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PostGISis anextensionto the PostgreSQlobject-relationatlatabassystemwhich allows GIS (Geographic
InformationSystemspbjectsto be storedin the databasePostGlSincludessupportfor GiST-basedRr-Treespatial
indexes,andfunctionsfor basicanalysisof GIS objects.
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Chapter 1. Introduction

PostGISis developedby RefractionsResearchinc, asa spatialdatabaséechnologyresearclhproject.
Refractionss a GIS anddatabaseonsultingcompary in Victoria, British Columbia,Canada,
specializingn dataintegrationandcustomsoftwaredevelopmentWe planon supportinganddeveloping
PostGISto supporta rangeof importantGIS functionality, including full OpenGlSsupport,advanced
topologicalconstructgcoveragessurfacesnetworks),desktopuserinterfacetoolsfor viewing and
editing GIS data,andweb-based@ccesgools.

1.1. Credits

Dave Blasby<dblasby@refractions.npt
Theprincipaldeveloperof PostGIS Dave maintainghe sener sideobjectsandindex supportthe
sener sideanalyticalfunctions,andthe Mapsener connectvity.

ChrisHodgson< chodgson@refractions.net

Maintainsnew functionsandthe 7.2 index bindings.

Paul Ramsg <pramsg@refractions.net

Maintainsthe JDBC objectsandkeepstrackof the documentatiorandpackaging.

Jef Lounshury <jeffloun@refractions.net

Maintainsthe Shapdoader/dumper

1.2. More Information

« Thelatestsoftware,documentatiomndnewns itemsareavailableat the PostGlSweb site,
http://postgis.refractions.net.

- Moreinformationaboutthe PostgreSQldatabassener is availableat the PostgreSQlmainsite
http://www.postgresql.ag.

- MoreinformationaboutGiST indexing is availableat the GiST developmentite,
http://www.sai.msu.su/~ngera/postgres/gist.

- MoreinformationaboutMapsenerinternetmapseneris availableat http://mapsergr.gis.umn.edu
(http://mapserer.gis.umn.edu/).

« The"SimpleFeaturedor Specificatiorfor SQL (http://www.opengis.og/techro/specs/9-049.pdf)" is
availableatthe OpenGISConsortiumwebsite: http://www.opengis.og.



Chapter 2. Installation

2.1. Requirements

PostGlshasthefollowing requirementsor building andusage:

- A completeconfiguredandbuilt PostgreSQlsourcecodetree.PostGlSusesdefinitionsfrom the
PostgreSQlconfigure/liild procesgo conformto the particularplatformyou arebuilding on.
PostgreSQlis availablefrom http://www.postgresql.ag.

« GNU C compiler(gcc). SomeotherANSI C compilerscanbeusedto compilePostGIS but we find
far fewer problemswhencompilingwith gcc.

« GNU Make (grreke or make). For mary systemsGNU nake is thedefault versionof make. Check
theversionby invokingmake - v. Otherversionsof nake maynotprocesghe PostGISvakefi | e
properly

- (Optional)Proj4reprojectionlibrary. The Projdlibrary is usedto provide coordinatereprojection
supportwithin PostGIS Proj4is availablefor downloadfrom http://www.remotesensing.gfproj.

2.2. PostGIS

ThePostGlSmoduleis a extensionto the PostgreSQLlbaclendsener. As such,PostGIS0.8.0requires a
full copy of the PostgreSQlsourcetreein orderto compile. The PostgreSQlsourcecodeis availableat
http://www.postgresql.ag.

PostGIS0.8.0canbe built againstPostgreSQlversions7.1.0to 7.4.x.Earlierversionsof PostgreSQL
arenot supported.

1. Beforeyou cancompilethe postgissener modulesyou mustcompileandinstall the PostgreSQL
package.

NOTE: if you planto useGEOSfunctionalityyou might needto link PostgreSQlagainsthe
standardC++ library:

LDFLAGS=-I| stdc++ ./configure YOUR OPTI ONS_HERE

Thisis aworkaroundor bogusC++ exceptionsinteractionwith olderdevelopmentools.If you
experienceweird problemsbaclendunexpectedlyclosedor similar things)try that.

2. Retrieve the PostGlISsourcearchive from http://postgis.refractions.net/postgis@.targz.
Uncompressnduntarthearchivein the"contrib" directoryof the PostgreSQlsourcetree.

# cd [postgresql source tree]/contrib
# gzip -d -c postgis-0.8.0.tar.gz | tar xvf -

3. Onceyour PostgreSQlinstallationis up-to-dategnterthe "postgis"directory andeditthe
Makefil e.



- If youarecompilingPostGIS0.7.20r earlieragainstPostgreSQL7.2.x,you mustsetthe
USE_PG72 variableto 1. Thisis doneautomaticallyby newer versionof postgis.

- If wantsupportfor coordinatereprojectionyou musthave the Proj4library installed,setthe
USE_PRQJ variableto 1, andeventuallyadjustPROJ_DI Rto pointto your Proj4installation
directory

- If wantto useGEOSfunctionalitiesyou musthave the GEOSlibrary installed,setthe USE_GECS
variableto 1, andeventuallyadjustGEOS DI Rto pointto your GEOSinstallationdirectory

4. Runthecompileandinstall commands.

# make
# make instal

All files areinstalledrelative to the PostgreSQlinstall directory [ pr ef i x] .

« Librariesareinstalled[ prefi x]/1ib/contrib.
« Importantsupportfiles suchaspost gi s. sql areinstalledin [ prefi x]/share/contrib.

+ Loaderanddumberbinariesareinstalledin [ pr ef i x] / bi n.

5. PostGlSrequireshe PL/pgSQLproceduralanguagextension.Beforeloadingthepost gi s. sql
file, you mustfirst enablePL/pgSQL.You shouldusethecr eat el ang commandThe
PostgreSQL7.1 Programmes Guidehasthedetailsif you wantto this manuallyfor somereason.

# createl ang pl pgsql [yourdatabase]

6. Now loadthe PostGlSobjectandfunctiondefinitionsinto your databaséy loadingthe
post gi s. sgl definitionsfile.
# psql -d [yourdatabase] -f postgis.sq

ThePostGlSsener extensionsarenow loadedandreadyto use.

7. For acompletesetof EPSGcoordinatesystemdefinitionidentifiers,you canalsoloadthe
spatial _ref_sys. sql definitionsfile andpopulatehe SPATI AL_REF_SYStable.

# psql -d [yourdatabase] -f spatial_ref_sys.sq

2.2.1. Upgrading

UpgradingPostGlScanbetricky, becauseéheunderlyingC librarieswhich supportthe objecttypesand
geometriesnay have changedetweerversionsTo avoid problemswhenupgradingyouwill have to
dumpall thetablesin your databasedestry the databasegreatea new one,executethe new

post gi s. sql file, thenuploadyour databaseump:

# pg_dunmp -t "*" -f dunpfile.sql yourdatabase
# dropdb yourdat abase

# createdb yourdat abase

# createl ang pl pgsql yourdatabse



# psql -f postgis.sql -d yourdatabase
# psql -f dunpfile.sql -d yourdatabase
# vacuundb -z yourdat abase

Note: When upgrading from version 0.5 to 0.6+, all your geometries will be created with an SRID of
-1. To create valid OpenGIS geometries, you will have to create a valid SRID in the
SPATIAL_REF_SYS table, and then update your geometries to reference the SRID with the following
SQL (with the appropriate substitutions:

UPDATE TABLE <t able> SET <geocol umm> = Set SRl D( <geocol um>, <SRl D>) ;

2.2.2. Common Problems

Therearesereralthingsto checkwhenyour installationor upgradedoesnt go asyou expected.

1.1t is easiestf you untarthe PostGI<distributioninto the contrib directoryunderthe PostgreSQL
sourcetree.However, if thisis notpossiblefor somereasonyou cansetthe
PGSQL._ SRCervironmentvariableto the pathto the PostgreSQlsourcedirectory Thiswill allow
youto compilePostGIShutthemake i nst al | maynotwork, sobepreparedo copy the
PostGldSibrary andexecutabldiles to theappropriatdocationsyourself.

2. Checkthatyou you have installedPostgreSQL7.1 or newer, andthatyou arecompilingagainsthe
sameversionof the PostgreSQlsourceasthe versionof PostgreSQlthatis running.Mix-ups can
occurwhenyour (Linux) distrukution hasalreadyinstalledPostgreSQLor you have otherwise
installedPostgreSQlbeforeandforgottenaboutit. PostGISwill only work with PostgreSQL7.1 or
newer, andstrange unexpectederrormessagewill resultif you useanolderversion.To checkthe
versionof PostgreSQIlwhich is running,connecto the databasesingpsglandrunthis query:
SELECT version();

Also checkthatyou have madearny necessarghangeso the top of the Makefile. Thisincludes:

1. Changinghe USE_PG72=0 line to USE_PG72=1 if youareusingPostgreSQL7.2 or newer. If this
lineis incorrect,it will resultin alargenumberof errorsbeinggenerateaitherwhencompiling,or
whenexecutingthe sql statement the postgis.sdfile.

2. If youwantto be ableto do coordinatereprojectionsyou mustinstall the Proj.4library on your
systemsetthe USE_PRQJ variableto 1 andthe PROJ_DI Rto yourinstallationprefixin the
Makefile.

3. If youwantto beableto useGEOSfunctionsyou mustinstallthe GEOSlibrary onyour systemand
setthe USE_GEOS to 1 andthe GEQS_ DI Rto your installationprefix in the Makefile.



2.3.JDBC

The JDBC extensiongrovide Java objectscorrespondingo theinternalPostGlStypes.Theseobjects
canbeusedto write Java clientswhich querythe PostGlSdatabas@nddraw or do calculationson the

GlS datain PostGIS.

1. Enterthej dbc sub-directoryof the PostGISdistribution.

2.EdittheMakef i | e to providethe correctpathsof your java compiler(J AVAC) andinterpreter
(JAVA).

3. Runthenake commandCopy thepost gi s. j ar file to wherereryou keepyourjavalibraries.

2.4. Loader/Dumper

Thedataloaderanddumperarebuilt andinstalledautomaticallyaspartof the PostGISbuild. To build
andinstallthemmanually:
# cd postgis-0.8.0/Ioader

# make
# make install

Theloaderis calledshp2pgsql andcornvertsESRIShapdilesinto SQL suitablefor loadingin
PostGIS/PostgreSQIhedumperis calledpgsqgl 2shp andcorvertsPostGlStablesinto ESRIshape
files.



Chapter 3. Frequently Asked Questions

1. Whatkind of geometricobjectscanl store?

You canstorepoint, line, polygon,multipoint, multiline, multipolygon,andgeometrycollectionsThese
arespecifiedn the OpenGIS Well Known Text Format(with 3d extentions).

2. How do inserta GIS objectinto the database?

First,you needto createa tablewith a columnof type"geometry"to hold your GIS data.Connecto
your databasevith psqgl andtry thefollowing SQL:

CREATE TABLE gtest ( ID int4, NAME varchar(20) );
SELECT AddGeonetryCol um(’dbname’,’ gtest’, ' geoni, -1, LINESTRI NG, 2);

If thegeometrycolumnadditionfails, you probablyhave notloadedthe PostGlSfunctionsandobjects
into this databaseSeetheinstallationinstructions

Then,you caninserta geometryinto thetableusinga SQL insertstatementThe GIS objectitself is
formattedusingthe OpenGISConsortium'well-known text" format:

I NSERT | NTO gtest (1D, NAME, GEOM) VALUES (1, 'First Geonetry', GeonetryFronfText('LINESTRING2 3,4 5,6 5,7 8)’
1))

For moreinformationaboutotherGIS objects,seethe objectreference

To view your GIS datain thetable:

SELECT id, nane, AsText(geom) AS geom FROM gtest;

Thereturnvalueshouldlook somethindik e this:

id| name | geom
e, e

1| First Geonetry | LINESTRING2 3,4 5,6 5,7 8)
(1 row

3. How do| construcia spatialquery?

Thereareanumberof spatialoperatorsvailableto PostgreSQLandseveral of themhave been
implementedy PostGISin orderto provide indexing support.

In orderto do a spatialquerywith index supportyou mustusethe "overlapoperator'(&&) whichuses
thefollowing importantsimplifying assumptionall features shall be represented by their bounding
boxes.

We recognizehatusingboundingboxesto proxy for featuress alimiting assumptionbut it is an
importantonein providing spatialindexing capabilities Commerciakpatialdatabaseasethe same
assumption- boundingboxesareimportantto mostspatialindexing schemes.

Themostimportantspatialoperatorfrom a users perspectieis the"&&" overlapoperatoywhichtests
whetheronefeatures boundingbox overlapsthatof anotherAn exampleof a spatialqueryusing&& is:

SELECT id, nane FROM GTEST WHERE GEOM && ' BOX3D(3 4,4 5)'::box3d



Notethatthe boundingbox usedfor queryingmustbe explicitly declaredasabox3d usingthe
"::box3d" castingoperation.

4. How do | speedup spatialquerieson largetables?

Fastqueriesonlargetablesis theraison d' etre of spatialdatabase&longwith transactiorsupport)so
having agoodindex in important.

To build a spatialindex onatablewith ageonet r y column,usethe"CREATE INDEX" functionas
follows:

CREATE | NDEX [i ndexnane] ON [t abl enane]
USI NG G ST ( [geonetrycol utm] gi st_geonetry_ops);

The"USING GIST" optiontellsthesenerto usea GiST (GeneralizedSearchlree)index. Thereference
to "gist_geometry_opdgtellsthesenerto usea particularsetof comparisoroperatordor building the
index: the"gist_geometry opsdrepartof the PostGlSextension.

Note: For PostgreSQL version 7.1.x, you can specifically request a "lossy" index by appending WITH
(ISLOSSY) to the index creation command. For PostgreSQL 7.2.x and above all GiST indexes are
assumed to be lossy. Lossy indexes uses a proxy object (in the spatial case, a bounding box) for
building the index.

5. Why arent PostgreSQIR-Treeindexessupported?

Early versionsof PostGlSusedthe PostgreSQIR-Treeindexes.However, PostgreSQLR-Treeshave
beencompletelydiscardedsinceversion0.6,andspatialindexing is providedwith anR-Tree-o/er-GiST
scheme.

Ourtestshave shavn searctspeedor native R-TreeandGiST to becomparableNative PostgreSQL
R-Treeshave two limitationswhich make themundesirabldor usewith GIS featuregnotethatthese
limitationsaredueto the currentPostgreSQlnative R-Treeimplementationnot the R-Treeconceptin
general):

- R-Treeindexesin PostgreSQlcannothandlefeatureswvhich arelargerthan8K in size.GiST indexes
can,usingthe"lossy" trick of substitutingthe boundingbox for thefeatureitself.

- R-Treeindexesin PostgreSQlarenot "null safe",sobuilding anindex onageometrycolumnwhich
containsnull geometriesvill fail.

6. Why shouldl usethe AddGeonet r yCol unm() functionandall the otherOpenGISstuff?

If you do notwantto usethe OpenGlSsupportfunctions,you do not have to. Simply createtablesasin
olderversionsdefiningyour geometrycolumnsin the CREATE statementAll your geometriewill
have SRIDsof -1, andthe OpenGlSmeta-datdableswill not befilled in properly However, this will



causeamostapplicationsbasedn PostGlSto fail, andit is generallysuggestethatyou do use
AddGeonet r yCol umm() to creategeometntables.

Mapsenreris oneapplicationwhich makesuseof thegeomnet ry_col unmms meta-dataSpecifically
Mapsener canusethe SRID of thegeometrycolumnto do on-the-flyreprojectionof featurednto the
correctmapprojection.

7. Whatis the bestway to find all objectswithin aradiusof anotherobject?

To usethe databasenostefficiently, it is bestto do radiusquerieswhich combinetheradiustestwith a
boundingbox test:theboundingbox testusesthe spatialindex, giving fastaccesso a subsebf data
which theradiustestis thenappliedto.

For example,to find all objectswith 100 metersof POINT(10001000)thefollowing querywould work
well:

SELECT *
FROM GEOTABLE
WHERE
GEOM && GeonetryFronilext (' BOX3D( 900 900, 1100 1100)’',-1)
AND
Di st ance( Geonet ryFroniText (* PO NT(1000 1000)',-1), GEOM < 100;

8. How do | performa coordinatereprojectioraspartof aquery?

To performareprojectionpoththe sourceanddestinatiorcoordinatesystemsnustbe definedin the
SRATIAL_REF_SYStable,andthegeometriedeingreprojectednustalreadyhave an SRID seton
them.Oncethatis done,areprojectionis assimpleasreferringto thedesireddestinatiorSRID.

SELECT Transfor n{ GEOM 4269) FROM GEOTABLE;



Chapter 4. Using PostGIS

4.1. GIS Objects

The GIS objectssupportedy PostGlSarethe "Simple Featurestiefinedby the OpenGISConsortium
(OGC).NotethatPostGlScurrentlysupportghefeaturesandtherepresentatioAPls, but notthevarious
comparisorandconvolution operatorgyivenin the OGC"Simple Featuregor SQL" specification.

Examplef thetext representationsf the featuresareasfollows:

. POINT(000)

. LINESTRING(00,11,12)

. POLYGON((000,400,440,040,000),(110,210,220,120,110))
. MULTIPOINT(000,121)

. MULTILINESTRING((000,110,121),(231,321,54 1))

. MULTIPOLYGON(((000,400,440,040,000),(110,210,220,120,110)),((-1-10,-1-20,-2-2
0,-2-10,-1-10)))

. GEOMETRYCOLLECTION(POINT(23 9),LINESTRING((23 4,34 5)))

Notethatin theexamplesabove therearefeatureswith both 2-dimensionabnd3-dimensional
coordinatesPostGISsupportdoth2d and3d coordinates- if you describeafeaturewith 2D
coordinatesvhenyou insertit, thedatabasevill returnthatfeatureto youwith 2D coordinatesvhenyou
extractit. Seethesectionsontheforce_2d()andforce_3d()functionsfor informationon corverting
featuredo a particularcoordinatedimensiornrepresentation.

4.1.1. Standard versus Canonical Forms

The OpenGlSspecificatiordefinestwo standardvaysof expressingspatialobjects:the Well-Known
Text (WKT) form (shavn in the previoussection)andthe Well-Known Binary (WKB) form. Both WKT
andWKB includeinformationaboutthe type of the objectandthe coordinatesvhich form the object.

However, the OpenGlSspecificatioralsorequireshattheinternalstoraggormatof spatialobjects
includea spatialreferencingsystemidentifier (SRID). The SRID is requiredwhencreatingspatial
objectsfor insertioninto the databaser-or example,avalid insertstatemento createandinserta spatial
objectwould be:

I NSERT | NTO SPATI ALTABLE ( THE GEOM THE_NAME )
VALUES (
Geonet ryFronText (" PO NT(-126.4 45.32)’', 312),
" A Pl ace’

)

Notethatthe"GeometryFrom@&xt" functionrequiresan SRID number

The"canonicalform” of the spatialobjectsin PostgreSQlis atext representatiowhichincludesall the
informationnecessaryo constructhe object.Unlike the OpenGlSstandardorms, it includesthetype,
coordinateandSRID information.The canonicaform is thedefault form returnedrom a SELECT



qguery Theexamplebelow shovsthedifferencebetweerthe OGC standarcandPostGlScanonical
forms:

db=> SELECT AsText (geom AS OGCCeom FROM t het abl e;
OCCCeom

LI NESTRI NG - 123. 741378393049 48. 9124018962261, - 123. 741587115639 48. 9123981907507)
(1 row

db=> SELECT geom AS Post G SGeom FROM t het abl e;
Post G SGCeom

SRI D=123; LI NESTRI N - 123. 741378393049 48. 9124018962261, - 123. 741587115639 48. 9123981907507)
(1 row

4.2. Using OpenGIS Standards

The OpenGIS'Simple FeaturesSpecificatiorfor SQL" definesstandardsIS objecttypes,thefunctions
requiredto manipulatehem,anda setof meta-datdaables.In orderto ensureghatmeta-dataemain
consistentpperationsuchascreatingandremoving a spatialcolumnarecarriedout throughspecial
procedureslefinedby OpenGIS.

Therearetwo OpenGlSmeta-datdables:SFATIAL_REF_SYSandGEOMETRY_COLUMNS.The
SFATIAL_REF_SYStableholdsthe numericlDs andtextual descriptionf coordinatesystemsisedin
the spatialdatabase.

4.2.1. The SPATIAL_REF_SYS Table
TheSRATIAL _REF_SYStabledefinitionis asfollows:

CREATE TABLE SPATI AL_REF_SYS (
SRID | NTEGER NOT NULL PRI MARY KEY,
AUTH_NAME VARCHAR( 256) ,
AUTH_SRI D | NTEGER,
SRTEXT VARCHAR( 2048) ,
PROJATEXT VARCHAR(2048)
)

TheSRATIAL _REF_SYScolumnsareasfollows:

SRID

An integervaluethatuniquelyidentifiesthe SpatialReferencingSystemwithin the database.

AUTH_NAME

Thenameof the standardr standard®odythatis beingcitedfor this referencesystemFor
example,"EPSG"would beavalid AUTH_NAME.

AUTH_SRID

TheID of the SpatialReferencesystemasdefinedby the Authority citedin the AUTH_NAME. In
the caseof EPSG thisis wherethe EPSGprojectioncodewould go.
10



SRTEXT

TheWell-Known Text representationf the SpatialReferenceSystem An exampleof aWKT SRS
representatiors:

PROJCS[ "NAD83 / UTM Zone 10N',
GEOGCS][ " NAD83",
DATUM " Nor t h_Aneri can_Dat um 1983",
SPHERO D[ " GRS 1980", 6378137, 298. 257222101]

PRI MEM " G eenw ch", 0],
UNI T[ " degree", 0. 0174532925199433]
1.
PRQJIECTI ON[ " Transver se_Mercator"],
PARAMETER] "I ati tude_of _origin", 0],
PARAMETER] "centr al _meri di an", - 123],
PARAMETER] "scal e_factor", 0. 9996],
PARAMETER] " f al se_easti ng", 500000] ,
PARAMETER] " f al se_nort hi ng", 0],
UNIT["metre", 1]
]

For alisting of EPSGprojectioncodesandtheir correspondin@VKT representationsee
http://www.opengis.og/techno/inergp/EPSGRVKT.TXT. For adiscussiorof WKT in generalsee
the OpenGIS'CoordinateTransformatiorServicedmplementatiorSpecification'at
http://www.opengis.og/techno/spcs.htm

PROJATEXT

PostGlSuseghe Proj4dlibrary to provide coordinateransformatiorcapabilities The PROJ4TEXT
columncontainsthe Proj4 coordinatedefinition stringfor a particularSRID. For example:

+proj =ut m +zone=10 +el | ps=cl rk66 +dat unFNAD27 +units=m

For moreinformationabout,seethe Proj4 website at http://www.remotesensing.gfproj. The

spatial _ref_sys. sqgl file containshoth SRTEXT andPRQI4TEXT definitionsfor all EPSG
projections.

4.2.2. The GEOMETRY_COLUMNS Table
The GEOVETRY_COLUMNS tabledefinitionis asfollows:

CREATE TABLE GEOVETRY_COLUMNS (

F_TABLE_CATALOG VARCHAR(256) NOT NULL,
F_TABLE_SCHEMA VARCHAR(256) NOT NULL,
F_TABLE_NAME VARCHAR(256) NOT NULL,
F_GEOMETRY_COLUMN VARCHAR( 256) NOT NULL,

COORD_DI MENSI ON | NTEGER NOT NULL,

)

SRI D | NTEGER NOT NULL,
TYPE VARCHAR(30) NOT NULL

Thecolumnsareasfollows:

11



F_TABLE_CATALOG, F_TABLE_SCHEMA,F_TABLE_NAME

Thefully qualifiednameof thefeaturetablecontainingthe geometrycolumn.Notethattheterms
"catalog"and"schema‘areOracle-ishThereis not PostgreSQlanalogueof "catalog”sothat
columnis left blank— for "schema'the databas@ameis used.

F_GEOMETR/_COLUMN

Thenameof thegeometrycolumnin thefeaturetable.

COORD_DIMENSION

The spatialdimension(2 or 3 dimensionalpf thecolumn.

SRID
TheID of the spatialreferencesystemusedfor the coordinategeometryin thistable.lt is aforeign
key referenceo the SFATIAL_REF_SYS.

TYPE

Thetype of the spatialobject. To restrictthe spatialcolumnto a singletype,useoneof: POINT,
LINESTRING, POLYGON, MULTPOINT, MULTILINESTRING, MULTIPOLYGON,
GEOMETRYCOLLECTION. For heterogeneougnixed-type)collections you canuse
"GEOMETRY" asthetype.

Note: This attribute is (probably) not part of the OpenGIS specification, but is required for
ensuring type homogeneity.

4.2.3. Creating a Spatial Table

Creatinga tablewith spatialdatais donein two stages:

« Createanormalnon-spatiatable.
For example:CREATE TABLE ROADS_GEOM( ID int4, NAME varchar(25)

- Add a spatialcolumnto the tableusingthe OpenGIS'AddGeometryColumnfunction. The syntaxis:
AddGeometryColumn{db_rame>, <table_namg, <column_namg, <srid>, <type>,
<dimension>).

For example:SELECTAddGeometryColumn¢bads_db, 'roads_geom”geom’, 423,
'LINESTRING’, 2)

Hereis anexampleof SQL usedto createa tableandadda spatialcolumn(assuminghedbis
'parks_db’andthatan SRID of 128existsalready):

CREATE TABLE PARKS ( PARK I D int4, PARK _NAME varchar(128), PARK DATE date, PARK TYPE varchar(2) ):
12



SELECT AddGeon®etryCol um(’parks_db’, ’'parks’, 'park_geom, 128, 'MJLTIPOLYGON, 2 );

Hereis anotherexample,usingthe generic'geometry"type andtheundefinedSRID valueof -1:

CREATE TABLE ROADS ( ROAD_ID int4, ROAD_NAME varchar (128) );
SELECT AddGeonetryCol um( ’'roads_db’, ’'roads’, 'roads_geom, -1, 'GEOVETRY', 3 );

4.3. Loading GIS Data

Onceyou have createda spatialtable,you arereadyto uploadGIS datato thedatabaseCurrently there
aretwo waysto getdatainto a PostGIS/PostgreSQilatabaseusingformattedSQL statementsr using
the Shapefile loader/dumper

4.3.1. Using SQL

If you cancorvertyour datato atext representatiorthenusingformattedSQL might bethe easiestvay
to getyour datainto PostGIS As with OracleandotherSQL databasesjatacanbebulk loadedby
piping alargetext file full of SQL"INSERT" statementinto the SQL terminalmonitor.

A datauploadfile (r oads. sql for example)mightlook like this:

BEG N;

I NSERT | NTO ROADS_GEOM (| D, GEOM NAME ) VALUES (1, GeorretryFronilext(’ LI NESTRI NG(191232 243118, 191108 243242)’,

1), Jeff Rd');

I NSERT | NTO ROADS_GEOM (| D, GEOM NAME ) VALUES (2, Georret r yFronilext (’ LI NESTRI NG( 189141 244158, 189265 244817)’,

1)," CGeordie Rd");

I NSERT | NTO ROADS_GEOM (| D, GEOM NAME ) VALUES (3, Geomret ryFronilext (’ LI NESTRI NG( 192783 228138, 192612 229814)’,

1), Paul St');

I NSERT | NTO ROADS_GEOM (| D, GEOM NAME ) VALUES (4, Geomret ryFronilext (’ LI NESTRI NG( 189412 252431, 189631 259122)°,

1), Graene Ave');

I NSERT | NTO ROADS_GEOM (| D, GEOM NAME ) VALUES (5, Georret r yFronilext (* LI NESTRI NG( 190131 224148, 190871 228134)’,

1),' Phil Tce');

I NSERT | NTO ROADS_GEOM (| D, GEOM NAME ) VALUES (6, Georret r yFronilext (’ LI NESTRI NG( 198231 263418, 198213 268322)°,

1), ' Dave Cres’);
COW T;

Thedatafile canbe pipedinto PostgreSQlvery easilyusingthe "psql" SQL terminalmonitor:

psql -d [database] -f roads. sql

4.3.2. Using the Loader

Theshp2pgsql dataloadercorvertsESRIShapdilesinto SQL suitablefor insertioninto a
PostGIS/PostgreSQdatabaseT heloaderhasseveraloperatingmodesdistinguishedy commandine
flags:

-d
Dropsthedatabas¢ablebeforecreatinga new tablewith thedatain the Shapdile.
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Appendsdatafrom the Shapdfile into the databas¢able.Notethatto usethis optionto load
multiple files, thefiles musthave the sameattributesandsamedatatypes.

-C
Createsa new tableandpopulatest from the Shapsfile. This is the default mode.

-D
Createsa new tableandpopulatest from the Shapdfile. This usesthe PostgreSQL'dump" format
for theoutputdataandis muchfasterto loadthanthedefault "insert" SQL format. Usethis for very
large datasets.

-s <SRID>

Createsandpopulateghe geometrytableswith the specifiedSRID.

An examplesessiorusingtheloaderto createaninputfile anduploadingit mightlook lik e this:

# shp2pgsqgl shaperoads roadstabl e roadsdb > roads. sql
# psql -d roadsdb -f roads. sql

A corversionanduploadcanbedoneall in onestepusingUNIX pipes:

# shp2pgsql shaperoads roadstabl e roadsdb | psql -d roadsdb

4.4. Retrieving GIS Data

Datacanbe extractedfrom the databaseisingeitherSQL or the Shap€file loader/dumpeiin the section
on SQL we will discusssomeof the operatorsvailableto do comparisonsndquerieson spatialtables.

4.4.1. Using SQL

Themoststraightforvardmeansof pulling dataout of thedatabasés to usea SQL selectqueryand
dumptheresultingcolumnsinto a parsableext file:

db=# SELECT id, AsText(geon) AS geom nane FROM ROADS_GEOM

id| geom | name
e [ S

1 | LINESTRING(191232 243118, 191108 243242) | Jeff Rd

2 | LINESTRI NG(189141 244158, 189265 244817) | Geordie Rd
3 | LINESTRI NG 192783 228138, 192612 229814) | Paul St

4 | LINESTRI NG 189412 252431, 189631 259122) | G aenme Ave
5 | LINESTRI NG(190131 224148, 190871 228134) | Phil Tce
6 | LINESTRI NG 198231 263418,198213 268322) | Dave Cres
7 | LINESTRI NG(218421 284121,224123 241231) | Chris Wy
(6 rows)

However, therewill betimeswhensomekind of restrictionis necessaryo cut down the numberof fields
returnedIn the caseof attribute-basedestrictionsjust usethe sameSQL syntaxasnormalwith a
non-spatiatable.In the caseof spatialrestrictions thefollowing operatorsareavailable/useful:
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&&

This operatottells whetherthe boundingbox of onegeometryoverlapsthe boundingbox of another

This operatorgestswhethertwo geometriesaregeometricallyidentical.For example,if
'POLYGON((00,11,10,00)) is thesameas’POLYGON((00,11,10,00))’ (it is).

This operatotis alittle morenaive, it only testswhetherthe boundingboxesof to geometriesarethe
same.

Next, you canusetheseoperatorsn queries Note thatwhenspecifyinggeometrieendboxeson the
SQL commandine, you mustexplicitly turnthestringrepresentationsito geometriedy usingthe
"GeometryFromext()" function.So,for example:

SELECT
ID, NAME
FROM ROADS_GECOM
WWHERE
GEOM ~= Geonet ryFroniText (* LI NESTRI NG( 191232 243118, 191108 243242)° ,-1);

Theabove querywould returnthe singlerecordfrom the"ROADS _GEOM"tablein whichthegeometry
wasequalto thatvalue.

Whenusingthe"&&" operatoryou canspecifyeithera BOX3D asthe comparisorfeatureor a
GEOMETRY. Whenyou specifya GEOMETRY, however, its boundingbox will be usedfor the
comparison.

SELECT
ID, NAME
FROM ROADS_GEOM
VHERE
GEOM && Geonet ryFroniext (' POLYGON( (191232 243117, 191232 243119, 191234 243117, 191232 243117))°,
1);

Theabove querywill usetheboundingbox of the polygonfor comparisorpurposes.

The mostcommonspatialquerywill probablybe a"frame-basedtuery usedby client software,like
databrowsersandwebmappersto graba"mapframe"worth of datafor display Usinga "BOX3D"
objectfor theframe,sucha querylookslik e this:

SELECT
AsText (GEOM) AS GEOM
FROM ROADS_GECOM
VHERE
GEOM && Georet ryFronfext (* BOX3D( 191232 243117, 191232 243119)° : : box3d, - 1) ;

Notetheuseof the SRID, to specifythe projectionof the BOX3D. Thevalue-1 is usedto indicateno
specifiedSRID.

4.4.2. Using the Dumper

Thepgsql 2shp tabledumperconnectdirectly to thedatabasendcorvertsatableinto a shapsfile.
Thebasicsyntaxis:
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pgsql 2shp [ <options>] <database> <table>

Thecommandlineptionsare:

-d

Write a 3-dimensionashapsdile. The defaultis to write a 2-dimensionashapdile.

-f <filename>

Write the outputto a particularfilename.

-h <host>

Thedatabaséostto connectto.

-p <port>

Theportto connectio on the databasdost.

-P <passverd>

The passverd to usewhenconnectingo thedatabase.

-u <usep

Theusernaméo usewhenconnectingo the database.

-g <geometrycolumr>

In the caseof tableswith multiple geometrycolumns the geometrycolumnto usewhenwriting the
shapdfile.

4.5. Building Indexes

Indexesarewhatmale usinga spatialdatabaséor large databasepossible Withoutindexing, ary
searchor afeaturewould requirea "sequentiakcan”of every recordin the databaselndexing speedsip
searchindyy organizingthe datainto a searchtreewhich canbe quickly traversedo find a particular
record.PostgreSQlsupportshreekinds of indexesby default: B-Treeindexes,R-Treeindexes,and
GiST indexes.

- B-Treesareusedfor datawhich canbe sortedalongoneaxis;for example,numbers|etters,dates.
GIS datacannotberationally sortedalongoneaxis (whichis greater(0,0) or (0,1) or (1,0)?)so
B-Treeindexing is of no usefor us.

- R-Treesbreakup datainto rectanglesandsub-rectanglesndsub-sulrectanglesetc.R-Treesare
usedby somespatialdatabaseto index GIS data,but the Postgre SQIR-Treeimplementations notas
robustasthe GiST implementation.

« GIiST (GeneralizedearchTrees)indexesbreakup datainto "thingsto oneside","thingswhich
overlap","thingswhich areinside"andcanbe usedon awide rangeof data-typesincluding GIS data.
PostGlSusesanR-Treeindex implementedntop of GiST to index GIS data.
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45.1. GiST Indexes

GIST standdor "GeneralizedSearchlree"andis ageneralizedorm of indexing. In additionto GIS
indexing, GIST is usedto speedup searchesn all kindsof irregulardatastructuregintegerarrays,
spectradata,etc)which arenotamenabldo normalB-Treeindexing.

Oncea GIS datatableexceeds few thousandows, you will wantto build anindex to speedup spatial
searchesf thedata(unlessall your searchegrebasedn attributes,in which caseyou’ll wantto build a
normalindex onthe attributefields).

Thesyntaxfor building a GiST index on a"geometry"columnis asfollows:

CREATE | NDEX [i ndexnane] ON [t abl enane]
USING G ST ( [geonetryfield] d ST_GEOMETRY_OPS );

Building a spatialindex is a computationallyintensive exercise:on tablesof aroundl million rows,ona
300MHz Solarismachinewe have foundbuilding a GiST index takesaboutl hour. After building an
index, it is importantto force PostgreSQLlto collecttablestatisticswhich areusedto optimizequery
plans:

VACUUM ANALYZE,

GiST indexeshave two advantagesver R-Treeindexesin PostgreSQLFirstly, GiST indexesare"null
safe",meaningthey canindex columnswhichincludenull values.SecondlyGiST indexessupportthe
concepbf "lossinessivhich is importantwhendealingwith GIS objectslargerthanthe PostgreSQIS8K
pagesize.Lossinesallows PostgreSQlto storeonly the"important” partof anobjectin anindex —in
thecaseof GIS objectsjusttheboundingbox. GIS objectslargerthan8K will causeR-Treeindexesto
fail in the procesf beingbuilt.

4.5.2. Using Indexes

Ordinarily, indexesinvisibly speedup dataaccessoncetheindex is built, the queryplannertransparently
decideswhento useindex informationto speedup a queryplan. Unfortunately the PostgreSQlguery
plannerdoesnot optimizetheuseof GiST indexeswell, sosometimesearchesvhich shouldusea
spatialindex insteaddefaultto a sequencscanof thewholetable.

If you find your spatialindexesarenotbeingused(or your attributeindexes,for thatmatter)therearea
couplethingsyou cando:

« Firstly, make sureyourunthe"VACUUM ANALYZE [tablename]'commancdon thetablesyou are
having problemswith. "WVACUUM ANALYZE" gathersstatisticsaboutthe numberanddistributions
of valuesin atable,to provide the queryplannerwith betterinformationto make decisionsaround
index usage.You shouldregularly vacuumyour databasearnyways— mary PostgreSQIDBAs have
"VACUUM" run asanoff-peakcronjob onaregularbasis.

- If vacuumingdoesnotwork, you canforcetheplannerto usetheindex informationby usingthe"SET
ENABLE_SEQSCAN=0OFFtommandYou shouldonly usethis commandsparingly andonly on
spatiallyindexed queriesgenerallyspeakingthe plannerknows betterthanyou do aboutwhento use
normalB-Treeindexes.Onceyou have runyour query, you shouldconsidersetting
"ENABLE_SEQSCAN"backon, sothatotherquerieswill utilize the plannerasnormal.

17



Note: As of version 0.6, it should not be necessary to force the planner to use the index with
"ENABLE_SEQSCAN".

4.6. Complex Queries

Theraison d’ etre of spatialdatabaséunctionalityis performingqueriesinsidethe databasevhichwould
ordinarily requiredesktopGIS functionality. Using PostGlSeffectively requiresknowing whatspatial
functionsareavailable,andensuringthatappropriaténdexesarein placeto provide goodperformance.

4.6.1. Taking Advantage of Indexes

Whenconstructinga queryit is importantto remembethatonly the bounding-box-basedperatorsuch
as&& cantake advatageof the GiST spatialindex. Functionssuchasdi st ance() cannotusethe
index to optimizetheir operation For example the following querywould be quite slow on alargetable:

SELECT t he_geom FROM geom t abl e
WHERE di st ance( the_geom GeonetryFroniText( ' PO NT(100000 200000)’, -1 ) ) < 100

This queryis selectingall the geometriesn geom_tablevhich arewithin 100units of the point (100000,
200000).It will beslaw becausdt is calculatingthe distancebetweereachpointin thetableandour
specifiedooint,ie. onedi st ance() calculationfor eachrow in thetable.We canavoid this by using
the&& operatorto reducethe numberof distancecalculationsequired:

SELECT t he_geom FROM geom t abl e
WHERE t he_geom && ' BOX3D( 90900 190900, 100100 200100)’:: box3d
AND di st ance( the_geom GeonetryFroniText( ' PO NT(100000 200000)', -1 ) ) < 100

This queryselectgshe samegeometriesbut it doesit in amoreefficientway. Assumingthereis aGiST
index onthe_geomthequeryplannemwill recognizehatit canusetheindex to reducethe numberof
rows beforecalculatingtheresultof thedi st ance() function.Noticethatthe BOX3D geometrywhich
is usedin the&& operationis a 200unit squarebox centeredn theoriginal point - thisis our"query
box". The && operatoruusestheindex to quickly reducetheresultsetdown to only thosegeometries
which have boundingboxesthatoverlapthe "querybox". Assumingthatour queryboxis muchsmaller
thanthe extentsof the entiregeometrytable,this will drasticallyreducethe numberof distance
calculationghatneedto bedone.

4.7. Using Mapserver

TheMinnesotaMapsener is aninternetweb-mappingsenerwhich conformsto the OpenGISWeb
MappingSener specification.

- TheMapsenerhomepagés at http://mapserer.gis.umn.edu.
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- TheOpenGISWebMap Specifications at http://www.opengis.og/techno/spcs/01047r2. pdf.

4.7.1. Basic Usage

To usePostGISwith Mapsener, you will needto know abouthow to configureMapsenrer, whichis
beyondthescopeof this documentationThis sectionwill cover specificPostGlSissuesand
configurationdetails.

To usePostGISwith Mapsener, you will need:

+ Version0.6 or newer of PostGIS.
+ Version3.50r newer of Mapserner.

MapseneraccesseRostGIS/PostgreSQdatalik e any otherPostgreSQlclient— usingl i bpq. This
meanghatMapsener canbeinstalledon any machinewith network accesdo the PostGISsener, as
long asthe systemhasthel i bpq PostgreSQIclientlibraries.

1. Compileandinstall Mapsener, with whatever optionsyou desire includingthe "—with-postgis"
configurationoption.

2. In your Mapsener mapfile, adda PostGISayer. For example:

LAYER
CONNECTI ONTYPE post gi s
NAME "wi dehi ghways"
# Connect to a renpote spatial database
CONNECTI ON "user =dbuser dbnane=gi sdat abase host =bi gserver"
# CGet the lines fromthe 'geomi columm of the 'roads’ table
DATA "geom from roads"
STATUS ON
TYPE LI NE
# O the lines in the extents, only render the wi de highways
FILTER "type = 'highway’ and nuni anes >= 4"
CLASS
# Make the superhighways brighter and 2 pixels wide
EXPRESSI ON ([ nuni anes] >= 6)
COLOR 255 22 22
SYMBOL “"solid"
Sl ZE 2
END
CLASS
# Al the rest are darker and only 1 pixel wide
EXPRESSI ON ([ nuni anes] < 6)
COLOR 205 92 82
END
END

In theexampleabove, the PostGIS-specifidirectivesareasfollows:

CONNECTIONTYPE
For PostGISayers,thisis always"postgis".
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CONNECTION

Thedatabaseonnectioris governedby thea’connectionstring’ which is a standardsetof
keys andvalueslik e this (with thedefault valuesin <>):

user=cusernamg passverd=<password> dbname=zusernamg hostnamezsener>
port=<5432>

An emptyconnectiorstringis still valid, andary of thekey/valuepairscanbeomitted.At a
minimumyouwill generallysupplythedatabas@ameandusernaméo connectwith.

DATA

Theform of this parameteis "< columr> from <tablenameg-" wherethe columnis the spatial
columnto berenderedo themap.

FILTER

Thefilter mustbeavalid SQL string correspondingdo thelogic normallyfollowing the
"WHERE" keywordin a SQL query So,for example,to renderonly roadswith 6 or more
lanesuseafilter of "num_lanes>=6".

3. In your spatialdatabasegnsureyou have spatial(GiST) indexesbuilt for ary the layersyouwill be
drawing.
CREATE | NDEX [i ndexnane]

ON [t abl enane]
USING G ST ( [geonetrycol um] G ST_GEOVETRY_OPS ) ;

4. 1f youwill bequeryingyour layersusingMapseneryouwill alsoneedan"oid index".

Mapsenerrequiresuniqueidentifiersfor eachspatialrecordwhendoingqueriesandthe PostGIS
moduleof Mapsenrerusesthe PostgreSQloi d valueto provide theseuniqueidentifiers.A
side-efectof thisis thatin orderto do fastrandomacces®f recordsduringqueriesanindex onthe
oi d is needed.

To build an"oid index", usethefollowing SQL.:
CREATE | NDEX [i ndexnanme] ON [tablenane] ( oid );

4.7.2. Advanced Usage

The US| NG pseudo-SQIclauses usedto addsomeinformationto helpmapserer understandhe
resultsof morecomplex queries More specifically wheneitheraview or asubselecis usedasthe
sourcetable(thething to theright of "FROM" in a DATA definition)it is moredifficult for mapsererto
automaticallydeterminea uniqueidentifierfor eachrow andalsothe SRID for thetable. The USI NG
clausecanprovide mapsererwith thesetwo piecesof informationasfollows:

DATA "t he_geom FROM ( SELECT tabl el.t he_geom AS the_geom tablel.oid AS oid, table2.data AS data

FROM tabl el LEFT JON table2 ON tablel.id = table2.id) AS new_table USING UNI QJE oi d USI NG SRI D=-
1
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USING UNIQUE <uniqueid>

Mapsener requiresauniqueid for eachrow in orderto identify the row whendoingmapqueries.
Normally, it would usethe oid asthe uniqueidentifier, but views andsubselectslon’'t automatically
have anoid column.If youwantto useMapsener’s queryfunctionality, you needto adda unique
columnto your view or subselectanddeclareit with USI NG UNI QUE. For example,you could
explicitly selectoneof thetable’s oid valuesfor this purposepr ary othercolumnwhichis
guaranteedo beuniquefor theresultset.

The US| NG statementanalsobe usefulevenfor simpleDATA statementsf you aredoingmap
querieslt waspreviously recommendetb addanindex on the oid columnof tablesusedin
guery-abldayers,in orderto speedup the performancef mapqueries However, with the USI NG
clauseijt is possibleto tell mapsererto useyourtable’s primarykey astheidentifierfor map
gueriesandthenit is nolongernecessaryo have anadditionalindex.

Note: "Querying a Map" is the action of clicking on a map to ask for information about the map
features in that location. Don’t confuse "map queries" with the SQL query in a DATA definition.

USING SRID=<srid>

PostGlSneedgo know which spatialreferencingsystemis beingusedby thegeometriesn orderto
returnthe correctdatabackto mapserer. Normally it is possibleto find this informationin the
"geometry_columnstablein the PostGlSdatabasehowever, thisis not possiblefor tableswhich
arecreatednthefly suchassubselectandviews. SotheUSI NG SRI D= optionallowsthe correct
SRIDto be specifiedn the DATA definition.

4.7.3. Examples

Letsstartwith a simpleexampleandwork ourway up. Considerthefollowing Mapsenrer layer
definition:

LAYER

CONNECTI ONTYPE postgi s

NAME " r oads"

CONNECTI ON "user =t heuser passwor d=t hepass dbnane=t hedb host =t heserver"
DATA "t he_geom FROM r oads"

STATUS ON
TYPE LI NE
CLASS
COORO OO
END

END

This layerwill displayall theroadgeometriesn theroadstableasblacklines.

Now letssaywe wantto shav only the highwaysuntil we getzoomedn to atleasta 1:100000scale- the
next two layerswill acheve this effect:

LAYER
CONNECTI ON "user =t heuser passwor d=t hepass dbnane=t hedb host =t heserver"
DATA "t he_geom FROM r oads"
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M NSCALE 100000

STATUS ON

TYPE LI NE

FILTER "road_type = 'hi ghway' "
CLASS

COLOR 00O

END

END

LAYER

CONNECTI ON "user =t heuser passwor d=t hepass dbnane=t hedb host =t heserver"
DATA "t he_geom FROM r oads"
MAXSCALE 100000

STATUS ON

TYPE LI NE

CLASSI TEM road_t ype
CLASS

EXPRESSI ON " hi ghway"
Sl ZE 2

COLOR 255 0 0

END

CLASS

COLOR 0 0 O

END

END

Thefirst layeris usedwhenthe scaleis greaterthan1:100000anddisplaysonly the roadsof type
"highway" asblacklines. The FI LTER optioncause®nly roadsof type "highway" to bedisplayed.

Thesecondayeris usedwhenthescaleis lessthan1:100000andwill displayhighwaysasdouble-thick
redlines,andotherroadsasregularblacklines.

So,we have donea coupleof interestingthingsusingonly mapserer functionality; but our DATA SQL
statemenhasremainedsimple.Supposehatthe nameof theroadis storedin anotheitable(for whatever
reasonandwe needto do ajoin to getit andlabelourroads.

LAYER

CONNECTI ON "user =t heuser passwor d=t hepass dbnane=t hedb host =t heserver"

DATA "t he_geom FROM ( SELECT roads. oid AS oid, roads.the_geom AS the_geom road_nanes. nane as nane
FROM roads LEFT JO N road_nanes ON roads.road_nane_id = road_nanes. road_name_i d) AS naned_roads
USI NG UNI QUE oi d USI NG SRI D=-1"

MAXSCALE 20000

STATUS ON

TYPE ANNOTATI ON

LABELI TEM name

CLASS

LABEL

ANGLE aut o

S| ZE 8

COLOR 0 192 O

TYPE truetype

FONT ari al

END

END

END

This annotationayeraddsgreenlabelsto all theroadswhenthe scalegetsdown to 1:200000r less.It
alsodemonstratebow to usean SQL join in a DATA definition.
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4.8. Java Clients (JDBC)

Java clientscanacces$0stGIS'geometry"objectsin the PostgreSQldatabaseitherdirectly astext

representationsr usingthe JDBC extensionobjectsbundledwith PostGISIn orderto usetheextension
objects the"postgis.jar“file mustbein your CLASSFATH alongwith the"postgresql.jardDBCdriver

package.

inport java.sql.*;
import java.util.*;
inport java.lang.*;
import org.postgis.*;

public class Javad@ S {
public static void main(String[] args)

{

java. sqgl . Connecti on conn;

try

{
/*
* Load the JDBC driver and establish a connection.
*/
Cl ass. forNane("org. postgresql.Driver");
String url = "jdbc: postgresqgl://|ocal host: 5432/ dat abase";
conn = DriverManager. get Connection(url, "postgres", "");
/*

* Add the geonetry types to the connection. Note that you

* nust cast the connection to the pgsql-specific connection * inplenmentation before call-

ing the addDat aType() nethod.
*
/
((org. postgresql . Connecti on)conn). addDat aType("geonetry", "org. post gi s. PGgeonetry");
((org. postgresql . Connecti on) conn). addDat aType("box3d", "or g. post gi s. PGbox3d") ;

/*
* Create a statenent and execute a sel ect query.
*/
Statenment s = conn.createStatenent();
Resul t Set r = s.executeQuery("sel ect AsText(geon) as geomid from geontable");
while( r.next() )
{
/*
* Retrieve the geonetry as an object then cast it to the geonetry type.
* Print things out.
*/
PGgeonetry geom = (PCGgeonetry)r.get Object(1);
int id=r.getlnt(2);
Systemout.printin("Row " + id + ":");
System out. println(geomtoString());
}
s.close();
conn. cl ose();
}
catch( Exception e )
{
e.printStackTrace();
}
}
}

The"PGgeometry'bbjectis awrapperobjectwhich containsa specifictopologicalgeometryobject
(subclassesf theabstractlass'Geometry")dependingon the type: Point, LineString,Polygon,
MultiPoint, MultiLineString, MultiPolygon.
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PGgeonetry geom = (PGgeonetry)r. get Obj ect(1);

if( geom get Type() = Geonetry. POLYGON )

{
Pol ygon pl

( Pol ygon) geom get Geonetry();

for( int r =0; r < pl.nunRings(); r++)

{
LinearRing rng = pl.getRing(r);
Systemout.printin("Ring: " +r);
for( int p=0; p < rng.nunPoints();
{
Poi nt pt = rng. getPoint(p);
Systemout.printin("Point: " + p);
Systemout. println(pt.toString());
}
}
}

p++ )

The JavaDocfor the extensionobjectsprovidesareferencdor the variousdataaccessofunctionsin the

geometricobjects.

4.9. C Clients (libpq)

4.9.1. Text Cursors

4.9.2. Binary Cursors
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Chapter 5. PostGIS Reference

Thefunctionsgivenbelow arethe oneswhich a userof PostGISss likely to need.Thereareother
functionswhich arerequiredsupportfunctionsto the PostGlSobjectswhich arenot of useto ageneral
user

5.1. OpenGIS Functions

AddGeometryColumn(@rcharvarcharvarcharinteger, varcharinteger)

Syntax:AddGeometryColumn€db_name>, <table_namg, <column_namg, <srid>, <type>,
<dimension>). Addsageometrycolumnto anexisting tableof attributes.Thedbnarne is the
nameof the databasénstanceThesr i d mustbeanintegervaluereferenceo anentryin the
SFATIAL_REF_SYStable.Thet ype mustbeanuppercasstringcorrespondingo thegeometry
type,eg,’POLYGON’ or 'MULTILINESTRING'.

DropGeometryColumn(@rchar, varcharvarchar)
Syntax:DropGeometryColumnr{db_name>, <table_namg, <column_name). Remwea
geometrycolumnfrom a spatialtable.

AsBinary(geometry)

Returnghe geometryin the OGC"well-known-binary"format, usingthe endianencodingof the
seneronwhich thedatabasés running.Thisis usefulin binary cursorsto pull dataout of the
databasevithout corvertingit to a stringrepresentation.

OGCSPECs2.1.1.1- alsoseeasBinarykgeometry>-’XDR’) andasBinarykgeometry>'NDR’)

Dimension(geometry)

Theinherentdimensionof this Geometryobject,which mustbelessthanor equalto the coordinate
dimensionOGC SPECs2.1.1.1- returnsO for points,1 for lines, 2 for polygons,andthelargest
dimensionof thecomponent®f a GEOMETRYCOLLECTION.

sel ect di mensi on(’ GEOVMETRYCOLLECTI ON( LI NESTRING(1 1,0 0), PO NT(O 0)');
di nensi on

iISEmpty(geometry)

Returnsl (TRUE) if this Geometryis theemptygeometry. If true,thenthis Geometryrepresents
theemptypointset- i.e. GEOMETRYCOLLECTION(EMPTY).

OGCSPECs2.1.1.1
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isSimple(geometry)

Returnsl (TRUE) if this Geometryhasno anomalougieometrigpoints,suchasselfintersectioror
selftangeng.

Performedby the GEOSmodule
OGCSPECs2.1.1.1

boundary(geometry)

Returngtheclosureof the combinatoriaboundaryof this Geometry The combinatoriaboundaryis
definedasdescribedn section3.12.3.2of the OGC SPEC Becauséheresultof this functionis a
closure andhencetopologicallyclosedtheresultingboundarycanberepresentedsing
representationgjeometryprimitivesasdiscussedn the OGC SPEC section3.12.2.

Performedby the GEOSmodule
OGCSPECs2.1.1.1

equals(geometry)

Returnsl (TRUE) if this Geometryis "spatially equal“to anotherGeometryJsethis for a’'better’
answeithan’=". equalg'LINESTRING(00,1010)/LINESTRING(00,55,1010)’) istrue.

Performedby the GEOSmodule
OGCSPECs2.1.1.1

disjoint(geometrygeometry)
Returnsl (TRUE) if this Geometryis "spatiallydisjoint" from anotherGeometry
Performedby the GEOSmodule
Do notcall with a GeometryCollectiomsanargument
NOTE: thisis the "allowable"versionthatreturnsa booleannot aninteger.
OGCSPECs2.1.1.1/s2.1.13.3 a.Relate(bFF*FF****")

intersects(geometrgeometry)
Returnsl (TRUE) if this Geometry'spatiallyintersects’anotherGeometry
Performedby the GEOSmodule
Do not call with a GeometryCollectiomsanargument
NOTE: thisis the "allowable"versionthatreturnsa booleannot aninteger.
OGCSPECs2.1.1.1/s2.1.13.3 Intersects(glg2) —> Not (Disjoint(g1,92))
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touches(geometrgeometry
Returnsl (TRUE) if this Geometry'spatiallytouches"anotherGeometry
Performedby the GEOSmodule
Do notcall with a GeometryCollectiormsanargument
NOTE: thisis the"allowable"versionthatreturnsa booleannotaninteger.

OGCSPECs2.1.1.7/ s2.1.13.3a.Touches(b}> (I(a) intersectiori(b) = {empty set}) and(a
intersectiorb) notempty

crosses(geometgeometry)
Returnsl (TRUE) if this Geometry'spatially crossesanotherGeometry
Performedby the GEOSmodule
Do notcall with a GeometryCollectiomsanargument
NOTE: thisis the "allowable"versionthatreturnsa booleannot aninteger.
OGCSPECs2.1.1.1/ s2.1.13.3 a.Relate(b,T*T*****+7)

within(geometrygeometry)
Returnsl (TRUE) if this Geometnyis "spatiallywithin" anotherGeometry
Performedby the GEOSmodule
Do not call with a GeometryCollectiomsanargument
NOTE: thisis the "allowable"versionthatreturnsa booleannot aninteger.
OGCSPECs2.1.1.1/ s2.1.13.3 a.Relate(b,T*F**F***")

overlaps(geometrgeonetry)
Returnsl (TRUE) if this Geometnyis "spatially overlapping“anotherGeometry
Performedby the GEOSmodule
Do not call with a GeometryCollectiomsanargument
NOTE: thisis the"allowable"versionthatreturnsa booleannotaninteger.
OGCSPECs2.1.1.1//s2.1.13.3

contains(geometrgeometry
Returnsl (TRUE) if this Geometnyis "spatially contains"anotherGeometry
Performedby the GEOSmodule
Do notcall with a GeometryCollectiormsanargument

NOTE: thisis the"allowable"versionthatreturnsa booleannotaninteger.



OGCSPECs2.1.1.1/ s2.1.13.3 sameaswithin(geometrygeometry)

intersects(geometpyeometry)
Returnsl (TRUE) if this Geometnyis "spatiallyintersects'anotherGeometry
Performedby the GEOSmodule
Do not call with a GeometryCollectiomsanargument
NOTE: thisis the"allowable"versionthatreturnsa booleannotaninteger.
OGCSPECs2.1.1.1/ s2.1.13.3 NOT disjoint(geometrygeometry

relate(geometrgeometryintersectionBtternMatrix)

Returnsl (TRUE) if this Geometryis spatiallyrelatedto anotherGeometrpy testingfor
intersectiondetweerthe Interior, BoundaryandExterior of thetwo geometriesasspecifiedby the
valuesin theintersectionBtternMatrix.

Performedby the GEOSmodule

Do notcall with a GeometryCollectiormsanargument

NOTE: thisis the "allowable"versionthatreturnsa booleannot aninteger.
OGCSPECs2.1.1.1//s2.1.13.3

relate(geometrgeometry)
returnsthe DE-9IM (dimensionallyextendednine-intersectiomatrix)
Performedby the GEOSmodule
Do notcall with a GeometryCollectiormsanargument

notin OGCspecbutimplied.sees2.1.13.2

buffer(geometrydoible)

Returnsa geometrythatrepresentsill pointswhosedistancerom this Geometnyis lessthanor
equalto distance Calculationsarein the SpatialReference&Systemof this Geometry

Performecdby the GEOSmodule
Do notcall with a GeometryCollectiomsanargument
OGCSPECs2.1.1.1

corvexhull(geometry)
Returnsa geometrythatrepresentshe corvex hull of this Geometry
Performedby the GEOSmodule

28



OGCSPECs2.1.1.1

intersection(geometygeomety)

Returnsa geometnthatrepresentshe point setintersectiorof this Geometrywith
anotherGeometry

Performedby the GEOSmodule
Do notcall with a GeometryCollectiormsanargument
OGCSPECs2.1.1.1

GeomUnion(geometrgeanetry)
Returnsa geometnthatrepresentshe point setunionof this Geometrywith anotherGeometry
Performedby the GEOSmodule
Do not call with a GeometryCollectiomsanargument
NOTE: thisis renamedrom "union" becausinionis anSQL reseredword
OGCSPECs2.1.1.1

GeomUnion(geometrget)
Returnsa geometrythatrepresentshe point setunionof this all Geometriesn givenset.
Performedby the GEOSmodule
Do notcall with a GeometryCollectionn theargumentset
Not explicitly definedin OGCSPEC

memGeomUnion(geometset)

Sameasthe above, only memory-friendly(usedessmemoryandmoreprocessotime).

difference(geometrgeanetly)
Returnsageometrythatrepresentshe point setdifferenceof this Geometrywith anotherGeometry
Performedby the GEOSmodule
Do not call with a GeometryCollectiomsanargument
OGCSPECs2.1.1.1

difference(geometrgeanetty)

Returnsa geometnthatrepresentshe point setsymmetricdifferenceof this Geometrywith
anotherGeometry

Performedby the GEOSmodule
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Do notcall with a GeometryCollectiormsanargument
OGCSPECs2.1.1.1

Ernvelope(geometry)
Returnsa POLYGON representinghe boundingbox of thegeometry

OGCSPECs2.1.1.1- Theminimumboundingbox for this Geometryreturnedasa GeometryThe
polygonis definedby the cornerpointsof the boundingbox ((MINX, MINY), (MAXX, MINY),
(MAXX, MAXY), (MINX, MAXY), (MINX, MINY)).

NOTE:PostGISwill addaZmin/Zmaxcoordinateaswell.

GeometryVpe(geometry)

Returnghetypeof thegeometryasastring.Eg: 'LINESTRING’, 'POLYGON’, 'MUL TIPOINT’,
etc.

OGCSPECs2.1.1.1- Returnsthe nameof theinstantiablesubtypeof Geometryof which this
Geometryinstances amemberThe nameof theinstantiablesubtypeof Geometryis returnedasa
string.

X(geometry)

Find andreturnthe X coordinateof thefirst pointin thegeometryReturnNULL if thereis no point
in thegeometry

Y(geometry)

Find andreturntheY coordinateof thefirst pointin thegeometryReturnNULL if thereis no point
in thegeometry

Z(geometry)

Find andreturntheZ coordinateof thefirst pointin thegeometryReturnNULL if thereis no point
in thegeometry

NumPoints(geometry)

Find andreturnthe numberof pointsin thefirst linestringin the geometryReturnNULL if thereis
no linestringin thegeometry

PointN(geometrynteger)

Returnthe N'th pointin thefirst linestringin thegeometryReturnNULL if thereis nolinestringin
thegeometry

ExteriorRing(geometry)

Returntheexteriorring of thefirst polygonin the geometryReturnNULL if thereis no polygonin
thegeometry

30



NuminteriorRings(geometry)
Returnthe numberof interior rings of thefirst polygonin thegeometryReturnNULL if thereis no
polygonin thegeometry

InteriorRingN(geometrynteger)
Returnthe N'th interior ring of thefirst polygonin the geometryReturnNULL if thereis no
polygonin thegeometry

IsClosed(geometry)

Returngtrue of the geometrystartandendpointsarecoincident.

IsRing(geometry)

Returnsl (TRUE) if this Curveis closed(StartPoint( ) = EndPoint( )) andthis Curveis simple
(doesnot passthroughthe samepoint morethanonce).

performedby GEOS
OGCspec2.1.5.1

NumGeometries(geometry)
If geometryisa GEOMETRYCOLLECTION (or MULTI*) returnthe numberof geometries,
otherwisereturnNULL.

GeometryN(geometrint)

Returnthe N'th geometnyif thegeometryis a GEOMETRYCOLLECTION, MULTIPOINT,
MULTILINESTRING or MULTIPOLYGON. Otherwise returnNULL.

0is 1stgeometry

Distance(geometrgeometry)

Returnthe cartesiardistancebetweertwo geometriesn projectedunits.

AsText(geometry)

Returnthe Well-Known Text representatioof the geometryFor example:POLYGON(00,01,11,1
0,00)

OGCSPECs2.1.1.1

SRID(geometry)
Returngheinteger SRID numberof the spatialreferencesystemof the geometry
OGCSPECs2.1.1.1
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GeometryFrom&xt(varcharinteger)

Syntax:GeometryFrom&xt(<geometry>,<SRID>) Corverta Well-Known Text representatioof
ageometryinto ageometryobject.

GeomFrom&xt(varcharinteger)

As above. A synorym for GeometryFromaxt.

SetSRID(geometry)

Setthe SRID ona geometryto a particularintegervalue.Usefulin constructingoboundingboxesfor
queries.

EndPoint(geometry)

Returnghelastpoint of thegeometryasa point.

StartPoint(geometry)

Returnghefirst point of the geometryasa point.

Centroid(geometry)
Returngthe centroidof thegeometryasa point.

Computatiorwill bemoreaccuratef performedby the GEOSmodule(enabledat compiletime).

5.2. Other Functions

A&<B

The"& <" operatorreturnstrueif A's boundingbox overlapsor is to theleft of B’s boundingbox.

A&>B

The"& >" operatoreturnstrueif A's boundingbox overlapsor is to theright of B’s boundingbox.

A<<B

The"< <" operatorreturnstrueif A's boundingboxis strictly to theleft of B’s boundingbox.

A>>B
The">>" operatoreturnstrueif A's boundingboxis strictly to theright of B’s boundingbox.
A~=B

The"~=" operatoiis the"sameas" operatorlt testsactualgeometricequalityof two featuresSoif
A andB arethe samefeature vertex-by-vertex, the operatomreturnstrue.

A@B

The"@" operatoreturnstrueif A'sboundingboxis completelycontainedoy B’s boundingbox.
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A~B

The"~" operatoreturnstrueif A’'sboundingbox completelycontainsB’s boundingbox.

A && B
The"&&" operatoiis the"overlaps"operatorlf A's boundingbouxoverlapsB’s boundingboxthe
operatorreturnstrue.

area2d(geometry)

Returnghe areaof the geometnyif it is a polygonor multi-polygon.

area(geometry)
Returnghe areaof the geometnyif it is apolygonor multi-polygon.(sameas
area2g polygon|multipdygon>)

asbinary(geometi\NDR")

Returngthe geometryin the OGC"well-known-binary"format, usinglittle-endianencoding Thisis
usefulin binarycursorsto pull dataout of the databasevithout corvertingit to astring
representation.

isvalid(geometry)

returnstrueif this geometnyis valid.

asbinary(geomet\)XDR")
Returnghe geometryin the OGC"well-known-binary"format, usingbig-endianencoding This is
usefulin binary cursorsto pull dataout of the databasevithout corvertingit to a string
representation.

GeomFromext(text,[<srid>])
Makesa Geometryfrom WKT with thegivenSRID. If SRIDis notgive, it defaultsto -1.
OGCSPEC3.2.6.2- option SRID is from the conformancesuite

GeometryFrom&xt(text,[<srid>])
Makesa Geometryfrom WKT with thegivenSRID. If SRIDis notgive, it defaultsto -1.
OGCSPEC3.2.6.2- option SRID is from the conformancesuite

PointFromExt(text,[<srid>])
Makesa Geometryfrom WKT with thegivenSRID. If SRIDis notgive, it defaultsto -1.
OGCSPEC3.2.6.2- option SRID is from the conformancesuite

Throws anerrorif theWKT is nota Point
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LineFromText(text,[ <srid>])
Makesa Geometryfrom WKT with thegivenSRID. If SRIDis notgive, it defaultsto -1.
OGCSPEC3.2.6.2- option SRID is from the conformancesuite

Throwsanerrorif theWKT is notaLine

LinestringFrom®xt(text,[<srid>])
Makesa Geometryfrom WKT with thegivenSRID. If SRIDis notgive, it defaultsto -1.
from the conformancesuite

Throws anerrorif theWKT is notaLine

PolyFromext(text,[ <srid>])
Makesa Geometryfrom WKT with thegivenSRID. If SRIDis notgive, it defaultsto -1.
OGCSPEC3.2.6.2- option SRID is from the conformancesuite

Throws anerrorif the WKT is notaPolygon

PolygonFrom&xt(text,[ < srid>])
Makesa Geometryfrom WKT with thegivenSRID. If SRIDis notgive, it defaultsto -1.
from the conformancesuite

Throws anerrorif the WKT is notaPolygon

MPointFromext(text,[ <srid>])
Makesa Geometryfrom WKT with thegivenSRID. If SRIDis notgive, it defaultsto -1.
OGCSPEC3.2.6.2- option SRID is from the conformancesuite
Throws anerrorif theWKT isnota MULTIPOINT

MLineFromText(text,[ <srid>])
Makesa Geometryfrom WKT with thegivenSRID. If SRIDis notgive, it defaultsto -1.
OGCSPEC3.2.6.2- option SRID is from the conformancesuite
Throwsanerrorif theWKT is notaMULTILINESTRING

MPolyFromText(text,[ < srid>])
Makesa Geometryfrom WKT with thegivenSRID. If SRIDis notgive, it defaultsto -1.
OGCSPEC3.2.6.2- option SRID is from the conformancesuite



Throws anerrorif the WKT is notaMULTIPOLYGON

GeomCollFrom&xt(text,[ < srid>])
Makesa Geometryfrom WKT with thegivenSRID. If SRIDis notgive, it defaultsto -1.
OGCSPEC3.2.6.2- option SRID is from the conformancesuite
Throws anerrorif theWKT is nota GEOMETRYCOLLECTION

GeomFromWKB(t&t,[<srid>])
Makesa Geometryfrom WKB with thegivenSRID. If SRID s notgive, it defaultsto -1.
OGCSPEC3.2.6.2- option SRID is from the conformancesuite

GeometryFromWKB(tet,[ < srid>])
Makesa Geometryfrom WKB with thegivenSRID. If SRID s notgive, it defaultsto -1.
OGCSPEC3.2.6.2- option SRID is from the conformancesuite

PointFromWKB(tet,[<srid>])
Makesa Geometryfrom WKB with thegivenSRID. If SRID is notgive, it defaultsto -1.
OGCSPEC3.2.6.2- option SRID is from the conformancesuite
throws anerrorif WKB is nota POINT

LineFromWKB((text,[<srid>])
Makesa Geometryfrom WKB with thegivenSRID. If SRIDis notgive, it defaultsto -1.
OGCSPEC3.2.6.2- option SRID is from the conformancesuite
throws anerrorif WKB is nota LINESTRING

LinestringFromWKB (tat,[ <srid>])
Makesa Geometryfrom WKB with thegivenSRID. If SRIDis notgive, it defaultsto -1.
from the conformancesuite
throwsanerrorif WKB is nota LINESTRING

PolyFromWKB(text,[ <srid>])
Makesa Geometryfrom WKB with thegivenSRID. If SRID is notgive, it defaultsto -1.
OGCSPEC3.2.6.2- option SRID is from the conformancesuite



throws anerrorif WKB is notaPOLYGON

PolygonFromWKB (t&t,[ < srid>])
Makesa Geometryfrom WKB with thegivenSRID. If SRID s notgive, it defaultsto -1.
from the conformancesuite

throws anerrorif WKB is nota POLYGON

MPointFromWKB(text,[ < srid>])
Makesa Geometryfrom WKB with thegivenSRID. If SRID s notgive, it defaultsto -1.
OGCSPEC3.2.6.2- option SRID is from the conformancesuite
throwsanerrorif WKB isnotaMULTIPOINT

MLineFromWKB(text,[ <srid>])
Makesa Geometryfrom WKB with thegivenSRID. If SRID is notgive, it defaultsto -1.
OGCSPEC3.2.6.2- option SRID is from the conformancesuite
throws anerrorif WKB is nota MULTILINESTRING

MPolyFromWKB(text,[ <srid>])
Makesa Geometryfrom WKB with thegivenSRID. If SRID s notgive, it defaultsto -1.
OGCSPEC3.2.6.2- option SRID is from the conformancesuite
throwsanerrorif WKB is nota MULTIPOLYGON

GeomCollFromWKB(t&t,[<srid>])
Makesa Geometryfrom WKB with thegivenSRID. If SRIDis notgive, it defaultsto -1.
OGCSPEC3.2.6.2- option SRID is from the conformancesuite
throwsanerrorif WKB is nota GEOMETRYCOLLECTION

PointOnSurdce(geometry)
Returna Pointguaranteedb lie onthesurface
ImplementedisingGEOS
OGCSPEC3.2.14.2and3.2.18.2-
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box3d(geometry)

Returnsa BOX3D representinghe maximumextentsof thegeometry

collect(geometnget)

This functionreturnsa GEOMETRYCOLLECTION objectfrom a setof geometriesThe collect()
functionis an"aggregate"functionin theterminologyof PostgreSQLThatmeanshatit operators
onlists of data,in the sameway the sum()andmean()functionsdo. For example,"SELECT
COLLECT(GEOM)FROM GEOMTABLE GROUPBY ATTRCOLUMN" will returnaseparate
GEOMETRYCOLLECTION for eachdistinctvalueof ATTRCOLUMN.

mem__collect(geometrget)
This doesthe the sameof collect(geometry)only morememory-friendly(usedessmemoryand
moreprocessotime).
distance_spheroid(poimpint, spheroid)
Returndineardistancebetweerntwo lat/lon pointsgivena particularspheroid Seethe explanation
of spheroidgjivenfor length_spheroid()Currentlyonly implementedor points.
extent(geometnget)

Theextent()functionis an"aggregate"functionin theterminologyof PostgreSQLThatmeanghat

it operatoron lists of data,in the sameway the sum()andmean()functionsdo. For example,

"SELECTEXTENT(GEOM)FROM GEOMTABLE" will returnaBOX3D giving themaximum

extendof all featuresn thetable.Similarly, "SELECTEXTENT(GEOM)FROM GEOMTABLE

GROUPBY CATEGORY" will returnoneextentresultfor eachcategory.
find_srid(varchayvarchayvarchar)

Thesyntaxis find_srid(«db/schemz, <table>, <columrt>) andthefunctionreturnstheinteger
SRID of the specifiedcolumnby searchinghroughthe GEOMETRY_COLUMNS table.If the
geometrycolumnhasnot beenproperlyaddedwith the AddGeometryColumnsfunction, this
functionwill notwork either

force_collection(geometry)
Corvertsthegeometryinto a GEOMETRYCOLLECTION. Thisis usefulfor simplifying the WKB
representation.

force_2d(geometry)
Forcesthe geometriesnto a "2-dimensionamode"sothatall outputrepresentationwill only have
theX andY coordinatesThis is usefulfor force OGC-complianbutput(sinceOGC only specifies
2-D geometries).

force_3d(geometry)
Forcesthe geometriesnto a "3-dimensionamode”sothatall outputrepresentationwill havethe
X, Y andZ coordinates.

length2d(geometry)

Returngthe 2-dimensionalengthof the geometnyif it is alinestringor multi-linestring.
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length(geometry)
Thelengthof this Curvein its associatedpatialreference.
synorym for length2d()
OGCSPEC2.1.5.1

length3d(geometry)

Returngthe 3-dimensionalengthof the geometnyif it is alinestringor multi-linestring.

length_spheroid(geometsplrerad)

Calculateghelengthof of ageometryon anelipsoid. Thisis usefulif thecoordinateof the
geometryarein latitude/longitudeanda lengthis desiredwithout reprojection Theelipsoidis a
separatelatabas¢ypeandcanbe constructedsfollows:

SPHERID[<NAME >,<SEMI-MAJORAXIS >,<INVERSEFLATTENING>]
Eg:

SPHERDID["GRS_1980",637813298.257222101]

An examplecalculationmightlook lik e this:

SELECT

length_spheroid(

geometry_column,
'SPHEROID["GRS_1980",637813298.257222101]

)
FROM geometry_table;

length3d_spheroid(geoatry,sprerad)

Calculateghelengthof of ageometryon anelipsoid,takingthe elevationinto accountThis is just
like length_spheroi@xceptvertical coordinategexpressedn the sameunitsasthe spheroidaxes)
areusedto calculatethe extra distanceverticaldisplacemenadds.

max_distance(linestring,linestring)

Returngthelargestdistancebetweertwo line strings.

mem_size(geometry)

Returnghe amountof spacein bytes)thegeometrytakes.

npoints(geometry)

Returnghe numberof pointsin thegeometry

nrings(geometry)

If thegeometnyis a polygonor multi-polygonreturnsthe numberof rings.
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numb_sub_objects(geome}ry
Returngthe numberof objectsstoredin the geometry Thisis usefulfor MULTI-geometriesaand
GEOMETRYCOLLECTIONS.

perimeter2d(geometry)

Returngthe 2-dimensionaperimeterof the geometryif it is a polygonor multi-polygon.

perimeter3d(geometry)

Returngthe 3-dimensionaperimeterof the geometryif it is a polygonor multi-polygon.

point_inside_circle(geometfioat,float,float)
The syntaxfor this functionsis
point_inside_circle€geometry>,<circle_center x>,<circle_certer_y>,<radius>). Returnghe
trueif thegeometnyis apointandis insidethecircle. Returnsfalseotherwise.

postgis_tersion()

Returnsthe versionnumberof the PostGlSfunctionsinstalledin this database.

summary(geometry)

Returnsatext summaryof the contentsof the geometry

transform(geometrinteger)
Returnsa new geometrywith its coordinatesransformedo the SRID referencedy theinteger
parameterThedestinatiorSRID mustexist in the SFATIAL_REF_SYStable.
translate(geometrffoat8,float8,flotB)
Translateshe geometnyito a new locationusingthe numericparameterasoffsets.le:
translate(geom, X, ¥).
xmin(box3d)ymin(box3d)zmin(box3d)

Returngherequestedninimaof aboundingbox.

xmax(box3dymax(box3dzmax(box3d)

Returngherequestednaximaof a boundingbox.

simplify(geometrytolerance)

Returnsa "simplified" versionof the givengeometryusingthe Douglas-Peugr algorithm. Will
actuallydo somethingonly with (multi)linesand (multi)polygonsbut you cansafelycall it with any
kind of geometrySincesimplificationoccurson a object-by-objecbasisyou canalsofeeda
GeometryCollectiorto this function. Note thatreturnedgeometrymight looseits simplicity (see
isSimple)
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