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Abstract We identify coronal holes using a histogram-based intensity thresholding tech-
nique and compare their properties to fast solar wind streams at three different points in
the heliosphere. The thresholding technique was tested on EUV and X-ray images obtained
using instruments onboard STEREO, SOHO and Hinode. The full-disk images were trans-
formed into Lambert equal-area projection maps and partitioned into a series of overlapping
sub-images from which local histograms were extracted. The histograms were used to de-
termine the threshold for the low intensity regions, which were then classified as coronal
holes or filaments using magnetograms from the SOHO/MDI. For all three instruments, the
local thresholding algorithm was found to successfully determine coronal hole boundaries
in a consistent manner. Coronal hole properties extracted using the segmentation algorithm
were then compared with in situ measurements of the solar wind at ∼1 AU from ACE and
STEREO. Our results indicate that flux tubes rooted in coronal holes expand super-radially
within 1 AU and that larger (smaller) coronal holes result in longer (shorter) duration high-
speed solar wind streams.

Keywords Sun: coronal holes · Automated detection · Sun: magnetic fields · Sun: solar
wind, disturbances

1. Introduction

Understanding the connection between solar activity and space weather is important for ac-
curately predicting geomagnetic disturbances that can affect radio communications, satellite
and spacecraft operations, ground-based power systems and astronauts. Coronal mass ejec-
tions (CMEs) and flares are sources of energetic particles which can impact the Earth, and
hence are of primary importance to space weather forecasting. As sources of high speed
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solar wind, coronal holes (CHs) are an important factor in producing recurring magnetic
disturbances at Earth on time scales of days to months. It is well known that due to the
longevity of CHs, they can drive important physical processes on a larger time-scale than
transient events like CMEs. Over its lifetime, a coronal hole can input as much energy into
the heliosphere as a CME (Kavanagh and Denton, 2007). Characterising CH properties al-
lows us to determine the arrival time of high speed solar wind streams at Earth and other
positions in the heliosphere.

CHs are regions of the solar atmosphere that contain ‘open’ magnetic field lines which
extend to interplanetary space and give rise to high-speed solar wind streams (Altschuler,
Trotter, and Orrall, 1972; Krieger, Timothy, and Roelof, 1973; Hassler et al., 1999;
Schwadron and McComas, 2003; Antonucci et al., 2004; Fujiki et al., 2005; Temmer, Vrš-
nak, and Veronig, 2007). The electron density in CHs is 2 – 3 times lower than that of the
quiet Sun (QS), while the temperature is around 105 – 106 K (Munro and Withbroe, 1972;
Wiegelmann, Xia, and Marsch, 2005; Wilhelm, 2006). As a result of their lower density and
emission measure, CHs appear as dark areas in X-ray and extreme ultraviolet (EUV) wave-
lengths (Reeves and Parkinson, 1970; Vaiana et al., 1976). Magnetograms have also shown
CHs to be of one predominant polarity (Wiegelmann and Solanki, 2004).

There have been a number of attempts to study CHs from a theoretical perspective.
One of the main theories is the interchange model (Wang, Hawley, and Sheeley, 1996;
Lionello et al., 2006), which is based on the assumption that the dominant process in the
coronal ‘open’ field evolution is the reconnection between ‘open’ and closed magnetic field
lines. This view was initiated by observations showing streamer evolution (inflows and out-
flows) which could be explained with the closed flux opening into the solar wind and ‘open’
flux closing back into the streamer (Sheeley and Wang, 2002). Interchange reconnection
could also explain the rigidly rotating CHs that are resistant to differential rotation (Timo-
thy, Krieger, and Vaiana, 1975). The counter-argument to interchange reconnection is that
the continuous opening and closing of coronal field lines would result in the injection of
magnetic flux into the solar wind and cause a bi-directional heat flux (Antiochos et al.,
2007). The other main theory is the quasi-steady corona-wind model in which the coronal
magnetic field is extrapolated from the photosphere using magnetograms. The simplest ver-
sion, the source surface model, provides us with a topology of closed and ‘open’ flux regions
by assuming a current-free corona and a completely radial magnetic field at a fixed surface
(Luhmann et al., 2003; Schrijver and DeRosa, 2003). To obtain the evolution of the coronal
field, a sequence of the source surface solutions are used. In recent years, the quasi-steady
model has been improved by including the solution of the full MHD equations, which made
the assumption of a fixed surface and a current-free corona unnecessary (Pisanko, 1997;
Roussev et al., 2003; Odstrcil, 2003).

To study their physical properties, CHs must be detected in a consistent manner. Initial
attempts to extract coronal holes involved hand-drawn maps based on the two-day average
of He I (10830 Å) images and magnetograms (Harvey and Recely, 2002) made with the
National Solar Observatory/Kitt Peak Vacuum Telescope (NSO/KPVT). In recent years, a
number of automated selection methods have been developed: Henney and Harvey (2005)
used NSO/KPVT He I (10830 Å) images, magnetograms and the above-mentioned hand-
drawn CH maps; Malanushenko and Jones (2005) used He I imaging spectroscopy to deter-
mine CH boundaries; while Toma and Arge (2005) have combined space-based EUV images
with ground based He I (10830 Å) and Hα observations and magnetograms to identify coro-
nal hole regions. Chapman and Bromage (2002) and Chapman (2007) constructed synoptic
CH maps using measurements made with the Coronal Diagnostic Spectrometer on board the
Solar and Heliospheric Observatory (SOHO/CDS; Harrison, 1997). Delouille, Barra, and
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Hochedez (2007) used a multichannel segmentation method on EUV images to differenti-
ate CHs, QS and active regions (ARs). More recently, Scholl and Habbal (2008) applied an
image segmentation technique based on a combination of region and edge-based methods
using 171 Å (Fe IX/X), 195 Å (Fe XII), 304 Å (He II) images and Michelson Doppler Imager
(MDI; Scherrer et al., 1995) magnetograms to determine CH boundaries.

Although determining the intensity threshold is of fundamental importance to accurately
determine CH boundaries (and thus their properties), many of the methods discussed rely on
arbitrary choices to determine the CH threshold. The main goal of our study was to produce
a fast and robust algorithm to automatically identify coronal holes at any time of the solar
cycle using a single image (195 Å or X-ray) at a time. We introduced a three perspective
identification of CHs using the data from the Extreme Ultraviolet Imager from the Sun
Earth Connection Coronal and Heliospheric Investigation experiment on board the Solar
TErrestrial Relations Observatory (STEREO-SECCHI/EUVI; Wuelser et al., 2004) and the
Extreme Ultraviolet Imaging Telescope (EIT; Delaboudinière et al., 1995) on board SOHO.
The properties of several CHs were then compared with solar wind speed measurements
made by the Plasma and Supra-Thermal Ion Composition instrument (PLASTIC; Blush
et al., 2005) on board STEREO and the Advanced Composition Explorer (ACE; Chiu et al.,
1998) to study the connection between the areas of CHs and solar wind flows at a number
of perspectives at 1 AU.

2. Observations

The segmentation algorithm was tested on 195 Å images made with the STEREO-
SECCHI/EUVI and SOHO/EIT instruments and X-ray images made with the X-Ray Tele-
scope (XRT; Golub et al., 2007; Kano et al., 2008) on board Hinode. The 195 Å observations
show the inner solar corona with a difference in the distribution of intensities between coro-
nal holes and the quiet Sun. In this study, full resolution 1024×1024 (EIT) and 2048×2048
pixel (EUVI and XRT) images were used. EIT 195 Å images are normally produced every
12 minutes, and EUVI images every 10 minutes. The 195 Å filter has a broad temperature
response, which peaks at approximately 1.5 × 106 K. 1024 × 1024 pixel images made by
XRT were also used in this study. The wavelength range of the XRT instrument is 6 – 60 Å,
the temperature response of the Ti-Poly filter (27.4 Å) used in this study peaks at around
9 × 106 K. MDI line-of-sight magnetograms were used to differentiate coronal holes from
filaments.

The threshold of one large CH visible with the four satellites around 12 – 15 January 2008
was studied in detail, while the long-term threshold variation was shown using observations
obtained over 30 days in January 2008. We have also investigated the different line-of-sight
magnetic field (BLOS) distributions for low intensity regions (LIRs) observed on 15 June
2008 and 22 March 2007. Finally, the characteristics of 46 large CHs were studied for a
three-year period starting in 2006. Only major CHs with distinct solar wind profiles were
included in the analysis to compare their area with high-speed solar wind stream durations.

3. Data Analysis

3.1. Local Intensity Thresholding

Standard SolarSoft procedures (Freeland and Handy, 1998) were used to reduce and cali-
brate the images, which were then transformed from full-disk images to Lambert equal-area
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Figure 1 Top: EUVI 195 Å LEAP map showing no CHs, and the corresponding intensity histogram with a
unimodal distribution. Bottom: LEAP map showing a large CH, and the corresponding intensity histogram
with a bimodal distribution.

projection (LEAP) maps. The latter procedure projects a spherical surface onto a cylindrical
surface whilst preserving the area and producing parallel latitudinal (and longitudinal) lines
within approximately −60 and +60 degrees latitude and longitude (McAteer et al., 2005).
The coordinates of the coronal hole boundaries are only reliable within the above mentioned
range due to near-limb projection effects.

Intensity thresholding is a powerful method for identifying features in images. It is well
known that the intensity histogram of an image gives a multimodal distribution where each
frequency distribution corresponds to a feature in the image (Gonzalez and Woods, 2002;
Gallagher et al., 1998, 1999; Belkasim, Ghazal, and Basir, 2003). In the case of 195 Å
images, each major feature (LIRs, QS and ARs) corresponds to a distribution in the intensity
histogram. When an image is dominated by quiet Sun, the corresponding intensity histogram
shows a unimodal distribution (top panel of Figure 1). When a relatively large part of the
image is covered by LIRs, the resulting intensity histogram shows a bimodal distribution
(bottom panel of Figure 1), where the local minimum corresponds to the boundary threshold.

The minimum between the LIR and QS distribution was enhanced using a partitioning
operation. By partitioning the solar image to sub-images, we obtained local histograms with
more defined minima which aided the determination of thresholds. The sub-images used
were 1/2, 1/3, 1/4 and 1/5 of the original LEAP map size. Each of the sub-image sizes
were used to step across the map and obtain local intensity histograms from overlapping
sub-images (Figure 2). This process provided more clearly discernible local minima for
thresholding (Figure 3). This can be explained by different size sub-images having different
proportions of QS and LIR and hence frequency distributions. The threshold minima are
defined as local minima that are located within 30 – 70% of the QS intensity and are wider
than 6 digital numbers (DNS).
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Figure 2 The LEAP map is
partitioned into overlapping
sub-images.

Figure 3 Right: The corresponding local histograms with minimum positions marked with dot-dashed line.
The range (30 – 70% of QS intensity) where the minimum can be found is marked with dashed lines. Left:
Sub-images from a EUVI 195 Å LEAP map (11 January 2008).

As mentioned above, the intensity range where the thresholds were identified depends
on the QS intensity. For this reason the method is reliable at any time of the solar cycle
regardless of the change in the overall intensity. It should be noted though, that with increas-
ing solar activity, the acquired CH boundaries are less accurate due to bright coronal loops
intercepting the line-of-sight and obscuring parts of the CH boundary.
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Once the final threshold was obtained, the LIR maps were created. Figure 4 shows the
same CH complex observed by four different instruments in two wavebands (195 Å and
X-ray). The observation times are different to ensure that the CH is seen at the same central
location observing with different satellites. We would like to draw attention to the large-
scale similarity in CH morphology despite the use of different instruments and observation
times. Also, the threshold histograms (right column of Figure 4) show how distinct the peak
threshold is, which is then used to contour the LIRs.

3.2. Differentiating Coronal Holes from Filaments

CHs were distinguished from filaments using MDI magnetograms. A magnetogram was
found closest in time to the EUV observation and then differentially rotated to the EUV
observation time. The LIR contours obtained from the EUV image were then overplotted
on the differentially rotated magnetogram and the flux imbalance was determined for the
contoured regions. CHs are well know to show one dominant polarity, while filaments have
a bi-polar distribution of polarities (Scholl and Habbal, 2008). Figure 5 shows examples of
LIRs observed on 15 June 2008 and 22 March 2007 respectively. The 15 June 2008 LIR is
an example for a CH with a negative dominant polarity, while the 22 March 2007 LIR is a
CH with a positive dominant polarity (first and second row in Figure 5). The skewness of the
field strength distribution was found to be −2.9 and 6.4 respectively for the two CHs. The
LIR highlighted on the bottom panel magnetogram in Figure 5 was found to be a filament
based on the very small value of skewness (0.2) in its line of sight magnetic field strength
distribution.

4. Results

Figure 6 shows a threshold consistency test. In this example, thresholds were acquired from
76 EIT 195 Å images taken on 11 January 2008. It was expected that thresholds of similar
intensity would be found due to the similarity of the images taken close in time (images
were taken approximately every 12 minutes). The mean intensity threshold was found to
be (17.6 ± 1.2) DNS. Assuming that the intensity threshold distribution is normal, the true
intensity threshold falls within ±14% of the calculated mean intensity threshold to 95% con-
fidence. This confirms that the calculated thresholds are stable. Figure 7 shows the variation
of the LIR threshold over an entire month (January 2008) using four instruments onboard
STEREO, SOHO and Hinode.

All coronal holes studied here were linked to significant rises in solar wind speeds at
1 AU. Figure 8 shows the CH positions at the start, maximum and end of the high-speed
solar wind period on 14 – 24 June 2008. The images show that the west-most CH boundary
was at approximately W50 when the high-speed solar wind stream arrived at ACE. The CH
has passed over the west limb by the time the solar wind speed dropped back to normal
levels (300 – 400 km s−1). The duration of the high-speed solar wind stream is related to the
expansion factor of the magnetic flux-tube rooted in the CH. This is discussed in more detail
below.

The relationship between this CH and its associated solar wind stream measured at three
distinct points in the heliosphere was explored using imaging and in situ measurements from
STEREO B, ACE and STEREO A. The top row of Figure 9 shows the CH complex on three
days during 14 – 24 June 2008. The corresponding solar wind velocity measurements, given
in the bottom three panels of Figure 9, show a high-speed solar wind stream sweeping around
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Figure 4 Left: STEREO A/EUVI, SOHO/EIT, Hinode/XRT and STEREO B/EUVI LEAP maps with LIR
contours. The images show a complex CH structure approximately at the same location on the map. Right:
Threshold histogram, where the peak value is the optimal threshold.
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Figure 5 Left: EIT LEAP maps with LIR contours. Middle: MDI LEAP maps with LIR contours overlaid.
Right: BLOS intensity histogram of the contoured regions. Regions highlighted in the first and second middle
panels are CHs (BLOS histograms skewed), the third middle panel shows a filament (BLOS histogram not
skewed).

Figure 6 The threshold values obtained from 76 EIT 195 Å images taken on 11 January 2008. The gap in
the data between 15:00 to 21:00 is due to a data drop-out.

the inner heliosphere, from STEREO B to ACE to STEREO A. The high-speed stream was
initially detected by STEREO B on 12 June 2008 19:10 UT, when the west-most boundary
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Figure 7 Variation of the LIR threshold intensity over a month (January 2008) obtained using
STEREO/EUVI B, SOHO/EIT, STEREO/EUVI A 195 Å and Hinode/XRT X-ray images.

of the CH was at ∼W53 from the perspective of STEREO B. Subsequently, the solar wind
speed began to rise in ACE in situ measurements two days later on 14 June 2008 11:00 UT.
At this point in time, the CH west-most boundary was at ∼W50 as seen by SOHO. The
high-speed stream finally traversed the point in the heliosphere monitored by STEREO A
on 16 June 2008 6:30 UT, at which time the western boundary of the CH was at ∼W43.
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Figure 8 Top: EIT LEAP maps showing the CH position on the day of the start, the maximum and the end
of the high-speed solar wind period. Bottom: The corresponding ACE solar wind speed measurements for the
studied period.

The complementary imaging and in situ capabilities of SOHO, ACE and the two STEREO
satellites offer a unique opportunity to study the relationship between CHs rotating across
the solar disk and high-speed solar wind streams sweeping through the heliosphere.

As indicated previously, it is well-known that there is a relationship between the size
of CHs and the duration of their resulting high-speed solar wind streams, whereby larger
CHs produce longer duration high-speed streams. We investigated this relationship using
46 CHs which were automatically identified using our segmentation algorithm. Figure 10
shows the resulting plot of high-speed solar wind stream duration as a function of CH area.
The correlation coefficient obtained was ∼0.6, which indicates a relationship between a CH
area and the duration of a corresponding high-speed solar wind stream.

5. Discussion and Conclusions

We have developed a fast and robust CH identification technique that can be used with
a single 195 Å or X-ray image, in conjunction with a corresponding magnetogram. The
segmentation algorithm first identifies LIRs using the local histograms of either 195 Å or X-
ray observations, and then exploits MDI magnetograms to differentiate CHs from filaments
by the flux imbalance determined for the identified regions. This was achieved assuming
that CHs have a predominant polarity as opposed to filaments. Once the CH regions were
determined, the position, area and mean BLOS were calculated for multiple CHs selected in
the period 2006 – 2008.

The main limitation of the method results from near-limb effects which include: line-of-
sight obscuration in EUV and X-ray images, increase of noise in BLOS measurements, and
interpolation effects caused by the Lambert equal-area projection. These near-limb effects
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Figure 9 Top: EIT LEAP maps showing the CH position on three different days when the high-speed solar
wind reached STEREO B, ACE and STEREO A. Bottom: The solar wind profiles obtained from the three
satellites, with the line marking the start of the high-speed solar wind.

can cause incorrect boundary determination, the inability to determine a dominant polarity
and incorrect area determination. Also, some CH boundaries located near the limb were
found to have different threshold intensities which depended on the degree to which they
were obscured. For this reason, only CHs within −60 and +60 degrees latitude and longi-
tude were included in this analysis.

From a scientific perspective, the main goal of this study was to link the on-disk proper-
ties of CHs to high-speed solar wind streams measured with ACE and STEREO near 1 AU.
The start, maximum and end of a high-speed solar wind stream was determined from ACE
and STEREO solar wind measurements and the corresponding CH locations were shown
on EIT and EUVI 195 Å images. Figures 8 and 10 demonstrated the obvious signs of non-
radial CH flux tube expansion. It must be noted that the time for passage through a solar
wind stream is likely to be extended due to the dragging of the solar wind into the non-
radial shape of the Parker spiral. We are currently extending this study to determine the
expansion factor of CH flux tubes and, as a first step, have compared the area of 46 CHs
to the corresponding high-speed solar wind periods. Although a large scatter was found in
the data, a positive correlation was found (Figure 10). Initial estimates indicate expansion
factors of approximately 2 – 10 for flux tubes extending from the Sun to 1 AU. This assumes
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Figure 10 Scatterplot showing the relationship between the area of CHs and the high-speed solar wind
duration caused by the corresponding CHs. 46 CHs were included in this study.

that the duration of a high-speed solar wind stream goes as τduration ∼ f (25.5CHwidth/360),
where f is the flux-tube expansion factor and CHwidth is the CH longitudinal width. This
super-radial expansion of flux-tubes rooted in CHs is consistent with previous theoreti-
cal and observational results (Wang and Sheeley, 1990; Guhathakurta and Fisher, 1998;
DeForest, Lamy, and Llebaria, 2001).

In addition to CH flux tube expansion factors it is also important to determine when and
where a particular portion of a solar wind stream emerged from the Sun. When attempting
to determine when a high-speed solar wind stream will impact the Earth, the on-disk origin
of the stream must be known to relatively high precision. Knowing the exact location of
the CH when the high-speed plasma left, allows the determination of the path-length of the
plasma. This provides the opportunity to study the modification of the Parker spiral through
slow and high-speed solar wind interaction regions. Ultimately these methods will enable us
to make more accurate estimates of the arrival times and durations of high-speed solar wind
streams at the Earth and/or other points in the heliosphere.

We conclude that an extensive study of the connection between the CH morphology,
physical properties and the solar wind profile is needed to have a better understanding of
coronal holes and their interplanetary effects. Our future plans are to extend our analysis for
a solar cycle and link all the major CHs to solar wind speed rises. This will allow us to study
the relationship of the CH properties and morphology with the corresponding high-speed
solar wind profiles.
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Lionello, R., Linker, J.A., Mikić, Z., Riley, P.: 2006, Astrophys. J. 642, 69.
Luhmann, J.G., Li, Y., Zhao, X., Yashiro, S.: 2003, Solar Phys. 213, 367.
Malanushenko, O.V., Jones, H.P.: 2005, Solar Phys. 226, 3.
McAteer, R.T.J., Gallagher, P.T., Ireland, J., Young, C.A.: 2005, Solar Phys. 228, 55.
Munro, R.H., Withbroe, G.L.: 1972, Astrophys. J. 176, 511.
Odstrcil, D.: 2003, Adv. Space Res. 32, 497.
Pisanko, Y.V.: 1997, Solar Phys. 172, 345.
Reeves, E.M., Parkinson, W.H.: 1970, Astrophys. J. Suppl. 21, 1.
Roussev, I.I., Gombosi, T.I., Sokolov, I.V., Velli, M., Manchester, W. IV, DeZeeuw, D.L., Liewer, P., Tóth,

G., Luhmann, J.: 2003, Astrophys. J. 595, 57.



100 L.D. Krista, P.T. Gallagher

Scherrer, P.H., Bogart, R.S., Bush, R.I., Hoeksema, J.T., Kosovichev, A.G., Schou, J., Rosenberg, W.,
Springer, L., Tarbell, T.D., Title, A., Wolfson, C.J., Zayer, I., MDI Engineering Team: 1995, Solar
Phys. 162, 129.

Scholl, I.F., Habbal, S.R.: 2008, Solar Phys. 248, 425.
Schrijver, C.J., DeRosa, M.L.: 2003, Solar Phys. 212, 165.
Schwadron, N.A., McComas, D.J.: 2003, Astrophys. J. 599, 1395.
Sheeley, N.R. Jr., Wang, Y.M.: 2002, Astrophys. J. 579, 874.
Temmer, M., Vršnak, B., Veronig, A.M.: 2007, Solar Phys. 241, 371.
Timothy, A.F., Krieger, A.S., Vaiana, G.S.: 1975, Solar Phys. 42, 135.
Toma, G.D., Arge, C.N.: 2005, In: Sankarasubramanian, K., Penn, M., Pevtsov, A. (eds.) Large-scale Struc-

tures and Their Role in Solar Activity CS-346, Astron. Soc. Pac., San Francisco, 251.
Vaiana, G.S., Zombeck, M., Krieger, A.S., Timothy, A.F.: 1976, Astrophys. Space Sci. 39, 75.
Wang, Y.M., Sheeley, N.R. Jr.: 1990, Astrophys. J. 355, 726.
Wang, Y.M., Hawley, S.H., Sheeley, N.R. Jr.: 1996, Science 271, 464.
Wiegelmann, T., Solanki, S.K.: 2004, In: Walsh, R.W., Ireland, J., Danesy, D., Fleck, B. (eds.) SOHO 15

Coronal Heating SP-575, ESA, Noordwijk, 35.
Wiegelmann, T., Xia, L.D., Marsch, E.: 2005, Astron. Astrophys. 432, 1.
Wilhelm, K.: 2006, Astron. Astrophys. 455, 697.
Wuelser, J.P., Lemen, J.R., Tarbell, T.D., Wolfson, C.J., Cannon, J.C., Carpenter, B.A., Duncan, D.W.,

Gradwohl, G.S., Meyer, S.B., Moore, A.S., Navarro, R.L., Pearson, J.D., Rossi, G.R., Springer, L.A.,
Howard, R.A., Moses, J.D., Newmark, J.S., Delaboudiniere, J.P., Artzner, G.E., Auchere, F., Bougnet,
M., Bouyries, P., Bridou, F., Clotaire, J.Y., Colas, G., Delmotte, F., Jerome, A., Lamare, M., Mercier,
R., Mullot, M., Ravet, M.F., Song, X., Bothmer, V., Deutsch, W.: 2004, In: Fineschi, S., Gummin, M.A.
(eds.) Telescopes and Instrumentation for Solar Astrophysics, Proc. SPIE 5171, 111.


	Automated Coronal Hole Detection Using Local Intensity Thresholding Techniques
	Abstract
	Introduction
	Observations
	Data Analysis
	Local Intensity Thresholding
	Differentiating Coronal Holes from Filaments

	Results
	Discussion and Conclusions
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /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 true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /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 /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /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 600
  /MonoImageMinResolutionPolicy /Warning
  /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 <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 <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


