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Abstract

Moiré measuring method is used widely throughout medical protocols, especially in the field of
spinal diagnostics. In this article we will present an image processing method (written in National
Instruments™ LabVIEW™ environment) to extract the height coordinates of a human back, by
using the information provided by the moiré phenomenon formed on the surface. These data can
be used to improve the accuracy of the two-dimensional deformation analysis (e.g. determination
of Cobb Angle), or the relevance of three-dimensional aberrations (such as vertebral protrusions).
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1.Introduction

Moiré technique is a method widely used in various medical applications. In dental clinics, F.R.
Wouters et al. used moiré phenomenon to examine gum swellings caused by dental implants.'
Richard Smith et al. applied it in the improvement of the dimensional accuracy of tooth
implants.” In plastic surgery, Sungyeon Ahn et al. developed a special grating to quantify the
elasticity of human skin based on moiré strain analysis.” Tetsuo Kawara defined the topography
of human cornea by forming the grating with a special fluid. He was able to reach a 5 um of
accuracy, and the method was useful in examining corneal deformities caused by cataract

. 4
operations.

The most common field where moiré technique is used in medical practice is orthopedics. In the
United States, more and more school nurses uses it for spinal deformity screenings.” The main
advantages are the relatively low cost, and the easy assembling of the measuring system (Figure 7),
over and above the fast and simple interpretability. The moiré fringes formed on the human back
allows the examiner to find the characteristic points of spine clearly.

In this paper, we are going to present an image processing method to determine the three-
dimensional shape of the examined human back. At this point we note that this method can also

be used on other surfaces, however further specifications are needed.

2. Methods

2.1.1 Moiré technique

The moiré phenomenon can be readily observed by superimposing two periodic or quasi-periodic
structures. When the two structures have the same or slightly different line spacing and their lines
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are set approximately parallel, a new coarse pattern appears. This pattern is known as the moiré
fringe pattern. The spacing and orientation of the moiré fringes depend on the spacing and
orientation of the structures being overlapped whereas the visibility of fringes is related to the
width of transparent or black lines with respect to the line spacing of the structures.” Moiré
topographical methods can be distinguished as: the basic grating—shadow, the grating-projection,
the grating—TV and the synthetic, computer generated grating methods.”” Shadow moiré is a
contour mapping technique that involves positioning a grating close to an object and observing
its shadow on the object through the grating. Thus, the basic grating—shadow method offers the
best accuracy and the simplest arrangement because the projected grating and the master grating
are identical, so they have the highest degree of binding. The disadvantage of the shadow moiré

technique is that the master grating must have similar size as the measured object.

This optical method is one of the most modern ways for measuring the spatial shape of the
human body. The advantages are the simultaneity and the non-contact way of measuring, so it
does not influences the analyzed body. Furthermore, information is obtained from all of the
points of the analyzed surface at the same time. Its measurement applicability is wide.”™'*"® This
technique can also be used to determine deformation caused by pressure or by temperature
change, in situations where measurement with mechanical processes cannot be carried out. It is
also suitable to check dimensional accuracy of products made by mass production or in

. 10-12
robotics.'’

Figure 1. A classical moiré projection layout for human back examinations

In this research we used the color moiré technique to determine the directions of the surface. In
1980 A. Livnat, O. Kafri, and G. Erez defined and analyzed the so called “hill or valley” issue,
caused by the ambiguity in the surface direction using the conventional black and white moiré
gratings.”” In 1992 K. Wenzel solved this problem by applying a bicolor projection grating.'* The
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color sequence formed by the moiré fringes defines the direction of the surface unequivocally.
Figure 2 shows the advantage of this method, compared to the conventional moiré imaging.

Figure 2. The “hill or valley” issue, and its solution

2.1.2 The examined deformity: Idiopathic scoliosis

The origin of idiopathic scoliosis is unknown, and its emergence cannot be prevented. However
with frequent screening, it can be easily identified, and with proper treatment it can be stopped,
and corrected. By definition idiopathic scoliosis is an abnormal spatial curvature of the spine,
which occurs before bone maturation, causing structural deformities. The spine curves in frontal
plane, twists in horizontal plane, and becomes concave in sagittal plane. It can develop in any age,
which significantly influences its severity. The vertebrae have a reduced mobility, and in some
cases the spine cannot be straightened.

2.2 Simulation software

The following software had been written in National Instruments™ LabVIEW™ environment,
based on its Vision Development module. The purpose of the application is the capability to
simulate projection environments from near ideal to near realistic. The input is an 8 bit depth
grayscale PNG heightmap that codes the height information as the intensity of its pixels. Using
these data we can easily generate the three-dimensional surface we want to analyze. During the
simulation, we were using central projection to create the deformed projection grating on the
surface. This and the reference grating can also be parameterized arbitrarily. Consequently, the
moiré effect is fully customizable. Figure 3 illustrates the user interface of the simulation software.

The following equation is used for calculating the color of the surface using central projection:

L,-S
G, =2 (G, -L,)+L (1)
p.y Lz_Sp_z p Yy

S ) .
Where ~PY’ P2 are the coordinates of the vertex of the analyzed surface, which the casted ray

. G,,,.G . . .
intersects, "Y' ~P? are the coordinates of the intersection of the casted ray and the reference

. L . )
grating and ¥’ * are the coordinates of the light source.
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Figure 3. The user interface of the simulation software

Based on the experiments made with the software, we can conclude that the following
parameters give the most characteristic and processable moiré effect (Figure 4):

central point.

The optical axis of the digital camera is perpendicular to the screen, and intersects it at the

e From top view, the axis of the camera and the projector are overlapped, and their distances
from the screen are equal.

On the side plane, the angle enclosed by these axes is 15-20°.

Figure 4. The optimal projection arrangement
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Further experiments revealed that the projected grating should consist of red (R=255, G=0,
B=0) and green lines (R=0, G=255, B=0), both with k width, and transparent lines with a width
of 2k in this order. The reference grating should be blue (R=0, G=0, B=255) with 2k period. The
colour differences help the image processor, presented below, to separate the reference grating,
from the projected.

3. Results
3.1 Image processing

The cardinal issue of the image processing method is the precise separation and recognition of
the moiré fringes. The usage of color grating helps us cleatly identify the direction of the surface
part covered by the fringe. As the grating is a periodical structure, we can separate it from the
other parts of the image using Fast Fourier Transformation, and a low-pass filter. The next step
we use, is a threshold method with automatic clustering setting, built in LabVIEW, to exclude the
pixels which are not associated with the fringe. After these, we apply the pattern recognition
algorithms in Vision Development module, to get numerical information from the fringes, like
area, perimeter, number of holes, coordinate of the first pixel, etc. Finally, a pixel sampling
algorithm in two lines starts at the widest part of each contour, between the lines of the reference
grating. By this method, color sequence of the fringe is defined, from which, the direction of the
surface part can be determined directly. This algorithm analyses each contour, thus the surface

topology is ready to be calculated. Figure 5 shows the user interface of the image processor.
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Figure 5. The user interface of the image processing software
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Figure 6. Phases of processing of human back

As Figure 6 shows, the presented algorithm separates the moiré fringes formed on the surface
distinctly. Green areas represent rapidly raising surface parts, while cyan and orange parts have
less or no climb respectively. This spatial data could be essential in evaluating vertebral
deformities caused by scoliosis, not only on the plain of the surface, but in all direction.

4. Conclusion

The presented image processing method is useful in evaluating spinal deformities based on moiré
images. However its accuracy significantly depends on the measurement parameters, basic
information about the vertebral deformity can be gained in all directions, thus a thorough
examination could be prescribed if necessary. This method should be useful in automatic
deformity evaluation as well. Using the spatial information a spline fitting algorithm would be
able to restore the original surface. Nevertheless, in this case the amount of unnecessary
information, caused by redundant fringes formed on the environment, have to be minimized. As
previously mentioned, the software can also be applied in any surface mapping applications,
although further specifications would be needed.
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