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Abstract — Water is the source of life for humans. Its
sustainability has to be maintained because water’s
quality will affect human life. One of the water sources
that are usually used by people is from the local water
Company (PDAM) in every city in Indonesia. One of
the PDAM Companies in the Marabahan City, South
Kalimantan, is treating water from the Jejangkit
River, but that water is not always clean; it can be
murkier in a rainy season and tidal conditions. That is
why the water quality condition in that river needs to
be known. In that case, this study aims at designing a
prototype of microcontroller-based turbidity of water
detector by implementing the fuzzy logic. It can send a
real-time report where later it will be used by PDAM
in Marabahan City. The stages of turbidity
measurement consist of start, initialization of 1/0,
turbidity sensor of reading object, fuzzy logic, read the
turbidity level, stop. The result of this study is that the
developed prototype is able to read the turbidity level
of water and it can send a real-time report. It is
recommended to develop the further turbidity sensor
by using other components that are not only able to
read the turbidity level, but they are also able to read
the pH value and can be developed with other methods,
in order that it can read the sharper data accuracy.
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1. Introduction

Water (H,O) is the most valuable resource and
abundant compound on the surface of the Earth,
covering more than 70% of the planet [1]. Although
the earth consists of 70% water, only 2.5% is
freshwater that can be consumed, which makes
freshwater a valuable thing that has to be maintained
and monitored for its quality [2]. Moreover, if there
is an increase in population, there will be an increase
in the need for clean water [3]. Water quality from
rivers has considerable importance on the grounds
that these water resources are generally used as
producers of wastewater such as: drinking in
agriculture and housing in agricultural areas,
agriculture  (irrigation),  hydroelectric ~ power,
transportation and infrastructure, tourism, recreation,
and other water sources that are humanely damaged
[4]. As we know, turbid water is one of the
characteristics of unhealthy water or can be an
indication that the water has been contaminated [5].
Meanwhile, clean water is a type of water quality that
is of good quality, and it can be used by humans for
daily life [6]. Conversely turbid water if used as
drinking water will trigger digestive diseases even
those that are acute [7]. The effect of consuming
drinking water that is not of good quality, it will have
an awfully bad impact on children who are under five
years old [8]. So, knowing the water quality is one
of the important things to maintain health.

Based on Government Regulation of the Republic
of Indonesia number 20 from 1990, water
classification according to its designation can be
divided into several classes, namely: a) Class I:
Water that can be used as drinking water directly
without prior treatment; b) Class II: Water that can
be used as raw water for drinking water; c) Class III:
Water that can be used for fisheries and animal
husbandry purposes; d) Class IV: Water that can be
used for agricultural purposes and  for urban
businesses, industry, and hydroelectric power [9].

According to information from the Indonesian
Ministry of Health, drinking water that is good for
consumption is drinking water that has the following
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conditions: no taste, no smell, no color and does not
contain heavy metals. Water obtained from natural
sources consumed by humans carries the risk that it
has been contaminated by bacteria (e.g. Escherichia
coli) or other harmful substances [10]. The purpose
of making these limits is to prevent the occurrence
and spread of water-borne diseases. In Indonesia, the
drinking water standard that was applied was made in
1975, but it was later improved in 1990 [11]. The
importance of water is particularly important, but
more important is the concept of clean water. It is
estimated that every person on Earth needs 20 to 50
liters of safe clean water every day. This clean water
is used for drinking, cooking, simple hygiene, etc.,
[12]. The provision of clean water for all Indonesians
is one of the objectives of the government which is
still constrained by limited water supply and existing
infrastructure [13]. Clean water is needed by the
community, especially in urban areas that use PDAM
(Regional Water Supply Company) facilities. No
exception in the city area of Marabahan, South
Kalimantan, in which clean water needs are also
supplied from the PDAM.

Turbidity is one of the parameters in determining
water quality. Turbidity is caused by organic matter
and inorganic particles suspended in water [14].
Turbidity has a close relationship with the levels of
suspended substances in the water. Suspended
substances present in water consist of various
substances, such as fine sand, clay, and natural mud
which are inorganic materials or can also be in the
form of organic materials floating in water [15]. The
turbidity level of the water can be measured by a
measuring instrument called a Turbidimeter, or by
comparing the turbidity level of water with or waters
with clean water [16]. One of the Subdistricts located
in the City of Marabahan, precisely in the Jejangkit
District also uses PDAM. The water source used in
the PDAM is taking water from the river. The river
water in the Jejangkit District area is not always
clean, tidal river water is one of the causes of
turbidity. Not only that, when the rain falls relatively
long and heavy, the water in the river will also
become turbid. Sometimes this is the problem for
PDAM Officers to check the level of turbidity of the
water after it rains. However, the officer is not
always on time in checking because there is
something busy and other things. The manual system
like that will make the results of his work inefficient.
Officers have to go back and forth to check the level
of turbidity of the water.

The use of electronic circuits in detecting turbidity
of water for non-flowing water has been carried out
by several previous researchers using different
sensors and microcontroller systems [11]. In this
study the design of water turbidity detection devices
is designed to be used to notify operators in

TEM Journal = Volume 9 / Number 2 / 2020.

providing treatment for the turbid water [17].
Therefore, it is proposed a prototype to detect water
turbidity levels by implementing a microcontroller-
based Fuzzy logic method. Fuzzy Logic is a branch
of Atrtificial Intelligence, which is knowledge that
makes computers able to imitate human intelligence
[18]. Fuzzy logic can solve problems in stored
controllers and information processing that can be
implemented on  embedded  systems  on
microcontrollers [19]. This prototype can detect
water turbidity by sending reports in real-time and
displaying turbidity data in the form of numbers on
the LCD. The definition of real-time here is that
when the prototype starts working, the data obtained
is immediately sent and displayed on the LCD. With
the existing automation in this prototype it is
expected to help the performance of the PDAM
Officers in Jejangkit District.

2. Theoretical Basis

There are some theories that will be discussed.
Those are water, microcontroller, Arduino IDE,
Turbidity Sensor, LCD, and Fuzzy logic.

Water is the life foundation and livelihood, and it
also becomes a key for sustainability development.
The successful water management will have a
function as foundation to reach many achievements
from 17 aims of sustainable development (SDGs),
and also for SDG 6 — it is to “ensure the availability
of water and sustainable water management and
sanitation for all”.

Arduino microcontroller is a platform of physical
computing that is open source. What is meant by a
platform of physical computing is a system or
physical device that uses interactive software and
hardware that can receive stimuli from the
environment and respond back [20]. The advantages
of Arduino microcontrollers are that this device can
make programming and debugging easy, it does not
require additional programmers who will spend
additional costs, and its functions are easy to
understand [21]. In addition, several studies have
proven that the use of Arduino microcontrollers can
produce tools that are able to work effectively and
efficiently. As research conducted by [22], which can
produce hybrid power generation systems consisting
of solar panels, battery packs, fuel cells and direct
current and effective and efficient alternating current
loads using an Arduino microcontroller.

Arduino IDE is the most open-source software
used to write and compile code into the Arduino
Module. This is official Arduino software, which
makes compiling code easier so that even ordinary
people without prior technical knowledge can make
them like it, and they have no trouble with the
learning process. This system is easy to find for
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several operating systems such as MAC, Windows,
Linux, which runs on the Java Platform which is
equipped with built-in functions and commands that
play a vital role in debugging, editing, and compiling
code in the environment [23].

Turbidity is related to the level of turbidity or
water clarity which is the main indicator in
determining water quality [24]. Thus, the turbidity
sensor is a device used as a standard test tool to
determine the level of turbidity of water [25].
Turbidity is an internationally recognized criterion
for assessing the quality of drinking water because
colloidal particles in turbid water can contain
pathogens, chemically reduce oxidizing disinfectants,
and hinder efforts to disinfect water with ultraviolet
radiation [26].

The Liquid Crystal Display or LCD is a display
technology that uses isotropic properties of organic
material in the form of liquid-crystal due to the
influence of an electric field. Each pixel of an LCD
consists of a liquid-crystal layer flanked by 2
transparent electrodes (transparent electrodes) made
of Indium Tin Oxide (ITO) and 2 polarizing filters
(polarizing filter) [27].

Fuzzy logic is a way to map an object into an
output space. Fuzzy Logic was first introduced by
Prof. Lotfi A. Zadeh in 1965. The basis of Fuzzy
logic is the theory of the set of Fuzzy [28]. Fuzzy
logic has been proven to be able to solve problems of
measuring water quality, especially when dealing
with the uncertainty of data and ambiguity in river
water systems [29]. The results of research conducted
by [30] states that the Fuzzy logic method is a
feasible method to be used in determining water
quality. Measurement of water turbidity using the
fuzzy logic method was also carried out by several
other researchers. A research conducted by [31]
which uses fuzzy logic methods for measuring water
quality in water treatment plants, where their
research shows that water quality measurements
using measurement tools based on fuzzy logic
method are effective for determining water quality in
installations water treatment. Even the Fuzzy logic
method is also successful in solving complex
problems in other fields. Meanwhile, research
conducted by [32] which uses the Fuzzy logic
method to map the suitability of nesting habitats for
grouse in western Wyoming. The fuzzy logic method
is also used by [33] to measure human perception
using a questionnaire whose measurements are
calculated using the fuzzy logic method.

3. Methodology
The material used in this study based on the results

of surveys and on-site observations is river water
resources. The tools used to implement this research
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are Microcontroller and PC (Personal Computer). In
this research, the tools used are hardware and
software, among others: Computer / laptop with
minimum specification of Windows 7, 2GB RAM,;
Internet connection; Microcontroller; Turbidity
sensor; LCD; 12C Module; Jumper Cable.
Meanwhile, software that is used on this research is
the Arduino IDE.

The plot of the system comprising a flowchart in
the measurement of water turbidity level based on a
microcontroller using a fuzzy logic method with the
data generator is named turbidity sensor as it is
shown in Figure 1 below:

|
-

-
Reading the turbidimty
level
-

Figure 1. The Stages of Research

Some of hardware components used in this
research are shown on Table 1 below.

Table 1. Hardware Device

No Component Number
1 | Microcontroller (Wemos D1) 1
2 | Breadboard 1
3 | Battery box A4 9V 1
4 | Jumper cable 10
5 | Turbidity sensor 1
6 | Phototransistor 1
7 | 9V Battery connector 1

4. Results and Discussion

4.1. Prototype Design

In this section, we will explain the stages of
prototype design of water turbidity levels using a
turbidity sensor connected to the microcontroller,
whose tool consists of turbidity sensor, Wemos D1
microcontroller, and LCD, and later this tool will
detect water turbidity. The turbidity sensor used is
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the GE Turbidity sensor. This sensor can read the
value of turbidity by using light for entering the
water and detecting suspended turbidity particles.
The shape of the turbidity sensor can be seen in
Figure 2 below:

Figure 2. GE turbidity sensor

This sensor can work by dipping it into the water
sample. The output value is in the form of analog
data. GE Turbidity Sensor has 4 pins, but the pins are
used only 3. Those are the VCC, GND Pin, and A0
Pin. The VCC pin is for positive electric voltage. The
function i1s to turn on the sensor. Meanwhile, the
GND pin is for the ground, and the AO pin is for the
input value.

Next, the writer uses the Wemos D1 type
microcontroller because it has been inserted by
module or wifi chip without need to add the Ethernet
Shield as the added tool which is usually used to
deliver the circle data. So, this microcontroller usage
is simpler, and it has a lower cost as well. The
Wemos D1 Microcontroller used can be seen in
Figure 3 below:

e

C N g = |

Figure 3. Wemos D1 microcontroller

The turbidity gauge is then assembled on the
Wemos D1 microcontroller by using a jumper cable.
Same with the explanation above, to connect
Turbidity sensor and microcontroller requires 3
jumper cables. The cable will be connected to the
three pins in the microcontroller, namely, the VCC
pin on the Turbidity sensor to pin 5v on the
microcontroller, the GND pin for the GND pin
which is the Turbidity sensor and pin A0 for pin A0
on the Turbidity sensor.
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Furthermore, there is an LCD (Liquid Crystal
Display), which is one type of electronic display that
works by reflecting light that transmits light from
back-lit. Here I use a 16x2 LCD which means it has
16 characters and 2 lines. We use the LCD as a tool
for viewing turbidity values that are sent from the
“Wemos D1 microcontroller”. The shape of the LCD

can be seen in the Figure below:
p————

......

Figure 4. LCD (liquid crystal display)

LCD still has another component that can accept
the data. This component is the “Inter-Integrated
Circuit” or it is usually called the I2C Module. 12C
module is a tool that can send or accept the data. 12C
itself has a different address in each part of it. The
system of 12C consists of the SDA (Serial Data) and
SCL (Serial Clock). The shape of 12C can be seen in
the figure below:

Figure 5. 12C module

12C is assembled on the LCD by inserting 16 pins
in 12C and LCD, this pin transfers the character
shape to the LCD. In addition, there are also 4 pins
connected to the microcontroller, namely the GND
pin for Ground which is also connected to the
microcontroller GND pin, the VCC pin for the
electric current-voltage connected to the 5V
microcontroller pin, SDA and SCL pins which are
also connected to the SDA pin and SCL
Microcontroller. After everything is assembled it will
produce a prototype of water turbidity detection, the
results of which can be seen in the following figure:
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fritzing

Figure 6. The LCD circuit in microcontroller

Figure 7. The Turbidity sensor circuit in Microcontroller

4.2. Testing the Result

The rule that is used in this water turbidity research
is by implementing the Mamdani fuzzy method is as
follows:

= If(NTU is <50) then (Water_Quality is clear)

= If (NTU is >50) then (Water Quality is
intermediate)

= [f(NTU is >200) then (Water_Quality is murky)

Before entering the prototype test, manual testing
is done by comparing with aquades water that has
been labeled NTU value or which can be called the
formazin polymer, which can be seen in the picture
below:

Figure 8. Formazin polimer liquid

To test the accuracy of the sensor for water
turbidity, the author uses 3 water samples in a
container where the water has a different turbidity
level value. The display of 3 water samples can be
seen in the Figure below:
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Figure 9. Water sample

After doing the water turbidity level test, the result
can be seen in the Table 2, 3, and 4 as follows:

Table 2. Number 1 Water Sample Test

Water Sample Time ADC NTU Value
of- Value
09:24:32 793 428,32
09:24:33 781 471,33
09:24:34 787 449,82
1 09:24:35 785 456,99
09:24:36 788 446,24
09:24:37 794 424,73
09:24:38 785 456,99
Average 447,77
Relative error 0,99%
Table 3. Number 2 water sample test
Water Sample Time ADC NTU Value
number- Value
09:32:14 748 589,61
09:32:15 745 600,36
09:32:16 747 593,19
2 09:32:17 747 593,19
09:32:18 747 593,19
09:32:19 747 593,19
09:32:20 745 600,36
Average 594,72
Relative Error 0,98%
Table 4. Number 3 water sample test
Water sample Time ADC NTU Value
number- Value
09:53:22 679 836,92
09:53:23 687 808,24
09:53:24 683 822,58
3 09:53:25 677 844,09
09:53:26 685 815,41
09:53:27 686 811,83
09:53:28 686 811,83
Average 821,55
Relative Error 0,99%

The formula used for this system result is shown as

follows:
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- [0)
TP+ FN * 100%

Information:

= TP (true positive) = It is also called the hit rate
where it shows the right measurement.
» FN (false negative) = Un-classified amount.

From the explanation above this research
succeeded in making a turbidity sensor by utilizing
an Arduino microcontroller and fuzzy logic method
to measure water quality automatically. When seen in
the current development, namely the 4.0 revolution
era, automation becomes a necessity in the business
[34]. Similar research, namely the manufacture of
Arduino uno-based water turbidity gauges has also
been carried out by [1], the results of which also
show that the developed tool is able to function
properly to measure the level of turbidity of water.
Research on turbidity sensors was also carried out by
[32]. The difference in their research was that they
used optical fiber combined with the use of mirrors.
The results of their research show that the measuring
devices they make are capable of detecting pollutants
that pollute water even in small sizes. In addition,
research on turbidity sensors using optical fibers has
also been conducted by [28]. The results of these
studies indicate that the use of optical fibers is
capable of measuring water turbidity online.

Along with the development of the era of turbidity
sensor research continues to be carried out to find
systems with lower costs and data can be sent online
via wireless networks. For example, research
conducted by [35], conducted research to develop a
low-cost drinking water quality measurement tool for
household wuse. Another example is research
conducted by [36], who have succeeded in designing
low-cost freshwater turbidity sensors using wireless
protocols that are associated with the concept of
"internet of  things", namely machines
communicating with machines. Likewise, with the
development of online turbidity sensors is developed
by [16] who succeeded in producing web-based
sensors at a low cost with the concept of the internet
of things. In addition, [10] have also developed a
water quality measuring sensor by using the internet
of things. They have succeeded in creating a water
quality measuring sensor that can automatically warn
water quality supervisors in real-time.

Similar water quality measurement sensors were
also developed by [5]. The Wireless Sensor Network
they developed consisted of a microcontroller to
process the system, a communication system for inter
and intra node communication, and several sensors.
The sensors they have developed have also been
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reported to be able to commemorate water quality
measurement officers via SMS when water quality
deteriorates. Similar research that utilizes the GSM
system in a turbidity sensor that can report the results
of analysis via SMS has also been developed by [31].
The sensor system that they make can report
turbidity, pH, and water temperature through short
messages so as to reduce operational costs, labor, and
speed up the measurement process. Even earlier, in
2013 a tool to measure water quality with a computer
system was also carried out by [37]. They developed
a water quality measuring device automatically using
VB.net and SQL called Surface Water Quality
Assessment Tool (SWQAT). Their research
succeeded in developing automatic measuring
devices which were then installed in several rivers in
India.

Although various water quality measurement
systems have been created, there are still some
obstacles in the measurement system. The obstacle
currently faced in measuring water quality is the lack
of research conducted in terms of the effect caused
by the combination of contaminants in drinking
water, especially in drinking water exposed to small
amounts of contaminants [23]. In addition, according
to [22] in measuring water quality, it is necessary to
carry out multi-parameter measurements to get more
valid results. Besides that internationally recognized
quality standards have to be established. Thus,
research on turbidity sensors still needs to be carried
out in order to find a system that is more accurate,
simpler, and of course lower in cost.

5. Conclusion

Based on the research done, it can be concluded
that the Prototype of Microcontroller Based Water
Measurement Level using the Fuzzy Logic has been
designed successfully. That is why the prototype
made by this research is ready to test on a bigger
scale, and later it can be implemented in some
regional water companies that need the tool to
measure the water quality based on the specification
and excellence offered from this research. However,
the development of this water turbidity level needs to
be done in the form of further research so that the
measurement is not only limited to the turbidity
level, but also on the other things related to the water
quality such as Ph and water temperature. So, it can
give the water quality data in a more accurate way.
Besides that, a system that can be made at a more
affordable cost has to be also considered so that it
can be used in a wider scope comprising the water
quality measurement in the household environment.

699



TEM Journal. Volume 9, Issue 2, Pages 694-701, ISSN 2217-8309, DOI: 10.18421/TEM92-36, May 2020.

References

[1].

(2].

[3].

(5]

[6].

[7].

(8].

[9].

[10].

[11].

[12].

700

Siahaan, A.P.U., Silitonga, N., Igbal, M., Aryza,
S., Fitriani, W., Ramadhan, Z., Tharo, Z., Rusiadi,
Hidayat, R., Hasibuan, H.A., Nasution, M.D.T.P.,
Ikhwan, A., Azhar, Z., & Harahap, M.ID. (2018).
Arduino uno-based water turbidity meter using ldr
and led sensors. International Journal of
Engineering & Technology, 7(4), 1-6.

Adu-Manu, K. S., Tapparello, C., Heinzelman, W.,
Katsriku, F. A., & Abdulai, J. D. (2017). Water
quality monitoring using wireless sensor networks:
Current trends and future research directions. ACM
Transactions on Sensor Networks (TOSN), 13(1),
1-41.  https://doi.org/10.1145/3005719 .
Akinwole, O., & Oladimeji, T. (2018). Design and
implementation of arduino microcontroller based
automatic lighting control with 12¢ LCD display.
Journal of Electrical & Electronic Systems, 7(258),
1-5.  https://doi.org/10.4172/2332-0796.1000258
CB, D. B. (2008). Studi Tingkat Kekeruhan Air
Menggunakan Citra Radar Airsar [Water turbidity
study using airsar radar imagery]. Bogor: Bogor
Agricultural University.

Chowdury, M. S. U., Emran, T. B., Ghosh, S.,
Pathak, A., Alam, M. M., Absar, N., ... & Hossain,
M. S. (2019). IoT Based Real-time River Water
Quality Monitoring System. Procedia Computer
Science, 155, 161-168.
https://doi.org/10.1016/j.procs.2019.08.025

Fezari, M., & Al-Dahoud, A. (2018). Integrated
Development Environment “IDE” For Arduino.
WSN applications. 1-12.

DeRoos, A. J., L.Gurian, P., Robinson, L. F., Rai,
A., Zakeri, 1., & Kondo, M. C. (2017). Review of
epidemiological studies of drinking-water turbidity
in relation to acute gastrointestinal illness.
Environmental Health Perspectives, 125(8), 1-19.
https://doi.org/10.1289/EHP1090

Dunca, A. M. (2018). Water pollution and water
quality assessment of major transboundary rivers
from banat (Romania). Journal of Chemistry, 1-8.
Edokpayi, J. N., Rogawski, E. T., Kahler, D. M.,
Hill, C. L., Reynolds, C., Nyathi, E., &
Dillingham, R. (2018). Challenges to sustainable
safe drinking water: a case study of water quality
and use across seasons in rural communities in
Limpopo province, South Africa. Water, 10(2), 159.
https://doi.org/10.3390/w10020159

Geetha, S., & Gouthami, S. (2017). Internet of
things enabled real time water quality monitoring
system. Smart Water, 2(1), 1-19.
https://doi.org/10.1186/s40713-017-0005-y

Gillett, D., & Marchiori, A. (2019). A Low-Cost
Continuous Turbidity Monitor. Sensors, 19(14),
3039. https://doi.org/10.3390/s19143039
Hakim, W. L., Hasanah, L., Mulyanti, B.,, &
Aminudin, A. (2019, November). Characterization
of turbidity water sensor SEN0189 on the changes
of total suspended solids in the water. In Journal of
Physics: Conference Series (Vol. 1280, No. 2, p.
022064). IOP Publishing.
https://doi.org/10.1088/1742-6596/1280/2/022064

[13].

[14].

[15].

[16].

[17].

[18].

[19].

[20].

[21].

[22].

[23].

Mulyana, Y., & Hakim, D. L. (2018, July).
Prototype of Water Turbidity Monitoring System.
In IOP Conference Series: Materials Science and
Engineering (Vol. 384, No. 1, p. 012052). IOP
Publishing. https://doi.org/10.1088/1757-
899X/384/1/012052

Hedlyni. (2011). Pendeteksi kekeruhan air berbasis
mikrokontroler at89s51 dengan sensor
fototransistor dan led inframerah [Microcontroller
based water turbidity detector of At89s51 by using
the photo transistor and infrared LED].
Undergraduate Diploma Thesis, Universitas
Andalas, Padang.

Hossain, M. Z. (2015). Water: The most precious
resource of our life. Global Journal of Advanced
Research, 2(9), 1-11.

Ibrahim, S. N., Asnawi, A. L., Malik, N. A,
Azmin, N. F., Jusoh, A. Z., & Isa, F. N. (2018).
Web based water turbidity monitoring and
automated filtration system: ot application in water
management. International Journal of Electrical
and Computer Engineering, 8(4), 2503-2511.
https://doi.org/10.11591/ijece.v8i4.pp2503-2511
Indonesia, P. R. (1990). Peraturan Pemerintah No.
20 Tahun 1990 Tentang: Pengendalian Pencemaran
Air.

Gabriel, J.F. (1996). Fisaka kedokteran [Medical
physics]. Jakarta: EGC.

Bokingkito Jr, P. B., & Caparida, L. T. (2018,
October). Using Fuzzy Logic for Real-Time Water
Quality Assessment Monitoring System.
In Proceedings of the 2018 2nd International
Conference on  Automation, Control and
Robots (pp. 21-25).
https://doi.org/10.1145/3293688.3293695
Kaleeswari, K., Johnson, T., & Vijayalakshmi, C.
(2018). Analaysis of fuzzy logic based control
model for water treatment plant in Indian scenario.
ARPN Journal of Engineering and Applied
Sciences, 13(5), 1780-1785.

Kelley, C. D., Krolick, A., Brunner, L., Burklund,
A., Kahn, D., Ball, W. P., & Weber-Shirk, M.
(2014). An affordable open-source
turbidimeter. Sensors, 14(4), 7142-7155.
https://doi.org/10.3390/s140407142

Kitchener, B. G., Wainwright, J., & Parsons, A. J.
(2017). A review of the principles of turbidity
measurement. Progress in Physical Geography:
Earth and Environment, 41(5), 620—642.
https://doi.org/10.1177/0309133317726540
Levallois, P., & Villanueva, C. M. (2019). Drinking
water quality and human health. International
Journal of Environmental Research and Public
Health, 16(631), 104.
https://doi.org/10.3390/ijerph16040631

Riadhi, L., Rivai, M., & Budiman, F. (2017).
Sistem pengaturan oksigen terlarut menggunakan
metode logika fuzzy berbasis mikrokontroler teensy
board [Dissolved oxygen control system using
fuzzy logic method based on teensy board
microcontroller]. Jurnal Teknik ITS, 6(2), 1-6.

TEM Journal — Volume 9 / Number 2 / 2020.



[25].

[26].

[27].

[28].

[29].

[30].

[31].

TEM Journal. Volume 9, Issue 2, Pages 694-701, ISSN 2217-8309, DOI: 10.18421/TEM92-36, May 2020.

Permenkes, R. 1. (2010). Persyaratan Kualitas Air
Minum (Permenkes RI No.
492/MENKES/PER/IV/2010). Jakarta: Percetakan
Negara.

Meqorry Yusfi, W. H. (2011). Utilization of
phototransistor sensors and infrared led in
microcontroller based water turbidity detection of
At89s51. Journal of physics (JIF), 3(2), 1-6.
Khalifa, M., Bidaisee, S. (2018). The importance of
clean water. Biomedical Journal of Science &
Technology Research, 8(5), 1-4.
https://doi.org/10.26717/BJSTR.2018.08.001719
Omar, A. F., & MatJafri, M. Z. (2009).
Turbidimeter design and analysis: A review on
optical fiber sensors for the measurement of water
turbidity. Sensors , 9(10), 8311-8335.
https://doi.org/10.3390/s91008311

Che Osmi, S. F., Malek, M. A., Yusoff, M.,
Azman, N. H., & Faizal, W. M. (2016).
Development of river water quality management
using fuzzy techniques: a review. International
journal of river basin management, 14(2), 1-12.
https://doi.org/10.1080/15715124.2015.1105232
Ozer, T., Oguz, Y., & Cimen, H. (2017). Energy
flow control with using Arduino microcontroller in
off-grid hybrid power generation system including
different solar panels and fuel cell. Measurement
and Control, 50(9-10), 186-198.
https://doi.org/10.1177/0020294017729957

Patil, K., Patil, S., Patil, S., & Patil, V. (2015).
Monitoring of turbidity, pH & temperature of water
based on GSM. international journal for research
in emerging science and technology, 2(3), 16-21.

TEM Journal = Volume 9 / Number 2 / 2020.

[32].

[33].

[34].

[36].

[37].

Prerana, M. R., Pal, B. P., & Gupta, B. D. (2012).
Design, analysis, and realization of a turbidity
sensor based on collection of turbidity sensor based
on collection of scattered light by a fiber-optic
probe. IEEE Sensors Journal, 12(1), 44-50.
https://doi.org/10.1109/JSEN.2011.2128306
Quir’os, P., Alonso, J. M., & Pancho, D. P. (2016).
Descriptive and comparative analysis of human
perceptions expressed through fuzzy rating scale-
based questionnaires. International Journal of
Computational Intelligence Systems, 9(3), 450-467.
https://doi.org/10.1080/18756891.2016.1175811
Baharuddin, Hadi, S., Hamid, A., Mutalib, A.A., &
Dalle, J. (2018). Dilemma between applying
coherent principle and signaling principles in
interactive learning media. Open Psychology
Journal, 11, 235-248.
https://doi.org/10.2174/1874350101811010235
Tuna, G., Arkoc, O., & Gulez, K. (2013).
Continuous Monitoring of Water Quality Using
Portable and Low-Cost Approaches. International
Journal of Distributed Sensor Networks, 9(6), 1-11.
https://doi.org/10.1155/2013/249598

Wang, Y., Rajib, S. S. M., Collins, C., & Grieve, B.
(2018). Low-Cost Turbidity Sensor for Low-Power
Wireless Monitoring of Fresh-Water Courses. IEEE
Sensors Journal, 18(11), 4689-4696.

Sharma, A., Naidu, M., & Sargaonkar, A. (2013).
Development of computer automated decision
support system for surface water quality
assessment. Computers & geosciences, 51, 129-
134. https://doi.org/10.1016/j.cageo.2012.09.007 .

701



