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Abstract 

The article describes the approach to improving the safety of 

car design, the application of the-diagnosis system artificial 

neural networks (Ann). To solve this problem, in the system 

of self-diagnosis of the vehicle it is necessary to create the 

database with a set of States and to assess the degree of 

influence of each information parameter in the probability of 

transition of the car in any possible state. The use of the ins 

will allow an adjustment of the values of the output signals of 

the object of diagnosis, allowing to carry out, if necessary 

maintenance and repair to ensure safe operation of the vehicle. 
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artificial neural network. 

 

 

INTRODUCTION 

A modern car is a complex system, the components of a car 

presentes a significant number of conflicting requirements. In 

the design tasks safe design of new vehicles and 

modernisation of existing, as well as in the justification of 

operational parameters of the movement, the necessary 

mathematical models, reflecting main properties of the vehicle 

as the control object, and allows to predict the response and 

behavior of the car on impact of the external environment and 

the impact of the driver side. 

Theoretical studies for adjust the security settings of the car 

design at all stages of its design and debugging, making the 

necessary changes to the adopted technical solutions is carried 

out using the procedures of computer simulation. 

The design feature of a modern car is a significant number of 

different electronic control units, the functioning of which has 

an additional impact on the safety of its operation. 

Under control and diagnostic monitoring of electronic control 

units (ECU) of the vehicle currently runs not only the engine 

management system, but also the automatic transmission 

control system of tractive and braking effort, airbags, other 

systems of active and passive safety. ECU entered in the 

adaption function that can "fine-tune" the database state of the 

managed system and control program in accordance with their 

current status. 

Self-diagnosis system of a vehicle checks the level of the 

signals to ECU their reference analogs stored in memory. If 

the signal level falls outside the specified limits, the ECU 

interprets this as a malfunction and stored in memory. These 

messages can be recalled from memory as "DTC." After 

removing these codes provide important information for 

diagnosing the vehicle. 

Self-diagnosis system of the vehicle has not yet reached such 

a level that would ensure 100% security failure detection. For 

example, the DTC may not appear in cases when any of the 

sensors or States of the software are not provided equivalent 

treatment information. 

Neural network technologies are designed to resolve difficult 

formalized tasks, which, inter alia, reduced many of the 

problems of diagnosing the technical condition of the car. 

This is due to the fact that the researcher often provide a large 

number of diverse factual material that is not yet a 

mathematical model.  

One of the most convenient tools for solving such problems is 

artificial neural network – a powerful and flexible method of 

simulation of processes and phenomena. 

 

APPLICATION OF ARTIFICIAL NEURAL 

NETWORKS 

Research methodology the application of artificial neural 

networks in the system of self-diagnosis of vehicles, to 

improve the safety of their design. 

Currently, the implementation of artificial neural networks of 

software and hardware are created by specialized models and 

devices. Camera ins allows to solve a wide range of 

objectives-diagnosis of the vehicle on the basis of application 

of algorithms of pattern recognition. 

The distinctive property of neural networks is their ability to 

learn using the experimental data of the subject area. In 

relation to the system self-diagnosis vehicle experimental data 

is presented in the form of multiple source characteristics or 

parameters of the object and provided on the basis of their 

diagnosis, the accuracy of which is 100%. [1] 

The neural network training is an interactive process in which 

the neural network finds the hidden nonlinear dependencies 

between input parameters and final diagnosis, as well as the 
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optimal combination of weight coefficients of neurons that 

connects adjacent layers in which the error of determination of 

the final diagnosis tends to a minimum. The advantages of 

neural networks include their relative simplicity, nonlinearity, 

fuzzy information, minimum requirements for input data, the 

ability to learn on the basis of specific examples. In the 

learning process to the input of the neural network is fed the 

sequence of initial parameters along with the diagnoses that 

these parameters characterize. [2, 3] 

For training the neural network it is necessary to have a 

sufficient number of examples for configuring the adaptive 

system with a given degree of certainty. If the examples 

belong to different diagnostic groups, and the number of such 

groups to discover the elements of the vehicle, thus a trained 

artificial neural network allows for the later to recognize and 

to compare the diagnoses of almost any new case, provided 

that the set of indicators similar to those on which the training 

of the neural network. The advantage of neural model is that 

when its establishment is not necessary to submit the entire set 

of complex patterns describe the diagnosed phenomenon. 

However, with the use of neural networks in practical 

problems associated with a number of difficulties. One of the 

main problems of neural network technology application is 

unknown in advance the degree of complexity of the designed 

neural network, which should be enough for a reliable 

diagnosis. [4, 5] 

For artificial neural networks there are different approaches to 

their formation and concepts of their learning. Their choice is 

based on characteristics of the task that will be solved with the 

help of the ins. So with the help of Ann to solve problems of 

various kinds, such as pattern recognition, prediction, function 

approximation etc. 

The task of improving the safety design of the vehicle based 

on the mathematical apparatus of artificial neural networks is 

formalized through a task of pattern recognition. The data 

about the forecast variable for a certain period of time, which 

form the image, whose class is determined by the value of the 

predictable variable at some point in time outside the interval, 

i.e. the value of the variable using prediction interval. [6] 

The method involves the use of two time intervals (Windows) 

Wi and Wo of fixed sizes X and Y respectively. These 

Windows are capable of moving incrementally, starting with 

the first element, and is designed to access a database of 

parameter values obtained from the survey ECU system self-

diagnosis of the vehicle, with the first window Wi, having 

received such data, transmits them to the input of the Ann, and 

the second Wo - out. The result of each step is the pair used as 

an element of training sample (a recognizable image or 

observation). 

Wi → Wo                                                 (1) 

Each next vector is obtained by shifting Windows of Wi and 

Wo for a fixed interval (time or mileage). 

Assumes the existence of hidden dependencies of the obtained 

values of the parameters when polling the ECU-diagnosis 

system of the vehicle, the components of the database as a set 

of observations. 

Neural network learning from these observations and 

accordingly adjusting their odds, tries to extract regularities 

and form the result is the desired function of the system state. 

For the design of the learning process, it is first necessary to 

have a model of the external environment in which a neural 

network operates, i.e., to know the available network 

information. This model defines the paradigm of learning. 

Secondly, it is necessary to understand how (which algorithm) 

is neccesury to modify the weight parameters of the network, 

i.e., which learning rules govern the process settings. The 

learning algorithm means a procedure in which learning rules 

are used for tuning the weights of connections between 

neurons. 

The effectiveness of training multilayer neural networks 

depends on the number of layers, the number of elements in 

the hidden layers of the neural network and the initial weights. 

Different initialization of the weighting coefficients of the 

neural network can lead to different solutions to the problem. 

An important role is played by the size of the randomly 

initialized synaptic connections. It is recommended to choose 

the values of weight coefficients randomly, which have the 

following order: 

                                          (2) 

where n (i) - the number of neural elements in the layer i. 

 

A major role for effective learning is played by the 

architecture of the neural network. The dimension of the input 

and output layers of the neural network is determined from the 

conditions of the problem or the training sample.  

As was proved in [8, 9, 10], using three-layer neural network 

can approximate any function with arbitrarily desired 

accuracy. The accuracy of the approximation depends on the 

number of neurons in the hidden layer. The greater the 

number of neural elements in the hidden layer, the greater the 

accuracy. 

Control of the technical condition of the car's systems in the 

process of polling the ECU system self-diagnosis is performed 

using a neural predictor.  

The neural predictor is a mathematical model based on 

artificial neural network, which performs a prediction of the 

output vector of the system state on the basis of available 

information about its previous state one step forward. 

To use the neural predictor must be trained on the data 

obtained when the diagnosis serviceable ECU in their work in 

various dynamic modes. When training a neural network 

approximarely the functional relationship between inputs X 

and output Y. 

As an example, [6], the input signals are voltages obtained in 

the ins sensors and the ECU, and additionally the same 

signals, detained for some time. Output is predicted one step 

an electrical signal from the sensors and ECU. 
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After training, the neural predictor is connected to the system 

self-diagnosis vehicle. The prediction accuracy of the 

predictor depends on the training time, the amount and quality 

of training samples.  

The normal ECU output signal of the predictor is almost 

identical with the actually measured signal from the ECU, and 

in the event of a malfunction occurs the misalignment Δ. 

The magnitude and sign of the error and rate of change of the 

magnitude of the error evaluation of the technical condition of 

sensors and a vehicle ECU.  

Thus, the proposed method of improving the safety design of 

the car based on application of artificial neural networks in the 

system of self-diagnosis, allows to provide the performance 

due to parallel processing of streams of diagnostic data from 

various components, assemblies and systems, and improving 

the reliability of the diagnosis of the condition of electronic 

systems. Including through the use of to predict individual 

information about previous States of the system of a particular 

vehicle. 

 

INSIGHTS 

The proposed method allows to fully utilize the entire volume 

of the diagnostic information accumulated in the system of 

self-diagnosis of the vehicle to increase the effectiveness of 

the system of technical maintenance and repair. 

 

CONCLUSION 

The use of neural network technologies in the operational 

control of technical condition of electronic equipment to 

improve the safety design of the car has prospects of 

implementation. 
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