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Abstract: Because of the product variety and structure complexity of automobile, the traditional diagnosis
teclnologies were difficult to meet the requirements of fault detection and maintenance. In order to unprove the
diagnosis and mamtenance level of automobile faults, the application of neural network technology in expert
system of automobile fault diagnosis was studied. The basic concepts and methods of fault diagnosis expert
system were introduced and neutral network model and BP algorithm were analyzed. The structure of neutral
network expert system was brought forward and the key technologies were discussed, including knowledge
acquisition, knowledge representation and inference mechamism. Taking the case of abmormal noise of
automobile engine, the typical fault phenomenon of abnormal sound were analyzed in detail, an automobile fault
diagnosis expert system based on three-layer neutral network was designed and implemented. The experimental
results showed that the sample output corresponded to the expected output within the error range, the system
was reliable and the requirement of mtelligent fault diagnosis was achieved.
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INTRODUCTION

Currently, the total number of vehicle in China is
increasing very rapidly, the automobile models are
complex, the types are diverse, the internal structures are
complicated and the faults are various which are difficult
to be found. Many automobile maintenance enterprises
cannot repair the faults or meet the maintenance needs
due to lack of techmcal guidance of experts. In order to
mnprove the utilization rate of vehicle and reduce the
economic losses, the users want to have convenient
vehicle fault detection methods and understand the
real-time usage states (Zhu et al., 2010).

The expert system 1s one of the most important and
active application areas of artificial intelligence which
develops from 1960s (Liao, 2003). Tt is an intelligent
computer program based on knowledge, using expertise
of expert to solve particular complex problems in certain
fields (Liu and Tiw, 2003). After many years of
development, a variety of expert systems have been
emerged around various professional fields, they have
been widely used and developed further mn application
(Cao, 2004). Tt has several characteristics, including
heuristic, transparency and flexibility (Zhang and Zhang,
2010; Zhang, 2011).

The expert system of automobile fault diagnosis can
simulate diagnosis ideas of maintenance experts to find
and remove automobile troubles (Chen et al., 2003). The
system mainly uses the build-in-vehicle sensors to obtain
fault mformation of electromcs control units. It makes use
of artificial intelligence algorithm to process the obtained
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comprehensive fault information, analyzes the causes of
failures and feedbacks the analysis results to the users.

The fault diagnostic objects include engine, chassis,
electrical equipment and so on (Yue et al., 2011). Fault
diagnosis 18 an important application direction of artificial
intelligence n automotive mdustry and it 1s the product of
collaboration of field experts and engineers.

At present, there are several models for automobile
fault diagnosis expert system, including rule-based
diagnosis expert system, mstance-based diagnosis expert
system, behavior-based diagnosis expert systems, fuzzy
logic-based diagnosis expert systems and artificial neural
network-based diagnosis expert system. Although the
research of fault diagnosis expert system for automobiles
has made some progresses but it still cannot fully replace
the thought process of experts. Tt is necessary that the
system should cooperate with experts in fault diagnosis
field to obtain satisfactory diagnostic results.

The shortcoming of automobile fault diagnosis expert
system is mainly focused on weak knowledge acquisition
ability and insufficient system knowledge. Wherein, the
former 1s the biggest obstacle which restricts its
usefulness and development. In recent years, researchers
look for other ways to address the lack of expert systems
(X1, 2009). The mmportant development trends of
automobile fault diagnosis expert system
networking, intelligence and integration
(Zhang et al., 2008).

The automobile mtelligent fault diagnosis expert
system 18 the demand and inevitable trend of the rapid
development of automobile industry. Introducing the
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neural network technology into the automobile fault
diagnosis expert system in recent vears is an important
development direction of automobile research and
technology. From the theoretical study and practical
application point of view, the fault diagnosis system
based on neural network has unique advantages in
knowledge acquisition, lknowledge representation,
reasoning, learning ability, fault tolerance and so on
(Men and Wang, 2007).

On the basis of analyzing the characteristics of expert
system, the automobile fault diagnosis expert system
based on neural network is designed and realized in this
study and the intelligent fault diagnosis is implemented
which can provide facility for discovering and removing
the faults of automobile and the system has certain value
in practice.

BP NEURAL NETWORK

Neural network is an information processing system
or a computer system based on the imitation of the
structure and function of human brain. Neural network
has strong capabilities of learning, memorizing and
various intelligent processing which has been widely
used in automatic control, artificial intelligence, pattern
recognition, fault diagnosis and other fields.

Structure of neural network: Neuron is the basic unit of
neural network which can be regarded as a multi-input
single-output nonlinear device and its internal state is
determined by the weighted sum of the input signals
(Li, 1999). Neural network consists of many neurons
which are arranged in layers. According to their
connection methods, from the functional point of view,
the neural network is divided into two types, feed forward
network and feedback network.

Feed forward neutral network: Feed forward network is
the most common type which system structure is shown
in Fig. 1. Each neuron in the network receives the inputs

Fig. 1. System structure of feed forward neutral networlk
with three layers (x, is input, y, is output and
hidden layer has ¢ nodes)
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of previous level and output to the next level, the network
has no feedback. The network nodes are classified into
two categories: Input umit and calculating umt Each
calculating unit may have any number of inputs but only
one output. Usually, the feed forward network can be
divided mto different layers. The inputs of layer 1 are only
comnected with the outputs of layers 1-1. The nput and
output nodes of system are connected to the outside,
while the other intermediate layers are called hidden
layers. All layers constitute a strong learmng system
which structure 1s simple and easy to be programed. From
a system point of view, the feed forward networl is static
non-linear mapping. Most of feed forward neural networks
do not pay attention to the dynamic behavior of the
system. Their capabilities of classification and pattern
recognition are stronger than other types of neural
networks.

Feedback neutral network: Feedback neural network 1s
also known as recursive network or regression networl.
In the feedback network, the input signal determines the
iitial state of the feedback system. After a series of state
transitions, the system gradually converges to an
equilibrium state. Tt follows that the stability of the
feedback network is one of the most important issues. All
nodes of feedback neural network are calculating nits.
They can not only recewve the inputs but also output to
the outside.

BP neural network: The artificial neural networks are
widely used mn pattern recognition and other fields and
the most used one is BP neutral network (Wu et ai., 2008)
which 1s a multilayer feed forward network and can be
used in fault diagnosis fields. Usually, the action function
of neurons mostly 1s Sigmoid function With its
conductivity, the leases mean squares learning algorithm
is introduced, that is, in the learning process of neural
network, the error between actual network output and
deswed output spreads backward when correcting
connected strength to minimize the mean square value of
error (Jiagiang, 2006).

Calculation of forward neural network: In the neural
network shown in Fig. 1, assuming that there are M input
nodes, L. output nodes. There is one hidden layer which
contains q neurons 1 the BP network. In the learning
phase of traming network, supposing that there are N
training samples, the input X, and output d, of the sample
p are selected to train the network, the inputs and output
of neuron 1 of the hidden layer are, respectively shown in
Eq. 1 and 2 under the function of p:
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(1)

M
net =net, = » w0,
1

(2)

o, =f(net,)

where,w, the link weight; O, the output of node 1, f{.) is
Sigmoid function.

The differential of output function is gotten, as
shown in Eq. 3:

F'(net, )= F(net, ) [ 1-F (net, } | =0, (1-0,) (3)

By the weighted coefficient, the output O; is
transmitted forward to the neuron k of the output layer,
serving as one of its inputs. The mputs and output of the
neuron are respectively gotten, as shown in Eq. 4 and 5:

“4)

q
net, = > w0,
i=1

o, =f(net,) (5)

If the output is not consistent with the desired
output d, of given mode pair, then the error signal is
propegated back from the output side and in the
propagation process, the weighted coefficient is modified
constantly until the neuron of output layer gets the
deswred output value (Gong and Wang, 2012). After
adjusting the network weight of sample p and then
another sample pattern pair is undergone a similar study
process until the trainings of N samples are implemented.

Adjustment of network weighted coefficient: For each
sample p, a quadratic error function is introduced, as
shown in Eq. 6:

s 2
EZ Ay —0p)

k=1

(6)

1=

Then, the total error function of all N traming samples
is obtained, as shown as Eq. 7:

1
2

(7

=]

It is modified in the direction of error function I,
decreasing until the satisfactory weighted coefficients are
obtained.

The correcting formulas of weighted coefficient of
input layer and hidden layer are respectively gotten, as
shown in Eq. 8 and 9:
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(8)

Aw = ndo,

o)

L
Aw, =m0, (1-0)(3>" 8w, )o,

k=1

where, 1) is learning rate and 0<r).

The correcting formulas of weighted coefficient of
arbitrary neuron k of input layer and hidden layer are
respectively shown in Eq. 10 and 11 under the function of
sample p:

w4 D =w, (k) + 8,0, + efw, (k) -w,k-1] (10

w,(k+ 1) = w, (K)+ 13,0, + ofw, (&) - wyk—1] (11

where, « 1s mertia coefficient and O<cl.
In summary, the leamming process of weighted
coefficient 1s as follows:

All weighted coefficients are mitialized and set to
small random numbers

The traming set is provided and the values of nput
vector X, and the desired output vector d, are given
The error between the expected network output and
the actual output 1s calculated

The modified value of weighted coefficient of output
layer 1s computed and the weighted coefficient is
adjusted

The modified value of weighted coefficient of hidden
layer 1s computed and the weighted coefficient is
adjusted

Retum the step (3) and recalculate the values until
the error meets the requirement of system

FAULT DIAGNOSIS EXPERT SYSTEM BASED ON
NEURAL NETWORK

Expert system 1s based on logical reasoning, going
through knowledge acquisition, knowledge
representation, knowledge reasoning and other stages
and it should take long time. Neural network simulates
human brain to achieve artificial mtelligence and respond
from a large number of captured events. Expert system
and artificial neural network represent two complementary
ways, combining the two methods together can play their
unique capabilities, construct more powerful and practical
artificial intelligence application systems and solve the
problems that cannot be solved by expert system or
neural network alone.

Structure of neural network expert system: The basic
structure of neural network expert system 1s shown in
Fig. 2. Tt can automatically obtain the module input,
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Uiser Nerual l Exiert
System Network Leaming Learning
interface structure algorithm example
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Interpreter ——P|  Knowledge base
Inference engine

Fig. 2. Basic structure of a typed neural network expert
system

organize and store learning examples provided by experts.
Selecting neural network architecture and calling learning
algorithm of neural network can acquire knowledge for
knowledge base. When a new learning instance is input,
the knowledge acquisition module automatically gets new
distribution of network weights to update the knowledge
base by studying new instances.

Knowledge acquisition based on neural network: The
knowledge acquisition of neural network is to make the
system output be as much as possible with the same
answer given by experts in the same conditions of mnputs,
so that the network has similar capabilities to solve
problems with the domain experts. That is, the neural
network has expert knowledge and its intelligent behavior
in biology 1s likely to show the changes of connected
weights between neurons (1.1, 2006).

The knowledge can be formalized as specific
examples and the neural network is easy to gain access to
such knowledge. Firstly, the model and the network
topology are determined, according to the selected
learning algorithm and then the network can learn from the
samples. By learning it adjusts the weights of neural
network and acquires knowledge. Multilayer feed forward
neural networl model is typical with supervised training.
After the normalized processing, the numerical sample
sets are constructed. In the learming process, according to
the error between actual output value and the desired
output of newral network, the networle weights are
adjusted. The network reaches steady until the mean
square of error is less than a predetermined minimum
value. Tn this case, the neural network has gained
knowledge from the experience and stores them in the
network.
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Knowledge representation based on neural network:
There are two main ways to express knowledge in neural
network.

The first method 15 to translate the expert experience
torules and express expert knowledge by production rules
which are stored in knowledge base. The basic form of
production rule 18 A B, or, IF A THEN B. The condition
A is the premise of production rules, indicating that this
rule 1s available and the result B 1s a set of conclusion or
actions, indicating that the conclusion or operation can be
gotten when the conditions indicated by A are met.

Another way is to train the neural network through
historical data or experience which summarizes the new
diagnostic rules, expanding the contents of knowledge
base to make it have self-learning function. Tt is a
prominent feature of fault diagnosis expert system based
on neural network (Tiang and T, 2004).

Inference mechanism based on neural network: The
inference mechanism of fault diagnosis expert system
includes three kinds, namely direct reasoning, back
reasoning and mixed bidirectional reasoning. The fault
diagnosis expert system based on neural network
generally uses direct reasoning. The neural network
system relies on a trained network to compute, starting
from the imtial state, forward reasoning, until the target
state 1s obtained. The essence of this reasoming method
is the forward calculating process. That is, taking the
known symptom vector as the input pattern, the network
output mode and fault vector can be calculated through
network calculation (Cui ef al., 2003).

Comparing with the traditional fault diagnosis expert
system, this direct reasoning process of neural network
expert system has some advantages, such as rapid
reasoning, overcoming conflict and so on.

DESIGN OF AUTOMOBILE FAULT DIAGNOSIS
EXPERT SYSTEM BASED ON NEURAL NETWORK

The fault diagnosis expert system based on neural
network can identify the fault type of device, as long as
the network 1s tramed by different types of traming
samples. The network can be able to monitor the new
input information quickly and determine the failure type of
certain equipment.

Failure mode analysis of engine abnormal sound: After
long-term usage, along with the increase of mileage, the
technical conditions of automobile gradually deteriorate
which can be usually characterized by abnormal sound,
fluid leakage, overheating, power drop, excessive fuel
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Table 1: Codes and fault phenomenon of abnormal sound of automobile

engine
Code Fault phenomenon
X Obvious abnormal sound of idle speed

X;  Obvious abnormal sound of higher idle speed

¥;  Obvious abnormal sound of medium speed

X,  Obvious abnormal sound of higher medium speed

x5 Obvious abnormal sound of one-off accelerating of medium speed

Xs Obvious abnormal sound of continuous accelerating

x;  Obvious abnormal sound of stepping on the gas at low speed

X3 Obvious abnormal sound of oil filler

¥y Obvious abnormal sound of left and right of engine

X;g  Obvious abnormal sound of juncture of tank bottom and cylinder

¥y Obviocus abnormal sound of bottom of oil pan when accelerating

X;;  Obvious abnormal sound of upper or top of cylinder

%3 Body shakes when accelerating

¥4 Obvious abnormal sound when low temperature

%5 Abnormal sound reduces or disappears when single cylinderis  cut
off

¥y Abnormal sound is clear when single cylinder is cut off

X3 Abnormal sound reduces or disappears when adjacent cylinder is
cut oft

% (i=1, 2,..., 17) indicates the fault phenomenon for abnormal sound of

engine

consumption, body vibration and so on. The failures of
automotive mechanical system are based on abnormal
noise (Huang, 2008). The engine is a complex device
which noise in motion has a variety of reasons. The
abnormal sound can prompt that the engme may have
fault which contains a wealth of meaning (Zhang ef al.,
2012).

This study designs an automobile fault diagnosis
expert systemn based on neural network by making the
abnormal sound of engine as an example. The noise 1is
generated by vibration or sound waves of some parts of
the engine. Tt means that the faults occur if the engine has
abnormal sound. The commeon abnormal sounds of engine
mclude piston cylinder knocking, piston pin knocking and
connecting rod bearing knocking, crank bearing knocking
and so on. They are identified as the codes y,, V., ¥s ¥is
which correspond 17 fault phenomenon (Xiao, 2001), as
shown in Table 1.

Establishment of automobile fault diagnosis neural
network: The size of the neural network 1s determined
based on the abnormal sound and fault phenomenon of
automobile engine. According to the previous analysis, a
three-layer BP neural network is selected and there
are 17 nodes in mput layer and 4 nodes m output layer.

The choice of node number of hidden layer 1s more
complex. Too few nodes cannot well train the network and
recognize the previously studied samples and fault
tolerance 1s poor; too more nodes need too long learning
time and the error 1s not necessarily smallest. Therefore,
there is an optimal node number in hidden layer (Li et al.,
2001). According to experience, the node number of
hidden layer 15 given, as shown in Eq. 12:

Table 2: Fight training sarmples of fault phenomenon of abnommal sound of
engine for BP neural network autormobile fault diagnosis expert
systern

Sample

COoOHOOO0O0O0OCOOODD (W
—FS O o OO0 OROO 00— —|w
[ R R R R e R < = N e k=R =1 )
[ R R R R e R < e = R == [
OCHOoOCOFROO0OCOOODHOO|

1
1
0
0
0
0
0
0
Xg 0
0
0
0
1
0
1
0
0
1

OH O OO O OO O R O OO~ O|R

—
<
—
—
<

8
0
0
1
1
0
1
0
0
1
1
1
0
1
0
1
0
0
o

% (=1, 2,..., 17 indicates the fault phenomenon for abnormal sound of
engine

Table 3: Eight outputs of training samples of abnormal sounds of engine for
BP neural network automobile fault diagnosis expert system

Output 1 2 3 4 5 & 7 g
Vi 1 1 0 0 0 0 0 0
v, 0 0 1 1 0 0 0 0
v, 0 0 0 0 1 1 0 0
Vs 0 0 0 0 0 0 1 1

v (i=1, 2, 3, 4) indicates the abnormal sounds of engine

Table 4:  Actual output of BP neural network when training samples are

input

Qutput ¥i ¥ ¥ Ya

1 1.0009 -0.0004 -0.0011 0.0013
2 1.0010 -0.0028 -0.0005 -0.0011
3 -0.0013 0.9976 0.0019 -0.0011
4 0.0008 1.0012 -0.0027 0.0004
5 0.0030 -0.0079 0.9956 -0.0039
6 -0.0067 0.0071 0.9992 0.0027
7 -0.0081 0.0149 -0.0040 1.0062
8 0.0079 -0.0171 0.0023 0.9950

v (1=1, 2, 3, 4) indicates the abnormal sounds of engine
nzz,fn1+n3+a (12)

where, n; is node number of input layer; n, is node
number of output layer; ¢ 18 adjusted value which range
15 [1, 10] (Wet and Zhang, 2001). By comprehensive
consideration, n, is set to 7 in this expert system.

Sample selection of neural network: Based on the
situation of fault diagnosis, the traming sample and the
output can be gotten, as shown in Table 2 and Table 3.

Training results and analysis: In this automobile fault
diagnosis expert system based on BP neural network, the
training error is set to 0.001, the training samples are input
into the system program and the test results can be
gotten, as shown in Table 4.

As can be seen from Table 3 and 4, the actual output
and the deswed output values have relatively good
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102 Training for 108 epochs

10°

Sum-squared error

] ] ] ] ] ] ] ] ] ]
0 10 20 30 40 50 60 70 80 90 100
Epoch

10

Fig. 3: Relation between learning error and training
epochs when mputting the traimng samples mto
the system

matching degree, so that this automobile fault diagnosis
method based on BP neural network has high accuracy
and reliability.

The relation between learning error and training step
1s shown in Fig. 3. It can be seen that when the traiming
process reaches 108 steps, the error accuracy is to meet
the requirement of fault diagnosis. Further, when the error
requirement changes it can be found that the traming step
and time change correspondingly. For instance, if the
required training error 1s smaller, the traimng tume 1s longer
and the training step is more. The results also show that
the network has strong diagnosis functions if there are
enough training samples.

CONCLUSION

On the basis of analyzing the features of automobile
fault diagnosis expert system and the methods of neural
network analysis, an automobile fault diagnosis expert
system based on a three-layer BP neural network is
designed and realized by making the abnormal noise of
automobile engine as example. The experiment simulation
results show that this method can automatically diagnose
and reason and has strong diagnosis functions. The
diagnhostic results are inaccordancewiththe expectations.
The system has good fault tolerance, feasibility and
stability and 1t has certain application value.

It should also be noted that there is contradiction
among the error of neural network, traiming time and
training step. Especially in the specific applications it
requires more consideration to let the fault diagnosis
expert system achieve better application results. In
addition, inthematterof failure modes of automobile, the
system needs more expert knowledge to form a complete
knowledge base. Tt should be continually improved in the
latter practical application and finally the truly practical
automobile fault diagnosis expert system can be achieved.
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