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Toward an Ontology for Ocean Ecology and Sustainability
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The 21* century is said to be the century of ocean, and researches (for example, those on energy, biology,
environment, and so on) have been carried out by many countries for a long time. Throughout these researches,
there left many valuable documents such as observational data, experimental results, papers, and patents as well.
However, documents from different institutes are usually different from each other both in the format and in
teleological and taxonomical viewpoints. Ontology can be used as a middleware to facilitate data sharing and
cooperation among these institutes. In this paper, we show a prototype ontology of ocean mainly focusing on its
ecology and sustainability. We mainly introduce how to model the interactions between plants, animals, micro-
organisms and non-living physical factors and their roles in the matter cycles in ocean.

1. Introduction

The 21% century is said to be the century of ocean, and
researches (for example, those on energy, biology,
environment, and so on) have been carried out by many
countries for a long time. Throughout these researches,
there left many valuable documents such as observational
data, experimental results, papers, and patents as well.
However, documents from different institutes are usually
different from each other both in the format and in
teleological and taxonomical viewpoints. For example,
calamary is categorized as a nekton by its living habits
from a viewpoint of environment, and as a cephalopoda by
its body structure from a biologist. “Dissolved inorganic
phosphorous”, “dissolved inorganic phosphate” and DIP
refer to the same thing in environmental research, even
worse is that DIP may be the abbreviation of “Dual inline
package” in the domain of microelectronics. The
integration and utilization of these heterogeneous
resources are crucial for scientific research cooperation
and crisis management among ocean researchers,
government, aquaculturists and other marine agencies.

Metadata will facilitate the interoperability between
marine agencies and make it easier to find, use and share
marine data. There has been an international standard
(Marine Community Profile of ISO 19115) for metadata,
which includes a metadata schema and uses Global
Change Master Directory (GCMD) Science Keywords as
its controlled vocabulary (available at:
http://gcmd.gsfc.nasa.gov/Resources/valids/gcmd _paramet
ers.html).

But as is well known, ocean is a very complex
ecosystem which plays important role in the Earth’s
environment. Metadata can not properly describe the
interactions between plants, animals, micro-organisms and
non-living physical factors in ocean. Therefore, a higher
level semantics is needed to represent the disciplines
among the ocean system. Ontology as “a formal, explicit
specification of a shared conceptualization” [Gruber 1993]
can serve this task. An ontology “consists of concepts,
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hierarchical (is-a) organization of them, relations among
them (in addition to is-a and part-of), axioms to formalize
the definitions and relations” [Mizoguchi 2003]. The aim
of ontology research is therefore to develop knowledge
representations that can be shared and processed by
machines as well as people.

In the literature, there have been some researches on
geo-ontology which is a specification of geographic
entities, their properties, and relations [Kashyap 1996],
[Fonseca 2001], and [Smith 1998]. Fonseca [Fonseca
2001] introduces Ontology-Driven Geographic
Information Systems which use geo-ontology to handle
semantic heterogeneity among different GIS’s. In China,
Du et al. [Du 2005] use geo-ontology for the integration of
multi-source spatial data of coastal areas. Application
systems show the effectiveness of the ontology. In Japan,
Yoshida et al. [Yoshida 2007] use ontology to integrate
four frameworks of soil category. Ono et al. [Ono 2007]
use ontology for the interoperability between different
environmental data.

Recently, the importance of ecological ontology has
been addressed [Fonseca 2002], [Smith 1999]. Smith and
Varzi [Smith 1999] stress the need to develop formal
ontologies in the field of ecology. Fonseca extends the
work of Rodriguez [Rodriguez 1999] and his own
[Fonseca 2001] on geo-ontologies, into the realm of
ontologies that represent the environment, eco-ontologies
[Fonseca 2002]. In [Fonseca 2002], Fonseca highlight the
structural differences that should be taken into account
when we move from geo-ontologies to eco-ontologies.
The main idea is to use roles to represent the diverse
character of the geographic entities and to avoid the
problems of multiple inheritances.

But as far as we know, there are yet no researches to
finely represent the interactions between plants, animals,
micro-organisms and non-living physical factors and their
roles in the matter cycles in ocean. In this paper, we try to
model the mechanism of matter cycles by adapting the
framework of device ontology discussed by Kitamura
[Kitamura 2006].

2. Construction of Ocean Ontology

In addition to the theoretical basis, methodology for
constructing an ontology is also important. There have
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been good methodologies available from the researcher’s
own experiences of constructing ontology [Mariano 1999]
[Noy 2001]. We adapted those methodologies and take
four steps: specification, knowledge acquisition, con-
ceptualization, and implementation. These four steps
repeated in bottom-up manner or top-down manner during
the construction of ocean ontology.

2.1 Specification

The main purpose of our study is to represent
ontologically the interactions between plants, animals,
micro-organisms and non-living physical factors and the
roles of them in the matter cycles occurring in ocean. After
that, we represent the influence of human activity upon the
matter cycles and its linkage to some abnormal
phenomena often occurring nowadays. In order to use such
knowledge to facilitate research cooperation and crisis
management, it is also necessary to address the
relationship between crisis situations, causes, experts, and
administrations.

In this paper, we mainly introduce how to model the
matter cycles by adapting the framework of device
ontology presented by Kitamura [Kitamura 2006].

2.2 Knowledge Acquisition

Since we are not experts on ocean science,

sediment, photic zone and aphotic zone of seawater) often
consists of some parts of ocean. Matter may be in the
molecular, inorganic, or organic forms of a chemical
element. Fig.1. is an image from Wikipedia, which shows
the major oceanic divisions.
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Upper ontology, which explains what exist
in the world with a higher level categorization,
inspired our conceptualization of ocean
ontology. We referr to the upper ontology of
Mizoguchi [Mizoguchi 2005] and Guarino
[Guarino 1998] when determine the is-a
hierarchy of concepts of ocean ontology. First
we separate things into concrete object and abstract object.
Concrete object is further separated into physical entity
and process. Physical entity includes organism, matter,
ocean, ocean part, and habitat. Ocean part includes seabed
and seawater which is further divided into pothic and
apothic zones. Habitat (such as mudflat, vegetation,
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Fig.2. Conceptualization of Oceanic Divisions.

Fig.2. shows our conceptualization of oceanic divisions in
Hozo [Kozaki 2002], [Kozaki 2006] format. Note that we
added some structural concepts such as Ocean Component,
Seabeds, and Seawaters.

Our conceptualization then proceeded to the modeling
of matter cycles that link together almost all the concrete
objects of ocean ontology. We adapt the theory of

.
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Kitamura [Kitamura 2006] on device ontology to do this.
In [Kitamura 2006], one of the key concepts is behavior
(see Fig.3.), which is defined as temporal change of
another physical-entity called an operand. The device is
defined as a role-holder (for the definitions of role and role
holder, the readers are referred to [Mizoguchi 2007])
played by a physical-entity, which operates on the operand
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Fig.3. Conceptualization of Behavior.
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and changes its physical-attributes. The operand is
something that flows through the device and is affected by
the device. The operand role can be played by ion,
phytoplankton, bacteria, etc. The temporal change of
operands is represented as a pair of
physical-states as input and output
of the device, each of which
represents a value of a physical-
attribute at a port of the device. A
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some forms of matters.

All the organisms of an ecosystem connect with each
other through the habitats in the ecosystem. From this
viewpoint, habitat can play the role of port of device and
the role of medium which holds operand to be processed
by the device.

Any device has transitive behaviors and intransitive
behaviors. For example, phytoplankton has an intransitive
behavior of drifting and a transitive behavior of nutrition.
The nutrition behavior of zooplankton (see Fig.4-a)
usually performed in the pothic zone of seawater.
Zooplankton eats phytoplankton and transforms it into
carbohydrate and protein, stores them in its body and
excretes feces to pothic zone of seawater.

Matter cycle (see Fig.4-b) can be considered as a
sequence of processes performed by organisms’ behavior,
where the output of preceding behavior can be divided to
flow to the inputs of more than one successor, and finally
the output of the terminal behavior can totally or partially
flow to the input of the initial behavior. There may be sub-
cycles in the whole cycle with its input and output
identical to the output of preceding middle process and the
input of succeeding middle process respectively.

In summary, for example, in the Nitrogen cycle,
phytoplankton which is ontologically an organism, plays
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Fig.4. Conceptualization of Behavior,
Nutrition, and Matter Cycle in Hozo.
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the role of device to transform inorganic Nitrogen into
organic Nitrogen, and at the same time, plays the role of
food (operand) in the nutrition behavior of Zooplankton.

2.4 Implementation

We use Hozo as our ontology editor. We first imported
the GCMD Science Keywords and GEMET into Hozo as
the glossary basis of ontology construction. Then we
implemented our prototype ontology by organizing the
concepts according to the is-a and part-of relations
between them.

3. Conclusion Remarks

We mainly discussed the modeling of matter cycles
based on the framework of device ontology presented by
Kitamura. By fix such a viewpoint consistently, we will
refine the prototype ontology and have a discussion with
some experts of oceanography and ocean ecology in our
future work. After that, on the basis of ocean ontology, we
will try to implement an application system for the sharing
of observational data, experimental results, papers and
patents among ocean-related institutes. In this system,
Hozo API is used to do semantic reasoning on the
ontology, and AllegroGraph [Franz] is used to store
annotated instances in RDF files and to do retrieval tasks
through SPARQL [W3C-SPARQL].

References

[Du 2005] Du Y. et al., Research on the Integration and Sharing
of Multi-Source Spatial Data of China Coastal Zone and
Offshore (in Chinese), Ocean Press of China. (2005)

[Feng 1999] Feng S., Li F. and Li S.: An Introduction to Marine
Science (in Chinese), High Education Press. (1999)

[Fonseca 2001] Fonseca F.: Ontology-Driven Geographic
Information Systems, Ph.d. thesis, University of Maine.
(2001)

[Fonseca 2002] Fonseca F., Martin J. and Rodriguez A.: From
geo to eco-ontologies., Geographic Information Science—
Second International Conference GIScience 2002, Lecture
Notes in Computer Science, Vol. 2478, pp. 93-107,
Springer Verlag, Berlin. (2002)

[Franz] Franz Inc.: AllegroGraph 64-bit RDFStore, available at:

<http://agraph.franz.com/allegrograph/doc/>

[Gruber 1993] Gruber, T. R.: A Translation Approach to Portable
Ontology Specifications, Knowledge acquisition, Vol. 5,
pp. 199-220. (1993)

[Guarino 1998] Guarino, N.: Some Ontological Principles for
Designing Upper Level Lexical Resources. First
International Conference on Language Resources and
Evaluation. pp. 527-534. (1998)

[Harasima 1997] R S544, DIJIIEAT, WEO M) EFEIH YL, FHE
. (1997)

[Kashyap 1996] Kashyap V. and Sheth A.:
Heterogeneity in Global Information System: The Roles of
Metadata, Context and Ontologies,
Information Systems: Current Trends and Directions, G.
Schlageter, Ed.London: Academic Press, pp. 139-178.
(1996)

Semantic

Cooperative

[Kozaki 2002] Kozaki K., Kitamura Y., Ikeda, M., and
Mizoguchi R.: Hozo: An Environment for Building/Using
Ontologies Based on a Fundamental Consideration of
"Role" and "Relationship", Proc. of the 13th International
Conference Knowledge Engineering and Knowledge
Management(EKAW2002), pp.213-218. (2002)

[Kozaki 2006] iy 5271, sSKAEIE, B =E, MOH A
Frbm P —HEEAM, WO R, A — ot
(2006)

[Mariano 1999] Fernandez, M., Gomez-Pérez, A., Sierra, J. P.,
and Sierra, A. P.: Building a Chemical Ontology Using
Methontology and the Ontology Design Environment,
IEEE Intelligent Systems, Vol. 14, pp. 37-46. (1999)

[Mizoguchi 1995] Mizoguchi, R., Ikeda, M., Seta, K. and
Vanwelkenhuysen, J.: Ontology for Modeling the World
from Problem Solving Perspectives, Proc. of IJCAI-95
Workshop on Basic Ontological Issues in Knowledge
Sharing, pp.1-12. (1995)

[Mizoguchi 2003] Mizoguchi R.: Tutorial on ontological
engineering - Part 1: Introduction to Ontological
Engineering, New Generation Computing, OhmSha &
Springer, Vol.21, No.4, pp.365-384. (2003)

[Mizoguchi 2005] ¥ #—BF: A > boo—T%, ATA
R, A — o4k (2005)

[Mizoguchi 2007] Mizoguchi R., Sunagawa E., Kozaki K. and

Kitamura Y.: A Model of Roles within an Ontology

Development Tool: Hozo, J. of Applied Ontology, Vol. 2,

No. 2, pp. 159-179. (2007)

2001] Noy, N. F. and McGuinness, D. L.: Ontology

Development 101, A Guide to Creating Your First

Ontology, Stanford KSL Report 01-05. (2001). Available

at:<http://protege.stanford.edu/publications/ontology_deve

lopment/ontology101.html>

[Ono 2007] /NEFHESE, FAFIEEE, kM, mErak ., & [
fifl, SElfF T, /D A b — 2R U BRE R
OAHEF IS 258, 22 MERB EAT e 27—
TR TT A, C06. (2007)

[Rich 1973] Rich L. G.: Environmental Systems Engineering,
McGraw-Hill. (1973)

[Rodriguez 1999] Rodriguez A., Egenhofer M. and Rugg, R.:
Assessing Semantic Similarity among Geospatial Feature
Class
Information Systems—Second International
Conference,INTEROP 1999, Lecture Notes in Computer
Science, Vol. 1580, pp. 1-16, Springer Heidelberg, Berlin.
(1999)

[Smith 1998] Smith B. and Mark D.: Ontology and Geographic
Kinds, International Symposium on Spatial Data Handling,
Vancouver, BC, Canada (1998)

[Smith 1999] Smith B. and Varzi A.C.: Noiis, Vol. 33, pp. 214-
238 (1999)

[W3C-SPARQL] W3C.: SPARQL Query Language for RDF,
available at: <http://www.w3.org/TR/rdf-sparql-query/>

[Yoshida 2007] 7 H 5%, ik, mEFH_, TERESE,
O, SR 7 . A b —% R Ui R IR R
DG FIEICE T AT, ZEHERE ST 7 —
TUIRYT A, COT. (2007)

Definitions, Interoperating  Geographic


http://portal.acm.org/results.cfm?query=Name%3A%22Asunci%26%23243%3Bn%20G%26%23243%3Bmez%2DP%26%23233%3Brez%22&querydisp=Name%3A%22Asunci%26%23243%3Bn%20G%26%23243%3Bmez%2DP%26%23233%3Brez%22&termshow=matchboolean&coll=GUIDE&dl=GUIDE&CFID=10015531&CFTOKEN=70730106
http://portal.acm.org/results.cfm?query=Name%3A%22Juan%20Pazos%20Sierra%22&querydisp=Name%3A%22Juan%20Pazos%20Sierra%22&termshow=matchboolean&coll=GUIDE&dl=GUIDE&CFID=10015531&CFTOKEN=70730106
http://portal.acm.org/results.cfm?query=Name%3A%22Juan%20Pazos%20Sierra%22&querydisp=Name%3A%22Juan%20Pazos%20Sierra%22&termshow=matchboolean&coll=GUIDE&dl=GUIDE&CFID=10015531&CFTOKEN=70730106
http://protege.stanford.edu/publications/ontology_development/ontology101.html
http://protege.stanford.edu/publications/ontology_development/ontology101.html


<<
  /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 <<
    /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 [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


