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choice of development mode to meet the judgment needs of
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1. Introduction

The advent of BIM (Building Information Modeling) technology and Al platforms has
significantly transformed the construction industry's development and traditional building planning
methods [1]. Major design organizations globally place a high emphasis on analyzing factors
influencing the construction industry's development planning to foster its growth [2]. Survey data
from 2021 to 2022 indicates that the adoption rate of intelligent technology in the architectural
planning sector is 45.6% [3], a fourfold increase from 2010. However, the planning satisfaction rate of
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intelligent technology is low, indicating that intelligent technology is not accurate in planning the
construction industry [4], so it is necessary to find an effective planning method to solve the problem
of influencing factors in the planning of the construction industry [5]. At present, although the
construction industry planning has its own database and also realizes cluster analysis of building data,
there are problems of high complexity and long planning time in architectural planning [6].Moreover,
architectural planning and design mathematics, policy, environment, market, computer, mechanics,
and other fields, and the analysis process are dynamic and quantified. Therefore, under the conditions
of industry requirements, complex data, and random markets, BIM and Al technology should be used
to carry out data clustering, data elimination, and planning value analysis, and the specific results are
shown in Figure 1.

Record architectural
planning problems

Sent to various
construction industries

Preliminary determination of the Excluded after 1 year

content of influencing factors

Drafting indicators
of influencing
factors

‘There are obvious
lanning problems?,

BIM and AI technology to verify the
influencing factors

Record the
development direction
of the industry

Output final factor

Put forward the factor plan of the

industry

Figure 1 Application of BIM and Al Technology in Architectural Planning

BIM and AI technology has better dynamic data processing capabilities, realize the
comprehensive mining of building information and building data [7], and integrate the corresponding
algorithms into the data module to realize the comprehensive judgment of data. At the same time, in-
depth excavation of the architectural planning results is carried out to verify it's influencing factors [8],
the influencing value of the factors, and the judgment accuracy of the influencing factors [9]. Some
scholars apply BIM and Al technology to the reform of the construction industry and try to analyze
architectural planning [10]. The results show that BIM and Al technology have an auxiliary role in the
planning of the construction industry and can determine the influencing factors in the planning [11].
BIM and Al technology belongs to the category of computers, widely used in management, computers,
and other fields, and the technology has a wide range of applications, low error of calculation results,
and can realize complex unstructured data calculation [12]. At the same time, BIM and Al technology
can deal with the relationship between different factors and the structure of sub-factors and realize the
fuzzy analysis of calculation results. In addition, BIM and Al technologies are also combined with
other auxiliary databases to integrate theories such as statistics and mechanics into analysis [13],
which is a comprehensive cloud computing. BIM and Al technology can realize the fitting analysis of
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influencing factors and the development of the construction industry and fit influencing factors with
essential factors [14]. The influencing factors of BIM and Al technology on architectural planning are
mainly as follows: 1) Clarify the influencing parameters in architectural planning and change the
direction of architectural planning. Some scholars used BIM technology for research and compared
three different architectural analysis methods, and the results showed that: BIM and Al technology
have a wider range of applications, can realize the analysis of massive planning data, and realize the
comprehensive judgment of architectural planning factors [15]; 2) Comparison of results with other
means. Some scholars have proposed a traditional architectural planning method, which uses the
traditional architectural planning method to judge the architectural planning factors and analyzes the
factors of the planning data according to the probability of the influencing factors to improve the
calculation speed. However, market randomness greatly affects this method, and a comprehensive
analysis of influencing factors cannot be realized [16]. From the complexity of planning data, BIM
and Al technology are used to analyze semi-structured and structural data and compare the judgment
results of semi-structural and non-structural factors[17], which proves that BIM and Al technologies
have high accuracy in calculating influencing factors; 3) The factor analysis of planning data with ant
colony algorithm and Bayesian algorithm shows that the accuracy and rationality of previous
intelligent algorithms are poor, while the calculation accuracy of BIM and Al technology is high. In
summary, although the intelligent algorithm can comprehensively calculate the planning data in the
past, the calculation results are not satisfactory, and it cannot meet the requirements of massive and
complex planning data calculation [18]. This paper attempts to apply BIM and Al technology to the
calculation of influencing factors of architectural planning, analyzes the key points, elasticity points,
and circular points of buildings, and forms a planning and planning set to verify the calculation
accuracy of influencing factors, aiming to promote the development of architectural planning.

2. Related Concepts
2.1 BIM and Al Technology

BIM digital building information model can realize the visualization of building information and
reproduce the building realistically, ensuring that the information is complete and consistent, and has
the characteristics of coordination, correlation, and simulation. Al technology belongs to an intelligent
analysis algorithm, which realizes the selection and planning of building information models through
the simulation, analysis, and expansion of human brain intelligence. BIM and Al technologies can
judge the unstructured information in buildings, structured information, and the influencing factors of
architectural planning. At present, BIM and Al technologies are widely used in the design field of
buildings, but they are less widely used in the planning of the construction industry.

Several key studies have focused on integrating Al and BIM into building planning. Rui He and
colleagues conducted an in-depth review of cutting-edge technologies for automated design and
prefabrication in industrialized construction, including detailed discussions on recent advancements
like digital twins and 3D printing [19]. Fredrik Wikberg and team introduced an innovative approach
for managing the needs and limitations of industrialized buildings through the creation of architectural
objects [20]. This method is enhanced by a hierarchical structure that supports the objects'
development and configuration processes.Yue Pan et al. contributed a comprehensive investigation
and summarised the potential value and utility of deploying automation in the construction industry
[21]. The work presents much deeper insights into the status quo as well as future trends in applying
Al technologies in BIM. Another important review on the state-of-the-art application of symbolic Al
methods like rule inferencing is done by Sacks et al. [22]. A framework is also proposed in this work
that focuses on research and development which extends the inclusion of machine learning methods
for semantic enrichment as well as in the model review.

Yusheng Xiang and colleagues developed an algorithm based on multi-pathfinding techniques,
enabling extensive machine collaboration and suggesting modifications to impractical elements [23].
This algorithm can utilize logistic information from BIM, such as loading and unloading points, by
incorporating pathfinding solutions. Cesson and team explored the challenges in freeing designers
from laborious tasks in building design, focusing on best practices [24]. Their research delves into the
functions, objectives, and roles of designers in this evolving technological landscape.

In order to perform planning data analysis more accurately, the implementation conditions of
BIM and Al technologies are described, and the results are as follows.
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Al technology calculation: The implementation conditions of Al technology is x; , the building
planning is y, , the association function of building data is K(x,-x;) , and the key point of Al
technology is &, , then the calculation of AI technology is shown in Equation (1).

X; + Yy
p(k)y=1 a-x, (1)

g

b-x,

The terms a and b denotes the random variability of Al technical analysis; X; >bDis a constraint
which must be satisfied.
2.2 Synthesis of Architectural Planning
Influencing factors of architectural planning: The factor analysis function is given by the term

@(x-b) where (/J(X ‘b) szy belongs to the selection function of the influencing factors, and the

synthesis of planning data is shown in Equation (2):
p(x-b)|la< D o(y-b) (2)
j=1

Calculation of the degree of influence of factors: Let the building planning data be x, and the

function of uncertainty factors is D(X) . The calculation of the degree of influence of factors is shown
in Equation (3).

d(x, f(x)|a) 2 b-lin(a-

1
) (3)
-
3. Methodology
3.1 Initialization of Building Planning Data

The initialization of architectural planning data is more complicated, and the development mode
and architectural planning show iterative changes, so it is necessary to initialize the data to determine
the critical data values and the location of the key data. In addition, random changes can impact
construction industry planning, so it is necessary to map the building data to a two-dimensional list
and realize the standard mapping of the data, as shown in Figure 2.

z=a*x+b*y
57.0

55.5

57.0
55.5
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Figure 2. Mapping of Building Planning Data

It can be seen from Figure 2 that the projection of the building planning data is uniform and non-
directional, which meets the overall distribution requirements of the data. Among them, the spatial
distribution of architectural planning data is iterative, indicating that the architectural planning data
obtained in the early stage is relatively comprehensive, and the spatial projection can obtain a better
data distribution, and the resulting error is shown in Figure 3.

166.53
13322}

goont
66.61}

3331 ‘ |
= 23456

Figure 3. Errors in Building Planning Data Processing
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The standard conversion results of the building planning data are shown in Table 1.

Table 1. Numerical Standardization of Architectural Planning

Planning Values Planning Values Error
Before After Before After
. . . . 0.74
Conversion Conversion Conversion Conversion
46.33 4 57.09 3 0.54
85.83 8 23.89 8 0.68
82.60 8 13.05 6 0.66
66.01 6 11.97 0 0.08
87.62 8 35.82 6 0.68
72.61 7 9.86 6 0.04
34.78 3 7.22 7 0.75
52.14 5 6.10 1 0.67
71.35 7 22.29 3 0.64
25.83 2 66.90 8 0.65
87.87 8 61.50 0.79
75.44 7 67.04 . 0.58
0.70 0 3.19 7 0.77

It can be seen from the architectural planning in Table 1 that all the building planning data are
standardized, and the processed result is less than 10, indicating that the value of the entire building
plan meets the requirements. In addition, the numerical error of architectural planning is small, less
than 0.8, further indicating the effectiveness of architectural planning data processing.

3.2 Calculation of Uncertainties Factor

There are three main uncertainties in architectural planning, namely policy factors, market
factors, and irrational factors. The mathematical description of the above three factors is as follows.
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BIM and Al technologies are used to analyze uncertainties, and policy factors are calculated as
shown in Equation (4). The factors are denoted as x and n represents the number of factors that are
considered. A(x) denotes the Al technology pertaining to the factors.

Sy

A(x)=L—— . (4)

Market factors denoted as F» (x) influence building planning through cost, supply, and demand,
etc., which are calculated as shown in Equation (5).

F,(x)= zn:[xiz +sin(27zx,)] (5)

Irrational factors signified as F3 (x) are other unpredictable factors, and the development mode
and architectural planning are integrated to achieve the mining of uncertain factors, and their
calculation is shown in Equation (6).

F@=>3 V] (6)
i=1

After calculating the above formula, the following uncertainty values can be obtained, and the
results are shown in Table 2.

Table 2. Uncertainty Standardization of Building Planning Data

Uncertainty (%) | ForNumber (9) | geouaiiiinat® | Sandardisation

L1 2 6 3
46,1 75 5 8

86,1 27 2 6

83,1 71 6 0
66,1 76 7 6

88,1 79 2 6
73,1 31 4 7
35,1 86 2 1

As can be seen from Table 2, BIM and Al technologies can standardize uncertainty and map the
corresponding values into two-dimensional space. At the same time, the uncertainty values were less
than 10, which further indicated that the standardization of uncertainty data was effective.

3.3 Calculation of Influencing Factors of Architectural Planning

BIM and Al technology to calculate the influencing factors of planning data need to be relevant,
interfere with judgment, and analysis content includes BIM data validity, data timeliness, and data
independence and other factors, as well as Al technology processing accuracy, etc., the specific
calculation is as follows.

1) The influencing factors of BIM design are calculated as shown in Equation (7).

v, (A1) = wy,; (AU f (P [x(1)] (7)
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2) The influencing factors of architectural planning are calculated as shown in Equation (8).
Yy e+ ) = 00y, (1) g, x(1)] (8)

3) The influencing factors of the development of the construction industry are calculated as
shown in Equation (9).

vyt =383 g {x)- [P x(D] )
i,j.k=1
4) The judgment factors of Al technology on building planning are calculated as shown in
Equation (10).

yt+) =g o+ y, (1) (10)

The judgment of BIM and Al technology on the influencing factors of architectural planning is
mainly divided into two aspects: on the one hand, the analysis of the development mode of
construction is carried out to determine the impact of the development mode on the construction
industry; On the other hand, the factors of architectural planning are analyzed to determine the
influencing factors affecting the development of the construction industry. Finally, the architectural
planning collection is formed through BIM and Al technology, and the accuracy of the analysis
results is compared.

3.4 The process of Judging the Influencing Factors of Architectural Development and Planning

BIM and Al technology uses qualitative methods to plan data and planning through probabilistic
calculation, and the specific selection process is shown in Figure 4.

[ Construction industry data

v

Industry development mode (

v

Architectural planning factors [-= "= = == =+ =-=-=" <

¢

Integration of planning factors
and development mode

Rationality of planning factors

Analysis of BIM and Al technology

\I/ The accuracy of planning factor analysis  fed

Determine the influencing factors of the plan

Influencing factors are verified

NO

YES

Output final factors and calculation
results

Figure 4. Analysis Process of BIM and Al Technology on Planning Influencing Factors

Step 1: Determine the set of influencing factor data and planning data, analyze the planning data
problems according to the characteristics of influencing factors, and determine the collection of
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planning data. At the same time, the initialization data and constraints of the planning data are
transformed and mapped to the list of influencing factors.

Step 2: Plan the processing of data processing. Standardize planning data. Vectors replace the
direction of the influencing factors.

Step 3: Generate the planning function. BIM and Al technology is used to calculate market
portrait data, BIM and Al technology servers, and plan by setting initial weights and constraints. Data
mining is carried out by formulas (1) ~ (7) and the planning coefficients of different plans.

Step 4: Plan the maximum probability of the data and reform the sub-planning results. According
to the amount of planning data and data structure, select the building influencing factors with the
highest probability.

Step 5: Constraints of BIM and Al technologies. Obtain subjective planning, objective planning,
comprehensive planning, and verification of planning results.

Step 6: Plan a comprehensive plan for the amount of data. After determining the set of
influencing factors, select the influencing factors with the highest probability, and mine the plan with
the artist database to verify the accuracy of the sub-plans and the compliance of BIM and Al
technology constraints.

Step 7: Plan the data collection of influencing factors and whether all the data sets are analyzed.
If all data sets are analyzed, repeat steps 2~6, otherwise, output the best planning and constraints.

4. Results and Discussion
4.1 Architectural Development and Planning

This paper takes the BIM database of the construction industry as an example to analyze the
building planning data. Among them, the data collection period is June 2022 ~ December 2022, and
the data types include text, annotation, voice, video, and other complex data. MATLAB software,
excel, and BIM2.0 software were used for analysis, and the specific analysis results are shown in
Table 3.

Table 3. BIM Data in the Construction Industry

Data Structure Data Content Amount of Percentage Normality
Data Error

) Mail 46.33 1.96 9.69
Semi-structured

Text 285.83 1.30 1.25

Video 6582.60 2.60 4.85

Audio 5266.01 1.07 0.91
Non-structured

PPT 2387.62 2.91 9.80

Image 1272.61 1.29 3.63

CAD Drawings 2334.78 0.97 9.50

Excel Data 71.35 0.45 3.15

4.2 Integrity of Architectural Planning Data Processing

Integrity is an important part of architectural planning, so the results of the overall analysis of
planning data by BIM and Al technology are shown in Table 4.

Table 4. Planning Data Integrity

Analysis

Method Content Index Wholeness Correlation
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BIM Architectural Short-Term 4633 0.68
Technology Development Development ’ ’
Long-Term 85.83 0.72
Development
Development 82.60
Potential 0.72
Architectural .
Planning Industry Planning 66.01 0.74
Cross-Industry 87.62 0.65
Planning
Industry Mining 72.61 0.72
Planning Factors Political Factors 34.78 0.70
Market Factors 52.14 0.68
Technical Factors 71.35 0.71
Environmental 2583 0.69
Factors
Uncertainties 87.87 0.69
Al Architectural Short-Term
Platform Development Development 7544 0.70
Long-Term
Development 0.70 0.71
Development
Potential 82.60 0.66
Architectural .
Planning Industry Planning 3591 0.71
Cross-Im_iustry 518 0.68
Planning
Industry Mining 76.60 0.69
Planning Factors Political Factors 57.09 0.66
Market Factors 23.89 0.76
Technical Factors 13.05 0.70
Environmental 11.97 0.69
Factors
Uncertainties 35.82 0.70
BIM and Architectural Short-Term
Al 9.86 0.72
Development Development
technology
Long-Term
Development 7.22 0.71
Development
Potential 6.10 0.69
Architectural .
Planning Industry Planning 22.29 0.71
Cross-Industry 66.90 0.69

Planning
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Industry Mining 61.50 0.69

Planning Factors Political Factors 67.04 0.67
Market Factors 3.19 0.69

Technical Factors 68.51 0.71

En"lifg’gomrimal 7228 0.72

Uncertainties 16.19 0.67

The calculation process of the different building planning contents is shown in Figure 5.
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Figure 5. Integrity of Building Data

It can be seen from Figure 5 that the integrity of architectural planning is better, indicating that
BIM and Al technology can improve the integrity of building data, and later planning factor analysis
can be carried out. The above problems occur because Al technology and BIM technology map-
building data, simplifying the complexity of data analysis and improving the effectiveness of data
analysis.

4.3 Rationality of analysis of architectural planning factors

The rationality of the building planning factors should be verified, the processing results of BIM
and Al technologies should be verified, the application effects of the two technologies should be
calculated, and the specific results are shown in Table 5.
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Table 5. Rationality of Architectural Planning Factors

Fact Political Market Technical Environmental
actor Factors Factors Factors Factors
Political Factors 1 0.9586 0.9204 0.7445
Market Factors 0.8191 1 0.7971 0.6761
Technical 0.6969 0.1569 1 0.9043
Factors
Environmental 0.9756 0.9969 0.8888 1
Factors

Winsorized Average = 41.1931
Standard Error Of Mean =2.3846
95% Reasonable Interval=35.7846~ 46.6016
99% Reasonable Interval=34.3814~ 48.0048

For the rational analysis in Table 5, the rationality distribution results of the building data are
obtained, as shown in Figure 6.

O Planning factors
Political factors
—— Market factors
Technical factors

99.5

>

2

=
e
=

o 40
8

=

B

— 10
O

—-40 —20 0 20 40 60 80 100 120 140
Building data volume (M)

Figure 6. AI Technology Analysis of Planning Data

It can be seen from Figure 6 that the influence of BIM and Al technology on buildings is affected
by BIM and Al technology by about 41%, which is significantly higher than that of traditional
architectural planning methods Al technology simplifies calculations and minimizes the impact of
planning data to ensure accurate analysis of building influencing factors. The main reason for the
above problems is that qualitative analysis of BIM and Al technology can achieve abnormal data
exclusion and reduce the influence of natural language on planning factors.

4.4 Architectural Development Methods

The development method is also an essential part of architectural planning, and the architectural
development method should be calculated and compared with the traditional architectural planning
method, and the specific results are shown in Figure 7.
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1.0j

Figure 7. Building Data Developing

-1.0j

It can be seen from Figure 7 that the negative coordinates in the figure are the original
development data of the building, and the central point is the development mode of the future building.
The transformation from any point to the central point and the data of the central point is relatively
concentrated, indicating that BIM and Al technology can effectively adopt the development method
of construction data and make the development direction of the construction industry consistent. A
comparison of different methods is performed on the data in Figure 7, and the results are shown in

favle . Table 6. Comparison of Architectural Development Methods by Different Methods
Method Content Effectiveness Change Direction

BIM Technology Sﬁ?&gﬁg t 86.49 +
Development 8145 '

:

Al Platform Dsehvoerlto;e;g t 89.84 "
Developmen 82.72 '

:

Technology | Developmen 5237 -
Development o121 '

:

Traditional Short-Term 70.94 +

Architectural Planning
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Law Development
Long-Term
Development 7315 -
Development
. . +
Potential 70.61
T Value 9.386

Compared with traditional building planning methods, BIM and Al technologies are more
effective in analyzing the planning methods of building data, and in BIM databases, BIM and Al
technologies are more effective The architectural planning method is in line with the actual
requirements. The reason is that BIM and Al technologies map the non-structural data in the building
data, iteratively analyze the abnormal data, and reduce the initial amount of data in the building
design.

4.5 Accuracy of the Judgment of Architectural Planning Factors

In order to verify the implementation effect of BIM and Al technology, the factors of building
planning are judged, and the accuracy of a judgment is shown in Figure 8.

Degree of influence of factors (%)
94.90
93.96
93.02

92.08
91.14
90.20
89.26
88.32
87.38
86.44
85.50

Figure 8. Judgment Results of Influencing Factors of Different Algorithms

Figure 8 illustrates that the accuracy of BIM and Al technology in calculating the influencing
factors surpasses traditional architectural planning methods. Each factor shows a relatively high
degree of influence, indicating BIM and Al's capability to precisely assess building data's influencing
factors. The specific details of these results are presented in Table 7.

Table 7. Judgment Accuracy of Influencing Factors of Architectural Planning

Practical Accuracy Requirements

Mean = 90.2297 Standard Deviation = 2.0286 Bgi‘)tj;i‘ilaﬁf" 8964?255562;
Single Side 95% Lower Limit: 86.8926
One-Sided 95% Cap: 93.5668
The Traditional Architectural Planning Method
Mean = 90.2297 Standard Deviation = 2.0286 Bgitsﬁg%’ S
Unilateral 99% Lower Limit: 75.5111
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One-Sided 99% Cap: 84.9483
BIM and Al Technology
. _ . . . o
Mean (i(s)g;rllthm) Standard De:\/I)eTtol(2)121 5(Logarlthm) Bgitslrle:ila?}'lb':%’ 86.3089~94.2808
Single Side 95% Lower Limit: 86.9238
One-Sided 95% Cap: 93.6138
Median=90.3736 Bilateral 95% Boundary: 86.4104~93.3054
Single Side 95% Lower Limit: 86.4104
One-Sided 95% Cap: 93.3054

It can be seen from Table 7 that BIM and Al technology have relatively good results for
architectural planning, the calculation accuracy is consistent with the overall calculation requirements,
and the calculation deviation is significantly smaller than that of traditional architectural planning
methods. The reason is that BIM and Al technology can realize massive data analysis, provide a basis
for accurate calculation of building planning, and further verify the accuracy of analysis of
influencing factors in building planning. In order to further verify the accuracy of BIM and Al
technology, the calculation process is analyzed, and the specific results are shown in Table 8.

Table 8. Comparison Of Process Accuracy Adjustment of Different Algorithms

First Time Second Time Third Time Fourth Time
Tradition Traditi Tradition
BIM al BIM Traditional BIM onal BIM and al
Sample | ;134 AT | Architect | and AI | Architectural | and AI | Archite Al Architect
Technol ural Techn Planning Technol | ctural | Technol ural
ogy Planning | ology Law ogy Plannin ogy Planning
Law g Law Law
Sample 0.39 0.13 0.36 0.20 0.46 0.07 0.54 0.33
1
Sample 0.21 0.08 0.31 0.30 0.49 0.16 0.35 0.75
2
Sample 0.84 0.68 0.69 0.48 0.12 0.17 0.22 0.65
3
Sample 0.51 0.09 0.13 0.33 0.37 0.20 0.78 0.74
4
Sample 0.83 0.23 0.66 0.05 0.12 0.13 0.13 0.73
5
Sample 0.26 0.56 0.71 0.07 0.00 0.13 0.91 0.12
6
Sample 0.21 0.06 0.58 0.22 0.84 0.01 0.31 0.29
7
Sample 0.70 0.78 0.52 0.86 0.68 0.14 0.45 0.00
8
Sample 0.42 0.10 0.40 0.87 0.35 0.25 0.24 0.68
9

It can be seen from Table 8 that in terms of process accuracy comparison, the accuracy change of
BIM and Al technology is significantly better than that of traditional building planning methods. In
the 1~4th excavation, they are all better The reason for the traditional architectural planning method is
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that BIM and Al technologies increase the synergy coefficient and planning weight of planning in
different BIM and Al technology databases. Reduce the impact of local maximum probability
programming on planning results.

The study presents a holistic view of the factors that influence of Al and BIM technology for
planning. However, this work is confined to analyze the impact of a limited number of factors. The
compliance policy, environmental policy, political conditions etc. have not been discussed in this
work. This can be a future research direction.

5. Conclusion

This paper proposes planning based on BIM and Al technology for planning data problems. This
method combines BIM, Al technology, and constraints to analyze the data of the construction industry,
determine its development mode and the influencing factors of planning, and improve planning
accuracy. The results show that compared with traditional building planning methods, the overall
results of BIM and Al technology are better, which can improve the accuracy, integrity, and
rationality of calculations and the way to develop. However, there are also certain limitations in the
analysis of building data, mainly reflected in the development mode and the processing of indicators
of architectural planning, and the relevant indicators will be comprehensively processed in the future.
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