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Intisari – Penelitian tentang rancang bangun sistem pemantauan kualitas air budidaya ikan koi telah dilakukan menggunakan 

NodeMCU ESP32 berbasis Internet of Things (IoT) yang terhubung dengan perangkat Android melalui aplikasi Blynk. Sistem ini 

terdiri dari empat sensor kualitas air, yaitu jumlah padatan terlarut, tingkat keasaman, tingkat amonia, dan besar suhu. Sistem ini 

dibuat agar kualitas air ikan koi selalu terpantau secara langsung lewat Android. Keuntungan menggunakan perangkat Android 

sebagai penampil sistem pemantauan adalah memudahkan pengguna untuk memantau kondisi air di lokasi manapun. Hasil dari sistem 

ini ditampilkan dalam bentuk pemantauan pada aplikasi Blynk dan pada liquid crystal display (LCD) 20×4, dengan notifikasi tentang 

ambang batas kualitas air. Hasil penelitian menunjukkan bahwa sensor memiliki akurasi sebesar 94,92% untuk jumlah padatan 

terlarut, 98,88% untuk tingkat keasaman, 90,49% untuk tingkat amonia, dan 98,77% untuk suhu, dengan waktu tunggu selama 5 menit 

untuk tampilan hasil pemantauan. Tingkat akurasi yang tinggi menunjukan alat ini dapat digunakan untuk melakukan pemantauan 

kualitas air budidaya ikan koi. 

Kata kunci: Blynk, ESP32, IoT, pemantauan, kualitas air 

Abstract - A research study on the design and development of a water quality monitoring system for koi fish farming has been 

conducted using the Internet of Things (IoT) based NodeMCU ESP32, connected to an Android device through the Blynk 

application. This system consists of four water quality sensors, namely dissolved solids, acidity level, ammonia level, and 

temperature. The purpose of this system is to ensure direct monitoring of the koi fish water quality through an Android device. The 

advantage of using an Android device as the monitoring interface is that it allows users to monitor the water conditions from any 

location. The system's results are displayed through the Blynk application and a 20x4 liquid crystal display (LCD) screen, with 

notifications indicating the threshold limits of water quality. The research findings indicate that the sensors have an accuracy of 

94.92% for dissolved solids, 98.88% for acidity level, 90.49% for ammonia level, and 98.77% for temperature, with a waiting time 

of 5 minutes for the monitoring results to be displayed. The high level of accuracy demonstrates that this device can be used 

effectively for monitoring the water quality in koi fish farming. 

Keywords: Blynk, ESP32, IoT, monitoring, water quality                              

I. INTRODUCTION 

The quality of the aquarium water for breeding koi fish is 

crucial to consider. Water conditions that do not meet the 

requirements can become a source of diseases, such as 

Myxobolus sp., which can be highly dangerous to the growth 

of koi fish. The water quality considered to be good for 

breeding koi fish is at an optimal temperature range of 30 to 

32°C [1]. Other parameters that need to be considered are 

changes in the water’s potential hydrogen (pH) level, which 

represents the acidity of the water. The pH level of aquarium 

water that is good for koi fish is around 6 to 7 [1].  

Additionally, the level of total dissolved solids in the water 

must not exceed 400 nephelometric turbidity units (NTU) or 

333 parts per million (ppm) [2]. The maximum limit of 

ammonia in the aquarium is 0,3 ppm. If the water quality does 

not meet the specified levels, the disease Myxobolus sp. will 

develop [3]. 

The internet is part of the technological development that 

has rapidly progressed in society. The internet can now be 

used as a communication medium and control devices from 

a distance as long as the devices are connected and 

interconnected. The development of Internet communication 

networks, the Internet of Things (IoT), makes objects 

interconnected through Internet communication and 

exchange data, turning it into information [4]. 

Based on the explanation, this research builds a water 

quality monitoring system based on IoT connected to 

Android through the Blynk application. This system is 

designed to enable real-time monitoring of the water quality 

for koi fish directly through an Android device. The 

advantage of using an Android device as the monitoring 

interface is that it facilitates users to monitor the water 

conditions from any location. This monitoring system will be 

implemented in the koi fish aquarium, by measuring four 

water quality parameters such as total suspended solids, 

acidity level, ammonia level, and temperature. This system 

uses a NodeMCU ESP32 microcontroller, which is equipped 

with wireless fidelity (Wi-Fi) communication that is installed 

in the module that will be connected to the IoT system. 

II. BASIC THEORY 

In this research, four water quality parameter sensors are 

used with the NodeMCU ESP32 as the microcontroller. The 

four water quality parameter sensors used include sensors for 

measuring total dissolved solids (TDS), acidity, ammonia, 

and temperature. 

A. NodeMCU ESP32 

Compared to the Arduino Uno, ESP32 does not require 

any additional devices to access Wi-Fi or Bluetooth. Both 

wireless networks are already built-in within the ESP32 

module. 

The advantages of the ESP32 microcontroller compared 

to the ESP8266 include the use of a NodeMCU Xtensa Dual 

Core 32-bit LX6 with 600 Dhrystone Million Instructions per 
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Second (DMIPS), while the ESP8266 still uses a NodeMCU 

Xtensa Single-core with 32-bit L106. In terms of Bluetooth 

and Wi-Fi, the ESP32 has been integrated as a system-on -

chip, whereas the ESP8266 is still separate. This means that 

in terms of the tools required, the ESP32 is superior 

compared to the ESP8266, as the ESP8266 requires 

additional devices for the same research purposes. 

Additionally, the ESP32 has the most general-purpose 

input/output (GPIO) pins at 32 pins compared to the 

ESP8266 which only has 17 GPIO pins [5]. 

B. Total Dissolved Solid (TDS) Sensor (DFRobot) 

The selection of the DFRobot TDS sensor is based on its 

ability to measure dissolved solids ranging from 0 to 1000 

ppm, with an operating temperature of up to 80oC according 

to its datasheet. The TDS sensor uses the electrical 

conductivity method, wherein two probes are submerged in a 

liquid or solution. The signal processing circuit will produce 

an output indicating the conductivity of the solution [6]. The 

electrode that is given a voltage source will conduct an 

electrical current. The conductance of a sample is 

proportional to the ions in the sample solution. The signal 

conditioning module subsequently converts the conductance 

value into voltage [7]. 

TDS is a physical parameter of raw water, the measure of 

dissolved substances, both organic and inorganic, in the 

solution. This includes the amount of material in the water, 

which can be carbonates, bicarbonates, chlorides, sulfates, 

phosphates, nitrates, calcium, magnesium, sodium, organic 

ions, and other ions [8]. 

C. Acidity Level Sensor 

The pH sensor is designed to detect hydrogen ions (H+) 

using a thin, spherical glass electrode containing a 0.1 M HCl 

solution. A silver wire is dipped into the HCl solution, 

forming an AgCl compound. The exchange of hydrogen ions 

with H3O ions from the sample solution results in a potential 

difference between the electrode (glass wall and silver wire) 

with (1).  

𝐸 = (𝑅𝑇/2.303𝐹) 𝑙𝑜𝑔10(𝐻3𝑂+) (1) 

with, 

E potential difference (V) 

R molar gas constant (8,314 J/mol K) 

T solution temperature (K) 

F the Faraday constant (96,485.3 C/mol) 

H3O+ ion activity of the measured sample. [9] 

This type of pH meter is widely used in quantitative 

chemical analysis. The probe on the pH sensor is used to 

measure the activity of hydrogen ions surrounding the thin-

walled glass bulb at its tip. There is an increase of about 0.06 

volts per pH unit measured and displayed as the measured pH 

value reading [10]. 

D. MQ-135 Ammonia Sensor 

The MQ-135 sensor is a type of chemical sensor that is 

sensitive to compounds such as ammonia (NH3), nitrous 

oxide (NOx), alcohol, benzene, smoke (CO), carbon dioxide 

(CO2), and others. This sensor works by receiving changes in 

resistance (analog) when exposed to the gas. It offers good 

durability for use as a pollution hazard indicator due to its 

practicality and low power consumption. The adjustment of 

the sensor's sensitivity is determined by the resistance value 

of the MQ-135, which varies for different gas concentrations. 

Therefore, when using this component, it is crucial to adjust 

the sensitivity [11]. 

The MQ-135 sensor has high sensitivity and low cost. 

This sensor consists of a micro aluminum oxide (Al2O3) 

ceramic tube, a tin dioxide (SnO2) sensitive layer, and nickel-

chromium serving as a heating coil. The sensor has six pins, 

with four dedicated to the signal and electrodes, and the 

remaining two for the heating coil. The tin dioxide 

semiconductor is the sensitive part of the sensor that has low 

conductivity in clean air. The operating principle of this 

sensor is based on its resistance variation when in contact 

with the gas to be sensed. The magnitude of the sensor's 

output signal depends on the gas concentration, its nature, 

and the type of metal oxide used for the sensor surface[12]. 

The semiconductor particles are heated at high 

temperatures in clean air, resulting in their absorption of 

oxygen on the particle surfaces and capturing free electrons. 

Donor electrons in tin dioxide are attracted towards the 

absorbed oxygen on the sensing material surface in clean air, 

then preventing the flow of electric current. For the sensor 

that comes into contact with reducing gas, the density of 

absorbed oxygen on the sensing material decreases due to the 

reaction with the reducing gas. This release of electrons into 

tin dioxide allows current to flow freely through the sensor 

[13]. 

E. DS18B20 Temperature Sensor 

The DS18B20 temperature sensor is a digital sensor that 

operates using a single wire, commonly referred to as a one-

wire bus. This one-wired protocol allows data and ground to 

be connected to the microcontroller using only one wire [14]. 

features a unique silicon serial number, enabling multiple 

DS18B20 sensors to be connected to a single bus in a circuit. 

The DS18B20 sensor can measure temperature in various 

locations, both in dry rooms and in water [15]. The DS18B20 

temperature sensor is a high-accuracy sensor with an 

accuracy of ± 0.5 °C in the temperature range of -10 °C to 85 

°C. It is widely used for temperature monitoring system 

applications [16]. 

III. METHODOLOGY 

This research was carried out in several stages, including 

system design, testing, and data collection. 

A. System Design 

The input consists of four parameter sensors: TDS sensor, 

pH sensor, ammonia sensor, and temperature sensor. The 

input values will be read by the ESP32, which is connected 

to the power supply. The input values will be converted into 

unit values. The parameter values in the unit form will be sent 

to Android and displayed in the Blynk application as the  

output. They will also be sent directly to the 20x4 liquid 

crystal display (LCD) screen as the output of the system. The 

block diagram of the system design can be seen in Figure 1. 
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Figure 1. Block diagram of system design 

The designed system includes parameter reading, 

processing, and data transmission to the Blynk app and LCD. 

In the parameter reading stage, sensors read physical 

parameters and convert them into electric signals (analog and 

digital signals). Sensors that produce analog signals will be 

converted into digital signals using the NodeMCU ESP32 

processor. The digital values of the sensor readings and 

conversions will be displayed on the LCD, then the data will 

be sent to the Android interface application, the Blynk app, 

through the wireless network using Wi-Fi. The circuit 

diagram of the monitoring system is shown in Figure 2. 

B. System Testing 

The system testing process involves conducting tests on 

each component using software programs. If each component 

functions according to the software program instructions, the 

system operates effectively and data can be collected. 

However, during sensor testing, measurements are performed 

to assess accuracy and precision. 

There are four parameters tested on the sensor including 

dissolved solids, acidity level, ammonia concentration, and 

temperature. The measurement data is used to calculate the 

error, accuracy, and precision of the monitoring system using 

(2)-(4). 

%𝐸𝑟𝑟𝑜𝑟 = |
𝑌−𝑋𝑛

𝑌
| × 100%  (2) 

%𝐴𝑐𝑐𝑢𝑟𝑎𝑐𝑦 = (1 − |
𝑌−𝑋𝑛

𝑌
|) × 100%  (3) 

%𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 = (1 − |
𝑋𝑛−𝑋𝑛

𝑋𝑛
|) × 100%  (4) 

with, 

Y reference parameter value 

Xn measured parameter value n-th 

𝑋𝑛 the average value of n measured parameters [17] 

 

Figure 2.  Circuit diagram for water quality monitoring 

C. Data Collection 

Data collection is performed by running the entire system, 

both hardware and software, and implementing the 

monitoring system instrumentation in a koi breeding 

aquarium. Data is collected by measuring the dissolved 

solids, acidity level, ammonia level, and water temperature. 

Measurements are taken in real-time, where measurements 

are taken for 65 minutes at three different times. 

 

IV. RESULTS AND DISCUSSION 

A. Realization of Monitoring System 

The IoT-based water quality monitoring instrumentation 

system using NodeMCU ESP32 and Blynk application has 

been realized with the results shown in Figure 3. The box 

used for this hardware device has a dimension of (18 × 11 × 

6) cm made of plastic. 

B. Testing of Monitoring Sensor 

1) Total Dissolved Solid Sensor: The supporting media 

used is a plastic glass sample container with a volume of 250 

ml. The testing mechanism in this research is a digital 

measuring tool TDS Meter and an analog TDS DFRobot 

sensor alternately placed in the sample container which 

previously was given distilled water added with ten samples 

of coffee powder. 

 

Figure 3. Realization of the monitoring system instrumentation tool 

 

Figure 4. The characteristics of the TDS sensor 
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Table 1. The results of testing the fifth-degree polynomial equation for total dissolved solids in the Analog TDS DFRobot sensor 

TDS Sample (ppm) 
TDS (ppm) on the TDS DFRobot Sensor Average 

(ppm) 
Error (%) 

1 2 3 

(4.00 ± 0.08) 4.00 4.00 6.00 (4.67  ± 1.63) 16.67 

(15.00 ± 0.32) 18.00 16.00 17.00 (17.00 ± 1.41) 13.33 

(55.00 ± 1.00) 45.00 50.00 48.00 (47.67 ± 3.56) 13.33 

(119.00 ± 2.38) 121.00 119.00 120.00 (120.00 ± 1.41) 0.84 

(193.00 ± 3.88) 192.00 194.00 199.00 (195.00 ± 5.10) 1.38 

(280.00 ± 5.62) 270.00 281.00 266.00 (272.33 ± 10.98) 2.98 

(325.00 ± 6.48) 336.00 324.00 330.00 (330.00 ± 8.49) 1.74 

(371.00 ± 7.36) 370.00 368.00 371.00 (369.67 ± 2.16) 0.36 

(514.00 ± 10.30) 513.00 515.00 514.00 (514.00 ± 1.41) 0.13 

(650.00 ± 13.00) 650.00 650.00 651.00 (650.33 ± 0.82) 0.05 

Figure 4 shows the TDS sensor characteristics with an R2 

value of 0.997 and a polynomial trend line. A 5th-degree 

polynomial equation is obtained to measure TDS in ppm as 

shown in (5), with V as the output voltage (V). 

TDS = -2.97315+(502.27811× V) +  

(-497.64512×V2)+ (396.01364× V 3)+ 

(-136.34245× V 4)+ (17.51903× V5) 

(5) 

The polynomial equation used will make the sensor 

readings more accurate. The obtained fifth-degree 

polynomial equation is entered into the monitoring 

instrumentation system program to ensure that the readings 

from the TDS DFRobot analog sensor match the calibrated 

measuring tool. The average error of the sensor is 5.08%, 

accuracy is 94.92%, and precision is 96.75%. 

2) pH Sensor: The supporting media used is a 250 ml 

plastic glass sample container. The testing mechanism in this 

research is distilled water that has been previously given 1-

10 drops of vinegar to obtain different pH values and output 

voltage. The results of testing the output voltage of the analog 

pH sensor compared to the pH value read by the digital ATC 

pH meter are shown in Figure 5. 

Figure 5 shows the characteristic of the pH sensor with an 

R2 value of 0.985. Then, with a linear trend line, a linear 

equation was obtained to calculate the pH value shown in (6). 

pH = (-2.98934) × V + 13.19243 (6) 

The testing of the sensor that has the equation incorporated 

into the program to ensure the accuracy and precision levels 

are in line with the calibrated digital ATC pH meter. The 

average error of the sensor is 1.12%, accuracy is 98.88%, and 

precision is 99.81% 

3) MQ-135 Ammonia Sensor: The testing process of 

the analog MQ-135 sensor was carried out in the laboratory 

room with the ammonia (NH3) concentration detected by the 

analog pH sensor compared to the sample PPM ammonia 

value using (7)-(8). 

𝑁𝐻3 =  𝑚/𝑉 (7) 

𝑀 = (𝑚/𝑀𝑟) × (1000/𝑉) (8) 

with, 

NH3 ammonia concentration (ppm) 

m mass of ammonia substance (mg) 

V volume of the room (L) 

M ammonia molarity (mol/L) 

m mass of ammonia substance (mg) 

Mr relative molecular mass of ammonia (g/mol) 

The supporting media used is a 600 ml Erlenmeyer flask 

as the sample container. The testing mechanism in this 

research is an MQ-135 analog sensor placed on top of the 

sample container. The results of the analog sensor MQ-135 

output voltage testing are compared to the results of the liquid 

ammonia sample ppm value shown in Figure 6. Figure 6 

shows the R2 value of 0.982 with a polynomial trend line. 

The polynomial equation of power 3 to calculate the 

ammonia concentration in ppm is shown in (9). 

 

Figure 5. Graph of pH value testing against voltage output (V) of the 

sensor 

Table 2. Results of the linearity test of the acidity level (pH) on the analog 

pH sensor 

pH sample 
pH on pH sensor 

Average Error (%) 
1 2 3 

(5.62 ± 0.2) 5.37 5.37 5.38 (5.37 ± 0.01) 4.39 
(5.23 ± 0.2) 5.24 5.29 5.30 (5.28 ± 0.03) 0.89 

(4.78 ± 0.2) 4.89 4.90 4.88 (4.89 ± 0.01) 2.30 

(4.73 ± 0.2) 4.75 4.78 4.77 (4.77 ± 0.02) 0.78 

(4.32 ± 0.2) 4.33 4.33 4.34 (4.33 ± 0.01) 0.31 

(4.41 ± 0.2) 4.37 4.38 4.37 (4.37 ± 0.01) 0.83 

(4.50 ± 0.2) 4.48 4.48 4.49 (4.48 ± 0.01) 0.37 

(4.29 ± 0.2) 4.30 4.29 4.28 (4.29 ± 0.01) 0.16 

(4.35 ± 0.2) 4.30 4.31 4.33 (4.31 ± 0.02) 0.84 

(3.96 ± 0.2) 3.97 3.95 3.98 (3.97 ± 0.02) 0.34 
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Figure 6.  Graph of ammonia concentration testing against output voltage 

(V) of the sensor 

NH3 = (-6.08955 × V3)+(25.42202 × V2)+ 

(-30.90137 × V)+11.77048 

(9) 

The test was then performed again on the sensor that had 

been programmed to ensure the level of accuracy and 

precision in accordance with the samples whose ammonia 

concentration was known. The results of the MQ-135 sensor 

test for measuring ammonia concentration are shown in 

Table 3, with three repeat tests. The average error of the 

sensor is 9.51%, accuracy is 90.49%, and precision is 

93.77%. 

4) DS18B20 Temperature Sensor: The DS18B20 

sensor can be used to measure temperature parameters in 

aquatic environments because it is waterproof. The sensor 

will be compared with the HTC-2 temperature-measuring 

device. The supporting media used is a 600 ml Erlenmeyer 

flask for filling with 400 ml of water, and an electric stove 

that functions as a heater for the water temperature. The 

results of the temperature sensor test, with three repeat tests, 

are shown in Table 4. The average error is 1.18%, accuracy 

is 98.79%, and precision is 99.71%. 

C. Data Collection 

Data collection was carried out by implementing the 

system in the koi fish farming place. The realized system is 

shown in Figure 7. 

 

Figure 7. Display of the 4 parameter sensors 

Table 3. Results of the testing of the polynomial equation of power 3 for ammonia (NH3) concentration on the analog MQ-135 sensor 

Ammonia 

sample (ppm) 

Ammonia Concentration (ppm) 

on the Analog MQ-135 Sensor Average 
Error 

(%) 
1 2 3 

0.08 0.07 0.08 0.06 (0.07 ± 0.01) 13.58 

0.18 0.19 0.17 0.18 (0.18 ± 0.01) 4.55 

0.29 0.35 0.27 0.40 (0.34 ± 0.07) 21.84 

0.43 0.39 0.48 0.55 (0.47 ± 0.08) 16.39 

0.60 0.67 0.71 0.59 (0.66 ± 0.06) 10.56 

0.82 0.85 0.81 0.87 (0.84 ± 0.03) 3.75 

1.11 1.15 1.18 1.16 (1.16 ± 0.02) 5.28 

1.50 1.52 1.55 1.60 (1.56 ± 0.04) 3.78 

2.08 2.28 2.20 2.05 (2.18 ± 0.12) 5.67 

3.00 2.80 3.46 3.21 (3.16 ± 0.33) 9.67 

Table 4. Results of temperature measurement of the DS18B20 sensor against the HTC-2 

HTC-2 (oC) DS18B20 (oC) Average Error 

(%) 1 2 3 1 2 3 HTC-2 DS18B20 

28.40   28.50 28.70 28.60 28.80 29.00 (28.53±0.50) (28.80±0.20) 0.93 

29.20 29.50 29.60 29.50 29.90 29.90 (29.43±0.50) (29.77±0.23) 0.79 

30.50 30.50 30.50 30.80 30.90 30.90 (30.50±0.50) (30.87±0.06) 1.20 

31.50 31.60 31.50 31.80 31.90 31.90 (31.53±0.50) (31.87±0.06) 1.06 

32.40 32.60 32.50 32.80 33.00 32.90 (32.50±0.50) (32.90±0.10) 1.23 

33.30 33.40 33.50 33.80 33.80 33.90 (33.40±0.50) (33.83±0.06) 1.30 

34.30 34.50 34.50 34.80 34.90 34.90 (34.43±0.50) (34.87±0.06) 1.26 

35.50 35.60 35.50 36.10 36.00 35.90 (35.53±0.50) (36.00±0.10) 1.31 

36.30 36.50 36.30 36.90 37.00 36.70 (36.37±0.50) (36.87±0.15) 1.37 

37.50 37.20 37.30 38.20 37.60 37.70 (37.33±0.50) (37.83±0.32) 1.34 
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Figure 8. Display of water quality parameters on the LCD 

 

Figure 9. Results of water quality parameter measurement on the Blynk 

IoT interface application 

The dimensions of the aquarium are (500×130×100) cm. 

The measurement results are displayed on the LCD in real-

time, the Blynk IoT interface application, and stored in an 

Excel format (.xlsx). The display of the measurement results 

in the first 5 minutes on the LCD is shown in Figure 8. 

The Blynk IoT interface application can run after the 

NodeMCU ESP32 is connected to the Wi-Fi. The Blynk IoT 

interface application can also automate notifications in the 

Android system that can inform the monitoring system user 

if there are values from the parameters outside the established 

limits of the parameters that are in line with the optimal water 

conditions for koi breeding. The data collection process in 

this study was conducted with time allocations in the 

morning, afternoon, and late afternoon in a 5-minute interval, 

as in [18]. The results of the system measurement in the 

Blynk IoT interface can be seen in Figure 9. 

Figure 9 shows the results of the measurement system, 

indicating that the Blynk IoT interface application can 

perform readings of data sent from the ESP32 to the Blynk 

server and displayed in the form of streaming data in the 

Blynk IoT application. The measurement of three different 

times, namely morning, afternoon, and late afternoon, in the 

form of a graph, is shown in Figure 10.  

Figure 10 shows the monitoring data from four 

parameters at three different times: morning (07.00-08.00), 

afternoon (13.00-14.00), and late afternoon (16.00-17.00). 

The monitoring data indicate that the water quality is in a 

good state, as the water quality parameters are still within the 

normal range for the koi habitat. However, a temperature 

below 30 °C is not optimal for the koi environment. 

 
(a) 

 
(b) 

 
(c) 

 
(d) 

Figure 10. Data monitoring of water quality parameters, (a) TDS sensor, 

(b) pH sensor, (c) ammonia sensor, (d) temperature sensor 
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V. CONCLUSIONS 

Based on the test results and discussions that have been 

conducted, it can be concluded that the water quality 

monitoring system, which measures four parameters, namely 

total dissolved solids, acidity level, ammonia level, and 

temperature, using IoT technology connected to a 

smartphone through the Blynk application, has been 

successfully implemented. The device has been calibrated 

with an error of  5.08% for the TDS sensor, 1.12% for the pH 

sensor, 9.51% for the ammonia sensor, and 1.22% for the 

temperature sensor. The low error values indicate that the 

design of the monitoring system can be used in koi fish 

farming aquariums. 
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