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Abstract— These days, the utilization of the printed 

circuit board (PCB) has been expanded to the 

extraordinary degree. A bare PCB is a PCB without any 

parts mounted on it. A PCB is assumed to be a basic part 

clinched alongside a number of electronic units. PCB’s 

need aid separate defects that are presented throughout 

the manufacturing process which might influence around 

circuit's performance. The suggested paper displays a few 

of the most recent work carried out in identifying defects 

on a bare PCB. This paper introduces three primary 

approaches to be specific template matching, image 

subtraction, and image morphology. Template matching 

will be used to figure those areas of a source image that is 

comparative of the template image. Utilizing image 

subtraction algorithm, we think about an image of a PCB 

which is to be inspected with a reference image of a PCB 

that should provide the defects. Image morphological 

approach is an algorithm which compares characteristic 

between an inspected image with the template image. 

Keywords—printed circuit boards; template matching; 

image subtraction; image morphology  

 

I. Introduction 

Printed circuit board electrically interfaces as well as 

mechanically supports electronic parts. PCB defect 

identification has an immense effect on the PCB 

fabrication that is caused by the defective PCB [1].  

Visual assessment is generally the wide cost of PCB 

assembling process. There are two sorts of 

imperfections found in PCBs which are cosmetic and 

functional deformities. It is critical for identifying 

cosmetic and also functional deformities and 

endeavors are frequently made to give 100% quality 

confirmation to all items.  PCB investigation process 

comprises of : fault location and fault 

characterization [2]. There are different calculations 

created for PCB fault identification, utilizing contact 

or noncontact methods [1].  Fundamentally, contact 

strategy is utilized to test the connectivity of the 

circuit. However, it is unequipped for identifying 

significant imperfections in cosmetic defects like 

mouse-bite or spurious copper [4]. The test will be 

completely failed due to any misalignments present. 

Non-contact strategies can be taken from an 

extensive scope of choices from ultrasonic imaging, 

x-ray imaging, thermal imaging and optical 

examination using image processing techniques [3]. 

Despite of the fact that these procedures are useful in 

identifying faults, none of these strategies can 

arrange the imperfections. In this paper, a non-

contact reference based image processing method is 

used for fault detection and classification. A 

template of a good PCB image and a defected PCB 

image are divided and then we compare them with 

and each other by using image subtraction strategy. 

The defects are nothing but the error between the 

two images and are characterized in view of 

similarities. 

 

II. Literature Review 

M. Moganti et al. (1996) [1] presented three classes 

of PCB review calculations in particular referential 

methodologies, non-referential methodologies, and 

hybrid approaches.  

•Referential approaches incorporate image 

correlation and model-based method.  

• Non-referential methodologies or configuration 

check strategies comprises of confirmation of the 

general design rules that are essentially the 

confirmation of the widths of conductors and 

insulators. 

•Hybrid approaches contain a blend of the referential 

and the non-referential methodologies. 
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N. Khalid, et al. [4] proposed an algorithm to 

recognize the deformities on an exposed PCB using 

image enhancement. The disadvantage of this 

algorithm is that the method is used to work with just 

binary images; however, the image captured by the 

camera is in gray scale format. The algorithm should 

be modified to deal with the gray scale images. 

Undesirable noise is created between the PCB 

processing because of uneven binarization and 

misalignment. In this way, undesirable noise must be 

considered in compatibility of enhancing the 

algorithm. 

S. Putera, et al. [5] introduces an image 

segmentation algorithm focused  on identifying and 

ordering the deformities on exposed PCB. This 

project considered the exploration work by Khalid et 

al. This project presents a PCB fault location and 

classified faults using a morphological image 

segmentation approach. The algorithm incorporates 

template image and an image of faulty bare PCB.  

A. Chauhan, et al. [6] proposed a subtraction 

algorithm which initially compares a standard PCB 

image and a PCB image to be investigated using a 

subtraction algorithm that can recognize the defected 

regions.  

F. Guo, et al. [7] presented the double sigmoidal 

transformation strategy for improving the image and 

utilized template coordinating methodology for 

imperfection discovery. According to the outcomes, 

it is seen that the deformity of PCB can be 

adequately tested, found and distinguished. 

Assessment speed of the calculation is 5 PCBs every 

minute.  

R. Heriansyah et al. [8] have planned a procedure 

that arranges the deformities that may show up on 

the PCB utilizing the neural system. The calculation 

sections the image into essential primitive examples, 

encasing the primitive examples; designs task, 

designs standardization, and arrangement was 

created utilizing binary morphological image 

preparing and Learning Vector Quantization (LVQ) 

neural system. In this approach for preparing and 

testing the neural system, 11 defective examples 

have been planned. The planned example was in 8 x 

8 pixels estimate, with a binary organization. The 

PCB deformities can be framed into principally three 

gatherings as imperfections on closer view, 

foundation and on the both. For this classifier is 

required so LVQ neural system has been chosen as 

the classifier. For this system execution, just 

imperfections which are arranged in two gatherings 

will be utilized for training. 

M. Kumar, et al. [9] introduced an algorithm which 

comprises of two sections, first is image 

improvement and second is standard template 

arrangement.  Image enhancement algorithms 

include color plane extraction, LUT Transformation, 

Thresholding, Filtering, and Morphology. The 

template is utilized for referential coordinating of 

deformity discovery in faulty PCB. To identify 

defects 14 ms is the execution time taken by a 

calculation. 

 

III. System Overview 

A. Image Acquisition System 

Image acquisition is the procedure in which image is 

chosen the and given as an input to the proposed 

framework. We are using a Pi camera for capturing 

an image. The nature of the captured picture is one 

of the imperative parameters which inclines towards 

the camera. It is imperative to create proper 

illumination condition to give great image quality. 

The force and uniformity of the light source effect 

on the nature of an image caught by the camera. The 

captured image  is in RGB nature, which should be 

changed over to gray scale for further processing. 

Utilizing an image processing approach faults in the 

PCB can be assessed as follows. First of all, image 

from the camera is captured and then images are 

improved and binarized. After that, images are 

recognized. Finally, images are compared with 

reference to the templates related to it, so the 

deformities eg. open circuit ,  mouse bite, spur, short 

circuit, and can be observed .“Fig 1” shows the 

block diagram of the system. Using control condition 

on the controller, the PCB delivering components 

like a conveyor belt, DC motor moves the given 

PCB automatically. After that when PCB is reached 

at the required destination and then proper 

positioning of it is done so as to capture image 

correctly. Image acquisition system and moving 

conveyer belt system receives the control commands 

from Raspberry Pi, then it captures the PCB images 

and processes them using Python IDLE tool. The 

results will be displayed on LCD display.  
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Fig. 1: Block diagram of the system 

B. Defects on a bare PCB-  

Printed circuit defects, for the most part are lost or 

additional components on the board. PCB 

imperfections can be recorded into two groups to be 

specific functional defects and cosmetic defects [3]. 

Functional imperfections can be pivotal for the 

circuit operations though cosmetic deformities 

impact on the presence of the PCB circuit board. It 

might strike on the execution of the PCB in long run. 

The PCB fabricating process comprises of chemical 

and mechanical activities that may effect the 

proposed system. It is seen that numerous PCB 

deformities, for example, break out, mouse-bite, pin 

hole, open-circuit, under-etch are observed during 

the assembling process. A portion of the deformities 

on single layer exposed PCBs is recorded in Table 1.     

Table 1 - Defects on a bare PCB 

 

 

 
Fig. 2 Reference PCB image 

 
Fig. 3  Faulty PCB image 

“Fig. 2” and “Fig. 3” shows images of a reference 

and faulty PCB respectively. 

C. Image Preprocessing- 

i. Color to gray conversion- 

A color image can be characterized as a blend of 

three parts of red, green and blue planes. An RGB 

picture is changed into the grayscale picture by 

utilizing pixel by pixel approach. Following is the 

condition for transformation.  

Color image value = 0.29R +0.587G + 0.114B     (1) 

By finding average of the R, G and B values gray 

scale image is obtained. 

Gray scale Value = (R + G + B)/3                        (2) 

 

ii. Image Segmentation- 

Image segmentation is basically the way towards 

dividing a digital image into various fragments (sets 

of pixels, otherwise called super pixels). Image 

division is normally used to find objects and 

boundaries (lines, bends, and so forth.)in pictures. 

Image segmentation is the way of assigning out a 

mark to each pixel in an image to such an extent that 

pixels with a similar label share certain visual 

characteristics. The use of image segmentation is an 

arrangement of fragments that all in all cover the 

whole picture or an arrangement of forms extracted 

from the image. Each of the pixels in a local is 

comparable regarding some trademark for example, 

color, intensity or texture. 
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iii. Thresholding- 

Thresholding is used for changing a grayscale image 

into a binary image. By using thresholding method 

PCB is segmented during the PCB manufacturing 

process. The thresholding methodology is utilized 

for setting of all pixel esteems to an estimation of 

zero or one. The determination of an ideal threshold 

esteem is difficult to find in this strategy. 

Particularly when the area scan camera is used,  it is 

discovered that with a specific end goal to catch 

images using camera which is covering the specific 

area, the force of light source must be uniform which 

is exceptionally difficult because of the difference in 

the intensity of light by lighting source. 

Threshold technique is an essential technique in 

image segmentation. This technique can be 

expressed as:         

              T = T[x; y; p(x; y); f(x; y] 

Where T is the threshold value. X and y are the 

coordinates of the threshold value point. p(x,y), 

f(x,y) are points the gray level image 

pixels.Threshold image g(x,y)can be defined as : 

              g(x; y) = 1 iff (x; y) > 1 

                          = 0 if f(x; y) ≤ 0 

 

IV. Image Processing Algorithms 

 

I. Image Subtraction- 

The Image subtraction operation is actualized to get 

the contrast between two images [3]. These images 

are the reference picture and the template image. The 

subtraction strategy differentiates between the 

reference image and template image by using pixel-

by-pixel approach. [5], [7], [10]. After this operation, 

the subsequent image is acquired which contains 

defects shown in “Fig 4”. The output of subtraction 

operation will either negative or positive picture. 

Here, "1" is used to represent a white pixel and "0" is 

used to represent a black pixel in a binary image. 

Two guidelines exist for image subtraction operation 

1: If 1-0 = 1 then it gives a positive pixel as shown in 

“Fig. 5”. 

2: If 0-1 = - 1 then it gives a negative pixel as shown 

in “Fig. 6”. “Fig.7” represents the flowchart of 

subtraction algorithm. 

 
Fig. 4 Image Subtraction 

 
Fig. 5 Positive image 

 
Fig. 6 Negative image 

 
Fig.7 Flowchart of subtraction algorithm 

 

      
Fig. 8 Reference image                      Fig. 9 Error  image 
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“Fig. 10” shows the difference image of  reference 

PCB and error PCB shown in “Fig. 8” and “Fig. 9” 

respectively. 

 
Fig. 10 Difference image 

II. Template Matching – 

Template Matching is a procedure which permits to 

matches the parts of an image that match with the 

given reference image design. There are two essential 

parts; 

(i) Source picture (I): The image in which we hope to 

discover a match with the template image.  

(ii)Template picture (T): The input image is 

contrasted with the template image. Our goal is to 

locate the most matching area in an image [5].  

The procedure utilized as a part of grouping objects.  

• Template matching procedure thinks about 

segments of an image against each other.  

• Sample image might be utilized to perceive 

comparative parameters in a source image. Template 

matching might be used in the event where the 

standard deviation of the template image contrasted 

with the source image is sufficiently less.  

• Templates are regularly used to recognize printed 

characters, numbers, and other straightforward 

articles. 

 
Fig. 11 Flowchart of template matching 

The matching process moves the template image to 

all possible positions in a larger source image and 

computes a numerical index that indicates how well 

the template matches the image in that position. The 

match is done on a pixel-by-pixel basis. 

 

 
Fig. 12 Template matching method 

 

 Two Dimensional Image Correlation– 

ּד ּד                                     

Correlation{x, y} =∑ ∑ x(i, j) y(i-ּד,j-ּד) 

                                i=0 j=0 

 

      

 

Fig. 13 Input image (Defective)         Fig. 14 Template image 

   

 

Fig. 15 Crop image                    Fig. 16 Difference image 

 

III. Image Morphology  

Morphological Processing of an image is one of the 

extensively used techniques in PCB inspection 

system. The morphological process includes 

techniques such as dilation, erosion, opening, and 

closing which helps to partition in the images and 

associates some types of defects with certain 

patterns. "Fig 17" represents the flowchart of image 

morphology. 
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Fig .17 Flowchart of image morphology 

 

V. Hardware and Software used 

Hardware: 

 
Fig.18 Hardware of the system 

“Fig. 18” shows the hardware of the proposed 

system which consists of Raspberry Pi 3 model, R-Pi 

camera, Motor driver (L293D), DC motor (12V), 

PCB, Computer System 

Software: Operating System -  Noobs, 

                  Programming Language- Python, 

                  Platform- Python, 

                  Development Tool- Python IDLE. 

 

VI. Results and Discussion 

       
Fig. 19 Reference PCB image      Fig. 20  Defective PCB image 

         
     Fig. 21  Mask image                  Fig. 22  Hole mask image 

 
Fig. 23 Group I defects 

(Short, open, breakout, under etch, missing holes) 

Fig. 24 Group II Defects 

(Spurious copper, spur, short, excessive short, under etch, 

conductor too close) 

 

 
Fig. 25 Group III Defects 

 (Missing holes, missing conductor) 



  
 

 

 
 

612 Pratiksha R. Masalkar, Prabha S. Kasliwal 

 

International Journal of Engineering Technology Science and Research 

IJETSR 

www.ijetsr.com 

ISSN 2394 – 3386 

Volume 4, Issue 6 

June 2017    

 
Fig 26 Output Image 

Above Figures shows the results for the proposed 

system."Fig 19", "Fig 20","Fig 21","Fig 22" shows 

the Reference PCB image, Defective PCB image, 

Mask image and  Hole mask image respectively."Fig 

23","Fig 24","Fig 25" represents Group I defects, 

Group II defects, Group III defects. "Fig 26" shows 

the output image in which we have categorized 

defects in four groups as shown in Table 2 below. 

Table 2 –Defects Classification 

 

 

VII. Conclusion 

The image processing algorithm firmly distinguishes 

and categorizes 14 defects into 4 groups (Group I, 

Group II, Group III, and Group IV). The drawback 

of the morphological approach is that some of the 

defects cannot be addressed individually. During 

gray scale to binary transformation, undesirable 

images are produced by the noise. The exposed PCB 

is assessed and the defects in a PCB are noted by the 

different parameters. We can consider these 

parameters as a referential information base for 

further investigation for the creation of defect free 

PCB.  Future scope includes inspection and analysis 

of a PCB with Surface Mounted Devices. 
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