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Abstract 
 
Despite the importance of the public participation, there are limited methods to support the 
participation in decision making processes. Web-based technologies have been developed to 
overcome above the obstacles. Web 2.0 resolves the problems, which allows people to share 
their opinions through the Internet. Although the Web 2.0 technology allows users to 
participate in the planning process easily, the web-based Public Participation GIS (PPGIS) 
requires another tool to collect and manage user's opinions. The opinions would be 
submitted in different formats. For example, it is reported by using images and movies or 
text formats. However, the PPGIS should produce collective and overall summarized 
information from the public input data in order to support decision makers. Therefore, the 
purposes of this research are to develop 1) a spatial data warehouse using ArcServer based 
on .NET Framework, 2) diverse webservices through using OpenAPI that is served by Portal 
Site and Software Company,  3) Easy-to-use Web environment using AJAX, and 4) Polygon-
based data structure to organize and reclassify various formatted opinions in order to 
efficiently analyze the data. 
 
 
1. Introduction 
 
Web 2.0 has been developed to use the concept of User Generated Content (UGC) that user 
(client) directly generates contents and shares them with other user. This means that the 
one way distribution is changed to the two way process as ‘Conversational Application’. This 
change in the web environment can apply to the Geographic Information System (GIS). GIS 
data is accessible on the Internet. And the spatial data for using in the GIS is made by GIS 
user on the Internet as the UGC concept. It is the concept of Public Participation GIS 
(PPGIS). As well as participating as UGC, the development environment is changed by 
OpenAPI. The OpenAPI is served by portal site and software-company. It provides simple 
interfaces and methods to users (or developers). In case of using map API (Google map API, 
Virtual Earth API and so on), users (or developers) can add several types of map to their 
web application and can use tools. By using satellite maps and street maps, users can more 
easily make GIS services on Internet. And the strong point of openAPI is possible to make 
customized services through mixing these openAPIs. This concept is called Mashup. For 
example, user can make a web application by using google API, Microsoft API and Yahoo API. 
These APIs have a merit of easily providing map services through the web, but they have 
apparently a limitation about GIS analysis tools. However ArcServer released by ESRI allows 
supplement. ArcServer could provide a variety of maps as well as necessary GIS analysis 



tools. And these are provided on Web. PPGIS applications are served to users in this 
environment but problems for GIS analysis remain. For example, users simply create a 
location data as a point type and participate in PPGIS. But data have a weak relationship 
each other. So it is difficult to understand for analysis. Therefore, the purposes of this 
research are to develop 1) a spatial data warehouse using ArcServer based on .NET 
Framework, 2) diverse webservices through using OpenAPI that is served by Portal Site and 
Software Company,  3) Easy-to-use Web environment using AJAX, and 4) Polygon-based 
data structure to organize and reclassify various formatted opinions in order to efficiently 
analyze the data. 
 
 
2. Review of current communication technologies 
 
2.1. PPGIS 
 
The phrase “public participation GIS” comes to the GIS community from the planning 
profession (Obermeyer 1998). In the mid-1990s, Harlan Onsrud, Paul Schroeder and Xavier 
Lopez of the University of Maine met to plan a workshop on the subject of how to improve 
access to GIS among non-governmental organizations and individuals, especially those who 
have been historically under-represented in public policy making. Mr. Lopez suggested using 
the phrase “public participation” in the workshop title because of its use and familiarity 
among planners, who also have a long and close affiliation with GIS technology. As a result, 
the phrase has since been used to describe a variety of approaches to making GIS and 
other spatial decision-making tools available and accessible to all those with a stake in 
official decisions (Schroeder 1997). 
However differences have existed between the PPGIS and the GIS, Carver (2001) has 
explained its relationship by using SWOT (Strengths, Weakness, Opportunities and Threats) 
analysis. He said that the most benefit of PPGIS is a part of decision making as a public 
participation. And if user is able to access the Web based GIS, it provides the environment 
of participation. When GIS service is provided on the web, user can easily obtain 
information about policy and GIS data. The relationship between PPGIS and Web based GIS 
is interoperability.  
For example, the city of Seoul provides GI (Geographic Information) about Seoul to user on 
the internet. Nation Map, in USA, aims to update data at real time through web and 
improves a quality of data as participating by government, federal and public. The EGIS of 
HUD (Housing and Urban Development) also provides online information about HUD and 
EPA (Environmental Protection Agency) by local communities and user could search data 
about their local communities. 
Recently, the most applications provide that user can customize their maps. Now users 
participate in PPGIS by taking GIS data as well as share a GIS service that is made by 
OpenAPI among users. They are provided as various types (i.e. Mashup). For example, user 
can create and share maps based an album application that is made of Google Map API, 
Microsoft Map API and Flickr API. And users can create another type of applications that 
show static value about county by using map API and static data. PPGIS has been extending 
that users can participate in them by using GIS data as well as directly created GIS services. 
But this process has problems. Above all it is hard to gather GIS data. Because now 
participating type is very difference and they need a relationship among them for analysis. 
And data type is mostly specific location that is point type, so it has a limitation in the 
analysis of used relationship with distance. And PPGIS needs management or maintenance 
systems for a diversity data.  
 
2.2. Web based GIS 



The Web
informat
doesn’t a
The Web
Web app
security 
accuracy
spatial d
network,
photo) (C
request a
script lan
 

Figure 1
 
The stru
and serv
follow. (I
 

∙ C
i

∙ I
∙ S

u
 
The arch
diamond
associati
on UML 
of assoc
construc
the class
And the
relations
and Netw
Geodata 
relations

b base GIS p
tion from the
assure to be
b base GIS c
plication and
and query a

y is too. And
ata coverag
, hydrograp
Chow 2008)
as HTML, gr
nguage (e.g

1 Simple A

cture of GI
vice are ba
ISO19119) 

Component 
mplementa
Interface – “
Service – “ 
user entity t

hitecture of 
d shape to 
on relations
notation (fig

ciations. Th
cts the class
s GIS Servic
e aggregatio
ships. The c
work Perfor
 Objects a

ships. 

provides GIS
e Web base
e able to pa
consists of s
d Browser. T
about GIS d
d the map se
ge around th
hic features
). And the W
raphics (e.g
g. javascript

rchitecture

S Services 
sed on ISO

 – “a ph
tion and con
“ a named s
a capability
through a se

 GIS Servic
represent 

ship betwee
gure 3) ide
e class Use

s GIS Servic
ces. The clas
on relation
lass User S

rmance. The
nd GIS Co

S Services t
d GIS. It m
rticipate in t
several web 
The role of G
data. To upd
ervice belon
he globe. Th
s, political b
Web Applica
. JPEG, GIF

t). Thus, the

e of Web b

is shown by
O TC 211 d

hysical, re
nforms to a
set of opera
y which a se
et of interfa

ces is descr
the aggreg

en them. Th
ntifies the a
er has the 
ces Architect
ss GIS Serv
ship (in Fi
cenarios is 
e class GIS 
omponets. T

to user via t
eans only u
the Web ba
 component
GIS Databas
date data is 
ngs to GIS S
he spatial da
oundaries) 
tion is hoste
, PNG) and 

e web applic

ased GIS 

y figure 2. T
document G

placeable 
nd provides

ations that c
ervice provid
ces that def

ribed by usi
gation. The 
he texts nex
architecture
class User 

ture. The cl
vices fulfills t
igure2) als
composed o
 Services A
The GIS Se

the Internet
using the GI
sed GIS.  
ts including 
se is manag
 important i
Services. Th
ata include t
and image (
ed in server
 so on. It co
cation acces

The concep
Geographic I

part of a
s the realiza
characterize 
der entity m
fine a behav

ing UML in 
 line betwe
xt to line are
 of GIS Ser
 Scenarios.
ass GIS Ser
the class Us
o consist o
of the class
rchitecture 
ervices is p

t. User can o
S services v

 Database, G
gement, mai
n database 

he map serv
the map dat
(e.g. satellit
r. It respond
onnects to G
sses to GIS S

ts of compo
Information

a system 
tion of a set
 the behavio

makes availa
vior, such as

 Figure3. U
een classes 
e associatio
rvices. Ther
 The class 
rvices Archi
sers needs. 
of four typ

s GIS tasks,
is construct

provided to

obtain 
via web but 

GIS Service
intenance, 
 and to keep
ices provide
ta (e.g. road
te photo, ae
ds to users’ 
GIS Server v
Services.  

 

onent, inter
n – Services

that pack
t of interfac
or of an ele
able to a se
s a use case

ML notation
 represents

on names. B
re are four t
 User Scen
tecture prov

pes aggreg
 Client Mac
ted by the 

o user by t

 

e, 

p 
e 
d 
erial 

via 

rface, 
s, as 

kages 
ces” 
ment” 

ervice 
e” 

n use 
s the 
Based 
types 
narios 
vides 

ation 
chine, 
class 
these 



Figure 2
 

Figure 3
 
 
2.3 The 
 
The conc
internet 
its conte
divided b
 

dom

content 
d

2 The Arch

3 UML Nota

 Concept o

cept of web 
that is to ob

ent, the Web
by participat

D

Britan
person

main name 

scree

 manageme
directories (

itecture of

ation 

of Web 2.0 

 2.0 propose
btain and to
b 2.0 could b
ting, openin

Web 1.0
DoubleClick

Ofoto
Akamai

mp3.com
nica Online
al websites

evite
speculation
page views
en scraping
publishing

ent systems
(taxonomy)

stickiness

f GIS Servi

 

ed by Tim O
o distribute 
be the recre
ng, sharing t

  
--> 
--> 
--> 
--> 
--> 
--> 
--> 
--> 
--> 
--> 
--> 
--> 
--> 
--> 

ces (Peng 

O’Reilly in O
information 
eated space
the distribut

Web 2.0 
Google Ad
Flickr 
BitTorrent 
Napster 
Wikipedia 
blogging 
upcoming.
search eng
cost per cl
web servic
participatio
wikis 
tagging ("f
syndicatio

 and Tsou 2

’Reilly Media
 simply. Acc
 of the wisd
ted informa

Sense  

 

.org and EV
gine optimiz
ick 

ces 
on 

folksonomy
n 

2003) 

a, is improv
cording to th
dom of crow
tion (O’Reill

DB 
zation 

") 

ved from ear
he summary

wds that is 
ly 2005).  

 

 

rly 
y of 



Table 1
example
 
Web 2.0 
the porta
informat
their info
wisdom o
 
 
3. Dev
 
3.1. Lim
 
The met
informat
user, so 
PPGIS w
services 
participa
So it nee
same da
it could 
current s
type (e.g
 

Figure 4
 
 
3.2. Arc
 
In figure
mixed v
requests
request 
detail, A
the-box 
and man
(Map, G
range of
the Arc

1 O'Reillys
e 

 based on p
al service (e
tion and sha
ormation, w
of crowds. 

velopment o

mitation of

hod of part
tion. But po
 users can 

with the GIS
 via this p
ating same o
eds to aggr
ta via other
not have th
systems. To
g. polygon) 

4 the chang

chitecture 

e 5, the GIS
ia the Mash

s the GIS se
it to server 

ArcGIS Serv
end user a

nagement o
eocode, Ge
f desktop, c
cSDE data 

s' initial b

participating
e.g. Wikiped
are it via the
eb site is m

of Web bas

f Legacy Sy

ticipation in 
ortal sites a
 easily cust
 data and t
process are
object in thi
egate the p
r way, and s
he strong re
o improve t
 in Figure4, 

ge of relat

 of Web ba

S Services c
hup concept
ervice via br
 and respon
er is a com
pplications 

of spatial in
eoprocessing
custom, mo
 managem

brainstorm,

, opening, a
dia, Flickr, Y
e web site. I

more and mo

sed PPGIS 

ystem 

 the legacy 
and software
tomize GIS 
the GIS serv
e almost v
is process, t

participation
systems hav
elationship 
his limitatio
 so it is effic

ionship str

ased PPGIS

consist of ES
t. And web 
rowser, the W
nd to a user
mprehensive 

and service
nformation. 
g, Geodata,
bile, and br

ment techn

, he form

and sharing 
Youtube). Us
If the more 
ore accumul

 

 PPGIS is fo
e companie
 services t
vices those 
visualizing 
the legacy P
 data. The 

ve only the o
of data. It 

on, the part
ciently for m

ructure 

S 

SRI API and
 application
Web applica
rs’ request. 
 web-based
es for mapp
ArcGIS Ser
 Globe). Ar
rowser-base
ology for 

ulated ou

 is develope
sers volunta
 people part
ated by tho

ormed by ad
es open the
hemselves. 
 are made b
them in p
PPGIS is dif
each partic
objects’ IDs
is the limit

ticipation da
managing, m

d OpenAPI (
n is hosted 
ation find ap
 Review com
d GIS that p
ping, analys
rver provide
rcGIS Serve
ed clients. A

managing 

r sense o

ed and is be
arily supply 
ticipate, ope
se. Finally, 

dding, editin
eir API (e.g
 Thus, user
by themselv
parts. When
fferently rep
ipation data

s relating wit
ation of ag
ata is stored

manipulating

(Google, Mi
by web se

ppropriate G
mponents of
provides a 
sis, data co
es a server
er supports
ArcGIS Serv
 multi-use

of Web 2.0

eing utilized 
their 

en and share
it forms the

ng and upd
. map, tool
rs participa
ves. But the
n each use
presenting t
a is represe
th each data
gregation in
d as aggreg
 and analyz

crosoft) and
rver. When 

GIS services
f architectur
range of ou
llection, ed

r-based plat
 access usi

ver also incl
r, transact

0 by 

 via 

e 
e rich 

ating 
s) to 
te in 

e GIS 
er is 
hem. 
nting 
a. So 
n the 
gated 
zing. 

 

d are 
 user 
, and 
re, in 
ut-of-
iting, 
tform 
ing a 
ludes 
tional 



geodatab
the Open
Javascrip
an increa
 

Figure 5
 
 
4. Imp
 
4.1. Im
 
The imp
user int
developm
Javascrip
service i
map) tha
model, i
impleme
polygon 
the GIS 
 

bases using
nAPI is tech
pt etc. While
asing trend 

5 Architect

plementatio

mplementat

lemented P
terface, an
ment platfo
pt and HTM
n the GIS s
at is implem
implemente

ented by th
type is imp
data via par

 a number o
nologies tha
e its possib
 in so-called

ture of Web

on to a Pub

tion 

ublic Partici
n administr
orm is the 
ML. The mo
service. It c
mented by u
ed by using
he openAPI
lemented by
rticipating. A

of relational
at enable w

bilities aren't
d Web 2.0 ap

b based PP

blic Partici

ipation Dec
ration data

.NET Fram
ost importan
consists of b
using Googl
g the Virtua
. The part 
y the ArcSe
And the Geo

l DBMS's. (E
websites to in
t limited to 
pplications. 

PGIS via Op

pation Dec

ision Suppo
base and 

mework and
nt part of 
basic map (
e map API.
al Earth AP
 of transfo
rver. And Ar
oprocessing

 

ESRI Online
nteract with
 web-based
 (Wikipedia)

 
penAPI an

cision Supp

ort System 
organizatio

d primary 
implementa
(e.g. street 
 If an appli

PI of Micros
orming part
rcServer (A
 Service is t

e help docum
h each other
 application
)  

d ESRI API

port System

is divided t
on of GIS 
language i

ation is to 
 map, satel
cation need
soft. Map i
ticipation da
rcSDE) stor
too.  

ment 2008).
r by using S
ns, it's beco

I 

m 

o the parts
 Services. 
s C#, ASP
organize a 
lite map, te
d to visualiz
nterface is 
ata (point) 
res and man

. And 
SOAP, 
ming 

 of a 
The 

P.NET, 
map 

errain 
ze 3D 
 also 
 into 

nages 



Figure 6
 
 

Figure 7
 

Figure 8
 
If users 
web-met
After the
of analys
created 
results o
in one di
web app
participa

6 the Conce

7 A princip

8 Data Flow

click a poly
thod sends 
e ArcGIS Se
sis back to 
by previous

on web page
istrict. He c
plication dis
ated by anot

eptual Imp

al of web a

w Diagram

ygon in map
request (pa

erver Web S
web-metho

s step (Figur
e. For exam
onnects this
plays the d
ther person

plementati

application

 of GIS Ser

p, then HTM
arcel info) t
Services per
od. The web
re 11) and s

mple, an arc
s web applic
data of distr
n who want 

on Model 

n operation

rvices 

ML page se
to the ArcG
rforms Geos
b-method bu
send script 

chitect want
cation, and 
rict (e.g. la
 to remodel

n 

nds request
IS Server W
spatial Anal
uilds script 
 to HTML pa
ts to search 
 selects a w
w, census 
l his house 

 

t to web-m
Web Service
ysis (Figure
to display r
age. The HT
 the deman

wanted distri
data) and d
in selected 

 

ethod, and 
es (Figure 9
e 8), send r
results those
TML page dis
nd of remod
ct (polygon
demands th
 district. An

 then 
9,10). 
result 
e are 
splay 

deling 
). So 

hat is 
nd an 



architect easily gains this data by simply clicking polygon. 
The goal of this system is to aid decision making for zones analyzing by gathering and 
managing the GIS data. And so the polygon type of participation changed in this article 
serve as one of methodology that provides rapid analysis process, efficient storing GIS data, 
and simple web interface. 
 
//Get Parcel Info 
            ISpatialFilter sf = (ISpatialFilter)context.CreateObject("esriGeodatabase.SpatialFilter"); 
            sf.Geometry = pt; 
            sf.SpatialRel = esriSpatialRelEnum.esriSpatialRelIntersects; 
 
            IFeatureCursor featCursor = parcelFeatureClass.Search(sf, false); 
            
            String html = ""; 
            IFields flds = (IFields)parcelFeatureClass.Fields; 
            IField fld = null; 
            IFeature feat = (IFeature)featCursor.NextFeature(); 
            if (feat != null) 
            { 
                html = "<table>"; 
                for (Int32 i = 3; i < flds.FieldCount; i++)  //skip OBJECTID, etc. 
                { 
                    fld = (IField)flds.get_Field(i); 
                    if (fld.Name.ToUpper().IndexOf("SHAPE") == -1)  //skip shape fields 
                    { 
                        html += "<tr><td><b>" + fld.AliasName + "</b>:</td><td>" + feat.get_Value(i) + 
"</td></tr>"; 
                    } 
                } 
                html += "</table>"; 
            } 
 
            if (html == "") 
            { 
                return "Try again."; 
            } 
 

Figure 9 Get a Parcel Information (John Waterman 2008) 
 
//call ArcGIS Server web service 
            string serviceResponse = gisService.getParcelInfo(x, y); 
            if (serviceResponse.ToUpper().IndexOf("TRY AGAIN") != -1) 
            { 
                context.Response.Write(header["cmd"] + "|" + serviceResponse); 
                return;  
            } 
 
            string[] splitResponse = serviceResponse.Split("{".ToCharArray()); 
            string attributeInfo = splitResponse[0]; 
 

Figure 10 Call the ArcGIS Sever Web Service (John Waterman 2008) 
 
//Build Google polygon graphics 
            string googlePolygons = ""; 
            string[] splitPolygons = splitResponse[1].Split("?".ToCharArray()); 
            for (Int32 i = 0; i < splitPolygons.Length; i++) 
            { 
                googlePolygons += "var polygon = new GPolygon(["; 
                string[] splitPoints = splitPolygons[i].Split("|".ToCharArray()); 
                for (Int32 iPointCount = 1; iPointCount < splitPoints.Length; iPointCount++) 
                { 
                    string[] splitPoint = splitPoints[iPointCount].Split(",".ToCharArray()); 



                    string lng = splitPoint[0].ToString(); 
                    string lat = splitPoint[1].ToString(); 
                    googlePolygons += "new GLatLng(" + lat + ", " + lng + ")"; 
                    if (iPointCount != splitPoints.Length - 1) googlePolygons += ","; 
                } 
                if (i == 0) //first point is buffer polygon; specify different color 
                { 
                    googlePolygons += "], '#FFFFFF', 5, 0.8, '#0000FF', 0.4);_map.addOverlay(polygon);"; 
                } 
                else 
                { 
                    googlePolygons += "], '#f33f00', 3, 1, '#ff0000', 0.2);_map.addOverlay(polygon);"; 
                }   
            } 
 

Figure 11 Build the Google polygon (John Waterman 2008) 
 
 
5. Conclusion 
 
The key point of PPGIS application is decision making by public participation so that the 
PPGIS application should basically provide comfortable and easy interface to user. And the 
current OpenAPIs those are served by Portal Site (e.g. Google API, Microsoft API) help to 
visualize the GIS data and to customize the GIS services but they has apparently limitation 
about analysis tools. Developers need to implement with ArcServer or another GIS analysis 
tools via the Mashup concept. And it needs to develop an efficient application for user and to 
deploy the suitable GIS services. In addition, the participated GIS data that is aggregated is 
needed to store, manage, and manipulate for efficient analysis. For example, when 
analyzing a demand in political boundary, if the participation is aggregated as polygon, is 
more effective during analyzing. 
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