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Abstract

This paper demonstrates the procedure for development of a support system to protect cultural heritage
from flood risk (PCH) plug-in tools in SketchUp that supports planners and designers in developing satisfactory
design solutions in the conceptual design integrated with urban management and local neighborhood. As well
as the outline of the support system, the results of system use the mapping for flood risk protection and
urban cultural heritage in Ayutthaya. In this stage, two approaches are presented including an urban scale and
local neighborhood scale which were mapping of cultural heritage distributions damage sites and neighborhood
map making. To support decision maker and local people to identify more policies necessary for better living
safety and awareness, protection of cultural heritage. A holistic view based on integrated flood risk assessment
and cultural methods for establish a support system for the integration of spatial information from decision

maker of flood risk and cultural heritage planning for multi-scale spatial planning is further.
unAata

Uﬂﬂawuﬁua@aﬁaﬁu@auluﬂwsﬁ@nrnxuuaﬁﬂa%urﬁaﬂaaﬁuﬂawuL%ﬂoQWﬂﬁwﬁawmaauiﬂﬂﬂwaimuﬁiiu

o A oA & a & o A o o o o @ A A9 o
(PCH)I@wauwwnaauaﬂaﬂaulummmaWﬂauuaguaWWiuuﬂTmuwuLm:uﬂaaﬂuuu%nnswmnmwwmaaﬂﬂlw
luﬂwsaanuuumaa@aunnsaaﬂuuuuuaﬁ@ginmnﬁiﬁuﬂ15ﬁhﬂTnﬁaa WRZAWN LT AURZLINTY 1WA ITY
malnm@maai:uuaﬁhMﬁp$@aa@auwamaaﬂTﬂﬁﬁzuuluﬂWiﬁwuwuﬁé1%%rﬂ15ﬂaaﬁuﬂawwLﬁﬂaﬁﬁﬁauLm:ui@ﬂ
ﬂﬂWﬁmuﬁﬁﬁwmadLﬁQGQQﬁﬂﬂ A awih a9 NITHITIINNITLAULTDY wazTeduazwIniiin laynisdaniy
ﬁaQaﬁﬁuﬂﬂqmaaui@ﬂ$muﬁ55uﬁ1ﬁ§UﬂawuLﬁuwwm ua:uwuﬁs:ﬁua:uaﬂﬁﬁuyﬁaaﬁﬂawunwsﬁhﬁuﬂamaaﬁ
a o o a A vAA o o A A ° Ao A o An Aadf
uiﬂwslui:@uwaanuﬂiaQﬂuawuwaiuﬂwsm@auﬂaﬂazﬂﬁwu@ulﬂuwyﬂaﬁLﬂurwaﬂawuﬂaa@nmmadmu@ﬂ@mu
WAzMITUS ﬂﬂiﬁuﬂiaaui@ﬂﬂwaimuﬁsiuguuaauuuaaﬁ%aulnyﬁugwumaaﬂWiﬂazLﬁuﬂuwuL%yaﬁwﬁauuuu
UIInIg ua:ﬁﬁﬂﬁiﬂﬂaimuﬁﬁiuvﬁaa?ms:uuaﬁrawuéwm?un13gsanﬂwsﬁagaL%aﬁuﬁaﬁﬂnﬂiﬁhaulamaq

ANMULTLIUIYIIN UAZMNTIIUNUNTANNSTAUSTTUARTUMTNSLEB SR U lunans 9 Hdvasswaiuidely

W. Daungthima and K. Hokao

123



o

Keywords (@1d1a7y)
Cultural Heritage (430N7N197@IKEITY)

Decision Making Process (n3zuiumIdaaula)
Flood Risk (A1NNLE899INUIYIIN)

124 | UARS 12(1). 2015



1. Introduction

In the past, catastrophic damage to life and
property are many. Urban floods are increasing world-
wide and are likely to become even more damaging
in future due to climate change (The World Bank, 2012,
pp. 10-13).

Thailand is regarded as highly vulnerable to
natural disasters caused by hydro-meteorological
phenomena (floods, landslides, storms, droughts, etc.),
shown Thailand Disaster Statistics, Natural Disaster
from 1980 - 2010 (The United Nations office for
Disaster Risk Reduction, 2013). Disaster had deterio-
rating by natural disasters and urban flood studies
in the city and cultural heritage sites (CHS).

An effective and efficient knowledge support
system is crucial for flood risk and cultural heritage
(PCH) design process, as it has become a major
design and planning issue in the last decade with
the natural disaster. There are a limited number of
Computer Aided Design (CAD) investigations on the
nature of knowledge processing that supports the
cognitive activities of flood risk and cultural heritage
design process.

A suitable knowledge support system is also
crucial for designing better built environments. In the
last decade, the concept of universal design, which
means creating products, environments and systems
for all ages, abilities and sizes, has become a major
design issue (Afacan & Demirkan, 2011, pp. 530-541).
In Ayutthaya, there are currently three major challenges
for flood risk and cultural heritage:

1) Information was difficult to understand and
lack of engagement: The plan of the decision making
project is usually presented using two-dimensional
(2D) drawings. This form of presentation makes it
very difficult to imagine being in the real level of flood
or effect by flood of cultural heritage. There is no
support system tool for decision making to propose
inside the planning and view the scenes from their

preferred perspectives.

(2) Lack of appropriate management: in the
planning and implementation process, the appropriate
management is crucial. Firstly, Integration knowledge
from specialist (urban planner, urban designer, architects
and engineers) with their plan and can contribute
transfer of powerful experience to decision makers
or local people for verify their results.

(3) Lack of information transfer of powerful
experience: results for decision making usually involve
complex specialist analysis, figures and geometric
information. These can impede local people partici-
pants, who may not be experts, from understanding
the contents and objectives thoroughly. Furthermore,
most flood risk protection involve multi-dimensional
information, such as the presentation of water levels
or water depths in different flood return-periods on
map. The communication may not be fully effective
if the presenters can only present the information on
statistical diagrams, 2D data and through chart (Lai,
Chang, Chan, Kang & Tan, 2011, pp. 201-223).

2. Data and Methodology

The methodology used in this study is repre-
sented schematically in Figure 1. It consists of three
interconnected parts. The first part deals with problem
based on previous flood risk and cultural heritage
solutions, Information was difficult to understand, lack
of appropriate management and lack of information
transfer of powerful experience. The second part deals
with capacity based on urban scale and local neigh-
bourhood scale. The development of urban scale
based on GIS to classify characteristic of urban
morphology types on cultural heritage sites. The
development of local neighbourhood scale based on
Sketch Up, development plug-in tool in SketchUp
name “flood risk and cultural heritage” (PCH) plug-in
tool. The last part output for alternatives of flood risk
and cultural heritage by plug-in tool that supports
designers in developing satisfactory design solutions

in the conceptual design phase, resulting in a quali-
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tative support system for flood protection of cultural
heritage sites. Consequently, most of the data was

collected in the field mapping and field survey.

Information was difficult to understand
Problem Lack of appropriate management
Lack of Information transfer of
powerful experience
CapEeny Scale

* Urban scale
* Local Neighbourhood scale

Learning

Development of a Support System for
Flood Risk and Cultural Heritage

|

J

1 Urban Flood Risk Management on Cultural Heritage

can transfer of powerful experience
and support decision making

Figure 1. Protect Cultural Heritage (PCH) from flood risk

plug-in tool.

2.1 Problem (Analysis) operation as the initial part
of the conceptual design process requires defining a
list of problem information are difficult to understand,
lack of appropriate management and lack of informa-

tion transfer of powerful experience and objectives

Coping

as design specifications (Ozkaya & Akin, 2006, pp.
381-398). Described design specification and devel-
opment as being parallel activities since design act
is a cyclic process, where alternatives are checked
against the initial set of objectives, and the set of
objectives are redefined for the subsequent steps
(Afacan & Demirkan, 2011, pp. 530-541).

2.2 Capacity is the ability of people in community
by using available skills and resources to face and
manage flood. The capacity to cope requires continuing
awareness, resources and good management, safety
building, both in normal times as well as during crises
or adverse conditions in local neighborhood (Shook,
1997, pp. 77-88; Saltbones, 2006, pp. 26-43; Birkmann,
2007, pp. 20-31; Jha, Bloch & Lamond, 2012).

2.3 Output (Synthesis) operation is generating
solution alternative solutions with respect to the
specified requirements defined synthesis as the
moment of externalization and description of an idea
either in the form of a sketch, drawing or model
(Afacan & Demirkan, 2011, pp. 530-541; Roozenburg
& Eekels, 1994)

Adaptive

capacity

capacity

4

- Flood prevention
- Before the event
- Often structural

- Damage limitation
- During the event
- Usually Non-structural

- Community reconstruction
- After the event
- Non-structural

- Building back better
- Long term future
- Structural or Non-structural

4

Threshold
capacity

Recovery
capacity

Figure 2. The four capacities towards increased resilience. (Modified from Robin Bloch et al., 2012)
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3. Results and Discussion

3.1 Flood Risk and Cultural Heritage Knowledge
Processing and Representation

A knowledge based tool should provide a
medium for effective knowledge processing and
expressive knowledge representation (Nalepa, 2010,
pp. 1006-1023). Flood risk and cultural heritage
processing and representation are difficult task. There
is an important number of interacting design elements
that should be considered (Lai et al., 2011, pp. 201-
223). Although the Flood risk and cultural heritage
principles inform urban planner and urban designers
about usable environments, they are not sufficient to
generate promising alternatives. It is usually difficult
to follow. There is no unique parameter that can be
optimized. Rather, there are sets of requirements
regarding each damage type. Moreover, urban planner
and urban designers must determine the relative
importance and implementation order of each require-
ment because it is not possible to satisfy for all of
them equally. Thus, flood risk and cultural heritage
knowledge processing and representation should be
considered in relation to correlation between water
level and damage types.

In this study proposes a knowledge support
system based on previous studies and the application
of Geographic information system (GIS) techniques
for identifying the disaster vulnerability areas, the
result of GIS can be verified with the field survey to
deliver priorities of intervention based on the multi-
variable classification of morphology vulnerability
types and characteristic on cultural heritage sites
assets (Daungthima & Hokao, 2013a, pp. 35-39;
Daungthima & Hokao, 2013b, pp. 739-748). For the
present study, the result of urban morphology illus-
trates the procedure for development of a support
system PCH plug-in tools in Sketch Up that supports
planner and designers in developing satisfactory
design solutions in the conceptual design integrated
with urban scale and local neighborhood scale. As

well as the outline of the support system, the results

of system use the mapping for flood risk protection,
urban cultural heritage and community safety.

The development of support system represen-
tation of multiple knowledge types, it provides a
means for represent of flood risk and cultural heritage
knowledge as a continuous process of urban plan-
ners, urban designer’s cognitive interactions between
problem formulation and solution generation. Although
design activity is generally explained under the
model of problem-capacity-output in literature (Afacan
& Demirkan, 2011, pp. 530-541; Ozkaya & Akin, 2006,
pp. 381-398; Shook, 1997, pp. 77-88; Saltbones, 2006,
pp. 29-43; Birkmann, 2004, pp. 20-31; Jha, Bloch &
Lamond, 2012; Roozenburg & Eekels, 1994; Anant-
suksomsri & Tontisirin, 2013, pp. 1-14)

This study defines flood risk and cultural
heritage representation as an iterative process com-
posed of the three main operations: (1) finding the
essence of the problem (analysis), (2) available skills
and resources to manage flood (capacity), (3) gen-
erating alternative design solution in relation to

problem and capacity (output or synthesis).

3.2 An Experimental System: Protect Cultural
Heritage (PCH) from Flood Risk Plug-in Tool

An experimental system based on is developed

to support system all the above deficiencies of flood
risk and cultural heritage knowledge processing and
representation during problem, capacity and output
operation. The proposed PCH plug-in tool has user
interfaces that facilitate creation, modification and
display of the relevant knowledge. SketchUp 8, three
dimensional (3D) conceptual design software program
in SketchUp. The PCH plug-in tool is activated by
choosing the relevant item from the ‘plug-in’ menu.
Its’ user interface is composed of message boxes,
dialog boxes and web dialogs. Figure 3 Support
scheme of the PCH plug-in tool and data flows among
them throughout problem, capacity and output
operations. The capabilities of these components add
new knowledge processing and representation facilities

to SketchUp that address cognitive challenges of the

W. Daungthima and K. Hokao

127



Information was difficult to understand
Problem ‘ Lack of appropriate management
Lack of Information transfer of
powerful experience
Capacity ‘

Scale

* Urban scale
* Neighbourhood scale

Learning

Development of plug in tool to protect

J

Cultural Heritage from the flood risk Y.

Protect cultural heritage
from the flood risk to-do list

~
‘ The previous flood risk and
cultural heritage solutions
Catalog of the previous solution
- Damage sites
- Water level
ater leve )
Urban scale Local Neighbourhood scale
- Characteristic of The PCH plug-in Tool
morphology property types

on cultural heritage sites. Description

- Cultural heritage damage sites

- Water level

- The space under the building
to allow water to flow through

Based on GIS Based on SketchUp

Based on result from field survey

can transfer of powerful experience
and support decision making

I

Protect Cultural Heritage from the Flood Risk

The alternatives of flood risk and |
Cultural Heritage

Urban scale Neighbourhood scale

- Ch istic of hol - ighbourhood scale, building
property types on cultural same morphology property types
heritage sites map - 3D Scenario

Figure 3. Support scheme of the PCH plug-in tool.

flood risk and cultural heritage process. They are
acting as a key mechanism that supports the digital
information flow from problem to capacity operation

and from capacity operation to output operation.

3.2.1 The Previous Flood Risk and Cultural Heritage

Solutions

The previous flood solution provides informa-
tion to urban planner, urban designer, architects and
engineers about case studies on disaster risk via a
web dialog. The web dialog that interacts with web
via a local filed opens and offers a mechanism to
access both textual and graphic data. For the flood
risk and cultural heritage domain, a case consists of
relevant knowledge from the best PCH solution (damage

sites, water level).

3.2.2 Local Neighborhood Scale

This stage learning to development of a sup-
port system for PCH plug-in tool, the three descrip-
tions: cultural heritage damage sites, water level and
the space under the building to allow water to flow
through. Then, the result from previous studies develop
category and crucial, develop in this stage for urban

scale transfer to local neighborhood scale.
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3.2.3 The Alternative of Protect Cultural Heritage from
Flood Risk

The alternative operation is generating solution
alternative solutions with requirements, local neighbor-
hood and building by 3D scenario before and after
flood. The output of result in this part can contribute
decision making in this neighborhood scale and link
gate to urban morphology types.

Process diagram of the PCH plug-in tool in
SketchUp: start SketchUp program, drawing 3D Sketch-
Up in neighborhood scale and drawing 3D SketchUp
in building scale. The output had 3D in neighborhood
scale and buildings scale before flood. The development
of plug-in tool use ruby editor code allows creating
and modifying ruby scripts directly within sketch
(Schreyer, 2013). Start for develop code of flood risk
and cultural heritage in ruby scripts, code based on
result in previous studies (see Figure 4) and then,
execute code in SketchUp, illustrates an exemplary
dimensional standards interface it show (see Figure
5-7). Then can put water level, space under building
and number of floor of 3D in neighborhood and build-
ing scale. The output show 3D during flood risk;
master plan, elevation and perspective can contribute
for decision making in neighborhood, building scale

and Architecture design measures.



Start program

SketchUp Program
Drawing 3D sketchUp
(Neighbourhood scale)
Drawing 3D sketchUp
(Building scale)

neigl

plug-in tool use
ruby code editor

> 3p¢

OUTPUT

=mmmm==m=am=a-> 3D beforein

hbourhood scale

3D before in building

ultural heritage building

Start Code based on result
Characteristic of urban

Develop code for B i
re op marphology type 3D neighbourhood Can contribute

plug-in taol - Master Plan f
‘ N & decision making in
| Foced sk and culural esitage. —— 3D ood - Elevation
| 2 L & neighbourhood scale
| e — water level? ’| (Flood risk) - Perspective
! H —

Space under buiding?|
{ ; — e | decision making in buildin,
| Develop support system S| 3D buildi 3D building scale,
1 g = {Flood risk) —>_  plan
} - Elevation ¢ Architecture design
s S - Perspective i
Can develop code and detail from data fresult

Figure 4. Process diagram of PCH plug-in tool in SketchUp.
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Figure 5. Support scheme of the PCH plug-in tool shown in SketchUp program.

Code Protect Cultural Heritage.rb

1

2 # With three params , it shows all text boxes:

3 prompts = ["Water level?” , “Space under building?” , “Number of floor"]
4 defaults = [ “Enter water level]” , *", “floor”]

5  input = Ul inputbox prompts, desaults, “Protect Cultural Heritage”

6

7 # With three params, it shows a drop down box for prompts that have
8  # pipe-delimited lists of options. In this case, the Gender prompt

9  #is a drop down instead of a text box.

10 prompts = ["Water level?” , “Space under building?” , “Number of floor”]
11 defaults = [ “Enter water level]” , *, “Number of floor"]

12 list=[",™, "2

13 input = UL inputbox prompts, desaults, list, “Protect Cultural Heritage”
14

Figure 6. Code of PCH plug-in tool.

-

Enter water level

»
Flood nsk and cultural heritage.

Water level?

Space under huilding?| |

MNumber of floor |f|llur |
ok | Cancel |

Figure 7. lllustrates an exemplary dimensional standards

interface.

W. Daungthima and K. Hokao

129



3.3 Communication system in public participation

The communication system between specialist
(urban planner, urban designer, architects and engineers),
decision maker and local people will efficiency and
effectiveness of the consultation tremendously. Local
people consultation is usually presented as a hearing
that in turn will increase public involvement in decision
making. The issues concerning the support system
of flood risk and cultural heritage should be addressed
in decision making process, where local people can
have access to detailed information of result for
implementing the decision.

The conventional communication system shown
in figure 8., the data results separate from urban
planner, urban designer, architects and engineers
were presented to decision makers, usually through
some paper-based medium, experiment data, 2D
images and maps, but this often resulted in lack of
integration with the information. Local people or
decision maker needed to observe information about
flood risk and cultural heritage, perform analysis of
the data, and set the policy for flood protection of
neighborhood. At the same time, they want to get
support for the policy and feedback from the local
people to revise the data and design of flood risk
and cultural heritage. The local people, who are
residents in and around the neighborhood, are
mainly concerned about the safety of flood risk and
properties during floods. Unfortunately, the tradi-
tional communication system always consumed much
time and was stammered with many misunderstand-
ings, which was also somehow contradictory from a
participant’s point of view and sometimes caused
disputations.

They are need ability skill and need integration
knowledge Urban Planner have sufficient in urban
planning knowledge but didn’t have 3D skill, Urban
designer have sufficient in urban design knowledge
but didn’t have urban flood skill, architects have suf-
ficient architecture knowledge but didn’t have urban

flood skill and Engineers have sufficient engineering
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knowledge but didn’t have cultural heritage skill (see
in Figure 9).

Generally, the local people faced difficulties in
imaging the project’s impact and the goals that the
project ultimately would achieve because most of
them had no 3D skill in relation to result of work,
leading to difficulties in understanding plan for deci-
sion making.

To decrease communication gaps, specialist
and decision makers need to explain the result or
design details in language which is easily understood
by local people. A support system for 3D (Lai et al.,
2011, pp. 201-223) with advanced technology showing
both flood risk and cultural heritage information, can
be an ideal solution. Thus, the goal of local people
involvement through user satisfaction with both the
process and outcomes can be attained. The outcomes
3D from PCH plug-in tool can contribute communica-
tion between specialist, local people and decision
maker support in the decision making process.

Figure 10 illustrates a new communication
system that users a support system (PCH) in the
planning and implementation process. Firstly, Integra-
tion knowledge specialist (urban planner, urban
designer, architects and engineers) with their plan
and verify their results. They then present their advice
and provide consultation to the decision maker with
the assistance of a support system (PCH) in hope
obtaining greater decision making, the decision
makers are able to give more concrete responses to
local people queries, and the public can express their
opinions more directly an effectively. Therefore, the
communication system between specialist and local
people is greatly enhanced by using 3D from PCH
plug-in tool to support decision making process
for select a decision making tool, apply to select a
preferred alternative and check the answer to make

sure it solves the problem.



Didn't have Knowledge in Urban planning,
Urban Design, Architecture, Engineering.
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Figure 8. The conventional communication system between
specialist, local people and decision maker (authors’
figure, 2013)
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Figure 9. Integration knowledge between urban planner, urban

designers, architects and engineers.
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Urban Design, Architecture, Engineering.

Have a some part of knowledge
in Urban planning, Urban Design,
Architecture, Engineering .

Local People Responding to urban flood protection activity | Decision maker
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Urban Designer
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Architects
Sufficient Architecture Knowledge

Engineers
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Figure 10. New communication system between specialist,

local people and decision maker.

3.4 Integration with spatial information for support
decision makers on cultural heritage distributions.

In this part, present system to classify urban

and neighborhood scale. The urban scale classifica-
tion of characteristic urban morphology types based
on GIS, for neighborhood scale an experimental
system: the computer-assisted to protect cultural
heritage (PCH) from the flood risk, develop of plug-in
tool for protect cultural heritage from flood risk and
to establish of plug-in tool for the integration of

spatial information data from urban morphology.

Urban Scale
urban morphology o
Classificati ]
factors ——=| Classification g
c
m
o
=
=
=
2
Urban Morphology )
cluster =
m
£
c
°
&
o
Type of 3
GIS based Urban Morphology i
t

- =

&

Integrated E

Local Neighbourhood B

Sketchup
(FRACH) Plug-in tool
- Neighbourhood
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!

Building scale in
Neighbourhood

+ Decision making for neighbourhood scale

* Decision making for building
+ Architecture design measures

Figure 11. Integration spatial Information for Support Decision

Making.

4. Conclusions

This study was to find a more efficient method
to establish a support system for the computer-
assisted PCH plug-in tool. That supports planner and
designers in developing satisfactory design solutions
in the conceptual design phase for urban planner and
urban designer to work on projects in 3D plug-in tool.
The system develop in this work can help the feasi-
bility of decision maker be discussed in more detail
before investments and complicated for flood risk

and cultural heritage planning.
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For 3D manipulation, the system uses Sketch-
Up in local neighborhood and building scale, support
system approach for the computer- PCH concept
generation. Today, Flood risk and cultural heritage
knowledge appears in various sources changing from
technical documents to design representation.
However, PCH applications should provide knowledge
representations that can flexibly adapt to the require-
ments of the urban flood risk protection. Therefore,

develop the PCH plug-in tool in SketchUp that
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