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For the successful management of highway systems, the prediction of
pavement performance is vital because it enables distinction and
prioritizes maintenance and renovation activities. A precise
assessment is necessary for informed and appropriate decisions
regarding the repair, refining, and reconstruction of roads and
highways. This assessment considers the standards of service and
performance of pavements over the years of operation. The
International Roughness Index (IRI) has been widely used as an
efficient metric for measuring and assessing surface roughness. In this
study, a hybrid model was developed for the prediction of IRI. The
model was proposed by combining the Least Squares Support Vector
Machine (LS-SVM) and Particle Swarm Optimization (PSO). PSO
determines the optimal tuning parameters for the LS-SVM in the
proposed model. Moreover, the k-fold cross-validation was used
during the training phase to avoid overfitting phenomenon. Two
datasets from the Long-Term Pavement Performance program were
used to assess the performance of the combined model in predicting
IR], and two datasets from the Long-Term Pavement Performance
(LTPP) program were used. For the two LTPP datasets, the proposed
hybrid model achieved the higher accuracy in term of R? values of
0.994 and 0.997, respectively. In addition, a comparison of the
proposed model with different machine-learning methods confirmed
that the proposed model provided more accurate prediction.
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EXTENDED ABSTRACT

Introduction

Roads play a crucial role in transportation and society. To preserve the integrity of the
road network, consistent maintenance efforts are necessary. This requires making
decisions that are both technically sound and economically viable [1]. A considerable
portion of government infrastructure budgets is typically directed towards the expenses
associated with these activities. Consequently, restricting investment has detrimental
effects on the road network [2-4]. Therefore, it is crucial to optimize funding to maintain
the quality of the road infrastructure.

The transportation sector is undergoing significant changes due to advances in
artificial intelligence, big data, autonomous vehicles, and carbon reduction. However,
these advances pose technical challenges to reevaluate traditional paradigms [5; 6].
Currently, artificial intelligence has influenced numerous sectors, with machine learning
techniques being particularly noteworthy:.

To guarantee safe and properly maintained roads for users, evaluating the
performance of road pavements is essential. There are various methods available for
assessing pavement performance, with some of the more commonly used is the
International Roughness Index (IRI), Pavement Condition Index (PCI), and Present
Serviceability Index (PSI). The IRI quantitatively reflects the longitudinal profile of
pavement and originated from the World Bank’s 1982 experiment in Brazil [7].

This study proposes a hybrid model that integrates the Least Squares-Support Vector
Machine (LS-SVM) with Particle Swarm Optimization (PSO) for predicting IRI. The tuning
parameters for the LS-SVM model are identified through the PSO algorithm. Furthermore,
to avert overfitting during the training phase, the k-fold cross-validation method is
utilized. To facilitate IRI prediction, two databases are employed for training and testing
the model. Ultimately, the effectiveness and capabilities of the proposed hybrid model are
illustrated by comparing its results against those from other methodologies featured in
earlier studies.

Methodology

In this study, the tuning parameters and kernel function of the Gaussian Radial Basis
Function (GRBF) are determined using the Particle Swarm Optimization (PSO) algorithm.
For this purpose, an appropriate objective function must be selected for a set of training
data, while ensuring that the risk of overfitting during the optimization process is
minimized. This issue can be addressed by employing the cross-validation technique [8]. In
this context, k-fold cross-validation provides the best balance between computational cost
and reliable parameter estimation [9]. In this method, for each particle in the PSO algorithm,
an LS-SVM model is created using the parameters associated with that particle. The training
data is divided into k subsets, where k-1 subsets are used as the training set for the LS-SVM
model, and the performance of the model is evaluated using the Mean Absolute Percentage
Error (MAPE) criterion on the kth subset. This process is repeated k times, ensuring that
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each subset is used exactly once for testing. Consequently, minimizing the average MAPE
across all Kk trials is defined as the objective function for each particle, as follows:

k
Minimize: f :zileAPEi 1)

[
M Ci=12...k (2)
|
where ai and pi are the actual value and the predicted value, respectively. Figure 1
represents the number of test data in the kth subset. Figure 1 shows the flowchart of the
combined LS-SVM and PSO models.
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Figure 1 Flowchart of the combined LS-SVM and PSO model

The performance of the combined LS-SVM and PSO model in predicting IRI was
evaluated in terms of three statistical measures including Mean Absolute Percentage Error,
Root Mean Square Error (RMSE), and coefficient of determination (R2). These RMSE and R?
measures are expressed as follows:

(8~ p)
RMSE = 2@-pr )
n
(i(au _aave)( pi - pave)j
RZ _ i=1 (3)

FE-a ey

where aave and pave are the average of the actual and predicted values of the sample in the
databases.

Results and discussion

Table 1 shows the prediction performance of the combined LS-SVM and PSO model for
the training and test sets of the two databases. The comparison of the data shows that the
combined LS-SVM and PSO model has been able to predict the IRI in the two databases with
very high accuracy.
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Table 1. Performance of the combined LS-SVM and PSO model in IRI prediction

D Train Test
ata MAPE RMSE R? MAPE RMSE R?
First 1.187 0.012 0.999 5.126 0.055 0.997
Second 4.334 0.057 0.996 3917 0.074 0.994

The scatter plots between the measured (actual) and predicted IRI values in the testing
process for both databases are shown in Figure 3. The results in Figure 2 show that the

proposed hybrid model was able to predict the IRI value well.
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Figure2. Scatter plots between measured and predicted IRI values
Conclusion

In this study, a combined LS-SVM and PSO model was proposed for IRI prediction. The
PSO algorithm was used to optimally determine the tuning parameters of the LS-SVM model.
Additionally, the k-fold cross-validation technique was employed to prevent overfitting
during the training process. Two laboratory databases from the Long-Term Pavement
Performance (LTPP) program were used to evaluate the efficiency of the proposed
combined model. The accuracy evaluation of the combined LS-SVM and PSO model
demonstrated high performance, with coefficients of determination (R?) of 0.994 and 0.997
for the two LTPP databases. These results indicate the model's high accuracy in IRI
prediction. Furthermore, the performance of the combined model was compared with other
machine learning methods in terms of the correlation coefficient (R). The results revealed
that the combined LS-SVM and PSO models achieved superior accuracy. Therefore, the
proposed model can be effectively utilized for pavement performance prediction.
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