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The use of MyOpenLab as free software was proposed in this research as an alternative to manage
the turbidity data acquisition system. A thermometrics turbidity sensor TSW-10 was adapted to the
Arduino system, this platform was used for the data acquisition system. Communication with the PC
was established through MyOpenLab. Measurements of samples with different known values of
turbidity were taken to determine the voltage value equivalent to each NTU value, and then these
measurements were compared with a commercial T-100 turbidity meter, duly calibrated. The following
values were obtained for the applied regressions: Linear regression with R? value of 0.9421, logarithmic
and exponential regression with R? values of 0.9511 and 0.8972, respectively. A non-parametric
Wilcoxon test was applied, obtaining a value of P = 0.881, determining that there were no significant
differences between the turbidity measurement prototype of this study and the T-100 commercial
equipment. The creation of a turbidity data acquisition system, completely open-source, without losing
reliability was demonstrated. The use of free software and hardware, reduced the costs compared
to the use of licensed software and hardware, representing a viable economic option, to use as a tool

in research studies.

INTRODUCTION

Turbidity is awater parameter that affects its transparency
due to fine dispersion of the light beam passing through it.
This phenomenon is directly associated with suspended
solids in water. The suspended solids are a combination of
clay, salts as well as organic and inorganic matter (Bray
2008). Turbidity is also an important parameter in process
control, sinceit can indicate problemsin different trestments,
mainly coagulation, sedimentation and filtration (WHO
2011). It is known that particles that cause turbidity can
significantly reduce disinfection processes. For example, in
chlorination treatment, higher doses of chlorinearerequired
for the same portion of treated water (Spellman 2013). Inthe
caseof UV disinfection, particlessuspended in water provide
shelter to pathogens, reducing the effectiveness of thistype
of treatment (Masschelein & Rice 2016). Turbidity is
recognized as an indicator of water quality and its
contamination (Bilotta& Brazier 2008). Turbidity isusually
measured in Nephelometric Turbidity Units (NTU) or its
equivalent, the international standard unit called Formazin
Nephelometric (Srinivasan 2009). Nephelometry refers to
the dispersion of light in a liquid medium caused by

suspended particles, measured at 90 degrees from the
incident light path (Wagner et al. 2005).

Turbidity in aguaculture effluents is originated mainly
from the organic matter present. The disproportionate
administration of food causes deterioration of water quality.
Thisisdueto the contribution of nutrients by food, whichis
not fully exploited by the species in cultivation (Boyd &
McNevin 2014, Gross et al. 2000). The discharge of
aquaculture effluents into bodies of water or soil alter the
physicochemical composition of these, affecting the balance
of the ecosystem (Lucas & Southgate 2012). It isimportant
to know the physicochemical conditions of the effluents
before being discharged and if necessary, those effluents
shall be treated (Desbonnet et al. 2005).

However, measurement and monitoring systems have a
very high cost (Zennaro et al. 2009). It requiresthe purchase
of licensed software and hardware for data acquisition on
physicochemical parameters such as turbidity. LabVIEW
software is commonly used in projects where a physical
parameter acquisition systemisrequired. Itslicenseisowned
by National Instruments (Herreraet a. 2014). Therefore, in
this research, in order to reduce costs, MyOpenL ab, which
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Fig. 1: Sensor TSW-10.
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Fig. 2: Conditioning circuit of the sensor TSW-10.
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Fig. 5: Representation of the Firmata protocol in MyOpenLab.
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Fig. 3: Sensor TSW-10 connected to the Arduino Uno board.

Fig. 4: Arduino One Board.

managestheturbidity dataacquisition system, was proposed
as an alternative, as a free software. In addition, the use of
the Arduino Uno board that being an Open-Source hardware
ischeaper than the use of acommon dataacquisition cardin
the market.

MATERIALS AND METHODS

Description of the system: The functioning of the monitor-
ing system for turbidity in aquaculture effluents depends
on three main parts:

1. The turbidity sensor
2. The system of data acquisition
3. The software of the data acquisition system

The chosen turbidity sensor isthe Thermometrics TSW-
10 (Fig. 1). Thissensor hasavoltage differential of 1.2V +/
- 20%. It operates at atemperature range of -30to 80°C and
aturbidity measurement of 0 to 2000 NTU.

This sensor was adapted to the Arduino system, due to
having an analog output between 0 and 5 V. The condition-
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Fig. 6: Comparison of the measurements made in the prototype for the voltage and NTU variables.

Turbidimetro

Fig. 7: Front panel of our system as shown in MyOpenLab
for turbidity in NTU.

ing circuit was performed before connecting the sensor to
an anaog input of an Arduino Uno board, which can be
observed in Fig. 2. Pin 2 was connected to the analog input
A1 of the Arduino board (Fig. 3).

The Arduino Uno board (Fig. 4) was used for the data
acquisition system. This is a prototype card designed in
accordance to the ATMega 328 microcontroller environ-
ment (Arduino 2016).

Wheat (2011), described the Arduino board as a high-
performance 8-bit integrated circuit. This device is basi-
cally a computer within the integrated circuit itself. It con-
tainsacentral processing unit (CPU), memory, arrays, clocks,
inputs and outputs, on the same chip. On the other hand
Lock (2013) and Pearce (2014) mention that the advantage
of being an Arduino Open-Source Hardware, isbecauseit is
cheaper than the proprietary hardware. Inaddition, it isflex-
ible to be modified with respect to the needs of the user,
without infringing copyright, since all its schematic dia-
grams are public.

MyOpenLab, was the data acquisition software used,
developed in free license Java language, however, it is a
powerful platform for modelling and simulation of physi-
cal, electronic and control systems (MyOpenLab 2016). Its
programming isin its software graphical language and has
important similarities with the recognized LabVIEW soft-
ware. MyOpenL ab has the advantage of being completely
open-source.

Communication between system components: In order to
be able to control the Arduino board parameters and also
establish communication with the PC using the software
MyOpenLab; the code was loaded on the Arduino Uno
board, which activated the protocol Firmata through the
Arduino IDE. The above is a communication protocol be-
tween the microcontroller and the PC. This allowed to cus-
tomize the Arduino card firmware, without having to create
aproper protocol for each component of the system (Firmata
2016). Fig. 5 showsthe block representing the activation of
the Firmata protocol within MyOpenL ab.

Once the data acquisition system operated as expected,
measurements of samples with different known values of
turbidity were carried out. This in order to know which
voltage value equals each value in NTU. The manufacturer
of the TSW-10 sensor provides aratio curve between NTU
and voltage, as well as the mathematical function associ-
ated with this curve, to convert voltage valuesto NTU. This
function was obtained by using different linear and nonlinear
regressions, choosing the most appropriate one.

RESULTS AND DISCUSSION

Thefirst measurements made by the prototype were carried
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Fig. 8: Polynomial regression graph.

out to know the trend of the output variable (voltage). Fig.
6 showsthe results of the measurements performed with the
turbidimeter T-100, which served to compare the samples
turbidity value in NTU and the voltage values obtained in
the prototype for the same samples.

According to Freund et al. (2006), regression techniques
study the relationship between two or more variables. This
relationship is expressed by a mathematical model, given
by the regression equation. In this work, the mathematical
function that represented the relationship between the Volts
and NTU was determined through linear, exponential,
logarithmic and polynomial regressions. The obtained
function was programmed in the MyOpenLab software so
that the voltage val ues obtained from the sensor were shown
asNTU vauesonthe PC screen. Fig. 7 showsthefront panel
of the prototype, within the programming environment of
MyOpenLab. In which, it can be seen the simulation of an
analog indicator and a digital one, showing turbidity in
NTU values.

Table 1 gives the results obtained from the regressions
performed to determine the function between voltsand NTU
values.

According to Hilbe (2009), a perfect fit would give an
R2?=1 value, where avalue close to 1 means avery good fit.

Table 1: R? values for applied regressions.

Regressions R? Values
Linear 0.9421
Logarithmic 0.9511
Exponential 0.8972
Polynomial 0.9961

An R?= 0.9961 value was reached with the obtained poly-
nomial regression. The trend curve and its equation are
shownin Fig. 8.

Orwin & Smart (2005) and Kelley et al. (2014), achieved
linear mathematical models in their works. The model
presented by Ortmanis et a. (1991) showed a logarithmic
trend. Roman et a. (2016) and Rojas & Sastoque (2007),
obtained the polynomial type model in their research, since
it was the one that reached greater relation between its
variables, as in this work. The equation obtained through
the polynomial regression Y = 139.73X3-1161.1X%+
2411.8X was programmed into MyOpenL ab software. The
system was prepared with this equation to perform calcula
tions. Measurements of 50 samples were taken from 10
Aquaculture Production Units (APU). Each sasmplewas meas-
ured with the T-100 model and the prototype, obtaining
relative errors (%) between measurements, which are sum-
marized in Table 2.

Table 2: Relative error between T-100 and our system.

APU Relative error (%)

3.6500504

4.13249961
3.25556982
2.09422325
4.94148619
3.43183721
4.29528635
3.61030103
4.88432968
4.29273265
3.85883162
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=
o

Average

Vol. 17, No. 3, 2018 @ Nature Environment and Pollution Technology



TURBIDITY MEASUREMENT FORAQUACULTURE EFFLUENTS

It can be seen from Table 2 that the average relative error
is 3.889%. According to Creus (2011), the accuracy of
systemswith transmission sensors (direct absorbed light) as
used in this research, was between 5% and 10%. For their
part, Ortmaniset a. (1991), established the accuracy of tur-
bidity measurement systems based on microcontrollers, it
was in arange of 2-11% throughout its measurement scale.
In morerecent work, Kelley et a. (2014), devel oped an open-
source portable turbidimeter obtaining an accuracy of +/-
3%. The difference between the portable turbidimeter and
the prototype carried out in this research is that the data
obtained in thiswork are sent to acomputer where it can be
processed and analysed for various applications. However,
both studies demonstrate that the use of open-source tech-
nologies, are a reliable option for the development of pa-
rameter measurement systems such asturbidity. In addition
to these results provided in Table 1, and according to the
nature of our data, a Wilcoxon's nonparametric test was
performed, from which avalue of P = 0.881 was obtained.
Thisidentified that there are no significant differences be-
tween the turbidity measurement prototype of thiswork and
the T-100 commercial equipment.

CONCLUSIONS

This research demonstrated that a completely open-source
turbidity data acquisition system can be created without los-
ing reliability. The use of free software and hardware reduced
the costs compared to the use of licensed software and hard-
ware. This represents a viable and lower cost option for re-
searchers who require to make measurements of some vari-
able within their research. The use of the Firmata communi-
cation protocol facilitated the configuration of the Arduino
board, in order to manipulate the data obtained with the pro-
totype. MyOpenL ab software represents an efficient and vi-
able option for the design of a data acquisition system, such
asthe one created in this research. The mathematical regres-
sion that best fits the obtained data must be applied to obtain
agrester precision in measurements.
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