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A Two-Dimensional Positioning System
by use of Rotation-free Mark Pattern

Hiroshi Kashiwagi and Masato Sakata
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Abstract: The authors proposed a new two-dimensional(2D) position-
ing system by use of M-array and correlation technique which is suitable
for noisy environment in '88KACC and its revised versions in '89KACC and
'90KACC. This system uses the property of M-array that the autocorrela-

tion function of the M-array has a sharp peak at its origin.

In this pa-

per, a new mark pattern is developed, instead of M-array, with which the
two-dimensional positioning system becomes robust to rotation error of TV
camera. The property of the rotation-free pattern is checked under various
conditions, and it is shown that, by use of this rotation-free pattern,the po-
sitioning system can be used not only in a noisy environment but also in a
roughly aligned set up of the TV camera.

1. Introduction

A two-dimensional (2D) positioning tech-
nigue is one of the most important technique in
industrial processes such as automatic build-up
system, automatic insertion process of IC chips,
capacitors or registers on to a board etc. The
authors proposed a new 2D positioning system
by use of M-array *'. In this system, the prop-
erty of M-array is used in that the 2D autocor-
relation of M-array has a very sharp peak at its
origin,even when there is some noise on the M-
array. This system was improved by use of a
vague M-array *', and by use of a vector-signal
processor !! and the system can control the po-
sitioning within several seconds.

However, one problem is that the M-array
pattern has the shape of a square, so the X-Y
direction of the M-array must be equal to the
XY direction of the XY table or TV camera in
oder for the crosscorrelation function to be high
enough when the X-Y position of the M-array is
in the right position. We have shown in refer-
ence {1} that when the XY direction of the TV
camera is mismatched by over 8 degrees from
the right position, the system would lose its di-
rection of control.

In this paper, we have developed a new pat-
tern, instead of M-array, with which the system
is robust to rotation or mismatch of the rotation
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angle of the TV camera. The performance of the
system is checked for various condition. And it
is shown that by use of such pattern, the system
is not only robust to noise but also rotation-free
of the TV camera.

2. Principle of the method

The basic diagram of the 2D positioning
system is shown in Fig.1. A pattern made from
M-array is attached on an object to be 2D posi-
tioned. The pattern is observed by a TV cam-
era, and the image data are fed to a personal
computer.The observed image data of the M-
array are then crosscorrelated with a reference
M-array stored in the personal computer. Then
a X-Y servo positioning system is controlled so
as for the crosscorrelation function to become
maximum. In this system, an electrically c¢n-
trolled zoom lense is used for TV camera to ob-
serve the pattern to get the effect of the added
M-array.

3. A rotation-free mark pattern

The rotation-free mark pattern is basically
made from 8 M-arrays, each of which is rotation-
ally apart by 45 degrees with respect to soms
rotation center. For overlapped part of the two
M-arrays, only one of the M-array is used. Fig.2
shows an original M-array pattern of 6 degrees



(7x9 cells). When this pattern is rotated by
45 degrees to make the rotation-free mark pat-
tern,we can get the mark pattern as shown in
Fig.3.

Fig.4 shows the variation of the peak of the
mainlobe, and the maximum of the sidelobe of
the crosscorrelation functoin between the ob-
served M-array and the reference, when the an-
gle of each mark is changed from 0 to 90 degrees.
From Fig.4, we see that in case of the M-array,
we can not distinguish the peak of the main-
lobe and the sidelope when the angle # becomes
larger than 8 degrees.

Fig.5 shows the variation of the peak of the
mainlobe and the sidelope for the rotation-free
mark pattern, when the angle is changed. Here
we see that we can always distinguish the main-
and sidelobe, meaning that we can always con-
trol the XY table whatever the rotation angle of
the TV camera is.

Fig.6 shows how noise is increased due to
the misalignment of TV camera, where the noise
is defined as the percentage of non-overlapping
area when the M-array and the rotated M-array
is overlapped. When the noise exceeds 45%, the
peak of the mainlobe and sidelobe can not be
distinguished. So we see also here that when
the misalignment of over 8 degrees occurs, the
positioning system would lose its direction of
control.

Fig.7 shows the relationship between the
noise and the misalignment angle, in case of
rotation-free mark pattern. Here we see that
the noise does not exceeds 40%, enabling us to
control the system.

Fig.8 shows the crosscorrelation function
when no misalighment occurs by use of the
rotation-free mark pattern. Fig.9 shows the
crosscorrelation function when the misalign-
ment of 70 degrees occurs. Here we see we can

find the peak of the mainlobe (right position)
even when 70 degrees misalignment occurs.

4. Experimental result of positioning

The rotation-free mark pattern is attached
on an object to be XY positioned.The pattern is
observed with a TV camera, at first with out of
focus condition, so as to get the effect of added
M-array. The observed image data are then fed
to a personal computer to calculate the crosscor-
relation function between the observed and the
reference. In the first stage of the positioning
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control, the crosscorrelation function is carried
out by use of 2D Fast Fourier Transform(FFT)
algorithm, and its peak is sought with the XY
positioning servo. The second stage of the posi-
tioning control is the precise positioning in the
vicinity of the peak of the crosscorrelation func-
tion. In this second stage, the focus of the TV
camera is controlled with an electrically con-
trolled zoom lence, so as for the TV camera to
be focused well when the positioning come close
to the vicinity of the true peak.

Fig.10 shows an example of the position-
ing process when the misalignment angle be-
tween the TV camera and the mark is 20 de-
grees. The "added area” means the equivalent
added region on the mark due to the defocusing
of TV camera. "The added area=11"means the
11 elements of the M-array is equivalently added
together by defocusing. "The added area=1"
means that there is no addition on the mark
pattern, meaning the TV lense is well focused.
From Fig.10, we see the positioning control is
accurately carried out by use of the rotation free
mark pattern, even when the misalignment be-
tween the TV camera and the direction of the
mark pattern is 20 degrees.

5. Conclusion

The two-dimensional positioning system by
use of M-array and correlation technique which
was proposed by the authors has a property that
it can be used under noisy circumstances.

However, there was one defect in that the
M-array is a square having XY direction, caus-
ing the system to be rotational error sensitive
of TV camera; when the misalignment angle be-
tween the TV camera and the M-array is over 8
degees, the system loses the direction of control.

So a new mark pattern made from M-array
is developed which has a rotation-free property.

This mark pattern is made from 8 M-arrays,
each of which is 45 degrees apar’ with respect
to a rotation center. The crous.o iclation func-
tions between the mark patiern and its rotated
version for various rotation angles are calcu-
lated. And it is shown that this mark pattern
is rotation-free, meaning whatever the misalign-
ment of TV camera is, the system can control
the XY position accurately. The performance of
the positioning system is checked under various
conditions. And it is shown that this positioning
system can be used not only in a noisy environ-
ment but also in a roughly aligned set up of the
TV camera.
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system
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Fig.4 Crosscorrelation values vs. misalign-

ment angle, in case where the. original M-

array is used.
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Fig.6 Percentage of noise vs. misalignment

angle, when the original M-array is used.
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Fig.5 Crosscorrelation values vs. misaligr
ment angle, in case where the rotation-fre:
mark pattern is used.
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Fig.7 Percentage of noise vs. misalignment
angle, when the rotation-free mark pattern
is used.
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Fig.8 Crosscorrelation function when no mis-
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X Fig.10 An example of positioning process.

Fig.9 Crosscorrelation function when the mis-

alignment of 70 degrees occurred.
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