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Abstract

In the process of rapid urban development, as the economy develops and the scope of
the architecture continues to expand, buildings face the serious problem of conservation
and renewal, adapting to contemporary needs has become the direction of development
of architecture. At the same time, as a cultural carrier of the building needs to be
renewed, not only become an important way of sustainable urban development but also
will the creation of architectural renovation design provides an opportunity, this thesis
on the urban renewal of such a social context of the perspective to explore the
renovation design. Urban renewal promotes the renovation and regeneration of existing
buildings. In order to improve the function of existing buildings and match the current
situation of the surrounding area and enhance their value, the content of renovation and

regeneration involves the accurate assessment of the value of existing buildings.

Generally speaking, architects rarely carry out a comprehensive value assessment of a
building before carrying out a renovation design but basically carry out an analysis of
pre-design ideas after obtaining basic data, that is, directly into the design stage. The
primary prerequisite for the renovation design ideas advocated in this thesis is a
comprehensive and accurate value assessment of the building, and the establishment of
an accurate and applicable value evaluation system is also an effective method for
determining the value of the building. This thesis also expresses that when researching
an object, a qualitative analysis of its value composition and characteristics should be
carried out first, on the basis of which an assessment system applicable to the object is
constructed, a quantitative assessment is carried out, and on the basis of this assessment,
recommendations are made for the grading of the research object. Finally, based on the
grading results, the object should be designed for renovation and a more reasonable
renovation plan should be proposed. Due to the complexity of the object of study, four
different cases were chosen to describe the value assessment and renovation design,
without assigning the value assessment and renovation design to a single case. However,
this is sufficient to demonstrate that it is necessary and important to assess the value of

the target before the renovation design is carried out.
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This thesis follows the logical relationship of posing a problem, analyzing the problem,
solving the problem, and drawing a conclusion. Chapter 1 is about the background of
the thesis and the purpose and literature review, the necessity, urgency, and feasibility
of establishing a value evaluation system and renovation design under the perspective
of urban renewal. Chapter 2 is about the value evaluation of a historical ancient village
in China using the entropy weight method, and also the spatial analysis of the village,
which yields the protection level obtained by each building in different locations of the
village, thus giving a reference for renovation design. Chapter 3 combines artificial
intelligence techniques in order to improve the efficiency of conventional value
assessment methods, using GA-BP neural network methods to assess the value of a
Chinese village and then derive the different grades. chapter 4 is a study on the
application of HBIM technology to the renovation design of a church in Italy, mainly
describing how this method has helped the renovation design. Chapter 5 is the
application of TLS technology to the design of a Chinese shop interior renovation
project, expressing how this technology can be integrated into the design and how it
can be updated in real-time, resulting in a collaborative design. Chapter 6 is a summary
of the thesis and a description of the sections that need improvement and continued

research in the future.

Keywords: Value evaluation; Urban regeneration, HBIM; Collaborative design;

Terrestrial laser scanning
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1. INTRODUCTION

1.1. Background of research

Before the 1960s, urban renewal was based on the idea of morphism, with the goal of
purely emphasizing the physical aspect of renewal. After the 1960s, it was found that
large-scale demolition and redevelopment did not solve the problems in the city well,
but also generated many social problems and the disappearance of historical and
cultural features (Versaci, 2016). In 1961 Jacobs Jane, in his book The Life and Death
of Great American Cities, took New York and Chicago as examples, emphasizing the
need for old buildings in cities and the use of pavements, reflecting on the diversity of
cities and the needs of people in cities. In the same year, Lewis Mumford published
The City in History: Its Origins, Its Tranformations and Its Prospects, in which he
argued that commercial urbanism had neglected the space for human activity and
human safety, and that large-scale urban regeneration could destroy the organic
function of cities, arguing that the best way to restore urban vitality was to make people
the objects of service and dependence in planning (Connolly, 2019). In 1975 the
American architect Christopher Alexander's book The Oregon Experiment proposed a
small-scale approach to development and user participation in planning, pointing out
that large-scale urban renewal had destroyed much of the city. It is hoped that future
urban renewal will focus more on preserving the good parts of the urban environment
(Nachmany & Hananel, 2022). Urban regeneration in the 1970s increasingly focused
on the needs and experiences of people, urban history and culture, and the relationship

between social functions (Miatto et al., 2019).

By the 1980s, as economic imbalances became more pronounced and the world entered
a period of economic restructuring, the promotion of regional economic growth became
a major part of urban regeneration. Governments began to work with the wider market,
creating incentives for public investment in the city center and building luxury

entertainment facilities to attract the middle class back to the city center, thus
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stimulating economic growth (Kim et al., 2020). This is when urban regeneration began
to shift from neighborhood redevelopment to property-led redevelopment of older cities
as a result of the participation of the public department. In the 1990s, the concept of
people-centered and sustainable development became increasingly popular, and people
began to realise that urban regeneration did not simply rely on real estate development
to achieve physical improvements and economic recovery, but also to improve the
living environment (Kim et al., 2020). At this time, urban regeneration takes a more
integrated and holistic approach to solving urban problems, making long-term and
sustainable improvements and enhancements to the changing city from social,

economic, physical, and environmental aspects (De Smet & Van Reusel, 2018).

Before the 1970s, urban regeneration research was mainly a critique of urban planning
and construction based on formalism and focused on basic theories, trying to propose
theoretical guidance to solve urban problems, also from the perspective of planning and
sociology, but after the 1970s, the problems caused by traditional regeneration methods
led scholars to think about human needs (F. Chen, 2011). With the changing needs of
urban development, urban regeneration as an important way to restore economic
development and solve social problems, although it has again turned to commercial
development, the research on urban regeneration has also taken more into account
various factors such as social needs, cultural needs, and ecological needs (Dutta et al.,

2007).

It can be seen that renovation design will be an important driver of urban regeneration
and historic building conservation for some time to come. At the same time, strict
conservation plans and a shortage of urban land supply will require cities to regenerate
and renovate areas that are not suitable for future development (Panteli et al., 2020). In
the process of renovation, areas in decline are systematically renewed by means of
demolition, alteration, and restoration to improve the physical and social environment
of the inhabitants and to inject new vitality into the decaying areas, thus ensuring
balanced urban development and promoting the overall economic improvement of the

city (Giordano et al., 2018). In order to improve the quality of new buildings, it is
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necessary to maximize the value of all aspects of the renovation, and it is particularly
important to assess the value of the renovation design in a scientific and rational way,
so as to analyze and summarise the shortcomings of the renovation work and provide
reference and rationalization suggestions for future renovation design (Vodopivec et al.,
2014). In this context, a comprehensive and holistic approach to the evaluation of the
value of renovation design from the perspective of urban regeneration, not only focuses
on the technical methods of improving the physical and spatial form of the renovation
process, but also takes into account comprehensive sustainable development, will not
only help to promote the orderly implementation of renovation and the development of
the urban economy, but also contribute to the progress of the architectural design

industry (Geng et al., 2020).

The rapid development of science and technology has further pushed the world into the
Industry 4.0 era, where industry is more closely integrated with information technology
such as big data, the internet and artificial intelligence, and production is becoming
more intelligent, with cities becoming less dependent on traditional technology (Lekan
et al., 2021). Retention or demolition has long been a focus of urban regeneration, and
the previous approach of knocking down and rebuilding has destroyed a large number
of valuable buildings, resulting in economic losses and the loss of urban character.
Currently, urban regeneration is paying more and more attention to the preservation of
architectural culture, and the increased emphasis on building renovation design has
placed higher demands on the technology involved in urban regeneration, with
renovation design beginning to be based on conservation levels (C. S. Tang &
Veelenturf, 2019). The role played by the design of architectural renovation is
increasingly involved in driving urban regeneration. The continuation of architectural
civilisation actively explores how to revitalise existing buildings, improve urban

functions and achieve urban regeneration.
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1.2. Purpose of research

Based on the above background thoughts, this thesis presents a value assessment and
renovation design study of different cases from an architectural design perspective
under the perspective of urban regeneration. The core ideas of urban regeneration
theory are invoked, which does not stop at beautification and redevelopment at the level
of physical space, but is linked to the overall positioning of the city and industrial
transformation and upgrading to further extend urban function renewal. The core ideas
such as the historical and cultural values of the city are unearthed, which is an important
guide for the planning and design of the buildings after renovation. Starting from the
common values of the buildings, the value of different building types is analysed, an
evaluation system is constructed to determine the different levels of conservation, and
the mode of renewal under different levels of conservation is explored. Through the

analysis of this thesis, the following purposes are expected to be achieved:

® The design of a value assessment system is based on the characteristics of different
projects, quantifying the level of conservation or renovation and identifying the value
factors that influence the character of the building after the value assessment. The
different levels allow for a more accurate proposal for the renovation and conservation

of the building.

® Through the application of GA-BP neural network in value assessment in the thesis,
hopefully it will bring more ideas to scholars, so as to gradually apply artificial
intelligence technology in value assessment as well as renovation design, and explore
more development possibilities of artificial intelligence technology in architectural

design and heritage conservation.

® The use of 3D scanning technology in renovation design allows for a more accurate
representation of design ideas. Explore more innovative collaborative design, which
means that data can be obtained at different stages of the project before and during
construction by using 3D scanning technology, which can then be modified and

adjusted to form a collaborative design system that is updated in real time.
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® [t is expected that this thesis will inspire the exploration of more new technologies
in architecture, such as VR, AR, MR, and the metaverse. Research into Al algorithms
to generate architectural designs that gradually deeply from building surface, form,
urban context, and internal function to urban design. To be used as much as possible in

practical projects to inspire and increase the efficiency of architects.
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1.3. Framework of research

This thesis discusses the value assessment and renovation design in the background of
urban regeneration using four different case studies, in which the different effects of
the different methods on them are explored. The two chapters in the value assessment
section are described using the entropy weight method and the GA-BP neural network
method respectively. The entropy weight method is able to assign more accurate weight
values to the research objects from an objective point of view. However, when the
number of research objects is large, the entropy weight method is less efficient, so in
order to improve efficiency, this thesis incorporates an artificial intelligence approach.
The GA-BP neural network technique is used to calculate the research objects, which
can increase efficiency to a large extent and has a high accuracy based on the results of
the number of iterations. The two chapters in the renovation design section illustrate
the use of HBIM for historic buildings and the use of TLS technology for the
collaborative design of interior space renovation. HBIM technology is able to
accurately represent the data information of historic buildings and to form BIM systems
quickly and accurately, thus facilitating the renovation design of the study object.
However, due to the less-than-ideal results of the presented case study, this thesis uses
a case study of interior space renovation to express this concept more clearly.
Combining TLS technology with spatial design and renovation design to form a
collaborative design system. This allows the user to control and adjust the project before
and during construction, thus making the final result more desirable and accurate.
Finally, a summary of value assessment and renovation design is presented, advocating
the need to assess the value of the research object before undertaking renovation design,

so that the design outcome obtained is more reasonable.

Therefore, the research framework of this thesis is Chapter 1, which describes the
background and purpose of the thesis; Chapter 2, which introduces the application of

the entropy method in value assessment; Chapter 3, which introduces the application of

Lu Xu, 2022 6



Universita degli Studi di Padova, PhD Thesis

Value Assessment and Renovation Design of Buildings in the Perspective of Urban Renewal: Case Studies in China and Italy

GA-BP neural network method in value assessment; Chapter 4, which introduces the
application of HBIM technology in the renovation design of historical buildings;
Chapter 5, which introduces the application of TLS technology in the renovation design
of interior spaces; Chapter 6, which introduces the application of value Chapter 6 is an
explanation of how value assessment and renovation design can be applied together and

a summary of the thesis.
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2. HERITAGE EVALUATION AND ANALYSIS BASED ON

ENTROPY WEIGHT METHOD

The assessment of the value of villages is the basis of village conservation work. By
evaluating the value of residential houses, it is possible to carry out graded conservation
and targeted use of traditional villages with limited resources while also helping to
guide the urban planning of architectural heritage sites scientifically. This chapter
intends to evaluate the value of representative and ethnic Wengji villages in southern
China to deal with the trend of traditional architectural culture being submerged by
urbanization. First, according to the actual situation of the world-famous village, 12
evaluation index systems, including three subsystems of Historical and cultural values,
Aesthetic values, and Architectural values, have been established. The entropy value
method analyzes each index objectively and then solves it by MATLAB. The results
are divided into four classes. Each building is numbered to obtain the corresponding
weight. The main results show that: the most weighted factors are obtained,
architectural style (12%), building material (10.76%), and architectural space(9.68%).
From the total value scores of 83 buildings in Wengji village and the distribution map
of important value areas, it is known that the geographical location and the origin of
village culture have a positive impact on the cultural value of buildings. These findings
could provide a policy that offers a breakthrough point for stakeholders to protect

traditional villages with architectural heritage in the future.
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2.1. Questions description

The traditional village is considered one of the essential types of tangible cultural
heritage, providing abundant cultural resources in historical stories and folk customs
both spatially and temporally (E. Park et al., 2019). In China, as a country with a history
of more than five thousand years, the interaction between the ancestors and the natural
environment has formed some unique residential styles, which reflect the past lifestyles
of the locals, and at the same time, serve as some special cultural symbols. Therefore,
maintaining the authenticity and diversity of traditional culture is indispensable for
studying Chinese history, art, customs, and religions (Dutta et al., 2007). Especially
since 2012, more experts and scholars in China have started to be concerned about
'traditional villages. And the Chinese government is also trying to emphasize the value
of historical villages in recent years and increasing funding applied for the protection
and redevelopment of those villages. Consequently, the Research Center of China's
Traditional Village (RCCTV) was established in the same year.

However, with the acceleration of modernization, traditional rural cultures have always
been ignored or assimilated during their interaction with urban development. The
preservation of traditional villages has become an increasingly important issue in the
current trend of globalization (Kovacs et al., 2015). After ten years of efforts, in 2021,
the RCCTV published five lists for National Traditional Villages. According to this
report, nearly 80 to 100 historical villages disappear every day in China in the past
decade. Furthermore, the crisis of the traditional village is also a global problem facing
other countries. Studies that focus on traditional villages have been conducted from
different points of view in different countries. For example, scholars from the United
Kingdom researched the historical landscape of traditional villages (Namicev &
Namiceva, 2016); socio-economic impacts of villages were studied in France; and
popular settlers and settlements were studied in the USA (Havinga et al., 2019). The
counties, such as France, Slovakia, the United Kingdom, Germany, and Italy, have
made substantial efforts in the field of village conservation, carried out relative practical

guidance and protective policies, focusing on choosing suitable restoration materials,
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as well as providing training for relative workers and participants (Versaci, 2016;
Vijulie et al., 2021). Consequently, the practices of traditional village conservation have
led to the birth of many conservative approaches and models, such as the conservation
of retirement villages dealing with the aging population; the proposal of ecological
museums based on the ecological and historical heritage of villages (Filipe & de
Mascarenhas, 2011); the model of rural tourism development based on the economic
values (Haven-Tang & Jones, 2012); and the model of industrial linkage solving the
problem of a single industry in villages, etc..

Among these, the assessment of heritage value is the basis for the conservation of
architectural heritage and a foundation for the protection, identification, and
redevelopment of traditional villages (Y. H. Li et al., 2019). As early as 1933, the
Athens Charter proposed that architectural heritage value should include three principal
factors, namely artistic, historic, and scientific values (Winter, 2014). As time passed,
the perception of the importance of architectural heritage has also changed. The
formulation of heritage values has become more extensive and profound but still
revolves around the three fields of art, history, and science (K. et al., 2017). By
evaluating the value of architectural heritage, it is possible to carry out the protection
and reuse of architectural heritage in a graded manner with limited resources and to
guide the planning of architectural heritage sites in a way more scientific. At the same
time, the evaluation of the external factors of heritage can provide a quantitative basis
for the further economic management that must be faced in the protection of
architectural heritage. Then, policy recommendations for reuse and redevelopment can
also be presented. Thus, the restoration process of an architectural heritage should
include a comprehensive evaluation of the heritage values, plan feasibility, recurring
maintenance costs, etc. (Pizzigatti & Franzoni, 2021). Then what destroyed buildings
with high architectural and cultural value? And how to focus on protecting which
buildings with limited funds? For a village, whether the value of the whole is greater
than the sum of its parts, or whether it pays more attention to the protection of
characteristic buildings remains to be studied. In addition, with the expansion of

urbanization and the improvement of residents' economic conditions, the original
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ancient buildings with national characteristics cannot meet the needs of residents and
have been destroyed. Therefore, balancing residents' needs for living conditions and the
protection of ancient buildings is very urgent.

The "Guidelines for the Protection of Chinese Cultural Relics and Historic Sites" state:
"The protection of architectural heritage must be carried out by scientific procedures
(Y. Liu et al., 2021). All the procedures shall comply with relevant legal provisions,
professional rules, and opinions from relevant to folders (Zhong & Chen, 2017). The
value evaluation of cultural relics should be done first". However, there are currently
few studies on the evaluation and protection of individual traditional dwellings to
implement protection policies. With a deep understanding of the value composition of
traditional dwellings, including the importance of various values and the internal
relations among them, we can accurately distinguish and measure which heritage sites
must be preserved intact, what adjustments and changes can be made along with the
development of time, and which parts can be abandoned if necessary (Kinghorn &
Willis, 2008; X. Wang & Aoki, 2019). On this basis, the heritage protection process
can achieve the goal of comprehensive protection and full utilization of heritage values
(Baez & Herrero, 2012). Unfortunately, there is still no detailed classification in
preserving architectural and cultural heritage. We should prioritize handicrafts,
humanities, arts, building materials, and the protection of building structures or
historical events with characters; architectural style is more important. These issues are
still worth discussing.

Currently, many methods are proposed to evaluate the value of architectural heritage,
with cooperation between different disciplines. The popular comprehensive evaluation
methods include the fuzzy evaluation method using subjective or qualitative indexes;
principal component analysis, factor evaluation, and cluster analysis based on
multivariate statistical analysis; efficacy coefficient method and the analytic hierarchy
process (AHP) for some complex heritage objects; entropy weight method (EWM) and
gray correlation method mainly based on the information theory and gray system theory

(Fig. 2.1).
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In recent years, the most popular methods in the evaluation of architectural heritage
value mainly include the following three methods: AHP as a practical multi-scheme or
multi-objective decision-making method was proposed by the American researcher
Saaty in the 1970s (Yuan & Li, 2021). It is a combination of qualitative and quantitative
decision-making analysis methods. It was applied to the value evaluation of Pinghe
Tulou (A traditional Chinese dwelling in Fujian Province in China), and policy
recommendations for reuse and redevelopment are put forward. It turns out that a
solution that only focuses on found is not feasible. Then, the architectural heritage
protection and restoration plan should include the heritage assessment report, clarify
and analyze the feasibility report of the value of the heritage, the result feasibility report,
and the daily periodic maintenance report (Pizzigatti & Franzoni, 2021). Multi-criteria
decision making (MCDM) is designed to find the best results in complex scenarios
including various indicators, conflicting goals, and standards (Dotoli & Pellegrino,
2018). It allows a choice between a finite (infinite) set of conflicting, non-
commensurable options (Pamucar et al., 2019). Multiple projects can be judged, ranked,
and selected for merit. When a heritage site is studied, each influencing factor is treated
as a criterion for the judgment of the project, and the values of the factors are subject
to a series of information processing and extraction to assign weights to the importance
of each factor (Chowdhury & Paul, 2020).

Compared to AHP and MCDM, the entropy weight method can be used as a more

objective and quantitative assessment, avoiding errors caused by subjective factors,
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Fig. 2.1 Comprehensive evaluation method
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such as expert interviews and survey questionnaires (Zhaowen Liu et al., 2020). It
objectively describes multiple dimensions of information and establishes a model to
obtain a quantitative result, which is helpful for further site analysis (Cerreta et al.,
2021). There is no contradiction in the indicators to evaluate the value of a single
residential building in a traditional village. The entropy method can quickly determine
the weight of each index. It is also applied in many other fields, such as determining
the weight of the evaluating indicators in water quality assessment (Zou et al., 2006);
to address high-dimensional reliability analysis, a new sampling approach is proposed
in the fractional moments-based maximum entropy method. The results indicate that
the proposed method is accuracy efficiency for high-dimensional reliability analysis (J.
Xu & Dang, 2019). With the help of the entropy method, the weight of vulnerability
quantified by social and physical factors can be determined and revealed as a reasonable
contribution (Perera et al., 2019). Through the objective and quantitative analysis of the
value evaluation of heritages, it can make more precise the application of policies and
the sustainability of the protection of the architectural heritage. For example, Del and
Tabrizi obtained weights to represent the magnitude of uncertainty in the continuous
probability distribution and, by examining 188 papers, calculated the values for 34
architectural heritages (Del & Tabrizi, 2020).

There are still many difficulties in China waiting for different solutions, such as a lack
of national conservation regulations and on-site management, ignorance of the
architectural unity during heritage renovation, etc. Based on current heritage problems,
this chapter proposes and analyzes the method and future development goals for
traditional Chinese villages. The objective of this chapter is as follows: 1) establish a
heritage value evaluation system to quantify the heritage levels; 2) find out the high-
value factors influencing the architectural characteristics after the heritage assessment;
3) propose conservative strategies and recommendations for traditional villages in
China.

The organization of this research is as follows (Fig. 2.2),the part of materials and
methodology introduces the basic situation of villages and the use of the entropy weight

method (EWM); then analyzes the relationship between village space and nature and

Lu Xu, 2022 13



Universita degli Studi di Padova, PhD Thesis

Value Assessment and Renovation Design of Buildings in the Perspective of Urban Renewal: Case Studies in China and Italy

the spatial elements of villages based on the results of Section four, and also interprets

A total of 12 sub-factors

1.Determining 2.Establishing 4-A“a|é‘5|5 S.Ana\yésis e Traditional
value a value an an .Conclusions o i
asessmeut oy assessment T =<t 3.Casestudy === === discussion of =+ === discussion of ~=== and - \';I"age Valute
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Fig. 2.2 Research framework

the traditional architecture of villages and the space types and transformations; the final
part concludes and proposes specific strategies for the future conservation of village

heritage.
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2.2. Materials description

2.2.1. Study area

The Wengji ancient village is the subject of research in this investigation, located in
Yunnan province in the south of China. The ethnic characteristics and architectural style
of the Brown people (one of China's 55 minority groups) have been well maintained in
this village (Gao & Hu, 2020; Qi et al., 2013). Wengji is located in the mountainous
area of Jingmai in Pu'er City (South of Yunnan), located within the ancient tea
plantation of Jingmai, which is recognized as one of the 'National Traditional Chinese
Villages'. Geographically, the village is situated in a subtropical low-latitude area with
relatively more rainfall in its southwest. However, since the village is in the Heng duan
Mountain Range, the Blang people live in the high mountains and deep valleys (Bai &
Zong, 2016). Therefore, the climate varies vertically with height change, forming a
clear three-dimensional view between high mountains and low valleys (Hung, 2013;
Lin & Wen, 2018). And the humidity is relatively high; the temperature difference
between different valleys is noticeable, forming an extraordinary cloudy landscape in

this area (Fig. 2.3).
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Fig. 2.3 Location of Wengji ancient village in Yunnan, China
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To support the heritage evaluation, historical information was obtained from local
archives in news, reports, yearbooks, ethnic culture, etc. After systemizing related
literature, this research combines fieldwork and heritage research in the village of Blang
using the Unmanned Aerial Vehicle (UAV) (Afif et al., 2021) to get a more
comprehensive three-dimensional view of the village, study building materials, and
detailed design, and grasp the development of settlements and residential spaces. As a
result, all the 83 buildings in the village are selected for the next steps of surveying,
analyzing, and evaluating, especially on their historical and cultural, artistic, and

architectural values (Z. Liu et al., 2020).
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2.2.2. Architectural features of the village

The Wengji ancient village has the architectural features of the long history of the
Brown people. To present the value of the village, the following is a description of the
architectural style, building materials, and architectural spaces.

Analysis of architectural style: The traditional architectural form of Wengji ancient
village has the following standard features from Fig. 2.4. The buildings themselves are
almost entirely made of two colors of wood and tiles, with no attempt to stand out. The
exposed building components are not overly decorated, allowing the original beauty to
shine through; the overall look of the staggered is extremely rich in layers. Stilt houses
are characterized by an elevated ground floor and living space on the second floor. With
the development of society, the ground floor is no longer simply a place to store
miscellaneous things but also has many functions, such as a bathroom, a warehouse,
and a tearoom. The second floor even has a leap floor, which increases the usable area
but maintains the overall traditional style, and the interior space becomes more and
more flexible. This achieves the unity of architectural form and function, but it also

presents the local architectural style and formal aesthetics(Chen, 2011).

Fig. 2.4 Selected photographs of traditional residences
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Fig. 2.5 Spatial analysis of the village

Analysis of building materials: Almost all the building materials in the Wengji ancient
village are locally sourced. Some of the common materials used in the area are wood,
bamboo, thatch, and Burmese tiles can be bought in the town not far from these villages.
Burma's tile can be bought in the towns not far from these villages (R. P. Wang & Cai,
2006). Thatch, which is not resistant to decay and is flammable, is no longer used in
large quantities, but it is still used in the region. These primitive materials are taken
from nature and returned to nature. The rustic gray color of these traditional settlements
also shows tremendous respect for the surrounding environment. Architecture is
integrated with local nature (B. jun Zhang & Chen, 2021).

Analysis of architectural spaces: The combination of roads and buildings forms the
most obvious relationship between traditional settlements and the alignment, grade and
length of the roads reflect the scale and aggregation of a settlement, of which the roads
can all be divided into three grades: the main road, the branch road, and the inter-house
road. The shared space is generally concentrated on both sides of the main road, around
the village center, and around the Buddhist temple and the degree of openness of the
shared space is closely related to human activity, and the location has the characteristics
of high flow of people or a certain period of concentrated human flow (Uzun et al.,
2018). Spatial nodes are part of the shared space, including road intersections, wall

centers, squares, etc. They have different levels according to their location and scale of
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occupation. A patch is a relatively homogeneous, nonlinear area within a colony that
differs from the surrounding context (Havinga et al., 2019). While a settlement is a kind
of patch in relation to the larger surrounding mountain environment, the greenery within
a settlement is also a patch, which we call a greenery patch here (Fig. 2.5). Another
vital part of the residence is the exhibition stand exposed outside the building, like the
balcony in the city, which is an essential place of daily life for the residents. A fire pit
is a sacred place, it is only one square meter in all, which no one is allowed to cross,
and a three-legged iron stand is placed in the fire pit for use in cooking (Lin & Wen,
2018). Next to or not far from the fire pit is a distinctive pillar, called a central pillar,
which is enshrined, and not to be touched or relied upon. The architectural space
represents a culture that belongs to the intangible cultural heritage and is indispensable
for studying the culture, religion, beliefs, and art of traditional (Cha et al., 2021). (Fig.
2.6)

Fig. 2.6 Typical architecture of the village (orthogonal projections and axonometric)
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2.3. Construction of the evaluation system

According to the above statements, 12 evaluation index systems, including three
subsystems of Historical and cultural values, Aesthetic value, and Architectural value
have been established based on the entropy weight method as follows Table 1. Twelve
Secondary Indicators are represented by the numbers A1, A2, C3, and C4 respectively.
Then, according to the scoring criteria in Table 2.1 and the actual situation of 83 houses

in the ancient village of Wengji.
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Table 2.1 Construction of an evaluation indicator system

Primary Secondary Scoring criteria
indicators Indicators 1 point 2 points 3 points Reference
A History More refurbishment, More damage, Partially refurbished, better preserved, better ~ Rarely refurbished, historical (Alshweiky & Unal,
1 information Less historical information preservation of historical information Information is well preserved 2016)
A- A Culture Overall culture Less presentation, The overall cultural presentation is relatively ~ The overall education level is very (Yousif et al., 2018)
Historical 2  Presentation Strong business atmosphere high, with some commercial atmosphere high, less business atmosphere
and A The landform is uncharacteristic, There are some landform features, Strong landform features and (Zlender, 2021)
Landform
cultural 3 and the land is in poor condition and the land condition is average good land conditions
values A Related historical figures More related historical figures, (Abdelmonem &
Historical events Very few related historical figures
4 and historical events stories and historical activities Selim, 2012;
with characters and historical events occurred
Turnpenny, 2004)
B conform to the traditional architectural completely conforms to traditional (Alshweiky & Unal,
Architectural Very inconsistent with the architectural style.
1 style of Brown Village, basically residential architectural style 2016; Lopez Cruz et
style of the traditional houses of the Blang people
al., 2016)
B- B Formal Villages, buildings, landscapes and other Village, architecture, landscape and other Villages, buildings, landscapes, etc. (Sadeqi et al., 2019)
Aesthetic 2 aesthetics elements rarely conform to formal aesthetics elements are in line with formal aesthetics are in line with formal aesthetics
value B It did not promote the traditional Better inherit the traditional Well, carried forward the traditional ~ (Harahap & Siahaan,
Handicraft
3 handicrafts of Pu'er tea culture handicrafts of Pu'er tea culture handicrafts of Pu'er tea culture 2020)
B Humanities Very few local residents, and they rarely There are some residents, better Many local residents, perfect for (Vodopivec et al,
4 and Arts carry forward the local humanities and arts. promote the local humanities and arts promoting local humanities and arts ~ 2014)
C Building Excessive use of modern building materials Some contemporary building materials are The perfect combination of modern ~ (E. Wu et al., 2021)
C- 1 materials and not making good use of local materials used, local materials are used to some extent  and local building materials
Architectu C Building Greatly changed the original To a certain extent, the original building The original building structures (Uzun et al., 2018)
ral value 2 structure building structure model structure model has been changed model is well preserved
C  Architectural Rarely use and reflect the construction Some Blang construction skills It fully represents the construction (Hou et al., 2021)

Lu Xu, 2022
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skills of the Blang people in architecture are embodied in the architecture skills of the Blang people
Greatly changed the architectural space Less transformed the architectural space Fully preserve the traditional
form of traditional Blang dwellings form of traditional Blang dwellings architectural space form

(Y. Q. Zhao et al.,
2020)
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2.4. Application of the entropy weight method

After reviewing the literature, the EWM is chosen to apply in this article to determine
the weight of each indicator based on objective observation, thereby facilitating the
comprehensive evaluation of the evaluated targets. The specific steps are as follows.

® Build the matrix

According to the evaluation objects and indicators of traditional residences, set the jth
indicator of the itheobject of 83 evaluation objects and 12 valuation indicators as Xj;.

Structure the original data matrix X = [X;;]n.m, From the actual situation of the
village we chose, we can know that n=83, m=12.

Use the range transformation method to standardize the positive indicators and the

negative indicators separately, as follow Eqs (1) (2) (3):

xij—min(x;)
U ™ max(x)-min(x;)

min(x;)—x;j

= max(x;)—min(x;) (2‘2)
Oll Yijlll (2.3)
® Calculate the entropy value e;
1
ej = —m l-=1Pijln PL] (24)
Where P;; = lein ,If P;j = 0, then define P;; = 107® .Because P;; = 0, the logarithmic
i=11ij

function in Eq.(4) is not mathematically tenable. The value of 107 is small enough not
to affect the result. In information theory, entropy is the measurement of uncertain
information. The greater the amount of information, the smaller the uncertainty, and the
smaller the entropy; the smaller the amount of information, the greater the uncertainty,
and the greater the entropy.

® (alculate the weight  w;

1—e;
w; S

I = TG (2-3)

Where w; refers to the weight of the jth index. w; fight, the impact fight to the
evaluation target. The larger the value of wj;, the more important the corresponding

index and the greater the impact on the value, and vice versa.
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® The comprehensive score of the evaluated targets

It shows that the respective value of traditional residences in different dwellings is

calculated as:

S; = ;-lzl W]Pl (26)
As a result, the larger the s; is, the higher the heritage value of the traditional rural

dwelling is indicated.
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2.5. Weight analysis of influencing factors for heritage value

After a comprehensive quantitative evaluation from the perspectives of history, culture,
art, and value using the entropy value method in Matlab, the result can be seen in Fig.
2.7. Among the secondary indices, the weight of architectural style (0.12) is ranked first;
the index of building materials (0.1076) is in the second place; architectural space
(0.0968) is the third. The last three factors are architectural structure, historical
information, and formal aesthetics. The factor of architectural style with the greatest
weight belongs to the artistic indicator. The factors of architectural material,
architectural space, and architectural structure belong to the architecture indicator. The
factor of historical information belongs to the history and culture indicator. The
previous weight values of these indicators have little difference and are all important to
the heritage value of the building. The weight value of the index ranked number one is

nearly three times of the last index-manual art (0.0473).
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Fig. 2.7 Weights for evaluating the value of indicators

According to the weight of each index of the traditional village, specific factors that
influence the value of traditional residences can be further identified, as shown in Fig.
8. The numbers on the abscissa in Fig. 8 represent the number of houses in the village,
the ordinate represents the weight value corresponding to each house, and each color
represents a different evaluation index. The results show that the values of the twelve
indicators of some houses are relatively high, some are relatively low, and the difference
is rather significant in landform, handicraft, and architectural skills. Combined with the
analysis of Figs. 2.7 and 2.8, architectural style, building materials, and building space.

have the most significant impact on the value of traditional buildings. The architectural

style results from the long-term integration, and nature embodies the customs, culture,
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and lifestyle of a nation and is the best mark and symbol for recording a nation. Natural
elements, landforms, rivers, mountains, historical events, and historical figures are also
essential to preserve the memory of a historic village. The abscissa in the figure
represents 83 residential houses, and each color in the bar graph represents an index.

Matlab calculates the Eq. (6), a total score for 83 residential houses is shown in Fig. 2.9.
The x-coordinate represents a building (1, 2...83), and the ordinate is a composite score
of house value from Fig.9. To analyze better the dwellings, this study ranks the total
scores of 83 dwellings according to the actual situation of the village and the 'pyramid
theory' (Qiushan Li et al., 2019)(Qingxia Li et al., 2019) , forming an order of 10%,

20%, 30%, 40% from high to low according to their heritage value, and divided into
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Fig. 2.8 Sub-entropy weight diagrams of indexes

four grades: I, II, IIT and IV (from high score to low score).

As is seen from the resulting map, grade I corresponds to the top 10% of the buildings
in the ranking (Fig. 10). They are mainly located in and around the Buddhist temple,
the ceremony of the village. Important events such as local weddings and funerals are
often held here. And these parts are well preserved and reflect the characteristics of this
ancient village. It also reflects that the protection of contemporary buildings is the first
to protect their cultural atmosphere and unique architectural style. The second grade is
mainly located in the central part of the village, where the villagers conduct market
activities and cultural activities, where it has the advantage of geographical location
and reflects the local culture well; The third grade is mainly located near the center of

the village and is the place where the villagers live in general, which can probably
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reflect the architectural characteristics; The fourth grade is scattered in all corners of
the village, where it is unsuitable for living due to the remoteness; substantial
renovations; newly constructed buildings for a living, and the original architectural

form and cultural connotation have been lost here.
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Fig. 2.9 Comprehensive score of 83 houses
In summary, relative stakeholders can adopt more accurate strategies for developing the
village for profit or protection and publicity Fig. 2.10 For example, tourism
practitioners should focus on promoting and developing grades 1 and 2 with the highest
value to attract tourists to increase their income (Eken et al., 2019)(Eken et al., 2019).
Furthermore, non-profit organizations (such as heritage protection groups) can call on
relevant government departments to formulate strategies to protect the grade 3 buildings,
which have relatively extensive damage influencing the architectural heritage and

renovate the grade 4 buildings as soon as possible.
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Fig. 2.10 Distribution of the different grades in the 83 houses
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2.6. Summary of the chapter

In view of the increasingly severely damaged architecture of traditional houses, this
study uses qualitative and quantitative methods to assess the value of the overall
architecture of the village, and then solves the problem using Matlab. This study still
has some limitations. Though using the EWM to evaluate the value of Wengji ancient
villages, the established index evaluation scores are still not specific enough. Though
this study has established 12 indexes based on predecessors, many aspects affect the
value of architectural heritage. And this chapter only evaluates the historical and
cultural, artistic value, and architectural science of the current situation of the village;
a more in-depth analysis, including social, economic, environmental, and other
macrolevels, needs to be added in the future research. Other factors should also be taken
into account in future research, such as improving the awareness of heritage for locals
and improving the public participation of village residents during the entire heritage
protection and evaluation process. Thus, further suggestions can be provided according
to the research result from the following perspective.

(1) The local people's government should focus on protecting buildings with high
assessed value and architectural heritage culture, instruct residents in detail not to
further damage and protect them during use, and concentrate limited funds for repairs.
(2) Environmental protection departments and cultural government departments should
work together to protect the local built, natural environment, and good geographical
features. For example, the natural preservation of ancient buildings is inseparable from
the surrounding environment, and the repair also requires local wood or other raw
materials.

(3) The local government and residents should actively cooperate with the professional
advice of ancient architecture experts and pay attention to the overall integrity and
harmony of the village. For example, the street should be protected and excavated from
the texture form, road form, open space, architectural interface, landscape decoration,
etc. At the same time, it is necessary to pay attention to the learning and inheritance of

handicrafts and architectural skills of traditional buildings, which have a relatively high
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heritage value to a single building.

(4) Actively introduce tourism developers, explore cultural tourism symbols, and
provide new financial support for the inheritance of national culture and ancient
architecture. Pay attention to the overall protection and planning of the village, renovate
the houses with uncoordinated appearance, and demolish the buildings that seriously
affect the village landscape.

(5) Local authorities must develop strategies for the development and protection of
sustainable architectural heritage according to local conditions, not only to improve the
living standards of local residents but also to inherit and carry forward ethnic
characteristics; relevant practitioners and scholars must improve the evaluation and
research of the value of the architectural heritage of ancient Chinese villages as soon as
possible and provide professional training and guidance to practitioners who restore
ancient buildings; when developers develop traditional buildings, they should plan the

entire project and make use of ancient buildings with more excellent value.
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3. ASSESSMENT OF THE EXTERIOR QUALITY OF
TRADITIONAL RESIDENCES: A GENETIC ALGORITHM-

BACKPROPAGATION APPROACH

The visual aesthetics of villages are remarkably affected by the exterior quality of
traditional residences, influencing the impression and assessment of local culture. A
proper scientific assessment of exterior quality can protect traditional cultures and
improve the development of villages. This research was conducted in a village
consisting of 115 residences (Mengjinglai village, which is on the border between China
and Myanmar). The backpropagation (BP) neural network model with genetic
algorithm (GA) was applied to evaluate the quality of the dwellings. All the evaluation
values of the dwellings were defined by scores. Meanwhile, the score of each residence
was affected by three main factors: architectural spatial elements, architectural
construction elements, and historical and cultural elements. The results show that the
village’s dwellings are well preserved and clearly express the traditional Dai style.
Moreover, the GA—BP approach is more suitable than the traditional BP method for the
assessment of the exterior quality. The quantitative machine learning model would be

useful for other aspects of the assessment of similar villages in the future.
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3.1. Questions description

Traditional villages are settlements that possess cultural heritage in both tangible and
intangible forms and have strong historical, cultural, scientific, artistic, social, and
economic values. With the rapid development of global industrialization and
urbanization, the phenomenon of the decline and disappearance of traditional villages
is intensifying, and to resist this, it is necessary to strengthen their conservation and
development (Philokyprou & Michael, 2021). Although efforts to preserve the heritage
of traditional villages are gradually increasing, there is also a need for more innovation
in theoretical research and re-search methods (Verdini et al., 2017). The conservation
of traditional villages involves changes in spatial patterns, social and cultural loss, the
ecological deterioration of landscapes, the loss of populations, the preservation of
vernacular architecture habitats, and the development of traditional cultural and social
relations (Hearn, 2021). Therefore, the conservation and development strategies,
renewal strategies, and value assessments of traditional villages have gradually become
areas of concern for scholars (Karahan & Davardoust, 2020).

Interpreting, measuring, quantifying, and delineating the value of traditional villages,
and determining weights, make this a relatively complex issue for scholars. Thus,
traditional village evaluation has a strong component of interdisciplinary research,
including architecture, urban and rural planning, geographic science, sociology, tourism,
and statistics (Tobi & Kampen, 2018). Most of the current research on village value-
assessment systems for evaluation purposes is based on merit assessment and graded
protection. The evaluation methods have gradually developed from mainly qualitative
to combining some quantitative methods, such as hierarchical analysis, the entropy
weight method, the Delphi method, the fuzzy evaluation method, and the material
element analysis method (Fu et al., 2021). In addition, artificial intelligence has been
applied in various fields, and machine learning, one of the branches of artificial
intelligence, is capable of supervised learning for the evaluation of the architectural
quality of traditional villages. However, building quality is influenced by a combination

of influencing factors and is not in a purely linear relationship, while neural networks
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are suitable for processing non-linear information problems influenced by multiple
factors (Astuti, 2019). Therefore, the use of neural networks is suitable for the
comprehensive evaluation of the quality of traditional buildings.

The BP neural network is a multilayer feed-forward network with a multilayer neural
network structure that is more mature than traditional neural networks in theory and
application. It is widely used, but also has disadvantages, such as its easy formation of
local minimum and no global optimum, low efficiency, slow convergence rate, etc.
(HECHT-NIELSEN, 1992). Therefore, the optimization of neural networks is receiving
increasing attention. Among various optimization methods, GA has the advantages of
better global search capability, fast solution space search, and strong robustness
(Whitley, 1994). Since a single genetic algorithm code does not fully represent the
constraints of the optimization problem, the solution needs to be considered using
thresholds, which in turn increases the workload and solution time (Hammouche et al.,
2008). In order to fully circumvent the above disadvantages, GA and BP are combined
to take advantage of each other’s strengths and learn from existing research
achievements to identify improved solutions. Gonzalo combined the supervised and
unsupervised optimization of genetic algorithms to assess the quality of water over five
years, determine quality classes, and demonstrate confidence (Sotomayor et al., 2018).
Zhang proposed an optimization method based on genetic algorithms combined with
the energy requirements in classrooms and applied it to a school building (A. Zhang et
al., 2017). Yousef investigated a BP neural network classifier for extracting the external
quality features of dates and grading and ranking them accurately by date (Al Ohali,
2011). Lin applied GA-BP to knowledge-fusion risk assessment, constructing an
innovative ecosystem knowledge-fusion risk-assessment index system, thereby
providing a new practical approach (L. Wang & Bi, 2021). Li applied GA-BP to assess
the risk of tunnel cavern surge and tunnel karst (Z. Li et al., 2020). Zhu compared GA—
BP with PSO-BP and the initial BP neural networks to assess the risk of rainfall-induced
land-slides (C. Zhu et al., 2020). Dai used the AHP—FCE and GA—BP methods to assess
an intelligent learning environment in higher education and concluded that the GA-BP

model could simplify the assessment process and improve fault tolerance (Dai et al.,
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2021).

A genetic algorithm is an adaptive search algorithm, proposed by J. H. Holland in 1975,
that is able to find optimal solutions in a global space (Kastenholz et al., 2012). The
optimal network weights and thresholds are used as the initial network models, which
can not only overcome the problem that the prediction results of the traditional BP
neural networks are easily influenced by initial weights and thresholds and easily fall
into the local optimum, but also greatly improve the accuracy of model evaluation (Polo
Lopezetal., 2021). The GA-BP neural network shares the advantages of both the global
convergence of GA and the local search of BP, which can significantly improve the
performance of the neural net-work model. The GA—BP model guides the sensitivity to
the initial values of weight and thresholds, which may reduce the influence of human
subjectivity to a certain extent, and serves as a reference for other scholars to apply the
neural network in the field of village assessment. Therefore, the GA-BP neural network
model can be applied to effectively evaluate the quality of traditional residential
buildings using the connection weights optimized by the genetic algorithm (Ipekoglu,
20006). It is clear from the a forementioned literature that GA—BP is applicable to quality
rating assessments, except that there is a large gap in current research on external quality,
particularly that of traditional buildings. This study focuses on an assessment of
Mengjinglai village in Yunnan province as a case study, constructs an evaluation index
system applicable to the traditional architecture of this village, and applies the GA-BP

neural network model to conduct a com-prehensive evaluation of the exterior quality.
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3.2. Materials description

3.2.1. Study area

The dynamic distribution of the external building evaluation results enables more
challenging and more accurate verification of artificial intelligence assessment methods.
On the border between Yunnan Province and Myanmar, there are a number of villages
with a mixture of architectural cultures. Mengjinglai village, known as the “The First
Village of China—Myanmar”, is rich in cultural features and has both traditional and
modern architectural forms. Mengjinglai village is located within the jurisdiction of
Daluo Town, Menghai County, Xishuangbanna Dai Autonomous Prefecture, Yunnan
Province, across the river from Myanmar, with a village area of approximately 5.6 km2
and a total of 115 households (L. Yang & Wall, 2008, 2009). The village is surrounded
by mountains on all sides, is situated close to water sources, and features a beautiful
natural environment. The terrain is a low-mountain hilly area, and the climate is
characterized by a typical northern tropical climate. In order to adapt to the hot and
humid natural environment, the Dai people have developed unique stilt-style
architecture (Fig. 3.1).

Mengjinglai is typical of traditional Dai villages, whose populations have historically
had frequent contact with Burmese residents and intermarried with them, creating a rare
form of mixed settlement. The buildings in the village are all built according to the
terrain, with an overall fan-shaped distribution. The layout of the village harmoniously
unites human architecture with nature, forming a unique architectural style (Gao et al.,

2019).
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Fig. 3.1 Location of Mengjinglai village in Yunnan, China
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3.2.2. Data Sources

The rural settlement data used in this study consisted mainly of remotely detected image
data, and economic, demographic, and historical village information data (Kokorsch &
Benediktsson, 2018). Satellite map data of Mengjinglai village were obtained through
Google Earth Engine. Economic and population data were obtained from the Menghai
County Statistical Yearbook and the monthly report of the Bureau of Statistics on the
Menghai County People’s Government website. Information on the history of
Mengjinglai village was obtained from Menghai County Records (Shang et al., 2021).
Photographs of buildings, water systems, mountains, roads, interior spaces, and other
details were obtained by the author through fieldwork in 2021 (Fig. 3.2). During the
site survey, each of the 115 traditional residences was scored and the actual condition
of the architectural space, the architectural constructional elements, and the historical

and cultural elements were recorded (Table 3.1)

Fig. 3.2 Sclected photographs of traditional residences
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Table 3.1 Construction of an exterior quality assessment indicator system

Primary Secondary Scoring Criteria Reference
Indicators Indicators 1 Point 2 Points 3 Points
Al Void deck Substantial rePIacement o.f tlrpberjframe materials w1th?arﬂ_y timber-framed materials and largely furnished Complete_ with .tlmb.er—frame materials and (Chew & Norford, 2018)
modern materials and untidy interiors interiors well-furnished interior of the space
A—Archltectural A2 Landscape space The interior and exterlor are largely devoid of Interior apd exterior design with partially landscaped Interior and e)fterlor design with good (Nawre et al., 2021)
spatial elements landscaped surroundings surroundings landscape setting
. Less use of timber-frame materials, confusing interior Partly timber-framed materials, average interior layout, Well-preserved timber-frame materials, good
A3 Interior space 1 L o S - S L oo (Suryono, 2021)
ayout, and poor lighting and ventilation average lighting and ventilation interior layout, good lighting and ventilation
oo . The materials used are heavily influenced by the The materials used have a lighter influence on the The materials used largely do not detract from
B1 Building materials . : ) . . . (Suetal., 2019)
B— Architectural overall Dai style of the dwelling overall Dai style of the dwelling the overall Dai style of the dwelling
—Archutectura . A lighter representation of the characteristic Dai style A larger display of the characteristic Dai residential A full display of the characteristic Dai style of
construction B2 Architectural form . . (Pappas et al., 2016)
of dwelling style dwelling
clements Traditional materials are less well preserved and more Well-preserved and largely traditional
B3 Roof frame p General conservation, mostly in traditional materials P gey (Blaha et al., 2018)
rarely used materials
c cl Architectural style Fal]rly ?’f}:‘u pr‘;:lserved and not very in keeping with the Molre l;nlhforn'lllly preserved and in keeping with the The ove]rall e}t]rchltectura} 1ity}ie is 1l.]lnlform and (Oakes, 2016)
Historical and style of the village style of the village in complete harmony with the village
cultural elements C2 Cultural value Has fewer cultural elements Has general cultural elements Has significant cultural elements (Masuda et al., 2019)
C3 Historical value  Has fewer historical elements Has general historical elements Has very strong historical elements (Kastenholz et al., 2012)
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3.2.3. Exterior quality evaluation of traditional residences and value grading

The 115 dwellings in the village, which generally include the typical buildings of
Mengjinglai village, were selected for rating. The reaction to the quality of the
appearance of traditional buildings is the most direct response of visitors and
researchers. The ratings of village dwellings were judged to facilitate quick
improvements in the image of villages (Hasanova, 2020). Therefore, this study focuses
on the architectural methodology proposed by Ipekoglu to assess the exterior
characteristics of buildings, with some adaptations, by integrating indicators of Dai
elements, depending on where on the border the Mengjinglai village buildings were
located (Geng et al., 2020). After scoring each indicator, the exterior characteristics of
the traditional dwellings were calculated using the entropy method to find the desired
value.

According to the results of the field surveys, data collection, expert consultations,
indicators, and grades, the quantitative value classifications of traditional rural
dwellings were determined based on their location in Mengjinglai village. The three
main indicators were: architectural spatial elements (A), architectural construction
elements (B), and historical and cultural elements (C). The nine secondary indicators
were: void deck (A1), landscape space (A2), interior space (A3), building materials
(B1), architectural form (B2), roof frame (B3), architectural style (C1), cultural value
(C2), and historical value (C3). The values of the traditional buildings were quantified
in a comprehensive way using the corresponding scoring criteria (1-3 points). The
quality of the buildings was divided into 4 levels: (1) Grade I: top 10% of the residential
dwellings, indicating very high quality; (2) Grade II: top 20% of the residential
dwellings, indicating high quality; (3) Grade III: top 30% of the residential dwellings,
indicating fair quality; (4) Grade IV: top 40% of the residential dwellings, indicating
poor quality (Fu et al., 2021).

According to the evaluation samples and indicators of the exterior quality of the
traditional residences, let X;;, i = 1,...,115;j = 1,... ,9, denote the jth indicator of
the ith dwellings. First, we standardize nine indicators in order to eliminate the impact
of the dimension and the different variation results in

__ Xy —min(X))
v max(Xj) - min(Xj)

(3.1)
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min(X;) — Xj;
v, (%) = Xy 32)
max(Xj) — mm(Xj)
where Y;; € [0,1] represents the value of the indicator after standardizing the jth
indicator and ith sample; min(Xj) and max(Xj) represent the minimum and

maximum values of the jth indicator. Subsequently, the entropy value e; results in

e = 115211513 In P (3.3)

Yij

where P;j = ST
1=1

If P;; =0, it is replaced with P;; = 107°, which makes the

logarithmic function valid. It should be noted that the value of 107° is small enough
not to affect the result. Finally, the comprehensive score of the evaluated target of

different dwellings is computed by

9
j=1

] The larger the s;, the higher the evaluation score of

2] 1(1_ )
the exterior quality (Fu et al., 2021).

where the weight w; =
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3.3. Application of GA-BP neural network

3.3.1. GA-BP neural network

The scores of the 115 traditional buildings were first calculated using the entropy
method, and were used as the output values for the neural network model training. The
scores were compared with those of the BP and GA—BP neural network models. The
most reasonable approach was chosen to recalculate the scores of 115 buildings, which
were divided into four classifications. Finally, the results were analyzed and discussed.
The BP neural network is an information processing system designed in the basis of the
structure and function of simulated neural networks. The BP algorithm is more ef-
ficient at capturing the non-linear relationship between factors and output. Repeated
network learning is very accurate at correcting training errors. The general BP neural
network model consists of three layers: the input layer, the hidden layer, and the output
layer. The exterior information is received through each node in the input layer and
passed to the hidden layer, where the information is processed and transformed before
becoming the output value. Training is finished if the training error reaches the expected
error. Otherwise, the training error reverses into the network and the iteration process
is repeated (Y. Wu et al., 2020).

The use of the genetic algorithm to optimize the neural network connection weights
consists of two main parts: firstly, the genetic algorithm is used to optimize the initial
weights of the network; and secondly, the optimized values provided from the GA are
assigned to obtain an optimized BP neural network to predict the output accurately.
Throughout the evolutionary process, the neural network structure, including the
number of layers in the hidden layer, the number of nodes in the hidden layer, and the
connections between the nodes, is fixed (L. Pan et al., 2021). The corresponding GA—

BP neural network flow is shown in Fig. 3.3 and 3.4.
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In order to measure the statistical relationship between two random indicators, a
Spearman’s rank correlation, which is a non-parametric correlation between the ranking
of two random indicators, is applied here. The closer the correlation is to 1, the stronger
the relationship between the two indicators. The following formula is used to calculate

the Spearman’s rank correlation:

p=1- 7:(%1% (3.5)

where d; denotes the difference between two ranks of corresponding indicators and n
is the number of observations. In particular, we have n = 115. Fig. 3.5 displays the
Spearman’s rank correlation between each indicator. The greater the correlation, the
larger the points in the figure. In particular, a strong correlation corresponds to large
points. The results show that all correlations are less than 0.5, which indicates that there
1s no strong correlation and a small probability of the presence of multicollinearity.
Moreover, we also compute the condition number to diagnose multicollinearity. By
using the Spearman’s rank correlation matrix, the condition number is equal to 8.617,
which is less than 10, which indicates the absence of multicollinearity. Thus, all nine

indicators should be considered in the GA-BP neural network model (Y. Pan et al.,
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Fig. 3.5 Spearman rank correlation between variables
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The BP neural network structure in this chapter consists of an input layer, a hidden layer,
and an output layer, of which the hidden layer is one layer. According to the correlation
analysis, we selected nine indicators to assess the exterior quality of traditional
dwellings in Mengjinglai village. Thus, the input layer has nine nodes. According to
the assessment requirements of exterior quality, one output node can effectively
differentiate house quality, i.e., there is one node in the output layer. For the nodes in
the hidden layer, we make a preliminary determination of the number of nodes
according to Equation (6), and finally determine the number of nodes in the hidden
layer of the final neural network model by the model training error. Based on empirical
studies, Cheng proposed that the number of nodes N_hid in the hidden layer can be

initially determined by the following formula (Cheng et al., 2021):

Npig = /Nin + Noyt +a (3.6)
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Fig. 3.6 The number of iterations and MSE of BP model in the hidden layer
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3.3.2.  GAssetting

The genetic algorithm consists of four main parts: coding, selection, crossover, and
mutation. At first, coding is performed, followed by selection, crossover, and mutation.
All three operations are evaluated by the fitness value calculated from the fitness
function, where a higher value means that the individual is more adaptable and should
have a higher probability of reaching a higher value, which makes it more likely that
the individual is to be selected to pass on its advantages. The BP neural network
designed in this chapter has a 9—7-1 structure, and, by using binary coding, can easily
cause the coding string to be too long, leading to a decrease in the operation rate; thus,
real number coding is used. The output of the evaluation of the exterior quality of the
traditional residential buildings in Mengjinglai village is required to be non-negative,
the inverse of the MSE can be used as the adaptation function, and the adaptation
function takes the form of 1/MSE. A roulette wheel is used to select some individuals
to form a new population and to eliminate some individuals with lower target values
(Adame & Salau, 2021). Crossover is a process whereby two paired chromosomes
exchange some of their genes in some way based on the crossover probability, thus
forming two new individuals, and variation is a process whereby some gene values in
the coding string of an individual are replaced with other gene values based on the
variation probability to form a new individual. The crossover and variance probabilities
are set at 0.7 and 0.05, respectively (Veller et al., 2020).

To increase the credibility of the model, the 115 samples were randomly divided into
training and testing samples in a 6:4 ratio. In total, 69 samples were randomly selected
for training according to the ratio, and the model parameters were trained. The
remaining 46 were used as testing samples to evaluate the model and to calculate the
quality weight values of the appearance of the residential dwellings. All calculations in
this chapter were implemented in R and Python; the GA-BP neural network results
were obtained using the TensorFlow module in Python, with an optimized learning rate
of 0.1 (Fok et al., 2018). The learning rate, a hyper-parameter, was used to control the
rate of the GA—BP algorithm, which updated the learning values of the parameter of

interest.
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3.3.3.  Analysis of evaluation results

In order to build a highly accurate model between the 9 indicators and the exterior
quality evaluation of traditional residential buildings, 69 training data were first used to
train the models to obtain the estimate of the model’s parameters. Next, the training
model was used to compute the 115 predictors of the exterior quality evaluation value.
In order to assess the performance of BP and GA—BP algorithms, we also computed the
training MSE and the iterations of BP and GA-BP algorithms. In particular, in the BP
algorithm, the 115 iterations were needed to train the model with the training MSE
2.548 x107(-3), while the GA-BP algorithm only needed 100 iterations and reduces the
training MSE to 0.714 x107(-3), which was much smaller than that of the BP algorithm.
This result confirms that the training error of the GA—BP neural network model is
significantly smaller than that of the BP network, and the GA-BP neural network
algorithm can reduce the number of iterations for model training (S. Wang et al., 2016;
Yan et al., 2020). In this sense, it can be concluded that the GA-BP neural network is
more stable and better adapted than the BP neural network model. Fig. 3.7 presents
further comparable details and shows that the predicted values of the evaluation value
in different residences in the GA—BP model are closer to the true values than those of
the BP model, which indicates that the points of the GA—BP are closer to the diagonal

line.
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Fig. 3.7 Predicted values in different residences of the BP model and GA—BP model
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According to the evaluation results, the final exterior quality of the dwellings was
divided into four grades, with proportions of 10%, 20%, 30%, and 40% corresponding
to Grade I, Grade II, Grade III, and Grade IV, respectively. The scatter plot of the
evaluation values of the exterior quality of the different dwellings is shown in Fig.3.8.
The four grades of 115 dwellings in Mengjinglai village are distributed in Fig. 3.9. As
can be seen from the diagram, most of the Grade I dwellings are located in the center
of the village, with a well-preserved appearance and good architectural space, and the
history and culture are well displayed; the Grade II dwellings are concentrated in the
central part of the village, with good preservation of the original style in terms of
building materials, but with a certain commercial space; the Grade III dwellings are
scattered in various parts of the village, with a certain amount of renovation, in terms
of appearance; the Grade IV dwellings are mainly located at the edge of the village, and

most were recently renovated or have a strong commercial space.
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3.4. Summary of the chapter

The evaluation of the quality of the appearance of traditional residential dwellings is
currently not unified due to the resistance to variation and the diversity of elements that
make up the quality of the appearance of buildings. The exterior quality of traditional
dwellings is one of the most direct forms of contact for tourists and scholars, and also
affects the direct impression of villages, while good exterior quality can also better
convey and promote the culture of villages. Most studies on the architecture of villages
still focus on spatial form, development and evolution, community satisfaction, and
public participation. In this chapter, the external quality of the dwellings was assessed
by using machine learning approaches, and the results can be used to help in the
planning and design of villages. Architects can select the design priorities for renovation
based on the assessment levels and can influence the design ideas based on the results
of the different assessment factors; for example, increasing the use of local timber and
tiles leads to better assessment results. Traditional houses can be assessed using the
GA-BP method, but also the external quality of urban buildings or other aspects of
quality.

The GA—BP neural network model is significantly more efficient than the BP net-work,
reducing the number of iterations for model training, and is more effective in terms of
global search capability. The GA-BP neural network model is more stable and adapts
better than the BP neural network model. The focus of this chapter is on how machine
learning can quantify the assessment of the exterior quality of traditional residential
buildings, and more work is needed to apply the assessment system and pro-vide an
analysis of exterior quality. More elements of assessment could be added in future
studies to make the results more accurate, and further research could be conducted on
the subject of predicting future trends in external quality.

This chapter took Mengjinglai village as a case study and applied the GA—-BP neural
network model to evaluate the exterior quality of residential houses based on the
respective advantages of the BP neural network and the GA, classified the quality levels,

and compared and analyzed the results of the BP neural network model and the GA—
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BP neural network model. The main conclusions are as follows: (1) The GA-BP
network model is less error-prone and more efficient than the traditional standard BP
neural network. Using the GA-BP network model in the exterior quality evaluation of
traditional residential houses can lead to a more rational and scientific approach to
village assessment, and provide a reference for other, similar studies. (2) The overall
exterior quality of Mengjinglai village is well preserved, highlighting the traditional
Dai architectural style, and there was little difference in the scores of the four
classifications assessed. However, the village’s architecture still needs to be combined

with local policies and customs to reflect the traditional culture.
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4. THE APPLICATION OF HBIM IN THE RENOVATION DESIGN

OF HISTORIC BUILDINGS

This chapter firstly provides real-time observations of historical building information
through 3D laser scanning technology, from program development, data collection, and
processing, and 3D model reconstruction to achieve rapid, to the efficient acquisition
of 3D information. Secondly, the conservation and renovation design scheme of the
historic building is explored to propose a conservation strategy that is in line with the
local cultural heritage. The reconstruction of the building information model and the
research of its history and surrounding information is then used to integrate and
optimize the reconstruction model in terms of assisting design decisions and virtual
representation of scenes and developing a conservation and renovation design plan for
the building. Finally, an in-depth analysis of the project's geographical and historical
context, as well as the spatial characteristics of the building, led to the conclusion that
the fagade will be restored in the style of the medieval historical building, and the
internal space will be transformed into a public space for public participation. The
proposal also takes into consideration the role of contemporary culture as a carrier to
increase the vitality of the area, in order to bring about a revitalization of the area from
social, economic, and cultural perspectives and to reuse the historic building. The
theoretical analysis proves that HBIM (Historic Building Information Modelling)
technology-based historic building renovation design can quickly and accurately obtain
3D models with detailed information, and improve the efficiency and science of
renovation by combining the models with historic building renovation design ideas that
are in keeping with the local cultural heritage, so as to achieve scientific and digital

conservation and reuse of historic buildings.
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4.1 Questions description

As an essential component of urban regeneration and a major carrier of historical values,
the conservation and reuse of historic buildings is of primary importance (Guo et al.,
2021). More and more architects are focusing on preserving the cultural memory of
historic buildings and their historical value while adding new designs to revitalize and
regenerate them, and the conservation and reuse of historic buildings have been a
popular topic of research and reuse (Said et al., 2013). In the process of designing the
reuse of historic buildings, the presentation of two different consciousnesses of
conservation and reuse has caused architects to be prone to extreme behaviour when
judging the value of historic buildings. Some architects, when faced with the
continuation of architectural culture and the transmission of its architectural historical
values, often take stylistic unity as the primary goal, choosing to completely imitate the
characteristics of the original elements without considering the reality of the situation,
making the historical traces unclear and indistinguishable (Khalaf, 2016). This
erroneous approach to cultural relationships is a common problem in the renovation of
historic buildings, resulting in the failure to protect the value of historic buildings after
reuse, with the problems of historical and cultural heritage and spatial function being
particularly prominent (Bleibleh & Awad, 2020). It can be seen that in many cities with
deep historical and cultural heritage, a large number of historic districts and buildings
have not been improved in good condition, and many have even been knocked down
and replaced by blocks of antique buildings of indistinguishable style (Sun et al., 2022).
As a result, the historic environment of the city is being destroyed, the historic districts
are diminishing and the historical heritage is being destroyed, thus creating a uniform
urban appearance and the overall historical atmosphere of the city is no longer available
(Yung et al., 2014).

The restoration of Italy's architectural heritage has been a specialized discipline since
the fifteenth century, and the conservation of historic buildings has a long history. Faced
with the destruction of the original historic landscape as a result of economic

development and the ensuing urban regeneration after the Second World War, Italian
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architects became more aware after the 20th century that the architect's responsibility
could not be limited to the present, to new buildings, but that every project in the historic
landscape should preserve the existing urban identity (De Medici, 2021). In contrast,
even the practice of the relationship between the renovation and the regeneration of
historic buildings is a fundamental issue to be considered in architectural design. Italy
attaches great importance to the conservation and reuse of architectural heritage and
historic buildings, and through the accumulation of experience has developed a
relatively mature system for the conservation of historic architectural heritage, which
has been integrated into the basic policies of national development (Lerario, 2020).
There are many examples of the conservation and reuse of historic buildings and
cultural heritage in Italy, represented by the work of the Italian architect Carlo Scarpa,
which is based on the idea of distinguishing the original historical relationship between
the building and the co-evolution of the new building and the original building (La
Gennusa et al., 2005). The appropriate adaptation and exploitation of historic buildings
allow them to be extended and adapted to the new needs of the times, thus allowing
them to be effectively revitalized and reused.

At the stage of reuse and renovation design of historical buildings, information
acquisition of the original data plays a key role and is concerned with the accuracy of
design and construction (Hashem et al., 2022). With the development of digitalization
of buildings, the way of collecting architectural information has gradually diversified.
In the early days, manual measurement was the main method, which was inefficient
and easily affected by the weather and site environment (Han & Leite, 2022). At the
same time, for some buildings with high protection requirements, manual measurement
is likely to cause damage to the protected buildings, and at the same time, it is easy to
cause measurement errors. With the development of electronic information technology
as well as aerial and satellite technology, 3D GIS technology, low-altitude
photogrammetry, and multi-dimensional reconstruction technology, the use of true 3D
models to analyze and preserve historic conservation buildings is becoming more and
more developed (X. Yang et al., 2020). In the acquisition of building information, laser

point cloud data is acquired quickly, independent of terrain, environment, and weather,
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and can obtain changes in building 3D information in real-time. At the same time,
LiDAR is penetrating and not affected by tree shading, and can also obtain information
on the layering of building interiors, which has become one of the main means of
acquiring building 3D information in recent years (O’Neil-Dunne et al., 2014). Lidar
scanning as an emerging 3D data acquisition technology is increasingly used in the
mapping of architectural heritage due to its high accuracy, non-contact, high density
and high-speed acquisition (Giordano et al., 2018). The accuracy of LIDAR scanning
varies according to the measurement range, and depending on the state of the heritage
object different 3D scanners with different accuracies can be selected (Systems et al.,
2022). However, as the accuracy increases, the number of point clouds also increases
rapidly. The difficulty of post-processing point clouds increases accordingly. At present,
the point cloud processing is relatively weak, and many studies have made 2D
representations of the rich 3D data in CAD or combined it with BIM to create BIM
components (Y. W. Zhou et al., 2020). At the same time, the limited acquisition range
of terrestrial laser scanners does not allow for large-scale data acquisition. A single
measurement method is not good enough for a good 3D reconstruction of architectural
heritage. 3D realistic reconstruction techniques with data fusion are developing faster
due to the advantages of better accuracy and large-scale acquisition (Ji & Luo, 2019).
Combining photogrammetry and laser scanning can bring out the advantages of both
and circumvent their disadvantages, making it a better way of collecting the digital
heritage of architecture. In addition, the use of ground and airborne images can be fused
to achieve a multi-angle image of the building, reducing the problem of missing data
due to tree and roof obstructions. This allows for the construction of more accurate and
detailed building models. Data fusion based on data acquisition will be the future trend
in the digital reconstruction of buildings (Alavipanah et al., 2018).

Murphy M. and Eugene McGovern of the University of Dublin, Ireland, have been
working on the application of new technologies to enhance the documentation of
historic building information, first introducing the concept of HBIM in 2009. In his
Ph.D. thesis in 2012, Murphy M used Graphisoft ArchiCAD as the software platform

and described in detail the application process of HBIM for Henrietta Street (Murphy
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et al., 2009). Stephen Fai has worked on the application of BIM to the documentation
of cultural heritage information, and in 2011 he proposed the creation of a BIM model
containing all quantitative and qualitative information related to historic buildings,
which could introduce a temporal dimension to reflect the full extent of the building's
past, present, and future (Street, 2019). Juan Enrique Nieto-Julian combines HBIM with
cultural heritage restoration projects based on the concept of teamwork, taking into
account the irregularities of the target objects during the data collection process, and
then adding automatic recognition by artificial intelligence through a BIM system that
analyses the characteristics of the historic buildings (Nieto-Julian et al., 2022). Fodil
Fadli has developed an HBIM platform for the different specialties in construction,
which can be used for digitally integrated work on data collection and archiving,
through which measures can be taken to improve the clarity and manageability of
research data (Fadli & AlSaeed, 2019). Alexa Woodward's case study of a house in the
UK not only collates key information such as heritage values and house data from the
HBIM framework of the case study, but also the design of the renovation in the context
of heritage conservation. It is a good platform for communication between the owner,
architect, and builder, but does not go into enough detail about the design concept of
the renovation (Woodward & Heesom, 2021). Most of the current research in the field
is still focused on the use of HBIM technology for the information management of
architectural heritage and the lack of subsequent design updates for the adaptive reuse
of projects.

This chapter investigates the application of HBIM technology to the design of the
renovation of a church in the Tuscany region of Italy, analyzing it in relation to the
Italian concept of architectural heritage conservation and combining it with the
renovation proposal. Consider the design principles and design strategies in dealing
with the conservation and reuse of historic buildings. Explore how to achieve a
harmonious coexistence between historic buildings and new parts in the process of
renovation of historic buildings, and add traces of contemporary life to the renovation
design of historic buildings while expressing the historical and environmental heritage.

It is hoped that through practical examples, design thinking, design strategies, and
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methods for the relationship between history and the status quo in the process of

conservation and reuse of historic buildings will be explored, considered, and discussed.
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4.2 Materials description

The focus of this study is on an approach that explores how to enhance the value of
historic buildings so that HBIM does not act as a database of information in isolation,
but also contributes to the subsequent reuse of built heritage conservation. Allowing
historic buildings and renovated parts to generate new vitality through urban needs,
spatial functions, and formal features (Pasetto et al., 2020). The new spaces or elements
are spliced into the original historic building so that they are integrated into
contemporary design, so that the two spaces or elements are interlinked and integrated,
and so that their overall value is enhanced through symbiosis, thus enabling the

revitalization and reuse of the historic building (Giordano, 2019a).
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4.2.1 Data collection

This chapter was analyzed on the example of the Church of Santo Stefano, located in
the town of Volterra in the Tuscany region of Italy, Fig. 4.1 shows a Google map and
photographs of the site . In the research process, the scanning control system is used to
control the scanning range and the accuracy of the acquired point clouds, the data
processing system is used to collect the collected original data, and the spatial
coordinates are used to convert the coordinate values of the three directions into global
coordinates, and the laser point cloud is filtered several times to make the function curve
smooth and finally to reconstruct the triangular grid data (B. Wang et al., 2021). After
several experiments, it is proved that the system can adapt well to complex 3D scenes
and get better model reconstruction results using point cloud technology (P. Tang et al.,

2010).

Fig. 4.1 Google map view and photographs of the site
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4.2.2 Renovation design

The design of the renovation of historic buildings has come along with the continuous
development and improvement of architectural heritage conservation theories. As
research progresses, people are increasingly aware that restoration is not enough, and
that the ultimate aim of architectural heritage conservation is that it is given a suitable
social and economic function, so that it can be reintegrated into the productive life of
society and its own values can be revealed and promoted (Murzyn-Kupisz, 2013). From
the point of view of adaptive design and reuse, the ultimate aim is also to achieve a
more valuable presence of architectural heritage in contemporary society, and this
presence is achieved on the basis of the proper conservation and restoration of
architectural heritage (Carraro et al., 2019). At this level, the conservation of built
heritage is a prerequisite for reuse and an essential part of the process of its realization.
The churches involved in this project are characterized by their diversity of types, their
distinctive architectural style, and the concentration of their main spaces (Mehrbod et
al., 2019). Through these measures, the church buildings will be well preserved and
integrated into modern society in a new way, enhancing their functional value.

The reuse of churches needs to provide a stable and safe spatial environment to
accommodate the various behavioral activities that take place. However, over time, the
structural elements of church buildings, such as the walls, floor slabs, columns,
pendentive, and dome, inevitably deteriorate, even as some church structures or
elements become more and more dilapidated under prolonged use (Giustetto et al.,
2017). The continuation of the building's function is complemented by the maintenance
of the building itself, which, if restored without functional renewal, is tantamount to
starting the next process of decay. The renewal of functions needs to be matched to the
needs and characteristics of the historic space itself, and a reasonable renewal of
functions can enhance the overall value of the historic building (Giordano, 2019).
With the renewal of the building's function, the design of the new space and the original
space is another key point in the symbiotic relationship between the building itself

(Blagojevi¢ & Tufegdzi¢, 2016). The mode of association between the historic and the
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existing spaces has a bearing on the strength and effectiveness of the subsequent
renovation methods, and it is necessary to give due consideration to the appropriate
mode of spatial association based on the principles of minimal intervention and
reversibility in the process of the intervention of the new spaces (Asteris et al., 2014).
It can be concluded that the harmony of the two spaces requires consideration of the
following two aspects: (1) Reasonable functional renewal: the need to combine the
characteristics of the historic building itself and to analyze and match them in order to
carry out a reasonable design for the functional transformation of the building. (2)
Spatial association: the new spaces created after the functional renewal can be
subdivided into four basic modes of association: embedded, overlaid, superimposed,
and juxtaposed, depending on the connection between the old and the new spaces. In
this project, overlay and superimposed modes are used for the renovation design (Q.
Zhao, 2020).

As heritage is often materialized in historical buildings in the form of architecture, the
formal expression of the historical and current space has always been the focus of
attention during the renovation of historical buildings (Hegazy, 2015). In addition to
the simple expression of history and culture, it is also worthwhile to recognize the past
from the new perspective of the current era and to interpret tradition in an innovative
way. Architecture is both historical and co-temporal, and the present is part of its
historical composition for the future, so it is important not to rely only on passive
inheritance, but to lead tradition into creation (Cassar et al., 2021). The design of the
renovation of this work is based on the following three aspects of the relationship
between the historic building and the cultural lineage: (1) the typological extraction of
architectural forms: by extracting and transforming the spatial prototypes of the historic
building, creating new spatial forms on this platform, or through the expression of
historical elements to achieve the continuation of the cultural lineage; (2) Material
association: on the premise of respecting the historical cultural nature, the materials are
used to simulate or create a dialogue with the historical building materials. (3) The
continuation of scenes: connecting the former historical spaces with paths or involving

people through event planning as a complement to the formal expression,
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interconnecting the cultural lineage with the old and new buildings (Y. Li et al., 2022).
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4.2.3 Point cloud model

After collecting the point cloud data from each station, the software of ReCap pre-
processes it and automatically stitches it together with the image data in the overlapping
areas on the adjacent stations collected by the scanner. The point cloud data is converted
to the same coordinate system with a stitching accuracy of better than 2mm, and the
point cloud data is converted to a coordinate system based on the control points in the
field with a conversion accuracy of better than Smm (Gu et al., 2020). For this step,
choose the "SOR filter" command and the "Noise filter" command in the software to
complete the denoising of the point cloud. To make the point cloud smoother, a further
filtering process is required. The "Gaussian filter" command and the "Bilateral filter"
command can be used in the software to perform the filtering process. It should be noted
that the filtered point clouds are hidden in this step and the results will be generated in
a separate file in the software, if the results are not satisfactory you can restore the data
by clicking on the file before the filtering operation (Azzopardi & Petkov, 2015).

The different application areas of the target point cloud data are exported from the
software in different common formats, of which the "*.zfs, *.asc, *.las, *.pts, etc."
format is represented to make the point cloud data have a wide range of applications,
and the files under this format are completed in the Revit software to guide the
generation of The "*.pts" format allows the church point cloud data to be linked to the
modelling software for subsequent operations (Ri et al., n.d.). During the scanning
process, the camera built into the scanner captures the image data, and during the
scanning process at each station the scanner takes pictures in parallel with the scanning,
and the point clouds are coloured in the Register360 software module, and each point
cloud is coloured to obtain a colour panoramic photograph, and through algorithmic
calculations, the colour information of the panoramic image can be mapped to the
corresponding position on the the algorithm allows the colour information of the
panoramic image to be mapped to the point cloud at the corresponding location. While
the scanning is in progress, it can be used in conjunction with a Global Positioning

System (GPS) or Total Station, as required, to provide a basis for subsequent coordinate
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conversions. The point accuracy of the acquired point cloud data can be analysed by
comparing the coordinates of the total station and the scanner at the same point in the
external co-ordinate system. 10 position points, such as the sill edge of some of the
ground floor windows, are selected as feature points, and the results of the scanner and
total station measurements at the feature points are compared (Julin et al., 2020).

The data processed in the Couldcompare software needs to be converted to a format
that can be recognised and processed by the popular BIM modelling software Revit.
The method used in this work is to convert the "*.zfs, *.asc, *.las, *.pts etc" format of
the point cloud data processed by the software into "*.rcs" format files by linking the
function modules of the point cloud. This format file is linked directly in Autodesk
Revit software and is used as a reference for reverse modelling in the software (Moyano
et al., 2021). The point cloud data imported into the Revit software is shown in Fig. 4.
2.

Fig. 4.2 The point cloud data of the church
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4.2.4 The plan of renovation design

Modeling by opening the transcoded point cloud data in Revit software. The contour
lines of the model are drawn according to the point cloud. The main function of the
drawn contour line is identifying the model boundary; drawing the outline of the
components according to the point cloud, and collecting the dimensional information
of the components with the help of the functions of measurement and annotation, as a
reference for the dimensions of the loaded components such as doors and windows. The
establishment of elevation and axis lines also plays a role in the modeling by dividing
the floors, generating floor plan, determining the position of the top and bottom of the
floors, and determining the position of the columns and walls. Once the preliminary
work has been completed, the main body of the model can be modelled (J. Zhu et al.,
2014).

After the modeling was completed, the architectural style of the town of Volterra and
the local historical context was taken into account and the medieval style was restored
as far as possible. The typical medieval style of rose windows, dome, and semi-circular
arches were used, and the materials of the existing building were retained, while the
same materials were used in the new part of the building, which is a typological
extraction of the building form and a correlation of materials (Chiozzi et al., 2018). The
design of the existing walls has been combined with the height of the existing walls to
create an innovative design, adding elements such as arches, crosses, and sequential
pointed arches, and using the symmetrical relationship of the axes to show the church's
solemn character, which is a continuation of the spatial scene and creates a dialogue
between the new space and the existing space (W. Li et al., 2020). The information on
the location of the doorways and the height of the story of the existing building has
been retained in the renovation design scheme, and the front facade has been designed
using an overlay approach. As the main church space no longer exists, this has an
impact on the design of the renovation scheme, as there is no contextual reference.
However, on the other hand, if the main facade is preserved in style, it is possible to

make the best use of the space of the main part of the church, with superimposed spatial
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implantation, which may be a new experiment and a spatial innovation, so this work is
an innovative design for its interior (Rakow, 2020). Fig. 4.3 shows the effect of the

renovation design scheme.

Fig. 4.3 The renovation design plan
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4.3 Summary of chapter

In this chapter, a point cloud model of the historic building was created by means of a
3D laser scanner, and the design of the renovation was based on the existing conditions
of the church. The concept of the design is based on the relationship between the new
space and the original space, the extraction of the historical context, the restoration of
the materials, and the innovation of the scenic space. In the course of this chapter, an
adaptive reuse strategy is proposed for the church in response to the problems it faces.
On the one hand, through the overall planning of the surrounding site, and on the basis
of meeting urban management regulations, the conservation of the heritage building is
opened up to the city through the introduction of adaptive functional spaces or other
public spaces, so that it can be integrated as much as possible into the current public
life of the city. On the other hand, by adapting and replacing the internal functions, the
daily contact points with the historic buildings are increased. By expanding the range
of contact and the diversity of the replacement functions, the building will be able to
better meet the diverse needs of people today, while at the same time bringing vitality
to the city's culture, thus enhancing the vitality of its surroundings and ultimately
achieving sustainable development together with the city.

The design of the interior space, while reflecting the basic design flow, is intended to
present some more lively spaces. However, due to the limitations of the site space and
design thinking, the design is only expressed in a relatively straightforward manner. In
addition, as the author's design is based on a rather idealistic environment, he has not
taken into account the many social factors involved in the implementation of the scheme
and lacks practical testing. However, the main intention of this chapter is to demonstrate
how HBIM technology can be applied to the renovation of historic buildings and, more
importantly, to demonstrate a methodology. This method can meet the accuracy
requirements of historic building renovation and has unparalleled advantages over
traditional methods, which are now being gradually applied in the urban renovation.
However, the existing point cloud data processing software has certain drawbacks due

to the limitations of the algorithm itself and must be combined with practical targeted
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processing improvements before it can be applied to project production. Although there
are some areas that need to be improved, this work investigates the renovation scheme
and reuse design of historical buildings, and proposes conservation concept measures
and reuse renovation strategies based on the current problems, which provides some
reference for the future conservation and reuse of similar historical buildings and has a
greater significance for exploration.

In terms of spatial layout, the overall layout of the original building will be retained, a
small number of buildings of low historical value and unsuitable for renovation will be
demolished, the original flow will be maintained, and landscape flow and public space
will be injected; a public urban environment for leisure and recreation will be provided
for the surrounding residents and visitors. This chapter explores the advantages and
development prospects of combining HBIM technology with historical building
renovation design and gives the design ideas proposed in this chapter to combine
historical building renovation design ideas through the HBIM platform. Based on the
renovation of historic buildings, this chapter validates and practices its approach by
presenting problems, analyzing and solving them through the digital informatization of
buildings and sites as an aid for the whole process of architectural design and renovation.
The current process of building informatization is in the exploratory stage, and the depth
and breadth of the application of 3D models need to be further studied in depth, and the
automation process of the application of 3D reconstruction models and the rapid

vectorization of models need to be further studied in depth in the future.
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5. SPATIAL CO-DESIGN WITH TLS TECHNOLOGY

In the context of urban renewal and informationization, it is essential to examine the
traditional design industry innovatively. From the perspective of collaborative design,
this work uses Terrestrial Laser Scanning (TLS) technology in surveying and drawing
combined with traditional design methodologies and BIM platforms to conduct a
practical study on the stores in Guangzhou's commercial complexes. This study focuses
on how to comprehensively and realistically present the project's design concept. After
the entire research from the early design stage, the construction process, and the post-
completion stage, the results indicate that TLS technology can assist designers and
owners in collaborating on the design and realizing ideas more realistically. This project
has been favored and welcomed by consumers because of its good representation of
Hanfu culture and has established a modular and standardized foundation for similar
work in the future, which has positive significance for the trend of collaborative design

in the design industry.
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5.1 Questions description

With the development of the economy, people have new requirements for physical
space, causing urban planning and construction gradually enter a critical period of rapid
development, urban construction enters a fine development stage, and cities gradually
and rapidly turn from rapid development based mainly on incremental economic
development to the potential type of development; thus the theory of urban renewal
comes into being (Suh & Cho, 2021). Usually, urban renewal projects are government-
led, market-led, and property-led. The source of market-led retail space renewal is the
change of consumption environment owing to the change of the main consumer, and
the essence of commercial space renewal is to provide consumers the greatest spiritual
satisfaction in the commercial scene, including the improvement of business format,
interior design, and soft decoration (Short & Fundingsland Tetlow, 2012). The
comprehensive development of information technology has penetrated almost every
field. The informationization of commercial space design is a significant driving force
in enhancing design efficiency and improving management. It is an essential tool for
developing the entire urban renewal field in a huge stride (Boyle et al., 2018). 3D spatial
information is a hot topic in geospatial information science research, and 3D laser
scanning technology is an emerging technology related to this hot research field (Gruen,
2021). 3D laser scanning technology is also known as "real scene replication
technology", through laser scanning tools for 3D entities to laser scanning, and then use
the computer and related software for data processing of the collected point cloud, and
finally realizing the real scene 3D model reconstruction of the collected target, which
is a high precision 3D inverse modeling process (C. Xu et al., 2022).

Information technology has significantly contributed to the development and progress
of interior design. Traditional computer-aided software such as CAD has made it
impossible to achieve true multi-disciplinary collaboration and sharing of data and data
correlation between drawings and models, resulting in low work accuracy and
efficiency (Zhuang et al., 2018). In the design process, incorporating the information of

the whole life cycle of the building model to accomplish multi-disciplinary and
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collaborative cooperation among all parties involved can promote the efficiency and
progress of the spatial design (Singh et al., 2011). Collaborative design is storing,
converting, and sharing information, including collaboration between design
disciplines and upstream and downstream project participants, the cooperation between
2D and 3D design, and the transfer of information throughout the project life cycle (Ren
et al., 2011). 2D collaborative design is a file-level collaboration based on the external
reference of computer-aided drafting software, which is a stage-by-stage collaboration
based on regular updates of 2D drawings in the field of construction engineering (Xiao
& Bhola, 2022); The 3D collaborative design is a collaborative model in which all
professionals design in parallel in the same environment based on 3D models, and
complete the same project through information exchange, communication, and
collaboration. The development of TLS technology provides a new operation trajectory
for the current 3D collaborative design, and the collaborative design based on TLS
technology is a new paradigm of spatial design expression and a new way of design,
communication, organization, and management, utilizing the 3D visualization
technology of TLS and the interactive sharing characteristics of information to enable
the building, structure and equipment professionals to collaborative design on a unified
digital model. The design and drawings can be modified in real-time based on the
results of the construction site, and the construction parties, including construction units,
supervision units, material suppliers, and operation units, can begin the implementation
of the project to achieve a more desirable construction results (L.-K. Chen et al., 2021;
Wen, 2019).

Co-design is increasingly being utilized in design practice. Jiayuan investigated the
connections between the various designers and participants through the study of BIM
in construction projects, and the development of an analytical model concluded that the
teamwork atmosphere has the most significant influence on collaborative design.
Concurrently, work and interpersonal interaction can also positively impact teamwork.
It is evident that communication and cooperation among designers, owners, and
consumers are essential and that collaborative design can be coordinated in these

aspects (J. Wang et al., 2021). The transformation of industrial parks, commercial areas,
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old districts, urban neighborhoods, historic preservation, urban villages, and public
services constitute urban renewal. Walaa establishes a methodology for enhancing the
value of commercial areas in the midst of historic cities, a methodology that preserves
historical values and has a positive impact on the vitality and movement of the city. It
indicates that the value of commercial areas can be renewed through architectural
design and urban design to accomplish urban regeneration following the overall context
of urban regeneration (Mehanna & Mehanna, 2019). Using TLS technology, the object
can be scanned and produced as a model in the building design process. Tarvo produced
a BIM model of the building utilizing TLS technology, which was used to detect and
define facade damage and proved that TLS technology might be beneficial to design
(Mill et al., 2013). Including a specific theme in the design facilitates a unified
expression of the style of the space. Based on a survey of four urban regeneration
projects in China, Fei discovered that the embodiment of value in commerce is strongly
related to the local culture. Creating spaces with traditional forms can positively impact
commercial places (F. Chen, 2011). It is evident from the above literature that the
addition of traditional culture to commercial spaces in the context of urban regeneration
can have a positive effect, that collaborative design can assist with teamwork in the
design process, and that TLS technology can aid in the design to increase the accuracy
of the model. However, this literature has been scattered across various pieces of work,
and it has rarely been combined to produce a complete platform for design. Therefore
this work builds on the TLS-based collaborative design of a shop space in Guangzhou
in the context of urban regeneration, utilizing the traditional Chinese cultural theme of

Hanfu.
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5.2 Materials description

The construction was carried out after conceptualizing the design of the commercial
space, and the furniture design was finalized after numerous communications with the
owner in the context of urban renewal and the combination of consumer and spatial
aesthetics. TLS technology was utilized to scan the store's interior to achieve the point
cloud data and 3D model throughout the construction process to make the final
construction results better match the design expectation. Under the collaborative design
concept, errors can be found by comparing the 3D model to the final results, and the

design or construction can be modified in real-time (Giordano, 2017).
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5.2.1 Study area

This study's research project is the renovation of commercial space in Guangzhou's
Zhengjia Plaza. Designed as an experiential theme shopping park, it is a modern
shopping center that integrates retail, leisure, entertainment, catering, convention,
exhibition, recreation, tourism, and business. The store is themed as a Hanfu aesthetics
experience hall to highlight its business characteristics in the shopping center; still, it
has no advantage in the location of the entire commercial plaza, and the owner wants
to enhance the commercial value and popularity through renovation, and design value
(Lee et al., 2019; Y. Zhang, 2008). Fig. 5.1 depicts the current situation in the mall and

the stores before the renovation.

Fig. 5.1 The mall and the stores (inside pictures)
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5.2.2 Commercial space design philosophy in the context of urban renewal

High-quality urban renewal will also stimulate the transformation of industries and
business models in the urban renewal process, thus promoting the evolution and
iterative upgrading of commerce and consumption (Zhao Liu et al., 2019). The
introduction of high-tech commercial industries will better meet diversified
requirements and give more incremental value and utilize the commercial space, thus
optimizing urban functions and layout and promoting economic development
(Zhaowen Liu et al., 2020). In the context of urban renewal, it is especially significant
to operate the commercial space in the whole life cycle of value discovery, value
creation, and value enhancement. Chinese civilization has a great historical background,
and Hanfu has a long history in the Chinese nation (LUO et al., 2021). Hanfu is a
precious cultural treasure and a symbol of the national spirit, carrying a profound
cultural accumulation and historical heritage, interpreting the traditional Chinese
aesthetic meaning and the traditional aesthetic thought of ancient China, which is
worthy of people's inheritance (S. Hu, 2014). This chapter incorporates the store
owner's idea of operating a Chinese costume culture experience center, which is highly

suitable for the space renovation design under the concept of urban renewal.
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5.3 Application of TLS

Fig. 5.2 The laser scanning operations

The 3D model was obtained during the project construction process after scanning the
project with TLS technology. The 3D laser scanning technology employs the laser
ranging principle to record the 3D coordinates, reflectivity, and texture of a large
number of dense points on the surface of the object to be measured, allowing the 3D
model of the target to be measured as well as various figure data such as lines, surfaces,
and bodies, to be rapidly reconstructed (Mill et al., 2013; P. Tang et al., 2010).
Following the site survey, a feasible scanning route is planned based on the actual
circumstances of the site and integrated with the design drawings to develop a three-
dimensional scanning program (Borin et al., 2020). The effective distance measured by
the scanner is 350 meters, and the area of the indoor space of the project is
approximately 450 square meters. To improve the overlap between the respective sites,
25 scanning sites were arranged in the whole space, and the sites should be set up in
numerous angles and directions for the key scanning areas to meet the requirement of
full coverage of the scanned data collocation. The scanning data will be imported from

several sites (Ding et al., 2016; Nahon et al., 2019). The multi-site site scan data will

Lu Xu, 2022 75



Universita degli Studi di Padova, PhD Thesis

Value Assessment and Renovation Design of Buildings in the Perspective of Urban Renewal: Case Studies in China and Italy

be imported into the point cloud processing software of Recap for point cloud denoising,
point cloud stitching, point cloud trimming, and other data processing work in turn to
synthesize the overall point cloud model of the scan (Jones & Church, 2020; Z. Xu et
al., 2020). Fig. 5.2 depicts some locations where the scanner was employed in the

construction work.
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5.3.1 Spatial co-design

The 3D model of the construction process was compared to the design drawings to
provide a platform for collaborative design. This project's components, in particular,
feature many curved elements, which can be found during the comparison if the
construction accuracy is not up to the required level, allowing it to be corrected. It is
also possible that after analyzing the construction process drawing, the idea of
modifying the prior design concept will occur; at this time, there is also an opportunity
to modify it (Ibrahim & Pour Rahimian, 2010). The comparison enables modifications
to be made in terms of layout changes, finishes, component installations, furniture
placement, etc. The perspective of the 3D simulation ensures that the design is
coordinated, efficient, and smooth. The level of spatial collaborative design is improved
with three-dimensional design and data information analysis by analyzing the
relationship between the 3D model and the actual space. (Paes et al., 2021). In the
project's construction process, the scanned 3D model is employed as the object,
combined with the design drawing update and integrated management means of each
profession, to realize the collaborative design of this project (Nee et al., 2012).
Additionally, it is possible to conduct collaborative design cooperation online in various
regions to improve collaboration efficiency and enhance the practical application of

spatial collaborative design through off-site collaboration (Giordano et al., 2019).
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5.3.2 Space design products

After numerous communications with the owner, the following design concept and
results were formed. Fig. 5.3 depicts the floor plan, illustrating the store's various
functional partitions and designs. The entrance design is based on a lotus flower in full
bloom, with the petal lines spreading outward around the lotus pistil, swaying and
shining. It signifies that the revival of Hanfu culture, just like the lotus flower, is slowly
gaining global attention, allowing the Chinese Han aesthetic culture to bloom
worldwide. In contrast to the traditional window design, the project extracts its curved
elements from the owner's brand logo and employs the dynamic curves as the
compositional elements of the window with exquisite patterns, which not only adds
some elegance to the space design but also expresses the artistic tension to the fullest,
and makes it more agile and ethereal. Pedestrians can peek through the window to
observe the aesthetics of the Chinese style and then be attracted in. Traditional Chinese
aesthetics believes that the ultimate beauty focuses on the context (Q. (Bill) Zhou et al.,
2013). The project cleverly employs the interplay between white and log colors to
reveal a delicate artistic context and the beauty of the national style.

The Hanfu display area adopts a simple design approach, extracting Chinese
characteristic elements and utilizing white with soft lighting, resulting in a harmonious
visual integration. Simultaneously, the shelves are utilized to organize the movement
of the entire commercial space, and through the creation of scenes from various angles,
the theme image is strengthened to the maximum, allowing customers to feel the culture
of Hanfu and the owner's brand from the entire store display effect. To assist spread the
culture of Hanfu aesthetics, a cultural creation area was designed to represent a
traditional culture to the public through the grafting of contemporary design and
creative products, hoping that customers can experience the profound cultural values
and unique connotations carried behind. The concept of "lotus flower" is also used in
the cultural creation area, and the lotus petals obtained through the golden division
method are employed to turn the space of the cultural creation hall into a painting scroll,

inviting the viewers to savor the beauty of traditional Chinese culture and experience
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various national style cultural creation products (J. Park, 2022).

Clothing has always been the most intuitive carrier of national culture, and accessories
play a significant role in it, which is one of the reasons why we designed the accessories
area. The design of the accessories area follows the overall style of the store,
emphasizing the beauty of the national style mood. The project also designed the
children's area, hoping that children could feel the charm of Hanfu aesthetics and the
deeper meaning of the culture from a young age. The fitting room maintains a consistent
personality and aesthetic with the overall image of the owner's brand in all aspects,
including overall vision, lighting, color, and layout. Neutral white lighting is employed
in the fitting room, and good light reveals the most authentic and perfect side of
customers and enhances the fitting experience (Jonu & Auglys, 2019). The cashier area
is designed with lotus petals for outlining, and the smooth curve design demonstrates
an elegant and written temperament. The natural and comfortable color scheme depicts
a comfortable and natural space mood, and the soft lighting design makes the space
appear more layered. The Tang Dynasty style furniture utilized is unique in its shape,
featuring wide and heavy, round and full, fresh and gorgeous. Fig. 5.4 and 5.5 illustrates

the rendering images from various angles and zones of the interior and exterior.
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Fig. 5.4 The rendering images
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5.3.3 Application of TLS technology in co-design

After scanning the commercial space under construction with a 3D laser scanner, an
ideal point cloud can be obtained after processing. From the point cloud data results, it
can be observed that the construction site is the same as the design pattern. However,
there are still deviations in some places due to the limited accuracy of the arcs and
details in construction and the variations between the 2D drawings and the three entities
(P. Tang et al., 2010). According to the deviations in the location, modifications are
made at the construction site. Utilizing BIM technology, the interaction between the
building and MEP was processed in the model for co-design. After obtaining data
models of the overall layout, decorative surfaces, fixtures, furniture placement, etc.,
from each of the 25 scanned sites, the three-dimensional model was compared with the

construction site data (Z.-Z. Hu et al., 2018). Dynamic updates were maintained

Fig. 5.5 Environmental streamline analysis diagram

between the construction site results and the design drawings, and modeling and
analysis were used to enhance the final effect. TLS technology, construction

organization management, design management, and BIM are fully integrated with the
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collaborative design process to improve the practical application of interior
collaborative design. Fig. 5.6 depicts the images of the processed point cloud (Novak,
2014).

Fig. 5.6 Point cloud images
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5.3.4 Construction results

To maximize the value of commercial space, after the collaborative design of the design
scheme and construction process according to TLS technology, the value of commercial
space is more thoroughly reflected in the context of urban renewal. This research has
significantly improved the storage space's functional structure, spatial layout, and
shopping experience environment (Santos et al., 2017). As a consequence of the
collaborative design of TLS technology, the entrance, display area, children's area, tea
area, and other areas have been optimized to varying degrees, and the displayed results
more accurately reflect the Lotus theme. The charm of Chinese costume can be
perceived in the entire atmosphere of the interior space. The lotus flower is paired with
the owner's brand VI concept, which is simplified and outlined by the soft posture of
the lotus flower blooming. The whole is simple, fashionable, and innovative, expressing
the oriental beauty everywhere and providing a clear and ethereal poetic sense. A large
area of Chinese traditional stylized red and white as the main color, such as a charming
red series and dreamy white fusion into a smooth painting, in the flow of the visual
feast, interpretation of the country-style aesthetic ethereal poetry. It provides people a

sense of intertwined beauty as if they are in a lotus fairyland hidden in the city.

Rendering photo Paint cloud phaoto Real Photo

Fig. 5.7 Contrast photos (rendering photo, point cloud photo, real photo)

Lu Xu, 2022 83



Universita degli Studi di Padova, PhD Thesis

Value Assessment and Renovation Design of Buildings in the Perspective of Urban Renewal: Case Studies in China and Italy

it 40 B

Fig. 5. 8 Axonometric and function block photo
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5.4 Summary of chapter

It can be collaboratively designed and dynamically modified during the whole project
life cycle. In the context of urban renewal, integrating information technology, mapping
technology, and 3D technology in combination with the design concept of traditional
Chinese culture increases the popularity and value of the entire mall. The essence of
urban renewal has switched from expansion to quality enhancement, and this project
incorporates the site design in terms of consumer flow, adding as many entrances as
possible to make the indoor and outdoor spaces transparent (Miao, 2011). As illustrated
in Fig. 5.6, the interior of the stores can be accessed from various entrances, bringing
vitality to the environment. As a commercial complex in the city, the case of this chapter
profoundly represents the power of design to optimize the traditional design and
enhance the value and quality of the storage space through the integration of
information technology. This research focuses on the interactivity of information in
collaborative design for data sharing of interior spaces, with varying degrees of
adjustment from outdoor to indoor stores, as evidenced by the comparison of three
stages: rendering photo, point cloud photo, and real photo (Fig. 5.7), all with subtle
differences. It is assumed that the final idealized result would not have been attained
without the intervention of TLS co-design.

Furthermore, the design results of this project established the foundation for the owner
to expand the store in other areas in a modular, assembled manner. The modular
materials can be refined and altered in future projects based on the project's specific
needs (Rausch et al., 2017). Fig. 8 depicts the axonometric and function block, which
can all be replicated in future projects for the owner. This study has shortcomings,
mainly the processing of point cloud data, which requires optimization; therefore, the
scanning results are more realistic, and the obtained models can assist in subsequent

design (Goi et al., 2020).
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6 CONCLUSIONS AND DISCUSSIONS

6.1 Conclusions

Four different case studies are used to explore how to assess the value and design of
urban renovation in the context of urban renewal. It explores how to combine the
historical and cultural values of the local heritage with a comprehensive consideration
of the study object before renovation and design. The value of different building types
is analysed and different methods are used to construct different evaluation systems and
obtain different levels of protection. The different levels of conservation can influence
different conservation strategies and renovation design concept, and the renewal
patterns under different levels of conservation are discussed. Based on the different
renovation design cases, HBIM and TLS technologies were used to collect and model
the data, and then the platform was used for research and analysis to obtain more
efficient results. The following conclusions were reached as a result of these analyses:

® The chapter 2 took Wengji ancient village as the research object and uses the
entropy weight method to carry on the value evaluation in three parts, and the main
conclusions are as follows: (1) The architectural value of traditional houses is
influenced by many factors, among which the most influential are architectural style,
building materials and architectural space, which constitute the diversity, richness and
specificity of traditional house architecture. (2) Traditional residential architecture has
been influenced by its environmental geography, mountains and rivers with the
development of the times, and these are mainly reflected in historical and cultural
stories, the landscape of the village. (3) Some villages have well-preserved ancient
buildings mainly because the buildings still play their role in the development process
of the times, for example, the better-preserved buildings in wengji village are mainly
located in the center of the village and the temples responsible for rituals, while the
peripheral areas are more seriously damaged due to fewer people living there. The
protection of the value of the ancient architecture of the village should be coordinated
with the local environment and its role.

® The chapter 3 took Mengjinglai village as a case study and applied the GA-BP
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neural network model to evaluate the exterior quality of residential houses based on the
respective advantages of the BP neural network and the GA, classified the quality levels,
and compared and analyzed the results of the BP neural network model and the GA—BP
neural network model. The main conclusions are as follows: (1) The GA-BP network
model is less error-prone and more efficient than the traditional standard BP neural
network. Using the GA-BP network model in the exterior quality evaluation of
traditional residential houses can lead to a more rational and scientific approach to
village assessment, and provide a reference for other, similar studies. (2) The overall
exterior quality of Mengjinglai village is well preserved, highlighting the traditional
Dai architectural style, and there was little difference in the scores of the four
classifications assessed. However, the village’s architecture still needs to be combined
with local policies and customs to reflect the traditional culture.

® The chapter 4 took the church in Tuscany, Italy as the research object, and uses
HBIM technology to carry on the transformation design analysis. This chapter
integrates HBIM into the renovation design process by applying the design concept of
reuse of historic buildings based on the use of 3D laser scanner technology. More
detailed models and data were obtained and the data recorded information about the
whole building, as well as individual components, which plays a crucial role in the
conservation of architectural heritage. Through the exploration of the 3D reconstruction
method based on image fusion, it is shown that the 3D reconstruction results obtained
by photogrammetry through the fusion of ground photography and the study of local
historical heritage tracts can preserve the 3D spatial information of buildings and sites,
which is fast, accurate, efficient and low-cost, and has technical advantages for the
collection and preservation of the original information of historical buildings, and can
form a good combination with the conservation of buildings. It is a good combination
with the conservation of buildings. Through the analysis of the architectural background
of the church in Tuscany, the spatial structure of the Church of Santo Stefano is sorted
out according to the field research and the 3D reconstruction model, and the design and
analysis of the layout and flow of the renovation, the form and functional distribution

of the building renovation are proposed.
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® The chapter 5 took an indoor shop space reconstruction case as the research object,
and takes TLS technology is combined with the renovation design to form a
collaborative design system. Collaborative design is an innovation in the design
industry; however, it still faces many challenges. There are several problems to be
solved in information, management, and design, and an adaptation process is required
for various professions' collaborative design to achieve construction integration more
effectively. Together with the intervention of TLS technology, it adds value to the mall
in the context of urban renewal through the coordination and efforts of several
professions, from the conception of the scheme to the opening of the case. The image
and spatial value of the Hanfu store boosted the mall's overall popularity, particularly
among the young group. The following two are the main contributions of this work: 1.
The application of TLS technology in collaborative interior design integrates the design
scheme stage, project construction stage, and post-design and construction management
stage; 2. It provides significant support conditions for the parametric design and
modular design of similar projects in the future, which improves the efficiency of the

design industry and reduces the owner's cost.
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6.2 Discussions

This thesis combines the discussion of value assessment and retrofit design, achieving
methodological innovation, especially by adding artificial intelligence algorithms to the
discussion. TLS techniques are also used in depth throughout the process of renovation
design, with good results. This thesis mainly advocates this integrated approach to each
other, and although the role of value assessment is presented in its application, it is not
presented step by step with a case study from value assessment to retrofit design. The
overall description of a case will also be deepened in future research, where a case is
assessed for value and then a renovation design plan is planned based on the results of
the assessment made.

And there is also a need to experiment with different methods in terms of innovative
technologies, such as and VR, AR, MR, remote sensing and metaverse. Through
different methods, it is hoped that architects, designers and heritage conservationists
will be inspired to bring about more technological revolutions. Thus creating more
relevant solutions that integrate with the surrounding environment, symbiosis with the

city and harmonisation with the cultural context.
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