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ABSTRACT

The objective of this study is to apply an Information System (IS) integrated with a
mathematical model to selecting single-leaf partitions for noise control. The study supports
decision-making of the Environmental Health Division officials (Bangkok Metropolitan
Administration) concerning nuisance control from noise pollution. The development of the
system used a prototype-base methodology where SDLC (System Development Life Cycle)
was adjusted in order that parts of system could be developed quickly and the users could
obtain some functionality as soon as possible.

Theory and knowledge of system analysis and design have been used in sequence.
The steps consisted of: 1.Planning phase — studied scope and characteristics of problems;
2.Analysis phase — used context diagram, data flow diagram (DFD), and process specification to
analyze information; 3.Design phase — conducted user interface design, input design, output
design including database design, through a entity-relationship diagram (ER Diagram) and
normalization methodology; 4.Implementation (I) phase — used Microsoft Visual Basic.NET to
develop the application, Microsoft SQL Server 2000 to develop the database and Crystal Report
Decision to create the reports; 5.Prototyping phase — verified and corrected the prototype faults;
6.Implementation (1) phase — installed new system for actual operation.

After the development of the information system was completed, the system performance
was tested by three groups of assessors. Two experts on information system development evaluated
the accuracy of the design system phase, the DFD, the ER Diagram and the optimizing of the
system development tools. Their views on the factors in the system fell into a high level and
the optimizing of the normalization, the testing of data and the completion of the system
design fell into the category of the medium level. Two experts on noise pollution control who
evaluated the accuracy of data, the data analyzing methodology, the data conclusion, the
optimizing of the data display and the completion of data scored the performance of the system as
the max level. A user who evaluated the system based on the factors of the accuracy of the
system processing, the convenience in data entering, system installation, data editing, data
searching, the optimizing of the data display, the user manual, the completion of the nuisance
control data, the advantage of the system utility and the opinion of user for system operation
rated the system in a scale at the max level.

Additional to the information system for selecting single-leaf partitions for noise
control, the installation guide and the user manual includes a database designed for recording,
correcting and searching relevant data was created in this study.

KEY WORDS: INFORMATION SYSTEM / NOISE CONTROL / SINGLE-LEAF
PARTITION / SOUND INSULATION / DECISION-MAKING
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CHAPTER |
INTRODUCTION

1.1 Background Justification

Noise pollution is one of the major environmental problems which are found
increasingly in urban area. It can cause several undesirable effects such as hearing loss,
work interference, annoyance and so on. In the event of noise pollution that annoyance
to residents in the neighboring area or expose persons, it shall be a nuisance from noise.
Nuisance from noise can be produced by several sources. A principal source is the
business establishment which is generated from machine or noise activities.
Particularly, in the most expanding communities and industries such as Bangkok
Metropolitan Region (1), the amount of nuisance from noise is more increasing as
illustrated in the Nuisance Statistics Data B.E.2546 of Division of Health (Bangkok
Metropolitan Administration). There were 1969 from 6030 cases of persons who were
disturbed from noise and then petitioned to this office. (2)

In the event a nuisance from noise occurs, both National and Local relevant
government agencies must take responsibility to solve the problem.(3) These agencies
in Bangkok area, consist of Pollution Control Department (Ministry of Natural
Resources and Environment), Department of Health (Ministry of Public Health),
Department of industrial works (Ministry of Industry), Division of Health and
Environmental Health Division (Bangkok Metropolitan Administration), including
every Districts Offices in Bangkok area. The procedure to solve the problem will be
authorized under the related laws as the following; (3)

1. Notification of the National Environment Board No.17, B.E. 2543(2000)
issued under the Conservation and Enhancement of National Environmental Quality Act
B.E. 2535 (1992) Re : Noise Level of Annoyance (4) (Appendix A)

2. Notification of the Pollution Control Department Re: Measuring

Methodology on Background Noise/Annoying Sound Pressure Level and Calculation
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Methodology on Annoying Sound Pressure Level/ Noise Level of Annoyance (5)
(Appendix A)

The nuisance from noise will be operational by authorized under the Public
Health Act B.E. 2535 (1992) (Appendix A) which conducts as the following; At First,
when the government offices are acknowledged the nuisance petition data, they will
appoint the sound measurement official for measuring the sound level. After that, the
appointed official will measure the sound level at places both the petitioned business
establishment and the petitioner’s dwelling. Then, if the measured sound exceeds the
Noise Level of Annoyance, the official must issue a Written Order to the owner or
occupant of such place requiring him to abate the nuisance within a reasonable period
of time as specified in the order and, if he deems it expedient to prescribe the method
of abatement of such nuisance or the method of prevention of future nuisances, to
specify such method in the order.

Generally, when one is dealing with noise control, the following three basic
issues have to be addressed: (6)

1. Noise control at the source, this aims to reduce the sound power at the
noise sources through the appropriated design. This, for example, is the use of an
acoustical enclosure for covering the noise source.

2. Noise control of the path, this aims to eliminate or reduce the transmission
of the sound energy from the source to the receiver. This can be conducted by two
different ways which are increasing the distance between the source and the receiver
and re-directing or absorbing the sound released into the environment. Tools for this task
include barriers, walls, enclosures, sound insulation materials, mufflers, etc.

3. Noise control at the receiver, this aims to limit the disturbance at the
reception point. Typical applications include operator enclosures and hearing protection.

According to the written order of the Environmental Health Division, it is
found that the noise control of the path is often used for solving this problem. (7)
Because the noise control at the source that must conducted by the business
establishment, it is often inadequate for reducing noise and the noise control by
increasing distance between the source and the receiver and noise control at the
receiver has not been conducted yet in practicality. Namely, it is impossible to

persuade the petitioner for use the hearing protection devices or move theirs dwelling.
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Then, the usage of sound insulation materials for receive and re-direct or
absorb the sound are expanding in noise control which, its success will depend on the
fitness between the selecting sound insulation materials and the characteristics of noise.
This fitness is necessary to the officials that must providing the appropriate prescribe
of the selecting sound insulation materials to the business establishments.

But nowadays, the selecting sound insulation materials does has problems that
caused by the insufficiency of support data including the complicated of theory and the
related knowledge. These problems may cause trouble for the officials to prescribe the
business establishments. Because of these problems, then researcher does has an idea
to applied an information system to lessen these problems because it is a database
system that uses mathematical models to process all of related data that can
provide the information of materials fitting in the noise characteristics for help the
officials. It is expected to be more convenient in the official prescribe of the selecting
sound insulation materials to the business establishments.

Furthermore, the use of sound insulation materials for solving the noise
problems bases on the huge volume of information available that consist of sound
measurement, material properties, and the law of noise control. Then, if we use an
information system for solving these problems, it will be efficient and appropriate
for the analysis and decision about noise control.

1.2 Objectives

1.2.1 To study and design the database for utilization in supporting an
information system for selecting single leaf partition for noise control
1.2.2 To develop an information system for selecting single leaf partition for

noise control
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1.3 Scope of Study

This study focuses on the development of an information system for selecting

single-leaf partition for noise control. It has been conducted by using computer system for

storing, recording, correcting, processing and searching the requisite information including

printing report that related to the noise control. Scope of the study is shown as the following.

1.3.1 Scope of user

User of this information system is the government officials of the

Environmental Health Division (Bangkok Metropolitan Administration).

1.3.2 Scope of data
Database in this information system will store the related data as follows:

1)

2)

Beginning Nuisance Data

- Business Establishment Data

- Petitioner Data

- Nuisance Site Data

- Beginning Verify Data

Sound insulation material data (Single-leaf partition)
- Name of Single-leaf Partition data

- Efficiency of Single-leaf Partition data in each sound frequency
- Price of Single-leaf Partition data

- Picture of Single-leaf Partition

- The use characteristics of Single-leaf Partition

- The construction type of Single-leaf Partition

1.3.3 Scope of system development

The developmental system consists of the related subsystems as follows:

1)

Nuisance data management subsystem

This subsystem works for recording, correcting, searching and

reporting the fundamental data about Nuisance data. These fundamental data include

Business Establishment Data, Petitioner Data, Nuisance Site Data, Beginning Verify Data.
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2) Noise Level of Annoyance calculation subsystem
This subsystem works for calculating the Annoying Sound Pressure
Level and Noise Level of Annoyance perform the related laws.
3) Sound insulating material selecting subsystem

This subsystem works for calculate and reporting the selection of

sound insulation material. This provides the appropriate information for supporting the

selection of sound insulation material for noise control.

1.4 Conceptual Diagram

The development of an information system for selecting single-leaf partition
for noise control, is developed according to idea of the applying an information system
for supporting the officials in the noise control. By expected to develop for lessen
problems that caused by the insufficiency of support data including complicated theory
and related knowledge for considering the selection of sound insulation materials
especially the single-leaf partition.

The development of an information system for selecting single-leaf partition
for noise control will consist of five subsystems (as illustrated in Figure 1-1), 1)
Nuisance data management subsystem, 2) Noise level of annoyance calculation
subsystem, and 3) Sound insulating material selection subsystem. These subsystems
will work for collecting data, processing data and reporting the appropriate

information for noise control to the officials as illustrated in Figure 1-2(a, b).

1.5 Expected Results

The expected results of this study is an information system for selecting
single-leaf partition for noise control including its manual which explains
methodology of storing, recording, correcting, searching, calculating and reporting the
related data as follows; Beginning Nuisance Data, Sound insulation material data

(Single-leaf partition).
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These can be used for monitoring, planning and proceeding noise control

with the accurate, rapid and efficient performance in practice.

An information system for selecting single-leaf partition
for noise control

— Nuisance data management subsystem

— Recording, correcting and searching the Business establishment data
— Recording, correcting and searching the Petitioner data

— Recording, correcting and searching the Nuisance data

— Recording, correcting and searching the Beginning Nuisance data

— Reporting the Beginning Nuisance Data

A 4

Noise level of Annoyance calculation subsystem

t Calculate the Annoying Sound Pressure Level
Calculate the Noise level of Annoyance

—» Sound insulating material selection subsystem

t Calculate for selecting the appropriate sound insulation material
Reporting the result of the selecting sound insulation material

Figure 1-1 Subsystems of an information system for selecting single-leaf partition

for noise control
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Noise Control

Source

Path

y
Receiver

Increasing the distance between
the source and the receiver

Re-directing or
absorbing the sound

The use of
Sound insulating material

Multi-layer Partition

partition
for noise control

Information system
for selecting single-leaf

Single-leaf Partition

The selecting single-leaf partition guide

for support the official

Figure 1-2(a) Conceptual diagram of an information system for selecting single-leaf

partition for noise control
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Sound insulation material data Nuisance Data
(Single-leaf partition)

Business Establishment Data
Petitioner Data

- Nuisance Site Data
Beginning Verify Data

- Name of Single-leaf Partition data

- Efficiency of Single-leaf Partition data

in each sound frequency
- Price of Single-leaf Partition data
- Picture of Single-leaf Partition
- The use characteristics of Single-leaf Partition
- The construction type of Single-leaf Partition

Tool Crystal Report Decision

Microsoft SQL Server 2000

Microsoft Visual Basic.NET

Create Develop Develop

| |

Develop Program

Database

A 4

Output
Text, Report

Figure 1-2(b) Conceptual diagram of an information system for selecting single-leaf

partition for noise control
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CHAPTER I
LITERATURE REVIEW

This chapter covers the physical properties of sound and noise, the noise
control process, the information system, and the decision making process. Details of

decision support system and the related research works are also included in this chapter.

2.1 Physical properties of sound and noise

2.1.1 Definition

Sound (6, 8)

Sound is an aural sensation caused by pressure variations in the air
which are always produced by some sources of vibration. They may be originated
from solid object or from turbulence in a liquid or gas. The changes of pressure
fluctuations take place and depend solely on the properties of the air in which the
sound wave is travelling.

Physically, sound is a mechanical disturbance propagated as a wave

motion in air and other elastic or mechanical media such as water or steel

Annoying noise (3)
Annoying noise is considered as unwanted sound that may be

adversely affected the health and well being of individual or population.
2.1.2 Frequency of sound
This is the number of vibrations or pressure fluctuations per second.

The unit is the hertz (Hz) or kilohertz (kHz); 1 kHz = 1000 Hz (Hertz used to be called

cycles per second; cps) (8). The human ear can perceive sounds that have frequencies
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between about 20 and 20,000 Hz, depending on the hearing sensitivity of the person
(9, 10). Speech frequencies are mainly comprised of sounds between 500 and 5,000 Hz

(11).

2.1.3 Noise Descriptor (12)

Sound Pressure Level (Lp)
The logarithmic scale between the instantaneous sound pressure and
the reference sound pressure. The unit is decibels (dB). In theory, it can be calculated

from the following equation:

SPL =20 log (P/P,) o 21
where  SPL = Sound pressure level (dB)
P = instantaneous sound pressure (N/m?)
Po = reference sound pressure (2 x10° N/ m’ (20 pPa))

Percentile Sound Level (L)

Noise is often described statistically. If the sum of the periods in
which the fluctuating noise level exceeds a certain level is equivalent to X% during a
certain measuring period (t2-t1), then that sound level is called X percentile sound
pressure level and is expressed as L. For example an L;y of 65 dB indicates that
during the measurement period the noise levels exceeded 65 dB for 10% of the time.
Common values of X are 1, 10, 50, 90, and 95. In Thailand, Ly, is often used as the

background noise level.

Sample of the calculation methodology of Ly (Figure2-1)
1) Plot graph from the measured sound level, that measure during a certain period
2) Read the sound level from graph and divide graph into the short period
3) Create the frequency graph from the divided graph to study the scattering of the

sound level, assume the frequency graph period to 100 %
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4) Create the scattering graph from the frequency graph, and then read the result

or if we consider the result in the time function, the result will be according to

the Figure 5) as shown in Figure 2-1.

aB(A) dB(A)
- &
AW
A AR
s v \
7 Time y
1) 2)

/
L / L0
AT -

Leg « ! | 160
| 150
‘ 40 ' : —
Time 90% 50% 10%
3) 4)
R 4:7/:/: 10% time
Ly 42N
=] _.\:AI‘Q _.H‘g \
a + b = 10% time Time
100% Time
5)

Figure 2-1 Sample of the frequency graph and the reading of value Ly
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2.1.4 Type and source of noise (6, 11)

The type and source of noise can be divided into 3 characteristics as
follows:
2.1.4.1 Continuous noise

Continuous noise is characterized by having almost no
interruptions. Although the frequency content, or sound level or both may change,
there is no interruption of the energy flow. It can be divided into 2 types as the
following.

1) Steady-state noise is the continuous noise that have
range of the change of frequency content and sound level not exceed 5 dB in 1 second.
The examples of this kind of noise are noise from the fan, the noise from a power
plant, etc.

2) Fluctuating noise is the continuous noise that have
range of the change of frequency content and sound level exceed 5 dB in 1 second.

Sources of these noise include noise from the sawmill, noise from the plank planed, etc.

2.1.4.2 Intermittent noise
Intermittent noise is the noise that their duration is not

permanent, e.g. human speech, the operation of most handheld tools, vacuum cleaners, etc.

2.1.4.3 Transient noise

Transient noise can be divided into 2 types as follows:

1) Impulse noise is the transient noise which lasts shorter
than 0.5 second and changing of the sound level at least 40 dB in that time. Sources of

these include noise of gunfire, noise from hammer blows, etc.

2) Impact noise is the noise that have characteristic like the
impulse noise, but its differential characteristic is that it will occur in the place that can
reflected them. Examples are noise from gunfire in a room, the operation of most

handheld tools in a room, etc.
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2.2 The use of sound insulation material in noise control

2.2.1 Noise control (13)

Noise can be controlled at the source, along the path, and at the

receiver as followed:

2.2.1.1 Control at noise sources
This approach aims to reduce sound power through the
improvement of mechanical design. So, as the input power and/or the mechanical/

acoustical efficiency are reduced.

2.2.1.2 Noise reduction at the transmission path
This option aims to reduce sound energy by re-directing or
absorbing the sound after it is released into the environment. Tools for this task

include barriers, walls, enclosures, sound absorbing materials, mufflers, etc.

2.2.1.3 The receiver
To control noise at receiver aims to limit the disturbance
at the reception point. Typical applications here include operator enclosures and

hearing protection.

2.2.2 Noise control of the path

2.2.2.1 Airborne sound transmission loss (14)

To prevent the passage of sound requires a solid barrier
that is impervious to air. Common barrier materials are gypsum board, concrete etc.
Soft porous materials, like rock or glass fibre on their own do not prevent the passage
of sound. They are, however, beneficial when placed inside properly designed cavity

walls or floors.
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1) An idealized facility for measuring wall sound

transmission loss

In a laboratory, specimens to be measured are placed
between two rooms that are isolated from each other so there is no transmission of

vibration (Figure 2-2). Usually the rooms are supported on springs.

ﬁggI;GE N Y e a RECEIVING
3 > ROOM
KU WY
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Figure 2-2 The measuring wall sound transmission loss

Noise is generated in one room and the sound pressure
levels in decibels are measured in both at several different frequencies. The bandwidth
for the measurement is one-third of an octave. The difference in levels is corrected to
account for the acoustical properties of the receiving room.

The quantity that results is the transmission loss in
decibels (dB). This represents the loss in sound power due to transmission through the
specimen. The sketch shows an idealized facility for measuring wall sound
transmission. Such facilities are also used for evaluating windows, doors and other
elements that are built into walls. A facility for testing floors has one room above the

other.
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2) Sound Transmission Class

Plots of sound transmission loss data are complex and are
usually reduced to single number ratings. In North America the sound transmission
class, STC is the usual rating. This is calculated from transmission loss data according
to ASTM E413 Classification for Rating Sound Insulation. Figure 2-3 shows an

example of the fitting process.

The STC contour extends from 125 to 4000 Hz. The
measured 1/3 octave band transmission losses are fitted to the contour as shown,

subject to the following rules:

- Deviations occur when a measured value (red bars) is less than the

contour (blue line).

- The contour is adjusted until sum of deviations <=32 and no individual

deviation > & dB.

- The STC value is read from the contour value at 500 Hz.

As for TL, the higher the STC, the better the sound insulation.
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Figure 2-3 Fitting process for calculate the Sound Transmission Class
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3) Weighted Sound Reduction Index

The Weighted Sound Reduction Index (Ry) is the ISO
equivalent of STC. It is determined in accordance with ISO 717, Rating of Sound
Insulation in Buildings and of Building Elements. The reference contour extends from

100 to 3150 Hz and there is no 8 dB rule. Usually STC and Ry, are approximately equal.

2.2.2.2 Sound insulation by the Single-leaf partition (15)

When a sound wave impacts upon the surface of a solid
body, some portion of it's energy will be reflected, some absorbed and the rest
transmitted through the body (Figure 2- 4). The relative proportion of each depends on
the nature of the material impacted. This particular lecture is going to concentrate in

the transmitted component.

. -
Impact (Ej)
0’ 0’ 0’ 0’
0: 0: 0: 0:
Transmit (Ey)
i nd gt
“ “ “ “
“ “ “ “
/ ““ ¢"’ ““ ““
Reflect (Ey)
Absorb (E,)

Figure 2-4 Airborne Sound Transmission Loss

If we consider the transmission of sound through a
partition, we can actually measure the sound energy on both the source side (E;) and
the receiving side (E;) to determine exactly what fraction of the sound is transmitted
through. We can thus determine the transmission coefficient (t) for that partition as
follows: (13)

T = E/E; 2.2
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The term Transmission Loss (TL), or more commonly
Sound Reduction Index (SRI) are used to describe the reduction in sound level

resulting from transmission through a material. This is given by:

SRI = 10log(Ei/E;) = 10log(l/t) dB .23

2.2.2.3 Factors affecting sound insulation of the Single-leaf
partition (8, 13, 14)

1) Mass Law

The most important physical property controlling the
airborne sound transmission loss through an assembly is the mass per unit area of its
component layers. Obviously, the greater the mass of the wall, the greater the sound
energy required to set it in motion. The mass law states that every doubling of the
mass of a partition will result in a 6 dB reduction in the level of sound transmitted
through it. The "mass law" is a theoretical rule that applies to most materials in certain

frequency ranges. It can be approximated as equation 2.4

TL = 20log(m*f) -x dB .24

where TL = The random incidence transmission loss of the layer
m = The mass per unit area (kg / m” or Ibs / ft*)
f = The frequency of the sound wave (Hz)
X = a constant for calculated (48 kg /m”or 34 Ibs / ft%)

The mass per unit area, m, is the product of the material
density and its thickness. Values of ms for 1 mm thicknesses of common materials are

presented in Table 2-1.
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Table 2-1 Surface Mass (mg) for 1 mm Thickness and Constant (A) for Calculation of

Critical Frequency (f.) of Some Common Building Materials

M
Material kg/m?
Hz-mm
per mm

Aluminum YN 12,900
Concrete, dense poured 2.3 18,700
Hollow concrete block (nominal thickness, 150 mm) 1.1 20,900
Fir timber 0.55 8,900
Glass 2.5 15,200
Lead 11.0 55,900
Plexiglas or Lucite 1.15 30,800
Steel 1.7 12,700
Gypsum board 0.82 39,000
Plywood 0.6 21,700

Source: Warnock, 1985 (14)

Table 2-1 gives values of A that permit the calculation of
the coincidence frequency for different materials. For example steel has an A value of
12,700 Hz-mm and when we calculate followed to Equation 2.5 that a 5 mm sheet of
steel has a coincidence frequency of 2540 Hz. Similarly, a layer of concrete 100 mm

thick would have a coincidence dip at 187 Hz.

2) Effects of Stiffness

Sound transmission losses of partitions are also influenced
by stiffness. Transmission loss graphs for stiff materials show dips in particular
frequency ranges where the sound transmission losses are reduced below those
expected from mass law. This is called the coincidence effect and often leads to a
reduced STC rating. Materials with very low stiffness such as sheet lead effectively do

not show coincidence dips. Coincidence frequencies for different materials occur in
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different parts of the acoustical spectrum, sometimes outside the normal range used in
building acoustics. The coincidence or critical frequency, f;, for a given material may

be calculated from equation 2.5

f. =A/t .25
where f. = Critical Frequency value (Hz)
A = a constant for each material under consideration
t = The material thickness (mm.)

Figure 2-5 shows idealized transmission loss curves,
including coincidence dips, for some common materials. Materials A, B, and C all
have the same mass per unit area but quite different STC ratings because of differing
coincidence effects. Because the critical frequencies of concrete and plywood in the
thicknesses commonly used fall in the frequency range that is important in building
acoustics (100 to 4000 Hz), they are particularly vulnerable to STC reductions due to

the effects of coincidence.

TRANSMISSION LOSS, dB

125 250 200 1k 2k 4k
FREQUEMCY, H=z

Figure 2-5 Transmission losses of typical single-leaf walls, A: 16 mm plywood,
10 kg/m?, STC 21; B: 13 mm wallboard, 10 kg/m? STC 28; C: 1.3 mm steel, 10
kg/m?, STC 30; D: 100 mm concrete, 235 kg/m?, STC 52.
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For gypsum wallboard the coincidence frequency is quite
high and the effect on the STC is usually less. The depth of the coincidence dip is
determined by the energy losses in the material and at its edges where it is in contact
with other materials in the supporting structure. The greater the energy losses, the

shallower the coincidence dip and the less the effect on the STC.
2.3 The operational of the nuisance from noise (3)

The literature review of the operational of the nuisance from noise are
illustrated in Thai at Appendix A Because the contents of this heading are related to
the laws that have details in Thai, then if researcher had translated these laws from Thai to
English, it might affect the correction of theirs significances. The related laws of this

heading were as the following.

- Notification of the National Environment Board No.17, B.E.2543(2000) Re :
Noise Level of Annoyance (4) (Appendix A)

- Notification of the Pollution Control Department Re: Measuring
Methodology on Background Noise/Annoying Sound Pressure Level and
Calculation Methodology on Annoying Sound Pressure Level/ Noise Level
of Annoyance (5) (Appendix A)

- The Public Health Act B.E. 2535 (1992) (Appendix A)

2.4 Information system and decision making

Presently, information technology is developed very quickly and efficiently.
Most organizations use computers for information processing which is readily and

accurately contributing to the operation, management and decision making.

2.4.1 Definition
Data
The definition of data is the streams of raw facts representing event
occurring in organizations or the physical environment before they have been

organized and arranged into a form that people can understand and use it (16) and the
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advantage data must have the characteristics of accurate, timeliness, relevance and

verifiable to understand and use (17).

Information
The definition of Information is the data that have been shaped into
a form that is meaningful and useful to human beings such as analyzing problems,

controlling operations, making decisions and so on (16, 18).

Information System (18, 19, 20)

There are many definition of the information system, the majority of
them represent in the same meaning of the information system that is

“The information system is a specified system which may be said to
be the group of fundamental components that use for input captures, or collects raw
data and process raw data by using the information technology to attain the
meaningful information (output) for supporting operations, management, making

decisions, and the mechanism of feedback to succeeding the objective”

2.4.2 Characteristics of information system (19)
Characteristics of Information system (Figure 2-6) can be divided
into 4 parts as follows:
2.4.2.1 Input
The captures or collection of raw data from within the
organization or from its external environment for processing in an information system.
2.4.2.2 Processing
The conversion, manipulation, and analysis of raw input
into a form that is more meaningful to humans.
2.4.2.3 Output
The distribution of processed information to the people
who will use it or to the activities for which it will be used.
2.4.2.4 Feedback
Output that is returned to the appropriate members of the

organization to help them evaluate or correct input.
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Figure 2-6 Characteristics of Information system

2.4.3 Type of systems

The specific categories of systems are designed to serve each
organizational level and their value to the organization. Figure 2-7 shows specific
types of information systems that correspond to each organization level. The
organization has executive support system (ESS) at the strategic level; management
information systems (MIS) and decision-support systems (DSS) at the management
level; knowledge work systems (KWS) and office automation systems (OAS) at the

knowledge level; and transaction processing systems (TPS) at the operational level (39).

Executive
Support System
(ESS)

Decision-Support Systems (DSS)
Management Information Systems
(MIS)

Knowledge Work Systems (KWS)
Office Automation Systems (OAS)

Transaction Processing Systems (TPS)

Figure 2-7 The specific types of Information systems that correspond to each

organization level
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2.4.4 DECSION-MAKING (21, 22)

Decision making is a process of choosing among alternative courses
of action for the purpose of attaining a goal or goals. Decision in an organization can

be classified into three groups as follows:

2.4.4.1 Structure decision
Structure decision or programmable task, do not need a
decision-maker for implementation, because a well-defined standard operating
procedure exists for the execution of these type of decisions. Record-keeping
operations, payrolls, and simple inventory problems are examples of this type of task,

in which computer technology can be of significant help.

2.4.4.2 Semi-structure decision
Semi-structure decision is the structure that are not quite
as well-defined by standard operating procedures as structure decisions. However, the
decisions include structured aspects that greatly benefit from information retrieval,
analytical models, and information system technology in general. Sale forecasting,

budget propagation, and capital acquisitions analysis are some decision within this group.

2.4.4.3 Un-structure decision
Un-structure decision are unique in nature, are mostly
nonconcurring and have no standard operating procedure that pertains to their
implementation. In these circumstances, the decision-maker’s intuition plays the most
significant role and computer technology offers the least support. Those are numerous
instances of these types of decision, including research and development, hiring and

firing, and introduction of a new product.

2.4.5 DECISION-MAKING PROCESS (21)

Systematic decision-making process involves three major phases:

intelligence, design, and choices. A fourth phase, implementation, was added later. A
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conceptual picture of decision-making process is shown in Figure 2-8. There is a
continuous flow or activities from intelligence to design to choice (bold line), but at
any phase there may be a return to previous phase (feedback). Modeling is an essential

part of this process.

Simplification
. » Intelligence Phase |~
Assumptions
Problem Statement
Validation of the model -
Design Phase
Success Altermatives
Verification & testng T
Choice Phase .
s CW Solution
b Implementation |-«
|
Failure

Figure 2-8 Decision-Making Process

2.4.5.1 Intelligent Phase
Intelligent entails scanning the environment, either
intermittently or continuously. It includes several activities aimed at identifying

problem situations or opportunities

2.4.5.2 Design Phase
The design phase involves generating, developing, and

analyzing possible courses of action. This includes activities such as understanding the
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problem and testing solutions for feasibility. Also in this phase, a model of the

problem situation is constructed, tested and validated.

2.4.5.3 Choice Phase
The boundary between the design and the choice phase is
often unclear because certain activities may be performed both during the design and the
choice phase and because one may return frequency from the choice activities while
performing and evolution of the existing one. The choice phase includes search,
evaluation and recommending and appropriate solution to the model. A solution to a

model is a specific set of values for the decision variable in a select alternative.

2.4.5.4 Implementation Phase
The definition of implementation is somewhat complicated
because implementation is a long involved process whose boundaries are vague. In a
simplistic manner, it may be defined as putting a recommended solution to work.
The decision-making process is conducted by people, but it can be

improved if it is supported by computers.

2.5 DECISION SUPPORT SYSTEM (DSS)

2.5.1 DSS Definitions

Scott Morton defined DSS as “interactive computer-base systems,
which help decision makers utilize data and model to solve unstructured problems” (22)

Little defines DSS as a “model-based set of procedures for
processing data and judgments to assist a manager in his decision making”. He argues
that to be successful, such a system must be simple, robust, easy to control, adaptive,
complete on important issues, and easy to communicate with. (21) Alter defines DSS
by contrasting them with traditional electronic data processing (EDP) systems on five

dimensions, as shown in Table 2-2. (24)



Kittisak Prukkanone Literature Review / 26

Table 2-2 DSS Versus EDP

Dimension DSS EDP

Use Active Passive

User Line and staff management Clerical

Goal Effectiveness Mechanical efficiency
Time horizon Present and future Past

Objective Flexibility Consistency

Source: Based on Alter(1980)

Table 2-3 Concepts Underlying DSS Definitions

Source DSS Defined in terms of
Gorry and Scott-Mortan (1971) Problem type, system function (support)
Little (1970) System function, interface characteristics
Alter (1980) Usage pattern, system objectives
Moore and Chang (1980) Usage pattern, system capabilities
Bonczek et al. (1989) System components
Keen (1980) Development process

Moore and Chang (22) argue that the structuredness concept, so
much a part of early DSS definitions (i.e., that DSS can handle semi-structured and
unstructured situations), is not meaningful in general; a problem can be described as
structured or unstructured only with respect to a particular decision maker or a specific
situation (i.e., structured decisions are structured because we choose to treat them that
way). Thus, they define DSS as extendible systems capable of supporting ad hoc data
analysis and decision modeling, oriented toward future planning, and used at irregular,
unplanned intervals.

Bonczek et al. (25) define a DSS as a computer-based system
consisting of three interacting components: a language system (a mechanism to

provide communication between the user and other components of the DSS), a
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knowledge system (a repository of problem domain knowledge embodied in DSS as
either data or procedures), and a problem-processing system (a link between the other
two components, containing one or more of the general problem manipulation
capabilities required for decision making). The concepts provided by this definition
are important for understanding the relationship between DSS and knowledge.

Finally, Keen (26) applies the term DSS “to situations where a
‘final” system can be developed only through an adaptive process of learning and
evolution.” Thus, he defines a DSS as the product of a developmental process in which
the DSS user, the DSS builder, and the DSS itself are all capable of influencing one
another, resulting in system evolution and patterns of use.

These definitions are compared and contrasted by examining the
various concepts used to define DSS (Table2-3). It seems that the basis for defining
DSS has been developed from the perceptions of what a DSS does (such as support
decision making in unstructured problems) and from ideas about how the DSS’s
objective can be accomplished (such as components required, appropriate usage

pattern, and necessary development processes).

2.5.2 Characteristics and capabilities of DSS (27)

1) DSS provides support for decision mainly in semistructured and
unstructured situations by bringing together human judgement and computerized
information. Such problems cannot be solved (or cannot be solved conveniently) by
other computerized systems or by standard quantitative methods or tools.

2) Support is provided for various managerial levels, ranging from
top executives to line managers.

3) Support is provided to individuals as well as to groups.

4) DSS provides support to several independent and/or sequential
decisions.

5) DSS supports all phases of the decision-making processes

6) DSS supports variety of decision-making processes and styles.

7) DSS is adaptive over time. The decision-maker should be reactive,
able to confront changing condition quickly, and adapt the DSS to meet these changes.

DSS are flexible, so users can add, delete, combine, change, or rearrange basic elements.
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8) Users must feel at home with DSS. User-friendliness, strong
graphic capabilities, and an English-like interactive human-machine interface can
greatly increase the effectiveness of DSS.

9) DSS attempts to improve the effectiveness of decision-making
(accuracy, timeliness, and quality) rather than its efficiency (cost) of making decisions.

10) The decision-makers has complete control over all steps of
decision-making process in solving a problem. A DSS specifically aims to support and
not to replace the decision-makers.

11) End-users should be able to construct and modify simple
systems by themselves. Larger systems can be built with assistance from Information
System (IS) specialists.

12) DSS usually utilizes model for analyzing decision-making
situations. The modeling capability enables experimenting with different strategies
under different configurations.

13) DSS should provide access to variety of data sources, formats,

and types, ranging from geographic information systems to object-oriented ones.

2.5.3 Components of DSS (21, 27)

DSS is composed of the following subsystems: Data management
subsystem; Model management subsystem; Knowledge management subsystem; and
User interface subsystem.

Schematic view of a DSS and above components, as shown in

Figure 2-9
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Figure 2-9 Schematic view of DSS (21)

2.5.3.1 Data Management Subsystem

Data management subsystem is composed of the following

elements:

1) DSS Database (21, 22)

A database is a collection of interrelated data organized to
meet the need and structure of an organization and can be used by more than one
person for more than one application. There are several possible configurations for a
database. For large DSS, the database is basically included in data warehouse. For
some applications, a special database is constructed as needed. Several databases may
be used in one DSS applications, depending on the data sources. The data in the DSS
database, as shown in Figure 2-10, is extracted from internal and external data sources,

as well as personal data belonging to one or more users.
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Figure 2-10 Structure of Data Management Subsystem (21)

To create a DSS database, or data warehouse, it is often
necessary to capture data from several sources. This operation is call extraction. It is
basically the importing of files, summarization, filtration, and condensation of data.
Extraction also occurs when the user produces reports from the data in the DSS

database. The extraction process is managed by a DBMS.

1.1) Database System Architecture

Database System Architecture is basically identical to the
architecture purposed by the ANSI/SPARC Study Group on Data Base Management
Systems (that so-called ANSI/SPARC architecture) of American National Standards
Institute/ the Standards Planning and Requirements Committee (21, 28, 29). The

ANSI/SPARC architecture is divided into three levels, known as the internal,

conceptual, and external level, respectively (see Figure2-11). Broadly speaking:
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- The internal level (also known as the Physical level) is
the one closet to physical storage. The internal view is a low-level representation of
the entire database; it consists of many occurrences of each of many types of internal
record. The internal view is described by means of the internal schema, which not only
defines the various stored record types but also specifies what indexes exist, how

stored fields are represented, what physical sequence the stored record are in, and so on.

- The external level (also known as the user logical level)
is the one closet to the user and related to the individual user level. We have indicated
that an individual user will generally be interested only in some portion of the total
database; moreover, that user’s view of that portion will generally be somewhat
abstract when compared with the way the data is physically stored. The ANSI/SPARC
term for an individual user’s view is an external view. An external view is thus the
content of the database as seen by some particular user and consists of many
occurrences of each of many types of external record. Each external view is defined by
means of an external schema, which consists basically of definitions of each of the

various external record types in that external view.

External level
(individual user views)

Conceptuall level
(community user views)

Internal level
(storage views)

Figure 2-11 The three level of the architecture (29)
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- The conceptual level (also known as the Community

logical level) is a level of indirection between the other two. The conceptual view is a
representation of the entire information content of the database, again (as with an
external view) in a form that is somewhat abstract in comparison with the way in
which the data is physically stored. The conceptual view consists of many occurrences
of each of many types of conceptual record and defined by means of the conceptual
schema, which includes definitions of each of the various conceptual record types in

that external view.

1.2) Relational Database

The basic structure for the relational model is a relation of
data. The relation is a two-dimensional structure that contains data. As mentioned
previously, the term “relation” is derived from the mathematical theory of sets, but it is
not necessary with the fact that the data stored in the relation is related. The relation is
an abstract concept that is implemented through tables. The tables are closet data
structural tool to represent the relations that are available. In most cases, it is
acceptable to use the terms “relation” and “table” interchangeably as tables are

implementation forms of relations (30).

1.2.1) Entity-Relationship Model

The Entity-Relationship (E-R) model has been most
successful as a tool for communication between the designer and the end user during
the requirement analysis and conceptual design phases of its ease of understanding and
its convenience in representation. One of the reasons for its effectiveness is a top-
down approach using the concept of abstraction (31). The E-R data model is based on
a perception of a real world which consists of a collection of basic objects called
entities and relationships among these objects. An entity is an object that is

distinguishable from other objects by a specific set of attributes (32).
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Summary of conventions for E-R diagrams is emphasized
on representation of the schemas rather than the extension. This is more useful because
the database schema is rarely changed whereas the extension may be changed
frequently. Also, the schema is usually easier to display than the extension of a

database because it is much smaller (Figure 2-12)

Meaning

Entity type

Relationship type

Attribute

Key attribute

El E2 Cardinality ratio 1: N for

E1:E2inR

S0

Figure 2-12 E-R diagram notation
Source: Elmasri and Shamkant (1989): 57 (33)

1.2.1.1) Mapping Constraints

An E-R enterprise schema may be defined as certain
constraints to which the contents of a database must be conformed. One important
constraint is mapping cardinalities, which express the number of entities to which
another entity can be associated via a relationship set (Figure 2-11).

Mapping cardinalities are most useful in describing binary
relationship sets, although occasionally they contribute to the description of
relationship sets that involve more than two entity sets. For a binary relationship

between entity sets A and B, then mapping cardinality would be one of the following: (32)
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One-to-one: an entity in A is associated with at most one entity in B, and an

entity in B is associated with at most one entity in A (Figure 2-13)

Al < » Bl

A2 < > B2

Entity A {} Entity B

Figure 2-13 One-to-one relationship

One-to-many: an entity in A is associated with any number of entities in B,

and an entity in B is associated with at most one entity in A (Figure 2-14)

Al < . Bl
A2 \> B2
A3 . . B3

Ad \ B4
1 M
Entity A C Entity B

Figure 2-14 One-to-many relationship
Many-to-one: an entity in A is associated with at most one entity in B, and

an entity in B, however, can be associated with any number of entities in A (Figure 2-15)
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Al < . BI
A2 / B2
A3 B3

A4 / B4

Entity A W Entity B

Figure 2-15 Many-to-one relationship

Many-to- many: an entity in A is associated with any number of entities in B,

and an entity in B is associated with any number of entities in A (Figure 2-16)

Al Bl
A2 j/z i: B2
A3 B3
A4 :j i: B4

M C M
Entity A Entity B

Figure 2-16 Many-to-many relationship
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1.2.1.2) Database design

There are a number of steps involved in the database
design using E-R model. These include identify database entities by inspecting the user
views, relationships between entities, the attributes of entities, particularly many-to-many

relationship that new attributes derived (not all of them do) and identify entity keys.(32)

1.3) Normalization

Senn (34) described normalization as a process to simplify
the relationship between data elements in a record. Through normalization, a
collection of data n a record structure is replaced by successive record structures that
are simpler and more predictable and therefore more manageable. Normalization is

carried out for four reasons:

1) To construct the data so that any pertinent relationships between
entities can be presented.

2) To permit simple retrieval of data in response to query and
report requests.

3) To simplify the maintenance of the data through updates,
insertions, and deletions.

4) To reduce the need to restructure or reorganize data when new

application requirements arise.

This process can improve the quality of design for an

application by the following:

1) Decompose all data groups into two-dimensional records.
2) Eliminate any relationship in which data elements do not fully
depend on the primary key of the record.

3) Eliminate any relationships that contain transitive dependencies.
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The normalization process is described as follows (29, 34).

First Normal Form - A relvar is in 1 NF if and only if, in
every legal value of that relvar, every tuple contains exactly one value for each
attribute. First normal form is achieved when all repeated groups of records are
removed so that a record is of fixed length.

Second Normal Form - A relvar is in 2 NF if and only if,
it is 1 NF and every nonkey attribute is irreducibly dependent on the primary key.
Second normal form is achieved when a record is in first normal form and each item in
record is fully dependent on the primary record key for identification (in storage and
retrieval). Every data item in the record that is not dependent on the primary key of the
record should be removed and used to form a separate relation.

Third Normal Form - A relvar is in 3 NF if and only if, it
is 2 NF and every nonkey attribute is nontransitively dependent on the primary key.

Boyce/Codd Normal Form - A relvar is in BCNF if and
only if the only determinants are candidate keys.

Forth Normal Form - Relvar R is in 4 NF if and only if,
whenever there exist subsets A and B of the attributes of R such that nontrivial.

Fifth Normal Form - A Relvar R is in 5 NF-also called
Projection- join Normal Form (PJ/NF)- if and only every nontrivial join dependency

that holds for R is implied by the candidate keys of R.

2) Database Management System (DBMS)

The database is created, accessed, and updated by a

DBMS. Most DSS are built with a standard commercial DBMS that provides
capabilities as follows:

- Capture/extracts data for inclusion in a DSS database

- Update (adds, deletes, edits, changes) data records and files

- Interrelated data from different sources

- Retrieves data from database for queries and reports

- Provides comprehensive data security (such as protection

from unauthorized access and recovery capabilities)



Kittisak Prukkanone Literature Review / 38

- Handle personal and unofficial data so that users can
experiment with alternative solutions based on their own judgment

- Performs complex data manipulation tasks based on queries

- Tracks data use within the DSS

- Manages data through a data dictionary

An effective database and its management can support

many managerial activities: general navigation among records, support to creating and
maintaining a diverse set of data relationships, and report generation are typical
example, however, the real power of DSS occurs when the database is integrated with

its models.

3) Query Facility

In building and using DSS, it is often necessary to access,
manipulate, and query the data. The query facility performs these tasks. It accepts
requests for data from other DSS component, determines hoe these requests can be
filled (consulting the data directory, if necessary), formulates the detailed requests, and
returns the result to the issuer of the request. The query facilities include a special
query language. Important functions of a DSS query system are selection and
manipulation operation (for example, the ability to follow and instruction such as

“search for all sell in zone B during January 1997 and summarize sales by sales-person”).

4) Data Dictionary

The data dictionary is catalog of all the data in the
database. It contains the data definitions, and its main function is to answer questions
about the availability of data items, data source, and data extract meaning. The
directory is especially appropriate for supporting the intelligence phase of the
decision-making process by helping to scan data and identify problem areas or
opportunities. The directory, like any other catalog, supports the addition of new

entries, deletion of entries, and retrieval of information on specific objects.
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2.5.3.2 The Model Management Subsystem

The model management subsystem of the DSS is composed
of the following elements: Model Base; Modeling Language; Model Base Management

System; Model Directory; Model Execution, Integration, and Command Processor.(22)

ModelsiMadel Base)
- Strateqic, tactical, operational
- Statical, Anancislm marketing, Model

|

management SGience, Directony

accounting, engine erning. et
= Model bulding blocks

;

Datahase management sy stem

- Modeling commands : creation Model execution,
- ilaintenance : update integration, and
- Dalabase interface cammand proGesson

- rilo deling language

P o
VS

Dala Interface Knoitledge

TR v R E A N T b ) mnit ITId Mo ()€ el

Figure 2-17 Structure of Model Management Subsystem

1) Model Base

A model base contains routine and special statistical,
financial, forecasting, management science, and other quantitative models that provide
the analysis capabilities in a DSS. The ability to invoke, run, change, combine, and
inspect models is a key DSS capability that differentiates it from other Computer Base
Information System(CBIS). The models in the model base can be divided into four major

categories: strategic, tactical, operational, and model-building block and routines.
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Strategic models are used to support top management’s
strategic planning responsibilities. Potential applications include developing corporate
objectives, planning for mergers and acquisitions, plant location selection,
environmental impact analysis, and non routine capital budgeting. Strategic models
tend to be broad in scope, with many variables expressed in aggregated form. Mostly

external data are used.

Tactical models are used mainly by middle management
to assist in allocating and controlling the organization’s resources. Examples of
tactical models include labor requirement planning, sales promotion planning, plant
layout determination, and routine capital budgeting. Tactical models are usually
applicable only to an organizational subsystem such as the accounting department.

Some external data are needed, but greatest requirements are for internal data.

Operational models are used to support the day-to-day
working activities of the organization. Typical decisions are approving personal loans
by a bank, production scheduling, inventory control, maintenance planning and
scheduling, and quality control. Operational models support mainly first-time
manager’s decision making with a daily to monthly time horizon. These models

normally use internal data.

The models in the model base can also be classified by
functional areas (such as financial models or production control models) or by
discipline (such as statistical models or management science allocation models). The

number of models in a DSS can vary from a few to several hundred.

2) Modeling Language

Because DSS deal with semistructured or unstructured
problems, it is often necessary to customize models. This can be done with high-level
languages. Some examples of these are COBOL, with a spreadsheet or with other

fourth-generation language, and special modeling languages, such as IFPS/Plus.
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3) Model Base Management System (MBMS)

The functions of the Model Base Management System
(MBMS) software are model creation using subroutines and other building blocks,
generation of new routines and reports, model updating and changing, and model data
manipulation. The MBMS is capable of interrelating models with the appropriate
linkages through a database. The major function of the MBMS are following.

- Creates model easily and quickly, either from scratch or
from existing models or from the building block

- Allows user to manipulate the models so they can conduct
experiments and sensitivity analyses ranging from what-if to goal seeking

- Stores, retrieves, and manages a wide variety of different
types of models in a logical and integrated manner

- Catalogs and displays the directory of models for use by
several individuals in the organization

- Tracks model data and application use

- Interrelates models with appropriate linkages with the
database and integrates them within the DSS

- Manages and maintains the model base with management
function analogous to database management: store, access, run, update, link, catalog,
and query

- Uses multiple models to support problem solving

4) The Model Directory

The role of the model directory is similar to that of a
database directory. It is a catalog of all the models and other software in the model
base. It contains the model definition, and its main function is to answer questions

about the availability of the models.



Kittisak Prukkanone Literature Review / 42

5) Model Execution, Integration, and Command

The following activities are usually controlled by model
management:

- Model execution is the process of controlling the actual
running of the model.

- Model integration means combining the operations of
several models when needed (such as directing the output of one model to be
processed by another one).

- A model command processor is used to accept and
interpret modeling instructions from the dialog component and to route them to the
MBMS, the model execution, or the integration functions.

Interesting issue in a DSS might be, “Which models should
be used for what situation?” Such model selection cannot be done by the MBMS
because it requires expertise and therefore is done manually. This is a potential

automation area for a knowledge component assisting the MBMS.

2.5.3.3 The Knowledge Management Subsystem (22)

Many unstructured and semistructured problems are so
complex that they require expertise for their solutions in addition to regular DSS
capabilities. Such expertise can be provided by an expert system or other intelligent
system. Therefore, the more advance DSS are equipped with a component called
knowledge management. Such a component can provide the required expertise for
solving some aspects of the problem and providing knowledge that can enhance the
operation of other DSS component.

The knowledge component consists of one or more
intelligent systems. Like data and model management, knowledge management
software provides the necessary execution and integration of the intelligent system.

A decision support system that includes such a component
is called an intelligent DSS, a DSS/ES, expert support system, or knowledge-base
DSS.
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2.5.3.4 The User Interface Subsystem (22)

The term wuser interface covers all aspect of
communication between a user and the Management Support Systems (MSS). It
includes not only the hardware and software, but also factors that deal with ease of
use, accessibility, and human-machine interactions. Some MSS expert fell that the user
interface is the most important component because much of the power, flexibility, and
ease-of-use characteristics of MSS are derived from this component. Others state that
because the user sees only the part of MSS, to him or her, the user interface is the
system. And inconvenient user interface is one of the major reasons why manager
have not used computers and quantitative analyses to the extent that these technologies
have been available.

Figure 2-18 illustrated the User Interface Process, that user
interacts with the computer via an action language process via User Interface
Management System (UIMS). In advanced systems, the user interface component
includes a natural language processor or may use standard objects (such as pull-down
menus and button) through a Graphical User Interface (GUI). The UIMS enables the

user to interact with the model management and data management subsystem.

language 1
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T )
Knowledoe ! -
Presentation 1 :
Interpral ™ Language : :
' the display : !
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4 Generate ‘ : 1
the display I o
Process > I Application |
the content : Processing |
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1
— 1
Man and Interpret : -
take action tl'lie user i :
Action %, input 1 -
| I
1 1
1 I

Figure 2-18 The User Interface Process
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2.5.4 The DSS Development Process

There are several alternate development methodologies to
developing the DSS, all of which are based on the System Development Life Cycle
(SDLC). Prototyping is one of them that most expanding to use to developing the DSS
and its details are as the following. (27)

2.5.4.1 System Development Life Cycle: SDLC (22, 27)

SDLC consists of four fundamental phases — planning,
analysis, design, and implementation — which lead to deployed system. It is a cycle
because it is possible to return to any phase from any other, though an ideal
progression is to follow each phase in order, which are sometimes referred to as the

waterfall model as illustrated in Figure 2-19

Initiation

Analysis or requirements gathering

Application
description

Implemertation

Operations znd management

“alidation, werification andtesing

Figure 2-19 The System Development Life Cycle (SDLC)
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-Planning

Planning phase starts with a business need not being met.
This includes possible opportunities identified through environmental scanning. Is
there a problem that needs to be solved? Project initiation involves a system request
that is decided on. If it appears worthwhile, a feasibility analysis is conducted. The
feasibility analysis considers whether the idea is viable. Questions concerning
technical feasibility, cost feasibility, and organizational feasibility are answered here.
If the project is approved, a project manager is assigned, and he or she creates a work
plan, staffs the project, and adopts methods for managing it.

-Analysis

The analysis phase is like a journalist’s interview. It asks
and answers the important questions: Who will users be? What will the system
accomplish? Where and when will it run? This phase starts with the development of an
analysis strategy or a plan to guide the project. If there is an existing system, it is
analyzed, along with ways of moving to the new system. This leads to further
information gathering, leading up to the development of a process model and a data
model.

-Design

The design phase indicates how the system will work,
considering all the details of the hardware, software, network infrastructure, user
interface, and so on. In this phase, the user interface, forms, displays, reports and
programs, databases, and files are specified. In the design strategy, the amount of the
system to be purchased or contracted (versus built in-house) is decided on. This leads
to the architecture design, which leads to database and file design, which in turn leads
to the program design. Collectively, these are the system specifications.

- Implementation

The implementation phase brings it all together. This is
where the system is built or purchased. Construction involves not only building the
system but also testing it to verify that it works. Better planning can typically lead to
systems with fewer bugs. Installation is the last step and involves actually getting the

system up and running.
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2.5.4.2 The prototyping development methodology (22, 27)

The prototyping development methodology is a type of the Rapid
application development (RAD) methodologies that adjust the SDLC so that parts of a
system can be developed quickly and users can obtain some functionality as soon as
possible. It aims at building a DSS in a series of short steps with immediate feedback
from users to ensure that development is proceeding correctly. Therefore, DSS tools

must be flexible to permit changes quickly and easily.

Implementation

N
Proto@

Prototype OK

A

Prototype Not OK

Figure 2-20 The prototyping development methodology

The prototyping development methodology was showed in Figure
2-20. Prototyping is a process of building a “quick and dirty” version of a system that
involves performing the analysis, design, and implementation phases concurrently an
repeatedly. The evolutionary approach starts with overall DSS planning and some
analysis. Next, the analysis, design, and prototype implementation phases are

iteratively performed until a small prototype is sufficiently developed (decided on
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jointly by the developer(s), managers, and users). Then final implementation of this
part of the systems was take place. Simultaneously, further iterations occur in the loop
of analysis-design-implementation-system prototype as other subsystems or
capabilities are added to the deployed system until a fairly stable, comprehensive
system evolves.

One disadvantage is that changes are introduced quickly and that there
is no attempt to correct design decisions early on. Instead they are repaired as the
system evolves. However, the prototyping development methodology still the most

expanding to use to developed the DSS.

2.6 Concepts in multi object choice

Bodily (35) described the concept in multi objective choice. There are many

ways to solve the multi objective problem as follows.

2.6.1 First- Round Elimination

2.6.1.1 Elimination by aspects
Sometimes it is easy to eliminate some alternatives. A
process that many of us use to scan the list of options has been labeled elimination by
aspects. In this process, alternatives are excluded because of some undesirable aspects. For
example, the home buyer may drop a prospective home because of its adobe construction
or because it just does not look right on the lot. It usually makes sense to carry out of this

elimination process before scoring alternatives on the attributes.

2.6.1.2 Dominance
After alternatives are scored on all attributes, it may be
apparent that one (or several) alternatives are interior to some other alternative with
respect to every attribute. Then without question the alternative may be dropped from

consideration.
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2.6.2 Decision Rules without tradeoff judgments

Ordinarily, the efficient set of alternatives cannot be pared further
without making value judgements concerning the relative importance of the
attributes. Sometimes, however, it is appropriate to employ easy-to-use decision

rules that do not require apparent tradeoffs. Consider several of these.

2.6.2.1 The Lexicographic Rule

The lexicographic rule works like a rule for determining
alphabetical order, from which it derives its name (a lexicon is a dictionary). First,
alternatives are rank-ordered according to their scores on a most- important attribute.
If alternatives tie on this attribute, they are rank-ordered using a second attribute,
then a third, and so on, until all ties are broken.

The lexicographic procedure is easy to use since the
decision maker specifies only the order in which the attributes are to be considered.
Unfortunately, the rule is often inadequate because it does not fully consider every

attribute. Only one attribute is used unless there is a tie.

2.6.2.2 Satisfying
Herbert Simon, Nobel laureate in economics, has
suggested that a “satisfying” rule is often used by decision makers. The decision
maker searches until finding an alternative that exceeds some aspiration level on
each attribute. Like the efficient set, there may by more than one satisfying

alternative, but unlike the efficient set, there may be none.

2.6.2.3 Rate and Weight: Linear Additive Scoring Rule
The simplest decision rule that allows high scores on one
attribute to compensate for lower scores on other attributes uses rating and
weightings. Ratings are scores for alternatives for the separate attributes; weightings
are desirability scores for the attributes themselves. The process is outlined as
follows:

1) Rate the alternatives on each attribute:
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r;j = rating of alternative I on attribute |

2) Weight the relative importance of each attribute:

W;; = weighting of attribute j

3) Score the alternatives using the sum of the weights
multiplied by the rates:

Vi=wirtwrp + ..... t Wnlim 201

Where alternatives are ranked according to: V; = value assigned to alternative |

Therefore, to optimize the tourist decision making
process, it would be advisable to apply the Bazenman’s decision process together
with rate and weight decision making. The tourists must see their requirements to
rate and weigh to each factor. Then the system calculates every destination in the
database to find the top 20 destinations that have the highest score. The destination
that has highest score should be the best destination to travel but the tourist may not
choose it because of many reasons such as the flood disaster and the war in the

borderland, the tourists may choose the lower score.

2.7 The related research works

2.7.1 The decision making and the development of DSS

Thojun (36) studied, analyzed, designed, and developed a Decision
Support Systems to select institution for Bachelor, Master and Doctoral Degree in the
United States of America (USA). The application program was developed by using
Microsoft Visual Basic as a front end tool and Microsoft Access as a database.

The methods used in this project included the Rate and Weight,
Linear Additive Scoring Rule, and Elimination by Aspects. The result were field and

college/university in the USA that best suit the requirement of users. The static data
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were kept in a database using relational database design technique. The result of this
program was found to match most user requirements. Moreover, the system offered

several options for the user to consider and choose a final result.

Pinyochjeep (37) studied and analyzed the information
requirements for choosing tourist destinations and to design and develop a Decision
Support System for Choosing Tourist Destinations. This research used the logical
models for analyzing and designing the system. The database design referred to the
relational database theory. The database management system was developed by using
Microsoft Access 97. The implementation software was Microsoft Visual Basic 6.0.

It was composed of two main parts. The first part, the database part
was for the database administrator and used for updating the data. The second part, the
Decision Support Part, provided suggestions on destinations and other information for
tourists. This part used a mathematical model to calculate the appropriate destinations.

The model referred to the decision making theory by Rate and Weight method.

Pomthong (38) studied the decision-making process in choosing an
automated library system by the academic library directors regarding its organizational
and decision-making factors; the criteria in choosing an automated library system;
decision-making procedures; and decision-making evaluation.

The main hypothesis of this research was that there was no
significant difference in the decision-making process in choosing an automated library
system among academic library directors. Data gathering was conducted through
interview of 22 academic library directors. All were decision-makers in choosing an
automated library system of their own libraries. The research revealed that the
principal reason for introducing an automated library system was to increase

efficiency of information services.

In the study of Swasdi-ampairaks (39), Analytical Hierarchy
Process (AHP) was employed to select an appropriate site for a packaging company.

In this case study, AHP was employed as a tool to arrive at a Multi-Criteria Decision-
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Making including both monetary and non-monetary related factors. AHP was a non-
complicated process, being able to show levels of importance of criteria.

This study comprised of factors affecting the site selection and the
decision criteria being employed would touch on the overall completeness, practicality
decomposition non-duplication and the appropriate numbers of criteria. The primary
choices scrutinized on suitability were Bangpoo Industrial Estate, Navanakorn
Industrial Estate, Bang pa-in Industrial Estate and Hi-Tech Industrial Estate. In this
research study, factors and selection choices were employed to create a multi-level
structure selection process so as to select an appropriate site for a packaging company

and for the compilation of decisions from people concerned.

Putthaipat (40) studied, designed and developed the decision
support system for television program evaluation. This was conducted by the method
of rating and weighting TV program by judging from factors involving with program
to be evaluated and eliminated by aspects under a theory of a decision making system.
The answers were found to be the result for evaluating broadcasting program by one
television station or any television station. This system was quick and easy to evaluate
television program. The result of evaluation was reliable valid and unbiased. It would
come out with a list of TV program that should be withdrawn, improved or to be
promoted. This would enable TV program manager or producer to select a good

quality TV program and up to the standard of viewers.

2.7.2 Noise control by using sound insulation materials

Thawonsak and Visapak (41) described the tests of ability in sound
absorption of sound insulation material. An insulated sound room was constructed for
the testing room and a sound generator which provided the contrast frequency of
sound in low, medium, and high frequency ranges. The purpose of the tests was to find
which range of frequency that each testing materials could sufficiently be absorbed.

Viriya (42) studied a Comparative Study of Noise Absorption
Efficiency of Dry Plant and Glass Fiber. The purpose of this study was to compare the

noise absorption efficiency among the glass-fiber and the selected dry-plant materials
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mixed with concrete. Three variables; mixing materials, water cement ratio (W/C
ratio) and thickness of sample plates, were predominantly considered in this study. The
selected dry-plant materials were coconut husk and bagasse. The (W/C ratio) were 0.5,
0.6, 0.7, and 0.8, while the thickness of sample plates were 5, 7.5, and 10 cm. Noise
measurement, in terms of Sound Absorption Coefficient (o), Noise Reduction
Coefficient (NRC) and Transmission Loss (TL), were conducted to all 36 sample

plates in the certain room.

MJM acoustical consultants inc. (43) presented report of noise
isolation provided by gypsum board partitions, in which the main factors influencing
the performance of gypsum board partitions were discussed. This report was organized
to reflect the respective influence, on the sound transmission loss of gypsum board
partitions, of its four main components: the gypsum boards themselves, the studs and
stud arrangements, the resilient furring, and the sound absorptive materials inserted in
the cavity. The result was found that, at low frequencies, the transmission loss was
increased by about 5 dB for every doubling of the gypsum boards on one side of the
partition. The increase in the transmission loss of a partition obtained by adding a

sound absorptive material inside its cavity was equivalent regardless of the material used.
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CHAPTER I
METHODOLOGY

This research was the development of the information system for selecting
single-leaf partition for noise control by applying the computer technology and the
application program for monitoring, planning and proceeding noise control. The
developmental system was based on the Prototyping development methodology (as
illustrated in Figure 3-1). It is a type of the Rapid application development (RAD)
methodologies that SDLC (System Development Life Cycle) is adjusted in order that
the parts of a system can be developed quickly and the users can obtain some

functionality as soon as possible. (23, 27)

The prototyping development methodology applied to develop the
information system for selecting single-leaf partition for noise control can be divided

into 6 phases as the following.

3.1 Planning phase

3.2 Analysis phase

3.3 Design phase

3.4 Implementation (I) phase
3.5 Prototyping phase

3.6 Implementation (II) phase
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3.1 Planning phase

In this phase, the problems, opportunities, and objectives of the development
of the information system for selecting single-leaf partition for noise control were

identified. This process development can be divided into 2 parts as follows.

3.1.1 System study of the current operation system
This part concerns the current operation system for determining a
problem and analyzing the problem of existing systems (manual or automated) in

detail.

3.1.1.1 Study the current operation system of noise control
The study of the current operation system of noise control
was conducted by gathering the information sifted through the document, reports, and
work papers of the existing systems, observing how these systems work, asking officials

and conducting interviews. All of these include;

- Procedures of the current operation system of noise control
- Problems of existing systems

- Tools and materials

- Forms and reports

- People

3.1.1.2 Study the sound insulation materials data (Single-leaf
partition)

The study of the sound insulation materials data (Single-
leaf partition) was conducted by gathering the information sifted through the document,
reports and internet searching. All of these include;

- Name of Single-leaf Partition data
- Efficiency of Single-leaf Partition in each sound frequency

- Price of Single-leaf Partition data
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3.1.1.3 Study the related factors of noise control under the
related laws
The study of the related factors of noise control under the
related laws is expected to understand the content of related laws in details. It was
conducted by gathering the information sifted through the document, reports and asking
the relevant officials. All of these include;
- Sound Measuring Data of the business establishment
- Sound Measuring Data of the petitioner
- Notification of the National Environment Board No.17,
B.E. 2543 (2000) Re: Noise Level of Annoyance (4)
(Appendix A)
- Notification of the Pollution Control Department Re:
Measuring Methodology on Background
Noise/Annoying Sound Pressure Level and Calculation
Methodology on Annoying Sound Pressure Level/ Noise
Level of Annoyance (5) (Appendix A)
- The Public Health Act B.E. 2535 (1992) (Appendix A)

3.1.1.4 Study the operational of mathematical models
This process covers the study on the operational of
mathematical models which are used for designing and developing the information
system for selecting single-leaf partition for noise control. It was conducted by gathering
the information sifted through the document, reports, asking the relevant officials and
searching from internet. All of these include;
- Mathematical models of Calculation Methodology on
Annoying Sound Pressure Level/ Noise Level of
Annoyance Sound Measuring Data of the petitioner

- Mathematical models of the decision rules
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3.1.2 Develop study plan
Develop study plan was examined the feasibility and specify the
strategies to develop the information system for selecting single-leaf partition for noise

control.

3.1.2.1 Specify problem definition from the current operation
system
- QGather the existing problems by asking the government officials
of the Environmental Health Division (Bangkok Metropolitan
Administration)
Study the document, reports, and work papers of the existing

systems and study the law related to noise control

- Consider state of problems for specifying the relationship

between state of problem and operation system

3.1.2.2 Create context diagram of the current operation systems,
for demonstrating the scope of systems and the relationship between systems and

external factors.

3.1.2.3 Create Physical Model of the current operation systems,
for demonstrating the physical procedures of the current operation systems.
- Specify name of the external factors related to the current
operation systems
- Specify procedure of the current operation systems
- Specify necessary data to operate the current operation systems

- Specify operational process of the current operation systems

3.1.2.4 Create Logical Model of the current operation systems,
for demonstrating the logical procedures of the current operation systems.
- Specify operational process of the current operation systems

explained by the Process Description
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- Specify necessary data to operate the current operation systems
explained by Data Flow Diagram and Data Dictionary

- Verify and correct the study plan developed with the government
officials of the Environmental Health Division (Bangkok

Metropolitan Administration)

3.1.2.5 Summarize the characteristics and problems of the
current operation systems, to verify the accuracy with the government officials of

the Environmental Health Division (Bangkok Metropolitan Administration).

3.2 Analysis phase

In this phase, the information requirement of new system for determining
the operational procedure of new system by using the interviews schedule, Process
Modeling and Data Modeling were analyzed. The details of this phase are shown as

the following.

3.2.1 Create the interviews schedule for polling and conducting

interviews

Interviews schedule (Appendix B) is similar to a questionnaire
which is created for conducting interviews to the government officials of the
Environmental Health Division (Bangkok Metropolitan Administration). Details of
interviews schedule are related to the requirement and information of the existing
systems thoroughly the new systems that will be created in the future.

For polling and conducting the interviews process, we used the
expert choice sample method as the sampling methodology for selecting one person
from the government officials of the Environmental Health Division (Bangkok

Metropolitan Administration) in order to operate the existing system.
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3.2.2 Information Requirement Gathering
The gathering of information requirement is necessary to analyze the
overview of new system which is considered both in current and in the future. In this
process, we gathered data by using the interviews schedule for polling and conducting
interviews with the government officials of the Environmental Health Division
(Bangkok Metropolitan Administration). The gathered data consist of the operation
process, target and objective of the current system including target and objective of

new system.

3.2.3 Analyze the operational process of the new operation systems from

the gathered data
In this process, the gathered data to define the overview of input
data, output data, operation process and all of required resources by using Process

Modeling and Data Modeling were analyzed.

3.3 Design phase

In the design phase, we designed new system from the Process Modeling
and the Data Modeling according to the user requirement. The process of design can
be divided into 2 parts that consists of the logical design and the physical design.

The details of this phase are shown as the following.

3.3.1 Logical Design
This stage was designed by determining the format of the system

components and bounding the relation of these components appropriately with users.
3.3.1.1 Database design
1) Create Logical Data flow diagram from the gathered

data from previous process, by using Data Flow Diagram (DFD) to analyze these data

according to the user requirement.
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2) Design database system for collecting data that related
to the sound insulation materials, related factors of the selecting sound insulation
materials by using Relational Database methodology to analyze and design E-R Model

3) Normalize data from E-R Model.

3.3.1.2 Operation systems design

1) Design user interface
- Data input design — This design concerns about input

form of data, which is concentrated to be smooth and easy for using during input time.

- The data output design —  This design concerns about
output data, which are shown on monitor and printer. It also must be responsible to

user requirements.

2) Design operation process

- Data Entry Procedures design — This design concerns
about the run-time procedure of new system. This design defines components, process,

and operation procedure of new system.

- Module detail design — This design concerns about the
operation procedure in each programs of new system. This design defines components
and concepts to solve the problems in each programs of new system by using the

flowchart.

3) Design Controls

- Identify and document the necessary control

3.3.2 Physical Design

This stage was designed to determine the appropriated tools and

materials both hardware and software for developing the new system.
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3.3.2.1 Hardware

Microcomputer

CPU : AMD Athlon(tm) Processor
RAM : 128 MB.

Hard Disk : 40 GB.

Monitor : Super VGA Flatron 775FT
Peripherals : Keyboard, Mouse

Printer

Scanner

3.3.2.2 Software

Operating System : Windows XP
Compiler : Microsoft Visual Basic.Net
DBMS : Microsoft SQL Server 2000
Documentation : Microsoft Word XP

: Crystal Report Decision

3.3.2.3 Questionnaires

3.4 Implementation (I) phase

The development process of implementation (I) phase was divided

into 2 parts as follows;

3.4.1 Building
This process uses Microsoft SQL Server 2000 to develop the
database part of the new system. In the operation procedure part, the user interface,
data entry procedure, module detail and format of report by use Microsoft Visual Basic.net

to code and program for controlling all function of the system were developed.
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3.4.2 Testing

The system testing of this process was divided into 3 levels as follows;

1) Program testing — It tested the accuracy of programming and
result from each parts of program. In each programs, the testing will use the operate
data related in each programs as the sample data for testing program.

2) Subsystem testing — It tested the accuracy of any subsystems,
especially the data linked between each parts of subsystem and the results from each
subsystems.

3) System testing — It tested all functions of program in the system
by actual conducting. This testing is expected to verify all operation of the system to
find out the problems and all of errors, for improving it to be the complete system that
can be used for monitoring, planning and proceeding noise control with the accurate,

rapid and efficient performance in practice.

3.5 Prototype phase

In this phase, we installed the developed prototype from previous phase to
the user (the government officials of the Environmental Health Division (Bangkok
Metropolitan Administration)) for actual conducting that will support to verify the fault
of system to researcher.

In the event that the prototype has fault (Prototype not OK), we must correct
and develop the prototype once again according to the recommendation informed by
user. This process will be done repeatedly until the user has accepted (Prototype OK)
and when the user has accepted the developed prototype, then we can define the

developed prototype as a new system.

3.6 Implementation (I1) phase

In this phase, we prepared to install the accepted system (new system) for

actual conducting including the system maintenance after installation of new systems.
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3.6.1 Installation
In this process, new system was installed to the Environmental
Health Division (Bangkok Metropolitan Administration) for actual conducting of this

agency.

3.6.2 Evaluation
It aims to evaluate efficiency of the developed system and

summarize recommendation from the users.

3.6.2.1 Group of evaluation person

1) Expert of the information system development

Using the questionnaire for expertise survey in the
information system development (Appendix B) polls the expert by using the expert
choice sample method as the sampling methodology for selecting the expert of the
information system development.

The selected experts from this sampling methodology
are Lect. Kamolpun Punpuing and Asst. Prof. Saranya Sucharitakul. The details of
the questionnaire for expertise survey in the information system development are
shown as the following.

Part 1 of the questionnaire was the opened end and the
multiple choices question. The questions were related to the personal data of the
information system expert.

Part 2 of the questionnaire was the multiple choices
question. Each choice of these questions was set by the numberical rating scales into
5 levels as illustrated in Table 3-1. These questions were related to the systems
development of the information system

Part 3 of the questionnaire was the opened end question

related to the recommendation of expert.
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Table 3-1 Table of the levels of the numberical rating scales from each choices

Levels of the numberical rating scale Score
Max 5
High 4
Medium
Low .
Min 1

2) Expert of the noise pollution control

Using the questionnaire for expertise survey in the noise
pollution control (Appendix B) polls the expert by using the expert choice sample
method as the sampling methodology for selecting the expert of the noise pollution
control.

The selected experts from this sampling methodology
were Mr.Paitoon Ngammuk and Asst.Prof. Auemphorn Mutchimwong. The details
of the questionnaire for expertise survey in the noise pollution control are shown as

the following.

Part 1 of the questionnaire was the opened end and the
multiple choices question. The questions were related to the personal data of the noise
pollution control expert.

Part 2 of the questionnaire was the multiple choices
question. Each choice of these questions was set by the numberical rating scales into
5 levels as illustrated in Table 3-1. The questions were related to the noise pollution
control.

Part 3 of the questionnaire was the opened end question

related to the recommendation of expert.
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3) Users

Using the questionnaire for evaluating the information
system from user (Appendix B) polls the user, by using the expert choice sample
method as the sampling methodology for selecting the user of the information system
for selecting single-leaf partition for noise control.

The selected user from this sampling methodology was
Mr.Paitoon Ngammuk. The details of the questionnaire for evaluating the
information system from user are shown as the following.

Part 1 of the questionnaire was the opened end and the
multiple choices question. The questions were related to the personal data of the
information system expert.

Part 2 of the questionnaire was the multiple choices
question. Each choice of these questions was set by the numberical rating scales into
5 levels as illustrated in Table 3-1. These questions were related to the systems
development of the information system

Part 3 of the questionnaire was the opened end question.

There is 1 question related to the recommendation of user.

3.6.2.2 Analyze the evaluation data
The data was evaluated by setting the numberical rating
scales into 5 levels (Table 3-1). After that, the score of each questionnaire was
calculated for finding mean of the numerical rating scales by using the calculation

methodology as the following.

X = 2fixi
N
X = Mean
fi = Number of evaluation person who had the numberical

rating scales in level 1
Xi = Scores of the numberical rating scales in level i

N = Number of all evaluation persons
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The obtained mean was set into 5 levels by using this formula;

Range = Max —Min/ Number of level = 5-1 = 038

5

Then, there are 5 levels of the numberical rating scales as illustrated in Table 3-2

Table 3-2 Table of the levels of the numberical rating scales from the evaluation data

Levels of the numberical rating scales Range of score
Max 42<X <5.0
High 34 < X <42
Medium 26 < X <34
Low 1.8 <X <26
Min 1.0 <X <18
3.6.3 Training

It was conducted by the knowledge and maintenance methodology
about the new system to the government officials of the Environmental Health
Division (Bangkok Metropolitan Administration) and creating the manual which
explains methodology for managing the information system for selecting single-leaf

partition for noise control.
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CHAPTER IV
RESULTS

The information system for selecting single-leaf partition for noise control
was developed following the steps of the Prototyping development methodology as
referred in Chapter 3. The results of each step (planning phase, analysis phase, design
phase, implementation (1) phase, prototyping phase, implementation (1) phase) would
be elucidated as follows:

4.1 Planning phase

4.1.1 System study of the current operation system

1) Study the current operation system of noise control

According to the study on document, reports, work papers
produced by existing systems and the interviews with the concerned official (the
government officials of the Environmental Health Division (Bangkok Metropolitan
Administration)) for finding out what the problem was and how to understand step of
work, the details of these included;

- The procedures of the current operation system were
conducted as the following;

Initially, the sound measurement official would
acknowledge the beginning nuisance data from the petitioner (peoples, National and
Local relevant government agencies) and after that, he would go to measure the sound
level at places both the petitioned business establishment and the petitioner’s dwelling.
Then, if the measured sound exceeds the Noise Level of Annoyance, the official must
issue a Written Order to the owner or occupant of such place requiring him to abate

the nuisance within a reasonable period of time as specified in the order and, if he
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deems it expedient to prescribe the method of abatement of such nuisance or the
method of prevention of future nuisances, to specify such method in the order.

- The problem of existing systems was found that occurred
due to the insufficiency of support data as well as the complication of the related
knowledge. These might cause some troubles to the officials for prescribing the
business establishments.

Furthermore, the Beginning Nuisance data of existing
systems was conducted by using the manual operation, which was complicated to the
official when he wanted to search and edit these data.

2) Study the sound insulation materials data
According to the study on document, reports and searching
from internet for gathered the sound insulation materials data (Single-leaf partition),
the details of these included,;
- Name of Single-leaf Partition data consisted of the
material name and the thickness/size of each material such as the solid concrete 4”
thick, the plywood %2” thick, the hollow-core flush door 30 Ib, the window glass ¥4
thick, etc.
- The used characteristics of Single-leaf Partition data
could be divided into 4 types as the following;
1. Wall
2. Floors-ceiling
3. Window
4. Door
- The construction types of Single-leaf Partition data could
be divided into 6 types as the following;
1. Wood
2. Concrete / brick
3. Glass
4, Gypsum
5. Metal
6. Others
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- Efficiency of Single-leaf Partition data are constant values
which are indicated the reduction noise efficiency of Single-leaf Partition. These values
will vary according to the sound frequency levels which can be divided into 6 levels as
the following;

The efficiency values at the sound frequency levels 125 Hz
The efficiency values at the sound frequency levels 250 Hz
The efficiency values at the sound frequency levels 500 Hz
The efficiency values at the sound frequency levels 1000 Hz
The efficiency values at the sound frequency levels 2000 Hz

RN Y AR

The efficiency values at the sound frequency levels 4000 Hz

- Price of Single-leaf Partition data would be charged by
using the price per unit of each Single-leaf Partitions.

3) Study the related factors of noise control under the related laws

According to the study on document, reports and asking the

relevant officials for understanding the content of related laws in details, the details of
these included;

- Sound Measuring Data of the business establishment

consisted of 9 types of data as the following;

Name of the business establishment

Address of the business establishment
Telephone number of the business establishment
Owner name of the business establishment

Type of the business establishment

License of the business establishment

Petition case of the business establishment

Petition cause of the business establishment

© © N o g B~ D PP

Measured sound level of the business establishment
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- Sound Measuring Data of the petitioner consisted of 4
types of data as the following;
1. Name of the petitioner
2. Address of the petitioner
3. Telephone number of the petitioner

4. Measured sound level of the petitioner

- Notification of the National Environment Board No.17,
B.E.2543(2000) Re : Noise Level of Annoyance (4) (Appendix A)

- Notification of the Pollution Control Department Re:
Measuring Methodology on Background Noise/Annoying Sound Pressure Level and
Calculation Methodology on Annoying Sound Pressure Level/ Noise Level of Annoyance
(5) (Appendix A)

- The Public Health Act B.E. 2535 (1992) (Appendix A)

4) Study the operational of mathematical models
According to the study on document, reports, asking the
relevant officials and searching from internet for finding out what the operational of
mathematical models which were used to design and develop the information system for

selecting single-leaf partition for noise control, the details of these included,;

- Mathematical models of Calculation Methodology on

Annoying Sound Pressure Level/ Noise Level of Annoyance (Appendix A)

- Mathematical models of the decision rules

The model of the information system for selecting single-
leaf partition for noise control referred to the Rate and Weight Method (Linear Additive
Scoring Rule) that is one of methods to solve multi objective problems. This is the
formula of the Rate and Weight Method.
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Vi=Wirii+Worip + ..... + Wqlim

Vi = value assigned to alternative i
wij = weighting of attribute j

rj = rating of alternative i on attribute j

Therefore, the factors that the official had considered for
selecting single-leaf partitions were used in development. This is the mathematical

model for the information system for selecting single-leaf partition for noise control.

Vi=W Ri+Wo R, + W3R;

Vi = Total score of single-leaf partition i

W, = Weighting score of the efficiency value of single-
leaf partition factor.

W, = Weighting score of the usage characteristics of
single-leaf partition factor.

W3 = Weighting score of the construction types of single-
leaf partition factor.

R1 = Rating score of the efficiency value of single-leaf
partition factor.

R, = Rating score of the usage characteristics of single-
leaf partition factor.

Rs; = Rating score of the construction types of single-leaf
partition factor.

The study used the mathematical model and the Rating and
Weighting rules to calculate the Single-leaf Partition scores. The decision tables of
Rating and Weighting rules were shown in appendix C.
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4.1.2 Develop study plan

According to the information of the process mentioned above
(System study of the current operation system), the developed study plan was brought
about by creating Context Diagram and Data Flow Diagram of the current operation
systems. This was for examining the feasibility and specifying the strategies to
develop the information system for selecting single-leaf partition for noise control as
the following.

Initially, the Context Diagram of the current operation system as
shown in Figure 4-1 was created for finding out the out lines of the system and its
relationship with the concerned external environment.

There were found that 4 entities of the concerned external
environment consisting of the District office, the petitioner, the business

establishment, and the Administrator Official.

Business Establishment Administrator Official
The business establishment data Sound Meluring Report
The (Written Order)
selecting of |
single-leaf
partition for
noise control

Petitioner Data Sound Measuring Report
Beginning Nuisance Data (Written Order)

!

Y

Beginning Nuisance Data
Petitioner | District Office

Figure 4-1 The Context Diagram of the current operation system

Next, the Data Flow Diagram (DFD Level 0) of the current operation
system as shown in Figure 4-2 was created to illustrate the overview of the structure

and the information on the current operation system.
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All of processes were found that performed by the Sound Measuring
Official and these could be divided into 5 processes as follows.

Process 1: Receive the Beginning Nuisance Data - this process
operated about the reception and the verification of the Beginning Nuisance Data which
received from the District Office and / or the petitioner. Result from this process was the
Beginning Nuisance Data (verified) that was brought to use in Process 2 and kept as

record on the Beginning Nuisance Data file for monitoring in the future.

Petitioner District Office Petitioner The business establishment
I I
Beginning Nuisance Data Petitioner Data The business establishment Data
Beginning Nuisance Data
l Beginning Nuisance Data T

Beginning Nuisance Data

1 | 2 Notification of
Receive Measure Pollution Control —

Beginning Beginning Nuisance Data Sound Department
Ngapee Data Sound Measuring Data (B) Laws /Standard

<« Sound Measuring Data (P) J

3
Beginning Calculate <— Notification of the Pollution Control Department
Nuisance Data -
Noise Level of Notification of the National Environment Board No.17, B.E.2543 —
Annoyance

Sound insulating material

<«— Single-leaf Partition data ——I

Noise Level of Annoyance data

L

4
Selecting
material

Theory / Knowledge of noise control

Y

<«—— Theory / Knowledge of noise control J

> District office

5

The selected material data

Generate
Sounc_i < | »  Administrator Official
Measuring
Report Sound Measuring Report &
(Written Order) —————————> Beginning Nuisance Data

Figure 4-2 The Data Flow Diagram (DFD Level 0) of the current operation system
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Process 2: Measure sound - this process operated about the sound
measuring through the measuring methodology that was authorized under the
Notification of the Pollution Control Department. Result from this process was the
Sound Measuring Data of the petitioner and the business establishment that was

brought to use in Process 3.

Process 3: Calculate Noise Level of Annoyance - this process
operated about the calculating of the Sound Measuring Data which received from
Process 2 through the calculating methodology that was authorized under the
Notification of the Pollution Control Department and Notification of the National
Environment Board No.17, B.E.2543 (2000). Result from this process was the Noise
Level of Annoyance data that would be brought to use for the consideration on the

selecting material process (Process 4).

Process 4: Selecting material - this process operated about the
selecting material by using the Noise Level of Annoyance data from Process 3, Theory
/ knowledge of noise control data and Single-leaf Partition data. Result from this
process was the selected material data that was brought to use for prescribing the
method of abatement of such nuisance or the method of prevention of future

nuisances, to specify such method in the order.

Process 5: Generate Sound measuring Report — this process
operated about the generating of the Sound measuring Report / Written Order. Result
from this process was the Sound measuring Report / Written Order that would be
informed to the District office and Administrator Official including record-keeping on

the Beginning Nuisance Data file for monitoring in the future.

Next, the Data Flow Diagrams as shown in Figure 4-3 to 4-7 were
created to illustrate the characteristics of interactions between areas in and out of the

environmental system.
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Petitioner District office

Beginning Nuisance Data

1.2
Verify
Beginning
Nuisance
Data

Beginning Nuisance Data

Beginning Nuisance Data
(verified)

1.1
Receive — - Beginning Nuisance Data
Beginning Beginning Nuisance Data (verified)
Nuisance

Data Record Data

1.3
Beginning Nuisance Data (verified)

Record
Verified
data

y
Beginning Nuisance Data

Figure 4-3 The Current Data Flow Diagram (DFD Level 1) of process 1

The details of the characteristics of interactions between areas in
and out of the environmental system were found as follows. According to Figure 4-3,

Process 1 could be divided into 3 sub-processes:

Process 1.1: Receive the Beginning Nuisance Data — this process

would receive the Beginning Nuisance Data from the petitioner and the District Office.

Process 1.2: Verify Beginning Nuisance Data — the Beginning
Nuisance Data (from Process 1.1) would be verified by using the record from

Beginning Nuisance Data files, thence this would be sent to Process 1.3 and process 2.

Process 1.3: Record Verified data — the Beginning Nuisance Data
(verified) would be kept as record on the Beginning Nuisance Data file.

In Process 2, the Beginning Nuisance Data (verified) from Process 1
would be used for supplementing the operation in this process. This process would be
authorized under the Notification of the Pollution Control Department and it could be

divided into 3 sub-processes as illustrated in Figure 4-4 as following.
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Beginning Nuisance Data
(verified)

2.1

Measure
Sound

Measuring Data

(P)

<——— Notification of the Pollution Control Department —|

Laws /Standard

——  Sound Measuring Data (P)

Petitioner Data

Petitioner

Sound Measuring Data (B)

2.3

2.2

2, Record
e = Measure Sound
SOL.md Measuring
The business establishment Data Measu{g;g Data Data

Sound Measuring Data (P) Sound Measuring Data (B)
The business establishment l, l,

Figure 4-4 The Current Data Flow Diagram (DFD Level 1) of process 2

Process 2.1: Measure the Sound Measuring Data (P) — Sound

Measuring Official went to measure sound at the petitioner dwelling.

Process 2.2: Measure the Sound Measuring Data (B) — Sound

Measuring Official went to measure sound at the business establishment.

Process 2.3: Record the Sound Measuring Data — the Sound Measuring
Data (P) and the Sound Measuring Data (B) were recorded by official for using in

Process 3.

In process 3, the Sound Measuring Data which received from
Process 2 would be used for calculating Noise Level of Annoyance. This operation

could be divided into 8 sub-processes (Figure 4-5):

Process 3.1: Summarize all data — summarized the Sound Measuring
Data from Process 2 consisting of Sound Measuring Data (P) and Sound Measuring Data

(B), for bringing to use in the next process.
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Sound Measuring Data (P) ~ Sound Measuring Data (B)

3.2 Background Noise Level

Check
S o dat Characteristics Laeq, 11r
31 ummarize: ata Of Sound |
| Pressure Level Laca,smn + 3 dbA

Summarize
all data

Notification of
the Pollution Control Department

|
Laws / Standard: 1

I—Aeq, 5 min (10 pm - 6am)

3.3
Calculate
by +3 dBA

€<  LpegTi

3.4
Calculate

8.5

I—Ae Tm
4 Calculate

I—Aeq, 5min 6 dBA

L (10 pm - 6am)
I—Aeq. 1hr

characteristics

3.7
Calculate

by
+5 dBA

of noise

<«——— Laeg 11 (IMp. Noise)

Laeg, 5min + 3 dBA (Imp. Noise)

<€<——— Laeg,5min (10 pm - 6am) + 6 dBA (Imp. Noise)

3.8
Calculate

Laeg, 1nr (IMp. Noise) +5 dBA —— > < Laeginr

Laeg, 5min+ 8 ABA (Imp. Noise.) Laeg, smin + 3 dBA

Noise Level of
<— Lpeg5min + 60BA —

— Lpeg, 5min (10 pm - 6am) + 11 dBA (Imp. Noise) >
(10 pm - 6am)

Annoyance

— Notification of the National Environment Board ———>
No.17, B.E.2543 (2000)

Laws / Standard: 2

Figure 4-5 The Current Data Flow Diagram (DFD Level 1) of process 3

Process 3.2: Check characteristics of Sound Pressure Level — Sound
Measuring Official would check the characteristics of Sound Pressure Level for selecting
methodology to calculate the Noise Level of Annoyance and prepare the Background

Noise Level data to use in Process 3.8. There were 4 operations as follows.

3.2-1 If the characteristics of the Sound Pressure Level from Sound
Measuring Data (P) was Laeg, 5 min @nd / or Laeg, 5 min (10 pm —6 am) + 3 dBA, it would

operate in process 3.3.

Noise Level of Annoyance ~——
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3.2-2 If the characteristics of the Sound Pressure Level from Sound
Measuring Data (P) was Laeq, Ti, it would operate in process 3.4.

3.2-3 If the characteristics of the Sound Pressure Level from Sound
Measuring Data (P) was Laeg, Tm, it would operate in process 3.5.

3.2-4 If the characteristics of the Sound Pressure Level from Sound

Measuring Data (P) was Laeg, 1 nr, it would operate in process 3.6.

Process 3.3: Calculate by + 3 dBA - calculated the Sound
Pressure Level (Laeg, 5 min OF Laeg, 5 min (10 pm — 6 am) + 3 dBA) by adding 3 decibels
values. Results from this process would be brought to use in Process 3.6.

Process 3.4: Calculate Laeq, v m — Calculated the Sound Pressure
Level (Laeg, i) BY Laeg, T m €quation (Appendix A). Results from this process would
be brought to use in Process 3.5.

Process 3.5: Calculate Laeq, 7+ — calculated the Sound Pressure
Level (Laeg, Tm) bY Laeg, 7 r €quation (Appendix A), Results from this process would

be brought to use in Process 3.6.

Process 3.6: Check characteristics of noise — the Sound Measuring
Official would check the characteristics of noise from the Sound Measuring Data (from
Process 3.2 or 3.3 or 3.5) for calculating the Noise Level of Annoyance. There were 2
operations for operating as follows.

3.6-1 If the characteristics of noise from Process 3.2 or 3.3 or 3.5
was the impact noise, it would operate in process 3.7.

3.6-2 If the characteristics of noise from Process 3.2 or 3.3 or 3.5

was the non-impact noise, it would operate in process 3.8.

Process 3.7: Calculate by + 5 dBA - calculated the Sound Pressure
Level (impact noise) from Process 3.2 or 3.3 or 3.5 by adding 5 decibels values to the
Sound Pressure Level. The result of this process would be brought to use in Process
3.8.
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Process 3.8: Calculate the Noise Level of Annoyance — calculated
the Noise Level of Annoyance by bringing the Sound Pressure Level from Process 3.6-2
(non-impact noise) or 3.7 (impact noise) minus with the Background Noise Level, then

received the Noise Level of Annoyance for bringing to use in the next process.

Process 4, Noise Level of Annoyance from Process 3 would be used
to consider conditions for selecting material. This operation could be divided into 4

sub-processes (Figure 4-6)

Noise Level of Annoyance

4.1
Check

Noise Level

4.2
Go to

Y

Noise Level of Annoyance
that less than 10

of Annoyance Process 5

=

Noise Level of Annoyance
that more than 10

Sound insulating material

<—— Single-leaf partition data 4.4

4.3 Selecting

Calculate

Efficiency of the single-leaf partition the single-leaf

efficiency of <— Transmission loss theory data — partition

material

The selected material data

N
>

Theory / Knowledge

Figure 4-6 The Current Data Flow Diagram (DFD Level 1) of process 4

Process 4.1: Check Noise Level of Annoyance — Sound Measuring

Official would check the Noise Level of Annoyance. There were 2 operations as follows.

4.1-1 If the Noise Level of Annoyance was less than 10 decibels,
the official would operate in Process 4.2.

4.1-2 If the Noise Level of Annoyance was more than 10 decibels,
the official would operate in Process 4.3.
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Process 4.2: Go to Process 5 — The Noise Level of Annoyance was

less than 10 decibels, then go to operate in Process 5.

Process 4.3: Calculate efficiency of material — calculated the
efficiency of the Single-leaf partition that wanted to decrease by using the Sound
frequency data, the Sound Pressure Level, Transmission loss theory data, and the
Single-leaf partition data.

Process 4.4: Selecting the Single-leaf partition — The efficiency of
each material from Process 4.3 would be brought to use for selecting the Single-leaf
partition. The result from this process was the selected material data.

»  Administrator Official

82

The selected material data

Generate
report

» District office

Beginning Nuisance Data l

51

Summarize

Summarized data

&

Sound Measuring Report (Written order)

Figure 4-7 The Current Data Flow Diagram (DFD Level 1) of process 5

all data

The Beginning Nuisance Data from Process 1 and the selecting
material data from Process 4 would be brought to use for generating the Sound
Measuring Report (Written Order) for sending to the District Office and the administrator

official as illustrated in Figure 4-7.

Process 5.1: Summarize all data — the Beginning Nuisance Data and
the selecting material data that were received from Process 1 and Process 4 were

summarized for bringing to use in Process 5.2.
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Process 5.2: Generate report — used the summarized data to generate
the Sound Measuring Report (Written Order), then this report would be sent to the District

Office and the administrator official.

4.2 Analysis phase

According to the analysis of the problem of the existing systems basing upon
the revision of concerned documents and interviews with the official of the
Environmental Health Division (Bangkok Metropolitan Administration), there were 5
main requirements that the official required on the design process of the new systems.

These were as follows.

A system which could be processed with computer in order to
complete the operation more comfortably and to reduce the period of operation.

A system which could analyze the information for selecting
sound insulation materials and monitoring the nuisance problems of the Environmental
Health Division (Bangkok Metropolitan Administration).

A system which could restore, edit, retrieve, and analyze the
information accurately, wholly, and fast.

A system which could display and generate report of the results
(output data), consisting of the beginning nuisance data, the business establishment
data, Noise Level of Annoyance data, the selected material guide data, Beginning
Nuisance Data report, the selected material guide report. A system with the information
protection system, for the security of information.

According to the requirements mentioned above, the scope of
system was specified by creating the Context Diagram and Data Flow Diagram, to
define the overview of input data, output data, operation process and all of required

resources of the information system for selecting single-leaf partition for noise control.

The created context diagram of the information system for selecting
single-leaf partition for noise control as shown in Figure 4-8 was illustrated into 4
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entities of the concerned external environment consisting of the District office, the
petitioner, the Business establishment and the Sound measuring Official.

Business Establishment District Office

The business establishment data Beginning Nuisance Data

Information
System

for Selectlng Beginning nuisance data

Single'leaf The selected material data
Partition for Noise Level of Annoyance data

. The selected material report
Noise Control Beginning Nuisance Data report

A

Y

Y

Petitioner Data
Beginning Nuisance Data T

Conditions for selecting material

Y
Petitioner L The sound measuring official (User)

Figure 4-8 The context diagram of the information system for selecting single-leaf

partition for noise control

According to the Data Flow Diagram (DFD Level 0) of the new
operation system as shown in Figure 4-9, the overview of the structure and the
information system for selecting single-leaf partition for noise control were illustrated.

There were 3 processes of the new operation system as follows.

Process 1: Receive the Beginning Nuisance Data - this process
operated about the reception and the verification of the Beginning Nuisance Data which
received from the District Office and / or the petitioner. Result from this process was the
Beginning Nuisance Data (verified) that was brought to use in Process 2 and kept as

record for monitoring in the future.
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Process 2: Measure sound - this process operated about the sound

measuring through the measuring methodology that was authorized under the

Notification of the Pollution Control Department. Result from this process was the

Sound Measuring Data of the petitioner and the business establishment that was

brought to use in Process 3.

Petitioner

The business establishment

—

Beginning Nuisance Data

District Office The business establishment Data

1
Receive

Beginning

Nuisance Data

|

Beginning Nuisance Data

5

Beginning

|

Beginning Nuisance Data (Searched)

Noise Level of Annoyance data

< |

Notification of the Pollution —
Control Department

Nuisance Data Pet

Laws /Standard

itioner Data l
2

Measure
Sound

3 Sound Measuring Data (B)

Calculate
Noise Level of
Annoyance

Sound Measuring Data (P)

<—  Notification of the Pollution Control Department

Notification of the National Environment Board No.17, B.E.2543 —

Noise Level of Annoyance data

Sound insulating material
7

N

4
Selecting
material

Single-leaf Partition data ~——

Theory / Knowledge of noise control

The selected material data The selected material data

Generate
Report

Noise Level of Annoyance data
Conditions for selecting material

The selected material report

Beginning Nuisance Data report

\A4 Y Y

Sound Measuring Official (User)

Figure 4-9 The Data Flow Diagram (DFD Level 0) of the new operation system
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Process 3: Calculate Noise Level of Annoyance - this process
operated about the calculating of the Sound Measuring Data which received from
Process 2 through the calculating methodology that was authorized under the
Notification of the Pollution Control Department and Notification of the National
Environment Board No.17, B.E.2543 (2000). Result from this process was the Noise
Level of Annoyance data that would be brought to use for the consideration on the
selecting material process (Process 4) and utilized by the Sound Measuring Official.

Process 4: Selecting material - this process operated about the
selecting material by using the Noise Level of Annoyance data from Process 3, Theory
/ knowledge of noise control data and Single-leaf Partition data. Result from this
process was the selected material data that was brought to use for prescribing the
method of abatement of such nuisance or the method of prevention of future
nuisances, to specify such method in the order.

Process 5: Generate Report — There were 2 reports that was
generated from this process, consisting of the selected materials report and the
Beginning Nuisance Data report. These reports were utilized in the noise control

operation of the Sound Measuring Official.

The Data Flow Diagrams as shown in Figure 4-10 to 4-16 were
created to illustrate the characteristics of interactions between areas in and out of the

environmental system.

District office Petitioner

Beginning Nuisance Data

1.2

o ) Verify
Beginning Nuisance Data Beginning
Nuisance P
Beginning nuisance data Data

11 13

Beginning Nuisance Data
Beginning nuisance data

Receive (Edited) ~ Record
Beginning > Beginning
Nuisance Nuisance

Beginning Nuisance Data (Searched)

|

Data Data

Figure 4-10 The New Data Flow Diagram (DFD Level 1) of process 1



Fac. of Grad. Studies, Mahidol Univ. M.Sc.(Inf. Man. on Env. and Res.) / 85

According to Figure 4-10, Process 1 could be divided into 3 sub-

processes:
Process 1.1: Receive the Beginning Nuisance Data — this process

would receive the Beginning Nuisance Data from the petitioner and the District Office.

Process 1.2: Verify Beginning Nuisance Data — the Beginning

Nuisance Data (from Process 1.1) would be verified by using the record from
Beginning Nuisance Data files. Details of this process would be illustrated in the DFD

(Level 2) (Figure 4-11).

Process 1.3: Record the Beginning Nuisance Data — the Beginning
Nuisance Data (Edited) would be recorded to the Beginning Nuisance Data file for

generating the Beginning Nuisance Data report and record-keeping for monitoring in

the future.

| Beginning Nuisance Data
Beginning Nuisance Data

1.2.2
Edit
Beginning
Nuisance
Data

Beginning nuisance data (Searched) ~——— >

121

:

Search
Eli\legilnr;]lng Beginning nuisance data (Searched)
uisance Beginning Nuisance Data
(Edited)

Data

|

Figure 4-11 The New Data Flow Diagram (DFD Level 2) of process 1.2

According to Figure 4-11, Process 2 could be divided into 2 sub-

processes:

Process 1.2.1: Search Beginning Nuisance Data — the Beginning
Nuisance Data (from Process 1.1) would be searched from Beginning Nuisance Data

files. Result from this process was the Beginning Nuisance Data (Searched) that was

brought to use in Process 1.2.2 and / or Process 3.
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Process 1.2.2: Edit Beginning Nuisance Data — this process would
operate about the edition of the Beginning Nuisance Data (Searched) from Process
1.2.1. Result from this process was the Beginning Nuisance Data (Edited) that was

brought to use in Process 1.3.

Beginning nuisance data
(Searched)

<— Notification of the Pollution Control Department —_—
2.1
Measure
Sound
Measuring Data

(P)

Laws /Standard

———  Sound Measuring Data (P)

Petitioner Data

Petitioner

Sound Measuring Data (B)

2.3

2.2

4 Record
[ Measure Sound
Sound Measuring
The business establishment Data Measuring Data Data

(B)

Sound Measuring Data (P) Sound Measuring Data (B)
The business establishment i, l,

Figure 4-12 The New Data Flow Diagram (DFD Level 1) of process 2

In Process 2, the Beginning Nuisance Data (Searched) from Process 1
would be used for supplementing the operation in this process. This process would be
authorized under the Notification of the Pollution Control Department and it could be

divided into 3 sub-processes as illustrated in Figure 4-12 as following.

Process 2.1: Measure the Sound Measuring Data (P) — Sound
Measuring Official went to measure sound at the petitioner dwelling.

Process 2.2: Measure the Sound Measuring Data (B) — Sound
Measuring Official went to measure sound at the business establishment.

Process 2.3: Record the Sound Measuring Data — the Sound Measuring
Data (P) and the Sound Measuring Data (B) were recorded by official for using in

Process 3.
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In process 3, the Sound Measuring Data which received from
Process 2 would be used for calculating Noise Level of Annoyance. This operation

could be divided into 8 sub-processes (Figure 4-13):

Process 3.1: Summarize all data — summarized the Sound Measuring
Data from Process 2 consisting of Sound Measuring Data (P) and Sound Measuring Data

(B), for bringing to use in the next process.

Sound Measuring Data (P) ~ Sound Measuring Data (B)

3.2 Background Noise Level
| Check
Characteristics Laeq, 1.br

Summarized data

Notification of
the Pollution Control Department

|
Laws / Standard: 1

38

of Summarized |
data I—Aeq, smin T 3 dbA
I—Aeq, 5 min (10 pm - 6am)

3.3
Calculate
by +3 dBA

Summarize
all data

<5 LAeq, Ti

34
Calculate

LAeq, 5min
+3dBA

35
Calculate

L
Aed, Thy Lacq 5min + 6 ABA

(10 pm - 6am)
I—Aeu. 1hr

characteristics

3.7
Calculate

by
+5 dBA

of noise

< ——  Laeq, 16r (IMp. Noise)

Laeg, 5min + 3 dBA (Imp. Noise)

<«——— Laeg, 5min (10 pm - 6am) + 6 dBA (Imp. Noise)

3.8
Calculate

Laeg, 1nr (Imp. Noise) +5 dBA ——> < Laegihr

L peq, 5 min+ 8 dBA (Imp. Noise.) Laeg 5min + 3 dBA

Noise Level of

— Laeqg 5min (10 pm - 6am) + 11 dBA (Imp. Noise) > <— Lpegsmin + 6dBA —

(10 pm - 6am)

Annoyance
— Notification of the National Environment Board ——>

No.17, B.E.2543 (2000)
r Noise Level of Annoyance

Noise Level of Annoyance

Laws / Standard: 2 Beginning Nuisance Data

Sound Measuring Official

Figure 4-13 The New Data Flow Diagram (DFD Level 1) of process 3
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Process 3.2: Check characteristics of Sound Pressure Level — Sound
Measuring Official would check the characteristics of Sound Pressure Level for selecting
methodology to calculate the Noise Level of Annoyance and prepare the Background
Noise Level data to use in Process 3.8. There were 4 operations as follows.

3.2-1 If the characteristics of the Sound Pressure Level from Sound
Measuring Data (P) was Laeg, 5 min @nd / or Laeg, 5 min (10 pm — 6 am) + 3 dBA, it would
operate in process 3.3.

3.2-2 If the characteristics of the Sound Pressure Level from Sound
Measuring Data (P) was Laeg, 7i, it would operate in process 3.4.

3.2-3 If the characteristics of the Sound Pressure Level from Sound
Measuring Data (P) was Laeg, Tm, it would operate in process 3.5.

3.2-4 If the characteristics of the Sound Pressure Level from Sound

Measuring Data (P) was Laeg, 1 nr , it Would operate in process 3.6.

Process 3.3: Calculate by + 3 dBA - calculated the Sound
Pressure Level (Laeg, 5 min OF Laeg, 5 min (10 pm — 6 am) + 3 dBA) by adding 3 decibels

values. Results from this process would be bring to use in Process 3.6.

Process 3.4: Calculate Laeq, T m — calculated the Sound Pressure
Level (Laeqg, i) bY Laeg, T m €quation (Appendix A). Results from this process would

be brought to use in Process 3.5.

Process 3.5: Calculate Laeq, 1+ — calculated the Sound Pressure
Level (Laeg, Tm) BY Laeg, 7 €quation (Appendix A), Results from this process would

be brought to use in Process 3.6.

Process 3.6: Check characteristics of noise — the Sound Measuring
Official would check the characteristics of noise from the Sound Measuring Data (from
Process 3.2 or 3.3 or 3.5) for calculating the Noise Level of Annoyance. There were 2
operations for operating as follows.

3.6-1 If the characteristics of noise from Process 3.2 or 3.3 or 3.5

was the impact noise, it would operate in process 3.7.
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3.6-2 If the characteristics of noise from Process 3.2 or 3.3 or 3.5

was the non-impact noise, it would operate in process 3.8.

Process 3.7: Calculate by + 5 dBA - calculated the Sound Pressure
Level (impact noise) from Process 3.2 or 3.3 or 3.5 by adding 5 decibels values to the
Sound Pressure Level. The result of this process would be brought to use in

Process 3.8.

Process 3.8: Calculate the Noise Level of Annoyance — calculated
the Noise Level of Annoyance by bringing the Sound Pressure Level from Process 3.6-2
(non-impact noise) or 3.7 (impact noise) minus with the Background Noise Level, then

received the Noise Level of Annoyance for bringing to use in the next process.

In process 4, the conditions for selecting material and the Noise Level
of Annoyance would be put in by the official for calculating rate and weight to support
the selecting of material. This operation was shown in Process 4.1 (Figure 4-14) as
follows.

Process 4.1: Calculate for selecting material — used the mathematical
model that was developed by Rate and Weight Method (Linear Additive Scoring Rule)
to calculate all data which consisted of the conditions for selecting material, the Noise
Level of Annoyance and the Single-leaf Partitions data. Details of this process would be
illustrated in the DFD (Level 2).

- . Sound insulating material
Sound Measuring Official

A
l Theory / Knowledge of noise control
Noise Level of Annoyance data I

Rate and Weight Method
(Linear Additive Scoring Rule)

The selected material data —_—>

4.1
Calculate
for
selecting
material

A

— Conditions for selecting material

The selected material data

Figure 4-14 The New Data Flow Diagram (DFD Level 1) of process 4
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According to Figure 4-15, the operations of the mathematical model
that was developed for supporting the information system for selecting Single-leaf

Partition for noise could be divided into 7 sub-processes as follows.

Process 4.1.1: Input rate of the sound frequency — input rating value of
the sound frequency accordance with the conditions for selecting material.

—— Noise Level of Annoyance data —— Sound insulating material

<

Sound Measuring Official

411
Input rate
of
the sound
frequency

Conditions for selecting material Single-leaf partition data

A

Y

And

4.1.2
Input rate of
the
characteristics
of
material

L—  The selected material data

Rate of the sound frequency data

Rate of the characteristics of material —>

4.1.3 4.1.7
Input rate of Calculate

the cons:(ructlon Rate of the construction of material for_
of selecting
material material

4.1.4
Input
weight of
the sound
frequency

Y

Weight of the sound frequency data

4.15
Input weight of
the
characteristics
of
material

Weight of the characteristics of material ——

4.1.6
Input weight of
the construction
of
material

Weight of the construction of material ~————

Y

The selected material data

|

Figure 4-15 The New Data Flow Diagram (DFD Level 2) of process 4.1
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Process 4.1.2: Input rate of the characteristics of material — input
rating value of the characteristics of material accordance with the conditions for selecting
material.

Process 4.1.3: Input rate of the constructions of material — input rating
value of the constructions of material accordance with the conditions for selecting
material.

Process 4.1.4: Input weight of the sound frequency — input weighting
value of the sound frequency accordance with the conditions for selecting material.

Process 4.1.5: Input weight of the characteristics of material — input
weighting value of the characteristics of material accordance with the conditions for
selecting material.

Process 4.1.6: Input weight of the constructions of material — input
weighting value of the constructions of material accordance with the conditions for
selecting material.

Process 4.1.7: Calculate for selecting material — calculated the values
from Process 3.2.1 to 3.2.6 by the mathematical model. The result from this process was
the selected material data that was sent to the Official and brought to use in Process 5,
respectively.

In Process 5 (Figure 4-16), the Beginning Nuisance Data from file
and the selecting material data from Process 4 would be brought to use for generating

reports for utilizing by official.

Beginning Nuisance Data

5.1
Generate
Beginning
Nuisance Data
Report

\\ Beginning Nuisance Data

The selected material data

Beginning Nuisance Data report

}

The selected material report —> Sound Measuring Official (User)

5.2
Generate
the selected
material
report

Figure 4-16 The Current Data Flow Diagram (DFD Level 1) of process 5
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Process 5.1: Generate Beginning Nuisance Data report — the
Beginning Nuisance Data from file would be brought to use for generating the

Beginning Nuisance Data report.
Process 5.2: Generate the selected material report — the selecting
material data from Process 4 would be brought to use for generating the selected material

report.

4.3 Design phase

4.3.1 Database Design

District Office

A 4

Petitioner

A

Business establishment

Material - Conduction

Figure 4-17 Entity-Relationship Diagram
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Tables before dissolve

1. E_Agency (Ag_id, Ag_name)

2. E_License (Lic_id, Lic_name, Lic_no, Lic_book, Lic_type)

3. E_ Business establishment (Be_id, Be_name, Be_add, Be_type, Be_own,
Be_owntel, Be_work, Be_hp, Be_labor)

4. E_Beginning Nuisance Data (Bnd_id, Bnd_from, Bnd_date, Bnd_map,

Bnd_officer, Bnd_cause, Bnd_result, Bnd_slvl, Bnd_bglvl, Bnd_anlvl)

E_District Office (Do_id, Do_name)

E_ Petitioner (Pet_id, Pet_name, Pet_add, Pet_tel)

W_Conduction (Bnd_id, Con_id, Con_detail)

E Material (Mat_id, Mat_name, Mat character, Mat_construct, Mat_unit,

Mat_price, Mat_size, Mat_pic, Mat 125, Mat 250, Mat 500, Mat 1000,

Mat_2000, Mat_4000)

9. R_Ag_Li(Ag_id, Lic_id)

10. R_Li_Be (Be_id, Lic_id)

11. R_Do Be (Do _id, Be_id)

12. R_Do_Bn (Do_id, Bnd_id)

13. R_Bn_Be (Bnd_id, Be_id)

14. R_Pe Bn (Pe_id, Bnd_id)

15. R_Bn_Con (Bnd_id, Con_id, Bnd_id)

© N o O

Tables after dissolve

1. E_Agency (Ag_id, Ag_name)

2. E_License (Lic_id, Lic_name, Lic_no, Lic_book, Lic_type, Be_id, Ag_id)

3. E_ Business establishment (Be_id, Be_name, Be_add, Be_type, Be_own,
Be_owntel, Be_work, Be_hp, Be_labor, Do _id)

4. E_Beginning Nuisance Data (Bnd_id, Bnd_from, Bnd date, Bnd_map,
Bnd_officer, Bnd_cause, Bnd result, Bnd_slvl, Bnd_bglvl, Bnd_anlvl, Do _id,
Be_id, Pe_id)

5. E_District Office (Do_id, Do_name)
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6. E_ Petitioner (Pet_id, Pet_name, Pet_add, Pet_tel)

7. E_Conduction (Bnd_id, Con_id, Con_detail)

8. E_Material (Mat_id, Mat_name, Mat_character, Mat_construct, Mat_unit,
Mat_price, Mat_size, Mat_pic, Mat 125, Mat 250, Mat 500, Mat 1000,
Mat_2000, Mat_4000)

FD-Diagram

1. E_Agency (Ag_id, Ag_name) is BCNF

Ad name

\ 4

Ag_id

2. E_License (Lic_id, Lic_name, Lic_no, Lic_book, Lic _type, Be id, Ag_id) is
BCNF

\ 4

Lic name

\ 4

Lic no

Lic book

A 4

A 4

Lic_id Lic_type

A 4

Be id

Aa id

A 4
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3. E_ Business establishment (Be_id, Be_name, Be_add, Be_type, Be_own,
Be_owntel, Be_work, Be_hp, Be_labor, Do _id) is BCNF

A 4

Be name

A 4

Be add

Be_type

A 4

A 4

Be own

Be id

A 4

Be owntel

Be work

\ 4

A 4

Be hp

Be labor

\ 4

Do id

A 4

4. E_Beginning Nuisance Data (Bnd_id, Bnd _from, Bnd date, Bnd_map,
Bnd_officer, Bnd_cause, Bnd_result, Bnd_slvl, Bnd_bglvl, Bnd_anlvl, Do_id,
Be_id, Pe_id) is BCNF
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\ 4

Bnd from

\ 4

\ 4

Bnd date

Bnd map

A 4

Bnd officer

A 4

Bnd cause

Bnd_id

A 4

Bnd result

A 4

Bnd slvl

v

Bnd balvl

A 4

Bnd anlvl

A 4

Do id

A 4

Be id

5. E_District Office (Do_id, Do_name) is BCNF

Do id

A 4

Pe id

A 4

Do name

6. E_ Petitioner (Pet_id, Pet_name, Pet_add, Pet_tel) is BCNF

Pet id

\ 4

Pet name

A 4

Pet add

\ 4

Pet tel

Results / 96
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7. E_Conduction (Bnd_id, Con_id, Con_detail) is BCNF

Bnd_id

Con detail

A 4

Con_id

8. E_Material (Mat_id, Mat_name, Mat_character, Mat construct, Mat_unit,
Mat_price, Mat_size, Mat_pic, Mat_125, Mat 250, Mat 500, Mat 1000,
Mat_2000, Mat_4000) is BCNF

A 4

Mat name

A 4

Mat character

A 4

Mat construct

A 4

Mat unit

A 4

Mat price

A 4

Mat size

A 4

Mat _id Mat pic

A 4

Mat 125

> Mat 250

A 4

Mat 500

\ 4

Mat 1000

\ 4

Mat 2000

\ 4

Mat 4000
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4.3.2 Operation system design

Results / 98

The operation system design of the information for selecting

Single-leaf Partition for noise control used Microsoft Visual Basic.Net to develop and

debug the software. The following hierarchy diagram showed all of menus that were

available in program.

Information System

A

Login

\ 4 A 4 \ 4 A 4 \ 4

Master Related Nuisance Calculating Exit
Data Data Data Data
Figure 4-18 Structure of Main Menu
Master Data
A A A
Business Petitioner Material
establishment data data data

—  Adding data —  Adding data Adding data
— Updating data — Updating data Updating data

— Deleting data

— Searching data

— Deleting data

— Searching data

Figure 4-19 Structure of Master Data Menu

Deleting data

Searching data
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A

\ 4

Business
establishment data

\ 4

Petitioner
data

Material
data

I

Searching data

Searching data

Figure 4-20 Structure of Related Data Menu

Nuisance Data

Searching data

A

A 4

Beginning Nuisance Data Noise Level of Annoyance
\ 4 \ 4
Enter data Enter data
—  Adding data —  Adding data
— Updating data — Updating data
— Deleting data — Deleting data

Searching data

The

Beginning Nuisance Data report

Figure 4-21 Structure of Nuisance Data Menu
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Calculating
\ 4 \ 4
The selected material data Noise Level of Annoyance
\ 4 \ 4
Calculate accordance with the Calculate accordance with the
rating and weighting model mathematical model from Law
\ 4 v
Enter the conditions data Enter the data
— Sound frequency level — Background Noise Level
— Constructions of material — Characteristics of noise
— Characteristics of material —  Sound Pressure Level
— Reducing noise Level (efficiency) — Measuring period

— Weight of Characteristics of material

—  Weight of Construction of material

— Weight of Reducing noise Level (efficiency)

— The selected material data report

Figure 4-22 Structure of Calculating Menu

4.4 Implementation (I) phase

4.4.1 Building
As referring in chapter 3, Microsoft Visual Basic.NET was used as a
development tool and linked to the database created by Microsoft SQL Server 2000.
Crystal Report Decision was used for reporting creation.
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The result of the development using Microsoft Visual Basic.NET
and Crystal Report Decision was shown in Appendix D (User Manual). In part of the
database development using Microsoft SQL Server 2000, showed theirs relationship of

relations linking in the development process in Figure 4-23.

Be Bnd Conduct
7 |Be_id gl [ endid b e ¥ |Cond_id
Be_name | Bnd_From T |Bnd_id
Be_add Brid_date Card_detail
Be_tvpe Brid_rmap
Be_wark Brid_cause
Ee_hp Brd_afficer
Be_labar Brd_result
Be_tel Pet Bnd_shl Material
Be_owin T ) 8nd_bal 2 [t
Be_owntel Pet_name Bnd_anlv| | Mak_name
Pet_add Be_id " |Mat_charac
Pet_tel Pet_id " |Mat_constr
Do_id T | Mat_unit
| Mat_size
T |Mak_prire
Licence = &8 T |Mat_tzs
F|tic_id | Mat_250
Lic_name ~IMak S00
Lic_type | Mat_o00
Lic_no IMak 2000
Lic_book Agency o ™ Mar 4000
8ed I XANEY :?lbﬂud g
Ag_id - Aq_nare . |Do_name —

Figure 4-23 The typical relation linking created by Microsoft SQL Server 2000

4.4.2 Testing
The result from the system testing could be divided into 3 levels as
follows;

1) Program testing — after the researcher had tested each
parts of program by the sample data, the accuracy of programming and result from each
parts of program were satisfied.

2) Subsystem testing — the data linked between each parts
of subsystem and the results from each subsystems were satisfied.

3) System testing — researcher had verified all operations
of the system to find out the problems and all of errors. Then it was improved until the
complete system could be used for monitoring, planning and proceeding noise control
with the accurate, rapid and efficient performance in practice.
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4.5 Prototype phase

In this phase, researcher had developed prototype from previous
phase to the user (the government officials of the Environmental Health Division
(Bangkok Metropolitan Administration)) for actual conducting.

The user had supported to verify the fault of system to researcher,
for correcting the prototype once again according to the recommendation informed by
user. These were done until the user had accepted the developed prototype as a new

system.

4.6 Implementation (11) phase

4.6.1 Installation
The researcher had installed the information system for selecting
Single-leaf Partition for noise control to the Environmental Health Division (Bangkok
Metropolitan Administration) for actual conducting by user that was brought about to

the evaluation result of user.

4.6.2 Evaluation
The evaluation result of the information system for selecting Single-
leaf Partition for noise control was gained by questionnaires and analyzing based on
mean of data in each question. This evaluation was divided into 5 levels: most
sufficient, much, moderate, less and least (as see the questionnaire on Appendix B).
The results could be divided according to the groups of the

evaluation person into 3 groups as the following.

1) Expert of the information system development
The selected experts were Lect. Kamolpun Punpuing and
Asst. Prof. Sarunya Sucharitakul. They were female and their education was master

degree.
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They had discussed that the accuracy of the design system phase,
the DFD, and the E_R Diagram were in much level. The optimizing of the system
development tools was in high level. The optimizing of the normalization and the
testing data were medium level. And the completion of the system design was in

medium level.

2) Expert of the noise pollution control

The selected experts were Mr. Phitoon Ngammuk and Asst. Prof.
Auemphorn Mutchimwong. They were 1 male and 1 female and their education
was master degree.

They had discussed that the accuracy of data, the data analyzing
methodology, and the data conclusion were in max level. The optimizing of the

data display was in max level. And the completion of data was in max level.

3) User

The selected user was Mr. Phitoon Ngammuk. He was the
government official of the Environmental Health Division (Bangkok Metropolitan
Administration) who had responsibility for the nuisance control management.

He had discussed that the accuracy of the system processing was
in max level. The convenience in data entering, system installation, data editing
and data searching were in max level. The optimizing of the data display and the
user manual were in max level. The completion of the nuisance control data was in
max level. The advantage of the system utility was in max level. And the opinion

of user for the system operation was in max level.

4.6.3 Training
The knowledge and maintenance methodology about the new
system for the government officials of the Environmental Health Division (Bangkok
Metropolitan Administration) were conducted by creating the manual which explained
methodology for managing the information system for selecting single-leaf partition

for noise control.
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CHAPTER V
CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions

The information system for selecting single-leaf partition for noise control was
developed for the operation of the government officials of the Environmental Health
Division (Bangkok Metropolitan Administration).

The methodology of the system development was developed following the
steps of the Prototyping development methodology. The details of each steps
consisting of planning phase, analysis phase, design phase, implementation (1) phase,
prototyping phase, implementation (I11) phase were described and brought to use for
specifying the research methodology in chapter Il and chapter 111, respectively. The
research methodology had been preceded in chapter 1V to know the existing problems
of the current operation system. This was for using to develop new system according
to the user requirement.

The results of this study showed the information system for selecting single-
leaf partition for noise control which was designed and developed for searching,
editing, adding, deleting, calculating and processing data via designed menu. These
results were concluded as the following:

1. Database — After database analysis and design was done by using E_ R
(Entity Relationship) model and the normalization as tools, database was completely
utilized for managing the relevant data of the information system for selecting single-
leaf partition for noise control. Microsoft SQL Server 2000 was used as a database
management tool. It could create, alter, delete the relation and also handle in both
fields and key declaration.

2. Application — The application of the information system for selecting
single-leaf partition for noise control was developed by using the various tools;
Microsoft Visual Basic.NET, Crystal Report Decision and Microsoft SQL Server 2000.
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These were used in the creation of the user interface menu, input form, output form,
processing procedure including with the generating of reports. The utility of this
application was completely operated by the information system for selecting single-
leaf partition for noise control as well as the user requirement.

3. Evaluation — Two experts on the information system evaluated the system
in the category of the high level. Two experts on noise pollution control scored the
performance of the system as the max level. A user rated the system in the range of the
max level.

4. Application handbook - Details of the application handbook were shown in

Appendix D.

5.2 Limitations and Recommendations

1. This system was developed on stand-alone desktop, so in the future it
should be further developed on network system and used the client-server technology.

2. The sound insulation materials data (Single-leaf partition) were limited
because there was no laboratory for testing the efficiency of sound insulation materials
(Single-leaf partition) in Thailand.

3. In the future, the scope of the systems should be expanded to develop and
cover all of processes of the nuisance of noise management.

4. Due to the monitoring process on the nuisance of noise management, the
database of system should be added with the sound measuring data of the business
establishment and the petitioner.

5. Rating and weighting data of the relevant factors on the selecting single-
leaf partition that were entered to the mathematical model, should be developed for the
standard methodology of calculating with the same direction for the accuracy of the

calculating.
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APPENDIX A

LAW AND STANDARD OF NOISE CONTROL
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APPENDIX C

RATING AND WEIGHTING RULES
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APPENDIX D
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