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Abstract
In the dynamic landscape of industrial operations, ensuring machines operate without interruption is
crucial for maintaining optimal productivity levels. To avoid unexpected equipment failures, minimize
downtime, and improve operational efficiency, estimating the Remaining Useful Life is very important in
Predictive Maintenance. Survival analysis is a beneficial approach in this context due to its power of
handling censored data (here referred to industrial assets that have not experienced a failure during the
study period). Recently, with a big increase in the amount of recorded data, Machine Learning Survival
models have been developed to find more complex patterns in predicting failure. However, the black-box
nature of these models requires the use of explainable AI for greater transparency and interpretability.
In this paper, we evaluate three Machine Learning-based Survival Analysis methods (Random Survival
Forest, Gradient Boosting Survival Analysis, and Survival Support vector machine) and a traditional
Survival Analysis model (Cox Proportional Hazards) using real-world data from SCANIA AB that includes
90% censored data. Results indicate that Random Survival Forest outperforms other models. In addition,
we employ SHAP analysis to provide global and local explanations, highlighting the importance and
interaction of features in our best-performing model. To overcome the limitation of applying SHAP
on survival output, we utilize a surrogate model. Finally, SHAP identifies specific influential features,
shedding light on their effects and interactions. This methodology tackles the inherent black-box nature
of machine learning-based survival analysis models, providing valuable insights into their predictions.
The findings from our SHAP analysis confirm the pivotal role of these identified features and their
interactions, thereby enriching our comprehension of the factors influencing Remaining Useful Life
predictions.
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1. Introduction

In the era of Industry 4.0, Predictive Maintenance (PdM) has become a cornerstone of modern
manufacturing, which leverages IoT and digitization to increase machine longevity and effi-
ciency. In fact, self-monitoring machinery that can predict and prevent failures helps minimize
downtime and optimize maintenance scheduling [1]. A key aspect of PdM is to estimate indus-
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trial assets’ Remaining Useful Life (RUL), which leads to appropriate maintenance actions, cost
reductions, and operational efficiency improvements [2]. One of the significant challenges in
PdM is handling censored data in which the exact failure time of components is not observed [3].
To handle censored data, the Survival analysis models (SA) were initially developed in clinical
research. These models apply statistical techniques to estimate the timing of events. Traditional
SA techniques, such as the Cox Proportional Hazards (CPH) model [4], provide valuable insights
into survival probabilities and hazard rates [5]. However, these models have some restricted
assumptions, such as linearity and proportional hazards, which limit their applicability and
performance in complex industrial settings [6].

To overcome these limitations, machine learning-based survival analysis (ML-based SA)
models have been developed [7, 8, 9]. These advanced models, including random survival
forests and deep learning approaches, provide superior predictive performance [10] but are
often criticized for their lack of transparency. The “black-box” nature of these models makes
it challenging for professionals to distinguish the factors influencing the model’s outputs and
trust in their prediction results. Understanding these factors is essential for domain experts to
trust the models and make informed maintenance decisions in real-world scenarios [11]. For
instance, the feature importance analysis provides knowledge about the most influential factors
that affect the failure. Moreover, it enables domain experts to estimate the usefulness of new
sensors and thus enables the calculation of optimal sensor equipment.

Explainable AI (XAI) methods, such as SHAP (SHapley Additive exPlanations) [12], have been
introduced to address interpretability issues in predictive models. In fact, in the field of PdM,
several research studies focused on improving the interpretability of machine learning models
[13, 14, 15, 16, 17]. Despite these efforts, the application of XAI to ML-based SA models in PdM
remains underexplored [13]. One reason for this is that XAI methods are primarily designed
for conventional machine learning models, like classifiers and regressors, which provide point
predictions. In contrast, survival models produce functions, such as survival or hazard functions,
representing the probability of events occurring over time rather than single-point outcomes.
This difference necessitates the development of specialized XAI methods for survival models
[18].

Moreover, the scarcity of real-world data in the development of RUL prediction models
poses a significant challenge, especially for academia. Only a minority (24.14%) of datasets
used in research accurately depict actual industrial conditions [19]. Leveraging real-world data
improves the quality and cost-effectiveness of maintenance strategies and products [20].

This paper focuses on evaluating several ML-based SA models against the traditional CPH
model for predicting the RUL of a specific component in truck engines manufactured by SCANIA
AB in Sweden by using real-world dataset [21, 22]. The assessment is carried out by applying
Harrell’s concordance index (C-index), which is a standard evaluation metric in survival models,
and evaluates how well they predict the ranking of survival times. Moreover, we utilize SHAP
analysis to get insight into the factors that are most influential for the best-performing ML-based
SA model, enhancing its interpretability. Given the challenge of applying XAI methods to SA
models, we first employ a surrogate ML model to transform the SA output into a regression
problem. This enables the possibility of applying XAI techniques to the surrogate regression
model, thereby providing insights into the predictions of the original SA model. Overall, inte-
grating SHAP with ML-based survival models for predictive maintenance and RUL estimation



offers a promising solution to the challenge of model interpretability, where the data include a
vast majority of censored data. Consequently, this integration promotes the development of
transparent and reliable predictive models that can significantly increase maintenance strategies
and decision-making processes in industrial applications.

2. Related Background

2.1. Survival Analysis

Survival analysis is a statistical method that analyzes and estimates the time until an event of
interest happens. More specifically, it provides insights into the probability of survival beyond
a specific time point 𝑡, defined as 𝑆(𝑡) = Pr(𝑇 > 𝑡) [3], where 𝑇 represents the survival time
variable. Traditional SA models vary based on their assumptions regarding the survival time
distribution; non-parametric methods make no assumptions about the distribution of survival
times, semi-parametric methods assume some distribution aspects, and parametric methods
fully specify the distribution[3].

Survival models were initially developed in the clinical domain [23] to estimate the lifetime
of patients where their end of life was not observed and was censored. Then, they expanded
to other fields, such as engineering and industrial domains like PdM [5, 10]. Depending on
the field of applying SA, the definition of the event of interest varies between death, recovery,
failure of the machine, etc.

Censored data is inevitable and commonly encountered in real-world datasets, especially in
PdM, where the quality of components is usually high. Many components may not fail within
the data collection/observation time. As a consequence, the application of survival analysis
models in predictive maintenance, especially in estimating RUL, is experiencing significant
growth. Traditional survival analysis techniques, such as the CPH model, have been used
to handle highly censored data in predicting the RUL of assets such as turbofan engines [5]
and mobile working assets [24]. However, due to their strict assumptions, which may only
sometimes be true [6] and the larger modeling capacity of ML models, there is increasing
exploration of integrating machine learning with survival analysis.

ML-based SA models outperform traditional SA models in many cases. For instance, Voronov
et al. [25] applied Random Survival Forest (RSF) to predict truck battery life, demonstrating its
effectiveness with high-censoring datasets. In another study, Rahat et al. [26] found RSF superior
to Gradient Boosting (GB) in predicting RUL, with a lower mean absolute error. Vallarino [6]
also compared models for predicting startup failure, and the results indicated that RSF achieved
the highest accuracy among the other models.

2.2. Explainability in SA

In recent years, the application of XAI in ML-based SA has attracted increasing attention
from researchers across various domains [3, 27, 28]. In particular, various XAI methods have
been designed and developed to interpret and explain machine learning models. Among these
XAI methods, SHAP analysis is popular for interpreting ML-based SA models. This method
is designed based on game theory, where every feature is considered as a game player, and



contributes a specific value to the prediction output [29, 30]. SHAP analysis interestingly
provides local and global interpretability, enhancing the transparency of complex models [12].
For instance, in clinical studies, Moncada-Torres et al. [29] found that ML models, especially
Extreme Gradient Boosting (XGBoost), could outperform conventional Cox models in predicting
survival among breast cancer patients. They applied SHAP analysis to provide clear insights
into model decisions. Moreover, Sarica et al. [30] show RSF’s superior performance over Cox
models, predicting Alzheimer’s disease progression. Additionally, they applied SHAP on RSF
output to gain more transparency on their prediction.

Integrating XAI into ML-based survival models holds significant promise for providing
interpretable, accurate predictions in PdM contexts. However, further research is needed to
refine these methods and fully realize their potential, particularly in the PdM domain [30, 18, 31].

3. Methodology and Problem Formulation

The overall methodology outlines four main steps: 1) Data preparation, 2) Survival modeling, 3)
Regression, and 4) Explainer, as illustrated in Fig. 1 The detailed information of the steps taken
in these steps are elaborated in the following section and are also summarized in Algorithm 1.

3.1. Data preparation

Let𝒟 = {𝑉1, ..., 𝑉𝑁} denote a given set of multivariate time series, 𝑉𝑖’s, in which 𝑁 is the total
number of time series. In our study, the dataset is collected from three sources of information:
operational, time-to-event, and specification data. For each time series 𝑉𝑖 (here referred to as
all readouts of vehicle 𝑖), the algorithm selects a random representative readout 𝑟𝑖𝑗 ∈ 𝑉𝑖, where
𝑗 is a uniformly sampled random index, from all the readouts of vehicle 𝑖 to manage the size
and complexity of the dataset in processing (lines 1 and 2 of the Algorithm 1). In the next step
(line 3), the algorithm converts the dataset into a format suitable for survival analysis. In this
setting, each data point is characterized by three elements of (𝑋, 𝛿, 𝑇 ) where 𝑋 , 𝛿, and 𝑇 are
𝐹 -dimensional feature vectors, event indicators (𝛿 = 1 when experiencing the event, 𝛿 = 0 in
case of censoring), and observed time for individual readouts, respectively.

Figure 1: The methodology framework



Considering our problem, for a random readout of each vehicle, we have 𝑟𝑖𝑗 : (𝑋𝑖𝑗 , 𝛿𝑖, 𝑇𝑖𝑗),
where the observed time is the true target and can be calculated for non-censored ob-
servations by 𝑇𝑖𝑗 = 𝑇 failure

𝑖𝑗 − 𝑇 readout
𝑖𝑗 . While, 𝑇𝑖𝑗 for censored observations is equal to

𝑇𝑖𝑗 = 𝑇
censoring
𝑖𝑗 − 𝑇 readout

𝑖𝑗 where the censoring time is equal to the time of last observation.
Finally, the prepared dataset undergoes the preprocessing step (line 4) to address the missing
values, encode categorical features, and remove highly correlated features.

3.2. Survival process

In this step, the dataset is subsequently divided into training and testing sets. The training set
is used for developing the survival modelsℳSA (line 6). The trained model is then employed
to predict the survival curves/functions of the test samples (line 7), and these predictions are
evaluated using the C-index (line 8), which is explained in Section 5.1.

3.3. Regression

To facilitate the application of explainability approaches like SHAP, a surrogate regression
modelℳsurrogate is trained on the predictions made by theℳSA on the training data (line 9). In
other words, this approach translates the complex output of the survival models (i.e., survival
curves) into a compatible format (i.e., point prediction) with standard regression techniques.

3.4. Explainer

Finally, the SHAP explainer is applied to the surrogate modelℳsurrogate to explain the prediction
output. The SHAP explainer provides a detailed understanding of how each feature contributes
to the model’s predictions by assigning SHAP values to each feature. For a given prediction 𝑓(𝑥)
in which 𝑥 is the input features, SHAP values 𝜑𝑖(𝑣𝑓,𝑥) represent the contribution of feature
𝑖. Features that provide strong power for a specific prediction will have large positive SHAP
values (𝜑𝑖(𝑣𝑓,𝑥) > 0). Conversely, uninformative features will have SHAP values close to zero
(𝜑𝑖(𝑣𝑓,𝑥) ≈ 0). Features indicating a negative impact on the prediction will have negative SHAP
values (𝜑𝑖(𝑣𝑓,𝑥) < 0).

4. Empirical Evaluation

In this study, we evaluate the performance of three ML-based SA models namely RSF, Gradient
Boosting Survival Analysis (GBSA), and Survival Support Vector Machines (SSVMs) against one
traditional survival analysis model (i.e. CPH), using the C-index as the evaluation metric. Based
on the results, the best-performing model is identified and subjected to surrogate modeling.
Subsequently, SHAP analysis is employed on the output of the surrogate model, providing a
comprehensive understanding of the model’s predictive behavior. The SHAP analysis includes
global explanations conducted for all instances in the test dataset, SHAP dependency plots
applied for the four most influential features, and local explanations explored for three instances
ranging from high to low risk. Through these analyses, the influence of individual features on
the model’s predictions is examined, highlighting both the magnitude and direction of their



Algorithm 1: Survival Analysis with SHAP Explainer for PdM
Input: Multivariate time series dataset 𝒟,ℳSA,ℳsurrogate

Output: Φ: SHAP values for explainability of the survival model
1 for each time series/vehicle 𝑉𝑖 ∈ 𝒟 do
2 Select a random index 𝑗 ∼ Uniform(1,𝑚𝑖);
3 Selected readout 𝑟𝑖 ← 𝑟𝑖𝑗 : (𝑋𝑖𝑗 , 𝛿𝑖, 𝑇𝑖𝑗);

4 Preprocessing;
5 Data split: 𝒟 into training set (𝒟train) and test set (𝒟test);
6 𝑙𝑒𝑎𝑟𝑛𝑒𝑟 =ℳSA.𝑓𝑖𝑡(𝒟train);
7 Calculate survival functions for the test set 𝒟test;
8 𝑒𝑣𝑎𝑙𝑢𝑎𝑡𝑒(𝑙𝑒𝑎𝑟𝑛𝑒𝑟,𝒟test);
9 ℳsurrogate.𝑓𝑖𝑡(𝑋_𝑡𝑟𝑎𝑖𝑛,ℳSA.𝑝𝑟𝑒𝑑𝑖𝑐𝑡(𝑋_𝑡𝑟𝑎𝑖𝑛));

10 SHAP(ℳsurrogate,𝒟train);
11 Compute SHAP values to explain the surrogate model’s predictions;
12 Φ = SHAP(ℳsurrogate,𝒟test);

impact. This approach allows the key factors affecting the model’s performance and their
implications for survival predictions to be elucidated. For this experiment, Python was utilized
alongside packages such as scikit-survival and SHAP for model development and analysis.

4.1. Dataset

The data used in this study is a publicly available1, real-world dataset from SCANIA AB,
focusing on a specific anonymized engine component, called Component 𝑋 , of SCANIA heavy
trucks [21, 22]. This dataset is ideal for investigating the interpretability of survival models for
predicting the RUL of heavy vehicle components, as it provides extensive real-world operational
data without the need for time-consuming raw data collection.

The dataset consists of operational data, repair records (time to event), and truck specifica-
tions from 23,550 distinct trucks, organized into training, testing, and validation sets. For our
analysis, we only utilized the training data because its size was sufficiently large to support our
experiments. The operational dataset is a multivariate time series, with the ’time_step’ column
indicating the period each vehicle has been operating with Component 𝑋 . It comprises 105
features which represent 14 operational variables collected by truck sensors and stored in vehicle
control units. These features contain numerical data, carefully selected and anonymized by
experts and named by number codes such as “Number_index”. The specification dataset includes
categorical data representing the truck configuration, named after seven distinct specifications
and their categories [22].

The repair records dataset includes the “length_of_study_time_step” column, which shows the
number of operational time steps since the component started working, and the “in_study_repair”
column that serves as a class label, with 1 indicating a repair and 0 indicating no repair during
the observation time. The dataset is mostly censored (90.35%), with the majority of the data

1https://snd.se/en/catalogue/dataset/2024-34

https://snd.se/en/catalogue/dataset/2024-34


indicating no repair during the observation period.

4.2. Data Preprocessing

After merging the operational and specification data, the dataset contains 112 features. By
enumerating the categorical data, using the get_dumies function, the number of features
increases to 195. Following the removal of highly correlated features, 104 features remain. We
opted to select one random readout from each vehicle. This approach also simulates real-world
scenarios when the complete data is not available for each vehicle from the start of its operation.
Next, the RUL is computed as explained in Section 3.1. It is worth mentioning that the dataset
is split into training and testing sets, with 80% allocated for training and 20% for testing.

4.3. Survival Analysis Models

The SA models evaluated in this study include one traditional model and three ML-based models.
The following sections provide a brief overview of each model.

4.3.1. Traditional Model

The CPH model is a semi-parametric survival analysis model widely employed for its inter-
pretability and effectiveness across numerous applications [32]. It is utilized to estimate the
effect of covariates on the risk of an event [4]. However, despite its popularity due to its inter-
pretability, this model relies on strict assumptions that may not always hold true. These include
assuming constant hazard ratios over time and depending on linear combinations of covariates,
which may fail to capture complex and nonlinear relationships in the data.

4.3.2. ML-based Models

Random Survival Forests [9] is a variation of the traditional random forest algorithm adapted for
survival analysis to predict the survival time of components. Instead of using a single decision
tree, RSFs generate multiple survival trees based on bootstrapped samples of the data. The final
survival prediction for a new observation is obtained by averaging the survival functions of all
the trees in the forest [9].

Gradient Boosting, similar to Random Forests, is a powerful ensemble learning method known
for its strong performance across various applications. In survival analysis, this technique,
referred to as gradient boosting survival analysis, is adapted to predict survival times[33].

Survival Support Vector Machines are an adaptation of the traditional support vector machine
framework explicitly designed for survival analysis. They handle censored data by using kernel
functions, which allow for the efficient modeling of complex, high-dimensional feature spaces.
This enables SSVMs to provide accurate risk predictions and effectively manage censored data
in survival analysis [34].

4.3.3. Hyperparameter Tuning

The hyperparameters of the ML-based models are optimized using a grid search. A 5-fold
cross-validation is performed to select hyperparameters that generalize well to unseen data.



The set of hyperparameters for each model used in grid search and the best value for each is
summarized in Table 1.

Table 1
Results of hyperparameter tuning

Model Hyperparameters Parameter space Best value

RSF

n_estimator [100, 400] 100
max_depth [15, 20, 30] 30

min_sample_split [30, 40, 50] 30
min_sample_leaf [10, 20, 30] 20

GBSA

n_estimator [50, 100] 50
max_depth [5, 6] 5

min_sample_split [30, 50] 50
min_sample_leaf [10, 20] 20

learning_rate [0.5, 1] 0.5

SSVM
kernel [rbf, linear, sigmoid] linear
alpha [0.0001, 3, 7, 10] 3

gamma [0, 0.5, 1] 0

4.4. Surrogate Model

In this study, a Random Forest (RF) regression model is employed as the surrogate function.
The RF regression model is trained on the RSF output, providing point predictions, which is
compatible with SHAP analysis.

4.5. Evaluation

This study uses the C-index as the assessment metric for survival analysis models due to its
effectiveness in gauging predictive performance within survival analysis tasks. The C-index
evaluates a model’s predictive accuracy in survival analysis by assessing its ability to correctly
rank pairs of samples based on their survival times. To accommodate censored observations,
the index is computed by summing the concordance values for all compatible pairs and dividing
by the total number of such pairs. This comprehensively evaluates the model’s capability to
accurately predict event order. A higher C-index denotes superior predictive accuracy, with a
score of 1 signifying perfect prediction and 0.5 representing random guessing [35].

4.6. SHAP Analysis

In this study, various SHAP analysis tools are utilized to interpret the model’s predictions. For
global explanations, SHAP summary plots and dependency plots are used. For local explanations,
SHAP force plots are employed.



5. Results

5.1. Performance evaluation

To assess the models’ performance on an unseen dataset, each model was trained on the entire
training dataset and then tested on the test dataset, demonstrating their generalization capabili-
ties. Additionally, the training score for each model is reported to ensure that no overfitting
has occurred. As shown in Table 2, the RSF model outperformed not only the traditional CPH
but also two other ML models, namely GBSA and SSVM. This superior performance of the RSF
model highlights its robustness and effectiveness in accurately predicting survival outcomes
compared to the other models evaluated.

Table 2
The performance of different models

Model: RSF GBSA SSVM CPH
C-index
(train)

0.7376 0.7297 0.6096 0.7210

C-index
(test)

0.7577 0.7434 0.6259 0.6986

Additionally, the RSF survival probability curves for ten randomly selected instances are
depicted in Figure 2, providing essential insights into the model’s predictive behavior for further
analysis. Lower survival probabilities (e.g., instance 460) indicate a higher risk of failure, while
higher survival probabilities (e.g., instance 4699) denote healthier components with lower failure
risks. Analyzing these curves allows for observation of the predicted durability and risk profiles
of the selected trucks.

5.2. SHAP Analysis

The following sections discuss the results of the global explanation of the RSF prediction, as
well as the local explanation for the three examples of trucks with different survival behaviors.

5.2.1. Global Explanations

SHAP summary plot Figure 3a illustrates the summary plot of SHAP values of 4710 instances
(test dataset). This plot provides a global explanation of the surrogate model output across
trucks of the test dataset. Each point in the plot corresponds to an individual truck. Their
position along the x-axis represents the SHAP value, indicating the impact of that feature on
the model’s prediction for that specific truck. Features are ordered along the y-axis by their
importance, determined by the mean of their absolute SHAP values. Thus, features higher on
the plot are more significant to the model’s overall predictions. The plot displays the SHAP
values of every important feature and their impacts on the model output. The vertical axis
shows the 30 most important features out of a total of 104 features, arranged in descending order
of importance. Additionally, each feature is represented by a line extending from negative to
positive SHAP values, color-coded with red indicating higher feature values and blue indicating



Figure 2: RSF Survival probability plot of 10 randomly selected instances

lower feature values. The negative zone represents a tendency towards censored events (y = 0),
while the positive zone indicates a tendency towards failure occurrences (y = 1). In addition,
the most important features not only have higher mean SHAP values but also exhibit a longer
range of SHAP values along the x-axis. This indicates that these features have a more significant
and varied impact on the model’s predictions across different instances. As shown in Figure 3a
features 666_0 and 309_0 are the most important features with the highest mean SHAP values.
As the color code indicates, the higher amounts (red color) of features 666_0, 309_0, 158_8,
and 837_0 and the lower amount (blue color) of feature 167_3 are associated with a greater
likelihood of failure occurrence (higher SHAP value). The same interpretation applies to the
rest of the features in this plot as well.

Figure 3b represents the mean SHAP value for each feature, allowing for a comparison
between the features. For instance, feature 666_0 exhibits the highest impact on the model
output, which is twice as influential as feature 272_2 and three times as influential as feature
158_1.

SHAPdependence plot It is a valuable tool provided by SHAP analysis. It shows how features
influence the model’s output and shows interactions between features. Figure 4 illustrates a
SHAP force plot for the four most significant features in our study. These plots demonstrate the
general influence of feature A (color-coded on the right y-axis) on feature B (x-axis for feature
B’s value and left y-axis for its SHAP value) across multiple instances. This plot highlights how
variations in feature A affect the contribution of feature B to the model’s predictions, illustrating
the combined effects of these features on the overall model output. In addition, it identifies the
turning points where the feature value results in a zero SHAP value, indicating a neutral impact



(a) SHAP summary plot (b) Mean SHAP value

Figure 3: Global explanation of SHAP analysis on the RSF output (for all 4710 instances)

on the model’s prediction at those specific values. For example, Figure 4a shows that when the
feature 666_0 value surpasses 0.1e6 on the x-axis, the corresponding SHAP value turns positive.
This indicates that beyond this threshold, feature 666_0 contributes to predicting failure events
in the model’s output. Regarding feature interaction, when feature 272_1 has a higher value
(indicated by red color), the SHAP value associated with feature 666_0 moves closer to zero.
This means that a high value of 272_1 reduces the impact of 666_0 on the prediction output,
regardless of whether the effect of 666_0 is positive or negative. This interpretation extends to
the other features shown in the Figure 4.

5.2.2. Local Explanations

The SHAP force diagram is a valuable tool that provides local explanations for individual
predictions. It clarifies the influence of each feature on the model’s prediction for a particular
instance, illustrating both the direction and magnitude of each feature’s impact. The blue arrows



(a) Feature 666_0 (b) Feature 309_0

(c) Feature 158_8 (d) Feature 837_0

Figure 4: SHAP dependence plots for the first four most influential features on the prediction output

pointing to the left indicate that lower values of certain features are associated with a lower
model output (e.g., 𝑦 = 0 indicating no failure occurred). Conversely, red arrows pointing to
the right indicate that higher values of these features correspond to a higher model output (e.g.,
𝑦 = 1 indicating a failure occurred).

Figure 5: SHAP force plot, instance 4699, a Low-risk component.

Figures 5, 6 and 7 depict instances classified as low risk, medium risk, and high risk, respec-
tively, based on their survival probability curves (see Figure 2). Interestingly, these instances
share a common set of influential features, including 666_0, 309_0, 158_8, 837_0, and 167_3,



Figure 6: SHAP force plot, instance 120, a medium-risk component.

Figure 7: SHAP force plot, instance 460, a high-risk component.

as identified by SHAP global analysis (Figure 3). In addition to these common features, each
instance exhibits specific features that are particularly influential. For example, in the low-risk
instance (see Figure 5) feature 459_12 is important, and in the high-risk instance (see Figure 7)
feature 397_4 is identified as a key feature. Addressing these features is crucial for mitigating
potential failures or adverse events in maintenance scenarios.

6. Conclusion

In this paper, we tackled the challenge of incorporating explainability to survival models using
real-world data, which has more than 90% censored enteries, from truck engine components
manufactured by SCANIA AB. We evaluated the performance of three machine learning-based
survival analysis models against the traditional Cox Proportional Hazards model for predicting
the remaining useful life of truck components. The RSF model emerged as the best-performing
model. To address the inherent black-box nature of ML-based survival analysis models, we
utilized SHAP analysis, providing both global and local insights into feature importance and
interactions. To make the RSF output compatible with SHAP analysis, first, a surrogate model
was applied to the RSF output. Subsequently, SHAP analysis was exclusively applied to the
surrogate model. This comprehensive approach not only identified key factors affecting model
predictions but also demonstrated the potential of SHAP analysis in making complex models
more transparent and understandable. Our work, in fact, can be considered as one of the first
attempts to integrate XAI techniques into survival analysis, which in turn can enhance trust in
predictive models and provide invaluable support for decision-making in real-world industrial
scenarios.

Future work could investigate the performance of other machine learning models, particularly
Deep Learning-based approaches, to enhance predictions of remaining useful life for heavy



vehicle components. Additionally, exploring changes in feature importance over time, by
utilizing all operational readouts could provide insights into the dynamic nature of predictive
features. Engaging domain experts, such as maintenance engineers or equipment manufacturers,
in future studies, would ensure that the models incorporate relevant domain knowledge and
meet practical requirements for predictive maintenance applications.
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