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Abstract. Currently, we live in a world where all fields are developing very rapidly. In
particular, the field of water management is developing day by day, and the water supply
system is being intelligent automated. Nevertheless, mechanical means and human labor are
used to monitor the water level in many water management facilities of our region. This
situation causes many problems in the automatic management of the system. In this article, we
will consider the process of automating the measurement and control of water level, that is, an
automated system that helps to know when the water in the tank is full or empty. In the
automation of this system, an ultrasonic sensor that meets the requirements of the time was
used. The working principle of ultrasonic sensors is based on the movement of ultrasonic
waves over time. The analysis of the results of this experiment showed that the water level
measurement and control system did not make more than 1.5% error in different values of the
water level. This situation showed that the developed system can be effectively used in all
water level control facilities.

1. Introduction

Recently, information technologies are widely used in industry, that is, applications based on simple
and complex automation [1]. Water resource storage devices such as water reservoirs and water tanks
are used to store water resources in farms and industrial enterprises. Of course, the water level should
be monitored in these objects to prevent any negative consequences and to collect the necessary
information on the water level. When monitoring water resources in the facility, remote monitoring
and data collection systems are needed to collect data based on predetermined values and deliver
processed information to the user when necessary or to make decisions in complex situations. The
trend of information technology has revealed research directions, including the study of systematic
assessment of water properties by using a sensor that converts mechanical quantities into electrical
quantities and its tools, classification of water quality for human use, which helps human health and
the ecosystem [3, 4, 5, 6, 7].

Currently, every industry professional has very little time, and they try to use their working time
effectively. Therefore, they will not have time to constantly monitor the water level. Water is a
necessary resource every hour of our life [8].

The main goal of the article is to develop a device that measures the water level in the tank and
notifies the user about the water level through SMS alerts. Currently used water level measurement
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and control tools have several shortcomings. For example, if we take the water level monitoring
gauges, it must be constantly monitored by a person, the level of accuracy is very low, and automation
is difficult. We can give many such examples. Such water level measuring devices do not meet the
requirements of today's era. In this article, the water level was measured using an ultrasonic sensor.
The waves produced by the ultrasonic sensor are sent to the water tank, their time of propagation and
return is recorded, and after several measurements, we get accurate information about the water level
in the tank. The water pump motor automatically turns on when the water level drops and turns off
when the tank is full. This information is sent to our phones via GSM module as an SMS notification.
Such a process helps to effectively store water in the tank, but also stabilizes it for our daily tasks,
prevents water wastage, and reduces excess costs.

2. Methods

The automatic water level measurement system using an ultrasonic sensor and GSM module helps the
user to be aware of the water level in the tank through SMS alerts, and the pump will automatically
start or stop when the water in the tank reaches a certain level limit [9]. The automatic system is based
on the Arduino platform (Figure 1), it has a simple connection with other devices and the program
written on the computer can be easily loaded [10]. At the same time, it provides a continuous
measurement of the water level. These features of the system are of great importance, in which it is
necessary to obtain detailed information on floods and water depletion in the controlled object. It not
only helps in daily activities but also prevents wastage of water. It reduces human labor, saves time
and also keeps the user informed about the water level status.

We form the structure of the water level measurement and control system in the tank as follows.

Water pump

Ultrasonic sensor

Sensor relay

Output

GSM module

Buzzer
Figure 1. System architecture

Let's briefly get acquainted with the elements of the system architecture.

Arduino MEGA 2560 platform

The Arduino MEGA 2560 platform system works as follows (Figure 2). The platform is connected to
a laptop or PS computer and the necessary software is loaded into it. With the help of a downloaded
special program, data is processed and a specific command is executed [10].

The Arduino is powered by a USB port or an external power supply.

If you choose a non-USB power supply from an external power source, you can connect a battery or
power supply (voltage converter) [12].

After the platform is supplied with voltage from the source, the devices on the other board are
connected to the Vj, and Gnd pins of the platform through electrical networks (wires).

When the platform is supplied from a separate source, the voltage is 7-12 V + 5 V is available when
charging via USB. Arduino Mega specification is shown in Table 1.
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Figure 2. Arduino MEGA 2560 platform
Table 1. Arduino Mega 2560 Specifications
Microcontroller: ATmega2560
Clock frequency: 16 MGts
Operating voltage: 5V
Fixed voltage: 7-12V
Nominal current: 40 mA
Digital input/output (pins): 54
Analog inputs (pins): 16
Flash memory: 256 KB (of which 8KB is used by the
bootloader)
SRAM (static random access memory): 8 KB
EEPROM (Electrically Erasable Programmable 4 KB
Read-Only Memory -)

Ultrasonic Sensor (HC-SR04)

HC-SR04 Pinout

Figure 3. Pin configuration of the ultrasonic sensor (HC-SR04)

The HC-SR04 ultrasonic sensor is based on the technology of emitting and receiving ultrasonic sound
just like a bat. The sensor emits a sound pulse at a frequency of 40 kHz and hears the sound.
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Compared to other sensors, HC-SR04 does not focus on sunlight and black objects. It is slightly
sensitive to thin objects and knitted materials and the accuracy of reporting may decrease [12,18].
Two ultrasonic sensors are placed in the front part of the HC-SR04 sensor: T (Transmitter) — a sensor
that transmits ultrasonic waves (TCT40-16T), and the other one is R (Receive) — a sensor that
receives reflected ultrasonic waves (TCT40-16R). in the center is a summing quartz generator
operating at 27 MHz [15].
On the back of the sensor there are three main microcircuits and four output contacts are removed so
that they can be connected to the Arduino platform.
Functions of sensor pins [17,18,19] (Figure 3):

e VCC: «+» module supply

e GND: «-» module supply

e Trig: input signal output (pin)

e Echo: output signal output (pin).
The HC-SR04 sensor sends ultrasonic waves into the container, which are then reflected back (Figure
3). The speed of propagation of these waves is in the range of 340 meters per second, and they are not
affected by obstacles that may be encountered in their path. The time of passage and return of these
waves is recorded and the water level is calculated.
GSM Modem SIM 900
It is widely used in mobile communications. It has a built-in RS232 level converter, SMS has the
ability to send SMS using cell broadcast method.
With a baud rate of 9600 - 115200 bps, it can send or receive SMS at a very fast rate. In addition, it
has low power consumption, which is one of its main advantages [13].
The GSM modem (Figure 4) is used to send a message about the state of the water level in the tank, as
well as to start or stop the electric motor when the water in the tank reaches a certain level. He sends
the necessary information about the water level to the dispatcher via SMS.

Figure 4. SIM 900 GPRS/GSM module

3. Results and Discussion

Nowadays, almost all digital devices use an internal voltage source of 5 V. This voltage is usually
called the reference voltage and must be stable. Otherwise, the fluctuation of the amplitude of the
source voltage will cause an additional error. We used the Arduino MEGA 2560 R3 platform during
the experiment and it also has an internal reference voltage of 5V. Figure 2 shows an overview of the
Arduino MEGA 2560 R3 platform.

But this platform can also use the computer USB port as a source, in which case the base voltage of
the Arduino MEGA 2560 R3 platform varies from 4.95+5.05 [14]. During the experiment, 4.91 V was
also observed in some cases.
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Usually an external source voltage is needed to convert the primary converter data to voltage to
operate the analog-to-digital converters. For example, when the base voltage is 5 V and the resistive
primary angle shift converter voltage is 1 V, the result can be written as follows [15]:

Ve N =1.1023= 2041000000100 1)
Vbase 5

Because the Arduino MEGA 2560 R3 platform uses 10-bit ADC. However, using an oscillating

voltage with an amplitude change of +40 mV, the converted value of the voltage is equal to the

following [14]:

V,
RN =—1_.1023= 202 = 0011001010,
Vi 5,04
V,
or RN =1 1023=206= 0011001110_4y, )
Vi 4,96

But in such platforms, using multi-mode power sources, fast switching transistors are used in its
electrical circuit, and as a result, high-frequency noise appears in the circuit [14]. According to the
results of scientific studies, the noise of such a connector is 1-15 mHz.

In order to filter such a noise signal, capacitors with 10 pF - 22 pF are connected to the power source
circuit [15]. Figure 5 below shows the noise filtering scheme that occurs in the power source.

These capacitors pass the AC signals from themselves. Capacitors with a small value filter out high-
frequency noise, and capacitors with a large value filter out low-frequency noise.

Usually there are ceramic capacitors with a capacity of 1 pF + 0,1 uF and their voltage is around 16-50
V [16].

1+10 Au(QI_ _T_ln "(D.Tl“ nd Ves
Noise filtering in a digital signal 1_ 1_ 1_ I

—

Power source

10 n(I)_T_ j_(')_l D V poa
1 T "

i’ External noise filtering

Atmega 2560

Figure 5. Noise filtering scheme in the power source

The working principle of the water level measurement system in the tank.
When the system is activated, the ultrasonic sensor transmits a sound signal to the bottom of the water
tank, which is the target and the water level to be measured. When the ultrasound wave hits the bottom
of the container, the signal is reflected back and received by the receiving part of the ultrasound
sensor. The time spent on the entire path of the transmitted signal is recorded. Block diagram of water
level measurement and control in the tank is shown in Figure 6.
This expression determines the water level measurement range of the sensor.
Range = {(elapsed time) X transmitted signal speed (ie 340 m/s)}/2.
t-C
H=—2
5 (©)

Here, t is the propagation time of the ultrasound wave, C is the speed of the transmitted signal [20].
The result obtained represents the distance at the current time.
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This measured level, if the water in the tank is 2 cm below the set threshold level, the pump will start
automatically and an SMS message will be sent to the user's phone. When the water in the tank

reaches the upper limit level, the system will automatically turn off and the user will be notified via
SMS that the tank is full (Figure 7).

Caliberating the values
obtained from the
ultrasonic sensor

Range=time x
(340+20000)

Check the
water level
in the tank

Turn off the relay,
buzzer on

Figure 6. Block diagram of water level measurement and control in the tank.

vccC

|
% HC-SR04

SENSOR

SIM 900
GPRS/GSM
MODULE

Figure 7. Structural scheme of measuring and controlling the water level in the tank

Analysis of the obtained results

As we know, the static and dynamic characteristics of any developed device are studied. n=14 points
were obtained in the experiment (Table 2).
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Table 2. Results on the abscissas (x; and y;)

Individual Each result on Each result on the
experiment | the abscissa axis ordinate axis Xi2 Xi Vi
number (i) X;, mV Yi
1 0 1 0 0
2 5 2 25 10
3 7 3 49 21
4 12 4 144 48
5 19 5 361 95
6 21 6 441 126
7 26 7 676 182
8 31 8 961 248
9 36 9 1296 324
10 44 10 1936 440
11 46 11 2116 506
12 51 12 2601 612
13 57 13 3249 741
14 61 14 3721 854
)y 416 105 17576 4207
Entering the values of the Table 1 into the formula (4), we create a system of equations (5):
xa+i-b=y,
4
xta+ X -b=x -y, ®
{416a +14b =105 5)
17576a+ 416b = 4207
By solving this system by Gauss or Kramer method, coefficients a and b are found as follows.
a=0.20844; b=1.306385, (6)
By inserting the found coefficients into the expression Vo,=a-Vin,+b, we get the following:
V0ui=0.20844-V;,,+1.306385. @)

Vout’
16 ¢

14 +

12 4

0,01 002 003 0,04 0,05

5 | ‘Yinp’ \'%
0,06 0,07

e experimental —— theoretical
Figure 8. Static characteristic of the sensor
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Based on the expression (7), we construct a graph of dependence on the static characteristic of the
sensor Vo, =f(Vinp). This graph is presented in Figure 8. In the graph, we analyze the values and errors
obtained as a result of approximation and experiment.

As we know, this error is calculated by the sum of squared errors:
n
2
25 :Z[yi - f(Xi )]2 (8)
i=1

Formula (8) is the most basic indicator showing the degree of approximation and the degree of error
between the approximation and the experimentally obtained results or the mathematical model.

The results of the experiment of measuring the water level in the tank based on the developed system
are presented in the following table:

Table 3. Measurement results and errors

Actual Distance (cm) Measured Distance (cm) Error
20 21 +1
50 49.8 +0.2
80 80 +0
110 111 +1
140 141.5 +1.5

The percentage of error is calculated as follows:

Error Percentage = [(Measured Distance-True Distance)/True Distance]*100%

%error= [{(21+49.8+80+111+141.5) -(20+50+80+110+140)}/ (20+50+80+110+140)] *100%

%error = [(403.3 — 400)/400]*100%

%error = (3.3/400)*100%

%error = 0,00825*100%

%error = 0,825%

The analysis of the results of this experiment shows that the water level measurement and control
system did not make more than 1.5% error in different values of the water level (Table 3). This
situation shows that the developed system can be effectively used in all water level control facilities.

4. Conclusions

Recently, automation of various technological processes around us is being implemented on a large
scale to reduce human intervention and save time. It is well known that mismanagement of water can
have harmful effects on both the system and the environment. The main purpose of this article is not
only to reduce manual labor, but also to use water resources efficiently.

From the developed water level measurement and control system:

« can be widely used to control the water level in dams to prevent flooding and other similar problems;
« can be used to control water loss in reservoirs that supply water to a specific area;

+ can also be widely used for industrial purposes.

In general, it can be concluded that due to the minimum requirement and easy installation process of
this system, it can be used on a large scale in water management facilities.
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