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 Water storage management still requires direct supervision in many 
household and small-scale applications, while a remote monitoring 

system also needs a reliable energy supply. This study develops an 

integrated Internet of Things system that measures water level and 

photovoltaic electrical parameters in real time. The prototype uses an 
ESP32, a waterproof JSN-SR04T ultrasonic sensor, two INA219 

modules, a 20 Wp solar panel, a PWM solar charge controller, a 12 V 

battery, ThingSpeak, and a Telegram Bot. Testing covered 

microcontroller connectivity, distance measurement accuracy, 
electrical sensing, solar panel output, battery operation, cloud data 

delivery, and integrated system performance. The JSN-SR04T 

produced an average reading of 10.16 cm for a 10.00 cm reference, 

with an average absolute deviation of 0.16 cm. INA219 voltage 
measurements showed a mean relative error of 2.91% against a 

multimeter. During integrated testing, the water level remained at 

12.0-12.4 cm, solar panel voltage reached 13.44-13.45 V, and panel 

power reached 4.40-4.41 W. ThingSpeak displayed the measurements 
continuously, while Telegram delivered synchronized status 

information. These results show that the proposed system supports 

remote water-level and energy-source monitoring using an 

autonomous solar supply. 

 

Keywords: 
JSN-SR04T 
ESP32 
INA219 
ThingSpeak 
Telegram Bot 
renewable energy Accepted Month xx, 20xx 

 

  This is an open access article under the CC BY-SA license. 

 
Corresponding Author: 
Affan Bachri, 
Department of Electrical Engineering, Faculty of Science and Technology, Universitas Islam Lamongan, Lamongan, Indonesia 
Email: [affanbachri@unisla.ac.id] 

 

1. INTRODUCTION 

Water is essential for household and productive activities. In water storage systems, tank filling that 

still relies on manual supervision creates two main risks: water shortages when needed and overflow when 

filling is not stopped at the appropriate time. Internet of Things systems enable remote monitoring through 

sensor data acquisition, microcontroller processing, and data transmission over the internet [1]. 

Implementations in household water tanks show that ultrasonic sensors and NodeMCU devices are suitable for 

monitoring water levels and sending information to user devices [2]. Other studies report that Blynk-based 

water availability monitoring displays water level conditions and supports pump control [3]. 

Sensor accuracy is critical because water level measurements form the basis for calculating volume 

and storage capacity percentage. The JSN-SR04T was selected because its transducer is resistant to humid 

conditions and operates without direct contact with water. Apsari et al. reported the use of the JSN-SR04T for 

water tank monitoring with linear regression correction [4]. Dswilan et al. showed that the JSN-SR04T is 

suitable for water level monitoring over a wider measurement range in field environments [5]. A recent ESP32-

based study also reported an average error of 0.2 cm in an online water level monitoring system [6]. These 

findings support the selection of the JSN-SR04T for the prototype developed in this study. 

System reliability depends on more than water sensing accuracy. An Internet of Things system 

requires a stable energy source so that sensor readings, WiFi connectivity, cloud storage, and notification 

delivery operate continuously. Solar panels provide an appropriate alternative energy source for low-power 

devices and locations that are not always close to the electrical grid. A NodeMCU-based photovoltaic 

monitoring study showed that voltage, current, and power parameters were transmitted to ThingSpeak for 

remote evaluation [7]. A water level control system powered by a solar panel and battery also showed that 

http://dx.doi.org/10.33650/jeecom.v7i2.16852


573 

Journal of Electrical Engineering and Computer (JEECOM)  

 

 Kafabi et al.: Internet of Things Based Water Level and Solar Panel Power Monitoring System 

variations in light intensity affect the power available to the system [8]. The integration of ESP32, INA219, a 

PWM solar charge controller, and a battery has also been applied to real-time solar power supply monitoring 

[9]. 

Monitoring the energy source requires an electrical sensor that directly measures voltage and current. 

The INA219 uses a shunt resistor and an I2C interface, which simplifies integration with the ESP32. An 

INA219-based electrical monitoring system using NodeMCU showed that voltage and current measurements 

were transmitted to a web interface in real time [10]. The same sensor has also been used to compare the power 

consumption of several microcontrollers under different operating modes [11]. On the interface side, 

ThingSpeak supports sensor data storage and visualization [12], while Telegram Bot provides notification and 

status-request channels through mobile devices [13]. Solar panel power monitoring through Telegram has also 

shown that instant messaging is suitable as an electrical monitoring interface [14]. 

Previous studies generally focused on water level monitoring, photovoltaic power monitoring, or user 

notification as separate functions [2], [7], [8], [14]. A solar-powered hydroponic study integrated water 

monitoring and power supply monitoring, but its application focus differed and it did not use the same sensor 

and interface configuration [15]. A NodeMCU-based solar panel monitoring system also emphasized energy 

parameter acquisition without measuring water level [16]. A hybrid solar power system for river water level 

monitoring further supports the relevance of solar energy for field monitoring devices [17]. Based on this 

research gap, the present study develops an integrated system combining a JSN-SR04T sensor, ESP32, two 

INA219 sensors, a solar panel, battery, ThingSpeak, and Telegram Bot. The study evaluates the system's ability 

to measure water level, monitor solar panel and battery power, and transmit information in real time over the 

internet. 

2. METHOD 

This study used an experimental prototyping approach. The main stages included a literature review, 

system design, hardware and software implementation, individual component testing, integrated system 

testing, performance evaluation, and preparation of the results. The design followed the principles of sensor 

data acquisition, microcontroller-based processing, WiFi data transmission, and information presentation 

through a user interface. 

The hardware consisted of an ESP32, a JSN-SR04T ultrasonic sensor, two INA219 modules, a 20 Wp 

solar panel, a PWM solar charge controller, a 12 V battery, and supporting circuitry. The JSN-SR04T was 

positioned above the water surface to measure the distance between the sensor and the surface. Water level 

was calculated from the difference between the known container reference height and the measured distance. 

Two INA219 modules measured the electrical parameters of the solar panel and battery. Power was calculated 

from the measured voltage and current. Sensor and actuator selection followed the measurement functions 

required by the Internet of Things system. 

The software was developed using the Arduino IDE. The ESP32 periodically read the JSN-SR04T 

and INA219 sensors, processed water level and electrical parameters, and transmitted the data through WiFi. 

ThingSpeak served as the real-time data visualization and storage platform, while Telegram Bot displayed 

system status to the user. Similar cloud integration models have been applied to photovoltaic monitoring and 

NodeMCU-based energy systems [16]. 
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Figure 1. Block diagram of the water level and solar panel power monitoring system 

Figure 1 illustrates the relationship among input, processing, and output stages. Energy from the solar 

panel is routed through the solar charge controller to charge the battery. The ESP32 receives water level data 

from the JSN-SR04T and electrical data from the INA219 sensors. The processed results are transmitted to 

ThingSpeak and Telegram. This architecture integrates water and energy monitoring functions under a single 

controller. 

 
Figure 2. Flowchart framework of the water level and solar panel power monitoring system  

The flowchart illustrates the workflow of an Internet of Things-based water level and solar panel 

power monitoring system. The process begins with the sensor measuring the water level and transmitting the 

data to the NodeMCU ESP32. The system then verifies the validity of the received data. If the data are not 

detected, the reading process is repeated. If valid, the information is sent to Google Sheets for real-time storage 

and analysis and to the Telegram Bot for user notifications. The INA219 sensor then monitors the power 

generated by the solar panel. The power data are also stored in Google Sheets for continuous monitoring. 

 

2.1. Testing Procedure 

The ESP32 was tested at distances of 5 m, 10 m, 15 m, 20 m, and 25 m from the WiFi access point. 

The observed parameters were connection success and response time. The JSN-SR04T was tested against a 
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ruler at an actual reference distance of 10 cm. Nine sensor readings were compared with the reference value to 

determine the measurement difference. 

The INA219 was tested three times. Sensor voltage readings were compared with a multimeter, while 

current and power values were recorded from the system. Relative voltage error was calculated as the difference 

between the INA219 reading and the multimeter reading divided by the multimeter value. Solar panel testing 

was conducted from morning to late afternoon by recording light intensity, panel voltage, and weather 

conditions. Battery testing was performed while the system operated without solar charging to evaluate voltage 

stability. 

Integrated system testing was performed after all modules had been connected. Water level, volume, 

voltage, current, and power data were monitored through ThingSpeak and Telegram. Agreement between the 

values displayed on both platforms served as an indicator of successful data transmission. Component-level 

and integrated testing approaches have also been used in ESP32-based water monitoring systems and Internet 

of Things solar energy systems [17]. 

3. RESULTS AND DISCUSSION 

3.1. Performance of ESP32 and JSN-SR04T Sensor 

The ESP32 remained connected to the WiFi network up to a distance of 20 m. Connection response 

time increased from 4.03 s at 5 m to 7.40 s at 20 m. At 25 m, the device no longer established a connection. 

These results indicate that increasing distance reduced communication quality under the test conditions. For 

field applications, the access point should be positioned within a range that maintains a stable connection. 

Table 1. JSN-SR04T sensor test results 

No. Reference distance (cm) Sensor reading (cm) Difference (cm) 

1 10.00 10.15 0.15 

2 10.00 10.16 0.16 

3 10.00 10.15 0.15 

4 10.00 10.15 0.15 

5 10.00 10.16 0.16 

6 10.00 10.15 0.15 

7 10.00 10.16 0.16 

8 10.00 10.17 0.17 

9 10.00 10.17 0.17 

The mean JSN-SR04T reading was 10.16 cm at a reference distance of 10.00 cm. The mean absolute 

difference was 0.16 cm, equivalent to approximately 1.6% of the reference value. Variation among readings 

was only 0.02 cm. These results are consistent with the low error commonly reported for ultrasonic sensors in 

short-range measurements. The error in this study is close to the average error of 0.2 cm reported by a recent 

ESP32-based system [6] and lower than the 2.5% error reported for an ultrasonic aquaculture prototype [20]. 

Maintaining the sensor perpendicular to the water surface remains important to reduce reflections from the 

container walls. 

3.2. Performance of INA219 and Solar Energy Source 

Table 2. INA219 test results compared with a multimeter 

No. INA219 voltage (V) Multimeter voltage (V) Current (A) Power (W) Voltage error (%) 

1 10.20 10.34 0.19 1.98 1.35 

2 10.05 10.42 0.24 2.03 3.55 

3 10.08 10.48 0.28 2.10 3.82 

INA219 voltage readings tended to be lower than the multimeter readings. The relative errors were 

1.35%, 3.55%, and 3.82%, with a mean of 2.91%. This accuracy is adequate for monitoring power trends, 

although further calibration is required if the system is used for energy measurements requiring higher 

precision. Studies on INA219-based electrical monitoring confirm its suitability for Internet of Things voltage 

and current acquisition [10], [11]. For comparison, a Telegram-based solar panel monitoring system using a 

different sensor reported a voltage error of approximately 0.5% [14]. The difference is associated with sensor 

characteristics, signal conditioning, calibration, and power source conditions. 

Table 3. Solar panel test results by time and light intensity 

No. Time Light intensity (lux) Voltage (V) Weather 

1 06:00 1,200 5.20 Sunny 

2 08:00 12,000 16.85 Sunny 
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No. Time Light intensity (lux) Voltage (V) Weather 

3 10:00 21,000 21.02 Sunny 

4 12:00 20,000 20.51 Cloudy 

5 14:00 15,000 20.60 Cloudy 

6 17:00 350 14.35 Cloudy 

Table 3 shows the change in solar panel voltage throughout the day. The voltage increased from 5.20 

V at 06:00 to 21.02 V at 10:00 and remained close to 20 V from midday to early afternoon. At 17:00, the 

voltage decreased to 14.35 V when the measured light intensity was 350 lux. This pattern indicates that panel 

output followed the available solar irradiation. The result is consistent with a solar-powered water level control 

study reporting power variations with changes in light intensity [8]. An ESP32-based power supply monitoring 

system also used voltage measurement as an important indicator of energy source condition [9]. 

3.3. Integrated System Performance and Remote Monitoring 

 

 
Figure 3. Internet of Things based water level monitoring prototype 

The integrated prototype consisted of a solar panel at the top, a control box, a supporting frame, an 

ultrasonic sensor, and a water container. The control box housed the ESP32, INA219 modules, solar charge 

controller, battery, and supporting components. This arrangement allowed the measurement and 

communication processes to operate using energy stored in the battery. Battery testing without solar input 

showed a stable voltage of 12.66 to 12.67 V during the observation period, indicating that the device remained 

active for sensor acquisition and data transmission. 

Table 4. Integrated system test results 

No. Parameter Result Description 

1 Water level 12.0-12.4 cm Stable in real time 

2 Water volume 24.3-25.1% Followed changes in water level 

3 Panel voltage 13.44-13.45 V Stable 

4 Panel current 0.33 A Relatively constant 

5 Panel power 4.40-4.41 W Sufficient for system demand 

6 Battery voltage 13.42 V Stable during charging 

7 Battery current 0.28 A Battery received charging current 

8 Battery power 3.76 W Energy available for system operation 

9 ThingSpeak Successful Graphs displayed in real time 

10 Telegram Bot Successful Status received on smartphone 

During integrated testing, the water level ranged from 12.0 to 12.4 cm with a volume of 24.3 to 25.1%. 

The solar panel produced 13.44 to 13.45 V and 4.40 to 4.41 W. The battery voltage was 13.42 V with a power 

value of 3.76 W. These values indicate that the energy source maintained operation of the ESP32, sensors, and 

network communication. The findings are consistent with a solar-powered water level monitoring study 

showing that solar energy supplies monitoring devices continuously [17]. A NodeMCU-based solar monitoring 
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system also emphasized the value of observing panel and battery parameters to determine energy source 

conditions directly [16]. 

 
Figure 4. System monitoring: (a) ThingSpeak graphs for water level and panel power, (b) status information through 

Telegram Bot 

ThingSpeak received data from the ESP32 and displayed the measurements as time-series graphs. 

During testing, the water level graph ranged from approximately 11.6 to 12.5 cm, while the panel power graph 

increased from approximately 4.07 W to 4.45 W. Telegram displayed the same measurements as text messages, 

including a water level of 12.4 cm, volume of 25.1%, panel voltage of 13.45 V, panel current of 0.33 A, battery 

voltage of 13.42 V, and battery current of 0.28 A. Agreement between the two interfaces indicates synchronized 

data acquisition, processing, and transmission. ThingSpeak supports historical trend observation [7], [12], 

while Telegram provides faster status access without opening the dashboard [13], [14]. 

The contribution of the system lies in integrating water monitoring and energy monitoring within one 

prototype. Rindra et al. focused on tank water level and control through Blynk [2]. Muhammadhy et al. 

emphasized battery power monitoring in a water level control system [8]. Al Amin and Yuhendri developed a 

power supply monitoring system using INA219 and ESP32 for solar panels and grid power [9]. The present 

study combines these functions with a JSN-SR04T sensor, simultaneous solar panel and battery monitoring, 

ThingSpeak visualization, and Telegram Bot. This configuration reduces the need for direct inspection and 

provides simultaneous information on water conditions and energy availability. 

4. CONCLUSION 

The Internet of Things based water level and solar panel power monitoring system was successfully 

implemented using an ESP32, JSN-SR04T, INA219 modules, a solar panel, battery, ThingSpeak, and Telegram 

Bot. The JSN-SR04T produced a mean absolute difference of 0.16 cm at a 10 cm reference distance. INA219 

voltage measurements showed a mean relative error of 2.91% compared with a multimeter. During integrated 

testing, the water level ranged from 12.0 to 12.4 cm, panel voltage ranged from 13.44 to 13.45 V, and panel 

power ranged from 4.40 to 4.41 W. ThingSpeak presented the measurements as real-time graphs, while 

Telegram displayed status information consistent with the dashboard data. The results demonstrate that the 

solar panel and battery supported remote monitoring operation. Future work should add automatic pump 

control, water flow or quality sensors, stricter electrical calibration, and long-term data storage for system 

performance analysis. 
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