I nter national Journal of Ethicsin Engineering & Management Education
Website: www.ijeeein (ISSN: 2348-4748, Volume 1, Issue 4, April 2014)

Design and Implementation of High Speed
Application in the Field of PHM on FPGA

Vishnu kulkarni
M.Tech, TOCE

Abstract-With the extensive application of new types of sensors,
the rate of data acquisition and transmission are becoming a
problem in Prognostic and Health Management(PHM). This
paper presents an FPGA-based method for high speed data
acquisition and transmission taking full advantage of the parallel
processing capabilities and easy to modify and upgrade features
of FPGA, to cope with the difficulties of high-speed data
acquisition and transmission. This paper focuses on the
components, perfor mance and characteristics of the FPGA based
fault prediction and diagnosis system. The system uses an FPGA
chip asthe core operational component to achieve fast transfer of
large amounts of data by FIFO. The use of programmable FPGA
hardware, makes the data acquisition system design flexible,
while improving the reliability of the system. It is also important
for achieving the real-time online monitoring of failure.

Keywords- ADC; PHM; FPGA; FIFO; high-speed data
transmission
I INTRODUCTION

PHM seeks to use as few sensors as possiblaléxtcdata
in order to evaluate the health status of a systesimg
intelligent reasoning algorithms (such as physioabdel,
neural network, data fusion, fuzzy logic, expertstem,
etc.).PHM applications can make fault forecastsotmefthe
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frequency shall be higher than 2 times the ultrizssignal
frequency. In order to improve the signal-to-nors¢io,the
testing precision, and to better draw the measur@geform,
over-sampling technology beyond the Nyquist sangpliate
shall be applied. Therefore, the sample rate of tmole
system will be determined as 100 MHz. Obviouslye th
traditional acquisition system cannot meet the irequent of
such high speed signal acquisition.

Aiming at the difficulties of fault diagnosis @nhealth
management technology in high speed data acquiséitd
transmission field, this paper makes full use a tharallel
processing capability of FPGA as well as the charastics of
Programmable Logic Device-easy to modify and uptiajgut
forward the FPGA technology-oriented fault predintiand
diagnosis method based on the synchronicity anckgass of
the fault diagnosis system.

Of course, in order to meet the needs of diffetesting
requirements, the sampling rate for the systembesadjusted.
We can reduce the sampling rate to reduce the rcdfgacity
requirements when the testing frequency is not héyk.

Il. GENERAL DESIGN

occurrence of system fault, and provide a series oflhe sampling frequency of the proposed design eaalr as
maintenance supporting measures to realize theitmmmd high as 100 MHz, however the host computer systen't e
based maintenance of the system with the use ddrads of  directly involved in data transmission due to testrictions on
available resources. Fault diagnosis is an impobrtarPPeration speed. Therefore, this design employsoeegsing
prerequisite for the realization of healthy fordsai order to  register as buffer storage between the high-spe¢d A
perform fault diagnosis, data acquisition and tnaission are ~converter and the microcomputer. The high-speeda dat

a key first step for any PHM system. So the advdrdata
acquisition system is the foundation for the depgient of
PHM technology. With the wide application of varionew
sensors, data acquisition and transmission speednies a
big problem restricting fault prediction and diagiso For
example, ultrasonic testing has the advantage ofiinieg
simple equipment and being, easy and safe to u#eawide
testing range. This has resulted in it becomingroomly used
testing method in the field of Machinery manufactgr
petrochemical, aerospace and so on. Ultrasonic sigmal is
a high frequency signal with frequency generallineen 0.5

acquisition system diagram is shown in figure 1.eWhhe
analog signal is digitized through the high-speedD A
converter, it will be directly sent to the cachgiom. Then the
stored data will be sent to the microcomputers riglated
processing and operating. Among which, cache regiéi©
(First in First Out) becomes the indispensable comept to
solve the reliable transmission problem of crosskldomain
data. It receives the data digitized by the AID \amter at
high speed, and then sends the data to the comatutewer
speed to solve the contradiction between the higled AID
conversion and low-speed computer data transmissiform

to 10 MHz. For example, the ultrasonic signal cente©f "Quickin Slow Out".

frequency for rail examination reaches 2.5 MHz. make
such high frequency signal digitization, the systesfi put
forward high requirements on module /digital swich
circuit. According to Shan-non sampling theorem alydjuist
sampling standards, in order for the Digital sammplte
reproduce the input signal without any distortithe ,sampling

88



I nter national Journal of Ethicsin Engineering & Management Education
Website: www.ijeee.in (1 SSN: 2348-4748, Volume 1, Issue 4, April 2014)

scillator
s

Anzlog part ‘ Interface part

Signal
Ultrasoni D
M Lo conditi- A
wave sersor [ conversion ‘
oning
AS serial setting ‘
I I

1 I

MAX3223
FPGA HH R oM

EPICI20240C% EEAR

Power
decoupling

Power | Power
protection |corwe'snn

Figure 1. The general scheme of the system
Ill. ANALOG PART

AD9433 is a 12-digtal monolithic sampling AID comtes,
from the simulator company. It is endowed with ctrgcking
\ retaining circuit, and it will make the design magractical
and more convenient. The conversion rate of theymbis as
high as 125 MSPS, and the optimization design iderfar
outstanding dynamic performance suitable for braadband
high IF carrier systems
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Figure 2. Timing sequence diagram of AD9433

IV. NUMERICAL PART

A.  Function overview of FPGA
The FPGA is the core module of the design, contgirthe
digital circuit. In the design process, the SOG{ss on chip)
concept is utilized. All the digital logic needeadthe system is
realized by the FPGA, including flip-flop, memorwfters,
PLL, counter, serial interface logic, etc. The nuga part of
the system can be fully programmable and adjusthlyle
programming the FPGA according to the demand suatthas
strong adaptability and flexibility. Based on theose ideas,
this paper has chosen EPICI2Q240C8, a type of @gcliom
Altera Company and the design simulation is perfamwith

the use of Quartusll development platform.

The functions completed by FPGA can be described as

follows:

1. Introduce the external signal source clock i FPGA,

and make the corresponding frequency multiplicatamd

fractional frequency processing through its intéfia.;

2. Output the clocks needed by the external AD9488

RS232 bus into AD9433 and RS232 bus
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interfaces

respectively through design clock output logic medu
according to the operation situation;

3. Conduct the isolation treatment among differetdck
domains through its internal FIFO, introduce dates lbeen
acquired by AD9433 and synchronize to the FPGArivake
clock domain, and then perform follow-up forwarding
treatment;

4. Convert the data after buffering into standardssage
format and then send to the serial interface thinahg design
data sending module.

B. Data cache of FIFO

FIFO (First in First Out) is a kind of First inirt Out data
buffer, where the data is stored into the FIFO tripterface
and then is sent out from the output interfacehef EIFO in
the same order. Therefore, the write and read tf taFIFO
will only be controlled by the read/write clock anshd/write
request signal, it doesn't need the read/writeesidine.

There are two main roles with FIFO: 1. The FIF@sas the
data buffer for data transmission among differefdclc
domains. 2. It realizes the purpose of data matchin FIFO
as to data interface with different data width.ttis design,
both the two roles are reflected. Due to the higtemnpling
frequency in the design, which is about 100 MHzride
communications can hardly meet the requirement seeds
to use the FIFO buffer as a data cache to convgitdpeed
data flow into low-speed data flow meeting the iezgments
of RS232 communications. And because the AD943Bubls
12-bit data of the chosen AD conversion, the daat $0
COM should be 8-bit, so another FIFO is neededetdize
data matching.

This design will be completed with the basic noadock in
the development tool of Altera in Quartus Il. Thasic
macroblocks of Altera are all optimized. They asediin the
design of specific Altera device and can often autwmdate
users with higher design requirements and feweuregs and
greatly reduce the development cycle. In ordemimke the
FIFO module through the Mega Wizard manager, idede
establish relevant parameters. These parametdigiinclata
width (THE WIDTH) and data depth (THE DEEPTH). Data
width is the digital data of one FIFO data opematiData
depth reveals how many N-digital data (if the widthN) the
FIFO can store.

The following includes the parameter settings tikio FIFO
modules in the design, the logical principle diagrand the
function simulation waveform
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Figure 3. Timing sequence simulation of former-st&f-O
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1. Former-stage FIFO

The FIFO is the first stage caching where the datanverted
by the AID converter. Its main effect is to convieigh-speed
data into low-speed one. The width of FIFO is setla bits
and depth 1024 words.
The timing sequence simulation chart is shown iguré
3.Do_ad [11... O] is the output of the A/D conver@nd acts
as data input of the ADFIFO module. Clock acts hbs t
reading and writing clock signal of the ADFIFO. Sid the
asynchronous reset input signal of ADFIFO and feotive
when the high level signal is received. Wrreq is thrite
enabling signal of ADFIFO, and is effective where thigh
level signal is received. Rdreq is the read engbdiignal of
FIFO, and is effective when the high level sigrsatéceived.
The data output port g [11... 0] of the ADFIFO werks the
input of the last-stage FIFO (COMFIFO). The writdl Bignal
(wrfull) and read empty signal (rdempty) represiet present
FIFO data depth. When the wrfull detects high eieity, the
data in FIFO is in the full state and it is notoaled to write
more data in the FIFO. But, when rdempty detectgh hi
electricity, there is no data in FIFO, and it ig atlowed to
read data out. If it is forced to read data, théadaill be
repeated out.

2.  Thelast-stage FIFO

The FIFO is the second stage caching, and its fogiction
is to convert the 12-bit data into two 8-digitaltalao as to
realize the matching with the serial communicapootocol.
The FIFO width is set to 8 bits with a depth of 2@dords.
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Figure 4. Timing sequence simulation of latter-st&g~O

The interface definitions of the FIFO and the forrstage
FIFO are similar to each other, so this paper wit give
further description on them. In addition, this desitakes
rdempty as the input signal of the reading and tingn
module so as to read out data from COMFIFO if ttaesof
COM FIFO is not empty.

B. Reading and writing control modules

In the digital system design, if it intends tafpem a control
function, we usually choose FSM (Finite State Maehior
CPU. As for the use of CPU, the execution speedlaed to
the CPU operation speed and specific coding stiyig;is to
use the FSM, the execution speed is mainly affebiedhe
needed time for update the new state. Practice shbat in
regards to execution time and the certainty of etien time,
FSM performs better than the CPU.

FSM has two roles: one is to make decision orctiramand
the module module so as to make it conduct thecgpjate
operation at the appropriate time. The other radeisi to
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coordinate the timing sequence relation of the resduThe
work of FSM is divided into two steps: the firsegtis to
calculate the next state and the second stepgite into a
new state register.

This design chooses a Moore FSM with eight kiofistates
(SO ~ S7). The change of the state will be detezthiand
realized by the control output of the correspondstgte
according to the AD data size as well as the fall @mpty
condition of the FIFO. Each state's input/outpat sinown in
figure 5:
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Figure 5. State transition chart of reading andimgicontrol module

SO: the system is started. Empty the former-std§®© Fand
counters reset. After one hour, the state will juimghe S 1
automatically an hour later.

S1: set the write enabling of the former-stage FH3CL, read
the AD data, and start counting. When the read Adlad
volume is more than 1000, jump to S2. If not, il fill be in
S1 in the following hour.

S2: wait for effective AD data. Both the formerggaFIFO
reading and writing enabling data are set as Idimgaand
writing together. When voltage signal of 0.1 V @umhd, or
there are more than 256 data volume signals, jump3t If
not, it will still be in S2 in the following hour.

S3: both read and write enabling of the formeratBg-O is
set as 1. Read the effective AD data. When the daltame
reaches 800, jump to S4. If not, it will still be §3 in the
following hour.

S4: buffer stage, both read and write enablinghefformer-
stage FIFO is set as O. The write enabling of &t stage
FIFO is set as 0 with counters reset. When therlstage
FIFO is empty, it will jump to S5. If the latteragle FIFO is
not null, it will still be in S4 in the following dur.

S5: read enabling of the former-stage FIFO is sefl.aThe
write enabling of the latter-stage FIFO is set addd the 2-
digital "00" before the first 6-digital of the 124gital data,
then write into latter-stage FIFO, also begin tardo The state
will jump to the S6 automatically an hour later.

S6: read enabling of the former-stage FIFO is seDaThe
write enabling of the latter-stage FIFO is set agdd the 2-
digital "10" before the first 6-digital of the 124gital data,
then write into latter stage FIFO. If the data vokuthat has
been sent is over 1000, jump to S7. If not, jumB50
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S7: read enabling of the former-stage FIFO is seDaThe [4 C.Wang, H.Cai, J.H.Wu. Altera FPGACPLD Design.jBet

write enabling of the latter-stage FIFO is set asE@d the [5] People’s Posts and Telecommunications Press, 2005.
development of interfaces for fpga based data attipun

buffer cycle. And it will jump to SO one hour later system. chandrajit pal,suman sau a.k chowdhurycafdnformation
In other states, it will jump to SO one hour later. technology, university of Calcutta.
C. Data transmission module

The data transmission module is responsible fodingathe

data from the FIFO after processing, sending M#&X232 to

complete the level translation, and then returnP@ to

analyze. This is to prove whether the data aftefiooation

and processing is in accordance with the requirésnehthe

design. UART provides read enabling signal re_cfamfo

COMFIFO. After data processing units complete cgdm

number, the effective value will be stored. There th

re_comfifo will be taken as the high extraction nogyndata.

Now, the data of COMFIFO can be converted into edjbit.

The data to be sent to PC shall conform to thedstals of the

synchronized serial port communication. Thereftie, eight-

digit data output from FIFO shall be added withrtskat and

stop bit so as to realize the data transmissioatim.

V. RESULT DISPLAY

This design uses MFC to compile a PC interfand, display
the detected waveform. After verification, it cartett the
changes and the conditions of the waveform thailtrdésom
material defects. Further analysis of data can bdenon the
acquired data and waveform with the use of Matlalas to
service for fault diagnosis and health managememiert
system.

VI. CONCLUSIONS

This paper introduces the components of the Byste
performance and characteristics of a fault diagncend
prediction device based on FPGA, It conducts a ildeta
introduction of the system structure and desigrasdef the
FIFO data cache.lt also gives the design procesBRGA
internal timing sequential circuits with a logic inmiple
diagram and simulation timing sequence diagrantedts the
feasibility of the overall design through experirtaresults.
This system takes FPGA chip as the core operation
components, and conducts fast transmission of langeunts
of data through FIFO type RAM composed of FPGAnd#tkes
use of the programmable characteristic of the Fih@ware
to make the software and hardware design of thelavtiata
acquisition system flexible and improve the reli&pi of
system. Therefore, it is of great significance tolioe and
real-time monitoring of faults.
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