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ABSTRACT 

In our study we used rank-order filter, the emissions filter on the base of the criteria of Pearson, Gaussian filter and 
median filterfor improving the is fluorescence lifetime imaging microscopy (FLIM) data. The data obtained with the 
FLIM technology are the distribution with a pronounced peak, while during measurement the peak value is measured 
with an error. According to the analysisthe Gaussian filter is more useful to improve quality of FLIM data.Spatial 
filtering allows to reduce the noise component, obtained in the course of measurements, including reduction the 
influence of the individual bursts. Filtering in time scale allows to determine a peak value of intensity more 
accurately.This research was carried out using the equipment of Tomsk Regional Common Use Center of Tomsk State 
University. 
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1 INTRODUCTION 

Multiphoton laser microscopy (multiphoton laser tomography, MPT) provides instantaneous imaging of living skin at the 
cellular and subcellular levels. MPT can use the autofluorescence of fluorophores of intrinsic tissues and second 
harmonic generation (SHG) from matrix tissue components, such as collagen, thereby providing functional and structural 
visualization of uncolored biological tissue.1 

Apowerful tool for studying microobjects in vivo and ex vivo is fluorescence lifetime imaging microscopy (FLIM). This 
method provides a quantitative determination of the spatial distribution of sample fluorescence (the lifetime of the map). 
FLIM demonstrates great potential in biomedical imaging, materials science and chemical analysis because it gives 
information about a time dynamics of fluorescence radiation over the sample area and can represent the redox status of 
skin cells.2,3,4 

In practice, FLIM data is often used not in one point but in some region of interest(information for each pixel in region of 
interest are combined in one pixel with more number of photons). An example of FLIM data (by Becker &Hickl) is 
presented in the Figure 1. 

The fluorescence resonance energy transfer method (FRET)allows to estimate the inter-molecular interaction. To 
measure protein interactions, proteins are labeled with two dyes of different absorption and emission spectra. The 
emission band of the first dye (donor) must to overlap the absorption band of the second (acceptor).  If the distance 
between donor and acceptor is less than a few nanometers, energy can transfer directly from the donor to the acceptor. 
The result is a decrease in the fluorescence decay time of the donor. The intensity of energy transfer, that is, the decrease 
in the decay time, is an indicator of the distance between the donor and the acceptor.5 

The combination of the fluorescence lifetime imaging microscopy (FLIM) and phasor approach (phasor-FLIM) provides 
a simple method for histopathology analysis and can greatly improve the accuracy of diagnosis. Phasor approach can be 
used to visualize the spectra and decay curves. The phasor plot is a graphic representation of the raw FLIM data. In each 
pixel, the fluorescence decay curve can be written in the phasor plot.  
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classification. In our studies, spatial filters were used to analyze the experimental data, including a rank filter and time 
filters: Gaussian and median. 

2 MATERIALS AND METHODS 
In this study, the measurements of dermis were carried out on the MPTFlexmicroscope by Jenlab (Germany). This 
equipment is allowed to work with people. The study involved a group of volunteers (n=10) at the age of 22 to 68 years. 
For each subject, 10 images were recorded at a depth of about 100 μm. 

Images of the elastin and collagen fluorescence were acquired simultaneously with 2 photomultiplier tube detectors on 
the volar forearm. The image size was 75μm×75μm and images were recorded on a 512×512 pixel matrix. The analysis 
was done with software package “Becker&Hickl”. 

The rank filter based on the sliding window. The values in the window were defined by user and the k-element of the 
array was selected. Rank filter is a generalization of other filters, for example, morphological filters (dilatation, erosion), 
median filter.11 

Also the sliding window of the specified size is used in theGaussian filter. Convolution is performed with the Gaussian 
function (the size is the same as the window size) inside the window. The two-dimensional form of the Gaussian 
function is given below: ݂(ݐ) 	= 	 ଵଶగఙమ ݁ି(௫మା௬మ)/ଶఙమ.     (2) 

 

3 RESULTS 
To reduce the spread in the values of the aging index of SAAID and the ratio of collagen to elastin, a Gaussian filter was 
applied. To estimate the quality of filtration, the standard deviation was used. At each level, 32x32 size areas were 
selected and for each region the collagen to elastin ratio, SAAID index were calculated. Further, for each subject, the 
root-mean-square deviation for the values was estimated. After this, Gaussian filtration was applied to all the data 
obtained, and then the average value and the spread were again analyzed. 

Table 1.Estimating age using the ratio of collagen and elastin and SAAID 

  
Original data 

 
Data after Gaussian filtration 

 
Data after Median filtration 

Young 
volunteer, 

collagen to 
elastin ratio / 
SAAID 

Aged 
volunteer, 
collagen to 
elastin ratio / 
SAAID 

Young 
volunteer, 
collagen to 
elastin ratio / 
SAAID 

Aged 
volunteer, 
collagen to 
elastin ratio / 
SAAID 

Young 
volunteer, 
collagen to 
elastin ratio / 
SAAID 

Aged 
volunteer, 
collagen to 
elastin ratio / 
SAAID 

Mean value 1.62/0.33 2.01/0.45 1.63/0.33 2.00/0.44 1.63/0.33 1.99/0.43 

First quartile 1.32/0.21 1.83/0.38 1.32/0.21 1.84/0.38 1.23/0.23 1.33/0.38 

Third 
quartile 

2.10/0.43 2.42/0.53 2.01/0.40 2.38/0.52 2.05/0.40 2.36/0.50 

 

The results show a reduction in the noise component for each volunteer. The spread is reduced by smoothing of the 
image that is reducing the noise value due to weighted averaging within the window region.After applying of the median 
filter to the measurements, we obtain better noise removal of MPT data. The spread in the values of the collagen to 

Proc. of SPIE Vol. 10614  106141Q-3
Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 17 Dec 2019
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use



 

 

elastin ratio b
less than 0.05

In these studi
shows the exa

Figure 2.Th
ap

The phasors p
the waveleng
gives better f
phasor approa

becomes smal
5 compared wi

ies, for the are
ample of FLIM

he decay of flios
pplying the rank

plots (see Fig
gth of the lase
filtering of da
ach. 

ller, which ind
ith the aged v

eas of interest
M data obtaine

b 

serscence signa
k filter with the

g.3) were cons
er used (760nm
ata and reduce

dicates a more
olunteers grou

t, the distribut
ed as a result 

 

al: a) total value
 window 4, ran

structed using 
m). In this cas
es the spread,

e qualitative s
up (this interv

tion of photon
of summing a

a 

e of photons in t
nk 2 c) data afte

the formulas
se, using a fil
, not only on 

separation.All
val was obtain

ns in time (reg
all the photons

 

the 10x10 regio
r applying the r

(1). The modu
lter with a win

the original 

l these results
ed using U Te

gion of 10x10
s in the area un

 

c 

on, for different
rank filter with 

ulation freque
ndow size of 
FLIM data, b

s have a confi
est Mann-Whi

0) was consid
nder consider

t time intervals,
the size 3, rank

ency was chos
7 and a param

but also transf

dence interva
itney). 

dered. Figure 2
ration. 

 

, b) data after 
k 7. 

sen in view o
meter of k = 3
formed by the

al 

2 

f 
3 
e 

Proc. of SPIE Vol. 10614  106141Q-4
Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 17 Dec 2019
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use



015

010

005 .

000'

- 0 05

- 0 10

- 0 15

- 0 20

- 0 25

+ +

e+
+ 4 >....Alp;

+

+ tia

-0 25 -0 20 -0 15 -0 10 -0 05 000 005 010 015

0.15

0.10

0.05

0.00

-0.05

-0.10

-0.15

-0.20

-0.25
-025 -&20 -015 -0.10 -005 0.00 0.05 0.10 0.15

 

 

 
a      b 

Figure 3.Image of FLIM data on phasor plot:  a) blue marks depict original data, orange marksdepictdata after rank filter with k = 2 
and rank = 4 b)blue bluemarksdepictoriginal data, orange marksdepictdata after rank filter with k = 3 and rank = 7 

 

4 CONCLUSION 

We useddigital filters to reducethe noise from data obtained by MPT, MPT-FLIM. The results obtained with MPT (data 
from AF and SHG) show that filtration allows to decreaserandom variations in the  collagen to elastinratio. It is shown 
that the median filter allows to reduce noise more qualitatively, since the data after filtering is separated more 
qualitatively, the first and third quartiles are closer to the average value. It is also true for FLIM data. These results are 
obtained not only in the case of approximation of the damping curve, but also in the phase space using the phasor 
approach. 
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