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Abstract 

A new type of vibration sensor based on flat coil element has been made. A sensor modeling based on a polynomial model 
for determining frequency and amplitude of the sensor has been developed. The model shows a good result with relative 
error under 6%. 
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1. Introduction 

High quality measuring systems can be realized at 
low cost levels by using microprocessor system in 
combination with simple sensor elements and sensor 
specific algorithm (sensor modeling)1,2). By using 
intelligent microcomputers it is possible to design 
physically simple and cost-effective sensors that have 
very high resolution and need no mechanical calibration. 
As an example we would like to present sensor modeling 
of a new type of vibration sensor.  

Vibration is a dynamic mechanical phenomenon, 
which involves periodic oscillatory motion around a 
reference position. In some chases like shock analysis, 
linear acceleration, etc., the oscillating aspect may be 
missing, but the measurement and design of the sensor 
remains similar3). There are two quantities should be 
measured by a vibration namely amplitude/acceleration 
and frequency. These quantities can be determined by 
using Fast Fourier Transform and a corrected sensor 
model, which can be processed by a microcomputer4). 

2. Physical Background 

Distance is a physical quantity that one can use for 
many applications. In the field of sensors, distance is a 
main physical quantity that can be used for many 
measurements. Here we would like to show the use of 
distance sensors of small displacement for measuring 
vibration. As distance sensor a flat coil based on magnetic 
induction have been developed.  

The electrically conductive material that is 
immersed into the electromagnetic field surrounding a 
charge coil will cause disturbance of its electromagnetic 
fields. Conductive material will have current induced, 
producing also electromagnetic fields. These 
electromagnetic fields interfere strongly with the original 
field. The absolute change in inductance of the coil as a 
function of distance is used as a part of an inductance-
capacitance oscillator5). 

 
 

Figure 1. The flat coil element 
 

Figure  1 shows the flat coil element. The physical 
principle of a flat coil sensor is based on eddy current6). A 
coaxial ring replaces each turn of the coil with radius 
being approximately the mean radius of the corresponding 
turn. The inductance L can be calculated by summing up 
the self-inductance Lj and the mutual inductance Mjk

7,8) 
(see Figure  2).  
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with K(k) : eliptic integral I 
 E(k) : eliptic integral II 
 D : diameter of the ring 
 d : diameter of the wire  
 a : distance between two rings 

 
Figure 2. Dividing the printed circuit coil in coaxial rings 
 

3. Measuring of vibration 

For measuring of vibration, a measurement system 
has been built. The system consists of a flat coil sensor, 
seismic mass, spring and body (see Figure  3)9). 

 
(a) 

 
(b) 

Figure 3. The developed vibration sensor (a) and its block 
diagram (b) 

If the sensor is placed on a vibrating system, the 
seismic mass will vibrate with the same frequency as the 
frequency of the vibrating system. According to Hooke’s 
law10), if the amplitude of vibration of the seismic mass is 
just small, then there is a linear relationship between 
acceleration and the amplitude of the vibrating system. 
The flat coil element will measure position of the seismic 
mass dynamically. The output voltage of the developed 
sensor has linear dependency with position of the seismic 
mass and the position of the seismic mass is linear with 
the acceleration, so that it is linear with the measured 
acceleration too, as can be seen in Figure  4. According to 
Nyquist’s law, the minimum sampling of frequency shall 
be twice of the frequency of the vibrating system11). In 
our case, we use sampling frequency 10 times or more of 
it.  

 
Figure 4. Linear dependency between sensor output 
voltage with acceleration 
 

4. Fourier Transformation 

The sensor measures position of the seismic mass 
as a function of time. For vibration, two information are 
needed, e.g. amplitude and frequency. Both of the 
information can be acquired directly using Fourier 
Transformation. By using Fourier Transformation 
position data is converted into frequency. The peak of 
Fourier Transform spectrum shows the frequency-
component and the amplitude shows the magnitude of the 
vibrating system.  

For example the function of the position of seismic 
mass is x(t) and its Fourier Transform X(ω) in the form of 

( ) ∫
+∞

∞−

= ωω ω deXtx tj)(  (7) 

( ) ∫
+∞

∞−

−= dtetxX tjωω )(  (8) 

We will also refer to x(t) and X(ω) as a Fourier Transform 
pair with the notation 

F 
x(t)    X(ω) 

According to Parseval’s relation, it can be seen 
that there is a linear correlation between amplitude of the 
position and amplitude of the Fourier Transform11). 

In fact the position data of the seismic mass are 
taken discretely, so that we need the discrete-time Fourier 
transform (DFT) 



IJP Vol. 17 No. 4, 2006  103 
 
 

 

[ ] ∫ ΩΩ= Ω

π
π

2
2
1 )( deXnx nj  (9) 

( ) ∑
+∞

−∞=

Ω− Ω=Ω
n

nj denxX ][  (10) 

Often, these signals are of quite long duration, and 
in such cases it is very important to use computationally 
efficient procedures. One of a very efficient technique for 
calculation of the DFT of finite-duration sequences is the 
Fast Fourier Transform (FFT) algorithm. This algorithm 
is used for calculating our measurement result. 

Figure  5 shows position data of the developed 
sensor as function of time with source frequency 130 Hz 
and sampling frequency 28 kHz.  

 

 
 
Figure 5. Position data of the developed sensor as 
function of time with fsource= 130Hz and fsampling= 28kHz 
 

The Fast Fourier Transform of position data of 
Figure  5 is shown in Figure  6. 

 

 
 
Figure 6. Spectrum of the Fourier Transform of the 
position data of Figure  5 

 
Figure 6 shows a good correlation between the 

frequency of peak spectrum of the FFT with the applied 
source frequency (130Hz).  

Figure  7 shows a measuring result with output 
FFT as function of frequency and acceleration at fix 
frequency of the vibrating system (62 Hz) and different 
acceleration. 

 
 

Figure  7: Measuring result of sensor calibration at fix 
frequency (62 Hz) and different acceleration. 
 

From Figure  7 it is shown that peak of the FFT 
amplitude is located on the vibrating frequency of the 
system and the amplitude of FFT is linear to acceleration 
(see Figure  8). 

 

 
 
Figure 8. Relationship between FFT amplitude and 
acceleration  
 

5. Sensor Modeling 

Now we would like to determine the sensor 
modeling from the FFT-Spectrum. Figure  9 shows 
amplitude of FFT-Spectrum as function of acceleration 
and frequency. 
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Figure 9. Amplitude of FFT-Spectrum as function of 
frequency and acceleration 
 
Figure 10 shows amplitude of FFT as function of 
frequency on different acceleration. 
  

 
 

Figure 10. Amplitude of FFT-Spectrum as function of 
frequency on different acceleration 
 

Figure  10 shows that the increase of acceleration 
causes the increase of FFT intensity with different 
amplification by different frequencies, but with the same 
tendency. The minimum FFT intensity produced by 
frequency 40 Hz. This phenomenon agrees with the 
natural resonance frequency of developed sensor that is 
located in this frequency. According to ref (12) this sensor 
characteristic can be approximated with polynomial 
function based on basic function method. With this 
method the amplitude of the FFT A as function of 
frequency f and acceleration a can written in form of: 

( ) ( ) ( ) ( )
f
awfavaufaA +⋅+=,  (11) 

where u(a), v(a) and w(a) are parameters as function of 
acceleration a. Using data in Figure  10 the parameter of 
u(a), v(a) and w(a) can be determined:  

( ) 25.2000995.1258199.492 aaau ++−= (12) 

( ) aav 75.12925.12 +=  (13) 

( ) 25.40867131.35263777.8185 aaaw −+= (14) 

as can be seen in Figure  11 (A), (B) and (C).  

 
 

(a) 
 

 
 

(b) 
 

 
(c) 

 
Figure 11. Parameter u, v, and w as function of 
acceleration a 
 
The relative error of this sensor model is shown in Figure  
12. 

 
 

Figure 12. The relative error of the sensor model using 
FFT-Spectrum 
 

Figure 12 shows that the relative error of the 
sensor model using Eq. (11) is <6%. 
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6. Conclusion 

From the above results, some conclusions can be 
made: There is a linear dependency between acceleration 
and sensor output signal. The sensitivity of the sensor is 
different for different frequencies. It depends on the 
characteristic of the material and the form of seismic 
mass, and the spring. By using corrected mathematical 
model, a good sensor model as function of acceleration 
and frequency of the vibration can be determined. 

Fast Fourier Transform can be used to determine 
the frequency and amplitude of vibration directly. There 
is a linear dependency between amplitude of the FFT and 
acceleration. By using polynomial function based on basic 
function method, acceleration and frequency of the 
vibration can be determined well. With this model, the 
developed vibration sensor has relative error under 6%. 
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