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Abstract—1In this paper we evaluate the performance of a Data-
Partitioned (DP) H.264 coded video transmission system using Unequal
Error Protection (UEP) IrRegular Convolutional Codes (IRCC). Using
UEP, perceptually more important bits are provided with more strong
protection relative to less important bits. An iterative detection aided
combination of IRCC and a rate-1 precoder was used to improve the
overall BER performance and to enhance the objective video quality
expressed in terms of Peak Signal-to-noise Ratio (PSNR). The effect of
different error protection schemes on the attainable system performance
is demonstrated, while keeping the overall bit-rate budget constant
for the transmission of DP H.264 source coded video over correlated
narrowband Rayleigh fading channels. In this paper we exploited the high
design flexibility of IRCCs, which constitutes a family of different rate
subcodes, while maintaining an excellent iterative decoding convergence
performance. Additionally, due to the use of different-rate subcodes,
IRCCs have the capability of providing UEP for the H.264 coded video
stream. An EXIT chart matching procedure was used for the design of
our specific IRCC. Additionally, EXIT charts were used for analysing
the attainable system performance of various error protection schemes
employed. Explicitly, our experimental results show that the proposed
UEP scheme using IRCC outperforms its Equal Error Protection (EEP)
counterpart employing regular convolutional codes by about 0.5 dB
Ey,/No at the PSNR degradation point of 1 dB.

I. MOTIVATION AND BACKGROUND

Multimedia source coded information, such as speech, audio and
video typically exhibit unequal sensitivity to channel errors [1,2].
Therefore, Unequal Error Protection (UEP) is used by exploiting
the innate UEP capability of IrRegular Convolutional Codes (IRCCs)
due to the employment of various constituent codes having different
coding rates to ensure that the perceptually more important bits
suffer from a lower number of channel errors. The construction
of IRCCs was studied by Tuchler and and Hagenauer [3], where
a family of different convolutional codes having various code-
rates were designed with the aid of EXIT charts for achieving an
improved iterative decoding behaviour for a serially concatenated
system. For wireless multimedia applications maintaining both a high
compression efficiency as well as a high integrity, while communi-
cating over heterogeneous communication networks is of primary
importance. Therefore, to evaluate the performance of our proposed
error protection schemes, we used the high-compression efficient
and network-friendly H.264/AVC source codec [4], which employs
various variable length coding and predictive coding techniques to
achieve compression efficiency. However, these coding techniques
make the compressed bit-stream more vulnerable to the effects of
channel errors. Due to variable length coding a single bit error in
the video stream may render the correct decoding of future code
words impossible. Moreover, due to predictive coding the effects of
channel errors are likely to be propagated to the neighbouring video
blocks. Therefore, various error resilient techniques, such as Data
Partitioning DP have been incorporated into the H.264/AVC codec in
order to mitigate this error sensitivity problem. Additionally, various
error resilient schemes have been proposed in [5], but the price paid
is the reduced compression efficiency and increased computational

complexity. A serial concatenated code based iterative joint source-
channel decoding procedure was presented in [6]. Moreover, a irregu-
lar variable length coding (IrVLC) scheme designed for near-capacity
joint source and channel coding was presented in [7]. Likewise, [8]
advocates the employment of state-of-the-art system design principles
and the performance of burst-by-burst adaptive transceivers designed
for interactive cellular and cordless video telephony. Instead of the
traditional serial concatenation of the classic Variable Length Codes
(VLC) with a channel code, a parallel concatenated coding scheme
was presented in [9] where the VLCs were combined with a turbo
code. A joint video and channel coding system employing an iter-
atively decoded serial concatenation of a Vector Quantisation (VQ)
based video codec and a Trellis-Coded Modulation (TCM) scheme
was proposed in [7]. The attainable performance improvements of
Iterative Source Channel Decoding (ISCD) Scheme employing a
specific bit-to-symbol mapping scheme were analysed in [10], in
the context of H.264 encoded video signals transmission using
UEP and Sphere Packing (SP) modulation aided Differential Space
Time Spreading (DSTS) in a non-coherently detected, diversity-aided
multiuser scenario. Furthermore, the performance analysis of diverse
low-complexity Short Block Codes (SBCs) for the transmission of
H.264 coded video stream over correlated narrowband Rayleigh
fading channels was presented in [11].

Against this background, the novel contribution of our work is
the UEP of DP-aided and H.264/AVC coded stream using EXIT
chart-optimised IRCCs. More explicitly, we proposed a serially
concatenated turbo transiver, consisting of an iterative combination
of an outer IRCC and an inner rate-1 precoder.

The rest of the paper is organised as follows. An overview of
H.264 Data Partitioning is provided in Section II. In Section III we
portray our system model. The IRCC design strategy is outlined in
Section IV, followed by an IRCC design example applied to our
proposed system in Section V. Section VI provides the Extrinsic
Information Transfer Chart (EXIT) analysis of the proposed error
protection schemes. The performance of the proposed system is
characterised with the aid of our simulation results in Section VIL
Finally, we offer our conclusions in Section VIIIL

II. H.264 DATA PARTITIONING

The H.264 DP scheme is designed to achieve an enhanced error
resilience. Instead of the classic approach of coding all video param-
eters of a Macro-Block (MB) into a single bit-string representing a
video-slice, the H.264 DP may generate three bit-strings per slice
referred to as partitions, and hosting different-sensitivity parameters.
This provides us with the ability to protect the different sensitivity
classes based on their relative importance. The three different parti-
tions generated by the DP mode of H.264 are,

« Type A: It contains the slice header information, motion vectors,

quantisation parameters and MB types. When a type A partition
is corrupted, the bits of the entire slice are dropped. In this
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case the slice is marked as corrupted and the decoder will apply
error concealment techniques using the previous decoded video
segments.

o Type B: It carries both the intra-frame coded MB coefficients
and the intra-MB coded Block Pattern (CBP) bits, represent-
ing blocks within a MB containing non-zero transform coded
coefficients.

o Type C: It typically contains inter-frame Motion Compensated
Error Residual (MCER) bits and inter-frame CBP bits for MBs
encoded using inter-frame compensated prediction, as well as
intra-frame CBP and intra-frame MCER bits for the MBs coded
using the H.264 specific intra-frame prediction mode.

Therefore, in the H.264 video stream, partition A contains very im-
portant information. Similarly, the information contained in partition
B and C has its own significance in terms of effect on video quality.
If partition B of a slice is present along with A, the intra-frame MB
update is added to the reconstructed frame, while if partition C is
present, the MCER of a slice is reconstructed and added to the motion
compensated slice. Recovery from inter-frame error propagation can
only be achieved by encoding certain image regions in intra-frame
mode by switching off inter-frame prediction for certain MBs, when
no feedback channel is available. Typically a limited fraction of the
MBs is encoded in the intra-frame coding mode, so that partition B
typically hosts the lowest number of bits in an encoded slice.

ITII. SYSTEM OVERVIEW

The schematic of the proposed videophone arrangement is shown
in Figure 1. At the transmitter side, the video sequence is compressed
using the H.264/AVC video codec. Then, the output bit-stream
representing a video frame consisting of K source coded bits xx, k =
1,2,... K, is de-multiplexed into three different bit-streams, namely
Stream A, Stream B and Stream C, containing the sequentially
concatenated partitions of type A, B and C of all the slices per
frame, respectively. The de-multiplexers binary output sequences xq,
Tp, and x., where we have a = 1,2,...4, b = 1,2,...B and
c=1,2,...C, and K = A+B+C, are then concatenated according
to a specific order, depending on the choice of the error protection
scheme applied to the bit-string x;. Subsequently, the concatenated
bit-string is coded using an IRCC having a specific code rate into the
coded string x;. The coded string z; is then interleaved using the bit-
interleaver II of Figure 1, into the interleaved sequence Z;, which is
then encoded by the rate-1 precoder, characterised by the generator
polynomial of 1/(1 + D) [12], before transmission. In the iterative
decoder of Figure 1, the extent of the statistical independence of
the extrinsic information provided by an interleaver is always related
to its length [13]. Therefore instead of independently performing the
iterative decoding operation on the various frame slices, we integrated
all the bits generated by the MBs of the slices of each partition within
a given video frame. The integrated bit-strings of each partition are
then subsequently concatenated into a single string, which results in
a longer interleaver and hence improves the attainable iterative de-
coding performance without extending the video delay. The precoded
bit-stream y; is QPSK modulated and transmitted over a temporally
correlated narrowband Rayleigh fading channel, associated with the
normalised Doppler frequency of fq = fp7s = 0.01, where fp is
the Doppler frequency and 7’ is the symbol duration. At the receiver
the soft-information obtained after QPSK demodulation is forwarded
to the inner decoder. The extracted extrinsic information is then
exchanged between the inner and outer decoder, in order to attain
the lowest possible BER [14]. At the receiver the soft-information
obtained after QPSK demodulation in the form of its Log-Likelihood

Ratio (LLR) representation Dy, is forwarded to the rate-1 precoder.
The rate-1 precoder’s decoder processes this input information and
the fed back a priori information Las, from the outer decoder
in order to generate the a posteriori LLR values L. The rate-
1 precoder’s a priori LLR values L, are subtracted from its
a posteriori LLR values Ly, to generate the extrinsic LLR values
Ls,e, which are subsequently deinterleaved by the soft-bit interleaver
of Figure 1, yielding Lp .. Then, the soft bits Lp , are passed to the
convolutional decoder, which uses the Log MAP algorithm of [15] to
compute the a posteriori LLR values Lp ;. Observe in Figure 1 that
Ly, is the interleaved version of Lp ., which in turn is generated
by subtracting the a priori information Lp , from the a posteriors:
information Lp ;. During iterative decoding the precoder’s decoder
exploits the a prior: information for the sake of providing improved
a postertort LLR values for the outer channel decoder, which in turn
exploits the input LLR values for the sake of providing improved
a priori information for the precoder in the subsequent iteration.
Further details about iterative decoding are provided in [16].

IV. IRREGULAR CONVOLUTIONAL CODE DESIGN
The details of IRCC design can be found in [3]. More explicitly an

IRCC consisting of ' I}, constituent subcodes is constructed by first
selecting a convolutional mother code C with rate-r;. The remaining
[I, — 1] subcodes C; of rate-r; > r1, where we have i = 2--- I,
are obtained by puncturing, while subcodes C; with rate-r; < 71
are created by adding more generators and by puncturing. In IRCCs
K input bits are encoded into N coded bits, where each rate-r;
subcode encodes only a fraction (a;r;N) of information bits and
generates (o; N ) encoded bits, with «; representing the relative size
of a fraction. The weighting coefficients «;, ¢ = 1...1I, and the
target code rate of R € [0 1] should satisfy,

I, In

Zai =1, and Z a;r; = R, where a; € [0 1].

i=1 i=1

V. DESIGN EXAMPLE
In our design example we used a fixed overall coding rate of

R = 0.7, which was assigned to the outer code, because we used
a unit rate code as our inner code. As a benchmarker we used a
half-rate memory-4 Recursive Systematic Convolutional Code (RSC)
as our outer code defined by the generator polynomial (1,g1/go0),
where go = 1+ D + D* and g1 = 1 + D? + D® + D* are the
feedback and feedforward polynomials, respectively. Then the overall
RSC code rate of 0.7 was obtained by puncturing. Alternatively, for
the IRCC design, we used the proposed I,, = 17 constituent subcodes
of [3], having code rates r; = [0.10 0.15 0.20 0.25 0.30 0.35 0.40
0.45 0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90], respectively. We
employed the EXIT chart matching algorithm of [17] and selected
the target inner code transfer function recorded at E,/No = 3 dB,
which resulted in the weighting vector of «; = [0.003112 0.029389
000000000 0.291014 0.657845 0 0 0.0477998 0] for the
outer IRCC code. By concatenating the three resultant partitions per
video frame into a specific order depending on the error protection
scheme applied, we can control their relative error protection with
the aid of IRCC coding, which provides a stronger error protection
for the concatenated bit-stream portion coded by lower-rate subcodes
relative to the bit-stream portion coded by the higher-rate subcodes.

VI. EXIT CHART ANALYSIS
The EXIT [18] function of both the IRCC and benchmarker
RSC are shown in Figure 2. In addition to the beneficial UEP
capability of the IRCC, it can be observed from the EXIT curves
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Fig. 1. The proposed system model.
TABLE I
CODE RATES FOR DIFFERENT ERROR PROTECTION SCHEMES . . . .
expected, the convergence behaviour of the iterative decoding scheme
. . Code Rate . . . .
Protection | Concatenation was improved by the irregular outer channel codes, which provide a
Scheme order Outer Code Inner Code Overall . .
wider EXIT tunnel relative to the regular outer channel code, although
EEP [A-B-C] RSC Rate-1 Precoder 0.7 they have the same code rates.
UEP-1 [A-B-C] IRCC Rate-1 Precoder 0.7 1.0
UEP-2 [B-A-C] IRCC Rate-1 Precoder 0.7
09 r
1.0
Rate-1 precoder 0.8
0.9 inner curves at,
~ - E/Ny=3dB ~ 07
0.8 — - EyNy=4dB &
~ - E/Ny=5dB 306
o 07 \:t
3 . v
2 06 Rate R=0.7IRCC % 051/ EXIT chart of 0.7 rate outer RSC
= ——- Rate R=0.7 RSC ) / d rate-1i d 1 ith
=05 —_ IRCC 17 subcodes S 04 f and rate-1 inner precoder along with |
5 = | their actual decoding trajectories at
! 3]
£ 04 =03 . — E,/N, = 3dB
=03 02 A — E,/N, = 4dB
O — E,/N, =5dB
02 0.1 e ——— R=0.7RSC outer curve
0.1 ---- Rate-1 precoder inner curves
e
00 01 02 03 04 05 06 07 08 09 1.0

0.0 P
00 01 02 03 04 05 06 07 08 09 1.0
I, (inner)/Ig(outer)

Fig. 2. The EXIT functions of 17 subcodes used in [17] along with rate-1
inner precoder curves and the employed regular/irregular outer code curves.

that there is a wider EXIT chart tunnel between the rate-1 in-
ner precoder’s curve and the outer irregular channel code’s curve
relative to the benchmarker scheme dispensing with the regular
outer IRCC channel code. Therefore, given a limited number of
affordable iterations, a relatively short interleaver and a wider EXIT
tunnel, our designed 0.7-rate IRCC may be expected to perform
better than the benchmarker scheme using the identical-rate RSC
code. The actual decoding trajectories of the various error protection
schemes employing the regular/irregular outer channel codes as well
as using the rate-1 inner precoder detailed in Table I was recorded at
Ey/No = 3 dB, 4 dB and 5 dB, as portrayed in Figures 3, 4
and 5, respectively, where Io is the mutual information between
the coded bits and the corresponding a priori LLR values input to
the decoder, while Ig is the mutual information between the coded
bits and the corresponding a posteriori LLR values output from
the decoder. These trajectories were plotted by acquiring the mutual
information between the hypothesized and soft-bit values at the input
and output of both the inner and outer decoder during the bit-by-bit
Monte-Carlo simulation of the iterative decoding algorithm. It may
be inferred from the EXIT trajectories of Figures 3, 4 and 5 that as

I, (inner)/Ig(outer)

Fig. 3. The EXIT chart and decoding trajectories of the EEP scheme.

VII. SYSTEM PERFORMANCE RESULTS

The performance results of our proposed system are presented in
this section. We used a 45 frame ” Akiyo” video sequence [5] in
(176x144)-pixel Quarter Common Intermediate Format (QCIF) as our
test sequence. This test sequence was encoded using the H.264/AVC
IM 13.2 reference video codec at 15 frames-per-second (fps) oper-
ated at the target bitrate of 64 kbps. Each QCIF frame was partitioned
into 9 slices and each slice was composed of 11 MBs. The resultant
video encoded clip consists of an intra-coded I’ frame followed by 44
predicted "P’ frames, corresponding to a 3 seconds time-lag between
two consecutive "I’ frames at 15 fps, in order to reduce inter-frame
error propagation. Additionally, we incorporated intra-frame coded
MB updates of three randomly dispersed MBs per frame in order
to mitigate the effects of error propagation. The insertion of 'B’
pictures results in an unacceptable loss of lip-synchronisation as a
result of the corresponding delay incurred due to the bi-directionally
predicted video coding operations [4] and hence was avoided. The
remaining system parameters of our experimental setup are listed in
Table II. With an interactive videophone senario in mind, the error
resilient encoding techniques, such as Flexible Macro-block Ordering
(FMO) [4] and the employment of multiple reference frames for inter-
frame motion compensation were turned off, because despite their
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Fig. 5. The EXIT chart and decoding trajectories of the UEP-2 scheme.

substantially increased complexity they typically result in modest
video performance improvements in low-motion head-and-shoulders
video sequences, such as the ” Akiyo” clip [4]. Additionally, only
the immediately preceding frame was used for motion search, which
results in a reduced computational complexity compared to using
multiple reference frames and error concealment was performed using
the motion vector recovery algorithm of [4]. Moreover, for the sake
of reducing the computational complexity imposed, we limited the
number of iterations between the outer code and rate-1 inner precoder
to I; = 10. For the sake of increasing the confidence in our results,
we repeated each 45-frame experiment 160 times and averaged the
generated results. The performance of the system was evaluated by
keeping the same overall code rate as well as video rate for both the
Equal Error Protection (EEP) and UEP coding schemes. In the UEP-1
scheme of Table I based on the specific concatenation order [A-B-
C] of partition A, followed by partition B and then C, the highest
error protection was provided for partition A, while partition B was
more strongly protected than C. By contrast, the UEP-2 partitions
arrangement [B-A-C] of Table I represents another error protection
scheme, in which the highest level of error protection is provided for
partition B, followed by partition A and C.

The rationale of the UEP-2 arrangement in comparison to the UEP-

TABLE I
SYSTEMS PARAMETERS

[ System Parameters [ Value |
Channel Coding Re./IR. conv. code
Over-all Code Rate 0.7
Modulation Scheme

QPSK
Number of Transmitters, N 1
Number of Receivers, N, 1
Channel Correlated Rayleigh Fading

Normalised Doppler Frequency 0.01
Interleaver Length ~ (64000/15)
Source Coding H.264/AVC
Bit Rate (Kbps) 64
Frame Rate (fps) 15
No of Slices/frame 9
No of MB’s/Slice 11
Intra-frame MB update/frame 3

1 scheme, where partition A had the strongest protection is that in
low-motion video sequences the slices corrupted due to the loss of
partition A are concealed using the motion vector recovery algorithm
of [4], which results in less annoying artefacts due to their high
correlation across the adjacent frames. However, the loss of partition
B along with a correctly received partition A of a particular slice
implies that the MV and header information received in partition
A will be used to decode the MBs of this slice, encoded either in
intra- or inter-frame prediction mode, while the all-important MBs of
partition B containing intra-frame coded MB coefficients and intra-
MB CBP bits were completely lost. Additionally, when the intra-
frame coded MB updates are corrupted, this results in avalanche-
like error propagation to the future video frames. Therefore, in
low-motion video sequences partition B is also very important and
hence its corruption results in noticeable PSNR degradation of the
decoded video sequence. Hence, by providing more error protection
to partition B, the correct reception of partition B is guaranteed for
every correctly received partition A, which avoid error propagation to
the future video frames due to predictive video coding. Furthermore,
typically partition B has the lowest number of bits, therefore the
employment of a strong subcode does not result in a significant
increase of the overall rate. As a result, using the remaining fraction
of the bit-rate budget, a reasonable protection can still be provided
for partitions A and C.

Figure 6 presents the attainable BE R performance of partitions A,
B and C when using the EEP, UEP-1 and UEP-2 schemes of Table I,
while employing regular/irregular outer channel codes. Naturally, the
three partitions of the EEP scheme experience a similar BER, since
they are protected equally with the same code rate. In the UEP-1
scheme the partitions B and C have a higher BER than partition A,
which is due to their higher code rate relative to partiton A. Likewise,
partition A of the UEP-2 scheme of Table I has a higher BER relative
to partition B, which in turn has a lower BER than partition C.

The performance trends expressed in terms of the PSN R versus
Ey /Ny curves are portrayed in Figures 7. It may be observed in Fig-
ure 7 that the UEP-2 scheme provides the best P.SN R performance
among the three different error protection schemes of Table I across
the entire E3/No region considered. From the simulation results of
Figure 7 it is observed that the UEP-1 scheme of Table I results
in the worst PSN R performace, when employing of our 0.7-rate
IRCC in conjunction with the rate-1 inner precoder. By contrast, an
Ey/No gain of 1 dB is attained using UEP-2 relative to UEP-1 at
the PSNR degradation point of 1 dB. Addtitionally, using the UEP-2
scheme of Table I, an Ep/No gain of about 0.5 dB may be achieved
over the identical-rate EEP benchmarker scheme using the regular
RSC channel code of rate 0.7. Finally, the subjective video quality
achieved by the proposed EEP employing regular convolutional code
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along with UEP-1 and UEP-2 error protection schemes employing
irregular convolutional code as outer code was recorded in Figure 8 at
channel Ej, /Ny value of 4 dB. In order to have a fair subjective video
quality comparison, we present both the average and cumulative-error
results of both the luminance and chrominance components of the
30 ” Akiyo” video test sequences described in Section VII, decoded
using the H.264 video codec after transmission through our proposed
system for each type of setup.

y
PN
Fig. 8. Subjective video quality of the 45" ” Akiyo” video sequence frame
in terms of (from top) average and cumulative-error video quality using (from
left) EEP, UEP-1 and UEP-2 error protection schemes summarised in Table I
at Eb/N() =4 dB.

VIII. CONCLUSIONS

In this paper we proposed UEP H.264/AVC coded video transmis-
sions using IRCC. We considered various error protection schemes
designed for the transmission of H.264/AVC coded video using a

serially concatenated turbo transceiver, consisting of an EXIT chart-
optimised outer IRCC and an inner rate-1 precoder. Additionally, the
convergence behaviour of the system was analysed using EXIT charts.
We have demonstrated that by using UEP employing an appropriate
bit-rate budget allocation to different partitions of the H.264/AVC
coded video based on their relative importance resulted in useful
PSNR improvements for the transmitted video sequence.

REFERENCES

[1] S. X.Ng,J. Y. Chung, and L. Hanzo, “Turbo-detected unequal protection
MPEG-4 wireless video telephony using multi-level coding, trellis coded
modulation and space-time trellis coding,” in Communications, IEE
Proceedings-, vol. 152, pp. 1116-1124, Dec. 2005.

[2] L. Hanzo, C. Somerville, and J. Woodard, Voice and Audio Compression
for Wireless Communications, 2nd Edition. Wiley-IEEE Press, 2007.

[3] M. Tuchler, “Design of serially concatenated systems depending on the
block length,” IEEE Transactions on Communications, vol. 52, pp. 209—
218, Feb. 2004.

[4] T. Stockhammer, M. M. Hannuksela, and T. Wiegand, “H.264/AVC in

wireless environments,” IEEE Transactions on Circuits and Systems for

Video Technology, vol. 13, pp. 657-673, July 2003.

L. Hanzo, P. Cherriman, and J. Streit, Video Compression and Commu-

nications: From Basics to H.261, H.263, H.264, MPEG2, MPEG4 for

DVB and HSDPA-Style Adaptive Turbo-Transceivers. Wiley-IEEE Press,

2007.

A. Guyader, E. Fabre, C. Guillemot, and M. Robert, “Joint source-

channel turbo decoding of entropy-coded sources,” IEEE Journal on

Selected Areas in Communications, vol. 19, pp. 1680-1696, Sept. 2001.

[71 R. G. Maunder, J. Wang, S. X. Ng, L. L. Yang, and L. Hanzo, “On
the performance and complexity of irregular variable length codes for
near-capacity joint source and channel coding,” IEEE Transactions on
Wireless Communications, vol. 7, pp. 1338-1347, Apr. 2008.

[8] L. Hanzo, P. Cherriman, and E. L. Kuan, “Interactive cellular and

cordless video telephony: State-of-the-art system design principles and

expected performance,” Proceedings of the IEEE, vol. 88, pp. 1388—

1413, Sept. 2000.

J. Liu, G. Tu, C. Zhang, and Y. Yang, “Joint source and channel

decoding for variable length encoded turbo codes,” EURASIP J. Adv.

Signal Process, vol. 2008, no. 1, pp. 1-10, 2008.

[10] . Nasruminallah, M. El-Hajjar, N. Othman, A. Quang, and L. Hanzo,
“Over-complete mapping aided, soft-bit assisted iterative unequal error
protection h.264 joint source and channel decoding,” in IEEE VIC’08
(Fall), September 2008.

[11] . Nasruminallah and L. Hanzo, “Short block codes for guaranteed con-
vergence in soft-bit assisted iterative joint source and channel decoding,”
IEE Electronics Letters, pp. 1315-1316, September 2008.

[12] R. Y. S. Tee, S. X. Ng, and L. Hanzo, “Precoder-aided iterative detection
assisted multilevel coding and three-dimensional EXIT-chart analysis,”
in Wireless Communications and Networking Conference, 2006. WCNC
2006. IEEE, vol. 3, pp. 1322-1326, Apr. 2006.

[13] R. G. Maunder, J. Kliewer, S. X. Ng, J. Wang, L. L. Yang, and
L. Hanzo, “Joint iterative decoding of trellis-based VQ and TCM,” IEEE
Transactions on Wireless Communications, vol. 6, pp. 1327-1336, Apr.
2007.

[14] M. Adrat and P. Vary, “Iterative source-channel decoding: improved
system design using EXIT charts,” EURASIP J. Appl. Signal Process.,
vol. 2005, no. 1, pp. 928-941, 2005.

[15] P. Robertson, E. Villebrun, and P. Hoeher, “A comparison of optimal and
sub-optimal MAP decoding algorithms operating in the log domain,” in
Communications, 1995. ICC ’95 Seattle, 'Gateway to Globalization’,
1995 IEEE International Conference on, vol. 2, (Seattle, WA, USA),
pp- 1009-1013, June 1995.

[16] S. Benedetto, D. Divsalar, G. Montorsi, and F. Pollara, “Serial concate-
nation of interleaved codes: performance analysis, design and iterative
decoding,” IEEE Transactions on Information Theory, vol. 44, pp. 909—
926, May 1998.

[17] M. Tuchler and J. Hagenauer, “EXIT charts of irregular codes,” in
Proceedings of the Conference on Information Sciences and Systems,
Princeton, NJ, USA, pp. 748-753, May 2002.

[18] S. ten Brink, “Convergence behavior of iteratively decoded parallel
concatenatedcodes,” IEEE Transactions on Communications, vol. 49,
pp. 1727-1737, Oct. 2001.

[5

[t}

[6

=

[9

—



	Select a link below
	Return to Proceedings
	Return to Main Menu



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /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 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /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 true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /CMB10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /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 <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  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 /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice




