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Abstract

This paper presents a dynamic architecture for convergent wired and wireless access networks in Time Division Multiplexing (TDM)
based Passive Optical Network (PON) featuring wavelength stacking. Four wavelengths for wired services carrying 10 Gb/s traffic load,
one shared extra reconfigurable wavelength and one wavelength common to all Optical Network Units (ONUs) for the transport of
wireless services were launched into a 1:64 splitting ratio PON network. In the ONU, a tunable free spaced Fourier optics based filter
selects one of the wavelengths conveying wired services and a tunable Fiber Bragg Grating (FBG) filters out the wavelength carrying the
wireless services. In the uplink direction, subcarrier multiplexing (SCM) was used for the combined transport of the wired and wireless
signals to the Central Office (CO).

Keywords: Access Networks, Dynamic Wavelength Allocation, Optical Filters, WDM Stacking, Wired-Wireless Convergence.

Arquitectura dindmica fija-movil para redes de acceso WDM
apiladas

Resumen

Este articulo presenta una arquitectura dindmica para redes de acceso convergentes fijas e inalambricas en red optica pasiva (PON)
basada en multiplexacion en division de tiempo (TDM) bajo el paradigma de apilamiento de longitudes de onda. Cuatro longitudes de
onda para servicios fijos transportando una carga de trafico de 10 Gb/s, una longitud de onda reconfigurable extra y una longitud de onda
comun a todas las unidades de red optica (ONU) para el transporte de servicios inalambricos se enviaron a una PON con un relacion de
division de 1:64. En la ONU un filtro sintonizable basado en optica de Fourier de espacio libre selecciona una de las longitudes de onda
que transporta servicios fijos y un filtro basado en redes de difraccion de Bragg (FBG) extrae la longitud de onda que transporta servicios
inalambricos. En el enlace de subida se utilizd multiplexacion por division de subportadora (SCM) para el transporte combinado de
sefiales en banda base e inalambricas a la oficina central (CO).

Palabras clave: Asignacién Dinamica de Longitudes de Onda, Apilamiento WDM, Convergencia fija-inalambrica, Filtros Opticos,
Redes de Acceso.

proposed. A study on the effects of simultaneous wired
and wireless transmission on fiber is discussed in [10], an
analysis on the optical mobile backhauling is presented in

1. Introduction

High capacity optical access networks providing high

bandwidth and reliable services to fixed users can also be
exploited to deal with the transport of wireless services.
Such hybrid architecture might emerge as a viable access
solution where the optical network provides flexible high
capacity backhaul to mobile end users [6-9]. To date,
several approaches for converged transport of wired and
wireless services in optical access networks have been

[11] and a discussion on the requirements posed on the
optical network technologies from the cellular mobile
network is presented in [12]. Recently, a study dealing
with the optimized placement of base band units acting as
hotels that group several remote radio heads in a
converged WDM access network was discussed in [13]
and [14] described a view on the evolution of radio access

© The author; licensee Universidad Nacional de Colombia. @

DYNA 81 (188), pp. 139-144. December, 2014 Medellin. ISSN 0012-7353 Printed, ISSN 2346-2183 Online
DOI: http://dx.doi.org/10.15446/dyna.v81n188.41312



Puerto-Leguizamon et al / DYNA 81 (188), pp. 139-144. December, 2014.

networks supported by WDM exploitation in an already
deployed infrastructure.

On the other hand, different approaches regarding
dynamic capacity allocation have also been proposed. In
[15], a remote node based on the combination of an
optical switch and an Arrayed Waveguide Grating (AWG)
enables the dynamic wavelength assignation among
different ONUs, also active routing using Semiconductor
Optical Amplifiers (SOA) have been proposed as a
solution to dynamically distribute wavelength channels in
the access network [16-18]. Consequently, it is clear that
fixed and mobile convergence has become a hot topic in
the optical networking field, in this context Radio over
Fiber (RoF) systems technologies will enable combined
transport of fixed and mobile users in the future access
networks [19], [20]. As seen, advanced features such as
dynamic capacity allocation and capacity upgrade have
been proposed based on improvements performed on the
remote node or point of wavelength distribution. Such
enhancement involves the use of active components that
are highly sensitive to polarization and leads to precise
control and maintenance of it. Therefore, the challenge is
to enable convergence and dynamic wavelength allocation
among some other characteristics in an already deployed
infrastructure, where the high bandwidth provided by the
optical fiber and the ubiquity and flexible connectivity of
the wireless access can be merged in a unified optical
access platform. To address such requirements, namely,
the increment of capacity, dynamic convergent wired and
wireless access networks, load balancing and resilience
while enabling a seamless way to evolution over the next
years by reusing the current fiber infrastructure, a
dynamic optical access platform based on a novel (CO)
architecture that performs the wavelength stacking of
several TDM-PON systems has been proposed and
experimentally demonstrated.

2. Materials and methods
2.1. Architecture description

The approach for a wavelength stacked access network
featuring dynamic wavelength allocation and convergent
wired-wireless traffic in both CO and ONU is depicted in
Fig. 1. In the CO, four wavelengths, 0.8 nm spaced, are
multiplexed and broadcasted by means of the combination
of a passive matrix and an Arrayed Waveguide Grating
(AWG). This arrangement allows the even and low loss
distribution of the four wavelengths between several
PONs. An optical switch placed between the wavelength
feeder and the AWG provides dynamic wavelength
assignment for wireless distribution and capacity upgrade
purposes. In particular, for the wireless traffic, a set of
wavelengths denoted as (Ax’) use the next upper Free
Spectral Range (FSR) of the AWG, these wavelengths are
assigned individually depending on the demand to each
one of their peers (Ax) at the wavelength feeder. As a
result, they are also broadcasted to each one of the ONUs
enabling a converged platform for the distribution of
wireless signals and with the capability of adding up to 4

wavelengths for overlay wireless traffic. For capacity
upgrade of the wired traffic, an extra wavelength common
to all the ONUs is mapped to an input port of the AWGs
resulting in a selective capability to upgrade capacity
among different ONUs. Inset (a) in Fig. 1 shows the
downstream wavelengths: four fixed, one extra-
wavelength and one wavelength for wireless transport.
After fiber transmission and distribution, the downstream
signal reach the ONU where an optical coupler splits the
signal in two in order to recover the wireless and wired
wavelengths respectively. For the wireless traffic a
tunable Fiber Bragg Grating (FBG) filters out from the
downstream signals Axrr, whereas for the wired data, a
tunable free-spaced Fourier optics (FSFO) based optical
filter selects one from four possible wavelengths (Ax). In
both cases, the wavelength allocation is dynamic as each
ONU can be assigned with different wavelength channels
depending of the traffic load on the network. Inset (b)
depicts the architecture of the ONU. In the upstream, all
the users share the same wavelength and both wired and
wireless traffic is transported using subcarrier
multiplexing (SCM) as seen in inset (c). Wireless and
wired signals are electrically multiplexed. Direct
modulation and Time Division Multiple Access (TDMA)
are considered for the uplink connection. In the uplink, in
order to avoid carrier suppression effects a FBG removes
one of the sidebands of the upstream signal as seen in the
spectrum shown in inset (d).

Subsequently down conversion of the wireless subcarrier
and direct detection of both wired and wireless signals are
performed. Overall, the presented architecture exploits the
WDM stacking to enable the deployment of PON based
access networks featuring converged transport and dynamic
allocations of resources.

2.2. Implementation details

For the experimental demonstration, continuous wave
(CW) laser sources generating four wavelengths spaced 0.8
nm with an average modulated optical power of 15 dBm
were used at the wavelength feeder. The four fixed
wavelength channels were A1 = 1546.64 nm, A2 = 1547.44
nm, A3 = 1548.24 nm and A4 = 1549.04 nm. The extra
wavelength A-Extra is centered at 1549.86 nm and A-RF is
1553.08 nm which correspond to the next upper FSR of the
1X8 AWG. The four multiplexed wavelength channels for
wired services convey 10 Gb/s traffic Non Return to Zero
(NRZ) encoded and the wavelength for the transport of
wireless services conveys 10 MBauds, 16QAM modulated
onto 5 GHz. For the uplink, all the ONUs share the same
wavelength centered at 1532.7 nm that conveys SCM-
combined 2.5 Gb/s and 5 MBauds 4QAM modulated onto 5
GHz. The passive matrix is intended to distribute a
wavelength channel between different PONs, for
demonstration purposes the wavelength channels were
directly multiplexed through a gaussian band-pass profile
1X8 AWG with roughly 3 dB insertion losses. A circulator
allows the use of a single strand of fiber for bidirectional
transmission.
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The optical circulator accounts for insertion losses of
approximately 0.7 dB. After 20 km of optical transmission
through Standard Monomode Fiber (SMF) and a 1:64
splitting ratio, the measured losses were close to 25 dB.
FBG filters featuring a bandwidth of 20 GHz were used to
separate the wavelength channel that transports the wireless
data Axrr. While a stretching mechanism enabled FBG
tunability to A-RF, thermal control as described in [21] was
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used to assure stable operation on this wavelength. For
demonstration purposes the fixed channels were recovered
by using a bulk tunable (FSFO) filter with a band-pass of 25
GHz. It should be pointed out that other filtering
technologies such as Fabry-Perot filters or FBG can be
used; however the FSFO filter provided more flexibility to
the experimental demonstration as it allowed changing the
band-pass width.
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Figure 1. Layout of the wavelength stacked approach featuring dynamic allocations of wavelengths for wired and wireless services

Source: The Authors

3. Results and discussions

Fig. 2 depicts two different scenarios demonstrating the
operation and feasibility of the proposed architecture. Each
scenario shows the wavelength channel selection in ONU’s
belonging to different PONs. Scenario 1 shows the
wavelength allocation in ONU 1 at four different PONs.
PON 1 has been assigned with A1, PON 2 with A4, PON 3
and PON 4 with A2. In scenario 2, A4 is allocated to PON 1,
Al to PON 2, PON 3 is assigned with A-Extra due to the
high load of the other wavelengths at that time and A3 is
allocated to PON 4. Finally, A-RF is allocated to all ONUs
in the four PONs. The signal degradation for the downlink
and uplink was measured for wired and wireless services.

For the experimental evaluation, the quality of signals in
ONU 1 and ONU 64 in four different PONs were measured
under a dynamic wavelength allocation environment
following the two scenarios described above.

Fig. 3(a) shows the Bit Error Rate (BER) performance of
the examined wired services showing in all cases a penalty
of approximately 2 dB for 1x10'2 BER compared to the

back-to-back curve. Fig. 3(b) shows the quality of the
wireless services, degradation of the 16QAM signal was
measured showing an Error Vector Magnitude (EVM)
below 4 % for received optical powers above -24 dBm and
with a degradation of roughly 0.5% compared to the back-
to-back value. The observed low penalties are caused
mostly by the inherent insertion losses of signal
transmission through the fiber, the optical coupler based
splitting and crosstalk from the adjacent channels in the
filtering process at the ONUs.

The experimental results showing the quality of the
upstream wired signal are shown in Fig. 4(a). We evaluated
the upstream signals from four ONU’s at different PONs.
Overall, the full penalty was measured to be 3.7 dB for 1x10-
12. Fig. 4(b) shows the results obtained from the upstream
wireless service, the measured EVM is roughly 5% for
received powers below -31 dBm and showing a degradation of
1.25% as compared to the back-to-back of the signal. The
degradation of the uplink signals is caused by the crosstalk
coming from the wired and wireless signal remains in the
process of detection and down conversion respectively.
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Figure 2. Experimental results. Scenarios of dynamic wavelength
allocation in wavelength stacked access networks
Source: The Authors
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Figure 3. Experimental results. (a) Downlink BER. (b) Downlink EVM
Source: The Authors

Negligible quality differences were found in the uplink
services coming from different PONs.

4. Conclusions

An optical architecture for converged transport of wired
and wireless signals featuring dynamic allocation in multi-
wavelength WDM-TDM PON access networks was
presented. Four wavelengths for wired services 0.8 nm
spaced common to all ONUs and one dynamically routed
wavelength were broadcasted in the downlink direction. For
the wireless services, up to four dedicated and common
wavelengths to all ONUs can be used. Exploitation of the
wavelength stacking paradigm to implement dynamic
wavelength allocation, load balancing and capacity upgrade
for converged transport while allow a seamless way to
evolution by reusing the current fiber infrastructure
constitutes the novelty and fundamental basis of this
approach. This proposal aims at upgrading both the CO and
ONU architectures in order to provide WDM connectivity
between them. The fact that a stack of wavelengths are
broadcasted from the CO to different PON may generate a
potential limiting factor in the power budget due to the
insertion losses imposed by the optical components placed
at the CO and the high splitting ratio proposed. However,
the power requirements can be relaxed by using high
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Figure 4. Experimental results. (a) Uplink BER. (b) Uplink EVM
Source: The Authors

sensitivity optical receivers at the ONU, typical values of
commercial optical detector for PON applications ranges
from -27 to -32 dBm. Therefore, the approach is feasible in
terms of optical power as long as an appropriate power
budget is assured by selecting the right optical devices to
implement the CO and OLT.

As far as the dynamic WDM behavior, tunable filters are
used to extract the wired and wireless wavelengths from the
downstream channels; in particular a 20 GHz narrow FBG
was used to filter the wavelength carrying the wireless
services and a free spaced Fourier optics based filter featuring
a bandwidth of 25 GHz was used to select one of the
wavelengths carrying the baseband data. Regarding the
tunable filters, so far no practical candidate technology can
perform fast selection, while there are several technologies for
slow selection, such as Fabry-Perot filters, thermally tuned
semiconductor optical filters, FBGs or the used in the
experiments based on free spaced Fourier optics. Therefore,
further research is needed to implement wavelength-tunable
optical filters featuring fast optical channel selection. As for
the quality of the transported signals, the experimental
measurements confirm the good performance of the system,
0.5% degradation for EVM and 2 dB penalties in average for
1x107'2 BER in the downlink whereas 1.25% degradation for
EVM with 3.7 dB penalty in average for 1x10"'> BER in the
uplink was measured.

143

5. Acknowledgement

The authors wish to acknowledge the Optical and
Quantum Communications Group of the Universidad
Politécnica de Valencia, the E.U. funded project ALPHA
212 352 and the Universidad Distrital Francisco José de
Caldas for supporting the realization of this paper

References

[1T  Moeyaert, V. and Maier, G., Network technologies for broadband
access, 13th International Conference on Transparent Optical
Networks (ICTON), pp. 1-5, 2011.

[2] Davey, R., Kani, J., Bourgart, F. and McCammon, K., Options for
future optical access networks, IEEE Communications Magazine, 44
(10), pp- 50-56, 2006.
http://dx.doi.org/10.1109/MCOM.2006.1710412

[3] Kazovsky, L., Shaw, W., Gutierrez, D., Cheng, N. and Wong, S,.
Next-generation optical access networks, J. Lightwave Technol. 25
(11, pp. 3428-3442, 2007.
http://dx.doi.org/10.1109/JLT.2007.907748

[4] Hsueh, Y., Rogge, M. Yamamoto, S. and Kazovsky L., A highly
flexible and efficient passive optical network employing dynamic
wavelength allocation, IEEE J. Lightw. Technol., 23 (1), pp. 277—
286, 2005. http://dx.doi.org/10.1109/JLT.2004.838811

[5] Kani, J., Enabling technologies for future scalable and flexible
WDM-PON and WDM/TDM-PON systems, IEEE Journal of
Selected Topics in Quantum Electronics, 16 (5), pp. 1290-1297,
2010. http://dx.doi.org/10.1109/JSTQE.2009.2035640

[6] Venkatesan, G. and Kulkarni, K., Wireless backhaul for LTE-
requirements, challenges and options, 2nd International Symposium
on Advanced Networks and Telecommunication Systems, pp. 1-3,
2008.

[71  Popov, M., The convergence of wired and wireless services delivery
in access and home networks, Optical Fiber Communication
Conference and Exposition (OFC/NFOEC) and the National Fiber
Optic Engineers Conference, pp. 1-3, 2010.

[8] Chanclou, P., Belfgih, Z., Charbonnier, B., Duong, T., Frank, F.,
Genay, N., Huchard, M., Guignard, P., Guillo, L., Landousies, B.,
Pizzinat, A., Ramanitra, H. and Saliou, F., Optical access evolutions
and their impact on the metropolitan and home networks, 34th
European Conference on Optical Communication, pp.1-3, 2008.

[91 Ali, M.A,, Ellinas, G., Erkan, H., Hadjiantonis, A. and Dorsinville,

R., On the vision of complete fixed-mobile convergence, J.

Lightwave  Technol., 28 (16), pp. 2343-2357, 2010.

http://dx.doi.org/10.1109/JLT.2010.2050861

Yong-Yuk, W., Moon-Ki, H., Yong-Hwan, S. and Sang-Kook, H.

Colorless two different gigabit data access transmissions using

optical double sideband suppressed carrier and optical sideband

slicing, IEEE/OSA Journal of Optical Communications and

Networking, 5 (6), Pp- 544-553, 2013.

http://dx.doi.org/10.1364/JOCN.5.000544

Laraqui, K., Small cell optical mobile backhauling: Architectures,

challenges, and solutions, 39th European Conference and Exhibition

on Optical Communication, pp- 1-3, 2013.

http://dx.doi.org/10.1049/cp.2013.1298

Kellerer, W., Kiess, W., Scalia, L., Biermann, T., Choi, C. and

Kozu, K., Novel cellular optical access network and convergence

with FTTH, Optical Fiber Communication Conference and

Exposition (OFC/NFOEC) and the National Fiber Optic Engineers

Conference, pp. 1-3, 2012.

Carapellese, N., Tornatore, M. and Pattavina, A., Placement of base-

band units (BBUs) over fixed/mobile converged multi-stage WDM-

PONs, 17th International Conference on Optical Network Design

and Modeling (ONDM), pp. 246-251, 2013.

Ponzini, F., Giorgi, L., Bianchi, A. and Sabella, R., Centralized radio

access networks over wavelength-division multiplexing: a plug-and-

play implementation, IEEE Communications Magazine, 51 (9), pp.

94-99,2013. http://dx.doi.org/10.1109/MCOM.2013.6588656

[10]

[11]

[12]

[13]

[14]



Puerto-Leguizamon et al / DYNA 81 (188), pp. 139-144. December, 2014.

[15] Ortega, B., Mora, J., Puerto, G. and Capmany, J. Symmetric
reconfigurable capacity assignment in a bidirectional DWDM access
network, Optics Express, 15 (25), pp. 16781-16786, 2007.
http://dx.doi.org/10.1364/OE.15.016781

[16] Yang, H., Shi, Y., Okonkwo, C.M., Tangdiongga, E. and Koonen,
A.M.J., Dynamic capacity allocation in radio-over-fiber links, IEEE
Topical Meeting on Microwave Photonics (MWP), pp. 181-184,

108

2010. )
[17] Nguyen-Cac, T., Hyun-Do, J., Okonkwo, C., Tangdiongga, E., UNIVERSIDAD N ACION AL DE COLOMBIA
Koonen, T. Dynamically delivering radio signals by the active -
routing optical access network, IEEE Photonics Technology Letters, SEDE MEDELLIN
24(3), 182-184, 2012. FACULTAD DE MINAS

pp-
http://dx.doi.org/10.1109/LPT.2011.2175910
[18] Zou, S., Okonkwo, C.M., Cao, Z., Nguyen-Cac, T., Tangdiongga, E.

and Koonen, T,  Dynamic optical routing and simultaneous 1 . . ,
generation of millimeter-wave signals for in-building access Area Currlcu Iar de Ingen ieria
network, Optical Fiber Communication Conference and Exposition : L¢3
(OFC/NFOEC) and the National Fiber Optic Engineers Conference, de SIStemas e Info rmatlca
pp. 1-3,2012.

[19] Dat, P.T., Kanno, A., Inagaki, K. and Kawanishi, T., High-Capacity
wireless backhaul network using seamless convergence of radio-
over-fiber and 90-GHz millimeter-wave, J. of Lightwave Technol., Oferta de Posgrados
32 (20) pp. 3910-3923, 2014.
http://dx.doi.org/10.1109/JLT.2014.2315800

[20] Kyung W.L., Jung H.P. and Hyun D.J., Comparison of digitized and

o Especializacion en Sistemas
analog radio-over-fiber systems over WDM-PON networks,  Especializacién en Mercados de Energia
International Conference on ICT Convergence (ICTC), pp. 705-706, « Maestria en Ingenieria - Ingenieria de Sistemas
2013. L. . .
[21] Aguiar, M., Gémez, J. y Torres, P., Modelamiento térmico y * Doctorado en Ingenieria- Sistema e Informatica
vibratorio de una capsula para sensores de fibra Optica adaptables a
mediciones en sistemas eléctricos de potencia. Revista DYNA, 76
(157), pp. 243-250, 2009.
Mayor informacion:
G.A. Puerto-Leguizamon, received the BSc. in Telecommunications
Engineering in 2002. He joined the Institute of Telecommunications and Carlos Jaime Franco Cardona
Multimedia Applications at the Universitat Politeécnica de Valéncia in Director de Area curricular
Spain, where he received the Advanced Research Studies in 2005 and the acsei_med@unal.edu.co
PhD. degree in 2008. As postdoctoral researcher he performed as co-leader (57-4) 425 5365

of the workpackage about new generation of physical technologies for
optical networks in the framework of the European funded project ALPHA

(Architectures for Flexible Photonics Home and Access Networks). Since
2012 he is an Assistant Professor at the Universidad Distrital Francisco
José de Caldas in Bogota where he is with the Laboratory of Microwave,
Electromagnetism and Radiation (LIMER). He has published more than 40
papers in journals and international conferences and he is a reviewer of the
IEEE Journal on Lightwave Technologies and IEEE Photonic Technology
Letters. His research interests include optical networking and radio over
fiber systems.

L.C. Realpe-Mancipe, is student of the Universidad Distrital Francisco
José de Caldas in Bogota, Colombia, where she is pursuing the BSc. in
Electronic Engineering. She is actively involved in the activities of the
IEEE student branch at the university. In 2013 she joined the Laboratory of
Microwave, Electromagnetism and Radiation (LIMER) as an assistant
researcher in the framework of the research project “Dynamic architectures
for converged optical access networks” where she is developing her final
project. His research interests include optical networking and optical access
networks.

C.A. Suarez-Fajardo, received the MSc. and PhD. degrees in
Telecommunications Engineering from the Universitat Politécnica de
Valéncia, Valencia, Spain, in 2003 and 2006, respectively. In 2006, he
founded the Laboratory of Microwave, Electromagnetism and Radiation
(LIMER) research group at the University Distrital Francisco José de
Caldas in Bogota, Colombia, and in 2007 he became as an associate
professor at the same University. He has published more than 40 papers in
journals and international conferences and he is a reviewer of the Chilean
Journal Engineering and Journal of Antennas and Propagation (IJAP). His
research interests include wideband and multi-band planar antenna design
and optimization, microwave engineering, applied electromagnetic and
small satellite communication systems.

144




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /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 true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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 [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


