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Abstract: This paper describes a new metliod for two-dimnensional(2D) posi-
tioning system by use of crosscorrelation of vague M-arrays. An M-array pattern is
attached on an object to be positioned and it is observed by a TV camera in out-
of-focus condition. The crosscorrelation between the observed image data and the
reference M-array gives us the information about the 2D position of the object.

1. Introduction

A two-dimensional (2D) positioning system is
widely used in industrial processes such as semi-
conductor devices and so on. The authors pro-
posed a new 2D positioning system by use of M-
array in '88INACC. In this systemn, the property of
M-array is used in that the 2D autocorrelation of
M-array has a very sharp peak at its origin. This
property plays an important role in the precise po-
sitioning, but it sometimes occurs the case there
the autocorrelation of M-array is too sharp to be
used for servo-controlling the two-dimensional po-
sitiomn.

In this paper, the authors propose a new
method of 2D positioning system by use of au-
tocorrelation of vague M-array which is observed
with a TV camera in out-of-focus condition. An
M-array pattern is attached on an object which is
to be XY-positioned. The object is observed with
a TV camera which is at first in out-of-focus con-
dition. Then the observed image data including
the vague M-array is crosscorrelated with the ref-
erence M-array in a computer. Since it is known
that the autocorrelation of the vague M-array has
a larger width in the vicinity of its origin than that
of pure M-array. the vague M-array gives wider er-
ror signal for XY servo system, so it is more suited
to be used for servo controlled positioning in an
early stage. The proto-type positioning system
is constructed and its performance is checked for
various condition. The results of the experiment
show that the follow up speed is much improved
compared with the previous one.
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2. Principle of the method

The basic diagram of the 2D positioning is
shown in Fig.1. An M-array pattern. black and
white pattern in this case. is attached on an object
to be 2D positioned. The M-array pattern is ob-
served by a TV camera. and the image data arc fed
to a mini-computer through a personal computer
and an interface. Here the focus of TV camera is
at first set to out-of-focus condition so that the im-
age data from TV camera become something like
the added M-array(INashiwagi et.al.. 1987). The
observed imnage data of the M-array are then cross-
correlated with a reference M-array stored in the
mini-computer. The 2D crosscorrelation function
is first calculated by use of 2D Fast Fourier Trans-
form(FFT) algorithm. and the peak of the cross-
correlation function is 2D sought roughly by use of
X-Y positioning servo. This rough positioning is
called here the first stage of the positioning. Then
the system proceeds to the secoud stage. fine and
precise positioning in the vicinity of the peak of
the crosscorrelation function. We showed in the
reference (3) that the added M-array is very use-
ful in following up the pealk of correlation function
since the correlation function of the added NM-array
has enough width which enables us to get informa-
tion about the direction of coutrol even when the
displacement of the object from the right position
is large. By use of the autocorrelation of vague M-
array instead of added M-array. the peak seeking
is carried out rapidly and precisely in the second
stage. In this stage, the focus of the TV camera is
controlled with Z-axis servo so that when the X-Y
positioning come close to the vicinity of the true



peak, TV camera is focused well,and when the po-
sitioning is apart from the peak, TV camera is
out-of-focus condition.

3. Detection of phase of M-array

When the element of M-array of i-th row, j-
th columm is denoted as m(4, j) (m{(i.j)=1o0r —
1). the normalized 2D autocorrelation function of
m(i, §) Is given by

1 for k=1=0.N.2N,...
O(k.1) = {-1/N otherwise

(1)

The detection of phase of a given M-array is car-
ried out by making use of this correlation property
of M-array. In our TV camera system, 240x150
pixels of image data are fed to a mini-computer.
Out of these data, 128x128 pixels are taken out
for image processing. The M-array pattern used
here is of 8 order(13x17 elements, 30mm x 34mm
in real size) as shown in reference (1). Here one
element of the M-array is a square of 2nunx2mm,
whicl is taken into the mini-computer as 4 x4 pix-
cls. That is to say. one pixel in the image data
corresponds ro 0.5nun in real size. It is quite easy
task to inake this correspondence as precise as you
want. The 128x128 pixel image including M-array
is crosscorrelated with a reference M-array stored
in the computer by use of 2D FFT and inverse
FFT. In order to reduce the tiime required to cal-
culate 2D FFT. we samipled every 2 pixels of the
image data. And only the sampled data are used
for calculation.

Fig.2 shows one example of thus obtained
crosscorrelation function. We see the sharp peak
at the right phase of the observed M-array. The X-
Y table is controlled by 2D servo systems so as for
the crosscorrelation to be a maximum(The first
stage). Then. several crosscorrelation values of
tlie vicinity of its peak are calculated. From these
crosscorrelation values. the precise adjustment of
the peak following systewm is carried out(The sec-
ound stage). Note that the Z-axis control for the
focus is also carried out at the same time X-Y
servo controls the N-Y axes. Even when the
object to be positioned is moved to some place,
the positioning system follows up the right posi-
tion repeating the first and second stages.

4. Effect of focusing of TV camera

When the TV camera looking at the M-array
pattern is in out-of-focus condition. the observed
data becomes something like the added M-array
patteri, since the out-of-focus condition malkes the

1060

original image added together within a cirtain cir-
cle. Therefore, the out-of-focus condition of TV
camera plays a role of addition within a circle opti-
cally. Thus the added M-array can e obtained op-
tically without calculating it in a computer. The
effect of focusing of TV camnera is shown in Fig.3
throngh Fig.4 , where the diameter of the added
area of circle is changed. As is seen from these
figures, the width of the peak of the crosscorrela-
tion fucntion becomes large as the focus becomes
in out-of-focus condition.

5. Positioning speed

The positioning system is actually con-
structed and several experiments are carried out
to check the availability of this system. The
positioning speed is very much improved com-
pared with the previous system. The TV camera
sends 240x 150 pixels(each pixel has 16 grades) to
the memory of the minicomputer through GPIB.
which takes about 1 sccond. The 2D FFT us-
ing sampled data with sampling interval of 2 takes
about 10 seconds, Thus the first stage(rough po-
sitioning) takes about 11 seconds. Since the sec-
ond stage(precise positioning) needs several of the
crosscorrrelation values in the vicinity of the peak
and we need not calculate the added M-array in
a computer, the second stage require only 2 sec-
onds. We see much improvement in the position-
ing speed, since the previous system needed 23
seconds for the second stage.

6. Experimental result of positioning

Oue of the feature of our positioning systein
using M-array is that the system is robust to noise
contamination. In our previous paper, it is shown
that the positioning system works well even 80
9% area of the M-array pattern is contaminated
by some noise. Here, one of the experimental re-
sult of positioning is shown in Table 1, where 70
% area of M-array is contaminated by a diagonal
black mask as shown in Fig.5. The crosscorreloa-
tion function of Fig.5 is shown in Fig.6. By using
this 70 % contaminated M-array. the positioning is
carried out by use of out-of-focus condition. The
process of positioning is shown in Table 1, where
9x9 crosscorrelation values in the vicinity of the
peal is shown together with the correction dx and
dy. Note that ®(5.5) point of the crosscorrelation
value is the true peak of the crosscorrelation func-
tion. As is seen from Table 1, the correct position-
ing is performed even when 70 % arca of M-arvay



pattern is contaminated by noise,
7. Conclusion

The two-dimensional positioning system by
use of M-array proposed by the authers in
'88KACC is much improved by use of correla-
tion of vague M-array. The vague M-array which
is opticxally obtained with TV camera in out-of-
focus condition essentially plays a role of added
M-array without calculating the addition of M-
array?). Therefore, by use of the vagne M-array,
the positioning process becomes much faster in
case of added M-array. The actual proto-type
positioning system is constructed and the perfor-
mance is checked for various condition. The posi-
tioning speed is shown to be within 2 seconds in
the second stage and after(precise positioning).

As a result, it is shown that even 70 % arca
of M-array pattern is contaminated Iy some noise.
the positioning system works well. Therefore this
method of 2D positioning is expected to be used
widely in the field of various industries even in
noisy environment.
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Fig. 2 2D Crosscorrelation function between the
observed M-array and the reference.

personal —>  interface
computer
computer
TV camera
focus
\\
Y A
[ ) \
LN} \
i ) AY
i ) \
! ) AY
[ \ AY
AY
Ay .

Fig. 1 Schematic diagram of the 2D positioning system.
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Fig, 3 Effect o out-offocus condition o (-ross-l Fig. 6 Crosscorrelation of contaminated M-array.
jon functi ; the diameter of the added

correlation function w h(?l'l ‘

area is 11 times of that in focus.

Table 1 An example of experitental result on the
process of positioning.

Stage Number 1

correction dx {X mm)=-14.0
correction dy (Y mm)= 4.0

Stage Number 2
CROSS-CORRELATION
-98 -133 -15
<92 -85 -89 -100 -130 -158 -180 -185 ~-149
-118 -103  -97 -9 -114 -141 -170 -190 -187
=161 129 -98 -71 -78 -106 -145 -180 -193

I 192 (140 B -3 28 %6 -103 -160 -193
SR 208 W3 -0 2 j6 -0 68 -1 17
SR 2 M ek b 13 47 -2 -18
o SR < R A N O G s

=231 -158 -5 -0 5 -5 -89 -2 -2

carrection dx (X mm)= 0.0

N correction dy (Y mm)= ~1.5

Fig. 4 Effect of out-of-focus condition on cross- (Széa g_'égrsggim 0'.’1
correlation function when the diameter of the added :}zz :}8; :22 :% :%? :gg --gé :5; :% Z%
area is 17 times of that in focus. -160 111 56 -5 1 -2 -73 <121 -16]

-8 -122 -55 5 19 -5 -2 -19 -115
-199 142 -1 -7 9 -11 -69 -10 -192
222 -165 -9 -3 -18 -3 -90 -158 -209
-2% -180 -113 -62 31 -72 -118 -172 -2l
<229 -181 -125 -88 -86 -109 -147 -186 -218
<205 -164 -116 =96 -104 -129 -185 -186 ~208

correction dx (X
correction dy (Y

Stage Number &
CROSS-CORRELATION
=117 4105 92 91 105 -12%
-165 -121 <92 72 73 -90 -125 -153 -1é6
~166 131 -84 44 -3 -52 <97 -141 -170
-192 -146 -80  -16 9
-216 '%;? ‘g% -3 3% 21 -3 -105 -166
F. - - - - - -52 =121 1719
. o of Mearray by a diagonal e R G A S 7 I
. ontailllation Of I\I array ])V a C D 245 -192 -123 <61 -8 -53 -39 -153 -202
Fig. 5 C -235 -186 -126 -84 -74 97 -139 -i75 -212

correction dx (X mm
correction dy (Y mm

black mask.

total displacement {(X)
totat displacement (V)

won
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