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Abstract:    In order to simplify the threshold determination, reduce the inter-pixel cross-talk, and improve the storage density for 
high-density volume holographic data storage, a two-dimensional constant-weight sparse modulation code is proposed. The 
evaluation criteria and design rules are investigated based on the page-oriented optical data storage system. Coding parameters are 
optimized to achieve large channel capacities. An 8:16 modulation code is designed to reduce the raw bit error rate and its per-
formances are experimentally evaluated. A raw bit error rate of the magnitude of 10−4 is obtained with a single-data-page storage 
and 10−3 with multiplexing. 
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1  Introduction 

 
Modulation codes are widely used in data stor-

age, such as magnetic storage (Davey et al., 1994) and 
optical storage (Song et al., 2006). The purpose of a 
modulation code is to constrain the signal patterns in 
the time domain or space domain, to forbid certain 
patterns from appearing that are more likely to be 
corrupted by the channel, and to demand other pat-
terns that are helpful for a given detection scheme 
(Coufal et al., 2000). A typical example of a modula-
tion code is the eight-to-fourteen modulation (EFM) 
used by compact discs (CD) (Immink, 2004). 

In order to reduce the inter-pixel cross-talk and 
improve detection accuracy, modulation codes are 
usually introduced in volume holographic data stor-
age (VHDS) (Burr et al., 1997; Kim and Lee, 2009). 
Unlike the modulation codes for traditional data 

storage which relate to a one-dimensional (1D) 
channel, the modulation codes for VHDS are two 
dimensional (2D) which relate to parallel channels. 
According to the number of gray levels of each pixel, 
modulation codes are divided into binary modulation 
codes (Burr et al., 1997) and gray-level modulation 
codes (Heanue et al., 1995). The former are com-
monly adopted to simplify the coding. Depending on 
whether or not the ratio of the white pixels is constant, 
binary modulation codes are further divided into 
constant-weight modulation codes and variable- 
weight modulation codes (Hwang et al., 2002; Chen 
and Chiueh, 2007). For uniform object beam and 
simple threshold determination, constant-weight 
modulation codes are often used in VHDS. This paper 
focuses on constant-weight modulation codes. 

Assuming the codeword is a rectangular block 
containing q (=m×n) pixels where t pixels are ON, the 
codeword can represent Ct

q  (=q!/((q–t)!t!)) different 

signals, whose information capacity is 2= log Ct
qp . 

The coding rate is defined as r=p/q, and the code 
weight is defined as w=t/q. The codes are known as 
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balanced modulation codes when w is equal to 0.5, 
and the codes are known as sparse modulation codes 
when w is less than 0.5. The codes with w larger than 
0.5 are less used. In general, a constant-weight 
modulation code is denoted by its coding rate (p:q). 

Among constant-weight codes, balanced modu-
lation codes, such as the 6:8 modulation code, have 
the maximal coding rate (Burr et al., 1998). However, 
sparse modulation codes may achieve higher storage 
density (King and Neifeld, 2000), since the storage 
density is affected not only by the single page capac-
ity but also by the number of pages that can be mul-
tiplexed in the same volume. In this paper, the 
evaluation criteria and design rules are investigated 
based on the page-oriented optical data storage sys-
tem. Coding parameters are optimized to achieve 
large channel capacities. An 8:16 2D constant-weight 
sparse modulation code is designed to reduce the raw 
bit error rate and its performances are experimentally 
evaluated. 

 
 

2  Evaluation criteria 
 
As a kind of channel code, modulation codes can 

be evaluated by the common criteria used in com-
munication theory, including: 

1. Bit error rate (BER). With respect to modula-
tion codes, the BER criterion refers in particular to 
raw bit error rate, which is defined as the BER of the 
data before error correction decoding. The purpose of 
modulation codes is to reduce the raw BER of the 
channel. As a result, the raw BER after modulation 
decoding is the primary index of performance under 
the same conditions. 

2. Coding rate. With the same size of data pages, 
the raw capacity of a single page is determined by the 
coding rate. Theoretically, a lower coding rate indi-
cates a stronger correction capability, but usually a 
smaller storage capacity. A trade-off should be made 
between BER and storage capacity. The coding rate of 
a modulation code should be appropriately chosen so 
that the storage density approaches the maximum and 
the channel capacity is close to the Shannon limit 
(Shannon, 1948). 

3. Complexity. The time costs of modulation 
encoding and decoding are nonignorable. They 
should be considered for various modulation schemes. 

The complexity of encoding and decoding should be 
reduced so that the modulation code can be easily 
implemented by software or hardware. 

 
 

3  Coding rules 
 
Unlike 1D modulation codes, modulation codes 

for VHDS need to map 1D data streams onto 2D data 
pages, while meeting the specific limiting conditions 
in a data page. The state splitting algorithm (Immink 
et al., 1998) may be employed to design the 2D 
modulation codes. However, due to the large amount 
of allowable codewords, the state splitting process 
and combining process in the code design become too 
complicated, especially during the design of a 
high-efficiency 2D modulation code. For simplicity 
and practicability, a forbidden codeword rejection 
method is used as follows. 

1. To avoid difficulties in threshold determina-
tion during the detection stage, and to smooth the 
object beam, constant-weight modulation codes are 
used in this study. The ratio of ON pixels to OFF 
pixels is constant (Fig. 1). 

 
 
 
 
 
 
 
 
 

 
 
2. A variety of noises exist in the VHDS channel. 

The brightness noise of ‘0’ pixels might exceed that of 
‘1’ pixels, which leads to an incorrect decision 
(Fig. 2). 

To solve this problem, another rule is applied 
and the codewords shown in Fig. 3a are forbidden. 
According to this rule, Fig. 2b is correctly detected as 
the codeword represented by Fig. 2a, not Fig. 2c. 

3. ‘1’ pixels around ‘0’ pixels should be no more 
than three to reduce the inter-pixel cross-talk (Fig. 3b). 
This rule comes from the low-pass feature of VHDS 
(Ashley and Marcus, 1998). If a codeword depicted in 
Fig. 3b is stored, then the ‘0’ pixels might be lightened  

Fig. 1  Basic rules of a constant-weight modulation code
Each 3×3 block represents a codeword, where white squares 
denote ‘1’ (ON) and black squares denote ‘0’ (OFF). (a) 
Codewords with the same number of 1’s, allowed; (b) Code-
words with different numbers of 1’s, forbidden 

(a) (b) 
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by the surrounding ‘1’ pixels and a detection error 
might occur in the retrieved image. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
4  Coding parameters 

 
After the establishment of the coding rules, the 

coding parameters are chosen to optimize the raw 
BER, coding rate, and complexity. There are two 
main parameters for constant-weight modulation 
codes: code weight w and the size of the coding block 
n (the coding block is assumed to be square, m=n). 
First, the choice of code weight w is discussed. 

The diffraction efficiency η is in inverse pro-
portion to the square of the number of data pages 
Mpage stored in a VHDS system (Mok et al., 1996): 

 
2

page

M / # ,
M

η
⎛ ⎞

∝ ⎜ ⎟⎜ ⎟
⎝ ⎠

                            (1) 

 
where M/# is the dynamic range of the material. If 
divided equally by each ‘1’ pixel, the diffraction ef-
ficiency that each ‘1’ pixel could obtain is 
 

2

*

page

M / # 1.
M t

η
⎛ ⎞

∝ ⎜ ⎟⎜ ⎟
⎝ ⎠

                           (2) 

 

The strength of the readout signal depends on the 
magnitude of the diffraction efficiency. Suppose that 
each pixel could be read out correctly only when its 
average diffraction efficiency is larger than a certain 
threshold *

thη : 
 

2

*
th

page

M / # 1 .
M wq

η
⎛ ⎞

∝ ⎜ ⎟⎜ ⎟
⎝ ⎠

                            (3) 

 

For a specific image sensor, *
thη  should be a constant, 

and thus the number of data pages that can be stored 
in a VHDS system is 
 

page *
th

M / # .M
wqη

∝                                (4) 

 

The channel capacity could be expressed as 
 

page( ) ( ) ,pC w M I w q= ⋅ ⋅                        (5) 
 
where Ip(w) is the information that each pixel could 
represent. According to the information theory 
(Shannon, 1948), it should meet the following  
equation: 
 

0 2 2( ) ( ) log (1 ) log (1 ),pI w R w w w w w≤ = − − − −  (6) 
 
where R0(w) is the information entropy. Thus, the 
limit of the channel capacity could be expressed as 
 

[ ]max 2 2*
th

M / #
( ) log (1 )log (1 ) .

q
C w w w w w

wη

⋅
∝ − − − −  

(7) 
 
With respect to balanced modulation codes 

(w=0.5), the limit of the channel capacity Cmax(w) 
changed with the code weight w (Fig. 4). When the 
code weight is around 20%, the channel capacity 
reaches its maximum. It means that although spare 
modulation codes make the coding rate less than 1 
and the capacity of a single data page is somewhat 
decreased, the number of multiplexed pages in the 
same volume will increase. In consideration of the 
dynamic range of the material for VHDS, the total 
capacity of the system will increase instead. 

 

Fig. 3  Forbidden codewords in modulation coding 
(a) Adjacent pixels should not be 1’s at the same time; 
(b) Codeword that has four ‘1’ pixels around ‘0’ pixels is 
forbidden 

(a) (b) 

 

Fig. 2  Ambiguous decision in modulation codes 
(a) Recorded codeword; (b) Image acquired by the image 
sensor; (c) Codeword after binary decision (the brightness of 
each pixel is sorted in descending order and the first three 
pixels are marked as 1’s). This result is unexpected 

(a) (b) (c) 
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In order to determine n and w under the current 

coding rules, the relative capacities of VHDS systems 
(C(w)/C(0.5)) with n=3–6 and various w are calcu-
lated here (Fig. 5). The corresponding code weight 
where the relative capacity reaches its maximum is 
smaller than that of the theoretical maximum capacity 
limit as shown in Fig. 4, because modulation codes 
have deleted partial codewords. The bigger the coding 
block, the larger the maximum value of relative ca-
pacity. However, too big a coding block leads to the 
increase of complexity and too small a coding block 
leads to the decrease of the coding rate. According to 
known research (King and Neifeld, 2000), the coding 
block size n is chosen ranging from 3 to 5, and n=4, 
w=3/16 are selected here (that is, 3 pixels are set as ‘1’ 
pixels out of 16 pixels). It facilitates the encoding and 
decoding with a higher coding rate 8:16. 

 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
The modulation code described above is the 

proposed ‘2D constant-weight sparse modulation 
code’. ‘2D’ means that the codeword has a 2D  

structure. ‘Constant-weight’ indicates that the number 
of ‘1’ pixels in the codeword is constant. ‘Sparse’ 
specifies that the code weight is less than 0.5. 

 
 

5  Implementation and experiments 
 
In order to verify the performances of the pro-

posed sparse modulation codes, an experimental 
setup is built (Fig. 6). The light emitted by a diode 
pump laser (DPL) with a wavelength of 532 nm is 
reflected by a first polarization beam splitter (PBS) 
which filters out infrared light, and then the light is 
divided into two beams by a second PBS. Each beam 
is controlled by a shutter, followed by a spatial filter 
and beam expander. The object beam enters the 
polymer after modulation by a reflecting spatial light 
modulator (SLM) whose resolution is 1280×768. The 
reference beam enters the polymer after reflection by 
two mirrors. The polymer is inclined for substantially 
symmetrical incidence of the object beam and the 
reference beam, reducing the impact due to shrinkage. 
The resolution of CCD is 768×576. 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
 

Both the encoding and decoding of the 2D con-
stant-weight sparse modulation code are created ex-
perimentally by software. The coding table (8 bits 
user data→4×4 codeword) is constructed as follows: 
(1) screen out 276 possible codewords according to 

Fig. 6  Optical setup to verify the performances of modu-
lation codes 
DPL: diode pump laser; PBS: polarization beam splitter; 
SLM: spatial light modulator 
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coding rules in Section 3; (2) delete those codewords 
that have a Hamming distance of 2 from other 
codewords at most times (there are 4 in total); (3) 
recalculate the Hamming distances, and delete the 
codewords that have a Hamming distance of 2 from 
other codewords at most times again (there are 16 in 
total), and the number of the remaining codewords is 
256. The encoding process could be completed by 
querying the coding table, and the decoding process 
could be accomplished by binary sorting and mini-
mum distance decoding. Partial coding table of the 
2D constant-weight sparse modulation code is shown 
in Fig. 7. 

 
 
 
 
 
 
 

 
 

Encoding and decoding procedures are as shown 
in Fig. 8. Data is stored and recovered by encoding, 
storage, readout, division, and decoding. 

 
 
 
 
 
 
 
 
 
 
 
 

 
For single-page storage, the results are shown in 

Table 1. The signal-to-noise ratio (SNR) of the re-
trieved page is 4.03. If decoded as none-modulated 
data, it could represent 4928 bits data, with 69 bits 
error, and the raw BER is 0.014. If decoded as 
modulated data, 2464 bits data could be represented. 
Although the data capacity drops to one half, no error 
is detected, and the raw bit error is less than 4×10−4. 

Random speckle modulation is used in the ref-
erence path. Multiplexing is achieved through mov-
ing the storage material by computer-controlled 

translational stages. The multiplexing interval is 
200 μm, and 20 data pages are multiplexed. The SNR 
and the raw BER with and without modulation codes 
of the 4th, 7th, 10th, 14th, and 17th data page are 
shown in Table 2. Generally speaking, the raw BER 
could be decreased by one order of magnitude using 
2D constant-weight sparse modulation codes, and 
drop to 10−3 with the SNR around 3.8, which ensures 
subsequent interleaving and error correction. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

6  Conclusions 
 
In order to simplify the threshold determination, 

reduce the inter-pixel cross-talk, and decrease the raw 
BER, modulation codes are introduced in the channel 
processing of the volume holographic data storage. It 
is discovered from theoretical analysis that a larger 
capacity could be achieved using sparse modulation 
codes whose code weight is less than 0.5 when the 
dynamic range of the material is constant. Accord-
ingly, a 2D constant-weight sparse modulation code is 
proposed. Corresponding coding rules are established, 
and proper coding parameters are chosen to maximize 
the channel capacity. An 8:16 modulation code is 
designed to reduce the raw BER and its performances 
are experimentally evaluated. A raw BER of the 
magnitude of 10−4 is obtained with a single-data-page 
storage and 10−3 with multiplexing. 

Table 2  Performances of multiplexing storage 

No. SNR Modulation Capacity (bit) Error (bit) Raw BER
No 3328 38 0.011 4 3.82
Yes 1664 2 1.2×10−3

No 3328 46 0.0147 3.78
Yes 1664 1 6.0×10−4

No 3328 44 0.01310 3.88
Yes 1664 4 2.4×10−3

No 3328 50 0.01514 3.70
Yes 1664 2 1.2×10−3

No 3328 47 0.01417 3.62
Yes 1664 2 1.2×10−3

SNR: signal-to-noise ratio; BER: bit error rate 

Table 1  Performances of single page storage 

SNR Modulation Capacity (bit) Error (bit) Raw BER
No 4928 69 0.014 

4.03
Yes 2464 0 <4.0×10−4

SNR: signal-to-noise ratio; BER: bit error rate 

Fig. 7  Partial coding table of the two-dimensional con-
stant-weight sparse modulation code 

Fig. 8  Encoding and decoding procedures of the proposed
modulation code 

Encoding 

Storage & Readout 

Decoding 

Division 



Gu et al. / J Zhejiang Univ-Sci C (Comput & Electron)   2011 12(5):430-435 435

References 
Ashley, J.J., Marcus, B.H., 1998. Two-dimensional low-pass 

filtering codes. IEEE Trans. Commun., 46(6):724-727.  
[doi:10.1109/26.681399] 

Burr, G.W., Ashley, J., Coufal, H., Grygier, R.K., Hoffnagle, 
J.A., Jefferson, C.M., Marcus, B., 1997. Modulation 
coding for pixel-matched holographic data storage. Opt. 
Lett., 22(9):639-641.  [doi:10.1364/OL.22.000639] 

Burr, G.W., Chou, W.C., Neifeld, M.A., Coufal, H., Hoffnagle, 
J.A., Jefferson, C.M., 1998. Experimental evaluation of 
user capacity in holographic data-storage systems. Appl. 
Opt., 37(23):5431-5443.  [doi:10.1364/AO.37.005431] 

Chen, C.Y., Chiueh, T.D., 2007. A Low-Complexity 
High-Performance Modulation Code for Holographic 
Data Storage. 14th IEEE Int. Conf. on Electronics, 
Circuits and Systems, p.788-791.  [doi:10.1109/ICECS. 
2007.4511109] 

Coufal, H.J., Psaltis, D., Sincerbox, G.T. (Eds.), 2000. 
Holographic Data Storage. Springer-Verlag, Berlin. 

Davey, P.J., Donnelly, T., Mapps, D.J., 1994. Two dimensional 
coding for a multiple-track, maximum-likelihood digital 
magnetic storage system. IEEE Trans. Magn., 30(6): 
4212-4214.  [doi:10.1109/20.334038] 

Heanue, J.F., Bashaw, M.C., Hesselink, L., 1995. Channel 
codes for digital holographic data storage. J. Opt. Soc. Am. 
A: Opt. Image Sci. Vis., 12(11):2432-2439.  [doi:10.1364/ 
JOSAA.12.002432] 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Hwang, E., Kim, K., Kim, J., Park, J., Jung, H., 2002. A new 

efficient error correctible modulation code for 
holographic data storage. Jpn. J. Appl. Phys. Part 1- 
Regul. Pap. Short Notes Rev. Pap., 41(3B):1763-1766. 

Immink, K.A.S., 2004. Codes for Mass Data Storage Systems. 
Shannon Foundation Publishers, Eindhoven, the 
Netherlands. 

Immink, K.A.S., Siegel, P.H., Wolf, J.K., 1998. Codes for 
digital recorders. IEEE Trans. Inf. Theory, 44(6):2260- 
2299.  [doi:10.1109/18.720539] 

Kim, J.Y., Lee, J.J., 2009. Two-dimensional 5:8 modulation 
code for holographic data storage. Jpn. J. Appl. Phys., 
48(3):03A031.  [doi:10.1143/JJAP.48.03A031] 

King, B.M., Neifeld, M.A., 2000. Sparse modulation coding 
for increased capacity in volume holographic storage. 
Appl. Opt., 39(35):6681-6688.  [doi:10.1364/AO.39.0066 
81] 

Mok, F.H., Burr, G.W., Psaltis, D., 1996. System metric for 
holographic memory systems. Opt. Lett., 21(12):896-898.  
[doi:10.1364/OL.21.000896] 

Shannon, C.E., 1948. A mathematical theory of 
communication. Bell Syst. Tech. J., 27:379-423, 623-656. 

Song, J., Pei, J., Xu, D.Y., Xiong, J.P., Chen, K., Pan, L.F., 2006. 
Pit depth and width modulation multilevel run-length 
limited read-only optical storage. Chin. Phys. Lett., 
23(6):1504-1506.  [doi:10.1088/0256-307X/23/6/041] 

 

 
 
 
 
 
 
 
 
 
 
 

JZUS-C has been covered by SCI-E since 2010 
Online submission: http://www.editorialmanager.com/zusc/ 

 
Welcome Your Contributions to JZUS-C 

Journal of Zhejiang University-SCIENCE C (Computers & Electronics), split from Journal of 
Zhejiang University-SCIENCE A, covers research in Computer Science, Electrical and Electronic En-
gineering, Information Sciences, Automation, Control, Telecommunications, as well as Applied Mathe-
matics related to Computer Science. JZUS-C has been accepted by Science Citation Index-Expanded 
(SCI-E), Ei Compendex, INSPEC, DBLP, Scopus, IC, JST, CSA, etc. Warmly and sincerely welcome 
scientists all over the world to contribute Reviews, Articles, Science Letters, Reports, Technical notes, 
Communications, and Commentaries. 

SCIENCE C (Computers & Electronics) 
Journal of Zhejiang University 

Editor-in-Chief: Yun-he PAN 
ISSN 1869-1951 (Print), ISSN 1869-196X (Online), monthly 

www.zju.edu.cn/jzus;  www.springerlink.com



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /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 true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. 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 on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /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 /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


