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Abstract—A High-rate spatial modulation (HR-SM) transmis-
sion scheme was proposed in [1]. Compared to conventional
Multiple-Input Multiple-Output (MIMO) systems, HR-SM has
better bit-error-rate (BER) performance with trade off of spectral
efficiency. In this paper, we propose a hardware architecture of
HR-SM detector for 4 x 4 system using Modified-Minimum Mean
Square Error - sorted QR decomposition (MSQRD) algorithm
which was proposed in [2]. Implementation result shows that our
design achieves higher throughput compared to other implemen-
tations in conventional MIMO systems despite the disadvantage
of spectral utilization in HR-SM, while still keeps latency low
and hardware usage acceptable.

Index Terms—MIMO, Detector, Spatial Modulation, FPGA,
SQRD

I. INTRODUCTION

Spatial Modulation [3] is a promising MIMO system which

provides better BER performance than conventional MIMO

schemes (such as Spatial Multiplexing and Space-Time block

codes) because it does not have Inter Carrier Interference (ICI)

and Inter-Antenna Synchronization (IAS) problem [4]. In trade

off, the original SM scheme has poor spectral utilization. A

MIMO scheme - High Rate Spatial Modulation (HR-SM) was

proposed in [1] based on the concept of SM to address this

disadvantage. With a new design of Spartial Constellation (SC)

codeword, an HR-SM system can achieve 2(nT−1)+log2(M)
bpcu (bit per channel used), with nT is the number of transmit

antennas andM is the quadrature amplitude modulation deep.

Compared to SM/GSM and SSK/GSSK [5–7], HR-SM not

only has better spectral efficiency (although still lower than

conventional MIMO systems), but its spectral utilization also

grows linearly with the number of transmission antennas. In

addition, Nguyen et al. [1] shows that HR-SM has better BER

performance over SM/SSK system. The disadvantage of the

HR-SM system compared to others SM systems is the power

consumption, because all transmit antennas are activated at a

time. In [2], a low complexity detection algorithm for HR-SM

scheme has been presented, called MSQRD (Modified MMSE

based on Sorted QR Decomposition).

To develop a hardware architecture for HR-SM system, we

have studied a lot of implementations for conventional MIMO

detector [8–12] and Sorted QR decomposition [13–15]. Al-

though Maximum Likehood type detectors and V-BLAST [16]

type detectors already have hardware implementations, the

architecture becomes complex for MIMO systems which have

high number of transmitting and receiving antennas. Thus,

a class of MMSE-based detector has been focused, which

bases on QR decomposition - a method that prevents detector

from doing matrix inversion. In addition, QR decomposition

has been used widely in many detection algorithms, including

Zero Forcing (ZF) with Successful Interference Cancellation

(SIC), Minimum Mean Square Error (MMSE) with Successful

Interference Cancellation [16], or Sphere Decoding (SD) [9].

In [14], Huang and Tsai present an architecture of sorted

Modified-Gram-Schmidt (MGS) QR decomposition (QRD),

which has better BER compared to unsorted QRD, but without

pipelining, this architecture provides poor throughput (only

1.27 million matrices per second, at a frequency of 200

MHz). In [12], Luethi et al. proposed another MGS-QRD

architecture, which also has poor throughput (1.56 million

matrices per second). In [8], Kim et al. proposed a pipeline

architecture for QRD, which can provides matrix output every

8 clocks at a maximum frequency of 140 MHz in Xilinx

Virtex 2. However, this architecture uses unsorted QRD, thus

reduces BER performance compared to Sorted QRD [16].

Luethi et al. [12] also provide a pipeline architecture for QR

Decomposition, but only for 2 × 2 systems. In [14], Huang

and Tsai proposed a fully pipeline detector based on QR

decomposition using Given Rotation algorithm, which is not

as fast as MGS and also harder to implement in hardware.

With the maximum clock frequency is up to 100 MHz, this

architecture can reach a detection rate of 2.4 Gbps with 64-

QAM. Finally, it is important to note that existing studies have

focus on general MIMO systems, none of them is for HR-SM

systems.

In this paper, we propose a high throughput hardware

detector for recently proposed 4 × 4 HR-SM system using

Modified SQRD algorithm. Firstly, a pipelined Sorted QR

decomposition architecture using Modified-Gram-Schmidt al-

gorithm is presented. Secondly, a detector which was built

upon SQRD architecture and uses MSQRD algorithm with

hardware optimizations is shown. Although HR-SM has lower

bpcu than conventional MIMO system, we still achieved a
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promising throughput by fully pipelining our architecture and

optimizing the design to reach the maximum frequency.

The rest of the paper is organized as follows. Section

II describes an overview of HR-SM system and MSQRD

detection. Section III shows the architecture of Sorted QRD.

Section IV presents the architecture of modified detection

to adapt with HR-SM schemes. Implementation result and

comparison are presented in Section V. At last, conclusions

are given in Section VI.

II. HR-SM SCHEMES AND DETECTION

A. HR-SM System

Considering a nT × nR HR-SM system in Rayleigh fad-

ing environment, with nT transmit and nR receive antennas

(Fig. 1). In each transmission cycle, l + m bits are fed into

the transmitter, while the first l bits are conveyed into antenna

index to construct SC codeword, and the lastm bits are carried

by M-PSK or M-QAM symbol (M = 2m). The SC codeword

is designed in such a way that the first component is fixed to

1, and other components are chosen from the set {±1,±j}
depending on the l bits input. Signal going to the transmit

antennas is constructed by multiplying the SC codeword with

PSK/QAM symbol c = s× x.
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Fig. 1. HR-SM system with MSQRD Detector

The nR×1 received signal vector y at the receiver is given

by:

y =

√
γ

nTEs
Hsx+ n, (1)

where H is the channel matrix and n is the nR × 1 noise

vector.

B. MSQRD Detection

At the receiver, we place a HR-SM detector - a MSQRD

detector, and assume that our system has nR = nT . MSQRD

is a modified version of MMSE-SQRD in [16] that has

been modified work with the HR-SM system. We define the

(nT +nR)×nT extended channel matrix D and the extended

received vector z as folows:

D =

[
H

1√
Es

InT

]
, z =

[
y
0

]
(2)

We can apply MMSE-SQRD to decompose D into Q and

R matrix.Then, by multiplying z with QH ,we have:

v = QH × z

= R× c+w
(3)

Because of the structure of the upper triangular matrix R, a

Successive Interference Cancellation (SIC) procedure can be

applied to get the output vector ĉ: the last entry of v (vnT )

can be detected without interference from other antennas to

have ĉnT , by slicing
vnT

RnT ,nT
(assuming that vnT is detected

correctly). Next element of v (vnT−1) can have interference

canceled from ĉnT by subtracting RnT−1,nT ×ĉnT . After that,
result will be sliced with RnT−1,nT−1 to have ĉnT−1. The
loop is repeated until all entries of v is detected. The SC

codeword can be recovered by dividing all entries of ĉ to ĉnT .
A detailed description of the MSQRD algorithm is presented

in [2]. Fig. 2 shows the BER performance of MSQRD Detector

with nT = nR = 4 antennas and different modulation depths.

Fig. 2. BER performance

Algorithm 1: Sorted Modified Gram-Schmidt
Input: D

Output: Q, R

1: R = 0;Q = D;p = [0 : nR − 1]

2: for n = 1 to nR begin

2: norm (k) = ‖Qk‖2
3: end

4: for k = 0 to nR − 1 begin

5: nmin = min {norm(k), ..., norm(nR − 1)}
6: i = index of nmin

7: swap column k and i of Q,R and p

8: R(k, k) =
√
nmin, Qk = Qk

R(k,k)

9: for k1 = k + 1 to nR begin

10: R(k, k1) = QH
k ×Qk1

11: Qk1 = Qk1 −R(k, k1)×Qk

12: norm(k1) = norm(k1)− ‖R(k, k1)‖2
13: end

14: end
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Fig. 3. Pipeline Architecture for Sorted MGS

III. SORTED QR DECOMPOSITION

There are two algorithms which have been used widely to

process QR decomposition: Gram-Schmidt and Given Rota-

tion. Since many analyses and implementations have been

done for both of them, Gram-Schmidt is proven to be better to

implement in FPGA for two reasons: 1) high speed multipliers

is now available in FPGA, and 2) Gram-Schmidt is widely

used in software using floating point [8, 12].

Because the original Gram-Schmidt algorithm has the prob-

lem at numerical stability [17], a Modified Gram-Schmidt

(MGS) is used. In addition, a Sorted MGS will be applied

to have better BER [16], although an increase in complexity

of the algorithm will lead to an increase in hardware usage

because of the extra steps required. In this design, values

are represented in 12 bits fixed-point type. Higher-bit fixed

point can be easily applied to the architecture to get a closer

performance compared to floating-point, with some increase of

slices and registers used (note that number of DSP usage will

not increase, since a multiplier with less than 18 bits operators

always uses one DSP).

A. Modified Gram-Schmidt Algorithm with Sorted procedure

Algorithm 1 describes the details of Sorted MGS, with Qk

denotes the column k of matrix Q. The idea of sorting comes

to deal with the problem of SIC detection method: when

detecting signal one after another and not in parallel, if the first

detected signal is not the right one, other subsequent detected

signals (in the same symbol duration) will be wrong. In oder

to archive the best BER performance, it is required to detect

signal from the strongest to the weakest ones. The permutation

vector p is used to keep track of the sorting process. After all

entries of vector y are detected, p will be used to re-sort the

sequence of these entries as transmitted.

B. Pipelining Architecture

To maximize throughput, a pipelined architecture is used,

as shown in (Fig. 3). The QR Decomposition is partitioned

into five stages: NORM CALCULATION to calculate ‖Qk‖2
with k = {1, 2, 3, 4}, four MAIN STAGE correspond to four

column calculation in matrix Q. Each MAIN STAGE itself is

divided into three smaller calculation stages (except the fourth

one which is only divided into two smaller stages), following

the Sorted MGS algorithm. The pipeline cycle is set to 8 clocks

for the whole SQRD architecture. Data are processed as a

continuous flows, and are backed up every stage, while local

data inside each calculation stage is backed up every 8 clocks.

We use built-in Xilinx ip-cores for Divider and Square Root

blocks.

C. Resource Reuse

In order to achieve high frequency, all delay paths between

two registers must not be greater than a serial combination of

two 12-bit adders. In addition, with a 1-clock pipelining ar-

chitecture, it could cost a large amount of hardware resources.

Since the input matrix D has the size 8 × 4, we use a 8-

clock pipeline, so inside a stage, each column of matrix D
can be completely processed by one unit block. With almost

all blocks inside the Sorted QR Decomposition architecture

are fully pipelined (except the divider, the reason will be

discussed later in this section), we reuse all blocks in the

Sorted MGS architecture eight times in eight cycles (Fig. 4)
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to save hardware. Then, we can balance the trade-off between

throughput and hardware utilization to a practical point.

Fig. 4. Resource Reuse Technique
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Fig. 5. Detector Architecture

Because of the structure of R matrix output (upper-

triangular), 6
16 or 37.5% registers for storing matrix R can be

saved. In addition, values of R do not appear simultaneously

at one time but in sequence, the early size of R need to be

stored is small. On the other hand, although matrix Q has size

(nT + nR)× nT , only the first nR rows of Q will be used in

detection, others are only used for computation inside Sorted

QR block. Thus, we can reduce another significant amount of

registers.

For the divider block, a direct vector-divider Qk = Qk

R(k,k)
will cost extra hardware compared to the overall system.

Thanks to the fact that Rk,k is unchanged in a QR cycles

(eight clocks), the inverse of Rk,k will be calculated each QR

cycle (initially by using eight clocks pipeline divider), then a

pipeline multiplier will be used.

IV. MODIFIED DETECTION

In MSQRD [2], a SIC detection has been applied to detect

signal in sequence, from the strongest to the weakest. Because

of the structure of SC codeword, each entry in the received

vector y should correspond to a symbol in QAM constella-

tion.Thus, according to [2], MSQRD can detect signal after

applying SIC procedure by using threshold comparison. An

illustration for 16-QAM is presented in (Fig. 6). To achieve

high throughput, the architecture of Modified Detector is fully

pipelined and can process each input vector y every clock

cycle. After all entries of y are detected, a re-swap procedure

will be applied to re-sort values into vector ĉ. Because first

entries of SC codeword is always 1, the QAM modulated

symbol should be the first entry of ĉ. Thanks to the structure of
SC codeword, we can use a sign-comparator to recover others

entries of SC codeword instead of using a complex divider,

which lead to saving a remarkable amount of hardware. The

Architecture of the Detector is shown in Fig. 5, with MM

is matrix multiplication block( produce Q × y), SIC is the

Interference Cancellation block, and TC is the Threshold

Comparison block.

A SIC detector requires extra complex subtractions and

multiplications to be done in interference cancellation steps.

Because one operand in multiplier is always a symbol in QAM

constellation, a complex multiplier - which costs 4 DSPs with

additional LUTs - can be replaced by a combination of shift

and adder, for example:

(a+ bi)(1 + 3i)

= (a− 3b) + (b+ 3a)i

= (a− b− b� 1) + (b+ a+ a� 1)i

(4)

A multiplexer can be used to deal with different constella-

tion symbol input, then extra DSP blocks can be saved at the

cost of an acceptable increase of LUTs used.

Fig. 6. Threshold Comparison

V. IMPLEMENTATION RESULT

The implementation result of our work is shown in Table I.

The target FPGA chip is Virtex-6 VLX75T at speed grade -3.

Our design is able to run at 429.9 MHz clock speed, producing

output QR matrix every 8 clocks and detecting one vector y
input every single clocks. Thus, the throughput of the design

is 4.3 Gbps at 16-QAM, and even higher if we use 64-QAM.

For better look at the comparison, we re-synthesize our

design in Virtex-5 VSX35T (speed grade -3) and Virtex-2 6000

214



TABLE I
IMPLEMENTATION COMPARISON

Section In [13] In [12] In [14] In [8] This Work
Algorithm Sorted MGS Sorted MGS Given Rotation Un-sorted MGS Sorted MGS

Target Chip Virtex-5
UMC 0.18m

1P/6M CMOS
0.18um Virtex-2 6000 Virtex-6 VLX75T

MaxFreq. 200 MHz / 349.3 MHz 162 MHz 100 MHz 140 MHz / 181.3 MHz 429.9 MHz

Hardware
Usage

9003 LUTs

24 Blocks RAM

66 multipliers

14184 registers

10948 LUTs

141DSPs

QRD throughput
(QRs/s)

1.27M / 43.7M 1.56M 25M 14.4M / 22.7M 53.73M

Detect throughput
(instances/s)

1.27M / 349.3M 100M 14.4M / 181.3M 429.9M

Detect throughput
2.4 Gbps

(64-QAM)

345.6 Mbps

(64-QAM)

4.3 Gbps

(16-QAM)

In-Out delay 157 clocks 388 clocks 269 clocks
(1) Bold text shows results when we re-synthesize our design in the same FPGA chip as the compared design.
(2) M means million.

(speed grade -6). Synthesis results are shown in bold text in

Table I. Notice that while our work is for HR-SM systems,

all other works is for conventional 4× 4 MIMO system with

better spectral utilization [8, 14] (nT × log2M bpcu compared

to (2(nT −1)+log2M) bpcu in HR-SM system, withM is the

modulation depth). In [13], an architecture for sorted MGS has

been implemented, providing a maximum frequency of only

200 MHz, compared to that of 349.3 MHz of our architecture.

Furthermore, the design in [13] has poor throughput due to

non-pipelining architecture. In [8], Kim et al. presented a

pipeline architecture for Un-sorted MGS algorithm with a

maximum frequency of 140 MHz in Virtex-2 6000, which is

still smaller than that our architecture when synthesized in the

same chip (181.3 MHz). In our design, we assume one that

one input matrix D is used for 8 vectors y. If the number of

equivalent vector y allowed is smaller (for example, 4 vectors),

the throughput is reduced (to 2.15 Gbps at 16-QAM with 4

vectors y per input matrix D - still a high throughput), but

the amount of hardware required for detector block will also

decrease. Other related architectures ([12, 14]) are synthesized

in ASIC, so a truly fair comparison is not possible. Overall,

our work has higher frequency and throughput compared to

others conventional system despite the spectral characteristic

of HR-SM scheme, while maintaining an acceptable cost of

hardware usage.

VI. CONCLUSION

In this paper, we have presented a pipelined and opti-

mized hardware detector architecture for High-rate Spatial

Modulation system using MSQRD algorithm proposed in [2].

Although HR-SM does not have spectral efficiency advantage

compared to conventional MIMO schemes, by fully pipelining

and optimizing hardware architecture, our design can achievea

comparable and even higher throughput (QR/s and instances/s)

compared to other existing systems. With the advantages of

HR-SM, our proposed detector can be used for high-speed

wireless systems such as WLAN IEEE 802.11ac or 5G.

ACKNOWLEDGEMENT

This work is sponsored by National Foundation for Science

and Technology Development (Nafosted) under project num-

ber 102.02-2015.23.

REFERENCES

[1] Thu-Phuong Nguyen, Minh-Tuan Le, Vu-Duc Ngo,

Xuan-Nam Tran, and Hae-Wook Choi, “Spatial mod-

ulation for high-rate transmission systems,” Vehicular
Technology Conference (VTC Spring), 2014 IEEE 79th,
pp. 1–5, May 2014.

[2] Tien-Dong Nguyen, Xuan-Nam Tran, Trung-Minh Do,

Vu-Duc Ngo, and Minh-Tuan Le, “Low-complexity de-

tectors for high-rate spatial modulation,” Advanced Tech-
nologies for Communications (ATC), 2014 International
Conference on, pp. 652–656, 2014.

[3] R. Mesleh, H. Haas, S. Sinanovic, C. W. Ahn, and S. Yun,

“Spatial modulation,” Vehicular Technology, IEEE Trans-
actions on, vol. 57, no. 4, pp. 2228–2241, July 2008.

[4] M. Di Renzo, H. Haas, A. Ghrayeb, S. Sugiura, and

L. Hanzo, “Spatial modulation for generalized mimo:

Challenges, opportunities, and implementation,” Pro-
ceedings of the IEEE, vol. 102, no. 1, pp. 56–103, Jan
2014.

[5] J. Fu, C. Hou, W. Xiang, L. Yan, and Y. Hou, “Gen-

eralised spatial modulation with multiple active transmit

antennas,” GLOBECOM Workshops (GC Wkshps), 2010
IEEE, pp. 839–844, Dec 2010.

[6] J. Jeganathan, A. Ghrayeb, L. Szczecinski, and A. Ceron,

“Space shift keying modulation for mimo channels,”

Wireless Communications, IEEE Transactions on, vol. 8,
no. 7, pp. 3692–3703, July 2009.

[7] J. Jeganathan, A. Ghrayeb, and L. Szczecinski, “General-

ized space shift keying modulation for mimo channels,”

Personal, Indoor and Mobile Radio Communications,

215



2008. PIMRC 2008. IEEE 19th International Symposium
on, pp. 1–5, Sept 2008.

[8] H. Kim, W. Zhu, J. Bhatia, K. Mohammed, A. Shah, and

B. Daneshrad, “A practical, hardware friendly mmse de-

tector for mimo-ofdm-based systems,” EURASIP Journal
on Advances in Signal Processing, vol. 2008, no. 1, p.
267460, 2008.

[9] M. Khairy, M. Abdallah, and S.-D. Habib, “Efficient

fpga implementation of mimo decoder for mobile wimax

system,” Communications, 2009. ICC ’09. IEEE Interna-
tional Conference on, pp. 1–5, June 2009.

[10] J. Soler-Garrido, D. Milford, M. Sandell, and H. Vetter,

“Implementation and evaluation of a high-performance

mimo detector for wireless lan systems,” Consumer Elec-
tronics, IEEE Transactions on, vol. 57, no. 4, pp. 1519–
1527, November 2011.

[11] A. Salari, S. Fakhraie, and A. Abbasfar, “Algorithm and

fpga implementation of interpolation-based soft output

mmse mimo detector for 3gpp lte,” Communications,
IET, vol. 8, no. 4, pp. 492–499, March 2014.

[12] P. Luethi, C. Studer, S. Duetsch, E. Zgraggen, H. Kaeslin,

N. Felber, and W. Fichtner, “Gram-schmidt-based qr

decomposition for mimo detection: Vlsi implementation

and comparison,” Circuits and Systems, 2008. APCCAS
2008. IEEE Asia Pacific Conference on, pp. 830–833,
Nov 2008.

[13] G. L. Nazar, C. Gimmler, and N. Wehn, “Implementation

comparisons of the qr decomposition for mimo detec-

tion,” Proceedings of the 23rd Symposium on Integrated
Circuits and System Design, pp. 210–214, 2010.

[14] Z.-Y. Huang and P.-Y. Tsai, “Efficient implementation of

qr decomposition for gigabit mimo-ofdm systems,” Cir-
cuits and Systems I: Regular Papers, IEEE Transactions
on, vol. 58, no. 10, pp. 2531–2542, Oct 2011.

[15] M. Abels, T. Wiegand, and S. Paul, “Efficient fpga

implementation of a high throughput systolic array qr-

decomposition algorithm,” Signals, Systems and Comput-
ers (ASILOMAR), 2011 Conference Record of the Forty
Fifth Asilomar Conference on, pp. 904–908, Nov 2011.

[16] D. Wubben, R. Bohnke, V. Kuhn, and K.-D. Kammeyer,

“Mmse extension of v-blast based on sorted qr decom-

position,” Vehicular Technology Conference, 2003. VTC
2003-Fall. 2003 IEEE 58th, vol. 1, pp. 508–512 Vol.1,

Oct 2003.

[17] . Bjrck, “Numerics of gram-schmidt orthogonalization,”

Linear Algebra and its Applications, vol. 197198, no. 0,
pp. 297 – 316, 1994.

216



<<
  /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 false
  /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
    /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
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /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 0.76
    /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 true
  /GrayImageDownsampleType /Bicubic
  /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 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

  /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 "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


