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Abstract—The genetic algorithm (GA), characterized by
parallelism and global optimization capabilities, is well-suited for
solving optimization problems related to expressway
maintenance schemes. In this study, we improved GA operators
and algorithm parameters within the existing maintenance
scheme optimization model, thereby enhancing the operational
efficiency of the GA. Building on this foundation, an optimization
algorithm for expressway maintenance schemes was developed.
Subsequently, MATLAB was employed to program the
algorithm and solve the expressway maintenance scheme
problem. When compared with the solution results in the
reference, the proposed approach achieved a reduction of
approximately 3.6% in maintenance costs and an improvement
of about 47% in operation speed, verifying the algorithm's
reliability and effectiveness. Finally, visualization of the
algorithm program was enabled using MATLAB App Designer
and MATLAB Compiler. This method can be popularized and
applied in aspects such as expressway maintenance decision-
making and optimization of building maintenance schemes.
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I.  INTRODUCTION

With the rapid development of the worldwide

transportation industry, expressway mileage has increased,
encouraging global economic growth [1-3]. The transportation
network has evolved into a vital national asset [4]. The
development and construction of expressways have greatly
improved our quality of life [5]. However, due to the influence
of traffic load and environmental effects, the expressway's
surface state would deteriorate with time [6]. Maintaining the
expressway regularly and repairing pavement defects can
ensure people travel safely. Good road conditions help to
ensure the country's or region's sustainable economic growth
[7]. The maintenance cost of the expressway is expensive, and
the maintenance decision-making is very complicated.
However, a country's financial resources are often limited. If
appropriate conservation strategies are not adopted, budget
utilization will be reduced, and road conditions will not be
effectively improved [8]. Therefore, it is necessary to allocate
the maintenance scheme of the expressway reasonably and
maintain the expressway on the premise of cost-saving.

In recent years, the problem of pavement maintenance has
received extensive attention from scholars globally. Extensive
research on the monitoring of pavement conditions, evaluation
of pavement conditions, pavement optimization, and other

related issues have been conducted, which has promoted the
rapid development of the field of pavement maintenance.
Cano-Ortiz et al. [7] pointed out the importance of synthesizing
a machine-learning algorithm to develop efficient pavement
condition monitoring technology. They summarized and
introduced different methods of pavement condition
monitoring and evaluation based on the machine learning
algorithm and evaluated the advantages and disadvantages of
the pavement evaluation model from a theoretical point of view.
Shon et al. [9] proposed an autonomous condition monitoring-
based pavement management system (ACM-PMS), which uses
self-driving vehicles to collect road condition data in real time,
thus realizing the independent state detection of the road
surface. The mathematical framework was used to evaluate it,
and the results showed that the system has the advantages of
good accuracy and low social cost. Li et al. [10] proposed a
vision-based pavement condition detection strategy, which uses
the combination of machine learning and image processing to
identify the pavement condition, which provides a basis for
pavement maintenance decision-making. Staniek and Czech
[11] investigated the use of self-correcting neural networks in
diagnosing traffic conditions. They suggested a road condition
detection method based on a neural network algorithm,
established a road detection station based on stereo vision
technology and formed a road condition diagnosis system. The
system has high precision, reliability, wide application range,
and low cost in road condition diagnosis. Zhang et al. [12]
pointed out that the 3D detection method of road conditions
has higher accuracy and practicability than 2D and traditional
manual detection methods. They proposed an automatic
detection method for pavement defects, which uses a 3D laser
to scan the pavement condition to obtain information such as
pavement cracks and deformation. The test results showed that
the detection accuracy of this method is high, and the error of
pavement defect location is small. Nik et al. [13], aiming to
reduce cost, reduce detection error, and improve analysis
accuracy, applied a hybrid genetic algorithm (GA) and particle
swarm algorithm to propose a layout scheme of pavement
detection units, which can significantly reduce the time cost of
pavement detection personnel. Zakeri et al. [14] proposed a
digital imaging system based on a quadcopter, which can
detect pavement cracks in disaster-stricken areas and analyze
and process the data. The system has high mobility, stable and
reliable signal output, and can operate stably in various
complex environments. Radopoulou and Brilakis [15] pointed
out that the maintenance decision of pavement needs to rely on
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the latest pavement data, and the current road condition data
collection method cannot be extended to all areas due to the
high cost. There is an urgent need for a low-cost road condition
data collection method that can be updated in real-time. They
proposed a way for car cameras to collect data and detect road
conditions. The test results show that the method has high
accuracy. Kheirati and Golroo [16] pointed out the defects of
the pavement condition index used to evaluate the pavement
condition in the current road management system. They
developed a new pavement condition index: Universal
Condition Index (UCI), using the machine learning model,
which considers factors such as road roughness, damage degree,
and road safety, achieving better comprehensiveness, economy,
and practicability. Sholevar et al. [4] pointed out that although
machine learning technology has some limitations, relying on
its robust learning algorithm, machine learning technology still
has a decisive advantage in road condition assessment. They
summarized the technology of using machine learning to
evaluate road conditions, elaborated on the application of
various machine learning methods in road condition evaluation,
and pointed out future research directions. Hanandeh [17]
employed GA and an artificial neural network to develop the
evaluation model for the road pavement quality index in Jordan,
using surface rating, present serviceability rating, and
pavement age as variables. The results demonstrated that the
GA model performs better than the neural network model. Li et
al. [8] proposed a preventive maintenance strategy for
expressway pavement, which realized the maintenance of
expressway pavement in specific areas using an artificial neural
network algorithm to mine the database. They used a back
propagation and a hybrid neural network model to predict
highway pavement performance and GA to optimize the
model's parameters. Chen and Zheng [18] demonstrated that
the future pavement maintenance decision problem is a multi-
objective optimization. The multi-objective optimization
method is versatile in handling complicated problems, and its
application in pavement maintenance has gained much
attention. They reviewed the most advanced multi-objective
optimization methods employed in the pavement maintenance
management system's decision-making module and the
accompanying multi-objective optimization models, decision-
making tools, and optimization methodologies. Simultaneously,
the need to make informed decisions in pavement care was
underlined. Santos et al. [19] pointed out that environmental
factors and sustainability should be considered when
formulating pavement maintenance plans. They proposed a
pavement management decision-making system based on
multi-objective optimization—the method comprised a multi-
objective optimization module, pavement life evaluation
module, and decision-making module. Thus, the greenhouse
gas emission during highway maintenance was reduced based
on reducing the cost of highway maintenance. Yang et al. [20]
proposed a new pavement management system with a built-in
multi-objective GA. Thus, the formulation of the optimal
maintenance scheme for the expressway was realized. The
design minimized pavement maintenance costs while
improving highway pavement service levels, supporting
pavement engineers in making maintenance decisions. Hamdi
et al. [21] pointed out that most existing road networks lack
monitoring data and evaluation information. Road maintenance
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costs are relatively insufficient, which is not conducive to
developing the national or regional economy. They introduced
GA based on multi-objective planning of pavement. They
studied the pavement maintenance strategy with the damaged
condition, which can improve the service level of pavement
and reduce the cost of pavement maintenance. Naseri et al. [22]
used two global optimization algorithms, GA and water cycle
algorithm, for maintenance planning of large-scale road
networks and developed a new index to evaluate equity in the
pavement maintenance schedule, reducing the cost of
pavement maintenance planning fluctuations. Their research
showed that preventive maintenance of pavements is critical
for reducing maintenance costs and improving pavement health.
According to Chootinan et al. [23], the decline of highway
pavement performance is unknown. Using deterministic
formulation in pavement maintenance planning will result in
considerable variances in the outcomes. They suggested a
pavement maintenance scheme planning method based on GA
that considered the unpredictability and uncertainty of
pavement performance decline during the planning period. Li
[24] summarized the factors affecting highway pavement
performance, combined with domestic and foreign norms and
industry standards, to determine the evaluation index of
pavement performance. She introduced the life cycle cost
analysis theory and conducted an in-depth study using Rough
Set Theory to evaluate pavement performance. The Grey
System Theory model is used to predict pavement performance
and GA to optimize expressway pavement maintenance
schemes. After that, she put forward an expressway pavement
maintenance scheme optimization strategy based on life cycle
management. Liu et al. [25] proposed an expressway
maintenance strategy optimization algorithm under a specified
service level. They studied the minimum cost model under the
specified service level and the solving model based on GA and
proved the practicability of the algorithm by solving the
existing case. In addition, overloading, according to Rifai et al.
[26], is a major cause of pavement deterioration. They took
budget and overloading as restrictions after thoroughly
examining the characteristics of increased pavement roughness
produced by overloading and the limitation of pavement
maintenance expenses. They created a two-objective
optimization model using GA. The objective optimization
model proved its feasibility through case analysis. Jha and
Abdullah [27] assessed that, like highway surfaces, highway
appendages, such as guardrails, also need regular maintenance
to improve the overall life cycle of the highway. They used GA
to develop a Markovian model that can prolong the
expressway's whole life cycle, and a calculation example was
used to prove the method's effectiveness. EImansouri et al. [28]
utilized sixteen criteria from the Distress Identification Manual,
comparing Pavement Condition Index and Multi-Criteria
Decision-Making to assess road pavement. Their study
confirmed MCDM's reliability in indicating pavement
deterioration, similar to PCI results. Vrtagic et al. [29] utilized
a Multilayer Perceptron model along with machine learning
techniques and optimization methods to predict and manage
pavement deformation at road intersections. Their study
highlights the impact of heavy vehicles and braking on road
wear and uses real-time traffic data for dynamic pavement
degradation modeling. The findings suggest that controlled
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traffic flow and optimized intersection wait times can
significantly enhance road conditions, reduce maintenance
costs, and improve safety, showcasing the potential of Al in
road infrastructure management.

Genetic algorithm is a global optimization adaptive
probability search algorithm developed by drawing lessons
from natural selection and genetic evolution mechanisms in
biology. It has the characteristics of self-organization and self-
study [30-34]. This optimization method can be applied to the
processing and solution of multi-objective optimization
problems [35-37]. The research results of Mortezaei
Farizhendy et al. [38-40] have proved the feasibility of GA in
solving the multi-objective decision-making problem of
maintenance scheme selection. Currently, GA has been widely
used to solve the problems of pavement condition detection,
pavement quality evaluation, pavement performance prediction,
pavement maintenance planning, and significantly to develop
and optimize maintenance schemes for pavements.

In summary, GA has specific positive significance in
expressway maintenance scheme optimization. However, at
present, the research on the formulation and optimization of
expressway pavement maintenance schemes is  not
comprehensive, the existing pavement maintenance algorithms
have low operational efficiency, and most of them lack the
visualization of the algorithm program, so the intuition and
convenience of the algorithm are significantly reduced.

This study proposed an optimization algorithm based on
GA to facilitate the optimization of the expressway
maintenance scheme and reduce its maintenance cost. The
optimization algorithm can formulate the maintenance scheme
according to pavement performance prediction and evaluation
results. In addition, this study realized the visualization of the
algorithm through MATLAB.

Il. MATHEMATICAL MODEL

Under the condition that the performance index the
expressway needs to meet has been given, this study took the
maintenance methods of different road sections at different
times as control variables. Then, the minimum sum of the
required cost was taken as the solution goal. That is to choose
the most economical and feasible scheme to repair the
damaged pavement and ensure that the expressways meet the
performance indicators stipulated by the relevant state
departments after maintenance.

Min 3 T Boy ZRL @ X CEx (1 +1)™) (1)

5

st xE® =1
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VI<t<T 1<i<l 1<j<] )
xi(0) € {0,1}
VISt<T 1<i<l 1<j<J], 1<k<5 (3)
ROG' >ROGP, V1<i<I 1<t<T (4)
ROPf <ROP®, V1<i<I 1<t<T (5
where,

T - The number of planning years, referring to the
maintenance planning time range of the expressway, 1 <t < T;

| - The number of roads that need to be maintained in the
road network, 1 <i < 1;

J - The number of road sections that need to be maintained
for the i-th road in the road network, 1 < j <J;;

K - The number of maintenance measures. Different
maintenance measures are adopted according to the degree of
damage to the expressway, 1 < k < 5;

x{}(t) - If the k-th maintenance measure is adopted in the j-
th section of the i-th road in the road network that needs to be
maintained in the t-th planning year, the value is 1. Otherwise,
itisO;

CK - The cost of adopting the k-th maintenance measure for
the i-th road in the road network. Various maintenance

measures and corresponding expenses in the mathematical
model are shown in Table I;

r. - The interest rate used to change future payments to
present value, subject to inflation, is 4% in this study;

ROG! - The excellent and good road rate of the i-th road in
the road network in the t-th planning year, the calculation
equation is Eq. (6):

¥ LixGh
2 1<i<L1<t<T (6)
i Lis
j=1"1

ROG! =

ROP; - The weak and poor road rate of the i-th road in the

road network in the t-th planning year, the calculation equation
is Eq. (7):

Z!i_lLi]'XP}:j

L——, 1<i< 1<t<T (7)

j=1 Lij

ROP! =
ROGP - Excellent and good road rates stipulated by
relevant departments;

ROPP - Weak and poor road rates stipulated by relevant
departments.

k=1
TABLE I. PAVEMENT MAINTENANCE MEASURES AND CORRESPONDING COSTS
Maintenance measures Routme Medium repair and mat Medium repair and sliding Heavy repair and Heavy repair and
maintenance coat layer rebuild reinforce
Fees standard
(10°CNY/KM) 5 20 15 50 40
146 |Page

www.ijacsa.thesai.org




(IJACSA) International Journal of Advanced Computer Science and Applications,

The objective function Eq. (1) in the model represents
solving the sum of the minimum maintenance cost of each road
section of the expressway during the planning period, and the
constraints Eg. (2) and Eq. (3) represent the choice of
maintenance measures. Constraints Eq. (4) and Eq. (5) indicate
that the expressway needs to meet the performance indicators
specified by the relevant departments after maintenance.

I1l. MODEL FOR GA

Genetic algorithm was used to solve and optimize the
expressway maintenance scheme in [25]. In this study, the
algorithm was improved based on it, and the improved solution
process is shown in Fig. 1.

A. Coding of Genes

Genetic algorithm’s gene coding methods mainly include
binary coding, floating-point, symbol coding methods, etc. In
this study, the symbol coding method was used to number all
maintenance measures because it is more suitable for solving
the optimization problem of the expressway maintenance
scheme. This study coded “routine maintenance” as 1, coded
“medium repair and mat coat” as 2, coded “medium repair and
sliding layer” as 3, coded “heavy repair and rebuild” as 4, and
coded “heavy repair and reinforce” as 5. The string Ji
composed of these characters represents the maintenance
measures of different sections of each road. The character set
consisting of n strings represents the maintenance measures for
all sections of the road network (n is the number of roads in the
road network), as depicted in Fig. 2.

Randomly generate initial
population

I
>
Calculate and rank the fitness of

individuals

]

Use roulette to perform selection
operations

]

Three-point crossover operation

Basic position mutation
operation

l

Adopt elite individual retention
strategy to replace the worst
individuals in the population

]

| Evaluate the mdividual |

Fig. 1. Flow of GA.
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Fig. 2. Gene coding.

B. Initialize the Population

The methods of initializing the population in GA mainly
include randomly generating and selecting samples from a set
of constraint solutions obtained from certain constraints to
generate the initial population. Due to the different
maintenance conditions of expressways in different areas, this
study randomly generated the initial population to increase the
feasibility and practicability of applying the solution model to
solve engineering cases.

C. Fitness Function

The primary issue with GA is that it is simple to converge
on optimal local solutions [41]. Due to the peculiarities of the
expressway maintenance scheme optimization problem, the
fitness function of GA in this research comprised two parts.
The objective function of the mathematical model was the
fitness function when the individual met the necessarily
defined performance metrics. The fitness function consisted of
the objective and the penalty functions when the individual
failed to satisfy the set performance metrics. The penalty
function was used to diminish the fitness of individuals in the
population that did not meet the limitations instead of directly
eliminating them. Consequently, under the assumption that the
development direction of the algorithm has little impact, the
variety of the population can be ensured to prevent the
algorithm from converging prematurely.

D. Selection, Crossover, and Mutation Operations

The selection methods in GA include roulette, random
sampling, tournament method, etc. [42, 43]. In this study, the
proportional  selection operator was used to select
contemporary individuals by roulette, and the individuals with
high fitness were chosen to the greatest extent. At the same
time, this study improved the selection operator, adopted the
elite individual retention strategy, calculated and sorted the
fitness of all individuals in the parent generation, and selected
the individual with the best fitness, the elite individual. Kept it
directly in the offspring population, and the individuals with
the worst fitness in the offspring population were replaced.
This method can avoid the destruction of the excellent genes of
the parent generation due to crossover and mutation operations,
thereby improving the efficiency of GA to find the optimal
solution.

Crossover operation refers to replacing and recombining
two-parent individuals' gene structures to produce new
individuals. In reference [25], the two-point crossover operator
was employed for crossover operation. Nevertheless, due to the
enormous population size necessary to optimize the
expressway maintenance scheme using GA, the population
evolution pace was slow, and the solution efficiency was low
when this method was applied. The crossover operator was
updated in this study. Adopting the three-point crossing model
gave the chromosomes additional options during the crossover,
aided the algorithm in escaping the ideal local solution, and
enhanced operating efficiency. These are the specific
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implementation steps: Three random crossing locations are set
in the two paired chromosome coding strings, dividing the two-
parent genes into four random pieces. As depicted in Fig. 3, a
portion of the chromosomes in the two-parent genes are
exchanged to create two-child genes. A comparative study of
the example's solution results demonstrated that the strategy
might increase the efficiency of the algorithm solution. It is
more suitable for tackling the expressway maintenance scheme
optimization problem.

Parent indivichal 1: III 1 IIIIII
Parent individual 2: EEII‘III

Intersection 1 Intersection 2 Intersection 3

Child individual 1: Elzllzlm
Child individual 2: mm

Fig. 3. Crossover operation.

variant locus

Parent individual : FEEI
Child individual : EE

Fig. 4. Mutation operation.

The mutation operation means randomly selecting genes at
some positions on the chromosome and replacing them with
their alleles to form a new individual. The common ways of
mutation are basic position mutation, uniform mutation,
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boundary mutation, non-uniform mutation, gaussian mutation,
etc. In this study, the method of basic position mutation was
used to randomly select a locus in the gene for mutation, as
shown in Fig. 4.

IV. RESULTS AND DISCUSSION

Based on the mathematical and GA models, this study
completed the programming of the expressway maintenance
scheme optimization algorithm using MATLAB. The
algorithm can formulate maintenance schemes based on
expressway performance prediction and evaluation results.
This study used the algorithm to solve the case study in the
reference [25] and compared the decision optimization results
to analyze whether the algorithm is reliable.

In [25], the authors selected six sections of an expressway,
each with a length of 1 km, and collected their pavement
performance testing data for five consecutive years. The
performance test data of each road section in the fifth year is
shown in Table Il, and the performance test data of the sixth
road section over the years is shown in Table I1l. Then the grey
system theory model was used to predict the pavement
performance, and the rough set theory was used to make a
fuzzy comprehensive evaluation of pavement condition [24,
25]. The evaluation results of road conditions are shown in Fig.
5. On this basis, this study developed and optimized the
maintenance scheme.

TABLE II. PERFORMANCE TEST DATA OF EACH ROAD SECTION IN THE FIFTH YEAR
Road — — - Index — - -
section PCI (Pavement Condition RQI (Riding Quality PSSI (Pavement Structure Strength SRI (Skidding Resistance RRD (Road Rutting
Index) Index) Index) Index) Depth)
1 80.4 96.3 76.9 88.7 11.1
2 90.0 96.1 75.8 90.3 10.6
3 938 97.2 97.8 88.4 10.1
4 88.4 96.2 91.2 90.9 125
5 98.4 96.5 86.7 927 12.2
6 77.0 88.5 926 875 76
TABLE II1. PERFORMANCE TEST DATA OF THE SIXTH ROAD SECTION OVER THE YEARS
Index - Ye:'ar -
First Second Third Fourth Fifth
PCI 91.0 88.0 85.0 81.0 77.0
RQI 96.2 95.4 94.2 91.0 88.5
PSSI 99.3 98.7 97.8 95.3 92,6
SRI 945 932 914 89.7 875
RRD 333 20.0 16.7 11.1 7.8
Mt . road segment are excellent or good. The second matrix
atrix 1 Matrix 2 .. .
indicates whether the annual evaluation results for each road
The first year 01 1 1 1 0 00 0 0 00O . .
Thesecondyear ([0 1 1 1 1 0 00000 0 segment are weak or poor. Fo_r instance, the evaluation of the
The thirdyear |0 0 1 1 1 0 0000 0 0 third road segment of the fifth year is excellent or good,
The fourthyear [0 0 1 1 1 0 10000 0 whereas the assessment of the sixth road segment is weak or
The fifth year 001110 100 0 01 poor.

mH e @G O (e))

=

) 3 @ (5) ©
Fig. 5. The evaluation result of the pavement condition.
The evaluation findings for pavement are categorized into

five grades: excellent, good, medium, weak, and poor. Matrix 1
determines whether or not the annual evaluation results of each

TABLE IV. PARAMETERS OF GA
Parameters of GA This paper Ref. [25]
Population size 300 200
Number of iterations 200 200
Crossover rate 0.9 0.6
Mutation rate 0.4 0.1
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Combined with the specific characteristics of the
optimization problem of the expressway maintenance scheme,
many experiments were carried out, and the parameters of GA
were set, as shown in Table IV. Input the road condition
evaluation result into the algorithm program. The final cost
optimization situation is shown in Table V, the maintenance
scheme distribution is shown in Table VI, and the comparison
between this study and the maintenance costs given in [25] is
shown in Fig. 6. In addition, the fitness value convergence
trends in this study and in [25] are shown in Fig. 7 and Fig. 8,
respectively.

It can be seen from Table V that the total cost of the initial
maintenance scheme was CNY-3,243,123. After using the
expressway maintenance scheme optimization program to
solve the problem, the program obtained an optimal solution in
the 63rd generation. The corresponding cost of the best
maintenance scheme was CNY-1,335,547. Compared with the
cost of the initial maintenance scheme, it was reduced by about
59%. Compared with the cost of the maintenance scheme in
[25], it is reduced by about 3.6%.

In the maintenance schemes allocation table, 1 represents
“routine maintenance”, 2 represents “medium repair and mat
coat”, 3 represents “medium repair and sliding layer”, 4
represents “heavy repair and rebuild”, and 5 represents “heavy

Vol. 16, No. 5, 2025

repair and reinforce”. It can be seen from Table VI that only
routine maintenance is required for the expressway in the next
five years to meet the performance requirements. Compared
with the fitness value convergence trend in [25], it can be seen
that the operation speed of the algorithm in this study was
improved by about 47%. It showed that after modifying the
operators of GA and optimizing its parameters, the solution
efficiency had been improved, ensuring the expressway
maintenance scheme optimization algorithm was reliable and
practical.

150 Total cost:138.5547

Total cost:133.5547
135

105

90 25.6441 30.6441
; ® The fifth year
g 7: o e
:4 > 26.6699 30.6699 The fourth year
2 60 The third year
z ] /
g 4 27.7367 SR = The second year

- " The first year
30
0
This paper Reference 25

Fig. 6. Comparison of maintenance costs between this study and reference

[25].
TABLE V. CosT OPTIMIZATION
Algebra of genetic " Cost of every year (10*CNY)
operation Total cost (10"CNY) The first-year The second- year The third- year The fourth- year The fifth- year
1 324.3123 72.1154 60.0962 66.6747 55.5623 69.8638
2 338.0100 76.9231 60.0962 75.5647 55.5623 69.8638
3 309.8619 52.8846 60.0962 75.5647 55.5623 65.7542
4 314.2866 48.0769 69.3417 66.6747 72.6584 57.5349
5 312.4966 72.1154 64.7189 66.6747 55.5623 53.4253
63 133.5547 28.8462 27.7367 26.6699 25.6441 24.6578
200 133.5547 28.8462 27.7367 26.6699 25.6441 24.6578
TABLE VI.  ALLOCATION OF MAINTENANCE SCHEMES
Road section
Year 1 2 3 4 5 6
The first year 1 1 1 1 1 1
The second year 1 1 1 1 1 1
The third year 1 1 1 1 1 1
The fourth year 1 1 1 1 1 1
The fifth year 1 1 1 1 1 1
[ 1 320
ggg ‘ Optimal individual fitness value ‘ ] 300 | —— Optimal individual fitness value |
— 3001 ~ 280
>
3 20| Z 00
ey T 40
3220t S
8 200 £ 200
2 160 5
140 | & 160
120 140
e e 120
0 20 40 60 80 100 120 140 160 180 200 20 40 60 80 100 120 140 160 180 200

Number of literation
Fig. 7. The convergence trend diagram of fitness value in this study.

Number of literation

Fig. 8. The convergence trend diagram of fitness value in reference [25].
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V. VISUAL PROGRAM DEVELOPMENT

MATLAB is a modern computer language used for data
analysis, deep learning, visualization, interactive programming,
etc. [44]. MATLAB App Designer integrates the functions of
setting visualization components and program behavior and
provides a visual interface for code, thus realizing human-
computer interaction.

Evolution parameters Input of expressway performance prediction results

Crossover Matrix 1 Matrix 2
rate:

Mutation
rate:
Population
size:
Number of
iterations:

Solve
Maintenance scheme optimization result Convergence trend diagram of fitness value

Total cost

Y .
‘ear Maintenance scheme (10°CNY) 250

First year:
Second year:

Third  year: 100

Total cost (10°CNY)

@
S

Fourth year:

Fifth  year: 0 20 40 60 80 100 120 140 160 180 200
Number of literation
Fig. 9. The interface of the expressway maintenance scheme optimization
program.

Evolution parameters Input of expressway performance prediction results

Crossover Mg Matrix 1 : Matrix 2
rate: L [o][1][ “Lb mo]ﬂlﬂu o‘
Mutation ‘;‘ = s e o
rate: ‘UE"A 1|l o ﬂai']‘n T‘W
Population — e ey o e
e FEGREE ] (EEEECE
Number of g | i e T2l > (P | o W]
iterations: 1200‘ [Q OH'H‘ "0‘ ‘[n‘g "‘“‘01
ojojnjo/ic}iioiojojoio/n
Maintenance scheme optimization result Convergence trend diagram of fithess value
340
Total cost 320
Ye
‘ear Maintenance scheme (10°4CNY) o
First  year: 111111 | [288452 | Z o
| 282 | [$)
I ¥
Second year: 111111 | 277367 | 3 220
8 200
Third  year: 111111 26.66%9 | T 180
© 160
Fourth year: 111111 ‘ 258841 | 140
120

Fith year [ 111111 [[aem | 0 20 40 60 80 100 120 140 160 180 200

Number of literation

Fig. 10. Output diagram of program operation result.

This study used MATLAB to compile the optimization
algorithm program of the expressway maintenance scheme.
Still, it will inevitably encounter the following problems in the
application process. First, the algorithm program must be run
in MATLAB, which puts higher requirements for users'
computer hardware equipment. Secondly, in the use process, it
is necessary to input algorithm parameters and road condition
information in the program’s code, which requires users to
have a specific programming basis and be familiar with the
algorithm program. Finally, the acquisition of the operation
results of the algorithm program is more tedious and not

Vol. 16, No. 5, 2025

intuitive, requiring users to use MATLAB software skillfully
and have strong operation ability. These problems raise the
threshold of use and, to some extent, hinder the promotion and
application of expressway maintenance program optimization
algorithms in practical engineering.

To solve the above problems and to increase the feasibility
and convenience of using the algorithm to solve other
engineering problems, a desktop application was created using
MATLAB App Designer and MATLAB Compiler. The
program has a built-in expressway maintenance scheme
optimization algorithm, which can run independently and takes
up less memory to reduce users’ hardware requirements,
facilitate users to input algorithm parameters and road
condition information, and obtain the optimal maintenance
scheme. The main interface of the program is shown in Fig. 9.
The result of solving the calculation example using this
program is shown in Fig. 10.

First, the evolution parameters of GA and the prediction
and evaluation results of expressway pavement performance
are input into the program interface. Then click the solve
button in the interface, and the program will automatically
execute the code of the built-in maintenance scheme
optimization algorithm. Finally, the program will output the
annual maintenance scheme, corresponding cost, and fitness
value convergence trend diagram during the planning period.
The program interface is a friendly, interactive, intuitive, and
straightforward operation.

VI. CONCLUSION

This study improved the selection operator, crossover
operator, and algorithm parameters of the existing maintenance
scheme optimization model, and developed a GA model
suitable for solving the expressway maintenance scheme
optimization problem. Based on the mathematical model for
expressway maintenance scheme optimization and the GA
model, an optimization algorithm for expressway maintenance
schemes was designed. After solving existing cases using this
optimization algorithm, better maintenance schemes were
obtained.

FUNDING

This research was supported by Innovation and
Entrepreneurship Training Program for College Students
(Grant No.: S202410086027); Research Project of Basic
Scientific Research Operation Expenses of Provincial
Universities in Hebei Province (Grant No.: KY2024018) and
the Second Batch of Teacher-Student Collaborative Innovation
Projects at Bo-hai Campus of Hebei Agricultural University
(Grant No.: 2024-BHXT-04).

REFERENCES

[1] A. Guo, J. Zhao, X. Zhao, M. Zhou, W. Kong, and T. Zhou, "Research
on the economic impact of shandong expressway development,” Urban
Transp.  Syst, wvol. 2, no. 1, , pp. 19  202L
https://doi.org/10.23977/uts.2021.020101.

[2] Y. Gao, W. lJiao, and H. Chen, "Influence of highway on regional
economy: A case from Qingdao Yinchuan expressway route," E3S Web
Conf.,, vol. 253, . 02052, 2021.
https://doi.org/10.1051/e3sconf/202125302052.

150|Page

www.ijacsa.thesai.org



[3]

[4]

[5]

[6]

[71

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

(IJACSA) International Journal of Advanced Computer Science and Applications,

X. Zhang, Y. Hu, and Y. Lin, "The influence of highway on local
economy: Evidence from China's Yangtze River Delta region," J.
Transp. Geogr., vol. 82, p. 102600, 2020.
https://doi.org/10.1016/j.jtrange0.2019.102600.

N. Sholevar, A. Golroo, and S. R. Esfahani, "Machine learning
techniques for pavement condition evaluation," Autom. Constr., vol.
136, p. 104190, 2022. https://doi.org/10.1016/j.autcon.2022.104190.

H. Lin, Y. Zhang, and F. Gao, "Problems and Countermeasures of
Expressway Maintenance Management," in Proc. 5th Int. Conf. Modern
Manage. Educ. Technol. (MMET 2020), pp. 742-745, 2020.
https://doi.org/10.2991/ASSEHR.K.201023.147.

M. A. Shahid, "Maintenance management of pavements for expressways
in Malaysia," IOP Conf. Ser.: Mater. Sci. Eng., vol. 512, no. 1, p.
012043, 2019. https://doi.org/10.1088/1757-899x/512/1/012043.

S. Cano-Ortiz, P. Pascual-Mufioz, and D. Castro-Fresno, “Machine
learning algorithms for monitoring pavement performance," Autom.
Constr., vol. 139, p. 104309, 2022.
https://doi.org/10.1016/j.autcon.2022.104309.

J. Li, G. Yin, X. Wang, and W. Yan, "Automated decision making in
highway pavement preventive maintenance based on deep learning,"
Autom. Constr., vol. 135, p. 104111, 2022.
https://doi.org/10.1016/j.autcon.2021.104111.

H. Shon, C. S. Cho, Y. J. Byon, and J. Lee, "Autonomous condition
monitoring-based pavement management system," Autom. Constr., vol.
138, p. 104222, 2022. https://doi.org/10.1016/j.autcon.2022.104222.

J. Li, T. Liu, X. Wang, and J. Yu, "Automated asphalt pavement damage
rate detection based on optimized GA-CNN," Autom. Constr., vol. 136,
p. 104180, 2022. https://doi.org/10.1016/j.autcon.2022.104180.

M. Staniek and P. Czech, "Self-correcting neural network in road
pavement diagnostics," Autom. Constr., vol. 96, pp. 75-87, 2018.
https://doi.org/10.1016/j.autcon.2018.09.001.

D. Zhang, Q. Zou, H. Lin, X. Xu, L. He, R. Gui, and Q. Li, "Automatic
pavement defect detection using 3D laser profiling technology," Autom.
Constr., vol. 96, pp- 350-365, 2018.
https://doi.org/10.1016/j.autcon.2018.09.019.

A. A. Nik, F. M. Nejad, and H. Zakeri, "Hybrid PSO and GA approach
for optimizing surveyed asphalt pavement inspection units in massive
network,” Autom. Constr., wvol. 71, pp. 325-345, 2016.
https://doi.org/10.1016/j.autcon.2016.08.004.

H. Zakeri, F. M. Nejad, and A. Fahimifar, "Rahbin: A quadcopter
unmanned aerial vehicle based on a systematic image processing
approach toward an automated asphalt pavement inspection,” Autom.
Constr., vol. 72, pp. 211-235, 2016.
https://doi.org/10.1016/j.autcon.2016.09.002.

S. C. Radopoulou and I. Brilakis, "Patch detection for pavement
assessment,"  Autom. Constr., vol. 53, pp. 95-104, 2015.
https://doi.org/10.1016/j.autcon.2015.03.010.

A. Kheirati and A. Golroo, "Machine learning for developing a
pavement condition index," Autom. Constr., vol. 139, p. 104296, 2022.
https://doi.org/10.1016/j.autcon.2022.104296.

S. Hanandeh, "Introducing mathematical modeling to estimate pavement
quality index of flexible pavements based on genetic algorithm and
artificial neural networks," Case Stud. Constr. Mater., vol. 16, p. €00991,
2022. https://doi.org/10.1016/j.cscm.2022.e00991.

W. Chen and M. Zheng, "Multi-objective optimization for pavement
maintenance and rehabilitation decision-making: A critical review and
future directions,” Autom. Constr., vol. 130, p. 103840, 2021.
https://doi.org/10.1016/j.autcon.2021.103840.

J. Santos, A. Ferreira, and G. Flintsch, "A multi-objective optimization-
based pavement management decision-support system for enhancing
pavement sustainability,” J. Clean. Prod., vol. 164, pp. 1380-1393, 2017.
https://doi.org/10.1016/j.jclepro.2017.07.027.

C. Yang, R. Remenyte-Prescott, and J. D. Andrews, "Pavement
maintenance scheduling using genetic algorithms," Int. J. Performability
Eng., vol. 11, no. 2, pp. 135-152, 2015.
https://doi.org/10.23940/ijpe.15.2.p135.mag.

Hamdi, S. P. Hadiwardoyo, A. G. Correia, and P. Pereira, "Pavement
maintenance optimization strategies for national road network in

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

(30]

(31]

(32]

(33]

(34]

(35]

(36]

(371

(38]

Vol. 16, No. 5, 2025

indonesia applying genetic algorithm," Procedia Eng., vol. 210, pp. 253-
260, 2017. https://doi.org/10.1016/j.proeng.2017.11.074.

H. Naseri, A. Fani, and A. Golroo, "Toward equity in large-scale
network-level pavement maintenance and rehabilitation scheduling
using water cycle and genetic algorithms,” Int. J. Pavement Eng., vol.
23, no. 4, pp. 1095-1107, 2020.
https://doi.org/10.1080/10298436.2020.1790558.

P. Chootinan, A. Chen, M. R. Horrocks, and D. Bolling, "A multi-year
pavement maintenance program using a stochastic simulation-based
genetic algorithm approach," Transp. Res. Part A Policy Pract., vol. 40,
no. 9, pp. 725-743, 2006. https://doi.org/10.1016/j.tra.2005.12.003.

M. Li, “Study on the optimization of expressway pavement maintenance
based on life cycle management,” Master thesis, Hebei Agricultural
University, 2012. https://doi.org/10.7666/d.y2143460.

X. Liu, H. He, and S. Zhao, "Research on expressway maintenance
optimization model based on specified service level," J. Agric. Univ.
Hebei, vol. 36, no. 2, pp. 125-129, 2013.
https://doi.org/10.13320/j.cnki.jauh.2013.02.026.

A. I. Rifai, S. P. Hadiwardoyo, A. G. Correia, and P. Pereira, "Genetic
algorithm applied for optimization of pavement maintenance under
overload traffic: Case study indonesia national highway," Appl. Mech.
Mater., vol. 845, pp. 369-378, 2016.
https://doi.org/10.4028/www.scientific.net/ AMM.845.369.

M. K. Jha and J. Abdullah, "A Markovian approach for optimizing
highway life-cycle with genetic algorithms by considering maintenance
of roadside appurtenances,” J. Franklin Inst., vol. 343, no. 4-5, pp. 404-
419, 2006. https://doi.org/10.1016/j.jfranklin.2006.02.027.

O. Elmansouri, A. Alossta, and I. Badi, "Pavement condition assessment
using pavement condition index and multi-criteria decision-making
model," Mechatron. Intell Transp. Syst., vol. 1, no. 1, pp. 57-68, 2022.
https://doi.org/10.56578/mits010107.

S. Vrtagic, M. Dordevic, F. Dogan, M. Codur, M. Hoxha, and E. Softic,
"Al-enabled assessment of roadway integrity: Forecasting bitumen
deformation and road stability throughout the lifecycle under traffic
impact,” Int. J. Transp. Dev. Integr., vol. 7, no. 4, pp. 321-329, 2023.
https://doi.org/10.18280/ijtdi.070406.

S. Jafari, T. Kapitaniak, K. Rajagopal, V. T. Pham, and F. E. Alsaadi,
"Effect of epistasis on the performance of genetic algorithms," J.
Zhejiang Univ. Sci. A, vol. 20, no. 2, pp. 109-116, 2019.
https://doi.org/10.1631/jzus.A1800399.

S. Katoch, S. S. Chauhan, and V. Kumar, "A review on genetic
algorithm: past, present, and future," Multimedia Tools Appl., vol. 80,
pp. 8091-8126, 2021. https://doi.org/10.1007/s11042-020-10139-6.

H. Fazlollahtabar, "Genetic algorithm-based optimization for the fuzzy
capacitated location-routing problem with simultaneous pickup and
delivery," J. Eng. Manag. Syst. Eng., vol. 4, no. 1, pp. 50-66, 2025.
https://doi.org/10.56578/jemse040104.

S. Tafraout, N. Bourahla, Y. Bourahla, and A. Mebarki, "Automatic
structural design of RC wall-slab buildings using a genetic algorithm
with application in BIM environment," Autom. Constr., vol. 106, p.
102901, 2019. https://doi.org/10.1016/j.autcon.2019.102901.

Z.Y. Tong, "A genetic algorithm approach to optimizing the distribution
of buildings in urban green space," Autom. Constr., vol. 72, p. 10.001,
2016. https://doi.org/10.1016/j.autcon.2016.10.001.

X. Lin and M. Cheng, "Design and application of energy planning
scheme based on genetic algorithm,” Energy Rep., vol. 8, no. S5, pp.
393-400, 2022. https://doi.org/10.1016/j.egyr.2022.02.193.

J. Gao, M. T. Yao, Z. Wu, X. Y. Deng, X. M. Yu, and L. N. Yu,
"Strategic distribution of emergency resources: A multi-objective
approach with NSGA-II and prioritization of affected areas," J. Eng.
Manag. Syst. Eng, wvol. 4, no. 1, pp. 67-82, 2025.
https://doi.org/10.56578/jemse040105.

M. N. Babu, Y. Kiran, A. Ramesh, and V. Rajendra, "Tackling real
coded genetic algorithms," J. Trend Sci. Res. Dev., vol. 2, no. 1, pp.
217-223, 2017. https://doi.org/10.31142/ijtsrd5905.

M. Mortezaei Farizhendy, E. Noorzai, and M. Golabchi, "Implementing
the NSGA-II genetic algorithm to select the optimal repair and
maintenance method of jack-up drilling rigs in Iranian shipyards," Ocean

151|Page

www.ijacsa.thesai.org



[39]

[40]

[41]

(IJACSA) International Journal of Advanced Computer Science and Applications,

Eng., vol. 211, p.
https://doi.org/10.1016/j.oceaneng.2020.107548.
P. Paulo, F. Branco, J. de Brito, and A. Silva, "Buildingslife — The use of
genetic algorithms for maintenance plan optimization," J. Clean. Prod.,
vol. 121, pp. 84-98, 2016. https://doi.org/10.1016/j.jclepro.2016.02.041.
X. Liu, H. Li, B. Wang, L. Zhao, and J. Liu, "Intelligent optimization
algorithm for maintenance scheme based on life cycle cost,” J. Eur. Syst.
Autom., vol. 53, no. 1, pp. 21-28, 2020.
https://doi.org/10.18280/jesa.530103.

F. B. Nagvi and M. Y. Shad, "Seeking a balance between population
diversity and premature convergence for real-coded genetic algorithms

107548, 2020.

[42]

[43]

[44]

Vol. 16, No. 5, 2025

with crossover operator,” Evol. Intell., vol. 15, pp. 2651-2666, 2021.
https://doi.org/10.1007/s12065-021-00636-4.

R. Cerf, "The quasispecies regime for the simple genetic algorithm with
roulette wheel selection,” Adv. Appl. Probab., vol. 49, no. 3, pp. 903-
926, 2017. https://doi.org/10.1017/apr.2017.26.

I. Jannoud, Y. Jaradat, M. Z. Masoud, A. Manasrah, and M. Alia, "The
role of genetic algorithm selection operators in extending wsn stability
period: A comparative study," Electronics, vol. 11, no. 1, p. 28, 2021.
https://doi.org/10.3390/electronics11010028.

M. Sharma and G. Verma, "Role of MATLAB in mathematics," Res. J.
Eng. Technol, wvol. 7, no. 4, pp. 179-181, 2016.
https://doi.org/10.5958/2321-581x.2016.00031.3.

152|Page

www.ijacsa.thesai.org



