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Abstract — We propose a method for the phase estimation 

of a polynomial-phase signal (PPS). Using an approach based 
on the high-order instantaneous moment (HIM) of the PPS, 
the estimation of phase coefficients boils down to the sinusoid 
frequency estimation. Since the desired complex sinusoid is 
embedded in a heavy-tailed noise, standard periodogram-
based techniques cannot be used for the frequency 
estimation. Instead of the standard periodogram, we use the 
robust M-periodogram, where a non-quadratic loss function 
is used for fitting of observations corrupted by noise with 
unknown heavy-tailed distribution. The estimation accuracy 
is additionally improved using an iterative procedure based 
on the dichotomous search of periodogram peak. Simulations 
carried out with several common noise distributions confirm 
the superiority of the proposed method over the standard 
one.

Keywords — Dichotomous search, Fourier transform, 
frequency estimation, polynomial-phase signal. 

I. INTRODUCTION

HE polynomial phase signals (PPSs) are observed in 
numerous research fields including radar, sonar, 

biomedicine, seismology [1]–[3]. Consequently, many 
methods for the phase coefficients estimation of the PPS 
have been proposed in the literature [3]–[8]. One of the 
most popular is the high-order ambiguity function (HAF), 
originally referred to as the polynomial-phase transform 
(PPT) [3], which represents the Fourier transform (FT) of 
the high-order instantaneous moment (HIM) of a PPS. 
Applying the HIM of the same order as the underlying 
PPS results in a complex sinusoid whose frequency is 
proportional to the highest-order phase coefficient, which, 
in turn, can be estimated using well developed sinusoid 
frequency estimation techniques [9]–[13]. Once the 
highest-order coefficient is estimated, the phase order of 
the PPS can be reduced by one by dechirping the PPS. 
This procedure is repeated until all coefficients are 
estimated. 

The most popular sinusoid frequency estimation 
techniques are based on the search of the periodogram’s 
maximum, an approach additionally facilitated by the fast 
FT (FFT) algorithms. The periodogram maximization is 
performed in two stages, coarse search and fine search. 
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The coarse search represents finding the maximum bin of 
the FFT of a sinusoid corrupted by Gaussian noise. The 
fine search represents refining the coarse estimate through 
some iterative procedure [9]–[13]. 

When complex sinusoid is, however, corrupted by a 
heavy-tailed noise, the performance of the standard 
periodogram is severely degraded. Such a situation is 
encountered in the HIM, where the original noise, whether 
heavy-tailed or not, is transformed to a heavy-tailed one.  

In this paper, we propose a method for the PPS phase 
estimation having in mind the heavy-tailed nature of the 
additive noise. To this end, we resort to methods based on 
the robust statistics [14]. In specific, we will use the robust 
M-periodogram [15], [16], where a non-quadratic loss 
function is used for fitting of observations corrupted by 
noise with unknown heavy-tailed distribution. In addition, 
we propose a fine search procedure that represents a 
modified version of the dichotomous search proposed in 
[11]. In contrast to the original dichotomous search, our 
modification does not require the zero-padding of the data, 
which is a very desirable property since the robust M-
periodogram is calculated iteratively at each frequency. 

Paper is organized as follows. Section II covers the 
theoretical background regarding the HAF. A brief 
overview of the robust M-periodogram is given in Section 
III, whereas the proposed fine search method is presented 
in Section IV. Simulations are given in Section V, and 
conclusions are drawn in Section VI. 

II. HIGH-ORDER AMBIGUITY FUNCTION

The HIM of a signal x(n) is defined as 
1
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where  is the time-lag. The HAF is defined as the FT of 
the HIM,  
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When x(n) is a monocomponent Pth-order PPS, i.e. 
0
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where A is constant real-valued amplitude, am are the 
phase coefficients and  is the sampling interval, the Pth-
order HIM of x(n) is a complex sinusoid with frequency 
[7] 
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The coefficient aP can be therefore estimated by searching 
for the position of maximum in the HAF. 
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If we dechirp x(n) using the estimated value âP,
ˆ2 ( )'( ) ( ) ,

P
Pj a nx n x n e  (5) 

the resulting signal x'(n) will be a (P-1)th-order PPS. Now 
the coefficient aP-1 can be estimated by searching for the 
position of maximum in the (P-1)th-order HIM of x'(n). 
This procedure can be repeated to estimate all lower-order 
phase coefficients [3]. 

Consider, for example, the second-order PPS embedded 
in additive Gaussian noise (n), 
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The second-order HIM of y(n) is 
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The first component of y2(n; ) is a complex sinusoid, 
whereas the other three are noise components. The last 
two noise components are Gaussian processes, while the 
first one, (n+ ) *(n- ), has a heavy tailed distribution. 
Clearly, even in the second-order HIM, the frequency 
estimators based on the standard periodogram will not 
yield satisfactory results. The situation gets even worse 
with higher-order HIMs. A solution to this problem is 
presented in the sequel. 

III. ROBUST M-PERIODOGRAM

Consider a complex sinusoid corrupted by heavy-tailed 
noise (n), 

0(2 )( ) ( ), 0,1, , 1j f ny n Ae n n N , (8) 
where A, f0 and  are unknown real-valued amplitude, 
frequency and phase, respectively, and N is the number of 
samples. We wish to estimate f0.

The M-estimates f0
M and CM of the frequency and 

amplitude, respectively, are introduced as a solution to the 
following optimization problem [16]: 
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In (10), (n) is a non-negative window function and F(x)
is a convex non-negative loss function. Particular case 
F(x)=x2 in (9) yields the standard periodogram [16].  

Of particular importance is the absolute value loss 
function F(x)=|x|, which is optimal for two important 
classes on noise distributions [16], 

class of nonsingular distributions, i.e., when nothing 
is known about the noise distribution except that its 
p.d.f. g(x) satisfies g(x)>0, and 
class of approximate exponential distributions, 

0 1( ) (1 ) ( ) ( ), 0 1,g x f x f x  (11) 
where f0(x) is the Laplace distribution and f1(x) is an 
arbitrary distribution. 

The robust M-periodogram is defined as [16] 
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and C(f) is a minimizer of J(f,C) provided a fixed value of 
f,

( ) arg min ( , ).
C
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Given C(f), the frequency can be estimated as 
arg max ( ),

f
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R
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and, in turn, the amplitude can be estimated as: 
( ).M MC C f  (16) 

In [16], a recursive algorithm for solving (9) is also 
provided, which can be summarized as follows: 
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is met, where =0 and K are given. 

Step 2. Setting the amplitude and periodogram 
( )( ) ( ), ( ) (0,0) ( , ( )).k

RC f C f I f J J f C f
Experiments showed a good convergence of the 

algorithm for F(x)=|x| [16]. Number of iterations, for 
=0.1, never exceeded 15 and it was usually 3-5. 
The algorithm is repeated for each f from Qf and the 

frequency is estimated as the position of the robust M-
periodogram peak according to (15). In practice, the set Qf
is given by a grid of Fourier frequencies 

1 , 1, 1 .
2f kQ f f k k N N

N
In this paper, the HIM of the corrupted PPS signal 

represents the input signal to the robust M-periodogram. 
Estimation of the PPS phase coefficients is then obtained 
by the periodogram maximization, performed through the 
coarse and fine search. The coarse search represents the 
finding the maximum bin of the robust M-periodogram 
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and fine search will be explained in the following section. 

IV. DICHOTOMOUS SEARCH 

The dichotomous search of periodogram peak is 
proposed in [11]. It is a binary search method where the 
discrete FT (DFT) peak is located and the frequency 
estimation is adjusted toward the larger of two DFT 
coefficients from either side of the located peak. New 
DFT coefficient is calculated halfway between the peak 
and the larger coefficient. The position of the calculated 
coefficient represents improved frequency estimation over 
the initial one. This procedure is iterated Q times. A 
drawback to this method is the zero-padding of the data, to 
a length of at least 1.5N, needed to approach the Cramer-
Rao bound (CRB) [12]. 

In [12], a modification of the dichotomous search is 
proposed; it attains the CRB without the zero-padding. We 
will use a similar approach that also does not require the 
zero-padding. The proposed method can be described as 
follows:

Step 0. Coarse search 
Calculate the robust periodogram IR(f) at the grid of 
Fourier frequencies and find the frequency of 
periodogram’s maximum, fm. Denote I0=IR(fm). 
Calculate IR(f) at points fm± f/2, i.e. 

1 1/ 2 / 2R m R mI I f f I I f f
where f is the frequency resolution. 

Step 1. Iterations
Iterate Q times 
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Step 2. Final frequency estimation 
Obtain the final frequency estimation as 

M
mf f .

 In each iteration, the frequency resolution f is halved. 
In [13], the authors propose an iterative calculation of the 
frequency displacement ; in each iteration,  is updated 
by a value that depends on the ratio of sum of X-0.5 and X0.5

and their difference, where X-0.5 and X0.5 are DFT bins 
displaced by -  and  from the current frequency estimate, 
respectively. This approach is, however, optimal for the 
Gaussian noise environment. In the dichotomous search, 
the only assumption regarding the peak shape is that it is a 
monotonically increasing function in interval [ft- f/2, ft]
and monotonically decreasing in [ft, ft+ f/2], where ft is 
the true signal frequency. 

V. SIMULATIONS

In the experiment, we consider the input signal 
( ) ( ) ( ), 0,1, , 1,y n x n n n N  (17) 

where x(n) is a third-order PPS, 
2 3

1 2 32 ( ( ) ( ) )( ) ,j a n a n a nx n Ae  (18) 
with coefficients a1=N/6, a2=-N/5 and a3=N/3, =1/N, and 
(n) is complex additive noise, 

( ) ( ) ( )R In n j n ,
where real and imaginary parts R(n) and I(n) are i.i.d. 
variables. We considered four noise models as follows: 

Gaussian noise with the variance b2;
(n)=b 1

3(n)+jb 2
3(n), where 1(n) and 2(n) are 

Gaussian N(0,1) variables. Variables b 1
3(n) and 

b 2
3(n) have the probability density [16] 
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We will refer to this noise as the Gauss³ noise.  
Cauchy noise with the distribution 

2 2
1( ) .g x

x
-stable noise with characteristic function 

1 sgn( , , , , ) ,jt t j tt e
where  is the characteristic exponent,  the 
skewness,  the scale parameter,  the location 
parameter, sgn(·) the sign function and  is [17] 

tan / 2 1

2log / 1.t

We will herein consider symmetric -stable noise 
( =0) with =0.5 and =0. 

In the first example, we will compare the standard 
periodogram to the robust M-periodogram in the a3 phase-
parameter estimation. The comparison will be performed 
in terms of appearance of false spectral maximum, a 
situation that a spurious spectral peak exceeds the desired 
one, in the spectrum of the third-order HIM of y(n).

Fig. 1(a) and (b) depict one realization of the 
normalized spectrum of the third-order HIM of y(n) when 
standard and robust M-periodogram are used, respectively. 
Additive noise is the Gauss³ noise with b=0.2. 

Fig. 1. (a) Standard periodogram and (b) robust M-
periodogram of the third-order HIM of y(n) (see (17)). 

Fig. 2 presents false spectral maximum percentage 
(FSMP) versus noise parameter for all the considered 
noise types, indicating the superiority of the M-
periodogram in terms of the peak resolvability. It is 
important to note that F(x)= |x |  is used for all the noise 
types except for the Gaussian noise, when F(x)= |x | 1.5

produced the best results. The FSMP is calculated over 
1000 realizations of the considered methods. 

In the second example, we will evaluate the 
performance of the fine search algorithm presented in  
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Fig. 2. False spectral maximum percentage versus noise 
parameter. (a) Gaussian noise; (b) Gauss3 noise; (c) 

Cauchy noise; (d) -stable noise. 

section IV. To this end, we will compare the 
dichotomous search results to the oversampled robust M-
periodogram in the estimation of all coefficients of x(n)
corrupted by the Gauss³ noise. Fig. 3(a), (b) and (c) 
present the mean squared error (MSE), versus the noise 
parameter, in the estimation of coefficients a3, a2 and a1,
respectively, where the MSE is calculated according to 

2
1

10

ˆ( )
MSE 10log , 1,2,3,

simN
j jk

sim

a a
j

N
where Nsim is the number of simulations. In this example, 
the oversampling factor Nov is 10 and Nsim=1000.

Fig. 3. Mean squared error versus noise parameter. (a) a3

estimation; (b) a2 estimation; (c) a1 estimation. Gauss3

noise is considered. 

Clearly, the dichotomous search provides a significant 
improvement over the oversampling approach in terms of 
accuracy. In addition, its calculation complexity is much 
less, since, in each iteration, only one sample of the robust 
M-periodogram is calculated. On the other hand, the 
oversampling of the robust M-periodogram Nov times 

implies Nov times higher complexity, since it is calculated 
at each frequency iteratively. The power of FFT 
algorithms cannot be fully harnessed here. 

VI. CONCLUSION

In this paper, we proposed a method for the estimation 
of PPS phase coefficients from the spectrum of the HIM. 
The method is based on the robust M-periodogram and it 
outperforms the standard periodogram-based approach in 
terms of appearance of spurious spectral peaks. In 
addition, in order to improve the estimation accuracy, we 
proposed the iterative procedure based on the dichotomous 
search of the robust M-periodogram. This approach 
outperforms the fine search based on the spectrum 
oversampling in terms of both the estimation accuracy and 
calculation complexity. 

REFERENCES
[1] B. Porat, Digital processing of random signals: Theory and 

methods. Englewood Cliffs, NJ: Prentice-Hall, 1994. 
[2] D. C. Reid, A. M. Zoubir, and B. Boashash, “Aircraft flight 

parameter estimation based on passive acoustic techniques using the 
polynomial Wigner–Ville distribution,” J. Acoust. Soc. Amer., vol. 
102, pp. 207–223, July 1997. 

[3] S. Peleg and B. Friedlander, “The discrete polynomial phase 
transform,” IEEE Trans. Signal Process., vol. 43, no. 8, pp. 1901–
1914, Aug. 1995. 

[4] S. Peleg, B. Porat, “Estimation and classification of polynomial 
phase signals,” IEEE Transactions on Information Theory, vol. 37, 
no. 2, pp. 422–430, Mar. 1991. 

[5] B. Boashash, “Estimating and interpreting the instantaneous 
frequency of a signal - part 2: Algorithms and applications,” 
Proceedings of the IEEE, vol. 80, no. 4, pp. 540–568, Aug. 1992. 

[6] S. Peleg, B. Friedlander, “Multicomponent signal analysis using the 
polynomial-phase transform,” IEEE Trans. on Aerospace and 
Electronic Systems, vol. 32, no. 1, pp. 378–387, Jan. 1996. 

[7] S. Barbarossa, A. Scaglione, G. B. Giannakis, “Product high-order 
ambiguity function for multicomponent polynomial phase signal 
modeling,” IEEE Trans. Signal Process., vol. 46, no. 3, pp. 691–
708, Mar. 1998. 

[8] D. Pham, A. M. Zoubir, “Analysis of multicomponent polynomial 
phase signals,” IEEE Trans. Signal Process., vol. 55, no. 1, pp. 56–
65, Jan. 2007. 

[9] B. G. Quinn, “Estimating frequency by interpolation using Fourier 
coefficients,” IEEE Trans. Signal Process, vol. 42, no. 5, pp. 1264–
1268, May 1994. 

[10] B. G. Quinn, “Estimation of frequency, amplitude and phase from 
the DFT of a time series,” IEEE Trans. Signal Process, voil. 45, no. 
3, pp. 814–817, Mar. 1997. 

[11] Y. V. Zakharov, T. C. Tozer, “Frequency estimator with 
dichotomous search of periodogram peak,” Electronics Letters, vol. 
35, no. 19, pp. 1608–1609, Sep. 1999. 

[12] E. Aboutanios, “A modified dichotomous search frequency 
estimator,” IEEE Signal Process. Letters, vol. 11, no. 2, pp. 186–
188, Feb. 2004. 

[13] E. Aboutanios, B. Mulgrew, “Iterative frequency estimation by 
interpolation on Fourier coefficients,” IEEE Trans. Signal Process,
vol. 53, no. 4, pp. 1237–1242, Apr. 2005. 

[14] P. J. Huber, Robust statistics. John Wiley & Sons; 4th edition, 1981. 
[15] V. Katkovnik, “Robust M-periodogram,” IEEE Trans. Signal 

Process, vol. 46, no. 11, pp. 3104–3109, 1998. 
[16] V. Katkovnik, “Robust M-estimates of the frequency and amplitude 

of a complex-valued harmonic,” Signal Processing, vol. 77, no. 1, 
pp. 71–84, Aug. 1999. 

[17] C. L. Nikias, M. Shao, Signal Processing with Alpha-Stable 
Distributions and Applications. Wiley-Interscience; 1st edition, 
1995.

589



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


