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INTEGRATION OF THE LABVIEW 2019 DEVELOPMENT TOOL IN
WORKING WITH MICROCONTROLLERS

When connecting various sensors to microcontrollers, there are problems of the data received from
them arise: analysis, data visualization, transmission and storage on remote storage media, etc This
usually requires additional connection to microcontrollers of modules with the necessary functions.
The way to use applications developed using the LabVIEW tool in the microcontroller operation
scheme is one of the simple and reliable solutions in such cases. The study proposes to analyze the
developed connection diagram, the wireless data transmission algorithm and their processing, using
the example of connecting the GY21 sensor module, the ESP32 NodeMCU hardware platform and
the application developed in the LabVIEW 2019 environment. The main technical characteristics of
these modules are also given. Software products created using this LabVIEW software package can
be supplemented with code fragments developed in other traditional programming languages, such
as C / C ++, Pascal, Basic, FORTRAN. Conversely, you can use modules developed in LabVIEW
in projects created in other programming systems. Thus, LabVIEW allows you to develop almost
any application that interacts with any kind of hardware supported by the PC operating system.
Using the technology of virtual instruments, a developer can turn a standard personal computer
and a set of arbitrary control and measuring equipment into a multifunctional measuring and
computing complex that allows remote control and monitoring via the Internet.

Key words: LabVIEW, ESP32 NodeMCU, sensor module GY21, ARDUINO IDE, Wireless data
transmission.

J.A. Horamakos™®, 2K.2K. Baiiryauekos, 2K.T. 2Kymarera
Ou-Papabu arbiHgarbl Kazak yarTeiK yHuBepcureri, Kazakcran, AjimMarsl K.
*e-mail: d.dogalakov@gmail.com
MukpokoHTpoJsLIEp/IepMeH »KyMbIC 2Kacay ke3diuge LabVIEW 2019 o3ipiaey KypaJabiH 6ipikTipy

JaruukrepiH 6ap/blK, TypJepiH MUKPOKOHTPOJLIEPJEPre KOCKAH Ke3/e, OJaplaH ajbIHFaH Jie-
PeKTePl oaH 9pi eHJeY MIHAETTEPl TYBIHIAUIBL: TAIIAY, JAePEeKTep/i BU3yaaIn3aIusiiay, Kallbl-
KTarbl aKIapaT TaCHIFBINITapIa Oepy »KoHe cakTay *KoHe T.0. Byir omerTte MUKpPOKOHTpOJLIEPIED-
re KaxkeTTi pyHKIUAIApHI 6ap MOIYIbAEPre KOCHIMINA KOCBLIYIbI KaXKeT eTemi. MUKpOKOHTpOII-
JaepJiepin Xkymbic cyibackiiaaa LabVIEW KypaJibin KosraHa OTBIPHII YKacaJraH KOCHIMIAJJIap bl
naiiaany ojici MyHIai Karpaiaapia KapamnaibiM 2KoHe CeHIMIl menmiMaep s, 6ipi 60J1bIn TaObI-
smanel. 3eprreyne GY21 maraumk momynain, ESP32 NodeMCU ammaparTsik miardOpMachiH KOHE
LabVIEW 2019 opracbiima »kacaaraH KOCBIMITAHBI KOCY MBICAIBIHIA, YKACAIBIHTAH OAflIaHbIC CYII-
0achblH, JEPeKTEePl ChIMCHI3 0Oepy KoHe OHJey aJlOPUTMIH TaJaayabl yehiHbLIagbl. CoHuaii-ax,
OCBI MOJLYJIbJIEPiH, HEri3ri TeXHUKAJIBIK, curaTramaiapbl Kejaripijren. Ocet LabVIEW 6arnapiia-
MAJIBIK, KeIlleHIH KOJIJIAHA OTBIPHIN Kacairan Garmapiamadbik, eximuep C/C+-+, Pascal, Basic,
FORTRAN cuskTbl 6acka JocTypJii barmapiaMaiay TUIIepiHIe KacajFaH KO Y3iH/IepiMeH TO-
JBIKTRIPUTYBI MyMKiH. Kepiciame, LabVIEW-ne xacanran momymabaepai backa Oarmapiaamasay

Kyitenepinme KacajaraH kobasapaa KoJIdaHyra 00J1aIbl.
Ocpunaiima, LabVIEW nepbec KOMIBIOTEPIiH, OLEPALNIIbIK, KyHeci KOIAaRThIH Ke3-KeJIreH alllla-

PaTTBHIK KypasIapMeH e3apa OPEKeTTECeTiH Ke3-KeJITeH KOCHIMIMAaHbI XKacayra MYMKIHIIK Oepesi.
BupTryasibl acnantap TeXHOJIOTUSICHIH KOJIJIAHA OTBIPBIIL, 931pJIEYII CTaHIaPTTHI 1ephec KOMIIBIO-
Tepl YKoHe epikTi OaKbLIay-eJIIIey KabbIKTaPbIHBIH, KUBIHTHIFBIH Internet apKblIbl KAbIKTaH
Gackapyra »KoHe 6aKblIayra MyMKIHIIK OepeTin kel (QyHKIMAIbI OJIIIey-ecenTey KellleHine aiiHaJl-
JIbIpa aJIa/Ibl.

Tyiiia cesgep: LabVIEW, ESP32 NodeMCU, GY21 garuuk mozysai, ARDUINO IDE, gepexrep-

JIi CBIMCBI3 Kibepy.
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NuTerpaiius nHcrpyMeHTa paspaborku LabVIEW 2019 B paboTre ¢ MUKPOKOHTpPOJIJIEpaMU

[Ipy noAKIIOYEHNN BCEBO3MOXKHBIX JATIYNKOB K MHUKDPOKOHTDOJIIEPAM BO3HUKAKOT —3a1a9u
JaJbHENell ux o0pabOTKM IMOJIydaeMbIX OT HUX JAHHBIX: AHAJIN3a, BHA3yaJU3allUd JAHHBIX,
repesiain U XpaHeH!sl HA YIAJEHHBIX HOCUTeasXx mHdopmannn u T.4. s 9T0oro Kax mpaBuiio
TpeOyeTcsi JIONOJIHUTEIbHOE IOJKIIOYEHNE K MHKPOKOHTPOJLIEPAM MOMYJell ¢ HeOOXOIMMBIMU
dyukmusmu. Criocob HUCIOJIb30BAHUS ITPUJIOXKEHUN, Pa3pabOTaHHBIX C IIOMOIINBI0 WHCTPYMEHTA
LabVIEW B cxeme paboThl MUKPOKOHTPOJLJIEPOB, SIBJISETCSI B TAKUX CJIYUYasX OJHUM W3 IIPOCTHIX
W HaJEeXKHBIX perleHnit. B wucciemoBannm pas3bupaercss paspaboTaHHAS CXe€Ma IMOIKIIOYCHIUS,
aJIropuT™M OECIIPOBOMHON MEpeIavn JAHHBIX U UX 00PabOTKH, HA MPUMEPE MOIKJIIOUEHUST MOJLYJISA
nmaranka GY21, anmaparaoit iardopmel ESP32 NodeMCU u npuioxkenus: pazpabOTaHHOTO B
cpene LabVIEW 2019. Tak:ke mpUBOAATCS OCHOBHBIE TEXHUYIECKUE XaPAKTEPUCTUKU YKABAHHBIX
Mogysteii. IIporpaMMHBIE TTPOAYKTBI, CO3JaHHBIE C WCIOJb30BAHUEM JAHHOTO IIPOIPAMMHOIO
romiiekca LabVIEW, mMoryT ObITh J0m0IHEHBI (hparMeHTaMu Koa, Pa3pabOTaHHBIMU Ha, JIPYTUX
TPAJUIMOHHBIX #A3bIKax nporpammupoBanus, nanpumep C/C++, Pascal, Basic, FORTRAN. I
HaA000POT MOXKHO HCIIOJIB30BATh MOysn, pa3paborannsie B LabVIEW B mpoekTax, co3zaBaeMbIx
B JIPYTUX cHUcTeMaxX mporpammupoBanus. Takum obpaszom, LabVIEW mo3Bosser paspabaTbiBaTh
[IPaKTUYECKU JIFOOblE IIPUJIOXKEHUs, B3aMMOJEHCTBYIONINE C JIIOOBIMH BHJIAME alllapaTHBIX
CPeJICTB, TOoijep:KuBaeMbIx orepamnuonHoii cucremoit [IK. Vcmonb3yst TeXHOIOTHIO BUPTYaJb-
HBIX [PUOOPOB, Pa3pabOTINMK MOXKET I[PEBPATUTH CTAHIAPTHBIN IIEPCOHAJIBHBIN KOMIIBIOTED U
HabOp MPOM3BOJILHOIO KOHTPOJbHO-M3MEPUTEIHHOTO ODOPYAOBAHUS B MHOTOMYHKIIMOHAJIHHBIH
U3MEPUTENHHO-BBIYNCIUTEHHBII KOMILJIEKC, [TOIYCKAIONINI yIaJeHHOe yIIpaBjenne u HabJioieHue
yepe3 Internet.

Kimouesbie ciioBa: LabVIEW, ESP32 NodeMCU, monyns naranka GY21, ARDUINO IDE,
GecrrpoBOIHAS TIepeiada JTaAHHBIX.

1 Introduction

LabVIEW (Laboratory Virtual Instrumentation Engineering Workbench) is a
specialized, flexible programming environment used to create unique utilities and applications
for measuring instruments. LabVIEW is a data collection, analysis and processing system that
includes powerful tools for visualizing results. It is also used to control technical objects and
technological processes [1].

Currently, LabVIEW is widely used in the following areas [2|:

— Automotive industry;

— Telecommunications;

— Aerospace industry;

— Semiconductor industry;

— Development and production of electronics;

— Extractive industry;

— Shipbuilding industry;

— Biomedicine;

ESP32 NodeMCU is a highly integrated, combined (Wi-Fi + Bluetooth) chip designed
for solutions that require the lowest power consumption figures, shown in (Fig. 1).

ESP32 NodeMCU supports the entire stack of Wi-Fi 802.11n and BT4.2 protocols,
providing this functionality via SPI / SDIO or I?C' / UART [3].
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ESP32 NodeMCU Module Specifications:

CPU: Xtensa Dual-Core 32-bit LX6, 160 MHz nm 240 MHz (x0 600 DMIPS);
Memory: 520 KByte SRAM, 448 KByte ROM;

Flash: 1,2, 4...64 Mb;

Wireless: Wi-Fi: 802.11b/g/n/e/i, no 150 Mbps ¢ HT40;

Bluetooth: v4.2 BR/EDR u BLE;

Manufacturer: Espressif Systems;

Figure 1: Module ESP32 NodeMCU

The GY21 humidity and temperature sensor module based on the SHT21 sensor is a
high-precision module for measuring temperature and humidity, shown in (Fig.2). It has a
very low error in its class: when measuring temperature, it is 0.4%, and humidity is 2%.

Due to such a low error and universal 12C interface, this module is suitable for temperature
and humidity measurement in industrial areas [4].

GY-21 Specifications:

— Sensor: SHT21

— Interface: 12C

— Sensor operating voltage range: 1.9 - 3.6V

— Module supply voltage: 5V

— Current consumption in measuring mode: 300uA

— Standby current consumption: 0.15pA

— Humidity: operating range: 0 to 100%

— Measurement accuracy: +3%(max),0 — 80%

— Temperature: operating range: —40to + 125°C

— Measurement accuracy: +0.4°C(max), —10to85°C

— Factory calibration
— Built-in battery discharge detector (sets the flag if the supply voltage drops below 2.25 V)
— Built-in heater for self-diagnosis of sensors
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Figure 2: Sensor module GY21 (SHT21)

2 Material and methods

The algorithm of actions of our circuit is as follows: Sensor module GY21 (SHT21) connected
to the ESP32 NodeMCU Module will transmit temperature and humidity parameters to it
according to the program executed on the ESP32 NodeMCU Module. To do this, we will
develop the necessary program (sketch for uploading) in the Arduino IDE [5]. The received
data, already available in the RAM of the Module ESP32 NodeMCU, upon request from the
application developed in LabVIEW, will be read and processed on the computer via the TCP
IP protocol wirelessly.

Our experiment starts with assembling a circuit diagram, which were designed in the
program Fritzing |6]. The connection diagram of the GY21 humidity and temperature sensor
module to the ESP32 NODMCU v.3 hardware platform is shown in (Fig. 3).

ESP32 NodeMCU v3
ESP8266

GY-21 (SHT21)

Figure 3: Connection diagram

The next step is to write a sketch in the Arduino IDE program.

Arduino IDE is an integrated development environment for Windows, MacOS and Linux,
developed in C and C ++, designed to create and download programs on Arduino-compatible
boards, as well as on boards from other manufacturers.
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The ESP8266 WiFi.h library was used to work with the ESP32 hardware platform
interface:

— The library "Sodaq SHT2x.h" was also connected to work with the selected module
of the humidity and temperature sensor GY21;

— Protocol for data transfer between ESP32 NodeMCU and the main control program:
TCP IP;

— Number of data transmission port: 8000;

— Size of data transmission packet: 12 bytes;

When forming a data packet of temperature and humidity readings before sending to the
control program, its size (in bytes) may not be constant due to the dimension of the readings
themselves, for example, the temperature may be T' = —12°C' or 0°C or 25°C), respectively for
temperature readings we must to allocate 3 or 1 or 2 bytes. To do this, we set the maximum
packet size for send 12 bytes, taking into account the humidity readings and other possible
parameters in the future, and in the case of missing bytes from the data, we fill our packet
with characters ("non-breaking space"code Alt + 255) up to 12 bytes.

Below in (Fig. 4) and (Fig. 5) there is a listing (code) of the program loaded into the
memory of the ESP32 NODMCU v.3 module:

ESP32NodeMCU_WiFi_Server_with_SHT21_working | Arduino 1.8.10 — O X

Paiin MNpaeka Ckety WHctpymentsi Momotus

ESP32NodeMCU_WiFi_Server_with_SHT21_working
// Pabouas mepcua (06.12.2020) Horanaxos I.A. A
#include <ESP8266WiFi.h>

#include <Wire.h>
#include <Sodag SHT2x.h>

#define SERVER_PORT 8000 // Port 8000 NodeMCU LabVIEW

const char* ssid = "Darkhan"; // WiFi NodeMCU Login

const char* password = "dog44dias": // Password WiFi NodeMCU Login IP: 192.168.5.84
//const char* ssid = "Redmi Darkhan"; // WiFi NodeMCU Login

//const char* password = "Redmi2018"; // Password WiFi NodeMCU Login IP: 192.168.43.21
WiFiServer server (SERVER_PORT) ; // object server port 8000

int iy // counter

void setup()

{ pinMode (16, OUTPUT) ; // 16 Output LED NodeMCU
Wire.begin(); // Initialization
Serial.begin(115200); // Serial Communication
Serial.println("");

Serial.println("");
WiFi.begin(ssid, password); //Login WiFi password
while (WiFi.status() != WL CONNECTED) //Login Serial Monitor -> Login

{ serial.print("->");
delay(200);

¥

Serial.println("");

Serial.println("WiFi Successfully Connected"); //Login WiFi

Serial.print ("NodeMCU IP address: ");

Serial.println (WiFi.locallIP()); // IP NodeMCU WiFi Router

server.begin () ; // TCP NodeMCU Server LabVIEW Client

Serial.println("NodeMCU as a Server Role Started"); v

Figure 4: Listing of the program for loading into the ESP32 NODMCU v.3 module (beginning)
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ESP32NodeMCU_WiFi_Server with SHT21 working | Arduino 1.8.10 s O X

®aiin MNpaeka Ckety UHcTpyMenTs! MoMOLLL

ESP32NodeMCU_WiFi_Server_with_SHT21_working

} A

void loop() //LED 16
1{ WiFiClient client = server.available(); // LabVIEW Client NodeMCU
if (client) // LabVIEW Client if
1 Serial.println("Hi...New Client"); // Client Serial Communication
for (i=0;1i<2;i++) // LED NodeMCU 3 NodeMCU Computer
{ digitalWrite (16,HIGH);
delay (50) ;
digitalWrite (16, LOW) ;
delay (50) ;
I
while (1)
{ while(client.available()) // LabVIEW Loop
{ digitalWrite (16,HIGH); // LED NodeMCU
delay (20) ;
digitalWrite (16, LOW) ;
delay (20);
uint8 t data =client.read():
Serial.write (data); // Serial Communication
switch (data) // data
{
case 'a': // data='a' LabVIEW case
client.print (" "y.:
break;
case 'b': // data='b' NodeMCU to LabVIEW

String Res = String (SHT2x.GetTemperature ())+"/"+String (SHT2x.GetHumidity ()) ;
int LengthRes = Res.length();
for (int i=0; i < 12-LengthRes; i++){
Res=Res+™ ™;
} v

Figure 5: Listing of the program for loading into the ESP32 NODMCU v.3 module
(continuation)

Further, in the development environment LABVIEW 2019 in the "Block diagram" we
create a general block diagram of the operation of our control program, (Fig. 6).

Part 1 describes the instructions and settings required to connect to the ESP32
NODMCU using the TCP IP protocol. To scan the network and determine the IP address
assigned by the WI-FI network to the ESP32 NODMCU, the free Hercules SETUP utility

was used |[7].

Part 2 executes command "b" - sending a request for data transfer to the ESP32
NODMCU module.

Part 3 and part of Part 7 output the temperature and humidity readings to special
separate areas of the program interface in the form of graphs.

Part 4 reads the system time and generates a new line according to the specified format.

Part 5 and Part 6 describes an algorithm for dividing the received data packet of 12
bytes into two parts, to separate the temperature and humidity readings from it separately.

Part 7 describes the procedure for writing the finally formed data line to a text file at
the specified path.
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Figure 6: Algorithm of the control program in the LABVIEW 2019 environment

The control program interface developed in the LABVIEW environment is shown in
(Fig. 7).

The panel displays: selectable shared wireless network (WI-FI), the IP address received
by the ESP32 NODMCU from the network and the graphics of the read data;

File Edit View Project Operate Tools Window Help

B @n

WI-FI IP (sHT21): System data/time:
Redmi Note4

Temperature 32,11 Pleto Humidity 13,93

Plot 0
40,00- AR

16,75~}
16,50-]
16,25~}

2 1000 s
‘ v 3 1575-]
| £ o]

Figure 7: The interface of the control program in the LABVIEW 2019 environment
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Read and transmitted temperature and humidity data from the ESP32 NodeMCU to the
main control program on the PC. Writing data to a text file with a time interval of 1 second
is shown in (Fig. 8).

| meteodata — Baokuot = O X

®aiin lNpaeka @opmat Bug Cnpaeka

12/07/2020 18:16:33 T=26,69°C H =26,05% 2
12/07/2020 18:16:34 T=26,70°C H=26,05%
12/07/2020 18:16:35 T=26,71°C H=26,05%
12/07/2020 18:16:36 T=26,73°C H=26,03%
12107/2020 18:16:37 T=26,72°C H=26,02%
12/07/2020 18:16:38 T=26,77°C H=26,01%
12/07/2020 18:16:39 T=26,76°C H=26,01%
12/07/2020 18:16:40 T=26,77°C H=26,01%
12/07/2020 18:16:41 T=26,79°C H=26,01%
12/07/2020 18:16:42 T=26,78°C H=26,00%
12/07/2020 18:16:43 T=26,80°C H=26,02%
12/07/2020 18:16:44 T=26,76°C H=26,04%
12/07/2020 18:16:45 T=26,79°C H=26,04%
12/07/2020 18:16:46 T=26,80°C H =26,03%
12/07/2020 18:16:47 T=26,78°C H=26,04%
12/07/2020 18:16:48 T=26,90°C H=26,07%

Figure 8: Received data written to text file

You can also use other GPIOs on the ESP32 NodeMCU board to turn on or off peripheral
equipment such as relays [8].

3 Results and discussion

The proposed scheme of collaboration between the LABVIEW environment and
microcontrollers for data transmission and processing allows you to exclude the purchase
of additional output and recording devices. At the same time, the volume of data received
can be significantly increased, and their consolidation and visualization in applications using
other additional tools of the LABVIEW environment becomes convenient and practical. The
selected mechanism for using the LABVIEW environment in integration with microcontrollers
is also planned to be used in other tasks related to technical vision for controlling relays and
electric drives on electric vehicles [9]. One of the examples of such solutions is the using NI
LabVIEW software and the NI Vision Development Module to develop a system to monitor
the Paris RER. The key element of the infrastructure of the transport system are rails. After
the installation of the controls, their position may change depending on the conditions of
the environment, for example, the temperature. This integrated system measures these rail
position changes [10].

4 Conclusion

This article presented the joint operation of the LabVIEW 2019 software package and one of
the ESP32 NodeMCU hardware platforms with the GY21 module connected to it. The main
technical characteristics of these devices are described, as well as commands for connecting
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and transferring data between them. The great opportunities inherent in the graphical
programming and execution environment of LabVIEW 2019 programs (various libraries,
integration and data exchange components, visual components) generally show and provide
unlimited opportunities for software developers, both for research tasks (data collection and
analysis), and for automation of various technological processes. This practical example we
have analyzed confirms this.

(1]
2]
(3l

[4]

(5]
[6]
(7]

(8]

(]

[10]
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