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 Professor of Computer Science
— Jacobs University: ~1,300 students, 102 nations,
75% non-G e r ma nengiéh camnpud

» Head of Large-Scale Scientific

Information Systems research group
— large-scale n-D raster services & beyond:
theory, practice, application, standardization
— rasdaman n-D raster DBMS
— www.jacobs-university.de/lsis

» CEO of rasdaman GmbH: research spinoff
— Commercial support for rasdaman raster DBMS

+ OGC

— chair of raster-relevant working groups
— Editor of 8 standards, several candidate standards
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Facing the Data Tsunami
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Taming the Data Tsunami
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WCS 2.0 Design Goals

X
* Model extension  Engineering aspects
— GML harmonization & — Separate data model from
unifying, service independent service model
coverage model — Concise semantics
— Beyond raster: curvi-linear — Improved testability
grids, more general meshes, _ Corelextension
€ modularization
— N-D coverages — Crisp & easy to handle for
— Increased domain support implementers
— Still: coherent with ISO 19123 — Allow for efficient & scalable

Implementations
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(Part of) The OGC Standards Quilt

8o
data Images data data
f ! Y
/, featuregcoveragei \\\ meta I \\\\\\
FE| /S .~ [weps - [caL
WFS-T - WCS-T CS T
WII:S WMS WICS CSI-W

A WMS "portrays spatial data — pictures"
A WCS: "provides data + descriptions; data with original semantics,
may

be i nterpreted,

extr ap-bloryt
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OGC Coverages

¢
05 | |
« Coverage="space-t I me varylng__D no

— 1S0 19123 (=OGC Abstract Topic 6) IEmE - |

— Today typically raster, but more defined
(curved grids, TINS, meshes, ...)

— historically constrained to x/y
..hm, xiylt...hm, xly/z/t...nm...pressure?

« Web Coverage Service (WCS)
= coverage access service

— Get original data (or subset thereof),
suitable for further processing

— www.ogcnetwork.net/wcs

 Coverage-related working groups within OGC:
— WCS.SWG
— Coverages.DWG

OGC
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Coverage Definition

()
e
) From GML3.2.1 |
«Data Type»
AbstractFeature
- Note:
Predefined hook ZF .
[ fede Edd 00 DaaTyre ISO 19123 generic
or metadata AbstractCoverage Y many d
+ coverageFunction: gml:CoverageFunction [0..1] implementations
"+ metaData [0..1] pOSSible
1 1 1
domainSet rangeType rangeSet
1 1 1
«Uni on» «Data Type» «Data Type»
DomainSet DataRecordPT RangeSet
[OGC 0946r1]

OGC .



Sample Coverage, GML-Coded

<Tsml version="1.0" encoding="UTF-8" 7>
- =gmlcov: GridCoverage xmins: xsi="http:/ fwww.w3.org/ 2001/ XMLSchema-instance" =mins: gml="http:/ /www.opengis.net/gml/3.2"

smins="http:f fveviw . opengis.net/gml/3.2" xmins: swe="http:/ /vwvw.opengis.net/swe/2.0" «mins: gmlcov="http:/ /wwww_opengis.ni
#siischemalocation="http:/ fwww.opengis.net/swe/2.0 http:/ /schemas.opengis.net/sweCommon/2.0/swe . xsd
http:/ /www.opengis.net/gmlcov /1.0 ../../.. /.. /gmlcov/1.0/gmlcovall.xsd" gml:id="C0001">

- <gml: boundedBy =
- «<gml Envelope srslame="http:f fwww.opengis.net/def/crs /EPSG/0/4326" axisLabels="Lat Long" uomLabels="deq deq" srsDimensic

zgml:lowerCorner=1 1</gml: lowerCorners

<gml:upperCorner=5 3=</gmliu— _ <gml:rangeSet=
</gml:Envelopes - <gml:DataBlocks
=/gml: boundedBy> <gml:rangeParameters /=
- =gml:domainSet> gmlituplelist=123 4567891011 12 13 14 15</gml: tupleList=
- «<gml:Grid gml:id="gr0001_C00( </gml:DataBlocks
- =gml:limits= </gml:rangeSet:
- =gml GridEnvelopes - =gmlcov:rangeType=
<!-- Thiz iz a S5-by-3 - «<swe:DataRecord:>
<gmlilow=1 1</gmliiows - «swe: field name="singleBand">
{gml:h?gh}ﬁ 3</gml: highz - <swe:Quantity definition="http:/ /www.opengis.net/def/property /0GC/0/Radiance">
=/gml:GridEnvelope: <gml:description=Panchromatic Channel</gml: description:
</gml:limitss <gml:namez=single band</gml:name:
=gml: axisLabels=Lat Long</q <sweuom code="W/cm2" />
</gml: Grids - <sweconstraints
</gml:domainSets - =swe! AllowedYaluess>
- zgml:rangeSet: <zwelinterval=0 255</swe:interval>
- «<gml:DataBlock: <swe:significantFigures=3</swe: significantFiguresz:
<gml:rangeParameters /> </swe: Allowedyaluess
<gml:tuplelist=123 456 7 8 </swe constraints
=/gml:DataBlock> </swe: Quantity:
=/gmlirangesSet> </owe: fields
<fowe DataRecord:=
</gmlcovirangeTypes>

O G C ® </gmlcov: GridCoverage:
Copyright © 2011 Open Geospatial Consortium 11



. Mixed Data Encoding

OQ- Pure-GML: complete coverage represented by GML

« Special-Format: ot her suil tabl e f 11 e
— May lose some metadata

o Multipart-Mixed: mul t 1 part MI ME, tvyj

— GML domain set + range type + xlink reference to file in same package

e depending on the format <chosen
domain set and range type

GML Coverage  GML Coverage

Domain set Domain set
Range type Range type
Range set xlink 2>~
App Metadata App Metadata

o
OoGC
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WCS Service Model: Structure

class CoverageOfferings /

[OGC 0910r3]

OGC

details omitted here

AN

serviceParameters

1

«Data Type»
ServiceParameters

+ extension: any [0..%]

«Data Type»
/ WCS Oﬁering \ Coveriseoﬁeiings
can be seen as + wesServiceMetadata: WCSServiceMetadata
a single virtual ;
\ document +offeredCoverage 0.
«Data Type»
OfferedCoverage
Notwithstanding 1 1
other actual 1 +coverage
encodings
AbstractFeature
/ GML 3.2.1 Application Schema for Coverages::
M AbstractCoverage
[ GML coverage
J

Hook for future service-

related coverage metadata J

‘14




WCS Service Model: Operations

X

« GetCapabilities what service extensions? What coverages?
* DescribeCoverage coverage metadata

« GetCoverage coverage, or subset thereof

e énow concisely defined as pr
In future: reasoning on coverages, towards Semantic Web

CoverageOfferingsTpe

+ woSerdceMetatata \WESSerceMetaiiaType

OGC :



WCS 2.0 GetCoverage: Subsetting

X
e Subset=  trim | slice

AN

Ay
E"

y y
il
| L | 4 | Vv

 For now: rasters & point clouds
— Some coverage types need more investigation

OGC ’




o Sample Early WCS Based 3-D Service
O

#7 DLR EOWEB - Interactive Data Service [
DLR

A Service of the German Remote Sensing Data

Please, find available options helow the image.

] 200 250 F00 350 400 450
P 5 T 0 T S 1 S A A

50 100 15
N I 0 A B

SST 1999 X=Month, Y=Temperature [deg C]

Tao00-07-24 29.59.59

T T T T
X=Tinelnonths] Y=NDVI

[DFD-DLR, Diederich et al, 2001]

O G C ’ based on rasda:nan
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Web Coverage Processing Service

e %
9 A XQueidDy rfasnt em s 0
ad-hoc navigation, extraction, aggregation, analytics

A AAp B A ot
P 'n"’"'ur‘" = ) L VT S A R ¥ WY S S
vl"."h “"l\lf \J s h L ¢ oy W N

— Time series

I R T T T AT
N AL T 1AL Y 3 IR

— Image processing

» current value is [EEE;
— Summary data » average over all values up to now currently is FA81I7682807652805 .

T

— Sensor fusion
& pattern mining

_——
|.’“\ ey L G B A e WA
¥ _———— J\f\J\/IUu\/‘\I
= WW‘\WWw
e S e L e R
oA \N\W\/‘*\/‘fw S

AN NN “\nm Nane
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WCPS By Example

()

\O'

* "From MODIS scenes M1, M2, and M3, the absolute of the difference
between red and nir, in HDF-EOS"

for $c in (M1, M2, M3)
return

encode( - (hhde A
abs( $c.red - $c.nir), df
“hdf i C)

)

OGC
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WCPS By Example

()

\O'

* "From MODIS scenes M1, M2, and M3, the absolute of the difference
between red and nir, in HDF-EOS"

—€ébut only those where nir exceed

for $c in (M1, M2, M3)

where
some( $c.nir > 127)
return (hdf A,
—p
encode hdf o)
abs( $c.red - $c.nir),
"hdfn
)

OGC .



WCPS By Example

()

\O'

* "From MODIS scenes M1, M2, and M3, the absolute of the difference
between red and nir, in HDF-EOS"

—ébut only those where nir exceed
—einside region R

for $c in (M1, M2, M3),
$rin(R)
where
some( $c.nir > 127 and $r)
return > (hdf p)
encode
abs( $c.red - $c.nir),
"hdf A

)

OGC ;



The Big Picture: WCS 2.0 Core & Extensions

()
O
Core
Data Coverage Service Protocol Usa-
Model Formats Model Bindings bility
ﬁ i fl f} i /<J i z‘x

Uncertainty

DGC

GeoTIFF

WCP35

Interpolation

EEEEEEEE

POST-XML

CRS5igeneral

23
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EO-WCS Concepts Overview

( )
el Pur pO&ECaNCS kRarth Observation Application Profile
(EQWCS}kpecializethe generic WCS 2.0
for use okarth Observation datg10-140]

 Data structures:

— EOCoverage= 2D nhori zontal o Covera
« RectifiedGridCoverage or ReferenceableGridCoverage

— Dataset = EO Coverage

— Stitched Mosaic = homogeneous grouping of Datasets
« Can be accessed as a coverage itself

— Dataset Series = heterogeneous grouping of Datasets, Stitched Mosaics
* Not a coverage

 Operations:
— Capabilities document more flexible

— DescribeCoverage, GetCoverage as known
— DescribeEOCoverageSet: spatio-temporal search

OGC ;




EO-WCS: Stiched Mosaic

0
Access variants:
Iat/
V4
v’ :
data_set t1 / / | DescribeEOCoverageSet(mID)
series | I /1 Y set of descri
! : REE e 47 /" | Dataset used in Stitched Mosaic
: ! // E i E E 1 : : 1 I:
! ', T e
I I._____E.__i____i__%_::_;_:_—:———:—-»Iong
! ! ! ! TR : :
i ST R 1N
{ i/i R :
2-D lat /' i v DescribeCoverage(miD)
stitched mosaic ! 57‘ ’ Y description o
long

OGC :



EO-WCS Overall Model

lat

[Stephan Meissl, EOX]

long

« Coverages are 2D xly, time component in metadata
« Still, homogeneous retrieval in x/y/t, hiding axis definition placement

OGC .



Now Thatds | ntere

82
O . ...EO Coverages are 2D

— Time validity period stored in metadata

« Still, interface looks like for a 3D coverage:

http://www.myserver.org:port/path?

service=WCS

&version=1.0

&request=DescribeEOCoverageSet

&e0id=C0002

&mode=overlaps

&subset=Long,http://www.opengis.net/def/crs/EPSG/0/4326(-71,47)

&subset=Lat,http://www.opengis.net/def/crs/IEPSG/0/4326(-66,51)

&subset=phenomenonTime,
http://www.opengis.net/def/trs/ISO-8601/0/Gregorian+UTC
("2009-11-06T23:20:52Z7","2009-11-13T23:20:522")

« Shows that data/metadata boundary can be hidden
e 10 achieve uniform interfaces
OGC

© 2010 Open Geospatial Consortium 28
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The rasdaman* Raster Server
08 * Araster da

« CISRast er ( AoAmassie y-Oirgster a8 M S
— storage & query optimization
— In operational use on dozen-TB objects
— Dual licence: rasdaman community & enterprise

« Supports WCS, WCS-T, WCPS, ...

« rasgl = declarative array query language

— selectimg .green[x0:x1,y0:y1] > 130
from LandsatArchive as img

« n-D array — set of n-D tiles
— tiles stored in DBMS blobs

— arbitrary tiling
(storage layout language)

OGC




Tiling Strategies

O
10

 Goal: faster tile loading by adapting storage units to access pattern
* Issues: When is tiling optimal? When to tile how?
« sample tiling strategies [Furtado 1999]:

regular directional area of interest

OGC

31



Optimization 1: Query Rewriting

O
10

select avg _cells( a + b )
from a, b

Tile stream
high traffic

Scalar stream
low traffic

= (nderstood:

heuristic optimization
select avg _cells( a )

+ avg_cells( b ) = poorly understood:

from a, b cost-based optimization

OGC .



OOptimization 2. Just-in-Time Compilation

RS
A Observation: interpreted mode SIows down <o wisr
A Approach: from float_matrix x

A cluster suitable operations
A compile & dynamically bind

A Benefit:
A Speed up complex, repeated operatior

A Variation:
« compile code for GPU

1 b2 4 & 16 B2 84 128
B/ CoLD - HoOT
i - el
[Jucovschi, Stancu-Mara 2008] CRIGINAL ¥ TAILORED

Times [ms] for 532 n ops
OGC §



Optimization Techniques Studied

X
 Adaptive tiling

 Adaptive compression
 Multi-dimensional indexing
« Distributed query processing
 Query rewriting
 Pre-aggregation
 Physical operator clustering
 Transparent tape integration
« Just-in-time compilation

« GPU processing

* Tile caching

OGC




Optimization Pays Off!

X

Ex: 1 background, 1 bathymetry, 3 RGB =5 layers

— www.earthlook.org — ocean

SELECT png(

(marray x in [0:399,0:399] values {255c,255¢,255c})
overlay

((scale( extend( img0[269:349,0:65], [269:395, - 60:65] ), [0:399,0:399] ) < - 1300)*{0c, 01
+( - 1300.000000< scale( extend( img0[269:349,0:65], [269:395, - 60:65] ), [0:399,0:399] ) and sca
+( - 1289.999999< scale( extend( img0[269:349,0:65], [269:395, - 60:65] ), [0:399,0:399] ) and sca
+( - 1281.999999< scale( extend( img0[269:349,0:65], [269:395, - 60:65] ), [0:399,0:399] ) and sca
+( - 1274.999999< scale( extend( img0[269:349,0:65], [269:395, - 60:65] ), [0:399,0:399] ) and sca
+( - 1272.499999< scale( extend( img0[269:349,0:65], [269:395, - 60:65] ), [0:399,0:399] ) and sca
+( - 1270.999999< scale( extend( img0[269:349,0:65], [269:395, - 60:65] ), [0:399,0:399] ) and sca
+( - 1270.499999< scale( extend( img0[269:349,0:65], [269:395, - 60:65] ), [0:399,0:399] ) and sca
+( - 1269.999999< scale( extend( img0[269:349,0:65], [269:395, - 60:65] ), [0:399,0:399] ) and sca
+( - 1269.499999< scale( extend( img0[269:349,0:65], [269:395, - 60:65] ), [0:399,0:399] ) and sca
+( - 1268.999999< scale( extend( img0[269:349,0:65], [269:395, - 60:65] ), [0:399,0:399] ) and sca
+( - 1268.499999< scale( extend( img0[269:349,0:65], [269:395, - 60:65] ), [0:399,0:399] ) and sca
+( - 1267.999999< scale( extend( img0[269:349,0:65], [269:395, - 60:65] ), [0:399,0:399] ) and sca
+( - 1267.499999< scale( extend( img0[269:349,0:65], [269:395, - 60:65] ), [0:399,0:399] ) and sca
+( - 1266.999999< scale( extend( img0[269:349,0:65], [269:395, - 60:65] ), [0:399,0:399] ) and sca
+( - 1266.499999< scale( extend( img0[269:349,0:65], [269:395, - 60:65] ), [0:399,0:399] ) and scai€( ex
+( - 1265.999999< scale( extend( img0[269:349,0:65], [269:395,
+( - 1265.499999< scale( extend( img0[269:349,0:65], [269:395,
+( - 1264.999999< scale( extend( img0[269:349,0:65], [269:395,
+( - 1264.499999< scale( extend( img0[269:349,0:65], [269:395,
+( - 1263.999999< scale( extend( img0[269:349,0:65], [269:395,
+( - 1263.499999< scale( extend( img0[269:349,0:65], [269:395,
+( - 1262.999999< scale( extend( img0[269:349,0:65], [269:395,
+( - 1261.999999< scale( extend( img0[269:349,0:65], [269:395,
+( - 1260.999999< scale( extend( img0[269:349,0:65], [269:395,
+( - 1259.999999< scale( extend( img0[269:349,0:65], [269:395,
+( - 1256.999999< scale( extend( img0[269:349,0:65], [269:395,

+( - 1249.999999< scale( extend( img0[269:349,0:65], [269:395, - 60:65] ), [0:399,0:399] ) and scale( extend( img0[269:349,0:65], [2 69:395, -
+( - 1239.999999< scale( extend( img0[269:349,0:65], [269:395, - 60:65] ), [0:399,0:399] ) and scale( extend( img0[269:349,0:65], [2 69:395, -
+( - 1229.999999< scale( extend( img0[269:349,0:65], [269:395, - 60:65] ), [0:399,0:399] ) and scale( extend( img0[269:349,0:65], [2 69:395, -

+( - 126.5 < scale( extend( img0[269:349,0:65], [269:395,
overlay (scale( extend( img2[124:468,0:578], [124:717, - 14:578] ), [0:399,0:399] ))

overlay (scale( extend( img3[11375:11578,0:120], [11375:11968, - 473:120] ), [0:399,0:399] )) )
FROM Hakon_Bathy AS img0, Hakoon_Divel 8 AS imgl, Hakoon_Dive2_8 AS img2, Hakoon_Dive2b_8 AS img3

- 60:65] ), [0:399,0:399] ))*{255¢,255¢,255¢})

®

- 60:65] ), [0:399,0:399] ) and scale( extend( |mg0[269 349,0:65], [2
- 60:65] ), [0:399,0:399] ) and scale( extend( img0[269:349,0:65], [2
- 60:65] ), [0:399,0:399] ) and scale( extend( img0[269:349,0:65], [2
- 60:65] ), [0:399,0:399] ) and scale( extend( img0[269:349,0:65], [2
- 60:65] ), [0:399,0:399] ) and scale( extend( img0[269:349,0:65], [2 69:395,
- 60:65] ), [0:399,0:399] ) and scale( extend( img0[269:349,0:65], [2 69:395,
- 60:65] ), [0:399,0:399] ) and scale( extend( img0[269:349,0:65], [2 69:395,
- 60:65] ), [0:399,0:399] ) and scale( extend( img0[269:349,0:65], [2 69:395,
- 60:65] ), [0:399,0:399] ) and scale( extend( img0[269:349,0:65], [2 69:395,
- 60:65] ), [0:399,0:399] ) and scale( extend( img0[269:349,0:65], [2
- 60:65] ), [0:399,0:399] ) and scale( extend( img0[269:349,0:65], [2

- 1290)*{219¢,0c,172c}
- 1282)*{209¢,0c,178c}
- 1275)*{199c,0c, 186c}
- 1272.5){186c,0c,189c}
- 1271)*{174c,0c,194c}
- 1270.5)%{162c,0c,199c}
- 1270)*{150c,0c,204c}
- 1269.5)%{139¢,0c,209c}
- 1269)*{125¢,0c,214c}
- 1268.5){110c,0c,219c}

19R0\%/QQn N~ 2D 7L
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Outlook: Coverage Subtypes

o9
_ [ as per GML 3.2]1 «FeatureType»
e |ssue: some not —1 Abstract

yet sufficiently Discrete —v_Coveragel, [ Gontinuous
understood Covera e 7 Coverage

G Mult|SoI|d MultiPoint ”
> | Coverage Coverage REEiEe L
J ! GridCoverag

"N Q. | MultiSurface | MultiCurve
AN\ | Coverage Coverage Grig || Referenceable
S GridCovera

e LR, Coveragg

A3 4

OGC



Reflection: Mission Accomplished?

X
« Goals
— Crisp 14 regs coverage structure, 42 reqs core
— Modular achieved
— Testability yes, down to pixel level
— Beyond raster achieved conceptually,

new coverage types need practical evaluation
— Harmonization GML, WCS ok; O&M works (EO-WCS!); WPS under work
« Challenges
— establish & educate on best practices (09-153r1 already reserved...)
— Production of further components of the WCS suite
— I mprove understanding of service

OGC .



Distributed Geo Access & Processing

/ Access & Processing Node \

Register
Measurement
Types

Sensor Net

® _ k Mission Control Center /
O G C [George Percivall] 1




Activities

O
5. 0GC OWS:8:

2D ... 5D integrated EO, weather, radar services

— Joint international trials, demos, and specification development
« EU FP7 project EarthServer:

Scalable Earth Science Service Environment

— 100 TB online analytics,
incl. distributed fusion

— 11 partners, ESA + NASA;
startin Sep 2011

* NASA considers using WCPS
for ground/space interface

— Satellite = ad-hoc analytics server
— See www.earthlook.org/videos

OGC



Summary

S
« Raster data being generalized to coverages

— Beyond flatland: spatio-temporal and more
— Beyond quadrilateral grids: curvilinear, point clouds, meshes, ...

 Raster services being generalized

— From ftp-style tile access
to versatile extraction & analytics

« Transitiofromdatastewardship
toservicestewardship

« OGC Web Coverage Service (WCS) suite
for direct access to n-D coverage data

— Separation of data and service model
Y coverages can be
between different OGC services

— Tailorable: from simple access (WCS Core)
to complex processing (WCPS, WPS)

OGC



Appendix: Coverages FAQ

X

« Canot | serve coverages through a
— Yes; a coverage is a feature, so a WFS can deliver coverages, too
— but coverages induce bespoke extra functionality, such as subsetting, scaling, ...

« Canot | serve coverages through a
— Coverages can be served via WMS, but appear as pictures (think of elevation!)

« Coverages are specified in GML, but | want other formats

— Coverage model (+WCS) based on GML for uniform, format-independent semantics

— other representations (ie: encodings) possible, specification under work in OWS-8 for GeoTIFF,
NetCDF

 How do WPS and WCPS relate?

— WCPS bridges WCS and WPS in a harmonized, interoperable manner:
WCS for simple access; WCPS for query processing; WPS for free algorithm coding

— Under work in WPS.SWG: WPS Application Profile for Coverages Processing = WCPS

OGC .



FAQ

X
« Candét | serve coverages thro

— Yes; a coverage is a feature, so a WFS can deliver coverages, too
— but coverages induce bespoke extra functionality, such as subsetting, scaling, ...

« Canot | serve coverages thro
— Coverages can be served via WMS, but appear as pictures (think of elevation!)

« Coverages are specified in GML, but | want other formats
— Coverage model (+WCS) based on GML for uniform, format-independent semantics

— other representations (ie: encodings) possible, specification under work in OWS-8 for
GeoTIFF, NetCDF

 How do WPS and WCPS relate?

— WCPS bridges WCS and WPS in a harmonized, interoperable manner:
WCS for simple access; WCPS for query processing; WPS for free algorithm coding

— Under work in WPS.SWG: WPS Application Profile for Coverages Processing = WCPS

OGC ;



FAQ

O
10

| amusing Sensor Web Enablement, why do | need WCS?

Coverages are a fundamental data structure, SWE is application oriente

SWE standards make use of coverages (eg, O&M)

*best practice Iin OGC: O&M for met ¢
Coverage definition harmonized with SWE by using SWE Common for range type
Separation of coverage data and
between different OGC services, such as:

« SOS Y -TWCQS WCS or WCPS or WPS

« ..just as is the case with features and SWE / WFS

Summary: the application-oriented SWE standards use the domain-neutral coverage
standards, thereby achieving interoperability and cross-standard harmonization on
coverage level
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Document Overview

X
 Adopted:
— 09-146r1 GML Application Schema for Coverages --structure
— 09-110r3WCS 2.0 Core --service

— 09-147 WCS KVP protocol extension
— 09-148 WCS XML/POST protocol extension
— 09-149 WCS XML/SOAP protocol extension
* In adoption process:
— 10-140 WCS Earth ObservationApplication Profile

« Under work:
— CRS extension
— Format encoding extensions: GeoTIFF, NetCDF, JPEG2000, HDF4/5
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