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Abstract— A novel, physical-based force, called as Lorentz 
force inspired by classical electrodynamics is introduced for the 
active contour models, and the truncation computing method of 
Lorentz Force is detailed. Several comparative results indicate 
that the new force field has similar effects with the Gradient 
Vector Flow (GVF) field, but it has a remarkable promotion of 
evaluation speed. The new force is more suitable to be applied to 
real-time image processing applications. 
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I. INTRODUCTION 

Active contour models (or snake models) are widely used 
in computer vision and image processing applications, 
particularly to image segmentation. One difficult with snake 
model is their poor convergence to the true boundary 
concavities. Many authors manage to overcome it, and many 
new force models are brought foreword. One significant 
improvement of the force models is the Gradient Vector Flow 
(GVF) presented by Chenyang Xu and Jerry L. Prince[1-3]. 
Particular advantages of the GVF snake over a traditional 
snake are its insensitivity to initialize and its ability to move 
into boundary concavities. Its initialization can be inside, 
outside, or across the object's boundary. Unlike the snake with 
pressure forces, the GVF snake does not need prior 
knowledge about whether to shrink or to expand towards the 
boundary. The GVF snake also has a large capturing range, 
which means that, barring interference from other objects, it 
can be initialized far away from the boundary. However, the 
GVF also has its drawbacks. The capturing range is almost 
proportional to the iterations of solving the Euler equations[1, 
2]. In order to gain a larger capturing range, at least dozens of 
iterations are needed. It is time consuming. 

Recently, a new Active Contour model: charged particle 
model (CPM) was proposed by Jalba[4]. The CPM is inspired 
by classical electrodynamics and consists of a system of 
charged particles moving in an electrostatic field[5]. The force 
of the CPM includes two parts: Lorentz force and Coulomb 
force. Lorentz force is an attracting force between the free 
positive charged particles(points in the active contours) and 
the fixed negative charged particles(the edge of the map), 
which reflects the strength of the edge map. Coulomb force is 
a repulsive force due to the interaction of the free positive 
charged particle with other free positive charged particles. The 
Coulomb force is deemed as the internal force, while the 
Lorentz force is deemed as the external force. According to 
Particle Dynamics, the active contour made of free positive 

charged particles (free points) will move under the resultant 
force of the internal and the external forces until it is balanced. 
The curve is then reconstructed through ordering the free 
particles into a sequence which describes a closed contour 
along the boundary of the object. Unlike other active contour 
models (e.g. Mentioned in paragraph 1), the CPM is a 
non-parameters active contour, which means that there is no 
geometric relationship among the points in the active contour 
before they are ordered. Furthermore, the CPM has other 
demerits. It can not guarantee continuous and closed final 
contours; it does not stabilize as there is no effective stopping 
term; worst of all, it is computationally intensive[6]. When 
there are a large amount of free positive charged particles, it is 
very time-consuming to compute the Coulomb force in every 
iteration step. However, the CPM has at least one prominent 
merit over the GVF: its computing speed of external force 
field is much faster than the GVF’s.  

A charged active contour is proposed in [6] by Rong 
Yang etc., which incorporating the particle based electrostatic 
interactions into geometric active contour framework. The 
force field includes two parts: stationary boundary attraction 
force field and constantly changed boundary competition 
force field. This model has the merits of both the geometric 
active contour and the CPM. However, the computing speed is 
still slow due to constantly computing the boundary 
competition force field in every iteration step. 

This paper will also devote to incorporating the particle 
based electrostatic interactions into geometric active contour 
framework. However, only the Lorentz force field is 
considered. Lorentz force field has similar effects with GVF 
field, but it has a much faster speed than GVF field. 
Consequently, it is more suitable to be applied to Real-time 
image processing applications.

II. BACKGROUNDS

A. traditional active contours 
A traditional 2-D parametric deformable model or 

deformable contour is a curve C(s)=[x(s), y(s)], s [0, 1] that 
moves in an image domain to minimize the energy function 
[1] 
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where and are weighting parameters that control the 
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deformable contour's tension and rigidity respectively C (s)
and C (s) denote the first and second derivatives of C(s) with 
respect to s. The external potential function Eext(C(s)) is 
derived from the image so that it takes on its smaller values at 
the features of interest, such as boundaries. Solved by the 
variation method, the minimum of E has to satisfy the 
following Euler-Lagrange equation 

0))(())"("())'('( =+∇+− sCEsCsC extβα     (2) 

Discretization of (2) by finite difference gives a linear system. 

extFKQ =                        (3) 

where K is a stiffness matrix depending on and Q and 
Fext denote the discrete point vectors on the active contours 
and the corresponding external forces respectively. 

A general and elegant approach to fit the deformable 
curve to data, especially when the data are time-varying, is to 
make the models dynamic. A dynamic formulation imposes a 
natural temporal continuity on the model, thereby permitting a 
smoothly animated display of the data fitting process. The 
discrete equations of motion are 

extFKQQCQM =++            (4) 

where M is imaginary mass matrix, C is imaginary damp 
matrix. Traditionarily, let M=0 and C=I (identity matrix). 
Using forward finite difference to discretize this equation in 
time, we can get the following iterative formula [6] 
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where is the time step. Equation (5) can be written as 
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with an initial estimation. 

B. GVF field 
The choice of Fext can have a profound impact on both 

implementations and the behaviors of a snake. Several types 
of dynamic external forces have been invented to try to 
improve upon the standard snake potential forces. Chenyang 
Xu proposed an external force which is called as gradient 
vector flow (GVF) fields. The GVF deformable model has a 
large capture range, and is insensitive to initialization and able 
to move into boundary concavities. This increased capturing 
range is achieved through a spatially varying diffusion process. 
The gradient vector flow field is defined to be the vector field 
g(x,y)=(u(x,y),v(x,y)) that minimizes the energy functional 
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where f is an edge map functional derived from the image 
having the property that it is larger near the image edges, 

regularization parameter governing the tradeoff 
between the smoothing term and the data term. The 
numeral solution to this energy functional is by treating u
and v as functions of time and solving the difference 
equation by iterative method. 

C. Charged Particle model 

Assuming that all edges in a map are composed of 
negatively charged particles pi (pixel points) which are fixed 
and generated by input image at position rpi=[xpi, ypi], i=1,…n,
and that active contours are composed of positively charged 
particles qi which are manually placed at position rqi=[xqi, yqi],
j=1,…m, and can freely move in the map, the free particles qi
will move under the resulting force of Lorentz force and 
Coulomb force. According to the particle dynamics, the 
resulting force of free particles qi at position rqi=[xqi, yqi] is 

( ) ( ) ( )qi C qi L qiF r F r F r= +            (8) 

where FC is the Coulomb force, and FL is the Lorentz force. 
Assuming all positive particles have the same electric charge 
e1, and all negative particles have the same electric charge e2,
the Lorentz force and Coulomb force can be respectively 
expressed as  
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where 1=ce1e2, 2=ce1
2, and c is a constant. Comparing (9) 

with (10), the Lorentz force and Coulomb force have the 
similar expressions. However, the evaluation methods are 
quite different. The Lorentz force reflects the strength of the 
edge map, an attracting force between the free positive 
charged particles (points in the active contours) and the fixed 
negative charged particles (the edge of the map). It is 
independent of the time and only changeable along with the 
position of the moving charged particle. Hence, this force field 
can be computed beforehand like the GVF field (the 
evaluation method will be discussed in section IV). On the 
contrary, the Coulomb force is dependent of time. The 
movement of every free positive charged particle will have an 
influence on the force field. Therefore, the force field should 
be constantly updated. It is time-consuming and expensive in 
computing the force field of Coulomb force in deformable 
models, especially when there are large amount of free 
positive charged particles. A rough evaluation of computing 
the force field of Coulomb force requires O(m2) operations, 
where m is the number of the free charged particles.

III. PROPOSED METHOD

This paper will devote to introduce the CPM into the 
active contour model. In this model, we treat CPM as an 
external force field. The force of CPM includes two parts: 
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Lorentz force and Coulomb force. As stated in the former 
section, the force field of Coulomb force is dependent of 
time and should be constantly recomputed. In every iteration 
of computing, O(m2) operations are required. For a large 
input image which usually requires a large number of free 
particles, the force evaluation in (10) will become 
prohibitively expensive. In fact, it is unnecessary to take the 
Coulomb force into account in deformed models. When the 
moving particles are kept far away from each other, the 
Coulomb force will approach its minimum. In other words, 
the main function of the Coulomb force is to make the 
moving particles to repel each other so that the particles are 
uniformly distributed along the edges. In active contours, the 
distance between the moving particles is regulated through 
inserting or deleting some particles by some rules, which 
usually led the particles to a uniform distribution. 
Furthermore, considering the condition that e2 is much larger 
than e1, the Coulomb force is small enough to be ignored 
against Lorentz force. Hence, the proposed method will only 
introduce the Lorentz force into active contour models. In 
this paper, the external force of active contour models in (6) 
is replaced with the Lorentz force in (9), and we call this 
model as charged active model. 

IV. TRUNCATION COMPUTING METHOD OF LORENTZ 
FORCE

Lorentz force is independent of the time. It can be 
computed beforehand. Although Lorentz force field 
computes only once, for the large input image, the evaluation 
is also expensive. Direct computing the Lorentz force field 
requires O(n L) operations, where L is the total pixel 
number in the input image, n is the total pixel number of 
edge in the map. In active contours, the main function of the 
external force is to attract the contours to the edge, so high 
precision of the force field is inessential. Furthermore, 
although a larger capture range is desired in order to an easy 
and free initialization, too much larger capture range will do 
little help to the active contour models. Therefore, in order to 
fast computing the force field, truncation schemes is used. A 
squared cutoff is introduced in this paper. A particle (pixel) 
on the edge of the map will influence or interact with pixels 
inside a fictitious box of (2s+1) (2s+1) centered at the 
particle, and the pixels outside the squared box are excluded 
from interacting with the particle. Fig. 1 illustrates this 
squared cutoff method. In this figure, the centered pixel 
(lattice) filled with dark is deemed as one pixel on the edge 
in a map. If s is set to 3, the gray pixels (lattices) are within 

the interaction of the pixel, and the white pixels are excluded 
from the interacting.  

Considering a sample pixel (m, n) in a map, only the 
pixels (m+k,n+l) on the edges can interact with the sample 
pixel, where k,l [-s, s]. The Lorentz force in (9) can be 
rewritten in this truncation schemes as 
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where i is a unit vector for y-direction, and h(x, y) is defined 
as 

1  for pixel( , ) on edges
( , )

0 otherwise                     
x y

h x y =        (12) 

Equation (11) is equivalent to discrete convolution with the 
kernel g, which is called a convolution mask. The coefficients 
vector g(x, y) is given 
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The kernel g can be computed beforehand. If we set ce1e2 to 1, 
the evaluation of Lorentz force in (11) for the sample pixel (m,
n) at the most requires 2(2s+1) (2s+1) addition operations .

V. EXPERIMENTS AND RESULTS

In this section, several comparative results are presented 
on pictures with different sizes. The comparisons are carried 
on between the GVF field and the Lorentz Force field. In this 
paper, the iteration number of GVF evaluation is set to 30, and 
the regularization parameter  governing the tradeoff 
between the smoothing term and the data term is set to 0.1. 
The region parameter s in Lorentz Force field is set to 12. 
According to these settings, the capturing ranges are 
approximated between the GVF field and the Lorentz force 
field. Fig. 2(a) is a 64 64 U-shape, which is often used in 
papers to test the arithmetic of active contours [2,7,8]. The 
corresponding GVF field and Lorentz Force field are shown in 
Fig. 2(b) and Fig. 2(c) respectively. Theses two force fields 
are unified. Comparing these two figures, the distributions of 
the force around the edge are almost the same, and all the 
force vectors point to the edge of the map which is desired in 
active contours. However, the discrepancy of evaluation time 
is much large. The evaluation times of GVF field and Lorentz 
force field on a notebook PC (IBM T60, CPU: dual core 
2.0GHz, Memory: 2G) are 0.066 second and 0.003 second 
respectively. The evaluation time of the GVF field is about 20 
times longer than that of the Lorentz Force. The convergence 

Figure 1. Squared cutoff method 
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of active contours based upon the GVF field and the Lorentz 
force field are displayed in Fig. 2(d) and Fig. 2(e-f) 
respectively. From Fig. 2(d) and Fig. 2(e-f), it goes without 
saying that Lorentz Force field approximately has the same 
effects with the GVF field. In fact, the Lorentz Force field has 
almost all the merit of GVF field including insensitivity to 
initialization, capability of moving into boundary concavities 
and large capture ranges.  

Another example is a MRI(Magnetic Resonance Image) 
with the size of 230  pixels shown in Fig. 3(a), and its 
edge map is shown in Fig. 3(b) . From Fig. 3(c) and Fig.3(d), 
the GVF and Lorentz Force also have the similar force field. 
The corresponding evaluation times are 0.4 second and 0.016 
second. 

A larger hand-drawing picture with the size of 1024
 pixels is tested (not shown in this paper). The evaluation 

times of the GVF field and the Lorentz Force field are 29 
seconds and 0.5 second respectively. For the convenience of 
comparison, we list the evaluation time in table 1. From table 
1, we can see that with the increasing of the picture size, the 
saving time is more obviously if we adopt the Lorentz force 
field rather than the GVF field.

VI. CONCLUSIONS

The GVF snake is popular in the image segmentation in 
computer vision and image processing applications due to the 

robust and the large capture-range characters. However, the 
procedure is a rather slow. A charged active contour is 
introduced. The force field comes from the CPM or the 
classical electrodynamics. However, only the Lorentz Force is 
considered in this paper as the external force of the active 
contour models. The new external force has the similar effects 
with the GVF, but it has a much faster evaluation speed than 
the GVF. Consequently, it is more suitable to be applied to 
Real-time image processing applications.  
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TABLE 1  COMPARATIVE RESULTS OF EVALUATION TIME

Image of different size (Pixel) GVF field 

(second)

Lorentz 
Force field

(second)

Saving

U-shape(64×64) 0.066 0.003 95%

MRI(230×206) 0.4 0.016 96%

Hand-drawing(1024×768) 29 0.5 98%
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(a)                           (b) 

(c)                              (d) 

(e) (f)

Figure 2. Comparisons between GVF and Lorentz Force field under U-shape.
(a) U-shape , (b) its GVF field, (c) its Lorentz Force Field,  
(d) its active contour under GVF, and its active contour under Lorentz Force field in (e) and (f). 
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(a)                                            (b) 

      

(c)                                         (d) 

Figure 3. Comparisons between GVF and Lorentz Force field under MRI. 

 (a) MRI, (b) its egde map, (c) its GVF field and (d) its Lorentz force field 

174



<<
  /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


