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[bookmark: _Toc43365884]Abstract
Wireless communication technology is rapidly spreading to all areas of our lives, from radios, smart home systems, automation applications to GPS units. The aim of this project is to develop a system that performs wireless communication using radio waves to monitor those who need my surveillance. Students, elderly, patients, disabled people and many more are in the risky group. Some have a high probability of an accident, some cannot protect themselves or are at risk of slipping or falling. Since they need to be monitored constantly, this device will allow us to reach them easily when they are needed with the 25 meter invisible safety nerve created by this device. With this system, both the supervisor responsible and the users will feel themselves free and safe. The system developed within the scope of the project includes a wireless receiver, a radio transmitter and a reference receiver in the main user. The signal strength of the radio waves received from the transmitters is measured by the reference receiver in the mane user and transmitted to the receiver in the device used by the mane user.


We say “safe zone tracking device for your loved ones”

















[bookmark: _Toc43365885]Aims:
[image: ]Two devices planned to develop in this project. The first device will be the main device and will be able to see if the other device is within 25 meters. This main device will be able to connect to multiple devices and see if they are at a safe distance. The parents will know the location of the person who has the secondary device and are close enough to intervene in case of need, without the need for the children to keep an eye on them, and the warning that the user is away when he gets out of the safe distance 25m will automatically be seen as a warning to the main user and will be able to exchange instructions and information by establishing voice communication between the devices. Our aim is to design an appropriate line that everyone can easily get.
Figure-01






1. [bookmark: _Toc43365886]Project schedule and planning

 As seen in the project plan below, the project is divided into 4 main sections.
In the first two weeks, the subject of the project was researched as a team. It was decided to develop the Safe zone device in the project.
In the next three weeks, the technical methods and equipment to be used were researched, gathered regularly as a team and shared information.
[image: ]Significant changes were made to the equipment to be used around the 16th week. These will be discussed later in the report, explaining in the selection of equipment’s.
[bookmark: _Toc30753958]Figure.02_ Gant Chart of Safe Zone Device Development Project




While we are still in the research stages of the project, we entered a strange period. An epidemic began, affecting all the world as grim. For this reason, unfortunately, the project had to remain suspended due to the inability to access school resource equipment, to gather as a team, to work from home, and the psychological situation created by the pandemic. As seen in the project schedule below, pandemic started immediately after interim reports. Many researches have been done until this period. As a milestone, we continued our research individually after mid-February. In the light of the decisions we gathered after the pandemic was finished or returned to normal, we hoped to move on later in the project, but despite the end of the period, the pandemic and its constraints did not change. For this reason, the report of the project is being prepared to explain the progress, the researches made, and the point reached. I will convey what we learned from the research we made in this report, from previous group meetings and group designs. Let's explain about equipment and technical information, which are 2 key points.
[bookmark: _Toc43365887]2.Equipment’s and Techniques
In line with the researches, it will be grouped in three stages as changing decisions.

[bookmark: _Toc43365888]2.1.First Stage of Equipment`s and Techniques Selections.

When we first decided on the project, we reviewed all the systems that we would measure distance. We came across Radio Frequencies, GPS and Bluetooth methods that we can measure the distance. Considering the pros and cons of each other; GPS uses a lot of energy and requires a lot of battery. Since such a large battery for a device that will be used all day will be both costly and difficult to carry, we have found the first valid reason for the most important radio frequencies. Another important reason was the loss of GPS signal indoors. We wanted the device to be used indoors, in the school, in the theater, in the pool, in the playgrounds, in the hospitals. So, we had to sift GPS. We did not select it because Bluetooth operates at short range. On first decision, we planned to use radio frequencies in the devices on this project using the following components.

[bookmark: _Toc43365889][image: ]2.1.1.First stage main components;
· 433Mhz. RF Transmitter and receiver
· Frequency: 433Mhz. 
· Receiver data output: High ‐ 1.2 Vcc, Low ‐ 0.7v 
· Transmitter input voltage: 3‐12V Figure.03

· [image: ]Transmitting range (work at 5V): 40m indoor, and 100m in open air)
· Raspberry Pi 3 Model B+
· Broadcom BCM2837B0, Cortex-A53, 64-bit, quad-core SoC @ 1.4GHz
· 2.4GHz/5GHz IEEE 802.11 b/g/n/ac Wireless LAN (WLAN)
· 4 x USB 2.0 PortsFigure.04

· Extended 40-pin GPIO Header
· MicroSD card slot for operating system and data storage
· Power supply requirements - 5V/2.5A DC via micro USB or GPIO
· GeeekPi LCD Support I2C bus Protocol
· [image: ]Support I2C bus Protocol
· 20x4 Character
· 5V for Logic CircuitFigure.05

· Number of Data line: 8-bit parallel



[bookmark: _Toc43365890]2.1.2.Second Stage of Equipment`s and Techniques Selections.

In the second stage, we decided to continue with GPS instead of radio frequency, since the group had Radio frequency light speed and the speeds of the ready-to-use boards we could not meet. In addition, radio frequency devices will continue to be used as transmitters and receivers for voice communication. Some team members in the group preferred to use Arduino because they had knowledge about programming with Arduino. Some of us had already purchased the equipment, so the other part of the group continued with Raspberry-Pi.
[image: ][image: ]
Second stage main components; 
· GPS Receiver with IPEX Antenna
· Raspberry Pi 3 Model B+   or Arduino Uno
· GeeekPi LCD Support I2C bus Protocol
· [image: ][image: ]433Mhz. RF Transmitter and receiver



Figure.06


[bookmark: _GoBack]
[bookmark: _Toc43365891]2.1.3.Third Stage of Equipment`s and Techniques Selections.
[bookmark: _Toc43365892](WiFi Based Indoor-Outdoor Localization)
In my researches after the last pandemic incident, I was preferred due to the widespread use of applying to the location method with WiFi, which is a method we have not encountered before, and because it was not affected by the walls. Now I will tell you about this system.
The term Wi-fi is the common name of the IEEE 802.11 standard. The IEEE 802.11 standard has defined the energy in radio waves measured by the circuit system as a number in the range 0-255. This value is expressed as 1 byte. However, not every manufacturer uses 256 different values ​​to indicate energy in radio waves. For example, for wireless communication cards used in accessing access points in the computer field, each manufacturer has a maximum RSSI value that it defines. This RSSI value should not be confused with dBm or mW. Especially for wireless communication card manufacturers, RSSI is very important data. Because when a package is sent with the help of wireless communication card, the card firstly checks whether the channel used is clean or not. It can only do this by looking at the RSSI value. If the RSSI is too low, then the channel is clean. This condition is called Clear Channel Threshold (CCT) clear channel threshold. The 802.11 terminal is an access point and the level of the signal received from the terminal in a mobile and mobile state decreases in most cases. This level (Roaming Threshold) is called RT circulation threshold. Different manufacturers use different CCT and RT signal levels.
There are positioning techniques that involve different methods with Wi-fi technology. Among these techniques, arrival time (Time of Arrival- ToA), arrival time difference (Time Difference of Arrival- TDoA), cruise time (Round Trip Time - RTT), received signal strength indicator (RSSI).
RSSI detection method is based on signal strength measurement and the purpose is; It is the measurement of distance information according to the intensity measured when the transmitter broadcast reaches the receiver. The signal strength received by the receiver converts it to distance information with the distance the signal takes, and how much attenuation it shows on the road.
With the calculated measurement, distance location information can be determined within certain error limits . The accuracy of the signal strength received during distance measurement is affected by weakening or reflecting due to the scattering caused by obstacles in the environment. It is very reliable in ideal places where there is no reflection.


[image: ]Third stage main components
· [image: ]ESP8266  NodeMCU LUA CP2102 ESP-12F WiFi Internet Development Board Serial Wireless Module
· [image: ]NRF24L01+PA+LNA Wireless Module with Antenna RF Transceiver Module 50-200M 2.4GHz Antistatic Foam
· Raspberry Pi 3 Model B+   or Arduino Uno
· [image: ]3.5 Inch TFT LCD Touch Screen, SPI Interface with Touch Pen 

Figure.07







[bookmark: _Toc30753947][bookmark: _Toc43365893]3.Our product – first resources
I could say. Our first project research was mostly on radio frequency. After the calculation problem at the speed of light encountered in radio frequencies, we searched for other methods. GPS, which was the other option we encountered in the first research, looked like the closest feasible method. however, the disadvantages of high battery use and not being used indoors were still not resolved. Finally, the location detection with the WiFi signals encountered seems to be a solution that meets every one of our most suitable conditions. For this reason, I will talk about the device that can be done with two methods and I will convey the studies.
[bookmark: _Toc30753949][bookmark: _Toc43365894]3.1. Positioning with Radio Frequency
After the first research, we have decided to go with a radio frequency tracking device 
The main reason behind this decision was that although cheaper, radio frequency is more accurate than GPS when locating/ pinpointing and also more reliable and also was not aware about WiFi distance measurement techniques.  

For first device we have decided to use RF433 transmitter and receiver and for processing the signal will use raspberry pi and Arduino. After an extensive research have seen radio frequency speed and processor speed does not easy to catch the signal actuarily that’s means device high possibly cannot found correct distance. Because RF433 radio signal speed is light speed for the radio frequency devices. 

Radiowave spreads spherically, at 3 given distances a point can be clearly defined:
A circle is simply the set of all points (infinite) with the same distance to a point. The intersection of two spheres is a circle. The intersection of three spheres is one point.

This can be used tracking an object for example a car (GPS uses exactly the same principle.). The examples of the schematic representation and speed calculation explained below can be seen below.








Calculation of Distance
The formula:
Δs = (Δt * c) / 2

Δs: Distance in m
Δt: Wave travelling time
c: Speed of light (299,792,458 m/s)
For Example, the Display shows ‘17’ (leading zeroes are shown, too.), the radio wave has been 560ns (nanoseconds) on the way.
(5,6*10-7s * 3,0*10^8m/s) / 2 = 85m
Inserting the values in upper formula, you’ll get a distance about 85 meters.  
Figure.08




Radio Frequency trackers use RF to send and receive messages between the handset and the device. The strength of the transmission received from the device by the handset is used to indicate distance as well direction. It is small, lightweight, very accurate and has no ongoing cost unlike the GPS/ Cellular that use sim card with monthly costs.
· How it works:
Radio frequency identification systems have two components: a Hub and a tag/Device. The hub’s job is to request information from the tag using a radio wave and interpret the signal it receives in return. RF systems utilize several different types of tags, but generally, the tag’s job is to sit quietly until it is pinged by a reader, at which point it transmits back a small amount of information (usually a unique identifier) stored on its chip. The reader processes this information to make sure it’s communicating with the correct device and can detect its distance from the tag by checking the delay on the return signal.
· RF devices have a far better battery life than that of GPS devices, a typical GPS device has an average battery life of 5hours, whereas RF has battery life of up to 12 days, eliminating the worry of charging and running out of battery in critical moments.   


[bookmark: _Toc43365895]3.2.Wi-fi Sinyalleri ile Konumlandırma

In the second incompatible part, the power supplier amps hold all 5VDC suppliers when we review all the power adapters we have, but they do not contain the technical information that meets 2amp current. It was also revealed that the technical knowledge and actual current quantities needed another cable connection so that the current and voltages would not touch the multimiteren other pins on the board. Due to such small but not noticeable before stages, the guarantee period of each product delays the project's progress to advanced levels. This was a situation that we were preoccupied with in our initial plans, so we were on gone the last phase of the project 3 times longer than the initial phases.






[bookmark: _Toc43365896]4. Wireless Communication Modules
In this part of the project study, some modules that allow communication with radio waves are examined.
[bookmark: _Toc43365897]4.1. NRF24L01 Module Features and Usage
NRF24L01 is a low power consumption module that operates with radio waves and allows you to communicate wirelessly at a frequency of 2.4GHz. The transmitting signal strength is + 7dB.

  One of the NRF24L01 modules is used as a receiver and the other is used as a transmitter. Whether the module is a receiver or a transmitter does not change the cable connections. Which module will be the receiver and which module will be the transmitter is decided by the code in the program. The module communicates using the SPI (Serial Peripheral Interface) protocol. Therefore, if the coding will be done with Arduino program, pin connections should be made by looking at the SPI pins of the Arduino model.
4.2. ESP8266 Module Features and Usage
ESP8266 is a module that can be connected to the wireless internet network with TTL (Serial Communication). Due to its cheap and easy use, it is also frequently used in Internet of Things projects. ESP8266 module operates with 3.3 Volt input power.
ESP8266-01 is a module that uses the TCP / IP protocol, supports 802.11 b / g / n, and can easily connect to the Wi-Fi network in the environment. Communication is carried out at the 2.4 GHz or 5 GHz radio frequency, depending on the IEEE 802.11 protocol. It has a 32-bit processor and built-in antenna.
Thanks to ESP8266 DHCP feature, it can be connected to the same network even if it is energized by storing the information of the last entered Wi-Fi network in ROM memory.
It can be programmed with Arduino IDE via USB-TTL serial converter just like the arduino board programs.
Circuits containing ESP8266 modules can be connected to the Internet via Wi-fi via RX-TX pins via UART serial communication protocol, or programming can be done by loading ESP8266 libraries into the Arduino IDE. Since the operating voltage of the module is 3.3V compatible, no input or output pin 3.3V limit should be exceeded.
AT (ATtention) commands are used to control some wireless devices. ESP8266 modules are also often programmed with AT commands. All commands start with "AT" or "at". Although most of these commands are used to control the modem, it is also used to control GSM / GPRS modems and mobile phones.

AT commands are used.
AT: It is used to test whether ESP8266 is ready for use.
AT + RST: Resets ESP8266 and makes it ready for use.
AT + GMR: It shows the version information of the module.
AT + CWMODE: It is used for editing Wi-fi mode. The 1st mode enables STA, the 2nd mode AP, and the 3rd mode allows STA and AP modes to work together. To change modes
 AT + CWMODE = <mode> command is used. For example, AT + CWMODE = 2 command is used to operate in AP mode. AT + CWMODE to check in which mode the module is working? Command is used.
 AT + CWJAP: It is used to connect to wireless networks. AT + CWJAP = <AG_NAME NAME>, with the <PASSWORD> command, the module can join the specified internet network. AT + CWLAP: It shows the internet networks to which the module can be connected. AT + CWQAP: It is separated from the network to which it was previously connected.
AT + CIOBAUD: Allows changing the Baud Rate rate of ESP. For example, AT + CIOBAUD = 9600 command is used for 9600. AT + CIOBAUD to learn the ESP Baud Rate rate? Command is used.
AT + CIPMUX: It is used for single or multiple connections. AT + CIPMUX = 0 is used for single connection, AT + CIPMUX = 1 is used for multiple connection.
AT + CIPSTART: Used to establish TCP or UDP connection. For example AT + CIPSTART = 0, "TCP", "api.openwaethermap.org", 80 where the first variable shows the plural connection ID.
AT + CIPSEND: It is used to send data after TCP or UDP connection is established. If ESP8266 is in multi connection mode, the first variable shows the connection ID, the second variable shows the number of characters to be sent. After this command, ESP8266 returns '>' and waits for the message to be sent. For multiple connections, for example
AT + CIPSEND = 0, 45 AT + CIPSEND = 45 is used for single connection.
AT + CIPCLOSE: It is used to terminate the connected TCP or UDP connection. AT + CIPSERVER = 1 listens for the port specified by port_no.
AT + CIFSR: Queries the IP address of the module. 


 






[bookmark: _Toc43365898]5. Software Design
The software design of the project work is planned to consist of three parts. The first part consists of the transmitter software that sends the student RSSI information to the reference receiver, the second part consists of the reference receiver software that collects the signals from the transmitters in the students and sends them to the central receiver, and the third part is the reference receiver software that the user at the center monitors.

The ratio between the two powers is the decibel measurement of the dBm absolute power level. The formula used to find the distance information from the received signal is found by going through the steps described below.
Equation (6) is given as the power of a wireless communication system G1, the input power of the system is Pin, and the output power is Pout.[image: ]	                                                   (6) 
 
The absolute power level of the wireless communication system for 1 milliWat is G2, the power of the system is given by P Equation (7).                                                                                                       [image: ] (7) 
 




In electromagnetic waves, the signal is inversely proportional to the square of the distance. Based on the connection (7), the measured RSSI value in dBm is Pr, the coefficient value is k, the error value P0 for the medium measured in dBm, and the square of the distance is written in Equation (8).                                          [image: ] (8) 
 
Linear expressions need to be converted to logarithmic form first. The formula calculated after this cycle is given by Equation (9).[image: ] (9) 

The formula found with the equation (10) was applied to the RSSI signal from the transmitter in the miner in the desktop software and the distance information was calculated.	[image: ] (10)










 
A WindowsFormsApp program will be designed with Visual Studio and transferred to Raspberry Pi. You can see the visual of the desktop program to be designed below. With this program, you can see the distance of the student from the main user and add the student.
[image: ]









Figure.09


[bookmark: _Toc43365899]5.1.Analogue data sending application, pre-program work:
The transmitter circuit has two potentiometers that send analog data (0-1023 PWM value). The receiver converts the circuit information to 0180 PWM value and moves the servo motors connected to pins 5 and 6 in Arduino Uno.

[bookmark: _Toc43365900]5.1.1.Transmitter circuit code:

#include <SPI.h>  
#include "nRF24L01.h" 
#include "RF24.h"          // Libraries are included in the project.
// Pins are being defined ...
#define CE_PIN   9 
#define CSN_PIN 10 
#define pot1 A0 // first potentiometer connected to Analog 0 pin.
#define pot2 A1 // second potentiometer connected to Analog 1 pin. 
#define BUTON 8      // The button of the circuit is connected to the 8th pin.
// Variables are being written.
const uint64_t pipe = 0xE8E8F0F0E1LL; // The channel to communicate with is defined.
RF24 radio(CE_PIN, CSN_PIN);  
int incoming [3];  // 3-element incoming variable is defined.  
void setup()  
{ 
  //Serial.begin(9600); 
58 
 
  radio.begin(); // Starting wireless communication. 
  radio.openWritingPipe(pipe); // channel defined as data sender. 
  pinMode(BUTON, INPUT); // button is defined as output pin. 
} 
void loop()    
{ 
incoming [0]=analogRead(pot1); A0. writes the data read from the pin to the incoming variable [0]. 
incoming [1] =analogRead(pot2); A1. writes the data read from the pin to the incoming variable [1]. 
incoming [2]=digitalRead(BUTON);3. writes the data read from the pin to the incoming variable [2]. 
  radio.write( incoming, sizeof(incoming) ); // sending data from the channel ... 
 } 
[bookmark: _Toc43365901]5.1.2.Receiver circuit code:
// Libraries are included in the project. 
#include <SPI.h> 
#include "nRF24L01.h" 
#include "RF24.h" 
#include <Servo.h> 
Servo myservo;  
Servo myservo2;  
//Pinler tanımlanıyor... 
#define CE_PIN   9 
59 
 
#define CSN_PIN 10 
int hiz1; 
int hiz2; 
const uint64_t pipe = 0xE8E8F0F0E1LL; 
RF24 radio(CE_PIN, CSN_PIN);  
int gelen[3]; //We have defined our variable that holds data from 3-element potentiometers and button.  
void setup()    
{ 
pinMode(3,OUTPUT); 
digitalWrite(3,LOW); 
pinMode(5,OUTPUT); 
pinMode(6,OUTPUT); 
   myservo.attach(5); 
   myservo2.attach(6); 
  Serial.begin(9600);  
  delay(1000); 
  radio.begin(); 
  radio.openReadingPipe(1,pipe); 
  radio.startListening();;} 
void loop() { 
  if ( radio.available() ) // If detect a signal... 
60 
 
  { 
  radio.read( incoming, sizeof(incoming) ); // Write the data from these signals to the 3-element incoming variable respectively. 
movement (incoming [0], incoming [1], incoming [2]); // Then call the motion function using this data. 
  } 
} 
void movement(int X_ axis, int Y_ axis, int buton) { // main event speed1 = map(Y_ekseni,0,1023,0,180); 
myservo.write(speed1);                  // servo position adjusted according to received value                               
 
Serial.println(speed1); 
delay(15);   
speed2= map(Y_ekseni,0,1023,0,180);  
myservo2.write(speed2);                  // servo motor position adjusted according to received value
Serial.println(speed2); 
delay(15); 
if(buton==1) 
{ 
  digitalWrite(3,HIGH);  
  Serial.println("led on"); 
61 
 
  //delay(1000); 
} 
else 
 { 
  digitalWrite(3,LOW); 
 // Serial.write("led off"); 
  //delay(1000); 
 }} 
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