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Abstract: Over the last few decades, the known as biospeckle laser (BSL) has been presented by academics as
a non-invasive technique alternative of biological materials analysis. Despite the advances observed in it’s use,
the researches that have been carried out in the universities/institutes have led to modest development of
innovative products, or of commercial equipment. Based on this context, the following questions are asked:
How can the BSL technique be evaluated in recent decades? What are the determining factors that connect
technology to the market? To help answer these questions a systematic review of the literature was carried out
with the aim to describe and identify the state-of-art of BSL to know the reasons for the scarcity of a
commercial equipment. The results showed a positive and continuous increase of the research involving the
BSL during the years, presenting some particular characteristics that can be used to answer the elected
questions.

Keywords: Biospeckle Laser (BSL), Systematic Review, Experimental Configuration, Image Analysis
Methods

1 INTRODUCTION

Since the '70s, researches have been carried out involving the optical phenomenon known as biospeckle
laser (BSL). The first to demonstrate the feasibility of this technique were J. Briers (1975), followed by Asakura
(1988) and by Fujii et al (1985) monitoring of blood flow [1], [2], [3]. In the following decades, the technique
was applied in many other biological phenomena such as seed analysis [4] and fruits [5], parasite activities [6]
among others.

The biospeckle laser (BSL) or dynamic laser speckle (DLS) is an option of non-destructive and non-
invasive analysis of biological materials [7]. The phenomenon is observed when a sample of biological material
is illuminated by a coherent light source such as the laser. As a result, light scattering occurs forming an
interference phenomenon represented by a granular image known as speckle pattern [8]. This phenomenon
becomes dynamic when light scatterers change position due to the most diverse physical, chemical and
biological phenomena present in the illuminated tissue.

BSL images are captured by a camera [9] and used to analyze biological activities. The activities
present in the dynamic laser images require particular conditions to generate useful information through
graphical or numerical methods. The graphic output is summarized in the processing of digital images returning
maps of the activities, whereas the numerical outputs return unidimensional values that represent the biological
activities [10].

Although BSL has been researched for over four decades, there are limited registrations of products
based on the use of BSL. Based on this context, the following questions are asked: How can the BSL technique
be evaluated in recent decades? What are the determining factors that connect technology to the market?

Thus, the objective of this work was to describe and to identify through a systematic review of the
literature the state-of-art of BSL and its particular characteristics to know the reasons for the lack of commercial
equipment.

This article is divided in four sections. In the introduction, we explain the purpose and scope of this
study. The second section discusses the methodology used to select and evaluate papers that meet the inclusion
criteria. In the third section, the results and discussion are presented. Finally, in the fourth section, the
conclusions are presented.

2 METHODOLOGY
Research and technological development on biospeckle laser are influenced by innumerable variables,
and in this work, these variables will be grouped into two types: 1) Experimental set-up, devices, and samples;
and Il) Methods of image analysis. In type I, the devices used in the experimental configuration of the
biospeckle technique vary in relation to the laser type, lenses, camera and the positioning of these in relation to
the sample [11]. In addition, the environment where the experiments are performed may contain noise as
vibrations that interfere with the results [12].
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Regarding type Il, many methods can be seen in the literature, but there is no standardization of
methods for BSL imaging [10]. Since the samples are diverse, there are many sources of activity observed that
can be from the multiple sources of biological phenomena [13], as well from chemical effects [14] and from a
variation of pigments [15] which enhance the difficulty to choose a standard method [16] to all applications.

All papers in this systematic review were divided into two categories as shown in Fig. 1 They are AB
(Biospeckle Application Papers) and IB (Biospeckle Improvement Papers). In addition, category IB was divided
into 2 groups: 1) evolution of experimental configuration, devices, and samples and 2) evolution of image
analysis methods.

Selected papers for
Systematic Review

IB Category papers AB Category papers
(Biospeckle (Biospeckle
Improvement) Applications)

Group 1- Evolution of
Experimental
Configuration, Devices
and Samples

Group 2 - Evolution of
Image Analysis
Methods

Figure 1: Division of papers into two categories and two groups.

In the IB papers, we found data linked to the evolution of the experimental setup, devices and methods
of image analysis in BSL. In other words, these papers presented new methodologies of image analysis or
experimental configuration. On the other hand, AB papers are dedicated to the use of BSL in new applications.

2.1 Inclusion Criteria
Five criteria were used to select scientific paper with potential to meet the objective:
1. Papers that address only the application of biospeckle (AB);
2. Papers that report improvements or new methodologies of image analysis or experimental setup of
biospeckle (IB) analysis;
3. The Biospeckle should be the main theme technique;
4. Only scientific papers published in internationally recognized journals between 1996 and 2016. Books,
conference proceedings and other types of papers will not be considered;
5. There are no restrictions on where the experiments took place. Industry or academic environment.

2.2 Selections of Papers and Research Sources

This part was divided into five steps. The first was the selection of the bases: Science Direct, Scopus
and Web of Science as primary sources of research. The second step was the choice of the keywords that
selected the largest number of papers. The key words "dynamic speckle™ and "biospeckle"” were tested, and the
biospeckle has resulted in the greatest number of papers. During the search, the word biospeckle should be
present in the title of the article "and" in the abstract "or" in keywords. The total number of papers found using
only biospeckle was 245.

In the third step, 38 duplicate papers were removed. After reading all the abstracts, in step four, 50
papers were excluded because they did not meet the inclusion criteria. In the fifth step, 157 papers were read
completely and another 66 papers were excluded for not meet all the inclusion criteria. The number of papers
that met the criteria of inclusion was 91. Fig. 2 shows the selection process of the papers.
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Figure 2: Literature search and selection.

2.3 Data Collections

All 91 papers that met the inclusion criteria were inserted into a spreadsheet to organize and to
classify the data, such as into categories AB and IB. Additional information was collected such as methods
of image analysis, information about devices used in setup, types of samples, place of the experiment
(laboratory or field), year of publication, country, journal, recommendations, and key conclusions.

After data mining, it was possible to use descriptive statistics as averages, standard deviation, and
frequency for better visualization, summary, and interpretation of the data. The selection and data collection
were performed by two independent researchers with experience in biospeckle and then the results were
confronted and adjusted.

3 RESULTS AND DISCUSSION
3.1 General Characteristics Of The Included Studies

The rate of repeated papers between the bases proves the efficiency of the selection. This saturation
occurred with 16% of the total papers. As shown in Fig. 1, the 91 papers were divided into two main categories:
IB and AB, where in the first category, 33 papers were found, corresponding to 36% of the studies included in
the review, and in the second category, 58 papers were selected, or 64%.

In Fig. 3, it is possible to notice that from 1997 to 2002 and in 2010 not one article of IB was
published. The papers of AB had publications in all the analyzed years with a peak of growth between the years
2012 and 2014. The standard deviation of the papers of AB is 2.90 with an average of 3 publications per year.
The IB papers presented a standard deviation of 1.65 and an average of 1.80 per year.

There is a trend of growth in this field of research throughout the analyzed period. The relevant growth
rate from 2010 may indicates a continuous and greater recent interest in this topic.
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Figure 3: Distribution of IB and AB papers during the period from 1997 to 2016.

The 91 selected papers were published in 46 scientific journals as can be seen in Table 1, where 7
journals published between 4% and 9% of the papers. Fifteen journals published only 1% of the papers.

The journals that published research with BSL are in the fields of engineering, medicine, optics, and
agriculture. The higher concentration of research in engineering and optics is indicative of possible areas of
concentration of efforts in new researches.

Table 1: Percentage of Publication of paper by journal and subject area.

Jornal and subject area %
Agriculture
Annals of botany 1,1
Ciéncia e Agrotecnologia 1,1
Computers and electronics in agriculture 1,1
Food biophysics 1,1
Food Research International 1,1
International Agrophysics 1,1
Journal of Environmental Sciences 1,1
Journal of Food Engineering 1,1
Physiological measurement 1,1
Plant Cell, Tissue and Organ Culture 1,1
Postharvest Biology and Technology 55
Revista Brasileira de Engenharia Agricola e Ambiental 1,1
Scientia Horticulturae 1,1
Engineering
Biosystems Engineering 55
Flow Measurement and Instrumentation 1,1
Journal of Engineering Physics and Thermophysics 1,1
Measurement: Journal of the International Measurement Confederation 1,1
Sensors 4,4
Signal Processing 1,1
Medicine
Acta cirurgica brasileira 1,1
Journal of biomedical optics 4.4
www.ijlemr.com 32 | Page



International Journal of Latest Engineering and Management Research (IJLEMR)
ISSN: 2455-4847
www.ijlemr.com || Volume 05 - Issue 02 || February 2020 || PP. 29-39

Journal of Medical Imaging and Health Informatics 1,1
Lasers Med Sci 11
Optics

Applied optics 3,3
Biofizika 1,1
EPJ Applied Physics 1,1
European biophysics journal 1,1
Fractals 11
Journal of Optics A: Pure and Applied Optics (From 2010 Journal of Optics A: Pure and 1,1
Applied Optics has become Journal of Optics)

Journal of Optoelectronics and Advanced Materials 2,2
Journal of Physics: Conference Series 1,1
Journal of the European Optical Society 1,1
Journal of the Optical Society of America A: Optics and Image Science, and Vision 2,2
Laser Physics 2,2
Optica Applicata 1,1
Optical Engineering 1,1
Optics & Laser Technology 3,3
Optics and Lasers in Engineering 9,9
Optics and Spectroscopy (English translation of Optika i Spektroskopiya) 1,1
Optics Communications 9,9
Optics Express 1,1
Optics letters 2,2
Optik - International Journal for Light and Electron Optics 7,7
Physica Scripta 1,1
Proceedings of SPIE-The International Society for Optical Engineering 2,2
Romanian Journal of Physics 1,1

In Table 2, you can see the countries of the authors who contributed the most to the development of the
theme, avoiding duplication of contributions if there are more authors from the same country in a specific
article. As can be seen, the countries where the biospeckle research was most performed are Brazil, Argentina,
and India.

The fact that the researchers are mostly from developing countries can be explained by the following
hypotheses: low cost of applying the biospeckle technique and the strong agricultural activity practiced in these
countries. The predominance of biospeckle application in agriculture, Table 6, reinforces these hypotheses.

Table 2: Countries leading research with biospeckle.

Country where the searches were made % (Number of Scientific Journals)
Brazil 32%
Argentina 28%
India 12%
Poland 10%
UK 7%
Japan 4%
Ukraine, China, Romania 3%
Lebanon, France, Bulgaria, Germany 2%

Peru, Ireland, Singapore, Belarus, Iran, Venezuela, Italy,

0,
Russia, South Korea, Spain S0
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3.2 Experimental Configurations, Devices and Samples

The experimental configuration is the way that devices like lasers, cameras, and lenses are positioned
to the biological sample as can be seen in Fig. 4. Additionally, Table 3 lists the information about the
experimental configuration, including the details of the spatial arrangement of the equipment.

camera

Figure 4: Experimental setup most used in Universities/institutes in research with BSL.

It was observed that in case 2, "Does not describe and has an image", that in 43% of the papers, the sole
image was not enough to reproduce the experiment with the same angles and distances.

Table 3: Description of the setup and the existence of explanatory images of the analyzed papers.

Does it describe setup in detail? (angles, distances and explanatory images) % Papers
1 Does not describe and has no image 17
2 Does not describe and has an image 43
3 Describe and have an image 30
4 Describe and have no image 3
5 Does not use setup (mathematical models, database images) 7

The correct arrangement of the experimental configuration is determinant for the reliability of the
biospeckle usage and for the standardization of the results [14]. The lack of standardization of devices and
protocols may invalidate the quality of the experiments and the application of techniques as demonstrated by
[17] where the lack of standardization in a routine known as Shear Force (SF) compromised the tests.

In this sense, the devices used in the experiments as well as their adjustments and the way the data
were analyzed influence directly in the results of the research creating some barriers to compare applications
obtained in different laboratories.

In BSL, the camera is of extreme importance to ensure the quality of the image, however, only 35% of
the authors describe the model and manufacturer, while others have insufficient or absent data on the camera,
Table 4. Reports of camera adjustments were not expressive, such as describing magnification, if the white
balance and the 1ISO were fixed or it the cAmera had automatic adjustments.

Regarding the types of cameras used in image capture, 88,75% are Charge Coupled Device (CCD),
10% were CMOS type and 1.25% are not specified.

Table 4: Camera model and manufacturer description

Camera Description %
Describe model and manufacturer 35
Describes only the pixels 13
Does not describe model and manufacturer 42
Analysis of previous images 3
Uses only mathematical model 3
Does not quote which camera uses 3

www.ijlemr.com 34 | Page



International Journal of Latest Engineering and Management Research (IJLEMR)
ISSN: 2455-4847
www.ijlemr.com || Volume 05 - Issue 02 || February 2020 || PP. 29-39

In Table 5, it is possible to see that HeNe lasers are still widely used in BSL technique, though there
are papers that did not quote the laser used. The restrictions of the BSL usage to optical labs can be the main
reason for that predominance of HeNe laser, the tendency can change the figure in some years since solid-state
lasers are cheaper and smaller than the HeNe ones, as well as presenting stable outcomes [11] .

Almost all of the lasers used in more recent work were of the He Ne type that came to replace the laser
diode. This occurs due to the restricted use of BSL to optical labs and a lack of information about the stability of
diode lasers.

Table 5: Laser Types used in experimental setup.

Laser Type %
He-Ne 73
Laser Diode 15,9
Do not quotes 57

Do not use (only theoretical researches) 5,4

Table 6 shows the applications and it was verified the highest concentration of research in apple 20%,
seeds 17%, and human blood flow 12%. The great variety of samples used is a positive point, as it demonstrates
the broad range of potential applications. Despite many applications in different biological samples, we
observed that all were based in optical laboratory conditions, this without the use of a commercial equipment.

Table 6: Types and percentages of samples found in the research
Types of Samples

S

Bacterium

Potato

Beef

Animal cancer cells

Human Red Cells

Carrot

Human Teeth

Water flux

Blood flow in animal tissues
Blood flow in human tissues
Leaves of different plants
Milk

Apple

Strawberry

Human Eye (live)

Parasites

Pear

Bovine Protein (Albumin)
Root of different plants
Sperm of different animals
Seeds

Ice cream

Human Biological Tissue
Animal Biological Tissue
Paints (water-based or synthetic)
Tomato

Human Urine
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In addition to the camera, to the laser and to the type of samples, there are other devices that play a
key role in BSL such as beam splitter, mirrors, and software. Laser Beam Expander 20x was specified in
only four papers though were known its use in the setup. In one article the computer configuration was
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described and anyone specified the mirror in the papers. Regarding image analysis software, one could see
Matlab R2010A (Math Wors USA), ImageJ (NHI, USA) and C ++ mentioned. However, in 83% of the
papers, the type of software was not specified.

Regarding the place where the surveys took place, none of them were carried out in the field. All

experiments occurred in controlled environments of university laboratories. One of the justifications is that
the setup of the BSL is very sensitive to noise as mechanical vibrations [11].

3.3 Image Analysis Methods

The methods of analysis of the BSL can be divided into two large groups, the first being the graphical
methods and the second the numerical methods. The most used methods of each group can be seen in Table 7.
Despite the difference between graphical and numerical methods, it was found that in 10% of the papers the two
types were used together [18], [6]. The purpose of this practice is complementarity. That is, a graphical method
is used to cover the shortcomings of a numerical method and vice versa.

Table 7: Conventional methods of biospeckle analysis and examples of works found.

Method Type Conventional Methods References

Graphic Method GD,Fuijji, LASCA, WGD, [19],[201,[21], [22], [23], [24]

IM, AVD, Spatial time speckle
(STS) signals, Method ofT] Aizu and
Azakura, Modified Spatial-
Temporal Speckle Correlation
Technique

[14], [25],[26]],[27],[28] ,[29] ,[S],
[30],[31],[32],[12],[33],[34],[35].[36]

Numerical
method

Is there any relationship between the type of image analysis and the sample used? No relationship of
this nature was found in this study. However, numerical methods predominated in about 80% of the studies. As
shown in Table 8, both the graphical and numerical methods can be used in a wide variety of samples. Despite
the absence of a defined method to analyze a sample, we know that numerical methods are used in
homogeneous samples, or in homogeneous areas of a sample, while the graphical approaches is likely used to
create maps of activity of a sample.

Table 8: Percentage of application of numerical and graphical methods in biospeckle.

Method Type % Sample
Graphical Method 20  Seeds, Apple, Ink, Root Plants, Plant Leaves, Mobility of Parasites, Pear,
Flow of Water and Blood
Numerical Method 80 Human and animal biological tissues, Bacteria, parasites, potato, animal

semen, beef, seeds, ink, apple, human eye, animal and vegetable biological
tissue, ice cream, cancer cells, animal blood and human blood, bovine
protein, strawberry, pear, Human Eye, Human Teeth, Apple

In addition to conventional methods, proposals for other alternative methods have been identified,
Table 9, which are indispensable for the advancement of image analysis, since conventional methods would not
yet provide a definitive or standard assessment.

Another interesting observation was the presence of many methods that were proposed but not used in
other works. Thus, it may be observed that, apart from the usefulness of the proposed new methods, it seems
that they are intended to justify a publication rather than pave the way to the accessibility of BSL technology.

Table 9: Non-conventional methods of biospeckle analysis and examples of researches found.

Method Unconventional methods References
Type

Graphic Alternative algorithm for Fujii (Alternative Fujji) e

Method WGD,SMR, PTD,[! TZ Teste, Konishis's [371,[23],[38]

[ algorithms,MHI
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Empirical mode decomposition (EMD), Assimetria,
DYNAMIC MODEL,Gravimetric measurements, [39] [40] [41] [42] [26] [43] [44]

Numerical LM, Mathematical morphology  and[] Fuzzy [45].[46],[13]
method  mathematical morphOlogy. MTCF and MITCF, [23] [47] [4’8] [4’9] [1,5] [50]
Normalized autocorrelation function, Descritorl] de : ’[51]’ [36]’ : :

biospeckle whith a wavelet-based Husts, SC, Others

4  CONCLUSIONS AND IMPLICATIONS FOR FUTURE RESEARCH

The objective of this work was to describe and identify through a systematic review the state- of- art of
BSL and its particular characteristics to know the reasons for the lack of commercial equipment. The results
showed a positive and continuous increase of the research involving the BSL during the years.

BSL has presented many application possibilities, but the current state-of-art does not yet allow
research that has been carried out in the universities/institutes a commercial application of BSL. As there is no
research carried out outside the laboratories, it is believed that the major challenge is to enable the application of
BSL in the field.

Equipment such as cameras, lasers, and computers used in the experimental configuration of BSL
showed considerable technological evolution in the analyzed period, however, the setup configurations were not
satisfactorily detailed. The image analysis methods did not show the same evolution, which can be seen in the
absence of patterns in the use of graphical and numerical methods.

BSL is most commonly used in agriculture for seed and fruit analysis. The most common image
analysis methods are numerical methods, with an emphasis on IM and AVD.

Further research is recommended to improve image analysis methods and field application of BSL.
This research is useful for researchers and entrepreneurs wishing to study and improve BSL.

ACKNOWLEDGEMENTS
This work was partially supported by UFLA, CAPES, CNPQ, FAPEMIG and FINEP.
REFERENCES
[1]. J. Briers, "Wavelength dependence of intensity fluctuations in laser speckle patterns from biological
specimens,” Optics Communications, vol. 13, pp. 324-326, 1975.
[2]. T. Asakura, "Dynamic properties of bio-speckles and their application to blood flow measurements,"

Anritsu News, vol. 8, pp. 4-9, 1988.

[3]. H. Fujii, T. Asakura, K. Nohira, Y. Shintomi, and T. Ohura, "Blood flow observed by time-varying
laser speckle," Optics letters, vol. 10, pp. 104-106, 1985.

[4]. R. A. Braga, Jr., F. M. Borem, G. Rabelo, I. M. Dal Fabbro, R. Arizaga, H. J. Rabal, et al., "Seeds
analysis using bio-speckle," Proceedings of SPIE-The International Society for Optical Engineering,
vol. 4419, pp. 34-37, 2001.

[5]. M. Z. Ansari and A. K. Nirala, "Assessment of bio-activity using the methods of inertia moment and
absolute value of the differences," Optik - International Journal for Light and Electron Optics, vol.
124, pp. 512-516, 3// 2013.

[6]. M. Z. Ansari, H. C. Grassi, H. Cabrera, A. Velasquez, and E. D. Andrades, "Online fast Biospeckle
monitoring of drug action in Trypanosoma cruzi parasites by motion history image," Lasers Med Sci,
vol. 31, pp. 1447-54, Sep 2016.

[71. H. J. Rabal and R. A. Braga Jr, Dynamic laser speckle and applications: CRC Press, 2008.

[8]. J. C. Daintry, "Laser Speckle and Related Phenomena," in Springer Verlag, 1975 ed, 1975.

[9]. A. Zdunek, A. Adamiak, P. M. Pieczywek, and A. Kurenda, "The biospeckle method for the
investigation of agricultural crops: A review," Optics and Lasers in Engineering, vol. 52, pp. 276-285,
2014.

[10]. R. Braga, F. Rivera, and J. Moreira, "A Practical Guide to Biospeckle Laser Analysis: Theory and
Software," Lavras: Editora UFLA, 2016.

[11]. R. A. Braga, "Challenges to Apply the Biospeckle Laser Technique in the Field,” CHEMICAL
ENGINEERING, vol. 58, 2017.

[12].  A. Zdunek, L. I. Muravsky, L. Frankevych, and K. Konstankiewicz, "New nondestructive method
based on spatial-temporal speckle correlation technique for evaluation of apples quality during shelf-
life," International Agrophysics, vol. 21, pp. 305-310, 2007.

www.ijlemr.com 37 | Page



International Journal of Latest Engineering and Management Research (IJLEMR)
ISSN: 2455-4847
www.ijlemr.com || Volume 05 - Issue 02 || February 2020 || PP. 29-39

[13].

[14].
[15].

[16].

[17].
[18].
[19].

[20].

[21].

[22].

[23].

[24].

[25].
[26].

[27].

[28].

[29].

[30].

[31].

[32].

[33].

[34].

N. Budini, C. Mulone, F. M. Vincitorio, C. Freyre, A. J. Lépez, and A. Ramil, "Two simple methods
for overall determination of mobility in dynamic speckle patterns,” Optik, vol. 124, pp. 6565-6569,
2013.

P. D. Minz, M. Z. Ansari, and A. K. Nirala, "Effect of antibrowning agents on fresh-cut potato tubers
using frequency filtering of biospeckle images," Laser Physics, vol. 25, 2015.

A. Zdunek and J. Cybulska, "Relation of biospeckle activity with quality attributes of apples,” Sensors,
vol. 11, pp. 6317-6337, 2011.

A. L. Dai Pra, L. I. Passoni, G. H. Sendra, M. Trivi, and H. J. Rabal, "Signal Feature Extraction Using
Granular Computing. Comparative Analysis with Frequency and Time Descriptors Applied to
Dynamic Laser Speckle Patterns," International Journal of Computational Intelligence Systems, vol. 8,
pp. 28-40, 2015.

B. W. Holman, S. M. Fowler, and D. L. Hopkins, "Are shear force methods adequately reported?,”
Meat science, vol. 119, pp. 1-6, 2016.

R. R. Cardoso, A. G. Costa, C. M. B. Nobre, and R. A. Braga, "Frequency signature of water activity
by biospeckle laser,” Optics Communications, vol. 284, pp. 2131-2136, 2011.

R. A. Braga, L. Dupuy, M. Pasqual, and R. R. Cardoso, "Live biospeckle laser imaging of root tissues,"
European Biophysics Journal, vol. 38, pp. 679-686, 2009.

R. A. Braga, R. R. Cardoso, P. S. Bezerra, F. Wouters, G. R. Sampaio, and M. S. Varaschin,
"Biospeckle numerical values over spectral image maps of activity," Optics Communications, vol. 285,
pp. 553-561, 2012.

M. Pajuelo, G. Baldwin, H. Rabal, N. Cap, R. Arizaga, and M. Trivi, "Bio-speckle assessment of
bruising in fruits," Optics and Lasers in Engineering, vol. 40, pp. 13-24, 7// 2003.

R. P. Godinho, M. M. Silva, J. R. Nozela, and R. A. Braga, "Online biospeckle assessment without loss
of definition and resolution by motion history image," Optics and Lasers in Engineering, vol. 50, pp.
366-372, 2012.

A. V. Salde, F. S. De Menezes, P. L. S. Freitas, G. F. Rabelo, and R. A. Braga Jr, "Alternative
measures for biospeckle image analysis,” Journal of the Optical Society of America A: Optics and
Image Science, and Vision, vol. 29, pp. 1648-1658, 2012.

R. A. Braga Jr, G. F. Rabelo, L. R. Granato, E. F. Santos, J. C. Machado, R. Arizaga, et al., "Detection
of fungi in beans by the laser biospeckle technique," Biosystems Engineering, vol. 91, pp. 465-469,
2005.

R. A. Braga, I. M. Dal Fabbro, F. M. Borem, G. Rabelo, R. Arizaga, H. J. Rabal, et al., "Assessment of
seed viability by laser speckle techniques," Biosystems Engineering, vol. 86, pp. 287-294, 2003.

R. A. Braga, W. S. Silva, T. Séfadi, and C. M. B. Nobre, "Time history speckle pattern under statistical
view," Optics Communications, vol. 281, pp. 2443-2448, 2008.

I. C. Amaral, R. A. Braga, E. M. Ramos, A. L. S. Ramos, and E. A. R. Roxael, "Application of
biospeckle laser technique for determining biological phenomena related to beef aging,” Journal of
Food Engineering, vol. 119, pp. 135-139, 2013.

G. F. Rabelo, A. M. Enes, R. A. B. Junior, and I. M. Dal Fabbro, "Frequency response of biospeckle
laser images of bean seeds contaminated by fungi,” Biosystems engineering, vol. 110, pp. 297-301,
2011.

H. Sendra, S. Murialdo, and L. Passoni, "Dynamic laser speckle to detect motile bacterial response of
Pseudomonas aeruginosa,” Journal of Physics: Conference Series, vol. 90, 2007.

A. Adamiak, A. Zdunek, A. Kurenda, and K. Rutkowski, "Application of the Biospeckle Method for
Monitoring Bull’s Eye Rot Development and Quality Changes of Apples Subjected to Various Storage
Methods—Preliminary Studies," Sensors, vol. 12, pp. 3215-3227, 2012.

R. Nassif, C. A. Nader, C. Afif, F. Pellen, G. Le Brun, B. Le Jeune, et al., "Detection of golden apples’
climacteric peak by laser biospeckle measurements," Applied optics, vol. 53, pp. 8276-8282, 2014.

A. Skic, M. Szymanska-Chargot, B. Kruk, M. Chylinska, P. M. Pieczywek, A. Kurenda, et al.,
"Determination of the Optimum Harvest Window for Apples Using the Non-Destructive Biospeckle
Method," Sensors, vol. 16, p. 661, 2016.

M. Szymanska-Chargot, A. Adamiak, and A. Zdunek, "Pre-harvest monitoring of apple fruits
development with the use of biospeckle method," Scientia Horticulturae, vol. 145, pp. 23-28, 2012.

A. Kurenda, A. Zdunek, O. Schliter, and W. B. Herppich, "VIS/NIR spectroscopy, chlorophyll
fluorescence, biospeckle and backscattering to evaluate changes in apples subjected to hydrostatic
pressures,” Postharvest Biology and Technology, vol. 96, pp. 88-98, 2014.

www.ijlemr.com 38 | Page



International Journal of Latest Engineering and Management Research (IJLEMR)
ISSN: 2455-4847
www.ijlemr.com || Volume 05 - Issue 02 || February 2020 || PP. 29-39

[35].

[36].

[37].

[38].

[39].
[40].

[41].

[42].

[43].
[44].

[45].

[46].
[47].
[48].
[49].

[50].

[51].

T. M. Nieri, M. A. d. O. Peres, E. R. d. Silva, I. M. D. Fabbro, M. Muramatsu, and N. A. Andreollo,
"The optical analysis of the abdominal wall using the biospeckle after implants of polypropylene mesh
in rats," Acta cirurgica brasileira, vol. 24, pp. 442-448, 20009.

R. Arizaga, N. Cap, H. Rabal, and M. Trivi, "Activity images in dynamical speckle,”" Proceedings of
SPIE - The International Society for Optical Engineering, vol. 3572, pp. 310-314, 1999.

K. M. Ribeiro, B. Barreto, M. Pasqual, P. J. White, R. A. Braga, and L. X. Dupuy, "Continuous, high-
resolution biospeckle imaging reveals a discrete zone of activity at the root apex that responds to
contact with obstacles,” Annals of Botany, vol. 113, pp. 555-563, 2014.

R. R. Soares, H. C. Barbosa, R. A. Braga, J. V. L. Botega, and G. W. Horgan, "Biospeckle PIV
(Particle Image Velocimetry) for analyzing fluid flow," Flow Measurement and Instrumentation, vol.
30, pp. 90-98, 2013.

D. Chicea, "Biospeckle size and contrast measurement application in particle sizing and concentration
assessment,” Romanian Journal of Physics, vol. 52, pp. 581-587, 2007.

C. A. Paixdo and A. T. Da Costa, "Dynamic model for biospeckle,” Journal of the Optical Society of
America A: Optics and Image Science, and Vision, vol. 30, pp. 1089-1098, 2013.

H. J. Rabal, R. Arizaga, N. L. Cap, E. Grumel, and M. Trivi, "Numerical model for dynamic speckle:
an approach using the movement of the scatterers,” Journal of Optics A: Pure and Applied Optics, vol.
5, p. S381, 2003.

P. H. A. Carvalho, J. B. Barreto, R. A. Braga Jr, and G. F. Rabelo, "Motility parameters assessment of
bovine frozen semen by biospeckle laser (BSL) system," Biosystems Engineering, vol. 102, pp. 31-35,
20009.

O. P. Maksymenko, L. I. Muravsky, and M. 1. Berezyuk, "Application of biospeckles for assessment of
structural and cellular changes in muscle tissue,” Journal of Biomedical Optics, vol. 20, 2015.

I. Passoni, A. Dai Pra, H. Rabal, M. Trivi, and R. Arizaga, "Dynamic speckle processing using
wavelets based entropy,” Optics Communications, vol. 246, pp. 219-228, 2005.

G. G. Romero, C. C. Martinez, E. E. Alanis, G. A. Salazar, V. G. Broglia, and L. Alvarez, "Bio-speckle
activity applied to the assessment of tomato fruit ripening,"” Biosystems Engineering, vol. 103, pp. 116-
119, 5// 20009.

E. Blotta, B. Virginia, and H. Rabal, "Decomposition of biospeckle signals through granulometric size
distribution," Optics Letters, vol. 34, pp. 1201-1203, 20009.

D. Chicea, "An alternative algorithm to calculate the biospeckle size in coherent light scattering
experiments,” Romanian Reports of Physics, vol. 54, pp. 147-155, 20009.

A. Federico and G. H. Kaufmann, "Evaluation of dynamic speckle activity using the empirical mode
decomposition method," Optics communications, vol. 267, pp. 287-294, 2006.

N. Yokoi and Y. Aizu, "Analysis of blood flow covering a wide region of velocity in laser speckle
image sensing," Measurement, vol. 91, pp. 342-350, 9// 2016.

E. Blotta, A. Bouchet, M. Brun, and V. Ballarin, "Characterization of bio-dynamic speckles through
classical and fuzzy mathematical morphology tools,” Signal Processing, vol. 93, pp. 1864-1870, 7//
2013.

R. Arizaga, M. Trivi, and H. Rabal, "Speckle time evolution characterization by the co-occurrence
matrix analysis," Optics &Laser Technology, vol. 31, pp. 163-169, 3// 1999.

www.ijlemr.com 39 | Page



