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Abstract—Here, the investigation of the performance
of MAP decoding with random interleaver for MPEG-4
image transmission system is described and analyzed.
The performance evaluation is shown by setting MAP
decoder to match the priori statistic of zerotree symbol
sequence of the “Lena” image. In this work, we success-
fully reduce the computation of the random interleaver
process by omitting the calculation of the interleaving
matrix P . In some cases, despite the computational re-
duction, the slight improvement of about 0.5-1 dB in
PSNR can still be obtained.
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I. System Overview

The MPEG-4 source encoder produces the binary
source-coded stream, which represents the coefficients
of the lowest frequency subband (LFS) and higher fre-
quency subbands (HFS). To increase the reliability of
transmission, the binary sequence of HFS is divided
into the variable length of packets. These binary se-
quence packets is transformed to symbol packets (2
bits/symbol) and then passed though our image trans-
mission system as shown in Fig. 1. In the system,
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Fig. 1. System block diagram of the MPEG-4 still image transmis-
sion system using ring convolutional trellis codes with the random
interleaver and deinterleaver.

we employ the channel encoder and modulator system,
which are a rate 1

2 polynomial convolutional encoder
over ring of Z4 (RCE) and CPFSK with h = 1

4 , respec-
tively. The CPFSK system is decomposed into a con-
tinuous phase encoder (CPE) and a memoryless modu-
lator (MM). The overall encoder is the combination of

the RCE and the CPE. The coded symbol HFS packets
from the overall encoder is then put into the variable
size of random interleavers. This size is based upon the
variable HFS packet length.

The MM maps a interleaved-coded symbol into the in-
phase and quadrature phase components of a baseband
CPFSK signal. These two components are then cor-
rupted by noise and distortion from Rician fading chan-
nel. At the receiver, we employ the maximum likelihood
(ML) consisting of a demodulation process, the random
deinterleaver, a branch metric calculator, and a Viterbi
decoder. The decoded 4-ary stream is depacketized and
fed into MPEG-4 source decoder resulting in a recon-
structed image. Note that the performance of the sys-
tem without the random interleaver/deinterleaver over
Rician fading channel was recently summarized in our
previous work [3].

II. MPEG-4 Image and Packet Structure

MPEG-4 embedded zerotree wavelet (EZW) is a ver-
sion of the EZW algorithm proposed by the MPEG-4
committee in [4] and [5]. The encoding process begins
with a transformation of an image by a discrete wavelet
transform (DWT). In this case, we decompose an input
image with a 5-level DWT using Daubechies (9,15) tap
biorthogonal filters. Here, the wavelet coefficients of the
lowest (coarsest) frequency subband (LFS) are coded
separately from those of the higher (finer) frequency
subbands (HFSs). This allows unequal error protec-
tion. Also, the number of spatial and signal-to-noise
ratio (SNR) scalability levels is more flexible. The trans-
formed coefficients in the LFS are encoded by a scalar
quantizer followed by differential pulse code modulation
(DPCM). The encoding of the wavelet coefficients in the
HFS is done by successive approximation quantization
process combined with the zerotree scanning.

In the MPEG-4 standard, the coding of the HFS can
be categorized into two major modes, single quantiza-
tion, and multi-quantization. In the single quantization
mode, all wavelet coefficients are quantized only once
with a multi-level quantizer. The bit allocation of the
HFSs depends on the wavelet decomposition level. Note
that the sequence of bits produced from this mode does
not have the embedded code property, since the most
significant bits of all wavelet coefficients are not trans-
mitted first. Unlike the single quantization mode, the
multi-quantization mode is the version of the original
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EZW algorithm. In this mode, all wavelet coefficients
are compared to a sequence of descending threshold val-
ues. When source coding with a high compression ratio
such as EZW coding is employed, this coding becomes
very sensitive to a noisy channel. In fact, a single bit
error can lead to the destruction of the entire decoding
process. This problem leads to a significant amount of
research with the goal to increase the error resilience of
source coding [6],[7] and [8]. The packet structures taken
from [6] are reviewed. The basic structure of each packet
illustrated in Figure 2 consists of compressed image bits;
zerotree symbols and non-zero values, the cyclic redun-
dancy check (CRC) and sufficient header information
for independent packet decoding.
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Fig. 2. The basic packet structure for the HFS.

The header contains twenty bits of resynchronization
marker, ten bits of the location of the first spatial ori-
entation tree (SOT) in an image, and eight bits for the
number of the SOTs in a packet. Note that this con-
figuration [6] is used for single quantization mode. For
the multi-quantization mode, ten bits are required for
the number of the SOTs. The cyclic redundancy check
(CRC) is four bits long.

III. Polynomial Ring Convolutional Trellis

Codes

For wireless channel application, we are interested in
the modulation with the efficient bandwidth usage. The
4-ary continuous phase shift keying (4-ary CPFSK) with
the modulation index h of 1/4 is the modulation of our
choice. The signals of CPFSK occupy the bandwidth
about the same as those of the minimum shift keying
(MSK). As previously discussed, The decomposition of
CPFSK system into CPE and MM allows us to alge-
braically combine CPE with the external RCE as the
overall system channel encoder[10]. For instance, a rate
1/2 RCE is used in conjunction with a rate 1/2 CPE,
and to be able to algebraically combine them into a sin-
gle encoder, we need to first convert the CPE into an
equivalent encoder of rate 2/4 [9] as shown in Eq.(1).

GCPE =
[

1 0 3 1
3D D 1 0

]
. (1)

We multiply the 32-state external RCE of rate 1/2 with
the CPE of rate 2/4. We calculate the overall encoder
as in Eq.(2).

Gall(D) =
[

1 + D + 2D3

2 + D

]T[ 1 0 3 1
3D D 1 0

]

=

⎡
⎢⎢⎣

1 + 3D + 3D2 + 2D3

2D + D2

1 + 2D3

1 + D + 2D3

⎤
⎥⎥⎦

T

. (2)

Notice that the multiplication of the rate 1/2 RCE
with an equivalent CPE encoder of the 2/4 results in
the overall encoder of rate 1/4. It is worth mentioning
that the MM maps the 4 output symbols of the rate 2/4
of CPE into only two CPFSK signals. In another word,
a CPFSK signal is obtained from 2 output symbols;one
for the beginning of the phase and another one for the
phase transition.

When the feedback-free form of convolutional encoder
is applied, one must concern whether or not the code is
catastrophic. It means that the codeword of finite errors
can lead to the decoded information bit of an infinite
error. In order to avoid using a catastrophic encoder,
we perform the noncatastrophic encoder check. Detail
about the theorems and algorithms can be found in [11].

IV. Random Interleavers

Like any interleaving process, random interleaving
process can be used to alleviate the lost of data from
bursty noise. There are many works which evaluate the
performance of random interleavers such as [12] and [13].
S. Benedetto and his colleague [12] consider the analysis
and design of serial concatenation of interleaved codes.
L.Dinoi and S. Benedetto [13] propose the algorithm of
designing good semi-random interleavers for both par-
allel and serially concatenated codes. In this work, we
emphasize the use of random interleavers for the variable
length of HFS packets, L. The interleaving process is
done after passing each packet through the rate 1

2 chan-
nel encoder. Therefore, the interleaving range is twice of
the length of each packet. We compute the interleaved
data as dINT = dP, where d is a data vector and P is
a random matrix. Note that in our case, the size of a
data vector d is twice of the packet length, 2L = LT .
Moreover, to generate the matrix P , we begin with the
LT × LT identity matrix. Then we reorder each row
randomly. The random algorithm is based upon linear
congruence method [14]. The algorithm generates the
m×m interleaving matrix P, from the permutated ran-
dom sequence x = {xn}m−1

n=0 , whose elements are com-
puted by recursive substitution of the equation:

xn+1 = (axn + c) mod m, n = 0, 1, . . . ,m, (3)

where xn ∈ {0, 1, . . . ,m − 1}; x0 can be any integer in
the set {0, 1, . . . ,m−1}; a and c are constant chosen by
the following procedure:

• Step 1: Let b0 be the product of all non-repeated
prime factors of m.

• Step 2: Set b = vb0, where v is a prime number
such that b = vb0 ≤ m.

• Step 3: Compute a = b + 1.

• Step 4: Choose c such that c and m are relatively
prime and 1 < c < m.
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Once the permutated random sequence x = {xn}m−1
n=0

is generated by recursively substituting xn in Eq.(3) for
n = 0, 1, . . . ,m− 1. The corresponding interleaving ma-
trix P can be generated by reordering the rows of m×m
identity matrix according to the random sequence x.

Example: For m = 10, one can generate a random
interleaving matrix as follows:

First, compute b0 = (2)(5) = 10 since prime factoriza-
tion of m is m = (2)(5). Next, b = vb0 = (1)(10) = 10,
by choosing v = 1. So, a = b+1 = 11. For m = 10, c can
possibly be 3 or 7 since c and m must be relatively prime
and 1 < c < 10. If one let c = 7 and x0 = 1, and recur-
sively substitute n = 0, 1, . . . , 9 in Eq.(3), one obtains
x = {1, 8, 5, 2, 9, 6, 3, 0, 7, 4}. Note that the number in
sequence x are associated with the location of 1 in each
columns of matrix P .

Note that the generation of the matrix P is not unique
and depends on the choices of v, c, and x0, which can be
chosen randomly to generate many random matrices P.
Furthermore, by simple verification, one can show that
the resulting matrix P is unitary i.e. PPT = PT P = I
or P−1 = PT , where (·)T is the transpose operation and
I is the identity matrix. This is particularly important
since P−1 is corresponding to the deinterleaving opera-
tion and can be easily computed by transpose operation
rather than the more complicated procedure of inverse
matrix computation. For the deinterleaving process, we
obtain a data vector by calculating d as d = dINT PT .

To reduce the computation of interleaving process, we
do not generate the matrix P . Instead, we find the loca-
tion of deinterleaved data by searching for the location
of number 0, 1, . . . ,m − 1 in the random sequence x re-
spectively. For the above example, the location of num-
ber 0 in random sequence x = {1, 8, 5, 2, 9, 6, 3, 0, 7, 4}.
is 7. The location of number 1 is 0 and so on. Fi-
nally we obtain the deinterleaved data vector by reorder-
ing the interleaved data vector associated with sequence
{7, 0, 3, 6, 9, 2, 5, 8, 1, 4}.

V. Rician Fading Channel

It is commonly known that the Rayleigh and Rician
statistics are suitable for modelling an indoor wireless
channel [17], [18]. This channel is suffer from the multi-
ple reflections from both indoor building walls and ob-
jects inside. In this paper, we focus on the performance
of the system over a slow-flat Rician fading channel.

Let the transmitted baseband signal is sl(t). The re-
ceived equivalent lowpass signal can be written as

rl(t) = (1 + βe−jφ)sl(t) + nwl(t), 0 ≤ t ≤ T, (4)

where nwl is the complex-valued white Gaussian noise
random process with two-sided spectral density N0/2.
Since the channel is sufficiently slow, the phase shift φ
can be estimated from the received signal. Without loss
of generality, we assume φ to be zero. The parameter β

is defined as

β =
√

(fi(t)/
√

2S)2 + (fq(t)/
√

2S)2, (5)

where fi(t) and fq(t) are the in-phase and quadra-
ture phase components of the scattered multipath sig-
nal, which are Gaussian random variables with zero
mean and variance equal to σ2. S is the signal power,
S = Es/T , where T is a symbol interval. Let γb be
(1 + β)2Es/N0. The probability density function of γb

can be found in [19] as

p(γb) =
1 + γ

γ̄b
e−γ−(1+γ)γb/γ̄bI0

(
2

√
γ(1 + γ)γb

γ̄b

)
, (6)

where
γ̄b =

1 + γ

γ
Es/N0, (7)

and γ = S/σ2 is the ratio of the direct path power to the
scattered path power. If the direct path is blocked by
any structures, the fading channel is called a Rayleigh
channel. The channel can be simulated by letting the
signal power S be small compared to the scattered path
power σ2.

VI. MAP Decoding Derivation for Rician

Fading Channels

To construct the MAP decoder for the CPFSK system,
we observe the data samples zk,i. During time interval
kT ≤ t ≤ (k+1)T , the observed samples can be written
as zk,i = (1 + β)sm,k,i + nk,i where i = 1, 2, ·, N . For a
slowly fading channel, β is a constant during each signal
interval. Al Semari et al. [15] assume that the fading
values can de determined, i.e. they estimate channel
state information (CSI). Therefore, this information can
be incorporated into the decoding metric. We first fol-
low this assumption. However, we shall show later that
by using only the mean value of β, no estimation is
necessary, and some improvement is still obtained. As-
suming CSI, the conditional probability becomes

P (zk|sm,k) =
1

(
√

πN0)N
e
−
[∑N

i=1
(zk,i−αsm,k,i)

2

N0

]
, (8)

where α = (1+β). The designed MAP decoding is based
on a kind of probabilistic decoder known as Viterbi de-
coder [16]. This decoder is said to be ”optimal” because
it is the solution to the problem of maximum a posteri-
ori probability (MAP) estimation of the state sequence
of a finite-state discrete-time Markov process. This es-
timation problem is equivalent to finding the state se-
quence for P (z|x)P (x) is maximum, where z and x are
the observed and state sequences respectively. By con-
sidering the first order Markov process and memoryless
noise properties, we aim to search for the state sequence
x which satisfies arg maxx P (z|x)P (x). And it is equal
to

arg max
x

K−1∏
k=0

P (zk|xk, xk−1)P (xk|xk−1). (9)

Proceedings of APCC2008 copyright © 2008 IEICE 08 SB 0083



Since the natural log function, ln(.) is a monotonic
function, we can apply this function to Eq.(9) with-
out changing its solution. Also, we define the nega-
tive value of the component inside the summation as
the branch metric, λ(xk, xk−1) = − ln P (zk|xk, xk−1) −
ln P (xk|xk−1). we obtain the branch metric λ(sm,k)
as λ(sm,k) = −∑N

i=1 zk,ism,k,i − N0
2α ln P (x2,k+1|x2,k).

Since P (x2,k+1|x2,k) = P (uk|uk−1) = P (uk+1|uk),
where u is the input sequence. The new branch
metric becomes −∑N

i=1 zk,ism,k,i − N0
2α ln P (uk|uk−1).

When an external encoder (CE) is included in the sys-
tem, we have to consider the conditional probability
P (zk|S0,k+1, S0,k). The difference here is that the effect
of the fading amplitude is included in the computation
of the conditional probability P (zk|S0,k+1, S0,k) via the
relationship in Eq. (8). Therefore the branch metric
becomes

λ(sm,k) = −α1

N∑
i=1

zk,ism,k,i − α2

2N∑
i=N+1

zk,ism,k,i

−N0

2
lnP (S0,k+1|S0,k), (10)

where α1 and α2 are the constant fading amplitude dur-
ing the first and second signal interval, respectively.

VII. Simulation Results

The famous “Lena” image is chosen as our tested infor-
mation source. This raw-pgm grayscale image has a size
of 512×512 pixels. The image is compressed by applying
the EZW algorithm. In this work, five decomposition
levels are implemented, resulting in 16 subbands; one
subband is for the lowest frequency subband (LFS) and
the rest is the higher frequency subbands (HFS(s)). The
wavelet coefficients of all HFS(s) are quantized into the
bit stream and then divided into variable length of pack-
ets. For this particular image, we obtain the number of
HFS packets of 101 with the nominal packet length of
about 325 symbols. For a noiseless channel, the peak
signal to noise ratio (PSNR) of the reconstructed image
and its compression ratio is 31.83 dB and 31:1, respec-
tively.

For the system channel encoder, we select the 32-state
polynomial ring convolutional encoder from our previ-
ous work [2]. Turning to interleaving process, we imple-
ment the variable length of random interleavers which
corresponds to the variable length of 101 HFS packets.

Table I, II and Table III summarize the average
word error rates (WER) and peak signal to noise ratio
(PSNR) for the Rician channels with γ = −43 dB, -33
dB and -23 dB, respectively. Note that when γ = −∞
dB, the Rician statistic approaches Rayleigh. The sim-
ulations are done by using 300 lena images within the
interest range of γ̄b = 3.75, 5.00, and 6.25 dB. The sec-
ond column of all Tables shows the results when the
random interleavers are applied for all HFS packets but
not LFS. And the last column shows the results when
LFS and all HFS packets are interleaved.

TABLE I

The average PSNR of the reconstructed “Lena” image using ML and MAP

decoding for Rician channel with γ = −43 dB.

γb PSNR (dB) PSNR (dB)
(dB) with interleavers with interleavers

except LFS (WER) (WER)
ML MAP ML MAP

decoding decoding decoding decoding
3.75 20.63 20.51 20.52 20.39

(0.0022) (0.0026) (0.0022) (0.0026)
5.00 25.49 25.41 25.82 25.74

(0.00065) (0.00073) (0.00065) (0.00073)
6.25 28.96 28.87 28.75 28.67

(0.00022) (0.00025) (0.00022) (0.00025)

TABLE II

The average PSNR of the reconstructed “Lena” image using ML and MAP

decoding for Rician channel with γ = −33 dB.

γb PSNR (dB) PSNR (dB)
(dB) with interleavers with interleavers

except LFS (WER) (WER)
ML MAP ML MAP

decoding decoding decoding decoding
3.75 21.82 21.61 21.73 21.50

(0.0017) (0.002) (0.0017) (0.002)
5.00 26.53 26.38 26.72 25.58

(0.0005) (0.00058) (0.00049) (0.00058)
6.25 29.45 29.34 29.29 29.19

(0.00017) (0.0002) (0.00017) (0.0002)

We can observe that for all cases, the average PSNRs
(dB) for MAP decoding are slightly lower than those for
ML decoding. This may be because the mismatch on
priori probability of zerotree symbol after interleaving
process. It is mentioned that MAP decoding is employed
only zerotree symbols while ML decoding is used for the
rest. Moreover, we notice that the effect of interleavers
is on the location of symbol errors, not in the number of
symbol errors. Of course, when there is the change in the
location of symbol errors, the PSNR of the reconstructed
image will be changed.

Fig. 3 (A) and (B) are the reconstructed images in
which result from the simulation at γ̄b of 5 dB and γ
of -33 dB, respectively. This is the case when the in-
terleavers are in great help. The slight improvement
(about 1 dB) is visually noticeable on area in the lower
left corner of the image. We also obtain the additional
clearness on the Lena’s sun-hat and shoulder areas.

VIII. Conclusion and Future Work

The system performances with the variable-size ran-
dom interleavers for Rician fading channel are summa-
rized. The system channel encoder is the combination
of convolutional encoder over ring Z4 and CPFSK mod-
ulation. At the receiver, the conventional ML and MAP
Viterbi decoder are employed. The results in some noise
patterns show the slight improvement in PSNRs, while
some do not.
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TABLE III

The average PSNR of the reconstructed “Lena” image using ML and MAP

decoding for Rician channel with γ = −23 dB.

γb PSNR (dB) PSNR (dB)
(dB) with interleavers with interleavers

except LFS (WER) (WER)
ML MAP ML MAP

decoding decoding decoding decoding
3.75 25.04 24.88 25.39 25.24

(0.00079) (0.0009) (0.00078) (0.0009)
5.00 28.76 28.60 28.65 28.49

(0.00024) (0.00028) (0.00023) (0.00027)
6.25 30.56 30.47 30.47 30.39

(0.00008) (0.0001) (0.00009) (0.0001)

For future work, we will focus on the range of γ̄b which
is corresponded to PSNRs of about 25-26 dB. We at-
tempt to improve PSNRs at these ranges by applying
semi-random interleaver (S-random).

IX. Acknowledgement

This research work is financially supported by the
Kasetsart University Research and Development Insti-
tute (KURDI) under the research project grant of fiscal
year 2007-2008. Moreover, the authors would like to
thank for all reviewer’s comments.

References

[1] S. Mahapakulchai and R. E. Van Dyck, “Design of ring con-
volutional trellis codes for MAP decoding of MPEG-4 im-
agery,” Proc. IEEE Inter. Conf. Comm. (ICC 2001), June
2001.

[2] S. Mahapakulchai and R. E. Van Dyck, “Design of ring con-
volutional trellis codes for MAP decoding of MPEG-4 im-
ages,” IEEE Trans. Comm., July 2004.

[3] S. Mahapakulchai, “MAP decoding for polynomial ring con-
volutional trellis codes for MPEG-4 image transmission sys-
tem over Rician fading channel, ” Proceeding of the 2007
Electrical Engineering/Electronic, Computer, Telecommu-
nications and Information Technology (ECTI) Interna-
tional Conference, vol. 2, pp. 655-658, May 2007.

[4] ISO/IEC JTC1/SC29/WG11, “Information technology,
coding of audio-visual objects: Visual, ISO/IEC 14496-2,
Committee Draft,” N2202, Mar. 1998.

[5] ISO/IEC JTC1/SC29/WG11, “MPEG-4 video verification
model version 11.0,” N2172, Mar. 1998.

[6] R. E. Van Dyck, “MPEG-4 image transmission using MAP
source-controlled channel decoding,” IEEE JSAC, vol. 18,
pp. 1087-1098, June, 2000.

[7] P. G. Sherwood and K. Zeger, “Progressive Image Coding
for Noisy Channels,” IEEE Signal Processing Letter, vol. 4,
no. 7, pp. 189-191, Jul. 1997.

[8] H. Man, F. Kossentini, and M. J. T. Smith, “Robust EZW
image coding for noisy channels,” IEEE Signal Proc. Letters,
vol. 4, no. 8, pp. 227-229, Aug. 1997.

[9] R. H. Yang, and D. P. Taylor, “Trellis-coded continuous-
phase frequency-shift keying with ring convolutional codes,
” IEEE Trans. Information Theory, vol. 40, pp. 1057-1067,
Jul. 1994.

[10] B. E. Rimoldi, “A decomposition approach to CPM, ” IEEE
Trans. Info. Theory, vol. 34, no. 2, pp. 260-270, Mar. 1988.

[11] G. David Forney, Jr, “Convolutional codes I: Algebraic
structure,” IEEE Trans. Inform. Theory, vol. IT-16, no. 6,
pp. 720-738, Nov. 1970.

[12] S. Bennedetto, D. Divsalar, G. Montorsi and F. Pollara,“
Serial concatenation of interleaved codes: Performance anal-

Fig. 3.
(A)
(B)

Reconstructed “Lena” image using random inter-

leaver. (A) The γ̄b = 5 dB with ML decoding. PSNR =27.28 dB.

WER = 0.00038. (B) The γ̄b = 5 dB with MAP decoding. PSNR

= 28.51 dB. WER = 0.00032.

ysis, design, and iterative decoding,” IEEE Trans. Inform.
Theory, vol. 44, no. 3, pp. 909-926, May 1998.

[13] L. Dinoi and S. Benedetto,“ Variable-size interleaver de-
sign for parallel Turbo decoder architectures,” IEEE Trans.
Commu., vol. 53, no. 11, pp. 1833-1840, Nov. 2005.

[14] D. M. Burton, Elementary number theory, McGraw Hill,
2007.

[15] S. A. Al-Semari, F. Alajaji, and T. Fuja, “Sequence MAP
decoding of trellis codes for Gaussian and Rayleigh Chan-
nels,” IEEE Trans. on Vehicular Tech., vol. 48, pp. 1130-
1140, July 1999.

[16] G. D. Forney, Jr, “The Viterbi algorithm,” Proc. of the
IEEE, vol. 61, pp. 268-278, Mar. 1973.

[17] R. Ganesh and K. Pahlavan, “On the modeling of fading
multipath indoor radio channels,” Proc. IEEE ICC’89, pp.
1346-1350, June 1989.

[18] A. M. Saleh and R. A. Valenzuela, “A statisticall model
for indoor multipath propagation,” IEEE J. Select. Areas
Commun., vol. SAC-5, pp. 128-137, Feb. 1987.

[19] H. M. Kwon, “Performance of continuous-phase frequency
shift keying under fading,” IEEE Global Comm. Conf.
(GLOBECOM’94) vol. 3, pp. 1358-1362, November 1994.

Proceedings of APCC2008 copyright © 2008 IEICE 08 SB 0083



<<
  /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 1.7
  /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 1
  /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 "Recommended"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


