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Figure 1: The visual effect of photoelastic artwork. From the same input frame in (a), different color patterns as in (b) and (c)

can be generated only by varying the values of virtual stress.

ABSTRACT

Photoelasticity is known as one of the phenomena related to polar-
ization and is defined as the change in birefringence of transpar-
ent material when internal force is applied. Interference fringes
appear by irradiating the material with polarized light when view-
ing it through the polarizer. In this study, we attempt to apply
the concept of photoelasticity to generative art. Assuming there
is virtual stress distribution in the two-dimensional material, our
method automatically generates artworks with photoelasticity. A
GPU-based acceleration of the current implementation is also dis-
cussed.
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1 BACKGROUND AND PURPOSE

Image manipulation is a representative approach to generative art.
Orzan, et al. [Orzan et al. 2008] proposed a two-dimensional method
of coloring an image with the input of contours and their color dis-
tributions that users can edit. In this study, we propose yet another
method in which an input image is colorized based on the theory of
two-dimensional photoelasticity. Bufler, et al. [Bupler et al. 2015]
simulated photoelasticity using existing stress datasets. However,
their simulation is only used for the visualization of stress tensor
fields. In contrast, our method utilizes photoelasticity for gener-
ating artworks; captivating interference fringes can be produced
along the contours extracted from the input image, as shown in
Figure 1.

2 PROPOSED METHOD

To initiate the process, we extract contours from the input image
to arrange the stress virtually and generate the interference fringes
along them. By regarding a pixel in the input image as a particle in
the material, we calculate its distance from each contour edge and
create the virtual stress field from the aggregate of the tensors for
those pixels. Note that each tensor is normalized by the length of
an edge to reduce the influence of short contours and the consider-
able variation in stress among neighboring pixels. After estimating
the stress field, we perform the eigenanalysis of stress tensors to
obtain the principal stress and the principal axis, both of which are
used for the stress analysis with photoelasticity.

Photoelasticity is related not only to the stress analysis, but also
to the optical phenomena including polarization and birefringence.
We use the linear polarization to reproduce photoelasticity. In gen-
eral, light has an infinite number of factors including amplitude di-
rections and wavelengths, though the linear polarization only has
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Figure 2: The linear polariscope model adopted in our
method. The arrow indicates the direction of the incident
light.

the amplitude directions in the same plane. When passing through
the material of birefringence, the incident light can be separated
into two different rays, whereas birefringence does not arise in a
certain direction. This direction is referred to as the light axis of
the material. When the stress is applied to the transparent and op-
tically isotropic material, such as glass and acrylic resin, it changes
into the anisotropic material having two light axes. This kind of
phenomena is called photoelasticity.
Figure 2 illustrates our model for generating interference fringes.

In this model, polarizers P; and Pj are arranged behind and be-
fore the transparent plate T and are irradiated from behind with
the white light comprising a countless number of wavelengths.
Vibrating surfaces of polarized light made by P; and P are or-
thogonal to each other. If stress is not applied to the plate T, it re-
mains transparent and appears dark because P; and P2 block out
the incident light; otherwise T has stress birefringence and an in-
terference fringe appears on it. When the light enters T, only the
incident light can pass through the plate as two polarized lights
separated in the directions of the principal stress oy and oy. If we
let § be a phase difference between the two rays after passing the
plate, § is experimentally given as:

2mtC
5= T(Ul - 02), (1)
where A denotes the wavelength of the incident light, ¢ the thick-
ness of the plate, and C the stress—optic coefficient. When we im-
plemented this formula, we assumed that t and C are fixed to 0.5 mm
and 72 x 10713 cm?/dyn, respectively, and changed the principal

stress. Moreover, the intensity I of this model is given by:
)
I = A% sin? 2¢ sin? 7 (2)

where A denotes the amplitude of the incident light, and ¢ the
angle between the direction of the vibrating surface and that of
the principal axis. Substituting Equation (1) into Equation (2), the
intensity changes depending on the wavelength. We estimate the
intensity for each wavelength, multiply it by RGB values corre-
sponding to the wavelength, and add the multiplied RGB values
to the pixel value to achieve the color variation. We have empiri-
cally used 40 wavelength samples for the current implementation
to balance the execution time with the sharpness of the output im-
age. In our method, we rely on two-dimensional photoelasticity
theory and thus do not leverage any raytracing algorithm.
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Figure 3: The distance map (a) on GPU implementation and the
result (b) using the map.

3 RESULTS AND FUTURE WORK

We implemented the present method on Visual Studio 2017 with
an Intel Core i7-4770 3.40GHz CPU and 12GB RAM. Figure 1 ex-
emplifies that our method can reflect varying stress distributions
to generate different interference fringes along the contours in the
same input image. The image size is 400 X 400 and the current code
took 51 seconds to generate one output image.

We also implemented the drawing process on a GPU to accel-
erate our method. The process is suitable for GPU implementation
because of its recursive nature with respect to pixels and wave-
lengths. Additionally, we modified the way to estimate virtual stress
for the GPU version. We set virtual stress field considering dis-
tances from all pixels to all contours for the CPU implementation,
while we retained the distance from each pixel to the nearest con-
tour and estimated the virtual stress to make the process on a GPU
succinct. Figure 3 shows the minimum distance map and the re-
sult on a GPU. With the GPU version, the output image has its own
contrast, which the CPU version cannot generate. Nonetheless, the
input image having the same resolution can be processed with a
GPU in 12 seconds, which is more than four times faster than with
a CPU.

The proposed method is quite simple, but could pave the way to
a new style of generative art based on photoelasticity. As a future
work, flexibility of parameters should be explored. In our method,
the stress—optic coefficient and the spectrum of the incident light
can be dealt with as parameters, and thereby making more diver-
sity of designs by varying these variables. Additionally, further ac-
celeration will be necessary for interactive response.
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