wo 20137101510 A1 |1 I} 0O OO0 A R

(43) International Publication Date

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

~

(29) World Intellectual Property Ny
Organization
International Bureau

4 July 2013 (04.07.20 13)

(10) International Publication Number

WO 2013/101510 Al

(51)

21

(22)

(25
(26)
(30)

(71)

International Patent Classification:
GO6F 17/40 (2006.01) GO6F 17/16 (2006.01)
GO6F 17/30 (2006.01) GOG6F 3/048 (2006.01)

International Application Number:
PCT/US20 12/070001

International Filing Date:

17 December 2012 (17.12.2012)
Filing Language: English
Publication Language: English
Priority Data:
61/582,381 1 January 2012 (01.01.2012) us

Applicant (for all designated Sates except US): THE
GOVERNMENT OF THE UNITED STATES OF
AMERICA, AS REPRESENTED BY THE SECRET-
ARY OF THE NAVY [US/US]; Naval Research Laborat-
ory, 4555 Overlook Ave, SW, Code 1008.2, Washington,
DC 20375 (US).

(12)
(71)

(74)

81)

Inventors; and

Applicants (for US only): ROE, Marvin, W. [US/US];
196 Trenton Dr, Slidell, LA 70461 (US). BOURGEOIS,
Brian, S. [US/US]; 128 Rue Charlemagne, Slidell, LA
70461 (US).

Agent: RESSING, Amy, L.; Us Naval Research Laborat-
ory, 4555 Overlook Ave, SW, Code 1008.2, Washington,
DC 20375 (US).

Designated States (unless otherwise indicated, for every
kind d national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU,
RW, SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ,
T™, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA,
ZM, ZW.

[Continued on next page]

(54) Title: SYSTEM AND METHOD FOR IMPORTING NETCDF DATA

1()0\

COMPUTER NODE 342

ELECTRONIC
COMMUNICATIONS

FILE STRUCTURE 103
NETCDF DP?'IASLI D165

FORMAT PROCESSOR |

=

METADATA/DATA RANGE
EXTRACTOR 109

1i3 METADATA
le—-115 DATA RANGH]

INPUT
301
VERIFICATION INFO 117

CUSTOM TNFO 119

VERFICIATION
PROCESSOR 111

VERIFIED
DATA 127

| SUBYLTTLD/CUSTOMIZED
TATA TN LAYERS 125

TIME DEPTI! AVERAGE ( )
PROCESSOR 126 SURSHTTEIY ~
CUSTOMIZED DATA N AR
AVERAGE L/// Lavids 135 ”’\]‘1‘.?‘\“}/
129 — 139
STORAGE PROCESSOR | avEracs 128

Kl
> DATABASE
130a

N—

GEOSPATIAL
ENVIRONMENT 329

| TOC 230 |

BLECTRONIC
COMMUNICATIONS
41

(57) Abstract: System and method for providing an automated method
of importing NetCDF formatted data from a variety of sources that
contain a variety of internal datasets. Options for processing and ana-
lysis can be provided and can occur simultaneously asthe data are be-
ing processed. Storage and organization options provide efficient
viewing and analysis of NetCDF datasets.



w o 2013/201510 Al M M oo 00000 OO 0O D O

(84) Designated States (unless otherwise indicated, for every SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
kind d regional protection available): ARIPO (BW, GH, GW, ML, MR, NE, SN, TD, TG).
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, Sz, TZ, . .
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, Kz, RU, TJ, Published:
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK, — with international search report (Art. 21(3))
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT,NL, NO, PL, PT, RO, RS, SE, Sl, K,




10

15

20

25

30

35

WO 2013/101510 PCT/US2012/070001

SYSTEM AND METHOD FOR IMPORTING NETCDF DATA

TECHNICAL FIELD

[0001] This Application is anon-provisional application claiming priority to United States Provisional Patent
application # 61/582,381 filed on January 1, 2012, under 35 U.S.C. 119(e). Methods and systems disclosed herein
relate generally to accessing and importing data, and more particularly to accessing Network Common Data Format

(NetCDF) datasets and importing those datasets into geospatial map displays.

BACKGROUND ART

[0002] NetCDF is an Application Programming Interface (API) that isused to manage array-based scientific
data in amachine-independent format. A variety of datatypes are typically stored in NetCDF files such as single-point
observations, time series, regular-spaced grids, and satellite or radar images. The API isintended to provide acommon
data access method for all applications that generate and/or make use of NetCDF data.

[0003] Oceanographers plan and monitor the use of underwater gliders to collect environmental data and use
numerical model forecasts stored in NetCDF files to study the effects of environmental forces on glider missions. The
datasets provided within anumerical model forecast range from two-dimensional scalar to four-dimensional vector
information. Physical aspects provided in these datasets that affect vehicle mission planning and monitoring include
temperature, salinity and current magnitude and direction. Being able to import these datasets into a Geospatial
Information System (GIS) for analysisiscrucial to safe and successful operation of these vehicles.

[0004] Currently, users load datasets one file & atime, one layer a atime for every time slice. Each of the
data layers then need to be custom clipped if asubset is all that isneeded. Custom calculations have to be made
manually. Further, the data display is disorganized and crowds the root level of the table of contents hindering the
navigation of those data layers for viewing and analysis. Also any tool tip information islimited to asingle attribute
field within the dataset. Finally, if the data are viewed again later, the entire process has to be repeated.

[0005] Accordingly, there isaneed for amethod and system that provide (1) automatic extraction of each
two-dimensional slice of data for each depth for every time interval, (2) subset area determination when needed, (3)
automatic organization of the information into amanageable tree structure asin many cases there can be over 1000
layers that could possibly be imported per dataset, and (4) automatic calculation of atime depth average for al of the
imported layers.

DISCLOSURE OF THE INVENTION
[0006] The system and method of the present embodiment for providing improved import, organization and
analysis functionality for multi -dimensional datasets stored in NetCDF from within a Geospatial Information System
(GIS). The graphical user interface (GUI) can be, for example, but not limited to, acompatible plug in tool for use in
GIS systems provided by the Environmental Systems Research Institute (ESRI).
[0007] The system and method of the present embodiment overcome existing limitations by automatically
handling multiple file structures and internal formats of NetCDF files. The system and method automatically detect

internal file formats and extract metadata and data ranges within the file(s). Thus, file contents can be verified prior to
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processing and storage of extracted data. A subset of the data can be chosen to limit processing to the data most

pertinent to aparticular project.

[0008] The method for populating amap in ageospatial environment from NetCDF data can include, but is
not limited to including, the steps of automatically determining characteristics of the NetCDF data, automatically
displaying the characteristics for interactive modification of the characteristics, automatically distinguishing the
NetCDF data that are scalar values from the NetCDF data that are vector values, automatically creating an index map in
computer memory, automatically extracting a subset of the NetCDF data based on the modified characteristics and the
index map, the subset being extracted in three or four dimensions, depending on whether the NetCDF data are scalar
values or vector values, respectively, automatically providing the extracted subset to the geospatial environment to
create the map, and automatically manipulating atable of contents in the geospatial environment to reference the

extracted subset directly. The NetCDF data can include aplurality of files.

[0009] Optionally, the method can include the steps of automatically determining the extent of the NetCDF data, and
automatically determining the resolution of the NetCDF data. Further optionally, the method can include the step of
automatically performing time-depth averaging on the extracted subset, automatically exporting the extracted subset to
aKML format, and automatically storing the extracted subset on a computer-readable medium. The four dimensions
comprise u and v components of the vector values, depth, and time, and the three dimensions comprise the scalar value,
depth, and time. The method can optionally include the steps of requesting from the geospatial environment the u and v
components associated with each of the depths a each of the times, and calculating amagnitude and adirection of the
vector values based on the u and v components. The method can further optionally include the steps of automatically
creating two-dimensional arrays, automatically computing time-depth averages over the extracted subset, storing
intermediate values of the time-depth averages in the two-dimensional arrays. The method step of manipulating can
include, but isnot limited to including, the steps of identifying the extracted subset as a string representative of a

hierarchy, and storing the string in the table of contents according to the hierarchy.

[00010] The method of the present embodiment for accessing NetCDF-formatted datasets and importing the
datasets into a geospatial map can include, but isnot limited to including, the steps of receiving afile structure and an
identifier for the NetCDF-formatted dataset, automatically detecting an internal format of afile from the NetCDF-
formatted dataset identified by the identifier based on the file structure, automatically extracting metadata and data
ranges from the file based on the internal format, automatically enabling verification of NetCDF data in the file based
on the metadata and the data ranges, receiving subset information and customization information and simultaneously
automatically extracting the NetCDF data from the file based on the subset information and the customization
information, automatically calculating atime depth average for al layers in the extracted NetCDF data, and
automatically storing the extracted NetCDF data and the average in Keyhole Markup Language (KML) fileson a
computer-readable medium.

[00011] The method can further optionally include the steps of automatically detecting if the file includes
multiple time dlices or asingle time dice, automatically detecting in the file includes scalar or vector data, automatically
detecting dimensionality of the NetCDF data, automatically detecting a security classification of the NetCDF data,
automatically displaying an outline of the extent of the dataset on the map, automatically creating and storing on the
computer-readable medium an electronic table of contents for electronic navigation of the NetCDF dataset,
automatically storing on the computer-readable medium the extracted NetCDF data in an electronic geodatabase,

automaticall}' overriding, based on the metadata, an ESRI limitation to a single attribute for mouse-over tooltip
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generation, automatically organizes the extracted datato support custom animation on the map, enabling automatic
modification of the extracted data, and storing on the computer-readable medium a geospatial/relational database
schema and database manager APl to manage the metadata, the layers, and the time depth average.

[00012] A computer system for populating amap in ageospatial environment from NetCDF data can include,
but isnot limited to including, acharacteristics processor automatically determining characteristics of the NetCDF data,
adisplay processor automatically displaying the characteristics for interactive modification of the characteristics, a
scalar/vector processor automatically distinguishing the NetCDF datathat are scalar values from the NetCDF data that
are vector values, an index map processor automatically creating an index map in computer memory, adata extractor
automatically extracting a subset of the NetCDF data based on the modified characteristics and the index map, the
subset being extracted in three or four dimensions, depending on whether the NetCDF data are scalar values or vector
values, respectively, the data extractor automatically providing the extracted subset to the geospatial environment to
create the map, and atable-of-contents processor automatically manipulating atable of contents in the geospatial
environment to reference the extracted subset directly. The characteristics processor can optionally automatically
determine the extent of the NetCDF data, and automatically determines the resolution of the NetCDF data. The data
extractor can optionally automatically perform time-depth averaging on the extracted subset, can automatically export
the extracted subset to aKML format, can request from the geospatial environment the u and v components associated
with each of the depths at each of the times, and calculates amagnitude and a direction of the vector values based on the
u and v components, and can automatically create two-dimensional arrays, and automatically computes time-depth
averages over the extracted subset, storing intermediate values of the time-depth averages in the two-dimensional
arrays. The table-of-contents processor identifies the extracted subset as a string representative of ahierarchy, and
stores the string in the table of contents according to the hierarchy.

[00013] A computer system for accessing NetCDF-formatted datasets and importing the datasets into a
geospatial migp can include, but isnot limited to including, aformat processor receiving afile structure and an identifier
for the NetCDF-formatted dataset, the format processor automatically detecting an internal format of afile from the
NetCDF-formatted dataset identified by the identifier, the identifier based on afile structure, ametadata/data range
extractor automatically extracting metadata and data ranges from the file based on the internal format, averification
processor automatically enabling verification of NetCDF data in the file based on the metadata, the dataranges, and
verification information, the verification processor producing verified data, a subset/customization processor receiving
subset information and customization information, the subset/customization processor simultaneously automatically
extracting the NetCDF data from the file based on the subset information and the customization information, the
subset/customization processor calculating subsetted/cusiomized data in layers, atime depth average processor
automatically calculating atime depth average for al the layers in the extracted NetCDF data, and a storage processor
automatically storing formatted subsetted/cusiomized data in the layers, the storage processor automatically storing an
average in Keyhole Markup Language (KML) files on acomputer-readable medium. The format processor can include
computer code stored on acomputer readable medium for automatically detecting if the file includes multiple time
dlices or asingletime dlice, automatically detecting if the file includes scalar or vector data, automatically detecting
dimensionality of the NetCDF data, and automatically detecting a security classification of the NetCDF data. The
storage processor can include computer code stored on acomputer readable medium for automatically displaying an
outline of the extent of the dataset on the map, automatically creating and storing on the computer-readable medium an
electronic table of contents for electronic navigation ofthe NetCDF dataset, and automatically storing on the computer-
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readable medium the extracted NetCDF data in an electronic geodatabase. The metadata/data range extractor processor
can include, but isnot limited to including, computer code stored on acomputer readable medium for automatically
overriding, based on the metadata, an ESR1 limitation to a single attribute for mouse-over tooltip generation. The
storage processor can optionally include computer code stored on acomputer readable medium for automatically
organizing the extracted data to support custom animation on the map, enabling automatic modification of the extracted
data, storing ageospatia/relational database schema and database manager APl to manage the metadata, the layers, and
the time depth average, automatically organizing 4D data for traversal and review on the map display, automatically
creating aresult dataset including calibration adjustments for source data by adding or subtracting aknown amount
across the entire field of data, and automatically making the result dataset available and viewable within the map
display.

[00014] These and other aspects and features of the present teachings will become apparent from the following

detailed description of the exemplary embodiments, read in conjunction with, and with reference to, the accompanying

drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

[00015] Referring now to the drawings, in which like numerals represent like elements, aspects of the
exemplary embodiments will be described in connection with the drawing set.
[00016] FIG. lisaschematic block diagram of one embodiment of the system of the present embodiment;
[00017] FIG. 2isaflowchart of one embodiment of the method of the present embodiment;
[00018] FIG. 3A isaschematic block diagram of an other embodiment of the system of the present
embodiment;
[00019] FIG. 3B isaschematic block diagram of the storage process of the embodiment of FIG. 3A;
[00020] FIG. 4 isaflowchart of another embodiment of the method of the present embodiment;
[00021] FIG. 5isacomputer screen shot of an exemplary GUI of the present embodiment;
[00022] FIG. 6isacomputer screen shot of an outline of the extent of the dataset;
[00023] FIG. 7isacomputer screen shot of static value modification selection;
[00024] FIG. 8isacomputer screen shot of adataset table of contents display; and
[00025] FIG. 9isacomputer screen shot of acustom layer display.

MODES FOR CARRYING OUT THE INVENTION
[00026] The problems set forth above aswell as further and other problems are solved by the present
teachings. These solutions and other advantages are achieved by the various embodiments of the teachings described
herein below.
[00027] Referring now to FIG. 1, system 300 for populating amap in ageospatial environment from NetCDF

data can include, but isnot limited to including, characteristics processor 303 automatically determining characteristics
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311 of the NetCDF data 107, display processor 309 automatically displaying characteristics 311 for interactive
modification of characteristics 311, and scalar/vector processor 32 1 automatically distinguishing NetCDF data 107 that
are scalar values from NetCDF data 107 that are vector values and setting S/V flag 315 accordingly. Characteristics
processor 303 can automatically determine the extent of NetCDF data 107, and can automatically determine the
resolution of NetCDF data 107. System 300 can further include index map processor 310 automatically creating index
map 317 in computer memory, data extractor 323 automatically extracting a subset of NetCDF data 107 based on
modified characteristics 313 and index map 317, the subset being extracted in three or four dimensions, depending on
the value of SV flag 315, i.e. whether the NetCDF data are scalar values or vector values, respectively. The four
dimensions can include u and v components of the vector values, depth, and time. The three dimensions can include a
scalar value, depth, and time. Data extractor 323 can automatically provide extracted subset 319 to geospatial
environment 329 to create map 327. System 300 can still further include table-of-contents processor 325
automatically manipulating table of contents 330 in geospatial environment 329 by creating TOC info 331to reference
extracted subset 319 directly. NetCDF data 107 can include aplurality of files. Data extractor 323 can automatically
perform time-depth averaging on the extracted subset, export extracted subset 319 to aKML format, request from the
geospatial environment the u and v components associated with each of the depths a each of the times, calculate a
magnitude and adirection of the vector values based on the u and v components, create two-dimensiona arrays, and
automatically compute time-depth averages over the extracted subset, storing intermediate values of the time-depth
averages in the two-dimensional arrays. Table-of-contents processor 325 can identify extracted subset 319 as a string
representative of ahierarchy, and can store the string in table of contents 330 according to the hierarchy.

[00028] Referring now primarily to FIG. 2, method 350 for populating map 327 (FIG. 1) in geospatial
environment 329 (FIG. 1) from NetCDF data 107 (FIG. 1), which can optionally include aplurality of files, can include,
but isnot limited to including, the steps of automatically determining 351 characteristics 303 (FIG. 1) of NetCDF data
107 (FIG. 1), automatically displaying 353 characteristics 311 (FIG. 1) for interactive modification of characteristics
311 (FIG. 1), automatically distinguishing 355 NetCDF data 107 (FIG. 1) that are scalar values from NetCDF data 107
(FIG. 1) that are vector values, automatically creating 357 index map 317 (FIG. 1) in computer memory, automatically
extracting 359 a subset of NetCDF data 107 (FIG. 1) based on modified characteristics 313 (FIG. 1) and index map 317
(FIG. 1), the subset 319 (FIG. 1) being extracted in three or four dimensions, depending on whether NetCDF data 107
(FIG. 1) are scalar values or vector values, respectively. The four dimensions can include, but are not limited to
including u and v components of the vector values, depth, and time. The three dimensions can include, but are not
limited to including a scalar value, depth, and time. Method 350 can further include the steps of automatically
providing 361 extracted subset 319 (FIG. 1) to geospatial environment 329 (FIG. 1) to create map 327 (FIG. 1), and
automatically manipulating 363 table of contents 330 (FIG. 1) in geospatial environment 329 (FIG. 1) to reference
extracted subset 319 (FIG. 1) directly. Method 350 can optionally include the steps of automatically determining the
extent of NetCDF data 107 (FIG. 1) and automatically determining the resolution of NetCDF data 107 (FIG. 1).
Method 350 can further optionally include the steps of automatically performing time-depth averaging on extracted
subset 319 (FIG. 1), automatically exporting extracted subset 319 (FIG. 1) to aKML format, automatically storing
extracted subset 319 (FIG. 1) on acomputer-readable medium, requesting from geospatial environment 329 (FIG. 1) the
u and v components associated with each of the depths a each of the times, calculating amagnitude and a direction of
the vector values based on the u and v components, automatically creating two-dimensional arrays, and automatically

computing time-depth averages over extracted subset 319 (FIG. 1), storing intermediate values of the time-depth
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averages in the two-dimensional arrays. The step of manipulating can include, but isnot limited to including, the steps
of identifying extracted subset 319 (FIG. 1) as astring representative of ahierarchy, and storing the string in table of

contents 330 according to the hierarchy.

[00029] Referring now to FIG. 3A, system 100 for accessing NetCDF-formatted datasets and importing the
datasets into ageospaiia map can include, but isnot limited to including, format processor 101 receiving, for example,
but not limited to, from input 331 through electronic communications 341, file structure 103 and identifier 105 for the
NetCDF-formatted daiaset and automatically detecting an internal format of file 107 from NetCDF-formatted datasei
108 identified by identifier 105 based on file structure 103 and metadata/data range extractor 109 automatically
extracting metadata 113 and dataranges 115 from file 107 based on the internal format. System 100 can automatically
organize the dataranges 115 and file structures 103 into an indexed memory map to allow programmaticaly traversing
the entire 4D dataset during processing asneeded. System 100 can also include verification processor 111
automatically enabling verification of NetCDF data in file 107 based on metadata 113, data ranges 115, and verification
info 117 producing verified data 121, and subset/customization processor 123 receiving subset information and
customization information 119 and simultaneously automatically extracting NetCDF data from file 107 based on subset
information and the customization information 1i9, and calculating subsetted/customized data in layers 125. Subset
customization processor 123 can automatically create aresult dataset that represents calibration adjustments for source
data by adding or subtracting aknown amount across the entire field of data. Mapping manager 127b (FIG. 3B) can
automatically make the resultant datasets available and viewable within the map display. System 1$0 can also include
time depth average processor 126 automatically calculating time depth average 129 for all layers 125 in the extracted
NetCDF data, and storage processor 127 automatically storing formatted subsetted/customized datain layers 125 and
average 129 in, for example, but not limited to, Keyhole Markup Language (KML) files 13 1 on computer-readable
media. Format processor 101 can automatically detect if file 107 includes multiple time slices or asingle time slice, can
automatically detect if file 107 includes scalar or vector data, can automatically detect dimensionality of the NetCDF
datain file 107, and can automatically detect a security classification of the NetCDF data in file 107. Metadata/data
range extractor 1(}9 can automatically override, based on the metadata 113, ageospatial environment 329 limitation to a
single attribute for mouse-over tooltip generation.
[00030] Referring now to primarily FIG. 3B, mapping manager 127b can automatically display an outline of
the extent of the NetCDF data on the map, and TOC manager 127c can automatically create and store on the computer-
readable media an electronic table of contents 330 (FIG. 3A) for electronic navigation of the NetCDF data. Database
manager 127acan automatically store on the computer-readable media the extracted NetCDF data 319 in an electronic
geodatabase 130. TiJC manager 127c can automatically organize the extracted data 319 to support custom animation on
the map 327, and can enable automatic modification of the extracted data 319. Database manager 127a can store on the
computer-readable media ageospatial/relational database schema and a database manager APl to manage the metadata,
the layers, and the time depth average,
[00031 ] Referring now primarily to FIG. 4, method 150 for accessing NetCDF-formatted datasets {08 (FIG.
3A) and importing the datasets 108 (FIG. 3A) into ageospatial map 327 (FIG. 3B) can include, but isnot limited to
including, the steps of receiving 151 a file structure 103 (FIG. 3A) and an identifier 105 (FIG. 3A) for the NetCDF-
formatted dataset, automatically detecting 153 an internal format of afile from the NetCDF-formatted dataset identified
by the identifier 105 (FIG. 3A) based on the file structure 103 (FIG. 3A), automatically extracting 155 metadata 113
(FIG. 3A) and dataranges 115 (FIG. 3A) from the file 107 (FIG. 3A) based on the internal format, automatically
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enabling 157 verification of NetCDF data in the file 107 (FIG. 3A) based on the metadata {13 (FIG. 3A) and the data
ranges 115 (FIG. 3A), receiving 159 subset/verification information 117 (FIG. 3A) and customization information 119
(FIG. 3A) and ssimultaneously automatically extracting the NetCDF data from the file 107 (FIG. 3A) based on the
subset/verification information 117 (FIG. 3A) and the customization information 119 (FIG. 3A), automatically
calculating 161 atime depth average 129 (FIG. 3A) for al layers in the extracted NetCDF data 319 (FIG. 3B), and
automatically storing 163 the extracted NetCDF data 125 (FIG. 3A) and the average 129 (FIG. 3A) in Keyhole Markup
Language (KML) files 130a (FIG. 3A) on acomputer-readable medium. If 165 there are more data to process, method
150 can include the step of processing 169 the next time, depth, latitude, and longitude dataset array within the
selection. If 165 there are no more data to process, method 150 can include the step of finalizing 167 the time/depth
averaging and file output.

[00032] Method 150 can optionally include the steps of automatically detecting if the file 107 (FIG. 3A)
includes multiple time slices or asingle time slice, automatically detecting if the file 107 (FIG. 3A) includes scalar or
vector data, automatically detecting dimensionality of the NetCDF data, automatically detecting a security classification
of the NetCDF data, automatically displaying an outline of the extent of the dataset. on the map, automatically creating
and storing on the computer-readable medium an electronic table of contents 330 (FIG. 3A) for electronic navigation of
the NetCDF dataset, automatically storing on the computer-readable medium the extracted NetCDF data 319 (FIG. 3B)
in an electronic geodatabase {30 (FIG. 3B), automatically overriding, based on the metadata 113 (FIG. 3A), ageospatia
environment 329 (FIG. 3A) limitation to a single attribute for mouse-over tooltip generation, automatically organizing
the extracted data 319 (FIG. 3B) to support custom animation on the map 327 (FIG. 3B), enabling automatic
modification of the extracted data 319 (FIG. 3B), and storing on the computer-readable medium a geospatial/reiational
database schema and database manager API to manage the metadata 1t 3 (FIG. 3A), the layers 125 (FIG. 3A), and the
time depth average 129 (FIG. 3A).

[00033] Referring now primarily to FIG. 5, the present embodiment can include graphical user interface (GUI)
200 (FIG. 1) that can provide amulti-function approach to accessing datasets stored in the NetCDF format. The present
embodiment can overcome existing limitations by handling more than one file structure and internal format of NetCDF
files. Once the user indicates the file structure and selects the dataset of interest, the present embodiment can
automatically detect the internal format and can extract the metadata 113 (FIG. 3A) and dataranges 115 (FIG. 3A)
within the file(s) 107 (FIG. 3A). This can alow verification of the contents of the file 107 (FIG. 3A) prior to processing
and storage of the extracted data 319 (FIG. 3B). In order to customize the import of the dataset, the user can be
presented with options for defining a subset of the data to be loaded. Once the limits have been received, for example,
but not limited to, selected by auser, additional options can enable several types of custom processing asthe data are
extracted from the files 107 (FIG. 3A), loaded into memory and prepared for display. From GUI 200, file selector
choice 1073, classification level 203, scalar/vector choice 205, number of selected layers 207, default layer name 209,
clip subset choice 211, animation choice 21 3, KML generation choice 215, metadata selector 1i 3a, data range selector
1 153, and customization info selector 119acan be selected, for example, but not limited to, by auser. These inputs can
also be automatically provided.

[00034] Referring now to FIG. 6, adisplay of outline 251 of the extent 251 a of the dataset on the map 327 can
be provided, for example, for avisual location verification.

[00035] Referring now to FIG. 7, static value 253 can be added or subtracted across the board for amagnitude
and/or direction (if vector-based) for a database import,
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[00036] Referring now primarily to FIG. 8, mapping manager 127b (FIG. 3B) can include a set of object
classes that can manage the preparation and display of data to the table of contents and can create the map display 327
(FIG. 3B). TOC processor 325 (FIG. 1) can organize extracted data 3i9 (FIG. ) for easy access, as shown. Raster and
feature generation for dataset display can be included, and atable of contents hierarchy based on root level 263 can
provide linkage to organized time versus depth 265 map data.
[00037J Referring now primarily to FIG. 9, acustom layer display that includes magnitude (scalar data 271)
and an additional direction indication for vector data 269 can be output by scalar/vector processor 321 (FIG. 1) tothe
geospatial environment. 329 (FIG. 1). In addition, the present embodiment overcomes the geospatial environment 329
(FIG. 1) limitation of displaying one attribute per maptip 272, which are displayed when the mouse hovers over amap
feature within the geospatial environment 329 (FIG. 1), to being able to display asmuch attribute information as needed
as shown 272. Aspreviousy mentioned, ESR1 only alows associating one attribute within the maptip 272. The present
embodiment allows displaying one or more of the attribute information through the use of an extra attribute which is
assigned to the maptip 272 and by programmatically adding text and formatting chosen from one or more of the other
attributes 273.
[00038J Computer system 100 (FIG. 3A) input 301 (FIG. 3A) can be bound to geospatial environment 329
(FIG. 3A) such asan ESRI GIS application. Input 301 can be, for example, a GUI having auser interface to customize
input, process input, and output options. Input 301 (FIG. 3A) can enable processing of NetCDF files 107 (FIG. 3A) that
contain multiple time dslices per file for agiven of the NetCDF datasets 108 (FIG. 3A) selected as by the screen in, for
example, FIG. 5, processing of NetCDF folders that contain a single NetCDF file 107 (FIG. 3A) for each time dice for
the given dataset, processing of standard numerical model forecast files, such as, for example, but not limited to,
NAVOCEANO NCOM files as can be selected by the screen in, for example, FIG. 5, processing of aNRL-modified
NAVOCEANO NCOM format for additional environmental datasets, processing both scalar and vector based datasets
as can be selected by the screen in, for example, FIG. 5, processing of 2D to 4D datasets as can be selected by the
screen in, for example, FIG. 5, and metadata review of the selected dataset for verification prior to processing when, for
example classification, filetype, and time period choices are selected by the screen in, for example, FIG. 5.
Verification can be directed to, for example, but not limited to, security classification, fileinternal format type, data
source, forecast model (for NCOM), parameter (dataset) name, and measurement units. Input 301 (FIG. 3A) can also
display an outline 251 (FIG. 6) of the extent 251a (FIG. 6) of the dataset on the map 327 (FIG. 6) for avisual location
verification, ascan be selected by the screen in FIG. 5. Input 301 (FIG. 3A) can aso limit the subset based on latitude
and longitude for adefined area of interest, limit to subset by selecting date and time range within the dataset, limit the
subset by selecting adepth/level range within dataset, provide adefault layer name based on metadata, add or subtract a
static value across the board for magnitude and or direction (if vector based) for entire the dataset import, provide an
indication of how much data is currently selected to be processed, perform subsetting and processing simultaneously as
data are imported, choose to preview the results and optionally to aso store the results for later viewing and analysis so
reprocessing isnot required, (all as shown in FIG. 5) and output acustom layer display that includes magnitude and an
additional direction indication for vector data as chosen by a selection made on the screen shown in FIG. 7. Input 301
(FIG. 3A) can optionally output atime depth average 129 (FIG. 3A) for subset range selected using the screen in FIG.
5, output the imported layer asmodified by the custom calculation settings made using the screen in FIG. 5, output
custom Keyhole Markup Language (KML) files 131 (FIG. 3A) for display in, for example, but not limited to,
GOOGLE® Earth as selected in the screen in FIG. 5, output an organized table of contents (TOC) 330 (FIG. 3A) for
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navigating the dataset while viewing within the GIS map display (see FIG. 6), and output the imported base data into
the geodatabase 130 (FIG. 3A) for later viewing and analysis as selected by the screen in FIG. 5.

[00039] The present embodiment can further include a custom geospatial/relational database schemawhich is
configured within geodatabase 130 (FIG. 3A) that can store processing results from extractor 109 (FIG. 3A) and
verification processor 111 (FIG. 3A), subset/customization processor 123 (FIG. 3A), and time depth average processor
126 (FIG. 3A) through the use of the storage processor 127 (FIG. 3A). What gets stored isbased on input 301 (FIG.
3A) options selected through, for example, ascreen such asin FIG. 5, such as, for example, but not limited to, original
subset metadata, original subset data layers, custom calculation results, time depth average calculations, and tool tip
metadata. The custom geospatial/relational database schema can be configured in the geodatabase 130 (FIG. 3A) so
that the storage processor 127 (FIG. 3A) can store hierarchy information for loading data into organized TOC tree
structure, and can alow custom animation within the geospatial environment 329 (FIG. 3A). The geospatial/relational
database schema can allow reloading previously processed datato save processing time from the geodatabase 130 (FIG.
3A).

[00040] Storage processor 127 (FIG. 3B) can also include a database manager 127a(FIG. 3A) having an API
Object Library including, for example, but not limited to, a set of object classes that alow the storage processor 127
(FIG. 3B) to manage the geospatial database 130 (FIG. 3B) that can support dataset metadata 113 (FIG. 3A),
geospatia/relational data, and data hierarchy information within the geospatial database 130 (FIG. 3B). Further, storage
processor 127 (FIG. 3B) can include amap manager 127b (FIG. 3B) having an APl Object Library that can include a
set of object classes that can allow the storage processor 127 (FIG. 3B) through electronic communications 341 (FIG.
3B) to manage the preparation and display of data to the table of contents 330 (FIG. 3A) and GIS Map 327 (FIG. 3B)
display within the geospatial environment 329 (FIG. 3A). Geospatial environment 329 (FIG. 3A) can include rasters
and features, generated by subset/customization processor 123 (FIG. 3A) and time depth average processor 126 (FIG.
3A), for dataset display and creation of table of contents 330 (FIG. 3A) hierarchy and linkage between table of contents
330 (FIG. 3A) and map data 327 (FIG. 3B) display (see FIG. 8), and handling of metadata 113 (FIG. 3A) to support
custom tool tips 272 (FIG. 9) from the TOC manager 127c (FIG. 3B) and storage processor 127 (FIG. 3A).

[00041] Raw data and results from the computations of the systems and methods present embodiments can be
stored for future retrieval and processing, printed, displayed, transferred to another computer, and/or transferred
elsewhere. Input 301 (FIG. 3A), through electronic communications 341 (FIG. 3A) can provide file structure 103 (FIG.
3A) through which formatted customized subsetted data 131 (FIG. 3A) can betransmitted. Electronic communications
341 (FIG. 3A) can bewired or wireless, for example, using cellular communication systems, military communications
systems, and satellite communications systems. Any software required to implement the system can be written in a
variety of conventional programming languages. Systems 100 (FIG. 3A) and 300 (FIG. 1), including any possible
software, firmware, and hardware, can operate on acomputer having avariable number of CPUs. Other aternative
computer platforms can be used. The operating system can be, for example, but isnot limited to, WINDOWS® or
LINUX®.

[00042] Referring again primarily to FIGs. 2 and 4, methods 350 (FIG. 2) and 150 (FIG. 4) can be, in whole or
in part, implemented electronically. Signals representing actions taken by elements of systems 300 (FIG. 1) and 100
(FIG. 3A) and other disclosed embodiments can travel over at least one live communications network 341 (FIG. 3A).
Control and data information can be electronically executed and stored on at least one computer-readable medium such

as, for example, formatted customized subsetted data 131 (FIG. 3A). System 100 (FIG. 3A) can be implemented to
9
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execute on a least one computer node 342 (FIG. 3A) in at least one live communications network 341 (FIG. 3A).
Common forms of a least one computer-readable medium can include, for example, but not be limited to, afloppy disk,
aflexible disk, ahard disk, magnetic tape, or any other magnetic medium, acompact disk read only memory or any
other optical medium, punched cards, paper tape, or any other physical medium with patterns of holes, arandom access
memory, aprogrammable read only memory, and erasable programmable read only memory (EPROM), aFlash
EPROM, or any other memory chip or cartridge, or any other medium from which acomputer can read. Further, the at
least one computer readable medium can contain graphs in any form including, but not limited to, Graphic Interchange
Format (GIF), Joint Photographic Experts Group (JPEG), Portable Network Graphics (PNG), Scalable Vector Graphics
(SVG), and Tagged Image File Format (TIFF).

[00043] Although the present teachings have been described with respect to various embodiments, it should be

realized these teachings are also capable of awide variety of further and other embodiments.

[00044] What isclaimed is:
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CLAIMS
1. A method for populating amap in ageospatial environment from NetCDF data comprising the steps of:

automatically determining characteristics of the NetCDF data;

automatically displaying the characteristics for interactive modification of the characteristics;

automatically distinguishing the NetCDF data that are scalar values from the NetCDF datathat are vector
values;

automatically creating an index map in computer memory;

automatically extracting a subset of the NetCDF data based on the modified characteristics and the index map,
the subset being extracted in three or four dimensions, depending on whether the NetCDF data are scalar values or
vector values, respectively;

automatically providing the extracted subset to the geospatial environment to create the map; and

automatically manipulating atable of contents in the geospatial environment to reference the extracted subset
directly.

2. The method asin claim 1wherein the NetCDF data comprises aplurality of files.

3. The method asin claim 1 further comprising the steps of:
automatically determining the extent of the NetCDF data; and
automatically determining the resolution of the NetCDF data.

4. The method asin claim 1 further comprising the step of:
automatically performing time-depth averaging on the extracted subset.

5. The method as in claim 1further comprising the step of:
automatically exporting the extracted subset to aKML format.

6. The method asin claim 1wherein the four dimensions comprise u and v components of the vector values, depth, and

time.

7. The method asin claim 6 further comprising the steps of:
requesting from the geospatial environment the u and v components associated with each of the depths a each
of the times; and

calculating amagnitude and a direction of the vector values based on the u and v components.

8. The method asin claim 1further comprising the steps of:
automatically creating two-dimensiona arrays; and
automatically computing time-depth averages over the extracted subset, storing intermediate values of the

time-depth averages in the two-dimensiona arrays.

9. The method asin claim 1wherein the step of manipulating comprises the steps of:
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identifying the extracted subset as a string representative of ahierarchy; and

storing the string in the table of contents according to the hierarchy.

10. A system for populating amap in ageospatial environment from NetCDF data comprising:

acharacteristics processor automatically determining characteristics of the NetCDF data;

adisplay processor automatically displaying the characteristics for interactive modification of the
characteristics;

ascalar/vector processor automatically distinguishing the NetCDF data that are scalar values from the NetCDF
data that are vector values;

an index map processor automatically creating an index map in computer memory;

adata extractor automatically extracting a subset of the NetCDF data based on the modified characteristics and
the index map, the subset being extracted in three or four dimensions, depending on whether the NetCDF data are scalar
values or vector values, respectively, the data extractor automatically providing the extracted subset to the geospatial
environment to create the map; and

atable-of-contents processor automatically manipulating atable of contents in the geospatial environment to

reference the extracted subset directly.

11. The system asin claim 10 wherein the characteristics processor automatically determines the extent of the NetCDF
data, automatically determines the resolution of the NetCDF data, automatically performs time-depth averaging on the
extracted subset, and automatically exports the extracted subset to aKML format.

12. The system asin claim 10 wherein the data extractor requests from the geospatial environment the u and v
components associated with each of the depths at each of the times, and cal culates amagnitude and adirection of the

vector values based on the u and v components.

13. The system asin claim 10 wherein the data extractor automatically creates two-dimensiona arrays, and
automatically computes time-depth averages over the extracted subset, storing intermediate values of the time-depth

averages in the two-dimensiona arrays.

14. The system asin claim 10 wherein the table-of-contents processor identifies the extracted subset as a string

representative of ahierarchy, and stores the string in the table of contents according to the hierarchy.

15. A computer system for accessing NetCDF-forrnatted datasets and importing the datasets into ageospatial map
comprising:

aformat processor receiving afile structure and an identifier for the NetCDF-forrnatted dataset, the formal
processor automatically detecting an internal format of afile from the NetCDF-forrnatted dataset identified by the
identifier, the identifier based on a file structure;

ametadata/data range extractor automatically extracting metadata and data ranges from the file based on the

internal format;
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averification processor automatically enabling verification of NetCDF data in the file based on the metadata,
the data ranges, and verification information, the verification processor producing verified data;

a subset/customization processor receiving subset information and customization information, the
subset/customization processor simultaneously automatically extracting the NetCDF data from the file based on the
subset information and the customization information, the subset/customization processor calculating
subsetted/customized datain layers;

atime depth average processor automatically calculating atime depth average for al the layers in the extracted
NetCDF data; and

a storage processor automatically storing formatted subsetted/customized data in the layers, the storage
processor automatically storing an average in Keyhole Markup Language (KML) files on a computer -readable medium.

16. The system asin claim 15 wherein the format processor comprises computer code stored on acomputer readable
medium for:

automatically detecting if the file includes multiple time slices or asingle time slice;

automatically detecting if the file includes scalar or vector data;

automatically detecting dimensionality of the NetCDF data; and

automatically detecting a security classification of the NetCDF data.

17. The system as in claim 15 wherein the storage processor comprises computer code stored on a computer readable
medium for:

automatically displaying an outline ofthe extent of the dataset on the map; and

automatically creating and storing on the computer-readable medium an electronic table of contents for
electronic navigation of the NetCDF dataset.

8. The system as in claim 22 wherein the metadata/data range extractor processor comprises computer code stored on a
computer readable medium for:
automatically overriding, based on the metadata, an ES:1 limitation to a single attribute for mouse-over tooltip

generation.

19. A method for accessing NetCDF-formaited datasets and importing the datasets into a geospatial map comprising
the steps of:

(a) receiving afile structure and an identifier for the NetCDF-formatted dataset;

(b) automatically detecting an internal format of afile from the NetCDF-formatted dataset identified by the
identifier, the identifier being based on the file structure;

(c) automatically extracting metadata and data ranges from the file based on the internal format;

(d) automatically enabling verification of NetCDF data in the file based on the metadata and the data ranges;

(e) receiving subset information and customization information and simultaneously automatically extracting
the NetCDF data from the file based on the subset information and the customization information;

(f) automatically calculating atime depth average for al layers in the extracted NetCDF data; and
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(g) automatically storing the extracted NetCDF data and the average in Keyhole Markup Language (KML)
files on acomputer-readable medium;

(h) repeating steps (€) - {(g) if there are extracted NetCDF data to process; and

(i) finalizing the time depth average and file output.

20. The method asin claim 19 further comprising the steps of:

automatically detecting if the file includes multiple time slices or asingle time slice;

automatically detecting if the file includes scalar or vector data;

automatically detecting dimensionality of the NetCDF data;

automatically detecting a security classification of the NetCDF data;

automatically displaying an outline of the extent of the dataset on the map;

automatically creating and storing on the computer-readable medium an electronic table of contentsfor
electronic navigation of the NetCDF dataset;

automatically storing on the computer-readable medium the extracted NetCDF datain an electronic
geodai abase;

automatically overriding, based on the metadata, an ESRI limitation to a single attribute for mouse-over tooltip
generation;

automatically organizing the extracted data to support custom animation on the map;

enabling automatic modification of the extracted data; and

storing on the computer -readable medium a geospatial/relational database schema and database manager API
to manage the metadata, the layers, and the time depth average.
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