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JIOJIATOK B

Jlictunr b.1 — GPS parser to parse GPGGA and GPRMC sentences received from
GPS module

/* GPS parser to parse GPGGA and GPRMC sentences received from GPS module.
It is based on a generic parser that parses data from a Start character
to an End Character.

Message format considered here is:
StartChar|Data|CheckChar|Checksum|EndChar

The 'Data' field is separated by a parameter called 'separator'’

The checksum is calculated for the Data field, i.e., for all characters
between Start Character and End Character*/

* X X X X ¥ ¥

#include <Arduino.h>
#include "gps_parser.h"
#include <string.h>

uint8 T* dataBuffer = NULL; // Declare the buffer

extern "C" void initialSetup(uint8_T bufferSize)
{
dataBuffer = (uint8 T*)calloc(bufferSize,sizeof(uint8 T));
// Allocate memory to the buffer

if(NULL == dataBuffer){

// Check if memory is allocated to the buffer
Serial.println("Failed to allocate memory to the buffer");
printf("Memory not allocated");
exit(0);

}

extern "C" void releaseBuffer(){
free(dataBuffer); // Free the allocated memory
dataBuffer = NULL;

}

void parseData(uint8 T *rawStream
, uint32_T *time
, float *latitude
float *longitude
uint8 T *noSat
double *hdop
double *alti
double *msl
double *speed
double *tckAngle
uint32_T *date
, uint8_ T bufferSize
, uint8_ T separator
, int8 T *statusOut){

L S )
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uint8 T *commaPtr = NULL; // Pointer to present comma
uint8 T *nextCommaPtr = NULL; // Pointer to next comma
uint8_ T *lastCommaPtr = NULL; // Pointer to last comma



uint8_T *placeholder = NULL; // Temporary value holder

int lengthField = 0; // Length of the temporary holder
int isGPGGA = 9; // Flag to check if the sentence is GPGGA

int isGPRMC = ©; // Flag to check if the sentence is GPRMC

int commaCount = 0; // Counter for the number of commas encountered

*statusOut = 0;

isGPGGA = strncmp(rawStream, "GPGGA", 5); // Is sentence GPGGA?
isGPRMC = strncmp(rawStream, "GPRMC", 5); // Is sentence GPRMC?
int state = -1; // State variable

// State 1: GPGGA sentence
// State 2: GPRMC sentence

if (!isGPGGA) // GPGGA state
state = 1;
else if (!isGPRMC) // GPRMC state
state = 2;
else
state = -1; // Default state

if (!isGPGGA | !isGPRMC) {

lastCommaPtr = rawStream; // Store the pointer to the last comma
while(lastCommaPtr != NULL){ // Continue until the end of the sentence
commaPtr = strchr(lastCommaPtr + 1, separator);
// Pointer to the present comma (+1 to avoid the present comma being accounted for)
nextCommaPtr = strchr(commaPtr + 1, separator);
// Pointer to the next comma
lengthField = (nextCommaPtr - 1)- (commaPtr + 1) + 1;
// Length of the temporaty placeholder buffer

placeholder = (uint8 T*)calloc(lengthField, sizeof(uint8 T));
// Allocate memory to the temporary buffer

if(lengthField > @ & NULL == placeholder){
// Check if memory is allocated to the buffer
// The placeholder can be NULL if there are no characters between two commas

*statusOut = -4;
exit(@);
}

for(int 1 = 9; i < lengthField; i++){
// Add the elements to the temporary placeholder buffer
placeholder[i] = commaPtr[i+l1];

}
placeholder[lengthField] = "\0'; // Append a null character at the end

switch(state){
case 1:

switch(commaCount){
// Assign the output elements depending on the number of commas read
case 0:
*time = (uint32_T)strtol(placeholder, NULL, 10); // TIME
break;



case 1:
*latitude = atof(placeholder); // LATITUDE
lastCommaPtr = commaPtr;
commaPtr = strchr(lastCommaPtr + 1, separator);
// Account for the direction of Latitude
// If 'S' then the value is negative
// If 'N' then positive
commaCount++;
if (*(commaPtr + 1) == 83 ){ // If the character is an 'S’
(*latitude) = (*latitude)*(-1); // Multiply by -1
}

break;

case 3:
*longitude = atof(placeholder); // LONGITUDE
lastCommaPtr = commaPtr;
commaPtr = strchr(lastCommaPtr + 1, separator);
// Account for the direction of the longitude
// If 'W' the value is negative
// If 'E' the value is positive
commaCount++;
if (*(commaPtr + 1) == 87 ){ // If the character is 'W'
(*longitude) = (*longitude)*(-1); // Multiply by -1
}

break;
case 5:

if (*(commaPtr + 1) == '1"){
*statusOut = 1;

}

else{
*time = 0;
*latitude = 0;
*longitude = 0;

¥

break;

case 6:
*noSat = (uint8 _T)strtoul(placeholder, NULL, 10);
// NUMBER OF SATELLITES
break;

case 7:
*hdop = strtod(placeholder, NULL);
// HORIZONTAL DILUTION OF POSITION
break;

case 8:
*3lti = strtod(placeholder, NULL); // ALTITUDE
break;

case 10:
*msl = strtod(placeholder, NULL); // MEAN SEA LEVEL
break;

default:
break;

}

break;

case 2:



switch(commaCount){
// Assign the output elements depending on the number of commas read

case 0: // TIME
*time = (uint32_T)strtol(placeholder, NULL, 10);
break;

case 1:
if (*(commaPtr + 1) == 'A"){

*statusOut = 1;

}
break;

case 2:
*latitude = atof(placeholder); // LATITUDE

lastCommaPtr = commaPtr;
commaPtr = strchr(lastCommaPtr + 1, separator);
// Account for the direction of Latitude
// If 'S' then the value is negative
// If 'N' then positive
commaCount++;
if (*(commaPtr + 1) == 83 ){ // If the character is 'S’
(*latitude) = (*latitude)*(-1); // Multiply by -1
}

break;

case 4:
*longitude = atof(placeholder); // LONGITUDE
lastCommaPtr = commaPtr;
commaPtr = strchr(lastCommaPtr + 1, separator);
// Account for the direction of Longitude
// If 'W' then the value is negative
// If 'E' then positive
commaCount++;
if (*(commaPtr + 1) == 87 ){ // If the character is 'W'
(*longitude) = (*longitude)*(-1); // Multiply by -1

}
break;
case 6:
*speed = strtod(placeholder, NULL); // SPEED
break;
case 7:
*tckAngle = strtod(placeholder, NULL); // TRACK ANGLE
break;
case 8:
*date = (uint32_T)strtol(placeholder, NULL, 10); // DATE
break;
default:
break;
}
break;
default:
break;
}
free(placeholder); // Free the pointer

placeholder = NULL;

commaCount++;



lastCommaPtr = commaPtr;

}

uint8 T fetchChecksum(uint8 T *pointToCheckChar, uint8 T endChar, int8_T *status){

uint8 T *pointToEndChar = NULL; // Location to the end character
uint8 T *checksumString = NULL; // Checksum ASCII values

uint8_T checksum = ©; // Value to be returned

uint8_T checksumLength = ©; // Length between checkChar and endChar

pointToEndChar = strchr(pointToCheckChar, endChar);

checksumLength = (pointToEndChar - 1) - (pointToCheckChar + 1) + 1;
/* The checksum string starts one after the Check Character and ends

* one character before the End Character.

* Additional 1 for the '\@' character.*/

checksumString = (uint8_T*)calloc(checksumLength+l, sizeof(uint8 T)); //
Allocate the memory to store checksum ASCII characters

if (checksumString == NULL){ // If memory not allocated
*status = -3; // Indicate on the status output
printf("Memory not allocated"); // Throw an error
exit(0); // Exit the program

}

for(int 1 = @; i < checksumLength; i++){ // Loop over length of checksum received

checksumString[i] = pointToCheckChar[i+1];
/* Append to the checksum array.
* The +1 on RHS is because the characters after checkChar until
* EndChar is the checksum value*/

}

checksumString[checksumLength] = "\0";
// Append NULL charcater at the end of the array
checksum = (uint8_T)strtoul(checksumString, NULL, 16);
// Convert the received ASCII checksum HEX value to a uint8

free(checksumString); // Free the allocated memory
checksumString = NULL;
return checksum; // Return the calculated checksum

}

extern "C" void readData(uint8_T *inData
, uint8_T datalLength
, const uint8 T startChar
, const uint8_T endChar
, const uint8 T separator
, const uint8 T checkChar
, uint8_T *retString
, const uint8_T bufferSize
, int8 T *status){

uint8_T presentChar = 9; // Present character
uint8_T checksum = ©; // Checksum value

uint8_T *pointToCheckChar = NULL; // Pointer to the check character
static bool storeData = false; // Flag to start storing to an array

static bool storeChecksum = false; // Flag to start storing checksum
static int index = 0; // Index of the Data field



static uint8_ T parity = 0; // Parity to be calculated

*status = 0; // Reset status at every time step

for(int i = @; i < dataLength; i++){
// For each of the element of the string received

presentChar = inData[i];
// Present character read from the input string

if (index == bufferSize) // If the buffer is overfull
{
memset (dataBuffer,0, bufferSize); // Reset the buffer
parity = 0; // Reset the parity
index = 0; // Reset the index
storeData = false; // Disable storing Data Buffer
storeChecksum = false; // Disable storing checksum
*status = -2; // Indicate overfull on the status flag
continue; // Go to waiting for start character state
}
if (!storeData){ // Waiting for start character
if(presentChar == startChar){ // If start character is located

storeData = true;
// Enable flag to store the values in the Data Buffer

memset (dataBuffer, 0, bufferSize); // Reset the
parity = 0; // Reset the
continue; // Go to the next character in
}
}
else{

/* If another start character is received
* (as an unexpected behaviour)*/
if(presentChar == startChar){

// Reset the buffer
memset (dataBuffer,0, bufferSize);
// Reset the parity

parity = 0;

// Reset the index

index = 9;

// Continue to the next character in the for loop
continue;

}

buffer
parity
the for loop

/* If the character is the check character, indicate that the

* next characters will be checksum values*/
else if(presentChar == checkChar){

// Flag to indicate checksum is to be read
storeChecksum = true;

}

/* If the character is the end character then:
* 1. Stop storing in the Data Buffer

* 2. Fetch the checksum value from the string
* 3, Reset the Data buffer and Flags*/



else if(presentChar == endChar){

}

// Append to the Data Buffer

dataBuffer[index] = presentChar;

// Pointer to the check character
pointToCheckChar = strchr(dataBuffer, checkChar);

// Fetch the checksum value received from the sentence
checksum = fetchChecksum(pointToCheckChar, endChar, *status);

// If calculated parity and checksum matches
if (parity == checksum){

// Reset the string to be returned
memset(retString, @, bufferSize);

/* Copy the characters between startChar and checkChar
* to the output */
strncpy(retString, dataBuffer,
(pointToCheckChar - dataBuffer));
retString[ (pointToCheckChar - dataBuffer) +1] = '\0';

*status = 1;

}
else{
// Reset the output
memset(retString, @, bufferSize);
}

// Reset the buffer
memset(dataBuffer, 0, bufferSize);
// Reset the parity

parity = 0;
// Reset the index
index = 0;

// Disable storing of the Data Buffer
storeData = false;

// Disable storing checksum
storeChecksum = false;

continue;

/* If the character is between startChar and checkChar

* calculate the parity*/

if (!storeChecksum){

}

parity = parity”presentChar;

/* Append the present character to the DataBuffer

* Appends the characters between startChar and endChar
* excluding the two*/

dataBuffer[index++] = presentChar;



#ifndef _GPS_PARSER H_
#define _GPS_PARSER H_
#include "rtwtypes.h"

#ifdef _ cplusplus
extern "C" {
#endif

// Read the data from the input port and process
void readData(uint8 T* buffer
, uint8_ T datalLength
, const uint8_T startChar
, const uint8_T endChar
const uint8_ T separator
const uint8_T checkChar
uint8_T *yout
const uint8_T bufferSize
, int8_T *status);
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// Allocate the buffer
void initialSetup(uint8_ T bufferSize);

// Free the buffer

void releaseBuffer();

// Find the checksum from the NMEA string

uint8_T fetchChecksum(uint8 T *pointToCheckChar, uint8 T endChar, int8_T
*status);

void parseData(uint8 T *rawStream
uint32_T *time
float *latitude
float *longitude
uint8_T *noSat
double *hdop
double *alti
double *msl

double *speed
double *tckAngle
uint32_T *date
uint8_T bufferSize
uint8_T separator
, int8_T *status);

L S ¥ Y
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#ifdef _ cplusplus

}

#endif

#endif //_GPS_PARSER_H_

Jlictunr b.2 — Listing for sender the data from GPS module to IoT ThingSpeaks

#include <TinyGPS++.h>
#include <SoftwareSerial.h>
#include "ThingSpeak.h"
#include <ESP8266WiFi.h>

static const int RXPin = 12, TXPin = 13;
static const uint32 t GPSBaud = 9600;



// repace your wifi username and password

const char* ssid = "Ehor";

const char* password = "***F*xxxkkne

unsigned long myChannelNumber = 1281267;

const char * myWriteAPIKey = "AME6XGOSJ7LJUQOSA";

// The TinyGPS++ object
TinyGPSPlus gps;
WiFiClient client;

// The serial connection to the GPS device
SoftwareSerial ss (RXPin, TXPin);

void setup ()

{
Serial.begin(115200);
ss.begin (GPSBaud) ;
Serial.print ("Connecting to ");
Serial.println(ssid);
WiFi.begin(ssid, password);

while (WiFi.status() != WL CONNECTED)
{ delay(500);

Serial.print(".");
}
Serial.println("");
Serial.println ("WiFi connected");
Serial.println("IP address: ");
Serial.println (WiFi.localIP());
Serial.print ("Netmask: ");
Serial.println (WiFi.subnetMask());
Serial.print ("Gateway: ");

Serial.println (WiFi.gatewayIP());
ThingSpeak.begin (client);
}
void loop ()
{
// This sketch displays information every time a new sentence is correctly
encoded.
while (ss.available() > 0)
if (gps.encode(ss.read()))
displayInfo();
if (millis() > 5000 && gps.charsProcessed() < 10)
{
Serial.println(F("No GPS detected: check wiring."));
while (true);
}
}
void displayInfo ()
{
// Serial.print (F("Location: "));
if (gps.location.isValid())
{
double latitude = (gps.location.lat());
double longitude = (gps.location.lng()):;
String latbuf;
latbuf += (String(latitude, 6));
Serial.println(latbuf);
String lonbuf;
lonbuf += (String(longitude, 6));
Serial.println (lonbuf);
ThingSpeak.setField (1, latbuf);
ThingSpeak.setField (2, lonbuf);
ThingSpeak.writeFields (myChannelNumber, myWriteAPIKey) ;



delay (20000) ;
}
else
{
Serial.print (F("INVALID"))
}
Serial.print (F(" Date/Time: "));
if (gps.date.isValid())
{

Serial.print (gps.date.month());
Serial.print (F("/"));
Serial.print (gps.date.day());
Serial.print (F("/"));

(

Serial.print (gps.date.year());
}

else

{
Serial.print (F("INVALID"))

}

Serial.print(F (" "))
if (gps.time.isValid())

{
if (gps.time.hour() < 10) Serial.print(F("0"));

Serial.print (gps.time.hour());
Serial.print (F(":"));
if (gps.time.minute() < 10) Serial.print(F("0"));
Serial.print (gps.time.minute());
Serial.print (F(":"));
if (gps.time.second() < 10) Serial.print(F("0"));
Serial.print (gps.time.second());
Serial.print (F("."));
if (gps.time.centisecond() < 10) Serial.print (F("0"));
Serial.print (gps.time.centisecond());
}
else

{
Serial.print (F("INVALID")) ;

}

Serial.println();

Jlictunr b.3 — Listing for receiver of the data from loT ThingSpeaks to LCD
display of the Arduino UNO through Ethernet

#include <Ethernet.h>

#include <LiquidCrystal.h>

#include "ThingSpeak.h"

#define SECRET MAC {0xDA, OxDB, 0xDC, 0xDD, OxDE, OxDF}
byte mac[] = SECRET MAC;

// with the arduino pin number it is connected to

const int rs = 2, en =3, d4 = 4, d5 =5, d6 = 6, d7 = 7;
LiquidCrystal lcd(rs, en, d4, d5, de6, d7);

// Set the static IP address to use if the DHCP fails to assign
IPAddress ip (192, 168, 88, 239);

EthernetClient client;

unsigned long counterChannelNumber = 1282832; // Channel ID
const char * myCounterReadAPIKey = "IMHMPHI1XS0620MS"; // Read API Key



const int FieldNumberl = 1; // The field you wish to read
const int FieldNumber2 = 2; // The field you wish to read

//function to convert data to degree//
float toRadians (const float degree)
{
float one deg = (M _PI) / 180;
return (one deg * degree);
}

//distance using Haversine Formula

float distance(float Latitude, float Longitude, float stop_ lat, float

stop long)
{
// Convert the latitudes and longitudes from degree to radians
Latitude = toRadians (Latitude);
Longitude = toRadians (Longitude) ;
stop lat = toRadians(stop lat);
stop long = toRadians (stop long);
// Haversine Formula
float dlong = stop long - Longitude;
float dlat = stop lat - Latitude;

float ans = pow(sin(dlat / 2), 2) + cos(Latitude) * cos(stop lat)
pow (sin(dlong / 2), 2);
ans = 2 * asin(sqgrt(ans));

// Radius of Earth in Kilometers, R = 6371
// Use R = 3956 for miles
float R = 6371;
// Calculate the result
ans = ans * R;
return ans;
}
void setup ()
{ lcd.begin(l6, 2);
lcd.print ("Arriving time:");
lcd.setCursor (0,1);
led.blink () ;
delay (2000) ;
Ethernet.init (10); // Most Arduino Ethernet hardware
Serial.begin(115200); //Initialize serial
// start the Ethernet connection:
Serial.println("Initialize Ethernet with DHCP:");
if (Ethernet.begin(mac) == 0) {
Serial.println("Failed to configure Ethernet using DHCP");
// Check for Ethernet hardware present

*

if (Ethernet.hardwareStatus () == EthernetNoHardware) {
Serial.println("Ethernet shield was not found. Sorry, can't run
without hardware. :(");

while (true) {
delay(l); // do nothing, no point running without Ethernet hardware
}
}

if (Ethernet.linkStatus () == LinkOFF) {
Serial.println ("Ethernet cable is not connected.");
}
} else {
Serial.print (" DHCP assigned IP ");

Serial.println (Ethernet.localIP());
}

// give the Ethernet shield a second to initialize:
delay (1000) ;
ThingSpeak.begin(client); // Initialize ThingSpeak
}
void loop ()
{



int statusCode = 0;
float Longitude = ThingSpeak.readFloatField (counterChannelNumber,
FieldNumberl, myCounterReadAPIKey) ;

// Check the status of the read operation to see if it was successful
statusCode = ThingSpeak.getLastReadStatus();
if (statusCode == 200) {

Serial.print ("Longitude Track: ");

Serial.println (Longitude) ;
}

else{Serial.println ("Problem reading channel"” );}
delay (1000) ;
float Latitude = ThingSpeak.readFloatField (counterChannelNumber,

FieldNumber2, myCounterReadAPIKey) ;
// Check the status of the read operation to see if it was successful
statusCode = ThingSpeak.getLastReadStatus();
if (statusCode == 200) {
Serial.print ("Latitude: ");
Serial.println(Latitude);
}
else{ Serial.println("Problem reading channel" ); }
delay (1000) ;
//main//
float stop long = 49.99614;
float stop lat = 36.33915;
float S=distance(Latitude, Longitude, stop lat, stop_ long);
float T = ((S/15)*60);//minutes
if (statusCode == 200)
{ Serial.print("Distance: ");
Serial.println(S);
Serial.print ("Arriving time: ");
Serial.println(T);
}
else
{ Serial.println("Unable to read channel / No internet connection");
}
delay (1000);
// lcd.clear ();
lcd.setCursor (0,1);
led.print (T) ;
lcd.setCursor (8,1);
lced.print ("minutes") ;
lcd.noBlink () ;
}
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The main advantage of model-based design is to enable faster, more cost-effective
development of dynamic systems, including control systems, signal processing, and
communications systems. The model of the informational system for passengers of the public
transport is proposed. The approach of model-oriented design was used to verify the correctness
of the system which is operating in real time.

Beryn. Ha choronHimHid AeHb HU(PPOBI CUCTEMH HACTLIBKH CKIIAJHI, 1110
TpaIULIMHUN MpoIecC iX MepeBIpKU Bxke Mayo npuaatHuil. Konu Ha mi3HIX cTaiax
MPOEKTY BUSBIISIIOTHCS MPOOJIEMH, TO 3a3BUYail Il iX BHUpILMIEHHS MOTPiOHI
CKJIaJHI Ta BHUTPATHI 3a 4YacOM 3MIHM TPOEKTY, SIKI MPU3BOJAATH IO JOPOroi
Moaudikaiii anapaTHux 3aco0iB. KpiM TOro ckjiagHICTh alrOPUTMIB HE A€ 3MOTY
NEPEeBIPUTH HOTO Mpale3laTHICTh Ha BCiX poOouMx pexumax. Tomy 1 HEOOXiJHI
HOBI METOJHU, 1O SKUX 1 BIJHOCHUTHCS MOJEIbHO-OPIEHTOBAHE MPOEKTYBAHHS
(MOI) [1]. Le# miaxig qae 3MOry MEPEeBIPUTH KOPEKTHICTH pOOOTH CHCTEMH Ha
paHHIX CTajisfX, KOJIM M€ MOXJIMBO BHUIIPABUTH TMOMMJIKH IIBUAKO Ta 3
MiHIMQJIbHUMH 3aTPaTaMH.

06’exkmom oocniodcennsa € cuctemu iHGopmyBanHs mnacaxupiB (CIII)
IpPOMaJICBKOT0 TpaHCHOPTy. Taki cucTemMa MpaloTh B PEAIbHOMY PEXHMI dacy
Ta MOXYTh MaTH pi3HOMaHITHI ¢yHKuli [2]. Ha cborogHi y cBiTi icHye ©Oarato
NPUKIAAIB peanizauii Takux cucrteM 1HGOPMYBaHHS. AJie TOJIOBHUM HEIOJIIKOM
TaKMX CUCTEM € TOoW (PakT, M0 BOHU 3alporpamMoBaHl Ha BH3HAYEHU HAOIp
GyHKINN, sSKUM, HaWyacTilie, HE Mae€ IIHHOCTI A macaxupiB. Hammumikosa
iH(dopMallis HaBMAKU BIABOJIIKAE JIIOJIMHY Bl TOJIOBHOTO, OCOOJIHMBO, KOJIM MOBa
iae mpo JroAed MOXWIOro BIKY 4YdM rocted Micta. TakoX OJHUM 3 HEHOJIKIB
rOTOBUX DIIICHb € Te, 10 BUPOOHUKH JaHUX IPUCTPOi 30epiraroTh B TAEMHHUIII
AJrOPUTMH, 3a JOIOMOIOK SKUX Mpalloe IX MPUCTPOI, 10 YCKIAJHIOE IX
MojiepHizarito Ta Moaudikariro. s Toro, moo6 mo30yTrucs UX HEAOJIKIB OYJI0
BUPIIIEHO 3aMpONOHYBATH MPHUCTPIA, IO MOXKe OyTH 3amporpamMoBaHHUil 3a
JIOTIOMOTOI0 BIAKPUTOTO CEPEIOBUIIA PO3POOKH.

3micT gocaimxenns. [Tinxinm MOII 3acHoBaHmil HA 3aCTOCYBaHHI KOHIIETITI
«in-the-loop testing» mae nekiIbKa BapiaHTIB B 3aJIEKHOCTI B1Jl TOTO, 10 BUCTYMAE
B SKOCTI 00'ekTa TecTyBaHHS. SIKIIO B SIKOCTI OO'€KTa TECTyBaHHS BHUCTYIIA€
MOJielb, TO TaKWM MiAXiJy HOCUTh Ha3By «model-in-the-loop» (Mil), skmio
nporpaMHe 3abesneueHHs — «software-in-the-loop». (SiL), mpoToTun npuctporo —



«processor-in-the-loop» (PiL), a skmo roroBuit mpuctpiii — «hardware-in-the-
loop» (HiL) [4]. [Ipu MOII cucrem peanpbHOr0 Yacy, OO SKHUX BiJIHOCHUTHCS
cuctema iHGOPMYBaHHSI MMACAKUPIB TPOMAJCHKOTO TPAHCIIOPTY, SIAPOM PO3POOKH
€ TporpamMHa Mojienb. Taka MoOJENb AO3BOJUTH TECTYBAaTH 1 JOCIHIJIKYBaTH
anropuT™ (PyHKIIOHYBaHHS, pealli30BaHUM B IPUCTPOI, B peaJIbHOMY Yacl.

Mogens 3anpononoBanoi CIIT 6a3yeTbest Ha MikpokoHTposepi Arduino, a
3HAYUTh MOXKE OyTHU IMepernporpaMoBaHa B 3aJIEKHOCTI B1J JIOKAIlli Ta MOTped Tiel
Yy 1HIIOI 3YNUHKH T'POMAJCHKOr0 TpaHcmopTy. I[lpuHiun poGoTu cucreMu
NoJIATaE 'y TOMY, IO Ha OOpPT TPOMAJCHKOrO TPAHCIOPTY BCTAHOBIIOETHCS
oonagnanHs 3 GPS-mpuitmauem. Ileli mpuitmau 00pobitoe curHamm  3i
CYIyTHUKOBHX HaBIramiiHux cucteM. JlaHHI Tpo KOOPAMHATH TPAHCIOPTY
MepeIarnThesl 10 OJoKa YINpaBiiHHSA, SKUM o0umcitoe yac oro mpuOyTts. Ll
iH(hOpMaIliss BUBOJAUTHCS Ha €KpaH, 0 BCTAHOBJICHWN HA 3yMHUHII TPOMAJCHKOTO
TPAHCIIOPTY.

JUist po3poOKH, HANArOJKEHHS 1 TECTyBaHHS NMPOTPAMHOI0 3a0e3MeYEHHs
cucTemMu 1H(OPMYBaHHS NacaXUPIB IPOMAICHKOr0 TPAHCIIOPTY 3aCTOCOBYIOTh TaKi
3aco0wu, sIK porpamHi Ta (pi3HMyHI IMITATOPU CUTHAJIIB Ta IHTEPENCIB.

Tomy, mema Oocniodcenns — po3poOka MojeNl cUCTeMH 1H(OPMYBaHHS
MacaXUPIB TPOMAJCHKOIO TPAHCHIOPTY 3riAHO 3 MapajurMamMud  MOJIeIbHO-
OpPIEHTOBAHOTO MPOCKTYBAHHS.

BucnoBku. Cucrema 1HQOpMyBaHHS TMACaKUPIB MpU3HAYECHA IS
MiJBUIIECHHS SKOCTI TPAaHCIOPTHOTO OOCIYyrOBYBaHHS HACEJIEHHS Ha OCHOBI
OIEepPaTUBHOIO 1H(OOPMYBaHHS MACaXKUPIB PO POOOTY TPOMAJICBKOTO TPAHCIIOPTY.
Hayxosa Ho6uzna BU3HAYAEThCS BUKOPHUCTAHHSIM MIIX0My  MOJEIbHO-
opienTtoBanoro mnpoektyBanHs CIII rpomancekoro Tpancmopty. lle mae 3mory
MEPEeBIPUTH TPAIE3IaTHICTh CUCTEMH HE Ha pealbHOMY OO’€KTi, a IMITyBaTH
HABKOJIMIITHE CEPEJOBHINE CUCTeMH. 3acTocyBaHHs mimxomxy MOII 3abesmeuye
MIJIBUIIICHHSI HAJIMHOCTI CTBOPIOBAHMX MPOrpPaMHUX, alapaTHUX Ta MPOTPaMHO-
anapaTHUX CUCTEM.
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