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This document lists change requests to the WCS 1.1 draft specification (document WCS_1.1 050203c). The perceived need for these changes arose from the author’s work in the OGC GALEON Interoperability Experiment, in particular: the implementation of a database-backed WCS.

Currently the WCS 1.1 document does not specify the contents of the actual coverage returned as a WCS GetCoverage response. The following text provides such a specif​icat​ion; it is proposed to insert the following section after 10.3 and before the current 10.4 in the WCS document.

Further, a list of editorial change requests plus some open issues are listed.

10 GetCoverage operation (required)

10.1 Result Coverage Specification

10.1.1 Coverage Structure

A coverage resulting from a WCS GetCoverage request consists of the following constituents as shown in Table X
 (cf. Tables 15 and 33):

Table X — Definitions of some operation request and response parameters 

	Name
	Definition
	Data type

	DomainSet
	Description of the available coverage locations in space and/or time available in this coverage
	DomainSet type, see Table 16

	RangeSet
	Description of coverage values in this coverage 
	RangeSet type, see Table 18

	SupportedCRS
	Identifier of the coverage’s CRS (can be empty for non-georeferenced data)
	URI

	NullValue
	Identifier of the coverage’s CRS (can be empty for non-georeferenced data)
	URI

	CoverageData
	The coverage grid data themselves
	Encoded byte string


Except for the CoverageData, all above constituents are delivered in the GetCoverage XML response structure. Data format encodings must, to the largest extent possible by the particular format, duplicate this information; aside from these minimal data each data format may add its own metadata. Details are laid down in the WCS application profiles [OGC xx-xxx
].

Example: TIFF encoding will contain domain extent information only on grid level, while GeoTIFF will additionally contain information on the geo reference.

10.1.2 Coverage Processing

The WCS GetCoverage request is composed from a set of six basic operations:

· domain (i.e., spatio-temporal) subsetting

· range (i.e., measure) subsetting

· resampling

· reprojection

· data format encoding

· result file provision

Processing a GetCoverage request can conceptually be understood as executing the oper​ation sequence shown in Fig. X; depending on the particular request, some steps may be skipped. While a concrete implementation may choose a different evaluation strategy it must ensure that the result is identical to the one achieved by the sequence depicted in Fig. X.


perform reprojection into target CRS
(including spatial interpolation as specified)
(
perform spatial subsetting
(
perform temporal subsetting
(
perform range subsetting
(
perform spatial scaling and resampling into result bounding box
(including spatial interpolation as specified)
(
 perform data format encoding
(may involve implicit range interpolation and, hence, 
accuracy loss, depending on the format chosen)
(
transmit resulting byte string to target location


Figure X – Conceptual GetCoverage WCS request evaluation sequence

Several processing steps perform spatial interpolation. These interpolation steps are carried out independently from each other; however all must use the same interpolation method as chosen by the request on hand.

10.1.3 Operation Specification

In the following subsections, the WCS operation primitives are specified in detail. Input para​meters refer to the GetCoverage parameters specified in Table 24 ff. For each oper​at​ion the trigger condition is stated that will make the server invoke the resp. oper​ation as part of the request processing chain; if the trigger condition is not fulfilled the resp. oper​at​ion will be skipped.

10.1.3.1 R​eprojection

The coverage values are resampled to sit at the intersection points of the grid determined by the new CRS. Names and semantics of the spatial interpolation method used in the course of the reprojection process are defined in ISO 19123 (Schema for Coverage Geometry and Functions), Annex B.

	Input parameters:
	· CRS: Output crs 
· N: nullValue, if specified

· M: InterpolationMethod, if specified

· C: target coverage name

	Trigger condition:
	CRS is none of the coverage’s native CRSs

	Effect:
	Let B’ be the bounding box derived from B by translating it, according to CRS, into the corresponding grid coordinate bounding box. 

Let M’ be a spatial interpolation method set to M if M is specified in the request, and “nearest-neighbor” if M is not specified.
Let null value N’ be equal to N if present, otherwise the null value advertised in the service’s GetCapabilities list if present, otherwise some null value chosen by the service which must remain constant at least over the request evaluation.

Then, the result coverage C’ has the same domain, the same range definition R’ , and the same spatio-temporal resolution as C. The CRS of C’ is CRS. The coverage values of C’ are given by resampling and interpolating the original coverage’s values using spatial interpolation method M’. If during resampling and spatial interpolation a null value is computed, then N will be used in the result coverage to represent this value.


Note: 
The reprojection of a request bounding box to the original CRS may yield an area which is not a bounding box any longer – i.e., the area extracted from the stored coverage data may be delineated by border lines which are neither axis parallel nor straight. The result coverage, however, will uniformly have axis parallel and straight border lines.

10.1.3.2 S​patial Domain Subsetting

This operation performs a spatial extraction from the coverage selected. The result is a hyper​​plane of the coverage cube, i.e., the result coverage contains axis-parallel boundar​ies and, hence, is a coverage again. The range type of the resulting coverage remains un​changed.

	Input parameters:
	· Either B: BoundingBox 
or G: SpatialSubset Grid 
· N: nullValue, if specified

· C: result coverage, as obtained from previous processing step

	Trigger condition:
	B is not equal to C’s spatial domain

	Effect:
	Let B’ be the spatial bounding box derived from B by translating B into the corresponding grid coordinate bounding box, if B is present; if G is present instead, then B’=G. 

Let null value N’ be equal to N if present, otherwise the null value advertised in the service’s GetCapabilities list if present, otherwise some null value chosen by the service which must remain constant at least over the request evaluation.

Then, the result coverage C’ has the same temporal domain, the same resolution, the same range definition, and the same CRS as C. The spatial domain of C is B’. The dimension of C’ is the dimension of C. For each spatio-temporal location P in C’, the value of C’ at P is given by the value of C’ at P if P is within the domain of C, and N’ otherwise.


Note:
Translating B requires first to reproject B into the coverage’s native coordinate system, and then to map geo to grid coordinates. The result of first step may be not a bounding box (i.e., an area that has border lines which are not axis-parallel and/or not straight) any longer; in such a case, the bounding area is replaced by its minimal bounding box prior to performing the second step. This is subsumed by the term “corresponding grid coordinate bounding box”.

Note:
No interpolation takes place in this step.

Note:
The bounding box can contain cells outside the coverage’s domain; such areas will be filled with null values.

10.1.3.3 Temporal Domain Subsetting

This operation performs a temporal extraction from the coverage selected. The result is either a spatial-only coverage without time extent (if a TemporalSubset is specified and it contains exactly one time stamp) or a coverage with a time domain as specified (other​wise). hyperplane of the overage cube, i.e., the result coverage contains axis-parallel bound​aries and, hence, is a coverage again. The range type of the resulting coverage is unchanged.
Note:
Multipart coverage responses, which might be returned for sets of spatial coverages with specific time stamps, are not yet defined in this WCS version – in particular: when to return one coverage that has a time dimension or a set of time-stamped coverages. A future version will include this situation.

	Input parameters:
	· T: TemporalSubset Grid, if present

· N: nullValue, if specified

· C: result coverage, as obtained from previous processing step

	Trigger condition:
	T is present

	Effect:
	Let TemporalSubset T’ be T if T is present, and the complete time domain extent of C otherwise.

Let null value N’ be equal to N if present, otherwise the null value advertised in the service’s GetCapabilities list if present, otherwise some null value chosen by the service which must remain constant at least over the request evaluation.

Then, the result coverage C’ has the same spatial domain, the same resolution, the same range definition, and the same CRS as C. The temporal domain of C is T’. The dimension of C’ is the dimension of C –1 if T is one scalar value, and the dimension of C otherwise. For each spatio-temporal location P in C’, the value of C’ at P is given by the value of C’ at P if P is within the domain of C, and N’ otherwise.


Note:
No interpolation takes place in this step.

10.1.3.4 R​ange Subsetting

This operation extracts coverage range components leaving domain, CRS, and values unchanged.

	Input parameters:
	· R: RangeSubset, if present

· C: result coverage, as obtained from previous processing step

	Trigger condition:
	R is present

	Effect:
	Let RangeSubset R’ be R if R is present, and the complete range extent of C otherwise. In presence of R, the sequence of ranges in C’ shall be given by the sequence of ranges in R.
Then, the result coverage C’ has the same domain, the same spatio-temporal resolution, and the same CRS as C. The range of C’  is R’ . For each spatio-temporal location P in C’ and for each range component r in R’, the value of C’ for range component r at P is given by the value of C for range component r at P.


Note:
No interpolation takes place in this step.

10.1.3.5 Spatial S​caling and Resampling

The input coverage is resampled to the new resolution indicated by the scaling parameters. Domain, range, and CRS remain unchanged. 

Note: 
WCS currently does not foresee scaling / resampling in the time dimension.

	Input parameters:
	· Either B: BoundingBox
or G: SpatialSubset Grid, if specified

· T: TemporalSubset Grid, if present

· CRS: Output crs
· N: nullValue, if specified

· M: InterpolationMethod, if specified

· C: result coverage, as obtained from previous processing step

	Trigger condition:
	B (in the CRS given) and G (in cell coordinates) do not describe the same domain, based on the resolution of C (cf. Section 10.2.3, Note 1).

	Effect:
	Let B’ be the bounding box derived from B by translating it, according to CRS, into the corresponding grid coordinate bounding box. 

Let M’ be a spatial interpolation method which is M if M is specified in the request, and “nearest-neighbor” if M is not specified.
Let null value N’ be equal to N if present, otherwise the null value advertised in the service’s GetCapabilities list if present, otherwise some null value chosen by the service which must remain constant at least over the request evaluation.

Then, the result coverage C’ has the same domain, the same range definition, and the same CRS as C. The resolution of C’ is determined by G
. The coverage values of C’ are given by resampling the the original coverage’s values into the new resolution using spatial interpolation method M’. If during resampling and spatial interpolation a null value is computed, then N will be used in the result coverage to represent this value.


10.1.3.6 Data Format Encoding

	Input parameters:
	f

C
	Output format request parameter

result coverage, as obtained from previous processing step

	Trigger condition:
	Always

	Effect:
	Coverage C is encoded into a byte string of format f. At least those tags are set, if supported by the format, that define coverage grid domain and range.

If S is present, the server attempts to write byte string B into the location of S, which is interpreted as a URL. Otherwise, byte string B is transferred back to the requestor as the HTTP response.


Note:
Encoding may lead to a loss of accuracy if the format chosen does not support the coverage’s accuracy in terms of range types. For example, GIF can only represent 256 color values, hence a GIF converter will approximate colors while determining a best-match color map.

10.1.3.7 ​Result File Provision

	Input parameters:
	S

B
	Output store, if specified

Byte stream representing encoded coverage resulting from previous processing step

	Trigger condition:
	Output store parameter S present

	Effect:
	If S is present, the server attempts to write byte string B into the location of S, which is interpreted as a URL.

Otherwise, byte string B is transferred back to the requestor as the HTTP response.


Example: encoding some result coverage in GIF or JPEG (with quality less than 1.0) will incur range inter​polation, thereby changing the pixels’ radiometry.


Change requests to WCS 1.1 base document

The following list of change repquests has come up during WCS implementation.

Editorial

· Table 15: for Definition of DomainSet add “Description of the”

· Table 17: clarify definition of BoundingBox (in particular: can partial bboxes overlap?)

· How is a list of bboxes to be interpreted in a GetCoverage request? (see Table 17)

· Table 19, NullValue: “value to be used when no valid values are available” -> “placeholder when no meaningful value is available”

· Table 24 ff: where are the following items represented?

· WIDTH/HEIGHT/DEPTH, RESX/RESY/RESZ

· NullValue

· Table 24 ff: “Parts” -> “Components”

· Table 30, line 3, column 2: add sentence: “The URL must contain a fully qualified (i.e., absolute) address.”

· Table 19: AxisDescription unclear

· 10.2.1 first sentence: “A request to perform the GetCoverage operation shall include the parameters listed and defined in XXX.“ change to: “A request to perform the GetCoverage operation shall consist of the parameters listed and defined in XXX.”

· 10.2.3 Note 1: not “same size”, but “same extent” or “same domain”. Actually the whole note should be revised.

· Table 25: remove “Include when useful“

· Table 4: add to footnote a “and shall not overlap”.

Semantics

· P. 19 footnote: “reverse queries”: currently unsupported, should say so.

· GetCapabilities, GetCoverage: clarify null value

· Scope, p. 11: change “Grid coverages have a domain comprised of regularly spaced locations along 1, 2, or 3 axes of a spatial coordinate reference system.“ To “Grid coverages have a domain comprised of regularly spaced locations along 0, 1, 2, or 3 axes of a spatial coordinate reference system.“ …to allow pure sensor time series.

· Following the example of WFS-T, transactional services should be added o WCS which allow to update a coverage. Currently I can foresee three different update requests:

· Create a new, empty coverage with some given name, resolution, domain, range, …

· Insert coverage data value, presented in some known data format, into an existing coverage (new coverage obviously must fit wrt. domain, range, resolution, but can be adjusted for example wrt. CRS)

· Clear some area within a coverage, ie, set the cell values to the predefined null value.

· For temporal subsetting, it should be allowed to have a grid speification (i.e., directly in grid coordinates) in addition to the time specification. This is required to achieve direct access to the coverage’s grid data points (same arguments as with spatial axes).

· In the GetCoverage request allow only one bbox.

· Add (i.e., re-introduce from WCS 1.0) a section  NullValues:

NullValues
Each coverage has an optional NullValue associated. When present, the NullValue denotes a reserved value of the coverage's range which shall be assigned to grid cells bearing no meaningful value. If the NullValue is missing then all possible values of the coverage's range shall be considered meaningful.
Null values can eventually be involved in some arithmetics during preparation of a GetCoverage response when any of scaling, resampling, reprojection, or interpolation take place. During evaluation of said operations, a WCS server must ignore null values in its computations as long as there is at least one non-null value available for determining ; if all ingredient values needed for deriving the new value are null, then the result value shall be null too.

· …and add a NullValues element to the GetCoverage response.


Issues

The following list of issues and questions has come up during WCS implementation. Issues that could not be resolved in discussion with the WCS.RWG are highlighted in red.

· Q: When is the dimension of the result coverage reduced wrt. the original coverage?
A: Currently this is not foreseen, however it is considered useful; PB is invited to make a suggestion.

· Q: If I have a coverage with temporal domain { [0:3], [7:10]}, and I select T=5 – what is the result? What if T=20?
A: in both cases, an exception has to be reported.

· Q: Is there any scaling / interpolation along the time axis?
A: Currently not foreseen.

· Q: Is there any interpolation along the time axis?
A: Currently not foreseen.

· Q: what is the intent of the Polygon parameter in the SpatialDomain structure for GetCoverage? It is required to fully cover the bbox region, so it seems to be redundant.
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