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Abstract. The recently-published OGC Web Processing SerWu@sS)
standard provides the ability to define and use VWAPSlication Profiles
for defining processes in a reusable way. The udssuoh profiles for
commonly-used processes in an information commustiguld, together
with appropriate service registries, ease semantiblems in finding and
orchestrating WPS. This paper presents some initeds as to how the
profiles could be structured, considering partidylahe cross-domain
nature of many fundamental GIS operations compdcedhe highly
specialised nature of WPS intended for use in @régolar domain, and
makes suggestions as to how the profile mechanissn ba extended to
enhance the utility of these profiles.

1 INTRODUCTION

The Open Geospatial Consortium (OGC) recently ammothe Web
Processing Service (WPS) 1.0.0 as an OpefiGi®lementation Standard
(Schut, 2007). The WPS standard defines a geneizsgrvice interface
to data processing operations. Mechanisms for lBothOWS-standard
HTTP Get/Post (REST-architecture) and WSDL/SOAP rajpen are
specified. The core of the standard is the spetitio of processes by
process identifier and the data inputs and outywhish may be used with
each process. Using the standard OWS-style operadidist of available
processes (identifiers and free-text abstractsjcisided in the capabilities
document whilst the details of each process mapdoessed through a
Descri bePr ocess operation.

As a means to standardise semantically-driven cerdiscovery and
orchestration, the standard defines a mechanismrebhe “WPS
Application Profiles” defining standard processeasynbe created. These
should use a URN in the OGC namespace to uniqdelstify the process
and provide, at a minimum, a reference Describeda®eesponse. This
process description defines the data input andgssoutputs by name,
their cardinality and data types/formats. A WPSfiRrovould therefore
effectively standardise process n: ogc: a as having input88 and C



which may be supplied in data format (MIME-tyde)or E and that the
process outputs afeandGin data format$d andl .

According to the standard, “Geospatial infrastruesucan establish a
geospatial processing web by specifying a reposithat contains a
semantically defined hierarchy of processes, edehtified by a URN. A
WPS Application Profile can define each unique pssc within the
repository, and each WPS instance can refer toWkdt” (Schut, 2007,
p7). For generic spatial data infrastructures ($Dés single repository
specifying generic GIS processes such as polyganlay map algebra,
transformations, etc., may be feasible. Specidli3ts which include data
and standard processes which are only of interesta tparticular
information community, and the semantics of whibbwdd be well-known
within that community, will however also requirerngees from generic
SDIs (Nash & Kofahl, 2006). To avoid duplication WPS application
profile definitions, such SDIs will therefore eitheequire a cascading
repository which binds further repositories to pr#sa unified result set to
the user or to specify which external repositoslesuld be used for which
process definitions.

This paper presents some initial ideas for somemehVPS application
profiles as well as some specialist ones applyiogthe agricultural
domain. Some suggestions for clarifications andh&mr development of
the WPS profile mechanism to overcome limitatiarentified in this work
are also made.

2 SUGGESTED WPSAPPLICATION PROFILES

In this section some potential WPS application ipgsf and a basic
hierarchical structure are suggested. Both geraricspecialist processes
are considered, demonstrating how information comti@s may structure
their own profiles whilst re-using common profile3he specialist
processes presented here are described in moitidddash et al (2007a
and 2007b); in general, the specialist service®mate geoprocessing
workflows by presenting an interface to a servilaic to the user. Further
examples of specialist services from other domamspresented e.g. by
Stollberg and Zipf (2007 and 2008). The chain shestrated either using
statically-bound services (pre-defined) or dynaitychased on a service
catalogue. Further examples of generic processesbased on those
presented in Heier and Kiehle (2006), Kiehle e{2006) and Stollberg et
al. (2007).



2.1 Generic Processes

Generic WPS services provide fundamental GIS fonelity such as
polygon overlay, map algebra, transformation oernpolation. As such
functionality may be required in many informatioonaains, it is suggested
that globally-standardised WPS application profieasy be produced for
such processes. The WPS standard has some basitamgliage support
whereby the server may specify the natural langsiaggported and the
Descri bePr ocess operation may specify the language to use from the
available set, but the data structures (title dmstract) within a process or
input/output data description support only a sirlgleguage. How a multi-
linugal application profile is to be specified ugitihe current mechanism is
therefore unclear.

2.1.1 Namespace Structure

In the literature there are various attempts assibging GIS operations
e.g. Goodchild (1991) and Albrecht (1996). Althoubh latter claims that
20 data-model independent universal GIS operatansbe identified, the
data structure is admitted as dictating differenoefsinctionality, and the
former groups operations primarily based on thea dditucture used. A
basic distinction in GIS processing operations esMeen those working
primarily with raster data and those working witkector data. It is
therefore suggested that the first part of the @@&ee structure for
generic processes could reflect this division, waththird branch for
operations converting between data structuresh&utranches, e.g. for
processes operating on topological data structusesnes, etc., may be
introduced as necessary. Within each branch aitmadtgrouping could
occur. Based on the examples considered here, i, laexsl necessarily
incomplete, sketch of the proposed structure iswshan Figure 1.
Although the OGC publish a URN policy (OGC, 2007)s not clear from
the WPS standard in which branch WPS applicatiafilps should be
defined. A common URN root ofirn: ogc: def: wpsProfile is
therefore assumed.

2.1.2 Example Generic Processes

A standard set of operations for raster data isnddfby Tomlin’s map
algebra (Tomlin, 1990). These may be split intoalpdocal, zonal and
global operators, with the local operators furtheruped into arithmetical,
Boolean and comparison operators. Some selectadpées of local and
focal map algebra operations are shown in Tablé& further common
operation is the transformation of a raster e.gouph resampling or
coordinate system transformation which is commaegelyuired in order to
overlay multiple raster datasets.



Vector-raster conversion, e.g. through interpoftatiar kriging is also
considered here with two simple interpolation aldpons. In this case, the
ability to create a hierarchy of application pre§lwould be useful as all
interpolation operations require the same set siclygarameters (those for
nearest neighbour interpolation in Table 1), wheohld be specified in an
abstract “superprofile”, together with some aldgantspecific ones which
may be specified in each concrete profile.

Finally two vector operations are considered, ngntkbé creation of a
buffer based on a geometry property of a giveno$deatures, with the
necessary parameters based on Heier and Kiehl&)280d the spatial
join operation using the geometry properties of swts of features, for
which the suggested inputs are based on Stolldealy @007). The first of
these two operations is here not allocated to acatdgory of vector
operations since it is considered to be a uniqueratipn. The latter is
allocated to a sub-category of overlay operatiohglwcould also include
other processes where two input layers are reqwrédthe output being a
function of their geometries, e.g. cropping.

2.2 Example Specialist Processes

It is expected that the majority of specialist ss8 will implement
defined geoprocessing workflows either locally brough orchestrating
further services, both specialist and generic,utmmate domain-specific
calculations, models, etc. and solve interopergbgroblems within that
domain (Stollberg and Zipf, 2007). Nash et al. (2802007b) describe
processes specific to the precision agriculture alopwith two complex
workflow-based processes (generation of site-sjgetifrogen fertilisation
maps and of in-field management zones) and two despecific simple
processes (normalisation of raw yield date to 148tstare and calculation
of nitrogen loss due to a crop). Although the Wighdard states that all
application profiles should be defined using a URN the OGC
namespace, it is questionable whether this is gpte for domain-
specific profiles. It is therefore suggested th#bimation communities
should use, and if necessary define, their own URespace for such
WPS profiles, for which they should be responsiiole maintaining the
structure and registry. For the agricultural preesspresented in Table 2
the fictionalpr eagr o URN namespace is used.



Table 1. Summary of selected generic WPS applicairofiles — see Table 3 for details of proposea thgpes

Process Identifier (ur n: ogc: def : wpsProfil e: *) Inputs Data Type Output Data Type
conversion:toRaster:interpol ate:inverseD stance 1..1 Features features Interpolated raster
1..* Attribute XPath
1..1 TargetGrid rectified grid
1..1 PowerFactor number
1..1 MaxDistance distance
1..1 MaxFeatures +ve integer
conver si on: toRaster:interpol at e: near est Nei ghbour 1.1 Features features Interpolated raster
1..* Attribute XPath
1..1 TargetGrid rectified grid
rast er: mapAl gebra: focal : appl yMatri x 1..1 Data raster Result raster
1..1 Matrix 2D matrix
raster: mapAl gebra:local:arithnetic:addition 2.n Addend raster Sum raster
raster: mapAl gebra:local :arithnetic:subtraction 1..1 Minuend raster Difference raster
1..1 Subtrahend
rast er: mapAl gebra: | ocal : bool ean: and 2.n Data raster And raster
rast er: mapAl gebra: | ocal : compari son: | essThan 1..1 LValue raster LessThan raster
1..1 RValue raster
raster:transform 1..1 Data raster Transformed raster
1..1 TargetGrid rectified grid
0..1 Interpolation c Interpolation
vector: buffer 1..1 Features features Buffered features
1..* Attribute XPath
1..1 Distance distance
0..1 CapStyle c CapStyle
0..1 Quantisation distance
vector:overlay:spatial Join 2..* Features features Joined features
2..* Attribute XPath
1..1 Predicate ¢ Predicate
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Figure 1: Outline structure of URN namespace forege processes with selected profiles. Indiviquakesses are bold.

Table 2: Summary of selected specialist processgmécision agriculture — see Table 3 for detaifilproposed data types

Process Identifier (ur n: preagro: wpsProfil e: *) Inputs Data Type Output Data Type
managenent Zones: gener at e 1..1 Field field ManagementZones zoning
1..1 InputDataset raster
1..1 NumZones +ve integer
1..1 MinZoneSize +ve integer
1..1 Raster window
siteSpecific:applicationMap:total Nitrogen 1..1 Yield yield data  Fertilisation recommended
1..1 Field field fertilisation
1..1 SoilNitrogen soil data
1.1 Crop code
siteSpecific:dataNornmalisation:yield:noisture 1.1 Yield yield data  NormalisedYield yield data
1..1 Field field
siteSpecific:nutrientRenoval : nitrogen 1..1 Yield yield data  NitrogenRemoval yield data
1..1 Field field
1.1 Crop c Crop



2.3 DataTypes

As can be seen from Table 1 and Table 2, manytgtp&s for input and
output values are common to many processes. ThentuwWPS profile
mechanism whereby the profile is defined using a SWP
ProcessDescri pti on would however require that each data type and
the accepted values and formats must be defined foveeach process. It
Is therefore suggested that a mechanism wherebytylats and acceptable
standard formats (e.g. GeoTIFF and/or GML
Rectifi edG i dCover age for raster) may also be specified using a
profile mechanism and allocated a URN, which mayrdferenced from
WPS application profiles an&r ocessDescri pti on documents, is
also required.

Table 3: Summary of data types required for setecprocesses.
Codes/enumerations are prefixed withDefault values and formats are
underlinedwhere applicable.

Data Type Format MIME Type/ {allowed values} / note

+ve integer LiteralValue -

2D matrix MathML matrix text/xml; subtype=mathml/ima

distance LiteralValue uom attribute should be specified

features GML FeatureCollection text/xml; subtype#fgaturecollection

field agroXML Field text/xml; subtype=agroxml/field

number LiteralValue -

raster GML RectifiedGridCoverage  text/xml; subtype=gml/rectifiedgridcoverage
GeoTIFF image/tiff, subtype=geotiff

rectified grid ~ GML RectifiedGrid text/xml; subtypgml/rectifiedgrid

recommended agroXML text/xml; subtype=agroxml/

fertilisation FertilisationRecommendationDodertilisationrecommendationdoc

soil data agroXML SoilDataDoc text/xml; subtype=agnl/soildatadoc

window WMC Window text/xml; subtype=context/window

yield data agroXML YieldDataDoc text/xml; subyperagml/yielddatadoc

XPath LiteralValue namespace bindings should also be specified

zoning agroXML Zoning text/xml; subtype=agroxml/zog

c CapStyle LiteralValue {butt, round square}

c Crop LiteralValue values from agroXML dictionary; codeSpace

should be specified to indicate version
c Interpolation LiteralValue {nearest bilinear, bicubic}
¢ Predicate LiteralValue {disjoint, meet, overlap, inside, contains,

covers, coveredBy, equal}

The WPS standard also states that complex datas tgpeuld be
identified by their MIME type. For many data typetentified for the
selected processes there is however no widely-resed MIME type.
Particularly where a single XML element from a soleis required then
even when a MIME type for the schema is known (e@xt/xm ;
subt ype=gm / 3. 2. 1 for GML) then this does not uniquely identify



the expected data type. Similarly for GeoTIkfmge/ti ff does not
uniquely identify a GeoTIFF as opposed to a stathd#éfF. As a potential
solution to this problem, Table 3 specifies MIMEp#&g using the
“ subtype=" mechanism whereby the content typahis subtype is the
schema or subformat and the subtype is the element.

3 SUGGESTED EXTENSIONSTO WPSAPPLICATION PROFILES

The previous sections of this paper have identi$eche weaknesses in the
WPS Application Profile mechanism as currently €pst in the WPS
1.0.0 standard. Some extensions to this mechanistimarefore suggested
here which would help address these weaknessegereral it can be
stated that these problems stem from the use of gtendard
ProcessDescri pti on document as a means to define the profile.
Whilst this provides an obvious basis for the d&bn, it is suggested that
some extensions to this basic format are required.

3.1 Multilingual Profiles

Although the WPS specification allows for servetp@orting multiple
natural languages for the free-text aspects optbeess and input/output
descriptions (i.e. title and abstract), the curpofile mechanism does not
as only a single title and abstract can be defiioeceach element. This
could be easily solved by allowing multiple titlesid abstracts in the
profile definition, with a requirement in the scheer{specified using e.g.
Schematron) that each must have a unique: | ang attribute.

3.2 ProcessHierarchiesand Inheritance

The current profile specification foresees a striog of profiles through
the URN namespace mechanism. Whilst providing asdiaation, this
ignores the strong relationships between many pge®se where e.g.
multiple algorithms exist to solve a single probJeand these algorithms
share a set of basic parameters to which are aslitad algorithm-specific
parameters. This is illustrated by the two integtiohs shown in Table 1.
It is suggested that WPS profiles should therefugport arext ends
mechanism similar to that used in XSD. A child mss would through
this inherit the inputs and outputs of the paremaning that they must
only be defined once for a set of like processesgrmially in an abstract
process definition. A similar mechanism could dsoused for individual
instances to indicate that they extend a givenilprafy supporting e.g.
additional optional input parameters or additionaput/output data
formats.



3.3 Data Type Profiles

Many processes require inputs or deliver outputbénsame data type, e.g.
a standard feature collection or raster. A meanstandardise names and
the supported values and formats for each of tlieda types using a
profile would reduce the redundancy in WPS profiladditionally, the
use of MIME types for identifying complex data tgdeas the problem that
not all common geographic data types or XML elemdmive a well-
known MIME type which uniquely identifies them. Aay of using the
MIME subtype mechanism to work-around this problas discussed in
section 2.3; a standard solution is however require

4 CONCLUSIONS

This paper has presented some initial ideas a®w WPS Application
Profiles as introduced in the WPS 1.0.0 standarddcbe structured and
made some suggestions of generic processes forwgiabal profiles
could and should be created. The distinction batwgeneric processes
which have application in many fields and specsliprocesses which are
only relevant for one community was introduced, dmvdas suggested that
profiles for these specialised processes shoultewessarily be defined in
the OGC namespace or with the same hierarchy agefaaric processes.

For generic processes it was noted that the steiobi the OGC
namespace which is to be used for WPS profilesursently unclear. A
suggestion was made for a hierarchical structusedban data structure
and then functional groupings. Furthermore, sometergml for
improvements in the currently specified profileteys were identified and
solutions suggested.

Despite the weaknesses identified in the publigiedile mechanism,
the author of this paper believes that such pfieesently present the
best chance of producing truly interoperable wetc@ssing services by
removing many of the semantic barriers implicitfinding and binding
“foreign” services. They should therefore play amportant role in
enabling dynamic service chaining and workflow ngeraent for
geospatial data processing.
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