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Abstract 

Whole-body vibrations (WBV) could affect operators driving agricultural tractors.  
European Parliament Directive 2002/44/EEC sets the minimum requirements for protection 
of workers from risks to their health and safety arising from exposure to mechanical vibra-
tions; moreover, in 2008, Italy adopted a specific national regulation on safety (Decree no. 
81/2008).  
Monitoring the WBV exposition represents a key aspect, but it is particularly difficult for agri-
cultural tractors because of the heterogeneity of environment and working situations that 
make not possible to foresee and standardize the operator exposure to vibrations.  
The legislation requires, actually, to declare the value of homologation limited to the seat, but 
the employer has to evaluate the global risk of employees as well. The approach is to meas-
ure some situation that could be representative of the job or to refer to existing database with 
similar tractor and use. This approach is recognized from the Authority but doesn’t solve the 
problem of monitoring in real time the driver’s level of exposure in specific conditions of work 
or with specific tractor (technological level, degree of maintenance, etc.).  
The CRA-ING Research Laboratory of Treviglio, Italy, has developed an application for 
smartphones to measure and analyze the WBV. The application respects the filters and 
weights of the ISO 2631-1997; the smartphone has to be dressed by the operator with no 
regards to orientation. It gives the real time data of exposure, the daily exposure and the 
available remaining time for working in safety conditions. 
The application provides a very simple method for an initial assessment of whole body vibra-
tion level of exposure. It could represent a low-cost device for operator’s training or for prac-
tically explaining the importance of monitoring the daily dose of vibration. 
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1 Introduction  

Italian statistics on work safety are pointing out a decreasing trend about injuries and fatali-
ties but an increasing number of reports about professional diseases.  
A mean value of 36% more in the last 5 years has been observed but data in agricultural 
environment have increased of 383% in the same period.  
It’s difficult to associate these data specifically to some well identified causes but they show 
that the interest about the occupational diseases is increasing.  
In this frame are considered the mechanical vibrations as well. In particular, whole-body vi-
brations (WBV) could affect operators driving agricultural tractors depending on their intensi-
ty, duration and frequency.  
European Parliament Directive 2002/44/EEC sets the minimum requirements for protection 
of workers from risks to their health and safety arising from exposure to mechanical vibra-
tions; moreover, in 2008, Italy adopted a specific national regulation on safety (Decree no. 
81/2008).  
The vibration risk for tractor’s operator depends, above all, from the level and the time of the 
exposure. In operations that involve several different tractors or implements the time of ex-
posure is directly function of the operational time of each operation and is characterized, 
above all, from the dimensions of the fields and the distance from the farm (Scarlett, 2007; 
Cutini, 2011; Nguyen, 2011; Sherwin, 2004; Seidel, 1986). 
Monitoring the exposition is particularly difficult for agricultural tractors because of the heter-
ogeneity of environment and working situations that makes not possible to foresee and 
standardize the operator exposure to vibration. The legislation requires actually to declare 
the value of homologation of the seat, but the employer has to evaluate the risk of employees 
as well. The approach is to measure some situation that could be representative of the job or 
to refer to existing database with similar tractor and use. This approach is technically correct 
and recognized from the Authority but doesn’t solve the problem of monitoring in real time 
the driver’s level of exposure in specific conditions of work or with a specific tractor (techno-
logical level degree of maintenance, etc.).  
Another approach that has been introduced concerns the use of vibrometer that could be 
compared to the use of an exposure-meter, in order to realize a direct measurement of the 
exposure. Following this approach the CRA-ING Research Laboratory of Treviglio, has de-
veloped an application for smartphones to measure and analyze the WBV.  
The application has been developed in the frame of the INTRAC project, that is addressed to 
study some fundamental aspect to reduce the risk during the use of agricultural machineries.  
This project aims to study some of these risks that doesn’t represent the most analyzed or 
frequent but that could be reported closer to the professional injuries. 
The project analyzes ergonomics and vibration. In fact, technical standard are guideline for 
engineering in a safety way but ends by leaving to the sensitivity of the manufacturers to 
search solutions to make the equipment vehicle safe, easy and of immediate communication 
with the user. Moreover, the design choices has to respect also trends, fashions and more 
specific forms of the market logic. Generally, the most evident and frequent risks are consid-
ered (European Parliament Directive 2002/44/EEC, Decree n. 81, 2008), and the possible 
causes of occupational diseases, that are more subtle to detect, could not be taken into ac-
count in the same way. 
The INTRAC research project is carried out in this context and with the aim to introduce a 
novel study about the risk of exposure to vibration. 

2 Materials and methods 

The application respects the filters and the weights of the ISO 2631-1997; the smartphone 
has to be dressed from the operator with no regards to orientation. It gives the real-time data 
of exposure, the daily exposure and the available remaining time for working in safety condi-
tions. 
The application INTRAC – vibra was born as an idea for researchers, technicians, agricultur-
al operators in the tasks of safety in work conditions. 
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It was conceived to be used with the most common types of smartphone Android™, for giv-
ing a friendly instrument that, anyway, can’t substitute the official vibrometers wit seat pad.  
The development of the app has followed the guidelines of the ISO 2631/1997.  
In particular has been chosen the chapter 2: Comfort.  
This allows to consider together the level of solicitation of the three axis but the software can 
be easily adapted to the requirements of chapter 1: Health, most commonly used. 
Vibration assessment has to include a measurement of the weighted root-mean-square 
(RMS) acceleration. The total vibration value of the weighted RMS acceleration, determined 
from the vibration in the orthogonal coordinates, is calculated as follows: 
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where: 

 ki is a multiplying factor that is defined in the standard and which depends on the 
point being measured (seat, back or feet) and on the solicited axle (X, Y or Z). In this 
case it’s referred to the seat and, for experimental studies, carried out on the single 
axis, it has been assumed: 

kx=ky=1.4 
kz=1  

 awi is the weighted RMS acceleration. The filters for weighing the measured accelera-
tion are defined in the cited standard and depend on the point of location and on the 
solicited axle.  

 av is the overall total vibration value, determined from the root-sum-of-squares of the 
point vibration values. 

The standard requires a measure of vibrations till 80 Hz.  
This could be a technical limit for smartphone but studies have pointed out that the solicita-
tion on agricultural tractors and the exposure on drivers have the main content of energy be-
low 12 Hz (Cutini, 2010; Deboli, 2012; Park, 2004; Taylor, 2000). 
 
The system requirements of the smartphone are: 

 CPU dual core at 1 Ghz (recommended quad core); 

 512 MB RAM; 

 at least 20 MB free in the internal memory of the smartphone; 

 operating System Android™ 2.3.x (recommended 4.0. or later). 
 
The project has followed the path: 

 development of the software; 

 validation on an actuator generating vibrations; 

 validation with the use on tractor. 
 
This has required to use the triaxial accelerometer of a smartphone as sensor. 
An actuator was necessary to generate a random signal for validating the application. 
One plate of a four poster test bench has been used (Bisaglia, 2006), fig. 1.  
 
The signals adopted were random generated with the following characteristics: 

 0-5 Hz, 10 mm RMS amplitude; 

 0-5 Hz, 20 mm RMS amplitude; 

 0-10 Hz, 5 mm RMS amplitude; 

 0-10 Hz, 10 mm RMS amplitude; 

 0-15 Hz, 3 mm RMS amplitude; 

 0-15 Hz, 5 mm RMS amplitude; 

 0-20 Hz, 3 mm RMS amplitude. 
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Figure 1: One actuator of the four poster was used for validating the application INTRAC-vibra. 

 
The experimental application was carried out using a standard 4WD agricultural tractor of 85 
kW power. 
The tractor was fitted with suspended cab and pneumatic seat. 
 
Data obtained with the smartphone were compared with the following certified instruments: 

 vibrometer HD2030 

 seat pad triaxial accelerometers PCB Piezotronics 356 B 40. 
 
The measurements were carried out on four different surfaces at three different speeds: 

 concrete test track (CT) at 8 km/h: CT_8; 

 asphalt test track (AT) at 20 km/h: AT_20; 

 grassed field (GF) at 8 km/h: GF_8; 

 field with high skeleton content at 6 km/h: SF_6; 

 field with high skeleton content at 6 km/h: SF_11. 
 

  

Figure 2: The grassed field and the high skeleton terrain used for test in working condition 

 
Two different positions of the smartphone were adopted:  

 in the pocket of the operator’s trousers: _P; 

 in a pocket on the left post of the cab: _C.  
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3 Results and Discussion  

The INTRAC – vibra application can register the vibrations of the smartphone during the 
normal way of working of the operator. It’s possible to have the graphic of the amplitude of 
the solicitation in real time and shows the vibration absorbed during all the working time or 
during the last minute. 
It’s possible to install the application as a normal app by downloading and executing the An-
droid™ package with the application “Installer package”. 
INTRAC – vibra starts touching the icon in the “Applications” section. 
The smartphone can be posed oriented as desired on the chosen surface or in a pocket. 
Touching the simbol ► in the upper right corner, INTRAC – vibra will start to registerthe vi-
brations of the smartphone.  
After one minute it will start to display the indications. Different levels of alert provide indica-
tions to the driver. 
The yellow fill color of the value indicates discomfort, the red a value that could be dangerous 
if considered for 8 hours of exposition. 
These limits are, respectively, of 0,5 m/s2 and 1 m/s2. 
The fields indicate: 

 The equivalent level of exposure, each minute (Aeq) 

 Level of exposure at 8 hours (A8) 

 Total RMS of the accelerations measured from the starting of the measurement 

 Effective exposition time. 
 

 

Figure 3: Example of the developed application during working (yellow=uncomfortable; 
red=dangerous) 

 
The results of the validation of the application at the actuator is reported in table 1. 
It indicates that there’s an overestimation of about 15% at low frequencies, less than 5 Hz. 
This could happen for the different kind of sensibility of the sensors adopted. 
The value is correct, with an error of about 3%, if the signal is considered between 0 and 10 
Hz. 
An underestimation was found with increasing frequencies, in particular at 15Hz (about 15% 
less) and 20 Hz (17% less).  
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Table 1: Acceleration value obtained during validation at the actuator 

Setting Vibrometer 
m/s2 

INTRAC-vibra 
m/s2 

Mean error 
% 

R_5H_10 0.4 0.46 15 

R_5H_20 0.88 1.02 13.7 

R_10H_5 0.64 0.62 3.1 

R_10H_10 1.26 1.23 2.4 

R_15H_3 0.71 0.6 15.5 

R_15H_5 1.16 1 13.8 

R_20H_3 1.05 0.87 17.1 

 
The standard ISO 2631 requires the measurement of frequencies till 80 Hz. Anyway several 
studies have demonstrated that the most interesting frequencies as content of energy for 
whole body vibration of operators of agricultural tractors are under 12 Hz. 
It’s possible to retain that results on field with the smartphone could fit the agricultural task. 
The results obtained in operative conditions with an agricultural tractor are reported in table 
2. 
Results present a mean error of 10%. Worst values of error (25%) have been obtained in 
very discomfortable conditions when the smartphone was posed in a pocket on the right post 
of the cab (SF_11_C). Obviously in this position it has also to be considered that the solicita-
tions of the cab were higher than those of the operator on the seat. 

 

Table 2: Acceleration value obtained during validation on a working tractor 

Setting Vibrometer 
m/s2 

INTRAC-vibra 
m/s2 

Mean error 
% 

CT_8_P 0.45 0.49 8.5 

AT_20_P 0.54 0.59 9.7 

GF_8_P 0.7 0.79 16.7 

SF_6_P 0.8 0.69 14.3 

SF_11_P 1.39 1.47 5.7 

CT_8_C 0.44 0.43 7.5 

AT_20_C 0.43 0.35 17.1 

GF_8_C 0.71 0.78 11.1 

SF_6_C 0.88 0.7 20.6 

SF_11_C 1.46 1.82 25 

 
Considering errors of measurement between 5 and 20%, it’s possible to show the system in 
the graph of figure 3.  
In the X position are reported the cited setting in ascending order following the correct result 
of the measurement (Vibrometer).  
With the empty indicator are reported the results obtained with the smartphone. 
The graph is set for conditions of test in laboratory, in field and in different conditions. 
The aim is to show only qualitatively the correlation between the app and a certified system.  
As different axis, frequencies, levels of solicitation and smartphone positions have to be con-
sidered, a value of correlation can’t be indicated. 
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Figure 3: Values of comfort obtained with the smartphone (INTRAC-vibra) and a certified system 
(Vibrometer) 

 

4 Conclusions  

The CRA-ING Research Laboratory of Treviglio, Italy, has developed an application for 
smartphones to measure and analyze the whole body vibrations.  
The application has been developed following the requirements of the ISO 2631-1997. 
The smartphone can simply be dressed from the operator with no regards to the orientation. 
It gives the real time data of exposure, the daily exposure and the available remaining time 
for working in safety conditions. 
The measured error is about of 10% during the most common conditions of work of an agri-
cultural tractor. 
The system can’t substitute a certified chain of measurement but provides a very simple 
method for an initial assessment of whole body vibration level of exposure.  
It could represent a low-cost device for operator’s training or for practically explaining the 
importance of the monitoring of the daily, cumulative dose of vibration. 
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