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ARTICLE INFO ABSTRACT

Water tanks have recently been widely used in many applications in

Avrticle history households or industry. It is essential to control the water level of a
Received 29 Jul 2023 tank to regulate the filling process so that the tank does not overflow
Revised 08 Sep 2023 or empty without being noticed. This study aims to design an
Accepted 12 Des 2023 automatic water level contrgisystem using an loT application to

monitor and control processes™® he sensor used in this study is a water
level sensor, which detects the height of the water level. It works by

Keywords the principle that the more water hitting the sensor, the smaller the
Water level sensor resistance. The sensor can see whether the reservoir has reached a
loT certain level or is complete. The sensor will inform the Wmos R1
Smartphones board ESP8266 module to turn off the water pump engine and activate
Firebase web server it again when the water level sensor reaches a certain level. The results

show that the sensor worked correctly and accurately. When the water
level sensor shows a whole height level in the filling process, which is
80% filled with water, the water level sensor will inform the Wmos
R1 board ESP8266 module to change the relay to the OFF condition
so that the water pump engine is also OFF. Upon detecting a specific
height, when 50% of the tank has been filled with water, the pump
engine restarts. The real-time ON/OFF status of the water pump
monitoring the water using Telegram on a smartphone.

1. Introduction

Water has a vital role in the survival of living things on earth. Indonesia and even the world
utilize water in daily life proportionally, both in the household environment and on an industrial
scale. Humans use water for various household needs, for example, drinking water, bathing,
washing, etc.

Advances in science and technology encourage humans to make equipment that can be used for
various aspects of life, for example, controlling the water level in water reservoirs [1]. Other
researchers use float and level switch systems to manage water in pools or tendons. The float system
is usually in the form of a float ball, a float ball that will regulate the opening and closing of the
water according to the water level in the water reservoir. This buoy system is mechanical, the
working principle of which is this tool will open the water flow for filling. If the water level reaches
the height of the float ball, the water flow is closed mechanically so that the water tap can open and
close automatically. The weakness of this system is that it easily leaks from the faucet because it
must also be able to withstand the water pressure in the pipe coming out of the water pump machine.

Meanwhile, the level switch system uses electrical relay contacts. It is almost the same as the
buoy system, except that the buoy ball uses two weights attached to hang on one rope. Next, the
regulating systemgmises relay contacts, and an electrical cable connects it to the water pump
mechanism. Whert“the water level in the reservoir is low, the water machine will start and then stop
when the level is high according to the position setting of the two ballasts. The regulating system
then uses relay contacts, and they are wired electrically to the water pumping apparatus. There are
also several weaknesses in the level switch system, namely that the water pump machine will be
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active more than once a day because the water in the water reservoir has not yet reached half of the
water pump machine being active again and so on, resulting in wasteful use of electrical energy.
Apart from that, there is no sign that the water reservoir is full [2].

A group of researchers produced a tank control system that utilizes a microcontroller as the
control unit and a water level sensor made of metal so that this system can only control the water
level in two conditions, namely low water level conditions for the motor on and high needs for the
motorbike off [3].

Other research uses an automatic water level control system where the results of the study
produce an automated water level control system that utilizes an infrared sensor which will give
orders to the microcontroller to activate the water pump if the sensor reading is at the minimum level
and will stop the pump if the sensor reading is at the maximum level. This research does not
explicitly discuss water level monitoring [4].

Another research regarding Logical Automatic Water Control Systems for Domestic
Applications uses logic gates as indicators for turning on and off water pumps where the control
system controls the height of the water tank, so real-time control is challenging to implement [5]-
[10].

Other researchers also discussed the use of 10T in water level monitoring, which makes it easier
for users to monitor water levels [11]-[14].

Based on the description above, developing an automatic water level control system with
monitoring using an loT application in real-time is necessary. This system will regulate the filling of
the water tank so that the tank does not overflow or empty without being noticed.

2. Method

This research aims to design an automatic water level control system by monitoring using an loT
application. The system design stages consist of hardware design and software design.
Subsequently, the system underwent testing on a prototype shelter that had a reduced height of 27
cm. Figure 1 shows the prototype water reservoir model.

Fig. 1.Water reservoir prototype model

The hardware design consists of designing the power supply and installing the HC-SR04
ultrasonic sensor, water level sensor, and relay on the Wemos D1 R1 and ESP8266 modules.

Power supply design with 12V and +5V output. This power supply is a voltage source for
the Wemos D1 R1 module and ESP8266 module and a voltage source for the water pump motor.
The circuit image is as in Fig. 2.

Muliadi et.al (Automatic Water Level Controlling And Monitoring System Using lot Application)
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Fig. 2.The power supply circuit outputs 12V and +5V

Aﬂltrasonic sensor consisting of 4 pins, namely VCC, Trig, Echo, and GND, was installed on
the Wemos D1 ESP8266 board module. VCC and GND are connected to a voltage of +5 Volts, and
the Ground power supply, Trig, and Echo of the HC-SR04 ultrasonic sensor are connected to pins
D10 and D11 on the Wemos D1 module on the ESP8266 board as in Fig. 3.

Ulhrasenie
Powe Supply sensor SR04
BVed)

Fig. 3.Installation of the HC-SR04 ultrasonic sensor

Installation of the HW-038 water level sensor, namely a water sensor consisting of (+), (-), and
S on the Wemos D1 board ESP8266 module. Pins (+) and (-) are connected to the +5V power
supply and GND; pin S is connected to pin A0 of the Wemos D1 module on the ESP8266 board, as
in Fig. 4.

Vimer Lavel

Sensor HW.0N Puwer Suppiy

(VD<)

Microcontroter
Wemas D1 AL

Fig. 4.Installation of the HW-038 water level sensor
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The software design consists of several stages: creating a flowchart for an automatic water level
control system, a monitoring program using the Telegram application for communication between
the Wemos R1 board ESP8266, and a computer or smartphone device using an internet network.

Flowchart of the automatic water level control system with monitoring using the loT
application as in Fig. 5.

l

G
S

Fig. 5.Flowchart of an automatic water level control system with monitoring using an 10T application

The ultrasonic sensor reading program, water sensor reading program, and Telegram application
program for communication between the Wemos D1 ESP8266 board and a computer or
smartphone using the internet system are:

{finclude CTBot library
# have "CTBot.h";

[Ivariables for telegram bot
CTBot myBot;

/[configure wifi connection
String ssid = "Muliandira";
String pass = "R4h4s14@";

/[Telegram token and ID variables
String token = "1399437790: AAHcgkG2iUQRRV2f-0sxIzZNuWwQOJDkDnzI";
const int id = 1167350447;

/linitialize wemos pin
#define ECHOPIN D11
#define TRIGPIN D10
#define relay D8

/Ivariable ultrasonic sensors and water sensors

Muliadi et.al (Automatic Water Level Controlling And Monitoring System Using lot Application)
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int waterSensor = AQ;

int sensor value = 0;

int distance = 0;

int distancel = 0;

int tank = 30; //Distance of tank bottom to the ultrasonic sensor
int water ;

int percentage;

void setup() {
Serial.begin(9600);
Serial.printIn("Starting Telegram. Wifi Connection");

qconnect to wifi
yBot.wifiConnect(ssid,pass);
//set telegram token
myBot.setTelegramToken(token);

//check wifi connection
if(myBot.testConnection())
Serial.printIn("Connection Successful™);
else

Serial.printIn("Connection Failed");

/Imewos pin coding for ultrasonics and relays
pinMode(ECHOPIN, INPUT);
pinMode(TRIGPIN, OUTPUT);

pinMode(relay, OUTPUT); //Relay is active LOW

}
void loop() {

éorocessing of ultrasonic sensors and water sensors

igitalWrite(TRIGPIN, LOW); delayMicroseconds(2);

digitalWrite(TRIGPIN, HIGH); delayMicroseconds(10);

digitalWrite(TRIGPIN, LOW);

distance = pulseIn(ECHOPIN, HIGH);

distancel= distance/58;

water = tanks - distancel;

percentage = map(water,0.27,0.100); // map(water, from_low (Ocm), to_high(cm = tank - distance

éom ultrasonic sensor to spill water indicator sensor), to_low (0%), to_high(100%)
erial.print("Water level :"); Serial.print(water); Serial.printIn(*cm");

Serial.print("Percentage of water in reservoir: "); Serial.print(percentage); Serial.printIn("%");

sensorValue = analogRead(waterSensor);
Serial.printIn(percentage);

TBMessage msg;

if (sensorValue >= 100){

digitalWrite(relay,HIGH );

myBot.sendMessage(id, "Warning, the water volume exceeds the full limit. Check the system
immediately™);}

else if (percentage >= 100){

Muliadi et.al (Automatic Water Level Controlling And Monitoring System Using lot Application)
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digitalWrite(relay,HIGH );
myBot.sendMessage(id, "Warning, the water volume exceeds the full limit. Check the system
immediately™);}

QSe if (percentage > 80){
igitalWrite(relay, HIGH);

Serial.printIn(*Machine Off");}

else if ( percentage <= 40 ){
digitalWrite(relay, LOW);
Serial.printIn("Engine On");}

else if(percentage <= 25){

digitalWrite(relay, LOW);

Serial.printIn("Check System");

myBot.sendMessage(id, "Warning, the water volume is less than 25%. Check the system
immediately™);}

if (myBot.getNewMessage(msg)) {

[Ivariable for message

Message string = msg.text;

if(message == "/start")

{myBot.sendMessage(id, "Welcome to the automatic water level control system using the IOT
application monitoring. Reply with the word /check for information on water conditions");}

else if (message == "/check")

{myBot.sendMessage(id, (String)"The current water condition is " + percentage + (String)"%. " +
(String)"Thank You");}}

¥
{finclude CTBot library
#include "CTBot.h";

[Ivariables for telegram bot
CTBot myBot;

/[configure wifi connection
String ssid = "Muliandira";
String pass = "R4h4s14@";

/[Telegram token and id variables
String token = "1399437790: AAHcgkG2iUQRRv2f-0sxIzNuWwQOJDkDnzI";
const int id = 1167350447,

/finitialize wemos pin
#define ECHOPIN D11
#define TRIGPIN D10
#define relay D8

[Ivariable ultrasonic sensors and water sensors

int waterSensor = AO;

int sensorValue = 0;

int distance = 0;

int distancel = 0;

int tank = 30; //Distance of tank bottom to ultrasonic sensor
int water ;

int percentage;

Muliadi et.al (Automatic Water Level Controlling And Monitoring System Using lot Application)
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void setup() {
Serial.begin(9600);
Serial.printIn("Starting Telegram. Wifi Connection");

qconnect to wifi
yBot.wifiConnect(ssid,pass);
//set telegram token
myBot.setTelegramToken(token);

/[check wifi connection
if(myBot.testConnection())
Serial.printIn("Connection Successful™);
else

Serial.printIn("Connection Failed");

/Imewos pin coding for ultrasonics and relays
pinMode(ECHOPIN, INPUT);
pinMode(TRIGPIN, OUTPUT);

pinMode(relay, OUTPUT); //Relay is active LOW

}
void loop() {

éorocessing of ultrasonic sensors and water sensors

igitalWrite(TRIGPIN, LOW); delayMicroseconds(2);

digitalWrite(TRIGPIN, HIGH); delayMicroseconds(10);

digitalWrite(TRIGPIN, LOW);

distance = pulseln(ECHOPIN, HIGH);

distancel= distance/58;

water = tanks - distancel;

percentage = map(water,0.27,0.100); // map(water, from_low (Ocm), to_high(cm = tank - distance

éom ultrasonic sensor to spill water indicator sensor), to_low (0%), to_high(100%)
erial.print("Water level :"); Serial.print(water); Serial.println(*cm");

Serial.print("Percentage of water in reservoir: "); Serial.print(percentage); Serial.printin("%");

sensorValue = analogRead(waterSensor);
Serial.printIn(percentage);

TBMessage msg;

if (sensorValue >= 100){

digitalWrite(relay,HIGH );

myBot.sendMessage(id, "Warning, the water volume exceeds the full limit. Check the system
immediately™);}

else if (percentage >= 100){

digitalWrite(relay,HIGH );

myBot.sendMessage(id, "Warning, the water volume exceeds the full limit. Check the system
immediately™);}

QSe if (percentage > 80){
gitalWrite(relay, HIGH);

Serial.printIn("Machine Off");}

Muliadi et.al (Automatic Water Level Controlling And Monitoring System Using lot Application)
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else if ( percentage <= 40 ){
digitalWrite(relay, LOW);
Serial.printIn("Engine On");}

else if(percentage <= 25){

digitalWrite(relay, LOW);

Serial.printIn("Check System");

myBot.sendMessage(id, "Warning, the water volume is less than 25%. Check the system
immediately™);}

if (myBot.getNewMessage(msg)) {

[Ivariable for message

Message string = msg.text;

if(message == "/start")

{myBot.sendMessage(id, "Welcome to the automatic water level control system using the 10T
application monitoring. Reply with the word /check for information on water conditions");}

else if (message == "/check")

{myBot.sendMessage(id, (String)"The current water condition is " + percentage + (String)"%. " +
(String)"Thank You");}}

}

Testing monitoring system using the Telegram application, the first step is to activate Telegram
and search for the project name, namelyAutomatic_air_level _control_system Once successful, send
a /start message so that there is a real welcome to IOT Based Automatic Water Pumping and
Monitoring System. Reply with the word/check for information on water conditions. Send another
message, namely /check so that there is a reply. The current water condition is 74%. Thank You. If
the state of the water in the reservoir exceeds 80% volume so that the water overflows or spills, the
water sensor will work and send a message, namely Warning, Water volume exceeds the full limit.
Check the system immediately.

3. Results and Discussion

Results pThe®dltrasonic sensor consists of 4 pins, namely VCC, Trig, Echo, and GND, on the
Wemos D1 ESP8266 board module. VCC and GND are connected to +5 Volt voltage and Ground
power supply, and Trig and Echo ultrasonic sensor HC-SR04 are connected to pins D10 and D11 on
the Wemos D1 module on the ESP8266 board as in the picture. Installation of the HW-038 water
level sensor, namely a water sensor consisting of (+), (-), and S on the Wemos D1 board ESP8266
module. Pins (+) and (-) are connected to the +5V power supply and GND; pin S is connected to pin
A0 of the Wemos D1 module on the ESP8266 board, as in Fig. 6.

¢

Fig. 6.Installation of the HC-SRO04 ultrasonic sensor and water level sensor on the Wemos D1 board
ESP8266 module

Muliadi et.al (Automatic Water Level Controlling And Monitoring System Using lot Application)
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The results of installing a water level control system using the IoT application in a water
reservoir are shown in Fig. 7.

Fig. 7.Installation of a water level control system using an loT application in a water reservoir

The results of creating the project name, user name, and token in the Telegram application are
shown in Fig. 8.

A HBotfather
A Guod, Now let's choose 3 username for your bot. It must and In

bot™. Like this, for exampie: TatrisBot or tetris_bet

Mudiadi

Laveialr_bot

r BotFuther
4 Done! Congratulations an your new bot. You will find it at

e/Lavelall_bot, You can now add a cesaription, about section

and profile picturs for your bot, ses heip for & list of commands,
2y the way, when you've finishec creating your cool bot, ping oor
8ot Support # you wank 3 better ysername for it, Just make sure

the bot & fully operational befare you do this

Use s token 1o access the MTTP APT

323437799 1 ASHC ERE LUGRR 2F - Dux T T QDD T T
Keep your token secure and store it safely, ¢ can be used by
anyons to control your bot

For a description of the Bot APL, see this page:

nrer ' bots s
s ofe telagtam 1hots/ g

Fig. 8.Results of creating a project name, user name, and token in the Telegram application

Results of an automatic water level control system using loT application monitoring when filling
water reservoirs. The water reservoir used is 27 cm high with a water pump machine with a voltage
of 12VDC, as shown in Table 1.

Table 1. Results of an automatic water level control system using 10T application monitoring when
filling water reservoirs.

No Water volume Water pump machine condition  Water level

(*0) (cm)
1 10 ON 2.7
2 20 ON 55
3 30 ON 8.2
4 40 ON 10.8
5 50 ON 135
6 60 ON 16.3
7 70 ON 18.9
8 80 OFF 22

Muliadi et.al (Automatic Water Level Controlling And Monitoring System Using lot Application)
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Results of an automatic water level control system using loT application monitoring while
reducing reservoir water. The water reservoir used is 27 cm high with a water pump machine with a
voltage of 12VDC, shown in Table 2.

Table 2. Results of an automatic water level control system using iot application monitoring in the
storage water reduction process

No Water volume Water pump machine condition ~ Water level

(%) (ON/OFF) (cm)
1 80 OFF 22

2 70 OFF 18.9
3 60 OFF 16.3
4 50 OFF 135
5 40 ON 125

The results of monitoring using the Telegram application during the process of filling the water
reservoir with a water volume of 74% are shown in Fig. 9.

Sistem_pengendalian_levelair_otomatis

The current water condition is 74%. Thank You

Fig. 9.Monitoring results of the reservoir water filling process at 74% volume

The research results show that the prototype automatic water level control system using 10T
monitoring was successfully designed and accessed via computer or smartphone using the Telegram
application.

Based on the results of the automatic water level control system using IoT application monitoring
when filling the water reservoir. The water reservoir used is 27 cm high with a water pump machine
with a voltage of 12VDC. Table 1 shows that in the water filling process, the system starts working
when the reservoir is empty, and the water pump machine remains active or ON when the water
volume reaches 10% of the reservoir water volume until the water volume is less than 80% or the
height is less than 22 cm. When the water volume reaches 80% or a height of 22 cm, the water pump
machine is inactive or OFF. The difference between the theoretical water level and the test results is
around 0.4 cm.

Based on the results of the automatic water level control system using loT application monitoring
when reducing storage water. The water reservoir used is 27 cm high with a water pump machine
with a voltage of 12VDC. Table 2 shows that in the process of reducing water in the reservoir, the
system starts not working when the pool has a water volume of 80% or a height of 22 cm. This
condition lasts until the water volume is reduced at a magnitude greater than 40% or a height greater
than 12.5 cm. When the water volume is exactly 40%, and the height is 12.5, the water pump
machine is active or ON again, and the filling process continues. This observation was carried out
several times. The difference between the theoretical water level and the test results is around 1.7
minus the filling error of 0.4 cm to 1.3 cm.

Based on the results of monitoring the water conditions in the reservoir using the Telegram
application, results were obtained in Figure 9, which shows that in testing the monitoring system
using the Telegram application, the steps are to activate Telegram and search for the project name,
namelyAutomatic_air_level_control_systemOnce successful, send a /start message so that there is a
real welcome to IOT Based Automatic Water Pumping and Monitoring System. Reply with the
word/check for information on water conditions. Send another message, namely /check so that there
is a reply. The current water condition is 74%. Thank You. If the condition of the water in the
reservoir exceeds 80% volume so that the water overflows or spills, the water sensor will work and
send a message, namely Warning: Water volume exceeds the full limit. Check the system
immediately.

Muliadi et.al (Automatic Water Level Controlling And Monitoring System Using lot Application)
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4. Conclusion

An automatic water level control system with monitoring using the Telegram application in
prototype form has been successfully created and functions as automatic water level control and can
be monitored for water conditions via the Telegram application in the form of warning messages or
on request.

Automatic water level control by the system can be done by activating the water pump machine
until the water volume reaches 80 percent volume or a water height of 22 cm during the filling
process and the water pump machine is deactivated. The water pump machine is activated again
when the water volume is at 40 percent volume or a height of 12.5 cm.

Monitoring using Telegram can take the form of checking the condition of the water volume and
in the form of a warning when the water volume exceeds a specified limit or the water volume
overflows or spills.
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