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It is a key problem to accurately calculate beam spots’ center of measuring the warp by using a collimated laser. A new

method, named double geometrical center method (DGCM), is put forward for the first time. In this method, a plane wave

perpendicularly irradiates an aperture stop, and a charge couple device (CCD) is employed to receive the diffraction-beam

spots, then the geometrical centers of the first and the second diffraction-beam spots are calculated respectively, and their

mean value is regarded as the center of datum beam. In face of such adverse instances as laser intension distributing

defectively, part of the image being saturated, this method can still work well. What’s more, this method can detect whether

an unacceptable error exits in the courses of image receiving, processing and calculating. The experimental results indicate

the precision of this method is high.
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Collimated laser-based has been widely applied in machining,
dam-detecting and railway-building.!'*! How to receive the
beam spots and calculate its center position has great influ-
ence to the measurement precision. To that end, symmetry
method, curve-fit method, and barycenter method®!'! are
usually used when a charge coupled device (CCD) detector
is used as the beam receiver. For these traditional methods, a
minute change of the energy distribution of the laser beam
spots must result in the shift of the result.’®!? Commonly,
such error can not be found out. Therefore, these methods
can not be widely used on account of the employing locale
condition often generates the change of the energy
distribution.

In this paper, we propose a new method for calculating
the center position, namely double geometrical center method
(DGCM). In DGCM, we select two diffraction rings gener-
ated by the circular aperture diffraction of a plane wave, and
calculate these two rings’ geometrical centers. Thus, the av-
erage of these two centers is acted as the center position of
the beam spots. Without question, the change of the energy
distribution has little influence on DGCM.

For the unit-amplitude plane wave perpendicularly irra-
diating on the diffraction screen, its complex amplitude z,
behind the diffraction screen can be expressed as!!'*
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where x, and y, are the coordinates in the observation spots,
x, and y, are the coordinates in the aperture stop. In Eq.1,
¢“1/idz, is a constant, eiilz,(xé+’v§) is a quadratic phase
quantity, and 7(u,v) is the Fourier transform of the diffrac-
tion screen transmission coefficient. This formula indicates
that the complex amplitude is proportional to the Fourier
transform.

For an aperture stop with radius R, 7(«,v) can be calcu-

lated by
J| 2nRu? +?
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where J( ) is zero Bessel function.

The distributing of the optical wave field can be viewed
as the field of one dimension moving around the center.
Therefore, Eq.2 can be simplified in one dimension coordi-
nate as:

T()= nRz[%} )

Since the intensity distribution, /(«), is proportional to
the module square of the Fourier transform, the intensity dis-
tribution of one dimension (shown in Fig. 1) can be obtained
from Eq.3:
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Fig.1 One-dimension intensity distribution
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It is obvious that the diffraction rings of all levels (DRAL)
are homocentric, which means that the geometrical centers
of DRAL along the beam form a line. By the same token, the
geometrical centers of DRAL can compose a datum line of
warp measuring.

According to the theory described above, using the mean
value of the geometrical centers of DRAL can effectively
reduce the error of image collecting, processing and
calculating. For example, if » diffraction rings are adopted
arbitrarily, the error can be reduced by the factor of ./, .
Meanwhile, the threshold could be set to ensure acceptable

(a)
Fig.2 Original beam spot (a) and its gray histogram(b)

Consequently, certain measures should be taken to in-
crease the contrast between the second diffraction ring and
the background. In this paper, a gray-changing function (Eq.
4) based on sine function is used to achieve this.
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where grayscale is between 0 and D_, ‘0.’ is between 0 and 1.
The modified beam spot and its gray histogram are shown
in Fig.3, respectively.
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mean value (here the threshold is 0.008 mm). Specifically, if
the difference of any two centers is smaller than the threshold,
the mean value is acceptable; otherwise, the mean value is
unacceptable and the image must be recollected, reprocessed
and recalculated.

In order to retain the definition of the center spot, light
intensity should be attenuated properly, which in turn makes
it difficult for the third diffraction ring to be distinguished
from the background noise when a CCD is used to sense
images. Therefore, only the center spot and the second dif-
fraction ring will be selected for calculating the geometrical
centers in DGCM, and the mean value of these two centers
will be considered as the datum if they satisfy the threshold
criteria.

According to the characteristic of the beam spots and the
intention of the image processing, such methods are adopted
as follow:

1) Adjusting the contrast

When the light intensity is attenuated, the gray value of
the second diffraction ring is close to that of the background.
The beam spot and its gray histogram are shown in Fig.2,
respectively.
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Fig.3 The modified beam spot (Left) and its gray
histogram(Right)
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2) Calculating the center

It needs to calculate two geometrical centers in DGCM.

By choosing two different threshold quantities, Fig.2 can
be converted into two binary images, one of which contains
only the central beam spot, while the other contains the cen-
tral beam spot and the second diffraction ring. Then the in-
terspace in the two images are filled respectively. After the
image-processing is completed, the two new images in Fig.3
can be obtained.

()
Fig.4 Binary image. (a) central beam spot. (b) the
second diffraction beam spot

The coordinates (X, Y) of the center position of the beam
spot are calculated as
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where I, is 1 (white) for a (i,j) pixel in Fig.1 with luminance
greater than the threshold and 0 (black) for all other pixels;
c and c are the length and width of a pixel respectively.

A lamp-house comprises a single mode fiber (SMF) pig-
tailed laser diode, a telescopic field-lens, and a circular aper-
ture (& 1.0 mm). A CCD detector is used as the beam receiver,
which is placed on an exact move-platform (whose precision
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is 0.005 mm). The walk way of the move platform is parallel
to the sensitive surface of the CCD, and is vertical to the
laser beam (as shown in Fig.5). The CCD and the laser are 5
meters apart.
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Fig.5 The experimental setup

The move platform goes in the changeless direction, and
the CCD detector takes one picture per 0.1 mm. The calcula-
tion results of the center position are shown in Tab.1.

Tab.1 Experimental results (unit: mm)

Number 1 2 3 4 5 6 7 8 9
Actual

0.100 0.200 0.300 0.400 0.500 0.600 0.700 0.800 0.900
displacement
Calculated
value 0.102 0.195 0.301 0.404 0.497 0.605 0.701 0.803 0.896

Difference of

0.008 0.002 0.006 0.006 0.001 0.005 0.002 0.007 0.003
two centers

The maximum measurement error of DGCM is 0.01 mm
(Tab.1). If the errors due to the translation-stage and the CCD
detector can be eliminated, the measurement error would be
smaller than the current result.

We proposed a new method, DGCM, for measuring the
warp relative to the collimated light beam. The high preci-
sion is proved through experimental results. In addition, this
method has the following advantages:

1) When calculating the geometrical center, an original
grayscale image is converted into a binary image. Since the
gray value of every pixel is useless and the holes in the bi-
nary image can be filled, small lacunas in the laser-beam spot
do not affect the calculation precision.

2) If the first and second diffraction beam spot can be
distinguished clearly, partly saturated image is acceptable.

3) An unacceptable error occurring during image
collecting, processing, or calculating can be effectively and
timely detected through setting the threshold about the dif-
ference of these two center positions.
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