanding of vision system work flow will be obtained

thus enhancing advanced sensory application.

1
© Universiti Teknikal Malaysia Melaka



ACKNOWLEDGEMENTS

Alhamdullillah, I’'m grateful that by the power of Allah, Most Gracious, Most
Merciful, I managed to complete this project. I also want to thank my parents, who
taught me the value of hard work by their own example. Both of them are my source
of inspiration that lead me to working hard in gaining knowledge. I also would like

to share this moment of happiness with my brothers and sisters.

I am deeply indebted to my supervisor Mr Azrul Azwan from Manufacturing
Engineering Faculty, UTeM whose help, stimulating suggestions and encouragement
helped me in all the time of research for and writing of this thesis. I wish to express
my sincere thanks to him for the enormous support during the whole project. The
encouragement and motivation that was given to me to carry out my project work

greatly appreciated.

With a deep sense of gratitude, I wish to express my sincere thanks to Ms Ummi
Syazaliza for help, support, interest and valuable hints.

Finally, I would like to thank all whose directly and indirectly helped me completing

my thesis in time.

1
© Universiti Teknikal Malaysia Melaka



TABLE OF CONTENTS

i i
Acknowledgements.............c...e..... B T A B S e s W o S il
Table Of CONENtS.... .. .. ettt e e eeans il
List Of FIGUIES .. ..o et vi
DAL 0l THBIES oo voimmssmmmmm oo e s e S s chass s s sass swsass ix
List of Abbreviations, Symbols, Specialized Nomenclatures...............ccoeevneenann. X
1. INTRODUCTION TO VISION SYSTEM.........ooiiiiieeeeaeas 1
1.1 Problem Statement. . ......ouvniniieiiiii e 2
B0 o] <o L 3
L3 RO  wvimsn e s mogmes s s 0 S B A B R S B A S IS A 3
1.4 Project OVEIVIEW . ..ovissssssnsunassessssnsons sesosssss s ss saaes sasis oo v Sia vsasnvss os 3
2. LITERATURESREVIEW. ...t ............................ 5
2.1 Machine Vision Fundamentals..........cc.coooiiiiiiiiiiiii e 7
2.1.1 ‘Machine Vision Components.. ... e sisvsssssessssvmvsierssseumusmins s is 10
212 Machine Viston SOTOWRKD ..o, vuosssvus s o560 ams e s 0s s sail o b sns 8o 21
213 Muachine Vision AppHeBlIONs. «o e svu inse ssvmiiis sns ieiais smsiia saseis 25
2.2 Inspection Fundamentals..........cooveiiiiniiiii i 26
221 Type of INSPection........couiuiiuiiiiiii e 27
222 BAatomated Inspeciion Procedure. ... oo wvmvismssmmmosvs sosmsmens sav 29
B N - B e T — 30
2.3 Digital Inape PYOUCESIIT . o sauerosins cbssnss o sis d4 s ss uooes srass sxves sasuss o 31
DL | PERBEE e i in mies e s s o AR i e om0 R o e SR VT 32
2.3.2 Fundamental Steps in Digital Image Processing............cccoevveininnnnn.. 33
2.3.3 Converting Signals to Digital Image.............ccoooiiiiiiiiiiiiiiiii, 36
2.3.3.1 Sampling and QuanBzation... ..o s sansvesssivis 37
iii

© Universiti Teknikal Malaysia Melaka



234 Digital Image Processing Operator: .o o e sssss csismasmass ssssss suss 38

23.4.1 Dnane ArRtG.. . oo s i e e SR R A A AR T S R 48
2.3.4.2Image ANalySiS. ... oouenueiiiiit e 42
2.3.4.3 MOIPhOLOZY . . e cneeneineeiie e 45

2.3 4.4 Feature DRtetlors. ... oo wwsnssasvmmmmmosssssmpesss sovwosimsinasoimssmed 47

24 Totroduction 10 MATLAB. o coueus ssmsunss sy onmsonsis 56 vasssssamissas s isseavmsviis 49
2R KEY BOREIIOE. i s o e e e A e R R S R S SR 50

P T e 1] Lo 10 < F 51
243  Designing Graphical User Interfaces..........cooeveviiiiiniciiiiiicannnnn. 52
3 METHODOLIOGY . oo o 05550055 envinsss von sensntionsssiiss dhsss v s uss o atspin sy i 54
1 Profeet Desioi..o oo oo nnmvs sssrs s sisss s s s Sy s s s e S s SR 54
F.2 Profech FIOW OIHEL .. oooiociniiiin hmimei snni s mmn i s s mmmnns samnme srnms sxmsmmmm s 55
3.3 Detail EXplanation. ... . ..ot eeeie e ae e eeeeaeanes 56
4. DEVELOPMENT AND RESULT ... issssmsomsssssis 60
4.1 Eleetronics Circtit DeSION. . o ocosc s sssssmsns rmsmsmssinss susaisns ans Segns iesnsnions 60
AL ool DIOBIO.. .. v o o i s A e e s S B R B s A e A A e e 63
4.3 Basic Stamp Programming. ..........oo.oieiniie it e e e 66
4.4 GUI Layout Desi@n. ... ..oouinuieiitiiiiit et e e e 68
4.5 Matlab Programming..........ccoiiuiiiieiiii i eaaaaaas 12
4351 Imapge Acquisition Programming... ... csesesseanssssussmsinss sossmwmsvasig 73
4.5.2 Serial Communication Programming.............ccceeeveiieiiiiiniiniiiennnnen. 74
4.5.3 Image Processing Algorithm ..., 81
4.54 Decision AIgOTithm...........oiuiiiiiiiiiiii e eeeaan 76
4.5.5 Displaying The Defective Points...........cooiiiiiiiiiiiiiiiiiiiieens 78
4.6 Completed GUI and Programming. .. .. c.ccssvmssmonse i sovssumssi suessusmas s 79
N DENUIBRIEIN . cocienimin o daos SR R SRS S0 AR SN B AR A A e 83
5.1 Problem Faced......oooeeniiiiiiiiii i 83
6. CONCLUSIONS AND SUGGESTIONS ... 85

v

© Universiti Teknikal Malaysia Melaka



FOR FURTHER IMPROVEMENTS

6.1 Conclusions

6.2 Suggestions for Further Improvements

REFERENCES

APPENDICES

A

B
C
D

List of image type
List of machine vision application example
List of image acquisition

Programming codes

v
© Universiti Teknikal Malaysia Melaka

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

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



2.1:
2.2
.
2.4:
25
2.6:
2.7
2.8
2.10
211
2.12
2.13
2.14
215
2.16
2.17

LIST OF FIGURES

Relation between Computer vision and various other fields.
Machine Vision Process.

Basic components of machine vision.

Element of CCD sensor arrays.

Variances of lighting components.

Bright Field.

Dark Field.

Back Lighting.

: Diffuse Light.

: Co-Axial Illumination.

: Frame grabber circuit.

: Cognex MVS-8501 frame grabber

: Motion Tear in real time vision system

: PC based processor.

: Visual programming environment sofitware.

: Drag and Drop block diagram to program defect detection

vision software.

2.18:
219:
2.20;
2.21:
2.22:
2.23:
2.24:
2.25:
2.26:

Example of textual programming.

Automated inspection sortation.

Type 1 and Type Il error.

Pixel matrix.

A zoomed image that showed coloured pixels.
Elements of image processing.

An example of digital image processing process.
Sensor arrangement.

The left image is the continuous image being projected to

10
11
13
15
15
16
16
17
18
18
19
20
22
23

37

sensors array and the right image is the result of sampling and quantization.

2.27: Left image (first sample image), center image (second sample

image and last image (output).

vi

© Universiti Teknikal Malaysia Melaka

39



2.28
229

: Subtraction operator.

: a) The sample image, b) Applying image detector, c¢) After

applying blending operation.

2.30
2.31
2.32

: Truth-tables for OR and NOR.
: OR/NOR Operation.

: a) input image b) histogram representation c¢) Image after

thresholding around 120.

2.33:
2.34:
2.35:
2.36:
2.3
2.38:
2.39:
2.40:
241:
2.42:

3.1:

4.1:
4.2:
43:
4.4:
4.5:
4.6:
4.7:
4.8:
4.9:
4.10
4.11
4.12

The infra-red band data is used to produce the output.

a) binary image b) assigning gray value c) grouped in colour.
Effect of dilation using a 3x3 square structuring element.
Effect of erosion using a 3x3 square structuring element
Binary Image (left) and Skeletonization image (right).
Example of skeletonization by morphological thinning

Sobel Operator.

Canny edge detection yielding output.

MATLAB’s GUL

MATLAB GUIDE.

Flow Chart

Control box containing the circuit

Circuit Schematic

Initial Stage of Conveyor Design
Completed Conveyor

Conveyor under development process
Basic Stamp programming flow chart
Reading input from computer syntax
Sending data to computer syntax
Completed GUI design layout.

: Start button

: Capture Button for good sample product 1
: 4.10: Capture Button for good sample product 2.

vil
© Universiti Teknikal Malaysia Melaka

40
41

41
41
43

44
45
46

47
48
49
49
20

55

60
61
63
63

66
67
67
68
69
69
69



4.13:
4.14:

Text box for displaying processing status.
Text box for displaying difference percentage of real time

captured image and good sample 1 & 2.

4.15 Text box for displaying the result of vision inspection

4.16:
4.17:
4.18:
4.19:
4.20:
4.21:
4.22:
4.23:
4.24:
4.25:
4.26:
4.27:
4.28:
4.29:
4.29:
4.30:
431:
4.32:

Axes window for displaying captured image and image processing.

Matlab Programming Flow Chart

Image acquisition programming syntax

Serial communication programming syntax
RGB to gray image processing syntax
Grayscale operator

Edge detection using canny operator programming syntax
Canny operator at 50% threshold value
Decision algorithm programming syntax

Status of inspection programming syntax
Points of defects programming syntax

Point of Defects labeled with dark blue
Starting

Capturing Good Sample 1 and 2

Inspected product without defect

Inspected product with defective rubber at 77%
Inspected product with defective rubber at 45%
Inspected product with defective rubber at 50%

5.1: Glares

5.2: Point of defects (inaccurate)

viii
© Universiti Teknikal Malaysia Melaka

70
70

70

72
73
74
74
75
75
76
76
77
78
78
79
80
80
81
81
82

83
84



LIST OF TABLES

3.1 Project Planning for Early Stage Project
3.2 Project Planning for Development Stage
4.1: Pin assignment for serial communication
4.2: Pin assignment for relays

4.3: Materials and Components

ix
© Universiti Teknikal Malaysia Melaka

61
62
63
63
65



LIST OF ABBREVIATIONS, SYMBOLS, SPECIALIZED

AGV
AIA
BASIC
CCTV

C++
CCD
CMOS
COM
CPU

FORTRAN
GUI
GUIDE
Java

JT
KUTKM
LED
MATLAB
MxN
NOR

OR

PC

RGB

NOMENCLATURE

Analog To Digital Converter

Automated Guided Vehicles

Automated Imaging Association

Beginner's All-purpose Symbolic Instruction Code
Closed Circuit Television

C Programming language

C++ Programming language

Charge Coupled Device

Complementary metal-oxide—semiconductor
Programming language

Central Processing Unit

Intensity

Programming language

Graphical User Interface

Graphical User Interface Design Environment
Programming language

Just In Time

Kolej Universiti Teknikal Kebangsaan Malaysia
Light Emitting Diode

MATrix LABoratory

Matrix size M by N

Logical operation

Logical operation

Personal Computer

Red Blue Green

X
© Universiti Teknikal Malaysia Melaka



SIMULINK - Block software

US$ - United States Dollar

USB - Universal Serial Bus

X,y - Spatial coordinates

PBASIC - Parallax BASIC language
xi

© Universiti Teknikal Malaysia Melaka



CHAPTER 1
INTRODUCTION TO VISION SYSTEM

A vision system can be defined as the automatic acquisition and analysis of images
to obtain desired data for controlling a specific activity. The vision system is a new
trend to advanced sensory either in robotics and manufacturing processes. By
studying and understanding how the system works and the programming method,
one can enhance their knowledge on the new state of the art technology. Machine
vision system is implemented in automated processes of in line inspection and

quality control and will be further discuss in later chapter.

The MATLAB platform has complicate algorithm embedded in functions that ready
to be call in programming body. Other advantage of the MATLAB is capability to
program both in textual programming environment and visual programming
environment as well. Hence this will simplify the process of coding the machine
vision software. The image acquisition toolbox and image processing toolbox are the
toolboxes commonly use to assist the image acquisition and image analysis. Through
the thesis, readers will understand the importance of machine vision and how its
function.

This project will present development of vision system using MATLAB released
6.5.1 for programming platform. This system used low cost instrumentations and
cheap to build and easy to be implemented. This system will capable of conducting
online inspection procedures on a product going through conveyor at the end of a

process.
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1.1 Problem Statement

In order to develop a vision system, a programming platform is needed in order to
convey the desired image analysis and decision that will be taken based on the
results. There are two options to develop a vision system. The most popular yet
expensive way to develop the vision system is using visual programming
environment such as National Instrument’s IMAQ Vision software. However, this

software is not available in the college’s laboratory.

Even though the visual programming environment possessed advantages over simply
image analysis and programming steps, there are drawbacks such as flexibility for
integration with other analysis and harder to manipulate for more advance analysis.
Furthermore, this kind of platform has lack of support compared to the MATLAB
that being in the market for long time and has tons of forum discussing about
MATLAB’s solution.

The second option to develop a vision system using programming platform is using
the textual programming environment. The textual programming environment is pure
textual coding where as the language is much harder to master for a non-computer
science student even though the textual programming platform has the most flexible
integration with other application.

There is no way, a manufacturing student that doesn’t have any deep understanding
of complex coding use the textual programming environment such as C++ and

BASIC language where the algorithm is in pure text coding.
1.2  Objectives
The main objective of this project is development of vision system through digital

image processing using MATLAB platform. However, there are some additional

objectives such as:

2
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1. Develop a vision system with camera as image acquisition and MATLAB as
coding platform.

2. Develop suitable algorithms to maximize inspection accuracy.

1.3  Scopes

In order to design successful vision system, scopes are required to assist and guide
the development of the project. The scope should be identified and planned to
achieve the objective of the project successfully on the time. The scopes for this

project are:

(a) Collect Data:
Collect necessary data on machine vision system that currently being used in

industry to get the overview the work flow of the system.

(b) Develop the image analysis algorithm:
The algorithm will be developed using simulation in the MATLAB using
toolboxes to obtain the desired algorithm.

(c) Create the software:

Create a functional vision system software based on image analysis.

1.4 Project Overview

This project will consist of conveyor that will convey a part on a fixture (pallet).
Then, this product undergoes a vision check that will check the part’s surface and

edge of the part. The stages are:

(a) Vision inspection stages. This is the most critical part of the module.
The vision inspection process will inspect the quality of the part’s surface and

3
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the edge shape and determine if the part is according to the inspection

requirement.

(b) Developing system integration and interfacing stage. This automated module
will be integrating machine elements, electronics and software. All the inputs
from inspection processes are sent to the computer for further decision
manipulation. The data from the dimension inspection will be connected to
the microcontroller and then sent to the computer through serial port. While
for the vision inspection, a webcam with 320X240 pixels will be connected to
a computer using USB port. All the decision making are made by software
that will be built based on MATLAB 6.5 toolboxes. The software will have a

GUI to show options for user.

4
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CHAPTER 2
LITERATURE REVIEW

Figure 2.1: Relation between Computer vision and various other fields.

Machine vision can be defined as the acquisition of image data, followed by the
processing and interpretation of these data by computer for some useful application.
This is rapidly growing technology, with its principal applications in industrial
inspection (Groover, 2000).

Machine vision system can be characterized as newly approach field and diverse.
The machine system is now being used in many fields such as medical, industrial

quality control, military, astronomy field and other fields as Figure 2.1.

5
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The machine vision implementation in industrial quality control alone is growing.
The facts supplied Automated Imaging Association (AIA) showed that global market
for machine vision products primarily concentrates on the high developed industry
regions in North America, Europe and Japan as well as the upcoming countries
China, South Korea and Taiwan. According to the AlA, the worldwide machine
vision market is expected to grow at an average of 11 percent as a minimum per year
during the next five years. For 2004 the AIA estimated worldwide sales with
machine vision products of about 7.2 Billions USS$. By 2008 the worldwide turnover
with machine vision products is expected to grow by 37 percent to reach 10.0 Billion
USS$ (Basler, 2006).

Even though earlier work exists in machine vision research, it was not until the late
1970's that a more focused study of the field started when computers could manage
the processing of large data sets such as images. Many of the methods and
applications regarding machine vision are still in the state of basic research, but more
and more methods have found way into commercial products, where often constitute

a part of a larger system which can solve complex tasks.

Although some machine vision algorithms have been developed to mimic human
visual perception, a number of unique processing methods have been developed to
process images and identify relevant image features in an effective and consistent
manner. Machine vision and computer vision systems are capable of processing
images consistently, but computer-based image processing systems are typically
designed to perform single, repetitive tasks, and despite significant improvements in
the field, no machine vision or computer vision system can yet match some
capabilities of human vision in terms of image comprehension, tolerance to lighting

variations and image degradation, parts' variability.

Machines vision is commonly use as automated inspection in electronics industry as
small electronic components are not suitable to human vision inspection. The
capability of machine vision camera to zoom in is the right choice for this kind of

specific task.

6
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To insure interchangeability and precision these products are to be 100% quality
checked. As a consequence, the inspection process is often expensive and expensive.
In a typical manufacturing plant, approximately 30% of all manufacturing tasks are
related to inspection, of which 60% of inspection tasks are visual. The break down of
typical defects found during visual inspection is approximately 30% part defects,
50% assembly defects (20% of which are incorrect parts or missing parts) and 20%

soldering defects.

It should be noted that, in order to maintain a certain level of quality in
electronics manufacturing process, an increase in the number of solder joints by a
factor of 10 requires that the number of defects be reduced by a factor of 10.
Therefore, the effectiveness of an inspection system used to control a process will
have a direct impact on the quality of products shipped to customers. This places an
extraordinary pressure on human inspectors who are trained to identify defective
parts by visual examination (Edinbarough et a/.2005). Machine Vision possessed a
powerful tool to provide effectiveness of an inspection system that required quality
control inspection and this will be further discussed in Chapter 2.2.

2.1 Machine Vision Fundamentals

This section will discuss the fundamentals of vision system. Vision systems are
classified as being either 2D or 3D. The 2D is most appropriate for most industrial

applications since many situations involved 2D scene.

The operation of a machine vision system can be divided into the following three

functions (Groover, 2000):

(a) Image acquisition and digitization,
(b) Image processing and analysis and lastly
(c) Interpretation.

7
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Figure 2.2: Machine Vision Process.

These functions and their relationship are illustrated schematically in Figure 2.2
Firstly, image acquisition and digitization is accomplished using a video camera and
digitizing system to store the image data for further analysis. The camera is focused
on the subject of interest, and an image is obtained by dividing the viewing area into
a matrix of pixels, in which each element has a value that is proportional to the light
intensity of that portion of the scene.

In binary vision, the light intensity of each pixel is ultimately reduced to the either of
two values, white or black, depending on whether the light intensity exceeds a given
threshold level. A gray-scale system can determine not only and object’s outline and
area characteristics, but also its surface characteristics such as texture and color.
Gray-scale vision system typically uses 4, 6 or 8 bits of memory. Eight bit
corresponding to 28256 intensity levels, which is generally more levels than the
video camera, can really distinguish and certainly more than human eyes can

distinguish.

8
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Each set of digitized pixel values is referred to as a frame. Each frame is stored in a
computer memory device called a frame buffer. Normally, the process of reading all
the pixels values in a frame is performed with the frequency of 30 times per second.

The second function in the operation of a machine vision system is image processing
and image analysis. A number of techniques have been developed for analyzing the
image data in a machine vision. One category of techniques in image processing
analysis is called segmentation. Segmentation techniques are intended to define and
separate regions of interest within the image. Two of the common used segmentation
techniques are thresholding and edge detection. Thresholding involves the
conversion of each pixel intensity level into a binary value, representing black and
white. This is done by comparing the intensity value of each pixel with a defined
threshold value. If the intensity value of the pixel is greater than threshold value, the
pixel will be assigned as white with value ’1’ and another way around with the
intensity value less than threshold value that will be assigned as black with value *0’.
Reducing image to binary image by using thresholding operator usually simplify

normal problems of identifying in image.

Other segmentation technique is edge detection that can determine the location of
boundaries between an object with its surrounding with an image. This can be
achieved by identifying the contrast of intensity that exists between pixels at the
border of a object. A number of edge detection operators have been developed such
as Sobel’s, Canny’s and Prewitt’s operators will discussed later in Digital Image

Processing Chapter.

Another technique in image processing and analysis that usually implemented after
segmentation is feature extraction. This technique used segmentation to retrieve

object’s features such as object’s dimension, center of gravity and aspect ratio.

Lastly, the function of machine vision system is interpretation. The interpretation
function is to recognize an object within the image, a task termed pattern recognition.

9
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