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1 Introduction

This paperdescribesa mechanisnfor integratingGlS GRASS5.0andRDBMS PostgreSQL
in onetool for vectorprocessingGRASSvectormapsmanagementariousspatialgeometry
operationson two dimensional vector maps. It is for well known platforms such as
ARC/INFO and Oracle that we mostly find existing software applicationsthat involve
GIS-RDBMSlinkageor addres®urselvego in assessmentd GIS effectiveness.
However, one of the most advantageousgeaturesof free RDBMS software PostgreSQLis
implementationof geometrytypes,rules, operatorsand functions[2], makingit possibleto
usedatabaséor keepingandprocessinglatain thesameway asinsidea GIS, dueto thefact
thatbasicgeometrytypesarecommonfor both systemsOnepartof the dataprocessingnay
be doneby databaseandthe otherby aninterfacedGlIS, includingvisualization..
Consideringproprietary software high costs,both in GIS and RDBMS, it is clearthat the
potential for free GIS and databasemanagemensoftware offer to end usersis growing.
Various examplesof GRASS modules,someof themnewin GRASSS5.0, interactingwith
PostgreSQlareshownbelow, someof themusingthe geometryfunctionsthatarenot partof
GRASS 5.0 distribution neither of PostgreSQLand must be thought of as an interface
betweenthem. As three—dimensionalector supportappearsin GRASS today and more
complextools areneededo processdataduring computationg3], the usageof PostgreSQL
built—-in geometryqueriesandcontributionlibrariesplaysanincreasinglyimportantrole.

2 Study area

1. The areaof over 100,000hectaressituatedin the coastalpart of the Sikhote—Alin State
Biosphere Nature reserve (Russian Federation)was selectedfor this study as up to the
moment,therehadbeenlarge GRASSdatasetdor this area,including vectormapsdigitized
from 1:25000topographymaps,andin PostgreSQL relationsholding entriesfor eachof
6,893polygonsof thelandvectormap(Tab.3) andfor 484 streamgTab.4).

Thereal world coordinatesof the mapsare planex,y Gauss—Kruegecoordinategprojected
from the Krassovskyellipsoid, Pulkovodatum(S—42);thoughmapsweredigitized at a larger
scale theyweregeoreferencettom 1:100,000scaletopographymaps(Fig. 1).
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Figure 1:The study area map with 6893 polygons and streams map with 1873 lines.

The studyareais coveredwith forest(97 percent),nsidethe areaelevationgangefrom zero
(coastof the Seaof Japan)to 1,500 m abovesealevel. The plots of the land map were
delineatedwith respecto the vegetationslopeandaspecbf the giventerritory by the forest
inventoryin 1979with useof the aerialphotos.The plotssizesrangefrom 0.1 hectareto 238
hectaresl4 hectaresaveragdFig.2).
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Figure 2: Histogram of plot size values (in hectares).

The hydrographimnetwork(Fig.3) consistsof streamgunningfrom westto east,from slopes
of the Sikhote—Alin rangeinto the Seaof Japan.The meandensityof the networkis 0.7 km
persqg.km. It is characteristiof thesestreamgo haveV-formed valleys, narrow (to 50-60



m) and rapid (1-3 m/sec) course,sometimeswaterfalls. The major rivers (Dzhiguitovka,
Serebryankapearthe seaflow throughlargeestuaryvalleys[1].
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Figure 3: The hydrography network.

3 Description of Methods

l. First of all, we createtwo new tablesin Postgresfor polygons (land areas)with their
boundarycoordinatestopology descriptorsand categories('info_kuruma_bnd’),andlines
(streams)rom insidethe study areawith line coordinatesand categorieq’riv_names_arc’),
by usingthe GRASS-PostgreSQinterfacemodulev.to.pg:

g.regionmap=kuruma_id
v.to.pg-t kuruma_idtype=areatab=info_kurumakey=rec _id
v.to.pg-t riverstype=linetab=riv_namexkey=riv_id

The new tableshave ’key’ (= category)field namedthe sameas categoryfield in their
reference tables, i.e., 'rec_id’, in table ’info_kuruma’ which contains other attribute
information for land areas(such as vegetationtype index field 'type_id’), and'riv_id’ in
'riv_names’,for streamsThenewtablescanbelinked to othertablesby this categoryfield.

Table 1. The fields of relation info_kuruma_bnd.

Attribute | Type | Modifier
_________ e
rec_id | integer |
num | smallint |
ex | boolean |

I

boundary | polygon



Table 2. The fields of relation riv_names_arc.

Attributd Type | Modifier
_________ +________+__________
riv_id | integer |
num | smallint |
segment | path |

Althoughthe namesof the referenceablesweregiven asparameteftab’ beforeimport, this

had no effect during the insertionof lines, asit otherwisewould unlessthe flag '-t’ (total)

was used. The table 'riv_names’ had fewer entriesthan the numberof segmentsn map
rivers’, becausesmall tributorieshadnot beennamed,andthereforewerenot presentn the
'riv_names’table. Thosestreamavereindexed’399999’ in thevectormap’rivers’.

If the tableshad beenreferencedduring import (i.e., without '-t’ flag), only thosestreams
that had correspondingndex riv_id’ in table 'riv_names’ would have beenexportedinto

newPostgregable.

Table 3. The fields of relation info_kuruma

Attribute | Type | Modifier
_________ +________+__________
area | real |

perim | real |

rec_id | integer |

usl_proiz | smallint |

main | character(4)|

hight | smallint |

diam | smallint |

Table 4. The fields of relation riv_names

Attribute | Type | Modifier
_________ +________+__________
riv_id | integer |
riv_names | text |

Thereshouldbe morepolygonsin thenewtablethanin thereferencdable,becausell extra
polygonsare”holes”,andthereforehaveindex’f’ in theboolearfield 'ex’:



sixote=> selectcount(1l)frominfo_kuruma;
count

count

count

Also, therearemoresegmentsn table’riv_names_arcthanindexedin thereferencdable:

sixote=>selectcount(1l)fromriv_names;
count

(1 row)
sixote=> selectcount(1)fromriv_names_arc;
count

whereall extralinesarethosewith index’399999’ (i.e., nameless).

Il. PerformexamplePostgreSQlspatialquerieson arearelation’info_kuruma_bnd’:

A.
Selectonly polygonswith BBox within a 5—km-widering with centerin point(x=600000,
y=4984000)Fig.4):

select rec_id from info_kuruma_bnd where ((boundary::box <-> point ((600000,
4984000)’))< 10000and (boundary::box<—> point (’(600000,4984000)’))> 5000);
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Figure 4: Selected polygons fill the "ring".

B.
Selectonly polygonswhoseBBox is within three10—-km-wideverticalbands(Fig.5):

selectrec_idfrom info_kuruma_bndvhere (boundary::box<< point ('(620000,4984000)")
andboundary::box>> point ('(610000,4984000)’))or (boundary::box<< point (600000,
4984000)’) and boundary::box>> point ('(590000, 4984000)’)) or (boundary::box<<
point ('(580000,4984000))andboundary::box>> point ('(570000,4984000)’));
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Figure 5: Selected polygons fill the "stripes”.



C.
Selectonly polygonswith BBox within three 10—km-widestripeswith 30 degreegotation
clockwise(Fig.6):
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Figure 6: Selected polygons fill the "skewed stripes".

selectrec_id from info_kuruma_bndwhere (boundary::box* point ('(.866,.5)") << point
(’(620000,4984000))* point ('(.866,.5)’) and boundary::box* point ('(.866,.5)’) >> point
((610000,4984000)")* point ('(.866,.5)")) or (boundary::box* point ('(.866,.5)’) << point
(’(600000,4984000))* point ('(.866,.5)’) and boundary::box* point ('(.866,.5)’) >>point
((590000,4984000)")* point ('(.866,.5)")) or (boundary::box* point ('(.866,.5)’) << point
(’(580000,4984000)")* point ('(.866,.5)") and boundary::box* point ('(.866,.5)") >> point
('(570000,4984000))* point('(.866,.5)));

D.
Selectsonly polygonswhoseBBox is within three 30—degree-widesectorwith 30 degrees
rotationclockwisefrom point (x=590000y=4980000)Fig.7):

selectrec_id from info_kuruma_bndwhere (boundary::box* point ((.866,.5)')>> point
((590000,4980000)")* point ('(.866,.5)’) and boundary::box* point ('(.5,.866))<< point
('(590000,4980000)’)* point(’(.5,.866)’))
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Figure 7: Selected polygons fill the "sector".

Theresultsof the queriesshownabovecanbe retrievedin form of new GRASSvectormaps,
if necessaryThisis doneby moduled.vect.pgwith anewoption’-e’ — extract:

d.vect.pg —e -s sql=file.sgl map=kuruma_id
[1l. Build bufferzonesaroundselectedines:

The computationalgorithm usedto constructthe buffer vectorline is basedon two adjacent
segmentof main polyline, finding the tangentof angle betweenthem and determiningthe
obligue side of the angle. Then intersectionsof upperandlower buffer line segmentsvere
computedo produceverticesof the buffer. In the examplegivenbelow, the streamsnapwas
digitized at 1:25,000scalewith averageof 217 verticesperline, averagesegmentiength of
40 m, while the buffer zonehadthe radiusof 300m, i.e., abouttentimesmore. This factis
important becausehe limit of this algorithm being strictly exactdependson buffer radius
comparisorto the minimal segmentength.

First of all, we shouldselecttwo streamqN0.205001 GolubichnayaandNo. 305032 Levyi)
andextracttheminto a newvectormap’two_riv’ (Fig.8):

d.vect.pg —e map=rivers tab=riv_names key=riv_id color=blue where="riv_id=205001 or
riv_id=305032’



Figure 8: Two streams to be extracted from base map.

Thenwe shouldcreatea newPostgresgable’two_riv_arc’ for thosetwo streams:
v.to.pg—-t map=two_rivkey=riv_idtab=two_rivtype=Iline

Various geometryfunctionsare availablein PostgreSQLas is’, for example right herewe
areableto querythe streamdengths:

sixote=>selectriv_id, length(segmenfyomtwo_riv_arc;

riv_id | length

________ +__________________
205001 | 10089.4375378248
305032 | 7366.85013250007

(records:2)

Thefull list of PostgreSQLfunctionsandoperatorss availablein its distributiondocuments
catalog.Building buffer zones however requiresadditionalfunctionsthataresupplementary
to PostgreSQLdistributionandcanbe loadedassharedibrary compiledindependentlythe
sourcecodeis file called"geo_addfuncs.cto be compiled,for examplejn Linux asfollows:
gcc-I| /postgreSQL-dist/src/includec —o geo_addfuncs.geo_addfuncs.c

and

Id —shared—o geo_addfuncs.sgeo_addfuncs.o

Theresultis the sharedibrary 'geo_addfuncs.soandit canbe usedto createnew functions



within PostgreSQlinstallationasfollows:

a) CREATE FUNCTION pt_in_path_buffer(path,point,float8) RETURNS boolean AS
'’Thome/postgres/geo_addfuncs.so’,’path_buffer_contain_pt' LANGUAGE 'c’;

The newfunction’pt_in_path_buffer'takesthreearguments- path, point, andbuffer radius,
andreturns’yes’ or 'no’ dependingon the given pointis within buffer zoneof given radius
built from parameteipath’. Let's seehow this newfunctionworks:

sixote=# select riv_id,pt_in_path_buffer(segment,’614680.375,4980083.75’,500) from
two_riv_arc;

riv_id | pt_in_path_buffer
________ +___________________
205001 | t

305032 | f

(records:2)

Obviously, this meansthe point with given coordinateqx,y): '614680.375,4980083.73ies
within 500 m buffer from the Golubichnayg#205001)andbeyondthe zonearoundthe Levyi
(#305032).

To build buffer zones,we shall needother functions,namely’path_to_file’, 'return_buffer’
and’path_reduce’We createthemasfollows:

b) CREATE FUNCTION return_buffer(path,float8) RETURNS path AS
'’Thome/postgres/geo_addfuncs.so’,'return_path_buffer LANGUAGE ’c’;

This newfunctioncreatesandreturnsa PostgreSQLpath’ elementof the buffer zoneedge.

c) CREATE FUNCTION path_reduce(path,int2) RETURNS path AS
'’home/postgres/geo_addfuncs.so’,'reduce_path_points’ LANGUAGE 'c’;

This newfunctiontakesa 'path’ asparameteandgeneralizest somanytimesasthe second
integer parameteri’ is. The generalizationis doneby preservingeachi-th point in path
discardingothers.

d) CREATE FUNCTION path_to_file(path) RETURNS boolean AS
'’hnome/postgres/geo_addfuncs.so’,’'write_path_to_file’ LANGUAGE 'c’;

This new function writes the PostgreSQL path’ type elementinto a text file with format
suitablefor import to GRASS with module v.in.arc. It returnstrue or false dependingon
selecftcriterionusedin aquery.

Now we arereadyto producebuffer zonesin PostgreSQLlandimportthembackto GRASS.
Thisis doneby anSQL command:

SELECT path_to_file(return_buffer(path_reduce(segment,12),300)) FROM two_riv_arc
WHERE riv_id = 205001,



Thenin GRASS:

v.in.arctype=polygonines_in="/tmp/boundary.poliector_out=a300
v.supporta300

We repeathis procedurdor theotherstream:

SELECT path_to_file(return_buffer(path_reduce(segment,12),300)) FROM two_riv_arc
WHERE riv_id = 305032,

v.in.arctype=polygonines_in="/tmp/boundary.poliector_out=b300
v.supportr300

Finally, we patchtwo vectormaps(v.patch)andremovetheinnerlines (v.digit) to producea
total 300m buffer aroundboth streamgFig. 9).

Figure 9: Buffer zones built around two streams.
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Figure 10: Buffer line smoothness parameter.

The generalizationparameterequalto 12 was chosento obtain smooth contoursof the
buffers, asit is only possibleto computetrue buffer contoursby usingthis algorithmif all
digitized segmentslengths are greaterthan buffer zone radius. Fig.10 shows how the
'swallow tails’ are eliminated by increasingthis parameter,and how simultaneouslythe
buffer edgedeflectsfrom true position.Soif we want building exactbuffer zones(i.e., with
generalizatiorparametesetto one), this algorithmshouldnot be appliedif buffer radiusis
greaterthanminimal pathsegmentength.
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