JOJATOK A
Koga nmporpamu qyst Arduino UNO

Jlictuar A.1 — daitn Arduino/router.ino

#define SERIAL PORT 115200
#define PRIVATE 1D «rtrO1»

#define MQTT_SERVER_ADDRESS «192.168.50.11»
#define MQTT_SERVER_PORT 1883

#define MQTT_CLIENT _ID «arduino-router-1»
#define MQTT_AUTH_USERNAME «UserName»
#define MQTT _AUTH_PASSWORD «Password»

#define MQTT_ENDPOINT_VERITY «verify»
#define MQTT_ENDPOINT CONTROL «control»

#define RF24 CE_PIN 7
#define RF24 CSN_PIN 8

#define RADIO PAYLOAD SIZE 32
#define RADIO_SEND MAX RETRY COUNT 5

#define DISPLAY CLK_PIN 2
#define DISPLAY DIO PIN 3

#include <SPL.h>

#include <Ethernet.h>
#include <PubSubClient.h>
#include <NRF24L01.h>
#include <RF24.h>

#include <printf.h>

#include <TM1637Display.h>

// Ethernet settings

byte mac[] = { 0xDE, 0xAD, 0xBE, OxEF, 0xFE, OxED };
char mqttServer[] = MQTT_SERVER ADDRESS;

int mqttPort = MQTT SERVER PORT;

EthernetClient ethClient;

PubSubClient mqttClient(ethClient);

// NRF24L01 settings
RF24 radio(RF24_CE_PIN, RF24 CSN_PIN);

// Display settings
/*
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TM1-7Display display(DISPLAY CLK PIN, DISPLAY DIO_PIN);
uint§ td char=SEG B |SEG C|SEG D |SEG _E|SEG_G;
uint8 te char=SEG_A|SEG D |SEG E |SEG F|SEG G;
uint8 ti_char =SEG _C;

uint8 tn char=SEG C|SEG E |SEG G;

uint§ to char=SEG _C|SEG D |SEG_E | SEG_G;

uint8 tr char=SEG _E |SEG G;

uint8 tt char=SEG D |SEG E|SEG F|SEG G;

// Global variables

char verifyMgqttTopic[sizeof(MQTT_ENDPOINT VERITY) + sizeof(PRIVATE ID) + 2] {};
char controlMqttTopic[sizeof(MQTT_ENDPOINT CONTROL) + sizeof(PRIVATE ID) + 2] {};
bool isError = false;

unsigned long displayClearTime = 0;

void setup();

void loop();

bool setupEthernet();

void setupMqtt();

void ensureConnectMQTT();

void mqttCallback(char* topic, uint8 t* payload, unsigned int length);

void handleControlCallback(uint8 t* payload, unsigned int length);

void handleVerifyCallback(uint8 t* payload, unsigned int length);

bool setupRadio();

void sendMessageToModule(char* moduleld, uint8 t* data, uint8_t datal.ength);
void sendRadioMessage(uint8 t* pipeAddress, uint8 t* payload, uint§_t payloadLength);
void setupDisplay();

void showlInitText();

void showDoneText();

void showErrorText();

void showCodeOnDisplay(unsigned int code);

void setup() {
Serial.begin(SERIAL_PORT);
printf begin();

setupDisplay();
showInitText();

bool setupEthernetResult = setupEthernet();
bool setupRadioResult = setupRadio();

if (!setupEthernetResult || !setupRadioResult) {
isError = true;
showErrorText();
return;

b

setupMqtt();
showDoneText();
H

void loop() {
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if (isError) {
return;

b

if (displayClearTime != 0 && millis() >= displayClearTime) {
display.clear();
displayClearTime = 0;

}

ensureConnectMQTT();
mgqttClient.loop();

}

bool setupEthernet() {
for (byte attempt = 1; attempt <= 5; attempt++) {
if (Ethernet.begin(mac) ==1) {
printf("Ethernet«init success\n");
»return true;
H
printf("Ethernet«init error. Retry %i\n", attempy);
delay(1000);

printf("Ethernet«init error. Abort\n");
retyrn false;

}

void setupMqtt() {
streat(verifyMqttTopic, MQTT _ENDPOINT VERITY);
strcat(verifyMgqttTopic, "/");
s«mat(veriftyMqttTopic, PRIVATE ID);

strcat(controlMqttTopic, MQTT _ENDPOINT CONTROL);
strcat(controlMqttTopic, "/");
s«r»at(controlMqttTopic, PRIVATE ID);

mgqttClient.setServer(mgqttServer, mqttPort);
mqttClient.setCallback(mgqttCallback);
ensureConnectMQTT();

void ensureConnectMQTT() {
while (!mqttClient.connected()) {
if (mqttClient.connectMQTT_CLIENT ID, MQTT _AUTH_USERNAME,
MQTT_AUTH_PASSWORD)) {
printf("MQTT Bro«er (re)connect success\n");

» if (!mqttClient.subscribe(verifyMqttTopic))
printf("Fail sub«cribe. MQTT topic \"%s\"\n" ,»vernfy»qttTopic);
else
printf("Success «ubscribe. MQTT topic \"%s\"\n" »ver»fy»qttTopic);

if (!mqttClient.subscribe(controlMqttTopic))
printf("Fail sub«cribe. MQTT topic \"%s\"\n",»con»ronMgqttTopic);



else
printf("Success «ubscribe. MQTT topic \"%s\"\n" »con»ronMqttTopic);

}else {
printf("MQTT Bro«er connection error, rc=%d\n", mqttCl»ent.state());
delay(2000);

H

H
}

void mqttCallback(char* topic, byte* payload, unsigned int length) {
printf("\nMsg on«MQTT Topic \"%s\"\n" ,»top»c)»

if (stremp(topic, verifyMgqttTopic) == 0)
handleVerifyCallback(payload, length);
else if (strcmp(topic, controlMqttTopic) == 0)
handleControlCallback(payload, length);
}

void handle VerifyCallback(uint8_t* payload, unsigned int length) {
if (length !=4) {
printf("Verify M«TT msg invalid. Payload size != 4. Abort\n");
mturn;

}

unsigned int code = 0;
for (byte i =0; 1 <4; i++) {
int symbolAsInt = payload[i] - '0';
— ‘f”(symbolAsInt < 0 || symbolAsInt > 9) {

printf(" Varify M«TT msg invalid. Value is not digit: %i. Abort\n", payloa»[i]);

return;

}

code = code * 10 + symbolAsInt;

}

showCodeOnDisplay(code);
H

void handleControlCallback(uint8_t* payload, unsigned int length) {
if (length < 6) {
printf(""Control «QTT msg invalid. Payload size < 6. Abort\n");
mturn;

b

// pipeAddress is the moduleld
uint8 t pipeAddress[6] {};

unsigned int datal.ength = length - 5;
ui—t8_t data[dataLength]{};

memcpy(pipeAddress, payload, 5);
pipeAddress[5] ="0";
m‘mc’y(data, payload + 5, datal.ength);

sendRadioMessage(pipeAddress, data, datalength);

82



bool setupRadio() {
if (Iradio.begin()) {
printf("RF24 ini« fail. Abort");
r»turn false;

}

radio.setAutoAck(1);
radio.setPayloadSize(RADIO_PAYLOAD_ SIZE);
radio.setChannel(0x60);
radio.setPALevel(RF24 PA LOW);
radio.setDataRate(RF24 1MBPS);
radio.powerUp();

radio.stopListening();

printf("RF24 ini« success\n\n");
rad»o.printDetails();
printf("\n");
«ad»o.printPrettyDetails();
printf("\n");

«et»rn true;

void sendRadioMessage(uint8 t* pipeAddress, uint8 t* payload, uint8 t payloadLength) {
radio.flush_tx();
radio.openWritingPipe(pipeAddress);

for (byte i =0; i <RADIO SEND MAX RETRY COUNT; i++) {
bool success = radio.write(payload, payloadLength);
if (success) {
printf("RF24 msg«sent\n");

»return;

H

printf("Error on«RF24 msg. Retry %i\n", 1+ 1)»
H
printf("Error on«RF24 msg. Abort\n");

}

v»id setupDisplay() {
display.setBrightness(0x0f);
display.clear();

H

void showlnitText() {
uint8_tdata[] { i _char, n_char, i_char, t char };
display.clear();
display.setSegments(data);

H

void showDoneText() {
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uint8_tdata[] { d char, o_char, n_char, e char };
display.clear();
display.setSegments(data);
displayClearTime = millis() + 5000;
}

void showErrorText() {
uint8_t data[] { 0, e_char, r_char, r_char };
display.clear();
display.setSegments(data);

}

void showCodeOnDisplay(unsigned int code) {
if (code / 10000 > 0) {
printf("Code %i «ontains > 4 digits. Abort\n", code);» return;

}

display.clear();
display.showNumberDec(code, true);
displayClearTime = millis() + 60000;

Jlictunr A.2 — daiin Arduino/module-single-led.ino

#define SERIAL PORT 115200
#define PRIVATE_ID "mdIO1"

“defin” RF24 CE PIN9
#define RF24 CSN_PIN 10

#define RADIO_PAYLOAD_SIZE 32

#define LED PIN 6

#include <SPL.h>
#include <NRF241.01.h>
#include <RF24.h>
#include <printf.h>

// NRF24L01 settings
RF24 radio(RF24 CE_PIN, RF24 CSN_PIN);

void setup();

void loop();

void startRadio();

void readRadio();

void setupLed();

void toggleLed(bool isOn);
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void setup() {
Serial.begin(SERIAL PORT);
printf _begin();

setupLed();
startRadio();

}

void loop() {
readRadio();

b

void startRadio() {
if (Iradio.begin()) {
printf("RF24 ini* fail. Abort");
w”ile (true) {
delay(1);
}
}

radio.setAutoAck(1);
radio.setPayloadSize(RADIO_PAYLOAD_ SIZE);

uint8 t pipeAddress[6] = PRIVATE ID;
radio.openReadingPipe(0, pipeAddress);

radio.setChannel(0x60);
radio.setPALevel(RF24 PA LOW);
radio.setDataRate(RF24 1MBPS);

radio.powerUp();
radio.startListening();

printf("RF24 ini* success\n\n");
rad”o.printDetails();
printf("\n");
“ad”o.printPrettyDetails();

void readRadio() {
if (Iradio.available()) {
return,;

}

uint8_t receivedDatalRADIO_PAYLOAD_SIZE + 1];
radio.read(&receivedData, RADIO _PAYLOAD_ SIZE);

Serial.print("Received*“data: ");

for“(byte i = 0; i < RADIO_PAYLOAD_SIZE; i++) {
Serial.print(receivedData[i]);
Serial.print(" ");

} “Serial.println();
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bool isOn = receivedData[0] == 1;
toggleLed(isOn);

b

void setupLed() {
pinMode(LED_PIN, OUTPUT);

}

void toggleLed(bool isOn) {
if (isOn)
digital Write(LED PIN, HIGH);
else
digital Write(LED PIN, LOW);

}
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JIONATOK B

Koz nmporpamu ynpasiiHHS CUCTEMOIO

Jlictuar b.1 — ¢aiin DeviceController.cs
using System;

using System.Linq;

using System.Net.Mime;

using System.Threading.Tasks;

using Microsoft. AspNetCore. Authorization;

using Microsoft. AspNetCore.Http;

using Microsoft. AspNetCore.Mvc;

using ModularHouse.Libraries.InternalMessaging. CQRS. Abstractions;

using ModularHouse.Libraries.InternalMessaging. DomainEvents. Abstractions;
using ModularHouse.Server.DeviceControl. Api.Http.MappingExtensions;
using ModularHouse.Server.DeviceControl. Application. CQRS.Commands;
using ModularHouse.Server.DeviceControl. Application.CQRS.Queries;

using ModularHouse.Server.DeviceControl. Domain.DeviceAggregate. DomainEvents;
using ModularHouse.Shared. Models.Common.Responses;

using ModularHouse.Shared.Models.DeviceControl.Requests;

using ModularHouse.Shared.Models.DeviceControl.Responses;

namespace ModularHouse.Server.DeviceControl. Api.Http.Controllers;

[ApiController]
[Authorize]
[Produces(MediaTypeNames.Application.Json)]
[Route("api/devi«es")]
publi» class DeviceController : ControllerBase
{

private readonly IMessageBus _messageBus;

private readonly IDomainEventBus _domainEventBus;

public DeviceController(IMessageBus messageBus, IDomainEventBus domainEventBus)

{

ArgumentNullException. ThrowIfNull(messageBus);
ArgumentNullException. ThrowIfNull(domainEventBus);
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_messageBus = messageBus;

_domainEventBus = domainEventBus;

/Il <summary>
/Il Get All Devices.
/Il </summary>
/// <returns>ActionResult with List of Devices.</returns>
[HttpGet]
[ProducesResponseType(typeof(ListedResponse<DeviceResponse>),
StatusCodes.Status2000K)]
public async Task<IActionResult> GetAllAsync()
{
var query = new GetAllDevicesQuery();
var queryResponse = await _messageBus.SendAsync(query);
var devices = queryResponse.Devices.Select(deviceDto =>
deviceDto.ToResponse()). ToList();

var response = new ListedResponse<DeviceResponse>(devices, queryResponse.TotalCount);

return Ok(response);

/Il <summary>
/// Get Device by 1d.
/Il </summary>
/Il <param name="deviceld»>Id of D»vice to get.</param>
/Il <returns>ActionResult with Device.</returns>
[HttpGet(" {devicel«:guid}")]
[»roducesResponseType(typeof(DeviceResponse), StatusCodes.Status2000K)]
[ProducesResponseType(typeof(ErrorResponse), StatusCodes.Status404NotFound)]
public async Task<IActionResult> GetByldAsync([FromRoute] Guid deviceld)
{

var query = new GetDeviceByldQuery(deviceld);

var queryResponse = await _messageBus.SendAsync(query);

var response = queryResponse.Device. ToResponse();

return Ok(response);
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/// <summary>
/Il Create Device.
/Il </summary>
/// <param name="requestB»dy">Input d»ta of Device to create.</param>
/// <returns>ActionResult with created Device.</returns>
[HttpPost]
[ProducesResponseType(typeof(DeviceResponse), StatusCodes.Status2000K)]
[ProducesResponseType(typeof(ErrorResponse), StatusCodes.Status400BadRequest)]
public async Task<IActionResult> CreateAsync([FromBody] DeviceRequest requestBody)
{
var devicelnput = requestBody. ToDto();

var command = new CreateDeviceCommand(devicelnput);

var deviceCreatedEventWaitTask = domainEventBus.WaitAsync<DeviceCreatedEvent>();
await _messageBus.SendAsync(command);

var deviceCreatedEvent = await deviceCreatedEventWaitTask;

var getDeviceByldQuery = new GetDeviceByldQuery(deviceCreatedEvent.Deviceld);
var getDeviceByldQueryResponse = await _messageBus.SendAsync(getDeviceByldQuery);

var response = getDeviceByldQueryResponse.Device. ToResponse();

return Ok(response);

/Il <summary>

/// Update Device.

/Il </summary>

/Il <param name="deviceld»>Id of D»vice to update.</param>

/Il <param name="requestB»dy">Input d»ta of Device to update.</param>

/Il <returns>ActionResult with updated Device.</returns>

[HttpPut(" {devicel«:guid}")]

[»roducesResponseType(typeof(DeviceResponse), StatusCodes.Status2000K)]

[ProducesResponseType(typeof(ErrorResponse), StatusCodes.Status400BadRequest)]

[ProducesResponseType(typeof(ErrorResponse), StatusCodes.Status404NotFound)]

public async Task<IActionResult> UpdateAsync([FromRoute] Guid deviceld, [FromBody]
DeviceRequest requestBody)

{
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var devicelnput = requestBody.ToDto();

var command = new UpdateDeviceCommand(deviceld, devicelnput);

var deviceUpdatedEventWaitTask = domainEventBus. WaitAsync<DeviceUpdatedEvent>();
await _messageBus.SendAsync(command);

var deviceUpdatedEvent = await deviceUpdatedEventWaitTask;

var getDeviceByldQuery = new GetDeviceByldQuery(deviceUpdatedEvent.Deviceld);
var getDeviceByldQueryResponse = await _messageBus.SendAsync(getDeviceByldQuery);

var response = getDeviceByldQueryResponse.Device. ToResponse();

return Ok(response);

/// <summary>
/// Delete Device by 1d.
//l </summary>
/// <param name="deviceld»>Id of D»vice to delete.</param>
/// <returns>ActionResult.</returns>
[HttpDelete(" {devicel«:guid}")]
[»roducesResponseType(StatusCodes.Status2000K)]
[ProducesResponseType(typeof(ErrorResponse), StatusCodes.Status404NotFound)]
public async Task<IActionResult> DeleteByldAsync([ FromRoute] Guid deviceld)
{

var command = new DeleteDeviceByldCommand(deviceld);

var deviceDeletedEventWaitTask = domainEventBus.WaitAsync<DeviceDeletedEvent>();

await _messageBus.SendAsync(command);

await deviceDeletedEventWaitTask;

return Ok();

}

Jlictunr B.2 — ¢aiin DeviceControlController.cs
using System;

using System.Net.Mime;

using System.Text.Json.Nodes;

using System.Threading.Tasks;
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using Microsoft. AspNetCore.Authorization;

using Microsoft. AspNetCore.Http;

using Microsoft. AspNetCore.Mvc;

using ModularHouse.Libraries.InternalMessaging. CQRS. Abstractions;

using ModularHouse.Libraries.InternalMessaging. DomainEvents. Abstractions;
using ModularHouse.Server.DeviceControl. Api.Http.MappingExtensions;
using ModularHouse.Server.DeviceControl. Application. CQRS.Commands;
using ModularHouse.Server.DeviceControl. Application. CQRS.Queries;

using ModularHouse.Server.DeviceControl. Domain.ModuleStateAggregate. DomainEvents;
using ModularHouse.Shared.Models.Common.Responses;

using ModularHouse.Shared.Models.DeviceControl.Requests;

using ModularHouse.Shared.Models.DeviceControl.Responses;
namespace ModularHouse.Server.DeviceControl. Api.Http.Controllers;

[ApiController]

[Authorize]
[Produces(MediaTypeNames.Application.Json)]
[Route("api/devi“es/{deviceld:guid}/control")]

publi” class DeviceControlController : ControllerBase
{

private readonly IMessageBus messageBus;

private readonly IDomainEventBus _domainEventBus;

public DeviceControlController(IMessageBus messageBus, IDomainEventBus
domainEventBus)
{
ArgumentNullException. ThrowIfNull(messageBus);
ArgumentNullException. ThrowIfNull(domainEventBus);

_messageBus = messageBus;

_domainEventBus = domainEventBus;

//l <summary>
/// Get State of Module Device.
/Il </summary>

/Il <param name="deviceld>Id of M”dule Device.</param>
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/// <returns>ActionResult with State of Module Device.</returns>
[HttpGet("module-s“ate")]
[’roducesResponseType(typeof(BinaryModuleStateResponse), StatusCodes.Status2000K)]
[ProducesResponseType(typeof(ErrorResponse), StatusCodes.Status400BadRequest)]
[ProducesResponseType(typeof(ErrorResponse), StatusCodes.Status404NotFound)]
public async Task<IActionResult> GetModuleStateAsync([FromRoute] Guid deviceld)
{

var getStateQuery = new GetModuleStateQuery(deviceld);

var getStateQueryResponse = await _messageBus.Send Async(getStateQuery);

var response = getStateQueryResponse.State. ToResponse();

return Ok(response);

/// <summary>
/// Set State of Module Device.
//l </summary>
/// <param name="deviceld”>Id of M”dule Device.</param>
/// <param name="requestB”’dy">Input d’ta of State to set.</param>
/// <returns>ActionResult with State of Module Device.</returns>
[HttpPatch("module-s“ate")]
[’roducesResponseType(typeof(BinaryModuleStateResponse), StatusCodes.Status2000K)]
[ProducesResponseType(typeof(ErrorResponse), StatusCodes.Status400BadRequest)]
[ProducesResponseType(typeof(ErrorResponse), StatusCodes.Status404NotFound)]
public async Task<IActionResult> SetModuleState Async(

[FromRoute] Guid deviceld,

[FromBody] JsonObject requestBody)

var getControl TypeQuery = new GetControlTypeQuery(deviceld);
var getControl TypeQueryResponse = await
_messageBus.SendAsync(getControl TypeQuery);

var input = requestBody. TolnputDto(getControl TypeQueryResponse.Control Type);

var setStateCommand = new SetModuleStateCommand(deviceld, input);

var stateUpdatedEventWaitTask =
_domainEventBus. WaitAsync<ModuleStateUpdatedEvent>();

await _messageBus.SendAsync(setStateCommand);
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await stateUpdatedEventWaitTask;

var getStateQuery = new GetModuleStateQuery(deviceld);
var getStateQueryResponse = await _messageBus.SendAsync(getStateQuery);

var response = getStateQueryResponse.State. ToResponse();

return Ok(response);

/Il <summary>

/// Set view of Router Device display.

//l </summary>

/// <param name="deviceld”>Id of R”uter Device.</param>

]

/// <param name="input">1"put d’ta of controlled display.</param>

/// <returns>ActionResult.</returns>

[HttpPatch("router-d““splay")]

public async Task<IActionResult> SetRouterDisplay ViewAsync(
[FromRoute] Guid deviceld,

[FromBody] SetRouterDeviceViewRequest input)

var command = new SetRouterDisplay ViewCommand(deviceld, input. Text. ToCharArray());

await _messageBus.SendAsync(command);

return Ok();



JIOJIATOK B

JlemoHcTpaliitHuii MaTepian y BUIVISAL PE3eHTallli

MiHicTEpCTBO OCBITH 1 HayKH YKpaiHu
XapKiBCHKHIl HAITIOHABLHUI YHIBEPCUTET Pajll0eIeKTPOHIKU
Kadenpa KITAP
KBAJIIDIKAITIITHA POBOTA

Ha temy: Po3po0Oka cucteMa aBToMaTH3aIli — po3yMHHIT OyIIHOK
«Modular House»

Buxonas: KepiBHUK:

ct. rp. AKTAKIT-20-1 CT. BUKIL. Kad. KITAP
KOcymnos B.T. Tecmrok C. L. '



Merta kBamidikamiitnoi podoTn

Ha cporommimHiil JeHb KOHIEMNIS pPO3YMHOIO OyJHHKY CTae Bce OUIbII
ABTOMaTH3allil Ta IHTeIeKTyalbHe KepyBaHHS PI3HHMH CHCTEMaMH B OCeldi J03BOJISE
piBeHE KoMQopTy, Oeslekn Ta eHeproedeKTHBHOCTI. Po3BHTOK TexHomorili IHTepHeTY
OOCTYIHICTh PI3HOMAaHITHUX IIPHCTPOIB 1 pillleHb JUI1 aBTOMAaTH3allii BIIKpHUBAIOTH HOBI MO
JUTS CTBOPEHHS PO3YMHUX OY/IHHKIB.

Mera po0OoTH — TOKpamieHHS pOOOTH CHCTEMH pO3YMHOIO OYyHMHOK 3a paxXyHOK
eCIepPUMEHTATBHOIO MAKeTy 3 IEKUIbKOMA PeKIMaMI POOOTH B 3a/IEKHOCTI BT TOTPed KOPHCTyBada B
peasbHOIO Yacy

O0’€eKT po3poOKI — aBTOMATH3allis IpOIleCcY PeryIIOBaHHS CTaHy PO3YMHHX MOIYIIIB.

IIpenmet po3pobOKn — cucTeMa po3yMHOT0 OyIHHKY Ha 6a3i BeO-cepBicy.



,HJIH IOOCATHEHHS IIOCTABIIEHOI METHU HEOﬁXiJIHO BHKOHATH HaCTYI'IHi 3a

— MIpoaHaJIi3yBaTH ICHYIOUl CHCTEMH PO3YMHOIO OYy/INHKY;

— [IPOaHaII3yBaTH METOIN YIIPABIIHHS PO3YMHHIM OYIHHKOM;

— pO3pOOUTH CXeMy MaKeTa,

— obpatn cepey po3poOKH;

— HaIpcaTu IporpaMy JUIs aBTOMaTH3allli yIpaBIIiHHS;

— oopmutn kBamigikamiitHy poboty 3rijHo JICTY 3008:2015 [1], a Takox
3 METOJIMTYHUMH BKa3iBKaMH 3 MMiJIFOTOBKH i oopMIIeHHS KBaJi]ikarliilHoi poboTn
3;100yBadaMHu nepiioro (bakanaBpchKOTo) PiBHS BUIIOI OCBITH cremiaabHOCTI 151

ABTOMaTH3aIlis Ta KOMII’ FOTEPHO-IHTETpOBaHi TeXHOJOTIi [2-4].



MeToau KepyBaHHS PO3YMHUM BYJMHKOM

IcHye nexinbka MeTO/IiB KepyBaHHS PO3YMHHM OyJIHHKOM:
~  aBTOMAaTUYHE KepyBaHHS;
~  KepyBaHHS 3a JOIIOMOTOI0 JHUCTAHIIITHOTO MyJIbTa Ta MaHeli KepyBaHHS;

~  BlJyIaneHe KepyBaHHS.




ABTOMaTHYHE KepyBaHHS PO3YMHHM OYIHHKOM — I1€ CHCTeMa, SIKa JI03BOJISIE
KOHTPOJIFOBAaTH Ta KePYBaTH PI3HHUMH IIPHCTPOSIMHU Ta (PYHKIISIMU B OyJIMHKY 3a JJOIIOMOTOIO
aBTOMaTH30BaHHX IIPOLECIB Ta IIPOrpaMOBaHOI JIOTIKH.

HalimonmmpeHinmMe 3aco0amMH KepyBaHHS OyHHKOM € JHCTaHIiITHe KepyBaHHSL.
HaityacTinie BUKOPHCTOBY€EThCS MYIBT JAHCTAHINITHOTO KePYBaHHS Ta MaHeb YIIPaBIiHHA.

Ha crnalizi HaBeJJleHO MYJET JJUCTAHIIITHOTO KepyBaHHs pO3YMHHM OYINHKOM
ELANHR2.

CucTeMa BiJIIaJIeHOTO JIOCTYITY JI03BOJISE KepyBaTH OYIMHKOM 3 KOMIT'TOTepa,
IUTaHIIeTa 9 Tenedony. Jist boro noTpibHO MaTH cepBep CUCTEMH PO3YMHOIO OYAMHKY.
el cepBep MiIKIIIOYAETHCS JI0 JIOKATBHOI Mepexi 3 OJHOro 00Ky Ta 0 iHpopMaIliiHoi
cIIy>k01 KepyBaHHS 3 iHIIOro. Ilicis nboro cepBep Moke IepeHarpaBIsaTH KOMaHIH, SKI
HaJIXOIITh Yepe3 JOKAITbHY MEPEeKy Bill MENIKaHIIA, 10 KePYIOUHX IPUCTPOIB OY/IHHKY.




OcHoBa 1a00paTOPOHOTO MAKETY

Ha crnaiimi HaBemeHo MikpokoHTpouiep Arduino UNO, pazgio Momyib
NRF241.01 Ta agantep 10 pagio moxyinst NRF241.01
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OcHoBa 1a00paTOPOHOTO MaKETy

Ha cnaiini HaBemeHo Moayib xkuBiaeHHA 11t Arduino UNO Ta mnaty Arduino Nano
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Koa nporpamu

VYeporo Oyrno po3po0iieHo JBa MOAYIIi: MOXYIIb poyTepa Ta MOIY/Ib JaMIIOYKH.

Koz poytepa HaBenieHo y ¢aiini router.ino. Koz posmnoziiserscs Ha 2 OCHOBHI MeTOJa:
setup() Ta loop(). Ha ciaiini HaBeeHO Ko (ailty router.ino, metox setup()

setupRad

| setupEthernetResult

isError




loop() {
(isError) {

>

(displayClearTime != 0 & millis() >= displayClearTime) {

display.clear();

displayClearTime =

ensureConnectMQTT();
mqttCllent v ())




/leMOHCTpaLlig po60TH CUCTEMM

JIiist moyaTKy eKCclepiMeHTY HeoOXiTHO 3aIlyCTHTH anapaTtHy JacTuHy. [licis
BMHKaHHS CHCTEMH, Ha JIHCIUIeH BHBOIUTHCS MTOBiIOMIIEHS cTaHy cucTeMu. Hapasi
cHcTeMa y CTaHi iHiniami3anii Tomy Oyze BuBeieHo init. Ha ciaiiii HaBeleHO JHUCIUIEH,
SIKHI B1JJOOpaae MOTOYHHIH CTaH CHCTEMI.

SIK10 IOMIIIKY He BUHHKA€, TO Ha JIUCIUIeH poyTepa BHBOUThCA done. Ha craiii
HAaBEJICHO JIICILIEH, SKHII B1JoOpakae IIOTOYHHII CTaH CHCTEMHU.




/leMOHCTpaLia poboTH cUCTEMM

B SKOCTI eKCIIEpHMEHTY IIPOBEeIeMO BMUKAHHS Ta BUMHKAHHS MOJYJIS JIAMIIOYKH.
Jls peamizamii eKCIIiepUMEHTY HEOOXiJTHO CTBOPUTH pOyTep Ta MOMAY/Ib JamIodku. Ha

CJIaiiIIi1131361161{()I)Eﬂ3yUII{fEYT CTBOPEHHS MOAYILL pOyTepa Ta MOAYIIS JIaMITOYKH

< Response body

"id": "flde2bb4-b46c-48bf-aac2-30488068a585",
“privateld”: "rtrol”,

"deviceType": "router”, Code Details
"controlType": "defaultRouter”,

"additionDate": "2024-06-17T19:19:13.7445354Z" 200

Response body

“id": "b3fb66le-34b4-4d03-2852-8d51bc3e719b",
"privateld": "mdl01",
"deviceType": "module",

"controlType": “"binary",
"additionDate": "2024-06-17T19:21:44,8801049Z2"



/leMoHCTpaLis poboTH CUCTEMM

ITiciis cTBOpeHHS MOIYII poyTepa Ta MOJIYJS JIAMIIOYKH, ITPOMAHINYIIFOEMO CTaHOM
MoIyIsl JIaMnodkH. CrodaTky yBIMKHEMO MOIYIb JaMrodku. Ha criaiiii HaBegeHO

34allHT Ta pe3yiIbTaT YBIMK[{BI{HSI MOIOVIIA JIaMIIOYKH.

m fapi/devices/{deviceId}/control/module-state S

Paramaters

Name Description

devicald ® = “  |d of Module Device.

TR b3ib661e-34b4-4003-2852-8051bc3eT

(path) I 1 Tbc3e7 198 |
Request body

Input data of State fo set

value: true

Code Details

Response body




/leMoHCTpaLlig poboTU cMCTEMM

Caimionios Ha MOIYIi JaMIIOYKH yBIMKHYBcS. Ha criaiini HaBeleHO HMOTOYHHUIl CTaH

MOJIYJIS IaMIIOYKH y aKTUBHOMY CTaHi




/leMOHCTpaLis poboTu CMCTEMMU

Tenep BHMKHEMO MOIYJb JIaMIIOYKH. Ha cnaiiii HaBeJeHO 3aIUT Ta pe3yIIbTarT

BHMKHCHHS MOAYIIA JIAMITOYKH

m /api/devices/{deviceld}/control/module-state Set State of Modue Device

Parameters

Nome Description

deviceld * “**** |d of Module Device.

iyl b3fb66 1e-34b4-4003-a852-8451bc3e7 19D

Request body

Input data of State to set.

“value®:false

Code Details

200 Response body

{
“deviceld”:
“value™: fa

}




/leMOHCTpaLia pob6oTH cUCTEMMU

MOI[YJII: JIaMITIOYKH BUMKHYBCI. Ha cnaﬁ,ui HaBCJICHO TIOTOYHHI CTaH MOAYIIA JIaMIIOYKH

y BUMKHEHOMY CTaHi.




BIICHOBKH

Mertoto kBamidikamniitHoi poboTH € po3podka cCTeMH aBTOMaTH3AaIlii
PO3YMHOTO OYIHHKY, fKa Ma€ JeKUIbKa PEeXUMIB pOOOTH B 3aJI€KHOCTI B TOTped
BHPOOHUIITBA Ta KEPYE CTAHOM ITL/T’€THAHUX PO3YMHHX MOAYIIB B PEXKIMI
peanbHOTO Yacy.

JIst mocATHEHHS TTOCTaBIeHOl METH OyII0 BUKOHAHO HACTYIIHI
3aBJIaHHA:

— aHaJll3 HeJIOMIKIB ICHYIOUHUX CHCTEM;

— aHalll3 MeTO/IIB KEPYBAHHA PO3yMHUM OYIHHKOM;
— CKJIAJIaHHS MaKeTy CHCTEMU;

— po3poOKa Koy MikpokoHTpoiepa Arduino UNO:;
— po3po0Ka KoJly cepBepHOI YaCTHHH;

— MPOBEICHHS eKCIIEPUMEHTY.



TOJATOK T

BinomicTe kBamidikariifHoi pobotu OakanaBpa

113

No :
. JlomaTkoBl
JIOKY- ITo3HauenHs HavimenyBanns . .
B1JIOMOCTI
MEHTa
TexcToBi TOKYMEHTH
1 I'FOUK.565100.018 113 [TosicatoBanpHa 3anucka | /8 c., ¢. A4
2 Jlo/1aTKOB1 MaTepiaiu
Kox nporpamu mis Arduino | 8c., ¢. A4
UNO
Koa nporpamu st 7c.,b. Ad
YIPABJIIHHS CUCTEMOIO
JlemoHCTpatiifHmit 19c.,
Marepian ¢. *.pptx
y BUTJIA/II Tpe3eHTalli
I'OWK.565100.018 B/
3wmiH. |Apk. | Howmep moxym.  |Iligmmc Hata
Po3pob. IOcymos B. T. (Fpr | 13.06.2024 P03p061<a CUCTEMHU litepd Apkyur | Apkymiis
ITepesip. Tecmok C. L. aBTOMaTI/ISaHﬁ _ H 1 1
Hoxomp. | CraporyGuen MLT PO3YMHHI OYJTUHOK Kagenpa KITAP
"Modular House" XHYPE
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