
 
 

 
Abstract—We show taking into account realistic component 

parameters, the performance analysis of known power efficient 
unipolar optical OFDM techniques in a 10Gbps intensity 
modulated, direct detected (IM/DD) fiber link for passive optical 
network (PON) application. The Diversity-Combined ACO-
OFDM is shown to give better BER performance in overall 
studied case and to be suitable to efficiently compensate frequency 
selective distortion of optical fiber link channel. We also show that 
data rate of 10Gpbs with split ratio of 128 and 4-QAM modulation 
format can be sent through 60km of SSMF fiber using Noise 
cancellation ACO-OFDM and 109km using Diversity-Combined 
ACO-OFDM. The BER performance value is fixed to 10-3 (limit 
value when Forward Error Codes are used). 
 

Index Terms— Unipolar optical OFDM techniques, IM/DD, 
PON.  

I. INTRODUCTION 
DVENTS of novel services like Video-on-Demand (VoD), 
real-time network games, peer-to-peer applications, 

Internet Protocol TV (IPTV) and other emerging applications 
are creating an increasing need for high rates requests or high 
end users bandwidths. Motivated by the limitations of known 
access network technologies [1] and empowered by the 
enormous bandwidth offered by optical fibers, Passive Optical 
Networks (PON) are being deployed. The first next-generation 
PON [2] (NG-PON1) should leverage the use of existing 
GPON ODN (Optical Distribution Network) to control cost. 
The Full Service Access Network (FSAN) has defined NG-
PON1 [3] as an asymmetric 10G system with rates of 10Gbps 
downstream and 2.5Gbps upstream and a split ratio at least 64 
over at least the maximum transmission reach of 60km. NG-
PON1 is backwardly compatible with existing fiber 
installations and tries to facilitate high bandwidth provision, 
large split ratio and extended network reach. According to 
FSAN, data rate of 40Gbps per wavelength over at least 60km 
are expected in the second phase. In NG-PON2 [3], different 
modulation formats with higher spectral efficiency than NRZ 
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are planned such as: CDMA, WDM and multi-carriers 
modulations (like OFDM) [3]. We know that Orthogonal 
Frequency Division Multiplexing (OFDM) has been proposed 
to combat inter-symbol interference (ISI) in fiber link since 
time symbol can be made longer than the delay spread caused 
by the modal dispersion [4]-[5]. Many systems in optical 
communications use intensity modulated/direct detection 
(IM/DD) because it is less expensive. In (IM/DD) systems, the 
transmitted electrical signal is modulated onto intensity of the 
optical carrier. Therefore, only real and non-negative signals 
can be used [5]. To generate real signals at the transmitter in 
IM/DD OFDM system, it is possible to use an inverse fast 
Fourier transform (IFFT) which input is constrained to have 
Hermitian symmetry at the expense of half of the spectral 
efficiency. Methods known for generating non-negative OFDM 
signals for IM/DD applications fall into two global categories: 
DC biased optical OFDM (DCO-OFDM) [3], [5] and 
asymmetrically clipped optical OFDM (ACO-OFDM) [6], [7]. 
In DCO-OFDM, the signal is made positive by adding a DC 
bias which increases the power requirement of the system and 
cannot be easily optimized for any constellation size if 
Quadrature Amplitude Modulation (M-QAM) is used to 
modulate the different OFDM carriers. Because of very high 
peak-to-average ratio of OFDM signals, a very high bias would 
be required to eliminate all negative peaks. Instead, a moderate 
bias is normally used and the remaining negative peaks are 
clipped, resulting in clipping noise in both even and odd 
subcarriers. An optical power efficient alternative to DCO-
OFDM is ACO-OFDM [7]. In the literature, some of unipolar 
techniques with optical power efficiency exist in wireless 
communications and derive from DCO- or ACO-OFDM. We 
name: Noise cancellation ACO-OFDM (N.C. ACO-OFDM) 
[8], Diversity-combined ACO-OFDM (D.C. ACO-OFDM) [9], 
[11] and Unipolar OFDM (U-OFDM) [10]. In this paper, we 
provide analysis and comparison performance of these known 
unipolar techniques for the context of PON optical fiber link. In 
our knowledge, it is the first time that some results are 
presented taking into account realistic component models and 
parameters issued from experimental characterization. The rest 
of this paper is organized as follows: we provide an overview 
of known power efficient unipolar optical OFDM techniques in 
next section. Description of simulated PON IM/DD fiber link 
scheme is present in Section III. The Bit Error Rate (BER) 
performance is presented for the case of flat Additive White 
Gaussian Noise (AWGN) channel and for a real PON fiber link 
channel. Simulation results and discussions are given in Section 
III before we draw conclusions. 

Performance analysis of known unipolar optical 
OFDM techniques in PON IM/DD fiber link 
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II. POWER EFFICIENT UNIPOLAR O-OFDM TECHNIQUES 
The first known unipolar OFDM technique is ACO-OFDM 

[6] where data are carried only on the odd subcarriers. Data are 
mapped only to the odd IFFT inputs and all the even inputs are 
set to zero. The resulting bipolar signal at the output of the 
IFFT is clipped at zero to give a non-negative signal. It is 
shown in [7] that all the clipping noise affects only the unused 
even subcarriers, but not the odd ones. Such as only half of the 
subcarriers are used to carry data, ACO-OFDM has half of the 
spectral efficiency of DCO-OFDM. Fig. 1 presents the block 
diagram of an ACO-OFDM transmitter; the receiver block is 
shown at Fig. 2(a). 

In this section, we give a brief summary of three unipolar 
methods with optical power efficiency derived from DCO- or 
ACO-OFDM techniques that have been studied only in Optical 
Wireless Communications (OWC) context. 

 

 
Fig. 1.  Block diagram of an ACO-OFDM transmitter. 
 

 
 

 
 

 
Fig. 2.  Block diagram of:  (a)-  ACO-OFDM receiver, (b)-  Noise Cancellation 
ACO-OFDM receiver, and (c)-  Diversity-combined ACO-OFDM receiver. 

 
Fig. 3.  (a)-  Typical real OFDM time domain signal, (b)-  U-OFDM time 
domain signal. 

A. Noise cancellation ACO-OFDM 
Noise cancellation method for ACO-OFDM has been first 

introduced in [8] and then in [12]. It operates on the noise and 
has similar transmitter block diagram as the conventional ACO-
OFDM (Fig. 1). There is no change in terms of optical output 
power. The only difference is the noise cancellation process 
applied to the received signal before the FFT (Fig. 2(b)). The 
resulting time sequence x[n] after performing the IFFT, is 

shown to satisfy an anti-symmetry given by (1) where N is the 
FFT size. 

 1
2
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2
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Like the transmitted IM/DD signal is non-negative and the 
channel noise added to it (in electrical domain) is bipolar, the 
anti-symmetry of the times samples of ACO-OFDM is used to 
identify which samples of the received signal are most likely to 
be due to the addition of noise. These identified samples are 
then made zero. Occasionally, the wrong samples will be 
selected. But, it is shown that maximum gain of up to 3dB in 
optical power can be achieved over ACO-OFDM [12] in flat 
AWGN channel. 

B. Diversity-combined ACO-OFDM 

A different approach to Noise cancellation ACO-OFDM is 
diversity-combined ACO-OFDM [9] which operates on the 
received signal. D.C. ACO-OFDM uses the same transmitter as 
conventional ACO-OFDM. But at the receiver, both odd and 
even subcarriers are used after equalization as shown in Fig. 
2(c). The signals ,'even ky  on the even subcarriers are recovered 

after a non-linear process [11] of keveny ,  and combined with 

the signal on odd subcarriers koddy , with a weighting factor α 
wisely chosen, as shown in [12] and given by: 

 kevenkoddeven yyy ,,
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It is shown in theory [12] that a gain of up to 3dB in 
electrical power can be achieved with D.C. ACO-OFDM over 
ACO-OFDM. However, it is also shown in the same paper that 
this gain cannot be realized in a practical OWC system because 
of the DC-offset and low frequency noise introduced in the 
system. The DC-offsets in OWC are likely to be present in the 
transmitter biasing or receiver photodiode circuit while the low 
frequency attenuation comes from the low pass nature of the 
front-ends of typical transmitters and receivers. The presence of 
incandescent and fluorescent lighting also introduces low 
frequency interference [13]. Hence, without combatting the 
effect due to the DC-offset, the use of non-linear operation with 
combining process can result in errors. New diversity 
combining methods are then introduced in flat AWGN channel 
and shown to be insensitive to the variations in the zeroth 
subcarrier due to the DC-offset [12]. Each of these methods 
makes an estimation of zeroth subcarrier at the receiver. In the 
first method (4), the DC value of the signal is estimated using 
the statistical relationship between x2 and x. The DC value in 
the second method (5) is estimated by reconstructing the even 
signal using the odd signal. It is shown that both techniques 
give better performance than conventional ACO-OFDM. 
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C. Unipolar OFDM  
The third proposed modulation scheme, U-OFDM [14], is 

inspired by the concept from [15] in attempt to close the 3dB 
gap between OFDM and ACO-OFDM for bipolar signals, 
whilst generating a unipolar signal, which does not require the 
biasing of DCO-OFDM [4] for OWC. We know that unipolar 
signals do not require a DC shift and lead to higher power 
efficiency. U-OFDM is a simple alternative technique to ACO-
OFDM which provides the benefit of unipolar signals. The 
modulation process begins with conventional modulation of an 
OFDM signal. The only difference is that the real bipolar 
OFDM signal obtained such as in Fig. 3(a) is transformed into a 
unipolar signal by encoding each time sample into a pair of new 
time samples. If the original OFDM sample is positive, the first 
sample of the new pair is set as “active”, and the second 
“inactive”. If, on the other hand, the original OFDM sample is 
negative, the first sample of the new pair is set “inactive” and 
the second “active”. Active samples are set equal to the 
absolute value of the original OFDM sample they correspond 
to, and inactive samples are set to zero. The U-OFDM signal is 
obtained when the first samples of each pair are grouped in 
their original order to form the called “positive” block while the 
second samples are grouped in the called “negative” block as 
shown in Fig. 3(b). Then the positive block is sent first and the 
negative block is transmitted second through the channel. Since 
the length of the OFDM frame is doubled, the spectral 
efficiency of U-OFDM is about half the spectral efficiency of 
DCO-OFDM and the same as the ACO-OFDM. At the 
reception, a simple and efficient way to demodulate is to 
compare the amplitudes of the corresponding received samples 
in each pair: the one with higher amplitude will be marked as 
“active”. In [14], performance of U-OFDM has been simulated 
in a flat AWGN channel of OWC systems. It is shown that U-
OFDM has better performance than ACO-OFDM of the same 
modulation order and its performance improvement reaches 
almost 3dB for higher order M-QAM. 

We will use all the presented methods in the SSMF fiber link 
for PON context in order to show their advantages in terms of 
performances and fiber length increase. 

III. DESCRIPTION OF SIMULATED PON IM/DD MODEL 

Fig. 4 depicts the simulated 10Gbps OFDM IM/DD PON 
fiber link where the optical budget (optical power difference 
between IN-channel and OUT-Channel) can be chosen in order 
to evaluate if the performance is compatible with the NGPON2 
normalization [3]. The generated OFDM signal modulates an 
analog 1550nm DFB-Laser of 4.4dBm optical power and is 
transmitted through SSMF (G-652) fiber before being detected 
and low pass filtered at reception by a PIN photodiode with a 
transimpedance amplifier. Prefix cyclic of 1/32 is used with 
IFFT/FFT length of 512 and simulations are realized with 
realistic components parameters as set in TABLE I. Simulations 
are performed with VPItransmissionMaker™ 8.7 and both 

OFDM modulator and demodulator blocks are implemented 
with MATLAB®. According to M-QAM order, the bit error rate 
(BER) is performed (6) thanks to the EVM calculation as in 
[16].  
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Fig. 4.  Simulated PON IM/DD OFDM system. 

IV. SIMULATIONS RESULTS AND DISCUSSIONS 

A. Performance in an AWGN flat channel 
In this first section, we draw the performance of all studied 

unipolar OFDM techniques for the case of flat AWGN channel 
with any consideration of optoelectronic component 
parameters. The OFDM optical power is fixed to the unity. 

 
Fig. 5.  BER versus Eb(elec)/No of 4-QAM and 16-QAM unipolar OFDM. 

TABLE I 
OPTICAL CHANNEL PARAMETERS 

PARAMETERS Values 

Wavelength 1550 nm 
Light source 4.4dBm Analog DFB-Laser  
Laser rin -157 dB 
Laser bias current 30 mA 
Laser threshold current 25 mA 
Laser henry factor 2.5 
Laser bandwidth 17 GHz, 4th Bessel LPF 
Laser slope efficiency 0.2 W/A 
Photodetector PIN-TIA 54dBΩ 
PIN dark current 5 nA 
PIN-TIA bandwidth 20 GHz, 4th Bessel LPF 
Thermal noise 21 pA/Hz1/2 

PIN responsivity 0.7 A/W 
Fibre type SSMF, G-652 
Fiber non-linear coefficient 2.6x10 20 m2/W 
Chromatic dispersion coefficient 17 ps/km/nm 
Fiber loss 0.2 dB/km 
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The goal is to validate our simulation methodology. It is 
noticeable to observe with results of Fig. 5 that all derived 
unipolar OFDM modulations have almost the similar 
performance for the same M-QAM constellation. They also 
perform better performance than conventional ACO-OFDM in 
terms of electrical signal-to-noise ratio per bit. The 
performance improvement reaches 1.75dB for 4-QAM format 
to 2.5dB for 16-QAM format. These results confirmed results 
obtained in [10], [12] for flat AWGN channel and permit to 
validate our implementation. The current results demonstrate 
that these new modulations provide the same benefits as the 
conventional ACO-OFDM modulation scheme but with an 
improved demodulation scheme for better power efficiency in 
AWGN channel. 

B. Performance in PON IM/DD fiber link 

Performance comparison of all unipolar methods has been 
simulated here for the context of PON IM/DD fiber link, with 
taking into account realistic components parameters as defined 
in TABLE I.  

It is important to notice that the frequency response of the 
used channel has a chirped shape as mentioned in [17]. Fig. 6 
presents the behavior of the simulated channel which is not flat, 
contrary to the case of section IV-A but presents lobes. As it is 
shown in [17], when increasing the fiber length for a fixed laser 
henry factor value, the system’s resonance frequencies will 
shift left and the transmission lobes will narrow. So, the chirped 
optical fiber channel induces the transmission lobes to be 
narrowed and frequency selective with the increase of the fiber 
length. 

 
Fig. 6.  Frequency response variation with the fiber length of the simulated 

IM/DD fiber link. 

1) Optical budget and received power comparison 
As the modulation scheme of N.C. ACO-OFDM, D.C. ACO-

OFDM and ACO-OFDM is the same, the transmitted electrical 
and optical powers are unchanged. In our simulation, the 
emitted laser power is 4.4dBm. Fig. 7 shows the simulation 
results of the BER performance in terms of the received optical 
power when 4-QAM format is used with each unipolar OFDM 
scheme for fiber span of 60km. It is seen that diversity-
combined ACO-OFDM gives the best BER performance in 
comparison to all modulation schemes. Noise cancellation 
ACO-OFDM and U-OFDM performances are almost similar 
but not better than conventional ACO-OFDM. The raison for 
these results is proved in [17] and explained here by the 
behavior of the channel response plotted in Fig. 6. In that case, 
the transmitted signal is distorted due to the channel impact and 
then noise cancellation ACO-OFDM or U-OFDM 

demodulation scheme results to errors compared with signal 
non-linear operation made by D.C. ACO-OFDM. 

 
Fig. 7.  BER against received optical power with 4-QAM constellation.   

 Hence, with PIN sensitivity of -21dBm, BER value of 10-4 
can be achieved using ACO-OFDM, N.C. ACO-OFDM and U-
OFDM while D.C. ACO-OFDM gives BER improvement of 
1.7 decade over ACO-OFDM, i.e., 3x10-6. But when the 
received power is high (more than -21dBm), both U-OFDM 
and N.C. ACO-OFDM degrade, compared to ACO-OFDM. To 
achieve BER of 10-3 (good enough with the use of forward 
error codes), the received power is -23.3dBm with D.C. ACO-
OFDM to almost -22.2dBm with all the remaining OFDM 
schemes. The sensitivity gain is then 1.1dB. These results put 
into evidence that, a data rate transmission of 10Gbps with 
optical budget of 26.6dB can be achieved with all unipolar 
OFDM schemes until 60km distance.  
 In order to be in accordance with the specifications of 
NGPON2, in the rest of this paper, we fix the optical budget to 
25dB corresponding to a split ratio of 128 in PON topology. 
The challenge is now to evaluate the highest distance that can 
be achieved.  
2) Transmission distance comparison 

Using 4-QAM format at data rate of 10Gbps with 25dB of 
optical budget, Fig. 8 shows results of the BER versus 
transmission distance for two different realistic values of the 
20GHz PIN photodiode thermal noise.  

 
Fig. 8.  BER against transmission distance for two values of Photodiode 
thermal noise. 
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We can see that the BER degrades with the increase of the 
transmission distance due to the chromatic dispersion of the 
optical fiber. We observe here that, when thermal noise 
increases from value of HzpA /21  to HzpA /32 , the 
BER of N.C. ACO-OFDM and U-OFDM are little improved 
than ACO-OFDM. We also see that with thermal noise value of 

HzpA /21  for BER of 10-3, it is possible to realize 
transmission distance through 101.6km, 108.5km and 114.6km 
with respectively U-OFDM, N.C. ACO-OFDM and ACO-
OFDM while more than 120km (our simulation limit) can be 
reached with D.C. ACO-OFDM. However, when the thermal 
noise becomes important HzpA /32 , the transmission 
distance reduces considerably for all OFDM schemes. A fair 
comparison at BER of 10-3 with the case of HzpA /21 , 
shows that all derived unipolar OFDM schemes reach better 
transmission distance than conventional ACO-OFDM. As for 
example, only distance of 47.7km can be reached by 
conventional ACO-OFDM whereas U-OFDM, N.C. ACO-
OFDM and D.C. ACO-OFDM can reach distances of 54.5km, 
60.3km and 109.4km respectively. These results show the noise 
impact of the receiver frond-end on the system performance 
and then explain why the transmission distance is now better in 
both U-OFDM and N.C. ACO-OFDM than conventional ACO-
OFDM. An interesting observation to note is that, with BER of 
10-3 and thermal noise of HzpA /32 , the distance 
transmission of D.C. ACO-OFDM is at least doubled of the 
conventional ACO-OFDM distance.  

V. CONCLUSION 

We analyzed and compared the performance of known unipolar 
OFDM methods for PON IM/DD fiber link using realistic 
components parameters in terms of received power and 
distance transmission. It is important to notice that these 
comparisons have been given considering the same transmitter 
optical output power that means the same power consumption. 
We showed that Diversity-combined ACO-OFDM can be used 
for PON IM/DD fiber link and is an interesting modulation 
scheme compared to conventional ACO-OFDM modulation 
because of its improved demodulator. It also significantly 
improved the performance of ACO-OFDM for PON fiber link 
because it permits to achieve at least double the transmission 
distance. Then, we concluded that it enables to efficiently 
compensate frequency selective distortion of optical fiber link 
channel. We also showed that data rate of 10Gpbs with split 
ratio of 128 using 4-QAM format can be sent through 60km 
fiber link with Noise cancellation ACO-OFDM to more 
distance, i.e., 109km with D.C. ACO-OFDM. We observed that 
although its complexity cost (two successive OFDM symbol 
blocks correspond to only one original OFDM symbol), U-
OFDM scheme which is shown to be both optically and 
electrically more power efficient in a flat AGWN channel can 
only reach almost the same performance as Noise cancellation 
ACO-OFDM in an optical fiber link. Regarding to the noise 
effect of the PIN component, noise cancellation ACO-OFDM 
or U-OFDM can be used instead of the conventional ACO-

OFDM. The impact of other component parameters will be 
studied in our future work and compared with DCO-OFDM. 

REFERENCES 
[1] H. Song et al., "Long-Reach Optical Access Networks: A Survey of 

Research Challenges, Demonstrations, and Bandwidth Assignment 
Mechanisms", IEEE Communications Surveys and Tutorials, Vol. 12, No. 
1, 2010. 

[2] A. M. Ragheb, H. Fathallah, “Performance analysis of next generation-
PON (NG-PON) architectures,” High Capacity Optical Networks and 
Enabling Technologies (HONET), pp. 339-345, 2011. 

[3] Analysys mason, “Fibre capacity limitations in access networks,” Canal 
Court, 40 Craiglockhart Avenue Edinburg EH14 1LT, Scotland, 2010. 
[Online]. Available: 
http://stakeholders.ofcom.org.uk/binaries/research/technology-
research/fibre.pdf 

[4] J. Armstrong, “OFDM for optical communications,” Journal of Lightwave 
Technology, vol. 27, no. 3, Feb. 2009. 

[5] J. M. Tang, P. M. Lane, and K. A. Shore, “Transmission performance of 
adaptively modulated optical OFDM signals in multimode fiber links,” 
IEEE Photon. Technol. Lett., vol. 18, no. 1, pp. 205-207, Jan. 2006. 

[6] J. Armstrong, B. J. C. Schmidt, “Comparison of asymmetrically clipped 
optical OFDM and DC-biased optical OFDM in AWGN,” IEEE Commun. 
Lett., vol. 12, no. 5, pp.343-345, 2008.  

[7] J. Armstrong, A. Lovery, “Power efficient optical OFDM,” Electronics 
Letters, vol. 42, no. 6, Mars 2006. 

[8] Asadzadeh, K.; Dabbo, A.; Hranilovic, S., "Receiver design for 
asymmetrically clipped optical OFDM," GLOBECOM Workshops (GC 
Wkshps), 2011 IEEE , vol., no., pp.777,781, 5-9 Dec. 2011. 

[9] L. Chen, B. Krongold, and J. Evans, “Diversity combining for 
asymmetrically clipped optical OFDM in IM/DD channels,” in 
Proceedings IEEE GLOBECOM, Honolulu, Hawaii, pp. 1–6, Dec. 2009. 

[10] Tsonev, D.; Sinanovic, S.; Haas, H., "Novel Unipolar Orthogonal 
Frequency Division Multiplexing (U-OFDM) for Optical Wireless," 
Vehicular Technology Conference (VTC Spring), 2012 IEEE 75th , vol., 
no., pp.1,5, 6-9 May 2012. 

[11] Dissanayake, S.D.; Armstrong, J., "Novel Techniques for Combating DC 
Offset in Diversity Combined ACO-OFDM," Communications Letters, 
IEEE , vol.15, no.11, pp.1237,1239, November 2011. 

[12] Dissanayake, S.D.; Armstrong, J.; Hranilovic, S., "Performance analysis 
of noise cancellation in a diversity combined ACO-OFDM system," 
Transparent Optical Networks (ICTON), 2012 14th International 
Conference on, vol., no., pp.1,4, 2-5 July 2012. 

[13] Z. Ghassemlooy and N. M. Aldibbiat, “Baseline wander effect on indoor 
wireless infrared links operated by dual header pulse interval 
modulation,” Mediterranean Journal of Electronics and Communications, 
vol. 1, pp. 11–15, 2005. 

[14] Tsonev, D.; Sinanovic, S.; Haas, H., "Novel Unipolar Orthogonal 
Frequency Division Multiplexing (U-OFDM) for Optical Wireless," 
Vehicular Technology Conference (VTC Spring), 2012 IEEE 75th , vol., 
no., pp.1,5, 6-9 May 2012. 

[15] D. Tsonev, S. Sinanovi´c, and H. Haas, “Enhanced Subcarrier Index 
Modulation (SIM) OFDM,” in GLOBECOM Workshops (MMCOM’11), 
2011 IEEE, Houston, Texas, USA, 5–9 Dec. 2011. 

[16] R. A. Shafik, and al., “On the Error Vector Magnitude as a Performance 
Metric and Comparative Analysis,” IEEE-ICET 2006 2nd International 
Conference on Emmerging Technologies, Pershavar, Pakistan. 

[17] L. A. Neto, P. Chanclou et al., “On the interest of chirped lasers for 
AMOOFDM transmissions in long distance PON networks,” Optical 
Fiber Communication Conference and Exposition (OFC/NFOEC), 2011 
and the National Fiber Optic Engineers Conference, pp. 1-3, 6-10 March 
2011. 

188



<<
  /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 false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /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 "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


