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Absfract

The objective of this research is fo develop an Industrical pollution information
systemn, particularly for the DKI Jakarta Province by using the object-orented
approach integrated with INPIS and spatial database methodology. Tha ob-
fect oriented approach was chosen because of its advantage in mogeling
the real world problem of industrial pollution. The result of this research showed
how the object orented approach was very useful 10 describe the static and
dynamic view of industricl poliution probiem domain. The prototype of Ingus-
frici Pollution Information Systern (INPIS) was built as web application using
the three tier architecture which sepoarated presentation, business (problarm
domain) and data fier. The presentation tier was designed as a web page
using the ASP.Net, while the business tier was detived from closs design and
built using Visual Bosic.Net. The dota tier was implemented using relational
data model completed with distributed class behavior through the stored
procedures mechanism. For the industrial poliution monitoring. despite of its
occuracy, the Industrial Pollution Projection System (InPIS) can be used to
estimate pollution lcad and pollution impact for several types of pollution
parameters. The INPIS can combine it with the spatial data of DK Jakarta
administration boundary to produce the maps of poliution foad distribution for
the district level
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1. Introduction
1.1. Background

In recent years, issues of industrial pollution become important concern of the
local and national community for the possibility of significant environmental
degradation and public health hazard. tn indonesia. much of the industrial
expansion has taken place without due regard to the environment, and has
led to serous environmental degradation, paricularly in Java where most of
industries is located. Luken et al, (2002) stated that industrial emissions of CO,
in 1997 were 1.25 metric tones per capitg, while organic water pollutant emis-
sions were 0.16 kg per day.

Jakartq, as the biggest city in Indonesia, also faces the problem as described
above, There are various industries established in this city such as food and
beverage, woods, chemicals, metals and textiles. All those industries poten-
tially generate g wide variety of pollutants.

One of the important methods in industricl pollution monitoring. especially in
estimating poliution load is the Industrial Pollution Projection Systern (INPIS),
that waos developed by the Infrasiructure and Environment Team of the Devel-
opment Research Group of the World Bank. According to Hettige ef al. (1994)
the InPIS is @ modeling system, which combines data from industrial activity
(such as production and employment) with data on pollution emissions to cal-
culate pollution intensity factors.

In assessing and monitoring industrial pollution as well as other environmental
problems, information systern is one of the important factors that need 1o be
consideraed. Information system casts g shadow over almost every aspect of
the environment debate; research, monitoring, management and. decision-
making and public involvermeant in decision-making.

This research will adopt an object-criented approach because of its advan-
tages. In case of industrial pollution problem, OO approach gives many ten-
eftts and: possiblility fo build the system in a better way. By using the OQ con-
cepts technology. the object model can be built to imitate the actual condi-
tion in the real word (Fayad, 1999). For example, commonly, pollutant can be
divided into air pollutant, water pollutant, solid woste pollutant and foxic pol-
lutant. Each of them has their own characteristics, but the same basic charac-
teristics such as, name and industrial source. With the concept of class, object
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and inheritance, we can build pollutant as a class and the types of pollutant as
instance of class, which inherit the basic characteristics of pollutant class. This
technique could also be applied to other entfities.

1.2. Objective .

The objective of this research is to develop the industrial poliution information
system, particularly tor the DKI Jakarta province by using the object-oriented
approach integrated with INP1S and spatial database methodology

2. Material and Method
2.1. Time and Location

This research was conducted from March to July 2003 and covering the DKI
Jakarta province.

2.2. Data Sources

Four kinds of data have been used in this research, fe. statistical data of the
large and medium industry, demographic data, supporting data for industrial
poliution estimation, and DKI Jokarta province spatial data.

2.3. Required Tools

Softwares used in this research were Microsoft Windows 2000 Professional edi-
fion with tternet Information System (iS) installed. Microsoft NET Framework
1.1, Microsoft ASP.NET Web Matrix and Microsoft Visual Studio .NET, Microso#
SQL Server Desktop Engine (MSDE), Microsoft Visio, ESRI ArcView version 3.x,
InovaGls Geographic COM Objects. Hardware used 1o develop this system
was PC with Pentium Il class with minimum 500 MHz and 256 MB RAM.
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2.4, Method

2.4.1. System development method

This research follows the Unified Process systermn development ond focused on
the three core process workflows namely requirement, analysis and design,
and implementation with some adjustrnent. The scheme of proceass workflows
it shown in Figure 1,
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Figure 1. The scheme of process workflows,

The first stage of process work flows was requirement analysis, which has thiee
activities, i.e. Problem Analysis and Defing, Users Needs Analysis, and Use Case
Diagram Analysis. Those activities were done In order to understand the prob-
lem of industrial poliution, to propose high-level solution. identify and analyze
the bser needs of information and to develop the functional requirement of
the proposed system,
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The second stage was Analysis and Design. The Analysis was conducted 1o
model the architecture of the Industrial Pollution Information System (InPis),
identify and develop the class and its interaction. The resuit of these activities
was used as a base for designing the system. There were four activities donein
this part, included designing and deveioping the architecture model. design-
ing the class base on the analysis, designing the user interface, and develop-
ing the dotabase scheme.

The final stage was Implementation, which covered two main activities, ie.
translating the design stage 1o the code and testing the prototype of the InPIS,

2.4.2, InPIS Method

The basic idea behind the InPIS Is simple - for each sector or sub-sector, deter-
rmine the appropriate 1SIC code and find the comresponding emission factor.
The pollution lcad is then estimated as:

pr = EF -TEM
108

where, PL = Pollution Joad for a sector in tons/ysar,
EF = Emission factor in kg per thousand employees per year: and,
TEM = Total number of employees in that sector.

3. Result and Discussions

3.1. Requirement Analysis

Most sources of system requirement came from the documents related to

industrial polution problems; only a small portion was collected from inter-

views. The documents were used include: v

- Act No. 23/1997 on Environmental Management

- Government Regulation No. 82/2001 on Water Quality Manogement and
Wastewater Control.

- Government Regulation No. 41/1999 on Air Poliution Control.

- Ministry of Environment Decree No. 3/1998 on Wastewater Standard for
Industricl Areq.
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- Ministry of Environment Decree No. 13/1995 on Emission Standord for Sta-
tionary Sources.

- Ministry of Environment Decree No. 5171995 on Wastewater Standard for
Industrial Activity

- Head of Bappedal Decree No. 205/1996 on Technical Guidelines to Control
Stationary Sources Alr Pollution.

3.1.1. Problem Analysis and Definition

From the initial overview. the proposed systerm (InPIS) is a system that can
store, process and provide the information of industvial poliution particuiarly in
DKI Jakarta province to several users, such as local community, government
and industry. It was not intended to replace the whole process in industrial
poliution problem, but rather be addressed to equip it. This systern uses various
data inputs, which come from different institutions. General overview of this
system is shown in Figure 2.
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Figure 2. The general overview of the InPIS.
3.1.2. Useér Needs Analysis

Based on problem analysis. users of this proposed system and their needs could
be identified. Generally, there were four main users, i.e.: govemment, industry,
local community, and database administrator. Government could be divided
into several users such as govermnor, mavyor, district govemance, government
industricl division, municipal industrial division, and BAPEDALDA (The Environ-
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El

mental impact Management Agency at province level). Table 1 shows the
analysis result of user needs.

Table 1. User needs analysls resulf.

Govemaor The summary repert for the Following information:
- Industrial distribution
- Pellution Joad distribution
- Sguece of pollution loads
- Pollutions impacts
Major The summary or detailed repert for the fallowing information:
- Industrisl distibution
- Pollytion kead distributian
- Source of pollution iosds
- Pollutions impacts

District The summary or detailed report of their district area for the following information:
Govemance - Industry and industriai activity
- Pollution leads

- Source of pollution
- Pollution by Inchvidual industry
- Pollution Impact
Government The detalled report of all xrea in DK1 Jakarta provinge for the following information:
Industriat - Indusiry and Industrial activity

Dhvislon - Pollution by Individual industry
BAPEDALDA The summary or detalled report of their district anea far the following information:
- Poflution Yoad distribution
- Source of pollution
- Pokution by individual industry
- Pobution impack
Industry The detaited repert for the followlng Information:
- Industry and industrial actlvity
- Pollutant bese information
- Pollytion by individusl industry
Lacal Community | All infarmation
Database
Administrator

3.1.3. Use-Case Diagram Analysis

Use cases are widely used mechanism fo discover and record requirernents,
especially functional (Jacobson et al., 1999). The first step in building use case
diagram s to identify actors. An gctor s an abstraction for on object outside
the system interacting with the system. From user need anolysts (Table 1),
basically afl the users have the same role that is using the systern to get the
information thay need. Therefore, the users could be generalized Into two
groups of actors ie. General User and Database Administrator is shown on
Figure 3,
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Figure 3, Actors generalization.

By using thase actors and probiem description several use case can be identi-
fied and then the use case diagram can be built. An exampie of use case
diagram tor the InPIS s shown in Figure 4.

Get Pollutent Indo x|
| Liat Pollutant pw <] o _' Compara o
Ganerml User ncdustry Report - = Iutard Standacd

Figure 4. Tha use case diagram.
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3.2, Analysis and Design
3.2.1. Analysis
a. Architectural Analysis

To fulfil the user needs, the proposed system will be built as web application,
The InPIs architecture can be divided info Three Tier (or Layer). namely Presen-
totion Logic Tier, Business (Problem Domain) Rules/Logic Tier, and Data Tier.
The presentation logic tier should ceccommodate how 1o display the map,
chart and fabular view in the web page. The business tier included some rules
in retrieving data from datatase and severai data
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manlpulating process to transform data inte information. It Includes math-
ernatical calculation, grouping, comparing and sorting. The business rules can
be built as class ibrary of proposed system. The data tier adopted the rela-
tional data model that was commenly used and supported by major database
managerment sofhwares.

b. Class Diagram Analysis and Refinement

The clkass diagram Is & central modeling technique that runs through neary all
object-oriented methods (Jacobson et al., 1999). This diagram describes the
types of objects in the system and various kinds of static relationships that exist
between them. There were three key steps to be performed including (1)
Identifving clkasses, {2) identifying the aftributes, and (3) identifying the asso-
ciations. By distinguishing between association, aggregation and generallza-
tion, it can be built class diagram ¢lose could be constructad to the problem
domain. The resu't of these steps is shown in Figure 5.
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Figure 5. Class Diagram.

c. Define the Interaction among Object

To get the behavior of the system, the interaction among objects or a dynamic
model of the system should be defined. Sequence diagram can be used to
identify the interaction among objects. It also can be used to find the meth-
ods for each class defined in class dlagram. Figure 6 shows example of se-
quence diagrams used in this system. This was buitt based on the use case of
‘Get Pollutant Info’.
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Figure 6. Sequence diagram of get pollutant info.

3.2.2. Design

a. Architecture Design

As mentionad in architecture analysis, this system will be developed os web
application using three-tier architecture, which consists of presentation layer,
business (problam domain) layer and data layer. In order to fulfil this architec-
ture, the software and hardware needed should be determined first.

Software needed for daveloping this system includes operating system, de-
velopment tool, database management system. and browser. Operating sys-
tern usad is Microsoft Windows 2000 Professlonal or Microsoft Windows XP
Professional edition. The Intemet Information Service (IIS) must be installed on
this operating system. The IIS is a Web Server to simulate this system In intranet
environment, Development tool used in this system is the softwara thot has
abiiity to produce ASP.NET web form. Microsoft Visual Studio.Net and Microsoft
ASP.Net Web Matrix were used to generate ASP.Net web form. To run both of
these soffwares, Microseft Net Framework 1.1 should be installed properly In
Microsaft Windows. Microsoft SQL Server was used to handle the InPIS data-
base. Browseris used to test the output page of the ASP.Net web form. Intemet
Explorer version 5 and eorlier was used becouse this browser has capability to
display the ASP Net web form.
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Hardware used to develop InPIS web gpplication should be abie to support
the development process. The minimum specification is: Personal Computer
with precesser Pentium It 500 MHz, RAM 256 MB. and SVGA screen with rmini-
mum resolution 800 x 600.

Basad on this configuration and considering the three tier architecture. the
detailed architecture of the InPIS was designed. Figure 7 shows the InPis archi-
tecture.
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Figure 7. The InPIS architecture design.
b. Class Design

A class design represents an abstraction of one or severcl classes in the system’s
implementation; exactly corrasponding to the implementation language. The
proper size of the class and its objects depends on the programming language.
Ciosses should map a particular phenomenon In the implementation language,
and the classes should be structured so that the mapping results in good code.
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There were three activities done in this stage, Le. finding the new classes needed
by the system and their relationships, refining the operations. and refining the
attributes. The following figure 8 shows an example of class provided with
attributes and operations.
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Figure 8. An example of refined class
¢. User Interface Design
Designing user interface is the process to define an application visuafization
and interaction between user and system. Two major activities done in this
step were organizing information and defining the elements.

Organizing information

Based on the requirernent analysis, the information produced by the InPIS can
be crganizeckinto four groups as presented in Table 2.

Table 2. Group of information produced by the InPIs.

No.|Group Member
1 [Industrial Info Information on individual industry
. Information on industrial distribution
- Information on industrial growth
2 |Pollution Based Info |- Information on poliution parameter

- Information on emission standard
: - Information on wastewater standard
3 |Pollution Monitoring |- Information on emission monitoring

- Information on wastewater monitoring
4 [Pollution Estimation |- Information on pollution load distribution

- Information en pollution contributer
- Information on impact

An Object Criented Approach to the Development of industrial 73
Pollution Information Systern (AR, Mulyarto, K 8. Seminar & Suprihatin



Defining Eloments

The user interface of the INPIS was designed using the common elements of

website as described below.

- Menus and subsites. The InPIS user interface uses menu and @ number of
submenu pages to guide the users to frack the information they want. This
menu was built based on the information hierarchy presented in Table 2

- Search features. Search feature was needed by this system, especiclly 10
accommodata searching information for industry. industrial sector and area.

- Table or Grid. Many information produced by the inPI§will be easier to read
if presented in tabular form.

- Image and Chart. This system used the image fo display the map of pollu-
tion or industrial distribution. The map image will change depending on the
user input. Chart element is used to display information in graph or chart
form.

d. Database Design

From the architacture dasign section, it can be seen that the data tier of the
inPIS was impiemented using relcticnol database approach (using Microsoft
sQL Server). This becomes the main consideration in dotabase design be-
cause relational database approach is not enfirsly compatible to object on-
ented system, Thus, in database design. object oriented system should be
transformed to relational databaose management system or called as map-
ping objects to relational database.

Map persistent design classes

This activity started by identifying the persistent classes (objects) and thelr
attributes that should be stored in relational database. From class design
section, all classes can be Identified, except Pollutionload. Pollutionimpacts,
and persistent Map.

To rndp persistent classes to relational database, it should be consider how 1o
fransform the class relationship including, association, aggregation and gen-
eralzation. Below is the explanation about the process.

(i) Mapping association and aggregation between persisient classes

Assaciation or aggregation betweesn two persistent classes can be reqglized as
foreign keys to the associate object. The example of mapping association and
aggregation is shown in Figure ¢ and 10.
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Figure ¢ shows how to map association between IndustrialSeclor and
IppsCoefficient. The IppsCoefficient is a class that needs industriaiSector class
exist. This association can be represanted by the Isicld attribute in
ippsCoetficient tabls as a foreign key where this athibute is a primary key in
IndustriaiSector table.

Figure 10 shows how to map aggregation between Municipaland District. Again,
the foreign key method was used 1o map the aggregation. The Municipalidis a
primary key in Municlpal table and plays a role as foreign key in Distict table.
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Figure 10. Example of mapping aggregation.
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(il Mapping generalization

A relational data model does not support modeling inheritance in o direct
way. There are two options that can be used: first, using separate tables to
model the super class and subclass (normalized data). and the second, dupli-
cate all Inherited associations and attributes as separate columns in the sub-
class table (denormalized data). In this systern the second option was used.
The reason Is to follow the information hiergrchy used in this system (see Table
2.

Figure 11 shows how to maop generalization between Pollution, Emission and
wastewater. Poliufion is a super class, while Emission and Wastewater are
subclass. The attributes of Poliution that are inherited by subclass are indusiryld,

 Parameter id and MonitoringDate. These attributes were used by eqach sub-
class (Emission and Wastewater).

g5 43 B
PICFKY201 | indhuntryld PKFK1ZH |indystryid
PICFKZ.13,4 | Parsmeterd PK.FK2.W,(3 | Parametarid
PK - | ManitedaaOate PK Soyrcs
. PK MonjtoringDate
Concanlration
Logd Emssony ke

Figure 11. Example of mapping generalizafion.
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By using these mapping processes, the structure of InPIS database could be
constructed.

The InPIS also used the spatial data of DKI Jakarta province, especially District
administration boundary data. Te handle this data and fink to non-spatial InPIS
dotabase, the attribute of Distictld in spatial data was changed following the
rule in District table. Figure 12 shows the relationships between attrlbute of
spatial data and Disfrict table.

*

FRLI1,12

Figure 12. The relationship between spatial and non spatial data.

Distribution class behavior to the database

After the mapping process was done, It should be considered how to distribute
behaviors and implement to the database. If can be done by stored procedures
mechanism. A stored procedure is executable code, which runs under the RDBMS,
Code runs at the server, where the data is, rather than at client with correspond-
Ing data exchange overhead. Microsoft SQL Server as RDBMS has the capabil-
ity to handle the store procedure mechanism.
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3.3, implementation

The final stage of this research deals with activity of coding the elements
described in the design stage. Mainly, this stage focuses on how to franslate
class diagram, use case diagram, and sequence diagram into the program-

© . ming language code.

3.3.1. Constructing Code

Each class n design) is implemented by coding it In a programming language,
or by using a pre-existing component, Exactly each class (in design) depends
on the programming language. This system was developed using ASP.Net,
which is built using Visual Basic.Net (VB.Net). VB.Nef the new version of Visual
Basic has completely different structure than older version of Visual Baslc.
VB.Net supports major concepts of object-orientation such as, true inherit-
ance, polymorphism (overloading and ovenlding), and abstraction.

3.3.2. Testing

The prototype of the InPIs was tested using only one personal computer that
was setup both as local server and workstation so that the InPI$ can be ac-
cessed. Using Internet information Service that was installed In operating
systern can do It. The following figures show the screen shots of the InPIS proto-
type.
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Figure 13. The main page of the InPIS,
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Figure 14. Example of Pollution Load Distribution generated by the InPIS
(The darker colors indicated that the pollution loads are higher).
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4. Conclusions and Recommendations
4.1. Conclusions

- This ressarch demonstrates how the object oriented approach can be used
In developing o prototype 'of Industriat Pollution Information Systern (InP1S).
It shows how it Is very useful to describe the static and dynamic view of
problem domain. Class and cbject modeling as the core heart of object
orlented approach, is very helpful to understand the real world problem of
Industricl Poliution Information Systern.

- The prototype of InPIS was built as web application using the three tier
, architecture which separates presentation, business {problem domain} and
data tler. The presentation tier was designed as a web page using the
ASP.Net while the business tier was derived from class design and built using

Visual Basic.Net. The data tier was implemented using relational data model -

completed with distributed class behavior through the stored procedures
rmechanism.

- Despite of lts accuray, the Industrial Poilution Projection System (InPIS) can
be used to estimate pollution load and pollution impact for several types of

pollufion parameters. The INPIS can combine it with the spatial data of DK

Jakarta administration boundary to produce the maps of poliution load
distribution for the district level.

4.2. Recommendations

- Dus fo the time limit and other rescurces, the activities in gathering the
requirement and users’ needs could not be fully implemented. Most of the
Information was collected from liferatures and govemment regulations on
environment. It causes some incompatibility between the results of re-
quirernent analysis of this research with the real word problem, To refine
the InPIS, the requirement analysls should be done more completely so that
it can capture all the users’ need and the real world problem.

- This research only used the number of employment data to estimate the
poliution load for each industrial sector. For better estimation and for the
purpose of comparison, it wilt be more valuable if this system can use other
type data sources as the estimation base. The production volume per year
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is ong of data sources that could be considered for baing used. The INPIS
method also provides the coefficient for this data source type.

- One of the Important functions that does not Include In the InPIS is how the

system can give permission fqr each industty to update themselves their
activities or thelr pollution airectly to the InPIS remote database. For future
research in this field this function should be considered.
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