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Original Research Article

Elaboration of an open source prototyping platform
for salubrity monitoring in agricultural machinery

ABSTRACT

Agricultural operations are generally carried out in places subject to environmental changes. In order
to provide improvements in the work environment of the operators, it is of the utmost importance to
monitor and make changes in the work environment. The present work aims to elaborate a low cost,
flexible and easy to handle prototype, towards to monitor some parameters associated with the
salubrity conditions of the agricultural tractor operator's working environment, which are: sound
pressure level, ambient temperature and relative humidity. The developed prototype interprets the
analyzed parameters and compare their values to those recommended by the Brazilian Regulatory
Standards 15 (Unhealthy Operations and Activities) and 17 (Ergonomics), in order to perform a
salubrity analysis of the local environmental conditions and to issue visual alerts to the operator when
any parameter is outside the range of interest. Concerning the determination of the parameters of
interest, two databases were used. The first, consists of measurements made by precision laboratory
instruments—thermo-hygrometer and decibel meter—representing the reference data. The second
was composed of measurements made by the sensors installed on the microcontroller. For purposes
of precision evaluation, the Tukey test was performed at a significance level of 5% for the databases.
It was concluded that, due to the statistical analysis of the data, it was necessary to calibrate all the
sensors used to make the prototype. Also, it was noticed the need to add a microcontroller board
installed to the sound pressure sensor.

Keywords: Arduino; safety at work; agricultural tractor; sensors.
1. INTRODUCTION

Brazil is one of the world leaders in the production and export of agricultural products [1], where
agricultural machinery and implements are essential for much of the economic and technological
boost observed in the field [2].

The agricultural tractor plays a key role for the agricultural workers, being an important tool to assist in
the work, making it more practical and fast [3]. However, the operator is constantly subjected to
physical and mental stresses when operating the tractor [4].

There are numerous risk factors that can cause these stresses to operators, among which two groups
stand out: a) Pressures of physical agents such as noise, heat, vibrations and radiations and b)
Pressures of chemical agents such as dust and gases [5], [6].

Therefore, it is necessary to monitor some parameters that are associated with risk factors, such as:
ambient temperature, relative air humidity and sound pressure [7], [8].

In this scenario, the use of microcontrollers (small computer in a single integrated circuit used for
automation of tasks), appears as an option of easy application and of low cost [9] for the automation
of the monitoring process.

Thus, the present work aims at the elaboration of a low cost, flexible and easy to handle prototype, in
order to monitor the health conditions of the working environment of the agricultural tractor operators.
The prototype should be able to issue visual alerts to the operator when any parameter is outside the
range of interest.




2. MATERIAL AND METHODS
2.1 Experimental Site

The work was carried out at the Fluminense Federal University, Niteroi - Brazil, in the Laboratory of
Agricultural Machinery (LABMAQ), which is located approximately at the coordinates 22°54'20"(S)
and 47°07'61" (W), with an altitude of 19 meters, place in which the assembly, testing and data
collection phases of the prototype were performed.

The measurements of the parameters were carried out on two distinct days, in order to evaluate the
influence of different climatic conditions on the performance of the developed platform.

2.2 Legal Substantiation

The device should be able to interpret the value of the parameters measured by the sensors and
compare them to the values recommended by the Regulatory Standards 15 and 17 [10], [11] on
unhealthy activities and operations, and ergonomics, respectively. To this end, the following
recommendations were adopted:

* Ambient temperature should vary between 20 ° C and 23 ° C;

* Relative air humidity should not be less than 40%;

» Maximum noise level should not exceed 85 dB (considering a working day equivalent to 8 hours).

2.3 Materials

2.3.1 Tractor

The tractor used in the experiment was an Agrale model 4100. This model has an aspirated engine
with power equal to 14.7 hp, displacement of 668 cm? (single cylinder), traction only in the rear wheels

(4x2), and maximum torque equal to 39 N.m (at 2350 rpm).

2.3.2 Microcontroller

In order to perform the monitoring of physical parameters, such as temperature, relative air humidity
and noise level, several authors [12], [13], [14] adopted the Arduino UNO® as a microcontroller board
model to be used.

This model features an ATmega328 microcontroller chip, operating voltage of 5 V, 14 data
input/output digital pins, 6 input/output data analog pins, a 16MHz quartz crystal (responsible for
controlling the precise synchronization of processors) and flash memory equal to 32 KB (memory for
data storage).

The programming routine to be executed in the controller is accomplished through the IDE (Integrated
Development Environment), a free software based on the programming language C. This software
allows a set of instructions to be written in a personal computer, and later loaded to the controller [15].

2.3.3 Sensors

[16] and [17] recommend using the AM2302/DHT22® sensor (Aosong Electronics Company) to
monitor ambient temperature and relative air humidity conditions in a variety of applications.

[18] state that this sensor has fast response, good accuracy and high resolution. [19] report that the
module is capable of transmitting data over a distance of more than 20 meters. Therefore, this was
the sensor adopted as component in the elaboration of this prototype.

In addition, the sensor has a 3.3 V or 5 V supply voltage and its accuracy is + 0.5 °C and + 2%
(ambient temperature and relative humidity, respectively).
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The Sparkfun Sound Detector® sensor is used to perform the sound pressure measurements, it
informs the ambient sound amplitude’s analog signal.

The sensor has a supply voltage equal to 3.3 V or 5 V and allows a sensitivity adjustment by means
of an internal resistance that is coupled to the module and can vary to adjust the gain of the value (in
volts) in its pre-amplifier.

2.3.4 Data Collection System

[20] recommend that data should be recorded directly on an external memory card, in such a way that
an external computer is not required during the entire data collection period.

Thus, the storage of the collected data was carried out by a Sd Card module integrated to a micro Sd
card with storage memory equal to 8 GB.

The module features an operating voltage of 3.3 or 5 V and supports FAT16 and FAT32 file formats
(file systems used as standard on SD cards). In addition, the system has an RTC module, a breaker
switch and an RGB LED (light emitting diode that emits red, green or blue colors).

The breaker switch is responsible for initiating and interrupting the data recording, on the micro Sd
card, being a function of its position (on/off). Depending on the data recording status, the RGB LED
will change its color to green if the data is being recorded, and to red color if the recording is
interrupted.

The RTC DS3231 module acts as a real-time and high-precision clock, making it possible to note the
time at which a given data was generated, making it easier to manage the monitoring process.

2.3.5 Visual Alert System

The real-time Visual Alert System is composed by three LEDs and an LCD display, Blacklight Blue
model, which informs real-time values measured by the sensors.

The LEDs integrated into the circuit are responsible for alerting the operator if the analyzed
parameters are within the pre-established range. Each of the LEDs is responsible for a different
parameter. They remain "on" according to the following conditions:

* Relative air humidity smaller than 40% (green LED);
» Temperature below 20 °C or above 23 °C (yellow LED);
* Noise level greater than 85 dB (red LED).

Finally, the prototype circuit is shown in Figure 1.
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Fig. 1. Layout of the circuit’s prototype.

2.3.6 Reference Equipment

A digital thermo-hygrometer, model Incoterm® 7666.02.0.00, was used to obtain reference data of
relative air humidity and ambient temperature. This equipment has an accuracy of + 1 °C/°F for
internal or external temperature and £0.5% for relative air humidity.

In order to obtain the sound pressure reference data, a digital decibel meter, model Instrutherm®
DEC-490 was used. This model has an accuracy of + 1.4 dB and is factory calibrated.

The decibel meter was configured to operate in the 50-100 dB measuring range, in the "A" and slow
response compensation circuits, as provided in Regulatory Standard 15 [10], for the measurement of
continuous or intermittent noise levels.

2.4 Experimental Procedures

During the experiment, the tractor remained static and the engine was switched on during the data
collection period at the following rotating speeds: 1000, 1500, 2000 and 2500 rpm.

For data collection and prototype testing purposes, the sound pressure sensor together with a metal
bracket were installed near the tractor seat and fixed at the operator's ear height, as recommended by
[7]. To perform data collection, the decibel meter was positioned in the same location as the sound
pressure sensor.

The relative air humidity and temperature sensor as well as the thermo-hygrometer probe were
positioned side by side and installed in the tractor seat.

The microcontroller together with the data collection system were installed in a MDF wooden box, to
avoid mechanical damage and direct contact of the circuit with dust and humidity. The box was fixed
to the tractor seat.

The real-time visual alert system was installed in another MDF wooden box. It was positioned on the
tractor’s panel.

Two different databases were created: one consisting of the measurements obtained by the sensors
and the other composed by the measurements obtained by the reference instruments.
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A data collection period of 5 minutes was set for each of the engine operating speeds (1000, 1500,
2000 and 2500 rpm). For the first database, the values obtained by the sensors were recorded in the
micro SD card with an interval of 5 seconds between the recordings.

For the second database, with the aid of a stopwatch, the measurements of the thermo-hygrometer
and the decibel meter were recorded with intervals of 15 seconds between measurements.

2.5 Evaluation of the results obtained by the prototype

To facilitate the comparison between the data measured by the sensors and the reference equipment,
averages of the sensors data were calculated every 3 sequential repetitions (matching the amount of
data collected by the reference equipment).

The comparison between the results obtained by the sensors and the reference equipment was
established through the Tukey test at a significance level of 5%.

In this sense, if the data obtained by the sensors present statistical difference when compared to the
values provided by the reference equipment, it is necessary to elaborate a calibration curve for the
Sensors.

2.6 Sensors Calibration

If the ambient temperature and relative air humidity data collected by the AM2302/DHT22° sensor
show a statistically significant difference when compared to the values collected by the thermo-
hygrometer, two different calibration curves will be adjusted.

The first curve refers to the ambient temperature (equation 1), and the other to the relative air
humidity data (equation 2). Both curves will be defined by mathematical regression and will be of the
following format:

T —£.(Ty) (1
U — (U, (2)

Where:

T = Ambient temperature (°C);

f1 = Function defined by calibration;

TO = Initial temperature value estimated by the sensor;

U = Relative air humidity (%);

f2 = Function defined by calibration;

U0 = Initial relative air humidity value estimated by the sensor.

The Sparkfun Sound Detector® sensor provides sound amplitude values in the analog port, and a
calibration is required to obtain sound intensity values, in decibels.

Sensor and decibel meter measurements were collected for seven different sound intensities over a
period of 30 seconds. For each measurement there were three replicates.

After a data filtering according to the mean values obtained and the actual reference values, a
calibration curve was set for the sound pressure sensor defined by mathematical regression (equation
3).

P=1£(V) 3)
P = Ambient sound intensity (dB);

f3= Function defined by calibration;
V = Voltage produced by the sound pressure sensor (mV);



231
232
233
234

235
236
237
238
239
240
241
242
243
244
245
246
247
248

249
250
251
252
253
254

255
256
257
258
259
260
261
262
263
264
265
266

267
268

269

270
271

The noises were generated by continuous noise sources such as: blender, vegetable mixer, vacuum
cleaner and surround sound in an enclosed room.

2.6.1 Calibration and Validation

In order to validate the calibration of the sensors (if necessary), the coefficient of determination (R?) of
the curve will be used. This coefficient is a quality measure of the statistical model in relation to its
accuracy in estimating the values of the dependent variable (Y) versus the values of the independent
variable (X).

Its value varies between 0 and 1, indicating, in percentage, how much the model can explain the
observed values. The higher its value, the more explanatory the model is, and therefore the better the
calibration.

3. RESULTS AND DISCUSSION

3.1 Statistical Analysis of the data

3.1.1 Ambient Temperature

Table 1 presents the result of the Turkey test for the ambient temperature parameter, for both days of
data collection at a level of significance equal to 5%.

Table 1. Turkey test for the measuring equipment of ambient temperature for both days of data
collection.

Day Equipment Engine Speed (rpm)
1000 1500 2000 2500
! A 2348 A 2343 A 23.31A 2345A
B 24.45B 24.39B 24.35B 24.428B
2 A 21.95A 21.76 A 21.66 A 21.64 A
B 22.97B 22.71B 22.57B 22.60B

It can be analyzed in Table 1 that the averages of ambient temperature data, obtained experimentally
by the sensor (Equipment A) and the Thermo-hygrometer (Equipment B) are statistically different from
each other for both days of data collection, considering all engine speeds.

Such difference can be observed in the coefficients (A and B), next to the averages, indicating a
statistic difference of the averages for each engine speed. The averages followed by the same letter
don't differ from each other at a significance level of 5% by the Turkey test.

Therefore, there is the need to elaborate a calibration curve for the data of ambient temperature.

3.1.2 Relative Air Humidity

The Table 2 presents the result of the Turkey test for the parameter of relative air humidity, for both
days of data collection at a level of significance of 5%.

Table 2. Turkey test for the measuring equipment of relative air humidity for both days of data
collection.

Day Equipment Engine Speed (rpm)

1000 1500 2000 2500
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A 5717 A 57.55 A 58.49 A 58.07 A

B 61.00B 61.00B 62.00 B 61.80B
2 A 77.36 A 80.03 A 80.82 A 80.76 A
B 82.30B 85.10B 86.05B 86.10 B

It can be verified in Table 2 that the averages of relative air humidity data, obtained experimentally
from the sensor (Equipment A) and the Thermo-hygrometer (Equipment B) are statistically different
from each other for both days of data collection considering all engine speeds.

Therefore, there is the need to elaborate a calibration curve for the data of relative air humidity.

3.1.3 Sound Pressure

The Table 3 presents the result of the Turkey test for the parameter of sound pressure, for both days
of data collection at a level of significance of 5%.

Table 3. Turkey test for the measuring equipment of sound pressure for both days of data
collection.

Day Equipment Engine Speed (rpm)
1000 1500 2000 2500
1
A 80.42 A 86.01 A 84.42 A 83.93 A
B 81.22B 86.23 A 89.56 B 90.67 B
2 A 7543 A 78.92 A 83.23 A 86.50 A
B 83.88 B 86.70 B 88.45B 89.03 B

It can be analyzed in Table 3 that the averages of sound pressure data, obtained experimentally from
the sound pressure sensor (Equipment A) and the decibel meter (Equipment B) are statistically equal
only for the engine speed of 1500 rpm of day 1, taking into account a level of significance of 5%.

In view of the previous results, there is the need to add an isolated microcontroller board for a circuit
with the sound pressure sensor. Thus, the interference caused by the excess of data recording in the
microcontroller on the reading of analog data of the sensor will be eliminated.

3.2 Sensor Calibration

3.2.1 Ambient Temperature

By means of mathematical regression, using Microsoft Excel®, it was obtained a linear type calibration
equation (equation 4) for the ambient temperature collected data.

ty= 1,0979 .1;-1,238¢6 (4)
Where:

tf = Calibrated output value of the sensor, in Celsius degrees;

t0 = Uncalibrated value, in Celsius degrees.

The R2 value obtained by the calibration curve, related to equation 4 was 0,982, indicating a good
correlation between both variables, validating the calibration of the sensor.
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[21] and [22] also obtained a linear calibration curve when making the calibration of the same sensor.
The first one calibrated the sensor in a Sugar Cane plantation area, obtaining as result a R2 equal to
0,997. The second one obtained 0,999 when using the sensor to evaluate the efficacy of evaporative
panels consisting of PET bottles.

3.2.2 Relative Humidity

Analogously, it was obtained a linear type calibration equation (equation 5) for the relative air humidity
collected data.

2. (5)
Where:

uf = Calibrated output value of the sensor, in percentage of relative air humidity;
u0 = Uncalibrated value, in percentage of relative humidity.

The R2 value obtained by the calibration curve, related to equation 5 was 0,990, indicating again a
good correlation between both variables, validating this calibration. [21] and [22] obtained similar
results (R2 equal to 0,995 and 0,999, respectively).

3.2.3 Sound Pressure

By means of mathematical regression, using Microsoft Excel®, it was obtained a logarithmic
calibration (equation 6) for the points collected according to each sound intensity.

¥ =10,878.In(X) + 28,071 (6)

[5]
[k

Where:
Y = Output value of the sensor, in decibels;
X = Analog output value of the sensor, in mV.

The value of R2 obtained by the calibration curve was 0,922, indicating a high correlation between the
values, validating the calibration of this sensor.

4. CONCLUSION

Through the statistical analysis of the data it was concluded that the averages of the sensors and of
the measurement equipment were statistically different from each other. Therefore, it was necessary
to calibrate all the sensors used to make the prototype.

There was the need to add an isolated microcontroller board to the circuit that has the sound pressure
sensor, in order to eliminate interference caused by the excess data processed in the microcontroller
memory during the reading of analog data.

For the salubrity analysis and monitoring of the developed activity, the elaborated prototype proved to
be effective and with potential for deepening in the monitoring of continuous and intermittent noise
and calculation of the dose of noise on the operator throughout his/her working day.

The total cost for elaboration of the prototype presented was 88.6USD.

REFERENCES

1. Kawano BR, Moraes GV, Silva RF, Cugnasca CA. Estratégias para resolugéo dos principais
desafios da logistica de produtos agricolas exportados pelo Brasil. Revista de Economia e
Agronegocio, v.10, p.71-88, 2012; 2526-5539. Portuguese.

2. Gianezini M, Ruviaro CF, Junior SS, Watanabe M. Notas sobre a evolugdo das maquinas e
equipamentos agricolas. Revista Ambiéncia, v.10, p.381-388, 2013; 2175-9405.Portuguese.



365
366
367
368
369
370
371
372
373
374
375
376
377
378
379
380
381
382
383
384
385
386
387
388
389
390
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Baesso MM, Gazzola M, Bernardes S, Brandelero E, Modolo A. Avaliagdo do nivel de ruido,
itens de seguranga e ergonomia em tratores agricolas. Revista Brasileira de Engenharia de
Biossistemas, v.9, p.368-380, 2015; 10.18011. Portuguese.

Cunha JPAR, Duarte MAV, Souza CMA. Vibragdo e ruido emitidos por dois tratores
agricolas. Revista IDESIA, v. 30, p.25-34, 2012. Portuguese.

Gosling M, Araujo GCD. Saude fisica do trabalhador rural submetido a ruidos e a carga
térmica: um estudo em operadores de tratores. Revista O Mundo da Saude, v.32, p.275-286,
2008; 1980-3990. Portuguese.

Rodrigues LGS, Lima EF, Mariano LA, Resende VCS. Ergonomia em Tratores Agricolas.
Nutritime Revista Eletrdnica, v.13, p.4749-4756, 2016;1983-9006. Portuguese.

Minette LJ, Silva EP, Souza AP, Silva KR. Avaliagdo dos niveis de ruido, luz e calor em
maquinas de colheita florestal. Revista Brasileira de Engenharia Agricola e Ambiental, v.11,
p.664-667, 2007; 1807-1929. Portuguese.

Schiassi L, Melo NSM, Tavares GF, Souza iP, Araujo HB, Giustina CD. Modelagem fuzzy em
parametros de bem-estar humano. Revista Nativa, v.1, p. 8-12, 2013; 2318-7670.
Portuguese.

Ramos MC, Andrade VS. Desenvolvimento, construgdo e calibragdo de uma central de
monitoramento de consumo de energia elétrica e de agua utilizando o microcontrolador
Arduino. Revista Produgao e Desenvolvimento, v. 2, p.39-50, 2016; 2446-9580. Portuguese.
Brasil. Ministério do trabalho e emprego. NR 15 - Atividades e Operagbes Insalubres.
Brasilia: Ministério do Trabalho e Emprego, 1979a.

Brasil. Ministério do trabalho e emprego. NR 17 - Ergonomia. Brasilia: Ministério do Trabalho
e Emprego, 1990b.

Laskar MR, Bhattacharjee R, Giri MS, Bhattacharya P. Weather Forecast using Arduino
based Cube-Sat. Procedia Computer Science Journal, v. 89, p. 320-323, 2016; 1877-0509.
Prima EC, Karim S, Utari S, Ramdani R, Putri ERR, Darmawati SM. Heat Transfer Lab Kit
using Temperature Sensor based Arduino™ for Educational Purpose. Procedia Engineering
Journal, v. 170, p. 536-540, 2017; 1877-7058.

Ulloa C, Nufiez JM, Suarez A, Lin C. Design and development of a PV-T test bench based on
Arduino. Energy Procedia Journal, v.141, p.71-75, 2017; 1877-6102.

McRoberts M. Beginning Arduino. 1st. ed. Apress Inc., 2010. 475p.

Scarpa M, Ravagnin R, Schibuola L, Tambani C. Development and testing of a platform
aimed at pervasive monitoring of indoor environment and building energy. Energy Procedia
Journal, v. 126 p. 282-288, 2017; 1877-6102.

Martin-Garin A, Millan-Garcia JA, Bairi A, Millan-Medel J, Sala-Lizarraga JM. Environmental
monitoring system based on an Open Source Platform and the Internet of Things for a
building energy retrofit. Journal of Automation in Construction, v.87, p. 201-214, 2018; 0926-
5805.

Shaker M, Imran A. Greenhouse Micro Climate Monitoring Based on WSN with Smart
Irrigation Technique. International Journal of Electrical and Computer Engineering, v.7, p.
1566-1571, 2013; 2088-8708.

Gang J, Wen-giang F, Peng-fei H, Yun-xue L. Design of Multi-point Wireless Temperature
and Humidity Sensor Network Based on NRF24101. Information Technology Journal, v.12, p.
5811-5817, 2013; 1466-4437.

Erraissi N, Raoufi M, Aarich N, Akhsassi M, Bennouna A. Implementation of a low-cost data
acquisition system for “PROPRE.MA” project. Measurement Journal, 2017; 0263-2241.

Silva Filho A. Estimativa do balango de energia a partir de medidas de protétipo de estagao
micrometeoroldgica. Cuiaba: UFMT, 2015, 63p. Tese Mestrado. Portuguese.

Pereira JM. Avaliagdo de desempenho do painel de plastico PET para resfriamento
evaporativo. Brasilia: UNB, 2018, 192p. Tese Mestrado. Portuguese.



