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Dual-Channel Pseudorandom Sequence Generator
With Precise Time Delay Between Its Two Channels

Lijun Xu, Senior Member, IEEE, and Xiaomin Li

Abstract—In this paper, a dual-channel pseudorandom se-
quence generator is presented for the calibration of cross cor-
relators in flow metering. In the sequence generator, the two
channels have completely identical hardware structures so that
they generate two identical sequences of pseudorandom signals to
simulate two signals obtained from the upstream and downstream
sensors of a cross correlator, respectively. Special control strategies
in both hardware and software have been implemented in such
a way that the error of time delay between the two channels
can be reduced to less than a microsecond. The shift frequency
and sequence length of each sequence channel and the time delay
between the two channels can be adjusted in wide ranges to sat-
isfy various requirements. The instrument has been evaluated by
using a digital oscilloscope. Results obtained show that the control
accuracy of time delay is equal to or better than 0.015% when the
time delay is 1 ms or longer. Comparison with two commercially
available noise signal generators shows that the error of time delay
of the new generator is much smaller than those of the other two.

Index Terms—Calibration, control, cross correlator, microcon-
troller, pseudorandom sequence, shift register, signal generator,
time delay.

I. INTRODUCTION

P SEUDORANDOM sequences [1] have been widely used
in various fields, including communication, navigation,

radar technology, cipher technology, remote control, measure-
ment, and industrial automation. For instance, a pseudorandom
sequence has been used in error-correcting codes [2], spread
spectrum communication [3], and system identification and pa-
rameter measurement [4], [5]. Another example of application
is found in surface characterization and 3-D scene modeling
[6]. The design of a general-purpose pseudorandom sequence
generator has matured and has already been commercialized
[7]–[9]. However, a dual-channel pseudorandom sequence gen-
erator with precise control and adjustment of the time delay
between its two channels has never been covered. In the devel-
opment of cross-correlation-based flowmeters [10], such a dual-
channel pseudorandom sequence generator was highly desired
to calibrate and study cross correlators as well as algorithms.

In this paper, a novel design of a dual-channel pseudorandom
sequence generator was presented to meet such a requirement.
Two channels of pseudorandom sequences were generated by
two hardware shift registers, and the shift frequency, sequence
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Fig. 1. Principle of pseudorandom sequence generation.

length, and time delay between the two channels of sequences
were fully controlled by an embedded microcontroller. The
two channels of pseudorandom sequences were used to simu-
late signals obtained from the upstream and downstream sen-
sors/transducers of a cross correlator. The time delay between
the two channels of sequences determined the transition time of
a random process from the upstream sensor to the downstream.
In this design, the characteristic parameters of the instrument,
i.e., the frequency of the shift clock, the sequence length of the
sequence, and the time delay between the two channels, can be
conveniently adjusted to meet the requirement of a wide range
of applications.

II. PRINCIPLES

A. Generation of Pseudorandom Sequence

A feedback shift register bank can be used to generate a
pseudorandom binary sequence, which is, for simplicity, re-
ferred to as a pseudorandom sequence. The output of the shift
register bank, which is either 0 or 1, is purely at random,
whereas the sequence length and shift clock frequency (i.e.,
the bit rate) are both limited. In this sense, the sequence is
pseudorandom. The generation of a pseudorandom sequence is
schematically shown in Fig. 1. Such a generator consists of an
n-tap shift register bank and a modulo-2 adder. If the initial
states of the shift registers are not wholly zeroed, a pseudoran-
dom sequence will be generated. Further, if the feedback bits
are selected according to a certain criterion, an m-sequence
can be obtained [1], [11]. An m-sequence is a pseudorandom
sequence that has the longest period, i.e., 2n − 1, for a given
n-tap feedback shift register bank. In general, an m-sequence
is preferred to make the best use of the shift registers. n is
referred to as the sequence length and 2n − 1 as the sequence
period. Should the eigen-polynomial of the feedback circuit be
primitive, this sequence has a statistical performance similar to
white noise.

To change the sequence period, either the feedback logic
or the sequence length should be varied. To meet practical
requirements, five sequence lengths, namely, 11, 15, 17, 18,
and 20, were selected in this research. The feedback points
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Fig. 2. Simple implementation of the control of time delay between two
channels of pseudorandom sequences.

were selected according to the primitive polynomials listed as
follows [1]:

⎧⎪⎪⎪⎨
⎪⎪⎪⎩

f11(x) = 1 + x2 + x11

f15(x) = 1 + x + x15

f17(x) = 1 + x3 + x17

f18(x) = 1 + x7 + x18

f20(x) = 1 + x3 + x20

(1)

where the subscript of f denotes the sequence length, and the
superscript of x denotes the bit number of the feedback point in
the shift register bank.

The shift clock frequency can be varied to satisfy a practical
requirement on the bandwidth of a pseudorandom sequence.

B. Implementation of Precise Control of Time
Delay—Hardware Design

A simple implementation of the control of the time delay
between two channels of pseudorandom sequences is schemat-
ically shown in Fig. 2. Provided the two shift register banks
for channels A and B have identical structures and the same
initial state, a time delay τ between the two channels can be
achieved by enabling the second channel (channel B) after
the first (channel A) has been enabled for a time period of
τ . However, the time delay obtained in this way is an integer
multiple of the shift clock cycle, and the error could be as large
as one cycle of the shift clock Ta. If the cycle of the shift clock
is large, the error of obtained time delay could be identically
large as well.

To reduce the error in the control of time delay, a frequency
multiplicator can be applied to the shift clock to obtain a
higher frequency clock that has a smaller cycle. Subsequently,
a frequency divider is used to convert the clock back to the
initial shift clock. The pseudorandom sequence is then started
by enabling the corresponding frequency divider, as shown in
Fig. 3. The feedback shift register is kept enabled, while the
control of “enable/disable” is left to the frequency divider. In
this case, the control error of time delay is, at most, as large
as one cycle of the higher frequency clock Tb, which can be
as small as required. In practical applications, the frequency
multiplicator can be saved as a precise crystal oscillator can
be used as a source of the high-frequency clock. The required
shift clock is obtained by passing the oscillator clock through a
suitable frequency divider (refer to Fig. 4).

Fig. 3. New implementation of the control of time delay between two
channels of pseudorandom sequences.

Fig. 4. Generation of a pseudorandom sequence.

III. GENERATOR DESIGN

The generator consists of a dual-channel pseudorandom se-
quence generating unit and a microcontroller unit, including
corresponding software.

A. Pseudorandom Sequence Generating Unit

A block diagram of the pseudorandom sequence generator
is shown in Fig. 4. As the two channels have identical hard-
ware structures, only one channel is presented. C1 to C4 are
control signals generated by the microcontroller. As a 6-MHz
crystal oscillator is used by the microcontroller, the oscillator
clock is also used as the high-frequency clock. C1 is used
to enable/disable the frequency divider and to start/stop the
shift clock. The frequency-dividing depth is decided by the
frequency-dividing control circuit that is further controlled by
C2. The shift register bank has 20 taps with a serial input and
20 parallel outputs. The sequence length selection circuit, under
the control of C4, decides which bits of the register bank are
fed back to the exclusive OR (XOR) gate. The sequence length
selection circuit is designed in terms of the primitive polyno-
mials shown in (1). C3 is used to preset the shift registers with
the required initial state. Identical initial states shared by the
two channels is essential to guarantee the similarity of the two
pseudorandom sequences. The initial state register was preset
with a 20-bit initial state (i.e., 1100 0000 0000 0000 0000).

B. Microcontroller Unit

The microcontroller unit is schematically shown in Fig. 5.
The CPU is a single-chip microcontroller Intel 8031. The
oscillator is a 6-MHz crystal precision oscillator. Light-emitting
diodes (LEDs) are used to display the parameters and results.
The keyboard is used to input the length and the time delay
between the two channels. C1A and C1B are the start/stop
commands for the two channels, respectively, and C2, C3, and
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Fig. 5. Schematic diagram of the microcontroller unit.

C4 are the common control instructions shared by the two
channels, as defined before. The supervisory timer is used as
a watch dog to guarantee a safe reset when the software runs
out of control.

The monitoring software is written in MASM-51 and in-
cludes the following logical steps.

1) On start up, read default constants from erasable pro-
grammable read-only memory (EPROM), and write to
RAM. Otherwise, read constants from RAM.

2) Output commands C3, C2, and C4.
3) Generate START command signal C1A for channel A.
4) Start the inner timer T1 with a time constant determined

by the required time delay τ .
5) Interrupt requested from timer T1? If yes, continue. If

no, wait.
6) Generate START command signal C1B for channel B.
7) Is any key pressed? If no, wait. If yes, continue.
8) Change constants, and return to step 1).

The microcontroller is used to start/stop the two channels at
required time points to guarantee a precise time delay. Both
sequences will not be changed until a parameter is adjusted,
and a new command is generated.

C. Implementation of Precise Control of
Time Delay in Software

Apart from being used as a separate pseudorandom sequence
generator, this generator is primarily used as an instrument for
calibrating cross correlators. To this end, the control accuracy of
time delay between the two channels τ is of great importance.
The error of time delay primarily comes from the following four
aspects.

The first, i.e., E1, is the error due to the waiting time of the
shift register whose flip-flop operations must be synchronous to
a rising edge (“0” to “1” jump) of the shift clock. For a 6-MHz
oscillator, E1 could be between 0 and 0.167 μs.

The second, i.e., E2, is the error that stems from the limited
resolution of the inner timer of Intel 8031. In fact, the time
delay must be digitized into a timer constant that must be an
integer multiple of the inner machine period. When a 6-MHz
oscillator is used, the inner machine period is 2 μs, and the
error is between 0 and 2 μs [13]. If the time delay is an integer
multiple of the inner machine period, E2 = 0.

The third term, i.e., E3, is the latency of the CPU response
to a timer interrupt request. An 8031 takes three to eight inner
machine periods to get to the interrupt routine, depending on the
current instruction and the current register set. If the structure of

TABLE I
SEQUENCE PERIOD VERSUS SEQUENCE LENGTH AND SHIFT FREQUENCY

Fig. 6. Example of two channels of pseudorandom sequences.

TABLE II
LIST OF SAMPLE RATES

the software is fixed and the instruction before a timer interrupt
“REQUEST” is known in advance, the latency time can be
obtained and compensated by deducting the corresponding
number of inner machine periods from the timer constant. In the
software designed by the authors, the instruction being executed
is a Compare and Jump if Not Equal (CJNE) instruction (loop
jump) that requires 4 μs to execute. As a timer interrupt may be
generated during the execution of the “loop jump,” the latency
of the CPU response to the timer interrupt request is between
0 and 4 μs.

The fourth error, i.e., E4, is caused by the instructions
in the interrupt service routine before the generation of the
“start” command for the second channel. Once the software is
designed, the time taken by executing these instructions can be
similarly compensated by deducting an appropriate value from
the timer constant.

In sum, the error of time delay between the two channels is

E = E1 + E2 + E3 + E4. (2)

The relative error is noted by

e = E/τ. (3)

In fact, the generation of a timer interrupt is synchronized by
the inner machine clock of the CPU. When the CPU is running
a CJNE instruction, the latency time caused by executing this
instruction can only be 0, 2, or 4 μs if a timer interrupt is
generated. Therefore, it is possible to add a suitable number
of no-operation instructions (one inner machine period) so that
the deduction from the timer constant made to compensate
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TABLE III
MEASURED TIME DELAYS, AS COMPARED WITH THE GIVEN VALUES (FROM 20 TO 900 μs)

TABLE IV
MEASURED TIME DELAYS, AS COMPARED WITH THE GIVEN VALUES (FROM 1 TO 1000 ms)

E3 + E4 is an integer multiple of two inner machine periods,
i.e., 4 μs. As a result, if we further select the time delay
as an integer multiple of 4 μs, E2 + E3 + E4 can be fully
compensated. In this case, the absolute error is at most 0.167 μs,
and the relative error is, at most, 0.017% if the time delay is not
less than 1 ms.

D. Operation Parameters

In the current design, the shift clock can be selected from
1465, 732, 366, 183, and 92 Hz. The sequence length of the
pseudorandom sequence can be set to 11, 15, 17, 18, and 20,
although any length between 2 and 20 is available. The time
delay τ can be set between 0 and 9999 ms. The sequence
periods under various sequence lengths and shift frequencies
are listed in Table I, where the sequence period has been
converted to the corresponding time T . It is obvious that the
sequence period can be selected in a wide-enough range and
can meet majority of the practical requirements.

The operation parameters mentioned above were designed to
calibrate and study cross correlators in flow metering. It should
be noted, however, that the parameters of the generator could
be adjusted in wider ranges by appropriate designs in hardware
and software.

IV. EXPERIMENTAL RESULTS AND DISCUSSION

An example of two channels of pseudorandom sequences is
given in Fig. 6. The shift frequency, the sequence length, and the
time delay were 732 Hz, 18, and 20 ms, respectively. It appears
that the two channels of sequences share an identical waveform.

To study the control accuracy of the time delay between the
two channels, a digital oscilloscope was used to digitize the two
pseudorandom sequences. The data were fed into a personal
computer via a general-purpose interface bus port to analyze
the time delay between the two sequences. A number of points
of time delay from 20 μs to 1000 ms were tested. As the time
resolution of the timer in the CPU is 2 μs, only multiples of 2 μs
were tested. The sample length was 4 000 000 points. The
sample rate varied with the time delay,1 as given in Table II.

1Owing to the limitation of the storage of the oscilloscope, a smaller sample
rate had to be used for larger time delays, resulting in reduced time resolution.

Fig. 7. Comparison of the relative error for the time delay of this generator
with an E + H noise generator and an MP noise generator (time delay is
10–100 ms).

When the shift frequency and the sequence length are 732 Hz
and 18, the measured time delays, as compared with the given
values, are shown in Tables III and IV.

As the software and the timer constant were optimized for
integer multiples of 4 μs, the timer interrupt is always generated
at the middle of the execution of the CJNE instruction if a time
delay of a noninteger multiple of 4 μs is tested. In this case, a
further 2 μs must expire before the instruction is completed. It
can be seen from the test results for time delays from 20 μs to
30 ms, as shown in Tables III and IV, that the absolute error
of time delay was 0.15 μs, which is between 0 and 0.167 μs for
integer multiples of 4 μs and is 2.15 μs for noninteger multiples
of 4 μs. The results are coincident with the analysis made in
Section III. No effect was found, from the shift frequency and
the sequence length, on the control accuracy of the time delay.

As the instrument is for calibrating cross correlators in flow
measurement, a time delay that ranges between 1 and 1000 ms
and a step size of 1 ms are adequate. Although 1 ms is an
integer multiple of 4 μs, the absolute error of time delay should
be 0.15 μs, as validated by the experimental results shown in
Table IV, although the error cannot be fully differentiated by
the oscilloscope when the time delay is larger than 30 ms. The
relative error of the measured time delay to the given value is
also shown in Table IV.

To evaluate the signal generator, the data of the commer-
cial noise signal generator from Endress and Hauser (sim-
plified as E + H) and the MP noise generator provided in
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Fig. 8. Comparison of the relative error for the time delay of this generator
with an E + H noise generator and an MP noise generator (time delay is
100–1000 ms).

[12] are compared with those of this generator in Figs. 7
and 8. It can be seen that the measurement error for time
delay of the new generator is much smaller than that of the
other two.

V. CONCLUSION

A dual-channel pseudorandom sequence generator with
precise control of the time delay between the two channels was
developed for the calibration of cross correlators in flow mea-
surement. Special control strategies implemented in both hard-
ware and software were validated by experiments to be effective
in decreasing the error of time delay between the two channels
of pseudorandom sequences. For test points of time delay on
integer multiples of 4 μs, the absolute error was 0.15 μs.
When the time delay was not smaller than 1 ms, the relative
error was smaller than 0.015%. For test points of time delay
other than integer multiples of 4 μs, the absolute error of time
delay was 2.15 μs. Comparison with an E + H commercial
noise signal generator and an MP noise generator in the range
of 10–1000 ms showed that the new generator was much better
than the other two. The control accuracy of the time delay of
the presented generator can meet the requirement of calibrating
cross correlators for flow metering.

Moreover, the shift frequency, sequence length, and time
delay can be easily adapted to a special application by a suitable
redesign on the hardware and/or software.

REFERENCES

[1] Z. G. Xiao, Pseudo-Random Sequence and Its Applications. Beijing,
China: Nat. Defence Ind., 1985.

[2] C. H. Yen and B. F. Wu, “An error-correcting stream cipher design with
state-hopping architecture,” J. Chin. Inst. Eng., vol. 28, no. 1, pp. 9–16,
2005.

[3] X. G. Wang, M. Zhan, and X. F. Gong, “Spread-spectrum communication
using binary spatiotemporal chaotic codes,” Phys. Lett. A, vol. 334, no. 1,
pp. 30–36, Jan. 2005.

[4] T. Johnsen, K. E. Olsen, S. Johnsrud, and R. Skjerpeng, “Simultaneous
use of multiple pseudo random noise codes in multistatic CW radar,” in
Proc. IEEE Nat. Radar Conf., 2004, pp. 266–270.

[5] D. K. Rollins, L. Pacheco, N. Bhandari, and J. Nguyen, “A quantitative
measure to evaluate competing designs for non-linear dynamic process
identification,” Can. J. Chem. Eng., vol. 84, no. 4, pp. 459–468, 2006.

[6] H. J. W. Spoelder, F. M. Vos, E. M. Petriu, and F. C. A. Groen, “Some
aspects of pseudo random binary array-based surface characterization,”
IEEE Trans. Instrum. Meas., vol. 49, no. 6, pp. 1331–1336, Dec. 2000.

[7] R. Shaltiel and C. Umans, “Simple extractors for all min-entropies and
a new pseudorandom generator,” in Proc. Annu. Symp. Found. Comput.
Sci., 2001, pp. 648–657.

[8] A. H. Tan and K. R. Godfrey, “The generation of binary and near-binary
pseudorandom signals: An overview,” in Proc. IEEE Instrum. Meas. Tech-
nol. Conf., 2001, vol. 2, pp. 766–771.

[9] J. Szczepanski, E. Wajnryb, J. M. Amigo, M. V. Sanchez-Vives, and
M. Slater, “Biometric random number generators,” Comput. Secur.,
vol. 23, no. 1, pp. 77–84, 2004.

[10] L. A. Xu, H. L. Yang, T. Zhang et al., “Clamp-on ultrasound cross-
correlation flowmeter for liquid/solid two-phase flow measurement,”
Flow Meas. Instrum., vol. 5, no. 3, pp. 203–208, 1994.

[11] H. A. Barker, “Primitive maximum-length sequences and pseudorandom
signals,” Trans. Inst. Meas. Control, vol. 26, no. 4, pp. 339–348, 2004.

[12] R. J. Deloughry and I. Davenport, “Microcomputer-based calibration
noise-generator,” Flow Meas. Instrum., vol. 2, no. 2, pp. 124–126, 1991.

[13] H. F. Sun and A. Q. Xu, The Theory and Application of MCS-51, 96
Series Single Chip Microcomputers. Beijing, China: BeiHang Univ.
Press, 1998.

Lijun Xu (M’04–SM’04) received the B.Sc.,
M.Eng., and Ph.D. degrees in electrical engineering
and instrumentation from Tianjin University, Tianjin,
China, in 1990, 1993, and 1996, respectively.

From 1995 to 1997, he was a Lecturer with the
School of Electrical Engineering and Automation,
Tianjin University, where he has been an Asso-
ciate Professor since 1997. From January 2002 to
December 2004, he was a Research Fellow with the
University of Greenwich at Medway, Chatham, U.K.,
and the University of Kent, Canterbury, U.K. From

December 2004 to April 2006, he was a Higher Scientific Officer with the
Department of Physics, Institute of Cancer Research, University of London.
He is currently a Professor with the School of Instrumentation Science and
Opto-Electronic Engineering, Beihang University, Beijing, China. His current
research interests include digital imaging, dynamic process monitoring, pattern
recognition, signal processing, and multiphase flow measurement. He is the
author or coauthor of more than 100 publications.

Dr. Xu received the Tianjin Natural Science Award, the Sixth Tianjin Youth
Science and Technology Award, and the Tianjin University Top-Ten Pioneer
Youth Award in 2001. He is a member of the Multiphase Flow Measurement
Committee, China Metrological Measuring Institute. He was nominated as one
of the key teachers in higher education and one of the most excellent researchers
of the new century by the Ministry of Education, China, in 2000 and 2007,
respectively.

Xiaomin Li received the B.Sc. and M.Eng. degrees
in chemical engineering from Tianjin University,
Tianjin, China, in 1992 and 1995, respectively, and
the M.Phil. and Ph.D. degrees in environmental sci-
ence and engineering from the University of Green-
wich at Medway, Chatham, U.K., in 2004 and 2008,
respectively.

She was an Assistant Engineer from 1995 to 1997
and a Research Assistant from 1997 to 2002 with the
Research and Development Center for Petrochemical
Technology, Tianjin University. She is currently a

part-time Lecturer with the University of Greenwich. Her research interests
include process monitoring, analytical instruments, and applications in envi-
ronmental engineering. She is the author or coauthor of over 20 publications.

Dr. Li was a recipient of the Petrochemical Engineering Award from the Sino
Petrochemical Engineering Corporation, China, and the Outstanding Master
Thesis Award from Tianjin University.

Authorized licensed use limited to: BEIHANG UNIVERSITY. Downloaded on December 2, 2008 at 00:22 from IEEE Xplore.  Restrictions apply.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues false
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


