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Abstract: A novel method using 3-D space is proposed for optical multiple-image en-
cryption. Each input image is divided into a series of particle-like points distributed in 3-D
space, and all generated particle-like points are simultaneously encrypted into a phase-
only mask. The proposed method may open up a novel research perspective for optical
multiple-image encryption, since a 3-D-space processing strategy is developed and suc-
cessfully applied.

Index Terms: Optical multiple-image decryption, optical multiple-image encryption, 3-D
space.

1. Introduction
Since double random phase encoding was developed [1], various optical infrastructures [2]–[10],
such as digital holography [2], have been developed. In optical encoding, the objective is to con-
vert the input image into stationary white noise by using random phase-only masks placed in the
optical path [1].

In recent years, optical multiple-image encryption [11] has attracted much attention, since
several images are simultaneously encoded to enhance system capacity. Among the devel-
oped multiplexing approaches, phase-mask extraction algorithms [12], [13] have been widely
applied, since the decoding process can be implemented by using either a digital or optical
approach. For instance, Hwang et al., [13] proposed to use Gerchberg-Saxton algorithm [12]
and phase modulation scheme for optical multiple-image encryption. However, system security
[13] may be limited due to only 2-D processing. Gerchberg-Saxton algorithm has been modi-
fied and applied for optical multiple-image authentication [14], however it is still conducted in
2-D space. The Gerchberg-Saxton algorithm is further extended to three-dimensional (3-D)
space [8], [15] for optical security, however only single-image encryption strategy has been
studied.

In this paper, a novel method using 3-D space is proposed for optical multiple-image encryp-
tion. Each input image is divided into a series of particle-like points distributed in 3-D space,
and all generated particle-like points are simultaneously encoded into a phase-only mask. It is
numerically illustrated that significant advantage, i.e., high security, can be obtained in the pro-
posed method for optical multiple-image encryption, since 3-D-space processing strategy is
further applied.

Vol. 8, No. 2, April 2016 6900608

IEEE Photonics Journal Multiple-Image Encryption Using 3-D Space



2. Principles
Fig. 1 shows a schematic layout for the proposed optical multiple-image encryption in 3-D
space. For simplicity three input images are encoded, and each input image is divided into a
series of particle-like points distributed in a 3-D space (see Fig. 1). A digital approach should
be applied to encode all particle-like points into a phase-only mask (M), and here a phase
retrieval algorithm is studied for the phase-mask extraction. During the encryption, coordi-
nates ð�1; v1Þ, ð�2; v2Þ, and ð�3; v3Þ, respectively, denote transverse areas inside the plaintext
P1, P2, and P3 planes, and three input images are applied as plaintexts and respectively
denoted as O1ð�1; �1Þ, O2ð�2; �2Þ, and O3ð�3; �3Þ. The phase-mask extraction process con-
sists of the following steps.

1) The particle-like points are sequentially processed, and at the initial stage a random
phase-only distribution is assumed to M ði ;nÞðx ; yÞ, where i denotes particle-like point index
(integer i ¼ 1; 2; 3; . . .) and n denotes iteration number (integer n ¼ 1; 2; 3; . . .). Wave prop-
agation from phase-mask plane to the first 3-D space is described by

O �ðiÞ
1 ; v ðiÞ

1

� �
¼ FWPd ðiÞ

1
M ði ;nÞðx ; yÞ
h i

(1)

where d ðiÞ
1 denotes a series of axial distances (plane to particle-like point) between phase-

only mask (M) plane and plaintext (P1) plane, and FWP represents free-space wave prop-
agation implemented by diffraction theory [2], [4], [16].

2) A constraint is applied to update the complex-valued wavefront Oð�ðiÞ
1 ; v ðiÞ

1 Þ
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where PSC denotes plaintext-plane constraint described by [8], [15], [17]
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where O1ð�1; �1Þ denotes the plaintext P1 (i.e., the first desired input image), and !
denotes a ratio between the summation of calculated output and the summation of the de-
sired input image (i.e., amplitude map) within a signal window (i.e., particle-like point i).

3) Subsequently, wave propagation from the first 3-D space to the second 3-D space is
conducted

O �ðiÞ
2 ; v ðiÞ

2

� �
¼ FWPd ðiÞ

2
O �ðiÞ

1 ; v ðiÞ
1

� �� �
(4)

where d ðiÞ
2 denotes a series of axial distances (particle-like point to particle-like point) be-

tween the plaintext (P1) plane and plaintext (P2) plane.

Fig. 1. Schematic illustration of optical multiple-image encryption in 3-D space: M—phase-only
mask extracted during encoding; P—plaintext; i—particle-like point index (i.e., i ¼ 1; 2;3; . . .). In
practice, it is straightforward to encode the plaintexts into multiple cascaded phase-only masks.
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4) A constraint is applied to update the complex-valued wavefront Oð�ðiÞ
2 ; v ðiÞ
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where PSC0 denotes plaintext-plane constraint described by [8], [15], [17]
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where O2ð�2; �2Þ denotes the plaintext P2 (i.e., the second desired input image).
5) Subsequently, wave propagation from the second 3-D space to the third 3-D space is

conducted

O �ðiÞ
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where d ðiÞ
3 denotes a series of axial distances (particle-like point to particle-like point)

between the plaintext (P2) plane and plaintext (P3) plane.
6) A constraint is applied to update the complex-valued wavefront Oð�ðiÞ
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where PSC00 denotes plaintext-plane constraint described by [8], [15], [17]
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where O3ð�3; �3Þ denotes the plaintext P3 (i.e., the third desired input image).

7) Wave back-propagation is conducted, and an updated phase-only mask M ði ;nÞðx ; yÞ is ob-
tained

O x ðiÞ; y ðiÞ
� �

¼FWP� d ðiÞ
1 þd ðiÞ

2 þd ðiÞ
3½ � O �ðiÞ
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3
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(10)

M ði ;nÞðx ; yÞ ¼ O x ðiÞ; y ðiÞ� �
O x ðiÞ; y ðiÞð Þj j (11)

where j j denotes modulus operation, and FWP�ð...Þ denotes back propagation [2], [4],
[16]. It is worth noting that the particle-like point index i in (1)–(11) is used to sequentially
represent three particles that are placed on the same longitudinal axis, and the three
particles are selected from the plaintexts P1, P2, and P3, respectively.

Equations (1)–(11) are iteratively implemented for the three particles each time until the sym-
bol i reaches the maximum number of particle-like points, and phase-only mask (M) is sequen-
tially updated. For instance, when the first three particles on the same longitudinal axis are
processed based on (1)–(11), the updated phase-only mask (M) [see (11)] is further used for
the next three particles (located on the another same longitudinal axis) starting from (1) with
i ¼ i þ 1. After all particles are processed, the updated phase-only mask (M) will be further used
for the next iteration (i.e., n ¼ n þ 1). After a preset threshold is satisfied, the updated phase-
only mask is considered as ciphertext. For simplicity, only one phase-only mask (M) is used
here, and it is straightforward to encode the plaintexts into multiple cascaded phase-only masks
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(see Fig. 1). Different initialized phase-only masks or different thresholds can be applied to gen-
erate a varied phase-only mask (M).

During the decryption, a collimated plane wave can be generated to illuminate the extracted
phase-only mask (M), and the series of axial distances is used as principal key. For instance,

when the first plaintext P1 should be extracted during the decoding, security key d ðiÞ
1 will be re-

quired. Each particle-like point can be sequentially extracted at an axial position with a known
transverse area, and a decoded input image is obtained by incorporating all decoded particles
in the transverse domain. Similarly, the plaintexts P2 and P3 can be respectively decoded by

using the series of axial distances ðd ðiÞ
1 þ d ðiÞ

2 Þ and ðd ðiÞ
1 þ d ðiÞ

2 þ d ðiÞ
3 Þ. For the decryption, an opti-

cal approach can be applied by sequentially translating a CCD camera. Correlation coefficient
(CC) [5] is calculated to evaluate similarity between the original input images Ohð�h; �hÞ and the
decrypted images Oh

0ð�h; �hÞ

CCh ¼ covðOh;Oh
0Þ

�Oh � �Oh
0

(12)

where h ¼ 1, 2, 3, cov denotes cross-covariance, and � denotes standard deviation. For the
sake of brevity, coordinate ð�h; �hÞ is omitted in (12).

3. Results and Discussion
In Fig. 1, a collimated plane wave is simulated for the illumination in the optical path, and light
wavelength is 600.0 nm. Particle-like point position distributions are randomly generated,

and the series of axial distances d ðiÞ
1 , d ðiÞ

2 , and d ðiÞ
3 is randomly distributed in a range of [1.0 mm,

6.0 mm], [7.0 mm, 12.0 mm] and [6.0 mm, 10.0 mm], respectively. Pixel size of 4.65 �m and
512 � 512 pixels are used in the proposed method. The 16 � 16 neighboring pixels of each
plaintext are combined and generated as a particle-like point. The 1024 particle-like points are
generated for each input image, and the maximum particle-like point index i is 1024. Each se-
ries of particle-like points is distributed in a specific 3-D space (see Fig. 1), and for the sake of
brevity three input images (i.e., plaintexts) are investigated. It is worth noting that a digital
method should be applied for the encoding, and either a digital or optical approach can be used
for the decoding. During optical decryption, the generated phase-only mask M (i.e., ciphertext)
can be embedded into phase-only spatial light modulator, and a series of 2-D transverse re-
gions can be recorded via axial translation of CCD camera (i.e., through axial scanning). When
3-D particle-like point distribution is available, a decoded input image is obtained by incorporat-
ing all decoded particle-like points in the transverse domain.

Fig. 2(a)–(c) show three input images with 512 � 512 pixels which contain pixel values of
1 and 2. When the phase retrieval algorithm is applied for the encoding, after 30 iterations phase-
only mask M (i.e., ciphertext) is generated and shown in Fig. 2(d). It can be seen in Fig. 2(d) that
all particle-like points are encoded into phase-only mask (M), and no information about the input

Fig. 2. (a)–(c) Three input images and (d) phase-only mask (M) extracted by using the phase re-
trieval algorithm during encryption. The color is used in (a)–(c) only for display purposes, and it
does not mean the use of a color-image encryption strategy. Each input image in (a)–(c) contains
pixel values of 1 (i.e., background pixels) and 2. Similarly, the color has also been used in Figs. 3–6
only for result display purposes.
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images can be observed after the encoding. When all security keys and the extracted phase-only
mask (M) are correct, the decoded input images are obtained and shown in Fig. 3(a)–(c). The CC
values for Fig. 3(a)–(c) are 0.33, 0.28, and 0.30, respectively. It can be seen that the input images
are affected by noise. The noise can be suppressed by using a filter algorithm, and Fig. 3(d)–(f)
show the decoded input images when Gaussian low-pass filter is used to respectively process
those in Fig. 3(a)–(c). The CC values for Fig. 3(d)–(f) are 0.69, 0.63, and 0.65, respectively. It can
be seen in Fig. 3(d)–(f) that quality of decoded input images is acceptable, and most information
about the input images can be observed. Since 3-D particle-like points are generated and applied,
system security is dramatically enhanced and any one sectional decoding cannot render informa-
tion about the input images. Fig. 4(a)–(d) show the decoded input images obtained at one section
of the plaintext plane, when only an axial distance of 1.0 mm, 9.0 mm, 20.0 mm, or 22.0 mm is
used between phase-only mask (M) plane and the plaintext plane, respectively. The CC values
for Fig. 4(a)–(d) are 0.026, 0.022, 0.048, and 0.041, respectively. It can be seen in Fig. 4(a)–(d)
that the decoded input images obtained at one arbitrary section do not render the information.
Performance of principal security keys and the extracted phase-only mask (M) is also analyzed,

Fig. 3. (a)–(c) Decoded input images corresponding to three plaintexts P1–P3 by using correct
security keys and correct phase-only mask. (d)–(f) Decoded images obtained after a Gaussian
low-pass filter corresponding to (a)–(c), respectively. The color is used only for display purposes.

Fig. 4. Decoded input images are obtained at one section of the plaintext plane, when only one
axial distance of (a) 1.0 mm, (b) 9.0 mm, (c) 20.0 mm, or (d) 22.0 mm is used. The decoded input
image is obtained by using (e) a series of wrong distances and (f) a wrong phase-only mask. The
color is used only for display purposes.
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and for the sake of brevity only the decoded input images corresponding to the plaintext P1 are
presented here. Fig. 4(e) and (f) show the decoded input images obtained by using a series of
wrong distances (within a range of [0.5 mm, 6.5 mm]) and an incorrect phase-only mask, respec-
tively. The CC values for Fig. 4(e) and (f) are 0.037 and �0.00058, respectively. It can be seen in
Fig. 4(e) and (f) that the decoded input images are noisy, when the keys or phase-only mask are
incorrectly used for the decoding.

For a comparison, the different number of neighboring pixels is also combined as a particle-
like point. The 64 � 64 neighboring pixels of each input image are combined and generated as
a particle-like point, and other parameters are the same as those used for Fig. 3(a)–(c). When
all security keys and the extracted phase-only mask (M) are correct, the decoded input images
are obtained in Fig. 5(a)–(c). The CC values for Fig. 5(a)–(c) are 0.44, 0.38, and 0.41, respec-
tively. In this case, the 64 particle-like points are generated for each input image, and the maxi-
mum particle-like point index i is 64. The noise can be further suppressed, and Fig. 5(d)–(f)
show the decoded input images after Gaussian low-pass filter respectively corresponding to
Fig. 5(a)–(c). The CC values for Fig. 5(d)–(f) are 0.83, 0.80, and 0.82, respectively. When the
128 � 128 neighboring pixels of each input image are combined and generated as a particle-
like point, using correct keys the decoded input images are obtained in Fig. 6(a)–(c). The CC
values for Fig. 6(a)–(c) are 0.39, 0.40, and 0.44, respectively. In this case, other parameters are
the same as those used for Fig. 3(a)–(c). The 16 particle-like points are generated for each input
image, and the maximum particle-like point index i is 16. The noise can also be suppressed,
and Fig. 6(d)–(f) show the decoded input images after Gaussian low-pass filter respectively
corresponding to Fig. 6(a)–(c). The CC values for Fig. 6(d)–(f) are 0.81, 0.83, and 0.84,
respectively. It can be seen in Figs. 5 and 6 that when more neighboring pixels of each input
image are combined as a particle-like point, the decoded input images are of higher quality
[i.e., compared with those in Fig. 3(a)–(f)]. However, when more neighboring pixels are com-
bined to generate a particle-like point, the less number of points are generated and the security
could be compromised for optical multiple-image encryption.

The advantages of the proposed method and its comparison to previous work are briefly de-
scribed as follows: 1) Since any one sectional decoding cannot render information about
the plaintexts, attack algorithm [18], [19] cannot be applied to extract system keys. 2) All parti-
cle-like points (i.e., plaintexts) are simultaneously encoded into phase-only mask, and it is
straightforward to encode the plaintexts into multiple cascaded phase-only masks for security
enhancement. 3) Different from previous work [11], [13], [14], the proposed method effectively
applies 3-D-space processing strategy for optical multiple-image encryption. The proposed

Fig. 5. The 64 � 64 neighboring pixels of each input image are combined as a particle-like point.
(a)–(c) Decoded input images corresponding to the three plaintexts P1–P3 by using correct security
keys and correct phase-only mask. (d)–(f) Decoded images obtained after a Gaussian low-pass
filter corresponding to (a)–(c), respectively. The color is used only for display purposes.
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method achieves the higher security than conventional approaches [11], [13] for optical multiple-
image encryption, since 3-D-space processing method is applied and any sectional decryption
cannot render original input information. It is also demonstrated that the proposed method pro-
vides a novel alternative for optical security [1], [3], [5], [20], [21].

4. Conclusion
A novel method using 3-D space has been proposed for optical multiple-image encryption. Each
input image is divided into a series of particle-like points distributed in 3-D space, and all gener-
ated particle-like points are simultaneously encoded into a phase-only mask. The simulation
results illustrate that the higher security is achieved in the proposed method for optical multiple-
image encryption compared with previous work, since 3-D-space processing strategy is suc-
cessfully applied.

References
[1] P. Refregier and B. Javidi, “Optical image encryption based on input plane and Fourier plane random encoding,”

Opt. Lett., vol. 20, pp. 767–769, 1995.
[2] O. Matoba and B. Javidi, “Encrypted optical memory system using three-dimensional keys in the Fresnel domain,”

Opt. Lett., vol. 24, pp. 762–764, 1999.
[3] E. Pérez-Cabré, M. Cho, and B. Javidi, “Information authentication using photon-counting double-random-phase

encrypted images,” Opt. Lett., vol. 36, pp. 22–24, 2011.
[4] W. Chen and X. Chen, “Space-based optical image encryption,” Opt. Exp., vol. 18, pp. 27095–27104, 2010.
[5] W. Chen, B. Javidi, and X. Chen, “Advances in optical security systems,” Adv. Opt. Photon., vol. 6, pp. 120–155,

2014.
[6] X. F. Meng et al., “Two-step phase-shifting interferometry and its application in image encryption,” Opt. Lett., vol. 31,

pp. 1414–1416, 2006.
[7] Z. Liu, Q. Guo, L. Xu, M. A. Ahmad, and S. Liu, “Double image encryption by using iterative random binary encoding

in gyrator domains,” Opt. Exp., vol. 18, pp. 12033–12043, 2010.
[8] W. Chen, X. Chen, and C. J. R. Sheppard, “Optical image encryption based on phase retrieval combined with three-

dimensional particle-like distribution,” J. Opt., vol. 14, 2012, Art. no. 075402.
[9] W. Chen and X. Chen, “Marked ghost imaging,” Appl. Phys. Lett., vol. 104, 2014, Art. no. 251109.

[10] W. Chen and X. Chen, “Object authentication in computational ghost imaging with the realizations less than 5% of
Nyquist limit,” Opt. Lett., vol. 38, pp. 546–548, 2013.

[11] G. Situ and J. Zhang, “Multiple-image encryption by wavelength multiplexing,” Opt. Lett., vol. 30, pp. 1306–1308,
2005.

[12] R. W. Gerchberg and W. O. Saxton, “A practical algorithm for the determination of phase from image and diffraction
plane pictures,” Optik (Stuttgart), vol. 35, pp. 237–246, 1972.

[13] H. E. Hwang, H. T. Chang, and W. N. Lie, “Multiple-image encryption and multiplexing using a modified Gerchberg–
Saxton algorithm and phase modulation in Fresnel-transform domain,” Opt. Lett., vol. 34, pp. 3917–3919, 2009.

Fig. 6. The 128 � 128 neighboring pixels of each input image are combined as a particle-like point.
(a)–(c) Decoded input images corresponding to the three plaintexts P1–P3 by using correct security
keys and correct phase-only mask. (d)–(f) Decoded images obtained after a Gaussian low-pass
filter corresponding to (a)–(c), respectively. The color is used only for display purposes.

Vol. 8, No. 2, April 2016 6900608

IEEE Photonics Journal Multiple-Image Encryption Using 3-D Space



[14] W. Chen and X. Chen, “Optical multiple-image authentication based on modified Gerchberg–Saxton algorithm with
random sampling,” Opt. Commun., vol. 318, pp. 128–132, 2014.

[15] W. Chen and X. Chen, “Interference-based optical image encryption using three-dimensional phase retrieval,” Appl.
Opt., vol. 51, no. 25, pp. 6076–6083, Sep. 2012.

[16] J. W. Goodman, Introduction to Fourier Optics, 2nd ed. New York, NY, USA: McGraw-Hill, 1996.
[17] C. F. Ying, H. Pang, C. J. Fan, and W. D. Zhou, “New method for the design of a phase-only computer hologram for

multiplane reconstruction,” Opt. Eng., vol. 50, 2011, Art. no. 055802.
[18] X. Peng, P. Zhang, H. Wei, and B. Yu, “Known-plaintext attack on optical encryption based on double random phase

keys,” Opt. Lett., vol. 31, pp. 1044–1046, 2006.
[19] Z. Liu, C. Shen, J. Tan, and S. Liu, “A recovery method of double random phase encoding system with a parallel

phase retrieval,” IEEE Photon. J., vol. 8, 2016, Art. no. 7801807.
[20] X. Wang, W. Chen, and X. Chen, “Optical encryption and authentication based on phase retrieval and sparsity

constraints,” IEEE Photon. J., vol. 7, 2015, Art. no. 7800310.
[21] W. Chen, “Single-shot imaging without reference wave using binary intensity pattern for optically-secured-based

correlation,” IEEE Photon. J., vol. 8, 2016, Art. no. 6900209.

Vol. 8, No. 2, April 2016 6900608

IEEE Photonics Journal Multiple-Image Encryption Using 3-D Space



<<
  /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
  /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 true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues false
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /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 false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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 [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


