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With Extended Communication Distance and High Rate
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Abstract—This letter proposes an undersea simultaneous wire-
less power and data transfer (SWPDT) system with extended
communication distance and 1-Mb/s full-duplex communication.
The proposed system operates in inductive power transfer-electric
field communication mode, thus reducing the crosstalk between the
power channel and communication channel. This letter proposes
a novel communication channel construction method based on
the single capacitor coupling principle, which can effectively ex-
tend the communication distance without additional mechanisms.
The extended communication distance enables precommunication
before charging and maintaining communication after complet-
ing charging, which is critical for undersea dynamic equipment.
The resonant condition and transmission characteristics of the
communication channel are analyzed. Two MHz communication
bands are constructed to achieve full-duplex communication based
on frequency division duplexing. Finally, the proposed undersea
SWPDT prototype has a maximum output power of 1.2 kW and
can maintain 1-Mb/s full-duplex communication within a range
of 50 cm.

Index Terms—Full duplex, simultaneous wireless power and
data transfer (SWPDT) system, single capacitor coupled (SCC),
undersea.

1. INTRODUCTION

ELIABLE data exchange between the primary and sec-
R ondary of the wireless power transfer (WPT) systems is
crucial for realizing closed-loop control and monitoring system
status [1], ultimately enhancing the efficiency and stability of
undersea wireless charging.
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However, conventional communication methods, such as
2.4G/5G modules, are difficult to meet the requirements of high
data rate and low latency in undersea environments [2]. Simul-
taneous wireless power and data transfer (SWPDT) technology
is a potential solution to these challenges.

In most SWPDT systems, data are transferred via near-field
magnetic induction [3], [4], [5]. The magnetic induction link be-
tween the primary and secondary is established by multiplexing
the power coils or adding additional coils. Through optimizing
the data transceivers, full-duplex communication at Mb/s rates
has become achievable [3]. However, limited by the decrease
of the coupling coefficient, the transmission distance is smaller
than the outer diameter of the coil.

In addition, data can also be transferred through the electric
field [6], [7]. Two capacitors between the primary and secondary
sides are constructed to form a loop for transferring data. The
crosstalk is significantly reduced since power and data are trans-
ferred through different fields. Liu et al. [8] implemented a single
capacitor coupled (SCC) WPT system. The self-capacitance
and stray capacitances of the coupling plate are used to form a
complete loop. However, it lacks advantages in terms of power
and efficiency. SCC is more suitable to be used for transferring
data undersea, which is not currently studied.

Considering the above challenges, especially the insufficient
research on long-distance undersea SWPDT technology, this
letter introduces an innovative solution to extend communication
distance while maintaining high-speed full-duplex communi-
cation. The proposed system operates in the inductive power
transfer-electric field communication (IPEC) mode. This letter
is the first time to use the SCC principle to transfer data under
seawater. The SCC-based communication channel forms loops
by the parasitic capacitance between the power coils and the par-
asitic capacitance between the system and the ground or infinity.
Without the need for additional mechanisms, the communication
distance can be significantly extended, and the distance-to-
diameter ratio (DDR) can also be improved while reducing the
crosstalk between the power channel and the communication
channel. Then, based on the analysis of the resonance conditions
of the communication channel, two communication bands are
constructed to achieve high-speed frequency-division-duplex
(FDD) communication. Finally, to verify the feasibility of the
proposed method, a 1.2-kW undersea SWPDT prototype with
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Fig. 1. Proposed undersea SWPDT system in IPEC mode.

1-Mb/s full-duplex communication is demonstrated. Moreover,
the system can also maintain 1-Mb/s full-duplex communication
at a distance of 50 cm.

II. SYSTEM OVERVIEW

Fig. 1 depicts the schematic of the proposed undersea SWPDT
system in IPEC mode. It comprises an inductive power channel
and an SCC communication channel operating at 1-Mb/s full-
duplex mode. Arc coupling coils are utilized to match the shell
of undersea equipment. The capacitance between the coils is
utilized for data transmission.

The power channel employs improved double-side LCC com-
pensation topology [9]. The double-winding coupling compen-
sation inductors are applied to further reduce the interference of
the power channel on the communication channel [5].

The data channel utilizes primary and secondary data
transceivers, incorporating modulation modules, coherent-
demodulation modules, power amplifiers, capacitors, and trans-
formers. These components are used to construct two MHz
communication frequency bands, as detailed in Section III. Sub-
sequently, the forward and reverse data signals, characterized by
different frequencies, can be separated and identified through
digital bandpass filters implemented by field programmable gate
array (FPGA) to achieve FDD. Additionally, FPGA-based min-
imum shift keying (MSK) modulation and coherent demodula-
tion techniques enhance spectral efficiency and communication
rates.

III. ANALYSIS OF THE PROPOSED SYSTEM

This letter analyzes the principles of power transmission and
data transmission of the system in Fig. 1.

A. Power Channel

According to the superposition theorem, the communication
channel signal sources can be regarded as short circuits when
analyzing the power channel. The power channel operates at
85 kHz. The parasitic capacitors of the system do not affect
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Fig. 2.  Circuit of the power channel.
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Fig. 3.

Equivalent circuit of the power channel.

power transmission in this frequency band. Therefore, the power
channel circuit can be obtained as shown in Fig. 2.

In Fig. 2, the communication channel and the power channel
are connected at only a single point and do not form a complete
loop. It can be considered that there is no current flowing
into the communication channel from the power channel at the
frequency. The impact of the communication channel on the
power channel can be negligible. Therefore, the power channel
can be equivalent to the double-side LCC circuit as shown in
Fig. 3.

B. Communication Channel

Similarly, when analyzing the communication channel, the
voltage source of the power channel can be considered as
a short circuit. In the MHz frequency band, high-frequency
displacement current can form a loop through the capacitance
between coils and the stray capacitance of the system to infinity
or ground. So, the data can be transferred through this loop
bidirectionally. The communication channel circuit considering
parasitic capacitance is shown in Fig. 4.
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Fig. 5. Equivalent circuits of the communication channel. (a) Equivalent
circuit. (b) Simplified equivalent circuit.

In the MHz frequency band, the impedance of the double-side
LCC compensation is much smaller than the impedance of the
capacitance between coils, so it can be regarded as a short circuit.
Then, the equivalent circuit of the communication channel can
be obtained as shown in Fig. 5(a). After further transforming,
the circuit of Fig. 5(a) and (b) is obtained. C,,, in Fig. 5(b) can
be expressed as

1
1/Ceot +1/Cpg +1/Csy

Cm, = (1)

To facilitate analysis and design, the communication channel
circuit parameters in Fig. 5(b) are preset to be symmetrical, so
that the forward and reverse transmission characteristics are the
same. The specific parameter settings are as follows:

Ldpp = Ldps = Ldss = Ldsp = Ld (23-)
Mgy = Mgs = My (2b)
Cdpl = Cdpz = Cdsg = Odsl = Cd. (20)

To extend the communication distance, the center frequencies
and the amplitude of the received signal voltage should not
change with the transmission distance, that is, the current /3
flowing through C,, at the center frequencies should be inde-
pendent of C,,,. The circuit in Fig. 5(b) includes two frequencies
that ensure /3 is independent of C,,

1) First Center Frequency w;: The transformers (74, and
T4s) in Fig. 5(b) are equivalent to the T-shaped circuit, as shown
in Fig. 6(a). When L4-M ; and C resonate at the frequency w1,
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Fig. 6. Two resonance relationships in communication channels. (a) Circuit
transformation of resonant frequency wj . (b) Circuit transformation of resonant
frequency wa.

the current /3 is independent of C,,,. The expressions of w; and
I3 can be calculated as

1 UTXp

y 13 = . 3
(Ld — Md) Cy Jwi (Ld - Md) ©

w1 =

Since C,, does not appear in (3), w; can be used as a center
frequency of the communication band.

2) Second Center Frequency wg: The T-shaped circuit in
Fig. 5(a) can also be equivalently transformed into Fig. 6(b).
M, is obtained by connecting two 2My in parallel. When loop
A7 and loop A, resonate at the frequency ws simultaneously, the
current /3 is independent of C,,,. The expressions of wy and I3
can be calculated as

o o Urxp
(Lg + Mg)Cy’ Jwa (La + M)

Since C,, does not appear in (4), wo can also be used as a
center frequency of the communication band.

In addition to the above two frequencies (w; and ws), the other
two frequencies can be obtained as follows:

“

Wy =

L (C3 +2CqCpy — CyCry) — V¢
w3 = 3 5 3 (5&)
C7 (Ca+2Cn) (LG — M7)
s — Ld (Cg + 2CdC'm - OdOTTL) + \/Z (Sb)
’ C3 (Ca+2Cp) (L3 — M3)

where ( = C'(,lC'm(ZC'?l]\/[d2
M3 (Cq+2C)>.

The capacitance between coupling coils varying with distance
under mediums of different conductivity is shown in Fig. 7. The
conductivity of fresh water is 0.04 S/m. The conductivity of
seawater is 4 S/m. Three observations can be made from this
analysis. First, as the distance increases, the capacitance between
the two coils gradually decreases and decreases faster in fresh
water. Second, the capacitance in air is significantly lower than
that in water due to the lower dielectric constant of air compared
to water. Furthermore, the conductivity of the medium can also
affect the capacitance of the coils over longer distances, resulting
in higher capacitance in water with greater conductivity. The

—4 CmCdMg + CdeLg) + Cczl
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TABLE I
MAIN PARAMETERS UTILIZED IN EXPERIMENT

Symbol Value Symbol Value
Ui 350V Cn, Cp 109 nF, 109.6 nF
o 85 kHz C,, C; 212 nF,191.5 nF
fi 17 MHz L, L, 48.7 uH, 50.3 uH
f 8 MHz L, 2.64 uH
My 1.87 uH Cy 115 pF

center frequencies of the communication frequency band are
independent of C,,, ensuring that the system can operate effec-
tively in different environments (including seawater, freshwater,
and air).

From the circuit in Fig. 6, the transmission gain varying with
frequency under different distances and mediums is shown in
Fig. 8. Obviously, w3 and w4 change with the distance and
medium. w; and wy are not affected by distance and medium,
which is consistent with the results of (3) and (4). Therefore, to
adapt to different distances and mediums, w; and w5, are selected
as the center frequencies. To achieve 1-Mb/s communication, the
bandwidth needs 0.5 MHz using MSK modulation. Therefore,
the forward band and reverse band are determined by the above
analysis as marked in Fig. 8.

IV. EXPERIMENTAL VERIFICATION

The prototype is shown in Fig. 9, which shows the situation
when the transmission distance is 50 cm. The conductivity of
seawater is 4 S/m. Other parameters are listed in Table I.

In the experiment, SWPDT was tested at different dis-
tances, and the waveforms were recorded by the oscilloscope
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MSO05204B with the logic probe P6616, as shown in Fig. 10. u;y,,
and i;y, are the voltage and current output of the inverter. ue.
and i, are the port voltage and current of the rectifier. df-s and
df-rare the forward sending and receiving data, respectively. dr-s
and dr-r are the reverse sending and receiving data, respectively.

The power transmission situation at different distances is as
follows. At 5 cm, the system transfers power 1.2 kW with an
efficiency of 91%. At 15 cm, the system transfers power 220 W.
At 50 cm, the output power is very low. The reason for the
rapid decrease in power is that as the distance increases, the coil
coupling coefficient decreases rapidly.

Although the transmission power decreases rapidly as the
distance increases, the system still maintains 1-Mb/s full-duplex
communication all the time, as shown in Fig. 11. Especially, the
DDR is 2 at 50 cm, and the system still operates at 1-Mb/s full-
duplex communication. This verifies the method of extending
communication distance.

The receiving port voltage waveforms and the communication
data of the transceivers at 5 cm and 50 cm are shown in Fig. 11(a)
and (b), respectively. There is no significant change in received
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TABLE II
COMPARISON BETWEEN DIFFERENT STUDIES

Research Medium

Maximum output

Maximum Communication
Date rate

power distance / DDR
This Seawater 1.2kW 1 Mb/s /1 Mb/s 50 cm/2
[3] Seawater 884 W 1 Mb/s/— 2 cm/0.1
[4] Freshwater 1 kW 1 Mb/s/1 Mb/s 6.cm/0.27
[5] Freshwater 518 W 500/700 kb/s 3¢cm/0.1
[7] Air 50 W —/9.6 kb/s 2cm/0.15
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Fig. 12.  Communication center frequencies at different distances.

signal amplitude at distances of 5 and 50 cm after Fourier analy-
sis. The normalized spectrum of the received signal is shown in
Fig. 11(c) and (d). The center frequencies of the forward channel
and reverse channel are 17 MHz and 8 MHz, respectively. The
crosstalk of the power channel to the communication channel
is lower than —40 dB, which is consistent with the analysis
in Section III. At 5 and 50 cm, the crosstalk between the two
communication channels is lower than —20 dB, which shows
that the channel has a high signal-to-noise ratio.

The variations of the forward transmission center frequency f;
and the reverse transmission center frequency fo with transmis-
sion distance are shown in Fig. 12. Experimental results indicate
that the two center frequencies remain unchanged at different
transmission distances, which is consistent with the analysis in
Section III.

Table Il presents a comparative analysis between the proposed
SWPDT system and the existing systems. This letter realizes
1-Mb/s bidirectional communication while achieving 1.2 kW
power transfer. Notably, in contrast to previous systems, the
proposed system exhibits a great enhancement in both com-
munication distance, extending from less than 10 to 50 cm, and
DDR, elevating from below 0.3 to 2.

V. CONCLUSION

This letter proposes an undersea SWPDT system with a
1-Mb/s full-duplex link operating in IPEC mode. The system
establishes a novel communication channel based on the single
capacitor coupling principle. The communication distance is
significantly extended without additional mechanisms. Finally,
1-Mb/s full-duplex communication was achieved while trans-
ferring 1.2 kW power in parallel, and the 1-Mb/s full-duplex
communication was maintained at a distance of twice the coil
diameter in the experiment.

REFERENCES

[1] J. Liu, Z. Liu, and H. Su, “Passivity-based PI control for receiver side of
dynamic wireless charging system in electric vehicles,” IEEE Trans. Ind.
Electron., vol. 69, no. 1, pp. 783-794, Jan. 2022.

[2] Y. Yao, P. Sun, X. Liu, Y. Wang, and D. Xu, “Simultaneous wireless power
and data transfer: A comprehensive review,” IEEE Trans. Power Electron.,
vol. 37, no. 3, pp. 3650-3667, Mar. 2022.

[3] C. Da, L. Wang, F. Li, C. Tao, and Y. Zhang, “Analysis of undersea
simultaneous wireless power and 1 Mb/s data rate transfer system based on
DDQ coil,” IEEE Trans. Power Electron., vol. 38, no. 10, pp. 11814-11825,
Oct. 2023.

[4] T. Li, Z. Sun, Y. Wang, J. Mai, and D. Xu, “An underwater simul-
taneous wireless power and data transfer system with 1-Mbps full-
duplex communication link,” IEEE Trans. Ind. Inform., to be published,
doi: 10.1109/T11.2023.3295410.

[5] Y. Wang, T. Li, M. Zeng, J. Mai, P. Gu, and D. Xu, “An underwater simul-
taneous wireless power and data transfer system for AUV with high-rate
full-duplex communication,” IEEE Trans. Power Electron., vol. 38, no. 1,
pp. 619-633, Jan. 2023.

[6] X.Li, C. Tang, X. Dai, P. Deng, and Y. Su, “An inductive and capacitive
combined parallel transmission of power and data for wireless power trans-
fer systems,” IEEE Trans. Power Electron., vol. 33, no. 6, pp. 4980-4991,
Jun. 2018.

[7] X. Yang et al., “A cost-effective implementation of independent data

and power transmission channels in wireless power transfer systems,”

IEEE Trans. Circuits Syst. II, Exp. Briefs, vol. 69, no. 3, pp. 1532-1536,

Mar. 2022.

Z. Liu, Y. Su, H. Hu, Z. Deng, and R. Deng, “Research on transfer

mechanism and power improvement technology of the SCC-WPT system,”

IEEE Trans. Power Electron., vol. 38, no. 1, pp. 1324—1335, Jan. 2023.

[9] W.V.Wang, D.J. Thrimawithana, F. Lin, and G. A. Covic, “An MMC-based
IPT system with integrated magnetics and ZVS operations,” IEEE Trans.
Power Electron., vol. 37, no. 2, pp. 2425-2436, Feb. 2022.

(8]


https://dx.doi.org/10.1109/TII.2023.3295410


<<
  /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


