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Abstract. Olfactory sensation is based on chemical signals whereas the visual
sensation and auditory sensation are based on physical signals. Therefore
olfactory displays which exist now can only present the set of scents which was
prepared beforehand because a set of “primary odors" has not been found. In
our study, we focus on development of an olfactory display using cross
modality which can represent more patterns of scents than the patterns of scents
prepared. We construct olfactory sensory map by asking subjects to smell
various aroma chemicals and evaluate their similarity. Based on the map, we
selected a few aroma chemicals and implemented a visual and olfactory display.
We succeed to generate various smell feeling from only few aromas, and it is
able to substitute aromas by pictures nearer aromas are drawn by pictures more
strongly. Thus, we can reduce the number of aromas in olfactory displays using
the olfactory map.

Keywords: Olfactory display, Multimodal interface, Cross modality, Virtual
Reality.

1 Introduction

Researches on olfactory displays are evolving into a medium of VR as well as visual
and auditory displays. However, there are some bottlenecks in olfactory information
presentation.Visual, auditory and haptic senses come from physical signals, whereas
olfactory and gustatory senses come from chemical signals. Therefore, researches on
olfactory and gustatory information are not so well on the way of researches as that of
visual, auditory and haptic information.

Olfaction is most unexplained among five senses, and even the mechanism of
reception and recognition of smell substances is unknown. Thus, “primary odors”,
which can represent all types of scents, are not established. It means that the policy on
mixing and presenting smell substances does not exist. Thus, it is difficult to present
various scents using olfactory displays.In addition, olfaction is more unstable and
variable than vision and audition. It is known that we can identify scents of daily
materials only fifty percent of the time. For example, only half can answer “apple”
when they sniff apples. [1,2]

R. Shumaker (Ed.): Virtual and Mixed Reality, Part I, HCITI 2011, LNCS 6773, pp. 280 2011.
© Springer-Verlag Berlin Heidelberg 2011



Olfactory Display Using Visual Feedback Based on Olfactory Sensory Map 281

1.1 Olfactory Display

Olfactory displays can produce high realistic sensation which cannot be given by
vision or audition. We illustrate olfactory displays developed so far by two following
examples.

“Let’s cook curry” by Nakamoto, et al. [3] is an olfactory display with interactive
aroma contents, “a cooking game with smells”. It presents smells of curry, meat,
onion and so on by player’s control. Wearable olfactory display” by Yamada, et al.
[4] generates a pseudo olfactory field by changing concentration of some kinds of
aroma chemicals using position information.

However, they produce only combination of prepared element odors, selected
aroma chemicals, in each preceding studies. Therefore element odors cannot represent
smells which do not belong to the element odors. It means conventional olfactory
displays have limitations to represent various smells.

In order to implement practicable olfactory displays which can produce more
various smells than before, it is required to reduce the number of element odors and
produce feelings of wide range of smells from those few element odors.

We focused on instability and variability of olfaction. Using the band of olfactory
fluctuation, there is a possibility that we can make people feel a smell different from
the presented smell by using some techniques when a certain smell material is
presented. If we are able to make people feel other smell than actual element odors,
we can treat element odors the same as “primary odors” and we can generate various
olfactory experiences from the element odors.

2 Concept

2.1 Drawing Effect to Olfaction by Visual Stimuli

Olfaction has more ambiguity than vision or audition. For example, it is difficult to
distinguish the name of flowers or foods only by scents, unlike by visual images. [2]
Thus, olfaction is easily affected by knowledge of smell and other sensation. [5][6]

In addition, olfactory sensation interacts with other various senses, especially
visual sensation. That is, it is thought that olfaction can be used for the information
presentation more effectively by the interaction with the cue of other sensation than
olfaction. [7][8][9]

In this paper, we tried to generate various "pseudo olfactory experience" by using
the cross modal effect between vision and olfaction. When the visual stimulus which
contradicts the presented olfactory stimulus is presented, the visual stimulus
influences olfaction. It is able to produce the olfactory sensation corresponding to not
the smell generated actually but the visual information by presenting an image
conflicting with the produced smell. We defined this cross modal effect between
vision and olfaction as "drawing effect" on olfaction by vision.

This drawing effect leads visual images to give pseudo olfactory sensation not
presented actually. For example, Nambu et al. [10] suggest the possibility of
producing the scent of melons from the aroma of lemons, which is unrelated to the
scent of melons, by showing a picture of melons. In this case, the picture of melons
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draws the aroma of lemons toward the pseudo scent of melons. When we apply the
drawing effect to the olfactory display, we need the index what condition intensifies
the drawing effect.
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Fig. 1. Concept of Visual-olfactory Display

2.2 Olfactory Display Using Sensory Maps

It is thought that the strength of the drawing effect depends on the kind of the
presented scent. That is to say, it is forecast that the drawing effect is generated easily
between smells with high degree of similarity of the scent, while the drawing effect is
not generated easily between scents with low degree of similarity of the scent. Then,
we propose to use the degree of similarity of the smell, or the distance between scents,
as an index in the drawing effect to the smell.

The method of evaluating the degree of similarity of the scent includes a method
using similarity according to the language and similarity of the chemical
characteristics.[11] However, there is not a fundamental research on the degree of
similarity of the scent based on human’s olfactory sensation yet. Then, we tried to
construct a new olfactory map based on smell evaluation, which is more approximate
to olfactory sensation than past olfactory maps.

The distance between scents can be evaluated more accurately and easily than
before by making the olfactory map based on olfaction. Then, it becomes possible to
operate the drawing effect to olfaction by vision more efficiently if we can prove that
the closer the content of the olfactory source and the content of the picture aimed at,
the stronger the drawing effect occurs.

3 Construction of an Olfactory Map

It is difficult to take out a common part of multiple people's smell senses and to make
it into the common map because olfaction has more individual variations than other
senses. [12] Two kinds of approaches are thought for making an olfactory map.

The first approach is making a personal olfactory map. It is required to measure
distance, to make the map, and to prepare appropriate aromas for each user but the
olfactory display completely suitable for each user can be achieved.
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The second approach is evaluating the distance between scents by many people,
extracting a common part of olfaction not influenced to the individual variation and
making the map. The advantage of this approach is to be able to obtain the data of the
distance between smells in which one map has generality. Therefore, when the
individual variation of the result is not extremely large, it can be said that it is more
advantageous for the development of an olfactory display suitable for practical use to
use the approach of this common olfactory map.

It is necessary to consider two points, secure reliability to the smell evaluation and
application to multiple people with individual variation of olfaction, to make a
common olfactory map by using sense of smell. We discuss the method for making
the olfactory map satisfying the points and evaluation to the map.

3.1 Method for Constructing Olfactory Maps

The procedure of constructing an olfactory map is as follows. First, we prepared 18-
kinds of fruit flavored aroma chemicals: lemons, oranges, strawberries, melons,
bananas, grapefruits, yuzu (Chinese lemons), grapes, peaches, pineapples, lychees,
guavas, mangoes, apples, green apples, kiwis, apricots, plums. We confined the kinds
of aroma chemicals among fruit flavors because we can compare the similarity
between two aromas in the same category (fruits, flowers, dishes, etc.) easily than
between two aromas in different categories. Then, we soaked test papers into each
aroma chemicals and used them as smell samples.

Seven subjects evaluated the degree of similarity of two smell samples by five
stages from among them. For example, if a subject feels that the scent of oranges and
the scent of melons are very similar, the similarity is “4”. Then, we calculated smell
distance between two smell samples as “S minus similarity”. Correspondence table
between the similarity and the distance is illustrated in Table 1. This trial was done to
the combination of all of the 18-kinds smell samples.

Table 1. Relationship between score of similarity and distance of smell samples

Score of Similarity ~ Mention of questionnaire Score of Distance
1 Different 4
2 Less similar 3
3 Fairly similar 2
4 Very similar 1
5 Hard to tell apart 0

The relation of the distance of the 18-kinds of smell samples is shown as 18
dimensions square matrix. We analyzed the distance matrix by Isometric
Multidimensional Scaling (isoMDS) and mapped the result into a two dimension
olfactory map.

3.2 Evaluation of Reliability

Reliability to the smell evaluation should be ensured because human sense of smell is
unstable. In order to check if people can identify the same aromas as same scents, we
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prepared a pair of test paper of the same aroma chemicals, and we asked five subjects
to evaluate the degree of similarity between the same aromas. We went on the
experiment for two kinds of aromas: Lemons and Lyches. Then, we compared the
results of comparing the same aromas with the average of the degree of similarity to
the combination of all of the 18 kinds of smells.
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Fig. 2. The degree of similarity between the same aromas. The mean value of degree of
similarity between same lemon aromas is 4.6 and the one between lychee aromas is 4.2. Both
results differ significantly from the mean value among entire 18-kinds of aroma chemicals
(2.07). (p<0.01).

There is reliability in the similar level measurement based on the sense of smell
because the mean value of the degree of similarity between the same aromas indicated
a remarkably high value compared with the entire mean value.

3.3 Making the Common Olfactory Map

We created a policy that it is possible to construct the common olfactory map by
integrating and extracting a common part from results of multiple people’s olfactory
maps. In this section, we constructed a common olfactory map by averaging the result
of 7 subjects’ olfactory similarity evaluation.

We tried two ways of methods to average subjects’ result: the simple average and
the binarized average of similarity values. The simple average method is the method
calculating the average of smell distance between each aroma and mapping them
aroma chemicals by isoMDS. The binarized average method is the method binarizing
smell distance before calculating arithmetic average and mapping the results in order
to prevent blurring the map by fluctuation of subjects’ answers. First we set a proper
threshold value from O to 5 and divided the similarity values into the smell distance
value 0 if the similarity degree value is under the threshold and the distance value 1 if
it is over the threshold. We set the threshold between 3 and 4 because the similarity
degree of two identical aromas is no less than 4 in 9 trials out of 10 in 3.2 Evaluation.
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Fig. 3. (A) simple average (left), (B) binarized average (right)

On the simple average map (Fig.3.A), the scent “yuzu” was mapped between
“lemon” and “lemon2” (same as lemon) and “guava” was mapped between “lychee”
and “lychee2” (same as lychee). It means that the distance between different aromas
is closer than the distance between the same aromas. In contrast, on the binarized
average map (Fig.3.B), “lemon2” is closest to “lemon” among all aromas, and
“lychee2” is closest to “lychee” among all aromas.

The binarized average method can prevent blurring among individuals and blurring
between subjects more than the simple average, and suitable for the olfactory map
generation. Furthermore, the generated olfactory map makes it possible to categorize
aroma chemicals based on each rough character of the smell like citrus fruits and the
apples, etc. There is a possibility to implement the olfactory display with which small
number of representative aroma chemicals can present various smells by selecting
representative aromas from each category.

4 Olfactory Display Using Olfactory Maps

If we prove that “the more similar the content of picture and the content of aroma
chemicals are, the more the drawing effect is likely to happen”, we can implement a
brand-new olfactory display which can render more kinds and range of smells than
the number and range of a few of prepared aroma chemicals.

In this chapter, we describe the prototype of visual-olfactory display system and
the experiments to evaluate the effect of the smell distance on the map to the drawing
effect.

4.1 Implementation of Visual-Olfactory Display

The visual-olfactory system consists of an olfactory display and notebook PC for
showing pictures and control. (Fig.4)
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The olfactory display consists of the scent generator, the controller, the showing
interface and PC monitor. The scent generator has four air pumps. Each pump is
connected to a scent filter filled with aroma chemicals. The controller drives the air
pumps in the scent generator according to the command from PC. The scent filters add
scents to air from the pumps and then the showing interface ejects air nearby user’s nose.

Fig. 4. Prototype system of visual-olfactory display

4.2 Evaluation of the Visual-Olfactory Display

We went on experiments to evaluate the visual-olfactory display for 7 subjects. These
7 subjects are different from subjects of the evaluation 3 in chapter 3.4 in order to
prove the validness of olfactory map for people not participating to build the map.

We showed them a picture from 18-kind of pictures of fruits and an aroma from 4-
kind of element aromas. The pictures of fruits correspond to 18 aroma flavors used in
chapter 3 one by one. Then, we asked them, “What kind of smell you feel by sniffing
the olfactory display?” We conducted the experiment in a well-ventilated large room
to avoid mixing different aromas and olfactory adaptation.

The four kinds of element aromas were selected from 18-kinds of fruit used in
chapter 3. First, we categorized the 18-kinds of aromas into four groups by features of
scents. (Fig.5) Then we selected one scent from each group (apple, peach, lemon, lychee)
so as to minimize the distance between a key aroma and each another aroma in the same
category as the key aroma. Each picture was shown with the nearest key aroma.

If subjects answer that they feel the smell correspondent to the shown picture when
the content of the picture and the content of the aroma are different, the drawing
effect is considered to occur. Thus, we used the rate of answering the smell of the
shown picture as an index of the drawing effect.

In order to prove “the more similar the content of picture and the content of aroma
chemicals are, the more the drawing effect is likely to happen”, we also conducted
another experiment to evaluate the drawing effect between the picture and another
aroma which is not closest to the content of picture. We asked subjects to answer
what smell they felt when we showed them a picture and the aroma second closest to
the picture. The trials were done for 9-kinds of picture. We compared the drawing
effect between trials using the closest aroma and trials using the second closest aroma.
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Each subject answered the scent of the picture in an average of 13 of 27 trials
(36%) per person showing a picture and an aroma. This is statistically higher than the
rate to answer the scent of the aroma, 11%. (p<0.01) The number of description of
answer for 27 trials per person was as many as an average of 13 kinds although we

used only four kinds of aromas.

Moreover, we compared the rate to answer that the smell is like the content of the
picture by olfactory distance on the map. The rate was 44% when the picture and the
aroma were close, while 27% when the picture and the aroma were distant. It means
the close pair helped subjects to answer the smell influenced by the picture

statistically significantly. (p<0.0

1) (Fig.6)
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5 Conclusion

There were much more answers that it smelled corresponding to the destined image
than the answer that it smelled corresponding to the aroma chemical actually
presented. Besides, the kind of a free answer included many kinds of smells. These
results confirmed that we can generate several times more kinds of pseudo smells than
the number of prepared aroma chemicals.

In addition, the fact that a similar set of a picture and an aroma increases the rate of
the drawing effect of the picture to the aroma proved the hypothesis that the closer the
picture and the aroma on the olfactory map were, the stronger the drawing effect was.
As well as the smell distance, positional relationship of smells in the map is available
for a criterion of selecting element odors.

However, the rate answering the smell of the destined picture was 44%, which was
not enough high to use the drawing effect for olfactory displays actually. This is
attributed to the difficulty to identify the picture and the name by free answer. For
example, guavas are not popular for Japanese subjects so that they are thought not to
be able to recall the name of guavas by visual cue, and it is difficult to tell the picture
of lemons and grapefruits apart.

It proved to be possible to construct the olfactory map based on olfactory sensation
according to the sensory evaluation of the smell similarity of two or more people. The
common olfactory map suitable for people with various olfactory sensation patterns
can be used as well as the language based olfactory map. Using the common
olfactory map, we achieved an olfactory display presenting various smells virtually
from a few aroma chemicals. It becomes possible to achieve olfactory virtual reality
with a simpler system by reducing the number of aroma sources. Moreover, it is
thought to be possible to make olfactory maps among other kinds of smells like
flowers or dishes as far as the smells have visual cues in order for the olfactory cue.

The technique changing smell feeling by visual sensation without changing the
aroma chemicals itself makes it possible to achieve high quality olfactory VR more
easily.

References

1. Cain, W.S.: To know with the nose: Keys to odor identification. Science 203, 467-470
(1979)

2. Sugiyama, H., Kanamura, S.A., Kikuchi, T.: Are olfactory images sensory in nature?
Perception 35, 1699-1708 (2006)

3. Nakamoto, T., Otaguro, S., Kinoshita, M., Nagahama, M., Ohinishi, K., Ishida, T.:
Cooking Up an Interactive Olfactory Game Display. IEEE Computer Graphics and
Applications 28(1), 75-78 (2008)

4. Yamada, T., Yokoyama, S., Tanikawa, T., Hirota, K., Hirose, M.: Wearable Olfactory
Display: Using Odor in Outdoor Environment. In: Proceedings IEEE VR 2006, pp. 199—
206 (2006)

5. Herz, R.S., von Clef, J.: The influence of verbal labeling on the perception of odors:
evidence for olfactory illusion? Perception 30, 381-391 (2001)

6. Gottfried, J., Dolan, R.: The Nose Smells What the Eye Sees: Crossmodal Visual
Facilitation of Human Olfactory Perception. Neuron 39(2), 375-386 (2003)



10.

11.

12.

13.

Olfactory Display Using Visual Feedback Based on Olfactory Sensory Map 289

Zellner, D.A., Kautz, M.A.: Color affects perceived odor intensity. Journal of
Experimental Psychology: Human Perception and Performance 16, 391-397 (1990)
Grigor, J., Van Toller, S., Behan, J., Richardson, A.: The effect of odour priming on long
latency visual evoked potentials of matching and mismatching objects. Chemical
Senses 24, 137-144 (1999)

Sakai, N., Imada, S., Saito, S., Kobayakawa, T., Deguchi, Y.: The Effect of Visual Images
on Perception of Odors. Chemical Senses 30(suppl. 1) (2005)

Nambu, A., Narumi, T., Nishimura, K., Tanikawa, T., Hirose, M.: A Study of Providing
Colors to Change Olfactory Perception - Using “flavor of color”. In: ASIAGRAPH in
Tokyo 2008, vol. 2(2), pp. 265-268 (2008)

Bensafi, M., Rouby, C.: Individual Differences in Odor Imaging Ability Reflect
Differences in Olfactory and Emotional Perception. Chemical Senses 32, 237-244 (2007)
Lawless, H.T.: Exploration of fragrance categories and ambiguous odors using
multidimensional scaling and cluster analysis. Chemical Senses (1989)

Smith, T.F., Waterman, M.S.: Identification of Common Molecular Subsequences. J. Mol.
Biol. 147, 195-197 (1981)



	Olfactory Display Using Visual Feedback Based on Olfactory Sensory Map
	Introduction
	Olfactory Display

	Concept
	Drawing Effect to Olfaction by Visual Stimuli
	Olfactory Display Using Sensory Maps

	Construction of an Olfactory Map
	Method for Constructing Olfactory Maps
	Evaluation of Reliability
	Making the Common Olfactory Map

	Olfactory Display Using Olfactory Maps
	Implementation of Visual-Olfactory Display
	Evaluation of the Visual-Olfactory Display

	Conclusion
	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
  /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 149
  /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 0.40
    /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 149
  /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 0.40
    /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 599
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /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.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice




