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Inversion of Bubble Size Distribution Based on
Whale Optimization Algorithm
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Abstract—A particle size inversion method based on whale opti-
mization algorithm (WOA) is presented. In the experiment, the
small angle forward scattering measurement system is used to
conduct experimental research on the inversion of bubble particle
size. WOA is used to invert and simulate the bubbles that follow
a certain distribution, adding different levels of random noise to
verify the stability of the algorithm. The results verify the feasibility
and stability of applying WOA to particle size inversion.

Index Terms—Whale optimization algorithm, small angle
forward scattering method, bubble size distribution.

I. INTRODUCTION

PARTICLES refer to tiny solid, liquid or gas in condition of
segmentation, which is either dispersed in a liquid medium

or dispersed in a gaseous medium to form a two-phase substance.
The accurate detection of particle size characteristics and their
distribution is of great significance for many fields, such as
chemical production [1], material preparation [2], medicinal
products [3], environment monitoring [4] and so on. There
are many methods for particle size measurement. The image
method is the most direct but the accuracy is limited, while the
ultrasonic method will destroy the particles and lead to errors in
the results [5]. The optical measurement technology based on
the principle of light scattering has been widely studied and
applied in recent years, with the advantages of non-contact,
real-time and rapid, wide particle size measurement range, wide
applicability and high measurement accuracy [6], [7], [8], [9],
[10]. The solution of particle size distribution is essentially
to solve the first Fredholm integral problem [6]. This kind of
problem is difficult to solve stably because of its inadequacy, so
the non-independent mode algorithm is usually used in the light
scattering measurement.

Traditional optimization algorithms such as Levenberg-
Marquardt (L-M) method, simplex method and quasi-Newton
method have the disadvantages of slow speed and easy to fall
into local optimality. In recent years, many researchers have tried
to apply some intelligent optimization algorithms with better

Manuscript received 9 March 2024; revised 21 May 2024; accepted 26 May
2024. Date of publication 30 May 2024; date of current version 11 June 2024.
(Corresponding author: Lin Ma.)

The authors are with the School of Optoeletronic Engineering, Xidian Uni-
versity, Xi’an 710071, China (e-mail: 22191215013@stu.xidian.edu.cn).

Digital Object Identifier 10.1109/JPHOT.2024.3406886

global performance to particle size inversion. The common non-
independent model intelligent optimization algorithms, such
as the genetic algorithm, the cuckoo algorithm, the artificial
fish swarm algorithm and the artificial bee colony algorithm
are easy to fall into local optimal solutions, and have poor
performance when facing high-dimensional complex problems
and engineering design [11], [12], [13], [14]. As a swarm in-
telligence optimization algorithm, the whale optimization algo-
rithm (WOA) has the advantages of easy to jump out of the
local optimal solution, good globality, and fast solution speed
[15].

We choose the WOA to invert the bubble size, and the bubble
size distribution inversion algorithm is analyzed and simulated
theoretically as well as the robustness of the WOA is detected
by adding noise. Experimentally, a small angle forward scat-
tering wake bubble size measurement experimental device is
used to carry out multiple sets of experimental measurements
to verify the particle size distribution of the WOA inversion.
Basing on the WOA inversion, the particle size distribution is
basically consistent with the actual particle size distribution,
which shows that this method has certain feasibility in solving
the problem of particle size inversion distribution, and can be
used in the research field that needs to measure the particle size
distribution.

II. INVERSION ALGORITHM AND SIMULATION OF PARTICLE

SIZE DISTRIBUTION

A. Bubble Particle Size Inversion Algorithm

Assuming that the particle size of the bubble group to be
measured follows the probability distribution N(D) and the
scattered light intensity of each bubble is IMie(θ,D,m), the
total scattered light intensity received Is(θ) is expressed as
follows:

Is (θ) =

∫ Dmax

Dmin

IMie (θ,D,m)N (D) dD, (1)

where Dmax and Dmin respectively represent the diame-
ters of the largest and smallest bubbles. Equation (1) is the
first Fredholm integral equation, which can be simplified as
follows:

Is (θi) =
∑
j

IMie (θi, Dj ,m)N (Dj), (2)
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which can be expanded as Eq. (3):

Is =

⎡
⎢⎢⎢⎣
Is (θ1)
Is (θ2)

...
Is (θi)

⎤
⎥⎥⎥⎦

=

⎡
⎢⎢⎢⎣
IMie (θ1, D1,m) , IMie (θ1, D2,m) , . . . , IMie (θ1, Dj ,m)
IMie (θ2, D1,m) , IMie (θ2, D2,m) , . . . , IMie (θ2, Dj ,m)

...
IMie (θi, D1,m) , IMie (θi, D2,m) , . . . , IMie (θi, Dj ,m)

⎤
⎥⎥⎥⎦

·

⎡
⎢⎢⎢⎣
N (D1)
N (D2)

...
N (Dj)

⎤
⎥⎥⎥⎦ = A ·N. (3)

Where, Is is the column vector of real measured light intensity
distribution, and Is(θi) represents the light intensity received
by the ith pixel on the linear array CCD. A is the intensity
coefficient matrix of magnitude i × j. Ai,j = IMie(θi, Dj ,m)
is the theoretical value of light intensity scattered by the bubble
with particle size Dj on the ith pixel, θi is the scattering angle
corresponding to the ith pixel, and m is the relative refractive
index. N is the column vector of particle size distribution, and
N(Dj) represents the number probability of bubbles with particle
size Dj in the area to be measured. Therefore, the inversion of
particle size distribution N(D) can be realized by solving Eq. (3).

B. Bubble Size Inversion in Constrained Mode Base on WOA

The WOA is to compare the optimization process of the
algorithm to the process of whales searching for prey, uses
simulations to break down the whale’s predatory behavior into
three actions: encircling prey, bubble net attack, and search for
prey [15]. We can see the basic calculation flow of WOA in
Fig. 1, and then we also show and analyze the formulas of the
three stages of WOA.

1) Encircling Prey: The position of the leading whale as the
optimal search individual is denoted as XP , and the position of
other whale is denoted by X.

−→
d =

∣∣∣−→C · −→XP (k)−−→
X (k)

∣∣∣ , (4)

−→
X (k + 1) =

−→
XP (k)−−→

H · −→d . (5)

Where d is the absolute value of the distance between the
whale and the prey, k ∈ [1, kmax] is the number of iterations,
and the vectors H and C can refer to [15].

2) Bubble Net Attack: The spiral motion equation of a whale
in a bubble net attack is as follows:

�d′ =
∣∣∣−→XP (k)−−→

X (k)
∣∣∣ , (6)

−→
X (k + 1) = �d′ · ebl · cos (2πl) +−→

XP (k) , (7)

Where, b can determine the trajectory of the whale’s spiral
movement, usually 1, l ∈ [−1, 1] is a random number. When p

Fig. 1. Flowchart of whale optimization algorithm.

< 0.5, encircling the prey, and p ≥ 0.5, hunting the prey.

X(k + 1) =

{
XP (k)−H · d if p < 0.5,

d′ · ebl · cos (2πl) +XP (k) if p ≥ 0.5.
(8)

3) Search for Prey: As described in [15]: when H ≥ 1, the
position of an individual whale is randomly selected in the
individual population as a reference, and the position update
formula is as follows:

−→
X (k + 1) =

−→
Xr (k)−−→

H · �d′′, (9)

�d′′ =
∣∣∣−→C · −→Xr (k)−−→

X (k)
∣∣∣ . (10)

Where Xr is the position of the randomly selected individual
whale, and d" is the absolute value of the distance.

In order to verify the feasibility of the WOA. Here, we use this
algorithm to invert the bubble particle size. Assuming that the
characteristic particle size parameter D̄ of the original particle
size distribution of the bubble is 70 μm, and the particle size
distribution width parameter σ is 5, the original particle size
distribution of the bubble is shown in Fig. 2. In addition, 3%,
5% and 10% random noises are added to the simulation calcula-
tion to verify the anti-noise performance of the algorithm. The
parameters of scattering light intensity matrix A are as follows:
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Fig. 2. Original distribution of bubble size.

TABLE I
PARAMETER SETTING OF WOA

TABLE II
INVERSION RESULTS OF WOA

the wavelength of the incident light is 532 nm, the receiving
angle of the scattering light intensity ranges from 0 to 6.657°,
the dispersion is 149 points, the particle size ranges from 3 to
200 μm, and the particle size intervals are divided into 100 at
equal intervals, then the coefficient matrix A is a matrix of order.
The parameter settings for WOA are shown in Table I.

We use WOA to solve the objective function under these three
types of noise for 20 times respectively. The average value and
standard deviation of the 20 groups of solutions are obtained,
as shown in Table II. The bubble particle size distribution curve
drawn according to the average values of D̄ and σ in the table
is shown in Fig. 3.

By analyzing the above information, we can find that: when
the noise level is below 10%, the mean value of D̄ obtained by in-
version is very close to 70μm, while when the noise level is 10%,
the obtained D̄ is 75.046 μm, and the relative error is 7.21%.
The parameter σ decreases with the increase of noise, indicating
that noise will widen the particle size distribution curve and the

Fig. 3. Bubble size distribution of WOA inversion under different noise levels.

Fig. 4. The iterative process of the WOA.

larger the noise, the wider the width. From Table II, it can be
seen that the results obtained by running 20 times under different
noise levels have little difference, which indicates the stability
of the algorithm. When the noise level is low, the obtained
results are basically consistent with the original distribution.
When the noise level is 5%, the peak value of the particle size
distribution decreases and the curve widens compared with the
original distribution. When the noise is 10%, not only is the peak
significantly reduced, the particle size corresponding to the peak
is increased, but the curve broadening is also very obvious.

Here, we record the variation of the objective function with
k during the WOA operation when the noise level is 3%, as
shown in Fig. 4. We can see that the WOA converges quickly in
the iterative process, and the value of the objective function can
converge to a small value in the 10th iteration, and the calculation
efficiency is high. The data analysis shows that the WOA used in
the measurement of bubble size distribution has certain accuracy
and reliability.

C. Bubble Size Inversion Simulation Based on Chahine

The Chahine algorithm originally been used to measure at-
mospheric temperature distribution, and further research found
that it can also be applied to particle measurement. The iterative
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Fig. 5. Iterative results of Chahine algorithm under noises.

formula of Chahine algorithm is shown as (11):
⎧⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎩

I
(k)
s = AN(k)

h(k) = Is./I
(k)
s

c(k) =
(
ATh(k)

)
.
/

sum
(
AT

)
N(k+1) = c(k). ∗N(k)

(11)

Where k represents the number of iterations, and “sum” is
the operator for summing matrix columns. The outstanding
advantages of the Chahine algorithm are fast convergence speed,
simple iteration formula, good results can be obtained without
noise interference, and the initial value of the particle size
distribution column vector has little influence on the iterative
results. However, the disadvantages of this algorithm are also
obvious. As shown in Fig. 5. when the measured data contains
noise, the results obtained will not get better with the increase
of the number of iterations, and the optimal number of iterations
will change with the difference of the noise level [16]. Because
the rising movement of the bubble causes the distribution of
scattered light to change to some extent, so that the noise level
is different at different times, it is difficult to select the number
of iterations when using this algorithm to measure the bubbles.

In order to conduct a comparative study with WOA, we select
the Chahine algorithm to invert bubbles at different noise levels,
and the bubble size curve distribution is shown in Fig. 6. It can be
seen that the inversion results obtained by the Chahine algorithm
are somewhat deviated from the original bubble size distribution.
When the noise level increases, the peak value of the bubble
size distribution curve decreases and widens. By comparing the
results obtained from the WOA inversion in Fig. 3, it can be
found that the WOA results are better than the Chahine results
at the same noise level.

III. EXPERIMENT

A. Experimental System Introduction

The process of the experiment is as follows: firstly, the ex-
tended collimated beam is irradiating onto a group of bubbles

Fig. 6. When k = 40000, the bubble size distribution of Chahine algorithm
under different noise levels.

Fig. 7. Small angle forward scattering wake bubble particle size measurement
system.

TABLE III
THE MODEL AND PARAMETERS OF THE EXPERIMENTAL DEVICE

in a cylinder. The incident light is scattered by a group of
bubbles and received by a fourier lens, forming a circularly
symmetric scattered light field on the rear focal plane of the lens.
The scattering light intensity data is collected by linear array
CCD and transmitted to the computer for storage and analysis.
The experimental system is shown in Fig. 7. The model and
parameters of the experimental device are shown in Table III.

B Inversion of Bubble Size Distribution

1) Tracer Particle Inversion: Tracer particles of different
sizes are dropped to verify the effectiveness of the experimental
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Fig. 8. The solution results of tracer particle size distribution.

Fig. 9. Bubbles image taken by camera.

Fig. 10. Comparison of forward scattered light before and after bubble for-
mation:(a) pre-bubble and (b) post-bubble.

system. Here, we use the WOA to solve the scattered light
intensity distribution of these three particles, and obtain the
tracer particle size distribution as shown in Fig. 8. We can see
that the peak values of particle size distribution curves obtained
by WOA are about 10 μm, 20 μm, and 50 μm, respectively.
And these three tracer size distribution curves have a certain
broadening, indicating that there is a certain range of particle
size. It may also because the impurities in the water and the
impurities in the air will also have a certain scattering of the
laser, which will affect the experimental results.

2) Measurement of Bubble Size Distribution: Firstly, esti-
mating the bubble size range use image method. Here, we get
bubble size d in the figure is between 5.3∼26.5 μm. Then, by in-
corporating the image method formula, we can obtain the actual
size D of the bubble can be obtained between 27.56∼137.8 μm.
The following Fig. 9. is an image of bubbles.

Fig. 11. Particle size distribution of bubbles obtained under different collection
times.

Fig. 10. is a comparison of the scattered light before and after
the bubble is generated in the experiment. It can be seen that
after the laser is scattered by the bubble and deviates from the
original propagation direction, thus enlarging the light spot at
the focal plane of the lens.

Fig. 11. shows the bubble size distribution obtained using
WOA at different collection times. It can be seen that: the
particle size of the bubbles is mainly concentrated in the range
of 20∼140 μm, which is consistent with the results of the image
method. The peak value of the particle size distribution curve
is about 60 μm, indicating that the bubbles with a size of about
60μm are the most. Comparing the four curves in the Fig. 11, we
can see that the particle size distribution of the bubbles collected
four times changes very little.

IV. CONCLUSION

A constraint-mode particle size inversion simulation method
based on whale optimization algorithm is presented. The sta-
bility of the algorithm is verified by adding noise during the
simulation. The bubble particle size measurement system is
used to measure the bubble particle size mainly in the range
of 20∼140 μm, and the bubble particle size range obtained by
WOA inversion is basically consistent with the experimental
measurement. The validity, feasibility and stability of measuring
the particle size distribution of bubble wake based on light
scattering method and whale optimization algorithm are verified.

REFERENCES

[1] S. Sampa and S. C. Joachim, “Recent developments in multilayered
polymeric particles–from fabrication techniques to therapeutic formula-
tions,” J. Mater. Chem. B, vol. 3, no. 17, pp. 3406–3419, Apr. 2015,
doi: 10.1039/C5TB00086F.

[2] D. Y. Liu, C. O’Sullivan, and J. A. H. Carraro, “The influence of particle
size distribution on the stress distribution in granular materials,” Géotech-
nique, vol. 73, no. 3, pp. 250–264, Mar. 2023, doi: 10.1680/jgeot.21.00127.

[3] F. Caputo, J. Clogston, L. Calzolai, M. Rosslein, and A. Prina-Mello,
“Measuring particle size distribution of nanoparticle enabled medic-
inal products, the joint view of EUNCL and NCI-NCL. A step by
step approach combining orthogonal measurem-ents with increasing
complexity,” J. Controlled Release, vol. 299, pp. 31–43, Apr. 2019,
doi: 10.1016/j.jconrel.2019.02.030.

https://dx.doi.org/10.1039/C5TB00086F
https://dx.doi.org/10.1680/jgeot.21.00127
https://dx.doi.org/10.1016/j.jconrel.2019.02.030


1501906 IEEE PHOTONICS JOURNAL, VOL. 16, NO. 4, AUGUST 2024

[4] D. Koestner, D. Stramski, and R. A. Reynolds, “Characterization of
suspended particulate matter in contrasting coastal marine environments
with angle-resolved polarized light scattering measurements,” Appl. Opt.,
vol. 60, no. 36, pp. 11161–11179, Nov. 2021, doi: 10.1364/AO.441226.

[5] M. Uher and P. Benes, “Measurement of particle size distribution by the use
of acoustic emission method,” in Proc. IEEE Int. Instrum. Meas. Technol.
Conf., 2012, pp. 1194–1198.

[6] S. Y. Cai, J. D. Mao, H. Zhao, C. Y. Zhou, X. Gong, and H. J. Sheng, “Inver-
sion algorithm for non-spherical dust particle size Distributions,” Opt. Rev.,
vol. 26, no. 3, pp. 319–331, Jun. 2019, doi: 10.1007/s10043-019-00505-7.

[7] B. R. Angara, P. Shanmugam, and H. Ramachandran, “Inversion of
volume scattering function for estimation of bubble size distribution
in ocean waters,” IEEE Access, vol. 9, pp. 135069–135078, Oct. 2021,
doi: 10.1109/ACCESS.2021.3115253.

[8] G. Q. Huang et al., “Effect of directional movement on dynamic light
scattering,” IEEE Photon. J., vol. 13, no. 3, Jun. 2021, Art. no. 5000213,
doi: 10.1109/JPHOT.2021.3083611.

[9] X. H. He, Q. G. Zhang, R. Zhang, C. Guo, and X. W. Wu, “Research on
detection technology of bubble size distribution in transformer oil based
on MIE scattering theory,” in Proc. 22nd Int. Symp. High Voltage Eng.,
2021, pp. 1740–1743.

[10] Q. Ma, H. Y. Zuo, H. P. Xia, P. P. Liu, and G. D. Zhang, “Influence of
dispersion on particle size-distribution based on multi-wavelength scatter-
ing measurement,” Opt. Eng., vol. 60, no. 3, Mar. 2021, Art. no. 034111,
doi: 10.1117/1.OE.60.3.034111.

[11] J. Dai and J. Q. Shen, “Application of genetic algorithm in par-
ticle size measurement technology based on forward light scatter-
ing,” Acta Photonica Sinica, vol. 50, no. 5, pp. 0512002, Jun. 2021,
doi: 10.3788/gzxb20215005.0512002.

[12] H. H. Zhan, T. T. Zha, B. Hong, and L. Shan, “Particle size dis-
tribution inversion using the Weibull-distribution adaptive-parameters
cuckoo search algorithm,” Appl. Opt., vol. 62, no. 1, pp. 235–245, 2023,
doi: 10.1364/AO.476741.

[13] P. Farhad, R. Wang, C. P. Lim, X. Z. Wang, and D. Yazdani, “A re-
view of artificial fish swarm algorithms: Recent advances and appli-
cations,” Artif. Intell. Rev., vol. 56, no. 3, pp. 1867–1903, Mar. 2023,
doi: 10.1007/s10462-022-10214-4.

[14] L. Shan, H. R. Li, B. Hong, D. D. Wang, T. T. Zha, and M. Kong,
“Inversion of multimodal particle size distribution based on the artificial
bee colony algorithm,” Acta Photonica Sinica, vol. 49, no. 12, Dec. 2020,
Art. no. 1229002, doi: 10.3788/gzxb20204912.1229002.

[15] X. L. Wang, L. Y. Zhang, J. H. Chai, and T. Fei, “A summary of the
research on whale optimization algorithms,” in Proc. Int. Conf. Algorithms,
Microchips, Netw. Appl., 2022, pp. 121760U–1–121760U–4.

[16] L. X. Cao, J. Zhao, M. Kong, L. Shan, and T. T. Guo, “Inver-
sion of particle size distribution based on improved Chahine algo-
rithm,” Infrared Laser Eng., vol. 44, no. 9, pp. 2837–2843, Sep. 2015,
doi: 10.3969/j.jssn.1007-2276.2015.09.051.

https://dx.doi.org/10.1364/AO.441226
https://dx.doi.org/10.1007/s10043-019-00505-7
https://dx.doi.org/10.1109/ACCESS.2021.3115253
https://dx.doi.org/10.1109/JPHOT.2021.3083611
https://dx.doi.org/10.1117/1.OE.60.3.034111
https://dx.doi.org/10.3788/gzxb20215005.0512002
https://dx.doi.org/10.1364/AO.476741
https://dx.doi.org/10.1007/s10462-022-10214-4
https://dx.doi.org/10.3788/gzxb20204912.1229002
https://dx.doi.org/10.3969/j.jssn.1007-2276.2015.09.051


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00111
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00083
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00063
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


