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Abstract: The structure of marine engine room system is complex, with many fault sources and abundant symptom
parameters. There is no simple correspondence between faults and symptoms, but they are interrelated and intricate. The
existing fault diagnosis of ship engine room is mostly based on expert system, but the bottleneck of knowledge acquisition,
lack of learning ability and the complexity and efficiency of the expert system are restricting its further development. In
order to overcome the above shortcomings of expert system, the support vector machine (SVM) is introduced into the
expert system, and the support vector machine (SVM) is used to solve the problem of small sample self-learning ability
and high-dimensional space self-adaptation ability. The expert system is used to achieve the automatic knowledge
acquisition and rapid logical reasoning. Knowledge base management and maintenance, symbolic reasoning and related
explanations, and give full play to the advantages of both SVM and expert system. Finally, the fault diagnosis of marine
diesel engine booster system is introduced as an example. The MATLAB Script is used to call the MATLAB SVM analysis
toolkit, and the combination of SVM and expert system is used to diagnose the fault.
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INTRODUCTION

With the development of computer technology and the continuous improvement of the level of ship automation, ship
automation technology to the ship integrated automation phase of development, all kinds of navigation, monitoring,
management system used in ships. In the ship automation, the cabin automation system is the power system and auxiliary
system "heart", it mainly consists of host remote control system, host safety protection system, engine room monitoring
alarm system, power station automatic control system, and pump, fan, main and auxiliary boiler automatic Control and
other system components [, It has a direct impact on the safety, maneuverability and reliability of the ship's navigation.
The main equipments such as generator, generator, rudder, clutch and air compressor play an important role in the normal
navigation of the ship, Real-time understanding of the cabin in the main auxiliary, generators and other equipment, patrol
management and control is very important 2],

The purpose of this paper is to build a monitoring and fault diagnosis system based on LabVIEW in the virtual instrument
technology environment. It can monitor, alarm and diagnose the engine room and remote transmission of the data, and
focus on the support Vector Machine Fault Diagnosis Expert System and Its Application in Actual Diagnosis.

1 Virtual Instrument Overview

1.1 The Concept of Virtual Instrument

Virtual Instruments is an important new technology in Computer Aided Testing (CAT). It refers to the microcomputer as
the core, the computer and measurement system integration in one, with computer software instead of the traditional
instrument of some of the hardware functions, with a computer display instead of the traditional instrument physical panel
measuring instruments.

1.2 The System Structure of the Instrument

The virtual instrument mainly includes the hardware system constitution and the software system constitution.

1.2.1 The Hardware System of Virtual Instrument

Virtual instrument hardware system is generally divided into computer hardware platform and monitoring and control
functions platform. The computer hardware platform may be any type of computer. As shown in Figure 1, the virtual
instrument system hardware 31,
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Figure 1 Virtual instrument hardware system structure

1.2.2 The Software System of Virtual Instrument
Usually, the virtual instrument system software structure is divided into four levels [, as shown in Figure 2.
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Figure 2 Virtual instrument software system

2 Engine Room Monitoring System and Function Module Design

2.1 Design of Cabin Monitoring System

The original signals of the operating states of the components in the engine room are processed by multiple data
acquisition modules (according to the economy, high frequency and low frequency, using different channels, synchronous
or roving mode) configured in the programmable automatic controller, and processing results through the CAN bus, sent
to the engine room control room computer system, from the "state monitoring and fault forecasting" system analysis and
the results show. At the same time, the field bus will also send this pretreatment data to the bridge cab computer system,
and the control room of the computer system analysis results are sent to the cab, the principle can be seen in Figure 37,
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Figure 3 Schematic diagram of the engine room monitoring system

2.2 The Hardware Part of the System

System in the choice of hardware to take full account of the cabin-specific work environment, the choice of high-
performance, high stability of the hardware equipment, taking into account the rapid and accurate requirements. The
hardware part consists of sensor, data acquisition device and computer.

Cabin monitoring system hardware (network system) includes three nodes: the cabin site, cabin control room and cab.
From the point of view of improving the reliability of the system, the on-site node of the engine room can adopt the
redundant way, two sets of identical systems work at the same time, carry on hot backup with each other, and switch
when necessary (oneself fail).

2.3 The Software Part of the System

The software of the system is divided into three parts according to the network nodes: pretreatment of the field data (in
the conversion box), analysis of the operating status of the cabin and expert system of fault forecasting (the control room),
the operating status of the cabin and the result of the fault forecast of the display (cab to achieve).

Modular programming design, through the division of functional modules, the design of the data flow between the various

modules as shown in Figure 4.
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2.4 System Software Functions

2.4.1 System Program Flow

System software program flow shown in figure 5 After user authentication, you can enter the monitoring interface, if the
administrator can choose to configure the system parameters and some data to be updated. The system does not interrupt
the different sampling data (switch, analog, etc.) for the corresponding analysis, processing, processing results stored in
the system database on a regular basis, while the collection time for the file name to save the collected sample data.
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Figure 5 Software program flow chart

2.4.2 Design of Data Acquisition Program Based on LabVIEW

The data collection function is realized by using some function sub-modules in DAQmx-Data Acquisition in LabVIEW
function module. The program adopts sequential structure, which includes sampling frequency setting, physical channel
definition, sampling timing selection, acquisition task start, Acquisition results read and store a few steps.

3 Signal Feature Extraction and Analysis Based on LabVIEW

3.1 Signal Amplitude Domain Analysis

Through signal amplitude domain analysis various amplitudes of various dynamic parameters can be obtained (such as
peak and RMS values and average, etc.), as well as various statistical parameters (probability density function, probability
distribution function, etc.). Normally, these parameters include dimensionless and dimensionless quantities.
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Introduced the dimensionless amplitude parameters, which are insensitive to the amplitude and frequency of the signal,
they have little to do with the operating conditions of the machine and are sufficiently sensitive to the fault. Commonly
used dimensionless parameters are defined as follows [10-12];

(1) Peak value

X= max|x(f) (1)

(2) Absolute value
= _ 1 o7 )
XP = ?L ‘_\(!)‘d{

(3) RMS
1 (1 ! ’
X, :[?L Ix(r)[-dr) (3)

(4)Skewness

o0

a, = J xap(_x)(ir (4)
(5) Kurtosis
a,= f x* p(x)dbx (3)

In the equation x(t) is the time course of the signal; 7'is Sampling period; p(x) is probability density function

(6) Kurtosis factor

o
F=—% (6)
g,
(7) Pulse factor
I= _L {7}
A .
(8) Peak factor
pu

In the equation, X, is the effective value.
1

I X (Ndr

X, =|t— 9
1

(9) Waveform factor

K — _.f‘.IHS (10)

The extraction of the characteristic parameters and the fault diagnosis are closely related.

Table 1 shows the sensitivity and stability comparison of the amplitude parameter to the fault.
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Table 1 Sensitivity and stability of the amplitude parameters

Amplitude
domain Sensitivity Stability
parameter
Waveform index Bad Fine
Peak index General General
Pulse index Better General
Amplitude domain
parameter Sensitivity | Stability
Margin index Fine General
Kurtosis index Fine Bad
Root mean square Poor Better
value

As shown in figure 6 is the host injector failure fuel injection pressure waveform display and characteristic parameter
extraction, margin index close to 1, the pulse index is greater than 2, the engine personnel can use the system to provide
fault diagnosis using these results on the fault diagnosis
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| t/ns
Variance Kurtosis Inelination Peak factor
1.005 6,591 1.001 1,901
Foot amplitude Waveform factor Pulse index Clearance factor
6,201 0.852 2,335 0,902

Figure 6 Waveform of oil injection pressure and feature extraction

3.2 Wavelet Analysis
For some signals or in the fault diagnosis, it is necessary to analyze the time and frequency domain of the signal at the
same time to judge the time and frequency region of the fault.

3.2.1 Continuous Wavelet Transform
Let x (2) be a square integrable function (denoted as x (¢) € L2 (R)), and v (2) be a function called a basic wavelet or mother
wavelet.

WT (a,7)= j; fx(f)w”(f_ar)df =(x(0),w,. (1)) (11)

Then wavelet transform of x (t)is performed. Where a > 0 is the scale factor, T reflects the displacement, the value can be
positive or negative. The sign Q represents the inner product, which means that (superscript * represents the conjugate)

(12)

Where X(20) € (1) < (1 —k):k €2> s based on wavelet displacement and scaling. In Equation (11), t, a, T, are
continuous variables, so they are called continuous wavelet transform (CWT). The frequency domain
representation of wavelet transform is:

WT (a,7)= £J X( (ﬂ)}lpli{um}e-‘“’""cim (13)

2r

X(w) ., ¥(w)

In the formula, are respectively the Fourier transform of x(t)and v (t).
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3.2.2 The Definition of Discrete Wavelet Transform

. . . . . <x(t),v(t)>= | x(t)y*()dr . . L
After the one-dimensional signal x (t) is wavelet transformed into ’ -[ v its information is

redundant. Therefore, from the point of view of compressed data and saving computation, it is desirable to calculate the
wavelet transform under some discrete scale and displacement values without loss of information. Current approach
is to scale the power series by 2 for the discretization. The corresponding wavelet function is
.
27w [29(t—17)1,j=0, 1,2, ..., where a=2°21,22,...,2.Atacertain j value, 7 =2i%0

(The selection of toshould meet the Nyquist sampling rate requirements).So Wa: (t)can be rewritten as discrete:
—i/2 i . 14
wo()=27" (27 k) j=12.. keZ (14)

For convenience, usually for the t axis for normalization, that is, take to= 1, the simplification of the above
equation:
waltl=2—ji/2yw(2—j-k)

(15)

The corresponding wavelet transform is:

T .l'.k1=-[.'rlf:l;.:-r“‘.»1h'|.£.|'r [ 16

The above equation is called "discrete wavelet transform"(DWT).

3.2.3 Realization of Wavelet Transform in LabVIEW
We use wavelet to predict the signal, denoise and extract the weak signal. When the conditions permit, we use the Wavelet
Analysis of LabVIEW. As shown in Figure 7.
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Figure 7 Analysis of the trend of the results of wavelet analysis

Figure 8 shows the results of denoising the pressure of the generator high-pressure tubing with noisy signals. From the
obtained results, the signal after wavelet denoising is clearer and smoother, and it is more widely used in practice.
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Figure 8 Wavelet denoising results

3.3 Signal AR Spectrum Analysis

3.3.1 Definition of AR Spectrum

Time series analysis is a statistical method of statistical processing and analysis of ordered random data (3,

Assuming that observation data x i;, 1,2, ,nisa statlonary, zero-mean time series, it can be fitted to a stochastic difference
equation (141 of the following form: based on the AR model, the AR spectrum of the vibration signal is calculated and
calculated. In the general AR spectrum, the fault information is abundant. Compared with the traditional periodic
spectrum, the AR spectrum is smooth, Highlighting and positioning accuracy, to overcome the spectral line leakage, low
resolution, weak signal submerged defects. Figure 9 shows the time-domain waveform and the response AR spectrum of
the cylinder head of the main engine cylinder in the state of the valve from normal to severe air leakage.
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Figure 9 Time-domain waveform and AR spectrum of vibration signal of cylinder head

3.3.2 Feature Extraction of AR Spectrum and Realization of LabVIEW Program
AR spectrum is also the power spectral dens1ty (PSD), from which the extraction of energy from (19) to achieve:

Em ZJ"‘E’DU] f
(19}
In the equation, N is the number of spectral lines in a particular analysis band on the AR spectrum, PSD i( ) is the value
of the power spectral density function corresponding to the i th spectrum, and fis the frequency resolution. According to
the literature, a series of AR spectral parameter sets provided from the normal to severe leakage state of a host cylinder
head are provided to create a cluster array, and the eigenvectors of the monitored real-time AR spectral characteristic
parameters are c?mpared by the matrix operation method. An operating state, as shown in figure 10 below.
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Figure 10 The block diagram of characteristic parameters extraction of AR spectrum

4 Expert Diagnostic System Based on Support Vector Machine

4.1 Support Vector Machine and Expert System

The expert system overcomes the limitations of using precise mathematical models to solve the problem, and makes full
use of a great deal of knowledge and experience in the field. However, the bottleneck, narrow step, lack of learning ability
and the complexity and efficiency of knowledge acquisition and other issues, making it more and more cannot meet the
actual needs of the diagnosis. Support Vector Machine (SVM) has the best generalization that can be guaranteed
theoretically. It can achieve the classification and extension well in the case of few training samples. The knowledge
acquisition from the training samples automatically breaks through the bottleneck of knowledge acquisition. And the
structural risk minimization, there is no over-learning problem of the neural network; the algorithm finally transforms
into a convex optimization problem, which guarantees the global optimality of the algorithm and avoids the local
minimum. Using the nuclear technology, the nonlinear problem in the input space, dimensional function space to construct
a linear discriminant function to overcome the dimensionality disaster and other advantages !4, The support vector
machine is integrated into the expert system as shown in figure 11. The knowledge acquisition and rapid logical reasoning
are realized. The expert system completes knowledge base management and maintenance, symbol reasoning diagnosis
and human-computer interaction.
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Figure 11 Schematic diagram of the expert system embedded in SVM

4.2 The realization of LabVIEW and MATLAB mixed program

LabVIEW uses the MATLAB Script node to call the MATLAB toolkit, in the MATLAB Script node to write in line with
the MATLAB syntax part of the program, this article calls and writes MATLAB part of the main block diagram shown
in figure 12:
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Figure 12 Using the MATLAB Script node to call the SVM and expert system connection program

5 Conclusion

With the development of world industry and the progress of science and technology, the field of engine room monitoring
has created a new situation. It has become an important subject of ship research. Shipboard cabin monitoring
intelligentization, network integration, standardization, ship-shore information integration has become an inevitable trend.
The research idea of this article follows this law of development. The following is a brief summary of the content of this
paper:

(1)

)

)

In this paper, with the help of virtual instrument technology, we develop the signal acquisition, processing and
analysis, alarm control, query printing, communication and data management of cabin components with CAN bus
as the background. The modular and object-oriented programming technology makes the man-machine interface
friendly, the operation is strong, the movement speed is quick, the maintenance is convenient and so on.

The methods of signal analysis and analysis based on amplitude, wavelet analysis and AR spectrum analysis are
studied in this paper. The real-time monitoring, alarm judgment and trend analysis of the cabin operation data are
realized by these methods. To facilitate.

Aiming at the shortcomings of the fault diagnosis of the existing cabin expert system, the support vector machine
embedded expert system is introduced to improve the existing ship engine room fault diagnosis system. In this paper,
the principle of support vector machine and expert system, and the principle of combining them and the
implementation of LabVIEW are described.
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