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Abstract: An approach to generate the tunable fractional vector curvilinear beams (VCBs)
was proposed. The scheme is based on the vector optical field generator (VOFG) system,
where the two orthogonal polarized scalar curvilinear beams (SCBs) are generated to be
the base vector components, and coaxially superposed by a Ronchi grating. We design a
new phase distribution with several loops of 0 to π in order to generate more dark gaps.
The phase distribution becomes nonuniform by varying the phase variation rate and the
positions of the dark gaps are changed. Using the different parameters of the curves, the
fractional VCBs with different shapes are achieved. The two orthogonal polarized SCBs
with the opposite topological charges are modulated to perform the beam conversion by a
phase-only computer-generated hologram (CGH). Our experimental results comply with the
theory and the radial opening of the dark gaps may have some applications for guiding and
transporting particles.

Index Terms: Tunable, phase distribution, dark gaps, beam shaping.

1. Introduction
The vector beam (VB) plays a very important role in the long history of the optical development. As
is known to all, VB has attracted a lot of attention due to its special features with spatially polarized
structures, which have been used for laser processing of materials [1], [2], imaging application
[3], [4], optical manipulation and optical trapping [5]. Recently, many methods of VBs generation
have been proposed, and some of them designed and used the special optical elements, such as
conical Brewster prism [6], single plasmonic metasurface [7], subwavelength gratings [8], [9], and
interferometers [10]. Also, there are some other methods to directly generate VBs via the specially
designed lasers [11], [12]. In 2016, Li et al. proposed the concept of the perfect vector beam (PVB)
[13], which is a combination of the VB and the perfect optical vortex (POV) [14]. In 2018, Pradhan
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et al. reported the generation of the perfect cylindrical vector beams (PCVBs) [15]. Based on the
special interferometric method, the ring width and diameter are completely controlled, respectively.

Beam shaping has extensive effects on optical trapping [16], and the design of more shapes of
the vortex beam can be widely used in the optical cage [17], optical regulation and acceleration of
microparticles [18]. Subsequently, many ideas of applying beam shaping to scalar field have been
proposed. In 2017, Kovalev et al. generated an elliptic perfect optical vortex (EPOV) beam [19],
and Porfirev et al. studied the non-ring POV in 2018 [20]. Also, many works of the beam shaping
using the digital micromirror device (DMD) have been reported, such as shaping the symmetric Airy
beam [21] and the vortex symmetric Airy beam [22], generating the accelerating peculiar polygon
beams [23] and the POV beams with large topological charges [24], and superpixel modulating the
intensity and phase of the beams [25].

Due to the widespread application of VBs, the shaping of VBs becomes more important. In fact,
more useful states and shapes can be provided by adjusting the degree of polarization and spatial
freedom of the vector beams. In 2016, Mitchell et al. proposed a method to generate and switch
VBs with spatially controllable intensity, phase and polarization using the DMD [26]. Afterwards,
Li et al. applied the beam shaping to the PVB using the spatial light modulator (SLM), and achieved
the elliptic perfect vector beam (EPVB) [27]. Changing from scalar field to vector field, such kind
of the beam may provide more potential applications for vector optical field shaping, like complex
optical trapping [28]. But it should be pointed that the beam shaping is rarely relation with the vector
beams having the fractional topological charge.

Fractional optical vortex is a special vortex beam where the topological charge is a fraction
[29]. The bright ring has a special and distinctive radial gap, and it will provide more additional
control parameters. More investigations in the fractional optical vortex have been reported, such as
the study of spiral phase about fractional vortex beams [30], [31], the orbital angular momentum,
the topologically structured darkness of a fractional vortex beam [32], the “perfect” fractional vortex
beams [33], and so on. Many methods generating the fractional optical vortex beams have also been
proposed where different elements were used, including spiral phase plate [34], optically uniaxial
crystals [35] and forked diffraction gratings [30]. Considering the unique nature, the fractional optical
vortex beam may be used in optical sorting [36], guiding, transporting and trapping particles [37], the
manipulation in multiple microparticle [38] and the anisotropic edge enhancement [39]. However,
few reports about fractional VBs have been reported.

In this letter, the fractional optical vortex, VB and beam shaping are realized in one system, and
we use a method to generate the fractional VBs along the arbitrary curves, which is called the
fractional vector curvilinear beams (VCBs), and change the parameters of the curvilinear beams, in
order to achieve more shapes. On this basis, we generate more dark gaps by designing fractional
phase distributions, and the positions of dark gaps are changed by varying the phase variation rate.
The experimental results well comply with the simulation results.

2. Principle of the Technique
First, we begin to shape a scalar curvilinear beam (SCB), and its intensity and phase distribution
follow a prescribed 2D curve. This method was reported by using a modified technique which is a
holographic beam shaping technique [40], [41]. So at the incident plane, the complex amplitude is
mathematically written as

H (x, y) = 1
L

∫ T

0
g (t) exp

[
−

(
i k
f

)
|c (t)| (x cos t + y sin t)

]
dt (1)

where k = 2π/λ, λ is the light wavelength, L is the length of the curve, c(t) = [x0(t), y0(t)] represent
the discretional 2D curve in the coordinate, and t � (0,T). The complex function g(t) is calculated
as

g (t) = ∣∣c′ (t)
∣∣ exp [iϕ (t)] (2)
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TABLE 1

Parameters of Curves

the parameter c(t) = dc/dt = [x ′
0(t), y ′

0(t)], and the phase distribution function ϕ(t) is expressed by

ϕ (t) = 2πl [S (t) /S (T )]α (3)

where l is the topological charge, α is a real number which is actually used for determining the
phase variation rate of the curve c(t). In general, when α = 1, the phase variation is uniform, when
α�1, the phase variation is nonuniform. The |c’(t)| is determined by

∣∣c′(t)
∣∣ =

√
[x ′

0 (t)]2 + [y ′
0 (t)]2 (4)

It is worthwhile to note that the amplitude distribution of the field along the curve is proportional
to the |c’(t)|, and the curve length L is:

L =
∫ T

0

∣∣c′ (τ)
∣∣ dτ (5)

Consequently, the |c’(t)| in Eq. (2) is a parameter to make sure the uniform distribution of intensity
along the curve [40]. And the real function S(t) in Eq. (3) is defined as

S(t) =
∫ t

0

∣∣c′(τ)
∣∣ dτ (6)

it is used to control the amplitude and phase of the curve.
Then, in order to strengthen the pattern extinction phenomenon and enhance the obvious extent

of the fractional radial gap, we consider to turn the above generated 2D curve beam into a curve
with controllable thickness by using one of the methods which we previously reported [42]. So the
complex computer-generated hologram (CGH) E (x, y) is simply calculated from the summations
of all the incident fields which is under the different radius of the curves, and it is mathematically
written as follow:

E (x, y) =
n∑

i=1

A i · H i (x, y) (7)

where A i is a weight factor responsible of the curve, it is used to regulate the distribution of the
amplitude. We choose the width to be n = 8 in the experiment.

In order to change the shapes of the curves, we use the method in our paper previously reported
[42]. The parametric expressions of each curve (x0(t), y0(t)) are listed in Table 1, where t � [0, 2π],
the shape of the polygon can be changed according to the value of c, such as trefoil (c = 3), quatrefoil
(c = 4), pentagram (c = 5), hexagon (c = 6) and so on. In this paper, the case of quatrefoil (c = 4)
is selected in the experiment, and by using different parameter expressions, we can obtain different
shapes of the SCBs.

For the purpose to achieve the fractional SCBs, we change the topological charge to be half-
integer. Fig. 1 shows the simulated results of the intensity patterns and the phase patterns with
different curvilinear parameter expressions and topological charges l. As shown in Fig. 1(a1) and
Fig. 1(a2), there is a dark gap on the bottom (initial position) of the intensity pattern when l = −0.5,
but the dark gap disappears when l = −1. This novel and interesting phenomenon can be explained
using the phase patterns. In Fig. 1(b2), when l = −1, the whole phase is completely and uniformly
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Fig. 1. The simulated results of intensity patterns and phase patterns of SCBs with different curvilinear
parameter expressions and topological charges l.

distributed, and it increases azimuthally from 0 to 2π in a counterclockwise direction (it will increase
azimuthally clockwise from 0 to 2π when l = +1). While l = −0.5, refering to Fig. 1(b1), the phase
just increases from 0 to π. It should be pointed that there is no phase discontinuity when l is an
integer, correspondingly, the intensity patterns are complete which means no dark gap appears. A
phase difference (π) on the bottom when l = −0.5 results to the phase discontinuity and a dark gap
is showed.

Now we apply this interesting theory to the cases of higher order fractional topological charges.
Fig. 1(b3) and (b4) show two different phase distributions of l = −1.5 at the same time. The Fig. 1(b3)
is the case of normal phase pattern, which completely produces an azimuthal phase variation of 3π.
The phase from 0 to 2π represents the integer part, and the phase from 0 to π indicates the fraction
part. There is one phase discontinuity with the value of π and a dark gap is located at the bottom.
Instead of the case of normal phase pattern, we design a new mode of the phase [43], namely, the
phase distribution is divided into three parts of 0 to π, and it produces the same azimuthal phase
variation of 3π. As shown in Fig. 1(b4), we change the phase distribution in normal mode. When the
value of the integer part between π and 2π minus π is performed, the phase of the integer part is
consist of two same parts (0 to π). Combining with the phase of the original fraction part, there are
three phase distributions from 0 to π. The important thing is that the total phase distribution of the
3π is unchanged, which means that the topological charge still equals to 1.5. By using a conditional
function to replace the original phase distribution function ϕ(t) above, several phase distributions
from 0 to π can be realized. The conditional function ϕ2(t) is expressed as

ϕ2 (t) =
{

ϕ (t) , if (m − 1) 2π ≤ ϕ (t) ≤ (2m − 1) π, m ≥ 1, m ∈ Z

ϕ (t) − (2m − 1) π, if (2m − 1)π ≤ ϕ (t) ≤ 2mπ, m ≥ 1, m ∈ Z
(8)

Where m represents a complete set of integers from 1 to the integer part of the l, Z represents the
positive integer. During one phase period from 0 to 2π, the part of π to 2π will be subtracted by π,
and two phase distributions from 0 to π appear. For example, when l = 1.5, m = 1; when l = 2.5,
m = {1, 2}; and when l = 5.5, m = {1, 2, 3, 4, 5}. Based on the method, when l = 1.5, there are
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Fig. 2. The simulated results of the distinctive intensity patterns and controlled phase variations of
tunable fractional SCBs with topological charge l = −1.5 and different parameter α.

three dark gaps in the intensity pattern which are located at three positions with the same azimuth
interval of 120°. The essential reason of the formation of these dark gaps is the discontinuity of the
phase. Using this phase distribution theory, more dark gaps in the different situations are realized.
We further simulated the case of l = −2.5, which is shown in the last column of Fig. 1. The simulation
has five dark gaps, which is satisfied with our previous theory.

It is worthy mentioned that the simulation results above are carried out in the case of α = 1, and
all of the phase variations are uniformly distributed. No matter what the topological charge is and
how many dark gaps there are, they are always evenly distributed by a degree of azimuth, like l =
±1.5, the dark gaps are located at each position of 120°. Now we change this situation through
the parameter α, and Fig. 2 shows the simulation results of the distinctive intensity patterns and
controlled phase variations with topological charge l = −1.5 and different parameters α. The results
of the simulation show that the phase variation rate has been changed, and the positions of the dark
gaps on the intensity patterns are also moved. It broadens the theory of the uniform distribution of
the azimuth, and the uneven distribution of the dark gaps is displayed.

In the experiment, we choose the vector optical field generator (VOFG) system [44], [45]. First,
we use the Eq. (1), Eq. (7) and Eq. (8), and give the opposite topological charges to calculate the
complex amplitude fields of E L (x, y) and E R (x, y), which are used to generate the two base scalar
beams of the fractional VCBs. Then we treat the two complex amplitude fields as two orthogonal po-
larized optical channels, and two phase shifting factors of exp(i2πx sin φx/λ) and exp(i2πy sin φy/λ)
are imposed to each direction of the channels. Using two quarter-wave plates (QWPs), the pair of
base scalar beams is transformed into the mutually orthonormal circular polarization states. Con-
sequently, the total complex CGH which are used to generate the fractional VCBs at the incident
plane is mathematically calculated as

E total (x, y) = E L (x, y) · exp (i2πx sin φx/λ) + E R (x, y) · exp
(
i2πy sin φy/λ

)
(9)
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Fig. 3. Schematic representation of the experiment setup for generating fractional VCBs.

At last, we use the “double-phase” method [46], [47] to encode this complex value E total(x, y) into
a phase-only CGH which is imprinted on a SLM (Holoeye Leto, 6.4 μm pixel pitch, 1920 × 1080
resolution).

3. Experimental Setup
The experiment setup of the VOFG system is shown in Fig. 3. A laser beam with a wavelength of
532 nm launched from a solid-state laser is collimated and expanded through a beam expander
which is consist of two lenses. Then the beam arrives at the SLM plane, and the diffracted beams
which are generated from the reflective SLM pass through the 4f optical filtering system, and under
the influence of the two phase shifting factors which are mentioned above, the diffracted beams are
spatially filtered towards horizontal (x-) and vertical (y-) direction, respectively. Two quarter-wave
plates (QWPs) are immediately behind the filtering plane, to realize the function of polarization
transformation of the separated beams which are converted into left and right circular polarization
components. Ronchi grating is also placed at the end of the 4f system to achieve the coaxial
superposition of this two divided base vector beams, and the last lens of L3 (f = 100 mm) is used
to make this pair of base beams spread into the focal plane through the Fourier transformation
(FT). At last, the experimental intensity patterns of the fractional VCBs are recorded by using the
charge coupled device (CCD) camera, and the pattern extinction phenomenon appears by rotating
the analyzer (P2).

4. Results and Discussion
The fractional VCBs are generated by our method, as illustrated in Figs. 4, 5, and 6. The phase
distribution is divided into several parts of 0 to π. The experimental results are consistent with the
expectations of the simulation. The difference of the extinction phenomenon between the polarizers
(marked with red dashed circles) and fractional order (marked with blue dashed circles) is clear.
Unlike the conventional topological charge of integer, the polarization state is changed in a half of
phase period. While the topological charge is 0.5, the polarization state was rotated by 180 when
it returns to the initial position. So the polarization state does not show the radial polarization state
which is shown in the case of l = 1, and the polarization state is uncertainty at the initial position
[44], where a dark gaps can be observed without analyzers. In the case of l = 1.5, the polarization
state shown is equivalent to three repetition of l = 0.5. The dark gap occurs at the discontinuity of
the phase, which means that there is an uncertain polarization state. More positions of the phase
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Fig. 4. Simulated and experimental results of generating fractional VCBs with topological charge
l = ±0.5.

Fig. 5. Simulated and experimental results of generating fractional VCBs with topological charge
l = ±1.5.
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Fig. 6. Simulated and experimental results of generating fractional VCBs with topological charge
l = ±2.5.

discontinuity, and more dark gaps. Using our method, when the fractional topological charge is
increased, more dark gaps can be realized.

The results of the tunable fractional VCBs with controllable phase variations by changing the
parameter α are shown in Fig. 7, we select the shape of the quatrefoil for experimental verification
and choose to change the different parameters α with the topological charge of l = 1.5. Both the
dark gaps caused by the fractional order (marked with blue dashed circles) and the extinction phe-
nomenon caused by polarizers (marked with red dashed circles) have changed, the experimental
results are in agreement with the simulation results. An interesting phenomenon is that the extinc-
tion region will become with the increasing of α when the fast axis direction of the polarizer is at
90°. The reason is that the delay of polarization gradient is caused by the retardance of the phase
variation in the lower left corner.

It should be highly noted that compared with the traditional cylindrical vector beams (CVBs),
the polarization structure of the fractional VCBs is asymmetric. The CVBs can be geometrically
represented by the higher-order Poincaré sphere [48], and its polarization structure is rotational
symmetric. When the rotational symmetry of the CVB is broken, the intrinsic vortex phases carried
by the two spin components of the VB, is no longer continuous in the azimuthal direction, and
leads to the spin accumulation occurring at the edge of the beam [49]. Due to the inherent nature
of the phase and independency of light-matter interaction, the observed photonic spin Hall effect
(SHE) is intrinsic [50]. Based on the above theory, for the fractional VCBs we proposed, due to
the discontinuity of the phase, the rotational symmetry of the intensity is also broken, and it can
be considered that a spin-dependent splitting (SDS), or the intrinsic photonic SHE, should present
during the process of propagation. Depending on the analysis, the polarization structure of the
vector polarization could not keep the initial shape during the propagation. In this regard, it may
reveal some new ideas for the generation and manipulation of spin-polarized photons.
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Fig. 7. Simulated and experimental results of generating the tunable fractional VCBs of the quatrefoil
shape with different parameters α and topological charge l = ±1.5.

5. Conclusions
On balance, we propose a simple and feasible method which allows the generation of tunable
fractional VCBs. We design the fractional phase distribution which is divided into several parts of 0
to π, and get more dark gaps. By modifying the parameter α in the formula, we can also adjust the
phase variation rate, and control the position of the dark gaps according to the above theory of phase
distribution. Then we change the parameters of curves, and obtain the tunable fractional VCBs with
more shapes. In the experiment, we generate the tunable fractional VCBs by the space orthogonal
superposition of two base fractional SCBs with left and right circular polarization components and
opposite topological charges. Our experimental results comply with our theoretical predictions, and
the radial opening of the dark gaps may be used to guide and transport particles.
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sphere with metasurface,” Appl. Phys. Lett., vol. 104, no. 19, 2014, Art. no. 191110.
[49] X. Ling et al., “Realization of tunable spin-dependent splitting in intrinsic photonic spin Hall effect,” Appl. Phys. Lett.,

vol. 105, no. 15, 2014, Art. no. 151101.
[50] X. Ling et al., “Recent advances in the spin Hall effect of light,” Rep. Progr. Phys., vol. 80, 2017, Art. no. 066401.

Vol. 11, No. 6, December 2019 6501311



<<
  /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 false
  /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 false
  /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 false
  /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


