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Abstract—A new modulation technique, named orthogonal
frequency division multiplexing (OFDM) with subcarrier num-
ber modulation, is proposed for efficient data transmission. In
this scheme, the information bits are conveyed by changing the
number of active subcarriers in each OFDM subblock. The idea
behind this scheme is inspired from the integration of OFDM with
pulse width modulation, where the width of the pulse represents
the number of active subcarriers corresponding to specific infor-
mation bits. This is different from OFDM with index modulation
(OFDM-IM), where the information bits are sent by the indices of
the subcarriers instead of their number. The scheme is shown to
provide better spectral efficiency than that of OFDM-IM at com-
parable bit error rate performances. Another key merit of the
proposed scheme over OFDM-IM is that the active subcarriers
can be located in any position within the subblock, thus enabling
channel-dependent optimal subcarrier selection that can further
enhance the system performance.

Index Terms—OFDM, subcarrier number modulation, index
modulation, spectral efficiency, channel-dependent subcarrier
selection.

I. INTRODUCTION

RECENT research studies exhibit the urgent need for
designing new advanced waveforms and modulation

techniques that are capable of further enhancing spectral
efficiency, energy efficiency, and reliability with minimal com-
plexity compared to conventional OFDM in order to fit the
diverse needs of future 5G scenarios and services [1], [2].

A novel modulation scheme called spatial modulation that
exploits the spatial domain by selecting the indices of antennas
along with the classical signal constellations (amplitude/phase
modulation) to convey information was proposed in [3]. An
improved spatial modulation scheme, whose spectral efficiency
linearly increases with the transmit antennas’ number rather
than a base-two logarithm factor, was introduced in [4]. The
interesting application of spatial modulation to OFDM system
was proposed under the name OFDM with Subcarrier Index
Modulation (OFDM-SIM) in [5]. In this scheme, OFDM active
subcarriers’ indices vary in each OFDM block to convey infor-
mation bits. A systematic subblock-based transceiver structure,
named as OFDM with Index Modulation (OFDM-IM), that
enables selecting more than one active subcarrier among
the available subcarriers in each subblock was proposed
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in [6]. In [7], a generalized version of OFDM-IM named as
OFDM-GIM was introduced, where different activation ratios
per each subblock are used to enhance spectral efficiency.
Recently, a comprehensive survey of the recent advances and
different variations of index modulation concept was given
in [2]. One can describe and perceive the concept of OFDM-
IM [6] as OFDM combined with Pulse Position Modulation
(PPM), where part of the data bits are conveyed by the posi-
tions (indices) of the active subcarriers that can be selected
by a simple look-up table. In this approach, a certain fixed
number of subcarriers are selected in each subblock as active
subcarriers in OFDM-IM to convey data bits.

Different from OFDM-IM, in this letter, we propose a
new modulation technique, named as OFDM with Subcarrier
Number Modulation (OFDM-SNM), which basically inte-
grates OFDM with Pulse Width Modulation (PWM).1 The
concept of OFDM-SNM proposed in this letter is inspired by
PWM by means of representing pulse width by the number
of active subcarriers. This number is determined depending
on the different combinations of incoming bits. This concept
results in creating a new dimension, i.e., number of active sub-
carriers, for sending data in addition to the conventional two
dimensional complex signal constellation plan. These dimen-
sions are jointly utilized to convey information to the receiver
by the number of active subcarriers (instead of their indices)
alongside the information sent through symbols. The proposed
OFDM-SNM results in better spectral efficiency compared to
both OFDM and OFDM-IM when BPSK is used. Besides,
the power efficiency and reliability of the proposed OFDM-
SNM scheme are shown to be better than that of OFDM, and
comparable to that of OFDM-IM. Similar to OFDM-IM, the
proposed OFDM-SNM has also the potential to reduce Inter-
Carrier-Interference (ICI) and Peak-to-Average Power Ratio
(PAPR) due to not activating all the subcarriers. Different
from OFDM-IM, the activated subcarriers can be placed in
any index or position within each subblock as the informa-
tion is sent by the subcarriers’ number, and thus they can be
made channel-dependent, resulting in even much better reli-
ability performance. The exact spectral efficiency and error
performance formulas of the proposed scheme are derived and
shown to be closely matched with the simulated results.

The rest of this letter is organized as follows. The proposed
OFDM-SNM is illustrated in Section II. Performance analysis
of OFDM-SNM scheme is presented in Section III. Simulation
results are carried out in Section IV. Finally, conclusion and
future works are provided in Section V.2

1Pulse width modulation can also be found in the literature under different
names such as pulse interval modulation or pulse duration modulation.

2Notation: Bold, lowercase and capital letters are used for column vec-
tors and matrices, respectively. (.)T and (.)H represent transposition and
Hermitian transposition, respectively. det(A) denotes the determinant of A.
E(.) represents the expectation. � denotes a circular convolution operation.
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Fig. 1. OFDM-SNM transmitter structure.

TABLE I
SNM MAPPER WITH p1=2 BITS AND N=4

II. PROPOSED OFDM-SNM

The transmitter structure of the proposed OFDM-SNM
system is depicted in Fig. 1. For the transmission of each ith
OFDM block, a variable number of mi information bits enter the
transmitter of the OFDM-SNM scheme. These bits are split into
G groups each containing variable p = p1 +p2 bits, which are
used to form OFDM subblocks of length N = NF /G , where
NF is the size of the Fast Fourier Transform (FFT). Unlike
OFDM-IM, where constant K out of N number of available
subcarriers are used to send information, in our scheme, for
each subblock g (g = 1, 2, . . . ,G), index-independent vari-
able K ∈ [1, 2, . . . ,N ] out of N available subcarriers are
activated by a subcarrier number mapper (selector) according
to the corresponding p1 = log2(N ) bits, while the remain-
ing N–K subcarriers are inactive. Note that K is not fixed,
but rather changing and taking variable values of the number
of subcarriers according to the incoming information bits p1
as shown in Table I, which presents the case when N = 4,
K ∈ [1, 2, 3, 4] and p1 = log2(4) = 2. For each subblock g,
the subcarrier on-off activation pattern set can be given as

ig =
[
i1 i2 · · · iK

]T
, g = 1, 2, . . . ,G (1)

where ik ∈ 1,0 for k = 1, 2,. . ., K. This subcarrier on-off
activation pattern procedure can be performed using a look-up
table for smaller N and K values as shown in Table I. For each
subblock, the remaining p2 = K (log2(M )) bits (which change
from one subblock to another based on the number of active
subcarriers) of the p-bit input bit sequence are mapped onto
the M-ary signal constellation in order to determine the data
symbols that are transmitted over the active subcarriers. After
the concatenation of G subblocks, the whole OFDM block can

be represented as xF =
[
xF (1) xF (2) ... xF (NF )

]
.

Now, the remaining steps are performed as done in stan-
dard OFDM modulation. After taking IFFT, the signal can
be represented as xt = IFFT (xF). By appending CP of
length NCP to the transmitted signal, the resulting sig-
nal becomes xCP =

[
xt(NF − NCP + 1:NF ) xt

]
. Now,

since we assume AWGN multi-path channel with channel
impulse response (ht), the received time-domain signal over
the channel can be written as

yt = xt � ht + nt, (2)

where nt ∼ CN (0,No,T ) is the AWGN vector. The
operation of the receiver would be the reversal of the
transmitter operations, i.e., removing CP, performing FFT
and SNM demapping and detection as follows. The
received signal after removing the CP is given by yt =[
y0 y1 ... yNF−1

]
. After FFT block, yF = FFT (yt) =[

yF (0) yF (1) ... yF (NF − 1)
]
. Now, to compensate

for the frequency selectivity of the channel, a simple one tap
frequency domain equalizer is used and its output can be repre-
sented as yeq = yF/hF. Then, a simple, special energy-based
detector is used to extract the active subcarriers pattern using a
properly selected threshold value [8]. It is noted that the use of
a threshold-based detector facilitates low-complexity receiver
for the OFDM-SNM scheme. This detector is much simpler
than ML or LLR based detectors [9]. After that, the set of
active subcarriers is determined and then mapped to its cor-
responding bits using SNM demapper, which is the inversion
mapping process used at the transmitter. Now, the active sub-
carriers obtained at the receiver for each subblock is used for
constellation symbols detection. Finally, the bits obtained from
both SNM demapper and symbol detection are combined to
form the final estimated subblock bits. By doing the same pro-
cedure for all subblock, the retrieved data stream is obtained
for the whole OFDM block.

III. PERFORMANCE ANALYSIS OF OFDM-SNM

To analyze the performance of the proposed OFDM-SNM,
spectral efficiency, pairwise error probability, and power effi-
ciency are derived and investigated as follows.

A. Spectral Efficiency (SE)

The SE (bits/s/Hz) of the proposed OFDM-SNM scheme
can precisely be formulated as

ηOFDM−SNM =

∑G
g=1(log2(N ) + K (g) log2(M ))

NF + NCP
, (3)

where K (g) is the number of active subcarrier in each sub-
block of N subcarriers’ length. It can be observed that the
difference between OFDM-SNM and OFDM-IM is in K(g)
parameter. In OFDM-SNM, K(g) varies for each subblock,
which is different from OFDM-IM where K(g) is fixed for
all subblocks. Thus, the proposed OFDM-SNM improves SE
over OFDM-IM as well as conventional OFDM. The amount
of improvement over OFDM-IM depends on K(g) values. For
instance, if N = 4 is selected for both OFDM-SNM and
OFDM-IM (with K = 2), then the SE gain of OFDM-SNM
scheme over OFDM-IM, when BPSK is considered, equals to
ρ =18/16 = 1.125.
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B. Analytical Bit Error Probability

The activated subcarriers in each sub-block are determined
based on the incoming information bits using a mapping pro-
cess that can basically be represented by a certain code. The
reason for this is that there is no information about the exact
modulation used in signal constellation, and the known infor-
mation is that the mapping of the bit information into the
number of active subcarriers. Assume there are T time slots
which represent the number of bit group, then the transmitted
codeword in T time slots X = Xij, where i = 1, 2, . . . , T
and j = 1, 2, . . ., N. At the receiver, the decoder may decode
another codeword X̂ = X̂ij. Our system model has just those
two codewords (X and X̂), so here the analytical BER consid-
ers only pairwise error probability (P(X −→ X̂)). It should be
noted that the receiver might cause errors on the two consecu-
tive detection processes, i.e., the number of active subcarriers
as well as the M-ary symbols. In the considered model, we
assume that the frequency selective channel is fixed within
one block and follows Rayleigh distribution. The input-output
relationship in the frequency domain can be written in the
following form

y = Xh + nz. (4)

The transmitted sequence X could be detected correctly or
erroneously as X̂. An optimal detector for the proposed system
can be represented mathematically as

P(X = X|y) ≥ P(X = X̂|y). (5)

We assume that nz ∼ CN (0,No,F ), then the detector is simply
ML detector defined as

|y − X| < |y − X̂|. (6)

The distance from y to X is less than that to X̂, so we can say
that X is the nearest neighbor to y. Since we have only two
probabilities then the threshold value is assumed to be at the
middle point between X and X̂ as X+X̂

2 . So, the probability
of choosing X can be computed as

P(y <
X + X̂

2
|X = X) = P(z >

||X − X̂||
2

)

= Q(
||X − X̂||
2
√

No/2
), (7)

where Q(.) is the Q-function [10] and No = No,F.
Accordingly, the error probability depends only on the dis-

tance between the sequences: X and X̂; with the effect of the
channel (h), the Q function becomes [11]

P(y <
X + X̂

2
|X = X) = Q(

√
||(X − X̂)h||2

2No
)

= Q(

√
hH(X − X̂)H (X − X̂)h

2No
). (8)

Equation (8) can be rewritten as

P(y <
X + X̂

2
|X = X) = Q(

√
hHAh

2No
) = Q(

√
δ

2No
), (9)

where δ = hHAh = hH(X− X̂)H (X− X̂)h = ||(X− X̂)h||2,
and the A matrix equals to (X − X̂)H (X − X̂). The channel

frequency response hF is assumed to be zero-mean Circularly
Symmetric Complex Gaussian (CSCG) random variable with
unity variance hF ∼ CN (0, 1). hF can be completely
described by its mean and covariance matrix K = E [hFhF

H ],
where K is a Hermiation matrix with a dimension of N < NF .
So, a submatrix KN with size N × N is sufficient to repre-
sent the channel frequency response in each subblock. If we
define a complex orthogonal matrix Q where QHQ = I, h
as a subset of hF can be represented as orthonormal basis
h = Qu, and D as a diagonal matrix with rank r1 < N, where
D = E [uuH] = E [hhH], and KN can be given as

KN = E [hhH] = QDQH. (10)

The PDF of the orthonormal basis u follows the PDF of h and
can be expressed as

f (u) =
exp(−uHD−1u)

πr1det(D)
. (11)

The Conditional Pairwise Error Probability (CPEP) is the same
as equation (9) and the PDF of the fading channel is repre-
sented in equation (11). Then, by taking the expectation for
CPEP with respect to the channel, and using the approxima-
tion of Q function found in [10], the Unconditional Pairwise
Error Probability (UPEP) can be obtained as

P(X −→ X̂) =
1/12

det(IN + q1KNA)
+

1/4
det(IN + q2KNA)

,

(12)

where q1 = 1/(4No,F ) and q2 = 1/(3No,F ). The overall bit
error probability is of great interest rather than individual PEP.
The Average Bit Error Probability (ABEP) can be calculated
as follows [6]:

Pb(E ) ≈ 1
p nx

∑

X

∑

X̂

P(X −→ X̂) e(X, X̂), (13)

where p is the number of information bits per subblock trans-
mission, nx represents the number of realizations of X, and
e(X, X̂) is the number of information bit errors committed by
choosing X̂ instead of X. It is shown analytically that the
BER of OFDM-SNM is similar to that of OFDM-IM [6].
This analytical result will be verified by simulation
as well.

C. Power Efficiency

Since not all subcarriers are occupied where only active sub-
carriers carry modulated data, OFDM-SNM approach achieves
better power efficiency compared to conventional OFDM. In
conventional OFDM, the transmitted power (Ptx) is distributed
equally among all subcarriers so that the average power per
subcarrier equals to (Ptx/NF ). The distribution of observing
the number of active subcarriers in each subblock is assumed
to follow binomial distribution as

P(Nac = K ) =
(

N
K

)
pK
r (1 − pr )N−K , (14)

where Nac represents the number of active subcarriers which
takes values of K = 1, 2, . . . ,N . Also, pr is the probability
of the event (Nac = K). By assuming that the total transmitted
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TABLE II
SIMULATION PARAMETERS

Fig. 2. BER of OFDM-SNM compared to conventional schemes.

Fig. 3. Throughput of OFDM-SNM compared to conventional schemes.

power allocated to OFDM-SNM block is Ptx, and the power
is equally distributed to all subblocks, the power consumed by
OFDM-SNM scheme can be written as

Pc =
Ptx

G N

G∑

g=1

K (g) P(Nac = K (g)), (15)

where K(g) and P(Nac = K (g)) represent the number of
active subcarriers and their corresponding probability in the
subblock g, respectively. Thus, the average power allocated
per subcarrier equals to Pc/NF .

IV. SIMULATION RESULTS

In this section, BER and throughput performances of
OFDM-SNM system are simulated and compared with both
standard OFDM and OFDM-IM. The simulation parame-
ters used are shown in Table II. It is assumed that the
multi-path channel is Rayleigh distributed. Fig. 2 shows
BER vs. Eb/No,T of the proposed OFDM-SNM system

compared to its competitive systems such as conventional
OFDM, OFDM-IM [6] (with K = 2 and N = 4) and
OFDM-GIM [7] (with N = 4 and K = [1, 2, 3]). As seen
from Fig. 2, both OFDM-SNM and OFDM-IM have simi-
lar BER performance which is better than that of classical
OFDM for high SNR values (SNR > 10 dB). Also, it is
observed that the BER can be improved further when interleav-
ing is adopted [12]. Fig. 3 demonstrates that the throughput
performance of the proposed OFDM-SNM (in both cases when
CP is included and excluded from the throughput calculation)
is better than that of OFDM-IM by a factor of 1.125 and
than that of OFDM-GIM by a factor of 1.1 at equivalent BER
performances.

V. CONCLUSION

This letter introduces a novel multi-carrier modulation
scheme called OFDM-SNM that sends information not only
by symbols but also by the number (instead of indices) of
active subcarriers in each subblock. OFDM-SNM improves the
spectral efficiency compared to that of OFDM-IM by 12.5%.
Besides, different from OFDM-IM, since the active subcarriers
in OFDM-SNM send information by their number instead of
indices, their mapping can be configured to be floating or con-
tiguous based on the channel quality or the ICI level between
subblocks, resulting in even a better performance. Validating
these extra merits alongside investigating OFDM-SNM with
different modulation orders and subblock sizes will be key
subjects of future research studies.

REFERENCES

[1] M. Wen, X. Cheng, and L. Yang, Index Modulation for 5G Wireless
Communications. Cham, Switzerland: Springer Int., 2017.

[2] E. Basar et al., “Index modulation techniques for next-generation
wireless networks,” IEEE Access, vol. 5, pp. 16693–16746, 2017.

[3] R. Y. Mesleh, H. Haas, S. Sinanovic, C. W. Ahn, and S. Yun, “Spatial
modulation,” IEEE Trans. Veh. Technol., vol. 57, no. 4, pp. 2228–2241,
Jul. 2008.

[4] J. M. Luna-Rivera and M. G. Gonzalez-Perez, “An improved spa-
tial modulation scheme for MIMO channels,” in Proc. 6th Eur. Conf.
Antennas Propag. (EUCAP), Mar. 2012, pp. 1–5.

[5] R. Abu-Alhiga and H. Haas, “Subcarrier-index modulation OFDM,” in
Proc. IEEE Int. Symp. Pers. Indoor Mobile Radio Commun., Tokyo,
Japan, Sep. 2009, pp. 177–181.

[6] E. Basar, U. Aygölü, E. Panayırcı, and H. V. Poor, “Orthogonal
frequency division multiplexing with index modulation,”
IEEE Trans. Signal Process, vol. 61, no. 22, pp. 5536–5549,
Nov. 2013.

[7] R. Fan, Y. J. Yu, and Y. L. Guan, “Generalization of orthog-
onal frequency division multiplexing with index modulation,”
IEEE Trans. Wireless Commun., vol. 14, no. 10, pp. 5350–5359,
Oct. 2015.

[8] M. E. Sahin, I. Guvenc, and H. Arslan, “Optimization of energy detector
receivers for UWB systems,” in Proc. IEEE 61st Veh. Technol. Conf.,
vol. 2. Stockholm, Sweden, May/Jun. 2005, pp. 1386–1390.

[9] M. Wen, E. Basar, Q. Li, B. Zheng, and M. Zhang, “Multiple-mode
orthogonal frequency division multiplexing with index modulation,”
IEEE Trans. Commun., vol. 65, no. 9, pp. 3892–3906, Sep. 2017.

[10] M. Chiani and D. Dardari, “Improved exponential bounds and approxi-
mation for the Q-function with application to average error probability
computation,” in Proc. IEEE GLOBECOM Conf., Taipei, Taiwan, 2002,
pp. 1399–1402.

[11] H. Jafarkhani, Space-Time Coding. Cambridge, U.K.: Cambridge Univ.
Press, 2005.

[12] Y. Xiao et al., “OFDM with interleaved subcarrier-index modulation,”
IEEE Commun. Lett., vol. 18, no. 8, pp. 1447–1450, Aug. 2014.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Helvetica
    /Helvetica-Bold
    /HelveticaBolditalic-BoldOblique
    /Helvetica-BoldOblique
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Times-Bold
    /Times-BoldItalic
    /Times-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryITCbyBT-MediumItal
    /ZapfChancery-MediumItalic
    /ZapfDingBats
    /ZapfDingbatsITCbyBT-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 "Recommended"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


