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Abstract: Embedded Shock and Vibration monitoring system is considered to be the most effective method for 

analyzing the performance of the underwater vehicle and also for early fault detection. Shocks and vibrations of 

underwater vehicles cause the systems sometimes malfunction, faulty and sometimes fail. To avoid the failure of the 

systems the shocks and vibrations of the vehicle is to be evaluated and controlled. For monitoring these parameters a 

sophisticated monitoring system is required. The main aim of this work is Development and Testing of an embedded 

FPGA based 3-axis simultaneous shock and vibration system for monitoring of shocks and vibrations in the underwater 

vehicle. The shock and vibration monitoring system consists of piezoelectric accelerometers which perform well over 

the wide range of temperature and resists damage due to severe shocks and vibrations to acquire the vibration signals. 

This project proposes a data acquisition system to monitor and analyze the shock and vibration data along the three 

axes (horizontal, vertical, axial).During the real time mode the system can be used to monitor either shock or vibration 

signals from accelerometer representing the shock or vibration data along the three axes is recorded and stores in the 

NAND flash memories. During the offline mode, data will be retrieved to PC through USB. Retrieved data will be 

processed and plots will be created using MATLAB. 
 

Keywords: NAND FLASH memory, FRAM memory. 

 
I. INTRODUCTION 

Vibration is the oscillating motion of a machine or 

machine component from its rest position [1-4]. When 

there is a change in direction with time, change in 

amplitude or intensity with time etc., forces are generated 

within the machine cause vibrations. Even machines in the 

best operating condition will have a level of vibration that 

may be regarded as normal or inherent. Whereas shock is a 

sudden acceleration or deceleration caused, for example, 

by impact, drop, kick, earthquake, or explosion. Shock is a 

transient physical excitation.  When these shocks or 

vibrations increases beyond the maximum levels 

machinery faults occurs which are looseness, unbalance of 

rotating components, misalignments, resonance etc. Due to 

these faults the system becomes faulty and sometimes fails 

[5,6]. Early fault detection of machinery in the process 

industry is an important in order to avoid unexpected 

failures and to ensure high performance. Shock and 

vibration analysis is the most popular technique because 

almost 100% of the machinery failures are related to a 

change in the dynamics this is due to structural oscillations 

from the original behavior and show their presence as 

undesired harmonic components. To analyze the current 

condition of a machine the vibration signals along the 

three axes is to be acquired and stored for that an 

embedded shock and vibration monitoring system is 

developed using sensors and Nonvolatile memories. Shock 

and vibration monitoring system is the signal acquisition 

and processing unit of the vibration signals. Data 

acquisition is the process by which physical phenomenon 

from the real world are transformed into electrical signals 

that are measured and converted into a digital form for  

 

processing, analysis and storage by computer. Transducers 

and sensors provide the actual interface between the real 

world and data acquisition by converting physical 

phenomena into electrical signals that the signal 

conditioning or data acquisition hardware can accept. 

Electrical signals generated by transducers often need to 

be converted to a form acceptable to the data acquisition 

hardware, particularly the A/D converter which converts 

an analog signal data to the required digital format. The 

various tasks performed by the signal conditioning are 

filtering, amplification, isolation. The signals acquired by 

the piezoelectric accelerometers which has got the 

frequency of 40 KHz and can perform well over the wide 

range of frequencies to resist the damage due to severe 

shocks and vibrations. Its output given to the analog to 

digital converter ADS 1606 which is high speed, high 

precision 16-bit delta sigma modulator. The micro blaze 

processor gives the control signals to perform all 

operations. FRAM acquires the ADC data and writes into 

the dual port block memory. The micro-blaze processor 

reads this data and send to NAND FLASH memory. 

FRAM also stores the counters like block numbers, page 

numbers. The stored vibration data can be downloaded 

from memories through USB 2.0 via GUI interface for 

further analysis in MATLAB. The shock and vibration 

monitoring systems are broadly utilized in any machine 

equipment to analyze the vibration levels for early fault 

detection. They can be used to collect the required data 

from any peripheral input devices, such as transducers, 

sensors and other sub systems. The measured data must be 

recorded in memory for further analysis of data. Currently 



ISSN (Online) : 2278-1021 
ISSN (Print)    : 2319-5940 

 
International Journal of Advanced Research in Computer and Communication Engineering 
Vol. 3, Issue 12, December 2014 

 

Copyright to IJARCCE                                                                                        DOI  10.17148/IJARCCE                                                                                                 8855 

FPGAs are emerged as one of the major technology which 

is being used for data acquisition and processing. FPGAs 

offer a very effective solution to microprocessor based 

data acquisition systems due to parallel execution, 

reconfigurable and no separate glue logic. Higher speeds 

can be achieved by FPGA.  

II. LITERATURE SURVEY 

L.M.Contreras-medina and RJ.Romero-troncoso [1,2] 

proposed an FPGA based multiple channel vibration 

analyzer embedded system for industrial applications. 

Several monitoring techniques for machinery failure 

detection have been developed, being vibration analysis 

one of the most important techniques. The typical 

equipment used for vibration analyses is a general purpose 

single channel spectrum analyzer that most of the cases is 

not well suited for the specific task and lacks from the 

capability of simultaneous multiple-channel analysis. In 

this paper the author presents the development of a special 

purpose vibration analyzer with multiple access 

capabilities, implemented into a single low cost FPGA, 

therefore, it can be used industrial applications as 

preventive maintenance that with the Soc approach results 

in an embedded system. The novelty of the development is 

also the consequent use of the reconfigurable capabilities 

of the FPGA for the implementation of special purpose 

processing algorithms in order to automatically detect 

failures in mechanical systems. The author presented two 

cases of study, broken bar and unbalance phenomena in 

induction motors where a special purpose post processing 

algorithm is implemented to diagnose the motor condition. 

Due to reconfigurability, the three-axes vibration analyzer 

can be modified in the post processing stage to be adapted 

to the detection of other vibration-related mechanical 

failures. The overall system can be viewed as a general 

purpose three axes spectrum analyzer with an open 

architecture for the design and implementation of post-

processing units for automatic on-line parameter detection. 

Khurram shahzad, peng cheng [3,4]  proposed different 

architectures in order to realize a high performance and 

low-power wireless vibration analyzer. The paper 

Architecture exploration for a high-performance and low 

power wireless vibration analyzer introduces four different 

architectures which are evaluated in terms of performance 

and energy consumption. Each architecture has two 

common modules, the sensing sub system and the radio 

transceiver.  

The sensing subsystem is used to measure the actual 

vibration data and the radio transceiver is used to transmit 

the results of vibration data processing [6-8]. To select a 

processing unit for a high performance and low power 

vibration analyzer, the choice could either be a micro-

controller, an FPGA, or a DSP. It is highly probable that a 

micro controller based architecture will result in a simple 

design, low power and low cost and thus should be 

included for evaluation. An FPGA based architecture is 

able to achieve a high performance due to hardware 

parallelism, and thus it is likely to result in low-energy 

consumption. Additionally an FPGA provides significant 

flexibility so as to optimize an algorithm for performance 

and power consumption. Therefore, for high sampling rate 

tri-axes vibration data processing, FPGA based 

architecture should be evaluated. 

III. VIBRATION MONITORING SYSTEM 

The description of the system study is given in this section 

Shock and vibration monitoring system is the signal 

acquisition and processing unit of the vibration signals. 

Shock and vibration detection and measurement plays an 

important role in the development and testing of new or 

prototype machines. Shock and vibration measurements 

provide overall performance data. All electrical machines 

generate noise and vibration, and the analysis of produced 

noise and vibration can be used to give information on the 

condition of the machine. Even very small amplitude of 

machine frame can produce high noise may lead to faults 

and failures. To detect those faults prior to failure shock 

and vibration monitoring system is developed. 

The overall system of an embedded shock and vibration 

monitoring system is shown in figure 1. 

Fig.1: Block diagram of embedded vibration monitoring 

system 

The embedded shock and vibration monitoring system is 

the signal acquisition and processing unit of the shock and 

vibration signals in three axis (X, Y, Z).It  is a data 

acquisition & signal processing system with signal coming 

from a vibration sensors, processed by a software-

hardware co-designed system based on Xilinx FPGA, 

ADCs and  NAND Flash devices. The shock and vibration 

monitoring system consists of a dedicated sensing 

subsystem hardware module to acquire the shock or 

vibration data along the three axes. To use digital signal 

processing techniques the analog signal must be converted 

into digital representation for that the electrical signals 

coming from accelerometers is fed to the analog to digital 

converters. The digital data from ADCs is to be stored in 

the FRAM memory and again sends it to NAND flash 
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memory in real time via GUI interface and also the F-

RAM memory are used to store the counters like resets, 

block numbers and page numbers. FPGA implements the 

fixed modules while the Micro blaze (32-bit, 75MHz) 

processor implements the control logic in C.FPGA JTAG 

interface is used for In System Programmability and USB 

interface for GUI interfacing on the bench for 

programming To access the GUI the three way toggle 

switch is used to set the system into different modes. The 

shock and vibration monitoring system operates in three 

modes. 

a) Application mode: During application mode the shock 

or vibration data is collected i.e., to be written into the 

NAND flash from the sensors and the counters in the 

FRAM are updated. 

b) Monitoring mode: During monitoring mode the 

recorded data is downloaded from the NAND flash via 

GUI interface. By configuring the UART start block and 

end block are set there by the blocks of data can be 

downloaded from the NAND flash memory. 

c) Pause mode: During pause mode there is a feasibility to 

pause the recording data and again we can start recording. 

The communication interface between the UART of the 

microprocessor and the Host PC is performed by the USB 

RS232. The USB interface is used only for clearing 

memories before the trial and data uploading after trials. 

The downloaded data from the NAND flash which is in 

binary format is to be converted into readable form then 

the four channel data(count, X,Y,Z)  is obtained for further 

analysis in MATLAB. By analyzing the spectrums of 

vibration X,Y,Z the current condition of a machine can be 

evaluated and can also detect the faults prior to the failure 

of the machine 

IV. RESULTS 

The results pertaining to shock and vibration testing are 

presented in this section. A signal of frequency 10 KHz 

and 2V peak-peak amplitude is generated and given as 

input to the system. This data is stored in the NAND flash. 

The downloaded data is in the form of 

 

 
 

Fig 2: Downloaded data 

The vibration spectrums for test input signal are given in 

the Fig.3 through Fig.5. 

 

 
  

Fig 3: Vibration spectrum along X-axis 

 

 
 

Fig 4: Vibration spectrum along Y-axis 

 

 
 

Fig 5: Vibration spectrum along Z-axis. 

 

The results pertaining to vibration spectrums for controller 

signal are given here. From the controller a signal is 

generated. Based on this signal vibrations are produced 

and stored in the system. The Results for downloaded data 

along different axis are given in Fig.6 through Fig. 9. 

 

 
 

Fig 5: Vibration spectrum along three axes (X-axis, Y-

axis, Z-axis) 
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Fig 6 : Vibration spectrum along X-axis 

 

 

 
 

Fig 7: Vibration spectrum along Y-axis 

 

 
 

Fig 8: Vibration spectrum along Z-axis 

 

 

 
  

Fig 9 : Spectrum of count 

Results pertaining to shock spectrum for test input signal 

are as given in Fig.10. 

 

 
 

Fig 10 : Shock spectrum along Z-axis 

V. CONCLUSION 
 

An Embedded Vibration Monitoring system can be used in 

any machine equipments to evaluate the condition of the 

machine. In order to acquire the vibration data along the 

three axes for evaluating current condition of the machine 

an Embedded Vibration Monitoring System is developed 

and tested using Piezoelectric sensor Module  based on 

Microblaze processor that communicate via USB. The 

host PC collects the data and performs signal analysis 

under MATLAB environment.   

 

REFERENCES 

 [1]  L.M. Contreras-Medina, R .J .Romero-Troncoso, J.R. Millan-

Almaraz, C. Rodriguez- FPGA Based Multiple- Channel Vibration 

Analyzer Embedded System for Industrial Applications in 

Automatic Failure Detection 
[2]    Khurram Shahzad, Peng Cheng, and Bengt Oelmann, Architecture 

Exploration for a High-Performance and Low-Power Wireless 

Vibration Analyzer, IEEE SENSORS JOURNAL, VOL. 13, NO. 2, 
FEBRUARY 2013. 

[3]    Asan Gani and M.J.E. Salami, A Lab VIEW based Data Acquisition 

System for Vibration Monitoring and Analysis, conference on 
research and development proceedings, 2002. 

[4]    Jingqiu Huang, Harutoshi Ogai,,Chen Shao, Juanqing Zheng,On 

vibration signal analysis in bridge health monitoring system by 
using independent component analysis,SICE Annual Conference 2010. 

[5]     vibra metrics Accelerometer User’s Manual Rev. 2 June, 2004 Part #9350-1000. 

[6]    Liqun Hou and Neil W. Bergmann, Novel Industrial Wireless 

Sensor Networks for Machine Condition Monitoring and Fault 
Diagnosis, IEEE trensactions on instrumentation and measurement, 

VOL. 61, NO. 10, october 2012. 

[7]    Dennis H. Shreve, Introduction to vibration technology, Director of 
Marketing IRD Mechanalysis, Inc. Columbus, Ohio 43229 November 1994. 

[8]     Jose Salvado, Antonio Espirito Santo, Maria do Rosario Calado, 

Improved Distributed System for Analysis of Vibrations in Linear 

Switched Reluctance Actuators. 


