ISSN 1330-3651 (Print), ISSN 1848-6339 (Online)

https://doi.org/doi.org/10.17559/TV-20240802001898
Original scientific paper

Research on Reconstruction Factor Model of Old Residential Area Based on Multi-Modal
Data Fusion

Zhaofeng YU, Shuyang YANG, Chongbao REN, Xialing SUN*

Abstract: The green transformation of old residential areas is a major livelihood project and development project to promote urban renewal and meet the needs of the people
for a better life, and an important way to realize the sustainable development of stock buildings. Firstly, in the transformation elements, an adaptive modal weight updating
mechanism is designed to dynamically adjust the modal weights in the process of coclustering fusion, so as to meet the dynamic change requirements of the modal influence
on the fusion results and improve the scalability of the algorithm. Secondly, the evaluation index system of comprehensive elements of green transformation in old residential
areas is established and improved, and the attribute hierarchy model is used to determine the index weights. Finally, taking the reconstruction elements of old residential
areas as the basic unit of matters-element extension theory, the multi-modal data fusion reconstruction element model is constructed, which provides a new perspective and

new ideas for the formulation of old residential areas reconstruction plan.
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1 INTRODUCTION

At present, urbanization rate has exceeded 60%, and
urban development has entered a new historical period.
The implementation of urban renewal action is the only
way to adapt to the development of the Times [1]. As the
most important part of urban renewal action, the
reconstruction of old residential areas has gradually
become a hot topic in recent years. At present, many old
residential roads are seriously damaged; lack of streetlights,
parking spaces and other infrastructure; residents travel is
very inconvenient. In a large number of old residential
areas also appear exposed wires, insufficient fire facilities
and other chaos, there is a greater security risk. Therefore,
the renovation of old residential areas is not only conducive
to improving the living environment and quality of life, but
also to protecting the life and health of residents, and is an
important measure to improve people's livelihood [2].

So far, the supporting policies, standards and
technologies for the renovation of old residential areas
have been quite mature. Some domestic scholars have also
carried out corresponding research on this basis. Based on
the new public management theory, the whole performance
evaluation model process of the renovation project of old
residential areas is constructed, which provides a new
angle for performance evaluation of old residential areas
[3]. It puts forward the participation of real estate
enterprises in the renovation of old residential areas and its
operation mode [4]. The process of urbanization in
developed countries is relatively early, and the research on
urban renewal and the reconstruction of old residential
areas is also in the forefront. The open architecture theory
is proposed, which divides the building space into levels
and distributes the building control rights according to the
levels [5], making it easier for buildings to adapt to social
development and change. The concept of "architectural
regeneration” is proposed, which covers all architectural
behaviors except new buildings [6] and provides ideas and
experience for the renovation of old residential buildings.
The above research includes the performance evaluation,
reconstruction mode, livable evaluation and building
reconstruction of the old residential area, but there is a lack
of relevant research that introduces the system engineering

model into the whole process of the old residential area
reconstruction.

As an interdisciplinary discipline, systems engineering
has been widely applied in many fields, and has been
introduced into the field of green building to guide the
whole process of green building [7]. System engineering
was introduced into the field of foundation pit construction,
and a series of methods such as grey line control excavation
method were proposed according to the methodology of
system engineering [8], which effectively improved the
problem of foundation pit deformation. The system
engineering methodology is introduced into the field of
railway tunnel engineering construction management [9],
aiming at improving the ability to solve complex problems
in international engineering. The system engineering
methodology is applied to enterprise development strategy,
and the idea of system engineering is explored in a
beneficial way [10]. Based on the proposed four-
dimensional structure system and the reconstruction
elements of the old area, this paper proposes an incremental
coclustering fusion algorithm for non-parametric
multimodal data. A new multi-modal data similarity metric
is designed to perform incremental clustering fusion on
multi-modal data. At the same time, an adaptive modal
weight mechanism is designed to dynamically adjust
modal weights in the process of coclustering fusion, and
the whole process model of the old community
transformation is constructed. The systematic engineering
thought which should be followed in the whole process of
rebuilding old residential area is discussed in many aspects.

2 RELATED WORK

This paper probes into the reconstruction strategy of
the old residential area from the aspects of reconstruction
content and reconstruction plan decision. For example,
from the perspective of aging, it is believed that the
reconstruction content should not only consider the
transformation and renovation of the material conditions of
the building [11], but also consider the living needs of the
elderly and the protection of cultural heritage in the
community. Aiming at livability and urban repair, the
reconstruction content is summarized into two items:
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essential projects and expansion projects [12]. Based on the
concept of micro-renovation of old residential areas, the
renovation content is divided into three parts: renovation of
building appearance, renovation of public infrastructure
and upgrading of community management [13]. Some
scholars summarize the contents of transformation through
typical cases to provide reference for the development of
transformation work [14]. The contents of the old
residential area are varied and complicated, so it is
necessary to reasonably determine the specific contents of
the reconstruction according to the local policies. In terms
of renovation plan decision-making, a building renovation
case base is established based on actual renovation projects,
and a case-based reasoning method is proposed to support
the renovation plan decision-making [15]. Based on the
survey data, the relationship between the renovation
content and residents' satisfaction is analyzed, and the
priority of the renovation content is determined, providing
a reference for the decision-making of the renovation plan
[16]. In addition, there are also scholars from the
perspective of transformation potential, to explore the
renovation of old residential areas. The renovation
potential of the old residential area is evaluated from the
aspects of infrastructure, external conditions, residents'
wishes, expected benefits, etc., and the optimal renovation
plan of the old residential area is explored [17, 18]. In
general, the transformation of the old residential area not
only includes the transformation of the external material
conditions of the residential area, but also includes the
upgrading and reshaping of the internal humanistic spirit of
the residential area, and the specific transformation content
needs to be reasonably determined according to the
residents' wishes and regional planning.

At present, the renovation of old residential areas is
faced with many obstacles and influencing factors,
including imperfect policies [19] single source of funds,
difficult communication and coordination of stakeholders
[20], insufficient participation of residents [21], and lack of
long-term management mechanism [22]. This paper
reviews the existing renovation policies in China, identifies
the obstacles existing in the renovation of existing
buildings, and puts forward the relevant policy suggestions
to solve these obstacles. Fuzzy-DEMATEL method was
used to verify the action path among various influencing
factors in the renovation of old residential areas in China
[23], and the research results revealed 13 key obstacles,
among which the lack of effective supporting policies and
the lack of public-private cooperation mechanism were the
most important influencing factors. Some scholars also
analyze the obstacles faced by the renovation of old
residential areas from the perspective of project risk. For
example, the study conducted an in-depth analysis of
Singapore's green transformation  projects [24],
summarized 20 common risk factors, and identified key
risks through a questionnaire survey. Risk factors faced by
renovation projects of old residential areas are summarized
from five aspects: economy, technology, society,
environment and management [25], and corresponding risk
countermeasures are put forward. In the reconstruction of
old residential areas, the intention of residents is the key
point restricting the progress of the reconstruction. For
example, in the process of rebuilding old residential areas
in Shanghai, residents have low willingness because they

do not understand the reconstruction policies [26]. The
study of residents' participation in spongy transformation
and governance found that most residents "do not intend to
participate" seriously restricts the level of transformation.
Due to regional differences, factors affecting residents'
willingness and solution strategies cannot be copied, and
the current living environment of residents is not ideal,
with various security risks. Therefore, it has become a top
priority to promote the renovation of old residential areas
[27]. The transformation of old residential areas has the
overall, strategic and forward-looking nature, which is not
only the first choice and necessary option to keep up with
the development boom of The Times, but also the real
completion of the final realization of China's ecological
civilization construction and the development goal of low-
carbon environmental protection project management has
outstanding contributions and practical significance.
However, few scholars have explored the specific factors
that affect the reconstruction intention of residents in
different regions and types, thus affecting the process of
the reconstruction cause, found the common problems and
studied the countermeasures of the reconstruction intention
of residents in existing old residential areas in different
regions and types.

The main goal of multimodal data coclustering is to
improve the accuracy of clustering results by fusing multi-
data feature set learning [28]. In recent years, the problem
of multimodal coclustering has received extensive
attention, and some effective coclustering fusion
algorithms have been proposed accordingly [29]. Latent
subspace-based learning is a representative algorithm,
which learns the wunified latent subspace fusion
representation of cross-modal data through multi-modal
sharing, and then completes the co-clustering of multi-
modal data in the shared space by using the single-modal
clustering algorithm. For example, in literature [30], the
CCA (Canonical Correlation Analysis) was first used to
maximize the correlation between the two modal data in
the projection space, to learn the low-dimensional shared
subspace of cross-modal data, and then to complete the
coclustering analysis of the data based on the shared
features. Recently, some multi-modal latent subspace
learning methods based on matrix decomposition have
been proposed, which complete the multi-modal data
coclustering by learning the consistent coding matrix
shared by all modes [31]. Based on the theory of planning
behavior, this paper constructs a theoretical model of the
factors that affect residents' willingness to transform,
collects data through questionnaires, analyzes reliability
and validity, multi-group data and structural equation
model, and puts forward specific suggestions in a targeted
manner, hoping to provide strong theoretical support and
reference value for the formulation of policies to promote
high-quality urban development [32-36].

3 RESEARCH ON RECONSTRUCTION FACTOR FUSION
MODEL OF OLD RESIDENTIAL AREA BASED ON
MULTI-MODAL DATA FUSION

3.1 Multimodal Data Fusion Algorithm Based on Deep
Semantic Matching

Aiming at the problem that the existing incomplete
multimodal analysis fusion algorithm is difficult to
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effectively learn the semantics of cross-modal data sharing,
an incomplete multimodal data fusion algorithm based on
deep semantic matching is proposed in the research on the
reconstruction elements of old communities. This
algorithm uses the correlation of high-level semantics of
multimodes to design a unified deep learning model that
integrates the private deep network of modes and the
features of modal sharing. The deep correlation fusion of
incomplete multimodal data is realized, and the semantic
deviation of modal sharing features is reduced. Based on
the spatial geometric characteristics of the modes, the
regularization factors of the mode local invariant graphs
are designed, and the deep-sharing features and original
modal features are coupled to further improve the accuracy
of the fusion results. The experiment verifies that the deep
incomplete multimodal data fusion algorithm proposed in
this paper can effectively correlation match incomplete
multimodal data through deep semantic abstraction, and
ensure the accuracy of fusion results. The architecture
diagram is shown in Fig. 1.
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Figure 1 Multi-modal data fusion model framework of reconstruction elements of
old residential areas

As shown in Fig. 1, in order to learn the sharing
characteristics of incomplete multi-modal data of
reconstruction elements of old residential areas, a cross-
modal deep semantic matching mechanism is proposed.
Different from the existing incomplete multimodal data
fusion algorithms, this algorithm constructs the shared
feature subspace between modes through the multi-layer
nonlinear correlation between modal data. Invariant graph
regularization factor is designed to ensure local similarity
of modal data in shared subspace. A new objective function
is designed to describe the deep semantic matching model
of incomplete multimodal data, and its optimization
process is derived in detail.

3.2 Multi-Modal Deep Semantic Matching Algorithm Within
Complete Reconstruction Elements of Old Residential
Areas

Accordingly, the incomplete multimodal deep
semantic matching model can be expressed as:

minzv:(H:—U,.V)+aiTr(p"If) (1)

i=l1

where H is the characteristic output of the modal private
deep network, / is the nonlinear activation function, and p
and L are the corresponding weight matrix and bias vector,
respectively. The multi-modal data features can be fused
and analyzed in the obtained subspace.

Given a uniform coding matrix P for each mode and a
modal deep network R, minimizing the objective function
via the basis matrix U can be further written as:

min | H* -U"P" ||} )
When fixing the basis matrix U and the uniform coding
matrix P for each mode, the updating of the modal network

R can be described as a subproblem of minimizing the scale
function, as follows:

min@ = fWx" +b)-U"P" 3)

The update of the L-layer network weight 7 and bias
vector b is as follows:

., 00"
W) =W, - po “4
., 00"
b‘i = bv —u W (5)

The optimization and updating process of the entire
incomplete multimodal deep semantic matching model is
shown in Tab. 1.

Table 1 Deep incomplete Multi-Modal Document Frequency (MMDF) semantic
matching model optimization

Input: Incomplete multimodal data set X, regularization parameter a,
deep learning network parameters for each mode.
Output: Each mode depth matching network R, basis matrix Mai U and
uniform coding matrix P.
Steps:

1: Randomly initialize each modal depth matching network parameter
R, and use modal data X and stack automatic coding machine to pre-
train the modal depth network layer by layer;

2: Initialize the modal basis matrix U and the shared feature matrix P
by minimizing the objective function;

3: Randomly initialize the private feature matrix P > 0 in the shared
space of each mode;

4:Repeat

5: Through the forward propagation of each mode deep network R,
the depth conversion output feature H of each mode input data X is
obtained;

6: Update the consistent coding matrix P between modes and the
private feature matrix P in the shared space of each mode;

7: Update each mode basis matrix U;

8: In the process of back propagation, jointly fine-tune each mode
depth matching network R;

9:Until the objective function converges;
Output P;

In Tab. 1, the deep transformation feature H of the
incomplete modal input data is generated by the deep
neural network of each mode in the forward propagation
process. Compared with other incomplete multimodal data
processing algorithms, complete modal data is used to
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construct semantic relations between modes, and the
shared feature subspace of incomplete modes is obtained
by coupling learning between modes, MMDF (Textual
algorithm), NFM (Neural Factorization Machines) [4],
PVC (Persistent Volume Claim) [12], MVG (Multiple
View Geometry) [17], IMSL (International Mathematics
and Statistics Library) [18], DIMC (Digital Internal Model
Control) [21]. As a result, it is better clustering
performance than those based on missing modal data, as
shown in Fig. 2.
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Figure 2 Comparison of multi modal fusion performance at different ratios on
four data sets

3.3 Analysis of Key Elements of Reconstruction of Old
Residential Areas

As a systematic livelihood project, the renovation of
old residential areas has different models in different

regions when facing the actual situation. For example,
Chengdu adopts the model of government guidance and
residents' participation to carry out residential renovation;
In Shanghai, residents jointly funded by the government
led the way to carry out residential renovation. It is difficult
for Guangzhou to carry out residential renovation in the
way of government residents co-funding and residents
leading. These models involve multiple levels of
influencing factors, and there are correlations among these

factors, as shown in Tab. 2.

Table 2 Multi-level influencing factors

Primary Secondary index | Indicator specification
index
government | Policy system P1 | Relevant policies for the renovation
of old residential areas.
Transformation | For the selection of the size of the
scale P2 old residential area transformation,
such as micro transformation or
suitable for aging transformation.
Monitoring The government aims at the
mechanism P3 supervision mechanism of the whole
process of renovation of old
residential areas, such as the
establishment of relevant working
groups to supervise.
Operation Work with social capital to
mechanism P4 transform old residential areas and
operate subsequent profit models.
Laws and | A series of relevant laws and
Regulations P5 regulations have been introduced for
the renovation of old residential
areas.
marketplace | Financial support | The degree of financial support for
P6 the renovation of old residential
areas.
Planning The degree of planning for the
arrangement P7 | renovation of old residential areas.
Organization Ability of construction organization
Management P8 | and late operation management.
Periodic  return | Period of return on investment for
P9 renovation of old residential areas.
Renewal Investment potential and profit
potential P10 potential of old residential
renovation enterprises.
proprietor Construction The influence of the renovation of
affects P11 old residential areas on residents'
daily travel.
Convenient The  transformation of  old
service P12 residential areas changes the
subsequent life services of residents.
Participate in | Residents  participate  in  the
communication | exchange of opinions on the
P13 renovation policies of old residential
areas.
Space place P14 | Old residential renovation space
enhancement ability.
Property  rights | Public facilities infrastructure and
P15 renovation to increase the property
rights of facilities.
Community Community transformation policy
advocacy P16 publicity efforts.
Retrofit P17 Whether the community renovation
is suitable for the elderly to live in

The adjacency matrix is constructed according to the
relationship between each factor. On the basis of
determining the correlation of each factor, adjacency
matrix is applied to describe the logical relationship
between each factor, and the adjacency matrix A4 of each
index is obtained. The matrix calculation formula is as
follows:
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R=(A+I) (6)

where: / is the identity matrix; k is the number of reachable
matrix transformations.

The influencing factor system of the renovation mode
of old residential areas can be divided into 7 levels, as
shown in Fig. 3. These seven levels mainly reflect the
relationship between the influencing factors of the
transformation mode of the old residential area, and
combined with the actual situation of the transformation
mode of the old residential area, it is divided into three
levels: surface influencing factors, middle influencing
factors and deep influencing factors. The surface
influencing factors directly affect the transformation mode
of the old residential area, the middle influencing factors
indirectly affect, and the deep influencing factors are the
key factors of the root influencing the transformation mode
of the old residential area.
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Figure 3 Hierarchical structure of influencing factors in the reconstruction mode
of old residential areas
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Figure 4 Influence of transformation factors of old residential areas on the
clustering results of multi modal fusion

Based on this, we use the probability distribution of
labels to construct a modal structure description, that is, the
central point representation of the result cluster of modal

clustering. The average ACC (Accuracy) and NMI
(Normalized Mutual Information) clustering performance
under different data instance missing ratios (10%, 30%,
50%, 70%, 90%) is given by incomplete two-module in Fig.
4.

The application of the whole process model of old
residential renovation is not limited to a specific type of old
residential renovation project, but is suitable for various
types of old residential renovation. It focuses on the overall
guidance of different professionals in different objective
environments: what technology, knowledge and
management methods is a systematic, dynamic,
hierarchical theoretical guidance framework.

4 RESEARCH ON THE INFLUENCING FACTORS OF
SUSTAINABLE DEVELOPMENT OF OLD RESIDENTIAL
AREA RECONSTRUCTION BY MULTI-MODAL DATA
FUSION

4.1 Establishment of a System Model of Influencing
Factors in the Reconstruction of Old Residential Areas

The essence of old residential area reconstruction
modelling is to treat the system as a weighted directed
graph, which corresponds to the direct influence matrix.
Therefore, after setting the scoring rules, as shown in Tab.
3, six experts in this field were invited to evaluate the
strength of the relationship among various influencing
factors in the process of sustainable promotion of the
renovation of old residential areas, and to quantify the
mutual relationship among various factors.

Table 3 Evaluation scale of influence relationship

Influence Have no effect Little | Medium Big
relationship influence | impact | difference
Evaluation scale 0 1 2 3

Direct influence matrix A4 is determined by taking the
average scores of 6 experts, and a represents the degree of
direct influence of factor s; on factor s;. If i =, then a;; = 0,
regardless of the effect of the factor on itself.

0,a,..4q,
A=| .. ®)

a. a.,..0

nl>>n2°"*

Through the normalization of the direct influence
matrix A, the normalization of the direct influence matrix
B is obtained. In addition to the direct influence among the
influencing factors, the indirect influence among the
influencing  factors should be considered. The
comprehensive influence matrix E is the cumulative sum
of direct influence and indirect influence, where I is the
unit matrix.

B=—4 )

Based on the comprehensive impact matrix E,
calculate the influence degree D, influence degree C,
center degree M;, and cause degree R; of each influence
factor. Impact degree D; is the sum of the rows
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corresponding to factor s; in E, and impact degree C; is the
sum of the columns corresponding to factor s; in E. The
center degree M; is the sum of the impact D; and the impact
C;, and the cause degree R; is the difference between the
impact D; and the impact C..

D, =ie,,j,c,, =ieﬁ (10)
j=1 j=1

According to the multimodal data fusion algorithm and
the adjacent binary relationship shown in the skeleton
matrix, as shown in Tab. 4, a group of adversarial
hierarchical structure model diagrams is drawn.

Table 4 Results of multi modal data fusion algorithm

. Result priority-UP extraction Cause Priority-Down
Hierarchy .

process extraction process
Floor 1 S12, S16, S18, S19 S12,S19
Floor 2 sS4, S5, 89, S10, S11, S17 S5, 89, S11,S17, S18
Floor 3 S2,S13,S14, S15 S15
Floor 4 S3, S6, S7 S2,S7,S13,S14, S16
Floor 5 S1, S8 S1, S3, S4, S6, S8

4.2 Multi-Modal Data Fusion Reconstruction Element
Model Establishment

As a unit of matter-element extension theory, the
reconstruction elements of old communities are triples
composed of elements, element characteristics and
eigenvalue, expressed by R = (&, C, V). There may be the
same characteristics between different elements. For the
validity of the results, the characteristic matter elements
can be expressed as follows:

Rm:(Nm’C’V:n):[NnﬂCl’I/im] (11)

where: N is the name of the thing; ¢ is the eigenvalue of
things; V is the quantity corresponding to the eigenvalue.

The classical domain matter-element matrix R of the
comprehensive benefit of green transformation in old
residential areas is expressed as:

R,=[N,N,,N,,C,V,V ] 12)

The segment domain matrix R, of the comprehensive
benefit of green transformation in the old residential area
is expressed as:

R =|.. (13)

where: p is the total composition of the comprehensive
benefit evaluation grade; c is the eigenvalue of p; V' is the
magnitude range of nodal matter element with respect to
feature ¢, that is, nodal domain.

The correlation function of comprehensive benefit
index of green renovation in old residential areas is:

T(vy >ij)

T(Vys fo) —7(vy, ij)

K, () = (14)

The selection of shared feature dimensions of the old
cell reconstruction factor model algorithm for multi-modal
data fusion is further verified. As shown in Fig. 5, when the
shared feature dimension is smaller than the number of data
instance classifications, the values of the algorithm's three
clustering indicators, NMI and ACC, all increase with the
increase of the shared feature dimension. When the shared
feature dimension exceeds the number of categories, with
the increase of the shared feature dimension, the values of
the three clustering indexes of the multimodal data fusion
algorithm tend to be stable. In the learning of multi-modal
data, the higher the shared feature dimension is, the more
system overhead will be incurred. Therefore, the
dimension of shared feature in the multi-modal data fusion
algorithm is also set to be the same as the classification
number of data instances.
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Figure 5 Influence of shared factors on the clustering performance of old
residential areas

Firstly, the modal data is projected into the potential
feature subspace by using the projection matrix of the old
element transform mode shared feature and mode private
feature. Then, combined with the cross-modal common
feature matrix in subspace, the joint optimization objective
function of each mode is established, and the modal
invariant graph regularization and projective matrix
sparsity are used to assist the model optimization process.
Finally, through iterative co-learning of inter-modal
correlation and uncorrelation features, robust cross-modal
data sharing features in the potential subspace are obtained,
and the final fusion clustering is completed. The proposed
old cell reconstruction factor algorithm for multi-modal
data fusion can effectively fuse and analyse high-
dimensional multi-modal data in low-dimensional
subspace, and obtain better clustering performance than all
comparison algorithms. All the variables in this article are
shown in Tab. 5.

Table 5 Symbol

Symbol Meaning

Characteristic output

non linear activation function

Uniform coding matrix

Basis matrix

the adjacency matrix

the number of reachable matrix transformations

multimodal data instance

H

1

P

U

/4 L-layer network weight
A

k

X

Vv

The quantity corresponding to the eigenvalue
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5 SIMULATION VERIFICATION

Take an old residential district in a city as an example.
Built in 1999, the district covers an area of 91800 square
meters, with a residential construction area of 190000
square meters. There are 18 houses and more than 2040
households. First of all, the existing performance of the
building is tested. After the test, it is found that the
community has exceeded the reasonable service life, the
roof leaks rain, the insulation is poor, the heating
performance is poor, the wall is frosted and hairy, the pipe
network has drip, the heating energy is large, the user's tap
water is large, the external wall water pipe breaks, the
water resources are seriously wasted, and the public
facilities in the community are aging and seriously
damaged. The lack of maintenance and management of
greening on both sides of the road and in the recreation area,
the indiscriminate parking of the owners' vehicles and the
absence of corresponding above-ground and underground
parking lots have seriously disturbed the landscape of the
community, and the absence of street lights on the main
and secondary roads has caused security risks. According
to the above problems, the green comprehensive
transformation of the existing community with the goal of
comprehensively improving the quality of the community
and enhancing the convenience, safety and comfort of
residents' life includes the transformation of environmental
greening and site, the transformation of building functions,
the transformation of the enclosure structure, the
transformation of water supply and drainage system and
the transformation of HVAC system. Green construction,
electrical intelligent transformation and operation
management transformation and many other aspects.

According to the constructed comprehensive benefit
evaluation system for green transformation of old
residential areas, from five aspects of cost, technical
benefit, economic benefit, ecological benefit and social
benefit, the impact and effectiveness of green
transformation on all aspects are comprehensively
considered, and the evaluation levels are divided into four
levels according to the transformation standards and
requirements. Is excellent program N, good program N,
general program N; , inferior program Ns:

N,N,,N,,N;,N,

. C,,(1,0.8),(0.8,0.7),(0.7,0.5),(0.5,0.3) s

C,,.(1,0.8),(0.8,0.7),(0.7,0.5),(0.5,0.3)

For different risk factors, the negotiation loss
coefficient of both sides is a continuous random variable
with the characteristics of interval uniform distribution,
while the transfer probability and transfer share of a certain
risk by government departments conform to the
characteristics of normal distribution. Based on the actual
situation of the case, the numerical interval and parameter
distribution of the relevant parameters of the game are
determined, as shown in Tab. 6.

Define the value interval and distribution of input
variables X; (negotiation consumption coefficient of
government departments), X, (negotiation consumption

coefficient of social capital), X3 (transfer probability), X4
(transfer risk share a), and then define the calculation
relationship of output variable Y (risk sharing ratio k), and
determine the simulation times as 2000 times, and run the
simulation to get Fig. 6. Simulations of Fig. 7 and Fig. 8.

Table 6 Value ranges of game related parameters
Correlation parameter Section Probability
distribution
Transition probability [0.5-1.0] Normal distribution
Government bargaining loss [1.0-1.25] | Uniform distribution
Bargaining loss of social capital | [1.0 -1.25] | Uniform distribution
Transfer share [0-0.25] Normal distribution
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Figure 8 Simulation diagram of risk sharing ratio with unclear division of rights
and responsibilities of stakeholders

In addition, the convergence of the multimodal data
fusion algorithm is proved. In this section, the convergence
is further verified on the data set Multiple Features and
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NUS-WIDE (National University of Singapore Wide
Dataset). As shown in Fig. 9, with the increase of the
number of iterations, the objective function values of the
algorithm on the two data sets are monotonically
decreasing, and effective convergence results can be
achieved after 12 iterations, and better NMI, PUR (Per Unit
Value) and ACC clustering performance can be obtained.
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1
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Figure 9 Algorithm convergence verification on each data set

Among existing feature learning algorithms for multi-
modal data sharing based on non-negative matrix
decomposition (NMF), most of the algorithms are set the
same as this one, and their effectiveness has been verified.
In the following, the selection of shared feature dimensions
of the old cell transformation factor algorithm for multi-
modal data fusion will be further verified on Multiple
Features dataset.

PUR vs Number of Classes and Feature Dimensions

Feature Dimensions 0 5 Number of Classes

NMI vs Number of Classes and Feature Dimensions

Feature Dimensions 0 5

Number of Classes
Figure 10 Influence of shared feature dimension on clustering performance

As shown in Fig. 10, when the shared feature dimension is
smaller than the number of data instance classifications (1
on Multiple Features dataset), with the increase of the

shared feature dimension, the values of the three clustering
indicators NMI and PUR of the old cell transformation
factor algorithm of multi-modal data fusion are constantly
rising. When the shared feature dimension exceeds the
number of categories, with the increase of the shared
feature dimension, the values of the three clustering
indexes of the old cell reconstruction element algorithm of
multi-modal data fusion tend to be stable. In the learning
of multi-modal data, the higher the shared feature
dimension is, the more system overhead will be incurred.
Therefore, the dimension of shared feature in the old cell
reconstruction element algorithm of multi-modal data
fusion is also set to be the same as the classification number
of data instances.

For social capital, the transaction cost is too high and
the capital recovery cycle is too long in the existing
transformation practice. Only by reducing the overall cost
of social capital's participation in the transformation and
increasing the depth of social capital's participation in the
transformation can the possibility of social capital's
participation in financing be increased. Allow social
capital to participate in the transformation as investment
entities, appropriately empower them, focus on building a
governance community of "government, market, and
residents", and focus on sharing responsibilities instead of
fighting for rights and interests, so as to reduce the
uncertainty of cooperation. The operating income of the
new facilities will supplement the renovation costs, such as
adjusting the use function of inefficient land transforming
it into supporting facilities that meet the strong needs of
residents such as elderly care. The multi-agent
participation diagram of the multi-modal fusion element
model is shown in Fig. 11.

Promoting the continuous renovation of old residential
areas is the key to save the cost of reconstruction.
Encourage the adjacent residential areas to transform
according to the area, and integrate and renovate scattered
old residential areas by rationalizing the road network and
improving the functions, which not only solves the
problem of backward basic facilities of scattered
residential areas but also reduces the property operation
costs of residential areas that do not have the condition of
capital balance. To divide the transformation sequence
with the level of "one district and one project in the city",
promote the continuous transformation of old residential
areas, and maximize the government investment benefits
as much as possible.
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Figure 11 Multi-agent participation diagram of the reconstruction element model
of the old residential area with multi-modal fusion
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6 CONCLUSION

As an important project for urban renewal and
satisfying people's demand for a better life, the green
transformation of old residential areas should pay attention
to sustainable development. Firstly, an adaptive modal
weight update mechanism is designed in the transform
element. By dynamically updating and adjusting the cluster
structure and modal weight, non-parametric incremental
fusion of multi-modal data is carried out to maintain the
clustering fusion accuracy of newly added modal data and
improve the performance and scalability of the clustering
fusion algorithm. Secondly, on the basis of the
reconstruction factor model of the old residential area
based on multi-modal data fusion, the hierarchical
structure model is divided into three levels, and the factors
are analyzed to find the fundamental factors affecting the
old residential area and the influencing path, so as to
promote the reconstruction and development of the old
residential area and provide help for the construction of the
old residential area. Finally, according to the multi-modal
data fusion model of the reconstruction elements of old
residential areas, the multi-modal data fusion model is
established based on the triplet composed of the elements,
factor characteristics and characteristic values, and it is
found that promoting the marketization of the
reconstruction of old residential areas is the fundamental
way to improve the reconstruction effect of old residential
areas, which can provide references for relevant
departments to improve the transformation mode of old
residential areas. There are many complex risks in old
residential areas, and some risks may change significantly
with the implementation of the project. How to deal with
them, the dynamic monitoring of the shared risks and the
timely adjustment of the risk sharing plan need to be further
improved.
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