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Abstract—Max-plus algebra based wavelet transforms are
considered currently to be the world’s fastest image process-
ing methods. In the present paper a novel max-plus algebra
based wavelet transform is proposed and studied both from the
theoretical and practical points of view. The novel MP-wavelets
considered here employ strictly neighbor pixels in the calculations
and their most important properties are: very low computational
complexity, flexible sampling window size and potentially, very
easy hardware implementation.

Index Terms—max-plus algebra, MP-wavelets, mathematical
morphology, image coding

I. INTRODUCTION

Nowadays, research efforts of several researchers in image
processing are directed towards new image and video coding
methods that satisfy the following properties:

o They should keep reasonable quality of images or video;

e They should have low computational complexity;

o They should be suitable for hardware implementation;

o They should be suitable for copyright protection;

o They should be adaptive to the application at hand.

The problem of designing cheap methods for the surveil-
lance and storage of data collected from surveillance applica-
tions also motivates a search for new innovative methods.

A nonlinear wavelet-type transform was recently proposed
in Heijmans’ works [4] [5], i. e., morphological wavelets,
however, the morphological wavelets are defined based on
the ordinal algebra on real numbers R together with the four
arithmetic operations supplemented by max and min.

Max-plus (Tropical) algebra ([1], [9], [3], [11]) is an
interesting algebraic structure (considered exotic by several
Mathematicians [6]) over the set of integers Z or reals R,
endowed with maximum, minimum and standard addition as
operations. It is interesting to remark that the idea to use max-
plus algebra has recently appeared in many fields of mathemat-
ics. Tropical Algebra and Tropical Geometry ([10]) are fields
of an increasing interest in the Mathematics Community. Also,
Mathematical Morphology ([5]) is a novel, fruitful idea in the
area of Computer Science.

Definition. Let us consider the (extended) set of integers
Z = ZU{—00, 00}, where Z is the set of integers. Over the set
Z one considers the operations V, A and + (aVb = max{a, b}
and a A b = min{a, b}). The algebraic structure

Zmaz = (Z,\/,/\,—F,—O0,00,0) (1)
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is called max-plus algebra, and the following properties hold
true:

e V and A are associative and commutative with neutral

elements —oo and oo respectively;

(Z,+,0) is the standard additive group of integers;

+ is distributive with respect to V and A;

V is distributive with respect to A and viceversa;

e« —00 is an absorbing element for A while oo is absorbing
element for V.

The convention that A and V have a higher priority than +
is used in the present paper.

Max-Plus algebra based wavelet transforms are defined
using a multiresolution analysis approach. They are built using
a nonlinear Analysis and a nonlinear Synthesis operator. The
analysis operator is composed of an “approximation” mapping
4,9,1, : Iy — Ij41 and a “details” mapping wy : Iy — Dy,
while the synthesis operator is of the form w,lc t Ipp1 X Dgg1 —
Iy, where I and Dy, k > 0 are nonempty. For a wavelet
decomposition scheme the fulfillment of the pyramid condition
(perfect reconstruction property) is essential. The pyramid
condition reads w,ﬁ o (g;]z,w;) = 1y,, where o denotes the
usual composition and 1, is the identity mapping over Ij.
The analysis process of MP-Wavelets using two types of signal
decompositions: ’approximation’ (ga,TC in our case) to generate
approximation signals in the space [ry; and ’detailed’ (wl)
to generate detailed signals in the space Dy 1. The synthesis
operator 1/1,& performs the reconstruction.

In Fig. 1 an example of a wavelet decomposition scheme
is shown, using a sampling window size of 4x4 pixels. One
approximation and three detail components are obtained.
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Fig. 1. A max-plus wavelet decomposition scheme with 4x4 sampling window
size
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In the present paper the operators 4,9,1, w,l and consequently
w,ﬁ are all nonlinear operators. Also the spaces [ and Dy,
k > 0 are considered with a max-plus structure as considered
above.

As key for the perfect reconstruction property, we will
employ the following two identities:

aNby AbaA...Abp+(a—b1)V(a—b2)V...V(a—b,)V0 = a, (2)
and the dual
aVbiVbhaV..Vb,+(a—b1)A(a—b2)A...A(a=b,)NO = a, (3)

for any a, by, b2, ...,b, € Z.
It is easy to check the validity of these identities. Indeed,
if e.g.

aANby A... ANb, = b

then
(a—b))V..V(a—b,)=a—-b,>0

and so
aAby A Abp+(a—b1) V..V (a—by)V0 = b+ (a—bg) = a.
On the other hand if

aNbiN...Nb, =a

then
(a—=b1))V..V(a—0b,) <0

thus
aANbL A oAby +(a—b1)V..V(a—b,)V0=a.

II. TYPE I MP-WAVELETS

Type 1 and II MP wavelets were proposed and studied
recently in [8], [7]. Let us recall here the definition of the
Type I MP-wavelets.

The analysis operator is given by its approximation com-
ponent 90,1 : Iy, — I41, and its detail components 6,11 I —
Dk—&-l,i» i = 1, ey P — 1

T — _
(Pk(x)n = Ypn = Tpn A Tpn+1 AN Tpn+p—1

T _ _ .
5k,i(x)n = Ypn+i = Tpn — Tpn+i-

In this case the synthesis is 1/),& :
Dyy1,p—1 — Iy,

Ik+1 X Dk,+171 X ... X

w]t (y)pn = Zpn = Ypn + Ypn+1 V..V Ypn+p—1 Vo0

w]t (y)pn+i = Zpn+i = Zpn — Ypn+i-

It is easy to check that the pyramid condition holds by (2).

III. TYPE Il MP-WAVELETS

The application of the type I, one-dimensional wavelet
decomposition scheme successively on the horizontal and
vertical direction gives a new type of MP-wavelets, different
from type I MP-wavelets introduced above. The scheme is a
biorthogonal-like wavelet decomposition scheme. The analysis
is performed using a one dimensional type I scheme first on
the horizontal, followed by the vertical direction. The synthesis
is performed successively applying the 1-D synthesis scheme
on the vertical direction followed by the 1-D scheme applied
on the horizontal direction. As it was shown in [7] the perfect
reconstruction property holds for this type of MP-wavelet too.

IV. TYPE III MP-WAVELETS

Let us first observe that Type I MP-wavelets have the
detail component of the analysis operator defined based on a
preferred center pixel 2, (5,1‘1.(‘%)” = Zpn — Tpn+i). The idea
in the definition of MP-wavelets of type III is to use identity
(2) in such a way that the neighbor pixels are involved in
operations instead of a preferred pixel.

The analysis operator is given by its approximation com-
ponent go,Tc : Iy, — Iy, and the details w,l having possibly
several components w,l = (6,11) ) - where 6,11 I —

i=

Dypiqy, foranyi=1,...,p—1
@L(I)n = Ypn = Tpn A Tpn+1 AN Tpn+p—1
6,171-(%)” = Ypn+i = Tpn+i—1 — Tpn+i-

The synthesis in this case is wli
Dyy1,p-1 — I,

: Ik+1 X Dk+1,1 X ... X

wlﬁ (y)pn =2Zpn = Ypun T OV Ypps1 V (ypn-H + ypTH-Q)
VooV (Upnat + o F Ypntp—1)
w;ﬁ (y)pn+i = Zpn+i = Zpn+i—1 — Ypn+ti-

It is easy to check that the pyramid condition holds by (2).
Indeed, using the notations introduced as above,

d)lﬁ (991(1’)7 511,z‘(x))pn =Ypn + 0V Ypni1 V (Ypnt1 + Ypnt2)
V..V (yanrl + ..t yp"H’P*l)

= Zpn N Tpnt1 N oo A Tpntp—1

+0V (@pn — Tpnt1) V (Tpn — Tpnt2) V (Tpn — Tpntp-1)
= Tpn,

and by induction, if we suppose that 2, ;1 = Tpn4i—1, then

wlﬁ(‘ﬁl(x)a 511,i(z))1>n+i = Zpn+i—1 ~ Ypn+ti

= Tpn+i—1 — (-Z'anrifl - -:Canri) = Tpn+i,

S0, quli o ((,OL,(U;I) =1y,.

Since 5,1 (@) = Tppyi—1 — Tpnyi is a difference of colors
of neighbof pixels one can expect that these MP-wavelets will
work well with higher sampling window sizes as compared to
MP-wavelets of types L.

We consider in the followings a biorthogonal-like transform
for two-dimensional signals as follows. A Type-III MP-wavelet
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Fig. 2. Original Image (Lenna)

Fig. 3. Reconstructed Images (3 X 1 channel), Left: Comp. Rate = 0.306,
RMSE = 20.53, Right: Comp. Rate = 0.273, RMSE = 30.07

analysis on the horizontal direction is followed by a Type
III MP-wavelet analysis on the vertical direction. In order to
reconstruct the original signal we employ a Type III MP-
wavelet synthesis on the vertical direction followed by the
synthesis on the horizontal direction.

V. EXPERIMENTAL RESULTS

An image compression/reconstruction experiment is per-
formed, in order to study the properties of the new MP-
wavelets and also to compare MP-wavelets of different types,
with various sizes of the sampling windows. In this experiment,
we use 3x 1, 5x1, and 5 x5 windows in Type-1II MP-wavelets.
The original image is shown in Fig. 2. It is easy to check also,
that for the window size 3 x 3, the MP-wavelet of type I is the
same as the MP-wavelet of type III. MP-wavelets of type II
are not showing a significant difference with respect to type I
MP-wavelets (see [7]) so we use the later ones for comparison
in the present section.

The reconstructed images are shown in Figs. 3, 4, and 5,
respectively.

The RMSE (Root Mean Square Error) comparison of 3 x 1,
5 x 1, and 5 x 5 windows in Type-III MP-wavelets is also
presented in Fig. 6. As can be seen from the comparison, the
performance of 5 x 5 window is better than that of 3 x 1, and
5x 1.

Also, if we compare Type I and Type III MP-wavelets, we
can conclude the followings. If the sampling window size is
3 x 1, 5 x 1, then there is not a significant difference in the
performances of type I and III MP-wavelets. If the sampling
window size is 3 x 3, then the two wavelets (type I and III)
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Fig. 4. Reconstructed Images (5 x 1 channel), Left: Comp. Rate = 0.195,
RMSE = 20.50, Right: Comp. Rate = 0.171, RMSE = 30.25

Fig. 5. Reconstructed Images (5 X 5 channel), Left: Comp. Rate = 0.034,
RMSE = 19.96, Right: Comp. Rate = 0.029, RMSE = 28.54

RMSE

0 0.2 0.4 0.6 0.8 1

Comp. Rate

Fig. 6. RMSE Comparison for Type III MP-wavelet with different sampling
window sizes



coincide. If a sampling window size of 5 x5 pixels is used, type
IIT MP-wavelets outperform considerably type I MP-wavelets.
Indeed, in Figure 8 reconstruction results are presented for
image Lenna using Type I and Type III MP-wavelets. Com-
parison between performances of 5x5 window based Type I
and Type LIl MP-wavelets on different compression rates is
analyzed in Fig. 7. The conclusion is that MP-wavelets of type
IIT outperform their type I counterparts. This shows that higher
sampling window size can be used with Type III MP-wavelets.

A. Conlusions

The present paper introduces and studies a new type of MP-
wavelet based image coding method that keeps a good quality
together with keeping the method very simple. It also works
well with different window sizes. Future research is directed
towards video coding using type III MP-wavelets.

RMSE

90

50

30 - Type I (Red)

/

Type III (Blue)

0 0.2 0.4 0.6 0.8 1

Comp. Rate

Fig. 7. RMSE Comparison of type I and type III MP-wavelets with 5x5
sampling window size

Fig. 8. Reconstructed Images (5 x 5 channel), Left: Type I, Comp. Rate =
0.098, RMSE = 12.26, Right: Type III, Comp. Rate = 0.099, RMSE = 5.65

REFERENCES

[1] R. Cuninghame-Green, Minimax Algebra Lecture Notes in Economics
and Mathematical Systems, Vol. 166, Springer-Verlag, New York
(1979)A.

[2] S. Gaubert and Max Plus, Methods and Applications of (max,+) Linear
Algebra, INRIA research report.

[3] B. Heidergott et al, Max Plus at Work Princeton University Press (2006).

[4] H. J. A. M. Heijmans Morphological image operators, Academic Press
(1994).

[5] H. J. A. M. Heijmans and J. Goutsias, “Nonlinear Multiresolution
Signal Decomposition Schemes - Part II: Morphological Wavelets,” IEEE
Transaction on Image Processing 9 (11), pp. 1897 — 1913 (2000).

[6] G. L. Litvinov, Maslov dequantization, Idempotent and Tropical Mathe-
matics: a brief introduction, Journal of Mathematical Sciences, Vol. 140,
No. 3, 2007, 426-444.

[71 H. Nobuhara, D.B.K. Trieu, T. Maruyama, B. Bede, Max-Plus Algebra
Based Wavelet Transforms and Their FPGA Implementation for Image
Coding, Information Sciences, submitted.

[8] H. Nobuhara, B. Bede, and K. Hirota, Max-plus Algebra Based Wavelets
and Their Application to Motion Compression/Reconstruction, Proc.
of the 6th International Symposium on Advanced Intelligent Systems
(IS1S2004), 27-32.

[9] 1. Simon: Recognizable sets with multiplicities in the tropical semiring.
Mathematical foundations of computer science, (Carlsbad, 1988), 107—
120, Lecture Notes in Comput. Sci., 324, Springer, Berlin, 1988.

[10] D. Speyer B. Sturmfels, Tropical Mathematics, arXiv:math/0408099v1.

[11] D. Subiono, On classes of min-max-plus systems and their applications
TRAIL Thesis Series.

[12] 1. E. G. Richardson, H.264 and MPEG-4: Video Compression, Video
Coding for Next-generation Multimedia, WILEY.

2662




<<
  /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 /Warning
  /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


