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Lagrange Gradient Mask for Optical Image Processing
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Abstract: Masks are used in optical image processing. They are used to generate gradient maps. These maps are applica-
ble to the enhancement of feature extraction and edge detection. Lagrange mask is presented in this letter and criteria for
the characterizations of mask performance are given. Through an illustration the performance of the presented mask is
demonstrated where it is compared to that of Gabor mask. Results from the illustration support the applicability and suit-
ability of Lagrange mask for the generation of gradient maps from a noise corrupted optical image.

1. INTRODUCTION

Extracting features from complex optical images is con-
sidered a challenging task. Optical image processing tech-
niques are proposed for carrying out such a task where gra-
dient masks are used [1-3]. From the application point of
view, as gradient masks are applied to optical images, corre-
sponding gradient maps are generated. For example three
image processing steps are applied in [4] to detect the dis-
tance between two endocardiums from a digitally produced
optical image. This is useful for the analysis of heart disease.
The steps are: optical image improvement, detecting edges
from these images using Sobel gradient mask, and contour
line generation. In [5] spatial/temporal gradients of the inten-
sity of an optical image are used for accurate passive rang-
ing. In this case, gradient estimation is performed with a
space/time Sobel mask. In [6] a stochastic gradient operator
is significantly improved and recommended for the detection
of edges in noisy optical images. The improvement is
achieved by incorporating three additional features. Namely,
robust estimation of the noise variance and the autocorrela-
tion function of the signal, adaptation of a gradient mask,
and threshold calculation. Notably, an extensive study of
gradient mask design principles is presented in [7]. In par-
ticular, the performance of the Gabor mask for edge detec-
tion is investigated in [8] using the criteria proposed in [9]
and gradient maps are produced in [10] utilizing fine and
coarse Gabor masks. Eventually, the produced maps are used
for feature extraction through wavelet transform. A presenta-
tion of the basic method used to generate the magnitude of
the gradient maps of images is given in [11] where it is
shown to be an inner product between the image and the
mask.

Quality of the gradient maps is an important part of an
optical image processing procedure in which edge detection
is a subsequent step. The use of edge detection for feature
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extraction is one of many applications of vision systems. In
many applications detection of edges is performed in optical
images corrupted by noise. In [12] an adaptive method for
noise reduction and edge detection is developed. This
method is based on the minimum mean square error esti-
mate. One- and two-dimensional finite impulse response
filters are used in [13] for dealing with the detection of edges
of noisy images. In another case, prior to noise reduction,
logarithmic transformation is applied to a noisy image to
convert the multiplicative noise to an additive noise [14].
Consequently, it is noted here that it would be appreciated if
the gradient map generating mask was able to increase the
signal to noise ratio prior to subsequent steps taken toward
edge detection or feature extraction from a noise corrupted
optical image.

In this letter Lagrange mask is presented. Selected dis-
crete versions of the criteria developed by Canny which are
given in [15] are used for mask performance characteriza-
tion. The method of using a mask and producing a gradient
map from an image given in [11] and the edge detector de-
veloped in [9] are applied. For comparison purposes, Gabor
mask is used. Through a performance illustration the appli-
cability and suitability of Lagrange mask to optical image
processing is demonstrated.

The letter is organized as follows. In section 2 the formu-
lations of Lagrange and Gabor masks are given. Criteria used
for mask characterization are presented in section 3. In sec-
tion 4 a performance illustration is given in which mask per-
formance results are demonstrated.

2. LAGRANGE AND GABOR MASKS
2.1. Formulation of Lagrange Mask

Lagrange polynomials of order k are given as [16]

2 .
(t = DLy (1)

MM + 1)(T_Tk)LM(Tk)’

l,l/k(r)= k=0,1,....M (1)

Equation (1) exhibit the Dirac delta property
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and L, (7) is Legendre polynomial of order M, -1<7<1,
T,=-1,7,=1and 7,, 1<I<M -1, are the zeros of the
first derivative of Legendre polynomial, LM (7). They are

the abscissas for Lobatto integration [17]. The result of dif-
ferentiating equation (1) with respectto 7,y , s [16]

Ly (1)
Mk ifk # 1
Ly (0p)(Tp = 7p)
M(M +1) .
o= ()= ifk=1=0
Vi = Vit 4 )
M(M +1)
- ifk=l=M
4
0 Otherwise

Equation (2) is used to generate a matrix of size
(M —1)x(M —1). As seen from this equation, the diagonal
elements of this matrix are zero except the end elements.
Furthermore, the upper and lower triangles of this matrix
form an odd symmetry configuration. This property allows
for the production of masks of odd symmetry of dimension
NXxN, N<M —1. This is a property similar to that of Ga-
bor mask which presented in section 2.2. In contrast to Ga-
bor mask, it should be noted, however, that the nodes at
which the elements of this mask are generated are non-
uniformly distributed within the interval [—1, 1] . The charac-

teristics of Legendre and Lagrange polynomials were the
main reason for proposing Lagrange mask here.

2.2. Formulation of Gabor Mask

A general spatial equation used to formulate Gabor
masks considered here is [8]

0 S[M]
' 2
G(x,y)=¢e e sin [w(x cos @ + ysin 9)] 3)

Specifically, Gabor masks can be produced with ¢ =1,
6=0,0=1,and x values from the interval [-7, 7], [10].

The desired size of the mask dictates the number of points at
which Equation (3) is evaluated. These points are uniformly
distributed within the interval from which they are taken.

3. CHARACTERIZATION CRITERIA

Four criteria are used for the purpose of mask perform-
ance characterization. The production of an edge map from a
gradient map that corresponds to the mask is one criterion.
The edge detector given in [9] along with the method of pro-
ducing gradient maps given in [11] are used in this criterion.
The additional three criteria are discrete good detection,
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exact localization probability, and noise maximum probabil-
ity [15]. Information regarding the four criteria is given be-
low:

3.1. Image Gradient Map

Let S and I be the considered mask and image, respec-
tively. The estimated discrete gradient map, GM , that corre-
sponds to I is produced using [11]

GM = \/trace2 (STI) + trace2 (SI) 4)

It is clear from Equation (4) that the characteristics of the
gradient map of a given image are functions of the character-
istics of the mask used. This process is followed by edge
detection using the edge detector from [9].

3.2. Discrete Good Detection

The discrete good detection criterion is a function of the
mask’s impulse response. It is given as [15]

0
Y h(k)
k=—co

b = Jﬁ (5)
> h (k)
k:—oo

The k™ value of the mask’s impulse response is repre-
sented by A(k) in Equation (5). This criterion is a measure

of the ability of the mask to maximize the signal to noise
ratio [15].
3.3. Exact Localization Probability

A Gaussian random sequence and values of the impulse
response of the mask are used to represent two correlated
random variables with zero mean and of same variance in
[15]. As a function of the impulse response, the correspond-
ing discrete correlation coefficient, p , is given as [15]

k:zo_ooo [h(k) - h(k - 1)] : [h(k) - h(k + 1)]
. 5 2 (6)

5 0 sl )]

It is shown in [15] as the value of p increases the prob-

ability that the mask accurately localizes a step in the pres-
ence of white Gaussian noise increases. The dependence of
this probability on p supports its discrete nature.

3.4. Noise Maximum Probability

In the case where only noise is present, the probability to
obtain a maximum induced by noise that can be located by
the mask is given as [15]

-1
cos (p)
B, = (7N

2r

Values of p close to -1 are desired, where at this value

Equation (7) is seen to be zero. Here also the dependence of
this probability on p supports its discrete nature.
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4. PERFORMANCE ILLUSTRATION

In this illustration a red, green, and blue (RGB) optical
image corrupted with an additive Gaussian noise of zero
mean and a variance of 0.15 was used as a test image. The
signal to noise ratios, in dB, of the R,G, and B compo-
nents of the noise corrupted image were 1.2231, 1.1704, and
1.1231, respectively. The size of the Lagrange, L,, , and Ga-
bor, G, ,
maps from the test image was 7 X 7, each. The masks were
generated using Equation (2) with M =10 and Equation (3).
They are given in Equations (8) and (9) below.

masks used to generate their corresponding gradient

L, =
_—1‘0000 -1.5701 -1.8634 0 1.8634 1.5701 1.0000_
-0.7336 -1.1114 -3.1840 0 3.1840 1.1114 0.7336

-0.7918 -0.9613 -2.7539 0 2.7539 0.9613 0.7918 (8)
-0.7383 -1.3770 -1.3770 0 1.3770 1.3770 0.7383
-0.7918 -0.9613 -2.7539 0 2.7539 0.9613 0.7918
-0.7336 -1.1114 -3.1840 0 3.1840 1.1114 0.7336

| -1.0000 -1.5701 -1.8634 0 18634 1.5701 1.0000 |
0 -0.0005 -0.0021 0 0.0021 0.0005 0
0 -0.0061 -0.0254 0 0.0254 0.0061 0O
0 -0.0275 -0.1140 0 0.1140 0.0275 O
G, =| 0 -0.0453 -0.1880 0 0.1880 0.0453 0 9)
0 -0.0275 -0.1140 0 0.1140 0.0275 O
0 -0.0061 -0.0254 0 0.0254 0.0061 0
| 0 -0.0005 -0.0021 0 0.0021 0.0005 O |

For the purpose of mask performance characterization
and map production, the following steps were performed:

1. The criteria presented in subsections 3.2 through 3.4
were used to characterize the masks given in Equa-
tions (8) and (9); the results are given in Table 1. No-
tice the closeness of the numbers in each column.

Original Noisy Image

o

Fig. (1a). Noise corrupted test image and gradient maps.
Lagrange Red Edge
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Fig. (1b). Edge maps from (RGB) gradient maps due to lagrange mask.
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Table 1. Discrete Criteria Results
Mask Type CD indB P P,
Lagrange 1.1027 -0.1771 0.2203
Gabor 0.8253 0.04748 0.2576

2. In this step criterion 3.1 was utilized. Applying the
method given in [11], two (RGB) gradient maps

from the test image that correspond to G, and L,

were produced. The noise corrupted test image and its
gradient maps are shown in Fig. (1a) below.

3. Edge detection was performed in this step. The colors
in each gradient map were treated individually. As a
result three edge maps ware generated using the edge
detector given in [9] with optimum threshold. The
edge maps due to L, are shown in Fig. (1b) and

those due to G,, are shown in Fig. (1c). It is noted

that deductions can be constructed from comparison
of maps by way of visual inspection [18]. A visual in-
spection of these figures reveals the ability of L, to

locate and accentuate edges from the noise corrupted
test image.

Next, dB values of signal to noise ratios of the R,G,
and B components were decreased to 1.101, 1.0534, and
1.0108, respectively. The procedure presented here was re-
peated. Again, the produced maps due to Lagrange mask
were superior to those due to Gabor mask. On the other
hand, further simulation experiments indicated that increas-
ing the kernel size produced finer maps and decreasing its
size produced coarse maps. However, this practice did not
affect the perspective of the performance of the considered
masks.

Lagrange Gradient Map

Lagrange Blue Edge
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5. CONCLUSIONS

Gradient maps of optical images are an important part of
their processing. They are beneficial for edge detection and
feature extraction. Gradient maps from such images are gen-
erated using masks. Lagrange and Gabor masks are used in
this letter for gradient maps generation. These masks share
the property of odd symmetry. However, the locations of the
elements of Gabor mask are uniformly distributed and those
of Lagrange mask are non-uniformly distributed. A noise
corrupted optical image was used as a test image in this letter
and four criteria were used to characterize the performance
of the used masks. Numerical and visual results support the
applicability and suitability of Lagrange mask for optical
image processing in the presence of additive Gaussian noise.
Contributions to the well behavior of Lagrange mask in the
presence of noise are due to two major sources. The first is
the Dirac delta property that is inherited in its structure, and
the second is the non-uniform distribution of the points at
which it is evaluated. These properties make Lagrange mask
unique with a novel ability of preserving pixel information in
the presence of noise. In this way, as it is applied for extrac-
tion of features from optical images a great potential benefit
is provided.

ACKNOWLEDGEMENTS

This work was supported by the Department of Defense,
Engineering Research and Development Center, ERDC,
Vicksburg, Mississippi under contract W912HZ-06-P-0007.
The authors would like to extend their sincere thanks to Mrs.
Pamela Kinnebrew, Chief, Survivability Engineering Branch,
ERDC. They also would like to thank Mr. Bartley P. Durst
from the Survivability Engineering Branch for valuable sub-
ject related conversations. Permission was granted by the
Chief of Engineers from ERDC to publish this information.

REFERENCES

[1] Casasent D, Chen J. Nonlinear Local Image Preprocessing Using
Coherent Optical Technique. Appl Opt 1983; 22: 808-14.

[2] Eichmann G, Kostrzewski A, Ha B, Li Y. Parallel Optical Pyrami-
dal Image Processing. Optics Lett 1988; 13: 431-3.

ﬁi

Fig. (1¢c). Edge maps from (RGB) gradient maps due to gabor mask.

Lagrange Green Edge

IR R

[11]

[12]

[13]

o

The Open Optics Journal, 2007, Volume 1 7

Lagrange Blue Edge

"

%‘”
5?’5%5;(;}@

Cherri A, Karim M. Optical Image Processing Using Symbolic
Substitution: Median Filtering and Edge Detection: Proceedings of
the IEEE 1989 National Aerospace and Electronics Conference;
May 1989; IEEE, Dayton, OH, USA; 1989.

Boonchieng E, Boonchieng W, Kanjanavanit R. Edge-Detection
and Segmentation Method for Two-Dimensional Echocardiograms.
Comput Cardiol 2004; 31: 541-4.

Lopez J, Markel M, Siddiqi N, Gebert G. Performance of Passive
Ranging from Image Flow: Proceedings of the International Con-
ference on Image Processing (ICIP 2003); September 2003; IEEE,
Barcelona, Catalonia, Spain; 2003.

Das M, Anand J. Robust Edge Detection in Noisy Images Using an
Adaptive Stochastic Gradient Technique: Proceedings of the Inter-
national Conference on Image Processing (ICIP 1995); October
1995; IEEE, Washington, DC, USA; 1995.

Climent J, Grau A, Anand J, Martinez A. A High Precision Opera-
tor to Determine Edge Orientation: Conference Publication No. 455
of UKACC International Conference on Control ’98; September
1998; IEE, Swansea, UK; 1998.

Namuduri K, Mehrotra R, Ranganathan N. Edge Detection Models
Based on Gabor Filters: Proceedings of the 11" IAPR International
Conference on Pattern Recognition, Conference C: Image, Speech
and Signal Analysis; August 1992; IEEE, The Hague, Netherland;
1992.

Canny J. A Computational Approach to Edge Detection. IEEE
Trans Pattern Ana Mach Intelligence 1986; 8: 679-98.
Udombhunsakul S, Wongsita P. Feature Extraction in Medical MRI
Images: Proceedings of the Conference on Cybernetics and Intelli-
gent Systems; December 2004; IEEE, Singapore; 2004.

Meer P, Georgescu B. Edge Detection with Embedded Confidence.
IEEE Trans Pattern Ana Mach Int 2001; 23: 1351-65.

Sun X, Venetsanopoulos A. Adaptive Schemes for Noise Filtering
and Edge Detection by Use of Local Statistics. IEEE Trans Circ
Sys 1988; 35: 57-69.

Leung C, Lu W. Detection of Edges of Noisy Images by 1-D and 2-
D Linear FIR Digital Filter: Proceedings of the Pacific Rim Con-
ference on Communications, Computers and Signal Processing;
May 1993; IEEE, Victoria, BC, Canada; 1993.

Udomhunsakul S. Edge Detection in Ultrasonic Image Using Ga-
bor Filters: Proceedings of the TENCON IEEE Region Conference;
November 2004; IEEE, Chiang Mai, Thailand; 2004.

Demigny D, Kamlé T. A Discrete Expression of Canny’s Criteria
for Step Edge Detector Performances Evaluation. IEEE Trans Pat-
tern Ana Mach Int 1997; 19: 1199-211.

Canuto C, Hussaini M, Quarteroni A, Zang T. Spectral Methods in
Fluid Dynamics. Springer-Verlag: Berlin; 1987.

Abramowitz M, Stegun I. Handbook of Mathematical Functions.
Dover: New York; 1972.

Pratt W. Spatial Transform Coding of Color Images. IEEE Trans
Comm Tech 1971; 19: 980-92.

Received: November 7, 2007

Revised: December 5, 2007

Accepted: December 7, 2007




<<
  /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


