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Applying Retinex Filters to Microscopic Images
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Department of Applied Science and Technology, Politecnico di Torino, Torino, Italy

Abstract: We will discuss, in a series of papers, the several applications that Retinex filters can have
for enhancing images. Applications are ranging from the images obtained by microscopes to the
images coming from satellites. However, we can find also interesting uses for the increase of the
visibility of objects in dark, foggy and underwater images, such as for increasing details in medical
imaging and for fault- and face-detection. Besides these applications, others are possible such as in
the studies of painting masterpieces and for the digital restoration of cultural heritage. Here we
discuss the first application of Retinex, that for enhancing the images coming from microscopy.

Keywords: Image Processing, Image Segmentation, Texture Analysis, Entropy, Microscopy, Kerr
Microscopy, SEM imaging, Optical Microscopy,

Introduction

Retinex methods of image processing had been developed to solve some problems concerning the
automatic vision, coming from experimental observations. Experiments evidence the fact that it is
easy to note discrepancies between an image that we have recorded by a camera and the real scene
that we have observed. The reason is in the fact that humans are able to see details both in the
shadows and in the nearby illuminated areas, whereas a photograph of the same scene is showing
either the shadows as too dark or the bright areas as overexposed [1]. In fact, some peculiar features
of human vision concerning colours, brightness and contrast of a scene, are quite different from those
of the recording devices [2,3].

Several methods and algorithms of image processing had been developed, inspired by the human
vision biological mechanism to adapt itself to these conditions. Actually, these methods are known as
the Retinex models. The first algorithm was conceived by Edwin H. Land, an American scientist and
inventor, best known as co-founder of Polaroid Corporation [4-8]. As explained in Ref.1, through the
years, Land evolved several models, until his last one proposed in 1986. The term “retinex” was
coined by Land himself, combining the words “retina” and “cortex”, to indicate the results of his
researches, that human colour perception is involving all levels of vision processes, from the retina to
the cerebral cortex.

Several Retinex approaches exist [3,9]: the single-scale Retinex (SSR), the multiscale Retinex
(MSR), and, for colour images, the MultiScale Retinex with Colour Restoration (MSRCR). GIMP
Retinex is a freely available tool of this last family, developed by Fabien Pelisson [10]. The resulting
image of this filter can be adjusted selecting different levels, scales and dynamics. In the GIMP tool,
we have three “levels”. The uniform level tends to treat both low and high intensity areas fairly, the
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low level “flares up” the lower intensity areas on the image, and high level tends to “bury” the lower
intensity areas in favor of a better rendering of the clearer areas of the image. A “scale” parameter
determines the depth of the Retinex scale filtering, and a “scale division” determines the number of
iterations used by the filter. A “dynamic” slider allows adjusting colour saturation contamination
around the new average colour. For what concerns the results of the GIMP Retinex filtering, we have
shown, by means of a method based on the generation of a bulk set of images with selection and
ranking, and using entropy too, that the information in the image is changed, in particular for dark
and foggy images [11-14].

Here, we will start a discussion of the several applications of Retinex filtering. We will use GIMP
Retinex again for the proposed examples. Applications are ranging from the images obtained by
microscopes to the images coming from satellites. However, we can find also interesting uses for the
increase of the visibility of objects in dark, foggy and underwater images, such as for increasing
details in medical imaging and for fault- and face-detection. Besides these applications, others are
possible such as the use of Retinex in the studies of painting masterpieces and in the digital
restoration of cultural heritage. Here we discuss the first application of Retinex, that to the
enhancement of the images from microscopy.

Microscopy

In a previous article [15], we have shown some examples of the use of GIMP Retinex. Therefore here
we mention only some of them. Of course, we have applications for biology, medical imaging and
materials sciences. In [15], the reader can find examples from the microscopy of liquid crystals and
images involved in the Kerr microscopy. An example of the use of GIMP Retinex for SEM
microscopy is also proposed. Other case studies and filtering are proposed in [16-25].

In [16], an image processing is given for the contrast and brightness enhancement, by means of a
technique based on Cuckoo Search (CS) and Multi-scale Retinex (MSR) algorithm. Examples are
given for biology. In [17], the biological samples are concerning the embryos viability, for the
optimization of in vitro fertilization treatment outcome. In this study, the authors propose a fully
automatic method for segmentation and measurement of blastocysts. The researchers have eliminated
the inhomogeneities of the blastocysts surface using the Retinex filtering.

Multi-Scale Retinex (MSR) algorithm in used in [18], for an automated approach to image
enhancement. MSR is associated to a Flower Pollination Algorithm (FPA) to select the optimal
weights to the different scales of Gaussian filters for MSR. The experiments are carried out using
blood cell microscopic imaging. In [19], Retinex is used for the processing of the images obtained by
high-speed panoramic light-sheet microscopy in the study of the endodermal cell dynamics. Other
biological applications of Retinex are in [20-22].

In [23], the authors focussed on the properties of the geo-materials, because greatly affected by the
internal micro structure system. The study is made by means of a Retinex scale optimized image
enhancement algorithm. Some soil specimens in South China are analysed, by means of a threshold
segmentation of the enhanced image too. In [24,25], we used Retinex followed by image
segmentation for the study of the fly ashes and the measurement and prediction of pore size
distribution of freeze-dried solutions in vials.
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Examples Here we show some examples just to illustrate some possible uses of GIMP Retinex. Let
us start from the capillary already investigated in [15]. On the left, the SEM image and on the right,
with the inside of the capillary enhanced by means of the Retinex.

Glomerulums Glomerulums

Figure 1: The left image shows a glomerulus of mouse kidney with a broken capillary, in a SEM
image, magnification 10,000x (courtesy SecretDisc, on Wikipedia). GIMP Retinex allows observing
details in the shadow of the capillary, as we can see in the right panel. The endothelial surface of the

capillary contains numerous pores and some structures that represent localized thickening of the
surface.
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Figure 2: Scanning electron micrograph (SEM) of a female velvet ant. On the right, a part of the
image enhance by means of GIMP Retinex. Creators: CDC/ Michael and Paula Smith. Source:
Public Health Image Library. Image and details are available at the web page of the Library:
http://www.publicdomainfiles.com/show_file.php?1d=13544112011538
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Figure 3: SEM image of the anatomical morphology found in the exoskeletal configuration of a
roach. On the right, a part of the image is enhance by means of Retinex. Creator: CDC/ Janice Carr.
Source: Public Health Image Library. Source: Public Health Image Library. Image and details are
available at the web page of the Library: http://www.publicdomainfiles.com/show_file.php?
id=13540178417244
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Figure 4: SEM of a morphologic ultrastructure found amongst a collection of pollen Creator: CDC/
Janice Carr, Betsy Crane. Source: Public Health Image Library. On the right, the GIMP Retinex is
applied to all the image. Available at the web page of the Library:
http://www.publicdomainfiles.com/show _file.php?id=13540258212645
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Figure 5: A detail of a micrograph showing a blood smear. Magnified 1125X. Creator: CDC,
Source: Public Health Image Library. http://www.publicdomainfiles.com/show _file.php?
id=13533841213859

Figure 6: A Petri dish filled with trypticase soy agar medium containing 5% defibrinated sheep's
blood. No magnification was used here. Creator: CDC/ Richard R. Facklam, Ph.D. Source: Public
Health Image Library. Retinex is made on the colour and on the grey-scale images.
http://www.publicdomainfiles.com/show_file.php?id=13540082411418

References

[1] Barnard, K.; Funt, B. (1999). Investigations into multi-scale Retinex, in Colour Imaging: Vision and
Technology, L. MacDonald, Ed. and M. Ronnier Luo. Ed., John Wiley and Sons, pp. 9-17. ISBN: 978-0-471-
98531-0

[2] Zhixi Bian; Yan Zhang (2002). Retinex image enhancement techniques: Algorithm, application and
advantages, EE264 final project report for Image Processing and Reconstruction.

[3] Jobson, D.J.; Rahman, Z.; Woodell, G.A. (1997). A Multi-Scale Retinex for bridging the gap between
colour images and the human observation of scenes, IEEE Transactions on Image Processing 6(7):965-976.
DOI: 10.1109/83.597272

[4] Land, E.H. (1986). An alternative technique for the computation of the designator in the retinex theory of
color vision, Proc. Nat. Acad, Sci. 83:3078-3080. PMCID: PM(C323455

[5] Land, E.H. (1983). Recent advances in Retinex theory and some implications for cortical computations,
Proc. Nat. Acad. Sci. 80:5163-5169. PMCID: PMC384211

Zenodo, December 1, 2019. DOI 10.5281/zenodo.3559088



Zenodo, December 1, 2019. DOI 10.5281/zenodo.3559088

[6] Land, E.H. (1986). Recent advances in Retinex theory, Vis. Res. 26:7-21. DOI: 10.1016/0042-
6989(86)90067-2

[7] Land, E.H. (1959). Experiments in color vision, Scientific American, May Issue, 285-298.

[8] Land, E.H. (1959). Color vision and the natural image, Proc. of the National Academy of Sciences
45(1):115-129. PMCID: PM(C222521

[9] Jobson, J.; Rahman, Z.; Woodell, G.A. (1997). Properties and performance of a center/surround Retinex,
Image Processing IEEE Transactions on 6(3):451-462. DOI: 10.1109/83.557356

[10] Fabien Pelisson, GIMP Retinex, www-prima.inrialpes.fr/pelisson/MSRCR.

[11] Sparavigna, A. C., & Marazzato, R. (2015). Effects of GIMP Retinex Filtering Evaluated by the Image
Entropy. arXiv preprint arXiv:1512.05653.

[12] Sparavigna, A. C., & Marazzato, R. (2016). Evaluation of GIMP Retinex Filtering of Images by Means of
the Shen++ Max Shannon Entropy Finder. hal.archives-ouvertes.fr < hal-01308434>

[13] Marazzato, R., & Sparavigna, A. C. (2015). Retinex filtering of foggy images: generation of a bulk set
with selection and ranking. arXiv preprint arXiv:1509.08715.

[14] Sparavigna, A. (2015). Retinex filtering and thresholding of foggy images. PHILICA.COM Article
number 511. DOI: 10.5281/zenodo.1244137

[15] Sparavigna, A. C. (2015). Gimp Retinex for Enhancing Images from Microscopes, International Journal
of Sciences 4(06), 72-79 DOI: 10.18483/ijSci.758

[16] Biswas, B., Roy, P., Choudhuri, R., & Sen, B. K. (2015). Microscopic image contrast and brightness
enhancement using multi-scale retinex and cuckoo search algorithm. Procedia Computer Science, 70, 348-354.
[17] Singh, A., Au, J., Saeedi, P., & Havelock, J. (2014). Automatic segmentation of trophectoderm in
microscopic images of human blastocysts. IEEE Transactions on Biomedical Engineering, 62(1), 382-393.

[18] Mohamed, S. T., Ebeid, H. M., Hassanien, A. E., & Tolba, M. F. (2017, November). A hybrid flower
pollination optimization based modified multi-scale retinex for blood cell microscopic image enhancement. In
2017 Third International Conference on Research in Computational Intelligence and Communication
Networks (ICRCICN) (pp. 225-230). IEEE.

[19] Schmid, B., Shah, G., Scherf, N., Weber, M., Thierbach, K., Campos, C. P., Roeder, 1., Aanstad, P. &
Huisken, J. (2013). High-speed panoramic light-sheet microscopy reveals global endodermal cell dynamics.
Nature communications, 4, 2207.

[20] Kumar, T. G., Asha, V., Manish, T. I., & Muthulakshmi, G. (2018). Empirical system of image
enhancement for digital microscopic pneumonia bacteria images. Bratislavske lekarske listy, 119(8), 522-529.
[21] Kopriva, 1., Hadzija, M. P., Hadzija, M., & Aralica, G. (2015). Offset-sparsity decomposition for
automated enhancement of color microscopic image of stained specimen in histopathology. Journal of
biomedical optics, 20(7), 076012.

[22] Simone, G., Audino, G., Farup, L., Albregtsen, F., & Rizzi, A. (2014). Termite Retinex: a new
implementation based on a colony of intelligent agents. Journal of electronic imaging, 23(1), 013006.

[23] Huang, L., Tao, C., Yu, J., Huang, S., & Liang, Y. (2017). Modelling the microstructure random fields of
soft soil under the scale optimized Retinex algorithm and microscopic image enhancement. Journal of
Intelligent & Fuzzy Systems, 33(5), 2913-2923.

[24] Sparavigna, A. C. (2017). Measuring the particles in fly ash by means of an image segmentation.
PHILICA. Article number 1105. Published on 30th August, 2017. Available https://hal.archives-
ouvertes.fr/hal-01579285.

[25] Arsiccio, A., Sparavigna, A. C., Pisano, R., & Barresi, A. A. (2019). Measuring and predicting pore size
distribution of freeze-dried solutions. Drying Technology, 37(4), 435-447.

Zenodo, December 1, 2019. DOI 10.5281/zenodo.3559088



