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ABSTRACT

Digital video transmission systems consisting of a video
encoder, a digital transmission method (e.g., Internet
Protocol — IP), and a video decoder can produce pauses in
the video presentation that result from dropped or repeated
video frames. For example, a common response of a
video decoder to dropped IP packets is to momentarily
freeze the video by repeating the last good video frame.
This paper presents a No Reference (NR) metric and a
Reduced Reference (RR) metric for detecting these
dropped video frames.  These metrics may have
application for in-service video quality monitoring.

1. INTRODUCTION

Digital video transmission systems consisting of a video
encoder, a digital transmission method (e.g., Internet
Protocol — IP), and a video decoder can produce pauses in
the video presentation that result from dropped or repeated
video frames. There are two primary reasons for this
behavior. The first reason is that the video encoder may
decide to reduce the video frame transmission rate in order
to save bits. For example, an original video stream with a
frame rate of 30 frames per second (fps) may be reduced
to 15 fps by dropping every other video frame. The
second reason is that the video decoder may decide to
freeze the last good video frame when errors such as IP
packet loss are detected. This is a simple error
concealment algorithm that is used by many video
decoders.

This paper presents a No Reference (NR) metric and a
Reduced Reference (RR) metric for detecting dropped
video frames. An NR metric only requires access to the
destination video stream to make a measurement (i.e., no
access to the source video stream). An RR metric requires
access to both the source and destination video streams,
and a method to communicate low bandwidth reference
information between the source and destination ends. NR
and RR metrics are both useful for in-service quality
monitoring applications.

The NR and RR metrics in this paper are derived by
examining the behavior of the motion energy in the video
stream, which is computed from simple frame differences.

Thus, these metrics should be easily implemented in real
time by modern signal processing components.

2. ALGORITHM DESCRIPTION

The NR algorithm for detecting dropped video frames was
developed using sequences of captured video frames
(often called video clips) that ranged from 5 to 10 seconds
in length. The behavior of the algorithm for shorter or
longer video sequences should be analyzed before being
applied. The NR algorithm will estimate the number of
dropped video frames in the video clip and their temporal
locations. The RR version of this algorithm is obtained by
applying the NR algorithm to both the source and
destination video streams and then comparing the number
of dropped video frames in the source and destination
video clips. The RR version of the algorithm can thus
correct for mistakes that might be due to source content
(e.g., still or very low motion video scenes, slow motion
video where frames are repeated). However, the price for
this increased robustness is the additional computational
complexity of applying the algorithm to the source video,
the need to temporally synchronize the source video clip
with the destination video clip, and the need to
communicate the reference information between the
source and destination ends.

This section provides a step by step description of the
NR algorithm as applied to one video clip. The RR
version of the algorithm requires an optional extra step,
which is also described. The NR algorithm only utilizes
the luminance images of the video clip (e.g., the Y
channel in an ITU-R Recommendation BT.601 sampled
video stream [1]), which will be denoted in this paper as
Y@, j, t), where t = 1, 2, 3, ..., N (the total number of
frames in the video clip) and i and j are the row and
column indices of the images, respectively. The algorithm
has two major components. The first component involves
processing image pixels to produce a frame-by-frame
motion energy time history for the video clip (Section
2.1). The second component involves examining this
motion energy time history for dropped/repeated video
frames (Section 2.2).

To assist the reader with proper implementation of the
proposed algorithm, software source code is provided in

[2].



2.1 Computing the Motion Energy Time History

The motion energy time history of a video clip requires
three processing steps on the sampled video images.

Step 1 Compute the Temporal Information (77)
difference sequence given by

T1(, j,t)=Y (i, j,t) =Y (i, j,t=1), (i, j)e SROI,and t =2,3,...,N.

Here SROI is the Spatial Region of Interest, which may be
selected to be the central portion of the image to eliminate
image border pixels that do not contain valid picture
elements (e.g., some cameras may not fill the entire ITU-
R Recommendation BT.601 frame, encoders may not
transmit the entire frame).

Step 2) Zero image pixels in 77 that have an amplitude
less than or equal to an image motion threshold ]\4,-,,,%,8.1

T](i ] l‘)= T[(i,j,l‘) ifabS(TI(isj’t)>Mimage
e 0 otherwise

This step eliminates low level noise from being counted as
image motion. M., may also be adjusted higher to
eliminate motion pixels that fall below the ability to
perceive them.

Step 3) Square 77 to convert from amplitude to energy
and compute the mean of each video frame. Here the
resulting time history of frame-by-frame values that
contain the motion energy will be represented as 772 and
computed as:
T12(t) = mean {T[(i, J.t)? }
overi,j

The next section will address how to examine the 772

waveform to locate dropped/repeated video frames.

2.2 Finding Dropped/Repeated Frames

For several reasons, locating dropped/repeated video
frames in the 772 time history is more complicated than it
might first appear. Scenes can vary from being still or
nearly still (e.g., a zoomed out video of someone talking
where only their lips are moving) to having very large
amounts of motion (e.g., pan or zoom). Dropped frames
can have small amounts of residual motion due to very
minor changes in the image pixel values. Video
compression systems can perform partial frame updates
where only a small fraction of the video frame is updated.
Thus, there is an element of subjective perception
involved in determining the level of motion where these

! There are a number of parameters (e.g., Mqg.) that control the
behavior of the algorithm presented herein. Recommended
values for these parameters are given in Table 1.

minor frame updates are counted as dropped video frames
and not as new video frames.

Examination of video scenes from many different
compression systems has produced a method which
utilizes a dynamic threshold to determine dropped video
frames. This threshold is raised for scenes with more
motion and lowered for scenes with less motion. When
more motion is present in the video scene, the dropped
frames can contain more residual motion yet still be
perceived as dropped frames. In addition, brief frame
drops of one frame duration (called dips in this section)
can contain even greater amounts of residual motion than
a series of dropped frames.

In light of the above discussion, the algorithm will use
a fixed motion energy threshold Mg, to determine frame
drops and a different fixed motion energy threshold M,
to determine frame dips, where the dips must have an
amplitude of at least 4y, (i.e., the T/2 waveform must be
higher on both sides of the dip by at least A44,). Then, a
dynamic factor dfact will multiply the three fixed
constants (Mg,op, My, and Agy,) and these dynamically
adjusted thresholds will be used to determine the actual
drops and dips in the 772 waveform. The dynamic factor
dfact will be derived from the average level of motion
energy that is present in the video clip.

We continue with the step by step numbering used in
Section 2.1 to complete the algorithm description.

Step 4) Compute the average 712 value (T12_ave) as

TI2 _ave=mea {T12 B sort(k)},

n
over k

ceil(Foy *(N ~1) <k < floor(1- Fyy) *(N = 1))

Here, TI2 sort is the TI2 vector from step 3 sorted from
low to high, with new index k rather than ¢ (recall that the
T12 vector has N-1 samples). F,, is the fraction of scene
cuts to eliminate before computing the average (e.g.,
F.,=0.02 will eliminate 2 scene cuts every 100 frames),
ceil and floor are rounding functions that round up and
down to the nearest integer, respectively. Scene cuts
cause very high 712 values and unduly influence 712 _ave,
particularly for low motion scenes. Both low and high 772
points are eliminated so that the average 772 value is not
influenced when scene cuts are absent.

Step 5) Compute the dynamic factor dfact as

dfact =a+b*1log(TI2 _ave)
if (dfact < c) then set dfact = ¢

where a, b, and ¢ are positive constants and log is the
natural logarithm base e. The constant ¢ is necessary to
limit dfact to a small positive value. This equation says
that the perception of frame drops and dips is linearly
dependent upon the log of the average motion energy.



Frame drops for higher motion scenes can have a higher
residual motion yet still be perceived as frame drops.

Step 6) Compute the Boolean variable drops (equal to 1
when a frame drop is detected, otherwise equal to 0) as

drops(t)= {10

if TI2(t) <dfact* M gy,

otherwise

Step 7) Compute the Boolean variable dips (equal to 1
when a frame dip is detected, otherwise equal to 0) as

di (t) Lif TI2(t)<dfact* M 4;;, & dips _mag(t) = dfact * Ay,
ips\t)=
P otherwise

where dips_mag is a function that finds the magnitude of
the dips and is given by

dips _mag(t) =min{T12(t —1)—TI2(2), TI2(t +1) - TI2(t)}
if (dips _mag(t) <0) then set dips _mag(t) =0

The endpoints (i.e., t =2 and =N) of the dips vector are set
equal to 0 since the dips mag function is undefined for
these two data points.

Step 8) Some frames may be classified as both a drop and
a dip. Thus, the logical OR of the drops and dips vectors
from steps 6 and 7 gives 1's for those frames in the video
clip that are detected as dropped/repeated frames and 0's
otherwise. One can compute the Fraction of Dropped
Frames (FDF) by summing the elements in the vector and
dividing by the maximum number of samples that could
be detected as drops or dips, namely

FDF = sum(drops OR dips) /(N —3).

Step 9) (Optional for RR measurement.) If one has
access to the corresponding time-aligned original source
video clip, one can adjust the FDF of the destination video
clip downward to account for still frames and/or detected
drops and dips in the source clip. Here

FDFdest - FDE?ource
1-F DEmurce

if (FDF,,ce > 0.9) then FDFyp is undefined
lf(FDFRR < 0) then set FDFRR =0

FDFRR =

where FDF,, and FDF,,,. are the FDFs of the
destination and source video clips, respectively. The
divisor (1 - FDF,,..) is required since detected drops in
the source video clip reduce the total number of samples
that are available for estimating FDFgg. If too many
drops are detected in the source video clip (i.e.,
FDF,,,c.>0.9), then the divisor (1 - FDF,,..) will
approach zero. In this case, it would be prudent to treat

FDFprp as not having a value (i.e., undefined). Finally,
FDFgg needs to be limited at zero because the algorithm
may detect drops and dips in the source video clip but not
in the destination video clip.

Recommended values of the parameters that control the
behavior of the algorithm are given in Table 1. These
recommended values were obtained by examining plots of
the 712 waveform and its associated drops and dips for
different types of data sets that contained a wide variety of
video encoders and transmission errors. When there was
some doubt as to whether or not certain video frames
should be classified as drops or dips, the video clips
themselves were examined using frame-by-frame
playback. While this approach is subjective, it produces a
rapid convergence to parameter values that work well
across many video clips, and indeed was the method used
to determine the need for dynamic thresholds (step 5). A
more optimal approach would be to have a set of human
observers classify the drops and dips present in many
video clips and then utilize a mathematical search to
optimize the algorithm's parameters. However, this
approach is very costly in terms of human labor.

Table 1. Recommended Values for Algorithm Parameters

Parameter Value
Mipage, step 2 30
Fous, step 4 0.02
a, step 5 2.5
b, step 5 1.25
c, step 5 0.1
M gyop, Step 6 0.015
Mgy, step 7 1.0
Agip, step 7 3.0

3. EXAMPLE RESULTS

To obtain an estimate for the performance of the NR
frame drop algorithm, a randomly selected set of clips
from the Video Quality Experts Group (VQEG) Phase I
Multi-Media (MM) VGA experiments was used [3].
Processed clips were randomly selected from thirteen data



sets of 128 clips each.” These data sets were chosen since
they contain a wide range of modern video compression
algorithms (e.g., H.264) and network impairments (e.g.,
dropped IP packets). Each clip processed by the
automated algorithm was examined visually for correctly
detected non-drops, correctly detected drops, falsely
detected drops, and missed drops. Table 2 gives the
results of the NR frame drop algorithm as increasing
numbers of video clips are examined. The last line in the
table for 80 clips represents about 5% of the total data.
From this analysis, the algorithm has about a 2% false
detection rate for dropped frames and about a 0.1%
chance of missing a dropped frame.

Table 2. Sample Performance of NR Algorithm

Number Correct Correct False Missed
of Clips Non- Drops Drops Drops
Drops
20 67.0% 30.6% 2.2% 0.2%
40 64.1% 34.4% 1.4% 0.1%
60 64.8% 33.9% 1.2% 0.1%
80 67.3% 30.8% 1.8% 0.1%

Figure 1 gives an example plot of 772 for a 40-frame
segment of a 30 fps video clip that was derived from 24
fps film. Here, every Sth video frame is a frame repeat
from the previous frame (evident by the 712 dips present
at frames 5, 10, 15, and 20). At frame 23 there is a scene
change (causing a large 712 spike) to a nearly still scene
that continues for the remainder of the segment. Detected
drops are shown as red circles and detected dips are
shown as green squares. The detected drops result from
the scene being a still scene from frames 24 to 40. The
detected dips at frames 5, 10, 15, and 20 result from the
film conversion process. Visual examination of frame 22
(immediately prior to the scene cut at frame 23) reveals
that this is indeed a frame repeat of prior video frame 21.
Thus, frame 22 is correctly detected as a drop by the
algorithm.

Figure 2 shows an example 772 waveform for a
segment of a destination video clip with frame freezes
(frame drops shown in red) resulting from dropped IP
packets. This particular scene had very high motion (pan
of a crowd at a football game). Error blocks were present
in the video immediately before the frame freeze periods,
and these error blocks show up as large spikes in the 772

% The original clips and common processed clips were excluded
from each VGA data set to mitigate overrepresentation of these
clips. This reduced the number of clips in each data set to 128.

waveform (at frames 6 and 10). The missing IP packets at
frame 6 resulted in three dropped frames (i.e., frames 7, 8,
and 9) while the missing IP packets at frame 10 resulted in
only one dropped frame (i.e., frame 11). At frame 36,
error blocks due to missing IP packets were also present in
the video but a frame freeze period did not result from the
dropped packets there.
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Figure 2. 712 with error blocks and frame freezes.

Figure 3 shows an example of a 772 waveform where
the video coder performs dynamic frame dropping that
depends upon the amount of motion in the video scene.
Low motion portions of the scene are transmitted at full or
near full frame rates (from frames 1 to 24, only one frame
drop occurred at frame 10) while high motion portions are
transmitted at reduced frame rates by dropping selected
video frames (from frames 25 to 40, frame drops occurred
at frames 25, 28, 30, 32, 34, 36, 38, and 40). This is a
common method used to save on transmission bits.



Figure 4 shows an interesting example of a video coder
that performs partial frame updates every other video
frame. Here, the My, and A, thresholds that control the
detection of the dips (shown in green) determine when the
partial frame updates are too small to be true frame
updates, and are hence declared to be dips. For this video
clip, frame dips are detected before frame 36, which is
detected as a frame drop (shown in red). Visual frame-by-
frame examination of the video clip confirms this
behavior where the detected dips (shown in green) are
very minor frame updates (too minor to be viewed as new
video frames) and the three detected drops (shown in red
at frames 36, 38, and 43) are true frame repeats which are
identical to the previous frames.
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Figure 4. TI2 with partial frame updates.

No thresholding scheme is perfect and the method
presented in this document also has its problems. Figure 5
shows a 7712 waveform for an original source scene of a
head and shoulders shot where only the lips and eyelids

are moving (note the extremely low magnitude of 772).
The scene has periods of very low motion which are
mistakenly detected as frame drops (frames 29 to 31).
Comparison of Figure 6 (from a video system that drops
frames) with Figure 5 demonstrates one advantage of
using the RR version of FDF given by step 9, namely,
compensation for mistakes made by the algorithm for low
motion scenes.
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Figure 6. TI2 of destination scene for Figure 5.
4. CONCLUSIONS

Reliable NR metrics for quantifying perceptual aspects of
video quality are difficult to develop. This paper has
presented an algorithm for quantifying one perceptual
dimension of quality, namely, interruptions to the flow of
motion in the video scene. This metric measures the
fraction of dropped frames in a video clip by examining
its frame-by-frame motion energy time history, a



computationally efficient process that should lend itself
well to real time quality monitoring systems.

The problem of correctly identifying repeated/dropped
frames is more difficult than it might first appear. This is
because a repeated frame need not be an exact binary
replicate of the prior frame (e.g., video compression
systems can perform partial frame updates). This paper
presents a dynamic thresholding scheme to identify these
dropped frames. The algorithm works well for a wide
range of video coders, transmission channels, and
decoders.

One potential problem with the NR algorithm is that
periods of low motion (e.g., moving lips) may be detected
as dropped frames. An RR version of the algorithm can
overcome this problem since the fraction of dropped
frames of the destination video clip can be adjusted
downward to account for still frames and/or detected
drops in the source video (e.g., that might result from 24
fps film to 30 fps video conversion).

5. REFERENCES

[1] ITU-R Recommendation BT.601, “Studio encoding
parameters of digital television for standard 4:3 and
wide screen 16:9 aspect ratios," Recommendations of
the ITU, Radiocommunication Sector.

[2] S. Wolf, "A No Reference (NR) and Reduced
Reference (RR) metric for detecting dropped video
frames," NTIA Technical Memorandum TM-09-456,
Oct., 2008, available at
http://www.its.bldrdoc.gov/pub/n3/video/index.php.

[3] "Final Report from the Video Quality Experts Group
on the Validation of Objective Models of Multimedia
Quality Assessment, Phase L" available at
http://www.its.bldrdoc.gov/vqeg/projects/multimedia.



	1.   INTRODUCTION
	2.   ALGORITHM DESCRIPTION
	2.1   Computing the Motion Energy Time History
	2.2   Finding Dropped/Repeated Frames

	3.   EXAMPLE RESULTS
	4.   CONCLUSIONS
	5.   REFERENCES


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /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 true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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 [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


