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ABSTRACT

In Bayesian short-time spectral amplitude (STSA) estimation
for single channel speech enhancement, the spectral compo-
nents are traditionally assumed to be uncorrelated. However,
this assumption is not exact since some correlation is present
in practice. In this paper, we propose a STSA estimator with
correlated frequency components. Since its closed-form so-
lution is not readily available, we alternatively derive closed-
form expressions for corresponding upper and lower bounds.
Three new speech enhancement estimators are proposed
based on those bounds: one for each bound and one that is
a combination of both. Results of PESQ and informal lis-
tening experiments indicate that the proposed estimators give
better performances than earlier estimators.

Index Terms— Speech enhancement, Bayesian estima-
tion, short-time spectral amplitude

1. INTRODUCTION

Speech enhancement algorithms are used to remove back-
ground noise from a noisy speech [1]. They are present in
many common devices such as cell phones and hearing aids.
In the Bayesian approach for single channel speech enhance-
ment, an estimate of the clean speech is derived by minimiz-
ing the statistical expectation of a cost function that penalizes
errors in the clean speech estimate.

Several Bayesian estimators of the short-time spectral am-
plitude (STSA) of the clean speech have been proposed over
the years [2, 3]. In those approaches, it is always assumed
that the spectral components of the clean speech are uncorre-
lated. This assumption is however not exact as there are two
main causes of correlations between STSA components [4].
Firstly, voiced speech has inherent harmonics that are neces-
sarily correlated. Secondly, the finite dimension of the anal-
ysis window used in short-time processing introduces some
correlation between adjacent frequencies.
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A Bayesian estimator of the complex spectrum assum-
ing correlated frequency components has been studied in [4].
While the correlation between STSA components has been
noted in some papers, it has not yet been considered in Bayes-
ian STSA estimators, apparently to simplify the estimators’
derivations [2, 5].

In this paper, we first present an estimator that consid-
ers the STSA components to be correlated. Since a closed-
form solution for such an estimator is not readily available,
we alternatively find closed-form expressions for correspond-
ing lower and upper bounds. We propose three new speech
enhancement estimators: one for each bound and a last one
that is the arithmetic mean of the two bounds. We compare
the proposed estimators to the minimum mean-square error
(MMSE) STSA estimator [2], the MMSE estimator of the
complex spectrum and a Wiener estimator. Results show su-
perior performance of the proposed estimators both in terms
of the Perceptual Evaluation of Speech Quality (PESQ) and
informal listening experiments.

The paper is organized as follows. Section 2 presents
the desired STSA estimator with correlated frequency com-
ponents while Section 3 presents the derivation of the bounds
on that estimator. The bounds are characterized by correla-
tion matrices for which an estimation approach is presented
in Section 4. Section 5 presents some experimental results
while Section 6 concludes the work.

2. SPECTRAL AMPLITUDE ESTIMATOR WITH
CORRELATED FREQUENCY COMPONENTS

LetY; = X; + W, be an N-dimensional column vector rep-
resenting the short-time Fourier coefficients of noisy speech
observations for time frame i. X; and W are respectively the
clean speech vector and the noise vector of the correspond-
ing short-time Fourier coefficients. To simplify the notation,
we will usually omit the subscript ¢ and consider the process-
ing of one particular frame. The elements of X are X =
Xped 1 < k < N, where X}, is the positive and real STSA
and o € [—m, 7). We also define X = [X; Xy --- An]T
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and a = [a; ag -+ ay]|T. We assume that X and W are
independent, zero-mean and circular Gaussian with pdfs:

[x(X) =
fw(W) =

where Rx = E{XX} and Rw = E{WW?} are the
correlation matrices of the clean speech and noise respec-
tively and Rw > 0; superscript H indicates the conjugate
transpose and E denotes statistical expectation. Traditional
approaches (e.g. [2]) assume that Rx and Rw are diago-
nal (i.e. the spectral components are uncorrelated). In this
work, we do not enforce such diagonality constraint. Our
model therefore considers possible frequency correlations in
the clean speech and noise.
We want to evaluate the following estimator:

7N det(Rx)~le~X"Rx X (1)

N det(Rw)_le_wHRWﬂW 2)

X’ = argmin E{| X — X|*} 3)
x

where the minimum is over all possible functions X (Y). We
note that the cost function in (3), i.e. ||X — X|2, considers
all the frequency components jointly. Using matrix calculus,
we can show that (3) leads to:

X’ = B{x|Y} )

i.e. the N-dimensional conditional expectation of X given
the complete vector of observations Y. This estimator will
then be combined with the phase of the noisy speech, for each
frequency, to yield the estimator of X:
X = [Xloej4Y17 o a‘/f‘lt\)/'ej&YN]T' (5)

The corresponding time domain estimator can be obtained by
performing an inverse Fourier transform for each frame which
are then combined using the overlap-add method.

Unfortunately and in contrast to the scalar case, a closed-
form expression for (4) is not readily available. In the next
section we approach the problem of finding a realizable so-
lution to (4) by obtaining tractable upper and lower bounds
instead of an elusive exact solution.

3. BOUNDS ON THE N-DIMENSIONAL
CONDITIONAL EXPECTATION

The fact that the X, are positive real quantities makes it possi-
ble to approach the problem of finding approximations to (4)
from a bounding perspective. Specifically, we derive below
convenient upper and lower bounds, QEUJﬁ and X, T,k Tespec-
tively, such that /?L,k < /’\?k < /’\?UJC.

Asa lowqr bound on the desired estimator (4), we therefore
propose XY ; = [E{Xy|Y}| or equivalently:

X = |[B{X|Y}| 7

where for any vector A = [a;] € CV*! we define |A| =
[lax|]] € RV*L. Under the Gaussian statistical model for the

clean speech and noise presented previously, the term
E{X|Y} is the MMSE estimator of X, which is known to
be equal to [4]:

E{X|Y} = Xuuse = Rx(Rx + Rw)'Y. (8
A lower bound on the desired estimator is therefore:
X = [Xuwmse| = |Rx(Rx + Rw) Y] 9)

Note that in the special case of uncorrelated frequency
components (i.e. the traditional framework), Rx and Rw
are diagonal matrices. Then combining (9) with the phase of
the noisy speech yields:

: Sx.k

X, = —" 10
F Sxk+ Swik ¥ 1o

where SX,k = [Rx]kk = E{|Xk|2} and SW,k' = [RW}kk =
E{|W}|?}. The processing of each frequency is therefore de-
coupled and the corresponding operation amounts to a stan-
dard Wiener filter.

3.2. Upper bound

Using Jensen’s inequality [7], we have for a real convex func-
tion ¢:
P(E{X|Y}) < E{p(X)[Y}. an

2

If we set p(a) = a®, we have:

E{X|Y} < \/E{X2[Y} (12)

since X3, > 0. Asan upper bound on the desired estimator (4),
we therefore propose Xy ;; =/ E{X?|Y} or equivalently:

X} =/ E{x?Y} (13)

E{X?|Y} = [B{X?|Y},

where we define:
BLRIYYT a4

and consider the square root as taken element-wise. We next
derive a closed-form expression for E{X?[Y}.
Using a Bayesian formalism we have:

S J I fy (YX) fx (X)dX

E{X2]Y}= 15
3.1. Lower bound {XC1Y} f . 'ffy(Y|X)fx(X)dX (15)
Using the triangle inequality for integration [6], we can show e observe that:
that:
|E{Xk|Y} < E{X:|Y}. (6) Fx(Y[X) = fw(Y - X). (16)
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Using (1), (2) and (16) in (15) we get (17) (bottom of this
page).

To evaluate (17), we need to transform the multiple inte-
grals into products of single integrals. To do so, we make use
of the following eigenvalue decomposition:

UAUY =Ry '+ Rx ! (18)
where U is the unitary matrix of eigenvectors, i.e. U U =
I, and A is the diagonal matrix containing the correspond-
ing eigenvalues. Furthermore, we also perform the following
change of variables: V = U®X. Since U is unitary, the
associated Jacobian is J = 1 and (17) thus becomes:

[ [ UV 2eYTVHVIYVIAV) oy

2 _
B{XIY} = [ [elYIVIVEY VIAV] gy
(19)
where we define Uy, as the k" line of U and

2 UTRw Y. (20)

Since U,V is a scalar, we have:

N
UV => UnVs @1

r=1

where Uy, is the (k,7)*" entry of matrix U and V. is the r*"
entry of vector V. Using (21), we can now write (19) in a
form comprising only scalars:

E{XZ|Y}

DD Il U,:tvmf VeV o [(Vin) V]
Ty J h(Vin) AV

(22)

where we define the positive real scalar function h(V,,) =
e¥Ym V4V Y =|Vin*Am for compactness and \,, is the mth
diagonal element of matrix A.

Using (6.631.1), (8.411.1) and (9.212.1) from [8], we can

evaluate the integrals in (22) and obtain:

Defining diag{A} as the column vector containing the diag-
onal elements of matrix A, we can also write:

E{X?|Y} = diag{UAT'YYHA-IU? L UA U
(25)
Using (18) and (20) along with the fact that diag{ AAT} =
|A|?, where we consider the absolute value and squaring op-
erators as taken element-wise, we have:

E{X* Y} =|Rw '+Rx ) 'Rw 'Y]?

+ diag{(wal + inl)_l}.
We notice that the first term in (26) is equal to the squared
magnitude value of Xjypvsg in (82 and the second term can be
simplified in a form similar to Xyvsg. Finally, using (13),

the desired upper bound is therefore the following simple ex-
pression:

(26)

Xy = \/\XI\/H\/ISE\2 + diag{Rx (Rx + Rw) 'Rw}.
@7
Since the upper bound includes the lower bound and an addi-
tional positive term, it will obviously be greater than the lower
bound.

The lower and upper | bounds on the spectral amplitude es-
timator, i.e. X; ;, and x; v are then combined with the phase
of the noisy speech, as in (5), resulting in estimators X and
X‘[’] respectively. Furthermore, we propose another estimator
by simply considering the arithmetic mean of X‘i and XOU:

X9 = (X9 +X§)/2 (28)

We will evaluate those three estimators in Section 5.

4. ESTIMATING Rx AND Rw

To compute X 2 (9) and X ([)J (27), one needs an estimation
of matrices Rx and Rywy. In this work, we use a decision-
directed type of approach similar to [2] to estimate Rx. Since
Rx = E{XX*} and Rx = Ry — Rw for uncorrelated X

and W, we have for frame i:
Rx,;=aX; 1 X7, +(1-a)g(Ry; —Rw,) (29

where X,_; is given by (5) applied to frame ¢ — 1 and o =

|Ukp|2 0.98. The terms on the diagonal of Rx should be positive,
B{XZ|Y} = Z Z UktUkT Z - (23)  we therefore define g(Ry ; — Rw ;) element-wise as:
r=1t=1
9(Ry i — Rw.i)|@,m
This last equation can also be written as: ( e )
{ max[(RY,i — RW,i)|(l,m)7 O} lfl =m (30)
E{X2Y} = U A 'Y YHAIUE + U A TUE. (29 (Ry,i = Rw.i) (1) else
) [ | X, |20 Rw XX Rw Y =X (Rw 4R DX X
E{X Y} = [ [elYTRw I X+XTRw 1Y -X (Rw ' +Rx )X} gX a7
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Table 1. Comparative PESQ values for white, pink and cock-
pit noises at several SNRs (10, 15 and 20 dB).

MMSE Wiener XMMSE XDL X?] XZ—U
STSA [2] (10) ®

10 dB 2.47 2.60 2.63 2.65 2.60 2.64
15dB 2.82 2.88 2.95 2.98 297 2.98
20 dB 3.14 3.19 3.31 3.33 3.31 3.33

10 dB 2.47 2.57 2.61 2.64 2.63 2.65
Pink 15dB 2.81 2.85 2.92 294 2.98 2.98
20 dB 3.13 3.16 3.25 3.27 3.30 3.29

10dB 2.25 2.20 2.25 229 231 2.32
Cockpit 15 dB 2.60 2.54 2.60 2.64 2.70 2.69
20 dB 2.96 2.91 2.97 3.00 3.06 3.05

White

where [ and m are the matrix elements indices; the max oper-
ator is therefore applied only on the main diagonal of matrix
Ry — Rwy.

We also need to estimate Rwy; (or equivalently Ry if
we omit the frame index 7). We first estimate the time-domain
correlation matrix, Ry, ;, using a (IV — l)th order predictive
error model [9]. Using the Nx/V Fourier transform matrix, F,
we then obtain:

Rw; = FR, ;F7. (31

Ry ; is estimated similarly.

5. EXPERIMENTAL RESULTS

In this section we report PESQ [10] results for the MMSE
STSA [2], Wiener (10) XMMSE (8) and the proposed estima-
tors X9, X" and X— We also report informal listening
observatlons

Three types of noises from the Noisex database [11] are
used in the experiments: a white noise, a pink noise and an
aircraft cockpit noise (buccaneer-1). Thirty noisy speech sig-
nals [12] were created using ITU-T standard P.56 [13]. All
speech signals were sampled at 16 kHz and a raised-cosine
window was used (512 samples, 32ms) in the STSA compu-
tation. A 75% overlap was used in the overlap-add synthesis
method as in [2]. For value of simplicity, Rw was estimated
from the first five frames of the noisy signal which did not
contain any speech signal and its value was kept constant for
all subsequent frames.

As can be observed from the PESQ values in Table 1, ei-
ther X%, X?J or XZT performed better than the other esti-
mators for all cases, with the most significant improvements
being observed for colored noises (i.e. pink and cockpit).

Informal listening experiments were also conducted. On
the one hand, XMMSE, Xo 7, X" and XOT resulted in similar
speech quality that seemed to be more natural than Wiener’s.
On the other hand, Wiener, XMMSE and X% had less back-
ground noise than X¢, but the noise sounded more musical.

The algorithm based on the mean of the two bounds, i.e. XOLT
offered a good compromise between speech quality, back-
ground noise quantity and whiteness.

6. CONCLUSION

In this paper we propose a Bayesian STSA estimator for
speech enhancement that considers correlated frequency com-
ponents. Since its closed-form solution is not readily avail-
able, we approach the problem of finding approximations to
that estimator from a bounding perspective. We obtain con-
venient upper and lower bounds and propose three new es-
timators derived from those bounds. Results of PESQ and
informal listening experiments indicate that the proposed es-
timators give better performances than earlier estimators. In
particular, XZ—U offers a good compromise between speech
quality, background noise quantity and whiteness.

7. REFERENCES

[1] J. Benesty, M. Sondhi, and Y. Huang, Eds., Springer Handbook
of Speech Processing, Springer, 2008.

[2] Y. Ephraim and D. Malah, “Speech enhancement using a min-
imum mean-square error short-time spectral amplitude estima-
tor,” IEEE Trans. Acoust., Speech, Signal Process., vol. ASSP-
32, no. 6, pp. 1109-1121, Dec. 1984.

[3] E.Plourde and B. Champagne, “Generalized Bayesian estima-
tors of the spectral amplitude for speech enhancement,” /IEEE
Signal Process. Lett., vol. 16, no. 6, pp. 485-488, Jun. 2009.

[4] C. Li and S. V. Andersen, “A block-based linear MMSE
noise reduction with a high temporal resolution modeling of
the speech excitation,” EURASIP J. Appl. Signal Process., vol.
18, pp. 2965-2978, 2005.

[5] L. Cohen, “Relaxed statistical model for speech enhancement
and a priori SNR estimation,” IEEE Trans. Speech Audio Pro-
cess., vol. 13, no. 5, pp. 870-881, Sep. 2005.

[6] D. Sarason, Complex Function Theory, 2nd Edition, American
Mathematical Society, 2007.

[7] W.Rudin, Real and Complex Analysis, 3rd Edition, McGraw-
Hill, 1987.

[8] L. S. Gradshteyn and I. M. Ryzhik, Table of Integrals, Series,
and Products, 6th Edition, Academic Press, 2000.

[9] S. Haykin, Adaptive filter theory, 4th Edition, Prentice Hall,
2002.

[10] ITU-T, Recommendation P.862: Perceptual Evaluation of
Speech Quality (PESQ), An Objective Method for End-to-End
Speech Quality Assessment of Narrow-Band Telephone Net-
works and Speech Codecs, Feb. 2001.

[11] Rice  University, “Signal  processing
mation  base: Noise data,” [Online]
http://spib.rice.edu/spib/select_noise.html.

infor-
Available

[12] “IEEE recommended practice for speech quality measure-
ments,” IEEE Trans. Audio Electroacoust., vol. AU-17, no.
3, Sep. 1969.

[13] ITU-T, Recommendation P.56: Objective Measurement of Ac-
tive Speech Level, Mar. 1993.

400 2009 IEEE/SP 15th Workshop on Statistical Signal Processing

Authorized licensed use limited to: McGill University. Downloaded on November 12, 2009 at 09:10 from IEEE Xplore. Restrictions apply.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /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 /Error
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /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
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /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 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 150
  /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /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 "Recommended"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


