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Abstract— Condition monitoring of machinery involves 

vibration analysis of the machine part. Vibration 

measurement is prerequisite for condition monitoring and 

vibration analysis. This paper presents development of a 

reliable and low cost wireless 4-channels wireless data 

acquisition system for vibration monitoring. In the 

developed monitoring system, 3 Axis digital output MEMS 

Accelerometer sensor has been used as vibration sensor. For 

data processing Arduino Uno microcontroller board has 

been used. The implemented system uses Bluetooth and 

ZigBee communication protocols for wireless transmission 

of the data form Sensor Unit to Vibration Monitoring Unit. 

National Instruments‟s VISA drivers have been installed in 

the computer to add serial instruments in LabVIEW. 

Graphical user interface and alarm generation have been 

done using National Instrument‟s LabVIEW software on the 

PC. Software development has been done for continuous 

display of vibrations on four continuous charts. Also alarm 

generation and data logging features have been added. This 

system has industrial applications such as vibration analysis, 

safety control and condition monitoring. 
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I. INTRODUCTION 

Vibrations are inseparable part of almost every type of 

active machinery such as motors, compressors, pumps, 

gearboxes, mixers etc. Excessive vibrations in machinery 

occur mainly due to mechanical faults. These faults can be 

machine unbalances, misalignment of gears and bearings, 

bent in shafts, loose- bolts. Vibration Analysis provides 

relevant information about abnormal working condition. 

Abnormal working conditions lead to a failure that brings 

the plant to stop. Machine‟s vibration analysis is mainly 

used for condition monitoring and predictive maintenance, 

in industries. The root-causes of failure can be found out 

using vibration analysis. 

  Vibration measurement is prerequisite for vibration 

analysis which is used for condition monitoring of 

machinery. The proposed system is continuous wireless 

vibration monitoring system. The Vibration Analysis is used 

to identify component faults. So, maintenance action can be 

taken before a failure occurs. One can avoid costly 

catastrophic failures in plants using this analysis. The 

proposed system consists of 3-Axis digital output MEMS 

Accelerometer sensor which is MMA7455L. It can sense 

acceleration up to ±8g (where 1g = 9.81m/s2). It is having 

Inter-Integrated Circuit (I2C) digital interface and serial 

peripheral interface (SPI). This vibration sensor is interfaced 

with Arduino Uno microcontroller board which is having 

Atmel‟s Atmega328p microcontroller. When measuring 

objects which are bigger in size then wiring of long cables 

increases installation cost and leaves wires vulnerable to 

ambient signal noise corruption. Thus wireless data 

transmission is highly beneficial.  The implemented system 

uses Bluetooth (standard IEEE 802.15.1) and ZigBee 

(standard IEEE 802.15.4) communication protocols for 

transmitting data form Sensor Units to Vibration Monitoring 

Unit which are implemented using HC-05 module and Xbee 

module respectively. The system acquires sensor data 

wirelessly using RF Transceivers (Bluetooth and ZigBee RF 

Modules) at PC. Graphical User Interface, Data Logging 

and Alarm System have been developed using National 

Instruments‟s LabVIEW software.  

This paper describes development of low cost, 

continuous vibration monitoring system. This system can be 

used in predictive maintenance by doing vibration analysis 

of machine part. System continuously monitors machine 

condition, automatically evaluates data and gives alerts 

when damage begins to occur, depending on set threshold. 

This system has industrial applications such as vibration 

analysis, safety control and condition monitoring. 

This paper is organized as follows; Section II 

shows brief review of the existing vibration monitoring 

systems. Section III describes the implemented system. 

Section IV deals with the hardware implementation and 

flow chart of working. The experimental results are 

presented in Section IV. The Section V concludes this paper. 

II. RELATED WORK 

After reviewing many articles in this area, few papers show 

use of capacitive type MEMS Accelerometer as a reliable 

vibration sensor[1],[2],[3]. Papers[4], [5] shows use of 

Arduino microcontroller board in low cost system 

development. Some studies show development of wired 

vibration monitoring system [2],[3].  But wired technology 

is lagging behind wireless communication technology in 

many aspects. Wireless vibration monitoring has many 

advantages over wired monitoring, as we can reduce 

installation cost by avoiding long cables from sensor to 

analyzer. Also use of wireless technology provides mobility, 

easy reconfiguration. 

Few papers show development of wireless 

vibration monitoring systems using ZigBee communication 

protocol [6],[7]. The author of [8] shows comparison of 

wireless personal area network technologies which 

emphasizes advantages of ZigBee protocol over Bluetooth 

protocol in terms of range of communication, power 

consumption. If we compare ZigBee with WiFi & Bluetooth 

communication, then ZigBee requires less power. For 

effective ZigBee communication, the distance between 

sensor nodes and monitoring system should be within 30 

meters. The proposed system is implemented to monitor 

sensor nodes which are at maximum of 20 meters distance 
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away from monitoring system. Bluetooth communication 

has advantage in achieving higher Data-Rate over ZigBee 

communication, which is key factor in selecting it along 

with ZigBee communication. Bluetooth module is cheaper 

than ZigBee and WiFi modules. Also, if we compare 

Bluetooth communication with WiFi, Bluetooth device 

requires less power. The detail comparison of these 

protocols is provided in [8]. Moreover, it has range 

limitation, which is upto 10 meters (for version 2.0). Hence, 

Bluetooth communication is also implemented in the system 

along with ZigBee. 

III. IMPLEMENTED SYSTEM 

The implemented system is divided into two main parts viz. 

Wireless Sensor Units and Vibration Monitoring Unit. 

Wireless Sensor Units-1,3 used to implement Bluetooth 

communication and Wireless Sensor Units-2,4 used to 

implement ZigBee communication. The functional block 

diagram of the system is shown in Fig.1. 

A. Wireless Sensor Units (WSU): 

The Wireless Sensor Unit consists of components viz. 

Vibration Sensor, Microcontroller Board Bluetooth module 

and XBee RF module. They are as follows: 

1) Vibration Sensor: 

MMA7455L 3-Axis digital output Accelerometer is used as 

vibration detector. It is low cost accelerometer which can 

sense acceleration in between ±0.015g and ±8g. It is a 

MEMS Accelerometer Sensor with digital interface i.e. SPI 

and I2C. It is having very low current consumption, 

typically 400 μA which makes it very much suitable for the 

system. It has 3 modes of sensitivity viz. ± 2g, ± 4g and ± 

8g. For ± 2g Mode with 8-Bit and ± 8g Mode with 10-Bit, it 

has Sensitivity of 64 LSB/g. 

 
Fig. 1: Block Diagram of Wireless Vibration Monitoring 

System 

The sample rate during measurement mode is 125 

Hz and 62.5 BW filter is selected here. The sample rate is 

250 Hz with the 125 Hz filter selected [9]. Its design is 

robust and also it has high shock-survivability up to 5000g. 

Self calibration at installed position has been done using 

software function implemented in Microcontroller program. 

2) Microcontroller Unit: 

Microcontroller unit consists of low cost Arduino Uno 

development board. Arduino is an open source electronics 

platform. Arduino Uno board is provided with Atmel‟s 

ATmega328p microcontroller. It fulfills all the necessary 

requirements for receiving sensor data and serial 

communication. Arduino Uno board has 6 analog input pins 

and 14 digital input pins for connecting external hardware. It 

is having 16 MHz clock and 32 KB of flash memory, 2 KB 

SRAM, 1 KB EEPROM [10]. Arduino board has USB 

interface for serial communication with PC. Program code is 

written using Arduino 1.5.7 software which is released 

under General Public License [11]. Microcontroller stores 

the sensor data values in local variable and then sends these 

values to transmitter pin serially at set baud rate. 

3) Power Supply: 

9V DC Carbon-Zinc Battery is used as power supply for 

Arduino development board. It has been selected as its size 

is small which makes sensor unit portable. Arduino board 

has onboard 5V and 3.3V DC voltage regulator. The same 

board is used to power MMA7455L Accelerometer sensor 

module and XBee RF module. It also can be powered 

directly using a USB port without any external power 

supply. 

4) XBee RF Module (Router Device): 

XBee RF module [10] has been used as transmitter in the 

system at wireless sensor unit. It operates in 2.4GHz 

unlicensed ISM frequency band. It follows ZigBee wireless 

protocol standards (defined by standard IEEE 802.15.4.). 

The module is configured using open source X-CTU 

software [12]. The RF Module can be configured as 

Coordinator, Router Device or Router, using X-CTU 

software.  In the current system, baud rate is set as 9600 

using the software. At WSU, XBee is configured as an End 

Device. It operates on input power supply of 3.3V. Care has 

to be taken, such that input pin voltage at XBee RF module 

should not exceed 3.3 volts. 

5) Bluetooth Transceiver Module: 

HC-05 Bluetooth module has been use as Bluetooth 

transmitter in the system. It operates in 2.4GHz unlicensed 

ISM frequency band. It is having Bluetooth V2.0 protocol 

standards. It supports multiple baud rates from 1200 to 

115200. In the current system, is set as 9600. It can operate 

as master, slave and master-slave module. In the current 

system, is configured as a slave module. It is powered by 

current requirement (Imax) is 30mA. It operates on input 

power supply of 3.3V to 6V with 3.3V regulation. Voltage 

level shifter circuit is used between Arduino and HC-05 

module. 

B. Vibration Monitoring Unit (VMU): 

Vibration monitoring unit receives data wirelessly and then 

analyze it using LabVIEW software on computer. It consists 

of following blocks: 
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1) XBee RF Module (Coordinator): 

At vibration monitoring unit, the RF Module is configured 

as coordinator using X-CTU software.  Its baud rate is set as 

9600. It is connected to computer via USB/ RS-232 

interface. It follows ZigBee wireless protocol standards 

(defined by standard IEEE 802.15.4). It receives data over 

RF link and then serially transfers it to computer. For the 

current system, Desktop computer having serial port is used. 

It follows ZigBee wireless protocol standards (defined by 

standard IEEE 802.15.4). It receives data over RF link and 

then serially transfers it to computer. For the current system, 

Desktop computer having serial port is used. 

2) USB Bluetooth Receiver: 

It is a USB Bluetooth modem installed in the computer. It 

supports Bluetooth Ver. 2.0 standards. It is connected to 

computer via USB interface. It supports RF COM PORT 

Bluetooth profile. It is plug and play type device which can 

be installed on Microsoft Windows platforms (XP, 

Windows 7). 

3) Computer with Display and Input Device: 

For the current system, it is Desktop PC. It fulfills the 

requirements which are needed to run LabVIEW 2012 [14] 

and Arduino 1.5.7 software [9]. It has USB as well as serial 

port, so as to interface XBee RF Module which receives data 

over RF link from WSU-2,4.. Also, USB Bluetooth Module 

is attached to PC which receives data over RF link from 

WSU-1,3. It then sends data serially to PC via UART. PC 

has keyboard and mouse which are standard input devices. 

LabVIEW development environment is selected, as one can 

create interface easily and quickly. It provides Graphical 

User Interface (GUI) for monitoring and control application. 

LabVIEW software has been installed on the computer for 

development of GUI for vibration monitoring system. 

Vibration Analysis can be done on the acquired data. Alarm 

generation and indication features have been added to 

implement safety control. Data logging feature has been 

added for report generation which can be used for offline 

analysis. 

IV. SOFTWARE AND HARDWARE DESIGN METHODOLOGY 

As discussed in previous section, in hardware system 

design, WSU has MMA7455L Accelerometer sensor, 

Microcontroller Unit, XBee module. I2C digital interface is 

used between MMA7455L accelerometer sensor and 

microcontroller. MMA7455L library has been used in the 

Arduino program to get three axis vibration values. 

MMA7455L‟s SLC and SDA pins are connected of Arduino 

board respectively. Tx pin of Arduino board is connected to 

voltage level shifter. It converts TTL voltage level levels to 

corresponding 0 to 3.3 volts. It then connected to Rx pin of 

XBee modules of WSU-2,4 and Rx pin of HC-05 modules 

of WSU-1,3. Program for ATmega328p is written using 

Arduino Software. WSU sends measured vibration signal to 

VMU over ZigBee and Bluetooth protocol. XBee 

Coordinator Modules and USB Bluetooth modules are 

connected to PC via USB.   

In software design back end program for 

microcontroller is developed using Arduino 1.5.7 software, 

whereas front end GUI is developed in LabVIEW software. 

Flow charts of software design steps communication are 

shown in fig. 02. In microcontroller‟s program, I2C 

initialization is to communicate with sensor. Then vibration 

values are read from Accelerometer‟s registers. In WSUs 

these values are sent serially to Router XBee module and 

Bluetooth module. Baud rate is set at 9600. Coordinator 

XBee module and USB Bluetooth module receive data over 

RF links. 

 
(A) 

 
(B) 

Fig. 2: Flow Charts of Operation: (A) At WSU (B) At VMU 

It then sends data serially to COM ports of PC. 

NI‟s VISA drivers have been installed in PC. Serial 

Instrument has been added in LabVIEW program.  Real-

time displays of vibrations in are plotted on 4 continuous 

charts. Alarm gets generated if any vibrations value exceeds 

the threshold. If data logging is enabled then data values are 

saved as log in the form of text file. 
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V. EXPERIMENTAL RESULTS AND DISCUSSION 

For testing the laboratory prototype, experiments were 

conducted. The prototype system was designed to operate in 

temperature range from +10 to +50°C.  For data acquisition, 

2g- Mode with 64LSB/g sensitivity was selected so as to do 

measurement upto ± 2g with resolution of 0.0156g. 

Accelerometer sensor was attached to test-bench by 

adhesive tape. Proper circuit connections were made and 

power supply was given to Arduino board. USB Bluetooth 

module and XBee RF Module were interfaced to PC. 

Vibrations were applied to this test-bench manually using 

wooden hammer. Vibration data was taken at a sampling 

frequency of 125Hz. Experiment was performed for two 

different scenarios. Applied vibrations were typically 

between ± 0.0156g to ± 1.5g. The data was collected for a 

total time of one minute. Vibration monitoring is done on 

Graphical User Interface (GUI) developed using LabVIEW 

software. Threshold for alarm generation is taken from user 

as input in „g‟ units. Alarm indicator showed indication 

whenever vibrations exceeded the set threshold value as 

shown in Fig. 3 and Fig. 4. Real time vibration values can be 

seen on the front panel of LabVIEW. Vibration Monitoring 

Results was stored in text file for future analysis and 

records. 

 
Fig. 3: GUI on LabVIEW Software 

 
Fig. 4: GUI on LabVIEW Software 
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VII. CONCLUSION AND FUTURE WORK 

In this paper, design and development of wireless vibration 

monitoring system using low cost hardware and LabVIEW 

software has been described. Use of MMA7455L 

Accelerometer and Arduino Microcontroller board lowered 

the total development cost of this device system. 

Implementation of Bluetooth and ZigBee wireless has 

between wireless sensor unit and vibration unit has been 

explained. Graphical user interface was developed using 

NI‟s LabVIEW software. Experimental results show real-

time displays of for all four channels. System indicates 

alarm condition when vibration value exceeds the set 

threshold. This alarm indication has industrial application in 

safety control. Data-log file stores the record of vibration 

values in text file with time-stamp. These logs can be used 

for offline vibration analysis and maintaining records. This 

analysis can be used in manufacturing industries for 

predictive maintenance. This designed laboratory prototype 

has applications in various fields viz. Condition Monitoring 

of machinery and Predictive Maintenance in industries. 

Also, it can be used as an alternative to handheld vibration 

monitoring devices. The system can be further improved by 

increasing the range and sensitivity of measurement by 

using another suitable sensor. There is scope to increase 

number of wireless channels to fulfill the need of larger 

system. 
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