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In the search for a project design concept, several ideas were discussed as a group initially. These ideas were narrowed down to one for a variety of reasons; these being that we did not have the technical abilities, or the ideas were purposeless. One concept we researched was a Digital Automatic Plant Watering Device. We later ruled this idea out of the running as we felt that we did not have the technical skills to achieve our goal. We also researched the idea of producing a seismometer which would be able to detect sizemic activity and alert people to earthquake dangers. The last idea we had was the design of a caller redirection system for the telephone lines.
The concept that we finally decided to take forward as viable option as a project was a ‘Caller Redirection’ which redirects calls from the speaking clock. The idea first evolved as we knew of several people who had relatives with dementia and had shared their stories of having large phone bills. The users were constantly phoning the speaking clock and having no memory of doing so at great financial loss. The solution was to build a box that connects to the phone and cuts the line when it recognizes the phone number and redirects it to a build-in free version.
When the call starts with the numbers 1,2 it will be detected by the device and the call will be redirected to a built in free speaking clock 








Below is the first draft image of the circuit diagram for our project
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Figure 1Circuit Diagram

[bookmark: _Toc102672768]Research on how a phone works 
A traditional telephone depends on wire to send and receive sound signals. The base connects the telephone to an electric source through a wire. When the caller speaks on the telephone, the microphone changes the sound of the person's voice into an electrical signal. The base sends out a signal though its wire.
A switch to connect and disconnect the phone from the network. This switch is generally called a hook switch, it connects when you lift the handset.
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Figure 2 Fundamental phone set up
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I researched how to redirect phone lines using an Arduino as the main body of the system. I was able to find information on how to achieve this using a DTMF decoder, a clock system which would check for changes within the system and a DF mini job is to store and then play the audio when required.
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Figure 3 DTMF Decoder
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Figure 4 DF Mini
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Figure 5 Arduino Clock Module
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For this project we opted to use an Arduino circuit to control the device.
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Figure 6 Arduino Uno
Arduino is an open-source programmable circuit board that can be integrated into a large variety of electrical devices. Due to its flexibility and ease of use it was the best option available for us for quickly and easily getting our project working, or at least the simulation.
The Arduino Uno is a microcontroller board based on the ATmega328. It has 14 digital input/output pins (of which 6 can be used as PWM outputs), 6 analog inputs, a 16 MHzcrystal oscillator, a USB connection, a power jack, an ICSP header, and a reset button. It contains everything needed to support the microcontroller, simply connect it to a computer with a USB cable or power it with a AC-to-DC adapter or battery to get started.
Once the circuit has been created on the breadboard, you’ll need to upload the program (known as a sketch) to the Arduino. The sketch is a set of instructions that tells the board what functions it needs to perform. An Arduino board can only hold and perform one sketch at a time. The software used to create Arduino sketches is called the IDE which stands for Integrated Development Environment.
Rather than requiring a physical press of the reset button before an upload, the Arduino Uno is designed in a way that allows it to be reset by software running on a connected computer. One of the hardware flow control lines (DTR) of the ATmega8U2is connected to the reset line of the ATmega328via a 100 nanofarad capacitor. When this line is asserted (taken low), the reset line drops long enough to reset the chip. The Arduino software uses this capability to allow you to upload code by simply pressing the upload button in the Arduino environment. This means that the bootloader can have a shorter timeout, as the lowering of DTR can be well-coordinated with the start of the upload [1].
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We performed a simulation of the project as we unable to build the original project concept as we later found that we were not legally permitted to intercept British telecommunication phone lines. It also became clear that we did not have the technical abilities to take the final to build to fruition. By using an Arduino kit, together with a simple breadboard that would replicate the rudimentary functions of redirection facilities using a keypad and clock module.
Components
2 Resistors
2 LED’s- one green, one yellow
Breadboard
Keypad
Arduino kit 
Clock module
10 connecting wires
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The challenge was to learn the Arduino coding. Initially, I researched how to code an Arduino from several internet sources. I also watched YouTube tutorials on the subject of coding. I have had some experience of coding from my first year on the HND when I wrote a car park code. However, my knowledge is limited and I had to teach myself again the basics. I had technical assistance from the engineering technician in the department of college. He was able to assist me to the level where I could write a code to simulate redirection.
Below is the code that was used in the simulation.
The code was extracted and modified from Freenove Tutorials
//libaries
#include <Keypad.h>
#include <talkie.h>
#include <Wire.h> 
#include <LiquidCrystal_I2C.h>
LiquidCrystal_I2C lcd(0x27,16,2);
//Global varibles
int time = 0;
int seconds = 0;
int dmin = 0;
int minute = 0;
int hour = 0;
String clock, hourstr, dminstr, minstr, secstr;
String number = "";
const byte ROWS = 4; 
const byte COLS = 4;
int i = 0; 
char hexaKeys[ROWS][COLS] = {
  {'1', '2', '3', 'A'},
  {'4', '5', '6', 'B'},
  {'7', '8', '9', 'C'},
  {'*', '0', '#', 'D'}
};
byte rowPins[ROWS] = {0,8,2,3}; //connect to the row pinouts of the keypad
byte colPins[COLS] = {4,5,6,7};
Keypad customKeypad = Keypad(makeKeymap(hexaKeys), rowPins, colPins, ROWS, COLS); 
void setup() {
  Serial.begin(9600);
  pinMode(11, OUTPUT);
  pinMode(12, OUTPUT);
  pinMode(13,INPUT);
  lcd.init();
  lcd.backlight();
}



void loop() {
  char customKey = customKeypad.getKey();
   if (customKey){
      number = number + customKey;
      lcd.setCursor(0,1);
      lcd.print(number);
    if(number == "123"){
      Time();
    }
  }
  pulse();
  clock_BCD(); 
  hourstr = String(hour); 
  dminstr = String(dmin);
  minstr = String(minute);
  secstr = String(seconds);
 // clock = ( hourstr + " : " + dminstr + minstr + " : " secstr);
  //Serial.println(hourstr +" , "+ dminstr + minstr + " , " + secstr);
  lcd.setCursor(0,0); 
  lcd.print(hourstr +" , "+ dminstr + minstr + " , " + secstr);
  Serial.println(hourstr +" , "+ dminstr + minstr + " , " + secstr);
}
int Time(){
  Serial.println(hourstr +" , "+ dminstr + minstr + " , " + secstr); 
  digitalWrite(12,HIGH);
  delay(2000);
  digitalWrite(12,LOW);
  number = "";
  lcd.setCursor(0,1);
  lcd.clear();
}





int clock_BCD(){
  if(time == 1){
    seconds++;
    if(seconds >= 60){
      seconds = 00;
      lcd.clear();
      minute++;
      if(digitalRead(13) == HIGH){
          minute++;
        }
    }
    if(minute >= 10){
      minute = 0;
      dmin++;
    }
    if(dmin >= 6){
        dmin = 0;
        hour++;
        if(hour >= 12){
          hour = 0;
        }
    }
   }
}

int pulse()
{  
   delay(500);
   time = 0; 
   digitalWrite(11,HIGH);                      
   delay(500);
   time = 1;
   digitalWrite(11,LOW);
   return(time); 
}

int clock_BCD(){
  if(time == 1){
    seconds++;
    if(seconds >= 60){
      seconds = 00;
      lcd.clear();
      minute++;
      if(digitalRead(13) == HIGH){
          minute++;
        }
    }
    if(minute >= 10){
      minute = 0;
      dmin++;
    }
    if(dmin >= 6){
        dmin = 0;
        hour++;
        if(hour >= 12){
          hour = 0;
        }
    }
   }
}
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Built the breadboard using the LED’s and Resistors in series where power was supplied to the anode of LED. Then down to ground through a current limiting resistor.
When user presses a number on the keypad it sends the character to a variable (string) it then compares this variable to a variable on the Arduino. If it matches it turns the LED on. Using pin12 - simulates the redirection using an LED as an indicator so that the relay would disconnect the phone from the line.
The Arduino software is called the Integrated Development Environment which is used to program the Arduino board. For the Arduino to work code will need to be written to give instructions on how the task will be performed, its operation and sequence. The code will need to include libraries which are made by the manufacturers for easy use of their devices when using them in code. In this instance we are using libraries for the keypad and screen. If the libraries are not present the code will not upload to the Arduino board.
When 123 on the keypad is pressed the redirection will occur and it will start the ‘interrupt’ section of the code.
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Figure 7 Arduino set up
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Figure 8 Code upload
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Figure 9 Wiring set up
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Figure 10 Testing
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Figure 11 Final Design
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I found researching the project difficult initially as information that would allow me to design and build my concept was hard to find. Therefore, quite a great deal of time was taken up finding out how the project would work from the initial concept idea. The original idea was that the user would dial the speaking clock and press the keypad 123 and get redirected to an alternative speaking clock built into the device which has been programmed by an Arduino. The building itself seemed to be something that I felt comfortable being able to accomplish. I have previous experience with Arduino, all be it in a limited capacity. I was also going to be learning how to code the instructions for the Arduino which I have had some knowledge and experience with in my first year of the HND. 
One issue we had when trying to implement and build the concept of a ‘call redirect’ is that it was not legal to use the British telecommunications telephone lines, as it is an offense to cut the outgoing call as it has already been contracted and financial agreement been agreed to the customer. British telecommunications would have a legal challenge to this as a patent. 
Due to the problems with the legality of using British Telecommunications lines, I thought it prudent to show the ‘caller redirect’ in simulation form only. In building the simulation I had a simple circuit which could demonstrate the general function of the caller redirect, together with Arduino which I have programmed with a code that instructs the user, when pressing the keypad 123 it redirects the call to a prerecorded clock. 
As I have stated I was not proficient in coding and had to teach myself how to code. I watched YouTube videos and tutorials on basic coding, and I was able to improve my skills to produce basic coding for my project. I also had some lessons on coding from the technician in Engineering, who gave me greater insight into what I would need to do for the code to work. I produced a code which is basic that can perform the caller redirect instructions; however, it can be improved apon as its rudimentary and slow at this point. It can be improved with greater knowledge and practice of coding, as well as simplifying longer sequences of code. 



Freenove was used to provide the base line for the code and I learned how to implement the libraries that I would need to run the code. Freenove works by allowing the user to access parts of their code for free stored in libraries in user files to be accessed when needed. I made copies of the code in PDF form to provide access as I may need to change or improve the code. For example, if I was to make a change or try speed up the code as it is quite slow on testing.
In conclusion I have learned a great deal while trying to complete this project. Firstly, that I may have a great idea and concept, however, it is not a straightforward process to implement and build even if you have the right skill set. You can have a really good idea and not be able to take it to completion. The process of research and due diligence can take time and money, which can be a problem for a student! I have learned that ideas come with legal roadblocks, and I have learned a great deal about concept and implementation processes. I have acquired new skills in Arduino and coding which I can take forward and build on in my future career as an Engineer.
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