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Abstract: A new intelligent diagnostic method for assessing the technical condition of diesel locomotive engines 

using the lubricating oil condition monitoring system is presented in this paper. The proposed method 

incorporates key oil condition parameters such as kinematic viscosity, iron (Fe) and copper (Cu) wear 
particle concentrations, soot content and water contamination as indicators of engine health. These 

parameters are useful for understanding the lubrication performance, wear of the components and 

potential defects in the engine that may arise during operation. In order to increase the diagnostic 

accuracy, an Adaptive Neuro-Fuzzy Inference System (ANFIS) was designed to study the collected data 

and classify the engine condition based on the technical state. The proposed model has applied artificial 
neural network capability to learn the relationship and fuzzy logic to reason the relationship between oil 

properties and engine degradation, which makes it effective in identifying the complex nonlinear 

relations between them. The intelligent diagnostic system developed allows to identify early abnormal 

operating conditions, facilitates the planning of predictive maintenance actions and decreases the risk of 

unexpected engine failures. Consequently, maintenance expenses can be kept at low levels and 
locomotives can be made more available, reliable and service life extended. The proposed approach is 

also shown to be suitable for implementation at the real time condition monitoring system, and it is a 

powerful tool for maintaining and managing the assets of modern railways. 
Keywords: diesel engine, condition assessment, oil analysis, intelligent diagnostics, ANFIS, fuzzy logic, operational 

reliability, predictive maintenance 

 

 
1. Introduction 

The reliable and efficient operation of diesel 

locomotives used in railway transport ensures not only the 

continuity of the passenger and freight transportation system 

but also operational safety. It works at a high load regime, at 
high temperatures, and does not stop, therefore it can quickly 

wear out and unforeseen failures or other breakdowns begin 

to occur. The technical condition of the engine should be 

monitored regularly and faults should be detected early 

enough as a means of enhancing operational efficiency [1] 
Traditional maintenance methods are usually carried out 

without a set schedule or on a calendar basis. This approach 

does not take into account the actual technical condition of 

the engine and increases the risk of failing to detect 

malfunctions in time. For this reason, in recent years, a 
predictive diagnostics approach has been widely 

implemented. 

Engine oil analysis is one of the most promising methods 

of predictive technical diagnostics. Oil is a medium that is in 

direct contact with all working elements of the engine, and 
changes in its physicochemical and elemental composition 

provide important information about the technological 

processes inside the engine. For example, metal particles in 

oil provide information about decay processes, while 

oxidation indicators provide information about the degree of 
oil wear[2]. 

In this article, diagnostic parameters based on oil 

analysis are selected when assessing the technical condition 

of diesel engines. Based on parameters, a basis is created for 

intelligent approaches (for example, ANFIS, fuzzy logic) 
aimed at identifying possible engine failures. The results of 

the article will serve as a methodological basis for the 

subsequent development and practical implementation of 

algorithmic models 

2. Research methodology 

The selected methodological approach for evaluating the 
technical condition of diesel engines through oil analysis is 

primarily based on assessing the physicochemical and 

elemental composition of the oil. Such a method indirectly 

indicates the wearing, oxidizing, and infiltration of foreign 

matter that take place in the actual operating environment. 
The chosen parameters are based on international standards, 

scientific literature, and advanced practices in the field of 

technical diagnostics [3]. The following table 1 presents the 

main indicators selected for the diagnostic model. 

As a research methodology, the relationship of 
parameters with the corresponding diagnostic models, the 

degree of their sensitivity, and the coefficients of variability 

are analyzed.
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Table 1 

Physicochemical and elemental oil parameters selected for the diesel engine diagnostic model 

№ Parameter title 
Measurement            

unit 
Analysis method Diagnostic importance 

1 Viscosity mm²/s (cSt) Capillary viscometer (ASTM D445) 
Lubrication performance, 

protection against wear 

2 Iron (Fe) ppm ICP-OES spectroscopy 
Wear of cylinder-liner assembly 

and crankshaft components 

3 Copper (Cu) ppm ICP-OES 
Bearing wear and surface 

degradation 

4 Sediment (Soot) % Thermogravimetric analysis (TGA) 

 

Poor combustion, filter saturation 

5 Oxidation index Arbitrary unit IR-spectroscopy (FTIR) 

Chemical degradation of oil, 

resistance in oxidative 

environment 

6 Water mixing % Karl Fischer titration 
Cooling system malfunction, 

condensation, corrosion risk 

As a research methodology, the relationship of 

parameters with the corresponding diagnostic models, the 

degree of their sensitivity, and the coefficients of variability 
are analyzed. The above-mentioned methods can be used for 

oil analysis in laboratory conditions, which are selected 

based on international standards (ASTM, ISO, GOST) [4]. 

 Basics of the model 

Within the framework of this study, an intelligent 
forecasting model based on the Adaptive Neuro - Fuzzy 

Inference System (ANFIS) was developed to assess the 

technical condition of diesel locomotive engines and ensure 

their operational reliability. ANFIS is a robust tool having 

ability of neural network self learning with the advantages  
as fuzzy logic fuzzy and complex system modeling. It 

provides a high degree of accuracy in determining fuzzy and 

nonlinear relationships between parameters [5]. 

The model consists of the next steps: 

- Determining parameters of input: simple 
physicochemical parameters of the engine oil, such as: 

kinematic viscosity, the total acid number (TAN) and the 

content of metal particles (Fe, Cu, Al)) and sediment 

concentration (soot); 

- Decomposition into fuzzy categories: each input 
parameter is represented based on such fuzzy categories as 

“low”, “medium”, and “high”; 

- Formation of the rule base: a set of fuzzy rules of 

the form “If..., then...”, in which the technical condition of 

the engine (for example, good, average, bad) is determined 
based on a combination of parameters; 

- Training of the ANFIS-based model: Through the 

data base available and applying some optimization method, 

trained and optimized ANFIS model has been achieved. 

- Formation of output results: based on new data, the 

technical condition of the engine is predicted by the model. 

The model is based on the Fuzzy Logic Toolbox and 
Neural Network Toolbox libraries of the MATLAB 

program, which allows the user to load data through an 

intuitive interface, configure fuzzy categories, and 

effectively practice the model [6]. 

Figure 1 presents a general representation of the ANFIS 
model proposed here. 

Assessment criteria 

In an attempt to quantitatively evaluate the correctness  

and diagnostic performance of the model, following 

statistical criteria were applied: Mean Squared Error (MSE): 
This criterion is the square of difference between predicted 

model value and observed value of the experiment. The 

lesser MSE is, the more predictive is the model [7].  

Coefficient of Determination (R2 - Coefficient of 

Determination): This criterion gives the degree to which the 
model is able to explain the overall variance. When the R2 

value approaches 1, then the accuracy is high. ROC-AUC 

(Receiver Operating Characteristic - Area Under Curve): 

The performance of the model in terms of classifications  

is measured by the AUC. AUC value varies between 0 and 
1, and the higher the value, the higher the sensitivity and 

proper functioning of the diagnostic model. The results, in 

the case of the AUC above 0.9 are highly sensitive, and the 

diagnostic model functions properly. According to these 

assessments, model accuracy was checked in the scenario of 
training and testing which proved that it yields consistent 

outcomes in a real condition of operation as well [8]. 

 
Fig. 1. Block diagram of the ANFIS model, which assesses the state of the engine based on oil analysis  
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3. Results and discussion  

ANFIS model developed in the course of the research 

proved to be a useful instrument in evaluating the technical 
state of the diesel locomotive engines and malfunctions  

predictions. Parameters contained in the model were chosen 

as iron (Fe), copper (Cu), kinematic viscosity, sediment 

content (hours), and water mixture due to their most 

significant indicators that determined oil analysis. These 
parameters directly reflect the disruptions in the 

performance of tribotechnological processes and functional 

components within the engine [9]. 

The ANFIS model had the following statistical 

indicators that determined its diagnostic accuracy: Mean 
Square Error (MSE) = 0.083 

 R2 = 0.912  AUC=0.95  

These findings show the model is highly accurate and a 

useful method in forecasting. In particular, such indicators  

as viscosity and the content of metal particles (Fe, Cu) give 
a clear picture of the wear conditions and degradation of oil 

properties occurring in the internal parts of the engine. 

During the discussion, the following main observations 

were noted: 

An increase in the amount of sediment may be associated 
with an imbalance in the combustion process, a violation of 

the fuel-air ratio, or wear of the piston rings; 

A rise in the level of iron and copper is a definite 

indicator of wear of the crank shaft, bearing, bed surfaces 

and other parts that move; 
Any reduction in the viscosity to a high extent means that 

the oil has expired and should be replaced; 

The presence of a water mixture indicates technical 

problems in the engine's cooling system[9]. 

Also, unlike classical statistical methods, the ANFIS 
model showed high efficiency in determining fuzzy and 

nonlinear relationships between diagnostic indicators. This 

enables a need-based and continuous and correct 

determination of the engine status in operation conditions. 

In general, the research results have proven that the 
predictive diagnostic model developed on the basis of 

ANFIS is of great importance in extending the reliability of 

diesel engines, increasing operational safety, and optimizing 

maintenance costs [10]. 

Comparative Analysis 
The research results were compared with previously 

conducted scientific developments. For example: 

The diagnostic model developed by Zaharia et al. (2017) 

based on metal elements (Fe, Cu) in diesel engine oil has an 

indicator of AUC = 0.87. 
In the work of Clenci et al. (2018), the root mean square 

error in the neural model based on viscosity and oxidation 

parameters was MSE = 0.14. 

In our study, high indicators such as MSE 0.083 and 

AUC 0.95 were achieved through the integration of several 
parameters (viscosity + Fe + Cu + soot + water) and a fuzzy 

logic-based approach. 

This proves the effectiveness of the ANFIS model in 

complex, fuzzy, and multi-parameter environments  

compared to classical neural networks [11-12]. 

4. Conclusion 

Within the framework of this study, a predictive 

diagnostic approach was developed, aimed at assessing the 

technical condition of diesel locomotive engines and 

increasing their operational reliability. Based on the 

proposed method, engine wear processes were modeled 

using the ANFIS (Adaptive Neuro-Fuzzy Inference System) 

model, relying on the main physicochemical parameters of 
engine oil (viscosity, sediment (soot), metal impurities - in 

particular, the content of iron and copper, as well as water 

concentration). 

The analysis results showed that the recorded changes in 

the oil samples are highly correlated with the technical 
condition of the engine's internal parts, and the intelligent 

model built on the basis of these parameters has high 

accuracy in determining the real operational state of the 

engine. The ANFIS model's root mean square error rate 

(MSE) is 0.083 and the ROC AUC value is 0.95, which 
confirms its effectiveness. This allows the model to be 

implemented in real-time technical diagnostic systems. 

The study has the following major findings: 

The diagnostic method based on oil analysis serves as an 

effective tool as a non-invasive method of technical 
inspection of diesel engines; 

The artificial intelligence approach based on the ANFIS 

model makes it possible to assess the functional state of 

engine components with high accuracy; 

This strategy will play a crucial role in the optimization 
of maintenance period and aversion of technological failures  

as well as operating expenses. During additional work, an 

automated system of diagnosing vehicles is going to be 

developed by modifying the model to a variety of engines 

and increasing the data set, as well as combining it with IoT 
devices. 
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