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ABSTRACT 

In electronics mass-production manufacturing facilities, an attempt is made to achieve 100% 

quality assurance of all parts, subassemblies, and finished goods. A variety of approaches 

have been recorded hence the importance of the inspection has been magnified by the 

requirement of modern manufacturing environment. An automatic PCB inspection is an 

approach that can be used to counter difficulties occurred in manual inspection that can 

eliminate subjective aspects and then provides fast, quantitative, and dimensional 

assessments. A variety of ways has been established to detect defects on the PCB, but it is 

also crucial to classify these defects in order to analyze and identify the root causes of the 

defects. In this study, different approach has been implemented on reference and test PCB 

images to detect defects on bare PCBs before etching process, since etching usually 

contributes most destructive defects found on PCBs. The PCB inspection system can be 

improved.  
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INTRODUCTION 

 

The quality of PCBs will have a significant effect on the performance of many electronic 

products. Conventionally, visual inspection of PCBs is done manually by inspectors. It is 

known that humans are subject to make mistakes, and they are slow and less consistent, 

whereas automatic inspection systems remove the subjective aspects and provide fast 

quantitative dimensional assessments. Bare printed circuit board (PCB) is a PCB without any 

placement of electronic component, which is used along with other components to produce 

electric goods. In order to reduce cost spending in manufacturing caused by the defected bare 

PCB, the bare PCB must be inspected. The technology of computer vision has been highly 

developed and used in several industry applications. One of these applications is the automatic 

visual inspection of PCBs. The automatic visual inspection is important because it removes the 

subjective aspects and provides fast and quantitative assessments. It also relieves human 

operator from tedious, boring, and repetitive tasks of inspection. On the other hand, automatic 

systems do not get     tired and are consistent. The process in PCB inspection       (In terms of 

the defect identification) could be separated into two main stages: (1) The defect detection, and 

(2) The defect classification. In defect detection, it is not important to know the type of defects. 

But in defect classification, it is desired to know the type of the detected or identified defects.  

 

Usually, the defect classification will take place after the defect detection mechanism has 

been carried out. Presently, here has been a lot of work concentrating on the detection of 

defects on the PCB. In general, [4] [1] one can group the approaches of these defects detection 
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techniques into three major classes: (1) Reference based approaches, (2) Non-reference based 

approaches, and (3) Hybrid based approaches. The reference comparison approach is based on 

a comparison between the image of the PCB to be tested and that of an ideal PCB which 

conforms to pre-defined design specifications. The non-referent method they do not need any 

reference pattern to work with, they work on the idea that the pattern is defective if it is not 

confirmed to the design specification standards. These methods are also called a design rule 

verification method. The hybrid flaw detection method uses both referential and non referential 

method and increases the efficiency.  

 

Different defects can affect the PCB, [22] those defects can be termed as functional defects 

and visual defects. The functional defects are those that cause the PCB not to work as needed. 

These are serious type of defects, whereas the visual defects do not affect the functionality of 

the PCB. But with such defects the PCB will not function properly for long time. Thus there 

are 14 known types of defects for single layer PCB viz. Breakout, Open circuit, Under-etch, 

Pinhole, Mouse-bite, Wrong Size Hole, Spurious Copper, Conductor Too Close, Missing 

Conductor, Short, Spur, Excessive Short, Missing Hole, Over-etch[1][22]. 

    

RELATED  WORK 

Heriansyah et al. [6] proposed a technique that detects the defects on the PCB using 

referential pixel based approach and classifies the defects using neural network. The algorithm 

segments the image into basic primitive patterns, enclosing the primitive patterns; pattern 

assignment, patterns normalization, and classification were developed using binary 

morphological image processing and Learning Vector Quantization (LVQ) neural network.  In 

this approach to training and testing the neural network, 11 Defective patterns have been 

designed. The designed pattern was in 8 x 8 pixels size, with the binary format. The PCB 

defects could be formed into three groups: the defects on the foreground only, the defects on 

the background only, and the defects on both foreground and background (the defect is caused 

by interaction with other object). To classify the defects, the LVQ neural network has been 

selected as the classifier. The designed patterns are trained and tested using this neural 

network. For the neural network implementation, only two groups of defects will be used for 

training (i.e. The foreground and the background). For performance comparison, a pixel-based 

approach developed by Wu et al. was used. At the time of writing this paper, this was the only 

algorithm designed for defect classification. 

 

 The pixel-based approach could classify seven defects (short, missing hole, pinhole, open, 

nose-bite, spur, and etching problem). In this approach, there are few stages involved: 

segmentation, windowing (reference image and detected defects), defects detection, pattern 

assignment, normalization, and classification. For the neural network training part, since this 

process is done off-line, it does not affect the overall processing time. 

 

Khalid et al. [3] Proposed algorithm that can be implemented on the bare PCB to identify 

and to group PCB defects. However, the major limitation of this algorithm is that the proposed 

algorithm is developed to work with binary images only, whereas the output from the cameras 

is in grayscale format [6]. Although the conversion can be made from grayscale to binary 

format imperfection still can be occurred. Thus, this algorithm should be improved to handle 

the grayscale image format. Also, during the computation of defect detection and 

implementation, this operation brings along the unwanted noise due to misalignment and 

uneven binarisation. Thus, in order to improve the algorithm, unwanted noise should be 
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considered. Since the proposed algorithm at the moment, is only able to separate 14 types of 

defects into five groups. 

 

These algorithms need two images, namely reference image and the test image. In this paper, 

these algorithms use reference image and test images. At first, both images are subjected to 

image subtraction operation to produce negative image and positive image. Then, NOT 

operator and flood-fill operator are applied to template image and the defective image 

separately. From there, the algorithms continue to produce the results. The results shown will 

be based on these images. 

 

Five algorithms are developed to detect and classify the defects into five groups. Group 1 

will consist of missing hole and wrong size hole. Group 2 will consist of spur, short, spurious 

copper, excessive short, under-etch negative, and conductor too close negative. Similarly 

Group 3 includes open circuit, mouse bite, over etch and conductors too close positive. Group 

4 includes under etch positive, and Group 5 consists of Pinhole, breakout. 

 

[5] Proposed the improved PCB inspection system in which an image registration operation 

is done to solve the alignment problem. A noise elimination procedure is designed in such a 

way that the resultant defects found in this algorithm is more précised comparable to previous 

algorithms. The algorithm was effective to the image processing algorithm developed by 

Khalid by increasing the classification of 14 defects from 5 to 7 groups. Again the limitation of 

this algorithm is that it can work with binary images only. Although the conversion can be 

made from grayscale to binary format imperfection still can be occurred. 

 

Indera Putera et al [2] did improvement in Khalid‟s work by classifying seven groups. This is 

done by combining image processing algorithm and the segmentation algorithm. Each image is 

segmented into four patterns and then produced five new images for each pair of segmented 

reference and test images processed and thus 20 new images produced. Out of which, seven 

images were beneficial for defect classification. The result of this particular experiment was, 

each group consists of 1 defect and maximum 4 defects and thus improved the work done by 

Khalid by an increasing number of groups from 5 to 7. 

 

This project minimizes the number of defects for each classified group. The wrong size hole 

is successfully separated, while missing hole remains as an individual defect. Missing 

conductor and open circuit defects, both these defects have the same characteristic which is the 

absence of copper which acts as connectors or conductors between pads. The only significant 

difference between missing conductor and open circuit is that in missing conductor the entire 

conductor that connects to the circuit is lost, while in open circuit, only a small portion of the 

conductor is absent as a result of errors in the printing or etching process. 

 

Indera Putera et al [1] proposed the technique that was improvement to previous work. The 

method increases the number of groups and reduces the number of defects in each group. In 

this paper image measurement method is used, that measure the properties of image regions 

such as area. An open circuit is maintained in a separate group, while missing conductor is 

placed in the new group. The improved algorithm increased the classification from 7 to 11 

groups. 

 

Ibrahim [22] proposed algorithm for defect detection only. The algorithm makes use of 

wavelet based image difference algorithm.  The experimental result of this algorithm shows 

that the computational got reduced by 82.11% for defect detection.  
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METHODS FOR DEFECT DETECTION. 

According to the survey done by M. Moganti [M. Moganti et al.], In general the inspection 

algorithms fall in to three categories: referential approach, non-referential approach, hybrid 

approach. 

 

Referential approach 

The referential approach executes a feature to feature comparison whereby the reference data 

from the template image is stored in database [4]. 

Image Comparison Techniques 

1) Image Subtraction 

Image subtraction is the simplest approach to PCB inspection. The PCB to be inspected is 

compared with the Reference Image. The subtracted image shows defects, and can be 

analyzed.  Normally used operation for this method is XOR. This method has the advantage 

that it allows for verification of overall defects in the geometry of the board, but the 

disadvantage is that it suffers from the practical problems such as reflectivity variation, 

lightning sensitivity, image registration, and colour variation. 

 

Fig . An example of image subtraction 

 

2) Feature Matching 

This method is an improvement to the image subtraction technique.  In this method the 

features are extracted from the object and compared with those that defined by the model. This 

matching process is called template matching. The advantage of this method is it compresses 

the data for storage, increases the robustness of system, and reduces the sensitivity of the input 

data. The disadvantages of this method are: The data storage for the ideal PCB patterns is 

required, and the system requires precise image registration for comparison. This method is not 

flexible and sensitive to illumination and digitized conditions. 

 

 

3) Phase-Only Method 

The method is alternative to the template matching method based on phase only imaging. An 

image having a unit spectral density amplitude so that all information is contained in the phase 

is called as Phase- only Image.  Phase-only image comparison removes the correlation between 

the data points and has the property of edge enhancement. This method has the limitation on 

computational time requirement. 
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Model-Based Methods 

These methods perform the inspection of PCB by matching the test pattern with the 

predefined models. Selection of the suitable approach affects the performance of the PCB 

inspection system. One approach is syntactic approach. 

 

1) Graph Matching Methods 

The graph matching methods are based on the structural, topological, and geometric 

properties of the image.  This method compares the standard graph obtained from the 

conductor and insulator image patterns of the reference PCB with those of inspection boards. 

 

 

 

2) Attributed Graph 

This method works in two steps. In the first step, the image is transformed into a collection 

of nodes that describes the 2-D shape of the different objects in the image. These nodes are 

connected together depending on relational properties between primitives belonging to the 

same object and between different objects. Spatial relations are added to the graph in the form 

of direct attributes, which describes the connectivity and neighbourhood relationships. This 

graph is called an attributed graph. The second step is a verification process. 

 

3) Pattern Attributed Hyper Graph (PAHG) 

This graph describes all segmented regions and the spatial relationship among them. The 

regional attributed graph (RAG) represents these segmented regions and also a set of primitive 

features connected to each other within a region, which is a base level of PHAG .The top level 

PHAG consists of regional feature and spatial relations among them. 

 

Non- Referential approach 

Non-Referential methods do not need any reference pattern. The pattern is considered to be 

defective if it does not conform to the design rule specification standards, also called as design 

rule specification methods. The method has limitations that method can identify only some 

kind of defects, for ex; verification of width and spacing violations. The method requires 

standardization of conductor trace types. The method is dependent on sophisticated feature 

algorithm and cannot detect the defects that do not violate the design rule specification such as 

shorts. 

 

1) Morphological Processing 

The method makes use of the morphological operations such as erosion, dilation, closing, 

opening etc. The advantage of this method is that the problem of alignment is eliminated, but 

the limitation is the method is that, to check the different violations in the board by applying 

different pre-processing algorithms, thus decreases the response time. 

 

2) Encoding Techniques 
There are two methods that can be used as encoding technique. The first method is the 

boundary analysis Technique. This method is based on representation of boundaries intractable 

form, then the design rule verification. The second method is Run Length Encoding; the 

method determines the position of the edges of the conductor scan line. This provides the 

convenient way to link the information on a scan line to previous scan line. The inspection 
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process involves the tracking of the regions of scan line to other scan lines. The extraction of 

the topological features and the detection of anomalies by imposing localized constraints.  

 

Hybrid approach 

This approach makes use of both Referential and non-referential methods, thus eliminates 

the disadvantages of each individual method and both methods complement each other. 

Therefore, 100% error sensitivity can be achieved. [4] 

 

1) Generic Method 
    This method is a combination of both referential and non referential method. The method 

does not compare the test and reference image pixel by pixel and also eliminates the need for 

storage. The technique overcomes the false alarms that occur in design rule approach. The 

image to image transform operations such as expansion thinning, contraction are used in this 

method. 

 

2) Pattern Detection using Boundary Analysis 

    The method is based on boundary analysis and pattern detection techniques. This method 

increases the speed of pattern detection technique. The defect analysis involves Edge detection, 

Non-normal determination, Edge- normal determination. 

 

3) Circular pattern matching Method 
   The method is based on radial encoding. The method works on the principle that Image 

window of size 32x32 is moved over the PCB from left to right and from top to bottom and 

reference comparator is used for encoding. 

 

METHODS FOR DEFECT CLASSIFICATION. 

The classification consists of deriving a general classification rule for unknown candidates 

from the training set. The method for the classification should be robust against outliers in the 

training set, because it is very difficult to obtain an absolutely reliable ground truth and the 

distribution of the features. 

 

1) Image Processing Algorithm 

   The algorithm uses the simple image processing tools for classification of the defects. The 

image processing methods such as segmentation, edge detection etc. can be used for 

classification.  The segmentation algorithm was developed by   Heriansyah [23]. The algorithm 

divides the image in to four segments thick line, thin line, square segment and hole segment. 

 

2) Neural Network 

    The neural network is used in [6] for the classification of the defects. This is a offline 

process. The Learning Vector Quantization (LVQ) was used to train the neural network. There 

are 64 inputs for each LVQ net and three LVQ net are used for three groups of defects. 

The neural network can be used to reduce the computation time. [10] Have used the neural 

network with three input neurons, seven hidden layer neurons and two output neurons. The 

missing rate can be reduced when four to five neurons are used at the inputs. 

 

3) Support Vector Machine (SVM) 

[25] Proposed a method that improves the accuracy of classification using SVM with 

multiple classes classification. The method adds the features that decreases the incorrect 
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classification and thus, classifies the true and pseudo defects. The classification using this 

method is more accurate and efficient than the previous methods. 

 

DISSCUSSION AND CONCLUSION 

 

 
 

Fig. 1 an example of Reference PCB Image 

 

 
 

Fig 2 an example of Test PCB Image 

 

This work depicts the various methods that are used for the detection of the defects in bare 

PCB. Different classification algorithms are also examined. The reference image is shown in 

fig 1 whereas the test image is shown in fig 2. From this discussion the wavelet based defect 

detection algorithm is effective as the computational complexity is concern and for 

classification the neural network and the image processing algorithms have been used. For 

reduction in computational time neural network can be used. The future scope is to classify all 

the 14 known defects and each defect should get classified separately. 

 

 



International Journal of Emerging Trends in Engineering and Development              Issue 4, Vol.1 (January 2014)                                                                                                    

Available online on http://www.rspublication.com/ijeted/ijeted_index.htm                                    ISSN 2249-6149 
 

R S. Publication (rspublication.com), rspublicationhouse@gmail.com Page 387 
 

REFERENCES: 

 

[1] S. H. Indera Putera, Syahrul Fahmi Dzafaruddin, Maziah Mohamad, “MATLAB Based 

Defect Detection and Classification of Printed Circuit Board” Digital Information and 

Communication Technology and it's Applications (DICTAP),  IEEE 2012 Second International 

Conference. Bangkok. 

[2] S. H. Indera Putera and Z. Ibrahim „Printed Circuit Board Defect Detection Using 

Mathematical Morphology and MATLAB Image Processing Tools‟, ICINT 2010, Shanghai, 

China, 2010. 

[3] IJSSST, Vol. 9, No. 2, May 2008, ISSN: 1473-804x] N. K. Khalid, Z. IBRAHIM, M. S.Z. 

ABIDIN “AN ALGORITHM TO GROUP DEFECTS ON PRINTEDCIRCUIT BOARD FOR 

AUTOMATED VISUAL INSPECTION.” 

[4] M. Moganti, F. Ercal, C. H. Dagli and S. Tsunekawa, “Automatic PCB inspection 

algorithms: A survey”, Computer Vision and Image Understanding, vol.63, no.2, 1996. 

[5] VEENA GAONKAR, H. G. VIRANI, Research Article, IJPRET, 2013; Volume 1(8):600-

607, ISSN: 2319-507X. 

[6] RUDI HERIANSYAH, S. A. R.AL-ATTAS, M.  M. ZABIDI, “NEURAL NETWORK 

PARADIGM FOR CLASSIFICATION OFDEFECTS ON PCB”, Master Thesis, University 

Teknologi Malaysia, 2004. 

[7] Ji-joong Hong, Kyung-ja Park and Kyung-gu Kim 1998, “Parallel processing machine 

vision system for bare PCB inspection”, Industrial Electronics Society, IECON ‟98. 

Proceedings of the 24th Annual Conference of the IEEE. Vol. 3, pp. 1346 – 1350. 

[8] ISMAIL IBRAHIM, “A PRINTED CIRCUIT BOARD INSPECTION SYSTEM WITH 

DEFECT CLASSIFICATION CAPABILITY” International Journal of Innovative 

Management, Information & Production ISME Internationalⓒ2011 ISSN 2185-5439 Volume 

3, Number 1, March 2012. 

[9] Ajay Pal Singh Chauhan, Sharat Chandra Bhardwaj, “Detection of Bare PCB Defects by 

Image Subtraction Method using Machine Vision”, Proceedings of the World Congress on 

Engineering 2011 Vol II WCE 2011, July 6 - 8, 2011, London, U.K., ISBN: 978-988-19251-4-

5,ISSN: 2078-0958 (Print); ISSN: 2078-0966 (Online) 

[10] Shih-Chieh Lin and Chia-Hsin Su “A Visual  Inspection System for Surface Mounted 

Devices on Printed Circuit Board”  Cybernetics and Intelligent Systems, 2006 IEEE 

Conference on 7-9 June 2006, Page n.1 – 4, Print ISBN:1-4244-0023-6, Bangkok 

[11] Syamsiah Mashohor, Jonathan R. Evans and Ahmet T. Erdogan  “Automatic Hybrid 

Genetic Algorithm Based Printed Circuit Board Inspection” Proceedings of the First 

NASA/ESA Conference on Adaptive Hardware and Systems (AHS'06)0-7695-2614-4/06  

2006 IEEE. 

[12] Yih-Chih Chiou , Chern-Sheng Lin , Bor-Cheng Chiou  “The feature extraction and 

analysis of flaw detection and classification in BGA gold-plating areas” Expert Systems with 

Applications: An International Journal, Pages 1771-35 Issue 4, November, 2008. 

[13] K. Sundaraj “PCB Inspection for Missing or Misaligned Components usingBackground 

Subtraction” WSEAS TRANSACTIONS on INFORMATION SCIENCE and 

APPLICATIONS,  ISSN: 1790-0832 Issue 5, Volume 6, May 2009 



International Journal of Emerging Trends in Engineering and Development              Issue 4, Vol.1 (January 2014)                                                                                                    

Available online on http://www.rspublication.com/ijeted/ijeted_index.htm                                    ISSN 2249-6149 
 

R S. Publication (rspublication.com), rspublicationhouse@gmail.com Page 388 
 

[14]  Sharat Chandra Bhardwaj “Machine Vision algorithm for PCB Parameters Inspection” 

National Conference on Future Aspects of Artificial intelligence in Industrial Automation 

(NCFAAIIA 2012) Proceedings published by International Journal of Computer Applications® 

(IJCA) 

[15] Feng Xie, Alexandra Uitdenbogerd, Andy Song “Detecting PCB Component Placement 

Defects by Genetic Programming” 2013 IEEE Congress on Evolutionary Computation June 

20-23, Cancún, México. 

[16] Zuwairie Ibrahim, Kamal Khalil, Wan Khairunizam Wan Ahmad “Noise Elimination for 

Image Subtraction in Printed Circuit Board Defect Detection Algorithm” INTERNATIONAL 

JOURNAL OF COMPUTERS & TECHNOLOGY Vol 10, No 2 Aug 10 2013, ISSN 

22773061 

[17] Shu-an Guan, Fenglin Guo “A New Image Enhancement Algorithm for PCB Defect 

Detection” IEEE  2011 International Conference on Intelligence Science and Information 

Engineering, 978-0-7695-4480-9/11. 

[18] Sonal Kaushik , Javed Ashraf “AUTOMATIC PCB DEFECT DETECTION USING 

IMAGE SUBTRACTION METHOD” International Journal of Computer Science and Network 

(IJCSN) Volume 1, Issue 5, October 2012 , ISSN 2277-5420 

[19] Fabiana R. Leta “COMPUTER VISION SYSTEM FOR PRINTED CIRCUIT 

BOARDINSPECTION” ABCM Symposium Series in Mechatronics - Vol. 3 - pp.623-632, 

2008 

[20] K.T.Talele, S.T.Gandhe, and M M. Shah, “Fault Detection In PCB Using 

HomotopicMorphological Operator”,DOI:10.1109/INDCON.2006.302795 In proceeding of: 

India Conference, 2006 Annual IEEE, Delhi. 

[21] Sanveer Singh, Manu Bharti “Image Processing Based Automatic Visual Inspection 

System for PCBs” IOSR Journal of Engineering (IOSRJEN) ISSN: 2250-3021 Volume 2, Issue 

6 (June 2012), PP 1451-1455. 

[22] Zuwairie Ibahim and Sayed Abdul Rahman Al-Attas “ Wavelet- Based printed circuit 

board inspection system”, IOS press, ISSN 1069-2509/05 2005. 

[23] R. Heriansyah, S.A.R Al Attas, and M.M. Ahmad Zabidi,„Segmentation Of PCB Image 

into Simple Generic Pattern using Mathematical Morphology And Windowing Technique‟, 

CoGRAMM Melaka, Malaysia, 2002. 

[24] Guifang Duan, Yen-Wei Chen and Takeshi Sukekawa “AUTOMATIC OPTICAL 

INSPECTION OF MICRO DRILL BIT IN PRINTED CIRCUIT BOARD 

MANUFACTURING USING SUPPORT VECTOR MACHINES” ICIC International c 2009 

ISSN 1349-4198 Volume 5, Number 11(B), November 2009 pp. 4347–4355 

[25] Takuya Nakagawa,Yuji Iwahori, M. K. Bhuyan “Defect Classification of Electronic Board 

Using Multiple Classifiers and Grid Search of SVM Parameters” pp 115-127 ISBN 978-3-319-

00804-2(online) volume 493, Studies in Computational Intelligence 2013 

[26] Yuji Iwahori, Deepak Kumar, Takuya Nakagawa, M. K. Bhuyan, “Improved Defect 

Classification of Printed Circuit Board Using SVM ” pp 355-363, Smart Innovation, Systems 

and Technologies, 2190-3018, Series Volume 16, 2012 

 


