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Abstract—In this letter, we propose a low complexity Maxi-
mum Likelihood (ML) decoding algorithm for quasi-orthogonal
space-time block codes (QOSTBCs) based on the real-valued
lattice representation and QR decomposition. We show that for
a system with rate »r = n,/7T, where n, is the number of
transmitted symbols per 7' time slots; the proposed algorithm
decomposes the original complex-valued system into a parallel
system with ns 2 x 2 real-valued components, thus allowing for
a simple joint decoding of two real symbols. For a square QAM
constellation with L points (L-QAM), this algorithm achieves
full diversity by properly incorporating two-dimensional rotation
using the optimal rotation angle and the same rotating matrix
for any number of transmit antennas (/N > 4). We show that the
complexity gain becomes greater when N or L becomes larger.
The complexity of the proposed algorithm is shown to be linear
with the number of transmitted symbols 7.

Index Terms—Quasi-orthogonal space-time block codes, pair-
wise symbol decoding, multiple-input multiple-output (MIMO),
maximum likelihood (ML) detection, diversity, wireless commu-
nications.

I. INTRODUCTION

HIS letter is on a simplified decoding technique for quasi-

orthogonal space-time block codes (QOSTBCs). For a
background on decoding QOSTBCs and recent approaches in
the literature, we refer the reader to [1]. Our new decoding
algorithm is based on QR decomposition of the real-valued
lattice representation for the class of QOSTBCs discussed in
[2]. Using this representation, we show that ML detection can
be performed jointly considering only two real symbols. We
further show that the equivalent channel as seen by every two
real symbols is 2 x 2, upper triangular, and real-valued; a
property which substantially reduces the decoding complexity.
Full diversity is achieved by properly incorporating two-
dimensional rotation. This rotation is performed using the
same rotating matrix for any N. This becomes possible by
an appropriate grouping of the complex transmitted symbols.

II. QOSTBCS AND SYSTEM MODEL

Consider a MIMO system with N transmit and M receive
antennas, and an interval of 7' symbols during which the
channel is constant. The received signal is given by
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where Y = [y{]7xar is the received signal matrix of size
T'x M and whose entry y; is the signal received at antenna j at
time t,t=1,2,....,7,5=1,2,...,M; V = [v]|rxn is the
noise matrix; and C = [c{]7« v is the transmitted signal matrix
whose entry ¢! is the signal transmitted at antenna i at time ¢,
t=1,2,...,7,i=1,2,...,N. The matrix H = [h; j]nxnm
is the channel coefficient matrix of size N x M whose entry
h;; is the channel coefficient from transmit antenna i to
receive antenna j. The entries of the matrices H and V are
independent, zero-mean, and circularly symmetric complex
Gaussian random variables of unit variance; and the parameter
p is the signal-to-noise-ratio (SNR) per receiving antenna.

In this letter, we consider the class of QOSTBCs for which
decoding pairs of symbols independently is possible (see
Chapter 5 of [3]). The analysis in the sequel applies to any
QOSTBC that belongs to this class [2], [4]. Due to space
limitation, we only consider N = 4 and emphasize the fact
that the proposed algorithm and the following derivation is
applicable to arbitrary N. For N = 4, choosing any of the
full-rate codes presented in [4], [5], or [6] leads to the same
analysis. We consider the one presented in [5] with n, = 4.

Assuming that the channel H is known at the receiver and
setting M = 1 for simplicity, the ML estimate is obtained

at the decoder by performing Inén||Y -VE CH||§,, where
[|.||F is the Frobenius norm. For all QOSTBCs, the measure
Y — \/%CHH? can be decoupled into two parts, where
each part solves N/2 symbols concurrently [7]. However, the
complexity can still be reduced substantially as will become
clearer in the sequel.

III. PROPOSED ALGORITHM

We start by decomposing the T-dimensional complex prob-
lem defined by (1) to a 27-dimensional real-valued problem.
Using either of the real-valued representations proposed in
[5] or [8] gives the same results in terms of the proposed
algorithm. Recalling that M = 1, and rewriting (1) in matrix
form, we have

Y1 hia U
Y2 ha1 v

=Cyu . + . . 2)
YT hn 1 v

Note that if M # 1, then the matrices Y, H, and V are
rearranged to a one column vector by stacking their columns
one after the other [9], and Cy is replaced by Cxy where
C N £ I, ® Cp, with I is the identity matrix of size M
and ® denoting the Kronecker matrix multiplication [9].
Now, we specify the complex transmitted symbols of Cy
by their real and imaginary parts as S,, = Tom—1 + jTom for
m = 1,2,3,4. Applying the real-valued lattice representation
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defined in [8] to (2), we obtain

y=Hx+v (3)
or equivalently
R(y1) R(s1) R(v1)
S(y1) S(s1) S(v1)
: =H : + : NG
R(yr) R(sm) R(vr)
S(yr) S(sm) S(vr)

The real-valued fading coefficients of H are defined using the
complex fading coefficients h; ; from transmit antenna 7 to
receive antenna j as hon—1 = R(hy,1), and hop = S(hn1)
for n = 1,2,...,N (recall that we restricted ourselves to
M =1, and therefore we only consider j = 1). Let’s define
the number of transmitted symbols as ns where ny, = 4 for
N = T = 4. Then, the equivalent real-valued channel H is a
2N x 2ns matrix and is defined as

hi —hs hy —hg hy —hys hs —hg
5 ha hi hs hr hsa hy he s
—hs
[©)
hg |, where hy, is the k-th

hs hy hy hi —hg —hs —ha
Setting H = [ h; h,

column of H, we have
(hy, h;) =0,i # 3,

(hs,h;) =0,i # 7,

(ho,hy) = 0,i # 4
(hg,h;) =0,i #8.  (6)

where (h;,h;) is the inner product of columns h; and h;.
Interchanging the columns of H such that every two columns
that are not orthogonal to each other become adjacent makes
the subsequent analysis appear in a compact form. Thus, we
rewrite (3) as

y=Hx+v 7
where I:I = [ Bl flg Bz B4 fl5 B7 f16 flg ] Con-
sequently, the vectors y and v in (7) are the same as y and
v in (3), and the vector x is the same as the vector x but
with different order of elements given by 1,3,2,4,5,7,6,8.

For example, z2 = Z3. We rewrite (6) using the new order of
H as

<1~117 BZ> :O,Z 7é 2a
(hs,h;) =0,i # 4,

(hs,h;) =0, # 6
(h7,h;) =0,i £8. (8
Applying QR decomposition to (7), we have

y =QRx+ v
Q"y =Rx+ Q¥
y=Rx+v )

where v and v have the same statistical properties since
Q is unitary and so is Q. Writing this in a matrix form
produces a block diagonal matrix R of the form R =
diag(Rl,g, R314, R5’6, R7’8), where

Tid

Riit1 = [ 0 i=1,3,5,7.

Tii+1 ]
(10)

Tit+1,i+1
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Note that the elements of the upper triangular matrix R are
the inner products of columns of H, and due to the properties
given in (8), it is straightforward to obtain R. Note also that
the diagonal elements of R are the norm values of nonzero
vectors, and thus r;; and 141441 for ¢ = 1,3,5,5,7 will
never be zeros. The ML problem is now simpler and rather
than minimizing ||Y — CH||§,, the solution is obtained by
minimizing the metric ||y — Rx||3 in a layered fashion over
all different combinations of the vector x. To make this clearer,
let the square L-QAM alphabet be given as §2?, where 2 =
{(~VL+1,-VL+3,...,v/T—1}. Then

N . _ 2
X = arg min — Rx||5. 11
gerS Iy ||2 (an
Thus, x; and x;+, are given by
. _ 2
ar, min 11 — Tia1.i01T4 +
gmeg’ri+1€9{|yz+1 i+ 11041

_ 2

|Z/z‘ —TiiTs — 7‘1‘,1‘+1$i+1| } (12)

for i =1,3,5,7. In other words, the ML solution is obtained
by jointly decoding two real symbols through a simpler 2 x 2
real-valued upper triangular equivalent channel matrix. Note
that this simplification is obtained through the orthogonality
properties in (8) and the QR decomposition in (9), resulting in
(10). This is similar to but simpler than [2] and [5] in that all
have joint detection of two real symbols (/V/2 times in [2], [5]
and n, times in this work) but with minimizing a norm of size
2N in [2] and [5] while minimizing a norm of size 2 in this
work. This means that the original complex ML problem is
decomposed into n; = 4 parallel real-valued upper triangular
problems, each of dimension 2. Writing this in matrix form,
the ML solution is obtained by carrying out
I
Ti+1

Yi | Tia
Yit+1 0
fori=1,3,5,7.

Obviously, this approach allows finding the ML solution
faster, and requires a small number of computational opera-
tions compared to conventional ML, [2] and [5], as will be
shown in Section V.

2
Tii4+1

arg
Tit1,it1

m
z; €Q,xi41€Q

(13}

IV. QOSTBC WITH FULL DIVERSITY

In general, QOSTBCs do not achieve the full diversity
provided by the channel. In order to achieve full diversity
and improve the performance at high SNR, a conventional
approach in the literature suggests that half of the symbols in a
quasi-orthogonal design are chosen from a signal constellation
set A and the other half are chosen from a rotated constellation
set e/ A [10], [11]. Another approach is to apply multi-
dimensional rotated constellations which exhibit full diversity
and maximum coding gain [5], [12], [13]. However, no
proper expressions for the rotation matrix of sizes greater
than four exist. Applying the first approach to our algorithm
introduces interference among the real symbols. Analytically,
this means that the orthogonality properties defined in (8) are
no longer valid, and the matrix R is not block diagonal any
more. Instead, a two-dimensional rotation of the real symbols
(x1,x2,...,x2,,) that are not orthogonal to each other is
always applied, thus maintaining the orthogonality properties
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among the channel columns and maximizing the diversity. By
this, we overcome the problem of finding proper expressions
for the rotation matrix and maintain the orthogonality proper-
ties defined in (8). Moreover, this technique is applicable for
an arbitrary number of antennas and is compatible with the
proposed decoding algorithm.

The two-dimensional rotation matrix is defined by [5], [13]
as

(14)

cos

_ | cosd
" | siné

—sinf }

where the optimal angle is obtained by 6 = Latan(3) for
square QAM constellations [2]. In the following, we discuss
the application of this rotation to QOSTBCs for N = 4.
Using the properties defined in (8), we combine every two
real symbols that are jointly decoded into one group, then
we apply a two-dimensional rotation using the matrix G. Full
diversity is achieved by replacing s;, s2, 3, 54 defined in [5]
by 51,82, 83,84 [10], [13], where §; = 21 + jZ3,52 = T2 +
J%4,83 = Ts + jT7,54 = T + jIs, and the real symbols

Z1,T3,...,Tg are obtained by
Ll-eln] [B]eln]
T2 X2 T4 T4
a2l eln] [E]eln]
Te Te xTrs Tg
(recall thatx = [ 21 2 xg | is previously defined as
x=[Z &3 ... & s |, and that the vector X is the

rotation of x). Incorporating the rotation matrix G into the
system will change the equivalent channel matrix H, but will
keep the orthogonality properties defined in (8) unchanged.
The equivalent channel matrix H after the rotation is given
by

hicos6 + h7sinf
ha cos 6 + hgsin @

—hgcosf + hysinf

hg cos6 — hgsin @
(16)

hg cos 0 + ho sin 6 —hgcosf + hssinf

Applying QR decomposition to H produces a block diagonal
matrix R of the form previously discussed while maintaining
the orthogonal properties defined in (8). Thus, ML detection
of ng = 4 parallel 2 x 2 real-valued sub-systems becomes
possible and achieves full diversity by properly choosing the
optimal rotation angle 6. The proof that § = fatan(3) is the
optimal angle that achieves full diversity for all square QAM
constellations can be found in [1].

Finally, we emphasize the fact that the proposed decoding
algorithm is generic and has the same computational complex-
ity for rotated and non-rotated QOSTBCs.

V. COMPUTATIONAL COMPLEXITY

In this section, we compare the computational complexity of
the proposed algorithm with that of conventional ML detection
and the complexity of other reported algorithms in the liter-
ature. Analogous to [5], the overall complexity is measured
in terms of the number of operations required to decode the
transmitted signals for each block period T'. Using the same
notation as in [5], a complex multiplication is equivalent to
4 real multiplications Cj; and 2 real additions C'4, while a
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complex addition is equivalent to 2 real additions. We split
the complexity formula into two parts in order to represent
Cy and C4 independently. We denote the complexity of
the proposed algorithm by Cppg, and show it as a two-
dimensional vector where the first dimension is the number
of real multiplications and the second, the number of real
additions, then

Cpr :nSL(6C’M,8CA). (17)

For N = 4, besides the complexity in (17) the proposed
algorithm requires 144Cj; and 88C'4 for performing QR
decomposition of the channel matrix. Additionally, the com-
putation of y = Q¥ requires 64Cy; and 56C,4. It is
important to emphasize the fact that these numbers and (17)
hold for rotated and non-rotated constellations, and that all
comparisons given consider the complexity of QR and the
computation of y = Q7y.

Conventional ML detection [4], on the other hand, performs
pairwise complex symbol detection and the complexity Cpsr,
is presented in [5] as (in the same notation as (17))

Carr = 2L % {(2N? +4N)Chr, 2N? + 3N —1)Ca}. (18)

Obviously, Cy, 1, increases exponentially with N and polyno-
mially with L, whereas Cpp, is linear with ng (or equivalently
N) and L. Recall that the complexity gain obtained by
Cpr is for free, since this algorithm gives the optimal ML
solution. The decoding algorithm presented in [5] was able
to achieve ML performance while reducing the complexity
from O(LN/?) to O(LN/*) compared to conventional ML
detection. The complexity is

Cj5) = 4L5 {(N* +4N)Cyr, (N? + 3N = 1)Ca}.  (19)

This complexity is exponential in N and polynomial in L,
thus Cpp is more desirable. For example, for NV = 4 and 16-
QAM modulation scheme, Cpr achieves > 71% reduction
in the complexity compared to C[S]’ and > 97% compared
to Cysr. This complexity gain becomes greater as L or N is
larger.

SD was proposed in [7] to decode QOSTBCs. The com-
putational complexity is reduced from O((n,)%) for ML to
O(2(ns/2)%) using SD, where n; is the number of transmit-
ted symbols. However, it is also sensitive to the choice of
the initial radius which is used to start the algorithm [14],
[15]. The choice of the radius in [7] is based on the Gram
matrix eigenvalues, which adds a computational complexity
of O((2M)3). Moreover, when no point is found inside the
sphere, the radius is increased and the algorithm restarts,
which additionally increases the computational complexity.

In [16], the decoding algorithm is based on QR decom-
position of the complex channel matrix. It is only applicable
to QOSTBCs with N = 4. It requires a number of complex
computations for finding the partial metrics of the complex
transmitted symbols [16]. Recall that a complex multiplication
is equivalent to 4 real multiplications and 2 real additions. Fur-
thermore, the complexity is not only a function of the number
of signal points within the transmission constellation, but also
a function of the sorting criterion adopted there. Unfortunately,
no complexity formula was presented. However, a complexity
reduction of 82% compared to the conventional ML for 16-
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Fig. 1. BER vs SNR for the optimal proposed algorithm PR and conventional

ML for space-time block codes at 4 bits/s/Hz; 4 transmit and 1 receive
antennas, 16-QAM.

QAM was reported. Thus, taking the conventional ML as a
baseline, we obtain a reduction of > 97% for the same L and
N.

Finally, the decoding algorithm presented in [2] has a
complexity which is comparable to the complexity of the
algorithm proposed in [5] which is a function of O(LN/4),
since both algorithms perform joint detection of two real
symbols. Therefore, the same complexity gain of Cpp over
C[S is applicable also over Co,. However, the algorithm of
[2] suffers a performance loss ot] 0.4 dB compared to ML.

VI. SIMULATION RESULTS

We provide simulation results for the proposed algorithm
for N = 8 and N = 4. We denote the proposed algorithm
by PR. In all simulations, we consider one receive antenna.
Moreover, we use the same rotating matrix G defined in (14),
and the same rotation angle 6 given by § = fatan(3) in order
to achieve full transmit diversity.

Figure 1 provides simulation results for the transmission
of 4 bits/s/Hz with N = 4 and 16-QAM. We compare PR
with conventional ML detection with and without rotation.
PR achieves full diversity through the rotation matrix G,
while ML detection achieves it by replacing the transmitted
symbols s3, 54 with s3e/™/4, s4e7™/4 (i.e., choosing half of the
transmitted symbols from a rotated constellation set e/® A as
discussed earlier) [3]. PR achieves the same performance as
conventional ML, with a substantial reduction in the decoding
complexity. Using (17) and (19), we find that this complexity
reduction is > 97%.

The complexity is measured in terms of the number of
real multiplications required to decode one block of trans-
mitted symbols as a function of the constellation size L.
The complexity of [2] is in the order of O(L™/*) which is
equal to C (5] and will be denoted C 2L15 in the sequel. In
Table I, we give a comparison between ML, C 2115 and
Cppgr in terms of the number of real multlphcatlon and real
additions considering N = 4 for different constellation sizes.
The number of multiplications and additions shown include
the computation of QR, and y = Qy
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TABLE I
NUMBER OF REAL MULTIPLICATIONS AND REAL ADDITIONS VS L FOR
N=4
| | L [ 4] 16] 64 | 256 |
ML 1536 | 24576 | 393216 | 6291456
Cum || 121, [5] 512 | 2048 8192 32768
PR 304 592 1744 6352
ML 1376 | 22016 | 352256 | 5636096
Ca || [2], [5] 432 | 1728 6912 27648
PR 272 656 2192 8336

VII. CONCLUSIONS

An efficient ML decoding algorithm based on QR decom-
position was proposed for quasi-orthogonal space-time codes.
The proposed algorithm was shown to achieve full diversity
by applying a two-dimensional constellation rotation. The
performance was shown to be optimal while reducing the
decoding complexity significantly compared to conventional
ML and best algorithms in the literature.

REFERENCES

[1] L. Azzam and E. Ayanoglu, “Maximum likelihood detection of quasi-
orthogonal space-time block codes: analysis and simplification,” to
appear in /[EEE ICC, May 2008.

[2] C. Yuen, Y. Guan, and T. Tjhung, “Quasi-orthogonal STBC with
minimum decoding complexity,” IEEE Trans. Wireless Commun., vol. 4,
no. 5, pp. 2089-2094, Sept. 2005.

[3]1 H. Jafarkhani, Space-Time Coding: Theory and Practice.
University Press, 2005.

, “A quasi-orthogonal space-time block code,” IEEE Trans. Com-

mun., vol. 49, no. 1, pp. 1-4, Jan. 2001.

[5] H. Lee, J.Cho, J. Kim, and I. Lee, “An efficient decoding algorithm
for STBC with multi-dimensional rotated constellations,” in Proc. IEEE
ICC, vol. 12, pp. 5558-5563, June 2006.

[6] C. Yuen, Y. Guan, and T. Tjhung, “Full-rate full-diversity STBC with
constellation rotation,” in Proc. IEEE VTC, vol. 1, pp. 296-300, Apr.
2003.

[71 A. Peng, Kim, and S. Yousefi, “Low-complexity sphere decoding
algorithm for quasi-orthogonal space-time block codes,” IEEE Trans.
Commun., vol. 54, no. 3, pp. 377-382, Mar. 2006.

[8] L. Azzam and E. Ayanoglu, “Reduced complexity sphere decoding
for square QAM via a new lattice representation,” in Proc. IEEE
GLOBECOM, pp. 4242-4246, Nov. 2007.

[9] H. Gamal and M. Damen, “Universal space-time coding,” IEEE Trans.
Inform. Theory, vol. 49, pp. 1097-1119, June 2003.

[10] N. Sharma and C. Papadias, “Improved quasi-orthogonal codes through
constellation rotation,” IEEE Trans. Commun., vol. 51, no. 3, pp. 332—
335, Mar. 2003.

[11] O. Tirkkonen, “Optimizing space-time block codes by constellation ro-
tations,” in Proc. Finnish Wireless Communications Workshop (FWWC),
pp. 59-60, Oct. 2001.

[12] J. Boutros, E. Viterbo, C. Rastello, and J. Belfiore, “Good lattice
constellation for both Rayleigh fading and Gaussian channels,” IEEE
Trans. Inform. Theory, vol. 42, pp. 502-518, Mar. 1996.

[13] J. Boutros and E. Viterbo, “Signal space diversity: a power- and

bandwidth-efficient diversity technique for the Rayleigh fading channel,”

IEEE Trans. Inform. Theory, vol. 44, pp. 1453-1467, July 1998.

W. Zhao and G. Giannakis, “Sphere decoding algorithms with improved

radius search,” IEEE Trans. Commun., vol. 53, pp. 1104-1109, July

2005.

[15] B. Hassibi and H. Vikalo, “On the sphere-decoding algorithm-I: ex-
pected complexity,” IEEE Trans. Signal Processing, vol. 53, no. 8, pp.
2806-2818, Aug. 2005.

[16] M. Le, V. Pham, L. Mai, and G. Yoon, “Low-complexity maximum-
likelihood decoder for four-transmit-antenna quasi-othogonal space-time
block code,” IEEE Trans. Commun., vol. 53, no. 11, pp. 1817-1821,
Nov. 2005.

Cambridge

[4]

[14]




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 false
  /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 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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


