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The perfect Printed Circuit Board (PCB) plays a very important role in every elec-
tronic device as well as in automation systems. So, it is very important to find de-
fects in the PCB before installing it to any system or any device. However, PCB
Manufacturers use various inspection systems in the process of manufacturing
PCBs for detecting various types of defects in the PCB. In this article, we present
the Automated assembled PCB Inspection System. This system finds defects such
as missing components and improper position of its components by using the Pat-
tern matching Technique where a good known score of template image is matched
with the score of the test image. This system gives results at each inspection within
10 Seconds and the result given by this system are passed or fail in the form of an ar-
ray sheet. This automated inspection system is created by using NI Vision Builder
AT and NI LabVIEW technology. Ni Vision Builder AI has been used to create the
algorithm. And NI LabVIEW has been used to create the application.
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1. Introduction

In the modern world, infrastructures and industries turn towards automation where various types of
PCBs play a very important role. The working of every electronic device and automation system
depends on the functionality of PCBs. Due to misalignment and orientation during the manufacturing
of PCB, various types of defects can occur. A very small defect in the PCB may cause the entire system
failure, so before installing to any system, it is very important to check the functionality and working
of PCBs in the last stage of PCB manufacturing units in the industry. Usually, many industries used
various methods like manual inspection, electrical performance testing, Automated inspection
systems, and Automated Visual Inspection Systems to find the various types of defects in the PCBs.
PCB defects can be sorted into two parts: Functional defect and Cosmetic defect [15]. Opens, shorts,
defective components, are the functional type of defects. And usually, functional defects can be tested
by connectivity tests which affect the performance of the system [4]. Missing components, improper
position of components is the cosmetic type of defects. And cosmetic defects affect the appearance of
the PCB [15]. In general PCB algorithms can be classified into three types: referential approach, non-
referential approaches, and hybrid approaches [15]. The referential approach involves the comparison
between pixels in the test image and in a template image or reference image. The non-referential
approach simply works on geometric shapes and verify the design rules. The hybrid approach is the
combination of a referential approach and a non-referential approach. Most of the PCB manufacturing
industries use machine vision technology, where a combination of hardware and software works
together with a simple camera to acquire the image and by using pattern matching technique. Pattern
matching in computer vision technology is the set of computational techniques that enable the
localization of template patterns in a sample image. In the template matching algorithm, we have to
pass the already reference image/template image to the algorithm, after that when the source image
comes in, the template matching works by comparing each pixel value of the source image with the
template one at a time. And then we get the output of an array of similarity values after comparing the
template image. In this paper, the proposed automated inspection system is based on the referential
approach. It is nothing but the pattern matching technique where the perfect assembled board is used
as the template image, and inspecting images are considered as a test image. The proposed system
finds defects such as missing components and improper position of components.

2. Literature Survey

Mukesh Kumar and colleagues [1] use an image enhancement algorithm to sharpen the edges of tracks
in PCB, filter out the noise effectively with the help of National Instrument Vision assistant software.
The average time ready to perform the proposed algorithm is 10 ms or 99.43 parts inspected per
second

T. J. Mateo Sanguino et al. [2] The visual inspection system is used for automatic detection and
classification for finding errors. The subtraction method is used for higher performance of defect
detection and light intensity to get a more accurate classification. Through the use of statistical
techniques, the system allows classifying a total of twelve types of detects and the algorithms are
analytically compared and examined the performance.

Ziyin Li and colleagues [3] AOI technology are presented to detect the defects of PCB. The image
enhancement, image denoising, pictures segmentation algorithm are used in this process. It detects
wire gaps, voids, scratch defects as well short circuits, open circuit faults, and other types of defects.
The system doesn't require any touch. The highest resolution of the design is 15um and the detection
success rate is over 95%.

Manasa H R and Anitha D B [4] Automated inspection system is used for improving quality of Printed
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Circuit Board (PCB) production and rejection ratio. This system has been implemented using the
template Matching method and it used a referential approach to inspect the assembled PCB, find
missing components, verify the physical dimensions of the components, and generate a check report.
This system is made for a particular PCB, so there is separate code that needs to be written for
different PCBs.

Anitha D B, Mahesh Rao [5] The proposed work gives an automated approach for identifying defects
related to the SMT components found in the assembled PCB. There are three different techniques 1.
Contour Analysis 2. Optical Character Recognition 3, Pixel Subtraction. This technique is used for
detecting the defects such as shifted components, placement of wrongly valued components, and
missing components in the LabVIEW platform. Using this technique number of defects can be
decreased and it takes very little time to identify other defects.

Hendawan Soebhakti and Farkhad Thsan Hariadi [8] have developed automated optical inspection
using surface mount technology to find missing components and defects during the PCB assembly
process. They have found the solution developing AOI (automatic optical inspection) by employing
neural networks and extracting histogram values from PCB images. When the system is inspecting a
small size of components then it displays the result of an accuracy rate of 93%. By extracting
histogram values from PCB images, the neural network can classify components under inspection as
exit or missing. It classifies components available or not by using AOI and neural network technology.

Tejas Khare, Vaibhav Bahel, and Anuradha C. Phadke [9] The author name this proposed system as
PCB Fire. The paper aims to solve the problem of missing components in PCB. They have used
different techniques like Object detection, Image Subtraction Pixel manipulation algorithms, and
neural

networks for detection and classification. A novel algorithm using image subtraction and pixel
manipulation for detecting and classifying the missing components was proposed. In this system, the
classification of the components is achieved by using the YOLO (You Only Look Once) algorithm.
YOLO is a fully convolutional Neural network (CNN). They provide input image text size that is fed to
be classified or detected by the network. This solution reduced the loss of capital and time incurred
while identifying the fault. The model gave an accuracy of 75.48%.

Table 1. Comparison Table

Algorithm
No. [ System Name | Technique used used Software’s used
[1] | Automated Patterns Matching | AOI system can quickly | NI Vision
Optical Technique. capture the focused| Assistant, =~ Open
Inspection pictures of inspected|CV library in
System. parts as well as record |LabVIEW
and  compare their| Programming.
patterns with the perfect
part or product.
[2] | Automated Normalized Cross Correlation | The method developed is | Canny Edge
Surface template matching technique. | based on Template | Detection
mount PCB Matching and  Genetic| Algorithm
inspection Algorithm search where | Software.
system. a generalized grey model
template is used for
multiple target
recognition.
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[3] | Automated Neural Network Technique|A threshold value is|LabVIEW and
Optical and  Optical Character| applied on  acquired| IMAQ function.
Inspection Recognition Method. image to produce a
System. binary image. Solder size

can be calculated based
on the number of white
pixels in each of ROL

[4] | Automated Template Matching | The perfect board is used | NI Vision
Inspection Technique. as the reference board, | Development
System. inspecting PCB image is | Module and

the test image. Test PCB | LabVIEW

is checked against the| Programming.
reference board using

template matching

technique.

[5] | Automated Bitwise XOR Operation The captured RGB image | Canny Edge
Testing is converted to grey scale. | Detection
System Grey scale image is then | Software.

converted to binary form
using  Canny Edge
Detection algorithm.

[6]| Automated Contour Analysis, and Optical | Reference imageis | LabVIEW
Optical Character Recognition | compared with acquired | Programming, NI
Inspection Technique, Pixel Subtraction |image is being tried. OCR Training

Method. Interface.

[8]| Automated Pixel theory and  object| The detection and| PCB DSLR
Optical detection technique, Image| classification of| Dataset [online]
Inspection Subtraction component are achieved

Method. Convolutional | by using the (YOLO) You

neural network technique. Only Look Once
algorithm.
(YOLO) is a fully
Convolutional Neural
Network (CNN). Itis a
neural network used for
detection & classification
Which has free open
access.

3. Identification of Tools

In the proposed Automated inspection System to construct the hardware structure, the 3MP Webcam
has been used as shown in Figure 1. And we have created a Black box to set the camera in a static
position as shown in Figure 2. Also, we have created a static position for inspection of PCBs as shown
in Figure 3. and we have used two software to propose the whole Automated Inspection System which
is NI LabVIEW and NI Vision Builder AI. NI LabVIEW version2020 has been used to build the
application shown in Figure 4. and NI Vision builder AI 2020 has been used to create the algorithm
shown in Figure 5.
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Fig 1(a). Blazon Webcam , HD, 3MP Image Fig 1(b) Wooden Box to set the
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Fig 2. Static Position of PCB
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Fig 3. NI LabVIEW
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Fig 4. NI Vision Builder AI

4. Implementation of the Algorithm

The proposed Automated Inspection System for Assembled Printed Circuit Board has been
implemented using pattern matching technique and to create the algorithm the software tool used is
NI Vision Builder AI shown in Figure 6. The template images are matched with the test images. The
perfect assembled PCB is considered as the template image shown in Figure 7. Every manufacturing
PCB is considered as the test image shown in Figure 8. If the match score of the test image is less than
the template image then the test image is considered as a fail. Figure 9 Flowchart of Proposed
Automated Inspection System Shows the overall flow of the inspection in the following 5 steps.

Fig 6.Image of Test PCB

Fig 5. Image of Template PCB
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Fig 7. Algorithm of Automated PCB inspection system
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Fig 8 . Flowchart of Proposed Automated Inspection System
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Step 1: This is the Image Acquisition step. This is the first step of the algorithm. In this step, the
proposed system acquired the image of the AVR Trainer Board through a USB cable from a 3MP
Webcam Camera.

Step 2: This is the Image Enhancement step. In this step there is a new window open called as NI
Vision Assistant window where we have performed image enhancement on AVR Trainer Board shown
in Fig.10. it improves the quality and information content of original data before processing. It
includes Brightness enhancement where it alters the brightness which refers to the overall lightness or
darkness of the image. Also, it includes contrast enhancement which is the difference in brightness
between objects or regions. and gamma enhancement that preserves the mean brightness of an image
that produces natural-looking images by the choice of an optimal gamma value. And this is the first
step of the image enhancement step. now the second step of the image enhancement step is Color
Plane Extraction. in this step we can extract the three-color planes such as Red, Green, Blue (RGB),
Hue, Saturation, Luminance (HSL), Value, (HSV) from an image. From all the extraction operations,
we have used the green plane extraction which extracts the green plane from an RGB image. And the
third step of image enhancement step is Gray Morphology. In this step we can modify the shape of
objects in an image in various morphological operations like Erode, Close, Open, Proper closed,
Proper open, and Auto median. From all these morphological operations, we have set the open gray
morphology operation on AVR Trainer Board.
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Fig 9. NI Vision Assistant for Image Enhancement

Step 3: This is the pattern matching inspection step. This step is the main step of the algorithm. In
this inspection technique, we create a template image of the object for the inspection. This is also
called as template matching technique. This template matching technique is a high-level machine
vision technique of NI Vision Builder AI that identifies the parts of an image that match a predefined
template. This technique is flexible and relatively straightforward to use which makes them the most
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popular method of object localization. Specifically, in this step we have created a template that
represents the object for which we are searching. after that when we run the algorithm then the
inspection step searches for the pattern in each acquired image. Then in every inspection, it calculates
the score of every match. the score of every match depends on the following number of matches. X
number of pixel (X(pixel)), Y number of pixel (Y(pixel)), X Calibrated position X(M), Y Calibrated
position Y(M), Angle, Angle Calibration and Score. The score relates how closely the instances of the
template match the pattern. We have set the minimum score limit of every template image up to 80o0.
If the new test image achieved less than 800 scores in the pattern matching step then the test image is
considered a fail. We have implemented this inspection step / Technique on the AVR Trainer Board
which is a complete starter kit for the AVR Flash Microcontroller. We have implemented this
technique to the components of the AVR Trainer Board such as given in the following list. ATMEGA 16
Microcontroller, DC Jack, Trimming Potentiometer, Power ON/OFF Switch, Reset Switch, Onboard 8
LED array, Onboard 5V Buzzer, Onboard 12MHZ Crystal Oscillator, 7805 Voltage Regulator,
Transistor, Wo4 Bridge Rectifier Diode, 6Resister of 220 Ohms, and 2 electrolytic capacitors. The
template image of the ATMEGA 16 Microcontroller is shown in Figure 10. The template image of DC
Jack is shown in Figure 11.

[& i Vision Template Editor O 3

Define Pattern Matching Mask Speaify Match Options.

flReaq
Draw Template Regions to Ignore
1% Commit Mask [mmediately

Mask Pivels that are:

© Inside the ROL
Outsde the ROI
LOaolld Alaw
Pen Width
—— 10
1 5 0 15 X
Auto Mask

Clear All Regions o Ignore

[l eroiste Regon to lonore

|| 37x126 1x 255 {0,0) < >

Fig 10. Template image of ATMEGA 16 Microcontroller
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Fig 11. Template Image of DC Jack

Step 4: This is the Set Inspection Status step. In this step, we can set up the inspection status of the
whole algorithm. We can select the inspection status from the already given status for our algorithm.
we have selected the status such as, set to FAIL if any previous step fails or if the current value of
Inspection Status is FAIL. because our whole algorithm is totally based on the status of previous steps.

Steps 5: This is the data logging step. In this step, we can enter the overall inspection results into a
file on the local hard drive or to a remote FTP server. The following data logging control is located on
the data logging step, like Measurements Logged Tab and Destination Tab. In the measurements
logged Tab, we have set the "Always Logged Measurements" Which means, all the selected
measurements of every inspection step are logged when the step executes. And in the Destination Tab,
we have set the "Logged to Local Drive" Which means the measurement results are saved to a 'local
storage device'. And the 'local storage device' is one of the Comma Separated Value (CSV) File Type
shown in Figure 12, Figure 13, and Figure 14.

1 9367921 ass
1 0486718 pass

1 9426779 pass

1 9443707 pass

| 15585 075 rol [pasJou

19526638 Pass 1 947.7935 pass 1 9745435 Pass 1 9249237 pass. 1 9963505 pass

Fig 12. PCB Inspection Result
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5. Application Window of Automated PCB

The NI LabVIEW has been used to develop the application of the Automated PCB Inspection System.
By using Vision Builder AI Pallete, an API (Application Programming Interface) has been created to
control Vision Builder AI programmatically through LabVIEW. There are two windows located in
LabVIEW. The front panel window and the block diagram window. The front panel is the user
interface of the VI. The user interface of the Automated PCB Inspection System is shown in the Figure
16. To design the user interface, we have used tools such as Image Display and Boolean buttons. The
block diagram of the system is shown in the Figure 17. In the block diagram window, we have used
tools such as Open Inspection.vi, Get Inspection info.vi, Get Inspection results.vi and Run Inspection
Once.vi. The state machine architecture has been used to build the whole block diagram of the
Automated PCB Inspection system. A state machine is an architecture that allows the dynamic flow of
states depending on values from user inputs. The execution of the block diagram depends on the
following four states Initialize, idle, Return and Stop. In the Initialization condition, the system
launches a local vision builder AI engine to open and run the inspection. In the Idle condition, the
system opens an inspection and then runs one iteration of the inspection currently loaded by the
vision builder AI engine associated with the session and then returns results for all steps in the
inspection. The results are updated after each iteration and are not updated asynchronously. The step
results are given by the system in the form of an array. In the Return condition, the system closes a
local Vision Builder AI engine and reverts back to the Initialization level. And in the stop condition,
the user can stop the execution of VI by using the Stop button.
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6. Result

The proposed automated PCB inspection system is used to inspect the AVR Trainer Board. Initially, it
takes one minute to start the inspection and then it gives the result of each inspection within 10
seconds. In every inspection, it checks all the components of AVR Trainer Board one by one and
displays the results on the Application window of the Automated inspection system shown in figure
16. If the component is present then it displays a green button. If the component is missing or
improper positioned then it displays a red button. The final result of the inspection depends on the
status of all the components. Also, to maintain the inspection data the system stores result of every
step in the CSV file type.

7. Conclusion

The proposed Automated assembled PCB inspection system is useful at the final stage of the PCB
manufacturing process in manufacturing industries. because it detects the defects such as missing
components and improperly positioned components. It has been found that the proposed system is
useful for small PCB manufacturing units. They can adopt this system to reduce the time of the
inspection and minimize errors. It is a very low-cost inspection setup for small industries. It can be
easily implemented with a simple camera and one computer.
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