Decision Tree Analysis for Highway Network Management | Encyclopedia.pub

Decision Tree Analysis for Highway Network
Management

Subjects: Engineering, Civil

Contributor: Azam Amir , Michael Henry

One important aspect of network-level highway management is the rational distribution of the maintenance budget
to the necessary assets. However, the decision making underlying budget allocation is often unclear, making it

difficult to determine whether the budget is being allocated effectively.

highway management decision tree algorithm maintenance planning decision making

machine learning data analytics PDCA

| 1. Introduction

Highway network management planning involves the allocation of the available budget to specific road sections
based on their condition and prescribed maintenance and rehabilitation requirements. Realizing the effective and
rational maintenance of highway assets requires an integrated maintenance management system that carries out
data collection and maintenance activity reports at levels where the information can actually improve or change the
way planning and implementation is carried out. Figure 1a shows a conceptual integrated management system
scheme to guide road agencies. It was established in the scheme that, regardless of whatever level of integration
the road agency chooses to pursue, the maintenance management system (MMS) should be integrated across
maintenance and other functional area databases within a department and among the various maintenance

activities &1,
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Figure 1. Approaches to the effective management of road infrastructure. (a) Maintenance management activity

flow. (b) PDCA cycle for maintenance management.

The same concept can also be explained using a PDCA (plan—do—check—action) cycle. The maintenance
management plan as defined by the PDCA cycle is a management system used to control and constantly improve
processes. As shown in Figure 1b, it consists of four stages. The first stage of the PDCA cycle is PLAN, which is
the current established plan for carrying out road maintenance. Thus, it is necessary to fully understand an
agency’'s current practice for selecting road sections for a maintenance plan before improvements can be
considered. The second stage is DO, which is to perform the maintenance activities: inspecting the road
infrastructure, determining the condition based on the inspection results, choosing the appropriate
countermeasures, and carrying them out, and recording all data involved in these processes. The CHECK part of
the PDCA involves finding mismatches between the assumptions or expectations under the original maintenance
plan and the newly obtained results. Based on the knowledge obtained from the check stage, the last step,
ACTION, explores improvements for future maintenance planning by analyzing the various potential courses of
action based on observations from the previous maintenance and then planning a more optimized maintenance

plan to be carried out in the next PDCA cycle. Hence, it has been established that effective road asset
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maintenance is not restricted only to the planning or implementation stage but also includes the development of

improvement strategies for future maintenance planning based on the data gathered during maintenance.

The improvement of the future maintenance plan by evidence-based decision making is challenging as it involves
diversified data, such as road inventory and its conditions, climate conditions, traffic volume, and loading, allocated
maintenance costs, and others. The complexity in these domains is matched by increasingly subjective objectives
to be achieved in road maintenance planning, including the consideration of sustainability, levels of services, and
resilience [2. As suggested by the PDCA cycle, this problem can be tackled by analyzing past road-related data to
find sub-optimal decisions or actions in the existing planning and to explore how to improve the future maintenance
planning. Furthermore, advancements in machine learning algorithms offer the potential to automate this process,
which will help realize more data-driven and rational highway management by reducing human subjectivity in the

decision-making process.

| 2. Decision Making for Road Network Management

Effective decision making plays an important role in highway network management, especially for the rational
allocation of maintenance budgets [Bl. However, these decision-making processes are not always simple, as they
must juggle many different challenges, such as large networks, limited resources, and conflicting goals, as well as
the uncertainties inherent in both data and decision making 48, Traditionally, decision making for highway
management was based primarily on the subjective perspectives of decision makers and, consequently, it was not
possible to evaluate the rationality of the maintenance planning. With the evolution of data analytics, however, a
shift has occurred in decision making in the transportation engineering field towards extracting knowledge from
complex datasets utilizing tools and techniques from the data science field. Researchers have adopted various
algorithms for determining how to prioritize road sections for maintenance planning through the analysis of highway
network data. Fwa et al. proposed a model based on a genetic algorithm, which served as an analytical tool for
pavement maintenance 8. The study also highlighted the importance of effective budget planning strategies for
ensuring cost-efficient maintenance practice by analyzing the impacts of poor budget planning during the initial
years of pavement maintenance. Mbwana et al. developed an optimization model using Markov transition
probabilities to identify specific road links for optimization in a network-level pavement management system . The
fuzzy logic technique was similarly utilized for pavement condition ratings and decision making related to pavement
maintenance for road networks 8. Mahpour et al. tested seven machine learning algorithms, which included
boosting regression, lasso, ridge, random forest regression, elastic net, neural network, and multiple linear
regression, for determining the most cost-effective and efficient maintenance policies for a road network in Iran,
and it was concluded that the gradient boosting regression was the most accurate algorithm for predicting the cost
of maintenance policies . Finally, Han et al. proposed a decision-making method for improving the accuracy and
efficiency of maintenance decisions for asphalt pavement maintenance management by utilizing an improved

weight random forest algorithm (IWRF) based on correlation analysis and analytic hierarchy process (AHP) 19,

| 3. Decision Tree Analysis
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Decision tree analysis is a type of supervised machine learning, wherein the objective is to predict the class or
value of a target variable using a set of decision rules inferred from training data, which are then presented
graphically as a tree-shaped structure that is easy to understand via a decision maker L2l The decision tree
consists of a root node, branches, and leaf nodes. The topmost node is the root node, the testing of an attribute
occurs at each internal node, and the outcome of the test appears in a branch and the class label appears in a leaf
node 31, Hence, in a decision tree, each node represents a feature (attribute), each link represents a decision
(rule), and each leaf represents an outcome (the predicted categorical or continuous value). A typical decision tree

model is shown in Figure 2.

Leaf node

Figure 2. Structure of decision model.

The decision tree can be used for classification or regression depending on the type of the outcome variable, and
there are different decision tree algorithms, such as C5.0 (Quinlan, 1993), iterative dichotomiser 3 (ID3) (Quinlan,
1986), chi-squared automatic interaction detection (CHAID) (Kass, 1980), and classification and regression tree
(CART). The characteristics of these different decision tree algorithms are shown in Table 1. C5.0 is the most
recent Quinlan iteration and uses information gain (entropy) as its splitting criteria to produce a multi-branched tree.
ID3 was the first developed algorithm and can only be used for classification problems with nominal variables.
CHAID uses the chi-square test to predict the most dominant feature and can only be applied to classification
problems. With CART, the tree model is visualized as a binary tree, and the decision rules are generated by
splitting the predictor variables repeatedly until some predetermined stopping criteria are met 14, Each node
relates to a predictor variable and a split cutoff on that variable, and the leaf nodes represent the predicted
outcomes of a target variable.

Table 1. Decision tree algorithms.

Decision Tree Algorithm Data Types Splitting Method
C5.0 Categorical, Numerical No Restriction
ID3 Categorical No Restriction
CHAID Categorical n/a

https://encyclopedia.pub/entry/46895 a/7



Decision Tree Analysis for Highway Network Management | Encyclopedia.pub

Decision Tree Algorithm Data Types Splitting Method
CART Categorical, Numerical Binary Splits

| 4. Applications of Decision Tree Analysis

The process of analyzing data by using the decision tree method has been successfully applied in many fields,
such as medicine USI6IL7A8] physiness management 129 crime prediction 2122 yrban transport 12, and
construction engineering 2324 put there are few examples of its application to solving road asset management
problems. Behrouz et al. used the cloud decision tree for selecting the most optimal maintenance and repair
strategies for Iran’s national road network 23, They developed various decision tree models for every province of
Iran and concluded that fatigue cracking and international roughness index (IRI) were the most important
parameters for determining the most appropriate maintenance and repair scenario. Chen et al. (2015) analyzed
road maintenance data and statistical data (distress, IRI, crack, pavement contract, etc.) of Taipei city and
performed decision tree analysis (C5.0 and ID3) and support vector machine to develop maintenance

recommendations 28],
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