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TOM TAT

Trong phan Ién cdc img dung WebGIS,
twong tdc chii trong chii yéu vao viéc bién tdp
hodc tra xét thong tin lién quan dén cdc phan tir
trén ban dé. Van con mét khia canh khdc chua
duoc chu trong khai thac do 1a viéc cho phép
nguoi st dung thuc hién cdc phdn tich khong
gian. Thuc hién phdn tich khéng gian cé thé
dwoc thuc hién phia server, sir dung WPS (Web
Processing Service), hodc thuc hién phia Client
s dung JSTS (JavaScript Topology Suite). Nhw
la mgt déng gdp thém vao trong linh vuc nay,
bai bao nay trinh bay cach thizc sir dung dich vu

WPS cua Geoserver, ciing nhu sir dung thw vién
JSTS dé thuc hién cdc phan tich khéng gian.
Mot hé thong WebGIS - dua trén cac san phim
ma nguon mé  Geoserver, va OpenLayers - d4
dwoc xdy dung va dwoc sir dung dé thuc hién
minh hoa hoat déng phdn tich khong gian trong
tim kiém cdc déi twong khong gian trong maoi
quan hé véi doi tiwong khéng gian khdc. Két qua
thuc nghiém cho lhdy viec su dung WPS hodc
JSTS dé thuc hién phdn tich khéng gian qua
internet 1a hoan toan co thé thuc hién duorc.
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1. PAT VAN PE

Viéc dé dang truy cap vao internet mo ra
nhimg co hoi cho viéc chia sé thong tin vé cac
dbi twong dia 1y (thira dét, con dudng, tuyén cip
nuée, thoat nude,...) phan bd trén mot bé mit
dia 1y rong. Do vdy, d c6 nhiéu phan mém lién
quan dén phuc vu ban dd va céc dich vu ban d6
trén Web duogc cac cong ty va to churc trén thé
giéi dau tu phat trién. Chinh vi diéu ndy nhiéu
co quan don vi trong nudc d4 bat dau tiép can
VGi cong nghé thé hién ban do trén Web. Tuy
nhién, cac don vi, t6 chirc & Viét Nam hién chi
khai thac cac phan mém WebGIS & khia canh
hién thi théng tin dang ban do va thyuc hién mot
s6 truy van thong tin don gian. Mot khia canh
quan trong khac 1a phan tich khéng gian thi van

chua c6 nhiéu tmg dung, co thé do tinh chit
phtrc tap cuia viéc phan tich dit liéu khéng gian
qua mang internet. Thuc hién phéan tich khong
gian c6 thé duoc thuc hién & phia client hay &
phia server. Viéc chon phuong phap thyuc hién
nao s& 1€ thudc vao dd phirc tap ctua phép phan
tich khong gian, kha nang x@ 1y ciia may tinh tai
client va server, ciing nhu dinh dang ban d6
dugc thé hién 1a & dang WMS hodc WFS. Trong
truong hop dir lidu ban d6 dugc thé hién chu yéu
& dang WMS, phén tich khéng gian nén tién
hanh tai Map Server. Cho dén thoi gian gan day,
viéc xtr 1y dir liéu khong gian tai Map Server da
tré nén dé dang hon véi sy hd trg cia Web
Processing Service (WPS), mét chuan vé xtr Iy
dir liéu khong gian dugc phat trién boi to chirc
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Open Geospatial Consortium (OGC). OGC
WPS dinh nghia mét co ché, dya vao d6 mét
tmg dung & may Client c¢6 thé giri mot yéu cau
xtr 1y khong gian dén may Server [7]. Trén thé
gidi da c6 nhiéu nghién ciru co ban vé xir 1y dir
liéu khong gian st dung dich vu WPS [6, 9].
Bén canh d6 con c6 cac nghién ciru mé rong kha
nang cua dich vu geoprocessing nhu tai st dung
c4c cong cu xur 1y d4 cO tir cac phan mém
GRASS, SEXTANTE hoic két néi cic dich vu
xtr 1y riéng l¢ thanh chudi dich vu dé thuc hién
cic xtr 1y phirc tap hon [2, 10]. Hién nay, mot sb
du 4n ma nguén mo phat trién thanh cong, co
cung cép dich vu WPS & phia server, vi du
Deegree WPS [4], GeoServer WPS [5], va 52°
North WPS [11].

Trong trudng hop dit liéu ban dd duogc thé
hién chu yéu ¢ dang WFS, phan tich khéng gian
nén tién hanh tai Client. Thuc hién phén tich
khong gian tai client c6 thé dugc thuc hién véi
su hd tro cta JavaScript Topology Suit (JSTS)
[3]. JSTS la mot thu vién JavaScript cia cac
ham khong gian trong xtr 1y hinh hoc phu hop
véi mo ta “Simple Feature Specification for
SQL” duwoc coéng bd boi t6 chuc Open
Geospatial Consortium. JSTS duoc viét lai mot
phan dwa vao thu vién ndi tiéng JTS nén Java.
Trong nghién ciru nay, tac gia minh hoa cach
thiee st dung céa hai Geoserver WPS, va JSTS
trong bai toan tim kiém cac déi tuong trong mdi
quan hé khong gian véi cac d6i twong khac
trong mot hé thong WebGIS.

2. CACH THUC TIEN HANH PHAN TiCH
KHONG GIAN TREN WEBGIS

Nhu da trinh bay ¢ trén, thuc hién phan tich
khong gian c6 thé tién hanh & phia client hoic &
phia server.

2.1 Thuc hién phéan tich khong gian & server

Vao ngay 13/07/2005, OGC cong bé dic ta
dich vu Web Processing Service (WPS) hoan
chinh dau tién - phién ban 0.4.0 va phién ban

WPS 1.0.0 dugc cong bd ngay 08/06/2007 da
mé ra kha ning cung cip, trao d6i va thuc hién
cong viéc xtr 1y khong gian théng qua internet.
biac ta& WPS dinh nghia 3 hoat dong bat budc
thuc hién boi mot WPS server, cu thé 1a
GetCapabilities, DescribeProcess va Execute.
Khi st dung WPS, ngudi sir dung c6 thé dua ra
yéu ciu GetCapabilities dé duoc cung cip thong
tin vé cac hoar dong xi Iy (process) nao cé thé
¢6. Pé c6 thong tin chi tiét vé yéu cau dir liéu
nhap va dir liéu xuét cia moét WPS process cu
thé, nguoi st dung co6 thé dua ra yéu ciu
DescribeProcess téi WPS server. Viéc thuc hién
mot WPS process xir 1y khong gian cu thé chi
dugc tién hanh khi mot yéu cau Execute duoc
giri dén WPS véi tt ca cac thong sb can thiét
nhu tén cta phép xir [y WPS va céc dir liéu can
duoc xt 1.

Trong nghién ctru nay WPS Server dugc su
dung 1a module mé rong WPS ciia Geoserver.
Module nay cung cip cho nguoi ding mot sd
hoat dong xtr Iy khong gian tir thu vién cua JTS
Topology Suite nhu tao ving dém, tinh giao
giita cac hinh thé, don gidn héa hinh thé,... Dé
hd tro cho viéc thuc hién mét hoat dong WPS tir
mot ng dung web, cac thu vién web API dugc
cung cép dén cho ngudi sir dung. Vi du, dé lam
viéc voi WPS trong OpenLayers, OpenlLayers
cung cap OpenLayers.WPSClient. Khi dbi twong
nay duoc khai tao dé thuc hién mot hoat dong
xtr ly khong gian, nguoi sir dung cung cip URL
cua WPS server va cung cip cac thong sé can
thiét nhu d& mo ta boi DescribeProcess dén
WPS server. Hoat d6ng phan tich khong gian s&
duoc tién hanh & server, va két qua duoc tra tro
vé cho client. Théng tin chi tiét vé cach thirc
thuc hién s& dugc mo ta & phan ung dung.

2.2 Thuc hién phén tich khéng gian & Client

Thyc hién phan tich khéng gian ¢ phia
client mudn néi rang tat ca cac hoat dong xu ly
khong gian xay ra & may tinh cua client. Céc
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tng dung phia client duoc thuc hién hau nhu
cha yéu dung JavaScript. Puong nhién, van phai
c6 cac ma HTML va CSS. Pé tién hanh mét
hoat déng phén tich khong gian nao do, doi hoi
i) phai c6 dit liéu hinh thé cua ddi twong va ii)
ham thuc hién hoat déng phan tich khéng gian.
Trong hé théng WebGIS, hinh thé caa dbi tuong
dugc truy xuat tir cac 16p dir liéu WFS. Dit liéu
WES dugc nap vé may tinh cua client khi cac
I6p dit liéu nay hién thi trén trang web. Con ham
thuc hién hoat dong phan tich khéng gian sé
dugc lay tir thu vién JSTS, cac ham cua JSTS s&
dugc nap V& may tinh ngudi st dung nhd vao
cac dia chi khai bao noi cac tap tin JavaScript
JSTS duogc Iuu trir. JSTS hd trg cac ham phan
tich khong gian nhu tao viing dém (buffer), ldy
tdm (centroid), xac dinh hop, giao, khac biét
giita cac hinh thé, ...

3. THUC NGHIEM PHAN TiCH KHONG
GIAN

Pé danh gia kha nang cua viéc thyuc hién
phan tich dit liéu khong gian théng qua internet
nhu d4 trinh bay & trén, mot hé thng WebGIS
da duoc xay dung thir nghiém va dugc sir dung
trong phén tich quan hé khéng gian giita cac doi
tuong thoat nude dang dugc quan ly nhu tuyén
cdng, va ham ga nam doc theo cac tuyén cdng
cua mét khu vire thudce thanh phé Ho Chi Minh.
Hé théng WebGIS d4 thiét ké hoat dong theo
md hinh client-server giéng nhu hoat dong cua
mot website thong thuong. Hé théng co kién
trc 3 tang (hinh 1) Tang #inh bay
(Presentation Tier: Client), ting giao dich
(Bussiness Logic Tier: Application Server), va
tang dir lieu (Data Management Tier: Data
Server ) [1].

Tang trinh bay gém mot trinh duyét web
nhu Internet Explorer, FireFox, ...dung dé m&
cac trang Web theo cac dia chi URL dinh san.
Céc trang Web duoc viét bang cac cong nghé
chuan ciia W3C (World Wide Web Consortium)

nhim ting tinh linh doéng cho web ciing nhu
tang tinh twong tac voi nguoi duyét web. Cac
trang Web c6 lién quan dén ban dd dugc viét sir
dung OpenLayers. OpenLayers la mét thu vién
JavaScript thuan tiy dugc st dung dé hién thi
ban d0 theo cac chuan dinh dang WMS/WFS
trong hau hét cac trinh duyét web hién hanh,
khong 1é thudc vao phia server. Tang giao dich
bao gom Web Server két hop voi mot img dung
ban do bén phia server goi 1a Map Server. Trong
nghién ctru nay GeoSever dugce st dung nhu 1a
Map Server. Tang dir liéu 14 noi luu trix cac dix
lidu ctia hé théng bao gdm dir liéu khong gian va
dir liéu thudc tinh lién quan.

Dir liéu thir nghiém bao gdm dit liéu nén va
dit liéu chuyén dé vé hé théng thong tin thoat
nuéc duoc té chirc thanh cac 16p dir liéu va
duoc luu trong hé quan tri co s& dit liéu SQL
Server 2008 theo m6 hinh Geodatabase. Dit liéu
nén dugc trich ra tir dit ligu nén dia hinh ti 1&
1/2000 dugc cung cép boi S¢ Khoa hoc cong
nghé thanh phé H6 Chi Minh, bao gdm 1 sé 16p
dir liéu nhu: kénh rach, giao thong, tim duong
va ranh gigi hanh chinh. Di liéu chuyén nganh
thoat nudc dugc cung cip boi cong ty thoat
nuéce d6 thi thanh phé HO6 Chi Minh, bao gdm:
tuyén céng, ham ga, tram bom, cira xa.

Hé thong WebGIS da xay dung co diy du
c4c chirc nang co ban can thiét cia mot hé thong
GIS nhu tuong tac voi ban d, truy vn tim kiém
thdng tin (theo mot hodc nhiéu tiéu chi), bién tap
dir liéu khéng gian va ngoai ra con ¢ nhém
chttc nang phan tich khong gian. Trong pham vi
va muc dich ctia bai bao nay, chi mo ta 1 trong
nhiimg chirc nang phan tich khong gian da dugc
thuc hién, do 1a chirc nang “Select by Location”.
Giao dién cua trang WebGIS chinh caa hé théng
dugc thé hién trong hinh 2, trong d6 nhém chic
nang phén tich khong gian “Select by location”
dugc danh diu véi ky hiéu ban tay.
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Hinh 2. Giao dién ciia hé théng WebGIS

Chtre ning d:! Select by Location gil'Jp thuce

hién hoat dong tim kiém cac ddi tuong dua trén
quan hé khong gian v6i cac nhom ddi tuong
khéc. Giao dién cia chirc nang vé co ban gidng
nhu trong hinh 3.

V6i cac théng s6 d nhap giéng nhu trén
hinh 3, khi thuc thi s& cho phép chon cac h6 ga
nudc mua nim trong khoang cach 10m, so vai
d6i tugng tuyén cong da duoc chon, vi du tuyén
cong duge chon 14 tuyén cong trén duong Hai
Thuong Lan Ong.

Select By Location *

Phuwong phap:
Livp dich:

Quan hé:

Livp ngudn:
ﬁpph,r Buffer

| Select Features Fram s |

—_
]

Apply

Hinh 3. Giao dién chitc ning “Select By Location”
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3.1 Thwe hién phéan tich khong gian tai
Server

Cach thirc thuc thi trong truong hop thuc
hién phan tich khong gian tai Server bao gébm hai
budc chinh. Budc dau tién nhim tao ving lan
can 10 m xung quanh tuyén cong dd chon. Dé
lam duoc didu ndy can khoi tao bién wpsClient,
mot giao thuc giap twong tac vdi Web
Processing Services (WPS).
OpenLayers.WPSClient dugc sir dung dé tao mot
dbi tuong OpenLayers.WPSProcess tir WPS
Server.

var wpsClient = new
OpenLayers.WPSClient({servers: {local:
‘http://localhost:8080/geoserver/wps' }});
Tiép theo goi thuc thi mot hoat dong WPS
wpsClient.execute, trong d6 hoat dong xu ly
dugc yéu cau thuc thi (process) l1a 'JTS:buffer’.
Hoat dong xu Iy nay gilp tao ving dém xung
quanh tuyén thoat nudc da chon.
wpsClient.execute({
server: 'local', process: 'JTS:buffer',

inputs: { geom: selectedFeature,
distance: bufferdistance},

success: function(outputs) {
theBuffer = outputs.result[0]}});

Trong nhdm cau Iénh trén, khoang cach
buffer, goi 1a bufferdistance, do ngudi st dung
cung cap va trong vi du nay 12 10m. Tuyén cbng
duoc chon, 13 selectedFeature, c6 thé nhan dugc
bing cach khai bio var selectedFeature =
tuyencong.selectedFeatures[0]. Két qua tao viing
dém s& dugc luu vao bién theBuffer =
outputs.result[0].

Bude ké tiép, nham tim kiém cac dbi twong
hd ga giao voi ving dém 10m vira tao xung
quanh tuyén cong d4 chon. Trong truong hop 16p
hé ga 14 16p dit liéu c6 dinh dang WFS, budc xir
Iy c6 thé thuc hién phia Client véi nhom cac cau
1énh sau:

var fts = Hoga.features;
for(var i=0;i<fts.length;i++) {
if
(theBuffer.intersects(fts[i].geometry) ==
true) {

var clone = fts[i].geometry.clone();

var newfeature = new
OpenLayers.Feature.Vector(clone,
null);

highlightLayer.addFeatures(newfeature);
}}

Trong nhom cau Iénh trén, quan hé hinh hoc
gitta ving dém xung quanh tuyén cdng,
theBuffer, véi cac ddi twong trong 16p tim Kiém
1a 16p Ho ga, var fts = Hoga.features dugc xéac
dinh dwa vao ham giao intersects. Néu ton tai
quan hé intersects giita theBuffer voi ddi twong
trong I6p hé ga thi ban sao cia déi twong hinh
hoc nay s& duoc dwa vao 16p dit liéu vector
highlightLayer dé hién thi trén ban 0. Két qua
thuc hién duge minh hoa trong hinh 4.

3.2 Thwe hién phéan tich khong gian tai Client

Ciing véi vi du trén, nhung néu thyc hién
xu 1y khong gian tai client, thi cach thac thyc
hién giéng nhu dudi day:
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Select By Location

' Phuong phap Select Features From 4

Lip dieh: H3 ga_

Quan hé: ntersect v
Livp nguéin: Tuyén cing_
Foply Buffer |10

Apply

Hinh 4. Két qua thyc hién mét hoat déng phén tich khong gian

Pau tién khoi tao moi trudong 1am viée cho
hoat dong phén tich khong gian bang cach cung
cép thong tin duong dan dén thu vién JSTS

<script type="text/javascript"
src="javascript.util.js"></script>

<script
src="jsts.js"></script>

type="text/javascript"

Budc tiép theo nham tao viing 1an can 10 m
xung quanh tuyén céng da chon. Cau lénh dung
thuc thi hoat dong nhu duédi day:

var jsts_parser = new
jsts.io.OpenLayersParser();
var input =
jsts_parser.read(selectedFeature.geometry);
var theBuffer =
input.buffer(Bufferdistance);

Budc nay sir dung chure nang buffer caa thu
vién JavaScript JSTS. Cac ham cua JSTS, trong
d6 c6 ham buffer, s& duoc nap vé may tinh client
nho vao cac dia chi khai bao noi cac tap tin
JavaScript JSTS dugc luu trir. Tuyén cong dugc
chon 1a selectedFeature. Hinh thé cua tuyén
cong nhan duoc nho vao
selectedFeature.geometry. Két qua tao vling
dém buffer thuc hién hoan toan tai Client va s&
duoc luu vao bién theBuffer.

Budc ké tiép, nham tim kiém cac dbi tugng
h6 ga nim trong ving dém 10m xung quanh

tuyén cong d& chon. Budc nay duoc thuc hién
gidng nhu mé ta trong truong hop 3.1.
4. KET LUAN

Tich hop cong nghé GIS va cong nghé
Web m¢ ra mot co hoi méi khéng chi dé chia sg,
hién thi va truy van théng tin ma con cho phép
thuc hién phan tich khong gian thong qua
internet. Bai bao nay trinh bay céch thirc nhu thé
nao hoat dong phan tich khong gian c6 thé dugc
thuc hién 1) tai server st dung céc dich vu Web
Processing Service (WPS) va ii) tai client st
dung thu vién JavaScript JSTS. Pé minh hoa,
mot hé théng WebGIS — dua trén cic san phiam
ma nguon md GeoServer, OpenLayers ... — dé
duoc xay dung va sau doé duoc su dung dé minh
hoa cach thirc tién hanh mot hoat dong phan tich
khong gian, trong bai b4o nay la hoat dong tim
kiém cac hd ga nam trong ving dém 10 m xung
quanh mot tuyén cong d4 chon nao d6. Két qua
thuc hién cho théy viéc sir dung cac dich vu
WPS, hoic sir dung JSTS dé thuc hién xir ly
phan tich khong gian qua internet la hoan toan
kha thi. Tuy nhién, can luu y néu dir liéu ban do
dugc thé hién chii yéu & dang WFS, phén tich
khong gian nén tién hanh tai Client. Con trong
truong hop dir lidu ban d6 duge thé hién chu yéu
& dang WMS, phan tich khéng gian chi c6 thé
tién hanh tai Server.
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Spatial analysis in WebGIS

e Tran Trong Duc

Ho Chi Minh city University of Technology, VNU-HCM, Vietnam

ABSTRACT

In most of WebGIS applications, user
interactions mainly concentrate on map data
editing or data querying. Another aspect with
paying less attention is to allow user doing
spatial analysis. Spatial analysis can be
implemented on server side, by using WPS (Web
Processing Service), or on client side, by using
JSTS (JavaScript Topology Suite). As an
contribution to this aspect, this paper shows
how to use to use WPS service of Geoserver and

JSTS JavaScript library to carry on spatial
analysis activities. A WebGIS system - based on
the open source Geoserver and OpenLayers -
has been developed and used to perform spatial
analysis, searching for spatial features that have
spatial relationships with other spatial features.
Experiment result shows that the use of WPS
and JSTS to perform spatial processing over the
internet is practically doable.

Keywords: GIS, WebGIS, WPS, JSTS, spatial analysis
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