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Abstract— The primary objective of image enhancement is
to process an image so that the result should be more
suitable than the original image for specific applications.
PCB image enhancement plays an important role in
efficient defect detection. It is necessary to eliminate or
minimize the noise as much as possible during image
enhancement. This paper proposed an image enhancement
algorithm based on machine vision to sharpen the edges of
tracks in PCB and filter out the noise effectively. The
proposed algorithm consists of Image acquisition, Color
plane extraction, LUT transformation, Filtering, and
Thresholding. Experimental results show that the proposed
algorithm precisely locates edges of circuit tracks to
enhance PCB images. The averagetime required to perform
the proposed algorithmis 10 ms.

Keywords- Machine vision, Color plane extraction, LUT
transformation.

. INTRODUCTION

PCB is the most important component of electronic
industry. So it is essential to detect defects miyrits
manufacturing. Sice the manual inspection is ineffici
and time consuming, sautomatic optical inspection

required.

Fig.1 shows the Printed circuit board image whist
blurred ower edge especially in the upper dense horiz(
lines area. Therefore it is essential to eliminatereduce
noise to enhance the PCB image so that it can dieleiat
the edgesLiterature 1 proposed the image enhancer
algorithm for PCB defect detéoh based on Doubl
sigmoid transformation method. This method enhahex
PCB image be effectively sharpen edges. Also s$8pE
the noise associated with the image. Literaturést® khe
method of image enhancement about the common R(
mainly includes gray scale transformation, histogt
equalization, average filter, median filter. Litenee 3& 4
use HAAR wavelet transforms. In this transformatiaor

highlight the details of the image, it is decompbse the

vertical and horizontal direction. Bthe pixel gray value of
the digital image is nonentinuous in all direction whic

might cause errors on the edges of the oblique s

paper represents an algorithm consists of varidapss

which has imposed on the original blurred PCB im

alongwith the reduction of nois

Fig.1Blurred PCB imag
.  ALGORITHM FOR IMAGE
ENHANCEMENT
The algorithm for PCB enhancement is shown in fihar
(fig.2). It shows thalifferent steps and methodolowhich
is used for the enhancement proc
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Fig.2 Algorithm for PCB image Enhancem
2.1 PCB acquisition:
Image browser contains all imagesirrently loaded i
vision assistant. The image acquired by using in
acquisition. This paper acquired the PCB imagehasva
above in fig.1
2.2 Color planesextraction from RGB image:
The colorplanes extraction converts a R image into a
gray scale image. Fig.3 shows the grayscale imégbe
blurred PCB image shown in fig.2.

= ’7////

Fig.3 Grayscale image of blurred PCB im
A true color image is the 8 bit comgition of three plane
one from each red componegteen component and bl
component i.e. the color component intensity gbixel are
coded into a three different values.

The equation for conversion of RGimage to Gray scale
image on pixel-bypixel besis [5] is
Grayscale value=0.29R+0.58G+0.1:
2.3LUT transformation:
LUT (look up table) transformation supports the ga
having binary/8 bit/ 16 bi / float format. It is used to
improve the cotrast and brightness of an imacby
modifying the dynamicintensity of regions with poor
contrast. This transformation converts input grayel
values from the source image into other gray leaéles in
the transformed image.
A LUT transformation applies the transform T(x) owe
specified input range [rangein., range max.] in the
following approach [6].
T(x) = Dynamic min, if X< range min
F(x) if range min < X range max
Dynamic max, ifX > range max
Where,
X represents the input gr-level value
Dynamic min = 0 (&it images) or the smallest initial pix
value (16-bit and floatingoint images
Dynamic max = 255 (®it images) or the largest initi
pixel value (16bit and floating point image
Dynamic Range = Dynammax — Dynamic min
F (X) represents theew value
After the execution of LUT transformation the th€B
image becomes shown in fif

Fig.4 LUT transformed PCB ima
2.4 Filtering:
Filtering is required for better extraction of tleature from
PCB image. It extracts the information only neediexn
the image rather than processing the entire imageduce
processing time of the systeThis step supports the image
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in the format obinary / 8 bit / 16 bit / float. Filtering work
on the LUT transformed PCBnage and the best res
found with Convolutiorhighlight details having 7*7 kerni
sizes. The filtered image shown in fig.5

Fig.5 Filtered PCB ima¢

2.5 Thresholding:

Thresholding is used for conversion of an image bihary
image. This paper uses Manual thresholding metto
converting the same. As shown in fig.6 red highiegt
image contains requiregortion of image. The red portic
represents ‘1’ and rest of pimn taken as ‘0’ in the binai
image. [6]

Fig.6 Image after thresholdi

2.6 Performance analysis:

The response time is an important parameter w
accounts for the processing speed of the systerdision
Assistant there is a provision to meastine performance ¢
the created script by measuring its response The

detailed report of the performance of the script also be
obtained, this is shown in fig.7. In the detailegaort the
time taken by each step or each function for PCBge
enhancement is giverifhe time required by NI Visio
Assistant to perform the whole enhancement algorig10
ms.

An estimation of the time required by MI Vision Assistant to perform
the inspection on the currentimage is: 10 ms or 99,43 parts/s.

Average Inspection Time: 10.06 ms
Longest Inspection Time: 10,39 ms {3)
Standard Deviation: 0.14 ms

oK | | Details <<

Step Name Average Std-Dev Shortest | Longest -
Color Plane Extraction 1 0.859ms | 0.013ms | 0.843ms | 0.880ms
Lookup Table 1 0.407ms | 0.004ms | 0.402ms | 0.413ms
Filters 1 6.717ms | 0.033ms | 6.687ms 6.773ms
Gray Morphology 1 1.893ms [ 0.123ms 1.793ms 2.201ms
Threshold 1 0.170ms | 0.003ms | 0.163ms | 0.174ms

Fig.7 Performance analy:
Il CONCLUSION

This paper presents an image enhancement algobidsec

on machine visionfor PCB image enhancent. The

captured PCB image is processed using Color ¢
extraction, LUT transformation, Filterinand Thresholding
with the help of National Instrument Vision assidi
software. Experimental results show that the method
effectively sharpen edge tres to enhance the PCB image.

With the help of performance analy it is noticeable that

thetime taken to execute the PCB enhancement algc is

10 ms or 99.4parts inspected per seca
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