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Abstract

Research Objective: This study analyzes the budget quotas and sample cases of traffic
engineering and landscaping projects to address the following issues: low accuracy and
inability to reflect the cost levels of enterprises in the existing cost estimation techniques.
It constructs a historical database and utilizes Python and BIM to develop a BP neural
network intelligent estimation system, aiming to provide data and decision support for
intelligent and visual cost estimation in traffic landscaping projects. Research conclusions:
This study focuses on the construction drawing budget estimation for transportation en-
gineering and landscape ecological engineering projects. Data were collected through
questionnaires administered to scholars and practitioners, with key factors influencing
pricing units identified using SPSS factor analysis. Subsequently, extensive historical data
on road transportation and greening engineering were gathered and standardized through
temporal and regional adjustments. Quantitative feature analysis was then conducted
to establish a historical database of construction drawing budgets for completed trans-
portation landscape ecological projects, based on construction enterprises. The cosine
similarity method was employed to retrieve highly similar sample cases from the database
for target projects. A BP neural network-based intelligent estimation system was developed
using Python and BIM technology, providing reliable data support and technical assurance
for cost estimation, decision-making, and ongoing maintenance endeavors pertaining to
transportation landscape and ecological engineering projects.

Keywords: traffic landscape engineering; construction cost; intelligent estimation

1. Introduction

In recent years, as the public’s travel needs have been met, the construction of trans-
portation networks has increasingly emphasized ecological, esthetically pleasing, and
environmentally friendly development. Despite the efforts that have been made to ad-
vance the construction and management of transportation and landscaping projects. This
phenomenon is particularly characteristic of construction units, which are often reliant
on regional unified budget quotas for preparing drawing budgets. By failing to apply
their company quotas, these companies inaccurately reflect construction costs and spe-
cific consumption levels. Moreover, the accuracy of cost estimation for transportation
landscape ecological projects directly determines their economic and social benefits, rep-
resenting a critical issue currently faced in the fields of urban planning and construction.
Therefore, this study constructs a historical database of completed construction drawing
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budgets for construction companies, thereby establishing a BP neural network intelligent
estimation system.

Elfahham Y. (2019) [1] derived a formula for calculating relevant construction cost
indicators based on the cost records of key processes in completed projects. By applying
neural networks, linear regression, and autoregressive time series to predict construction
cost indicators, the scholar provided a reliable cost estimation tool. Wu X. (2020) [2,3]
analyzed the current cost management status, focusing on municipal road projects in
China; the scholars studied the key cost control points at various stages of municipal road
construction. Qiu Y. (2019) [4] focused on municipal road cost control, applying the earned
value analysis method throughout the construction process. Wang H. (2019) [5] explored
cost control during the construction period of municipal roads, integrating methods such as
earned value, work breakdown structure, target costing, and cost accumulation curve into
the construction process. This researcher analyzed the main factors affecting construction
costs and proposed corresponding improvement measures. Zhang H. (2018) [6] applied BIM
technology to the decision-making, design, construction, and operation and maintenance
stages of municipal road projects, and offered reasonable proposals. Wu J. (2025) [7]
employed an Improved Artificial Bee Colony (IABC) algorithm and ensemble learning
techniques to predict investment data for municipal road projects, thereby enhancing
the accuracy of traditional investment estimation methods. However, these previous
studies did not integrate intelligent prediction with visualization, nor did they achieve the
technical capability of quickly generating cost estimates through one-click input of target
case characteristics.

In summary, while scholars domestically and internationally have achieved certain
results in road project cost management, there remains a scarcity of research that applies
intelligent estimation theory to the construction drawing budget phase of transportation
projects and achieves both intelligent and visual integration. With the advancement of
artificial intelligence and big data technologies, deep learning and machine learning models
are manifesting broad application potential across various domains. This study applies
historical data from construction companies. By employing the cosine similarity method to
select historical data with high similarity to the target case, a basis for intelligent estimation
is established. Due to the abundance of similar cases, the overall pricing unit of trans-
portation and landscape engineering construction drawings offers a robust foundation. A
BP neural network intelligent estimation system is established using Python3 to estimate
the overall pricing unit of the target case. Finally, a 3D auxiliary model is created using
BIM technology to visualize transportation engineering and landscaping. These estimation
methods are subsequently integrated into a computer-based intelligent estimation system,
which yields satisfactory results. This study aims to provide technical support for the
intelligent and visual estimation of transportation engineering and landscaping.

2. An Intelligent Estimation System for the Drawing Budget of Traffic
Engineering and Landscaping Projects

2.1. Determine the Main Factors Affecting the Construction Drawing Budget Pricing Unit
2.1.1. Basic Factors Affecting Construction Drawing Budget Pricing Units

Based on the content of the ‘Code for Quantity Calculation of Municipal Engineering’
and the ‘Code for Quantity Calculation of Landscape Gardening Engineering,” the quantity
list method is applied to break down the pricing units of municipal engineering, primarily
into landscaping, road construction, and municipal pipeline projects. The basic influencing
factors of these units significantly impact the construction drawing budget. Additionally,
building upon relevant literature, statistical data, and the expert consultation method,
experts with over three years of relevant experience were invited to provide feedback
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through face-to-face interviews and other channels. Their input was then categorized
and analyzed from three dimensions: engineering characteristics, technical management,
and construction processes, to identify the fundamental factors influencing construction
drawing budgeting [8], as shown in Table 1.

Table 1. Statistical results of preliminary influencing factors for pricing units and personnel information.

Classify

Influencing Factor

Project features

technical management

work progress

earth and rock works Earthwork quantity
Green space arch shape, the proportion of trees, shrubs,
bamboo, hedges, open flowers, and lawns

Subgrade excavation and shaping, proportion of coarse

bituminous concrete pavement, proportion of medium
bituminous concrete pavement, proportion of fine
bituminous concrete pavement, proportion of cement
concrete pavement, proportion of curb area, and road
traffic management facilities for engineering

landscape engineering

road engineering

floor space
erection work Municipal pipe network project, street lamp project
other Topography, geology, hydrology, and meteorology

Construction management level, construction method, degree of intelligence, and ecological civilization
construction level
Change rate of labor and material machine price, change rate of average price of trees, flowers and grass,
change rate of average price of asphalt concrete and concrete, environmental protection requirements,
quality requirements, and progress requirements

2.1.2. Selecting the Main Influencing Factors for Pricing Units
Design and Distribution of Questionnaires

The Likert scale is a common rating scale that sums up items related to the same
concept for scoring. In 1932, American social psychologist, Robert Cattell, revised and
initially studied this scale. It comprises a set of descriptions, each with five options:

"o 7o

“strongly agree,” “agree,” “neutral,” “disagree,” and “strongly disagree.” These options are
numbered 5, 4, 3, 2, and 1, respectively, reflecting the respondents’ ratings of the intensity
of the impact of each factor [9]. This study primarily utilized on-site interviews and online
links to distribute questionnaires, collecting a total of 104 valid responses. The statistical

details of the participants’ personal information are illustrated in Table 2.

Table 2. Statistical results of preliminary influencing factors of pricing units and personnel information.

Information Option Nurflber qf Proportion
Questionnaires
sex man 62 59.62%
woman 42 40.38%
25 and under 10 9.62%
26 to 35 years old 34 32.69%
age Age 3645 34 32.69%
46 to 55 years old 16 15.38%
56 years and over 10 9.62%
High school and below 0 0.00%
. . junior college 24 23.08%
highest education undérgraduate ;gollege 63 60.58%
Master’s degree or above 17 16.35%
design unit 18 17.31%
. construction organization 47 45.19%
work unit Consulting unit 26 25.00%
Universities/research institutes 13 12.5%
0-3 19 18.27%
Project experience Four to six 37 35.58%
7-9 34 32.69%
More than 9 14 13.46%
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Processing and Preliminary Analysis of Survey Results

In statistical endeavors, the most fundamental indicators are the mean and standard
deviation. These metrics effectively illustrate the data’s concentration and dispersion,
providing a more intuitive understanding of its distribution. Therefore, based on SPSS26,
the mean and standard deviation for each preliminary influencing factor are calculated, as
depicted below. The standard deviation for each influencing factor is less than 1. Consider-
ing the characteristics of traffic engineering and landscaping, factors with a mean value
above 3 were selected. A total of 27 influencing factors meet the statistical criteria and offer
a data foundation for subsequent research, as shown in Table 3.

Table 3. Survey results for preliminary influencing factors of pricing units.

Order Number Construction Cost Influencing Factors Mean Standard Deviation
1 Floor space 3.27 0.927
2 Earthwork quantity 3.37 0.925
3 Green space arch shape 3.10 0.950
4 The proportion of trees in the area 3.56 0.923
5 Shrub area ratio 3.53 0.945
6 The proportion of bamboo area 2.29 0.921
7 Green hedge area ratio 3.45 0.974
8 The proportion of open field flowers 3.38 0.926
9 Lawn area ratio 2.88 0.921
10 Subgrade excavation and shaping 3.00 0.975
11 Proportion of coarse bituminous concrete pavement 3.81 0.976
12 Proportion of medium particle asphalt concrete pavement 3.82 0.983
13 Proportion of fine bituminous concrete pavement 3.88 0.952
14 Concrete pavement ratio 3.84 0.925
15 The proportion of the pavement area 3.18 0.922
16 Road traffic management facilities project 3.49 0.935
17 Municipal pipe network project 3.59 0.931
18 road lamp engineering 3.21 0.931
19 Change rate of labor and material machine price 3.37 0.935

20 Average rate of change in trees, flowers and grass prices 3.26 0.848
21 Average price change rate of asphalt concrete and concrete 3.52 0.892
22 Intelligent construction level 3.52 0.975
23 Construction management level 3.38 0.948
24 The level of ecological civilization construction 3.27 0.916
25 Job practice 3.56 0.964
26 Environmental protection, quality, and schedule requirements 2.48 0.985
27 Landform 3.43 0.993
28 Geological conditions 347 0.995
29 Hydrological conditions 3.37 0.996
30 Meteorological conditions 3.16 0.996

Internal Consistency Reliability and Validity Test

The reliability and validity test of the questionnaire survey is a necessary guarantee
for ensuring the effectiveness of the follow-up analysis. Cronbach’s « coefficient is utilized
as the reliability test method, and its calculation process is depicted in Formula (1):

k ko2
-

where k denotes the number of factors affecting o?x;a the questionnaire, specifically the
variance of the answer to the i-th question. As shown in Table 4, the number of valid cases is
104. Using SPSS, a reliability test was conducted on the survey data. A reliability coefficient
above 0.7 indicates that the questionnaire has high reliability. Herein, the Cronbach’s
coefficient for the survey data is 0.946, indicating that the questionnaire results are reliable.
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The reliability test results are illustrated in Table 5. The item-total statistics indicate that after
removing any items, the Cronbach’s « coefficient remains at or below 0.946, which indicates
strong consistency in the survey questionnaire. The item-total statistics are illustrated in
Table 6.

Table 4. Summary of case handling.

Number of Cases Percentage %
valid 104 100.0
get rid of 0 0
amount to 104 100.0
Table 5. Reliability test results.
Cronbach’s « Number of Terms
0.946 30

Table 6. Summary statistics of items.

. Revised Items and Their , .
Influencing Factor Correlation to the Total Cronbach’s o After Deletion

Floor space 0.527 0.945

Earthwork quantity 0.755 0.942

Green space arch shape 0.639 0.943

The proportion of trees in the area 0.601 0.944

Shrub area ratio 0.517 0.945

The proportion of bamboo area 0.308 0.946

Green hedge area ratio 0.679 0.943

The proportion of open field flowers 0.560 0.944

Lawn area ratio 0.463 0.945

Subgrade excavation and shaping 0.621 0.944
Proportion of coarse bituminous concrete pavement 0.391 0.946
Proportion of medium particle asphalt concrete pavement 0.383 0.946
Proportion of fine bituminous concrete pavement 0.530 0.945
Concrete pavement ratio 0.406 0.946

The proportion of the pavement area 0.595 0.944

Road traffic management facilities project 0.687 0.943
Municipal pipe network project 0.643 0.943

Road lamp engineering 0.767 0.942

Change rate of labor and material machine price 0.680 0.943
Average rate of change in trees, flowers, and grass 0.609 0.944
Average price change rate of asphalt concrete and concrete 0.558 0.944
Intelligent construction level 0.748 0.942
Construction management level 0.653 0.943

The level of ecological civilization construction 0.675 0.943
job practice 0.638 0.943

Environmental quality progress requirements 0.378 0.946
landform 0.699 0.943

Geological conditions 0.635 0.944

Hydrological conditions 0.673 0.943
Meteorological conditions 0.683 0.943

After completing the reliability test, the questionnaire data is subjected to a structural
validity test using SPSS factor analysis. The KMO and Bartlett’s test of sphericity are
applied for data assessment. The KMO value should be between 0 and 1, where a KMO
value approaching 1 indicates good structural validity. The significance level from Bartlett’s
test of sphericity should be less than 0.05. As depicted in Table 7, the KMO value of the
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questionnaire data exceeds 0.8, and the significance level from Bartlett’s test of sphericity is
0. This indicates that the questionnaire has good structural validity and the data meet the
requirements.

Table 7. Test results of the data validity for influencing factors of pricing units.

Influencing Factor

KMO price 0.883
Bartlett’s sphericity test Approximate chi-square 1630.766
, o free degree 435
Bartlett’s sphericity test conspicuousness 0.000

2.1.3. Quantifying the Main Influencing Factors of the Pricing Unit

Based on the survey results, the primary factors influencing the budgeting of ecological
construction projects for traffic landscapes have been identified. To facilitate the analysis
and extraction of historical data and implement the corresponding algorithms, the main
influencing factors are assigned values. Quantitative continuous variables are recorded
based on actual values, while qualitative and quantitative non-continuous variables are
quantified. The specific details are illustrated in Table 8.

Table 8. Quantification table for the main influencing factors of the pricing unit.

Order . Quantitative Processing
Influencing Factor
Number & 1 2 4 5
1 Floor space Enter actual data
2 Earthwork quantity Enter actual data
. More .
3 Green space arch shape not have simple same as complicated complicated
4 The proportion of trees in the area Enter actual data
5 Shrub area ratio Enter actual data
6 The proportion of bamboo area Enter actual data
7 Green hedge area ratio Enter actual data
8 The p roportion of open Enter actual data
field flowers
9 Lawn area ratio Enter actual data
. . . More .
10 Subgrade excavation and shaping not have simple same as complicated complicated
1 Proportion of coarse bituminous Enter actual data
concrete pavement
12 Proportion of medium particle Enter actual data
asphalt concrete pavement
13 Proportion of fine bituminous Enter actual data
concrete pavement
14 Concrete pavement ratio Enter actual data
15 The proportion of the Enter actual data
pavement area
16 Road tr;‘afflg management not have simple same as More complicated
facilities project complicated
- . . . More .
17 Municipal pipe network project not have simple same as complicated complicated
. . : More .
18 Road lamp engineering not have simple same as complicated complicated
19 Change rate of }abor a'md material Enter actual data
machine price
20 Average rate of change in trees, Enter actual data
flowers and grass
21 Average price change rate of Enter actual data
asphalt concrete and concrete
22 Intelligent construction level difference center good people ample -
23 Construction management level difference center good people ample -
The level of ecological civilization .
24 . difference center good people ample -
construction
25 Job practice range secondary advanced - -
2% Environmental protection, quality, same as higher tall B B
and schedule requirements
27 Landform plain basin hills mountainous other
region
28 Geological conditions difference center good people ample -
29 Hydrological conditions difference center good people ample -
. Monsoon climate . . .
30 Meteorological conditions Subtropical Temperate of medium tropical Monsoon Alpine mountain

Monsoon climate

continental climate

latitudes

climate

climate
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2.2. Constructing a Historical Database for Construction Drawing Budget Pricing Units
2.2.1. Data Collection and Collation

This study collected a total of 30 cases of cost data through participation in engineering
projects, specialized engineering investigations, and publicly available government docu-
ments. The dataset spans the period from 2018 to 2024, with unit construction costs ranging
from a minimum of 648.43 CNY/m? to a maximum of 1010.28 CNY/m?, and project site
areas varying between 10,767 m? and 140,951 m?. Because the collected historical data are
characterized by spatial and temporal differences, unified processing of case data becomes
necessary. Thus, the deviation occasioned by regional and time differences can be elimi-
nated. By introducing the regional adjustment coefficient and time adjustment coefficient
methods, case data can be correctly adjusted [10].

Territorial Adjustments

To ensure that each case data is based on a unified regional study, Hebei Province in
China is selected as the benchmark region, and the regional adjustment coefficient formula
is employed to adjust the case data, as depicted in Formulas (2) and (3).

" 1 Dy X Py
o = Lt DX @
i=1 Yoi oi
G,:
Pi= ot ©
" Elrn:] Gri

where « signifies the regional adjustment coefficient; D,; denotes the full life cost of project
iin the reference area (Hebei Province, China); P;; indicates the weight of project i; Do;
corresponds to the full life cost of projects in other regions; P; denotes the weight of project
iin other regions; and Gri signifies the quantity of project i or similar projects.

Time Adjustment

To ensure that each case data is based on a unified time basis, 2024 is set as the adjusted
base period, and the time adjustment coefficient formula is applied to adjust the case data,
as illustrated in Formulas (4) and (5).

T Dy X Py
p= Sl X @
i=1 “oi o1
Gyi
Pi=——0 (5)
T Gy

where (3 indicates the time adjustment coefficient; Dy signifies the project cost of project i
in the base year (2024); Py; denotes the weight of project i; Dy; corresponds to the project
cost of other years for project i; P,; indicates the weight of project i in other years; and G
signifies the quantity of project i or similar projects.

2.2.2. Similar Case Selection Based on the Cosine Similarity Method

The cosine similarity algorithm calculates the cosine value of the angle between two
vectors and judges their similarity. Using the Euclidean dot product, the cosine value
between two vectors can be calculated:

cosh = (6)
llall[o]]
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To obtain eigenvectors, the sample cases and target cases in the database are processed
according to the quantitative indicators of influencing factors. The cosine similarity between
any two vectors A and B is calculated as follows:

AB Yitq Ai X B
TATIBI ™y (402 % /o (B)?

where n denotes the A;B; number of cases and respectively represents the corresponding

(7)

quantitative indicators of the influence factors in case A and case B.

The similarity range is from —1 to 1: —1 indicates that the two vectors point in exactly
opposite directions, 1 indicates that they point in the same direction, and 0 indicates that the
two vectors are independent of each other. This result is not influenced by the length of the
vectors but solely by their direction. Considering the characteristics of traffic engineering
and landscaping, the threshold is set at 0.85. By measuring the cosine similarity between
historical cases and target cases, data with a cosine similarity above 0.85 is utilized as the
basis for subsequent intelligent estimation. The correlation between the threshold range
and variables is detailed in Table 9.

Table 9. Cosine similarity correlation.

Cosine Similarity Relativity
0 <Sim(A,B) <045 no correlation
0.45 < Sim(A, B) <0.85 correlation
0.85 < Sim(A,B) <1 strong correlation

2.3. BP Neural Network Method Is Utilized to Estimate the Total Project Cost and Unit Price of
Comprehensive Pricing Units Under a Large Amount of Data

The training of a BP neural network requires the support of a large amount of historical
data. An increased number of training samples leads to enhanced quality and more accurate
training results. If the case data is exceedingly limited and the similarity is low, the BP
neural network often fails to converge. Therefore, when there are more sample cases, the
BP neural network can be selected for intelligent estimation.

The BP neural network model selects a three-layer network including the input,
hidden, and output layers [11].

1.  Inputlayer: The input neurons in the model are the characteristic vectors of the main
influencing factors after simplification: the main influencing factors of the construction
drawing budget for traffic engineering and landscaping are the input items, and the
quantified values of the influencing factors are extracted as the input vector X = (x1,
X2, ...xn).

2. Hidden layer: This study utilizes Kolmogorov’s theorem to calculate the number of
hidden layer neurons. The number of hidden layer neurons is 2 times the number of
input layer neurons plus 1, alternatively expressed as 2m + 1 (where m signifies the
number of input layer neurons).

3. Output layer: In conformance to the reviewed literature, the output neuron is the cost
per square meter of the target case.

4.  Parameter design: A three-layer neural network is adopted, including an input layer,
a hidden layer, and an output layer. The sigmoid is applied as the activation function,
and the stochastic gradient descent algorithm is utilized.
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2.4. Intelligent Estimation of Construction Drawing Budgets and a BIM Computer-Aided Model
for the Construction of Traffic Engineering and Landscaping Projects

2.4.1. Intelligent Estimation System for the Construction Drawing Budgets of Traffic
Engineering and Landscaping Projects

Using the Python language—lauded for its simplicity, scalability, and strong
compatibility—we can integrate and connect the historical database, similar case selection,
and aforementioned estimation methods. This enables the development of an intelligent
computer software system for budget estimation, especially for traffic engineering and land-
scaping construction drawings. The system enables users to input data from a pricing unit
perspective, by simply entering the main influencing factors of the target case. Subsequently,
it automatically selects the appropriate algorithm to perform the calculations and output
the estimation results, thus achieving an intelligent and automated estimation process.

2.4.2. BIM Computer-Aided Visualization Model

This study establishes a three-dimensional model and analyzes the application of BIM
technology in traffic engineering and landscaping from the following two aspects:

1. The 3D computer virtual model of the unit project structure is constructed to visualize
the overall project structure.

2. The 3D computer virtual dynamic model of the construction method and construction
procedure is constructed for the dynamic three-dimensional visualization of the
construction scheme and construction procedure.

3. Model Implementation
3.1. Target Case-ZGZT Project Overview

The ZGZT project, located in the Xiongan New Area of Hebei Province, covers an area
of 34,242.3 m?2. The surrounding terrain is flat, and construction conditions are excellent.
The road surface is primarily made of asphalt concrete, which provides excellent resistance
to pressure and wear. Trees such as maple and hibiscus are planted along both sides of
the road, while shrubs such as boxwood and golden privet are primarily utilized, with
regular planting and neat pruning. This meets the travel needs of residents and creates a
vibrant atmosphere. The project primarily focuses on road engineering, traffic engineering,
greening, lighting, and water supply and drainage systems.

3.2. Quantifying Project Characteristics and Calculating Case Similarity for Unit Projects
3.2.1. Quantifying Target Case Characteristics

According to the main influencing factors, the construction drawing budget for the
traffic engineering and landscaping ZGZT project is analyzed, and the text description for
the main influencing factors of the pricing unit is extracted as depicted in Table 10.

Table 10. Description of the main influencing factors for the ZGZT project valuation unit.

Order Number Influencing Factor Signalment
1 Floor space (m?2) 34,242.3
2 Earthwork quantity (m?) 11,601
3 Green space arch shape The project site is flat, and only simplified slope modeling is performed in
the green area
4 The proportion of the area of trees (%) The area of trees is 219.15 m?, which is 0.64% of the total area
5 Shrub area ratio (%) The shrub area is 2588.72 m?, which is 7.56% of the total area
6 Green hedge area ratio (%) The hedge area is 890.3 m?, which is 2.6% of the total area
7 The proportion of open field flowers (%) The area of flowers is 1328.6 m?, which is 3.88% of the total area
8 S . . According to the actual condition of the site where the project is located,
ubgrade excavation and shaping

simple leveling is performed
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Table 10. Cont.

Order Number Influencing Factor Signalment
9 Proportion of coarse bltuf)nmous concrete This project does not include a coarse bituminous concrete pavement
pavement (%)
10 The proportion of medium particle asphalt The area of the medium-sized asphalt concrete pavement is 3550.93 m?,
concrete pavement (%) which is 10.37% of the project area
1 The proportion of fine bituminous concrete The area of the fine bituminous concrete pavement is 20,795.35 m?2, which is
pavement (%) 60.73% of the project area
12 Concrete pavement ratio (%) This project does not involve cement concrete pavement
13 The proportion of the curb area (%) The curb area is 2225.75 m?, which is 6.5% of the project area
14 Road traffic management facilities project Equipped with signs and warning posts, this content is quite basic
15 Municipal pipe network project Equipped with services mclu.dmg d_ramage and water supply, the project
content is considerably general
16 Road lamp engineering Equipped with amenities spch as .cables and street lamps, the project
content is considerably general
17 Change rate of lal;zi:r(l(;l )m aterial machine The target case has a price change rate of 7.4%
18 Average price changg;;:t(eo /O)f trees, flowers and The target case has a price change rate of 3.69%
19 Average price change rate ofoasp halt concrete The target case has a price change rate of 0%
and concrete (%)
. . The command center is applied to control the engineering, monitoring
20 Intelligent construction level system, and public address system, with a medium level of intelligence
It has a medium level of management by adopting reasonable construction
21 Construction management level preparation and a rational construction organization plan and construction
cost management method
2 The level of ecological civilization construction It adopts rational resource utl.hzatlon and ecologlcal protection methods,
and has a satisfactory construction level
. Adopt a rational construction scheme and construction process, with
23 Job practice . .
medium construction methods
o4 Landform The project is located in Xiongan Clty,. Hebei .Provmce, in the middle of the
North China Plain
25 Geological conditions The strata are mainly the Quaternary strata of the Cenozoic era
. i Groundwater mainly comprises pore water and fracture water, and its
26 Hydrological conditions . . . o )
recharge is mainly from atmospheric precipitation and runoff in the west.
27 Meteorologic condition Temperate continental climate
Based on the description of the main influencing factors of the ZGZT construction
drawing budget in the preceding table and the aforementioned quantification standards,
the main influencing factors are assigned values and uniformly quantified before data
processing, data mining, and intelligent estimation. The quantification results of the ZGZT
construction drawing budget pricing unit are illustrated in Table 11.
Table 11. Quantitative results of the main influencing factors for the ZGZT project valuation unit.
Order Number Influencing Factor Quantitative Values
1 Floor space (m?) 34,242.3
2 Earthwork quantity (m?) 11,601
3 Green space arch shape 1
4 The proportion of the area of trees (%) 0.64
5 Shrub area ratio (%) 7.56
6 Green hedge area ratio (%) 2.6
7 The proportion of open field flowers (%) 3.88
8 Subgrade excavation and shaping 2
9 Proportion of coarse bituminous concrete pavement (%) 0
10 The proportion of medium particle asphalt concrete pavement (%) 10.37
11 The proportion of fine bituminous concrete pavement (%) 60.73
12 Concrete pavement ratio (%) 0
13 The proportion of the curb area (%) 6.5
14 Road traffic management facilities project 2
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Table 11. Cont.

Order Number Influencing Factor Quantitative Values
15 Municipal pipe network project 3
16 Road lamp engineering 3
17 Change rate of labor and material machine price (%) 74
18 Average price change rate of trees, flowers, and grass (%) 3.69
19 Average price change rate of asphalt concrete and concrete (%) 0
20 Intelligent construction level 2
21 Construction management level 2
22 The level of ecological civilization construction 3
23 Job practice 2
24 Landform 1
25 Geological conditions 3
26 Hydrological conditions 2
27 Meteorologic condition 2
3.2.2. Case Similarity Calculation
Based on the quantification standards for the main influencing factors of the existing
traffic engineering and landscaping projects, data analysis and data mining were conducted
on 30 case data sets from the historical database. The textual descriptions of the main
influencing factors were extracted, and each description was assigned a corresponding
value according to the quantification standards. The results of assigning values to the main
influencing factors of each historical case pricing unit are illustrated in Table 12.
Table 12. Quantitative results of the main influencing factors of the valuation unit in each histori-
cal case.
Engineering Feature Quantification Value
Case X X X X X
X1 X2 X3 X4 X5 X6 X7 23 24 25 2 o7
1 32654 36,691.8 2 1.31 3.52 6.54 4.58 3 1 2 3 2
2 41,968.15 29,492.5 2 0.98 32 5.89 52 3 1 2 3 2
3 20,658 11,028.5 2 1.1 3.22 6.04 4.07 3 1 2 2 2
4 15,171.95 16,184.85 2 14 3.11 6.22 413 3 1 3 3 2
5 11,067.05 4592.92 1 0.8 3.34 5.82 4.28 3 1 2 3 2
6 52,711.3 43,477 2 0.85 7.33 4.96 3.26 2 3 2 3 2
7 15,394.24 10,794.02 1 1.1 6.88 529 4.77 3 1 3 3 2
8 36,325.65 15,262 2 3.78 0 5.66 11.33 3 1 2 2 2
9 21,563.75 27,748 1 3.9 2.75 4.36 2.77 2 1 3 3 2
10 59,463.4 10,563 1 1.25 10.66 2.74 341 3 3 2 3 3
11 96,965 24,513 2 1.32 34 8.47 4.38 2 1 2 3 2
12 140,951 57,429 1 1.4 2.6 6.28 5.69 2 1 3 3 2
13 35,700.8 12,976.4 1 0.66 8.84 4.57 3.26 2 1 3 2 3
14 17,523.2 9734 1 0.88 10.8 5.69 2.81 3 1 3 2 3
15 25,179.92 10,479.1 1 0.75 10.94 2.17 249 3 1 3 2 2
16 29,221 1045.5 2 37 4.6 2.88 9.3 3 1 3 3 2
17 17,844.6 1729.28 2 5 4.17 5.29 4.77 3 1 3 3 2
18 11,296 1301.65 2 1.22 6.3 5.72 4.2 3 1 3 3 2
19 10,767 1170.1 1 0.9 4.88 7.69 5.44 3 1 3 3 3
20 21,490 27428 1 0.77 7.96 5.5 4.33 3 1 2 3 2
21 28,945 1365.2 1 1.67 4.28 8.56 4.19 3 1 2 3 2
22 16,382 1476.3 1 1.02 3.66 7.84 6.29 3 1 2 3 2
23 33,760 2809.7 2 0.9 9.84 4.96 2.45 2 3 3 3 3
24 18,673.9 23,507.88 2 1.12 5.06 8.44 3.8 2 1 3 3 2
25 47,306 2007.3 2 0.78 9.85 4.33 3.2 2 1 3 3 2
26 31,074 1870.11 1 0.9 5.74 8.17 4.6 2 1 3 3 2
27 20,769 1260.8 1 1.03 3.77 7.96 5.54 3 1 3 3 2
28 50,386 61,470.3 2 1.17 5.13 8.88 3.29 2 1 2 3 3
29 40,294 2409.7 1 0.77 4.96 9.4 3.85 3 1 2 2 2
30 24,840 2067 2 21 7.08 10.69 0 2 3 1 2 3
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Based on the quantitative processing of the target and historical case data, the cosine
similarity method in Python is applied to calculate the similarity between cases. Cases
with a higher similarity to the target case are selected to provide reliable data support for
the subsequent intelligent estimation by the BP neural network. Some of the operational
processes are illustrated in Figure 1.

Jupyter Untiess -
" # | Python 3 (ipykeme
B+ X8 ¢+ PpET B CH
N import numpy as np

def cosine

n_veel

return cot_product

Figure 1. Operation process of the cosine similarity method.

Considering the characteristics of transportation engineering and landscaping, this
study selects historical cases with a similarity degree of 0.85 or higher to the target case.
The results illustrate that 26 cases, including cases 1-8, 10-19, 21-23, 25-27, and 29-30,
meet the requirements. The cosine similarity calculation results for each historical case are
depicted in Table 13.

Table 13. Calculation results of the cosine similarity for each historical case.

Order Number Case Name Cosine Similarity Value
1 Case 1 0.8694
2 Case 2 0.9594
3 Case 3 0.9866
4 Case 4 0.8818
5 Case 5 0.9978
6 Case 6 0.9348
7 Case 7 0.9597
8 Case 8 0.9975
9 Case9 0.8345
10 Case 10 0.9886
11 Case 11 0.9969
12 Case 12 0.9982
13 Case 13 0.9998
14 Case 14 0.9838
15 Case 15 0.9977
16 Case 16 0.9580
17 Case 17 0.9737
18 Case 18 0.9776
19 Case 19 0.9762

20 Case 20 0.8367
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Table 13. Cont.
Order Number Case Name Cosine Similarity Value
21 Case 21 0.9612
22 Case 22 0.9721
23 Case 23 0.9705
24 Case 24 0.8404
25 Case 25 0.9599
26 Case 26 0.9647
27 Case 27 0.9648
28 Case 28 0.8486
29 Case 29 0.9646
30 Case 30 0.9705

3.3. Comprehensive Unit Price Estimation of Pricing Units Based on the BP Neural Network

According to the cosine similarity calculation, 26 sets of historical cases were selected,
and the primary condition (i.e., having a large amount of data) was met, thus providing
data support for intelligent estimation. Therefore, the BP neural network was applied, and
via Python, the researchers could perform intelligent estimation of the overall pricing unit
per square meter cost of target cases. The specific steps are as follows:

(1) The input nodes of the model are determined to be 27, i.e., 27 influencing factors.

(2) The number of hidden layer nodes is determined to be 2 x 27 + 1 = 55.

(3) The model has only one output node, i.e., the project estimate cost per square meter,
which signifies the one-time investment consumed for each square meter of land area.

(4) From the 30 case data sets, select 25 cases with a similarity of over 0.85 as training
samples, and utilize Case 14 as the test sample. Set the system’s maximum number of
iterations to 1000. The main influencing factors, quantified indicators, and cost per
square meter for the 25 training samples and 1 test sample are detailed in Table 14.

Table 14. Main data table of sample cases.

X X X The Unit Price per Square
Case X1 X2 X3 X4 X5 X6 X7 25 26 27 Meter Is Yuan/m?
1 32,654 36,691.8 2 1.31 3.52 6.54 4.58 2 3 2 797.86
2 41,968.15 29,492.5 2 0.98 32 5.89 52 2 3 2 773.45
3 20,658 11,028.5 2 1.1 3.22 6.04 4.07 2 2 2 805.01
4 15,171.95 16,184.85 2 1.4 3.11 6.22 4.13 3 3 2 853.09
5 11,067.05 4592.92 1 0.8 3.34 5.82 4.28 2 3 2 732.92
6 52,711.3 43,477 2 0.85 7.33 4.96 3.26 2 3 2 924.90
7 15,394.24 10,794.02 1 1.1 6.88 5.29 4.77 3 3 2 871.73
8 36,325.65 15,262 2 3.78 0 5.66 11.33 2 2 2 1010.28
9 21,563.75 27,748 1 3.9 2.75 4.36 277 3 3 2 688.57
10 59,463.4 10,563 1 1.25 10.66 2.74 3.41 2 3 3 951.34
11 96,965 24,513 2 1.32 3.4 8.47 4.38 2 3 2 904.02
12 140,951 57,429 1 1.4 2.6 6.28 5.69 3 3 2 885.02
13 35,700.8 12,976.4 1 0.66 8.84 4.57 3.26 3 2 3 916.47
14 17,523.2 9734 1 0.88 10.8 5.69 2.81 3 2 3 881.98
15 25,179.92 10,479.1 1 0.75 10.94 2.17 2.49 3 2 2 993.73
16 29,221 1045.5 2 37 4.6 2.88 9.3 3 3 2 750.92
17 17,844.6 1729.28 2 5 4.17 5.29 4.77 3 3 2 717.49
18 11,296 1301.65 2 1.22 6.3 5.72 42 3 3 2 672.25
19 10,767 1170.1 1 0.9 4.88 7.69 5.44 3 3 3 648.43
20 21,490 27428 1 0.77 7.96 5.5 433 2 3 2 729.05
21 28,945 1365.2 1 1.67 4.28 8.56 4.19 2 3 2 748.17
22 16,382 1476.3 1 1.02 3.66 7.84 6.29 2 3 2 858.47
23 33,760 2809.7 2 0.9 9.84 4.96 2.45 3 3 3 908.12
24 18,673.9 23,507.88 2 1.12 5.06 8.44 3.8 3 3 2 721.27
25 47,306 2007.3 2 0.78 9.85 4.33 3.2 3 3 2 851.03
26 31,074 1870.11 1 0.9 5.74 8.17 4.6 3 3 2 791.77
27 20,769 1260.8 1 1.03 3.77 7.96 5.54 3 3 2 744.67
28 50,386 61,470.3 2 1.17 5.13 8.88 3.29 2 3 3 924.01
29 40,294 2409.7 1 0.77 4.96 9.4 3.85 2 2 2 894.17
30 24,840 2067 2 2.1 7.08 10.69 0 1 2 3 929.95
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The random initialization of weights and thresholds in the BP neural network esti-
mation model introduces significant instability to the estimation results, often leading to
substantial variations in the estimation outcomes during operation. To minimize the errors
occasioned by this uncertainty, 10 training sessions were conducted, and the average of the
10 estimation results was selected as the final training result. The feature values of similar
cases and their corresponding unit cost from the aforementioned context are input into
variables X and Y in the BP neural network code, for details, please refer to Appendix A.
The operational process is illustrated in Figures 2 and 3.
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def predict (self, X):
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Figure 2. BP neural network training process.
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self.b2 —= learning_rate * db2
self.W1 —= learning rate * dWl
self.bl —= learning rate * dbl

def train(self, X, v, num_iterations=1000):
MR %4

for i in range(num_iterations):
self. forward (X)
self. backward (X, v)

def predict (self, X):
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self. forward (X)
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Figure 3. BP neural network training process.

To reduce the uncertainty and randomness of BP neural network operation, 10 times
of training were performed, and the mean value of the 10 times of estimation results was
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set as the final prediction value of the test sample case and target case. The results and
mean value of 10 runs are depicted in Table 15.

Table 15. Output values of training samples.

Estimate the Value of Target Case Estimate

Sample Number Sample Ca;e 14 (Yuan/m?)
(First/m®)
1 846.47 900.18
2 850.54 902.96
3 854.82 883.08
4 877.44 915.66
Estimates 5 870.39 893.33
6 839.86 903.92
7 888.87 893.73
8 870.42 890.18
9 867.35 909.67
Estimates 10 878.83 899.43
mean 864.5 899.21
actual value 881.98 913.16
Percentage of error —-1.98 —1.53
Classical Techniques 824.71 860.53
Percentage of error —6.49 -5.76

The BP neural network pricing unit estimation system, built using Python technology,
was applied for estimation. After 10 training sessions and processing the results using the
mean method, the estimated value of the pricing unit for the test sample was 864.5 yuan/ m?2.
This value has an error of —1.98% compared to the actual value of 881.98 yuan/m?, which
is less than 3%. The error between the classical techniques and the actual value was —6.49%.
Compared with the classical techniques, the proposed approach reduces the deviation rate,
demonstrating the superior accuracy of the intelligent analysis method. Therefore, the
model’s performance meets the error requirements for the construction drawing budgeting
phase and can be applied to predict the budget of the target case. Similarly, the intelligent
estimation of the target case yielded a predicted pricing unit estimate of 899.21 yuan/m?,
compared to the actual value of 913.16 yuan/m?, with an error of —1.53%, which is within
3%. Additionally, the proposed method demonstrates a notable reduction in error compared
to the conventional technique, highlighting its superior accuracy. The errors between the
final construction drawing budget estimates of the test sample and the target case and
the actual values meet the error requirements. Thus, applying this intelligent estimation
system for traffic engineering and landscaping is both reasonable and scientifically feasible,
with significant application value.

4. Applying a Computer-Aided 3D and Intelligent Estimation Model for
Traffic Engineering and Landscaping Projects

4.1. Constructing a BIM 3D Model

This study establishes a 3D model, primarily covering road engineering, traffic engi-
neering, and landscaping. Utilizing the target case ZGZT project as an example, the model
components are constructed based on actual design plans and relevant standards. The
components are configured and positioned according to the design drawings, as illustrated
in Figure 4. Furthermore, engineering information from the construction drawing stage
was associated with the BIM 3D model. This integration enables the visualization of all
geometric and engineering data within the BIM model, providing an accurate basis for
quantity calculation. Moreover, changes during construction, adjustments in material
prices, and other cost-related information can be incorporated into the BIM model. This
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allows for a more comprehensive and multidimensional representation of the engineering
attributes and cost information of each component, as illustrated in Figure 5.
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Figure 4. BIM modeling process.
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Figure 5. Add parameters.

To better utilize the functions of BIM 3D auxiliary models and achieve a more three-
dimensional representation of data, a BIM information management platform is established.
This platform can store historical data, perform data mining, and display BIM 3D models,
providing technical support for future data extraction, cost management, and 3D browsing.
Additionally, the historical database for the construction drawing budgets of traffic engi-
neering and landscaping projects can be fed into the platform, facilitating subsequent data
queries and intelligent estimation. The platform’s login interface and menu interface are

depicted in Figures 6 and 7.
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Figure 7. Historical database.

4.2. Developing an Intelligent Estimation System for Construction Drawing Budgets of Traffic
Engineering and Landscaping Projects Using PYTHON

To ensure compatibility and integration with the historical database, similar case
selection, and estimation methods applied herein, we developed an intelligent estimation
computer software system for construction drawing budgets tailored to traffic engineering
and landscaping projects using Python and HTML. This system can automatically generate
estimation results by inputting the main influencing factors of the target case or through
human-computer interaction. Users can access the intelligent estimation platform via the
login interface, as illustrated in Figure 8.
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Figure 8. Login screen.

Based on the main influencing factors, historical data, and the intelligent estimation
model, the platform’s estimation interface is established. Users input the construction
location and time of the proposed project, and they select the corresponding options from
the drop-down menu for major influencing factors based on the project’s drawings and
actual conditions. After all the information is input, users click the intelligent estimation
button. The system subsequently extracts and calculates the data based on the input
information, and it finally outputs the estimation results.

5. Conclusions

This study investigates the cost estimation of transportation landscape engineering
projects. Data were collected through questionnaires distributed to relevant scholars
and practitioners, and SPSS factor analysis was employed to eliminate less influential
factors, thereby identifying key pricing units with research significance. Reliability and
validity tests were conducted to ensure the standardization and rationality of the survey.
Additionally, cost-influencing factors were thoroughly examined through analysis of typical
historical cases to identify the primary determinants of construction costs.

A comprehensive collection of historical data was standardized through temporal and
regional adjustments to mitigate discrepancies. Based on the identified key factors, feature
quantification analysis was performed on the historical data, leading to the establishment
of a historical cost database for completed transportation landscape projects sourced from
construction enterprises. This database provides a reliable and authentic foundation for
intelligent cost estimation, addressing the rigidity and lag associated with unified standard
quota systems.

The cosine similarity method was applied to screen the historical database, retrieving
sample cases highly similar to the target project. A BP neural network-based intelligent
estimation system, developed using Python, demonstrated greater speed, efficiency, and
accuracy compared to traditional methods while meeting precision requirements. The pro-
posed intelligent estimation approach was validated as rational and feasible. By integrating
BIM and Python technologies, a 3D visualization and intelligent estimation model was
constructed based on the design and construction schemes of transportation landscape
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projects. This model served as the foundation for an information management platform
that links data with three-dimensional models.

The developed intelligent estimation platform for transportation landscape engineer-
ing costs enables rapid and smart cost estimation, providing data and technical support for
budgeting, decision-making, and subsequent cost management during the construction
drawing phase.

Due to limitations in expertise and time, the BIM-based information management
platform and intelligent estimation system presented in this study have not yet fully
realized all intended functionalities, with certain modules requiring further development.
As informatization and intelligent technologies continue to advance, the integration of
information technology with engineering practices represents a future trend. Thus, the
proposed management platform holds significant potential for further development and
practical application.
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Appendix A

BP Neural Network Implementation Code:
import numpy as np
def sigmoid(x):
""Sigmoid™"
return 1/(1 + np.exp(-x))
class NeuralNetwork:
def __init_ (self, input_size, hidden_size, output_size):
"""[nitializing the neural network™"
self.input_size = input_size
self.hidden_size = hidden_size
self.output_size = output_size
# Random weight initialization
self. W1 = np.random.randn(self.input_size, self. hidden_size)
self.bl = np.zeros((1, self.hidden_size))
self. W2 = np.random.randn(self.hidden_size, self.output_size)
self.b2 = np.zeros((1, self.output_size))
def forward(self, X):
"""Forward Propagation
self.z1 = np.dot(X, self. W1) + self.bl
self.al = sigmoid(self.z1)
self.z2 = np.dot(self.al, self. W2) + self.b2
self.y_hat = self.z2
def backward(self, X, y, learning_rate = 0.01):

"

"

"Backpropagation
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m = X.shape[0]
# Computing the gradient
dz2 =self.y_hat — y
dW2 =np.dot(self.al.T, dz2)/m
db2 = np.sum(dz2, axis = 0)/m
dzl = np.dot(dz2, self. W2.T) * self.al * (1 — self.al)
dW1 =np.dot(X.T, dz1)/m
db1l = np.sum(dzl, axis = 0)/m
# Updating weights and biases.
self W2 —=learning_rate * dW2
self.b2 —=learning_rate * db2
self W1 —= learning_rate * dW1
self.bl —=learning_rate * db1
def train(self, X, y, num_iterations = 1000):
""Training the neural network™"
for i in range(num_iterations):
self.forward(X)
self.backward(X, y)
def predict(self, X):
"""Prediction
self.forward(X)
return self.y_hat

nn
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