Bulletin of Electrical Engineering and Informatics
Vol. 13, No. 4, August 2024, pp. 2331~2339
ISSN: 2302-9285, DOI: 10.11591/eei.v13i4.5803 O 2331

Internet of things-based rice field irrigation evaporation

monitoring system

Putri Yeni Aisyah, | Putu Eka Widya Pratama, Furgan Rahmadhana, Muhammad Ghozi Al Ghifari

Laboratory of Measurement, Department of Instrumentation Engineering, Faculty of VVocational, Institut Teknologi Sepuluh Nopember,

Surabaya, Indonesia

Article Info

ABSTRACT

Article history:

Received Jan 17, 2023
Revised Dec 1, 2023
Accepted Feb 12, 2024

The urgency for efficient irrigation in Indonesia’s agriculture sector,
particularly in paddy fields, is evident. However, existing methods for
monitoring water levels are antiquated, often requiring manual
measurements with a ruler. This research introduces a comprehensive
“monitoring system for light intensity and water temperature as an analysis

of evaporation for rice irrigation based on the internet of things”. The system
integrates various sensors an anemometer for wind speed, an ultrasonic
Keywords: sensor for water level, a DS18B20 waterproof sensor for water temperature,
and a GY-8511 sensor for sunlight intensity. All data are collected by an
Arduino Mega controller, connected to an ESP32 for transmitting the
! . readings to the Blynk app and an 12C 20x4 liquid crystal display (LCD)
Evaporation analysis screen. The control mechanism employs a closed-loop system with a direct
Internet of things current (DC) motor actuator to operate the water gate, which can also be
Rice irrigation manually controlled via a cellphone. The system effectively meets daily
Sensors evapotranspiration requirements of 1.44 mm, with optimal conditions
Water management yielding water levels of 3 cm, water temperatures of 38.53 °C, sunlight
intensity of 4.59 mW/cm2, and wind speed of 0.21 m/s.

Automated monitoring
Closed loop control
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1. INTRODUCTION

In the field of agriculture, a well-functioning water supply system, often referred to as irrigation, is
essential, especially for rice crops [1], [2]. There are two primary classifications of rice fields: irrigated and
non-irrigated. A field is considered irrigated if it has an irrigation system and is under the supervision of the
local populace or agricultural services [3]-[5]. Conversely, non-irrigated fields are those dependent on
natural conditions such as rainfall [6]-[9]. Based on data from the central bureau of statistics, the total land
area, including both irrigated and non-irrigated, reaches 1,174,586 Ha [10], [11]. Therefore, irrigation
emerges as a primary strategy for enhancing rice production by controlling the appropriate water supply
[12]-[16].

While the alternate wetting and drying (AWD) method is still widely used [17]-[20], there is a need
to develop more efficient irrigation techniques. Concerns arise regarding the efficiency of water use in
conventional irrigation systems. Rice crops require constant monitoring of water availability, and the
conventional approach necessitates farmers to check field conditions daily. The AWD technique, as
elaborated in journal [21], combines both wet and dry methods. However, this method results in a 33%
increase in water consumption compared to conventional irrigation. Climatic conditions, such as solar
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radiation and wind speed, affect the effectiveness of water supply [22]-[25]. This influences evaporation and
the water needs of the rice plants [24]-[34].

There have been previous efforts in developing systems to monitor light intensity and water
temperature to enhance irrigation [35]-[37]. Contribution of this article: in response to the need for a more
efficient system, this research develops the “light intensity and water temperature monitoring system” as a
solution to the identified problems. This system is expected to minimize water consumption and maximize
rice production yields.

This system has the potential to minimize air consumption and maximize rice production for several
reasons. First, it allows farmers to maintain environmental conditions, such as sunlight intensity, air
temperature and wind speed in real-time. With this information, the system can intelligently regulate
irrigation, reducing air use when environmental conditions support healthy plant growth, such as high
sunlight and lower temperatures. This contributes to air conservation because air is only used when needed.
Second, this system uses advanced ultrasonic sensors to precisely measure the air level in the rice fields,
ensuring the rice plants receive the appropriate air level, thereby minimizing air consumption. In addition,
this system maintains the air temperature, which significantly affects the evaporation rate.

By measuring air temperature and combining it with wind speed and sunlight intensity data, the
system can predict potential evaporation levels and optimize irrigation to compensate for air loss due to
evaporation, ensuring plants receive enough air without wasting it. Finally, with real-time data transmission,
the system allows farmers to combine and control irrigation remotely via their smartphone. The subsequent
sections will discuss the research methodology, the implementation of the proposed monitoring system, and
an evaluation of the results and potential applications in the future.

2. METHOD

This research method aims to determine the research steps for designing a system for monitoring
light intensity and water temperature as an analysis of evaporation for paddy field irrigation based on the
Internet of things. The following is an image of the flow diagram of this research.

2.1. Flowchart

Figure 1 is program design for an evaporation monitoring. The work of this tool system is that when
the system reads the water level measurement which decreases to 3 cm and the evapotranspiration decreases
to approximately the same as 2.88 mm, the direct current (DC) motor will turn on and rotate clockwise to
move the water gate to open the irrigation of the rice fields. The water gate fill water according to the needs
of rice plants or evapotranspiration. If evapotranspiration has reached a water level of 5 cm, the DC motor
will be off and the iron shaft will rotate counterclockwise to close the water gate. So the system can control
the evaporation of rice irrigation.

Water Level =3 cm

Potential
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2.88 mm

Water Level =5 cm

Stop Water Filling
(DC Motor OFF)

he system can control the
evaporation of rice field
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Figure 1. Control system flowchart for the evaporation monitoring system
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2.1.1. Evaporation monitoring system hardware design

Figure 2 explains the entire sensor in the evaporation pan. The tube body is made with holes so that
water can still enter the pipe and an ultrasonic sensor can read the elevation or difference in water level every
hour, and above the evaporation sensor there is a dome shape or plastic cover whose function is to prevent
the sunlight intensity sensor from being directly exposed to water. All of the ultrasonic sensor cables,
sunlight intensity sensors, and DS18B20 sensor wiring will be placed on the sensor body at point number 3.
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Figure 2. Overall mechanical design of the evaporation pan sensor

Figure 3 explains the design of a water gate consisting of two main parts: the water gate for the
irrigation opening of the rice paddy and the panel box for the electrical components. There are five main
components in this water gate, including the iron shaft of the motor, which serves as the mechanism for
moving the water gate plate. This iron shaft will be connected to a DC motor to operate the water gate plate.
A rope is used to raise or lower the water gate plate, allowing water to enter the rice paddy. Inside the panel
box for the water gate, there are a relay and a DC motor. The DC motor drives the iron shaft at a variable
speed using a dimmer, controlling the winding of the rope to lift the water gate plate. This system is
controlled by a relay connected to an Arduino to switch the DC motor on or off. This relay system is also
equipped with an optocoupler as an electrical safeguard, preventing reverse current or voltage from the DC
motor that could damage the electrical components connected to the DC motor.
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Figure 3. Overall water gate mechanical design
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2.1.2. Program design for an evaporation monitoring system

Figure 4 is a display of the user interface on a cellphone which is displayed in the blynk application.
Evaporation is measured with an evaporation open pan (Evaporimeter) [38], [39]. The Evaporimeter is placed
in an open area, not obstructed by other plants, and exposed to direct sunlight. This evaporimeter uses an
open pan filled with water and any changes in water level due to this evaporation will be calculated every day
in liters [40], [41].

Rice field water level Arr Velocity

Water Temperature Sunlight Intensity

Water Level In ThePan  Evaporation Pan (EP)_

Evaporation Potential ~Evapotranspiration Plant
(ETO) (L0

Figure 4. Blynk display design on cellphone

The calculation of this open pan evaporimeter is:
Ep = (Awater level X pan area) X 1000 Q)

where Ep is pan evaporation (liters) and A water level is difference in water level in the pan for a day (m).

2

Panarea =m X r? = 3,14 X pan radius (m?) 2

to find the potential evaporation, use (3):
ET, = K, X E, ©)

where ET,, is potential evaporation (liters/day); K,, is pan coefficient (between 0.4 — 0.85) [42]; and E,, is pan
evaporation (liters).

ET. = K, X ET, @)

where ET, is potential evapotranspiration (liters/day); K. is rice plants coefficient; and ET, is potential
evapotranspiration (liters).

Rice plants coefficient can be determined based on waterlogging and rice plants varieties [43], [44].
Rice plants coefficient is defined as the ratio between the amount of potential evapotranspiration with the
reference evaporation of plants under normal growing conditions [45]-[47]. After obtaining the potential
evapotranspiration, the next step is the calculation of the potential evapotranspiration based on the area of
rice fields. The formula for potential evapotranspiration based on rice field area is:

ET, = ET, x (2—2) (5)

where ET.s is potential evapotranspiration based on rice field area (liters/day); ET, is potential
evapotranspiration (liters/day); L is rice field area (m?); and L, is pan area (m?).
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3. RESULTS AND DISCUSSION
3.1. Results of hardware

The results of the hardware design of the monitoring system can be seen in Figure 5. The hardware
consists of 4 parts, namely water gate, sensor, electrical panel box, and evaporimeter. The water gate box
functions as a container for electrical components to move the iron shaft to rotate. Inside the evaporimeter
there is a water temperature sensor, light intensity sensor, anemometer, and water level sensor.

Figure 5. Result of hardware of the evaporation monitoring system

3.2. Validation test

Sensor validation aims to determine and compare the results of sensor readings to measurement
readings from standard measuring instruments. The validation performance is analyzed from the error value
and the accuracy of the sensor comparison results with standard measuring instruments. If the error is less
than 5% and the accuracy is between 90-100% then the sensor performance is good [48].

In this study, ultrasonic sensor validation testing was carried out using 2 sensors. Ultrasonic sensor 1
to measure the water level based on the evaporation that occurs in the pan. Ultrasonic sensor 2 to measure the
water level in the rice field miniplant. Water temperature sensor test with a digital thermometer as a
validator. Light intensity testing is carried out every day from morning to evening with sunny weather
conditions. From the experimental results in Table 1, error and accuracy are at a good value so that the sensor
can be integrated into the designed system.

Table 1. Validation results

No. Component Sensor reading average  Standard instrument reading average  Error (cm)  Accuracy (%)
1 Ultrasonic sensor 1 10.53 10.1 0.43 95.76
2 Ultrasonic sensor 2 10.29 10 0.29 96.607
3 Water temperature sensor 40.1 40.03 0.07 99.834
4 UV light sensor 3.745 3.71 0.035 99.048

3.3. Actuator test result

Actuator testing is carried out to determine the performance of a DC motor by measuring the
voltage, current and rotational speed of the DC motor. The test variations are actuators without load and
actuators with load. Table 2 is the data when testing the performance of a DC motor with a load of iron shafts
and iron plates.

The voltage value of the DC motor with the addition of the load decreases to 11.95 V. The decrease
in voltage causes the current to increase to 5.86 A. The rotational speed of the motor decreases to 762 rpm
with the electricity consumed being 70.30 watt. This power consumption does not exceed the maximum
power specifications of a DC motor of 100 watts. So, it can be said that the actuator can perform its function
according to the purpose of the system.

Internet of things-based rice field irrigation evaporation monitoring system (Putri Yeni Aisyah)
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Table 2. DC motor performance test with load
No Time (minutes) Current (A)  Voltage (V)  Power (watt)  Rotating speed (rpm)

1 1 6 12.00 72 784
2 2 5.89 12.00 70.68 784
3 3 5.83 12.00 69.96 784
4 4 5.81 11.98 69.72 740
5 5 5.81 11.98 69.72 740
6 6 5.81 11.98 69.72 740

Average 5.86 11.99 70.30 762

3.4. Comparison of sensor and evaporimeter measurement results for the water gate response test

Data collection is carried out to find out whether the response of the controlled water gate is
according to the specified setpoint. To find out whether the designed system is suitable for the evaporation
that occurs, a comparison is made with the evaporation value measured by the evaporimeter. Table 3 is a data
comparison of the results of sensor and evaporimeter measurements with the following information:
— HWP: high water pan (water level in the evaporation pan).
— HWS: high water paddy fields (water level in the paddy fields).

Table 3. Evaporation data collection

No Time HWS HWP Water UV light Wind speed Ep Eto Etc  Water

(mm) (mm) temp. (C) (mW/cm?) (m/s) (mm) (mm) (mm) gate
1 08.00 36 134 30.52 0.53 0.12 2 15 144 Off
2 09.00 359 134 32.81 1.47 0 2 15 1.44 Off
3 1000 342 134 34.00 2.22 0 3 225 216 Off
4 11.00 323 133 35.47 2.76 0.11 3 2.25 2.16 Off
5 1200 311 133 38.85 4.70 0.08 3 225 2.88 Off
6 13.00 30 133 37.91 3.74 0.11 4 3 2.16 On
7 14.00 50 132 35.11 2.55 0.02 0 0 0 Off

In Table 3 that higher temperatures and greater light intensity at 12.00 cause an increase in the
evaporation rate. This is in accordance with the basic principles of the evaporation process. When the air
temperature is higher, water molecules become more energetic, allowing them to move faster and eventually
evaporate from the surface of the water. Greater light intensity can also increase the surface temperature of
the water, speeding up the evaporation process.

In Table 3, a comparison is made between the sensor and evaporimeter measurement results with
several relevant parameters, such as HWP, HWS, water temperature, UV light intensity, wind speed, and
water gate position (on or off). It can be seen that the comparison between the HWP and HWS values shows
that the difference between the water level in the rice field and the water level in the evaporation pan is not
very significant, which indicates that the temperature and water level sensor measuring instruments have
good accuracy in reflecting the evaporation conditions in the field. The sluice control system works by
measuring the reduction in water level by up to 3 cm and evapotranspiration is reduced by around 2.88 mm.
When this condition is reached, the DC motor will be activated and move the water gate to open irrigation for
the paddy fields so that the rice plants get water according to their needs.

4. CONCLUSION

The sensor used has a good level of accuracy, namely the ultrasonic sensor as a water level sensor
has an average accuracy of 98.106%. The DS18B20 type water temperature sensor has an average accuracy
of 99.811%. The anemometer as a wind speed measurement tool has an accuracy of 98.105%. The ML8511
type light intensity sensor has an accuracy of 99.382%. So that all sensors can be integrated into the
evaporation design system because they have an average error of less than 5%. The response of the water
gate due to the parameters of temperature and light intensity measured by the monitoring system has results
that are comparable to the evaporation value measured by the evaporimeter. From the results of research
carried out for 8 days, the water gate provides irrigation in the lowland rice mini plant every 2 days with a
difference between evaporation in the pan of 2 mm/day and evapotranspiration of the rice plants of
1.44 mm/day. The highest average evaporation value was at 13.00 WIB with sunlight intensity of
4.59 mW/cm?, air temperature of 38.53 °C, and wind speed of 0.21 m/s.

Bulletin of Electr Eng & Inf, Vol. 13, No. 4, August 2024: 2331-2339



Bulletin of Electr Eng & Inf ISSN: 2302-9285 O 2337

ACKNOWLEDGEMENTS

The authors gratefully acknowledge financial support from the Institut Teknologi Sepuluh
Nopember for this work, under project scheme of the Publication Writing and IPR Incentive Program
(PPHKI).

REFERENCES

[1] A. Ota, “Role of State and Non-state Networks in Early-Modern Southeast Asian Trade,” Emerging-Economy State and
International Policy Studies ((EESIPS)), 2019, pp. 73-93, doi: 10.1007/978-981-13-3131-2_4.

[2] M. Purnamasari, W. C. Huang, and B. Priyanto, “The Impact of Government Food Policy on Farm Efficiency of Beneficiary
Small-Scale Farmers in Indonesia,” Agriculture (Switzerland), vol. 13, no. 6, p. 1257, 2023, doi: 10.3390/agriculture13061257.

[31 X. Qian, H. Qi, S. Shang, H. Wan, K. U. Rahman, and R. Wang, “Deep Learning-based Near-real-time Monitoring of Autumn
Irrigation Extent at Sub-pixel Scale in a large Irrigation Districth,” Agricultural Water Management, vol. 284, p. 108335, 2023,
doi: 10.1016/j.agwat.2023.108335.

[4] H. Soleimani et al., “Ecological risk assessment and heavy metals accumulation in agriculture soils irrigated with treated
wastewater effluent, river water, and well water combined with chemical fertilizers,” Heliyon, vol. 9, no. 3, p. e14580, 2023, doi:
10.1016/j.heliyon.2023.e14580.

[5] M. Bai, S. Zhou, and T. Tang, “A Reconstruction of Irrigated Cropland Extent in China from 2000 to 2019 Using the Synergy of
Statistics and Satellite-Based Datasets,” Land, vol. 11, no. 10, p. 1686, 2022, doi: 10.3390/land11101686.

[6] N. A. Oyonarte, H. Gdmez-Macpherson, S. Martos-Rosillo, A. Gonzalez-Ramon, and L. Mateos, “Revisiting irrigation efficiency
before restoring ancient irrigation canals in multi-functional, nature-based water systems,” Agricultural Systems, vol. 203, p.
103513, 2022, doi: 10.1016/j.agsy.2022.103513.

[71 D.D. Chiarelli et al., “Competition for water induced by transnational land acquisitions for agriculture,” Nature Communications,
vol. 13, no. 1, p. 505, 2022, doi: 10.1038/s41467-022-28077-2.

[8] R. Tirtalistyani, M. Murtiningrum, and R. S. Kanwar, “Indonesia Rice Irrigation System: Time for Innovation,” Sustainability
(Switzerland), vol. 14, no. 19, p. 12477, 2022, doi: 10.3390/su141912477.

[91 R. Carrausse and X. A. de Sartre, “Does agrivoltaism reconcile energy and agriculture? Lessons from a French case study,”
Energy, Sustainability and Society, vol. 13, no. 1, p. 8, 2023, doi: 10.1186/s13705-023-00387-3.

[10] S. Zein, G. Gunarto, and U. Ma’ruf, “Agrarian Reform in the Implementation of Land Procurement for Development Based on
Justice Value,” Scholars International Journal of Law, Crime and Justice, vol. 6, no. 03, pp. 183-188, 2023, doi:
10.36348/sijlcj.2023.v06i03.008.

[11] D. Mardiatno et al., “A Holistic Review of Lake Rawapening Management Practices, Indonesia: Pillar-Based and Object-Based
Management,” Water (Switzerland), vol. 15, no. 1, p. 39, 2023, doi: 10.3390/w15010039.

[12] M. Li, H. Li, Q. Fu, D. Liu, L. Yu, and T. Li, “Approach for optimizing the water-land-food-energy nexus in agroforestry systems
under climate change,” Agricultural Systems, vol. 192, p. 103201, 2021, doi: 10.1016/j.agsy.2021.103201.

[13] M. Chen et al., “A reinforcement learning approach to irrigation decision-making for rice using weather forecasts,” Agricultural
Water Management, vol. 250, p. 106838, 2021, doi: 10.1016/j.agwat.2021.106838.

[14] T. A. A. El-Mageed, S. A. Abd El-Mageed, M. T. El-Saadony, S. Abdelaziz, and N. M. Abdou, “Plant Growth-Promoting
Rhizobacteria Improve Growth, Morph-Physiological Responses, Water Productivity, and Yield of Rice Plants Under Full and
Deficit Drip Irrigation,” Rice, vol. 15, no. 1, p. 16, 2022, doi: 10.1186/s12284-022-00564-6.

[15] N. Ouoba, L. D. Phung, A. Sasaki, D. V. Pham, and T. Watanabe, “Drip fertigation with treated municipal wastewater and soil
amendment with composted sewage sludge for sustainable protein-rich rice cultivation,” Environmental Technology and
Innovation, vol. 28, p. 102569, 2022, doi: 10.1016/j.eti.2022.102569.

[16] F. Okura, I. W. Budiasa, and T. Kato, “Exploring a Balinese irrigation water management system using agent-based modeling and
game theory,” Agricultural Water Management, vol. 274, p. 107951, 2022, doi: 10.1016/j.agwat.2022.107951.

[17] W. F. F. llahi et al., “Alternate Wetting and Drying (AWD) on Rice Irrigation,” Pertanika Journal of Tropical Agricultural
Science, vol. 45, no. 3, pp. 649-661, 2022, doi: 10.47836/pjtas.45.3.07.

[18] K. Liang et al., “Mitigation of environmental N pollution and greenhouse gas emission from double rice cropping system with a
new alternate wetting and drying irrigation regime coupled with optimized N fertilization in South China,” Agricultural Water
Management, vol. 282, p. 108282, 2023, doi: 10.1016/j.agwat.2023.108282.

[19] D. Bwire, H. Saito, M. Mugisha, and V. Nabunya, “Water Productivity and Harvest Index Response of Paddy Rice with Alternate
Wetting and Drying Practice for Adaptation to Climate Change,” Water (Switzerland), vol. 14, no. 21, p. 3368, 2022, doi:
10.3390/w14213368.

[20] M. Siddiqui, F. Akther, G. M. E. Rahman, M. M. Elahi, R. Mostafa, and K. A. Wahid, “Dimensioning of wide-area alternate
wetting and drying (Awd) system for iot-based automation,” Sensors, vol. 21, no. 18, p. 6040, 2021, doi: 10.3390/521186040.

[21] L. K. S. Tolentino et al., “Autogation: An alternate wetting and drying-based automatic irrigation and paddy water level control
system through internet of things,” Agrivita, vol. 43, no. 3, pp. 479-494, 2021, doi: 10.17503/agrivita.v43i3.2627.

[22] A. Nawaz, A. U. Rehman, A. Rehman, S. Ahmad, K. H. M. Siddique, and M. Farooq, “Increasing sustainability for rice
production systems,” Journal of Cereal Science, vol. 103, p. 103400, 2022, doi: 10.1016/j.jcs.2021.103400.

[23] T. A. Shaikh, T. Rasool, and F. R. Lone, “Towards leveraging the role of machine learning and artificial intelligence in precision
agriculture and smart farming,” Computers and Electronics in Agriculture, vol. 198, p. 107119, 2022, doi:
10.1016/j.compag.2022.107119.

[24] R. Boer and E. Surmaini, “Economic benefits of ENSO information in crop management decisions: case study of rice farming in
West Java, Indonesia,” Theoretical and Applied Climatology, vol. 139, no. 3-4, pp. 1435-1446, 2020, doi: 10.1007/s00704-019-
03055-9.

[25] Arifah, D. Salman, A. Yassi, and E. Bahsar-Demmallino, “Climate change impacts and the rice farmers’ responses at irrigated
upstream and downstream in Indonesia,” Heliyon, vol. 8, no. 12, p. e11923, 2022, doi: 10.1016/j.heliyon.2022.e11923.

[26] U. M. A. Sholihah, N. A. H. J. Pulungan, and F. A. Rizqi, “Cropwat 8.0 Application to Investigate Water Availability for Crops in
Nawungan Agricultural Land, Imogiri,” 2023, pp. 229-241, doi: 10.2991/978-94-6463-122-7_20.

[27] J. Zhang et al., “Asian Rice Calendar Dynamics Detected by Remote Sensing and Their Climate Drivers,” Remote Sensing, vol.
14, no. 17, p. 4189, 2022, doi: 10.3390/rs14174189.

[28] . Qiao, D. Yu, and J. Wu, “How do climatic and management factors affect agricultural ecosystem services? A case study in the
agro-pastoral transitional zone of northern China,” Science of the Total Environment, vol. 613-614, pp. 314-323, 2018, doi:

Internet of things-based rice field irrigation evaporation monitoring system (Putri Yeni Aisyah)



2338 O3 ISSN: 2302-9285

10.1016/j.scitotenv.2017.08.264.

[29] P.S. Yu, T. C. Yang, and C. K. Wu, “Impact of climate change on water resources in southern Taiwan,” Journal of Hydrology,
vol. 260, no. 14, pp. 161-175, 2002, doi: 10.1016/S0022-1694(01)00614-X.

[30] S. Lin, M. Deng, K. Wei, Q. Wang, and L. Su, “A new regional cotton growth model based on reference crop evapotranspiration
for predicting growth processes,” Scientific Reports, vol. 13, no. 1, p. 7368, 2023, doi: 10.1038/s41598-023-34552-7.

[31] S. Didari, R. Talebnejad, M. Bahrami, and M. R. Mahmoudi, “Dryland farming wheat yield prediction using the Lasso regression
model and meteorological variables in dry and semi-dry region,” Stochastic Environmental Research and Risk Assessment, vol.
37, no. 10, pp. 3967-3985, 2023, doi: 10.1007/s00477-023-02490-5.

[32] A. A. Farooque et al., “Forecasting daily evapotranspiration using artificial neural networks for sustainable irrigation scheduling,”
Irrigation Science, vol. 40, no. 1, pp. 55-69, 2022, doi: 10.1007/s00271-021-00751-1.

[33] Q. Su, V. P. Singh, and R. Karthikeyan, “Improved reference evapotranspiration methods for regional irrigation water demand
estimation,” Agricultural Water Management, vol. 274, p. 107979, 2022, doi: 10.1016/j.agwat.2022.107979.

[34] A. Ali, T. Hussain, N. Tantashutikun, N. Hussain, and G. Cocetta, “Application of Smart Techniques, Internet of Things and Data
Mining for Resource Use Efficient and Sustainable Crop Production,” Agriculture (Switzerland), vol. 13, no. 2, p. 397, 2023, doi:
10.3390/agriculture13020397.

[35] S. Wanniarachchi and R. Sarukkalige, “A Review on Evapotranspiration Estimation in Agricultural Water Management: Past,
Present, and Future,” Hydrology, vol. 9, no. 7, p. 123, 2022, doi: 10.3390/hydrology9070123.

[36] A. Ansari, Y. P. Lin, and H. S. Lur, “Evaluating and adapting climate change impacts on rice production in indonesia: A case
study of the keduang subwatershed, Central Java,” Environments-MDPI, vol. 8, no. 11, p. 117, 2021, doi:
10.3390/environments8110117.

[37] L. M. Silalahi, S. Budiyanto, F. A. Silaban, and A. R. Hakim, “Design a Monitoring and Control in Irrigation Systems using
Arduino Wemos with the Internet of Things,” Journal of Integrated and Advanced Engineering (JIAE), vol. 1, no. 1, pp. 53-64,
2021, doi: 10.51662/jiae.v1i1.13.

[38] R. H. Faisal, C. Saha, M. H. Hasan, and P. K. Kundu, “Power Efficient Distant Controlled Smart Irrigation System for AMAN
and BORO Rice,” in 2018 21st International Conference of Computer and Information Technology, ICCIT 2018, IEEE, 2018, pp.
1-5, doi: 10.1109/ICCITECHN.2018.8631927.

[39] Y. Fukushima et al., “Application of Electric Double Layer Capacitor and Water Level Sensor to Rice Field Monitoring System,”
in Proceedings of IEEE Sensors, IEEE, 2018, pp. 1-4, doi: 10.1109/ICSENS.2018.8589737.

[40] A. R. Al-Ali, A. Al Nabulsi, S. Mukhopadhyay, M. S. Awal, S. Fernandes, and K. Ailabouni, “loT-solar energy powered smart
farm irrigation system,” Journal of Electronic Science and Technology, vol. 17, no. 4, pp. 332-347, 2019, doi:
10.1016/J.JNLEST.2020.100017.

[41] K. Xiang, Y. Li, R. Horton, and H. Feng, “Similarity and difference of potential evapotranspiration and reference crop
evapotranspiration — a review,” Agricultural Water Management, vol. 232, p. 106043, 2020, doi: 10.1016/j.agwat.2020.106043.

[42] G. Singh, H. S. Rattanpal, M. Gupta, and G. S. Sidhu, “Standardization of stage wise water requirement in drip irrigated kinnow
Mandarin Orchards under sub-tropical conditions,” Journal of Agrometeorology, vol. 22, no. 3, pp. 305-312, 2020.

[43] C. Arif et al., “Performances of sheet-pipe typed subsurface drainage on land and water productivity of paddy fields in
Indonesia,” Water (Switzerland), vol. 13, no. 1, p. 48, 2021, doi: 10.3390/w13010048.

[44] F. D. Arianti et al., “Study of Organic Fertilizers and Rice Varieties on Rice Production and Methane Emissions in Nutrient-Poor
Irrigated Rice Fields,” Sustainability (Switzerland), vol. 14, no. 10, p. 5919, 2022, doi: 10.3390/su14105919.

[45] G. Arbat et al., “Modeling approaches for determining dripline depth and irrigation frequency of subsurface drip irrigated rice on
different soil textures,” Water (Switzerland), vol. 12, no. 6, p. 1724, 2020, doi: 10.3390/W12061724.

[46] A. Kumari et al., “Estimation of Actual Evapotranspiration and Crop Coefficient of Transplanted Puddled Rice Using a Modified
Non-Weighing Paddy Lysimeter,” Agronomy, vol. 12, no. 11, p. 2850, 2022, doi: 10.3390/agronomy12112850.

[47] M. M. Saleh, K. F. M. Salem, and A. B. Elabd, “Definition of selection criterion using correlation and path coefficient analysis in
rice (Oryza sativa L.) genotypes,” Bulletin of the National Research Centre, vol. 44, no. 1, p. 143, 2020, doi: 10.1186/s42269-
020-00403-y.

[48] H. S.Hadi, P. Y. Aisyah, S. Arifin, A. F. Adziimaa, and A. Abdurrakhman, “Fluid Viscosity Measuring Instrument with Internet
of Things (IoT) Based Rotary Method,” Journal of Advanced Research in Fluid Mechanics and Thermal Sciences, vol. 92, no. 1,
pp. 65-89, 2022, doi: 10.37934/arfmts.92.1.6589.

BIOGRAPHIES OF AUTHORS

Putri Yeni Aisyah g 2 received M.T. degree (Master of Engineering) in
Instrumentation Engineering from Engineering Physics, Institut Teknologi Sepuluh
Nopember. She is a lecturer at the Department of Instrumentation Engineering, Vocational
Faculty, Institut Teknologi Sepuluh Nopember since 2020. In addition, she has also served as
Head of the Measurement Instrumentation Laboratory since (2021-present). Her research
interests are in optical sensors, control applications in agriculture, fault tolerant control, and
wind turbine control system. She can be contacted at email: putri.yeni@its.ac.id.

Bulletin of Electr Eng & Inf, Vol. 13, No. 4, August 2024: 2331-2339


https://orcid.org/0000-0002-8555-3848
https://scholar.google.co.id/citations?user=xUlPY8MAAAAJ&hl=id
https://www.scopus.com/authid/detail.uri?authorId=57192674031
https://www.webofscience.com/wos/author/record/GPW-9507-2022

Bulletin of Electr Eng & Inf ISSN: 2302-9285 O 2339

| Putu Eka Widya Pratama B4 B 2 received the M.Sc. degree (Master of science) in
Applied Physics from the Rheinisch-Westfaelische Technishe Hochschule University, Aachen,
Germany. He is a lecturer at the Instrumentation Engineering Department, Faculty of
Vocational Studies, Institut Teknologi Sepuluh Nopember, Surabaya, Indonesia. In addition,
he is serving as International Liaison Officer of Instrumentation Engineering Department. His
research interests are in instrumentation and control, modular neural networks, nano sensors,
and nanomaterials. He can be contacted at email: eka.widya@its.ac.id.

Furgan Rahmadhana g 12 is currently pursuing a Bachelor of Applied Science in
Instrumentation Engineering, having started his studies in 2021 at the Faculty of Vocational
Education, Institut Teknologi Sepuluh Nopember. He contributed a lot in Safety Instrumented
System Laborarotry, Department of Instrumentation Engineering. He can be contacted at
email: furganrahmadanal8@gmail.com.

Muhammad Ghozi Al Ghifari Bl 2 s currently pursuing a Bachelor of Applied
Science in Instrumentation Engineering, having started his studies in 2021 at the Faculty of
Vocational Education, Institut Teknologi Sepuluh Nopember. He contributed a lot in
Measurement Instrumentation Laborarotry, Department of Instrumentation Engineering. He
can be contacted at email: malghifariiii76@its.ac.id.

Internet of things-based rice field irrigation evaporation monitoring system (Putri Yeni Aisyah)


https://orcid.org/0000-0002-9567-9348
https://scholar.google.co.id/citations?user=GWuvX1AAAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=57764459500
https://www.webofscience.com/wos/author/record/32113907
https://orcid.org/0009-0001-0742-6405
https://orcid.org/0009-0003-5088-5361

