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Abstract-This paper proposed a new method to obtain an
optimum arrangement of the second-order sections in Digital IIR
Filters in order to reduce the Steady-State Output Noise Variance
when the model of filter is considered as the cascade connections
of second-order sections. The proposed method is based on
minimizing the external normalization coefficients in each
section. According to the computational complexity of obtaining
the output noise variance, our method can reach to an optimal
arrangement recursively, without computing the output noise
variance. Experimental results show the accuracy and simplicity
of our new method when it is compared with MATLAB Filter
Design Toolbox (FDT).

Keywords: steady-state output noise variance, second-order sections,
recursive method, MATLAB Filter Design Toolbox.

I. INTRODUCTION

Input signals encountered by sonar or radar signal
processing systems are continuous and must first be sampled
in time and digitized in amplitude prior to processing by
digital systems. Since the hardware complexity of digital
signal processing systems is directly related to the digital word
length, it is important to limit the number of bits in the various
processing elements of the system. This requires an error
analysis at each point in the system to assure that the system
implementation does not degrade system performance, that is
degrade dynamic range by increasing the system noise level
[1].

The application of polyphase IIR structures is considered in
[2] and authors show that very high performance filters can be
designed by using very few coefficients. Also authors in [2]
consider the different implementation structures in polyphase
IIR filters and show that the effect of the quantization noise
can be decreased at the time of the filter coefficient design. A
new set of filter invariants called second order modes which
play a definitive role in minimal noise realizations is used in
[3] and authors compared its new structure with usual parallel
and cascade connections of second order filters and obtained
better results for narrow-band filters. In [1], authors consider
the cascade second-order sections as the most common model
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for formation Digital IIR Filters; also they explain some of the
issues related to the implementation of algorithms in special-
purpose hardware. After finding zeros and poles according to
characteristics of desired filter, authors in [1] describe their
method for pairing (coupling) zeros and poles which is based
on nearest distance between them. But in [1-6] and other
previous considerations in the quantization noise issue, the
effect of different arrangements in decreasing the output noise
power is not focused. This paper concentrates on the
arrangement of the second-order sections after coupling zeros
and poles of each section according to method mentioned in
[1].

The complexity of computing the output noise variance
prevents examining all different arrangements. For example if
an assumed filter is constructed by 5 second-order sections
that the coefficients of each section are obtained by [1], 125
(5!) different arrangements can be found while the output
noise variance of each arrangement is different. Therefore
computing the output noise variance for all different
arrangements and finding the best of them, is very time
consuming and feasibly impossible.

In this paper we show that the optimum arrangement will be
obtained by using a recursive algorithm which is based on
minimizing the external normalization coefficients in each
section without calculating the output noise variance. The
optimum arrangement based on our method plays an important
role in decreasing the computational complexity.

This paper is organized as follow: in section II, definitions of
output noise variance, dynamic range and the external
normalization coefficients are defined. In III a new viewpoint
of obtaining external normalization coefficients is illustrated
and the proposed algorithm is explained. Finally in section IV,
the simulation results are considered to indicate the accuracy
and robustness of our proposed algorithm.

II. PROBLEM STATEMENT

In this section first, the model of product quantization noise
has been considered and then the output noise variance for
cascade second-order sections will be defined according to [1].
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As illustrated in Figure 1, if product quantization is carried out
using rounding arithmetic, an error signal e(n) is added at the
sum node for each multiplier. The error signal can be regarded
as random process with uniform probability density function.
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Figl: Product Quantiz\ation Noisé Model for a Section

Based on [1], for cascade sections, the noise transfer function
for the noise source to the filter output is needed; that is, in
general the average noise power at the k-th sections passes
through all the poles and zeros of the (k+1)th and higher
sections of the system. Notice that the calculation of the total
computational noise generated at the output of the k-th section
requires the summation of all the individual errors caused by
each internal error source. The output steady-state noise
variance can be formulated as:

) M 1 N/2-1 . 5
Op =P, |:}"z 2 Z |Hk M(eJsz/N) :|
k=1 Ck n=0 ’
M N/2-1 2l V) 5
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Where

P — 2—217/6/\/

r=number of noise sources at the first sum node
s=number of noise sources at the second sum node
N=number of spectral points

N=frequency index

M=number of second-order sections

K=second order section index

C = external normalization coefficient for the k-th section

The computation of the magnitude response of the noise

transfer function 4, ,, (e’*™

The dynamic range (DR) of a digital filter is defined as the
number of available bits not corrupted by computational noise.
Once the output noise variance has been determined, the DR
of the filter can be expressed in decibels by

DR = (BIT, —1)20log,, 2 2)
Where BITN is the most significant bit position of the
computational noise buildup given by

) can be obtained by using [1].

BIT, = INTEGER(MJ 3)
log,, 2
Equation (1) implies that optimal ordering of the numerator
and denominator factors in the cascade structure can minimize
the output roundoff noise. It can be shown that there are
M possible ordering of second-order sections [1]. Evaluating
Eq. (1) for all possible orderings can be time consuming; for
example, 36 evaluations are needed for M=3, 576 evaluations

for M=4. It should be noted that, however, for Butterworth and
Chebyshev LP, HP and BP filters the numerator factors are
respectively equal, and for these causes only M! Orderings
would be necessary. It has been shown in [1] that optimal
pole-zero pairing can be accomplished by pairing poles with
zeros that are closest to them in z-plane. According to the
above assumption, the optimum solution is obtained by first,
employing the optimal pole-zero pairing, which will optimally
pair the numerator and denominator second-order sections and
then evaluate Eq.(1) for M! arrangements of the paired
second-order sections. In this paper we propose a new method
to find optimal arrangements of the paired second-order
sections without using Eq(1).

I[II. PRPOSED METHOD

This method is based on following lemma.

Lemma: the external normalization coefficients can be
obtained as follow:
i-1
max(H H))
C=——=
maX(H H)) )
Jj=1
C, =1

Proof: consider the main formula of external normalization
coefficients in [1]. According to figure 2:

B 1

Tl i
[1¢;max([]#)) (5)
=0 j=1

Cy=1

Fig2: Model of Second-Order Sections with normalization coefficients

i

Now obtain C},C,,... respectively according to (5)
1

C=———- 6
" max(H,) ©
c-— L )
C max(H H,)
By replacing (6) in (7)
C - 1 B 1 _ max(H))
' C max(H H,) max(H H.) max(H H.,)
max(H,) ne
1 ®)

C, =
C.C,max(H H,H,)
And by replacing (6),(7) in (8) we will have

1
C =
C,C, max(H H,H,)
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1 _ max(H H,)
1 max(H) max(H H,H.,)
max(H,) max(H H,)

max(H H,H,)

And it can be shown that for Cy,:
c - 1 _ max(H H,H,)
' CC,C,max(H H,H,H,) max(HH,HH,)

i1
H,
. ) max(l;[ P)

. max([]C,)max[ [ #,) ) max([ )

The stages of our proposed method which are based on
minimizing C; in each section can be summarized as follows:

A. Assume M second-order sections for a specific filter are
needed which numerators and denominators of each section
are paired according to previous assumptions. Now consider
the last section and last coefficient. If H,; is the last section,
then

j=M={i}

max( HH,/‘)
C =

M=

max(ﬁ H))
j=1

As it can be seen, the denominator of C, is constant and

independent of all different arrangements. So in order to
minimize theC,,, it is enough to minimize the numerator

of C,, , therefore M different states should be examined to

find the minimum of the numerator. As an example assume a
filter contains 3 second order sections namely H, H, H, ,

so in this step the last section or 3th section will be defined as
follow:
1-if the H, is the last section then
max(H,H,)
" max(H,H,H.,)
2- Ifthe H, is the last section then
max(H H,)
" max(H H,H,)

3-Ifthe H, is the last section then

max( H H,)
 max( H H,H,)
After comparing these 3-states and finding the minimum
state, then the last section will be chosen.
B. after obtaining the last section (assume H, ), the algorithm

is going to obtain the (M-1)th section.

j=M-{i k)

max( HH/)
c,, —————

M-1= —M—{i}

max(/HHj)

Assume H,is pointed to (M-1)th section then According to

previous step (finding the last section) the denominator of
C,,, will be constant and (M-1) different states should be

examined for finding the minimum of numerator. Assume H,
is the (M-1)th section and H #{H, H,}. Following

inequality should be considered in order to find (M-1)th
section according to previous assumption which was based on
minimizing the numerator in each section:

M—{ik}

M—{i,w}
max( HHJ,) < max( HH/) forall H, #{H H,}
j=1 J=1

C. Continue this method to obtain H, as the first section.
Figure (3) shows the schematic of proposed algorithm.
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Fig3: Proposed Algorithm
IV. Simulation Results

In this part, 2 different types of filters are considered. In all of
them, the numerators and denominators are obtained and
paired by using MATLAB Filter Design Toolbox (number of
bits=16).

Experiment 1: A Band Stop Chebychiev(type 1) IIR filter
with fpass1=60Hz, fstopl=120Hz, fstop2=180Hz,
fpass2=240Hz, Apass;,=0.5dB, Astop=35dB, sampling
frequency =4000.

Table (1) shows the coefficients of the denominator and
numerator of section one, H1, to section 5, HS5, by using
MATLAB filter design toolbox. The effect of the different
arrangements of the second order sections in the output noise
variance and output dynamic range is shown in table (2).
According to that, the output steady state noise variance which

is obtained by our proposed algorithm is 2.7826e-009 while it
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is 1.6499¢-008 when FDT is considered. As can be seen, the

Table 4: The effect of Different Arrangements in output noise variance and the
dynamic range

output noise variance which is obtained by our algorithm is _
approximately 6 times lower than that when FDT algorithm is Algorithms Amrangement Output Steady- (DR)
used. State noise
L . . . . Variance
Table 1: Designing filter (experiment 1) by using MATLAB Filter Design
Toolbox MATLABFDT | {HI H2 H3 H4 H5 H6 H7} 4.0966¢-005 | 36.1236 dB
Section i Numerator Denominator Random {H5 H7 H4 H1 H3 H6 H2} 2.8488e-004 | 24.0824 dB
HI N1=[1.0000 -1.9643 1.0000] | DI=[1.0000 -1.8195 0.9533] Arrangement
H2 N2=[1.0000 -1.9643 1.0000] | D2=[1.0000 -1.5624 0.7481] Proposed {H2 H1 H5 H6 H3 H4 H7} 5.2781e-006 | 42.1442 dB
H3 N3=[1.0000 -1.9643 1.0000] | D3 =[1.0000 -1.9785 0.9875] Method
H4 N4=[1.0000 -1.9643 1.0000] | D4=[1.0000 -1.9468 0.9524 . . .
[ ] [ ] Also the results in both experiments show that the dynamic
H5 N5=[1.0000 -1.9643 1.0000] | D5=[1.0000 -1.4103 0.4360] ranges obtained based on our proposed algorithm are higher

Table 2: The effect of Different Arrangements in output noise variance and the
dynamic range

Algorithms Arrangement Output Steady-State Dynamic Range
noise Variance (DR)
MATLAB FDT {H1 H2 H3 H4 H5} 1.6499¢-008 66.2266 dB
Random {H2 H1 H4 H5 H3} 9.0716e-008 60.2060 dB
Arrangement
Proposed {H2 H4 H5 H1 H3} 2.7826e-009 78.2678 dB
Method

Experiment 2: A Band Stop Eliptic IIR filter with
fpass1=72Hz, fstop1=96Hz, fstop2=1200Hz, fpass2=1440Hz,
Apass;=0.5dB,  Astop=60dB,  Apass,=1dB, sampling
frequency =4000.

Table (3) shows the coefficients of the denominator and
numerator of section one, Hl to section 7, H7 by using
MATLAB filter design toolbox (FDT). The effect of different
arrangements of the second order sections in the output noise
variance is shown in table (4). According to that, the output
steady state noise variance which is obtained by our proposed

algorithm is 5.2781e-006 while it is 4.0966e-005 when FDT is

considered. The output noise variance which is obtained by
our algorithm is approximately 8 times lower than that is
obtained by using FDT algorithm.

Table3: Designing filter (experiment 2) by using MATLAB Filter Design

Toolbox
Section i Numerator Denominator
H1 N1=[1 0.0405 1] DI=[1 -1.9393 0.9443]
H2 N2=[1 -1.9451 1] D2=[1 1.3711 0.6414]
H3 N3=[1 0.8049 1] D3=[1 1.2744 0.8343]
H4 N4=[1 -1.9754 1] D4=[1 -1.9644 0.9747]
H5 N5=[1 1.0076 1] D5=[1 1.2405 0.9557]
H6 N6=[1 -1.9809 1] D6=[1 -1.9805 0.9933]
H7 N7=[1 -1.5704 1] D7=[1 -0.2434 -0.6899]

than they when MATLAB (FDT) and random arrangement are
considered.

V. Conclusion

A novel method for noise reduction in Digital IIR Filters by
finding optimal arrangement of second-order sections has been
proposed in this paper. The experimental results show the
robustness and precision of proposed method in comparison
with MATLAB Filter Design Toolbox. It is shown that our
method not only is easy to implement but also has lower
complexity. Moreover the number of states which is needed
for finding the optimum arrangement is much lower than
previous works. According to the encouraging results, this
method can be used in DSP processors and FPGA
applications.

REFERENCES

[1] Defatta, D.J., Lucas, J.G. and Hodgkiss, W. S., (1998), Digital Signal
Processing-A System Design Approach, John Wiley & Sons Inc., USA

[2] Artur Krukowski, Richard C.S Morling and Izzet Kale, “Quantization
Effects in the Polyphase N-Path IIR  Structure” IEEE
INSTRUMENTATION and MEASUREMENT TECHNOLOGY
CONFERENCE, Budapest, Hungary, May 21-23, 2001

[3] Clifford T.Mullis, Richard A.Roberts “Synthesis of Minimum Rounoff
Noise Fixed Point Digital Filters ” IEEE TRANSACTION ON
CIRCUITS and SYSTEMS, vol. cas-23, No. 9, September 1976.

[4] Helmut Bolcskei, Franz Hlawatsch “Noise Reduction in Oversampled
Filter Banks Using Predictive Quantization” IEEE TRANSACTION ON
INFORMATION THEORY, Vol.47, NO.1, JANUARY 2001.

[5] Rezso Dunay and Istvan Kollar, “Analysis of Roundoff Noise ”

PERIODICA POLYTECHNICA SER.ENG.VOL.43, NO.1, PP 53-

64(1999).

[6] Goran Negovetic, “Analysis of Effects of Round-off Noise in Digital
Filters Using PSD Estimate” Portland State University, Winter, 2003.

000692





<<
  /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


