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ABSTRACT 

 

 

This project is carry on as industrial implementation with Silterra. Sdn. Bhd. The company 

existing vision machine very expensive and the sample being scanned and stored in the database 

unable to modified or editable. The company requested to design vision system to replace the 

existing one. Therefore, the objective of the project is to design a vision system by using Matlab 

Simulink to recognize the scribed number on the wafer and store the detected scribed number 

in Excel file. Due to unable to physically test at the company, therefore the testing sample and 

hardware setup to mimic the environment at the production line should be considered. Besides 

that, the theory for techniques of Optical Character Recognition (OCR) and previous work 

related to project are studied and a concept of designing the vision system is carried out. To 

validate the result, the hardware setup to mimic the environment at the Silterra production line 

and testing sample both are considered. Besides being valid, a test should also be reliable, to 

ensure the vision system able to perform well, three experiments are carry out and each 

experiment are tested by 100 good and 100 not good testing samples which is to identify the 

best image size, median filter, and the matching percentage respectively. For the confirmation 

test, with the best identified parameter from previous experiment, to test others 100 good and 

100 not good testing sample to the system in the existing of white and yellow color of light to 

ensure system can produce up to 95% of recognition, and this also can identify whether the final 

result will or will not be affected by color of light. Based on the result finding, the vision system 

design actually can have up to 100% of recognition, and cheaper price compare to the existing 

vision machine at the company. As the conclusion, hopefully the vision system design can really 

apply at Silterra Sdn. Bhd. 
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ABSTRAK 

 

 

Projek ini berjalan seperti pelaksanaan industri dengan Silterra. Sdn. Bhd syarikat yang sedia 

ada mesin visi yang sangat mahal dan sampel scan dan disimpan dalam pangkalan data tidak 

dapat diubah atau disunting. Syarikat itu meminta untuk mereka bentuk sistem penglihatan 

untuk menggantikan yang sedia ada. Oleh itu, objektif projek ini adalah untuk merekabentuk 

satu sistem penglihatan dengan menggunakan Matlab Simulink untuk mengenali nombor 

tersebut scribed pada wafer dan menyimpan nombor scribed yang dikesan dalam fail Excel. 

Oleh kerana tidak dapat fizikal menguji di syarikat itu, oleh itu sampel ujian dan persediaan 

perkakasan untuk meniru alam sekitar di barisan pengeluaran perlu dipertimbangkan. Selain itu, 

teori untuk teknik Aksara Optik (OCR) dan kerja-kerja sebelum ini yang berkaitan dengan 

projek yang dikaji dan konsep mereka bentuk sistem penglihatan yang dijalankan. Untuk 

mengesahkan keputusan, persediaan perkakasan untuk meyerupai alam sekitar di barisan 

pengeluaran Silterra dan sampel ujian kedua-dua akan dipertimbangkan. Selain menjadi sah, 

ujian juga perlu boleh dipercayai, untuk memastikan sistem penglihatan yang dapat 

menunjukkan prestasi yang baik, tiga eksperimen yang menjalankan dan setiap uji kaji diuji 

oleh 100 baik dan 100 sampel ujian tidak baik iaitu untuk mengenal pasti saiz imej yang terbaik, 

iaitu median menapis, dan peratusan yang hampir sama masing-masing. Untuk ujian 

pengesahan, dengan parameter yang terbaik yang dikenal pasti daripada eksperimen sebelum 

ini, untuk menguji dengan mengunakan 100 baik dan 100 sampel ujian tidak baik kepada sistem 

yang sedia ada dalam keadaan yang bercahaya warna putih dan kuning untuk memastikan sistem 

boleh menghasilkan sehingga 95% daripada pengiktirafan, dan ini juga boleh mengenal pasti 

sama ada keputusan akhir akan atau tidak akan terjejas oleh warna cahaya. Berdasarkan 

penemuan hasil, reka bentuk sistem penglihatan sebenarnya boleh mempunyai sehingga 100% 

daripada pengiktirafan, dan harga lebih murah berbanding dengan mesin yang sedia ada di 

syarikat itu. Sebagai kesimpulan, diharapkan reka bentuk sistem penglihatan boleh 

diaplikasikan di Silterra Sdn. Bhd 
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CHAPTER 1 

 

 

 

INTRODUCTION 

 

 

This chapter will discuss the background of machine vision with Optical Character 

Recognition; problem statement, objective and scope of the project. 

 

 

1.1 Motivation 

 

Machine vision provided important advantage in term of cost and precision. It has been 

proven successful in controlled environment such as factory production line to ensure 

repeatability and reproducibility in good quality control, and can run continuously without rest. 

However, the existing sorting machine in Silterra manufacturing plant is used as a wafer 

tracking process to scan and sort the wafer base on the scribed number and this can help the 

workers to determine the wafer position. Unfortunately, the sorting machine is very expensive 

(around RM600 000).Therefore, this causes the limited number of sorting machine available in 

the production line.  

Furthermore, the large quantities of wafer produced in short period with good quality which 

can saving cost and time. Due to limited number of sorting machine available in the production 

line, this will take a long time when large quantities of wafer need to process, and if any system 

breakdown will causes loss to the company in both cost and time. Figure 1.1 shows the existing 

tracking process in Silterra Sdn. Bhd. 

 

V- AYS/„

UNIVERSITI TEKNIKAL MALAYSIA MELAKA



2 
 

Figure 1.1: The existing tracking process in Silterra Sdn. Bhd. 

 

For this reason, a low cost vision system design with Optical Character Recognition is 

created to increase the number of sorting machine in industry, especially dealing with high 

volume of wafer produced. Figure 1.2 shows after implement the low cost vision system design. 

 

Figure 1.2: After implement the proposed low cost vision system  
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1.2 Problem Statement 

 

As a semiconductor manufacturing company, Silterra Sdn. Bhd produces microchip and the 

wafer processing are one of the existing process in the production. The existing sorting machine 

are used to scan the scribed number on wafer and store data to an Excel file for wafer tracking 

process to determine the position of the wafer. But the machine is very expensive (around RM 

600,000) and causes limited number of machine available in the manufacturing plant, therefore 

the time taken of the scanning process will be long and if any breakdown will directly cost the 

company in both money and time.  

 

 

1.3 Objective 

 

The aim of this project are: 

1) To design a vision system to recognize the scribed number on the wafer. 

2) To store the detected scribed number to Excel file. 

 

 

1.4 Scope 

 

The scope of this project are the vision system design by using Matlab Simulink and low 

cost Logitech Webcam HD C615 (RM 200) to captured the image. Due to unable to get the real 

wafer sample, therefore to prepare the printed sample based on standard SME M12/M13. 

Required percentage of recognition up to 95%. To mimic the environment illuminated by white 

and yellow light. The prototype with the size of 18cm width x10.5cm height and the distance 

between the webcam and sample is 5cm.  
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CHAPTER 2 

 

 

LITERATURE SURVEY AND PROJECT BACKGROUND 

 

 

This chapter discuss the summary of previous work related to the project, the theory of 

OCR technique and proposed model of the vision system design. 

 

 

2.1 Journal Literature 

 

The comparison between all the previous works related to project such as Optical 

Character Recognition for Automatic License Plate Recognition, Optical Character Recognition 

on document reading, and Optical Character Recognition on surface product item. All this 

previous work are very helpful by giving a lot of ideas and knowledge which can implement 

and apply to the project.  

 

 

2.1.1 Automatic License Plate Recognition 

 

In 2003, Muhammad Sarfraz, Mohammed Jameel Ahmed, and Syed A. Ghazi et al.[1] 

presented the license plate recognition methods as shown in Table 2.1. Recognition rate proved 

to be 96.22% for the extraction of plate region, 94.04% for the segmentation of the characters 

and 95.24% for the recognition unit accurate, giving the overall system performance 95% 

recognition rate. This approach having some problem in extracting the plate, diplomatic cars 

and military vehicles, are not addressed since they are rarely seen. Detection only for white, 

black, red, and green color plate or numbers. 
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Table 2.1: The OCR techniques used by Muhammad Sarfraz, Mohammed Jameel Ahmed, and 

Syed A. Ghazi to recognize the license plate. 

 

In 2005, Serkan Ozbay, and Ergun Ercelebi et al.[2] recognized OCR techniques as 

shown in Table 2.2. Final output it is proved to be 97.6% for the extraction of plate region, 96% 

for the segmentation of the characters and 98.8% for the recognition unit accurate, giving the 

overall system performance 92.57% recognition rate. This system is designed for the 

identification of Turkish license plates only. 

 

Table 2.2: The OCR techniques used by Serkan Ozbay, and Ergun Ercelebi to recognize the 

license plate. 
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In 2010, Kumar Parasuraman and P.Vasantha Kumar et al. [3] proposed an algorithm 

consists of three major parts as shown in Table 2.3. The overall system performance 98% 

recognition rate. The proposed method is mainly designed for real-time Malaysian license plate, 

and can be readily extended to cope with license plates of other countries, especially those using 

Latin characters.  

 

 Table 2.3: The OCR techniques used by Kumar Parasuraman and P.Vasantha Kumar to 

recognize the license plate. 

 

 

2.1.2 Optical Character Recognition on document reading 

 

In 2010, G.Vamvakas, B.Gatos, N. Stamatopoulos, and S.J.Perantonis et al. [4] proposed 

a methodology for recognizing historical documents as shown in Table 2.4. The overall system 

performance 98.4% of recognition for the test line detection rate, 98% for the text line 

recognition accuracy and 97% for the word segmentation detection rate, 90.3% for word 

segmentation recognition accuracy, giving the overall system performance 95.8% recognition 

rate. This methodology can be applied to either machine printed or handwritten documents. It 

requires neither any knowledge of the fonts nor the existence of standard database because it 

can adjust depending on the type of documents that want to process. 
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Table 2.4: The OCR techniques used by G.Vamvakas, B.Gatos, N. Stamatopoulos, and 

S.J.Perantonis to recognize the historical documents. 

 

In 2010, Junaid Tariq, Umar Nauman, and Muhammad Umair Naru et al. [5] presented 

a simple, efficient, and less costly approach to construct OCR for cards reading or any document 

that has fix font size and style are shown in Table 2.5. Line extraction accuracy is 100%. 

Character extraction accuracy is 100%. The accuracy result of both the hard matching and soft 

matching (2 value range) also 100% but in soft matching (4 value matching) is 96.15%. It having 

some limitation like to use soft matching. For example: character explanation mark "!" might 

be matched with character capital "L" or small letter "I". 

 

 Table 2.5: The OCR techniques used by Junaid Tariq, Umar Nauman, and Muhammad Umair 

Naru to recognize for name cards reading. 
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In 2011, Teresa Vania Tjahja, Anto Satriyo Nugroho, Nur Aziza Azis, Rose 

Maulidiyatul Hikmah, and James Purnama et al. [6] proposed Indonesian Automated Document 

Reader (IADR) is an assistive system for Indonesian citizens with visual impairment, which 

converts textual information on papers to corresponding speech that are used as shown in Table 

2.6. The average accuracy for text segmentation result without recursion is 98%, for text 

segmentation result with recursion is 100%, and for text segmentation result with color images 

is 96%. Besides that, the recognition rate for character recognition result for letters and numbers 

is 98.31%, for character recognition result for symbols and punctuation marks is 95%, and 

giving 95% in word correction result. The proposed algorithm for grayscale images also serves 

as the basis of text segmentation algorithm for color images. 

 

Table 2.6: The OCR techniques used by Teresa Vania Tjahja, Anto Satriyo Nugroho, Nur 

Aziza Azis, Rose Maulidiyatul Hikmah, and James Purnama to recognize for (IADR)  

 

 

2.1.3 Optical Character Recognition on surface product item 

 

In 2003, Ernest Valveny, and Antonio L´opez et al. [7] proposed an application of OCR 

techniques for quality control in industrial production which is to verify the correct printing of 

numerical information in sachets with surgical material. OCR technique used as shown in Table 

2.7. The percentage of rejected sachets due to printing errors has been 0.22%. There are only 

three different numerals, which is the minimal difference between two reference numbers. 

Image 

Acquis

ition 

Pre- 

processing 

Segmentation Feature 

Extraction 

 

Recognition Post-

processing 

 

 Noise 

removal, 

Binarization 

(Otsu’s 

thresholding) 

Text and 

character 

Segmentation 

Normalization, 

histogram 

analysis 

Multilayer 

Perceptron 

(MLP) neural 

network 

lexicon-

based, 

Longest 

Common 

Subsequence 

(LCS) 
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Moreover different numerals are 3 and 8, 0 and 3, and 9 and 6, some of which could be easily 

confused.  

 

 Table 2.7: The OCR techniques used by Ernest Valveny, and Antonio L´opez to recognize for 

numerical information in sachets with surgical material 

 

In 2010, Huihuang. Zhao, and Zhaohua. Wu et al. [8] presented an approach to 

recognizing characters in surface mount technology (SMT) product. The process of SMT 

product character recognition based on BP neural network can be described as shown in Table 

2.8. Experimental results indicate the proposed character recognition can obtain satisfactory 

character-recognition rate and the recognition rate reached over by 98.6%. 

 

 Table 2.8: The OCR techniques used by Huihuang. Zhao, and Zhaohua. Wu to recognize 

characters in surface mount technology (SMT) product 

 

Image 

Acquisition 

Pre- 

processing 

Segmentation Feature 

Extraction 

 

Recognition Post-

processing 

 

Webcam Skew 

correction, 

Binarization 

(Optimal 

threshold), 

Thinning 

Connected 

components 

Zoning Template 

matching 

 

Image 
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processing 

Segmentation Feature 

Extraction 

Recognition Post-

processing 

Image 

sampling 

equipment 

Binarization Low pass 

filter, Median 

filter 

Character 

segmentation, 

Character 

normalization, 

Character 

compact  

 BP neural 

network 
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In 2009, Rakhi P. Ghugardare, Sandip P. Narote, P. Mukherji, and Prathamesh M. 

Kulkarni et al. [9] a generalized module for automatic calibration of any measuring instruments 

(e.g. Temperature Monitoring System) using optical character recognition approach that are 

shown in Table 2.9. Final output is proved to be 92% for the recognition accuracy in digital 

multi-meter, and 100% for temperature measuring instrument. The current restrictions are: The 

distance between the camera and display, the skew in the image and these should be dealt with 

if required depending on the factory environment.  

 

Table 2.9: The OCR techniques used by Rakhi P. Ghugardare, Sandip P. Narote, P. Mukherji, 

and Prathamesh M. Kulkarni to recognize Temperature Monitoring System 

 

 

2.2 Summary Previous Works Related to Project 

 

To analysis the OCR technique used by all the researcher as the reference which can 

apply and use the techniques to project. Table 2.10 show the summary of all the previous work 

related to the project and the proposed model that implement to the project after studied. The 

proposed method is obtain by referring to the OCR techniques that majority researcher are used 

and related to the requirement from the Silterra. Sdn. Bhd.  

 

 

 

 

Image 
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processing 

Segmentation Feature 

Extraction 

 

Recognition Post-

processing 

 

 Binarization Image 

scissoring 

algorithm, 

Character 

normalization 

Statistical 

extraction 

Template 

matching 
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Based on the previous work related, the proposed model that implement to vision 

system design to recognize the scribed number on the wafer as shown in Table 2.11: 

 

Table 2.11: The idea of apply OCR technique that get from the previous work related. 

OCR technique that decide to implement to the vision system design 

OCR technique  Description 

Image Aquisition Webcam 

 

 Due to the hardware setup, the device should be hang 

on top of the testing sample to scan the image, 

therefore require less weight and small device. By 

choosing webcam because have less weight and 

smaller size compare to cheap price camera. 

 

 

 

Preprocessing Gray processing 

 

 Based on the requirement from the company, the 

incoming wafer are color image. Therefore, according 

to the previous work, the researcher using gray 

processing to convert the color image to gray image for 

easier visualization of detail. 

 

Median filter 

 

 The vision system design by choosing the median filter 

rather than low pass filter because median filter is the 

method effective method that can suppress isolated 

noise without blurring sharp edges whereas for loss 

pass filter can reduce noise but it will the blurs image  

 

Binarization 

 

 There are most of the previous researcher used 

binarization to convert the gray image to black and 

white image  

 

The skew correction and thinning are not suitable use in this 

vision system design, because the incoming wafer sample all 

are in well print condition, therefore unable to use the 

correction method. 
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Segmentation Character segmentation and normalization 

 

 The character are then segmented to separate each 

character and normalize to same size, this is easier for 

further recognition.  

 Text and line segmentation usually use to segment the 

character on document which consist a sentences and 

paragraph. 

 

Feature Extraction Zoning method 

 

 Is the simple and easier method compare to others  

 

Recognition Template Matching 

 

 Based on the scope of the project, the vision system 

design by using Matlab Simulink, therefore the 

Multilayer Perceptron neural network is not suitable 

for this system. 

 

 Template matching is the one of the simple and easier 

to understand method compare to radial basic 

function kernel. 
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2.3 Journal Theory Literature 

 

The theory discussed is based on the OCR technique normally used from each previous 

works related. Optical Character Recognition means a technique of recognition of machine 

printed or hand written text by computer and then its conversion to an editable form as per the 

requirement. The various phases of OCR technique are shown in Figure 2.1. [10] 

                    
Figure 2.1: Phases of OCR technique 

 

 

2.3.1 Image Acquisition 

 

The recognition system obtains a scanned image as an input image and have a particular 

format such as JPEG which can be obtain by a scanner, webcam or any other suitable digital 

input device [11]. OCR can be divided into two, which is online recognition and offline 

recognition. The online recognition is linked with dynamic application where need to recognized 

result simultaneously or within a fraction of time whereas the offline recognition is linked with 

static application which means entire document first scanned and then processed to recognize. 

[12].  

Image 
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2.3.2 Preprocessing 

 

After document scanned, a sequence of data preprocessing operations are normally 

applied to the images of the documents in order to put them in a suitable format ready for next 

operation. Preprocessing are usually specialized image processing operations that transform the 

image into another with reduced noise and variation to enhance the visual appearance of images. 

The conventional preprocessing step as shown in Figure 2.2. [13]  

             
Figure 2.2: Conventional preprocessing steps 

 

Grey Processing 

 

Convert the color image into a grey image. The gray-scale image contains all the details of 

information, it is easy for understanding and has not ambiguities typical of black-and-white 

images. In a gray scale image a particular pixel takes an intensity value lying between 0 to 255 

where as a binary image it could take only two values either 0 or 1. Figure 2.3 and Figure 2.4 

show the color image and grey image respectively. [14] 

                                 
Figure 2.3: Color image [8]                          Figure 2.4: Grey image[8] 
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Low Pass Filter 

 

Low–pass filter are used for image smoothing and noise reduction. The effect is an averaging 

of current pixel with the value of its neighbors, most of the time blurring the output image and 

just allow to pass the low frequency of the image. However, low pass filter can reduce noise but 

it will the blurs image. The worse the noise, the image need to blur to remove the noise. In 

Figure 2.5 and Figure 2.6 show the ship image before and after the low pass filter is applied 

respectively.[15] 

                                                  
Figure 2.5: Original ship image [16]                     Figure 2.6: After low pass filtering image [16] 

 

 

Median Filter 

 

Median filtering is a very important and widely used technique of filtering and best 

known for its excellent noise reduction ability. During filtering it keeps the edges while 

removing the noise. This makes the image not to blur as other smoothening methods. Figure 2.7 

shows the original image and for Figure 2.8 the image is first exposed to a noise then applied to 

the median filtering technique to remove the noise. The resulting image noise free is in Figure 

2.9 has a better view and, as can be seen.[17] 
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Figure 2.7:Intensity Image[18]                Figure2.8: Noise applied[18]        

 

Figure 2.9:Median Filter applied[18] 

 

 

Binarization 

 

Binarization is the processes of translating a gray-scale image to a binary image by 

choosing threshold selection method to categorize the pixels of an image, if above the threshold 

value is classified as white and if below than the threshold value is classified as black. 

Binarization is classified in otsu’ threshold and optimal threshold as shown in Figure 2.10. [19] 

 
                                                 Figure 2.10: Method for binarization 
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Otsu’s Threshold 

 

Convert intensity images to binary images. Otsu method is one of the best automatic 

thresholding methods. The basic principle in Otsu method is to split the image into two classes 

which are the objects and the background. For Figure 2.11 and Figure 2.12 is show the image 

before and after the otsu’ threshold is applied respectively. [19] 

                                            
 Figure 2.11: Before Otsu’ method [19]                  Figure 2.12: After Otsu’ method [19] 

 

 

Optimal Threshold 

 

Optimal threshold should near the cross where the object and the background intersect, 

the probability of occurrence at the threshold value should divide into two parts. Its half belongs 

to object and half belongs to background. For Figure 2.13 and Figure 2.14 shows the image 

before and after the optimal threshold is applied respectively. [19] 

                                               
Figure 2.13: Before Optimal threshold [19]                 Figure 2.14: After Optimal threshold[19] 
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Skew Detection and Correction 

 

Document skew often occurs during document scanning or copying. However, and it should be eliminated because it dramatically reduces the accuracy of the subsequent processes. Skew detection necessary for aligning a document image before further processing. In Figure 2.15(a) and (b) shown the before and after the skew correction is applied respectively. [20] 

         
                        

 
Figure 2.15(a): Before skew correction [20]               Figure 2.15(b): After skew correction [20]   

 

Thinning 

  

Thinning is the process of peeling off a pattern as many pixels as possible without affecting the general shape of the pattern. In other words, after pixels have been peeled off, the pattern can still be recognized as shown in Figure 2.16 (a) and (b).[20]  

                   Figure 2.16 (a): Before thinning [20]   Figure 2.16(b):After thinning[20]  
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2.3.3 Segmentation 

 

After the preprocessing stage, many OCR systems isolate the individual characters or 

strokes before recognizing them. It is one of the hardest, crucial, and time-consuming phases. It 

represents the main challenge in many character recognition systems, even more than the 

recognition process itself. It is considered as the main source of recognition errors. A poor 

segmentation process produces misrecognition or rejection. The strategies for segmentation 

shown as Figure 2.17.[21] 

                    
Figure 2.17: Strategies for character segmentation 

 

 

Text Line Segmentation  

 

To separate each sentences by text line segmentation. If the script is composed by a type- 

machine therefore the font size will be uniform and the text line are almost same height provided 

that script is written in specific font size.[21] Between two text lines there is a narrow horizontal 

band with either no pixel or very few pixels as shown in Figure 2.18. 

 
Figure 2.18: Line Segmentation [22] 
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Word Segmentation 

  

From the extracted text line words get separated. Word segmentation aims to 

determination individual word in a script document. This is done based on the boundary of each 

word. [21] The boundary of each word is identified and word separation is done according to it 

as shown in Figure 2.19.  

 
Figure 2.19: Word Segmentation [23] 

 

 

Character Segmentation 

 

Character segmentation is used to isolate and separate the character. During the process, 

check for full white pixel column at starting and ending point of the isolated character. Initial 

character is identified when any red pixel is scanned in the column. Scan continuous until 

another white pixel column is identified. [21]Every separate image of isolated character is now 

completely void on four sides as shown in Figure 2.20. 

Figure 2.20: Character Segmentation [24] 
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2.3.4 Feature Extraction 

 

Feature extraction is one of the most difficult and important problems of recognition and 

an important step in achieving good performance of character recognition system. Figure 2.21 

shows that the three feature extraction method. [24] 

                             
Figure 2.21: Three feature extraction method 

 

 

Edge Detection 

  

Edge detection is to produce a line drawing of a scene from an image of that scene and 

also is important features can be extracted from the edges of an image. [24] A set of connected 

curves that indicate the boundaries of objects and try to find out the edges in an image as shown 

in Figure 2.22 (a) and (b) shows the before and after the edge detection. 

                       
Figure 2.22(a): Before edge detection[25]                     Figure 2.22(b): After edge detection[25] 
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Zoning 

 

Character matrix is divided into small portions or zones. The densities of pixels in each 

zone are calculated and used as features. Figure 2.23 shows that the difference size of image 

after zoning. 

Figure 2.23: The difference size of image after zoning [26] 

 

 

Character Normalization 

 

The results of segmentation process provides isolated characters which are ready to pass through 

feature extraction stage, thus the isolated characters are reduced to a specific size depending on 

the methods used. The goal for character normalization is to reduce the within-class variation 

of the shapes of the characters/digits in order to facilitate feature extraction process and also 

improve their classification accuracy. After normalization in each difference size of character 

will become same size. Figure 2.24 (a) and (b) shows that the before and after the character 

normalization. [27]  

 

 

 

 

 

Figure 2.24(a): Before character normalization      Figure 2.24(b): After character normalization    
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2.3.5 Classification 

 

Classification is usually done by comparing the feature vectors corresponding to the 

input character.  

 

 

Template Matching 

 

Template matching and correlation methods basically compare a pattern pixel by-pixel 

to a set of pattern templates; the pattern is considered to belong to the class of the template to 

which it is most similar. [28] 

A gray-level or binary input character is directly compared to a standard set of stored prototypes. 

The matching techniques can be as simple as one-to-one comparison or as complex as decision 

tree analysis in which only selected pixels are tested. Although direct matching method is 

intuitive and very fast to execute, the recognition rate of this method is very sensitive to noise. 

[28] 

 

 

2.3.6 Post- processing 

 

Post-processing stage is the final stage of the proposed recognition system. It prints the 

corresponding recognized characters in the structured text form by calculating equivalent ASCII 

value using recognition index of the test samples. [29] 
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2.4 Proposed Model After Studied the Previous Work Related to Project and Theory  

 

Furthermore, after studied all the previous work related to project and the theory of OCR 

techniques that often used by the researcher, then comes out the proposed OCR model for design 

vision system to detect the scribed number on the wafer as shown in Figure 2.25. 

Figure 2.25: The proposed OCR model to designing the vision system. 

 

 

2.4.1 Image Acquisition 

 

By using the webcam to scan the sample image as shown in Figure 2.26. 

 

 
Figure 2.26: The sample ‘ABC123’ with noise 
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2.4.2 Preprocessing 

 

The first step to read the script number on wafer in image processing is to convert the 

color image into a grey image. After convert to grey image the median filter is apply as noise 

remover to make the image become clearer. Binarization process converts a gray scale image 

into a binary image. Figure 2.27 shows the process of preprocessing. 

 

           
Figure 2.27: The process in preprocessing. 

 

 

2.4.3 Segmentation and Character Extraction 

 

In the segmentation stage, an image of sequence characters is decomposed into sub-

images of individual character. In the proposed system, the pre-processed input image is 

segmented into isolated characters by assigning a number to each character using a labelling 

process. Each individual character is uniformly resized(Character Normalization) as shown in 

Figure 2.28. 

 

 

                                                    
Figure 2.28: The segmented character in 30x20 size image 
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2.4.4 Recognition 

 

Due to the script number on the wafer is well printed and the font type and font size is 

fix, then the matching percentage and the recognition rate must be very high and the template 

matching method for recognition is suitable for the application. In the character recognition 

model in Figure 2.29 shows that at training section the template is created in system database 

for matching purpose. When the input image is scanned and go through the several process and 

need to recognize the character then the template matching involved to identify and recognized 

the character. 

 

Figure 2.29: Generic of Character Recognition Model [29] 

 

In recognition stage, the recognition process as shown in Figure 2.30. From the matching 

process, can obviously notice that if less white pixel left means the sample and template are 

same character or match with the template whereas if sample matching with difference template 

the more of the white pixel left means the sample is not match with the template or different to 

the template. 
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   a) Sample                         b) Template                                         c)White pixel left  

                                                                                                                after match      

                                                                         

d)White pixel left after sample “A” match                  e)White pixel left after sample “A”     

match with template “B”                                                     with template “C” 

 

Figure 2.30: (a), (b), (c), (d), (e) shows that the white pixel left after match between Sample 

and the Template [26] 

 

According to the Ivy Tan [26], the diagonal of the Table 2.11 is taken out and find the 

maximum white pixel left after match. The sample ‘A’ has the less white pixel left (70) after 

matching with template ‘A’ compared to match with others template such as 398, 398, 323, 345, 

and 284. 

 

Table 2.12: White pixel left after match with sample and template in size 30x20. [26] 

 

 

Matching 
After 

matching 
.A

sample
Template A B C 1 2 3

A 70 393 393 323 345 234
B 432 74 363 334 333 370
c 416 256 30 199 234 334
1 237 373 303 75 373 299
2 300 376 265 267 76 377
3 293 254 245 239 173 75
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Hence, calculation for the percentage of recognition:  

Matching Percentage =                                                                                        ------Equ(1) 

Percentage of Matching = 
(30x20) – (80)

(30𝑥20)
x100% 

         = 
(600) – (80)

(600)
x100% 

         = 86.67% 

This is the minimum percentage of character matching in 30x20 image size. Therefore 

the system can only recognize the character when less than 80 white pixel value left after match.  

The process to recognize the character with the range of pixel difference as shown Figure 

2.31. All the alphabets and numbers have the range of pixel difference respectively. For this 

example, the white pixel left after matching for character ‘A’ is 70, and the pixel difference is 

set a range less than 75. Therefore, only the white pixel left after matching less than 75 then the 

character ‘A’ will display ‘A’ if not the system not to read. The large white pixel left because 

of the sample and template not match whereas the smaller the white pixel left because of sample 

and template is match.   

                                                                     

   Sample          Template                white pixel left is 70                                        Display                

Figure 2.31: The process to recognize the character with the range of pixel difference. [26] 

 

2.4.5 Post processing   

 

Store the detected character to Excel file by using the related coding. Due to Matlab workspace 

unable to display character, therefore need to insert alphabet to represent the character. For 

example, 11 represent character A, 12 represent character B and etc. After that, by using Lookup 

Function in Excel to convert and display the actual character in the Excel file.  
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CHAPTER 3 

 

 

RESEARCH METHODOLOGY 

 

 

The methodology of this project is described and represented in a flow chart as shown 

in Figure 3.1. The methodology declare and explain on how the validity and reliability test to 

produce high percentage of recognition. In mechanical part of the hardware implementation, the 

prototype to mimic the environment at Silterra is done and the testing sample are created due to 

the real wafer sample are not provided.  
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                 Figure 3.1: The flow chart of project 

 

 

3.1 Test Validity and Reliability 

 

The two most important and fundamental characteristics of any measurement procedure 

are reliability and validity. Whenever a test is used as part of the data collection process, the 

validity and reliability of that test is important.  After all, everyone relying on the results to show 

support or a lack of support for our theory and if the data collection methods are erroneous, the 

data analyze also will be erroneous. The overview flow to carry out validity and reliability test 

as shown in Figure 3.2. 

 

                  
Figure 3.2: Overview flow to carry out validity and reliability test 
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3.2 Validity  

 

Validity is an indicator of how much meaning and trust can be placed upon a set of test 

results. However, the accuracy of tests is paramount, but the validity is crucial to gather enough 

evidence to defend the work. Therefore to validate the result, the hardware setup and sample 

preparation to mimic the environment and the wafer should be considered as well.  

 

 

3.2.1 Hardware Setup 

 

To mimic the environment at Silttera production line, the hardware is setup as Figure 

3.3. The workspace, the distance between webcam and workspace, and the position to place the 

light are fix. The available workspace is 9cm length and the distance between camera with the 

workspace is 5cm therefore the webcam able to capture 6 character in one shot. 

 

Figure 3.3: The hardware setup to mimic the environment in the Silterra Sdn. Bhd. 

manufacturing plant. 
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Besides that, the color of light for the production line in the Silterra Company also should 

be considered, to validate the result should not simply assume and used the color of light as 

what researcher prefer, therefore the preparation for different color of light is necessary to test, 

identify whether different color of light either will or will not have different effect to the result.  

 

Furthermore, due to unable to get the exact color of light from the company, therefore 

the color that decided to test is white and yellow color which is more likely to the environment 

in the Silterra production line as shown in Figure 3.4 and Figure 3.5.  

 

                         
Figure 3.4: White color of light                                Figure 3.5: Yellow color of light  

 

 

3.2.2 Sample Preparation 

 

The scribed number on wafer is fixed font type, size and in well printed based on 

standard M12/M13, due to unable to get the real wafer, therefore the testing sample need to 

prepare which is same as the character on the wafer. There are 3 testing sample that  are used in 

the experiment which is the sample for creating the template, two good testing sample, and 2 

not good testing sample as shown in Figure 3.6, 3.7,  and 3.8 respectively. 
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Figure 3.6: The sample for creating the template 

A   B   C   D   E   F   G   H   I   J   K   L   M   N   O   

P   Q   R   S   T   U   V   W   X   Y   Z   1   2   3   4  

5   6   7   8   9   0 

 

Figure 3.7: The two set of good testing sample(G sample) 

A   B   C   D   E   F   G   H   I   J   K   L   M   N   O   

P   Q   R   S   T   U   V   W   X   Y   Z   1   2   3   4   

5   6   7   8   9   0 

A   B   C   D   E   F   G   H   I   J   K   L   M   N   O   

P   Q   R   S   T   U   V   W   X   Y   Z   1   2   3   4   

5   6   7   8   9   0 

 

Figure 3.8: The two set of not good testing sample(NG sample) 
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The step for preparation the sample as below: 

1) Open Paint. 

2) Write 100 good(G) group combination of character based on the Standard SME 12/13. 

For example: 

 

 

 

 

3) Write 100 not good(NG) group combination of character based on the Standard SME 

12/13. For example: 

 

 

 

 

4) Crop equal size for all the sample have been write. 

5) Print each sample on 80mg paper and cut equally.  

6) For the example in Figure 3.9 and 3.10: 

Figure 3.9: A group of not good(NG) sample printed on 80mg paper with the size of 12cm 

width x 4cm height. 

 

Figure 3.10: A group of good(G) sample printed on 80mg paper with the size of 12cm width x 

4cm height. 
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3.3 Technique 

 

To achieve the objective, the vision system design based on the theory studied in 

literature review and the previous work related to project as shown in Figure 3.11. The vision 

system will be built in Matlab Simulink by using Computer Vision Toolbox. 

  
Figure 3.11: The proposed OCR technique to vision system. 

 

For the vision system design, the methodology can be separated into two phase as shown 

in Figure 3.12. First phase is the training phase and for second is the matching phase. The 

training phase is regarding to saving the template in the system for the purpose of recognition 

process which is template matching process. For the matching phase, by using the template from 

the training phase to implement the template matching process with the incoming sample. 
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Figure 3.12: The methodology for vision system design. 
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3.3.1 Training Phase 

 

Figure 3.13 shows that the overall vision system design for template saving in Matlab 

Simulink by using the Computer Vision Toolbox. 

 

Figure 3.13: Simulink block diagram for template saving in training phase. 
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Besides that, Table 3.1 shows that the overall process for template saving in training 

phase. The first column is process of OCR technique, second column is the Simulink block 

diagram to implement the process and the last is the result. 

 

Table 3.1: The description for each process in training phase. 

Process Vision system design using Matlab Simulink Result 

Prepared 

character 

from A to Z 

and alphabet 

from 0 to 9 

  

       

      

     

For example: 

Image 

Acquisition 

In this stage, camera capture the image with the 

existing of white and yellow color of light, after that 

camera directly change the image into grey image 

(grey processing). 

For example: 

 

Preprocessing In this stage, the image is filtered by using median 

filter such as 3x3,5x5,7x7, and 9x9 and convert to 

binary(0 and 1) image which is black and white image. 

 

For example 

3x3 median filter: 
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Segmentation Each character has their own selector block and index 

number. Selector block used to segment the character 

and the index number is represent of each character’s 

position whereas the output size for each character are 

the same.   

 

For example: 

The index number for First Character: 

 

 

The index number for Second Character: 

 

 

The index number for Third Character: 

 

 

The index number for Forth Character: 
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Forth Character: 

Fifth Character: 

Index Option Index Output Size
1
2

Startina index (dialoa)
Startina index (dialoa)

73
212

32
19

Index Option Index
1 1 Starting index (dialog) 73
2 [Startina index (dialoa) 245

Output Size
33
21

Index Option
1 f Startina index (dialoa)
2 IStartina index (dialoa)

Index Output Size
73) 33]

278 21

Index Option Index Output Size
1 Startina index (dialoa)
2 Startina index (dialoa)

73
311

33
21

I

1



41 
 

 

The index number for Fifth Character: 

 

 

The index number for Six Character: 

 

 

Six Character: 

Feature 

Extraction 

In this stage, the normalization take place, all set of the 

character are resize to 10x7, 15x10, 30x20, and 40x25. 

The Autothreshold block is used to thresholding the 

resize image. 

 

 

 For example 

30x20 image: 

First Character: 

 

Second Character: 

Third Character: 
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Fifth Character: 

Six Character: 

Template 

saving 

For template saving, all the character and alphabet(A to Z and 0 to 9) are 

resize to 10x7, 15x10, 30x20, and 40x25 with different median filter such as 

3x3,5x5,7x7, and 9x9 respectively at different color of light and save as 

template in the system. As the conclusion, the Table 3.2 shows that the group 

of template need to save in the system for the purpose of template matching 

for matching phase with the incoming sample: 
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Table 3.2: The list of template need to save in the system. (Kindly refer to 

Appendix B). 

Template saving 

 with White Light with Yellow Light 

Image size Median Filter Image Size Median Filter 

10x7  

 

3x3 

 

10x7  

 

3x3 

 

15x10 15x10 

30x20 30x20 

40x25 40x25 

10x7  

 

5x5 

10x7  

 

5x5 

 

15x10 15x10 

30x20 30x20 

40x25 40x25 

10x7  

 

7x7 

10x7  

 

7x7 

 

15x10 15x10 

30x20 30x20 

40x25 40x25 

10x7  

 

9x9 

10x7  

 

9x9 

 

15x10 15x10 

30x20 30x20 

40x25 40x25 
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3.3.2 Matching Phase 

 

Figure 3.11 shows that the overall vision system design for template matching process 

or recognition in Matlab Simulink by using the Computer Vision Toolbox. 

 

Figure 3.14: Simulink block diagram for recognition process in matching phase. 
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Besides that, Table 3.3 shows that the overall process for recognition process in 

matching phase. The first column is process of OCR technique, second column is the Simulink 

block diagram to implement the process and the last is the result. 

 

Table 3.3: The description for each process in matching phase. 

Process Vision system design using Matlab Simulink Result 

Sample 

preparation as 

in Appendix 

B 

  

 For example: 

 

Image 

Acquisition 

In this stage, camera capture the incoming sample with 

the existing of white light and yellow light, camera 

directly change the image to grey image (grey 

processing). 

For example: 

 

Preprocessing In this stage, the image filtered by using median filter 

such as 3x3,5x5,7x7, and 9x9 and convert to binary(0 

and 1) image which is black and white image. 

 

 

For example 

3x3 median filter: 

 

Segmentation Each character has their own selector block and index 

number. The index number is represent of each 

character’s position whereas the output size for each 

character are the same.   
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For example: 

The index number for First Character: 

 

 

 

The index number for Second Character: 

 

 

The index number for Third Character: 

 

 

The index number for Forth Character: 

 

 

The index number for Fifth Character: 

 

 

 

 

 

First Character: 

Second Character: 

Third Character: 

Forth Character: 

Fifth Character: 
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The index number for Six Character: 

 

Six Character: 

 

Feature 

Extraction 

In this stage, the normalization take place, the sample 

can resize to 10x7, 15x10, 30x20, and 40x25. The 

Autothreshold block is used to thresholding the resize 

image. 

 

 

 For example 

30x20 image: 
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Six Character: 

  Recognition In recognition part, the incoming sample undergoing several process which 

is from image acquisition to feature extraction and then the sample matching 

with the template have been save. In matching process, able to set the 

matching percentage such as 80%, 85%, and 90%. For example, if the 

matching percentage set to 85% which means at the IF block (Figure 3.12) 

in Matlab Simulink need set to 90 of white pixel left because: 

  

For example: 

Matching Percentage =                                                                                       Equ(1) 

 

Percentage of Matching = 
(30x20) – (90)

(30𝑥20)
x100% 

         = 
(600) – (90)

(600)
x100% 

         = 85% 

However, when the sample matching with the template and the number of 

white pixel left is less than 90 then the output will be send to further 

recognition, whereas if the number of white pixel left is more than 90 then 

the output unable to recognize. For example in Table 3.4 below: 

 

 

𝑆𝑖𝑧𝑒 𝑜𝑓 𝑖𝑚𝑎𝑔𝑒 − 𝑊ℎ𝑖𝑡𝑒 𝑝𝑖𝑥𝑒𝑙 𝑙𝑒𝑓𝑡 𝑎𝑓𝑡𝑒𝑟 𝑚𝑎𝑡𝑐ℎ

𝑆𝑖𝑧𝑒 𝑜𝑓 𝑖𝑚𝑎𝑔𝑒
 

Si
E

J
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Table 3.4: The difference result between more and less than 90 white pixel 

left. 

After matching less than 90 of 

white pixel left 

After matching more than 90 of 

white pixel left 

Sample(B) Template(B)    Output 

           

Therefore, the less of the white 

pixel left, then consider is correct 

match. The output then send to If 

Action block for recognition 

process. Due to the Matlab 

Simulink unable to support char 

data type in workspace therefore 

require use the alphabet to represent 

the character. Refer to Figure 3.15, 

the white pixel left in this case is 61 

and is less than 90 then the output  

send to the If Action block and the 

character will be display at 

workspace which is 12, 12 is 

represent B. The list of declaration 

of character will be explain in next 

process as shown in Table 3.8. 

 

Figure 3.15: Simulink block for 

recognition of sample B when the 

Sample(B) Template(C)     Output 

       

Therefore, the more of the white 

pixel left, then consider wrong 

matching. However, since there is 

wrong matching and the output 

unable send to If Action Block for 

further recognition. The output at 

workspace will present zero(0) and 

unable to represent any of character 

and alphabet. Refer to Figure 3.16, 

the white pixel left in this case is 

267 and is more than 90 then the 

output unable send to the If Action 

block and the output will not be 

correctly display at workspace. 

 

 

Figure 3.16: Simulink block for 

recognition of sample C when the 

sample is matching with template 

B. 
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&
' 7Afn
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sample is matching with template 

B. 

For example, the following is the 

output of ABC123 after 

recognition. 

 

k1  =First Character 

l2   =Second Character  

m3 =Third Character 

n4  = Fourth Character 

o5  = Fifth Character 

p6  = Sixth Character 

  

 

 

   

Store data to 

Excel file 

As mention before, the Matlab Simulink in workspace unable to support char 

data type, therefore require used the alphabet to represent the specific 

character. The Table 3.5 shows that the declaration of character that can be 

obtained out from workspace. 

 

Table 3.5: The list for declaration of character. 

Data from Simulink 1 2 3 4 5 6 7 8 9 10 

Character 1 2 3 4 5 6 7 8 9 0 

 

Workspace

a wt a y % E > Select data to plot r

Name Value

B g <30x20x2 uint8>
B h <30x20x2 uint8>
B i <30x20x2 uint8>
B j <30x20x2 uint8>
Bkl 11
B 12 12
B m3 13
B "4 1
B o5 2 m
B p6
Btout

3
[0;0.5000] J

Byyyy <32x19x10 uint8>

» H
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Data from Simulink 11 12 13 14 15 16 17 18 19 20 

Character A B C D E F G H I J 

 

Data from Simulink 21 22 23 24 25 26 27 28 29 30 

Character K L M N O P Q R S T 

 

Data from Simulink 31 32 33 34 35 36 37 38 39 40 

Character U V W X Y Z - - - - 

 

However, each alphabet represent their own character. For example: 

k1  =First Character      = 11 = represent as A 

l2   =Second Character = 12 = represent as B 

m3 =Third Character    = 13 = represent as C 

n4  = Forth Character   = 14 = represent as D 

o5  = Fifth Character    = 15 = represent as E 

p6  = Six Character      = 16 = represent as F 

 

 

Workspace
fflj E3? Select data to plot

Name Value

a < 20x20x2 uintB >
< 20x20x2 uintB >
< 20x20x2 uintS>
< 20x20x2 uint8>
11
12
12
14
15
16
[0;0.5000 ]
< 22x19x10 uint3>

9
Sh
5
3j
3M
3 12
3 m2
± n4
~no5
± p6
tl tout

dilyyyy
rn
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Besides that, the objective is to store the character in the Excel file, therefore 

the following coding are used: 

 

 

 

 

 

After that, open Excel file as name(Silterra) it in the coding: 

 

By using Lookup in Excel,  

 

 

 

 

 

 

offset =5 
for i=1:1 

  
   xlswrite('Silterra.xls', [k1 l2 m3 n4 o5 p6], 1, 

sprintf('A%d',offset)); 
   offset = offset + 1; 

     
end 

 

 

=LOOKUP(A1,{1,2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18,19,20,21,2

2,23,24,25,26,27,28,29,30,31,32,33,34,35,36},{"1","2","3","4","5","6",

"7","8","9","10","A","B","C","D","E","F","G","H","I","J","K","L","M","N"

,"O","P","Q","R","S","T","U","V","W","X","Y","Z"}) 

0

Computer Local Disk (C:) Program Files MATLAB R2012a bin • I *t Search bin fi

Organize Include in library Share with Slideshow Burn
I -

Favorites
Desktop
Downloads

1- Recent Places

Libraries

New folder m a

Oriimage.mdl PRACTICE.mdl

J) Documents
Music

gPictures
Videos

J ®
result sample

i |f Computer

& Local Disk (C)

rfi. Data (D:)

Network
testing,mdl testingl .mdl

preprocessing,m
dl

segment.m

testingsample.m
dl

ProductRoots

Q3Q]

propose

ABC123
real test

==1
VB

Silterra

K

templatesaving.
mdl

TEMPLATESAVIN
GFYP2.mdl

H K

text tmr.m i transfer.m

RSITI TEK
transferexcel.m

ABAC1800

validitytest

M i HI
GH

whitetemplate worker
m

yellowtemplate

I ) 89 items
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After the recognition process,  

1. The output reading will be display at Matlab workspace. 

2. Insert coding to store the reading to Excel file. 

3. Using LOOKUP to display the actual character. 

From the Figure below, the left side of the Excel file is the output reading 

from Matlab workspace whereas on the right side of Excel file is the final 

reading after using LOOKUP to display the actual character. If there is 

correct matching then the system can recognize correctly and able to 

display the correct character. For example, if there is a good sample which 

is ABC123 then in Excel file will display ABC123. Whereas if there is a 

not good sample  then in Excel file will display nothing(NA).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The output 

reading from 

Matlab 

workspace  

The final reading 

after using LOOKUP 

to display the actual 

character. 

Correct 

Matching 

Wrong 

Matching 

4-

PAGE LAYOUT

EH B c*
RIF HOME INSERT

rfb Cutn • 11Calibri

FORMULAS DATA

Silterra [Compatibility Mode] - Excel (Product Activation Failed)

REVIEW VIEW

Paste
IFg) Copy '

Format Painter

' A* A = j= ' If Wrap Text General m 1
B / U ' Hi J=: = = gd Merge & Center $ % > *°8 Conditional Format as C

Formatting '' Table' Sty
Clipboard n Font ri Alignment ri Number Styles

Q15 X %

r> V

2
3

A B C D E F G H K M N
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— 3

12
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14

0
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i
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3.4 Reliability of data 

 

Reliability is concerned with questions of stability and consistency, does the same vision 

system yield stable and consistent results when repeated over time. However, there are three 

experiment are carry out to identify the best parameter respectively, and used these parameter 

apply to the vision system to perform a confirmation test, which is to ensure the system can 

produced up to 95% of recognition. 

 

 

3.4.1 Experiment 1 

 

The objective for experiment 1 is to determine and identify the best image size which can 

produced the highest recognition rate. 

1) Initially set median filter to 3x3 and matching between the sample for creating the 

template in Table 3.6 and template in the database in image size of 30x20 to identify the 

matching percentage. In Table 3.4 shows the white pixel left after match for character 

from 'A' to 'Z' and '0' to '9' . 

 

Table 3.6: The white pixel value left after match for character from 'A' to 'Z' and '0' to '9'  

 

After identify all the white pixel left after match, therefore the range for pixel difference 

can be set for each alphabets and numbers. However, to calculating matching percentage, the 

Character matching 

in the condition when 

the median filter is 

3x3 and image size is 

30x20. 
 

V- AISU

3%*
Sample

Template
[

0

1
N
S
<

£

From 'A' to 'Z' and '0' to '9'

Identify the maximum white pixel
left after match
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diagonal of each table is taken out then find the largest white pixel left and to calculate the 

percentage of the matching by Equation 1 for each image size: 

 

Matching Percentage =                                                                                      ------Equ(1) 

 

2) Fix the identified matching percentage, set the median filter to 3x3 matrix, and prepared 

100 difference testing samples by choosing from the good testing sample in Table 3.2 

and arrange them into a word form such as ‘ABC123’ in the experiment.  

3) After that, matching these 100 difference testing samples with template in difference 

image size which is 40x25, 30x20, 15x10, and 10x7 respectively. For example, if the 

template in database after matching with 100 different good testing samples in image 

size of 40x20, then have 90 samples can be recognized correctly means that the 

percentage of recognition is 90%. The comparison between the percentages of 

recognition with difference image size when the 3x3 median filter and matching 

percentage is fixed.as shown in Table 3.7. 

 

Table 3.7: The comparison between the percentages of recognition with difference image size. 

  

 

4) After the comparison, the best image size is identified which is able to produce the 

highest percentage of recognition.  

 

 

 

 

  

𝑆𝑖𝑧𝑒 𝑜𝑓 𝑖𝑚𝑎𝑔𝑒 − 𝑊ℎ𝑖𝑡𝑒 𝑝𝑖𝑥𝑒𝑙 𝑙𝑒𝑓𝑡 𝑎𝑓𝑡𝑒𝑟 𝑚𝑎𝑡𝑐ℎ

𝑆𝑖𝑧𝑒 𝑜𝑓 𝑖𝑚𝑎𝑔𝑒
 

Image Size
Matching '-'
Template with

40x25 50x20V TlsvfJ 10x7

100G testing sample s \ | AI AY >IA MFI M A
Fixed Parameter
3x3 median filter
Matching Percentage

% of recognition % of recognition % of recognition % of recognition
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3.4.2 Experiment 2 

 

The objective for experiment 2 is to determine and identify the best median filter which can 

produced the highest recognition rate. 

1) Fix the identified image size and matching percentage as in Experiment 1.  

2) Prepare same 100 difference good testing sample as in Experiment 1. 

3) After that, matching these 100 difference good testing samples with template with 

difference median filter which is 3x3, 5x5, 7x7, and 9x9 respectively. For example, if 

the template in database after matching with 100 difference test samples with 3x3 

median filter, then have 90 samples can be recognized correctly means that the 

percentage of recognition is 90%. The comparison between the percentages of 

recognition with difference median filter when the image size and matching percentage 

is fixed as shown in Table 3.8. 

 

Table 3.8: The comparison between the percentages of recognition with difference median 

filter  

 

4) After the comparison, the best median filter is identified which is able to produce the 

highest percentage of recognition.  

 

 

 

  

V-AYSU

&

Median
Matching
Template with

7x7 u - u

y w, a*o100G testing -
Fixed Parameter
Image Size % of recognition % of recognition % of recognition
Matching Percentage ]

% of r % of recognition
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3.4.3 Experiment 3 

 

The objective for experiment 3 is to determine and identify the best matching percentage 

which can produced the highest recognition rate. 

1) Fix the identified median filter and image size as in Experiment 2.  

2) Prepare same 100 difference good testing samples as in Experiment 1. 

3) Prepare other 100 difference not good testing samples by choosing from the not good 

testing sample in Table 3.3 and arrange them into a word form such as ‘ABC123’ in the 

experiment. 

4) After that, matching these 100 difference good testing samples with template with 

difference matching percentage which is 90%, 85%, and 80% respectively. For example, 

if the template in database after matching with 100 difference good testing samples and 

100 difference not good testing samples with 90% of matching percentage, then have 90 

good samples can be recognized correctly and 0 not good sample can be recognized 

means that the percentage of recognition is 90% and 0%. The comparison between the 

percentages of recognition in difference matching percentages when the image size and 

median filter is fixed as shown in Table 3.9. 

 

Table 3.9: The comparison between the percentages of recognition with difference matching 

percentages. 

5) After the comparison, the best matching percentage is identified which is able to produce 

the highest percentage of recognition.   

Matching Percentage
fvTatchmg --
Template with
100G testing sample

80% 85% 90%

Fixed Parameter
% of recognition % of recognition % of recognitionImage Size

Median Filter
Matching ercentage

Matching
Template with
100NG testing sample

80% 85% 90%

Fixed Parameter
% of recognition % of recognition % of recognitionImage Size

Median Filter
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3.4.4 Confirmation Test 

 

All the best parameter is identified from the previous experiments. After that, apply these 

parameter to the vision system design and test with others 100 good and 100 not good samples 

to ensure the system can produced percentage of recognition up to 95%. Figure 3.17 shows the 

process flow to carry out the confirmation test. 

 

  
Figure 3.17: The flow chart to carry out the confirmation test. 

 

 

 

  

best median filter 

identified 

best image size 

identified 

best matching 

percentage 

identified 

Test for others 

100G and 100NG  

testing sample in 

the existing of 

white and yellow 

light respectively. 

Confirm can 

recognizes 

character up 

to 95% =? 

Image Acquisition

| Preprocessing
~|

|Feature Extraction

Recognitionogiitioi * I
| Postprocessing (

U
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CHAPTER 4 

 

 

RESULT AND DISCUSSION 

 

 

This chapter will discuss about the result and discussion of the project. Validity and 

reliability test is carry out to show how the vision system achieved the objective. However, 

because of unable physically testing at Silterra Sdn. Bhd, therefore the environment and testing 

sample are created as shown in Appendix A to carry out the experiment. 

 

 

4.1 Experiment 1- To determine and identify the best image size which can produced 

highest percentage of recognition. 

 

According to the previous work related, before started the experiment, the initial 

parameter for the matrix of median filter, image size, and matching percentage should be 

determined first. Therefore, based on the result from the previous researcher[26], by using 3x3 

median filter and 30x20 of image size to determine the matching percentage.  

If there are occur correct character match then have less white pixel value left whereas 

if wrong character match have more white pixel value left as shown in Appendix C. However, 

to determine the matching percentage, first which is identified the largest white pixel value 

left(84) after match from the diagonal of the table as shown in Appendix C, and calculate 

percentage of the matching by using Equation 1. 

 

 

 

 

V- AYS/„
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Matching Percentage =                                                                                      ------Equ(1) 

 

      Percentage of Matching = 
(30x20) – (84)

(30𝑥20)
x100% 

            = 
(600) – (84)

(600)
x100% 

            = 86% 

After that, set the white pixel value left after match for the recognition block in Matlab 

Simulink which is 84. Besides that, the initial parameter which is 3x3 median filter, 86% of 

matching percentage.  

However, for this experiment, to identify the best image size which can produced highest 

percentage of recognition when the 3x3 median filter and 86% of matching percentage are fixed 

in the existing of white light condition. The result as shown at Table 4.1, after matching the 

template with 100 good testing samples, the percentage of recognition for 10x7, 15x10, 30x20, 

and 40x25 of image size are 63%, 72%, 81%, and 78% respectively.  

Therefore, 30x20 of the image size produced the highest percentage of recognition and 

this image size will be used for next experiment.   

 

Table 4.1: The comparison between the percentages of recognition with difference image size. 

 

 

 

𝑆𝑖𝑧𝑒 𝑜𝑓 𝑖𝑚𝑎𝑔𝑒 − 𝑊ℎ𝑖𝑡𝑒 𝑝𝑖𝑥𝑒𝑙 𝑙𝑒𝑓𝑡 𝑎𝑓𝑡𝑒𝑟 𝑚𝑎𝑡𝑐ℎ

𝑆𝑖𝑧𝑒 𝑜𝑓 𝑖𝑚𝑎𝑔𝑒
 

V- AISU

&
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Matching \
Template with
100G testing sample

40x25 30x20 15x10 10x7

Fixed Parameter
78% of recognition 81% of recognition 72% of recognition 63% of recognition3x3 median filter

86% of Matching Percentage
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However, there are also have some limitation for recognition the character with 

difference image of size which is the character unable to read(NA) as shown in Appendix D.  

From Table 4.2 show the list of character are unable to read at 10x7, 15x10, 30x20, and 

40x25 of image size are NU0O9Q, NUOIQ9, UI9QV, and U9ONI0Q respectively. This is 

because the parameter will affect the articulation and identification precision to the image.  

 

Table 4.2: The list of character unable to read occur at difference image size 

   

 

As the conclusion, when system set to 3x3 median filter, 86% of matching, and 30x20 

of image size able to produced 81% of recognition and can recognize more character compare 

to others image size. Therefore, 30x20 of image size are chosen to use for second experiment. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Image Size
Matching
Template with
100G testing sample

40x25 30x20 15x10 10x7

Character unable to read

--

£

«3

N.U.0.O.9.Q N.U.O.Q.9 UJL9.Q.V.O U,9AN,LO,Q

i
•• ••

*
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4.2 Experiment 2- To determine and identify the best median filter which can produced 

highest percentage of recognition. 

 

In the second experiment, to identify the best matrix of median filter which can produced 

highest percentage of recognition when the 30x20 of image size and 86% of matching 

percentage are fixed and in white light condition.  

The result as in Table 4.3 show that  the percentage of recognition for 3x3, 5x5, 7x7, and 

9x9 of median filter are 83%, 41%, 11%, and 0% respectively. Therefore, 3x3 of the median 

filter produced the highest percentage of recognition and this matrix of median filter will be 

used for next experiment.   

 

Table 4.3: The comparison between the percentages of recognition with difference matrix of 

median filter. 

 

 

However, there are also have some limitation for recognizing the character with each 

matrix of median filter which is the character unable to read(NA) and some of the character 

occur wrong recognition such as for 7x7 median filter occur wrong recognize character E as 

character F and so forth as shown in Appendix E.  

From Table 4.4 show that the list of character are unable to read at 3x3, 5x5, 7x7, and 

9x9 of median filter are NUOQ9, HIJPQSUW0579, BHMNOPQSUVW025789, and 

BCDEHMNOPQRSUVWY01256789 respectively.  

However, for wrong recognition occur at 7x7 and 9x9 of median filter are E=L, F=EU, 

L=FU and F=E9, L=EF69, U=J2 respectively. Besides that, E=F means that, the character E 

occur wrong recognize as character F and character F wrong recognize as character E. 

 

Median Filter
1

Matching
Template with
100G testing sample
Fixed Parameter

3x3 5x5 7x7 9x9

30x20 of Image Size 83% of recognition 41% of recognition 11% of recognition 0% of recognition

ibiU LJc j-fT =to
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Table 4.4: The list of character unable to read and character wrong recognition occur at 

difference matrix of median filter 

 

From the observation, at each matrix of median filter also have the character unable to 

read by system and this is because the matrix of median filter will affect the articulation and 

identification precision to the image and also due to the problem of accuracy to insert the sample 

into the hardware workspace.  

Therefore, sometime the system unable to read the character due the samples are 

different from the template then causes the character unable to perfectly matching with the 

template and finally system unable to read the character. 

The wrong recognition occur due to the shape and pattern of the character are nearly the 

same to the template. This is because after apply median filter, the image is filtered, even though 

the median filter is used to make the image clearer and increase the sharpness of the image but 

if used over the limit will causes the image become different, and make the system confuse 

when during the matching process.  

Therefore, the wrong recognition occur. For example, the image for character B with 

different matrix of median filter when 30x20 of image size and 86% of matching percentage is 

fixed and in white light condition as Table 4.5.  

 

Median Fitter
Matching '\.

Template with
100G testing sample

3x3 5x5 7x7 9x9

B,C,D,E,H,M,N,0,
Character unable to read N,U.O,Q,9 H,I,J,P,Q,S,U,W, B,H,M,N,0,P,Q,S, P=Q,R,S,U,V,W,Y,

0,5,7,9 U,V,W,0,2,5,7,8,9 0,1,2,5,6,7,8,9
E=L F=E9

Occur wrong recognition NA NA F=EU L=EF69
L=FU U=J2
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Table 4.5: The comparison between the characters B with different matrix of median filter 

 

 

As the conclusion, when system set to 30x20 of image size, 86% of matching, and 3x3 

of median filter can produced 83% of recognition and can recognize more character compare to 

others image size and does not occur any wrong recognition. Therefore, 3x3 of median filter are 

chosen to use for next experiment. 

 

 

4.3 Experiment 3 - To determine and identify the best matching percentage which can 

produced highest percentage of recognition. 

 

In the third experiment, to identify the best matching percentage which can produced 

highest percentage of recognition when the 30x20 of image size and 3x3 of median filter are 

fixed and in white light condition.  

The result as in Table 4.6 show that the percentage of recognition for good sample at 

80%, 85%, and 90% of matching percentage are 38%, 100%, and 0% respectively whereas for 

not good(NG) sample at 80%, 85%, and 90% of matching percentage are 100%, 28%, and 4% 

respectively  

Therefore, 85% of the matching percentage produced the highest percentage of 

recognition for recognize good sample and 28% of recognition for not good sample. The 80%, 

85%, and 90% of matching percentage represent the white pixel value left need to set at the 

recognition block in recognition stage, only the white pixel value left after match less than the 

value have been set then the character can be send for further recognition.  

Median Filter
Matching ' -'.
Template B witli \.
B testing sample

3x3 5x5 7x7 9x9

Fixed Parameter
30x20 of Image Size
86% of Matching Percentage

, E
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Therefore the white pixel value left at 80% of matching percentage when 30x20 of image 

size and 3x3 of median filter is fixed as below: 

 

Matching Percentage =                                                                                      ------Equ(1) 

      

 Percentage of Matching = 
(30x20) – (120)

(30𝑥20)
x100% 

            = 
(600) – (120)

(600)
x100% 

            = 80% 

The white pixel value left after match at 85% of matching percentage when 30x20 of 

image size and 3x3 of median filter is fixed as below: 

Percentage of Matching = 
(30x20) – (90)

(30𝑥20)
x100% 

            = 
(600) – (90)

(600)
x100% 

            = 85% 

However, the white pixel value left after match at 90% of matching percentage when 

30x20 of image size and 3x3 of median filter is fixed as below: 

Percentage of Matching = 
(30x20) – (60)

(30𝑥20)
x100% 

            = 
(600) – (60)

(600)
x100%     = 90% 

Therefore, this means that increase the matching percentage, the less is the number of 

white pixel left after match.  

 

 

𝑆𝑖𝑧𝑒 𝑜𝑓 𝑖𝑚𝑎𝑔𝑒 − 𝑊ℎ𝑖𝑡𝑒 𝑝𝑖𝑥𝑒𝑙 𝑙𝑒𝑓𝑡 𝑎𝑓𝑡𝑒𝑟 𝑚𝑎𝑡𝑐ℎ

𝑆𝑖𝑧𝑒 𝑜𝑓 𝑖𝑚𝑎𝑔𝑒
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Table 4.6: The comparison between the percentages of recognition with difference matching 

percentage. 

  

 

There are also have limitation for recognizing the character with each matching 

percentage and shows the word ‘NA’ means that the character unable to read and some of the 

character occur wrong recognition such as for 80% of matching percentage occur wrong 

recognize character H as character B and so forth as shown in Appendix F1 and F2.  

From Table 4.7 show that the list of character are unable to read only at 90% of matching 

percentage are ABDNOQRSTVWZ02345679. Only for the 80% of matching percentage have 

occur wrong recognition which is E=L, F=E, H=B, I=T, L=E, T=I, 0=BU whereas at 85% of 

matching percentage can read 100% correctly. 

 However, after matching 100 not good(NG) samples with the template, the wrong 

recognition occur at 80% of matching percentage are 

B=0,2=E,7=Z,7=F,D=0,5=G,E=L6,I=T,I=E,Z=E,3=C, for 85% and 90% of matching 

percentage are C=C,F=F,3=3, and F=F respectively.  

 

 

 

 

Matching Percentage
Matching '''' .

Template with
100G testing sample

80% 85% 90%

Fixed Parameter
38% of recognition 100% of recognition 0% of recognition30x2OoflmageSize

3x3 Median Filter
Matching ercentage

Matching
Template with
100NG testing sample

80% 85% 90%

Fixed Parameter
100% of recognition 28% of recognition 4% of recognition30x2OoflmageSize

3x3 Median Filter
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Table 4.7: The list of character unable to read and character wrong recognition with difference 

matric of median filter. 

 

 

4.4 Confirmation test 

Even though 85% of matching percentage can produced 100% of recognition but have 

some limitation which is have 28% of recognition when recognize the flaws sample.  

This is because some of the character in flaws sample have only small different 

compared with the template, when the recognition block is set to 90 of white pixel value left 

after match, the sometime the flaw character will also less than the 90 of white pixel value left.  

Therefore, to solve this problem can do the adjustment and increase the matching 

percentage up to 92% for the specific character which is character C, F, and 3  

Matching Percentage
Matching
Template with
100G testing sample

80% 85% 90%

Character unable to read NA NA
A:B =D=N=0= Q =ICS:T=
V_W.Z_ Q.2_ 3.4_5.6.7.9

Occur wrong recognition
E-L; F=E: H=E:

I=T, 0=BU NA NA

Matching ercentage
Matching
Template with
100NG testing sample

80% 85% 90%

Character unable to read A:C=E1E =D;F=L;

Z=2,3A6= 9
NA NA

3=0:2=E,7=Z:7=F c=c
Occur wrong recognition D=0:5=G=&=L6: F=F F=F

I=T:I=E:Z=E:3=C 3=3
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Therefore, after the adjustment of white pixel value left for the specific character, now 

the system unable to read all the flaws character even though a small different from template as 

shown in Table 4.8 and Appendix G1 : 

 

Table 4.8: The comparison between the percentages of recognition after adjustment of white 

pixel value left at character C, F, and 3 in white light condition. 

  

 

As the conclusion, when system set to 30x20 of image size, 3x3 of median filter, and 

85%(92% for character C,F,3) of matching percentage can produced 100% of recognition 

Therefore, all these best parameter are chosen to use for next test. 

However, all the experiment have been done only in existing of  white light condition, 

therefore able to identify and determine whether the different color of light either have or have 

not different effect to the result.  

Therefore, used the best identified parameter and installed yellow color of light to the 

hardware and save template with the existing of yellow light condition. Refer to Table 4.9 and 

Appendix G2 can conclude that by using different color of light have not affect the result and 

able produced same result as white color of light when apply that three identified parameter, the 

important thing is that all the process such as template saving and recognition process must at 

same light condition. For example, if the environment is green color, then the process for 

template saving and recognition process also must in green light condition. 

 

Parameter
Matching

Image Size Median Tiber Matching Percentage
30x20 3x3 85%(only 92%for C:F:3)

Template

100 Good Samples
100%

Template

100 Not Good Samples
0%
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Table 4.9: The comparison between the percentages of recognition after adjustment of white 

pixel value left at character C, F, and 3 in yellow light condition 

 

 

 

4.5 Store data to Excel file 

 

However, after the vision system able to scan, recognize scribed number correctly and 

next is to store data in Excel file for tracking the wafer position. Therefore, the Excel file will 

store data from incoming sample after undergoing the OCR technique as in Figure 4.1: 

~~-~- Best Parameter Image Size Median filter Matching Percentage
Matching 30x20 3x3 85%(only 92%for C;F;3)

Template

100 Good Samples
100%

Template

100 Not Good Samples
0%
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Environment and 

sample 
OCR technique Store in Excel file 

 

Result from workspace Change the output reading to 

actual character using 

LOOKUP in Excel. 

**Noted 

Orange color = good sample( , , ) with yellow light condition. 

Green color   = not good sample( , ) with yellow condition 

Blue color     = good sample( , ) with white light condition. 

Black color   = not good sample( ) with white light condition. 

 

Number of line 

Figure 4.1: The overall process of the project and data in Excel file. 

 

01 H *3 - c* * ?

HOME 1 INSERTFILE PAGE LAYOUT FORMULAS DATA

Silterra [Compatibility Mode] - Excel (Product Activation Failed)

REVIEW VIEW

<X> Cut
E@1 Copy -

Format Painter

Clipboard ft

LD
Paste

Calibri 11 ft A =[= ty - Ef Wrap Text General I
B i u • EB - £» •& *

Font

gMerge & Center - $ - % > *o2 H.°S Conditional Format as C.
Formatting• Table * Styh

ft Alignment ft Number ft Styles

T9

A C n F F G H K L M
1111 1? 13 ' A ' C 1 2 3

2 1 , 35 28 5 1 1 H Y R 5 •1 1
3 2 10 p D Y 1 2 o

#N/A *N?A ' #N/A |_ «N/A
#N/A

r
#N/A

F
#N/A

r
#N/A

0 HN/A4 0 0 o D 0 »N/A
0 #N/A «N/A5 n 0 D

Ti. 11 12 13 2 3 A 1 C 1 2 3
1 1 35 28 1 4 1 II Y R 5 1

«N/A »N/A #N/A #N/A #N/A «N/A8 0 0 0 0 V -

ABC1EB HYR 541 PDY7ED

ABC1E3 HYRS 41

ABC1EB
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4.6 Project Expenses 

 

Besides that, the sorting machine in Silterra Company consist of two part. First is vision 

system and other part is dual paddle robot for an Automation Retrofitting Wafer Sorting 

Machine which is ‘Rotating and Indexing Movement Paddle’ and this machine cost Siterra 

Company a lot. According to the Senior Engineer Silterra Company- Mr.Ravi, he declared that 

the machine price is around RM 600,000, therefore as one of the project objective which is 

produced low cost sorting machine to solve the existing problem in the company. Therefore, the 

combination price for the vision system design and the mechanical mechanism design which is 

RM11,525. Therefore compared with the existing sorting machine, Silterra Company can save 

up to RM588,475 and directly solve the existing problem. The calculation as shown in Table 

4.10: 

 

Table 4.10: The expenses for sorting machine design. 

No  Description  Quantity  U/Prices  

(RM)  

Amount  

(RM)  

Vision System Design 

1 Logitech Webcam HD C615 1 200.00 200.00 

 Sum 200.00 

 

Mechanical Mechanism Fabrication     

1.  Robot Arm –Aluminium 6061  

• Primary Arm  

• Secondary Arm  

2  470.00  940.00  

2.  Hub – Aluminium 6061  1  120.00  120.00  

3.  Arm Shaft –Aluminium 6061  2  240.00  480.00  

4.  Flange for Joint Couple-Alum 6061  1  180.00  180.00  

5.  Outer Hollow Shaft-Alum 6061  1  340.00  340.00  
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6.  Inner Hollow Shft - Alum 6061  1  350.00  350.00  

7.  Main Holder - Alum 6061  1  250.00  250.00  

8.  Base Hub - Alum 6061  1  150.00  150.00  

9.  Joint Couple - Alum 6061  1  300.00  300.00  

10.  Bottom Base - Alum 6061  1  450.00  450.00  

  Sum    2,620.00  

     

Mechanical Component Parts     

1.  HIWIN Ball Screw +L480  1  800.00  800.00  

2.   IKO Ball Spline +L381mm  1  1400.00  1,400.00  

3.  Ball Screw End-support  1  350.00  350.00  

4.  BOSCH Shaft SZ 20, L 300mm  4  42.50  170  

5.  Ball Screw Lubrication   1  50.00  50.00  

6.  Ball Bearing id20 od35  8  20  160.00  

7.  Ball Bearing id45 od 58  3  60  180.00  

  Sum    3,110.00  

    

Tim ing Pulley & Timing Belt    

1.  MXL-140T Alum.T/Pulley  1  120.00  120.00  

2.  MXL-70T Alum.T/Pulley  1  80.00  80.00  

3.  MXL-589.3-15mm Alum.T/Belt  1  245.00  245.00  

4.  OD:75Alum.T/Pulley  1  90.00  90.00  

5.  OD:75Alum.T/Pulley  1  60.00  60.00  

6.  MXL-520.1-15mm  1  225.00  225.00  

7.  Alum. Flange  1  40.00  40.00  
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8.  MXL-40T Alum.T/Pulley  1  145.00  145.00  

9.  MXL-48T Alum.T/Pulley  1  175.00  175.00  

10.  MXL-104T Alum.T/Belt  1  220.00  220.00  

11.  MXL-48T Alum.T/Pulley  1  160.00  160.00  

12.  OD:25Alum.T/Pulley  1  50.00  50.00  

13.  OD:50Alum.T/Pulley  1  75.00  75.00  

14.  OD:30Alum.T/Pulley  2  60.00  120.00  

15.  OD:120Alum.T/Pulley  1  120.00  120.00  

16.  OD:60Alum.T/Pulley  1  80.00  80.00  

17.  OD:70Alum.T/Pulley  1  85.00  85.00  

18.  OD:45Alum.T/Pulley  1  75.00  75.00  

  Sum    2,165.00  

     

Electronic Component     

1.  R-Series Minetia Motor  

R01SAKOE UTOPI – 100MX  

2  900.00  1,800.00  

2.  R-Series Minetia Motor  

R02SAKOE UTOPI – 200SE  

1  1300.00  1,300.00  

3.  Switching Power Supply 12V 8.5A  1  45.00  45.00  

4.  Switching Power Supply 24V 6.5A  1  135.00  135.00  

5.  Arduino & Sheild Set  1  150.00  150.00  

  Sum    3,430.00  

      

Total     11,525  
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CHAPTER 5 

 

 

CONCLUSION AND RECOMMENDATION 

 

 

This chapter will discuss about the conclusion and recommendation of the project. In 

conclusion part, regarding about an overview of content and summarize of the project. However, 

the recommendation presents suggestions relating to the project. 

 

 

5.1 Conclusion 

 

A lot of literature reviews had been done through this few months. Any relevant work, 

article, journal, and sources had been put into the project chapter two. From study, the detail of 

OCR technique that used to carry out the project had been explain in section 2.4.  

The methodology explain on how the validity and reliability test to produce high 

percentage of recognition. For validity, the prototype to mimic the environment at Silterra 

production line is done and the testing sample are created due to the real wafer sample are not 

provided. The validation is important but a test should also be reliable, three inter related 

experiment and confirmation test are carry out to identify the best parameter that used in the 

system and also verify the system performance.  

According to the result, the best image size, matrix of median filter, and matching 

percentage in the system are 30x20, 3x3, and 85% respectively. Besides that, there have some 

limitation when using 85% of matching percentage, which is the system occur wrong 

recognition when system read the flaws sample in character C, F, and 3, but can read and 

recognize all the good sample correctly. Therefore, to solve this problem, the adjustment value 

of white pixel left at recognition block for character C, F, and 3 is necessary to make the system 

recognize correctly. However, the environment is the important matter and should be consider. 
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From the result finding, for both white and yellow light condition can produce same result which 

is produced 100% of recognition when read good sample and 0% of recognition when read flaws 

sample. This can conclude that by using different color of light have not affect the result and 

able to produce same result but the important thing is all the process in training phase and 

matching phase must at same light condition. For example, if the environment is green color, 

then the process for template saving and recognition process also must in green light condition. 

 However, from the requirement from the Silterra Company, all the data are needed to 

store in Excel file for tracking purpose. Therefore, by applying Matlab coding and LOOKUP 

function in Excel, finally all the data can store to Excel file for tracking process and help the 

workers to have a better visualization and it is more user friendly. 

Through this, the first and second objective had achieved. 

 

 

5.2 Recommendation 

 

For future work, implementation of Graphical User Interface(GUI) into the vesion 

system design to allow everyone have a better visualization and more user friendly. The GUI 

will enhance the system with graphical image, and include button that can check error and adjust 

the alignment on the incoming wafer. 
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APPENDIX A1 

 

100 good(G) testing sample. 

 

ABC123

DEF45b

GHI7A3

JKL245

YUIfl7b

H UI37b

G YLIbZfl

UIP345

KIYA3D

YRT543

0YE375

PDY72D

F0EA3D

SUE334

LYKfl53

BYU317

nossT?

UEE322

TTA42A

VCC555

SER421

JU03b4

TYU7b5

0PJ67b

GTR432

NJ U7b5

L0Pb54

NBV543

CDS34S

LPI754

HYR541

CGR475

BYIflbS

FRESb?

ni03b5

SCE327

P1XY543

HU0375

SDR541

TYUA30

CSE573

VYT371

NI0D47

ZW035b

BYOA53

riNABbD

AT0521

LIX7b3

PXT43b

SU0A3b

X0P 42'

ZU043D

A0Pb32
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PACb3A BL)074b

ZY03b3 CT0473
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(30045b HHHbbb FFF45b IIIDb4

GURSbQ PP0335 K0Ufib4 THYb23
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KPY7A D <UT7b5 LIA122 VRIJ354

CR 1J431 CRT321 NUYbbS LTE3b4

JASflflO H0I33A P0LJAA 3 BTEODD

RR35bl BUYbb4 BNYbb4 riUE412

NIT553 00075b niYb43 HHHb34

LPR5A3 VYR532 PRG754 NUI47b

BIT532 HNBIIHA PI00A74 PRE473
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APPENDIX A2 

 

100 not good(NG) testing sample. 
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APPENDIX B1 

The original template with white color light. 
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APPENDIX B2 

The original template with yellow color light. 
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APPENDIX B3 

The template with different image size and median filter with white color light stored in database of the vision system. 

 

The template with 3x3 of median filter and 10x7 of image size. 

g j = Q , j g j .= £] 53 IsJ 53 1 JJ • . ® H = a 25 i H3 2£ a &LSI JS C3 : I SH
| Vie* Settini Hel;Vie* Settini HdiVie* Settin; Heli Vicv Settin H-l|

_
J

Viev Vie# Serum Hd| Vir* Settmi HH| Vie* Settini Hd; Vie* Settini Hel| Vie* Settin ; Hel| Vie* Settini Helvie. Settini Het|

*KIMBMU
SS® i IHH

VKV Senmc Hei|

Vie* Settini Hel| Vie* Settini He!| Vie* Settin: Hel|mm
I Vm im ni Hdi Viev Settmc Hel| Vie* Setting Heli Vi« Settini Hel;
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The template with 3x3 of median filter and 15x10 of image size. 
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Vie. Settim Hd|Viev Settinc Hel| Viev Settinc Hei, Viev Settim (fej Vie. Settim Hei|l H Settinc Hel| I Vie. Settinc Hel|I in i Vie.

"

I
Viev Settim Hel| Vies. Settim HeiView Settinc Helf Vie* Settin: Hel| Viev Settinc HeiViev Settinc Hd|

I I
tui' AMU* fi m -
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The template with 3x3 of median filter and 30x20of image size. 

c
H ® a

Viev Settim Hel|
D H = I 0 : = 0 s Ba M a [ cz' lH1 a I - E*d
I Vic* Sdtmc Hd| I V* Scttire Htl| Via Satin, Hd| I Via Settim Hd| I I V » Satire He), 11 Via Sam He* Via Satire Hd| J | VK» Setting Helf I

15.= r:
Via Satire Hrl| | | Vire Satin; MH,

A
Vie/ Settim Hrij Vie/ Settim Helt Viev Settim Hr| V e. Settim he! 1 We» Settim Vie. Settim Hdi V»ev Settim Hel| Viev Settim He Viev Settim Hd- -1HI 1

Vie\ Settim Hel| Viev Settim Hel| Viev Settin Hel| Vie* Settin : !el| Viev Settim Hrl View Settim HdV10 Settim Hel| vie* Settim Hd Viev Settim He!

1n 1

.
Vi«\ Settin . Hel| Y»e% Settim Hel|Viev Settim Hej Vie# Settmc He!| Vie* Settim Hel|vie/ Settmc Heli

I D
- T ft IWi -i
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The template with 3x3 of median filter and 40x25 of image size. 

n s n jo ta a j= a a ITj H a j=, B a j » rg =, E

we. SeOire Hel vie. Sen* Hel, Vw SeUee He* Via Satev Ha Vw. Sewn, He, vie. Satng He*aa*Uii!L
V*. Setting Hell V* Settee He* Vie Satin, Hd| »e Settee Hel, Wn Settee Hel, Vie Settee He*

[5] S a» H

V*ev Scttinc Hd| Viev Setting Hel|Virv Sctfinr Hd| Virv Srttim HHr.i
Viev Settiru Hel| Vie* Settm : Hel| V.ev Settme He), Vie* Settm Hel|

MVffi
Vie. Satire Ha, via Settee Hel, I Vie. Sewne Ha, I Via Settee He*

hWai f
Viev Sett me He-!| vie* Scttmc Hri| Viev Settmc He4| Vte\ Settm He*Vie* Settm* Hd| VKV Settm HHi

- I
*.Viev Setting Hel| I Vie* Settm. Hel| ile-e iettinc Hd I fe. Settm Hel|Viev Settmi Heli Vie* Settm : Hel|

f i -
I

i \ r . - - AM I i .r...rt .
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The template with 5x5 of median filter and 10x7 of image size. 

c
a_

Vie* Scttinc Hd,
H

Viev Scttint Heft
1° B a 0 |B-= 0 a . « < |B° B « [ - - L.

B JB 1 - !****
I Me* Jam Hd| Via saw.He* «* saw. Ha V«v saw. Ha j VW.:4am Ha | Via Sam Ha I ! *»» Sam Ha j I V*» Sett.ng Helpa&irtasKE-- - • * 1 s

via Sam Ha vfe saw Ha Via saw. Ha

Viev satin. Hell I via Sett.ru H«l| Via Satint Ha I Via SawOlal |'F[ fc» Sett . Ha ' * Saw. Hei .a Sam HamAmim
Viev Setting H«l|

Vic Settom Hei

5.

B = B 22
~]B g

Va San-.. HH Vm Sett** HH) I V*. Setting Help

r T*lev Sam Ha ie Sam Ha

Via Saw. Ha v«t Sam na - a Saw. Ha v saw. Hr

Viev Satin. H*l| Viev Satin. Ha Vie. Saw Ha

Lssn
SSit51

Viev Saw. Ha Sam Han

Vic Setbni Hd| Vies Settee Hei, Vic Settm: Hd,

V.«-v ww Hei, j V«v Setbm Hei Vic Setbm HH, Vic Settitv Hd,
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The template with 5x5 of median filter and 15x10 of image size. 

& a ? JL a Ma isj a Tg . H a
'* ' V j

i Settim Htl| Vwi Settim Hel( | Vt& Srttmi Hdi

E a isi a E3 3 s » IH a>s a
Vie. Settim Hei|

I S
Viev Settim Hdi viev Setom He Viev Settim HdViev Settinc Hellr

Viev Settim Helj 1 Viev Settin: Hd| Viev Settinc Hell Vie, Settim Htl| Vio Setter H*l| | mtk Scttior Hd Viev Settim Hell Vie\ Settim H«l| Viev Settim Hel| Viev Settim Hd

T
Vie. Settinc Hell Viev Settinc HdfViev Settim Hei| Viev Settim HdVie. Settim He| Viev Settim Hd Viev Settim Hd

A
/ie. 5ettin< Hel| Vie. Settim Hel|Viev Settim Helf Viev Settim Hd| Viev Settinc Hel| Vie*. Settim He|aB e - T
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The template with 5x5 of median filter and 30x20 of image size. 

c
m wad

Viev Settinc Hcl| jr.i © S

Viev Settinc He*|r n

Vuv Settim Hel| Viev Settini Hdi Viev Settinc Hel| j Viev Settim Hcl| Vfc, Settim rtel| 1 Viev Srttin Hrl| vie. Settim Hel|
1
/lev Settim Hel| I Vie. Settim Hel|

Viev Settini Hd| Viev Settini Hdi

gj o a|gB B a |Tj.=i~ 5 TH = Q = a a |Tjg~

=. fei a i l j= a a a f j. = a « iakaaaiiji;
«r- 1

J

Viev Settinc Hel| Vie* Settinc Hel|Viev Settinc Hel| Viev Settinc HH| viet Settinc He* Viet Settinc Hel|Vie. Settinc Hel| Viev Settinc Hell

rJJ % J

Vie* Settinc Hel| vie. bettmi HdjViev Settinc Hcl|

USB J

Vie. Serum Hd|,

J
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The template with 5x5 of median filter and 40x25 of image size. 

c
a la. b a n 0 a 0 Ssn a - is u ::

*** Settinc Hel| Vie* Settim Het Vcev Setlim Hd| Vic\ Settim Hellr.Teu~i
it-

Viev Settinc Hell Vic Settinc Hel| Vic Settim hrl| Vie. Settinc Hel| Vic Settim Heli

IM
*"

Vie. Settim Hei| Vic Settinc Hel| Set1int He,l s«tt,n1 Hf ,
lViev Settim Hel| Viev Settinc Hd|

A
I Vic Settim Hel| I Vie* Settinc HM| Vift Settim Hel|eveVic Settim Hel| Vic Settim Hel| Vic Settinc Hel|

I

i!J si

Settim Hd;

L
_
Vic Settim Ha\

& 22

PIS
If Vic Settim Helj Vic Settin: Hdj Vic Settim Heli,S*U

Vic Settim Hel| j Vic Settim Hdi Vic Settim Hd Vic Settim He

n

I

i



93 

 

 

 

The template with 7x7 of median filter and 10x7 of image size. 

n aa a [H; n SJ a 3 as ar:.Virv Settim Hel| Vm Sett.ni HH , Viet Settim Hell5ett>n» MrYm Setter* Hrif

i n

I Vn Srtt.ni Hrt|

SEMES
- - - Hrt | »« Settanc Hrt| 111 Vio Srttini Hrt| |

View Settim Heh MB Hd - T
« - - - - - . Hrt Vn Settonc Hrt| I I Vw> Srttinc Hd| I | V» Srtt.m Hei|

ru'ill'K
View Settim Helt

V
I Viev Srttm. Hd» Viet SetDfw He 'St. Seam HA Bn Seam Hei.V v Settmc r
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The template with 7x7 of median filter and 15x10 of image size. 

la *
Viev Settint He<|

_ w-
m a H => 3 ~B = isi ;rnrB , H _K TB = 5 rB = @ u ij|g a a

Vm Settim He* Viei Sahn He* i Via Setdn: He* I V* Satin He* V» Set He*

ai>w«
Via Setrin; He* Via Scthni He* Via San- Ha i k» Mm Hd Va Soon He*

n s s
Via Setta. He*

Via Satin; He* Via Settim Hpl f f
v*. San-

| Via Satire Hell I v*. Satm Hd, Via Saw He* Via StB,n He* j 1 Wa Settev He* jVia saiini Hd| 1 Via satin. Ha Via Settim He* Via Settm Met Via Settm He* Via Settm He* Va, Seam He* Via Sedan He*

lAVKOUKI'Via Settim He* j Via Settim He* I to Settim He* to Satin He* Via Settm : He* via Sen,rv at* |j

k

n

H =»

V*e* SetD He*

Vie* Scant He* Vie* Scant He* Vie* Scant Hd,

MU
0 Vie* Scant Hd|'i

Hd|
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The template with 7x7 of median filter and 30x20 of image size. 

n . K a E a :=> 0 iS a a a a ilHr:r- i»
I Viev Scttn

FI
Vi« Srttinc Hrl| i | Vic. Scttin. Hci| I Vlcv H,|, : Vic Settim H*l|

asai»]
Viev Settim Hrl|m Hd|Via Settim Hel[ Viev Settim HeJi Settm HeJ| View Setting Heif

i

il-
Viev Settim Hel| I Viev Settim Heti Viev Sett nr He' Via Settim hd| Vfcv et*im H*| Vie* Settim Hd| V»ev Settim He Viev Settim He<; Vie1* Settim Hei|gm

Vm Settim Btl< 1 Vic Settim Hcl| ] V.c Settim Helj

EHUr Viev Settim Hel| Viev Settinc Hel| 1 viev Settim Heli

EBB
Viev Settnt Hell ' Viev Settim Hd|Viev Setting Hel|

HH
Viev Settim Hrij Viev Settim Met , , Viev Settim Hel| | Viev Settim • HI) Via

v -
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The template with 7x7 of median filter and 40x25 of image size. 

H
Vicv Scttinc HH|

Viev Scttmc Hel| I

3
[ VKV Sett. Hd| [ Vie. Settm. He*, I Vm Scttmc H e* I Vie. Settm HelI V*. Settm H t* V«v Settm Me vZTsettmHe* j V« Son He* : Vm Settm Hd| V*> Settm HH

isisoamiEt

|° B , , gj; a j|o Bi a| °; B a .|° B * M ° g B a a
V.r. Settm HHi vm Settm Hel, i I Vie. Settm 4*4| Settm. He* V*. Scon Hd I V-. ier.ni He, Sdsn. He V*. Settm He* I Vie, Setting Help

sai$MjajtE
MiTOSKKiai IMi l im 'iBSU

Vie. Settm Hell | Vie. Settm He ! * Settm «•* v* Vie. Settm He* Vm Settm He*

I Vie. Settin. Hel, V*. Settin. Hel, Vie. Settm Hdi Vie. Settm He , Vie. Settm Hell V* Settm HH |rmBrja
r> <*
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The template with 9x9 of median filter and 10x7 of image size. 

c
Is. a-EJ 2* g «=_Jp 2S

Vie* Settim 4d[

el V.m c= a

Viev Settin: Hel|view Settim Hel| V'ie» Settim Hel| Vio Settmc l '*!

Viev Settin : Hdf 35
Viev Settim Hel| Vie* Settim tlel| Viev Settmc Hel|

Vfc. Settim Hef

Vm Settmc Helj Vie* Settin: He||

Vie/ Settini Hei|mm

el 2El 2 2 2 a
Sen iSestnc Hd| Vie* mv ie»Viev S n • hcl V.ev smm Ht*| View Settmc Hdc

m-
Vie# Settim He Vie* Settim He'|* ie< SettirK Hei

Jrm « ie# Settim Hei|

settmc Hel|

:
L
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The template with 9x9 of median filter and 15x10 of image size. 

c
Mi a J ® rs- » g >= a i B = -

Vifv Srt*.n< Hel| I I Vic Srttira Hri, y.rv M<.|{ | I Vic Settinc Hrt| Vi«. S«ttin< Hei|iMm
View Settin ; Hdj V»ev Settim Hd View Settin: Hel|

View Settim Hel|

V»ev SettimHe* | View Settinc Hd| j View S*tap&|! Vi* Settim Hel, | V -v Srttr He*

Viev Settm< Hel|

V
Viev Settim Hd View Settinc Helf | | Viev Settim riel| Viev Sett me Helj

r

=y 2S isj a y T1
Viev Settin i Hd| wie. settim Mc!| View Sett ng HelfViev Settin . Heli Viev Settini Hd|

Viev Settim Hel| Viev Settim Helj Viev Settim HH|Viev Settim Hd|

Viev Settin: Hd, Viev Settim Hd,

I1EE- * I -« i - ixFI7n
Vie. Settim Hd,
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The template with 9x9 of median filter and 30x20 of image size. 

c
ajja B-JJ ca M g a @ g Tj|° 151 2|B S J|u ia a [

Emijas
H | n- -ttinc Mel| jl I V*lWtrs Settin i Keif View Setting Heif

1LJ
Vies1 Settinc Hell Vie\ Settin: Hel| Viev Settinc Hd| Vie* Settinc Hcl| Viev Settim Hd Vie# Settinc Hel|Vie. Settinc Hel|

NTnrViev Settinc Hel| Viev Settinc HH| Viev Settinc Hdf | Viev Settinc Hd Viev Settini Hd ' | Vie# Settinc He Vie'# Settinc Hel|

V
i

vi*v Settim HefcViev Settinc hdViev Settin: Hell Vie\ Settinc Hel| Viev Settinc HeJj

/
fAS'

a
T A MM II '-LI-f. rv..
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The template with 9x9 of median filter and 40x25of image size. 

c
n 1 ® is

Viev Settini HH| I Vi

=J Si ±1 Si C=3= H

Vie* Settini Hel|« Settif* HA .ie» Sett** He*j Vie* Settim Hel| KH MNI He c5errm HCVKV Settmc Mr),

*a
Viev Settin: Hel, Viev Settini He* Vie* Settme He), VK\ Settwv MH| Vie* Settim Hel. Vie* Settmc Heh I Vie* Settim HH, Vie. Settini He Vie. Settim He!|.%e» iett-Oi

Settle* Hdi I ( v*» Settmc He* Tv vVie* Settim Hel|Viev Settim Hell Viev Sett.m Hd, ' V«* Settmt He) i Settim Hefc. Vie. settmc HellVie* Settim Hel| Vie* Settmc Hel|

/
e» Settim HdVsev Settmi He*i vie* Setroc Vi6 S C*m MetViev Settmc He),

t
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APPENDIX B4 

The template with different image size and median filter with yellow color light stored in database of the vision system. 

 

The template with 3x3 of median filter and 10x7 of image size. 

H a- 53

Viev Settm < Hdf

In = * Q =,

Vies Settm. HeJ|

|= _ *

Vie* Settin* Hell

P? S si aBJ > ® *
Vies Setting He

a a
V»ev Settin* Hel|Vie* Settin* Het| Viet Settin* HellVie* Settin* Heli

I t
Viev Settin ; Helj Viev Settim Hdi Viev Settinc Hel* Viet Settin, Hrl, vitt Settira Hell Vies Settin ; Hel| Vies Settmi Hefc Vies Settin* He1 m Settin* He'i Vies Settesc -4et,: uJ

Vi* Sett m Hd| ' Wes Settin* HeT|Viev Settin* Hel| Vies Settin* Hell Viev Settinc HeJ| Vies Settesc Hel,Vie. Settin* lc | Settin* He*, Vies Settw* Kieif V«es Settwv HH,

T
U

wie. iett n* Hel|Viev Setbni Mel, Vie* Settin* Ht ircl ; • it. Settin* He|Viev Settin* Hel|

I
==r* 4JVS<3 Dosvnk ad Maraer
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The template with 3x3 of median filter and 15x10 of image size. 

c fIs. B isl B => B * j ° * 3
Sabn. Hd /* Sett ". He)

s a 0 aisi a

pViev Settim H©| V.es Settim Hdi V.rv Settim HH . Settm He* V' Cv Settm i HdVwv settinc Hd;

Viev Settim del) Viev Serrmc Hdi V** Settirx He i Vc. Sec htt Het SRK H* Vir\ Settm. Hel,e. Settim He*

1 r
L A J a

0 View Settim He*i Viev Settim HeJ| y,» Settim Hd V A Settm Hd| • - He vies Settm : Hcl|V»e* Settim HdiV« Settm HHj Settmi He*

KKSilIPi
V»e\ Settmi Hd Vie. Settm HeJ| i ve» Set**- deViev Settm< Hrl? Vio Settm* Hel| Viev Settmc He*?
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The template with 3x3 of median filter and 15x10 of image size. 

a • *
Viev Settim Hel|

0 r| 0 S|_D 1= B

Vie# Settinc Hel|

i=J Br m • ' * 0 sz i a

Settim HelViev Settin: Hel| Viev Settim Hrl| vies Settini Hcl| Viev Settini Her- "

* .
Viev Settin ; Helf Viev Settim Hel Viev Settin: Helf Viev Settim Hel V ev Settini HefJ Viev Settin: Hel| Viev Settin : Hel| Viev Settrni HelViev Settim? Hel

PSSHSWU_
~ - I " B

_
m

Vie* Settim Hell Viev Settinc Hei|Viev Settim Hell

"1

Vie/ Settini Hell Viev Settim Hel Viev Settinc Hell Vie* Settinc Vie* Settinc Helj

.
T A fWA It # -A -
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The template with 3x3 of median filter and 30x20 of image size. 

B = 3 s n 3 0 22c= JiJ , X B a y MS3 Hrj
Viev Settim Hell Vie* Settinc Hel| Vie* Settin. HeVMh Scttiru Hcl| : Settin; -:lViev Settin: Hell Vie* Settim Hel|-11 - "

Viev Settin: Helf Viev Settin. He Viev Settinc Helf Viev Settim KH Vie* Settin: Hel| Viev Settim Hd- - - -11: I

Vie* Settim > lel| Viev Settinc HH| Vie* Settim Hcl| Viev Settim HH V.ev Settin. Hd

A - .

B Vie. Settin: HelfVie* Settim Hellvie/ Settin. Hdi V.ev Setbm He V«ev Settinc Helf. I
.

T
_

n ww
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The template with 3x3 of median filter and 40x25 of image size. 

•; g 22

Vie* Settinc Hel| |
tei . _S_ 11 Q = lai a

Vie* Settirx Hel| j I Vie* Settmi Hd|

a
View Setting Help

= & W - \21 ISa la

Viev 5ettinc Hel| vie* Settinc He*| v > e% Settmc He| Heft

1
| Vic* Settinc Hel| Vie* Setting Hel|Viev Settmi Hel| Viev Settmi Hd| V.ev Settmc Hel| Vie* Settmi Htl| Vie* lettini Heli .'lev Settinc Hel| Vie* Settinc Hell

.1 n

A
*

Viev Settinc Hell Vie* Settinc Hell Viev Settinc Het| Vim Settmi Hei| Vie* Settinc Helj Vie* Settinc Hel| Vie* Settinc Hel|Vie* Settinc Hei| vie* Sen n« He*| Vie* Settinc Hel|-?
Vie. Senmc Heij Vie* Settmi Hd|Viev Settmi Hell V»«v Settmi Heli Vie* Setting HeiViev Settinc Hel| -

J
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The template with 5x5 of median filter and 10x7 of image size. 

D 53J| M a ill T PQ d. li & ii_ r 'H £ a a aiS|sJ aca a a
Virv Srttinc Hel|Virv Srttinc t lrl| Virv Srttinc Hrl| Viet Srttinc Hrl| Vie, Settrnc Hel| ( Viev Setting Hel| V.t* Srttm Hdi Srttinc Hr11 Vie* 5etling HelpViev Scttin: Hdi

I t
s

Viev Srttim Hdj Viev SettifM Hd. Viev Setting Hel| Viev Settini Hd Viev Settin Hd| VW-v eftm Hd Viev Srttinc ttrl| Vet Srttinc > tel| Viev Srttm: HH|Viev Settmt Hd|

f r inVir* Srttinc Hrl| J Hel|Virv Srttinc Hell Viev Srttinc He4| Viev Settin ; HellViev Srttinc Hr»| Virv Scttim HHf Virv Settwv Hd»

Vie. Settinc Hel| Vie. Srttinc Hel| SetUm Hel|Vie/ Settini Hdi Viev Settini Hd Viev Srttm: Hell

i
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The template with 5x5 of median filter and 15x10 of image size. 

|c l a J2_ T

_
a i s) a >'g a n

IA Set t im Hel| 1 VIA Set t im Helf VS<\ Set tm Hel|

1 a g ] ;
V« Settim He* ** Settm Hd!

H
View Setting H*p

' l(a S S -r j @ ES3

iev Settim Het|Viev Settim Hel| vie* Settim He!|V» ev Setting Heljr-'s r
L -

Viev Settin: Helf Viev Settim hd V»ev SettirK Hd| Viev Settin : * «1 Vte» Settim Hd| Settir : HHt VI-N Settmi Hefc Vie* , I He mm 5ettinc Hrl, Settlor tet,

«- U
_

l. I ' LA. l
_
Lal. . . . . . . .. . u. « -»Vic Settim Hcl| Vic Settim Hei| *"» i**'"1 Hr l v»***** *1 \ c Scfftnc Hd| Vic Setter Hel| Vie* Settlor Me<|Viev Settim Hell Viev Settmc Heij Vie* Settmr Hdi

QilKdl 11J
Vie. Settlor Hfei| Vie. Settmr Hei|Vie/ Settim Hdj V>ev Settim Hd Vie. Settmr Hfe|Viev Settinc Helf-
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The template with 5x5 of median filter and 30x20 of image size. 

=, isi , a
! i Viev Settin; Helf

isj a i SD 2 3 2 a20 2 L2J 2f5i aIsJ 2 rj
Vie* Settinc Hell Viev Settini HdSetting HellViev Settini Hd Vie* Settini He% Viev SeCbm Hd| Viev Setting Hcl| View Setting HelpVie/ Settinc Hdfr r

IrJ*n Viev Vie* Settinc Hel|
1 I Vie* Settinc Hd| Vie* Setfam Hd| Vie* Settinc Hel| ,m#uVie/ Settinc Helf Settinc He| Vie * jeltiru He 11'¥ ««» Settm Hd

»- -i r -i

* iJ

nViev Settin: Helf Vie* Settin; Hel| Vie% Settin : HdfViev Settinc Helf Vie* Settinc Hel|Vie* Settin: Hdi Viev Settin ; Hdi Viev Settinc Hel| | Viev Settinc Hel|
r-e n

-i *aVie/ Settmc Hel| | Vie* Settinc Hi

Zll>
Vr* Settin . Helj V»«v Settin. Hd,Hr , Viec Settinc Helf

K 1
- L J -a
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The template with 5x5 of median filter and 40x25 of image size. 

c
H 1= =Viev Settinc Hri|

, N a is]£ >2® a a= zi c=
V»ev Settim He* Wn Settinc ' 1- 1 ,. a ; t:: ' H - -1* 1 M fl - l:Via SeEbrw MSVmr Settinc Ha

Viev Settinc Hel| Via Settim H*l| Vtev bettnc H«*| .ia StfLm He? As Sett -m He ,Vies Settinc He. Settinviev Icttl- hrl Viev etbe m V iev» ie. Settinc He|

waft
V n Hdi 1 V v Settinc Hri u.

_ 1*Viev Settim Hei| Via Settim HH iiev Settinc Hd? Via Settim l -d « H«* Via Settin: Hrt| HHi-

v a Satin Md a Sea 1 Via Scttm HelVia Settin: Hel| Via Settim Hel| Viev Settim Hd|

ETI
i
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The template with 7x7 of median filter and 10x7 of image size. 

c

Viev Settim Hel|a
B gj
• -v Sett: He#- Vie* Settim Hd?

gj = 22

Viev Settim Helf

|o Q 22

Vie* Seconi Hd

D; = .V £.(a £ r. ts>

Vie* Settin; Hel|Vr> ver n i *e| * »e. iettmc He i Vie* Setting HeltV*» Settm He

ir I

Viev Settim Helf V»ev Settm ; Hd| Viev Settinc Hei| v»e\ Settm. Hell .*. ie** nt He rtr* irtr -V V«ev HH V»ev Settim HH Viev Settmc He£Vie* Sefln Hel|

-"Jsu-

Viev Settim Hdy Viev Settim HeJ( H
Vir* Sett. Hrt, vie. saon, uv • •* S«»- He .*. Semn. He. v.et Setbrv Hc*| Vie. Settm. He),yiza

Vies Settim he • «* Sett - He

Viev Settim Het

Yfck Settim Hd|

£ I

a*- T-iwwn u--.wi.c.
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The template with 7x7 of median filter and 15x10 of image size. 

S a O (°1 iS

Vicv S«ttin< Hdi Vev Scttim Hd

Viev Settiru Hclf

C
7J o - TJ c=i L°i 151 H

| V«ev Settiru Hel| Viev >rttin: Hd| | Viev Settiru He»| 1 Vic. Sertin* H

HL1S&
I Vie* Senmc Hd) 11 vict Stffim Hd| I Vi* Semm Hdi | Viev Semru Hdi f Vie> Sen.tv He) , Vi»w m a m i

HH| Vi® Settiru Hd|n I Vie* SettWH HH|

LEJ » g @ S f g i IH H M '

I Vie# Settiru He Vie# Settini Hdi Viev Settiru Hci| Viev Settiru Hcl| I Viev Sett me Hel| I Viev Settiru Hd| View Setting Helpmmmm
Vie\ Settiru Hel| Vjr. Settiru Helf Viev Settiru Hcl| Viev Settiru Helj j viev Settiru Hel| Viev Settm< Hel| Viev Settiru Hel|feiiifcEifflU

Settiru Hell | Vie* Settiru Hel| Vie* Settiru Hrl|

«
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The template with 7x7 of median filter and 30x20 of image size. 
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The template with 7x7 of median filter and 40x25 of image size. 
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The template with 9x9 of median filter and 10x7 of image size. 
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The template with 9x9 of median filter and 15x10 of image size. 
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The template with 9x9 of median filter and 30x20 of image size. 
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The template with 9x9 of median filter and 40x25 of image size. 
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APPENDIX D 

The result for the comparison between the percentages of recognition after matching to the 

template with difference image size when the 3x3 median filter and 86% of matching 

percentage is fixed and in white light condition. 

 

 

10X7 15x10 30X20 40X25

Cl C2 C3 C4 C5 C6 Cl C2 C3 C4 C5 C6 Cl C2 C3 C4 C5 C6 Cl C2 C3 C4 C5 C6
ABC123 ABC123 ABC123 ABC123
DEF456 DEF456 DEF456 DEF456
GHI789 NA GHI789 GHI789 NA GHI789
JKL245 JKL245 JKL245 JKL245
YUI876 YU1876 NA NA YU1876 NA YUI876 NA
HUI976 NA NA HUI976 NA NA HUI976 NA NA HUI976 NA NA NA
GYU678 NA GYU678 GYU678 GYU678
UIP945 NA NA UIP945 UIP945 NA NA UIP945 NA NA
KIY890 NA KIY890 KIY890 KIY890 NA NA
YRT543 YRT543 YRT543 YRT543
SER421 SER421 SER421 SER421
JU0964 NA NA JU0964 NA NA JU0964 NA NA NA JU0964 NA NA NA
TYU765 NA TYU765 TYU765 TYU765
OPJ876 NA OPJ876 OPJ876 OPJ876
GTR432 GTR432 GTR432 GTR432
NJU765 NA NA NJU765 NJU765 NA NA NJU765 NA NA
LOP654 NA LOP654 LOP654 LOP654
NBV543 NBV543 NA NBV543 NBV543
CDS345 CDS345 CDS345 CDS345
LPI754 LPI754 LPI754 LPI754
HYR541 HYR541 HYR541 HYR541
CGR475 CGR475 CGR475 CGR475
BYI865 BYI865 BYI865 BYI865
FRE567 FRE567 FRE567 FRE567
Ml0965 NA NA Ml0965 NA MI0965 NA NA MI0965
SCE327 SCE327 SCE327 SCE327
MXY543 MXY543 MXY543 MXY543
PAC698 PAC698 PAC698 PAC698
ZY0963 NA NA ZY0963 ZY0963 ZY0963
TDW370 TDW370 TDW370 TDW370
HU0975 NA NA NA HU0975 HU0975 HU0975 NA NA
SDR541 SDR541 SDR541 SDR541
TYU890 NA TYU890 NA NA TYU890 TYU890 NA NA NA
CSE579 CSE579 CSE579 CSE579
VYT371 VYT371 NA VYT371 VYT371
N10047 NA NA N10047 N10047 N10047
ZWQ356 ZWQ356 ZWQ356 ZWQ356
BU0746 NA BU0746 NA NA BU0746 BU0746 NA NA
CTQ479 NA CTQ479 CTQ479 NA NA CTQ479
BYA490 NA BYA490 BYA490 BYA490 NA NA
BY0853 BY0853 BY0853 BY0853
MNA960 MNA960 MNA960 MNA960
AT0521 NA AT0521 NA AT0521 AT0521
LIX763 LIX763 LIX763 LIX763
PXT496 PXT496 PXT496 PXT496
SU0836 NA SU0836 SU0836 SU0836 NA NA
XOP042 XOP042 XOP042 XOP042
ZUO490 NA NA NA ZUO490 ZUO490 NA NA ZUO490 NA NA NA
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AOP692 AOP692 AOP692 AOP692
HTS381 HTS381 HTS381 HTS381
QYE375 NA QYE375 NA QYE375 NA QYE375
PDY720 PDY720 PDY720 PDY720
FOE830 FOE830 FOE830 FOE830 NA
SUE934 NA NA SUE934 NA NA SUE934 SUE934
LYK853 LYK853 LYK853 LYK853
BYW917 BYW917 BYW917 NA BYW917
MOS579 NA MOS579 NA NA MOS579 MOS579
WEE922 WEE922 WEE922 WEE922
TTA428 TTA428 TTA428 TTA428
VCC555 VCC555 NA VCC555 VCC555
QQQ456 NA NA NA QQQ456 NA NA NA QQQ456 NA NA NA QQQ456 NA NA NA
GUR560 NA GUR560 NA GUR560 GUR560
TIS533 TIS533 TIS533 TIS533
KPY780 KPY780 KPY780 KPY780
CRW431 CRW431 CRW431 CRW431
JAS880 JAS880 JAS880 JAS880
RR3561 RR3561 RR3561 RR3561
NIT553 NIT553 NA NIT553 NIT553
LPR589 LPR589 LPR589 LPR589 NA
BIT532 BIT532 BIT532 BIT532
HHH666 HHH666 HHH666 HHH666
PP0995 NA NA NA PP0995 NA NA NA NA NA'JA PP0995 PP0995
DDR423 DDR423 DDR423 DDR423
KUT765 NA KUT765 KUT765 KUT765
CRT321 CRT321 CRT321 CRT321
MOI998 MOI998 NA NA NA MOI993 NA MO1998 NA NA
BUY664 NA BUY664 BUY664 BUY664
000756 NA NA NA 000756 NA NA NA 000756 NA NA NA 000756
VYR532 VYR532 NA VYR532 VYR532
MNB098 MNB098 MNB098 MNB098 NA NA NA
FFF456 FFF456 FFF456 FFF456
KOU864 NA NA KOU864 NA NA KOU864 NA NA KOU864
POE466 POE466 NA POE466 POE466
LIA122 L1A122 LIA122 UA122
NUY665 NUY665 NUY665 NA NA NUY665
POU889 NA NA POU889 NA NA NA POU889 POU889 NA NA NA
BNY664 BNY664 BNY664 BNY664
MIY643 MIY643 MIY643 MIY643
PRG754 PRG754 PRG754 PRG754
M00874 NA NA M00874 NA NA M00874 NA NA M00874 NA NA
II1064 111064 111064 111064
THY623 THY623 THY623 THY623
LOP998 NA LOP998 NA NA NA LOP998 NA NA NA LOP998
VRW954 VRW954 NA VRW954 VRW954
LTE964 LTE964 LTE964 LTE964
BTEOOO BTEOOO BTEOOO BTEOOO NA NA NA
MUE412 NA MUE412 NA MUE412 MUE412
HHH634 HHH634 HHH634 HHH634
NUI476 NA NUI476 NA NUI476 NA NA NUI476 NA NA
PRE479 NA PRE479 NA PRE479 PRE479

63% 72% 81% 78%

After analysis U,9,O,N,l,0,Q After analysis U,1,9,0,V,0 After analysis N,U,0,0,9 After analysis N,U,0,0,9,Q
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APPENDIX E 

The result for the comparison between the percentages of recognition after matching with 100 

good(G) sample to the template with difference matrix of median filter when the 30x20 of 

image size and 86% of matching percentage is fixed and in white light condition. 

 

3X3 5X5 7X7 9X9
Cl C2 C3 C4 C5 C6 Cl C2 C3 C4 C5 C6 Cl C2 C3 C4 C5 C6 Cl C2 C3 C4 C5 C6

ABC123 ABC123 ABC123 NA ABC123 NA NA NA NA
DEF456 DEF456 NA DEF456 L,E E,F DEF456 NA NA E,9,F NA NA NA

GHI789 NA GHI789 NA NA NA GHI789 NA NA NA GHI789 NA NA NA NA

JKL245 JKL245 NA NA JKL245 F,U,L NA JKL245 L,E,F,9 NA NA
YUI876 YU1876 NA NA NA YUI876 NA NA YU1876 NA J,3,U NA NA NA
HUI976 NA NA HUI976 NA NA NA NA HUI976 NA NA HUI976 NA J,3,U NA NA NA
GYU678 GYU678 GYU678 NA NA GYU678 NA J,3,U NA NA NA
UIP945 UIP945 NA NA NA NA UIP945 NA NA UIP945 J,u NA NA NA
KIY890 KIY890 NA KIY890 NA NA KIY890 NA NA NA NA NA
YRT543 YRT543 NA YRT543 NA NA YRT543 NA NA NA NA
SER421 SER421 NA SER421 NA L,E SER421 NA NA NA NA NA
JU0964 NA NA NA JU0964 NA JU0964 NA NA JU0964 J,3,U NA NA NA
TYU765 TYU765 NA NA NA TYU765 NA NA TYU765 NA J,3,U NA NA NA
OPJ876 OPJ876 M A NA NA OPJ876 NA NA NA NA OPJ876 NA NA NA NA NA
GTR432 GTR432 GTR432 GTR432 NA NA
NJU765 NJU765 NA NA NA NA NJU765 NA NA NA NJU765 NA J,3,U NA NA NA
LOP654 NA LOP654 NA NA LOP654 F,U,L NA NA NA LOP654 L,E,F,6,9 NA NA NA NA
NBV543 NBV543 NA NBV543 NA NA NBV543 NA NA NA NA
CDS345 CDS345 NA NA CDS345 NA NA CDS345 NA NA NA NA
LPI754 LPI754 NA NA LPI754 F,L NA NA NA LPI754 L,E,F,6,9 NA NA NA
HYR541 HYR541 NA NA HYR541 NA HYR541 NA NA NA NA NA
CGR475 CGR475 NA NA CGR475 NA NA CGR475 NA NA NA NA
BYI865 BYI865 NA BYI865 NA NA BYI865 NA NA NA NA NA NA
FRE567 FRE567 FRE567 L,E NA NA FRE567 E,9,F NA NA NA NA NA
M10965 NA NA MI0965 NA NA NA Ml0965 NA NA NA NA Ml0965 NA NA NA NA NA
SCE327 SCE327 SCE327 NA L,E,F NA SCE327 NA NA NA NA NA
MXY543 MXY543 NA MXY543 NA NA MXY543 NA NA NA NA
PAC698 PAC698 PAC698 NA NA NA PAC698 NA NA NA NA NA
ZY0963 ZY0963 ZY0963 NA ZY0963 NA NA NA NA
TDW370 TDW370 NA TDW370 NA TDW370 NA NA NA NA
HU0975 NA NA NA HU0975 M AIMA M AiNA M AIMA NA HU0975 NA NA NA HU0975 NA J,3,U NA NA NA NA
SDR541 SDR541 SDR541 NA NA SDR541 NA NA NA NA NA
TYU890 TYU890 NA NA TYU89C NA NA TYU890 NA J,3,U NA NA NA
CSE579 CSE579 CSE579 NA LfE NA NA CSE579 NA NA NA NA NA NA
VYT371 VYT371 VYT371 NA VYT371 NA NA NA NA
N10047 N10047 NA NA N10047 NA NA N10047 NA NA NA NA NA
ZWQ356 ZWQ356 ZWQ356 NA NA ZWQ356 NA NA NA NA
BU0746 BU0746 BU0746 NA NA BU0746 NA J,3,U NA NA NA
CTQ479 NA NA CTQ479 NA NA NA CTQ479 NA NA NA CTQ479 NA NA NA NA
BYA490 BYA490 BYA490 NA BYA490 NA NA NA NA
BY0853 BY0853 BY0853 NA NA NA BY0853 NA NA NA NA NA
MNA960 MNA960 NA MNA960 NA NA NA MNA960 NA NA NA NA NA
AT0521 AT0521 AT0521 NA NA AT0521 NA NA NA NA NA
LIX763 LIX763 NA LIX763 F,U,L NA LIX763 L,E,F,6,9 NA NA NA
PXT496 PXT496 PXT496 NA NA PXT496 NA NA NA NA

SU0836 SU0836 NA NA SU0836 NA NA NA SU0836 NA J,3,U NA NA NA

XOP042 XOP042 XOP042 NA NA XOP042 NA NA NA NA NA

ZUO490 ZUO490 NA NA ZUO490 NA NA NA ZUO490 J,3,U NA NA NA

AOP692 AOP692 AOP692 NA NA NA AOP692 NA NA NA NA NA

HTS381 HTS381 NA HTS381 NA NA HTS381 NA NA NA NA

QYE375 NA QYE375 NA NA QYE375 NA L,E NA NA QYE375 NA NA NA NA NA
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PDY720 PDY720 PDY720 NA NA PDY720 NA NA NA NA NA NA
FOE830 FOE830 FOE830 E,U NA L,E NA FOE830 E,9,F NA NA NA NA
SUE934 NA NA SUE934 NA NA NA SUE934 NA NA L,E,F NA SUE934 NA J,u NA NA
LYK853 LYK853 LYK853 L,F,U NA NA LYK853 L,E,F,6,9 NA NA NA NA
BYW917 NA BYW917 NA BYW917 NA NA BYW917 NA NA NA NA NA NA
MOS579 MOS579 MOS579 NA NA NA NA NA MOS579 NA NA NA NA NA NA
WEE922 WEE922 NA WEE922 L,E L,E NA WEE922 NA NA NA NA NA NA

TTA428 TTA428 TTA428 NA TTA428 NA NA NA NA
VCC555 VCC555 VCC555 NA NA NA VCC555 NA NA NA NA NA NA
QQQ456 NA NA NA QQQ456 NA NA NA NA QQQ456 NA NA NA NA QQQ456 NA NA NA NA NA
GUR560 GUR560 GUR560 NA GUR560 J,3,U NA NA NA NA
TIS533 TIS533 NA NA TIS533 NA NA TIS533 NA NA NA
KPY780 KPY780 NA NA KPY780 NA NA NA KPY780 NA NA NA NA NA
CRW431 CRW431 CRW431 CRW431 NA NA NA NA
JAS880 JAS880 NA JAS880 NA NA NA JAS880 NA NA NA NA NA
RR3561 RR3561 RR3561 NA RR3561 NA NA NA NA NA
NIT553 NA NIT553 NA NA NIT553 NA NA NA NIT553 NA NA NA NA
LPR589 LPR589 LPR589 L,F,U NA NA NA LPR589 L,E,F,6,9 NA NA NA NA NA
BIT532 BIT532 NA BIT532 NA BIT532 NA NA NA NA
HHH666 HHH666 NA NA NA HHH666 HHH666 NA NA NA NA NA NA
PP0995 NA NA NA PP0995 PP0995 NA NA NA NA NA NA PP0995 NA NA NA NA NA NA
DDR423 DDR423 DDR423 DDR423 NA NA NA NA NA
KUT765 KUT765 NA NA KUT765 NA NA KUT765 J,3,U NA NA NA NA
CRT321 CRT321 CRT321 CRT321 NA NA NA NA NA
MOI998 NA NA NA MOI998 NA NA NA MOI998 NA NA NA NA MOI998 NA NA NA NA NA
BUY664 BUY664 NA BUY664 NA BUY664 NA 3,11 NA NA NA
000756 000756 NA NA NA 000756 NA NA 000756 NA NA NA NA NA NA
VYR532 VYR532 NA VYR532 NA VYR532 NA NA NA NA NA
MNB098 MNB098 NA MNB098 NA NA NA MNB098 NA NA NA NA NA NA
FFF456 FFF456 NA FFF456 F,E,U NA FFF456 E,9,F E,9,F E,9,F NA NA
KOU864 KOU864 NA NA K0U864 NA NA NA KOU864 NA J,3,U NA NA
POE466 POE466 NA POE466 NA NA E,L POE466 NA NA NA NA
LIA122 LIA122 LIA122 L,F,U LIA122 L,E,F#6,9 NA NA NA NA NA
NUY665 NA NA NUY665 NUY665 NA NA NUY665 NA J,3,U NA NA NA NA
POU889 NA NA NA POU889 POU889 NA NA NA NA NA POU889 NA NA J,3,U NA NA NA
BNY664 BNY664 BNY664 NA BNY664 NA NA NA NA NA
MIY643 MIY643 NA MIY643 MIY643 NA NA NA NA
PRG754 PRG754 PRG754 NA NA PRG754 NA NA NA NA NA
MO0874 M00874 M00874 NA NA NA NA M00874 NA NA NA NA NA NA
II1064 II1064 NA NA III064 111064 NA NA NA
THY623 THY623 NA THY623 THY623 NA NA NA NA NA
LOP998 LOP998 LOP998 L,F,U NA NA NA NA NA LOP998 UE,F,6 NA NA NA NA NA
VRW954 VRW954 NA NA VRW954 NA NA VRW954 NA NA NA NA NA
LTE964 LTE964 LTE964 L,F E,L NA LTE964 L,E,F,6,9 NA NA NA
BTEOOO BTEOOO BTEOOO BTEOOO NA NA NA NA NA
MUE412 MUE412 NA MUE412 NA MUE412 NA U,J NA NA NA
HHH634 HHH634 HHH634 HHH634 NA NA NA NA NA
NUI476 NA NA NUI476 NA NA NUI476 NA NA NA NUI476 NA U,J,3 NA NA NA NA
PRE479 PRE479 NA NA NA PRE479 E,L NA NA PRE479 NA NA NA NA NA

83% 41% 11% 0%

After analysis N,U,0,0,9 After analysis HIJPQSUW0579 After analysis EwL,FwEU,LwFU After analysis BCDEHMNOPQRSUV
BHMNOPQSUV WY1256789

FwE9,LwEF69,UwJ2
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APPENDIX F1 

The result for the comparison between the percentages of recognition after matching with 100 

good(G) sample to the template with difference matching percentage when the 30x20 of image 

size and 3x3 of median filter is fixed and in white light condition. 

80% 85% 90% |
Cl C2 C3 C4 C5 C6 Cl C2 C3 C4 C5 C6 Cl C2 C3 C4 C5 C6

ABC123 ABC123 ABC123 NA NA NA NA
DEF456 E,L F,E,L DEF456 DEF456 NA NA NA NA
GHI789 H,B l/T GHI789 GHI789 NA NA NA
JKL245 L,E JKL245 JKL245 NA NA NA
YU1876 l/T YUI876 YUI876 NA NA NA
HUI976 H,B l,T HUI976 HUI976 NA NA NA
GYU678 GYU678 GYU678 NA NA NA
UIP945 UIP945 UIP945 NA NA NA
KIY890 l/T 0,B,U KIY890 KIY890 NA NA NA
YRT543 l/T YRT543 YRT543 NA NA NA NA
SER421 E,L SER421 SER421 NA NA NA NA
JU0964 JU0964 JU0964 NA NA NA NA
TYU765 l/T TYU765 TYU765 NA NA NA NA
OPJ876 OPJ876 OPJ876 NA NA NA NA
GTR432 l/T GTR432 GTR432 NA NA NA NA
NJU765 NJU765 NJU765 NA NA NA
LOP654 L,E LOP654 NA NA NA NA
NBV543 NBV543 NA NA NA NA NA NA
CDS345 CDS345 'SL 91 NA NA NA NA NA
LPI754 L,E l/T LPI754 LPI754 NA NA NA
HYR541 H,B HYR541 HYR541 NA NA NA
CGR475 CGR475 CGR475 NA NA NA NA
BYI865 l/T BY1865 BYI865 NA NA NA NA
FRE567 F/E E,L FRE567 FRE567 NA NA NA NA
Ml0965 l/T Ml0965 Ml0965 NA NA NA NA
SCE327 E,L SCE327 SCE327 NA NA NA NA
MXY543 MXY543 MXY543 NA NA NA
PAC698 PAC698 PAC698 NA NA NA
ZY0963 ZY0963 ZY0963 NA NA NA NA NA
TDW370 l,T MX TDW370 TDW370 NA NA NA NA NA NA
HU0975 H,B HU0975 HU0975 NA NA NA NA
SDR541 SDR541 SDR541 NA NA NA NA NA
TYU890 l/T 0,BfU TYU890 TYU890 NA NA NA NA
CSE579 E/L CSE579 CSE579 NA NA NA NA
VYT371 l/T VYT371 VYT371 NA NA NA NA
N10047 l/T N10047 N10047 NA NA NA NA NA
ZWQ356 ZWQ356 ZWQ356 NA NA NA NA NA NA
BU0746 BU0746 BU0746 NA NA NA NA NA
CTQ479 l/T CTQ479 CTQ479 NA NA NA NA NA
BYA490 0,B,U BYA490 BYA490 NA NA NA NA
BY0853 BY0853 BY0853 NA NA NA NA NA
MNA960 0,B,U MNA960 MNA960 NA NA NA NA
AT0521 l/T AT0521 AT0521 NA NA NA NA
LIX763 L,E l/T LIX763 LIX763 NA NA NA
PXT496 l/T PXT496 PXT496 NA NA NA NA
SU0836 SU0836 SU0836 NA NA NA NA NA
XOP042 XOP042 XOP042 NA NA NA NA
ZUO490 0,B,U ZUO490 ZUO490 NA NA NA NA NA
AOP692 AOP692 AOP692 NA NA NA NA
HTS381 H,B l/T HTS381 HTS381 NA NA NA NA
QYE375 E/L QYE375 QYE375 NA NA NA NA
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PDY720 0,B,U PDY720 PDY720 NA NA NA NA
FOE830 F,E E,L 0,B,U FOE830 FOE830 NA NA NA NA
SUE934 E,L,F SUE934 SUE934 NA NA NA NA
LYK853 L#E LYK853 LYK853 NA NA NA
BYW917 BYW917 BYW917 NA NA NA NA
MOS579 MOS579 MOS579 NA NA NA NA NA
WEE922 E,L E,L WEE922 WEE922 NA NA NA NA
TTA428 l/T U TTA428 TTA428 NA NA NA NA NA
VCC555 VCC555 VCC555 NA NA NA NA
QQQ456 QQQ456 QQQ456 NA NA NA NA NA NA
GUR560 0,B,U GUR560 GUR560 NA NA NA NA
TIS533 l,T IT TIS533 TIS533 NA NA NA NA NA
KPY780 0,B,U KPY780 KPY780 NA NA NA
CRW431 CRW431 CRW431 NA NA NA NA
JAS880 0,B,U JAS880 JAS880 NA NA NA NA
RR3561 RR3561 RR3561 NA NA NA NA
NIT553 l/T l/T NIT553 NIT553 NA NA NA NA NA
LPR589 L,E LPR589 LPR589 NA NA NA NA
BIT532 l/T l,T BIT532 BIT532 NA NA NA NA NA
HHH666 H,B H,B H,B HHH666 HHH666 NA NA NA
PP0995 PP0995 PP0995 NA NA NA NA
DDR423 DDR423 DDR423 NA NA NA NA NA NA
KUT765 l,T KUT765 KUT765 NA NA NA NA
CRT321 l/T CRT321 CRT321 NA NA NA NA
MOI998 l,T MOI998 MO

VY 2 NA
M\ 8

NA NA NA NA
BUY664 BUY664 NA NA NA
000756 000756 000756 NA NA NA NA NA NA
VYR532 VYR532 NA NA NA NA
MNB098 MNB098 NA NA NA NA NA
FFF456
KOU864
POE466

F/E F,E F,E

E,L

FFF456
rCOU864
POE466

NA NA NA
NA NA

POE466 NA NA
NA NA
NA NA

LIA122 L,E l/T LIA122 LIA122 NA NA
NUY665 NUY665& NUY665 NA NA NA NA
POU889 POU889

BNYi
POU889 NA NA NA NA

BNY664 664 BNY664 f NA NA NA NA NA
MIY643 l/T MIY643 MIY643 NA NA NA
PRG754 PRG754

005574
PRG754
M00874

NA NA NA NA
M00874 M NA NA NA NA NA
111064 l,T l/T l,T 111064 111064 NA NA NA
THY623 l,T H,B THY623 THY623 NA NA NA NA
LOP998 L,E LOP998 LOP998 NA NA NA NA
VRW954 VRW954 VRW954 NA NA NA NA NA NA
LTE964 L,E l/T E,L LTE964 LTE964 NA NA NA NA
BTEOOO l/T E,L 0,B,U 0,B,U 0,B,U BTEOOO BTEOOO NA NA NA NA NA
MUE412 E,L MUE412 MUE412 NA NA
HHH634 H,B H,B H,B HHH634 HHH634 NA NA NA
NUI476 l,T NUI476 NUI476 NA NA NA NA
PRE479 E,L PRE479 PRE479 NA NA NA NA

38% 100% 0%

After analysis EwL,FwE,HwB,lwT,LwE,
Twl,OwBU

After analysis NA After analysis ABDNOQRSTVWZ02345679
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APPENDIX F2 

The result for the comparison between the percentages of recognition after matching with 100 

not good(NG) sample to the template with difference matching percentage when the 30x20 of 

image size and 3x3 of median filter is fixed and in white light condition. 

 

80% 85% 90%
Cl C2 C3 C4 C5 C6 Cl C2 C3 C4 C5 C6 Cl C2 C3 C4 C5 C6

ABC123 NA NA NA 2/E 3,C ABC123 C 3 ABC123
DEF456 NA NA NA NA NA DEF456 F DEF456 F
GHI789 l,E 7,Z NA GHI789 GHI789
JKL245 NA 2/E NA NA JKL245 JKL245
YU1876 l/E 7/Z NA YU1876 YU1876
HUI976 l/E NA 7/Z NA HUI976 HUI976
GYU678 NA 7/Z GYU678 GYU678
UIP945 l,E NA NA NA UIP945 UIP945
KIY890 NA KIY890 KIY890
YRT543 NA NA 3/C YRT543 3 YRT543
SER421 NA NA 2/E SER421 SER421
JU0964 NA NA JU0964 JU0964
TYU765 7,Z NA NA TYU765 TYU765
OPJ876 7/Z NA OPJ876 OPJ876
GTR432 NA 2,E GTR432 GTR432
NJU765 7/Z NA NA NJU765 NJU765
LOP654 NA NA NA NA LOP654 LOP654
NBV543 NA NA NA 3,C NBV543 3 NBV543
CDS345 NA 3,C NA NA CDS345 C CDS345
LPI754 NA l/E 7/Z NA NA LPI754 LPI754
HYR541 NA HYR541 HYR541
CGR475 NA NA 7,Z NA CGR475 C CGR475
BYI865 NA l,E NA NA BYI865 BYI865
FRE567 NA NA NA NA 7,Z FRE567 F FRE567 F
Ml0965 l/E NA NA NA Ml0965 MI0965
SCE327 NA 3,C 2/E SCE327 SCE327
MXY543 NA NA 3,C MXY543 3 MXY543
PAC698 NA NA NA NA PAC698 C PAC698
ZY0963 Z,E NA NA 3,C ZY0963 3 ZY0963
TDW370 3,C 7/Z TDW370 TDW370
HU0975 NA 7,Z NA HU0975 HU0975
SDR541 NA NA SDR541 SDR541
TYU890 NA TYU890 TYU890
CSE579 NA NA NA 7/Z NA CSE579 C CSE579
VYT371 3,C 7,Z VYT371 VYT371
N10047 l/E NA 7/Z N10047 N10047
ZWQ356 Z,E 3,C NA NA ZWQ356 ZWQ356
BU0746 NA 7/Z NA NA BU0746 BU0746
CTQ479 NA NA 7/Z NA CTQ479 C CTQ479
BYA490 NA NA NA NA BYA490 BYA490
BY0853 NA NA 3,C BY0853 3 BY0853
MNA960 NA NA NA MNA960 MNA960
AT0521 NA NA 2,E AT0521 AT0521
LIX763 NA l,E 7,Z NA 3,C LIX763 3 LIX763
PXT496 NA NA NA PXT496 PXT496
SU0836 3,C NA SU0836 SU0836
XOP042 NA 2,E XOP042 XOP042
ZUO490 NA NA ZUO490 ZUO490
AOP692 NA NA NA 2,E AOP692 AOP692
HTS381 3,C HTS381 HTS381
QYE375 NA 7/F 5,G QYE375 QYE375
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PDY720 2,E PDY720 PDY720
FOE830 NA 3/ C FOE830 F 3 FOE830 F
SUE934 NA 3,C NA SUE934 SUE934
LYK853 NA 5,G NA LYK853 3 LYK853
BYW917 B,0 NA 7/ F BYW917 BYW917
MOS579 7,F NA MOS579 MOS579
WEE922 E,L,6 E,L,6 NA NA NA WEE922 WEE922
TTA428 NA NA TTA428 TTA428
VCC555 NA NA 5,G 5,G 5,G VCC555 C C VCC555
QQQ456 NA 5,G QQQ456 QQQ456
GUR560 5,G NA GUR560 GUR560
TIS533 U NA NA TIS533 3 3 TIS533
KPY780 7,F KPY780 KPY780
CRW431 NA NA CRW431 C 3 CRW431
JAS880 NA JAS880 JAS880
RR3561 NA 5,G NA RR3561 3 RR3561
NIT553 l#T 5,G 5,G NA NIT553 3 NIT553
LPR589 NA 5,G NA LPR589 LPR589
BIT532 B,0 5,G NA NA BIT532 3 BIT532
HHH666 NA NA NA HHH666 HHH666
PP0995 NA NA PP0995 PP0995
DDR423 D,0 D,0 NA NA NA DDR423 3 DDR423
KUT765 7,F NA 5,G KUT765 KUT765
CRT321 NA NA NA CRT321 C 3 CRT321
MOI998 NA NA M01998 MOI998
BUY664 B,0 NA NA NA BUY664 BUY664
000756 7,F 5,G NA 000756 000756
VYR532 5,G NA NA VYR532 3 VYR532
MNB098 B,0 NA MNB098 MNB098
FFF456 NA NA NA NA 5,G NA FFF456 F F F FFF456 F F F
KOU864 NA NA KOU864 KOU864
POE466 E,L,6 NA NA NA POE466 POE466
LIA122 NA l,T NA NA NA LIA122 LIA122
NUY665 NA NA NUY665 NUY665
POU889 NA POU889 POU889
BNY664 B,0 NA NA NA BNY664 BNY664
MIY643 NA NA NA MIY643 3 MIY643
PRG754 7,F 5,G NA PRG754 PRG754
M00874 NA7,F MUOo/4 nnOOtS /4

II1064 U l*T U NA NA II1064 111064
THY623 NA NA NA THY623 3 THY623
LOP998 NA NA NA LOP998 LOP998
VRW954 NA 5,G NA VRW954 VRW954
LTE964 E,L,6 NA NA LTE964 LTE964
BTEOOO B,0 EfL,6 BTEOOO BTEOOO
MUE412 E,L,6 NA NA MUE412 MUE412
HHH634 NA NA NA HHH634 HHH634
NUI476 U NA 7,F NA NUI476 NUI476
PRE479 E,L,6 NA 7/F NA PRE479 PRE479

100% 28% 4%

After analysis A,C,B,BwO,2,2wE,7wZ,7wF,D,DwO, F,6,L,
5wG,3,EwL6,lwT,lwE,Z,ZwE,3wC,E,4,9

After analysis C,F,3 After analysis F
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APPENDIX G1 

The comparison between the percentages of recognition after adjustment of white pixel value 

left at character C, F, and 3 in white light condition with the three best parameter for 100 

good(G) and 100 not good(NG) testing sample. 

 

Good sample with white light

- Cl |C2 C3 C4
ABC123
DEF456
GHI789
JKL245
YUI876
HUI976
GYU678
UIP945
KIY890
YRT543
SER421
JU0964
TYU765
OPJ876
GTR432
NJU765
LOP654
NBV543
CDS345
LPI754
HYR541
CGR475
BYI865
FRE567
Ml0965
SCE327
MXY543
PAC698
ZY0963
TDW370
HU0975
SDR541
TYU890
CSE579
VYT371
N10047
ZWQ356
BU0746
CTQ479
BYA490
BY0853
MNA960
AT0521
LIX763
PXT496
SU0836
XOP042
ZUO490
AOP692
HTS381

|C5 C6
Not Good sample with white light
Cl

ABC123 NA
IC2 C3

DEF456 NA
GHI789 NA
JKL245 NA
YUI876 NA
HUI976 NA
GYU678 NA
UIP945 NA
KIY890 NA
YRT543 NA
SER421 NA
JU0964 NA
TYU765 NA
OPJ876 NA
GTR432 NA
NJU765 NA
LOP654 NA
NBV543 NA
CDS345 NA
LPI754 NA
HYR541 NA
CGR475 NA
BYI865 NA
FRE567 NA
MI0965 NA
SCE327 NA
MXY543 NA
PAC698 NA
ZY0963 NA

HU0975 NA
SDR541 NA
TYU890 NA
CSE579 NA
VYT371 NA
NIO047 NA
ZWQ356 NA
BU0746 NA
CTQ479 NA
BYA490 NA
BY0853 NA
MNA960 NA
AT0521 NA
LIX763 NA
PXT496 NA
SU0836 NA
XOP042 NA
ZUO490 NA
AOP692 NA
HTS381 NA

NA
|C4 IC5 C6

NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA

TDW370 NA NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
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QYE375 QYE375 NA NA NA NA NA NA
PDY720 PDY720 NA NA NA NA NA NA
FOE830 FOE830 NA NA NA NA NA NA
SUE934 SUE934 NA NA NA NA NA NA
LYK853 LYK853 NA NA NA NA NA NA
BYW917 BYW917 NA NA NA NA NA NA
MOS579 MOS579 NA NA NA NA NA NA
WEE922 WEE922 NA NA NA NA NA NA
TTA428 TTA428 NA NA NA NA NA NA
VCC555 VCC555 NA NA NA NA NA NA
QQQ456 QQQ456 NA NA NA NA NA NA
GUR560 GUR560 NA NA NA NA NA NA
TIS533 TIS533 NA NA NA NA NA NA
KPY780 KPY780 NA NA NA NA NA NA
CRW431 CRW431 NA NA NA NA NA NA
JAS880 JAS880 NA NA NA NA NA NA
RR3561 RR3561 NA NA NA NA NA NA
NIT553 NIT553 NA NA NA NA NA NA
LPR589 LPR589 NA NA NA NA NA NA
BIT532 BIT532 NA NA NA NA NA NA
HHH666 HHH666 NA NA NA NA NA NA
PP0995 PP0995 NA i\A .NA .NA NA NA
DDR423 DDR423 NA NA NA NA NA NA
KUT765 KUT765 NA NA NA NA NA NA
CRT321 CRT321 NA NAI NA NA NA NA
MOI998 MOI998 NA NA NA NA NA NA
BUY664 BUY664 NA NA NA NA NA NA
000756 000756 NA NA NA NA NA NA
VYR532 VYR532 NA NA NA NA NA NA
MNB098 MNB098 NA NA NA NA NA NA
FFF456 FFF456 NA NA NA NA NA NA
KOU864 KOU864 NA NA NA NA NA NA
POE466 x POE466 NA NA NA NA NA NA
LIA122 L ) LIA122 NA NA NA NA NA NA
NUY665 NUY665 NA NA NA NA NA NA
POU889 POU889 NA NA NA NA NA NA
BNY664 BNY664 NA NA NA NA NA NA
MIY643 MIY643 NA NA NA NA NA NA
PRG754 PRG754 NA NA NA NA NA NA
M00874 M00874 NA NA NA NA NA NA
111064 111064 NA NA NA NA NA NA
THY623 THY623 NA NA NA NA NA NA
LOP998 LOP998 NA NA NA NA NA NA
VRW954 VRW954 NA NA NA NA NA NA
LTE964 LTE964 NA NA NA NA NA NA
BTE000 BTEOOO NA NA NA NA NA NA
MUE412 MUE412 NA NA NA NA NA NA
HHH634 HHH634 NA NA NA NA NA NA
NUI476 NUI476 NA NA NA NA NA NA
PRE479 PRE479 NA NA NA NA NA NA

100% 0%

After analysis NA After analysis NA
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APPENDIX G2 

The comparison between the percentages of recognition after adjustment of white pixel value 

left at character C, F, and 3 in yellow light condition with the three best parameter for 100 

good(G) and 100 not good(NG) testing sample. 

 

Good sample with yellow light
ICl

ABC123
DEF456
GHI789
JKL245
YUI876
HUI976
GYU678
UIP945
KIY890
YRT543
SER421
JU0964
TYU765
OPJ876
GTR432
NJU765
LOP654
NBV543
CDS345
LPI754
HYR541
CGR475
BYI865
FRE567
Ml0965
SCE327
MXY543
PAC698
ZY0963
TDW370
HU0975
SDR541
TYU890
CSE579
VYT371
N10047
ZWQ356
BU0746
CTQ479
BYA490
BY0853
MNA960
AT0521
LIX763
PXT496
SU0836
XOP042
ZUO490
AOP692
HTS381

C2 C3 |C4 |C5 C6
Not Good sample with yellow light
Cl

ABC123
|C2

NA
DEF456 NA
GHI789 NA
JKL245 NA
YUI876 NA
HUI976 NA
GYU678 NA
UIP945 NA
KIY890 NA
YRT543 NA
SER421 NA
JU0964 NA
TYU765 NA
OPJ876 NA
GTR432 NA

NA
NA
NA
NA
NA
NA
NA

BYI865 NA
FRE567 NA
MI0965 NA

ISCE327 NA
IMXY543 NA
PAC698 NA

IZY0963 NA
TDW370 NA
HU0975 NA

ISDR541 NA
TYU890 NA
CSE579 NA

IVYT371 NA
N10047 NA
ZWQ356 NA
BU0746 NA
CTQ479 NA
BYA490 NA
BY0853 NA
MNA960 NA

IAT0521 NA
LIX763 NA
PXT496 NA

ISUOS36 NA
IXOP042 NA
ZUO490 NA
AOP692 NA
HTS381 NA

C3
NA
NA

NA
C4 |C5 |C6
NA

NA NA
NA
NA

NA
NA

NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
NA NA NA NA NA
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QYE375 QYE375 NA NA NA NA NA NA
PDY720 PDY720 NA NA NA NA NA NA
FOE830 FOE830 NA NA NA NA NA NA
SUE934 SUE934 NA NA NA NA NA NA
LYK853 LYK853 NA NA NA NA NA NA
BYW917 BYW917 NA NA NA NA NA NA
MOS579 MOS579 NA NA NA NA NA NA
WEE922 WEE922 NA NA NA NA NA NA
TTA428 TTA428 NA NA NA NA NA NA
VCC555 VCC555 NA NA NA NA NA NA
QQQ456 QQQ456 NA NA NA NA NA NA
GUR560 GUR560 NA NA NA NA NA NA
TIS533 TIS533 NA NA NA NA NA NA
KPY780 KPY780 NA NA NA NA NA NA
CRW431 CRW431 NA NA NA NA NA NA
JAS880 JAS880 NA NA NA NA NA NA
RR3561 RR3561 NA NA NA NA NA NA
NIT553 NIT553 NA NA NA NA NA NA
LPR589 LPR589 NA NA NA NA NA NA
BIT532 BIT532 NA NA NA NA NA NA
HHH666 HHH666 NA NA NA NA NA NA
PP0995 PP0995 NA NA NA NA NA NA
DDR423 DDR423 NA NA NA NA } NA NA
KUT765 KUT765 NA NA NA NA NA NA
CRT321 CRT321 NA NA NA NA NA NA
MOI998 MO1998 NA NA NA NA NA NA
BUY664 BUY664 NA NA NA NA NA NA
000756 000756 NA NA NA NA NA NA
VYR532 VYR532 NA NA NA NA NA NA
MNB098
FFF456 *

MNB098
FFF456

NA
NA

NA
NA

NA
NA

NA
NA

NA
NA

NA
NA

KOU864 ni KOU864 NA NA NA NA NA NA
POE466 POE466 NA NA NA NA NA NA
LIA122 LIA122 NA NA NA NA NA NA
NUY665 NANUY665 NA NA NA NA NA
POU889 POU339 NA NA NA NA NA NA
BNY664 BNY664 NA NA NA NA NA NA
MIY643 MIY643 NA NA NA NA NA NA
PRG754 PRG754 NA NA NA NA NA NA
M00874 M00874 NA NA NA NA NA NA
II1064 II1064 NA NA NA NA NA NA
THY623 THY623 NA NA NA NA NA NA
LOP998 LOP998 NA NA NA NA NA NA
VRW954 VRW954 NA NA NA NA NA NA
LTE964 LTE964 NA NA NA NA NA NA
BTEOOO BTEOOO NA NA NA NA NA NA
MUE412 MUE412 NA NA NA NA NA NA
HHH634 HHH634 NA NA NA NA NA NA
NUI476 NUI476 NA NA NA NA NA NA
PRE479 PRE479 NA NA NA NA NA NA

100% | 0%

After analysis NA After analysis NA
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APPENDIX H 

Gantt Chart 

 

 

Progress report W1 W2 W3 W4 W5 W6 W7 W8 W9 W10 W11 W12 W13 W14 W15

Introduction

Abstract

Motivation

Problem Statement

Objective

Scope

Literature survey and Project Background

 Journals Literature

    Automatic License Plate Recognition

    Recognition based on document

    Optical Character Recognition on Product Item

Summary Previous Works Related

Journal Theory Literature

      Optical Character Recognition

                 Image Acquisition

                 Preprocessing                                                           

                             Grey Processing

                             Low Pass Filter

                             Median Filter

                             Binarization

                                            Otsu’s Threshold

                                            Optimal Threshold

                            Skew Detection and Correction

                           Thinning

                 Segmentation

                             Text Line Segmentation

                             Word Segmentation

                            Character Segmentation

                 Feature Extraction

                             Edge Detection

                             Zoning

                            Character Normalization

                 Classification

                             Template Matching

                Post- processing  

 Proposed Model

     General Character Recognition System

               Image Acquisition

               Preprocessing

               Segmentation and Character Extraction

               Recognition

               Post processing             

Proposed Research Methodology

3.1 Hardware Setup

3.2 Sample test preparation

3.3 Experiment 1

3.4 Experiment 2

3.5 Experiment 3

Result and Discussion

Conclusion and Recammendation

Presentation to SV as practice

Seminar and submit progress report

 Progress Report Correction

Submition for Final Progress Report

Built image processing in Matlab Simulink

Implement Experiment 1

Implement Experiment 2

Implement Experiment 3

Analisis Result

Final Report writing

Final Report Correction

Presentation to SV  as practice

Seminar and submit final report 

For FYP 2

For FYP 1

1 I I I I I I I I I I I I I I I

u
A-A

MALUNIVERc is \s
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APPENDIX I 

Photo visiting Silterra Company 
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