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Introduction:

Telephone in our days is the most popular device for communications, and because of that, developers decided to take more advantages from this service, instead of being a way of communication between people. Telephone's system makes it easy to take advantage from it.
Before talking about our project, we will introduce to some basics of the phone line.

Telephone Line Basics:
           The telephone line is rich but dangerous field for controllers' circuit. It is essential that the correct interfacing techniques are used, not only to protect the controller from damage, but also to prevent situations which would interfere with the phone network functionality.

The telephone line carries both dc and ac (audio) signals at the same time. The dc is used to power the circuitry within the telephone during a conversation, and is derived from a large battery located at the Central Office (CO) .This battery typically about 48 volt.

The telephone line between the CO and the home may be several kilometers long, and has a resistance proportional to the length of the line called line resistance. The telephone line is made from a pair of copper wires and usually about 0.5mm in diameter. The resistance of the line varies from 90 ohms to 180 ohms per kilometer. Remember to take into account the fact that the line length is twice that of the actual distance from the central office.

The telephone signals the CO when the handset is lifted, by completing the line circuit by closing a switch known as the hook-switch. The expressions off-hook and on-hook were derived from the days when you literally hung up the receiver on a hook and this operated a mechanical switch. The term hook-switch is now used for the simple transistor circuit is used to connect the device and draw line current. This is known as looping the line, or putting the line in its looped state.

When on-hook, only a very small leakage current is permitted to flow in the loop. In Europe this is the current which would flow if a 1 mega-ohm resistor were connected across the line. For a nominal 50V line voltage, the maximum leakage current can therefore be assumed to be 50uA.
When the hook-switch closes, the loop current will flow and this will be in the order of several tens of milliamps. About 20mA may be assumed to be a typical value. The exact value will depend on the line resistance and the dc resistance of the telephone equipment.

The Ringing Signal and Line Reversals

The ringing signal is a high voltage ac signal of perhaps 100V peak to peak and 25Hz to 50Hz frequency which is superimposed onto the dc line voltage in order to signal to a telephone that an incoming call is approaching.

Because of its high voltage, it is essential that the ringing signal is kept away from the PIC, or at least divided down to a safe level before connected to a port pin. Large value resistors of between 1M and 10M are used to attenuate the ringing signal and protect the transistor circuitry from is high potential.  The capacitors used in the ring detection circuit and line event circuit must be rated at least 200V (preferably 400V) working voltage.

Another signal, in common use, which also presents a large voltage swing, is the line reversal signal. This is used to indicate that a Caller ID message is due and is literally the CO swapping over the polarity of the telephone lines using the equivalent of a DPCO relay. Line reversals are relatively easy to detect using a minimum of hardware.

DTMF Signalling
Modern telephones use a pair of audio frequencies to encode the digits used in dialling.  The frequencies can be thought of as representing the rows and columns of digits on the standard telephone keypad.   Thus if you press 3, you need to select the frequencies associated with row 1 and column 3 i.e. 697 Hz and 1477Hz.

The frequencies need to be accurate to within +/- 1.5% of the following standard frequencies measured in Hz.
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The DTMF digit needs to be sent for a minimum of 65mS and there should be at least 65mS between the digits. The upper tone is generally set at a level of between 1 and 3dB higher that the lower tone. This is to compensate for the natural low pass filtering of the line and the subsequent attenuation of the higher frequencies
Automation and Security System Using phone Line:

Our project is and an automation and a security system, by which you can control the building remotely through the phone line, and at the same time works as a security system against thieves.


The project is divided to two parts, which are basically two PICs connected to each other serially. We will talk first about the automation part which is the one that interfaced to the phone line, and then we will move to the second part which is the security part, which is connected to the building elements.
Automation System:

this part  basically consist of  A PIC (microcontroller) with ring detection circuit  ,phone number decoding circuit  ,voice circuit (to save messages and playback leading messages in the process of home automation).

 We will talk about each of them :

Ring Detection Circuit :
The job of this circuit is to detect the rings that is coming to this system through the phone line and count these rings to do this we use the following circuit which is composed of opto-coupler followed by a 555 timer .which is like the following:

[image: image2.emf]C1


470nF


R1


Tip (phone line -)


Ring (phone line +)


1


2


3


4


1N4143


1N5250


10K


10MF


VCC


3


2


8


6


7


1


5


4


0.01Mf


output to pic


555 timer




C1

470nF

R1

Tip (phone line -)

Ring (phone line +)

1

2

3

4

1N4143

1N5250

10K 10MF

VCC

3 2

8

6

7

1

5

4

0.01Mf

output to pic

555 timer


The output of this circuit  is connected to the PIC input at bin B0(for the external interrupt ) which we use the following code to detect and count the number of rings ,we actually wait for 5 rings then open the circuit ,to decode and read the decoder in order to act according to it.

The code is the following:

#int_EXT

EXT_isr()

{

   if(flag ==0)

   {

     // printf("\r high\n");

      ext_int_edge( L_TO_H );

      flag=1;

      restart_wdt();

   }

   else if(flag==1)

   {

      ext_int_edge( H_TO_L );

      count++;

      restart_wdt();

      // printf("\r low count= %d \n",count);

       flag=0;

       if(count==3)

       {

       output_low(PH);//phone line is picked up

       //printf("open cicuit\n");

       decode=1;

       }

   }

}
Then after that we use the circuit to left up the phone line:
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The PIC always gives high at the end of the coil which is connected to it, when we need to hang up the phone line we give it a low pulse which will connect the phone line to the resistor (1K) which will hang up the phone line.

DTMF (Number) decoding circuit(CM8870):
The main job of this circuit is to read the number from the phone line ,when the owner of the house call and wants to run something or listen to his/her messages this circuit is used to the choice that the user enters its circuit is like the following:
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Phone line is connected to this circuit  like this ,the ring line is connected to the input of this circuit the tip line is connected to the GND of this circuit.

Outputs of this circuit Q1-Q4 is connected to the inputs of the PIC so the microcontroller can read the choice of the user using  these 4 lines.

The code we write to achieve this is like the following :

We write code to read choices of the user but we first need to read the password of the user ,since  this IC remain at the last reading from the phone line even if you hang up the phone line ,to solve this problem and the problem of repeated numbers in the password 

Of 4 digits which the user can change using the other system.

First the code of reading password is the following :

int check_pass()

{

i=0;

ptr=(byte *) &read1;

   read_from_eeprom(0xAA,ptr,sizeof(int));

  // printf("\rat address 00 read1= %d\n",read1);

       ptr=(byte *) &read2;

   read_from_eeprom(0x05,ptr,sizeof(int));

  //  printf("\rat address 05 read2= %d\n",read2);

       ptr=(byte *) &read3;

   read_from_eeprom(0x0A,ptr,sizeof(int));

  // printf("\rat address 0A read3= %d\n",read3);

       ptr=(byte *) &read4;

   read_from_eeprom(0x10,ptr,sizeof(int));

seconds=0;

while((seconds <3)&&(i<20))

{

 output_low(DTMF_R);//power on

 //delay_ms(500);

 var[i]=read_pass();

 i++;

  output_high(DTMF_R);//power off

}

for(j=0;j<20;j++)

{

if(var[j]==read1)

{

restart_wdt();

var1=j;

//printf("\r read1 =%d, var1= %d \n",read1,var1);

read1=0;

break;

}

restart_wdt();

}

f=var1+1;

for(j=f;j<20;j++)

{

 if(var[j]==read2)

{

restart_wdt();

var2=j;

//printf("\r read2 =%d, var2= %d \n",read2,var2);

read2=0;

//printf("\r var2 =%d \n",j);

break;

}

restart_wdt();

}

f=var2+1;

for(m=f;m<20;m++)

{

 if(var[m]==read3)

{

restart_wdt();

var3=m;

//printf("\r read3 =%d, var3= %d \n",read3,var3);

read3=0;

//printf("\r  var3 =%d \n",m);

break;

}

restart_wdt();

}

f=var3+1;

for(l=f;l<20;l++)

{

 if(var[l]==read4)

{

restart_wdt();

var4=l;

//printf("\r read4 =%d, var4= %d \n",read4,var4);

read4=0;

//printf("\r  var4 =%d \n",l);

break;

}

restart_wdt();

}

/*f=var4+1;

for(l=f;l<20;l++)

{

 if(var[l] != var[l-1])

{

restart_wdt();

return 0;

//printf("\r  var4 =%d \n",l);

//break;

}

restart_wdt();

}*/

if((var1<var2) &&(var2<var3)&&(var3<var4))

{

//printf("\r var1=%d var2=%d var3=%d var4=%d \n",var1,var2,var3,var4);

return 1;

}

else

{

//printf("\r var1=%d var2=%d var3=%d var4=%d  (not correct)\n",var1,var2,var3,var4);

return 0;

}

}

We solve this problem by giving the user a time where he /she enters the password (3 seconds) then process this data to find out if the password is correct or not.

To read the number from this IC we use relays to power up this system and shut it down when we need to read the number ,this will solve the problem of  repeated digits in the password.

The other function new used to read the choice after the password is inserted correctly 

The function is the following :

int read_decoder()

{

//read the decoder 8870

   output_low(DTMF_R);//power on

   delay_ms(3000);

   b1=input(D1);

   b2=input(D2);

   b3=input(D3);

   b4=input(D4);

   number=b1+(b2*2)+(b3*4)+(b4*8);

  //printf("\r number = %d\n",number);

   output_high(DTMF_R);//power off

   return number;

}

This will give the number that the user enters in order to control the system.

The circuit we use to connect the decode r with the PIC is like the following:

[image: image5.emf]IN-


1


IN+


2


VREF


4


OSC3


7


OSC1


8


OSC2


9


ST/GT


19


Q1


12


Q2


13


Q3


14


Q4


15


INH


5


PDN


6


TOE


11


EST


18


GS


3


STD


17


U1


CM8870C/LCC


R1


100K


R2


100K


0.1MF


3.58Mhz


R3


300K


D1


D2


D3


D4


3


4


5


6


8


7


1


2


LS1


RELAY DPDT


VCC


From PIC (control)


To PIC (input 0)


To PIC (input 3)


To PIC (input 2)


To PIC (input 1)




IN-

1

IN+

2

VREF

4

OSC3

7

OSC1

8

OSC2

9

ST/GT

19

Q1

12

Q2

13

Q3

14

Q4

15

INH

5

PDN

6

TOE

11

EST

18

GS

3

STD

17

U1

CM8870C/LCC

R1

100K

R2

100K 0.1MF

3.58Mhz

R3

300K

D1 D2 D3 D4

3

4

5

6

8

7

1

2

LS1

RELAY DPDT

VCC

From PIC (control)

To PIC (input 0)

To PIC (input 3) To PIC (input 2) To PIC (input 1)


Voice Circuit (ISD 25120 ):
This IC is used to record /playback messages  we need this chip for the answer machine and to lead the process of automation, the user can not know if he/she entered the correct password  or not or if he is in the process of controlling the system or even tell the user that he can leave a message now .

The circuit of this IC is like the following:
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This IC is capable of saving 120 seconds of voice as messages from the address of 0000 0000 00 to the address 1111 1111 11 .

Each message take the place of addresses according to it’s length.

We control the playback and record ,CE from the PIC and in our project they look like the following :

Message of  Enter the password  0000 0000 00

Message of correct password       0000 0100 00

Message of wrong password        0000 00 10 00

Message of (you can leave a message)  0000  1000 00

Message of alarm (call)                         0000 0001 00

The other addresses are left to leave a message (answer machine)

In  order to control this system the PIC control the addresses and the control signals (CE ,record /playback chosing, PD(resetting the system).

The output of this circuit which is the microphone and the speaker are connected to the phone line using relays which we need to put the message (for example) on the phone line just enable the relay the same is done when we need to record a message from the phone line .

Code to control this process is actually 2 codes one for playback the messages the other to play it back and are like the following :

void play_isd(int a0,int a1,int a2,int a3 ,int a4,int a5)

{

    //initialization

     output_high(I_CE);

     output_low(I_PD);

     output_high(I_PR);

     output_low(PH);//open phone line

    delay_ms(1000);//**

    output_high(ISD_R2);

    output_low(ISD_R);//connect output of isd to phone line

     //output_low(DTMF_R);

    delay_ms(1000);

    if(a0==0) { output_low(AD0); }

    else {output_high(AD0);}

    if(a1==0){output_low(AD1); }

    else {output_high(AD1); }

    if(a2==0){output_low(AD2);}

    else {output_high(AD2);}

    if(a3==0){output_low(AD3);}

    else {output_high(AD3);}

     if(a4==0){output_low(AD4);}

    else {output_high(AD4);}

      if(a5==0){output_low(AD5);}

    else {output_high(AD5);}

    delay_ms(500);

    output_high(I_PR);//enable playback

    //enable chip play first message(pulsed low)

   output_low(I_CE);

   delay_ms(500);

   output_high(I_CE);

    output_high(DTMF_R);

 //  printf("\r ISD is playing \n");

   //wait for 5s and read decoder if not hang up

    delay_ms(3000);

    output_high(I_PD);

    delay_ms(500);

    output_low(I_PD);

     output_high(ISD_R);

    output_low(AD0);

    output_low(AD1);

    output_low(AD2);

    output_low(AD3);

    output_low(AD4);

     output_low(AD5);

}

This is to play back the messages that we need in the different steps  of this system .

For record the following code is used :

void record_isd(int c0,int c1,int c2,int c3,int  c4,int c5)

{

     //initialization

     output_high(I_CE);

     output_low(I_PD);

     output_high(I_PR);

   output_low(ISD_R2);

   /// delay_ms(1000);//**

   output_low(I_PR);//enable record

    //record on address 16

    if(c0==0) { output_low(AD0); }

    else {output_high(AD0);}

    if(c1==0){output_low(AD1);}

    else {output_high(AD1);}

    if(c2==0){output_low(AD2);}

    else {output_high(AD2);}

    if(c3==0){output_low(AD3);}

    else {output_high(AD3);}

     if(c4==0){output_low(AD4);}

    else {output_high(AD4);}

     if(c5==0){output_low(AD5);}

    else {output_high(AD5);}

    //setting the address here

   output_low(I_CE);//enable chip

   delay_ms(2000);//record here(2s)

   delay_ms(500);

   output_high(I_CE);

   output_high(I_PD);

    delay_ms(500);

    output_low(I_PD);

   output_high(ISD_R2);

   //printf("\r number =1 , end of recording .....\n");

   output_high(PH);//hang up (for now)

   output_high(I_PR);

   output_low(AD0);

    output_low(AD1);

    output_low(AD2);

    output_low(AD3);

    output_low(AD4);

     output_low(AD5);

  // output_high(DC);

   restart_wdt();

}

The circuit we used to connect the ISD with the phone line and the PIC controls this connection is like the following:
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Security System:

This part is responsible for the security alarm , controlling building components, besides changing the passwords and the dialing phone number in the whole system.


The main part in it is the PIC16f877 microcontroller, as illustrated below, that works on 4 Mhz,, with vcc of 5 volts.
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Many other components we will talk about them now one by one

1. Light detective Resistor (LDR) circuit:
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The LDR is a variable resistor which its value depends on the light's intensity on it, the output from the LDR is connected to the pin A0, which is configured as an analog input, a laser beam is directed to the LDR, this laser beam is passed through the way where an intruder may  walk through., when the laser beam is cut the light intensity on the LDR become less, as a result the input voltage to pin_A0 decreases, and here is the software's turn, check if the input is more than a  specific value-which is 200 in our case- if that happens that means that the light beam is cut and an alarm must be sent.

2. Key Pad:

Key pad used port B to scan the input data, that the user inserts,

The key pad is used to insert your choice, to insert the passwords, and to insert the new passwords and phone numbers.

3. Relays and DC_motors:
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Each motor has two relays to control its directions, so we can open and close doors and windows.

4.LCD

The LCD is used to display the instructions and actions if happened; it is connected on port D.

Procedure:


The security system must be activated in order to communicate with the other PIC, which is interfaced with the telephone.


When you start the system, you read on the LCD that you must choose what to do, each choice has a number, so according to the number you insert from the keypad, and the system will choose an action to do.


After each choice you have to insert the security system, if it is wrong it will still ask you about the password until you insert it correctly.


If you choose '1',then the automation will be activated, and after it if you press the security button and insert the security code, then you activate the security system.


The security system will be interrupted if the value of the LDR input increased above a limit, that means that the laser beam is cut, and then you must close the doors, and windows, and send an interrupt to the second PIC, the second PIC will read the command and make a call, to the saved number in its EEPROM.

The '2' choice means that you want to change the security password, so it will ask you to insert the new password.

The '3' choice means that you want to change the password of the phone interface, so you are asked to insert the new password, then the PIC will send it serially with a command to the second PIC.

When you choose '4' you will change the phone number that is used for emergency calls.

'5','6','7' and '8' are all about controlling doors and windows.

The following diagram will illustrates the process of the PIC
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