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A Null-Filled Axisymmetric Secant-Square-Shaped
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Abstract—In this letter, an antenna with a null-filled axisymmet-
ric secant-square-shaped beam for the unmanned aerial vehicle is
proposed. The proposed antenna consists of four monopoles with
sequentially rotated feed and a coupling-fed grooved circular patch.
The radiation power ratio of the monopoles and the patch is used
to shape the axisymmetric beam. The effect of the ground is also
investigated to operate positively on beam shaping. A prototype
was fabricated to validate the method and the performance of
the proposed antenna. The gain curves of the proposed antenna
coincide well with the secant-squared (sec2) curve from θ= 0° to θ
= 60° in all azimuthal angles with root mean square error (RMSE)
below 1.35 dB in 5.5–5.7 GHz.

Index Terms—Axisymmetric beam, null-filled radiation pattern,
secant-squared beam shaping, unmanned aerial vehicle (UAV).

I. INTRODUCTION

UNMANNED aerial vehicles (UAVs) gain popularity on
account of their wide coverage, convenient deployment,

and risky-task compatibility. Efficient communication between
a UAV and the ground should be guaranteed.

A shaped beam is preferred for a UAV antenna. The schematic
diagram of the scene mentioned above is illustrated in Fig. 1.
The distance R, height H, and elevation angle θ satisfy the
relationship: R=Hsecθ. Therefore, the gain of the UAV antenna
should be proportional to the square of secθ to compensate for
the path loss. This is the so-called secant-squared beam shaping
[1], [2], [3].

Owing to the flexible relative position between a UAV and a
ground device, the radiation pattern of a UAV antenna should
be axisymmetric. A monopole or a dipole as well as their
variants can provide axisymmetric radiation [4], [5], [6], [7], [8].
However, their intrinsic broadside null should be filled to com-
municate with a ground device right below a UAV. The problem
can be solved by pattern reconfigurable antennas [9], [10], [11],
quadrifilar antennas [12], [13], or combining axisymmetric beam
antennas with broadside antennas [14], [15], [16], [17], [18].

A reconfigurable antenna can switch its beam to cover a wide
scope, whereas the feeding network may be complicated due
to the switches and dc bias circuits. A quadrifilar antenna can
readily be designed to shape its pattern and cover the upper
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Fig. 1. Schematic diagram of the scene where a UAV communicates with
devices on the ground.

hemisphere. Nevertheless, circularly polarized (CP) quadrifilar
antennas match poorly with linearly polarized (LP) antennas that
are usually applied on UAVs and the ground systems. There will
be an additional 3 dB polarization-mismatch loss if a quadrifilar
antenna is employed, which is undesired. When combining an
axisymmetric antenna with a broadside antenna, the feeding
network can be simple, and the polarization can be linear. So
this method may be a good choice. The authors in [14], [15],
[16], [17], and [18] utilized LP or CP broadside beams to fill the
null of axisymmetric patterns with invariant radiation phases on
latitude lines. This will cause the asymmetry of the radiation
pattern. It would be better if the radiation phase of the two kinds
of beams is aligned.

In this letter, an antenna with a null-filled axisymmetric
secant-square-shaped pattern for UAVs is proposed. A conical
beam and a CP broadside radiation pattern are, respectively,
obtained by four monopoles with SRF and a grooved circular
patch. The radiation phases of the monopoles and the patch on
latitude lines are aligned, which are both rotationally varied.
Thus, the axisymmetry of the radiation pattern will not degrade
after combing the monopoles with SRF and the patch. A proto-
type was fabricated and measured. The root mean square error
(RMSE) and maximum error (ME) of the gain curves to the sec2

curve are low in the desired band, pointing to a decent fitting.

II. ANTENNA DESIGN

The geometry of the proposed antenna is demonstrated in
Fig. 2. The antenna is composed of four monopoles with SRF,
a grooved circular metal patch, and a circular ground. The
monopoles are fed by the microstrip feeding network shown
in Fig. 2(d), and the patch is suspended to be coupling fed by
the monopoles. The microstrip feeding network comprises three
Wilkinson power dividers and some delay lines printed on the
F4B substrate (εr = 2.65, and tanδ = 0.0015). The detailed
dimensions of the proposed antenna are listed in Table I.

First, the superposition of a vertical polarized (VP) axisym-
metric beam and a CP broadside beam is investigated. The
sources of the beams are on an infinite ground for a simple
demonstration. The monopoles with SRF can provide a conical
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Fig. 2. Geometry of the proposed antenna. (a) Perspective view. (b) Front
view. (c) Top view. (d) Feeding network.

TABLE I
DETAILED DIMENSIONS OF THE PROPOSED ANTENNA

Fig. 3. (a) Monopoles with SRF. (b) CP patch.

Fig. 4. (a) Radiation pattern in xoz-plane of the monopoles, the patch, and the
combination of the two. (b) Radiation phases in the SRF case and (c) in-phase
feed case.

pattern as illustrated in Figs. 3(a) and 4(a). On the infinite
sphere, the radiation phase distribution of the monopoles on any
latitude line (where coordinate θ is constant andϕ varies only) is
rotationally varied. It can be seen in Fig. 4(b) (the green line) that
the radiation phase will change by one period when azimuthal
coordinate ϕ turns one round. As a comparison, the radiation
phase of four identical monopoles fed in phase is plotted in
Fig. 4(c) (the green line), which is constant on any latitude line.

Fig. 5. Radiation patterns of in xoz-plane (a) with different power ratios in the
ideal case, (b) of the proposed antenna with different patch height, and (c) of
the propose antenna with and without the patch.

The grooved circular patch can provide a CP broadside beam to
fill the null of the monopoles, as shown in Figs. 3(b) and 4(a).
In Fig. 3(b), SRF is used to excite the CP mode to facilitate the
demonstration. Note that the feeding probes shown in Fig. 3(b)
only serves to obtain a CP broadside beam with a single patch in
simulation, and the final feeding scheme of the patch is coupling
feed because the field in the area surrounded by the monopoles
can excite the CP mode of the patch. As shown in Fig. 4(b)
and (c) (the yellow lines), the phase of the Eθ component is
rotationally varied like that of monopoles with SRF. The phase
of the Eϕ component is also rotationally varied, which is omitted
in Fig. 4 for clarity. The radiation phase differences between the
monopoles and the patch are plotted in Fig. 4(b) and (c) (the
red lines). As shown, the phase difference in the SRF case is
almost constant, while that in the in-phase-feed case varies by
one period. Thus, the radiation field of the monopoles with SRF
and the patch will never be canceled out in any direction if the
phase difference is proper. In contrast, the radiation field of the
in-phase fed monopoles and the patch will always be canceled
out in a certain direction, leading to a dip in the pattern. This
is the flaw in [13], [14], and [15]. As for [11] and [12], LP
beams are used to fill the null. The patterns in [11] and [12]
are asymmetric because linear polarization is not rotationally
symmetric.

Next, the method to shape the beam is presented, which is
adjusting the power ratio between the patch and the monopoles.
Fig. 5(a) illustrates the patterns generated by the combination
of the antennas in Fig. 3(a) and (b) with different power ratios.
The more power radiated by the patch, the higher the broadside
gain is. For coupling feed, the power ratio can be tuned by the
height of the patch with little effect on other performances, as
shown in Fig. 5(b). The near E-field of a monopole is mainly
parallel to the ground, which will be suppressed at the vicinity of
the ground. Hence, a lower patch means a weaker coupling. The
size of the patch can also be used, but the operating frequency
will be affected. Fig. 5(c) depicts the actual radiation pattern in
xoz-plane of the proposed antenna with and without the patch.
With the patch, the gain near the broadside is improved and
the ripple is lower than that of the antenna without the patch.
It should be noted that the patch is grooved for miniaturization
to obtain a wider beam and a proper power ratio. As shown in
the inset of Fig. 6(b), the radial slots can elongate the current
path, thus lowering the resonant frequency of the patch. The
active reflection coefficients shown in Fig. 6(a) are attained by
the model in Fig. 3(b) with and without slots. The working band
is lower than the resonant frequency of the patch because, in
sec2 beam shaping, the broadside gain should not be high. But
the resonant frequency of the patch without slots is too high,
leading to weak coupling. By etching radial slots, the resonant

Authorized licensed use limited to: Tsinghua University. Downloaded on December 18,2023 at 07:49:55 UTC from IEEE Xplore.  Restrictions apply. 



DIAO et al.: NULL-FILLED AXISYMMETRIC SECANT-SQUARE-SHAPED BEAM ANTENNA FOR UAVs 1939

Fig. 6. (a) Resonant frequencies of the patch with and without slots.
(b) Radiation patterns in xoz-plane of the proposed antenna with the grooved
patch and the patch not grooved.

Fig. 7. Radiation patterns in xoz-plane of the proposed antenna (a) without the
patch in different ground sizes, and (c) with the patch in different ground sizes.

frequency of the patch can be lowered for a proper power ratio
and the beamwidth will not be narrowed for low ripple. It should
be noted that in Fig. 6(b), the gain rises abruptly on the broadside.
On account of the SRF, the diffraction field on the ground
edge will be constructively superimposed in broadside to radiate
a circular polarization field like that of a circular patch. The
radiation patterns of the proposed antenna without the patch in
different ground sizes are depicted in Fig. 7(a). It can be observed
that a smaller ground leads to a higher gain near the broadside.
Thus, the null can be filled by a small ground. However, the
reduction of the ground will make the maximum gain decrease,
and more energy radiated in the unwanted direction. Moreover,
the beam shaping is carried out within the coverage (from the
broadside to the maximum gain direction). When the size of the
ground decreases, the maximum gain direction will get close to
the broadside, indicating coverage shrinkage. The degradation
caused by the small ground for null filling contradicts with
application consideration. Hence, filling the null with only a
small ground is not applicable although simpler. The radiation
patterns of the proposed antenna with the patch in different sizes
of ground are plotted in Fig. 7(b). As shown, the gain near the
broadside varies drastically with the size of the ground, while
the gain in other directions varies slightly. This is because the
broadside gain will be high with the edge field of the ground and
the patch being in-phase, while that will be low in the out-of-
phase case. When the size of the ground is determined, the shape
of the radiation pattern can always be adapted appropriately by
the patch.

III. SIMULATED AND MEASURED RESULTS

A prototype of the proposed antenna was fabricated as shown
in Fig. 8. The grooved patch is supported by foam (εr ≈ 1). The
microstrip feeding network is located in the center hollow of the
circular metal plate and they are cogrounded by brass tapes in
the bottom. A 50 Ω coaxial cable is used for energy input.

Fig. 8. Photograph of the proposed antenna. (a) Perspective view. (b) Back
view.

Fig. 9. Reflection coefficient of the proposed antenna.

The simulated and measured reflection coefficients of the
proposed antenna are shown in Fig. 9. It can be seen that
the proposed antenna is well matched in the band of interest.
Fig. 10 depicts the simulated and measured radiation patterns
of the proposed antenna in xoz-plane at different frequencies.
The broadside gain is higher with a higher frequency due to a
stronger coupling. Additionally, the direction of the maximum
gain occurs at θ = 60°.

To evaluate the fitting of the patterns to the sec2 curve in
all elevation planes, the gain curves in 36 different sampling
elevation planes (ϕ = 0°, 10°, 20°, . . . , 350°) are plotted in
Fig. 9. At a single frequency, 36 curves of gain are plotted in
the same figure to fit the sec2 curve. Because the maximum gain
occurs at θ = 60°, the range from θ = 0° to θ = 60° is where the
performance of beam shaping is investigated. The expression of
a sec2 curve is as follows:

Gsec2 = C + 20 lg(sec θ), 0◦ ≤ θ ≤ 60◦. (1)

The final C is chosen to be the average of that ob-
tained with least square method in 5.5, 5.6, and 5.7 GHz,
which is −1.4 dB. The fitness of the gain curves in all
36 elevation planes to the sec2 curve is evaluated by the
RMSE. As shown in Fig. 11, the gain curves in 5.5–
5.7 GHz all fit the sec2 curve well. The RMSEs at 5.5,
5.6, and 5.7 GHz, respectively, are 1.35, 0.76, and 1.14 dB
in simulation and 1.23, 0.89, and 1.20 dB in measurement.
The axisymmetry of the radiation pattern from θ = 0° to
θ = 60° can be reflected by the dispersion of the cluster of the
gain curves. Therefore, the RMSE can quantify the performance
of beam-shaping and axisymmetry. A lower RMSE means better
fitness and axisymmetry. The RMSEs, gains, and efficiencies
at different frequencies are depicted in Fig. 10. The RMSE
becomes higher when the frequency deviates from the center
frequency 5.6 GHz. The reason is that the exciting amplitudes
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Fig. 10. Simulated and measured patterns of the proposed antenna in xoz-plane
at (a) 5.4. (b) 5.5. (c) 5.6. (d) 5.7, and (e) 5.8 GHz.

Fig. 11. Simulated and measured gain curves of the proposed antenna in
36 elevation planes. (a) Simulated 5.5 GHz. (b) Measured 5.5 GHz. (c) Simulated
5.6 GHz. (d) Measured 5.6 GHz. (e) Simulated 5.7 GHz. (f) Measured 5.7 GHz.

Fig. 12. (a) Simulated and measured RMSE of the proposed antenna.
(b) Simulation and measurement gain and efficiencies of the proposed antenna.

TABLE II
COMPARISON AMONG THE PROPOSED WORK AND OTHER WORKS

and phases of the four ports will change with the frequency. All
the measured results agree well with the simulated results. The
slight differences between them may be caused by fabrication
tolerances.

Table II compares the performances of this work and other
works. The MEs at the corresponding center frequencies are
calculated to evaluate the performances of beam-shaping for a
thorough perspective of view. In the references, the RMSEs and
the MEs are not given, so they are manually calculated by the
authors from the data of the references. It should be noted that
radiation patterns in only one or two elevation planes are given
in the references, so the RMSEs and MEs in Table II are that
of the given 2-D patterns. And actual RMSEs and MEs may be
higher. It can be seen that not only the RMSE but also the ME
of the radiation pattern are the lowest. Generally, the radiation
patterns of the proposed antenna fit the sec2 curve nicely in all
azimuthal angles.

IV. CONCLUSION

In this letter, a null-filled axisymmetric secant-squared beam-
shaped antenna is proposed. Four monopoles with SRF can
provide the radiation phase distributions varying in step with
that of the grooved circular patch, leading to good axisymmetry.
The height of the patch is used to shape the beam to fit the sec2

curve. The measured results show that the proposed antenna can
radiate an axisymmetric sec2-shaped beam in a wide range. Both
the RMSE and the ME of the gain curves are remarkably low,
indicating an extraordinary fitting in all azimuthal angles.

REFERENCES

[1] C. C. Cruz, C. A. Fernandes, S. A. Matos, and J. R. Costa, “Synthesis of
shaped-beam radiation patterns at millimeter-waves using transmit arrays,”
IEEE Trans. Antennas Propag., vol. 66, no. 8, pp. 4017–4024, Aug. 2018.

[2] R. Sauleau and B. Bares, “A complete procedure for the design and
optimization of arbitrarily shaped integrated lens antennas,” IEEE Trans.
Antennas Propag., vol. 54, no. 4, pp. 1122–1133, Apr. 2006.

Authorized licensed use limited to: Tsinghua University. Downloaded on December 18,2023 at 07:49:55 UTC from IEEE Xplore.  Restrictions apply. 



DIAO et al.: NULL-FILLED AXISYMMETRIC SECANT-SQUARE-SHAPED BEAM ANTENNA FOR UAVs 1941

[3] Y. Ren, X. Luan, Z. Wang, and K. Tan, “Research on the secant squared
beamforming antenna for building coverage,” in Proc. Int. Conf. Microw.
Millimeter Wave Technol., 2019, pp. 1–3.

[4] H.-T. Chou, D.-B. Lin, and H.-L. Chiu, “Planar dual-mode dipole antenna
formed by artificial microstrip arms loaded with multiple H-slots for
broadband operation of vertically polarized radiation on UAV platform,”
IEEE Trans. Antennas Propag., vol. 70, no. 9, pp. 7869–7877, Sep. 2022.

[5] M. Nosrati, A. Jafargholi, R. Pazoki, and N. Tavassolian, “Broadband
slotted blade dipole antenna for airborne UAV applications,” IEEE Trans.
Antennas Propag., vol. 66, no. 8, pp. 3857–3864, Aug. 2018.

[6] L. Sun, B. Sun, J. Yuan, W. Tang, and H. Wu, “Low-profile, quasi-
omnidirectional substrate integrated waveguide (SIW) multihorn antenna,”
IEEE Antennas Wireless Propag. Lett., vol. 15, pp. 818–821, 2016.

[7] P. Liu, Z. Meng, L. Wang, Y. Zhang, and Y. Li, “Omnidirectional dual-
polarized saber antenna with low wind drag,” IEEE Trans. Antennas
Propag., vol. 68, no. 1, pp. 558–563, Jan. 2020.

[8] Y. Zhang, P. Liu, Y. Yin, and Y. Li, “Omnidirectional dual-polarized
antenna using colocated slots with wedgy profile,” IEEE Trans. Antennas
Propag., vol. 69, no. 9, pp. 5446–5454, Sep. 2021.

[9] W. Zhang, Y. Li, Z. Zhang, and Z. Feng, “A pattern-reconfigurable aircraft
antenna with low wind drag,” IEEE Trans. Antennas Propag., vol. 68,
no. 6, pp. 4397–4405, Jun. 2020.

[10] W. Lin, H. Wong, and R. W. Ziolkowski, “Wideband pattern-
reconfigurable antenna with switchable broadside and conical beams,”
IEEE Antennas Wireless Propag. Lett., vol. 16, pp. 2638–2641, 2017.

[11] Y. Ji, L. Ge, Y. Li, and J. Wang, “Wideband polarization agile dielectric
resonator antenna with reconfigurable broadside and conical beams,” IEEE
Trans. Antennas Propag., vol. 70, no. 8, pp. 7169–7174, Aug. 2022.

[12] A. M. Musthafa, M. Khalily, A. Araghi, O. Yurduseven, and R. Tafazolli,
“Compact multimode quadrifilar helical antenna for GNSS-R applica-
tions,” IEEE Antennas Wireless Propag. Lett., vol. 21, no. 4, pp. 755–759,
Apr. 2022.

[13] Y. Tawk, M. Chahoud, M. Fadous, J. Costantine, and C. G. Christodoulou,
“The miniaturization of a partially 3-D printed quadrifilar helix an-
tenna,” IEEE Trans. Antennas Propag., vol. 65, no. 10, pp. 5043–5051,
Oct. 2017.

[14] J. H. Bang, “Wideband low-profile null-filled monopole antenna for
aircraft flush-mount applications,” Electron. Lett., vol. 51, no. 21,
pp. 1635–1637, Oct. 2015.

[15] M. Sadiq, S. Ullah, and C.-J. Ruan, “Null-fllled shaped beam horizontally
polarized omnidirectional antenna,” in Proc. Photon. Electromagn. Res.
Symp., 2019, pp. 464–469.

[16] H. Nawaz, X. Liang, M. S. Sadiq, J. Geng, W. Zhu, and R. Jin, “Ruggedized
planar monopole antenna with a null-filled shaped beam,” IEEE Antennas
Wireless Propag. Lett., vol. 17, no. 5, pp. 933–936, May 2018.

[17] W. Kim, G. Shin, K.-W. Lee, B. Mun, and I.-J. Yoon, “A wideband
monoconical antenna for airborne applications with a null-filled radi-
ation pattern,” IEEE Antennas Wireless Propag. Lett., vol. 21, no. 6,
pp. 1158–1162, Jun. 2022.

[18] H. Nawaz, X. Liang, M. S. Sadiq, J. Geng, and R. Jin, “Circularly-polarized
shaped pattern planar antenna for aerial platforms,” IEEE Access, vol. 8,
pp. 7466–7472, 2020.

[19] Y. Zhang and Y. Li, “Wideband isotropic antenna with miniaturized ground
for enhanced 3-dB coverage ratio,” IEEE Antennas Wireless Propag. Lett.,
vol. 21. no. 6, pp. 1253–1257, Jun. 2022.

[20] J. Yu, W.-J. Lu, Y. Cheng, and L. Zhu, “Dual-resonant wideband microstrip
annular sector patch antenna with increased backfire radiations,” IEEE
Trans. Antennas Propag., vol. 70, no. 6, pp. 4181–4188, Jun. 2022.

[21] Y. Li, Z. Zhang, and Z. Feng, “A sequential-phase feed using a circularly
polarized shorted loop structure,” IEEE Trans. Antennas Propag., vol. 61,
no. 3, pp. 1443–1447, Mar. 2013.

[22] J. L. Volakis, Antenna Engineering Handbook, 4th ed. New York, NY,
USA: McGraw-Hill, 2007, pp. 10–11.

Authorized licensed use limited to: Tsinghua University. Downloaded on December 18,2023 at 07:49:55 UTC from IEEE Xplore.  Restrictions apply. 



<<
  /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


