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Abstract

Deformity detection in a Light Emitting Diode (LED) is an important aspect for improving its quality. These LED

deformities can be checked through several methods. This paper details the automatic deformity detection inspection
system of a LED using the LabVIEW Builder 3.6 software. This software has a graphical user interface which makes it
easy to observe and modify the behavior of its element. The LabVIEWs essential elements are also presented and
explained aside from its image acquisition system. Details on how to build an inspection system and how to implement
vision inspection algorithm which mainly consists of edge detection, geometry point location, and distance measurement are

included in this paper.

Keywords :

I. Introduction

Alight emitting diode or LED is a semiconductor
diode which emits lights when an electric current is
applied in the forward direction. LEDs are usually
used as indicator lights and/ or illuminating lights,
where they can light up a very small area and emit
different colors. It can be used to sterilize water,

disinfect devices and even promote photosynthesis™ 2.
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The LEDs are produced in various shapes and
sizes where the most common is the one with a 2 -
5mm cylindrical body and a dome-shaped hat
package in which the diode is in the center of the
package. For this research, we need to find any
deformities in three (3) kinds of LEDs: DLM4441-u
(encapsulated in a green epoxy hat), ULM32R3-SH
(encapsulated in transparent pink epoxy), and
SCRA010-ST (encapsulated in pink epoxy hat). In
the encapsulation part of the LED manufacturing
process, the following cases can happen if the epoxy
is not infused equably: shallow and deep fault, bubble
fault, and cracked LED as indicated in Figures 1.(a),
1.(b), and 1.(c).

Yang[3] used the programming language C and
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Fig. 1. {a) Shallow & Deep Fault, (b) Bubble Fault,
{c) Cracked Fautt.

VISILOG to develop a LED shape recognition system,
but there were insufficient experimental results and
the image source was not good enough. Huanm,
Kim[S], and Larios discussed recent applications of
machine-vision in industrial inspection. All of them
showed that LabVIEW is a powerful development
environment to build an applied inspection system
based on image processing. The hardware component
of the image acquisition system is presented in
O. We introduce edge
morphological operation, geometry points,
distance measurement in Section III.

Section detection,

and

. The Component of Image Acquisition
System

2.1 Image acquisition

The image acquisition system is composed of
lighting, power supply, charge coupled device (CCD)
camera, image acquisition board and the development
computer refer to Figure.2.

Figure 3 shows the set-up done to fix the distance
between the LED sample and the camera during
image acquisition. We used a Dragonfly 2 DR2-
HIBW camera which is an IEEE-1394 digital Black
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Fig. 3. Inspection System Set-up.

and White with maximum resolution of 1032 x 776
pixels at 30 frames per second. A 1/3 inch CCD lens
was attached and the working distance was set at
15mm to provide high quality image captures. The
Dragonfly 2 camera is easy to interface with an 1394
image acquisition board and its trigger time is fast

enough for our need.

2.2 Lighting

For this experiment, the image were acquired from
the top using arch-shape diffused white light while
we used a white backlight for images taken from the
side. Diffused light is usually used to reflect light,
providing a non-directional soft light free of harsh
shadows that is well suited for highly specular
objects. This illuminating effect has been likened to
the kind of lighting on an overcast day which is flat
and non-directional. Backlighting on the other hand

provides an even field of illumination causing the

J3 4. EtH
Fig. 4. Arch-shape Lighting and Backlighting.

8 xynt welolE xy

S Lo



20001 9F HAISE3 ==X M 46 HSCHH 5 £

object to be seen as a silhouette by the camera.
This kind of lighting is commonly used for taking
measurements and determining the orientation.

1I. Methods

3.1 & Deep Case

For this type of fault detection we need to use the
Simulate Acquisition of LabVIEW to load the
prepared sample image then we experiment on it
using preprocessing and gauging steps.

As shown in Figure 5.(a) D is the distance from
the top of the semiconductor chip to the bottom of
the epoxy case. f D exceeds or is short of the
standard set length by 0.1 millimeter, then this LED
is classified as a shallow and deep LED. This
standard set length varies for different LEDs.

For the inspection part, we first get the gray
intensity image of the sample then migrate this
processed image into the Vision Assistant. Inside the
Vision Assistant window, we choose the Extract

(©
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Fig. 5 (a) Definiton of D, (b) Find Straight Line, (¢)

(
Geometry Point, and (d) Measure the Distance.
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Color Plane to extract the green plane from the color
image and then we process the image using Find
Straight Edge.

Edge detection is by far the most common
in
intensity values™. The basic idea of edge detection is

approach to detect meaningful discontinuities

to find parts of the image where there is a rapid
change in intensity (the first derivative of the
intensity is greater than a specified threshold). For
LED images, the reason why the edge is selected as
the primitive image is that the most distinctive edge
pixels appear along boundaries and contours.

Let the image be f(x, y) while the gradient
magnitude function is approximated by vector V f.

vi—[G a)T= 2L o) &

or 9oy

The magnitude of the vector, one of the important

physical quantities, 1s defined by the following
equation:

1

2

vi=[6? 6%~ |G,|+|G) @

The Find Straight Edge step searches for a
straight edge in a two—dimensional region of interest.
We give a ROI by as it shown in following figure.

The object under inspection often appears shifted
or rotated in the image being processed that is why
we need to define a sub-—coordinate relative to a
feature in the image. The intersection point of the
two straight lines can be set as the origin of a
coordinate system, we call this intersection point as
Geometry 1 in Figureb (c).

For the Find Straight Edge step we first choose a
rectangular area around the reflective cup, which is
the tiny bowl on the top of semiconductor chip. We
then get the middle point (Geometry point 8, Figure
5.(d)) of the line and measure the distance from this
bottom line (the rectangular area
detected at the first Find Straight Edge step).
Lastly, we calculate the number of pixels for this

point to the

measured distance and compare this with the
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Fig. 6.
standard range of 250 - 260 pixels. The LED will be

classified as Shallow & Deep fault case if the
measured no of pixels is out of this given range.

3.2 Bubble Case

The bubble fault LED always shows more noise
after subjecting the sample image to edge detection
procedure. We designed an algorithm to detect and
distinguish bubble fault case in a LED based on this
characteristic.

First, we perform basic “Prewitt” filter (which is
also an edge filter) to extract the actual LED image
from the background (Figure 7). We use “Prewitt”
operator because it can preserve the contour of the
object as much as possible. The “Prewitt’ operator
mathematically uses two 3-by-3 kernels which are
convolved with the original image to calculate
approximations of the derivatives, one for horizontal
and another for vertical changes. If we define F as
the source image and G,, G, as the two images
which the vertical

approximations, then we can solve for them by:

contains horizontal  and

—10+1 —1-1-1
G, =|-10+1|*FandG,=| 0 0 0 [*F 3)
~10+1 +1+1+41
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Fig. 7. Find the center of LED.
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Fig. 8. Calculate pixels in a given ROI

We then apply the “Find circular edge” function to
locate the centre of the circle. The following images
shows some of the location—result.

For the second step, we get a sub-region of the
LED then do smooth function of this region which
would remove much noise that can affect the
distinguishing performance. We then remove small
objects twice after using “Sobel” filtering to extract
the contour of the bubble (Figure 8). Some good
LEDs also contain noise but it is not as much as in
a bubble fault case. The number of front pixels in
the sub-region is counted, the percentage rate of
front pixels in the sub-regionis calculated and then
threshold rate is set at 2%. The LED is classified as
a Bubble Case fault if the calculated percentage rate
is more than 2%. Figure 8 shows the last step of
bubble detection.

3.3 Cracked Case

We consider the dissymmetry aspect using images
of the LED taken from the side for the cracked fault
case. The difference of dissymmetry between two
Geometry points along the parallel line is compared
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to the bottom line. The pre-treatment step is the
same as that in the shallow & deep fault case.

The sub-coordinate system based on one of the
geometry points is set after the pre-treatment step.
Four lines are chosen as the one-dimensional ROI to
apply the “Find Edge” step. We first disable the auto
step control and adjust the edge location parameters.
The first edge and last edge items at the “Look for”
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Fig. 12, Flow Chart for LED Cracked Fault Checking
{pink).

control are then chosen and the edge polarity is set
as “all edges”. We can then get the position of the
first and last edge located on the one-dimensional
ROL
calculate the difference between the two positions and
if the difference is larger than a certain threshold
(such as 5 pixels) then we classify the LED as a
cracked case fault.

Based on the symmetrical axes, we can

II. Experiment Device and Result

All the sample LEDs with shallow & deep faults
and bubble faults were successfully detected and
classified when we used the test algorithm presented

above.

43 2o

Experiment Result.
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IV. Conclusion

Our proposed visual inspection system based on
LabVIEW has a very high success rate in classifying
the LEDs with shallow and deep faults and bubble
faults.

requirements and the fast processing time of the

We were able to satisfy the application

designed inspection system made it even better.
This experiment showed that Vision Builder 35 is a
very useful and convenient tool to develop an
efficient optical system.

By solving not only the external or surface
problems and defects of a LED but also dealing with
the problems inside it, we believe that the good
results obtained using the proposed inspection system
can be used to improve quality control productivity.
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