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Abstract: The purpose of scientific research work is remote control of improving the metrological properties of the
water flow measuring device. Therefore, the Arduino platform with an additional ESP8266 NodeMcu v3 and analog-to-
digital converter, module was installed in the scientific article for automatic calibration/checking of ultrasonic flow meters
used in irrigation networks. The module is integrated into a 32-bit microcontroller with low power consumption. The
ESP8266 NodeMcu v3 module operates at 80 and 160 MHz clock frequencies, supports real-time operating system (RTOS),
built-in Wi-Fi, and has a microstrip antenna on board. Through this, the data exchange between the computing equipment
and the flow meter was carried out wirelessly. The module was also used as an HTTP server. Metrological and other
information exchange was carried out using GET and POST requests. The mentioned devices performed the given task
correctly and qualitatively.

Keywords: Arduino, ultrasonic flow meter, microcontroller, server, module, program, code, ESP8266 NodeMcu v3,
HTTP, Wi-Fi.

Annotatsiya: Tadqiqot ishining maqsadi suv sarfini o’lchash qurilmasining metrologik xususiyatlarini yaxshilashni
masofadan boshqarish etib belgilangan. Ishda sug’orish tarmogqlarida qo’llaniladigan ultratovush sarf o'lchagichlarni
avtomatik kalibrlash/tekshirish uchun analog-ragamli konvertor va Arduino platformasi bilan go'shimcha ESP8266
NodeMcu v3 modulidan foydalanilgan. Modul past quvvat sarfiga ega 32 bitli mikrokontrollerga birlashtirilgan. ESP8266
NodeMcu v3 moduli 80 va 160 MGts taktli chastotalarida ishlaydi, real vaqgtda operatsion tizimni (RVOT), o'rnatilgan Wi-
Fi funksiyasini go'llab-quvvatlaydi va platasi mikrotasma antennaga ega. Bu orgali hisoblash texnikasi va sarf o'lchagich
o'rtasida ma'lumot almashish simsiz amalga oshirildi. Moduldan HTTP serveri sifatida ham foydalanildi. Metrologik va
boshga ma'lumotlar almashinuvi GET va POST so'rovlari yordamida amalga oshirildi. Qayd etilgan qurilmalar berilgan
vazifani to’g’ri va sifatli bajardi.

Tayanch so’zlar: Arduino, ul’tratovushli sarf o’lchagich, mikrokontroller, server, modul, dastur, kod, ESP8266
NodeMcu v3, HTTP, Wi-Fi.

Annomayusn: Llenv uccredoeanus cocmoum 6 OUCMAHYUOHHOM KOHMPOE 3a YAVHULEHUEM MEempON02UdecKux
Xapaxmepucmux npubopa Onsl ydema pacxooa 600vi. B pabome 6vlia ucnonvzosanvl niamgpopma Arduino ¢
dononnumenvuvim moodynem ESP8266 NodeMcu V3 u ananocoso-yupposvim npeobpazosamenem 015 a8MOMAMuYeckoil
KanubpoeKu/noeepKu yibmpaszeyKo8blx pacxo00Mepos, UCHOLb3YEeMbIX 8 0pOCUmenbhvix cemsx. Mooyno unmezpuposar 6 32-
OUMHBIL MUKPOKOHMPONLED ¢ HUSKUM dHepeonompebdaenuem. Mooyrs ESP8266 NodeMcu v3 pabomaem na maxmoguix
yacmomax 80 u 160 MI'y, noddepacusaem onepayuonnyio cucmemy peanvhozo epemenu (OCPB), escmpoennviii Wi-Fi u
umeem Ha 6Opmy MUKpo ROIOCKO8YI0 amwmenny. bnacodaps smomy obmen OanHviMu MeHCOY GbIYUCTUMETLHBIM
000py008aHUEM U PACXOOOMEPOM OCYWECBINC OeCnPOBOOHbIM CROCOOOM. MoOynbL makaice UCNONL308ANCA 8 Kauecmee
HTTP-cepsepa. Obmen memponocunweckumu u Opyeumu OanHoimu ocyujecmensics c¢ ucnoavzosanuem GET u POST
3anpocos. Yxkazannvle ycmpoucmed npasuibHo U KA4eCmeeHHO GbINOIHUIU NOCIABIEHHYIO 3a0aUy.

Knrouesvie cnosa: Arduino, yrempaszeykogoii pacxodomep, MUKpOKOHMPOIIED, cepeep, MOOYib, NPO2PAMMA, KOO,
ESP8266 NodeMcu v3, HTTP, Wi-Fi.
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Introduction

In recent decades, the development of ultrasonic flowmeters has been increasing rapidly in
developed countries. There are three main types of ultrasound methods for measuring fluid volume flow:
Doppler, time-pulse and correlation methods. The choice of a specific measuring method depends on
the object and the type of measuring tool.

The Doppler measurement method is most suitable for measuring fluid flow in various
environments. In fact, the use of this method in open irrigation systems is technically difficult. The
Doppler method is based on the change of frequency in the medium of the object [3,5,11,13].

The time-pulse measurement method is most suitable for measuring fluid flow in the same
environment. This method is based on sending ultrasonic signals along and against the flow of liquid
into the acoustic channel of the flow meter. The flow rate is determined by the difference in the
movement time of the signals. This method has high measurement accuracy and the ability to ensure
reliable operation of flow meters.

The correlation measurement method is based on the principle of determining the time of
movement of the uniformity of the flow between two measuring sections of the pipeline. The time
elapsed between the appearance of signals with approximately the same modulation in different
measuring sections is directly proportional to the fluid velocity [2].

The advantages of this measurement method are as follows: ensuring that the quality of
measurements is less dependent on the physical and chemical properties of the liquid, the condition of
the pipeline, the distribution of velocities along the flow section, and the accuracy of the installation of
primary transducers in the pipeline.

The most important functional units of ultrasonic flowmeters are transmitters and receivers
(transducers) of ultrasonic waves, which mainly determine the operational capabilities and technical
level of the devices.

Often, transmitter-receivers are manufactured on the basis of piezoceramic elements [4], and the
construction and technical characteristics of piezoelectric conductors are usually not given in the
documents of domestic and foreign manufacturers.

Research methods. In this research, we used a time-impulse ultrasonic flow meter for irrigation
networks, the principle of which is to measure the time of movement of ultrasonic pulses in the direction
of water flow in the pipeline and against it [5].

The pulses are triggered by piezoelectric transducers [4] installed in the housing of the flow
meter. The electronic unit controls the ultrasonic receiver transmitters, receives signals, processes,
transforms and transmits them to the computing device, which includes information on the propagation
time of ultrasonic pulses [1] necessary to calculate the volume consumption of water under operating
conditions takes:

— L'(tz _tl)

2tt, -cosa @
Here, v — water flow rate in the pipe, L — the distance between the transmitters and receivers of signals,
a — the angle between the sensor mounting axis and the pipeline axis, t1 and t2 - are the propagation
times of ultrasonic pulses in accordance with the flow and against the flow.

The signals were transmitted to the computing device via USB cable or Wi-Fi wireless
communication system.

Previously, a personal computer (PC) running Windows operating system (OS) was used as a
computing device. For this, there were a number of inconveniences associated with the organization of
wired communication and the use of USB-COM devices, as well as the need to install different drivers
for each OS version.

Our purpose was to simplify the process of connecting a flow meter to a computer and expand
the range of devices for processing and storing metrological information.

We have installed an additional ESP8266 NodeMcu v3 module on the Arduino platform [1] to
achieve the objective of this research work. The module is integrated into a 32-bit microcontroller with
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low power consumption. The ESP8266 NodeMcu v3 module operates at 80 and 160 MHz clock
frequencies, supports real-time operating system (RTOS), built-in Wi-Fi functionality, and has a
microstrip antenna on board [10].

The module supports the IEEE802.11 standard, a complete set of TCP/IP protocols. The module
can be used as an add-on for connecting the device to a network or as a separate network controller [6].

To program the ESP8266 NodeMcu v3 module, we downloaded additional files to work with the
Wi-Fi communication system [12,14,15,16,17] and selected the Arduino IDE program. Arduino and
Arduino compatible boards are designed to be expandable as needed by adding new components to the
device. These expansion devices are connected to the Arduino board via pin connectors [1].

There are a number of boards with a single design that allow the CPU board and expansion cards
to be connected systematically via the pin lines in the kit [7].

There are also small footprint boards (e.g. Nano, Lilypad) and special designs for robotics tasks.

Microcontrollers for Arduino are distinguished by the presence of a pre-flashed bootloader. This
loader loads the program into the microcontroller without the need for traditional separate hardware
programmers. The bootloader is connected to the computer using a USB interface or a separate UART-
USB adapter. Bootloader support is built into the Arduino IDE and is done with a single mouse click
[1,8].

If you rewrite the bootloader or buy a microcontroller without a bootloader, the developers
provide the option to enable the bootloader on the microcontroller yourself. To achieve this, the Arduino
IDE has built-in support for several popular low-cost programmers, and most Arduino boards have a
header for electronic programming.

You can compile and load the template program for the ESP8266 NodeMcu v3 module directly
from the Arduino IDE, resulting in a single-board circuit that supports Wi-Fi.

The Arduino programming language belongs to the standard C++ language (using the AVR-GCC
compiler) and has some peculiarities.

Programs written on Arduino are called sketches and are stored in files with the ino extension.
These files are processed by the Arduino processor before compilation. There is also an option to create
and link standard C++ files to the project. The Arduino preprocessor creates the main() function required
in C++ by inserting the necessary "draft" operations there. It is not necessary to include the header files
of the standard libraries used in the body of your program. These header files are added by the Arduino
processor according to the project configuration.

The Arduino IDE project manager has a non-standard mechanism for adding libraries. Libraries
in the form of standard C++ source code are added to a special folder in the IDE's working directory.
This will add the library name to the list of libraries in the IDE menu. The programmer defines the
necessary libraries and they are added to the compilation list [1].

Results. In the research work, the ESP8266 NodeMcu v3 module played the role of an access
point and the Wi-Fi network it created [12,14] was visible during a standard search for networks on
personal computers or mobile devices. Information about the propagation time of the ultrasonic pulses
was transmitted to the ESP8266 NodeMcu v3 module via an asynchronous serial interface. The module
provided pre-processing of this information and subsequent transmission over the Wi-Fi network.

The module served as a web server [15]: it received HTTP requests from clients and sent them
HTTP responses containing, among other things, the metrological information needed to calibrate the
flow meter [9] presented.

The built-in flash memory of the ESP8266 NodeMcu v3 allows writing HTML/CSS page
calibration software [8] and preprocessing functions in the form of JavaScript scripts, text report forms,
JSON files, and other informations transmitted over the Internet along with HTTP responses gave. The
GET method is used for messaging.

Figure 1 shows the connection diagram of the ESP8266 NodeMcu v3 to the Arduino platform.

In the structural diagram of the calibration of the time-impulse ultrasonic sensor (Fig. 2), the
LED lamp connected to pin 9 of the digital output is connected to a resistor with a resistance of 220
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ohms to limit the current. The timing pulse sensor is connected to pin Vin and then to pin AO of the
analog output with a 10k resistor as ground.
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Fig. 2. Schematic diagram of the calibration of
) o ) ) the time-impulse ultrasound sensor on the
Fig. 1. Wiring diagram for Arduino platform ESP8266 NodeMcu Arduino platform.

v3 and ADC ADS1256.

amo sz
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To calibrate the measuring instrument, the code is written in the Arduino IDE as follows:

Code:

int sensorMin = 1023; // minimum value

int sensorMax = 0; // maximum value

They may appear to be inverted values. Initially, the upper limit is set and the lower value is read
and stored as the new minimum limit. In addition, the minimum lower limit is set, and the value above

it, the new maximum limit is read, for example:

Code:

/I Calibrate for 5 seconds

while (millis () < 5000) {

sensorValue = analogRead (sensorPin);

/I set the maximum value
if (sensorValue > sensorMax) {
sensorMax = sensorValue;

}

/I set the minimum value
if (sensorValue < sensorMin) {
sensorMin = sensorValue;

}
}

Thus, any subsequent readings can be compared within these minimum and maximum limits:

Il apply calibration
sensorValue = map (sensorValue, sensorMin, sensorMax, 0, 255);

Here is the entire program:
/ *
Calibration

The sensor calibration method is shown below:
Scheme:

* analog sensor (time pulse ultrasonic sensor): analog input AO
* LED: digital pin 9 and connected to ground
http://arduino.cc/en/Tutorial/Calibration

*/
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/l These constants do not change:

const int sensorPin = AO; // the pin to which the sensor is connected
const int ledPin = 9; // LED connected pin

/I variables:

int sensorValue = 0; // sensor value

int sensorMin = 1023; // the minimum value of the sensor
int sensorMax = 0; // the maximum value of the sensor

void setup () {
/l as an indicator of the start of work, an LED is connected:

pinMode (13, OUTPUT);
digitalWrite (13, HIGH);

/I Calibrate for 5 seconds
while (millis () < 5000) {
sensorValue = analogRead (sensorPin);

/I set the maximum value
if (sensorValue > sensorMax) {
sensorMax = sensorValue;

}

/I set the minimum value
if (sensorValue < sensorMin) {
sensorMin = sensorValue;

}
}

/I turn off the LED at the end
digitalWrite (13, LOW);
}

void loop () {
/ information is read from the sensor:
sensorValue = analogRead (sensorPin);

Il apply calibration
sensorValue = map (sensorValue, sensorMin, sensorMax, 0, 255);

/1 if the sensor value goes outside the calibration limits
sensorValue = constrain (sensorValue, 0, 255);

/1 if the sensor value goes outside the calibration limits
analogWrite (ledPin, sensorValue);

}

The necessary HTML pages of the flow meter calibration interface are written to the ESP8266
NodeMcu v3 flash memory (Figure 1).

A request to the ESP8266 NodeMcu v3 module using AJAX (Asynchronous Javascript and
XML) technology, which consists of a "background” exchange of information between the browser and
the web server when changes are made to each form field or a button is clicked on the HTML page sent.
AJAX is an acronym that stands for Asynchronous Java Script and XML. When using AJAX, there is
no need to refresh the entire page every time, because only a certain part of it is updated. This
significantly increases the speed of the web application, and in the case of constant informations
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exchange with devices, it is very difficult to do without AJAX. There are two ways to exchange
informations with the server.

The first method is a GET request. In this case (request), the request goes to the document on the
server, the arguments are passed to it via the URL address. It is not recommended to send GET requests
to a server with large amounts of information. There is a POST request for this.

The client part, written in Javascript, must provide the necessary functionality to securely
exchange informations with the server and provide methods for exchanging informations in any of the
above ways. The server part must process the input informations and create new informations based on
it and return it to the client. For example, to request information from the server, you can use a simple
GET request with a few small parameters, but to update the information or add new information, you
will need to use a POST request. because it allows you to transfer large amounts of informations.

AJAX uses asynchronous informations transfer. This means that the user can perform other
actions while the informations is being transferred.

Conclusions

It is possible to monitor the controlled quantities in a simple system of remote calibration of the
water flow measuring devices recommended by us using a personal computer, mobile phone and tablet.

Wi-Fi internet connection worked flawlessly when using ESP8266 NodeMcu v3 module
connected to Arduino platform for remote calibration of water flow meters.

The method proposed in the research work significantly simplified the data exchange between
the computing device and the flow meter and reduced the cost of software creation due to a unified
approach for different operating systems.

When using AJAX (Asynchronous Javascript and XML) technology in the system, there was no
need to refresh the entire page every time.

This method of calibration regularly controls the metrological properties of measuring
instruments and provides an opportunity to save time compared to other methods of calibration.
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