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Abstract—NEXCODE is a project promoted by the European
Space Agency, aimed at research, design, development, and
demonstration of a receiver chain for telecommand links in space
missions, including the presence of new short low-density parity-
check codes for error correction. These codes have excellent
performance from the error rate viewpoint but also put new
challenges as regards synchronization issues and implementation.
In this paper, after a short review of the results obtained through
numerical simulations, we present an overview of the breadboard
designed for practical testing and the test-plan proposed for the
verification of the breadboard and the validation of the new
codes and novel synchronization techniques under relevant
operation conditions.

Keywords—Low-density parity-check codes, space missions,
telecommand.

I. INTRODUCTION

The only error correcting code currently included in the
Consultative Committee for Space Data Systems (CCSDS)
recommendation [1] and in the European Cooperation for
Space Standardization (ECSS) standard [2], for telecommand
(TC) synchronization and channel coding, is a Bose-
Chaudhuri-Hocquenghem (BCH) code with codeword length
n = 63 bits and information vector length & = 56 bits. This
code has very poor error rate performance, because of limited
coding gain, but, as a counterpart, it offers good error
detection capabilities. These features have been considered
satisfactory for many years, since they are able to comply with
the TC link requirements put by the currently flying and
upcoming missions.

Nowadays, however, the need to increase further the
coverage and/or the uplink data rate has aimed the Next
Generation Uplink (NGU) initiative [3], promoted by the
CCSDS with the goal to define improvements to the existing
TC recommendations, this way complying with new mission
requirements. In this view, identifying more powerful codes is

a central element of the upgrading effort. After a long
discussion, that has involved as possible candidates a number
of different error correcting codes, there is now a general
consensus towards the adoption of two short binary low-
density parity-check (LDPC) codes, both characterized by rate
R = 1/2: the first one has & = 64 information bits and the
second one k = 256 information bits.

The Next Generation Uplink Coding Techniques
(NEXCODE) project, funded under the Technology Research
Program of the European Space Agency (ESA), is aimed at
research, design, development, and demonstration of a TC
receiver chain for scientific missions, including these new
channel codes. Among the project objectives we can mention:
e Clarify the impact of the new codes in terms of:

- needed protocol modifications;

- on-board (O/B) receiver algorithms, that is, acquisition

and tracking of uplink signals at lower signal-to-noise ratio

(SNR), determined by higher coding gain;

- O/B receiver architecture, to cope with extra complexity

and/or new algorithms.

e Prototype the O/B receiver chain core elements, including
the decoder for the advanced coding schemes and the
novel synchronization algorithms, by means of commercial
hardware (HW), e.g. field programmable gate array
(FPGA), to help validating the approach and minimize the
risk of adoption, bringing the technology readiness level
(TRL) up to 3-4.

e Evaluate the most relevant metrics, e.g., the effective
coding gains, and the performance/complexity trade-off.

The NEXCODE project has assumed two different
application scenarios, representative of near Earth (NE) and
deep space (DS) missions: for the former, the enhanced coding
gain has been used to enable higher data rates; for the latter,
conversely, the gain has been used to increase the maximum
communication distance, with very low data rates. The DS
scenario has revealed to be the most demanding one, in terms



of the impact on the overall receiver functionalities.

It must be said that, according to the project’s targets, very
stringent requirements have been set on the codeword error
rate (CER) and the undetected codeword error rate (UCER),
namely: CER < 10 and UCER < 107. Actually, as
commands are sent in the payload of TC transfer frames, the
error rate requirements could be specified in terms of frame
error rate (FER) and undetected frame error rate (UFER),
where a frame may be composed by more codewords. These
quantities are obviously related to the previous ones; in this
paper, however, CER and UCER have been adopted for clarity
reasons.

In the first phase of the NEXCODE project, we have
simulated the error rate performance of the new error
correcting codes under different decoding algorithms and
practical constraints (e.g., by considering the effect of
quantization).

Then, the impact of the new coding techniques on affected
spacecraft (S/C) sub-systems has been assessed, in order to
identify the changes required to take advantage of the potential
benefits, i.e. increased coding gain, resulting in a lower
operating SNR. In particular, the receiver design, including
acquisition and tracking loops for carrier/sub-carrier/symbols,
has been addressed in order to cope with the lower SNR.

Potential changes to the O/B architecture have been also
investigated, with the aim of an optimization of the overall
receiver from power, complexity, flexibility and reliability
point of view. Backwards compatibility has been addressed,
assessing the feasibility of a (configurable) design compatible
with both existing BCH standard and the newly proposed
codes.

The project is now in its second, and more substantial,
phase, which consists in the realization of a breadboard of the
core elements of the O/B receiver, able to demodulate and
decode uplink signals employing the new codes. The
implementation and testing of such a hardware proof-of-
concept is expected to help validating the approach and
minimizing the risk of adoption of the new codes for future
missions. The use of the breadboard should also be
instrumental in the promotion of the new coding techniques
within the standardization bodies.

The object of this paper is to describe the advancement in
the HW/software (SW) implementation of the breadboard and
the test-plan for its validation and verification.

The organization of the paper is as follows. In Section II,
we report some basic results on the simulated performance, in
terms of both the error rate and the synchronization error
probability. In Section III, we present the breadboard design
and we make some realization considerations, whose
validation is based on the test-bench approach described in
Section IV. Finally, Section V concludes the paper.

II. ERROR RATE AND SYNCHRONIZATION PROPERTIES

The new LDPC codes can be decoded by a number of
different decoding algorithms. Among them, the most classic
ones are those based on iterative procedures, like the sum-

product algorithm (SPA) [4], typically implemented using log-
likelihood ratios (SPA-LLR), or its simplified versions, e.g.,
min-sum (MS) [5] and normalized min-sum (NMS) [6].
Through the project, however, we have had the opportunity to
check applicability of a different, non-iterative approach,
based on ordered statistic decoding (OSD) [7]. By using an
instance of the OSD, commonly known as most reliable basis
(MRB) algorithm, we have verified that significant additional
coding gains can be achieved, with respect to the iterative
algorithm, in the case of the LDPC(128, 64) code. On the
contrary, effective application of the MRB algorithm to the
LDPC(512, 256) code is too complex, while a simplified
version does not allow to achieve significant gains. In order to
limit complexity, for both the short and the long codes, that is
the main drawback of the MRB algorithm, we have also
proposed to use a hybrid approach which consists in assuming
the iterative decoder as the main decoder, invoking the MRB
decoder only when the iterative algorithm fails, that is, it is not
able to find a valid codeword. However, also with the hybrid
approach, an effective implementation of the MRB algorithm
for the LDPC(512, 256) code remains unfeasible.

To confirm the statements above, Figure 1 shows the CER
performance of the NMS algorithm and the hybrid algorithm
for both codes, as a function of Ey/Ny, where E; = E/2 is the
energy per channel symbol (i.e., after encoding, Ej; being the
energy per bit) and N is the one-sided power spectral density
of the thermal noise.
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Fig. 1. CER performance of the considered LDPC codes under different
decoding algorithms.

From the figure we see that a reduction of E/N; in the
order of 1.7 dB can be achieved at CER = 1075, for the shorter
code, when using the hybrid algorithm instead of the NMS
algorithm. Implementation of the hybrid approach for
decoding of the LDPC(128, 64) code is one of the challenges
of the present project since, at our knowledge, no example of
practical realization has been presented till now.

On the contrary, for the longer code, the extra gain offered
by the hybrid approach, for the same CER, is almost
negligible. The error rate performance of the LDPC(512, 256)
code could be further improved by extending the hybrid
algorithm, but at the cost of an unacceptable complexity. So,
we can conclude that, for the longer code, it is convenient to
use the NMS algorithm.



We remark here that the LDPC(512, 256) code remains
preferable, in terms of FER, in the case of long frames, as it
allows a reduced segmentation (i.e., a smaller number of
codewords). Moreover, its UCER/UFER performance is
particularly favorable.

In fact, as regards the UCER performance, preliminary
evaluations confirm that the LDPC(512, 256) code, decoded
by using the NMS algorithm, satisfies the target of 10~ at the
expected working point, that is, E/Ny =~ 0.6 dB. For the
LDPC(128, 64) code, it is possible to verify that the target can
be reached by using the NMS algorithm at E,/Ny = 2.2 dB, that
is the value needed to satisfy the requirement on the CER. On
the contrary, for the MRB algorithm (and, by extension, also
the hybrid algorithm) the target can be reached, without
increasing the value of Ey/Ny compliant with the CER, only by
using a cyclic redundancy check (CRC) code. Actually, the
CRC is already included in [1] (as an option) and in [2]
(mandatory). By using it downstream the MRB decoder, we
have estimated an UCER < 107 at E;/Ny = 0.5 dB, that is close
to the value needed for satisfying the requirement on the CER
when using the hybrid algorithm. Details on the UCER
estimation procedure can be found in [8].

Figure 1 shows that by exploiting the coding gain, very
small values of E/Ny are required. So, signal acquisition and
tracking will potentially operate at SNRs much lower than
those currently expected, and this, depending on the
configuration, may prove extremely challenging. More
precisely, this requires a revision of the current architecture
and operation of the legacy TC receiver, and the identification
of receiver processing bottlenecks for DS and NE scenarios.
For example, in tracking mode, the main modules in the
receiver are: a carrier tracking block, typically implemented
by a phase lock loop (PLL); a subcarrier tracking block when
necessary, typically implemented as a Costas loop; and a
symbol timing tracking, implemented as a data transition
tracking loop (DTTL). These three tracking loops initiate their
operation after the signal has been detected and acquired,
process referred to as acquisition mode. All these receiver
functionalities require revision, evaluation, and eventual
enhancements when the operating SNR is decreased thanks to
the new coding gain. These modules have been designed
under much more benign conditions. Enhancements include
reduction of the loop bandwidth, in order to diminish the noise
contribution to the tracking loops. This is in contrast to having
a sufficiently large loop bandwidth to accommodate the
dynamic of the signal, e.g. Doppler and Doppler rate. A
suitable technique to accommodate the latter is to improve the
signal acquisition via a fast Fourier transform (FFT)
processing of the signal.

After having accomplished the time and frequency
synchronization, the frame synchronizer has to determine the
correct position of the start sequence which marks the start of
the communication link transmission unit (CLTU). Since this
operation is considerably more challenging at lower SNR, one
of the objectives of the project has been to evaluate the frame
synchronization error (FSE) probability and to eventually
propose an improved solution.

In contrast to the case of a periodically inserted sync

marker, in which the receiver searches for the most likely
position within one frame, in the present case, synchronization
has to be achieved before reception of the entire CLTU, whose
length is variable and unknown a priori.

For this reason, it is necessary to resort to one-shot frame
synchronization which compares, for each position of the
observation window, the computed metric to a pre-defined
threshold in order to decide if the current position corresponds
or not to the start of the CLTU. In this scenario, two types of
eITor may occur:

e False alarm: The metric exceeds the threshold, but the
samples in the observation window do not correspond to
the start sequence.

e Missed detection: The start sequence is in the observation
window, but the metric is below the threshold.

Figure 2 shows the behavior of the FSE probability as a
function of E/N, for different metrics and two lengths N of the
start sequence. While the meaning of hard/soft correlation is
well known, the simplified likelihood ratio test (S-LRT) uses a
near-optimum metric [9], derived as outlined in [10], the latter
providing the optimum approach. A start sequence length N =
16 bits corresponds to the current standard, and from the
figure we see it provides quite unsatisfactory performance. On
the contrary, by adopting N = 64 bits, at E/Ny = 0.5 dB, we
have FSE < 1073, which is a reasonable requirement, for any
choice of the metric, the S-LRT being the best. This confirms
the need, with the new codes, to lengthen the start sequence up
to 64 bits, which is another issue currently under discussion, in
view of the standard updating.
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Fig. 2. FSE probability with hard and soft correlations and with the S-LRT
for the original 16-bits and a 64-bits start sequence.

After detecting the CLTU start, blocks of n bits are
decoded. The number of blocks is unknown, since the
commands have variable length. Then, the receiver has to
recognize the CLTU end. This is another issue that the new
standard shall change, as the “uncorrectable pattern” approach,
currently used, cannot be applied with the new codes. (This
approach currently requires the BCH decoder to mark a block
including the tail sequence as uncorrectable, because the error
correction capability has been overdone. Since the new codes
are very powerful, this approach becomes very difficult and
infeasible.)



The approach we have chosen in NEXCODE is the
application of a detector, which looks for the 64-bits tail
sequence after each codeword. Like for the start sequence
detection, we have applied different metrics, searching for a
solution which permits us to have a probability of false alarm,
Py, and a probability of missed detection, P,q, sufficiently
small, e.g., both lower than 1075

Figure 3 shows the behavior of P,,, as a function of Ey/Np,
for Py, = 107°. Also in this case we see that the target can be
reached at E/Ny = 0.5 dB. In particular, the simplified Massey
detector [11] provides a performance very close to the optimal
LRT one, but with limited complexity. In addition, the Massey
metric and S-LRT metric used for the start sequence detection
are equivalent and they can share architectural implementation
in the breadboard.
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Fig. 3. P, vs. EJ/N, for Py, = 1075

III. BREADBOARD REALIZATION CONSIDERATIONS

The study activity includes a HW proof-of-concept of the
new advanced uplink coding techniques. For this purpose, a
breadboard able to demodulate and decode uplink signals is
under development. For the breadboard design, the current
telemetry, tracking and command (TT&C) architecture and the
optimizations required to incorporate the novel techniques
must be considered; at the same time, the demonstrator goals,
algorithm validation and performance evaluation are the main
driver for the overall design.

The breadboard architecture is based on a System-on-Chip
(SoC) approach fully contained in an FPGA device, where a
microprocessor is embedded, performing digital signal
processing (DSP) functions for TT&C transponder processing.
The microprocessor interfaces all DSP blocks and all other
peripherals through an on-chip bus, which allows it to control
and configure every TC receiver processing unit. This
approach offers the advantage of a configurable, modular and
synchronous architecture, allowing portability, modification or
addition of DSP cores, including compatibility with typical
transponder platforms.

The breadboard architecture is presented in Figure 4,
where the HW/SW partition of the different TC processing
units is also shown.

This flexible platform permits to deal with different TT&C
modulation standards and mission profiles, including both NE
and DS scenarios requirements. The modular architecture
allows incorporating the novel synchronization and decoding
algorithms presented in Section II.
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Fig. 4. High-level view of the breadboard architecture.




Starting from the signal acquisition and tracking, the
identified enhancements include an FFT technique for aiding
the carrier tracking. This FFT algorithm can be supported by
SW processing that operates on the typical HW carrier
processing unit outputs; therefore, the legacy TT&C HW
architecture is reused.

The HW/SW combined processing is even more relevant
for the DS missions typically characterized by low data rates
down to tens of bps, providing the most demanding scenario
for acquisition and tracking, i.e. the lowest SNR. A
functionality to overcome signal synchronization bottlenecks
in this scenario is the hybrid carrier loop algorithm or
sideband-aided carrier recovery [12]. It uses the composite
signal sidebands power to enhance the effective SNR in the
carrier tracking loop bandwidth. The algorithm architecture is
a combination of the carrier and subcarrier tracking loops
scheme as shown in Figure 5.
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Fig. 5. Hybrid loop architecture for DS scenario.

After signal decimation, the signal can be managed by SW
processing, that is in charge of the discriminator and loop filter
whose output estimates are fedback to close the tracking loop.

Another proposed novel receiver configuration is the non-
coherent (NC)-DTTL, which provides tolerance to phase loss
in the subcarrier tracking stage [13]. It is based on the
combination of two typical DTTLs, one block on each branch
of the subcarrier quadrature components, as shown in the
architectural diagram in Figure 6.

These are illustrative examples of novel synchronization
functionalities that will rely on the flexible HW DSP
processing available on standard TT&C platforms, while the
enhancements are incorporated by adding new SW routines;
thus, the developments validated in the prototyping
breadboard could be easily adopted by standard TT&C
platforms.
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Fig. 6. NC-DTTL architecture for DS scenario.

Nevertheless, some of the new synchronization techniques
and the new decoding algorithms require additional HW
processing. The accommodation of these novel techniques in
the TT&C platforms could be based on a dedicated FPGA as
auxiliary board that will act as any other DSP core connected
to the processor bus following the SoC approach. In this
auxiliary FPGA, the DSP processing requiring HW resources
will be implemented, and therefore these novel functionalities
could be attached in any generic platform in future missions.

The proposed technique for CLTU start and end sequence
detection will be accomplished with a shared HW processing
unit, which will be in charge of a 64-bits pattern recognition
based on S-LRT metric. This HW processor can be configured
to detect CLTU start or end sequence depending on the TC
reception stage.

As regards the decoding procedures, the NMS algorithm is
necessary for both codes, while the MRB algorithm is part of
the hybrid configuration proposed for the shorter code in DS
scenario. The decoders logic works on the quantized soft
values coming from the communication channel. The
breadboard will serve to evaluate the impact of the
quantization of these channel messages, considering a 3-bits
quantization (for backward compatibility to the typical TT&C)
and a 6-bits quantization that offers an additional gain of 0.3
dB. These channel messages are the input data for the HW
decoder implemented in the FPGA, so the bit quantization
analysis is critical to define the interface between the novel
decoders and the standard TT&C platforms.

The NMS decoder architecture follows a partially parallel
architecture, which is based on the parity-check matrix of the
LDPC code and it takes advantage of the quasi-cyclic nature
of these codes. A flexible HW architecture for NMS will allow
the decoding of both LDPC(128, 64) and LDPC(512, 256)
codes.

The MRB algorithm is necessary as part of the hybrid
approach for decoding of the LDPC(128, 64) code. Due to the
high complexity of the algorithm and the low symbol rate in
DS scenario, a fully SW approach was foreseen initially.
However, the algorithm profiling on the breadboard’s
microprocessor proves that a fully SW approach is not
possible due to the large latency. In contrast, a mixed HW/SW



implementation is proposed for the breadboard. The SW part
of the MRB algorithm can be in charge of matrix operations
and vector reordering done at initialization once per codeword,
while the HW parallelization can be exploited for processing
the large number of binary operations needed for the most
reliable candidate evaluation.

IV. TEST-BENCH AND VALIDATION APPROACH

The breadboard will be validated against the software
simulator used for the novel synchronization and decoding
algorithms evaluation during the first phase of the NEXCODE
project. The CLTU generator and the channel emulator from
the SW simulator will be used for synthetic signal generation
as test inputs for the HW proof-of-concept. The realistic SW
channel emulator can replicate front-end electronic
impairments, S/C dynamic and channel propagation effects.
These impairments can be controlled and configured
according to the requirements of the test scenarios. Therefore,
the test-bench can be reduced to a digital signal processing
domain entirely contained in a single FPGA as described in
Section III. A full digital implementation approach allows a
completely controllable and faithful environment that is
ideally suited for validation purposes.

The testing signals must be generated for a wide range of
validation purposes. Functional validation, system integration
tests, evaluation of specific TC processing components or end-
to-end performance are some of the test cases that are planned.
The different types of tests impact on the characteristics of the
test signals to be generated, and it makes sense to assume the
following categories for performance evaluation:

e Synchronization algorithms evaluation tests: focused on
the carrier and subcarrier acquisition and tracking
algorithms and symbol timing synchronization algorithms.
Novel algorithms were proposed to overcome system
bottlenecks, especially in DS scenario, and these novel
algorithms must be validated on the breadboard. Few
seconds of signals are enough for evaluation of phase
synchronization techniques; while a small number of
codewords are enough to validate the symbol timing
recovery, since the symbol error rates (SER) at operating
SNR levels is around 1073. This test set will evaluate
specially the synchronization algorithms near to the target
E/Ny = 2 dB, and also, the TC receiver sensitivity, i.e., the
minimum operating SNR.

e Channel decoding evaluation tests: focused on evaluating
and validating the channel decoding algorithms in the
breadboard. The CER = 1075 is being evaluated; so, the
number of codewords to test is huge in order to obtain
accurate statistics.

e End-to-end (E2E) performance evaluation tests: where the
test-bench is validated as a whole. The compliance of most

of the system requirements will be assessed with these
tests.

The different purposes of the tests impact on the test signal
length. The symbol error statistics required for channel
decoding evaluation implies a huge number of generated
codewords. Hence, to reach CER = 107 at the minimum
symbol rate of 7.8125 sps in DS scenario with enough reliable
statistics, the test would last 31 months. This is not feasible for
a test campaign and these CER values cannot be evaluated
with real time signals. The alternative is a recurrent approach
consisting in the acceleration of the test signal injection in the
breadboard under test. A desirable acceleration for DS would
be a symbol rate of 2 ksps which is the maximum throughput
achieved by MRB decoder algorithm according the detailed
design. It implies an 256 times acceleration; so, the test
duration is reduced down to 89 hours, which is still a very
long test, but plausible for the final performance tests.

Nevertheless, this test acceleration is hard to achieve in the
complete TC processing chain included in the breadboard,
especially since there are critical SW processing elements in
the synchronization schemes. Therefore, we decided to adopt a
two test-bench set-ups approach with two different signal
injections modes, illustrated in Figure 7 and described next:

1.  CLTU modulated waveforms: The breadboard receives the
signals behaving exactly as if the data stream were
received from an analog-to-digital converter (ADC) in the
TT&C transponder. The modulated waveform are
represented in the equivalent complex baseband signal, in-
phase (I) and quadrature (Q) components and the
sampling rate must be greater than twice the signal
bandwidth including dynamics. This signal injection is the
most general case and it will be used for evaluation of
carrier acquisition, synchronization algorithms and E2E
performance.

2. CLTU soft-symbols: The source test signals are CLTU
soft-symbols with the addition of Gaussian white noise by
the SW channel emulator. This data stream is directly
connected to the channel decoding algorithms in the
breadboard, as if the channel symbols were received from
the matched filter of the TT&C transponder. This is the
best test-bench set-up for channel decoding algorithm
evaluation, since it allows the acceleration of the symbol
processing without impacting on the synchronization
schemes. Furthermore, the soft-symbol representation is
less demanding in terms of interface bandwidth and test
signal size, since only one sample per symbol is required,
i.e., sampling rate is just the symbol data rate.
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Fig. 7. Test-bench set-ups for system performance evaluation.

As state-of-the-art performance of the TT&C transponder,
some previous test results demonstrate implementation losses
around 2.5 dB at 7.8125 bps. This value includes the losses of
the TC receiver chain (radio frequency (RF) section and
digital part) up to the symbol timing synchronization stage,
i.e., based on SER results. The SER figures obtained by SW
simulation were less than 0.5 dB worse than the theoretical
limit. Given that the test-bench is based on a fully digital
domain implementation, basically, the quantization error is the
additional contribution apart from the synchronization errors;
hence, the overall losses should not be large and the target
implementation losses are set around 1 dB for SER figures.

As regards the channel decoding evaluation, CER
performance of the selected decoding algorithms has been
obtained by simulation for the unquantized case and also for
different channel symbols quantizations. When using 3 bits for
the channel messages and 6 bits for the decoder messages
(internal to the algorithm), the loss against the unquantized
case is very limited, in the order of 0.15 dB for the short code
and 0.2 dB for the long code. In the breadboard
implementations very small additional losses are expected
with respect to the SW simulator. These losses are produced
by the limited accuracy of the fixed point operations in the
FPGA, and then the target implementation losses are set
around 0.5 dB for CER figures compared to the unquantized
simulation case.

V. CONCLUSION

In this paper we have presented the NEXCODE project
results, an ongoing activity for ESA to study and demonstrate
new error correcting codes aiming at provision of better data

rates and coverage in space missions. Theoretical performance
results have been shown, demonstrating that the new coding
techniques can operate at E,/Ny = 0.5 dB for the requirements
of CER < 107° and UCER < 10~. This low SNR operation is
challenging for the overall receiver algorithms, including
signal acquisition and tracking. Novel synchronization
algorithms have been presented to overcome the standard TC
processing bottlenecks at signal acquisition and tracking and
at frame synchronization. A breadboard of the core elements,
which is currently under development, will help to validate the
potential changes to the O/B receiver architecture and to
minimize the risk of adoption of these new techniques for
future missions. The breadboard architecture presented
provides a flexible platform supported by a SoC approach.
The breadboard high-level design shows how the novel
synchronization and decoding algorithms can be incorporated
to the legacy TT&C platforms, by exploiting combined
HW/SW processing and by attaching a dedicated FPGA for
the algorithms with highest processing demands. Finally, the
test-bench and the validation approach have been presented
whose purpose is the effective performance and complexity
evaluation of the novel algorithms as well as bringing the
prototype TRL up to 3-4.

ACKNOWLEDGMENT

The present contribution describes the achievements
obtained within the ESA Technology Research Program
entitled Next Generation Uplink Coding Techniques
(NEXCODE), Contract No. 4000111690/14/NL/FE, led by
Deimos Engenharia, Portugal, as prime contractor.



[13]

REFERENCES

CCSDS, “TC Synchronization and Channel Coding,” Blue Book,
CCSDS 231.0-B-2 (Sep. 2010).

ECSS, “Space Data Links - Telecommand Protocols, Synchronization
and Channel Coding,” ECSS-E-ST-50-04C (Jul. 2008).

CCSDS, “Next Generation Uplink,” Green Book, CCSDS 230.2-G-1
(Jul. 2014).

J. Hagenauer, E. Offer, and L. Papke, “Iterative decoding of binary
block and convolutional codes,” IEEE Trans. Inform. Theory, Vol. 42,
No. 2, Mar. 1996, pp. 429-445.

M. Fossorier, M. Mihaljevic, and H. Imai, “Reduced complexity
iterative decoding of low-density parity check codes based on belief
propagation,” IEEE Trans. Commun., Vol. 47, No. 5, May 1999, pp.
673-680.

J. Chen and M. P. Fossorier, “Near optimum universal belief
propagation based decoding of low-density parity check codes,” IEEE
Trans. Commun., Vol. 50, No. 3, Mar. 2002, pp. 406—414.

M. Fossorier and S. Lin, “Soft-decision decoding of linear block codes
based on ordered statistics,” IEEE Trans. Inform. Theory, Vol. 41, No.
5, Sep. 1995, pp. 1379-1396.

M. Baldi, N. Maturo, G. Ricciutelli, and F. Chiaraluce, “On the error
detection capability of combined LDPC and CRC codes for space
telecommand transmissions,” in Proc. 21st IEEE Symposium on
Computers and Communications (ISCC 2016), pp. 1105-1112, 27-30
Jun. 2016, Messina, Italy.

S. Pfletschinger, M. Navarro, and P. Closas, “Frame synchronization for
next generation uplink coding in deep space communications”, in Proc.
IEEE Globecom Conference (Globecom 2015), 6-10 Dec. 2015, San
Diego, CA.

M. Chiani and M. G. Martini, “On sequential frame synchronization in
AWGN channels,” IEEE Trans. Commun, Vol. 54, No. 2, Feb. 2006, pp.
339-348.

J. L. Massey, “Optimum frame synchronization,” IEEE Trans.
Commun., Vol. COM-20, No. 4, Apr. 1972, pp. 115-119.

S. Marvin, H. Tsou, S. Hinedi, and K. Hamdan, “The performance of a
coherent residual carrier PSK system using hybrid carrier phase
synchronization,” in Proc. IEEE International Conference on
Communications (ICC ’96), pp. 1275-1280, Vol. 3, 23-27 Jun. 1996,
Dallas, TX.

M. K. Simon and A. Tkacenko. “Noncoherent data transition tracking

loops for symbol synchronization in digital communications receivers,”
IEEE Trans. Commun., Vol. 54, No. 5, May 2006, pp. 889-899.




<<
  /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 /Error
  /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 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /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
    /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
    /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
    /blex
    /blsy
    /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
    /CMB10
    /Cmbsy10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /Cmbx10
    /CMBX10
    /Cmbx12
    /CMBX12
    /Cmbx5
    /CMBX5
    /Cmbx6
    /CMBX6
    /Cmbx7
    /CMBX7
    /Cmbx8
    /CMBX8
    /Cmbx9
    /CMBX9
    /Cmbxsl10
    /CMBXSL10
    /Cmbxti10
    /CMBXTI10
    /Cmcsc10
    /CMCSC10
    /Cmcsc8
    /CMCSC8
    /Cmcsc9
    /CMCSC9
    /Cmdunh10
    /CMDUNH10
    /Cmex10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /Cmff10
    /CMFF10
    /Cmfi10
    /CMFI10
    /Cmfib8
    /CMFIB8
    /Cminch
    /CMINCH
    /Cmitt10
    /CMITT10
    /Cmmi10
    /CMMI10
    /Cmmi12
    /CMMI12
    /Cmmi5
    /CMMI5
    /Cmmi6
    /CMMI6
    /Cmmi7
    /CMMI7
    /Cmmi8
    /CMMI8
    /Cmmi9
    /CMMI9
    /Cmmib10
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /Cmr10
    /CMR10
    /Cmr12
    /CMR12
    /Cmr17
    /CMR17
    /Cmr5
    /CMR5
    /Cmr6
    /CMR6
    /Cmr7
    /CMR7
    /Cmr8
    /CMR8
    /Cmr9
    /CMR9
    /Cmsl10
    /CMSL10
    /Cmsl12
    /CMSL12
    /Cmsl8
    /CMSL8
    /Cmsl9
    /CMSL9
    /Cmsltt10
    /CMSLTT10
    /Cmss10
    /CMSS10
    /Cmss12
    /CMSS12
    /Cmss17
    /CMSS17
    /Cmss8
    /CMSS8
    /Cmss9
    /CMSS9
    /Cmssbx10
    /CMSSBX10
    /Cmssdc10
    /CMSSDC10
    /Cmssi10
    /CMSSI10
    /Cmssi12
    /CMSSI12
    /Cmssi17
    /CMSSI17
    /Cmssi8
    /CMSSI8
    /Cmssi9
    /CMSSI9
    /Cmssq8
    /CMSSQ8
    /Cmssqi8
    /CMSSQI8
    /Cmsy10
    /CMSY10
    /Cmsy5
    /CMSY5
    /Cmsy6
    /CMSY6
    /Cmsy7
    /CMSY7
    /Cmsy8
    /CMSY8
    /Cmsy9
    /CMSY9
    /Cmtcsc10
    /CMTCSC10
    /Cmtex10
    /CMTEX10
    /Cmtex8
    /CMTEX8
    /Cmtex9
    /CMTEX9
    /Cmti10
    /CMTI10
    /Cmti12
    /CMTI12
    /Cmti7
    /CMTI7
    /Cmti8
    /CMTI8
    /Cmti9
    /CMTI9
    /Cmtt10
    /CMTT10
    /Cmtt12
    /CMTT12
    /Cmtt8
    /CMTT8
    /Cmtt9
    /CMTT9
    /Cmu10
    /CMU10
    /Cmvtt10
    /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
    /Dcb10
    /Dcbx10
    /Dcbxsl10
    /Dcbxti10
    /Dccsc10
    /Dcitt10
    /Dcr10
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /DoulosSIL
    /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
    /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
    /KristenITC-Regular
    /KrutiDev040Bold
    /KrutiDev040BoldItalic
    /KrutiDev040Condensed
    /KrutiDev040Italic
    /KrutiDev040Thin
    /KrutiDev040Wide
    /KrutiDev060
    /KrutiDev060Bold
    /KrutiDev060BoldItalic
    /KrutiDev060Condensed
    /KrutiDev060Italic
    /KrutiDev060Thin
    /KrutiDev060Wide
    /KrutiDev070
    /KrutiDev070Condensed
    /KrutiDev070Italic
    /KrutiDev070Thin
    /KrutiDev070Wide
    /KrutiDev080
    /KrutiDev080Condensed
    /KrutiDev080Italic
    /KrutiDev080Wide
    /KrutiDev090
    /KrutiDev090Bold
    /KrutiDev090BoldItalic
    /KrutiDev090Condensed
    /KrutiDev090Italic
    /KrutiDev090Thin
    /KrutiDev090Wide
    /KrutiDev100
    /KrutiDev100Bold
    /KrutiDev100BoldItalic
    /KrutiDev100Condensed
    /KrutiDev100Italic
    /KrutiDev100Thin
    /KrutiDev100Wide
    /KrutiDev120
    /KrutiDev120Condensed
    /KrutiDev120Thin
    /KrutiDev120Wide
    /KrutiDev130
    /KrutiDev130Condensed
    /KrutiDev130Thin
    /KrutiDev130Wide
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-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
    /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
    /MTExtraTiger
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /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
    /SILDoulosIPA
    /SimHei
    /SimSun
    /SimSun-PUA
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /SymbolTiger
    /SymbolTigerExpert
    /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
    /Tiger
    /TigerExpert
    /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 150
  /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 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 150
  /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 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 1200
  /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 <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


