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Visual display of information is an obvious requirement in

today’s highly digital world, and constitutes a powerful means

of conveying complex information. This stems from the ability

of the human eye and brain to perceive and process vast

quantities of data in parallel. The history of visualizing information can be
traced to the ancient era, when our ancestors carved images on cave walls

and monuments (around 30000 BC [1]). Mosaic art form emerged in the

3rd millennium BC [2], using small pieces of glass, stone, or other materials

in combination to display information. These pieces are similar to pixels in

the modern electronic display. The electronic display has become the pri-

mary human–machine interface (HMI) in most applications, ranging from

mobile phones, tablets, laptops, and desktops to TVs, signage, and domestic

electrical appliances, not to mention industrial and analytical equipment.
In the meantime, user interaction with the display has progressed signifi-

cantly. Through sophisticated hand gestures [3]–[13], the display has evolved

to become a highly efficient information exchange device. While interactive

displays are currently very popular in mobile electronic devices such as

smartphones and tablets, the development of large-area, flexible electronics,

offers great opportunities for interactive technologies on an even larger scale.

Indeed technologies that were once considered science fiction are now

becoming a reality; the transparent display and associated smart surface be-
ing a case in point. These technologically significant developments beg the

question, “Will interactive displays be the next omnipresent technology?” This

article will review current main-

stream interactivity techniques and

predict what we believe will be fu-

ture interactive technologies.

I . INTERACTIVE DISPLAY
TECHNOLOGIES

Human–machine interactivity can

be categorized based on touch or

touch-free gestures. The former is

primarily employed in the small-

and medium-scale screens used in
smartphones and tablets, while the

latter is more popular in larger

displays. Various techniques for in-

teractivity have been developed (see

Fig. 1). Currently, these are mainly

based on resistive, capacitive, surface

acoustic wave, acoustic pulse recog-

nition and infrared schemes [3].
Recently, touch-free (e.g., gesture

recognition by optical imaging) and

force-touch techniques have emerged

and are now in commercial devices.

These advanced features bring human–

machine interactivity to a new level

of user experience.

A. Touch Interactivity
Architectures

The first generation of touch

screens employed resistive-based ar-

chitectures [4], in which two trans-

parent electrically resistive layers are

separated by spacer dots and con-

nected to conductive bars in theDigital Object Identifier: 10.1109/JPROC.2016.2582578
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horizontal (X-axis) and vertical

(Y-axis) sides, respectively. A voltage
applied on one layer can be sensed

by the other layer, and vice versa.
When the user touches the screen,

the two layers are connected at the

touch point and work as voltage di-

viders, and the touch location is then

calculated. These first generation

devices were limited to locating a
single point, restricting their use for

complex gestures.

In capacitive-based touch panels,

electrodes are arranged as rows and

columns and are separated by an in-

sulating material such as glass or

thin film dielectric. When a conduc-

tive object comes in contact with the
screen surface, the electrostatic field

is perturbed hence changing the ca-

pacitance between electrodes [5], [6].

Capacitive touch panels are most

commonly used in smartphones

because they support multitouch

without altering the visibility and

transparency of the display.
In surface acoustic wave and

acoustic pulse recognition interactiv-

ity schemes, the touch position is de-

tected by acoustic waves [7], [8]. In

the former, ultrasonic waves are

transmitted and reflected in the

X- and Y-directions. By measuring

the touch-induced absorption of the

waves, the location can be deter-
mined. In acoustic pulse recognition,

transducers are fitted at the edges of

the touch panel. A touch action on

the screen surface generates a sound

wave that is then detected by the

transducers, digitalized and subse-

quently processed to determine the

touch position.
In the infrared-based architec-

ture, two adjacent sides of a touch

screen are equipped with light emit-

ting diodes, which face photodetec-

tors on the opposite sides, forming

an infrared grid pattern [9], [10].

The touch object (e.g., finger or stylus)

disrupts the grid pattern, from which
the touch location is determined.

The techniques described above

detect 2-D single touch or multiple

touch, i.e., touch locations on an X-Y

plane. Recently, commercial prod-

ucts released by Apple support force

sensing, expanding touch interactiv-

ity to 3-D [11]. Here, screen deflec-
tion, and hence the corresponding

change in capacitance, serves as a

measure of the extent of applied

force, which is then augmented with

a haptic response. An alternate ar-

rangement for 3-D interactivity has

been recently developed using a

force sensitive (piezoelectric) layer

and augmenting it with the standard
capacitance touch [12]. The advan-

tage of using a piezoelectric layer is

that it generates its own power and

thus can be operated in power sav-

ings mode. In addition, it is sensitive

to touch at the edges of the display;

a feature, which is intrinsically lim-

ited with deflection.

B. Touch-Free Interactivity
Architecture

While a variety of touch technol-

ogies are currently in use in prod-

ucts, touch-free gesture recognition

has emerged recently. One current

technique relies on locating discrete
infrared sources and detectors at dif-

ferent positions on the display edges

to construct the touch event. How-

ever, imaging is not possible because

of the discrete nature of the sensors.

The pixelated approach reported re-

cently employs an image sensor inte-

grated at every display pixel. This
way the display is actually able to

view the underlying gestures of the

user. Alternately the event can be re-

motely triggered by a light pen [14]–

[17]. The interactive display can be

transparent using, e.g., oxide semi-

conductor technology, and be able to

Fig. 1. Interactivity based on (a) resistive, (b) capacitive, (c) surface acoustic wave, (d) acoustic pulse recognition, and (e) infrared

touch architectures; and (f) touch-free interactive display based on image sensor.
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carry out invisible image capture.
This development has the potential

for high technological impact in hu-

man interfaces.

Voice recognition is another tech-

nique for remote interactivity [18].

Tremendous progress has been made

in this area with very impressive re-

sults. Existing commercial products
include Siri and Echo from Apple

and Amazon, respectively. Despite

that, challenges remain in voice sig-

nal processing and machine limita-

tions of speech perception. This is

particularly true with differently

spelled but similar sounding words,

and signal recognition in a noisy
acoustic background. These problems

can be eventually overcome with use

of much faster processors and more

memory to bring into consideration

contextual information.

II . THE FUTURE IN
HUMAN–MACHINE
INTERACTION

The future interactive medium will

not be a dedicated display but will be

in the form of smart surfaces inte-

grated with everyday objects. These

interactive surfaces can be made of

glass, textile, or cellulose fibers that
suitably embed one or more of the

previously described architectures for

touch or touch-free interactivity. This

could be a game changer as it means

that we can constantly interact with

an intelligent ambient and not feel

disconnected. We will see a rapid

proliferation of smart surfaces, and
one technology that is fueling smart

surface development is glass, which

by all accounts is silicon dioxide. By

layering other oxide materials com-

prising semiconductors, conductors,

and insulators, active electronics can

be integrated on these surfaces with-

out compromising the original trans-
parency, thanks to the large bandgap

of oxides in general [19]–[21].

Thus, any glass surface can be

turned into an interactive media, as

conceptually depicted in Fig. 2.

Thanks to the growing advancements

in large area [22]–[24] and flexible

[25]–[27] electronics technologies,

such surfaces can be extended to the

windshield of cars, table tops, and

walls, and eventually to curtains and
clothing. These could revolutionize

the way we perceive personal life-

styles and work environments.

While display interactivity has

become an indispensable component

of many people’s lives, especially for

mobile device users, there is growing

expectation for even more advanced

form of interaction requiring the

need to sense and provide feedback,

particularly in the area of healthcare
monitoring. For example, a user’s

biological state, such as heart rate,

body temperature, and glycemia

levels could be sensed and the corre-

sponding health information can be

analyzed and results imaged to users.

From a feedback standpoint, the

Fig. 2. Conceptual figure of future windows-based interactive display.

Fig. 3. Conceptual depiction of immersive interaction.
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current feedback medium is light,

sound, or vibration, which does not

completely satisfy user needs. Haptic

feedback with an awareness of the

underlying context will bring in a

new dimension, in which, for exam-

ple, temperature and shape can be
experienced by the user following

contextual information on screen.

For example, when the weather is il-

lustrated on screen, the temperature

and related conditions could be felt

by haptic feedback. This could be

extremely useful for the visually

impaired.
Equally significant is interactivity

with the immersive ambient as

widely described in science fiction

and in movies (e.g., Minority Report
in 2002). For example, projected

keyboards can replace traditional

physical keyboards. This will allow

users to immerse themselves in vi-
sual information and manipulate that

information remotely using both

hands. For instance, a user can zoom

around a virtual planet earth in the

solar system (as conceptually de-

picted in Fig. 3). This will no doubt

trigger a child’s passion for science

and the environment. Immersive in-

teractions not only provide a new ex-

perience to users but also to much

improved services resulting in higher
work productivity.

So, how far away are we from all

this becoming a reality? Some proto-

types of future interactive displays

have already been demonstrated. An

18-in, large-sized, flexible OLED dis-

play [28] with a bending radius of

30 mm was reported in [28] and a
transparent double-sided touch dis-

play in [29], in which users could

maintain face-to-face interaction. In

[30], a dynamically shaped display

was presented, providing a deform-

able interface free of form factor to

enrich the physical interaction of

users with general purpose comput-
ing interfaces. Microsoft announced

the release of Hololens in 2016,

which provides the user with immer-

sive interactions with virtual objects

[31]. Indeed these future interactive

display technologies beyond what has

been described above will become re-

ality in the not so distant future.

III . CONCLUSION

The history and current status of in-

teractive displays have proven that
HMI is a must-have component in

the livelihood of people by provid-

ing a convenient and highly efficient

information exchange platform. The

evolution of HMI of the past, cur-

rent, and possibly in the future is

conceptually depicted in Fig. 4, in

which HMI will be extensively em-
ployed, with a strong potential to

become ubiquitous not only for the

mobile device but in the way we

will interact with our environment.

This will go beyond the current

signal domains of mechanical (i.e.,

touch/haptics) and light (i.e., dis-

play), to thermal and possibly odor
transmission and perception.

REFERENCES

[1] J. M. Chauvet, E. Brunel Deschamps, and
C. Hillaire, “Dawn of art: The Chauvet
Cave: The oldest known paintings in the
world,” HN Abrams, 1996.

[2] A. Joan and R. Wallenfels, “Art of the First
Cities: The Third Millennium BC from the
Mediterranean to the Indus,” Metropolitan
Museum of Art, 2003.

[3] G. Walker, “A review of technologies for
sensing contact location on the surface of a
display,” J. Soc. Inf. Display, vol. 20,
no. 8, pp. 413–440, 2012.

[4] C. J. William and H. S. George,
“Discriminating contact sensor,” U.S. Patent
3 911 215 A, Oct. 1975.

[5] G. Barrett and R. Omote,
“Projected-capacitive touch technology,”
Inf. Display Mag., vol. 26-3, pp. 16–21,
2010.

[6] E. A. Johnson, “Touch display—A novel
input/output device for computers,”
Electron. Lett., vol. 1, no. 8, pp. 219–220,
1965.

[7] R. Adler and P. J. Desmares, “An
economical touch panel using SAW
absorption,” IEEE Trans. Ultrason.
Ferroelectr. Freq. Control, vol. UFFC-34,
no. 2, pp. 195–201, 1987.

[8] K. North and H. D’Souza, “Acoustic pulse
recognition enters touch-screen market,” in
Inf. Display, Dec. 22–25, 2006.

[9] N. Cohen, “Timeline: A history of
touch-screen technology,” Nat. Public Radio,
Dec. 2011.

[10] A. Butler, S. Izadi, and S. Hodges, “Side
Sight: Multi-touch interaction around
small devices,” in Proc. 21st Annu. ACM
Symp. User Interface Softw. Technol.
2008.

[11] O. Raymudo, “Iphone 6S display teardown
reveals how 3D touch sensors actually work,”
Message Posted to Macworld, 13th Oct. 2015.

[12] “Pressure sensing display device,”
U.S. 20140008203 A1, 2014.

[13] S. Jeon et al., “Gated three-terminal device
architecture to eliminate persistent
photoconductivity in oxide semiconductor
photosensor arrays,” Nature Mater.,
vol. 11, no. 4, pp. 301–305, Feb. 2012.

[14] S.-E. Ahn et al., “Metal oxide thin film
phototransistor for remote touch interactive
displays,” Adv. Mater., vol. 24, no. 19,
pp. 2631–2636, May 2012.

[15] S. Jeon et al., “Dual gate photo-thin film
transistor with high photoconductive
gain for high reliability, low noise flat
panel transparent imager,” in Proc. IEEE
Int. Electron Devices Meeting, 2011,
pp. 14.3.1–14.3.4.

Fig. 4. The past, present, and future in interactive displays.

1506 Proceedings of the IEEE | Vol. 104, No. 8, August 2016

Point of View



[16] S. Jeon et al., “Nanometer-scale oxide thin
film transistor with potential for high
density image sensor applications,” ACS
Appl. Mater. Interfaces, vol. 3, pp. 1–6, 2011.

[17] S. Lee, S. Jeon, R. Chaji, and A. Nathan,
“Transparent semiconducting oxide
technology for touch free interactive flexible
displays,” Proc. IEEE, vol. 103, No. 4,
Apr. 2015.

[18] H. Zhang and W. L. Ng, “Speech
recognition interface design for in-vehicle
system,” in Proc. 2nd Int. Conf. Autom. User
Interfaces Interactive Veh. Appl., pp. 29–33,
2010.

[19] K. Nomura et al., “Room-temperature
fabrication of transparent flexible thin-film
transistors using amorphous oxide
semiconductors,” Nature, vol. 432,
no. 7016, pp. 488–492, Nov. 2004.

[20] K. Nomura et al., “Thin-film transistor
fabricated in single-crystalline transparent
oxide semiconductor,” Science, vol. 300,
no. 5623, pp. 1269–1272, 2003.

[21] H. Hosono, “Recent progress in transparent
oxide semiconductors: Materials and device
application,” Thin Solid Films vol. 515,
no. 15, pp. 6000–6014, May 2007.

[22] G. Eda, G. Fanchini, and M. Chhowalla,
“Large-area ultrathin films of reduced
graphene oxide as a transparent and flexible
electronic material,” Nature Nanotechnol.,
vol. 3, pp. 270–274, Apr. 2008.

[23] M. L. Chabinyc et al., “Printing methods
and materials for large-area electronic
devices,” Proc. IEEE, vol. 93, no. 8,
pp. 1491–1499, Aug. 2005.

[24] T. Someya et al. “Large-area, flexible
pressure sensor matrix with organic
field-effect transistors for artificial skin
applications,” Proc. Nat. Acad. Sci. USA
vol. 101, no. 27, pp. 9966–9970, 2004.

[25] Y. Chen et al., “Electronic paper: Flexible
active-matrix electronic ink display,” Nature,
vol. 423, no. 6936, pp. 135–136, May 2003.

[26] R. J. Hamers, “Flexible electronic futures,”
Nature, 412, pp. 489–490, Aug. 2001.

[27] X. Lu and Y. Xia, “Electronic materials:
Buckling down for flexible electronics,”
Nature Nanotechnol., vol. 1, pp. 163–164,
2006.

[28] J. Yoon et al., “World 1st large size 18-inch
flexible OLED display and the key
technologies,” in SID Symp. Dig. Tech. Papers,
vol. 46, no. 1, pp. 962–965, Jun. 2015.

[29] H. Heo et al., “Transwall: A transparent
double-sided touch display facilitating
co-located face-to-face interactions,” in
CHI’14 Extended Abstracts on Human Factors
in Computing Systems, pp. 435–438, 2014.

[30] D. Leithinger, S. Follmer, A. Olwal, and
H. Ishii, “Shape displays: Spatial interaction
with dynamic physical form,” IEEE Comput.
Graph. Appl., vol. 35, no. 5,
pp. 5–11, Sep. 2015.

[31] H. Chen, A. S. Lee, M. Swift, and
J. C. Tang, “3D collaboration method over
HoloLens and Skype end points,” in Proc.
3rd Int. Workshop Immersive Media
Experiences, pp. 27–30, 2015.

Vol. 104, No. 8, August 2016 | Proceedings of the IEEE 1507

Point of View



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues false
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /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 false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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 [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


