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Vibration Monitoring of Industrial Plants 
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The SMONTREVIZ project aims to develop a monitoring system, methodologies and tools to gain 
information regarding the level of noise and vibrations produced by industrial sources, by low costs. 
The system provides the measured data to companies, local authorities and to the civil society, offering 
them information which can be used to take measures for mitigation of the pollution factors on one 
side, or to compare the registered levels with them foreseen in the national or European regulations on 
the other side. Communities can be affected by noise and vibrations which stress people and the build 
environment. The effects are especially unpleasant if buildings belonging to the cultural heritage or 
laboratories and operation rooms foreseen with high-tech equipment are exposed to this kind of 
pollution agents. Knowing the level of noise and vibration and the sources which produce them helps 
stakeholders to take measures to mitigate their level and effects.  
The present work presents a monitoring system developed in frame of the project and the methodology 
used in data acquisition and processing. Examples of measurements obtained during experimental 
works and theoretical results are also presented and compared, aiming to prove the reliability of the 
methodology.  

 
 
 
 
1. INTRODUCTION 
 
 Noise and vibration due to industrial sources 
can affect the life quality for whole communities, 
especially in the proximity of the pollution sources. 
It is the case of numerous industrial cities around 
Europe, especially those which had been 
developed in the XVIII-XIX century, where the 
industrial plants and dens populated areas 
interferes. Urban growth add to this pollution 
factors other sources, like transport   
In the last years [1] regulations in this field on 
European level have been adopted, like Directive 
2002/49 CE and Directive 2002/44 CE. While 
noise has attracted increased attention and is 
considered as a degradation factor of life quality in 
urban areas, vibration is considered more a stress 
factor on the workplace. This conduct to clear 

norms regarding the range of noise levels which 
affects residential areas accepted in whole Europe, 
but don’t solve the problems in the field of 
vibrations. For this issue each country has fixed 
own norms, where the accepted levels of vibration 
affecting buildings is more dependent from social 
aspects than from technical once. However, 
knowing the levels of pollution by noise and 
vibration helps to aware the problem and in 
consequence lead to actions destined to mitigate 
their level.  
 There are few studies that have tried to 
understand the impact of noise and vibration on 
individuals, most of the researcher being orientated 
to studies on the community level. All studies 
reflect that citizens when asked about the impact of 
noise and vibration on indoor comfort, put noise as 
the main cause of distress, noises being perceived 
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much more acute than vibrations are. Vibrations 
are often not percept by individuals, but the effect 
on their health is significant, especially by long-
term exposure. It has to be mentioned that 
vibrations are cause of mental discomfort when 
buildings or activities taking place in them are 
affected (crakes on walls and roofs, damages in 
brittle finishes, e.g. faience or tight-jointed 
stonework, deformations and fractures of 
structures). We can conclude that a high priority 
must be given to noise and vibration mitigation in 
environmental policy making, by implementing 
regulations, restrictions and measures for both 
pollution factors.   
 Usually researches are focused on one issue, 
but the fact that industrial equipment produce in 
most cases noise and vibration, justify a common 
approach. Good practices in measuring and 
monitoring pollution in the neighbourhood of 
industrial plants are necessary, together with them 
for active noise and vibration mapping. Researches 
made in frame of the SMONTREVIZ project had 
the aim to develop complex instruments and tools 
dedicated to this scope, in order to provide 
interested entities such as companies, public 
authorities and NGOs involved in environmental 
issues significant instruments and methods for 
investigation and dissemination. 
 
2. THE MONITORING SYSTEM 
 
 Monitoring of industrial sources of vibration 
is a complex activity, involving techniques specific 
of various fields, like: data acquisition, data 
transmission, data storage and processing, data 
evaluation and valorization. Information collected 
in the monitoring process can be used for: 

 Active evaluation of the source; 
 Event history proof;  
 Statistical model development; 
 Damage prognosis;  
 Danger detection on the receiver. 

 There are two ways to organize the 
monitoring system: the conventional monitoring 
where cable transferee is used and the wireless 
modem-to-modem system [2].  
 While the conventional system is limited by 
the transmission distance and the possibility to 
distribute the cables in the researched areas, the 
modem-to-modem system is not limited by this 
restriction. In industrial areas, due to dynamic 
production processes with fast moving 
components, this advantage is much more evident. 
The conventional system has however the 
advantage that for numerous measurement points 

the costs smaller than in the case of using the 
wireless system. 
 However, in both cases the information is 
transmitted to storage equipment, able to display it 
instantaneous or at any time. The signal, in form of 
acceleration, speed or displacement variation for 
vibrations, has to be processed for a proper 
interpretation of the happenings. For this reason 
mathematical tools like the Fourier Transform or 
the Wigner-Ville Distribution can be used. Results 
can be published on the Internet or Intranet, 
operative interventions in case of damages or risks 
can be taken. 
 Figure 1 presents a monitoring scheme for an 
industrial plant. In case of disposal of numerous 
sensors the costs for on-line monitoring can 
conduct to high values. The SMONTREVIZ 
project proposes a methodology to be used, which 
combine the advantages of the two types of 
systems. First a network of sensors using cable 
transfer is created around the source(s) and the 
transfer functions for all pair of sensors is 
calculated. The sensors can be displaced 
symmetrically in case of a regular area around the 
sources; else it is necessary to place more sensors 
around the irregularities. The number of sensors 
and the distances between them are dependent 
from the type of the sources [3], [4] and the 
requested precision, wile the distance between the 
source and the closest sensor [5] must be at least 
R1, given by the relation:  
 

R1 2
aR λ+=                          (1) 

 
where  
R1 is the reference value 
a is the dimension of the source measured 
along the propagation direction 
λR  is the wavelength of the Rayleigh wave 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 1. Monitoring scheme for an industrial plant. 
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 The reason is to avoid the near field, where 
the phenomena are complex and the results are not 
relevant. If the vibrations are produced by more 
sources and interferences appears, the literature 
doesn’t recommend values for R1. So the value for 
R1 for equivalent sources must be determinated for 
each separate case. 
 

 
 

Figure 2. Sample of the VI destined for data acquisition.     
 

 
 

Figure 3. Visualization of measured values 
 
 The aquired date is stored on a PC using the 
labView environment. A sample of the VI, where 
basical information regarding the measurement is 
presented in figure 2. 

 The vibrations aquired are shown as signals, 
figure 3, being possible to viualise  a big number 
of signals in the same time. This signals can be 
processed, so that different information is avaluble: 

 Fourier transform 
 Spectrogram 
 Scalogram 
 Wigner-Ville Distribution familly 
 Wavelets 

It can be used for the reasons presented in the front 
of this chapter [6], [7] and [8].   
 Another useful action is to determinate the 
transfer function between the points of the net. The 
authors have developed a program using the 
SCILAB environment [9], but it is also possible to 
use programs realized in LabView, which 
determinates the transfer functions. Based on it it’s 
enough to have few measurement points to be able 
to describe the behavior of the whole monitored 
area. This can be made by a wireless system, 
realized by the authors, all values being collected 
in this case by a central server. The graphical 
representation of two signals, measured in points 1 
and 2 (figure 1), and the measured and deduced 
unity response are presented in figure 4. The unity 
response permit the calculation of the transfer 
functions; if this are calculated  between all points, 
it is possible to reduce drastically the number of 
sensors but to have information about the whole 
area. 
 

 
 

Figure 4. Input signal, output signal and the unity 
impulse response.   
 
 Experiments have been made on different 
sources to find out the best way to use the 
processed information. Both time-frequency 
representations and the transfer function had give 
relevant information, being useful instruments in 
monitoring of industrial plants and machines [10].  
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3. CONCLUSIONS 
 
 The methodology proposed by the authors, 
together with the wireless system and the realized 
program, for short the SMONTREVIZ system, 
reduce the costs for an efficient on-line monitoring 
of sensitive areas, being a useful instrument for 
companies, public authorities and the civil society. 
The results obtained with the proposed system are 
in good agreement with them obtained with 
conventional systems, fact which recommends it 
due to the low costs derived.  
 On other side, the proposed mathematical 
tool assures for an industrial plant both source 
monitoring and identification. This means that the 
level of pollution in each moment for the whole 
plant and surroundings is known, and the sources 
which behave anomalous can be identified. 
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