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Abstract—Reversible image data hiding (RIDH) is a special
class of data hiding techniques, where the host image can be per-
fectly reconstructed upon data extraction. Due to this reversibility
property, RIDH has been widely adopted in many critical scenar-
ios. However, almost all the existing methods focus on improving
the capacity-distortion performance; and the hiding ability is
ambiguously referred as the perceptual unawareness of a human
observer. In this brief, we show that the prevalent RIDH frame-
work, prediction error expansion histogram shifting (PEE-HS),
would leave quite obvious traces after embedding, suffering the
risks to expose the data hiding action. To address this issue,
several countermeasures are proposed to conceal the embed-
ding traces while retaining the conventional reversibility feature.
The experimental results demonstrate the effectiveness of our
proposed method. We believe this brief could shed light on the
security aspect of RIDH.

Index Terms—Reversible image data hiding, embedding traces,
concealment.

I. INTRODUCTION

REVERSIBLE image data hiding (RIDH) is a special data
hiding technique, which incurs minor alteration after data

embedding. The original cover image is ensured to be perfectly
reconstructed after data extraction. This nice reversibility prop-
erty makes RIDH favorable for many critical applications such
as medical images sharing and law forensics.

Essentially, the feasibility of RIDH relies on the redun-
dancy of an image. Most of the existing schemes endeavor to
exploit such redundancy to vacate room for accommodating
the payload. In general, current RIDH works can be
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categorized into three classes: lossless compression based
methods [1], [2], [3], histogram shifting (HS) based methods
[4], [5], [6], and prediction error expansion based (PEE) meth-
ods [7], [8], [9], [10]. To make space for data embedding,
early works concentrated on utilizing the lossless compres-
sion algorithm to compress certain features [1], [2]. The
capacity of this type of schemes is quite limited and the
incurred distortion is severe. HS-based methods, initially intro-
duced by Ni et al. [4], create space for embedding through
shifting the histogram of some particular features. The PEE-
based schemes, originated and extended from the difference
expansion (DE)-based method [10], [11], operate over the
prediction error domain and embed data via prediction error
expansion. Nowadays, to achieve a large embedding capacity
with a controlled distortion, the mainstream state-of-the-art
works often combine HS and PEE into the PEE-HS frame-
work [9], [12], [13], [14], which can be converted into an
optimization problem of minimizing the distortion for a given
data payload size.

However, almost all the existing RIDH methods focus on
improving the embedding capacity while reducing the dis-
tortion (i.e., improving the capacity-distortion performance).
The hiding ability is ambiguously referred as the perceptual
unawareness of a human observer. In this brief, we investigate
the prevalent prediction error expansion histogram shifting
(PEE-HS) RIDH framework, and find that such methods would
leave quite obvious traces after embedding, making the hid-
ing ability questionable. Specifically, we first identify the
shifting traces and expansion embedding traces that left by
PEE-HS based RIDH in the prediction error domain, and
then propose several countermeasures to conceal these traces.
Experimental results verify the effectiveness of our proposed
method. Note that, some previous arts have also noticed the
detectability issue of RIDH [15], [16], [17]. However, these
works attempted to devise a new RIDH scheme, by introduc-
ing multiple dedicated processing components. In contrast, we
in this brief aim to design effective strategies for concealing
the traces of an existing PEE-HS RIDH scheme.

The rest of this brief is organized as follows. In Section II,
we review the PEE-HS framework, and point out the traces
that are left after data embedding. Section III then presents our
devised countermeasures. The experimental results are shown
in Section IV, and Section V concludes this brief.

II. TRACES LEFT BY PEE-HS BASED RIDH

Generally, PEE-HS framework includes three steps:
Generating prediction error, expansion embedding and
histogram shifting. We detail each step as follows.
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Fig. 1. Comparison of the prediction error histograms between the original
and its after-embedding version for the test image Lena. The embedding rate
is 0.25 bpp (bits per pixel). The original prediction error histogram (blue line)
resembles a bell-shaped distribution, while the prediction error histogram after
embedding (red line) becomes irregular.

Generating Prediction Error: For each pixel x in the host
image, a prediction x̂ is produced using a predictor, e.g.,
median edge detection (MED) [8], gradient adaptive predic-
tor (GAP) [9], rhombus predictor [18]. The prediction error e
is computed as e = x − x̂. Upon collecting all the prediction
errors, the appropriate capacity parameters will be determined,
either by exhaustive search [8] or based on optimization
model [14]. This yields a pair of capacity parameters, Tl and
Tr, which divide the prediction error histogram into two dis-
joint regions: the inner region [Tl, Tr) and the outer region
(−∞, Tl)∪[Tr,+∞). With these capacity parameters, the data
can be embedded via expansion embedding technique.

Expansion Embedding: If a prediction error e belongs to the
inner region, one message bit m ∈ {0, 1} is embedded,

ew = 2e + m, (1)

where ew denotes the resultant embedded prediction error.
Note that the expansion technique enlarges the prediction error,
which might be overlapped with the prediction errors belong-
ing to the outer region. To resolve this problem, the histogram
shifting is adopted.

Histogram Shifting: If a prediction error e belongs to the
outer region, no message is embedded. However, it has to be
shifted towards the infinity properly to avoid the overlapping
with the expanded inner region. Thus, we have

ew =
{

e + Tl, e ∈ (−∞, Tl)

e + Tr, e ∈ [Tr,+∞).
(2)

In a short summary, the embedded pixel value is

xw = x̂ + ew =
⎧⎨
⎩

x + e + m, e ∈ [Tl, Tr)
x + Tl, e ∈ (−∞, Tl)

x + Tr, e ∈ [Tr,+∞).
(3)

As shown in (3), the embedding operation would systemati-
cally change the original prediction error: when the prediction
error belongs to the inner region [Tl, Tr), it would cause the
expansion embedding traces, which essentially change the
pixel value from x to x + e + m; when the prediction error
belongs to the outer regions [Tl, Tr) ∪ [Tr,+∞), it would
cause the shifting traces, which change the pixel value from
x to x + Tl or x + Tr. To visualize these changes, we take the
test image Lena as an example, and plot the prediction error
histograms before and after embedding. From Fig. 1, one can
notice that, after embedding, the histogram becomes irregular.
With careful examination, we can observe that, 1) there exists

Fig. 2. Spatially partition the image pixel locations into black and white set
in a chessboard fashion. The pixels xi+1,j, xi−1,j, xi,j−1 and xi,j+1 are used
for predicting xi,j.

additional local peaks besides the zero bin (this phenomenon
is termed as shifting traces), and 2) there exists stepping
effects for the inner regions of the histogram, i.e., the adja-
cent bins almost have the same height (this phenomenon
is termed as expansion embedding traces). In the next, we
propose countermeasures to effectively hide these two traces.

III. COUNTERMEASURES TO CONCEAL THE TRACES

A. Hiding the Shifting Traces

To hide the shifting traces, the key is to avoid the shift-
ing operation on the prediction error histogram. Unlike the
conventional RIDH methods that directly shift the prediction
errors, we propose to make a surrogate prediction error and
relate it with the original one. Thus, the selection of prediction
errors can be controlled by the surrogate error indirectly.

To clearly illustrate our method, the rhombus predictor is
taken as a concrete example. Other predictors can be read-
ily adopted with minor modifications. Specifically, the image
pixel locations are first partitioned into black and white set in
a chessboard fashion (see Fig. 2). The pixel locations belong-
ing to the black set are used for embedding, while the white
set remains unmodified to ensure the same prediction can be
obtained at both the sender and receiver sides.

The rhombus prediction [18] can be expressed as x̂i,j =
� 1

4 (xi+1,j + xi−1,j + xi,j−1 + xi,j+1)�, where the subscript (i, j)
represents the index of the pixel location, and �·� rounds the
input to its nearest integer. Then, the corresponding prediction
error is ei,j = xi,j − x̂i,j.

As aforementioned, to avoid directly performing the shift-
ing operation on the original prediction errors, we propose to
exploit the correlation between the (i, j)-th prediction error ei,j
and its northwest neighbor ei−1,j−1. To simplify the expression,
without explicitly stated, we drop the pixel location index and
use e and e′ to denote ei,j and ei−1,j−1, respectively.

Formally, by treating these two neighboring prediction
errors as random variables E and E′, we aim at finding a
probability distribution to model the correlation between them,
i.e., finding a probability distribution function f to model the
following conditional probability

Pr
(
E = e | |E′| = k

) = f (e; θk), (4)

where θk is the parameter of distribution f , which is asso-
ciated with the k (note that k is the absolute value of |E′|,
and it only takes non-negative integer k = 0, 1, 2 · · · ). To find
a proper distribution, we empirically plot the histograms of
Pr(E = e | |E′| = k), k = 0, 1, 2, 3, 4 for the test image
Lena. As shown in Fig. 3, all the histograms exhibit bell-
shaped, which resemble Gaussian distribution. Thus, we in
this brief employ Gaussian distribution for modeling: (E = e |
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Fig. 3. The empirical conditional probability distributions
Pr(E = e | |E′| = k), k = 0, 1, 2, 3 for test image Lena.

|E′| = k) ∼ N (0, θ2
k ). Here, θ2

k is the variance, which can be
readily estimated in a maximum likelihood sense.

At the encoder side, for each prediction error e, one can
pseudo-randomly produce a surrogate prediction error ẽ from
its corresponding Gaussian distribution, i.e., f (e; θ|e′|). The
value of ẽ is used to indicate the magnitude of prediction error
e in a probabilistic sense. In implementation, this generation
procedure is controlled by a generator seed Ks, controlling the
pseudo-randomly number generation in the embedding stage:

ẽ = gen
(
θ|e′|, Ks

)
, (5)

where gen(·, ·) is the generation function that draws a sample
from the Gaussian distribution f (e; θ|e′|), with the control of
the Ks. To ensure the perfect reversibility, a series of θk’s and
the generator seed Ks shall be shared between encoder and
decoder as side information. It is typical to transmit about
forty θk’s in our experiments. More θk’s can be transmitted at
the cost of increasing the overhead of the side information.

The technique for pseudo-randomly drawing a sample from
a given distribution was already well studied. One classic
solution is to employ a uniform pseudo random generator to
produce a sample obeying uniform distribution, and then trans-
form this sample into the target distribution space. For more
details, one can refer to [19].

Before embedding, another issue should be addressed, i.e.,
the pixel value suffers overflow(underflow) risk during embed-
ding. To tackle this issue, one widely-adopted solution is to
employ a binary-valued location map L to record such prob-
lematic locations (Li,j = 0 indicates the (i, j)-th location is
problematic). For a natural image, its location map is often
very sparse, allowing an efficient lossless compression.

Next, to meet the data payload requirement, the capacity
parameter T shall be determined according to the given pay-
load size τ . The provided embedding capacity should no less
than the payload size plus the size of compressed location
map and the side information. Specifically, T should satisfy
the following criteria,

#{e | ẽ ∈ [−T, T] } ≥ τ + lc + ls, (6)

where #{·} denotes the cardinality of a set, and lc is the size
of the compressed location map, which is often much smaller
than that of the original location map. ls is the length of the
side information. Here, we shall emphasize that, unlike the
conventional RIDH methods, the capacity parameter here is
enforced on the surrogate prediction error ẽ, rather than on
the original prediction error. Once the capacity parameter and

location map are determined, the embedding can be performed
in a raster scan style. For pixel location (i, j) belonging to the
black set, one bit message m is embedded,

ew
i,j = 2ei,j + m, if ẽi,j ∈ [−T, T] and Li,j = 1. (7)

We shall emphasize that the surrogate ẽ is used to deter-
mine whether the original prediction error e is selected or not,
rather than the e itself. It is thus unnecessary to shift the orig-
inal prediction errors to make spare room like conventional
methods. The final embedded pixel value can be written by

xw
i,j =

{
xi,j + ei,j + m, if ẽi,j ∈ [−T, T] and Li,j = 1,

xi,j, otherwise. (8)

At the decoder side, upon receiving the side information,
i.e., a series of parameters θk’s and the generator seed Ks,
one can re-generate the same surrogate prediction error ẽ
sequence as the encoder side (both are generated via (5)). For
the pixel location (i, j) belonging to the black set, the embed-
ded prediction error ew

i,j can be first obtained by ew
i,j = xw

i,j−x̂i,j.
Here, the prediction value x̂i,j is identical to the correspond-
ing one at the encoder side because it is predicted via the
pixels belonging to the white set, which remains unmodi-
fied during embedding. The embedded bit m is then extracted
by m = mod(ew

i,j, 2), where mod(·, ·) is the modulus oper-
ator. The original prediction error ei,j can then be restored:
ei,j = 1

2 (ew
i,j − m). Finally, the original pixel can be perfectly

recovered by xi,j = x̂i,j + ei,j.
Now, we complete the description of measures for hiding

the embedding traces. In the next subsection, we introduce the
resolution to hide the expansion embedding traces.

B. Hiding the Expansion Embedding Traces

As mentioned in Section II, for the prediction error his-
togram, the bins belonging to the embedded inner region
[2Tl, 2Tr) exhibit stepping phenomenon. This stepping effects
can be attributed to the expansion embedding operations (refer
to (7)). Specifically, after embedding one bit m ∈ {0, 1},
the original prediction error ei,j becomes 2ei,j + m. By fur-
ther assuming the message bit follows a uniform two-point
distribution,1 it is easy to have

Pr(2ei,j + 0) = Pr(2ei,j + 1), (9)

which means the prediction error ei,j is transited to 2eij and
2eij + 1 equally. To conceal this expansion embedding trace,
we propose to add a dithered noise D after embedding, where

Pr(D = d) =
{ 1

2 , d = −1,
1
2 , d = 0.

(10)

The key motivation of this countermeasure is to cancel out
the stepping effects incurred by embedding the message
bit m. This binary-valued dither can also be pseudo-randomly
generated with the control of another generator seed Kd, i.e.,

d̃ = dither(Kd). (11)

Here, dither(·, ·) is similar to (5), which could draw a binary-
valued sample from the distribution (10), with the control of
the Kd. Then the embedding operation (7) can be refined as,

ew
i,j = 2ei,j + m + d̃, if ẽi,j ∈ [−T, T] and Li,j = 1. (12)

1This assumption is reasonable because any data can be encoded into binary
stream, where the number of 0’s is almost equal to that of 1’s.
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Fig. 4. Comparison of the prediction error histograms after data embedding with the traditional method [18] and our concealment method. The embedding
rates for Peppers, Lena and Baboon are 0.4 bpp, 0.3 bpp and 0.2 bpp, respectively. For the histogram shown in even column, the red line represents the
hypothesis Laplacian. Our histogram resembles to a Laplacian model, which is smooth and natural as that of the original histogram.

At the decoder side, the exactly same dither noise d̃ can
be generated via (11) with the same generator seed Kd. Then,
by subtracting the dither noise, the message can be extracted
via ei,j = 1

2 (ew
i,j − m), and then the pixel can be recovered via

xi,j = x̂i,j + ei,j as usual.

IV. EXPERIMENTAL RESULTS

For illustration purpose, the experiments are conducted on
three widely-used test images, i.e., Peppers, Lena and
Baboon (see Fig. 4). We choose these images because they
are representative images with different texture levels. The
seminal PEE-HS based RIDH method [18], which employs
rhombus predictor, is included as a baseline for demonstration.
However, our proposed trace concealment method can also be
applied to many other PEE-HS RIDH schemes, e.g., [9], [20].
The code is available at https://github.com/nbudongli/hideridh.

Fig. 4 illustrates the results for Peppers with embed-
ding rate (ER) 0.4 bpp (bits per pixel), Lena with 0.3 bpp
and Baboon with 0.2 bpp, from which we can draw the
following conclusions. First, the prediction error histogram
of the original image is relatively “smooth”. As a known
fact, the prediction error can be effectively modeled with a
Laplacian distribution [14], [21]. The blue line shows the
hypothesis Laplacian model. As one can see, the distribu-
tion can be well fitted with Laplacian model. For comparison,
the prediction error histogram of the traditional method [18]
becomes more “irregular”. The shifting traces and the expan-
sion embedding traces can be obviously identified, and the
prediction error histogram greatly deviate from the hypothesis
Laplacian model. Instead, the resultant prediction error his-
togram of our proposed method is relatively smooth, which
is naturally resemble to that of the original one’s. We shall

TABLE I
COMPARISON OF JS-DIV BETWEEN THE NORMALIZED HISTOGRAM

(REAL DATA) WITH THE HYPOTHESIS LAPLACIAN MODEL. CLOSER

TO THE ORIGINAL ONES INDICATES BETTER PERFORMANCE

note that, after data embedding, the prediction error histogram
inevitably becomes more flat. However, as can be seen from
the rightmost column of the Fig. 4, the resultant prediction
error histogram still preserve the bell-shape resemble to the
Laplacian distribution. To quantitatively measure the differ-
ences between histograms, we calculate the Jensen-Shannon
divergence (JS-div) between the real-data normalized his-
togram and the hypothesis Laplacian distribution. As shown
in Table I, the JS-div values produced by our method are
smaller than that of the scheme [18], suggesting again that
our proposed method can well preserve the Laplacian-like
distribution.

In Fig. 5, the capacity-distortion performance (i.e., embed-
ding rate v.s. embedded image quality) of the proposed method
is presented. Noting that the data embedding only performed
at locations belonging to the black set, the upper bound of ER
is thus 0.5 bpp. From Fig. 5, one can see that, compared with
the work [18], our method achieves inferior or comparable
image quality (in terms of PSNR). Not surprisingly, there is
no free lunch; we in fact trade reasonable image quality degra-
dation for concealing the embedding traces, while retaining
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Fig. 5. The capacity-distortion performance of the proposed method on the
test images. The baseline method [18] is also included for comparison. The
PSNR degradation is the price that paid for concealing the embedding traces.

the critical reversibility property owned by conventional PEE-
HS RIDH methods. With more careful examination, one can
notice that the PSNR degradation is large for low-embedding-
rate cases. This is because the work [18] aims at improving
the capacity-distortion performance. They embed data into the
small-magnitude prediction errors in a greedy way, resulting
relatively small distortion (but incurring prominent embed-
ding traces). In contrast, our method aims at performing
data embedding and trace concealment simultaneously. Our
method prefers to, but not necessarily need to embed data into
the small-magnitude prediction errors; some large-magnitude
prediction errors are also used, which degrades our embedded
image quality to certain extent. However, the relative image
degradation would be reduced with the increment of ER. When
the upper-bounded ER (0.5 bpp) is achieved, for both our
method and [18], all the prediction errors are utilized and the
resultant distortion of both methods are the same.

Finally, we evaluate the objective/subjective image qual-
ity of the embedded image that produced by our proposed
method. For the objective evaluation, the resultant PSNRs of
our method on Peppers, Lena and Baboon are 35.87dB,
38.36dB, and 37.24dB, respectively. For comparison, the cor-
responding PSNRs of the work [18] are 37.75dB, 44.45dB and
46.61dB, which are all larger than the proposed method. This
phenomenon is consistent with the observation made from
Fig. 5. For the subjective evaluation on the test images, the
average SSIM produced by the work [18] is 0.953, while the
average SSIM of our method is 0.947, slightly inferior to [18]
by the margin 0.006. This suggests that our method merely
incurs minor visual degradation after data embedding.

V. CONCLUSION

In this brief, we made the first step towards concealing the
embedding traces left by PEE-HS based RIDH. Specifically,
two embedding traces were identified in the perdition error
histogram domain, i.e., the shifting traces and expansion
embedding traces. We then proposed systematic countermea-
sures to hiding these two traces. It is worth pointing out that
our method focuses on the prediction error histogram domain
of the PEE-HS framework, which is not supposed to hide the
embedding traces that are left in other domains. In the future,

we would like to investigate the embedding traces that left in
other domain, e.g., DCT transform domain, and conceal the
traces in various domains simultaneously.

REFERENCES

[1] M. U. Celik, G. Sharma, A. M. Tekalp, and E. Saber, “Lossless
generalized-LSB data embedding,” IEEE Trans. Image Process., vol. 14,
no. 2, pp. 253–266, Feb. 2005.

[2] M. U. Celik, G. Sharma, and A. M. Tekalp, “Lossless watermarking for
image authentication: A new framework and an implementation,” IEEE
Trans. Image Process., vol. 15, no. 4, pp. 1042–1049, Apr. 2006.

[3] J. Fridrich, M. Goljan, and R. Du, “Lossless data embedding-new
paradigm in digital watermarking,” EURASIP J. Adv. Signal Process.,
vol. 2002, no. 2, pp. 185–196, 2002.

[4] Z. Ni, Y.-Q. Shi, N. Ansari, and W. Sun, “Reversible data hiding,”
IEEE Trans. Circuits Syst. Video Technol., vol. 16, no. 3, pp. 354–362,
Mar. 2006.

[5] G. Coatrieux, W. Pan, N. Cuppens-Boulahia, F. Cuppens, and C. Roux,
“Reversible watermarking based on invariant image classification and
dynamic histogram shifting,” IEEE Trans. Inf. Forensics Security, vol. 8,
no. 1, pp. 111–120, Jan. 2013.

[6] W. Hong, “Adaptive reversible data hiding method based on error
energy control and histogram shifting,” Opt. Commun., vol. 285, no. 2,
pp. 101–108, Jan. 2012.

[7] I.-C. Dragoi and D. Coltuc, “Adaptive pairing reversible watermarking,”
IEEE Trans. Image Process., vol. 25, no. 5, pp. 2420–2422, May 2016.

[8] D. M. Thodi and J. J. Rodriguez, “Expansion embedding techniques for
reversible watermarking,” IEEE Trans. Image Process., vol. 16, no. 3,
pp. 721–730, Mar. 2007.

[9] X. Li, B. Yang, and T. Zeng, “Efficient reversible watermarking based
on adaptive prediction-error expansion and pixel selection,” IEEE Trans.
Image Process., vol. 20, no. 12, pp. 3524–3533, Dec. 2011.

[10] Y. Hu, H.-K. Lee, and J. Li, “DE-based reversible data hiding with
improved overflow location map,” IEEE Trans. Circuits Syst. Video
Technol., vol. 19, no. 2, pp. 250–260, Feb. 2009.

[11] J. Tian, “Reversible data embedding using a difference expansion,”
IEEE Trans. Circuits Syst. Video Technol., vol. 13, no. 8, pp. 890–896,
Aug. 2003.

[12] P. Tsaia, Y. Hu, and H. Yeh, “Reversible image hiding scheme using
predictive coding and histogram shifting,” Signal Process., vol. 89,
no. 6, pp. 1129–1143, 2009.

[13] X. Zhang, “Reversible data hiding with optimal value transfer,” IEEE
Trans. Multimedia, vol. 15, no. 2, pp. 316–325, Feb. 2013.

[14] J. Zhou and O. C. Au, “Determining the capacity parameters in PEE-
based reversible image watermarking,” Signal Process. Lett., vol. 19,
no. 5, pp. 287–290, May. 2012.

[15] W. Hong, T.-S. Chen, and J. Chen, “Reversible data hiding using
delaunay triangulation and selective embedment,” Inf. Sci., vol. 308,
pp. 140–154, Jul. 2015.

[16] Z. Zhang and W. Zhang, “Reversible steganography: Data hiding for
covert storage,” in Proc. Asia–Pac. Signal Inf. Process. Assoc. Annu.
Summit Conf., Hong Kong, 2015, pp. 753–756.

[17] D. Hou, W. Zhang, Y. Yang, and N. Yu, “Reversible data hiding under
inconsistent distortion metrics,” IEEE Trans. Image Process., vol. 27,
no. 10, pp. 5087–5099, Oct. 2018.

[18] V. Sachnev, H. J. Kim, J. Nam, S. Suresh, and Y. Q. Shi, “Reversible
watermarking algorithm using sorting and prediction,” IEEE Trans.
Circuits Syst. Video Technol., vol. 19, no. 7, pp. 989–999, Jul. 2009.

[19] W. Mendenhall, R. J. Beaver, and B. M. Beaver, Introduction to
Probability and Statistics, Boston, MA, USA: Cengage Learn., 2012.

[20] S. Kim, X. Qu, V. Sachnev, and H. J. Kim, “Skewed histogram shifting
for reversible data hiding using a pair of extreme predictions,” IEEE
Trans. Circuits Syst. Video Technol., vol. 29, no. 11, pp. 3236–3246,
Nov. 2019.

[21] L. Dong, J. Zhou, Y. Y. Tang, and X. Liu, “Estimation of capacity param-
eters for dynamic histogram shifting (DHS)-based reversible image
watermarking,” in Proc. IEEE Int. Conf. Multimedia Expo., Chengdu,
China, 2014, pp. 1–6.

Authorized licensed use limited to: Universidade de Macau. Downloaded on July 06,2022 at 07:43:35 UTC from IEEE Xplore.  Restrictions apply. 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Helvetica
    /Helvetica-Bold
    /HelveticaBolditalic-BoldOblique
    /Helvetica-BoldOblique
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryITCbyBT-MediumItal
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Recommended"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


