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Automatic Focus Control for Assembly Alignment in a Lens Module Process

AYE ', 248", 24, 2PYE, Y dEe
Hyung Tae Kim', Sung Bok Kang', Heui Seok Kang', YoungJoon Cho', Nam Gue Park’ and Jin-Oh Kim**

1 SHEMMI|&H Y (Korea Institute of Industrial Technology)

2 ERMELC|XRl (Robots and Design)

3 A20isty BEA0{ZE 3t (Dept. of Information and Control Engineering, Kwangwoon Univ.)
I Corresponding author: jokim@kw.ac.kr, Tel: 02-940-5158

Manuscript received: 2009.7.16 / Revised: 2009.11.13 / Accepted: 2009.12.7

This study proposed an auto focusing method for a multi-focus image in assembling lens
modules in digital camera phones. A camera module in a camera phone is composed of a lens
barrel, an IR glass, a lens mount, a PCB board and aspheric lenses. Alignment among the
components is one of the important factors in product quality. Auto-focus is essential to adjust
image quality of an IR glass in a lens holder, but there are two focal points in the captured image
due to thickness of IR glass. So, sharpness, probability and a scale factor are defined to find
desired focus from a multi-focus image. The sharpness is defined as clarity of an image.
Probability and a scale factors are calculated using pattern matching with a registered image. The
presented algorithm was applied to a lens assembly machine which has 5 axes, two vacuum
chucks and an inspection system. The desired focus can be determined on the local maximum of
the sharpness, the probability and the scale factor in the experiment.
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p = horizontal coordinate in a pattern
v = vertical coordinate in a pattern

1 = threshold

0 = rotational angle

D = absolute derivative on a pixel

¢ = correlation

f = captured image

g = registered pattern

h = height of an image

i = image sharpness

n = the number of pixels in an image

p = probability of a recognized pattern
r = pattern recognition algorithm

s = scale factor of a recognized pattern
w = width of an image

x = horizontal coordinate in an image
y = vertical coordinate in an image

z = moving stroke on focal axis
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y machine vision
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Fig. 4 Sharpness variation by moving stroke
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Fig. 5 Image variation by working distance(0%, 20%,
40%, 60%, 72%, 78%-1st peak, 84%, and 92%-

2nd peak of full stroke)
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Fig. 6 Flow chart of the proposed focusing algorithm
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Table 1 Specification of the assembly machine

parts contents specification
X, YL | stroke 250 mm
Y2 axes | speed 250 mm/s
accuracy 20pm
pay load S5kg
power 100W, AC servo
layout ball screw, LM guides
Zaxis | gtroke 250 mm
speed 250 mm/s
accuracy 20 ym
pay load 1.5kg
power 100W, AC servo
layout ball screw, LM guides
Vision | model XC-ES50, Sony
Camera | pixels 768(H)x494(V)
magnification | 0.5x
working dist. | 65 mm
resolution 9.2um /pixel
depth of field | 2.2 um
Frame model Meteor I[I MC, Matrox
Grabber | library Hexsight 3.3, adept
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Fig. 13 Auto focus result at 6=25°

Fig. 14 Auto focus result using test patterns
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