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Automated Scaling Region of Interest with Iterative Edge Preserving
in Forward-Backward Time-Stepping

Juliana Nawawi1, Shafrida Sahrani2, *, and Kismet Anak Hong Ping2

Abstract—A one-shot rescaling process, namely Automated Scaling Region of Interest (AS-ROI), is
combined with an inversion technique of Forward-Backward Time-Stepping (FBTS). The purpose is
to alleviate the ill-posedness and nonlinearity of inverse problem by reducing the size of the unknown
problem. The inversion solution is carried out to reconstruct tumour as an unknown object in coarse
investigation domain of lung area which is then rescaled down corresponding to object location and size.
In this paper, edge preserving methods consisting of edge preserving regularization and anisotropic
diffusion are imposed alternately on the solution and reconstructed profiles to improve the current
method of AS-ROI. Results on the reconstructed lungs and tumours give significant insight of the
proposed work. Accuracy level for the reconstructed profiles are significantly improved in spite that
spatial resolution is retained as the original setting of FBTS.

1. INTRODUCTION

Inverse scattering to solve unknown problems can be unravelled with deterministic [1–3] or stochastic [4–
6] inversion solutions. The solution can be formulated either in frequency or time-domain. Findings
from several research works in frequency domain of inversion technique with monochromatic source
have shown quite satisfying outcomes [7, 8]. The approach has been proven less complex and faster in
computation [7]. It also eliminates the needs to compute wave path which is ill-posed to solve [9]. Main
limitation of frequency domain implementation is inadequacies of data that can be acquired. In [10], the
number of transmitters utilized was up to 128 nodes for single and multi-frequency cases to acquire more
data, in which parallel solution was proposed to compensate the computational burden. Apart from
that, the implementation in frequency domain approach would be complicated in effort to overcome
diffraction limit by reducing the size of wavelength or using high frequency [11].

Multi-frequency technique is commonly proposed to acquire more information on sought object to
be characterized as discussed in [12]. Therefore, formulation of inversion solution in time-domain is
preferred due to diversity in frequencies that can be exploited. However, common drawback of time
inversion technique is the expense of computational despite its potential benefits in image reconstruction.
FBTS is a deterministic inversion technique which is implemented in time domain. By exploiting broad
range of frequencies to acquire fields scattered by the object in many iterations, the implementation
is surely expensive in computation. This problem motivates researchers to improve the conventional
method into an effective solution.

Iterative multi-scaling approach (IMSA) is widely applied to increase the precision details of
reconstructed images [13, 14]. Segmentation concept in IMSA [1, 15, 16] to extract object location was
adapted into AS-ROI method to define new and fine reconstruction region. Innovative aspect of this
research work lies in the number of steps required to extract the object’s area. In contrast to IMSA,
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AS-ROI only requires single iteration of inversion technique to define the new reconstruction region
that corresponds to size, shape and location of the detected object. Resolution degree is maintained
throughout the optimization process which is unlike IMSA that uses multi-resolution technique. The
implementation of AS-ROI in FBTS can be considered to abide the efficacy criteria stated in [17], which
is a non-complex in algorithm, has reasonably number of parameters and is anticipated to assist the
optimization reaching optimal convergence.

This paper presents a comprehensive study of paper [18] which has been extended to be a regularized
version of combined AS-ROI and FBTS. Regularized case in this research work refers to a combined
method of AS-ROI and edge preserving techniques in FBTS. Regularization often offers promising
outcomes in stabilizing inversion solution [19, 20]. The notion of iterative spatial filtering imposed on
the reconstructed profiles was also integrated into the solution [21]. Most research studies related to
FBTS have been applied to breast imaging with either real-like phantom breast model [22–26] or simple
objects taken after breast profiles [19–21, 27]. Therefore, the proposed method was analysed against
intrinsic problem of inverse scattering to reconstruct tumour in lung profiles’ distribution in this research
work. Similar to a previous study in [18], only relative permittivity was considered for reconstruction
region segmentation. Therefore, results for this study only report the accuracy of reconstructed relative
permittivity profiles.

2. METHOD

2.1. Automated Scaling Region of Interest (AS-ROI) in Forward-Backward
Time-Stepping (FBTS)

Configuration of problem geometry is illustrated as in Figure 1. Lossy and homogeneous objects are
considered for analyses under an ideal situation in which scattered fields are not affected by noise. In
this research framework, lung area is considered as the original reconstruction region, and a tumour of
8mm in radius is the object to seek. Both lung and tumour are embedded in a free space medium to
allow perfect signal propagation. The lung is surrounded by M = 12 point source antennas. Each point
source antenna is positioned with the same distance at rt

m(m = 12, . . . ,M) in a radial formation. Only
one antenna can transmit modulated Gaussian pulse signal based impressed current formulated as in
Eq. (1) towards the region of interest (ROI) at a time.

Jm
Z (rt) = I(t)δ(r − rt

m) r = [x, y] (1)

Figure 1. Configuration of problem geometry.
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Jm
Z in Eq. (1) is the line current source pointing to z-direction, r the spatial position, t the time, I(t)

a sinusoidal current, and δ(r) the Dirac function. The remaining antennas act as receivers to collect
total scattered fields from the ROI. Number of receivers is denoted as N(N = M − 1) located at
rr
n(n = 1, 2, . . . , N). The fields measurement process therefore shall generate a total scattered fields

dataset of M × N equivalent to 132 dataset.
FBTS is solved by means of optimization utilizing conjugate gradient based method of Polak-

Ribière-Polyak directions in which cost function is minimized. On condition that cost function is
minimized or has reached the convergence, reconstructed object profiles must be approximate to the
actual model in which size, shape and location of sought object can be estimated, provided by a suitable
value of the initial guess. The cost function of optimization is expressed in Eq. (2).

F (ρ) =

T∫
0

M∑
m=1

N∑
n=1

Kmn(t) |νm (ρ (r) ; rr
n, t) − ν̃m (rr

n, t)|2dt (2)

ρ = [εr(r), σ(r)] r = [x, y] (3)

Forward Time-Stepping is implemented to obtain the total fields scattered by actual object in the
initial ROI, namely measured scattered fields ν̃m (rr

n, t). The same process is repeated at each iteration
of optimization to collect the total scattered fields of estimated object. These collected fields due to
estimated profiles are referred as calculated scattered fields νm (ρ (r) ; rr

n, t). Parameter Kmn(t) is a
nonnegative weighting function which becomes zero at time t = T , in which T is the total measurement
period. The term ρ given in Eq. (3) refers to dielectric profiles, involving relative permittivity εr(r) and
conductivity σ(r).

In Backward Time-Stepping, the difference between measured and calculated scattered fields is
utilized as a source to irradiate the original profile. The resulting adjoint fields denoted as wm (ρ; r, t)
shall be utilized to compute the values of gradients and directions. Gradients and search directions are
significant to updating the estimated reconstructed profiles in each iteration. Formulations of gradients
gεr (r) and gσ (r) in conjugate gradient method are derived from Fréchet differential of cost function
expressed in Eqs. (4) and (5), respectively.

gεr (r) = 2
∫ T

0

(
wm (ρ; r, t)

∂νm (ρ, r, t)
∂ (ct)

)
dt (4)

gσ (r) = 2
∫ T

0
wm (ρ; r, t) νm (ρ, r, t)dt (5)

The term wm (ρ; r, t) is the adjoint fields due to the difference between measured and calculated signals
exploited as a current source. Parameter c is the light speed of free space. Formulations in FBTS are
solved with Finite-Difference Time-Domain (FDTD). Details of description on the FBTS algorithm can
be referred in [15, 17, 18].

The segmentation is based on the research work by [19] in which Adaptive K-means clustering is
employed to extract object’s pixels from the original ROI. The AS-ROI process in FBTS is initiated
at the Sth iteration which is determined based on empirical analyses. It must be ensured that the
reconstructed profiles at the respective iteration for AS-ROI initiation have enough information on the
object’s size and location. Otherwise, the segmented region would not confine the sought object to be
detected. In this research work, minimum clusters to be detected are three layers relative to free space,
lung and tumour layers. The segmented region therefore should confine the tumour layer.

Providing that tumour layer has been distinguished, central coordinate (x1, y1) of object can be
identified by using Eqs. (6) and (7).

x1 = round

(
Xmax − Xmin

2

)
(6)

y1 = round

(
Ymax − Ymin

2

)
(7)

Parameters Xmax and Xmin are maximum and minimum points that circumscribe the object layer in
x direction. Ymax and Ymax on the other hands are maximum and minimum circumference points of y



180 Nawawi, Sahrani, and Ping

direction. The distances in x and y directions with respect to the centre point of FDTD (x0, y0) are
simply computed with Eqs. (8) and (9).

offsetX new = x1 − x0 (8)
offsetY new = y1 − y0 (9)

Size of the new reconstruction region that corresponds to object radius is determined by the maximum
value obtained from Eq. (10) to (13). radius1 to radius4 are pointed to upper right, lower right, lower
left and upper left directions, respectively, from the central coordinate (x1, y1) of a rectangle (formed by
four points constitutes of Xmax, Xmin, Ymax and Ymax) that circumscribes the detected object. Rationale
of calculating radius in four directions is due to the inevitable occurrence of small error between these
values during computation.

radius1 = round

(√
(Xmax − x1)2 + (Ymin − y1)2

)
(10)

radius2 = round

(√
(Xmax − x1)

2 + (Ymax − y1)
2

)
(11)

radius3 = round

(√
(Xmin − x1)

2 + (Ymax − y1)
2

)
(12)

radius4 = round

(√
(Xmin − x1)

2 + (Ymin − y1)
2

)
(13)

On the condition that the number of pixels in the new ROI exceeds or equal to the number of pixels
in the initial ROI, the AS-ROI shall be repeated in the subsequent iteration of FBTS. Once the ROI is
successfully rescaled down, then the optimization shall be reformulated as in Eq. (14).

F (ρ)′ =

T∫
0

M∑
m=1

N∑
n=1

Kmn(t)
∣∣∣Vm (ρ (r) ; rr

n, t) − Ṽm (rr
n, t)

∣∣∣2dt (14)

Terms Ṽm (rr
n, t) and Vm (ρ (r) ; rr

n, t) in Eq. (14) are measured and calculated scattered fields computed
in the new ROI.

2.2. AS-ROI with Iterative Edge Preserving Technique in FBTS

Edge preserving methods in this research work is implemented at the Rth iteration which is initiated
after rescaling process. Edge preserving is implemented by means of regularization imposed on the
solution and anisotropic diffusion applied to the reconstructed profiles. These edge preserving methods
are alternately applied in even and odd iteration numbers.

At the Rth iteration, cost function is then reformulated into Eq. (15) which is the combination of
rescaled FBTS and edge preserving regularization. The regularization function is given in Eq. (16).

FTOTAL (εr, σ) = F (εr, σ)′ + FEPR (εr) (15)

FEPR (εr) = λ

∫∫
Ω

ϕ

(‖∇εr‖
δ

)
dΩ (16)

Note that in Eq. (15) only relative permittivity is considered to be regularized. This is to reduce the
number of parameters involved for regularization since each profile needs individual parameter settings.
λ in Eq. (16) represents regularization coefficient to balance the effect between FBTS and regularization.
The term ϕ is the regularization function useful for diffusion for homogenous area confined within the
detected edges. Image gradient denoted as ‖∇εr‖ is computed by taking the summation of gradients
in eight directions. Each gradient is calculated with finite difference across pixels. The term δ is the
threshold parameter to distinguish edges and non-edges that define the area for diffusion. The term Ω
refers to spatial domain of the new ROI.

The incorporation of regularization into the combined AS-ROI and FBTS result in total gradients
of relative permittivity profile given in Eq. (17).

gεrTOTAL
= gεrF BTS

+ gεrEPR
(17)
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Gradient of relative permittivity obtained from Fréchet differential of regularization cost functional is
shown in Eq. (18).

gεrEPR
= −2

λ

δ2
∇ · (ba∇εra + bb∇εrb) (18)

Parameters ba and bb given in Eqs. (19) and (20) are weighting functions in vertical and diagonal
directions which are approximately zero in the availability of edges. ∇εra and ∇εrb are image gradients
in vertical and diagonal directions, respectively.

ba = 1/
(
1 + (∇εra/δ)

2
)2

(19)

bb = 1/
(

2
(
1 + (∇εrb/δ)

2
)2

)
(20)

In odd iteration number, anisotropic diffusion is implemented on the nonregularized relative
permittivity given in Eq. (21).

∂εr (x, y, tAD)
∂tAD

= div [g (‖∇εr (x, y, tAD)‖) · ∇εr (x, y, tAD)] (21)

g (‖∇εr (x, y, tAD)‖) = 1/
(
1 + (∇εr/δ)2

)
(22)

Diffusivity function g (‖∇εr (x, y, tAD)‖) in Eq. (22) is comparable to weighting function applied in
regularization. Nevertheless, the diffusivity function in anisotropic diffusion is commonly defined to be
Hebert and Leahy regularization function [28]. Variable tAD denotes the time evolution for the filter. In
this research work, convergence criterion for tAD is defined as 1 to avoid over smoothing effect since it
is implemented in every alternate iteration after rescaling process. Further explanation on anisotropic
diffusion algorithm can be found in [29, 30].

3. RESULTS AND DISCUSSION

Three lung models are considered for the first analysis in which size and object profiles are varied. The
phantom models are plotted based on transverse CT scan of thoracic wall taken from the Cancer Imaging
Archive (TCIA) Public Access [31]. Lungs area is manually segmented from the image. Dielectric profiles
are computed based on the literature and Cole-Cole expression dataset at 2GHz frequency by Gabriel,
C [32]. The first model, namely Model #1, consists of 8087 pixels. Model #2 and Model #3 comprise
9135 pixels. Lung profiles for all models are computed based on best case capacity ratio of healthy
lungs, consists of 66% air, 14% blood and 20% parenchyma [33]. Profiles values of parenchyma are
determined based on the average value of inflated and deflated lungs [34].

Mediastinum area is regarded as an object under test (OUT) in Model #1. The profiles are directly
taken after heart muscle profiles. Tumour in Model #2 is computed based on proportion of 60% blood,
20% muscle and 20% of blood vessel [35]. The composition of tumour in Model #3 is computed by
using the middle range of minimum and maximum proportion of cancerous lungs tissues with respect to
healthy lungs [36]. The computed dielectric profile settings for each model are summarized as in Table 1.
Proper profile values to be assigned as the initial guess are necessary to govern the optimization process
to correct solution. Optimal initial guess values in this research work were empirically chosen for each
tested model.

Table 1. Dielectric profiles setting.

Layer
Model #1 Model #2 Model #3

εr σ
(
Sm−1

)
εr σ

(
Sm−1

)
εr σ

(
Sm−1

)
Layer 1 (OUT) 55.80 1.91 54.68 1.84 33.41 0.92
Layer 2 (Lung) 15.91 0.51 15.91 0.51 15.91 0.51

Layer 3 (Free space) 1.00 0.00 1.00 0.00 1.00 0.00
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(b)(a)

(d)(c)

(f)(e)

Figure 2. a) Actual image of Model #1. (b) Reconstructed image of Model #1. (c) Actual image of
Model #2. (d) Reconstructed image of Model #2. (e) Actual image of Model #3. (f) Reconstructed
image of Model #3.
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A tumour as an OUT is embedded in the original ROI of lung. Free space is utilized as a
coupling medium. Antennas are evenly spaced from each other in 85 mm radius irradiating modulated
Gaussian pulse with centre frequency of 2GHz and bandwidth of 1.3 GHz. Fields’ scattering processes
are simulated on a FDTD lattice with solution space of 190 × 190 mm2 and cell size of 1 mm2. The
solution space is delimited by Convolutional Perfectly Matched Layer (CPML) of 15 mm thickness as
an absorbing boundary condition (ABC). Convergence criterion for the whole inversion process is 100
iterations.

The value of R to initiate regularization process and all parameters related to regularization and
anisotropic diffusion are based on heuristic analyses. Suitable parameters were determined based on
the accuracy of reconstructed profiles. Quality of reconstructed profiles was evaluated by using Mean
Squared Error (MSE) metric as an indicator. Optimal accuracy value was found by utilizing Geman
and McCLure regularization function [37] with regularization coefficient of 5.0 × 10−10 and threshold
parameter of 1.25. As for the anisotropic diffusion, optimal diffusion conductivity speed is 0.1 which
has a similar function to regularization coefficient. The threshold parameter for anisotropic diffusion
has a similar setting to the regularization process.

Relative permittivities of actual and reconstructed profiles by FBTS for each phantom model are
shown in Figure 2. Among the three tested models, it was obviously seen that Model #1 in Figure 2(b)
was poorly reconstructed with prominently high MSE level at 172.049. The peripheral object and
location were unable to be distinguished from lungs’ layer. Model #2 with a smaller object area

(b)

(a)

(c)

Figure 3. Cross sectional top view in x-y plane of (a) actual object (b) AS-ROI in FBTS (c) AS-ROI
in the regularized FBTS.
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attained reasonable MSE level of 6.917, illustrated in Figure 2(d). Model #3 with reduced contrast
level compared to Model #2 had better accuracy level at 1.147, shown in Figure 2(f). The embedded
objects for both Models #2 and #3 were notable in their shape, size and location. Based on the
accuracy level, Model #3 was utilized for later analysis.

Cross sectional top view of relative permittivity distributions of two embedded tumours are
illustrated in Figure 3. It shows comparison between the actual phantom model and reconstructed
profile by AS-ROI in FBTS along with the combined method of AS-ROI and edge preserving techniques
in FBTS. Note that in Figure 3(b), AS-ROI method has successfully reduced the reconstruction region
analogous to the tumours geometrical configuration. The regularized version as shown in Figure 3(c)
has eliminated visible ring artifacts in the reconstructed image generated by the combined AS-ROI and
FBTS in Figure 3(b).

The elimination of artifacts can be clearly seen from cross sectional side view for each tumour
shown in Figure 4 and Figure 5. In Figure 4(a) and Figure 5(a), it is shown that AS-ROI had assisted

(b)(a)

Figure 4. Cross sectional side view of object #1 which offset at (0, 0) from centre coordinate in Model
#3 utilizes (a) AS-ROI in FBTS (b) AS-ROI in the regularized FBTS.

(b)(a)

Figure 5. Cross sectional side view of object #2 which offset at (25, 25) from centre coordinate in
Model #3 utilizes (a) AS-ROI in FBTS (b) AS-ROI in the regularized FBTS.
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Figure 6. Computational efficiency measure.

the optimization solution to reach approximate profiles’ distribution with respect to the actual profiles
which is particularly obvious in Figure 5(a). However, there are fluctuations along the peripheral side
view that may appear as ring artifacts in the top view. These fluctuations are greatly reduced in
Figure 4(b) and Figure 5(b) with the incorporation of regularization into the combined AS-ROI and
FBTS.

In terms of MSE level, the reconstructed profile by FBTS attained an accuracy of 5.229. The
implementation of AS-ROI in FBTS attained MSE of 3.913 which is equivalent to 25.617% increment
with respect to the FBTS. The regularized version further elevates the precision level to 3.102 or
contributes to 40.667% of increment. The accuracy difference between the regularized and non-
regularized cases of AS-ROI in FBTS was 15.050%.

Figure 6 shows comparison in computational time among FBTS, AS-ROI in FBTS and AS-ROI in
the regularized FBTS. The reduction number of pixels with the implementation of AS-ROI in FBTS
had reduced the computational time about 28.74% compared to FBTS. Integrating edge preserving
technique into AS-ROI in FBTS however had consumed an additional time about 4.69%. Nevertheless,
it is a major tradeoff between accuracy and computational time which is similar to filtered FBTS in [21].
In order to achieve the same accuracy level as the latter technique, both FBTS and AS-ROI in FBTS
require additional antennas or iteration numbers for convergence. Therefore, computational time of
both techniques will also increase since time is proportional to the number of antennas and iterations
of optimization.

4. CONCLUSIONS

It was shown in the first analysis that accuracy in the profiles’ distribution increased with the reduced
object size and contrast level between layers. High contrast is essential to distinguishing layers of
an unknown problem. However, too high contrast values can overwhelm the scattering fields process
which results in false solutions in the profile reconstruction. AS-ROI has been proven effective to locate
and estimate object’s size based on priori data obtained from FBTS. Despite operating at the same
resolution level as the FBTS, the combined AS-ROI with FBTS method had successfully elevated the
accuracy of the dielectric profile distribution. Edge preserving technique which is an alternate method of
edge preserving regularization and anisotropic diffusion had boosted the precision to even higher level.
However, computational time had increased with the implementation of the edge preserving technique
into AS-ROI. Multi-resolution approach in AS-ROI method shall be considered for future works in
which exterior pixels outside object region shall also be taken into analyses. Edge operator along with
the increased number of gradients involved are among interesting topics to explore its effect towards
the sensitivity of regularization in FBTS.
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37. Charbonnier, P., L. Blanc-Féaud, G. Aubert, and M. Barlaud, “Deterministic edge-preserving
regularization in computed imaging,” IEEE Transactions on Image Processing, Vol. 6, No. 2, 298–
311, 1997.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


