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Abstract —  Electric power fault happens suddenly, so fault monitoring requirements of power plant and power equipment become 
increasingly strict. It not only needs the continuous power supply of the vessel even in the worst environment, but also requires the 
normal and stable work of equipment in complex conditions. Through the analysis of the advantages and disadvantages of fuzzy 
logic, neural network and expert system respectively, we establish a fault-diagnosis expert system with fuzzy neural network. 
Furthermore, we study the conventional method of data collection, and as single-chip microcomputer data acquisition system lacks 
data processing ability, we put forward a multi-channel data acquisition solution, which uses Field Programmable Gate Array, 
FPGA, with appropriate logic to control the A/D chip. This system design has been applied to the real-time monitoring and fault 
diagnosis of ship operation condition, and has greatly improved the safety and automation level of ship navigation. 
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I. INTRODUCTION 

With the rapid development of computer and modern 
electronic information technology, the production of 
equipment is being developed towards the direction of the 
high automation. However, the high speed of production 
equipment and equipment failures caused by high load also 
greatly increases, which causes the serious consequence and 
arouses the bad social impacts. For this reason, to ensure the 
safe operation of equipment, monitoring and finding the 
hidden dangers in time, finally avoiding and eliminating the 
faults become very urgent. Fault diagnosis and condition 
monitoring are practical and effective methods of improving 
the safe operation of the equipment, reducing the failure rate, 
improving the economic benefit and reducing the 
maintenance cost. This is a very heavy work. Because in a 
ship there are a lot of components that need real-time 
monitoring, such as the main engine, the generator, the 
rudder slurry, etc. Besides, there are a lot of operation 
conditions of parameters on each device, such as the main 
engine speed, the oil temperature, the oil pressure, the water 
pressure, the current of generator, the voltage, the power, the 
frequency, etc. To collect these data, we need the turbine 
personnel to search almost the entire engine room, which is 
time-consuming and cannot achieve the result of real-time 
monitoring, finally it leads to the failure of eliminating fault 
message in time. Adopting the intelligent fault diagnosis 
module can solve this problem. For example, the hydraulic 
system modal monitor transmits the collected hydraulic 
signals to monitoring room by using A/D conversion and the 
field bus (CAN bus). Then the signals are controlled and 
tracked by the upper computer in real time, if there is a fault, 
the upper computer will give an alarm, which greatly saves 
the manpower. Through the intelligent general fault 
diagnosis module, the one tank type management mode can 
be built. Besides, this mode has good real-time performance, 
and can eliminate the faults timely and effectively. Besides, 

the ship engine room condition is bad, for the space is 
narrow, the temperature is high, the noise is loud, and the 
ship is tossed about in the operation. Thus, working in this 
severe environment is quite easy to make the staff being 
tired. Therefore, to realize the automation of engine room is 
quite important for the safety of the ship’s operation. 

At the same time, with the modern ship system’s 
performance being higher and higher, and the complication 
of its structure being intensified day by day, in order to have 
the rapid processing measures to deal with sudden failures, 
we must establish the fault intelligent diagnosis system while 
monitoring the condition of engine room equipment. 
Besides, we must conduct the fault diagnosis of engine parts 
and detect the system fault in time, and then analyze and 
judge the cause of the problem, its failure frequency and 
failure degree, finally get a conclusion and find the necessary 
and feasible solutions to prevent catastrophic accidents. All 
of this can be realized in the engine room automation system, 
and the engine room automation system is responsible for the 
detection of working status and parameters of mechanical 
and electrical equipment. Besides, it could give the 
instructions, the alarm, the controlling and the records. 

Therefore, in the production process, the use of 
equipment condition monitoring and fault diagnosis 
technology can reduce the fault frequency of equipment and 
the maintenance costs, which can benefit the enterprise 
greatly. 

II. THE GENERAL DESIGN OF THE INTELLIGENT 

MODULE 

A. The Function of Hardware System of the General 
Intelligent Module  

The description of its main functions is shown as follows. 
The measured object is used to provide signal source; the 
sensors are used to detect the signals of the objects; the filter 
is mainly used to filter the noise in the signals; A/D converts 
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the analog signals to digital signals, and provide the later to 
computer to process. The embedded controller is the core 
part, which is responsible for the analysis and processing of 
signals, extracting the useful signals, and observing the state 
of tested object. At the same time, to design units with high 
storage capacity to store and query historical data, and place 
bus interfaces lying outside of the controller to facilitate data 
transmission, etc. 

B. The Hardware Structure of General Intelligent 
Module 

Considering that the data acquisition system composed of 
single-chip microcomputer has weak ability of processing 
data, so the embedded MCU considers choosing Spartan3E 
series XC3S500E FPGA chips of Xilinx company. Data 
storage unit of a week selects CF cards that are larger than 
512 MB, and these cards have the following features: large 
capacity of storage, data remains while there is a loss of 
power, long life of wipe etc. Real-time clock chooses 
FM3104RTC chip, whose power consumption is small. 
Besides, this chip has a long-life ferroelectric memorizer 
with small capacity, which could provide a basis for later 
function expansion; Photoelectric-isolation devices use high-
speed photoelectric coupler (TLP115A), the maximum 
working frequency of this device can be up to 15 MHZ. The 
CAN transceiver chooses the excellent TJA1050T, and it has 
ESD protection devices to provide two-way protection 
function. DC - DC of 24 V/ 5 V selects the wide input 
voltage (9 V - 36 V), and 5 V being output steadily making 
the system work in a larger supply voltage range. ADC 
chooses dual-channel serial interface ADC8328, which has 
16-bit resolution. Besides, ADC could conduct filtering and 
scaling through the corporation of software. Multipath 
selection unit with dual channel selects military-grade 
DG407 to ensure the reliability of the front-end device. 

III. THE DATA ACQUISITION 

With the development and popularization of computer 
technology, there are more and more digital equipments 
replace analog devices. Computer measurement and control 
technology becomes more and more important in controlling 
the production process and conducting scientific research etc. 

However most of its information is come from the 
continuous change of physical quantities, such as pressure, 
temperature, speed, etc. To put the above information into 
the computer for processing, we must discrete and change it 
into digital quantity. The above process is called data 
acquisition [21]. 

Modern data acquisition system has the following main 
features: 

(1) The modern data acquisition system is generally 
controlled by computer, which makes the quality and effect 
of data acquisition greatly improved, besides, the hardware 
investment save is saved too. 

(2) The role of software in the data acquisition system 
becomes more and more important, which increases the 
flexibility of system design. 

(3) Data acquisition and data processing are becoming 
closer and closer to each other. 

(4) The data collection process is generally "live", which 
means to satisfy the real-time need. The collection process 
system needs high speed to meet the requirements of more 
applications. 

(5) With the development of microelectronics technology 
and the improvement of the degree of circuit integration, the 
volume of data acquisition system is becoming smaller and 
smaller with its stability becoming higher and higher, even 
there appears data acquisition system with single chip. 

(6) Bus is widely used in the data acquisition system, and 
bus technology plays an important role for the development 
of structure of data acquisition system. 

A. The Analog Quantity and Its Quantization 

The analog signals should be converted into digital 
numbers if we want to obtain analog signals, and this process 
is usually achieved by A/D converter. For example: we are 
sampling the signal x (t), the time interval is t  second, the 
time interval is the sampling interval and sampling period, 
and its reciprocal 1 t  is also the sampling frequency. Each 
discrete value is x (t), which represents the values at t , 2 t , 
3 t  etc. The analog signals can be expressed in a set of 
discrete values such as shown in figure 1and equation (1). 

  (0), ( ), (2 ), (3 ), , ( ),x x t x t x t x k t              (1) 

 
Figure 1.  The value of equation (1)

 If the number of data we collect is N, then x (t) could 
represent as equation (2): 
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          0 , 1 , 2 , 3 , 1X x x x x x N              (2) 

For analog input and analog output test system, sampling 
rate is an important factor. Besides, scan rate and NI - 
sampling rate can determine how long A/D or D/A converse 
a time. Adopting fast sampling rate can collect more points 
within the given time and better represents the original 
signals.  

Through sampler to transform the continuous signals into 
discrete ones, the whole process is called sampling. Use the 
sampler as a pulse generator is approximate and conditional, 
which requires the need of a sampler. The transformation 
needs the continuous signal sampling duration transform the 
continuous signals into pulse-series, and the device used in 
this process is called sampler, also called sampling switch. 
The sampling process of a sampler could be represented by a 
sampling switch S, which can be closed in periods. In figure 
1, the input signal of signal sampling device is x (t), which is 
controlled rectangular pulse sequence controlling cycle s (t), 
whose width is t and period is T. The output of the sampler 
is sampling pulse sequence x (t). And the width of the pulse 
sequence is T too, and the period is T, so the sampling 
process is a discontinuous function "cutting" from the 
original function, and this process represents the process of 
original continuous function. The output signal can be taken 
as the product of input signal x (t) and s (t), i.e., x ( t ) = x 
(t) * s (t), so the sampling process can be simulated by 
multiplier. 

B. The Sampling Theorem 

In the continuous signal sampling, the general continuous 
time signal ( )x t  can be expressed as an unlimited number of 
harmonic superposition. Based on the relationship between 
signal ( )x t and the frequency spectrum ( )X f  is 
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From (3) we can know, for frequency f , 

when ( ) 0X f  , it means the continuous signal ( )x t  contains 

a harmonic component whose frequency is f . 

When ( ) 0X f  , it means ( )x t  doesn’t contain the harmonic 

component whose frequency is f . Restoring the continuous 

signal ( )x t from discrete signal ( )sx nT , which means all 

harmonics in ( )x t  can be restored by the discrete harmonic 

(the sampling interval is sT ), that is to say, for frequency f , 

as long as ( ) 0X f  , f and sT must meet the requirement 

1

2 s

f
T

 or 
1

2sT
f

 . 

If the frequency f , which makes ( ) 0X f  , can be 

arbitrarily large, then 
1

2 f
 is close to 0, under this condition 

sT  can only be 0, which means that the continuous signal 

( )x t can’t be restored by the discrete signal. Therefore, if we 

want to restore ( )x t  by ( )sx nT , the spectrum ( )X f and 

sampling interval sT must meet the following conditions: 
When there is a limit frequency (i.e., the highest 

frequency) cf  for ( )X f , namely,  ( ) 0X f  ，when              

     cf f                                          (4) 
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Then we continue the discussion under the condition of 
satisfy the equation (4) and (5) to recover ( )x t  by ( )sx nT . 
Under the equations (4) and (5), there are 
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Discrete signal ( )sx nT can be represented as   
1
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This shows that ( )X f can be determined by ( )sx nT  

completely, thus ( )x t  can be obtained. From equation (6), 
we can get 

            

1 1
2 ( )22 2

1 1

2 2

( ) ( ) ( )
s s

s

s s

T T t f t nTt f
s s s s

T T
x t T x nT e df T x nT e df




  

   
   

By further calculation, we can get  
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Summarize the above analysis, we can obtain the 
following sampling theorem: suppose that the spectrum of 
the continuous signal ( )x t  is ( )X f , and discrete signal 

( )sx nT obtained from the sampling interval is sT . If 

( )X f and sT  meet the requirements in equations (4) and (5), 
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the spectrum ( )X f can be totally determined by the discrete 

signal ( )sx nT , and the detailed relationship is shown in 
equation (7). Besides, the continuous signal is completely 
determined by ( )sx nT , and the detailed relationship is shown 
in equation (8). 

IV. THE INTERFACE CIRCUIT DESIGN OF ADC8328 

PREPARE YOUR  

ADC8328 is a 16-bit, 2.7 V to 2.7 V analog to digital 
converter having 2 to 1 MUX, on the chip, there is analog 
input having two channels, which can control one of the 
input converter in the analog of 2 road. The precision of 
ADC8328 is 16 bit, and its switching frequency is about 500 
K. The ADC8328 is supplied by a single power of 5V. 

A.  The Internal Structure of ADC8328 

ADC8328 is the ADC that has the conversion accuracy 
from 2 to 1 MUX 2.7~5.5V, 16-bit, and it is outlet by low 

power consumption serial whose conversion frequency is 
500 k. The internal structure of ADC8328 is as shown in 
figure 2. ADC8328 is composed of analog switch 2 road, 
address latch, decoder, comparator, and reference voltage 
input, etc., and it provides a framework based on 
successive approximation ADC (SAR). The resolution of 
ADC8328 is 16 bit, the biggest uncontrollable error is less 
than LSB , and it is supplied by a single 5 V power, and 
its analog conversion range is from 2.7 to 5.5 V. The 
Conversion speed depends on the clock frequency of the 
chip, there need no zero or full adjustment, and the power 
consumption is 15 MV. An internal clock could be used to 
convert the timing, and also can be used to program the 
converter and to utilize the serial interface of the external 
clock. Both of programming and data transmission can be 
done through a high-speed serial interface. 

 

 

Figure 2.  Internal Structure of ADC8328

 
In the above diagram, the multi-channel switch can 

choose two analog channels, allowing two analogs input at 
certain time respectively, and share the same A/D converter 
to convert. ADC0809 chip has 16 pins, and adopts SMT 
packaging form as shown in figure 3. Then the function of 
each pin is explained in the following. 

IN0～IN1：Input end of 2 road analog. 
BGND. ADGND: Ground that provide power in 

simulation, and the Ground is connected with the cathode in 
the circuit design. 

COM: Public input end, generally connected with earth. 
CONVST ：A/D sampling end, when the next clock 

rising edge come, this end will conduct sampling output. 
/ /EOC INT CDI ：state output end, when the pin is in 

EOC mode, when the A/D is in the state of transformation , 
the pin is low level by default; When taken as interruption 
(INT) mode, when at the end of the conversion and there is 
data output, the A/D pin is at the place of "0" waiting for the 
next interruption; This pin can be programmed and 
controlled, in the chain mode, this pin also can be used as a 
chain data input. 

SDO: data output pin, the data is serial output. 

SDI: serial data input, can be used as start conversion 
signal or reset signal end. 

SCLK: clock pulse input end. 
REF (+)、REF (-) : Reference voltage 
 

 
Figure 3.  Top View of ADC832 

B. The Profile of Multi-channel Check Device DG407  

DG407 is COMS analog multiplexer selector which is 
redesigned by Maxim company, and the DG407 has 16-way 
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inputs (double eight channels). This device can well ensure 
the matching function and flatness of chosen channel; 
DG407 is a multi-channel check with low resistance 
(100  ), which can guarantee two channels switch at the 
same time, and keep a small leakage of the current (less than 

5nA, 85 oC) when the temperature is too high. DG407’s 
pin diagram and the true value transformation table as shown 
in figure 4 

     

Figure 4.  The encapsulation pin diagram of DG407 and the true value of conversion table 

S2A~ S1A are the analog input ends of the first channel, 
S1B ~ S2B are the he analog input ends of the second 
channel; A0 ~ A2 are converting address selection ends; DA 
and DB are the output ends of the first and the second 
channel respectively; V + and V - are input ports of 5  
power supply respectively 

C. The Circuit Design of Hardware Interface of 
ADC8328  

We designed 15 road analog input in this paper, which 
includes 6 road voltage, 4 road power flow and 5 road of 
switch quantity. Because ADC8328 only possesses channel 

analog input, DG407 analog multiplexer is selected in the 
design to select the needed analog quantity input. The 
hardware interface circuits of ADC8328 and DG407 are 
shown in figure 5. 

S1A ~ S8A and S1B ~ S4B of DG407 connect with 10 
road analog signal which is need to be converted, S5B ~ S8B 
should be connected with the Ground, and not be used as the 
input channel.  

 

  Figure 5.  Hardware Interface Circuits of ADC8328 and DG407 
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A0 ~ A1 of DG407 connect with FPGA, which is used to 
control the analog channel that need to be converted. The 
output ends DA and DB of DG407 are respectively 
connected to the amplifier TLC2264. The output signal of 
DG407, through amplifying, signal disposal connects with 
IN0 and IN1 of analog input channel ADC8328. Finally, the 
output signals go DA to converse. 

SD0 is digital output after ADC8328 is converted, and 
the output mode is serial output. 

SDI, SCLK and other controlling signals are connected to 
the FPGA, which is used to control the transformation of 
ADC8328. 

Ref + and Ref – are reference level input ends. 

V. THE HARDWARE CIRCUIT DESIGN OF 

PHOTOELECTRIC COUPLING  

A. The Performance Characteristics of Photoelectric 
Coupler 

The basic structure of optical coupling is encapsulate the 
chips of light emitter (infrared light-emitting diodes, infrared 
LED) and the photosensitive device (silicon photoelectric 
detecting sensitive device) into the same enclosure, and use 
transparent resin potting filling as light transmission 
medium. Usually, the pin of light emitter is used as input 
end, and the pin of the photosensitive device as an output 
end, when the input is added with electrical signals, the light 
signal emitted from light emitter, then through a transparent 
resin optical medium be projected onto a photosensitive 
device, and converted into electrical signal output, finally 
realizes the conversion transmission, which takes the light as 
medium: electricity - light - electrical signal, and this 
transmission is entirely isolated on the electrical aspect. The 
main characteristics of optical coupling are as follows: 

(1) Good isolation performance, the input and output 
fully realized the electrical isolation, its insulation resistance 
RISO generally can reach more than 1010 Ω. When there is 
low voltage, the high voltage resistance VISO can satisfy any 
use requirement, and the high pressure can exceed 1 kV, 
some can be up to 10 kV. 

(2) Optical signal achieves unidirectional transmission, 
and there is no feedback from the output signal to the input 
end, which can effectively block the electrical contact among 
circuits or systems, but can’t cut off the signal transmission 
among them. 

(3) Optical signal is not affected by electromagnetic 
interference, and its work is stable and reliable. 

(4) Strong Common-mode interference ability to well 
suppress interference and noise cancellation. 

(5) With fast speed and high transmission efficiency, the 
spectrum matching of light emission and photosensitive 
device is ideal. 

(6) Easy to be connected with logic circuit. 
(7) There are no contact points. The life span is long. The 

volume is small. There is impact resistance. 
(8) Wide working temperature range conforms to the 

industrial and military temperature standard. 
For the light couplings are numerous, unique in structure, 

and has obvious advantage, they can be widely used in logic 
circuit, trigger circuit, pulse amplification points and linear 
circuits. 

B. The Circuit Design of Photoelectric Coupling  

This design uses TLP115A photoelectric coupler. 
TLP115A is a small coupler produced by Toshiba company, 
which is suitable for surface patch installation. TLP115A 
takes high pressure resistant gallium arsenide as light 
emitting diodes, optical coupling onto the chip's high-speed 
detection photoelectric diode, triple tube, and isolation 
voltage 3750 VRMS (min), high level of switch rate reaches 
0.8 us, and low level is 0.8 us. In this design, we use 
photoelectric isolation circuit module on the CAN bus 
interface circuit and the ADC conversion circuit. Taking 
CAN bus and TLP115A interface circuit as examples to 
explain circuit design of the hardware, and CAN bus and 
TLP115A interface circuit are shown in figure 6（The input 
end and output end of CAN bus are respectively connected 
with the photoelectric coupler TLP115A LOUT and L - end, 
and then connect with the CAN transceiver TJA1050T to 
achieve the photoelectric isolation effect.） 

 
Figure 6．  CAN Bus and TLP115A Interface Diagram 
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VI. THE OVERALL TEST OF SYSTEM 

There is unstable situations appear in the process of 
communication between lower computer and PC interface 
communication, when open the CAN bus communication, 
the lower machine and PC computer establishes CAN bus 
connection and realizes complete real-time communication. 
However, sometimes there are data disorders reflecting in 
real time curve as a prominent peak. After reviewing PC 
program undertakes, we find there is data being covered, and 
these data that haven’t been processed is transmitted from 
the slave computer. Besides, there are lost frames in the PC 
computer. In order to correct the error, we design a series of 
data in the program to store the data that being read in, and 
then take out the data to process to avoid the phenomenon of 
losing frame. 

Use bread plates to construct a circuit as input signals of 
intelligent modules, including 6 road voltage input, 4 road 
current input and 5 road switch input. With CAN bus (this 
design uses USB to turn CAN) to connect the PC and the 
intelligent modules, and supply the system with power. 

By adjusting the analog input on the intelligent module, 
we can change the channel that is to be displayed in the PC 
software, and realize the real time curve display of each 
channel, and clearly observe the curves by enlarging or 
diminishing them. 

These intelligent modules can store data quantity of a 
week, including the time, the value of each channel 
acquisition. The data can be found and displayed through the 
PC interface, 

In the whole process of the system test, each module and 
each link can well achieve their function, and work steadily. 
Besides, the upper and lower machines can achieve the 
expected communication results in time steadily and 
correctly, and being accepted by enterprises. The process is 
tested in the practical environment, finally it pass the test 
requirements. 

 

VII. CONCLUSION 

With the development of modern technology, especially 
the development of communication technology and artificial 
intelligence technology, the original automatic fault 
diagnosis of ship engine and the operation mode of 
monitoring system are also likely to change. With the 
development of fault diagnosis technology, fault diagnosis 
technology basing on intelligence has gradually replaced the 
traditional fault diagnosis technology, and has been widely 
used in many areas. Intelligent diagnosis on marine 
equipment over the years has been greatly improved. So, in 
this paper, we put forward to the study of intelligent fault 
diagnosis of common modules, based on which, measures 
can be used to diagnose appliances on the ship. 

In this paper, we first describe the fuzzy logic, neural 
network and expert system in detail, and based on the 
advantages of the above three to set up the fault diagnosis 
expert system of fuzzy neural network. The fuzzy neural 
network fault diagnosis expert system has the following 

features: data parallel processing ability, strong data 
processing ability, strong learning ability, fast running speed, 
perfect explaining function, so it is an ideal fault diagnosis 
technology. Then, in the paper, we analyze the shortcomings 
of using the single-chip microcomputer and DSP to collect 
data, and propose remote multichannel data acquisition 
system based on the FPGA logic control chip for A/D chip. 
This system is fast timing and has flexible formation, and is 
easy to modify, and is suitable for high speed data 
acquisition. The top-down approach is adopted in the design, 
and through hardware description VHDL to realize the 
programming and simulation of software. Basing on its 
functions, this paper divides the FPGA into several modules, 
and describes the design methods and control process of each 
module in detail. 

For the time is limited, there are demerits in this design, 
for example, the number of input channels has been fixed, so 
cannot be used in the extended condition, and the 
establishment of a common platform in the fault diagnosis 
knowledge base is not good enough, which need constant 
expansion in the future. 
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