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Abstract: In this paper, we propose and experimentally demonstrated a novel passive
optical network access architecture based on orbital angular momentum (OAM) multi-
plexing. Multiple data channels are multiplexed by orthogonal OAM modes on the same
wavelength to achieve efficient utilization of bandwidth resources. Twenty OAM modes,
with each mode carrying 10-Gb/s on–off keying signal, are transmitted over 0.4-m free-
space optics link. The bit error ratio (BER) performances of all data channels can be un-
der a 3:8� 10�3 enhanced forward error correction limit. The experimental results show
the potentiality of the proposed architecture for providing user access with flexibility and
bandwidth efficiency in future ultrahigh-capacity passive optical networks.

Index Terms: Free-space optical communication (FSO), multiplexing, orbital angular mo-
mentum (OAM).

1. Introduction
Rapidly increasing internet data traffic nowadays has aroused increasing demand for higher user
access bandwidth. With limited bandwidth available for optical access network, an urgent problem
to solve is developing advanced techniques for efficient utilization of bandwidth resources [1]. Var-
ious novel schemes concerning architecture, modulation format, signal processing and network
protocol have been proposed to improve the performance of current passive optical networks [1],
[2]. Recently, orbital angular momentum, with theoretically infinite orthogonal modes to improve
spectral efficiency and transmission capacity, has attracted increasing research interest [3]–[5].
Backward compatible with existing multiplexing techniques such as time division multiplexing
(TDM), wavelength division multiplexing (WDM), polarization division multiplexing (PDM), spatial
division multiplexing (SDM), and mode division multiplexing (MDM), OAM multiplexing is capable
of offering additional degree of freedom (DOF) for multiplexing. Allen first revealed the property of
OAM carried by Laguerre-Gaussian (LG) beam in 1992 [6] and then, OAM was introduced to opti-
cal communication systems [7]. Many scheme and experiments utilizing OAM multiplexing based
on FSO link [3]–[5], [7]–[11] and vortex fiber [12] have been reported.
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In this paper, we propose and experimentally demonstrate a novel PON access architecture
based on OAM multiplexing. Multiple data channels are multiplexed by orthogonal OAM modes
on same wavelength to achieve efficient utilization of bandwidth resources. 20 OAM modes with
each mode carrying 10 Gbit/s OOK signal, are transmitted over 0.4 m FSO link. The bit error ra-
tio (BER) performances of all data channels can be under 3:8� 10�3 enhanced FEC limit. The
experimental results show the potentiality of the proposed architecture for providing user access
with flexibility and bandwidth efficiency in future ultra-high capacity passive optical networks.

2. Principle
The LG beam carrying OAM mode features helical phase front, which can be described by an
azimuthal phase term: eil�. The value l is known as topological charge which stands for different
orthogonal eigen-states corresponding to different OAM modes and � is the azimuthal phase. l
must be an integer ðl ¼ 0;�1;�2; . . .Þ to satisfy the self-consistent condition. By employing
reflective spatial light modulator (SLM) with pre-calculated hologram pattern, signal can be con-
verted onto specific OAM mode to realize multiplexing or be converted back to fundamental
Gaussian beam ðl ¼ 0Þ to realize demultiplexing. Here, we propose to utilize orthogonal OAM
modes multiplexing to realize PON access for multiple users.

Fig. 1 illustrates novel PON access architecture based on OAM multiplexing. The architecture
consists of optical line terminal (OLT), remote node (RN) and optical network unit (ONU). It is
worth noting that the link between OLT and RN can be FSO link or vortex fiber that supports
OAM transmission. In OLT, the data from network is first modulated onto optical carrier.
Depending on applications, OLT can either transmit multi-channel data for multiple user access
or single channel data for multicasting. FSO link with OAM Mux/Demux is the major unique
feature of the proposed architecture. Multi-channel signals are converted from fundamental
Gaussian beam to LG beam with various OAM modes. Benefiting from the orthogonality of OAM
modes, signal carried by different OAM modes will not interfere with each other. Meanwhile, mul-
tiplexing signals in the dimension of OAM significantly improves spectral efficiency thus enables
efficient bandwidth utilization. After FSO transmission, OAM demultiplexing is done in remote
node. Every OAM mode can be demultiplexed and detected independently by converting LG
beam back to fundamental Gaussian beam while keeping other modes still in OAM mode. The
converted beam is coupled into fiber again and sent to receiver in ONU. It should be noted that
the architecture we propose is flexible and adaptive to various applications. For example, the
architecture is basically suitable for user data delivery in access networks, both by wireless or
wired link. For the former, FSO link can be useful while vortex fiber can be used for the latter
[12]. Meanwhile, the architecture is also suitable for multicasting in which OAM modes can be
utilized to carry different services for multicasting and demultiplexing can also be done at ONU.

Multiple OAM modes can be generated in various ways: A specially designed hologram
pattern implemented to SLM [10], odd times reflection [4], [8], polarization multiplexing [4], [8] in
free space and so on. In this paper, specially designed hologram pattern is implemented to

Fig. 1. Principle of novel PON architecture based on OAM multiplexing.
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generate five OAM modes. In our experiment, one SLM is used to generate þ4, þ8, þ12, þ16,
and þ20 while another SLM is used to generate �6, �10, �14, �18, and �22. Fig. 2 shows the
process of designing hologram pattern to generate OAM mode þ4, þ8, þ12, þ16, and þ20 by
one SLM simultaneously. First, we generate hologram pattern of þ8 and angular mask with
4-fold rotational symmetry. Because of the angular diffraction principle, N-fold rotational symme-
try angular mask will distribute energy from OAM mode l to l þ N and l � N [13]. Therefore, part
of the power on þ8 will transfer to þ4 and þ12. In this way, we got the hologram pattern to gen-
erate 3 OAM modes: þ4, þ8, and þ12. Meanwhile, we utilize similar principle to generate þ12,
þ16, and þ20. By superimposition of two hologram patterns, we obtain the sliced phase pattern
to generate 5 modes. It should be noted that the angular mask is designed to be complementary
to each other, which minimizes the interference between modes. With similar method, other
5 modes are generated by another SLM. Also, benefiting from the mirror image relationship of
reflected LG beam with OAM mode, odd-time reflection can be utilized to generate the OAM
modes with opposite charge sign [8]. In this way, we are able to generate 20 OAM modes with
two SLMs, three beam splitters and three mirrors.

3. Experimental Setup
Experimental setup of novel PON access architecture based on OAM multiplexing is shown in
Fig. 3. At OLT, microwave source with 10.665 GHz output is employed as the clock to the pat-
tern generator. Then, the electrical signal with pattern length of 231 � 1 is modulated onto the

Fig. 2. Multiple OAM modes generation based on sliced phase pattern and angular mask.

Fig. 3. Experimental setup of novel PON access architecture based on OAM multiplexing. EDFA:
erbium-doped fiber amplifier, PC: polarization controller, SLM: spatial light modulator, Col.: collima-
tor, BS: beam splitter, MR: mirror, TOF: tunable optical filter, Att.: attenuator, PM: power meter.
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optical carrier to generate a 10 Gbit/s optical OOK signal at 1550-nm by a 10 G lightwave trans-
mitter (Agilent 83433 A). The following Erbium-doped fiber amplifier (EDFA1) is used to provide
sufficient optical power up to 22 dBm coupled into FSO link. The optical signal is split into two
branches via one 1 � 2 optical coupler (OC). The fiber length connected from OC to SLM1 and
SLM2 is different to introduce deliberate delay between two branches. In this way, the informa-
tion carried by beam incident onto SLM1 and SLM2 will not be the same. Polarization controllers
(PC) are then used for both branches since the incident light must be horizontally polarized to
ensure good performance of the reflective SLM1 and SLM2. The optical signal is incident on a
liquid-crystal on silicon SLM (LCOS-SLM, HAMAMATSU, 792 � 600 pixels) with high-precision
phase modulation characteristics. With collimators, optical signal is coupled from fiber to FSO
link. Utilizing specially designed hologram pattern introduced in Fig. 2, fundamental Gaussian
beam is converted to LG beam with five various OAM modes on both SLM1 and SLM2, respec-
tively (þ4, þ8, þ12, þ16, and þ20 for SLM1, �6, �10, �14, �18, and �22 for SLM2). Two LG
beam, each carrying 5 OAM modes, are then combined by BS1 to realize 10 concentric OAM
modes. It is worth noting that OAM modes generated by SLM2 will meet with additional reflec-
tion at BS1 compared with those OAM modes generated by SLM1. That is the reason why we
implement hologram pattern generating �6 to �22 rather than þ6 to þ22. Therefore, after com-
bining at BS1, the 10 concentric OAM modes are þ4, þ6, þ8, þ10, þ12, þ14, þ16, þ18, þ20,
and þ22. After that, the beam is split into two optical paths by BS2. One path contains three ad-
ditional mirrors to generate OAM modes with the opposite sign (�4, �6, �8, �10, �12, �14,
�16, �18, �20, and �22) through mirror image relationship. Two optical paths are then com-
bined by BS3. In this way, the data carried on each OAM mode is different from adjacent
modes. After lens to adjust the beam size as well as collimation, SLM3 is employed to demulti-
plex and detect OAM mode. By just switching the hologram pattern on SLM3, the specific OAM
mode with data needed is converted back to fundamental Gaussian mode. The FSO link be-
tween BS3 and SLM3 is 0.4 m. The beam then goes through another collimator and coupled
into fiber again. Here, we employed an infra-red charge-coupled device (IR-CCD) camera for
the convenience of adjustment and observing optical profile. At ONU, signal firstly goes through
EDFA2 to compensate the loss during coupling and free-space propagation. A tunable optical
filter is used to suppress unwanted components. Then the optical signal is input into a 10-G
lightwave receiver Agilent 83434 A for direct detection. Finally, an error detector is employed to
measure the BER performance. The inset of Fig. 3 is the photograph of FSO links in the experi-
mental setup.

4. Experimental Results and Discussions
Fig. 4 is the optical intensity profile for detection of different OAM modes obtained by infra-red
camera. Fig. 4(a)–(j) show the optical intensity profile of demultiplexing specific OAM mode (þ4,
þ8, þ10, þ12, þ16, þ22, �6, �14, �18, and �20), respectively. We can all observe obvious
round point in the center which indicates one of the OAM modes has been converted back to
fundamental Gaussian mode. The multiple concentric rings can also be observed which repre-
sents other OAM modes are converted to corresponding values (e.g., when convert þ4 to fun-
damental Gaussian mode, þ8, þ10, þ12, and þ16 will be converted to þ4, þ6, þ8, and þ12,
respectively). However, the imbalance of power distribution on the OAM modes we generate
can also be observed. For example, the Gaussian mode in the center after demultiplexing þ4,
þ22, �6, and �20 is apparently smaller and darker. In fact, the main reasons for impurity of
generated OAM modes are resolution limitation and imperfection of LCOS-SLM.

Fig. 5 shows eye diagrams of the 10 Gbit/s OOK signal carried by OAM mode þ8 and �20.
The eye diagram is observed under 50 ps/div. Here, we choose þ8 and �20 OAM modes since
they are just the best and worst channel, respectively. In Fig. 5(a), þ8 is the OAM mode in the
middle of original optical path (w/o mirrors) and the corresponding eye opening degree is good.
In Fig. 5(b), �20 is the OAM mode by side of the reflection path (w/ odd mirrors) and the eye
opening degree is over 3 dB worse than þ8.
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Fig. 6 shows the BER versus received optical power of different OAM modes. We can find
that the performance of OAM mode in original path shows better performance than correspond-
ing mode in reflection path which is with same topological charge value but opposite sign. By
comparing þ8 and �8, we find the BER of OAM mode �8 is �3 dB lower than OAM mode þ8.
However, within two groups of 10 modes in same path, the BER performance of OAM modes at
two sides (e.g., þ4, �6, �20, and þ22) are �3 dB lower than that in the middle. This result con-
forms to the imbalanced power distribution of the OAM mode generated by our hologram pat-
tern. Considering these two factors, OAM modes �20 and þ22 both show the worst
performance. Optimized hologram pattern will achieve more balanced power distribution and
channel performance.

5. Conclusion
In this paper, we propose and experimentally demonstrate a novel passive optical network ac-
cess architecture based on orbital angular momentum multiplexing. Multiple data channels are
multiplexed by orthogonal OAM modes on same wavelength to achieve efficient utilization of
bandwidth resources. 20 OAM modes with each mode carrying 10 Gbit/s OOK signal are

Fig. 5. Eye diagrams of optical OOK signal carried on (a) OAM mode þ8 and (b) OAM mode �20.

Fig. 4. Optical intensity profile (a) demux þ4, (b) demux þ8, (c) demux þ10, (d) demux þ12, (e) de-
mux þ16, (f) demux þ22, (g) demux �6, (h) demux �14 (i) demux �18, and (j) demux �20.
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transmitted over a 0.4 m FSO link. The BER performances of all data channels can be under
3:8� 10�3 enhanced FEC limit. The experimental results show the potentiality of the proposed
architecture for providing user access with flexibility and bandwidth efficiency in future ultra-high
capacity passive optical networks.

References
[1] J. Yu et al., “Cost-effective optical millimeter technologies and field demonstrations for very high throughput wireless-

over-fiber access systems,” J. Lightw. Technol., vol. 28, no. 16, pp. 2376–2397, Aug. 2010.
[2] Z. Dong et al., “Ultra-dense WDM-PON delivering carrier-centralized Nyquist-WDM uplink with digital coherent detec-

tion,” Opt. Exp., vol. 19, no. 12, pp. 11 100–11 105, Jun. 2011.
[3] A. E. Willner, “Orbital angular momentum transmission,” presented at the ECOC, London, U.K., Paper Mo.4.A.1,

2013.
[4] J. Wang et al., “Terabit free-space data transmission employing orbital angular momentum multiplexing,” Nat.

Photon., vol. 6, pp. 488–496, 2012.
[5] I. B. Djordjevic, J. A. Anguita, and B. Vasic, “Error-correction coded orbital-angular-momentum modulation for FSO

channels affected by turbulence,” J. Lightw. Technol., vol. 30, no. 17, pp. 2846–2852, Sep. 2012.
[6] L. Allen, M. W. Beijersbergen, R. J. C. Spreeuw, and J. P. Woerdman, “Orbital angular-momentum of light and the

transformation of Laguerre-Gaussian laser modes,” Phys. Rev. A, vol. 45, no. 11, pp. 8185–8189, Jun. 1992.
[7] G. Gibson et al., “Free-space information transfer using light beams carrying orbital angular momentum,” Opt. Exp.,

vol. 12, no. 22, pp. 5448–5456, Nov. 2004.
[8] J. Wang et al., “25.6-bit/s/Hz spectral efficiency using 16-QAM signals over pol-muxed multiple orbital-angular-

momentum modes,” in Proc. IEEE Photon. Conf., Arlington, VA, USA, 2011, pp. 587–588.
[9] H. Huang et al., “100 Tbit/s free-space data link using orbital angular momentum mode division multiplexing

combined with wavelength division multiplexing,” presented at the OFC, Anaheim, CA, USA, Paper OTh4G.5, 2013.
[10] Y. Yan et al., “Multicasting in a spatial division multiplexing system based on optical orbital angular momentum,”

Opt. Lett., vol. 38, no. 19, pp. 3930–3933, Oct. 2013.
[11] I. B. Djordjevic, “Heterogeneous transparent optical networking based on coded OAM modulation,” IEEE Photon. J.,

vol. 3, no. 3, pp. 531–537, Jun. 2011.
[12] Y. Yue et al., “11.6-Tbit/s muxing, transmission and demuxing through 1.1-km of Vortex fiber carrying 2 OAM beams

each with 10 wavelength channels,” OFC, Anaheim, CA, USA, Paper OTh4G.2, 2013.
[13] B. Jack, M. J. Padgett, and S. Franke-Arnold, “Angular diffraction,” New J. Phys., vol. 10, Oct. 2008, Art. ID. 103013.

Fig. 6. BER versus received optical power of OAM modes.

Vol. 7, No. 1, February 2015 7900506

IEEE Photonics Journal PON Architecture Based on OAM Multiplexing



<<
  /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 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues false
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /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 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


