
IEEE ANTENNAS AND WIRELESS PROPAGATION LETTERS, VOL. 22, NO. 10, OCTOBER 2023 2537

Trimmed Aperture Corner Reflector for
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Abstract—This letter presents trimmed aperture corner reflec-
tors (CRs) for assigning angle selectivity to chipless radio frequency
identification (RFID) tags. This angle selectivity can benefit the
landmark use of CR-based tags by exhibiting different signals in
each direction, which enables infrastructure-to-device communi-
cation with rich context. The key idea of this work is to subtract
retroreflections in unwanted directions by partially trimming the
aperture of CRs, allowing control over the radar crosssection (RCS)
when looked at from different angles. We developed a geometric
analysis based on the effective area of CRs to determine the appro-
priate aperture trimming for the desired angular characteristics.
This method can append direction selectivity to various CR-based
chipless RFID tags. We demonstrate a trimmed CR-based spatially
coded chipless RFID that can present different 4-bit IDs in three
different directions while maintaining a large RCS of 1.80 dBsm.
The proposed method can artificially code the selective reflections
in passive reflectors and is suitable for the applications requiring
large detectability, such as outdoor landmarks and signs.

Index Terms—Chipless radio frequency identification (RFID),
corner reflector (CR), millimeter-wave radar (mmWave), radar
crosssection (RCS).

I. INTRODUCTION

CORNER reflectors (CRs), known for their large radar
crosssection (RCS) over a wide angle due to their retrore-

flective properties, have been extensively used in various ap-
plications, such as radar landmarks in the aviation and marine
industries [1], [2], [3]. Leveraging this high visibility from radar
devices, previous work has explored CR-based chipless radio
frequency identification (RFID) technologies with frequency
modulation via integration with frequency-selective surfaces [4],
slot resonators [5], and dielectric resonators [6]. Since commu-
nication reliability in chipless RFID depends on the RCS of the
tags [7], [8]. CR-based chipless RFID tags are expected to serve
as outdoor landmarks to navigate vehicles like EVs and UAVs
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Fig. 1. Overview of application scenarios (a) and (b) and the proposed
method (c) and (d). (a) Traffic signs signaling to vehicles coming from a
specific direction. (b) UAV guidance systems for multiple directions. (c) Pro-
posed trimmed aperture corner reflector for angle-selective reflection. (d) Spatial
coding for sending different messages in each direction.

even in poor visibility conditions, such as in dark and foggy
environments.

While the wide read angle of CRs is conducive to presenting a
single ID to readers, it inhibits use cases that require angle selec-
tivity, such as road signs of specific directions and multidirec-
tional UAV guidance [see Fig. 1(a) and (b)]. To address this need,
we propose a design method for trimming the aperture of CRs
to control read angles exhibiting retroreflective properties [see
Fig. 1(c) and (d)]. The key idea of this method is to subtract
retroreflections in unwanted directions while preserving them
in desired ones, based on the fact that the RCS can be computed
via the projections of the characteristic CR geometry. We present
a technique for determining how to trim the aperture of CRs
when reflection in a certain direction is required. Experimental
evaluations show controllable RCS for specific directions. This
technique can be used in various CR-based chipless RFID sys-
tems. We demonstrate the feasibility of our method by designing
an angle-selective spatial domain chipless RFID composed of
six trimmed CRs that can independently present three different
IDs in three directions.

II. TRIMMED APERTURE CORNER REFLECTOR

To design the angle dependency of the retroreflective feature
of CRs, we introduce an RCS model based on CR geometry
and extend the model for trimmed aperture CRs. We start by
defining the coordinate system, as illustrated in Fig. 2(a). The CR
is positioned such that its base (Point O) serves as the origin, the
aperture plane ABC aligns parallel to the XY-plane, and vertexA
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Fig. 2. Principle of retroreflection and effective area seen from different
angles. (a) CR with a coordinate shows the retroreflection requirement for
incident wave direction. The effective area can be computed as the overlap
region of triangles ABC and A′ ′B′ ′C′ ′. (b) and (c) Angle-dependent effective
area Aeff when (θ, φ) = (0◦, 0◦), (30◦, 60◦), and (0◦, 240◦).

resides in the XZ-plane. The incident wave’s direction is denoted
by θ and φ. When a CR side length of a(= OA = OB = OC) is
sufficiently small compared with the incident wavelength λ, the
geometric approximation holds and the RCS σ can be expressed
as a function of the effective area Aeff as follows [9]:

σ(θ, φ)=
4π

λ2
A2

eff(θ, φ). (1)

The effective area is the region where the incoming rays undergo
triple reflection within the cavity, causing retroreflection, and
is generally smaller than the aperture area. This condition is
equivalent to when the rays pass through triangles ABC and
A′B′C′ simultaneously, with A′B′C′ being the origin-symmetric
triangle of ABC [see Fig. 2(a)]. To facilitate visual understand-
ing, we cast triangle A′B′C′ along the incident wave vector onto
the ABC plane to obtain triangle A′′B′′C′′ so that the effective
area can be computed as the overlap region of triangles ABC
and A′′B′′C′′ as follows:

Aeff(θ, φ) =

∫∫
D

dx dy,D : (x, y) ∈ (�ABC ∩�A′′B′′C ′′).

(2)
When the centers of gravity of triangles ABC and A′′B′′C′′ are
denoted as G and G′′, their coordinates can be represented as
follows, indicating that Aeff varies with the incident angle:

(Gx,Gy) = (0, 0) (3)

(G′′
x,G

′′
y) =

(
2√
3
a tan θ cosφ,

2√
3
a tan θ sinφ

)
. (4)

Next, we extend the analysis to trimmed aperture CRs.
Fig. 2(c) shows that the area near the tip of each triangle
contributes significantly to the effective area seen from the
vertex direction. Thus, the RCS seen from a particular vertex
direction can be reduced by trimming one end of the aperture
triangle, resulting in a vertex-trimmed CR, shown in Fig. 3(a).
Similarly, Fig. 3(b) shows an edge-trimmed CR that aims to
reduce the RCS seen from the edge direction. To simplify the
design process, we introduce the following ratios expressing the
amount of trimming for each design variation: sv = AP/AM for
the vertex-trimmed CR [see Fig. 3(a)], and se = QM/AM for
the edge-trimmed CR [see Fig. 3(b)]. The smallest soptv and sopte

ratios, which show an effective area of zero in the suppressed
direction, meet the condition of PG = PG′′ = 1

2 · |GG′′|φ=0◦

and QG = QG′′ = 1
2 · |GG′′|φ=180◦ , respectively. Thus, soptv

Fig. 3. Trimmed apertures of CRs and their effective area. The trimmed areas
were determined based on (5) and (6). (a) Vertex-trimmed aperture that has an
effective area of 0 for (θ, φ) = (30◦, 0◦). (b) Edge-trimmed aperture that has
an effective area of 0 for (θ, φ) = (30◦, 180◦). The apertures in both (a) and
(b) maintain large effective areas for other azimuth directions φ.

Fig. 4. RCS of (a) vertex- and (b) edge-trimmed aperture CRs at different
elevation angles θ with the corresponding azimuth angles shown in Fig. 3.

and sopte can be solved as

soptv (θ) =
AG− PG

AM
=

2−√
2 tan θ

3
, (θ < 54.7◦) (5)

sopte (θ) =
MG−QG

AM
=

1−√
2 tan θ

3
, (θ < 35.2◦). (6)

III. SIMULATION-BASED ANALYSIS

To validate the vertex- and edge-trimmed CR design, we
evaluated the angle dependency of the RCS calculated using
method of moments (MoM) simulations using HFSS-IE solver.
We set the operating frequency to fc = 79 GHz, correspond-
ing to a wavelength of 3.8 mm, and the side length to a =
45 mm. We optimized the trimming ratios for θ = 30◦, result-
ing in sv = soptv (30◦) = 0.39 for the vertex-trimmed CR and
se = sopte (30◦) = 0.06 for the edge-trimmed CR, respectively.

Fig. 4 shows the RCS for vertical polarization when vary-
ing the elevation angle to examine whether the reflection is
effectively suppressed or preserved around θ = 30◦ as intended
without affecting reflections at other angles. In both cases, the
blue lines show a design in which the reflection is preserved, the
red lines show a design in which the reflection is suppressed, and
the dotted green lines show the results for a “nontrimmed” CR.
The RCS is below 15 dBsm in ranges of approximately 20◦–45◦
for the vertex-trimmed case [see Fig. 4(a)] and 25◦–32.5◦ for the
edge-trimmed case [see Fig. 4(b)], demonstrating their tolerance
to the elevation angle. The RCS peak appearing at θ = 35◦ in
Fig. 4(b) is not a retroreflection but an exceptional reflection
caused when the incident angle is perpendicular to the CR cavity
plane [10]. It is known that this exceptional reflection can be
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Fig. 5. RCS of (a) vertex- and (b) edge-trimmed aperture CRs at different
azimuth angles φ with θ fixed at 30◦. The unit is dBsm. The RCS evaluations
were derived using the analytical model Aeff and MoM simulations with TE
and TM modes.

adjusted by changing the facing direction of the CR and can be
avoided when designed for a specific application scenario [11].

Next, we calculated the RCS characteristics at varying az-
imuth angles φ with fixed θ = 30◦ using the analytical model
[see (1)–(4)] and MoM simulations to investigate the vertical
[transverse electric (TE)] and horizontal transverse magnetic
(TM)] polarizations of the incident waves (see Fig. 5). In TE
mode, the analytical model and MoM simulation were in good
agreement and the two optimal trimming ratios sopte and soptv pro-
vided complete suppression of reflection in a specific direction,
such asφ = 0◦ [see Fig. 5(a)] andφ = 180◦ [see Fig. 5(b)], while
maintaining the strong reflection in other azimuth directions.
The RCS values obtained from the analytical model were slightly
higher than those obtained from TE mode, but this is reasonable,
considering that the actual effective area was reduced by the
effect of the wavelength.

On the other hand, a mismatch with the model appeared in TM
mode at φ = 60◦, 180◦, and 300◦. This is because of a resonant
response on the edges parallel to the electric field vectors, which
the geometric analysis does not take into account. For appli-
cations, this requires considerating the installation orientation
or using multiple radar front ends with different polarizations,
which is feasible in most cases due to the small form factor and
low cost of millimeter-wave (mmWave) radar modules. Because
straightforward countermeasures exist for this limitation, we
proceeded considering only TE mode.

IV. MEASUREMENT OF A TRIMMED CORNER REFLECTOR

We fabricated a trimmed CR with sv = 0.39 in the vertex
direction and se = 0.06 in the edge direction. Fig. 6 shows the
six types of trimmed CR fabricated by hollowing out a triangular
prism with a height of 30 mm and a width of 75 mm. We named
each type according to the direction and number of intended
retroreflections (for example, E2 stands for retroreflection in the
directions of two edges). The measurements were conducted us-
ing a 79 GHz mmWave frequency-modulated continuous-wave
(FMCW) radar positioned 5.7 m away. We used an IWR 1443-
based evaluation module [12]. Table I gives the key measurement
parameters. To obtain the actual RCS with the FMCW radar,
we used a large CR with 20 dBsm as the reference based on
previously developed RCS measurement methods [9], [13], [14].
The blue line shows the MoM simulation values, and the red dots
indicate the measured RCS values at θ = 30◦, which were in
good agreement with the simulation values. Notably, this result

TABLE I
RADAR MEASUREMENT PARAMETERS

confirmed the successful control over the presence or absence
of reflections at six distinct azimuth angles and the feasibility of
the proposed method for angle-selective chipless RFIDs.

V. ANGLE-SELECTIVE SPATIAL CODING

To demonstrate the utility of our trimmed CR methodology,
we developed a spatially modulated chipless RFID tag sys-
tem [15] that can be designed to present different bit sequences
in three azimuthal directions (φ = 0◦, 120◦, and 240◦). Fig. 7
shows our tag system design, which arranges 24 trimmed CRs
on a plane that form spatial electromagnetic reflectivity patterns.
The FMCW radars can detect these patterns as range power
profiles in a slant range [16], which are later converted to bit
patterns. The FMCW radar detects the superposition of the
reflection of each CR through the intermediate frequency (IF)
signal s(t). The amplitude, frequency, and phase of the reflection
added by each CR depend on its RCS and position. This s(t) is
expressed by the following equation when N reflectors exist on
the tag:

s(t) =
N∑
i=1

ai · ej2πfit + w(t) (7)

fi =
1

T
· di
Rres

=
2B

cT
· di (8)

ai =

[
PtG

2λ2

(4π)3d4i
· σ(θe, φe)

] 1
2

(9)

where di is the distance between the radar and the ith reflector
(1 ≤ i ≤ N),Rres is the radar distance resolution with range fast
Fourier transform (range-FFT), B is the chirp bandwidth of the
FMCW radar, T is the chirp duration, c is the speed of light, G is
the radar antenna gain, Pt is the transmission power, and w(t) is
a white noise signal. Our design superimposes bit sequences on
the range power profile, which is calculated by applying range-
FFT to s(t). This transforms the 2-D reflective properties on the
plane into a 1-D distance intensity distribution. When the radar
is far from the tag, the reflectors placed orthogonally to the read
direction add up in the readout, forming a single bit.

Next, we show how to arrange the trimmed CRs when the de-
sired bit sequences for three directions (φ = 0◦, 120◦, and 240◦)
are given. The necessary type of trimmed CR in each position
can be uniquely determined based on the presence or absence of
reflection in the three directions. For instance, the CR at the red
triangle position in Fig. 7 requires reflection only in the φ = 0◦
and φ = 120◦ directions, so V2 is appropriate. Similarly, E1 is
appropriate in the blue triangle position.

Finally, we read out our tag using the FMCW radar from
different angles. Fig. 8 shows the measurement setup and the
acquired range power profile. The mmWave radar was attached
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Fig. 6. Fabricated CRs with trimmed apertures and their RCS characteristics in dBsm. Six types of trimmed CRs (A, V2, V1, E2, E1, and N) were made to control
the presence of reflection in the Vertex and Edge directions. The red arrows in the top images indicate the directions in which there are significant reflections. The
bottom graphs show the measured RCS values (red dots) and simulated values (blue lines) for fixed θ = 30◦.

Fig. 7. Overview of spatial coding interpretable by a slant range radar. The
trimmed CRs were placed on a plane. The CR arrangement presents different
4bit sequences in three directions (D1, D2, and D3).

to the tip of a 5 m pole positioned in such a way that the
incident elevation angle θ was 30◦ and the radar antenna was
directed toward the center of the tag. The radar parameters were
set as given in Table I, making the ground distance resolution
Rres · sin θ same as the width of the fabricated CRs (75 mm).
Fig. 8(b) shows that the radar acquired the designed bit se-
quences “1101,” “1001,” and “0100” for read angles φ = 0◦,
120◦, and 240◦, respectively. The reflected power of bit “1”
was greater than 25 dB, that of bit “0” was less than 15 dB,
and the averaged signal-to-noise ratio (SNR) calculated as the
power ratio of bits “1” and “0” was 11.2 dB, which allows
reliable bit detection. This was lower than the actual average
RCS difference of 15.9 dB obtained from the sum of the square
roots of each angle-dependent RCS (see Fig. 6). This deviation
can be attributed to a decrease in amplitude stemming from the
phase variation of each reflected wave in superposition in (7)
and (8) and spectral leakage in the FFT-based analysis [17].

To examine the RCS, we measured a reference CR with a
20 dBsm RCS that had an IF power of 47.85 dB received at
a distance of 5 m from the radar. The yellow line in Fig. 8(b)
shows the reflected power corresponding to 20 dBsm at each
distance, taking distance attenuation into account. The received

Fig. 8. Experimental setup (a) and measurement results (b). (a) mmWave
radar was mounted on top of a pole, and the CRs were arranged as shown
in Fig. 7. (b) Readout results of the directional chipless RFID from different
azimuth angles φ. The encoded bit sequences “1101,” “1001,” and “0100” were
correctly read out for each direction.

power of bit “1” at the first bit of the sequence for the direction
D1 (φ = 0◦) was 27.41 dB, corresponding to a large RCS of
1.80 dBsm, thereby confirming that the tag maintained strong
reflection while adding angle selectivity.

VI. CONCLUSION

This letter presents a method for angle selectivity in CRs
via aperture trimming that enables enriched communication in
chipless RFIDs. Another critical advantage is that the presented
spatial coding approach lowers the barriers to implementation
by using mmWave radars developed for automotive and other
industrial applications. The suggested geometric model has the
potential to modify apertures to expand the maximum reflective
angles, for example, by deforming the aperture shape so that the
triangle is vertically elongated [11]. The method’s foundation,
applicable to common CRs, broadens its applicability to various
frequency bands and holds promise for incorporating angle
selectivity into existing CR-based chipless RFIDs, including
frequency coding [4], [5], [6].



IIZUKA et al.: TRIMMED APERTURE CORNER REFLECTOR FOR ANGLE-SELECTIVE CHIPLESS RFID 2541

REFERENCES

[1] K. Sarabandi and T.-C. Chiu, “Optimum corner reflectors for calibration
of imaging radars,” IEEE Trans. Antennas Propag., vol. 44, no. 10,
pp. 1348–1361, Oct. 1996.

[2] Y. Zhou, C. Li, L. Ma, M. Y. Yang, and Q. Liu, “Improved trihedral corner
reflector for high-precision SAR calibration and validation,” in Proc. IEEE
Geosci. Remote Sens. Symp., 2014, pp. 454–457.

[3] W. He et al., “Investigation of radar cross-section reduction for dihedral
corner reflectors based on camouflage grass,” IEEE Antennas Wireless
Propag. Lett., vol. 20, no. 12, pp. 2447–2451, Dec. 2021.

[4] A. Jiménez-Sáez et al., “Frequency selective surface coded retroreflectors
for chipless indoor localization tag landmarks,” IEEE Antennas Wireless
Propag. Lett., vol. 19, no. 5, pp. 726–730, May 2020.

[5] K. R. Brinker and R. Zoughi, “Corner reflector based misalignment-
tolerant chipless RFID tag design methodology,” IEEE J. Radio Freq.
Identif., vol. 5, no. 1, pp. 94–105, Mar. 2021.

[6] A. A. Abbas, M. El-Absi, A. Abuelhaija, K. Solbach, and T. Kaiser,
“Corner reflector tag with RCS frequency coding by dielectric res-
onators,” Microw., Antennas Propag., vol. 15, no. 6, pp. 560–570,
2021.

[7] M. Borgese, S. Genovesi, G. Manara, and F. Costa, “Radar cross section
of chipless RFID tags and BER performance,” IEEE Trans. Antennas
Propag., vol. 69, no. 5, pp. 2877–2886, May 2021.

[8] W.-J. Liao, Y.-C. Hou, C.-C. Tsai, T.-H. Hsieh, and H.-J. Hsieh, “Radar
cross section enhancing structures for automotive radars,” IEEE Antennas
Wireless Propag. Lett., vol. 17, no. 3, pp. 418–421, Mar. 2018.

[9] M. I. Skolnik, Radar Handbook. New York, NY, USA: McGraw-Hill,
2008.

[10] E. F. Knott, J. F. Schaeffer, and M. T. Tulley, Radar Cross Section. Raleigh,
NC, USA: SciTech, 2004.

[11] P. Dheenathayalan, M. C. Cuenca, P. Hoogeboom, and R. F. Hanssen,
“Small reflectors for ground motion monitoring with in SAR,” IEEE Trans.
Geosci. Remote Sens., vol. 55, no. 12, pp. 6703–6712, Dec. 2017.

[12] Texas Instruments, “TI IWR1443 single-chip 76-GHz to 81-GHz mmWave
sensor evaluation module.” Accessed on: Jun. 13, 2023. [Online]. Avail-
able: https://www.ti.com/tool/IWR1443BOOST

[13] S. Lee, S. Kang, S.-C. Kim, and J.-E. Lee, “Radar cross section measure-
ment with 77 GHz automotive FMCW radar,” in Proc. IEEE 27th Annu.
Int. Symp. Pers., Indoor, Mobile Radio Commun., 2016, pp. 1–6.

[14] D. A. Robertson, R. J. Middleton, and D. G. Macfarlane, “A 94 GHz
FMCW instrumentation radar,” in Proc. Joint 32nd Int. Conf. Infrared
Millimeter Waves, 15th Int. Conf. Terahertz Electron., 2007, pp. 919–921.

[15] D. H. Nguyen, M. Zomorrodi, and N. C. Karmakar, “Spatial-based chipless
RFID system,” IEEE J. Radio Freq. Identif., vol. 3, no. 1, pp. 46–55,
Mar. 2019.

[16] L. M. Arjomandi, G. Khadka, and N. C. Karmakar, “mm-Wave chipless
RFID decoding: Introducing image-based deep learning techniques,” IEEE
Trans. Antennas Propag., vol. 70, no. 5, pp. 3700–3709, May 2022.

[17] A. V. Oppenheim and R. W. Schafer, Discrete-Time Signal Processing.
Noida, India: Pearson Educ., 1999.

https://www.ti.com/tool/IWR1443BOOST


<<
  /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


