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Y cmpameaii pozsumky YkpaiHu IHOycmpisi 4.0 3a3Ha4yeHo, WO akmyarbHUMU ma rnepcrekmueHUMU HayKo-
MICMKUMU ma iHXXeHepHUMU rocily2aMu €: CMBOPEHHST HOBUX MpoepamMHUX rpodyKmis, 8KITOYHO Ha MeXHOI0-
eisix 4.0; npomucrioea asmomamus3auiss ma KOMieKkCcHUl iHXUHIpUHe; po3pobka ma eupobHUUMEO CKadHUX,
mariocepiliHux abo yHikanbHUX 8upobis. B ymogax 3miuiaHO20 Hag4YaHHS, WO Moe’a3aHo 3 naHOeMit0 ma 80EHHUM
cmaHoMm 8 YKpaiHi, 0ocumb akmyasibHUM € numaxHs ik Habymu 3006ysayamMu oceimu 3HaHb ma HagU4oK, He-
06xiOHUX 015l 3aC80EHHS OCHO8 PO3PObKU ma npoepamysaHHs embedded systems, siki npayMb 3 BUKOPUC-
maHHAM cMapm-mexHosioziti ma mexHonoeaili IHmepHemy peyed. [pu eidcymHocmi docmyrny 0o modynig loT
ESP8266, ESP32 y 300bysa4ie ocgimu npornoHyemscs iMimysamu ix pobomy y xmapHomy cepsici Wokwi. Y
pobomi po3zansidaembcsi cucmema MOHIMopUHay memrepamypu ma gosio2ocmi y xmapHomy cepsici DWEET.IO
Ha modyni loT ESP8266 ma kombiHosaHomy damyuky DHT11. [pomomunyeaHHs po6omu makoi cucmemu 8
cepsici Wokwi sukoHyembcsi Ha Modyni loT ESP32 ma damyuxky DHT22 3 imimaujeto nepedasaHHsi 0aHux 00
xmapHoeo cepsicy loT. Y cmammi HageOGeHO 8uxiOHI KOOU npozpamMu cucmemMu MOHIMOpUHaYy memrepa-
mypu ma eosioeocmi. 3anpornoHosaHuli nioxi0 Ao3eorisie sBUKOHysamu npomomurlysaHHsi embedded systems,
SKI paytorome 3 8UKOPUCMaHHSIM CMapm-mexHosioaiti ma mexHonoeil IHmepHemy peyeli 6e3 Hasgs8HOCMi Mo-
Oynie IoT ma damuyukie. XmapHul cepsic Wokwi 0o3eornisie Hana2o00xxysamu npozpamHy YacmuHy embedded
systems ma nidkmo4amucb 00 peanibHUX XMapHUX cepsicie IHmepHemy peyel 3 imimayicto 0bmiHy daHUMU 6e3-
Opomosum iHmepgbeticom 3a mexHonoaieto Wi-Fi cmaHGapmy 802.11g.

KnroyoBi cnoBa: 3millaHe HaBYaHHSA; NPOTOTUNYBaHHSA; MOAysb |0T; XMapHUI cepB.ic; cMcTtemMa MOHITOpu-
Hry TemnepaTtypu Ta BOMorocTi; BOyA4oBaHi cucremu.

Beryn

Texuounorii [oT, [oT 3aaTHI MiABUIMTY NPOYKTHUBHICTB MpaIli B BAPOOHUYOMY Ta arpo CErMEHTI, Tpa-
HCTIOPTHHUX Ta CHEPTeTHYHUX KOMIIaHIsIX.

V crparerii po3Butky Ykpainu Iagyctpis 4.0 [1] 3a3HaueHO, 10 aKTyaJbHUMH Ta MEPCIEKTUBHUMHU
HAYKOMICTKMMH Ta iH)KEHEPHUMH IIOCIyTraMH €: CTBOPEHHS HOBUX IPOrPAaMHUX HPOIYKTIiB, BKJIIIOYHO Ha
TexHoJjorisax 4.0; MpoOMHUCIIOBA aBTOMATH3Allisl Ta KOMILICKCHUHN 1HXXUHIPUHT; pPo3po0Ka Ta BUPOOHUIITBO
CKJIAJIHUX, MaJOCEPIHHNX a00 YHIKaThbHUX BUPOOiB. B yMOBax 3MimaHoro HaBYaHHsI, IO ITOB’sI3aHO 3 TMa-
HAEMII0 Ta BOEHHUM CTaHOM B YKpaiHi, JOCUTh aKTyaJbHUM € IUTAHHS K Ha0yTH 3100yBayaMu OCBITH
3HaHb Ta HABHYOK, HEOOXIJHUX JIJIsl 3aCBOEHHS OCHOB PO3pO0KH Ta nporpamyBanus embedded systems, siki
MPAIIOIOTh 3 BAKOPUCTAHHAM CMapT-TEXHOJIOTIH Ta TeXHoNoTiH [HTepHery pedelt st [naycrpii 4.0. [lig-
XOJU 10 HaOYTTS TaKUX HaBUYOK PO3TISAAIUCH B cTatTi [2] 3 3acTocyBanHsMm cepicy IFTTT Ta 3actocy-
BaHHsI cepBicy BinaaneHoro nocrymy AnyDesk aist npoBeneHHs 1aO0paTOPHO-NIPAKTUYHUX 3aHATH ITiJ] 4ac
JUCTaHIIIMHOTO HABYAHHS, 1[0 IOTPEOYIOTH CliemiaapHe o0aaHanHs abo madbopaTopHi Makeru [3].

ITocTranoBka 3agaui

OmnaHyBaHHSI CMapT-TEXHOJIOTiH Ta TexHoorii IHTepHeTY peuelt mounHaeThes 3 mwiatdpopmu Arduino
Ta nepexoxy o moaymiB ESP8266, ESP32. Slk naOyTu 3HaHHS Ta HABUYIKH, KOJIH B 3100yBada OCBITH He-
Mae JocTyny 1o MoxyniB [oT? Ha gonomory npuxosTh pi3HOMaHITHI CUMYISATOPH [4]: cepelloBHIIE PO3-
po6ku Proteus VSM 8.x, SimullDE, onnaitn xmapnuii cepsic Tinkercad Circuits, nogarok UnoArduSim,
Virtual Breadboard & Avatar Hardware, Virtronics Simulator.



PesyabTaTi gocaigxeHHs

besomnarauii kpocmnarpopmenuii cepic Wokwi [5] n03Bosisie mpoTOTHITYBaTH Ta HAalIaroKyBaTH
embedded mpoektn 3 Arduino, ESP32 DevKit, Raspberry Pi Pico Gesmocepennbo 3 Opaysepa 0e3
3aCTOCYBaHHS allapaTHUX KOMIIOHEHTIB.

[Ipoekt migxmrogaerses go inteprHety yepe3 MQTT, HTTP, NTP nporokomu. nst anamizy nudpoBux
curHainiB Ta npoTokoniB UART, 12C, SPI, 1-Wire nepenbauenuii BOy10BaHUH JIOTiYHUH Bi3yanbHUH aHa-
Ji3aTop.

Cumynsatop Wokwi Mae 6a3y TOTOBHX MPHUKIA/IIB Ha TOJOBHIN CTOPIHII Ta Ha CTOPiHIN OibmioTek. Y
CHUMYJISITOPI BCTaHOBIJICHO BEJIMKY KIUTBKICTh 0i10/i0OTEK, SKi JO3BOJSATH peani3yBaTH JOCTATHBO CKIIAIHI
npoexTH. Y po0orti [6] HABOIATHCS 0COOIMBOCTI peaizallil CHCTEeMH MOHITOPHHTY TEMIIEpaTypH Ta BOJIO-
rocti Ha Moayni IOT tumy ESP8266, natunky Temmepatypu Ta Bosorocti DHT11 Ta xmapHoro cepsicy
s MoHiTopuary maHux DWEET.IO. BuxonaemMo mpoTOTHITYBaHHS NAHOTO IMPOEKTY Y CHUMYJISTOPI
Wokwi. Uepes BincyTHicTh y cumyisatopi Moayias ESP8266 Ta naruuka DHT11 3acTocyeMo aHanoriuHi
ESP32 ta DHT22. CtBoproemo HOBH npoeKT 3 MoysieM ESP32, nogaemo naTtyuk TemieparypH, Opue-
HyeMo #oro o D15 (GPIO15) ESP32. 3 niBoi cTopoHH BiKHA MPOEKTY JOJIAEMO KO, B IKOMY 3MiHIOEMO
0i0miorexy s DHT22, iHimianizyeMo 1aTYMK Ta 3YUTYEMO 3HAYCHHS TEMIIEpaTypH Ta BOJIOrOCTi. Y Mpo-
€KT HeoOXiHO joaatu 0i0moTeky B Library Manager, aHaJIOTiuHO 5K 11e poOMIIOCh, Hanpukiaza B Arduino
IDE.

#include "DHTesp.h" // ©6i6nioTexa DHT for ESPx
const int DHT PIN = 15;
DHTesp dhtSensor; // cTBOpEMO OB0'EKT ImaTuuka

void setup ()

{

dhtSensor.setup (DHT PIN, DHTesp::DHT22); // iHinlasmisanulsg JgaTuMka

void loop ()
{

TempAndHumidity data = dhtSensor.getTempAndHumidity () ;
float t = data.temperature;
float h = data. humidity;

}

Jlns migkmroueHHs go  touku jpoctymy Wokwi (puc. 1) cepBic pekomennye ii Ha3By sk ""Wokwi-
GUEST" 6e3 mapodto. Kox, 110 3a0e3neuye miakitoueHHs 10 BipTyanbHOoi Touku goctyny ESP32 cepsicy
Wokwi, 3 BuUBo#OM iH(OpMAIIil PO MiAKIFOUESHHS TaKHiA:

#include <WiFi.h> // 6i6nioreka WiFi
const char* ssid = "Wokwi-GUEST"; // Touka mocTymna Wokwi
const char* password = ""; // THapoyib TOUKM IOOCTYIY

void setup()
{
delay (10);
Serial.begin(115200) ;
Serial.println();
Serial.print ("Connecting to ");
Serial.println(ssid);
WiFi.begin(ssid, password, 6);
while (WiFi.status() != WL CONNECTED)
{
delay (500);
Serial.print(".");



Serial.println("");
Serial.println("WiFi connected");
Serial.println("IP address: ");
Serial.println(WiFi.locallIP())
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sketch.ino ®  diagramjson  librariesxt  Library Manager ~ Simulation
12 void setup() { o o g
13 (10);
14 gin(115200);
15
16 dhtSensor. setup(DHT PIN, DHTesp DHTZZ)) // iwiuianizauis patuuka
17 WiFi
18
19
208
21
22
23
24
25
26
27 H
28 ("WiFi connected”);
29 ("IP address: ");
38 (WiFi.localIP());
31
32 } — Connecting to Wokwi-GUEST
33
34 void loop() { .
35 delay(6608); // 3aTpumxa mix nosTopHAM WMipoBaHHAM 66 Cexywa LB EEnrEEE
36 IP address:
37 se t("Connecting to "); 10.10.0.2
38 Serial.println(host);
39
48 Creopwemo TCP 3'eanawma 3a ponomorow knacy WiFiClient
41 WiFiClient client;
42 const int httpPort = 8@;
43 if (!client.connect(hest, httpPort)) {
44 Serial.println(“cennection failed");
45 return;
16 1
47
43 TempandHumidity data = dhtSensor.getTempAndHumidity();
49
50 // BianpaBnAeMo 3anuT Ha cepeep
51 client.pr tring("GET /dueet/for/olimp_vtc?temperature=") + String(data.temperature, 1) + " C" +
52 "&humidity=" + String(data.humidity, 1) + " %" +
53 " HTTR/1.1\r\n" + "Host: " + host + "\r\n" + "Connection: clese\r\n\ri\n");
54 elay(10); [

Puc. 1. Cepsic WOKWI. ITigkmtoueHHs 10 TOYKH JOCTYITY

Jia migximoueHHs 10 XMapHOTO cepBicy (puc. 2) DWEET.IO Ta MoHITOpHHTY TaHUX BUKOPHUCTOBY-
I0ThCS TaKi PSAKH KOAY:

const char* host = "dweet.io"; // azmpeca cepBepa IaHUX
void loop ()
{
// BimnpaBigeMO 3anmuT Ha CepBep
client.print (String ("GET /dweet/for/vtfc?temperature=") +
String(data.temperature, 2)+"&humidity="+String(data.humidity, 1)+ "
HTTP/1.1\r\n"+"Host: "+host+"\r\n"+"Connection: close\r\n\r\n");
// OTpuMaeMoO BIiINOBinb cepBepa Ta MNEepecuJiaEeMO IO I[OCJ1IOBHOTO MOPTY
while (client.available())
{
String line = client.readStringUntil ('\r");
Serial.print (line);
}
Serial.println("Temp: " + String(data.temperature, 2) + "°C");
Serial.println ("Humidity: " + String(data.humidity, 1) + "&");
Serial.println("---");
delay(1000); Serial.println();
Serial.println("closing connection");



Simulation

o o o Goo:28.711 (#100%

Editing DHT22

Temperature:

Humidity:

closing connection -

Connecting to dweet.io

closing connection

Connecting to dweet.io

closing connection

Puc. 2. Cepsic WOKWI. ITiaxmrouensst 10 cepsicy DWEET.I0

Play  Discover FAQ

Play with dweet.

Click on one of the operations below in cur AP| console to play with dweet.io.

Shovi/Hice | ListOperations = Expand Operations | Raw
dweets : Create or read dweets in short term cache.

(S /dweet/for/{thing} Creat:
Parameters
Parameter Value Description Parameter Type  Data Type
thing vife A unigue name of a thing. It is path string
recommended that you use a GUID
as to avoid name collisions
content (required) The actual content of the string. body string

Can be any valid JSON string

E

Parameter content type: | application/json v
Try it out!

Request URL

https://dweet.i0:443/dweet/for/vifc

Puc. 3. Cepsic DWEET.IO. CtBopenHs HOBOi peui 10T

s mepenaBanns nanux Ha cepsic DWEET.IO HeoOXimxHO CTBOPUTH HOBY pid, Hampukian Vifc, sk
MoKa3aHo Ha puc. 3. Y HwkHii yacTuHi BikHa (puc. 3) HaBoauThcst URL 3a sikuM HeoOXiTHO epenTH, mob
NIEPEBIPHUTH, 110 CTBOPEHA Pid Mpawioe (puc. 4).

&« - C @ dweet.io/dwest/for/vifc

{"this":"succeeded”, "by": "dweeting”, "the™: "dweet”, "with":{"thing": "vtfc", "created": "2022-10-02T21:27:38.2082", "content": {}, "transaction": "692ec7b2-4834-43c2-9194-92b7d@119db6" } }

Puc. 4. Cepsic DWEET.IO. IlepeBipka po6oru pedi IoT, mo cTBopeHa
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Ha puc. 5 nHaBoguthes BikHO XxmapHoro cepBicy DWEET.IO, sike mocTyrmHe 3a MOCHIaHHIM
dweet.io/follow/vtfc, y skomy MokHa IPOBOJMTH MOHITOPHHT 3MiHU TEMIIEPATYPH Ta BOJIOTOCTI, sIKa 3a-
naetbes mporotunom aatunka DHT22 (puc. 6) y xmapaomy cepsici WOKwi. V kofi mporpamMu BCTaHOBJIE-
HUI IHTEpBaJI OHOBJICHHS ITaHUX OJJHA XBUJIMHA.

Play Discover FAQ

Here's what this thing was up to a few seconds ago _ for this thing with

Visual Raw

temperature 34

humidity 55

Puc.5. Bikno xmapnoro cepsicy DWEET.IO. MoHiTOpHHT JaHUX

Simulation

e o o (00:28.410 (#99%

Editing DHT22
Temperature:
Humidity:

ESP32

Lonnecting to dweet.1o0
Temp: 34.00°C
Humidity: 55.0%

closing connection

Puc. 6. Cepic WOKWI. 3miHN TemMnepaTtypu Ta BOJIOTOCTI, sIKa 3a1a€Thesl MPOTOTUIIOM paTtanka DHT22

BucHoBku

3anpornoHoBaHUN MiAXiA JO3BOJISE BUKOHYBATH NpoToTUIyBaHHsA embedded systems, siki mpaiito-
I0Th 3 BAKOPUCTaHHSAM CMapT-TEXHOJIOTiH Ta TexHojorii [Hreprety peueit nist [ngyctpii 4.0 6e3 HasBHOCTI
moayiiB 10T Tta matumkiB. XwmapHuii cepBic WOKWi 103Bojisie Hanmaro[kyBaTu MPOrpaMHy YacTHHY
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embedded systems Ta miakIrO9aTHCH 10 pealbHUX XMapHHUX cepBiciB IHTEpHETY peueil 3 iMiTarlicro 0OMiHy
nmaHuMu 6e3aporoBuM iHTepdeiicom 3a Texnomoriero Wi-Fi crammapry 802.11g.
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In the development strategy of Ukraine Industry 4.0, it is stated that relevant and promising scientific and engineering
services are: the creation of new software products, including 4.0 technologies; industrial automation and complex engineer-
ing; development and production of complex, low-volume, or unique products. In the conditions of mixed education, which is
related to the pandemic and martial law in Ukraine, the question of how to acquire the knowledge and skills necessary for
mastering the basics of developing and programming embedded systems that work with the use of smart technologies and
Internet of Things technologies is quite relevant. . In the absence of access to ESP8266, ESP32 IoT modules, students are
invited to simulate their work in the Wokwi cloud service. The paper considers the temperature and humidity monitoring system



in the DWEET.IO cloud service on the ESP8266 10T module and the DHT11 combined sensor. Prototyping the operation of
such a system in the Wokwi service is performed on an ESP32 IoT module and a DHT22 sensor, with the simulation of data
transmission to the 10T cloud service. The article provides the source codes of the temperature and humidity monitoring system
program. The proposed approach allows for prototyping embedded systems that work using smart technologies and Internet
of Things technologies without the presence of IoT modules and sensors. The Wokwi cloud service allows you to configure
the software part of embedded systems and connect to real cloud services of the Internet of Things with the simulation of data
exchange via a wireless interface using Wi-Fi technology of the 802.11g standard.

Keywords: power system, blended learning; prototyping; loT module; cloud service; temperature and humidity monitoring
system; embedded systems.
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