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Thesis Title Study of Suitable Light Sources for Solder Dot Volume Measurement

on Printed Circuit Card Assembly

Author Mr.Jerawat Sopajarn
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ABSTRACT

This research studies the suitable light sources for solder dot volume
measurement on printed circuit card assembly (PCCA). The measurement was based on image
processing techniques. The solder images were captured from several controlled conditions, such
as light conditions, focus positions and camera view angles. These captured images were then
analyzed based on the relationship of the captured images, and the solder dots volume was finally
calculated. The studies will lead to the development of the system for solder volume
measurement. The results from the solder volume measurement can help PCCA makers improve
the production line of PCCA

Keywords: Image processing, solder volume inspection, Printed Circuit Card Assembly
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1.2.1 Automated Inspection of Solder Paste by Directional LED Lighting [1]
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1.2.2 Evaluation and Optimization of Package Processing, Design, and Reliability

through Solder Joint Profile Prediction [2]
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1.2.3 Full-Field 3-D measurement of Solder Pastes Using LCD-Based Phase

Shifting Techniques [3]
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Value = max(red, green,blue) (12)

=) . . a g aA 2
2.6.3.3 52 UUA HSI (Hue Saturation Intensity) uszuud HSI HUANG W URUIY
Usznoulde Usznnuead  (Hue) ANUDNAIUDIT (Saturation) LAZANUTUVDIF

(Intensity) A4 NUsznoUN 2-13

?MWsLneun 2-13 sLUVE HSI [13]

Lﬂ' a Y v dy
nnmmsznoun 2-13 ﬁ"l?ﬂiﬂ'f)‘ﬁﬂ?t’]"lﬂﬂ\‘]u

=

UYszinnvedd Hue Ao 1mad $lA10g521119 0-359 99z lagmums
Y

=

nlasulasanduaslidadven (Hue = 0 = Hue = 120) uazanden ladadindy (Hue =

120 = Hue = 240) uazanaiidu l1/daduag (Hue = 240 = Hue = 0)

4
Y

MIOUAIVOIA (Saturation) 7D AINTLYNTUUBGHNVINUNUNANVDINT Y

YA

' Ay ' A o A 2 g ° 9 Y o AA Y a
nnmla Tasndvinaianududvesdiasuntunazin lian la lnamesdumaanuiasa

£
UINVYU

=

9 a A A 1 Aq Y o P ' v
AMINYDIT (Intensity) Ao AT 1FszyNadTulianudumnmla Tagan

Q
42

Y AaA d?d o q YA AN Y 1 = v o Y 1A g
ﬂ’ﬂmﬂmﬁﬂﬂnﬂﬂﬂluﬂ%%ﬂﬂﬁﬁﬂqﬂuﬁﬁuﬂigﬂ’é)”]Jﬁ"lJTJiﬂﬂ Glumaﬂamummuumu@ﬂm

< 0 q YAy Y 1 Ao £
ﬂﬂ$ﬂ11ﬁﬁﬂqﬂﬂﬁ3uﬂ'ﬁ$ﬂ’t]iJ"Uf)\‘]ﬁﬂﬂﬂﬂ"Uu



25

2.6.4 MIMVDUMW (Edge Detection)
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Abstract-This paper presents a lighting technique of a machine
vision system for solder dot volume measurement of a printed
circuit card assembly (PCCA). The measurement is based on the
analysis of light intensity characteristics of the captured images
at different focuses. In order to achieve the measurement
accuracy, the images of solder dot surface were constructed from
a reflective light using dark-filed illumination to increase
effectiveness reflex of the solder dot surface. However, in order
to enhance the lighting of the light source in the machine vision
system. A reflector was added to the light source to enhance the
light distribution and the light intensity on the inspected PCCA.
The distribution of light intensity of each pixel is the criteria used
to qualify the images. It is found that the resultant images shown
the significant improvement.

Keywords— machine vision; lighting; illumination; inspection

I. INTRODUCTION

Now a day machine vision systems have been widely used
in industries such as electronics industry, components
industry, food industry, automation industry and automobile
industry. The main purpose of using machine vision systems
is to increase accuracy and speed in the manufacturing
process. Machine visions are used for solder dots volume
measurement or solder dot defect inspection on the printed
circuit boards in the electronic manufacturing process,
counting car parts in the automobile industry.

The visual inspection used in the manufacturing industry to
increase productivity and reliability of products. In the

electronic industry the machine vision used to inspection
electronic joint, volume or defects of solder dots. In the
machine vision the lighting affects vision [1-4], the electronic
device inspection in manufacturing industry the lighting
affects characteristic and incapacitate of images for image
analysis such as edge detection or the image depth. When
characteristic of images is changing by the lighting therefore
images from the machine vision has the error [5-7]. The errors
from images affect characteristic images analysis by result
from analysis images incorrect.

From fig. 1 show block diagram of the model of machine
vision system. The machine vision system included the

camera, light source, electronic circuit card to digitize the
signal from the camera, computer or dedicated electronic
image processing hardware, software used for image
processing.

Ohject under examination &

mechanical handling device
in light-shrouded area

Specialised optics, main lens
and camera within environmental
, protection housing

Video [Tmage
I display

Video

Analog
preprocessing
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Mechanical Digital | proces
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Text & image
display

Fig. 1 Model of machine vision system [8].

This paper presents the study of light source distribution of
machine vision systems for solder dots volume measurement
in electronic industries. Section Il presents background of
light sources and lighting. Details of proposed study and
experimental results are illustrated in Section Il and Section
IV respectively.

Il. THE NECESSITY OF LIGHT SOURCE FOR MACHINE VISION
SYSTEMS

Lighting affects overall quality of machine vision systems.
Light sources are major components of the systems, images
captured from different types of light sources have different
characteristics. One important factor that increases efficiency
of machine vision systems is lighting distribution of light
sources. Different light sources have different lighting
distribution [1] that affects image analysis. For example,
machine vision systems used for solder dot measurement on
printed circuit boards in the manufacturing process require



light sources with uniform lighting distribution. Thus, to
improve various aspects of machine vision systems such as
reliability of product, effectiveness of image analysis,
accuracy and precision, lighting distribution must be
increased.

I11. PRINCIPLE OF THE LIGHT SOURCE

Light sources used in machine vision systems include dark
field lighting, bright field lighting, and dome lighting.

1) Dark field lighting: Dark field lighting can be
subdivided into circular, linear, and directional types. The first
requiring a specific light head geometry design. This type of
lighting is characterized by low or medium angle of light
incidence, particularly for the circular light head varieties.

2) Bright field lighting: Bright field lighting is used to
check three-dimensional surface information with a projected
light pattern. Bright field can check the shape of three-
dimensional parts, measure the height of objects. Partial bright
field lighting is the most commonly used vision lighting

technique.

3) Dome lighting: Dome lighting is very effective for
curved, specular surfaces. These lighting components are not
only extended in the plane but also in depth. The most
extreme case of diffuse incident lighting is a shadow-free
lighting. Diffuse dome lighting is commonly used in the
automotive industry.

1V.PROPOSE METHOD FOR DISTRIBUTION OF ILLUMINANCE
INSPECTION

To increases performance and reliability in machine vision,
various optimal environmental factors must be maintained. In
case of solder dot measurement, lighting from the light source
in machine vision systems is one of the major factors that
must be properly controlled. This section shows the study of
the lighting distribution characteristic resulting from each type
of light sources including dark field lighting, bright field
lighting, and dome lighting.

A. Machine Vision System

The prototype machine vision system for solder dot
inspection in manufacturing process, as shown in fig. 2,
consists of a camera, a light source with reflector, a personal
computer and software for image analysis. The equipment
specifications are detailed as followed.

1) Hardware

« Computer : Processor CORE™ 2 Duo
e Camera: 350 x 288 CMOS

« Light Source : RED LEDs

« Microcontroller : ARM7 LPC2138

2) Software

« MATLAB
« Light source and focus control software

77
o OS : Windows XP

Computer

“i‘ Lign: Source

Sl opjeet

Fig. 2 Machine vision system for experiment.
From fig. 2 we designed a machine vision system for study
the lighting distribution

B. LED Light Source

Light emitter diode (LED) is selected because of its
superior properties such as of the life time, size, design
implementation, heat, intensity, price, vibration resistance,
low energy etc.

Camera

|, Light Source

Reflector

1 11em
T T

Fig. 3 (a) The reflective nature of the light source with a dark field reflector to
optimize light distribution. (b) A bottom view light source.

Fig. 3 shows the details of the light source used in the
experiment. Three types of lighting were used in the the
experiment, a dark field light source, a bright field light
source, and a dome light source. Each light source was
constructed using sixty 3-mm LEDs with skill angel 50°. The



wavelength of each LED is 680 nm. Each a light source
structure also includes the reflector which was used to
improve lighting distribution. Moreover, the lighting
distribution of a dark field light source after installing a
reflector has been constant in each pixel [1].

C. Methods

In order to monitor the reflection of the lighting, image
processing algorithms were used to analyse the lighting
distribution in each pixel. To reduce reflection of the lighting
reflected into the camera, dark background color images of
320x240 pixels were used for image analysis. Lighting from
external light sources were also controlled to improve image
analysis quality. A printed circuit card assembly was used as a
sample. The camera was moved in vertical direction in
predefined steps as shown in Fig. 4, at each step the image of
solder was captured for further analysis. Light source intensity
was also controlled in order to achieve constant intensity.

Start

]

Provide Light
Source and Object

]

Set Intensity 8%

Intensity < 32%

Capture Image End

]

Analysis distribution of Image
And increase Intensity 3%

Fig. 4 Systems Block Diagram

V. EXPERIMENTAL RESULTS

In order to qualified the lighting distribution of each light
source, a test image of PCCA as shown in Fig. 5 (a). A
contour image constructed from sub-images at different
focuses as shown ig Fig. 5 (b) was used to finally qualify the
lighting distribution.

Fig . 5 (a) is original image, (b) contour of original image.

78
A. Distribution of Lighting from a Light source Dark field.

Lighting distributions from a dark field light source at each
steps are shown in Fig. 6. Note that the shapes of lighting
distributions are changed depending on intensity variation.

The appropriate lighting distribution is the figures that have
the lighting distribution in the range 50-75 of 0-255 gray
scale. For solder dot measurement on printed circuit board in
electronic manufacturing, Fig. 5 is considered as the
appropriate lighting distribution. The results for dark field
light source, bright filed light source and dome light source
are shown in Fig. 6 - 8 respectively. Note that these results are
similar to the dark field light source.

5000 ' ‘ 5000 ‘ ’ |
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Fig. 6 distribution of illuminance 1-8.
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Fig. 7 distribution of illuminance 1-8.
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Fig. 8 distribution of illuminance 1-8.

Fig. 9 shows the lighting distribution of the dark field light
source after adding a reflector. It can be seen that the result
after adding a reflector is improved significantly.

5000 M 5000
] ]

50 100 50 100

a0 100 a0 100
5000 ’ 5000
1} 1}

50 100 50 100
1} 50 100 1} 50 100

Fig. 9 Show distribution of illuminance after add reflector at illuminance 1-8

V1. CONCLUSION

The different lighting distribution affects solder dot
measurement. With the proper lighting distribution, the edge
and height of solder dot can be analyzed correctly. To increase
accuracy in the image analysis process, appropriate light
source must used. This research reveals that the appropriate
light source for solder dot measurement is a dark field light
source with a reflector.

VII. ACKNOWLEDGMENT

The authors would like to thank I/UCRC in Data Storage
Technology, the faculty of Engineering, Khon Kaen
University and National Electronics and Computer
Technology Center and Belton Industrial (Thailand) Ltd. for
supporting the research grant under CPN-HR 13-03-52 M.

[1]
[2]

(3]

[4]

[5]

6]

(71

(8]

79

VIII. REFERENCES

H. Alexander, Handbook of Machine Vision, WILEY-VCH GmbH &
Co.KGaA, 2006.

M. M. Manfredonia, P.W. Nutter and C.D. Wright, FDTD Analysis of
Recording Light Distribution in a Near-Field MAMMOS Recording
System, IEEE Transactions on Magnetic, Vol. 41, No.10, pp. 2866 —
2868, Oct. 2005.

C. Quan, S.H. Wang, C.J. Tay, |. Reading and Z.P. Fang, Integrated
Optical Inspection on Surface Geometry and Refractive Index
Distribution of a Microlens Array, Optics Communications, Elsevier
B.V., pp. 223 — 231, 14 July 2003.

C.H. Kuo, F.C Yang, JJ. Wing and C.K. Yang, Construction of 3D
Solder Paste Surfaces Using Mutil-Projection Images, London,
England: Springer-Verlag, pp. 509 — 519, 2006.

C.K. Xue and Y.K. Sun, An Improved Structured Light Inspection of
Specular Surfaces Based on Quaternary Coding, Berlin, Germany:
Springer-Verlag, pp. 128 — 139, 2009.

H. M. Loh and M. S. Lu, Printed Circuit Board Inspection Using
Image Analysis, IEEE Transactions on Industry Applications, Vol. 35,
No.2, pp. 426 — 432, Mar. 1999.

T.Y. Ong, Z. Samad and M.M. Ratnam, Solder joint inspection with
multi-angle imaging and an artificial neural network, London,
England: Springer-verlag, pp. 455 — 462, 2007.

(2010) Cardiff University Website. [Online]. Available:
http://bruce.cs.cf.ac.uk/bruce/



80

sz Iadiven
A A o 7
¥o ana PPTINY  1a@n19158
stiaszadaninfnmn 5210120006
) =
ANMIANH
a d' £ dd‘ o =
21 Foao1Uu Unausamsanun
a @ a a @ v o 4
AAINTTUFTNTU NG PHINYAYINYANY 2550

Gennssu Tdh-msTagqua)

=< d' Y \ =3
NUMSANEN @lasuluszrinamsany)
a o d' = [ a = o =
-nulasamsIvmemsaniszauliyaes n wazen Uszdtlmsfnu 2552

s1aTA5aN15 CPN-HR 13-03-52 M ¥04guda9e3 mmmignieaudiulsznoy

Jd a o o] a 4 a Y 1
815@@’ﬁﬂ11@5‘1/\| AUTIAINTTIUMTAT UN1INVIYUDULNY

MIANUNIHEUNIHANY
Jerawat Sopajarn, Krerkchai Thoongnoo, Montri Karnjanadecha, A Light Source for a Solder

Dot Volume Visual Inspection System, 2011 International Conference on Embedded

Systems and Intelligent Technoloth(ICESIT2011), February 9-11, 2011.



