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Abstract The present paper reviews research on a haptic
orientation processing. Central is a task in which a test bar
has to be set parallel to a reference bar at another location.
Introducing a delay between inspecting the reference bar
and setting the test bar leads to a surprising improvement.
Moreover, offering visual background information also
elevates performance. Interestingly, (congenitally) blind
individuals do not or to a weaker extent show the
improvement with time, while in parallel to this, they
appear to benefit less from spatial imagery processing.
Together this strongly points to an important role for visual
processing mechanisms in the perception of haptic inputs.

Introduction

Our haptic sense' appears a crucial source of information
on the structure and contents of peripersonal space. That is,
it offers information on the size, shape, texture, location
and orientation of objects within our reach. Intuitively,
haptic perception appears quite accurate. We can
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efficiently handle objects without having to look at them.
Remarkably, though, the literature lists various studies
which have shown that for several spatial properties haptic
perception is not always as reliable as often supposed
(cf. Marks and Armstrong 1996; Lanca and Bryant 1995;
Lederman et al. 1985; Appelle and Countryman 1986;
Gentaz and Hatwell 1998, 1999).

Arguably, a rather important feature of touch involves
orientation processing. It offers vital information on how to
handle objects such as when reaching for them and picking
them up. Under these circumstances the information may
be coded with respect to an egocentric frame of reference
(e.g. with respect to one’s own body). Alternatively, haptic
orientation processing might also afford information on the
alignment of objects with respect to each other or with
respect to an external reference frame (such as the sides of
the table on which the haptic tasks are performed). In that
case, allocentric spatial coding is presumed to take place.

This paper gives an overview of studies on the haptic
processing of spatial orientation, conducted in the depart-
ment Physics of Man and Experimental Psychology at
Utrecht University. A central theme concerns in how far
haptic perception of spatial orientation is intrinsically
linked to concurrent visual processing mechanisms.

What happens over time?

Kappers (1999, 2002) and Kappers and Koenderink (1999)
systematically explored parallel setting of two bars, either

! With haptic sense, we mean active touch: integrating proprioceptive
inputs from sensor organs in the muscles and tendons with tactile
inputs from different sorts of mechanoreceptors in the skin, when our
body parts are moving.
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bimanually or unimanually, at different locations in the
horizontal plane (see Fig. 1), the frontoparallel plane, and
the midsagittal plane (see also Hermens et al. 2006; Volcic
et al. 2007). They observed a comparable pattern of quite
robust deviations, suggesting that what feels parallel fac-
tually is far from parallel.

Most interestingly, these deviations were rather sys-
tematic: if the test bar was on the right side of the reference
bar, the deviations were in clockwise direction; if the test
bar was to the left of the reference bar the deviations were
counterclockwise. It was argued that this reflects the fact
that the hands are the prime egocentric reference frames
involved in this task (Kappers 1999). Figure 2 nicely
illustrates this. When a whole array of bars has to be set
parallel, one can observe differences between any pair of
bars. There is a gradual but systematic growth in the ori-
entation difference with distance in space between the two
bars, which reflects the preferred placement of the hand for
the different bar locations. Notice that this mismatch
applies to orientation in allocentric space (e.g. the table)
but not to egocentric space, i.e. orientation with respect to
the hand remains the same.

Intuitively, it makes sense that the haptic modality
strongly relies upon an egocentric reference frame. The
first stages of haptic information processing are directly
tuned to which part of the body is stimulated and where the
limbs are in space. However, with time there might be a
transition from an egocentric coding to a more allocentric
representation. Indeed, introducing a delay between input
and response, varying between 5 and 8 s, has been found to
lead to a more allocentric performance pattern in both
visual pointing and proprioceptive pointing experiments
(Milner et al. 1999; Rossetti et al. 1996; Rossetti and
Régnier 1995).

Fig. 1 Participant in the parallel setting task. Left hand is inspecting
the reference bar while the right hand is waiting for the signal to start
the parallel setting
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Fig. 2 All bars feel parallel to each other according to the settings of
a representative subject using her right hand

In line with this, Zuidhoek et al. (2003) demonstrated
that haptic orientation processing shows a similar amelio-
rating effect of delay. Using the parallel setting task, they
found an improvement of about 30-50% with a 10 s delay
(see Fig. 3). It should be noted that in the parallel setting
task veridical performance and allocentric performance
coincide. So ‘getting better’ means by definition inter-
preting the haptic orientation within an accurate,
allocentric reference frame (cf. Kappers 2003).

Interestingly, Kaas et al. (2007a) in a recent neuroim-
aging study examined the neural circuitries underlying
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Fig. 3 The effect of delay for each distance condition in experiment
2 from Zuidhoek et al. (2003). The error bars show +1.0 standard
error of mean. Adapted from Zuidhoek et al. (2003)
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haptic orientation matching with variable delays. They
found that the right sensorimotor cortex was most active
following the first seconds after exploration. Slightly later
the left anterior prefrontal cortex became more active. At
the end of a 10 s delay a left parietal-occipital circuitry
appeared most involved. Speculatively, the latter might be
taken as an indication for visual recoding during the delay.
Notably, Kaas et al. (2007a) did not find neural activity
differences between orientation matching and mirroring
conditions. It has been argued that correct matching per-
formance requires allocentric coding, whereas successful
mirroring can be achieved by either allocentric or ego-
centric coding (Kaas et al. 2006). As such, the fact that the
task conditions evoke similar neural circuitries could be
seen to oppose the notion of separate neural pathways
for allocentric and egocentric processing of haptic space.
A further comparison of haptic matching and mirroring is
clearly necessary (cf. Kaas et al. 2007a)

What determines allocentric recoding?

Allocentric recoding means that one relates spatial infor-
mation to external frames of reference, which are
independent from an observer’s body and perspective.
Typically, such reference frames are centered on arrays of
objects or landmarks in the surrounding or marked
boundaries such as the walls of a room. In case of touch
one could use the edges of a table or raised reference lines
on top of a surface (cf. Millar and Al-Attar 2004). In the
haptic tasks discussed here, these cues were never avail-
able. So what then would have caused the allocentric
recoding with delay? Gentaz and Hatwell (1999) suggest
that retention of haptic information after perception
requires effortful processing or is at least under conscious
cognitive control. Zuidhoek et al. (2003) argued that such
cognitive control to a major extent would involve turning
the felt information into a visuospatial image.

In line with this notion, Newport et al. (2002) showed
that viewing the region of space directly above the haptic
workspace (so-called non-informative vision) improves
parallel-setting performance. Zuidhoek et al. (2004b) used
a similar setup: the non-informative vision condition was
created by an opaque cloth covering the workspace (i.e. the
table and bars) as well as participants’ shoulders, arms and
torso. They replicated the non-informative vision advan-
tage and additionally demonstrated that the direction of
head and eyes yields an independent impact on the parallel-
setting performance, with head and eyes directed to the
reference bar resulting in better parallel-setting perfor-
mance than when orienting straight ahead or towards the
test bar (see Fig. 4).
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Fig. 4 Effects of non-informative vision and head orienting on haptic
parallel setting. Neutral condition means straight-ahead head orien-
tation. Adapted from Zuidhoek et al. (2004b)

Apparently, non-informative vision offers a visual
background frame in which the haptic information can be
recoded and used in a more efficient way. Directing one’s
head towards the reference bar either stimulates the gen-
eration and expansion of a visual image in which the haptic
input is integrated (Zuidhoek et al. 2004b) or may offer
additional cues (e.g. head and limb synchronies) with
which the haptic inputs can be combined (cf. Millar and
Al-Attar 2004).

Corroborating the idea that visual factors might be
important for haptic orientation processing, Kaas et al.
(2007b) combined haptic parallel or mirror setting with
congruent and incongruent concurrent visual inputs.
A complex pattern of interfering and facilitating visual
influences on haptic performance was observed, suggesting
that a flexible weighing of the visual and somatosensory
information occurs depending on the task at hand.

Training allocentric interpretations of haptic space

One question which might arise is whether erroneous per-
formance on the haptic orientation matching task does not
simply follow from participants being unused to the blind-
folded test conditions. Moreover, blindfolding might evoke
counterproductive anxiety and arousal. It should be noted
that the observed systematicity in the error patterns counters
this possibility. Also, performance has been found to remain
stable even after a great many trials. Still, it would be
interesting to consider to what extent haptic parallel setting
might be trained, and if so, which training conditions would
be most effective and stimulate allocentric coding.
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In a recent, elaborate series of experiments, Kappers
et al. (in press) examined the extent to which performance
might be altered by training and feedback. It was found that
systematic error patterns were quite consistent and only
particular conditions with combined visual and haptic
pretest training, and with immediate haptic and visual error
feedback performance improved performance significantly
but in a rather limited way. Notably, these improvements
varied strongly over the individual participants. Hence,
reliance on egocentric reference frame in haptic tasks is
strongly prewired and the ability to change shows strong
individual differences. Bearing upon the latter, Kappers
(2003) reported men to be better in haptic orientation
processing than women. This finding was later replicated
by Zuidhoek et al. (2007).

Haptic orientation processing in the blind

Assuming that visual mechanisms indeed affect haptic
processing of orientations, it is of clear interest to study
how individuals with limited visual abilities fare on the
parallel setting task. The literature is not fully consistent on
how blind individuals compare to blindfolded sighted
controls on various haptic tasks. Regarding the handling of
objects and shapes, Heller (1989) observed congenitally
and late blind participants to be faster than the blindfolded
sighted on the matching of simple braille-sized 2-D shapes,
while no differences in matching accuracy could be
reported. In turn, Morrongiello et al. (1994) did not report
identification speed differences between blindfolded sigh-
ted and early blind children (aged 3-8 years) for familiar
3-D stimuli. Regarding processing of haptic space, Hollins
and Kelley (1988) reported that relocating items which
were previously inspected led to better performance in
blindfolded sighted participants than in blind participants
after having moved to a new position with respect to the
display. Ungar et al. (1995) also observed that blind and
visually impaired children had particular difficulties with
rotated object arrays. Rossetti et al. (1996) and Gaunet and
Rossetti (2006) demonstrated that pointing towards targets
previously felt with the other hand yielded pointing dis-
tributions in a blindfolded sighted group aligned with the
target array after 8 s, while in blind subjects the main axis
was aligned with movement direction, both when pointing
immediately and after a delay.

Zuidhoek et al. (2004b) studied haptic orientation pro-
cessing in five congenitally blind and five late blind
individuals. Most importantly, Fig. 5 points out that while
the late blind showed the expected delay improvement in
parallel setting of bars, the congenitally blind almost
completely lacked this improvement. These results support
the idea that during the delay the haptic input might be
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Fig. 5 Parallel setting by congenitally (CB) and late blind (LB)
individuals—means and SE. Adapted from Zuidhoek et al. (2004a)

transformed into a more allocentric representation which
could be critically dependent on visual imagery ability and
visual experience. Recently, an extended sequel study has
been completed including more blind individuals as well as
blindfolded sighted controls (A. Postma et al., submitted),
revealing similar performance differences: early blind
participants did not profit from a delay; late blind did, but
the effect was strongest in the blindfolded sighted.

Imagining angles and orientations

The foregoing supposes that limited visual imagery ability
might hamper blind individuals in their processing of haptic
space. More compelling evidence would of course follow
from a direct test of imagery ability in the blind. In a review
Kaski (2002) convincingly argued that even congenitally
blind individuals can work with mental images. Still, there
might be quantitative and qualitative performance differ-
ences with sighted persons which could effect certain aspects
of haptic space processing (cf. Aleman et al. 2001; Cornoldi
and Vecchi 2003). Thinus-Blanc and Gaunet (1997) sug-
gested that lack of vision from early in life would lower the
amount of information stored in the form of mental images
and complicate executing complex computations that rely on
such types of representations. Noordzij et al. (2007) con-
ducted a study on imagery ability in blind and sighted which
appears directly relevant for the current issue of haptic ori-
entation processing. While on an auditory and visual form
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Fig. 6 Judging the angles between the hands of the clock of digitally
presented pairs of clock times. Adapted from Noordzij et al. (2007)

imagery task, there were only marginal differences between
groups, sighted individuals outperformed the blind on a
spatial imagery task. Importantly, this task asked participants
to generate analogue images of two digitally presented
clocks times and to compare the angles between the hands of
the clocks for this pair of times.

As can been seen in Fig. 6, while all groups showed an
inverse linear relation between angular differences and error
rates, indicating continuous, analogue mental computations,
the blind groups clearly had more difficulty here. This sug-
gests a difficulty in mental imaging of spatial orientations.”
We wish to argue that this also affects the perception and
interpretation of the orientations which the hands feel.

Conclusions

We normally can handle objects within our reach quite
efficiently by means of touch alone. For example, when
picking up a book without looking, our grip quickly adjusts
on basis of feeling the tactile texture and weight of the
book. This might involve mostly an automatized, implicit
or semi-conscious mode of processing (cf. Wippich 1991).
Things might be different, though, if a more cognitive
usage of the haptic information is needed. When having to
place the book on our bedside table after having put out the
light, our hands need to explore the surface in order to
allow an deliberate decision whether there is enough space
for the book. Arguably, haptic orientation matching
involves explicit processing of haptic information.
Matching typically involves different locations in space as

2 An alternative explanation is that the blind have less experience
with perceiving analogue clock time displays. This option is further
discussed in Noordzij et al. (2007).

well as different hands. Moreover, it is under voluntary,
conscious control, and participants explicitly, though not
necessarily correctly, interpret what they have felt. The
present paper gives an overview of a recent series of
studies from the departments Physics of Man and Experi-
mental Psychology at Utrecht University on haptic parallel
setting. We have shown that visual experience and visu-
alization can have major effects on haptic orientation
matching. Introducing a delay between inspecting a refer-
ence bar and setting a test bar leads to a surprising
improvement. Maintaining the haptic information in
working memory may call for recoding into a different
format. This might be a more allocentric, quasi-visual
representation. While it should be acknowledged that also
in the visual modality egocentric reference mechanisms
play a role (cf. Milner and Goodale 1995), in general
visualization might be an effective strategy. In line with
this speculation, offering visual background information
also appears to elevate performance. Another form of
evidence follows from the observation that (congenitally)
blind individuals do not or to a weaker extent show this
improvement in time, while in parallel to this, they appear
to have limited spatial imagery abilities. Together this
strongly points to an important role for visual processing
mechanisms in the perception of haptic inputs. Future
research particularly should examine whether it is possible
to keep haptic inputs available in working memory in a
purely haptic format or whether there is an automatic
transformation into a visual image interpretation, and if so,
what the time course of this transformation is.

Importantly, the visual influences listed above may differ
with the haptic task at hand. Postma et al. (2007) investigated
haptic placement of objects in the appropriate slots in a
spatial array, and the verbal descriptions subjects gave of the
objects and the spatial array after a number of consecutive
slot filling trials. Interestingly, blind participants were faster
in slot filling than blindfolded sighted participants (though
they did not show a steeper learning curve), whereas visual
experience in the late blind improved the verbal descriptions.
It was speculated that slot filling depends more on implicit
processing whereas producing a verbal description requires
the ability to generate an explicit, conscious representation.
For the latter, visual experience and visualization mecha-
nisms might play a special role.

Acknowledgments This research was supported by grants from the
Netherlands Organization for Scientific Research (NWO: 440-20-000,
NWO: 016-048-606) and by EU NEST Fp6 grant (No 12959
Wayfinding).

Open Access This article is distributed under the terms of the
Creative Commons Attribution Noncommercial License which per-
mits any noncommercial use, distribution, and reproduction in any
medium, provided the original author(s) and source are credited.

@ Springer



68

Cogn Process (2008) 9:63-68

References

Aleman A, van Lee L, Mantione MH, Verkoijen 1G, de Haan EHF
(2001) Visual imagery without visual experience: evidence from
congenitally totally blind people. Neuroreport 12:2601-2604

Appelle S, Countryman M (1986) Eliminating the haptic oblique
effect: influence of scanning incongruity and prior knowledge of
the standards. Perception 15:325-329

Cornoldi C, Vecchi T (2003) Visuo-spatial working memory and
individual differences. Psychology Press, Hove

Gaunet F, Rossetti Y (2006) Effects of visual deprivation on space
representation: immediate and delayed pointing toward memo-
rized proprioceptive targets. Perception 35:107-124

Gentaz E, Hatwell Y (1998) The haptic oblique effect in the
perception of rod orientation by blind adults. Percept Psycho-
phys 60:157-167

Gentaz E, Hatwell Y (1999) Role of memorization conditions in
the haptic processing of orientations and the ‘oblique effect’. Br
J Psychol 90:373-388

Heller MA (1989) Picture and pattern perception in the sighted and
the blind: the advantage of the late blind. Perception 18:379-389

Hermens F, Kappers AML, Gielen SCAM (2006) The structure of
fronto-parallel haptic space is task dependent. Percept Psycho-
phys 68:62-75

Hollins M, Kelley EK (1988) Spatial updating in blind and sighted
people. Percept Psychophys 43:380-388

Kaas AL, van Mier HI (2006) Haptic spatial matching in near
peripersonal space. Exp Brain Res 170:403-413

Kaas AL, van Mier HI, Goebel R (2007a) The neural correlates of
human working memory for haptically explored object orienta-
tions. Cereb Cortex 17:1637-1649

Kaas AL, van Mier HI, Lataster J, Fingal M, Sack AT (2007b) The
effect of visuo-haptic congruency on haptic spatial matching.
Exp Brain Res 183:75-85

Kappers AML (1999) Large systematic deviations in the haptic
perception of parallelity. Perception 28:1001-1012

Kappers AML (2002) Haptic perception of parallelity in the
midsagittal plane. Acta Psychol 109:25-40

Kappers AML (2003) Large systematic deviations in a bimanual
parallelity task: further analysis of contributing factors. Acta
Psychol 114:131-145

Kappers AML, Koenderink JJ (1999) Haptic perception of spatial
relations. Perception 28:781-795

Kappers AML, Postma A, Viergever RF (in press) How robust are the
deviations in haptic parallelity? Acta Psychol. doi:10.1016/
j-actpsy.2007.09.006

Kaski D (2002) Revision: is visual perception a requisite for visual
imagery? Perception 31:717-731

Lanca M, Bryant DJ (1995) Effect of orientation in haptic reproduc-
tion of line length. Percept Mot Skills 80:1291-1298

Lederman SJ, Klatzky RL, Barber PO (1985) Spatial and movement-
based heuristics for encoding pattern information through touch.
J Exp Psychol Gen 114:33-49

Marks LE, Armstrong L (1996) Haptic and visual representations of
space. In: Inui T, McClelland JL (eds) Attention and perfor-
mance 16: information integration in perception and
communication. Mit Press, Cambridge, pp 263-287

@ Springer

Millar S, Al-Attar Z (2004) External and body-centered frames of
reference in spatial memory: evidence from touch. Percept
Psychophys 66:51-59

Milner AD, Goodale MA (1995) The visual brain in action. Oxford
University Press, Oxford

Milner AD, Paulignan Y, Dijkerman HC, Michel F, Jeannerod M
(1999) A paradoxical improvement of misreaching in optic
ataxia: new evidence for two separate neural systems for visual
localization. Proc R Soc Lond B Biol Sci 266:2225-2229

Morrongiello BA, Humphrey K, Timney B, Choi J, Rocca PT (1994)
Tactual object exploration and recognition in blind and sighted
children. Perception 23:833-848

Newport R, Rabb B, Jackson SR (2002) Noninformative vision
improves haptic spatial perception. Curr Biol 12:1661-1664

Noordzij ML, Zuidhoek S, Postma A (2007) The influence of
visual experience on visual and spatial imagery. Perception
36:101-112

Postma A, Zuidhoek S, Noordzij ML, Kappers AML (2007)
Differences between early blind, late blind and blindfolded
sighted people in haptic spatial configuration learning and
resulting memory traces. Perception 36(8):1253-1265

Postma A, Zuidhoek S, Noordzij ML, Kappers AML (submitted)
Haptic orientation perception benefits from visual experience:
evidence from early blind, late blind and sighted people

Rossetti Y, Régnier C (1995) Representations in action: pointing to a
target with various representations. In: Bard BG, Bootsma RIJ,
Guiard Y (eds) Studies in perception and action III. Laurence
Erlbaum Associates Inc., Mahwah, pp 233-236

Rossetti Y, Gaunet F, Thinus-Blanc C (1996) Early visual experience
affects memorization and spatial representation of propriocep-
tive targets. Neuroreport 7:1219-1223

Thinus-Blanc C, Gaunet F (1997) Representation of space in blind
persons: vision as a spatial sense? Psychol Bull 121:20-44

Ungar S, Blades M, Spencer C (1995) Mental rotation of a tactile
layout by young visually impaired children. Perception 24:891—
900

Volcic R, Kappers AML, Koenderink JJ (2007) Haptic parallelity
perception on the frontoparallel plane: an involvement of
reference frames. Percept Psychophys 69:276-286

Wippich W (1991) Haptic information processing in direct and
indirect memory tests. Psychol Res 53:162-168

Zuidhoek S, Kappers AML, Van der Lubbe R, Postma A (2003)
Delay improves performance on a haptic spatial matching task.
Exp Brain Res 149:320-330

Zuidhoek S, Noordzij ML, Kappers AML, van der Lubbe R, Postma
A (2004a) Frames of reference in a haptic orientation matching
task. In: Ballesteros S, Heller M (eds) Touch, blindness, and
neuroscience. Universidad Nacional de Education a Distancia,
Madrid

Zuidhoek S, Visser A, Bredero ME, Postma A (2004b) Multiple
integration mechanisms in haptic space perception. Exp Brain
Res 157:265-268

Zuidhoek S, Kappers AML, Postma A (2007) Haptic orientation
perception: sex differences and lateralization of functions.
Neuropsychologia 45:332-341


http://dx.doi.org/10.1016/j.actpsy.2007.09.006
http://dx.doi.org/10.1016/j.actpsy.2007.09.006

	Keep an eye on your hands: on the role of visual mechanisms �in processing of haptic space
	Abstract
	Introduction
	What happens over time?
	What determines allocentric recoding?
	Training allocentric interpretations of haptic space
	Haptic orientation processing in the blind
	Imagining angles and orientations
	Conclusions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /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
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -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 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /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 0.15
    /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


