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A Simultaneous Wireless Power and High-Rate Data Transfer System Based on
Transient Responses Regulation

, Yue Sun
Chaoqgiang Jiang

Yuanshuang Fan

Abstract—In this letter, a simultaneous wireless power and data
transfer (SWPDT) method for wireless power transfer systems is
proposed. Data and power are transferred via the same coupler.
To achieve a high transfer power and a high data transfer rate,
double-side LCC compensation topology with bandpass filtering
is adopted to create a favorable condition for data transfer. An
inductor fully compensated at the power carrier frequency and
connected serially with the coupled coil is used to inject and extract
the data carrier and multiplexed to conduct the power carrier.
In addition, the duration time of the transient responses of the
data transfer channel is regulated based on the complex frequency-
domain analysis. Finally, a 1.1 kW SWPDT experimental prototype
with a data transfer rate of 1 Mbps and a data transfer delay of
0.4 ps is built to verify the feasibility of the proposed method.

Index Terms—Data transfer, ON-OFF keying (OOK),
simultaneous wireless power and data transfer (SWPDT),
wireless power transfer (WPT).

I. INTRODUCTION

ELIABLE communication between the transmitter side
Rand receiver side plays an important role in a wireless
power transfer (WPT) system. Compared with the conven-
tional communication technologies, such as Bluetooth, ZigBee,
Wi-Fi, and radio frequency, simultaneous wireless power and
data transfer (SWPDT) technologies have the advantages of
simpler paring, lower transmission delay, and lower cost [1],
(21, [31, [4], [51, [6].

According to whether the power transfer coupled coils are
shared with data transfer, the methods that have been proposed
to transfer power and data simultaneously can be roughly divided
into two categories. In the first category, extra coupled coils are
added to transfer data [7], [8]. The power and data are transferred
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in two independent physical channels and can be controlled sepa-
rately. Therefore, the parameters of the two transfer channels can
be designed separately, which greatly simplifies the design of the
SWPDT systems. Besides, it has a little impact on power transfer
and can achieve a high data rate. Owing to these advantages, it
has been applied to practical applications. However, the extra
coils increase the coupler size and cost and make it not applicable
to applications with limited operating space.

In the second category, power and data are transferred over the
same coupler. To realize data transmission sharing the inherent
power transfer channel of a WPT system can not only eliminate
the data transmission cables or wireless signal transmitters but
also has the advantage of flexibility [1]. Two methods are mainly
adopted in this category. In the first method, data are directly
modulated on power carriers [9], [10]. However, the power trans-
fer of this method may be affected when data are simultaneously
transferred, and the data transfer rate is limited by the rela-
tively low-frequency power carrier. To improve the performance
of the SWPDT systems, the method using frequency-division
multiplexing is proposed. Instead of modulating data on power
carriers, high-frequency data carriers whose frequencies are at
least one order of magnitude higher than that of power carriers
are employed and transferred along with power carriers via the
same pair of coupled coils [1], [2], [3], [4], [5], [6]. Compared
with the method modulating on power carriers, this method has
less impact on power transfer and increases the data transmission
rate. However, in the previous works, tapped coils [2] or wave
trappers [3], [4] to block the data carrier from being weakened by
power compensation networks are utilized, which may introduce
a cross-coupling problem or cause relatively high power loss.
Besides, methods to improve the data transfer rate have not been
analyzed in these research articles.

A high data transfer rate SWPDT system is proposed in this
letter, where the high-frequency data carrier is conducted by the
power compensation networks and transferred simultaneously
with the power carrier via the same coupler. The method pro-
posed has the following features.

1) Double-side LCC compensation topology with bandpass
filtering characteristic is adopted for power transfer, cre-
ating a favorable condition for data transfer.

2) Inductors (i.e., Lp,, Lss) multiplexed for power and data
transfer are connected in series with the coupled coils
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Fig. 1. (a) SWPDT system topology. (b) Data carrier injection circuits.

and fully compensated at power carrier frequency, which
makes the power carrier voltage between the two ends of
the serial LC network (i.e., Ly, Cyp., LssCsc) almost zero,
suppressing the interference of power carrier significantly,
and is suitable for high-power transfer.

3) To achieve high-rate data transfer, the transient responses
of the data transfer channel are analyzed based on the
complex frequency-domain model and regulated by two
regulating resistors.

4) An effective demodulation method featuring high data
rate, interference filtering, and waveform reshaping is
proposed.

Finally, an experimental prototype with a power transfer of

1.1 kW and a data transfer rate of 1 Mbps is built to verify the
feasibility of the proposed method.

II. SYSTEM OPERATION PRINCIPLES
A. Operation Principles of Power Transfer Channel

For the proposed SWPDT system, as shown in Fig. 1, to
achieve a constant-current output of the power transfer channel,
the following equations should be satisfied [2]:

1= wappCpc = w?LCye
1= w% (Lp — Lfl) Cp = w? (Ls — Lf2) Cs

1= waflel = WgLfQCfQ

wy = 2 fr )
1= w%LppCpp - w%LSSCSS
w1 = 27Tf1

where f, and f; are the operating frequencies of the full-bridge
inverter and the data carrier voltage source, respectively. fi is
selected much greater than f,. Therefore, the capacitors of the
data transfer channel (i.e., C}, and C,) show high impedance
to the power carrier and can be treated as open circuits to the
power carrier. Besides, the serial LC networks (i.e., L, C),. and
L¢sC.) can be treated as short circuits to the power carrier. The
equivalent topology of the power transfer channel is the same as
the original LCC—-LCC compensated topology.

—ni—dy

O—

Fig. 2. Process of data demodulation.

B. Operation Principles of Data Transfer Channel

At f1, the compensation capacitors of the power transfer
channel (i.e., Cf1,Cp2,Cp, Cs, Cpe, and Cy.) can be treated
as short circuits and the equivalent topology of the data transfer
channel is the same as the original CLL-LLC topology.

1) Data Carrier Injection and Modulation: The data carrier
injection circuits are shown in Fig. 1(b). Rgj is the discharge
resistor of the data injection circuits and 12, represents the total
resistance of the serial equivalent resistance of the inductor
L, the ON-resistance of the switch single-pole-double-throw
(SPDT), and the extra regulating resistor added. The ON—OFF
keying (OOK) is adopted for data modulation. When the data to
be transferred are “1”” and “0,” the switch is connected to a and
b, respectively.

2) Data Carrier Extraction and Demodulation: When the
data are transferred, the switch on the transmitting side is con-
nected to ¢ and the switch on the receiving side is connected
to d. Finally, the data are demodulated from the voltage of the
sampling resistor. In addition, R; and R are also used for the
transient waveform shaping of the data transfer channel.

To meet the demand for high-rate data transfer, a demodu-
lation method is proposed in this letter and the demodulation
process is shown in Fig. 2. Dy is the data transmitted and MW
is the signal received. MW is compared with two thresholds
(i.e., T1 and 72) and AND signal is obtained by AND operation
of a field-programmable gate array (FPGA) on the comparison
results. Then, the AND signal is further processed by the FPGA
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Fig. 3. Data transfer channel with internal resistances and parasitic capaci-
tances.
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Fig. 4. Curves and approximate envelope of Uy.

module to obtain S and R signals with operations expressed by
the following equations:
/ 1/
R = {/O/

/1/
S = {/O/

where ty and t7 are the duration times of the high level and
the low level of the AND signal, respectively. S and R signals
are the S input and the R input of the SR flip-flop, respec-
tively. Finally, Q is the data demodulated. The comparator
is used to preliminarily reshape the received data carrier and
filter out the interference to a certain extent. d; and dy are
set to filter the unexpected pulse interference and regulate the
pulsewidth.

tp, > dy
AND =" 1/

tg > d
Tty ©

III. TRANSIENT RESPONSE OF DATA TRANSFER CHANNEL

Atdata carrier frequency, the internal resistances and parasitic
capacitances (i.e., Cpq and Cyq) of the coupled coils cannot
be neglected and the forward data transfer channel is shown in
Fig. 3.

As shown in Fig. 4, when the sinusoidal data carrier is
modulated by OOK, there is an approximate envelope for
U4, where t,. and ¢y are the times when the zero-state re-
sponse reaches its steady value for the first time and the time
when zero-input response reaches zero, respectively. To achieve
a high data transfer rate, ¢, and t; should be as short as
possible.

To analyze the transient process of the proposed system,
the complex frequency-domain analyzing method is utilized.
When the state of the system is zero, and based on the complex
frequency-domain form of Kirchhoff’s voltage and current laws,
the Laplace image function of the data transfer channel can be
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TABLE I
MAIN PARAMETERS FOR ANALYSIS
Symbols Value Symbols ~ Value | Symbols Value
L, L 30 uH Ly Ly 5uH f 4 MHz
CpC  3166pF | RpaRya 30Q M 15 uH
R R, 100 Q Ry Rq 15Q Coa 90 pF
Ui (peak) 6V U,(peak) 6V Cia 90 pF
451 ‘3‘ Rl (Q)=10=30=50
3 ' ~100=2
_ %f: : " ;\'ﬂ“ -
2 0 Ry (9102030 240 -50] £ ol
S ] i 3, i
-2 o
243; 3
20 2 3 s 2 3 4 6
1 (us) £ (us)
() (b)
Fig.5. (a) Zero-state and (b) zero-input responses of the data transfer channel.
deduced
_ . sLss .
Uy (s) = L1 (s) —SLSS-&-l/(le}S(S)g-R? e
I (s):ISd(s)- 5 sd
(1/(sCss)+Rg)sLss
SLast1/(Can) TRy T1/(5Csd)
Iq (s) = sMI,q(s)/Zs (s
— 1/(sCpa)
Ipd (3) - Ipp <S> " SLp+Z, ()t Ry at1/(5Cpha)
(S) — Ui(s) . Skpp
pp Zp(s)  (sp+2r()+Rp_q)1/(5Cpa)
+sLpp
sLP+ZT(s)+Rp,d+1/(scpd)
(sLp+2r()+Rp_q)slop
sLp+Zr(s)*R,_g+sLpp 5Cpq 1
Z,(s) = —2 z 2 — _
p( ) (stJrzr(s)Jerfd)stp L + sChp + RPP d
sL2p+Zr(s)+Rp7d+stp Eom
_ =s°M
Zr (s) = Z05)
(R2+55155 )SLSS, 1
Ro+ +sLss $Csd
Zs(s) = e sLs+ Rs_g.
s() (R2+R%;)5Lss L + s+ s—d
R2+ﬁ+sfdss sCsqd

3)
The time-domain expression of U, can be obtained by the
inverse Laplace transform of Uy(s)

ug (t) = L7 [Us (5)]. )

When R,,,_q varies, uy(t) is calculated with (4) and the
parameters listed in Table I, and the results are shown in Fig. 5(a).
To make the figures tight, only the envelopes of the waveforms
are drawn. It can be seen from Fig. 5(a) that the steady-state gain
and the transient responses of the data transfer channel can be
improved by adjusting [?,,,_4 reasonably.

For zero-input response, when the input is connected to
Rgis1, the complex frequency-domain model of the forward data
transfer channel is shown in Fig. 6. Based on Fig. 3, the initial
values of the electrical parameters at time ¢ can be calculated
by applying input Uy = Aed“tt and taking the imaginary parts
of the results, where A is the amplitude of U;. Based on Fig. 6,
the Laplace image function of the data transfer channel can also
be obtained. With the parameters, as listed in Table I, taking the
values of the electric parameters at t; = le > s (when the input
voltage reaches zero) as the initial values and when Rg;s; varies,
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1. Inverter 2. PC 3. Coupler 4. Rectifier 5. FPGA
6. Wave Generator 7. DC Source 8. Oscilloscope

9. Load Resistor 10. Auxiliary Power Supply 11. Data Transmitter
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Fig. 6. Complex frequency-domain model of the data transfer channel.
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Fig. 7. Time-domain curves of the voltage of different Rqis1 .
TABLE II
MAIN PARAMETERS FOR EXPERIMENTAL VERIFICATION
Symbols Value Symbols Value Symbols Value
E4 140V M 18 uH L, L 30 uH
Ly Lp 20 uH Cp Cp 1753 nF C, C; 350.6 nF
Ly, Ly 5uH Cpe Cie 701.2 nF I 85 kHz
Cyp Cys 316.6 pF | RypaRysa 15Q h 4.2 MHz
R, 16 Q Rist Rais 100 Q R\ R, 100 Q
U,(peak) 6V Ui(peak) 6V Cpa Ca 90 pF

the zero-input responses w4 (t2) are shown in Fig. 5(b). It can
be seen from Fig. 5(b) that 7; decreases with the increase of the
discharging resistor Rqis1.

However, the value of Rgjs1 cannot be infinitely increased.
With the same method, u rqis1 (t2) can also be calculated. When
Rgis1 varies, the time-domain curves of the voltages of Rg;s1 are
shown in Fig. 7. It can be seen from Fig. 7 that the peak value of
the voltage of Rgis1 increases sharply as Rgqis1 increases, which
may break down the electronic components of the data transfer
channel.

With the same method, the responses of the data transfer
channel under other parameters (i.e., Ry, Ro, Ly, Lgs, Rp_q,
R4, M, L,, L, and f1) can also be calculated.

IV. EXPERIMENTAL VERIFICATION

By analyzing the responses, the parameters, as shown in
Table II, are adopted for experimental verification. An exper-
imental prototype, as shown in Fig. 8, is built based on Fig. 1
to verify the feasibility of the proposed method. An amplifier
(THS6002) is used to amplify the data carrier and drive the cou-
pled coils, an analog switch (TMUX6219) is used to modulate
the data carrier according to the data transmitted, and an FPGA
module (EPM240T100C5N) is used to demodulate the signal
received.

When power and data are transferred simultaneously, the
waveforms of the power and data transfer channel are shown

Fig. 8. Schematic diagram of the experimental prototype.

Tek ,,I‘L, @ Stop MPos: 15600s  Tek Sl @ Stop M Pas: 3.500us

\/QI, ,,\/ \/
a - [Power | Power
interference—w. [/, |-interference
et
CH2 500V MS00us A 20

CH3 1004  CH4 S0.0v CH3 500 CHd S00¥

Fig. 9.  Waveforms of the power transfer channel and data transfer channel.
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Fig. 10. Transient responses of the data transfer channel.

in Fig. 9, where Dy is the data transmitted, D¢ is the data
demodulated, and Upy, is the voltage of the load. The measured
Ury is 133 V and when the load is 16 €2, the output power is
1105 W. The input power is 1198 W and the efficiency is about
92.2%.

Fig. 10 shows the transient responses of the data transfer
channel; it can be seen from Fig. 10 that 7, and #y are less than
1 ps, which is consistent with the theoretical analysis, as shown
in Fig. 5.

Fig. 11 shows the waveforms of the data transfer channel with
and without power transfer, where DM is the data modulated. It
can be inferred from the waveform of DM that when the analog
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Fig. 11.  Waveforms of data transfer channel (a) without and (b) with simul-

taneous power transfer.
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Fig. 12.  Waveforms of (a) data demodulation and (b) power transfer channel
and data transfer channel.

TABLE III
PERFORMANCE COMPARISON

Reference Power Data rate Efficiency

proposed 1.1 kW 1 Mbps 92.2%
[1] 354 W 19.2 kbps 52%
[2] 300 W 500 kbps 90.1%
[3] 500 W 600 kbps 84%
[4] 600 W 80 kbps 86.8%
[5] 500 W 20 kbps 86%
[6] 33 kW 64 kbps N/A

switch is connected to a, spike voltage is generated on DM,
which is consistent with the theoretical analysis. Comparing
Fig. 11(a) with (b), it can be inferred that power transfer has
little influence on data transfer.

The waveforms of the data demodulation process are shown
in Fig. 12(a), where MW is the signal received, CR1 and CR2 are
the comparison results, and Q is the output of the SR flip-flop. It
can be inferred from Fig. 12(b) that a high-frequency data carrier
wave appears on the waveform of the voltage of the primary coil,
which indicates that power and data are transferred simultane-
ously. In addition, it can also be inferred from Fig. 12(b) that
the data transfer rate is 1 Mbps and the transfer delay is about
0.4 us.

IEEE TRANSACTIONS ON POWER ELECTRONICS, VOL. 38, NO. 8, AUGUST 2023

Table III summarizes the performance of the proposed system
and the previous research articles. Compared with the previous
research articles, with the method proposed, a data transfer
of Mbps level is achieved along with a power transfer of kW
level.

V. CONCLUSION

In this letter, an SWPDT system with a high data rate is
proposed and the feasibility of this method is verified by ex-
periment. The power and data are transmitted simultaneously
via the same coupled coils. Inductors fully compensated at
power carrier frequency are multiplexed for data carrier in-
jection and extraction, creating a favorable condition for data
transfer. To achieve a high data rate, the transient responses of
the data transfer channel are analyzed based on the complex
frequency-domain model and resistors are added to regulate
the transient responses. Besides, an effective demodulation
method is also proposed. With the method proposed in this
letter, a 1.1 kW SWPDT prototype with 1 Mbps data transfer is
achieved.

REFERENCES

[1] L. Ji, L. Wang, C. Liao, and S. Li, “Simultaneous wireless power and

bidirectional information transmission with a single-coil, dual-resonant

structure,” [EEE Trans. Ind. Electron., vol. 66, no. 5, pp. 4013-4022,

May 2019.

Y. Yao, H. Cheng, Y. Wang, J. Mai, K. Lu, and D. Xu, “An FDM-based

simultaneous wireless power and data transfer system functioning with

high-rate full-duplex communication,” IEEE Trans. Ind. Inform., vol. 16,

no. 10, pp. 6370-6381, Oct. 2020.

[3] P. Wang, Y. Sun, Y. Feng, T. Feng, Y. Fan, and X. Li, “An improvement

of SNR for simultaneous wireless power and data transfer system with

full-duplex communication mode,” IEEE Trans. Power Electron., vol. 37,

no. 2, pp. 2413-2424, Feb. 2022.

Y. Fan, Y. Sun, X. Dai, Z. Zuo, and A. You, “Simultaneous wireless power

transfer and full-duplex communication with a single coupling interface,”

1EEE Trans. Power Electron., vol. 36, no. 6, pp. 6313-6322, Jun. 2021.

[5] J. Wu, C. Zhao, Z. Lin, J. Du, Y. Hu, and X. He, “Wireless power

and data transfer via a common inductive link using frequency division

multiplexing,” IEEE Trans. Ind. Electron., vol. 62, no. 12, pp. 7810-7820,

Dec. 2015.

Z. Qian, R. Yan, J. Wu, and X. He, “Full-duplex high-speed simultaneous

communication technology for wireless EV charging,” IEEE Trans. Power

Electron., vol. 34, no. 10, pp. 9369-9373, Oct. 2019.

[7] X.Li,J.Hu,Y.Li, H. Wang, M. Liu, and P. Deng, “A decoupled power and
data-parallel transmission method with four-quadrant misalignment toler-
ance for wireless power transfer systems,” IEEE Trans. Power Electron.,
vol. 34, no. 12, pp. 11531-11535, Dec. 2019.

[8] G. Simard, M. Sawan, and D. Massicotte, “High-speed OQPSK and
efficient power transfer through inductive link for biomedical implants,”
1IEEE Trans. Biomed. Circuits Syst., vol. 4, no. 3, pp. 192-200, Jun. 2010.

[9] J.-G. Kim, G. Wei, M.-H. Kim, H.-S. Ryo, and C. Zhu, “A wireless

power and information simultaneous transfer technology based on 2FSK

modulation using the dual bands of series—parallel combined resonant

circuit,” IEEE Trans. Power Electron., vol. 34, no. 3, pp. 2956-2965,

Mar. 2019.

X. Liu, C. Xia, X. Han, Z. Wu, and Z. Liao, “Simultaneous wireless

power and information transmission based on harmonic characteristic

of soft-switching inverter,” IEEE Trans. Ind. Electron., vol. 69, no. 6,

pp. 6090-6100, Jun. 2022.

2

[

[4

—

[6

[}

[10]




<<
  /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


