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Abstract: Dynamic laser speckle is applied as a reliable sensor of activity in all sort of material.
Traditional applications are based on a time rate that is usually higher than 10 frames-per-second
(EPS). Even in drying processes, where there is a high activity in the first moments after the painting
and a slow activity after some minutes or hours, the process is based on the acquisition of images in
a time rate that is the same in both moments of high and low activity. In this work, we present an
alternative approach to follow the drying of paint and the other processes related to restauration of
paintings that takes long-term to reduce the activity. We illuminated, using three different
wavelength lasers, an accelerator (Cyclododecane) and a varnish used in restauration of paintings
and monitor them at long-term drying using an alternative fps, comparing the results to the
traditional method. The work also presents a way to do the monitoring using a portable equipment.
The results present the feasibility to use the portable device and show the improvement in the
sensitivity of the dynamic laser speckle to sense long-term process regarding the drying of
Cyclododecane and Varnish used in restauration.

Keywords: dynamic speckle; activity; temporal history speckle pattern; Varnish; Cyclododecane

1. Introduction

Digital holography [1,2], a well-known speckle interferometry, is generally used for the
measurement of drying paints, however demanding complex experimental configurations that limit
its use. [3,4]. One can see the use of other digital speckle pattern interferometry, such as the
Shearography, being applied in art objects, particularly in canvas and panel paintings [5,6], but

demanding a similar experimental configuration of holography.

© 2017 by the author(s). Distributed under a Creative Commons CC BY license.
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22 In art restauration, usually are used treatments that change the visual aspect of the art objects,
23 such as in paintings; the changes can be in the brightness and in the light saturation, as it is the case
24 of Varnish application[7-9].

25 In other hand, the processes that provide fixation and consolidation of the restauration in
26  paintings also use a substance, the most common is the Cyclododecane, that form bright artefacts in
27  the surface, thus changing the final prime aspect of the object [10-12].

28 One way to control the interference of the restauration in art objects is the managing of the
29  drying times, helping in the definition of the best manipulation time and the reduction of artefacts in
30  thesurface.

31 The timing of solvent evaporation present in inks can be measured using thermogravimetric
32 [13], as well as, using the weighing process during drying [14], with some limitations in in situ
33  restauration.

34 Dynamic laser speckle (DLS), or biospeckle laser (BSL), is a non-destructive technique that can
35  be used to monitor biological and non-biological activity in many areas with application in different
36  material, and thus with different behavior. A complex application is in fluids such as in the motility
37  of bovine frozen semen [15], in blood flow [16,17], in bacterial chemotaxis [18] as well as in the
38  reaction of cancer cells of line MEL-RCO8 to the application of the drug Colcemid [19]. In fluids, the
39  approaches must be biased to the high movement of the scatterers of light from those in colloid or in
40  biological tissues.

41 The dynamic of the processes is critical in the DLS, demanding adjustments in the setup as well
42  as in the choice of the best image processing method. In colloids, which is the case of paintings, one
43  can see some reports linking DLS to paint drying [20-23], where the level of activity of the scatterers
44 is highly different from the moment of the application of the ink, with high volatilization, to the end
45  of drying. Thus, a way to monitor it without compromise the observation of the ongoing
46  phenomenon must be evaluated and tested.

47 It is also possible to observe in the literature the use of a commercial equipment to evaluate ink
48  [24], or drying paint, that also presented an alternative to use the technique out of optical laboratories,
49  whichis a challenge regarding many external influences [25], mainly when we are dealing with long-
50  term drying paint processes.

51 This work aimed to test a portable equipment to monitor the activity of painting treatments
52 during the restauration of paint in situ by means of a modified image processing biased to a long-
53  term measurement. Two types of chemicals were tested during drying, evaluated by three laser
54  wavelengths and compared to a laboratorial setup as well as compared to the traditional image

55  processing, all of them validated by a scale monitoring the weight.
56 2. Design and control of portable system

57  2.1.Structural design

58 Figure 1 shows the elements composing the portable system for dynamic speckle patterns. It can
59  control up to four diode-lasers, allowing rear and frontal illumination by means of prisms and the
60  removable platform. The images can be captured with a CCD camera (See3Cam 2304x1296 pixels,
61  2.2um) with no IR filter.
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62 All the elements are assembled together using aluminum T-slots. This structure is sturdy enough
63  to capture stable images. In addition, cushion pads are glue in the base to absorb vibrations. Camera
64  height can be adjusted, and so the laser orientation. The platform B (Figure 1) is removable to place
65  translucent material. This allows a rear illumination setup by means of prisms and laser reorientation.
66  As a portable equipment, it can be moved on to the place of the restoration, for example, and the
67  orientation of camera and lasers adjusted to monitor horizontal and vertical disposition of the

68  paintings.

69

70

71 Figure 1. Portable experimental setup to get the dynamic laser speckle. A: lasers; B: removable
72 platform; C: camera;. D: Laser controller.

73 2.2. Electronic design

74 Figure 1 shows the elements composing the portable system for dynamic speckle patterns. It can
75  control up to four diode-lasers, allowing rear and frontal illumination by means of prisms and the
76  removable platform. The images can be captured with a CCD camera (See3Cam 2304x1296 pixels,
77  2.2um) with no IR filter.

78 The portable system control was designed and developed at the Universidad Politécnica de
79 Valencia, Spain, as shown in Figure 2.

80 The lasers can be turned on/off by means of relays controlled by a microcontroller (Arduino)
81  thatis connected to a PC through an USB port. The camera is a USB 3.0 camera (See3Cam 2304x1296
82  pixels, 2.2um) with no IR filter, also connected to a computer. A software has been developed to
83  control image capture timing and the laser synchronization. Diode lasers are not heavy-duty
84  components and keep standing still without the interference of external mechanical noise and
85  vibration. Thus, the software can be configured to turn lasers on at a preselected time before the
86  capture. This reduce laser deterioration, and allow its stabilization before a new capture. The software

87  allows to capture burst of images with the different lasers during an experiment.
88
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90 Figure 2. Diagram of portable system controller with the gray box representing the control system of
91 the device connected to the computer ant to the lasers and camera.
92 3. Validation experimental
93  3.1. Specimen
94 A surface of canvas was painted with Varnish and Cyclododecane ink (accelerator), forming a

95  homogeneous layer. The room had 22-23 *C and 51-53% of humidity.

96  3.2. Experimental setup employed for non-portable dynamic laser speckle

97 Figure 3 presents the experimental setup to acquire the dynamic laser speckle patterns generated

98  intime by the illumination of the samples using a linearly polarized He-Ne laser beam (632.8 nm, 30

99  mW). The beam size was expanded using a microscope's objective with a 10X magnification in order
100  have around illuminated area with 100 mm of diameter, covering a squared area with 40 mm of side.
101 The images were acquired by a TV zoom lens with a focal length of 50 mm, numerical aperture
102 of f/11 (speckle size was 13.57um), connected to an Allied Vision Technologies (AVT) CCD Camera
103 (AVT Marlin F-145B, pixel size of 4.65 um).

104

laser He-Ne

CCD camera
computer
spatial filter
specimen

105
106 Figure 3. Experimental setup to get the dynamic laser speckle of a paint drying process.
107

108
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109  3.3. Protocol to speckle patterns acquisition

110 First experiment: validation of the portable system; a collection of 64 images (8 bits, 640x480
111  pixels and auto-exposure 1/125s) was acquired with a traditional experimental system, at the
112 beginning of each minute, along only 10 minutes with a time rate of 10 frames per second. While,
113  with portable system at the beginning of each minute, along 8 hours with a time rate of 10 frames per
114  second. In both cases, canvases of 120 x 120 mm were painted using the Cyclododecane and the
115  Varnish.

116 Second experiment: comparison of back and forward scattering using the portable equipment.
117  The portable device has the flexibility to get dynamic laser speckle using back and forward scattering
118  approaches, related to reflection and transmission of the light on and through the sample
119  respectively. Where the transmission only can be used when the sample allows the light pass through
120  the sample to the camera. A same layer of Cyclododecane (accelerator) was applied in a glass surface
121  that was illuminated using back and forward scattering approaches at each time, and using the same
122 image time rate and processing presented in the first experiment.

123 Third experiment: changes in time rate and different lasers compared to weight. Uniform layer
124 was painted on canvases. One of the canvas was placed in the dynamic laser speckle capture system
125  and another placed in a scale to be weighted.

126 The canvas was weighted using a scale Smart Weight (+ 1mg) every 5 minutes first. Then every
127 10 minutes, and finally every 30 minutes.

128 The canvas was illuminated every minute by the three lasers (Infrared, 808nm, 50mW; Red,
129 650nm, 20mW and Green: 432nm, 20mW) alternatively, and 20 images were burst at 10 fps (frames
130  per second). Before each image acquiring, the corresponding laser has been connected 5 seconds
131  Dbefore starting the burst to assure light stability.

132 Five sets of images were created after the capture process for every laser:

133 e Set A: burst of 20 images at 10fps every minute (for fast dynamics).

134 e SetB, C, D, E:burst of {30, 15, 6, 3} images at {1 image at each 1 minute, 1 image at each 2 minutes,
135 1 image at each 5 minutes, 1 image at each 10 minutes} every 30 minutes (for slow dynamics).
136 This allow in the same experiment to measure the drying process by means of: In all cases, image
137  quality was tested to avoid speckle grains with unworthy information about the phenomena.
138  Therefore, the setup was biased to avoid speckle with blurred appearance with saturated areas and

139  toavoid inhomogeneity in accordance with the proposed Quality Test Protocol [26,27].

140  3.4. Methodology to process dynamic speckle images

141 The dynamics of the speckle variation was monitored by second-order statistics [28], building
142 the matrices THSP (Temporal History Speckle Pattern) and COM (Co-occurrence matrix) using the
143 selection of random points in the prime image to create the THSP [29]. From the COM, we obtained
144 the Absolute Values of the Differences (AVD) method [30], expressed by the Equation 1.

146 where the COM is the Co-Occurrence Matrix related to the THSP, and the i and j variables represent
147  theline i and the column j of each point of the COM matrix.

148 COM = [Ny] )
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149  The entries are the number of occurrences (N) of a certain intensity value i that is immediately
150  followed by an intensity value j.

151 In Fig 4, it is possible to see the THSP created instead of using random points in the prime image
152 in the selected ROL

THSP

\N images
i COoM

153
154 Figure 4. Scheme of THSP and COM construction using random pixels.

155 4. Results

156  4.1. Validation of portable device to monitor drying processes in paint restauration

157 In Figure 5, one can see the AVD index during the drying process of Varnish and Cyclododecane
158  (accelerator) using the traditional experimental configuration and the proposed portable system. The

159  data was fit in an exponential tendency curve, that is the expected behavior of a drying process.

T T T T T T T T T T T T T T T T
10 See3CAM_CU30 ¢ Mesi = 10 5 AVT Marlin f145b2 o
Exponential fit = Mean
Exponential fit
%8 Cyclododecane 1 08 - 1
Cyclododecane

o o
@ Chi"2/DoF  =51.81763 @
N6l R'2 = 002805 =l N ool Chi"2/DoF  =6.03928 o
[ [ R\2 = 098599
€ 3 ¥0 0.12595 + 0.00052 €
o Al 0.88554 + 0.00988 o y0  0.08729 £ 0.00031
< t 092094 + 0.01399 c A1 0.81951£0.01219
g 04| - g 04| 1 0.40363 £ 0.01681 Al
< <

02 - E 02 - -

- — * . e
0,0 L ! L L L L ! L 0,0 L L L L L L L L
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16
time (min) time (min)
161 (a) (b)

162


http://dx.doi.org/10.20944/preprints201711.0107.v1
http://dx.doi.org/10.3390/s18010190

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 16 November d0i:10.20944/preprints201711.0107.v1

T T T T T T T T T T T T T T T T
ol i ol AVT Mariin 14562 i
T See3CAM_CU30 —— e iioan
Exponential fit Exponential fit
08 Varnish 7 08 - Varnish 7
-uc) Chi*2/DoF =71.41348 g Chi*2/DoF = 2562771
_% 0,6 - R*2 = 0.82756 i % 06| R = 0.88262 4
£ yo 0.24901 + 0.00094 £ yo 0.14372 +0.00064
‘6 A1 0.68771+0.01289 6 A1 0.80932 +0.0184
| =4 t 0.64945 + 0.01228 c t1 0.50724 +0.01189
Q 04| . Q 04} g
2 2
sl e ar oo . i
0’0 1 1 1 1 1 1 1 1 0'0 1 1 1 1 1 1 1 1
0 2 4 6 8 10 12 14 16 0 2 4 6 8 10 12 14 16
time (min) time (min)
163 @ (b)
164 Figure 5. Dynamic laser speckle activity levels in paint drying process for each painting treatments
165 (a) Portable system (b) Lab system.

166  4.2. Comparison of back and forward scattering using the portable equipment

167 In Figure 6, it is possible to see the AVD index with an exponential tendency curve and using a
168  red laser. Two experimental configurations were used to acquire the data, back and forward
169  scattering. In Figure 6a, the drying process of Cyclododecane was sensed from 1 to approximately
170 0.1 in normalized values, while in Figure 6b the drying process was sensed from 1 to approximately
171 0.3 in normalized values.
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173 Figure 6. Dynamic laser speckle activity levels in paint drying process for Cyclododecane (a)
174 reflection illumination (b) transmission illumination.

175  4.3. Third experiment: Changes in time rate using different lasers compared to weight

176 The results of the proposed method to monitor long term activities in the drying process can be
177  seen in Figure 7, where the Cyclododecane (Figure 7a) and the Varnish (Figure 7b) presented their
178  drying in time. In a time-rate of 1 frame per minute, 1 frame at each 2 minutes, 1 frame at each 5
179  minutes and 1 frame at each 10 minutes, the drying process was monitored during 16 hours. The
180  AVD index were based on 30, 15, 6 and 3 images respectively. In Figure 7a, we can divide the curve
181 in two parts, the first from zero to 3 hours, and the second part from 8 to 16 hours. The zone between
182 3 and 8 hours can be considered as transient. In the first part, the curve behaves as the drying process
183  presented in traditional measurements of dynamic laser speckle using higher time rate, in the case of

184  Figure 6, for example, 10 fps. It is comparable with the loss of mass monitored by the scale, Figure 8.


http://dx.doi.org/10.20944/preprints201711.0107.v1
http://dx.doi.org/10.3390/s18010190

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 16 November 2017 d0i:10.20944/preprints201711.0107.v1

185 However, the similarity was higher in the higher time rates, such as 1 frame per minute
186  (1frame/lmin) and 0.5 frame per minute (1frame/2min). While in the second part of the curve, the
187  behaviour is completely different from the traditional curve, presented in Figure 6, with an ability to
188  sense the small changes in the drying surface of the Cyclododecane, where the traditional method
189 presented a flat curve. In Varnish, otherwise, the behaviour presented is like the traditional methods

190  of drying, that we can validate using a scale to weight the loss of mass.
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192 Figure 7. Dynamic laser speckle activity levels in paint drying process to each painting treatments (a)
193 Cyclododecane (b) Varnish.
194 In Figure 8, we can see the weighting process of the evolution of the drying process using a scale.

195  The expected speed of the drying process for the two types of material used in restauration (Varnish
196  and Cyclododecane) is expressed, where the Cyclododecane, despite it is known as accelerator, it

197  takes more time to dry in deep layers.
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g
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199 Figure 8. Weighing of drying paint treatments in time.
200 The application of lasers with different wavelength in the Varnish and Cyclododecane is

201  presented in Figure 9. Normalized AVD indexes were obtained and the Varnish presented higher
202  sensitivity to the wavelengths than the Cyclododecane. All the cases using what we defined as fast
203  dynamics using 10 fps to acquire the images. And in this case, the behavior of Cyclododecane
204  presented to the fast dynamics as the colloid that dryied first, in the opposite observation of the
205  weighing monitoring (Figure 8).
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Figure 9. Dynamic laser speckle in fast dynamics of drying colloids using three wavelengths

submitted to each painting treatments (a) Varnish (b) Cyclododecane.

In Figure 10, the DLS and weighing values are presented, and related to the three wavelength
lasers. Varnish and Cyclododecane were monitored during 20 minutes, and both analysed with the
fast dynamics, i.e. 10 fps. The fast dynamics presented best ability to follow the fastest drying process
presented by the Varnish, but the DLS could not sense the Cyclododecane that presents the slowest

drying dynamic.
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Figure 10. Dynamic laser speckle index for fast dynamics (10 fps) and the weighing to each painting

treatments (a) Varnish (b) Cyclododecane.

The slow (long-term) dynamics is presented in Figure 11, to Varnish drying, and it is also
compared to the weighing and the three lasers (wavelengths). Four time-rates were used to evaluate
the answer of long-term process. The slower the time-rate, higher is difference to the weighing
process. In this case, the acquiring of 1 frame at each 10 minutes provided the best ability to sense
changes in long-term monitoring. Otherwise, the weighing output did not have the ability to follow

the drying process after one hour.
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Figure 11. Dynamic laser speckle in low dynamics of drying Varnish using three wavelengths
submitted (a) Green laser (b) IR laser (c) Red laser, observed in four different time-rates and compared

to the weighing.

In Figure 12, the result of a long-term monitoring of Cyclododecane is presented in comparison
to the weighing and to three different wavelength lasers. It was also observed the ability of each time-
rate to follow the process. The characteristic of the Cyclododecane is drying in the external layer first,
then to continue the drying process in the inner layers. In this case, the weighing process could follow
the slow drying during hours before the stabilization, which also happened with the DSL outputs

using low time-rates.
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236 Figure 12. Dynamic laser speckle in low dynamics of drying Cyclododecane using three wavelengths
237 submitted (a) Green laser (b) IR laser (c) Red laser, observed in four different time-rates and compared
238 to the weighing.

239 5. Discussion

240 5.1 Validation of portable device to monitor drying processes in paint restauration

241 Beyond the ability of the proposed device to follow the drying process, it is relevant to highlight
242 its ability to sense it in a smoother way than the traditional setup. One can note that the explanation
243 comes from the different cameras used in both cases; whilst in the proposed device the size of the
244  pixel in the CCD camera was of 2.2 um the size of the system in the optical laboratory was of 4.65
245  pm. The smoothness of the exponential curve from the proposed device allow us to follow the drying
246  process for larger time if compared to the camera used in the optical laboratory. So much so, the size

247  of the pixel matters and it can improve the sensitivity of our sensor [31].

248 5.2 Comparison of back and forward scattering using the portable equipment

249 The ability of the backscattering to sense the drying process of Cyclododecane in a larger
250  evolution, from 1 to approximately 0.1 in normalized values of AVD index, than the ability of the
251  forward scattering, was sensed from 1 to approximately 0.3 in normalized values of AVD index, can
252 be attributed to the less sensitivity of the transmission in the dynamic laser speckle outcomes [32].

253  That leads us to adopt the reflection, backscattering, as prior when possible.
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254 5.3 Third experiment: Changes in time rate using different lasers compared to weight

255 The long-term monitoring by means of DLS presented best ability to follow the drying process
256  even if compared to the weighting process. This means that the DLS in the long-term monitored as
257  proposed is a better sensor than the traditional DLS with high time-rate (10 fps) and also better than
258  the weighing process that could be considered the Gold Standard. The monitoring of drying paint
259  using the traditional fps are usually restricted to the first minutes [20,23,33].

260 The different dynamics of drying presented by Varnish and Cyclododecane were better followed
261 by the long-term methodology proposed, where in the Cyclododecane the presence of two phases of
262  drying can explain the relation of the time-rate with the fast and with the slow drying, each one linked
263  to the surface and to the inner layer of the sample.

264 Varying the laser wavelength can be interesting in fast dynamics, a lower wavelength is more
265  sensitive to small changes. In the Varnish, the lower the wavelength is, the longer the process can be
266  sensed (Figure 10). The composition of the colloid and the fast drying in the surface can explain that
267  ability of the lower wavelengths. In long-term dynamics varying the wavelength do not show a
268  difference in sensitiveness, but can be useful to make the image capture adjustments more
269  independent from the colour of the studied surface.

270 The portable equipment presented reliable results, thus offering the facility to be used in situ.
271  And with the association to the IR laser (the independence of the external light) makes the equipment
272 more robust. The commercial equipment using DLS in drying ink also uses IR [24], but only limited

273 to fast dynamics of drying, restricting its use in long-term monitoring.

274 6. Conclusions

275 The portable equipment to monitor the activity of painting treatments during the restauration
276  of paint in situ presented reliable outcomes, compatible to the equipment used in an optical
277  laboratory. The modified image processing biased to a long-term measurement presented best results
278  if compared to the traditional method driven by the fast dynamics data acquisition and analysis. The
279  proposed long-term methodology presented ability to sense different drying dynamics. The laser
280  wavelengths testing proved that more accurate measurements can be obtained in fast dynamics and
281  in general some improvements can be obtained regarding the sample and light interaction. The
282 weight monitoring proved to be less sensitive to long-term changes in colloids with slow drying
283  process, as the case of the Varnish. On the other hand, the weight monitoring setup could not be
284  possible in real painting restauration, or even if it is possible, could be more complicated that the
285  proposed DSL method.

286 Acknowledgments:

287 This work was partially funded by the Generalitat Valenciana’s project AICO/2016/058 and by the Plan Nacional
288  de I+D, Comisién Interministerial de Ciencia y Tecnologia (FEDER-CICYT) under the project HAR2013-47895-
289  (C2-1-P.

290 Author Contributions:

291 Alberto J. Pérez Rolando J. Gonzalez-Pefia and Roberto Braga. Conceived, designed the experiments,
292 performed the experiments, analyzed the data and wrote the paper.

293 Angel Perles Analyzed the data and wrote the paper.

294 Eva Pérez -Marin and Fernando J. Garcia-Diego contributed reagents/materials and wrote the paper


http://dx.doi.org/10.20944/preprints201711.0107.v1
http://dx.doi.org/10.3390/s18010190

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 16 November 2017 d0i:10.20944/preprints201711.0107.v1

295 Conflicts of Interest: The authors declare no conflict of interest.

296 References

297 1. Schnars, U.; Falldorf, C.; Watson, J.; Jiiptner, W. Digital Holography and Wavefront Sensing,

298 2015, Springer.

299 2. Kim, M. K. Principles and techniques of digital holographic microscopy. SPIE Rev. 2010, 1,
300 018005, d0i:10.1117/6.0000006.

301 3. Yokota, M.; Kawakami, T.; Kimoto, Y.; Yamaguchi, I. Drying process in a solvent-based paint
302 analyzed by phase-shifting digital holography and an estimation of time for tack free. Appl. Opt.
303 2011, 50, 5834-5841, doi: 10.1364/A0.50.005834.

304 4. Yamaguchi, L; Ida, T.; Yokota, M.; Kobayashi, K. Monitoring of Paint Drying Process by Phase-
305 Shifting Digital Holography. In Adaptive Optics: Analysis and Methods/Computational Optical
306 Sensing and Imaging/Information Photonics/Signal Recovery and Synthesis Topical Meetings
307 on CD-ROM (2007), paper DWC2; Optical Society of America, 2007; p. DWC2.

308 5. Krzemien, L.; Lukomski, M.; Kijowska, A.; Mierzejewska, B. Combining digital speckle pattern
309 interferometry with shearography in a new instrument to characterize surface delamination in
310 museum artefacts. J. Cult. Herit. 2015, 16, 544-550, doi:10.1016/j.culher.2014.10.006.

311 6. Lasyk L.; Lukomski, M.; Bratasz, L. Simple digital speckle pattern interferometer (DSPI) for
312 investigation of art objects. Opt. Appl. 2011, Vol. 41.

313 7. Trumpy, G.; Conover, D.; Simonot, L.; Thoury, M.; Picollo, M.; Delaney, J. K. Experimental study
314 on merits of virtual cleaning of paintings with aged Varnish. Opt. Express 2015, 23, 33836-33848,
315 doi:10.1364/OE.23.033836.

316 8. Reifsnyder, J]. M. A note on a traditional technique of Varnish application for paintings on panel.
317 Stud. Conserv. 1996, 41, 120-122, doi:10.1179/sic.1996.41.2.120.

318 9. Caley, T. Aspects of Varnishes and the Cleaning of Oil Paintings Before 1700. Stud. Conserv.
319 1990, 35, 70-72, doi:10.1179/5ic.1990.35.51.016.

320 10. Briickle, I.; Thornton, J.; Nichols, K.; Strickler, G. Cyclododecane: Technical Note on Some Uses
321 in Paper and Objects Conservation. J. Am. Inst. Conserv. 1999, 38, 162-175,
322 doi:10.1179/019713699806113501.

323 11. Rowe, S.; Rozeik, C. The uses of Cyclododecane in conservation. Stud. Conserv. 2008, 53, 17-31,
324 doi:10.1179/sic.2008.53.

325 12. Maish, J. P.; Risser, E. A Case Study in the Use of Cyclododecane and Latex Rubber in the
326 Molding of Marble. J. Am. Inst. Conserv. 2002, 41, 127-137, doi:10.1179/019713602806112968.
327 13. Lenk, R. S;; Fellers, J. F.; White, J. L. Comparative Study of Polyamides from Bisacid A2. Polym.
328 J. 1977, 9, 9-17, d0i:10.1295/polym;.9.9.

329 14. Koleske J. V. Paint and Coating Testing Manual, ASTM International, 2012, 15th Edition.
330 15. Carvalho, P. H. A,; Barreto, J. B.; Braga Jr., R. A.; Rabelo, G. F. Motility parameters assessment of

331 bovine frozen semen by biospeckle laser (BSL) system. Biosyst. Eng. 2009, 102, 31-35,
332 doi:10.1016/j.biosystemseng.2008.09.025.

333 16. Richards, L. M.; Kazmi, S. M. S;; Davis, J. L.; Olin, K. E.; Dunn, A. K. Low-cost laser speckle
334 contrast imaging of blood flow using a webcam. Biomed. Opt. Express 2013, 4, 2269-2283,

335 doi:10.1364/BOE.4.002269.


http://dx.doi.org/10.20944/preprints201711.0107.v1
http://dx.doi.org/10.3390/s18010190

Preprints (www.preprints.org) | NOT PEER-REVIEWED | Posted: 16 November 2017 d0i:10.20944/preprints201711.0107.v1

336 17. Ganilova, Y. A.; Ulyanov, S. S. A study of blood flow in microvessels using biospeckle dynamics.

337 Biophysics 2006, 51, 299-304, doi:10.1134/S0006350906020230.

338 18. Murialdo, S. E.; Sendra, G. H.; Passoni, L. I.; Arizaga, R.; Gonzalez, J. F.; Rabal, H.; Trivi, M.
339 Analysis of bacterial chemotactic response using dynamic laser speckle. J. Biomed. Opt. 2009, 14,
340 064015-064015-6, d0i:10.1117/1.3262608.

341 19. Gonzalez-Pefia, R. J.; Braga, J., Roberto A.; Cibrian, R. M.; Salvador-Palmer, R.; Gil-Benso, R.;
342 Miguel, T. S. Monitoring of the action of drugs in melanoma cells by dynamic laser speckle. J.
343 Biomed. Opt. 2014, 19, 057008-057008, d0i:10.1117/1.JBO.19.5.057008.

344 20. Arizaga, R.; Grumel, E. E; Cap, N.; Trivi, M.; Amalvy, ]. L; Yepes, B.; Ricaurte, G. Following the
345 drying of spray paints using space and time contrast of dynamic speckle. JCT Res. 2006, 3, 295
346 299, doi:10.1007/5s11998-006-0025-2.

347 21. Faccia, P. A,; Pardini, O. R.; Amalvy, J. I; Cap, N.; Grumel, E. E.; Arizaga, R.; Trivi, M.
348 Differentiation of the drying time of paints by dynamic speckle interferometry. Prog. Org. Coat.
349 2009, 64, 350-355, d0i:10.1016/j.porgcoat.2008.07.016.

350 22. Mavilio, A.; Fernandez, M.; Trivi, M.; Rabal, H.; Arizaga, R. Characterization of a paint drying
351 process through granulometric analysis of speckle dynamic patterns. Signal Process. 2010, 90,
352 1623-1630, doi:10.1016/j.sigpro.2009.11.010.

353 23. Budini, N.; Mulone, C.; Balducci, N.; Vincitorio, F. M.; Lopez, A. J.; Ramil, A. Characterization
354 of drying paint coatings by dynamic speckle and holographic interferometry measurements.
355 Appl. Opt. 2016, 55, 4706-4712, doi: 10.1364/A0.55.004706.

356  24. Brunel, L; Brun, A.; Snabre, P. Microstructure movements study by dynamic speckle analysis.
357 In; International Society for Optics and Photonics, 2006; Vol. 6341, p. 634127, doi:
358 10.1117/12.695493.

359  25. Braga, R.A. Challenges to apply the biospeckle laser technique in the field. Chemical Engineering
360 Transactions, 2017, 58: 577-582, doi: 10.3303/CET1758097

361  26. Moreira, J.; Cardoso, R. R.; Braga, R. A. Quality test protocol to dynamic laser speckle analysis.
362 Opt. Lasers Eng. 2014, 61, 8-13, doi:10.1016/j.optlaseng.2014.04.005.

363  27. Ansari, M. Z; Nirala, A. K. Biospeckle numerical assessment followed by speckle quality tests.
364 Opt. - Int. J. Light Electron Opt. 2016, 127, 5825-5833, d0i:10.1016/j.ijle0.2016.04.010.

365 28. Rabal, H.],; Jr, R. A. B. Dynamic Laser Speckle and Applications; CRC Press, 2008; ISBN 978-1-
366 4200-6016-4.

367 29. Oulamara, A.; Tribillon, G.; Duvernoy, J. Biological Activity Measurement on Botanical
368 Specimen Surfaces Using a Temporal Decorrelation Effect of Laser Speckle. J. Mod. Opt. 1989,
369 36, 165-179, doi:10.1080/09500348914550221.

370 30. Braga, R. A.; Nobre, C. M. B.; Costa, A. G.; Safadi, T.; da Costa, F. M. Evaluation of activity
371 through dynamic laser speckle using the absolute value of the differences. Opt. Commun. 2011,
372 284, 646650, d0i:10.1016/j.0ptcom.2010.09.064.

373  31. Braga, R. A.; Gonzalez-Pefia, R. J. Accuracy in dynamic laser speckle: optimum size of speckles
374 for temporal and frequency analyses. Opt. Eng. 2016, 55, 121702, d0i:10.1117/1.0E.55.12.121702.
375  32. Trivi, M. Dynamic Speckle: Origin and Features. In Dynamic Laser Speckle and Applications,
376 Ed. Rabal and Braga. CRC 2008

377 33. Kooij, HM.; Fokink, R.; Gucht, J.; Sprackel, J. Quantitative imaging of heterogeneous dynamics
378 in drying and aging paints. Sci. Rep. 2016, 6, 34383, doi: 10.1038/srep34383.


http://dx.doi.org/10.20944/preprints201711.0107.v1
http://dx.doi.org/10.3390/s18010190

