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Abstract—The uncertainty of measurements in timing systems
is a function not only of the quality of the instruments and
system components (time interval counters, pulse distribution
amplifiers, Global Navigation Satellite System (GNSS) receivers,
etc.) but also of the quality of the pulses carrying the timing
information. This paper presents a study of the consequences of
using pulse-per-second (PPS) signals in precise timing systems
without properly considering their electrical characteristics. We
discuss the effect of pulse shape, its distortion and instrument
response on the measurement of time delay using PPS signals.

I. INTRODUCTION

The ”Guidelines for GNSS calibrations” [1] recently issued

by the Bureau International des Poids et Mesures (BIPM)

produced a renewed interest in timing calibrations with the

intent of creating standard procedures to be adopted by all

UTC-contributing laboratories. A crucial part of calibrations

of time transfer links is the measurement of all of the various

delays present in the time transfer systems. Many of these

delays are related to the propagation of PPS signals into the

system.
Every timing system component has its own time reference

point: in many cases the rising edge of a pulse-per-second

(PPS) signal. While PPS signals are chosen because they are

unambiguous with respect to the fundamental unit of time, the

second, they are very wide-bandwidth signals, whose charac-

teristics may change dramatically depending on the source that

produces them and upon the propagation characteristics of the

systems that distributes them.
As an example, a GNSS receiver may create a PPS signal

which differs significantly with respect to the one produced by

a pulse distribution amplifier (PDA). As a general statement,

each source produces a unique PPS signal, where the most

obvious differences are rise time, voltage levels and nominal

impedance. When the PPS has propagated through a pulse

distribution amplifier and is detected by a time interval counter

or a GNSS receiver, parameters like the threshold voltage,

the bandwidth of the input port, and the impedance matching

become important and are often partially unknown or difficult

to determine. Finally, the transmission line for the PPS signals

(likely a coaxial cable between 1 m and 20 m in length) must

be carefully considered, because it will distort the pulse shape

due to the dispersive characteristics of the cable.

In the paper, we discuss the effect of pulse shape, its

distortion and instrument response on the measurement of time

delay.

II. PULSE-PER-SECOND SIGNALS

A pulse is a rapid change in the amplitude of a signal from

a baseline value to a higher (or lower) value (VP ), followed

generally by a rapid return to the baseline value. A PPS

consists of a pulse that repeats itself every second, ideally

with a transition time equal to zero. A PPS signal can also be

viewed as a digital signal that carries timing information at

one (or both) of the transition edges. Since real PPS signals

are band-limited, they use a finite time to transition between

the baseline and a higher level and it becomes useful to

associate the timing information of a pulse with the crossing

of an agreed-upon voltage threshold. Using as a reference the

simplified description of a pulse that is shown in Fig.1, the

timing event identified by each pulse is defined by the crossing

of the threshold voltage VTH . While aware of the simple nature

of this definition, we are deeming it suitable for the scope of

this paper.

Fig. 1. Simplified depiction of a pulsed signal, with all the relevant quantities
indicated.

A common PPS signal is a return-to-zero pulse (of duration

between several hundreds nanoseconds and many microsec-

onds) with VP = 2.5 V delivered to a 50 Ω load, and with the

time reference defined by a threshold level voltage VTH of 1

V on the positive slope. Without excessive loss of generality,

this work will be based on this type of pulse.
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A. Pulse uncertainty

The uncertainty of the timing event identified by a pulse

is a function of several parameters that, in turn, depend on

the specifics of each timing system. A lack of knowledge, or

a change, of the rise time of each pulse while propagating

through the timing system clearly affects the determination of

the timing event associated with it. An important consideration

is that, besides dispersion in the transmission line used by the

PPS signal, a significant distortion of the pulse shape (hence

a change in its rise time) may be generated by impedance

mismatch between components of the timing system as a

consequence of the wide-band nature of pulsed signals. Also,

while the value of the threshold voltage VTH is mainly a

parameter of the receiving end of the timing system it may

have a significant impact on the timing uncertainty of a pulse:

a slow pulse, with a larger rise time, is clearly more vulnerable

to uncertainty due to trigger and amplitude noise.

B. PPS distribution system

Timing systems are often made by a time source (typically

a PPS generator) and a distribution network, a combination

of low-loss transmission lines and active distribution systems.

The time reference is then delivered to several users (e.g. Time

interval counters, GNSS receivers). In the system example in

Fig. 2 we show simply a time interval counter, measuring

the time difference between the local time scale and the

primary clocks used for the computation of the steering of

the offset generator, together with a link to the outside world

represented by a TWSTFT (Two-Way Satellite Time and

Frequency Transfer) modem. The time reference point for the

system is defined at one of the outputs (for example 1) of the

PDA. The arrows are generally coaxial cables.

Fig. 2. Example of timing system in a laboratory. The time reference point
in the system is defined at one of the outputs (for example 1) of the pulse
distribution amplifier (PDA). The arrows are generally coaxial cables. For
clarity only one time transfer device (TW modem) is shown here, although
generally the PPS signal is distributed to several users. The time interval
counter displayed here is a monitoring device that is part of the system.

1) Sources: The pulse source defines the initial rise time of

the PPS. Uncertainty in the knowledge of its output impedance

Zo(ω) produces uncertainty in the rise time of the pulse as

delivered to the rest of the system. With available technology,

source rise times range from 10 ns to 50 ps, or even better.

2) Distribution network: The simplest PPS signal distri-

bution network is a coaxial cable; more complex networks

may include a cascade of PDAs interconnected by coaxial

cables or may comprise also different transmission systems,

including optical fibers. We limit our discussion to the case of

coaxial cables. An other component of a distribution network

is the PDA, which may acts simultaneously as a receiver and

a source by generating the output PPS using a comparator

(triggered by the input PPS) followed by a logic driver. We call

this kind of PDA active. PDAs can dramatically change the

characteristic of the PPS that flows through them: uncertainty

in their input and output impedance generates uncertainty in

the shape of the pulse, affecting the overall timing. In addition,

active PDAs are also sensitive to any uncertainty in the trigger

level of the internal comparator.

3) Receivers: A receiver detects each pulse in a PPS signal

and generates a timing event. A receiver can be a time interval

counter, or a device that uses the timing event to access other

timing information, like a GNSS receiver, a TWSTFT modem

or a similar time-transfer device. The voltage comparator

within any receiver and the input stage leading to it are the

main sources of uncertainty, in terms of VTH and, through the

input impedance and front end limitations, of time rise.

III. DELAY OF A COAXIAL CABLE

A correct measurement of the delay introduced by a cable

is a fundamental building block in the accurate assessment

of a distributed timing system. Coaxial cables are typically

characterized in the frequency domain in terms of dispersion,

attenuation and impedance. This approach is, in principle,

useful from the viewpoint of PPS signals because of their

inherent wide bandwidth, but it turns out to be limiting in

practice because often the cable parameters are measured

and specified for only few frequency values. It becomes then

important to characterize the cable for a particular use, in this

case with PPS signals.

A. Simulation

To understand the impact of a coaxial cable on the propaga-

tion of a pulse from a numerical point of view, we simulated

it using a model for one of the most commonly used cables, a

RG58 C/U. To validate the model, we compare the simulated

attenuation and delay characteristics with the cable data sheet

and a set of measurements performed with a network analyzer.

Both the measurements and the simulation results are shown

in Fig. 3 where the agreement is apparent.

Using this validated cable model, we now simulate the

propagation of a pulse through a system consisting of an

ideal PPS signal generator with parametrized pulse rise time

and pulse shape, a coaxial cable whose transfer function is

computed from 100 kHz to 100 GHz, and an ideal time interval

counter. The simulation uses time increments of 5 ps, and

works with 2x106 points. Several cable lengths are simulated

and for each one of them the source rise time is varied from

100 ps to 10 ns. The delay accumulated by each pulse through

the cable is then recorded for each value of the rise time. The



Fig. 3. Comparison between the simulation (-) and the measured (o)
attenuation (blue) and delay (green) of a coaxial cable RG58 C/U as a function
of frequency

results of the simulations are shown in Fig. 4, where each

curve displays the excess delay introduced by the different

lengths of cables when the rise time is larger than 100 ps.

For example, a pulse with a rise time of 3 ns, when traveling

through a 30 m long cable, will accumulate approximately 550

ps of additional delay with respect to a pulse with a 100 ps rise

time traveling through the same cable. The simulation results

agree with what we have experienced in timing measurements

in our laboratories: when the rise time of the pulses increases,

the delay of a cable as measured by the pulses themselves,

increases too.

Fig. 4. Variation of PPS cable delay as a function of rise time for different
cable lengths, computed using the model for RG58 C/U cables.

IV. THE MEASUREMENTS

A. Test set

1) Cables Under Test: To validate experimentally the sim-

ulations described above we have measured several cables,

among the most widely used in timing laboratories. The set

of cables used throughout the paper are listed below:

Test4 RG58 C/U, 0.5 m

Test1 RG58 C/U, 1 m

Test3 RG 58 C/U, 5 m

Test2 RG 58 C/U, 10 m

Test7 Heliax 1/4”, 4 m, FSJ1-50A

Test6 Heliax 1/4”, 48 m, FSJ1-50A

The phase velocity for RG58 cables is approximately 66%

of the speed of light, while for 1/4” Heliax is 84%.

2) Sources: In order to have different kinds of pulses

available, two sources with significantly different rise time

were used.

SlowP it is the output of a HP3326A synthesizer set in two-

pulse mode. The output pulses have an amplitude of

2.5 V, with a DC offset of 1.25 V delivered to a 50

Ω load. The rise time is approximately 8.6 ns.

FastP it is the output of an active PDA, receiving the

pulses from the same HP3326A through a very

short cable (0.5m). The rise time of these pulses is

approximately 460 ps.

3) Oscilloscope: Oscilloscopes are not a recommended

instrument to measure time differences, but are used in this

work to illustrate the effect of cable dispersion on the shape of

PPS signals. For this purpose, we used a Keysight MSO6104A,

a 4Gs/s, 1 GHz bandwidth oscilloscope, with input impedance

set to 50 Ω and 1 V trigger voltage on the positive edge for

the measuring channel.

4) Time Interval Counters: A time interval counter mea-

sures the elapsed time between two timing events at its inputs.

One of the two inputs (START) is selected to identify the

beginning of the elapsed time, while the STOP identifies its

end. It is our recommended instrument for measuring time

differences. In this paper, delays of cables and time differ-

ences between pulse sources were measured using two time

interval counters with significantly dissimilar characteristics,

as suggested by their very different stated RF bandwidths:

SR620, 300 MHz RF bandwidth [2].

GT688, 2.7 GHz RF bandwidth [3].

In reality, a specified RF bandwidth is perhaps not the best

way to describe the measurement capabilities of a time interval

counter as a function of the harmonic content (i.e. rise time)

of the input pulses, but that discussion is beyond the scope of

this paper and we will identify the two counter as ”slow front

end” (SR620) and ”fast front end” (GT668).

B. Edge Measurements

The rising edge of the pulses generated by the two sources

is measured before and after passing through the cables under

test using the oscilloscope described in the previous section.



Fig. 5. Pulse rising edges generated for the SlowP case (8.6 ns) and measured
at the end of the test cables.

No trace smoothing was used, while some trace averaging

helped reducing the overall noise. The results for the SlowP

case are shown in Fig. 5, while the ones for the FastP case

are in Fig. 6.

While all traces have been acquired using a trigger voltage

of 1 V, the curves have been re-aligned with respect to the

beginning of each pulse to better illustrate the pulse distortion

and its effect on delay measurements. The measurement of

the source pulse directly (no cable) was possible only in the

FastP case, while in the SlowP case the shorter cable used was

0.5 m (Test4). Also, the 1-GHz oscilloscope bandwidth may

introduce a limitation in the displayed rise time for the FastP

case, when measured at the source. We do not think either

of these limitations significantly affects the discussion. These

results show that the amount of measured delay introduced

by a cable depends on the rise time of the propagating pulse

itself. For example, after propagation through the cable named

Fig. 6. Pulse rising edges generated for the FastP case (460 ps) and measured
at the source and at the end of the test cables.

Test2(RG58, 10 m long) the 1-V trigger point is delayed by

approximately 100 ps in the case of a 460-ps rise time pulse,

while it is delayed by approximately 500 ps if the rise time

of the pulse is 8.6 ns.

C. Cable delay measurements

The actual cable delay measurements were performed using

the two time interval counters described in the previous

section. We measure the delay of several cables of different

lengths using the setup in Fig. 7. The difference between the

measurements with each of the test cables (indicated by (1) in

the figure) and the ones performed with the direct connection

to the time interval counter (indicated by (2)) provide the

delays of the test cables, shown in Table I.

Fig. 7. Experimental setup for the cable delay measurements using the pivot
method in the FastP case.

TABLE I
DELAY OF TEST CABLE USING BOTH COUNTERS. UNCERTAINTY 20 PS

Cable Delay [ns]
RG58 Heliax

Test3 (5 m) Test2 (10 m) Test7 (4 m) Test6 (48 m)
SR620 25.34 50.78 16.58 194.34
GT668 25.28 51.67 16.54 194.17

This first set of measurements simply tells us the delays

of the test set of cables, and we can notice that the two

different counters do not provide the same delay values for

each cable: this is likely due to their very different front

ends characteristics. We next use the setup shown in Fig. 8

to compare the cable delays when measured by the pulses

with short rise time (FastP, 460 ps) and by the pulses with

long rise time (SlowP, 8.6 ns). We call this difference (due

to the different rise time of the pulses traveling through the

cables) Δdelay, computed by subtracting the measurements

performed with the four configurations indicated in Fig. 8:

ΔDelay = [(1)− (2)]− [(3)− (4)] (1)



Fig. 8. Experimental setup for the cable delay measurements using the pivot
method in the SlowP case.

The results are reported in Table II, for both time interval

counters. Each measurements reported in Table I and Table II

was taken with an averaging factor of 200 or more, and the

overall statistical uncertainty of each measurement has been

estimated to be approximately 20 ps.

TABLE II
DELTADELAY FOR ALL TEST CABLES IN PS USING BOTH COUNTERS.

UNCERTAINTY 20 PS

Δdelay [ps]
RG58 Heliax

Test3 (5 m) Test2 (10 m) Test7 (4 m) Test6 (48 m)
SR620 252 443 56 789
GT668 232 431 58 713

The data shows consistent and statistically significant dif-

ferences between the delay of each cable as measured using

PPS signals with different rise times. These differences are

observed by both time interval counters and are larger when

the rise time of the pulse propagating through the cable is

larger, confirming the same trend displayed in the simulation

results of Fig. 4. We observe again that the cable delay

measurements do not give the same results for both counters.

D. Time difference between different PPS signals
Another typical measurement occurring in timing laborato-

ries is the time difference between PPS signals at different

locations in a laboratory, indicated by (A) and (B) in the

example block diagram shown in Fig: 9. This time difference

is not directly measured by connecting the STOP and START

ports of the time interval counter (shown in pink) directly

to the (A) and (B) outputs, respectively. Instead, we use a

method that we call ”pivot”, where the blue cable, called

”pivot”, remains connected to a PPS source (that is neither A

nor B) for the entire duration of the measurement, while the

red cable, called ”probe” is connected in turn to (A) and (B).

The delay between (A) and (B) is then obtained subtracting

the two measured quantities.

Fig. 9. Example of a timing laboratory setup where the measured quantity is
the time difference between PPS signals at the location called (A) and (B).
The blue cable is called the pivot, the red cable is called the probe and will
move from (A) to (B).

In principle, both cables (pivot and probe) and many of the

time interval counter biases are common to all measurements

and therefore should not affect the results. In reality, however,

if the pulses at (A) and (B) have very different rise times, the

length of the probe cable may introduce dissimilar amounts of

distortion causing significant measurement errors.

To illustrate this, we measure the time difference between

two PPS signals that, while originally coming from the same

source, have very different rise times. The setup for these

measurements is shown in Fig. 10, where the PPS at (A)

has a rise time of 8.6 ns (SlowP) while the one at (B) has a

rise time of 460 ps (FastP).

Fig. 10. Experimental setup for time difference measurements between
dissimilar PPS sources, using the pivot method using both time interval
counters (SR620 and GT668).

The results for the measurement of the time difference



between locations (A) and (B), performed with both time

interval counters are shown in Table III, where the result of

using different counters and probe cables of different lengths

is readily apparent: there is a discrepancy greater than 700 ps

between the measurements performed by the two counters, and

a discrepancy of approximately 400 ps between the use of a

1-m long probe cable and a 10-m long one. Both discrepancies

between measurement of, in principle, the same quantity are

statistically significant.

TABLE III
DISCREPANCY BETWEEN DELAY MEASUREMENTS WITH DIFFERENT

COUNTERS AND DIFFERENT PROBE CABLES. UNCERTAINTY 20 PS

delay(A)-delay(B) [ps] Test1-Test2
Test1 (1 m) Test2 (10 m) discrepancy [ps]

SR620 632 238 396
GT668 1422 992 430

GT668-SR620
discrepancy [ps] 790 754

V. CONCLUSIONS

We investigated the impact of cable attenuation and dis-

persion on the rising edge of propagating PPS signals and,

consequently, on delay measurements when performed using

pulses. Using a model, validated by measurements, we com-

puted various cable delays as a function of the rising edge of

the propagating pulses, for different cable lengths. Several sets

of measurements were performed first with fast-rising pulses

(FastP case, 460 ps rise time) on a number of test cables, using

two time interval counters with substantially different front-

end characteristics. These measurements showed a discrepancy

between measurements of the same cable (with the same

pulses) by the two counters, likely due to the different front-

end characteristics of the two instruments: the counter with

the slower front end (smaller stated RF bandwidth) measured

consistently larger delay values.

The next set of measurements compared the results obtained

using both kinds of pulses, slow-rising ones (SlowP case, 8.6

ns rise time) and fast-rising ones (FastP case, 460 ps rise

time) yielding longer measured delays when the slow-rising

pulses were used, well in agreement with the results of the

simulations.

Finally, a last round of measurements was performed to

measure the time difference between pulses in two different

locations in the laboratory. The method used to perform

these measurements, using a pivot cable and a probe cable,

should be independent of cable lengths. In reality, because

the two locations (indicated by (A) and (B) in Fig. 10 have

very dissimilar pulses (one is sourcing slow-rising pulses the

other fast-rising ones)the resulting measured time difference

is larger when a shorter probe cable is used, indicating the

dissimilar amount of distortion introduced by the probe cable

on dissimilar pulses.

While we do not believe the discussion of sources of

uncertainty in timing measurements using PPS signals has

been exhausted in this work, it is clear from the results

presented here that when building a pulse-based timing system,

it is paramount to understand the shape of the pulses available,

and that the smaller the rise time, the less significant the impact

of cable distortion. It is also advisable to define the local

time reference point at the output of a PDA rather than at the

end of a coaxial cable, where the combination of poor source

pulses (slow-rising), cable distortion and poor TIC trigger level

quality can lead to significant uncertainty in its determination,

especially if the cable is long.

ACKNOWLEDGMENTS

The authors would like to thank Giancarlo Cerretto of

INRIM for lending the SR620 time interval counter and Ron

Segura of GuideTech for lending the GT668PCI time interval

counter. The authors would like to thank also Steven Jefferts

for insightful discussions, Chiara Ferrari for measurement

support and Fulvia Rey for overall support.

Work of the U.S. Government, not subject to U.S. Copyright.

Certain commercial devices have been identified by name
for technical completeness. This does not constitute an en-
dorsement by NIST or SYRTE of these devices. The identified
devices may or may not be the best available for the purpose
described herein.

REFERENCES

[1] ftp2.bipm.org/pub/tai/publication/gnss-calibration/guidelines
[2] MODEL SR620 Universal Time Interval Counter, Operation Manual,

Stanford Research Systems.
[3] GT668PCI, datasheet, www.guidetech.com
[4] M. Siccardi, M. Abgrall, and D. Rovera, “About time measurements,”

2012 EFTF, 2012.



<<
  /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
  /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 false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


