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Microwave Power Transmission Using a Signal-to-Leakage-and-Noise Ra-
tio to Protect Wireless Communication Devices
Shun Shibuya1, Koichi Adachi2, Hiroyuki Morikawa1, and Yoshiaki Narusue1

Abstract Microwave Power Transmission (MPT) is a promising technol-
ogy that can be utilized to charge devices wirelessly and remotely. However,
most previous studies onMPT focused on improving charging efficiency and
have ignored the harmful effects on wireless communication devices that
are sensitive to the considerable received signal power caused by the elec-
tromagnetic radiation of microwaves. To resolve this problem, this study
introduces into MPT the signal-to-leakage-plus-noise ratio (SLNR), used
to suppress co-channel interference in multi-user Multiple-Input Multiple-
Output (MIMO) downlink communications. We establish a beamforming
scheme that maximizes SLNR for MPT. Compared with a beamforming
scheme that does not consider leakage power, the proposed method trans-
mits power to intended receivers while suppressing leakage power to pro-
tected devices. Based on simulations, our method decreases the leak power
to protected devices by over 10 dB while maintaining the received power at
the targeted receivers, compared with the conventional method.
Keywords:Microwave power transmission, SLNR for MPT, Beamforming
Classification: Antennas and propagation

1. Introduction

Microwave power transmission (MPT) is currently attract-
ing significant attention as a wireless power transmission
method. MPT can deliver power to a receiver at a greater
distance than near-field power transmission [1]. However,
MPT has some shortcomings, such as lower transmission
efficiency compared with near-field power transmission and
interference to the wireless communication devices near the
MPT transmitter, which may cause malfunctions in the de-
vice operation.
Most studies on MPT focused on an improvement in

charging efficiency. For example, a method called retro-
reflective beamforming, a technique based on the phase
conjugation of pilot signals from receivers, was used to
achieve high-efficiency MPT [2] [3] [4]. Although these
retro-reflective methods are efficient and low-cost for ac-
complishing accurate beamforming of receivers, they are
insufficient in terms of protecting wireless communication
devices other than receivers frommicrowaves comparedwith
near-field power transmission [8].
To overcome the safety challenges caused by electromag-

netic radiation (EMR) exposure, other schemes to maximize
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the received power with EMR value limitations by solving
optimization problems for safe charging have been proposed
[5] [6] [7]. However, these studies assume a propagation
channel model that depends on distance and cannot consider
the effects of multipath propagation; hence, they may not be
able to properly work in a practical environment.
Given the above background, this study aims to achieve

microwave beamforming toward receivers while limiting the
leakage power to the protected devices. To realize this, we
introduce and extend the signal-to-leakage-plus-noise ra-
tio (SLNR), which is used in multi-user MIMO downlink
communications [9] [10] [11]. Normalized beamforming
weights are chosen to maximize SLNR for the given loca-
tions of the intended receivers and protected devices. Subse-
quently, final beamformingweights are obtained bymultiply-
ing the normalized beamforming weights with an arbitrary
constant to adjust the desired received power. According to
the simulation results, the proposed beamforming method
based on maximizing SLNR for MPT outperforms conven-
tional beamforming methods that do not consider leakage
power. Further, our proposed method can be adapted to
complex environments once the channels are obtained.

2. Principle

We introduce the SLNR for MPT, which is the ratio of the
received power to leak power and the noise power. The con-
cept of SLNR was previously introduced in the multi-user
MIMO downlink communication domain [9] [10]; however,
we extend the concept to the MPT domain to simultaneously
realize highly efficient power transmission and protection.
First, we explain SLNR for multi-user MIMO downlink

communications. We consider 𝐾 users and a base station.
The base station comprises 𝑁 antenna elements and user
#𝑘 comprises 𝑀𝑘 antenna elements. The 𝑁 × 1 transmitted
vector x(𝑡) at time 𝑡 is expressed as x(𝑡) =

∑𝐾
𝑘=1 w𝑘 𝑠𝑘 (𝑡),

where 𝑠𝑘 (𝑡) is the scalar symbol intended for user #𝑘 at time
𝑡 and w𝑘 is the beamforming weight multiplied by 𝑠𝑘 (𝑡).
𝑠𝑘 (𝑡) and w𝑘 are normalized as follows:

𝐸 [|𝑠𝑖 (𝑡) |
2
] = 1, | |w𝑘 | |2 = 1, (1)

for 𝑘 = {1,· · · ,𝐾}. The 𝑁 × 1 transmitted data vector x(𝑡)
is propagated to each receiver through the channels. The
𝑀𝑖 × 1 received vector y𝑖 (𝑡) for user #𝑖 is expressed as
y𝑖 (𝑡) = H𝑖x(𝑡) + v𝑖 (𝑡), where H𝑖 is 𝑀𝑖 × 𝑁 channel matrix
defined as
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Fig. 1 Leakage power to other users from the signal transmitted to user
#1 in MIMO downlink communication

H𝑖 =
⎡⎢⎢⎢⎢⎢⎣

ℎ (1,1)𝑖 · · · ℎ (1,𝑁 )

𝑖
...

. . .
...

ℎ (𝑀𝑖 ,1)
𝑖 · · · ℎ (𝑀𝑖 ,𝑁 )

𝑖

⎤⎥⎥⎥⎥⎥⎦
. (2)

ℎ (𝑘,𝑙)𝑖 represents the channel coefficient from the 𝑙-th antenna
at the base station to the receiver #𝑘 antenna at user #𝑖. The
additive noise vector v𝑖 (𝑡) is assumed to have independent
complexGaussian elements with variance𝜎2

𝑖 and is spatially
white, described as 𝐸

[
v𝑖 (𝑡)v 𝑗 (𝑡)∗

]
= 𝜎2

𝑖 I𝑀𝑖𝛿𝑖 𝑗 , where 𝐼𝑀𝑖

is the 𝑀𝑖 ×𝑀𝑖 identity matrix. 𝛿𝑖 𝑗 is 1 if 𝑖 = 𝑗 , otherwise 0.
Under these conditions, the average power of the trans-

mitted signal for user #𝑖 is described as | |H𝑖w𝑖 | |2 and the
power of the interference caused by the signal transmitted to
user #𝑖 on the signal received by another user #𝑘 is expressed
as | |H𝑘w𝑖 | |2. Thus, the total leakage power from the signal
transmitted to user #𝑖 is expressed as

∑𝐾
𝑘=1,𝑘≠𝑖 | |H𝑘w𝑖 | |2.

A conceptual diagram of the leak power from the signal
transmitted to user #1 is shown in Fig.1. Based on these
assumptions, the SLNR for user #𝑖, denoted as 𝑆𝐿𝑁𝑅𝑖 , is
defined as follows:

𝑆𝐿𝑁𝑅𝑖 =
| |H𝑖w𝑖 | |2

𝑀𝑖𝜎
2
𝑖 +

∑𝐾
𝑘=1,𝑘≠𝑖 | |H𝑘w𝑖 | |2

=
| |H𝑖w𝑖 | |2

𝑀𝑖𝜎
2
𝑖 + ||H̃𝑖w𝑖 | |2

.

(3)

H̃𝑖 is the matrix in which all channels except for H𝑖 are
concatenated and defined as

H̃𝑖 = [H𝑇1 · · ·H𝑇𝑖−1H𝑇𝑖+1 · · ·H𝑇𝐾 ]𝑇 . (4)

Beamforming weights w𝑜𝑖 are obtained by maximizing (3)
subject to (1) and are expressed as follows:

w𝑜𝑖 = argmax
w𝑖 ∈𝐶𝑁×1

w∗

𝑖H∗

𝑖H𝑖w𝑖
w∗

𝑖 (𝑀𝑖𝜎
2
𝑖 I𝑀𝑖 + H̃∗

𝑖 H̃𝑖)w𝑖
. (5)

This optimization problem is known as the Rayleigh quotient
[9] and the optimal beamforming weights are obtained by
solving the eigenvalue problem (6):

w𝑜𝑖 ∝ max eigenvector((𝑀𝑖𝜎2
𝑖 I𝑀𝑖 + H̃∗

𝑖 H̃𝑖)−1H∗

𝑖H𝑖). (6)

Second, we describe SLNR of MPT. In the case of 𝐾
receivers and 𝐿 protected devices, the transmitter, receiver
#𝑘 , and protected device 𝑙 comprise 𝑁 , 𝑀rx,𝑘 , and 𝑀dev,𝑙
antenna elements, respectively. In this study, we define the
criterion 𝑆𝐿𝑁𝑅MPT as the SLNR for MPT. In the case of
MPT, signal communications were not conducted, and it
is natural to treat the aforementioned scalar symbol 𝑠𝑘 (𝑡)

Fig. 2 Leakage power to the protected devices from the signal transmitted
to receiver #1 in MPT

as one. This assumption satisfies (1). Thus, 𝑆𝐿𝑁𝑅MPT,𝑘 ,
which is the SLNR for MPT at receiver #𝑘 , can be written
as follows:

𝑆𝐿𝑁𝑅MPT,𝑘 =
| |Hrx,𝑘w𝑘 | |2

𝑀rx,𝑘𝜎
2
𝑘 +

∑𝐿
𝑙=1 | |Hdev,𝑙w𝑘 | |2

=
| |Hrx,𝑘w𝑘 | |2

𝑀rx,𝑘𝜎
2
𝑘 + ||H̃devw𝑘 | |2

,

(7)

where Hrx,𝑘 is the channel matrix between the transmitter
and receiver #𝑘 , andHdev,𝑙 is the channel between the trans-
mitter and protected device, #𝑙. The channel coefficients are
expressed as follows:

Hrx,𝑘 =

⎡⎢⎢⎢⎢⎢⎢⎣

ℎ (1,1)rx,𝑘 · · · ℎ (1,𝑁 )

rx,𝑘
...

. . .
...

ℎ
(𝑀rx,𝑘 ,1)
rx,𝑘 · · · ℎ

(𝑀rx,𝑘 ,𝑁 )

rx,𝑘

⎤⎥⎥⎥⎥⎥⎥⎦
, (8)

Hdev,𝑙 =

⎡⎢⎢⎢⎢⎢⎢⎣

ℎ (1,1)dev,𝑙 · · · ℎ (1,𝑁 )

dev,𝑙
...

. . .
...

ℎ
(𝑀dev,𝑙 ,1)
dev,𝑙 · · · ℎ

(𝑀dev,𝑙 ,𝑁 )

dev,𝑙

⎤⎥⎥⎥⎥⎥⎥⎦
. (9)

where ℎ (𝑖, 𝑗)rx,𝑘 is the channel coefficient from the 𝑗-th antenna
element in the transmitter to the 𝑖-th antenna element in the
receiver #𝑘 , and ℎ (𝑖, 𝑗)dev,𝑙 is the channel coefficient from the
𝑗-th antenna element in the transmitter to the 𝑖-th antenna
element in the protected device #𝑙. H̃dev is a matrix in which
all channels between the transmitter and protected devices
are concatenated and defined as follows:

H̃dev = [H𝑇dev,1 · · ·H𝑇dev,𝐿]𝑇 . (10)

In the case of SLNR for MPT, calculating 𝑆𝐿𝑁𝑅MPT,𝑘
does not require consideration of the leak power to receivers
other than receiver #𝑘 , as shown in Fig.2. Non-targeted
receivers do not experience any malfunctioning regardless
of whether the leakage power to the receivers is considerably
large.
By naturally extending SLNR for MIMO downlink com-

munication, beamforming weights obtained by maximizing
SLNR for MPT are expressed as follows:

w𝑜𝑖 = argmax
w𝑖 ∈𝐶𝑁×1

w∗

𝑖H∗

rx,𝑖Hrx,𝑖w𝑖
w∗

𝑖 (𝑀rx,𝑖𝜎
2
𝑖 I𝑀rx,𝑖 + H̃∗

devH̃dev)w𝑖
, (11)

and solved as

w𝑜𝑖 ∝ max eigenvector((𝑀rx,𝑖𝜎
2
𝑖 I𝑀rx,𝑖+H̃∗

devH̃dev)
−1H∗

rx,𝑖Hrx,𝑖).
(12)

In addition, unlike wireless communications, uniform
power transmission to every receiver is important for MPT.
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Table I General conditions of simulation settings

Radiation pattern of antenna elements Omnidirectional
Antenna deployment Rectangular
Transmitter direction 𝑦-axis positive
Receiver direction 𝑦-axis negative
Number of antenna elements 64 (8×8)
Interval of antenna elements half wavelength
Frequency 2.4 GHz
Reference received power 30 dBm
Noise power 𝜎2

𝑖 10−6 𝑊

Thus, we adjusted beamforming weights by multiplying
them by a constant. In particular, the beamforming weight
for user #𝑖 w𝑖 is obtained by multiplying the normalized
beamforming weights for users #𝑖 and 𝛼𝑖 =

√
𝑐

| |Hrx,𝑖w𝑖 | |
2 ,

where 𝑐 denotes an arbitrary constant called the reference
received power and is used to calculate a scaling factor, 𝛼𝑖 .
𝛼𝑖 represents a coefficient of the beamformingweight, which
is used to adjust the received power. This means that the re-
ceived power is equal to the reference received power only
if one receiver exists. However, when there are multiple re-
ceivers, the received power is not perfectly equal to the refer-
ence received power and can vary slightly from the reference
received power since interference occurs due to a summation
of the beamforming weights for transferring power to multi-
ple receivers. Using the scaling factors, the final beamform-
ing weight w is calculated as w =

∑𝐾
𝑖=1 𝛼𝑖w𝑖 , and the total

transmitting power 𝑃𝑡 is expressed as 𝑃𝑡 = | |

∑ 𝐾
𝑖=1𝛼𝑖w𝑖 | |

2

for each case. Moreover, the received power at the 𝑖-th re-
ceiver 𝑃rx,𝑖 is calculated by 𝑃rx,𝑖 = | |Hrx,𝑖w| |2 + 𝑀rx,𝑖𝜎

2
𝑖 ,

and the received power at the 𝑗-th protected device 𝑃dev, 𝑗 is
calculated by 𝑃dev, 𝑗 = | |Hdev, 𝑗w| |2 + 𝑀dev, 𝑗𝜎

2
𝑗 .

3. Simulations

In this section, the beamforming scheme based on SLNR for
MPT is preliminarily evaluated through MATLAB simula-
tions. Simulations were performed in an environment free
of reflections or scattering and the channel matrices were ob-
tained using the MATLAB phased array system toolbox. As
listed in Table I, the noise power at each element of receiver
#𝑖 𝜎2

𝑖 or protected device # 𝑗 𝜎2
𝑗 is 10

−6 for 𝑖 = {1,· · · ,𝐾}
and 𝑗 = {1,· · · ,𝐿} and is added to the channels after estima-
tion. We conducted simulations for two cases, particularly
at several positions of the transmitter, receiver, and protec-
tion devices, to obtain the directivity pattern, power at the
receiving antenna and protection device, and beamforming
weight calculation time for each case. The simulation re-
sults based on SLNR for MPT were compared with those of
the conventional beamforming method, which maximized
the gain toward a receiver without considering the leakage.
The general conditions of the simulation settings are listed
in Table I. In this case, the reference received power was set
to 30 dBm to clarify our contribution to the suppression of
leakage, as mentioned in Section 2.
The position parameters are presented in Table II. One

transmitter, receiver, and protected device were defined in
the simulations. The 2D directivity based on SLNR for

Table II Conditions of simulation setting #1 (unit: meters)

Position of transmitter (𝑥, 𝑦, 𝑧) = (0.0, 0.0, 1.0)
Position of receiver (𝑥, 𝑦, 𝑧) = (3.0, 3.0, 1.0)
Position of protected device (𝑥, 𝑦, 𝑧) = (−3.0, 3.0, 1.0)

Fig. 3 Two-dimensional directivity based on the SLNR for MPT for sim-
ulation setting #1. (azimuth,elevation)=(45◦,0◦) is for the receiver and
(azimuth,elevation)=(135◦,0◦) is for the protected device.

Fig. 4 Two-dimensional directivity based on the conventional method for
simulation setting #1. (azimuth,elevation)=(45◦,0◦) is for the receiver and
(azimuth,elevation)=(135◦,0◦) is for the protected device.

Fig. 5 Power comparison for simulation setting #1. The total transmitting
power is 46.6 dBm using SLNR for MPT and 46.5 dBm using conventional
beamforming.

MPT and the conventional method are shown in Fig.3 and
Fig.4, respectively. This shows that the directivity toward
the protected device weakens. A comparison of the received
power at the receiver and the protected device is shown
in Fig.5. From the figure, our method based on SLNR
for MPT maintained the received power at the receiver and
significantly decreased the leakage power on the protected
device.
Next, we set the parameters for the positions listed in

Table III. Beamforming weights of the three receivers
were summed. The 2D directivities based on our proposed
method and the conventional method are shown in Fig.6 and
Fig.7, respectively. A comparison of the received power at
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Table III Conditions of simulation setting #2 (unit: meters)

Position of the transmitter (𝑥, 𝑦, 𝑧) = (0.0, 0.0, 1.0)
Positions of receivers (𝑥, 𝑦, 𝑧) = (3.0, 3.0, 1.0),

(2.0, 3.0, 1.0), (1.0, 3.0, 1.0)
Positions of protected devices (𝑥, 𝑦, 𝑧) = (−3.0, 3.0, 1.0),

(−2.0, 3.0, 1.0), (−1.0, 3.0, 1.0)

Fig. 6 Two-dimensional directivity based on the SLNR for MPT
for simulation setting #2. (azimuth,elevation)=(45◦,0◦) is for receiver
#1, (56.3◦,0◦) is for receiver #2, and (71.6◦,0◦) is for receiver #3.
(azimuth,elevation)=(135◦,0◦) is for protected device #1, (123.7◦,0◦) is
for protected device #2 and (108.4◦,0◦) is for protected device #3.

Fig. 7 Two-dimensional directivity based on the conventional method
for simulation setting #2. (azimuth,elevation)=(45◦,0◦) is for receiver
#1, (56.3◦,0◦) is for receiver #2, and (71.6◦,0◦) is for receiver #3.
(azimuth,elevation)=(135◦,0◦) is for protected device #1, (123.7◦,0◦) is
for protected device #2, and (108.4◦,0◦) is for protected device #3.

the receiver and protected device, indicating the simultane-
ous leakage suppression capability of our proposed method
on protected devices and maintenance of the received power
at the receivers irrespective of the increase in the number of
receivers and protected devices is shown in Fig.8. Because
the beamformingweights for the three receivers are summed,
each received power differed slightly from 30 dBm. It is also
shown that the received power is larger than the noise power
−11.93 dBm (6.4× 10−5W) in Fig.5 and Fig.8. In our simu-
lation environment, the CPU time in simulation settings #1
and #2 were 7.0 × 10−3 s and 1.5 × 10−2 s, respectively.

4. Conclusions

This study introduced a criterion called SLNR intoMPT.We
extended the concept of SLNR for MIMO downlink com-
munication to SLNR for MPT. We obtained beamforming
weights to realize high transfer efficiency while suppressing
leakage power toward the protected devices by maximiz-
ing SLNR for MPT. The validity of our proposed method
was confirmed through simulations. In the future, we will

Fig. 8 Power comparison for simulation setting #2. The total transmitting
power is 50.4 dBm using SLNR for MPT and 48.3 dBm using conventional
beamforming.

conduct experimental evaluations by implementing the pro-
posed beamforming scheme using software-defined radio
equipment.

Acknowledgments

These results were obtained from the commissioned research
(No.07301) by the National Institute of Information and
Communications Technology (NICT), Japan.

References

[1] K. Huang and X. Zhou, “Cutting the last wires for mobile com-
munications by microwave power transfer,” IEEE Communications
Magazine, vol. 53, no. 6, pp. 86–93, June 2015.

[2] J. He, X. Wang, L. Guo, S. Shen, and M. Lu, “A distributed retro-
reflective beamformer for wireless power transmission,” Microwave
and Optical Technology Letters, vol. 57, no. 8, pp. 1873–1876, May
2015.

[3] X. Wang, S. Sha, J. He, L. Guo, and M. Lu, “Wireless power delivery
to low-power mobile devices based on retro-reflective beamforming,”
IEEE Antennas and Wireless Propagation Letters, vol. 13, pp. 919–
922, May 2014.

[4] M. Liu, X.Wang, S. Zhang, andM. Lu, “Theoretical analysis of retro-
reflective beamforming schemes for wireless power transmission to
multiple mobile targets,” IEEE Wireless Power Transfer Conference,
pp. 1–4, San Diego, CA, USA, June 2021.

[5] K.S. Yıldırım, R. Carli, and L. Schenato, “Safe distributed control of
wireless power transfer networks,” IEEE Internet of Things Journal,
vol. 6, no. 1, pp. 1267–1275, Feb. 2019.

[6] H. Dai, Y. Liu, G. Chen, X.Wu, and T. He, “Safe charging for wireless
power transfer,” Proc. IEEE International Conference on Computer
Communications, pp. 1105–1113, Toronto, ON, Canada, April 2014.

[7] L. Ginting, H.S. Yoon, D.I. Kim, and K.W. Choi, “Beam avoidance
for human safety in radiative wireless power transfer,” IEEE Access,
vol. 8, pp. 217510–217525, Dec. 2020.

[8] H. Makimura, H. Sakamoto, K. Nishimoto, Y. Inasawa, and H.
Igarashi, “Reducing unwanted emissions of a wireless power trans-
fer coil by using a parasitic loop element,” IEICE Communications
Express, vol. 12, no. 6, pp. 316–321, June 2023.

[9] M. Sadek, A. Tarighat, and A.H. Sayed, “A leakage-based precoding
scheme for downlink multi-user mimo channels,” IEEE Transactions
on Wireless Communications, vol. 6, no. 5, pp. 1711–1721, May
2007.

[10] M. Sadek, A. Tarighat, and A.H. Sayed, “Active antenna selection
in multiuser MIMO communications,” IEEE Transactions on Signal
Processing, vol. 55, no. 4, pp. 1498–1510, March 2007.

[11] H. Du and P.-J. Chung, “A probabilistic approach for robust leakage-
based MU-MIMO downlink beamforming with imperfect channel
state information,” IEEE Transactions on Wireless Communications,
vol. 11, no. 3, pp. 1239–1247, March

4



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /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 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /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 false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 "Recommended"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


