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Performance of Trellis Coded FPM Systems
with High Power Amplifiers Linearization

Labib Francis Gergis

Abstract—Trellis coding combined with expanded signal
sets has been considered in this paper to improve error
performance over uncoded modulation. New communications
services have created the demand for highly linear high power
amplifiers (HPA's). Traveling Wave Tubes Amplifiers (TWTA)
continue to offer the best microwave HPA performance in
terms of power efficiency, size and cost, but lag behind Solid
State Power Amplifiers (SSPA's) in linearity. This paper
presents a technique for improving TWTA linearity. The use
of pre-distorter (PD) linearization technique is found to
providle TWTA performance comparable or superior to
conventional SSPA's. The characteristics of the PD scheme is
derived based on the extension of Saleh's model for HPA. The
analysis results of hybrid modulation scheme derived from
combination of frequency and phase shift keying (FSK/PSK)
or (FPM) in non-linear channels are presented in this paper.

Index Terms—HPA, Nonlinear distortions, Saleh model,
AM/AM and AM/PM, Pre-distortion, FPM scheme.

I. INTRODUCTION

For wireless communication on fading channels, channel
coding is an important tool for improving communication
reliability. Trellis coded modulation (TCM) was proposed
to achieve significant coding gain without bandwidth
expansion by treating coding and modulation as single
entity [1].

Power amplifiers (PA's) are vital components in
communication system. The linearity of a PA response
constitutes an important factor that ensures signal integrity
and reliable performance of the communication system.
High power amplifiers (HPA) in microwave range suffer
from the effects of amplitude modulation to amplitude
modulation distortion (AM/AM), and amplitude modulation
to phase modulation distortion (AM/PM) [2], during
conversions caused by the HPA amplifiers. These
distortions can cause intermodulation (IM) distortion, which
is undesirable to system designs.The effects of AM/AM and
AM/PM distortions can cause the signal distortion that
degrade the bit error rate performance of a communication
channel to be increased.

A modulation scheme that produces a constant envelope
and continuous phase signal set, implemented by
multiplexing of two frequency/phase modulated signal of
the type (FPM), both with the same frequency in each
transmission interval [3].

The amplitude and phase modulation distortions are
minimized using linearization method. The linearization
method requires modeling the characteristics of the
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amplitude distortion and phase distortion of the HPA. Two
types amplifiers are mostly used in communication: TWTA
and SSPA. TWTA is most mostly used for high power
satellite transmitters. Saleh model [4], has been used to
provide the linearization method and applied to measured
data from HPA that characterize the distortion caused by the
HPA. The measured data provides a performance curve
indicating nonlinear distortion.

Saleh model is a mathematical equation that describes the
amplitude and phase modulation distortions of the HPA.

The amount of desired linearization is then determined to
inversely match the amount of distortion for canceling out
the distortion of the HPA. This paper investigates Pre—
distorter technique for the linearization of a HPA to mitigate
the AM/AM and AM/PM effects in digital communication
systems.

The remainder of this paper is organized as follows. In
section 2, a description of the proposed system was
discussed. In section 3, the non-linear model for a HPA, and
pre-distortion scheme were driven. Numerical results were
presented in section 4, showing an improvement in the
performance of FPM transmission system over the
nonlinear channel.

1I. SYSTEM MODEL

Fig. 1 illustrates the baseband equivalent functional block
diagram of the TC-FPM transmitted signal through HPA
using pre-distorter scheme.

TCM FPM b, b,
Encoder [ Modulator »PD HPA —»

\ 4

Fig. 1. Simplified TCM-FPM Transmitter through HPA

Let the base-band input signal to HPA be modeled as

by = U e’ ()

where Uy (t) = | by(t) L

Trellis coding' of cobnstant envelope M-ary signals
employing frequency and phase modulation (TC-FPM) (e.g.,
2FSK/MPSK, 4FSK/MPSK) has been driven by [3] with
application to the AWGN channel. The symbols
constituting the FPM signal set for the 2FSK/MPSK scheme
are defined by

b(t)=(\2/L) cos[(2nf,t+hmt/T)- ¢

0 €{0,2n/M, .....,2(M-1)n /M }

2

where T is the symbol duration, f; is the carrier frequency,

h is modulation index. The two FSK frequencies are defined
by :

(2nfot+hrmt/T)yand (2 nwf.t-hnt/T)rad/s. The
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signal space is four dimensional, and was defined in [3].

I1I. NONLINEARITY EFFECTS ON TCM-FPM SIGNAL

The classical and most often used nonlinear model of
power amplifier is Saleh's model [4]. It is a pure nonlinear
model for TWTA without memory. The equations define
this base-band model of HPA as two modulus dependent
transfer functions are defined as [6]:

AU =a, U, [ 1+ 8, U

DU = o U, | 1+ B U, 3)

where A[U,] and @[U,] are the corresponding AM/AM

and AM/PM characteristics respectively, both dependent
exclusively on U,, which is the input modulus to HPA.

The values of a,, B, , &y and Sy are defined in [7]. The
corresponding AM/AM and AM/PM curves so scaled are
depicted in Fig. 2.

While SSPA's AM/AM and AM/PM can be defined as

AU = Uy [ [0+ (U] A )71
P[UJ= 0 (4)

Apare 18 the maximum output amplitude, and p is a

constant controls the smoothness of the transition.

A =max (A[U]) =, 4,/ 2 )
where A; is the input saturation amplitude equals

1/ V8,

aoulpul medulus & phase [rad]

T e anan |
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Fig. 2. AM/AM and AM/PM normalized characteristics of the Saleh model
For TWTA HPA's

The HPA operation in the region of its nonlinear
characteristic causes a nonlinear distortion of a transmitted
signal, that subsequently results in increasing the bit error
rate (BER), and the out-of-band energy radiation ( spectral
spreading ).

The operating point of HPA is defined by input back-off
(IBO) parameter which corresponds to the ratio of saturated
input power (P,,.), and the average input power ( P;, ) [6]:

[BOdB =10 10g10 ( Pmax/ Pin ) (6)

The measure of effects due to the nonlinear HPA could
be decreased by the selection of relatively high values of
1BO

The output of HPA defined in Fig. 1, is expressed as

by — A [ U, ] ej(ax+ D[Ux]) (7)
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where the input-output functional relation of the HPA has
been defined as a transfer function. Hence in order to obtain
linearization, it may be necessary to estimate a discrete
inverse multiplicative function HPA™ [.] such that

b.,=b, . HPA' [U,] (8)
An alternative expression for the AM/AM distortion in
(7), convenient for the theoretical formulation of the

linearizer, is obtained by replacing the saturation input
amplitude 4s in the expression (3). This gives

AUI=A% o, U, | A%+ U ©)
The theoretical AM/AM inverse transfer function A
'[.Jcould be determined by solving (9) for U, =4 { 47 [U,] }

[u]= (A% a,/2U0)

LN uidary Jao

Considering the alternative configurations shown in Fig.
3, where the same input-output function is applied as a pre-
distorter [PD] for the linearization of the same HPA. Letting
y[.] denote the AM/PM characteristic of the PD block.

For the case of a Pre-distortion, we have [6] :

by = A [ 0,1/ @ VI (1)
by= 4 [4"[U.]]
(et y[Us] +®[A-1[Ux] ) (12)
ByY| PD [Bpou'| HPA [By "
(A7, v) (4, D)
Fig. 3. Pre-distortion for HPA Linearization
The ideal AM/PM correction requires that
y[U]=-@{ 4'[U] } (13)
bpn= A [ U1 &/@" PLOD (14)
by :A-I{ Al U1}
o (et P[US] +y[A-1[Ux] ) (15)

Pre-distortion linearization idea, as depicted in Fig. 4, can
be used to linearize over a wide bandwidth. This is achieved
by pre-distortion of the signal prior to amplification with the
inverse characteristics of the distortion that will be imposed
by the power amplifier. Thus the output of the HPA is a
linear function of the input to the predistorter [7]

PD ?
‘5’—/ g

bpout

—by—V

Fig. 4. Basic System Functional Diagram of Pre-distortion Linearization
where the AM/PM correction for Post-distorter case,
requires that

y[Ul=-0{ 4'[U] } (16)
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A description of the ideal theoretic AM/AM and AM/PM
inverse characteristics, valid for the normalized Saleh's
HPA model is shown in Fig. 5

_______________________________ Linear response . a7 ...
H H &

T

: \_s_a}y_ret_ip_n__x _______ i

output modulus & phase

mndils

Fig. 5. AM/AM and AM/PM pre-distortion for the Saleh model

IV.

An upper bound on the average error probability of
conventional TCM over fading channels with coherent
detection with ideal channel state information(CSI) is
obtained as [8]

Py=Y Y a@x)P(k) P> x)
xx €c

where a(x,x) is the number of bit errors that occur when
the sequence x is transmitted and the sequence x* # x is
chosen by the decoder, P(x) is the periori probability of
transmitting x, C is the set of all coded sequences, and P(x
— x" )represents the pairwise error probability which is
upper bounded by

PERFORMANCE ANALYSIS OF TCM

(I7)

P > x/p)< exp (-E/4N,) -
L
-3 pd Y (18)
i=1
P& x/p)<exp(-E/4N,) "
(19)

di {x-x;}
L

where d? {xix";} = Y. p? {x-x"i}?, pis the
i=1
normalized fading amplitude for ith transmission interval
which has a probability density function

P,=pexp(-p°/2) (20)
and L is the length of error sequence for which x; # x; .
Substituting (19) in (17) yields
Py= 2 Y a(xx)P(x)
xx €c

: HEES/ AN @1
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i€n
where # defines the set of all i which x; # X

V.

In this section, we have proposed and analyzed the PD
linearizer which compensates for arbitrary, invertible,
channel nonlinearity in radio systems employing TCM-FPM.
Fig. 6, illustrates the performance analysis for a linear
TCM-2FSK/4PSK  scheme, applying  performance
comparisons for (TCM-4PSK), and (TCM-2FSK). It is clear
to notice the superiority of TCM-FPM over other types of
digital modulation schemes.

A performance comparison for TCM-2FSK/4PSK, TCM-
2FSK/8PSK and TCM-2FSK/16PSK schemes, are reported
in Fig. 7

The performance of the (TCM-2FSK/4PSK) system
expressed by bit error probability ( P, ) versus E, /N,
under the case of nonlinearity for different values of /BO
(IBO =5 dB, IBO =7 dB, and IBO =9 dB), compared with
the case of using pre-distorter, are illustrated by Fig. 8.

It can be concluded that it is highly recommended to use
PD at the transmitter side in order to suppress the
undesirable nonlinearity effects and to get improved bit
error performance at the receiver.

NUMERICAL RESULTS FOR TCM-FPM SCHEMES

h=05

| ® TC2FSKi4PSK
B TC4PSK

5 TC-2FSK

2
dB

Fig. 6. Performance Comparison for TC- 2FSK/4PSK with TC-4PSK and
TC-2FSK Modulation Schemes
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Fig. 7. Performance Comparison for TC-2FSK/4PSK  with TC-
2FSK/8PSK and TC-2FSK/16PSK Modulation Schemes
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Fig. 8. Performance Analysis for TC- 2FSK/4PSK within different Values
of IBO and with Pre-distortion Technique

VL

In this paper, a spectral efficient modulation scheme has
been derived; the FPM signal has a constant envelope and a
continuous phase. It has been shown its superiority of the
BER performance over MPSK, and MFSK modulation
schemes. The effects of nonlinearities (AM/AM and
AM/PM) were analyzed. It is shown that these effects can
be compensated by using PD technique. From analytical
results, it is confirmed that PD system with FPM systems,
gives a good BER performance improvements compared to
FPM signals without PD.

CONCLUSIONS

253

REFERENCES

S. Ng, K. Zhu, and L. Hanzo,"Distributed Source-Coding, Channel-
Coding and Modulation for Cooperative Communications," VTC
2010-FALL Ottawa, Canada, September 2010

S. Chang, "An efficient compensation of TWTA's nonlinear
distortion in wideband OFDM systems," IEICE Electronics Express,
Vol. 6, No. 2, P 111-116, 2009.

R. Padovani, and J. Wolf," Coded Phase/Frequency Modulation",
IEEE TRANSACTION ON COMMUNICATIONS, VOL. 34, NO.
5, MAY 1986, PP. 446-453.

A. A. M. Saleh, "Frequency-independent and frequency-dependent
non-linear models of TWT amplifiers," IEEE Transactions on
Communications, Vol. 29, No. 11, pp. 1715-1720, November. 1981
M. Chen, and O. Collins, "Multilevel Coding or Nonlinear ISI
Channels," IEEE RANSACTIONS ON INFORMATION THEORY,
VOL. 55,NO. 5, MAY 2009

R. Zayani, and R. Bouallegue,"Pre-distortion for the compensation
of HPA Nonlinearity with neural networks: Application to satellite
communications, "IJCSNS International Journal of Computer
Science and Network Security, VOL. 7, No. 3, March 2007.

P. Sardrood, G. solat, and P. Parvand, "Pre-distortion Linearization
for 64-QAM Modulation in Ka-Band Satellite Link",IJJCSNS
International Journal of Computer Science and Network Security,
VOL. 8, No. 8, August 2008.

(1

(2]

(31

(4]

(3]

(6]

(7]

[8] D. Giesbers, S. Mann, and K. Eccleston, "ADAPTIVE DIGITAL
PREDISTORTION LINEARSATION FOR RF POWER
AMPLIFIERS", Electronics New Zealand Conference 2006

[91 O. Oruc, and U. Aygolu, "M-PSK Cooperative Trellis Codes for

Coordinate Interleaved Coded Cooperation", EURASIP Journal on
Wireless Communications and Networking, Article ID 367097,
Volume 2009.

Labib F.Gergis received the Bsc, Msc, and PhD from faculty of
engineering, Mansoura University, Egypt, in 1980, 1990, and 2000,
respectively. He is presently in Misr Academy for Engineering and
Technology, Egypt. His areas of interest include digital communications,
Coding, and Multiple Access.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 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
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Algerian
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /BaskOldFace
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BlackadderITC-Regular
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CurlzMT
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /FangSong_GB2312
    /FelixTitlingMT
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /FZSTK--GBK1-0
    /FZYTK--GBK1-0
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Gulim
    /GulimChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KaiTi_GB2312
    /KristenITC-Regular
    /KunstlerScript
    /LatinWide
    /LiSu
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Magneto-Bold
    /MaiandraGD-Regular
    /MaturaMTScriptCapitals
    /MicrosoftSansSerif
    /MicrosoftYaHei
    /MingLiU
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Gothic
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MS-UIGothic
    /MVBoli
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NSimSun
    /OCRAExtended
    /OldEnglishTextMT
    /Onyx
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Pristina-Regular
    /RageItalic
    /Ravie
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /ShowcardGothic-Reg
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /STCaiyun
    /Stencil
    /STFangsong
    /STHupo
    /STKaiti
    /STLiti
    /STSong
    /STXihei
    /STXingkai
    /STXinwei
    /STZhongsong
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /YouYuan
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /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 0.76
    /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 150
  /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 0.76
    /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /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 Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


