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Abstract- This paper presents the development of a vibration sensing and tilt control device using a commercial 
Microelectro mechancial system (MEMS) accelerometer for condition development of a Vibration Measuring Unit using a 
Microelectromechanical System Accelerometer for Machine Condition Monitoring. The objective of this study was to 
design, fabricate and test the vibration sensing and tilt controlling device for the purpose of vibration sensing, measurement 
and monitoring and tilt control. The commercial Tri-axis MEMS accelerometer from Analog Devices was selected as a 
detection sensor. This is a tri-axis, low noise and low power MEMS accelerometer with signal conditioning on a single 
monolithic integrated circuit (IC). An interface circuit, an rms-to-dc circuit and an graphical user interface were built and 
studied. Experimental tests were carried out to characterize the device with a tilt control mechanism along with vibration 
measurements. AVR microcontroller is used for provision of tilt control mechanism to our device. The results that were 
obtained theoretically are in close agreement with the experimental results. The screendisplayed the desired output 
corresponding to the applied acceleration. Preliminary tests proved that the developed measurement unit is capable of 
sensing, measuring and condition monitoring. Recommendations for further research are also offered. 
 
 
I. INTRODUCTION: 
 
The objective of this study was to design, fabricate 
and test device for the purpose of tilt sensing, 
measurement and control for both X and Y axis. 
 
Along with this, vibration measurement temperature 
sensing is done. To incorporate this functionality we 
have used MEMS 1156 tri-axis accelerometer and 
ATmega 32 AVR microcontroller. Accelerometers 
have countless potential tilt-sense applications in today’s 
motion- enabled world. Tilt-sensing opportunities 
exist in a variety of industries, such as automotive, 
consumer electronics and military/aerospace, etc. 
 
An introduction to Micro electro mechanical system 
(MEMS): 
Accelerometer sensor can measure static(earth 
gravity) or dynamic acceleration in all three axis. 
Application of the sensor is in various fields and 
many applications can be developed using this sensor. 
Accelerometer sensor measures level of acceleration 
where it is mounted this enable us to measure 
acceleration/deceleration of object like car or robot, or 
tilt of a platform with respected to earth axis, or 
vibration produced by machines. Sensor provides 
0G output which detect linear free fall. 
 
Sensitivity can be adjusted in two ranges. 
Acceleration is a vector force which has direction and 
measured in meters per second. Earth produces 
gravitational acceleration on all objects on earth. 
 
Dual-Axis Tilt Sensing  
 
Presently, low-g dual-axis (X, Y) accelerometers are 
often used in tilt- sensing applications where the force 
of gravity is used as an input to determine the 
orientation of an object.  

The sensor is most responsive to changes in tilt when 
the sensitive axis is perpendicular to the force of 
gravity, yielding a sensitivity of approximately 
17.45mg/° of tilt. The sensor is least responsive to 
changes in tilt when the sensitive axis is oriented in 
its +1g or –1g position, yielding an approximate 
sensitivity of only 0.15mg/° of tilt. 
 
When horizontally mounted, as shown in Fig. 1, a 
dual-axis accelerometer’s diminishing sensitivity 
through increased tilt prevents accurate tilt sensing 
when the accelerometer is tilted beyond 45° along 
either axis. Also, the absence of a Z-axis sensor 
means the accelerometer cannot detect an inversion, 
causing improper functioning. 
 

 
 
These problems can be addressed by mounting the 
accelerometer vertically, as shown in Fig. 2, creating 
an X, Z sensor. 
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Tri-Axis Tilt Sensing 
This technology provides for X, Y and Z-axis sensing 
on a single, silicon chip. When using a tri-axis 
accelerometer, the Z-axis can be combined with both 
of the tilting axes to improve tilt sense precision and 
accuracy. For this note, we will follow the tilt 
assignments described below in Fig. 3. 
 

 
 
Basic tilt angles can be generated from the 
accelerometer outputs using Eq. 1 since the X- and Y-
axes follow the sine function and the Z-axis follows 
the cosine function. 
 
II. RELATED WORK 
 
Data Acquisition as a device for capturing the signal: 
Capturing acceleration signal produced by MEMS 
accelerometer is one of the most important parts 
should be considered in developing a measuring 
system. Since most MEMS accelerometers are 
specially designed to work with microcontroller, 
many researchers have successfully demonstrated 
their system. However, there are several 
microcontroller limitations such as complex 
instructions set and the limitations of microcontroller 
specifications themselves.  
 
Its worst limitation is no flexibility to adding up new 
sensor or new featuring circuit in order to enhance the 
capabilities of the developed system. Moreover, it 
becomes more complicated if the previous circuit is 
suited on the same PCB. Consequently, the system 
circuit may need reprogram and rewiring. Therefore, 
most researchers are looking for new alternative to 
overcome these problems. 
 
DAQ (Data Acquisition) provided by National 
Instrument is one the most favourite choice for recent 
researchers. Bilski et al (2002), Koutroulis et al 
(2003), Disilvestro et al (2004), Dastoori et al (2005), 
Subramanian et al (2007) and Li et al (2007) are 
among the researchers who used NI DAQ LabVIEW 
for their studies in respective application systems. 
 
The developed application systems were integrated 
with different module applications such as monitoring 
system, measurement system, control system and 
analysis signal system. The NI DAQ card is chosen 
because it offers extra benefits such as portable 
acquisition card (if suit with USB) and it provides 
5Volt source for external circuit. In this case, this 
5Volt can be used to power up MEMS accelerometer. 

Therefore power source from the external devices 
such as battery is not needed. This is very useful for 
interfacing between software and hardware. 
 
Remarks on existing measurement systems: 
It is really difficult to evaluate the performance of the 
available measurement system and to compare them 
with the developed system in current study. 
 
Since the developed system is unique for the intended 
applications which consists of different built-in 
algorithms for respective applications, each researcher 
develops his/her own measurement system. 
 
In other words, every developed system proposed by 
previous researcher is uniquely developed depending 
on the purpose of their study. From the literature 
reviews it is seen that MEMS accelerometer is used as 
sensor to detect tilt, vibration and shock in various 
applications such as in health or medical products, 
consumer products, civil engineering, military, 
automotive and condition monitoring for machine 
failure. 
 
Measurement and analysis system: The signal 
detected by MEMS accelerometer needs to be 
converted into meaningful measurement system and 
the system developed needs to be analyzed. 
Therefore, the significance of measurement and 
analysis system and the work carried out is discussed 
in the following pages. 
 
Standard elements of measurement and analysis 
system A measurement system consists of three basic 
parts as illustrated in Figure 2.1. The sensor, in this 
case MEMS accelerometer is a device that converts a 
physical input into an output, usually voltage or 
PWM. The signal processor performs signal 
conditioning and signal analyzer on the sensor output. 
Finally, the computer is used to display sensor data 
for real time monitoring and subsequent processing. 

 
 

Based on these elements of a measurement system, 
various applications as mentioned in section 2.1 take 
the advantages of MEMS accelerometer as a sensor to 
detect dynamic and static acceleration. In order to 
detect these accelerations, each researcher has 
developed his/her own measurement system which 
consists of different built-in algorithms for different 
applications. 
Figure 2.2 illustrates the standard interface for 
hardware detection system in a typical measurement 
system. 
Generally, the system developed uses MEMS 
accelerometer as a sensor device in order to convert 
the acceleration input into an output signal represents 
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in voltage or PWM. Then, microcontroller is 
programmed to capture the desired signal from the 
output of MEMS accelerometer. 
 
The desired signal is then sent to computer through 
serial or parallel cable and is analyzed by using 
computer. Several researchers such as Kostas et al 
(2003), Viktor et al (2004) and Clifford et al (2005) 
used this standard interface for respective 
applications. 
 

 
 
III. PROPOSED WORK: 

 
 
Operation and working: 
 

 T h e  designed system can perform multiple 
operations, i.e. Temperature sensing, Vibration 
Measurement and Tilt control, 
 
Hence the individual operation is discussed as 
follows. 

 Here the basic components are namely, 
1.   MEMS accelerometer. 
2.   AVR microcontroller. 
3.   Thermister. 
4.   Stepper Motors. 
5.   LCD Display. 
6.   MAX 232. 
7.   ULN 2803. 
8.   GUI interface. 

 The individual functions and specifications of these 
units are already discussed earlier. 

 The working of individual system is discussed as 
follows: 
 
Temperature Measurement: 
This unit is added as an additional feature for the 
designed application. This feature can help in solving 
temperature issues, like overheating etc. Here we 
have used 10k ohms Thermister. As, temperature 
varies the resistance value changes. Hence an 

electrical signal is produced. This analog signal is 
then fed into the ADC channel of the AVR. The 
Analog signal is converted into corresponding Digital 
Values. These Digital values are hence fed to the 
LCD and GUI units. Hence, the resulting temperature 
change can be observed in the display units. In order 
to obtain regular temperature changes we have used a 
potential divider circuit configuration foe the sensor.  
 
Vibration Measurement: 
For vibration measurement we have used MEMS 
Accelerometer as sensor. The theory behind 
measurement is that, when an aggressive moment of 
the accelerometer board, the vibrations are produced. 
The MEMS accelerometer is designed to measure the 
change in axis (X.Y.Z axis). All the analog inputs are 
fed into the ADC channel of AVR. The analog signals 
are converted into corresponding Digital Values. 
Then these values are fed into the display units. These 
digital values are transferred to the GUI, and then 
these variations are plotted into graphs. 
 
Tilt Control: 
Also for Automatic Tilt controlling we have used 
MEMS Accelerometer. Here the tri-axis mode of 
MEMS Accelerometer is used. The mechanism 
involved, any change produced on the accelerometer 
board results in the analog input from the sensor. The 
changes can be produced in either X-axis or Y-axis or 
may be both (i.e. Z-axis). Any corresponding tilt of 
the accelerometer board is monitored and controlled. 
For example, whenever any tilting condition occurs 
on X-axis, a corresponding signal is produced. And, 
the signal is fed into the ADC channel of AVR. AVR 
converts the analog signals into digital forms and 
sends signals to the GUI and LCD. The X-coordinates 
are changed and restored to the current values. Also 
AVR performs a controlling action, by giving the 
corresponding digital signals to the stepper motor. 
The signals provided to the stepper motor are the 
result of corresponding movement (TILT) observed 
on the X-axis. Similar actions are performed for any 
Tilt conditions on Y AND Z-axis. 
 
All these systems are interfaced with GUI using serial 
port. In order to make communication compatible (i.e. 
TTL↔RS232) we use MAX232 IC. 
 
IV. RESULT 
 
Tilt Measurement System 
 
Vertical tilting (Y-axis) 
 
Whenever the accelerometer board is moved in the 
vertical direction, either upside or downside, the 
variation in graph is observed. 
This variation in graph is produced corresponding to 
the upside and downside axis movement of the 
accelerometer board. 
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A simultaneous movement is observed in stepper 
motor interfaced with the vertical axis. 
 
The movement of the stepper motor is either 
clockwise or anticlockwise with respect to the 
movement of accelerometer board(i.e. upside or  
downside respectively). 
 

 
Fig: graphical representation for Vertical Tilt 

Horizontal tilting (X-axis) 
 
Whenever the accelerometer board is moved in the 
horizontal direction, either rightside or leftside, the 
variation in graph is observed. 
 
This variation in graph is produced corresponding to 
the rightside and leftside axis movement of the 
accelerometer board. 
 
The movement of the stepper motor is either 
clockwise or anticlockwise with respect to the 
movement of accelerometer board(i.e. rightside or  
leftside respectively). 
 

 
Fig: graphical representation for 

Horizontal Tilt 
 
Z-axis: 
 
Whenever the accelerometer board is moved in the 
horizontal direction as well as in the vertical 
direction, the variation in graph is observed. This 
variation in graph is produced corresponding to the 
vertical and horizontal axis movement of the 
accelerometer board. 
 
The movement of the stepper motor is either 
clockwise or anticlockwise with respect to the 
movement of accelerometer board (i.e. vertical or 
horizontal axes respectively). 
 

 
Fig: graphical representation for Z-axis Tilt. 

Vibration Measurement System 
Whenever the accelerometer board is moved in any 
direction, the variation in graph is observed. This 
variation in graph is produced corresponding to the 
axis movement of the accelerometer board. 

An aggressive graphical representation is observed 
and recorded, is the result of the vibrations produced 
by the external factors on the accelerometer board. 
Further, any threshold can be declared for an 
optimum vibration rate. 
 

 
Fig : graphical representation of vibration in X,Y & Z axes. 

 
Temperature Measurement System 
 
The thermistor 103 is used to detect the temperature 
change. 
 
The corresponding change in resistance will change 
the voltage drop and the ADC will convert and 
display the current temperature value in degree 
Celsius 
 

 
Fig : Temperature display. 

 
CONCLUSION 
 
The  design,  fabrication  and  test  of  a vibration  
measurement and tilt control unit  using  an  MEMS  
accelerometer is done and preliminary tests proved 
that the developed measurement device is capable of 
measuring machine vibrations and tilt  for machine 
condition monitoring where the sensor has several 
advantages in terms of its compact size, low cost and 
high sensitivity. 
 

 The system operations can be concluded as 
follows: 
 
Temperature measurement: 
 
The change in temperature has been recorded 
correctly using thermistor 103. The temperature 
change within the range 15 c to 200 c is recorded. 
Further these readings can be used for analysis, 
conditioning and monitoring of the system. 
 
Vibration measurement. 
 
The vibrations produced in the external system are 
recorded using this unit successfully. 
The variations due to vibrations in the external system 
are precisely plotted as graphical representation. 
 
The accuracy of vibration measurement system is 
successfully observed by introducing the unit under 
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variable vibration condition. 
 
Using graphical user interface, the vibration 
measurement are displayed and the various 
controlling actions can be performed by the user(for 
example: system under unstable condition can be 
stopped easily). 
 
Tilt control. 
 
By using this tilt measurement and control unit one 
can measure and control the tilt for the tri-axis (x,y,z) 
of the external system. 
 
The accuracy of the system was found appropriate by 
subjecting to various tilt controlling actions. 
 
The reliability of the “vibration measurement and tilt 
control system” is found adequate as the desired 
results are obtained using “MEMS accelerometer” as 
a sensor and “AVR microcontroller” as controlling 
unit. 
 
Recommendations for Future Work 
 
The designed system can be easily modified 
according to the future requirements. 
 
With slight modification the system can be designed 
for wireless communication using zigbee. 
 

Using serial communication the system can be 
interfaced with similar systems in order to exchange 
information and to obtain more accurate 
measurements. 
 
The diverse range of sensors can be interfaced with 
the system in order to provide the particular 
functionality. 
 
The sensors like: 
i. Pressure sensor 
ii. Humidity sensor 
iii. Smoke sensor, etc. 
 
REFERENCES: 
 

[1].   P. Wang, P. Davies, J. Starkey, And R. Routson, ``A 
Torsional Vibration Measurement System,'' In 
Instrumentation And Measurement Technology Conference, 
1992. Imtc '92., 9th Ieee, 1992. 

[2].  F. Yongqing And W. Kinsner, ``A Marine Engine Torsion 
Vibration Measuring Method And Its Implementation Based 
On Fpga,'' In Canadian Conference On Electrical And 
Computer Engineering, 2002. Ieee Ccece 2002., 2002. 

[3].  F. C. Gómez De León And P. Meroño Pérez, ``Discrete 
Time Interval Measurement System: Fundamentals, 
Resolution And Errors In The Measurement Of Angular 
Vibrations,'' Measurement Science And Technology, Vol. 
21, No. 7, July 2010. 

[4].  Dhananjay Gadre - Programming And Customizing The Avr 
Microcontroller, Mcgraw-Hill, 2000. 

[5].  Claus Kuhnel - Avr Risc Microcontroller Handbook, 
Newnes, 1998. 

 
 
 
 
 
 
 
 


