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Abstract

In this paper a new marker alignment method is applied to the fabrication process of FPC positioning bonding, and
sample comparison technology applied to the combined fabrication process of TFT-LCD. After the first linear
regression method, filtration process, and second linear regression calculation, the central coordinate of the positioning
marker can be obtained. The compensation method carries out sample point mapping compensation through
parallelism or perpendicularity between the middle line and boundary line. This method can effectively avoid the
positioning error produced by flaws in image taking process or poor image quality. This positioning method not only
applies to the single image, but also could precisely position two images. In the future, it is expected this positioning
method can be combined with positioning machine, and conduct positioning online.
r 2009 Elsevier GmbH. All rights reserved.
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1. Introduction

The series of LCD (liquid crystal display) production
covers each of the procedures: baking, curing, rubbing,
dry cleaning, combination rubbing and dry cleaning,
spacer spraying, gasket seal printing and dispensing,
combination alignment, assembly, and liquid crystal
filling [1–5]. An LCD assembly sequence consists of
adhesive dispensing (required for sealing the panels),
location and alignment of one plate with respect to the
other and exposure to cure the adhesive and bond the
two plates together [6,7].
e front matter r 2009 Elsevier GmbH. All rights reserved.
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This LCD positioning system is implemented for
LCD testing, gluing, and bonding. When testing, it is
necessary to adjust the image rotation angle in advance
for the remaining testing procedures. When two LCD
panels are glued together, the position alignment must
be very precise. Most factories design four marks onto
the corners of the LCD panels to detect alignment errors
and make the alignment easier [8–10]. When an error
occurs in the image alignment procedure, the usual skew
detection technique cannot solve this problem and
manual procedure is used as the correction process.

In the fabrication process of thin-film transistor
(TFT) liquid crystal displays, OLB (outer lead bonding)
engineering (see Fig. 1) is applied to fasten PCB to the
terminal of TCP. It is joined to the anisotropic
conductive film (ACF) vertically using high temperature
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and high pressure, which would fracture and deform the
conducting particles inside ACF to form a conducting
circuit.

Before bonding, the PCB panel and LCD panel need
to be positioned. The common positioning system is
shown in Fig. 2. The PC base with PLC control machine
aligns the rectangular marker of the two panels. The
video camera captures the rectangle marker image of
PCB panel and LCD panel, and transmits the images to
the computer. After analysis, the computer transmits the
alignment result to PLC to proceed to movable
positioning. Rectangle marker can be divided to four
segments and computed with linear least-squares
regression individually. Linear least-squares regression
for optical measurement has been widely proposed
and implemented by CMM (coordinate measurement
machines) equipped with camera or vision inspection.
This kind of method has been in place for many years
and widely employed by industries [11,12]. But the
individually computed result of linear least-squares
regression cannot guarantee four segments be perpendi-
cular each other. So we must treat four segments as a
whole with a algorithm which is novel and advanced
from the existing methods.

This study presents a new rectangle marker alignment
method to be applied to the fabrication process of FPC
positioning bonding, and sample comparison technol-
ogy to be applied to the combined fabrication process of
TFT-LCD. According to the fabrication process, this
study first used novel positioning method to assist the
machine completing ACF bonding. The result of this
study showed the accuracy of the efficient precise
combination, sampling method, and positioning can be
maximized.
2. Solution of central point of rectangle linear

regression

Figs. 3–5 show the diagrams of using a rectangle as
the sample of linear regression to obtain the central
point. After the camera captures the rectangular images,
and transmits them to the computer, the program first
searches the four corner points of the rectangle S1, S2, S3

and S4,y . The 4 points are used as the base points, and
with program thresholds, to search for all points that
form this boundary line within the area. In Fig. 3, four
point groups of P1i(xi,yi), P2j(xj,yj), P3k(xk,yk) and
P4z(xz,yz) can be obtained from blocks Z1, Z2, Z3 and
Z4. ‘‘i’’ is the total number of boundary points in area
Z1; ‘‘j’’ is the total number of boundary points in area
Z2; ‘‘k’’ is the total number of boundary points in
area Z3; ‘‘z’’ is the total number of boundary points in
area Z4 (see Fig. 4).
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To obtain the information of the four line segments
that form the rectangle, the program carries out linear
regression against the four point groups. Linear regres-
sion of point group P1i(xi,yi) derives line segment L1;
linear regression of point group P2j(xj,yj) derives line
segment L2; linear regression of point group P3k(xk,yk)
derives line segment L3; linear regression of point group
P4z(xz,yz) derives line segment L4 (see Fig. 5).

After the program obtains equations of the four sides
of the rectangle, the central coordinate of the rectangle
can be positioned by calculation. Since the four sides are
already known, the deflection angle of the rectangle can
be derived. This method can obtain more data on the
rotational angle than the centroid method.

2.1. Linear regression of horizontal line

Based on the basic equation of linear regression, the
point data of P3k(xk,yk) and P4z(xz,yz) in the point group
of each horizon is inputted. Take the line segment
derived for P3k by line segment L3 as an example, as
shown in Fig. 6, the straight line equation of L3 shall be
~y3 ¼ a3 þ b3x3k. The sum of the square error is

S ¼
Xk

m¼1

ðy3m � ~y3Þ
2 (1)

Substitute ~y3 ¼ a3 þ b3x3k into the above equation

S ¼
Xk

m¼1

ðy3m � ða3 þ b3x3mÞÞ
2 (2)

Take differential of S against a3 and b3, and make it
zero to obtain the values of a3 and b3.

qS

qa3
¼
Pk

m¼1

2ðy3k � ða3 þ b3x3kÞÞð�1Þ ¼ 0

qS

qb3
¼
Pk

m¼1

2ðy3k � ða3 þ b3x3kÞÞð�x3kÞ ¼ 0

8>>>><
>>>>:

(3)

Then derive

ka3 þ b3

Pk
m¼1

x3k ¼
Pk

m¼1

y3k

a3

Pk
m¼1

x3k þ b3

Pk
m¼1

x2
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Pk
m¼1

x3ky3k

8>>>><
>>>>:

(4)
which is
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8>>>><
>>>>:

(5)

Extend Eq. (5) to each line segment to be used
indiscriminately as Eq. (6)

aM ¼

PN

m¼1
yMm

� � PN

m¼1
x2

Mm

� �
�
PN

m¼1
xMm

� � PN

m¼1
xMmyMm

� �
N
PN

m¼1
x2
1m

� �
�
PN

m¼1
xMm

� �2
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N
PN

m¼1
xMmyMm

� �
�
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� � PN

m¼1
yMm

� �
N
PN

m¼1
x2

Mm

� �
�
PN

m¼1
xMm

� �2

8>>>><
>>>>:

(6)

M is the serial number of the boundary point group; N is
the value of total points in the boundary point group.
Substitute the boundary points into the above Eq. (6)
and the linear equation is:

LM : ~yMm ¼ aM þ bMxMm; m ¼ 1�N (7)
2.2. Linear regression of vertical line

From the relation between horizontal line and vertical
line, it is known if the linear equation of the horizontal
line isy ¼ aþ bx, the line segment slope of vertical level
is �1/b, as shown in Fig. 7. Take point group P1i(xi,yi)
of each vertical line segment as an example, first the
average of this point group along the coordinate X and
Y is derived to obtain average point coordinate (Xmean

and Ymean), and then convert the coordinate of the point
group to:

x0i ¼ yi

y0i ¼ xi (8)

Eq. (8) is converting the coordinates of the original
sampling point xi and yi by vertical 901 with the original
point as center. Original sample vertical point group is
converted to horizontal state. When the new sample
point group P01iðx

0
i; y
0
iÞ after coordinate conversion is

substituted into Eq. (8), b01 is obtained. Therefore, the
slope of original vertical sample point group is
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b1 ¼ �1=b01. When the average point coordinate (Xmea-

n,Ymean) is substituted into Eq. (9), intercept a1 of line
segment is obtained.

a1 ¼ Y mean � b1 � X mean (9)

The central point coordinate of market image is
obtained by linear regression. A set of filtration and
compensation system is presented to avoid a shortage of
sample points in the boundary point group, which
causes the line segment to produce error after regression
because of bad image taking or two overlapping images.
Filtration system is to select points close to the line
segment before linear regression. Compensation system
is to strengthen sample points in the boundary point
group. The following is a detailed introduction of this
system.

2.3. Filtration process

The straight line equation calculated by linear
regression is compared with its sample point. If the
distance between the sample point and straight line
equation of linear regression is larger than the pre-set
threshold, the sample point is to be eliminated. After all
sample points are evaluated, new straight line equation
of linear regression is calculated with the rest of the
sample points to obtain a precise middle line.

The line segment L3 is set to be the straight line
equation calculated after the first linear regression
against point group P3k(xk,yk). In the point group,
some sample points are comparatively far from line
segment L3 due to problems in image treatment or the
marker itself. If it is removed from point group and
the second linear regression is carried out, the precise
line segment L3 can be obtained. First, the correcting
action is done by pre-set threshold. L03 is obtained after
the second calculation of linear regression based on the
remaining sample points.
2.4. Compensation process

Generally, for the whole image to be positioned, after
the first linear regression method mentioned above,
filtration process, and second linear regression calcula-
tion, central coordinate of positioning marker can be
obtained. However, a shortage of sample points in point
group because of poor image quality would lead to
errors in line segment calculated by regression, as shown
in Fig. 8. Fig. 8 shows line segment L1 as an example. If
the number of sample point ‘‘k’’ in point group
P3k(xk,yk) is not enough, slope of line segment will not
be precise after regression.

To solve the error caused by the noise of sampling
points, the compensation method is presented by this
study to increase sample points. The compensation
method carries out sample point mapping compensation
through parallelism or perpendicularity between the
middle line and boundary line. As shown in Fig. 9,
which presents the rectangular map as the sample, the
L3 is perpendicular to L1 and L2 and in parallel with L4.
Based on this characteristic, the point coordinate of
sample point group P1i which forms L1 and sample
point group P2j which forms L2 are turned by 901 and
point group P4z which forms L4 maps to the corre-
sponding position by �901 rotation. As a result, the
total sample points of point group P3k are increased.

The compensation method of rectangular positioning
marker is performed with the benchmark point co-
ordinate in rotation process. For example, in Fig. 10,
point group P1i which forms L1 is taken as the
benchmark. The first step is to turn point group P3k

901 clockwise, with coordinate P1 of the boundary
points as the original point, to join the position facing
point group P1i. The original number of point group ‘‘i’’
is changed to i0 ¼ i+k. Then, the number of sample
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points which form L1 has increased to k.

X 0p3k ¼ X p3k cos
p
2
þ Y p3k sin

p
2

Y 0p3k ¼ �X p3k sin
p
2
þ Y p3k cos

p
2

(10)

where Xp3k, Yp3k, X 0p3k, Y 0p3k are the X-axis and Y-axis
coordinate of the point group P3k before and after
transformation.

The first step is to turn point group P4z 901 counter-
clockwise with coordinate P4 of boundary points as the
original point to join the position facing point group P1i.
The original number of point group i0 is changed to
i0 ¼ i0+z. Then, the number of sample points which
form L1 has increased to k+z.

X 0p4z ¼ X p4z cos
�p
2
þ Y p4z sin

�p
2

Y 0p4z ¼ � X p4z sin
�p
2
þ Y p4z cos

�p
2

(11)

where Xp4z, Yp4z, X 0p4z, Y 0p4z are the X-axis and Y-axis
coordinate of the point group P4z before and after
transformation.

The third step is to map the point group P2j by
translation with the central point as the original point to
join the position facing point group P1. The original
number of point group i0 is changed to i0 ¼ i0+j. Then,
the number of sample points which form L1 has
increased to k+z+j.

X 0p2j ¼ X p2j � b

Y 0p2j ¼ �Y p2j (12)

where Xp2j, Yp2j, X 0p2j, Y 0p2j are the X-axis and Y-axis
coordinate of the point group P2j before and after
translation transformation with b distance.

The action of sample point compensation is com-
pleted. The total number of sample points of point
group P1i0 is increased from i to k+i+j+z. When the
last linear regression is performed on the point group
p3k
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Fig. 10. Diagram of compensation of rectangular marker.
after regression, the straight line equation of L1. L2, L3

and L4 can be obtained through vertical and displace-
ment relation.
3. Experimental results and discussion

The result of rectangular positioning can be re-
searched and discussed in two parts. First, there is no
overlapping between two rectangles; second, there is
overlapping between two rectangles. Fig. 11 shows the
result of positioning of two rectangles with no over-
lapping. The picture is so complicated that the central
coordinate cannot be obtained with the centroid
method. Therefore, the equation merely shows the result
of the central point coordinate calculated by the linear
regression method. The green point in Fig. 11(a) and (c)
is the central point of the outer pane, and the red point is
the central point of the solid rectangle. Fig. 11(b) and (d)
shows the line segments after calculating the linear
regression of two rectangles. Therefore, the central point
of rectangle of Fig. 11(a) and (c) is obtained by
calculating the line segments of Fig. 11(b) and (d).

Fig. 12 discusses the state of two rectangles with
overlapping, including the solid rectangle covering the
top right corner of the pane (Fig. 12(a) and (b)), solid
rectangle covering the right side of the pane (Fig. 12(c)
and (d)), solid rectangle covering the underside of the
pane (Fig. 12(e) and (f)), and solid rectangle covering the
top left corner of the pane (Fig. 12(g) and (h)). It shows
rectangular positioning through linear regression meth-
od can precisely position images.

Fig. 12(b) shows only a small area of the pane is
covered by the solid rectangle, therefore, the line
segment after linear regression is not affected because
of limited coverage. However, because there is excessive
Fig. 11. Positioning result of rectangles with no overlapping.
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data in Fig. 12(d), (f) and (h) covered by the solid
rectangle, the line segment of regression cannot be
calculated. Therefore, the central point of the pane is
calculated through the other three line segments and the
result is shown in Fig. 12(c), (e) and (g).

The test of double rectangles is to move the coordinate
of double rectangles towards the top left side for 10 times.
Total moving distance is 500mm. Each figure’s positioning
is calculated after movement to obtain the difference
between the measurement result and real movement.
Stabilities under different states are compared with one
another. The positioning result of solid rectangle is the
same with figure movement. Since the picture of solid
rectangle is comparatively clear without disturbing in-
formation, the positioning result is precise. When the solid
rectangle falls in the middle of the pane, the error is larger.
When it overlaps on the pane, the error is smaller. Total
error is within 2mm (Fig. 13).
4. Conclusion

This study proposed a novel positioning method with a
rectification and compensation system to efficiently posi-
tion double rectangles with or without overlapping. The
result showed regardless of overlapping, the linear
regression method can calculate the result and produce
the correct result because of overlapping. If one side
is short of data because of overlapping, the line segment
can be shown through the compensation method. The
central coordinate of double rectangles can be calculated.

This study proposed a novel positioning method with
a complete structure. This method can effectively avoid
the positioning error produced by a flaw in the image
taking process or poor image quality. This positioning
method not only applied to a single image, but could
also position two images precisely. In the future, it is
expected this positioning method can be combined with
a positioning machine, and conduct positioning online.
Results of marker alignment will applied under different
situations to set up a complete automatic online
positioning system.
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