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Abstract- The modern telecommunication industry demands 
higher capacity networks with high data rate. Orthogonal 
frequency division multiplexing (OFDM) is a promising technique 
for high data rate wireless communications at reasonable 
complexity in wireless channels. OFDM has been adopted for 
many types of wireless systems like wireless local area networks 
such as IEEE 802.11a, and digital audio/video broadcasting 
(DAB/DVB). The proposed research focuses on a concatenated 
coding scheme that improve the performance of OFDM based 
wireless communications.  It uses a Redundant Residue Number 
System (RRNS) code as the outer code and a convolutional code 
as the inner code. The bit error rate (BER) performances of the 
proposed system under different channel conditions are 
investigated. These include the effect of additive white Gaussian 
noise (AWGN), multipath delay spread, peak power clipping and 
frame start synchronization error. The simulation results show 
that the proposed RRNS-Convolutional concatenated coding 
(RCCC) scheme provides significant improvement in the system 
performance by exploiting the inherent properties of RRNS. 

I. INTRODUCTION 

The increasing demand for broadband communication 
systems with a greater range of services like video 
conferencing, internet services and digital multimedia 
applications has promoted the development of orthogonal 
frequency division multiplexing (OFDM) based systems. The 
OFDM is a digital multicarrier modulation method which 
distributes the data over a large number of closely spaced 
orthogonal carriers. The spectrum of each carrier has null at the 
centre frequency of each of the other carriers in the system.  
The available bandwidth is divided among the orthogonal 
carriers. Each carrier is then modulated by a low data rate 
stream with a conventional modulation scheme such as 
quadrature amplitude modulation (QAM) or quadrature phase 
shift keying (QPSK). OFDM provides high spectral efficiency 
by spacing the channels close together.  This will not result in 
interference between the carriers, as they are orthogonal to 
each other. In a coded OFDM (COFDM) system, signals are 
coded before transmission for forward error correction (FEC). 
The efficiency in spectrum usage and robustness to multipath 
fading make COFDM as a popular scheme for wideband 
digital communication. 

Several papers are available in literature that deals with 
different coding schemes to improve the performance of 
multicarrier wireless communication systems. A multi-code 
direct sequence code division multiple access (DS-CDMA) 
system based on redundant residue number system (RRNS) as 

inner code and Reed-Solomon (RS) code as outer code is 
presented in [1].  The performance of a DS-CDMA system 
over bursty communication channels and multipath 
environment is concerned in [2], using a concatenated coding 
with convolutional code as outer code and RRNS as inner 
code. The design rules and general analytical upper bounds for 
parallel concatenated, serial concatenated, hybrid concatenated 
and self concatenated codes over AWGN and Rayleigh fading 
channels are presented in [3]. The suitability of OFDM as a 
modulation technique for wireless communication system is 
investigated in [4] in which a comparison with CDMA system 
is provided. A concatenated code for IEEE 802.11a system is 
proposed in [5], where a block Hamming code joins with a 
convolutional code, to achieve better system performance 
under fixed power and bit error rate (BER) requirements. 

One of the major drawbacks of OFDM is that it generates 
signals with large amplitude variations resulting in high peak 
to average power ratio (PAPR). These large peaks increase the 
amount of intermodulation distortion resulting in an increase in 
the error rate. The system performance can be improved by 
minimizing the PAPR which allows a higher average power to 
be transmitted for a fixed peak power. A lot of research has 
been done that reduces the PAPR for OFDM based systems [6-
8]. A method to enhance the bandwidth efficiency of a 
multicarrier CDMA system by using RNS representation for 
information symbols combined with PSK/QAM modulation 
and orthogonal spreading is presented in [9]. The performance 
evaluation of RNS based parallel communication scheme using 
orthogonal signaling with ratio static test over AWGN channel 
and multipath fading channel is demonstrated by Yang and 
Hanzo [10, 11]. 

This paper proposes a concatenated coding scheme 
consisting of RRNS as outer code and convolutional code as 
inner code for OFDM based wireless communication system. 
The proposed coding scheme combines the error detection and 
correction properties of RRNS with convolutional codes. The 
simulation results show that the RRNS-Convolutional 
concatenated coding (RCCC) scheme offers significant 
improvement in BER performance under different channel 
conditions. The performance of the system is analyzed for 
AWGN channel and multipath fading channel. The effect of 
frame start synchronization error and peak power clipping for 
PAPR reduction for the proposed coding scheme are also 
analyzed. The rest of the paper is organized as follows: Section 
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II describes the principle of error correction with RRNS 
coding. Section III deals with the system model and explains 
the structure of transmitter and receiver. Section IV gives the 
simulation results, and the BER performance under different 
operating conditions is analyzed. Finally, Section V concludes 
the paper. 

II. ERROR CORRECTION WITH RRNS 

The residue number system (RNS) is primarily used for high 
speed digital signal processing due to the modular carry free 
arithmetic operations. The nonweighted and nonpositional 
nature of residues offer fault tolerant properties to RNS. The 
RNS is defined by a set of relatively prime integers (m1, m2,…, 
mv) which are called the nonredundant moduli. Error detection 
and correction properties are introduced by inserting few 
redundant moduli. Thus redundant residue number system 
(RRNS) is defined by the moduli set (m1, m2,…, mv, mv+1, … 
mu).  The redundant moduli should be relatively prime to the 
nonredundant moduli and should satisfy the condition (mv+1, … 
mu) > max(m1, m2,…, mv). The total dynamic range of RRNS 

is given by . This total range [0, MT) is divided 

into two adjacent intervals in terms of the ranges defined by 
the nonredundant and redundant moduli. The interval [0, M) is 

called the legitimate range, where and the 

interval [M, MT) is called the illegitimate range. In order for 
RRNS to have self checking, error detection and error 
correction properties, the information or data has to be 
constrained within the legitimate range. It has been shown that 
RRNS with (u - v) redundant moduli can detect (u - v) errors 
and can correct up to  errors, where 
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An error correction scheme with RRNS [13, 14] is given in 
Fig. 1. Here, the binary number Z’ is generated from the 
received nonredundant residue digits (z1, z2, …, zv) using a 
reverse converter based on Chinese Remainder Theorem 
(CRT). An auxiliary set of residues 
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Z ' corresponding to the redundant channels are generated 

from the output Z’ by forward conversion. The error syndrome 
for each redundant channel is calculated as in (1), by 
comparing the received redundant residue digit with the 
auxiliary residue generated. 
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If all the error syndromes are zeros, then all the received 
residue digits are correct and hence there is no error present. If 
any one of the redundant residue channel is in error, the 
corresponding error syndrome is nonzero and the other 
syndromes are zeros. In such cases the output calculated using 
the nonredundant residues is correct. If there is an error in the 
nonredundant channel, all the syndromes are nonzeros. In this 

case a correction has to be applied to the output Z’. There is a 
unique error corresponding to each combination of the 
syndromes. So error correction can be done with the help of a 
look up table (LUT). The LUT is addressed by the syndrome 
values, and the size of the LUT required to store the correction 
factor is determined using (2).  The correction factor (CF) from 
the LUT is added to the output Z’ from reverse converter to 
produce the correct output Z. 
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Figure 1. Principle of error correction with RRNS 
 

III. SYSTEM DESCRIPTION 

This section illustrates the signal flow through a typical 
wireless digital communication system that includes 
concatenated forward error control coding, interleaving and 
deinterleaving, orthogonal digital modulation and channel 
impairments. Concatenated coding is a good way to create long 
powerful codes with large coding gain and reduced decoding 
complexity by combining relatively simple channel codes [15]. 
The proposed RRNS-Convolutional concatenated coding 
corrects the errors using the outer RRNS decoder that are not 
corrected by the inner decoder. Thus better BER performance 
is achieved by exploiting the properties of RRNS. 

A. Transmitter Model 
The functional block diagram shown in Fig. 2 illustrates the 

transmitter section of the proposed communication system. The 
N-bit information symbols are first converted to RRNS 
representation by a forward converter. The moduli set of 
RRNS is selected such a way that it offers redundancy and 
sufficient dynamic range for unique and unambiguous 
information representation. An information symbol X, is 
represented in RRNS as (x1, x2, … xv, xv+1, … xu) with respect 
to a moduli set (m1, m2,…, mv, mv+1, … mu), where xi = X 
modulo mi for i = 1 to u. This is the outer RRNS coding. In the 
proposed system, 8-bit information symbols are considered and 



RRNS moduli set is selected as (5, 7, 8, 9, 11) where (5, 7, 8) 
forms the nonredundant moduli and (9, 11) forms the 
redundant moduli. This allows detection of errors in two 
residue digits and can correct single residue digit errors. 

The residue digits are interleaved and then applied to a 
convolutional encoder for inner encoding. The proposed 
system uses industry standard ½ rate convolutional encoder 
with constraint length of 7, as shown in Fig. 3. The generator 
polynomials are: and . The interleaved 
and rearranged data bits are mapped into signal constellation 
points according to the type of modulation used. Differential 
QPSK is used as the modulation scheme for this work. Serial-
to-parallel conversion is done for the modulated data. An 
Inverse Fast Fourier Transform (IFFT) is taken for 
implementing OFDM. The IFFT transforms the subcarriers 
from the frequency domain into the corresponding time 
domain. The OFDM signal is represented as in (3). 
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where A is the scaling factor, M is the total number of 
subcarriers, xi(n) is the nth bit of the ith data stream and 

T
iff ci += , for i = 0, 1, …, M – 1. ‘T’ is the symbol 

duration for the information sequence, and fc is the centre 
frequency of the subcarriers. A guard band interval is inserted 
to avoid intersymbol interferences (ISI) and intercarrier 
interferences (ICI) caused by the multipath fading. Finally, the 
signal is transmitted after radio frequency up-conversion. 

B. Receiver Model 
The channel attenuates the transmitted signals, delays it in 

time, and corrupts them by addition of Gaussian noise. The 
effects of multi-path delay spread are accounted by using a 
lowpass finite impulse response (FIR) filter model. The length 
of the filter represents the maximum delay spread, and the 
magnitude of filter coefficients represents the reflected signal 
amplitudes. The received signal can be represented as in (4), 
assuming P resolvable frequency selective paths for the 
multipath channel, 
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Here, N(t) represents a stationary zero-mean Gaussian 
random process with single sided power spectral density of N0, 

and pα and pτ are the complex valued channel gain and time 
delay of the pth path respectively. 

The functional block diagram of the receiver section is 
shown in Fig. 4. The received signal is down-converted from 
radio frequency and synchronized with the symbol interval. 
The guard band, which is inserted for eliminating the ISI and 
ICI effects, is removed. The symbol constellations 
corresponding to the original transmitted spectrum are 
recovered by passing the signal through FFT. The resulting 
data are deinterleaved and channel decoded. The convolutional 
encoding applied to the data is decoded by Viterbi decoding. 
The output data is deinterleaved and given to RRNS decoder. 
The binary symbol is generated from the nonredundant residue 
digits using a reverse converter based on CRT. The error 
corrector LUT addressed by the error syndromes gives out a 
correction factor.  This is added to the output of the reverse 
converter to get the corrected binary symbol. The proposed 
model uses two redundant moduli and three nonredundant 
moduli. So the size of the LUT becomes [ 2 * { (5-1) + (7-1) + 
( 8-1) }+{ 9 + 11} – 1 ] = 53 address locations. Thus RRNS 
decoding corrects single residue digit errors that are not 
corrected by Viterbi decoding. 

The subcarriers in OFDM can add constructively and 
destructively. This creates the potential for a large variation in 
the signal power resulting in a large PAPR. The PAPR is 
defined as: 
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where 2)(tS is the instantaneous power of the transmitted 
signal, T is the symbol duration and ε{} indicates expectation. 
The large dynamic range of OFDM systems presents a 
particular challenge for the power amplifier (PA) design. The 
PA is required to operate in the linear region to minimize the 
amount of distortion and to reduce the amount of out-of-band 
energy generated by the transmitter. This means that OFDM 
needs to keep its average power low in order to accommodate 
the signal power peaks. It corresponds to lower output power 
for the majority of the signal in order to accommodate the 
infrequent peaks. However, lowering the average power affects 
the efficiency and range. Peak power clipping is a solution to 
reduce PAPR. The amount of peak clipping can be increased 
with a proper coding scheme without affecting the BER 
performance. 

 

 
Figure 2. Block diagram of transmitter section 

 



 
 

Figure 3. Convolutional encoder 

 
Figure 4. Block diagram of receiver section

IV. SIMULATION RESULTS AND PERFORMANCE ANALYSIS 

The BER performance of the proposed system using RCCC 
scheme is evaluated under different operating conditions. This 
coding scheme offers significant improvement in BER 
performance for the OFDM system. The communication model 
is implemented in MATLAB®. The OFDM system is simulated 
with 800 subcarriers using differential QPSK modulation 
scheme and with the FFT and IFFT sizes of 2048 points. The 
simulations are carried out to evaluate the system performance 
under additive white Gaussian noise and multipath fading 
effects. The PAPR reduction by peak clipping under different 
clip compression ratios is found out for this coding scheme. 
The BER performance with cyclic prefixed guard band for 
different frame start synchronization errors is also analyzed. 

A. Additive White Gaussian Noise Tolerance 
The channel adds zero-mean Gaussian noise to the 

transmitted signal and the BER performances of uncoded, 
convolutional coded, and concatenated coded system are 
obtained. The simulations are carried out by varying the signal-
to-noise ratio (SNR), and the BER values are plotted against 
the channel SNR for different cases as shown in Fig. 5. The 
simulation results show that the proposed RCCC scheme offers 
a coding gain of about 4 dB at BER of 10-2. This system can 
tolerate SNR > 8 – 10 dB with QPSK modulation and RRNS-
Convolutional concatenated coding scheme. 

B. Multipath Delay Spread Immunity 
One of the important properties of OFDM is its robustness to 

multipath delay spread. This is achieved by distributing the 
digitally encoded symbols over several orthogonal subcarriers 
in order to reduce the symbol rates. In a frequency-selective 
multipath fading channel, the base pulses of the original 
OFDM signal and the delayed version of the signal are no 

longer orthogonal. This leads to severe ISI as the orthogonality 
of the signals is lost. To address this problem, a guard interval 
is inserted between OFDM symbols. 
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Figure 5. BER versus SNR for uncoded, convolutional coded and RCCC 

OFDM system 
The proposed OFDM system uses cyclic prefix as guard 

band where the last 256 samples are copied and inserted in 
front of the symbol. Now a multipath reflection that stays 
within the guard interval will not cause interference problems. 
For a channel bandwidth of 1.25 MHz, 256 samples as the 
guard period correspond to a reflected signal with an additional 
path length of 61.4 km. The simulation is carried out for a 
multipath signal containing single reflected signal which is 3 
dB weaker than the direct signal. It is sufficient to take a 3 dB 
weaker signal as the signals weaker than this do not cause 
measurable errors. The multipath modeling is done by using a 
lowpass FIR filter function. The length of the filter corresponds 
to the delay in terms of number of samples and filter 
coefficients correspond to the reflected signal amplitudes. The 
BER performance for different delay spreads is obtained for 



the three types of OFDM systems as shown in Fig. 6. The 
tolerable multipath delay spread corresponds to the time of 
cyclic prefix of the guard period. The results show that the 
proposed coding scheme offers additional multipath delay 
spread immunity for the OFDM system. When the delay spread 
is longer than the guard period, the BER increases rapidly due 
to the increased ISI. But the RCCC scheme causes the BER to 
increase at a lesser rate compared to the other two schemes. 
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Figure 6. BER versus multipath delay spread for uncoded, convolutional coded 

and RCCC OFDM system 
 

C. Effect of Frame Synchronization Errors 
The cyclic prefix guard band insertion provides tolerance to 

frame start time error as well. The BER performance of the 
system for different timing errors specified in terms of number 
of samples is shown in Fig. 7. The results show that the starting 
synchronization errors up to the guard band period are 
tolerable. This is due to the fact that the orthogonality is 
maintained during the guard period. Also the proposed coding 
scheme keeps the BER of the system less than that for the 
uncoded and convolutional coded systems. If multipath delay 
spread is taken into consideration, this will reduce the effective 
stable time of the guard period. Hence multipath delay spread 
leads to reduced timing error tolerance. But the RCCC scheme 
offers better timing error tolerance in presence of multipath 
signals for a particular BER. 

D. Peak Power Clipping for PAPR Reduction 
The signal peak at the transmitter is clipped to reduce the 

PAPR value without much increase in the BER. As the 
clipping level is increased the PAPR reduces, but the BER is 
increased. The BER performance for different clip 
compression ratios in dB is shown in Fig. 8, where the clip 
compression ratio (CR) is defined as the ratio of the peak 
power of the signal before clipping to the peak power of the 
clipped signal. The proposed RCCC coding scheme allows the 
signal to clip heavily without significant increase in BER. The 
results show that the proposed system can operate at a BER of 

10-3 with a clip compression ratio of 15 dB. Fig. 9 shows the 
BER performance of the proposed system for different clip 
compression ratios with varying amount of channel noise. For 
high value of CR, more signal amplitude is clipped resulting in 
high BER. Hence as CR is increased, the required SNR to 
achieve the same BER performance is increased. This is due to 
the increased probability of existence of OFDM signal 
amplitudes higher than the clipping level. The PAPR values for 
different clip compression ratios are shown in Table I. The 
performance of the system for CR = 2 dB is very close to the 
no clipping performance. There is a trade off between BER 
performance and PAPR reduction. 

0 100 200 300 400 500 600 700 800 900 1000
10

-4

10
-3

10
-2

10
-1

10
0 BER Vs Frame start time error

Frame start time error (Number of Samples)

B
ER

 

 

BER:Uncoded
BER:Convolutional coding
BER:RCCC

 
Figure 7. BER versus frame start time error for uncoded, convolutional coded 

and RCCC OFDM system 
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Figure 8. BER versus peak power clipping for uncoded, convolutional coded 

and RCCC OFDM system 
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Figure 9. BER versus channel noise of the RCCC OFDM system for different 

peak power clipping levels 
 

TABLE I 
PAPR FOR DIFFERENT  PEAK POWER CLIPPING 

 
Peak to Average Power Ratio, 

PAPR (dB) Clipping Ratio 
CR (dB) Maximum Average 

No clipping (0 dB) 9.1417 5.5961 

2 dB 9.126 5.5905 

5 dB 8.7477 5.4783 

8 dB 8.3789 4.8693 

10 dB 8.2788 4.1188 

12 dB 7.8339 3.3014 
 

V. CONCLUSION 

The research proposes RRNS-convolutional concatenated 
coding (RCCC) scheme for an OFDM based wireless 
communication system. The concatenated code uses RRNS 
code as the outer code and convolutional code as the inner 
code. At the receiver, errors that are not corrected by Viterbi 
decoding will get corrected by the RRNS decoding due to the 
redundancy introduced. The performance of this system is 
analyzed for different channel conditions. The simulation 
results show that RCCC scheme offers improved BER 
performance in presence of additive white Gaussian noise and 
multipath delay spread. The guard band insertion with cyclic 
prefixing provides tolerance to multipath delay spread and 
frame start synchronization errors. This coding scheme makes 
the OFDM system more robust against multipath effects and 
timing errors. Also, the signal can be heavily clipped to reduce 
the PAPR without significant increase in BER for the RCCC 

OFDM system. The performance analysis shows that the 
proposed RCCC scheme is suitable for OFDM as it improves 
the tolerance of system to channel noise, mutipath effects, 
timing errors and peak power clipping. 

REFERENCES 
[1] L. L Yang and L Hanzo, “Residue number system based multiple code 

DS-CDMA systems”, Proc. of IEEE 49th Vehicular Technology 
Conference, Houston, USA,Vol.2, pp. 1450-1454, May 1999. 

[2] A.S. Madhukumar, F.Chin, “Performance of a residue number system 
based DS-CDMA system over bursty communication channels”, Proc. of 
IEEE Vehicular Technology Conference (VTS-Fall VTC 2000), Vol.5, 
pp.2433-2440, 2000.  

[3] D. Divsalar and F. Pollara, “Serial and hybrid concatenated codes with 
applications”, Proc. of International Symp. on Turbo Codes, Brest, 
France, pp. 80-88, 1997 

[4] E.Lawrey, “The suitability of OFDM as a modulation technique for 
wireless telecommunications, with a CDMA comparison”, BE Thesis, 
James Cook University, October 1997. 

[5] C.S.Tsai and B.C.Huang, “Concatenated codes design for OFDM based 
wireless local area networks”, Third international working conference on 
Performance Modelling and Evaluation of Heterogeneous Networks 
(HET-NETs), West Yorkshire, U.K, July 2005. 

[6] B.Tarokh and H.R.Sadjadpour, “Construction of OFDM M-QAM 
sequences with low peak-to-average power ratio”, IEEE Trans. on 
Communications, Vol.51, No.1, pp. 25-28, January 2003. 

[7] D.H.Guo and C.Y.Hsu, “The economical PAPR minization scheme for 
combinative coding technique applied OFDM communication system”, 
Analog Integrated Circuits and Signal Processing, vol.46, pp.139-144, 
February 2006. 

[8] S. U. Tezeren, “Reed-Muller codes in error detection in wireless adhoc 
networks”, M.S. Thesis, Naval Postgraduate School, March 2004.  

[9] A.S.Madhukumar and F.Chin, “Residue number system-based 
multicarrier CDMA for high-speed broadband wireless access”, IEEE 
Transactions on Broadcasting, Vol. 48, No. 1, March 2002, pp. 46-52. 

[10] L. L Yang and L Hanzo, “A residue number system based parallel 
communication scheme using orthogonal signaling: Part I- System 
outline”, IEEE Trans. on Vehicular Technology, vol.51, No.6, pp.1534-
1546, November 2002. 

[11] L. L Yang and L Hanzo, “A residue number system based parallel 
communication scheme using orthogonal signaling: Part II- Multipath 
fading channels”, IEEE Trans. on Vehicular Technology, vol.51, No.6, 
pp.1547-1559, November 2002. 

[12] M.A. Soderstrand, W.K. Jenkins, G.A. Jullien, and F.J. Taylor, Residue 
number system arithmetic: modern applications in digital signal 
processing, IEEE Press, New York, 1986. 

[13] R.J. Cosentino, “Fault tolerance in a systolic residue arithmetic processor 
array”, IEEE Trans. on Computers, Vol. 37, No. 7, pp. 886-890, July 
1988. 

[14] A.P. Preethy, D. Radhakrishnan and A. Omondi, “Fault-tolerance scheme 
for an RNS MAC: performance and cost analysis”, Proc. of IEEE 
International Symposium on Circuits and Systems (ISCAS 2001), 
Sydney, Australia, Vol. 2, pp. 717-720, May 2001. 

[15] Peter Sweeney, Error control coding: from theory to practice, John 
Wiley & Sons Ltd., Baffins Lane, Chichester, West Sussex PO19 1UD, 
England, 2002. 

 

 

 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.7
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /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


