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[SO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work. ISO
collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

This document defines, at a high level, implementation-independent operations on coverages, i.e. digital
representations of space-time varying geographic phenomena, as defined in ISO 19123-1. Specifically,
regular and irregular grid coverages are addressed. The operations can be applied through an expression
language allowing composition of unlimited complexity and combining an unlimited number of coverages
for data fusion.

The language is functionally defined and free of any side effects. Its conceptual foundation relies on only
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her coverages. A “coverage condenser” derives summary information from a coverage
I an aggregation such as count, sum, minimum, maximum and average.
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ige processing language is independent from any request and response encoding, ag
quest/response protocol is assumed. Hence, this document does not define @ cencrete sery
the foundation for defining service standards functionality. One such standardization targ
eb Coverage Service (WCS).[3]

t this document, the following formatting conventions apply.

ice in the text, such as processCoveragesExpr, represefits: syntax elements, normati
in Annex B.

italics, such as succ(), represents mathematical functions and variables.
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Geographic information — Schema for coverage geometry
and functions —

Part 3:
Processing fundamentals

1 [Scope
This document defines a coverage processing language for server-side extraction, filtering, processing,
analytics, and fusion of multi-dimensional geospatial coverages representing, for example, spatio-

temporal sensor, image, simulation, or statistics datacubes. Services implementing this langus

acc

consumption.

Thi
mu
Fut

191f23-1, specifically, point clouds and meshes.

2

The following documents are referred to in_the text in such a way that some or all of th
conktitutes requirements of this document:yFor dated references, only the edition cited a
undated references, the latest edition of the referenced document (including any amendment

ISO

ISO

Fundamentals

For

ISO

3.1

bss to original or derived sets of coverage information, in formsthat are useful for

5 document relies on the ISO 19123-1 abstract coverage model.'In this edition, regular an
ti-dimensional grids are supported for axes that can carry{spatial, temporal or any other
ire editions will additionally support further axis typesas well as further coverage type

Normative references

19111, Geographic information ~</Referencing by coordinates

19123-1, Geographic infosmation — Schema for coverage geometry and functions

Terms and definitions
the purposesofthis document, the terms and definitions given in ISO 19123-1 and the follo
and IECmaintain terminology databases for use in standardization at the following addrg

ISO Online browsing platform: available at https://www.iso.org/obp

ge provide
client-side

d irregular
semantics.
s from ISO

Pir content
pplies. For
s) applies.

— Part 1:

wing apply.

Sses:

IEC Electropedia: available at https://www.electropedia.org/

probing function

<Co
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4 Conformance

4.1 Notation

Table 1 lists the other International Standards and packages in which UML classes used in this document
have been defined.

Table 1 — Sources of externally defined UML classes

4.2 Intera

As an abstn
a standard
coverage d
operations

Conformarn
requireme
conforman

Prefix International Package
Standard
ISO 19123-1 Coverage Core,
Grid Coverage

perability and conformance testing

act standard, this document allows for multiple different implementations and does not de
ized interoperable implementation. Rather, standardization targets are specification
perations and services which may use this language to deseribe the semantics of t

ce testing shall be accomplished by validating a .cahdidate concretization against
©ts by exercising the tests set out in Annex A. As a prerequisite, a candidate shall also pas
ce tests of ISO 19123-1 Coverage Core and Grid Coyvérage.

4.3 Organjization

fine
5 of
heir

all
5 all

Table 2 provides details of the conformance classeS)described in this document. The name and conftact

informatio
WWW.iS0.0

n  of the maintenance for this document be found

"o /maintenance agencies.

agency can

Table 2 — Conformance classes

at

Conformance class

Clause Identifying URL

Coveragyg

e Processing https://standards.isotc211.0org/19123/-3/1/conf/coverage-processing

5 Cove

5.10vervi

rage model

lew

This docu

+ 1o ] ] H + 1. £ i L4
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ther

with further common inputs like numbers and strings) to generate any number of output coverages or
non-coverage results. Coverages are defined in ISO 19123-1.

5.2 Coverage model

Following the mathematical notion of a function that maps elements of a domain (such as spatio-temporal
coordinates) to a range (such as values of a “pixel”, “voxel”, etc.), a coverage consists of (Figure 1):

— aniden

tifier which uniquely identifies a coverage in some context (here, the context of an

expression);

© ISO 2023 - All rights rese
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— adomain of coordinate points (expressed in a common Coordinate Reference System, CRS): “where
in the multi-dimensional space can I find values?”;

— a probing function which answers for each coverage coordinate in the domain (“direct position™):
“what is the value here?”;

— arange type: “what do those values mean?”.

ainterface:
Coverage:Coverage

+ evaluate| DirectPosition) : ValueSet

+domain{) : Domain

+ rangeType(] : RecordType

+ interpolation[CoordinateSystemAxis] : InterpolationMethod

winlerfaoes:
MultiPointCoverage:MultiPointCo¥erage

winddyrlace:
GridCovepage:GridCoverage

+ evaluateGrigfDirectPosition) : ValueSet

Figure 1 —Coverage and GridCoverage (ISO 19123-1)

NOTE 1 Coverage in ISO 19123£1 defines an interface which describes such an object’s behaviour, but|does not yet
assyme any particular data structure. One interoperable concretization of it is the implementatipn standard
ISO[19123-2.

"Probing functiong™are introduced below. Probing functions extract components from a given coverage.
For| every compenént of a coverage a corresponding probing function exists so that altpgether all
properties of-a'coverage can be retrieved. They serve to define this document’s language sempntics.

NOTE 2, \VIn the processing definition of this document, further probing functions, beyond the IS0 19123-1
proll)ing function evaluate(), are used as a concise means to describe all aspects of coverage-valued fundtion results.

5.3 Coverage identifier

Coverages in this document have an identifier which is used in a query to address a coverage to derive
from. Therefore, it is necessary for this identifier to be unique within some context (here: a query). No
assumptions are made on the realization of this identifier. In particular, when the context of the coverage
object changes (such as during delivery to a client) uniqueness is not necessarily guaranteed any longer.
Therefore querying the object in the new context is potentially no longer possible.

NOTE In a concrete service, coverages available would typically be those which are stored on this server, where

access control allows addressing the coverage according to the user sending the request, etc. All these aspects are
out of scope of this document.

© ISO 2023 - All rights reserved 3
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The corresponding probing function for a coverage C is:

id( C)

5.4Domain

5.4.1 Direct position

A coverage offers values for positions in its domain. These are called “direct positions”. Further values
can be derived through interpolation, depending on whether and what type of interpolation a coverage

allows.

For some direct position p = (ps,...p4) from a domain whose d-dimensional CRS contains axes (aj,...
plai] is wriften for accessing the coordinate tuple component corresponding with axis a;:

plai] = pi
5.4.2 Grid

The domain contains the coordinate tuples describing the coverage’s direct positions, which for

purpose of

this document are on a multi-dimensional grid. Informally, this means that every di

position ingide the grid has exactly one next neighbour in both directions of every axis, except for the
where obyiously fewer neighbours are available. Figure 2 shows. some regular and irregular

examples.

Figure 2 — Sample’regular and irregular grid structures (ISO 19123-1)

The grid description depends on the complexity of the grid. As a grid is composed from an ordg

sequence df axes, the\pesulting complexity is determined by the types of axes (such as integer ver:

Latitude versus time).as well as the rules determining the direct positions along these axes. The folloy
axis types glefined-in ISO 19123-1 are currently supported by this document:

ad),

the
rect
rim,
brid

red
sus
ying

— a Cartésian

— aregular axis, which can be described by lower and upper bounds together with a constant
distance, the resolution;

— anirregular axis, which has individual distances, described by a sequence of coordinates.

As per 1SO 19123-1, the coverage domain with its axes has a single CRS which can serve for geo-

referencing.

The definition and interpretation of CRSs is in accordance with ISO 19111.

The CRS of a domain is obtained through function crs(C).

crs(C)

4

© ISO 2023 - All rights reserved
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Auxiliary probing function axisList()extracts the ordered list of axes (aj, ...,aq) from a d-dimensional CRS:
axisList( crs)

NOTE In accordance with ISO 19123-1, all axis names in such a list are pairwise disjoint so that the names can
act as a unique identifier within their CRS.

Each axis contributes coordinates from a nonempty, totally ordered set of values which can be numeric
or, in the general case, strings (such as “2020-08-05T").

Foragivermrcoverage €, probing functiom dormaint ) detivers the toverage doma i its €RS:
domain( C)

Thg domain information describes the coverage’s grid and its extent for each axiss

— [the lower and upper bound of the direct positions;

— ladditionally, the following information:

— for index axes: nothing further;

— for regular axes: the resolution, expressed in the unit\ef measure (uom) of the axis;
— for irregular axes: the sequence of points.

This information is accessible through extended variants of the abovementioned functions. For some
coverage domain D with axis a, the following exppessions return lower and upper bounds, regpectively:

domain( C,a).lo
domain( C, a ).hi

For|convenience, a function pair identical in effect but based on the domain is defined:

D[a|.lo = domain( C, a).lo
Dla|.hi = domain( C, a ).hi

The grid of the covefage domain is represented implicitly through functions “walking” the grid from one
dirgct position te,one of its neighbours. This is based on the topological structure of a grid where each
dirgct positionthas exactly one lower and one higher neighbour along each axis, with the exception of the
domain rim$where no such neighbour is available. Therefore, at the rim, these functions are partial.

Let|D/be.given as the domain of coverage C, so that D = domain(C). Let further a be some axfis from the
CRY0f’D_Then functions prﬂd() and curro each return a npighhnnring direct position for some given
position. Function pred() returns the immediate preceding direct position along axis a, function succ()
returns the immediate succeeding direct position along a. Where there is no such direct position (because
the input position is sitting at the rim of the domain extent) the value is undefined, written as L.

pred(D, a, p ) = x where

if p[a] = D[a].lo domain(C,a).lo then x = |

else x is given by: x[ax] = p[ax] for all ax € domain( C) \ {a}, and x[a] = max(x’ | x' € domain(C, a)
and x’ < p[a] )

succ( D, a, p) =xwhere
if p[a] = D[a].hi domain(C,a).hi thenx = 1

© IS0 2023 - All rights reserved 5
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else x is given by: x[a,] = p[ax] for all ax € domain( C) \ {a}, and x[a] = min( X’ | X' € domain( C, a)
and x' > p[a] )

EXAMPLE In Figure 3, neighbours of p in coverage domain D with axes x and y can be reached as follows:
a=succ(D,y,pred(D,x,p)) =pred(D,x,succ(D,y,p))

b =succ(D,y,p)

c=succ(D,y,succ(D,x,p)) =succ(D,x,succ(D,y,p))

d=pred(D,x,p)

e=succ(D,x,p)

f=pred(D,x, pred(D,y,p))=pred(D,y, pred(D,x,p))

g=pred(D,y,p)

h =succ(D, x,pred(D,y,p) ) =pred(D,y, succ(D,x,p))

In this documn]ent, for the user’s convenience, basic arithmetic functions are assumed on this grid navigation:

y A
-+ a b C
Lo —@—
-+ f g h
i } } > X

Figure 3 — Sample'grid neighbourhood

5.5Interpolation

In1SO 19123-1 a coverage contains amindication on possible interpolation between direct positions. Juch
interpolatipn can be set for all aXes"in a coverages simultaneously or, following a more fine-grain
approach, Individually per axis.

NOTE1 InISO 19123-1 everycoverage has exactly one associated interpolation method (for all axes or per afis).
In practice, coverages cap-allow users to pick one of several interpolation methods, such as with imagery where
linear, quadratic and cubic interpolation are applicable on principle, and users can choose any one of those.
Conceptually, howevér, two coverages differing only in the interpolation methods are distinct as they will deliver
identical rapge values on their direct positions, but differing values inbetween those. At the abstract lev¢l of
ISO 19123-1 and.ISO 19123-3, this ambiguity is not desirable.

For the purpose of this document a special interpolation method none is assumed as defined, for example,
in ISO 19123-1:2023, Annex B. None indicates that no interpolation is possible along the axis under
consideration.

NOTE 2  The interpolation method none is different from nearest-neighbor: An interpolation of nearest-
neighbor provides values inbetween direct positions which are derived from the closest direct position.
Interpolation none means that no values are provided between direct positions. In other words: the evaluation
function is undefined on any non-direct position and will in practice result in an exception.

Function interpolation(C,a) returns the interpolation method applicable on each axis of coverage C, in

order of the CRS axis sequence. For dimension(C)=d the probing function delivers interpolation method
list (mj,...,mq) with interpolation method m; applying to axis number i:

6 © ISO 2023 - All rights reserved
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rpolation(C)

This function is overloaded to extract the interpolation method associated with axis a of C:

inte

rpolation(C, a)

NOTE 3 Interpolation is particularly relevant with functions scale() and project().

5.6

Range values

The
cov|

The

valiy

Inte
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5.7
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deli
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Thi
ran
For
and

tho
add

brage C, returns the value associated with pedomain(C) expressed in the coverage’s CRS:

range value at a direct position p can be obtained with functuon evaluatec(p) whnich,

corresponding probing function is:

e( C, p) =evaluatec( p ) for some direct position pedomain( C)

rpolation guides whether the value() function is defined on coordinates outside the s
ftions, and how this value is determined from the values available at'the direct positions.
b not make any assumption on this.

Range type

pverage’s range type description can be obtained through probing function rangeTy
vers a set of tuples containing at least field nasres and field type:

geType( C)

geType( C, f)

the purpose of this document, only the common programming language data types are
only on a high, abstract’level. These are Boolean, integer, float and complex, as well as rg
be assumed to be available. However, an implementation specification based on this doc
its own data types as long as these are coherent with this document overall.

NOT
doc

and[long, as-well as float and double. For example, the range type (aka pixel) of an 8-bit RGB image nornj
by the-triple < red: unsigned char; green: unsigned char; blue: unsigned char>. Further, a concretizat

mo

E The.concrete range types available in coverage processing are determined by concretiza
ment. Typically, the standard programming language data types will be available, such as (unsigne|

or a given

bt of direct

E The range value set can contain one or more null values, as determined by the range type. Thlis document

pe() which

5 function gets overloaded to obtaihthe coverage range type of a particular range field component f:

ronsidered,
cords over
iment may

tions of this
d) short, int,
ally is given
ion can add

information such as null values, accuracy, etc

5.8

Coverage probing functions synopsis

Requirement 1 https://standards.isotc211.0org/19123/-3/1/req/core/probingFunctions
The semantics of the probing functions used for the ISO 19123-1 language semantics definition shall be
given by Table 3.

©IS

Table 3 —Coverage probing functions synopsis
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Coverage
characteristic

Probing function
for a coverage C,
based on ISO 19123-1

Comment

as per ISO 19123-1

Coverage identifier id( C) Identifier of the coverage.
Coverage CRS crs(C) CRS of the coverage.
=crs (domain(C))

CRS axis ligt

axisList( c)
= (ay,..,aq) for some d-dimensional CRS ¢
establishing this axis sequence

List of all axis names of the CRSyin|
proper sequence.

= t where'(fit...) erangeType( C)

Domain exfent of domain( C) Extent of the coverage-ih CRS
coverage . coordinates.
verag domain(C,a)
= domain extent along axis a
domain( C,a).lo
= lower bound of domain extent along axis
a
domain( C, a ).hi
= upper bound of domain extent along-axis
a
Grid neighlbour pred(C,a,p) These functions allow to traverse & grid
suce(C,a,p) in steps relative to some given posijition,
@ p such as for convolution operationg and,
as defined in 5.4.2 generally, Tomlin’s non-local
operations.
Range type rangeType( C) The range type record is described by a
list describing its components in
rangeType(C, f) g y

sequence; for the purpose of this
document only component name gnd its
data type are considered.

Range field name list

rangeFieldNames( C)
= (f1, .., fn) where

rangeType( C) = ( (f;t1,-+), -0 (fitn ) ),
with field names f;and types ¢;

Ordered list of all the coverage’s rgnge
fields names and their data types;
possible further constituents in a gecord
component are ignored in this
document, their values are to be d¢fined

elsewhere (e.g. implementation
dependent).

Range values

value(C,p)
= evaluatec(p),pedomain(C)

with evaluate() as per 19123-1

Range values of the coverage at a direct
position (or some position inbetween,
interpolation permitting).
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Coverage Probing function Comment
characteristic for a coverage C,
based on ISO 19123-1

Interpolation interpolation( C) List of the interpolation method allowed
as per 1SO 19123-1 per axis, in axis order; in case the
coverage has only one interpolation
defined for all axes, this method is
multiplied into all positions of the
output list.

interpolation( C, a)
= interpolation method of axis a

Interpolation associatedwfith a
particular axis.

6 [Coverage processing language
This clause establishes the conformance class Coverage Processing.

This coverage processing language defines expressions on coverages\which evaluate to orddred lists of
either coverages or scalars (whereby “scalar” here is used as a summary term of all data stryctures that
arenot coverages). In the remainder of this document, the terms processing expression and quéry are used
intgrchangeably.

A cpverage processing expression consists of a processCoveragesExpr (see 6.2). Each Infernational
Stamdard claiming to support this document shall provide the coverage processing opérations as
spefified in the following subclauses. A sample application is provided in Annex D.

NOTE1 Thislanguage has been designed to be “safe in evaluation”, i.e. implementations are possible where any
valigl request can be evaluated in a finite number-of steps, based on the operation primitives. Hence, sefvices based
on the language constructs can be built in @ Wway that no single request can render the service permanently
unayailable. This notwithstanding, it still is possible to send requests that will impose high workload op a server.

NOTE 2 Data items within a query result list can be heterogeneous in size and structure. In pafticular, the
covgrages within an evaluation result list can have different dimensions, domains, range types, etc.{ However, a
resylt list always consists of either'coverages or scalar values, not a mix of both.

6.1{Syntax and Semantics Definition Style
6.1]1 Expression Syntax

The language primitives plus the nesting capabilities form an expression language which is inldependent
from any.specific encoding and service protocol. Collectively it is referred to as the coverage processing
language. In the following subclauses, the language elements are detailed. The complete syntax is listed
in Annex B.

A coverage processing expression is called admissible if and only if it adheres to the syntax of the
language definition of this document.

Requirement 2 https://standards.isotc211.0org/19123/-3/1/req/core/syntax
Coverage processing expressions shall adhere to the syntax definition of Annex B.

NOTE A railroad diagram of the syntax in Annex B is provided in Annex C for visualization of the grammar.

EXAMPLE The coverage expression fragment $c * 2is admissible as it adheres to language syntax whereas
abc seen as a coverage expression violates the syntax and, hence, is not admissible.

© ISO 2023 - All rights reserved 9
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6.1.2 Expression Semantics

The semantics of a coverage processing expression is defined recursively by indicating, for all admissible
expressions, the semantics. An expression is valid if and only if it is admissible and complies with all rules
imposed by the language semantics.

Requirement 3 https://standards.isotc211.0rg/19123/-3/1/req/core/semantics
Coverage processing expressions shall adhere to all semantics rules of this document.

EXAMPLE
numeric rarj

The following coverage expression is valid if and only if the coverage bound to variable $c has a
ge component named red.

Sc.red * 2.5

NOTE In the remainder of this clause, tables are used to describe the effect of an operation on‘each coverage

constituent.

The seman
informatio

6.2 Cover
6.2.1 pro

A process
checked fi
list, only if
be appends¢
any except

Requirem
A process(

Let

Vi,
L,
bb
Pb

Then,

I

Lics of coverage processing expressions is defined via so-called probingfunctions which ext
n from a coverage.

hge Processing Expressions
cessCoveragesExpr

CoveragesExpr element processes a list of coverages in turn. Each coverage is option
st for fulfilling some predicate, and gets selected;i‘€. contributes to an element of the re
the predicate evaluates to true. Each coverage selected will be processed, and the result

on was generated.

ent 4 https://standards.isotc211,0rg/19123/-3/1/req/core/processCoveragesExp
LoveragesExpr shall be defined(@sfollows.

.. V» be n pairwise different iteratorVars (n>1),

.. Ln be n coveragelists (n>1),

e a booleanScalarExpr possibly containing occurrences of one or more v; (1<i<n),
e a processingEXpr possibly containing occurrences of v; (1<i<n).

h,o=1 be natural numbers,

ract

ally
sult
will

bd to the result list. This result list, finally, is xéturned as the ProcessCoverages response unless

]

Vi, vun
Cly onn
€1, ...

Cn, De n iteratorVars,
cm, be n pairwise different variableNames,

cnand ci, ... Cn,

c be a coverageExpr or scalarExpr,
where everyc; is defined before used in an expression.

Then,

for

any processCoveragesExpr E

where

10

E for v in ( L),

© ISO 2023 - All rights rese
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v, in ( L),

-y

Vo in ( Ln)
[letcii=e1, ..., Cni=én |
[where b |

return P

the result R of evaluating processCoveragesExpr E is constructed as:

Let R be the empty sequence;

while I; is not empty:

{ assign the first element in I; to iteration variable vi;
while L, is not empty:
{ assign the first element in L; to iteration variadbile vy;

while L, is not empty:
{ assign the first element in L, to iteration variaple vn;
substitute every occurrence of ci(in E by e;;
substitute every occurrence of \¥iin E
by the corresponding coverdge;
evaluate b;
if (b)
then
evaluate P;
append evaluation result to R;
remove the firsf element from Ln;

}
remove the first element from Ly;

}

remove the first element from ILs;

Theg elements contained in the-coverageList clause, constituting coverage identifiers, are takén from the
coverage identifiers advertised by the server.

NOTE1 Coverage identifiers can occur more than once in a coverageList. In this case the covefage will be
evaluated each timé\itappears, respecting the overall inspection sequence.

EXAMPLE 1 Assume availability of coverages A, B and C. Then, the following request:

for $c in ( A, B, C )
return encode( $c, "image/tiff" )

will produce a result list containing three TIFF-encoded coverages.

Assume availabilityof satellite images 4, B, and C and a coverage M acting as a mask (i.e. with range values of
0 and 1 and the same extent as 4, B, and C). Then, masking each satellite image can be performed with this
query:

for $s in ( A, B, C ),

Sm in ( M )
return encode( $s * Sm, "image/tiff" )

The 1et clause declares a named constant and gives it a value.

© ISO 2023 - All rights reserved 11
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EXAMPLE 2

NOTE 2
the code mo

19123-3:2023(E)

The following statement defines a constant of name $timeAxis with value “date”.

let StimeAxis := "date"

re readable.

In most cases, named constants are used purely for convenience, to simplify the expressions and make

In a 1et clause the named constant only takes one value. This can be a single item or a sequence (there
is no real distinction; an item is just a sequence of length one), and the sequence can contain nodes, or
atomic values, or a mixture of the two.

Named cor]
specifically,
XPath). Th
JavaScript
language w
execution s
have founc
system wh

6.2.2 pro

Requirem

stants cannot be updated. For example, something like 1et $x:=$x+1 is not allowed.

br python. But the coverage processing language is not that kind of language. If is a declar
hich works at a higher level. This constraint is essential to give optimizers'thé chance to
trategies that can search vast databases in fractions of a second. SQL, XSLT and XQuery u

that this declarative style of programming enables to code at a higher level by telling
ht results are wanted, rather than telling it how to go about constructing those results.

cessingExpr

ent 5 https://standards.isotc211.org/19123/-3/1/req/core/processingExpr

A processingExpr element shall be either an encodeCoverageExpr (see 6.8.1) or a scalarExpr (se

6.4.1).
6.2.3 cov

Requirem
A coveragy
6.3.1)ora
(see 6.5.1)
adecodeC
NOTE 4

6.2.4 cov

prageExpr

ent 6 https://standards.isotc211.org/19123/-3/1/req/core/coverageExpr

pExpr shall be either a coverageldExpr-(see 6.2.4) or a coverageConstructorExpr (see
roverageConstantExpr (see 6.3.1).or'a getComponentExpr (see 6.4.1) or an inducedEXx
or a subsetExpr (see 6.5.6.1) or‘acrsTransformExpr (see 6.6) or a scaleExpr (see 6.5.7]
pverageExpr (see 6.8.2).

\ coverageExpr always evaluates to a single coverage.

prageldExpr

The cover

geldExpr element represents the name of a single coverage available. It is represented

coverage variable indicated in the processCoveragesExpr clause (see 6.2).

Requirement 7:-https://standards.isotc211.0org/19123/-3/1/req/core/coverageldentifier
A coverageldExpr shall be defined as follows.

ore

it will not lead to an evaluation error, but the result will not be as expected (see literature¢ on
s rule can seem very strange if expecting a behaviour as in procedural languages such as

ive
find
Sers
the

9%

pr
or

by a

Let
idbe avariableName bound to a coverage C; available.
Then,
for any coverageExpr C;,
where
Cy = id
C, is defined as:
12 © ISO 2023 - All rights reserved
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EXAMPLE The following coverage expression evaluates to the complete, tirichanged coverage C, as

Covg

6.3

6.3

Thg coverageConstructorExpr element creates@ d-dimensional grid coverage for some d>1

the

dimensions, and values to be derived (see examples below).

The
coo

where values sit.

Axi

Ar
con|
der

conpponent.

A range ‘expression creates the coverage range. A scalarExpr is evaluated at every direct pos

Ccov

ISO/FDIS 19123-3:2023(E)

Coverage constituent

id(Cs) = id(C1)

crs(Cz) = crs(C1)

domain(C2) = domain(C1)

interpolation(C;) = interpolation(C1)

rangeType(C.) = rangeType(C1)

for all pedomain(Cz):
value(C,,p) = value(Ci,p)

rage iteration variable $c is bound to it at the time of evaluation:
$c
Coverage-Generating Expressions

1 coverageConstructorExpr

coverage’s domain, range type and range through expressions. This allows entirely n

rdinates, including units of measure, indicating the coordinates of the direct positions, i.e

names can be chosenaccording to the rules specified in ISO 19123-1.
hinge type expresSion optionally creates the coverage range type. In the scope of the

ved for some such range component will automatically be cast to the target type of

suming that

by defining
ew shapes,

coverage domain is built from_a' CRS defining the multi-dimensional axes and the fneaning of

the points

embedding

densers, thisi@xpression defines the range component names as known (immutable) variables. Values

that range

ition of the

) ] :
S § (JSC o UvuIlIllidiIilil.

Requirement 8 https://standards.isotc211.0org/19123/-
3/1/req/core/coverageConstructorExpr
A coverageConstructorExpr shall be defined as follows.

Let

idbe an identifier,
Dbe a domainExpr,

T be a rangeTypeExpr,
Rbe arangeSetExpr.

© ISO 2023 - All rights reserved
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Where
Cis a coverageConstructorExpr
with
C = <coverage id [ D] [T ] R
Let further
dbe an integer with d>0,
c be a crsName representing a d -dimensional CRS,
ai l|>e pairwise distinct variableNames for 1<i<d,
ax} s; be pairwise distinct axisNames for 1<i<d,
ieq,1, iei,2 be integer-valued indexExprs for 1<i<d with ie;, 1 <ie;,,,
ceq,1, cei, . be axisPointExprs for 1<i<d, which are valid coordinates for axis iras per CRS
with cei,1 € ces, o,
re; be axisPointExprs with res:<...<resqfor 1<i<dvalid for the ithaxis\as’per c,
xeq,1,... be axisPointExprs for 1<i<d, which are valid coordinates for aXis axis; as per CRp ¢
with Xei,1<Xeji,2<..,
im{,...,, imy be (not necessarily distinct) interpolationMethods for(1<i<m with m>0.
Where
D i a domainExpr
with
D = domain
crs c with
axis: axisdef: [ interpolation im; ],
axisq axisdefy [ interpolation imy ]
And
axj sdef; is one of
axisderfsi,index = index (iei,:1:iei,2)
axisdefi, requiar) = regular ( cei,1 :cei,» ) resolution res;
axisdef;,ifregtiar = dirregular( xei,i,..,X€i,n )
And
axi$ names used in the domainExpr shall match pairwise against the CRS axes based on their
orcﬁer ef‘occurrence in the D expression.
NOTE The axis names axis; are made available in the current context for use as iteration variables in the

range set computation where coordinate values get bound to each direct position in turn allowing to inspect each
direct position of the coverage. Iterator names can use the axis names defined in the CRS, or can define aliases which

are matched with the CRS axis names by their position in the expression.

Let further

14

nbe an integer with d>0,
f1,..., £» be fieldNames,
ti,.., t»be rangeTypes.

© ISO 2023 - All rights reserved
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Where

Tis arangeTypeExpr

with
T = range type
fl & t_z,
itm 3 €am
Let further

r be a scalarExpr possibly containing occurrences of direct position coordinates ax1s: as
defined in D and range component identifiers 5 as defined in T,
C1, . Cn be constants where m=|domain(C)|.

Whegre

R is arangeSetExpr
with R one of
R; = range r
R> = range <cCi..., Cn>
and
R is part of a coverageConstructorExpr containing a domainExpr.

Thedn,

Cis defined as the following ISO 19123-1 grid coverage:

© IS0 2023 - All rights reserved 15
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Coverage constituent

id(C) = id

crs(C) = cif D is present,
otherwise the CRS resulting from evaluatingr

domain(C) = domain extent resulting from evaluating D if present,
otherwise the domain extent resulting from evaluating r

interpolation(C) = ( x1,...,, xa ) Where x; = im; where im; isindicated,
otherwisex; = none.

rgngeType(C) = ( (f1,t1), ..., (fatn) ) if Tis present,

otherwise the range type resulting from evaluatingr;

iflno field names are provided (such as with R;) then the range field names‘are
implementation-dependent.

fqr all pedomain(C) and scalarExprr:

value(C,p) = range value resulting from evaluating r, with'possible occurrences of a;
substituted by the corresponding p[i] coordinate value:df, for example through computed
direct positions, a location outside the domain of coverage addressed gets encountered then
the behaviour is implementation dependent (possible options including assuming a null value
fqr such a position or terminating evaluation of the request).

far all pedomain(C) and rangeConstantExpr&c;,..., cn>:

value(C, p) is determined by assigning.each value c; in turn to a grid point location,
whereby assignment proceeds in row-major order (per dimension from the lowest to the
highest coordinate, and loops over thé grid points with the first axis listed as outermost loop,
tHe next axis listed as next-to-outérmost loop, etc. and the last axis listed as innermost loop)).

NOTE A concretization of this language can extend the capabilities of the coverage constant expression by
allowing redords at direct positionsy-rather than only atomic values.

6.3.2 Examples

The following examples illustrate use of the coverage constructor expressions in various practical
scenarios relying-eh.common CRSs and data types (both not specified in this document).

The first d(rmain establishes a 2D WGS 84 grid with linear interpolation along both axes.

domain

crs “EPSG:4326” with
Lat regular (10:30) resolution 0.0l interpolation linear,
Long regular (10:30) resolution 0.0l interpolation linear

In the following example, EPSG:4326 establishes Lat and Long axes. Therefore in the domain expression
the first axis will be associated with Lat and the second with Long, regardless of the axis naming in the
domain expression; no interpolation is admissible:

domain
crs “EPSG:4326” with

16 © ISO 2023 - All rights reserved
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Lat regular (10:30) resolution 0.5,
Long regular (10:30) resolution 0.5

The next domain establishes a 4D georeferenced timeseries datacube with a spectral dimension, regular

in Lat/Long and irregular in time (given the varying number of days a month has and based on the daily
resolution specified).

domain

crs “EPSG:4326+0GC:unixTtime” with
Lat regular (10:30) resolution 0.5,

Jong Ular (10:30) resolution U.o,

Pate irregular ( “2017-01-01”, “2017-02-01",%“2017-03-01", “20&47+04-01",

“2017-05-017, “2017-06-01",“2017-07-01", “2017-08-01",

“2017-09-017, “2017-10-01", “2017-11-01"pn “2017-12-01"

)
The expression below represents a single-band range type:

range type
panchromatic: integer

The following range type defines RGB pixels:

range type

ed :integer,
reen:integer,
lue :integer

o.q

The coverage constructor below resembles aniinduced operation, reducing intensity in all range fields by
%. Coverage type, domain and range type are adopted from the input coverage.

coverage Half
range (integer) S$c / 2

Belpw is a complete coverage /constructor representing a 3D georeferenced image timesefies whose
range set gets loaded from-some input file provided, represented by the positional parameter §1. Further,
sonje sketchy INSPIRE&ML metadata record is associated:

covyerage MySdtelliteDatacube

domain

¢rs “ERSE:4326+0GC:unixTime” with

lat . regular (10:30) resolution 0.5,

long ‘regular (10:30) resolution 0.5,

Date regular (“2017-017:72019-12") resolution “PIM”
range type panchromatic: integer

range decode( $1 )

The expression below computes a 256-bucket histogram over band blue of some coverage $c of
unknown domain extent and dimension:

coverage histogram
domain

crs “OGC:Index1D” with bucket index (0:255)
range type

b :integer

© ISO 2023 - All rights reserved 17
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range
count ( Sc.blue = bucket )

If constituents can be determined then they do not need to be indicated; in this case input coverage $C is

copied; assuming it has range type unsigned short then the log() operation suggests a float result, so this
will be adopted as range type. Along the same line, the domain is adopted from $C:

coverage LogOfCube
range log( S$Sc )

For a Sobel filter, a 3x3 filter kernel can be provided by the expression below. The range value of mdtrix
element (-1/-1) is 1, the value at position (0/-1) is 2, etc.

coveragg Sobel3x3

domain
crs “(JGC:Index2d” with i index ( -1 : +1 ), j index ( -1 : &17)
range
< 1;1 2; 1;
0; | 0; 0;
-1; |-2; -1
>

A Sobel filtpr kernel operation can be expressed as follows:

coveragqd FilteredImage

domain

crs “(JGC:Index2D” with x index ( 0 : 5000 ), y index ( O : 5000 )
range

condernse +

over |i ( -1 : +1 ), 3 (-1 : +1,)

using |Sc.blue[ x(x+i), y(y+j) JCF Sobel3dx3[ 1i(i), J(3) ]
6.4 Coverage Extraction Expressions

6.4.1 scalarExpr

Requiremgent 9 https://standards.isotc211.org/19123/-3/1/req/core/scalarExpr
A scalarExpr shall be eithéra getComponentExpr (see 6.4.2) or a booleanScalarExpr (see 6.4.3) ¢r a
numericS¢alarExpr (see'6:/4.4) or a stringScalarExpr (see 6.4.5).

NOTE s such, sich an expression returns a (simple or composite) result value, that is: not a coverage.

6.4.2 getComponentExpr

The getComponentExpr element extracts a coverage element from a coverage.

NOTE The grid point value sets (“pixels”, “voxels”, ...) can be extracted from a coverage using subsetting
operations (see Subclause 6.5.5).

Requirement 10  https://standards.isotc211.0rg/19123/-3/1/req/core/getComponentExpr
A getComponentExpr shall be defined as follows.

Let

Cbe a coverageExpr.

18 © ISO 2023 - All rights reserved
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Then,

The following extraction functions are defined:

the result shall be given by the probing functions defined in Table 4;
strings shall be interpreted case-sensitive;

quotes shall be single or double quotes, but no mix per quoted element;
arbitrary whitespace may occur in between any two syntactical elements.

Table 4 — getComponentExpr functions

Coverage processing Semantics Description
function for coverage C as per Table 3
id (<) id(C) Coverage identifiérjas name (if it does

not contain special characterf) or a
single- or deuble-quoted string.

crs (C) crs(0) Identifier of the coverage’s CRS.
domain (C) domain(C) Domain of the coverage’s CR$.
domain (C, a) domain( C, a)

domain (C, a) .1lo domain( C;a@).lo

domain (C, a) .hi domain’C, a).hi

interpolation (Ca) interpolation(C,a) Interpolation method assigned to a

coverage axis.

EXAMPLE 1 For some coveragenamed “iamacoverage” bound to variable $c, the following expressipn evaluates
to the string “iamacoverage”:

id( £e)
EXAMPLE 2 For-some coverage $c with native CRS WGS 84 the following expression can evaluate fo the string
“EP$G:4326", ~01( alternatively “https://www.opengis.net/def/crs/EPSG/0/4326”, or some other [designation

detdrmined-by'a concretization of this document:

nativeCrs( Sc )

6.4.3 booleanScalarExpr

Requirement 11  https://standards.isotc211.0org/19123/-3/1/req/core/booleanScalarExpr
A booleanScalarExprshall be a scalarExpr (see 6.4.1) whose result type is Boolean. Operations shall
be the well-known Boolean functions and, or, xor, and not, arithmetic comparison (>, <, >=, <=, =, ! =)
on strings and numbers, and parenthesing, all bearing the well-known standard semantics.

6.4.4 numericScalarExpr

Requirement 12  https://standards.isotc211.0rg/19123/-3/1/req/core/numericScalarExpr
A numericScalarExpr shall be a scalarExpr (see 6.4.1) whose result type is numeric (i.e. an integer,
float, or complex number).
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6.4.5 stringScalarExpr

Requirement 13

https://standards.isotc211.org/19123/-3/1/req/core/stringScalarExpr

A stringScalarExpr shall be a scalarExpr (see 6.4.1) whose result type is character string of length
greater or equal to zero.

6.5 Coverage range value-changing expressions

6.5.1 inducedExpr

Requirem
An induce
(see Subcld
6.5.5.2).

Induced of
value to all

NOTE 1 ]

Requirem

3/1/req/q
In an indu
be applied

Requirem
In an indu

NOTE 2 I

NOTE 3 ]
range type, a

EXAMPLE
field in turn

6.5.2 unaryInducedExpr

The unary
where only

NOTE ]

such as an infeger number indicating the shift distance in a bit() operation.

HExpr shall be either a unaryInducedExpr (see Subclause 6.5.2) or a binaryInducedEX
use 6.5.4) or a rangeConstructorExpr (see Subclause 6.5.5) or a switchExpr (see-Subclg

erations support the simultaneous application of a function originally werking on a sil
grid point values of a coverage.

hese operations can be expressed through a coverageConstructorExpr, howevefina more verbose way.

pnt 15 https://standards.isotc211.0rg/19123/-

ore/inducedExprComponents

redExpr, in case the range type contains more than one range component, the function sh
to each point simultaneously.

pnt 16  https://standards.isotc211.org/19123/-3/1/req/core/inducedExpr
fedExpr the result coverage shall have the sanie domain as the input coverage(s).

h case of an n-ary induced operation, n>1, all input coverages need to share the same domain as a preconditio

he result can have a different range type, see'Subclause 6.9.5. The idea is that for each operation available o
corresponding coverage operation is previded (“induced from the range type operation”).

“w,n

Adding two RGB images wilkapply the “+” operation to each pixel, and within a pixel to each r3

InducedExpr elément specifies a unary induced operation. In other words, an opera
one coverage.argument occurs.

he term “unary” refers only to coverage arguments; it is well possible that further non-coverage parameters o

Requirem

r
use

hgle

all

n.

h the

nge

tion

ccur,

ent'17  https://standards.isotc211.0rg/19123 /-

3/1/req/core/unarylnducedExprCases

A unaryInducedExpr shall be either a unaryArithmeticExpr, or trigonometricExpr, or
exponentialExpr (in which case it evaluates to a coverage with a numeric range type; see 6.5.2.1, 6.5.3,
6.5.3.1), a booleanExpr (in which case it evaluates to a Boolean expression; see 6.5.3.2), a castExpr (in
which case it evaluates to a coverage with unchanged values, but another range type; see 6.5.3.3), or a
fieldExpr (in which case a range field selection is performed; see 6.5.3.4).

6.5.2.1 unaryArithmeticExpr

The unaryArithmeticExpr element specifies a unary induced arithmetic operation.
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Requirement 18

Let

Then,

ISO/FDIS 19123-3:2023(E)

https://standards.isotc211.org/19123/-3/1/req/coreunaryArithmeticExpr
A unaryArithmeticExpr shall be defined as:

C1, C2 be coverageExprs with all range type components being numeric and additionally all

range type components of C; being of type complex,

S1, Sz be scalarExprs.

for any coverageExpr C;

where C; is one of
=+ 1

Cplus
Crinus
qurt
Cabs
Cre
Cim

CplusSC
Crminsc
Cmultsc
Caivsc
Candsc
CorSC
CxorSC
CeqSC
Citsc
Cetsc
Clesc
Cgesc
CneSC

CplusCS
Chine§
CrtfltCs
Gdives
Candcs

Corcs
P LS

= Ca
sqrt (C1)
abs (1)
re (CC1)
im(CC)

Si1+ &2
S1— 2
S1* C2
Si/ &
Siand
Sior (&
Si1xor (&
Si1= 2
S1< C2
S1> C2
S1<=0C2
S1P5C2
Sil= &

Ci1+ S2
Ci- S2
a* S
Ci/ Sz
Ciand S;
Cior S;
Ci1xor S»

© ISO 2023 - All rights reserved

CeqCS
Citcs

Cetcs
Clecs
Cgecs
CneCS

C7 is defined as:

Ci= S2
C1<S2
C1>52
C1<= S,
Ci1>= 52
Cil= S,

21


https://standardsiso.com/api/?name=76c4154d4b87b93f331caea4d447fe63

ISO/FDIS 19123-3:2023(E)

Coverage constituent

id(Cz) =" (empty string)

crs(Cz) = crs(C1)

domain(Cz) = domain(Ci)

interpolation(C;) = interpolation(C1)

for all range fields rerangeFieldNames(Cz):

rangeFieldType( Cplus) is given by Requirement 48
rangeFieldType( Cminus) is given by Requirement 48
rangeFieldType( Cplussc) is given by Requirement 48
=double if rangeFieldType(C1,r) # complex and C1.r>0,
= complex otherwise,
rangeFieldType( Cabs, ¥)
=unsigned int

= float if rangeFieldType(Ci,r) € { float, complex}

rangeFieldType( Cplussc)
rangeFieldType( Cminsc)
rangeFieldType( Cmutsc)
rangeFieldType( Caivsc)

is given by Requirement438
is given by Requirement.48
is given by Requirement 48
is given by Requitement 48

rangeFieldType(OCsqri,r )

if rangeFieldType(C1,r) e{unsigned int,int}

rangeFieldType( Canasc)
rangeFieldType( Corsc)
rangeFieldType( Cxorsc)
rangeFieldType( Ceqsc)
rangeFieldType( Cisc)
rangeFieldType( Cgsc)
rangeFieldType( Ciesc)
rangeFieldType( Cgese)
rangeFieldType( Gresc)
rangeFieldType(-€ovsc)

rangeField Type( Cpiuscs, I)
rangeFieldType( Cmincs, 1)
rangefieldType( Cmuics, I)
rangeFieldType( Caivcs, ¥)

fangeFieldType( Candcs, 1)

ranageEieldTvpel O cc )
T T eC oorES—=7

= boolean
= boolean
= boolean
= beblean
=\boolean
="boolean
= boolean
= boolean
= boolean

= rangeType(C2)

is given by Requirement 48
is given by Requirement 48
is given by Requirement 48
is given by Requirement 48
= boolean

= b loan

rangeFieldType( Cxorcs, 1)
rangeFieldType( Ceqcs, r)
rangeFieldType( Cics, )
rangeFieldType( Cacs, ¥)
rangeFieldType( Ciecs, 1)
rangeFieldType( Cgecs, r)
rangeFieldType( Cuecs, ¥)
rangeFieldType( Covics, )

= boolean
= boolean
= boolean
= boolean
= boolean
= boolean
= boolean
= boolean

for all pedomain(Cy):

value( Cpius, p)

= value( C1, p),
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Coverage constituent

value( Cminus, P )
value( Csqrt, P )
value( Cavs, p)
value( Cre, p)
value( Cim, p)

value( Cplussc )
value( Cpinsc )

-value( C1, p),
sqrt(value( C1, p)),
abs(value( C1, p)),
re( value( Ci, p)),
im(value( C1, p)),

value( S1) + value( C2)
value(_S1) - value( C;)

value( Cmuiesc )
value( Caivsc )
value( Candsc )
value( Corsc )
value( Cxorsc )
value( Ceqsc)
value( Cisc )
value( Cgsc )
value( Ciesc )
value( Cgesc )
value( Chesc)
value( Covisc)

value( Cplusc)s
value( Crmincs)
value( Cmuiics)
value( Caivcs)
value( Candcs)
value( Corcs)
value( Cxorcs)
value( Ceqcs)
value( Cigcs)
value( Cgcs)
value( Ciecs)
value(-Cgecs)
value( Cnecs)
vadtre( Covics)

value( S1) * value( C2)
value( S1)/ value( C2)
value( S1) and value( C2)
value( S1) or value( Cz)
value( S1) xor value( Cz)
value( S1) == value( C2)
value( S1) < value( C2)
value( S1) > value( Cz)
value( S1) <=value( C2)
value( S1) >= value( C2)
value( S1) != value( Cz)
value( S1) overlay value( C2)

value( C1) + value(s-)
value( C1) - value( Sz)
value( C1) *walue( Sz)
value( C1)y/'value( S2)
value(“C{) and value( Sz)
value( C1) or value( S2)
value( C1) xor value( Sz)
value( C1) == value( S2)
value( C1) <value( Sz)
value( C1) > value( S2)
value( C1) <=value( S2)
value( C1) >= value( S2)
value( C1) I= value( S2)
value( C1) overlay value( Sz)

EXAMPLE

For two integer or float valued coverages $c and $d, the following coverage expressipn evaluates

to al|float-type coverage where each range value contains the square root of the sum of the corresponding source

cover dgca' vatues:
sqgrt (

6.5.3 trigonometricExpr

Sc + $d )

The trigonometricExpr element specifies a unary induced trigonometric operation.

Requirement 19

A trigonometricExpr shall be defined as:

Let

© ISO 2023 - All rights reserved

https://standards.isotc211.org/19123/-3/1/req/core/trigonometricExpr

23


https://standardsiso.com/api/?name=76c4154d4b87b93f331caea4d447fe63

ISO/FDIS 19123-3:2023(E)

C1 be a coverageExpr

Then,
for any coverageExprcC;
where C; is one of
Csin = sin( C1)
Ccos = Ccos ( Cl )
Ctan = tan( C1)
f“'o;“:l = sinh ( /"1 )
Ccosh = COSh ( Cl )
Carcsin = arCSin ( Cl )
Carcc()s = arccos ( Cl )
Carctan = arctan ( C1 )
C, Is defined as:
Coverage constituent
id(C2) =" (empty string)
cns(Cz2) = crs(C)
domain(Cz) = domain(Ci)
interpolation(C;) = interpolation(C1)
rqngeFieldNames (C;) = rangeFieldNames (C:)
for all fields rerangeFieldNames(Cz)!
rangeFieldType(Cz,r)
= complex if rangeFieldType(Ci,r) = complex
= float otherwise
for all pedomain(C2):
value(Csin,p) = sin( value(C1,p) )
value(Ceos,0) = cos( value(C1,p) )
value(Geuanyp) = tan( value(C1,p))
valué( Csinn, p) = sinh( value(C1,p) )
value( Ceosh,p) = cosh( value(C1,p))
value(Caresinp) = arcsin( value(Ci,p) )
valiel o . = arccoslvaluel . o))
Codarccosrr J \Y A\ I gy B J
value(Carctan,p) = arctan( value(Ci,p))
EXAMPLE The following expression replaces all values of the coverage addressed by $c with their sine:
sin( $c )

To enforce a complex result for real-valued arguments the input coverage can be cast to complex:

arcsin( (complex) Sc )
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6.5.3.1 exponentialExpr
The exponential Expr element specifies a unary induced exponential operation.

Requirement 20  https://standards.isotc211.0rg/19123/-3/1/req/core/exponentialExpr
An exponential Expr shall be defined as:

Let
C1 be a coverageExpr,
C be a floatConstantor complexConstant
Then,
for any coverageExprcC;
where C; is one of
Cexp = exp ( Cl )
Clog = 109( C1)
Cin = In( 1)
Cpow = pOW( Cl, C )
C, is defined as:
Coverage constituent
id(Cz) =" (empty string)
crs(Cz) = crs(C)
domain(C2) = domain(C1)
interpolation(C2) = interpolation(Ci)
rangeFieldNames (C3) = rangeFieldNames (1)
for all fields zerangeFieldNames(C,):
rangeFieldType(C,, r)
= complex if rangeFieldType(C1,r) = complex
= float otherwise
for all pedomain(C,):
value( Cexp, p) = exp(value(Ci,p))
valyal o =) = Joagl ualiial~
VVVVV CetogT 2 OgTrVHTHeTeT P
value( Cn,p) = In(value(Ci,p))
value( Coow, p) = value(Ci,p)©
EXAMPLE The following expression derives the natural logarithm for all values of some all-positive coverage

expression $Sc:
In( $c )
6.5.3.2 booleanExpr

The booleanExpr element specifies a unary induced Boolean operation.
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Requirement 21  https://standards.isotc211.0org/19123/-3/1/req/core/booleanExpr
A booleanExpr shall be defined as:

Let

C1 be a coverageExpr,
n be a positive integer number.

Then,

for pny coverageExprC;

where

Ca = not (4

where n is an expression evaluating to a nonnegative integer value

C is defined as:

Coverage constituent

id(Cz) =" (empty string)

cns(Cz2) = crs(C)

domain(Cz) = domain(Ci)

interpolation(C;) = interpolation(C1)

rqngeFieldNames (C;) = rangeFieldNames (C})

for all fields rerangeFieldNames(C3);
rangefieldType(Cz,r) = boolean

for all pedomain(C2):
value( Cnot, p) = net{wvalue(Ci,p))

EXAMPLE The followingexpression inverts all (assumed: Boolean) range field values of coverage expression
Sc:

not 8¢

6.5.3.3 dastExpr

The castExpretementspetifies a umary imduced ctast operation, that is—tochange the tange type of the
coverage while leaving all other properties unchanged. All range components are converted to this same
type.

NOTE Depending on the input and output types, the conversion result can suffer from a loss of accuracy or
overflow, up to being entirely wrong (such as when casting from long to short).

Requirement 22  https://standards.isotc211.org/19123/-3/1/req/core/castExpr
A castExpr shall be defined as:

Let
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C1 be a coverageExpr,
t be a range field type name.

:2023(E)

Then,
for any coverageExprC;
where
C2 = (t) &
C, is defined as:
Coverage constituent
id(Cz) =" (empty string)
crs(C2) =rs(C)
domain(C2) = domain(C1)
interpolation(Cz) = interpolation(C1)
rangeFieldNames (C;) = rangeFieldNames (C1)
for all fields rerangeFieldNames(C,):
rangeFieldType(Cz,r) = t
for all pedomain(Cz):
value( C2,p) = (t) value(Ci,p)
EXAMPLE For some integer or float'valued coverage the result range type of the following expression will be
integer instead of float:
(integer) (\$c / 2 )
6.5]3.4 fieldExpr
The fieldExpr element specifies a unary induced field selection operation. Fields are selected by their
name.
NOTE Dueto the current restriction to atomic range fields, the result of a field selection has atomig values too.
Requirement 23  https://standards.isotc211.0org/19123/-3/1/req/core/fieldExpr
Afi g_l_d_Evpr shall he defined as-
Let
C1 be a coverageExpr,
f be a fieldName appearing in rangeFieldNames(C1),
i be an integer with 0<i<|rangeFieldNames(C1)|.
Then,

for any coverageExprC;
where C; is one of:

© ISO 2023 - All rights reserved
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Cot = (1
Ca1 C1 . 1

C7 is defined as:

Coverage constituent

id(Cz) =" (empty string)

Crc(f‘:) = rrc(/“‘l)

domain(C2) = domain(C1)

interpolation(C;) = interpolation(C1)

rqngeFieldNames (Cz) = ( £), the sequence containing only £

rqngeFieldType(C,, f) = rangeFieldType(C1, )

far all pedomain(Cz):
value(Ca,p)
value(C2,,p)

value(C1 . £,p)
value(C1 . g,p)
where g is the ith field in rangeFieldNames(C1)

EXAMPLE Let Sc refer to anexpression resulting in a coverage of with two bands, red and green. Then| the
following expression describes a single-field, integer-type coverage where each grid point value contains the 1atio
between red and green band, cast back to integer from the division result type float:

( integer ) Sc.red / S$Sc.green

Requirempent 24  https://standards.isotc211.org/19123/-3/1/req/core/fieldExprShorthand
In a fieldExpr C. £ where |rangeFieldNammes(C)|=1, the evaluation of C. £ shall be identical to the
evaluation of C.

EXAMPLE Let $c refer to a_coverage expression with range component red, $d a single-component rgnge

type (say, a panchromatic satellité.scene). Assuming both are compatible (as per induced expression definition) the
following expression is valid:

Sc.red~- $d

6.5.4 binaryInducedExpr
The binar@m@m&mﬂﬂ@gtwo

coverage-valued arguments.

Requirement 25  https://standards.isotc211.org/19123/-
3/1/req/core/binaryinducedExprNumber

In a binaryInducedExpr, both participating coverages shall be aligned in the following components:
- same native CRS;

- same domain;

- same number of range components;

- same interpolation for each axis.

Requirement 26  https://standards.isotc211.0rg/19123/-3/1/req/core/binarylnducedExpr
A binaryInducedExpr shall be defined as:
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Let
C1, C2 be coverageExprs,
Nbe 0 or some null value (to be defined by a concretization of this document)
where
crs(Ci1) = crs(C2),
domain(Ci,a) = domain(Cz,a),
rangeFieldNames(C1) = rangeFieldNames(Cz),
rangeType(C1, f) is cast-compatible with rangeType(Cz, £) or
rangerypelcorts-cast-compatible-with-rangetypelcr]
for all ferangeFieldNames(C4).
Then,

for any coverageExprCs;
where Csis one of

Couwscc = Ci1+ &2
Cmincce = C1—- C2
Cmutce = C1* &
Civcce = C1/ &
Candcc = Ciand &
Corcc = Cior (&
Cxorce = Cixor (&
Ceqcc = (1= &
Citce = < &
Cgtcc = (1> &
Clecc = <= &
Cgecc = (C1>= &
Checc = C1'= 6y
Coicc = Cioverlay (;

Cs is defined as:

Coverage constituent

id(C3) =<% [empty string)

crs(Cs) = crs(C1)

domain(Cs) = domain(C1)

interpolation(Cs) = interpolation(C1)

rangeFieldNames (C3) = rangeFieldNames (C1)

for all rerangeFieldNames(C3):

rangeFieldType( Coluscc, © )
rangeFieldType( Cmincc, © )
rangeFieldType( Cmutcc, © )
rangeFieldType( Caivce, © )
rangeFieldType( Candcc, )
rangeFieldType( Corcc, r )

is given by Requirement 48
is given by Requirement 48
is given by Requirement 48
is given by Requirement 48
= boolean

boolean

© ISO 2023 - All rights reserved
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Coverage constituent

rangeFieldType( Cxorcc, r ) = boolean

rangeFieldType( Ceqcc, ' ) = boolean
rangeFieldType( Cicc, r ) = boolean
rangeFieldType( Cgicc, v ) = boolean
rangeFieldType( Ciecc, r ) = boolean
rangeFieldType( Cgecc, ¥ ) = boolean
rangeFieldType( Cnecc, r ) = boolean
IUIlyKFl‘Ul’dT_y[JC( CovlCC, £ ) - IUIlyUFiUl’dTy[)K( C1, L )
for all pedomain(Cs):

value( Cpusce, p) = value(Ci, p) + value(C, p)
value( Cmincc, p) = value(Ci, p) - value(Cz, p)
value( Cmurce, p) = value(Ci, p) * value(Cz, p)
value( Caivee, p) = value(Ci, p) /value(Cs, p)
value( Canacc, p) = value(Ci, p) and value(Cz, p)
value( Corcc, p) = value(Ci, p) or value(Cs, p)
value( Cxorcc, p) = value(Ci, p) xor value(Cs, p)
value( Ceqcc, p) = value(C, p) = value(C, p)

value( Cice, p) = value(C, p) < value(C, p)
value( Cgrcc, p) = value(Ci, p) > value(Cs, p)
value( Ciecc, p) = value(C, p) <= value(Cz, p)

value( Cgecc, p) = value(Ci, p) >= value(Czyp)

value( Cnecc, p) = value(Ci, p) I= value( €3 p)

value( Covicc, p) = value(Cz, p)  if value(Cy, p)=N
value(C1, p) «0therwise

EXAMPLE The following expression describes a coverage composed of the sum of the red, green and blue fields
of the coverpge referred to by Sc:

Sc.red + Sc.gnéen + S$c.blue
6.5.5 N-ary Induced operations
6.5.5.1 rangeConstructorExpr

The rangelConstructorExpr, an n-ary induced operation, allows building coverages with compopund
range struftures. To this end, coverage range field expressions enumerated are combined into [one
coverage.

All input coverages shall match wrt. domains and CRSs. An input coverage range field may be listed more
than once.

Requirement 27  https://standards.isotc211.0org/19123/-
3/1/req/core/rangeConstructorExprNames

The names of the range fields generated by the operation shall be given by the names prefixed to each
component expression.

Requirement 28  https://standards.isotc211.0org/19123/-
3/1/req/core/rangeConstructorExpr
A rangeConstructorExpr shall be defined as:

30 © ISO 2023 - All rights reserved
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Let
nbe an integer with n>1,
C1, ..., Ca be coverageExprs with |rangeFieldNames(Ci)|=1 (i.e., just a single range component),
f1, ..., o be fieldNames
where, for 1<1,j<n,
crs(Ci) = crs(Cs),
domain(C;) = domain(C;)
gridCrs(c;) = gridCrs(G),
TIrter put’uiiuu(pi) =Tmter put’uiiuu(pj).
Then,

for any coverageExprcC’
where C” is one of
€7 = {fi: C; .. ; fn: Cn}
C’p = struct{fi : C1 ; .. ; fn : Gn}

C’ is defined as:

Coverage constituent

id(c’)="" (empty string)

crs(C’) =crs(C1)

domain(C’) = domain(C1)

rangeFieldNames(C’) = (f1,. &% fn)

for all range fields fi:
rangeFieldType(C/3f:) = rangeFieldType(Ci)

for all pedomain(C’):
value(C/~-\ti,p) = value(C;,p)

for all range‘fields f£i:
interpolation(C’) = interpolation(C1)

EXAMPLE\I~ The expression below shows a false colour encoding by combining near-infrared, refd and green
banflsinto a 3-band image, which can potentially be visually interpreted as RGB:

struct
red: Sc.nir;
green: S$c.red;
blue: Sc.green

}

EXAMPLE 2 The following expression transforms a greyscale image referred to by variable $g containing a
range field panchromatic into an RGB-structured image:

struct {

red: Sg.panchromatic;
green: S$g.panchromatic;
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blue: Sg.panchromatic

}

6.5.5.2  switchExpr

The switchExpr provides a case distinction for choosing among a set of coverages that all share domain
and range type. Conditions provided are evaluated sequentially, and the first true alternative is chosen if
any. Otherwise, the default alternative is chosen.

— Ifthe result expressions return scalar values, the returned scalar value on a branch is used in places
where fhe condition expression on that branch evaluates to true.

— If the result expressions return coverages, the values of the returned coverage on a branchyave
copied [in the result coverage in all places where the condition coverage on that branch centains
pixels with value true.

NOTE The conditions of the statement are evaluated in a manner similar to the if-then-else statement in
programmi%g languages such as Java or C++. This implies that the conditions needs te-be specified by ordgr of

generality, dtarting with the least general and ending with the default result, which is’the’most general one. Alless
general condlition specified after a more general condition will be ignored, as the exptession meeting the less gerjeral
expression ill have had met already the more general condition.

Requirempnt 29  https://standards.isotc211.0org/19123/-3 /4)/req/core/switchExpr
Syntax and|semantics of a switchExpr shall be given as follows.

Let

n bean integer withn>1,

b1, |.., bnbe booleanExprs with a single Boolean range component,
C1, }.., Cnbe coverageExprs with a single'Boolean range component,
R, R4, ..., Rns1be coverageExprs,

where, for [I<i<n,

crs(Ci) = ... =crs(Cn) = crs(R1) = ... = crS(Rn+1),

domain(Ci) = ... = domain(C.) = domain(R.) = ... = domain(Rn+1),

intgrpolation(C.) = .~ <interpolation(C,) = interpolation(R:) = ... = interpolation(Rn+1),
rangeType(R:) = £ 57TangeType(Rn1).

Then,

forpnygcoverageExprC’
where
C’” = switch
case (Cireturn R;

case (Chreturn R,
default return Ry

C”’ is defined as:
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Coverage constituent

id(c’)="" (empty string)

crs(C’) =crs(R1)

domain(C’) = domain(R1)

interpolation(C’) = interpolation(R.)

rangeType(C”’) = rangeType(R1)

for all pedomain(cC’):
value(C’,p)=V
where V=

ifvalue( C1,p) thenvalue( Ri,p)
else if value( C;,p) then value( R;,p)

else if value( Cy,p) then value( Rn,p)
else value( Run+1,p)

EXAMPLE 1  The expression below performs a traffic light classification on some single-band covergge $c.

switch
case $Sc < 10 return Sc * “{red: 0; green: 0; blue:| 255}
case Sc < 20 return S$g¢,;* {red: 0; green: 255; Dblue: 0}
case $c < 30 return-Sc * {red: 255; green: 0; blue: 0}
default return {red: 0; green: 0; blue: 0}

EXAMPLE 2 The example below computes a log of all positive values in $c, and assigns 0 to the renfaining ones.
Thiq way it avoids an exception that would otherwise be thrown if any cell were not above zero.

switch
case $Sc»0 return log(Sc)
default return 0

6.5)6 Coverage Domain-Changing Expressions
6.5.p.1 subsetExpr

The subsetExpr element specifies spatial and temporal domain subsetting. It encompasses [spatial and
temporal trimming (i.e. constraining the result coverage domain to a subinterval, 6.5.6.2), [slicing (i.e.
i 6-5¢ i 6.5¢ i 6:5.7 a coverage

£ OUL d ypeErplallc U d COVEldge, 0.0.0.0 ), EXLCIIU £ 10.0.0.5], dIlU d 2 10.0. U

expression.

Requirement 30  https://standards.isotc211.0org/19123/-3/1/req/core/subsetExpr
A subsetExpr shall be either a trimExpr (6.5.6.2) or a sliceExpr (6.5.6.3) or an extendExpr (6.5.6.3)
or a scalingExpr (6.5.7).

NOTE1 By definition, the special case where subsetting leads to a single point remaining still resembles a
coverage; this coverage is viewed as being of dimension 0.

NOTE 2  Range subsetting is accomplished via the unary induced fieldExpr (see 6.5.3.4).
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6.5.6.2  trimExpr

The trimExpr element extracts a subset from a given coverage expression along the dimension indicated,
specified by a lower and upper bound for each dimension affected. Interval limits can be expressed in the
coverage CRS or any other CRS explicitly indicated, as long as a transformation to the coverage CRS exists.

Requirement 31  https://standards.isotc211.0org/19123/-3/1/req/core/trimExprinside
In a trimExpr lower as well as upper limits shall lie inside the coverage’s domain.

For syntactic convenience, both array-style addressing using brackets and function-style syntax are
provided. Fothare equivalent in semantics.

Requirement 32  https://standards.isotc211.0org/19123/-3/1/req/core/trimExpr
A trimExpr shall be defined as:

Let

C1 e a coverageExpr,

nbp an integer with 0<n,

(1d1:hi1),...,(Lon:his) be dimensionIntervalExprs with 1o0:<hi; for1 <i<n.
Then,

forany coverageExprcC;
where C; is one of
Chracket = C1 [pl y ey Pn ]

with
ps is one of
Prat,1 = ai ( los : hi;)
Ders,1 = ai:crsi ( loi ::fufi)

where each interval is within the.coverage’s bounds, as expressed by interval and axis (possiply
reprojected from an optional €RS indicated).

C is defined as:

Coverage constituent

id(Cz) =" fempty string)

o

rs(G2)&=crs(Ch)

dommaimtSs ) ="domuaintcij reduced toextent { o117 forany domaimaxis a1 {reprojected
from crs; into the coverage CRS if crs; is present), and with domain extent properly
adjusted for any index axis a; present in the trim list

interpolation(C2) = interpolation(C1)

rangeType(C2) = rangeType(C1)

for all pedomain(Cz):
value(Cy, p) = value(Cy, p)
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EXAMPLE The following are syntactically valid, equivalent trim expressions:
$c[ Lon (-120: -80), Lat (-10: +10) ]
6.5.6.3  sliceExpr

The sliceExpr element extracts a spatial slice (i.e. a hyperplane) from a given coverage expression along
one of its dimensions, specified by one or more slicing dimensions and a slicing position thereon. For each
shcmg dlmensmn 1nd1cated the resultlng coverage has a dimension reduced by 1. This means that

i T ' fon dimension
being removed from the list. CRSs/axes not used by any ofthe remaining dimensions aretemoved from
thelcoverage’s CRS set.

Requirement 33  https://standards.isotc211.0org/19123/-
3/1/req/core/sliceExprCoordinatesinside
In g sliceExpr the slicing coordinates shall lie inside the coverage’s domain:

For| syntactic convenience, both array-style addressing using brackéts and function-style [syntax are
proyided; both are equivalent in semantics.

Requirement 34  https://standards.isotc211.org/19123/:3/1/req/core/sliceExpr
A sliceExpr shall be defined as:

Let
C1 be a coverageExpr,
n be an integer with 0<n,
ai,..,an be pairwise distinct axisNames with a; eaxisNameSet(C1) for 1<i<n,
S1,..,Sn be axisPointExprs for 154<n. which evaluate, according to normal arithmetig¢ rules, to
coordinate values.
Then,
for any coverageExprC;
where C;is oneof
Chracket &5 Ci[S1, .., Sn ]
with
Sgisone of
Snat, I = ai ( Si )
Sers,1 = ai:crsi ( si)

O gcdafinand oo
TZ 15 OCTIrrctras.
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Coverage constituent

id(C2) = (empty string)

crs(Cz) = crs(C1) projected to the axes remaining

domain(C;) = domain(Ci) reduced to the axes of nativeCrs(Cz)

in

terpolation(C2) = interpolation(C1)

rg

ngeType(C2) = rangeType(C1)

for all pedomain(Ci) :

value(Cz, p) = value(C1,p”) where p’is the projection of p to nativeCrs(Cz)

EXAMPLE 1

6.5.6.4 e

The extend Expr element extends a coverage to the bounding box indicated. How the new grid points

filled with

There is no
need to lie
coverage,
footprint i

NOTE1 I
trimExpr w

Extension |
regular axe

!

In this sense the extendExpr is a generalization of the trimExpr; nevertheless, it is best to use

'he following is a valid slice expression:
Sc[ Date ( “2021-08-28" ) 1
xtendExpr

yalues is implementation-dependent (for example, nullis'an appropriate value).

restriction on the position and size of the new botinding box. The new bounding box does
outside the coverage, it may intersect with_the coverage, it may lie completely inside
r it may not intersect the coverage at all:'Hence, the operation can extend or reduce
each axis individually.

henever the application wants to be sure that a proper subsetting has to take place.

s only possible where the new coordinates can be extrapolated. This is the case for index
s, and therefore no extensien along an irregular axis is possible.

are

not
the
the

the

and

Requirement 35  https://standards.isotc211.0rg/19123/-3/1/req/core/extendExpr
An extendExpr shall be defined as:
Let
C1 e a coyerageExpr,
n b an‘integer with 0<n,
ay e e
crsi,..,crsn be crsNames with crs; ecrsList(C1) for 1<i<n,
(Zo1:hii),...,(1on:his) be dimensionIntervalExprs with 10:;<hi; for 1<i<n,
N be 0 or NaN or some null value (to be defined by a concretization of this document).
Then,
for any coverageExprC;
where
C; = extend ( Ci, {pi, ., Pn } )
with
ps is one of
36 © ISO 2023 - All rights reserved
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Prat,1 = ai ( loi : hii)
Ders,1 = ai:crsi ( loi : hii)

C7 is defined as:

Coverage constituent

id(Cz) =" (empty string)

crslC) = crs(c)
\Y =7 \Y +J

domain(C;) = domain(C1) adjusted to extent (10::hi;) for any domain axis a; (reprojected
from crs; into the coverage nativeCRS if crs; is present), and with domain extent properly
adjusted for any axis a; presentin the extend list; axes not mentioned remain unchanged.

interpolation(C;) = interpolation(C1)

rangeType(C2) = rangeType(C1)

for all pedomain(Cz):
value( Cz, p) = value(Cy,p) for pedomain(Ci)
value( Cz, p) = N otherwise

NOTE 2 A concretization can restrict the CRSs available on the result, as not all CRSs necessarily ar¢ technically
appropriate.

EXAMPLE The following is a valid extend() expression:
extend( $c, { x (200 : +200 ) 1} )
6.5]7 scaleExpr

The scaleExpr element redaces resolution of a grid coverage while leaving the geographic extent
unchanged. The new target'resolution is specified by a grid interval along each axis.

NOTE 1 Scaling regularly-involves range interpolation, hence numerical effects have to be expected.

Requirement 36~ https://standards.isotc211.0org/19123/-3/1/req/core/scaleExpril
A s¢aleExpr shall be defined as:

Let

=1 h 4] ] LA | A | 1 LA |

CT UT da LUVl asChAlJl VVILIT UIIly IIIUTA dIIU 1 Csulal 51 IU dATS,

m, n be integers with 0<mand 0<n,

ai:,..,an be pairwise distinct axisNames with a;egridCrs(Ci1) for 1<i<m,

I; be intervalExprs for 1<i<m which evaluate to pairs 1o;, hi; with 10;<hi;.
Then,

For any coverageExpr C,
where
C2 = scale ( Ci, { an ( I1), .y @an ( In)} )

C is defined as:
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Coverage constituent

id(Cz) =" (empty string)

rs(C2) = crs(Cy)

domain(C2) = domain(C1)

interpolation(Cz) = interpolation(C1)

rg

ngeType(C2) = rangeType(C1)

th
C
re

for all pedomain(Cz):

value(C,, p) is obtained by rescaling the coverage grid along dimensions a; such that

RS; all other dimensions remain unaffected. Whenever interpolation is needed the
spective axis interpolation method of the coverage expression gets applied.

e coverage’s extent along dimension a; is setto (1o;: hi;), expressed in the'¢coverage’s gri

EXAMPLE
the interpoll

The following expression performs x/y scaling of some coverdge referenced by variable Sc u|
ation method of each coverage axis. Note that Sc can have fusther axes, such as time, which w

remain unafffected.

scale( S$c, { x ( 100: 200), y ( 300: 400) } )

NOTE 2 I practice, a concretization will provide several variants of scaling for convenience.

6.6 Cover
6.6.1 crs’

The crsTr4§

hge Derivation Expressions
[ransformExpr

insformExpr element performs reprojection of a coverage from its native CRS into anof

one. The dimension of the coverage-as‘well as the axis types (such as regular vs. irregular) rem

unchanged
is usually i

NOTE1 ]
NOTE2 §

Requirem
A crsTrans

whereas axes and rangé values generally change. For the interpolation and resampling wl
ncurred, the interpolation method to be applied can be indicated optionally.

'his changes the range values (e.g. pixel radiometry).
ome CRS combinations can be not supported.

pnt 37\ https://standards.isotc211.org/19123/-3/1/req/core/crsTransformExp
sformExpr shall be defined as:

sing
buld

her
hins
nich

A

Let

C1 be a coverageExpr,
c be acrsName.

Then,

for any coverageExprcC;
where

C; = crsTransform( (i,

C is defined as:

38
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Coverage constituent

id(Cz) =" (empty string)

crs(C)=c

domain(C;) = domain(C1)

interpolation(C;) = interpolation(C1)

rangeFieldNames(C2) = rangeFieldNames(C1)

for all range fields rerangeFieldNames(C>):
rangeFieldType(C;,r) = rangeFieldType(C1, 1)

for all pedomain(Cz):
value(C,,p) is obtained by reprojecting coverage C; from its GRSinto CRS c.
Interpolation will be applied as necessary.

EXAMPLE The following expression transforms coverage $c (whigh is assumed to be 2D with som

spe

6.7
6.7

Red

ified CRS) into the CRS identified by EPSG:3035.
crsTransform( $c, “EPSG:3035”Y)

Coverage Aggregation Expressions

1 condenseExpr

uirement 38  https://standards:isotc211.0rg/19123/-3/1/req/core/condenseE

P not further

Kpr

A condenseExpr shall be either a reduceExpr (see 6.7.3) or a generalCondenseExpr (see 4.7.2).

Thi
retu
covi

NO1
exp

erage’s range type components.

E In practice;-aggregation results can be null if aggregation encounters null values in t

5 expression takes a coverageiand summarizes its values using a summarization function. The value
rned is scalar, i.e. a single/scalar value or a record of values, reflecting the number of the input

e coverage

ession. The handling of null values is is governed by the value set definition which is out of sicope of this

doctiment. It depends on whether a concretization defines types with null values included. It is expedted, though,

that
valu

6.7

a concretization will define null value handling in a way that for every direct position evaluated,
es partieipating is null, then the result for this direct position will be null.

2C-generalCondenseExpr

if any of the

The general generalCondenseExpr consolidates the grid point values of a coverage along selected
dimensions to a scalar value based on the condensing operation indicated. This expression iterates over
a given domain while combining the result values of the scalarExprs through the condenseOpType
indicated. Admissible condenseOpTypes are the binary operations +, *, max, min, and, and or.

Requirement 39  https://standards.isotc211.0org/19123/-
3/1/req/core/generalCondenseExpr
A generalCondenseExpr shall be defined as:

Let

© ISO 2023 - All rights reserved
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Then,

40

op be a condenseOpType,

nbe some integer with n>0,
dbe some integer with d>0,
axis; be axisNames for 1<i<d,
name; be pairwise distinct variableNames for 1<i<d which, in the request on hand, are not
used already as a variable in this expression’s scope,

I, be intervalExprs for 1<i<d which evaluate to pairs 10;, hi; with 10:;<hi;,
C; be coverageExprs for 1<7j<n,

Pbe a booleanExpr possibly containing occurrences of name; and Cj,

Vbp a scalarExpr or coverageExpr possibly containing occurrences of name; and Cs,
Nbp a neutral element of type(V)
where

14i<d.

Forlany scalarExprs
where S is one of
S’ = condense op
over name; axisi ( I1),

.y
nameq axisa ( Ia)

[ whereP]

using V

S” = condense op
over axis: ( I.),

o0 ()
axisd ( Id)

[ whereP]
using V
S i constructed as follows (for’s 7, substitute name; by axis;):
S| := N;
f¢r all namerL.&){1o1,.. ,hii}
for all name, € {loz,.. ,hiz}
f£0r all nameq € {104,.. ,hig}

if (filtering expression P is present)
then

let wvredicate D7 bo obtoinad from ovaluating oxoression
2 =) =

P by substituting all occurrences of name; by its current
value where name; occurring in a coordinate position
of Cy are coordinates in the CRS of (j
else
P" = true;
fi
if (P")
then
let V’/ be obtained from evaluating expression V
by substituting all occurrences of name; by its current
value where name; occurring in a coordinate position
of Cj are coordinates in the CRS of (j where
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possible extra dimensions in a coverageExpr are
treated as in induced operations;
S = S op value(V")
fi
endfor

endfor
endfor
return S

NOT

— to collapse Boolean-valued coverage expressions into scalar Boolean values so that theycanbg

E1 Condansars-arahaeavilvyucad amaona agthare in twvaro cityiationc.
+r—t CORGeRSeFSafFe-Reavhy-HSe e, RO RE-0t3erSHtWoe-SHHaHORS:

predicates;

processing, and statistical operations.
E2  The additional expressive power of condenseExpr over reduceExpr-is twofold:

— a concretization can offer further summarisation functions, as long as.these form a monoid, i.e
commutative and associative and have a neutral element;

more powerful (see example below).

2023(E)

used in

— in conjunction with the coverageConstructorExpr (see 6.3.1) to phrase high-leveljimaging, signal

they are

— the condenseExpr gives explicit access to the coordinate vdlues; this makes summarization cgnsiderably

EXAMPLE1  The following expression iterates over a 5000x5000 extent of image Sc delivering the sum of all

valu

es encountered at the direct positions:

condense +
overx ( 0 : 4999 ), vy~ 0 : 4999 )
using Sc[ i(x) , J (W]

EXAMPLE 2 Iteration is possible alsgiin~hative coordinates as the direct positions are uniquely identified:

condense +
overy ( 20\ 30 ), x ( 40 : 50 )
using Sc[~Lat(y) , Lon(x) |

EXAMPLE 3 A timeliné“diagram can be obtained through a 1D expression which aggregates over[space while

iter

iting over time:

coverage AverageTemperature
domain
crs “OGC:DateTime” with t ( domain( S$temperatureCube,

)

EXAMPLE 4

raIIgE typE L. L1004l

range
condense +
over lat ( domain( StemperatureCube, Lat ) ),

lon ( domain( $temperatureCube, Lon ) )
using StemperatureCube| Lat(lat), (Lon(lon), Date( t )

Date )

]

For a filter kernel k, the condenser summarizes not only over the grid point under inspection, but

also some neighbourhood. The following applies a 3x3 filter kernel to band b of some coverage $c with extent

x0..

x1/y0...y1; note that the result image is defined to have an x and y dimension:

Coverage FilteredImage
domain

© ISO 2023 - All rights reserved
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crs “OGC:Index2D” with x (0 4999 ), yv (O 4999 )
range type f: int
range
condense +
over i ( -1 +1 ),
j (-1 +1 )
using S$c[ x+i , y+3 1 * k[ i, J ]
where k is a 3x3 matrix like:
1 Z 1
0 0 0
-1 -2 -1
NOTE Jee coverageConstantExpr for a way to specify the k matrix.

6.7.3 reduceExpr

A reduce

coverage t¢ a scalar value.

NOTE All these operations can be expressed through a condenseExprybut in a more verbose way.

Requiremgent 40

https://standards.isotc211.org/19123/-3/1/req/core/reduceExpr
A reduceEkpr shall be either an add, avg, min, max, count,some, or all operation as per Table 3.

pr element derives a summary value from the coverage passed; in this sense it “reduces” a

NOTE Within Table 5, $a is assumed to evaluate to a coveragéwith a single numeric range field, $b to a coverage wjith a

single Booleah range field.

Table 5 — reduceExprdefinition via generalCondenseExpr

reduceExpr definition

Description

add (Sa) =
condense +
over Sp; (domaint8a,Di)),

Spa (démain ($a,Di)),
usihg S$al$pY, .., Spd]

sum over all points in Sa

Spa (domain ($a,Di1))
using Sal $p1 , .., $pq |

avg (Sa) = average of all points in Sa
add|($a). '/ | domain ($Sa) |

min (Say—= minimum of all points 1n 5a
condense min
over S$p; (domain ($a,Di)),

max (Sa) = maximum of all points in Sa
condense max
over S$p:; (domain ($a,Di)),
-
42 © ISO 2023 - All rights reserved
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reduceExpr definition

Description

Spa (domain ($a,Di1))
using Sal Sp:1 , .., Spd]

count ($b) =
condense +
over S$p: (domain ($b,Di)),

S$pa (domain ($b, D1))
where $b[ $p; , .., Spgl

number of points in $b

using 1

spme ($Sb) =
condense or
over S$p: (domain($b,Di1)),

S$pa (domain ($b, D1))
using S$b[ Sp1 , .., Spa ]

is there any point in Sb withwalug true?

alll ($b) =
condense and
over S$pi; Di(domain (Sb,Di1)),

14

$pu Da(domain (8b,Di))
using $b[ Sp:1 , .., $pPa ]

do all points-of $b have value trug?

EXAMPLE The previous average temperature example can be expressed through a more compact range:

domain

)
range type tiNfloat

range

6.8|Coverage Encode/Decode Expressions

6.8{1 encodeCeverageExpr

coverage AverageTemperature

crs “OGC:DateTime” with t

avg ( StemperatureCube[Date( t )]

( domain( S$temperatureCube, | Date )

Theg encode€overageExpr element specifies encoding of a coverage-valued query result by|means of a

data format and possible extra encoding parameters.

Data format encodings are not in the scope of this document.

Requirement 41  https://standards.isotc211.org/19123/-3/1/req/core/encode

An encodeCoverageExpr shall be defined as:
Let

Cbe a coverageExpr,
f be a string

where
£ is a stringConstant,

extraParams be a stringConstant.

© ISO 2023 - All rights reserved
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any strings

where S is one of

Se
See

encode ( C,f )
encode ( C, £,

extraParams )

S is defined as that (binary or printable) byte string which encodes C into the data format

cified by formatName and the optional extraParams.

Then,
for
spe
Syntax ang

suitable dafta formats is expected to be provided by a concretization of this language.

q

J

NOTE
viewpoint, H

EXAMPLE

6.8.2 dec

A decode
byte strean
and its cov

NOTE
Therefore, n

is data form

Requirem
Syntax and

Let

where

o

Implementations will be able to recognize the encoding format used by analyzing the input byte str¢
o format indication parameter is required. Generally, though, the extraParams syntax and semantics

$beastring

semantics of both f and the extraParams are not specified in this document. A‘se

ut reconstructing a complete coverage or reusing it in a decode() operation is then notpossible.
The following expression can retrieve coverage $c encoded in JPEG with a quality factor of 50

encode ( $c, "image/jpg", ".50" )

pdeCoverageExpr

CoverageExpr evaluates a byte stream passed as a parameter to a coverage by decoding
1. This byte stream is required to represent a coveragéencoding following CIS 1.1 [09-146r
brage encoding profiles.

ht and implementation dependent.

pnt 42 https://standards.isote211.0rg/19123/-3/1/req/core/decode
semantics of a decodeCoverageExpr shall be given as follows.

is a valid-(binary or printable) representation of a complete coverage or a domain, range
ype, range; or metadata component of a coverage,
xtraPdrams is a stringConstant containing decoding directives.

t of

ome format encodings can lead to a loss of information. This is acceptable from the standardization

Do:

the
516!

am.

Then,

for any decodeCoverageExprC
whereC is one of

Ce
Cee =

)

extraParams

decode (
decode (

S

)

Sy

C is defined as the decoded coverage or coverage component equivalent to s while applying
the directives in extraParams.

44
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In practice, this function can be used in several ways:

— to provide inline constants, encoded, for example, in XML or JSON;

— to provide complete input files, accompaniying the query, through positional parameters;

— to provide input coverages and other values by reference, such as through URIs.

EXAMPLE Assume a NetCDF file is passed as a single extra parameter in some concrete service. The service

will decode the NetCDF byte stream and establish the corresponding coverage before further evaluation of the
COII’lplcw queTy™

decode ( $1 )

6.9[Expression evaluation
This sublause defines additional rules for ProcessCoverages expression evaluation.
6.9]1 Evaluation sequence

Requirement 43  https://standards.isotc211.0rg/19123/-3 /1 /req/core/sequence
A processingExpr shall evaluate coverage expressions from leftto right.

6.9]2 Nesting

Requirement 44  https://standards.isotc211.0rg7/19123/-3/1/req/core/nesting
A processingExpr shall allow nesting all operators, constructors and functions arbitrarily, provided
that each sub-expression's result type matches the' required type at the position where the sub-
expression occurs, and all semantics rules are-fulfilled.

6.9{3 Parentheses
A processingExpr may contain parentheses to enforce a particular evaluation sequence.

Requirement45  https://standards.isotc211.0rg/19123/-3/1/req/core/parentheses
Pargntheses enforcing evaluation sequence in a processingExpr shall be defined as:

Let

C1 and Cxbe coverageExprs.
Then,

For any coverageExpr C;

where

C2 = ( C1)

C, is defined as yielding the same result as C; .

EXAMPLE $c * ( $c > 0)

6.9.4 Operator precedence rules

Requirement 46  https://standards.isotc211.0rg/19123/-3/1/req/core/precedence
In case of ambiguities in the syntactical analysis of a request, operators shall have the following
precedence (listed in descending strength of binding):
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— Range field selection, trimming, slicing

— unary —

— unary arithmetic, trigonometric, and exponential functions
— binary *, /

— binary +, -

— binpry <, <=, >, >=, |=, =

— binpry and
— binpry or, xor
— :(infterval constructor), condense, coverage, coverage constructor
— Ovgrlay, switch
In all remajning cases evaluation shall be performed left to right.
6.9.5 Rarge type compatibility and extension
A range type t. is said to be cast-compatible with a range type t; if the following conditions hold:
— Both range types, t1 and t,, have the same number‘of field elements, say d;

— For each range field element positioni withr1<i<d, theith range field type f1,: of t. is cpst-
compdtible with the ith range field type .4 of t..

Cast compatibility is expected to be defined in detail in a concretization of this language.

Requirement 47  https://standards.isotc211.0rg/19123/-3/1/req/core/typeExtension
The type of each of the operand§ of an arithmetic operator (+, -, *, /) shall be a type that can be
extended tp a numeric numeriCtype, and the result type of an arithmetic expression shall be the
common extended type of-all-of its operands as:

If the exterlded type is iiteger then integer arithmetic shall be performed.

If the exterded type-is\float then floating-point arithmetic shall be performed.

If the exterlded type.is complex then complex arithmetic shall be performed.

The result fype shall be the smallest type allowing to represent the result without loss.

NOTE Expticitamd-implicit tasts reed to-beused withcaution, asumintended conmsequences tamr arise:- Datd can
be lost when floating-point representations are converted to integer representations as the fractional components
of the floating-point values will be truncated (rounded down). Conversely, converting from an integer re-
presentation to a floating-point one can also lose precision, since the floating-point type can potentially be unable
to represent the integer exactly (for example, float possibly gets mapped to an IEEE 754 single precision type, which
cannot represent the integer 16777217 exactly, while a 32-bit integer type can). This can lead to situations such as
storing the same integer value into two variables of type int and type float which return false if compared for
equality.

6.10 Evaluation response

If, for whatever reason, the query cannot be evaluated properly then an erroris returned as the evaluation
result. On an abstract level, an error is a possible result value not equal to any valid result.
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Requirement 48  https://standards.isotc211.0org/19123/-3/1/req/core/error
Whenever a coverage expression cannot be evaluated according to the rules specified in 6.1 and 6.8,
evaluation shall respond with an error.

NOTE Concretizations of this specification will define some appropriate behaviour depending on the target
environment, such as return codes, exceptions, etc. Even not all syntactically valid expressions will be semantically
admissible in practice. Possible issues include: quota are exceeded, access restrictions apply.

EXAMPLE The following expressions will lead to an error (reasons: division by zero; illegal trigonometric
argument):

$C /0
arcsin( 2 )
The result of evaluating a processCoveragesExpr is one of the following:

Requirement 49  https://standards.isotc211.0rg/19123/-3/1/req/core/result
Depending on its result type, the normal result of evaluating a valid query-shall consist of ong of the

follpwing alternatives:
— a (possibly empty) list of coverages;

— a (possibly empty) list of scalars (where scalar suminarizes all non-coverage type datg, such as
numbers, strings, URLSs) or of records of scalars;

— an error.
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Annex A
(normative)

Conformance Tests

A.1 Conformance Class

Th d + A6 £ 1 fal D H Lacl fitaad +La pa|
1S docurpenceaerires one cofrormance—<€rass,covet agC T TOCCSSIITE,; vWITTCIT COTIS treates— o Tranaa Ory

Core every|standardization target shall support.

Standardizption targets are specifications containing provisions for coverage processing. Acspecificafion

claiming cqnformance to this document shall implement the Coverage Processing conformarice class

Conformarice with this document shall be assessed using all conformance test casés specified in [this

annex.

A.2 Conformance Class Coverage Processing Core

Conformance test

https://standards.isotc211.0org/19123/-3/1/conf/core/allRequiremengs

Reference

All normative statements in requiremernits.class: Coverage Processing

Test purpose:

Verify that the specification under tést conforms to all requirements of this cqn-

formance class

Test method:

Evaluate every requirementiof this conformance class in turn; the overall t¢st

passes if every single test-passes

Test typae:

Basic

48
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Annex B
(normative)

Expression Syntax

B.1 Overview

Thi : 4l : : & TL 1 tas—is—described i
1 AITIICA SUITIITIAT IZLZTS UIIC CUVUI as\, lJl U\,\,oouls bAlJl CooIUILl O_yllLClAu IIIc sbll\,l al O_yllLClA 15 U oCrl e ln

W3 EBNF grammar syntax.[s!
NOTE 1  This is a machine-readable language not requiring formal translation into ISO-supported lahguages.

ToKens in single quotation marks represent literals which appear “as is” in a valid expression (“terminal
symbols”). Other tokens represent either sub-expressions to be substitutedCaccording to thp grammar
profuction rules (“non-terminals”) or terminal symbol classes like identifiers, strings and gqumbers as
liste¢d at the end of this annex. The processCoveragesExpr nonterniihal is the start of the production
system.

Anyf number of whitespace characters (blank, tabulator, newline)'may appear between tokeng as long as
parping is unambiguous.

EXAMPLE Between language tokens (such as “for”) and names there shall be atleast one whitespage character,
whdreas between names and non-alphanumeric tokens¢(stuch as opening parenthesis, “(“), no whitespace is
required.

Metla symbols used are as:
— |brackets (“[...]1”) denote optional elements which may occur or be left out;

— |an asterisk after parentheses (“(...)*”) denotes that an arbitrary number of repetitions of|the
parenthesis contents can be:¢hosen, including none at all;

— |a plus after parenthesesT(“(...)+”) denotes that an arbitrary number of repetitions of the parenthesis
contents can be choseén, at least one;

— |a question mark after parentheses (“(...)?”) denotes that zero or one of the parenthesis cpntents
can be chosen;

M|"

— |avertical bar (“|”) denotes alternatives from which exactly one shall be chosen;

— lLdoubleslashes (“ ") hpgin commentswhich continue until the end of the line. Comments are

normative.

NOTE 2 The syntax as is remains ambiguous; the semantic rules listed in this document disambiguate the
grammar.

B.2 Terminal symbols

In addition to the underlined terminal literals, the following are terminal symbols: variableName;
name; stringConstant;booleanConstant; integerConstant;and floatConstant.

AvariableName shall adhere to the following regular expression: $ [a-zA-Z ] [0-9a-zA-Z ]*.
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This regular expression describes a consecutive sequence of characters where the first character shall be
either an alphabetical character or the “$” character and the remaining characters consist of decimal
digits, upper case alphabetical characters, lower case alphabetical characters, underscore (“_") and
nothing else. The length of an identifier shall be at least 1.

A name shall adhere to the following regular expression: ([a-zA-Z ] [0-9a-zA-Z ]*) | (“.+").

NOTE
aletter, or a

non-empty string constant.

This describes it to either be a consecutive sequence of digits and/or letters where the first character is

While this
vs long int
integer, flo
expression

Aboolea
“false” resy

An integq
prefix), or

A floatC
notation.

Astring
mix of both

B.3 Pro

process(

coveradgq

letBindil

focument does not make assumptions about particularities of atomic data types (such as.s
poers, float vs double, and the associated bit lengths) the common basic data types Bool
at, and complex are assumed to be available (with complex syntactically being arcompdg
as usual).

hConstant shall represent a logical truth value expressed as one of thellitérals “true”
., Whereby uppercase and lowercase characters shall not be distinguished:

trConstant shall represent an integer number expressed in either’decimal, octal (with g
hexadecimal notation (with a “0x” or “0X” prefix).

in a single constant.

ressing Syntax

overagesExpr
'for' variableName 'in!
('," variableName 'in' ' ('
( "let' letBinding, ( letBinding ) *
( 'where' booleanScalarExpr )?
'return' procéssingExpr

|l ) |l
coveragelList
)2

'(' coveragelList
l) ]

)*

|l |l
’

List
coverageName

|l |l
14

(

coverageName ) *

ng ::
vaxiableName ':='
| ,sealarExpr

[ N'['" intervalExpr

coverageExpr

l]l

hort
ban,
site

and

“0"

bnstant shall represent a floating point number in common decimal-point or exponential

Constant shall represent a character sequence eniclosedin single or double quotes, with no

processingExpr

formatName

extraParams

coverageExpr

50

encodeCoverageExpr
| scalarExpr

stringConstant

stringConstant

coverageldExpr
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| coverageConstructorExpr
| coverageConstantExpr

| getComponentExpr

| inducedExpr

| subsetExpr

| crsTransformExpr

| scaleExpr

| decodeCoverageExpr

coverageldExpr ::=
coveragehdlle

coyerageConstructorExpr ::=
'coverage' coverageName

( domainExpr )? ( rangeTypeExpr )? rangeSetExpr
domainExpr ::=
'domain'
'crs' nameOrString 'with'
nameOrString axisDefExpr ( ',' nameOrString axisdefExpr )|*

( interpolationExpr )?
infferpolationExpr ::=

'interpolation ' interpolationMethod ( ',' interpolationMethod

infferpolationMethod ::=
none
| name

axilsDefExpr ::=

'index' ( indexExpr ':' indexExpr )

| 'regular' ( axisPointExpr ':' axisPointExpr )
'resolutiond\axisPointExpr

| '"irregulan) ( axisPointExpr ( ',' axisPointExpr )* )

rangeTypekxpr ::#=
'range!\""type' rangeComponent ( ',' rangeComponent )*

rangeComponefit ::=
name ':' rangeType

rangedlype ::=
'boolean’
[ ( "unsigned’ )7 "1Int’
| '"float'
| 'complex'

rangeSetExpr ::=
'range' ( scalarExpr | rangeConstantExpr )

rangeConstantExpr ::=
'<' constant ( ';' constant )* '>'

scalarExpr ::=
getComponentExpr
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| booleanScalarExpr
| numericScalarExpr
| stringScalarExpr
|

'('" scalarExpr '")'
getComponentExpr ::=
identifierExpr
| crs '(' coverageExpr ')' | getDomainExpr
| interpolation ' (' coverageExpr ')'
identifierfxpr———=
| 'id"'" '(' coverageExpr ')'
| 'name' ' (' coverageExpr ')'
getDomailnExpr ::=
'domain' ' (' coverageExpr ')'
| 'domain' ' (' coverageExpr ',' axisName ')'
| 'domain' ' (' coverageExpr ',' axisName ')' '.l'lo'
| 'domain' ' (' coverageExpr ',' axisName ')' '@!'~'hi'

booleanJcalarExpr ::=

booleanScalarExpr 'or' booleanScalarTerm
| booleanScalarExpr 'xor' booleanScalarletm
| booleanScalarTerm
booleandcalarTerm ::=
booleanScalarTerm 'and' booleanScalarFactor

| booleanScalarFactor

booleanYcalarFactor ::=

not booleanScalarExpr
'('" booleanScalaxExpr
booleanConstant

compOp ¢:=

[
| 1=
| ">
| ">z
| et
K ="

numericScalarExpr comp@p numericScalarExpr
stringScalarExpr comp@p stringScalarExpr

|)|

numericScalarkExpr ::=
numericScalarExpr '+'
| numericScalarExpr '-'

| numericScalarTerm

numericScalarTerm ::=
numericScalarTerm '*'
| numericScalarTerm '/'
| numericScalarFactor

numericScalarFactor ::=
'(' numericScalarExpr

52

numericScalarTerm
numericScalarTerm

numericScalarFactor
numericScalarFactor

© ISO 2023 - All rights reserved


https://standardsiso.com/api/?name=76c4154d4b87b93f331caea4d447fe63

| '"-'" numericScalarFactor
| "round' ' (' numericScalarExpr ')'
| integerConstant
| floatConstant
| complexConstant
| condenseExpr
stringScalarExpr ::=
identifierExpr
| stringConstant

ISO/FDIS 19123-3:2023(E)

indqucedExpr ::=

unaryInducedExpr
| binaryInducedExpr
| naryInducedExpr

ungryInducedExpr ::=
unaryArithmeticExpr

| exponentialExpr

| trigonometricExpr

| booleanExpr

| castExpr

| fieldExpr

ungryArithmeticExpr ::=
'+' coverageAtom

| '-' coverageAtom

| 'sgrt' '(' coverageExpr?")'
| 'abs' '(' coverageExprs')'
| 're' '(' coverageExpr ')'

| "im' ' (' coveragekExpr ')'

trjgonometricExpr ::=

'sin' ' (' ceverageExpr ')'
| 'cos' '(})-‘coverageExpr ')'
| 'tan' !("YcoverageExpr ')'
| '"sinh® Y (' coverageExpr ')'
| 'coshVY" '(' coverageExpr ')'
| '£anh' '(' coverageExpr ')'
| arcsin' ' (' coverageExpr ')'
NY'arccos' ' (' coverageExpr ')'
| 'arctan' ' (' coverageExpr ')'
exporentialExpr =
'exp' ' (' coverageExpr ')'
| '"log' '(' coverageExpr ')'
| 'In' '(' coverageExpr ')'
| 'pow' '(' coverageExpr ')'
castExpr ::=
'('" rangeType ')' coverageExpr
fieldExpr ::=
coverageExpr '.' fieldName
| coverageExpr '.' integerConstant
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binaryInducedExpr

binaryInducedLogicExpr 'or' binaryInducedLogicTerm
| binaryInducedLogicExpr 'xor' binaryInducedLogicTerm
| binaryInducedLogicTerm
binaryInducedLogicTerm =
binaryInducedLogicTerm 'and' binaryInducedLogicFactor

| binaryInducedLogicFactor

binaryInducedLogicFactor

bIraryImducedAr T thmExXpT

| binaryInducedArithmExpr

binaryIrducedArithmExpr
binaryInducedArithmExpr
binaryInducedArithmExpr

binaryInducedArithmTerm

ducedArithmTerm
binaryInducedArithmTerm
binaryInducedArithmTerm
binaryInducedArithmFacto

binaryIr

ducedArithmFactor
binaryInducedArithmFacto
inducedExpr

binaryIn

naryIndycedExpr
rangeConstructorExpr
switchExpr

|{|

rangeCorjstructorExpr

( '"struct' )? fieldNam
(Y fi

switchExpr ::
'switch'
'case' CoverageExpr 'r
( 'calse" coverageExpr

'defatdt' 'return' cover

subsetExdpr :s
trimExpr

sliceExpr

COMPOp DITary ITaduUCEdAT T THMEXPT

'+' binaryInducedArithmTerm

binaryInducedArithmTexnmn

LR |
l/l

r

binaryInducedAxithmFactor
binaryInducedArithmFactor

r 'overlay““binaryInducedExpr

scalarExpr
':' scalarExpr )*

e
eldName

l}l

eturn' coverageExpr
'return' coverageExpr
ageExpr

) *

exXtendExXpr
scalingExpr

trimExpr
dimensi

l[l

coveragekExpr

dimensionIntervalExpr

dimensionIntervalExpr !

’

(

dimensionIntervalExpr

axisExpr '(' axisPointExpr

54

l]l

onIntervallist

' dimensionIntervalExpr )*

T .10 ')l

axisPointExpr
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axiskExpr ::=
axisName ( ':' crsName )?

axisPointExpr ::= axisName
| floatConstant
| stringConstant

sliceExpr ::=
coverageExpr '[' axisPointElement ( ',' axisPointElement )* ']’

. . -
axrsPormtEtremerrt———

axisExpr ' (' axisPointExpr ')'

exflendExpr ::=
'extend' ' (' coverageExpr ',' '{' dimensionIntervadlist '[}' ")’

scdleExpr ::=
'scale' ' (' coverageExpr ',' '{' dimensionIntervallList "}' ")’

crgTransformExpr ::=
'crsTransform' ' (' coverageExpr ',' crsName ')'

eng¢odeCoveragekExpr ::=
'encode' ' (' coverageExpr ',' formatName ( ',' extraParans )?

degodeCoverageExpr ::=
'decode' ' (' stringConstamt ( ',' extraParams )? ")'

condenseExpr ::=
reduceExpr
| generalCondenseExpr

generalCondenseExpr ::=

'condense' condenseOpType

'over' axisFterator ( ',' axisIterator )*
( 'where' booleanScalarExpr )?
'using\-scalarExpr

conldenseOpType ::=

l_|_|
' T %0
| 'max'
| 'min'
— and’
| 'or'!
axisIterator ::=
name [ axisName ] ' (' intervalExpr ')'
intervalExpr ::=
axisPointExpr ':' axisPointExpr
reduceExpr ::=
'all' ' (' coverageExpr ')'
| 'some' '(' coverageExpr ')'
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'count'
'add'

| ' (' coverageExpr
|

| 'avg' ]

|

|

coverageExpr '
coverageExpr '
coveragekExpr '
coverageExpr '

'minl ]
"max' '

coverageName ::=
nameOrString

crsName ::=

l)l

~—~ — ~— ~—

[4dllceuUrL ol L Jl_J.lg

axisNamg ::=
nameOrString

fieldNanme ::=
nameOrString

constanyg ::=
stringConstant
booleanConstant
integerConstant
floatConstant
complexConstant

complex{onstant ::=
'('" floatConstant ',' fl
| '(' integerConstant ','

nameOrS{ring ::=
name
| stringConstant

oatConstant ')'
integerConstant

l)l

56
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(informative)

Syntax diagrams

Figures C.1 to C.70 provide graphical representations of the syntax (often called “syntax diagrams” or
“railroad diagrams”) for the reader’s convenience. In case of deviation, the normative syntax in Annex B

preyails.

NOTE 1 This is a machine language not requiring formal translation.

NOTE 2 Diagrams generated by RR - Railroad Diagram Generator.

me—i for variableName @—@— coveragelist let letBinding
processingExpr

LLwhere} boolegnScalarExpr

J [return)—

Figure C.1 — processCoveragesExpr

coverageMame

Figure C.2 — coveragelList

variableMame —@—

coverageE=pr

scalarExpr

intervalExpr @ J

Figure C.3 — letBinding
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encodeCoverageExpr

scalarExpr

Figure C.4 — processingExpr

E—strirgConstant—

Figure C.5 — formatName

ke— stringConstant e

Figure C.6 — extraParams

Be——— coverageldExpr

Y-

~— coverageConstructgdeExpr |

~— coverageCefstantExpr |

~— getCarhponentExpr p——]

= inducedExpr

M subsetExpr

— crsTransformExpr

~—— scaleExpr

“— decodeCoverageExpr |———

Figure C.7 — coverageExpr

Be— coverageMame e

Figure C.8 — coverageldExpr
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»»—{ coverage |

domain crs

coverageMName J
~— domainExpr ~— rangeTypeExpr

J

Figure C.9 — coverageConstructorExpr

rangeSetExpr

nameOrString

wlthH name0rString axisDefExpr 1—L®—{ nameOrString

N

Figure C.10 — domainExpr

»—[ interpolation

intarpolationMethod

> index )

inde&Expr

Figure C.11 —interpolationExpr

one

namse

Eigure C.12 —interpolationMethod

axisdefExpr }—JT--—

\—{ interpolati

nExpr |—/

el
L

-4

—& indexExpr

regula r)— axisPoi

ntExpr 407 axisPointExpr {resnlutian

axisPointExpr j

axisPointExpr @] [,
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»—[ ra nge)—[tvne rangeComponent J—H

Figure C.14 —rangeTypeExpr

i TranTe —O— ramgeE Ty e

Figure C.15 —rangeComponent

@

Figure C.16 —rangeType

»—@ - scalarExpr e

rangeConstantExpr

Figure C.17 —rangeSetExpr

=0

constant

Figure C.18 —rangeConstantExpr
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pe——— getComponentExpr |———d

- booleanScalarExpr pb—]

~— numericScalarExpr p——

'~ stringScalarExpr pb—

scalarExpr 4®—/

Figure C.19 — scalarExpr

Me—— identifierExpr -

1 crs j G coverggeExpr 4®_/

~— interpolation

“— getDomainExpr -

Figure C.20— getComponentExpr

i l -]
)0
( coverageExpr
—J

Figure C.21 — identifierExpr

w{{Comain }{ ( }| coveragepror |—{)) )
R

N

axisName @

Figure C.22 — getDomainExpr
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