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ABSTRACT
Vehicular ad hoc networks (VANETs) are intelligent transport subsystems; vehicles
can communicate through a wireless medium in this system. There are many
applications of VANETs such as traffic safety and preventing the accident of vehicles.
Many attacks affect VANETs communication such as denial of service (DoS) and
distributed denial of service (DDoS). In the past few years the number of DoS (denial
of service) attacks are increasing, so network security and protection of the
communication systems are challenging topics; intrusion detection systems need to
be improved to identify these attacks effectively and efficiently. Many researchers are
currently interested in enhancing the security of VANETs. Based on intrusion
detection systems (IDS), machine learning (ML) techniques were employed to
develop high-security capabilities. A massive dataset containing application layer
network traffic is deployed for this purpose. Interpretability technique Local
interpretable model-agnostic explanations (LIME) technique for better
interpretation model functionality and accuracy. Experimental results demonstrate
that utilizing a random forest (RF) classifier achieves 100% accuracy, demonstrating
its capability to identify intrusion-based threats in a VANET setting. In addition,
LIME is applied to the RF machine learning model to explain and interpret the
classification, and the performance of machine learning models is evaluated in terms
of accuracy, recall, and F1 score.

Subjects Autonomous Systems, Computer Networks and Communications, Embedded
Computing, Security and Privacy
Keywords Intelligent transport subsystem, VANETs, Security and privacy, Intrusion detection

INTRODUCTION
The integral part of the intelligent transport system (ITS) is smart autonomous vehicles
(SAVS) for the future of automotive industries. SAVs are important in road safety, driving
experience, and decision-making based on available information. To design the roadway
information, the information was collected from different communication technologies
and SAVs. The road infrastructure depends on the connection between vehicles and
roadside units (RSUs), as shown in Fig. 1.
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ITS utilizes RSUs to prevent accidents and improve driving performance (Alsarhan
et al., 2018). Vehicles communicate through a wireless medium since the wireless medium
is sophisticated for several attacks. The performance of vehicular ad hoc networks
(VANETs) is degraded by these attacks, which can cause critical problems for drivers.
Because of the different attacks in VANET, the protection of VANET traffic from
tempering, deletion, and monitoring has become a major problem. It is one of the
academic’s and industry’s top priorities to solve/tackle because the intruder can exploit this
control over user data to disturb the network (Cui et al., 2019). The characteristics of
VANET include high mobility, dynamic network topology and safety message. Due to high
mobility, the network topology can change rapidly so the intrusion detection schemes for
VANETs need to be able to adapt to these changes in real time. However, other wired and
wireless network scenarios may have more stable network topologies that change less
frequently, allowing for more static intrusion detection schemes. VANETs communicate
through a wireless mediums, making them vulnerable to attacks. In other network
scenarios, data may be less critical and have lower security requirements. In contrast,
VANETs require strict security measures to ensure safety-critical information, such as
collision avoidance and emergency response. Therefore, intrusion detection schemes used
in VANETs need to be designed to protect against specific types of attacks, such as DOS
attacks and their types, ping flood (sends a large number of Internet Control Message
Protocol requests to a target device), UDP flood (targets the User Datagram Protocol by
sending a large number of UDP packets to the target device), HTTP flood (targets web
servers by sending a large number of HTTP requests), and syn flood (sends a large number
of synchronised packets to the target but never completes the three-way handshake that
establishes a connection). These attacks aim to increase unsolicited network traffic to

Figure 1 General illustration of VANETs communication.
Full-size DOI: 10.7717/peerj-cs.1440/fig-1
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prevent authorized users from accessing resources. Vehicles have traditionally been
manufactured without complete security requirements, making it difficult to protect them
from intrusion. Using the premise that autonomous vehicles work without communication
capability. When the connection grows, that restricts resources, creating a large attack
surface and problem for the current vehicle. Encryption and access control are the
traditional security countermeasures that are not useful for autonomous vehicles.

IDS is a reactive system have recently attracted increased attention. Intrusion detection
in VANETs can be used to detect and prevent unauthorized network access or malicious
network attacks (Sepasgozar & Pierre, 2022). This can be accomplished by employing
specialized intrusion detection systems (IDS) that monitor network traffic and behaviour
for anomalies and suspicious activity (Ali et al., 2019). The IDS can be integrated into the
VANET infrastructure to monitor vehicle-to-vehicle communication. It can analyze
network data and detect any unusual patterns or activities that may indicate an intrusion
or attack. Some common methods of intrusion detection used in VANETs include:

1) Signature-based detection: This technique compares network traffic to a database of
known attack signatures or patterns. Traffic resembling a recognized attack signature is
marked suspicious, and the network administrator is notified.

2) Anomaly-based detection: This technique analyzes network traffic to spot any abnormal
activity or communication patterns. Any traffic that deviates from the norm is identified
as suspicious and alerted to the network administrator

3) Rule-based detection: This method involves defining a set of rules or criteria that
network traffic must meet to be considered normal. Any traffic that does not meet these
criteria is flagged as suspicious and alerted to the network administrator

Overall, using intrusion detection in VANETs can help ensure the security and
reliability of the network (Bangui, Ge & Buhnova, 2022) and prevent unauthorized access
or attacks that could compromise its functionality. We seek to answer the question, “What
are the important features that contribute to the random forest classifier’s decision-making
process in classifying different types of VANET attacks, and how can these features be
interpreted using the LIME toolkit?” Using local interpretable model-agnostic
explanations (LIME) as an explainable AI tool to explain the decision-making process of
the random forest classifier for identifying various attacks in VANETs can help fill the gap
in knowledge regarding transparency in machine learning-based intrusion detection
systems. This gap is crucial because it is challenging to rely on the decisions made by such
systems without interpretability. This is especially true for sensitive applications like
VANETs where the safety of human lives is involved. Thus, it is crucial to understand the
reasoning behind the system’s classification of a particular event as an attack so that
human operators can take proper actions to avoid potential accidents. This research
consists of the following contributions:

� The proposal of the DDoS/DoS attack detection framework, which performed efficiently
with a higher accuracy rate and low computational cost,
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� ML algorithm applied to Application layer dataset to predict the network traffic by the
vehicular communication

� To apply the random forest model to ML, evaluate the results in terms of accuracy,
precision-recall, and F1 score

� Further, the authors implement the LIME for interpretation and a better understanding
of the features of the ML model.

The organization of this article is illustrated in Fig. 2.

RELATED WORK
In recent years, numerous academics have been interested in protecting VANETs (Zhang
et al., 2018; Engoulou et al., 2014; Zhang, Zulkernine & Haque, 2008;Huang et al., 2011; Liu
et al., 2014; Li & Song, 2015; Chaubey, 2016). There are numerous security vulnerabilities
in VANET, which can render these VANET applications inoperable. Intrusion detection
(IDS) is used to identify the attacks (internal and external) with high accuracy (Kumar &
Chilamkurti, 2014; Daeinabi, Rahbar & Khademzadeh, 2011). Based on approaches that
are previously applied, signature-based IDS and anomaly-based IDS are the common
method of IDS (Khraisat et al., 2020).

Recently for DDoS attacks, several classification approaches have been developed.
DDoS attacks at the protocol layer can be divided into two levels: the network layer and the
application layer flooding attacks. Early detection and mitigation of impact are two of the
key challenges encountered by DDoS attacks. However, it requires some important
features that are unavailable from existing techniques (Chang, 2002). The Hypertext
Transfer Protocol-based (HTTP) method for detecting HTTP flooding attacks using data
sampling is provided in Jazi et al. (2017). The study uses the CUMSUM (Cumulative Sum)
algorithm to distinguish between malicious and normal communications. The number of
requests made by the application layer and the number of zero-sized packets are used for
traffic analysis. The result shows a detection rate between 80% to 86% per, with a sampling
rate of 20%.

Figure 2 Organization of this manuscript. Full-size DOI: 10.7717/peerj-cs.1440/fig-2
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In Rustam et al. (2022), the work for detecting Dos/DDoS attacks was proposed. The
author used a combination of two common techniques, principal component analysis
(PCA) and singular value decomposition (SVD), to improve the model performance.
Results indicate that this study achieved maximum accuracy, whereas the Application layer
dataset was utilized for this research.

Patil et al. (2022) used an intrusion data detection system using a machine learning
system, an SVM decision tree, and RF for classification. In this study, the authors used the
CICIDS-2017 dataset. The LIME technique was used and achieved better accuracy. The
classification compares decision trees, RF, SVM, and voting classifiers among them.
Results showed that the accuracy of all of them was almost the same. The comparison of
some available datasets is shown in Table 1.

METHODS
This section will detail our proposed methodology for the intrusion method for VANETs.
We shall start with a discussion on the explainability of machine learning models using
LIME to provide context to our discussion before presenting our proposed method.

Table 1 Summary of application and limitation for popular datasets.

Dataset Reference Year Model Scenario/application Limitation/issues

DARPA MIT Lincoln Laboratory (1999) 1998 MLP Intrusion detection system Usage of artificially simulated

data for background traffic.

KDD Cup99 Ahmad et al. (2021) 1999 MLP Intrusion detection system Numerous redundant record

computer networks and data corruption resulted

in biased testing outcomes.

CICDoS2017 Ahuja et al. (2021) 2021 GRU, LSTM DDoS attack detection for The suggested system for the

DoS2019 MLP, KNN, RF SDN transport layer and the application

layer produces different outcomes

for each since the application layer

has a 95 attack detection rate

Second, they employed intricate

GRU models with large

computational costs.

Application- Awan et al. (2021) 2021 RF and MLP Real-time DDoS attacks They focus on both efficiency

Layer detection in real-time big accuracy, but they only used two

dataset data models, so we did not have enough data

to determine the approach’s impact.

Application- Rustam et al. (2022) 2022 LR and GBM DDoS attacks They work on accuracy and reducing

Layer RF and ETC detection using the multi computational cost, using PCA and SVD

dataset feature technique for feature selection technique, they do

not provide the feature with its weight/score
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Explainable machine learning models
There are various reasons why machine learning models should be interpretable.
Explainable models, in general, promote improved comprehension and confidence in the
model’s judgments and forecasts. Explainable models can shed light on the variables the
model employs to produce predictions, allowing for identifying and correcting any biases
that may exist. Machine learning models are crucial for compliance, comprehension, trust,
and spotting bias in decision-making procedures. There are numerous approaches to make
machine learning models interpretable, such as employing rule-based models, which
already have interpretability built in, or feature selection techniques, which can decrease
the number of input variables and make the model more interpretable. Recent explainable
AI techniques have gained popularity, including local interpretable model-agnostic
explanations (LIME), which can explain the model’s choices for specific predictions
(Hariharan et al., 2022). These strategies can explain the model’s predictions in a human-
understandable style, such as the most important features that contributed to the
prediction. While feature importance methods like random forest’s built-in feature
importance and feature selection can provide global insights into feature importance, they
do not provide local interpretability. Local interpretability is provided by LIME, which
explains how the classifier’s judgement was reached for a single instance of data. This is
especially valuable in intrusion detection systems when it is critical to understand why a
specific event was labelled as an attack. Furthermore, unlike other feature importance
approaches that are limited to specific types of models, LIME is model-agnostic, which
means it may be applied to any form of model. LIME can handle complex models and data
by approximating the model’s decision boundary in the local region around a particular
data instance, making it easier to interpret the feature importance.

LIME
Local interpretable model-agnostic explanations (LIME) are a method for the
interpretability of machine learning models. In LIME, a model’s predictions are calculated
for a given input sample. It provides a local explanation for individual predictions made by
a machine learning model, allowing users to understand the factors that influenced the
model’s decision and identify any potential biases. In LIME, the input sample is then
perturbed by randomly changing the values of some of its features, and predictions are re-
calculated for each perturbed sample. The relationship between the perturbed features and
the model’s predictions is learned using a simple but interpretable model, such as linear
regression or decision tree. The coefficients of the interpretable model are used to explain
the factors that contributed to the model’s prediction for the original input sample.
Interpretability local surrogate model can be expressed mathematically in Eq. (1)

ExplanationðxÞ ¼ argmin
geG

Lðf ; g;pxÞ þ �g (1)

Let us suppose x is the model g, which reduced the loss L (mean square error), which
measures the explanation to the prediction with the original model f (RF model), prefers
the important features for the model complexity �g is kept low. The possible explanation
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is G (e.g., for all possible models). The proximity measure pi(x) defines how large the
neighbourhood around instance x is that we consider for the explanation.

Proposed method
The proposed work diagram is shown in Fig. 3. Each step is described below

Dataset
This study proposed the application layer DoS dataset, which can access from a well-
known data set source, Kaggle (Ghumman, 1999). Application layer DoS attacks provide
78 attributes from 809,361 total entries. Some attributes are shown in Fig. 4 three classes
are classified within the record by analyzing the network. Three classes are: (1) Benign,
which can be described as lawful; (2) DoS Slowloris, which can be described as a DoS
attack; and (3) DoS Hulk, which can be described as a DDoS attack.

Table 2 displays a sample of the dataset’s records. In this study application layer, the
DoS data set has been used. It can be accessed from Kaggle by accessing the network
analysis. Three classes are classified among 809,361 records. The three classes are “Benign”,
“DoS Slowloris” and “DoS Hulk”. To balance the data, we used 15,000 records from each
class for our experiment. Table 2 shows a dataset of sample records (Ghumman, 1999). We
chose the random forest classifier from the scikit-learn toolbox for our research since it is a
well-established classification technique widely utilised in various domains and performed
well on both low- and high-dimensional data. Our choice was also influenced by the
ensemble aspect of the method, which allows it to reduce bias, variance, and over-fitting, a
characteristic not present in many other algorithms.

Random forest
Random forest is an ensemble technique supervised technique used for regression and
classification. By using a supervised algorithm, random forests perform better results with
a decision tree. To improve their accuracy, RF uses the bagging technique for the training
process, and those models with high variance will be reduced. RF constitutes several
decision trees from bootstrap samples to learn information about the fitting process. The
major advantage of RF is that it is more effective than the other traditional classifiers
because of their minimum classification error when dealing with a high data set. Other
advantages are as follows: Get all features from the random forest and remove those

Figure 3 Process flow of proposed methodology. Full-size DOI: 10.7717/peerj-cs.1440/fig-3
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features which are not important. Important features can be calculated from rank and RMS
value. The random forest training model performance measurement is a collaborative
model; it selects the random data tuples by creating a multiple data tree. The order to
classify the features and eliminate the recursive feature is also an advantage of RF.
Equation (2) expresses the RF algorithm. The sum of the feature’s importance value on
each tree is calculated and divided by the total number of trees:

RFj ¼
P

jealltressnorm fij
T

(2)

Figure 4 Attributes in the dataset. Full-size DOI: 10.7717/peerj-cs.1440/fig-4

Table 2 Summary of dataset partition and label distribution.

Partition Benign Dos Slowloris DoS Hulk Total

Train 370,623 128,612 310,126 809,361

Test 159,295 55,180 132,394 346,869
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whereas RF is the importance of feature is calculated from all trees in the random forest
model, normfj is the normalized feature importance for i in tree j and T is the total number
of trees.

Evaluation
For model selection, it is usual practice to compare machine-learning algorithms based on
their accuracy as a performance indicator. The performance metrics are accuracy,
precision, and recall for comparing the machine learning algorithm. In many papers,
accuracy is used for performance metrics, but it cannot evaluate the accurate result with
one metric, most of the time, accuracy misleads the result as a performance metric,
although incorrect prediction by classifier even that accuracy indicates with high score.
Other metrics were added for the evaluation. The following are metrics for computation
(Patil et al., 2022)

Precision ¼ TP
TP þ FP

(3)

Recall ¼ TP
TP þ FN

(4)

Accuracy ¼ TP þ TN
TP þ FP þ TP þ FN

(5)

where TP represents the number of true positives, TN is the number of true negatives, FP is
the number of false positives, and FN is the number of false negatives.

Figure 5 depict the confusion matrix for the random forest classifier, which is the
relationship between actual and predicted values. The result shows the calculation of
model accuracy and explains the relationship between the matrices, true positive (TP) with

Figure 5 Confusion matrix for classifier. Full-size DOI: 10.7717/peerj-cs.1440/fig-5

Hassan et al. (2023), PeerJ Comput. Sci., DOI 10.7717/peerj-cs.1440 9/18

http://dx.doi.org/10.7717/peerj-cs.1440/fig-5
http://dx.doi.org/10.7717/peerj-cs.1440
https://peerj.com/computer-science/


false positive (FP) and true negative (TN) with false negative (FN) accuracy of our model
defined in Fig. 5.

Generation of explanations using LIME
First, we need to train the model before prediction. By using the network traffic of the
application layer data set, training the model, and acquiring several features of
interpretability. After splitting the train/est data, a random classifier fit it on the training set
and obtained more than 100% accuracy; for better accuracy model interpretation
technique, LIME was applied to the model. Figure 6 shows the flow diagram with the LIME
technique. The LIME model was added to the machine learning model to improve lime.
The LIME can explain many machine learning prediction models with accuracy. The
‘change of feature’ value used the convert the data sample into the transforming individual
feature score into the contribution of prediction. Each data sample can be contextually
explained by score. For instance, the model of interpretable LIME is frequently trained
using minute perturbations (such as adding random noise, eliminating specific words, and
hiding portions of an image) for linear regression or decision trees (Ribeiro, Singh &
Guestrin, 2016; Adadi & Berrada, 2018). Organizations that trust their predictions can use
machine learning models more broadly. However, the question of building trust in
machine learning models persists. After applying the local interpretable model (LIME), the
model diagram explains the issue in detail with black-box classifiers. LIME is a method for
understanding a black-box machine learning model by perturbing the input data samples,
and also it can be observing how the predictions vary. Any machine-learning black box
model can be applied using LIME. The following are the main steps:

� Initially tabular explainer initialized the data which can be used to train (or the statistics
of the training data if there are no training data), feature information, and, if
classification is possible, details about the class name.

� In the explain method, accept the reference for the instances required for the
explanation, including the number of features in the explanation and prediction of the
trained model.

The LIME explanation is described in three sections as follows

� In the left section, confidence in prediction has been shown.

� In the center section, the most important features are shown, and 10 are the important
features. The Min-Seg-Size-Forward, Flow-Packets-Sec, Destination-Port, Flow-Bytes-
Sec, Avg-Bwd-Segment-Size, Total-Length-of-Bwd-Packets, Bwd-Packet-Length-Max,
Fin-Flag-Count, Bwd-Iat-Total and Bwd-Psh-Flags, features are selected. These features
differentiate into two colors. A blue color represents class 1, whereas class 0 represents
the grey color. The feature’s contribution can be seen in the horizontal lines.

� In the rightmost section, the important features with their score value are differentiated
with different colors shown
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The LIME technique is effectively used for the classification, regression, and supervised
models (Gunning et al., 2019; Ribeiro, Singh & Guestrin, 2016). The decision framework is
predicated on the premise all complex models at the local level are linear. The LIME model
simulates the complicated model’s behaviour at one location to explain the simple model’s
predictions at another location. LIME is compatible with tabular, textual, and image data
types.

The LIME explanation algorithm is defined as follows: If an explanation is necessary,
there must be n occurrences of disruption without a modest change in value. Using these
fabricated data, LIME builds a local linear model, including the perturbed observation.

� The outcomes of data perturbations are predicted.

� Determine the distance between perturbation and the actual observation.

� Compare the score by using their distance.

� To calculate features that best describe the predictions derived from the altered data.

� A basic model is fitted to the perturbed data by using the selected features.

� The coefficients (weights for features) of the simple model characterize the observations.

The model building is described by the pseudocode as follows
Import necessary libraries

Load dataset

Preprocess dataset

Split dataset into features (X) and labels (y)

Perform feature scaling

Create train-test partitions

Train Random Forest classifier

Figure 6 Proposed flow diagram with explainable (LIME) technique. Full-size DOI: 10.7717/peerj-cs.1440/fig-6
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Initialize Random Forest classifier with

appropriate hyperparameters

Evaluate the model

Predict labels for the test data (test_X)

Calculate performance metrics

Apply LIME for model interpretability

Initialize LIME explainer

Create explanations for a sample of test

instances

For each test instance in the sample

Generate LIME explanation

Display feature importance and explanations

Report results (e.g., performance metrics, LIME explanations)

Figures 7–9 explain the LIME observations for three classes using random forest. LIME
explains why the probability was first allocated. The prediction is computed by comparing
the probability values to the target variable. However, the probability ranged from −1 to

Figure 7 Explanation of the LIME observations for benign.
Full-size DOI: 10.7717/peerj-cs.1440/fig-7

Figure 8 Explanation of the LIME observations for DoS Hulk.
Full-size DOI: 10.7717/peerj-cs.1440/fig-8
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1.0. For example, the value of min-seg-size-forward is 32 and was assigned a weight of 0.17
for the BENIGN, a weight of 0.105 for DoS HULK, and 0.11 for DoS SLOWLORIS.
Different color coding is assigned to each feature to indicate their contribution to the
prediction in the feature value table, such as BENIGN (blue), DoS HULK (orange), and
DoS SLOWLORIS (green).

RESULTS
Local explanation for random forest model
The random forest method used the estimate the relevance of features in the regression
problem, as shown in Figs. 10–12. The data analysis library Scikit-learn provides a random
forest classifier and random forest regression class that can make the importance of
features in three classes which are Benign, DoS, and DoS Hulk. Feature importance
property can be queried to each feature of relative weight after applying the fitted model.

Figure 9 Explanation of the LIME observations for DoS Slowloris.
Full-size DOI: 10.7717/peerj-cs.1440/fig-9

Figure 10 Local explanation for benign. Full-size DOI: 10.7717/peerj-cs.1440/fig-10
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Random forests were used to estimate the relevance of features in a classification problem
with 15,000 samples and 10 features.

The relevance of split points is computed using decision tree approaches such as
classification and regression trees (CARTs), which use common metrics such as Gini and
entropy to determine split points. Similarly, ensembles of decision trees can be applied to
algorithms such as a random forest. The feature importance property can be accessed after
a model has been fitted to retrieve the relative importance scores for each input feature.
Figures 10–12 represent the calculated value for each feature. Each factor contributing to
the prediction is depicted in the bar graph on the right. The right sidebar represents the
positive influence of the feature on the target, while the left sidebar represents the negative
impact. For example, min-seg-size-forward, flow-packets-sec, and flow-bytes-sec

Figure 11 Local explanation for Dos Hulk. Full-size DOI: 10.7717/peerj-cs.1440/fig-11

Figure 12 Local explanation for Dos Slowloris. Full-size DOI: 10.7717/peerj-cs.1440/fig-12
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contribute more, as shown in Fig. 10. The positive coefficients for the predictors indicate
that raising their values increases the model’s feature scores.

DISCUSSION
The features identified by the LIME toolkit can be used to answer the research question on
the interpretability of machine learning-based intrusion detection systems in VANETs.
More specifically, these features can provide insights into the decision-making process of
the random forest classifier and help understand the characteristics of different types of
attacks in VANETs. For instance, the feature “min-seg-size-forward” refers to the
minimum segment size observed in the traffic flow’s forward direction, which can indicate
certain types of attacks. The feature “flow-packets-sec” refers to the rate of packets flowing
through a flow, which can indicate the intensity of an attack. Similarly, the feature
“destination-port” refers to the port number a packet is destined for, which can help
identify the type of service or application targeted by an attack. By analyzing the
importance of these features, we can gain insights into how the random forest classifier can
differentiate between different types of attacks and what features are most important in
making these decisions. This information can improve the classifier’s accuracy by
identifying the most informative features for intrusion detection in VANETs. Moreover, it
can provide insights into the characteristics of different types of attacks, which can be used
to develop more effective countermeasures against these attacks.

CONCLUSIONS
Our research addresses a critical knowledge gap in the field of VANETs. We presented a
novel machine learning-based intrusion detection solution for VANETs. We investigated a
random forest classifier-based machine learning framework for detecting DDoS/DoS
attacks at the application layer. Our approach was further enhanced by using the LIME
model-agnostic method for describing predictions clearly and understandably. By
providing prediction explanations, LIME proved to be highly beneficial for selecting
representative models, improving unreliable models, and obtaining insights into
predictions. Our evaluation criteria included accuracy, precision, recall, and F1-score, and
our ML algorithms demonstrated high performance, achieving an accuracy of 99.84% for
the IDS prediction. We computed the accuracy based on the confusion matrix, where all
15,000 samples from the Benign class were identified correctly, whereas 14,957 and 14,969
samples from the DoS Hulk and DoS slowloris classes were identified out of a total of
15,000 samples for each of the two classes. We determined the accuracy as (15,000 + 14,957
+ 14,969)/45,000 = 0.99835. We converted the result to percentage and rounded it up to
two decimal places to get 99.84%.

The LIME explanation graphs also illustrated the prediction performance of the random
forest methods. Our findings highlight the potential of our approach for improving the
accuracy and interpretability of intrusion detection in VANETs, and we suggest further
research in this area to build upon our results.

Hassan et al. (2023), PeerJ Comput. Sci., DOI 10.7717/peerj-cs.1440 15/18

http://dx.doi.org/10.7717/peerj-cs.1440
https://peerj.com/computer-science/


ADDITIONAL INFORMATION AND DECLARATIONS

Funding
This research was funded by the Beijing Key Laboratory of work Safety Intelligent
Monitoring (Beijing University of Post and Telecommunication), National Natural
Science Foundation of China, Grant Number 62127802. The funders had no role in study
design, data collection and analysis, decision to publish, or preparation of the manuscript.

Grant Disclosures
The following grant information was disclosed by the authors:
Beijing Key Laboratory of Work Safety Intelligent Monitoring (Beijing University of Post
and Telecommunication).
National Natural Science Foundation of China: 62127802.

Competing Interests
The authors declare that they have no competing interests.

Author Contributions
� Fayaz Hassan conceived and designed the experiments, analyzed the data, authored or
reviewed drafts of the article, and approved the final draft.

� Jianguo Yu conceived and designed the experiments, analyzed the data, authored or
reviewed drafts of the article, and approved the final draft.

� Zafi Sherhan Syed conceived and designed the experiments, analyzed the data, authored
or reviewed drafts of the article, and approved the final draft.

� Nadeem Ahmed performed the experiments, performed the computation work,
prepared figures and/or tables, and approved the final draft.

� Mana Saleh Al Reshan performed the experiments, performed the computation work,
prepared figures and/or tables, and approved the final draft.

� Asadullah Shaikh performed the experiments, performed the computation work,
prepared figures and/or tables, and approved the final draft.

Data Availability
The following information was supplied regarding data availability:

The dataset is available at Kaggle: https://www.kaggle.com/code/hamzasamiullah/ml-
analysis-application-layer-dos-attack-dataset/notebook.

The data and code are available at Zenodo: Fayaz Hassan. (2023). application layer data
set/Lime interpretability code. https://doi.org/10.5281/zenodo.7789616.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj-cs.1440#supplemental-information.

Hassan et al. (2023), PeerJ Comput. Sci., DOI 10.7717/peerj-cs.1440 16/18

https://www.kaggle.com/code/hamzasamiullah/ml-analysis-application-layer-dos-attack-dataset/notebook
https://www.kaggle.com/code/hamzasamiullah/ml-analysis-application-layer-dos-attack-dataset/notebook
https://doi.org/10.5281/zenodo.7789616
http://dx.doi.org/10.7717/peerj-cs.1440#supplemental-information
http://dx.doi.org/10.7717/peerj-cs.1440#supplemental-information
http://dx.doi.org/10.7717/peerj-cs.1440
https://peerj.com/computer-science/


REFERENCES
Adadi A, Berrada M. 2018. Peeking inside the black-box: a survey on explainable artificial

intelligence (XAI). IEEE Access 6:52138–52160 DOI 10.1109/ACCESS.2018.2870052.

Ahmad Z, Shahid Khan A, Wai Shiang C, Abdullah J, Ahmad F. 2021. Network intrusion
detection system: a systematic study of machine learning and deep learning approaches.
Transactions on Emerging Telecommunications Technologies 32(1):e4150 DOI 10.1002/ett.4150.

Ahuja N, Singal G, Mukhopadhyay D, Kumar N. 2021. Automated DDOS attack detection in
software defined networking. Journal of Network and Computer Applications 187(6):103108
DOI 10.1016/j.jnca.2021.103108.

Ali T, Jan S, Alkhodre A, Nauman M, Amin M, Siddiqui MS. 2019. Deepmoney: counterfeit
money detection using generative adversarial networks. PeerJ Computer Science 5(4):e216
DOI 10.7717/peerj-cs.216.

Alsarhan A, Al-Dubai AY, Min G, Zomaya AY, Bsoul M. 2018. A new spectrum management
scheme for road safety in smart cities. IEEE Transactions on Intelligent Transportation Systems
19(11):3496–3506 DOI 10.1109/TITS.2017.2784548.

AwanMJ, Farooq U, Babar HMA, Yasin A, Nobanee H, Hussain M, HakeemO, Zain AM. 2021.
Real-time ddos attack detection system using big data approach. Sustainability 13(19):10743
DOI 10.3390/su131910743.

Bangui H, Ge M, Buhnova B. 2022. A hybrid machine learning model for intrusion detection in
VANET. Computing 104(3):503–531 DOI 10.1007/s00607-021-01001-0.

Chang RK. 2002. Defending against flooding-based distributed denial-of-service attacks: a tutorial.
IEEE Communications Magazine 40(10):42–51 DOI 10.1109/MCOM.2002.1039856.

Chaubey NK. 2016. Security analysis of vehicular Ad Hoc networks (VANETs): a comprehensive
study. International Journal of Security and its Applications 10(5):261–274
DOI 10.14257/ijsia.2016.10.5.25.

Cui J, Liew LS, Sabaliauskaite G, Zhou F. 2019. A review on safety failures, security attacks, and
available countermeasures for autonomous vehicles. Ad Hoc Networks 90(Supplement
C):101823 DOI 10.1016/j.adhoc.2018.12.006.

Daeinabi A, Rahbar AGP, Khademzadeh A. 2011. VWCA: an efficient clustering algorithm in
vehicular ad hoc networks. Journal of Network and Computer Applications 34(1):207–222
DOI 10.1016/j.jnca.2010.07.016.

Engoulou RG, Bellaïche M, Pierre S, Quintero A. 2014. VANET security surveys. Computer
Communications 44(9):1–13 DOI 10.1016/j.comcom.2014.02.020.

Ghumman H. 1999. Application layer DoS attack dataset. Available at https://www.kaggle.com/
hamzasamiullah/ml-analysis-application-layer-dos-attack-dataset (accessed 6 December 2022).

Gunning D, Stefik M, Choi J, Miller T, Stumpf S, Yang G-Z. 2019. XAI—explainable artificial
intelligence. Science Robotics 4(37):eaay7120 DOI 10.1126/scirobotics.aay7120.

Hariharan S, Rejimol Robinson R, Prasad RR, Thomas C, Balakrishnan N. 2022. XAI for
intrusion detection system: comparing explanations based on global and local scope. Journal of
Computer Virology and Hacking Techniques 19(2):1–23 DOI 10.1007/s11416-022-00441-2.

Huang D, Misra S, Verma M, Xue G. 2011. PACP: an efficient pseudonymous authentication-
based conditional privacy protocol for VANETs. IEEE Transactions on Intelligent
Transportation Systems 12(3):736–746 DOI 10.1109/TITS.2011.2156790.

Jazi HH, Gonzalez H, Stakhanova N, Ghorbani AA. 2017. Detecting HTTP-based application
layer DoS attacks on web servers in the presence of sampling. Computer Networks 121(3):25–36
DOI 10.1016/j.comnet.2017.03.018.

Hassan et al. (2023), PeerJ Comput. Sci., DOI 10.7717/peerj-cs.1440 17/18

http://dx.doi.org/10.1109/ACCESS.2018.2870052
http://dx.doi.org/10.1002/ett.4150
http://dx.doi.org/10.1016/j.jnca.2021.103108
http://dx.doi.org/10.7717/peerj-cs.216
http://dx.doi.org/10.1109/TITS.2017.2784548
http://dx.doi.org/10.3390/su131910743
http://dx.doi.org/10.1007/s00607-021-01001-0
http://dx.doi.org/10.1109/MCOM.2002.1039856
http://dx.doi.org/10.14257/ijsia.2016.10.5.25
http://dx.doi.org/10.1016/j.adhoc.2018.12.006
http://dx.doi.org/10.1016/j.jnca.2010.07.016
http://dx.doi.org/10.1016/j.comcom.2014.02.020
https://www.kaggle.com/hamzasamiullah/ml-analysis-application-layer-dos-attack-dataset
https://www.kaggle.com/hamzasamiullah/ml-analysis-application-layer-dos-attack-dataset
http://dx.doi.org/10.1126/scirobotics.aay7120
http://dx.doi.org/10.1007/s11416-022-00441-2
http://dx.doi.org/10.1109/TITS.2011.2156790
http://dx.doi.org/10.1016/j.comnet.2017.03.018
http://dx.doi.org/10.7717/peerj-cs.1440
https://peerj.com/computer-science/


Khraisat A, Gondal I, Vamplew P, Kamruzzaman J, Alazab A. 2020. Hybrid intrusion detection
system based on the stacking ensemble of c5 decision tree classifier and one class support vector
machine. Electronics 9(1):173 DOI 10.3390/electronics9010173.

Kumar N, Chilamkurti N. 2014. Collaborative trust aware intelligent intrusion detection in
VANETs. Computers and Electrical Engineering 40(6):1981–1996
DOI 10.1016/j.compeleceng.2014.01.009.

Li W, Song H. 2015. ART: an attack-resistant trust management scheme for securing vehicular Ad
Hoc networks. IEEE Transactions on Intelligent Transportation Systems 17(4):960–969
DOI 10.1109/TITS.2015.2494017.

Liu JK, Yuen TH, Au MH, Susilo W. 2014. Improvements on an authentication scheme for
vehicular sensor networks. Expert Systems with Applications 41(5):2559–2564
DOI 10.1016/j.eswa.2013.10.003.

MIT Lincoln Laboratory. 1999. Darpa intrusion detection evaluation. Available at https://www.ll.
mit.edu/r-d/datasets (accessed 4 December 2022).

Patil S, Varadarajan V, Mazhar SM, Sahibzada A, Ahmed N, Sinha O, Kumar S, Shaw K,
Kotecha K. 2022. Explainable artificial intelligence for intrusion detection system. Electronics
11(19):3079 DOI 10.3390/electronics11193079.

Ribeiro MT, Singh S, Guestrin C. 2016. Model-agnostic interpretability of machine learning.
ArXiv preprint DOI 10.48550/arXiv.1606.05386.

Rustam F, Mushtaq MF, Hamza A, Farooq MS, Jurcut AD, Ashraf I. 2022. Denial of service
attack classification using machine learning with multi-features. Electronics 11(22):3817
DOI 10.3390/electronics11223817.

Sepasgozar SS, Pierre S. 2022. Network traffic prediction model considering road traffic
parameters using artificial intelligence methods in VANET. IEEE Access 10:8227–8242
DOI 10.1109/ACCESS.2022.3144112.

Zhang H, Dai S, Li Y, Zhang W. 2018. Real-time distributed-random-forest-based network
intrusion detection system using apache spark. In: 2018 IEEE 37th International Performance
Computing and Communications Conference (IPCCC). Piscataway: IEEE, 1–7.

Zhang J, Zulkernine M, Haque A. 2008. Random-forests-based network intrusion detection
systems. IEEE Transactions on Systems, Man, and Cybernetics, Part C (Applications and Reviews)
38(5):649–659 DOI 10.1109/TSMCC.2008.923876.

Hassan et al. (2023), PeerJ Comput. Sci., DOI 10.7717/peerj-cs.1440 18/18

http://dx.doi.org/10.3390/electronics9010173
http://dx.doi.org/10.1016/j.compeleceng.2014.01.009
http://dx.doi.org/10.1109/TITS.2015.2494017
http://dx.doi.org/10.1016/j.eswa.2013.10.003
https://www.ll.mit.edu/r-d/datasets
https://www.ll.mit.edu/r-d/datasets
http://dx.doi.org/10.3390/electronics11193079
http://dx.doi.org/10.48550/arXiv.1606.05386
http://dx.doi.org/10.3390/electronics11223817
http://dx.doi.org/10.1109/ACCESS.2022.3144112
http://dx.doi.org/10.1109/TSMCC.2008.923876
http://dx.doi.org/10.7717/peerj-cs.1440
https://peerj.com/computer-science/

	Achieving model explainability for intrusion detection in VANETs with LIME
	Introduction
	Related work
	Methods
	Results
	Discussion
	Conclusions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


