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A B S T R A C T   A R T I C L E   I N F O 

Manual refilling of water gallons at refill drinking-water 
depots relies on an operator switching the pump on and off, 
which can cause inaccurate volumes, water wastage, and 
dependence on the operator. This study designed and built 
an Internet of Things (IoT)-based automatic gallon-filling 
system using a YF-S201 Hall-effect flow sensor, an ESP32 
microcontroller, a 5 V relay module that switches the AC 220 
V depot pump, and a Telegram Bot as a remote user 
interface. The firmware counts sensor pulses through a 
hardware interrupt and updates the volume every second in 
a non-blocking millis()-based loop. Two protection layers 
stop the pump when no flow is detected for 10 s or when the 
volume reaches 19.0 L, and only a registered Telegram chat 
ID can issue the /isi_galon, /stop, and /status commands. 
Volume accuracy was tested in 40 trials with a 19,000 mL 
target. The pump stopped automatically in every trial, but all 
trials overfilled: the filled volume ranged from 19,320 to 
20,080 mL, with a mean overfill of 612.75 mL and a mean 
relative error of 3.225% (1.684–5.684%). The overfill is 
attributed to relay switching delay, flow inertia, and flow-
sensor tolerance, so sensor calibration and overshoot 
compensation are needed. 
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1. INTRODUCTION 

Many electronic devices now apply automatic control to improve operational efficiency 
and ease of use. Advances in information and communication technology and the Internet of 
Things (IoT) allow real-time monitoring and control of water infrastructure and give users data 
and tools to manage water use more effectively [1], and IoT-based real-time monitoring has 
also been applied to three-phase electrical power systems [2]. Control-system technology is 
also increasingly introduced in vocational education [3]. One application of automatic control 
is the filling of refill drinking water. In practice, however, many refill drinking-water depots 
still fill gallons manually, relying on a switch to turn the water pump on and off. 

In a manual filling system, control and monitoring depend on the operator. This can cause 
problems such as overfilling, inaccurate volumes, and wasted water. To address these 
problems, several automatic filling systems for refill depots have been proposed, including an 
Arduino Uno-based automation prototype for refill drinking-water depots [4], a data logger 
for automatic gallon filling based on an ATMega32 microcontroller [5], and an IoT-based 
control and monitoring system for automatic refill filling using an ESP32 [6]. Automatic gallon-
filling systems have also been introduced to refill-depot operators through community-
service mentoring [7]. 

One way to control the filled volume is to measure the water entering the gallon with a 
flow sensor. A Hall-effect sensor produces an output voltage in response to a magnetic field 
[8], and in a turbine-type flow meter the rotation of the rotor is converted into pulses whose 
frequency depends on the flow rate [9]. The pulse count of a low-cost Hall-effect flow-rate 
sensor has been shown to correlate with the dispensed volume, so the volume can be 
estimated from the pulse count after calibration [10]. The YF-S201 sensor works on this 
principle and can therefore be used to calculate the volume of water in real time. 

For the controller, the ESP32 is a low-cost microcontroller module with integrated Wi-Fi 
and Bluetooth [11], [12], and its general-purpose input/output pins make it suitable for IoT 
devices that connect sensors and actuators [12]. A remote user interface can be provided 
through a Telegram bot: the Telegram Bot API is an HTTP-based interface for building bots, 
and every incoming message identifies the chat it belongs to [13], so commands can be 
restricted to registered users. 

Previous work has developed IoT-based control and monitoring of automatic refill filling 
using an ESP32 [6]. This study follows that direction by combining flow-sensor-based volume 
control with a Telegram bot interface. The firmware counts sensor pulses through a hardware 
interrupt and runs a non-blocking main loop, provides two protection layers (no-flow 
detection and a maximum-volume limit), and accepts the /isi_galon, /stop, and /status 
commands only from a registered chat ID. 

Therefore, this study aims to design and build an IoT-based automatic gallon-filling system 
using a YF-S201 flow sensor, an ESP32 microcontroller, a relay, and a Telegram bot, and to 
evaluate its filling-volume accuracy to improve efficiency, accuracy, and reliability in filling 
refill drinking water. 
2. METHODS 

This section describes the design and testing stages of the automatic gallon-filling system. 
The stages comprise system design, hardware design, software design, and system testing. 

 System Design 

The IoT-based automatic gallon-filling system integrates several main components that 
work together to automatically control the filling process, as shown in Figure 1. The YF-S201 
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flow sensor is the input, the ESP32 is the main controller, the 5 V relay module is the output 
that switches the AC 220 V depot water pump, and the Telegram Bot API is the IoT interface 
through which the user sends commands and receives notifications. Each component has a 
specific function in the system, covering input, processing, and output. 

 

Figure 1. Block diagram of the IoT-based automatic water gallon filling system 

 YF-S201 Flow Sensor 

The YF-S201 water flow sensor Figure 2 is the main component for detecting the water 
flowing into the gallon. The sensor works on the Hall-effect principle [8]: it contains a small 
turbine that rotates when water flows, and this rotation produces electrical pulses that are 
sent to the microcontroller [9]. Each pulse is directly related to the amount of water flowing. 
By counting the pulses per unit time, the microcontroller determines the flow rate and 
volume of water [10]. The sensor has three pins: VCC, GND, and signal output. In this system, 
the sensor is the main input that determines when filling must stop based on the volume 
reached. The YF-S201 has been used together with an ESP32 in other water-monitoring 
systems and measures flow rates of 1–30 L/min [14]. 

 

 

Figure 2. YF-S201 flow sensor 

 

 Microcontroller 

The ESP32 microcontroller Figure 3 acts as the control center of the system. The ESP32 is 
a low-cost microcontroller module with integrated Wi-Fi and Bluetooth [11], [12]. It receives 
the pulse signal from the flow sensor and processes the data to calculate the volume of water 
in real time. The microcontroller also (i) converts the pulse data into a volume value, (ii) 
compares the volume with the 19.0 L limit, (iii) sends the control signal to the relay, and (iv) 
communicates with the Telegram Bot API over the WiFi network. The microcontroller is 
therefore the brain of the system that governs the entire automation process. 
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Figure 3. ESP32 microcontroller 

 Relay 

The 5 V relay module in Figure 4 replaces the manual switch. It works as an electronic 
switch controlled by the signal from the microcontroller. When the microcontroller outputs a 
HIGH signal, the relay is activated and connects the AC 220 V supply to the water pump, so 
the pump turns on. When a LOW signal is given, the relay cuts the power, and the pump stops. 
In this system, the relay is the main control output that determines whether the pump is on 
or off. 

 

Figure 4. Relay module 

 Water Pump 

The water pump in Figure 5 is the actuator that moves water from the source into the 
gallon. The pump is controlled by the relay rather than directly by the user. When the relay is 
active, the pump runs and starts filling the gallon; when the relay is off, the pump stops 
automatically. The depot water pump operates on AC 220 V. The pump is therefore the 
execution component of the system. 

 

Figure 5. Water pump 
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 Power Supply 

The power supply in Figure 6 provides electrical energy to the system. The ESP32 
microcontroller and the 5 V relay module are powered by a 5 V DC power adapter, while the 
depot water pump is powered from the AC 220 V mains through the relay contacts in Figure 
1. The power supply must match the requirements of each component so that the system 
operates stably and safely. 

 

Figure 6. Power supply 

 Software Algorithm and Flowchart 

Overall, the software algorithm for this Internet of Things (IoT)-based automatic water 
gallon-filling system is divided into three main process blocks: Initialization and Interrupt, 
Main Logic (Volume Calculation and Protection), and Telegram Message Handling Logic. The 
system flowchart in Figure 7 is designed so that the microcontroller can run several tasks in a 
non-blocking manner (without waiting for one another), allowing sensor readings and 
responses to user commands to run in real time. 

The system begins its operating cycle by executing the Inisialisasi() procedure. At this stage, 
the microcontroller performs the initial setup, which includes enabling serial communication, 
configuring the relay pin as an output (with an initial OFF/LOW state), and configuring the 
water flow sensor pin as an input with pull-up. In addition, the system connects to the WiFi 
network and authenticates with the Telegram Bot API server. 

To ensure that no sensor readings are missed while the microcontroller executes other 
lines of code, the system uses a hardware interrupt on the sensor pin. Whenever a falling-
edge signal is detected from the water flow sensor, the microcontroller automatically calls 
the Ambil_Pulsa_Sensor() procedure. This procedure runs independently in the background 
and increments the hitungan_pulsa variable by 1. 

Once initialization is complete, the microcontroller enters an infinite loop (main loop). In 
this block, the system tracks time using the millis() function (time in milliseconds) to avoid 
using the delay function, which would halt system operation. 

If filling is active and the time interval has reached 1000 milliseconds (1 second), the system 
briefly disables interrupts to protect the data, then reads and resets the value of 
hitungan_pulsa. The pulse count is converted into a water flow rate using the sensor 
calibration factor [15]-[17], the volume delivered during that second is calculated, and this 
volume is accumulated into Total_Volume, as expressed in Equations (1)–(3). 

Q = N / K  (1) 
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ΔV = Q / 60  (2) 

V_total = V_total + ΔV  (3) 

where N is the number of pulses counted in the 1-second interval (hitungan_pulsa), K is 
the sensor calibration factor (faktor_kalibrasi), Q is the water flow rate in L/min (debit_air), 
ΔV is the volume delivered during that second in litres (volume_detik_ini), and V_total is the 
accumulated volume (Total_Volume). (State the value of K used in the firmware here, e.g. K 
= … pulses per second per L/min.) 

To ensure operational safety, the algorithm is equipped with two layers of protection. The 
first protection is clogged-flow / empty-water-source detection. The system monitors the 
time between sensor pulse updates. If no water flow is detected within 10 seconds 
(waktu_sekarang – waktu_terakhir_aliran ≥ 10000 ms), the system assumes that the water 
source has run out or that a malfunction has occurred. The system then automatically turns 
off the pump (relay OFF) and sends an emergency warning message to the user’s Telegram. 

The second protection is the maximum volume limit. The system continuously compares 
Total_Volume with the standard gallon capacity. When the volume of water delivered reaches 
or exceeds 19.0 litres, the system stops the pump, sets the filling status to inactive, and sends 
a Telegram notification that the filling process has finished. 

The Telegram Message Logic block serves as a remote user interface (UI) [18], [19]. The 
system periodically checks whether a new command message has arrived from the Telegram 
Bot. If there is a message, the system first performs a security check by matching ID_Pengirim 
against the registered CHAT_ID_Valid. If the ID is not recognized, the system denies access. 

If the ID is validated, the system processes the command according to the content of the 
message. 
• /isi_galon resets Total_Volume to zero, turns on the pump, sets the status to active, and 

restarts the protection timer. If the system is already active, it ignores the command and 
sends a warning message that filling is already in progress. 

• /stop acts as a remote emergency stop. It forcibly turns off the pump at any time, changes 
the filling status, and notifies the user. 

• /status asks the microcontroller to send feedback on the pump status (active/inactive) 
and the current volume of water that has entered the gallon. 
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Figure 7. Flowchart of the software algorithm: (a) interrupt and initialization procedures, (b) 
main loop with volume calculation and protection, and (c) Telegram message handling. 

Connectors A and B link the panels 

 

 Wiring Design 

The wiring design of the automatic water gallon filling system is shown in Figure 8. 
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Figure 8. Wiring diagram of the automatic water gallon filling system. 

 LabVIEW Design 

The automatic water gallon filling system was also designed using the LabVIEW application. 
Figure 9 shows the front panel design of the control system, and Figure 10 shows its block 
diagram. 

 

 

Figure 9. Front panel design of the automatic water gallon filling control system 

 

Figure 10. Block diagram of the automatic water gallon filling system 
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 Testing Procedure 

The system was tested in 40 trials with a target volume of 19,000 mL (19 L). For each trial, 
the filled volume was recorded, the difference from the target was calculated, and the relative 
error was computed using Equation (4). The test reported in this study evaluates the filling-
volume accuracy of the system. 

Error (%) = (V_filled − V_target) / V_target × 100%  (4) 

where V_filled is the volume of water filled into the gallon (mL), and V_target is the target 
volume (19,000 mL). 

 
3. RESULTS AND DISCUSSION 

In the tested system, the flow sensor detects the water flow, and the microcontroller 
calculates the volume from the number of pulses produced. The relay acts as the actuator 
switch that turns the water pump on and off automatically. During filling, the flow sensor 
reads the water flow in real time and sends the data to the microcontroller. When the 
calculated volume reaches the setpoint, the system commands the relay to switch off so that 
the pump stops. In practice, however, the filled volume still exceeded the target. The test 
results are presented in Table 1 and Figure 11. 

 
Table 1. Results of the automatic water gallon filling test (target volume 19,000 mL) 

No. 
Target 
(mL) 

Filled 
(mL) 

Difference 
(mL) 

Error 
(%) 

 No. 
Target 
(mL) 

Filled 
(mL) 

Difference 
(mL) 

Error 
(%) 

1 19,000 19,420 420 2.211  21 19,000 19,400 400 2.105 
2 19,000 19,980 980 5.158  22 19,000 19,370 370 1.947 
3 19,000 19,350 350 1.842  23 19,000 19,450 450 2.368 
4 19,000 20,020 1,020 5.368  24 19,000 19,500 500 2.632 
5 19,000 19,950 950 5.000  25 19,000 19,410 410 2.158 
6 19,000 19,480 480 2.526  26 19,000 20,040 1,040 5.474 
7 19,000 19,390 390 2.053  27 19,000 19,960 960 5.053 
8 19,000 19,510 510 2.684  28 19,000 20,000 1,000 5.263 
9 19,000 19,460 460 2.421  29 19,000 19,340 340 1.789 

10 19,000 19,380 380 2.000  30 19,000 19,460 460 2.421 
11 19,000 20,050 1,050 5.526  31 19,000 19,390 390 2.053 
12 19,000 19,430 430 2.263  32 19,000 19,420 420 2.211 
13 19,000 19,990 990 5.211  33 19,000 19,480 480 2.526 
14 19,000 19,320 320 1.684  34 19,000 19,520 520 2.737 
15 19,000 20,010 1,010 5.316  35 19,000 19,430 430 2.263 
16 19,000 19,470 470 2.474  36 19,000 19,370 370 1.947 
17 19,000 19,360 360 1.895  37 19,000 19,490 490 2.579 
18 19,000 20,030 1,030 5.421  38 19,000 19,510 510 2.684 
19 19,000 19,970 970 5.105  39 19,000 20,080 1,080 5.684 
20 19,000 19,920 920 4.842  40 19,000 19,400 400 2.105 

Mean of 40 trials (n = 40) 612.75 3.225 
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Figure 11. Filled volume in each of the 40 trials compared with the 19,000 mL target 

Table 1 shows that every filling produced a volume larger than the target, so the system 
consistently overfilled in all 40 trials. The filled volume ranged from 19,320 to 20,080 mL, with 
a mean of 19,612.75 mL (standard deviation 277.19 mL). The overfill ranged from 320 to 1,080 
mL, with a mean of 612.75 mL. Based on Equation (4), the minimum error was 1.684%, the 
maximum error was 5.684%, and the mean error was 3.225%. 

The results also form two distinct groups. In 27 trials, the filled volume was between 19,320 
and 19,520 mL (overfill 320–520 mL), while in 13 trials it was between 19,920 and 20,080 mL 
(overfill 920–1,080 mL). This indicates that the overfill is not a single constant offset, and that 
the cause of the larger overfill in some trials needs further investigation. 

The overfill in every trial is attributed to several factors: a delay when the relay switches 
off, the inertia of the water flow in the hose, and the tolerance of the flow sensor in reading 
pulses. The conversion from pulse count to volume in low-cost Hall-effect flow sensors 
depends on calibration [10], [15]-[17], so an uncalibrated conversion factor can contribute to 
a systematic volume error. In addition, the system does not stop instantly, so some water 
continues to flow after the pump is switched off. These factors were not measured separately 
in this study and should be quantified in future work. 

Overall, the automatic gallon-filling system based on a flow sensor and a relay was able to 
stop filling automatically in all 40 trials. However, with a mean error of 3.225% and an overfill 
in every trial, its filling precision still needs to be improved. Further development is required, 
such as a faster flow-stopping mechanism, more precise sensor calibration, or compensation 
of the setpoint for the measured overfill. In addition, the response time of the Telegram 
commands and the behaviour of the no-flow protection were not evaluated quantitatively in 
this study and should be tested in future work. 

 
4. CONCLUSION 

Based on the design, implementation, and testing of the automatic gallon-filling system, 
the IoT-based system built using a YF-S201 flow sensor, an ESP32 microcontroller, a relay as 
the pump controller, and a Telegram bot as the remote interface was able to fill water 
automatically. The firmware counts the sensor pulses through a hardware interrupt, 
calculates the volume in a non-blocking main loop, provides two protection layers (no-flow 
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detection after 10 s and a 19.0 L volume limit), and accepts the /isi_galon, /stop, and /status 
commands only from a registered Telegram chat ID. 

Testing in 40 trials showed that the system stopped the pump automatically in every trial, 
with a minimum error of 1.684%, a maximum error of 5.684%, and a mean error of 3.225%. 
All trials overfilled the 19 L target, with a mean overfill of 612.75 mL, and the results formed 
two groups with overfills of 320–520 mL and 920–1,080 mL. 

The overfill is attributed to a delay when the relay switches off, the inertia of the water 
flow in the hose [20], and the reading tolerance of the flow sensor; in addition, the water flow 
does not stop instantly, so extra volume is added after the system switches off the pump. 

Overall, the designed system meets the research objective of automating the water-filling 
process with remote control and notification through Telegram. It can serve as a practical 
solution to improve efficiency and reduce dependence on manual operation, although further 
development is still needed: calibrating the flow sensor, compensating for the overshoot to 
improve filling precision, and quantitatively evaluating the Telegram command response and 
the no-flow protection. 
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