Fringe projection for the study of bacteriological growth
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Abstract: - We study here the three-dimensional structure found in the limit of the disc agar diffusion test
performed over bacteria cultures. In order to achieve this, we have developer a simple optical method, based on
the projection of fringes. This method, also allows determining the quality of the sample by measuring the
transmission of such fringes through the gel acting as the base for the culture of bacteria.

Key-Words: - Inhibition halos, antibiogram, biological growth, bacterial colonies, self-affine structure, fractal

dimension

1 Introduction

One of the clearest examples of the application of
fractal geometry [1,2] is related with the diffusion of
biological systems, as is the case of bacteria culture
and the evolution of its boundaries [3-6]. Different
cases of application have been studied, but in them
the structure is projected over the pixel array of a
CCD camera. This means that the three-dimensional
structure of the diffusion has not been considered.
This is clear when the agar diffusion test is
considered, which consists in the spreading of a
sample that presumably contains bacteria, over an
agar based culture media, then disks soaked in
different antibiotics are placed on the plate with the
culture [7-9].

In the present work, we show images of the diffusion
halos obtained by a stereoscopic microscope with a
40X magpnification, this allows the analysis of the
boundary structure in different planes [10,11],
representing this way, a more detailed case than the
case for 2D images.

2 Fractal structures in biomedicine

It is clear that fractal geometry represents a better
approximation to the biological irregular forms
[12,13] when compared with Euclidian geometry. We
take this fact into account in order to represent the
irregular structure formed in the agar diffusion test.
Fractal geometry may prove to be an unifying theme
in biology [14], since it permits generalization of the
fundamental concepts of dimension and length
measurement. Most  biological processes and
structures are non-Euclidean, displaying
discontinuities, jaggedness, and fragmentation.
Classical measurement and scaling methods such as
Euclidean geometry, calculus and the Fourier

transform assume continuity and smoothness.
However, it is important to recognize that while
Euclidean geometry is not realized in nature, neither
is strict mathematical fractal geometry. Specifically,
there is a lower limit to self-similarity in most
biological systems, and nature adds an element of
randomness to its fractal structures. Nonetheless,
fractal geometry is far closer to nature than is
Euclidean geometry.

3 Fractal dimension

In order to calculate fractal dimension, we can use the
box-counting method [15,16]. For a measure Ms, with
a number & of divisions in the image F, we have the
exponential law:

Ms(F)~co® @
being c y s constants, and s is the dimension of F,
which is defined by:
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If the images have irregularities in 3D, which
represents a generalization of previous works, instead
of bidimensional boxes, then three-dimensional boxes
must be considered over the surface [17].

The results for the calculation of fractal dimension,
for the case of bacterial growth, shows a three-
dimensional variation, which must be taken into
account for a more general study of the evolution of
the boundaries.



4 Fringe projection and quality of the

prepared sample

Now, we show the optical method developed for
evaluating the irregular structure and the quality of
the sample preparation for the agar diffusion test.
This method is based in the projection of fringes
[18,19] by the transmission through the halos zone
which is formed around the disks soaked with
antibiotics. This zone is transparent because bacterial
growth is inhibited by the specific antibiotics, while
the rest of the agar in the disk is not. Fig. 1, shows a
schematic for this method, where a laser is used and
the fringes can be seen in the halos by one of the
microscopes objectives.
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Figure 1- Experimental setup with fringe projection
(transmission).

The obtained fringes are shown in Fig. 2. Some
sections with fringes can be also observed which
show the areas where positioning of the disks is not
adequate since the sample spreaded is not thick
enough. By processing of the image, we can obtain
the contours shown in Fig. 3, which allow estimating
the fractal dimension of the sample and the study of
its boundary evolution [20].
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Figure 2- Image of the fringes projected on the halos
zones.
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Figure 3- Contour of the halos zones obtained with
digital image processing.

5 Fringe projection and 3D fractal

structure

When we analyzed different sectors of the growth
boundary, we can see the great quantity of
irregularities on a surface in the three dimensional
space. Such irregularities have different levels as
shown in Fig. 4 for a sector focused at different
planes, in the vertical position, by the stereoscopic
microscope.
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Figure 4- Boundary of the halos at different positions
along the vertical axis.

For the case of the considered structures, we must
take into account that they are self-affine forms
contained in a tridimensional space. This way, and
according to studies performed by other authors for
the two-dimensional case of bacterial growth and
rough surfaces, the mean value of the roughness
exponent (H) is related with the fractal dimension by
s=3-H.

The experimental setting is shown in Fig. 5, where
now, the fringes projection is by reflection. This
means, fringes are focalized in different levels in
order to reconstruct the structures showed in Fig. 4,
and that way reaching to a representation of the
contour in levels of gray (in a similar way as in Fig.
3). Finally, the fractal dimension obtained with cubic
boxes is shown in Fig. 6, where ¢ is the error
obtained in the regression method for the graphic.
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Figure 5- Fringes projection for studying the
irregular structure of the boundary.
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Figure 6- Fractal dimension for the irregular surfaces
on the boundary.

6 Conclusions

We presented a method based on fringe projection for
its application in the diffusion of bacteria cultures
over agar used as a culture media. This method
allows an accurate and simple way for studying the
fractal characteristics for this diffusion. We also
showed that the irregular structure is contained in
space, and obtained its fractal dimension by image
processing. Also, fringe projection can be used for
positioning the disks soaked with antibiotic in areas
within the petri dish, where the sample has been
spread correctly.



Acknowledgments

This work was supported by Sofilab SACV through
the Research Project SOF-971021-175/2003-1 from
CONACYyYT and SHCP (México).

References:

[1] M. Barnsley, Fractals Everywhere, Academic
Press Inc., San Diego (USA), 1988.

[2] B. B. Mandelbrot, The Fractal Geometry of
Nature, Freeman, San Francisco (USA), 1982.

[3] E. Ben-Jacob, O. Shochet, A. Tenenbaum, I.
Cohen, A. Czirok and T. Vicsek,
“Communication, regulation and control during
complex Patterning of Bacterial Colonies”,
Fractals 2, pp. 15-44 (1994).

[4] F. Manzano, A. Landa, D. Calva y M. Lehman,
“Un Simple Método para la Medida de Halos de
Difusion en Cultivos Biol6gicos”, Memorias del
Smposio de Metrologia, pp. C5 1-4 (2001).

[5] T. Vicsek, Fractal Growth Phenomena, World
Scientific, Singapore, 1992.

[6] T. Vicsek, M. Cserz0, V. Horvéath, “Self-Affine
Growth of Bacterial Colonies”, in Fractals in
Biology and Medicine, Vol. Il, G. A. Losa, D.
Merlini, T. F. Nonnenmacher, E. R. Weibel, eds.,
pp. 449-456, Birkhduser, Basel, 1998.

[71 W. R. Bailey, E. G. Scott, Diagnostic
microbiology, The C. V. Mosby Company, Saint
Louis (USA), 1978.

[8] P. R. Murray, E. J. Baron, M. A. Pfaller, Manual
of Clinical Microbiology, American Society for
Microbiology, 7" edition, 1999.

[9] C. Poyart-Salmeron and P. Courvalin, The disc-
agar diffusion test: a technique which remain
useful, Section Bacteriology in Diagnostic Pasteur
(Tech. Report,) pp. 3-11 (1985).

[10] B. Herman (Editor), J. J. Lemasters (Editor),
Optical Microscopy : Emerging Methods and
Applications, Academic Press, 1997.

[11] Born and Wolf, Principles of Optics, 7th ed.,
Cambridge University Press, 1999.

[12] P. M. lannaccone, M. Khokha, Fractal Geometry
in Biological Systems. An Analytical Approach,
CRC Press Inc., Boca Raton, 1996.

[13] C. Fortin, R. Kumaresan, W. Ohleyand S. Hoefer,
“Fractal dimension in the analysis of medical
images”, |IEEE Eng. Med. Biol. 11, pp. 65-71
(1992).

[14] N. C. Kenkel, D.J. Walker, “Fractals and
ecology”, Abst. Bot. 17, pp.53-70 (1993).

[15] K. Falconer, Techniques in Fractal Geometry,
John Wiley & Sons, Chichester, 1997.

[16] P. Grassberger, “Generalized dimensions of
strange attractors”, Phys. Lett. 97A(6), pp. 227-230
(1983).

[17] J. C. Russ, Fractal Surfaces, Plenum Press
(1994).

[18] R. Windecker, S. Franz y J. Tiziani, “Optical
roughness measurements with fringe projection”,
Appl. Opt. 38, pp. 2837-2842 (1999).

[19] K. Patorski, The Moiré Fringe Technique,
Elsevier, Amsterdam (1993).

[20] V. Kindratenko, Development and Application of
Image Analysis Techniques for Identification and
Classification of Microscopic Particles, UIA,
Germany, 1997.



	Introduction
	One of the clearest examples of the application of fractal g
	Fractal structures in biomedicine
	It is clear that fractal geometry represents a better approx
	Fractal geometry may prove to be an unifying theme in biolog
	Fractal dimension
	In order to calculate fractal dimension, we can use the box-counting method [15,16]. For a measure M(, with a number ( of divisions in the image F, we have the exponential law:
	Fringe projection and quality of the prepared sample
	Fringe projection and 3D fractal structure
	Conclusions

