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Abstract

This document specifies an information model with which theoceling, decoding and management
of data and products from weather radar systems may betédedi primarily for the purposes of in-
ternational exchange in Europe. An implementation of thfsrimation model is also specified which
makes use of the HDF5 file format developed and maintainetiéyiDF Group. The result manifests
itself in the form of truly self-describing weather radataléiles highly suitable for environments where
data exchange between radars from different manufactwléferent organizations, and/or different
countries is conducted. The ability to include quality imf@tion, in the forms of metadata and binary
arrays, is included in a powerful and flexible manner. Thfsrimation model constitutes an official
second-generation European standard exchange formae#iher radar datasets. Because the NetCDF
file format is built on HDF5, we also try to ensure that our mmf@ation model will be compliant with
NetCDF.
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RELEASE NOTES

Version 2.0, 9 June 2009

A few inconsistancies between metadata in the tables ardlabeams in the UML representation have been
identified and corrected. These fixes do not motivate a versionber increment.

Version 2.0, 1 June 2009

This is the first version of ODIM_HS5 to be officially acceptesian OPERA standard. Notwithstanding this
status, the official parts are the definitions of polar scamtbv@lumes, along with all associated metadata.
All other objects restain their draft status, and will askiefficial status in due course, subject to approval
in OPERA.
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1 Introduction and motivation

The goal of OPERA work package 2.1 “HDF5 exchange softwaveldpment” is to formulate a second-
generation information model for use with weather radaa datd the Hierarchical Data Format version 5
(HDF5) file format. This information model will then be impieented in operational software.

This document presents an information model developed $erwith weather radar data and products.
Its implementation is also presented, which makes use oHDES5 file format. HDF5 is developed and
maintained by the HDF Group. All references to attributedadtypes, and so on, are in relation to those
defined and used in the HDF5 documentation. The official HRFE® &t documentation should be consulted
for details on this format. This information model is an @ediion of the model presented by COST 717
and used in real-time operations in the Nordic courfri@everal enhancements have been made based on
operational experience, and based on data quality issdessaed in OPERA Il and the EU \Voltaire project.
The model presented here is not backwardly compatible wikigus versions, but the advantages of its
new structure outweigh this disadvantage.

The information model given here is designed from the pdiniew of trying to harmonize all relevant in-
formation independently of the radar manufacturer androegéion from which the data originates. While
the information model is intended to enable the represientatf the data and products agreed upon today
within the framework of EUMETNET OPERA, we also look aheaduture needs and have tried to en-
sure that they are appropriately met with this informatioodel. This means that the known products are
supported, but that it is easy to add forthcoming infornratigpes like polarization diversity variables and
virtually any quality-related information characterigia given dataset. It is also vital to recognize the im-
portance of being able to represent polar (spherical coateispace) data, and this is accomodated as well
in a flexible manner.

This information model and use of HDF5 are not intended to pmetan with existing standards used in
meteorology. Instead, we stress that this new standardaphnshould be used in forthcoming mete-
orological standard exchange mechanisms, ie. the WMO ritdtion System (WIS) and its infrastruc-
ture. There is also an important link to OPERA's operatiodaia centre (ODC), in that quality infor-
mation in the information model will become available to BBC, thus providing the potential for im-
proving the quality of the operational products covering European continent. This new standard is
compliant with| Open Geospatial Consortium (OGC) metad&adsrds, which means that the metadata
accompanying the weather radar datasets are mappableetaatibnalde facto standards for manage-
ment of environmental data based on OGC software. Examplssiah systems are the basis of the
Global Monitoring for Environment and Security (GMES a k a RERNIKUS) initiative which is the pri-
mary European contribution to the Global Earth Observafigstem of Systems (GEOSS). Care has also
been taken to ensure that this new information model willdramliant with the EU INSPIRE Directive.

In this way, we have prepared future weather radar exchamgtiture data exchange infrastructure, and
have tried to ensure that the use of the new technology vdilittate access to and use of European radar
data both within and outside the meteorological community.

IMichelson D.B., Holleman 1., Hohti H., and Salomonsen MQ20HDF5 information model and implementation for weather
radar data. COST 717 working document WDF_02_200204_%iorefl..2.
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2 Information model concept

The information model attempts to achieve a general-parposdel for storing both individual scans, im-
ages and products, while also allowing series (time anghaces) of these types of information to be stored
using the same building-blocks. The heirarchical naturelDf5 can be described as being similar to di-
rectories, files, and links on a hard-drive. Actual metadatastored as so-called “attributes”, and these
attributes are organized together in so-called “groupshaB/ data are stored as so-called “datasets”. The
challenge in formulating an information model is in definthg way in which these general building-blocks
are organized. This section illustrates the informatiordelalefined in detail later in this document, in an
attempt to present and clarify its structure.

The first example is given in Figuté 1, which shows how a sincplgesian product, for example a CAPPI,
is represented. At the top level, the HDF5 file contains thealed “root” group. This group is al-
ways there. Following that, three groups contain metadatse are called “what” (object, information
model version, and date/time information), “where” (gegrical information), and “how” (quality and op-
tional/recommended metadata). The data is organized inwpgralled “datasetl” which contains another
group called “datal” where the actual binary data are foari@iata”. This organization may seem overly
complicated at first, but we will see shortly how powerful aretessary this organization is.

Root

/ what @

where @
how @

datasett —|_
datat ] o

data

Figure 1: Cartesian product.

In terms of the analogy with a file system on a hard-disk, the=Blfiile containing this simple cartesian
product is organized like this:

/

/ what

/ wher e

/ how

/ dat aset 1

/ dat aset 1/ dat al

/ dat aset 1/ dat al/ dat a

In Figurel2, the exact same structure is used to represenaagoan of data.

When we use this structure to represent a complete scanatdataining three parameters, the seemingly
complicated organization used to store the binary datarbes@asier to understand. Figlfe 3 shows how
“datasetl” now contains three “data” groups, each comtgimi binary array of data. What we also see is
the way in which the metadata groups “what” and “where” camsed recursively to hold metadata which
are unique to their place in the hierarchy. In this case, ‘fehim “datasetl” contains the elevation angle of
the scan used to collect the three parameters, and the tuaeWhat” groups contain the information on
which parameter is stored in each. In this way, “dataseth’amtain Z, V, and W in this case, but it can
also contain an arbitrary number of other parameters.

@ OPERA WD_2008_03
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Root
/ what @
where @
how @
dataset1 1
datai
1 data
Figure 2: Simple polar scan.
Root
/ what o
where
how o
dataset! —
— where o
— datal —
— what a
— data
— data2 —
— what o
— data
— data3 —
— what 0
— data

Figure 3: A complete polar scan containing three parameters

The use of dataset-specific metadata groups is illustratejure 4. Both methods of using “what”, “where”
and “how” are acceptable. In the example on the left, the dadagroups contain attributes which are valid
for every dataset in that group. In the case on the right, thi&adata groups contain attributes which are
valid only for that single dataset. In Figure 3, “where” ididdor all three datasets in the group, whereas
“what” is only valid locally. The local metadata always haee priority, so if a mistake is made where a
file contains the same metadata at different levels, the locat level will always take precedence.

Root Root
/ what 0 / what 0
where /] where
how o how
dataset1 dataset1
what o —‘— datat o
where o what
how where o
7]
datat how
1 data : data

Figure 4: Use of dataset-specific metadata groups.

Continuing from the single scan in Figuré 3, we can easilyemtthe same structure every time we
want to add a new scan. This is illustrated in Figure 5. Hére,rtew elevation angle will be stored in
[ dat aset 2/ wher e, and the information on the parameters stored in the datasetfound in each local
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“what”. Note that optional metadata can be added in a “hovaugreither directly under “dataset2” or
together with each parameter, but this hasn’t been inclidéds example. A complete volume containing
an arbitrary number of scans, each containing an arbitrarglber of parameters, is organized using this
structure. A cartesian volume can be constructed in extist\same way. Time series of polar or cartesian
products can be constructed in the same way too.

Root
/ — what 0
— where
— how 0
— dataset! —
— where o
— datal —
— what 0
— data
— data2 —
— what 0
— data
— data3 —
—— what a
— dataset2 — — data
— where 6
— datal —
— what o
— data |
— data2 —
— what o
— data
—— data3 —
— what o
— data

Figure 5: A polar volume containing two scans.

This information model uses the same logic to include theasgntation ofjuality information . Figure[®
illustrates how quality data can be added to polar data ima sontaining two parameters. In the same way
that metadata can be applicable to all parameters in the Scéoo can quality information be representative
either generally or locally. In this exampledat aset 1/ qual i t y1 can contain quality based on beam
blockage since this is applicable to all parameters caltbat the same elevation angle. However there may
be different quality metrics which are applicable to eadfivilmual radar parameter, and these are stored
locally. In this case, “datal” contains two such local gyatetrics which are unique to that parameter,
whereas “data2” only contains one. And we also see that eaalitygmetric can be described using local
metadata groups. The quality metrics should follow the glings set out in OPERAfI

Using this hierarchical structure, it becomes clear thanew have an information model capable of rep-
resenting a volume containing an arbitrary number of sgaagfes, each of which can contain an arbitrary
number of parameters which, in turn, can be characterizeghtarbitrary number of quality metrics.

The examples provided in this discussion have focused ar pata, but they can also be applied to all the
objects supported in this information model. These objagolar scans, cartesian images, profiles, RHIs,
cross-sections, side-panels, individual rays, sectord,eden embedded graphics images in an industrial

2Holleman I., Michelson D., Galli G., Germann U., and Peura2006: Quality information for radars and radar data. OPERA
Il deliverable OPERA_2005_19.
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Root
/ what o
where
how o
dataset1 —
— where L7
— quality1
4 ¥ —twhat 0
data '
— datal —
aa — what o
— data
— quality1
9 4 —I:what o
data :
— quality2
: t —I:what 0
—_— data :
| cgapans
— what 9
— data
— quality1
q Y —I:what o
data

Figure 6: A polar scan containing two parameters and adsadcgpality metrics.

graphics file format.

There are additional objects which aremplementary to this information model and which are included
since they are quite useful in various situations. One ahtigethe ability to add a color palette to an 8-bit
dataset. There are standard mechanisms for this in the Hbielyl, and these are used without modifica-
tion. Another object is a legend. This is a useful object wthendata in a dataset is classified, discrete, or
just level-sliced. The legend provides the ability to ddmemvhich quantitative values are represented by
each qualitative value in the dataset, or which qualitatiess is represented by a given value. The legend
is used to tell the user that a certain value in the data repte®.g. “0.1-0.5 mm/h” in the case of a rainrate
product, and e.g. “sleet” in the case of a hydrometeor dlaatbn. Both the palette and the legend objects
are illustrated in Figurgl 7.

Finally, this information model enables the exchange oplies representations of data. Using the same
structure as that shown in Figurke 1, Figule 8 illustrates. thi

In the rest of this document, the detail specification of tifermation model is presented. With this speci-
fication, it shall be possible to read, write, and understdbdr5 files using this information model.
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Root
/
what 0
where 0
how 0
dataset1 ‘\
datal — _
—— data |
—— palette '§‘;.\?
[ s
— legend Fo
W e

Figure 7: A polar scan containing a color palette and a legend

Root

Figure 8: An embedded Slovak picture in an industrial grepfile format.
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3 Definitions

HDF5 allows data to be stored Ast r i but es,Dat aset s,Gr oups, and user-defineGonpound types.
For use here, all types except user-defi@edpound are permitted for use. Onffonpound types defined

in this document are permitted, in practise the optionag¢mebgobject described in Sectibnl6.2. In practice,
all of these types are manipulated through the use of geparpbseNode objects, i.e., &Node may be
any of the above mentioned types.

3.1 Scalars

Scalar values are stored At t ri but e objects and may be any of the following, as defined in the HDF5
documentation:

H5T_STD_ | 8BE, H5T_STD | 8LE, H5T_STD | 16BE, H5T_STD | 16LE,
H5T_STD | 32BE, H5T_STD_ | 32LE, H5T_STD | 64BE, H5T_STD | 64LE,
H5T_STD USBE, H5T_STD USLE, H5T_STD U16BE, H5T_STD UIL6LE,
H5T_STD U32BE, H5T_STD U32LE, H5T_STD UB4BE, H5T_STD UBALE,
H5T_NATI VE_SCHAR, H5T_NATI VE_UCHAR, H5T_NATI VE_SHORT,
H5T_NATI VE_USHORT, H5T_NATI VE_I NT, H5T_NATI VE_UI NT,

H5T_NATI VE_LONG, H5T_NATI VE_ULONG, H5T_NATI VE_LLONG
HST_NATI VE_ULLONG, H5T | EEE_F32BE, H5T | EEE_F32LE,

H5T | EEE_F64BE, H5T | EEE_F64LE, H5T_NATI VE_FLOAT,

H5T_NATI VE_DOUBLE, H5T_NATI VE_LDOUBLE, H5T_STRI NG

In practice, this means that the native type on a given platimay be any of (pseudo-C syntax):

char, schar, uchar, short, ushort, int, uint, long, ulong, |long,
ul l ong, float, double, hsize, hssize, herr, hbool, string

It also means that a native type written on one platform wéllread and automatically returned as the
corresponding native type on another platform.

Strings can be created using characters in any characteassking as the encoding is documented; the
default encoding is otherwise ASCII. Using UNICODE might fmeferable to specifying a non-ASCII
character set. Strings should never be terminated by thécagpn, because they will be automatically
null-terminated by the HDF5 library.

3.1.1 Booleans

A string is used to store truth value information. The stfiigue” is used to represent true, anBdl se”
is used to represent false.

3.1.2 Sequences

A special kind of string may be used to store sequences. AesegLcontains comma-separated scalar values
in string notation. For example, a sequence is useful foirgiahe radar stations contributing to a composite

@ OPERA WD_2008_03
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image, and in storing the elevation angles used in a polanvelof data.

3.2 Attributes

An Attri but e is an HDF5 object used to store a header attribute or dataolugaurposes, it is only used
to store header attributes. In order to facilitate the manant of so-called “atomic” attributes, ie. individual
values, we use double precision for both integers (long)flrading-point (double) valuesNote that the
specification of strings is intended to be case sensitive.

3.3 Datasets

An HDF5Dat aset is a self-describing data object containingradimensional binary array and attributes
describing it. The array type may be anyadfar , schar,uchar,short,ushort,i nt,uint,Il ong,
ul ong, | I ong,ul | ong,fl oat, doubl e on a given platform.

In this document the text formatting Bat aset (in Cour i er font) means an HDF5 dataset, whereas the
text formatting ofdataset(in bold face) refers to the binary data in that dataset.

3.4 Groups

A Group is a top-level object which is used to organize other objdets example, & oup may contain
a collection of headeAt t ri but es, a collection ofbat aset s, or be the root object for the complete
contents of an HDF5 file.

@ OPERA WD_2008_03
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4 Metadata attribute specification

Header attributes are collected in thf@eoup objects, all of which may be used recursively.t ri but es
which describe a given file’s contents and the time and placeliich it represents are collected iGGaoup
calledwhat . Attri but es which describe a given file’s geographical charactesigjicojection, corner
coordinates, dimensions, scales) are collected@a@up calledwher e. Thewhat andwher e Gr oups
both contain mandatonit t ri but es only. ThoseAt t ri but es which collectively describe additional
data/product characteristics, such as radar system, chtggarithm, and quality-related metadata, are stored
in aG oup calledhow. All Attri but esfound inhowmay be considered optional, although the use of
those given in this document is recommended. Additiéndlr i but es not specified in this document may
only be stored in thbow G oup.

Top-level header attributes are collectednmat , wher e andhow Gr oup objects located directly under
the rootGr oup '/ ’. Each attribute is stored as & t ri but e object containing a scalar value. Some
data/products may hauat aset -specific header attributes, in which case alfa¢ aset and its header
At t ri but es are collected in lower-levelhat , wher e andhow Gr oups which are associated with that
Dat aset .

The concept used here is that ed¢h r i but e is identified with a string, the idea being that this is a more
intuitive means of organizing data compared to numericrijascs. It also means that a file may be queried
using theh5dump utility to easily see and understand the contents of a file.

Mandatory header attributes for all files are given in Tabl&late that all date and time information is for
the nominal time of the data, ie. the time for which the data are valid. (The imaitime is not the exact
acquisition time which is found elsewhere in the file.)

Note that all geographical longitude/latitude coordinates sprecified with positive easting values east of
the Greenwich meridian and positive northing values nofthh@equator.

It is possible to add new attributes, but they will not be offigal until they are approved and published
in the following tables. Any new and unofficial attribute name must contain the prefix “NEW ”

4.1 RootG oup

No HDF5 file can exist without thi€ oup, since it is the starting point of the hierarchy. Howeveider

to make this information model compliant with the Networkn@oon Data Form (NetCDF) file format, we
require anAt t ri but e in the rootGr oup. ThisAttri but e is called ‘Convent i ons” and its value

is a string containing the acronym of the information modsihly used, and its version, in a format which
lends itself to a directory structure. This is done to compith the documentation policy maintained by
UNIDATA.

This information model is called the “OPERA Data Informatidodel for HDF5” which gives the acronym
“ODIM_H5". Recognizing the history of this information mekl we start at version 2.0. The resulting value
for“/ Conventi ons”is“ODlI M H5/ V2_0",and thisAt t ri but e must be presentin all ODIM_H5 files.

The present version is 2.0.

@ OPERA WD_2008_03
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4.2 Top-levelwhat G oup

In this section the content of the top-lewdtat is described.

This Gr oup contains mandatongt t ri but es only which collectively describe a given file’s contentsl an
time of acquisition. ThesAt t ri but es are given in Tabldg[1-14.

Table 1. Mandatory top-levelhat headerAt t ri but es for all
weather radar files.

| Name | Type | Format Description |

object | string - According to TabléR
version| string| H5rad M.m | Format or information model version. “M” is the major vensiq
“m” is the minor version. Software is encouraged to warn if it
receives a file stored in a version which is different from ¢he
it expects. The software should, however, proceed to resfiléh
ignoringAt t ri but esit does not understand.

date string | YYYYMMDD | Nominal Year, Month, and Day of the data/product

time string HHmMmMss Nominal Hour, Minute, and Second, in UTC of the data/product
source | string | TYP:VALUE | Variable-length string containing pairs of identifier tg@end their
values, separated by a colon. Several pairs can be contadena
separated by commas, in the form TYP:VALUE,TYP:VALUE,
etc. Types and their values are given in Table 3.

Object strings may be any of those given in Tdlle 2. For éaathaset , there may be an accompanying
what Gr oup with information specific to thabat aset , according to Table13.

Table 2: File object strings and their meanings

| String | Description |
PVOL | Polar volume
CVOL | Cartesian volume
SCAN | Polar scan

RAY | Single polar ray
AZIM | Azimuthal object
IMAGE | 2-D cartesian image
COMP | Cartesian composite image(s)
XSEC | 2-D vertical cross section(s)

VP 1-D vertical profile

PIC Embedded graphical image

Note that an RHI polar volume can be represented using a numhbgatadiset s and the XSEC object.

Z E OPERA WD_2008_03
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Table 3: Source type identifiers and their associated valligs
mandatory for at least one of WMO, RAD, ORG, or CTY to be
present.

| Identifier | Description | Example

WMO | Combined WMO block and station number in the formb4nnnnn,| WMO:02954
or 0 if none assigned. The first two digits represent the biagkber,
where the first digit A is the regional association area and the segond
digit b,, is the sub-area. Remaining digits are the station number. (A
cording to the WMO, numbers in the form;B,,nnn are considered
equivalent to the form fb,,00nnn). One mandatory way to identify
single-site data. References: 1, 2.
RAD Radar site as indexed in the OPERA database. One mandatgipwaRAD:Fl44
identify single-site data.

ORG | Originating centre. One mandatory way to identify compassit ORG:247
PLC Place according to Tab[é 9 of this document PLC:Anjalankoski
CTY Country according to BUFR tables|14 0 1 101 CTY:613
CMT Comment: allowing for a variable-length string CMT:Suomi tutka

4.3 where G oup

In this section theAt t ri but es for thewher e Gr oup are described. These are different for polar or
cartesiarDat aset s, i.e. containindat aset andDat aset G- oups respectively.

Note that the use of th@her e Gr oup is mandatory but that its placement will be at the top levea of
given file, and at a lower level associated with a gildet aset . This is because some attributes are valid
globally (e.g. the coordinates of a radar) whereas othersoaal (e.g. the elevation angle used for a given
sweep).

4.3.1 wher e for polar data Gr oups

Thiswher e Gr oup contains mandatort t r i but es only which collectively describe geographical and
geometrical characteristics of a givBat aset dataset Notethat thedatasetitself is the object containing
the binary data and thather e in this context describes thdatasetbut is located in the corresponding
Dat aset which contains all these objects. Sectidn 2 illustrates timge two objects are related to each
other.

Polar data, i.e. raw radar data as a function of azimuth amgeraare stored in Bat aset G- oup, and
polar volume data are stored as a stack of tHaseaset Groups. EachDat aset G- oup contains
azimuthal data from a single elevation.
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Table 4:wher e At t ri but es for polar data objects.

Name | Type | Description \

lon double | Longitude position of the radar antenna (degrees). Frastid a de-
gree are given in decimal notation.
lat double | Latitude position of the radar antenna (degrees). Frastidm degreg

are given in decimal notation.

height | double | Height of the centre of the antenna in meters above sea level.
Dat aset specifi
elangle| double | Antenna elevation angle (degrees) above the horizon.
nbins long | Number of range bins in each ray

rstart | double| The range (km) of the start of the first range bin

rscale | double| The distance in meters between two successive range bins
nrays long | Number of azimuth gates (rays) in the object

algate | long | Index of the first azimuth gate radiated in the scan

Sector specific
startaz | double| The azimuth angle of the start of the first gate in the sectegr@ks)
stopaz | double | The azimuth angle of the end of the last gate in the sectorédsy

(@)

4.3.2 wher e for geographically referenced imageGr oups

This where G oup contains mandatoryAtt ri but es only which collectively describe a given
Dat aset 's geographical and geometrical characteristibiote that thedatasetis the object containing
the binary data and thather e in this context describes thdatasetbut is located in the corresponding
Dat aset which contains all these objects. Sectidn 2 illustrates timge two objects are related to each
other.

The PROJ.4 cartographic projections Iib&iy a comprehensive means of managing geographically ref-
erenced information which has becomdedfacto standard. PROJ.4 is being used increasingly throughout
Europe and the world. As a result, the most straightforwaag of representing projection information in
radar files is by means of the projection definition stringakhs used with the library itself. For example, in

a Swedish composite product, the Polar Stereographicqtimjernay be used with a spherical earth model
(radius 6376177 m), an origin at the north pole an@ELl4and a latitude of true-scale at°®0. The argu-
ments used with PROJ.4 to define this simple projectiorrpreoj =st ere +R=6376177 +l at _0=90

+l on_0=14 +| at _t s=60 so this is what should be found asAnt r i but e in thewher e G oup as-
sociated with théat aset used to store the composite data.

Note that PROJ.4 contains a complete set of arguments for spagify given projection, including false
easting/northing, rescaling of coordinates, choice dpsdid (or defining your own), choice of geodetic
datum, and defining oblique (rotated) projections.

3originally from the United States Geological Survey, noanfiMapTools
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Table 5: where Attributes for geographical image data

G oups
| Name | Type | Description |

projdef | string | The projection definition arguments, described above, kvhiEn be
used with PROJ.4. See the PROJ.4 documentation for usage

Xsize long | Number of pixels in the X dimension

ysize long | Number of pixels in the Y dimension

xscale | double| Pizel size in the X dimension, in projection-specific conedes (often
meters)

yscale | double| Pixel size in the Y dimension, in projection-specific coaates (often
meters)

LL_lon | double| Longitude of the lower left pixel corner

LL lat | double| Latitude of the lower left pixel corner

UL_lon | double| Longitude of the upper left pixel corner

UL _lat | double| Latitude of the upper left pixel corner

UR_lon | double| Longitude of the upper right pixel corner

UR_lat | double | Latitude of the upper right pixel corner

LR_lon | double| Longitude of the lower right pixel corner

LR _lat | double| Latitude of the lower right pixel corner

Note that the corner coordinates given must be for the actuakcsmof the respective pixels.

4.3.3 wher e for cross-section dataGr oup

RHI and cross-sections are treated as a special form ofs@mténage. The x-dimension of the image
represents the coordinate in the x/y-plane, while the yedision describes the vertical coordinate of the RHI
or cross-section. To describe the geographical oriemtatia extend of a RHI or cross-section a dedicated
set of At t ri but es in thewher e Gr oup has been defined. The geographical location of cross-ssctio
is just given by longitudes and latitudes of start and stogitipms. The cross-sections are thus assumed to
be taken along great-circles. In case they are taken aloing &la plane of a geographical projection, the

deviation from the great-circle will be negligible for viization purposes.

Table 6:wher e At t ri but es for cross-section data.

| Name | Type | Description
Common attributes
xsize long Number of pixels in the horizontal dimension
ysize long Number of pixels in the vertical dimension
xscale double | Horizontal resolution in m
yscale double | Vertical resolution in m
minheight | double | Minimum height in meters above mean sea level
maxheight| double | Maximum height in meters above mean sea level
RHI specific

C

continued on next page
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continued from previous = page

| Name | Type | Description |

lon double | Longitude position of the radar antenna (degrees). Frastid a de-
gree are given in decimal notation.

lat double | Latitude position of the radar antenna (degrees). Fraxtdm degreg

are given in decimal notation.

az_angle | double | Azimuth angle

angles sequenceg Elevation angles in the order of acquisition.
range double | Maximum range in km

Cross section and side panel specific

start_lon double | Start position’s longitude

start_lat double | Start position’s latitude
stop_lon double | Stop position’s longitude
stop_lat double | Stop position’s latitude

4.3.4 wher e for vertical profiles

Thiswher e Gr oup contains mandatonpt t ri but es only which collectively describe the geographical
and geometrical characteristics of vertical profiles ofzmnttal winds and/or radar reflectivity.

Table 7:wher e At t ri but es for vertical profiles.

| Name | Type | Description |

lon double | Longitude position of the radar antenna (degrees). Frastid a de-
gree are given in decimal notation.

lat double | Latitude position of the radar antenna (degrees). Fraxtdm degreg
are given in decimal notation.

height double | Height of the centre of the antenna in meters above sea level.

levels long | Number of points in the profile

interval double | Vertical distance (m) between height intervals, or 0.0 ifasle

minheight | double| Minimum height in meters above mean sea level

maxheight| double | Maximum height in meters above mean sea level

4.4 howG oup

This Gr oup contains recommended and otiért r i but es which provide additional and complimentary
information which can be used to describe a gildert aset object, for example information related to an
object’s quality. Attributes itnowcan be added, but they won't offially constitute the OPERAdad until
they are added to the tables in this information mod@&lote that the use of theow G oup is optional and
that its placement may be either at the top level of a givendileat a lower level associated with a given
Dat aset . If howis found at the top level, then it is assumed that its contappdy to allDat aset sin the
file. If howis found at a lower level, then it must be located in Beg aset Gr oup to which its contents
apply. Ifhowexists at both the top and lower levels, then the contentsedficalhow override the contents
of the top levehow.
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Note as well that there can often be cases where saime i but es apply for allDat aset sin a file and
others may be different for ea@at aset . In such cases, th&t t r i but es which apply to alDat aset s
may be held in a top levelher e G oup and those that change may be held in lodaér e Gr oups.

For clarity, Tabldé B containing recommendedwAt t r i but esis partitioned such that different partitions
contain different product-specifist t r i but es.

Table 8:howAt t ri but es for all objects.

| Name | Type | Description |
General
task string | Name of the acquisition task (polar data), or product geoe(aarte-

sian product)

startepochs| long Seconds after a standard 1970 epoch for which the startirgydf the
data/product is valid. A compliment to “date” and “time” imfle[].
endepochs long Seconds after a standard 1970 epoch for which the endingafirine
data/product is valid. A compliment to “date” and “time” imfle[].

system string | According to Tablé 10

software string | According to TabléTl1

sw_version | string | Software version in string format, e.g. “5.1" or “8.11.6.2"

zr a double | Z-R constantd in Z = A R?, applicable to any product containirjg
reflectivity or precipitation data

zr b double | Z-R exponenth in Z = A R’ applicable to any product containirjg
reflectivity or precipitation data

kr_a double | Kg4,-R constantd in R = A K 4,°

kr_b double | K,,-R exponenbin R = A K g,°

simulated boolean | Data are simulated

Data from individual radars

beamwidth | double | The radar’s half-power beamwidth (degrees)

wavelength | double | Wavelength in cm

rpm double | The antenna speed in revolutions per minute, positive fockelise
scanning, negative for counter-clockwise scanning

pulsewidth | double | Pulse width inus

lowprf long Low pulse repetition frequency in Hz
highprf long High pulse repetition frequency in Hz
Polar data

azmethod string | How raw data in azimuth are processed to arrive at the givireya
according to Table12
binmethod string | How raw data in range are processed to arrive at the givere yvaltt
cording to Tablé 12
azangles sequencg Azimuthal start and stop angles (degrees) used for eachitegate
in a scan. The format for each start-stop pair of angles astistop’
and each pair is separated by a comma.
elangles sequenceg Elevation angles (degrees above the horizon) used for eaghith
gate in an “intelligent” scan that e.g. follows the horizon.

continued on next page
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continued from previous page

Name

Type

| Description

aztimes

sequence

Acquisition start and stop times for each azimuth gate in sbe-
tor or scan. The format for each start-stop pair of times isl-H

required precision is to the millisecond.

i

MMSS.sss:HHMMSS.sss’ and each pair is separated by a coifimed.

Cartesian images inclu

ding composites

angles
arotation
camethod
nodes

ACCnum

sequence
sequence

string
sequence

long

Elevation angles in ascending order, used to generate tlokeiqir
Antenna rotation speed

How cartesian data are processed, according to Table 12

Radar nodes (Tablg 9) which have contributed data to the ositep
e.g. “arl’, 'osl’, 'ase’, 'kor
Number of images used in precipitation accumulation

Vertical profile specific

minrange
maxrange
NI
dealiased

double

double

double
long

Minimum range at which data is used when generating profit® (k
Maximum range at which data is used when generating profifg (k
Unambiguous velocity (Nyquist) intervak-m/s)

1 if data has been dealiased, O if not

Quality (subject to modification by OPERA WP 1.2)

pointaccEL
pointaccAZ
malfunc
radar_msg
radhoriz
MDS

OUR
Dclutter
comment
SQl

CSR

LOG
VPRCorr
freeze

min

max

step

levels
peakpwr
avgpwr
dynrange
RAC

BBC

PAC

S2N
polarization

double
double
boolean
string
double
double
double
sequence
string
double
double
double
boolean
double
double
double
double
long
double
double
double
double
boolean
double
double

Antenna pointing accuracy in elevation (degrees)
Antenna pointing accuracy in azimuth (degrees)
Radar malfunction indicator

Radar malfunction message

Radar horizon (maximum range in km)

Minimum detectable signal (dBm) at 10 000 m
Overall uptime reliability (%)

Doppler clutter filters used when collecting data
Free text description. Anecdotal quality information
Signal Quality Index threshold value
Clutter-to-signal ratio threshold value

Security distance above mean noise level (dB) thresholaeval
Vertical reflectivity profile correction applied
Freezing level (km) above sea level

Minimum value for continuous quality data
Maximum value for continuous quality data

Step value for continuous quality data

Number of levels in discrete data legend

Peak power (kW)

Average power (W)

Dynamic range (dB)

Range attenuation correction (dBm)

Bright-band correction applied

Precipitation attenuation correction (dBm)
Signal-to-noise ratio (dBm) threshold value

string

Type of polarization (H, V)

C

OPERA WD_2008_03



OPERA Data Information Model for HDF5

17

Table 9: Examples of radar “places” and their node designati
The first two letters in the “node” represent the countryiofing

the Internet convention. The “place” name may use UNICODE
characters. The “node” must only use ASCII. Radars not is thi

table can be added.

Place Node |
Hasvik nohas
Andgya noand
Rast norst
Rissa norsa
Bomlo nobml
Haegebostad| nohgb
Oslo noosl
Kiruna sekir
Lule& selul
Ornskoldsvik| seovi
Ostersund seosu
Hudiksvall sehud
Leksand selek
Arlanda searl
Vilebo sevil
Vara sevar
Ase sease
Karlskrona sekkr
Angelholm seang
Korpo fikor
Vantaa fivan
Anjalankoski | fianj
Ikaalinen filka
Kuopio fikuo
Vimpeli fivim
Utajarvi fiuta
Luosto filuo
Bornholm dkbor
Stevns dkste
Sindal dksin
Romg dkrom
De Bilt nidbl
Den Helder nidhl
Tallinn eetal
Surgavere eesur
Riga Ivrix
Legionowo plleg
Poznan plpoz
Gdansk plgda
Swidwin plswi

continued on next page
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continued from previous page

| Place | Node |
Rzeszow plrze
Brzuchania plbrz
Ramza plram
Pastewnik plpas

Table 10: Radar System abbreviations and their meaningtarRa
not in this table can be added.

| String | Meaning \
GEMAXxxx | Gematronik Meteor ACxxx Radar
EECxxx | EEC xxx Radar
ERICxxx | Ericsson xxx Radar
VAISxxx | Vaisala xxx Radar

Table 11: Processing Software abbreviations and their mgsn
Systems not in this table can be added.

| String | Meaning \
CASTOR | Météo France’s system
EDGE EEC Edge
FROG Gamic FROG, MURAN ...
IRIS Sigmet IRIS
NORDRAD | NORDRAD
RADARNET | UKMQO's system
RAINBOW | Gematronik Rainbow

Table 12: Method abbreviations and their meanings.

| String | Meaning |
NEAREST | Nearest neighbour or closest radar
INTERPOL | Interpolation
AVERAGE | Average of all values
RANDOM | Random
MDE Minimum distance to earth
LATEST Most recent radar
MAXIMUM | Maximum value
DOMAIN | User-defined compositing
VAD Velocity azimuth display
VVP Volume velocity processing
RGA Gauge-adjustment
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4.5 what G oup for Dat aset objects

In this section the content of that Gr oup to be used with eacbBat aset is described. Note that the
linear transformation coefficients “gain” and “offset” shd be set to 1 and 0 respectively if they are not
intended for use with a givebat aset .

Table 13:Dat aset -specificwhat headerAttri but es.

%)
1

3%
1

I ra-

ment
2d).

14

| Name | Type [ Format | Description |

product | string | - According to Tablé 14 JO

prodpar | Tab[I%| - According to Tablg_15 for products. Only used for
cartesian products.

quantity | string | - According to Tablé 16

startdate| string | Starting YYYYMMDD Year, Month, and Day for the product

starttime| string | Starting HHmmss Hour, Minute, and Second for the product

enddate | string | Ending YYYYMMDD Year, Month, and Day for the product

endtime | string | Ending HHmmss Hour, Minute, and Second for the product

gain double | - Coefficient 'a’ in y=ax+b used to convert to unit. D
fault value is 1.0.

offset double | - Coefficient b’ in y=ax+b used to convert to unit. D
fault value is 0.0.

nodata | double | - Raw value used to denote areas void of data (neve
diated). Note that thisAt t ri but e is always a floatf
even if the data in question is in another format.

undetect| double | - Raw value used to denote areas below the measure
detection threshold (radiated but nothing detecté
Notethat thisAt t ri but e is always a float even if the
data in question is in another format.

Table 14: Product abbreviations and their meanings.

| String | Meaning |

SCAN | A scan of polar data
PPI Plan position indicator
CAPPI | Constant altitude PPI
PCAPPI| Pseudo-CAPPI
ETOP | Echo top
MAX Maximum
RR Accumulation
VIL Vertically integrated liquid water
COMP | Composite
VP Vertical profile
RHI Range height indicator
XSEC | Arbitrary vertical slice
VSP | Vertical side panel

continued on next page
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continued from previous page

| String | Meaning

HSP | Horizontal side panel
RAY Ray
AZIM | Azimuthal type product
QUAL | Quality metric

Table 15: Product parameters.

| Product| Type | Product parameter
CAPPI double Layer height (meters above the radar)
PPI double Elevation angle used (degrees)
ETOP double Reflectivity level (dBZ)
RHI double Azimuth angle (degrees)
VIL sequence | Bottom and top heights (m) of the integration lay

er

Table 16: Quantity (variable) identifiers.

String | Quantity [Unit] | Description |

TH T}, [dBZ] Logged horizontally-polarized total (uncorrected) refigty fac-
tor

TV T, [dBZ] Logged vertically-polarized total (uncorrected) refleityi factor

DBZH Zy, [dBZ] Logged horizontally-polarized (corrected) reflectiviacfor

DBzvV Z, [dBZ] Logged vertically-polarized (corrected) reflectivity fac

ZDR ZDR [dBZ] Logged differential reflectivity

RHOHV | ppy [0-1] Correlation betweew;, andZ,

LDR Ly, [dB] Linear depolarization ratio

PHIDP ¢ap [degrees] Differential phase

KDP K4, [degrees/km]| Specific differential phase

SQl SQI [0-1] Signal quality index

SNR SNR [0-1] Normalized signal-to-noise ratio

RATE RR [mm/h] Rain rate

ACRR RRuceum. [Mm] Accumulated precipitation

HGHT H [km] Height (of echotops)

VIL VIL [kg/m?] Vertical Integrated Liquid water

VRAD V aa [M/S] Radial velocity

WRAD W,.qq [M/S] Spectral width of radial velocity

UWND U [m/s] Component of wind in x-direction

VWND V [m/s] Component of wind in y-direction

BRDR Oorl 1 denotes a border where data from two or more radars me
composites, otherwise 0

QIND Quality [0-1] Spatially analayzed quality indicator, according to OPERA
normalized to between 0 (poorest quality) to 1 (best quality

continued on next page
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continued from previous page

| String | Quantity [Unit] | Description

CLASS Classification Indicates that data are classified and that the classes ace sp
fied according to the associated legend object (Sectionméizh
must be present.

Vertical profile specific

ff [m/s] Mean horizontal wind velocity

dd [degrees] Mean horizontal wind direction (degrees)

ff_dev [m/s] Velocity variability

dd_dev [m/s] Direction variability

n - Sample size

dbz [dBZ] Logged radar reflectivity factor

dbz_dev | [dBZ] Variability of logged radar reflectivity factor

z [Z] Linear radar reflectivity factor

Z dev [Z] Variability of linear radar reflectivity factor

w [m/s] Vertical velocity (positive upwards)

w_dev [m/s] Vertical velocity variability

div [s71] Divergence

div_dev [s71] Divergence variation

def [s71] Deformation

def dev | [s71] Deformation variation

ad [degrees] Axis of dialation (0-360)

ad_dev [degrees] Variability of axis of dialation (0-360)

chi2 - Chi-square value of wind profile fit

rhohv Pho [0-1] Correlation betweew;, andZ,

rhohv_dev| pp, [0-1] Phe Variation
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5 Data specification

All data arrays, for polar, cartesian, and profile data, #weed asdatasetobjects. Any of compression
levels 1 to 6 are recommended. (HDF5's built-in compres&woals range from 0 (none) to 9 (maximum);
levels above 6 tend to result in the algorithm using dispriaate resources relative to gains in file size,
which is why their use is not encouraged.) HDF5 provides stpfor SZIP compression in addition to
default ZLIB compression, but SZIP compression libraryriggoietary and will therefore not be supported
in any official OPERA software.

All Dat aset Groups are calleddat aset n, no matter which kind of data they hold. The character
represents the index of tHeat aset G- oup in ascending order (both in terms of elevation angle and
height) starting at 1. Aat aset G oup can hold an arbitrary number of binadatases. In the case of
radar parameters (e.g. Z, V, W, etc.) thetases containing each parameter are each containedsmoap
calleddat an, wheren is the index of thedatasetholding the binary data. Thidatasetis simply called
dat a.

Within eachdat an Gr oup, there may be an arbitrary number of quality indicatorshezfovhich is held
in aGr oup calledqual i t yn, wheren is the index of thelatasetholding the binary data. Thidatasetis
simply calleddat a.

EachDat aset G oup can store locahhat ,wher e andhowG oups to store metadata which are unique
to thatDat aset .

Note that all data with 8-bit unsigned deptichar ) shall be represented as an HDF5 Image (H5IM) (Ta-
ble[I7). This applies to any 2-Dat aset , be it polar, cartesian, sector, or cross-section. Thimstaaset
with a few addedAt t r i but es which facilitate the Image’s management by third-parfiveare.

Table 17: Eight-bit Image attributes. Note that these areqiaa
Dat aset object.

\ Attribute | Type | Description |

CLASS string | Should be “IMAGE”
IMAGE_VERSION | string | Should be “1.2", the current version number

There are several optionak t ri but es describing an HDF5 Image, including Palette informatisee(
Sectio 6.11).

A schematic of this organization is found in Sectidn 2. Wiudiofvs is details pertaining to each type of
data that may be represented as binary data.

5.1 Polar Data

The start of the first azimuth gate (the first pulse) alwaysiggodue north and the first range bin is that
starting at the radar. This applies to data representind sveep, but not sector scans. For full sweeps, this
implies that the first azimuth gate covers the intervaP @&suming 360 azimuth gates per scan. Azimuth
gates are ordered clockwise except for sector scans whithealockwise or counter-clockwise. In other
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words, range bins are stored in the array’s equivalent Xedsion and azimuth gates in the Y-dimension.
There is no mechanism for specifying missing azimuth gatesmge bins in SCAN objects. This means that
partial scans/rays must be filled-in in order to completenthEilled-in areas are identified by the “nodata”
value specified in the correspondimfpat Gr oup. Radiated areas with no echo are represented with the
“undetect” value also in the correspondingat Gr oup. Alternatively, collections of rays can be stored in
the RAY object, and sectors can be stored in the AZIM objetie first azimuth gate in the scan does not
have to be the first ray of data collected for that scan, but ttee aset n/ wher e/ algate Attri bute
contains the information on this, thereby allowing a tenapogconstruction of the data collection.

All full-sweep data must be sorted according to the aboverg#®n: clockwise and starting from north,
even if they haven't been acquired that way. It is therefbeeresponsibility of each supplier to comply with
these specification.

All parameters collected in a single scan of data are comtldimoneDat aset G- oup with the same index
number, as seperatiat a Dat aset Gr oups.

5.2 Image Data

An image product in this context refers to 2-D cartesian tjtetive data and not a visual graphic product
(PIC, see Sectidn 3.6 below).

Binary arrays are stored as one long unpadded binary sti@ngng in the upper-left corner and proceeding
row by row (north to south), from left (west) to right (easAyeas void of the specified variable are flagged
using the “nodata” value specified in the corresponditigit Gr oup. Radiated areas with no echo are
represented with the “undetect” value also in the corredpgwhat G- oup.

5.3 RHIs, cross sections and side panels

RHI, cross sections and side panels are a special form ofeinRils taken with the antenna pointing east
start on the left and end on the right. If the antenna pointstyitben the RHI starts on the right and ends
on the left. RHIs pointing exactly south or north always tstar the left and end on the right. For cross
sections, the left side of the image is the starting point thredright side is the finishing point, regardless
of the antenna’s azimuth angle. For side panels, the gggotimt is north for vertical panels and west for
horizontal panels. As with other image files, the first pisahie upper-left one and image content is ordered
row-wise from top to bottom and left to right.

5.4 Profiles

In contrast to polar or cartesian data which W3t aset s to store 2-D arrays, profiles use several
Dat aset s to store 1-D arrays representing different variablesgabogiven profile. One variable is stored
in eachDat aset . Levels in the profile are ordered sequentially in ascendiagr. A profile is aGr oup
containing severdbat aset s, each of which stores a variable for that level. This prdéifenulation is not
restricted to wind variables, but can easily accommoddtectevity and other variables as well.

EachDat aset containing a parameter making up the the profile containsaatgy designator according

to TabldI6.
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Note that alldatases must be of equal length, in order to match the heights givéhddatasetcontaining
the quantityHGHT.

5.5 Rays and sectors

It is unlikely that individual rays or sectors of data will bBechanged operationally and internationally, but
these objects are added for the sake of completeness arskmwhere quality information can be efficiently
represented using these objects. Also, there may be piodugttains where the radar transmits each ray
individually, so the availability of this means of repret#ion can support them.

An individual ray of data is stored asdatasetwith the most proximate data first. Missing data along the
ray must be assigned the “nodata” and/or “undetect” values.

A sector is similar to a scan with the difference being thatdbctor doesn’t cover the horizon completely.
A sector is stored the same was as a scan, the only clarifichéimg the object name (Talile 2[ad 14) and
the metadata in

Alternatively, sectors can be be represented as a colfeoficays. This might be handy if the rays are few
and with variable starting and ending rays, and/or withedéht range bin spacing from one ray to the next.

5.6 Embedded graphical images

Image files in industrial graphics formats, e.g. PNG, JPEIE, GIFF, etc., can be written directly into a
datasetas is. When this file is then retrieved, all that is necessaty read thelatasetcontents as is and
write a new file containing them.
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6 Optional objects

There are two kind of objects which may be included in the HDile&s and which are considered op-
tional in this information model. These are palettes whichyrhe attached to a givatatasetto “color”
them intuitively, and discrete legends which may complenasgivendatasetwith what can be considered
quality-related information. Each of these objects is B@etbelow.

6.1 Palettes

The HDF5 Image API contains functionality for associatiradeptes (or color tables) with 8-bit and 24-bit
arrays. Since we have not defined 24-hit graphic imagesaighi in this information model, the treatment
of palettes will be limited to 8-bitlatase. Most radar data exchanged in Europe today is 8-bit, sdiilitya
to complement them with palettes can be considered an eafmemt. This is particularly interesting since
the standard HDF5 binary tobb2gif converts an 8-bitlatasetto a GIF file with or without an associated
palette. And théndfview tool visualizes the data with the palette if one is availaBlee reader is referred to
the HDF5 documentation for complete information.

In order for an 8-bitDat aset to work with a palette, it must be defined aslamage. This is done by
adding a few attributes to tHeat aset , and this process does not impact at all on the binary array ta
other words, applications that only read the data won't fecefd. This means that those applications that
wish to use the palette can do so and those that don’t can dd@tsouivhaving to modify any routines. The
palette is defined as a seperBat aset and then the palette is linked to the binary arbat aset . This
does not affect the binary data either. The result is a $trdaward and unobtrusive mechanism for adding
color to data.

An example of how a palette complements an 8-bit datasevéngn Tablé 1D.

6.2 Legends

The HDFS5 library enables users to define and store so-catlechfjound” data type objects. Compound
data type objects are heterogeneous elements - a multidiomal array of fields. Such arrays consist of
fields that either represent atomic data types defined in BESHAPI, or compound data types. In the
latter case such construction is referred to as “nested contptype”. The reader is referred to the HDF5
documentation for complete information; what follows hisrgeummarized.

Compound data type objects are handled by the HDF5 libraighwbrovides functions for reading and
writing data to and from @aatasetof a compound type. With these functions, either the whatend (an
instance of compond data type) can be read or written orgodati fields can be accessed in both read and
write mode.

The compound data type is designed for use mainly in C larggapglications. This is a direct consequence
of the approach to memory organization and access, whichsgedon C structures. However, it is still
possible to use compound data types in Java applicationgglaas to map compound data types to XML
node structures.

The compound data type is suitable for holding and procgdsigend data relating to discrete quality in-
formation. In most cases, such a legend would contain twoehs:key andvalue. Key is an abbreviated
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character code for a given level of quality parameter it dbess. Value holds the actual parameter value in
the form of a character string. This pair of fields can be regméed by the following C structure:

struct | egend

{
char[] key;

char[] val ue;

The structure describes a given discrete quality paramadtieh, for example, can be a data quality indicator
depending on distance to the radar. Such quality indicatorbe stratified into several discrete categories,
represented by character strings of a given contstantieAgtother example is a hydrometeor classification
based on polarimetric variables (rain, snow, hail, clutter). In both case, the key field of the legend
structure will hold the category string, while the corrasging value will be stored in value field, which is
also an array of characters. The length of particular fieldslme either given explicitly (e.g. described in
dedicated quality parameters table) or can be determineshtitne.

Since HDF5 approaches data object in the way the C languagge dds crutial to meet C standards while
designing and processing compound data structures. Becawmes not support string objects (strings
of characters of variable length), the string object cary did represented by an array of characters. In
addetition, to provide the possibility to determine the lgngf a legend dataset at runtime, an instance of a
legend struture object should have fixed and constant bgtgHe This can be achieved by using character
arrays of constant length. For the purpose of legend daibseems reasonable to use 64-byte array for the
key field, and 32-byte array for value field. The space used®yattual content of each legend structure
depends on the user. The only requirement is that charactedliterminated (the last character in array is
null character).

struct | egend

{
char[ 64] key;
char[32] val ue;

Once the legend structure is defined, instances of the legieackure are stored in a dedicatddtaset
When defining alatasetdata typeH5T _COVPOUNDtype must be used.

Endnote on software compatibility and versions

The use of the NetCDF file format has also gained momenturinnitie meteorological and climatologi-
cal communities, yet it lags behind HDF5 as general-purfaseat for spatially-distributed environmental
data. Today NetCDF is a high-level layer built upon HDF5.ri81g with HDF5 version 1.8.0 and NetCDF
version 4, HDF5 is able to manage NetCDF files. There are alstdols with NetCDF which enable read-
ing and writing of some kinds of HDF5 files. Since we recognimebenefits of being able to manage HDF5
files with NetCDF (and vice versa), we require that any imm@atation of the information model specified
in this document must use HDF5 version 1.8.0 or later. Bymimyjag data in HDF5 in the straight-forward
way specified in this document, the simplicity should faaik for NetCDF to manage such attributes and
datasets.
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7 Mandatory metadata per product

The purpose of this section is to clarify exactly which metadattributes are mandatory for each type of
product. So far, we have only mentioned thditat andwher e Gr oups are mandatory, whereh®w is
optional/voluntary. Here, we are specific about how whichadatamust alwaysbe present for each kind of
product. In order for this to be a reasonable level of ambjtamly those metadata which are fundamentally
necessary to be able to manage the product at all, ie. at by funetional level, are mandatory.

The method used to present the mandatory metadata is in timedfoterse listings, using the file-system
analogy shown in Sectidd 2 on pdde 2. The exact format of eadé im the HDF5 file is according to the
tables referred to in this document.

Datasets are also included in the following tables, foritslar

7.1 Polar volume

The following example represents a polar volume consistihgo scans, each of which contains two
parameters. The polar geometry is the same in both scarmlhdifferences being the elevation angle and
the first measured azimuth gate in each scan.

Table 18: Polar volume

| Node | Type
/ Root Group
/ Conventi ons Attribute, Sectiof 4]1
/ what Group
/ what / obj ect Atttribute, Tabld®
/ what / ver si on Atttribute, Tabldl
[/ what / dat e Atttribute, Tabld1
/what/time Atttribute, Tabld 1l
/ what / sour ce Atttribute, TabldB
/ wher e Group
/ wher e/l on Attribute, Tabld %
[ wher e/ | at Attribute, Tabld %4
/ wher e/ hei ght Attribute, Tabld#
[ dat aset 1 Group
/ dat aset 1/ what Group
/ dat aset 1/ what / pr oduct Attribute, Tabld T#
/ dat aset 1/ what / st art dat e Attribute, Tabld_1B
/ dat aset 1/ what/startti me Attribute, Tabld 1B
/ dat aset 1/ what / enddat e Attribute, Tabld_1B
/ dat aset 1/ what / endt i me Attribute, Tabld 1B
/ dat aset 1/ wher e Group
[ dat aset 1/ wher e/ el angl e Attribute, Tabld %
[ dat aset 1/ wher e/ algat e Attribute, Tabld 4
/ dat aset 1/ wher e/ nbi ns Attribute, Tabld %

continued on next page
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| Node

Type

/ dat aset 1/ where/rstart

/ dat aset 1/ where/rscal e

/ dat aset 1/ wher e/ nrays

/ dat aset 1/ dat al

/ dat aset 1/ dat al/ what

/ dat aset 1/ dat al/ what/ quantity
/ dat aset 1/ dat al/ what/ gai n

[ dat aset 1/ dat al/ what / of f set

/ dat aset 1/ dat al/ what / nodat a

/ dat aset 1/ dat al/ what / undet ect
/ dat aset 1/ dat al/ dat a

/ dat aset 1/ dat al/ dat a/ CLASS

/ dat aset 1/ dat al/ dat a/ | MAGE_VERSI ON
/ dat aset 1/ dat a2

/ dat aset 1/ dat a2/ what

[ dat aset 1/ dat a2/ what/ quantity
/ dat aset 1/ dat a2/ what / gai n

/ dat aset 1/ dat a2/ what / of f set

/ dat aset 1/ dat a2/ what / nodat a

/ dat aset 1/ dat a2/ what / undet ect
/ dat aset 1/ dat a2/ dat a

/ dat aset 1/ dat a2/ dat a/ CLASS

[ dat aset 1/ dat a2/ dat a/ | MAGE_VERSI ON
/ dat aset 2

/ dat aset 2/ what

/ dat aset 2/ what / pr oduct

[ dat aset 2/ what / pr oduct

[ dat aset 2/ what/ startdate

/ dat aset 2/ what/starttinme

/ dat aset 2/ what / enddat e

[ dat aset 2/ what / endti ne

/ dat aset 2/ wher e

/ dat aset 2/ wher e/ el angl e

[ dat aset 2/ wher e/ algat e

/ dat aset 2/ wher e/ nbi ns

/ dat aset 2/ where/rstart

/ dat aset 2/ where/rscal e

/ dat aset 2/ wher e/ nrays

/ dat aset 2/ dat al

/ dat aset 2/ dat al/ what

/ dat aset 2/ dat al/ what/ quantity
/ dat aset 2/ dat al/ what/ gai n

/ dat aset 2/ dat al/ what / of f set

/ dat aset 2/ dat al/ what / nodat a

/ dat aset 2/ dat al/ what / undet ect

Attribute, Tabld %4
Attribute, Tabld 4
Attribute, Tabld 4
Group

Group

Attribute, Tabld_1b
Attribute, Tabld 1B
Attribute, Tabld_1B
Attribute, Tabld 1B
Attribute, Tabld 1B
Dataset

Attribute, Tabld_ 1l
Attribute, Tabld_1l
Group

Group

Attribute, Tabld 1b
Attribute, Tabld_1B
Attribute, Tabld 1B
Attribute, Tabld_1B
Attribute, Tabld 1B
Dataset

Attribute, Tabld_1l7
Attribute, Tabld_ 1l
Group

Group

Attribute, TabldTh
Attribute, Tabld T#
Attribute, Tabld_1B
Attribute, Tabld 1B
Attribute, Tabld_1B
Attribute, Tabld 1B
Group

Attribute, Tabld %
Attribute, Tabld 4
Attribute, Tabld %
Attribute, Tabld %
Attribute, Tabld 4
Attribute, Tabld %
Group

Group

Attribute, Tabld_1b
Attribute, Tabld 1B
Attribute, Tabld 1B
Attribute, Tabld 1B
Attribute, TabldIB

continued on next page
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| Node

Type

/ dat aset 2/ dat al/ dat a
/ dat aset 2/ dat al/ dat a/ CLASS

/ dat aset 2/ dat a2

/ dat aset 2/ dat a2/ what

/ dat aset 2/ dat a2/ what/ quantity
/ dat aset 2/ dat a2/ what / gai n

[ dat aset 2/ dat a2/ what / of f set

/ dat aset 2/ dat a2/ what / nodat a

/ dat aset 2/ dat a2/ what / undet ect
/ dat aset 2/ dat a2/ dat a

/ dat aset 2/ dat a2/ dat a/ CLASS

/ dat aset 2/ dat al/ dat a/ | MAGE_VERSI ON

/ dat aset 2/ dat a2/ dat a/ | MAGE_VERSI ON

Dataset

Attribute, Tabld_1l
Attribute, Tabld 1l
Group

Group

Attribute, Tabld_1b
Attribute, Tabld 1B
Attribute, Tabld_1B
Attribute, Tabld 1B
Attribute, Tabld 1B
Dataset

Attribute, Tabld_ 1l
Attribute, Tabld_1l

7.2 Cartesian image and composite

The following example shows how an image is representedsdtantains the standard HDF5 mechanisms

for including a palette, assuming the image payload is 8-bit

Table 19: Cartesian image with palette

\ Node

Type

/

/ Conventi ons
/ what

/ what / obj ect
/[ what / ver si on
[/ what / dat e
/what/tinme

[/ what / sour ce
[ wher e

/ wher e/ pr oj def
/ wher e/ xsi ze
/ wher e/ ysi ze
/ wher e/ xscal e
[/ wher e/ yscal e
/where/LL_| on
/where/ LL_I| at
/where/ UL_| on
/[ where/ UL_I at
/where/ UR | on
/ wher e/ UR_| at
/where/ LR | on
/[ where/ LR_| at

Root Group

Attribute, Section 4]1

Group

Atttribute, Tabld?
Atttribute, Tabld 1l
Atttribute, Tabld 1
Atttribute, Tabldl
Atttribute, Tabld 3
Group

Attribute, Tabldb
Attribute, Tabldb
Attribute, Tabldb
Attribute, Tabldb
Attribute, Tabldb
Attribute, Tabldb
Attribute, Tabldb
Attribute, Tabldb
Attribute, Tabldb
Attribute, Tabldb
Attribute, Tabldb
Attribute, Tabld’b
Attribute, Tabldb

continued on next page
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| Node | Type
/ dat aset 1 Group
/ dat aset 1/ what Group

/ dat aset 1/ what / pr oduct

/ dat aset 1/ what / pr odpar

/ dat aset 1/ what/ quantity
/ dat aset 1/ what/startdate
/ dat aset 1/ what/starttinme
/ dat aset 1/ what / enddat e

/ dat aset 1/ what / endti e

/ dat aset 1/ what / gai n

/ dat aset 1/ what / of f set

/ dat aset 1/ what / nodat a

/ dat aset 1/ what / undet ect

/ dat aset 1/ dat al

/ dat aset 1/ dat al/ dat a

/ dat aset 1/ dat al/ dat a/ CLASS

/ dat aset 1/ dat al/ dat a/ | MAGE_VERSI ON

Attribute, Tabld T4
Attribute, Tabld_Ib
Attribute, Tabld1b
Attribute, Tabld_ 1B
Attribute, Tabld 1B
Attribute, Tabld_ 1B
Attribute, Tabld_1B
Attribute, Tabld"IB
Attribute, Tabld_1B
Attribute, Tabld" 1B
Attribute, Tabld 1B
Group

Dataset

Attribute, Tabld 1l
Attribute, Tabld_1l

H5IM optional attributes

/ dat aset 1/ dat al/ dat a/ PALETTE

Link to /datasetl/datal/palette

/ dat aset 1/ dat al/ dat a/ | MAGE_SUBCLASS | Attribute

/ dat aset 1/ datal/ pal ette

Dataset

/ dat aset 1/ dat al/ pal ett e/ CLASS Attribute
/ dat aset 1/ dat al/ pal et t e/ PAL_VERSI ON | Attribute

7.3 \Vertical profile

Since the vertical profile is a general object, this simplanegle is of a conventional WRWP containing
only height, wind speed, and wind direction at each poimailihe profile.

Table 20: Vertical profile

| Node | Type
/ Root Group
/ Conventi ons Attribute, Sectiofn 4]1
/ what Group

/ what / obj ect
/ what / ver si on
/ what / dat e
/what/tinme

/ what / sour ce
/ wher e

/[ where/l on

[/ wher e/l at

/ wher e/ hei ght

Atttribute, Tabld®
Atttribute, Tabld 1l
Atttribute, Tabld1
Atttribute, Tabld 1l
Atttribute, TabldB
Group

Attribute, Tabld ¥
Attribute, Tabld ¥
Attribute, Tabld ¥

continued on next page
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| Node | Type

/wherel/l evel s Attribute, Tabld ¥
/ wher e/ i nterval Attribute, Tabld ¥
/ wher e/ m nhei ght Attribute, Tabld ¥
/ wher e/ maxhei ght Attribute, Tabldy
/ dat aset 1 Group

/ dat aset 1/ what Group

/ dat aset 1/ what / pr oduct Attribute, Tabld T4
/ dat aset 1/ what/ st art date Attribute, Tabld_ 1B
/ dat aset 1/ what/starttine Attribute, Tabld_1B
/ dat aset 1/ what / enddat e Attribute, Tabld" 1B
/ dat aset 1/ what/ endt i ne Attribute, Tabld_1B
/ dat aset 1/ dat al Group

/ dat aset 1/ dat al/ what Group

/ dat aset 1/ dat al/ what / quant i ty | Attribute, Tabld 1b
/ dat aset 1/ dat al/ what / gai n Attribute, Tabld 1B

/ dat aset 1/ dat al/ what / of f set Attribute, Tabld 1B
/ dat aset 1/ dat al/ what / nodat a Attribute, Tabld 1B
/ dat aset 1/ dat al/ what / undet ect | Attribute, Tabld" 1B

/ dat aset 1/ dat al/ dat a Dataset

/ dat aset 1/ dat a2 Group

/ dat aset 1/ dat a2/ what Group

/ dat aset 1/ dat a2/ what / quant ity | Attribute, Tabld_1b
/ dat aset 1/ dat a2/ what / gai n Attribute, Tabld" 1B

/ dat aset 1/ dat a2/ what / of f set Attribute, Tabld 1B
/ dat aset 1/ dat a2/ what / nodat a Attribute, Tabld 1B
/ dat aset 1/ dat a2/ what / undet ect | Attribute, Tabld 1B

/ dat aset 1/ dat a2/ dat a Dataset

/ dat aset 1/ dat a3 Group

/ dat aset 1/ dat a3/ what Group

/ dat aset 1/ dat a3/ what / quant i ty | Attribute, Tabld_1b
/ dat aset 1/ dat a3/ what / gai n Attribute, Tabld 1B

/ dat aset 1/ dat a3/ what / of f set Attribute, Tabld"IB
/ dat aset 1/ dat a3/ what / nodat a Attribute, Tabld 1B
/ dat aset 1/ dat a3/ what / undet ect | Attribute, Tabld"IB
/ dat aset 1/ dat a3/ dat a Dataset

7.4 Cross-section and side-panel

Table 21: Cross section

| Node | Type
/ Root Group
/ Conventi ons Attribute, Section 4]1

continued on next page
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| Node

| Type

/ what

/ what / obj ect

/[ what / ver si on

/[ what / dat e

[what/tinme

/ what / sour ce

[ wher e

[ wher e/ xsi ze

/ wher e/ ysi ze

[ wher e/ xscal e

/ wher e/ yscal e

/[ where/start _|on

/[ where/start _| at

/[ wher e/ stop_| on

/ where/ stop_| at

[ wher e/ m nhei ght

/ wher e/ maxhei ght

/ dat aset 1

/ dat aset 1/ what

[ dat aset 1/ what / pr oduct

[ dat aset 1/ what/ quantity
[ dat aset 1/ what/ startdate
/ dat aset 1/ what/starttinme
/ dat aset 1/ what / enddat e

/ dat aset 1/ what / endti ne

/ dat aset 1/ what/ gai n

/ dat aset 1/ what / of f set

/ dat aset 1/ what / nodat a

/ dat aset 1/ what / undet ect

/ dat aset 1/ dat al

/ dat aset 1/ dat al/ dat a

/ dat aset 1/ dat al/ dat a/ CLASS
/ dat aset 1/ dat al/ dat a/ | MAGE_VERSI ON

Group

Atttribute, Tabld 2
Atttribute, Tabld1
Atttribute, Tabld 1l
Atttribute, Tabld1
Atttribute, TabldB
Group

Attribute, Tabld_6
Attribute, Tabld b
Attribute, Tabld®
Attribute, Tabld b
Attribute, Tabld®
Attribute, Tabld b
Attribute, Tabld B
Attribute, Tabld_6
Attribute, Tabld B
Attribute, Tabld_6
Group

Group

Attribute, Tabld T#
Attribute, Tabld1b
Attribute, Tabld 1B
Attribute, Tabld 1B
Attribute, Tabld 1B
Attribute, Tabld 1B
Attribute, Tabld_1IB
Attribute, Tabld 1B
Attribute, Tabld_1B
Attribute, Tabld 1B
Group

Dataset

Attribute, Tabld 1l
Attribute, Tabld_1l

7.5 RHI
Table 22: Range-height indicator
| Node | Type
/ Root Group
/ Conventi ons Attribute, Sectio 4]1
/ what Group

/ what / obj ect
/[ what / ver si on

Atttribute, Tabld?
Atttribute, Tabld1

continued on next page
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| Node Type |
/ what / dat e Atttribute, Tabld1
/what/time Atttribute, Tabld 1l
/ what / sour ce Atttribute, TabldB
/ wher e Group

[ wher e/ xsi ze

/ wher e/ ysi ze

[ wher e/ xscal e

/ wher e/ yscal e

[ wher e/l on

[ wher e/l at

/ wherel/ az_angl e

[ wher e/ r ange

[ dat aset 1

/ dat aset 1/ what

/ dat aset 1/ what / pr oduct

[ dat aset 1/ what/ quantity
[ dat aset 1/ what/ startdate
/[ dat aset 1/ what/starttinme
/ dat aset 1/ what / enddat e

[ dat aset 1/ what / endti ne

[ dat aset 1/ what / gai n

/ dat aset 1/ what / of f set

/ dat aset 1/ what / nodat a

/ dat aset 1/ what / undet ect

/ dat aset 1/ dat al

/ dat aset 1/ dat al/ dat a

/ dat aset 1/ dat al/ dat a/ CLASS

/ dat aset 1/ dat al/ dat a/ | MAGE_VERSI ON

Attribute, Tabld B
Attribute, Tabld_6
Attribute, Tabld B
Attribute, Tabld_6
Attribute, Tabld b
Attribute, Tabld®
Attribute, Tabld b
Attribute, Tabld®
Group

Group

Attribute, TabldTh
Attribute, Tabld 1b
Attribute, Tabld_1B
Attribute, Tabld 1B
Attribute, Tabld_1B
Attribute, Tabld 1B
Attribute, Tabld 1B
Attribute, Tabld 1B
Attribute, Tabld 1B
Attribute, Tabld 1B
Group

Dataset

Attribute, Tabld 1l
Attribute, Tabld_1l
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EUMETNET OPERA weather radar information model
for implementation with the HDFS5 file format
— an approach to UML modeling —

1. Introduction

This document presents an application of the Unified Modeling Language (UML) by presenting the
Opera weather radar information model in UML diagrams. This information model has been
developed within the framework of EUMETNET OPERA Work Package 2.1a. The subsequent
work package 2.1b, aiming on operational use, will support the information model by providing

additional documentation and tooling.

UML is a standardized general-purpose modeling language used in the field of software
engineering. It includes a set of graphical notation techniques to create abstract models of specific
systems. UML 1is especially suitable for modeling object-oriented systems. The aim of this
document is to show that the Opera Data Information Model can be approached as a dynamic,

object oriented structure, and by presenting it in UML diagrams to show this in full extent.

Moreover this document can be used as an (very concise) UML tutor, To clarify the used notations a

look on http://en.wikipedia.org/wiki/Class_diagram will be useful.

2. Using class concept for radar data information model

The general purpose of modeling the information
model in UML is to show the object oriented nature of the Aoot 5 pject
information model by presenting the elements of the model
as components of an object-oriented system. In this |-Conventions: string
approach, elements of the information model will be |= - [] :
represented by classes. Diagram 1 shows the root element -addAttribute (attr_name; Strlng?

. ) ) -modifyAttribute (attr_name:string}
of the information model marked with a slash character. In |_apoventtribute (attr_name:string)
terms of object oriented modeling, the root element |yaddGroup (group_name:string)
represents a class. A class consists of two types of |+removeGroup(group name:string)
elements: fields and methods. Fields (which are also
referred to as properties or attributes) constitute a structure

of data belonging to the particular class.

Diagram 1: Root class

Fields may store constants, variables, pointers or references (depending on the programming
language) representing basic and compound data types (including references to other classes).
Methods define the behavior of the class by implementing functions which operate on the data
belonging to that class and other data. The methods belonging to the class define its interface.
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The information model is based on the elements of HDFS5 file structure, such as groups, datasets
and attributes. In an object-oriented approach these elements, defining the data structure of the
class, are called Fields. Functions operating on these elements are called Methods.

By definition, root class contains two fields:

-Conventions: string
-Groups: group|]

The Conventions field is preceded with a minus sign thus stating, according to the UML standard,
private access mode. This means this field can be accessed by methods belonging to the root class
only. The rooft class defines the following methods for this task:

-addAttribute( attr_name: string )
-modifyAttribute( attr_name: string )
-removeAttribute( attr_name: string )

These methods allow for adding and removing the Conventions attribute, as well as for modifying
its value. The methods are private, therefore available for the objects of this class only. The methods
take the attribute name as parameter.

According to the information model, the root element is a container for other group objects. The
number of groups defined in root element can vary and depends on the number of datasets stored in
the file. To achieve such flexibility, the root class defines the Groups attribute, which is an array of
references to further group objects. In order to access this field and modify the array, root class
interface has to be complemented by the following 2 methods:

+addGroup( group_name: string )
+removeGroup( group name: string )

The above methods take group name as parameter and allow for adding and removing references to
group objects. These methods are public and can be accessed by objects of this class as well as by
objects of any class which inherits from the root class.

It is important to notice that the root object is treated as top-level group. This means that group
objects may store attributes as well as references to other groups. In this case root object is a
generalized group class, consisting of 2 private fields and defining a public interface which will be
implemented by classes derived from the root class.

Diagram 2 shows the diagram of top-level what group What
class, formed by the following 5 fields: Top-level what
graugp
-object: string -object: string

-version: string

-version: string date: string

-date: string ~time: string
-time: strlng -source: string
-source: string +addAttribute (attr_name:string)

+modifyAttribute (attr_name:string)
+removeAttribute (attr_name:string)

Diagram 2: Top-level what class
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All the fields in this class are private (access mode marked with minus sign) that is available only
for methods belonging to this class. The top-level what class defines an interface consisting of the
following public methods:

+addAttribute( attr_name: string ) 1
+modifyAttribute( attr_name: string ) / <}—
+removeAttribute( attr_name: string ) Root object
-Conventions: string
3. Generalization / inheritance -Groups: group(]

+addGroup (group_name:string)
] ] o +removeGroup (group_name:string)
This section shows how generalization and -addAttribute(attr_name:string)

inheritance mechanisms are used to describe -removeAttribute (attr_name:string)
relations between objects of particular classes _modifyAttribute (attr_name:string)
defined in the information model.

The diagram shows relations between roof, 1 Dataset 1.%*
dataset and data class objects. In terms of the > Dataset group

information model, these classes represent groups.
As a part of its interface, the root group defines
public methods that allow for adding and
removing references to other group objects.

-Groups: qroup (]

According to the information model, dataset and Data
data groups can store references to further groups. Data group
Therefore it is necessary that each of these groups -Groyps: group(]

implements the same interface allowing to add or 1..* |+addData(dataset:char(l)

& 6 th vat G +removeDatal)
remove rererences rrom tne private array Groups. +addLegend {legend_name:string)

This can be achieved by inheriting the above +removelegend (legend _name:string)
methods from root group. +addPalette(palette_name:string)
+removePalette(palette_name:string)
According to the information model, the dataset +addImage (image_name:string)
group is stored in the root object. In terms of the +removelImage (inage_name:string)

model it means that a reference to the dataset Diagram 3: Group class inheritance

group is set in the Groups field of the root object.

The Dataset group defines one private field and inherits the interface from root class. Because only
the public methods are inherited, dataset group implements only methods allowing for operating
adding and deleting references from Groups array, that is: addGroup() and removeGroup().

According to the assumptions of the information model, dataset group cannot store attributes. In
other words, only groups can be stored in dataset group. This explains why not all of the methods
defined in the root group are inherited.

the Data group in turn inherits from the dataset class. Although the dataset class does not define its
own methods, it inherits public methods from the roof class as described above. These methods are
now inherited by data class. In addition, the data class defines several methods which complement
its interface. The arrows connecting the classes indicate generalization. The notation at each end of
the arrow indicates the multiplicity relation between objects of these classes. As indicated, root
group can store reference to one or more dataset groups, and dataset group can be assigned to one
root group, which is an example of one-to-many relation. The same applies to relation between
dataset and data class objects: dataset object can store references to one or more data groups, data
group is assigned to one dataset only.
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4. Association
The information model defines two types of relation between objects. The previous example
illustrates inheritance relationship between the root group, dataset and data group. The other type of

relation is association.

Diagram 4 shows the association between the root group
and the top-level what group. The notation at each end of
the line connecting class diagrams indicates the
multiplicity relation between objects of these classes. As
indicated, root group can store reference to exactly one
top-level what group. The relation is the same in the
opposite direction — top-level what group can be assigned
to one root group. This is an example of one-to-one
relation which is compliant with one of the basic
assumptions of the information model: only one top-level
what group is allowed.

In case of association there is no inheritance process.
Although root class defines 2 public methods, these
methods will not be available in the associated what class.
Therefore it is necessary that top-level what class defines
its own interface in order to provide methods operating on
its attributes.

This illustrates the mechanism that works on all top-level
groups, what, where and how. All these groups implement
the same interface and keep the same one-to-one
multiplicity relation.

/

Root abject

-Conventions: string
-Groups: gqroup(]

+addGroup (group_name:string)
+removeGroup (group_name:string)
-addAttribute (attr_name:string)
-removeAttribute (attr_name:string)
-modifyAttribute(attr_name:string)

1

1

What
What group

+addAttribute(attr_name:string)
+modifyAttribute (attr _name:string)
+removeAttribute (attr_name:string)

Diagram 4: Root class and associated
top-level what class

OPERA WD_2008_03



OPERA Data Information Model for HDF5 : UML Class Diagrams Appendix A: 5

5. Basic class diagram of the information model

In the 5th diagram a basic class diagram for the information model is shown. Class diagrams are
simplified in order to provide general overview on relationship between classes.

1 ; 1
[ Root abject

-Conventions: string 1
-Groyps: groyp[]

+addGroup (group_name: string)
+removeGroup (group_name:string)
-addAttribute (attr_pame:string) 1
-removeAttribute (attr_name:string)
-modifyAttribute (attr_name:string)

1..* 1
Dataset 1 0..1 What
Dataset groug What group

-Groups: group(]

+addAttribute (attr_name:string)
+modifyAttribute (attr_name:string)

1 +removedttribute (attr_name:string)
1..*
1 0..1
Data - Where 1
Data group Where group

-Croups; group(l +addAttribute (attr name:string)
+addData(dataset:char(]) +modifyAttribute (attr_name:string)
+removeData () +removeAttribute (attr_name:string)

+addLegend (legend_name:string)
+removelegend (legend_name:string)
+addPalette (palette_name:string)
+removePalette (palette_name:string)
+addImage (image_name:string)
+removeImage (image_name:string) 1

How
1 How group

0.1

+addAttribute (attr_name:string)
+modifyAttribute (attr_name:string)
1..#* +removedttribute (attr_name:string)

Quality
Quality group

1

-Groups: group(]

Diagram 5: Basic class diagram for ODIM _HS5 2.0 radar data information model
According to the model, the root group represents the top-level class in the hierarchy. The Root

group is a container which holds one attribute and a given number of references to other groups,
depending on data type.
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The diagram shows two basic types of relationship between classes. The first type is inheritance.
The Dataset class is a child class of Root and inherits its public interface. The Data class on its turn
is a child of Dataset. The Data class inherits its public interface from Dataset and defines its own
public methods that allow acces to the actual data of different types. Quality class is the last one in
inheritance chain. This class does not introduce its specific methods, but it inherits all the public
methods available in the Data class. Numbers at the ends of each arrow determine multiplicity
relation between classes. As shown in the diagram, one or more Dataset class objects can be
assigned to the Roof class, but the Dataset class is assigned only to the rooft class. In terms of HDF5
objects, root group can store one ore more Dataset groups. The same type of relationship is found at
each level of the hierarchy, that is between Dataset and Data classes, as well as between Data and
Quality.

The second type of relationship is association: there are 3 classes associated with root class: these
are top-level What, Where and How classes. Each of the above classes define its own interface,
dealing with the attributes. As indicated in the diagram, no inheritance process takes place here.
Multiplicity relation is defined by the model: there can be only one top-level class of each type
assigned to the root class. In model terminology it means that root group can store one top-level
group of each type: What, Where and How.

A key property of the information model is that What, Where and How groups can occur at any
level in the data structure. In other words, the attributes stored in these groups can refer to any node
in the HDFS5 object's hierarchy. If, for instance, a How group is found in a Dataset group, its
attributes are valid for each element available in this Dataset group (e.g. for any Data group here).
The above diagram reflects this possibility by defining relationships between What, Where and
How classes and the classes to which they can be assigned — that is Dataset, Data and Quality
classes. As defined by the model, each of the classes - Dataset, Data and Quality — can have zero
or one What, Where or How associated classes. These association relationships are illustrated by the
lines connecting Dataset, Data and Quality class diagrams with What, Where and How classes.

6. Detailed class diagrams for what, where and how groups

What, Where and How groups may contain different set of attributes depending on the type
of actual data they refer to and on the group's level in HDFS5 object hierarchy. For instance, the set
of mandatory What group attributes will be different for top-level What group and for What group
stored at the Dataset or Data level. In the first case, top-level What contains a set of mandatory
attributes which is universal for any kind of data and is always required in order to be able to
correctly determine the file's content. Attributes of top-level What group have global scope and are
valid for all datasets.

On the other hand the information model defines a What group which is specific to a given Dataset.
Such groups contain attributes which are valid within a given Dataset. Therefore it is necessary to
split the general What class into 2 subclasses: top-level What class and the Dataset-specific What
class. Diagram 6 shows a Dataset-specific What defined as a child class of top-level What. It
inherits public interface and introduces several private fields. Within the structure of the information
model, one or several Dataset-specific What groups can be assigned to one top-level What. This
relationship is described by symbols at each end of the arrow connecting class diagrams.
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Something similar applies to the general Where group, which can be split into a set of classes, as
shown in Diagram 7. On the top of the hierarchy there will be the top-level Where class defining
global scope attributes. Several child classes can be derived from the top-level Where, in classes
associated with given data type: polar scan data, sector data, vertical profile, Cartesian image and
cross sections.

What Therefore the set of attributes encapsulated by each of
Ep“’;r“::rpw”at these classes defines a data structure (a set of fields)
which is unique for a given data object as defined by the

information model.

-object: string
-version: string

-date: strin .
“time: string There are two more elements of detailed Where class

diagram. These are child classes of Where XSEC class,
associated with cross—section data. These classes
encapsulate attributes specific to the RHI scan (Range —
Height Indicator) and side panel data. Where XSEC class
1 defines a set of public attributes which are common for

1.* cross-section data. These attributes are inherited by
Where RHI and Where PANEL child classes.

-source: string

+addAttribute (attr_name:string)
+modifyAttribute(attr_name:string)
+removeAttribute(attr_name:string)

What DATASET
Dataset specific

what group

-product: string
-prodpar: enum
-quantity: string
-startdate: string
-starttime: string
-enddate: string

The How group contains attributes which provide
additional and complimentary information which can be
used to describe a given dataset object, for example
information related to an object’s quality. Again, this
group can be represented by a set of related classes that
define attributes specific for a given data object (Diagram

-endtime: string 8).
-gain: double
-offset: double
-nodata: double
-undetect: double

Diagram 6: Detailed class diagram The top-level How class contains attributes valid for any type
for What group of data. It is referenced from Root class and its attributes have
global scope. All attributes in this class are public and are inherited by any derived class. There are
3 child classes describing particular types of data: polar volumes, Cartesian images and vertical
profiles, each class encapsulates a set of attributes specific to a given type of data. According to the
model, zero or more objects of these classes can be assigned to the top-level How class object. For
instance, a HDF5 data structure containing simple polar scan with one dataset only, will implement
top-level How class only. Structure containing several datasets, e.g. polar scan with data acquired
with 10 antenna elevations, may contain How class objects referring individually to each of these
datasets. This relationship between top-level How and its child classes is described by appropriate
symbols at each end of inheritance arrow.

The last element of the detailed How class diagram is How_Q class. This class is designed for the
purpose of storing attributes related to quality only. How Q is associated with top-level How and
does not inherit any elements. It defines private fields allowing to store quality factors and private
methods which operate on these attributes. Based on the assumptions of ODIM_HS5 2.0 model,
quality attributes are global and affect all datasets stored in HDF5 data structure. Therefore the top-
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level How class can be associated with zero or one How_Q class.

Where
Top-level where
group

+lon: double

+lat: double

+height: double
+addattribute(attr_name:string)
+modifyAttribute (attr_name:string)
+removedttribute (attr_name:string)

1 4

0..1 0..1 0.1 0.1 0..1
Where SCAN || Where SECTOR Where_ VP Where IMAGE Where XSEC
Dataset-spedific Sectarspecific Where group for Where group far Where group for
where group where group vertical profile geographic image cross section

data data data

-elangle: double ||-startaz: double
-nbins: long -cstopaz: double -levels: long -projdef: string +xsize: long
-rstart: double -interval: double -xsize: long +ysize: long
-rscale: double -minheight: double | |-ysize: long +xscale: double
-nrays: long -maxheight: doyble | |-xscale: double +yscale: double
-alogate: lopa -yscale: double +minheight: double

-LL_lon: double +naxheight: doyble

-LL_lat: double A

-UL_lon: double 1

-UL_lat: double
-UR_lon: double
-UR_lat: double
-LR_lon: double
-LR lat: double

0.1 0.1
Where RHI Where_PANEL

Where group for Where group for

RHI data side panel

-az_angle: double -start_lon: double
-angles: enum -start_lat: double
-range; double -stop_lon: double
-stop lat: double

Diagram 7: Detailed class diagram for Where group
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How 1
Top-level how
graup

+task: string

+startepochs: long

+endepochs: long

+system: string

+software: string

+sw_version: string

+zr_a: double

+zr_b: double

+kr_a: double

+kr b: double

+simulated: boolean

+beamwidth: double

+wavelength: double

+rpm: double

+pulsewidth: double

+lowprf: long

+highprf: long
+addAttribute(attr_name:string)
+modifyAttribute (attr_name:string)
+removeAttribute (attr_name:string)

1
0.* 0..* 0.* 0.1
How POLAR How VP How IMAGE How Q
How group for How group for Haow group for How group for
polar data vertical profile geographic image quality
data adata & infarmation
-azmethod: string camposites
-binmethod: string -minrange: double -pointaccEL: double
-azangles: enum -maxrange: double | |-angles: enum -pointaccAZ: double
-elangles: enum -MI: double -arotation: enum -malfunc: boolean
_aztimes: enum -dealiased: long -camethod: string -radar_msg: string
-nodes: enum -radhoriz: double
SACChum: long -MDS: double
-0UR: double

-Delutter: enum
-comment: string

-SQI: double
-CSR: double
-LOG: double

-VPRCorr: boolean
-freeze: double
-min: double
-max: double
-step: double
-levels: long
-peakpwr: double
-avgpwr: double
-dynrange: double

-RAC: double
-BBC: boolean
-PAC: double
-S2N: double

-polarization: string
-addAttribute (attr_name:string)
-modifyAttribute(attr_name:string)
-removedttribute(attr_name:string)

Diagram 8: Detailed class diagram for How group
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