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A Tight BER Upper Bound for Bit-Interleaved
Coded Modulation with Square QAM and Gray Labeling

Liang-Wei Huang, Wern-Ho Sheen, Member, IEEE, and Tsang-Wei Yu

Abstract— Bit-interleaved coded modulation (BICM) is a
bandwidth-efficient coded system with diversity order higher than
that of Ungerboeck’s trellis-coded modulation on fading channels.
In this paper, we investigate the BER (bit error rate) performance
of BICM in the additive white Gaussian and Rayleigh fading
channels. A new upper bound is given for the square QAM
constellation with gray labeling, which constitutes a large portion
of practical applications of BICM systems. The new upper bound
is tighter than the well-known BICM union bound proposed in
[4].

Index Terms— BER upper bounds, bit-interleaved coded mod-
ulation (BICM), QAM with gray labeling, Rayleigh fading
channels.

I. INTRODUCTION

TRELLIS-CODED modulation (TCM) was proposed by
Ungerboeck for bandwidth-efficient communications in

the additive white Gaussian noise (AWGN) channels [1].
Through a joint design of coding and high-order modulation,
one can achieve a sizable coding gain with no increase in the
signal bandwidth. Originally, TCM was designed to maximize
the minimum Euclidean distance of the coded system in order
to achieve high coding gain. For fading channels, however,
Divsalar and Simon showed that it is the diversity order rather
than the minimum Euclidean distance that plays a primary role
to achieve such an objective [2]. Using no parallel transitions
and/or increasing the constraint length of the constitute code
are the conventional techniques to increase the diversity order
[2]. Nevertheless, they may not be as effective due to the fact
that the diversity order is limited to the minimum number
of distinct coded symbols along an error event. Zehavi [3]
proposed to add a bit inter-leaver between the channel encoder
and modulator so that the diversity order can be increased to
the minimum number of distinct coded bits rather than the
distinct coded symbols. This technique was later named bit-
interleaved coded modulation (BICM) and shown to outper-
form TCM on fading channels [3], [4].

After Zehavi’s pioneering work in [3], Caire, Taricco, and
Biglieri laid a theoretical foundation for BICM from a view-
point of information theory [4]. Along with new performance
analysis, design guidelines were given for searching for good
BICM systems. In [5], motivated by the principle of turbo
decoding, BICM with iterative decoding was proposed. By
using a proper labeling, the minimum inter-signal Euclidean
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distance can be increased without compromising the diversity
order and that leads to a better performance in the AWGN
channels. Furthermore, BICM was applied to multiple input
multiple output (MIMO) systems in order to improve perfor-
mance and/or increase data rate [6].

Most of the previous works on BER (Bit Error Rate)
analysis of BICM systems were based on the BICM union and
expurgated bounds proposed in [4]. The former is quite loose
in general, and the latter is only an approximation theoretically
except the case with QPSK and gray labeling. In this paper,
a new tight upper bound is derived for the square QAM
constellation with gray labeling, which constitutes a large
portion of practical applications of BICM systems. Numerical
results show that the new upper bound is tighter than the well-
known BICM union bound in [4].

II. SYSTEM MODEL

The equivalent parallel, independent channel model in [4]
is adopted here. Fig. 1 is the block diagram, where a con-
stellation, Υ, with M = 2m signal points is assumed. Each
channel corresponds to one of the m label positions of a signal
point x in Υ. The code is a (punctured) convoultional code,
although some other codes are also possible [4]. Define Υi

b

be the constellation subset used by i-th the channel ( i-th
label position) with the code bit ck = b , b = 0, 1 (see
Fig. 2). Under the assumption of ideal inter-leaver, one of
the channels, says the ith channel, is randomly selected by
ck, and a signal point xk ∈ Υi

b is transmitted, through the
operation of signal mapping u, over the channel. Because of
the assumption of ideal interleaving, the signals in Υi

b are
selected equally probably.

From Fig. 1, yi
k = ρi

kxi
k + ni

k. Both the AWGN and
Rayleigh fading channels with coherent demodulation are
considered. For the former, ρi

k = 1 , and for the latter ρi
k

is the Rayleigh fading gain, while ni
k is a complex-valued,

zero-mean Gaussian noise. With an ideal inter-leaver, {ρi
k}

and {ni
k} are i.i.d. random variables, respectively and are

independent of other random variables. It was shown in [4]
that a short inter-leaver would be sufficient to achieve nearly
the performance of ideal inter-leaver. Only the case with ideal
channel information (CSI) will be considered, that is ρi

k is
known for every k and i.

A bit metric is calculated before carrying out the decoding.
Let li(x) denote the i-th label bit of x. From [3], [4], the
optimum bit metric with ideal CSI for li(x) = b at the time
k is given by

λ̃i
k = log

∑
z∈Υi

b

pθk
(yk|z) − log

∑
z∈Υi

b̄

pθk
(yk|z), (1)
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Fig. 1. Equivalent parallel independent channel model for BICM.

where p(y|x) is the probability density function of y given that
x is transmitted, and b̄ is the complement of b. In practice, the
branch metrics (1) is often simplified [3], [4] as

λi
k = max

z∈Υi
b

{log pθk
(yk|z)} − max

z∈Υi
b̄

{log pθk
(yk|z)}, (2)

which provides a good approximation to the optimal one
at high SNRs. After calculating the bit metric, the Viterbi
algorithm can then be used for decoding. The simplified bit
metric (2) will be employed in this study.

III. BER UPPER BOUNDS

The BICM union and expurgated bounds in [4] will be
reviewed first and then a new upper bound will be derived.

A. BICM Union (BICMUB) and Expurgated Bounds
(BICMEX) [4])

Consider a (κ, n) convolutonal code, an upper bound on
BER is given by [3], [4]

pb ≤ 1
κ

∞∑
d=dmin

WI(d)f(d, u, Υ) (3)

where WI(d) is the total weight of error events at Hamming
distance d, dmin the minimum Hamming distance of the code,
and f(d, u, Υ) the pair-wise error probability (PEP). Let d be
the Hamming distance between the correct code sequence c
and the error code sequence ĉ. From [4], the PEP is given by

f(d, u, Υ) = ES,U [P (c → ĉ|S, U)] (4)

where S = (· · · , S−1, S0, S1, · · · ) and U =
(· · · , U−1, U0, U1, · · · ) are the sequences of random
variables to denote the operations of random label-position
mapping and symmetrization of the use of the signal
constellation, respectively, and E[·] denotes the operation of
taking expectation. Sk = i, i = 1, · · · , m denotes that the
coded bit ck is mapped to the i-th label position, Uk = 1
denotes that the mapping u is used for ck, and Uk = 0,
the complement mapping ū is used instead. Sk and Uk are
assumed uniformly distributed, independent of each other and

independent of other random variables. The parameter U was
introduced in [4] for the purpose of easy analysis.

Let

ΥS
c = Υi1

c1
× · · · × Υik

ck
× · · · × Υid

cd

ΥS
ĉ = Υi1

ĉ1
× · · · × Υik

ĉk
× · · · × Υid

ĉd
(5)

be the Cartesian product of the signal subsets Υik
ck

and Υik

ĉk
,

selected by the bits ck and ĉk with the label position Sk = ik,
respectively. (There is no loss of generality by just considering
the consecutive errors in (5).) According to the bit metric λi

k

in (2), the path metric difference between c and ĉ is [4]

δ =
d∑

k=1

max
zk∈Υ

ik
ck

log p(yk|zk) −
d∑

k=1

max
zk∈Υ

ik
ĉk

log p(yk|zk)

= max
zk∈Υ

ik
ck

log p(yk|zk) − max
zk∈Υ

ik
ĉk

log p(yk|zk) (6)

That results in

P (c → ĉ|S, U) = P (δ < 0|S, U)

= Ex

[
P

(
max
z∈Υ

S
c

p(y|z) < max
z∈Υ

S
ĉ

p(y|z)|S, U, x

)]

≤ Ex

[
P

(
p(y|x) ≤ max

z∈Υ
S
ĉk

p(y|z)|S, U, x

)]
(7)

≤ Ex

⎡
⎢⎣∑

z∈Υ
S
ĉ

P
(
p(y|x) ≤ p(y|z)|S, U, x

)
⎤
⎥⎦ (8)

where x is the transmitted signal sequence and y is the
received one. The upper bound (7) is obtained because

p(y|x) ≤ max
z∈Υ

S
c

p(y|z)

and the upper bound (8) is due to the application of union
bound. By using (7) and (8), the BICMUB in [4] is obtained
as in (3) with f(d, u, Υ) replaced by

fub(d, u, Υ)

= m−d
∑
S

2−d
∑
U

2−d(m−1)
∑

x∈Υ
S
c

∑
z∈Υ

S
ĉ

P (x → z).(9)

Several observations can be made on BICMUB. Firstly, the
bound is quite general and can be applied to any mapping u
and constellation Υ. Secondly, because of a union bound is
invoked in (8), it is quite loose in general. And, finally, (9)
is difficult to evaluate for a large d. In [4], by introducing
the symmetrization operation , a much simpler method based
on Laplace transform was proposed to ease this computa-
tion complexity. Furthermore, an approximation, called BICM
expurgated bound BICMEX, was also proposed in [4] by
just including the unique nearest neighbor of ẑ of x in (9).
With this simplification, BICMM

EX is obtained with f(d, u, υ)
replaced by
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Fig. 2. (a) 16-QAM constellation with gray labeling, (b) equivalent one-
dimensional constellation.

fex(d, u, Υ)

= m−d
∑
S

2−d
∑
U

2−d(m−1)
∑

x∈Υ
S
c

P (x → ẑ). (10)

BICMEX is claimed to be an upper bound in [4] for the square
QAM constellation with gray labeling and an approximation
for other forms of mappings and/or constellations. As is to be
shown, however, theoretically it is an upper bound only for
the QPSK case.

B. New Upper Bound

In this section, a new easy-to-calculate, tight upper bound is
derived for the square QAM constellation with gray labeling,
which constitutes a very large portion of practical applications
of the BICM systems. In the following, the 16 QAM case will
be used to illustrate the derivation. Applications of this method
to other sizes of constellation can be found in [9]. Prior to the
derivation, we have the following observations.

Observation 1: With the bit metric given in (2), the two-
dimensional square QAM constellation can be decomposed
into two one-dimensional PAM ones and that facilitates the
performance analysis. Fig. 2(b) shows the 16QAM example,
where Ψik

ck
is to denote the equivalent one-dimensional signal

set of Υik
ck

.
Observation 2: For x ∈ Ψik

ck
and x̂ ∈ Ψik

ĉk
, the pair-

wise error probability P{x → x̂} may not be evaluated
as P{p(y|x) ≤ p(y|x̂)} since the decision boundary is not
necessarily equal to (x+x̂)

2 . See x = −1, and x̂ = 3 in Fig. 2(b)
for an example. In this case, taking P{p(y|x) ≤ p(y|x̂)} as
the pair-wise error probability is amount to shift the decision
boundary from x = 2 to x = 1, and that results in a looser
upper bound. To circumvent this problem, we define w(x, x̂)

as the virtual signal associated with the pair (x, x̂) such that
P{x → x̂} = P{p(y|x) ≤ p(y|w(x, x̂))}. For example, for
Ψ2,4 in Fig. 2(b), if x = −1 and x = 3, then w(x, x̂) = 5.
With this arrangement, we can have a tighter bound because
the true pair-wise error probability is always evaluated, as to
be shown in (10). Note that it is not necessarily that w(x, x̂)
coincides with one of the constellation points. For notation
simplicity, w(x, x̂) will be denoted as in the sequel.

Equipped with these observations, we can now proceed to
derive the new upper bound. Following the notation in (6), we
have

P (c → ĉ|S, U) = P (δ < 0|S, U)

= Ex

[
P

(
max
z∈Υ

S
c

p(y|z) < max
z∈Υ

S
ĉ

p(y|z)|S, U, x

)]

≤ Ex

[
P

(
p(y|x) ≤ max

w∈Ω
S
ĉk

p(y|z)|S, U, x

)]
(11)

≤ Ex

⎡
⎢⎣ ∑

w∈Ω
S
ĉ

P
(
p(y|x) ≤ p(y|z)|S, U, x

)⎤⎥⎦ (12)

where

ΩS
ĉ = {w = (· · · , w−1, w0, w1, · · · )|wk = the

virtual signal associated with(xk, x̂k).}. (13)

The bound (12) is tighter than (8) because of the true decision
boundary is used in (11). For example, see Fig. 2(b) with
Ψ2,4 , if x = −1, and x̂ = 3, then by using (8), the decision
boundary is x = 1, but in fact the true boundary is x = 2.

The upper bound in (12) can be made tighter by removing
the irrelevant error events in the union bound. Since we just
need to consider the one-dimensional constellation, for a given
x, only the nearest signals on both side of x, denoted x̂l and
x̂r , in ΨSk

ĉk
required to be included, Of course if error can

occur only one-sided, there is no need to consider both sides.
It is easy to see that the set of y that results in an error signal
x̂ �= x̂l and x̂ �= x̂r have been accounted for when considering
x̂l or x̂r. Let Ω̂S

ĉ be the subset of ΩS
ĉ with the virtual signals

of x̂l and x̂r being retained. Then a tighter bound is obtained
for the conditional PEP

P (c → ĉ|S, U)

≤ Ex

⎡
⎢⎣ ∑

w∈Ω̂
S
ĉ

P
(
p(y|x) ≤ p(y|w)|S, U, x

)
⎤
⎥⎦ (14)

The idea of expurgating the irrelevant error events in (14) is
similar to the one used for BICMEX in [4]. Nevertheless, only
one side of the error signals or is included in BICMEX and
that makes it an upper bound only for the case of QPSK. By
using (14), the new upper bound BICMNEW is obtained in (3)
with f(d, u, Υ) replaced by

fnew(d, u, Υ)

= m−d2−md
∑
S

∑
U

∑
x∈Ψ

S
c

∑
w∈Ω̂

S
x

P (x → ŵ). (15)
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Methods for computing the weight distribution WI(d) for
punctured convolutional codes are well known as in [7].
Only the calculation of fnew(d, u, Υ) will be discussed in the
following.

C. Pair-Wise Error Probability

For AWGN channels, P (x → w) is given by

P (x → w) = Q

⎛
⎝ρ(x; w)

√
2mΔ2REb

dN0

⎞
⎠ (16)

where

Q(α) =
1√
2π

∫ ∞

α

e−( y2
2 )dy, and

ρ(x; w) =
d∑
1

|xk − wk|
2

is a half of the Euclidean distance between w and x, Δ
the power normalization factor of QAM constellation, Eb

bit energy, N0 the one-sided noise density and R code rate.
Δ = 1√

10
for 16QAM. Using (16), (15) becomes

fnew(d, u, Υ)

= m−d2−md
∑
S

∑
U

∑
x∈Ψ

s
c

∑
w∈Ω̂

S
x

Q

⎛
⎝ρ(x; w)

√
2mΔ2REb

dN0

⎞
⎠ . (17)

The computation of (17) can be further simplified by utilizing
symmetrization constellation of one-dimensional PAM con-
stellation. Consider 16QAM as an example. Define the signal
subsets X1 � {(0, 0), (1, 0)} and X2 � {(0, 1), (1, 1)}. From
Fig. 2(b) it is observed that for every x ∈ X1, the pair-wise
error probability P (x → w) is the same, and so does for
x ∈ X2, no matter if the MSB (first label position) or the
LSB (second label position) is considered. Indeed, this is the
case; for MSB, ρ(x; w) = 1, x ∈ X2 , and ρ(x; w) = 3,
x ∈ X1. Likewise, for LSB, ρ(x; w) = 1, x ∈ X1 and
ρ(x; w1) = 3, ρ(x; w2) = 1 for x ∈ X2. Note that for x ∈ X2,
there are two regions for errors to occur when the bit error in
LSB is considered. With this symmetry property, (17) can be
simplified as follows.

fnew(d, u, Υ)

= 2−2d
d∑

i=0

(
d

i

) i∑
i1=0

(
i

i1

) j∑
j1=0

(
j

j1

) j2∑
s=0

(
j2
s

)

Q

(
{3i2 + i2 + j1 + [(j2 − s) + 3s]}

√
4REb

5dN0

)
(18)

where d = i + j is the total number of bit errors, i and j
are the number of bit errors in MSB and LSB, respectively,
i = i1 + i2, i1 is the number of MSB errors with x ∈ X1, i2

Fig. 3. Comparisons of different bounds for 16 QAM in AWGN channels.

Fig. 4. Comparisons of different bounds for 16QAM in Rayleigh fading
channels.

is with x ∈ X2, j = j1 + j2, j1 is the number of LSB errors
with x ∈ X1, j2 is with x ∈ X2, s is the number of LSB
errors with x ∈ X2 and ρ(x; w1) = 3. The Laplace transform
method in [4] can be equally applied to the evaluation of (17).

For fading channels, we apply the Chernoff bound [8] to
obtain

P (x → w) ≤ 1
2

d∏
i=1

1
1 + SNR(xi−wi

2 )2
, (19)

Therefore, PEP is upper-bounded by

fnew(d, u, Υ)

= m−d2−md
∑
S

∑
U∑

x∈Ψ
S
c

∑
w∈Ω̂

S
x

1
2

d∏
i=1

1
1 + SNR(xi−wi

2 )2
, (20)

where SNR = mΔ2REb

N0
. Again, by using the symmetry

property, we have for 16-QAM
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Fig. 5. Performance of BICM in AWGN channels (64QAM).

Fig. 6. Performance of BICM in Rayleigh fading channels (64QAM).

fnew(d, u, Υ)

= 2−2d
d∑

i=0

(
d

i

) i∑
i1=0

(
i

i1

) j∑
j1=0

(
j

j1

) j2∑
s=0

(
j2
s

)

1
2

(
1

1 + 32SNR

)ii+s( 1
1 + SNR

)i2+j1+j2−s

(21)

where SNR = 2REb

5N0

IV. NUMERICAL RESULTS

The BICM based on the 1
2 -rate convolutional code, with

the generator polynomials (133,171), is used for numerical
examples. The punctured patterns of different code rates are
adopted from [7]. More numerical results can be found in [9].
Figs. 3 and 4 compare BICMUB, BICMEX and BICMNEW for
16QAM over AWGN and fading channels, respectively. As is
evident, BICMUB is quite a loose bound. BICMEX is a good
approximation, although theoretically it is not an upper bound.
As is expected, the new BICMNEW is very tight for BERs of
practical interest. Figs. 5 and 6 give the numerical results with
64QAM. Again, BICMNEW provides a very tight upper bound
for all the cases.

V. CONCLUSION

This paper investigates the BER performance of BICM
systems. A new BER upper bound is derived for BICM with
the square QAM and gray labeling. Numerical results show
that the proposed bound is tighter than the well-known BICM
union in [4].

REFERENCES

[1] G. Ungerboeck, “Channel coding with multilevel/phase signals,” IEEE
Trans. Inform. Theory, vol. 28, pp. 56–67, Jan. 1982.

[2] D. Divsalar and M. Simon, “The design of trellis coded MPSK for
fading channel: Performance criteria,” IEEE Trans. Commun., vol. 36,
pp. 1004–1012, Sep. 1988.

[3] E. Zehavi, “Eight-PSK trellis codes for a Rayleigh channel,” IEEE Trans.
Commun., vol. 40, pp. 873–884, May 1992.

[4] G. Caire, G. Taricco, and E. Biglieri, “Bit-interleaved coded modula-
tion,” IEEE Trans. Inform. Theory, vol. 44, pp. 927–945, May 1998.

[5] A. Chindapol and J. A. Ritcey, “Design, analysis, and performance
evaluation for BICM-ID with square QAM constellations in Rayleigh
fading channels,” IEEE J. Select. Areas Commun., vol. 19, pp. 944–957,
May 2001.

[6] R. Visoz and A. O. Berthet, “Iterative decoding and channel estimation
for space-time BICM over MIMO block fading multipath AWGN
channel,” IEEE Trans. Commun., vol. 51, pp. 1358–1367, Aug. 2003.

[7] D. Haccoun and G. Begin, “High-rate punctured convolutional codes
for Viterbi and sequential decoding,” IEEE Trans. Commun., vol. 37,
pp. 1113–1125, Nov. 1989.

[8] C. Tellambura, “Evaluation of the exact union bound for trellis-coded
modulations over fading channels,” IEEE Trans. Commun., vol. 44,
pp. 1693–1699, Dec. 1996.

[9] Liang-Wei Huang, “Tight Performance Upper Bounds for Bit Interleaved
Coded QAM Modulation with Gray Labeling.” MS thesis, National
Chiao Tung University, Hsinchu, Taiwan, Aug. 2004.



<<
  /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


