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Abstract: Mobile-phone based visible light communication (VLC) is an attractive method for
optical wireless communication. However, the data rate is typically limited by the complemen-
tary metal–oxide–semiconductor image sensor frame rate and the processing time gap in the
rolling shutter mode operation. Here, we propose and demonstrate a packet-reconstruction
scheme, known as beacon jointed rolling shutter pattern scheme. The mobile-phone based
VLC data rate can be increased to a record 10.32 kb/s. The implementation algorithm is dis-
cussed; and the bit-error-rate experimental evaluations at different transmission distances
and horizontal offsets are performed.

Index Terms: Light emitting diode (LED), visible light communication (VLC), CMOS image
sensor.

1. Introduction
Having the advantages of license-free and electromagnetic interference (EMI) free transmission
with high security, visible light communication (VLC) will emerge as one of the promising tech-
nologies for future wireless communications [1]–[5]. VLC can combine lighting and communication
simultaneously; hence can reduce the power consumption and deployment cost. The white light
emitting diode (LED) for lighting can be used as the VLC transmitter (Tx). As mobile-phone embed-
ded with image sensor is very common, using the image sensor for VLC can significantly reduce
the deployment cost when compared with the VLC using positive-intrinsic-negative (PIN) photodi-
ode (PD) or avalanche photodiode (APD) as VLC receiver (Rx). However, a great challenge in the
mobile-phone based VLC is the limited frame rate of the image sensor, which can greatly limit the
transmission data rate. An under-sampled frequency shift on-off keying (UFSOOK) technique is
proposed; and a data rate of 15 bit/s was demonstrated in image sensor VLC [6]. Then, an under-
sampled phase shift on-off keying (UPSOOK) format using dual LED with a designated mapping
and framing method was proposed; and a data rate of 150 bit/s over >10 m transmission distance
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Fig. 1. (a) Experimental setup of the mobile-phone based VLC system using CMOS image sensor.
(b) Rolling shutter pattern captured by the CMOS image sensor.

can be achieved [7]. A data rate of 150 bit/s (3 × 50 bit/s) can also be achieved by using red-
green-blue (RGB) LEDs in image sensor based VLC [8]. In order to further increase the data rate,
a tailor-made image sensor with built-in PIN PD array was proposed [9]. However, this tailor-made
sensor needs relatively complicated fabrication process and is not commercially available. Using
the rolling shutter effect of complementary metal–oxide–semiconductor (CMOS) image sensor is
a promising technique to increase the mobile-phone based VLC data rate [10], [11]. Recently, by
using techniques including blooming mitigation and extinction ratio (ER) enhancement to improve
the demodulation of the rolling shutter pattern, and a data rate of 5.76 kbit/s was reported [12].
VLC using two dimensional (2D) LED array [13], [14] or 2D liquid crystal display (LCD) [15] Txs can
increase the transmission data rate by using spatial division multiplexing. However, decoding the 2D
rolling shutter pattern received by the CMOS image sensor is challenging since the rolling shutter
pattern produced by different LEDs in the LED array can merge together. Hence, additional signal
processing schemes are required to separate these rolling shutter patterns from different LEDs. In
addition, decoding the 1D rolling shutter pattern can allow higher offset tolerance between the LED
Tx and CMOS image sensor; and the offset tolerance has been studied [12]. On the other hand, in
order to decode the 2D rolling shutter pattern, all the LED sources are needed to be focused at the
image sensor; hence reducing the offset tolerance and flexibility during decoding.

In this work, we propose and demonstrate a packet-reconstruction scheme, known as beacon
jointed rolling shutter pattern scheme, to increase the data rate of the mobile-phone based VLC. By
using the beacon jointed rolling shutter pattern scheme, the original data packet can be recovered.
The implementation algorithm is discussed; and the bit-error-rate (BER) experimental evaluation is
performed.

2. Algorithm and Experiment
Fig. 1(a) shows the experimental setup of the mobile-phone based VLC system using CMOS
image sensor as VLC Rx. The data packet is constructed by using Matlab, and it is applied to
a phosphor-based white-light LED (Cree XR-E) with color temperature of 5500 K via an arbitrary
waveform generator (AWG, Tektronix AFG3252C) with sampling rate of 2 GSample/s and bandwidth
of 240 MHz. A lens is used in front of the LED with the field of view (FOV) of 10o. The Rx is a
mobile-phone CMOS image sensor (Apple Iphone6) with resolution of 1920 × 1080 pixels. When
the CMOS image sensor is operated in rolling shutter mode, the pixel row is activated sequentially;
hence bright and dark fringes can be captured in an image frame as shown in Fig. 1(b). However,
one challenge of using CMOS image sensor in VLC is that after the all pixel rows are exposed in an
image frame, there is a frame-to-frame processing time gap [10], [11]. During this processing time
gap, the CMOS image sensor cannot detect any light; and this time gap can be up to 30% of the
frame period. This means that unlike the PD or APD, the image sensor is operated in “burst-mode”.
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Fig. 2. (a) Experimental setup of the mobile-phone based VLC using CMOS image sensor. (b) Rolling
shutter pattern captured by the CMOS image sensor.

Fig. 3. (a) Schematic diagram to illustrate only one header “H” is observed. The grayscale pattern
(b) show an incomplete data packet, with “B” and “H” indicating the beacon and header respectively;
(c) after the beacon jointed rolling shutter pattern scheme to recover a VLC packet.

We now describe the operation principle of the proposed beacon jointed rolling shutter scheme.
Fig. 2(a) shows the schematic diagram, in which the inner circle represents the CMOS image
sensor, and the number of pixel rows is Pcmos. The “Start” pixel, “End” pixel, and the processing
time gap are also indicated in Fig. 2(a). The processing time gap can be transformed to the time
needed for the pixel row exposure. In our measurement, the processing time gap is equivalent to
the exposure time needed for 396 pixel rows (Pgap ), and this value is a constant for the smart phone
used in the experiment (i.e., Iphone 6). Hence, the total number of pixels in the inner circle can be
represented as: Pcmos + Pgap = 1080 + 396 = 1476 pixels.

As mentioned before, the outer circle is rotating continuously, and one of the headers will fall in
the processing time gap as shown in Fig. 3(a). This means that a complete data packet cannot be
received in an image frame; and Fig. 3(b) shows the grayscale pattern of an incomplete data packet
received. Hence the proposed beacon jointed rolling shutter pattern scheme is applied. First, the
“End” pixel is found, which is the 1080th pixel (i.e., the maximum number of pixel rows in the image
sensor). Then, the beacon, which is at the opposite side of the inner circle can be positioned,
which is equal to the Pcmos–(Pcmos + Pgap )/2 + 1 = 1080–(1080 + 396)/2 + 1 = 343rd pixel in the
inner circle, as indicated as “B” in Fig. 3(a) and 3(b). Finally, the grayscale pattern from “B” to the
beginning of “H” can be copied and pasted to the “End” pixel; hence the complete VLC packet can
be recovered as shown in Fig. 3(c).
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Fig. 4. Flow-diagram of the implementation of the beacon joined rolling shutter pattern scheme.

Fig. 5. (a) Pixels per bit and the (b) BER performance at different data rates.

Fig. 4 summaries the implementation of the beacon joined rolling shutter pattern scheme in
flow-diagrams. After the complete packet is recovered, thresholding is required to identify the data
logic 1 and data logic 0. Different thresholding schemes, such as polynomial curve fitting, iterative
scheme or quick adaptive scheme can be used [16]. After the thresholding scheme is applied,
the data logic 1 and data logic 0 can be identified. By comparing the received data logic with the
transmitted data logic, the BER can be obtained.

3. Results and Discussions
In each packet, a 12-bit header is used; and a 32-bit, 64-bit, 96-bit, 136-bit, 172-bit and 234-bit are
used as the payloads. They represent the net data rates of 1.9 kbit/s (32 bit/frame × 60 frame/s),
3.84 kbit/s, 5.76 kbit/s, 8.16 kbit/s, 10.32 kbit/s and 14.04 kbit/s respectively. Different payload
lengths are used to evaluate different pixel per bit of the CMOS image sensor. On-off keying (OOK)
modulation format is used. Fig. 5(a) shows the pixels per bit at different data rates. It is observed that
when the data rate increases, the number of pixels required to represent one bit will decrease. In the
experiment, at the data rate of 14.04 kbit/s, 3 pixel rows are needed to represent a bit. Hence, if the
CMOS image sensor with higher resolution (4K or 8K) or higher frame rate is available, much higher
data rate can also be achieved by the proposed scheme. Fig. 5(b) shows the BER performance of
the proposed beacon jointed rolling shutter scheme when compared with previous scheme [12] at
the illuminance of 1100 lux. We cannot measure any error count when the data rate is increased up
to 8.16 kbit/s, which stands for the 4.99 pixel per bit. At the data rate of 10.32 kbit/s (the pixels per
bit is 4.01), the BER is 1.01 x 10−4, and this satisfies the 7% forward error correction (FEC) limit.
This net data rate is about two times when compared with the recorded rolling shutter technique in
[12]; or about 60 times when compared with image based VLC using global shutter technique [8].
It is worth to point out that in the CMOS image sensor, the pixel row is activated without waiting
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Fig. 6. (a) Measured illuminance received by the image sensor at different mobile-phone based VLC
transmission distances and at different horizontal offsets (b) BER performance of different data rates
and at different illuminance of the proposed beacon jointed rolling shutter pattern scheme.

for the exposure completion of the previous pixel row. By using the proposed beacon jointed rolling
shutter pattern scheme, a recorded net data rate of 10.32 kbit/s can be achieved.

Then, we evaluated the proposed mobile-phone based VLC system at different transmission
distances and at different Rx horizontal offsets with respective to the LED Tx. In the experiment,
as long as the LED Tx can be focused by the image sensor, we found that the BER performance
is only affected by the received illuminance. Fig. 6(a) shows the measured illuminance received
by the image sensor at different VLC transmission distances and at different horizontal offsets. At
the case of no horizon offset (the green curve), the illuminance decreases continuously from 2340
lux to 530 lux when the transmission distance increases from 10 cm to 30 cm. When the horizon
offset increased to 1.25 cm (the orange curve), the received illuminance decrease to 1380 lux and
342 lux at the transmission distances of 10 cm and 30 cm respectively. It is worth to mention that
Fig. 6(a) is based on our experimental condition of using a single LED Tx. Fig. 6(b) shows the
BER performance of different data rates and at different illuminance of the proposed beacon jointed
rolling shutter pattern scheme. We can observe that at the illuminance of 700 lux, no error court
is observed at the data rates of 5.76 kbit/s and 8.16 kbit/s. When the data rate is 10.32 kbit/s, the
illuminance is 1100 lux, which is corresponding to a 20 cm link distance without horizontal offset.

4. Conclusion
Mobile-phone based VLC can be a potential candidate for the next generation wireless communi-
cations, and simultaneously providing indoor lighting. The data rate of mobile-phone based VLC is
typically limited by the CMOS image sensor frame rate and the processing time gap in the rolling
shutter mode operation. We proposed and demonstrated a packet-reconstruction scheme, known
as beacon jointed rolling shutter pattern scheme. By using the beacon jointed rolling shutter pattern
scheme, the original data packet can be recovered. By using the proposed scheme, a net data
rate of 10.32 kbit/s can be achieved. The proposed mobile-phone based VLC system at different
transmission distances and at different Rx horizontal offsets with respective to the LED Tx were
also evaluated. The implementation algorithm of the beacon jointed rolling shutter pattern scheme
was discussed; and the BER experimental evaluation was performed.

References
[1] S. Wu, H. Wang, and C. H. Youn, “Visible light communications for 5G wireless networking systems: From fixed to

mobile communications,” IEEE Netw., vol. 28, no. 6, pp. 41–45, Nov./Dec. 2014.
[2] H. H. Lu, Y. P. Lin, P. Y. Wu, C. Y. Chen, M. C. Chen, and T. W. Jhang, “A multiple-input-multiple-output visible light

communication system based on VCSELs and spatial light modulators,” Opt. Exp., vol. 22, pp. 3468–3474, 2014.
[3] B. Janjua et al., “Going beyond 4 Gbps data rate by employing RGB laser diodes for visible light communication,” Opt.

Exp., vol. 23, pp. 18746–18753, 2015.

Vol. 9, No. 6, December 2017 7907606



IEEE Photonics Journal Beacon Jointed Packet Reconstruction Scheme

[4] C. H. Chang et al., “A 100-Gb/s multiple-input multiple-output visible laser light communication system,” J. Lightw.
Technol., vol. 32, pp. 4723–4729, 2014.

[5] Z. Wang, C. Yu, W. D. Zhong, J. Chen, and W. Chen, “Performance of a novel LED lamp arrangement to reduce SNR
fluctuation for multi-user visible light communication systems,” Opt. Exp., vol. 20, pp. 4564–4573, 2012.

[6] R. D. Robert, “Undersampled frequency shift on-off keying (UFSOOK) for camera communications (CamCom),” in
Proc. Wireless Opt. Commun. Conf., 2013, pp. 645–648.

[7] P. Luo, Z. Ghassemlooy, H. L. Minh, X. Tang, and H. M. Tsai, “Undersampled phase shift on-off keying for camera
communication,” in Proc. 16th Int. Conf. Wireless Commun. Signal Process., 2014, doi: 10.1109/WCSP.2014.6992043.

[8] P. Luo et al., “Experimental demonstration of RGB LED-based optical camera communications,” IEEE Photon. J., vol. 7,
no. 5, Oct. 2015, Art. no. 7904242.

[9] I. Takai, S. Ito, K. Yasutomi, K. Kagawa, M. Andoh, and S. Kawahito, “LED and CMOS image sensor based optical
wireless communication system for automotive applications,” IEEE Photon. J., vol. 5, no. 5, Oct. 2013, Art. no. 6801418.

[10] C. Danakis, M. Afgani, G. Povey, I. Underwood, and H. Haas, “Using a CMOS camera sensor for visible light commu-
nication,” in Proc. Opt. Wireless Commun., 2012, pp. 1244–1248.

[11] C. W. Chow, C. Y. Chen, and S. H. Chen, “Enhancement of signal performance in LED visible light communications
using mobile phone camera,” IEEE Photon. J., vol. 7, no. 5, Oct. 2015, Art. no. 7903607.

[12] K. Liang, C. W. Chow, and Y. Liu, “Mobile-phone based visible light communication using region-grow light source
tracking for unstable light source,” Opt. Exp., vol. 24, pp. 17505–17510, 2016.

[13] C. Wu, H. Zhang, and W. Xu, “On visible light communication using LED array with DFT-spread OFDM,” in Proc. IEEE
Int. Conf. Commun., 2014, pp. 3325–3330.

[14] S. H. Chen and C. W. Chow, “Color-filter-free spatial visible light communication using RGB-LED and mobile-phone
camera,” Opt. Exp., vol. 22, no. 25, pp. 30713–30718, 2014.

[15] Y. Zeng et al., “Visible light communication system for mobile device,” in Proc. 16th Int. Conf. Ubiquitous Future Netw.,
2014, pp. 26–28.

[16] Y. Liu et al., “Comparison of thresholding schemes for visible light communication using mobile-phone image sensor,”
Opt. Exp., vol. 24, pp. 1973–1978, 2016.

Vol. 9, No. 6, December 2017 7907606

http://dx.doi.org/10.1109/WCSP.2014.6992043


<<
  /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 false
  /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 true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /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 0.40
    /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 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 0.40
    /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 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 "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


